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Energy Communities (ECs) are emerging players in the energy market in the European Union. While policy
makers promote their development by introducing legal entities for ECs, stakeholders experience various chal
lenges during their set-up. A factor regarded key for the success of ECs is the consideration of stakeholder
objectives. In this study we analysed seven case studies in Belgium, Spain, the Netherlands, and Greece, in which
the multi-actor multi-criteria analysis (MAMCA) was applied in the design phase of ECs. We highlight com
monalities and differences for each site, providing insight into the variations in EC options, stakeholders, as well
as their preferences regarding the analysed ECs. We found that the aspects considered most important were
emission reduction, community building, energy cost reduction and grid stability. EC options with greater endconsumer participation and shared benefits were preferred in all cases by all stakeholders.

1. Introduction
The European energy market is undergoing a fundamental change,
witnessing the emergence of innovative technologies and novel business
models, which require the organizational and institutional trans
formation of the current energy system [1]. Energy Communities (ECs)
are exemplary for this transformation and are legally defined by the
European Commission as entities that can take part in any stage of the
energy supply chain ranging from energy generation, over supply, to the
provision of other energy services (e.g. aggregation, storage, electric
mobility) while fulfilling a social and environmental purpose [2,3].
Policy makers attribute great importance to ECs for the energy transi
tion, but the legal and practical complexity of ECs has decelerated the
translation of the European energy directives into legal frameworks on a
national level and their uptake on the local level [4]. The engagement
and incorporation of all relevant stakeholders of the energy market is
essential to benefit fully from the technical, social, and environmental
advancements that ECs claim to have when implemented. Acceptance
and support by citizens and other stakeholders are fundamental for the
uptake of renewable energy sources (RES) and ECs [5,6]. “Not-in-mybackyard movements”, other forms of local opposition, and the

insufficient consideration of local viewpoints have thwarted numerous
community energy projects around the globe [7–9]. This also applies to
the context of ECs [7], as citizens and other stakeholders can act both as
facilitating and hindering factors [10,11].
Key factors studied in existing research include acceptance and other
behavioral aspects [12,13], the market, and institutional and organi
zational conditions [14,15]. Case studies in literature often represent
successful transition examples, but studies that include the design phase
are rare [16,17]. Sperling [18] analyses processes that lead to a suc
cessful low-carbon transition in Denmark and highlights the importance
of the first phase of the EC development and the early engagement of
stakeholders.
In contrast to the design phase of ECs (initiation phase), more
research has been conducted on the ex-post evaluation of such energy
projects. Further, it has been shown that in addition to technical and
environmental aspects, locally relevant interests and knowledge must be
considered from an early stage onwards [19]. Such insights are specif
ically needed to create broad acceptance, engagement, and ownership in
the ECs by local stakeholders.
The Multi-Criteria Analysis (MCA) is among the most prominent
methods to conduct an evaluation because it allows considering multiple
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criteria of different nature (technical, environmental, social) [20–24].
Furthermore, participatory MCAs that consider the criteria of various
stakeholders are increasingly applied for such evaluations [25–27]. The
Multi-Actor Multi-Criteria Analysis (MAMCA) is one example of such a
participatory MCA method that can be applied in the initiation phase of
a project involving stakeholders. First applied in transport [28], it is now
also being applied in the energy context [29] and specifically for ECs
[30].
This study compares the design phase of seven communities and
explores the different options for ECs, key stakeholders, their prefer
ences as well as the performance of the EC options on the local objec
tives. As in all these case studies a MAMCA evaluation was performed,
we take the opportunity to it as a framework for comparing the data
collected in the respective case studies.
Our research aims to answer the question ‘What lessons can be
learned about the stakeholders, their preferences, and design options by
comparing the design phase of seven ECs?’ This study aims to broaden
the understanding of ECs and their diverse forms and to provide insights
into stakeholder opinions and preferences, thus giving a practical
knowledge for EC design. The selected examples (three business parks
and one residential neighbourhood in Belgium, one holiday resort in
Spain, a suburban municipality in the Netherlands and a university
campus in Greece) represent a wide variety of EC typologies in Europe.

2. Data and methodology
2.1. Case study selection
We selected initiatives of ECs where the MAMCA methodology was
applied in their design phase. Through the MAMCA process, information
was obtained on what a transition towards an EC could look like, whom
to involve in the process, and what objectives concerning the energy
supply need to be considered. The case studies of Eemnes (the
Netherlands), Kimmeria (Greece), and Manzaneda (Spain) were part of
the RENAISSANCE project (2019–22) [31] and Haasrode, Buurzame
Stroom, the Green Energy Park (GEP), and Kortrijk-Weide (Belgium)
were part of the ROLECS project (2019–2021) [32], supported by the
European Union and Flemish government respectively. Fig. 1 shows the
geographic location of the case studies and Table 2 describes the case
characteristics at the start of the design phase. The data of the respective
MAMCA applications show a range of options to implement ECs and
their different involvement of actors. By choosing cases covering a broad
spectrum of possible partnerships of stakeholders for the implementa
tion of ECs, we aim to represent the heterogeneity of EC options, actor
involvement, and their objectives during the EC design process. Our
focus lies on the EC options, stakeholders, and their objectives, rather
than local legislation.
The geographical coverage of the case studies throughout different
European countries also contributes to the variation in EC transition

Fig. 1. Location of the selected case studies using OpenStreetMap [33].
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components that we want to showcase in our study.

2.1.6. GEP, Zellik
The GEP project is situated in Zellik near Belgium's capital, Brussels,
and consists of an existing industrial zone with 21 commercial properties
and a planned development centred around innovation and RE. It aims
to host interconnected prosumers including a large data centre (as a
thermal producer), an incubator for start-ups and a large parking lot
(150–400 vehicles) equipped with electric charging infrastructure. In
addition, it aims to integrate solar panels and wind turbines, cogeneration, and energy storage capacities. These facilities will be
linked to create a multi-energy grid in which all participating companies
and institutes are active in a local peer-to-peer energy trading market
with the aim of reducing its dependence on thermal and electric energy
from the central grid.

2.1.1. Eemnes
Eemnes, a town with 3.600 households situated near Amsterdam in
the Netherlands, aims to be energy neutral by 2030. Eemnes pursues the
goal to set up a blockchain enabled initiative for energy exchange with
the residential households and a local solar farm as participants. The
facilitator of this goal is the member-owned energy cooperative “Ener
gieVanNu” that represents the citizens. The market platform is created
by a private provider of energy management services and supported by a
Dutch Distribution System Operator (DSO). Eemnes has been granted an
exemption to Dutch Electricity Law by the Ministry of Economic Affairs
allowing it to operate as a local energy trading system. Currently, the
technology ownership at Eemnes is distributed but benefits mainly in
dividuals. This case study was part of a transition management study
using MAMCA [30].

2.1.7. Kortrijk Weide, Kortrijk
Kortrijk Weide, located in the city of Kortrijk, in the west of Belgium,
is a new development that houses educational and research institutions,
and a public swimming pool facility. The site focusses mainly on heat
exchange (via the existing and to be expanded district heating system
that is connected to a Combined Heat and Power (CHP) plant) but also
on the potential of sharing electricity. The operating control of the heat
generation technology will consider the peaks of the buildings with
different heat profiles and will reduce them by load shifting and demand
side management. The main goal is to increase self-consumption of en
ergy and to persuade all local stakeholders into active participation
within the EC.

2.1.2. Manzaneda
Manzaneda is a rural ski resort village in the region of Galicia situ
ated in the north-west of Spain that houses residential properties as well
as various commercial tourist establishments. 9.000 inhabitants live
there on a permanent basis and are joined by over 100.000 tourists per
year. By deploying smart meters, demand-response actions, electricity
and heat storage, and EV charging infrastructure, potential is created to
reduce energy consumption. The ownership of technology, and the
resulting benefits are centralized at the energy service company (ESCo)
Exerleria who is taking over the responsibilities of the local DSO.

2.2. MAMCA applications and comparative analysis

2.1.3. Kimmeria
The Kimmeria student buildings, part of the Democritus University of
Thrace (DUTH), are situated in a rural area about 1 km west of the city of
Xanthi, in the North of Greece. The site consists of a space 15.000 m2 and
8 student residence buildings, a restaurant, a research building and an
amphitheatre. DUTH intends to become a micro-grid EC with a
maximum utilization of various RES technologies that provide on-site
generated energy (thermal and electricity). A second component is the
extension of the EC by creating a connection with energy intensive in
dustries and the nearby municipality.

For the comparative analysis, the outcomes of the MAMCA process
that they all engaged in is used as a framework. Macharis et al. [28]
conceived the following six main steps of MAMCA: 1. Definition of al
ternatives to the current situation, 2. Stakeholder identification, 3.
Assessment of their criteria, 4. Weighting of criteria according to their
importance, 5. Performance assessment of the alternatives, and 6.
Ranking of the alternatives.
In all seven case studies the six steps of the MAMCA methodology
were applied during their EC design phase to gain knowledge on
stakeholder objectives and on the acceptance of various EC options.
By looking in detail at the outcomes of each MAMCA step in all case
studies, we intend to provide insights in the heterogeneity of EC options,
the stakeholders involved, their objectives and preferences for
implementation.
Within the case studies, the first step, “definition of alternatives”,
represents the determination of different options to implement an EC at
the locality encompassing, for example, the technology intended to be
installed, the size of the community, and the legal form of the EC. This
step was initiated by the case study leaders (summarized in Table 1) and
was supported by researchers and participating stakeholders, who gave
their input during joint meetings.
In step 2, the case study leaders identified the stakeholders and
contacted them to take part in the MAMCA process. In all case studies,
stakeholder groups representing the local government, the DSO, citizen
(cooperatives) and/or companies, and public institutions were engaged.
In the third step, the researchers inquired the stakeholders about
their criteria (objectives) when joining an EC through surveys (see Ap
pendix A). A list of potential criteria was compiled based on literature,
expert suggestions, and discussions with stakeholders. All relevant
stakeholders that were identified by the case study leaders in the second
step were asked to indicate the importance of each of these criteria for
them and add additional ones, if needed. A 4-point Likert scale was
chosen to push the respondents to indicate whether the criteria should
be included in the workshop or not. The aim was to narrow down the
initial list of approximately 21 criteria to the ones that were selected as
“very relevant”. These were then included in the following step.
In all case studies, the researchers, supported by the case study

2.1.4. Haasrode, Leuven
The business park of Haasrode, Belgium, mainly houses serviceoriented companies. The companies currently engage little in coopera
tion, have limited knowledge in which RES to invest, but generally
consider investment in photovoltaics (PV) as financially unattractive.
However, the companies want to increase the amount of renewable
energy (RE) that is produced on-site and use it for local consumption.
The establishment of a non-profit organization supervising the upgrade
of the site was a trigger to start looking at opportunities to initiate the
transition towards locally produced RE. Their aim is to start an initiative
with six participating companies and evolve into the development of an
EC with more members.
2.1.5. Buurzame Stroom, Ghent
Buurzame Stroom is a grassroots initiative aiming for the integration
of sustainable energy in a residential city neighbourhood of GhentDampoort, situated in the northwest of Belgium. To set up an EC, the
citizen energy cooperative “Energent” was created acting as an orga
nizing entity bringing together different stakeholders. The current
members of “Energent” are residential dwellings with PVs and home
batteries (20 prosumer households within a neighbourhood composed of
36 buildings). The investments are realized through the cooperative
investment fund. The main project goal is to increase the number of PVs
in the neighbourhood and to become a sustainable net-positive
contributor, while allowing all neighbourhood residents to participate
in this initiative in an inclusive way.

3

University
A local public ownership
company (MEISA)
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An ESCo (Exeleria)
The Municipality of Eemnes
Initiator/Project leader

Assets and ownership

Environment
Site use characteristics

leaders, conducted a participatory workshop with representatives of the
identified stakeholders during which the participants weighted their
criteria according to their importance using the MAMCA software [34],
supported by the Analytical Hierarchy Process (AHP) [35] (step 4).
During this exercise, participants representing the same stakeholder
group deliberated on the degree of importance to attribute to each of
their criteria. Their criteria selection was discussed before the weighting
exercise so as to ensure common understanding of meaning of the
criteria. For the sake of transparency, the stakeholders were asked to
present their weighting results to each other and explain their prefer
ences to the group.
In Eemnes, Manzaneda, and Kimmeria the stakeholders themselves
first subjectively evaluated the performance of the different EC options
(step 5) and then, in all case studies, the researchers carried out an
evaluation using expert data input. The experts who provided the
evaluation scores for the criteria are active in the field of the defined
criteria (industry representatives, practitioners, researchers). Table 2
provides an overview of the anonymized organizations from where the
experts gained their expertise, as well as the criteria for which they
evaluated the performances. The experts were asked to indicate (with
“–“ = worse, “-“ = slightly worse, ‘0’ = equal to, ‘+’ = slightly
better,”++” = better) how the criteria perform in the different EC op
tions, compared to the current situation. Technical criteria (grid func
tionality, energy efficiency, reduction of emissions and increase of RE)
was assessed using energy consumption, production data of the sites or
using standardized energy data that correspond to sites with similar
characteristics.
The researchers translated this expert input to generalized perfor
mance scores on a 1–10 scale in the MAMCA software [34]. When there
was discrepancy between the accorded scores, the experts deliberated in
order to reach consensus, but in most cases this was not necessary. For
the performance evaluation the software applies the Simple Multi
Attribute Rating Technique (SMART) [36]. For Buurzame Stroom and
Manzaneda, the evaluation scores were based only on the qualitative
scores by experts as no data was available for the technical assessment.
Based on the weights and the expert evaluation scores, MAMCA was
used to calculate and visualise the preferences for the EC options for
each stakeholder (step 6). During the workshop the performance and
ranking of the different options were discussed among the participants.
The weighting and evaluation processes were conducted as trans
parently as possible, with stakeholders and experts jointly discussing the
weights attributed to the objectives and the evaluation scores. In addi
tion, the visualization of the results of each stakeholder group (weights,
evaluation scores, overall result) was shown to the workshop
participants.

Regional DSO (Fluvius)

Combined Heat and Power
(CHP), district heating, PV,
biomass installation, EV
charging facilities, electrical
and thermal storage, owned by
the on-site institutions
Commercial study office

PV, home batteries, owned PV, wind turbines, energy storage,
by private individuals
cogeneration facilities, heat network
(data center as thermal producer),
EV charging facilities, devices for
demand-response, owned by private
on-site companies
Citizen Energy
VUB/Green Energy Park vzw
cooperative Energent
Regional DSO (Fluvius)
Regional DSO (Fluvius)
PV, owned by the
private on-site
companies

Urban area
Mixed use functions
(businesses, public services,
and educational institutions)
Urban area
Suburban area
Dense and socially diverse Existing business park combining
residential neighbourhood research, business, and RE
developments
Suburban area
Existing industrial
site

Belgium
Increasing the amount of
locally produced RE and the
share of locally consumed RE
Belgium
Multi-energy neutrality within the
EC

GEP

Belgium
Maximizing the share of
RE and participation of
residents in the energy
exchange system
(inclusiveness)

Buurzame Stroom

Greece
Increasing the local
production and
consumption of RE. Moving
towards self-sufficiency and
energy trading to the
surroundings
Suburban region
Rural area
Rural area
Residential users
Mixed use functions
Mixed use functions
(residential and
(student residences and
commercial), high
various university
seasonal differences
buildings)
PV, neighbourhood battery, PV, electricity storage,
PV, solar thermal, wind
EV charging facilities, energy heat storage, EV charging turbines, biomass
management systems, owned facilities, devices for
installation, geothermal
by individuals
demand-response,
installation, owned by
company owned
university

Haasrode

Spain
More energy security in
remote rural area
through RES and emobility

The Netherlands
Energy neutrality by 2030
through the implementation
of energy pooling, and
advanced energy
management services
Country
Goal of the EC initiative

Kimmeria
Manzaneda
Eemnes
Site

Table 1
Case characteristics.
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Belgium
Increasing the
amount of locally
produced RE and the
share of locally
consumed RE

Kortrijk Weide
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Table 2
Overview of experts.
Experts

Criteria

Academic partners

Safety, Energy independence, Grid functionality
(stability, reliability, continuity), Affordability, Increase
of emissions, Energy Efficiency, Noise, Employment,
Economic advantage, User participation, Behaviour
change (Awareness), Community building
Security, Privacy Protection, Safety
Innovation, Replicability, Innovation

Energy Research Centre
Private Energy Service
Company
Real Estate Services
Company
Energy Cooperative
(Spain)
Energy Cooperative
(Belgium)
Private IT company
DSO
Local government
official

4

(Green) image building, Commercial validation of
products and services
User participation, Behaviour change (Awareness),
Community building, Transparency of pricing
Inclusiveness, knowledge sharing, democratisation of the
energy market
Privacy protection, Security
Societal optimum for network investments, cost
reflectiveness
Coordination with local policy
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Table 3
Comparison of MAMCA steps.
Steps

Eemnes

Manzaneda

Kimmeria

Haasrode

Buurzame Stroom

GEP

Kortrijk Weide

EC options

EC
Prosumer
Network
Municipality,
citizen
cooperative,
company, DSO

Peer-2-Peer (P2P)
Demand side
management (DSM)
ESCo, Local and
regional
government,
citizens

P2P
DSM

Various cooperation
forms
Existing businesses,
local government,
intermunicipal
company, DSO

Selected
criteria

Increase of RES,
reduction of
emissions, grid
functionality,
participation

Best
scoredEC
option

EC

Increase of RES,
Community
benefits,
replicability and
return on
investment, grid
functionality,
affordability, green
image
DSM

Variations in
technicalities and
assets
Existing businesses,
local government,
citizen wind
cooperative, real
estate developer,
DSO
Increase of RES, grid
functionality, return
on investment (ROI),
awareness,
community building,
direct citizen
participation, (green)
image building

Various technical
cooperation forms

University, a
research
institution, the
municipality, local
company, and
students
Energy efficiency,
reduction of
emissions,
community
benefits,
affordability,
behaviour change,
grid functionality

Various new forms
of EC aimed at
inclusiveness
Citizen cooperative,
local government,
real estate service
provider, DSO

Stakeholders

DSM

Reduction of
emissions, (green)
image building,
lower energy bill,
innovation,
coordination with
city policy

Increase of RES,
community
building, energy
independence,
commercial
validation of own
services and
products

Aggregation Model
(AM)

All, with highest
support for giving
billing benefits to
apartment buildings
with PV

The number of workshop participants varied between 15 and 30, and
they were divided into 4 to 6 stakeholder groups. In cases where the
performance assessments were conducted by stakeholders and experts
(Eemnes, Kimmeria and Manzaneda), the different results were used to
identify where the local perception did not align with the expert views of
the alternatives. After the workshops, the robustness of the results was
tested by changing the weights of the stakeholders for all case studies.
As the MAMCAs were applied in the different cases between 2019
and 2021 the process was strongly affected by the COVID-19 crisis. As a
consequence, some measurement devices (e.g., smart meters) could not
installed in the intended period and energy consumption data was often
not available or reliable (e.g., because no students lived in their student
dorms, fewer tourists were visiting the ski resort). These circumstances
necessitated a recurrence to a more qualitative than quantitative eval
uation of the EC options.
We chose to conduct a comparative study among the seven different
case studies to analyse the options for ECs that were included in the
MAMCA processes in the design phase. Then, we analyse the stake
holders who were identified and engaged in the process and the objec
tives they expressed for their energy supply. Using the input of the
survey and the weighting exercise of the objectives, we compare the
objectives and their weights per stakeholder group and examine the
similarities across different case studies. Following the next MAMCA
step, we compare the evaluation results across the case studies and the

Energy Community
with combined solar,
wind and storage
assets

Existing institutions
and businesses,
local government,
DSO
Grid functionality,
energy efficiency,
increase of RES,
affordability,
replicability,
reduction of
emissions, lower
energy bill
EC with full energy
exchange (by
consumers),
business as usual by
DSO and main
prosumer

acceptance of stakeholders of the proposed EC options. In doing so, we
highlight the commonalities and differences of the case studies con
cerning their selection of potential EC design options, the stakeholders
involved, their corresponding criteria, and the preferences for different
EC options.
3. Results
Table 3 summarizes the gathered results for each MAMCA step, the
results are explained in detail in the following sections.
3.1. Options for EC developments
Eemnes considered options for EC developments either in an inclu
sive way in which all members of the community could participate,
decide, and invest in the local energy market or in an exclusive way
(prosumer network option). In the prosumer network option, only
consumers who own their own production assets could join the EC and
benefit from it economically. Because of the granted exemption to Dutch
Electricity Law allowing it to operate as a local energy trading system,
legal restrictions were not a defining element in the determination of the
EC options. Manzaneda and Kimmeria both examined peer-to-peer
(P2P) and demand-side management (DSM) options. P2P represents
the option to trade energy with other energy producing entities on site or

Table 4
Participating stakeholders.
Eemnes
Manzaneda
Kimmeria
Haasrode
Buurzame stroom
GEP
Kortrijk Weide

Authorities

DSO

Consumer

Energy Producer/ Prosumer

Energy/Citizen Cooperative

Service Providers (ESCo, or ICT)

X
X
X
X
X
X
X

X
X
X
X
X
X
X

X
X
X
X

X
X
X

X

X
X

X
X

X
X

5

Property Investors

X
X
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Table 5
Key criteria for the representatives of the stakeholder group in the different cases.

Grid Functionality including safety
Increase of RES/Emission reductions
Community Benefits
Energy Independence
Coordination of policies
Awareness/Behaviour Change
Energy Efficiency
Affordability and lower energy bill
Competitive advantage (ROI, replicability,
commercial validation of own services)
(Direct) participation
Innovation
(Green) image building
Democratisation

Authority (8 in
total)

DSO (7 in
total)

Consumer (9 in
total)

Energy Cooperative
(3 in total)

MEW
MKEHB
KG
B
H
G

MKHBGW

MKG
HW

EBG

MW

M

K

K
W
MKHW
HGW

ESCo (1 in
total)

M

ICT provider (2
in total)

Property investors
(2 in total)

E

B
G

E

B

EG

H

B

M

G

E = Eemnes, G = Green Energy Park, K = Kimmeria, B = Buurzame Stroom, H = Haasrode, W = Kortrijk Weide, M = Manzaneda.

with entities outside the community while DSM implements energy ef
ficiency and energy management services to reduce energy consumption
of the members. At Kimmeria, the discussed EC options were developed
under the anticipation of regulatory changes of energy sharing and feedin regulations. Under the legislation of January 2020, when the work
shop took place, the P2P option was not possible. The transposition of
the recast of the renewable energy directive (REDll) [2,3], were ongoing
during the time the study was conducted. At Manzaneda, the ESCo took
over the responsibilities and rights of the DSO which would allow the
implementation of the discussed EC options under Spanish legislation
2020.
For the Haasrode industrial park the EC options included different
levels of cooperation between companies on energy matters, varying

from joint investment schemes to forming an inclusive EC. Each of these
options require a distinct time for implementation, financial investment,
and necessary infrastructure intervention, and hence the EC options vary
from a short to long time horizon. At Buurzame Stroom, the options
focused on potential changes in legislation that would make ECs more
inclusive, with, e.g., options to make active participation possible for
apartment residents, tenants, and citizens without rooftop space or
budget for own assets. The identified options represent various organi
zational forms that can co-exist and benefit different types of citizens.
For the GEP, the EC options focused on technical assets, e.g., whether to
install solar panels, wind turbines, and batteries. Since the organiza
tional form of energy exchange was already decided upon, the EC op
tions reflected the uncertainty in asset configuration that would be

Fig. 2. Haasrode MAMCA results based on performance assessment by experts.
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Fig. 3. Kimmeria MAMCA results based on performance assessment by experts.

Fig. 4. Kimmeria MAMCA results based on performance assessment by stakeholders.

needed to maximize self-consumption and reach multi-energy
neutrality. In Kortrijk Weide, the options focused on the intensity and
type of energy exchange (electricity and/or heating), with a limited
exchange of mainly electricity as one option and a more complex multienergy exchange between all on-site buildings as a second option.
In all cases it was decided to not limit the ECs to options that comply
with the regulatory framework of 2020 when defining the EC options
since the national legislations were in the process of transposition of the
revised energy directives.

3.2. Participating stakeholders
Table 4 summarizes the identified stakeholders in each case study
showing that in most cases all incumbent stakeholders were present,
whereas new actors differed from site to site. While authorities, the DSO
and the energy supplier are classical incumbent actors in the energy
market, the participating energy service providers, such as ESCos or
information communication technology (ICT) providers, energy co
operatives, investors in building infrastructure, and prosumers are
considered examples of new actors in the energy market [37]. For the
business parks more commercial entities participated in the MAMCA
process, for residential communities, citizen cooperatives or
7
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municipalities represented the citizens.

preference of the EC option over the prosumer network and current
situation.
The comparison of the stakeholder and expert evaluation at Kim
meria serves as an example of how the perception of the stakeholders
can differ from the assessment by experts. Comparing Fig. 3 with Fig. 4,
it visualizes that for the company the BAU scores best in the stakeholderbased evaluation while it is performing least desirable for all stake
holders in the evaluation by the experts. The company shared its concern
that new business models represented by the two alternatives to the BAU
were not economically feasible in the country of Greece due to the great
impact of the economic crisis of 2008 on local businesses. The assess
ment by experts, in contrast, indicated that if the conditions of the al
ternatives can be implemented as stated in the description, the impact
on the criteria of the two alternatives is positive. As the DSM option can
be implemented on top of the P2P, the expert evaluation shows clearly
that the DSM adds additional benefits on the mentioned criteria, if put
into practice. The comparison of the two evaluations helped to answer
questions of participants and reduce some of the extremer opinions
within the group.
In the Buurzame Stroom case, all options were rated higher than the
BAU option for all stakeholders, indicating overall support for all the
suggested legislation reforms. The proposition to grant benefits to the
homeowner association of apartment buildings that install PV on their
rooftop, received the most support. Group investment in large local RE
installations also comply with the requirements of all stakeholders, with
a slightly better score for the cooperative investment form. During the
discussion of these results, the DSO stated that benefits for society as a
whole need to be guaranteed to gain their support. The fact that the
proposed scenarios are not mutually exclusive shows that the preference
ranking can indicate a preference as to which option to implement first
in case of budget restraints. Since they all score better than the BAU
situation there is support among the stakeholders to implement all
options.
For the GEP case, an EC with combined solar, wind and storage assets
received the highest score for all stakeholders except the DSO, although
the difference to the scenarios with less assets is small. All presented EC
options comply better with the requirements of most stakeholders
involved than the BAU. For the businesses, the support of the imple
mented EC option will rely on the stability and reliability of the central
grid in the future and for the DSO high safety protection of the system
and guaranteeing a socially fair cost distribution are essential attention
points when setting up an EC.
In Kortrijk Weide, the highest ranked options are related to the role
of the stakeholder within the future EC. While a full energy exchange
option scored highest for the consumers within the EC, this is the option
with the lowest score for the prosumer member as well as the DSO. The
preference ranking for these two stakeholders shows opposite prefer
ences. The stakeholder discussion revealed that the prosumer support
for the full energy exchange option could be increased if a solution can
be found to unburden them from the main investment and management
duties that are linked to the implementation of this option. Support from
the DSO for this option can be found if safety issues become a priority in
the design and implementation of the new system.
In the case studies of Haasrode and Buurzame Stroom the discussion
evolved towards the feasibility of the EC options and possible variations
of these options. The regional regulatory framework at the time of the
discussion did not allow for many of the proposed (and preferred) EC

3.3. Selection and weighting of criteria
Table 5 shows the criteria that were selected as the two most
important by the stakeholder group representatives. A detailed overview
of the selected and weighted criteria per stakeholder can be found in
Appendix B, Figs. B 1–B 7. It shows that some stakeholder groups chose
similar main criteria across the different case studies. All DSOs or grid
owners selected safety (named grid functionality for the case studies
Eemnes, Manzaneda, and Kimmeria). Throughout the different Euro
pean cases, the criteria of the DSOs were largely similar. The DSO that
was involved in all Belgian cases kept the same objectives in all cases.
Local authorities showed a more varied pattern in the importance
attributed to criteria. All authorities indicated that environmental con
cerns such as reduction of emissions and increase of RES are among their
main priorities, but they were not scoring among the first two for all of
them. In some cases, social or technical criteria are higher on the priority
list of the authorities. Stakeholders representing consumers also sug
gested a broad range of criteria, with economic and technical criteria as
their main priorities. Energy cooperatives stressed the importance of
environmental and social criteria, while commercial (property) in
vestors and service providers mainly put the importance on individual
advantages, directly and indirectly achieved through environmental and
social improvements.
3.4. Performance assessment and ranking of the EC options
The expert assessment resulted in evaluation scores for each EC op
tion per stakeholder. These scores can be found in Appendix C, Tables C
1–C 7. The resulting multi-actor view was tested on robustness by
changing the weights of the criteria for all case studies. This did not
significantly change the final ranking as the evaluation is most depen
dent on the performance scores and not the weights of the criteria.
Figs. 2 and 3 show the cases of Haasrode and Kimmeria as examples
for the graphs that were generated for all sites through the assessment of
the EC options by experts. The x-axis displays the stakeholders and the yaxis their resulting evaluation scores. The symbols (triangle, round tri
angle, square, circle) show the evaluation score for each stakeholder.
The connection between the symbols serves merely visualization pur
poses as compiled by using the MAMCA software. The resulting graphs
for the other cases can be found in Appendix D, Figs. D 1–D 5.
At Haasrode, the evaluation results of the authorities and companies
received a higher score for the further advanced forms of cooperation
(EC and aggregation), while for the DSO the business as usual (BAU) and
or the low-threshold co-investment option (energy association) scored
higher. The discussion showed that to suit the requirements of the DSO,
the EC will need to have a well-developed plan to guarantee grid safety
and reliability and that the EC should be replicable at other sites in terms
of technical, and practical components.
Based on the SMART expert evaluation, at Kimmeria and Manzaneda
the DSM option scored better than the P2P option for all stakeholders
while based on the stakeholders' evaluation, the preferences among the
stakeholders were not aligned and more conflictive (see in comparison
Figs. 3 and 4). The company participating at the MAMCA workshop in
Kimmeria preferred the current situation over the provided alternatives.
At Eemnes both the expert and stakeholder evaluation revealed a
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Fig. 5. Community involvement and distribution of benefits (based on [43,44]).

options. In the GEP case, this led to a discourse on how to bypass re
strictions (for example through sandbox regulations) to be able to
implement the preferred option in the short term, while in the Kortrijk
Weide and Haasrode case, regulatory restrictions led to a shift in pref
erence during the discussion, where lower ranked but legally allowed
options were proposed to be implemented in the short term, with the
highest ranked option being put on the ‘long term’ implementation shelf.

were invited to join the MAMCA process to increase the acceptance and
feasibility of an EC. Especially, the role of DSOs seems fundamental for
the development and success of ECs across the EU. Frieden et al. [38]
stressed that the collaboration with DSOs is specifically important for
the acquisition of energy data and the interface between the members of
the ECs and metering devices. The authors further highlighted that DSOs
are among the most affected by the transposition of the REDll. This is
shown by the need to adapt their responsibilities and accommodate for
ECs where requested [39]. DSOs can support ECs by facilitating the
access to metering data, and to establish standard procedures to set-up
ECs.
Due to the diversity of the case studies, the comparability of the EC
options and the evaluation based on the local objectives is limited. This
study does not show which EC options could be scaled-up or favoured by
citizens across Europe. It rather shows that the range of EC options
depend greatly on the local objectives, the local context and on the
project initiators and planners. But the comparison of the selection of
objectives and their weights is possible as the survey questions were
concerning the energy supply and not relating to a specific EC option.
Because of the incumbent status of the DSOs in the energy market,
they likely share similar responsibilities and criteria across different
communities, especially for the Belgian case studies. The DSOs mainly
focused on technical criteria and indicated safety and grid functionality
as their top concern, directly linked to their legal responsibilities. Local
authorities have put their focus on social and environmental criteria, as
both topics are often an important focal point in their local policy pro
grams, and many have shared political visions and requirements as
being part of the European Union. Technical criteria mainly seemed to
be selected because they are necessary to implement a system that fulfils
the social and environmental aims. Consumers and prosumers made a
varied criteria selection over the cases, with most stressing the

4. Discussion
4.1. Reflections on the comparison of the different MAMCA step results
The proposed EC design options in the seven cases show large vari
ations with some of the options that can be implemented simulta
neously. The focus is mainly determined by the defined goal of the future
EC, with topics ranging from (technical) asset combinations and energy
exchange forms to (social) cooperation forms. The regulatory frame
work was not considered for the cases where this was not relevant or
where future regulation changes were ongoing.
Incumbent stakeholders in the energy system were identified as
relevant to involve in the design process of ECs in all cases. It was
necessary to engage the local authorities, DSOs and future consumer/
prosumer members of the community in the design phase to increase the
likelihood of acceptance and implementation. Without their support and
cooperation, the EC options cannot be implemented. Depending on the
characteristics of the general envisioned EC form (such as financing
structure, location, and organizational structure), other types of stake
holders were involved who had very specific responsibilities or stakes.
Also, energy cooperatives that represent larger citizen groups, and
property investors that could expand the size of ECs by including new
building developments, or ESCOs taking over the management of the EC
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importance of technical and economic ones. This confirms existing
research which shows that citizens have a wide range of motivations and
criteria concerning ECs (studied in [40–42]). The fact that cooperatives
mainly selected social and environmental criteria and commercial ser
vice investment providers criteria that result in financial advantages,
can be linked to their value proposition and organizational model.
The initiative to apply MAMCA originated from the desire to obtain
insights from stakeholders (objectives and EC preference) to ultimately
increase the rate of acceptance of the discussed EC options. The MAMCA
application facilitated the participation of stakeholders in the EC design
phase. Although not all stakeholders were able to participate in the
workshop due to practical restrictions, MAMCA can be used as a tool to
engage stakeholders in the EC design phase and to obtain insights into
their objectives and EC preferences. Participating stakeholders
mentioned during the workshops that within the MAMCA process they
needed guidance in defining EC options, evaluating their impacts, and
proceed with the actual implementation under regulatory restrictions.
To guarantee the participation of stakeholders in the EC design, these
aspects need facilitation by experts, the project leaders, or researchers.

be higher (see among others).
From a methodological perspective, the assessment of costs and
impacts on the stakeholder criteria resulted in a single SMART evalua
tion score for all stakeholders in the MAMCA. However, the impacts of,
for example, environmental change or the financial burden are distrib
uted unevenly in society and within the local communities. This eval
uation does not reflect energy injustices. This shortcoming could be
improved by applying a stakeholder-based impact assessment as pro
posed by te Boveldt et al. [47], contingent evaluation method as applied
by Botelho et al. [48], or an energy justice lens [16]. The analysis of
energy justice considerations for ECs, also for non-community members,
and the actual degree of decision-making power in contrast to mere
participation, are interesting research pathways.
5. Conclusion
This study has placed particular focus on the design phase of ECs and
compared processes such as stakeholder identification and definition of
EC options, the assessment of local requirements and preferences among
stakeholders at seven different communities in Europe.
In conclusion, our case studies have shown that incumbents within
the energy market played a key role in the development and design of
ECs independent from the sites while new actors (energy cooperatives,
ESCOs) and their input were case-specific.
We noticed that the main objectives across all sites were the reduc
tion of emissions and maintaining the grid functionality coupled with
site specific socio-economic criteria. Compared to the traditional energy
market, all EC design options involved a higher degree of RES distri
bution and were more community oriented. In some cases, energy co
operatives or municipalities streamlined a diverse range of citizen
viewpoints and thus fulfilled a key role in guiding the community
through an energy transition.
Generally, this study highlighted the existence of great heterogeneity
in EC design options, stakeholders and their objectives. The application
of the MAMCA participatory tool did not lead to the automatic imple
mentation of the best performing EC option but allowed stakeholders to
participate in the EC design phase by sharing their objectives concerning
their energy supply. Regulations concerning ECs are frequently chang
ing, which makes the implementation of the best performing EC option
subject to regulatory risk.
This research could serve as a point of reference for a range of
communities in transition indicating important stakeholders to consider,
possible EC options, criteria, and a way to create a ranking of the options
during the design phase facilitating the development of ECs in a
participatory way.

4.2. From the design phase to implementation
In this study, the regulatory obstacles created through the changing
legislative environment of ECs were not taken into account as EC options
that were not possible under the national legislations of 2020 were
included as well. In the actual implementation phase, this of course
greatly impacts the feasibility of the socially and technically preferred
EC option. Generally, there is no guarantee that the EC options devel
oped in the design phase will be practically implemented. In most cases,
the project leaders have the decision-making power for the imple
mentation of the EC. If the process is led by the community members, the
outcome is more likely to be owned by the community [43]. Thus,
conducting a participatory EC design phase does not imply that the
outcome of the design phase is an EC fulfilling the definition by the
European Commission.
Still, the case studies showed that the project leaders aimed to create
more distributional benefits through the implementation of an EC. Even
when there was no ownership of assets, some cases (e.g., Kimmeria)
aimed at distributing the benefits of the EC among its community
members.
Building on the work by Goedkoop and Devine-Wright [43], Fig. 5
shows that although each site had conducted MAMCA, the involvement
of stakeholders and the distribution of benefits of the discussed ECs are
not equal across the sites.
Decision-making power and distribution of the benefits of ECs relate
to two energy justice conceptualizations (procedural and distributional
justice) [45]. ECs implemented in a participatory way (e.g., by using
MAMCA) can be a mean to increase energy justice on both these con
siderations. Confirming the findings of Hanke et al. [46], our overview
shows that some ECs have the potential to improve such energy justice
considerations. This was especially the case for places where energy
cooperatives were present, so where the involved stakeholders also
owned technology assets and had decision-making power (fulfilling both
the procedural and distributional justice aspects). When the ownership
is distributed, and decision-making power lies with the participants, the
likelihood of citizens to accept and join community RES was studied to
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Fig. A 1. Survey Section 1
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Fig. A 2. Survey Section 2

Fig. A 3. Survey Section 3

Fig. A 4. Survey Section 4

Appendix B. Selection and weighting of criteria
The scores from the weighting exercise indicate for each stakeholder the importance of a criterion in relation to the other selected criteria (based on
an AHP comparison). The combined criteria weighting score per stakeholder totals 1).

12

M.L. Lode et al.

Energy Research & Social Science 90 (2022) 102671

Fig. B 1. Criteria Weighting Eemnes.

Fig. B 2. Criteria Weighting Manzaneda.
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Fig. B 3. Criteria Weighting Kimmeria.

Fig. B 4. Criteria Weighting Haasrode.
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Fig. B 5. Criteria Weighting Buurzame Stroom.

Fig. B 6. Criteria Weighting GEP.
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Fig. B 7. Criteria Weighting Kortijk Weide.

Appendix C. Expert evaluation scores
The evaluation scores were provided on a 0–10 scale. The better the EC options impact the mentioned criteria in comparison to the BAU, the higher
the score. A score of 0 would indicate an extremely negative, 5 would indicate an indifference, and 10 an extremely positive impact of the EC option on
the criterion. The following tables show the expert evaluation of the impacts of the EC options on the selected stakeholder objectives.
Table C 1
Expert Evaluation Scores Eemnes.
Criteria

BAU

EC

AM

Grid Functionality
Affordability (Return on Investment, lower energy bill)
Reduction of emissions (Reduction of fossil fuels)
Increase of RES
Energy Efficiency
Noise
Safety
Energy Independency
Transparency of Pricing
Behaviour Change (Awareness)
Community Building
User Participation
Commercial Validation
Green Image
Innovation
Privacy Protection
Security
Inclusiveness
Economic Advantage (Replicability, Employment, lower energy bill)
Replicability
Mean (grid functionality, security, safety, privacy protection)
Competitive Advantage (Replicability, Innovation, Commercial Validation, Green Image)

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
6
5
5
5

5
5
7
7
5
5
7
10
10
8
9
7
10
10
10
8
10
10
10
2
8
8

5
5
6
6
5
5
5
8
8
9
9
9
8
8
8
7
6
10
8
5
6
7
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Table C 2
Expert Evaluation Scores Kimmeria.
Criteria

BAU

P2P

DSM

Affordability
Reduction of emissions
Increase of RES
Energy Efficiency
Noise
Behaviour Change
Communtiy Benefits (Mean inclusiveness, Community Building, Energy Independence)
Community Building
Inclusiveness
Energy Independence
Competitive Advantage (Mean replicability, Innovation, Commercial Validation, Green Image)
Innovation
Commercial Validation
Green Image
Replicability
Grid Functionality (mean of grid functionality, security, privacy protection, safety)
Security
Privacy Protection
Safety
Grid Functionality

5
5
5
5
5
6
5
5
5
5
5
5
5
5
5
5
5
5
5
5

6
6
6
6
4
8
7
8
5
8
7
9
8
8
2
6
5
6
8
5

6
6
6
6
4
10
9
10
10
8
9
9
10
10
8
7
8
7
8
5

Criteria

BAU

P2P

DSM

Emission Reductions
Mean (grid functionality, security, safety, privacy protection)
Increase of RES
User Participation
Externalities (Mean of RES, emissions, efficiency, those that mention RES)
Energy Independence
Green Image
Replicability
Innovation
Return on Investment
Externalities (Mean for stakeholders that did not mention RES in the survey)
Competitive Advantage
Commercial Validation
Affordability
Community Benefits (Inclusiveness, Community Building, Behaviour Change, Participation)

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

6
6
6
8
5
10
10
2
7
8
6
7
10
5
7

6
8
6
10
5
10
10
8
9
5
6
9
10
5
9

Table C 3
Expert Evaluation Scores Manzaneda.

Table C 4
Expert Evaluation Scores Haasrode.
Criteria

BAU

EA

EC

AM

Innovation
Grid stability, continuity and reliability
Reduce ecological footprint
(Green) image
Lower energy bill and return on investment
Energy independence
More cooperation
More knowledge sharing
Replicability
Safety
Security
Coordination with city policy
Fair cost distribution (cost reflectiveness)
Societal optimum for network investments

6
6
6
4
6
6
6
6
10
6
6
6
6
6

7
6
8
6
7
8
8
8
8
6
6
7
5
6

10
6
10
10
4
8
10
8
4
2
6
8
4
6

9
6
10
8
8
6
8
8
6
4
6
10
4
6
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Table C 5
Expert Evaluation Scores Buurzame Stroom.
Criteria

BAU

Apartments

Zonnedelen A

Zonnedelen B

Wind

Movable assets

Improve energy efficiency
Grid stability, continuity and reliability
Increase renewable energy penetration
Affordability
Return on investment
Inclusiveness
Community building
Energy independence
Behaviour change (Awareness)
Replicability
User participation
Commercial validation of products and services
Safety
Security
Democratisation of energy market
Fair cost distribution (cost reflectiveness)
Societal optimum for network investments

6
6
6
6
6
6
6
8
6
10
6
6
6
6
6
6
6

10
6
8
8
8
8
9
8
8
7
9
10
10
6
8
6
6

8
6
8
8
8
8
8
6
10
7
10
9
8
6
8
4
4

8
6
8
8
8
8
9
8
9
8
10
10
8
6
10
4
4

8
6
6
8
8
8
9
6
7
8
9
6
8
6
10
6
6

4
10
8
6
6
6
8
6
10
6
7
8
10
4
8
6
6

Table C 6
Expert Evaluation Scores GEP.
Expert Evaluation Scores GEP
Criteria

BAU

Wind

PV

Wind+ PV

Wind + PV + storage

Improve energy efficiency
Grid stability, continuity and reliability
Innovation
(Green) image
Increase renewable energy penetration
Affordability
Return on investment
Lower energy bill
Energy independence
Replicability
User participation
Inclusiveness
Employment
Community building
Behaviour change (Awareness)
Emissions reduction
Lower noise levels
Direct participation from citizens
Safety
Security
Fair cost distribution (cost reflectiveness)
Societal optimum for network investments

6
6
6
6
6
6
6
6
6
10
6
6
6
6
6
6
6
6
6
6
6
6

8
6
9
9
8
6
7
7
8
8
8
6
6
8
9
8
4
7
4
6
4
6

8
6
9
9
8
6
7
7
8
8
8
6
6
8
9
8
6
7
4
6
4
6

8
6
9
9
9
6
7
7
9
8
8
6
6
8
9
9
4
7
5
6
4
6

4
6
10
9
10
6
7
8
10
7
8
6
6
8
9
10
4
7
5
6
4
6

Table C 7
Expert Evaluation Scores Kortrijk Weide.
Criterion

BAU

Limited energy exchange

Full energy exchange

Improve energy efficiency
Grid stability, continuity and reliability
Innovation
(Green) image
Increase renewable energy penetration
Affordability
Return on investment
Lower energy bill
Autonomy
Unburdening
Replicability
User participation
Emissions reduction
Safety
Security
Fair cost distribution (cost reflectiveness)
Societal optimum for network investments

6
6
6
6
6
6
6
6
6
6
8
6
6
6
6
6
6

6
6
8
7
7
5
7
6
8
5
6
6
7
4
6
5
6

8
6
10
9
8
4
7
7
9
4
4
6
8
4
6
4
6
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Appendix D. Expert evaluation results

Fig. D 1. Eemnes MAMCA results based on performance assessment by experts.

Fig. D 2. Manzaneda MAMCA results based on performance assessment by experts.

Fig. D 3. Buurzame Stroom MAMCA results based on performance assessment by experts.
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Fig. D 4. GEP MAMCA results based on performance assessment by experts.

Fig. D 5. Kortrijk Weide MAMCA results based on performance assessment by experts.
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