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SHORT SUMMARY 
Until recently, the role citizens played in the electricity system could best be described 
as passive consumers, who consumed electricity bought from energy suppliers. Figure 
0.1 visualises how the roles played by citizens and communities in the energy system 
have been changing over time.  

 
Figure 0.1: From passive consumers towards community-based Virtual Power Plants 

More and more passive consumers are becoming prosumers, who invest in and become 
owners of renewable energy sources, either individually or collectively as a member of 
an energy community. 

Novel digital and energy technologies like energy management systems, batteries, heat 
pumps, solar panels, and electric vehicles in turn enable prosumers to become smart 
prosumers, who manage electricity demand and supply within their household. 

Energy communities started experimenting with ways to manage electricity demand and 
supply within their community, an example of such a community-driven smart grid 
experiment is the community-based Virtual Power Plant.  

The research presented in this thesis explores how emerging community-driven smart 
grid experiments scale up and can play a role in the sustainable transformation of the 
energy system.  
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1 INTRODUCTION 

1.1 Scaling up community-driven smart grid experiments 
Globally, the energy system is responsible for the largest share of carbon emissions 
(IEA, 2021a). In 2020, the electricity sector was responsible for 36% of all energy‐
related CO2 emissions (12.3 Gt CO2) (IEA, 2021a). To prevent catastrophic impacts of 
climate change, carbon emissions need to be reduced drastically (IPCC, 2021). This 
requires a radical transformation of the ways in which energy is consumed and 
produced, which is referred to as the energy transition.  

Smart grids and community energy are perceived as two important drivers of the energy 
transition by both policymakers and academics (Asmus, 2010; Dóci et al., 2015; Süsser 
and Kannen, 2017; Verbong et al., 2013). The term ‘smart grid’ refers to the 
introduction of information and communication technology (ICT) to the electricity 
grid, which enables monitoring and coordination of the increasing number of 
distributed energy resources (DER) (Kool et al., 2017). DER consist of distributed 
generation, energy storage systems, and controllable appliances (Asmus, 2010). 
Although there is no consensus on what the future smart grid should look like (Tricoire, 
2015; Verbong et al., 2013), its proponents stress that digital technology can solve 
stability and capacity issues caused by both the sharply increasing electricity demand 
caused by electrification of heating and mobility and the increasing number of often 
small, distributed, and intermittent renewable energy sources (RES) (Skjølsvold et al., 
2015; Verbong et al., 2013). In addition, proponents of smart grids also emphasise the 
potential of these novel technologies to empower citizens and (energy) communities 
(Canzler et al., 2017; Verbong et al., 2013), which is also promised by recent 
(community-driven) smart grid experiments like Proseu, EU Heroes, community-based 
Virtual Power Plant, Wisegrid, Dream Smartgrid, and REScoop VPP.  

Community-driven energy initiatives, often referred to as ‘energy communities’, receive 
increasing attention from policymakers and researchers as potential drivers of the 
energy transition. Due to their distinct grassroots nature and drivers, they are believed 
to be seedbeds of (social) innovations, as well as vehicles for increasing public 
acceptance and awareness concerning decarbonisation efforts (Dóci et al., 2015; 
Hoffman and High-Pippert, 2010; Seyfang et al., 2013; Seyfang and Smith, 2007; Süsser 
and Kannen, 2017). Until recently, energy communities have been mainly involved in 
energy generation and saving projects (Seyfang et al., 2013). Recently, however, 
frontrunner energy communities entered the field of smart grids to explore how digital 
technology could enable them to actively manage electricity demand and supply within 
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their community (Verkade and Höffken, 2019). An example of such a community-
driven smart grid concept is the community-based Virtual Power Plant (cVPP).  

The combination of elements from both community energy and smart grids makes 
cVPP a promising yet unexplored radical innovation. It is promising because it adds a 
different ‘community’ perspective to the technologically driven field of smart grids 
(Hansen and Borup, 2018; Skjølsvold et al., 2015; Verkade and Höffken, 2018). This 
community perspective and increased attention to social dimensions might help solve 
mismatches between smart grid systems designed solely for solving grid issues and end-
users’ everyday (energy) practices, needs, and ambitions (Breukers et al., 2019; Goulden 
et al., 2018; Skjølsvold et al., 2015; Smale et al., 2017). Secondly, cVPP could be a vehicle 
for unlocking the flexibility of residential DER, which would lower the need for 
investments in expanding the capacity of the electricity grid. Finally, cVPP enables 
citizens and communities to play larger roles in the energy system (Klaassen and Van 
der Laan, 2019), which potentially allows them to become more competitive and have 
wider impacts on the energy transition. 

Existing community-driven smart grid experiments, however, face severe challenges to 
survive in a hostile institutional context, let alone contribute to regime shifts (Mourik et 
al., 2020). The rather small-scale and decentral solutions favoured by often volunteer-
driven initiatives do not fit well in the centralised energy system that co-evolved with 
large-scale energy generation technologies like nuclear, coal- and gas-fired power plants. 
Due to mismatches with the incumbent regime, in practice, many socio-technical 
experiments remain isolated events that fail to diffuse and have wider impacts (Hoogma 
et al., 2002; Sengers et al., 2021). This is especially the case for experiments driven by 
grassroots initiatives, which tend to develop local alternatives for systemic problems 
and often do not aim for growth, diffusion, and regime shifts (Hargreaves et al., 2013; 
Ruggiero et al., 2018; Seyfang et al., 2014; Seyfang and Smith, 2007). 

The field of Sustainability Transitions can help to better understand how such socio-
technical experiments can have transformative impacts. In the context of transitions, 
community-driven smart grid experiments, like cVPP experiments, can be understood 
as socio-technical grassroots experiments as they allow for community-driven, inclusive, 
practice-based and challenge-led experimentation with innovative socio-technical 
configurations to advance system innovation (Sengers et al., 2019). Such experiments 
are considered to be seedbeds of (radical) change within the field of Sustainability 
Transitions (Kemp et al., 1998; Kern et al., 2015; Sengers et al., 2019; Van den Bosch, 
2010). The processes through which socio-technical experiments contribute to niche 
development and regime shifts are often referred to as ‘upscaling’, e.g. as scaling up 
from the niche to the regime level (Naber et al., 2017; Van den Bosch, 2010). Although 
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upscaling has recently received a lot of attention from researchers (Jolly et al., 2012; 
Naber et al., 2017; Ruggiero et al., 2018; Van den Bosch, 2010; van Doren et al., 2018), 
it is still not well understood nor conceptualised how exactly socio-technical 
experiments contribute to regime shifts (Sengers et al., 2021; Williams, 2017). Even less 
is known about upscaling in the context of grassroots and community-led initiatives. 
There has been relatively little research on their diffusion throughout society, niche 
formation and growth, and their potential contributions to transforming socio-technical 
regimes (Blanchet, 2015; Boyer, 2015; Druijff and Kaika, 2021; Hargreaves et al., 2013; 
Hielscher et al., 2013; Ruggiero et al., 2018; Seyfang et al., 2014; Seyfang and Longhurst, 
2013; Smith et al., 2016). Druijff and Kaika (2021) and Seyfang and Smith (2007) 
therefore call for real-time and in-depth qualitative research on upscaling processes 
involving grassroots innovations, to get a more detailed understanding of how socio-
technical (community-driven) experiments can contribute to socio-technical 
transformation. In addition, Fazey et al. (2018) call upon researchers to not only 
investigate but also actively contribute to solutions to combat climate change, e.g. to 
participate in designing the future smart grids (Kloppenburg and Boekelo, 2019a).  

This research responds to these calls by simultaneously investigating and supporting 
energy communities involved in or interested in setting up new smart grid experiments. 
Close involvement with these energy communities allows for studying upscaling 
processes in real-time and from the inside, which provides rich empirical data. This 
study, however, acknowledges and is sensitive to the distinctive nature of these energy 
communities. This leads to the following main research question:  

How do community-driven smart grid experiments scale up and 
contribute to the sustainable transformation of the energy system? 

To answer this main research question, this research first addresses four underlying 
research problems and gaps. First, investigating the upscaling of community-driven 
smart grid experiments requires a proper understanding of what exactly is being scaled 
up. Although both community energy and smart grids received much scholarly attention 
separately, community-driven smart grid experiments like cVPP are only just emerging 
and therefore have barely been explored nor conceptualised. Secondly, Sustainability 
Transitions literature emphasises the importance of replicating socio-technical 
experiments, as they provide platforms for niche development processes (Geels and 
Schot, 2007; Kemp et al., 1998; Smith and Raven, 2012; Van den Bosch, 2010). 
Replication refers to reproducing, reapplying, or translating elements (e.g. culture, 
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practice, (infra)structure) into different contexts and domains, while building on lessons 
learned by their predecessors (Naber et al., 2017; Van den Bosch, 2010; von Wirth et 
al., 2019). However, previous studies on replication were rather theoretical. There has 
been little attention on how replication comes about in practice and on the points of 
view and ambitions of practitioners involved. Thirdly, besides replication of 
experiments and the emergence of a niche, transitions also require efforts aimed at 
transforming socio-technical systems. Although smart grid experiments come with the 
promise to empower citizens and communities (Verbong et al., 2013), it remains unclear 
how they could enable energy communities to promote system change. The latter is 
referred to as agency, which is often studied in relation to institutions and actors 
(Fuenfschilling and Truffer, 2016; Grin et al., 2010). However, radical transformation 
of socio-technical systems requires simultaneous transformation of three interrelated 
dimensions, namely: institutions, actors, and technology. This implies that agency of 
energy communities must be understood in relation to all three dimensions. Finally, 
often a distinction is made between fit & conform and stretch & transform niche 
empowerment strategies, which refer respectively to adapting to better fit in the regime 
(fit & conform strategy) and efforts aimed at stretching the regime (stretch & transform 
strategy) (Smith and Raven, 2012). In practice, niche strategies are much more diverse 
and therefore do not fit well in this dichotomy (Huijben et al., 2016; Meijer et al., 2019; 
Petzer et al., 2019). New theoretical perspectives are needed that are better able to grasp 
the complexity of real-life niche strategies. Although the work of Raven (2007) on niche 
hybridisation strategies seems promising, it has so far received little attention from 
transition scholars and these strategies have not been explored in relation to 
community-driven smart grid experiments. These research problems and gaps lead to 
four sub-questions, to be addressed in the four chapters of this thesis:  

1. How can community-based Virtual Power Plant be conceptualized and practically 
operationalised as a community-driven model for the generation, consumption, 
distribution, and management of electricity? 

2. What does replication of cVPP experiments mean in practice, based on insights 
from the energy communities involved? 

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

4. How does a niche hybridisation strategy facilitate the growth and wider 
transformative impact of the community energy sector? 
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1.2 Research design 

1.2.1 Theoretical concepts 
The research presented in this thesis is embedded in the field of Sustainability 
Transitions, which aims to conceptualise and better understand how socio-technical 
systems can be radically transformed to solve environmental problems like climate 
change, resource depletion, and decreasing biodiversity (Köhler et al., 2019). This field 
is characterised by its inter- and transdisciplinary nature, as it builds on insights from a 
variety of fields, which include evolutionary economics, neo-institutionalism, science 
and technology studies (STS), and structuration theory (Grin et al., 2010). Within this 
field, socio-technical systems are understood as configurations of institutions, actors, 
and technologies that together fulfil societal functions (e.g. electricity, heat, mobility, 
housing) (Geels, 2004). Radical shifts towards more sustainable socio-technical systems 
are referred to as ‘sustainability transitions’ (Grin et al., 2010). Such transitions go 
beyond technological fixes and require transformation of three strongly interrelated 
dimensions: institutions, actors, and technology (Fuenfschilling and Truffer, 2016; 
Geels, 2004; Rohracher, 2001).  

Investigating upscaling and potential transformative impacts of cVPP experiments 
requires unpacking of the cVPP concept. The classical way of defining concepts is based 
on a set of well-defined and jointly sufficient attributes (Barrenechea and Castillo, 2018). 
However, the cVPP concept only recently emerged and has therefore not yet crystalised 
into a well-defined concept with clear attributes and boundaries. In Chapter 2, Family 
Resemblance Conceptual Structures are mobilised because they allow for more flexible 
conceptualisations by considering not only necessary or fixed, but also substitutable 
attributes (Barrenechea and Castillo, 2018; Wittgenstein, 1973). This allows for 
conceptualising cVPP while giving space for the variation that can be expected in early 
innovation phases (Raven et al., 2008).  

The Multi-Level Perspective (MLP), Strategic Niche Management (SNM), and 
Transition Management (TM), three of the founding theoretical frameworks of the field 
of Sustainability Transitions (Köhler et al., 2019), all emphasise the importance of socio-
technical experiments and niches as loci for institutional change (Kemp et al., 1998; 
Schot and Geels, 2008; Van den Bosch, 2010). Sengers et al. (2019) conceptualised a 
socio-technical experiment as “an inclusive, practice-based and challenge-led initiative designed to 
promote system innovation through social learning under conditions of uncertainty and ambiguity” 
(p.161). Niches are conceptualised as protective spaces that shield innovations from 
selection pressures of the incumbent socio-technical regime, which allows for 
experimentation (Smith and Raven, 2012). A distinction is made between the local and 
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global niche levels. The local niche level refers to socio-technical experiments that take 
place within specific geographical contexts (Raven et al., 2011). In contrast, the global 
niche is understood as an emerging field or proto-regime (Coenen et al., 2010; Raven et 
al., 2011). Studies have shown that, through replication and growth, sequences of socio-
technical experiments (like cVPP) can build on each other and over time together shape 
the global niche level (Fontes et al., 2016; Meelen et al., 2019; Sengers and Raven, 2015). 
These replicated experiments provide platforms for niche development processes, e.g. 
to learn about the application of innovations in different contexts, to broaden and 
deepen social networks, and articulate and align expectations (Geels, 2002; Geels et al., 
2016; Kemp et al., 1998; Schot and Geels, 2008; Smith and Raven, 2012). This allows 
an emerging global niche to mature and become robust, allowing it (and/or the socio-
technical innovation) to become more mature and competitive within the socio-
technical regime and/or become influential to contribute to its transformation 
(Antikainen et al., 2017; Fontes et al., 2016; Geels and Raven, 2006; Schot and Geels, 
2008; Smith and Raven, 2012). In Chapter 3, a bottom-up research approach and action 
research perspective are adopted to explore how energy communities assess chances 
and conditions for setting up their own cVPP sites, referred to in the Sustainability 
Transitions literature as replication of experiments. This research thereby complements 
previous studies, which consist mostly of theoretical discussions on replication.  

In addition to an increasing number of experiments and the emergence of a robust 
socio-technical niche, sustainability transitions also require efforts aimed at 
transforming the socio-technical system (de Haan and Rotmans, 2018; Duygan et al., 
2019; van Doren et al., 2020). The ability to contribute to systemic change is often 
referred to as agency (Fischer and Newig, 2016). However, although transitions are 
understood as a simultaneous transformation of three dimensions (e.g. institutions, 
actors, and technology), many studies on agency limit their focus on actor-institutions 
or actor-actor relationships, while largely neglecting the technological dimension 
(Fuenfschilling and Truffer, 2016; Geels, 2004; Grin et al., 2010). On the other hand, 
many studies that take technology as the starting point to study transitions tend to give 
little explicit attention to the roles played by actors (de Haan and Rotmans, 2018; Pesch, 
2015; Werbeloff et al., 2016). Chapter 4, therefore, explores agency of actors in relation 
to institutions, actors, and technology. Given the important role of digital technology 
in the field of smart grids, explicit attention is given to how novel ICT solutions can be 
mobilised to impact institutions, actors, and technology.  

Increasingly, studies in the field of sustainability transitions elaborate on interactions 
between niche innovations and incumbent regimes (Köhler et al., 2019). Many studies 
distinguish between fit & conform and stretch & transform strategies, which 
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respectively concern adapting to better fit in the incumbent system to survive (fit & 
conform strategy) and maintaining the radical nature of innovations combined with 
efforts to stretch the unfavourable selection environment (stretch & transform strategy) 
(Hoogma, 2000; Smith and Raven, 2012). Many studies furthermore showed that in 
reality niche strategies do not fit well in this fit or stretch dichotomy, as they often 
involve a combination of the two (Huijben et al., 2016; Meijer et al., 2019; Mylan et al., 
2019; Raven, 2007; Verhees et al., 2013; Wesseling et al., 2020). In other words, niche 
actors tend to follow fit & transform or niche hybridisation strategies (Raven, 2007). 
The latter involves the hybridisation of niche and regime elements, to better fit in the 
selection environment to allow for further development of the innovation (Raven, 
2007). In his study, Raven (2007) focused on hybridisation of technologies, while largely 
neglecting social dimensions. Chapter 5, therefore, expands Raven's (2007) 
conceptualisation of ‘niche hybridisation strategies’ with the two other dimensions of 
socio-technical systems, namely: institutions and actors. This allows for exploring how 
a niche hybridisation strategy can facilitate the growth and wider transformative impact 
of the Irish community energy sector.   

1.2.2 Methods  
To investigate upscaling and wider impacts of community-driven smart grid 
experiments, the researchers hold a social constructivist worldview and draw on 
qualitative research approaches to gather and interpret detailed and real-time 
experiences, opinions, and perspectives of actors involved in transition processes 
(Creswell and Creswell, 2017).  

Central to this research is a holistic multiple-case study approach (Yin, 2017), which 
included three energy communities from three different countries, namely the 
Netherlands, Belgium (Flanders), and Ireland. Close involvement within the award-
winning1 Interreg NWE-funded cVPP project (588) allowed for closely following the 
ongoing efforts of these energy communities aimed at developing (and expanding) their 
own cVPP for over three years (2018-2021). This allowed for investigating their 
strategies and efforts aimed at surviving, growing, and/or achieving wider 
transformative impacts. Qualitative research methods like qualitative case studies were 
used to gather and analyse a variety of sources including semi-structured interviews, 
(project) meetings, minutes, written documents, websites, and real-time observations. 
Sound recordings were made during interviews and project meetings, which were 

 
1 The cVPP project won the Valorisation prize (2020) of the Department of Industrial 
Engineering & Innovation Sciences at Eindhoven University of Technology and the European 
Citizens Award (2020) in the category ‘engagement’. 
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transcribed afterwards using the software tool NVivo 12 Pro (QSR International Pty 
Ltd., 2018).  

Next to enabling the collection of rich empirical data, the active involvement within the 
cVPP project also allowed for an action research approach to produce knowledge 
together with and directly relevant to energy communities involved in (the replication 
of) cVPP experiments (Lune and Berg, 2017; Sovacool et al., 2018). This involved 
conceptualising and practically operationalising the cVPP concept based on literature 
reviews on VPP and community energy, to create a shared understanding among energy 
communities and involved stakeholders. In addition, the aim was to not only study, but 
also contribute to the replication of cVPP experiments. The researchers involved acted 
as intermediaries by accumulating lessons learned from cVPP experiments into a 
Mobilisation and Replication (MoRe) model (Breukers et al., 2020). Data were mainly 
gathered through several interactive workshops, which build strongly on the MoRe 
model. This model offers a systemic approach to explore together with energy 
communities what cVPP is, how it helps them in achieving community goals, what it 
would look like, and how they could set up their own cVPP site (first steps and actions) 
within their own community context. The latter is referred to in the literature as 
replication of experiments. The workshops were mainly held online due to Covid-19 
restrictions. 

Qualitative coding methods were used to analyse the data, which consisted of two 
coding cycles executed in the software tool NVivo 12 Pro (QSR International Pty Ltd., 
2018). During the first coding cycle, initial coding was used to split the data up into 
separate parts, which were individually coded based on their content (Saldaña, 2016). 
This was followed by a second coding cycle, which involved concept coding to 
categorise codes in emergent categories and/or elaborative coding to categorise codes 
in pre-defined categories, derived from a literature review or theoretical framework 
(Saldaña, 2016).  

1.3 Thesis outline 
The four sub-questions of this thesis are addressed in chapters 2-5. These chapters are 
based on one submitted and three published scientific articles (see Table 1.2).  

Chapter 2 addresses sub-question 1 by mobilising Family Resemblance Conceptual 
Structures to conceptualise and practically operationalise the cVPP concept. This 
conceptualisation is then applied to three cVPP experiments in the Netherlands, 
Flanders (Belgium), and Ireland.  
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Chapter 3 addresses sub-question 2 by exploring, together with energy communities, 
what replication of cVPP experiments means in practice. This chapter describes 
challenges for setting up a new cVPP site, as well as envisaged strategies for addressing 
them.  

Chapter 4 addresses sub-question 3 by exploring how energy communities can mobilise 
digital technology to enhance their agency in the energy transition, e.g. their ability to 
impact institutions, actors, and technology. By zooming in on two cVPP experiments, 
this chapter identified emerging opportunities, but also new barriers related to digital 
technologies.  

Chapter 5 addresses sub-question 4 by exploring what a niche hybridisation strategy 
entails in relation to institutions, actors, and technology, and how such a strategy 
facilitates the growth and wider transformative impact of the Irish community energy 
sector.  

The publication statuses of the chapters are presented in Table 1.1. The thesis outline 
is summarised in Table 1.2, it presents per chapter the Title, Sub-question, Theoretical 
Concepts, and research methodologies used for both Data Collection and Analysis. The 
chapters were developed in collaboration with co-authors. Table 1.3 describes which 
(co-)authors were involved in the different development stages, following the 
Contributor Roles Taxonomy (CRediT, n.d.). The main author of this thesis always took 
the lead and was responsible for the core of the work in all development stages, for all 
four chapters. The co-authors were mainly involved in brainstorms, provision of 
feedback, and editing.  

Table 1.1: Overview of chapter publication statuses 
Chapter 2 Published as Van Summeren, L.F.M., Wieczorek, A.J., Bombaerts, G.J.T., 

Verbong, G.P.J., 2020. Community energy meets smart grids: 
Reviewing goals, structure, and roles in Virtual Power Plants in 
Ireland, Belgium and the Netherlands. Energy Res. Soc. Sci. 63. 
https://doi.org/10.1016/j.erss.2019.101415 

Chapter 3 Published as Van Summeren, L.F.M., Breukers, S., Wieczorek, A.J., 2022. 
Together we’re smart! Flemish and Dutch energy communities’ 
replication strategies in smart grid experiments. Energy Res. Soc. Sci. 
89, 102643. https://doi.org/10.1016/j.erss.2022.102643 

Chapter 4 Published as Van Summeren, L.F.M., Wieczorek, A.J., Verbong, G.P.J., 2021. 
The merits of becoming smart: How Flemish and Dutch energy 
communities mobilise digital technology to enhance their agency in 
the energy transition. Energy Res. Soc. Sci. 79, 102160. 
https://doi.org/10.1016/j.erss.2021.102160 

Chapter 5 Under review as Van Summeren, L.F.M., Wieczorek, A.J., Verbong, G.P.J., 
Bombaerts, G.J.T., Blending in, to transform the regime from 
within: Niche hybridisation strategies of Irish energy communities, 
Environ. Innov. Soc. Transitions (Submitted: 11 July 2022).  
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Table 1.2: Overview of sub-questions, theoretical concepts, and research methods per chapter 
Chapter Sub-question Theoretical concepts Data 

collection 
Data analysis 

2 How can community-
based Virtual Power 
Plant be conceptualized 
and practically 
operationalised as a 
community-driven 
model for the 
generation, 
consumption, 
distribution and 
management of 
electricity?  

Family Resemblance Literature 
reviews 
Interviews 
Project 
meetings 
and 
documents 

Literature review 
– Qualitative 
coding: Initial 
coding (1st cycle) 
followed by a 
combination of 
concept and 
elaborative coding 
(2nd cycle) 
Case studies – 
Qualitative 
coding: Initial 
coding (1st cycle) 
followed by 
elaborative coding 
(2nd cycle) 

3 What does replication of 
cVPP experiments mean 
in practice, based on 
insights from the energy 
communities involved? 

Socio-technical 
experiments 
Replication and growth 
of socio-technical 
experiments 
SNM: local and global 
niches 

Interactive 
workshops 

Qualitative 
coding: Initial 
coding (1st cycle) 
followed by 
concept coding 
(2nd cycle) 

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

Socio-technical systems 
as configurations of 
institutions, actors and 
technology (which builds 
on insights from 
Structuration Theory, 
Institutional Work, Social 
Construction of 
Technology, Neo-
Institutionalism) 

Interviews 
Project 
meetings 
and 
documents 

Qualitative 
coding: Initial 
coding (1st cycle) 
followed by 
concept coding 
(2nd cycle) 

5 How does a niche 
hybridisation strategy 
facilitate the growth and 
wider transformative 
impact of the 
community energy 
sector? 

SNM: Niche 
Hybridisation Strategy 
Institutional logics 
perspective 
Hybrid Organising 

Interviews 
Project 
meetings 
and 
documents 

Qualitative 
coding: Initial 
coding (1st cycle) 
followed by 
elaborative coding 
(2nd cycle) 

 

  



1

Introduction   |   19   
 

 

Table 1.3: Overview of author contributions to the chapters, according to Contributor Roles Taxonomy 
(CRediT). Luc van Summeren (LvS), Anna Wieczorek (AW), Geert Verbong (GV), Sylvia Breukers 
(SB), and Gunter Bombaerts (GB) 

Chapter Conceptualisation Investigation Formal 
analysis 

Writing – 
original draft 

Writing – 
Review and 
editing 

2 LvS, AW LvS LvS LvS LvS, AW, 
GV, GB 

3 LvS, SB LvS, SB LvS LvS LvS, SB, AW 
4 LvS, AW LvS LvS LvS LvS, AW, 

GV 
5 LvS, AW, GV LvS LvS LvS LvS, AW, 

GV, GB 
 

Next to the four chapters mentioned above, the main author also contributed to several 
academic publications as co-author:  

o Breukers, S., Crosbie, T., Van Summeren, L.F.M., 2019. Mind the gap when 
implementing technologies intended to reduce or shift energy consumption in 
blocks-of-buildings. Energy Environ. 0958305X1988136. 
https://doi.org/10.1177/0958305X19881361 

o Mourik, R.M., Breukers, S., Van Summeren, L.F.M., Wieczorek, A.J., 2020. The 
impact of the institutional context on the potential contribution of new business 
models to democratising the energy system, in: Energy and Behaviour. Elsevier, pp. 
209–235. https://doi.org/10.1016/B978-0-12-818567-4.00009-0 

o Mourik, R.M., Breukers, S., Van Summeren, L.F.M., Wieczorek, A.J., 2019. 
Community-Based Virtual Power Plants: Against All Odds? Proc. 2019 20, 1–7. 
https://doi.org/10.3390/proceedings2019020025 

o Niet, I.A., Dekker, R., Van Summeren, L.F.M., Masson, E., Wieczorek, A.J., 
Veraart, F., Van Est, R., 2022. Digitalization of the EU electricity system: The 
challenge of a just energy transition, in: The Handbook on Climate Change and 
Technology. 

Another important outcome of this research is the Mobilisation and Replication model, 
a tool to support energy communities in replicating cVPP experiments: 

o Breukers, S., Van Summeren, L.F.M., Pernot, S.H.A., Mourik, R.M., Wieczorek, 
A.J., 2020. Community Energy 2.0 - A support tool for advisers and process 
moderators to support energy communities in developing a community-based 
virtual power plant. Eindhoven. 
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ABSTRACT 

Community-driven energy initiatives are seen as important drivers of the energy 
transition. So far, these initiatives focused mainly on energy generation and 
conservation. Recently, however, some initiatives started to adopt smart grid 
technologies like Virtual Power Plants (VPP) which enables them to become involved 
in the distribution, trading and management of energy. By adopting a multiple-methods 
approach consisting of literature reviews on community energy and Virtual Power Plant, 
action research, semi-structured interviews and by mobilising Family Resemblance, this 
article explores the community-based Virtual Power Plant as a novel model for energy 
provision. Five building blocks were identified that together form a cVPP: the 
community involved, the community-logic under which the project operates, the 
portfolio of distributed energy resources aggregated and controlled by an ICT control 
architecture, and the roles communities can collectively play in the energy system by 
means of cVPP. Three practical cases in Ireland, Belgium and the Netherlands highlight 
the diversity of cVPPs, that results from different choices and trade-offs made by 
various communities in diverse institutional contexts. Applying the cVPP 
conceptualisation made visible that the three cVPPs had to comply with the incumbent 
energy system, making it difficult to play the preferred roles in the energy system, 
operate on the scale of their community and to keep their own needs and values centre 
stage. 
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2.1 Introduction 
Traditionally, electricity has been generated by large scale power plants connected to 
the transmission network. As a result, the operation of electricity markets, control of 
the network, and matching generation and demand have been limited to the 
transmission network, while the distribution network only provides passive network 
capacity to supply electricity to passive consumers (Bell and Gill, 2018; Verbong et al., 
2013). However, the way this incumbent electricity system is planned, operated, and 
regulated is under pressure due to a rise of often small and weather dependent 
renewable energy sources connected to the distribution rather than the transmission 
network (Bell and Gill, 2018; Gui and MacGill, 2018). The rise of these renewable 
energy sources is part of efforts to decarbonize the energy system in response to 
challenges like climate change and environmental issues related to the use of fossil-fuels, 
energy security, and rising and unstable fuel prices (Hashmi et al., 2011; Saboori et al., 
2011; Tahmasebi and Pasupuleti, 2013). 

These renewable energy sources enable passive energy consumers to become 
prosumers, who actively invest in and become owners of renewables, either individually 
or as part of a community-driven energy initiative (Gui and MacGill, 2018). The latter 
are receiving increasing attention from both researchers and policymakers as important 
drivers of this energy transition (Dóci et al., 2015; Süsser and Kannen, 2017). For 
instance, the recent 2019 Electricity Directive (recast) of the European Commission 
denes Citizen Energy Community as: “a legal entity which is based on voluntary and open 
participation, effectively controlled by shareholders or members who are natural persons, local authorities, 
including municipalities, or small enterprises and microenterprises. The primary purpose of a citizens 
energy community is to provide environmental, economic or social community benets for its members or 
the local areas where it operates rather than nancial prots. A citizens energy community can be 
engaged in electricity generation, distribution and supply, consumption, aggregation, storage or energy 
efficiency services, generation of renewable electricity, charging services for electric vehicles or provide other 
energy services to its shareholders or members” (European Commission, 2019a, p. 65). These 
community initiatives are considered to be a site for grassroots innovations, e.g. “novel 
bottom–up solutions for sustainable development that respond to the local situation and the interests 
and values of the communities involved” (Seyfang and Smith, 2007, p. 585). As such, 
communities might develop innovative local (collective) energy practices that challenge 
the way energy is generated and managed in the incumbent electricity system (Verkade 
and Höffken, 2019). Next, this so called ‘community energy’ is seen as a vehicle for 
raising awareness and social acceptance regarding efforts to decarbonize the energy 
system (Dóci et al., 2015; Hoffman and High-Pippert, 2010; Seyfang et al., 2013; Süsser 
and Kannen, 2017). 
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Until recently community-driven energy initiatives and projects focused on collective 
ownership of energy generation technology, joint purchasing, energy efficiency, and 
energy conservation (Gui and MacGill, 2018; Verkade and Höffken, 2019). Increasingly, 
however, communities begin to actively manage electricity systems by means of added 
intelligence and ICT enabled communication (Verkade and Höffken, 2019). They 
thereby enter the incumbent-dominated eld of smart grids (Tricoire, 2015; Verkade 
and Höffken, 2018). Virtual Power Plant (VPP) is an increasingly popular smart grid-
type of application that aggregates distributed energy resources (DER) (e.g. distributed 
generation, controllable loads, and energy storage systems) in a coordinated portfolio 
(Asmus, 2010). VPPs are currently mainly used to provide grid support services to grid 
operators and/or to enable energy trading on wholesale energy markets (Plancke et al., 
2015; Saboori et al., 2011). By means of a VPP a community could potentially manage 
the way community-generated energy is used within their community (Verkade and 
Höffken, 2019) and/ or play a role in and gain revenues from energy trade, network 
support, and balancing services (Bakari and Kling, 2012; Klaassen and Van der Laan, 
2019). 

While both VPP and community energy have recently received much scholarly 
attention, VPP driven by a community, referred to in this paper as community-based 
VPP or cVPP, is a novel, emerging and unexplored phenomenon (Gui and MacGill, 
2018; Koirala et al., 2016; Mourik et al., 2020, 2019). Scholars who do explore cVPP 
related concepts focus on technological and economic aspects, while using the term 
‘community’ merely to refer to the scale of the project (Chalkiadakis et al., 2011; Okpako 
et al., 2016). Others limit their focus to a limited set of functions that their cVPP-like 
initiatives can full (Koirala et al., 2016; Wainstein et al., 2017). However, the many 
uncertainties regarding the directions of the unfolding energy transition in different 
countries, different institutional barriers posed by the incumbent energy system and its 
regulatory framework in particular (Mourik et al., 2020), as well as the diversity of 
community energy initiatives (Vancea et al., 2017), make it hard to accurately demarcate 
future functions of cVPP. In addition, although Koirala et al. (2016) and Wainstein et 
al. (2017) do give some attention to a community organizational structure and 
community values, they largely neglect the ongoing debate on what makes a project 
community-based (Gui and MacGill, 2018; Hicks and Ison, 2018; Walker and Devine-
Wright, 2008). Therefore, this paper argues that to better understand the benets of 
cVPP for communities and its potential role in the transition to a more sustainable 
energy system, rst a better understanding is needed of cVPP and what makes it 
community-based. Although not the main focus of this paper, studying cVPP will also 
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shed some light on its struggles with the incumbent energy system. This leads to the 
following research question: 

How can community-based Virtual Power Plant be conceptualised and practically operationalised as a 
community-driven model for the generation, consumption, distribution, and management of electricity? 

Our research approach consists of several steps. First, existing literature is reviewed and 
complemented with insights from an ongoing Interreg NWE cVPP project2, to identify 
what a VPP is (Section 2.3.1) and establish what makes cVPP (or energy project in 
general) community-based (Section 2.3.2). Then, Family Resemblance is mobilised to 
conceptualise cVPP (Section 2.3.3). Family Resemblance refers to a way of concept 
formation characterized by a set of substitutable rather than fixed attributes 
(Barrenechea and Castillo, 2018; Wittgenstein, 1973). In Section 2.4, this conceptual 
framework is applied to three cVPP cases for verication and to learn about cVPP 
operationalization in practice. This paper ends by discussing the application of the cVPP 
conceptualisation to three cases, drawing conclusions and discussing future research 
directions. 

2.2 Methods 
We adopted a multiple-methods approach (Sovacool et al., 2018): literature review, 
action research and semi-structured interviews. 

The literature review was conducted using two Scopus-based literature reviews between 
April and July 2018. The sources were screened with the aim to characterize ‘Virtual 
Power Plant’ and ‘community energy’. Keywords used for searching literature on VPP 
were: ‘((virtual AND power AND plant) OR vpp) AND (energy OR electricity) AND 
(renewable OR distributed OR der))’. This resulted in 864 abstracts, which were 
screened manually. A total of 41 publications were selected and analysed in detail to 
identify denitions of VPP, cVPP related concepts and main characteristics of VPP. 
Keywords for community energy included: ‘((communit* OR citizen OR prosumer OR 
grassroots) AND (project OR initiative OR collective OR cooperative) AND 
(renewable OR green OR clean OR sustainab*) AND (energy OR electricity))’. In total 
2765 abstracts were identied, which were screened manually. A total of 25 publications 
were selected and analysed in detail to identify denitions and main characteristics of 
community-based projects. Regarding analysis of the literature sources, in both cases 
data was categorized into emergent categories using concept coding (“assigning meso or 

 
2 ‘cVPP project’ refers to the Interreg NWE funded project (588) ‘Community- based Virtual 
Power Plant (cVPP): a novel model of radical decarbonisation based on empowerment of 
low-carbon community driven energy initiatives’. 
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macro levels of meaning to data”), and in pre-dened categories using elaborative coding 
(“building on previous study's categories”) (Saldaña, 2016). The pre-dened categories were 
based on preliminary knowledge and included e.g. denition, goals, functions, activities, 
types, scales and actors involved. Next, the categories were reorganised in meta-
categories (Saldaña, 2016), which represent building blocks and characteristics of 
respectively VPP and community energy. Finally, a brief summary was written for each 
of these meta-categories, which formed the input for Sections 2.3.1 and 2.3.2. 

Action research comprised of the authors not only observing but also participating and 
sharing their preliminary research results in a number of face-to-face and online 
meetings between January and November 2018 (Table 2.1). These meetings were part 
of the ongoing cVPP project, of which the researchers are the project leaders. In this 
project three communities from respectively Ireland (Tipperary), the Netherlands 
(Loenen) and Belgium (Ghent) develop and implement their own cVPPs. Data was 
collected from transcribed recordings, notes by the researchers and the review of 
projects’ PowerPoint presentations, project reports and websites of the community 
initiatives involved in the three pilots. The empirical data derived from action research 
provided complementary insights to the literature review on what a cVPP is or should 
be according to practitioners involved in developing cVPP. They also provided data 
about the three cVPP pilots. Data derived from action research and semi-structured 
interviews were analysed simultaneously, data analysis will therefore be discussed below. 

Semi-structured interviews with representatives of the three cVPP pilots (Table 2.2) 
provided the third source of data. The interviews were carried out in two rounds 
between June 2018 and April 2019. The aim was to gather more in-depth data about 
the choices made in three cVPP pilots given their own national institutional context. 
Interview questions were formulated following the categories of the cVPP 
conceptualisation – derived from the literature and informed by the action research 
insights (see Section 2.3). All interviews were recorded, transcribed and complemented 
by researcher's notes. 

Data from both action research and semi-structured interviews were simultaneously 
coded in two cycles using software Nvivo. Initial coding was used during the rst cycle 
to break down the data in discrete parts based on their content (Saldaña, 2016). In the 
second coding cycle elaborative coding was used to categorize codes into pre-dened 
categories (Saldaña, 2016), derived from the cVPP conceptualisation discussed in 
Section 2.3. 
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Table 2.1: Overview cVPP project meetings, F2F denotes face to face meeting, tele call was carried out using 
GoTo platform and recorded. 

Reference Date Topic and type of the project meeting 

M1 17-01-2018 Telecall on replicating cVPP to new areas 

M2 19-02-2018 First general quarterly consortium telecall  

M3 22-02-2018 Telecall on how to design a cVPP 

M4 19-03-2018 First F2F meeting on how to design a cVPP  

M5 27-03-2018 F2F meeting on communication with external stakeholders 

M6 06-04-2018 Second F2F meeting on how to design a cVPP 

M7 11-04-2018 F2F consortium meeting in Tipperary, Ireland 

M8 07-06-2018 Second general quarterly consortium telecall 

M9 07-06-2018 Telecall on replicating cVPP 

M10 13-09-2018 Third general quarterly consortium telecall 

M11 23-10-2018 Telecall on replicating cVPP 

M12 23-10-2018 Telecall on impacts of the institutional context 

M13 31-10-2018 Telecall on defining Community & cVPP 

M14 07-11-2018 Consortium meeting Gent 

M15 30-11-2018 Telecall on defining Community & cVPP 

 

It is important to explain that in this project the process of theorising and implementing 
cVPPs were parallel, which means they mutually talked to and inuenced each other. 
On several occasions preliminary results were shared and discussed with project 
partners for validation. By doing this, the action research probably has inuenced the 
operationalization of the concept in practice. To limit bias and ensure reliability of the 
results several measures were taken. First, action research was triangulated by literature 
reviews and interviews. Secondly, rather than taking a snapshot in the development 
process of the three cVPPs, data was collected over a longer period through both 
participation in meetings and by conducting two rounds of interviews. Thirdly, to 
prevent that one person's opinion would have too much impact on the results, multiple 
community representatives were included during interviews and/or meetings. 
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Table 2.2: Overview interviewees 

Reference Date Interviewee 

IR1 25-06-2018 Initiator of energy community ‘Tait House Community 
Enterprise’ 

IR2 26-06-2018 Employee of energy community ‘Community Renewable 
Energy Supplier’ 

IR3 26-06-2018 Initiator of energy community ‘Templederry Wind Farm’ 

IR4 27-06-2018 Initiator of energy community ‘Energy cooperative Aran 
Islands’ 

IR5 04-07-2018 CEO of regional energy agency ‘Tipperary Energy Agency’ 

IR6 27-02-2019 Employee of energy community ‘Community Renewable 
Energy Supplier (CRES)’ 

NL1 10-12-2018 Initiator of energy community ‘Loenen Energie Neutraal’ 

NL2 07-03-2019 Board member of energy community ‘Duurzame Projecten 
Loenen’ 

NL3 07-03-2019 Initiator of energy community ‘Loenen Energie Neutraal’ 

BE1 05-03-2019 Employee of energy community ‘EnerGent’ 

BE2 16-04-2019 Employee of energy community ‘EnerGent’ 

2.3 Conceptualising cVPP 

2.3.1 Defining community energy 
The concept ‘community energy’ is used as an elastic concept without clear boundaries 
(Hicks and Ison, 2018; Hoffman et al., 2013) to represent a diverse sector involving 
various actors and organizational forms (Vancea et al., 2017), serving various objectives 
not necessarily directly related to energy (Dóci and Vasileiadou, 2015; Gui and MacGill, 
2018; Hicks and Ison, 2018; Hoffman and High-Pippert, 2010; Seyfang et al., 2013), and 
which involves a large range of activities, strategies and technologies (Gui and MacGill, 
2018; Seyfang et al., 2013). This elasticity was also mentioned as an issue during a project 
meeting: “Different people have different opinions about community, and they are all correct even 
though they are different” (M13). Indeed, the literature review revealed a variety of 
denitions of community energy; one often cited being the denition by Seyfang et al. 
(2013, p. 978): “Projects where communities (of place or interest) exhibit a high degree of ownership 
and control of the energy project, as well as beneting collectively from the outcomes (either energy-saving 
or revenue-generation).” After reviewing several denitions in the literature, Klein and 
Coffey (2016, p. 870) derived an all-inclusive denition, which considers community 
energy as “a project or program initiated by a group of people united by a common local geographic 
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location (town level or smaller) and/or set of common interests; in which some or all of the benets and 
costs of the initiative are applied to this same group of people; and which incorporates a distributed 
energy generation technology (for electricity, heat, or transportation) based on renewable energy resources 
(solar, wind, water, biomass, geothermal) and/or energy conservation/efficiency methods/technologies.” 
What these denitions, as well as various discussions in the cVPP project, show is that 
what makes an energy project or initiative community-based is not only the involvement 
of a community but also the way in which they operate (M7,14). This paper uses the 
term ‘community-logic’ to refer to the principles under which (many) community energy 
projects and initiatives operate. Below ndings of the literature review will be discussed 
regarding respectively community and community-logic. 

2.3.1.1 Community 
In the analysed literature sample acting as a community has a strong normative 
dimension and is generally seen as something positive (Walker, 2011). However, the 
term community can refer to different types and meanings. Heiskanen et al. (2010) 
distinguish between four different types of community: place-based (e.g. 
neighbourhood), sectoral networks (e.g. company, sector), interest-based (e.g. shared 
interests) and virtual communities (e.g. online communities enabled by ICT). Walker 
(2011) goes into more detail on the various meanings of the term ‘community’. In 
relation to energy the term community is used as: an actor with agency, a scale between 
individual households and local government, a place like a neighbourhood or village, a 
social network not necessarily limited to one geographical location, a collaborative 
process which involves citizens in decision making, and as an identity or way of living. 
In relation to community energy the term community mainly refers to a social network 
of people (and organizations) within one 1) geographical area (place-based) and/or with 
2) shared interests (Klein and Coffey, 2016; Seyfang et al., 2013). 

2.3.1.2 Community-logic 
The diverse and elastic nature of the term community energy is seen as a key strength 
because it allows for tailoring projects to local needs, objectives, and contexts (Hicks 
and Ison, 2018). However, due to its elasticity the term community energy is often used 
as a rhetorical device to capture public support and to make commercial approaches 
seem less controversial (Walker and Devine-Wright, 2008), which tarnishes the concept 
for other communities (Hicks and Ison, 2018; Walsh, 2018). Walker and Devine-Wright 
(2008) attempted to provide more clarity on what distinguishes community energy 
projects from commercial projects by highlighting two dimensions: process and 
outcome; the argument being that the more a community is involved in the operation 
and the higher the share of benets that ow back to the community, the more a project 
can be considered to be a community energy project (Walker and Devine-Wright, 2008). 
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However, useful, it is argued that the process and outcome dimensions are not specic 
and detailed enough to say what makes a legitimate community process or outcome 
(Hicks and Ison, 2018). Based on ndings from the literature on community energy 
complemented with insights from cVPP project meetings, a list of seven characteristics 
is derived that describes the logic under which community-based initiatives operate. 

(1) Community-based initiatives are largely driven by (a plurality of) community’ needs, 
motivations and values (Hicks and Ison, 2018; Hoffman and High-Pippert, 2010; 
Seyfang et al., 2013) (M14,15). These values are diverse and can be nancial (e.g. reduce 
energy bills, improve local economy), institutional (e.g. increase support for RES, 
prevent commercial large-scale energy projects), environmental (e.g. reduce emissions, 
ensure appropriate siting and scales), technical (e.g. reliable energy supply, energy 
independence) and social (e.g. community building, capacity building) (Hicks and Ison, 
2018; Hoffman and High-Pippert, 2010; Seyfang et al., 2013). (2) Community-based 
initiatives are often characterized by high degrees of community ownership over the 
entity and assets (Hoffman and High-Pippert, 2010; Seyfang et al., 2013; Wyse and 
Hoicka, 2019). There are different ownership models ranging from full community 
owned to co-ownership models (Šahović and da Silva, 2016; Walker, 2008). (3) Closely 
related to ownership is the high degree of community involvement in governance and 
decision making (Hicks and Ison, 2018; Hoffman and High-Pippert, 2010; Seyfang et 
al., 2013; Walker and Devine-Wright, 2008). In the commonly used cooperative model 
all members have equal voting rights, regardless of the amount of shares they own 
(Šahović and da Silva, 2016). In this model members vote for long-term strategies and 
elect representatives who take place in the executive board and who are responsible for 
the cooperatives’ daily operation (Šahović and da Silva, 2016; Walker and Devine-
Wright, 2008). (4) Community-based initiatives strive for a fair distribution of 
(collective) values, costs and risks (Seyfang et al., 2013; Walker and Devine-Wright, 
2008). Fairness relates to what is perceived as fair by the community and its members. 
(5) Community initiatives often engage people from the community beyond the group 
of initial enthusiasts and throughout the whole course of a project. Although these 
initiatives are mostly driven by networks of likeminded people (Hielscher et al., 
2013)(M7,14), their success depends largely on whether they become locally embedded 
by engaging with the wider community (Hoffman and High-Pippert, 2010; Seyfang et 
al., 2013; Seyfang and Haxeltine, 2012; Wyse and Hoicka, 2019). (6) Community-based 
initiatives and projects tend to be more open and inclusive to all, regardless of status 
and resources (Šahović and da Silva, 2016; Walsh, 2018; Wyse and Hoicka, 2019). For 
instance, energy cooperatives are characterized by its voluntary and open membership 
(Šahović and da Silva, 2016). Finally, (7) rather than solely focusing on maximising 
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economic benets, community-based initiatives tend to link the scale of energy 
technology to their own energy demand, needs, and values (Hicks and Ison, 2018). For 
instance, one common motivation for communities to set up an energy initiative is to 
gain control over both the scale and siting of renewable energy generation in their local 
environment, often as reaction to the development of commercial projects (Hicks and 
Ison, 2018). 

The different community energy characteristics emerged during various discussions in 
the cVPP project, which allowed to update and verify the list. Although it was stated 
during the project meetings that these characteristics very well reect what makes a 
project community-based, they do not provide a fixed boundary between what is meant 
by cVPP in contrast to VPP (M14,15). During project meetings it was furthermore 
argued that the community-logic should be both exible and decided upon by the 
community itself (M14). 

2.3.2 Defining Virtual Power Plant 
The Virtual Power Plant (VPP) concept emerged in the late 1990s. It is increasingly seen 
as a viable solution for grid issues and challenges related to the integration of large 
quantities of (intermittent) renewable energy sources (RES) into the existing electricity 
grid in a cost effective manner (Asmus, 2010; Chalkiadakis et al., 2011; Dietrich et al., 
2015; Plancke et al., 2015; Wainstein et al., 2017). Another Smart Grid solution that is 
receiving a lot of attention, and which shows many similarities to VPPs, is a microgrid. 
A microgrid is a physical integrated energy system that can operate either in parallel to 
or islanded from the main electricity grid, while a VPP relies on software systems that 
coordinate DER that are connected to the main electricity grid (Asmus, 2010; Howell 
et al., 2017; Nosratabadi et al., 2017; Vandoorn et al., 2011).  

Research on VPP has focused mainly on modelling of uncertainties of intermittent 
energy generation and on linear and nonlinear grid optimisation problems (Ghavidel et 
al., 2016). Less effort is put into formulating a generic denition of VPP (Dietrich et al., 
2015). Several scholars did, however, made attempts to develop a generic denition of 
VPP. For instance, an often cited one by Pudjianto et al. (2007, p. 11) considers VPP as 
“a exible representation of a portfolio of DER, which aggregates the capacity of many diverse DER 
to create a single operating prole from a composite of the parameters characterising each DER and 
incorporating spatial (i.e. network) constraints.” Another often cited denition by Asmus 
(2010, p. 75) is: “Virtual Power Plants rely upon software systems to remotely and automatically 
dispatch and optimise generation- or demand side or storage resources in a single, secure web-connected 
system.” According to Vandoorn et al. (2011, p. 4) “VPPs consist of an aggregation of DER 
to operate as a conventional generation system with respect to controllability and market participation.”  
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From these VPP denitions three main VPP attributes can be identied (Plancke et al., 
2015). (1) A VPP aggregates distributed energy resources (DER), consisting of 
distributed generation, controllable loads (e.g. demand response assets) and/or energy 
storage systems, into one coordinated portfolio (Asmus, 2010; Braun, 2009; Saboori et 
al., 2011; Shaukat et al., 2018). (2) Information technology systems (ICT) and software 
are described as the “glue holding the VPP together” (Asmus, 2010, p. 76). These software 
systems, often referred to as control architecture, are responsible for remotely 
coordinating and controlling the power ows coming from DER (Asmus, 2010; Saboori 
et al., 2011). (3) Aggregation of DER into one portfolio allows a VPP to act as a single 
virtual and visible entity in the energy system, similar to a large conventional and 
dispatchable power plant (Asmus, 2010; Braun, 2009; Etherden et al., 2016; Hashmi et 
al., 2011; Plancke et al., 2015; Pudjianto et al., 2007). This allows a VPP to play a role in 
the current centralised energy system related to participation in energy markets and/or 
provision of grid services to system operators (Plancke et al., 2015; Pudjianto et al., 
2007; Saboori et al., 2011). Following the three main building blocks of VPP, VPP is 
defined as:  

A software-based solution that aggregates distributed energy resources into one coordinated and controlled 
portfolio that operates as one single entity similar to a conventional power plant, and which allows for 
performing roles in the electricity system related to managing and trading of electricity. 

The three VPP building blocks (DER portfolio, control architecture and the role in the 
energy system) can be used to distinguish between different types of VPPs, and will be 
briey discussed and illustrated with empirical data below. 

2.3.2.1 DER portfolio 
Aggregating DER into one coordinated and managed portfolio enables VPP to act as 
one large entity similar to a conventional power plant, allowing for better integration of 
DER into the existing centralised energy system (Koirala et al., 2016). The literature 
distinguishes three main categories of DER: (1) Distributed generation (DG) consisting 
of controllable or intermittent, renewable, or non-renewable and often small capacity 
energy generators connected to the distribution network. (2) Controllable loads include 
various electrical appliances that can be controlled to shift or alter energy demand 
(Nieße et al., 2014). (3) Energy storage systems provide exibility to the grid by 
providing backup energy, or by either acting as a load (when charging) or as a generator 
(when discharging) (Dietrich et al., 2015; Nieße et al., 2014). 
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2.3.2.2 Control architecture 
Literature on VPP distinguishes three different control architectures. However, the 
literature shows a varied use of names for these control architectures. This paper 
adopted the terms Centralised Controlled VPP, Decentralised Controlled VPP and 
Distributed Controlled VPP, because of their clarity. In a Centralised Controlled VPP 
one central system controls all DER and receives information about their limitations as 
well as owners’ preferences (Dulau et al., 2014; Plancke et al., 2015; Raab et al., 2011; 
Vandoorn et al., 2011). Decentralised Controlled VPP (sometimes referred to as 
Hierarchical Controlled VPP (Vandoorn et al., 2011)) are operated on different levels 
(e.g. local, regional and large scale VPPs) (Dulau et al., 2014; Raab et al., 2011). A local 
VPP is responsible for coordinating a limited number of DER units from the same 
geographical location, enabling local operation, while the actual decisions are made by 
a VPP that acts on a higher level (Dulau et al., 2014; Raab et al., 2011). In contrast to 
Centralised and Decentralised Controlled VPPs, a Distributed Controlled VPP does not 
have direct access to DER. Instead of a VPP that actively controls DER, it consists of 
an ‘information exchange agent’ that sends data (e.g. market data, weather forecasts, 
dynamic energy prices) to local controllers which in turn optimise their own individual 
strategies (Dulau et al., 2014; Plancke et al., 2015; Raab et al., 2011; Vandoorn et al., 
2011). Figure 2.1 shows visual representations of the three control architectures. 

 
Figure 2.1: From left to right: Centralised Controlled VPP, Decentralised Controlled VPP and Distributed 
Controlled VPP. 

2.3.2.3 Role in the energy system 
A widely adopted VPP classication in the literature distinguishes between Commercial- 
and Technical VPPs on the basis of their complementary roles in the energy system 
(Braun, 2009; Kieny et al., 2009; Lukovic et al., 2010; Plancke et al., 2015; Pudjianto et 
al., 2007; Saboori et al., 2011; Tahmasebi and Pasupuleti, 2013). A Commercial VPP 
creates one operating prole representing its DER portfolio, which enables energy 
trading on the wholesale market (Braun, 2009; Saboori et al., 2011; Tahmasebi and 
Pasupuleti, 2013). Commercial VPPs are not limited to aggregating DER connected to 
one distribution system or from one geographical location (Braun, 2009; Nosratabadi 
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et al., 2016; Pudjianto et al., 2007). A Technical VPP aggregates DER from one 
geographic location connected to the same distribution system and takes into account 
system impacts and operating characteristics of DER (e.g. capacities, production and 
consumption forecasts and contractual obligations). A technical VPP provides ancillary 
and balancing services directly to system operators (Braun, 2009; Ghavidel et al., 2016; 
Pudjianto et al., 2007; Saboori et al., 2011; Tahmasebi and Pasupuleti, 2013). 

The distinction between technical and commercial functions of VPP identied in the 
engineering literature on VPP, however, is not suitable to grasp the plurality of roles 
communities could play in the energy system by means of cVPP (M3,4,7). VPPs have 
originally been designed to deal either with grid issues on the distribution network 
(technical aspect) or with trading energy or exibility on energy markets (commercial 
aspect). They are an emergent response of the utilities and network operators to the 
growing intermitted energy ows from decentralised sources. Technical/commercial 
distinction therefore refers to VPPs as deployed by utilities or distribution system 
operators (DSOs), with a focus on integrating DER into the grid and/or energy 
markets. However, the community aspect, including that a community can also 
congure their own community-based VPP in response to their own needs and values, 
is neglected. 

To deal with this limitation, in this research, six differently conceptualised roles were 
identied based on the USEF market roles model developed as part of the Universal 
Smart Energy Framework (USEF, 2015). This framework describes “an integral market 
design for the trading of exible energy use”, complementary to the existing market design. The 
USEF market design reects how the incumbent energy system currently operates and 
what challenges it faces (USEF, 2015). In this framework major focus is on trading 
‘exibility' which communities can provide to help utilities to deal with the unpredicted 
supply of renewable decentralised energy. Through provision and trade of exibility, 
communities instead of just being seless sources of exibility capacity, can become a 
relevant player in the energy system, condition to regulatory change that would allow 
such a construct. The USEF roles model, by describing the roles, tasks, and 
responsibilities within the current, yet slightly extended, market design, allows to 
speculate who can do what. Following Klaassen and Van der Laan (2019), who applied 
the USEF roles model to Citizens Energy Communities, this paper identied the 
following roles: energy service company (ESCo), facilitator, producer, supplier (SUP), 
aggregator, and distribution system operator (DSO) (see Figure 2). These roles are 
aligned with the logic of the current European centralised energy system. This implies 
that although the cVPP operates on a different rationale than only provision of energy 
and exibility, in the current conditions, cVPPs have to adjust to the incumbent system 
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and comply with the pre-dened roles, tasks and responsibilities in the energy system. 
At the moment of this research, it is not expected that communities will be able to play 
the roles of Balance Responsible Party (BRP) and Transmission System Operator (TSO) 
(Klaassen and Van der Laan, 2019), therefore these roles fall beyond the scope of this 
paper. 

 
Figure 2.2: Roles in the energy system, retrieved from USEF (2015) and adapted for the cVPP project 
(facilitator role is added). 

The facilitator role refers to the activities that contribute to the implementation and/or 
expansion of the DER portfolio, like e.g. informing, nancing, advising, organising, 
lobbying, and joint purchasing (M13,14,15). Another role communities can play is that 
of producer3 (or prosumer). Produced energy can be used or sold to the energy supplier. 
The facilitator and producer roles relate to promoting home energy practices (e.g. 
energy generation and conservation) and developing collective energy generation, they 
do not focus on energy management and therefore do not require a VPP. These two 
roles are included because they represent the core activities of energy communities 
(Verkade and Höffken, 2019). Communities that take the role of energy supplier can 
supply (self-generated) energy to customers or community members, trade energy on 
the wholesale energy market, and/or facilitate local or peer-to-peer energy trading. A 
community could also (partly) take over the role of the DSO when it becomes 
responsible for management and maintenance of their own microgrid (M14). The 

 
3 The starting point of the USEF role model is that energy communities consist of a collective 
of prosumers (and producers) and that they already perform the role of producer (Klaassen and 
Van der Laan, 2019). This paper makes the role of producer more explicit. 
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ESCo4 role covers all activities related to the optimisation of individual and/or 
community energy proles in response to signals like e.g. dynamic prices (implicit 
demand response) and/or the availability of (locally generated) renewable energy. By 
acting as an aggregator, a community can sell aggregated exibility provided by 
dispatching generation, controllable loads, and energy storage systems on wholesale 
energy markets or to the DSO (explicit demand response). 

2.3.3 Towards a flexible cVPP conceptualisation 
The classical way in which concepts are understood is “based on a set of necessary and jointly 
sufficient attributes” (Barrenechea and Castillo, 2018, p. 1). The major advantage is that 
such classical concepts have clear boundaries based on fixed properties. However, the 
energy system is in ux, and it is unclear how the future energy system will be organised. 
To remain useful in the future, this paper argues that the cVPP conceptualisation needs 
to be exible, as was acknowledged by a project partner: “We need to keep in mind that it 
becomes an emergent denition, not something on how it is now, or what it will be in 5 years, but 
something that it is changeable, that evolves in ways we cannot foresee, because of changes in the political 
context” (M14). This is also in line with the literature review on community energy, which 
showed that there is a large diversity of community energy initiatives and no fixed 
boundary that denes what can be considered to be community-based. To be able to 
conceptualise cVPP Family Resemblance conceptual structures is mobilised as an 
alternative way of understanding concepts (Barrenechea and Castillo, 2018; 
Wittgenstein, 1973). Family Resemblance provides more exibility since it denes 
concepts based on substitutable rather than fixed attributes. 

In their review of Family Resemblance, Barrenechea and Castillo (2018) identied three 
general types of Family Resemblance conceptual structures. First, individual sufficiency 
structures considers all attributes to be substitutable and the presence of one is sufficient 
to be a member of a certain concept. Secondly, INUS structure refers to ‘Insufficient 
but Non-redundant components of a combination of conditions that is Unnecessary 
but Sufficient for an outcome’. Such INUS structures consider cases to be members of 
a concept when they share a minimal number of substitutable attributes. Finally, mixed 
structures consider cases to be members of a concept if they possess both non-
substitutable attributes and INUS attributes. 

 

 
4 The term ‘ESCo’ is often used to describe a much broader variety of activities than described 
here. For the purpose of the cVPP project this role is split into two roles: ESCo and facilitator. 
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Based on the literature review and discussions in project meetings ve non-substitutable 
building blocks of cVPP can be identied: community, community-logic, DER 
portfolio, control architecture and role in the energy system. In turn each of these ve 
building blocks can be seen as a separate concept, with its own attributes and conceptual 
structure (see Figure 2.3). Community, DER portfolio, control architecture and role in 
the energy system all can be regarded as individually sufcient structures, since the 
presence of one attribute is enough for concept membership. Community-logic on the 
other hand does not have clear boundaries (Hicks and Ison, 2018; Walker and Devine-
Wright, 2008; Walsh, 2018) but instead can be seen as an INUS structure, in which a 
minimum number or certain combination of attributes is sufficient for something to be 
considered community-based.  

 
Figure 2.3: cVPP as a combination of four individually sufficient structures (community, DER portfolio, 
control architecture and role in the energy system) and one INUS structure (community-logic). 

Based on the above discussion the following cVPP conceptualisation is proposed: 

A cVPP is a portfolio of 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. 

2.4 Applying the cVPP conceptualisation to three cases 
To verify this theoretical conceptualisation and to explore how it can be operated in 
practice, the process is analysed of cVPP set up in three ongoing pilots in: Loenen (NL), 
Ghent (BE), and Tipperary (IR). The pilots were part of the cVPP project. In presenting 
the three cases, first the legacy of the community initiative is explained and the 
community-logic under which it operates. Next, the three VPP building blocks are 
mobilised: DER portfolio, control architecture and role in the energy system. It is 
important to note that at the time of the interviews, the cVPPs were not fully developed 
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and that the three cases discussed below represent the state of affairs at that time (April 
2019). 

2.4.1 cVPP Loenen 

2.4.1.1 Community and community-logic 
In 2013 a group of citizens from the rural village Loenen won 200.000 euros in a contest 
called ‘Energetic Villages’, as part of which villages were asked to develop ideas to make 
them more sustainable (Loenen Energie Neutraal, n.d.) (M14). The contest, in which in 
total six villages participated, was organised by the municipality of Apeldoorn as part of 
an EU funded project (M14). As a rst step, the community founded ‘Loenen Energy 
Neutral’ (LEN) that up until today managed a revolving fund intended to support and 
encourage local investments in insulation, solar panels, and other sustainable 
technologies like heat pumps (M14). Having invested over a million euros through the 
revolving fund, the community now aimed to scale up and professionalise by developing 
collective energy generation, founding an energy cooperative, and by exploring 
possibilities for local energy management by means of a cVPP (NL1-3,M14). The idea 
was that eventually all energy related projects and activities will be integrated in the 
energy cooperative (NL2-3). The community initiative involved in the cVPP project, 
which from now on will be referred to as cVPP Loenen, is considered to be a place-
based community limited to the rural village Loenen, which included not only private 
house owners but also e.g. tenants of social housing, industry, SMEs, and schools 
(NL2,M4,14). As part of the cVPP project the aim was to test the cVPP with around 
100 residents (M14). 

At the time of the interviews, the community of Loenen was in the middle of founding 
the energy cooperative and in developing statutes that describe how the cooperative 
and cVPP will operate (NL2-3). These statutes were developed by the initiators of the 
cooperative and are largely based on guidelines developed by HierOpgewekt, a Dutch 
branch organization for energy cooperatives (NL2). 

The initiators of the energy cooperative and cVPP were driven by a plurality of needs 
and motivations, including the technical aims to increase local renewable energy 
generation and to contribute to better integration of DG and a future proof electricity 
system (NL1-3,M7). On a societal front, the values included: increasing self-reliance and 
independency, taking responsibility and ownership over challenges of the energy 
transition, and increasing control over decisions regarding the siting and scale of local 
energy generation (NL1-3,M7). Financially they wanted to improve the local economy 
by increasing local revenues from local generation (NL1-3,M7). At the moment of the 
interviews, workshops were organised, followed by questionnaires, to engage the whole 
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community, beyond the small group of initiators, in the development of the cVPP. The 
aim was to identify the needs and motivations of the rest of the community which 
should guide the design and objectives of the cVPP and the roles to play in the energy 
system (NL2-3,M13,14). In terms of inclusiveness, all inhabitants, including tenants, 
were invited to participate in these workshops (NL2). Next to these efforts to engage 
the community in the design of the cVPP, community members would also be involved 
in governance and decision making within the energy cooperative. For instance, the 
statutes will not be fixed but open for discussion and adaptations voted on by (future) 
cooperative members (NL2-3). Every cooperative member will have equal voting rights 
which they can use to elect the executive board that is responsible for the daily operation 
and to change the long-term strategy and statutes (NL3,M14). In addition, a supervisory 
board will be added that is responsible for controlling and overseeing the proceedings 
in the energy cooperative (NL3,M13-15). By developing a cooperative ownership 
structure cVPP Loenen aimed to maximize individual and collective ownership of DER 
and the cVPP (NL1-3,M14). In principle, everyone from Loenen can be included as a 
member of the energy cooperative and participate in the cVPP (NL3). Also, LEN aimed 
to be inclusive by its explicit focus on making energy generation and saving measures 
more affordable for everyone, including low-income households (NL3). Through 
voting within the energy cooperative community members will decide themselves how 
benets from energy generation and energy management will be distributed, e.g. 
between individual households and the energy cooperative (NL3). Rather than 
maximising energy generation, the idea was that cVPP could create incentives for taking 
into account potential future grid issues in decisions regarding siting, scale, and type of 
energy generation (NL1). The scale needed for the cVPP, however, depended on the 
availability and controllability of DER in Loenen and on energy market requirements 
(NL1-2). If necessary, the scale of cVPP could be increased by including not only 
industry and SMEs, but also neighbouring villages and energy cooperatives (NL1-
3,M12,14,15). 

2.4.1.2 Virtual Power Plant 
The DER portfolio to be coordinated and managed through the cVPP consists of 
domestic and collective solar projects (M14,NL1-2), with potential for developing wind 
mills and biogas plants in the future (NL2). The cVPP project aimed to explore the 
number and scale of controllable loads owned by households and industry, which could 
be included in the DER portfolio (NL1-2,M14). These controllable loads included e.g. 
electric forklifts, domestic heat pumps, and other household appliances (NL1-2,M14). 
Two different energy storage systems are currently being explored to potentially become 
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part of the cVPP: a neighbourhood-battery (day-night balancing) and a power-to-gas 
installation (seasonal balancing) (NL2). 

At the time of the interviews, cVPP Loenen was in the middle of a process in which 
they together with residents wanted to formulate the objectives of the cVPP (NL1-3). 
Based on this input decisions were made regarding roles in the energy system and 
control architecture (NL2). The expected control architecture will have centralised 
control over the DER portfolio, combined with a local device that controls the DER 
and communicates with the centralised cVPP (NL2). Ideally, the cVPP would be used 
to optimise local self-consumption and to sell potential surplus of energy on the energy 
market (NL1). In practice, however, the roles to be played by cVPP Loenen depended 
not only on the input from the community, but also on the availability of (controllable) 
DER, limitations of the local grid, and future technological and institutional 
developments (NL1-3,M14,15). Because of the many uncertainties, the aim was to 
develop a modular cVPP design capable of controlling DER and playing a variety of 
roles in the future, including ESCo, aggregator and possibly supplier (NL2,M13-15). In 
the form of the revolving fund, cVPP Loenen already played the role of facilitator (NL1-
3,M13-15). Additionally, the village council and the social housing corporation were also 
envisaged to play the role of facilitator, by playing a role in governance and in engaging 
and representing tenants respectively (M14,15). In addition cVPP Loenen aimed to 
expand their role as producer by increasing local renewable energy generation through 
the development of both individual and collective solar projects (NL1-2,M13-15). Roles 
that were explored in the cVPP project are ESCo (e.g. maximising self-consumption 
within the community) and aggregator (e.g. selling exibility on the energy market or 
provide grid services to the DSO), which, however, could also be (partly) outsourced to 
a third party depending on e.g. legislation and scale needed (NL2,M15). In the short 
term, cVPP Loenen outsourced the supplier role to a third party (NL1,3,M3,13,14). In 
the future, however, when generation has grown signicantly, cVPP Loenen might want 
to become a licensed supplier themselves (NL1,M14,15). The green line in Figure 2.4 
shows the roles cVPP Loenen envisages to play by 2025. 



2

The community-based Virtual Power Plant   |   41   
 

 

Figure 2.4: The green circle shows the roles cVPP Loenen envisages to play in energy system by the year 2025, 
adapted from (Klaassen and Van der Laan, 2019). 

2.4.2 cVPP Ghent 

2.4.2.1 Community and community-logic 
The city of Ghent is the capital of the province East-Flanders. The city's energy 
cooperative EnerGent was founded in 2013 by a volunteer group from the Macharius 
neighbourhood that organised various social activities in their area (BE1). EnerGent is 
a place-based community driven by the goal to make society more sustainable and 
ultimately climate neutral, but also to reduce inequality by making energy generation 
more accessible for low-income households (EnerGent, n.d.; Schimmel et al., 2018). 
EnerGent started with providing services related to retrotting, including advising, and 
guidance (BE1). Later on, EnerGent expanded their activities with group purchases for 
solar panels and facilitated the instalment and exploitation of solar panels on roofs of 
businesses and public buildings (BE1). In the cVPP project, a cVPP was tested with 
over 100 households from the St. Amandsberg-Dampoort neighbourhood (BE1,M4), 
encompassing 2000 households (M15,BE1). The cVPP project was strongly connected 
with the Buurzame Stroom project, which encouraged and supported residents from St. 
Amandsberg-Dampoort to install solar panels on their roofs (B1). From now on this 
cVPP experiment is referred to as cVPP Ghent. 

In terms of needs and motivations, EnerGent aimed to strengthen the cooperative 
energy sector by developing an open-source energy management system but also to 
expand the portfolio of services they can offer to both individual members and 
neighbourhoods (BE1). EnerGent furthermore explicitly aimed to develop a exible 
cVPP design, which can be implemented on the neighbourhood level, and which can 
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be tailored to the specic needs and motivations of neighbourhoods (BE1). The cVPP 
Ghent experiment was driven by two needs stressed by the neighbourhood: increasing 
local renewable energy generation and becoming more independent (BE2). At the same 
time, it was driven by future possibilities a cVPP offers on the level of a neighbourhood 
(BE2). 

Open-source means that the design of the energy management system would be a public 
good, not owned by EnerGent nor any other organization (BE1). EnerGent owned the 
solar panels and batteries of 16 participating households, while the other solar panels 
were owned by the households themselves (BE1). Being a cooperative meant that the 
cooperative itself is collectively owned by its members. Within the cooperative decisions 
were made democratically: every member has equal voting rights (BE1). At annual 
meetings members could vote on general strategies and elect who will represent them 
in the executive board, which was responsible for the cooperative's daily operation 
(BE1). 

Within EnerGent revenues were distributed in a specic way: Investors received 
dividends up to 2% of their investments, the remainder is invested in new projects or 
covers overhead costs and wages (BE1). As part of its neighbourhood approach, 
EnerGent normally started with engaging residents with newsletters, yers and 
questionnaires to explore the neighbourhood’ needs and wishes (BE1). Given the 
complexity of cVPP and the explicit aim to only develop and test the cVPP, engagement 
of the neighbourhood as part of cVPP Ghent was limited to provision of very basic 
information combined with setting up a physical neighbourhood platform where people 
could ask questions regarding e.g. batteries and optimising solar panels (BE1,M7). 
EnerGent and the Buurzame Stroom project explicitly focused on including low-
income and vulnerable households as well as tenants to participate in energy projects 
by facilitating e.g. language support, support in applying for loans, tailored advice, and 
support with clearing the attic (M14,BE1) (Schimmel et al., 2018). In addition, 
EnerGent has open membership, meaning that every citizen from Ghent could become 
a member (BE1). 

Ideally, EnerGent aimed at developing energy projects on the scale of neighbourhoods 
(BE1). However, one of the learning objectives of the cVPP experiment was to learn 
what scale is needed for providing different energy management and grid services, 
which, depending on the type of services and future legislation, might require a scale 
beyond the city of Ghent (M14). 
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2.4.2.2 Virtual Power Plant 
The DER portfolio coordinated and managed by the cVPP consisted of domestic solar 
panels and batteries installed in 16 houses, which were installed as part of cVPP Ghent 
(BE1). In addition, also other households that installed solar panels could choose to 
participate in cVPP Ghent (BE1). Furthermore, EnerGent explored the possibility to 
install a hydrogen storage system for seasonal energy storage (BE1). 

The control architecture of the cVPP combined centralised and distributed control. In 
order to ensure fast responses all houses had their own distributed energy management 
system, which reacted on prices, weather forecasts, and grid issues (BE1). In turn, the 
centralised cVPP did not only send signals to the distributed energy management 
systems, but was also be able to change local parameters and control assets directly 
(BE1). 

EnerGent already performed the role of producer: both the cooperative as well as the 
individual community members owned solar panels. Furthermore, EnerGent already 
performed the role of facilitator by encouraging and supporting households to install 
solar panels and to insulate homes by informing households about the possibilities, 
mediating between owners and tenants, providing practical support like cleaning the 
attic, facilitating group purchases and by providing tailored advice regarding technology, 
funding and loans (M7,13-15) (Schimmel et al., 2018).  

The original aim of cVPP Ghent was to facilitate local energy trading between 
neighbours through the cVPP (M7,14). However, due to perceived institutional barriers 
the focus of the experiment was shifted towards roles that were more likely to be 
possible in the near future and on the level of neighbourhoods: ESCo and aggregator 
(M7,14,BE1-2). As part of the experiment energy storage systems and solar panels were 
collectively acting as one cVPP in order to test several grid services, including: 
maximising self-consumption within the community and by responding to (simulated) 
dynamic prices (ESCo), and the provision of peak shaving and voltage control services 
to the DSO (aggregator) (BE1-2,M4,7,8,14). The aim of this experiment was to explore 
if a cVPP can provide these services, not to actually offer them on the energy market 
(M3,7,14). 

Regarding energy cooperative EnerGent, different roles were envisaged in the future. If 
energy generation in the DER portfolio increases signicantly, EnerGent eventually 
might want to become a licensed energy supplier (M15). Furthermore, EnerGent 
foresees a possibility to combine the roles of supplier and ESCo (BE2). This way 
EnerGent could offer their members (or customers) dynamic prices in combination 
with an energy management system, which would allow them to (collectively) optimise 
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their energy proles in response to dynamic prices (BE2). Potentially, the roles of 
supplier and ESCo could also be combined with the role of aggregator, allowing 
EnerGent to provide grid services to the DSO or to sell exibility on the energy market, 
possibly through a third-party aggregator (BE2). 

Considering the scale needed and the complexity of the energy system, EnerGent 
considered itself not capable to develop the envisaged open-source cVPP nor to play 
the roles of aggregator and ESCo on its own (BE1,M14,15). Rather, they envisaged the 
cVPP to be developed, and possibly the roles to be played, collectively by a federation 
of energy cooperatives (M14,15). Figure 2.5 shows the different roles EnerGent 
envisaged to play (green circle) and the roles they envisaged to be played by a federation 
of cooperatives (red circle). 

 
Figure 2.5: The envisaged roles in the energy system played by EnerGent (green circle) and by a federation of 
cooperatives (red circle) by the year 2025, adapted from (Klaassen and Van der Laan, 2019). 

2.4.3 cVPP Ireland 

2.4.3.1 Community and community-logic 
In 2012 a group of 28 citizens from the rural town Templederry collectively developed 
the Templederry Wind Farm, the rst community owned wind farm in Ireland 
consisting of two 2.3 MW windmills (Tipperary Energy Agency, n.d.). The development 
process took 12 years, during which they overcame barriers related to securing planning 
permission, grid connection, and funding (IR2,3,M14). Once they realized the wind 
farm, the community members decided that they want to supply the energy to 
themselves rather than selling it to a third party (IR2,3,M14). That is why they set up 
their own supply company: Community Renewable Energy Supplier (CRES) in 2015 



2

The community-based Virtual Power Plant   |   45   
 

 

(IR2). As part of the cVPP project the aim was to expand renewable energy generation 
and evolve CRES into a national community owned energy supplier: ‘Community 
Power’ (M14). This expansion was done by incorporating other (place-based) 
communities spread over the country. This means that Community Power, which 
started from the place-based community Templederry Wind Farm, is becoming a 
community of interest. A brief overview of communities involved in Community Power 
is shown in Table 2.3. 

Table 2.3: Overview of communities involved in the Irish cVPP: Community Power. 

Community initiative Location Activities and aim 

Templederry Wind 
Farm 

Templederry Initiator of Community Wind Farm, CRES and 
Community Power 

Energy Communities 
Tipperary Co-operative 

County of 
Tipperary 

Supports and guides households in home insulation 
upgrades and retrofitting projects 

Tait House Community 
Enterprise 

Limerick A community development co-operative, involved in 
various projects including a cooperative grocery store, 
local employment services and energy 

Aran Islands Energy 
Co-operative 

Aran Islands Involved in various EU funded projects related to e.g. 
heat pumps, electric cars and solar power 

Claremorris and 
Western District Energy 
Co-operative 

Claremorris and 
Western District 

Involvement in various EU projects related to district 
heating, solar power and bio-gas 

 

There were two main drivers behind the expansion into a national supply company. 
First, having explored the high costs associated with the administrative and technical 
requirements for participating on the energy market, the community realized that it is 
not possible to have a viable business model as a small local energy supplier (IR2,3,6). 
Secondly, having experienced many challenges during the development of the wind 
farm, the community aims to use the supply company as a vehicle to encourage and 
enable other communities to develop renewable energy generation and sell the energy 
through Community Power (IR2,3,6,M14,15). This way Community Power aims to 
reach the scale needed for a viable business model as well as to strengthen the national 
community energy sector (IR2,3). At the moment of this research, it was not possible 
for communities to receive revenues for renewable energy produced by small to 
medium sized distributed generation. 
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Representatives of the communities involved in Community Power formulated their 
own community-logic (M14,IR6). This community-logic consisted of ve core 
principles: local benet, democracy and cooperation, clean energy, fair prices, and 
resilience (IR6,M12,14). Here the community-logic will be described using the seven 
characteristics identied in Section 2.3.2. Community Power was driven by multiple 
values, ranging from realising local nancial revenues from renewable energy 
generation, sustainability, democratization of the energy system, community ownership 
of energy generation, local employment, and increasing independence (IR1-
6,M3,4,7,13-15). In terms of ownership the intention was that Community Power, 
currently owned by Templederry Wind Farm, and future energy generation resources 
will be co-owned by participating energy cooperatives and citizens, spread over Ireland 
(IR6,M5,14). In terms of governance, Community Power was operated similar to a 
commercial entity, in which the executive board consists of representatives from the 
participating energy cooperatives (IR6,M14). Democratic decision making and 
transparency were considered as guiding principles behind the development of the 
governance structure (IR6,M14). In terms of distributing benets, the general idea was 
that this should be done in a transparent way and that dividends should reect the 
investments and risks taken by individual community members (IR3,5). One of the core 
principles was fair prices, which basically means that energy prices should reect costs 
of energy generation, overhead costs, and a share to be re-invested in community 
projects, which should eventually lead to lower energy prices for all members (IR1). At 
the moment of the research, representatives of the participating communities were 
engaged through monthly meetings in which business models, governance and 
ownership structures, rules and contracts were developed (IR1-3,6,M5,7). Each 
individual community was in turn responsible for engaging their own community 
members, to develop a customer base for Community Power (IR6). In terms of 
inclusiveness, all citizens from Ireland potentially could become members of 
Community Power, including the ones that were not a member of a participating energy 
community (IR6). The necessary shift to becoming a large-scale national supply 
company resulted in a focus on realising energy generation that matched not with local, 
but with total customer demand (IR6). 

2.4.3.2 Virtual Power Plant 
The DER portfolio of cVPP Ireland or Community Power, included three hydropower 
generators (ranging from 50-120 kW). The aim was to expand Community Power's 
DER portfolio by identifying community owned renewable energy generation and by 
developing two 250 kW solar roofs on municipal buildings and a 4 MW solar farm 
(IR2,5,M14). Electricity generated by Templederry Wind Farm was not yet part of the 
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DER portfolio of Community Power because of an ongoing fteen-year contract with 
a third party energy supplier, which was required for receiving guaranteed prices for the 
generated energy (IR3). After this contract expires the energy generated by the wind 
farm will be sold through Community Power (IR3). In the short term it was not foreseen 
that energy storage systems and controllable loads would be part of the DER portfolio 
(IR6). 

In terms of control architecture Community Power can be considered as a centralised 
controlled cVPP: one centralised ‘billing system’ was responsible for coordinating 
customer demand and energy generation and for communicating with the energy 
market (IR6). However, the DER portfolio was not actively controlled. Instead, supply 
was matched with customer demand by trading energy on the electricity market (IR2,6). 
In line with motivations of the local energy cooperatives to become more energy 
independent in the future, the control architecture might evolve into a decentralised 
controlled cVPP, in which local communities will administer and manage their own 
energy requirements locally as a ‘satellite’ of Community Power (IR4,6). 

In terms of roles in the energy system, the main objective of Community Power was to 
become a national community owned energy supplier, which supplies energy to its 
members and sells excess of energy on the energy market (IR1-4,6,M14). In addition, 
CRES already acted as a facilitator by bringing together the different communities in 
Community Power and by supporting and encouraging communities to develop both 
collective and local energy generation projects (IR2,5,6). The different communities 
involved also acted as facilitators within their own local communities by providing 
advice and guidance in projects related to retrotting, renewable energy generation, 
and/or energy monitoring (IR6,M7,13,15). As part of the cVPP project, Community 
Power will explore the aggregator role by testing potential grid services that could be 
provided to the DSO (M14,15). Tipperary Energy Agency (TEA), one of the close 
partners of Community Power furthermore aimed to facilitate smart meter rollout and 
energy monitoring services which could be considered as part of the ESCo role (M15). 
The green circle in Figure 2.6 shows the roles Community Power aimed to play in the 
energy system by 2025. 
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Figure 2.6: The envisaged roles in the energy system of Community Power (green circle) by the year 2025, 
adapted from (Klaassen and Van der Laan, 2019). 

Figures 2.7, 2.8, and 2.9 respectively show the different cVPP attributes present in the 
cVPP Loenen, EnerGent and Community Power. Green attributes were already 
present, blue attributes are either being tested or developed within the cVPP project, 
black attributes are out of scope, and red attributes were aimed for but turned out to be 
problematic due to constraints in light of the incumbent energy system. 

 
Figure 2.7: Attributes of cVPP Loenen that are present (green), under development (blue), problematic (red) 
and absent (black). 
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Figure 2.8: Attributes of EnerGent that are present (green), under development (blue), problematic (red) and 
absent (black). 

 
Figure 2.9: Attributes of Community Power that are present (green), under development (blue), problematic 
(red) and absent (black). 

2.5 Discussion 
The application of the cVPP conceptualisation showed that the cVPPs challenged the 
way the incumbent energy system operates. For instance, originally all three cVPPs 
envisaged to decentralize and decarbonize the energy system by enabling local 
renewable energy generation in combination with local supply or trade. Furthermore, 
all three cVPPs aimed for democratising the energy system by increasing community’ 
ownership, benets, engagement, and involvement in governance and decision making. 
They, however, did this on different scales. While cVPP Loenen explicitly focused on 
the scale of their own community, both Community Power and EnerGent aimed for 
democratization on a national scale by respectively becoming a national energy supplier 
to enable all Irish communities to generate and trade energy and by developing an open-
source cVPP to strengthen the cooperative energy sector as a whole. 



50   |   Chapter 2
 

 

At the same time, the previous section also showed that the cVPPs did not just challenge 
the system, but were also constrained and guided (but not determined) by the socio-
technical regime, a semi-coherent set of rules and institutions governing the electricity 
regime (Geels, 2004). Despite increasing support for renewable energy, the incumbent 
socio-technical regime still acted as a selection environment that favours innovations 
that t in the centralised, large-scale and supply-side oriented energy system (Mourik et 
al., 2020; Smith and Raven, 2012). For instance, to trade energy in existing energy 
markets, one has to be of a minimum size, operate on a national scale, and meet high 
technological and administrative requirements, while peer-to-peer energy trading is 
prohibited (Mourik et al., 2020). This forced the three cVPPs, who originally aimed to 
generate, manage, trade and consume electricity on the scale of their local community, 
to both conform to existing market rules and operate on a larger scale, presumably in 
collaboration with incumbent system stakeholders, to ensure large enough trading 
volumes to allow for market participation (Mourik et al., 2020). 

These issues highlight a potential drawback of the USEF role model: it reects the 
necessary roles that need to be played to survive in the incumbent centralised energy 
system, and not the roles originally wished for by the three communities. Fullment of 
the latter ones, would not allow communities to play any signicant role and could lead 
to the termination of their (non-bankable) energy initiatives. In the short term, it can be 
expected that there will be no radical changes to the way the (still) centralised (but slowly 
changing) energy system is organised. In the long term, however, and taking into 
account current dynamics, one could expect that the energy system will be organised 
differently, maybe allowing communities more space to play their envisaged roles. 
Methodologically, this may require the cVPP conceptualisation, especially the potential 
roles communities can play in the energy system, to be updated. 

In addition, rather than using exibility to optimise self-consumption and to provide 
community values, the three cVPPs, in line with VPPs, needed to comply with existing 
rules, which meant that they shift away from local trading and maximising self-
consumption towards supporting the integration of DER in the incumbent centralised 
energy system. For instance, EnerGent and cVPP Loenen explicitly focused on 
supporting the integration of an increasing amount of distributed generation on the grid 
by adding storage and increasing control and coordination over DER, while Community 
Power aimed for integrating renewable energy generation in the existing wholesale 
energy markets. This showed a shift from a focus on a plurality of community values 
towards nancial values in return for delivering services to the TSO and DSO in the 
form of grid balancing, or to third party suppliers for portfolio optimisation (Mourik et 
al., 2020). It remains unclear what the potential impacts of different cVPPs might be on 
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the electricity grid in terms of integration of DER and (reducing) potential 
infrastructural risks. 

Furthermore, because the DER portfolios of both cVPP Loenen and EnerGent 
included domestic DER besides collective energy generation, it was benecial to make 
use of a control architecture that combined distributed and centralised control. The 
distributed control allowed for both fast responses and for coordinating a large number 
of DER because it limits the amount of data to be transferred towards the central 
control unit (Asmus, 2010; Strickland et al., 2016). Centralised control enabled 
coordination between DER to act as one large entity in line with the incumbent 
centralised energy system, which allowed for the provision of grid services and 
participation in the energy market. In contrast, in Ireland, there was a relatively low 
number of DER connected to the grid as a result of lack of support for microgeneration, 
making distributed control redundant. In addition, the absence of DER reduced the 
possibilities for local balancing and grid services on the level of the distribution network. 
Instead, Community Power focused on aggregating a relatively lower number of larger 
scale energy generators to enable participation in the energy market. This indicates that 
the availability of different renewable energy sources, as a result of different support 
measures, had impacts on both control architectures and roles. 

Family Resemblance provides a useful way of thinking about cVPP, which allowed for 
developing a exible cVPP conceptualisation that includes the large variety of cVPPs 
congurations possible. A limitation of the research design of this paper, however, is 
that the exible cVPP denition was only applied to three cVPPs, which were in 
development and did not cover the full spectrum of cVPPs possible. It can be expected 
that not all possible cVPP congurations will be in reach for communities in the near 
future, and that communities will limit themselves to only a small part of the cVPP 
spectrum. However, a larger diversity of cVPPs can be expected as a result of the EU 
Energy Directive (European Commission, 2019a), and because many existing initiatives 
have already installed the basic infrastructure for cVPP in the forms of DER portfolio 
and a cooperative organizational structure. Which is a good starting point for 
developing a cVPP, should this be the ambition of the communities. Furthermore, this 
exibility allows for further specication and alterations of the denition, for instance 
when new market roles are developed. It can also be adapted to be more useful for 
exploring the full diversity of community energy projects, for instance by replacing VPP 
elements with collective energy practices, which include promoting home energy 
practices (e.g. implementation of conservation measures or solar panels), developing 
collective energy generation and developing collective energy management (Verkade 
and Höffken, 2019). In addition, ‘community’ could also be further specied with 
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insights from debates in other elds. For instance, Parkhill et al. (2015) discusses three 
key concepts relevant for understanding the meaning of community: sense of 
community that arises from shared values and visions, participation in social action for 
the benet of the community and the presence of community resilience that enables 
communities to adapt to change and withstand external shocks. This research, however, 
did not extensively explore these micro dynamics within communities and instead stuck 
with the distinction between place- and interest-based communities, in line with 
common denitions of community energy (Klein and Coffey, 2016; Seyfang et al., 
2013). Furthermore, as this paper showed, the exibility of the cVPP denition also 
allows for comparing between different cVPPs operating in different contexts. This 
allows for evaluating whether communities can play different roles in the energy system, 
as dictated by the EU commission in the new EU Energy Directive (European 
Commission, 2019a), while still operating on their own community-logic rather than 
conforming to the logic dominant in the incumbent system. 

2.6 Conclusion 
This paper argued that instead of focusing on cVPP as a concept with fixed boundaries, 
its potential diversity in the ongoing energy transition needs to be acknowledged, which 
results from different choices made by different communities in response to varying 
(institutional) contexts. This way different ways in which communities can give 
substance to ‘Citizens Energy Community’ in line with the new EU energy directive can 
be identified (European Commission, 2019a). By mobilising Family Resemblance, the 
following cVPP conceptualisation was proposed: 

A portfolio of DER aggregated and coordinated by an ICT-based control system, 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. 

Applying this exible conceptualisation to real world cVPPs allows for comparison 
(Barrenechea and Castillo, 2018) and makes visible some currently underdeveloped 
aspects. For instance, it revealed a mutual relationship between context and cVPP. On 
the one hand institutional barriers inuenced cVPP designs, especially the scale on 
which they operate, the roles they play in the energy system, and the values they focus 
on. While on the other hand communities can use a specic cVPP design to overcome 
institutional barriers, as is shown by Community Power who used a VPP to enable 
citizens and communities to sell electricity. The impacts of the institutional context on 
cVPPs identied in this paper, which are more extensively discussed by (Mourik et al., 
2020), highlight some of the issues that need to be addressed by EU member states to 
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enable communities to act as Citizens Energy Communities, by means of cVPP, in line 
with the recent EU Energy Directive (recast) (European Commission, 2019a). 
Additional research is needed to further explore the institutional and other contextual 
barriers, ways in which these barriers can be addressed in different national contexts, 
their impacts on cVPP designs, and their upscaling potential (Walker, 2008), the 
strategies of communities to deal with these barriers, and how cVPP can potentially 
enlarge the roles communities play in the energy system. In addition, future research 
could focus on the different ways in which cVPPs challenge the incumbent energy 
system and how this relates to different (potential) transition pathways (Geels and Schot, 
2007). 

The combination of two promising areas (community energy and VPP) makes cVPP a 
promising area for future research. Specically, by focusing on aggregation as well as 
community logic, it might be able to take existing community energy initiatives to a 
greater scale and make them count, potentially contributing to a radical transformation 
of the energy system. However, if communities are forced to comply with the logic of 
the incumbent system, they might lose their distinctive community-logic, which is 
exactly what makes them promising seedbeds for grassroots innovations (Seyfang and 
Haxeltine, 2012), developers and promotors of sustainable (collective) energy practices 
(Goulden et al., 2018; Skjølsvold et al., 2015; Verkade and Höffken, 2019), vehicles for 
public awareness and social acceptance (Dóci et al., 2015; Hoffman and High-Pippert, 
2010; Seyfang et al., 2013; Süsser and Kannen, 2017), and drivers for a more just and 
democratic energy system (Jenkins et al., 2016; Milchram et al., 2018; Powells and Fell, 
2019; Sovacool and Dworkin, 2015; Van Veelen, 2018). To create a truly level playing 
eld for Citizens Energy Communities and to unlock their full potential in 
decarbonising and democratising the energy system, it is essential that policy makers of 
EU member states acknowledge and appreciate the distinctive nature of cVPPs and 
other community-based energy initiatives. 
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ABSTRACT 

Increasingly, energy communities engage in smart grid experiments to explore new ways 
to collectively generate, consume, store, manage, and trade energy. Transition literature 
puts forward that replication of such experiments is essential for socio-technical 
transformation. However, in practice, many experiments remain rather isolated events 
that fail to contribute to sustainability transitions. Moreover, while the literature points 
to the importance of replication, there is little attention to how replication occurs in 
practice and on the perspectives of actors involved. This paper reports on action 
research done with Dutch and Flemish energy communities on what replication of 
community-based Virtual Power Plant (cVPP) experiments mean in practice and how 
this replication can be advanced. In line with literature, the energy communities 
considered replication of cVPP as an iterative and multi-dimensional process that 
includes collective exploration of meaning, searching for necessary resources, building 
competencies, and implementation of the necessary technological building blocks. In 
light of identified challenges, the energy communities articulated two strategies, both 
aimed at collaboration with similar initiatives to pool resources (including shared digital 
technology). This was considered a viable strategy to confront the current context that 
is characterised by (institutional) uncertainty and ambiguity. Although the literature 
distinguishes between growth and replication of experiments, the identified strategies 
show that this distinction is less clear in practice. ‘Pure’ replication was not considered 
as the way forward. Rather, it appears that combining replication and growth processes 
provides opportunities for wider diffusion of the cVPP concept beyond the few 
resourceful frontrunner energy communities. 
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3.1 Introduction 
Community-driven energy initiatives receive a lot of attention as potential drivers of the 
energy transition (Dóci et al., 2015). These initiatives are often referred to as 
‘community energy’, which is defined as “projects where communities (of place or of interest) 
exhibit a high degree of ownership and control of the energy project, as well as benefiting collectively from 
the outcomes (either energy-saving or revenue-generation)” (p. 978) (Seyfang et al., 2013, p. 978). 
Most of these energy communities have originally been involved in energy conservation 
and generation (Verkade and Höffken, 2019). Recently, however, several frontrunner 
energy communities have become involved in smart grid experiments in which they 
explore innovative ways to manage, store, and distribute renewable energy (RE). These 
communities increasingly mobilise novel digital systems to manage energy demand and 
supply to meet their own needs and values (Gui and MacGill, 2018; Kloppenburg and 
Boekelo, 2019b). This paper focuses on the experimental example type of the 
community-based Virtual Power Plant (cVPP) (Van Summeren et al., 2021, 2020). A 
cVPP can enable citizens and communities to adopt a more active role in the energy 
system by not only consuming and generating electricity but also by providing demand-
side flexibility, which is needed to balance demand and supply within the capacity of the 
electricity grid in an increasingly renewable-based energy system (Klaassen and Van der 
Laan, 2019; Koirala et al., 2016). By aggregating and coordinating distributed energy 
resources (DER) utilising digital technology, a cVPP can mimic the functions and scale 
of conventional power plants. As such it potentially enables energy communities to 
trade energy and flexibility on energy markets, which historically have favoured 
conventional fossil-fuel based power plants. This is clearly visible in the high 
requirements that need to be met to trade on energy markets and the management of 
energy demand and supply which is done at the transmission network level (Hall and 
Roelich, 2016; Mourik et al., 2020).  

A cVPP can be seen as a grassroots experiment in the context of sustainability 
transitions, as it allows for bottom-up, inclusive, practice-based and challenge-led 
experimentation with novel socio-technical configurations to promote system 
innovation (Sengers et al., 2019). Many experiments are taking place across Europe and 
many fields, often in the form of pilots that are funded by R&D programmes like 
Interreg or Horizon2020. However, these experiments often remain isolated, fail to 
diffuse, and tend to have minor impact on incumbent regimes (Hoogma et al., 2002; 
Sengers et al., 2021). This raises the question among policymakers and researchers about 
how to increase the experiments’ impact beyond their temporal and geographical 
boundaries and in a way that contributes to regime shifts (Sengers et al., 2021; van 
Winden and van den Buuse, 2017).  
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Sustainability transitions literature stresses the importance of sequences of (replicated) 
socio-technical experiments in transitions (Geels and Schot, 2007; Kemp et al., 1998; 
Smith and Raven, 2012; Van den Bosch, 2010). An in-depth understanding of 
replication processes, however, is missing (Sengers et al., 2021; von Wirth et al., 2019). 
Discussions on the replication of experiments are mostly highly theoretical. There is 
little attention on how replication of experiments occurs in practice and on the 
perspectives and ambitions of the actors actually involved in experimentation (Sengers 
et al., 2021; Van den Bosch and Rotmans, 2008; von Wirth et al., 2019). This is 
particularly an issue in the context of grassroots initiatives, which in many cases do not 
strive for growth, diffusion, or system change, but merely aim for the development of 
local solutions to local problems (Hargreaves et al., 2013; Ruggiero et al., 2018; Seyfang 
et al., 2014). More recent research shows that the experiments’ geographical rootedness 
and focus on community values hinder their diffusion into new contexts (Seyfang et al., 
2014; Seyfang and Smith, 2007).  

Using the example of cVPP, this paper takes a bottom-up approach and an action 
research perspective to demonstrate how those involved in experiments assess chances 
and conditions for developing new cVPP sites, referred to in the Sustainability 
Transitions literature as replication. This study thereby complements earlier theoretical 
work on socio-technical experiments within this field. This paper addresses the 
following research question:  

What does replication of cVPP experiments mean in practice, based on insights from the energy 
communities involved? 

The authors of this study actively intervened in practice to encourage and support 
experimentation by and for energy communities. By giving the perspective of energy 
communities a central place, this research responds to the call to be sensitive and 
respectful to the diverse and distinctive nature of community energy when studying 
diffusion and replication processes (Hargreaves et al., 2013; Ruggiero et al., 2018; 
Seyfang et al., 2014; Seyfang and Smith, 2007). This allows for future diffusion 
interventions that contribute to rather than undermine their agenda.  

Section 3.2 starts with discussing background literature. Section 3.3 discusses the 
research methodology of this study. This is followed by presenting the empirical results 
in Section 3.4. Section 3.5 discusses the results and compares findings with Sustainability 
Transitions literature. Finally, Section 3.6 answers the research question central to this 
study. 
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3.2 Literature review 
This section provides a brief overview of background literature on replication of socio-
technical experiments and how this contributes to the emergence of niches and regime 
shifts.  

In the context of transitions, a socio-technical experiment is conceptualised as “an 
inclusive, practice-based and challenge-led initiative designed to promote system innovation through social 
learning under conditions of uncertainty and ambiguity” (p.161) (Sengers et al., 2019, p. 161). 
These experiments allow for developing, testing, and learning from novel socio-
technical configurations to meet societal needs in different, often more sustainable ways 
(Geels and Raven, 2006; Rip and Kemp, 1998; Seyfang and Smith, 2007). As such, 
experiments are considered to be seeds of change that could eventually contribute to 
regime shifts (Sengers et al., 2019). This requires growth and replication (Naber et al., 
2017; Sengers et al., 2021; Van den Bosch, 2010), which are also referred to as horizontal 
scaling-up (van Doren et al., 2018), outscaling (Hermans et al., 2016) or pushed scaling 
(Wigboldus et al., 2016). Growth refers to expansion in terms of content, spatial scale, 
activity, market demand, or actors involved (e.g. participants or partners) within an 
ongoing experiment (Naber et al., 2017; van Doren et al., 2018; van Winden and van 
den Buuse, 2017; von Wirth et al., 2019). In contrast to growth, replication concerns 
the increase in the number of experiments. Replication is not about duplicating or 
repeating the exact same experiment in a different context. Rather it is about building 
on lessons learned in previous experiments and about reproducing, reapplying, or 
translating elements (e.g. culture, practice, (infra)structure) into different contexts 
and/or domains (Boyer, 2018; Hermans et al., 2016; Naber et al., 2017; Seyfang and 
Longhurst, 2016; Van den Bosch, 2010; von Wirth et al., 2019).  

Strategic Niche Management describes how socio-technical experiments provide 
platforms to learn from the application of an innovation in various contexts and 
domains (Kemp et al., 1998; Schot and Geels, 2008). In these learning processes, 
intermediaries play a key role in accumulating and circulating the lessons learned and as 
such, they encourage and support the replication of socio-technical experiments (Geels 
and Deuten, 2006; Hargreaves et al., 2013). Next to learning processes, experiments also 
create platforms for the alignment of expectations and emergence of broad and 
resourceful networks (Kemp et al., 1998; Kern et al., 2015; Van den Bosch, 2010). 
Through these processes, sequences of replicated local experiments build on each other 
and over time they together shape a socio-technical niche (Fontes et al., 2016; Meelen 
et al., 2019; Sengers and Raven, 2015). In turn, this emerging niche, which consists of 
increasingly aligned expectations and shared cognitive rules, provides further direction 
for the replication of experiments, technological development, and learning processes 



60   |   Chapter 3
 

 

(Geels and Deuten, 2006; Raven et al., 2011; Raven and Geels, 2010; Schot and Geels, 
2008). Once niches become more robust and mature, they can break through and 
become part of the socio-technical regime. Besides experimentation and the emergence 
of a niche, this also requires efforts aimed at institutional change (Naber et al., 2017), 
which is often referred to as niche empowerment (Smith and Raven, 2012; Verhees et 
al., 2013), institutional work (Lawrence and Suddaby, 2006), institutional 
entrepreneurship (Garud et al., 2007), or pulled scaling (Wigboldus et al., 2016). 

The conceptualisation of replication processes described above provides hardly any 
detail on how replication occurs. This paper aims to contribute to a better understanding 
of replication dynamics. Based on empirical data collected from six energy communities, 
replication strategies are discussed as a contribution to start addressing this gap in the 
Sustainability Transitions literature.  

3.3 Research methodology  
In order to explore what replication of cVPP means in practice according to the energy 
communities involved, this study adopted an action research approach. One major 
advantage of action research is that it allows for producing knowledge together with 
practitioners that is directly relevant to them (Lune and Berg, 2017; Sovacool et al., 
2018). This was also the case in this study, in which the researchers acted as 
intermediaries by accumulating knowledge and lessons learned from cVPP experiments 
and using this for supporting Dutch and Flemish (Belgian) energy communities in their 
exploration of the possibilities for developing their own cVPP site. By adopting an 
action-oriented transformation approach, this study responded to the call to 
acknowledge alternative roles of researchers and to engage in collaborative, reflexive, 
adaptive, and impact-oriented research to not only learn about, but also contribute to 
solutions for the climate challenge (Fazey et al., 2018).  

This research was part of the Interreg NWE funded cVPP project (588). The first aim 
of the project was for three energy communities (Energy Cooperative Loenen, 
EnerGent, and Community Power) to develop the cVPP concept and implement it in 
three different contexts (Van Summeren et al., 2021, 2020). The second aim was to 
develop a ‘Mobilisation and Replication’ (MoRe) model based on these experiences in 
order to inspire and support energy communities in replicating cVPP into their own 
local context. The MoRe model is elaborated further below in section 3.3.2. As 
discussed above in Section 3.2, replication of socio-technical experiments in various 
contexts contributes to niche development, which is a prerequisite for sustainability 
transitions to take place. The implementation of new cVPP sites by energy communities 
across different contexts is understood as replication of socio-technical experiments, as 



3

Replication of community-driven smart grid experiments   |   61   
 

 

these projects aim to develop system innovations in light of societal challenges and build 
on lessons learned of their predecessors. The MoRe model was tested with interested 
energy communities (Breukers et al., 2020).  

The cVPP concept is, however, only just emerging and faces many institutional barriers 
(Mourik et al., 2020; Van Summeren et al., 2021). This means that the involved energy 
communities do not intend to replicate a successful and crystalized concept that has 
proved its value in practice. Rather, replication in the context of this study refers to 
energy communities that continue experimentation with the cVPP concept, following 
the example of EnerGent and Energy Cooperative Loenen. The explicit focus on 
replication was included in the project proposal to meet the requirements of achieving 
long-term impacts. It thereby provided broad and exclusive opportunities for studying 
processes aimed at replication in real life and from ‘within’.  

The following sections respectively present the selection of energy communities that 
participated in this study (from here on referred to as ‘replicating communities’), the 
intervention, data collection, data analysis, and limitations. 

3.3.1 Selection of replicating communities 
The replicating communities were selected via a competition for the best idea for 
developing a cVPP, organised by partners of the cVPP project. The jury consisted of 
cVPP project partners (including the authors of this paper) and other experts on the 
energy transition. The selection criteria used to evaluate the Dutch proposals were: 
collaboration/community, the extent to which plans are realistic, and scalability and 
replicability. The selection criteria used in Flanders consisted of the following elements: 
community, community goals in relation to the energy transition, means to reach these 
goals, purpose of the prize money, and the match of the community goals with the aims 
of the cVPP project. Participation was restricted to energy communities located in the 
Province of Antwerp (Flanders) and the Municipality of Apeldoorn (Netherlands). The 
rewards for the winning communities consisted of a small sum of money (up to €2.000) 
and support from the action researchers during several workshops. Before submitting 
their proposals, interested communities were invited to a series of workshops to make 
them familiar with the cVPP concept (for an overview see (Groen et al., 2020)).  

Respectively four and eight energy communities applied to the Dutch and Flemish 
competitions. The best three proposals were selected in each of the two countries (see 
Table 3.1 for an overview of the winning communities).  
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Table 3.1: Overview of replicating communities that participated in this study 
Country Replicating 

community 
Reference 
in text [x] 

Description  

Flanders / 
Belgium 

Gumm 
cohousing 

G Gumm cohousing is a group consisting of 30 members 
living in 23 homes and several common living areas. 
The cohousing group wants to explore how energy 
management by means of cVPP can contribute to a 
climate-neutral way of living.  

Flanders / 
Belgium 

ZuidtrAnt 
cvba-so 

Z ZuidtrAnt is an energy cooperative from the southern 
area of Antwerp. The aim of the cooperative is to 
finance sustainable energy projects to support the 
transition from a carbon-based towards a low-carbon 
society. They aim to set up a cVPP project in one street 
(Stalinsstraat) in a district of Antwerp: Deurne. 

Flanders / 
Belgium 

Klimaan K Klimaan is a cooperative from the region of Mechelen 
that aims to develop sustainable projects concerning 
four ‘commons’: earth, air, water, and energy. In the 
cVPP project, the working group focusing on energy 
aims to set up a cVPP project together with schools 
and community members in Mechelen. 

The 
Netherlands 

Homerus 
Energiek 

H Homerus Energiek is a neighbourhood initiative aimed 
at making their street (Homerusstraat) more 
sustainable. This street of 67 houses is situated in the 
city of Apeldoorn. Their cVPP-project is called MOOS, 
which is a Dutch acronym that stands for conservation, 
generation, storage, and a collective approach. The aim 
is to become more self-sustaining in the future. 

The 
Netherlands 

Zon op K&N KN Zon op K&N is an energy cooperative located in the 
neighbourhoods Kerschoten and De Naald in the city 
of Apeldoorn. They cover an area that houses 
approximately 10.000 households. Several members of 
the energy cooperative Zon op K&N want to set up a 
cVPP project called ‘K&N, Onze Energy’ (Our energy) 
to increase self-sufficiency in terms of energy. 

The 
Netherlands 

Warenargaarde W Warenargaarde is a group of 167 social housing 
apartments in the neighbourhood ‘de Maten’ in the city 
of Apeldoorn. The tenants’ committee wants to set up 
a cVPP test project to investigate the extent to which 
the electricity demand of the electrical boilers can be 
matched with the supply of solar PV.  

 

3.3.2 The intervention 
The intervention, central to the action research approach, built on the MoRe model and 
consisted of several workshops with representatives of the six selected replicating 
communities (see Appendix A for an overview). For each replicating community, at 
least one (but in most cases several) of the representatives participated in all workshops. 
This model offers a systemic and structured approach to support energy communities 
to find out what cVPP is, how it could contribute to community goals, what such a 
cVPP would look like, and how it could be realised (first steps and actions) considering 
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the context specific challenges and opportunities. The approach consisted of a step-
wise approach in order to enable the participants to get a better grip on and to feel 
capable to discuss the complexities involved in an innovation such as cVPP.  

A key element of the intervention is an interactive backcasting approach (Breukers et 
al., 2014; Dreborg, 1996; Robinson, 2003). Backcasting focuses on desirable futures 
rather than likely ones. It is explicitly normative and involves looking backwards from 
a desirable future vision to the present in order to assess the feasibility of the vision and 
to get ideas on the needed steps to reach that future vision (Robinson, 1982). Unlike 
forecasting, which develops scenarios based on current dominant trends, backcasting 
attempts to challenge dominant discourses. An advantage of this approach is that it 
shifts attention away from institutional barriers and uncertainties, which likely would 
have felt overwhelming by the participants. This interactive backcasting approach 
consisted of three main steps, which are visualised in Figure 3.1 and discussed below.  

 

 
Figure 3.1: Main steps of the intervention, based on the MoRe model (Breukers et al., 2020) 

3.3.2.1 Step 1.1 & 1.2: Replication cVPP as a reconfiguration process 
In line with Sustainability Transitions literature (Geels and Raven, 2006; Rip and Kemp, 
1998; Seyfang and Smith, 2007), the MoRe model conceptualised replication (setting of 
new cVPP sites) as a reconfiguration process from the existing community energy initiative 
towards a new socio-technical configuration, which includes or is the cVPP (see Figure 
3.2). Understanding replication as a reconfiguration process emphasizes that socio-
technical experiments are not developed in a vacuum, but instead are heavily influenced 
by their (local) contexts and build on what is already there: the existing community 
energy initiative, technology, infrastructures, and resources. Lune and Berg (2017) 
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stressed the importance of considering contextual conditions and historical legacy when 
undertaking action research. The reapplication and local embedding of innovations in 
various contexts are not only crucial for creating ‘configurations that work’ (Rip and 
Kemp, 1998), but also for enabling learning processes and niche development (Van den 
Bosch, 2010).  

 
Figure 3.2: Replication of socio-technical experiments is understood as a process of reconfiguration on various 
socio-technical dimensions. 

Together with the replicating communities, the researchers started with describing the 
current configurations, e.g. the starting situation of the initiative in terms of the socio-
technical dimensions (see Figure 3.2). A list of questions was developed to specify what 
information was required regarding these dimensions (see Appendix B). Secondly, the 
replicating communities were asked to describe community values (economical, 
environmental, and social), translate them into goals, and identify which activities 
enabled by cVPP could help achieve these goals. A distinction was made between goals 
and related activities at the levels of households, the community, the distribution 
network, and the transmission network. Through this step, the replicating communities 
identified what the cVPP would be supposed to do, e.g. through which activities the 
cVPP could contribute to which goals. For this step, the ‘Goals and Activities tool’ of 
the MoRe model was used (Breukers et al., 2020). Thirdly, the researchers made a first 
sketch of the future configuration based on the identified goals and activities, a group 
discussion, and input from the replicating communities. This showed what a cVPP 
would look like in terms of the socio-technical dimensions. 
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The Dutch workshops differed from the Flemish in several ways. First, step one was 
already done in a ‘light’ version with the Dutch replicating communities before the 
competition. Instead of repeating these steps, energy ambassadors who supported the 
Dutch initiatives provided the input needed for describing the current and future 
configurations and for identifying most relevant activities. Secondly, the Dutch 
replicating communities differed from the Flemish in terms of needs and expectations, 
resulting in slightly alternated approaches for two communities: Zon op K&N and 
Warenargaarde. Appendix A provides an overview of the workshops.  

3.3.2.2 Step 2: Looking back 
Based on the input of the participants and the resulting overviews of current and future 
configurations, the researchers wrote a story about the future cVPP configuration. This 
story formed the basis of the backcasting exercise to identify key steps towards this 
desired future. In this exercise, the participants identified challenges and opportunities 
in the short term, and imagined how they could overcome difficulties, exploit 
opportunities, and from whom they would need help.  

3.3.2.3 Step 3: Identifying first steps towards cVPP 
The researchers used feedback on the stories and input during the backcasting exercise 
to develop a timeline that describes most important steps towards successful replication 
of cVPP, with emphasis on the first few years. Participants were then invited to respond, 
e.g. to propose changes, identify the most important questions and challenges that 
needed to be addressed, the actions needed in the short and medium-term, and from 
which actors they would need support.  

The intervention described above shows that findings are based on plans and strategies, 
i.e., intended behaviours, rather than on their actual replication efforts. Yet, considering 
the research question posed, the approach taken is highly suitable. The analysis is based 
on what the representatives of the various replicating community considered to be 
important in the short, middle, and longer-term – thereby providing their perspective 
on feasible cVPP development. These ideas were co-produced in a systematic way using 
the approach set out above and focused on contexts that the participants were highly 
knowledgeable about. The combination of both a systematic approach that reckons with 
the systemic nature of socio-technical innovations as well as the situatedness of the ideas 
and solutions brought forward by participants is likely to result in well-considered 
strategies and enhanced clarity of the challenges that these types of initiatives see 
themselves confronted with. As such, this type of ex-ante research provides insight in 
the current challenges as well as insight in how they can be overcome. 
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3.3.3 Data collection 
Through the whole process, data was generated and collected in several ways. First, 
replicating communities provided input on several occasions and in different forms, 
ranging from their proposal to develop cVPP as part of the competition, filled tables 
describing current and future configurations and questionnaires, and their inputs during 
the workshops. Secondly, the researchers made notes of the conversations during 
workshops, which were complemented by more extensive minutes made by a note-taker 
(based on audio recordings). This input included responses to the stories and timelines, 
identification of challenges and uncertainties, and the envisaged steps of community 
representatives towards replicating cVPP.  

3.3.4 Data analysis 
Already during the intervention, the researchers and participants engaged in discussions 
and brainstorms to collectively explore what it means to develop a new cVPP site. This 
was followed by an inductive approach to analyse the collected data (e.g. the 
configuration tables, stories, feedback, minutes, notes) with an explicit focus on 
searching for the perspectives of participants on what it means to develop a cVPP and 
how they believe it can best be achieved. For the inductive approach, the software tool 
NVivo 12 Pro (QSR International Pty Ltd., 2018) was used to code and categorise all 
data. This consisted of three main steps. First, initial (or open) coding was used to split 
data into discrete parts, to which a code was assigned to describe what a specific piece 
of text is about (Saldaña, 2016). Secondly, concept coding was used to categorise the 
initial codes in emerging categories (Saldaña, 2016), which in the case of ‘Creating value 
for the community’ overlapped with one of the steps of the intervention. Thirdly, key 
themes were identified by exploring interlinkages between different categories, which 
were used to structure the results of the empirical results (Section 3.4). For validation, 
these key themes (and categories) were discussed and adapted.  

3.3.5 Limitations of the research approach  
A first limitation was that due to the Covid-19 pandemic, the researchers were not able 
to have physical meetings as part of the backcasting trajectory – except for the first 
Flemish workshop. Instead, online meetings and workshops were organised. This 
limited the possibilities for live co-creation of visions, stories, and timelines by 
participants themselves. Instead, the researchers created these based on participant 
inputs, after which these were presented to and commented on by the participants 
during the online sessions.  
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Secondly, the selected replicating communities varied in terms of cVPP-readiness as 
most of them were not ready for developing a new cVPP site (in the short term) because 
they lacked resources, knowledge, skills, and technologies. More experienced, 
knowledgeable, and resourceful energy communities might have proposed different 
views on how to develop cVPP.  

3.4 Results 
The results section contains three sub-sections, which respectively present what 
replication means according to energy communities and what challenges need to be 
overcome (3. 4.1), a summary of the replication challenges (3.4.2), and envisaged 
strategies to deal with them (3.4.3). The term ‘replicating communities’ refers to those 
energy community representatives that participated in the workshops, not to all 
community members.  

3.4.1 Replication as an iterative and multi-dimensional process  
According to the replicating communities, engaging in activities that lead to the 
configuration of their own cVPP entails much more than implementing an Energy 
Management System (EMS), which is the digital heart of the cVPP. Developing a new 
cVPP site was considered by the replicating communities as an iterative and multi-
dimensional process. Six dimensions or themes emerged from the coding process, 
which all related to challenges for replicating cVPP. These dimensions include the 
following: creating value for the community, building on or adding to ongoing projects, 
building on and implementing technological building blocks, engaging the wider 
community, searching for additional resources, and expanding the social network. These 
are discussed below following a ‘thematic structure’ that orders the results into themes 
that emerged from the coding process (Sovacool et al., 2018).  

3.4.1.1 Creating value for the community 
The replicating communities considered the creation of value for the community a 
critical dimension for initiating their own cVPP. They were driven by various ecological, 
economic and social values to be generated for both individual household and 
community levels. Values expressed by all communities [G,K,Z,H,KN,W] included 
ecological (decarbonisation) and local socio-economic values – translated into goals 
such as decreasing carbon emissions, increasing self-consumption of locally generated 
RE, and decreasing household energy bills.  

Most replicating communities showed a predominant interest in decarbonisation goals 
at the household and community levels. In some cases [G,H] the replicating 
communities were not familiar with nor knowledgeable about their potential role in 
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balancing the grid. Despite the ecological values of the replicating communities 
[G,H,KN,W], they showed little interest in activities directly related to lowering pressure 
on the electricity grid to support the integration of an increasing share of renewable 
energy. Instead, the replicating communities showed highest interest in increasing self-
consumption (both on community and household level), which was the next iterative 
step after having deployed renewable energy sources (RES) to increase generation. The 
communities [G,H,KN,W] understood (collective) self-consumption as a means to 
increase energy autonomy, contribute to a fair and inclusive energy transition, keep 
value within their community, lower energy bills, and lower pressure on the electricity 
grid, thereby also supporting the integration of RES. In other words, these replicating 
communities [G,H,KN,W] wanted to contribute to the transition to a low carbon 
energy system and wanted to lower their pressure on the electricity grid as understood 
from a community-level perspective rather than a systemic energy transition 
perspective. In contrast, the two other replicating communities [Z,K] explicitly wanted 
to explore business opportunities related to their potential contributions to ease the 
integration of RES in the wider electricity grid, e.g. by selling flexibility or by offering 
grid services to system operators. These replicating communities had a more systemic 
and externally oriented perspective and were already looking beyond their own 
communities for opportunities to also engage other communities. During the 
backcasting intervention, the other replicating communities [G,H,KN,W] also became 
more aware of their position within the whole energy system. 

The above indicates that no clear view of a dominant design of the cVPP with well-
defined functionalities resulted from the interventions. Uncertainties and increasing 
complexity, due to e.g. digitalisation, uncertainties regarding the phasing out of RE 
support schemes, and expected introduction of variable grid and energy tariffs, all made 
it challenging for the replicating communities to develop a view on how cVPP could 
provide value in the future, not only to their community but also to the wider energy 
system in the short, middle, and longer-term.  

3.4.1.2 Building on or adding to ongoing projects 
The second dimension refers to the way the replicating communities explored how 
cVPP could become part of, or build upon, already ongoing trajectories. For instance, 
two Flemish replicating communities were already involved in ongoing energy-related 
renovation projects [G,Z], one of them [G] explored if and how new energy 
technologies implemented as part of the renovation could in the future be controlled 
by an EMS. Next, two Dutch communities [H,KN] were confronted with trajectories 
to phase out the use of natural gas for domestic heating initiated by the Municipality of 
Apeldoorn (in line with national policies to phase out the use of natural gas for domestic 
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heating by the year 2050). Another community [Z] was interested in implementing solar 
PV, batteries, shared electric vehicles (EV), and an EMS as a follow-up to a renovation 
project. One of the Dutch communities [KN] envisaged (collective) heat pumps to 
become part of a future cVPP, so that they do not only replace gas-fired boilers but also 
provide the flexibility needed to increase (collective) self-consumption of locally 
generated RE. These examples show that the attractiveness of a cVPP experiment 
relates to the extent to which it could be a successor or add-on to other projects or 
initiatives within these replicating communities. This implies that cVPP was not seen as 
a stand-alone project, but rather as a means and/or iteration of earlier projects to 
achieve broader energy-related goals, such as the phasing out of natural gas for heating 
[H,KN] or to support an inclusive and fair energy transition [Z,K,KN,W] by enabling 
citizens who lack financial resources and/or a suitable roof for solar PV to participate 
in collective energy projects [Z,K].  

The interrelatedness of cVPP with other energy projects, however, created challenges 
related to increased complexity, as the replicating communities had to think about how 
to create meaningful interconnections and how to link cVPP to wider sustainability 
ambitions [Z,H,KN]. It also meant that the cVPP project would have to compete with 
other projects for scarce resources [G,Z,KN,H].  

3.4.1.3 Building on and implementing technological building blocks 
The technological dimension also showed the iterative nature of the replication process. 
Only with the technological building blocks for cVPP in place could the replicating 
communities develop their own cVPP or become part of an already existing cVPP (see 
also Section 3.4.3). These building blocks included an expanded portfolio of distributed 
energy resources (DER), digital meters, and in some cases an energy monitoring system. 
Building on existing technological building blocks highlights the iterative aspect of the 
process, in the sense that it involves rethinking the purposes of (already existing) 
technologies. For instance, technologies that were originally implemented to enable 
low-carbon travel (EVs) or generate renewable energy (solar PV), would become part 
of a larger configuration aimed at goals such as balancing demand and supply within the 
community. Without these technological building blocks, there would be no generation 
capacity nor flexibility and therefore no possibility for setting up a cVPP. The different 
replicating communities [G,Z,K,KN,H] all developed a view on what the generation, 
storage, self-consumption, energy monitoring and other distributive options could look 
like for their own community and how this could become a cVPP in due time. This 
view then enabled them to make choices for the short-term concerning the additional 
DER and to leave the option open to developing cVPP in the long term.  
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Such no-regret decisions included the purchase of heat pumps that could be remotely 
controlled [G,H]. It also made the replicating communities aware of having to negotiate 
additional fees with the manufacturer to ensure that appliances could be remotely 
controlled [G]. In the case of heat pumps, it involved an additional step: the need to 
insulate homes to make them suitable for (hybrid) heat pumps [H]. Next, becoming 
cVPP-ready included preparing the digital and electricity infrastructure for e.g. allowing 
future EV chargers to communicate with the EMS and to allow for two-way electricity 
flows between the charger and the electricity grid [G]. In addition, digital meters formed 
another building block for cVPPs; especially in many Flemish households these digital 
meters were not yet implemented [Z,K].  

The above shows that path-dependencies of previous choices might have created 
challenges for developing a cVPP, for example, if heat pumps were implemented that 
cannot be controlled by an EMS. Because of the absence of a clear business model, it 
is difficult to imagine which and how many technologies would be needed to become 
sufficiently ready for cVPP and what would be a sufficient scale for a viable business 
model.  

3.4.1.4 Engaging the wider community 
Engaging the community members in a potential cVPP project was seen by all 
communities as both a key element and a major challenge in their approach to 
developing a cVPP site. Four of the replicating communities [K,Z,KN,H] explicitly 
expressed their view on community engagement as an iterative process. As a start, 
community members would be further engaged in energy generation and monitoring 
activities to make them more aware of renewable energy generation and consumption 
patterns and volumes [K,Z,KN,H]. This was assumed to result in an increased interest 
in active engagement as ‘prosumers’. The participants of one community [Z] envisaged 
themselves as playing a role in unburdening community members by taking up 
responsibility on behalf of the community for developing and implementing a shared 
EV together with charging capability, shared solar PV, and an EMS. One replicating 
community [K] regarded the cVPP project trajectory as an opportunity to shift mindsets 
over time, to enable citizens to get a better grip on the complexities involved in the 
energy transition. The iterative cVPP trajectory was envisaged to empower themselves 
and citizens to take part in the energy transition – through building capabilities with 
replicating community members. In less explicit manners, other replicating 
communities also envisaged that the growing awareness of issues such as imbalances 
between demand and supply within the community would provide a good starting point 
for a community conversation about the challenges of the energy transition and how 
these imbalances could potentially be solved by energy management enabled by cVPP, 
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the value of demand-side flexibility, and what role citizens would like to play in the 
energy system (as part of their energy community) [K,Z,KN,H].  

The replicating communities identified several key challenges for community 
engagement in cVPP projects. First, difficulties in including citizens beyond the already 
involved group of initiators were mentioned, especially citizens with low incomes 
and/or without suitable roofs for solar PV [G,Z,K,KN,H]. In addition, the challenge 
of finding community members willing to invest time and energy as a volunteer or an 
ambassador was mentioned [K,KN,H]. Secondly, the long-term and complex character 
of cVPP projects was expected to present additional challenges for keeping community 
members engaged over a longer period [Z,K,KN]. Further challenges in widening 
participation included low awareness levels concerning the main difficulties of the 
energy transition and a lack of competencies, capabilities, mental capacity (related to the 
presence of multiple other daily concerns), and/or financial resources [G,Z,K,KN,H]. 
Thirdly, as discussed above, citizens were already engaged in various other energy 
projects ranging from renovations, cohousing, and trajectories to phase out natural gas 
for domestic heating [G,Z,KN,H]. Some replicating communities [G,Z,KN,H] worried 
that a cVPP project in addition to ongoing trajectories might be too much to ask for in 
terms of both financial and cognitive capacities. Finally, the ongoing Covid-19 crisis was 
experienced as a major barrier to organise physical meetings [KN,H]. For instance, one 
community [K] expected that the schools central to their community engagement 
approach would have little interest in joining a cVPP project because of the impacts of 
Covid-19 including closed schools and the switch to online teaching. All in all, the actual 
engagement of their own community members was something that all communities 
found challenging and this was exacerbated by the Covid-19 situation.  

3.4.1.5 Searching for additional resources 
The replicating communities stressed that for developing cVPP additional resources (i.e. 
knowledge, skills, financial resources and time) would be needed on top of what is 
needed for ‘conventional’ community energy projects that focus on RE generation, 
energy efficiency, and energy saving [G,Z,K,KN,H]. This was because of the high 
complexity, the absence of a dominant design and best practice examples, an 
unfavourable institutional context, and the long-term character of a cVPP project. In 
addition, (a lack of sufficient) available resources also had an impact on the ambition 
level of replicating communities, e.g. on whether they wanted to become part of an 
existing cVPP [G,KN,H], develop their own cVPP, outsource the development of the 
cVPP to an external party, or support other replicating communities in developing a 
cVPP [Z,K] (see also Section 3.4.3).  
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Regarding financial resources, the more conventional RE generation, energy efficiency, 
and energy saving projects could often be financed using a combination of community 
members’ financial resources and RE support schemes, which enabled viable business 
cases. However, the communities expected that the development of cVPP would 
require additional funding for implementing not only the EMS but also all technological 
building blocks: e.g. solar PV, heat pumps, EVs, EV chargers, and storage 
[G,Z,K,KN,H,W]. Not only the exact future technological configuration, but also the 
future financial benefits were uncertain, making it impossible to develop a viable 
business case. The replicating communities stressed that these investments would 
require external funding, e.g. through funding by EU subsidy programmes [Z,K,G,KN] 
or via other stakeholders such as the social housing association [W].  

In terms of knowledge and skills, communities expected that the development of cVPP 
would require experience with EU funded projects and knowledge and skills related to 
ICT, energy markets, energy policies, regulatory sandboxes (i.e., regulatory exceptions), 
sustainable energy technologies (e.g. heat pumps, storage), community engagement, the 
electricity grid (e.g. how it is currently managed and their impact on its stability), and 
novel energy management activities (e.g. congestion management, voltage control, 
energy sharing, and (collective) self-consumption) [G,Z,K,KN,H]. If certain knowledge 
or skills were absent (e.g. not yet developed in previous projects), additional financial 
resources would be required to hire external expertise. 

All six replicating communities stressed the importance of another key resource: time. 
They expected that developing cVPP would require considerable efforts of community 
members to participate in workshops, engage the community, acquire skills and 
expertise, secure funding, expand their network, and also to understand how the energy 
system is organised and how cVPP fits in all this. Two replicating communities [K,Z] 
stressed the need to professionalise and hire employees because they believed a 
community initiative that depends on volunteers will not be able to set up increasingly 
complex and time-intensive projects like cVPP. The need to professionalise is, however, 
expected to create an ‘identity crisis’[K] as it gives rise to tensions between the wish to 
stay a rather small community and volunteer driven initiative and the need to expand, 
become more professional, and hire employees. In line with this, one of the smaller 
replicating communities [KN] stressed that they would need someone like the initiator 
of cVPP Loenen; someone who has cVPP related expertise, a strong social network, 
and who could lead the project. One of the replicating communities [KN] observed that 
this shows the complexity of the project: the fact that it goes beyond what can be 
expected from volunteers and that the development and operation of cVPP requires a 
replicating community to become more professional. This shows how energy 
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communities iteratively adjust their community initiative according to what they learned 
previously and what is needed for ongoing and future projects. 

The above highlights an important challenge for the replicating communities: how to 
get sufficient resources for developing a cVPP (e.g. money, knowledge and expertise, 
time), while lacking a clear business case. One way to increase the resources available is 
through an expansion of the social network of the replicating communities.  

3.4.1.6 Expanding the social network 
The development of cVPP is expected to require collaboration with various actors, 
including those not yet present in the social networks of the replicating communities 
[G,Z,K,KN,H]. Which actors and collaborations are expected to be necessary depended 
strongly on the replicating communities’ envisaged role in developing cVPP, e.g. being 
a facilitator that develops cVPP on behalf of smaller communities [K,Z] or being 
facilitated by or connected to another energy community [G,KN,H] (see Section 3.4.3). 
In Flanders, an emerging network was visible of energy cooperatives and partners 
involved in earlier smart grid projects, including energy communities, an IT company 
(EnergieID), and a provider of (shared) EVs (Partago) [Z,K]. REScoop Flanders, a 
federation of Flemish energy communities, was considered a key hub in this network. 
However, one key stakeholder seemed to be missing in this network: the distribution 
system operator (DSO) (Fluvius). Replicating communities stressed that it is difficult to 
get the DSO on board with their envisaged and already ongoing smart grid projects 
[Z,K].  

In the Netherlands, a network was emerging of energy communities located in the 
region of Apeldoorn [KN,H]. This network included two larger energy communities: 
energy cooperative De A and energy cooperative Loenen. Two of the Dutch replicating 
communities [KN,H] were strongly linked to De A. The latter supported local 
community energy projects by local initiatives in various ways, e.g. by providing support 
regarding RE generation projects and communication. Where REScoop Flanders was 
seen as a central hub in the network in Flanders, the Dutch equivalent (EnergieSamen) 
was not yet considered a key actor in the network of the smaller Dutch replicating 
communities [KN,H,W]. It is, however, possible that EnergieSamen is a central hub in 
the network of the larger energy cooperatives that did not partake in this study: De A 
and Loenen. Furthermore, although the Dutch replicating communities [KN,H] were 
not yet in contact with their DSO (Liander), they expected that this would be relatively 
easy through already established personal contacts between community members and 
the DSO or through cVPP project partners like the municipality of Apeldoorn, energy 
cooperative Loenen, or Qirion, a subsidiary of the DSO.  
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The above revealed a challenge for the replicating communities. Namely, for 
successfully developing a cVPP, the relatively small and mostly volunteer-driven 
initiatives need to find a way to collaborate with resourceful actors like grid operators 
and IT developers.  

3.4.1.7 Similarities and differences in experienced replication challenges 
What do the dimensions identified by the communities imply for replication in practice? 
Replication is seen by all communities as a complex and uncertain process. All 
communities are confronted with numerous challenges and find it difficult to tackle 
these, especially when resources are lacking. Table 3.2 summarizes the perceived 
challenges for developing a new cVPP site for the six dimensions discussed above. 

While shared perspectives on challenges could be identified (Table 3.2), there were also 
notable differences in the scale at which solutions were discussed. Table 3.3 summarises 
how the replicating communities discussed the challenges related to the different 
themes and groups them into two different categories: internally and externally oriented 
energy communities. Two replicating communities [Z,K] stood out in terms of their 
ambitions and external orientation. They considered their future ‘overarching’ roles, 
which is also reflected by their perspectives on several other themes (e.g. attention for 
systemic-level values; engagement focus on the wider community; ambition to help 
develop smaller cVPPs; considering the need to professionalise), the others [G,H,KN] 
were more internally oriented and seeking instead for ways to get support by becoming 
part of larger cVPPs. Both areas of focus related to the perceived need to pool resources 
and collaborate in the face of the uncertainties and challenges presented.  
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Table 3.2: Overview of challenges for replicating cVPP, with quotes for illustration 
Dimension Replication challenges 
Creating value for 
the community 

The absence of a dominant design together with the complexity of the changing 
energy system, digitalisation, and the cVPP concept itself makes it challenging to 
understand how cVPP could provide value to the community and the wider 
energy system. 
 
“It is more complex than we thought. We started with separated and loosely defined ideas, 
which needed to crystalize into something more coherent and concrete. This required a learning 
process, which is still ongoing.”[G] 

Building on or 
adding to ongoing 
projects 

The cVPP concept adds complexity to existing projects by creating 
interconnections and by linking projects to wider sustainability ambitions.  
 
“The cVPP is part of the solution for realising our broader vision: a natural gas-free 
street.”[H] 

Building on and 
implementing 
technological 
building blocks 

It is difficult to estimate and reach the necessary technology-readiness level for 
cVPP (e.g. when are you sufficiently ready for cVPP?). It is difficult to define 
the scale of cVPP without a clear business case. Earlier choices might have 
resulted in path-dependencies that complicate or ease the choice for a particular 
cVPP configuration. 
 
“In the future, our community members might become interested in generating, storing, and 
sharing of renewable energy. To ensure that this will remain possible in the future, we need to 
be alert when making decisions in the short term. (…) We do not want to make impossible 
any energy-related activities in the future.”[G]  

Engaging the wider 
community 

It is challenging to engage a wide range of community members to enhance 
awareness and social learning within the community, due to a lack of resources 
on the side of both community members and project initiators, the fact that 
cVPP is still in an experimental phase and therefore lacks a dominant design and 
business case, and because of the long-term and complex nature of a cVPP 
project. 
 
“How can we engage people to become part of the project? Everyone will do this in their own 
pace and differs in terms of resources, how do we deal with this as an energy community?”[Z] 

Searching for 
additional resources 

The development of cVPP requires additional resources compared to generation 
and conservation projects (e.g. money, time, knowledge), while lacking a clear 
business case. A cVPP project must compete for resources with other 
community projects and activities.  
 
“Setting up a cVPP requires technological knowledge, marketing, legal support, education, 
communication, and employees. But this also provides an opportunity for the community to 
become more professional, to attract new members, and to build capacities among 
volunteers.”[K] 

Expanding the social 
network 

The development of cVPP requires collaboration with other (larger and more 
resourceful) actors (e.g. grid operators, IT developers). 
 
“Collaboration with the distribution grid operator would be beneficial but proved to be difficult 
to realise.”[Z]  
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Table 3.3: Overview of the scale on which replication challenges were discussed by replicating communities 
Replicating 
community 

Values and 
goals  

Building on 
or adding 
to ongoing 
projects 

Building on 
and 
implementing 
technological 
building blocks 

Engaging the 
wider 
community 

Searching for 
additional 
resources 

Expanding 
the social 
network 

In
te

rn
all

y 
or

ien
te

d 
en

er
gy

 c
om

m
un

iti
es

 

Gumm 
cohousing [G] 

Focus on 
community 
values  

Building on 
renovation 
and 
cohousing 
projects 

No-regret 
technology 
choices: ensure 
that DER can 
be controlled 
by a future 
EMS 

Not over asking 
the cohousing 
members  

Search for 
funding and 
external 
expertise 

Connect with 
local energy 
communities 

Homerus 
Energiek [H] 

Focus on 
community 
values 

Building on 
phasing-
out of 
natural gas 
trajectory 

No-regret 
technology 
choices: ensure 
that DER can 
be controlled 
by a future 
EMS 

Engaging the 
households in 
their street  

Wish to 
connect to and 
get support 
from other 
energy 
communities 

Connect with 
local energy 
communities 

Zon op K&N 
[KN] 

Focus on 
community 
values 

Build on 
phasing-
out of 
natural gas 
trajectory 

No-regret 
technology 
choices: ensure 
that DER can 
be controlled 
by a future 
EMS 

Engaging the 
wider 
neighbourhood  

Wish to 
connect to and 
get support 
from other 
energy 
communities 

Connect with 
local energy 
communities 

Warenargaarde 
[W] 

Focus on 
community 
values 

- Test project to 
explore how 
PV and electric 
boilers can be 
controlled by 
an EMS. 

Not yet 
engaging the 
tenants of the 
apartments 

Start discussion 
with social 
housing 
association 
(owner of 
apartments) 

Start 
discussion 
with social 
housing 
association 
(owner of 
apartments) 

E
xt

er
na

lly
 o

rie
nt

ed
 e

ne
rg

y 
co

m
m

un
iti

es
 

ZuidtrAnt 
cvba-so [Z] 

Focus on 
community 
and system 
values 

Building on 
previous 
renovation 
project 

No-regret 
technology 
choices: ensure 
that DER can 
be controlled 
by a future 
EMS 

Unburdening 
citizens 

Search for 
funding and 
professionalise 
as community 

Connect with 
DSO and 
other actors 
already 
involved in 
smart grid 
projects 

Klimaan [K] Focus on 
community 
and system 
values 

Building on 
existing 
initiative  

No-regret 
technology 
choices: ensure 
that DER can 
be controlled 
by a future 
EMS 

Empowering 
citizens 

Search for 
funding, 
connect with 
DSO and 
professionalise 
as community 

Connect with 
DSO and 
other actors 
already 
involved in 
smart grid 
projects 

 

3.4.2 Facilitation and aggregation strategies in light of the replication 
challenges 

Despite the number of challenges shown in Table 3.2, community initiatives also show 
to be inventive and creative when searching for ways to deal with the challenges. They 
came up with two different strategies for replicating cVPP. 

In the first ‘aggregation strategy’, the smaller replicating communities [M,KN,G] 
considered themselves incapable of setting up their own cVPP. Alternatively, they 
imagined becoming ‘nodes’ or ‘clusters’ connected to an existing supra-local EMS 
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(visualised in Figure 3.3). For instance, the Dutch replicating communities [H,KN] 
considered to be connected to an EMS developed in the neighbouring village Loenen, 
while another Flemish community [G] envisaged becoming connected to an EMS to be 
developed by another energy community in the future. This strategy would enable these 
communities to take the time needed to become ‘cVPP-ready’, e.g. to implement DER 
and digital meters, to finalise other ongoing projects, and to engage the other 
community members in a step-by-step process towards becoming part of a supra-local 
cVPP that was still in line with their local community character.  

     
Figure 3.3: Aggregation strategy (left) aimed at aggregating several energy communities into one overarching and 
Facilitation strategy (right) aimed at facilitating the replication of cVPP in smaller energy communities. 

In the second ‘facilitation strategy’, replicating communities [Z,K] envisaged themselves 
to become facilitators that implement EMSs on behalf of smaller (energy) communities 
(see Figure 3.3). In contrast to the strategy described above, multiple local EMSs would 
be set up instead of connecting multiple communities to one overarching EMS. This 
replication would, however, be strongly driven by one facilitating energy community 
rather than by individual communities. The local EMSs would be designed in line with 
the values and goals of the facilitated energy communities, potentially combined with 
grid management activities envisaged by the facilitating replicating communities [Z,K] 
to contribute to the integration of renewable energy sources in – and the stability of – 
the larger electricity grid, e.g. through selling flexibility to support balancing demand 
and supply and by providing grid management services to the DSO (e.g. voltage control 
and congestion management). In line with understanding replication of cVPP as an 
iterative and multi-dimensional process, the facilitating communities imagined 
implementation of cVPP to include not only the implementation of an EMS but also 
community engagement to ensure local embedding and local capacity building, and the 
implementation of the technological building blocks needed for cVPP (as part of other 
or ongoing projects) [Z,K]. 
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3.5 Discussion on replication strategies 
The strategies presented above in Section 3.4.3 reveal how different cVPP experiments 
in terms of scale and ambition display different replication dynamics. The larger, more 
externally oriented and resourceful energy communities can develop an overarching 
supralocal cVPP that aggregates (DER from) multiple smaller communities or that 
facilitates the replication of cVPP on behalf of smaller communities. Below these 
different strategies are discussed and linked to the way in which the transition literature 
conceptualised replication dynamics.  

Both envisaged strategies involved a nested structure which allows for increasing scale 
and thereby the value to be created for the community, expanding social networks, and 
pooling of resources to make collective use of available resources in view of the 
expected shortages. In particular, the EMS was to function as a common resource, thus 
easing replication in both strategies as it allows replicating communities to piggyback 
on technological developments realised by other energy communities. However, despite 
their importance, resources received relatively little explicit attention in the literature on 
replication of experiments in relation to niche development. For instance, Strategic 
Niche Management literature mostly regards the expansion of social networks as a way 
to increase available resources, e.g. by including resourceful actors in experiments or 
niches (Grin et al., 2010). The results presented in this paper imply that future research 
on replication of experiments and niche development would benefit from more explicit 
attention for resources, especially in the context of grassroots initiatives. 

Regarding the facilitation strategy, it can be expected that in the end the smaller EMSs 
need to be aggregated by an overarching EMS, because the institutional context requires 
cVPP to operate on a large scale (Mourik et al., 2020; Van Summeren et al., 2021). If 
this is the case, this would mean that both strategies would eventually converge and 
become very similar, as is made visible in Figure 3.4 (in which the smaller EMSs are 
now also aggregated by an overarching EMS). The main difference would be the control 
architectures, e.g. whether the overarching EMS will control DER from multiple 
communities directly in the aggregation strategy (centralised control) or through local 
EMSs in the facilitation strategy (decentralised control) (Van Summeren et al., 2020). 
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Figure 3.4: Aggregation strategy (left) aimed at aggregating several energy communities into one overarching and 
Facilitation strategy (right) aimed at facilitating the replication of cVPP in smaller energy communities, which 
are in turn aggregated by an overarching cVPP (in contrast to Figure 3.3). 

If collectively owned and controlled, the overarching cVPP could be considered a 
‘cooperative aggregator’ that operates on energy markets on behalf of the energy 
communities. This idea was also suggested by energy communities EnerGent and 
Energy Cooperative Loenen, who initiated the original cVPP experiments (Van 
Summeren et al., 2021). It would provide a solution for reaching a sufficient scale to 
meet the requirements of energy markets. Additionally, the elasticity of the cVPP 
concept caused by its configurational nature (Fleck, 1993) potentially allows for 
adapting it to the diversity of communities and their values, needs, and contexts. This 
would make widespread diffusion of the cVPP concept possible while respecting the 
key strengths of community energy: its core values and the ability to provide local 
solutions for local issues (Hargreaves et al., 2013; Lang et al., 2020; Seyfang et al., 2014). 
The latter depends on the extent to which software and algorithms allow for prioritising 
different values for different communities. 

An interesting observation can be made regarding replication versus growth of socio-
technical experiments. In both the facilitation and aggregation strategies, ICT facilitates 
the replication of cVPP on community conditions, contrary to the use of ICT by 
incumbents to aggregate individuals into a VPP. In these strategies, a shared EMS would 
enable multiple energy communities to experiment with new energy practices in 
different local contexts, without the need to develop or buy their own EMS. It is, 
however, arguable whether these strategies would result in what could theoretically be 
called replication or growth of pre-existing cVPP experiments. The facilitation strategy 
certainly involves replication in the sense that the EMS, the technology behind cVPP, 
is reproduced in new local contexts. Then again, if these local EMSs in the end need to 
be aggregated by an overarching EMS, as argued above, it can be questioned whether 
this would lead to the development of new cVPP sites (replication) or instead of new 
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local hubs that would be added to a pre-existing cVPP experiment (growth). The results, 
however, made it very clear that replication entails not only the implementation of new 
technology, the EMS, but also efforts aimed at exploring ways to create value for the 
community, building on or adding to ongoing projects, engaging the wider community, 
and expanding resources and the social network. Regarding these other dimensions, the 
strategies could, therefore, to some extent still be considered as replication. Although 
transition scholars tend to make a theoretical distinction between growth and replication 
of socio-technical experiments (Naber et al., 2017; Sengers et al., 2021), the results of 
this paper indicate that this distinction can be less clear in practice. Additionally, the 
articulated strategies indicate that ‘pure’ replication is not considered as the way forward 
for cVPP. Rather, in light of the always imminent lack of resources of energy 
communities (Breukers et al., 2017; Hargreaves et al., 2013; Middlemiss and Parrish, 
2010; Seyfang and Longhurst, 2013), it appears to be the combination of replication and 
growth processes that enables wider diffusion of the cVPP concept beyond the 
relatively few resourceful frontrunner energy communities. 

The two replication strategies also shed some new light on the intermediary roles played 
by energy communities as niche- and user-intermediaries (Kivimaa et al., 2019). On the 
one hand, the facilitator-cVPP energy communities act as ‘niche intermediaries’ by 
supporting those energy communities that want to hitch on. In this way, they contribute 
to niche development. In contrast to what the literature on intermediaries states, they 
do not act as outsiders of the processes they aim to influence (Manders et al., 2020). 
Instead, these intermediaries aim at operating not only between community energy 
projects, but adopt responsibility within these projects regarding e.g. technology 
development and diffusion, community engagement, and operation of the EMS. Next 
to the role of niche-intermediary, the results show that energy communities can also 
take up the role of user-intermediary (Kivimaa et al., 2019), by acting between users and 
developers of the niche technologies (the EMS). As such, energy communities 
potentially have an important bridging role to play between the worlds of development 
and domestication of energy platforms (Stewart and Hyysalo, 2008; Williams et al., 
2005).  

The envisaged strategies and the intermediating roles of the replicating communities 
can be seen as forms of pushed scaling as they include efforts to make experiments 
grow in size and number, thereby contributing to niche expansion and providing 
platforms for nurturing processes (e.g. learning, articulating expectations, and 
networking) (Schot and Geels, 2008; Smith and Raven, 2012; Wigboldus et al., 2016). 
This, however, does not mean that energy communities necessarily aim for niche 
development or regime shifts (Hargreaves et al., 2013; Ruggiero et al., 2018), instead, 
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this could be seen as a secondary effect of their efforts to develop cVPP for the sake of 
their own community. This distinguishes these replication strategies from SNM 
literature, which expresses niche empowerment strategies vis a vis the incumbent regime 
(e.g. fit & conform or stretch & transform) (Hoogma et al., 2002; Petzer et al., 2019; 
Smith and Raven, 2012).  

Successful breakthrough and mainstreaming of radical innovations like cVPP also 
require institutional change (Naber et al., 2017; Smith and Raven, 2012; Wigboldus et 
al., 2016). Although recent EU directives aim to empower and provide a level playing 
field for energy communities, they are also surrounded by many uncertainties regarding 
how they will be translated into national legislation (Hoicka et al., 2021). For cVPP to 
successfully break through, the strategies aimed at replication and growth need to be 
complemented by efforts to change regime conditions. Both strategies presented in this 
paper show potential for mobilising new energy communities to experiment with cVPP, 
thereby gaining critical mass and increasing the collective agency needed to create more 
favourable regime conditions (Duygan et al., 2019; Lawrence and Suddaby, 2006). 
Successfully lobbying and advocating for institutional change, however, requires 
numerous energy communities to speak with one common voice, which has proved to 
be problematic for this highly diversified field (Hargreaves et al., 2013; Hielscher et al., 
2013; Ruggiero et al., 2018; Seyfang et al., 2014). The cVPP concept itself potentially 
provides opportunities for changing regime conditions by functioning as a ‘boundary 
object’ (Franco-torres et al., 2020; Star and Griesemer, 1989) that supports collaboration 
between actors with conflicting worldviews (or institutional logics). For instance, cVPP 
could be presented as a means to both create value for communities and solve grid 
issues for grid operators caused by increasing renewable energy generation. As such it 
could support the pooling of resources from various actors (Franco-torres et al., 2020) 
(including powerful incumbents like system operators (Galeano et al., 2020)) to further 
develop the cVPP concept and to increase its legitimacy as a potential contributor to 
the energy transition. The latter depends on whether the cumulative power of an 
increasing number of cVPPs would either stimulate energy justice or amplify injustices, 
which depends on how they are governed and whether they aim not only for generating 
value for the community but also for society at large (van Bommel and Höffken, 2021). 
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3.6 Conclusion 
Using the example of cVPP and taking a bottom-up approach and action research 
perspective, this paper demonstrated how those involved in these community-driven 
smart grid experiments assess chances and conditions for developing new cVPP sites, 
referred to in the literature as replication. This allowed for exploring what replication of 
cVPP means in practice based on insights from the energy communities involved.  

The empirical findings greatly corroborate the mechanisms pointed out by the literature. 
For instance, the results confirmed that replication provides platforms for niche 
development and that socio-technical experiments build on- and are influenced by their 
predecessors (Geels and Deuten, 2006; Raven and Geels, 2010; Schot and Geels, 2008; 
Smith and Raven, 2012). The results furthermore showed that in practice, replication of 
a configurational technology like cVPP involves both practical efforts to combine 
technical components, business cases, skills, and a constellation of actors into local 
systems that work in the specific community context, as well as the creation of meaning 
through a collective appropriation process that is part of a broader community-building 
process (de Vries et al., 2016; Mackenzie and Wajcman, 2012; Williams et al., 2005). In 
other words, the replication of cVPP experiments requires energy communities to 
engage in ‘configurational work’ (de Vries et al., 2016; Peine et al., 2014) to support local 
embedding: the alignment of multiple system elements into context-specific 
configurations that work (Barnes, 2019). 

The empirical inquiry revealed this multi-dimensional and iterative process of the 
shaping and local embedding of a novel socio-technical configuration – in this case a 
cVPP. Replication is multi-dimensional in that it is not sufficient to only implement a 
technological innovation (e.g. the EMS) in a new context; Demand Response 
Technology Readiness (Crosbie et al., 2018) is only part of what is needed to make a 
cVPP a success. The community engagement process in which meaning is created 
involves an iterative collective exploration of the value a cVPP can bring to the 
community, its members and society at large. The iterative nature of the process refers 
to a process of learning while doing, which is characteristic for community energy (de 
Vries et al., 2016; van der Waal et al., 2018) and ICT implementation projects (Williams 
et al., 2005). During this process, user characteristics and contextual conditions are 
articulated and explored (Kanger et al., 2019). It also shows how novel socio-technical 
configurations are socially shaped by actors (Mackenzie and Wajcman, 2012; Williams 
et al., 2005) beyond the users and adopters (Kanger et al., 2019), including members of 
the energy community but also the DSO and other stakeholders.  
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As more steps were taken, the need for additional resources became clear. This is 
particularly relevant in the context of community-led innovation. Most grassroots 
innovations are characterized by their low-tech and non-complex nature, which eases 
replication and diffusion (Seyfang and Longhurst, 2013). However, increasingly 
complex and high-tech socio-technical configurations like cVPP make replication more 
challenging for energy communities as they are more demanding in terms of resources 
(e.g. money, time, skills, knowledge). This hinders replication for many initiatives that 
are often volunteer-driven and tend to rely on grant funding to develop small-scale 
solutions for local problems (Hargreaves et al., 2013; Seyfang and Smith, 2007).  

Next to these additional challenges, the ICT nature of the cVPP innovation could 
potentially also ease replication and growth by respectively functioning as a common 
resource and by enabling the aggregation of multiple communities into one overarching 
cVPP. This, however, shows how the nature of this innovation problematises the 
theoretical distinction between replication and growth as it is not clear whether cVPPs 
of different communities should be considered as separate experiments or as part of a 
larger pre-existing cVPP experiment.  

This paper started by stressing the importance of understanding how experiments can 
have wider impacts on the sustainable transformation of socio-technical regimes and 
that a better understanding is needed of how they could be replicated into new contexts 
and domains. This allows for learning how experiments can diffuse beyond the few 
frontrunners, break through, and contribute to regime shifts. Future research should, 
therefore, not study innovative projects as isolated experiments but rather empirically 
investigate if multiple experiments share key elements (e.g. mechanisms, context, and 
output) (Matschoss et al., 2020), how they build on lessons learned in previous projects 
(Raven and Geels, 2010), and how they in turn inspire and support future replication. 
This paper showed that the latter goes beyond accumulation and circulation of 
knowledge and could also include pooling of resources and the collective use of digital 
technologies, which surprisingly have so far received little attention in transition 
literature (Andersen et al., 2021). It is thereby essential to also explore the perspectives 
of the involved practitioners as they have valuable insights on how replication could be 
achieved in line with their core values and agendas.  
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3.7 Appendices 

3.7.1 Appendix A: Overview workshops 

3.7.1.1 Workshops with the Flemish replicating communities  
Date  Workshops, preparatory and feedback rounds in between the workshops 
 Preparation Based on the proposals for the competition, the cVPP team developed an 

overview of the current configuration of the project (asking for additional 
information where necessary).  

30-01-
2020
  

Workshop Live Workshop in Mechelen (Flanders), with the three Flemish replicating 
communities, in which they described the current configuration of their 
initiative, identified values and related goals and activities and sketched a 
first outline of the future (cVPP) configuration. 
 
Participants:  
Gumm cohousing: 2 energy community’ representatives 
ZuidtrAnt: 1 energy community’ representative, 1 resident Stalinsstraat, 3 
representatives City of Antwerp (Stadslab2050, Ecohuis) 
Klimaan: 6 energy community’ representatives 

 Preparation Based on the workshop outputs, the cVPP team developed three back-
casting stories.  

26-03-
2020 

Workshop Online workshop with the three initiatives during which the three stories 
were presented and brief feedback was invited.  
 
Participants:  
Gumm cohousing: 3 energy community’ representatives 
ZuidtrAnt: 1 energy community’ representative, 1 resident Stalinsstraat, 3 
representatives City of Antwerp (Stadslab2050, Ecohuis) 
Klimaan: 2 energy community’ representatives 

 Feedback 
and 
preparation 

Each initiative was asked to fill in questionnaires about challenges and risks 
confronted in the process toward the desired future in 2026. 
Based on the feedback, the cVPP project team developed a timeline for 
each replication initiative.  

16-04-
2020  

Workshop Online workshop with Gumm cohousing community initiative to discuss 
the timeline and identify questions, uncertainties, challenges and important 
stakeholders.  
 
Participants: 2 energy community’ representatives 

21-04-
2020 
 

Workshop Online workshop with ZuidtrAnt community initiative to discuss the 
timeline and identify questions, uncertainties, challenges and important 
stakeholders. 
 
Participants: 2 energy community’ representatives, 1 resident Stalinsstraat, 1 
representative municipality 

23-04-
2020 
 

Workshop Online workshop with Klimaan community initiative to discuss the 
timeline and identify questions, uncertainties, challenges and important 
stakeholders. 
 
Participants: 10 energy community’ representatives 

 Final 
report 

Based on the online workshops, the cVPP project team further developed 
the timeline, specifying questions to be answered/addressed, actions to be 
taken in the short term and areas where the replication initiatives could 
collaborate. This was worked out in a report that was sent back to the 
participating replicating communities.  
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3.7.1.2 Workshops with the Dutch replicating communities 
Date  Workshops, preparatory and feedback rounds in between the workshops 
07-11-
2019  

Workshop Workshop to prepare the initiative for the competition which included an 
exercise to identify community values, goals and activities. 
 
Participants: 3 energy community’ representatives (Homerus Energiek), 1 
energy community’ representative (Warenargaarde), 2 energy community’ 
representatives (K&N) 

 Preparation Based on the proposals for the competition and a template filled in by the 
energy ambassadors related to each initiative, the cVPP team developed an 
overview of the current configuration of the project (asking for additional 
information where necessary) as well as a draft of the future configuration 

11-05-
2020 

Workshop Online workshop with Homerus Energiek (MOOS) during which the story 
was presented and brief feedback was invited 
 
Participants: 3 energy community’ representatives, 1 energy ambassador 
(municipality of Apeldoorn) 

12-05-
2020 

Workshop Online workshop with K&N, Onze Energie during which the story was 
presented and brief feedback was invited 
 
Participants: 6 energy community’ representatives, 1 energy ambassador 
(municipality of Apeldoorn) 

12-05-
2020 

Workshop Online workshop with the Wagenargaarde community initiative during which 
the story was presented and brief feedback was invited 
 
Participants: 1 energy community’ representative, 1 energy ambassador 
(municipality of Apeldoorn) 

 Feedback 
and 
preparation 

Each initiative was asked to fill in a questionnaire about challenges and risks 
confronted in the process toward the desired future in 2026. 
Based on the feedback, the cVPP project team developed a timeline for each 
replication initiative.  

19-05-
2020 

Workshop Online workshop with Homerus Energiek (MOOS) community initiative 
during which a timeline was presented and brief feedback was invited. 
Together with the participants an overview of challenges, questions, and 
uncertainties was made that need to be addressed.  
 
Participants: 5 energy community’ representatives, 1 energy ambassador 
(municipality of Apeldoorn) 

26-05-
2020 

Workshop Online workshop with K&N, Onze Energie community initiative. This 
workshop was adapted to the needs of the participants, who preferred a more 
open session to discuss the related challenges of activating more cooperative 
members and engaging more community members.  
 
Participants: 6 energy community’ representatives, 1 energy ambassador 
(municipality of Apeldoorn) 

 - Before being able to continue with their plans, Warenargaarde had to meet 
with the housing corporation. Because of this, the second online workshop 
was cancelled and Warenargaarde planned to meet with the housing 
corporation instead.  

 Final 
report 

Based on the online workshops, the cVPP project team further developed the 
timeline, specifying questions to be answered/addressed, actions to be taken 
in the short term and areas where the replication initiatives could collaborate. 
This was worked out in a report that was sent back to the participating 
replicating communities. 
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3.7.2 Appendix B: Configuration table 
Source: MoRe model, by (Breukers et al., 2020) 

V
alu

es
 

Characterise the community in terms of what they value: what values are considered 
important by the community?  

� Economic benefits: benefits that either flow back to individual members or that 
are reinvested in collective community goals. Underlying values: local economic 
regeneration through local value creation and retention. 

� Environmental benefits and decarbonisation of our energy system: ensure local 
consumption that is carbon neutral through optimising between local storage, 
self-consumption and grid-supplied energy consumption (increase local demand 
when RES production is high; decrease local demand when RES production is 
low). Underlying values: decrease dependence on fossil fuels; support grid stability (to enable 
more RES to be connected to the grid) 

� Social benefits related to the community: strengthening social resilience; 
enhancing social cohesion; improving collaboration, self-reliance and autonomy, 
e.g. maximising local self-consumption of locally generated energy, using local 
individual or collective storage options. Underlying values: community well-being; self-
control; achieving local carbon neutrality; supporting local value creation via local self-reliance. 

Pr
ac

tic
es

 

� How is the community organized?  
� In case there is a formal organizational structure, what does it look like 

(cooperative; foundation; company; other)? Since when does it exist?  
� What does the governance look like?  

o how often do all members meet? 
o how do they decide on matters? 
o who is in charge of day-to-day management?  
o what are the channels through which regular interactions are 

facilitated (e.g. email, meetings)? 
� What is the size (nr of people/households) of the community and how has it 

evolved over time?  
� How are community members involved in the current community 

project/activities? 
� What (project-related) activities are performed by the community?  
� In terms of energy-related activities, how do these affect household or 

community level energy generation, storage, and consumption?  

Te
ch

no
lo

gi
es

 a
nd

 p
hy

sic
al 

ele
m

en
ts

 
 

Describe and characterise:  
� The homes and other types of buildings that are part of the project 
� Appliances at the household level that can be controlled (turned off or on to 

change demand patterns) 
� Appliances at the community level (e.g. local industry; shared heat pump) that 

can be controlled (turned off or on to change demand patterns) 
� The installed capacity of renewable energy (PV; solar thermal; wind; biomass) at 

household or community level  
� Storage options at the household or community level  
� Electric Vehicles 
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In
fr

as
tru

ct
ur

es
 

 

� Does your current project affect the energy distribution or transmission 
network?  

� What sort of (connections to) energy infrastructures are in place at the 
household and community levels? 

� Do the participating households have smart meters?  
� Are energy management systems or user interfaces currently being used in 

relation to project activities? 
� What ICT-related infrastructure is available (e.g. internet connections to enable 

cloud-based systems)? 

Po
lic

y 
an

d 
re

gu
lat

io
n 

 

� To arrive at the current state of the project/activities, which subsidies or 
support schemes have been used? Please distinguish between EU, national and 
local schemes. 

� How do current policy and legislation affect the project/activities? 

Re
so

ur
ce

s: 
fin

an
cia

l, 
re

lat
io

na
l, 

an
d 

kn
ow

led
ge

 
 

� With whom do you work together currently and to what aim?  
o Do you have partners (e.g. other community-level organisations, 

companies)?  
o Do you work together with an energy supplier, a DSO or TSO?  
o Do you work together with the (local) government?  

� What knowledge is present within the community?  
� What about know-how and skills? 
� Has external knowledge been used for the current activities?  
� What is your financial situation? (Characterisation in terms of financial 

feasibility/viability of the current project – including challenges and resources)  
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ABSTRACT 

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 technology 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 transformation 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. 
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4.1 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’ (Howell et al., 2017; Skjølsvold et al., 2015; Verbong 
et al., 2013). 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’ (Verbong et al., 2013). Although there are many 
different visions of what a smart grid is and what it can offer (Tricoire, 2015; Verbong 
et al., 2013), its proponents stress that recent developments in ICT and ongoing 
digitalisation processes enable monitoring and control of electricity generation, 
consumption, and distribution (Kool et al., 2017). 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 resilience of 
the electricity grid, reduce investments needed to expand grid capacity, and increase and 
create new forms of involvement of end-users (Howell et al., 2017; Kloppenburg and 
Boekelo, 2019b; Rohde and Hielscher, 2021; Skjølsvold et al., 2015; Verbong et al., 
2013). This trend of digitalisation is visible not only in the energy field (e.g. smart grids), 
but also in smart mobility (Manders et al., 2018), smart cities (Bibri, 2018), smart homes 
(Strengers and Nicholls, 2017), and across fields (e.g. mobility and energy) (Canzler et 
al., 2017).  

In light of the growing ambition of the EU (European Commission, 2019a, 2012) and 
the global community to stimulate shifts towards sustainable and fair energy systems 
with greater citizen participation, many smart grid projects are promising to empower 
citizens and communities and increase their (market) engagement (Verbong et al., 
2013)5. 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 (Goulden et al., 2018; Schick and Gad, 2015; 
Skjølsvold et al., 2015; Smale et al., 2017; Strengers, 2014; Verbong et al., 2013; Verkade 
and Höffken, 2018, 2017). These technology-driven projects risk being unsuccessful in 
engaging and empowering citizens and communities (Hansen and Borup, 2018; Smale 
et al., 2017; Verkade and Höffken, 2018), which will have implications for the 
transformation into a more sustainable, democratic, economically viable, and fair energy 
system (Goulden et al., 2014; Kumar, 2019). To increase understanding of how energy 

 
5 See for example projects like e.g. community-based Virtual Power Plant, Wisegrid, Proseu, EU 
Heroes, Dream Smartgrid, FLEXcoop, and REScoopVPP. 
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communities can promote change in the way energy is produced and consumed 
(Ruggiero et al., 2018), 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 
communities 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 (Seyfang et al., 
2013; Van Summeren et al., 2020; Walker and Devine-Wright, 2008). 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 (Fuenfschilling and Truffer, 2016; Geels, 
2004): “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)” (Fuenfschilling and Truffer, 
2016, p. 302).  

Despite the recognition that a simultaneous change in all three dimensions is needed, 
most of the empirical research in the field of sustainability 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 (Fuenfschilling and Truffer, 
2016; Geels, 2004; Grin et al., 2010). 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 strategic interventions 
of actors (de Haan and Rotmans, 2018; Fuenfschilling and Truffer, 2016; Pesch, 2015; 
Werbeloff et al., 2016). 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 (Grin et al., 2010), 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 actors deliberately 
manoeuvre within the context of the incumbent sociotechnical regime (Farla et al., 2012; 
Fuenfschilling and Truffer, 2016; Grin et al., 2010; Meijer et al., 2019; Pesch, 2015; 
Petzer et al., 2019; Werbeloff et al., 2016).  
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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 distributed 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” (Van Summeren et al., 2020, p. 6). 

4.2 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 sociotechnical 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 (Grin et al., 2010). 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 sociotechnical regime is understood as a set of socio-
cognitive rules or institutions that structures (e.g. coordinates and guides) human 
perceptions and actions (Geels, 2004; Svensson and Nikoleris, 2018). A transition, 
conceptualised as the transformation of a socio-technical regime, requires a 
fundamental change on various dimensions simultaneously: institutions, actors, and 
technologies (Fuenfschilling and Truffer, 2016; Geels, 2004). Transition literature 
argues that these three analytical dimensions are meaningful for transitions through 
their mutual interactions. Below these interactions are discussed in Section 4.2.1. This 
is followed by a discussion in Section 4.2.2 on ICT as a particular type of technology 
and its impact on institutions and technology. Finally, Section 4.2.3 introduces the 
conceptual framework applied in this paper. 

4.2.1 Interactions between institutions, actors, and technology 

4.2.1.1 Interactions between institutions and actors 
In sustainability transitions literature institutions are understood as rules, norms, and 
beliefs that coordinate - but not determine - perceptions and activities of actors (Garud 
et al., 2007; Geels, 2004). Often a distinction is made between regulative, cognitive, and 
normative institutions (Geels, 2004; Scott, 1995). Regulative institutions refer to 
coercive formal rules which are legally sanctioned and constitute the ‘rules of the game’, 
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these include e.g. laws, sanctions, and incentive structures (Geels, 2004). Cognitive 
institutions consist of often taken for granted symbols and frames (e.g. concepts, words, 
gestures) through which actors make sense of the world and which steer the directions 
in which actors are looking for solutions (Dosi, 1982; Geels, 2004; Nelson and Winter, 
1982). Examples are problem agendas, expectations, belief systems, and knowledge 
paradigms (Geels, 2004; Scott, 1995). Normative institutions refer to expectations of 
proper behaviour that tell people what actions are appropriate (Geels, 2004; Scott, 
1995). Examples are values, norms, role expectations, codes of conduct, and duty (Scott, 
1995). 

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 (Geels, 2004). This alignment of 
institutions between actors gives a regime stability and its ability to coordinate actions 
of social groups by shaping what is considered possible, legitimate, and probable 
(Fuenfschilling and Truffer, 2016; Geels, 2004; Grin et al., 2010). However, regimes do 
not just constrain action, they also provide guidance and coordination to actors’ 
activities in complex situations, thereby enabling them to act (Fuenfschilling and 
Truffer, 2016; Garud et al., 2007; Geels, 2004; Lawrence and Suddaby, 2006). 

However, rules and regimes are enacted by actors: “Actors are not passive-rule followers or 
‘cultural dopes’ (Geels and Schot, 2007), but knowledgeable agents who actively use rules to interpret 
the world, make decisions and act” (Grin et al., 2010, 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 (Geels, 2004; Grin et al., 2010; Lawrence and 
Suddaby, 2006). There is therefore ample room for agency, e.g. for reflexive 
interpretation, local creativity, strategic manoeuvring, and purposeful deviation (Geels, 
2004; Giddens, 1984; Grin et al., 2010; Novalia et al., 2018). In institutional theory (that 
transitions literature builds upon) this broader structure-agency debate is referred to as 
the ‘paradox of embedded agency’ (Garud et al., 2007). 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 (Giddens, 1984). This implies that rules do not simply exist but are actively 
created and reproduced through social action (Giddens, 1984). 

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 institutions (Fuenfschilling and Truffer, 2016; Garud et al., 
2007; Lawrence and Suddaby, 2006). By focusing on all activities by all actors, and not 



4

The agency of energy communities   |   95   
 

 

only on successful attempts to create, disrupt, or maintain institutions by powerful 
actors (Duygan et al., 2019), 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 (Avelino, 2009; 
Duygan et al., 2019; Farla et al., 2012); (ii) discourses that allow for collective sense-
making and for conveying one’s beliefs, visions, and interests (Duygan et al., 2019), and 
(iii) on social networks, which might increase collective agency by providing access to 
resources and by enabling the performance of collective institutional work as part of 
alliances of (non-powerful) actors (Boon et al., 2019; Duygan et al., 2019). 

4.2.1.2 Interactions between institutions and technology 
Technological innovation served as an important entry point in transition studies to 
understand large-scale transformations of modern societies (Kemp et al., 1998). 
Technology is not understood as an individual artefact but rather as ‘configurations that 
work’ (Rip and Kemp, 1998). Such a configuration requires not only interlinkages 
between artefacts and infrastructures, but also social elements like skills and cultural 
norms (Rip and Kemp, 1998). Transition studies showed how the diffusion of novel 
technology can contribute to and accelerate institutional change by changing or enabling 
new practices that challenge the socio-technical regime (Fuenfschilling and Truffer, 
2016; Geels, 2004; Grin et al., 2010). Radical technological innovations that differ 
significantly from the dominant regime are claimed to have a ‘larger reconfiguration 
capacity’, e.g. the capacity to change underlying structures (Fuenfschilling and Truffer, 
2016). 

Next to its role in transformation, it is also found that technology often contributes to 
the stability of socio-technical regimes (Fuenfschilling and Truffer, 2016; Geels, 2004; 
Grin et al., 2010). Technology is generally developed by engineers, who in turn are 
guided and coordinated by regulatory, cognitive, and normative institutions (Nelson and 
Winter, 1982; Rip and Kemp, 1998). Engineers embed these institutions in 
technological designs (Geels, 2004; Pesch, 2015). By incorporating and materialising 
institutions, technology increases the stability of socio-technical regimes, because not 
only institutions have to be transformed but also more resilient technologies and 
infrastructures (Fuenfschilling and Truffer, 2016; Geels, 2004). Furthermore, the 
coordination of technological development by regimes often results in incremental 
improvements of the technology along certain trajectories (Grin et al., 2010; Rip and 
Kemp, 1998). These trajectories do not only occur in technological development, but 
also in regimes in various other dimensions including policy, science, industry, culture, 
and markets (Grin et al., 2010). 
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4.2.1.3 Interactions between technology and actors 
Like institutions, technology and materiality also constrain and enable actor’s 
perceptions, behaviour, and daily practices (Geels, 2004; Winner, 1980). 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 (Svensson and Nikoleris, 2018). Geels (2004) 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 (Geels, 2004; Svensson and Nikoleris, 2018). In other 
words, the structuring effects of institutions have been “granted explanatory primacy over 
the systemic elements which they structure” (Svensson and Nikoleris, 2018, 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 (Akrich, 1992; Breukers et al., 2019; Hansen and 
Hauge, 2017). Secondly, next to these scripts, technology can also have a structuring 
effect on its own (Svensson and Nikoleris, 2018). For instance, the spatiality in systems 
(e.g. distances, physical infrastructures) that can constrain or enable certain practices 
(Svensson and Nikoleris, 2018), 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 (Shove et al., 2012; Watson, 2012). For instance, the practice of cycling 
requires bicycles (Watson, 2012).  

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 (Latour, 2005) and Social Construction of Technology 
(Bijker et al., 1987) to refute technological determinism. They revealed how technology 
does not develop on its own, following a linear process separated from society. Instead, 
technical designs are the outcomes of (collective) agency and interaction between social 
groups (Grin et al., 2010). 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 (Grin et al., 2010; Mackenzie and Wajcman, 2012). 

The various interactions between institutions, actors, and technology discussed in this 
Section, are summarised in Fig 4.1. 
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Figure 4.1: Interactions between institutions, actors, and technology, adapted from (Geels, 2004). 

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

Currently, our physical world is increasingly being digitized by means of ICT (Kool et 
al., 2017). This digitisation is often referred to as the ‘Internet of Things’ (Atzori et al., 
2010). 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 (Vasseur and Dunkels, 2010). 
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 (Kool et al., 2017). As an add-on to artefacts, ICT enables heterogenous 
technologies to communicate, interact and collaborate in ‘smart object networks’ 
(Vasseur and Dunkels, 2010). Fleck (1993) 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 configurational technology in the field of smart 
grids is the energy management system (EMS) behind the virtual power plant (VPP). 
An EMS can coordinate 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 
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operators (e.g. congestion management, voltage control), and to trade energy on energy 
markets (Van Summeren et al., 2020). As shown by Van Summeren et al. (2020), a 
(c)VPP can have various shapes, can perform various functionalities, and allows energy 
communities 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 architecture, 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 (Fleck, 1993; Wesche et al., 2019).  

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 (Hilty and Aebischer, 2015; Townsend and Coroama, 2018), 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 externalisation of control over technology (Hilty and Aebischer, 
2015; Townsend and Coroama, 2018). 

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 (Nicolini, 2012; Watson, 2012). If 
these practices change as a result of the mobilisation of ICT, this results in the 
production of new rather than the reproduction of dominant institutions, thereby 
contributing to institutional change (Hilty and Aebischer, 2015). 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 mobilise 
resources, increase legitimacy, and remove institutional barriers to support both 
development and diffusion (Fuenfschilling and Truffer, 2016; Smith and Raven, 2012). 

4.2.3 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 energy transition, it 
becomes necessary and possible to identify concrete ways to analyse the interplay 
between actors, institutions, and technology 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, 
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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 institutions and 
technology, which enable and constrain certain actions of actors (black arrows in Figure 
4.2). 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. Figure 4.2 demonstrates the conceptual framework.  

 
Figure 4.2: 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 (Geels, 2004). 

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 generation on the household level, or developing collective 
energy generation and management capacity (Verkade and Höffken, 2019). 
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4.3 Research methodology  

4.3.1 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 (Creswell and Creswell, 2018; Yin, 2017). 
The main methodological approach in this paper is a holistic multiple-case study 
approach (Yin, 2017), to study two cases from different geographical and institutional 
contexts. Data were collected from two cases using multiple methods, including 
participation in 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 researchers 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 
communities presented their progress (in English). Participants of these meetings 
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 information 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 (QSR International Pty Ltd., 2018) 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 (Saldaña, 2016). In other words, the 
codes are not informed by the theoretical direction of the study but describe what a 
piece of text is about (Saldaña, 2016). The second coding cycle consisted of categorising 
data into emergent categories using concept coding (Saldaña, 2016) (an overview of the 
categories and underlying codes can be found in Appendix C). 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 
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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 4.2), which informed the discussion 
and conclusions section. Data derived during the desk research was used to triangulate 
and complement insights 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’ (Breukers et al., 2020) 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 
functionalities), 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 
communities spread over a period of almost three years. 

4.3.2 Empirical cases 
The empirical cases studied in this paper consist of two energy cooperatives, 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 (Van Summeren et al., 2020) these two energy 
communities received only very little scholarly attention. Compared to well-studied 
cases (e.g. LochemEnergie, 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. 

4.3.2.1 EnerGent 
EnerGent is an energy cooperative in the city of Ghent that aims to make Flanders 
climate-neutral and reduce its inequality by partly focusing on enabling low-income 
households to save and generate energy. 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 
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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 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 (Van Summeren et al., 2020). 

4.3.2.2 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 sustainable. After setting a revolving fund, they further 
supported households to invest in solar panels, insulation, and heat pumps leading to 
25% coverage of the village electricity demand in 2020. Planned collective 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 management. As part of the cVPP project they founded Energy Cooperative 
Loenen (ECL) and explored the possibilities for local energy management and trading 
enabled by an EMS, to increase collective self-consumption of renewable energy, lower 
energy bills by shifting demand 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 (Van Summeren et al., 2020). 

4.4 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 contexts 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 (Howell et al., 2017). These large 
power plants have been connected to the transmission network, which transfers 
electricity through the medium and low-voltage distribution networks towards 
consumers. As shown in Figure 4.3 (left side), this resulted in a one-way flow of 
electricity from largescale energy generators towards consumers. Because conventional 
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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 (Bell and Gill, 2018). 

 
Figure 4.3: 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). 

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 concerns (Verbong and Geels, 2007). As 
part of this process the energy markets, previously dominated by integrated monopolies 
responsible for generation, transmission, and supply of energy, were liberalised and 
opened for competition (Next-Kraftwerke, n.d.). The ongoing liberalisation processes 
have major impacts on e.g. actor roles, energy markets, energy policy, and RE support 
schemes (Lukovic et al., 2010). 

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 transmission network, which results in a bidirectional flow of electricity 
(Figure 4.3, right side) and volatility and capacity issues (Verbong et al., 2013). 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 
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solution, as digitalisation enables their active management to mitigate volatility and 
capacity issues (Gaur et al., 2021; Howell et al., 2017). In addition, they also enable a 
more decentralised or distributed organisation of the energy system (Gui and MacGill, 
2018), e.g. by enabling local energy management and peer-2-peer energy trading (Buth 
et al., 2019). 

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: generation, 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 (European Commission, 2019a). 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 energy communities to not only engage in generation 
but also in distribution, supply, consumption, aggregation and the provision of various 
energy services (European Commission, 2019a). Table 4.1 provides an overview of roles 
played by different actors in the energy system. 

Table 4.1: Overview of main actors and their roles in the current energy system (Abulaiti, 2020; USEF, 
2015; Van Summeren et al., 2020). 

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 (Howell et al., 2017) 
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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4.5 Results  
To address the issue of how energy communities can mobilise ICT to enhance their 
agency in the energy transition, first the different barriers and opportunities are 
described, as experienced by the two energy communities: EnerGent and Energy 
Cooperative Loenen. This section is divided into four parts, each describing different 
barriers and opportunities as experienced by the two energy communities: Emerging 
opportunities for energy management (4.5.1), Barriers for local grid management (4.5.2), 
Barriers for controlling DER by an EMS (4.5.3) and Barriers for participation in energy 
markets (4.5.4). These four categories of barriers and opportunities are derived from 
interviews and project meetings through a coding process (described in Section 4.3). 
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 complemented 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. 

4.5.1 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 generation but removed incentives for real-time 
self-consumption, will be phased out in Flanders (2021) and the Netherlands (2023–
2031) (Abulaiti, 2020; Pieter C.M., 2019; VREG, n.d.). Secondly, two recent EU 
directives (e.g. Electricity Directive and Renewable Energy Directive) aim to create a 
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 (Breukers et al., 2020; 
European Commission, 2019a; Klaassen and Van der Laan, 2019; Pieter C.M., 2019; 
Van Summeren et al., 2020). 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 opportunities emerging for 
energy management from technological developments. 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 flexibility to third parties (Klaassen and Van der Laan, 2019). 
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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 flexibility (Asmus, 2010; Fluvius, n.d.; Netbeheer Nederland, n.d.; 
Plancke et al., 2015). Digital meters are considered as a key enabling technology for a 
variety of objectives, including tariff reforms and peak load reduction (Lovell et al., 
2017). 

4.5.1.1 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 opensource 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 services to grid operators (REScoop.eu, n.d.). 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. 
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4.5.1.2 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-topeer energy trading, 
and selling flexibility on future flexibility markets. 

4.5.2 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. Secondly, small consumers paid fixed tariffs for grid connections, which 
removed financial incentives for households to lower their impact on the electricity grid 
(Pieter C.M., 2019), 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 distribution 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 (Pieter C.M., 2019), 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 (Pieter 
C.M., 2019). 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 (Ministerie 
van Economische Zaken en Klimaat, 2020). 
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Energy communities could, however, apply for temporary rule exemptions to provide 
a protected space (also referred to as a ‘regulatory sandbox’) to enable experimentation 
with innovative solutions like energy management (Smith and Raven, 2012). In 
Flanders, innovative energy projects could apply for the ‘Regelluwe zone’ scheme which 
gives a project rule exemptions for 10–15 years to experiment with novel energy 
technologies (ODE, 2019). Because preconditions are strict (ODE, 2019), at the 
moment of writing only one project was granted rule exemptions (Thor Park, 2020). In 
the Netherlands, a similar scheme was in place between 2015 and 2018, called the 
‘Experimenteerregeling’ (Lammers and Diestelmeier, 2017; RVO, n.d., n.d.). This 
scheme provided cooperatives and owners associations’ temporary rule exemptions to 
the Dutch electricity law that allowed for experimenting with innovative solutions 
(Koirala et al., 2018; RVO, n.d.). 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 (Overheid.nl, 2021). 

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 (Li et al., 2016). This form of energy 
management takes place on the transmission network level (Abulaiti, 2020). The 
distribution network on the other hand provides passive transport capacity, meaning 
that electricity flows are not actively managed by the distribution system operator (Bell 
and Gill, 2018). When capacity of the distribution network is insufficient, generally the 
cables are reinforced to increase transport capacity (Koirala et al., 2016). DSOs are, 
however, experimenting with local energy management practices and services provided 
by e.g. energy communities in various smart grid projects.  

4.5.2.1 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 responses 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 management 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 
performed 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 
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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 institutional work by changing how technology operated 
by means of ICT, to demonstrate the effectiveness of innovative energy management 
practices to the DSO. 

4.5.2.2 Energy Cooperative Loenen 
One possible way to deal with the barriers for local energy management 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 
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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 flexibility) are sufficiently 
developed, new activities and revenue streams would come within reach. Finally, as 
discussed in section 4.5.1, new opportunities 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. 

4.5.3 Barriers for controlling DER by an EMS  
Interrelated institutional and technical barriers constrained externalisation of control 
over DER (e.g. heat pumps, EV chargers and PV inverters) by an EMS. Due to a lack 
of standards for application programming interfaces (API) manufacturers of DER have 
used their own APIs (Etherden et al., 2016; Plancke et al., 2015). This resulted in 
interoperability issues, e.g. the inability of smart appliances and ICT to communicate 
and work together (Vasseur and Dunkels, 2010). 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 (Muto, 2017). 

4.5.3.1 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 standardize 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 cooperatives, to gradually expand both 
types and brands of DER that can be controlled by the EMS. 
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4.5.3.2 Energy Cooperative Loenen 
In Loenen, the lack of standards and interoperability issues constrained 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 combination 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 interoperability issues. 

4.5.4 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 requirements, electricity 
balancing and settlement codes, and relatively small profit margins (Hall and Roelich, 
2016; Mourik et al., 2020; Plancke et al., 2015). In addition, local energy trading either 
by means of peer-to-peer trading or a local energy market was not allowed (Mourik et 
al., 2020). The need to operate on a large scale put heavy constraints on energy 
communities who tend to operate on relatively small scales (Mourik et al., 2020; Van 
Summeren et al., 2020). 



112   |   Chapter 4
 

 

4.5.4.1 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 coalition 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. 

4.5.4.2 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 possibilities 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 cooperative aggregator. Currently, you 
would have to sell flexibility through a commercial aggregator, but we would prefer to sell it through a 
cooperative aggregator, collectively owned by a group of energy communities” (Board member of 
ECL) 
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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 aggregator, 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 
energy 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 cooperative 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 4.2 summarises the responses of EnerGent and ECL enabled by ICT to the 
different barriers and opportunities. 

4.6 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 
centralised system and enable community participation in existing energy markets 
(Asmus, 2010; Howell et al., 2017; Van Summeren et al., 2020). 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 
(Smith and Raven, 2012). In contrast, the results show that energy communities also 
mobilised ICT to demonstrate the value of more decentralised ways of consuming, 
producing, and trading electricity, thereby performing institutional work as part of a 
stretch and transform strategy, aimed at institutional change (Smith and Raven, 2012). 
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. 



114   |   Chapter 4
 

 

Table 4.2: 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 grid 

- 

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  

 

Next to the impacts on institutions and technology, ICT can be mobilised to strengthen 
collaboration, thereby increasing their collective agency in several ways. First, 
collaboration can be embedded in technology by making technology owned by different 
citizens or communities 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 software has the potential to 
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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, 
mainstreaming, 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 (Hermans et al., 2016; Marletto and Sillig, 2019; Westley et al., 2014). In other 
words, the scale required to participate in energy markets might have strong implications 
for the ‘community-logic’ under which energy communities operate (Van Summeren et 
al., 2020). 

Although ICT can have positive effects on agency of energy communities, 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 (Hilty and 
Aebischer, 2015; Townsend and Coroama, 2018; Vasseur and Dunkels, 2010). 
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 (Fuenfschilling and Truffer, 2016; Geels, 2004; Grin et al., 2010). This paper 
argued for the need to investigate agency in relation to all three dimensions relevant 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 4.2 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 necessarily mean that ICT has less 
qualitative impact on institutions. In addition, the three dimensions are always 
interrelated (Geels, 2004), meaning that impacts on technologies and actors will 
ultimately also impact institutions, e.g. by changing practices that (re)produce 
institutions. 
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Experimenting with these digital technologies enables energy communities 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 transition experiments allows for creating innovations that fulfil broader 
functions, making them more interesting to a broader range of stakeholders (Naber et 
al., 2017; Van den Bosch and Rotmans, 2008). 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 coalitions and to change how 
technology operates. This research has implications 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 communities. 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 communities, 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 (Hoogsteen et al., 2017; Lammers and Hoppe, 2019). 
This is especially relevant considering the translation of the new EU directives in 
national legislation, which might create new barriers and opportunities for energy 
communities. Related to this is the search for viable business models for energy 
communities in the changing energy landscape (Loock, 2020). 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 
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evolving (or re-negotiated (Rohde and Hielscher, 2021)) 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 (Rød and 
Weidmann, 2015) or to extract, commodify and control personal data to generate new 
markets of predicting and modifying human behaviour (Zuboff, 2015). In addition, 
decentralisation of the energy system enabled by ICT might eventually lead to increased 
privatisation of energy provision (Kloppenburg and Boekelo, 2019b) and 
recentralisation of power in the hands of software developers (Avelino, 2017; Buth et 
al., 2019). Finally, energy communities are believed to contribute to a more sustainable 
and fairer transition (van Bommel and Höffken, 2021). However, despite these high 
expectations it has to be seen if, and to what extent energy communities will stimulate 
energy justice, not only within- but also between and beyond energy communities (van 
Bommel and Höffken, 2021). 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. 

4.7 Appendices 

4.7.1 Appendix A: Overview project meetings 
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 
- Foundation Sustainable Projects Loenen / Energy Cooperative Loenen 
- Translyse (works on cVPP project on behalf of Sustainable Projects Loenen) 
- Qirion 
- EnerGent 
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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 
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4.7.2 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’, 
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 
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4.7.3 Appendix C: Coding scheme 
Categories Codes EnerGent Codes Loenen 

E
m

er
gi

ng
 o

pp
or

tu
ni

tie
s f

or
 e

ne
rg

y 
m

an
ag

em
en

t 

Ba
rr

ier
s a

nd
 o

pp
or

tu
ni

tie
s 

Smart meter rollout enables energy 
management 

Increasing pressure on electricity grid 

New legislation 2021 increases value flex Emerging flexibility markets 
Uncertainties new legislation 2021 Uncertainties new legislation – moving 

targets 
Phase out net metering 2021 Phase out net metering 2023-2031 
Expect dynamic energy prices Expect dynamic energy prices 
Preparing for future business models Preparing for future business models 
Societal value needed for viable business 
model 

Aim to create value for the whole system 

Re
sp

on
se

s 

EMS too complex for EnerGent Create flexibility, purpose unclear  
Open-source EMS to strengthen 
REScoop sector 

Activities depend on wishes community 

Organise open-source EMS together 
with coalition REScoops 

Activities depend on legislation 

Flexible EMS design – informed by 
legislation, expected developments, 
project requirements, objectives 
EnerGent 

Activities depend on technological 
developments 

Develop and experiment with EMS in 
cVPP project 

Flexible EMS to prepare for future 
opportunities 

EMS further developed in future EU 
projects 

 

Ba
rr

ier
s f

or
 lo

ca
l g

rid
 m

an
ag

em
en

t 

Ba
rr

ier
s a

nd
 o

pp
or

tu
ni

tie
s 

Net metering scheme removes incentives 
self-consumption 

Net metering scheme removes incentives 
self-consumption 

Prosumer tariffs removes incentives self-
consumption 

Lack of incentives for grid management 
/ flex services 

P2P trading not allowed  
No incentives grid services DSO – fixed 
distribution tariffs 

Uncertainties possibilities grid services 
DSO 

No business case for voltage control ‘Experimenteerregeling’ (sand box 
scheme) allows for rule exemptions 

No business case for congestion 
management 

 

DSO reluctant to collaborate  
Barriers neighbourhood battery: taxes, 
grid tariffs 

 

Re
sp

on
se

s 

DSO potential lobby partner, but 
management not interested 

Doubts about ‘experimenteerregeling’ 
(sand box scheme) 

Reached out to technical people DSO – 
interested in voltage control 

Expand DER portfolio and create flex – 
not hindered by barriers (yet) 

Virtual neighbourhood battery Lacks power and resources for successful 
lobbying 

Demonstrate societal value energy 
management by energy communities to 
DSO 

Collaborate with DSO in cVPP and 
future projects 



4

The agency of energy communities   |   121   
 

 

Ba
rr

ier
s f

or
 c

on
tro

lli
ng

 D
E

R 
by

 a
n 

E
M

S 
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tie
s 

Interoperability issues DER and EMS Interoperability issues DER and EMS 
Competition with brands invertors, 
electric vehicle (chargers), and heat 
pumps 

Competition with brands invertors, 
electric vehicle (chargers), and heat 
pumps 

 Different types of smart meters 
 Diversity of DER present in Loenen 
 High costs for including DER in EMS 

Re
sp

on
se

s 

No-regret choices DER crucial for open-
source EMS 

No-regret choices regarding 
implementation of controllable DER 

DER from 1 brand to ease operability Expand EMS to include larger diversity 
of DER (brands) 

Explore which DER can be easily 
connected to EMS 

Explore which DER can be easily 
connected to EMS – make list for 
community members 

Ba
rr

ier
s t

o 
pa

rti
cip

at
io

n 
in

 e
ne

rg
y 

m
ar

ke
ts

 

Ba
rr

ier
s a

nd
 

op
po

rtu
ni

tie
s 

Selling energy and flexibility on energy 
markets requires scale 

Selling energy and flexibility on energy 
markets requires scale 

Aggregator needs scale for viable 
business model 

Aggregator needs scale for viable 
business model 

 Current system favours large scale 
solutions (small profit margins) 

Re
sp

on
se

s 

Connect increasing number of DER to 
EMS 

Explore cooperative aggregator with 
energy cooperative Edona 

Operate cVPP / EMS on national level 
(REScoop Flanders / cooperative 
aggregator) 

Include neighbouring communities 

 Expand DER portfolio 
 Outsource energy supply to cooperative 

energy supplier 
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ABSTRACT 

This study aimed to get a better and more nuanced understanding of niche strategies in 
practice. Niche hybridisation strategies were conceptualised in relation to the three core 
dimensions of socio-technical systems (institutions, actors, and technology). This 
conceptualisation was applied to the case of Community Power (CP). CP is a 
community-owned supply company that combines elements of cooperative and 
commercial organisations, which are favoured by the community energy (niche) and 
commercial (regime) logics. CP was set up to enable energy communities to sell energy 
to their members and on electricity markets. As such, CP protected energy communities 
from market pressures, which allowed them to blend in and become more competitive 
within an unchanged selection environment. By stimulating wider diffusion of the 
community energy logic, CP passively stretched the regime. CP also actively stretched 
the regime by engaging in institutional entrepreneurship, to make it more favourable 
towards community energy.  
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5.1 Introduction 
Despite growing policy support on both the national (DCENR, 2015) and European 
level (European Commission, 2019a) Irish energy communities still face severe barriers 
for both developing their own renewable energy (RE) projects and for receiving 
revenues for RE fed back to the electricity grid. As a result, the share of community-
owned renewable energy remains rather low.  

One of the exceptions is Templederry Wind Farm (TWF), which was the first 
community-owned wind farm in Ireland. It took twelve years to develop the wind farm, 
mainly due to challenges regarding the securing of planning permission, grid connection 
and funding (Van Summeren et al., 2020). The revenues were used to develop their own 
supply company: Community Renewable Energy Supplier (CRES), which evolved into 
‘Community Power’ (CP): a large-scale energy supplier owned by multiple Irish energy 
communities, enabling them to sell generated energy to their members and on the 
energy market. This potentially allows energy communities to become more competitive 
and have wider transformative impacts. Hence, establishing CP, was key to the strategy 
of TWF and its partners to strengthen the Irish community energy sector.  

The community energy sector can be understood as a socio-technical niche (Dóci et al., 
2015; Seyfang et al., 2014). Because energy communities are driven by different values 
and principles, they are believed to be important seedbeds for innovation (Hielscher et 
al., 2013; Seyfang and Smith, 2007) and effective vehicles for realising public acceptance 
and citizen engagement concerning decarbonisation efforts (Dóci et al., 2015; Seyfang 
et al., 2013). As such, energy communities might have an important role to play in the 
ongoing energy transition.  

Literature in the field of Sustainability Transitions distinguishes two different niche 
empowerment strategies through which the community energy niche could break 
through, become mainstream, and realise wider transformative impacts. Either the 
community energy niche adapts to fit in the regime (fit & conform) or they aim for 
transform the socio-technical regime to make it more favourable towards community-
owned RE (stretch & transform) (Hoogma et al., 2002; Huijben et al., 2016; Meijer et 
al., 2019; Petzer et al., 2019; Smith and Raven, 2012).  

However, studies on niche empowerment concluded that in reality niche strategies are 
much more diverse and do not fit neatly in the fit & conform and stretch & transform 
dichotomy (Huijben et al., 2016; Meijer et al., 2019; Mylan et al., 2019; Raven, 2007; 
Smith et al., 2014; Van Summeren et al., 2021; Wesseling et al., 2020). There is a need 
for more nuanced theoretical perspectives to grasp the complexity of what happens in 
practice. The early work of Raven (2007) on niche hybridisation strategies provided an 
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interesting research avenue, which, however, so far received little attention from 
transition scholars. Based on the work by Raven (2007), a niche hybridisation strategy 
is defined as adapting to or mimicking incumbency to blend in the regime, while 
preserving parts of its deviant nature, which potentially allows the niche to become 
more competitive and transform the system from within (Raven, 2007). In contrast to 
the fit & conform and stretch & transform dichotomy, a niche hybridisation is 
considered to be a fit & transform or fit & stretch strategy (Hoogma, 2000). 

This paper expands the conceptualisation of niche hybridisation strategies by Raven 
(2007) with the CP case in mind. This allows for empirically investigating this particular 
niche hybridisation strategy, to get a better and more nuanced understanding of niche 
strategies in practice. This leads to the following research question: 

How does a niche hybridisation strategy facilitate the growth and wider transformative impact of the 
community energy sector?  

In Section 5.2, a conceptual framework is developed that provides a new way of thinking 
about niche hybridisation strategies. Section 5.3 describes the research methodologies. 
Section 5.4 presents the results of the empirical analysis. Finally, Sections 5.5 and 5.6 
respectively discuss the results and present the main conclusions.  

5.2 Theory 
Research on sustainability transitions showed that in the process of radical change of 
systems of provision such as energy, alternative niches offer solutions to regime 
problems but imply a fundamentally different organisation of systems. These niches, 
however, do not simply replace a socio-technical regime, which is understood as “the 
most highly institutionalized core of a socio-technical system” (Fuenfschilling and Truffer, 2014, 
p. 776). Rather, transitions involve the introduction or translation of elements of the 
niche into the regime (Grin et al., 2010; Smith, 2007). In other words, the newly 
established regime is by definition a hybrid, as it combines elements from both the 
incumbent regime and the niche. Since systems in transitions are framed as socio-
technical, their change implies a simultaneous transformation on three dimensions: 
institutions, actors, and technology (Fuenfschilling and Truffer, 2016; Geels, 2004; 
Geels and Turnheim, 2022; Rohracher, 2001; Van Summeren et al., 2021). Simultaneous 
change is difficult, usually takes time, and is evolutionary. New constellations of actors 
may emerge before infrastructural changes or institutional adaptations are carried out. 
On other occasions, technological innovations emerge but wider diffusion requires 
society to adapt. The three dimensions can therefore be seen as spaces where 
hybridisation occurs before a new regime becomes established.  



5

Niche hybridisation strategies   |   127   
 

 

This opens up the possibility to influence the direction and constellation of these 
dimensions by niches, which are considered to be important loci for change (Kemp et 
al., 1998; Schot and Geels, 2008). However, niches that differ radically from regimes 
face severe challenges concerning their survival and diffusion, and for realising wider 
transformative impacts. It is therefore argued that successful mainstreaming of novel 
socio-technical configurations requires adaptation, alignment, or hybridisation on the 
niche level (Smith and Raven, 2012; Wittmayer et al., 2021). This is referred to as a niche 
hybridisation strategy (Raven, 2007), which is understood as a niche that blends in the 
regime by taking over elements from the regime, while preserving some of its own key 
elements. This allows the niche to survive and become more competitive within an 
unchanged selection environment, while also contributing to socio-technical 
transformation by introducing alternative institutional, actor, and/or technological 
elements into the regime.  

Although in reality the institutional, actor, and technological dimensions are strongly 
interrelated, it is possible to take them apart for analytical purposes (Geels, 2004). This 
allows for exploring hybridisation strategies in relation to these three dimensions 
separately, as well as their mutual interactions6. Sections 5.2.1-5.2.3 explore 
hybridisation in relation to the three dimensions. Section 5.2.4 presents the resulting 
conceptual framework that allows for investigating niche hybridisation strategies in 
practice.  

5.2.1 Hybridisation of institutions 
Institutions are understood as rules that guide and coordinate perceptions and activities 
of actors (Geels, 2004). Hybridisation of institutions, however, has mainly been studied 
in relation to institutional logics (Battilana and Lee, 2014; Thornton et al., 2012; York 
et al., 2016). The institutional logics perspective is a novel metatheoretical framework 
for studying the interrelationships of institutions with individuals, and organisations in 
social or socio-technical systems (Fuenfschilling and Truffer, 2014; Thornton et al., 
2012). Based on earlier work of Friedland and Alford (1991) and Jackall (1988), 
Thornton and Ocasio (1999) defined institutional logics as the “socially constructed, 
historical pattern of material practices, assumptions, values, beliefs, and rules by which individuals 
produce and reproduce their material subsistence, organize time and space, and provide meaning to their 
social reality”(p.804). 

 
6 For extensive discussions on the interactions between institutions, actors, and technology see 
(Geels, 2004; Rohracher, 2001; Van Summeren et al., 2021) and Chapter 4.  
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The institutional logics perspective describes how institutions operate at multiple nested 
levels: society, field, organisational, and individual (Thornton et al., 2012). The societal 
level is referred to as the interinstitutional system (Friedland and Alford, 1991), which 
consists of ideal-type institutional orders of the family, community, religion, state, 
market, professions, and corporation (Thornton et al., 2012). These institutional orders 
each consists of various material practices and cultural symbols that influence behaviour 
of actors (e.g. how they organise themselves) (see Appendix A for a detailed overview 
of the institutional orders).  

At lower levels, these institutional orders do not just constrain actors , actors also have 
the capacity to innovate by combining, translating, and adapting (modular) elements of 
different macro-level institutional orders (Thornton et al., 2012). In other words, actors 
can use the macro-level institutional logics as cultural toolkits, from which they can 
draw cultural symbols (ideation and meaning) and material practices (structures and 
practices), the two core elements of institutional logics. York et al. (2016) 
operationalised cultural symbols as goals and material practices as the means to achieve 
these goals. The application of elements (e.g. goals and means) from different 
institutional logics is referred to as hybridisation. This does not mean that actors can 
deliberately create new hybrid logics, rather, they can combine elements within hybrid 
organisations and technologies (see Sections 5.2.3 and 5.2.4). Institutional field logics 
are in turn the aggregates of the logics brought by these organisations and technologies 
(DiMaggio and Powell, 1983; York et al., 2016). Several semi-coherent field logics 
together form the socio-technological regime (Fuenfschilling and Truffer, 2014).  

5.2.2 Hybridisation of actors 
A variety of actors participate in and are studied in the context of transitions. They range 
from individuals to collectives, firms, and organisations (Farla et al., 2012; Fischer and 
Newig, 2016). This paper focuses on organisations, as organisations are predominantly 
studied in relation to hybridisation and most relevant for the CP case. Energy 
communities are examples of collectives of citizens (or individuals), often structured as 
a formal organisation as this allows for participation on energy markets, application for 
grants and subsidies, and establishment of rules on decision making, ownership, and 
distribution of financial benefits.  

Organisations are guided and coordinated by institutional field logics, which provide 
prescriptions for organizational’ strategies, structures, and practices. Organisations can, 
however, innovate by drawing elements embedded in different logics and combine them 
at the core of their organisational mission, legal form, governance and ownership 
structures (Bauwens et al., 2020; Dalpiaz et al., 2016; Lallemand-Stempak, 2017; Litrico 
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and Besharov, 2019; Mitzinneck and Besharov, 2019; Pache, 2013; York et al., 2016). 
In addition, due to their hybrid nature, hybrid organisations face difficulties in being 
perceived as legitimate actors by non-hybrid actors in the field. These elements form 
the core characteristics of organisations, which represent dimensions on which 
organisations can differ from each other based on prescriptions of different institutional 
field logics. These elements are described in more detail in Table 5.1. 

By drawing elements from multiple institutional field logics, hybrid organisations can 
work around institutional constraints (Pache, 2013) and fit better “within and across 
institutional logics”, which is crucial for mainstreaming innovations (Pache, 2013; 
Wittmayer et al., 2021). By combining elements from divergent logics in an unique way, 
hybrid organisations are also believed to play important roles in realising socio-technical 
change by introducing and legitimising organisational forms, practices, and technologies 
deviant from the incumbent regime (Bergman, 2017; Dalpiaz et al., 2016; Greenwood 
et al., 2011; McMullen, 2018; Pache, 2013; Tracey et al., 2011; York et al., 2016).  

In contrast to the large majority of studies that investigated hybridity within individual 
organisations, (Bauwens et al., 2020) explored hybridity on the inter-organisational level, 
e.g. how different hybrid organisations “each manage particular dimensions of a collectively 
negotiated hybridity” (p. 215). Such a ‘synergistic arrangement’ allows hybrid organisations 
to operate on varying scales and focus on different activities and objectives (Bauwens 
et al., 2020).  

5.2.3 Hybridisation of technology 
In the field of Sustainability Transitions, technological innovation has been an 
important entry point to investigate radical transformations of modern societies (Kemp 
et al., 1998), often referred to as technological transitions (Geels, 2002). Although 
technology is often understood as material artefacts and infrastructures, they are also 
strongly linked with and dependent on skills, cultural norms, and everyday practices 
(Rip and Kemp, 1998). 

On the technological dimension, hybridisation refers to combination of old and new 
technologies into new hybrid technological designs (Raven, 2007). The new technology 
could be framed as a solution for specific problems in the incumbent regime (Raven, 
2007). An example of hybridisation of technology is the transition from sailing ships to 
steam-powered ships (Geels, 2002). Steam engines were added to sailing ships as a 
power source for moments when wind was absent, thereby solving a specific regime 
problem. Eventually the steam engines became dominant, while sailing ships moved to 
niche markets (e.g. recreational use).  
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A niche hybridisation strategy allows technology developers to fit in an incumbent 
regime and circumvent harsh competition with dominant technologies (Raven, 2007). 
Sectors that rely on ‘hard’ infrastructures (e.g. the electricity grid, (rail)roads) provide 
significant barriers for novel technologies, especially if the latter requires a new or 
adapted infrastructure (Kaijser, 2003). By fitting in or making use of the existing 
infrastructure, the technology can be further developed and diffuse more widely (Raven, 
2007). The latter allows for learning about the technology’s application in various 
contexts and domains, which is key for the emergence of socio-technical niches (Kemp 
et al., 1998; Schot and Geels, 2008). 

An example of novel technologies that rely on existing infrastructure is the integration 
of weather dependent solar PV in the electricity grid. Conventional fossil-fired power 
plants can be steered to make electricity supply meet demand, but the intermittent 
character of weather dependent renewables does not allow for this.  Hence, ICT and 
flexibility solutions are needed to balance solar PV and electricity demand. The 
integration of RES, like solar PV, requires not just the hybridisation with the existing 
electricity grid, but also a growing entanglement of the energy and ICT systems (Niet et 
al., 2022).  

5.2.4 Conceptualising niche hybridisation strategies  
Transitions are understood as regime shifts, which involve the introduction or 
translation of (elements of) the niche into the regime (Grin et al., 2010; Smith, 2007). 
In this context, this paper conceptualises niche hybridisation strategies as combining or 
blending elements from different institutional logics, organisational forms, and/or 
technologies from both the niche and regime. Figure 5.1 visualises this 
conceptualisation in four steps. First, the niche is radically different from the regime, 
making it difficult for the niche to break through and contribute to change. In the 
second step, niche actors mimic and/or blend elements of the regime with the niche, 
thereby creating hybrid logics, organisations, and/or technologies. For example, the 
niche shifts from residential RE towards large-scale RE, thereby incorporating the 
centralised nature of conventional power plants. Thirdly, this hybrid fits better within 
the regime, allowing the niche to survive within an unchanged selection environment. 
Finally, the hybrid niche can transform the system from within. This figure presents, 
however, a very simplified and linear description of a niche hybridisation strategy, e.g. 
as a fit & transform strategy. In reality, these processes are messier, non-linear, and not 
controlled nor planned by single actors. Instead, niche strategies unfold through a 
collective negotiation process that involves conflicts, adjustments, and social learning 
(Raven, 2007).  
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Figure 5.1: Visualisation of a niche hybridisation strategy, understood as combining or blending elements from 
both the regime and niche to fit in the regime in the short term, to transform it from the inside in the longer term. 

Table 5.1 describes the elements that can be drawn upon within a niche hybridisation 
strategy, which are used to study the case of Community Power. This allows for 
exploring whether the niche hybridisation strategy results in hybrid goals and means 
(e.g. how to achieve the objectives) from different institutional logics, hybrid 
organisational forms and synergistic arrangements between hybrid organisations, 
and/or hybridisation of technologies and infrastructures favoured by the niche and/or 
regime. These elements are based on studies on hybridisation of technologies (Raven, 
2007) and organisations, which is often studied in relation to institutional logics (Dalpiaz 
et al., 2016; Fuenfschilling and Truffer, 2014; Lallemand-Stempak, 2017; Litrico and 
Besharov, 2019; Mitzinneck and Besharov, 2019; Pache, 2013; York et al., 2016). This 
allows for studying hybridisation on the institutional, actor, and technological 
dimensions, which has, to the knowledge of the authors, not been done before. Previous 
studies limited their focus on hybridisation of either technology or organisational forms 
(and institutional logics).  

5.3 Research methods 
This study adopted a qualitative research approach to investigate the establishment of 
CP. Below the case selection, data collection and analysis are discussed.  

5.3.1 Case selection 
The case of CP was selected for two reasons. First, it involved a conscious niche 
hybridisation strategy that might be crucial for the empowerment of the Irish 
community energy niche. Secondly, the involvement of the researchers in the Interreg 
NWE cVPP project (588) allowed for closely following the establishment and 
proceedings of CP for over three years (2018-2021).  
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Table 5.1: Overview of (elements of) regime and niche logics that can be combined in a niche hybridisation 
strategy 

 Elements Description 

In
st

itu
tio

na
l 

lo
gi

c 

Institutional orders Family, community, religion, market, state, profession, and 
corporation 

Goals High-order goals of the field (embedded in institutional order(s))  
Means Prescribed ways in which to achieve these goals (embedded in 

institutional order(s)) 

O
rg

an
isa

tio
ns

 

Mission What is the appropriate goal for an organization? 
Is the organisation aiming to create economic, social, and/or 
environmental value for customers, shareholders, specific groups, 
and/or society as a whole? 

Organisational 
form 

What is the appropriate organizational form to achieve that goal? 
Examples of legal forms of organisations include: corporations, 
political organisations, cooperatives, and non-governmental 
organisations 

Governance and 
ownership 

How is control legitimately exerted in an organization? 
Who owns the organisation?  
Who is involved in day-to-day and strategic decision making? 

Sources of 
legitimacy 

What are the sources of professional legitimacy in an organization 
(e.g. expertise, contribution to mission)? 

Te
ch

no
lo

gy
 Favoured 

technology 
What technologies are favoured by or constructed in line with 
different institutional logics? How are technologies (favoured by 
different institutional logics) combined into new socio-technical 
configurations? 

Infrastructure Do socio-technical configurations rely on existing infrastructures 
for their functioning?  

 

5.3.2 Data collection 
Several approaches were combined for data collection. First, data were collected during 
both online and offline project meetings in which key actors involved in the 
establishment of CP presented their progress and struggles. Other participants in these 
meetings were cVPP consortium partners. See Appendices B and C for an overview of 
these meetings. Secondly, minutes of meetings, reports and other cVPP project 
deliverables that discussed the establishment of CP were collected (see Appendix D for 
an overview of cVPP project deliverables). Thirdly, semi-structured interviews were 
conducted by the main author to gather more in-depth information about the 
establishment of CP. The focus was on institutional barriers and opportunities, struggles 
and challenges, ambitions and motivations, as well as their progress over time. 
Interviewees consisted of actors directly involved in the establishment of CP (see Table 
5.2) as well as other key actors in the energy system. An overview of the interviews is 
provided in Appendix E. Finally, through desk research background information was 
gathered on CP and the actors involved, as well as on the Irish context. Information 
was derived from academic papers, grey literature, and webpages of the energy 
communities, CP, and of key actors in the Irish energy system.  
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Table 5.2: Actors involved in the establishment of CP 
Organisation Description 
Templederry Wind Farm 
(TWF) 

Ireland’s first community owned windfarm, developed by citizens from 
Templederry. 

Tipperary Energy Agency 
(TEA) 

Tipperary Energy Agency is an independent not-for-profit social 
enterprise that aims to deploy (innovative) sustainable energy solutions, 
educate the public, and lobby for institutional change. 

Friends of the Earth 
(FOE) 

An environmental organisation that aims to build a social movement, 
support local communities, and lobby for institutional change. 

Aran Islands Energy Co-
operative 

A cooperative on the Aran Islands that aims to deploy community 
owned RES to create local benefits and to lower its dependence on the 
mainland.  

Energy Communities 
Tipperary Co-operative 

A cooperative that supports retrofitting of houses and retrofitting in 9 
Irish communities / towns.  

Claremorris and Western 
District Energy Co-
operative 

This cooperative situated in the West of Ireland aims to deploy 
community-owned RES to benefit their local community members and 
to address climate change. 

Tait House Community 
Enterprise 

This community development cooperative situated in Limerick aims to 
generate enterprise, employment, and opportunities for training in the 
local community.  

Smart M Power A company specialised in developing smart grid solutions. 
 

5.3.3 Data analysis 
The software tool NVivo 12 Pro (QSR International Pty Ltd., 2018) was used for the 
empirical analysis, which consisted of two coding cycles. In the first coding cycle an 
initial (or open) coding method was applied, to code pieces of text based on their 
content (Saldaña, 2016). The second coding cycle consisted of elaborative coding to 
categorise the codes from the first cycle into pre-defined categories, derived from the 
conceptual framework (Table 5.1) (Saldaña, 2016).  

5.4  Results 
Section 5.4.1 outlines the incumbent energy system and the emergence of the 
community energy niche in Ireland. An exhaustive analysis of the socio-technical regime 
is beyond the scope of this paper7, instead this section aims to give a rather generic 
description of the regime and niche (see Table 5.3 for a summary). This preparatory 
step provides the background information needed to empirically investigate the niche 
hybridisation strategy in the CP case in Section 5.4.2.  

 
7 For an extensive review of the Irish energy system see (Gaffney et al., 2017). 
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5.4.1 The incumbent energy system 

5.4.1.1 Institutional logics 
In 1927, the Irish government established the state-owned and non-profit Electricity 
Supply Board (ESB), to ensure connectivity and a stable and secure supply of electricity 
for all Irish consumers over a uniform country-wide electricity grid (Gaffney et al., 
2017). This state-governed energy system shows the dominance of the ‘governmental 
logic’ within the regime, which is described in more detail in Table 5.3. 

The focus on security of supply is strongly reflected in the first RE support schemes in 
Ireland. From 1990, the Irish government started to support renewable energy to 
increase the share of electricity generated from indigenous energy sources for the sake 
of security of supply (CER, 2002; Department of Transport, 1996). Only from 1996 
onwards the policy support for renewable energy was explicitly framed in relation to the 
mitigation of climate change, in line with European climate mitigation targets (Gaffney 
et al., 2017).  

The operation of the Irish energy system changed drastically with the introduction of 
the Electricity Regulation Act (ERA) in 1999. The ERA was the Irish translation of the 
First EU Energy Package and aimed to liberalise the Irish energy market by unbundling 
vertically integrated monopolies (Gaffney et al., 2017). The increasingly important role 
for energy markets in the governance of the energy system indicates the increasingly 
dominant ‘commercial logic’ within the regime, which is described in more detail in 
Table 5.3. This was also reflected in the competitive auction scheme introduced in 2020 
as part of the renewable energy support scheme (RESS).  

Concerning community energy, until recently there was little policy support for Irish 
energy communities (Walsh, 2018). Only recently policy papers mentioned a more 
active role for citizens and (energy) communities in the energy transition, beyond energy 
conservation efforts (DCENR, 2015, 2014; Walsh, 2018). Only in 2020, this policy 
support was translated into the design of the RESS, which includes the provision of 
support for setting up community-driven RE generation projects and the creation of a 
separate ringfenced ‘community’ category in the RESS auction  (Government of 
Ireland, 2018). The latter means that a percentage of 5-15% of the total capacity is 
reserved for projects that meet community-led criteria.  

To conclude, in the recently published energy strategy for Ireland between 2015 and 
2030, three main objectives were formulated: security of supply, competitiveness, and 
sustainability (DCENR, 2015, 2014). These three objectives represent the dominance 
of the governmental and commercial logics within the socio-technical regime, as well as 
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the increasing importance of climate change mitigation. In addition, the community 
energy logic has been gaining traction over the last decade within Irish policies.  

5.4.1.2 Organisations 
In 1927, ESB took over all responsibilities and undertakings related to energy generation 
and distribution from local authorities, private companies, and entrepreneurs (Gaffney 
et al., 2017). However, as part of the liberalisation process set in motion in 1999, roles 
and responsibilities were unbundled. EirGrid, an independent TSO, became responsible 
for operating the transmission system. ESB Networks, one of the subsidiaries of ESB, 
retained ownership of both the transmission and distribution system, and was 
responsible for operating the latter (Gaffney et al., 2017). In addition, the wholesale and 
retail energy markets were opened for new entrants, mainly consisting of commercial 
organisations. One of the relatively novel actors in the Irish energy system are energy 
communities, who, due to institutional barriers, had to focus on energy conservation 
projects. An exemption is TWF, who did manage to set up a community-owned wind 
farm.  

To conclude, in line with the dominance of both the governmental and commercial 
logics, public utilities and commercial organisations play key roles in respectively 
managing and operating the electricity grid and in trading and supplying energy. Energy 
communities hardly play a role in energy generation and distribution.  

5.4.1.3 Technology 
Concerning the technological infrastructure, for a long time ESB was the owner and 
operator of both the distribution and transmission networks. In the late 1970s the 
objective to realise a nationwide electricity grid was finally met; all rural energy 
consumers were connected to the electricity grid (Dallamaggiore et al., 2016). In 1990 
and 2012 Irelands electricity network was connected to the networks of respectively 
Northern Ireland and the United Kingdom, as part of efforts to create an integrated 
European electricity network (Gaffney et al., 2017).  

Regarding energy generation technology, until 1970, main electricity sources consisted 
of hydropower, oil- and peat-fired power plants (Gaffney et al., 2017). However, oil 
crises in the 1970s drew attention Ireland’s reliance on imported fossil fuels, and led to 
efforts to diversify Ireland’s generation portfolio (Gaffney et al., 2017). This spurred 
interest in coal-fired power plants and wind power (Gaffney et al., 2017). In 2014, main 
primary fuels used for electricity generation were coal, natural gas, peat, wind, and hydro 
(Howley and Holland, 2016). To conclude, within the Irish energy system the focus was 
on large-scale centralised energy generation technology connected to a unified and 
nationwide electricity grid. In contrast, energy communities tend to favour energy 
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generation technologies that are scaled in relation to local energy demand and 
community needs and ambitions (Hicks and Ison, 2018). This implies that in many cases 
energy communities prefer RES on a smaller scale compared to the incumbent regime, 
which are relatively easy to implement within their local community context (Gui and 
MacGill, 2018). 

Table 5.3 provides an overview of the regime and community energy niche in Ireland, 
based on the above analysis and literature on Community Energy (Bauwens et al., 2022, 
2020; Hicks and Ison, 2018; Huybrechts and Haugh, 2018; Klein and Coffey, 2016; 
Mitzinneck and Besharov, 2019; Šahović and da Silva, 2016; Seyfang et al., 2013; Van 
Summeren et al., 2020; Walker and Devine-Wright, 2008). The purpose of this table is 
to provide a rather generic picture of the Irish electricity regime and the Community 
Energy niche, which allows for zooming in on the hybridisation within the CP case in 
Section 5.4.2.  

5.4.2 The niche hybridisation strategy: the case of Community Power  
The above overview of the regime and niche in the Irish context allows for investigating 
the niche hybridisation strategy in the case of CP, in relation to institutional logics, 
organisations, and technology. 

5.4.2.1 Hybridisation of institutional logics 
5.4.2.1.1 Institutional orders 
Energy communities set up CP, a community-owned renewable energy supply 
company. As will be discussed in more detail below, CP combines elements from the 
community energy (niche) & commercial (regime) logics, which in turn combine 
elements from the institutional orders: community, market, and corporation.  

5.4.2.1.2 Goals 
The energy communities and partners involved in setting up CP explicitly stated their 
overarching goals, which they framed in relation to perceived flaws and injustices within 
the incumbent energy system: 

“We want Ireland to run on clean renewable power, developed for people, by people. We recognize 
Ireland’s energy system is in crisis, with over 90% reliance on climate polluting fossil fuels and that 
many people are struggling to pay high energy bills, and yet live in cold homes. We are supporting 
communities around Ireland to develop their own renewable energy solutions (…). We want the many 
benefits of generating renewable power to stay local to the area where it is generated, and we want people 
to be able to afford to power their homes. We think electricity should be sold at fair, affordable, consistent 
prices and that profits should be shared.” [Report on the establishment of cVPP, 2020] 
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Table 5.3: Overview of the incumbent regime and community energy niche in Ireland 
 Regime Niche 

In
st

itu
tio

na
l l

og
ic 

Field logic Governmental logic Commercial logic Community energy 
logic 

Institutional 
orders 

State, profession 
(engineering) 

Market, corporation Community, 
corporation, market 

Goals Energy security and 
availability, cost 
efficiency  

Increase efficiency Energy democracy and 
-justice; community 
resilience, 
empowerment, and 
autonomy 

Means Homogeneous nation-
wide electricity grid to 
provide sufficient 
transport capacity 

Increase competition 
through liberalization 
of markets 

Community ownership, 
democratic decision 
making, engagement 

O
rg

an
isa

tio
ns

 

Mission Provide transport 
capacity 

Financial profit Economic, 
environmental, and 
social value creation 

Organisational 
form 

(Vertically integrated) 
state-owned 
monopolies 

Company Energy cooperative 
(REScoop) 

Governance Indirect democratic 
control (through 
political system) 

Board of directors, 
voting power 
shareholders depends 
on number of shares 

Community ownership, 
1-member 1-vote 
(board members, 
objectives and strategy) 

Sources of 
legitimacy 

Increase community 
(e.g. societal) good 

Shareholder activism Trust, reciprocity, 
democratic 
participation 

Te
ch

no
lo

gy
 

Favoured 
technology 

Large scale generation 
(that is visible and 
controllable) 

Large scale generation 
(economy of scale) 

Renewable energy, scale 
in line with community 
needs and ambitions 

Infrastructure Existing grid 
infrastructure, to which 
a digital layer is added 
to deal with the 
increasing number of 
RES 

Existing grid 
infrastructure, to which 
a digital layer is added 
to deal with the 
increasing number of 
RES 

Existing grid 
infrastructure, to which 
a digital layer is added 
to deal with the 
increasing number of 
RES 

 

The overarching goal was to strengthen the community energy niche. In other words, 
they aimed to introduce and mainstream elements of the community energy logic in the 
regime. This was seen as a solution for issues related to globalisation, deterioration of 
democracy, and the dominance of the commercial logic and its focus on profit 
maximisation for a few major shareholders:  

“A benefit will be to reduce the dominance of private market players, whose owners are often anonymous 
corporate investors, held by non-taxpaying offshore structures. A benefit will be to give greater autonomy 
to the energy system and to our democracy and society generally, by including democratically owned and 
controlled local players, whose members live locally and pay their taxes locally.” [Report on the 
establishment of cVPP, 2020] 
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5.4.2.1.3 Means 
To realise the first community-owned wind farm in Ireland, TWF had to overcome 
severe barriers concerning the securing of planning permission, grid connection and 
funding. The actors involved in TWF consciously developed a niche hybridisation 
strategy to enable energy communities to survive within this unfavourable selection 
environment. They mimicked incumbency by setting up an energy supply company: 
‘Community Renewable Energy Supplier’ (CRES), which later evolved into 
‘Community Power’ (CP) (Section 5.4.2). The purpose of CP is to enable energy 
communities throughout Ireland to gain ownership over RES and sell electricity to their 
members and on energy markets. In addition, they shifted their focus from small-scale 
RES towards large-scale RES in line with prescriptions of the regime (Section 5.4.3).  

Next to blending in, the energy communities also aimed to transform the incumbent 
energy system to make it more favourable to citizen and community-owned energy 
generation. This involved efforts to mobilise support for community-owned energy 
generation in general, by framing the benefits of community energy in relation to public 
acceptance and citizen engagement in the energy transition. More focused efforts 
involved participating in public consultation concerning the RESS and sharing results 
and lessons learned regarding experienced institutional barriers with policy makers. 
These barriers concerned the costs and uncertainties related to grid access and planning 
permissions, requirements for accessing energy markets, and the lack of support 
schemes for micro- and small-scale RE generation.  

5.4.2.2 Hybridisation of organisations 
5.4.2.2.1 Organisational mission 
The original name of CP was Community Renewable Energy Supply (CRES), which 
later was changed into Community Power. Both names reflect the hybrid nature of CP’s 
organisational mission. The latter included the aim to create economic (financial 
revenues for RE generation), social (strengthening communities), and environmental 
values (decarbonisation). The organisational mission of CP was to support and enable 
community and citizen participation and ownership in RE generation, by supplying 
electricity back to community members and by selling the surplus on energy markets 
(see Figure 5.2):  

“We envisage Community Power as a key enabler for the development of community- and citizen-owned 
renewable electricity generation in Ireland. The ability to buy and sell small scale renewably generated 
power has the potential to be a game changer in Ireland, and will allow many more community-owned 
energy projects (…) to be realised.” [Report on the establishment of cVPP, 2020] 
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Figure 5.2: How Community Power enables community ownership of RES and trading of electricity by citizens 
and energy communities – the green arrows represent electricity flows. 

CP aimed to create local benefits for local communities, including foremost the financial 
revenues from RE generation, but also capacity building (skills, knowledge), creation of 
local jobs, reduction of fuel poverty and financial hardship by supporting retrofitting 
projects, and the provision of support for communities that strongly rely on the fossil 
fuel industry.  

The above shows that its ability to generate revenues was key to the hybrid mission of 
CP, e.g. creating financial revenues for its shareholders like a commercial company, who 
in this case were communities and citizens rather than a few major shareholders. The 
generation of revenues could be considered as a means to realise community energy in 
the Irish context, as it is key to the creation of a viable business case. In addition, CP 
was set up as a non-profit organisation that aimed to strengthen Irish communities and 
citizens.  

5.4.2.2.2 Organisational form  
During various workshops, spread over five months, it was estimated by the energy 
communities and partners TEA, FOE, and Smart M Power (see Table 5.2 for an 
overview of the actors involved), that a viable business model for CP requires about 
5.000 to 20.000 customers. As a small supplier licence is valid for up to 200 customers, 
CP needed to become a large-scale energy supplier. 
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On January 8th, 2020, CP officially received their large-scale energy supplier license. To 
acquire this license, CP had to meet high IT, financial, and regulatory requirements. This 
involved high costs, which showed the need for energy communities to act collectively 
to reach sufficient scale for a viable business model. Going large scale also posed a 
challenge for CP. The number of financial reserves needed strongly depends on the 
ratio between CP’s generation portfolio and total energy demand of their customers, 
e.g. the more electricity needs to be bought on energy markets, the more financial 
reserves are needed. This meant that growing the customer base faster than the RE 
generation portfolio comes with significant risks. 

As CP was considered key to enabling energy communities to earn revenues by selling 
energy to their members or on energy markets, the involved actors stressed that it is of 
utmost importance that CP is resilient to shocks and crises. They felt that CP needs to 
be operated as an independent, self-sustaining, and commercial company. In other 
words, although it was set up as a not-for profit company, CP still needs to make profit 
to cover administration and overhead costs, to reimburse the money invested by TWF 
to establish CRES and to acquire the large supplier license, and to invest in the further 
growth of CP and the involved energy communities:  

“But again, it has to be profitable. We already put a quarter million into CRES, and another quarter 
million in the solar farm applications. All of that could go down the drain... It is all risk.” [Interview 
representative of TWF, 2018] 

Several organisational forms were considered, and because of legislative restrictions 
(Irish legislation for cooperatives stems from 1989 and did not quite fit the CP context), 
a hybrid organisational form was chosen. CP combined elements from PLC (Public 
Limited Company) and cooperative organisational forms, which allowed to blend in the 
regime, while incorporating elements of the community energy logic.  

“Because we couldn’t use cooperative, we instead aimed for a standard LTD company with cooperative 
principles. But you can only have 250 shares in an LTD company, so that didn’t fit the purpose. So, 
we ended up going for a PLC model, in which we incorporated cooperative structures, which allows us 
to raise finance for energy projects. (…) Because this is a hybrid, there is nothing like it.” [cVPP 
consortium meeting Antwerp, 2019] 

Next to considering CP as an individual hybrid organisation, it could also be seen as a 
synergistic arrangement between citizens, energy communities, social enterprises, and 
civil society organisations. Different organisations perform different roles within this 
partnership (see Table 5.4), thereby managing different dimensions of the collectively 
negotiated hybridity.  
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Table 5.4: Overview of roles and responsibilities of actors involved in CP 
Actor Roles and responsibilities in the synergistic arrangement 
Energy 
communities (see 
Table 5.2 for an 
overview) 

Develop the organisational structure of CP, raise awareness, develop the 
organisational structure of CP, recruit members and customers, lobby (local) 
policy makers for institutional change, and execute local RE generation and 
energy saving projects 

TEA Develop the organisational structure of CP, Provide technical support, and 
lobby for institutional change 

FOE Develop the organisational structure of CP, raise awareness and promote CP 
throughout Ireland, provide communicative support for energy communities, 
and lobby for institutional change 

Smart M Power Develop the organisational structure of CP, explore future opportunities CP 
concerning demand response and maximising collective self-consumption 

 

5.4.2.2.3 Ownership and governance  
This synergistic arrangement was also clearly visible in the ownership and governance 
structures of CP. Although, CRES was originally solely owned by TWF, the transition 
into CP involved the introduction of a shared ownership model to ensure active 
participation of multiple energy communities. The buy-in of local energy cooperatives 
into CP allowed TWF to withdraw as main shareholder and risk taker, and for the 
repayment of initial investments in CRES.  

Regarding ownership, there were discussions on whether besides energy communities 
also individual citizens could become member and co-owner of CP. This is because the 
success of CP depends not only on its resilience against shocks and ability to function 
as an autonomous commercial company, but also on its symbiotic relationship with 
energy communities who it aimed to empower and who play a key role in recruiting 
customers, members, and investors.  

Because CP is an energy supplier, a bilateral contract is needed with individual 
customers. The viability of the business model of CP also strongly depends on the size 
of its customer base. CP would therefore benefit from the possibility that also individual 
citizens without energy community, referred to as ‘orphans’, could join CP. It was, 
however, stressed that this could harm the local energy communities, as it could hinder 
the recruitment of new members for their local initiatives. The involved parties agreed 
that governance and ownership structures were needed that protect both the local 
energy communities and CP: 

“We have to make sure that we protect CRES, nothing can happen to CRES. CRES is the one with 
the legal arrangement with the government, they are an entity that is allowed to buy and sell power, and 
we have then an arrangement with CRES and the other community groups. But we need to protect them 
as well” [Interview representative Tait House Social Enterprise, 2018] 
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The above tensions were solved by distinguishing between different types of shares, 
which come with different voting rights, which is possible within the PLC structure. A 
distinction was made between four different types of members, presented in Table 5.5.  

Table 5.5: Overview different shares and memberships for CP 
Type of membership / share Voting power and return on investment 
Energy communities One share equals five votes, they will receive a return on 

investment 
Citizens One share equals one vote, individual members can attend 

meetings 
Junior members One share equals one vote, once a junior members turn eighteen 

years old 
Investors (RE generation 
projects) 

No voting rights, receive a return on investment 

 

A tension existed between democratic and transparent decision-making and to make 
CP operate as an autonomous commercial entity. Key part of the trade-off made was 
to assign a board of a maximum of twelve executive and non-executive directors. 
Executive members consisted of the staff of CP, who make executive decisions but 
have to operate in line with the core values agreed upon by the founding energy 
communities (e.g. local benefit, democracy and cooperation, clean energy, fair prices, 
and resilience). Non-executive board members were to be elected by members of CP, 
either directly from the members or based on expertise required within the board. These 
non-executive board members will have a say in policy and strategy but will not be 
involved in day-to-day decision making:  

“We are trying to ensure that community power can function as a commercial entity. That it doesn’t get 
tied up in one person one vote, which we agreed on in principle. To prevent having too many Indians 
and no chiefs, and not being able to make a decision. So, part of what we are looking at is an executive 
board for community power, that can just get on with day to day running of the business.” [Interview 
employee CP, 2019] 

The above showed several tensions related to governance and ownership of CP, which 
were the result of its hybrid character. To become a key enabler of Irish energy 
communities, CP had to comply to the prescriptions of both the community energy and 
commercial logics.  

5.4.2.2.4 Sources of legitimacy 
As stressed above, key to the success of CP is to attract enough members and 
customers, which required CP to be perceived as both a legitimate energy supplier and 
a community energy protagonist by citizens, energy communities, and local enterprises. 
This was highly visible in the communication on the website of CP, which framed CP 
explicitly as a non-profit, community-owned, transparent, and democratically operated 
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RE supply company, set up to enable citizens and energy communities to own and earn 
revenues from renewable energy sources.  

In addition, the fact that TWF was a frontrunner energy community that set up a 
community-owned wind farm and supply company (CRES), and who successfully 
applied for Interreg NWE funding, increased CP’s legitimacy in the eyes of energy 
communities:  

“So, CRES is already set up, it is already authorized, it is community-owned, and of course CRES 
and the individuals in it have done the heavy lifting, so they stretch far. They come with a very good 
pedigree. So, it is easy for people like me to be able to say: yeah, I trust those guys, and I'm happy to 
follow their lead, so to speak, because I know they've been good” [Interview representative Tait 
House Social Enterprise, 2018] 

To successfully realise institutional change, CP needed also to increase legitimacy in the 
eyes of policy makers and other regime actors. Community energy was therefore framed 
as a means to increase public acceptance for the energy transition. In other words, they 
frame CP as a solution for regime problems: 

“So, in order to get people on board with a complete transformation of the energy sector […]. We need 
acceptance. To get that, we need people to benefit from it, to participate in it, to decide to have ownership 
and feel ownership of that transition. And community energy offers a way of doing that. A very fair 
and equitable way, it creates opportunities. So that is the framing.” [Interview employee FOE, 
2019] 

5.4.2.3 Hybridisation of technology 
In line with prescriptions of the community energy logic, CP favoured small-scale RES, 
preferably owned by local communities and citizens. However, these small RES faced 
severe barriers in the form of the costs and time associated with securing planning 
permission and the fact that RE support schemes, until recently, favoured only large-
scale RE generation. As a result, CP had to shift its focus towards deploying several 
large solar farms (up to 4-5 MW), which were going to be supported by the RESS. The 
benefit of large scale RE generation is that it instantly creates revenue streams for CP 
as well as for multiple energy communities.  

“We have to adapt to the market situation; the ideal would be that you have generation in every local 
area. But the way it is at the moment… we are looking at generation owned by multiple communities, 
by a company that supplies energy to members of CRES.” [Interview employee CP, 2018] 
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CP was, however, still involved in realising small scale RE projects, but merely for the 
purpose of transforming the regime. This is part of their efforts to make the institutional 
context more favourable towards small-scale RE generation. However, CP also 
recognised that it might not be cost effective to include small-scale RE in the portfolio 
of CP. 

“But what we try to do, we have microgeneration limit for export of 11 kW. So, we are applying for 
12 kW for all three buildings, just to prove how stupid the regulation is. (…) Community Power will 
be able to pay for export. It will not be cost effective, it will not make sense, but to prove the point that 
the system doesn’t work.” [cVPP consortium meeting Antwerp, 2019] 

The introduction of digital meters might, however, make it easier to include 
microgeneration in the generation portfolio of CP. Together with the introduction of 
novel IT solutions and the electrification of mobility (electric vehicles) and heating (heat 
pumps), this also created new opportunities for energy management and demand 
response (DR). The fact that CP was already a supply company, might make it 
worthwhile to shift energy demand to moments when there is a surplus of energy 
generation within CP’s portfolio or when prices are low on energy markets. At the 
moment of writing, CP is indirectly involved in DR projects, together with Smart M 
Power, to explore future opportunities.  

In addition, there were also discussions regarding the focus on RE only. It was decided 
that the focus is on RE, but that non-RE sources would not be automatically excluded 
from CP if it is ‘clean’ and owned by- or creating benefits for local communities. CP’s 
executive board will make the decision for each specific case of non-RE. 

To conclude, the niche hybridisation strategy of CP did not involve actual hybridisation 
of technologies. Rather, it involved deployment of large scale RE generation in line with 
prescriptions of the regime logics in the short term, combined with efforts to transform 
the regime, e.g. to make it more favourable towards small scale RE in line with the 
community energy logic.   

Table 5.6 summarizes the niche hybridisation strategy of CP in relation to the three 
dimensions. 
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Table 5.6: Summary of results 
Dimension What? How? 
Institutional 
logics 

Blend in to survive and 
become more competitive, 
which allows for 
transforming the system 
from within 

Strengthen the community energy niche by both 
blending in the dominant regime, while 
simultaneously performing institutional 
entrepreneurship to incorporate the community 
energy logic in the regime to make it more favourable 
towards citizen- and community-owned and/or 
small-scale RE 

Organisations Hybrid organisational form 
that combines elements 
from corporations (PLC) 
(commercial logic) and 
cooperatives (community 
energy logic) 

CP is designed to simultaneously operate as an 
independent commercial entity (executive board, for-
profit) to enable energy communities to sell and 
supply energy, and as an energy cooperative owned 
and democratically governed by its members (non-
executive board elected by members, 1 member-1 
vote principle, transparency, local/community 
benefits) 

Technology Focus on technologies 
prescribed by the 
governmental, commercial, 
and community energy 
logics 

CP is a vehicle for deploying community-owned large 
scale RE generation in the short term (in line with 
dominant regime logics), while simultaneously aiming 
to transform the regime by including small-scale RE 
in the portfolio of CP and by lobbying for 
institutional change 

 

5.5 Discussion 
The CP case is especially interesting because it involved a conscious niche hybridisation 
strategy set out through a structured negotiation process. In contrast to most niche 
strategies which tend to unfold “at the collective level through a process of conflicts, mutual 
adjustment and interactive learning” (Raven, 2007, p. 2399). In addition, this case might be 
of major importance for the Irish community energy niche, as CP could be a key enabler 
for citizen- and community-owned energy generation. As such, it potentially has 
positive energy justice impacts beyond their own local energy community (van Bommel 
and Höffken, 2021). 

The overarching ‘aggregator’ role performed by CP receives a lot of attention by 
academics and policy makers (European Commission, 2019a), as a way to integrate 
DER in existing energy markets. It could be considered a hybridisation strategy as it 
allows for mimicking incumbency by aggregating DER into one larger (virtual) entity, 
to reach the scale required for participation on respectively energy and flexibility 
markets as an cooperative supplier or aggregator (Van Summeren et al., 2021). 
Hybridisation or adaptation to blend in the regime is often understood as 
compromising, as it often involves abandoning some of their fundamental underlying 
principles and values (Hermans et al., 2016; Smith, 2007). The case of CP, however, 
showed that it might be too short sighted to consider hybridisation equal to 
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compromising, as it can be key to facilitating not only growth but also wider 
transformative impacts of the Irish community energy niche. In addition, by shielding 
energy communities from market pressures, CP potentially allowed these local 
initiatives to stay true to their community nature, thereby reducing the need for them 
to make compromises concerning core activities within their local communities. 

Although aggregation seemed to be a promising niche strategy for supporting the 
growth and diffusion of energy communities (Van Summeren et al., 2022), it also 
created several challenges and tensions. For instance, the CP case showed the difficulty 
of simultaneously strengthening and protecting the overarching aggregator (CP) as well 
as the involved energy communities, as they have a symbiotic relationship and rely on 
each other for being successful, but have conflicting needs, values, and objectives.  

This relates to the outstanding question whether it is better to have one large CP that 
covers the whole of Ireland, or multiple smaller energy suppliers owned by local 
communities. The latter might increase the share of local decision-making power, 
ownership, and benefits. The need to increase scale to participate in the energy market 
might, however, evoke competition between energy communities over territory, 
resources, and members (Van den Berghe and Wieczorek, n.d.), what goes against their 
cooperative nature. In addition, unifying the community energy niche around one CP 
came with the benefit of speaking with one voice, which has proved to be difficult but 
crucial in successfully lobbying for institutional change (Ruggiero et al., 2018; Seyfang 
et al., 2014). Finally, the scale of CP allowed them to not only act as a supplier, but also 
to take up an intermediary role by accumulating and circulating knowledge and 
resources, thereby supporting energy communities throughout Ireland to set up their 
own RE generation projects. This in turn strengthened CP, as it helps increase the size 
of its generation portfolio, which is crucial for a viable business case.  

The study presented in this paper has several limitations. First, the fact that the 
conceptual framework is developed with one specific case in mind, to which it is also 
applied, has implications for its generalisability. On the other hand, this allowed for an 
in-depth analysis of the establishment of CP, thereby increasing the validity of findings. 
Secondly, the case presented in this paper concerns ongoing efforts of energy 
communities, making it uncertain whether their strategy will be successful, not only to 
survive, but also to realise wider transformative impacts.  
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5.6 Conclusion 
This paper explored how a niche hybridisation strategy allowed energy communities to 
blend in the incumbent energy system, to facilitate the growth and wider transformative 
impact of the Irish community energy niche.  

The niche hybridisation strategy involved drawing elements of both the community 
energy and commercial logics. This allowed Irish energy communities (together with 
their partners) to establish Community Power, a hybrid organisation that combines 
elements of cooperative and commercial organisational forms. CP is a citizen and 
community-owned supply company that traded energy on behalf of its members, 
thereby allowing them to gain revenues for RE generation. As such, CP protected 
energy communities from market pressures, which made them more competitive within 
an unchanged selection environment. Concerning technology, to expand its generation 
portfolio, CP deployed large scale RES in line with prescriptions of the regime.  

Mimicking incumbency allowed CP and the involved energy communities to become 
more competitive and transform the system from within. A distinction can be made 
between passive and active forms of stretching. By making energy communities more 
competitive, CP passively stretched the regime by simulating the growth and wider 
diffusion of the community energy logic throughout the field, e.g. by increasing the 
‘fertility’ of energy communities, CP allowed an increasing number of energy 
communities to ‘invade’ the incumbent energy system (McMullen, 2018). The increasing 
presence of the community energy logic could in turn threaten the coherence between 
regime logics (Bergman, 2017; Fuenfschilling and Truffer, 2014). Over time a new 
regime could be established that incorporates (elements of) the community energy logic, 
thereby allowing for a larger variation of organisations, technologies, and socio-
technical configurations to exist. 

The actors involved in CP actively stretched the institutional context through 
institutional entrepreneurship (Hoogstraaten et al., 2020). As part of the process of 
establishing CP, a shared vision was created on empowering the Irish community energy 
niche. When sharing this vision with regime actors to increase their support, community 
energy was explicitly framed as a solution for the growing opposition against RE 
projects. As such, the establishment of CP played a key role in unifying and mobilising 
energy communities and other stakeholders into a larger community energy movement, 
which is considered crucial for successful niche development and for realising regime 
shifts (Kemp et al., 1998; Schot and Geels, 2008).  

This paper showed that niche hybridisation strategies (Raven, 2007) provide a promising 
avenue for investigating niche strategies. Hybridisation reflects the intermediate nature 
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of niche strategies in practice, which are often combinations of ‘fit & conform’ and 
‘stretch & transform’ strategies. In addition, by exploring hybridisation in relation to the 
institutional, actor, and technological dimensions, this study provided a more nuanced 
theoretical perspective that is able to grasp the complexities of niche strategies. 
However, more research is needed on both ongoing and historical cases to further 
elaborate on what hybridisation entails in relation to these three dimensions. These 
future studies could build on concepts developed to explain the variation (or degrees 
of) hybridity in the context of organisations, to better understand different ways in 
which hybridisation takes place in practice and how the hybridisation of the same logics 
can still result in different hybrids (Besharov and Smith, 2014; Litrico and Besharov, 
2019; McMullen, 2018; Shepherd et al., 2019).  
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5.7 Appendices 

5.7.1 Appendix A: The interinstitutional system 
Derived from (Thornton et al., 2012) 
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5.7.2 Appendix B: Overview of meetings and semi-structured interviews 
Overview project meetings 

Date Online / live  Topic of meeting 
17-01-2018 Online Replication of energy communities 
19-02-2018 Online First general quarterly consortium meeting  
22-02-2018 Online How to design a community-based virtual power plant 
19-03-2018 Live How to design a community-based virtual power plant  
27-03-2018 Live How to communicate with external stakeholders 
06-04-2018 Live How to design a community-based virtual power plant 
11-04-2018 Live Consortium meeting in Tipperary, Ireland 
07-06-2018 Online Second general quarterly consortium meeting 
13-09-2018 Online Third general quarterly consortium meeting 
23-10-2018 Online Impacts of the institutional context 
31-10-2018 Online Defining Community & community-based virtual power plant 
07-11-2018 Live Consortium meeting Ghent 
30-11-2018 Online Defining Community & community-based virtual power plant 
08-05-2019 Live Consortium meeting Apeldoorn 
13-11-2019 Live Consortium meeting Antwerp 
10-06-2020 Online Consortium meeting 
22-09-2020 Online Consortium meeting 
31-05-2021 Online Consortium meeting 
03-11-2021 Hybrid Consortium meeting Loenen 
18-11-2021 Online Discuss script cVPP project video 

 

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

- Eindhoven University of Technology 
- Municipality of Apeldoorn 
- DuneWorks 
- USEF 
- Alliander 
- Kamp C 
- Tipperary Energy Agency 
- Community Renewable Energy Supply (CRES) / Community Power (CP) 
- Friends of the Earth Ireland 
- Foundation Sustainable Projects Loenen / Energy Cooperative Loenen 
- Translyse 
- Qirion 
- EnerGent  
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5.7.3 Appendix C: Overview of Irish project meetings 
Overview Irish project meetings to establish Community Power 

Date Data collection (minutes / participating) 
18-05-2018 Minutes 
28-06-2018 Participation 
14-08-2018 Minutes 
10-09-2018 Minutes 
11-10-2018 Minutes 
01-02-2019 Minutes 
11-04-2019 Minutes 
21-06-2019 Minutes 
19-07-2019 Minutes 
19-09-2019 Minutes 
08-10-2019 Minutes 
16-01-2020 Minutes 

 

Actors who participated in the Irish project meetings: 

- Templederry Wind Farm (TWF) 
- Tipperary Energy Agency (TEA) 
- Friends of the Earth (FOE) 
- Aran Islands Energy Co-operative 
- Energy Communities Tipperary Co-operative 
- Claremorris and Western District Energy Co-operative 
- Tait House Community Enterprise 
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5.7.4 Appendix D: Overview of cVPP project Deliverables 
Overview of cVPP project Deliverables 

Date Title 
12/12/2018 Community profiles 
20/12/2018 Value proposition for the stakeholders of the cVPP in the Irish context 
31/12/2018 cVPP value propositions and their communication plan 
31/06/2019 Community specific action plans 

27/09/2019 Report on the implemented and tailored market interaction database and 
consumer interaction databases for the cVPP  

10/02/2020 Communications and marketing strategy for the cVPP stakeholders  
31/03/2020 cVPP results of the prosumer recruitment 
30/06/2020 Recommendations to the national regulator and legislator 
11/12/2020 Lessons learned from the cVPP conceptualisation  
15/12/2020 Report on the establishment of the cVPP  
18/12/2020 Investment and implementation plan for additional RES in Tipperary 
18/12/2020 Report on the requirements of a cVPP to supply system services 

18/12/2020 Harvesting synergies: joint learning from sharing relevant expertise for cVPP 
development 

25/03/2021 The suitable transnational/European cVPP platform framework 
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5.7.5 Appendix E: Overview of semi-structured interviews 
Overview semi-structured interviews 

Date Duration Interviewee 
25-06-2018 80 min Representative Tait House Community Enterprise 
26-06-2018 90 min Employee CRES / CP 
26-06-2018 60 min Representative TWF 
27-06-2018 50 min Representative Aran Islands Energy Co-operative 
04-07-2018 50 min CEO Tipperary Energy Agency (TEA) 
27-02-2019 50 min Employee CRES / CP 
17-04-2019 60 min Employee SEAI 
17-04-2019 50 min Employee DCCEA (Electricity Policy Section) 
17-04-2019 40 min Employee Local Council Tipperary 
14-05-2019 40 min Policy and campaign manager FOE 
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6 CONCLUSION 
In response to the climate crisis the EU and its member states put a lot of effort into 
decarbonising the energy system, which is visible in recent EU policy documents like 
the European Green Deal, EU electricity directives (European Commission, 2019a), 
and updated climate goals in the European Green Deal that dictates EU member states 
to cut net carbon emissions by 55 and 100% by respectively 2030 and 2050 (European 
Commission, 2019b). The centralised and fossil-fuel-based energy system came recently 
under even more pressure from the Ukraine war and the rising fossil fuel prices, which 
has informed the REPowerEU Plan that aims to reduce dependence on imported fossil 
fuels from Russia (European Commission, 2022).  

The ongoing energy transition, which started with efforts aimed at liberalising the energy 
system but increasingly focuses on decarbonisation, will change the way energy is 
consumed, produced, and distributed (Verbong and Geels, 2007). Although generically 
perceived as part of the solution, the relatively small-scale and intermittent renewable 
energy sources (RES) increasingly cause congestion issues and imbalances between 
energy demand and supply, resulting in increased societal costs for congestion 
management (Duijnmayer, 2021). For instance, recently, the distribution and 
transmission system operators had to decide to decline all grid connection applications 
for two Dutch provinces due to a lack of transport capacity. Digital technology is 
believed to be a potential solution for these issues, as it allows for evolving the energy 
system in a ‘smart grid’ that can actively monitor, coordinate, and control the increasing 
number of distributed energy resources (DER) (Skjølsvold et al., 2015; Verbong et al., 
2013), which includes distributed generation, energy storage systems, and controllable 
appliances (Asmus, 2010). More and more demonstration and research projects are 
initiated to test, develop, and introduce smart grid systems.  

In the context of sustainability transitions, these projects are understood as socio-
technical experiments. These experiments are considered as important loci for change, 
as they provide platforms for developing alternative socio-technical configurations, 
learning about their application in a variety of contexts and domains, articulation and 
alignment of expectations, and strengthening of social networks (Kemp et al., 1998; 
Schot and Geels, 2008). As such, these experiments play important roles in the 
emergence of socio-technical niches, which can, when successfully scaled up, contribute 
to the radical reconfiguration of the centralised fossil-fuel-based energy system into a 
renewable-based smart energy system.  
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Rather than focusing on systemic change, this research took socio-technical 
community-driven smart grid experiments as an entry point for investigating niche 
strategies aimed at upscaling from the niche to the regime level. As part of this 
‘innovation journey’ perspective (Geels and Turnheim, 2022), this research zoomed in 
on three community-based Virtual Power Plant (cVPP) experiments initiated by 
Templederry Wind Farm, EnerGent, and Energy Cooperative Loenen, who are energy 
communities from respectively Ireland, Flanders (Belgium), and the Netherlands. A 
cVPP is a promising yet unexplored innovation that combines elements from 
Community Energy and Smart Grids, which both are believed to be important drivers 
of the energy transition. A cVPP potentially allows energy communities to not only 
generate, but also manage, store, and trade energy. In contrast to many energy 
communities that focus solely on creating local community benefits (Ruggiero et al., 
2018), the studied cVPP experiments were set up by rather idealistic energy 
communities who explicitly aimed to contribute to wider diffusion of the cVPP concept, 
sustainability and justice impacts beyond their own community, and systemic change. 
As such, the investigated cVPP experiments hold a promise to empower energy 
communities by enabling them to play a larger role in the energy system and to 
contribute to the sustainable transformation of the energy system. Close involvement 
with the three frontrunner energy communities allowed for exploring how these 
emerging cVPP experiments could scale up and trigger a fundamental change, and to 
answer the following main research question: 

How do community-driven smart grid experiments scale up and 
contribute to the sustainable transformation of the energy system? 

To answer the main research question, this thesis addressed four underlying research 
problems and gaps in Chapters 2-5. First, investigating the upscaling of cVPP 
experiments required a better understanding of what exactly a cVPP is, which is 
addressed in Chapter 2. Secondly, although replication of experiments is considered to 
be crucial for upscaling (Geels and Schot, 2007; Van den Bosch, 2010), it remains 
unclear how it comes about in practice and what the views and ambitions are of the 
energy communities involved. This research therefore explored how cVPP can be scaled 
up while being sensitive to the perspectives of energy communities, who do not 
necessarily aim for growth and wider diffusion (Ruggiero et al., 2018). Thirdly, it remains 
unclear how exactly smart grid experiments, which promise to empower citizens and 
communities, could enable actors to promote systemic change. Chapter 4 therefore 
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explored how digital technology might enhance the agency of energy communities 
involved in cVPP experiments. Finally, there is a need for new theoretical perspectives 
to better understand the complexities of niche strategies in practice. This research 
developed and applied a new theoretical perspective to get a more nuanced 
understanding of niche strategies. This perspective goes beyond the prevalent fit-stretch 
dichotomy (Köhler et al., 2019; Smith and Raven, 2012), which provides an 
oversimplified distinction between niche strategies aiming to fit in and conform to the 
incumbent regime and strategies aiming to stretch and transform the incumbent regime 
to make it more favourable towards the niche (innovation).  

Before answering the main research question central to this thesis in Section 6.1.5, first, 
the above research problems will be addressed.  

6.1 The community-based Virtual Power Plant 
To explore what exactly a community-based Virtual Power Plant is, the following sub-
question was answered (See Chapter 2):  

How can community-based Virtual Power Plant be conceptualized and practically operationalised as a 
community-driven model for the generation, consumption, distribution and management of electricity? 

Based on literature reviews on Community Energy and Virtual Power Plants, five main 
building blocks of cVPP were identified: community, community logic, DER portfolio, 
control architecture, and the role played in the energy system. However, it became clear 
that cVPP has not one fixed meaning or dominant design. Rather, various combinations 
are possible that would allow energy communities to engage in different activities and 
perform a range of roles in the energy system. This led to the following flexible 
conceptualisation of cVPP: “A portfolio of DER aggregated and coordinated by an ICT-based 
control system, 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”(Van Summeren et al., 2020, p. 
12).  

This conceptualisation was then applied to three real-world cVPP experiments, which 
revealed how visions of what a cVPP is for as well as the institutional context had major 
impacts on cVPP designs. For instance, it became clear that to come to a viable business 
case, energy communities needed to operate on a scale beyond their own community, 
play certain roles in the energy system, and needed to expand their focus to pursue 
system values in addition to community values. In other words, energy communities 
needed to blend in by becoming regime actors who operate in line with both their 
community-logic and the prescriptions of the incumbent regime.  
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6.2 Replication of community-driven smart grid experiments 
To better understand how replication of community-driven smart grid experiments 
comes about in practice and to explore the views and ambitions of the energy 
communities involved, the following sub-question was answered in Chapter 3: 

What does replication of cVPP experiments mean in practice, based on insights from the energy 
communities involved? 

The researchers involved in this study acted as intermediaries by supporting the 
replication of cVPP experiments by energy communities interested in setting up their 
own cVPP sites. This bottom-up and action research approach, consisting of several 
workshops, revealed that replication of cVPP experiments is considered to be a multi-
dimensional and iterative process that involves not only practical efforts to implement 
technological building blocks (e.g. heat pumps, batteries, solar PV, digital meters, EMS), 
but also efforts related to the creation of meaning and local embedding of the socio-
technical configuration through a collective appropriation process.  

Several replication challenges were identified that relate to the complex, high-tech, and 
digital nature of the cVPP concept. These challenges included difficulties in envisaging 
how cVPP could create value for the community in a context characterised by 
institutional uncertainties, what scale is needed for a viable business case, how to engage 
community members in an increasingly complex and long-lasting project, how cVPP 
can build on or add to other projects and broader energy ambitions, how to gather 
sufficient resources (e.g. time, money, knowledge, skills), and how to collaborate with 
large and powerful regime actors. 

Central to the envisaged strategies to address these challenges were the efforts of more 
resourceful energy communities to develop overarching (supralocal) cVPPs that 
aggregate distributed energy resources (DER) from multiple smaller energy 
communities. This allowed for increasing the scale of the cVPP to allow participation 
in energy markets, thereby boosting the financial revenues for involved energy 
communities. It also made possible the pooling of resources from an increasing number 
of energy communities, this included the collective usage of the energy management 
system (EMS), e.g. the digital heart of the cVPP that is responsible for aggregating and 
controlling DER. Considering the EMS as a common resource allowed replicating 
communities to piggyback on earlier technological developments, thereby easing 
replication. 
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6.3 The agency of energy communities 
To explore how the EMS can empower energy communities to have wider 
transformative impacts, the following sub-question was answered (see Chapter 4): 

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

First, agency was conceptualised in the context of sustainability transitions as the ability 
of actors to impact the three core dimensions of socio-technical systems: institutions, 
actors, and technology. Data were gathered by following the proceedings of two 
ongoing energy communities involved in smart grid experiments for over 3 years. This 
revealed that digital technology strengthened collaboration in two ways. First, 
aggregating DER from multiple energy communities made them work together as one 
virtual entity. Secondly, open-source software created a sense of collective ownership, 
which spurred collaboration between energy communities across Europe in the form 
of the EU-funded REScoopVPP project. Next, energy communities mobilised digital 
technology to alter how technologies operated. As such, the one in charge of the EMS 
can decide how the system is operated and what values and whose goals are prioritised. 
The flexible nature of digital technology allowed for adapting to emerging barriers and 
opportunities in the ongoing energy transition. For instance, in response to increased 
attention to demand-side flexibility, energy communities aggregated DER into a larger 
cVPP to enable participation in energy and emerging flexibility markets. Aggregating a 
large number of DER into a cVPP allowed for mimicking the functionalities of 
conventional power plants, which makes DER fit better in the centralised energy 
system. Additionally, energy communities also used digital technology to demonstrate 
alternative decentralised solutions aimed at stretching the regime. In other words, the 
energy communities adopted a niche hybridisation strategy to blend in the regime to 
survive in the short term, while aiming to contribute to institutional change in the longer 
term.  

6.4 Niche hybridisation strategies 
To get a better and more nuanced perspective of real-life niche strategies, this study 
explored a promising niche hybridisation strategy within the Irish cVPP case that 
involved the establishment of a cooperative energy supplier. This allowed for answering 
the following sub-question (see Chapter 5):  

How does a niche hybridisation strategy facilitate the growth and wider transformative impact of the 
community energy sector? 
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First, a novel conceptual framework was developed to investigate hybridisation on the 
institutional, actor, and technological dimensions. The research showed that this 
framework allowed for empirically investigating the establishment of Community 
Power (CP), a community-owned energy supply company that is set up to enable 
citizens and energy communities to own RES and trade RE to receive revenues for their 
generated RE. CP is a hybrid organisation that combines elements from two distinctive 
institutional field logics (community energy and commercial) and two different 
organisational forms (cooperative and commercial company). This hybridisation made 
CP fit well in the regime, allowing it to trade energy in similar ways as commercial energy 
supply companies while preserving its core community principles. The shielding of 
energy communities from market pressures made them more competitive within 
unchanged regime conditions, allowing for their survival, growth, and wider diffusion.  

This made the community energy logic more prevalent within the regime, which could 
eventually threaten the coherence and stability of the incumbent regime. In addition to 
these more passive forms of stretching, as part of attempts to make the regime more 
favourable towards community-owned and small-scale RES, actors involved in CP also 
actively engaged in institutional entrepreneurship. This involved the creation of a shared 
vision in which CP was framed as a solution for regime problems to mobilise support 
from powerful (regime) actors.  

To conclude, the niche hybridisation strategy allowed energy communities to survive 
and thrive in the Irish energy context, thereby potentially enabling them to change the 
system from within.  

6.5 Scaling up community-driven smart grid experiments 
Based on the above, the main research question central to this thesis can be answered:  

How do community-driven smart grid experiments scale up and contribute to the sustainable 
transformation of the energy system? 

Faced with an incumbent regime unfavourable to small-scale and community-driven 
smart grid experiments (Mourik et al., 2020), the studied energy communities all 
adopted a niche hybridisation strategy by adapting to the regime, while aiming to 
contribute to its transformation in the longer term. The (envisaged) niche strategies of 
the studied energy communities involved aggregation of DER from multiple energy 
communities, which allows mimicking the size and functionalities of conventional 
power plants. This allowed energy communities to blend in the incumbent regime as 
cooperative suppliers or aggregators, allowing them to trade energy and flexibility on 
energy and flexibility markets. The three cVPP experiments were also designed and 
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framed as solutions for regime problems (e.g. lack of public support, imbalances 
between demand and supply, and grid congestion), which allowed the energy 
communities to anticipate emerging opportunities around the rising support for energy 
communities in EU directives (European Commission, 2019a) and the growing demand 
for demand-side flexibility to solve regime problems. Next to making energy 
communities more competitive within the (future) energy system, aggregation can also 
support replication and growth of cVPP experiments by considering ICT systems as 
common resources, thereby allowing smaller and less resourceful energy communities 
to piggyback on technological developments made. As such, this strategy can contribute 
to the emergence and growth of a socio-technical niche, to gain the critical mass needed 
for realising transformative impacts. 

Aggregation of DER into one large virtual entity requires digital technology like an 
EMS, which is the digital heart of cVPP. This research revealed that different choices 
can be made regarding the composition of the DER portfolio, control architecture, roles 
played in the energy system, and openness of the software. Regarding the latter, 
EnerGent decided to develop an open-source EMS platform, which drew attention 
from multiple European energy communities as well as from REScoopEU, the branch 
organisation of the European community energy sector. This led to a new EU-funded 
project called REScoopVPP, which explicitly aimed to further develop this open-source 
EMS, which can be used and further developed by the whole European community 
energy sector. This comes with the advantage that it creates space to incorporate 
community values, ambitions, and energy practices in the design, while reducing 
dependency of energy communities on IT developers. The open-source EMS can be 
considered as a shared resource for the European community energy sector, thereby 
potentially easing replication and growth of cVPP experiments. If the open-source EMS 
will be widely used, it will have an impact on the distribution of power in the future 
energy system. Who has access to the EMS largely decides how energy is produced, 
distributed, and consumed. This implies that the extent to which the EMS is owned and 
controlled by an energy community has a large impact on the extent to which their 
values are prioritised. This furthermore shows that, depending on the choices made 
regarding the digital architecture, an EMS can potentially enhance the agency of energy 
communities in the energy transition.  

Upscaling of radical innovations like cVPP also requires efforts to transform the 
incumbent regime. This research revealed that the studied energy communities engaged 
in both passive and active forms of stretching the socio-technical system, which might 
result in wider transformative impacts. Passive stretching involves processes through 
which the community energy logic and other elements of the cVPP concept become 
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more prevalent within the socio-technical system. The upscaling strategies described 
above aim to make cVPPs and energy communities more competitive, allowing them 
to increase in both size and number. As such, these strategies potentially enable an 
increasing number of cVPPs to invade the incumbent energy system. By introducing 
and diffusing alternative community energy logic, they might increasingly threaten the 
coherence and stability of the incumbent regime.  

Active forms of stretching involve what is often referred to as niche advocacy, 
institutional entrepreneurship, or institutional work, e.g. actions of actors aimed at 
creating or altering dominant structures to make the regime more favourable towards 
cVPP and community energy. While most studies focus only on the actor and 
institutional dimensions, this study explicitly focused on all three dimensions that make 
up a socio-technical system, namely: institutions, actors, and technology. This revealed 
the potentially important role digital technology can play in these change processes, as 
it enables actors to impact not only the institutional, but also the actor and technological 
dimensions. Energy communities mobilised ICT to change how technologies operate, 
either to fit better in the centralised energy system as a large virtual entity or to stretch 
dominant ways of doing by demonstrating alternative decentralised solutions. Regarding 
the latter, the cVPP experiments were not only framed, but also deliberately designed 
as add-ons that could solve regime problems. These regime problems include capacity 
and balancing issues as a result of the rise of RES and electrification of heating and 
mobility. This brought to light the key role of (digital) technology in efforts of actors to 
stretch dominant institutions. However, although the involved energy communities 
explicitly aimed to contribute to systemic change, their efforts could also increase the 
stability by solving regime problems. As such, these community-driven smart grid 
experiments could hinder a more radical transformation of the energy system. 

To conclude, this research zoomed in on three cVPP experiments, which revealed how 
niche hybridisation strategies, more specifically the aggregation of multiple energy 
communities in an overarching cVPP, could strengthen the whole community energy 
sector and enable many energy communities to engage in energy management and 
trading. As such, this might facilitate the upscaling of the cVPP experiments and the 
emergence of a promising cVPP niche, which could play an important role in realising 
wider transformative impacts.  
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7 DISCUSSION 
This section first discusses the main conclusion, it consists of two steps that correspond 
to the two parts of the main research question: [1] How do community-driven smart 
grid experiments scale up and [2] (how do they) contribute to the sustainable 
transformation of the energy system? This is followed by a discussion of the research 
methods. Finally, the following sub-sections present the implications for practitioners, 
implications for policymakers, theoretical contributions, and recommendations for 
future research.  

This research revealed that the energy communities involved in cVPP experiments 
executed promising niche hybridisation strategies that involved aggregation and/or the 
development of an open-source EMS. The question, however, remains whether 
community-driven smart grid experiments will be able to scale up and play a significant 
role in the energy transition. The studied cVPP experiments were only just emerging 
and they did not yet result in a dominant design with a well-defined set of functionalities 
or business case. In addition, the upscaling processes are still ongoing, making it 
uncertain whether aggregation and the open-source EMS will be key for the growth and 
diffusion of community-driven smart grids. This not only depends on technological 
development, but also on the emergence of a coherent and robust niche, that operates 
in line with a widely shared vision that encompasses the role of energy communities in 
the future smart grid. Finally, despite growing policy support on the European level, the 
energy transition is surrounded by many uncertainties and is impacted by unforeseen 
shocks and crises, like for example the impact of the war in Ukraine on energy security 
and prices. Such landscape developments might create unforeseen opportunities and 
barriers that impact the upscaling of cVPP experiments.  

Even if the cVPP experiments will successfully scale up and contribute to the emergence 
of a cVPP niche, this does not mean that this niche will fully replace the existing regime. 
Rather, it can be expected that some elements of cVPP become part of a new hybrid 
configuration in which citizens and energy communities play a more active role in 
energy generation, distribution, and supply. The transformative impacts of the cVPP 
experiments largely depend on the extent to which niche actors succeed in mobilising 
support from mainstream actors, who tend to oppose radical change imposed by niche 
actors due to vested interests. Furthermore, the future energy system might consist of 
both distributed and centralised (renewable) energy sources and a variety of smart grid 
platforms, developed by energy communities but also by system operators and IT 
developers. For example, system operators are developing new flexibility platforms that 
provide opportunities for all market players, including energy communities, to sell 
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flexibility and thereby contribute to the stability of the future’s renewables-based 
electricity system (Niet et al., 2022). It is also possible that cVPP experiments influence 
engineer-led smart grid experiments by adding a new perspective to the field. For 
instance, smart grid system developers might take over elements of cVPPs to make their 
smart grid systems more appealing to a broader range of actors and more effective in 
changing energy practices of end-users. This implies that cVPPs can have an impact, 
even if they are unable to survive and become competitive themselves. 

In addition, ongoing trends like electrification and the deployment of an increasing 
number of RES indicate the relevance of cVPP as a solution for regime problems. The 
more RE is entering the grid, the more flexibility is needed to keep electricity demand 
and supply in balance and within the capacity limits of the electricity grid. In the Net-
Zero by 2050 Scenario of the IEA (2021), the flexibility provided by RES, batteries, and 
controllable appliances (demand response) needs to grow from 7% to 66% between 
2020 and 2030 in advanced economies. In the same period, the flexibility provided by 
fossil-fuel-based power supply (e.g. coal, natural gas, and oil) needs to decrease from 
63% to 38%. While a lot of demand-side flexibility is already mobilised, mainly from 
industrial customers (Gils, 2014), the IEA (2021) argued that a sharp increase of 
flexibility is needed also from commercial and residential customers.  

Rather than considering small-scale DER as a nuisance for grid operators and irrelevant 
to commercial aggregators, cVPP could unlock the flexibility potential of residential 
(and possibly commercial) customers and make them part of the solution. This is backed 
by recent EU directives (European Commission, 2019a), which prescribe EU member 
states to implement an enabling framework that facilitates energy communities to 
engage not only in energy generation and trading, but also in the creation and provision 
of flexibility. These experiments provide space to explore interoperability issues and 
inform EU standards, learn about citizen engagement, and explore and develop new 
activities and business models that are not just acceptable but also desirable by citizens. 
As such, through aggregation of DER, cVPP might enable energy communities to 
engage in activities that provide value to the community members, while simultaneously 
supporting the integration of DER on both the distribution and transmission networks 
(Breukers et al., 2020).  

Regarding research methods, the research presented in this thesis took socio-technical 
experiments as an entry point for investigating transition processes. More specifically, 
this research took an ‘innovation journey’ perspective (Geels and Turnheim, 2022) and 
zoomed in on the efforts of three energy communities who aimed to set up their own 
cVPP as part of the Interreg NWE funded cVPP project. The active involvement in the 
cVPP project provided ample opportunities to follow the proceedings of the energy 
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communities involved, e.g. by participating in project meetings, having informal chats, 
and having access to project deliverables. This resulted in a strong empirical basis. 
However, because the research and the implementation of cVPPs ran parallel, both have 
influenced each other. For instance, Chapter 2 addressed a practical issue experienced 
within the cVPP project, e.g. the need to create common ground and a shared 
understanding of cVPP among project partners. On several occasions (preliminary) 
research findings were shared, which allowed for validation, but might also have 
influenced the operationalisation of the cVPP concept in practice. Chapter 3 discussed 
our efforts aimed at actively supporting the replication of cVPP experiments by 
accumulating lessons learned into the ‘Mobilisation and Replication’ (MoRe) model and 
applying this in a series of workshops with energy communities interested in setting up 
their own cVPP site.  

This explicit focus on replication within the cVPP project allowed for real-time and in-
depth investigation of upscaling processes, as well as of the perspectives of the energy 
communities involved. This form of transformative research provided a voice for 
energy communities involved in smart grid experiments, to explore and advance an 
agenda for change in line with their ideals and ambitions (Creswell and Creswell, 2018; 
Hargreaves et al., 2013). It also allowed for producing knowledge complementary to the 
predominant theoretical discussions on replication and upscaling processes in the 
Sustainability Transitions literature. As such, this research provided new insights into 
the complexities of niche strategies in practice and their role in upscaling processes. In 
addition, this action research approach also allowed for generating knowledge relevant 
to practitioners on the ground (Lune and Berg, 2017). Without efforts of the researchers 
and cVPP project partners, the involved energy communities would not have known 
about cVPP, let alone be interested in setting up their own cVPP experiment. As such, 
the active involvement in the cVPP project allowed for not only investigating but also 
actively contributing to the upscaling of potential solutions for combatting climate 
change. More specifically, this research tried to make the cVPP experiments contribute 
to the emergence of a niche, by stimulating its replication. Collaboration with 
REScoopEU allowed for further dissemination and wider uptake of the MoRe model, 
which will be made available on the online ‘one-stop-shop’ that is currently being 
developed by REScoopEU.  
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7.1 Implications for practitioners 
The research presented in this thesis has several implications for energy communities, 
funding agencies, and IT companies.  

Concerning energy communities, Chapter 3 indicated that many energy communities 
are not yet ready to set up their own or join an already existing cVPP, as it requires a 
sufficient amount of flexibility capital and other resources. To become cVPP-ready, 
energy communities and citizens should therefore focus on the deployment of DER 
that can easily be controlled by a future cVPP – referred to as making ‘no-regret 
choices’. This controllability should become an important requirement when energy 
communities implement or organise group purchases for DER such as heat pumps, 
chargers for (shared) electric vehicles, solar PVs and inverters, and batteries. Otherwise, 
citizens and energy communities might lose the option to set up their own cVPP site 
and to be in charge of local energy generation, management, and distribution. Next to 
a DER portfolio, a cVPP also requires an EMS. Energy communities interested in 
setting up a cVPP site of their own should consider hooking up to an existing 
cooperative aggregator (and their EMS) or making use of the emerging open-source 
EMS, to not only benefit their own community but also contribute to the emerging 
cVPP niche and strengthening of the wider community energy sector. 

In addition, because the incumbent regime is still unfavourable to cVPP, energy 
communities should not only focus on developing a cVPP but also engage in 
institutional entrepreneurship to make the regime more favourable toward cVPP. This 
requires efforts to develop a shared vision of the future energy system and the roles 
played by energy communities, that is appealing to a wide range of actors beyond energy 
communities. This future vision will provide direction for future community-driven 
smart grid experiments and is crucial for mobilising support. Rather than visioning 
cVPP as instrumental to creating value for local energy communities, cVPP should be 
framed as a means to create value for communities while also solving grid issues for 
grid operators, thereby lowering the societal costs of the energy transition. This would 
allow for attracting support from a wide range of powerful (regime) actors.  

Concerning funding agencies, like Interreg NWE, the emergence of the open-source 
EMS and cooperative aggregators implies that in the future (community-driven) 
experiments should be prioritised that do not just want to benefit themselves, but rather 
experiments that build on lessons learned and that aim to contribute to ongoing- or try 
to ignite new promising trajectories that can have wider impacts. Too often, one-off 
projects are funded that aim to further develop their own proprietary software, which 
cannot easily be made to work together with, for example, an overarching cVPP. Rather, 
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this research indicates the importance of continuity of funding for experiments and 
projects that aim for wide and lasting impacts, and which could contribute to the 
emergence and empowerment of a socio-technical niche.  

Finally, this research also has implications for IT companies involved in developing 
flexibility platforms. Chapter 3 revealed that energy communities can play important 
roles as user intermediaries to bridge the gap between engineers and end-users. This 
could potentially bridge the gap between engineer-driven smart grid experiments and 
the energy practices of end-users (Breukers et al., 2019). It is, however, important that 
a wide range of end-users is involved in (community-driven) smart grid experiments, 
beyond the usual suspects (e.g. tech-sassy engineers), to develop smart grid systems that 
appeal to a broad audience.  

7.2 Implications for policymakers 
In order to implement an enabling framework, as prescribed by the EU Winter Package 
(European Commission, 2019a), that truly enables energy generation, trading, and 
management by energy communities, policymakers should learn from ongoing 
community-driven smart grid experiments. This enabling framework should be 
designed in such a way that it stimulates smart grid systems that benefit not only the 
involved energy communities but also society at large, e.g. by unlocking flexibility of 
DER and providing it to system operators. This, however, requires a proper 
understanding of the barriers and opportunities experienced by energy communities 
that set up and operate their own cVPP.  

One of these barriers is the lack of DER, which are crucial technological building blocks 
for cVPP. Barriers that hinder the deployment of DER should be removed, such as 
planning permissions for residential solar PV. In addition, support schemes might be 
needed for DER on both the community and residential levels, which include solar PV, 
smart chargers for electric vehicles, batteries, heat pumps, and other controllable 
appliances. The Loenen case showed that a revolving fund managed by a local energy 
community is a promising approach for stimulating the deployment of residential DER. 
Attention is required to the possible ecological and social impacts of the different 
technologies which could nullify the benefits of cVPP, e.g. related to the extraction and 
processing of raw materials needed for batteries and solar PV. Secondly, an important 
barrier for cVPP is the lack of standards for communication protocols of DER, as it 
hinders aggregation and coordination of a variety of assets by an EMS. There is a need 
for open market standards for communication protocols for DER, which would spur 
the development and significantly lower the costs of EMSs, the digital heart of cVPP. 
This would stimulate energy communities to develop their own open-source EMS, 
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which could potentially empower many more energy communities. Finally, 
requirements should be lowered for energy communities to partake in activities related 
to local energy management and trading, to create a level playing field for local 
community-driven initiatives.  

7.3 Theoretical contribution 
The research presented in this thesis made three theoretical contributions to the 
Sustainability Transitions literature, mostly related to niche strategies. 

First, rather than applying SNM to these grassroots initiatives and assuming that they 
aim for growth and diffusion, a bottom-up, action research approach was adopted. As 
discussed in Chapter 3, the researchers acted as intermediaries by accumulating lessons 
learned from previous cVPP experiments into the MoRe model and using this to 
support the replication of cVPP by other energy communities. As such, this research 
complements existing, primarily theoretical discussions on replication of socio-technical 
experiments. The research findings draw attention to the importance of resources for 
replicating socio-technical experiments, especially for increasingly high-tech and 
complex smart grid experiments by grassroots initiatives. It also showed that the digital 
nature of cVPP does not only complicate but might also ease replication and growth. 
For instance, an EMS could function as an important shared resource as it could 
coordinate and control DER from multiple communities. As such, it allowed energy 
communities to piggyback on technological developments of frontrunner energy 
communities. This, however, problematises the theoretical distinction often made 
between replication and growth of experiments. Aggregating energy communities into 
one overarching cVPP could be seen as replication of cVPP experiments as it enables 
new communities to experiment with energy management, but it can also be considered 
as growth of the overarching and pre-existing cVPP experiment. 

Secondly, in Chapter 4, agency in the context of sustainability transitions was 
conceptualised in relation to institutions, actors, and technology, in line with recent 
conceptualisations of systemic change as simultaneous changes on these three 
dimensions (Geels, 2004; Geels and Turnheim, 2022; Rohracher, 2001). As such, this 
research broadened the discussion on agency in the context of niche strategies and 
transitions. In addition, the explicit attention to the role of digital technology revealed 
that it can enhance the agency of actors, as it can be mobilised to alter how existing 
technologies work. As part of a niche strategy, the EMS can also be used to make DER 
fit better in the centralised energy system or to demonstrate alternative solutions to 
stretch the regime. As such, digital technology can play a key role in institutional work 
performed by niche actors to create or disrupt institutions. Furthermore, digital 
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technology can strengthen collaboration between actors as open-source software can 
create a sense of shared ownership and an EMS can aggregate and coordinate DER 
owned by multiple energy communities or citizens. To conclude, by zooming in on 
transition processes at the micro-level, this research provided new insights into how 
digital technology might be a key driver of radical change across multiple socio-technical 
systems, also referred to as a deep transition (Schot and Kanger, 2018).  

Thirdly, in Chapter 5 a more nuanced theoretical perspective was developed to better 
understand the complexities of niche strategies in practice. As such, it contributes to 
the ‘innovation journey’ perspective on socio-technical transformation. In addition, the 
conceptualisation of niche hybridisation strategies helps to bridge the gap between the 
innovation journey perspective and the complementary perspective on reconfiguration 
processes within existing socio-technical systems (Geels and Turnheim, 2022). It does 
so by understanding regime shifts as the result of hybridisation on both the niche and 
regime levels, e.g. the translation of elements from the niche into the regime, and niches 
that need to adapt by taking over elements from the regime, to fit in and become 
mainstream. Often adaptation on the niche level is understood as compromising to 
enable survival in a hostile institutional context. However, Chapter 5 showed that this 
framing is too simplistic, as hybridisation can also facilitate the growth, wider diffusion, 
and potentially also wider transformative impacts of the emerging (community energy) 
niche. This is because niches do not fully imitate or reproduce the regime, but rather 
preserve some of its key elements. As such, by blending in they automatically contribute 
to the wider diffusion of (elements of) the niche logic throughout the socio-technical 
system, deviant from the incumbent regime. The term ‘passive stretching’ was 
introduced to refer to the more indirect effects of growth, replication, and diffusion of 
experiments and innovations that make (elements of) niche logics more prevalent within 
the regime. In contrast, active stretching includes more deliberate efforts of actors 
aimed at creating and disrupting institutions, often referred to as niche empowerment, 
niche advocacy, institutional entrepreneurship, or institutional work.  

7.4 Recommendations for future research 
The research presented in this thesis focused on the upscaling and wider transformative 
impacts of community-driven smart grid experiments. Future research should continue 
the research on these emerging experiments, especially the ones with promising niche 
strategies. In addition, niche (hybridisation) strategies should also be investigated in the 
context of other innovations, in the context of different socio-technical systems. It 
would especially be interesting to investigate the role of digital technology in other fields 
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like mobility and housing, in which ‘smartness’ is believed to play an important role in 
the transition. 

Next, this research built strongly on qualitative research approaches to zoom in on the 
experiments set up by several frontrunner energy communities. However, more and 
more energy communities are entering the field of smart grids. Future research should 
therefore also zoom out to investigate wider patterns that emerge from the dynamics of 
a larger number of community-driven smart grid experiments. This includes not only 
the emergence of a socio-technical niche, but also the potential impacts on the direction 
and pace of the ongoing energy transition, e.g. the energy justice impacts beyond the 
energy communities directly involved in the experiments and impacts on the integration 
of RES within and democratisation, decarbonisation, and decentralisation of the 
incumbent energy system. The increasing number of community-driven smart grid 
experiments makes quantitative research methods increasingly useful. As such, they 
could complement the qualitative research approaches applied in this research.  

Finally, rather than studying socio-technical experiments from the inside, researchers 
should also work together with and support practitioners on the ground. This study 
showed that engaging in action research allows for getting a deeper understanding of 
upscaling and transition processes, and for generating knowledge that is also relevant to 
practitioners. Closer involvement of researchers in socio-technical experiments 
furthermore allows for learning from their experiences and insights related to upscaling 
processes, which can inform the development of novel theoretical perspectives that 
better reflect the real-life complexity of niche strategies. Next, researchers can act as 
intermediaries to stimulate the replication of experiments by sharing knowledge and 
lessons learned, thereby contributing to niche development. This allows researchers to 
actively contribute to solutions for combatting climate change, which might be more 
important than ever on a warming planet. 
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9 SUMMARY 
A radical transformation of the ways in which energy is consumed and produced is 
needed to drastically reduce carbon emissions and prevent catastrophic impacts of 
climate change. ‘Smart Grids’ and ‘Community Energy’ are perceived as two important 
drivers of this transformation, often referred to as the energy transition. 

The electricity grid is becoming increasingly ‘smart’ due to the introduction of digital 
technologies that enable monitoring and coordination of the increasing number of 
distributed energy resources (DER), which include distributed generation, energy 
storage systems, and controllable appliances. Community energy refers to community-
driven initiatives involved in energy generation and conservation projects. Currently, 
energy communities are increasingly entering the field of smart grids to experiment with 
community-based models of energy generation, distribution, and management. An 
example is the community-based Virtual Power Plant (cVPP) project, in which energy 
communities from Flanders (Belgium), Ireland, and the Netherlands set up their own 
cVPP experiment.  

The combination of elements from both community energy and smart grids makes 
cVPP a promising yet unexplored radical innovation. However, these emerging 
community-driven smart grid experiments face severe challenges to survive, let alone 
play a significant role in the ongoing energy transition. This research draws on the field 
of Sustainability Transitions to better understand how such community-driven smart 
grid experiments can scale up from the niche to regime level and contribute to the 
sustainable transformation of the energy system.  

However, cVPP is only just emerging and is therefore not well understood nor 
conceptualised. A better understanding is needed of what exactly a cVPP is. It remains 
also unclear how cVPP experiments can be replicated in different contexts, which is 
crucial for successful upscaling and niche development. Next, although proponents of 
smart grids stress that the introduction of novel digital technologies will empower 
citizens and communities, it remains unclear how they could enhance the agency of 
energy communities. Finally, more nuanced theoretical perspectives are needed to grasp 
the complexities of real-life niche strategies.  

This thesis addresses these issues by investigating how community-driven smart grid 
experiments can scale up and have wider transformative impacts. The researchers have 
been using qualitative and action research approaches to simultaneously investigate and 
support energy communities involved in (the replication of) smart grid experiments. 
Detailed and real-time experiences, opinions, and perspectives of actors involved in 
transition processes have been gathered. 
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Based on literature reviews on community energy and virtual power plants, Chapter 2 
conceptualises cVPP as “a portfolio of DER aggregated and coordinated by an ICT-based control 
system, 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”. This flexible conceptualisation includes 
many different configurations that are possible and different roles that can be played by 
energy communities. Application of this conceptualisation to three real-world cases, 
however, shows that the institutional context has major impacts on the viability of 
different cVPP configurations, especially on the scale needed for a viable business case 
and the roles to be played by energy communities. 

Chapter 3 investigates how replication of community-driven smart grid experiments 
comes about in practice. The researchers have acted as intermediaries by accumulating 
lessons learned from cVPP experiments to support energy communities interested in 
setting up their own cVPP sites. This bottom-up and action research approach, 
consisting of several workshops, reveals that replication of cVPP experiments is a multi-
dimensional and iterative process. This process involves not only practical efforts to 
implement technological building blocks (e.g. heat pumps, batteries, solar PV, digital 
meters, energy management system (EMS)), but also efforts that relate to the creation 
of meaning and local embedding of the socio-technical configuration through a 
collective appropriation process. In addition, replication challenges are identified that 
relate to the complex, high-tech, and digital nature of the cVPP concept, as well as 
strategies to address these. Central to these strategies are the efforts of more resourceful 
energy communities to develop overarching (supralocal) cVPPs that aggregate DER 
from multiple smaller energy communities.  These strategies potentially allow for 
reaching the scale needed to enter energy markets and for pooling of resources from an 
increasing number of energy communities. The latter includes the collective usage of 
the EMS, e.g. the digital heart of the cVPP that is responsible for aggregating and 
controlling DER. Considering the EMS as a common resource allows replicating 
communities to piggyback on earlier technological developments, thereby easing 
replication and contributing to niche development. 

Besides replication of experiments and the emergence of a niche, transitions also require 
efforts aimed at transforming socio-technical systems. Chapter 4 therefore explores 
how energy communities can mobilise digital technology to enhance their agency in the 
energy transition, e.g. their ability to impact the three core dimensions of socio-technical 
systems: institutions, actors, and technology. By means of digital technology, energy 
communities envisage to aggregate DER into a larger cVPP, thereby strengthening 
collaboration between actors and making the cVPP fit better in the centralised energy 
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system. Additionally, energy communities have used digital technology to change how 
technologies operate, to demonstrate alternative (decentralised) solutions aimed at 
stretching institutions. In other words, energy communities pursue a niche hybridisation 
strategy to blend in the regime to survive on the short term, while aiming to contribute 
to its transformation on the longer term. 

To better understand how such niche hybridisation strategies can facilitate the growth 
and wider transformative impact of the community energy sector, Chapter 5 zooms in 
on the establishment of Community Power (CP), an Irish cooperative energy supplier. 
First, a novel conceptual framework has been developed to investigate hybridisation on 
the institutional (institutional logics), actor (organisational forms), and technological 
dimensions. This framework has then been applied to the CP case, which reveals that 
elements from two distinctive institutional field logics (community energy and 
commercial) and two different organisational forms (cooperative and commercial 
company) have been combined within CP. This allows CP to blend in the regime, 
enabling it to trade energy in similar ways as commercial energy supply companies while 
preserving its core community principles. By shielding energy communities from market 
pressures, CP has made them more competitive within unchanged regime conditions, 
thereby facilitating growth of the Irish community energy sector. Thereby making the 
community energy logic more prevalent within the regime. In addition, actors involved 
in CP have been actively engaging in institutional entrepreneurship to make the regime 
more favourable towards citizen- and community-owned energy generation.  

To conclude, by zooming in on three cVPP experiments and engaging with energy 
communities interested in replication, this research reveals promising niche 
hybridisation strategies. These strategies involve aggregation of multiple energy 
communities in an overarching cVPP, which can strengthen the community energy 
sector and enable many energy communities to manage and trade energy.  

Aggregation of DER into one large virtual entity requires an EMS. This digital 
technology can enhance the agency of energy communities, but this depends on the 
choices made regarding the composition of the DER portfolio, control architecture, 
roles played in the energy system, and openness of the software. An open-source EMS 
can function as a shared resource for the whole community energy sector, which could 
potentially ease replication and growth of community-driven smart grid experiments. 
As such, aggregation and the development of an open-source EMS can facilitate the 
upscaling of the cVPP experiments and emergence of a promising cVPP niche, which 
might have an important role to play in the energy transition.  
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10 SAMENVATTING 
Een radicale verandering is nodig in de manier waarop energie wordt verbruikt en 
geproduceerd om de CO2-uitstoot drastisch te verlagen en de catastrofale gevolgen van 
klimaatverandering te voorkomen. ‘Smart grids’ en ‘community energy’ worden gezien 
als twee belangrijke aanjagers van deze systeemverandering, vaak aangeduid als de 
energietransitie. 

Het elektriciteitsnet wordt steeds ‘slimmer’ door de introductie van digitale 
technologieën. Een dergelijk smart grid maakt het mogelijk om het toenemende aantal 
gedistribueerde energietechnologieën te monitoren en coördineren. Deze technologieën 
bestaan uit opwek, opslag en regelbare apparaten. Community energy verwijst naar 
burgerinitiatieven die zich bezighouden met energieopwekking en besparingsprojecten. 
Enkele van deze zogenaamde energiegemeenschappen zijn onlangs gaan 
experimenteren met smart grid technologieën en nieuwe modellen voor het opwekken, 
distribueren en beheren van energie, in lijn met gemeenschapswaarden en doelen. Een 
voorbeeld van een gemeenschap-gedreven smart grid experiment is het community-
based Virtual Power Plant (cVPP)-project, waarin energiegemeenschappen uit 
Vlaanderen (België), Ierland en Nederland hun eigen cVPP-experiment hebben 
opgezet. 

De combinatie van elementen uit zowel community energy als smart grids maakt cVPP 
een veelbelovende radicale innovatie, waar nog weinig over bekend is. Bestaande cVPP-
experimenten hebben echter moeite om te overleven, laat staan dat ze een belangrijke 
rol kunnen spelen in de energietransitie. Het wetenschappelijke veld Transitie Studies 
kan helpen om beter te begrijpen hoe deze experimenten kunnen opschalen van niche- 
naar regime-niveau en een bijdrage kunnen leveren aan de duurzame transformatie van 
het energiesysteem. 

Er is echter nog geen consensus over wat precies een cVPP is en hoe het verschilt van 
andere smart grid concepten. Daarnaast blijft het onduidelijk hoe andere 
energiegemeenschappen cVPP-experimenten kunnen repliceren, wat cruciaal is voor 
succesvolle opschaling en het ontstaan van een niche. Hoewel voorstanders van smart 
grids benadrukken dat de introductie van nieuwe digitale technologieën burgers en 
gemeenschappen kunnen ‘empoweren’, blijft het onduidelijk welke voordelen deze 
technologieën bieden voor energiegemeenschappen en hoe het gebruik ervan hun 
impact in de energietransitie kan vergroten. Ten slotte is er behoefte aan meer 
genuanceerde theoretische perspectieven om meer inzicht te krijgen in de complexiteit 
van niche-strategieën die gericht zijn op zowel het competitiever worden van 
energiegemeenschappen en systeemverandering.  
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Dit proefschrift behandelt bovenstaande hiaten in de wetenschappelijke literatuur door 
te onderzoeken hoe gemeenschap-gedreven smart grid experimenten kunnen opschalen 
en een grotere impact kunnen hebben in de energietransitie. De onderzoekers hebben 
gebruik gemaakt van kwalitatieve- en actieonderzoekmethoden om onderzoek te doen 
naar- en een bijdrage te leveren aan bestaande experimenten, en om 
energiegemeenschappen te ondersteunen die nieuwe smart grid experimenten willen 
opzetten. Deze methoden hebben nieuwe gedetailleerde inzichten gegeven in 
ervaringen, meningen, en perspectieven van actoren die op verschillende manieren 
betrokken zijn bij deze experimenten en/of transitieprocessen. 

Op basis van literatuuronderzoeken naar community energy en virtuele energiecentrales 
conceptualiseert hoofdstuk 2 cVPP als "een portfolio van gedistribueerde energietechnologieën 
geaggregeerd en gecoördineerd door een digitaal controlesysteem, gedreven door een netwerk van mensen 
(uit dezelfde plaats of met gedeelde interesses) die gezamenlijk een bepaalde rol vervullen in het 
energiesysteem. Wat het gemeenschapsgedreven maakt, is niet alleen de betrokkenheid van een 
gemeenschap, maar ook de gemeenschapslogica waaronder het opereert”. Deze flexibele 
conceptualisering laat zien dat er diverse configuraties mogelijk zijn die 
energiegemeenschappen in staat stellen om verschillende rollen te spelen in het 
energiesysteem. Deze conceptualisatie is vervolgens gebruikt om drie casussen te 
bestuderen. Deze analyse maakt duidelijk dat de institutionele context grote invloed 
heeft op de levensvatbaarheid van verschillende cVPP-configuraties, met name op de 
benodigde schaalgrootte voor een sluitende businesscase en de rollen die 
energiegemeenschappen kunnen spelen in het huidige gecentraliseerde energiesysteem. 

Hoofdstuk 3 onderzoekt hoe gemeenschapsgedreven smart grid experimenten 
gerepliceerd kunnen worden. De onderzoekers hebben als intermediair opgetreden 
door kennis en lessen te verzamelen van cVPP-experimenten om vervolgens andere 
energiegemeenschappen te ondersteunen bij het opzetten van hun eigen cVPP-
experimenten. Deze bottom-up actieonderzoeksaanpak, die voornamelijk bestond uit 
verschillende workshops, laat zien dat replicatie van cVPP-experimenten een 
multidimensionaal en iteratief proces is. Dit proces omvat niet alleen de implementatie 
van de benodigde technologische bouwstenen (bijvoorbeeld warmtepompen, batterijen, 
zonnepanelen, digitale meters, energie management systeem (EMS)) maar ook 
inspanningen gericht op zingeving en lokale inbedding van de socio-technische 
configuratie. Verder zijn replicatie-uitdagingen geïdentificeerd die gerelateerd zijn aan 
de complexe, hightech en digitale aard van het cVPP-concept, evenals strategieën om 
deze te adresseren. Centraal in deze strategieën staan de inspanningen van grotere en 
meer vindingrijke energiegemeenschappen om overkoepelende cVPP's te ontwikkelen 
die gedistribueerde energietechnologieën van meerdere (kleinere) 
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energiegemeenschappen aggregeren en coördineren. Deze strategieën maken het 
mogelijk om de schaalgrootte te bereiken die nodig is om energiemarkten te betreden 
en om middelen uit een toenemend aantal energiegemeenschappen te bundelen. Dit 
laatste omvat het collectieve gebruik van het EMS, het digitale hart van de cVPP, dat 
verantwoordelijk is voor het aggregeren en coördineren van gedistribueerde 
energietechnologieën. Door het EMS als gemeenschappelijk te beschouwen kunnen 
replicerende gemeenschappen meeliften op eerdere technologische ontwikkelingen, wat 
replicatie vergemakkelijkt en daardoor bij kan dragen aan het ontstaan van een niche. 

Naast replicatie van experimenten en het ontstaan van een niche, zijn voor succesvolle 
transities ook inspanningen nodig gericht op het transformeren van socio-technische 
systemen. Hoofdstuk 4 onderzoekt daarom hoe digitale technologieën 
energiegemeenschappen in staat kunnen stellen om meer invloed uit te oefenen op de 
drie kerndimensies van sociaal-technische systemen: instituties, actoren, en technologie. 
Energiegemeenschappen kunnen met behulp van een EMS gedistribueerde 
energietechnologieën aggregeren, zodat ze beter passen in het gecentraliseerde 
energiesysteem. Daarnaast kan dit ook de samenwerking versterken tussen actoren die 
eigenaar zijn van de verschillende gedistribueerde energietechnologieën. De digitale 
technologie kan echter ook gebruikt worden om technologieën op een andere manier 
te laten werken, om zo de toegevoegde waarde van alternatieve (gedecentraliseerde) 
configuraties te demonstreren en druk uit te oefenen op bestaande regelgeving en 
praktijken. In de praktijk combineren energiegemeenschappen deze acties in een niche 
hybridisatie strategie, waarin ze zich op de korte termijn aanpassen aan het bestaande 
regime om te overleven, om op de langere termijn bij te dragen aan systeemverandering. 

Hoofdstuk 5 zoomt in op de oprichting van Community Power (CP), een Ierse 
coöperatieve energieleverancier, om meer inzicht te krijgen hoe niche hybridisatie 
strategieën opschaling en bredere transformatieve impact van energiegemeenschappen 
mogelijk kunnen maken. Eerst is een nieuw conceptueel raamwerk ontwikkeld om 
hybridisatie op de institutionele (institutionele logica), actor (organisatievormen) en 
technologische dimensies te onderzoeken. Dit raamwerk is vervolgens toegepast op de 
CP-casus. Uit de empirische analyse kwam naar voren dat binnen CP-elementen uit 
twee verschillende institutionele logica's (gemeenschapsenergie en commercieel) en 
twee verschillende organisatievormen (coöperatief en commercieel bedrijf) zijn 
gecombineerd. Dit maakt het voor CP mogelijk om op dezelfde manier als commerciële 
energieleveranciers energie te verhandelen, terwijl ze tegelijkertijd de kernprincipes van 
energiegemeenschappen behouden. De mogelijkheid om via CP energie te verhandleen 
maakt energiegemeenschappen concurrerender binnen het bestaande regime, wat 
bijdraagt aan de groei van de Ierse community energy sector en de 
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gemeenschapsenergielogica dominanter maakt binnen het regime. Daarnaast zijn 
actoren die betrokken zijn bij CP ook actief aan het lobbyen om de institutionele context 
gunstiger te maken voor (kleinschalige) energietechnologieën in eigendom van burgers 
en gemeenschappen. 

Ten slotte, door in te zoomen op drie bestaande cVPP-experimenten en bij te dragen 
aan replicatie heeft dit onderzoek nieuwe inzichten gegeven in veelbelovende niche 
hybridisatie strategieën. Een centraal element van deze strategieën is de aggregatie van 
meerdere energiegemeenschappen in een overkoepelende cVPP, wat de gehele sector 
kan versterken door veel energiegemeenschappen in staat te stellen om energie te 
beheren en te verhandelen. 

Een EMS is nodig om gedistribueerde energietechnologieën te aggregeren tot één grote 
virtuele energiecentrale. Deze digitale technologie heeft de potentie om de invloed van 
energiegemeenschappen in de energietransitie te vergroten. Dit hangt echter af van 
gemaakte keuzes met betrekking tot de samenstelling van het portfolio van energie-
technologieën, de ICT-architectuur, de rollen in het energiesysteem en de openheid van 
de software. Een open-source EMS kan fungeren als een gedeelde bron voor de 
energiesector van de hele gemeenschap, wat de replicatie en groei van 
gemeenschapsgedreven smart grid-experimenten kan stimuleren.  

Zowel aggregatie als de open-source EMS kunnen een belangrijke bijdrage leveren aan 
het ontstaan van een sterke cVPP-niche, die op zijn beurt een rol kan spelen in de 
energietransitie. 
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