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The merits of becoming smart: How Flemish and Dutch energy 
communities mobilise digital technology to enhance their agency in the 
energy transition 
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A B S T R A C T   

Recent developments in Information and Communication Technology (ICT) and ongoing digitalisation processes 
play key roles in the energy transition. It is often argued that digital technology has the potential to empower 
citizens and communities and thereby contribute not only to a more sustainable but also to a more democratic 
and fairer energy system. It is however unclear how the increasing number of frontrunner energy communities 
that enter the field of smart grids can benefit from these novel ICT solutions and meaningfully contribute to the 
sustainable energy transition. This paper explores how energy communities can mobilise ICT to enhance their 
agency in the energy transition. As part of a holistic multiple-case study approach, two energy communities were 
closely followed over a period of three years. Data were collected during project meetings and through semi- 
structured interviews. This paper observes that energy communities can mobilise ICT to change the way tech-
nology operates, strengthen collaboration to increase collective agency and, support their efforts in creating, 
disrupting, or maintaining institutions. The studied energy communities adopted a ‘fit and transform’ strategy in 
which they mobilised ICT to fit in the incumbent energy system in the short term, while aiming for trans-
formation in the long term. ICT however also creates new challenges in the form of interoperability issues. This 
paper calls for more attention on the role of ICT when studying agency in unfolding sustainability transitions, 
especially in fields in which digital technology is believed to play a major role in the transformation.   

1. Introduction 

The transformation towards a more sustainable energy system, also 
referred to as the energy transition, is often argued to require a radical 
change of the incumbent electricity system into a so-called ‘smart grid’ 
[1–3]. By introducing Information and Communication Technology 
(ICT) the electricity infrastructure can be made ‘intelligent’, this 
upgraded electricity infrastructure is often referred to as a ‘smart grid’ 
[1]. Although there are many different visions of what a smart grid is 
and what it can offer [1,4], its proponents stress that recent de-
velopments in ICT and ongoing digitalisation processes enable moni-
toring and control of electricity generation, consumption, and 
distribution [5]. It is believed that this brings many benefits, including 
the possibility to stimulate sustainable consumption practices, increase 
efficiency of energy markets, lower transmission losses, increase resil-
ience of the electricity grid, reduce investments needed to expand grid 

capacity, and increase and create new forms of involvement of end-users 
[1–3,6,7]. This trend of digitalisation is visible not only in the energy 
field (e.g. smart grids), but also in smart mobility [8], smart cities [9], 
smart homes [10], and across fields (e.g. mobility and energy) [11]. 

In light of the growing ambition of the EU [12,13] and the global 
community to stimulate shifts towards sustainable and and fair energy 
systems with greater citizen participation, many smart grid projects are 
promising to empower citizens and communities and increase their 
(market) engagement [1] 1. The majority of current smart grid systems 
are however designed to meet the needs of the electricity grid while 
largely neglecting (the diversity of) end users’ needs and motivations, 
existing energy practices, and ways in which they domesticate these 
digital technologies into their daily routines [1,2,14–19]. These 
technology-driven projects risk being unsuccessful in engaging and 
empowering citizens and communities [15,17,20], which will have 
implications for the transformation into a more sustainable, democratic, 

* Corresponding author. 
E-mail addresses: l.f.m.v.summeren@tue.nl, l.f.m.v.summeren@tue.nl (L.F.M. Van Summeren).   

1 See for example projects like e.g. community-based Virtual Power Plant, Wisegrid, Proseu, EU Heroes, Dream Smartgrid, FLEXcoop, and REScoopVPP. 

Contents lists available at ScienceDirect 

Energy Research & Social Science 

journal homepage: www.elsevier.com/locate/erss 

https://doi.org/10.1016/j.erss.2021.102160 
Received 14 January 2021; Received in revised form 9 June 2021; Accepted 10 June 2021   

mailto:l.f.m.v.summeren@tue.nl
mailto:l.f.m.v.summeren@tue.nl
www.sciencedirect.com/science/journal/22146296
https://www.elsevier.com/locate/erss
https://doi.org/10.1016/j.erss.2021.102160
https://doi.org/10.1016/j.erss.2021.102160
https://doi.org/10.1016/j.erss.2021.102160
http://crossmark.crossref.org/dialog/?doi=10.1016/j.erss.2021.102160&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Energy Research & Social Science 79 (2021) 102160

2

economically viable, and fair energy system [21,22]. To increase un-
derstanding of how energy communities can promote change in the way 
energy is produced and consumed [23], this paper investigates how the 
increasing number of frontrunner energy communities that enter the 
field of smart grids can benefit from the novel ICT solutions and mobilise 
them to meaningfully contribute to the energy transition. Energy com-
munities are understood in this paper as initiatives led by groups of 
people from the same geographic location and/or with shared interests, 
who collectively engage in energy projects (e.g. energy generation and 
conservation) characterised by high degrees of community’ ownership, 
benefits and involvement in decision making [24–26]. The research 
question that this paper aims to answer is: 

How can energy communities mobilise digital technology to enhance their 
agency in the energy transition? 

Two decades of research in sustainability transitions has shown that 
an energy transition is not merely the result of technological innovation, 
it also requires a simultaneous transformation of institutions and actors 
[27,28]: “Whereas actors and technologies are embedded within and shaped 
by institutions, they both also highly contribute to the change or maintenance 
of these institutions. The diffusion of a technology and its consequences for 
socio-technical change can thus only be assessed by analysing the dynamic 
interplay between the three pillars (actors, institutions, technologies)” [28] 
(p.302). 

Despite the recognition that a simultaneous change in all three di-
mensions is needed, most of the empirical research in the field of sus-
tainability transitions is focused on only two out of three dimensions. 
For instance, many studies focus on the social dimension-, so either 
actor-institution or actor-actor (e.g. regime vs. niche) relationships, 
while not unpacking the role of technology in institutional change 
[27–29]. At the same time, many studies that take technology as the 
starting point for understanding institutional transformation are not 
very explicit about the fact that change is often largely driven by stra-
tegic interventions of actors [28,30–32]. To address these conceptual 
shortcomings, the paper zooms in on the micro-level at which agency 
and actor strategies are clearly visible in relation to institutions and 
technology [29], which both constrain and enable certain actions of 
actors. Thereby it answers the call of numerous scholars to go beyond 
identifying institutional constraints and put more attention on how ac-
tors deliberately manoeuvre within the context of the incumbent socio- 
technical regime [28,29,31–35]. 

Empirically, the paper focuses on a case where ICT plays a particular 
role in facilitating actors’ contribution to the energy transition: the 
community-based Virtual Power Plant (cVPP). cVPP is an innovation 
currently being implemented by EnerGent and Energy Cooperative 
Loenen (ECL), energy cooperatives from respectively Flanders (Belgium) 
and the Netherlands. A cVPP is conceptualised as “a portfolio of distrib-
uted energy resources (DER) aggregated and coordinated by an ICT-based 
control architecture, adopted by a (place- and/or interest-based) network 
of people who collectively perform a certain role in the energy system. What 
makes it community-based is not only the involvement of a community, but 
also the community-logic under which it operates”[24] (p.6). 

2. Theory 

Given the focus on energy communities mobilising ICT to increase 
their agency in the energy transition, this paper builds on and aims to 
contribute to the Sustainability Transitions field. It is a study of socio- 
technical change that builds on a number of transdisciplinary schools 
of thought that share a common ontological ground, including science 
and technology studies (STS), evolutionary economics, structuration 
theory, and neo-institutional theory [29]. One of the core concepts in 
sustainability transitions literature is the socio-technical regime, which 
was introduced to conceptualise the relative stability of systems that 
provide societal functions (e.g. mobility, energy, housing). A socio- 
technical regime is understood as a set of socio-cognitive rules or in-
stitutions that structures (e.g. coordinates and guides) human 

perceptions and actions [27,36]. A transition, conceptualised as the 
transformation of a socio-technical regime, requires a fundamental 
change on various dimensions simultaneously: institutions, actors, and 
technologies [27,28]. Transition literature argues that these three 
analytical dimensions are meaningful for transitions through their 
mutual interactions. Below these interactions are discussed in Section 
2.1. This is followed by a discussion in Section 2.2 on ICT as a particular 
type of technology and its impact on institutions and technology. 
Finally, Section 2.3 introduces the conceptual framework applied in this 
paper. 

2.1. Interactions between institutions, actors, and technology 

2.1.1. Interactions between institutions and actors 
In sustainability transitions literature institutions are understood as 

rules, norms, and beliefs that coordinate - but not determine - percep-
tions and activities of actors [27,37]. Often a distinction is made be-
tween regulative, cognitive, and normative institutions [27,38]. 
Regulative institutions refer to coercive formal rules which are legally 
sanctioned and constitute the ‘rules of the game’, these include e.g. laws, 
sanctions, and incentive structures [27]. Cognitive institutions consist of 
often taken for granted symbols and frames (e.g. concepts, words, ges-
tures) through which actors make sense of the world and which steer the 
directions in which actors are looking for solutions [27,39,40]. Exam-
ples are e.g. problem agendas, expectations, belief systems, and 
knowledge paradigms [27,38]. Normative institutions refer to expecta-
tions of proper behaviour that tell people what actions are appropriate 
[27,38]. Examples are values, norms, role expectations, codes of 
conduct, and duty [38]. 

A regime is understood as a semi-coherent set of rules shared by a 
social group, making it difficult to change rules without altering others 
[27]. This alignment of institutions between actors gives a regime sta-
bility and its ability to coordinate actions of social groups by shaping 
what is considered possible, legitimate, and probable [27–29]. Howev-
er, regimes do not just constrain action, they also provide guidance and 
coordination to actors’ activities in complex situations, thereby enabling 
them to act [27,28,37,41]. 

However, rules and regimes are enacted by actors: “Actors are not 
passive-rule followers or ‘cultural dopes’ [42], but knowledgeable agents who 
actively use rules to interpret the world, make decisions and act [29](p.43)”. 
Agency is understood not only in relation to individuals but also to social 
groups referred to as ‘collective agency’. Different social groups engaged 
in transitions might disagree on basic rules and as a result act in different 
directions, leading to tensions and mis-alignments in regimes, creating 
instability and space for agency [27,29,41]. There is therefore ample 
room for agency, e.g. for reflexive interpretation, local creativity, stra-
tegic manoeuvring, and purposeful deviation [27,29,43,44]. In institu-
tional theory (that transitions literature builds upon) this broader 
structure-agency debate is referred to as the ‘paradox of embedded 
agency’ [37]. Giddens’ notion of ‘duality of structure’ provided an 
answer to this paradox by stating that actors are embedded in structures 
(e.g. institutions) that are the product of their own (routinized) actions 
and interactions [44]. This implies that rules do not simply exist but are 
actively created and reproduced through social action [44]. 

Since institutions are the result of practices performed by actors, it is 
argued that specific actions referred to as ‘institutional work’, can be 
undertaken to establish new, or to maintain or disrupt existing in-
stitutions [28,37,41]. By focusing on all activities by all actors, and not 
only on successful attempts to create, disrupt, or maintain institutions by 
powerful actors [45], institutional work broadens our understanding of 
agency by including institutional works performed unsuccessfully by 
non-powerful actors. The ability to perform institutional work depends 
on (i) the physical-material, financial, intellectual, and authoritative 
resources that can be mobilised by actors [33,45,46]; (ii) discourses that 
allow for collective sense-making and for conveying one’s beliefs, vi-
sions, and interests [45], and (iii) on social networks, which might 
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increase collective agency by providing access to resources and by 
enabling the performance of collective institutional work as part of al-
liances of (non-powerful) actors [45,47]. 

2.1.2. Interactions between institutions and technology 
Technological innovation served as an important entry point in 

transition studies to understand large-scale transformations of modern 
societies [48]. Technology is not understood as an individual artefact 
but rather as ‘configurations that work’ [49]. Such a configuration re-
quires not only interlinkages between artefacts and infrastructures, but 
also social elements like skills and cultural norms [49]. Transition 
studies showed how the diffusion of novel technology can contribute to 
and accelerate institutional change by changing or enabling new prac-
tices that challenge the socio-technical regime [27–29]. Radical tech-
nological innovations that differ significantly from the dominant regime 
are claimed to have a ‘larger reconfiguration capacity’, e.g. the capacity 
to change underlying structures [28]. 

Next to its role in transformation, it is also found that technology 
often contributes to the stability of socio-technical regimes [27–29]. 
Technology is generally developed by engineers, who in turn are guided 
and coordinated by regulatory, cognitive, and normative institutions 
[39,49]. Engineers embed these institutions in technological designs 
[27,31]. By incorporating and materialising institutions, technology 
increases the stability of socio-technical regimes, because not only in-
stitutions have to be transformed but also more resilient technologies 
and infrastructures [27,28]. Furthermore, the coordination of techno-
logical development by regimes often results in incremental improve-
ments of the technology along certain trajectories [29,49]. These 
trajectories do not only occur in technological development, but also in 
regimes in various other dimensions including policy, science, industry, 
culture, and markets [29]. 

2.1.3. Interactions between technology and actors 
Like institutions, technology and materiality also constrain and 

enable actor’s perceptions, behaviour, and daily practices [27,50]. From 
now on ‘technology’ is used to refer to materiality and physical artefacts. 
The structuring effects of technology are however largely excluded from 
conceptualisations of structure often used in transition studies [36]. 
Geels [27] added this material dimension by conceptualising transitions 
as an interplay between institutions, actors, and socio-technical systems. 
Regarding the latter, however, most attention goes to institutions that 
influence how actors reproduce, maintain, and change system elements, 
including technology [27,36]. In other words, the structuring effects of 
institutions have been “granted explanatory primacy over the systemic 
elements which they structure” [36](p.464). 

The sustainability transitions literature gives several explanations for 
structuring impacts of technology. First, designers in-scribe their visions 
on future user practices in the design of technologies, resulting in 
technologies with ‘scripts’ that describe (but not determine) how they 
should be used [51–53]. Secondly, next to these scripts, technology can 
also have a structuring effect on its own [36]. For instance, the spatiality 
in systems (e.g. distances, physical infrastructures) that can constrain or 
enable certain practices [36], e.g. electricity grids on islands are more 
difficult to connect with the mainland. Thirdly, because technology is 
one of the elements comprising a practice, technological change can 
affect or contribute to the creation of practices [54,55]. For instance, the 
practice of cycling requires bicycles [54]. 

Technology should however not just be considered as an external 
force that structures social life. Science and technology studies (STS) 
made use of conceptual perspectives such as Actor Network Theory [56] 
and Social Construction of Technology [57] to refute technological 
determinism. They revealed how technology does not develop on its 
own, following a linear process separated from society. Instead, tech-
nical designs are the outcomes of (collective) agency and interaction 
between social groups [29]. On its own, there is no technology. New 
technologies need to be embedded in society and domesticated by users, 

e.g. they need to be made meaningful by actors, negotiated in local rules, 
and integrated into user practices and routines [29,58]. 

The various interactions between institutions, actors, and technology 
discussed in this Section, are summarised in Fig. 1. 

2.2. The emergence of ICT and its impact on institutions, actors, and 
technology 

Currently, our physical world is increasingly being digitized by 
means of ICT [5]. This digitisation is often referred to as the ‘Internet of 
Things’ [59]. Actors are making artefacts ‘smart’ by adding sensors, 
microprocessors, communication devices, and power sources, enabling 
them to interact with the physical world and to communicate with other 
smart artefacts [60]. What started with the collection and analysis of 
data from the physical world, now expands to real-time intervening, 
creating new feedback loops between the physical and digital worlds 
[5]. As an add-on to artefacts, ICT enables heterogenous technologies to 
communicate, interact and collaborate in ‘smart object networks’ [60]. 
Fleck [61] refers to ICT as configurational technology, as it enables the 
integration of a variety of technological- and human components into 
new context-specific configurations. These configurations can perform 
various functionalities and can have different shapes depending on the 
specific requirements in a local context. An example of ICT as configu-
rational technology in the field of smart grids is the energy management 
system (EMS) behind the virtual power plant (VPP). An EMS can coor-
dinate and control a portfolio of distributed energy resources (DER) (e.g. 
generation, storage, and controllable appliances), to make them work 
together and act as a single entity, hence the name virtual power plant. It 
can be used to alter how technology operates, e.g. to balance demand 
and supply, to provide grid services to grid operators (e.g. congestion 
management, voltage control), and to trade energy on energy markets 
[24]. As shown by Van Summeren et al. [24], a (c)VPP can have various 
shapes, can perform various functionalities, and allows energy com-
munities to perform a variety of roles in the energy system, depending 
on the context in which it is applied. As such, configurational technology 
differs from ‘generic’ technology, which has a well-defined product ar-
chitecture, is build out of a standard set of components, and performs a 
pre-defined function independent of other technology and the context in 
which it is applied. Examples of generic technologies are heat pumps, 
solar PV, and wind turbines [61,62]. 

Due to its distinctive ‘configurational’ nature, ICT can be mobilised 
by actors to take another step in the transformation of socio-technical 
systems by having impacts on technology and institutions. ICT can be 
used to alter how existing and new technologies operate [63,64], 
potentially enabling actors to transform (institutions embedded in) rigid 
technologies and infrastructures. Examples of these so-called ‘enabling 
impacts of ICT’ are the intensification of the use of existing technology 
or infrastructure (e.g. more trains run on the same tracks) and exter-
nalisation of control over technology [64,65]. 

The impacts on institutions are closely related to the impacts on 
technology. Structuration theory explains how institutions are carried 
and (re)produced through actions of actors (enabled by ICT) on the 
micro-level [54,66]. If these practices change as a result of the mobi-
lisation of ICT, this results in the production of new rather than the 
reproduction of dominant institutions, thereby contributing to institu-
tional change [65]. Path-breaking innovations that deviate from the 
internal logic of the socio-technical regime are however always shaped 
by actors and because of mismatches with the incumbent socio-technical 
regime, they also require actors to perform institutional work to mobi-
lise resources, increase legitimacy, and remove institutional barriers to 
support both development and diffusion [28,67]. 

2.3. Conceptual framework 

Based on the above discussion and given the emergence and impacts 
of ICT on empowering of the energy communities in the context of the 
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energy transition, it becomes necessary and possible to identify concrete 
ways to analyse the interplay between actors, institutions, and tech-
nology as mediated by ICT. ICT is part of the technology dimension. 
However, being a configurational technology ICT has the potential to 
change how generic technology operates (such as solar PV, heat pumps, 
and batteries), in the context of the energy transition. Therefore, an 
analytical distinction is made to allow for investigating how actors can 
mobilise ICT to enhance their agency in the energy transition. 

Agency is understood in relation to the structuring effects of in-
stitutions and technology, which enable and constrain certain actions of 
actors (black arrows in Fig. 2). Actors can mobilise ICT to deal with these 
structuring effects (blue arrows). In particular, they can mobilise ICT to 
support their institutional work aimed at creating, disrupting, or 
maintaining institutions. For instance, actors can mobilise ICT to not 
only advocate for, but also demonstrate alternative solutions by e.g. 
changing how technology operates or by modelling or simulating their 
impacts. Regarding technology, actors can mobilise ICT to utilise its 
enabling impacts, e.g. to alter how technology operates. Fig. 2 

demonstrates the conceptual framework. 
The structuring effects of both technology and institutions are 

operationalised as barriers and opportunities for the collective energy 
practices of the communities: e.g. promoting conservation and genera-
tion on the household level, or developing collective energy generation 
and management capacity [68]. 

3. Research methodology 

3.1. Data collection and analysis 

This research adopted a qualitative case study approach which is 
suitable for answering ‘how’ and open-ended questions and for studying 
contemporary phenomena in which the researchers have no control over 
events [69,70]. The main methodological approach in this paper is a 
holistic multiple-case study approach [69], to study two cases from 
different geographical and institutional contexts. Data were collected 
from two cases using multiple methods, including participation in 

Fig. 1. Interactions between institutions, actors, and technology, adapted from [27].  

Fig. 2. Conceptual framework that highlights the focus of this research: the structuring effects of institutions and technology on actors (black arrows) and the 
possible responses of actors enabled by ICT (blue arrows), adapted from [27]. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 
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project meetings, semi-structured interviews, and desk research. 
The researchers were part of the cVPP project in which the studied 

energy communities developed their own cVPP. This allowed the re-
searchers to follow the energy communities from December 2017 until 
November 2020. Data were collected during online and face-to-face 
project meetings in which, on several occasions, the energy commu-
nities presented their progress (in English). Participants of these meet-
ings included several representatives from the two energy communities, 
researchers, and other consortium partners involved in the cVPP project. 
Additionally, semi-structured interviews were conducted (in Dutch) by 
the main author on several occasions to gather more in-depth informa-
tion about the two selected cases, including e.g. experienced barriers 
and opportunities and how they dealt with them, functionalities of the 
ICT platform (the EMS), ambitions and motivations, and their progress. 
Appendices A and B respectively provide overviews of the project 
meetings (and participants) and interviews. All meetings were recorded 
(audio) and fully transcribed. Regarding the desk research, background 
information on the barriers and opportunities identified during the 
meetings and interviews was derived from e.g. academic papers and 
theses, grey literature, and webpages on e.g. renewable energy (RE) 
support schemes. 

The software tool NVivo 12 Pro [71] was used to simultaneously 
analyse the transcribed meetings and interviews. The data were codified 
and analysed using a coding process consisting of two cycles. During the 
first coding cycle, initial (or open) coding was used to break down data 
into discrete parts, which were examined and coded based on their 
content [72]. In other words, the codes are not informed by the theo-
retical direction of the study but describe what a piece of text is about 
[72]. The second coding cycle consisted of categorising data into 
emergent categories using concept coding [72]. The emergent categories 
were however framed in line with the conceptual framework and focus 
of the researchers: how ICT was mobilised to influence institutions/ 
technology in response to which barriers and opportunities. Both cases 
were coded and analysed separately. Only afterwards the identified 
categories were compared to identify similarities in terms of barriers and 
opportunities experienced by the energy communities. The overlap in 
barriers and opportunities is used to structure the results section. Only 
after completing the analysis the two cases were compared (see Table 2), 
which informed the discussion and conclusions section. Data derived 
during the desk research was used to triangulate and complement in-
sights from the interviews and meetings. 

It is important to stress that both the studied energy communities and 
the authors actively participated in the cVPP project. The role of the 
authors in the project was to study the involved energy communities to 
develop a ‘Mobilisation and Replication model’ [73] to support other 
energy communities in setting up their own cVPP. During project 
meetings, the authors shared preliminary research results with partners 
(e.g. in discussions and workshops on ICT configurations and function-
alities), which might have influenced choices made by the energy 
communities. However, this also allowed the authors to validate the 
preliminary findings and gather additional insights. In addition, to 
ensure reliability of the results, data were collected during various 
meetings and interviews with different members of the energy com-
munities spread over a period of almost three years. 

3.2. Empirical cases 

The empirical cases studied in this paper consist of two energy co-
operatives, EnerGent and Energy Cooperative Loenen (ECL), who 
implemented their own cVPP. These two cases were selected for several 
reasons. First, out of the few energy communities that entered the field 
of smart grids [24] these two energy communities received only very 
little scholarly attention. Compared to well-studied cases (e.g. Loche-
mEnergie, GridFlex Heeten) these cases therefore provide empirical 
novelty to this emerging field. Secondly, the active involvement of the 
researchers in the cVPP project allowed for extensively studying and 

engaging with these two cases from the very start. This insider’s view 
provided rich and detailed insights on these cases. 

3.2.1. EnerGent 
EnerGent is an energy cooperative in the city of Ghent that aims to 

make Flanders climate-neutral and reduce its inequality by partly 
focussing on enabling low-income households to save and generate en-
ergy. To reach these goals, EnerGent offers services to citizens and 
neighbourhoods, which include supporting households to insulate their 
homes, developing collective energy generation projects, organising 
group purchases for solar PV, and facilitating informal meetings on 
energy-related topics in neighbourhoods. As part of the cVPP project, 
EnerGent explores whether they can expand their portfolio with services 
related to energy management enabled by an EMS, e.g. enabling 
neighbourhoods to increase collective self-consumption of renewable 
energy, lower energy bills by shifting demand in response to dynamic 
energy prices, and to support in balancing the (local) grid. The EMS 

Table 2 
Summary of the responses of EnerGent and Energy Cooperative Loenen.  

Barriers and 
opportunities 

Mobilise ICT 
to impact… 

EnerGent Energy Cooperative 
Loenen 

Emerging 
opportunities 
for energy 
management 

Institutions – – 
Actors Build a coalition of 

energy cooperatives of 
REScoop to further 
develop open-source 
EMS 

– 

Technology Change how 
technology operates in 
line with future 
possibilities 

Change how 
technology operates 
in line with future 
possibilities 

Barriers for local 
grid 
management 

Institutions Enable demonstration 
of alternative solution 
to undermine the 
DSO’s assumptions 
and beliefs 

– 

Actors – Collaboration with 
DSO 

Technology Make batteries work 
together as one virtual 
neighbourhood 
battery to intensify the 
use of the electricity 
gridn 

– 

Barriers for 
controlling 
DER by an 
EMS 

Institutions – Educate community 
members to create 
new cognitive 
institutions, e.g. 
about DER that can 
be controlled by the 
EMS 

Actors Further develop the 
EMS together with 
partners to improve its 
interoperability with 
an increasing number 
of DER 

– 

Technology Install DER that can be 
controlled by the EMS 

– 

Barriers to 
participation 
in energy 
markets 

Institutions – – 
Actors Increase scale by 

collaborating with 
other energy 
communities 

Increase scale by 
collaborating with 
other energy 
communities 

Technology Aggregate DER from 
multiple communities 

Explore options to 
aggregate DER from 
multiple 
communities, 
collaborate with a 
cooperative energy 
supplier and set up a 
cooperative 
aggregator  
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deployed by EnerGent has a distributed control architecture, meaning 
that ICT is deployed to control and coordinate DER within a household 
based on external signals [24]. 

3.2.2. Energy Cooperative Loenen 
The community energy initiative in the Dutch rural village Loenen 

started in 2013 as ‘Loenen Energy Neutral’ when they won 200,000 
Euros in a contest for the best plans to make their village more sus-
tainable. After setting a revolving fund, they further supported house-
holds to invest in solar panels, insulation, and heat pumps leading to 
25% coverage of the village electricity demand in 2020. Planned col-
lective projects are expected to increase this number up to 50% in 2021. 
They however expect future imbalances and other grid issues due to the 
fast increase of intermittent renewable energy sources (RES). These 
challenges however also give rise to opportunities for energy manage-
ment. As part of the cVPP project they founded Energy Cooperative 
Loenen (ECL) and explored the possibilities for local energy manage-
ment and trading enabled by an EMS, to increase collective self- 
consumption of renewable energy, lower energy bills by shifting de-
mand in response to dynamic energy prices, and to deal with imbalances 
as a result of the increase of RES in the village. The EMS deployed by ECL 
has a cloud-based control architecture that enables centralised control 
over DER located in dwellings [24]. 

4. Background to the results 

Investigating how energy communities can mobilise ICT to enhance 
their agency in the energy transition requires understanding of the 
ongoing transformative processes unfolding in the energy system. This 
section therefore provides generic background information on the con-
texts in which the two energy cooperatives operate. On this generic 
level, the Flemish and Dutch contexts show many similarities, which is 
why they are discussed together. 

In the centralised energy system electricity is mainly generated by 
large fossil-fuel-fired (e.g. natural gas and coal) and nuclear power 
plants [3]. These large power plants have been connected to the trans-
mission network, which transfers electricity through the medium and 
low-voltage distribution networks towards consumers. As shown in 
Fig. 3 (left side), this resulted in a one-way flow of electricity from large- 
scale energy generators towards consumers. Because conventional 
power plants are connected to the transmission network, also the 
operation of electricity markets, the balancing of demand and supply 
and control over the network have for long taken place at this level [74]. 

However, several trends such as liberalisation, decarbonisation, the 
rise of RE, electrification, and digitalisation increasingly put pressure on 
the way this incumbent system operates. This results in an ongoing 
transformation of institutions, technology, and actors. 

Regarding institutions, the early decades of the energy transition 
were strongly driven by liberalisation rather than environmental con-
cerns [75]. As part of this process the energy markets, previously 

dominated by integrated monopolies responsible for generation, trans-
mission, and supply of energy, were liberalised and opened for compe-
tition [76]. The ongoing liberalisation processes have major impacts on 
e.g. actor roles, energy markets, energy policy, and RE support schemes 
[77]. 

The RE support schemes that are put in place in the fight against 
climate change have large impacts on the technological dimension. 
These support schemes lead to an increasing number of often small and 
intermittent RES connected to the distribution rather than the trans-
mission network, which results in a bidirectional flow of electricity 
(Fig. 3, right side) and volatility and capacity issues [1]. In addition, the 
electrification of mobility (e.g. electric vehicles) and heating (e.g. heat 
pumps) leads to an increase in electricity demand, which puts additional 
pressure on the way the system currently operates. However, these DER 
are also seen as part of the solution, as digitalisation enables their active 
management to mitigate volatility and capacity issues [3,78]. In addi-
tion, they also enable a more decentralised or distributed organisation of 
the energy system [79], e.g. by enabling local energy management and 
peer-2-peer energy trading [80]. 

Concerning actors, the responsibilities and roles played by actors in 
the energy system are strongly impacted by the rise of both RES and DER 
and the unbundling of activities as part of the liberalisation process, e.g. 
actors are allowed to perform only one of the following activities: gen-
eration, transmission, distribution or retail. For instance, to integrate 
small DER in the energy markets, recent EU directives introduce the 
‘aggregator’ who can by means of ICT aggregate electricity or flexibility 
from DER and trade this on the energy market [81]. Furthermore, the 
rise of RES and DER enable consumers to also produce and manage 
electricity, either individually as prosumers or collectively as part of an 
energy community. In addition, recent EU directives aim to enable en-
ergy communities to not only engage in generation but also in distri-
bution, supply, consumption, aggregation and the provision of various 
energy services [81]. Table 1 provides an overview of roles played by 
different actors in the energy system. 

5. Results 

To address the issue of how energy communities can mobilise ICT to 
enhance their agency in the energy transition, we first describe the 
different barriers and opportunities as experienced by the two energy 
communities: EnerGent and Energy Cooperative Loenen. This section is 
divided into four parts, each describing different barriers and 

Fig. 3. Shift from the incumbent centralised electricity system with one-way 
electricity flows from power plants towards consumers (left), towards an 
increasingly decentralised energy system with bidirectional energy flows from 
and towards prosumers (right). 

Table 1 
Overview of main actors and their roles in the current energy system [24,82,83].  

Energy market roles Responsibilities and activities 

Electricity producer Generate electricity 
Supplier Source, supply, and bill energy to consumers 
Balance Responsible Party 

(BRP) 
Balance demand and supply on behalf of the TSO 

Distribution System 
Operator (DSO) 

Operate and maintain the distribution network to 
distribute electricity to consumers 

Transmission System 
Operator (TSO) 

Operate and maintain the transmission network to 
transport electricity over long distances 

Aggregator Aggregate electricity or flexibility and trade this on the 
energy market 

Software developers Develop ICT systems that enable monitoring and active 
management of DER 

Consumer End-users of electricity, which can be residential end- 
users, small and medium-sized enterprises, or industrial 
users. 

Prosumer Distributed RES (e.g. solar PV) enable consumers to 
become prosumers who both consume and generate 
electricity [3] 

Energy community A collective of e.g. citizens and/or small and medium 
enterprises engaged in activities like generation, 
distribution, supply, consumption, aggregation and the 
provision of various energy services  
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opportunities as experienced by the two energy communities: Emerging 
opportunities for energy management (5.1), Barriers for local grid 
management (5.2), Barriers for controlling DER by an EMS (5.3) and 
Barriers for participation in energy markets (5.4). These four categories 
of barriers and opportunities are derived from interviews and project 
meetings through a coding process (described in Section 3). Due to many 
similarities, the barriers and opportunities are discussed together for 
both Flanders and the Netherlands. When significant differences exist 
between the two cases, this is explicitly mentioned. Each part is com-
plemented with an analysis of how respectively EnerGent and Energy 
Cooperative Loenen mobilised ICT to respond to each of the barriers and 
opportunities and thereby increased their agency in the energy 
transition. 

5.1. Emerging opportunities for energy management 

Concerning institutions, several opportunities for activities related to 
energy management and (local) energy trading are emerging. First, net- 
metering schemes, which enabled citizens to engage in electricity gen-
eration but removed incentives for real-time self-consumption, will be 
phased out in Flanders (2021) and the Netherlands (2023–2031) 
[83–85]. Secondly, two recent EU directives (e.g. Electricity Directive 
and Renewable Energy Directive) aim to create a more level playing 
field for energy communities and to promote the integration of demand- 
side flexibility into the energy system by introducing aggregator as an 
actor, market mechanisms for flexibility, flexibility services to be offered 
to the DSO (e.g. congestion management) and real-time energy prices for 
small consumers [24,73,81,85,86]. It however remains unclear how 
these directives will be translated by EU member states into national 
law, which gives rise to uncertainties. 

In addition to these institutional changes, there are also opportu-
nities emerging for energy management from technological de-
velopments. First, the increasing number of DER puts pressure on the 
way the centralised energy system is operated, which could potentially 
be mitigated by applying ICT to manage energy flows. This enables 
energy communities to engage in demand response, e.g. alter energy 
demand to match demand with supply to maximise self-consumption, 
shift energy demand outside peak hours, and sell demand-side flexi-
bility to third parties [86]. Secondly, at the moment of writing digital or 
smart meters are being implemented, which in the (near) future can be 
used to monitor consumption, generation and the deliverance of flexi-
bility [87–90]. Digital meters are considered as a key enabling tech-
nology for a variety of objectives, including tariff reforms and peak load 
reduction [91]. 

5.1.1. EnerGent 
EnerGent foresaw the emergence of new (demand-side) flexibility 

services which could be provided by energy cooperatives to create 
(economical) value for neighbourhoods. Therefore, EnerGent explored 
future market opportunities for energy management as part of the cVPP 
project. To offer these services and to manage DER, EnerGent needed an 
EMS. EnerGent wanted to have a flexible EMS that enables different 
ways of coordinating and controlling DER (e.g. solar PV (inverters), 
batteries and hybrid heat pumps) in line with emerging but uncertain 
opportunities. 

Being a small energy cooperative, EnerGent felt however that they 
have insufficient resources (e.g. finances, knowledge and capabilities) to 
develop and administer their own EMS. Instead of buying or developing 
their own EMS, EnerGent decided to aim for an EMS running on open- 
source software: 

“We are actually trying to construct an open-source energy management 
system architecture. Which means it is not only about which services we 
can test in the project, it is also about the architecture, we want to create a 
system that can be expanded easily, that can be used beyond this project” 
(Senior employee EnerGent) 

The open-source nature of the EMS enabled EnerGent and also 
partnering energy cooperatives to further develop the EMS and expand 
its functionalities, while at the same time reducing their dependence on 
a single company that owns and controls the software. EnerGent put 
effort into building a coalition around the open-source EMS consisting of 
partnering energy cooperatives within RESCOOP Flanders and 
REScoopEU. This contributed to the initiation of the Horizon 2020 
funded project ‘REScoop VPP’ by REScoopEU, which aimed to further 
develop the open-source EMS to enable the provision of flexibility ser-
vices to grid operators [92]. In addition, partnering Flemish energy 
cooperatives were also exploring the possibilities for applying and 
further developing the open-source EMS in their projects. This way the 
open-source nature of the EMS enhanced the collective agency of energy 
communities by strengthening the social network and thereby the ability 
to collectively perform institutional work and increase the number of 
resources to be invested in the development of the EMS. 

5.1.2. Energy Cooperative Loenen 
ECL foresaw the emergence of several new opportunities for energy 

management and trading, which were however surrounded by many 
uncertainties. ECL dealt with these uncertainties by setting criteria for a 
flexible EMS which included the ability to control DER (e.g. solar PV 
(inverters), batteries, (hybrid) heat pumps and electric vehicles) in 
houses and to communicate with energy markets. This EMS enabled ECL 
to perform a range of activities that are expected to become possible in 
the future. 

“The more flexible the VPP is, the more flexible the value proposition can 
be. So, I can imagine that you start with a value proposition now, but if 
legislation changes in 2 years, it might lead to changes in the value 
proposition” (Employee of Qirion) 

The activities chosen based on preferences of community members 
and technological possibilities in Loenen, which included: maximisation 
of self-consumption of RE within households and within the community, 
peak shaving to relieve the local electricity grid in return for financial 
revenues, enabling households to respond to dynamic energy prices (e.g. 
shift energy consumption to times with low prices), selling the surplus of 
RE generation to a third-party supplier or locally e.g. through peer-to- 
peer energy trading, and selling flexibility on future flexibility markets. 

5.2. Barriers for local grid management 

Despite the emerging opportunities, various institutional barriers 
existed for local energy management and the provision of demand-side 
flexibility services to the DSO. First, as explained above, RE support 
schemes removed financial incentives for energy management. Sec-
ondly, small consumers paid fixed tariffs for grid connections, which 
removed financial incentives for households to lower their impact on the 
electricity grid [85], e.g. by increasing self-consumption or by providing 
grid services to the DSO (e.g. voltage control and peak shaving). Instead, 
the costs for maintenance, reinforcement and operation of the distri-
bution network were shared equally to ensure affordable access to the 
electricity grid for all consumers, which is often referred to as the 
socialisation of grid costs. Thirdly, energy taxes created barriers for 
collective energy management and local energy trading [85], as they 
needed to be paid when energy is transported over the grid to e.g. a 
neighbour or neighbourhood battery. For example, when energy is 
transported from a household to a neighbourhood battery, these taxes 
needed to be paid both when the battery is charged and discharged [85]. 
This created significant barriers for using collective energy storage 
systems that are not located ‘behind the meter’ of households. At the 
moment of writing the Dutch government is investigating ways to enable 
neighbourhood batteries [93]. 

Energy communities could however apply for temporary rule ex-
emptions to provide a protected space (also referred to as a ‘regulatory 
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sandbox’) to enable experimentation with innovative solutions like en-
ergy management [67]. In Flanders, innovative energy projects could 
apply for the ‘Regelluwe zone’ scheme which gives a project rule ex-
emptions for 10–15 years to experiment with novel energy technologies 
[94]. Because preconditions are strict [94], at the moment of writing 
only one project was granted rule exemptions [95]. In the Netherlands, a 
similar scheme was in place between 2015 and 2018, called the 
‘Experimenteerregeling’ [96–98]. This scheme provided cooperatives 
and owners associations’ temporary rule exemptions to the Dutch 
electricity law that allowed for experimenting with innovative solutions 
[98,99]. From the year 2021, the ‘policy rule for exemptions for energy 
codes’ made it possible to apply for temporary rule exemptions to both 
the Dutch electricity and gas laws [100]. 

Concerning technology, the way the transmission- and distribution 
network are operated puts constraints on local energy management. 
When instability or imbalances occurred, energy utilities expanded 
generation capacity or bought reserve capacity to ensure a stable and 
reliable energy supply [101]. This form of energy management takes 
place on the transmission network level [83]. The distribution network 
on the other hand provides passive transport capacity, meaning that 
electricity flows are not actively managed by the distribution system 
operator [74]. When capacity of the distribution network is insufficient, 
generally the cables are reinforced to increase transport capacity [102]. 
DSOs are however experimenting with local energy management prac-
tices and services provided by e.g. energy communities in various smart 
grid projects. 

5.2.1. EnerGent 
New ICT technology enabled EnerGent to simultaneously perform 

institutional work aimed at making the institutional context more 
favourable to energy management and to enable externalisation of 
control to change how existing technology operates. These two re-
sponses are strongly interconnected and as such will be described 
together below. 

EnerGent aimed to create a partnership with- and gain support from 
the DSO (Fluvius) to enable experimentation with local energy man-
agement because of the latter’s access to data of the electricity grid, their 
knowledge about the energy system, and because they might become a 
powerful lobby partner. In addition, the current local grid management 
practices of the DSO formed a major barrier for grid management per-
formed by energy communities like EnerGent. Because of this EnerGent 
put a lot of effort into involving employees of the DSO in the project. 
Although the management of the DSO showed little interest, several 
technical employees did eventually show interest in local energy 
management: 

“We asked our DSO, we went there several times, to explain the project, to 
knock on several doors, and asked them: what would interest you, so that 
we can work together in the project. And finally, we found out that they 
were interested in some sort of voltage control on feeder lines” (Senior 
employee EnerGent) 

The interests of the DSO strongly informed the design of the EMS, 
which was designed to change how technology operates to intensify the 
use of the existing electricity grid, e.g. by engaging in voltage control, 
peak shaving and maximising collective self-consumption within the 
neighbourhood. 

Initially, EnerGent envisaged using a neighbourhood battery for 
these activities. However, they were not feasible due to energy taxes that 
need to be paid for both charging and discharging. As an alternative, 
EnerGent installed 16 individual batteries in homes and one larger 
battery in a local firm. The EMS changed how the batteries operated, e.g. 
when the batteries were charged or discharged, to make them act as if 
they were one virtual neighbourhood battery. This shows how ICT 
enabled EnerGent to experiment with alternative collective energy 
management practices on the level of the neighbourhood without a 

collective neighbourhood battery, within the constraints provided by 
the institutional context. 

EnerGent wanted to use the EMS to demonstrate that intensification 
of the use of the existing electricity grid would be more cost-effective 
than reinforcing the grid. In other words, EnerGent performed institu-
tional work by changing how technology operated by means of ICT, to 
demonstrate the effectiveness of innovative energy management prac-
tices to the DSO. 

5.2.2. Energy Cooperative Loenen 
One possible way to deal with the barriers for local energy man-

agement and trading was to apply for rule exemptions as part of the 
‘experimenteerregeling’. ECL did consider this, but eventually choose 
not to apply as they preferred to focus on activities that remain possible 
also after the rule exemptions would end: 

“We prefer to not make use of rule exemptions and focus on activities that 
are already allowed, and remain to be allowed in the future” (Board 
member of ECL) 

Despite the barriers identified by ECL, there are several reasons why 
they put little effort in attempts to create or disrupt institutions. First, 
ECL did not consider themselves to be powerful enough to successfully 
perform institutional work to remove the institutional barriers discussed 
above. Secondly, because ECL focused mainly on expanding the amount 
of RE generation and developing an EMS, they did not run into any 
major barriers associated with activities enabled by the EMS. The hope 
was that before the EMS and the DER portfolio (e.g. amount of flexi-
bility) are sufficiently developed, new activities and revenue streams 
would come within reach. Finally, as discussed in section 5.1, new op-
portunities for local energy management were already emerging. This 
included the collaboration with DSO Liander and its subsidiary Qirion in 
the cVPP project as well as the possibility to become a living lab for 
energy management in another project initiated by the DSO. The latter 
showed that although ECL did not aim to perform institutional work, 
their EMS did enable them to get involved in projects together with 
powerful actors like the DSO e.g. to discuss barriers and envisaged 
solutions. 

5.3. Barriers for controlling DER by an EMS 

Interrelated institutional and technical barriers constrained exter-
nalisation of control over DER (e.g. heat pumps, EV chargers and PV 
inverters) by an EMS. Due to a lack of standards for application pro-
gramming interfaces (API) manufacturers of DER have used their own 
APIs [87,103]. This resulted in interoperability issues, e.g. the inability 
of smart appliances and ICT to communicate and work together [60]. 
This strongly constrained the ability of an EMS to control a diversity of 
DER, and thereby creating barriers for the emergence of a smart grid 
[104]. 

5.3.1. EnerGent 
As explained above, EnerGent aimed to develop an open-source EMS 

capable of controlling DER. As part of the cVPP project the EMS was 
tested in the St. Amandsberg-Dampoort neighbourhood. To overcome 
interoperability issues EnerGent installed only one brand of PV inverters 
and batteries in the houses, which could be connected to their EMS: 

“We made a clear choice in the first phase, for the first tests, to stan-
dardize equipment, not to start working with three types of inverters, 
different heat pumps, different EMS. No, one brand, all the same. So, we 
have to set up the communication for the EMS, only for one type of 
equipment.” (Senior employee EnerGent) 

EnerGent envisaged to further develop the open-source EMS in 
future projects initiated by themselves or by partnering energy co-
operatives, to gradually expand both types and brands of DER that can 
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be controlled by the EMS. 

5.3.2. Energy Cooperative Loenen 
In Loenen, the lack of standards and interoperability issues con-

strained the ability of the EMS to control DER that are already installed 
in Loenen: 

“In Ghent they installed one brand of batteries and PV, but in Loenen 
there is already a lot of diversity in the brands of PV inverters, heat pumps 
and electric vehicles” (Board member of ECL) 

First, externalisation of control was not possible for all DER since not 
all manufacturers granted access to the APIs. Secondly, high costs were 
involved with enabling the connectivity of a diversity of brands of DER 
to the EMS. This was because some manufacturers of e.g. heat pumps, 
solar PV inverters, and EV chargers charged high prices for sharing their 
API. In addition, the lack of standards also required additional work by 
the EMS developer to enable connectivity with a diversity of API. These 
high costs outweighed the benefits, as for most brands only a limited 
number of DER were present in Loenen. For example, if only one heat 
pump of brand X was installed in Loenen, the costs for enabling the EMS 
to control a single heat pump did not outweigh the benefits. This com-
bination of institutional and technological barriers constrained the 
possibilities to control these appliances by means of the EMS. 

ECL’s main response to these barriers was listing specific brands of e. 
g. heat pumps, PV inverters, batteries, and EV chargers that could be 
connected to- and controlled by the EMS. They used this list to perform 
institutional work to create new cognitive institutions by educating 
households about the interoperability of different DER brands with the 
EMS. This way ECL aimed to indirectly contribute to an expansion of 
DER that can be controlled by the EMS, thereby overcoming the inter-
operability issues. 

5.4. Barriers to participation in energy markets 

Liberalisation opened energy markets for new entrants, including 
energy communities. However, energy markets co-evolved with the 
large centralised power plants connected to the transmission network. 
As a result, electricity trading and participation in the energy market 
required the operation on a national level and strongly favoured large 
scale because of e.g. technological, administrative and liquidity re-
quirements, electricity balancing and settlement codes, and relatively 
small profit margins [87,105,106]. In addition, local energy trading 
either by means of peer-to-peer trading or a local energy market was not 
allowed [105]. The need to operate on a large scale put heavy con-
straints on energy communities who tend to operate on relatively small 
scales [24,105]. 

5.4.1. EnerGent 
In response to these barriers, EnerGent envisaged to increase the 

scale of the cVPP with two complementary strategies. First, to increase 
the scale of the cVPP EnerGent aimed to implement an increasing 
number of DER which can be connected to and controlled by the EMS, by 
continuing with the implementation of RES and controllable loads (e.g. 
heat pumps) within the city of Ghent. Secondly, EnerGent envisaged 
either REScoop Flanders or a new cooperative entity to become 
responsible for operating the cVPP and participating in the energy 
market on behalf of all collaborating energy communities. Such a coa-
lition would ensure a large enough scale that is needed to sell flexibility 
on energy markets as an aggregator or through a third-party aggregator. 

“We hope to have some kind of European cooperation that acts as both 
ESCo and aggregator, which includes many prosumers and maybe even 
some small firms. (…) This is the dream scenario, what we suggest would 
be the perfect future for cVPP” (Senior employee EnerGent) 

In other words, aggregation by means of ICT would allow operation 

on a larger scale, which in turn would enable selling energy or flexibility 
on energy markets. In addition, the EMS would make the DER owned by 
the separate collaborating communities work together as one entity, a 
cVPP, thereby strengthening their social network. 

5.4.2. Energy Cooperative Loenen 
ECL explored different strategies to increase their scale to allow for 

trading both energy and flexibility on energy markets. First, ECL and 
cooperative energy supplier OM agreed on a one-year power purchase 
agreement that allows ECL to sell their surplus of electricity to OM. The 
relatively short-term power purchase agreement is motivated by the 
ambition of ECL to either become an energy supplier themselves or to 
use their EMS to enable local energy trading within their community. 
This however depends on both the share of RE in Loenen and whether 
institutional change would allow energy trading on a smaller scale. The 
latter relied strongly on how the EU directives will be translated into 
national legislation. Secondly, ECL started exploring the possibility to 
expand the DER portfolio controlled by the EMS by also connecting DER 
from neighbouring villages and/or energy communities. Thirdly, 
together with energy cooperative Edona, ECL started exploring possi-
bilities to set up a cooperative aggregator that would sell flexibility on 
energy markets on behalf of affiliated energy communities: 

“We are exploring the possibilities for a new project, to set up a cooper-
ative aggregator. Currently, you would have to sell flexibility through a 
commercial aggregator, but we would prefer to sell it through a cooper-
ative aggregator, collectively owned by a group of energy communities” 
(Board member of ECL) 

Edona already implemented a 1 MW battery as part of the GridFlex 
Heeten project, making them an interesting partner. The EMS in Loenen 
potentially eases the externalisation of control over DER by an aggre-
gator, who would only have to communicate with one EMS instead of a 
large number of DER. In combination with the possible establishment of 
a cooperative aggregator this would enable aggregating flexibility from 
multiple energy communities to reach a sufficient scale to trade on en-
ergy markets. 

ECL explored different strategies to enlarge scale to fit better in the 
energy markets and to comply with the institutional constraints, at least 
until the institutional context would become more favourable to the 
envisaged activities on a smaller scale. The last two strategies show how 
ICT created opportunities for collaborating with respectively a cooper-
ative aggregator or with neighbouring energy communities, as it would 
enable the externalisation of control to a third-party and the aggregation 
of- and control over many DER. 

Table 2 summarises the responses of EnerGent and ECL enabled by 
ICT to the different barriers and opportunities. 

6. Conclusion and discussion 

Energy communities can enhance their agency by mobilising ICT to 
influence institutions, actors and technology. For instance, ICT can be 
used to change the operation of technology in several ways. It can be 
used to make DER fit the centralised energy system better. For example, 
by imitating (the functionalities and scale of) conventional power 
plants, ICT can support the integration of DER into the incumbent 
centralized system and enable community participation in existing en-
ergy markets [3,24,88]. This also shows that ICT can enable energy 
communities to change how technologies operate in line with changing 
institutions and emerging opportunities, thereby it can potentially make 
energy communities more resilient in the ongoing energy transition 
which is surrounded by many uncertainties. This strategy of adapting to 
the socio-technical regime rather than contributing to its transformation 
is often referred to as a fit and conform strategy [67]. In contrast, the 
results show that energy communities also mobilised ICT to demonstrate 
the value of more decentralised ways of consuming, producing, and 
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trading electricity, thereby performing institutional work as part of a 
stretch and transform strategy, aimed at institutional change [67]. The 
strategies of the studied energy communities could therefore best be 
understood as a ‘fit and transform’ strategy. They mobilised ICT to fit in 
the incumbent energy system to ensure survival in the short-term, while 
also contributing to its transformation in the long term. 

Next to the impacts on institutions and technology, ICT can be 
mobilised to strengthen collaboration, thereby increasing their collec-
tive agency in several ways. First, collaboration can be embedded in 
technology by making technology owned by different citizens or com-
munities work together. This allows them to collectively engage in 
institutional work, energy management and trading of flexibility and/or 
energy. Secondly, the case of EnerGent showed that open-source soft-
ware has the potential to create a sense of collective ownership, thereby 
creating incentives for collaboration. The major reason to strengthen 
collaboration is the need to increase the scale to enable participation in 
energy markets. However, previous studies showed that growth, main-
streaming, diffusion, as well as collaboration with regime actors, comes 
at a cost, e.g. it often requires grassroots initiatives to deviate from their 
initial values and ambitions [107–109]. In other words, the scale 
required to participate in energy markets might have strong implications 
for the ‘community-logic’ under which energy communities operate 
[24]. 

Although ICT can have positive effects on agency of energy com-
munities, it does not provide a solution for all their problems (e.g. 
scarcity of resources, lack of power) and can even give rise to new 
challenges. Examples are increased vulnerability of systems due to 
reliance on internet, security and incompatibility issues as a result of a 
lack of software updates, and interoperability issues as a result of a lack 
of standards [60,64,65]. Regarding the latter, this paper showed that 
energy communities can overcome interoperability issues by either 
increasing the interoperability of the EMS with a larger diversity of DER 
or by only implementing brands of DER that can be controlled. This also 
shows that choices made today regarding the implementation of DER 
have strong implications for energy communities who in the future want 
to enter the field of smart grids. 

Studies on agency in the context of sustainability transitions often 
limited their focus on the interaction between institutions and actors, 
while neglecting the role of technology [27–29]. This paper argued for 
the need to investigate agency in relation to all three dimensions rele-
vant for understanding socio-technical change: institutions, actors and 
technology. This paper makes a theoretical contribution by identifying 
ways in which ICT, due to its configurational nature, can be mobilised by 
energy communities to influence all three dimensions. Although Table 2 
shows a higher number of impacts on actors and technologies than on 
institutions, based on this study alone no conclusions can be made 
regarding the magnitude of the impacts of ICT on the three dimensions. 
This is because the fewer impacts in quantitative sense does not neces-
sarily mean that ICT has less qualitative impact on institutions. In 
addition, the three dimensions are always interrelated [27], meaning 
that impacts on technologies and actors will ultimately also impact in-
stitutions, e.g. by changing practices that (re)produce institutions. 

Experimenting with these digital technologies enables energy com-
munities to actively partake in negotiating and designing the energy 
system of the future. This potentially strengthens the ‘smart grid niche’ 
because the active involvement of a more diverse set of actors in tran-
sition experiments allows for creating innovations that fulfil broader 
functions, making them more interesting to a broader range of stake-
holders [110,111]. It however remains uncertain to what extent these 
energy communities will succeed in creating space for alternative, 
decentralised and more community-based configurations. This requires 
agency, e.g. the ability to create and disrupt institutions, to build co-
alitions and to change how technology operates. This research has im-
plications for studies aiming to investigate agency, especially 
considering the ongoing digitalisation processes in various fields (e.g. 
housing, mobility, energy). It calls for more attention on the role of 

technology, and especially ICT, when studying agency in unfolding 
sustainability transitions. 

There are several limitations to this study. First, only two cases were 
analysed, which gives rise to implications regarding generalisability and 
exhaustiveness of the outcomes. Secondly, the timing of interviews with 
the Flemish and Dutch case differed, which might have impacted the 
results. The interviews with the Dutch case took place later because of 
delays in the project. This might have impacted the results, e.g. it may 
have reduced uncertainty regarding the way the EU Directives will be 
translated into national legislation and it allowed ECL to learn from 
EnerGent. Thirdly, the authors actively participated in the cVPP project, 
therefore they might have influenced the strategies of the energy com-
munities. Finally, the process is ongoing making it impossible to predict 
whether the energy communities will be successful in influencing the 
direction and speed of the energy transition. 

Future research can explore more ways in which energy commu-
nities, as well as other actors, mobilise ICT to impact institutions, actors 
and technology. For example, recent studies showed that besides 
demonstrating alternative solutions, ICT can also be mobilised to 
demonstrate that current energy management practices of the DSO are 
insufficient to cope with future situations (2025), in which multiple 
electric vehicles would be charged simultaneously [112,113]. This is 
especially relevant considering the translation of the new EU directives 
in national legislation, which might create new barriers and opportu-
nities for energy communities. Related to this is the search for viable 
business models for energy communities in the changing energy land-
scape [114]. Currently, many energy communities are highly dependent 
on subsidies and temporary support schemes. Their long-term survival 
depends on the continuation of these schemes or their ability to 
participate in (future) energy markets. Another avenue for future 
research is the evolving (or re-negotiated [7]) role of the DSO, who 
could potentially take over energy management tasks from the TSO or be 
integrated with utilities responsible for maintaining and operating 
electricity grids on a more local scale. As a potentially valuable partner, 
the evolving role of the DSO potentially has strong implications for 
energy communities. Next, future research should not only focus on how 
ICT can be mobilised to enhance but also to reduce agency. For instance, 
ICT can also be mobilised by powerful actors to restrict political and 
social liberties [115] or to extract, commodify and control personal data 
to generate new markets of predicting and modifying human behaviour 
[116]. In addition, decentralisation of the energy system enabled by ICT 
might eventually lead to increased privatisation of energy provision [6] 
and recentralisation of power in the hands of software developers 
[80,117]. Finally, energy communities are believed to contribute to a 
more sustainable and fairer transition [118]. However, despite these 
high expectations it has to be seen if, and to what extent energy com-
munities will stimulate energy justice, not only within- but also between 
and beyond energy communities [118]. Additional research is needed to 
better understand if ICT does not only enable energy communities to 
participate in energy markets, but also to stimulate a transition to a just 
and sustainable energy system. 
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Appendix A:. Overview project meetings  

Date Topic and type of the project meeting 

19-02-2018 First general quarterly consortium telecall 
22-02-2018 Telecall on how to design a cVPP 
19-03-2018 First F2F meeting on how to design a cVPP 
27-03-2018 F2F meeting on communication with external stakeholders 
06-04-2018 Second F2F meeting on how to design a cVPP 
11-04-2018 Consortium meeting in Tipperary, Ireland 
07-06-2018 Second general quarterly consortium telecall 
13-09-2018 Third general quarterly consortium telecall 
23-10-2018 Telecall on impacts of the institutional context 
31-10-2018 Telecall on defining Community & cVPP 
07-11-2018 Consortium meeting Ghent 
30-11-2018 Telecall on defining Community & cVPP 
29-01-2019 Community engagement workshop Loenen 
08-05-2019 Consortium meeting Apeldoorn 
13-11-2019 Consortium meeting Antwerp 
29-01-2020 BuurzameStroom event EnerGent 
10-06-2020 Online consortium meeting 
22-09-2020 Online consortium meeting 
20-11-2020 Webinar on community-based flexibility   

Consortium partners who participated in the meetings (in varying compositions):  

- Eindhoven University of Technology  
- Municipality of Apeldoorn  
- DuneWorks  
- USEF  
- Alliander  
- Kamp C  
- Tipperary Energy Agency  
- Community Renewable Energy Supply  
- Friends of the Earth Ireland  
- cVPP Loenen:  

o Foundation Sustainable Projects Loenen/Energy Cooperative Loenen  
o Translyse  
o Qirion  

- cVPP Ghent:  
o EnerGent 

Appendix B:. Overview semi-structured interviews  

Date Duration 
(min) 

Interviewee 

10-12- 
2018 

40 Board member of energy community ‘Energy Cooperative Loenen’ and managing Partner consultancy company ‘Translyse’1, actively involved in the 
cVPP project 

07-03- 
2019 

30 Board member of the foundation ‘Sustainable Projects Loenen’ 

07-03- 
2019 

40 Board member of energy community ‘Energy Cooperative Loenen’ and managing Partner consultancy company ‘Translyse’, actively involved in the 
cVPP project 

05-03- 
2019 

80 Senior employee of energy community ‘EnerGent’, actively involved in the cVPP project 

16-04- 
2019 

30 Senior employee of energy community ‘EnerGent’, actively involved in the cVPP project 

30-03- 
2020 

60 Senior employee of energy community ‘EnerGent’, actively involved in the cVPP project 

15-05- 
2020 

40 Managing Partner consultancy company ‘Translyse’, actively involved in the cVPP project 

19-11- 
2020 

20 Board member of energy community ‘Energy Cooperative Loenen’ and managing Partner consultancy company ‘Translyse’, actively involved in the 
cVPP project  

1Translyse is a consultancy company hired to work on the cVPP project on behalf of Energy Cooperative Loenen/Sustainable Projects Loenen. One of 
the managing partners is also the founder and active member of Energy Cooperative Loenen. 
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