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The current state of research on energy

communities

L. Gruber@®, U. Bachhiesl, S. Wogrin

The introduction of the Clean energy for all Europeans package by the European Union (EU) led to a significant boost of public and
research interest in energy communities. However, since neither their definition nor their goals are clearly defined, there is a very
broad field of research on this topic. This paper aims to classify existing research on energy communities and to analyze what this
umbrella term looks like in the literature. First, a literature review is conducted with regard to energy communities that have a local
scope and are community-owned. The analysis of the results leads to the determination of the following categories for the existing
literature on energy communities: the terminology used to refer to energy communities, components of energy communities, and
their characteristics and structure. The review affirms that space-saving and easily constructible components are used the most, with
photovoltaics (PV) and storage at the forefront. Our results also show that a third-party aggregator can be a vital part of an energy
community with various functions, from managing the community’s energy flow and local market to trading energy with the grid.
Taking this into consideration, we conclude that the use of aggregators is a good way to make the formation of energy communities
easier, especially for people without an engineering background.

Keywords: energy communities; community energy; renewable energy; distributed generation

Der aktuelle Stand der Forschung zu Energiegemeinschaften.

Die Einfihrung des Pakets ,Saubere Energie fiur alle Europder” von der Européischen Union (EU) fihrte zu einem deutlichen Anstieg
des dffentlichen und wissenschaftlichen Interesses an Energiegemeinschaften. In diesem Beitrag wird die Forschung dazu analysiert,
um herauszufinden, wie dieser Sammelbegriff in der Literatur aussieht. Um diese Frage zu beantworten, definieren wir zundchst Eck-
punkte einer Energiegemeinschaft und fihren anschlieBend zwei Literaturrecherchen durch. Die Ergebnisse werden analysiert, was zur
Ermittlung von relevanten Kategorien fhrt. Diese bestehen aus den Begriffen fiir Energiegemeinschaften, deren Komponenten sowie
deren Eigenschaften und Struktur. Die Analyse zeigt, dass platzsparende und einfach zu installierende Komponenten am héaufigsten
verwendet werden, wobei PV-Anlagen und Speicher an erster Stelle stehen. Unsere Ergebnisse zeigen auch, dass ein externer Aggre-
gator ein wichtiger Teil einer Energiegemeinschaft mit verschiedenen Funktionen sein kann, von der Verwaltung des Energieflusses und
des lokalen Marktes der Gemeinschaft bis hin zum Energiehandel mit dem Netz. In Anbetracht dessen kommen wir zu dem Schluss,
dass der Einsatz von Aggregatoren ein guter Weg ist, um die Bildung von Energiegemeinschaften zu erleichtern, insbesondere fiir

Personen ohne technischen Hintergrund.
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1. Introduction
The rapid expansion of renewable energy generation demands al-
tering our energy system from a purely centralized top-down to
a more distributed bottom-up structure. One part of this process
will be the formation and integration of energy communities (ECs).
They emphasize consumption of renewable energy where it is pro-
duced and therefore decrease the need for very expensive grid ex-
pansion measures, as well as combating communal opposition to-
wards renewables by directly involving consumers. This gives citi-
zens the opportunity to be informed about and benefit from re-
newables. ECs are not a completely new concept, e.g. Ecopower in
Belgium which was founded in 1991 out of a co-housing project
with a community watermill [1]. The Clean Energy for all Euro-
peans Package [2] by the EU gave researchers a new motivation
to work on the topic. It also pushes European countries to in-
troduce legislation that makes it possible to implement ECs more
widespread.

The literature reviews discovered during our search were primar-
ily concerned with the benefits and drawbacks of ECs in specific
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countries [3-5]. Vernay and Sebi in [3] investigate the characteris-
tics that ecosystems surrounding ECs require in order to form, de-
velop, and mature. Their paper’s geographical focus is on France
and the Netherlands. The literature review [4] from Meister et al.
focuses on energy cooperatives in Germany and Switzerland. The
authors examine national frameworks and support schemes, as well
as municipal assistance. In [5] Brummer discusses the advantages of
community energy to society but also the challenges that can be en-
countered in the United States, Germany, and the United Kingdom.
The most comprehensive of the encountered literature reviews is
Koirala et al. [6]. They used a keyword ranking and clustering sys-
tem to determine research trends in local energy systems, followed
by a discussion of various integration options for integrated commu-
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nity energy systems (ICES). In addition, the authors examined tech-
nological, socioeconomic, environmental, and institutional barriers.
Our literature review goes into another direction by focusing on the
topology of the EC landscape. While Koirala et al. [6] determines
and describes the technological options for EC integration, our goal
is to analyze how their implementation can differ in the literature
and what the most common EC configurations are.

This paper is organized as follows: Sect. 2 describes the applied
search and classification methodology. In Sect. 3 the results are pre-
sented. Section 3.1 discusses the terms used and their definitions.
Section 3.2 looks at the components of the EC and Sect. 3.3 an-
alyzed their characteristics and structure. Finally, Sect. 4 concludes
this work.

2. Methodology

First, let us define the term energy community in the context of this
paper. The geographic scope of the ECs chosen for this literature
review was local, such as a neighborhood or a microgrid. This deci-
sion was made because it is more interesting from a technological
standpoint in our opinion. In particular, the fact that the energy pro-
duction is geographically close to the production aids in mitigating
the strain that major installation of renewable energy can have on
the grid structure. It also enables the sharing of energy and stor-
age not only on paper but also physically. An energy community
with members from all over the country, for example, owning and
operating a wind power plant together, may be more economically
appealing, but this is not the purpose of this paper. A similar dif-
ferentiation was made by the European Union in its Clean Energy
for all Europeans Package [2] by defining two types of ECs: the citi-
zen energy community (CEC) and the renewable energy community
(REC). The main differences between the two are that members of
the REC need to be geographically close to their assets and CECs are
also permitted to generate energy that is fossil fuel based as well as
renewable [7, 8].

RECs are defined in Article 2 of the Renewable Energy Directive [7]
as follows: “‘renewable energy community’ means a legal entity: (a)
which, in accordance with the applicable national law, is based on
open and voluntary participation, is autonomous, and is effectively
controlled by shareholders or members that are located in the prox-
imity of the renewable energy projects that are owned and devel-
oped by that legal entity; (b) the shareholders or members of which
are natural persons, SMEs or local authorities, including municipal-
ities; (c) the primary purpose of which is to provide environmental,
economic or social community benefits for its shareholders or mem-
bers or for the local areas where it operates, rather than financial
profits;"

Later in Article 22 their services are described: “Member States
shall ensure that renewable energy communities are entitled to:
(a) produce, consume, store and sell renewable energy, including
through renewables power purchase agreements, (b) share, within
the renewable energy community, renewable energy that is pro-
duced by the production units owned by that renewable energy
community, subject to the other requirements laid down in this Ar-
ticle and to maintaining the rights and obligations of the renew-
able energy community members as customers; (c) access all suit-
able energy markets both directly or through aggregation in a non-
discriminatory manner.”

The search term “Renewable Energy Community” (REC) is used
to include the local scope. Only peer-reviewed journal or conference
papers and literature from the years 2000 to 2021 are considered.
First, a more general literature search was conducted using Google
Scholar and Science Direct. The second search in Semantic Scholar
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Fig. 1. Classification of papers by general topic

was more systematic. Semantic Scholar found 32,200 papers with
the mentioned term in the following fields of study: Business, Com-
puter Science, Economics, Engineering, and Mathematics. The 100
most relevant papers in each study field as determined by the algo-
rithm were examined more closely to see if they met the set defini-
tion.

During the paper analysis three general paper topics became ap-
parent. First papers on social aspects of ECs e.g. in [9] McCabe et
al. propose combining community energy with social housing as a
means of combating energy poverty. The second topic is models that
depict an EC while optimizing a set variable, such as energy cost or
consumption. Lastly, papers determining the drivers and barriers of
ECs, such as the above mentioned literature reviews [3-5]. Another
good example is [10], in which Soeiro and Dias investigate the mo-
tivations for joining an EC. As illustrated in Fig. 1, 10% of the an-
alyzed papers look into social aspects of ECs. About 15% evaluate
drivers and barriers of an EC. Out of the 67 assessed papers the vast
majority includes a model of an EC. As a result, this article focuses
on this paper topic and because the other two don't fall into the
chosen technological focus.

The resulting papers were first sorted by Keywords and then clus-
tered. Unfortunately, those Keyword clusters alone were not infor-
mative enough to serve as well describing categories. Furthermore,
they showed how widespread the structure and characteristics of
energy communities are in literature. Therefore, the next step was
to look deeper in order to find suited categories to organize the
findings. The first aspect that stood out was that the “terminology”
used for ECs was not at all uniform. This raised the question of
whether the various terms described the same thing or not. There-
fore, this was chosen as the first category to create an overview
of the many terms in literature and their definitions. With an often
missing unique and descriptive terminology, the EC's components
and characteristics proved to be more distinguishing features. The
second category “components” is made up of power generation
types, storage devices and heating/cooling methods (e.g. PV or heat
pumps (HP)). It provides an answer to the question, “What is used
to supply the EC with the energy it requires?”. The last category
is “characteristics and structure”. The goal here was to learn how
the EC manages its energy production and demand (e.g. aggregator
or demand side management), as well as how its members interact
with one another and the grid/market outside the EC (e.g. peer to
peer trading).
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Therefore, the papers were further analyzed and labeled with tags
from three categories:

e Terminology used to refer to an energy community
e Components of an energy community
o Characteristics and structure of an energy community

3. Results

This chapter presents the results of the review. The literature search
resulted in a total of 67 papers. Figure 2 depicts the number of
discovered papers published each year. The plot clearly shows that
research interest increased significantly after the European Union
passed REDII [7] in 2018. Table 1 was created to help visualize
the results. It indicates which analyzed papers contain which sub-
categories of Sects. 3.2 and 3.3. To better illustrate some interesting
combinations of the sub-categories, that also can be seen in Table 1,
Fig. 3 was created. PV with storage is the most common combi-
nation (90% of the paper involving storage). PV and storage were
described as components in 70% of the peer-to-peer trading (P2P)
papers. This is consistent with the fact that those two components
are the most widely used. It is not surprising that nearly 80% of the
aggregator papers had a P2P system in place, as one of the major
roles of an aggregator is to manage the EC’s internal market. An-
other function of an aggregator is to manage DR in the community,
as exampled by half of the aggregator papers. Another interesting
combination is P2P and DR, since DR can be used to get more out of
P2P. Storage is an important aspect of disaster recovery, as shown in
Fig. 3. The combination of DR and sector coupling is less common,
appearing in only about half of the sector coupling papers.

3.1 Terminology used to refer to an energy community

In this section, the various terminology used to name the ECs is com-
pared. Because energy communities are such a novel topic, many
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researchers developed their own terminology to describe ECs. This
creates uncertainty as to whether they are writing about something
similar or the same. As a result, we felt it was necessary to orga-
nize and describe those numerous definitions. Figure 4 depicts the
17 terms found in the literature, sorted by occurrences. The two
most often used are community energy (CE) and energy community
which can be understood as umbrella terms meaning many differ-
ent structures and services can be involved in them. In [5] Brummer,
in order to describe CE, the author tried to define the word com-
munity first. To then just include the energy component by adding
heat and/or electricity generation and/or distribution as its activity.
They also concluded that community (energy) is an umbrella term
that needs to be contextualized since it can have a social and a ge-
ographical scope.

This definition is not only adopted and/or referenced by all papers
using the term REC [10, 11, 22, 30, 44, 72] but the phrase that ECs
can “produce, consume, store and sell renewable energy” summa-
rizes all the definitions found in literature. Another term often used
in the context of ECs is the concept of a cooperation where peo-
ple (members) run and own operating equipment as a collective.
This business model has a long history in many countries and has
been applied in different sectors e.g. for agricultural machinery [73].
The European countries were energy cooperatives are most com-
mon are Germany, Denmark, Austria, Great Britain, and Switzerland
in that order. In some countries the term is a separate legal form (e.qg.
Genossenschaft in DE and AT) in others just the concept of cooper-
ations is used [4]. In [20] Capaccioli et al. design two cooperations
in ltaly and conclude that the cooperation values that come with
this concept are a big part why people participate. Their results also
show that cooperations lead to better relationships between actors
involved in their energy system. In the analyzed literature the term
smart community is only defined in two papers. First in [63] Wang
et al. use the very general “produce, consume, store and sell re-
newable energy” definition mentioned above. Yahaya et al. in [65]
on the other hand focuses on the word “smart” meaning appli-
ances and infrastructure equipped with information and communi-
cation technology for easier energy management. In general, it can
be said that the practice of using but not defining a term has been
very common in the analyzed literature. This led to smart grid com-
munity, green community and energetic community falling under
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Table 1. Research sub-categories and references

DG PV Wind Hydro Bio Energy EV CHP HP Sector Aggre- DR P2P Block-  Micro
mass  storage coupling  gator trading  chain  -grid
Abada, 2020 X X X X
[11]
Adu-Kankam, X X X X X X X X X X
2019 [12]
Al Skaif, 2017 X X X
[13]
Alam, 2013 [14] X X X X
Albachrony, X X X X
2019 [15]
Belli, 2017 [16] X X X X X X X
Bere, 2017 [17] X
Bottaccioli, X X
2015 [18]
Brummer, 2018 X X X X X
[5]
Cabrera, 2016 X X
[19]
Capaccioli, 2016 x
[20]
Cardoso, 2019 X X X X X
[21]
Cejka, 2020 [22] X X X X
Chen, 2015 [23] X X X X
Cheng, 2020 X X X X X X
[24]
Chis, 2019 [25] X X X X
Chis, 2016 [26] X X X X X X
Crespo- X X X
Vazquez, 2021
[27]
Cruz, 2019 28] x X X
Cui, 2020 [29] X X X X
De Villena, 2020 X X X
[30]
Faia, 2021 [31] X X X
Fazeli, 2011 [32] X X X X X
Fouad, 2020 X X X
[33]
Giordano, 2020 X X X
[34]
Good, 2019 [35] X X X X X X X
Grosspietsch, X X X X X
2018 [36]
Guo, 2019 [37] X X X X X X X
Jenkins, 2020 X X X
[38]
Koirala, 2016 [6] X X X X X X X X X X X X
Kong, 2020 [39] «x X X
Leithon, 2019 X X X
[40]
McCabe, 2018 X X
[9]
Mediwaththe, X X X X
2020 [41]
Mehinovic, X X X
2020 [42]
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Table 1. (Continued)
DG PV Wind Hydro Bio Energy EV CHP HP Sector Aggre- DR P2P Block-  Micro
mass  storage coupling  gator trading  chain - grid
Meinke, 2020 X X X
[43]
Meister, 2020 X X X
(4]
Moura, 2020 X X X X X
[44]
Negeri, 2012 X X X X X
[45]
Nidhin, 2019 X X X X
[46]
Okpako, 2017 X X
[47]
Okpako, 2018 X X X
(48]
Olivella-Rosell, X X X X X X
2018 [49]
Oprea, 2020 X X X
[50]
Petri, 2020 [51] X X X X X
Pholboon, 2016 X X X
[52]
Prasad, 2019 X X X X
[53]
Rastegar, 2017 X X X X X
[54]
Rathnayaka, X X X X
2014 [55]
Reis, 2019 [56] X X X X X X
Sato, 2020 [57]
Savelli, 2019 X X X X
[58]
Saxena, 2019 X X X X X X
[59]
Scheller, 2018 X X X X X X
[60]
Schiera, 2019 X X
[61]
Seven, 2020 X X X X X X
[62]
Soeiro, 2020 X
[10]
Vernay, 2020 [3] X X
Wang, 2019 X X X X X X
[63]
Wijethunge, X
2019 [64]
Yahaya, 2020 X X X X X X X
[65]
Yan, 2013 [66] X X X X
Ye, 2017 [67] X X X X
Young, 2017 X X X X X X X
[68]
Zhang, 2019 X X X X
[69]
Zhong, 2020 X X
[70]
Zou, 2020 [71] X X X
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the EC umbrella but not being defined by any of the papers using
them. On the other hand, there are a few well-defined terms with a
more clear-cut description of structure and activities: virtual power
plant, energy hub and integrated community energy system. A vir-
tual power plant is a cluster of small load/generation entities that is
aggregated as one market participant in order to provide flexibility
to the system [47]. Such entities include pro- and consumers as well
as small power plants (e.g. wind or solar) and storage systems [62].
An energy hub is characterized by going beyond electricity through
utilizing an energy management system to maintain all energy needs
of its members as efficient as possible [12, 37]. An integrated com-
munity energy system (ICES) is an integrated approach that can be
seen as a micro-grid, also including other energy carriers than elec-
tricity, which is organized by its community [16]. A more detailed
comparison of the three can be found in [6] by Koirala et al. A pro-
sumer community is a group of prosumers that trade energy not
only with the grid but also with each other to increase the level of
efficiency within the community [71]. A zero-energy community is
made up of zero energy buildings that have a net zero energy con-
sumption over the course of a year [53]. The definition used for loca/
energy community in [31] by Faia et al. and [49] by Olivella-Rosell et
al. is equal to the general REC definition by the EU. The eco com-
munity described by Yan et al. in [66] is also very similar with the
explicit goal to be as self-sufficient as possible. This literature review
demonstrates that some variations of names for ECs can be quite
useful because they can instantly reveal information about the type
and structure of the EC in question. However, this conclusion only
applies to some of the terms used, such as ICES; others, such as
green community, do not reveal any additional information about
the EC. The use of those terms may decrease after the EU member
states have implemented the directives concerning ECs into their lo-
cal legal frameworks.

3.2 Components of an energy community

This section analyzes which components of an EC are actually
used in the literature and how frequently. The components found
are shown in Fig. 5 and can be clustered in: generation, storage
and heating/cooling. Photovoltaics, wind powerplants, hydro pow-
erplants, and biomass are all forms of generation, as is distributed
generation (DG). It is not specified in those papers what type of en-
ergy generation is used. Wind power can be implemented in ECs in
two ways: with micro-wind turbines at the household level or with
full-scale wind turbines at the EC level. According to Meister et al.’s
analysis for Germany, the median wind capacity in ECs is 4.8 MW,
indicating that wind power is typically used at the community level
[4]. ECs powered solely by wind turbines were rarely described in
the literature. [25] is an example of when this is important, as the
case study is located in Finland, an area with insufficient irradiance
for PV. Combining PV and micro-wind generation could be a so-
lution for ECs with consumers who have comparable consumption
patterns (e.g. remote villages) [14]. Full-scale wind farms in ECs can
be found if the company that builds them is a member of the EC,
or if multiple small ECs merge to afford it [3, 23]. Electric vehicles
(EVs) can be viewed as both a source of energy (vehicle to grid) and
storage. The application of EVs in ECs is versatile. It can be inte-
grated very actively with bidirectional vehicle to grid (V2G) charging
and thus functions as an intermittently unavailable battery [54]. In
that case, the energy stored in the EVs can be used in a local mar-
ket or aggregated and sold on the wholesale market [48, 49]. They
can also play a less active role as an interruptible load, in which case
optimized charging schedules are critical to avoid interfering with
consumer comfort [56]. EVs, regardless of their level of activeness,
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Fig. 5. Classification of papers by components of an energy commu-
nity

can be used in demand side management (DSM) for load shifting.
With increasing EV penetration, involving EV management in ECs
is becoming more important to prevent grid straining load peaks.
Bidirectional use can also reduce the need for expensive storage
capacity [65]. Charging outside the home is not very common in
the analyzed literature. Wang et al. [63] developed an EV charging
scheme, but the system is centralized, thus it doesn’t matter where
in the MG the EV is parked, and it also doesn’t matter if it is in a
charging lot or at a house. Moura et al. [44] used parking lots in
large commercial and public buildings for EVs to utilize their energy
for flexibility purposes. In this approach, the EV owner receives lower
parking rates if they agree to the flexibility use. Storage is another
hybrid component because heat storage is classified as both heating
and storage. Combined heat and power (CHP) is a hybrid between
generation and heating/cooling. They are typically seen in ECs with
a focus on sector coupling, such as ICESs and multi-energy commu-
nities. The manner in which the CHP is powered is critical. Supplying
it with grid gas may have an impact on CO; emissions and the EC's
autarky level [36, 66]. Another option is to power it with biogas de-
rived from waste or agriculture. Yan et al. used an expanded version
of this technology in [66]: combined cooling, heating, and power.
It consists of a gas turbine generator, an absorption chiller, and a
heat recovery boiler. Heat pumps (HP) are solely part of the heat-
ing/cooling cluster. The vast majority, i.e., 82%, of papers include
photovoltaics closely followed by storage with 70%. PV is accessi-
ble as the price of solar panels dropped significantly over the last
two decades [74]. Furthermore, they can be installed on rooftops
and therefore do not necessarily take up extra space. Storage be-
ing in second place was not surprising. It is a way to increase the
autarky and self-consumption levels of an EC without the need to
significantly alter load patterns of the members. Two ways of imple-
mentation are presented in literature. Either the storage is part of
one household and is also dimensioned as such or as a community
energy storage. In terms of technology, batteries predominated, but
heat storage was used in some papers. The two least used compo-
nents in the analyzed papers are hydro power and biomass. The later
can be mostly found in German ECs where farmers produce biomass
from agricultural waste for electricity and/or heat production for the
community as described in [72]. Table 1 provides a detailed break-
down of which components can be found in which analyzed paper.
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3.3 Characteristics and structure

The characteristics and structure of the analyzed papers were clas-
sified into six sub-categories for this review, as shown in Fig. 6. The
sub-categories are as follows: having an aggregator working within
the EC, using some form of DSM, engaging in energy sharing or
peer-to-peer trading, utilizing blockchain technology, being struc-
tured as a micro-grid, and implementing sector-coupling. An inter-
esting outcome is that only around 16% of the papers are explic-
itly using a micro-grid. Considering the local scope limitation that
is used in research this is a lot less than expected. Almost a quar-
ter of the literature includes some sort of sector coupling with the
heating sector. This starts with only including heat pumps to having
a whole heat network throughout the community with CHP, solar
heaters and gas boilers. Another characteristic that can be is refer-
enced in literature about ECs is blockchain. This technology is used
for creating smart contracts in a data-secure way in P2P trading. In
the next paragraphs the three other analyzed characteristics aggre-
gators, demand side management and P2P are described in more
detail.

3.3.1 Aggregator

In around 20% of the papers the EC was working with an aggre-
gator. They are seen as a neutral, third party entity connected by
two-way communication to the community. This role can be taken
on by e.g. the energy provider, retailer or the balance responsible
party. The business model of an aggregator described in literature
varies. They can work for- or non-profit and for a fee or on commis-
sion from the sales to the wholesale market [16, 18, 26]. The roles
that are taken on by aggregators in those publications are quite var-
ied. The first is as a manager/coordinator of various technological
components in the energy community: micro-grid [63], consump-
tion/load [16, 28, 49, 65], generation [16, 49, 63, 65], the surplus
of it [44] and electrical vehicles [24, 44, 63]. They also try to bal-
ance generation and load as well as to optimize some goal like min-
imal price or maximal self-consumption. This is often done with the
help of demand side management, day-ahead operating schedul-
ing and/or flexibility transaction [28, 49, 65]. The other side of an
aggregator's work is the oversight of the energy trade inside and
outside of the energy community. In the first case being the energy
sharing coordinator for the internal market and in the second being
in charge of buying/selling from/to the wholesale market. [24]

3.3.2 Demand side management

Under the term demand side management fall schemes that incen-
tivize consumers to be more energy efficient. This can be short-term
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demand response (DR) but also longer-term or permanent energy
efficiency techniques. DSM in an EC is of a lot of interest since a
variety of consumers with different load profiles can be managed
together. Members of ECs are expected to be more active, both
with responsive loads and with their own energy production. While
the obvious benefits of DSM are lower energy cost and reduction of
load peaks, with increasing amounts of renewable energy sources
(RES) in the system, improving grid reliability is another important
perk. Especially for ECs when trying to reach their goals of min-
imized energy costs, maximized self-consumption or autarky. The
results of [32] even suggest that DSM in ECs could replace expen-
sive rarely used generators in the low-voltage grid in case of low
and medium level power outages. They also claim that other prob-
lems in the distribution grid like voltage-constrained power transfer
problems and congestion in substations could be solved with DSM.
But it can also lead to issues like synchronization of demand. In [35]
Good and Mancarella found out that if DR is not properly managed
the incentive to shift load to an off-peak hour decreases normal load
diversity which can even provoke capacity problems. Before imple-
menting DSM there are still some elements that can be hindering as
Koirala et al. point out in [6]. Smart meter roll outs are still not at a
sufficient degree in most European countries [75]. Important infor-
mation and communication infrastructures are not market-ready or
still too expensive for the average consumer. And lastly DSM makes
system operation even more complex. There are multiple methods
and incentives for modifying energy consumption patterns. One is
load shifting, where appliances are rescheduled to off-peak hours
[15]. In [32] Fazeli et al. give examples for loads that are suitable
for this: refrigerators, washing machines and dryers, dishwashers as
well as warm water boilers. They also write about a more extreme
method: load curtailment where loads are shut down or limited for
a certain amount of time. Since it can lead to consumer discomfort
the use of this method is kept to a minimum. In ECs that optimize
towards or are in island mode this might be needed from time to
time. DR programs utilize variable energy prices as an incentive for
consumers to enforce the above-described methods. For this to be
actually adopted by the consumers the divergence between peak
and off-peak price has to be compelling [52].

3.3.3 Peer-to-peer trading

As depicted in Fig. 6 some sort of P2P trading or energy sharing is
the most included characteristic of an EC in the analyzed literature.
The scope of it can vary a lot as Jenkins et al. describe in [76]. In a
fully P2P market, the distance between the trading parties is not rel-
evant. They have a bilateral contract and settle on a price. P2P trade
inside a micro-grid is depicted in a community-based market, which
offers an energy sharing framework that incorporates pro- and con-
sumers into an energy sharing zone. There, all trading entities are
considered equal and agree on a single price. A greater degree of
control is added in a hybrid P2P market method, in which the micro-
grid functions together as one trading entity. This concept is e.g.
used in the paper from Cardoso et al. [21] where multiple energy
communities trade their surplus energy with each other. The trading
itself most of the time takes place on a trading platform. Those plat-
forms vary in target group and services as Adu-Kankam et al. outline
in [12]. While it can be aimed at producers, pro- and consumers for
local energy trade they also can be directed to utility companies and
retailers for platform-as-a-service or all of the above. Some of these
articles encounter some limitations or unsolved questions. Jenkins
et al. in [76] make the observation that the regulation of local en-
ergy markets still needs to be implemented. Before doing that the
impact of them should be analyzed further. This is also a point that
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Cui et al. in [29] make because it is still not clear how exactly it im-
pacts grid stability. Two other key aspects discussed in the literature
are the issues of data privacy and (real-time) communication. To re-
duce those concerns and to ensure scalability Crespo-Vazquez et al.
in [27] create a decentralized marked clearing process. Furthermore,
the extensive bidirectional information flow required for P2P could
be problematic for approaches that try to implement real-time com-
munication, as Faia et al. describe in [31]. Especially, with upscaling
the number of market participants.

4. Conclusion

This article provides an overview of the various topologies of energy
communities described in the literature. The examination of EC ter-
minology revealed that some terms are already well-defined, while
others are simply different names for the same types of EC. When
analyzing the most common components of ECs, results show that
the majority of ECs in the literature generate their electricity with PV
and include a storage system to reduce reliance on the grid. With re-
spect to common characteristics and structure of ECs, we find that
P2P trading is an essential part of an EC. It enables the EC’s energy
flow to be optimized so that more locally produced energy can be
consumed within the EC. Surprisingly a micro-grid only showed up
in 16% of the analyzed literature which might indicate that they are
not technologically necessary for the realization of ECs. Our findings
also demonstrate that a third-party aggregator may be an important
component in an energy community. As a result, we suggest that us-
ing aggregators is an excellent approach to make the development
of energy communities easier, particularly for those who do not have
a technical background. This literature review demonstrated the var-
ious approaches that research has developed for implementing an
EC. Now, that REDII is implemented in national law, the next step is
to put those concepts into action by widespread adoption of renew-
able energy communities.
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