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Aad Correljé a,c,*, Thomas Hoppe b,c, Rolf Künneke a,c 

a Department of Values, Technology & Innovation, Section Economics of Technology and Innovation 
b Department of Multi-Actor Systems, Section of Organisation and Governance 
c Delft University of Technology, Faculty of Technology, Policy and Management, Jaffalaan 5, 2628 BX, Delft, the Netherlands   

A R T I C L E  I N F O   

Keywords: 
Energy system 
Cities 
Innovation 
Renewable energy 
Governance 
Institutions 
Citizens 
Community energy 

A B S T R A C T   

Cities are responsible for over 75% of the total amount of global greenhouse gas emissions. They are also home to 
the majority of the Earth’s population. Ambitious climate mitigation goals can only be realized by transforming 
fossil based urban energy systems into sustainable, low-carbon ones. This is a multidisciplinary challenge that 
goes way beyond the technological dimension. In the Special Issue to which this Guest Editorial contributes, a 
multi-disciplinary perspective is used, exploring governance, institutional, ethical and other aspects, pertaining 
to citizen involvement in sustainable urban energy systems. The main research questions are, “How can we 
address key challenges to the analysis and design of sustainable urban energy systems, as regards their gover
nance and institutions, values, social acceptance, and citizen involvement?”, and “How can this contribute to 
shaping a multi-disciplinary academic research agenda?” Based on the main findings from the ten contributions 
to the Special Issue key challenges to sustainable urban energy system design, planning, and implementation are 
presented, including suggestions for future research.   

1. Introduction 

Cities are directly responsible for over 75 percent of total global CO2 
emissions, with the transport and building sectors as the largest con
tributors (UNEP, 2022). Not only are cities responsible for these emis
sions, they also are the home for the majority of the Earth’s population. 
By 2023, 56% of the world’s population was living in urban centers, and 
by 2050, 7 out of 10 people are expected to live in cities (UN, 2018). 
Handling the impact of this development presents a huge challenge for 
urban development and planning. A second challenge lies ahead 
regarding the ability to deliver low-carbon energy services to all these 
people. Moreover, as the impact of climate change will become more 
virulent, large-sized cities will become more vulnerable to the adverse 
effects of climate change (Bulkeley, 2013). This not only underlines the 
necessity to make cities more sustainable in their energy use; it also 
requires them to become more resilient to extreme weather events and 
to more structural changes in their climatological and environmental 
conditions (Ibid.). 

In coping with increasing numbers of people living in urban centers 
and avoiding cities to become the foremost source of anthropogenic 
greenhouse gas emissions, it is necessary to move away from current 

fossil based urban energy systems towards sustainable urban energy 
systems, by reducing the energy consumption and increasing the effi
ciency of energy use, and by expanding the use of renewable energy 
sources. To make this happen, changes are required in the governance of 
the urban energy systems, providing the right incentives to alter all 
kinds of societal practices on the demand side as well as on the supply 
side of the energy market, and in the supply chain in between. From 
being passive agglomerations of energy consumption and environmental 
pollution, future cities will have to organize their energy provision in a 
cleaner, smarter, more self-reliant, resilient way, closer to the needs of 
citizens. Moreover, it is highly important that urban development and 
planning address the ‘greening’ of urban systems. Ambitious climate 
change targets can only be realized by transforming urban systems. By 
locking in emission levels over the longer term, current and future 
planning and construction decisions determine a city’s ability to pursue 
a sustainable future (Corfee-Morlot et al., 2009). 

There is a need for cities to incorporate fundamental technological 
but also societal changes in urban energy systems. Technological inno
vation is an important driver, enabling decentralized and sustainable 
energy use and provision beyond the traditional confines of electricity, 
gas, and heat infrastructures. Quite a few cities are taking up this 
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challenge, ranging from metropoles like London, Amsterdam, and Paris, 
and medium-sized cities like Freiburg, Graz, Milton Keynes, Delft and 
Breda, to small municipalities like Lochem in the Netherlands and 
Saerbeck in Germany (Broto and Bulkeley, 2013; Hoppe et al., 2015; 
Späth, 2013). It can be observed that, increasingly, such processes are 
not only imposed top-down, but that residents play an active role in 
bottom-up initiatives, for example in energy communities (Seyfang and 
Haxeltine, 2012). Citizens are not only influential in making changes to 
their lifestyle. They also take part in the (self-) governance of energy 
systems and in the provision of energy, by actively participating in 
grassroots initiatives for renewable energy generation. This involves a 
variety of innovations in the social aspects of a low carbon energy sys
tem, like civic empowerment and the articulation of social goals per
taining to the general wellbeing of communities (Hoppe and de Vries, 
2019). At the same time, such innovations challenge the institutional 
setting of the prevailing centralized energy systems. For a successful 
transition towards sustainable urban energy systems, technological and 
social innovations should deal with key underlying societal values and 
co-evolve with the wider institutional and governance context (Koirala 
et al., 2016). 

In this Special Issue (SI) a multi-disciplinary perspective is used, 
exploring the technological, governance, ethical, behavioural, gover
nance and policy aspects of urban energy systems. This is done to 
identify key challenges and academic research questions, in a domain 
that is traditionally scattered among different (mono-) disciplinary ap
proaches. This was the point of depart of the Conference on “Sustainable 
Urban Energy Systems - Technological prospects, citizen involvement 
and governance arrangements”, that was organized on 8–9 November 
2018 at Delft University of Technology, in Delft, The Netherlands. The 
main research questions that emerged then and there were “How can we 
address the key challenges to analyse and design sustainable urban en
ergy systems as regards their governance and institutions, values, social 
acceptance, and citizen involvement?”, and “How can this contribute to 
shaping a multi-disciplinary academic research agenda?” 

This SI aims to show that the complex transition towards Sustainable 
Urban Energy Systems (SUES) demands more than technological inno
vation. Indeed, technological innovations have to be embedded not only 
in appliances, in homes, and in the infrastructure systems, but also in 
institutions, in broadest sense. This requires new user practices, business 
models and different modes of regulation, addressing newly shaped 
economic, public and social values. It also demands new ways of 
collaboration and public/private decision-making, whilst mobilizing 
societal actors and empowering citizens to actively participate in plan
ning processes. 

This Guest Editorial Note is structured as follows. In Section 2, the 
concept of sustainable urban energy systems is introduced and defined. 
Subsequently, it is connected with three topical dimensions: firstly, 
institutional factors and governance; secondly, values and social 
acceptance, and thirdly, citizen involvement (e.g., citizen participation, 
co-creation, co-production and community energy). Next, in Section 3, 
the key lessons from the articles contributing the SI are highlighted; 
referring to their disciplinary background, research design and methods, 
geographical scope, and level of analysis. In Section 4 key challenges are 
discerned according to the classification just presented. The article ends 
with an overview of the key challenges identified and suggestions for 
future research. 

2. Defining sustainable urban energy systems 

Before addressing the different aspects of SUES one first needs to 
clarify what urban energy systems actually mean. In following (Jaccard, 
2006) (Keirstead et al., 2012) define energy systems in their review 
article as, “the combined processes of acquiring and using energy in a 
given society or economy” (p.6) before defining urban energy systems. 
They name three aspects that are key to urban energy systems, i.e. (i) 
viewing energy systems as combined processes, from resource extraction 

to end-use; (ii) balancing energy supply and demand in urban areas 
where energy is not anymore supplied from energy sources outside the 
area, and where ‘users’ are no longer only passively consuming energy, 
as there are new opportunities for in-city generation; and (iii) by 
acknowledging that urban energy systems are socio-technical systems 
not only comprising of technical components like pipes, cables, trans
formers and the like, but also of social aspects pertaining to 
end-consumers, customer preferences, institutions, regulation, social 
structures and social practices. In sum, (Keirstead et al., 2012) define 
urban energy systems as, “systems that represent the combined pro
cesses of acquiring and using energy to satisfy the energy service de
mands of a given urban area” (2012: p. 3849). Although we 
acknowledge this definition, we would like to stress the importance of 
institutions and social components of urban energy systems which 
appear not mentioned explicitly in the afore mentioned definition. We 
consider this of great importance because the workings of energy sys
tems cannot be understood properly (1) in the absence of institutions - as 
“rules of the game” (Ostrom, 2009) – and when neglecting (2) the role of 
values and (3) key social components, in connection to the relevant 
physical and technical elements (Correljé et al., 2022). So, when 
designing and operating energy systems equal attention is required to 
technological components on the hand and institutional and social ones 
on the other (Scholten and Künneke, 2016). 

When addressing ‘sustainable’ urban energy systems scholars high
light energy related issues like energy conservation, the use of renew
able energy sources and increased energy efficiency levels. For instance, 
(Yamaguchi et al., 2007) view a transition to sustainable energy systems 
first and foremost from the perspective of energy saving measures when 
modelling future sustainable urban energy systems. By doing this they 
focus on three levels: i.e. (a) the neighbourhood - city level, addressing 
energy generation and distribution planning, for instance the introduc
tion of district heating and cooling systems and electricity supply net
works by using distributed generators; (b) the building level, seeking 
improvement in the performance of building insulation, optimization of 
the operation of building systems, and introduction of cogeneration, 
etc.; and (c) the equipment level, seeking improvement in efficiency of 
energy-consuming appliances like lighting, office-equipment and heat 
source machines. When combining this interpretation of ‘sustainable’ 
urban energy system with the definition of urban energy system by 
Keirstead (Keirstead et al., 2012), “sustainable urban energy systems” 
can be defined as, “Low carbon, energy efficient systems using renew
able energy sources that represent the combined processes of acquiring 
and using energy to satisfy the energy service demands of a given urban 
area, taking into account both the neighbourhood, building and equip
ment level.” 

When stressing the importance of institutions and social components 
- including social structures, practices and behaviour – in sustainable 
urban energy systems we suggest to adjust its definition into: “Low 
carbon, energy efficient systems using renewable energy sources that 
represent the combined processes of acquiring, distributing and using 
energy to satisfy the energy service demands of a given urban area, 
whilst taking into account the neighbourhood, building and equipment 
level, as well as institutions, values and social components.” Note that 
we also included “distribution” to the “combined processes” mentioned 
in the definition, in addition to acquiring and using energy. 

3. Characteristics of the articles contributing to this Special 
Issue 

Ten articles were published in the SI. They show a great deal of 
variation in terms of their disciplinary background, the level of analysis, 
research design, technology coverage, and countries in which research 
was conducted. With regard to their disciplinary background the articles 
cover: ecological economy, ethics of technology, innovation studies, 
transition studies, sociology, governance/policy sciences, environ
mental management, social psychology, social geography, and planning 
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studies. With regards to their level of analysis the articles cover the 
household/building level, the neighbourhood level, the municipal/local 
level, country level and even the EU level. In terms of research design all 
studies were of empirical-analytical nature, and include both qualita
tive, quantitative, and mixed methods used. Quantitative approaches 
used include Agent-Based Modelling (ABM), surveys, and framing 
(content/media) analysis. Qualitative approaches include case studies 
(single, multi, cross-case), regulatory framework assessment, and 
consultation workshops. Finally, several articles presented classification 
studies of medium to large-N datasets. A variety of urban energy tech
nologies are covered in the articles including: community/decentralized 
energy storage, Smart Grid (including Virtual Power Plant, community 
battery, local energy market technology and services (e.g. P2P, ‘Grid
flex’); several distributed generation technologies including wind and 
solar power, Net Zero Energy Buildings (NZEBs) and other green 
buildings concepts in both the domestic and utility sectors, home heat
ing options like heat pumps and district heating. Moreover, the tech
nologies researched cover both individual and collective options. The 
articles in this SI mostly covered a wide range of EU countries (i.e., the 
UK, Netherlands, Germany, Belgium, France, Italy, Croatia, Spain, 
Sweden, Portugal, Finland, Denmark, Poland). Moreover, one article 
also covered countries outside Europe, namely India and Singapore 
(Jain et al., 2020). Within the countries mentioned a great number of 
pilot projects were researched. 

4. Contributions to this Special Issue 

4.1. Institutional factors and governance 

As stated, a transition towards a sustainable urban energy system 
cannot be accomplished relying on technology only. There are critical 
social, political and institutional factors that should be taken into ac
count when striving to establish sustainable urban energy systems 
(Hoppe and van Bueren, 2015). Barriers that impede such processes 
might have to do with social acceptance by local communities as well as 
with more general socio-political resistances (Wüstenhagen et al., 
2007). The former particularly applies in areas where the construction 
of near-by energy infrastructure is bound to meet resistance (Wolsink, 
1996). This is, obviously, related to the disruptive and decentral nature 
of these technologies. The latter is often rooted in social and behavioural 
concepts like attitudes and values of the people involved, either as res
idents or as end consumers or prosumers. Moreover, such attitudes are 
often shaped by formal and informal institutional factors, involving 
(inter)national organizational structures and decision-making processes, 
business strategies and public policies, traditions and modes of delivery 
of energy services, or the feeling of particular social or cultural group
ings being treated unfairly (Wolsink, 2007). 

In their article (Jain et al., 2020) address governance and policy 
required to support the transition to low energy consuming buildings, in 
particular ‘near or net zero energy buildings’ (NZEBs). Whereas policy 
makers have paid a lot of attention to this issue in developed countries, 
attention to this approach to constructing buildings is also required in 
developing countries. Ways to do this pertain to the introduction of 
policies and environmental regulations to push the demand for low 
energy buildings, targeting the introduction of new sustainable tech
nologies and their uptake, requiring energy efficiency in building design 
and the integration of renewable energy technology, so that the poten
tial for energy savings are not missed. Jain et al. (2020) assess the 
governance of urban energy innovations for low energy green buildings 
in Delhi and Singapore, with the objective to provide greater under
standing of governance arrangements to spur the adoption of these in 
the building sector. 

Technological innovation does not stand alone. If it is to succeed it 
requires both institutional and social innovation. This also applies to 
sustainable urban energy system innovation. Community energy storage 
(CES), for example, offers innovative possibilities for balancing the 

intermittent supply of renewable energy and the varying demand for 
power. Technological devices like battery packs allow for short-term 
storage of locally produced energy, like solar power or wind. CES 
therewith provide the technological conditions for creating institutional 
arrangements that make a variety of (new) services available and offer 
the possibility of combining individual needs with collective storage 
services. (Gährs and Knoefel, 2020) analyse the political and regulatory 
framework for the use of storage in community energy systems in Ger
many. They assess future market development, policy and legal ar
rangements, funding, social acceptance and participation, and business 
models. In addition a set of potentially relevant future economic policy 
instruments related with CES (like grid fees, concession levies, elec
tricity taxes, EEG levy, and VAT) is assessed ex ante, addressing impli
cations for different stakeholders in the electricity system. 

(Vringer et al., 2020) address the importance of local public bodies in 
governing urban energy transitions. The improvement of local govern
ing capacity is of great importance to accelerate local energy transition. 
They hypothesize that governing capacity is positively related to policy 
output. Results from a survey with a response of 163 municipalities in 
the Netherlands, however, show that governing capacity, its pre
conditions (like having sufficient and qualified staff and budget avail
able) and policy output to support the implementation of urban energy 
policy) differ largely among Dutch municipalities. Surprisingly howev
er, no direct relationship was found between policy output and gov
erning capacity - i.e. the capacity of municipalities to formulate and 
implement effective policies, with capacity referring to three compo
nents: (1) decision-making, (2) implementation, and (3) accountability 
(Boogers et al., 2008). Nevertheless, the study does establish statistical 
relationships between preconditions of governing capacity and policy 
output. 

4.2. Values and social acceptance 

Dealing with citizen involvement in urban energy systems means not 
only coping with complex factors causing ‘nuisance’ in the technological 
functioning of today’s energy systems, but also having to acknowledge 
the social, cultural, ethical and political dimensions. This underlines the 
importance of paying attention to societal values in the transition to 
sustainable urban energy systems. Such values come forward in the 
desire of communities to contribute to energy democracy, in achieving 
energy justice, securing affordability of energy services and inclusive 
prosperity, fostering responsible innovation, ascertaining democratic 
legitimacy, while minimizing the environmental impact of future and 
current urban systems. Getting hold of such issues that have to do with 
the value dimension is important because the feasibility of transforming 
urban energy systems will depend on it. Therefore it is important to 
engage in value laden deliberative participation, which might also 
enable constructive conflict (See: (Correljé et al., 2022; Pesch et al., 
2017). 

The importance of values is made explicit in the notion of energy 
justice, which refers to the “equitable access to energy, the fair distri
bution of costs and benefits, and the right to participate in choosing 
whether and how energy systems will change” (Miller et al., 2013) p. 
143). In their contribution to this SI (Milchram et al., 2020) explore the 
implications of the introduction of smart grids with respect to energy 
justice. Analyzing two empirical cases, they investigate how energy 
justice can be related to different technical and institutional elements in 
the design of smart grids. This approach contributes to the under
standing of justice implications of different regulatory arrangements of 
smart grid systems. Results underscore the importance of fairness in data 
governance, participatory design, user control and autonomy, technol
ogy inclusiveness, and the design for expansion and replication. The 
authors suggest that more efforts are required in testing future smart 
grid experiments to facilitate the implementation of ‘just’ electricity 
sector regulation. 

Closely related to energy justice is social acceptance. In their 
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contribution to this SI (de Wildt et al., 2021) developed an approach to 
assess, ex ante, the social acceptance of sustainable heating systems in 
city districts. The approach uses an agent-based model (ABM) to antic
ipate social acceptance, by identifying value conflicts embedded in 
various sustainable heating systems in specific social settings, like a 
community-driven heating initiative in The Hague, the Netherlands. 
Based on the results the authors formulate scenarios of value change to 
understand the severity of resulting social acceptance issues and their 
potential impact thereof. 

Consumer and prosumer perceptions, behaviour and practices are 
important for the design of successful business models for energy stor
age. In their contribution to this SI, (Bögel et al., 2021) present a study of 
workshops with consumers at an early stage of the development of en
ergy storage projects, in order to understand their needs (e.g., flexibility, 
affordability) as well as their preferences in relation to different business 
models. The study examines the role of autarky (independence from the 
centralised energy system), autonomy (control over energy manage
ment) and relatedness (degree of sharing required) in relation to storage 
options. They also address the role assigned to consumers in business 
models. Such roles range from the (current) mostly passive use of energy, 
through to an active prosumer rule, where consumer-citizens are engaged 
in energy production, consumption and distribution. Results from the 
study – based on two case studies: one in Sweden and one in Portugal - 
suggest that consumer-citizens perceive an increase in autarky and au
tonomy as key benefits of decentralized energy systems. This is highly 
motivating for their support of energy storage options. However, the 
study also revealed that consumer-citizens wish to handle the new 
technology with close to no effort. 

4.3. Citizen involvement 

Citizen involvement entails different ways in which citizens partic
ipate and engage in processes directly or indirectly related to urban 
energy systems. This can happen to varying degrees. Typically, house
holds are only involved late in decision processes when key decisions 
have already been made by property owners, project developers, 
distributed grid operators, municipalities, or housing associations). 
They are basically only consulted but do not have a say in (meta) de
cision making. Commitment might increase when households (and other 
roles citizens can have) are involved earlier in planning and decision 
making processes, and are given an equal role to other actors in decision 
making arenas. Instead of being merely consulted, they actually 
participate in decision making about planning, investment and opera
tion of key elements of urban energy systems, like choosing between 
(renewable) energy generation alternatives, management and operation 
of (smart) electricity grids or heat grids (Itten et al., 2021; Sillak et al., 
2021). As citizens have become increasingly aware, involved, and are 
able to mobilize community energy initiatives - notably in the form of 
renewable energy cooperatives – they are also capable of participating 
in planning and decision making processes in more organized and pro
fessional ways (Coenen and Hoppe, 2022). 

Renewable energy cooperatives and other grassroots community 
energy initiatives increasingly participate in public decision making 
(with local authorities, but nowadays also with national government), 
and co-create governance arrangements, and thereby pathways that 
contribute to making urban energy systems more sustainable. Next to co- 
creation, these grassroots organizations are also involved with the 
implementation of (co-produced) government policy, and in some cases 
even in management and operation of urban energy infrastructures and 
energy generation plants. This allows them to operate on arm’s length of 
government, and by doing so making sure that community values are 
cherished and community goals are met (Hannon and Bolton, 2015; 
Warbroek and Hoppe, 2017). In sum, citizen and community involve
ment in decision making regarding urban energy systems can have 
different forms, and involves both participation via co-creation 
(formulating policy) and participation via co-production 

(implementing policy). Moreover, grassroots community energy orga
nizations allow citizens and communities to participate in more formal 
and powerful ways. 

Community energy is a growing phenomenon across Europe that is 
attracting the attention of both policy makers and researchers for the 
role it may play in accelerating the energy transition. However, the 
extant literature dealing with the participation of civil society actors in 
renewable energy production has two important limitations. First, it 
consists of studies that have their focus on a limited number of countries 
and, in particular, on a UK context (Van der Schoor and Scholtens, 
2019). Second, little attention has been devoted to the contextual factors 
that make this approach successful and to the question of what elements 
of such favourable contexts can be transferred to other countries. 
Therefore, in their contribution to this SI (Ruggiero et al., 2021) explore 
the wider societal forces, cultural rules and regulative elements that 
determine the success and diffusion of citizen-driven renewable energy 
initiatives. They do this using a neo-institutional theoretical approach, 
analysing ten case studies from the Baltic Sea Region. Results from the 
study show that community energy projects require a sufficient degree 
of institutional support. Local and national governments are recom
mended by the authors to address four issues in order to strengthen the 
role of community energy in the transformation of urban energy sys
tems: 1) by harmonising policies; 2) by creating a culture for transitions; 
3) by developing visions for community energy; and 4) by promoting 
policy learning from experiments. 

The rise of community energy in recent years taps into another 
important issue regarding citizen involvement in sustainable urban en
ergy systems, namely the importance of social innovation. Social inno
vation involves innovations that are social in their means and contribute 
to civic empowerment and social goals pertaining to the general well
being of communities. This may relate to issues like social incentives to 
stimulate behavioral change (e.g., programs and workshops organized 
by community energy initiatives targeting household energy consump
tion), new social configurations (e.g., using social entrepreneurs or in
termediaries to build social networks), new organizational forms (e.g., 
renewable energy cooperatives), new forms of governance to stimulate 
transitions to low carbon economy (either at the local or regional scale; 
e.g., citizen self-governance or co-creation to co-design low carbon 
policy), or novel policies and regulations to empower social groups to 
engage in low carbon energy activities (Hewitt et al., 2019). Social 
innovation often co-evolves with techno-economic innovation, and the 
combination might be particularly apt to spark citizen action. Examples 
are renewable energy cooperatives using ICT platforms and smart 
metering to incentivize their members to engage in energy saving be
haviors, or to invest in renewable energy technology (Koirala et al., 
2016). In addition, serious energy games (often ICT based) offer virtual 
spaces in which citizens (but also other stakeholders) can practice and 
learn on how to design urban energy systems of the future, and how to 
engage in strategic decision making (Bekebrede et al., 2018). 

To fulfil the European Union’s goal of providing “Clean Energy for 
All Europeans”, a transformative shift of the energy market from cen
tralised systems based on fossil fuels to decentralized small-scale sys
tems based on renewable energy sources (RES) is needed. Citizens have 
been placed at the core of the energy policy of the Energy Union. In their 
contribution to this SI, (Horstink et al., 2021) offer a preview into results 
of a European-wide research project (PROSEU) that addresses the role of 
citizens who actively participate in the market, in particular those that 
produce and consume energy from renewable sources, referred to as 
‘RES prosumers’. They present an exploratory categorisation of the 
different collective social actors, referred to as ‘collective RES pro
sumers’, aiming to clarify their participation in the energy landscape. 
They find six categories with different engagement and needs, which are 
related to the EU’s framing of collective energy actors. These are: energy 
cooperatives, energy communities; organisational prosumers; RES pro
sumer facilities; RES prosumer influencers. 

In their contribution to this SI, (Wittmayer et al., 2021) address 
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social innovation in terms of changing social relations, involving new 
ways of doing, organising, knowing and framing, which is trans
formative to the extent that it challenges, alters and/or replaces domi
nant institutions in the social context (Avelino et al., 2019; Haxeltine 
et al., 2017). An important element of such institutional change con
cerns the processes through which innovations ‘mainstream’, ‘grow’ 
and/or ‘gain impact’. These processes are, depending on their theoret
ical origin, referred to as mainstreaming, diffusion, scaling, embedding, 
translating etc. This paper aims to contribute to the understanding of 
such processes by applying a multi-actor perspective to unpack how 
‘mainstreaming’ of social innovation manifests across different institu
tional contexts. Taking the empirical case of energy prosumers as 
illustration, this paper specifies processes of ‘mainstreaming’ of social 
innovation across different institutional logics, including: formalisation 
and bureaucratisation (state logic), commercialisation and marketiza
tion (market logic), as well as normalisation and ‘communitisation’ (e. 
g., community logic). As is argued, each of these processes carries a 
number of tensions and paradoxes regarding resistances against such 
innovation, versus their transformative impact. 

To support the development of social innovation, room for experi
mentation is needed. Cities can be coined as seedbeds for innovations, 
but only if room is given to organize series of experimentation with 
techno-economic and social innovation, also focusing on citizen 
involvement, empowerment, and improving the general wellbeing of 
local communities (and not only increasing techno-economic perfor
mance of energy systems) (Geels, 2013). Whereas community energy 
initiatives practice citizen science to counter claims by incumbent en
ergy systems actors, living labs can be set up to test technical in
novations in real-time and in conjunction with social innovations that 
co-evolve with them (i.e., by involving a community energy initiative 
and creating a new actor configuration encountering new user experi
ences and social practices) (Nevens et al., 2013). There is an important 
role for government (i.e., local authorities, but also higher tiers of 
government) to support the establishment of venues where local 
experimentation can take place. Local governments can deploy modes of 
governance by enabling or governance by provision to make this 
happen, and stimulate community involvement and social innovation 
(Bulkeley and Kern, 2006). Both are necessary to make the transition to 
sustainable urban energy systems possible. 

With regard to citizen involvement in energy transitions community 
energy initiatives are often seen as agents of change (Hewitt et al., 2019; 
Smith et al., 2016). However, their capability to act is curtailed by their 
institutional and actor environment. Here, it not only matters what ca
pacity and resources community energy have at their dispense, but also 
how they are viewed by others. In their contribution to this SI, 
(Lagendijk et al., 2021) argue that energy transition stands to benefit 
from a stronger advocacy of community energy initiatives, notably 
through a better strategic and spatial framing. They employed a framing 
analysis of the representation of ten Dutch community energy cases in 
the period 1989–2017 in the public opinion. Results show that com
munity energy initiatives generally meet a positive framing, empha
sizing economic, environmental and community benefits. However, this 
appears primarily related to the instrumental need for community en
ergy initiatives to prove community acceptance, rather than exposing 
their strategic roles in promoting the energy transition. As compared to 
rural settings there is relatively more attention for energy community 
initiatives’ transformative role in urban centers. 

5. Challenges to researching sustainable urban energy systems 

The articles contributing to the SI revealed insights into a number of 
challenges as regards the creation of academic knowledge supportive in 
the design, planning and implementation of sustainable urban energy 
systems. We classify these challenges threefold, related to the three di
mensions of: i) institutions and governance; ii) values and ethics; and iii) 
citizen involvement. 

5.1. Institutional and governance challenges 

With regard to novel technology to be implemented in sustainable 
urban energy systems the articles by (Jain et al., 2020) and (Gährs and 
Knoefel, 2020) and provide insights in challenges encountered to the 
introduction of new technology. (Jain et al., 2020) analysed the uptake 
of NZEBs and green buildings from an innovation and governance 
perspective and addressed the importance of policies and environmental 
regulations to push the supply of low energy buildings, targeting the 
introduction of new sustainable technologies, energy efficiency in 
building design and the integration of renewable energy technology. 
The authors call for a deeper understanding of diverse governance ar
rangements. (Gährs and Knoefel, 2020) found that in Germany one of 
the biggest obstacles faced by community energy storage, other than a 
complex regulatory framework, is the lack of a clear legal definition of 
such storages in national as well as in EU law. Moreover, there is a need 
for further standardisation, not only regarding technical aspects such as 
communication interfaces or fire prevention, but also in the area of 
customer protection such as warranty terms. (Vringer et al., 2020) 
stressed the importance of local government and municipalities as 
agents of change. However, they seriously doubt whether municipalities 
have sufficient governing capacity to fulfil their role effectively, and 
succeed in formulating and implementing new policies to incentivize 
and facilitate transformative change in greening urban energy systems. 

5.2. Challenges with regard to values and social acceptance 

Two of the contributions to the SI address challenges encountered in 
urban energy systems when introducing smart technology. (Milchram 
et al., 2020) raise the question how design choices in smart grid projects 
impact energy justice? They argue that design choices are value-laden, 
with value conflicts occurring in local smart grid projects. This raises 
many normative, ethical questions on how to cope with these conflicts. 
(Bögel et al., 2021) address the introduction of community energy 
storage. They are doubtful whether this technology can live up to ex
pectations, in particular with regard to consumer-citizen issues that are 
most relevant to urban-scale storage. They studied consumer roles and 
the related prosumer versus consumer-debate concerning energy fu
tures, which range from the current mostly passive use of energy by 
consumers to the active role that prosumers can play in energy pro
duction, consumption, and distribution. Smart grid technology, 
including CES, will potentially change the relation between production 
and consumption. Here, there is a need to better understand prospective 
domestic consumer-citizens, more specifically regarding perceptions of 
autonomy (control over energy management) as part of envisaged living 
experiences and motivations for engagement. (de Wildt et al., 2021) 
studied social acceptance of heating options by households. Although 
more sustainable heating systems are required in city districts to reduce 
greenhouse gas emissions, these systems may lack social acceptance as 
they often require significant adjustments to homes and may lead to a 
noticeable loss of in-home thermal comfort. Fostering social acceptance 
is often difficult due to the long-term planning horizon for energy sys
tems. It is therefore unclear which design requirements and policy 
guidelines need to be specified ex ante. They suggest the further 
development of an approach to support social acceptance by identifying 
value conflicts embedded in sustainable heating systems in specific so
cial settings. 

5.3. Challenges to citizen involvement 

(Ruggiero et al., 2021) studied community energy projects in the 
Baltic Sea region and factors that influenced their performance and 
survival. They found that institutions as well as visions, for example, 
plans for future energy generation, are important contextual features for 
urban community energy projects. However, many community energy 
initiatives find it hard to overcome unfavourable contextual conditions. 
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In order to stem the tide it is important for community energy initiatives 
to build trust, appeal to their community’s sense of identity, and engage 
in networking, and promotion of demonstration projects. How to engage 
in these activities is however very challenging. Both (Wittmayer et al., 
2021) and (Horstink et al., 2021) studied collective ‘prosumership’. 
(Wittmayer et al., 2021) hold that renewable energy ‘prosumerism’ 
comes with promises and expectations of contributing to sustainable and 
just energy systems. However, in its process of becoming mainstream, 
numerous challenges and doubts arise whether it will live up to these. 
(Horstink et al., 2021) add that, although there is a new EU regulatory 
framework that recognises civic-inspired prosumer initiatives, little is 
known about the full range and diversity of collective actors in renew
able energy self-consumption as well as how they engage with the 
changing energy system. The authors find it challenging that there is a 
lack of fine-tuned policies to support different actors, more particularly 
in the challenging journey regarding the transposition of the European 
Union’s Clean Energy Package (CEP). Finally, (Lagendijk et al., 2021) 
address the importance of framing of the community energy movement 
and argue that energy transition still stands to benefit from a stronger 
advocacy of energy community’s contribution, notably through a better 
strategic and spatially sensitive framing. 

6. Conclusions and policy implications 

This Guest Editorial started claim that the complex transition to
wards sustainable urban energy systems demands more than mere 
technological innovation. The ten articles contributing to the SI have 
verified this. They have done this in several ways. Table 1 presents an 
overview of challenges to developing, planning and realising sustainable 
urban energy systems, classified into three dimensions: a) governance 
and institutions; b) values and social acceptance; and c) citizen 
involvement. Based on the insights taken from the articles contributing 
to the SI several suggestions for future research are presented, using the 
afore mentioned classification into three dimensions. 

6.1. Suggestions for future research regarding institutions and governance 

(Gährs and Knoefel, 2020) argue that there is a need for developing 
best-practice examples and for monitoring the use of SUES technology 

like community energy storage. In addition, research projects should 
focus on examining new services and business models, to facilitate the 
necessary changes to the regulatory framework. (Jain et al., 2020) 
suggest future researchers to elaborate the analytical framework 
developed in their articles, potentially also in the form as a policy tool to 
support cities in managing urban energy system innovations. Based on 
the article by (Vringer et al., 2020) it is advised that future research 
addresses the evaluation of governing capacity as an empirically relevant 
variable. Currently, measurements of governing capacities of individual 
municipalities and other governmental organizations are based on less 
transparent methods. The authors call for developing an alternative 
approach to measure governing capacity and its components more 
directly. 

6.2. Suggestions for future research regarding values and social 
acceptance 

In line with (Milchram et al., 2020) future research is suggested 
exploring the feasibility to govern smart grids as commons in the sense 
of Elinor Ostrom’s ’Governing the Commons’, (Ostrom, 2009) and 
further examine the relationship between trust and perceptions of jus
tice. Future research should focus more on justice as recognition, which 
remains under-theorized (Bulkeley et al., 2014). This should also 
address misrecognition of vulnerable groups which is associated to 
procedural and distributive injustices. Future research might also 
explore the feasibility and effects of governance as commons and col
lective ownership in smart grid systems, and how to build trust in a 
smart grid configuration. In line with (Bögel et al., 2021) it is suggested 
to extend research into the effects of different storage options, e.g. 
short-term storage and seasonal storage and/or different levels of 
autarky, and on possibilities for consumer-prosumer engagement. Based 
on the article by (de Wildt et al., 2021) it is suggested that the 
value-ABM research approach should be further tested for other cases, 
that it is complemented with participatory decision-making methods, 
and that the model is extended to simulate the decision-making of 
households in relation to social acceptance of urban sustainable energy 
system technology (i.e. sustainable heating options). 

Table 1 
Challenges encountered when desiring to establish sustainable urban energy systems (SUES).  

Dimension Challenge 

Governance and institutions Need for policies and environmental regulations to push supply SUES technology 
Absence of a regulatory framework 
Absence of a proper legal definition of SUES technology 
Need for more standardisation, not only covering technical aspects but also as to protect consumers. 
Poor (local) government capacity 
Unfavourable conditions (i.e., resources) to enabling (local) government capacity. 

Values and social acceptance Lack of insight into how design choices impact energy justice 
Addressing value conflicts in SUES projects 
Expectations newly introduced technology encounters 
New technology may have severe impact on supply chains and the relation between energy producers and consumers 
Perceived autonomy 
Social acceptance in light of high transaction costs 
Social acceptance in light of value trade-offs 
Predicting and coping with social acceptance in planning activities 
Long time horizon of urban energy projects and infrastructure 
Specification of design requirement and policy guidelines 

Citizen involvement Unfavourable contextual settings: social and institutional 
Engaging in social, networking and promotion activities 
Novel social (prosumer) organisational structures living up to expectations (in their mainstreaming process) 
Grassroots prosumer collectives lacking knowledge and knowhow on how to engage in transformative action 
Lack of fine-tuned policy to support actors 
Need for better framing and stronger advocacy of community energy initiatives  

A. Correljé et al.                                                                                                                                                                                                                                



Energy Policy 192 (2024) 114237

7

6.3. Suggestions for future research regarding citizen involvement 

In line with (Ruggiero et al., 2021) it is suggested that future studies 
focus on how SUES visioning with community energy project takes place 
and how having these visions in place contributes to the institutionali
sation of community energy practices in urban areas. In addition it is 
suggested that further research seeks to better understand the cultural 
determinants of community energy. In line with (Wittmayer et al., 2021) 
future research is suggested into how hybrid institutional arrangements 
may reconcile the formal-informal logics (i.e. gaining recognition) and 
public-private logics (i.e., delineating access).This should move aca
demic discussions and policy debates beyond idealistic discussions of 
ethical principles and abstract discussions about power distribution and 
address hybrid institutional arrangements and their capacity to safe
guard particular transformative ideals and normative commitments. The 
article by (Horstink et al., 2021) on prosumer categorisation makes clear 
that there is a need for future research to further test, refine, and validate 
the proposed actor categories. Future researchers are encouraged to 
comment and contribute or elaborate upon the tentative framework 
presented by the authors. Finally, in line with (Lagendijk et al., 2021) it 
is suggested that further research is conducted into specific perspectives, 
attitudes and framing actions of local citizens, the media and other 
stakeholders affecting community energy initiatives, their social and 
institutional acceptance, and other related complexities. 
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