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Abstract

The ERANET GENTE project aims to develop a distributed governance toolbox for local energy
communities (LECs) or more generally energy communities (ECs). This toolbox includes advanced digital
technologies such as the internet of things (loT), distributed ledger technology (DLT), edge processing
and artificial intelligence (Al) for autonomous energy resource management within and across LECs and
for flexibility provisions to energy networks. The toolbox also considers social processes and includes a
set of guidelines and methods for developing new LECs with potential end users and further
stakeholders.

This report provides a literature review on definitions and characteristics of energy communities
including organizational models, motivations, engagement and the socio-economic profile of end users.
The report begins by exploring the meaning of "community" within the context of energy communities
and examines existing typologies and analytic dimensions found in the literature. It then discusses the
diverse organizational models adopted by energy communities. Motivations for user engagement and
participation in energy communities are examined, along with an analysis of end users' demographic
and socio-economic profiles. A case study of the residential estate "am Aawasser" provides a practical
illustration of the concepts and dimensions discussed. Finally, the report proposes a simplified and
practical description framework for energy communities for GENTE.

The main results of the report include a definition of energy communities, and a set of dimensions for
describing energy communities. For the purposes of GENTE, the relevant meanings of “community” are
identified as community by technology, community of place and community of interest. The ECs GENTE
targets and wants to promote will generally fit simultaneously in all three categories.

The report also lays down mandatory characteristics which an energy community within the scope of
GENTE will fulfil. For GENTE, an energy community which fulfils these characteristics is an energy project
(1) involving energy consumers and/or prosumers who share renewable energy generation units, (2)
who live in a shared place or have a shared interest and (3) have some level of control over or
participation in the project. We assume energy communities will also be connected to the public grid,
organized as a legal entity and have only “smaller actors” as members.

The report also defines 4 archetypes (and 4 four sub-variants) in Section 6.2. These are intended to
provide an illustrative set of types of energy community to facilitate discussion within the project and
help align technology development. The main archetypes are (1) Community-led local optimization
communities, focused on local optimization and with a single connection to the grid (2) Virtual
community-led local optimization communities, with a virtual connection type, (3) Business-led service-
focused communities, with a single connection to the grid and (4) Virtual business-led service-focused
communities.

The report further summarizes insights on organisational models adopted by energy communities, end
user engagement and roles, motivations of end users and their socio-economic profiles.
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1. Introduction

The ERANET GENTE project aims to develop a distributed governance toolbox for local energy
communities (LECs). This toolbox includes advanced digital technologies such as the internet of things
(loT), distributed ledger technology (DLT), edge processing and artificial intelligence (Al) for autonomous
energy resource management within and across LECs and for flexibility provisions to energy networks.
The toolbox also considers social processes and includes a set of guidelines and methods for developing
new LECs with potential end users and further stakeholders.

The solutions developed within GENTE for the governance of LECs will be validated first at the lab levels,
and then at real full-scale environments in order to increase technology readiness levels (TRL) of
solutions. GENTE project will be tested in several pilots with diverse characteristics. This variety of pilots,
from living labs to real environments, provides a good representation of LECs. In total, GENTE has 6
demonstrators at different scales in Sweden, Switzerland, and Turkey which can demonstrate solutions
for new types of technologies and services in different technical, environmental and market contexts.

This report provides a literature review about definitions and characteristics of energy communities
including organizational models as well as motivations, engagement, and socio-economic profiles of end
users. The result is a description of LECs for GENTE. In this report, we generally use the more open term
"energy communities" (ECs) rather than LECs.

This report is structured as follows: Chapter 2, introduces the topic by first exploring the meaning of
"community" within the context of energy communities. It then examines existing typologies and
analytic dimensions found in the literature. Chapter 3 discusses classical and contemporary attempts to
categorize the diverse organizational models adopted by energy communities, as these models play a
critical role in shaping the structure and operation of such communities. In Chapter 4, the motivations
behind various forms of user engagement are examined, as well as the demographic and socio-
economic profiles of end users in energy communities. Chapter 5 presents a case study of the
residential estate "Am Aawasser" to provide a practical illustration of the discussed concepts and
dimensions. Finally, Chapter 6 reduces the complexity within the research literature and provides a
useful description framework for energy communities within GENTE. The framework includes
mandatory and optional characteristics that will facilitate the analysis and description of these
communities and the following co-design process. Additionally, four archetypes are proposed, i.e. brief
characterizations of ECs with combinations of characteristics which are particularly relevant to GENTE.
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2. Definitions & Characteristics of Energy
Communities

This chapter discusses the meanings of the term energy community. After the introduction (2.1), we
summarize the debate on what the term community means in the energy context (2.2). Then we provide
an overview over the large variability of definitions and typologies of energy communities. We do this by
discussing a selection of papers from the literature on energy communities and the analytic dimensions
they propose (2.3). Section 2.4 offers a synoptic overview of the dimensions gathered from the
literature. Finally, Section 2.5 examines the definitions of energy communities in EU legislation.

2.1. Introduction

As a point of departure for our discussion of the meaning of the term energy community in the current
literature and across Europe we choose the following definition. “Energy communities involve groups of
citizens, social entrepreneurs, public authorities and community organizations who participate directly
in the energy transition by jointly investing in, producing, selling and distributing renewable energy”
(Interreg Europe, 2023)

The definition captures much of what is generally understood to be an energy community. However, as
one delves deeper into definitions and typologies of energy communities, a range of questions emerge.
Must energy communities always involve citizens, or does a combination of other stakeholders suffice?
Can for-profit organizations be part of energy communities and if so in what role? To what extent must
citizens be involved in an energy community to justify speaking of an energy community? Who counts as
a “citizen"? If members of an energy community “jointly” invest in or produce energy, what does this
imply for decision making within the community or for the distribution of financial benefits to
members?

The concept energy community has been the topic of many journal articles and research projects over
the last years. While the term has appeared in articles since the 1980s, the number of articles discussing
energy communities has increased by a factor of 20 since the beginning of the 2000s ((Bauwens et al.,
2022, p. 7). The introduction of two legal definitions relating to energy communities - Citizen Energy
Communities and Renewable Energy Communities - in EU law in 2018 and 2019 (Schmid, 2021) is
further evidence of the growing relevance of the concept and the phenomenon beyond the research
context (and is discussed in Section 2.5).

Many authors reflecting on the energy community concept in the recent research literature conclude
that the term is used in many different ways, with no broadly accepted definition of what comprises an
energy community (e.g. Bauwens et al., 2022; Kubli & Puranik, 2023; van Veelen, 2017; Verde et al.,
2020). As van Veelen argues, trying to offer a universal definition for energy communities makes little
sense and would obscure the great variability of the real-world phenomena which are referred to by the
term (van Veelen, 2017, p. 3-4). In this report we will not aim at such a “universal” definition. Rather, we
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will discuss and identify central dimensions of energy communities drawing on a selection of the
research literature and use these to provide a working definition and a set of archetypes for the GENTE
project in Chapter 6.

2.2. The meaning of community in energy
communities

One central debate in the literature turns on the question of what “community” means in the energy
context (Walker et al., 2008). This discussion relates also to the equally broad concept of “community
energy”, and the many more specific terms which have developed within this field, such as “energy
cooperatives” (Schmid et al., 2020), “prosumer communities” (Espe et al., 2018), “grassroots energy
initiatives”, “community energy enterprises”, “citizen energy projects” and others (Walker et al., 2022).

As Walker et al. note, no matter what it is intended to mean, the term community within the context of
energy communities is always “constructed and political” and is often used to promote a certain set of
interests (2022, p. 3). Community is a “warmly persuasive word” (Williams cit. in Walker et al., 2022, p.
777), which suggests many positive things, with energy community often connected to social cohesion,
empowerment of citizens, sufficiency, sustainable energy behaviors, acceptance of technologies or the
economic revival of local communities (Bielig et al., 2022). Additionally, community often remains vague
as to what constitutes membership within a community and what the boundaries of community are.

Discussions of the meaning of community in the context of energy communities and energy projects
identify several distinct (though potentially overlapping) meanings of community. In the following we
discuss community as (1) technology, as (2) place, as (3) network, interest or identity, as (4) actor and as
(5) scale (Bauwens et al., 2022, Walker et al., 2022).

In the GENTE context particularly, an important distinction to make is between technology-related
concepts of community and social/organizational concepts. Community constituted by technology is a
concept utilized in the engineering sciences and refers to shared use of energy resources (Bauwens et
al., 2022, p. 3). One such definition states an energy community is “a group of consumers and/or
prosumers, that together share energy generation units and electricity storage” (Schram et al., 2019, p.
2). The members of such a community are materially connected by technological structures (Bauwens,
2022, p. 4), such as microgrids or smart grids. At least implicitly, the “community by technology” concept
also includes a scale criterion, as an energy community is separate from the public grid, though often
connected to it (e.g. Schram et al., 2019, p. 2).

In much of the energy-related social-science literature, the focus of the debate has been on which
social, not technological, criteria constitute an energy project as a community energy project (Bauwens,
2022). “Community of place” is probably the meaning most commonly associated with community in
regard to energy projects (Bauwens et al., 2022, p. 8, see also Walker et al., 2022, Walker, 2011). Usually,
“community” here refers to a pre-existing territorial entity with defined borders, i.e. an administrative
district, village or neighborhood, within which or near to which the technical energy structures are
located. The inhabitants or citizens of this entity are generally the ones who may participate in, benefit
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from and/or be affected by the energy project. One could also imagine that an energy community is
established as a newly formed “community of place” by coalescing neighboring households to a new
entity.

In opposition to “community of place”, the concept of “community as network” or similarly “community
of interest” and “community of identity” (Walker et al., 2022) is applicable to energy communities which
are not geographically bounded, but rather consist of members who may be geographically dispersed
(Walker, 2011, p. 778), but share common aims, interests and possibly values. An example would be a
nationally active energy cooperative which installs PV in suitable locations and is open to members all
over a given country.

A further common meaning of community in the energy context is the “community as actor” (Bauwens
et al. 2022, p. 8, Walker 2011, p. 778). Here the community is a specific collective entity which can take
action, e.g. a cooperative or a local public authority. While this can overlap with “community of place”,
community in this sense refers to a precisely defined organizational entity (a cooperative, a company)
which can take action, be addressed, interact with others etc. as opposed to all the citizens of e.g. a
village.

Finally, the meaning ascribed to community in energy projects often relates to “scale” (Bauwens et al.
2022, p. 8, Walker 2011, p. 778), where community is a term which is located “within a hierarchy of
interacting scales of action” (Walker 2011, p. 778). Community here indicates that a project is at a level
above the individual or the household, but below the level of local government.

Based on the technologies GENTE is utilizing and developing, an energy community relevant to GENTE
will need to fulfill a “community as technology” criteria. This implies that members of the community,
certainly all end-users, in a broad sense “share” energy generation assets or other energy infrastructure.
However, while this is a necessary criterion, we would not see it as sufficient to classify an energy
project as an energy community within GENTE. From a GENTE perspective, energy communities
probably also need to be “communities of interest” and “communities of place”, with members sharing
some level of common aims or values and personal contacts (Walker et al., 2022). Without this
dimension of community, members connected by technology remain anonymous prosumers or
consumers, with no particular motivation for joining or contributing to an energy community.

2.3. Typologies and analytic dimensions in the
literature

In this section, we discuss nine papers which deal with community energy and energy communities and
present typologies of communities and substantial sets of dimensions for describing energy
communities. We include papers on both community energy and energy communities, as there is no
clear distinction between the concepts.

The papers were selected on the basis of offering an explicit and substantial discussion of analytic
dimensions for describing energy communities. We begin with the 2008 paper by Walker and Devine-
Wright which is one of the most frequently cited papers in the field (489 citations in Web of Science,
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6.6.2023). Van Veelen (2017) and Sebi and Vernay (2020) each offer a typology with dimensions similar
to those of Walker and Devine-Wright based on data from two European countries, while Hicks and Ison
(2018) provide another informative set of dimensions based on the Australian context. The three
following papers each develop analytic dimensions from a specific, more unconventional conceptual
perspective. Kubli and Puranik (2023) propose a set of dimensions very similar to those of the previous
authors but from a business model perspective. Gui and MacGill (2018) employ a social network
perspective, while Becker and Kunze (2014) place political aspiration at the center of their discussion.
Finally, we discuss two papers which deal with an essential technological dimension, connection type. In
our analysis, we work towards the summary provided in Table 2, where we provide an overview of the
dimensions proposed by the papers.

While informed by various theoretical frameworks, the work on typologies and conceptualization of
energy communities inevitably refers explicitly or implicitly to empirical cases in specific countries.
These national contexts are important, as the differences in regulatory context, market structure, civil-
society traditions, geo-physical characteristics etc. shape the emergence of energy communities. This
means that the types identified by different authors are not necessarily transferable to other contexts.
The types diverge in certain aspects but also display similarities which are informative for the contexts
we are interested in within GENTE. However, the focus in this report is less on the types and typologies,
and more on the dimensions employed to construct them. These are more easily transferred and are
the focus of the following discussion.

2.3.1. Two fundamental dimensions: participation and
benefits

An influential conceptual framework is provided by Walker and Devine-Wright (2008) who discuss the
meaning of “community renewables” in the English context. Fundamentally they ask “Who is the project
by?" and “Who is the project for?” (Walker & Devine-Wright, 2008, p. 497). Their framework orders
energy projects along two dimensions: one is the degree of participation of the local community (or
“process” in the authors' terms), the other the degree to which benefits flow to the local community
(what the authors label “outcome”). The participation dimension relates to who is involved in the
development and running of a project, and ranges from open and participatory to closed and
institutional. In a project situated on the “institutional” extreme, decisions would typically be made by
companies or authorities, i.e. by experts acting in a professional function. This is contrasted with
participatory processes where citizens are involved in decision-making processes.

The benefit dimension refers to who receives benefits - primarily financial benefits - from a project and
ranges from local and collective to distant and private. It thus measures how benefits are “socially and
spatially distributed” (Walker & Devine-Wright, 2008, p. 498). A “distant” destination for benefits can be
imagined as profits going to a company and its shareholders situated far from the site of the energy
project in a national capital or a foreign country.

The authors do not develop a typology of community energy projects, but they do argue that the label
community energy should be limited to projects with high levels of participation of local communities
and a substantive degree of benefits flowing to the local community. The two dimensions identified in
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this paper are undoubtedly fundamental and appear in most typologies which have come since. As
Walker and Devine-Wright note, the dimensions do not refer to technology but to the “social
arrangements” (Walker & Devine-Wright, 2008, p. 498) of the energy project.

2.3.2. Adding technical and social dimensions

Based on research on the Scottish energy landscape, van Veelen (2017) develops a typology of
community energy which considers technical and social dimensions of 367 energy projects. Van Veelen
only includes projects which (1) generate energy, (2) are “community-driven” (2017, p. 5) in the sense
that they include “some form of active community participation” (2017, p. 5), (3) have some level of
benefit flowing into the community (2017, p. 3) and (4) where the “community” is defined by place,
interest or identity. The previously discussed dimensions of participation and benefits are thus
important for the focus of this typology, which, however, goes beyond Walker and Devine-Wright's
dimensions.

Van Veelen posits a typology built on eight dimensions: technology, size of installation, type of legal
entity, type of organization, other assets owned by community, ownership model, link between energy
generation and use, and primary motivation. The dimensions and the options on them are summarized
in Table 1.

Table 1 - Descriptive dimensions in Van Veelen (2017)

Dimension Positions

Technology Photovoltaics - heat pumps - wind - hydro - tidal - smart grid and
storage

Size of installation Micro (<15kW) - small - medium - large (>1000kW)

Legal entity Unincorporated association - trust - company with/without charitable

status - cooperative

Type of Local group or association (e.g. community hall, sports club) - local
organization/community development organization - energy cooperative - transition town
Other assets owned Buildings - land - none

Ownership model of energy Full community ownership - joint venture
assets

Link energy generation - use | Self-consumption - sale to grid

Primary motivation for energy |Increase comfort (of buildings) - lower energy costs - generate local
community income - increase self-sufficiency - reduce carbon footprint - gain
control of project planned
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Using these features, Van Veelen develops a typology with six distinct types of community energy
project for the Scottish energy landscape. She names them “small but beautiful”, “community
developers with ownership”, “community developers without ownership™energy cooperatives”,
“innovators” and finally “transition towns” (2017).

“Small but beautiful” energy communities are small projects run by local associations or trusts with a
focus on local activities and welfare which generate energy for self-consumption, typically for a building
used by the group, with the aim of lowering energy bills and/or increasing comfort. Financial revenues
are not an objective. “Community developers” on the other hand generate energy to generate income.
They are typically medium-sized projects run by companies or trusts which sell energy to the grid and
use revenue to benefit the local (place-based) community, e.g. by providing employment or housing.
They may or may not own the assets. “Energy Cooperatives” do not own the assets but invest mostly in
large renewable projects which sell all electricity generated to the grid. They are often but not
necessarily run by local members. They represent a kind of shareholding cooperative, with the aim of
either increasing investments in renewables for environmental reasons or of gaining some control over
energy projects planned by other, non-local actors. The type “innovators” is characterized mainly by the
fact that these energy communities try to implement innovative technological solutions, often due to
constraints and in the context of self-sufficiency of small islands. Finally, the rather marginal “transition
towns"” are broader initiatives within which energy is one of several interests and which often do not
fulfill the criterion of generating energy themselves.

While community participation and types of organizational control are defining features for this paper,
the typology does not aim to distinguish different forms or levels of participation, and forms of
ownership also remain somewhat vague. Other scholars choose to be more explicit on this topic, such
as Hicks and Ison (2018) and Sebi and Vernay (2020), which are discussed in the next sections.

2.3.3. Towards simpler, more abstract dimensions

In their discussion of “community renewable energy”, Hicks and Ison (2018) present a simpler, more
abstract set of characterizing dimensions than Van Veelen, while many parallels remain. They identify
five core dimensions of energy communities: range of actors involved, distribution of voting rights and
decision-making power, distribution of financial benefits, scale of the technology, and the level of
community engagement (cf. Verde et al., 2020). They focus on the dimensions without developing a

typology.

The authors describe five options on each dimension. The “actors” dimension runs from “only local
individuals” on the one extreme to “only non-local organizations, business and government” on the
other (Hicks & Ison, 2018, p. 529). In between lie “local individuals, business and government”, “mix of all
actor types, more local than non-local” and “mix of all actor types, more non-local than local” (Hicks &
Ison, 2018, p. 529). Thus, actors are distinguished according to whether they are individual or collective,
and whether they are local or not. The closest dimension to this in Van Veelen's typology is the “type of

organization”, but with the non-local actors Hicks and Ison cover an area Van Veelen does not.

As mentioned above, “decision making"” is characterized more explicitly than by Van Veelen. This
dimension extends from “one member one vote” to “one actor has all votes” (Hicks & Ison, 2018, p. 529).
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The degree to which control is concentrated and the principle on which voting rights are allocated
(membership or proportion of shares) are the issues here. Questions of ownership are subsumed into
this dimension. The “financial benefits” dimension starts at one end with benefits flowing into a
“community fund” (Hicks & Ison, 2018, p. 530). The other options on the dimension involve benefits
increasingly flowing to investors and increasingly to non-local as opposed to local actors. An issue in the
“scale of technology” dimension is whether the technological installation is dimensioned to serve local
demand or to maximize economies of scale, and to what extent local interests and resistance (e.g. in
relation to effects on the landscape, typically in the context of wind energy) are taken into account.

The final dimension, “community engagement” is an attempt to capture how much the community -
whether this is a place-based community, an interest-based community or other - is involved in
decisions around development and running of an energy project. One aspect is how early on in the
project engagement starts, another is how frequent engagement is. Many of Hicks and Ison'’s
dimensions display a spectrum between a local, common-good orientation and a for-profit and market
orientation.

2.3.4. Control and revenues in focus

In their paper on community energy in France, Sebi and Vernay consider what they call “community
renewable energy projects” (2020). In a similar vein to Van Veelen, they limit the scope of their research
to energy projects which involve a certain level of community participation. However, they define this
more precisely as the presence of some degree of participatory investment combined with some access
to project governance by citizens (Sebi & Vernay, 2020, p. 4). Regarding technological issues, the
communities considered here are all involved in the generation of energy (as in van Veelen 2017). Most
of the projects on which the paper is based are focused on rooftop PV, a considerable number on wind
power, and a few on small-scale hydro, biogas and biomass projects (Sebi & Vernay, 2020, p. 4). Given
the restrictions of the French context, self-consumption (direct use) of energy generated seems to have
been virtually non-existent and is thus not a characteristic of the energy projects discussed (Sebi &
Vernay, 2020, p. 4).

The authors develop their typology using two central dimensions: the revenue model and the
governance structure. Each dimension has two options. The revenue model is either feed-in tariff (FiT)
or feed-in premium (FiP), which is in effect a size dimension, as projects below a certain capacity are
eligible for FiT, while larger ones can only receive FiP. Regarding governance structure, the typology
distinguishes between voting rights based on an equality principle (one member one vote) or voting
rights proportional to shareholdings.

Four types result from this two-by-two structure. “Citizen PV clusters” (FiT and equality principle) are
typically small, mostly rural projects with rooftop PV and a low or non-existent return on investment.
They are mostly volunteer run with an active membership consisting of local citizens and public bodies,
with between 40 to 500 members. This type is similar in some ways to Van Veelen's “small but beautiful”
projects, but they differ from them as the energy is not directly consumed and thus environmental
objectives are in the forefront. “Never too big for citizens” (FiP and equality governance projects) are
larger energy projects, mostly wind, and achieve a higher rate of return on investment. Local authorities
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play a key role in establishing these more complex projects. They have between 200 and 800 members.
The so-called “neither demagogue nor angel” type (FiT and proportional governance) are smaller
projects which are focused on profitability. They are often initiated by businesses or local public actors
and are positioned in (technological) niches which can provide the profitability demanded. Finally, the
category “co-developed with private/public actors” (FiP and proportional governance) are large projects
like wood-chip district heating or wind farms, initiated by energy companies or public-private
partnerships, but again open to citizen investment and (minority) citizen control.

While the authors use only two dimensions to set up their typology, they employ additional criteria
when describing the characteristics of the types they identify, drawing on the empirical examples. Such
additional dimensions are the motivation for the establishment in the community (as in Van Veelen's
typology), the intensity of citizen participation (similar to Hicks and Ison’s community engagement), the
number of members and the actors involved. This final dimension refers to the role of volunteer
activists, of public authorities and (energy) businesses in establishing and running the energy
community. This echoes Walker and Devine-Wright's distinction between participatory and institutional
approaches to setting-up and running an energy community. Sebi and Vernay, however, give more
emphasis to the notion that different combinations of citizen and institutional involvement in projects
may exist, rather than viewing them primarily as opposing extremes.

2.3.5. A business model perspective

Kubli and Puranik (2023) enter the debate with a business model perspective and develop a set of
descriptors for energy communities. They identify five dimensions, many of which capture - despite the
business model perspective - broad characteristics of energy communities which are also relevant from
other perspectives.

The dimensions they propose are “community value proposition”, “energy community members”,
“energy value capture”, “key functions” and “network effects”. The community value proposition is
largely analogous to the “motivation” dimension suggested by Van Veelen (2017) or Sebi and Vernay
(2019). It includes “generating renewable energy”, “increasing self-consumption”, “increasing grid
reliability”, “reducing energy consumption”, “reducing energy costs” and “becoming a living lab”.
Increasing grid reliability as a central value proposition is primarily relevant to areas where electricity
outages occur. It can also be forward looking, in a sense of avoiding grid expansions and future

instability.

The “members” dimension is similar to Sebi and Vernay or Hicks and Ison, but is more specific and
contextualized, mentioning “residential prosumers”, “large-scale prosumers”, the “local energy
producer”, “energy service companies” and “community platform operators”. “Energy value capture”
overlaps somewhat with the authors’ value proposition dimension and other “motivation” dimensions,
but has a justification as it provides more precision on what makes an energy community economically
viable. Apart from “saving energy costs” and “revenues from energy services (for members)”, which are
mentioned in other dimensions, this dimension includes the options “revenue from external services”,
“community service fee"” and “data valorization”. These latter options are rarely found in existing energy

communities so far but point to possible business models.
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The “key functions” dimension focuses on the activities of the energy community and encompasses
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“facilitating P2P trading”, “aggregating energy and flexibility”, “managing storage systems”, “co-
optimizing energies” and “coordinating (external) partners”. Co-optimizing energies refers to optimizing
the fit of demand and generation profiles and is a means of increasing self-consumption within an

energy community.

Finally, Kubli and Puranik consider network effects, though in a different way than Gui and MacGill
(2018, see below). They group a number of rather different characteristics into this dimension with the
options “peer and community effects”, “economies of scale and scope”, “learning effects” and “co-
benefits and co-amortization of investments”. Peer and community effects refer mainly to the strength
of a feeling of community inspiring people to join and stay in a community. Seeking economies of scale
and scope is a strategy for energy communities to e.g. reach a minimum size necessary for offering
external services or reduce costs by growing. Learning effects can result on different levels -
institutional, technological - and can lead to lower costs and higher quality. Co-benefits are synergies
between complementary goods or assets, such as PV generation and electric vehicles, which allow both
to be used more efficiently.

2.3.6. Social networks as an alternative structuring principle

Gui and MacGill (2018) discuss what they term “Clean Energy Communities”, mainly in the Australian
context. The novelty of their approach is that they base their typology on a social network perspective
(Gui & MacGill, 2018, p. 95), with the density and structure of the network as the main criteria. They
propose three basic types of energy community, “centralized”, “distributed” and “de-centralized”. The
dimensions they use to describe the types are governance and control, ownership, and social cohesion.

“Centralized” does not refer to geographic centralization, but rather to a dense social network, which
the authors conceptualize with aspects of governance and social cohesion (Gui & MacGill, 2018, p. 100).
Regarding governance, this implies a clearly defined executive body which represents and acts in the
name of members, while all members have equal voting rights (equality principle), and the opportunity
to enter executive positions. Regarding social cohesion, a centralized energy community is characterized
by personal contact between members and shared goals and values. A centralized energy community
does not produce energy for self-consumption, its members are not connected in any way by the
technology (Gui & MacGill, 2018, p. 100-101). A comparison with Sebi and Vernay (2020) highlights the
alternative approach of Gui and MacGill, as all of Sebi and Vernay's types would b