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ABSTRACT 
�(�Q�H�U�J�\���L�V���Y�L�W�D�O���L�Q���V�X�V�W�D�L�Q�L�Q�J���K�X�P�D�Q���O�L�I�H�����\�H�W���W�K�H���H�Q�H�U�J�\���V�H�F�W�R�U�¶�V���V�L�J�Q�L�I�L�F�D�Q�W���F�R�Q�W�U�L�E�X�W�L�R�Q�V���W�R���J�U�H�H�Q�K�R�X�V�H��
gas emissions (GHG) and climate change necessitate transformative changes, commonly referred 
to as energy transition. Cities, as major energy consumers and GHG emitters, are pivotal to this 
transition, as their governance capabilities enable the implementation of local energy plans and 
policies that influence energy demand and emissions patterns. However, not all urban transformative 
actions stem from formal urban planning processes.  

Collective Energy Initiatives (CEIs) represent an emerging social movement driving decentralised 
renewable energy production. While CEIs offer numerous benefits, their activities can lead to spatial 
challenges, including land consumption and competition and land use conflicts. With urban space 
already scarce, understanding the spatial impacts of CEIs is therefore vital. Yet, this dimension 
remains understudied, revealing critical theoretical, methodological, and practical gaps. 

�³How do CEIs, which promote decentralised renewable energy generation, impact cities spatially?� ́
is the central question of the research. To address it, multidisciplinary perspectives were addressed, 
fostering the cross-pollination of ideas. Through an integrative review, the research (1) developed a 
conceptual framework illustrating the multifaceted nature of CEIs and how their internal processes 
shape their impacts, and (2) identified a range of approaches, methods, and tools from various 
�G�L�V�F�L�S�O�L�Q�H�V���Z�L�W�K���V�L�J�Q�L�I�L�F�D�Q�W���S�R�W�H�Q�W�L�D�O���I�R�U���D�Q�D�O�\�V�L�Q�J���&�(�,�V�¶���V�S�D�W�L�D�O���L�P�S�D�F�W�V���D�Q�G���G�L�P�H�Q�V�L�R�Q�V�� 

Building on these insights, a novel methodology was developed to address two sub-�T�X�H�V�W�L�R�Q�V�����³What 
are the spatial impacts of CEIs?�´�� �D�Q�G�� �³How and why do CEIs lead to spatial impacts?�.́ This 
�P�H�W�K�R�G�R�O�R�J�\�� �S�U�L�R�U�L�W�L�V�H�G�� �W�K�H�� �D�Q�D�O�\�V�L�V�� �R�I�� �&�(�,�V�¶�� �L�Q�W�H�U�Q�D�O�� �S�U�R�F�H�V�V�H�V���� �I�R�F�X�V�L�Q�J�� �R�Q�� �W�K�H�� �V�S�D�W�L�D�O�� �L�P�S�D�F�W�V��
resulting from their activities and the mechanisms behind. An exploratory, mixed-method, multiple-
case study research design was therefore designed. The application of this methodology to four 
heterogeneous, established, urban, place-based CEIs demonstrated its adaptability and 
effectiveness in real-world contexts.  

The analysis revealed that the activities of the selected heterogeneous, established, urban, place-
based CEIs have not yet produced spatial impacts but rather spatial outcomes (short- to medium-
term spatial effects). These outcomes, localised within urbanised areas, involve three main physical 
changes: (1) energy retrofitting of buildings, (2) infrastructure development, and (3) land use and 
land cover variations. Such physical changes are punctual, thus limited in scale, and contribute to 
reducing energy consumption through retrofitting, to improving the sustainability of urban mobility 
infrastructure, and to fostering a stronger sense of place among residents, promoting environmental 
stewardship, mitigating gentrification pressures, and cultivating social equity. Research results 
clearly show that CEIs can gradually enhance urban systems. The specific spatial outcomes 
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observed depended on the choices available to each CEI, shaped by factors such as financial 
resources, technological capacity, locational constraints, and institutional support. 

These findings highlight the great potential of CEIs in advancing a low-carbon urban energy 
transition, underscoring the importance of engaging them in the design and implementation of 
integrated urban and energy plans to ensure their activities contribute to a cohesive urban vision. 
Such knowledge can support a spatially just and equitable energy transition while addressing spatial 
challenges effectively. 
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Energy is vital for the life and development of humankind (Hoffman & Wood, 1976; Martínez & 
Ebenhack, 2008; Subramanian, Gundersen, & Adams, 2018) yet being responsible of more than 
two-thirds of global greenhouse gas (GHG) emissions (IPCC, 2022), the energy sector represents a 
major cause of global warming and climate change (Bruckner et al., 2014). To mitigate the energy 
�V�H�F�W�R�U�¶�V���L�P�S�D�F�W�V���D�Q�G�����D�W���W�K�H���V�D�P�H���W�L�P�H�����D�G�D�S�W���W�R���F�O�L�P�D�W�H���F�K�D�Q�J�H���S�U�H�V�V�X�U�H�V�����D���V�X�E�V�W�D�Q�W�L�D�O���F�K�D�Q�J�H���L�Q��
the energy systems is necessary (Bruckner et al., 2014). 

Energy systems are historically addressed as techno-economic frameworks defined by the energy 
flows and the technical activities required to collect energy sources and supply consumers energy 
demand (Sovacool, 2016). More recently, energy systems are also understood as complex socio-
technical-economic configurations (Rohracher, 2008; Miller et al., 2013; Bale, Varga, & Foxton, 2015; 
Määttä, 2021) resulting from the decisions and actions of a variety of agents (Balest et al., 2018) 
deeply influenced by cultural values, social norms and identity, traditions, common visions, and 
imaginaries (Rohracher, 2008; Miller et al., 2013; Miller & Richter, 2014; Laird, 2013; Balest et al., 
2018; van de Poel & Taebi, 2022). 

Changes in the energy system are commonly addressed as an energy transition (Sovacool, 2016; 
Laird, 2013; Smil, 2010a; Grubler, Wilson, & Nemet, 2016). As energy systems are (re)shaped by 
�L�Q�G�L�Y�L�G�X�D�O���D�F�W�R�U�V���D�Q�G���L�Q�V�W�L�W�X�W�L�R�Q�V�¶���F�K�R�L�F�H�V�����Z�K�L�F�K���D�U�H���U�R�R�W�H�G���L�Q���D���E�U�R�D�G���I�D�Q���R�I���F�X�O�W�X�U�D�O���Y�D�O�X�H�V���D�Q�G���V�R�F�L�D�O��
norms, the current energy transition goes beyond swapping technologies and fuels: the energy 
transition also requires a shift in cultural paradigm among agents who finance, create, and use those 
technologies and fuels as well as a change in their role within the energy system itself. 

Traditionally, cities were merely considered the end point of the energy supply chain (Rutherford & 
Coutard, 2014). Being the main energy consumers and GHG emitters worldwide (Kamal-Chaoui & 
Robert, 2009), cities are now perceived as a crucial instrument to maintaining the global average 
temperature increase within 2 to 2.4 °C above pre-industrial levels (Rutherford & Coutard, 2014; UN-
Habitat, 2002; Hoicka & MacArthur, 2018; IRENA, 2020). Through the exercise of urban policies and 
plans (e.g., Sustainable Energy and Climate Action Plans, the Climate City Contracts of the European 
Horizon Mission 100 Climate-Neutral and Smart Cities by 2030) cities can govern urban processes 
and practices to reach climate neutrality, however urban environments are also historically influenced 
by phenomena out of urban planning control. 

The different forms of social energy mobilization and cooperation that are currently emerging at the 
local level (Hisschemöller & Sioziou, 2013; Wagemans, Scholl, & Vasseur, 2019; Smith, 2019; 
Wahlund & Palm, 2022) represent an example of these phenomena. Citizens acting in their personal 
capacity (e.g., leaders, consumers, voters), professional capacity (e.g., town planners, builders, 
teachers, investors), or collective capacity (e.g., the youth climate movement) are actively 
participating in the current energy transition (UNEP, 2022). The activities span from people becoming 
active consumers and producers, i.e. prosumers (Haf & Robison, 2020), to the more complex forms 
of collective prosumerism such as collective selfconsumption multi-tenancy buildings (Reis, 
Gonçalves, Lopes, & Antunes, 2021), energy neighbourhoods and districts (Ala-Juusela, Crosbie, & 
Hukkalainen, 2016; Derkenbaeva, Vega, Hofstede, & van Leeuwen, 2022), and energy communities 
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(Caramizaru & Uihlein, 2020). In this contribution, the umbrella term Collective Energy Initiatives 
(CEIs) is proposed to consider all collective initiatives of energy prosumers and conscious energy 
consumers. 

The movement of CEIs is already playing an important role in the evolving energy landscape 
(Leonhardt et al., 2022), bringing real change between society and energy (Hewitt et al., 2019) 
through spurring collaborations, mobilizing resources, developing context-specific technological 
mixes and governance structures, and influencing public consensus (Hoicka & MacArthur, 2018; 
Berka & Creamer, 2018). CEIs have also gained increasing prominence in scientific literature over 
the past two decades (Seyfang, Park, & Smith, 2013; Creamer et al., 2018), and various terms have 
emerged referring to these initiatives (e.g., civic renewable energy, grassroots energy initiatives, civic 
energy initiatives, cooperative energy initiatives, local energy initiatives, local energy communities, 
renewable energy communities, community energy initiatives, community energy) (Hoicka & 
MacArthur, 2018; Haf & Robison, 2020; Hasanov & Zuidema, 2022). The European context itself is 
witnessing a clear proliferation of these initiative: Wierling et al. (2023) identified over 10,000 citizen-
led energy initiatives across 29 European countries, while the European Federation of Renewable 
Energy Cooperatives (REScoop) counts 701 member cooperatives and about 1 500 000 citizens 
involved (REScoop.eu, n.d.a). 

�7�K�H�L�U���J�U�R�Z�W�K���D�Q�G���Q�X�P�E�H�U���L�P�S�O�\���W�K�D�W���&�(�,�V���F�D�Q���H�Y�H�Q���E�H���V�H�H�Q���D�V���D���³�W�U�D�Q�V�I�R�U�P�D�W�L�Y�H���V�R�F�L�D�O���P�R�Y�H�P�H�Q�W�´��
(Campos & Marín-González, 2020) that is upholding decentralized renewable energy production 
spurring the transition towards an electrified energy system. Nevertheless, the implementation of 
wind turbines, solar panels, sun boilers, thermal, and biogas systems needed to meet energy 
demands may require more land compared to fossil fuels-based technologies (Capellán-Pérez, de 
Castro, & Arto, 2017; Gross, 2020; Jiwon et al., 2022), exacerbating the global competition for land 
(van de Ven, Capellan-Pérez, Arto, et al., 2021). 

Given these dynamics, the activities of CEIs are likely to have significant spatial implications, 
particularly in urban environments. With physical space in cities already being limited and highly 
contested, there is an urgent need to understand where, how, and why spatial changes occur as a 
result of CEI activities. 

This context gave rise to the central research question: How do CEIs, which promote decentralised 
renewable energy generation, impact cities spatially? 

Which was afterwards translated into two sub-questions:  

1. What are the spatial impacts of the CEIs? (RSQ1) 

2. How and why do CEIs lead to spatial impacts? (RSQ2) 

By acknowledging the spatial dimensions and impacts of CEIs at city level, the present study seeks 
to understand whether, how and why the urban space is being transformed. A deeper understanding 
of these spatial dimensions and impacts can provide valuable insights to urban planners, 
policymakers and practitioners, enabling them to implement corrective measures to mitigate negative 
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effects and land-use conflicts. Furthermore, it supports the integration of energy planning with urban 
planning and design while contributing to the discourse on decentralised and collective energy 
production (Walker, Hunter, Devine-Wright, Evans, & Fay, 2007; UK Government, 2013; Berka & 
Creamer, 2018). 

However, effectively addressing the research question requires intersecting multiple disciplines, 
including energy studies, social sciences, and spatial planning. Consequently, this research does not 
restrict the literature review to the state-of-the-art of CEIs' spatial impacts, as the research question 
might initially suggest. Instead, the scope is intentionally broadened to engage with a wider body of 
existing literature, references to which are pervasive throughout the document, starting from Part 1. 

Serving as the foundation that led to the formulation of the research question, Part 1 bridges multiple 
research fields to explore the multifaceted nature of the energy system and energy transitions, 
focusing on their interplay with cities. Particular attention is given to the institutional, spatial, and 
social dimensions, each of which presents distinct challenges and drivers. To synthesise the main 
insights and facilitate the integration of perspectives, the final chapter of this part (Chapter 1.6) 
provides key takeaways that underpin the considerations developed in the subsequent part of the 
research. 

Building on this multidisciplinary exploration, Part 2 links these challenges and drivers across 
disciplines and narrows the research focus to the spatial impacts and dimensions of CEIs, while also 
elaborating the research question, research aim, and research strategy. 

Part 3 represents the core of the research, where the proposed research strategy is applied, and 
answers to the research questions are developed. Here, significant theoretical, practical, and 
methodological gaps concerning the spatial impacts and dimensions of CEIs are identified (Chapter 
3.1). To address these gaps, a novel methodology is developed (Chapter 3.2) and subsequently 
operationalised (Chapter 3.3), demonstrating its adaptability and effectiveness through real-world 
case studies. 

Part 4 synthesises the main findings of the research and elaborates on its theoretical, 
methodological, and practical contributions. In addition, it offers policy recommendations, reflects on 
the limitations of the study, and suggests directions for future research. 

Understanding the spatial impacts of CEIs is crucial for addressing urban spatial challenges in the 
energy transition. By analysing their spatial impacts and underlying causes, this study offers: (1) new 
conceptual frameworks and methodologies for researchers, broadening the academic discourse and 
advancing research in the field; (2) insights for urban planners to harness the potential of CEIs in the 
implementation of urban and energy plans; (3) knowledge for policymakers to support the 
development of CEIs through targeted policies; and (4) real examples for practitioners, such as CEIs 
promoters, that could serve as guides and inspiration for the further development of their initiatives. 
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To clarify the relationships between the research philosophy (specific disciplines from which a system 
of beliefs was derived from), the research question, gaps, methodology, and outputs and 
contributions, Figure 1 provides a graphical representation of the thesis structure. 

 

 

 

Figure 1 | Synthetic graphical representation of the thesis structure. 
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On the multifaceted nature of 
energy systems and transitions 
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1.1 Introduction  

Cities are at the forefront of both the challenges and opportunities presented by the low-carbon 
energy transition. As major centres of population, economic activity, and infrastructure, they account 
for a substantial share of global energy consumption and greenhouse gas (GHG) emissions. 
However, cities are also uniquely positioned to lead the way in addressing these challenges. With 
concentrated resources, innovative capacity, and a diverse range of actors, cities serve as critical 
hubs for developing and implementing the solutions necessary to accelerate the transition to low-
carbon energy systems. 

But what is an energy system, and what is an energy transition? Chapter 1.2 lays the groundwork for 
this research by introducing the key concepts of energy system and energy transitions, tracing the 
energy system evolution from traditional techno-economic perspectives to more holistic approaches 
that incorporate institutional, spatial, economic, and socio-cultural dimensions. By expanding the 
view of the energy system and its transitions beyond merely technical or economic concerns, this 
chapter sets the stage for a broader understanding of how cities intersect with them. 

Part 1 builds on this conceptual foundation, examining three critical dimensions of the energy system 
and its transition: institutional, spatial, and social. 

Chapter 1.3 therefore offers a detailed analysis of international and European institutional 
frameworks for energy transitions, mapping the evolution of global climate agreements and European 
strategies. It underscores the growing recognition of cities as key drivers in the energy transition, 
highlighting their unique role in fostering innovation and action. 

The study then narrows its focus to the European context for two main reasons: first, Europe stands 
at the forefront of global energy transition efforts, and second, it is characterised by a dense network 
of interconnected cities, many of which have historical significance. These features make Europe an 
ideal case study for exploring the complex relationship between energy transitions and urban 
environments, offering valuable insights into the social and spatial challenges associated with the 
low-carbon shift. 

Chapter 1.4 delves into the spatial dimension of energy systems, examining how the traditional fossil 
fuel-based energy system has influenced the physical structure of European cities and how the 
emerging low-carbon energy system is reshaping urban landscapes and their surroundings. It 
highlights key spatial dynamics and the challenges that cities face as they transition to a more 
sustainable energy infrastructure. 

Chapter 1.5 shifts focus to the "soul" of cities (their inhabitants) exploring the social dimension of the 
energy transition. This chapter discusses the growing role of citizens, communities, and local 
governments in driving the decentralisation and electrification of the energy system, focusing on the 
collective actions and initiatives that are helping to reshape the energy landscape. 
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Part 1 concludes with key takeaways, synthesising the insights gained from the exploration of the 
nature and the institutional, spatial, and social dimensions of the energy systems and its transitions, 
and their interplay with cities.  
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1.2 On the energy system and its transitions: evolving 
definitions 

The present chapter examines the concepts of the energy system and energy transition, exploring 
both their traditional techno-economic perspectives and the evolving recognition of their institutional, 
spatial, socio-cultural, and economic dimensions. The chapter is divided into two sub-chapters. 

The first sub-chapter delves into the traditional understanding of energy systems, which has 
predominantly been framed from a techno-economic standpoint. It discusses the limitations of this 
approach, particularly its failure to account for the socio-cultural dimension of the energy system and 
introduces the growing body of literature that advocates for more holistic and interdisciplinary 
approaches. 

The second sub-chapter shifts focus to the energy transition, acknowledging the complex, multi-
dimensional nature of the process. It explores how technological, policy, economic, cultural, and 
environmental factors are interconnected in shaping the energy system. Through this lens, the 
energy transition is viewed not only as a shift towards renewable energy sources but as a broader 
transformation influencing and influenced by social, political, and economic changes. The sub-
chapter presents a comprehensive understanding of the energy transition, incorporating its open, 
dynamic, complex, and adaptive characteristics. It highlights the importance of integrating various 
perspectives, including institutional, spatial, socio-cultural, and economic dimensions, in the analysis 
of the energy transition. 

Together, these sub-chapters provide a foundational understanding of the energy system and its 
transition, offering insights into the key factors that shape energy production, distribution, and 
consumption in the context of a rapidly changing global environment. 

1.2.1 ON THE ENERGY SYSTEM 

Traditionally, in the realm of energy research energy systems have been addressed with a techno-
economic perspective, focusing on energy flows and the technical activities required to collect energy 
sources and supply consumers energy demand (Lutzenhiser & Shove, 1999; Groscurth, Bruckner, 
& Kümmel, 1995; Spreng, Flüeler, Goldblatt, & Minsch, 2012; Hirsh & Jones, 2014; Sovacool, 2016; 
Cherp, Vinichenko, Jewell, Brutschin, & Sovacool, 2018). Supply and demand side are coordinated 
by markets, with primary energy price depending on a variety of factors, from the quantities of supply 
and demand to geopolitics and international trade policies, and changes in technology (Subramanian, 
Gundersen, & Adams, 2018; Cherp, Vinichenko, Jewell, Brutschin, & Sovacool, 2018). 

Such perception can be seen in the widely used energy flow charts, which represent energy flows 
from energy sources (supply side), through conversion processes, to energy services (demand side), 
and identify all the energy losses and wastage that take place during the transformation and 
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distribution processes (Lawrence Livermore National Laboratory, n.d.; IEA, n.d.), rigidly linking 
specific energy sources with specific end-use sectors. 

The number of components considered to describe such techno-economic energy systems can vary 
from author to author. For instance, Skov (2015) refers to the traditional energy system as a three-
components system: resources, conversion, and demand. Subramanian, Gundersen, & Adams, 
(2018), instead, consider a four-components framework. The first component is the primary energy, 
which refers to the energy stored in natural resources harvested and transported to the conversion 
sites. The second component is the conversion process, which transform energy to more usable 
forms (e.g., electricity and liquid fuels). The third component is represented by transportation and 
distribution processes, during which usable energy is delivered to final users through energy 
infrastructures. The last component is final energy consumption, in which energy demand is 
disaggregated into homogeneous categories of users such as transportation, residential, industrial, 
and commercial users. Some authors further articulate the demand sid�H���L�Q���³�H�Q�G-�X�V�H���W�H�F�K�Q�R�O�R�J�L�H�V�´��
���H���J�����D�L�U���F�R�Q�G�L�W�L�R�Q�L�Q�J�����D�Q�G���³�G�H�P�D�Q�G���I�R�U���H�Q�H�U�J�\���V�H�U�Y�L�F�H�V�´�����H���J�����F�R�R�O�L�Q�J�������R�U���L�Q���³�I�L�Q�D�O���H�Q�H�U�J�\�´�����H���J�����H�Q�H�U�J�\��
�U�H�F�H�L�Y�H�G���E�\���V�H�F�W�R�U�V���O�L�N�H���W�U�D�Q�V�S�R�U�W�����L�Q�G�X�V�W�U�\�����E�X�L�O�G�L�Q�J�����D�Q�G���³�X�V�H�I�X�O���H�Q�H�U�J�\�´�����H���J�����O�L�J�K�W�����K�H�D�W�L�Q�J�����F�R�R�O�L�Q�J����
(Bruckner et al., 2014).  

In response to wider environmental concerns and the increasingly pressing need to make far-
reaching changes to the energy systems, a growing number of studies in social sciences and 
humanities (SSH) have been calling for more holistic approaches, arguing that the techno-economic 
approaches do not capture the social dimension of the energy systems and the energy transition 
(Hughes, 1993; Sovacool, 2014; Miller, Richter, & O'Leary, 2015; Van Veelen, Pinker, Tingey, 
Aiken, & Eadson, 2019; Van Sluisveld et al., 2020).  

The narrative slowly began to evolve during the second half of the 20th century with an increasing 
body of literature acknowledging that the energy system entails much more than fuels and 
technologies and contextualizing the technical aspects of energy with energy history, governance, 
politics, culture, values, economics, human behaviour: the production, distribution, and consumption 
of energy is determined by the interactions between the technical, human, and environmental 
components.  

A heterogeneous corpus of definitions of the energy system with a social perspective has been 
provided (Table 1) within different lines of interpretation, for instance socio-technical approaches, 
socio-ecological approaches, and complexity theory1. Sometimes the energy system is understood 
as a system of interacting components, some of which are technical, while others refer to 
institutions, society, systems of values or the environment (Rohracher, 2008; Miller et al., 2013; 
Bale, Varga, & Foxton, 2015; Balest et al., 2018; Määttä, 2021); conversely, other times it is 
described as part of a broader system, of which it represents just one component profoundly 
intertwined with the others (Cloke, Mohr, & Brown, 2017; De Boer, Zuidema, & Gugerell, 2018; 

 
1 For a deeper understanding of the lines of interpretation mentioned the reading of Munro & Cairney (2020) is suggested. 
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Burger, Emmenegger, & Sohre, 2022). Yet, all the perspectives share the characteristic of the 
�L�Q�W�H�U�F�R�Q�Q�H�F�W�H�G�Q�H�V�V���R�I���W�K�H���F�R�P�S�R�Q�H�Q�W�V�����P�H�D�Q�L�Q�J���W�K�D�W���³a change in one component impacts on the 
�R�W�K�H�U���F�R�P�S�R�Q�H�Q�W�V���R�I���W�K�H���V�\�V�W�H�P�´��(Hughes, 1983). 

 

Table 1 | Holistic definitions of the energy system as identified in scientific literature. Source: author�·�V own elaboration. 

Definition Author 

�³�7�K�H���H�Q�H�U�J�\���V�\�V�W�H�P���F�R�Q�V�L�V�W�V���R�I���D�Q���L�Q�W�H�J�U�D�W�H�G���V�H�W���R�I���W�H�F�K�Q�L�F�D�O���D�Q�G���H�F�R�Q�R�P�L�F���D�F�W�L�Y�L�W�L�H�V��
�R�S�H�U�D�W�L�Q�J���Z�L�W�K�L�Q���D���F�R�P�S�O�H�[���V�R�F�L�H�W�D�O���I�U�D�P�H�Z�R�U�N�´ 

Hoffman & Wood, 1976 

�³�(�Q�H�U�J�\���V�\�V�W�H�P�V���D�U�H���E�H�V�W���X�Q�G�H�U�V�W�R�R�G���D�V��socio-technical configurations where technologies, 
institutional arrangements (e.g. regulation, norms), social practices and actor constellations 
(such as user�±producer relations and interactions, intermediary organisations, public 
authorities) mutually depend on each other, and are embedded into broader contexts of 
cultural values, socio-�H�F�R�Q�R�P�L�F���W�U�H�Q�G�V�����J�O�R�E�D�O�L�V�D�W�L�R�Q�����L�Q�G�L�Y�L�G�X�D�O�L�V�D�W�L�R�Q�����H�W�F�����´ 
 

 �³�>�«�@���V�R�F�L�R-technical arrangements with a strong interrelation of technological and social 
elements such as institutions, regulations, cultural values, social practices as well as interests, 
�H�[�S�H�F�W�D�W�L�R�Q�V���D�Q�G���U�H�O�D�W�L�R�Q�V�K�L�S�V���R�I���W�K�H���D�F�W�R�U�V���L�Q�Y�R�O�Y�H�G�´ 

Rohracher, 2008 

�³�(�Q�H�U�J�\���V�\�V�W�H�P�V���D�U�H���V�R�F�L�R-technological systems that involve not only machines, pipes, 
mines, refineries, and devices but also the humans who design and make technologies, 
develop and manage routines, and use and consume energy. In turn, energy systems include 
financial networks, workforces and the schools necessary to train them, institutions for trading 
in energy, roads, regulatory commissions, land use rules, city neighborhoods, and companies 
as well as social norms and values that assure their proper fu�Q�F�W�L�R�Q�L�Q�J�´ 
 

�³�>�«�@���V�R�F�L�R-energy systems (i.e., sociotechnological systems whose primary technologies are 
�H�Q�H�U�J�\���W�H�F�K�Q�R�O�R�J�L�H�V�����>�«�@�´ 

Miller et al., 2013 

�³�(�Q�H�U�J�\���V�\�V�W�H�P�V���D�U�H���P�R�U�H���W�K�D�Q���F�R�O�O�H�F�W�L�R�Q�V���R�I���I�X�H�O�V���D�Q�G���W�H�F�K�Q�R�O�R�J�L�H�V�����(�Q�H�U�J�\���F�R�Q�V�X�P�S�W�L�R�Q��
profoundly affects everything from how individuals work, play, socialize, and eat to how 
industries cluster, how cities and economies grow, and how nations conduct their foreign 
�D�I�I�D�L�U�V�����1�\�H�����������������´ 

Laird, 2013 

�³�>�«�@���I�U�D�P�L�Q�J���H�Q�H�U�J�\���V�\�V�W�H�P�V���D�V��inherent social�±�H�F�R�O�R�J�L�F�D�O���V�\�V�W�H�P�V���>�«�@ Hodbod & Adger, 2014 

�³�$�Q���H�Q�H�U�J�\���V�\�V�W�H�P���L�V���D���F�R�Q�V�W�H�O�O�D�W�L�R�Q���R�I���H�Q�H�U�J�\���L�Q�S�X�W�V���D�Q�G���R�X�W�S�X�W�V�����L�Q�Y�R�O�Y�L�Q�J���V�X�S�S�O�L�H�U�V����
�G�L�V�W�U�L�E�X�W�R�U�V�����D�Q�G���H�Q�G���X�V�H�U�V���D�O�R�Q�J���Z�L�W�K���L�Q�V�W�L�W�X�W�L�R�Q�V���R�I���U�H�J�X�O�D�W�L�R�Q�����F�R�Q�Y�H�U�V�L�R�Q���D�Q�G���W�U�D�G�H���´ 

Araújo, 2014 

�³�>�«�@���D�V�V�H�P�E�O�D�J�H���R�I���W�H�F�K�Q�L�F�D�O���D�Q�G���P�R�U�H-than-�W�H�F�K�Q�L�F�D�O���Q�R�G�H�V���>�«�@�´ Sovacool, 2014 

�³�(�Q�H�U�J�\���V�\�V�W�H�P�V���D�U�H���Q�R�W���P�H�U�H�O�\���P�D�Q�L�I�H�V�W�D�W�L�R�Q�V���R�I���P�D�W�H�U�L�D�O���W�H�F�K�Q�R�O�R�J�L�H�V�����W�K�H�\���D�U�H���H�[�S�U�H�V�V�L�R�Q�V��
of how communities imagine themselves and also the possibilities and limits of technological 
�F�L�Y�L�O�L�]�D�W�L�R�Q�V�����-�D�V�D�Q�R�I�I���D�Q�G���.�L�P�����������������������������´ 

Miller & Richter, 2014 
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�³Energy systems can be understood as complex adaptive systems in that they have 
interrelated, heterogeneous elements (agents and objects).� ́
 

�³�>�«�@���H�Q�H�U�J�\���V�\�V�W�H�P�V���F�R�Q�V�L�V�W���R�I���D��range of actors �± producers, generators, suppliers and end 
users who will frequently have conflicting objectives. These actors and technologies interact 
through physical and social networks governed by institutional and political structures, the 
developmen�W���R�I���Z�K�L�F�K���L�V���D�O�V�R���X�Q�F�H�U�W�D�L�Q���´ 

Bale, Varga, & Foxton, 2015 

�³�(�Q�H�U�J�\���V�\�V�W�H�P�V���D�U�H���V�X�E�V�\�V�W�H�P�V���R�I���W�K�H���J�O�R�E�D�O���V�R�F�L�R-ecological system; are in interrelation to 
local socio-ecological systems; consist of different technologies that co-evolve with society; 
and �W�K�H�L�U���W�U�D�Q�V�L�W�L�R�Q�V���F�D�Q���E�H���O�R�R�N�H�G���D�W���Z�L�W�K���G�L�I�I�H�U�H�Q�W���P�H�W�K�R�G�V���W�K�D�W���F�R�Y�H�U���S�D�U�W�V���R�I���W�K�H�V�H���D�V�S�H�F�W�V���´ 
�³�(�Q�H�U�J�\���V�\�V�W�H�P�V���D�U�H���F�R�P�S�O�H�[�����G�\�Q�D�P�L�F���V�R�F�L�R-technical-ecological systems, and each of these 
�F�R�P�S�R�Q�H�Q�W�V���D�V���Z�H�O�O���D�V���W�K�H�L�U���L�Q�W�H�U�U�H�O�D�W�L�R�Q�V���K�D�Y�H���W�R���E�H���F�R�Q�V�L�G�H�U�H�G���I�R�U���V�X�V�W�D�L�Q�D�E�O�H���W�U�D�Q�V�L�W�L�R�Q�V���´ 

Wiese, 2016 

�³�>�«�@���H�Q�H�U�J�\���V�\�V�W�H�P�V���F�D�Q���E�H���X�Q�G�H�U�V�W�R�R�G���D�V���D���S�D�W�F�K�Z�R�U�N���R�I���L�Q�W�H�U�G�H�S�H�Q�G�H�Q�W���U�H�J�L�P�H�V���Z�K�R�V�H��
interactions help co-produce and reinforce the conditions necessary to maintain the existing 
�V�R�F�L�R�W�H�F�K�Q�L�F�D�O���V�\�V�W�H�P�´ 

Cloke, Mohr, & Brown, 2017 

�³�7�K�H���H�Q�H�U�J�\���V�\�V�W�H�P���L�V���W�K�H���U�H�V�X�O�W���R�I���W�K�H���D�F�W�L�R�Q�V���R�I���L�Q�G�L�Y�L�G�X�D�O�V�����V�W�D�N�H�K�R�O�G�H�U�V�����D�Q�G���S�X�E�O�L�F���D�X�W�K�R�U�V��
�L�Q���D���W�H�U�U�L�W�R�U�\�´ 

Balest et al., 2018 

�³Energy is a socio-�W�H�F�K�Q�L�F�D�O���V�\�V�W�H�P�����R�S�H�U�D�W�L�Q�J���Q�R�W���R�Q�O�\���E�\���µ�K�D�U�G�¶���L�Q�I�U�D�V�W�U�X�F�W�X�U�H���E�X�W���D�O�V�R���E�\��
social factors like values, behaviours, and policies���´ 

Määttä, 2021 

�³�:�H���W�K�X�V���X�Q�G�H�U�V�W�D�Q�G���W�K�H���H�Q�H�U�J�\���V�\�V�W�H�P���D�V���D���V�X�E-system of the coupled human-nature 
�V�\�V�W�H�P���³�V�R�F�L�H�W�\�´�����7�K�L�V���L�Q�F�O�X�G�H�V���D�F�W�R�U�V���D�Q�G���V�W�U�X�F�W�X�U�H�V���I�R�U���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���W�K�H���H�Q�H�U�J�\���V�\�V�W�H�P���D�Q�G��
its transition as a socio-�W�H�F�K�Q�L�F�D�O���V�\�V�W�H�P���E�X�W���W�U�D�Q�V�F�H�Q�G�V���L�W���D�V���Z�H�O�O���´ 

Burger, Emmenegger, & 
Sohre, 2022 

 

 

What emerges from the growing body of literature in social sciences is an exploded representation 
of the energy system, no longer solely defined by energy flows and supporting infrastructure, but 
understood as an: 

�ƒ Open 
Subject to influences from the environment, which includes those parts of the world not 
under the system's control, while the system itself influences the environment (Hughes, 
1983). 

�ƒ Dynamic 
Continuously evolving and shaped by technological advancements, policy changes, and 
shifting societal needs, requiring the implementation of mechanisms that adapt to these 
changes over time (Wiese, 2016). 

�ƒ Complex 
�$���³�K�X�P�D�Q-�E�X�L�O�W���Z�R�U�O�G�´���W�K�D�W���W�U�D�Q�V�F�H�Q�G�V���W�K�H���X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I���V�L�Q�J�O�H���G�L�V�F�L�S�O�L�Q�H�V�����Q�H�F�H�V�V�L�W�D�W�L�Q�J��
the implementation of interdisciplinarity through collaborative frameworks and knowledge 
integration across fields (Wiese, 2016; Munro & Cairney, 2020). 

�ƒ Adaptive 
Interpreted, negotiated, and refined based on context-specific factors such as traditions, 
resources, economic practices, political structures, available technologies, actors involved, 
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and social development. This adaptability renders the system heterogeneous and place-
dependent (Hughes, 1993; Sovacool, 2014). 

The energy system can therefore be defined as a socio-technical-ecological-economic system, in 
which decisions are made at multiple geographical scales by various actors (e.g., individuals, 
households, communities, local and national governments, and international bodies). These actors 
interact with and are influenced by one another, while responding to the dynamic environmental 
changes surrounding them (Bale, Varga, & Foxton, 2015). 

At the core of each decision lie cultural values, social norms, local traditions, shared visions and 
imaginaries, and the local and social identity of a specific territory (Rohracher, 2008; Miller et al., 
2013; Miller & Richter, 2014; Laird, 2013; Balest et al., 2018; van de Poel & Taebi, 2022). Such 
aspects influence energy consumers and the general public, energy producers, and grid operators, 
as well as the technologies, institutions, and organizational arrangements for the production, 
distribution, and consumption of energy (van de Poel & Taebi, 2022). 

Through public policies, legislation, and regulation, institutions establish �W�K�H�� �³�U�X�O�H�V�� �R�I�� �W�K�H�� �J�D�P�H�´����
structuring technologies and most aspects of energy generation, distribution, and consumption 
(Milchram, Märker, Schlör, Künneke, & Van de Kaa, 2019). Conversely, available energy 
technologies can shape institutions, creating the need for new policies and regulations (Silvast, 
Hänninen, & Hyysalo, 2013; Bale, Varga, & Foxton, 2015). 

Under institutional influence act individuals (Bale, Varga, & Foxton, 2015; Balest et al., 2018) and 
stakeholders (e.g. organized or unorganized groups of individuals) according to collective interests 
(Balest et al., 2018). 

Individual behaviours and imaginaries of the future (e.g., driving personal cars, eating food, taking 
vacations, and using home electricity) significantly affect energy consumption patterns, as well as 
the supply-side options built to meet them. These behaviours have greater influence than companies 
and fuels suppliers and have the power to trigger or to halt the rise of new energy technologies 
(Jones, 2011; Miller & Richter, 2014; Sovacool, 2014). Conversely technologies may change 
consumer behaviour (Miller & Richter, 2014; Bale, Varga, & Foxton, 2015).  

Additionally, according to Balest et al. (2018) individual actions can be influenced by a habitus of 
initiative, social movements or other forms of activism, and public discussions.  

1.2.2 ON THE ENERGY TRANSITION 

Given the interconnected nature of the energy system across multiple dimensions, changes within it 
- often referred to as the �³�H�Q�H�U�J�\�� �W�U�D�Q�V�L�W�L�R�Q�´�� ���6�P�L�O���� ��������a; Laird, 2013; Sovacool, 2016; Grubler, 
Wilson, & Nemet, 2016) - inherently involve interactions between technology, policy, power, politics, 
economics, business, markets, and culture, including public discourse, opinion, and behaviour 
(Geels, 2011).  
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Although historically when addressing energy transitions the focus has been on major changes 
related to a move to new fuel sources (e.g., from wood to coal or coal to oil and natural gas) (Nader, 
Cesarino, & Hebdon, 2010; Jones, 2011; Laird, 2013; Hirsh & Jones, 2014; Sovacool, 2016), and 
their associated technological innovations (e.g., the transition from steam engines to internal 
combustion engines) (Laird, 2013; Sovacool, 2016), and markets (Smil, 2010a; Miller, Richter, & 
O'Leary, 2015) (Table 2), over the past few decades energy transition studies have increasingly 
involved researchers from diverse academic fields (e.g., social science, renewable energy, 
economics, political science, humanities, and public policy) (Lu & Nemet, 2020; Harichandan et al., 
2022), advocating for more cross-disciplinary energy studies (�'�¶�$�J�R�V�W�L�Q�R���H�W���D�O��������������; Sovacool, 2014 
Sovacool et al., 2015; Sovacool, 2016), as well as for broadening the historical techno-economic 
paradigm (Stern, 1986; Rohracher, 2008; Spreng, Flüeler, Goldblatt, & Minsch, 2012; Laird, 2013; 
Miller & Richter, 2014; Sovacool, 2014; Sovacool, 2016).  

Diverging into multiple yet complementary intellectual streams, studies have led to broader 
conceptualizations (Table 3). Some explore the concepts of energy citizens and energy democracy 
(Wahlund & Palm, 2022), energy governance (Söderholm et al., 2011; Fuchs & Hinderer, 2014; 
Määttä, 2021; Wahlund & Palm, 2022), while others focus on socio-technical challenges, on the 
emergence of new values (van de Poel & Taebi, 2022), sustainable energy behaviours (Steg, 

 

Table 2 | Techno-�H�F�R�Q�R�P�L�F�D�O���G�H�I�L�Q�L�W�L�R�Q�V���R�I���H�Q�H�U�J�\���W�U�D�Q�V�L�W�L�R�Q���L�Q���O�L�W�H�U�D�W�X�U�H�����6�R�X�U�F�H�����D�X�W�K�R�U�·�V���R�Z�Q���H�O�D�E�R�U�D�W�L�R�Q���D�G�D�S�W�H�G���I�U�R�P��
Sovacool (2016) and Lu & Nemet (2020). 

Definition Author 

�³�7�K�H���F�R�Q�F�H�S�W���R�I���µ�H�Q�H�U�J�\���W�U�D�Q�V�L�W�L�R�Q�V�¶���L�V���E�D�V�H�G���R�Q���W�K�H���Q�R�W�L�R�Q���W�K�D�W���D���V�L�Q�J�O�H��energy source, or group of 
related sources, dominated the market during a particular period or era, event-ally to be challenged 
�D�Q�G���W�K�H�Q���U�H�S�O�D�F�H�G���E�\���D�Q�R�W�K�H�U���P�D�M�R�U���V�R�X�U�F�H���R�U���V�R�X�U�F�H�V� ́

Melosi, 2010 

�³�7�K�H���W�L�P�H���W�K�D�W���H�O�D�S�V�H�V���E�H�W�Z�H�H�Q���W�K�H���L�Q�W�U�R�G�X�F�W�L�R�Q���R�I���D���Q�H�Z���S�U�L�P�D�U�\���H�Q�H�U�J�\���V�R�X�U�F�H�����R�U���S�U�L�P�H���P�R�Y�H�U����
�D�Q�G���L�W�V���U�L�V�H���W�R���F�O�D�L�P�L�Q�J���D���V�X�E�V�W�D�Q�W�L�D�O���V�K�D�U�H���R�I���W�K�H���R�Y�H�U�D�O�O���P�D�U�N�H�W�´ Smil, 2010b 

�³�7�K�H���V�Z�L�W�F�K���I�U�R�P���D�Q���H�F�R�Q�R�P�L�F���V�\�V�W�H�P���G�H�S�H�Q�G�H�Q�W���R�Q���R�Q�H���R�U���D���V�H�U�L�H�V���R�I���H�Q�H�U�J�\���V�R�X�U�F�H�V���D�Q�G��
�W�H�F�K�Q�R�O�R�J�L�H�V���W�R���D�Q�R�W�K�H�U�´ Fouquet & Pearson, 2012 

�³�$���F�K�D�Q�J�H���L�Q���I�X�H�O�V�����H���J�������I�U�R�P���Z�R�R�G���W�R���F�R�D�O���R�U���F�R�D�O���W�R���R�L�O�����D�Q�G���W�K�H�L�U���D�V�V�R�F�L�D�W�H�G���W�H�F�K�Q�R�O�R�J�L�H�V�����H���J������
�I�U�R�P���V�W�H�D�P���H�Q�J�L�Q�H�V���W�R���L�Q�W�H�U�Q�D�O���F�R�P�E�X�V�W�L�R�Q���H�Q�J�L�Q�H�V���´ Hirsh & Jones, 2014 

�³�$���V�K�L�I�W���L�Q���W�K�H���Q�D�W�X�U�H���R�U���S�D�W�W�H�U�Q���R�I���K�R�Z���H�Q�H�U�J�\���L�V���X�W�L�O�L�]�H�G���Z�L�W�K�L�Q���D���V�\�V�W�H�P�´ Araújo, 2014 

�³�6�K�L�I�W�V���L�Q���W�K�H���I�X�H�O���V�R�X�U�F�H���I�R�U���H�Q�H�U�J�\���S�U�R�G�X�F�W�L�R�Q���D�Q�G���W�K�H���W�H�F�K�Q�R�O�R�J�L�H�V���X�V�H�G���W�R���H�[�S�O�R�L�W���W�K�D�W���I�X�H�O�´ 
Miller, Richter, & O'Leary, 
2015 

�³�$���W�U�D�Q�V�L�W�L�R�Q���Z�D�V���I�U�R�P���������W�R�������������R�U���W�K�H���S�H�D�N�����L�I���L�W���G�L�G���Q�R�W���U�H�D�F�K�������������R�I���W�K�H���H�Q�H�U�J�\��consumption 
�I�R�U���D���S�D�U�W�L�F�X�O�D�U���V�H�U�Y�L�F�H���L�Q���D���V�S�H�F�L�I�L�F���V�H�F�W�R�U�´ Fouquet, 2016 

�³�$���W�U�D�Q�V�L�W�L�R�Q���L�V���X�V�H�I�X�O�O�\���G�H�I�L�Q�H�G���D�V���D���F�K�D�Q�J�H���L�Q���W�K�H���V�W�D�W�H���R�I���D�Q���H�Q�H�U�J�\���V�\�V�W�H�P���D�V���R�S�S�R�V�H�G���W�R���D��
�F�K�D�Q�J�H���L�Q���D�Q���L�Q�G�L�Y�L�G�X�D�O���H�Q�H�U�J�\���W�H�F�K�Q�R�O�R�J�\���R�U���I�X�H�O���V�R�X�U�F�H�����*�U�X�E�O�H�U���������������´ 

Grubler, Wilson, & 
Nemet, 2016 
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Perlaviciute, & Van der Werff, 2015) and choices (Tiberio et al., 2020), energy policy (Miller, Richter, 
& O'Leary, 2015; Milchram, Märker, Schlör, Künneke, & Van de Kaa, 2019), energy geographies 
(Bridge, Bouzarovski, Bradshaw, & Eyre, 2013; Wójcik & Jeziorska-Biel, 2023), energy access, 
energy poverty, energy security, energy efficiency.  

 

Table 3 | Broader conceptualizations of the current energy transition in literature. Source: author�·�V own elaboration.  

Definition Author 

�³If energy systems embed social forms, it follows that changing such a system disrupts those forms and 
�U�H�V�W�U�X�F�W�X�U�H�V���W�K�H���G�H�F�L�V�L�R�Q�V���W�K�D�W���L�Q�G�L�Y�L�G�X�D�O�V�����J�U�R�X�S�V�����I�L�U�P�V�����D�Q�G���J�R�Y�H�U�Q�P�H�Q�W�V���I�D�F�H�����>�«�@���&�K�D�Q�J�H�V���L�Q���H�Q�H�U�J�\��
systems interacted with myriad social, political, and cultural features of society. Most importantly, these 
social, political, economic, and even cultural changes can be quite wrenching� ́

Laird, 2013 

�³Energy systems can only change when and if people make choices, whether these agents are 
business managers, policy officials, scientists and engineers, or consumers. In turn, changes in energy 
technologies reshape social practices, values, relationships, and institutions, such as new business 
�P�R�G�H�O�V�����I�R�U�P�V���R�I���Z�R�U�N�����D�Q�G���Z�D�\�V���R�I���N�Q�R�Z�L�Q�J���D�Q�G���O�L�Y�L�Q�J� ́
 
�³�>�«�@���H�Q�H�U�J�\���W�U�D�Q�V�L�W�L�R�Q�V���Z�L�O�O���E�H���F�R�P�S�O�H�[���V�R�F�L�R-technological transformations that require major changes 
for many communities� ́

Miller et al., 2013 

�³�(�Q�H�U�J�\���W�U�D�Q�V�L�W�L�R�Q�V���D�U�H���W�K�R�U�R�X�J�K�O�\���V�R�F�L�D�O���D�I�I�D�L�U�V�´ 

"If energy systems are, in reality, socio-energy systems, then it should not be particularly surprising that 
changes in energy technologies are accompanied (arguably, inevitably) by changes in society" 

Miller & Richter, 2014 

�³�>�«�@���D���V�K�L�I�W���L�Q���W�K�H���Q�D�W�X�U�H���R�U���S�D�W�W�H�U�Q���R�I���K�R�Z���H�Q�H�U�J�\���X�W�L�O�L�]�H�G���Z�L�W�K�L�Q���D���V�\�V�W�H�P�����7�K�L�V���G�H�I�L�Q�L�W�L�R�Q���U�H�F�R�J�Q�L�]�H�V���W�K�H��
change associated with fuel type, access, sourcing, delivery, reliability, or end use as well as with 
overall orientation of the system. Change can occur at any level �± from local systems to the global one 
�± �D�Q�G���L�V���U�H�O�H�Y�D�Q�W���I�R�U���V�R�F�L�H�W�D�O���S�U�D�F�W�L�F�H�V���D�Q�G���S�U�H�I�H�U�H�Q�F�H�V�����L�Q�I�U�D�V�W�U�X�F�W�X�U�H�V�����D�V���Z�H�O�O���D�V���R�Y�H�U�V�L�J�K�W�´ 

Araújo, 2014 

�³�(�Q�H�U�J�\���W�U�D�Q�V�L�W�L�R�Q���L�V���µ�D���Q�H�Z���G�L�U�H�F�W�L�R�Q���W�K�D�W���S�H�U�W�D�L�Q�V���W�R���E�R�W�K���W�K�H���V�R�F�L�R-technical landscape and the socio-
political-�W�H�F�K�Q�L�F�D�O���U�H�J�L�P�H���W�K�D�W���P�D�L�Q�W�D�L�Q�V���L�W�´ Child & Breyer, 2017 

�³�(�Q�H�U�J�\���V�\�V�W�H�P�V���D�U�H���F�X�U�U�H�Q�W�O�\���X�Q�G�H�U�J�R�L�Q�J���S�U�R�I�R�X�Q�G���W�U�D�Q�V�L�W�L�R�Q���S�U�R�F�H�V�V�H�V���W�R�Z�D�U�G�V���O�R�Z-carbon systems. 
This transition does not only include changes to energy technologies or infrastructures. It is also shaped 
by changes in the �L�Q�V�W�L�W�X�W�L�R�Q�V�����W�K�H���³�U�X�O�H�V���R�I���W�K�H���J�D�P�H�´�����H���J�������O�H�J�L�V�O�D�W�L�R�Q���D�Q�G���U�H�J�X�O�D�W�L�R�Q�����W�K�D�W���J�R�Y�H�U�Q��
energy systems. Most aspects of generation, distribution, and consumption of energy are subject to 
�U�H�J�X�O�D�W�L�R�Q�´ 

Milchram, Märker, 
Schlör, Künneke, & 
Van de Kaa, 2019 

�³�7�K�L�V���S�D�S�H�U���D�U�J�X�H�V���W�K�D�W���W�K�H���H�Q�H�U�J�\���W�U�D�Q�V�L�W�L�R�Q���L�V�����W�K�H�U�H�I�R�U�H�����D��socio-technical process requiring radical 
changes throughout three main dimensions: technology, society, and policies. These technological 
changes may alter the role of individuals in energy systems and require higher levels of awareness, 
�F�R�P�P�L�W�P�H�Q�W�����D�Q�G���S�D�U�W�L�F�L�S�D�W�L�R�Q���L�Q���V�R�F�L�H�W�\���´�� 

Cantarero, 2020 

�³�6�X�V�W�D�L�Q�D�E�O�H���H�Q�H�U�J�\���W�U�D�Q�V�L�W�L�R�Q��- a fundamental transformation across all energy system domains (e.g. 
technologies, institutions, markets, user practices etc.) that culminates in an energy system capable of 
satisfying our energy needs in an environmentally and socially responsible fashion for both current and 
�I�X�W�X�U�H���J�H�Q�H�U�D�W�L�R�Q�V���´ 

Hannon & Bolton, 
2021 

"an energy transition process takes place in parallel with the sensitivity of society, which is of 
fundamental importance for the emergence and facilitation of energy transition processes" Giacovelli, 2022 

�³�7�K�L�V���V�R-called energy transition has economic, technological, and institutional dimensions, but it refers 
to values �D�V���Z�H�O�O�´ 

van de Poel & Taebi, 
2022 
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Consequently, profoundly intertwined key dimensions of the energy transition can be detected 
(�'�¶�$�J�R�V�W�L�Q�R���H�W���D�O��������������; Söderholm et al., 2011; Spreng, Flüeler, Goldblatt, & Minsch, 2012; Noboa 
& Upham, 2018; Cantarero, 2020; van de Poel & Taebi, 2022). The following list offers a non-
exhaustive synopsis:  

 

�ƒ Institutions and policies dimension ���W�K�H���³�U�X�O�H�V�� �R�I�� �W�K�H�� �J�D�P�H�´���� �H���J������ �O�H�J�L�V�O�D�W�L�R�Q���D�Q�G��
regulation) (Noboa & Upham, 2018; Milchram, Märker, Schlör, Künneke, & Van de 
Kaa, 2019; Sovacool, 2016; Cantarero, 2020) 

Bringing about energy transition requires policy and institutions sufficiently altered to 
support actors and sectors �³�Z�L�W�K�� �W�K�H�� �S�U�R�S�H�U�� �L�Q�F�H�Q�W�L�Y�H�V�� �I�R�U�� �F�K�D�Q�J�L�Q�J�� �S�D�W�W�H�U�Q�V�� �R�I��
�E�H�K�D�Y�L�R�X�U�´��(Söderholm et al., 2011). The national and regional energy policies, for 
instance, represent the framework for local level-initiatives (Drewello, 2022), and their 
persistence and continuity represent robust characteristics of successful energy 
transitions. This is primarily because transitions take time, and secondly because 
technological knowledge needs to be continuously nurtured; otherwise, it quickly 
depreciates (Grubler, 2012). The timescale for the success of energy innovation 
typically spans around three decades (from the start of the programme to completion 
and economic competitiveness), making ambitious yet short-lived or erratic 'big buck' 
and 'go-and-stop' policy initiatives ill-suited for fostering long-term energy transitions 
(Grubler, 2012). Furthermore, the alignment of policies is crucial, as the multitude of 
actors and different mechanisms required to nurture change necessitate a set of 
consistent, contradiction-free policy signals (Grubler, 2012). Nowhere is the issue of 
misalignment more apparent than in the field of fossil energy subsidies (Grubler, 2012). 
Such aspects are at the roots of technological but also of societal behavioural changes, 
as they set the conditions for societal change and transformative processes 
(Söderholm et al., 2011).  

 

�ƒ Spatial dimension 

This dimension includes fore instance a geophysical perspective. In fact, the 
availability of renewable energy sources strictly depends on the geographical, 
geological, meteorological, and climate conditions, deeply influencing the choice of the 
RES to be used. For instance, proximity to coasts and mountain locations usually 
facilitate the use of wind as a source of renewable energy, proximity to rivers enables 
the installation of water turbines, long average annual sunshine duration and low 
variation of daylight duration favour the use of solar energy (Bridge, Bouzarovski, 
Bradshaw, & Eyre, 2013; Drewello, 2022). Furthermore, the deployment of new 
renewable technologies and the decentralisation of the energy system require 
additional space for the installation of new energy system components (as it has a 
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lower energy density), as well as the removal or repurposing of traditional energy 
infrastructure (e.g., coal power plants, gas pipelines, etc.). The expansion of 
renewable energy infrastructure may lead to "energy sprawl", resulting in increased 
competition for land between renewable installations and other land uses, such as 
agriculture, residential development, and natural areas (Moroni, Antoniucci, & Bisello, 
2016; Wu, 2020). Thus, the transition process demands careful consideration of spatial 
planning and land use, ensuring a balance between the development of renewable 
energy sources and the preservation or adaptation of existing energy infrastructures 
(Wu, 2020). 

 

�ƒ Socio-cultural dimension (Nader, Cesarino, & Hebdon, 2010; Smil, 2010a; Miller & 
Richter, 2014; Sovacool, 2016) 

Several are the socio-cultural aspects of the energy transition that that have been 
explored in literature. These include society awareness, knowledge, acceptance of the 
new energy technologies and sources, and deep changes in energy consumes 
behaviours. Moreover, the decentralized model of energy production may be driven by 
small-scale energy projects with local participation and local energy initiatives 
(Drewello, 2022), altering the role of individuals and communities in the energy 
generation processes (Cantarero, 2020): higher levels of awareness, commitment, and 
participation of the society are required (Cantarero, 2020). Other major topics are 
justice across groups, regions, and generations, including energy, water, and food 
security and energy poverty (Sovacool, 2016). 

 

�ƒ Economic dimension (Sovacool, 2016) 

The energy transition has a complex relationship with employment, either leading to 
job losses in conventional sectors or creating new opportunities in renewables and 
energy efficiency sectors (IRENA, 2023). 

 

These aspects vary across space and scales (Bridge, Bouzarovski, Bradshaw, & Eyre, 2013; 
Drewello, 2022), leading to a wide range of approaches and practices that reflect the existing local 
opportunities (Faller, 2016; Drewello, 2022). Therefore, the energy transition can be understood as 
a systemic process that, despite being deeply influenced by international geopolitical and geo-
economic factors, remains deeply context dependent.  
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1.3 Energy system, energy transition, and cities: the 
institutional dimension 

The present chapter explores both global and European frameworks for energy transition seeking to 
frame the interplay between international agreements and local actions. 

The chapter is divided into two sub-chapters. The first outlines the evolution of climate policies, 
beginning with the establishment of the Intergovernmental Panel on Climate Change (IPCC) in 1988 
and continuing through key international agreements such as the UNFCCC, the Kyoto Protocol, and 
the Paris Agreement. It highlights the role of global summits in shaping energy policies and the 
growing recognition of urban areas as key players in reducing emissions and fostering sustainable 
development. 

�7�K�H���V�H�F�R�Q�G���H�[�S�O�R�U�H�V���(�X�U�R�S�H�¶�V���U�H�V�S�R�Q�V�H���W�R���W�K�H�V�H���J�O�R�E�D�O���L�Q�L�W�L�D�W�L�Y�H�V�����I�R�F�X�V�L�Q�J���R�Q���W�K�H���(�X�U�R�S�H�D�Q���8�Q�L�R�Q�¶�V��
directives, programs, and goals aimed at reducing greenhouse gas (GHG) emissions, enhancing 
energy efficiency, and promoting renewable energy. It discusses significant policies such as the EU 
Climate and Energy Package, the Covenant of Mayors, and the European Green Deal, which 
empower local governments and cities to take actionable steps toward climate neutrality. 

1.3.1 THE INTERNATIONAL FRAMEWORK FOR ENERGY TRANSITION 

In recent decades, the risks associated with climate change have become increasingly evident. This 
led to the establishment of the Intergovernmental Panel on Climate Change (IPCC) in 1988, through 
a joint initiative by the World Meteorological Organization (WMO) and the United Nations 
Environment Programme (UNEP). The primary aim of the IPCC is to provide a comprehensive 
assessment of the state of knowledge on climate science, the socio-economic impacts of climate 
change, and potential response strategies. Additionally, the IPCC seeks to offer policymakers critical 
insights and recommendations, contributing to the formulation of international conventions 
addressing climate change (IPCC, 1988).  

Since 1988, the IPCC has produced six Assessment Reports, which have been instrumental in 
supporting numerous global conferences addressing climate, environmental, and energy 
challenges2. These efforts aim to promote sustainable development among participating nations, 
primarily through the implementation of measures to reduce greenhouse gas (GHG) emissions. 
(IPCC, n.d.). 

In the same year, the first Climate Conference was held in Toronto, emphasising the serious 
consequences of climate change driven by the greenhouse effect. The conference also established 
a target for industrialised nations to reduce CO�• emissions by 20% from 1988 levels by 2005. 

 
2 Most of the information related to the international conferences has been retrieved from United Nations. (n.d.) and UNFCCC (n.d.) 
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Shortly after the release of the first IPCC report in 1990, the inaugural global summit on the 
environment, the United Nations Conference on Environment and Development (UNCED), 
commonly known as the Rio de Janeiro Earth Summit, was convened in 1992. While the resulting 
Rio Declaration did not explicitly address energy and GHG emissions, its core principles of 
sustainable development, environmental protection, and equity implicitly called for energy policies 
aimed at mitigating climate change and its associated challenges. 

A significant outcome of the summit was the adoption of the United Nations Framework Convention 
on Climate Change (UNFCCC, 1992). This treaty was designed to stabilise GHG concentrations "at 
a level that would prevent dangerous anthropogenic (human-induced) interference with the climate 
�V�\�V�W�H�P�´ (United Nations., n.d.). The UNFCCC established the Conference of the Parties (COP) as 
its supreme decision-making body, and the treaty entered into force in 1994. 

Another major achievement of the summit was the formulation of Agenda 21, a comprehensive action 
plan aimed at fostering global partnerships for sustainable development, enhancing quality of life, 
and protecting the environment. Agenda 21 acknowledged that energy consumption is a critical driver 
of climate change, with significant impacts stemming from cities and local activities. It called on urban 
and local authorities to take a proactive role by adopting energy-efficient technologies, promoting 
renewable energy sources, and integrating energy considerations into urban planning. As the 
�G�R�F�X�P�H�Q�W�� �V�W�D�W�H�G���� �³�>�E�H�L�Q�J�@�� �W�K�H�� �O�H�Y�H�O�� �R�I�� �J�R�Y�H�U�Q�D�Q�F�H�� �F�O�R�V�H�V�W�� �W�R�� �S�H�R�S�O�H���� �W�K�H�\�� �S�O�D�\�� �D�� �S�L�Y�R�W�D�O�� �U�R�O�H�� �L�Q��
educating, mobilising and responding to the public to promote sustainable de�Y�H�O�R�S�P�H�Q�W�´��(United 
Nations, 1992). 

The outputs of the Rio Earth Summit�² namely the Rio Declaration, UNFCCC, and Agenda 21�² have 
significantly influenced subsequent international agreements and protocols, including the Kyoto 
Protocol and the Paris Agreement. Since the adoption of the UNFCCC, 29 COPs have been 
convened, complemented by key United Nations conferences on sustainable development, some of 
which have yielded landmark agreements. 

The first Conference of the Parties (COP 1), convened in Berlin in March 1995, aimed to evaluate 
progress on the commitments made at the 1992 Rio de Janeiro Summit. Although it did not produce 
new binding agreements, the conference included discussions on a proposal to reduce carbon 
dioxide emissions by 20% from 1990 levels by 2005. 

Held in Kyoto in 1997, COP 3 marked a significant milestone in international climate policy as it 
resulted in the �D�G�R�S�W�L�R�Q���R�I���W�K�H���.�\�R�W�R���3�U�R�W�R�F�R�O�����W�K�H���Z�R�U�O�G�¶�V���I�L�U�V�W���O�H�J�D�O�O�\���E�L�Q�G�L�Q�J���L�Q�V�W�U�X�P�H�Q�W���D�L�P�H�G���D�W��
reducing GHG emissions. Ratified by 192 Parties to the UNFCCC, the Protocol had limited global 
impact due to the absence of major emitters, covering only about 12% of global emissions (European 
Commission, n.d.).  

At the Buenos Aires Summit in November 1998, COP 4 sought to negotiate the practical 
implementation of the Kyoto Protocol agreements. A key development was the signing of the Protocol 
by the United States, a pivotal step for its eventual effectiveness, as the Protocol required ratification 
by major economies to come into force. 
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Efforts to establish a successor agreement to the Kyoto Protocol culminated in the COP15, also 
known as the Copenhagen Climate Summit, held in 2009. However, this summit only resulted in a 
non-binding agreement to limit global warming to 2°C, falling short of producing a robust, legally 
binding framework. 

In 2012, the United Nations Conference on Sustainable Development (UNCSD), commonly referred 
to as Rio+20, marked another milestone in the global framework for sustainable development (Linnér, 
2012). The conference reflected on the limited progress and setbacks in integrating the three 
dimensions of sustainable development since the 1992 Earth Summit. Rio+20 emphasised the 
critical role of the energy sector and sustainable urban development in achieving global sustainability, 
underscoring the interdependence of energy policies and urban planning. 

The outcome document The Future We Want (United Nations, 2012) outlined specific commitments 
concerning energy and urban development, underlining their interconnectedness in addressing 
climate change and promoting sustainable growth. It reaffirmed the importance of adopting policies 
and strategies tailored to national and subnational contexts, advocating for an appropriate energy 
mix that balances developmental needs with sustainability. The document highlighted the roles of 
renewable energy, low-emission technologies, and cleaner fossil fuel technologies in achieving these 
objectives. Furthermore, it stressed the need for synergies between energy policies, plans, and urban 
development, particularly through enhancing energy efficiency in urban infrastructure (such as 
transportation systems, buildings, and industrial production) as essential for sustainable urban 
growth. By doing so, The Future We Want established a framework for integrating sustainable energy 
solutions into urban settings, creating resilient cities capable of addressing climate challenges while 
ensuring equitable development. 

At this summit, Member States initiated the process of developing the Sustainable Development 
Goals (SDGs), building on the Millennium Development Goals and aligning with the post-2015 
development agenda. The SDGs became central to the 2030 Agenda for Sustainable Development, 
adopted in 2015 by all United Nations Member States. This agenda features 17 goals, including 
prominent focuses on energy and urban settlements due to their essential roles in sustainability and 
climate change mitigation (United Nations, 2015). 

The Sustainable Development Goals (SDGs) became the heart of the 2030 Agenda for Sustainable 
Development, which was adopted by all United Nations Member States in 2015, providing a shared 
framework of 17 Sustainable Development Goals (SDGs) for achieving sustainable development 
worldwide (United Nations, 2015). Energy and urban settlements are prominently featured within this 
framework due to their fundamental roles in fostering sustainability and addressing global challenges 
like climate change. Goal 7, "Ensure access to affordable, reliable, sustainable and modern energy 
for all," calls for a significant increase in the share of renewable energy in the global mix and a 
doubling of the global rate of energy efficiency improvements. Meanwhile, Goal 11, "Make cities and 
human settlements inclusive, safe, resilient, and sustainable," aims to foster healthier, more inclusive 
urban environments. 
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The year 2015 was pivotal for multilateralism and international policy, witnessing the adoption of 
several major agreements, including the Paris Agreement on Climate Change. At COP21, held in 
Paris, France, the conference built on the non-binding Copenhagen Accord to limit global warming 
to 2°C. It culminated in the adoption of the Paris Agreement, the first legally binding global accord 
targeting climate change. This agreement sought to limit global temperature increases to well below 
2°C, aspiring to contain them within 1.5°C of pre-industrial levels. Before the Paris Agreement, the 
1997 Kyoto Protocol had been the only legally binding global framework for reducing greenhouse 
gas emissions. However, the momentum of the Paris Agreement was undermined in 2017 when the 
United States announced its withdrawal, prompting a strong international response that underscored 
the complexities of global climate change initiatives. 

Subsequent Conferences of the Parties (COPs) have prioritised the implementation of the Paris 
Agreement, focusing on its operational framework. For example, COP24 established implementation 
guidelines, including mechanisms for transparency, reporting, and reviewing emissions reductions 
(European Parliament, 2019). COP26 underscored the urgency of limiting global warming to 1.5°C 
and led to the finalisation of the Paris Agreement rulebook (European Commission, 2021). At COP28, 
held in Dubai (United Arab Emirates) in 2023, the inaugural Global Stocktake (GST) evaluated 
collective progress under the Paris Agreement and proposed actionable next steps. Key outcomes 
of the summit included a landmark call for countries to transition away from fossil fuels, alongside 
ambitious targets to scale up renewable energy, reduce transport emissions, and protect forests 
(UNFCCC, 2023).  

Held in Baku in 2024, the latest COP29 launched numerous initiatives to guide the next generation 
of national climate plans (UNFCCC, 2024). One such initiative is the preparation of Nationally 
Determined Contributions (NDCs), scheduled for submission in early 2025 ahead of COP30. The 
updated NDCs will establish emissions-reduction targets for 2035 and, ideally, include strengthened 
targets for 2030. These plans will also outline specific sectoral measures to achieve these goals. 

1.3.2 THE EUROPEAN FRAMEWORK FOR ENERGY TRANSITION 

Following key international climate agreements and conferences, the European Union (EU) has 
introduced a range of initiatives designed to reduce energy consumption and greenhouse gas (GHG) 
emissions, foster sustainable development, and facilitate the transition to renewable energy sources. 
These efforts are encapsulated in a series of directives and resolutions, which outline strategic 
actions and commitments for EU Member States. Below is an overview of some of the most 
significant directives and their key objectives (European College of Bruges, 2016; Bertoldi, 2018). 

A foundational step in the EU's energy policy was the adoption of Directive 93/76/EEC in September 
1993. This directive aimed to limit carbon dioxide emissions by improving energy efficiency. It 
introduced measures such as the energy certification of buildings, the implementation of billing 
systems based on actual consumption for heating, cooling, and hot water, and the promotion of third-
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party financing for public sector energy efficiency projects. The directive also emphasized the thermal 
insulation of new buildings, aiming to significantly reduce energy consumption and GHG emissions. 

Following this, the Altener Programme was launched in 1993 to promote renewable energy. This 
initiative emphasised the need for Member States to integrate renewable energy objectives into their 
broader energy policies. It called on Member States to integrate renewable energy objectives into 
broader energy policies. By 2005, the EU aimed to reduce CO2 emissions by 180 million tonnes, 
�L�Q�F�U�H�D�V�H���U�H�Q�H�Z�D�E�O�H���H�Q�H�U�J�\�¶�V���V�K�D�U�H���L�Q���W�K�H���H�Q�H�U�J�\���P�L�[���I�U�R�P���������L�Q�������������W�R�����������D�Q�G���E�R�R�V�W���H�O�H�Ftricity 
generation from renewables. This programme also set targets to increase biofuel use to 5% of total 
fuel consumption for motor vehicles. 

The Aalborg Charter of 1994, developed after the European conference on sustainable cities in 
�$�D�O�E�R�U�J���� �'�H�Q�P�D�U�N���� �I�X�U�W�K�H�U�� �X�Q�G�H�U�V�F�R�U�H�G�� �W�K�H�� �(�8�¶�V�� �F�R�P�P�L�W�P�H�Q�W�� �W�R�� �V�X�V�W�D�L�Q�D�E�O�H�� �X�U�E�D�Q�� �G�H�Y�H�O�R�S�P�H�Q�W����
This initiative highlighted the importance of local action plans, aligned with the principles of Agenda 
21, addressing climate, pollution, urban mobility, and land use. It laid the foundation for incorporating 
sustainability into urban planning, urging cities to take an active role in addressing climate challenges. 

Building on these earlier successes, in 1998 the Altener II Programme focused on fostering 
conditions necessary for a community-wide action plan on renewable energy. Its objectives were to 
limit CO2 emissions, reduce dependence on imported energy, and enhance energy supply security 
by encouraging both private and public investments in renewable energy production and 
consumption. 

In December 2008, the European Parliament adopted the EU Climate and Energy Package, 
(European Commission, 2008)�����P�D�U�N�L�Q�J���D���V�L�J�Q�L�I�L�F�D�Q�W���V�K�L�I�W���L�Q���W�K�H���(�8�¶�V���H�Q�H�U�J�\���D�Q�G���F�O�L�P�D�W�H���J�R�D�O�V����This 
package set three key targets for 2020: (1) a 20% reduction in GHG emissions compared to 1990 
�O�H�Y�H�O�V�������������D�����������L�Q�F�U�H�D�V�H���L�Q���U�H�Q�H�Z�D�E�O�H���H�Q�H�U�J�\�¶�V���V�K�D�U�H���R�I���W�R�W�D�O���H�Q�H�U�J�\���F�R�Q�V�X�P�S�W�L�R�Q�����D�Q�G�����������D����������
reduction in energy consumption through improved energy efficiency. Since then, the EU has 
increasingly prioritised the promotion of low-carbon technologies, making it a central focus for the 
coming decades. 

�7�R���H�P�S�R�Z�H�U���F�L�W�L�H�V���D�Q�G���P�X�Q�L�F�L�S�D�O�L�W�L�H�V���W�R���J�R���E�H�\�R�Q�G���W�K�H���(�8�¶�V�����������U�H�G�X�F�W�L�R�Q���L�Q���&�2�����H�P�L�V�V�L�R�Q�V���W�D�U�J�H�W��
by 2020, in 2008 the European Commission launched Covenant of Mayors (CoM) "2020 target" 
initiative (Bertoldi, 2018), a pioneering movement aimed at bringing together local and regional 
authorities to tackle climate change at the grassroots level. The initiative provided cities with a 
platform to share best practices, access technical support, and receive guidance on the development 
of local Sustainable Energy Action Plans (SEAP), key document that shows how the local 
government will reach its CO2 reduction target by 2020. In October 2015, this initiative merged with 
the Mayors Adapt initiative3�����D�Q�G���W�K�H���&�R�Y�H�Q�D�Q�W���R�I���0�D�\�R�U�V���I�R�U���&�O�L�P�D�W�H���	���(�Q�H�U�J�\���³�����������W�D�U�J�H�W�V�´���Z�D�V��
launched. This new iteration strengthened the initial greenhouse gas emission reduction 
commitments and incorporated climate change adaptation. Cities involved in the Covenant are 

 
3 A voluntary commitment established by the European Commission to engage cities in taking action to adapt to climate change. 
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required to develop and implement a Sustainable Energy and Climate Action Plan (SECAP) (Bertoldi, 
2018). 

The European Commission has been instrumental in driving the transition to renewable energy. The 
2009 Renewable Energy Directive (RED) established specific national targets for Member States, 
ranging from 10% to 49%, for meeting renewable energy goals by 2020 (European Commission, 
2013). By aligning national efforts with EU-wide objectives, this directive sought to accelerate the 
shift to renewables.  

In January 2014, the European Commission introduced a new policy framework for energy and 
climate �³���������� �F�O�L�P�D�W�H�� �D�Q�G�� �H�Q�H�U�J�\�� �J�R�D�O�V�� �I�R�U�� �D�� �F�R�P�S�H�W�L�W�L�Y�H���� �V�H�F�X�U�H�� �D�Q�G�� �O�R�Z-�F�D�U�E�R�Q�� �(�8�� �H�F�R�Q�R�P�\�´, 
setting updated targets for 2030 (European Commission, 2014). These included a 40% reduction in 
GHG emissions compared to 1990 levels (a significant increase from the 20% reduction set in the 
2020 package), a binding EU-wide target of at least 27% renewable energy consumption, and 
renewed ambitions for energy efficiency. 

The European Green Deal, presented in 2019, represents a bold vision for transforming the EU into 
the first climate-neutral continent by 2050. The Deal includes a legally binding target to reduce 
emissions by at least 55% by 2030, compared to 1990 levels. This comprehensive package includes 
measures across various sectors, including emission reduction targets, the promotion of natural 
carbon sinks, updates to the emissions trading system, and social support for citizens and small 
businesses to ensure a just transition. 

A key initiative under the Green Deal is the Clean Energy for All Europeans package (Clean Energy 
Package, CEP), adopted in 2019 (European Commission, 2020). This package comprises eight 
�O�H�J�L�V�O�D�W�L�Y�H���W�H�[�W�V���I�R�F�X�V�H�G���R�Q���G�H�F�D�U�E�R�Q�L�V�L�Q�J���W�K�H���(�8�¶�V���H�Q�H�U�J�\���V�\�V�W�H�P���L�Q���D�O�L�J�Q�P�H�Q�W���Z�L�W�K���W�K�H���*�U�H�H�Q���'�H�D�O�¶�V��
objectives. Among its key provisions is the introduction of energy communities, which empower 
citizens to participate in energy production and consumption. This includes the creation of Citizen 
Energy Communities (Directive 2019/944) and Renewable Energy Communities (Directive 
2018/2001 - RED II), which reviews the 2009 Renewable Energy Directive (RED) (Transport & 
Environment, 2020) 

In line with these objectives, the Fit for 55 Package, formally adopted in 2023, aimed to update and 
�K�D�U�P�R�Q�L�V�H�� �(�8�� �O�H�J�L�V�O�D�W�L�R�Q���W�R���D�O�L�J�Q�� �Z�L�W�K�� �W�K�H�� �(�8�¶�V�� �F�O�L�P�D�W�H���J�R�D�O�V��(European Council, n.d.a), a set of 
proposals to update and harmonise EU legislation. 

Recognising the pivotal role of cities in achieving climate neutrality by 2050, the Horizon Europe 
research and innovation programme introduced the EU Missions for 2021-20274  (European 
Commission, n.d.b). Among these, the Climate-Neutral and Smart Cities Mission is particularly 

 
4 The EU Missions are a core component of the Horizon Europe research and innovation programme, launched in 2021 as part of the 
�(�8�¶�V���O�R�Q�J-�W�H�U�P���V�W�U�D�W�H�J�\���W�R���D�G�G�U�H�V�V���S�U�H�V�V�L�Q�J���V�R�F�L�H�W�D�O���F�K�D�O�O�H�Q�J�H�V�����7�K�H���0�L�V�V�L�R�Q�V���D�U�H���G�H�V�L�J�Q�H�G���W�R���G�H�O�L�Y�H�U���V�R�O�X�W�L�R�Q�V���W�R���V�R�P�H���R�I���(�X�U�R�S�H�¶s most 
significant issues by 2030, with a focus on sustainability, climate change, health, and digital transformation. Each mission sets ambitious, 
measurable goals and mobilises resources across research, innovation, and policy to achieve these objectives. 
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important for the context of energy transition and the role of cities. This mission encourages 
collaboration among local authorities, citizens, businesses, and national governments to transform 
cities into hubs of innovation and experimentation. As of 2022, 112 cities, including 12 from Horizon 
Europe-associated countries, were selected to participate in this mission. These cities are developing 
Climate City Contracts, which outline detailed plans to achieve climate neutrality across key sectors 
such as energy, transport, buildings, and waste management. 

�7�K�H�V�H���L�Q�L�W�L�D�W�L�Y�H�V���G�H�P�R�Q�V�W�U�D�W�H���W�K�H���(�8�¶�V���U�H�F�R�J�Q�L�W�L�R�Q���W�K�D�W���W�K�H���W�U�D�Q�V�L�W�L�R�Q���W�R���D���O�R�Z-carbon economy is a 
collective effort requiring broad public support and local involvement. By prioritising energy efficiency 
in urban development and fostering innovation in local energy solutions, the EU is ensuring that cities 
play a central role in shaping a sustainable future for Europe. Moreover, citizens are empowered to 
become key agents of change in the energy transition, reinforcing the need for grassroots 
participation in achieving the EU's ambitious climate goals. 

Such policies, directives, and initiatives provide the reference framework for the energy transition of 
European Union Member States; however, this framework is constrained at the national level. 

A clear example is the transposition of the Renewable Energy Community (REC) and Citizen Energy 
Community (CEC) definitions within European Member States. Although the deadline for the 27 
Member States of the European Union to transpose the new rules of the RED II into national law was 
June 2021, it is evident that the process is expected to take longer. According to REScoop.EU 
(REScoop.eu, n.d.b), as of 2024, the transposition of the provisions on definitions for RECs and 
CECs is assessed as good practice in five EU countries out of 29, and as average practice in nine 
countries, with all remaining countries demonstrating significant deficiencies. In contrast, the 
structuring of enabling frameworks and national support schemes for RECs and CECs is assessed 
as good in only three EU countries out of 28, with average progress observed in ten countries, while 
the remainder exhibit substantial deficiencies or worse. 

Furthermore, the implementation of SEAPs and SECAPs as planning tools for GHG emissions 
reduction and climate change mitigation varies significantly across EU countries (2ISECAP, 2021). 
In Italy, these plans are widely adopted, with 64% of municipalities using them. Similar trends are 
seen in Spain (35%), Greece (28%), Denmark (44%), and Slovenia (29%). In contrast, countries like 
the Netherlands (10%), Estonia (7%), and Switzerland (6%) rely on alternative instruments for energy 
transition. Nevertheless, SEAPs and SECAPs in countries like Italy, Spain, and Greece are largely 
strategic, with rigid spatial planning frameworks limiting implementation. Conversely, the Netherlands 
and Switzerland focus on more operational energy transition projects despite limited SEAPs and 
SECAPs uptake. Northern countries, such as Denmark and Estonia, often integrate these plans more 
closely with spatial planning.  

Shifting the perspective to the local level, the situation is even more diverse. Local legislation, 
regulations, and actions are influenced not only by overarching legal and policy frameworks but also 
by local socio-economic capacities and environmental characteristics. 
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For instance, to comply with the obligations outlined in the European Directive 2018/2001/EU (REDII) 
and Regulation (EU) 2021/1119, which encourage the use of renewable energy and establish a 
framework for achieving climate neutrality, in Italy the Ministerial Decree on suitable areas for the 
installation of renewable energy plants came into force in June 2024, more than two years behind 
schedule. The decree grants Italian Regions and Autonomous Provinces 180 days to identify suitable 
surfaces and areas, unsuitable surfaces and areas, ordinary surfaces and areas, and areas where 
ground-mounted photovoltaic systems are prohibited. However, the decree does not establish a set 
of consistent principles to guide Regions and Autonomous Provinces, potentially leading to 
fragmented and inconsistent regulation across the national territory (LCA, 2024). 

Given the heterogeneity of the European national and regional context, while recognising the 
importance of a thorough analysis, these levels of governance are not explored further in this context, 
which aims solely to provide an overview of the interplay between international agreements and local 
actions. 
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1.4 Energy system, energy transition, and cities: the spatial 
dimension 

The present chapter explores the complex relationship between energy systems and urban 
development, focusing on their historical evolution and spatial dimensions. The aim is to provide an 
understanding of how energy transitions have influenced urban growth and territories. 

It is structured in two main sub-chapters. The first provides a historical overview of the evolution of 
energy systems within the urban environment, discussing their evolving relationship from the first 
energy transition to the current low-carbon transition. Focusing on the electricity system, the second 
shifts to a contemporary analysis, exploring the spatial challenges posed by the increasing 
electrification of energy services and the land requirements of renewable energy sources. 

1.4.1 ON THE INTERPLAY BETWEEN THE ENERGY SYSTEM AND ITS 

TRANSITIONS WITH URBAN DEVELOPMENT: HISTORY IN A NUTSHELL 

According to Vaclav Smil, when dividing the evolution of the humankind into distinct energy eras 
based on the prevailing prime movers and the dominant sources, humankind has undergone four 
energy transitions (Smil, 2010a). 

Lasting for millennia (approximatively from 300,000 years ago to the beginning of settled societies 
around 10,000 years ago), the first major energy transition was characterised by the domestication 
of draft animals and the harnessing of fire, which underlaid the earliest development of agriculture 
and urban civilization (�0�¶�%�R�Z������������; Smil, 2010a). According to Rutter & Keirstead (2012), the first 
formal energy systems co-evolved with the gradual transition from hunter-gatherer population groups 
to permanent settlements. Despite enabling the conversion of dried biomass into the means of 
providing heating and light, clearing scrublands to improve pasture for the draft animals, and 
modelling clay, the increasingly widespread use of fire required a basic energy system. This system 
consisted of fuel gathering and storage, together with the technology to conserve the heat generated 
by burning fuels. As settlements grew in population, the management of the amount of land allocated 
to food and fuel became more challenging. Navigable rivers became an important low-cost method 
to gather large quantities of fuelwood or other combustible biomasses (e.g., reeds or straw) from 
estates surrounding town and cities. While combustible biomasses (e.g., harvested wood, reeds, 
straw) improved human quality of life by providing heat, light, and broadening the diet, humans and 
animals still represented the predominant sources of mechanical power.  

The prevalence of animate prime movers (humans and animals) persisted throughout the Middle 
Ages, but their efficiency was gradually increased by the introduction of powerful inanimate prime 
movers. The use of waterwheels and windmills facilitated a range of tasks, including grain milling, oil 
pressing, wood sawing, water pumping, and the mechanization of some manufacturing processes 
such as tile glazing, blacksmithing, tanning, fulling, and wood turning (Smil, 2010a; Rutter & 
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Keirstead, 2012). According to Smil (2010a), such shift represented the second major energy 
transition. Nevertheless, the energy system of the late Middle Ages was not markedly different from 
the former one, as it still relied on resources that could be grown, harvested, and transported from 
local hinterlands (Rutter & Keirstead, 2012). 

The third great energy transition substituted biomass energies with fossil fuels and the animate prime 
movers with engines. Coal was the first fossil fuel to enter the urban energy system in significant 
quantities (Rutter & Keirstead, 2012). Although coal was already used in small amounts in a few 
European countries by the 12th century - for purposes such as achieving the high temperatures 
required for forging iron, lime manufacture, and evaporating seawater to produce salt - its use began 
to increase during the 17th century. This growth was driven by the development of new technologies 
(e.g., better-designed fireplaces, flues, and chimneys), rising wood prices, and localised scarcity of 
wood, with variations across national contexts (Rutter & Keirstead, 2012; Pain, 2017). Britain was 
the first nation to transition to coal, however it was only at the beginning of the 19th century that it 
was largely used for power and transport, and by 1880 it was dominant in all services (Pain, 2017). 
Conversely, countries like Germany and France continued to rely on wood until the 1850s, being less 
populated and having the opportunity to relay on extensive forests (Pain, 2017).  

Although wind and water retained an important role in the early industrial age (e.g., for textile 
manufacture), wind and water powered machines were only feasible where reliable supplies of wind 
or flowing water were available. The introduction of steam engines in the 18th century overcame 
such constraints, enabling factories to relocate to large population centres (Rutter & Keirstead, 2012). 
The demand for labour in the factories determined important migrations from the countryside to the 
cities, leading to rapid urban population growth and a consequent increase in energy demand. 
Improved lightning became essential for enhancing street safety and ensuring the continuity of work 
in factories, thereby extending working hours, as in the 18th century urban lighting was still 
predominantly provided by oil lamps (using whale, olive, rape oil), wax candles, and rushlights (Del 
Curto & Landi, 2009; Rutter & Keirstead, 2012).  

By the end of the 18th, there were numerous experiments using gases produced by heating coal or 
wood for lighting and heating. Experiments initially tested on a building scale began to be proposed 
for neighbourhood and urban-scale application, both for private and public use, particularly for 
industrial activities (Del Curto & Landi, 2009; Rutter & Keirstead, 2012). From the early 19th century, 
the diffusion of the gas lightning systems was closely associated with industrial development: 
gasworks, whether publicly or privately owned (Hide, 2010), were established near factories, and gas 
was distributed through networks of pipes. they were extended to public and private buildings. 
Meanwhile, candles and oil lamps remained in use in rural areas and less industrially developed parts 
of Europe (Del Curto & Landi, 2009). 

With the diffusion of the gas-light technology, the gas-light business idea developed, and gas 
authorizations were progressively granted to private gas lighting companies by cities (Del Curto and 
Landi, 2009; Rutter & Keirstead, 2012). According to Del Curto & Landi (2009), the diffusion of the 
gas-�O�L�J�K�W�Q�L�Q�J���V�\�V�W�H�P�V���U�H�S�U�H�V�H�Q�W�H�G���D���³typically urban phenomenon�´���� 
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Although there were improvements in the efficiency of lightning produced by gas or oil flame, many 
were the disadvantages of such technologies: they pose significant fire hazards, the flames produced 
soot, and light levels were relatively low (Rutter & Keirstead, 2012). Additionally, connecting to the 
gas supply was costly, and its use was limited to urban areas (Rutter & Keirstead, 2012; Pain, 2017). 
By the end of the century, another form of energy made its debut: electricity. Unlike gas, electric 
lighting offered convenience and cleanliness, qualities that combined with its versatility as an energy 
source led electricity becoming the dominant urban energy source of the 20th century (Rutter and 
Keirstead, 2012).  

According to Smil (2010a), the electrification process and the rising dependence on hydrocarbons, 
which began in the second half of the 19th century, marked the fourth energy transition. Drawing 
inspiration from the gas-lightning systems, the electric-lightning system introduced a separation 
between the place where the combustible (energy source) was produced (energy generation) and 
where it was consumed (energy utilization), achieved through a transmission and distribution network 
(Hughes, 1993; Del Curto & Landi, 2009). Spurred by the commercial viability of its components (e.g. 
incandescent bulbs, electric motors) (Smil, 2010; Rutter & Keirstead, 2012), by the late 1890s the 
electric system was refined and standardized in a form that in the next 100 years would revolutionize 
western society industrial production, transportation systems, and habits, being at the same time 
cause and effect of social change (Hughes, 1993; Smil, 2010a). Initially built within urban centres for 
lightning purposes, and later then for electric power supply to central parts of the cities and industries, 
electric power plants were operated separately, generally by private companies. However, as the 
technical and economic advantages of integrating individual power plants into a unified system 
became apparent (e.g., increased supply reliability and reduced energy costs), electric power 
systems were rapidly improved and expanded (Danilevich, Kirichenko, & Kirichenko, n.d.). 

Since then, the urban energy system has undergone radical changes. As Rutter & Keirstead (2012) 
observed�����H�Q�H�U�J�\���V�\�V�W�H�P�V���O�R�V�W���W�K�H�L�U���³urban-ness�´����creating �³a psychological distance between people 
and energy generation�´�� ��Warren & McFadyen, 2010). Cities have become the endpoints of the 
energy supply chain (Rutherford & Coutard, 2014), merely having to meet the energy service (e.g., 
heating, cooling, lighting, mobility, communication, etc.) demand of the urban population (Rutter & 
Keirstead, 2012).  

To secure a constant energy supply to consumers (Bakken, Bose, & Hauser, 2006), in less than a 
century the modern energy system took shape: becoming part of the national, international, and 
global energy system, it developed as an infrastructure of highly centralized energy generation 
(Rohracher, 2008; Lennon, Dunphy, & Sanvicente, 2019) characterized by a limited number of large 
power plants located far from urban centres and providing large amount of energy flow to end-users 
via transportation systems, and adjusting production in response to changes in energy demand (EEA, 
2022; Bonzanni, 2022). 

In particular, the transportation networks of gas and electricity emerged as complex systems in which 
wires and pipes are fundamental features for energy provision, making these systems �³network 
energies par excellence�´����Bonzanni, 2022). The one-way energy flow - from producers to end-users 

https://context.reverso.net/traduzione/inglese-italiano/revolutionizing
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- of gas and electricity became the prevailing character (so-called vertical integration) of the energy 
industry structure (Arent et al., 2021; Bonzanni, 2022) (Figure 2). Such systems were controlled by 
a limited number of large corporations producing electricity and heat (Rohracher, 2008; Lennon, 
Dunphy, & Sanvicente, 2019; Bonzanni, 2022) with a lock-in relationship with governments (Haf & 
Robison, 2020) and hardly any citizen involvement (Bauwens, Gotchev, & Holstenkamp, 2016).  

Despite the contextual maturation of energy generation technologies based on renewable sources 
(e.g., hydroelectric energy, geothermal energy, wind power, etc.), the rising demand for energy 
supply by the modernizing economies, together with the energy security concerns resulting from the 
World Wars and the energy crises (e.g. the Arab Oil Embargo of 1973), increased reliance on fossil 
fuels (coal, crude oil, and natural gas) and nuclear power (Rohracher, 2008; Smil, 2010a; Lennon, 
Dunphy, & Sanvicente, 2019). 

If on one hand the modern energy system has become the driving force behind global economic 
growth (Byrne, Martinez, & Ruggero, 2009), the development of high-density urban areas (Hoicka, 
Conroy, & Berka, 2021), and one of the most critical human-made infrastructures - supporting other 
vital systems such as industry, transportation, households, and businesses (Miller et al., 2013)-, on 
the other it has emerged as the major contributor to GHG emissions and, consequently, to global 
warming and climate change, besides representing the primary source of local air pollution with direct 
impacts on well-being and ecosystems (Rohracher, 2008; Hodbod & Adger, 2014; Adil & Ko, 2016; 
IPCC, 2022). There is broad consensus that more than two-thirds of GHG emissions are linked to 
burning fossil fuels for human energy consumption (IPCC, 2022).  

Cities themselves represent the largest energy consumers (Chabrol, 2016). Although they occupy 
only 2-3% of the world's land surface (UN-Habitat, 2011; Dangel, 2019; UNCCD, 2020, Columbia 
University's Earth Institute, n.d.), they host 56% of the world population (World Bank, n.d.), consume 
between 67% and 72% of global energy use (2020), and account for between 71% and 76% of 
carbon dioxide (CO2) emissions from global energy use (IPCC, 2022). In 2020, the transport sector 
accounted for 28.4% of the European final energy consumption5, followed by households and 
industry, with 28.0% and 26.1%, respectively (Eurostat, 2020). 

In recent decades, these challenges have been driving wide international debates on the 
environmental, economic, and social unsustainability of the global energy system (Chilvers, Bellamy, 
Pallett, & Hargreaves, 2021;  Arent et al., 2021) (Chapter 1.3), and now there is strong evidence of 
the need for substantial changes to the way energy is produced, distributed, consumed, and traded 
(Bonzanni, 2022): to limit global warming below 2°C a rapid and radical reduction in energy system  

 
5 The term Final Energy Consumption (FEC) represents the energy used by final consumers (such as households, transport, industry etc) 
�I�R�U���D�O�O���H�Q�H�U�J�\���X�V�H�V�����,�W���L�V���W�K�H���H�Q�H�U�J�\���W�K�D�W���U�H�D�F�K�H�V���W�K�H���I�L�Q�D�O���F�R�Q�V�X�P�H�U�¶�V���G�R�R�U�����(�(�$�����Q���G������ 
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Figure 2 | The traditional energy system. Source: author’s own elaboration.
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carbon dioxide (CO2) and greenhouse gas (GHG) emissions is required over the next 30 years 
(IPCC, 2022).  

This premise necessitates the adoption of multiple strategies, including reducing fossil fuel 
consumption, increasing energy production from low- and zero-carbon energy sources, increasing  

use of electricity and alternative energy carriers, and improving energy efficiency (IPCC, 2022). 

 These radical changes in the energy system are widely accounted as determinant factors for a new 
energy transition: the so-�F�D�O�O�H�G���³�V�X�V�W�D�L�Q�D�E�O�H���W�U�D�Q�V�L�W�L�R�Q�´�����³�U�H�Q�H�Z�D�E�O�H���W�U�D�Q�V�L�W�L�R�Q�´�����³�O�R�Z-carbon transition, 
�R�U���V�L�P�S�O�\���³�H�Q�H�U�J�\���W�U�D�Q�V�L�W�L�R�Q�´. This transition is advocated as a rapid and global process necessary to 
facilitate achieving climate stabilization targets (IPCC, 2022). 

The replacement of fossil fuel-based technologies with electrically powered equivalents, referred to 
�D�V�� �W�K�H�� �³�H�O�H�F�W�U�L�I�L�F�D�W�L�R�Q�� �R�I�� �W�K�H�� �H�Q�H�U�J�\�� �V�\�V�W�H�P�´���� �U�H�S�U�H�V�H�Q�W�V�� �D�� �N�H�\�� �P�L�W�L�J�D�W�L�R�Q�� �V�W�U�D�W�H�J�\�� �W�R�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\��
reduce GHG emissions (Li, Lepour, Heymann, & Maréchal, 2023). Recognising that the electrification 
approach will vary depending on national circumstances (IPCC, 2022) and acknowledging that 
evolving technologies make it unclear which energy mix will best address current and future 
challenges (EEA, 2022), some general features of the developing energy system can be outlined. 

 The new electricity network is expected to consist of a multitude of geographically decentralized, 
small-scale electricity generation technologies (e.g., biofuels, rooftop photovoltaics), as well as larger 
installations such as wind and solar farms, and geothermal plants (Rohracher, 2008; Bauwens, 
Gotchev, & Holstenkamp, 2016), coexisting with the existent fossil fuel-based energy system. The 
small-scale configurations are already generating relatively small amounts of energy from diverse 
renewable sources and are located both outside and within urban centres (Bauwens, Gotchev, & 
Holstenkamp, 2016; EEA, 2022). This arrangement allows a larger share of zero-carbon 
technologies, while also reducing transmission and distribution grid power losses and costs by 
producing energy closer to consumption sites (Bauwens, Gotchev, & Holstenkamp, 2016), however 
posing technical challenges to the grid operators (Box 1).  

The decentralization of the energy system can therefore be conceived as a restoration of the 
�K�L�V�W�R�U�L�F�D�O���³�X�U�E�D�Q���F�K�D�U�D�F�W�H�U�´���R�I���W�K�H���H�Q�H�U�J�\���V�\�V�W�H�P��(Figure 3). Traditionally considered as the end  

 

Box 1 | On some technical challenges that the current energy transition poses. 

As the evolution of the electricity infrastructure advances, the incorporation of renewable installations into the larger 
electricity grid and the electrification of many energy uses (e.g., transportation) pose substantial challenges to the grid 
operators (Arent et al., 2021; Bonzanni, 2022). On one hand,  since the production of electricity from some renewable energy 
sources (RES) (e.g., photovoltaics, wind turbines, and hydropower) fluctuates depending on the time of day, the season, 
and the weather conditions and, thus, it is not adjustable, the electricity network must be able to manage the volatile and 
unpredictable energy flows becoming supply driven, meaning that the energy demand has to match the supply, and not vice 
versa (Arent et al., 2021; Bonzanni, 2022; EEA, 2022; Guo, Meunier, Protopapadaki, & Saelens, 2023). Furthermore, as 
the decentralized electricity generation technologies influx electricity in the system, the infrastructure is expected to 
withstand a two-way energy flow. On the other, it is expected to withstand the large influx of new energy loads depending 
on the electrification of many energy uses (e.g., transportation) (Arent et al., 2021; Bonzanni, 2022). 
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Figure 3 �_���(�Y�R�O�X�W�L�R�Q���R�I���W�K�H���H�Q�H�U�J�\���V�\�V�W�H�P���L�Q���X�U�E�D�Q���V�H�W�W�O�H�P�H�Q�W�V�����6�R�X�U�F�H�����D�X�W�K�R�U�·�V���R�Z�Q���H�O�D�E�R�U�D�W�L�R�Q����
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 points of the energy supply chain (Rutherford & Coutard, 2014) and the primary consumers of the 
energy system (Rutter & Keirstead, 2012; IRENA, 2020) merely meeting the energy service (heating, 
cooling, lighting, mobility, communication, etc.) demand of the urban population (Rutter & Keirstead, 
2012), cities are currently increasingly perceived as an integral element of the energy system (Rutter  

 & Keirstead, 2012), representing both the energy demand and supply side. Moreover, they are 
recognised as critical instruments in maintaining the global average temperature increase within 2 to 
2.4°C above pre-industrial levels (UN-Habitat, 2011; Rutherford & Coutard, 2014; Hoicka, Conroy, & 
Berka, 2021; IRENA, 2020). Cities, along with their populations, enterprises, and authorities, are set 
to play a fundamental role in the upcoming changes (UN-Habitat, 2011). 

1.4.2 DELVING INTO THE SPATIAL DIMENSION THE ELECTRICITY SYSTEM  

1.4.2.1 Introduction 

In comparison to land employed for agriculture, forestry, mining, and urbanisation, the land required 
for energy purposes has remained relatively low, constituting approximately 2% of the global land 
area (Wu, 2020). Nevertheless, the shift from the traditional energy system to a low-carbon one 
introduces new challenges concerning land use requirements due to several factors: (1) the 
continuous rise in global energy demand and consumption, (2) the increasing trend toward the 
electrification of end uses, and (3) the lower energy densities of new renewable energy systems, 
which necessitate more land to generate the same amount of energy as conventional ones (Wu, 
2020; Nøland, Auxepaules, Rousset, Perney, & Falletti, 2022; Lovering, Swain, Blomqvist, & 
Hernandez, 2022; Westphal, Pastukhova, & Pepe, 2022; IEA, 2024).  

Land use changes resulting from the transition of the energy system infrastructure can degrade 
natural ecosystems and create trade-offs for food production and urban development (Lovering, 
Swain, Blomqvist, & Hernandez, 2022). Therefore, understanding the spatial dimension of low-
carbon energy systems is paramount to prevent such challenges.  

Acknowledging the limited research on this topic (Lovering, Swain, Blomqvist, & Hernandez, 2022) 
and building on the available studies, this chapter attempts an exploration of the issue. Starting from 
the understanding of the traditional electricity system the chapter then shifts to the emerging low-
carbon and renewable alternatives, progressing from the territorial scale to the urban one and 
examining aspects such as electricity system energy density, spatial footprint, and spatial 
configuration. The focus on the electricity system is motivated by the current trend towards 
electrification of energy services (e.g., the phasing out of urban gas networks, the electrification of 
mobility, etc.) (Westphal, Pastukhova, & Pepe, 2022). Additionally, the emphasis on urban 
environments stems from the critical role cities play in the energy transition process being major 
energy consumers (Rutter & Keirstead, 2012; IRENA, 2020). An exercise in abstraction is then 
undertaken to develop a spatial conceptualisation of the electricity system at a territorial scale. This  
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is presented to complement the textual description and to aid in better visualising the spatial nature 
of the system (Figure 4). 

1.4.2.2 Delving into the spatial dimension of the electricity system 

The urban electricity infrastructure operates as an integral part of the larger electricity system (IPCC, 
2022). Mainly constituted of power plants, substations, and transmission and distribution lines 
(Sallam & Malik, 2011; Kassakian et al., 2011), the electricity system infrastructure stretches 
throughout a territory generating a complex matrix within which urban settlements flourish and from 
which they acquire the energy to exert their functions (e.g., residential, commercial, industrial, etc.) 
(Box 2), which ultimately drive the electricity demand. 

Electricity is generated in large power plants feed by fossil fuel or nuclear energy, generally located 
far from both upstream processes (e.g., mining and extraction) and the downstream consumption 
sites (e.g., urban settlements) (Wu, 2020; Moroni, Antoniucci, & Bisello, 2016). Despite being large 
in extent, conventional power plants (e.g., nuclear, natural gas, coal fuelled) spatial footprint is 
centralized and low, meaning that the land use is low compared to the energy they generate, with 
the nuclear power plants having the highest energy density, and not only lowest values of spatial 
footprint (Cheng & Hammond, 2014; Nøland, Auxepaules, Rousset, Perney, & Falletti, 2022) but also 
of land use (which includes the safety surface in addition to the power plant itself) (Nøland, 
Auxepaules, Rousset, Perney, & Falletti, 2022; Wu, 2020; Cheng & Hammond, 2014).  

Built above ground or buried underground, transmission (extra high voltage) and subtransmission 
(high-voltage) lines can be seen as the backbone of the electricity system (IEA, 2024) the large-scale 
network with a wide-�P�H�V�K�� �J�U�L�G�� ���U�H�V�S�H�F�W�L�Y�H�O�\���� �W�K�H�� �³�X�S�S�H�U�� �Pacro-�J�U�L�G�´�� �D�Q�G�� �W�K�H�� �³�O�R�Z�H�U�� �P�D�F�U�R-�J�U�L�G�´����
responsible for connecting power generation plants and transferring electricity for long distances to 
high-voltage substations close to electricity demand centres (e.g., cities) or directly to high energy 
demand costumers (e.g., large industries) (Sallam & Malik, 2011; Kassakian et al., 2011; Bonzanni,  

 

Box 2 | On urban functions 

The urban environment can be analysed through the lens of the functions that it exerts. Urban functions refer to a range of 
roles, activities, and services that a city performs to fulfil the social, cultural, and economic needs of its inhabitants. Due to 
its dimension, the geographical position, the morphology of the territory in which it is embedded, and its historical context, 
each city represents a unique system and provides specific functions. Some common urban functions include residential, 
commercial, industrial, cultural and recreational, educational, healthcare, transportation, administrative and governance, 
financial, tourism, social, religious. 

�7�K�H�� �W�\�S�H�V�� �R�I�� �X�U�E�D�Q�� �I�X�Q�F�W�L�R�Q�V�� �W�K�D�W�� �D�� �F�L�W�\�� �S�U�L�R�U�L�W�L�]�H���� �D�Q�G�� �W�K�H�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I�� �V�X�F�K�� �I�X�Q�F�W�L�R�Q�V�� �D�F�U�R�V�V�� �W�K�H�� �F�L�W�\�¶�V�� �O�D�Q�G�V�F�D�S�H��
significantly influence the allocation of land for uses. There can therefore be residential areas, industrial zones, commercial 
districts, which are characterized by a prevailing urban function and are planned based on the function they serve, answering 
�W�K�H���S�O�D�Q�Q�L�Q�J���F�R�Q�F�H�S�W���F�D�O�O�H�G���³�]�R�Q�L�Q�J�´�����$�O�W�H�U�Q�D�W�L�Y�H�O�\�����Y�D�U�L�R�X�V���I�X�Q�F�W�L�R�Q�V���F�D�Q���E�H���S�U�R�Y�L�G�H�G���Z�L�W�K�L�Q���W�K�H���V�D�P�H���D�U�H�D�����I�R�U���L�Q�V�W�D�Q�F�H��
within the historical city centres or in areas in which the planning strategy of mixed-�O�D�Q�G���X�V�H�����³mixitè�´�����K�D�V���E�H�H�Q���D�S�S�O�L�H�G���� 
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Figure 4 | Spatial �F�R�Q�F�H�S�W�X�D�O�L�V�D�W�L�R�Q���R�I���W�K�H���H�O�H�F�W�U�L�F�L�W�\���V�\�V�W�H�P���D�W���D���W�H�U�U�L�W�R�U�L�D�O���V�F�D�O�H�����6�R�X�U�F�H�����D�X�W�K�R�U�·�V���R�Z�Q���H�O�D�E�R�U�D�W�L�R�Q�� 
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2022). �7�U�D�Q�V�P�L�V�V�L�R�Q���D�Q�G���V�X�E�W�U�D�Q�V�P�L�V�V�L�R�Q���O�L�Q�H�V���F�D�Q���E�H���L�Q�W�H�U�S�U�H�W�H�G���D�V���O�L�Q�H�D�U���³�O�D�Q�G�V�F�D�S�H���H�O�H�P�H�Q�W�V�´����
as they effectively shape the landscape, influencing land use and spatial planning (for instance,  

national laws and local regulations establish security buffer zones along these lines within which 
building development is not permitted) (Szabo, 2019). For their configuration in the landscape, such 
�O�L�Q�H�V���K�D�Y�H���E�H�H�Q���F�D�O�O�H�G���E�\���.�D�V�V�D�N�L�D�Q���H�W���D�O�������������������³�P�H�V�K���Q�H�W�Z�R�U�N�V�´�����D�O�V�R���X�Q�G�H�U�O�L�Q�L�Q�J���W�K�H���U�H�G�X�Q�G�D�Q�F�\��
of paths and connections between two points of the network which allow to provide electricity to end-
users even when a component of the system goes offline. 

Electricity with high-voltage is stepped-down to medium-voltage by the transformers of the primary 
substations, from which it is delivered through the distribution network directly or to secondary 
substations (Sallam & Malik, 2011; Kassakian et al., 2011), that �D�U�H�� �X�V�X�D�O�O�\�� �O�R�F�D�W�H�G�� �D�O�R�Q�J�� �F�L�W�L�H�V�¶��
boundaries (Sallam & Malik, 2011). Within the secondary substations the medium-voltage electricity 
is stepped-down to low-voltage and then delivered through distribution lines to the remaining final 
costumers (i.e., commercial, residential, and industrial consumers, transportation, and other urban 
services, AFOLU) (Sallam & Malik, 2011; Kassakian et al., 2011). The distribution lines serve 
different areas of an urban settlement, and their configuration can vary depending on the area 
morphology and the area energy demand (thus depending on the urban functions served) (Sallam & 
Malik, 2011; Kassakian et al., 2011 Bonzanni, 2022)6.  

Distribution lines may be interpreted as meso-grids characterized by two different mesh dimensions: 
the one transmitting electricity at a medium-voltage, which extends over a larger territorial area with 
a medium density (upper meso-grid) and therefore influences the landscape; and another 
transmitting electricity at a low-voltage, which has a denser mesh, serving most end-users (lower 
macro-grid) and generally camouflaged within the urban landscape (Box 3). 

With the current diffusion of distributed small renewable or low carbon energy generation, another 
grid may be added to such conceptualization: the micro-grid (or smart-grid), which can be described 
�D�V���D���³group of interconnected loads and distributed energy resources within clearly defined electrical 
boundaries that acts as a single controllable entity with respect to the [distribution] grid. A microgrid 
can connect and disconnect from the [distribution] grid to enable it to operate in both grid-connected 
or island mode�´�� ���7�R�Q�� �	�� �6�P�L�W�K���� ������������ �+�L�U�V�F�K���� �3�D�U�D�J���� �	�� �*�X�H�U�U�H�U�R���� �������������� �6�X�F�K�� �J�U�L�G�V�� �V�X�S�S�O�L�H�G�� �E�\��
renewable or low carbon power plants (e.g., wind turbines, solar panels, sun boilers, and thermal 
and biogas systems) are currently spreading within urban settlements, as well as throughout the 
territory. These renewable and low-carbon power plants have a lower energy density compared to 
conventional ones, meaning they require spatial (land and sea) resources on an orders-of-magnitude 
larger scale to meet the same energy demand (Cheng & Hammond, 2014; Wu, 2020; Nøland, 
Auxepaules, Rousset, Perney, & Falletti, 2022). This could result in a potential sixfold increase in the 
spatial extent of global power generation by 2050 (Nøland, Auxepaules, Rousset, Perney, & Falletti,  

 
6 For an overview of electricity distribution line configurations, Kassakian et al. (2011) is recommended. 
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2022), further exacerbating the global competition for land (van de Ven, Capellan-Pérez, Arto, et al., 
2021). 

A recent investigation by van de Ven, Capellan-Pérez, Arto, et al. (2021) identified that the expansion 
of solar energy may primarily come to replace existing land used for commercial activities, including 
croplands or commercial forests utilized for timber products or biomass. According to the simulated 
solar penetration levels, for every 100 hectares of solar land in Europe, the extent of unmanaged 
forest clearance across the globe may range from 31 to 43 hectares. Whereas certain renewable 
energy sources may be considered inexhaustible, the land is limited (Chen et al., 2022).  

This phenomenon of increasing land (and sea) consumption to construct renewable and low-carbon 
power plants is referred to in the literature as �³energy �V�S�U�D�Z�O�´����Moroni, Antoniucci, & Bisello, 2016; 
Wu, 2020). 

Although some renewable power plants can be co-located with other functions, such as building-
integrated solar power generation or combining wind and solar infrastructure with agricultural land 
(Gross, 2020; Nøland, Auxepaules, Rousset, Perney, & Falletti, 2022), the decarbonization process 
will inevitably lead (and it is already leading) to a series of conflicts related to the competition for land 
and space (Table 4) (Gross, 2020, Koelman, Hartmann, & Spit, 2018, Kim, Park, Song, Hong, Jo, & 
Lee, 2022). There can be conflicts with alternative functions purposes such as agriculture, residential, 
commercial, and natural areas (Pezzagno & Rosini, 2015; Koelman, Hartmann, & Spit, 2018, van de 
Ven, Capellan-Pérez, Arto, et al., 2021; Kim, Park, Song, Hong, Jo, & Lee, 2022). Additionally, 
conflicts may emerge among the pre-existing surrounding land uses in areas designated for 
renewable energy installations (Gross, 2020). Concerns about property values also arise the  

 

Box 3 | A brief overview on the state of play of the European electricity grid 

According to a recent IEA report on the global electricity grid (IEA, 2024), at a global level, the total length of electricity grid 
infrastructure has steadily increased over the past 50 years, nearly doubling in the last 30 years, with an annual expansion 
rate of approximately 1 million km. This growth has been predominantly concentrated in distribution networks, which account 
for about 93% of the total grid length. 

In comparison to China and other advanced economies, the growth in the EU's grid length has been more modest, with 
only a 12% increase in its transmission grid and the addition of around 715,000 km to its distribution grid. Due to the earlier 
electrification of European Member States, the European electricity grid is generally older, with approximately 80% of the 
EU's electricity transmission and distribution networks being over a decade old, and about 50% exceeding 20 years in 
age�²�U�R�X�J�K�O�\���K�D�O�I���W�K�H���J�U�L�G�¶�V���Dverage lifespan. This advanced age presents both short-term and long-term challenges, such 
as system losses, power quality issues, and outages. 

The need to connect renewable energy sources located in remote areas has become a key driver for the deployment of 
new transmission grids. However, the rapid growth in generation capacity, particularly from renewables, is currently 
outpacing investment in the necessary transmission and distribution grid upgrades, potentially hindering the long-term 
expansion of renewable energy. 

�,�Q���U�H�V�S�R�Q�V�H���W�R���W�K�H�V�H���F�K�D�O�O�H�Q�J�H�V�����W�K�H���&�R�X�Q�F�L�O���R�I���W�K�H���(�8���U�H�F�H�Q�W�O�\���D�S�S�U�R�Y�H�G���F�R�Q�F�O�X�V�L�R�Q�V���R�Q���D�G�Y�D�Q�F�L�Q�J���W�K�H���(�8�¶�V���H�O�H�F�W�U�L�F�L�W�\���J�U�L�G��
infrastructure (Council of the European Union, 2024). These highlight the need for long-term, coordinated planning at the 
European level, especially in light of the growing challenge of network congestion. 
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integration of renewable energy technologies on buildings may enhance their image and 
marketability (Leskinen, Vimpari, & Junnila, 2020), and the installation on land might lead to a 
depreciation of neighbouring property values (Gross, 2020), while representing a more profitable 
investment to the owner of the field (Kim, Kim, Han, Bae, & Jung, 2020).  

However, while electricity generation is currently at the forefront of driving the energy transition, it is 
important to consider the potential for new energy sources and generation technologies to emerge 
in the coming decades. These innovations, which may be more cost-effective and competitive, could 
significantly alter the dynamics of energy production and consumption. As these technologies 
become part of the energy mix, they could result in varying spatial impacts. On one hand, certain 
advancements may require greater land use, intensifying competition for resources and exacerbating 
land-use conflicts. On the other hand, innovations that increase energy density or integrate 
generation with existing infrastructure could mitigate these demands, thereby reducing pressure on 
land use.  

The aforementioned challenges underscore the critical need, on the one hand, for integrated, 
adaptive, and forward-thinking energy and spatial planning. On the other hand, the active 
participation of local stakeholders and communities in planning practices is equally essential, as 
renewable energy self-production and self-consumption could provide a viable solution to the issue 
�R�I���³�H�Q�H�U�J�\���V�S�U�D�Z�O�´�� 

At the city level, initiatives such as the Sustainable Energy Action Plan (SEAP), its successor the 
Sustainable Energy and Climate Action Plan (SECAP), and the current Climate City Contract 
exemplify efforts to achieve this integration by fostering coordinated actions among local 
governments, stakeholders, and communities. However, such integration is not assured, as 
demonstrated by examples from European countries such as Italy, Spain, and Greece, where SEAPs 
and SECAPs are typically strategic in nature, constrained by the inflexibility of the spatial planning 
framework (2ISECAP, 2021).   

 

Conflicts Description 

Competition for land 
Renewables projects may generate competition for land against other land usage purposes such as 
agriculture, residential, and natural areas (Leskinen, Vimpari, & Junnila, 2020; Kim, Park, Song, 
Hong, Jo, & Lee, 2022). 

Conflict among nearby land 
uses 

The renewable energy installation areas, previously having different usage purposes, may now 
conflict with nearby land uses (Gross, 2020). 

Property Values 

If on the one side the installation of renewable energy technologies on buildings may enhance 
�S�U�R�S�H�U�W�\�¶�V���L�P�D�J�H���D�Q�G���V�D�O�H�D�E�L�O�L�W�\�����/�H�V�N�L�Q�H�Q�����9�L�P�S�D�U�L�����	���-�X�Q�Q�L�O�D�������������������R�Q���W�K�H���R�W�K�H�U���W�K�H���L�Q�V�W�D�O�O�D�W�L�R�Q���R�Q��
land might reduce nearby propriety values (Gross, 2020), while representing a more profitable 
investment to the owner of the field (Kim, Kim, Han, Bae, & Jung, 2020). 

  

Table 4 | Conflicts related to the competition for land and space caused by the diffusion of renewable or low-carbon 
�S�R�Z�H�U���S�O�D�Q�W�V�����6�R�X�U�F�H�����D�X�W�K�R�U�·�V���R�Z�Q��elaboration. 
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1.5 Energy system, energy transition, and cities: the social 
dimension 

Citizens acting in their personal capacity (e.g., leaders, consumers, voters), professional capacity 
(e.g., town planners, builders, teachers, investors), or collective capacity (such as the youth climate 
movement) are driving forces of the current energy transition (UNEP, 2022). In fact, the 
decentralization, de-fossilization, and electrification of the energy system open the possibility to a 
plethora of new actors to actively participate in energy production and consumption processes, 
questioning the monopolies of the established corporations (Rohracher, 2008; Bauwens, Gotchev, & 
Holstenkamp, 2016) and challenging the existing energy market structures and institutions across 
Europe (Wittmayer, Fraaije, Horstink, & Avelino, 2019). 

Different forms and sizes of social energy mobilization are emerging at the local level (Hisschemöller 
& Sioziou, 2013; Wagemans, Scholl, & Vasseur, 2019; Smith, 2019; Wahlund & Palm, 2022). From 
people becoming conscious energy consumers, active energy consumers and producers, i.e. 
prosumers (Haf & Robison, 2020), to the more complex forms of collective prosumerism such as 
collective self-consumption multi-tenancy buildings (Reis, Gonçalves, Lopes, & Antunes, 2021), 
energy neighbourhoods and districts (Ala-Juusela, Crosbie, & Hukkalainen, 2016; Derkenbaeva, 
Vega, Hofstede, & van Leeuwen, 2022), energy communities (Caramizaru & Uihlein, 2020), 
coalitions (Lindberg & Kammermann, 2021), and umbrella organizations (Oteman, Kooij, & Wiering, 
2017). 

Relevance to this topic has been given in the academic literature, where interest has developed 
significantly over the past two decades and various terms have emerged referring to these initiatives, 
despite lacking consensus on their definition (Seyfang, Park, & Smith, 2013; Creamer et al., 2018): 
Local Energy Initiatives (LEI) (Soares da Silva & Horlings, 2020; Germes, Wiekens, & Horlings, 2021; 
Hasanov & Zuidema, 2022), grassroots energy initiatives (Blanchet, 2015), community energy 
initiatives (Walker & Devine-Wright, 2008; Seyfang, Park, & Smith, 2013; Leonhardt et al., 2022), 
Local Energy Communities (LEC) (Otamendi-Irizar, Grijalba, Arias, Pennese, & Hernández, 2022). 
The recent systematic review by Bauwens et al. (2022) offers a comprehensive analysis of the 
evolution of the notion of community-based energy systems, whereas the work by Wierling et al. 
(2023) and Schwanitz et al. (2023) is a huge attempt to realize a Europe wide inventory of citizens-
led energy initiatives. With the terms collective citizen energy initiatives, or citizen-led energy 
initiatives, the research of Wierling et al. (2023) and Schwanitz et al. (2023) focus on those kinds of 
�L�Q�L�W�L�D�W�L�Y�H�V���G�U�L�Y�H�Q���E�\���³�R�U�G�L�Q�D�U�\���F�L�W�L�]�H�Q�V�´�����K�R�Z�H�Y�H�U���W�K�H�L�U���L�Q�Y�H�Q�W�R�U�\���D�O�V�R���H�Q�F�R�P�S�D�V�V�H�V���W�K�R�V�H���L�Q�L�W�L�D�W�H�G���D�Q�G��
led by municipalities, as exemplified by the numerous Italian Renewable Energy Communities 
(RECs). Table 5 provides a synopsis of the definitions of these collective energy actions as presented 
in the literature.   
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Table 5 | Synopsis of the energy initiatives nomenclature found in literature. �6�R�X�U�F�H�����D�X�W�K�R�U�·�V���R�Z�Q���H�O�D�E�R�U�D�W�L�R�Q�� 

Term Definition Author 

Civic renewable 
energy 

���>�«�@���Z�H���X�V�H���W�K�H���W�H�U�P���F�L�Y�L�F���U�H�Q�H�Z�D�E�O�H���H�Q�H�U�J�\���W�R���U�H�I�H�U���W�R���G�H�F�H�Q�W�U�D�O�L�V�H�G��
renewable energy generation owned (at least 50%) or operated by citizens, 
local initiatives, communities, local authorities, charities, NGOs, farmers, 
cooperatives or SMEs, creating a stream of local value that can stay within 
the region. Not all RE projects bring value to local communities. The 
definition would not include e.g. wind parks belonging to large corporations, 
the added value of which does not benefit the local communities." 

Susanna, 2015 

Grassroots 
energy 
initiatives (GIs) 

�³�:�H���U�H�I�H�U���K�H�U�H���W�R���J�U�D�V�V�U�R�R�W�V���H�Q�H�U�J�\���L�Q�L�W�L�D�W�L�Y�H�V���D�V���S�U�R�M�H�F�W���L�Q�Y�R�O�Y�L�Q�J���V�R�F�L�D�O��
movements and that strive to bring about both a technological and social 
�F�K�D�Q�J�H���´ 

Blanchet, 2015 

Civic energy 
initiatives (CE) 

�³�&�L�Y�L�F���H�Q�H�U�J�\�´�����&�(�����>���@���L�V���D�Q���X�P�E�U�H�O�O�D���W�H�U�P���W�K�D�W���G�H�Q�R�W�H�V���D���Z�L�G�H���U�D�Q�J�H���R�I��
decentralized energy models, both traditional and recently launched, and 
groups many close synonyms such as community energy [2], community 
power [3], local energy [4], regional energy [5] or zero kilometer energy 
[6].CE initiatives are characterized by a rich diversity of stakeholder 
motivations [7] reflected in the high individuality of civic agents [8]. Their 
emergence and development are also each subject to specific place 
determinants [9]. Further, a wide range of organizational formats are to be 
detected [3]; these extend from small-scale, loosely organized grassroots 
initiatives [10] to established municipal energy utility operations. Hence 
�³�F�L�Y�L�F���H�Q�H�U�J�\�´���L�V���D���W�H�U�P���W�K�D�W���G�H�Q�R�W�H�V���Dn extremely heterogeneous 
�F�R�P�P�X�Q�L�W�\���´�� 
 
"Although no official updated count of CE initiatives is available, since 2008 
there has been a marked rise in initiatives focused on community 
renewable energy, especially in Europe with over 2800 such initiatives 
�R�U�J�D�Q�L�]�H�G���D�V���F�R�R�S�H�U�D�W�L�Y�H�V���>�����@���´ 

McGovern & Klenke, 
2018 

Cooperative 
Energy 
Initiatives 

"are renewable energy or energy related projects, owned and run by, and 
for the benefit of, a community of place or interest. These projects vary 
from schemes focused on electricity generation, district heat networks, 
electric car projects, and energy efficiency projects. Models include 
cooperatives, trusts, charities and joint-ventures with Local Authorities." 

Haf & Robison, 2020 

Local Energy 
Initiatives (LEI) 

"We define LEI as third sector citizen led initiatives focused on the 
decentralised generation of renewable energy (usually wind, solar, and 
micro-hydro), often community minded and not for profit (e.g. Arentsen and 
Bellekom 2014; Oteman et al. 2014; Coenen et al. 2017)" 

Soares da Silva & 
Horlings, 2020 

�³�:�H���G�H�I�L�Q�H���D�Q���H�Q�H�U�J�\���S�U�R�M�H�F�W���D�V���D�Q���/�(�,�����L�I���L�W���L�V���D�Q���R�U�J�D�Q�L�V�D�W�L�R�Q���L�Q�L�W�L�D�W�H�G����
managed or financed directly by actors of the civil-society and if it presents 
goals associated with the energy sector [13], [23], [28]. These projects are 
usually multi-faceted: they combine behavioural measures by, for example, 
providing information on efficient energy use and by enabling joint 
procurement of renewable energy technologies [5], [8]. They also help in 
more technical aspects such as development of micro-generation [7], [8], 
�>�����@���´ 

Ghorbani, Nascimento, & 
Filatova, 2020 
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"In the academic literature, different terms are used for describing local 
initiatives, such as citizen initiatives [22], local energy initiatives [15,19,23], 
local community initiatives [12], community energy [5,7,10,24], and 
renewable energy communities [25]. Following on from Warbroek et al. 
(2019), the term local energy initiatives (LEIs) is used in this article, which 
�L�V���G�H�I�L�Q�H�G���D�V���³�W�K�H���E�R�W�W�R�P-up initiating and managing of a project, or series 
of projects, involving the generation, stimulation, and/or facilitation of low-
carbon energy and/or energy efficiency by citizens/actors from civil society 
on a lo�F�D�O���V�F�D�O�H�´���>�����@�����S���������� 

Germes, Wiekens, & 
Horlings, 2021 

�³�,�Q���W�K�L�V���D�U�W�L�F�O�H�����Z�H���X�V�H���W�K�H���W�H�U�P���O�R�F�D�O���H�Q�H�U�J�\���L�Q�L�W�L�D�W�L�Y�H���W�R���G�H�V�F�U�L�E�H���D���J�U�R�X�S���R�I��
engaged individuals who take it upon themselves to mobilize resources 
and capabilities in pursuing sustainability and energy transition (Hasanov 
�D�Q�G���=�X�L�G�H�P�D���������������´ 

Hasanov & Zuidema, 
2022 

Local Energy 
Communities 
(LEC) 

�³In the present manuscript the LECs is considered as: �³�D�Q���D�V�V�R�F�L�D�W�L�R�Q�����D��
cooperative, a partnership, a non-profit organisation or other legal entity 
which is effectively controlled by local shareholders or members, generally 
value rather than profit-driven, involved in distributed generation and in 
performing activities of a distribution system operator, supplier or 
a�J�J�U�H�J�D�W�R�U���D�W���O�R�F�D�O���O�H�Y�H�O�����L�Q�F�O�X�G�L�Q�J���D�F�U�R�V�V���E�R�U�G�H�U�V�´���>�����@���´ 

Otamendi-Irizar, Grijalba, 
Arias, Pennese, & 
Hernández, 2022 

Local Energy 
Cooperatives 

�³�7�K�H���F�R�Q�F�H�S�W���R�I���O�R�F�D�O���H�Q�H�U�J�\���F�R�R�S�H�U�D�W�L�Y�H�V���F�D�Q���E�H���G�H�I�L�Q�H�G���E�\���D���Q�X�P�E�H�U���R�I��
characteristics [28]: 

�± The initiators live in a local community (citizens and small and medium 
enterprises (SMEs)) and aim to develop and/or distribute renewable energy 
and enhance energy conservation; 

�± The organization seeks collaboration with other local citizens, SMEs, and 
local government;  

�± The organization starts on the basis of the enthusiasm of volunteers but 
�G�H�Y�H�O�R�S�V���L�Q�W�R���D���O�H�J�D�O���H�Q�W�L�W�\���O�L�N�H���D���F�R�R�S�H�U�D�W�L�Y�H���R�U���D�Q�R�W�K�H�U���O�H�J�D�O���H�Q�W�L�W�\���´ 

Hufen & Koppenjan, 2015 

Clean energy 
communities 
(CEC) 

���:�H���G�H�I�L�Q�H���W�K�H�P���D�V���µ�V�R�F�L�D�O���D�Q�G��organizational structures formed to achieve 
specific goals of its members primarily in the cleaner energy production, 
consumption, supply, and distribution, although this may also extend to 
water, waste, transportation, and other local resources" 

Gui & MacGill, 2018 

Renewable 
energy 
communities 

"Renewable energy communities are grassroots initiatives that invest in 
�µ�F�O�H�D�Q���H�Q�H�U�J�\�¶���L�Q���R�U�G�H�U���W�R���P�H�H�W���F�R�Q�V�X�P�S�W�L�R�Q���Q�H�H�G�V���D�Q�G���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O��
goals and thereby �± often unwittingly �± conduce to the spread of 
renewables." 

Dóci, Vasileiadou, & 
Petersen, 2015 

Community 
Energy 
Initiatives 

"are renewable energy or energy related projects, owned and run by, and 
for the benefit of, a community of place or interest. These projects vary 
from schemes focused on electricity generation, district heat networks, 
electric car projects, and energy efficiency projects. Models include 
cooperatives, trusts, charities and joint-ventures with Local Authorities." 

Haf & Robison, 2020 

Community 
energy 

�³�)�R�U���W�K�H���S�X�U�S�R�V�H�V���R�I���W�K�L�V���S�D�S�H�U���Z�H���I�R�O�O�R�Z���:�D�O�N�H�U���D�Q�G���'�H�Y�L�Q�H���:�U�L�J�K�W�
�V��
(2008) lead and consider community energy to refer to those projects here 
communities (of place or interest) exhibit a high degree of ownership and 
control, as well as benefiting collectively from the outcomes, and we 
include both supply- and demand-side sustainable energy initiatives. 

Seyfang, Park, & Smith, 
2013 

�³�&�R�P�P�X�Q�L�W�\���(�Q�H�U�J�\�¶���U�H�I�H�U�V���W�R���S�H�R�S�O�H���Z�R�U�N�L�Q�J���W�R�J�H�W�K�H�U���W�R���U�H�G�X�F�H���D�Q�G��
manage energy use and increase and support local energy generation. 
It has the potential to support the infrastructural, social and cultural 
changes needed to reduce the impact of climate change and increase 
�H�Q�H�U�J�\���V�H�F�X�U�L�W�\���´ 

Rodrigues et al., 2020 
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"Community energy is used as an umbrella term for �³�Y�D�U�L�R�X�V���I�R�U�P�V���R�I��
�O�R�F�D�O�O�\���O�H�G�����F�R�O�O�H�F�W�L�Y�H�O�\���R�Z�Q�H�G�����D�Q�G���P�D�Q�D�J�H�G���H�Q�H�U�J�\���S�U�R�M�H�F�W�V�´�����&�U�H�D�P�H�U���H�W��
al., 2018, p. 2) and a concept used to ensure that benefits are local and 
collective, rather than distant and private, emphasizing the proximity of 
local citizens to energy activities (Walker and Devine-Wright, 2008)." 

Hoicka, Conroy, & Berka, 
2021 

Community 
energy systems 

�³�&�R�P�P�X�Q�L�W�\���H�Q�H�U�J�\���V�\�V�W�H�P�V���D�V���G�H�F�H�Q�W�U�D�O�L�]�H�G���D�Q�G���F�R�O�O�H�F�W�L�Y�H���U�H�Q�H�Z�D�E�O�H��
energy systems, where the energy is jointly generated and distributed 
�D�P�R�Q�J���D���F�R�P�P�X�Q�L�W�\���R�I���K�R�X�V�H�K�R�O�G�V�����>�«�@�´ 

Fouladvand, 2022 

Community 
solar energy 
initiatives 

�³�>�«�@���Z�H���D�G�R�S�W���D���E�U�R�D�G���S�H�U�V�S�H�F�W�L�Y�H���R�I���F�R�P�P�X�Q�L�W�\���H�Q�H�U�J�\���D�Q�G���G�H�I�L�Q�H���L�W���D�V��
community-based initiatives for the reorganisation of local energy systems 
to foster the deployment of distributed energy resources and of energy 
�V�D�Y�L�Q�J���D�Q�G���H�I�I�L�F�L�H�Q�F�\���S�U�D�F�W�L�F�H�V���´ 

Mah, 2019 

Collective 
prosumerism 

�³�)�R�O�O�R�Z�L�Q�J���.�R�W�L�O�D�L�Q�H�Q���D�Q�G���6�D�D�U�L�������������������Z�H���X�Q�G�H�U�V�W�D�Q�G�����H�Q�H�U�J�\����
prosumerism to refer to the phenomenon of active energy citizens who are 
producing, self-consuming, or storing energy, and/or participating in energy 
markets by selling or sharing their energy, either individually or collectively, 
�I�R�U���H�[�D�P�S�O�H���D�V���S�D�U�W���R�I���D�Q���H�Q�H�U�J�\���F�R�P�P�X�Q�L�W�\���´ 

Horstink, Wittmayer, & 
Ng, 2021 

Collective RES 
prosumer 

�³�$���F�R�O�O�H�F�W�L�Y�H���H�Q�H�U�J�\���D�F�W�R�U���W�K�D�W���S�U�R�G�X�F�H�V���H�Q�H�U�J�\���I�U�R�P���U�H�Q�H�Z�D�E�O�H���V�R�X�U�F�H�V��
with the primary objective of providing in its own energy needs and/or those 
of its members, and in some cases selling excess energy to clients, 
�W�K�H�U�H�E�\���D�F�W�L�Y�H�O�\���S�D�U�W�L�F�L�S�D�W�L�Q�J���L�Q���W�K�H���H�Q�H�U�J�\���P�D�U�N�H�W�V���´ 

Horstink et al., 2020 

Collective 
citizen energy 
initiatives, or 
citizen-led 
energy initiative 

"Relevance of initiatives for the inventory is decided based on three 
aspects, (1) the initiative being led by citizens, (2) the initiative striving for 
social or environmental benefit beyond pure economic interest, and (3) the 
initiative engaging in activities related to the energy transition. [...] Note that 
the inventory reports collective citizen initiatives and not initiatives of 
individual citizens" 

Wierling et al., 2023; 
Schwanitz et al., 2023 

 

 

Drawing on Hale's (2018) definitions of individual actions, collective actions, and cooperative 
initiatives, the above-mentioned social energy mobilisations can be framed within three different 
types of actions: (1) the individual energy actions, made by single ordinary citizens, single 
businesses, single municipalities; (2) the collective energy actions, made by groups of the same 
actors such as neighbourhood communities, groups of municipalities, etc.); (3) the cooperative 
energy initiatives, developed by groups of different actors, for instance, a municipality together with 
a local association and a group of citizens. 

To overcome the multitude of slightly different definitions spreading in the academic context as well 
as misunderstandings, this contribution proposes the umbrella term Collective Energy Initiatives 
(CEIs)7 to address all collective energy actions and cooperative energy initiatives of prosumers and  

 
7 After its definition during my research process, the proposed umbrella term Collective Energy Initiatives (CEIs) was found to be already 
used in a �E�R�R�N�O�H�W���W�L�W�O�H�G���³Things we have learnt from talking about energy with 68 initiatives�´���U�H�D�O�L�]�H�G���E�\���W�K�H���(�1�&�/�8�'�(��European Horizon 
2020 Project, published in September 2022 and updated in February 2024 (Enclude Project, n.d.)�����+�R�Z�H�Y�H�U�����W�K�H���S�X�E�O�L�F�D�W�L�R�Q�V���G�R�Q�¶�W���S�U�R�Y�L�G�H��
a definition of the term. Their case studies included energy communities, ecofarms, collective targeted actions, political and social 
movements, and companies or groups of persons testing the functioning of social and/or technical innovations. The term has also been 
used in ENCLUDE scientific publications (Pearce et al., 2022; Djinlev & Pearce, 2024), but again no definition has been provided. 
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 conscious energy consumers. Therefore, the umbrella term CEIs encompasses not only citizen-led 
initiatives but also those promoted, for instance, by municipalities in collaboration with local 
associations. It includes initiatives that generate renewable energy as well as those focused on 
educational activities or energy efficiency measures aimed at reducing energy consumption (Figure 
5). 

CEIs are already playing a crucial role in the evolving energy landscape (Leonhardt et al., 2022), 
bringing real change between society and energy (Hewitt et al., 2019) by spurring collaborations, 

 

Figure 5 | Conceptualisation �S�U�R�F�H�V�V���R�I���W�K�H���X�P�E�U�H�O�O�D���W�H�U�P���&�R�O�O�H�F�W�L�Y�H���(�Q�H�U�J�\���,�Q�L�W�L�D�W�L�Y�H�V�����&�(�,�V�������6�R�X�U�F�H�����D�X�W�K�R�U�·�V���R�Z�Q��
elaboration. 
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mobilising resources, developing context-specific technological mixes and governance structures, 
and influencing public consensus (Hoicka & MacArthur, 2018; Berka & Creamer, 2018). The 
European context itself is witnessing a clear proliferation of these initiatives: Wierling et al. (2023) 
identified over 10,000 citizen-led energy initiatives across 29 European countries, while the European 
Federation of Renewable Energy Cooperatives (REScoop) counts 701 member cooperatives and 
about 1 500 000 citizens involved (REScoop.eu, n.d.a).  

�)�R�U���W�K�H�L�U���J�U�R�Z�W�K���D�Q�G���Q�X�P�E�H�U�����&�(�,�V���F�D�Q���D�O�U�H�D�G�\���E�H���F�R�Q�V�L�G�H�U�H�G���D�V���D���³�W�U�D�Q�V�I�R�U�P�D�W�L�Y�H���V�R�F�L�D�O���P�R�Y�H�P�H�Q�W�´��
(Campos & Marín-González, 2020) that is upholding decentralized renewable energy production 
through civil society, spurring the transition towards a low-carbon energy system. 

The multitude of European projects addressing this topic clearly illustrates its growing prominence 
within the European Commission's agenda as well, serving as a strong indication of the direction 
Europe aims to pursue in supporting the energy transition (Table 6). 

 

Table 6 | A synopsis of European Horizon 2020 projects addressing CEIs. Author's own elaboration. 

Project name Program Duration Aim 

PROSEU 

(PROSumers for the 
Energy Union: 
mainstreaming active 
participation of citizens in 
the energy transition) 

Horizon 2020 2018-2021 

�³�>�«�@���W�R���H�Q�D�E�O�H���W�K�H���L�Q�W�H�J�U�D�W�L�R�Q���R�I���S�U�R�V�X�P�H�U�V���L�Q�W�R���W�K�H���(�X�U�R�S�H�D�Q��
�(�Q�H�U�J�\���8�Q�L�R�Q�����6�S�H�F�L�I�L�F�D�O�O�\�����W�K�H���S�U�R�M�H�F�W�¶�V���L�Q�W�H�U�G�L�V�F�L�S�O�L�Q�D�U�\���W�H�D�P����
in collaboration with policymakers and stakeholders from eight 
countries, will conduct research on new business models, 
�P�D�U�N�H�W���U�H�J�X�O�D�W�L�R�Q�V�����W�H�F�K�Q�R�O�R�J�\���V�F�H�Q�D�U�L�R�V�����D�Q�G���H�Q�H�U�J�\���S�R�O�L�F�L�H�V���´ 

MAKING-CITY 

(Energy efficient pathway 
for the city transformation: 
enabling a positive future) 

Horizon 2020 2018-2024 

�³�>�«�@�W�R���K�H�O�S���F�L�W�L�H�V���D�F�U�R�V�V���(�X�U�R�S�H���D�Q�G���E�H�\�R�Q�G���D�G�R�S�W���D���O�R�Q�J-term 
City Vision 2050 for energy transition, so that city energy 
�V�\�V�W�H�P�V���U�H�D�F�K���D�Q���D�Q�Q�X�D�O���S�R�V�L�W�L�Y�H���H�Q�H�U�J�\���E�D�O�D�Q�F�H���´ 

 

�³�7�K�H���3�R�V�L�W�L�Y�H���(�Q�H�U�J�\���'�L�V�W�U�L�F�W���D�S�S�U�R�D�F�K���L�V���D�W���W�K�H���K�H�D�U�W���R�I���W�K�H��
�X�U�E�D�Q���H�Q�H�U�J�\���W�U�D�Q�V�L�W�L�R�Q���´ 

COMETS 

(COllective action Models 
for Energy Transition and 
Social Innovation) 

Horizon 2020 2019-2022 
�³�>�«�@���L�Q�Y�H�V�W�L�J�D�W�H���&�$�,��[collective action initiatives] evolution and 
contribution in the energy transition efforts at EU and national 
�O�H�Y�H�O���L�Q���V�L�[���F�R�X�Q�W�U�L�H�V�´ 

NEWCOMERS 

(New Clean Energy 
Communities in a Changing 
European Energy System) 

Horizon 2020 2019-2022 

�³�:�K�L�O�H���W�K�H���L�G�H�D���R�I���F�L�W�L�]�H�Q�V���M�R�L�Q�L�Q�J��together to generate energy in 
local energy cooperatives has been around for decades, newly 
emerging clean energy communities (NEWCOMERS) show 
unique features and have the potential to bring new dynamics 
�L�Q�W�R���O�R�F�D�O���F�O�H�D�Q���H�Q�H�U�J�\���W�U�D�Q�V�L�W�L�R�Q�V�����>�«�@���$���F�R�Q�V�R�U�W�L�Xm of eight 
partners from six European countries is seeking out the star 
performers among them, aiming to identify thriving and 
sustainable business models suitable for up-�V�F�D�O�L�Q�J���´ 

GRETA 

(GReen Energy Transition 
Actions) 

Horizon 2020 2021-2023 

�³�>�«�@��conduct research to develop models and frameworks that 
reveal factors impacting both individual and collective energy 
citizenship actions. The results will be utilised not only for 
developing energy citizenship contracts that support the 
transition goals within energy communities, but also for 
producing recommendations aimed at improving the 
�S�R�O�L�F�\�P�D�N�L�Q�J���S�U�R�F�H�V�V���W�R�Z�D�U�G�V���V�W�L�P�X�O�D�W�L�Q�J���H�Q�H�U�J�\���F�L�W�L�]�H�Q�V�K�L�S���´ 
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ENCLUDE 

(Energy Citizens for 
Inclusive Decarbonization) 

Horizon 2020 2021-2024 
�³�>�«�@���F�U�H�D�W�H���D��typology of the energy citizenship concept for 
diverse communities of citizens by investigating on-the-ground 
�F�D�V�H���V�W�X�G�L�H�V���R�I���H�[�L�V�W�L�Q�J���G�H�F�D�U�E�R�Q�L�]�D�W�L�R�Q���D�F�W�L�Y�L�W�L�H�V���´ 

2ISECAP 

(Institutionalized Integrated 
Sustainable Energy and 
Climate Action Plans) 

Horizon 2020 2021-2024 

�³�>�«�@���W�R���E�U�L�G�J�H���W�K�H���J�D�S���E�H�W�Z�H�H�Q���O�R�F�D�O���V�X�V�W�D�L�Q�D�E�O�H���H�Q�H�U�J�\��
planning and implementation by supporting the capacity 
building of public authorities and developing interface 
capacities within public authorities to engage with civil society 
towards energy transiti�R�Q���´ 

MASTERPIECE  

(Multidisciplinary 
Approaches and Software 
Technologies for 
Engagement, Recruitment, 
and Participation in 
Innovative Energy 
Communities in Europe) 

Horizon Europe 2023-2026 
�³�>�«�@���F�U�H�D�W�L�Q�J���D���G�L�J�L�W�D�O��coordination and cooperation modular 
platform of services that will facilitate the creation and operation 
�R�I���H�Q�H�U�J�\���F�R�P�P�X�Q�L�W�L�H�V�´ 
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1.6 Key takeaways  

Synthesising the insights gained from exploring the nature and the institutional, spatial, and social 
dimensions of energy systems and transitions, and their interplay with cities, this chapter offers key 
considerations that underpin the analyses presented in the subsequent parts of the research. 

 

�ƒ THE ENERGY SYSTEM IS A COMPLEX SYSTEM 

The energy system is an open, dynamic, complex, and adaptive socio-technical-
ecological-economic system. It is shaped by interactions between technological, 
environmental, institutional, and societal factors, requiring interdisciplinary 
approaches and context-specific adaptations. 
 

�ƒ THE MODERN FOSSIL-FUELS BASED ENERGY SYSTEM IS ONE OF THE MAJOR 

CAUSES OF CLIMATE CHANGE 

If on one hand the modern energy system has become the driving force behind global 
economic growth, on the other it has emerged as the major contributor to GHG 
emissions -accounting for more than two-thirds of GHG emissions produced 
worldwide- and, consequently, to global warming and climate change. It is therefore 
of paramount importance to spur an energy transition aiming at reducing the GHG 
emissions coming from the energy sector. 
 

�ƒ THE ENERGY TRANSITION IMPLYES A SHIFT IN THE CULTURAL PARADIGM 

To tackle GHG emissions from the energy sector, an energy transition that 
transcends the mere substitution of technologies and fuels is imperative. A 
fundamental shift in the cultural paradigms is necessary, influencing how we finance, 
develop, and utilise energy systems, as well as a re-evaluation of the roles played 
by actors within the energy landscape. 
 

�ƒ THE INTERNATIONAL FRAMEWORK TO TACKLE CLIMATE CHANGE AND THE 

ENERGY TRANSITION 

Since the establishment of the Intergovernmental Panel on Climate Change (IPCC) 
in 1988, global efforts to combat climate change have progressed through a series 
of significant milestones, including the UNFCCC, the Kyoto Protocol, and the Paris 
Agreement. These initiatives have provided a foundation for international 
collaboration on greenhouse gas (GHG) reduction and sustainable development. In 
parallel, the European Union has introduced a range of directives and initiatives, 
such as the Renewable Energy Directive, the Climate and Energy Packages, and 
the European Green Deal, aimed at reducing GHG emissions, promoting energy 
efficiency, and facilitating the transition to renewable energy. These actions 
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�X�Q�G�H�U�V�F�R�U�H�� �W�K�H�� �(�8�¶�V�� �F�R�P�P�L�W�P�H�Q�W�� �W�R�� �D�O�L�J�Q�L�Q�J�� �L�W�V�� �H�Q�H�U�J�\�� �S�R�O�L�F�L�H�V�� �Z�L�W�K�� �F�O�L�P�D�W�H��
objectives through binding targets and sector-specific measures. 
 

�ƒ RENEWABLE AND LOW-CARBON TECHNOLOGIES CAN GENERATE SPATIAL 

CHALLENGES 

With the increasing demand for energy and the transition towards decentralised 
renewable energy generation (which typically has lower energy densities compared 
to traditional fossil fuel-based power plants) substantially more land will be required 
for energy generation purposes. This shift may lead to 'energy sprawl,' exacerbating 
competition for land between renewable energy installations and other uses, such 
as agriculture, residential development, and natural areas. This highlights the 
importance of integrating energy and spatial planning carefully to address these 
emerging challenges effectively. 
However, while electricity generation is currently driving the energy transition, it is 
important to acknowledge that, in the coming decades, new energy sources and 
generation technologies (potentially more cost-effective and competitive) may be 
introduced into the energy mix. These developments could lead to varying spatial 
impacts, potentially increasing or reducing land-use demands. 
 

�ƒ CITIES ARE MAJOR GLOBAL GREENHOUSE GAS (GHG) EMITTERS AND PLAY A 

CRUCIAL ROLE IN MITIGATING CLIMATE CHANGE 

Cities are major GHG emitters and play a crucial role in mitigating climate change. 
In 2020, cities were responsible for between 67% and 72% of global energy 
consumption and between 71% and 76% of carbon dioxide (CO2) emissions from 
energy use. For this, cities are pivotal in addressing climate change. This role is 
recognised in global frameworks such as Agenda 21, the 2030 Agenda for 
Sustainable Development, as well as European initiatives like the Covenant of 
Mayors and the Horizon Europe Climate-Neutral and Smart Cities Mission. These 
frameworks emphasise the need for integrated energy and urban policies, the 
adoption of renewable energy, and the development of energy-efficient urban 
infrastructure. Urban planning and policy mechanisms, in fact, are key tools for 
regulating urban processes, shaping energy demand, and reducing emissions, 
ultimately driving progress toward climate neutrality. 
 

�ƒ CITIZENS ARE INCREASINGLY BECOMING KEY PLAYERS IN THE LOW-CARBON 

ENERGY TRANSITION 

Urban transformation processes have historically involved phenomena that extend 
beyond traditional urban planning practices, such as collective actions. Emerging 
forms of social energy mobilisation and cooperation at the local level exemplify these 
phenomena. These activities range from individuals becoming active energy 
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consumers and producers (known as prosumers) who support the transition to 
decentralized renewable energy generation, to more complex forms of collective 
prosumerism, such as collective self-consumption in multi-tenancy buildings, energy 
neighbourhoods, districts, and energy communities. In Europe, there has been a 
clear proliferation of such initiatives, with over 10,000 initiatives across 29 countries. 
These individual and collective energy initiatives are increasingly supported by 
European Directives and initiatives, reinforcing the role of citizens in advancing the 
low-carbon energy transition. 
 

�ƒ COLLECTIVE ENERGY INITIATIVE: AN UMBRELLA TERM 

To address the various definitions and potential misunderstandings surrounding the 
different forms of social energy mobilisation and cooperation in the academic 
discourse, this contribution proposes the umbrella term Collective Energy Initiatives 
(CEIs). CEIs encompass all collective energy actions and cooperative initiatives 
involving prosumers and conscious energy consumers. This term not only covers 
citizen-led initiatives but also those promoted by municipalities in collaboration with 
local associations. Moreover, it includes initiatives focused on generating renewable 
energy as well as those aimed at promoting energy efficiency or educational activities 
designed to reduce energy consumption. 
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2.1 The research questions and aim 

As major energy consumers and greenhouse gas emitters (GHG), cities play a pivotal role in the low-
carbon energy transition. Cities hold the power to govern and influence urban processes and 
practices, using policies and plans (e.g., local energy plans, Sustainable Energy and Climate Action 
Plan, and the most recent Climate City Contracts) to drive progress towards climate neutrality. 
However, urban environments have historically been influenced by phenomena beyond the control 
of urban planning, such as collective actions. 

The different forms of Collective Energy Initiatives (CEIs) that are emerging at local level a clear 
example of this phenomenon. CEIs are prompting sustainable energy activities and habits in citizens 
(Radtke, Yildiz, & Roth, 2022), bringing real change between society and energy (Hewitt et al., 2019) 
through spurring collaborations, mobilizing resources, developing context-specific technological 
mixes and governance structures, and influencing public consensus (Hoicka & MacArthur, 2018; 
Berka & Creamer, 2018). Their expanding presence and growing numbers suggest that CEIs can be 
already regarded as a �³�W�U�D�Q�V�I�R�U�P�D�W�L�Y�H���V�R�F�L�D�O���P�R�Y�H�P�H�Q�W�´��(Campos & Marín-González, 2020) that is 
upholding decentralized renewable energy production and consumption spurring the transition 
towards low-carbon energy system.  

Nevertheless, the adoption of renewable and low-carbon energy technologies (e.g., wind turbines, 
solar panels, solar boilers, thermal energy systems, and biogas) necessary to meet the rising energy 
demand requires significantly more land compared to fossil fuel-based technologies (Capellán-
Pérez, de Castro, & Arto, 2017; Gross, 2020; Jiwon et al., 2022). This intensifies global competition 
for land, creating new spatial challenges (van de Ven, Capellan-Pérez, Arto, et al., 2021). 

Given these dynamics, CEIs activities may have notable spatial implications in urban environments. 
With physical space in cities already being limited and highly contested, there is an urgent need to 
understand where, how, and why spatial changes occur because of CEIs' activities. 

This context gives rise to the research question: How do CEIs, upholding decentralized renewable 
energy generation, impact cities spatially? 

Which translates into the following sub-questions:  

1. What are the spatial impacts of the CEIs? (RSQ1) 
2. How and why do CEIs lead to spatial impacts? (RSQ2) 

Acknowledging the spatial dimension and impacts of the energy initiatives at city level the present 
study aims to understand whether, how, and why the urban space is being modified. A clearer 
comprehension of the spatial impacts and dimensions of the energy initiatives can inform and guide 
policymakers and practitioners in defining corrective actions to mitigate negative impacts and land 
conflicts, as well as in integrating the energy planning with urban planning and urban design, and 
substantiating the debate on decentralized and collective energy production (Walker, Hunter, Devine-
Wright, Evans, & Fay, 2007; UK Government, 2013; Berka & Creamer, 2018).  
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2.2 The research strategy 

To address the research questions outlined in Chapter 2.1, the research strategy is structured into 
three main steps, which correspond to the three chapters of Part 3 of this manuscript. 

Chapter 3.1 presents the methods and results of an integrative review focusing on the spatial impacts 
and dimensions of Collective Energy Initiatives (CEIs). This chapter seeks to determine whether, and 
to what extent, the spatial impacts of CEIs have been addressed in both scientific and grey literature. 
It further explores how these impacts can be studied, laying the groundwork for subsequent 
methodological development. 

Chapter 3.2 addresses the methodological gap identified in the integrative review (Chapter 3.1). 
Building on the theoretical and methodological foundations outlined previously, this chapter develops 
a new methodology to analyse the spatial impacts and dimensions of CEIs. 

Chapter 3.3 applies the methodology developed in Chapter 3.2 to real-world case studies in Europe, 
specifically focusing on CEIs in Italy and the Netherlands. This chapter details the case selection 
process and presents the results obtained from implementing the methodology on the selected case 
studies. 

While the research does not adopt a fully interdisciplinary approach, it consistently aims to facilitate 
multidisciplinary integration. This strategy bridges disciplines and promotes the cross-pollination of 
ideas across different phases of the research, from the integrative review to the development and 
practical application of the methodology. 
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�ƒ Chapter 3.1 is extensively based on the following publication: 

�)�U�L�J�L�R�Q�H�����%�����0�������3�H�]�]�D�J�Q�R���0�������D�Q�G���=�X�L�G�H�P�D���&�������$���&�R�Q�F�H�S�W�X�D�O���)�U�D�P�H�Z�R�U�N���W�R���$�G�G�U�H�V�V���&�R�O�O�H�F�W�L�Y�H���(�Q�H�U�J�\���,�Q�L�W�L�D�W�L�Y�H�V�¶���6�S�D�W�L�D�O��
Impacts at the City Level: An Ongoing Attempt. In Gervasi et al. (edited by), Computational Science and Its Applications �± 
ICCSA 2024 Workshops, Hanoi, Vietnam, July 1�±4, 2024, Proceedings, Part IV, Lecture Notes in Computer Science, Springer 
Cham. https://doi.org/10.1007/978-3-031-65273-8 

�ƒ Chapter 3.3 contains parts of the following publication: 

Frigione B. M., La partecipazione sociale nel processo di transizione energetica: una mappatura delle iniziative del panorama 
italiano, in Gerundo R., Balletto G. (a cura di, 2024), I processi di pianificazione urbanistica e territoriale nella gestione delle crisi 
�H�Q�H�U�J�H�W�L�F�K�H���H���D�O�L�P�H�Q�W�D�U�L�����$�W�W�L���G�H�O�O�D���;�;�9���&�R�Q�I�H�U�H�Q�]�D���1�D�]�L�R�Q�D�O�H���6�,�8���³�7�U�D�Q�V�L�]�L�R�Q�L�����J�L�X�V�W�L�]�L�D���V�S�D�]�L�D�O�H���H���S�U�R�J�H�W�W�R���G�L���W�H�U�U�L�W�R�U�L�R�´�� 
Cagliari, 15-16 giugno 2023, vol. 10, pp. 93-100, Planum Publisher e Società Italiana degli Urbanisti, Roma-Milano, 2024. 

https://doi.org/10.1007/978-3-031-65273-8
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3.1 �$�S�S�U�R�D�F�K�L�Q�J���&�(�,�V�·���V�S�D�W�L�D�O���L�P�S�D�F�W�V�����D�Q���L�Q�W�H�J�U�D�W�H�G��
review  

3.1.1 INTRODUCTION 

Acknowledging the spatial dimension of Collective Energy Initiatives (CEIs) is essential for assessing 
their role in transforming urban energy systems to address global challenges (Caragliu & Graziano, 
2022; Casamassima et al., 2022). 

Recognizing that the analysis of CEIs' spatial impacts remains a relatively underexplored area, this 
chapter builds on studies of CEIs' impacts and internal processes, as well as on general approaches 
to spatial impact analysis, to propose a conceptual framework enhancing the understanding of CEIs' 
dynamics and to offer key insights into the challenges and potential solutions for effectively analysing 
CEIs spatial impacts. 

3.1.2 METHODOLOGY 

Due to the nature of the research question, the review initially focused on literature related to the 
impacts of Collective Energy Initiatives (CEIs). The search process firstly involved the selection and 
use of keywords ("energy initiative*" AND "impact*", "energy community*" AND "impact", "energy 
cooperative*" AND "impact*") in Scopus and Web of Science databases. The filtered database 
search yielded 1,770 relevant documents. After removing duplicates and conducting an abstract 
analysis, the sample was narrowed to 85 documents. A full content analysis of these documents 
resulted in the selection of 60 documents. 

Secondly, the snowballing technique (both citation and reference tracking) (Johnson, 2014) and hand 
search were largely employed, encompassing both scientific and grey literature and resulting in 20 
additional relevant documents identified.  

As the review progressed, it revealed interconnected aspects that could enhance the understanding 
of the primary research topic by examining (1) the concept of spatial impacts, including techniques 
for measuring them, and (2) the multifaceted nature of CEIs. Consequently, supplementary thematic 
dimensions were incorporated (Figure 6). The literature review was therefore structured in three 
main steps: (1) a review of the impacts of CEIs with a focus on the spatial dimension; (2) a review of 
the concept of spatial impacts and their measurement; (3) a review focusing on four main dimensions 
related to CEIs.  

To streamline the synthesis of ideas and foster innovative perspectives, this study adopts an 
integrative review approach, as outlined by Snyder (2019). Rather than attempting to encompass the 
entirety of the literature on CEIs, this approach aims to: (1) develop a deductive conceptual 
framework by integrating diverse lenses and disciplines (thus providing an interdisciplinary 
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perspective), and (2) provide a critical analysis of the literature that generates practical takeaways to 
support future research (Snyder, 2019). 

 

 

Figure 6 | The integrated literature review approach. 
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3.1.3 THE LITERATURE REVIEWS 

3.1.3.1 State of the art of CEIs' spatial impacts  

On the impacts of CEIs 

The review of Collective Energy I�Q�L�W�L�D�W�L�Y�H�V�¶�����&�(�,�V�����L�P�S�D�F�W�V���F�R�Y�H�U�H�G��a total of 72 documents published 
between 2005 and 2023, showing a positive trend over the years, with the majority published in 2023 
(n=28), highlighting a recent growing interest in the topic within a broad range of disciplines. In fact, 
publications span research areas from energy, engineering, mathematics, business, management 
and accounting, to social, environmental, computer, and decision sciences.  

Despite gaining momentum, the review revealed that so far scholarly interest in the overall impacts 
of CEIs has been limited, confirming results by Germes, Wiekens, & Horlings (2021). Nevertheless, 
it is a widespread assumption among academia and policymakers that CEIs have a vast array of 
impacts in advancing local energy transition (Berka & Creamer, 2018; IRENA, 2018; Caramizaru & 
Uihlein, 2020; Van Der Waal, 2020; Roberto, Ferruzzi, Negro, & Noussan, 2023). Besides generating 
renewable energy (Germes, Wiekens, & Horlings, 2021), such impacts generally encompass social, 
environmental, and economic aspects. Literature reflects on many impacts, such as enhancing social 
cohesion, new job opportunities, acquisition of knowledge and skills (Bere, Jones, & Jones, 2015; 
Berka & Creamer, 2018; Van Der Waal, 2020; Bielig et al., 2022; Shiradkar et al., 2023), social equity 
(Leicester, Goodier, & Rowley, 2011), reducing energy (fuel) poverty (Walker & Devine-Wright, 2008; 
Leicester, Goodier, & Rowley, 2011) and energy demand (Barnes et al., 2022; Hoppe, Coenen, & 
Bekendam, 2019), generating revenues from renewable energy systems (Van Der Waal, 2020) and 
economic savings (Vögele, Broska, Ross, & Rübbelke, 2023; Belmar, Baptista, & Neves, 2023; 
Blasuttigh, Negri, & Pavan, 2023), providing access to affordable energy (Walker & Devine-Wright, 
2008; Leicester, Goodier, & Rowley, 2011), increasing local support for renewable energy (Berka & 
Creamer, 2018)�����H�Q�K�D�Q�F�L�Q�J���F�R�P�P�X�Q�L�W�L�H�V�¶���H�P�S�R�Z�H�U�P�H�Q�W���D�Q�G���L�Q�Y�R�O�Y�H�P�H�Q�W���L�Q���W�K�H���H�Q�H�U�J�\���V�H�F�W�R�U��(Berka 
& Creamer, 2018; Hoicka & MacArthur, 2018; Schwanitz et al., 2023), reducing carbon emissions 
(Interreg Europe, 2022; Vögele, Broska, Ross, & Rübbelke, 2023; Belmar, Baptista, & Neves, 2023), 
and impacts on the existent electricity and heating system (Weckesser et al., 2021; Backe et al., 
2022; Dimovski, Moncecchi, & Merlo, 2023). Other studies have analysed the contribution to the 
United Nations' Sustainable Development Goals (Schwanitz et al., 2023) and to the tourism sector 
(�6�W�D�Q�N�R�Y�����9�X�M�L�þ�L�ü�����	���&�D�U�P�H�U������������). However, one category goes overlooked: the spatial one.8  

 
8 To gain a comprehensive understanding of the impacts of these initiatives, the following works are recommended for further reading: 
Berka & Creamer (2018), Van der Waaal (2020), Caramizaru & Uihlein (2020), Gjorgievski, Cundeva, & Georghiou (2021), Roberts, Brent, 
& Hinkley (2021), and Roberto, Ferruzzi, Negro, & Noussan (2023). 
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On research approaching the spatial dimension of CEIs  

Literature offers some examples of studies establishing a link between CEIs and the spatial 
dimension, nevertheless it only scratches the surface of the issue. 

De Pascali & Bagaini (2018) recognised spatial nature of the Energy Districts, describing them as 
�³socio-spatial project[s]�´���D�Q�G���H�P�S�K�D�V�L�]�L�Q�J���W�K�H�L�U���S�R�W�H�Q�W�L�D�O���U�R�O�H���L�Q���L�P�S�O�H�P�H�Q�W�L�Q�J���W�K�H���8�U�E�D�Q���0�D�V�W�H�U���3�O�D�Q��
with an energy-focused aim or as specific actions within the context of Sustainable Energy Action 
Plans (SEAPs) according to the Urban Master Plan.  

Analysing Positive Energy Districts (PED) in terms of techno-economic, environmental, and social 
criteria, Casamassima et al. (2022) paid significant attention to the spatial aspects of the projects by 
exploring their spatial resolution (e.g., single building, group, of buildings, district) and the mix of land 
use typologies, besides considering the suitability of brownfields and greenfields for their 
development.  

Another work focused on PEDs is the one realised by Leone et al. (2023) which, proposing a new 
�D�S�S�U�R�D�F�K���F�D�O�O�H�G���³�W�H�U�U�L�W�R�U�L�D�O���D�F�X�S�X�Q�F�W�X�U�H�´���W�R���S�O�D�Q���W�K�H���L�Q�W�H�J�U�D�W�L�R�Q���R�I���3�(�'�V�����R�U���R�W�K�H�U���W�\�S�H�V���R�I���H�Q�H�U�J�\��
�V�R�O�X�W�L�R�Q�V�����D�W���X�U�E�D�Q���D�Q�G���W�H�U�U�L�W�R�U�L�D�O���O�H�Y�H�O�V�����D�L�P�V���D�W���F�U�H�D�W�L�Q�J���D���³network of energy communities and eco-
districts on territorial scale�´���W�K�U�R�X�J�K���F�D�U�U�\�L�Q�J���R�X�W���S�X�Q�F�W�X�D�O���L�Q�W�H�U�Y�H�Q�W�L�R�Q�V at the district's scale to modify 
territorial dynamics, paying particular attention to not altering the urban and territorial layouts. Paying 
attention to the influence of the existent energy infrastructure and urban fabric, the historical-
landscape constraints, the final function of the area in which the PEDs will be created (residential, 
commercial, mixed, or other), the geographic and climatic characteristics, the availability of different 
energy sources, the approach attempts to evaluate the context through a spatial lens, trying to 
integrate the planning and energy dimensions. 

Focusing on the a priori identification of priority areas for the establishment of collective energy 
initiatives, the work by Gerundo & Marra (2022) suggests a methodology applied to Renewable 
�(�Q�H�U�J�\���&�R�P�P�X�Q�L�W�L�H�V�����5�(�&�V�����Z�K�L�F�K���D�L�P�V���D�W���L�Q�F�H�Q�W�L�Y�L�]�L�Q�J���5�(�&�V�¶���H�V�W�D�E�O�L�V�K�P�H�Q�W���W�K�U�R�X�J�K���W�K�H���0�X�Q�L�F�L�S�D�O��
�8�U�E�D�Q���3�O�D�Q�����D�G�G�U�H�V�V�L�Q�J���W�K�H���T�X�H�V�W�L�R�Q���³�+�R�Z���X�U�E�D�Q���S�O�D�Q�Q�L�Q�J���F�D�Q���S�U�R�P�R�W�H���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���5�(�&�V�"�´����
The areas are spatially identified, based on the settlement fabric, the land use, and low-income areas, 
and they are selected fo�U���K�D�Y�L�Q�J���D���P�L�Q�L�P�X�P���R�I���F�R�Q�V�W�U�D�L�Q�W�V���R�Q���5�(�&�V�¶���I�R�U�P�D�W�L�R�Q���D�Q�G���P�D�[�L�P�L�]�D�W�L�R�Q���R�I��
their energy and social benefits. The proposed tool is tested in the municipality of Pagani (Campania 
Region, Italy). 

Different is the approach by Moroni, Alberti, Antoniucci, & Bisello (2019), who propose a 
categorization of �³energy-�U�H�O�D�W�H�G���F�R�P�P�X�Q�L�W�L�H�V�´ �E�D�V�H�G���R�Q���W�K�H���G�L�V�W�L�Q�F�W�L�R�Q���E�H�W�Z�H�H�Q���³�S�O�D�F�H-�E�D�V�H�G�´���D�Q�G��
�³�Q�R�Q-placed-�E�D�V�H�G�´�� �L�Q�L�W�L�D�W�L�Y�H�V���� �7�K�H�\�� �G�H�I�L�Q�H�� �D�V�� �³�S�O�D�F�H-�E�D�V�H�G�´�� �W�K�R�V�H�� �H�Q�H�U�J�\�� �L�Q�L�W�L�D�W�L�Y�H�V�� �W�K�D�W�� �D�U�H��
�S�K�\�V�L�F�D�O�O�\���O�R�F�D�W�H�G���D�Q�G���E�H�O�R�Q�J���W�R���D���V�S�H�F�L�I�L�F���W�H�U�U�L�W�R�U�\�����W�K�R�V�H���W�K�D�W���³are made up of members who gather 
on a spatial basis in different context dimensions ranging from condominiums �= blocks of flats, tower 
blocks or skyscrapers �= to city districts, to wider territorial contexts on the basis of cohabitation rules 
and shared local objectives�´�����:�K�H�U�H�D�V���W�K�H�\���G�H�I�L�Q�H���³�Q�R�Q-place-�E�D�V�H�G�´���W�K�R�V�H���L�Q�L�W�L�D�W�L�Y�H�V���Z�K�L�F�K���G�R���Q�R�W��



 

 

 

| Collective energy initiatives: towards a spatial perspective | 

 

| 79 

 

�K�D�Y�H���D���³connection with a specific tract of land [enabling] members to join in the freest and most 
�Y�D�U�L�H�G���Z�D�\�V�´��  

This approach bears similarities to the earlier work by Walker & Devine-Wright (2008), who 
suggested that Community Energy Projects (CEPs) should be analysed along two dimensions: (1) 
the outcome, specifically how benefits are spatially and socially distributed (i.e., locally or distant), 
and (2) the process, which considers who participates and holds influence. Figure 7 illustrates 
Walker & Devine-Wright (2008)�¶�V���I�U�D�P�H�Z�R�U�N�����,�Q���W�K�L�V���G�L�D�J�U�D�P�����D���W�\�S�L�F�D�O���X�W�L�O�L�W�\-led wind farm would be 
placed in the bottom left quadrant, characterizing a project with limited local involvement, managed 
by a remote and exclusive organization. This type of project supplies energy to the broader grid rather 
than serving local needs, and its economic benefits flow to distant shareholders rather than the local 
community. In such cases, both process and outcome lack a local orientation. In the upper right 
corner, a community project fully initiated and managed by local residents would be positioned, 
providing collective outcomes directly to the community (in whatever way 'community' might be 
defined). In other words, CEIs can vary in geographic scope (Caramizaru & Uihlein, 2020). Some are 
locally oriented, involving communities organized in close proximity to renewable energy projects 
that they own and develop themselves, while others operate without a direct geographic link between 
the sites of energy generation and consumption. 

 

Figure 7: Walker and Devine-�:�U�L�J�K�W�·�V���I�U�D�P�H�Z�R�U�N���W�R���D�Q�D�O�\�V�H���&�R�P�P�X�Q�L�W�\���(�Q�H�U�J�\���3�U�R�M�H�F�W�V�����&�(�3�V�������´�X�Q�G�H�U�V�W�D�Q�G�L�Q�J���R�I��
�F�R�P�P�X�Q�L�W�\���U�H�Q�H�Z�D�E�O�H���H�Q�H�U�J�\���L�Q���U�H�O�D�W�L�R�Q���W�R���S�U�R�M�H�F�W���S�U�R�F�H�V�V���D�Q�G���R�X�W�F�R�P�H���G�L�P�H�Q�V�L�R�Q�V�µ. 
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Research by De Boer, Zuidema, & Gugerell (2018) analysed how Local Energy Initiatives (LEIs) 
�L�Q�W�H�U�D�F�W���Z�L�W�K���W�K�H�L�U���V�X�U�U�R�X�Q�G�L�Q�J�V�����F�R�Q�V�L�G�H�U�L�Q�J���W�K�H���V�X�U�U�R�X�Q�G�L�Q�J���O�D�Q�G�V�F�D�S�H�����F�D�O�O�H�G���³�H�Q�H�U�J�\���O�D�Q�G�V�F�D�S�H�´����
composed of six system: energy system, physical infrastructure system, bio-physical system, 
community system, economic system, governance system. Interesting are the physical 
infrastructures system, which is considered composed of built environment, transport, infrastructure, 
and the bio-physical one, composed of land use, ecology, morphology, water, natural resources etc.  

Nevertheless, research in this area remains limited. 

On approaches analysing CEIs impacts 

�'�H�V�S�L�W�H�� �W�K�H�� �O�D�F�N�� �R�I�� �V�F�K�R�O�D�U�O�\�� �L�Q�W�H�U�H�V�W�� �R�Q�� �&�(�,�V�¶�� �L�P�S�D�F�W�V�� �D�Q�G�� �L�Q�� �S�D�U�W�L�F�X�O�D�U�� �R�Q�� �W�K�H�� �V�S�D�W�L�D�O�� �R�Q�H�V����
extrapolating information on how CEIs impacts are usually assessed can be of use to address the 
research gap and study the spatial impacts themselves. 

In their review study on the impacts of CEIs, Berka & Creamer (2018) identified three main 
approaches applied to assess them: (i) interviews with members of selected case studies, mostly to 
analyse social aspects; (ii) surveys and statistical approaches based on a large sample of case 
studies to map sustainable lifestyles and the local acceptance of renewable energy; and (iii) model-
based approaches, which are limited to economic impact assessment. More recently, highlighting 
that methods such as interviews with highly involved community members run the risk of sample 
bias, Bielig et al. (2022) suggested to realize surveys with large sample sizes and to use mixed-
method approaches to allow causal inferences. 

Nevertheless, over the last decade, numerous studies have been highlighting strikingly insufficient 
empirical evidence of the impacts of CEIs and call for further research to develop formalized impact 
assessments, systemic and evaluative frameworks that consider the holistic nature of the energy 
transition, longitudinal studies, statistical analysis, and (quasi-) experimental designs (Walker, 
Hunter, Devine-Wright, Evans, & Fay, 2007; UK Government. (2013); Bere, Jones, & Jones, 2015; 
Berka & Creamer, 2018; Hoicka & MacArthur, 2018; van der Waaal, 2020; Roberts, Brent, & Hinkley, 
2021; Bielig et al., 2022; Germes, Wiekens, & Horlings, 2021; Backe et al., 2022; Schwanitz et al., 
2023). Studies have therefore started offering alternative and interesting lenses, answering the call. 

To address the lack of formal impact assessment approaches, Van Der Waal (2020) proposes a 
�³change mapping� ́approach, adapted from the field of Social Impact Assessment, where impacts are 
defined as �³all issues related to a planned intervention that affect or concern people, directly or 
indirectly, perceptually or corporeally�.́ By applying this approach, van der Waal (2020) aims not only 
to highlight the outcomes of the Community Renewable Energy (CRE) under analysis but also to 
examine how the CRE contributes to these outcomes (with the terms �³outcomes� ́and �³impacts� ́used 
interchangeably). This approach follows three main steps: (1) defining a community profile (e.g., 
geographic location, primary natural resources available to the community, etc.); (2) defining a project 
profile (e.g., CRE history, ambitions, composition, decision-making structure, community 
engagement, etc.); and (3) mapping the activities of the CEI and the changes observed relative to 
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the situation before the CRE became operational. For data collection purposes, interviews (he 
applied semi-structured ones), surveys, workshops are suggested, together with the selection of case 
studies.  

The consideration of the motives, objectives, and ambitions of the Local Energy Initiatives (LEI) to 
comprehend and assess their impacts, thereby analysing the specific impacts the initiatives 
themselves aspire to achieve, is later suggested also by Germes, Wiekens, & Horlings (2021), 
stemming from the conceptualization put forth by Hasanov (2021), who delved into Dutch LEIs 
employing an "inside-out" perspective, encompassing an examination of both the internal dynamics 
of community initiatives and their external factors.  

Attempting to represent the interplay between motivations and outcomes of Community Renewable 
Energy (CRE) projects, Hicks & Ison (2018) drew the so-�F�D�O�O�H�G�� �³�&�5�(�� �G�H�Y�H�O�R�S�P�H�Q�W�� �I�U�D�P�H�Z�R�U�N�´ 
emphasizing that a wide range of both external and internal factors must be considered when 
assessing the outcomes and impacts of a CRE. 

These approaches align closely with Terrapon-Pfaff et al. (2018), whose model is rooted in the 
Theory of Change framework. In analysing over 100 local initiatives for decentralized renewable 
energy, Terrapon-Pfaff et al. (2018) highlighted the importance of ex-post impact evaluations in 
�G�H�W�H�U�P�L�Q�L�Q�J�� �Q�R�W�� �R�Q�O�\�� �³�Z�K�D�W�� �Z�R�U�N�V�´�� �E�X�W�� �D�O�V�R�� �³�K�R�Z�´�� �D�Q�G�� �³�Z�K�\�´�� �R�X�W�F�R�P�H�V�� �D�U�H�� �D�F�K�L�H�Y�H�G���� �W�K�H�U�H�E�\��
uncovering the relationship between activities and impacts (i.e., any positive or negative changes 
resulting directly or indirectly fr�R�P���D�Q���L�Q�W�H�U�Y�H�Q�W�L�R�Q�������7�K�H���H�Y�D�O�X�D�W�L�R�Q���W�K�X�V���W�U�D�F�H�V���W�K�H���³�L�P�S�D�F�W���S�D�W�K�Z�D�\�V�´��
or the initiatives from initial inputs through activities to outputs, outcomes, and impacts. 

3.1.3.2 The spatial impacts and their measurement 

On definitions and examples of urban spatial impacts 

According to Nijkamp & van Pelt (1989) �³�V�S�D�W�L�D�O���L�P�S�D�F�W�V���U�H�I�H�U���W�R���W�K�H���V�S�D�W�L�D�O���G�L�P�H�Q�V�L�R�Q�V���R�I���L�P�S�D�F�W�V���R�I��
�H�[�W�H�U�Q�D�O���F�K�D�Q�J�H�V�´�����Q�D�P�H�O�\���V�S�D�W�L�D�O���U�H�V�S�R�Q�V�H�V���W�R���H�[�W�H�U�Q�D�O���V�W�L�P�X�O�L�����7�K�H���H�[�W�H�U�Q�D�O���V�W�L�P�X�O�L���P�D�\���E�H���D���K�H�D�O�W�K��
and safety policy that bans residential development in areas with high levels of noise disturbance 
and personal safety risk, determining land use changes and the development of other areas (Koomen 
et al., 2011); or an urban renewal policy that might cause gentrification, social segregation, loss of 
historic architecture, or renovation of areas and infrastructures in decay (Paal, 2008). The diffusion 
in the 20th century of the personal use of cars, a new technology, profoundly reconfigured urban 
spaces, for instance, converting urban squares into parking lots or disrupting buildings blocks to 
enlarge streets; nowadays, due to car sharing services diffusion we are facing the spatial conversion 
of redundant street parking, for instance into the so-�F�D�O�O�H�G���³�S�D�U�N�O�H�W�V�´���R�U���W�K�H���³�S�H�G�H�V�W�U�L�D�Q���S�O�D�]�D�´����Ghiani 
et al., 2019). 

The various stimuli mentioned (such as new policies, technologies, services, etc.) have led to tangible 
alterations in the urban space. Consequently, spatial impacts can be described as modifications in 
the physical landscape.  
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As suggested by Nijkamp & van Pelt (1989), the stimuli can lead to both primary/direct and 
secondary/indirect impacts. Therefore, spatial impacts might signify the primary spatial effects of 
stimuli that subsequently trigger additional impacts (e.g., economic, social, environmental), or they 
can manifest as secondary impacts resulting from primary economic, social, or environmental 
changes. 

On approaches analysing the spatial impacts of urban policies, plans, programmes, and 
projects 

Looking beyond the niche of CEIs, examples of impact measurement can be found in European 
projects and initiatives that may offer suitable approaches for conducting the present exploratory 
study.  

Since impacts inherently imply change, their measurement requires comparing conditions before and 
after the introduction of stimuli (Pinho et al., 2011). This perspective was applied in the �³�6�X�V�W�D�L�Q�D�E�O�H��
�X�U�E�D�Q���P�H�W�D�E�R�O�L�V�P���I�R�U���(�X�U�R�S�H�´���6�8�0�(���S�U�R�M�H�F�W���W�R���S�U�H�G�L�F�W���O�D�Q�G���D�Q�G���H�Q�H�U�J�\���F�R�Q�V�X�P�S�W�L�R�Q��across seven 
European metropolitan areas until 2050. Similarly, the CIVITAS MODERN project employed this 
approach to evaluate the impacts of sustainable urban mobility measures in specific urban areas. 
This project considered not only each measure's objectives but also the baseline conditions, a 
business-as-usual scenario, innovative aspects, and the drivers and barriers to implementation. Both 
quantitative and qualitative data were collected through event observations, measurements, 
questionnaires, surveys, and interviews to provide a comprehensive understanding of each measure. 

When evaluating the impacts of urban plans and programs (P/P), geographic information systems 
(GIS) are the most common tools for conducting spatial analysis. Studies using GIS span urban risk 
assessments, mobility analysis, green space distribution, land use changes, and more. In assessing 
the impacts of P/P, GIS is used to measure specific indicators that characterize the environmental 
baseline and monitor the effects of plan and program implementations on the environment. Beyond 
the GIS tool itself, the structure of Strategic Environmental Assessments (SEA) for P/P can be 
insightful for structuring a process to analyse the spatial impacts of CEIs. SEA processes for P/P 
impact analysis follow seven main steps: 

1. Description of the context in which the P/P is applied. 
2. Identification of the objectives of the P/P. 
3. Identification of the activities/actions within the P/P. 
4. Implementation of the P/P actions. 
5. Evaluation of the achievement of objectives. 
6. Assessment of the impacts arising from the actions. 
7. Recommendations for mitigating negative impacts. 

Nevertheless, these approaches generally imply the availability of quantitative data that are seldom 
measured by CEIs. Oftentimes CEIs in the early stages may not formulate objectives, or later they 
formulate non-measurable objectives and do not monitor results themselves (Germes, Wiekens, & 
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Horlings, 2021). As highlighted by Germes, Wiekens, & Horlings (2021), in such conditions it is 
difficult to perform a quantitative assessment of the impacts of CEIs. The question therefore arises 
whether an operational spatial impact analysis can be designed for CEIs.  

To address the lack of quantitative data, the study by Nijkamp & van Pelt (1989) is particularly 
relevant, as it assessed urban policy impacts using qualitative information derived from interviews 
and documents. This approach allowed to connect policies (defined as stimuli) to both direct/primary 
and indirect/secondary spatial impacts (called responses������ �R�E�W�D�L�Q�L�Q�J�� �D�Q���³�L�Q�W�H�J�U�D�W�H�G���V�S�D�W�L�D�O���L�P�S�D�F�W��
�V�\�V�W�H�P�´�� 

3.1.3.3 The integrative review  

�2�Q���&�(�,�V�¶���D�F�W�R�U�V�¶ participation 

Besides discussing the capacity of CEIs to offer a vast array of social benefits and services, the 
publications reflect on the joining processes (Horstink et al., 2020), on the societal groups and actors 
involved (Allen, Hammond, & McManus, 2008; Li, Birmele, Schaich, & Konold, 2013; Gjorgievski, 
Cundeva, & Georghiou, 2021; Roberto, Ferruzzi, Negro, & Noussan, 2023; Frigione, 2024a; Hanke 
& Guyet, 2023), the roles they play (Gjorgievski, Cundeva, & Georghiou, 2021), and how they 
participate (Radtke, 2014; Horstink et al., 2020).  

On �&�(�,�¶�V���M�R�L�Q�L�Q�J���S�U�R�F�H�V�V 

According to Horstink et al. (2020) the process of joining CEIs varies. Some CEIs require minimal 
commitment, only demanding agreement with the initiative's principles and/or goals. Others, 
however, may establish stricter criteria, such as residency within a specific geographic area, 
organizational affiliation, or a mandatory financial investment. In rare cases, public institutions or 
companies might be excluded from participation due to specific initiative or national/local regulations. 

On actors joining the CEI 

Based on the collective action model, CEIs can involve a diverse array of actors, encompassing 
professionals, consumer cooperatives, academics, non-governmental organizations (NGOs), local 
authorities, national government, development firms, energy companies, financial institutions, and 
more (Allen, Hammond, & McManus, 2008; Li, Birmele, Schaich, & Konold, 2013; Gjorgievski, 
Cundeva, & Georghiou, 2021; Roberto, Ferruzzi, Negro, & Noussan, 2023; Frigione, 2024a; Hanke 
& Guyet, 2023). Nevertheless, there remains limited empirical proof supporting the efficacy of 
collective energy initiatives in engaging underrepresented and vulnerable communities and 
addressing energy poverty (Hanke, Guyet, & Feenstra, 2021; Hanke & Guyet, 2023). As a recent 
report from the European Joint Research Center (JRC) has stressed, there is a need to conduct a 
comprehensive evaluation of citizens' participation in CEIs, while adopting a systemic approach that 
considers the energy system and society as integral components of the same system (Caramizaru 
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& Uihlein, 2020). Despite this, some interesting insights can be derived from the existing body of 
research. 

In studies conducted by Radtke (2014) and Radtke & Ohlhorst (2021), which involved surveys of 
participants and interviews with the initiators and supporters of 84 community energy projects in 
Germany, it was discovered that a substantial proportion of the members consisted of middle-aged 
men with a strong educational background and comfortable incomes. In contrast, socially 
disadvantaged groups were underrepresented, primarily due to the initial financial investment 
required for engaging. 

In a more recent work (Hanke & Guyet, 2023) examining the involvement of underrepresented 
segments of society, such as young families, low-income households, and women, as well as 
individuals facing energy poverty within German energy communities, it was found that these 
initiatives typically lack data on the socio-economic profiles of their members and clients. Moreover, 
only 8% of the sampled initiatives indicated that they actively addressed energy poverty. The main 
challenges in promoting inclusivity were linked to factors like a lack of awareness, resource 
constraints, and inadequate regulatory backing. It appears that larger and more organized initiatives 
are better equipped to tackle these issues. Despite such barriers, the study was able to detect that 
members were mainly composed of citizens, small-medium enterprises (SMEs), and local 
municipalities, and assessed a prevailing gender gap: in 67% of their sample, less than 30% of the 
members are women.  

There is still limited empirical proof supporting the efficacy of CEIs in engaging underrepresented 
and vulnerable communities and addressing energy poverty (Hanke, Guyet, & Feenstra, 2021; 
Hanke & Guyet, 2023). 

On a�F�W�R�U�V�¶���U�R�O�H�V���Z�L�W�K�L�Q���&�(�,�V 

The actors involved in the �H�Q�H�U�J�\�� �L�Q�L�W�L�D�W�L�Y�H�� ���D�O�V�R�� �F�D�O�O�H�G�� �³�P�H�P�E�H�U�V�´�� �R�U�� �³�S�U�R�M�H�F�W�� �S�D�U�W�L�F�L�S�D�Q�W�V�´���� �F�D�Q��
assume different roles. According to Gjorgievski, Cundeva, & Georghiou (2021) three main �D�F�W�R�U�V�¶��
roles can be identified: the initiators/promoters, the energy providers/practitioners, and the 
consumers. 

Initiators are individuals or entities responsible for initiating the organization or coordination of the 
�L�Q�L�W�L�D�W�L�Y�H���� �7�K�H�\�� �K�R�O�G���D�� �S�L�Y�R�W�D�O�� �U�R�O�H�� �L�Q�� �W�K�H�� �L�Q�L�W�L�D�W�L�Y�H�¶�V�� �H�[�H�F�X�W�L�R�Q���� �Q�H�Y�H�U�W�K�H�O�H�V�V���� �W�K�H�\�� �P�D�\�� �R�U���P�D�\���Q�R�W��
directly benefit from the initiative's energy service. 

The role of the energy service provider can be assumed by any involved in delivering energy-related 
services, encompassing activities like energy generation, distribution, storage, and supply, as well 
as other energy-related services such as building renovations, equipment installation and 
maintenance, or aggregation. They may own and utilize energy infrastructure, including generation, 
distribution, storage, and information and communication technologies (ICT), either individually or in 
a collaborative manner. Straddling the line between consumers and energy producers, prosumers 
can be also seen as energy providers. 



 

 

 

| Collective energy initiatives: towards a spatial perspective | 

 

| 85 

 

�&�R�Q�V�X�P�H�U�V���D�U�H���W�K�H���E�H�Q�H�I�L�F�L�D�U�L�H�V���R�I���W�K�H���V�H�U�Y�L�F�H�V���S�U�R�Y�L�G�H�G���E�\���W�K�H���L�Q�L�W�L�D�W�L�Y�H�����7�K�H�\���K�D�Y�H�Q�¶�W���L�Q�Y�H�V�W�H�G���L�Q��
�W�K�H���L�Q�L�W�L�D�W�L�Y�H�����G�R�Q�¶�W���R�Z�Q���H�Q�H�U�J�\���J�H�Q�H�U�D�W�L�R�Q���D�Q�G���V�W�R�U�D�J�H���X�Q�L�W�V�����D�Q�G���P�D�\���J�D�L�Q���E�H�Q�H�I�L�W�V���I�U�R�P���W�K�H���L�Q�L�W�L�D�W�L�Y�H��
from any of the three general forms (environmental, economic, social) by joining an energy initiative. 
Nevertheless, it is reasonable to add that access to the benefits and services offered by the initiatives 
can be obtained directly via membership (hence, by the consumers), as well as indirectly through 
activities organized by the initiative that are aimed at the broader local community (Hanke & Guyet, 
2023). 

These categories can coexist within a single individual (as in the case of the prosumer), and they 
may not be found in every initiative (Gjorgievski, Cundeva, & Georghiou, 2021). Some initiatives may 
present only some roles rather than others. For instance, small initiatives can be comprised only of 
consumers (e.g., neighbours) aiming at obtaining collective discounts (Kooij et al., 2018) whereas 
others can be entirely composed of energy providers, a form that can be found in many energy 
cooperatives.  

A categorization, this one (Figure 8), that overlaps the one proposed by Walker & Cass (2007) when 
presenting the three main typologies of participation that can be detected within an energy initiative: 
�E�H�O�R�Q�J�L�Q�J�� �W�R�� �W�K�H�� �R�U�J�D�Q�L�]�L�Q�J�� �J�U�R�X�S���� �E�H�L�Q�J�� �H�Q�J�D�J�H�G�� �L�Q�� �³hands on installation and maintenance�´����
�D�W�W�H�Q�G�L�Q�J���P�H�H�W�L�Q�J�V�����/�L�N�H�Z�L�V�H�����W�K�H���F�D�W�H�J�R�U�L�H�V���D�U�H���F�R�Q�V�L�G�H�U�H�G���³not mutually exclusive� ́(Radtke, 2014). 

Figure 8 | Roles of actors in an energy initiative: Initiators/promoters/coordinators, energy service providers, consumers. 
Source: author's own elaboration (adapted from Gjorgievski, Cundeva, & Georghiou, 2021). 

On �&�(�,�V�¶���Lnternal decision-making processes 

The internal governance structure of an initiative plays a significant role in shaping the level of civic 
participation and engagement (Ison, 2010). In terms of internal decision-making processes (i.e., 
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governance models), according to the survey carried out by Horstink et al. (2020) on renewable 
energy sources prosumerism in nine European countries, there can be three levels of decision-
making (founders, core team, and general assembly) and decisions may be taken in three different 
�Z�D�\�V�����P�D�M�R�U�L�W�\���Y�R�W�H�����F�R�Q�V�H�Q�W�����G�H�I�L�Q�H�G���D�V���³�D���G�H�F�L�V�L�R�Q���W�K�D�W���Q�R�W���H�Y�H�U�\�R�Q�H���P�D�\���D�J�U�H�H���Z�L�W�K���E�X�W���W�K�D�W���D�O�O��
�F�D�Q���O�L�Y�H���Z�L�W�K�´�����D�Q�G���F�R�Q�V�H�Q�V�X�V�����G�H�I�L�Q�H�G���D�V���³�D���G�H�F�L�V�L�R�Q���R�Q���Z�K�L�F�K���H�Y�H�U�\�R�Q�H�����Z�L�W�K�R�X�W���H�[�F�H�S�W�L�R�Q�����D�J�U�H�H�V�´����  

However, when focusing on participation in general assemblies, some dilemmas may arise. In his 
analysis of 84 community energy projects in Germany, Radtke (2014) observed a notable level of 
�S�D�U�W�L�F�L�S�D�W�L�R�Q���L�Q���W�K�H���L�Q�L�W�L�D�W�L�Y�H�V�¶���P�H�H�W�L�Q�J�V�����Z�L�W�K�����������R�I���U�H�V�S�R�Q�G�H�Q�Ws reporting their attendance and 89% 
expressing themselves frequently during these occasions. Despite this, the study revealed that less 
than 50% of the energy initiatives (therefore the initiators/promoters/organizers) explicitly requested 
input from their members. Additionally, only about one-fifth of the members actively shared their ideas 
�Z�L�W�K�L�Q�� �W�K�H�� �S�U�R�M�H�F�W���� �'�U�D�Z�L�Q�J�� �I�U�R�P�� �W�K�H�V�H�� �I�L�Q�G�L�Q�J�V���� �5�D�G�W�N�H�� �������������� �R�E�V�H�U�Y�H�G�� �D�� �³�O�R�R�V�H�� �F�R�U�U�H�O�D�W�L�R�Q�´��
between the size of community energy initiatives and the extent of member participation: smaller 
initiatives appeared to tend to operate more interactively and transparently compared to larger, more 
professionalized projects, where citizens often found themselves relegated to a passive shareholder 
role.  

The effectiveness of CEIs is ultimately anchored in active civic participation, member engagement, 
and strong interpersonal networks (Radtke, 2014). Such engagement not only fosters trust and 
commitment among citizens but also enables initiatives to thrive in a collaborative, dynamic 
environment (Österberg & Nilsson, 2009). Moving forward, a focus on inclusive governance 
structures that invite and sustain member input might be essential to harness the full potential of 
CEIs. 

Table 7 provides an overview of the studies analysed. The table aims to illustrate not only the type 
of information identified in these studies, but also the methods of analysis employed and the types 
of CEIs analysed. 

 

Table 7 | Overview of the studies analysed. 

Author Type of CEI analysed Aspects analysed Method of analysis 

Hanke & Guyet, 2023 Energy communities �9�X�O�Q�H�U�D�E�O�H���J�U�R�X�S�V�¶���S�D�U�W�L�F�L�S�D�W�L�R�Q 
Online survey, semi-
structured interviews with 
members 

Roberto, Ferruzzi, 
Negro, & Noussan, 
2023 

Energy communities Impacts 
Literature review 

Frigione, 2024a Collective Energy Initiatives 
(CEIs) Actors involved Literature review 

Hanke, Guyet, & 
Feenstra, 2021 

Renewable energy communities 
(RECs) �9�X�O�Q�H�U�D�E�O�H���J�U�R�X�S�V�¶���S�D�U�W�L�F�L�S�D�W�L�R�Q 

Online survey, semi-
structured interviews with 
members 

Gjorgievski, Cundeva, 
& Georghiou, 2021 

Energy communities 
Actors and roles, internal structure, 
external interaction, enabling factors, 
barriers, goals, technologies, etc. 

Literature review 
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Horstink et al., 2020 Collective (i.e., non-household) 
Renewable Energy Prosumers 

Demographics, use of technology, 
organisation, financing, motivation, 
perceived hindering and facilitating 
factors for collective prosumers 

Documentary study, online 
survey (qualitative and 
quantitative data) 

Caramizaru & Uihlein, 
2020 Energy communities Activities, organisation and impacts Literature review, case 

study 

Kooij et al., 2018 
Grassroot initiatives for 
renewable energy 

Emergence in relation to the 
institutional characteristics 

Literature review, semi-
structured interviews with 
members 

Radtke, 2014,; Radtke 
& Ohlhorst, 2021 Community energy initiatives Factors affecting citizen participation 

in community energy initiatives 
Online survey, interviews 

Li, Birmele, Schaich, 
& Konold, 2013 

Community-owned renewable 
energy projects 

Initiative implementation success 
factors 

Case study, desk research, 
interviews with main 
stakeholders 

Ison, 2010 Community Energy Projects 
(CEPs) 

Internal governance processes, 
�D�F�W�R�U�V�¶ participation 

Case study, desk research, 
semi-structured interviews 
with members 

�2�Q���&�(�,�V�¶���P�R�W�L�Y�H�V���D�Q�G���D�P�E�L�W�L�R�Q�V 

Some studies focus on the key reasons that drive the creation of energy initiatives, specifically the 
starting motives (Germes, Wiekens, & Horlings, 2021; Hicks & Ison, 2018; Horstink et al., 2020), 
whereas others examine the ambitions and the objectives (Seyfang, Park, & Smith, 2013; Germes, 
Wiekens, & Horlings, 2021; Oteman, Kooij, & Wiering, 2017; Heras-Saizarbitoria, Sáez, Allur, & 
Morandeira, 2018). In both cases, various categorizations have been proposed.  

Several are the research works focusing on the key reasons that spurred the development of an 
energy initiative. Horstink et al. (2020), for instance, analysing collective prosumer initiatives of nine 
European countries identify 14 main reasons for starting a prosumer initiative: respond to local 
demand/needs, tackle climate change, take advantage of policy incentives, of subsidy schemes, of 
new renewable energy technologies, reduce energy costs, the environmental impacts, be part of the 
clean and low-carbon energy transition, improve revenue the initiative, achieve energy self-
sufficiency, contribute to innovation in energy production, decentralize energy production, help tackle 
energy poverty, create a sense of community. 

In the handbook created by the H2020 NEWCOMERS project (�'�U�H�Y�H�Q�ã�H�N���H�W���D�O��������������) motives for 
joining energy communities are divided into five categories: financial (e.g., electricity cost reduction 
�R�U�� �L�Q�Y�H�V�W�P�H�Q�W�� �R�S�S�R�U�W�X�Q�L�W�L�H�V������ �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� ���H���J������ �O�R�Z�H�U�L�Q�J�� �R�Q�H�¶�V�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �I�R�R�W�S�U�L�Q�W������ �V�R�F�L�D�O��
(e.g., being part of a community, a movement addressing climate change), technological (e.g. 
engaging with new technologies), energy independence/security motives (e.g., independence from 
large power companies, contributing to energy security). 

Likewise, through the analysis of materials and/or interviews of 25 case studies Hicks & Ison (2018) 
identified 22 motivations driving the development of community renewable energy projects. The 
motivations were grouped in five main categories: economic, environmental, political (e.g., political 
mobilisation, create actors in a renewable powered future), social, and technological.  

Mirroring the heterogeneity of the motivations, the joint objectives may be only focused on energy or 
embracing a wide range of issues. Although in their study Germes, Wiekens, & Horlings (2021) firstly 
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focused on the starting motives of Dutch local energy initiatives by proposing semi-structured 
�L�Q�W�H�U�Y�L�H�Z�V�� �W�R���L�Q�L�W�L�D�W�L�Y�H�V�¶�� �V�W�H�H�U�L�Q�J�� �P�H�P�E�H�U�V���� �W�K�H�\�� �V�X�E�V�H�T�X�H�Q�W�O�\�� �Q�R�W�L�F�H�G���W�K�D�W���L�Q���P�R�V�W���F�D�V�H�V�� �P�R�W�L�Y�H�V��
were comparable with the objectives of the initiative. Therefore, Germes, Wiekens, & Horlings (2021) 
�G�H�O�L�Q�H�D�W�H�G���W�K�U�H�H���P�D�L�Q���F�D�W�H�J�R�U�L�H�V���R�I���O�R�F�D�O���H�Q�H�U�J�\���L�Q�L�W�L�D�W�L�Y�H�¶�V���R�E�M�H�F�W�L�Y�H�V�����H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�����H���J�������S�U�H�V�H�U�Y�H��
environment, conserve and produce energy, become independent of natural gas, etc.), economic 
(e.g., save money, strengthen local economy, generate income from local community), and social 
(e.g., increase social cohesion and awareness, take collective action). Such categorization reflects 
the one proposed by Oteman, Kooij, & Wiering (2017) regarding Dutch grassroot energy initiatives 
motivations. 

Similarly, analysing statements of purpose from UK community energy initiatives collected through a 
nationwide survey, Seyfang, Park, & Smith (2013) found that these initiatives' objectives can span 
economic goals (e.g., reducing energy costs, generating income for communities, alleviating fuel 
poverty), environmental aims (e.g., lowering carbon emissions, improving local environments), social 
goals (e.g., enhancing community wellbeing and health, improving education, fostering social 
cohesion), political ambitions (e.g., empowering communities, influencing sustainability or energy 
policies, fostering community leadership), and infrastructural objectives (e.g., increasing energy 
independence, refurbishing community buildings).  

Adopting a slightly different perspective, Heras-Saizarbitoria, Sáez, Allur, & Morandeira (2018) 
started from the analysis of the mission statements (in internal and external corporate documents) of 
spanish energy cooperatives and then implemented the data through interviews to finally highlight 
three main categories of general aims and objectives: economic (e.g., strengthening the local 
economy, creating local jobs, supporting the cooperative nature), environmental (e.g., promoting a 
new energy model), social (e.g., local community empowerment, collaboration with other 
cooperatives). 

Motives inspire initiators to establish CEIs and attract individuals to participate, forming the basis for 
shared ambitions and objectives (Germes, Wiekens, & Horlings, 2021), which are subsequently 
translated into specific project or activity goals within an initiative (Gjorgievski, Cundeva, & 
Georghiou, 2021).  

Table 8 provides an overview of the main studies analysed. The table aims to illustrate not only the 
types of motivations and ambitions identified, but also the methods employed and the types of CEIs 
analysed. 

 On �&�(�,�6�¶���S�U�R�I�H�V�V�L�R�Q�D�O�Lsation 

Professionalisation is recognized as one of the main success factors of CEIs (Ahlemeyer, Griese, 
Wawer, & Siebenhüner, 2022), and its �O�H�Y�H�O���L�P�S�D�F�W�V���R�Q���L�Q�L�W�L�D�W�L�Y�H�V�¶���V�X�F�F�H�V�V����Petrovics, Huitema, & 
Jordan, 2022). 

Higher levels of professionalisation can help initiatives in better attracting customers and members 
or in better supporting the members of the board (Ahlemeyer, Griese, Wawer, & Siebenhüner, 2022), 
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or in managing the increasing complexity of the initiatives themselves determined by the 
augmentation of the projects, of the number of members, or of the services provided (Candelise & 
Ruggieri, 2020; Ahlemeyer, Griese, Wawer, & Siebenhüner, 2022; Deppe, 2022; Van der Weele, 
2022), or enabling the initiatives to play a greater role within the energy transition process 
(Ahlemeyer, Griese, Wawer, & Siebenhüner, 2022). It is through professionalisation that CEIs can 
grow and take over utility services (Wagemans, Scholl, & Vasseur, 2019), which have been able to 
structure and optimize themselves over the past decades and now are not willing to see their 
investments deprecated (Technische Universiteit Eindhoven, n.d.). A recent report of the Dutch 
organization HIER (HIER, 2022) on Dutch cooperatives highlights that cooperatives place significant 
emphasis on professionalizing their organizations. Reliance on volunteers is viewed as a 
vulnerability, as the growing number and complexity of projects demand more robust internal 
�V�W�U�X�F�W�X�U�H�V�����,�Q���D�W�W�H�P�S�W�L�Q�J���W�R���T�X�D�Q�W�L�I�\���D���³�G�H�J�U�H�H���R�I��professionalisation�´�����P�H�D�V�X�U�H�G���E�\���W�K�H���Q�X�P�E�H�U���R�I��
paid employees), the report found that, on average, each cooperative relies on twelve volunteers, 
with paid staff typically hired only on a project basis. Furthermore, only 6% of cooperatives employ 
permanent staff, underscoring the challenges they face in professionalisation efforts despite their 
intentions.  

Regardless of the positive repercussions of professionalisation on the development of the initiatives, 
some flipsides have been detected. Once they start professionalizing, initiatives can run the risk of 
�³�D�O�L�H�Q�D�W�L�Q�J�� �W�K�H�L�U�� �J�U�D�V�V�U�R�R�W�V�� �F�R�P�P�X�Q�L�W�\�´���� �D�Q�G�� �O�R�V�L�Q�J�� �W�K�H��engagement of volunteers (Hoppe, Graf, 
Warbroek, Lammers, & Lepping, 2015; Horstink et al., 2020), they �F�D�Q�� �³�G�U�L�I�W�� �D�Z�D�\�´�� �I�U�R�P�� �L�Q�L�W�L�D�O��
�D�P�E�L�W�L�R�Q�V�����J�R�D�O�V�����D�Q�G���F�R�P�P�X�Q�L�W�\�¶�V���L�Q�W�H�U�H�V�W�V����Hoppe, Graf, Warbroek, Lammers, & Lepping, 2015; 
Horstink et al., 2020; �'�D�O�O�¶�2�U�V�R�O�H�W�W�D�����&�X�Q�K�D�����$�U�D�X�M�R�����	���)�H�U�U�H�L�U�D������������), or lose community support 
(Hoppe, Graf, Warbroek, Lammers, & Lepping, 2015) and social credibility (Ahlemeyer, Griese, 
Wawer, & Siebenhüner, 2022).  

Literature showcases various approaches in which energy initiatives are getting professionalized, 
together with some positive impacts and flipsides of the professionalisation processes. For instance, 
Oteman, Kooij, & Wiering (2017) discuss the recruitment of professionals as permanent staff instead 
of relying on volunteers, along with collaboration with other initiatives. Differently, Ahlemeyer, Griese, 
Wawer, & Siebenhüner (2022) associate �D�Q�� �L�Q�L�W�L�D�W�L�Y�H�¶�V��professionalisation with the level and 
difference of qualifications of its board members, linking it to the broader concepts of technical and 
economic professionalisation. Horstink et al. (2020) point out the possibility of hiring qualified external 
consultants. 

It is clear that there are numerous paths to professionalisation. Some initiatives may start getting 
professionalized by asking for assistance from support groups and organizations providing expertise, 
knowledge, and professional services (Hasanov & Zuidema, 2018; Deppe, 2022), whereas some 
others are already enough professionalized to be able to further enhance their services by providing 
consultancy to the smaller ones or by selling the energy produced by their members (Wagemans, 
Scholl, & Vasseur, 2019; Candelise & Ruggieri, 2020). Nevertheless, professionalisation and its 
impacts are often poorly documented, making it challenging to develop a comprehensive framework  



Authors Seyfang, Park, & Smith, 
2013

Oteman, Kooij, & Wiering, 
2017

Heras-Saizarbitoria et 
al., 2018

Hicks & Ison, 2018 Horstink et al., 2020 Germes, Wiekens, & 
Horlings, 2021

Gjorgievski, Cundeva, & 
Georghiou, 2021

Type of CEI analysed

Aspects analysed

Methods of analysis employed

Economic / 
financial

Environmental

Social

Political

Infrastructural

Technological

Energy independ-
ence/security

Types of 
motives, 

ambitions, 
objectives 
detected

UK community 
energy initiatives

Statement of purpose

Nation-wide survey

Saving money on energy bills, 
generating income for communi-

ties, tackling fuel poverty, 
improving local 

Reducing carbon dioxide 
emissions, improving local 

environment

Community wellbeing and 
health, improving education, 

social cohesion, social 

Community empowerment, 
influencing sustainability/ener-

gy policy, community 
leadership

Improving energy independ-
ence, community building 

-

- - - - - -

-

Achieving independence as a 
community

-

-

-

- -

- -

- -

- - - -Create actors in renewable 
powered future, political 
mobilitasion; increased 

support/reduced opposition, 
etc.

Increased energy efficiency, 
energy self-sufficiency/securi-

ty, renewable energy 
education and training, etc.

Engaging with 
new technologies

Independence from large 
power companies, contributing 

to energy security, achieve 
energy self-sufficiency, 

contribute to innovation in 
energy production, decentral-

ize 

Revitalizing communities Local community empowerment, 
collaboration with other coopera-
tives, alleviating energy poverty

Empowerment and skills 
development, community 
building/volunteering, local 

ownership and decision making.

Being part of a community, help 
tackle energy poverty, create a 
sense of community, respond to 

local demand/needs

Increase social cohesion, take 
collective action, increase 

awareness in the local community

Education and acceptance, 
participation, community building 

and social realization

Fostering a new energy model, 
recovering energy sovreignity, 
reduce energy dependency 

through the use of renewable 
energies, protection of environ-

ment and biodiversity

Reduced GHGs/pollution, local 
environmental benefits, increased 

environmental values and 
behaviours, etc.

Lowering one’s environmental 
footprint, tackle climate change 

problem

Be more sustainable, concerns 
about the future planet, preserve 
environment for future genera-
tions, conserve and produce 

energy, become independent of 
natural gas

Climate protection and sustaina-
bility, renewable energy 

generation targets

Sustainability, being environ-
mentally friendly, leaving a 
better (green) world for next 
generations, reducing CO2 
emissions and reversing 

climate change, improving the 
local landscape

Reducing the energy bill, offering 
a cheap or independent 

alternative to fossil fuels, and 
creating revenue for investors, 

developing the region or 
community

Strengthening the local 
economy, creating local 

jobs, supporting the 
cooperative nature

Community income, tourism, 
local jobs and contracts, 

shareholder income, future 
proofing and resilience, 

cheaper energy/energy savings, 
etc.

Electricity cost reduction or 
investment opportunities, take 
advantage of policy incentives, 

take advantage of subsidy 
schemes

Save money, strengthen local 
economy, benefit from energy 

production, generate income for 
the local community, increase the 

liveability of the community

Economic, innovation

Case studies; Interviews Analysis of internal and external 
corporate; Interviews 

Case studies; Documents 
analysis; Semi-structured 

interviews; Participants observa-
tion

Literature review; Survey;  
Questionnaire

Semi-structured interviews Literature review

Motivations Mission statements Motivations Motivations Starting motives and objectives Goals of the members

Dutch grassroot 
energy initiatives

Spanish energy 
cooperatives

Community renewable 
energy projects 

Collective RES prosumers Dutch local energy initiatives Energy community projects

Table 8 | Synthesis of key studies 
analysing CEI motivations, ambitions, 
and objectives, including information 

on methods and types of CEIs 
examined.
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(Wagemans, Scholl, & Vasseur, 2019; Horstink and al., 2020; Oteman, Kooij, & Wiering, 2017; 
Ahlemeyer, Griese, Wawer, & Siebenhüner, 2022; Candelise & Ruggieri, 2020; Deppe, 2022). 

Table 9 attempts to categorize the information found in the literature.  Such exercise of gathering 
and systematising information opens a reflection not only on the various types of professionalisation 
within CEIs �E�X�W�� �D�O�V�R�� �R�Q�� �W�K�H�L�U�� �L�Q�I�O�X�H�Q�F�H�� �R�Q�� �F�R�P�P�X�Q�L�W�\�� �H�Q�J�D�J�H�P�H�Q�W���� �R�Q�� �W�K�H�� �L�Q�L�W�L�D�W�L�Y�H�V�¶�� �D�P�E�L�W�L�R�Q�V����
�S�U�R�M�H�F�W�V�¶���R�X�W�F�R�P�H�V�����D�Q�G���W�K�H�U�H�E�\���R�Q���W�K�H���L�P�S�D�F�W�V���R�Q���W�K�H���F�R�Q�W�H�[�W���L�Q���Z�K�L�F�K���W�K�H���L�Q�L�W�L�D�W�L�Y�H�V���R�S�H�U�D�W�H�� 

�2�Q���&�(�,�6�¶���H�[�W�H�U�Q�D�O���F�R�Q�W�H�[�W 

Literature addresses the factors influencing the performance (i.e., the ability of an organization to 
meet its goals and achieve its mission) of an organization (Horton et al., 2003). Alongside the internal 
organizational capacity and the environment, the external context stands as a significant influential 
factor for an organization outcomes and impacts (Horton et al., 2003). The external context pertains 
to the setting in which an organization operates, encompassing aspects like the administrative and 
legal systems, policies, political landscape, social and cultural background, available technology, and 
economic trends (Horton et al., 2003). 

Being organizations themselves, CEIs as well are deeply intertwined within their environment 
(Hasanov, 2021), which critically influences their development, their outcomes, and their impacts 
(Wirth, 2014; Koirala, Koliou, Friege, Hakvoort, & Herder, 2016; Hicks & Ison, 2018; Hasanov, 2021; 
Gjorgievski, Cundeva, & Georghiou, 2021; Leone et al., 2023). 

Expanding Marquis, Glynn, & Davis (2007) understanding on how institutional forces impact on the 
nature and level of corporate social action of Italian biogas energy cooperatives, Wirth (2014) 
suggests that the emergence and formation of community energy projects are significantly influenced 
by the so-called informal institutions, cultural influences as community spirit, cooperative tradition, 
and strong sense of local responsibility. Such forces have been proven to have influenced the 
willingness of citizens to start or join an initiative, �D�Q�G�� �V�K�D�S�H�G�� �F�R�R�S�H�U�D�W�L�Y�H�V�¶�� �G�H�F�L�V�L�R�Q�V�� �L�Q�� �W�H�U�P�V��
organizational form, and energy plants site and scale, helping better understanding why certain 
regions display a higher density of community energy projects than others, as also detected by 
Caffaro, Massullo, Carrus, Gastaldo, & Tiberio (2023). 

Alongside, several studies have identified formal institutions, such as feed-in regulations, rules for 
grid connection or tax incentives, as factors conducive to the emergence of community energy 
projects (Wirth, 2014). For example, Gjorgievski, Cundeva, & Georghiou (2021) highlight that 
external factor, such as regulatory frameworks and fiscal policies, can significantly affect the financial 
benefits of energy sharing within a community. Similarly, Kooij et al. (2018) show that grassroots 
energy initiatives in Europe evolve differently depending on the institutional contexts in which they 
operate, such as whether energy prices are determined by market mechanisms, or the presence or 
absence of feed-in tariffs and other subsidies. 

In their work on Positive Energy Districts (PED), Leone et al. (2023) highlight that PEDs projects are 
generally influenced not only by the existent energy infrastructure, but also by the urban fabric on  
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Table 9 | �7�\�S�H�V���R�I���&�(�,�V�·���S�U�R�I�H�V�V�L�R�Q�D�O�L�V�D�W�L�R�Q���G�H�W�H�F�W�H�G���L�Q���O�L�W�H�U�D�W�X�U�H�� 

 Category Concept of professionalisation Author 

In
si

de
 p

er
sp

ec
tiv

e 

Professionals 
volunteering within the 
initiative 

Having members of the board enough qualified and with 
different qualifications. 

Ahlemeyer, Griese, Wawer, & 
Siebenhüner, 2022 

Hiring external 
qualified consultants 

"move from hobby to lobby, from volunteer organisation to 
professionalisation" intended as "spend money on 
qualified consultants" 

Horstink and al., 2020 

Hiring professionals as 
permanent staff 

"hiring personnel rather than depending on volunteers" Oteman, Kooij, & Wiering, 2017 

"Some initiatives are professionalizing by hiring part-time 
employees" 

Van der Weele, 2022 

�³�L�Q�Y�R�O�Y�H���D�Q�G���K�L�U�H���S�U�R�I�H�V�V�L�R�Q�D�O�V���D�V���S�H�U�P�D�Q�H�Q�W���V�W�D�I�I�´ 
 Candelise & Ruggieri, 2020 

More professional 
structure 

�³�S�U�R�I�H�V�V�L�R�Q�D�O�L�V�D�W�L�R�Q���R�I���W�K�H���V�W�U�X�F�W�X�U�H�´ 
Ahlemeyer, Griese, Wawer, & 
Siebenhüner, 2022 

�³�W�H�F�K�Q�L�F�D�O���S�U�R�I�H�V�V�L�R�Q�D�O�L�V�D�W�L�R�Q�´ Ahlemeyer, Griese, Wawer, & 
Siebenhüner, 2022 

�³�H�F�R�Q�R�P�L�F���S�U�R�I�H�V�V�L�R�Q�D�O�L�V�D�W�L�R�Q�´ Ahlemeyer, Griese, Wawer, & 
Siebenhüner, 2022 

�³�S�U�R�J�U�H�V�V�L�Y�H�O�\���H�Q�K�D�Q�F�H���W�K�H���V�H�U�Y�L�F�H�V���S�U�R�Y�L�G�H�G�´ Candelise & Ruggieri, 2020 

���W�K�H���D�F�T�X�L�U�H�P�H�Q�W���R�I���D���V�X�S�S�O�L�H�U���O�L�F�H�Q�V�H���>�«�@���I�R�U�P�V���D�Q��
adequate illustration of the ongoing professionalisation 
across energy cooperatives" 

Wagemans, Scholl, & Vasseur, 
2019 

O
ut

si
de

 p
er

sp
ec

tiv
e 

Working with other 
groups or 
organizations 

�³�:�R�U�N�L�Q�J���Z�L�W�K���V�X�S�S�R�U�W���J�U�R�X�S�V���>�«�@���S�U�R�Y�L�G�H�G���H�[�S�H�U�W��
knowledge on the fundaments and technicalities of 
�F�U�H�D�W�L�Q�J���D�Q���H�Q�H�U�J�\���L�Q�L�W�L�D�W�L�Y�H�����>�«�@���S�U�R�I�H�V�V�L�R�Q�D�O���V�H�U�Y�L�F�H�V���L�Q��
public awareness campaign, communicate, and facilitate 
information meetings between the interested residents 
�D�Q�G���U�H�W�D�L�O�H�U�V�����>�«�@���H�[�S�H�U�W�L�V�H���D�Q�G���N�Q�R�Z�O�H�G�J�H���I�U�R�P���V�L�P�L�O�Dr 
initiatives and accelerated the pace of development of the 
�L�Q�L�W�L�D�W�L�Y�H�V���´ 

Hazanov & Zuidema, 2018 

�³�H�Q�H�U�J�\���F�R�P�P�X�Q�L�W�L�H�V���F�D�Q���W�X�U�Q���W�R���S�U�R�M�H�F�W���E�X�U�H�D�X�V���D�Q�G��
�R�W�K�H�U���V�X�S�S�R�U�W�L�Q�J���R�U�J�D�Q�L�]�D�W�L�R�Q�V�´ 
 

Deppe, 2022 

Collaborating with 
other initiatives 

�³�F�R�O�O�D�E�R�U�D�W�L�Q�J���Z�L�W�K���R�W�K�H�U���*�,�V�´ Oteman, Kooij, & Wiering, 2017 

"Many alliances and partnerships allow cooperatives to 
act more professionally and increasingly operate in 
business-like and market-oriented ways"  

de Bakker, Lagendijk, & Wiering, 
2020 

Collaborating with 
energy companies 

collaborating with energy companies, generating the 
energy cooperative companies, which allow them to learn 
the professional skills of commercial companies (process 
called hybridization) 

de Bakker, Lagendijk, & Wiering, 
2020 

Merging with other 
initiatives 

�³�P�H�U�J�L�Q�J���R�I���H�Q�H�U�J�\���F�R�P�P�X�Q�L�W�L�H�V�´ Deppe, 2022 

�³�*�U�R�X�S�V���R�I���F�R�R�S�H�U�D�W�L�Y�H�V���D�U�H���S�U�R�I�H�V�V�L�R�Q�D�O�L�V�L�Q�J���E�\���L�Q�L�W�L�D�W�L�Q�J��
cooperative project development agencies, taking a 
commercial approach to developing and scaling up 
�F�R�R�S�H�U�D�W�L�Y�H���S�U�R�M�H�F�W�V�´ 

de Bakker, Lagendijk, & Wiering, 
2020 
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which the project intervenes, the architectural-landscape constraints, the final function of the district 
(e.g., residential, commercial, mixed, etc.), the geographic and climatic characteristics, the availability 
of renewable energy resources and technologies (also stressed by Menniti et al., 2022), and the 
socio-economic fabric. 

 Noteworthy for the clear depiction of the external factors influencing CEIs outcomes and impacts is 
the study by Hicks & Ison (2018), which present four categories of the contextual factors. Institutional 
factors are a key factor, including both informal aspects (e.g. the culture within existing energy and 
other relevant institutions) and formal aspects (e.g. structure of the energy market, regulatory 
environment, laws governing legal structures, renewable energy policies). Community factors refer 
to aspects such as local history and culture, relationships or social capital, and skills and knowledge 
available, social perceptions of and appetite for certain technologies. Physical factors include 
topography, renewable resource availability, and existing energy infrastructure, whereas technology 
factors, are related the cost of different renewable energy technologies, the maturity and modularity 
of the technology, the energy needs and demand profile of the community/building). Whereas 
physical and technological contextual factors may be similar across different initiatives, the 
institutional and community factors are far more complex and nuanced. 

Drawing on the above-mentioned studies (Marquis, Glynn, & Davis, 2007; Wirth, 2014; Hicks & Ison, 
2018; Kooij et al., 2018; Gjorgievski, Cundeva, & Georghiou, 2021; Menniti et al., 2022; Leone et al., 
2023; Caffaro, Massullo, Carrus, Gastaldo, & Tiberio, 2023), it is possible to develop an updated 
framework of the main contextual factors that may influence a CEI and its impacts (Figure 9). This 
framework can offer support to policymakers and practitioners by illustrating how contextual factors 

 

Figure 9 | Framework of the main contextual factors that may influence a CEI and its impacts. Source: author�·�V own 
elaboration adapted from Marquis, Glynn, & Davis (2007), Wirth (2014), Hicks & Ison (2018), Kooij et al.(2018), 
Gjorgievski, Cundeva, & Georghiou (2021) Menniti et al. (2022), Leone et al. (2023), Caffaro, Massullo, Carrus, Gastaldo, 
& Tiberio (2023). 
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influence the development of CEI (e.g., enabling, constraining, and shaping it). Simultaneously, it 
�F�D�Q���E�H���V�H�H�Q���D�V���D���E�D�V�L�F���W�R�R�O���I�R�U���J�X�L�G�L�Q�J���&�(�,�V�¶���S�U�R�M�H�F�W�V���S�O�D�Q�Q�L�Q�J�� 

The integrative conceptual framework 

Developing a framework for analysing how the spatial impacts of Collective Energy Initiatives (CEIs) 
take place first needs to acknowledge that CEIs themselves are complex sociotechnical systems 
whose impacts are deeply influenced by multiple dimensions (Figure 10).  

CEIs have at their heart society (Seyfang, Park, & Smith, 2013). Based on the collective action model, 
CEIs can involve a diverse array of actors, encompassing professionals, consumer cooperatives,  

academics, non-governmental organizations (NGOs), local authorities, national government, 
development firms, energy companies, financial institutions, and more (Allen, Hammond, & 
McManus, 2008; Li, Birmele, Schaich, & Konold, 2013; Verbong & Geels, 2010; Gjorgievski, 
Cundeva, & Georghiou, 2021; Roberto, Ferruzzi, Negro, & Noussan, 2023; Frigione, 2024a; Hanke 
& Guyet, 2023)���� �7�K�H�� �D�F�W�R�U�V�� �L�Q�Y�R�O�Y�H�G�� ���D�O�V�R�� �F�D�O�O�H�G�� �³�P�H�P�E�H�U�V�´�� �R�U�� �³�S�U�R�M�H�F�W�� �S�D�U�W�L�F�L�S�D�Q�W�V�´���� �D�V�V�X�P�H��
different roles. According to Gjorgievski, Cundeva, & Georghiou, (2021), three main roles can be 
identified: the initiators/promoters, the energy providers/practitioners, and the consumers.  

Personal motives drive initiators to begin collective energy initiatives and people to join them and 
may span from financial (e.g., electricity cost reduction or investment opportunities) and 
�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� ���H���J������ �O�R�Z�H�U�L�Q�J�� �R�Q�H�¶�V�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �I�R�R�W�S�U�L�Q�W������ �W�R�� �V�R�F�L�D�O�� ���H���J������ �E�H�L�Q�J�� �S�D�U�W�� �R�I�� �D��
community, a movement addressing climate change), technological (e.g. engaging with new 
technologies), energy independence/security motives (e.g., independence from large power 
companies, contributing to energy security) (Germes, Wiekens, & Horlings, 2021; Horstink et al., 
2020). Studies have highlighted that, despite joining the same CEI, different stakeholders (Li, 
Birmele, Schaich, & Konold, 2013), as well as single individuals, may have different motivations and 
ambitions (Hicks & Ison, 2018; Hasanov, 2021). 

Based on the motives, initiatives formulate joint ambitions (Germes, Wiekens, & Horlings, 2021) 
which, mirroring the heterogeneity of the motivations, may be only focused on energy, or embrace a 
wide range of topics, including political (e.g., community empowerment, influencing 
sustainability/energy policy, community leadership) and infra-structural ones (e.g., improving energy 
independence, community building refurbishment) (Seyfang, Park, & Smith; 2013; Oteman, Kooij, & 
Wiering, 2017; Heras-Saizarbitoria, Sáez, Allur, & Morandeira, 2018; Germes, Wiekens, & Horlings, 
2021). The ambitions are then translated �L�Q�W�R�� �W�K�H�� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�� �R�I�� �D�Q�� �L�Q�L�W�L�D�W�L�Y�H�¶�V�� �S�U�R�M�H�F�W�V�� �D�Q�G��
activities (Gjorgievski, Cundeva, & Georghiou, 2021), which generates impacts. In other words, 
impacts are the manifestation of different types of projects and activities, which are brought to 
existence by motives and objectives (Hicks & Ison, 2018; Germes, Wiekens, & Horlings, 2021). 

Nevertheless, the path from motivations to the progression of activities is not linear; rather, it is 
shaped by both internal and external contexts. Being collective actions, the effectiveness of CEIs 
heavily depends on civic participation and engagement (Radtke, 2014). However, as stated by Ison  
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 (2010), the level of internal participation and engagement is deeply shaped by the internal 
governance structure of the initiative, which may be hierarchical, a majority voting system, or based 
on a consensus approach. 

The success, alias the positive impacts, of a CEI also deeply depends on its level of 
professionalisation (Ahlemeyer, Griese, Wawer & Siebenhüner, 2022; Petrovics, Huitema, & Jordan, 
2022). Professionalisation pathways encompass diverse trajectories, including the transition from 
volunteerism to remunerated employment, engagement with external consultants, and establishment 
of a well-organized internal structure (Oteman, Kooij, & Wiering, 2017; Wagemans, Scholl, & 
Vasseur, 2019; Candelise & Ruggieri, 2020; de Bakker, Lagendijk, & Wiering, 2020; Horstink et al., 
2020; Ahlemeyer, Griese, Wawer & Siebenhüner, 2022; Van der Weele, 2022; Deppe, 2022). Higher 
levels of professionalisation can help initiatives in better-attracting finances, customers, and 
members or in better supporting the members of the board (Ahlemeyer, Griese, Wawer & 
Siebenhüner, 2022). Similarly, professionalisation helps initiatives in managing increasing complexity 

 

Figure 10 | The conceptual framework. Source: author�·�V own elaboration, adapted from Hicks & Ison, 2018. 
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following e.g., the augmentation of the projects, of the number of members, or of the services 
provided (Candelise & Ruggieri, 2020; Ahlemeyer, Griese, Wawer & Siebenhüner, 2022; Deppe, 
2022; Van der Weele, 2022). Finally, professionalisation may also enable the initiatives to play a 
greater role within the energy transition process (Ahlemeyer, Griese, Wawer & Siebenhüner, 2022). 
It is through professionalisation that collective energy initiatives can grow and take over utility 
services (Wagemans, Scholl, & Vasseur, 2019), which have been able to structure and optimize 
themselves over the past decades and now are not willing to see their investments deprecated. 
However, once they start professionalizing, �L�Q�L�W�L�D�W�L�Y�H�V���F�D�Q���U�X�Q���W�K�H���U�L�V�N���R�I���³�D�O�L�H�Q�D�W�L�Q�J���W�K�H�L�U���J�U�D�V�V�U�R�R�W�V��
�F�R�P�P�X�Q�L�W�\�´���D�Q�G���O�R�V�L�Q�J���W�K�H���H�Q�J�D�J�H�P�H�Q�W���R�I���Y�R�O�X�Q�W�H�H�U�V��(Horstink et al., 2020)�����W�K�H�\���F�D�Q���³�G�U�L�I�W���D�Z�D�\�´��
�I�U�R�P���L�Q�L�W�L�D�O���D�P�E�L�W�L�R�Q�V�����J�R�D�O�V�����D�Q�G���F�R�P�P�X�Q�L�W�\�¶�V���L�Q�W�H�U�H�V�W�V��(Horstink et al., 2020), or lose social credibility 
(Ahlemeyer, Griese, Wawer & Siebenhüner, 2022). 

CEIs are also deeply intertwined within their external context (Hasanov, 2021), which critically 
influences their development and their impacts (Hasanov, 2021, Gjorgievski, Cundeva, & Georghiou, 
2021; Hicks & Ison, 2018; Wirth, 2014, Koirala, Koliou, Friege, Hakvoort, & Herder, 2016; Leone et 
al., 2023). Firstly, the joining motives and the ambitions are often shaped by cultural influences and 
individual moral norms (Caffaro, Massullo, Carrus, Gastaldo, & Tiberio, 2023). Furthermore, the 
socio-cultural context may provide support in terms of knowledge, partnerships, or practical services. 
The professionalisation of an initiative, for instance, deeply benefits from collaborations and 
networks. Local governments, organizations, businesses, and residents can assume significant roles 
as supporters, members, or also partners of an initiative (Wagemans, Scholl, & Vasseur, 2019). 
Networks across various territorial levels also constitute a crucial element that supports the initiatives 
by facilitating valuable knowledge exchange (Wagemans, Scholl, & Vasseur, 2019; Seyfang, Park, 
& Smith, 2013; Petrovics, Huitema, & Jordan, 2022). An example at the European level is the 
REScoop organization, which promotes collaboration amongst European cooperatives, supports 
start-ups, and provides a vast array of services (e.g., community coaching, training sessions, 
financing services, advocacy services, etc.) (REScoop.eu, n.d.a). The absence of support from the 
community or a constrained network can pose significant challenges to the cooperative's 
development (Wagemans, Scholl, & Vasseur, 2019), for instance in terms of limited community 
participation, limited expertise, and limited access to funds. It is reasonable to suppose that the higher 
the level of professionalisation and size of an initiative, the more significant its impact becomes in 
the urban transformation process and the transition towards a more sustainable urban energy 
system. 

The emergence and formation of CEIs are also shaped by cooperative tradition and values, socially 
shared roles, and a strong sense of local responsibility, which have been proven to have influenced 
�W�K�H���Z�L�O�O�L�Q�J�Q�H�V�V���R�I���F�L�W�L�]�H�Q�V���W�R���V�W�D�U�W���R�U���M�R�L�Q���D�Q���L�Q�L�W�L�D�W�L�Y�H�����D�Q�G���W�R���K�D�Y�H���V�K�D�S�H�G���F�R�R�S�H�U�D�W�L�Y�H�V�¶��decisions in 
terms of organizational form, and energy plant site and scale, helping better understand why certain 
regions display a higher density of community energy projects than others (Wirth, 2014). Alongside 
policies, laws, feed-in regulations, rules for grid connection, or tax incentives, energy market are 
factors conducive to the emergence of community energy projects (Seyfang, Park, & Smith, 2013; 
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Ahlemeyer, Griese, Wawer & Siebenhüner, 2022; Hicks & Ison, 2018; Wirth, 2014). For instance, a 
policy framework that tends to focus on renewable technology and finance elements and lacks to 
support the value and quality of community engagement may constrain the development of some 
CEIs (Hicks & Ison, 2018), as well as the delays (and instability) of the legal frameworks to recognize 
these new forms of energy production (Horstink et al., 2020). 

Moreover, as highlighted by Leone et al. (2023) in their w�R�U�N���R�Q���3�R�V�L�W�L�Y�H���(�Q�H�U�J�\���'�L�V�W�U�L�F�W�V�¶���S�U�R�M�H�F�W�V����
strong influences may also come from the existent energy infrastructure, but also by the urban fabric 
on which the project intervenes, the architectural-landscape constraints, the final function of the 
district (e.g., residential, commercial, mixed, etc.), the geographic and climatic characteristics, the 
availability of renewable energy resources and technologies, and the socio-economic fabric. 

3.1.4 KEY TAKEAWAYS: NAVIGATING THE ANALYSIS OF CEIS' SPATIAL 

IMPACTS 

Given the current lack of a methodology for investigating the spatial impacts of Community Energy 
Initiatives (CEIs), the literature review developed in the current study becomes even more crucial.  
Several key issues identified within studies coming from a wide fan of disciplines hold significant 
potential for shaping future research methods. The insights presented in the following paragraphs 
offer a non-exhaustive summary of considerations that can inform future methodological approaches 
for studying CEIs' spatial impacts. 

 

ON CEIs�· CHARACTERISTICS 
 

�ƒ CEIS ARE COMPLEX SYSTEMS  

CEIs are inherently complex systems due to their multifaceted objectives (e.g., 
environmental, social, economic, political, technological), diverse stakeholder 
involvement (e.g., local communities, governments, private entities), and 
dependence on contextual factors (whether they are the social networks, the 
economic markets, legislation and regulations, the urban infrastructures and 
ecological systems). Operating within dynamic environments influenced by 
regulatory changes, market conditions, and community engagement, creating 
unpredictable interactions, CEIs themselves need to be dynamic, with motivations, 
ambitions, and needs evolving and adapting over time. The integration of emerging 
technologies, the demand for technical expertise, and the necessity for infrastructure 
compatibility add further layers of technical complexity. It is due to this intricate 
interplay between technological elements and social movements, that CEIs can be 
aptly described as sociotechnical systems (Melnyk, Cox, Ghorbani, & Hoppe, 2023).  
Takeaway: Literature highlights a need for systemic and evaluative frameworks that 
consider the holistic nature of the energy transition. Utilizing complex systems 
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mapping approaches can be valuable for managing the intricate nature of CEIs and 
understanding how they act within the energy transition. 
 

�ƒ CEIS ARE ORGANIZATIONS 

Regardless of their legal form, CEIs function as organizations9, driven by collective 
efforts and oriented toward achieving shared objectives. CEIs are groups of 
individuals collaborating toward a common purpose, often relying on voluntary 
contributions of time or money. Whether for-profit or non-profit, CEIs exhibit an 
organizational structure that prioritizes collective benefits (Horstink et al., 2020). 
Even profit-generating CEIs often reinvest their earnings into the community, aligning 
with their mission of fostering local development rather than distributing profits as 
dividends. This organizational and collectivist-focused nature underpins the 
distinctive character of CEIs.  
Takeaway: Organizational impact assessment methodologies can provide valuable 
insights into the internal processes and the impacts of CEIs. 
 

�ƒ CEIS ARE EITHER PLACE-BASED OR NON-PLACE-BASED 

CEIs can be either "place-based", rooted in a specific locality, or "non-place-based", 
operating across broader or dispersed communities (Moroni, Alberti, Antoniucci, & 
Bisello, 2019). Consequently, their outcomes and impacts may be spatially 
distributed locally, being closely tied to a particular urban system, or more distantly 
(Walker & Devine-Wright, 2008; Caramizaru & Uihlein, 2020), leading to the 
externalization of the impacts.  
Takeaway: Recognizing whether a CEI is place-based or non-place-based is 
essential for effectively assessing and analysing its spatial outcomes and impacts. 

 
ON CEIs�· SPATIAL IMPACTS 

 
�ƒ SPATIAL IMPACTS AS MODIFICATIONS IN THE PHYSICAL LANDSCAPE 

Impacts inherently involve changes and measuring them requires comparing the 
situation before and after external stimuli are introduced (Pinho et al., 2011). In this 
context, CEIs act as external stimuli within the urban environment, meaning their 
spatial impacts can be understood as changes in the physical landscape in which 
they operate.  
Takeaway: Measuring the spatial impacts of CEIs involves comparing the state of 
the area in which they develop before and after their introduction. 
 

 
9 �$�F�F�R�U�G�L�Q�J���W�R���W�K�H���&�D�P�E�U�L�G�J�H���$�F�D�G�H�P�L�F���&�R�Q�W�H�Q�W���'�L�F�W�L�R�Q�D�U�\���D�Q���R�U�J�D�Q�L�]�D�W�L�R�Q���L�V���³�D���F�R�P�S�D�Q�\���R�U���R�W�K�H�U���J�U�R�X�S���R�I���S�H�R�S�O�H���W�K�D�W���Z�R�U�N�V���W�R�J�Hther 
�I�R�U���D���S�D�U�W�L�F�X�O�D�U���S�X�U�S�R�V�H�´�� 



 

 

 

| Collective energy initiatives: towards a spatial perspective | 

 

100 | 

 

�ƒ DIRECT AND INDIRECT SPATIAL IMPACTS  

The changes generated by the external stimuli can lead to both direct/primary and 
indirect/secondary spatial impacts (Nijkamp & van Pelt, 1989). Direct impacts refer 
to immediate, observable changes in the physical environment, while indirect 
impacts arise as a consequence to the direct ones.  
Takeaway: Understanding spatial impacts requires distinguishing between direct 
and indirect impacts, as they both contribute to the overall changes brought about 
by CEIs. 
 

�ƒ QUANTITATIVE APPROACHES ARE NEEDED TO �$�1�$�/�<�6�(���&�(�,�6�·���6�3�$�7�,�$�/���,�0�3�$�&�7�6 

The literature on CEIs acknowledges a gap in formalized impact assessments, 
comprehensive evaluative frameworks, and the need for systemic approaches that 
consider the holistic nature of the energy transition. This includes a lack of 
longitudinal studies, statistical analysis, and (quasi-)experimental designs. Given this 
gap, there is a clear need for quantitative approaches to assess CEIs' spatial 
impacts, too. Tools such as Geographic Information Systems (GIS), which are widely 
used for spatial impacts analysis, can be particularly valuable in this context. 
Takeaway: The use of quantitative approaches, such as GIS and statistical analysis, 
is essential for effectively studying the spatial impacts of CEIs. 
 

�ƒ QUALITATIVE APPROACHES ARE VALUABLE TO ANALYSE CEIS' SPATIAL IMPACTS 

While quantitative assessments of CEIs' impacts may be preferable, the scarcity of 
readily available quantitative data and the limited monitoring processes within CEIs 
(Germes, Wiekens, & Horlings, 2021) often necessitate reliance on qualitative 
information. The literature highlights the widespread use of desk research, 
interviews, surveys, and questionnaires for studying CEIs' processes and impacts. 
These approaches can also be valuable for analysing spatial impacts. For example, 
Nijkamp & van Pelt (1989) addressed the spatial impacts of urban-level policies using 
qualitative data gathered through interviews and document analysis, demonstrating 
the effectiveness of qualitative methods when quantitative data is unavailable. 
However, attention should be given to potential sample bias in interviews with highly 
involved community members. To mitigate this, surveys with larger sample sizes and 
mixed-method approaches that allow for causal inferences should also be utilized 
(Bielig et al., 2022). 
Takeaway: In the absence of extensive quantitative data, or to complement it, 
qualitative approaches (e.g., desk research, interviews, surveys, focus groups, and 
questionnaires) can be crucial for effectively analysing the spatial impacts of CEIs. 
 

�ƒ CASE STUDY APPROACHES ARE VALUABLE TO ANALYSE CEIS' SPATIAL IMPACTS 
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Case study approaches are commonly used to analyse CEIs and their impacts. Due 
to the unique nature of each CEI and the specific context in which it develops, case 
studies can provide valuable insights into how individual CEIs develop and influence 
their surroundings. 
Takeaway: Case study approaches can be particularly useful for analysing CEIs' 
spatial impacts, offering in-depth understanding of the unique characteristics and 
context of each initiative. 
 

�ƒ HOLISTIC FRAMEWORKS TO ANALYSE CEIS' SPATIAL IMPACTS 

The outcomes and impacts of CEIs are shaped by both internal and external factors 
(Hicks & Ison, 2018). Therefore, a comprehensive approach to evaluating CEIs 
should include an examination of both their internal dynamics and external 
�L�Q�I�O�X�H�Q�F�H�V���� �.�H�\�� �V�W�H�S�V�� �P�D�\�� �L�Q�Y�R�O�Y�H�� �G�H�I�L�Q�L�Q�J�� �W�K�H�� �L�Q�L�W�L�D�W�L�Y�H�¶�V�� �S�U�R�I�L�O�H���� �D�F�W�L�Y�L�W�L�H�V���� �D�Q�G��
ambitions (van der Waal, 2020; Germes, Wiekens, & Horlings, 2021; Hasanov, 
2021), aiming to explore not only "what works" but also "how" and "why" certain 
outcomes and impacts are achieved, thereby uncovering the relationship between 
activities and impacts (Terrapon-Pfaff et al., 2018). 
Takeaway: A holistic evaluation framework, considering both internal and external 
factors and incorporating "impact pathways", is crucial for understanding the full 
range of CEIs spatial outcomes and impacts and their underlying processes. 
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3.2 An integrated methodology to address CEIs spatial 
impacts 

Addressing the methodological gap identified in the literature review through the lens of the research 
sub-�T�X�H�V�W�L�R�Q�V�� �5�6�4���� �³�+�R�Z�� �D�Q�G �Z�K�\�� �G�R�� �&�(�,�V�� �O�H�D�G�� �W�R�� �V�S�D�W�L�D�O�� �L�P�S�D�F�W�V�"�´�� �D�Q�G�� �5�6�4���� �³�:�K�D�W�� �D�U�H�� �W�K�H��
�V�S�D�W�L�D�O�� �L�P�S�D�F�W�V�� �R�I�� �&�(�,�V�"�´����this chapter builds on the theoretical and methodological foundations 
outlined in the previous chapter to define a methodology for analysing the spatial impacts of 
Collective Energy Initiatives (CEIs). 

As the literature review synthesised research findings from multiple disciplines, the methodology 
�G�H�Y�H�O�R�S�H�G�� �D�Q�G�� �G�H�V�F�U�L�E�H�G�� �L�Q�� �W�K�L�V�� �F�K�D�S�W�H�U�� �L�V�� �E�H�V�W�� �F�K�D�U�D�F�W�H�U�L�V�H�G�� �D�V�� �³�L�Q�W�H�J�U�D�W�L�Y�H���´�� �H�P�S�K�D�V�L�V�L�Q�J�� �W�K�H��
process of combining approaches, methods, and tools from different fields. 

The chapter is structured into two main sections�����³�:�K�D�W���W�R���V�W�X�G�\�����V�H�O�H�F�W�L�Q�J���W�K�H���G�L�P�H�Q�V�L�R�Q�V�´���D�Q�G���³�+�R�Z��
�W�R���V�W�X�G�\�����G�H�I�L�Q�L�Q�J���W�K�H���U�H�V�H�D�U�F�K���D�S�S�U�R�D�F�K�����G�H�V�L�J�Q�����D�Q�G���P�H�W�K�R�G�V���´ 

�,�Q���³�:�K�D�W���W�R���V�W�X�G�\�����V�H�O�H�F�W�L�Q�J���W�K�H���G�L�P�H�Q�V�L�R�Q�V�´, the aspects of CEIs chosen for analysis are presented, 
with a clear explanation of the rationale behind their selection. 

In �³�+�R�Z�� �W�R�� �V�W�X�G�\���� �G�H�I�L�Q�L�Q�J�� �W�K�H�� �U�H�V�H�D�U�F�K�� �G�H�V�L�J�Q����approaches, �D�Q�G�� �P�H�W�K�R�G�V�´��the research design, 
approaches, and methods used to collect, process, analyse, and present the data are explained. 

3.2.1 WHAT TO STUDY: SELECTING THE DIMENSIONS 

While existing literature emphasizes the importance of considering both internal and external factors 
when evaluating �&�R�O�O�H�F�W�L�Y�H�� �(�Q�H�U�J�\�� �,�Q�L�W�L�D�W�L�Y�H�V�¶ (CEIs) impacts, prioritizing the internal context was 
deemed necessary to effectively address the research questions and manage the complexity of the 
systems (i.e., CEIs) under investigation. Therefore, the present study focuses on the internal 
processes of CEIs. 

Four key dimensions were selected to examine the internal context of CEIs: (1) geographic span, (2) 
internal structure, (3) objectives, and (4) activities and services. The first three dimensions aim to 
address RSQ1, while the fourth dimension focuses on RSQ2. 

Nonetheless, conducting a brief analysis of the local context in which each initiative developed, along 
with examining the innovative aspects, the drivers and barriers encountered, and providing a 
description of the situation before and after the initiative's development, was deemed essential to 
enhance the understanding of its internal dynamics. These additional aspects were therefore 
deepened and incorporated into the methodology's structure. 

The following paragraphs provide an in-depth explanation of the all the dimensions selected to 
examine CEIs, the four addressing their internal context as well as the additional ones. 
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3.2.1.1 Geographic span 

When starting to analyse CEIs to assess their spatial impacts, the first spatial dimension that may be 
considered is the geographic span of the initiative, as also suggested by van der Waal (2020). The 
present study therefore defines the geographic span as the physical presence of the initiative and its 
beneficiaries. The physical presence refers to the locations where the CEI operates, including 
headquarters and offices, service delivery points (e.g., community centres), and project and activity 
sites where on-the-groundwork occurs. Whereas the beneficiaries are the population served by the 
CEI, considering their geographical distribution. Therefore, the geographical span can be seen as 
the concrete, physical reach of the CEI's current activities. It reflects where they are currently working 
and delivering services (which might be a smaller area within the broader area of interest).  

There can be different ways to approach the measure of the geographical span: with a discrete scale, 
and with a continuous one. The discrete approach considers the territorial scale of the initiative, which 
for instance can be neighbourhood scale, district, city, province, etc. It is a qualitative approach, easy 
to understand, but offering a limited granularity. In the present contribution, is used for the 
comparative analysis and the discussion. The continuous scale considers statistical data, such as 
the inhabitants served by the initiative and the area covered. It is a quantitative approach that 
provides more detail on the initiatives dimension. In this contribution, it is used for the evaluation of 
the single initiatives within the context in which they are located. 

3.2.1.2 Internal structure 

Since CEIs are fundamentally organizations, often operating as non-profits, examining their internal 
processes to understand their outcomes and impacts can benefit from approaches derived from 
studies on organizations. According to Horton et al. (2003), the ability of an organization to meet its 
objectives and therefore produce its desired outputs (e.g., services and projects) and outcomes (i.e., 
impacts of the services and projects) is a function of its internal organization as well as its external 
context. The internal organization encompass two primary aspects: the internal environment and the 
organizational capacity. Horton et al. (2003) suggest elements of the internal environment as the 
�R�U�J�D�Q�L�]�D�W�L�R�Q�¶�V���F�X�O�W�X�U�H�����K�L�V�W�R�U�\����leadership and management style, division of labour, and definition of 
roles. In terms of organizational capacity, different authors offer varying perspectives. Hall et al. 
(2003) propose three main types of organizational capacity: financial, human resources (e.g., paid 
staff, volunteers, etc.), and structural (e.g., networks and partnerships, policies, operating procedures 
and protocols, organizational strategic plans, etc.). Whereas Horton et al. (2003) consider additional 
aspects, such as strategic leadership (referring to internal governance/organization and decision-
making structure) or organizational knowledge and skills (i.e., staff expertise and competencies).  

As reviewed in the literature, some studies on CEIs have already suggested and employed analyses 
of factors such as legal form, joining processes, the decision-making structure, community 
engagement, types of staff members, and networks to understand CEIs impacts.  
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Drawing on all the above-mentioned insights, a total of 13 aspects were selected to assess the 
internal processes of CEIs, categorizing them into internal environment (Table 10) and organizational 
capacity (Table 11). 

 

Table 10 | Aspects considered to assess CEIs' internal environment. 

Internal environment Description 

Legal form 

Refers to the officially recognized structure of an initiative as defined by national laws 
and regulations. Common legal forms include cooperatives, associations, and 
partnerships. However, in their early stages, CEIs may operate informally, meaning they 
lack a defined legal form. 

Main actors Refers to the types of actors involved in the initiatives, which may include civil society, 
small and medium enterprises, local associations, authorities, and others. 

�0�D�L�Q���D�F�W�R�U�¶�V���U�R�O�H Refers to the types of activities performed by the main actors, which may include roles 
such as promoters, consumers, and providers. 

Members�¶ total number Refers to the total number of members joining the initiative. 

 

Table 11 | Aspects considered to assess CEIs' organizational capacity. 

Organizational capacity aspects Description 

Community engagement Refers to the target audiences the initiative aims to serve and the processes through 
which it interacts with them, specifically the engagement techniques employed. 

Joining process Refers to the procedures and requirements established by the initiative for individuals or 
entities to become members or participants. Eligibility criteria are considered.  

Organizational structure 

Refers to the internal organization of the initiative. Some initiatives just operate as 
membership-based organizations, with a board of directors overseeing daily operations 
and a general assembly of members serving as the ultimate decision-making body. 
Others may also establish distinct legal entities for individual projects to manage 
financial risks effectively. 

Decision-making process 

Refers to the framework within an organization that determines who is responsible for 
making decisions. The decision-making structure significantly influences the selection of 
objectives, activities, and projects undertaken by the organization. Decision-making can 
occur at three levels: founders, core team, and general assembly. Decisions may be 
reached through one of the following approaches: 

�ƒ Consensus: decisions are made by achieving unanimous agreement among all 
members of the initiative. 

�ƒ Majority voting: decisions are determined based on a majority vote among the 
members. 

�ƒ Consent: decisions are made even if not all members are in full agreement, as long 
as there is no outright objection. 

Staff and expertise 

Refers to the types of staff members of the initiative, which can be volunteers paid 
permanent staff, internships, paid external consultants, etc. The choice and the number 
depend on the financial resources and influence the amount and complexity of the 
activities that the organization can develop. 
Moreover, the level of expertise to which the initiative has access is considered. Types 
of expertise can be volunteers and staff expertise, hired external qualified consultants, 
external supporting organizations, collaborations with other initiatives, etc. This aspect 
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depends on the financial resources and influences the amount and complexity of the 
activities that the initiative can develop.  

Strategic planning Refers to the development of strategic plans or documents that set priorities, the focus of 
energy and resources, the establishment of agreements around intended results, etc. 

Policies, processes, operating 
procedures 

Refers to the availability of internal rationalized protocols/procedures, and 
municipality/province/regional procedures/guidelines/best practices. These might be 
formal and mandatory or informal. 

Financial resources 

Refers to the financial sources (grants, donations, sponsorships, membership fees, or 
revenue generated from projects) and their usage (project development, staff salaries, 
administrative expenses, community outreach, and investment in infrastructure or 
technology). 

Network, alliances, partnerships 
Refers to the external formal or informal relationships and collaborations that support 
services and projects�¶ implementation of the initiative. These partners may include local 
government, umbrella organizations, energy providers, and other agencies and entities. 

3.2.1.3 Ambitions 

The ambitions of a CEI outline what the initiatives themselves aim to achieve. These ambitions can 
be solely focused on energy, or they can encompass social, economic, and environmental issues as 
well. Examples include promoting renewable energy adoption, increasing energy efficiency, fostering 
community engagement, or addressing energy poverty by reducing energy bills. Such a type of 
analysis that focuses on the nature of the ambitions is the most common and is characterized by a 
topological perspective. This study adopts this approach to investigate whether CEIs consider or are 
influenced by issues related to urban form, design, regeneration, land use conflicts, soil consumption, 
and territorial or spatial vision, besides energy related ones, during their ambition definition.  

Nevertheless, ambitions can also be analysed through a spatial perspective, which this study defines 
�D�V�����J�H�R�J�U�D�S�K�L�F���V�F�R�S�H�������7�K�H���³�J�H�R�J�U�D�S�K�L�F���V�F�R�S�H�´���R�I���D���&�(�,���F�D�Q���E�H���G�H�I�L�Q�H�G���D�V���W�K�H���D�U�H�D���R�I���L�Q�W�H�U�H�V�W���R�I���W�K�H��
initiative. It is where the CEI ultimately wants to see these ambitions realized and can extend beyond 
the physical reach of the CEI. 

3.2.1.4 Activities and services 

The activities and services provided by CEIs are the primary drivers of their spatial impacts. 
Consequently, understanding these elements is essential for conducting a comprehensive analysis 
of their spatial impacts. For each CEI, this study identifies the types of services offered and the 
activities undertaken. A specific activity deemed particularly relevant to the research objectives is 
therefore selected, and a total of 14 aspects are analysed to evaluate it (Table 12). 
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Table 12 | Aspects considered to assess CEIs' activities. 

Activities related 
aspects Description 

Activity objective 

Refers to the specific ambition of the initiative when undertaking a particular activity. The 
activities of CEIs may have diverse ambitions; for instance, some may focus on 
contributing to local renewable energy generation, while others prioritize fostering 
community spirit. 

Actors involved 
Refers to the types of actors involved in the activity, which may include civil society, 
small and medium enterprises, local associations, authorities, and others. New actors, 
besides those involved in the initiatives, may participate in a specific activity. 

�$�F�W�R�U�V�¶���U�R�O�H Refers to the types of activities performed by the main actors of the activity, which may 
include roles such as promoters, consumers, and providers. 

Financial resources 

Refers to the financial sources (grants, donations, sponsorships, membership fees, or 
revenue generated from projects) and their usage (project development, staff salaries, 
administrative expenses, community outreach, and investment in infrastructure or 
technology). Different activities of the initiative may be supported by different financial 
resources. 

Profits 

Refer to the financial surplus generated from the initiative's activities after all operational 
costs, expenses, and investments have been deducted. These profits may be reinvested 
into the initiative itself, used to fund further projects, or distributed among members or 
stakeholders, depending on the legal structure and goals of the CEI. 

Activity geographic span 
Drawing on the definition of �³�J�H�R�J�U�D�S�K�L�F���V�S�D�Q�´���D�O�U�H�D�G�\���S�U�R�Y�L�G�H�G�����W�K�H���J�H�R�J�U�D�S�K�L�F���V�S�D�Q���R�I��
�D���&�(�,�V�¶���D�F�W�L�Y�L�W�\���U�H�I�H�U�V���W�R���W�K�H���S�K�\�V�L�F�D�O���S�U�H�V�H�Q�F�H���R�I���W�K�H���D�F�W�L�Y�L�W�\���D�Q�G���L�W�V���E�H�Q�H�I�L�F�L�D�U�L�H�V, 
weather it is the neighbourhood, or the entire city. 

Technology type 
Refers to the specific category or kind of technology utilized by the initiative to carry out 
its activities or deliver its services, such as solar panels, wind turbines, biomass 
systems, or energy storage solutions. 

Technology ownership Refers to the legal ownership of the technology, indicating whether it is privately owned, 
publicly owned, or collectively owned by the initiative. 

Technology distribution Refers to the spatial arrangement of the technology installed by the activity, whether 
concentrated in a specific location or distributed across various sites. 

Technology location land cover  

Refers to whether the technology is installed or operates within an urbanised or non-
urbanised area. Urbanised areas are approximated as the extent of artificial surfaces 
within municipal boundaries. According to the Corine Land Cover classification, "artificial 
areas" include urban fabric, industrial, commercial, and transport units, mines, dump and 
construction sites, as well as artificial non-agricultural vegetated areas (e.g., green or 
recreational and lei-sure urban parks, sport and leisure facilities). Non-urbanised areas 
are therefore agricultural areas, forest and seminatural areas, wetlands, and water 
bodies. 

Technology location urban function 
Refers to the specific urban function of the location where the technology is installed or 
operates. Urban functions are categorized based on their primary use or purpose, such 
as residential, commercial, industrial, agricultural, and other services. 

Technology location type 

Refers to the classification of the location where the technology is installed or operates, 
distinguishing between built-up areas (e.g., buildings, infrastructure) and voids (e.g., 
open spaces, undeveloped land). This categorization provides insight into the spatial 
context and integration of the technology within the urban or rural environment. 
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Technology location element type 

Refers to the specific physical element where the technology is installed or operates, 
such as roofs, façades, walls, open fields, or other structural components. This 
classification helps to identify the precise placement and integration of the technology 
within its spatial context. 

Technology location ownership 

Refers to the ownership status of the location where the technology is installed or 
operates, such as public, private, or community-owned properties. This classification 
provides insights into the governance and accessibility of the technology's physical 
setting. 

Technology location management 
Refers to the management structure or authority responsible for overseeing the location 
where the technology is installed or operates. This includes whether the location is 
managed by public, private, or by the initiative. 

Technology occupied surface Refers to the square meters occupied by the technology. 

3.2.1.5 Additional dimensions 

About the initiative 

Building on the literature review, additional aspects were considered as deemed necessary to 
enhance the understanding of CEIs' internal dynamics (Table 13). Alongside, a set of indicators is 
proposed to provide quantitative information for the description of CEIs (Table 14). 

 

Table 13 | Additional internal aspects considered to assess the development and the spatial impacts of CEIs. 

Additional dimensions Definition 

Foundation year Provides an overview of the development of the CEI, beginning from its foundation year. 

Innovative aspects Highlights the innovative aspects of the CEI. 

Process evaluation 
Highlights barriers, such as the lack of prior examples, delays in legislation, regulation, 
and bureaucracy, that hindered CEI development, alongside the main drivers. 

Initiative assessment Provides an overview of the area in which the CEI operates, both prior to and following 
the initiative's implementation. 

 

Table 14 | Overview indicators about CEIs. 

�,�Q�G�L�F�D�W�R�U�·�V���Q�D�P�H 
[measure unit] Definition 

Percentage of municipality area served 
by the initiative [%] 

The indicator is estimated as the ratio of the geographical span of the initiative to the 
municipality urbanised area. The result is then multiplied by 100 to express it as a 
percentage. 

Municipality inhabitants served by the 
initiative [inhab.] 

CEIs can provide the number of their members, which are single citizens. However, if 
one household member is part of an initiative, the entire household is generally 
considered a member.  
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Assuming a one-to-one correspondence between CEI members and households, the 
indicator can be calculated by multiplying the number of households participating in the 
initiative by the average household size at the national level.10 

Renewable electric energy generated 
by the initiative per year [MWh] - 

Percentage of renewable electric 
energy generated by the initiative on 
average electricity consumption in the 
municipality 

The indicator is estimated as the ratio of the total renewable electric energy generated by 
the initiative per year to the estimated municipality electricity consumption per year. The 
result is then multiplied by 100 to express it as a percentage. 

Surface occupied by the renewable 
energy plant - 

About the context 

To enhance the understanding of the internal processes of a CEI, the analysis of the contextual 
aspects is paramount. While this study purpose is not to explore in depth the external factors of CEIs, 
a brief overview of the context is necessary. A set of aspects related to the territory and the 
municipality in which a specific CEI develop was therefore selected to be investigated (Table 15), 
together with a set of quantitative indicators specifically developed to analyse the municipality in 
which each initiative operates (Table 16).  

 

Table 15 | Additional external aspects considered to assess the development and the spatial impacts of CEIs. 

External factors Definition 

Territorial spatial analysis Provides an overview of the population distribution and urban characteristics of a given 
municipality and its surrounding region.  

Urban land cover Provides insights into the structure and land use patterns within the municipality. 

Urban infrastructures Provides an overview of the key infrastructures that support the urban functions of the 
municipality, which include major transport and energy facilities. 

Urban energy demand Provides an estimate of the annual electricity consumption of the municipality, supporting 
the understanding of the distribution of energy demand within different sectors of a city 

Urban strategies, policies, and 
programs 

Outlines the municipality commitment to sustainability, and in particular to energy 
transition. 

Collective energy initiatives Provides an overview of the CEIs active in the municipality. 

 
10 In all four case studies analysed in the following chapter, there is evidence suggesting that if one household member is part of an 
initiative, the entire household is generally considered a member. During the follow-up interview with the Dutch CEI Coöperatieve 
Vereniging Nieuwe Energie Oranjewijk U.A. �W�K�H�� �L�Q�W�H�U�Y�L�H�Z�H�H�� �K�D�V�� �G�H�F�O�D�U�H�G�� �W�K�D�W�� �³Officially [a member] it is a person, single citizen, not 
household. But if in a household one person is a member, the whole household is respected as member". With respect to the Dutch CEI 
Coöperatieve Vereniging Grunneger Power U.A., in a previous study on the initiative realized by De Boer, Zuidema, & Gugerell (2018) it 
�L�V���V�W�D�W�H�G���³Within two years Grunneger Power grew to almost 1000 household members (Broere, 2013)�´�����7�K�H���L�Q�W�H�U�Y�L�H�Z�H�H���I�U�R�P���W�K�H���,�W�D�O�L�D�Q��
CEI Comunità Energetica e Solidale Napoli Est �V�W�D�W�H�G���W�K�D�W���³the only members of the initiative are families, which at the time of the notarial 
act numbered three and now are a total number of nineteen�´�����8�S�R�Q���U�H�Y�L�H�Z�L�Q�J���W�K�H���D�V�V�R�F�L�D�W�L�R�Q�
�V���V�W�D�W�X�W�H�����L�W���Z�D�V���G�H�W�H�U�P�L�Q�H�G���W�K�D�W���H�D�F�K���R�I���W�K�H��
three families mentioned by the interviewee is represented by only one household member. Regarding the Italian initiative Comunità 
Collinare del Friuli, the interviewee stated �³�>�«�@���Z�L�W�K���W�K�H���5�(�&�2�&�(�5�� �S�U�R�M�H�F�W���W�K�H���&�(�5�� �R�I�� �6�D�Q���'�D�Q�L�H�O�H���Z�D�V���I�R�U�P�H�G���� �W�K�H�Q���� �W�K�H���S�O�D�Q�W���Z�D�V��
included in the CER, together with other 7/8 subjects, 7/8 families. So, 7/8 apartments all located along the same street�´�� 
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Table 16 | Overview indicators about the municipality in a specific CEIs operates. 

�,�Q�G�L�F�D�W�R�U�·�V���Q�D�P�H�� 
[measure unit] 

Definition 

Municipality administrative area [km2] - 

Municipality urbanised area [km2] 

The indicator is estimated using a Geographic Information System (GIS) software. By 
importing the CORINE Land Cover (CLC) database and the municipality boundaries into 
a GIS software, the indicator is estimated through the following steps: 
(1) Selection of geometries classified as 'Class 1: Artificial Areas' within the CLC 
database, representing urbanised areas. 
(2) Intersection of the selected geometries with municipality boundaries. 
(3) Calculation of the total area of 'Class 1: Artificial Areas' geometries within the 
municipality boundaries.11 

Municipality inhabitants [inhab.] Resident population of the 1 Jan. 2024 

Municipality electricity consumption per 
year [MWh] 

The indicator is estimated as the ratio of the resident population in the municipality for a 
specific year to the estimated electricity consumption per capita at the national level in 
the same year.12 

3.2.2 HOW TO STUDY: DEFINING THE RESEARCH DESIGN, APPROACHES, 
AND METHODS 

3.2.2.1 Research approach and design 

To address the methodological gap in the analysis of the spatial impacts of Collective Energy 
Initiatives (CEIs), the present study adopts an exploratory, mixed-method, multiple-case study 
research design. 

Exploratory 

An exploratory approach is employed when there is no pre-determined outcome, with the goal of 
developing foundational knowledge for further inquiry (Yin, 2003). Since the analysis of the spatial 
impacts of CEIs is a novel topic with limited available information, the exploratory approach is well-
suited to the phenomenon under investigation and has therefore been chosen. Consequently, the 
purpose of this study is exploratory. 

Mixed-method 

As literature suggests employing mixed-method approaches to address the impacts of CEIs, this 
study endeavours to adopt such an approach (Hennink, Hutter, & Bailey, 2020). 

 
11 A similar process is employed by �&�L�H���O�D�N�����%�L�á�R�]�R�U�����D�Q�G���6�]�X�Q�L�H�Z�L�F�]���������������� 

12 A similar process is employed by Germes, Wiekens, & Horlings (2021). However, the present study utilizes per capita electricity 
consumption rather than household energy consumption, as open-source data is readily available on a global scale. 
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The qualitative method is utilized to explore the processes through which CEIs generate spatial 
impacts, such as decision-making practices, organizational structures, and the types of spatial 
impacts produced. 

The quantitative method is applied to incorporate indicators aimed at understanding the context in 
which CEIs develop and to analyse key dimensions of CEIs, including their geographic span and the 
renewable energy they produce. 

Multiple-case study 

The methodology presented by Yin (2003) was considered as the main reference for the 
development of the multiple case study approach. An exploratory study allows for the use of various 
research strategies, such as surveys, experiments, and case studies. Case studies, in particular, are 
preferred when examining contemporary events within real-life context where relevant behaviours 
cannot be manipulated, and when investigating presumed causal links that are too complex to be 
addressed through surveys or experiments13. Case studies are therefore deemed feasible for the 
analysis of CEIs as (1) CEIs are real world phenomena, (2) their internal characteristics and external 
context cannot be manipulated, and (3) they are complex systems. 

Specifically, this study employs a multiple-case study approach, also known as collective case 
design, which involves conducting research with the selection of two or more bounded case studies 
(Yin, 2003). The aim is to gain a more comprehensive understanding of the phenomena under 
investigation than a single case study can offer, providing detailed insights into complex societal 
dynamics (Teladia & van der Windt, 2024). 

3.2.2.2 Research methods 

Data collection methods 

According to Yin (2003), a case study approach can incorporate various sources of information, 
including documentation, archival records, interviews, direct observations, participant observations, 
and physical artefacts, each with its own strengths and weaknesses. Relying solely on a single 
source is not recommended for conducting case studies due to the inherent limitations of individual 
approaches. Instead, despite being more time consuming and expensive, the use of multiple sources 
of information is preferred, as it enhances both the validity and reliability of the case study findings. 
This is particularly true when the data collected from different sources are triangulated, meaning that 
the same fact is corroborated, supported by more than a single source of information.  

 
13 
http://wpc.6fdc.edgecastcdn.net/006FDC/UOR_Curriculum/Rockies_Research_Center/siteContent/PDF/DissWB_03_Method_qual_expl
oratory_case_study_FINAL.pdf 
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The present research therefore relies on two main data collection methods: interviews as primary 
sources, and desk research as secondary ones (including documentation and archival records) 
(Table 17).  

Desk research 

Desk research involved primary as well as secondary sources. Web pages, grey literature (e.g., 
official documents, internal documents), and scientific literature, were consulted and quantitative as 
well as qualitative data were collected �D�E�R�X�W���W�K�H�� �G�L�P�H�Q�V�L�R�Q�V�� �L�G�H�Q�W�L�I�L�H�G���D�Q�G���G�L�V�F�X�V�V�H�G���L�Q���³�:�K�D�W���W�R��
study: selecting the d�L�P�H�Q�V�L�R�Q�V�´��(§3.2.1) to address both RSQ1 and RSQ1. 

Interviews 

The present study utilised in-depth semi-structured interviews as a primary method of data collection. 
This approach involves a one-on-one interaction between an interviewer and an interviewee, 
facilitating a detailed exploration of specific topics (Hennink, Hutter, & Bailey, 2020).  

The decision to employ semi-structured interviews is motivated by the need to align with the 
exploratory nature of the study and its mixed-methods approach.  

The open-ended nature of this interview format facilitates the exploration of complex and nuanced 
topics, enabling participants to provide detailed, context-specific insights that might not emerge 

 

Table 17 | Data collection methods employed. 

Source of information Type of source Type of data 
collected 

Strengths and weaknesses 
(of the source of information) 

Desk research  
(Communications, agendas, 
announcements, reports, 
administrative internal 
documents, formal studies, 
public presentations, 
newspaper clippings and 
other articles appearing in 
mass media or community 
newsletters, websites, 
scientific papers, etc.) 

- Primary 
sources 

- Secondary 
sources 

- Quantitative  
 
- Qualitative 

Strengths: 
- Targeted (focused directly on case study topic) 
- Insightful (provides perceived causal 

inferences) 
Weaknesses: 

- Bias due to poorly constructed questions 
- Response bias 
- Inaccuracies due to poor recall 
- Reflexivity (interviewee gives what interviewer 

wants to hear) 

Interviews Primary sources 
- Quantitative  
 
- Qualitative 

Strengths: 
- Stable (can be reviewed repeatedly) 
- Unobtrusive (not created as a result of the 

case study) 
- Exact (contains exact names, references, and 

details of an event) 
- Broad coverage (long span of time, many 

events and many settings) 
Weaknesses: 

- Retrievability (can be low) 
- Biased selectivity if collection is incomplete 
- Reporting bias (reflects unknown bias of the 

author) 
- Access (may be deliberately blocked) 
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through more rigidly structured formats. This approach can therefore be particularly effective in 
gaining a deeper understanding of the internal processes of CEIs, thereby addressing RSQ1.  

Simultaneously, the inclusion of some closed-ended questions is critical to the mixed-methods 
design, as it allows for the collection of quantitative data to complement and corroborate the desk 
research findings. This facilitates �W�K�H�� �F�D�S�W�X�U�H�� �R�I�� �L�Q�I�R�U�P�D�W�L�R�Q�� �R�Q�� �W�K�H�� �V�S�D�W�L�D�O�� �G�L�P�H�Q�V�L�R�Q�V�� �R�I�� �&�(�,�V�¶��
�D�F�W�L�Y�L�W�L�H�V���D�Q�G���R�X�W�F�R�P�H�V�����W�K�H�U�H�E�\���H�Q�K�D�Q�F�L�Q�J���W�K�H���V�W�X�G�\�¶�V���D�E�L�O�L�W�\���W�R���D�G�G�U�H�V�V���5�6�4������ 

An interview guide for semi-structured interviews was therefore designed based on the dimensions 
�L�G�H�Q�W�L�I�L�H�G�� �D�Q�G�� �G�L�V�F�X�V�V�H�G�� �L�Q�� �³�:�K�D�W�� �W�R�� �6�W�X�G�\����selecting the dimensions� ́ (§3.2.1), ensuring a 
comprehensive approach to addressing the research questions. Additionally, an information sheet 
and a consent form were prepared to appropriately address privacy and ethical issues. The interview 
constitutes a fundamental part of this research, as it serves as the primary method for data collection. 
In Box 4 the interview guide developed and employed can be consulted. 

The interviews were conducted with individuals who self-identified as having high roles in the 
management or governance of the CEIs selected as case studies. Interviews were conducted via 
video call, digitally recorded with an on-device software, and lasted 1 hour and a half. Including follow-
up interviews, data was collected over 7 months, from March to September 2024. 

3.2.2.3 Sample strategy 

For greater clarity and focus, the sampling strategy, which pertains to the selection of case studies 
to which the present methodology has been applied, is discussed in dedicated Chapter 3.3. 

3.2.2.4 Data processing methods  

Data from desk research 

Documents collected through desk research were stored in computer files and organised by case 
study. Information relevant to the analysis of the dimensions identified and discussed in "What to 
study: selecting the dimensions" (§3.2.1) was then selected and uploaded into a tabular database. 

Data from interviews 

The preparation of the information collected through the semi-structured interviews involved several 
processing steps, beginning with the realization of non-verbatim transcriptions14. Widely considered 
a key part of qualitative analysis and the analytical process (Justinia, 2015), a verbatim transcription 
is a word-for-word replica of the of the interview including both the words spoken by the interviewer 
and the participant including aspects such as vocalizations, hesitations, body gestures, and 

 
14 Due to technical issues, parts of the original recording of the interview with the Italian case study Comunità Energetica e Solidale Napoli 
Est were lost. Consequently, a non-verbatim transcription was produced based on field notes, supplemented where possible by audio 
recordings. Nevertheless, this approach did not pose a limitation, as the methodology prioritises thematic and content analysis. 
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emotions. However, as the study focuses on thematic and content analysis, minor edits have been 
made to the interviews transcripts to enhance clarity, therefore producing non-verbatim 
transcriptions.  

The transcription workflow included: 

1. File Conversion: initially in .mp4 format, the interview digital recordings were converted 
to .mp3 files for compatibility with the chosen transcription software.  

2. AI-assisted Transcription: to significantly reduce the time required for generating a 
first draft of the transcripts, Wisper AI software was employed. To ensure privacy, the 
cloud version was not used. Instead, the software was downloaded and run locally on a 
private device. 

3. Transcription Labelling: Each transcript was assigned a unique label containing the 
interview identifier code, date, time, key participant information, and interview duration. 
This labelling system facilitated the organization and retrieval of transcripts throughout 
the analysis process.  

4. Accuracy Verification: Following the AI-generated transcript, a manual review was 
conducted. By listening to the recordings while referencing the draft transcript, errors or 
omissions made by the software were identified and rectified.  

5. Transcription key: A standardized transcription key was created to ensure consistency 
across transcripts and enhance the clarity and readability of the transcripts. As the study 
�I�R�F�X�V�H�G�� �R�Q�� �W�K�H�� �F�R�O�O�H�F�W�L�R�Q�� �R�I�� �L�Q�W�H�U�Y�L�H�Z�V�¶�� �L�Q�I�R�U�P�D�W�L�R�Q�D�O�� �F�R�Q�W�H�Q�W�� �U�D�W�K�H�U�� �W�K�D�Q�� �R�Q�� �V�S�H�H�F�K��
mechanics, firstly the verbatim transcription produced a word-for-word replica of the 
meetings avoiding aspects such as vocalizations, hesitations, body gestures, and 
emotions (Parry, 2010; Justinia, 2015; Hill et al., 2022). Therefore, the transcription key 
�G�H�I�L�Q�H�G�� �V�\�P�E�R�O�V�� �W�R�� �G�L�V�W�L�Q�J�X�L�V�K�� �W�K�H�� �V�S�H�D�N�H�U�V�� ���³�,�´�� �I�R�U�� �W�K�H�� �L�Q�W�H�U�Y�L�H�Z�H�U���� �³�3�´�� �I�R�U�� �W�K�H��
�S�D�U�W�L�F�L�S�D�Q�W�������W�R���P�D�U�N���S�D�X�V�H�V�����P�D�U�N�H�G���D�V���³�«�´�������D�Q�G���L�Q�D�X�G�L�E�O�H���S�R�U�W�L�R�Q�V���R�I���V�S�H�H�F�K�����P�D�U�N�H�G��
�D�V�� �³�L�Q�D�X�G�L�E�O�H�´������ �6�H�F�R�Q�G�O�\���� �W�K�H�� �W�U�D�Q�V�F�U�L�S�W�L�R�Q�� �S�U�R�F�H�V�V�� �L�Q�F�O�X�G�H�G�� �P�L�Q�R�U�� �H�G�L�W�V�� �W�R��enhance 
clarity of the transcribed interviews. 

Content relevant to the analysis of the dimensions identified and discussed in "What to study: 
selecting the dimensions" (§ 3.2.1) was thus selected and uploaded into the tabular database to 
complement the information collected through desk research and be triangulated with it. 
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Box 4 | On the interview guide 

The interview guide is a set of questions designed to assist the interviewer in conducting the interview (Hennink, Hutter, & 
Bailey, 2020). As this research adopts an exploratory approach, the interview guide was developed as a semi-structured 
tool, primarily consisting of open-ended questions. These questions aim to explore the internal processes of Collective 
Energy Initiatives (CEIs) and the spatial impacts they generate. However, since the research also seeks to collect 
quantitative data through a mixed-method approach, some closed questions were included to capture this information. 

The interview was organised into four main sections: introduction, opening questions, key questions (divided into three 
parts), and closing questions. The questions were selected to align with the key dimensions outlined in Chapter 3.2. 
Additionally, non-leading, general prompts such as "Could you please tell me a little more about that?" and "What does that 
look like for you?" were used to encourage detailed responses. Below are the sections of the interview guide along with the 
corresponding questions. 

1. Introduction 

This part aims to welcome the interviewee and provide him/her with research context, as well as rights of the interviewee. 

Thank you for agreeing to participate in this interview! 

�$�V���H�[�S�O�D�L�Q�H�G���L�Q���W�K�H���,�Q�I�R�U�P�D�W�L�R�Q���6�K�H�H�W�����,�¶�P���%�D�U�E�D�U�D���0�D�U�L�D���)�U�L�J�L�R�Q�H�����D���3�K�'���V�W�X�G�H�Q�W���R�I���W�K�H���,�W�D�O�L�D�Q���1�D�W�L�R�Q�D�O��
PhD Program in Sustainable Development and Climate Change based at the Department of Civil 
Engineering, Architecture, Territory, Environment and Mathematics of the University of Brescia and 
currently collaborating with the Department of Spatial Planning and environment of the University of 
�*�U�R�Q�L�Q�J�H�Q�����0�\���3�K�'���U�H�V�H�D�U�F�K���G�H�Y�H�O�R�S�V���Z�L�W�K�L�Q���W�K�H���I�U�D�P�H�Z�R�U�N���R�I���W�K�H���+�R�U�L�]�R�Q�������������S�U�R�M�H�F�W���³�,�Q�V�W�L�W�X�W�L�R�Q�D�O�L�]�H�G��
integrated s�X�V�W�D�L�Q�D�E�O�H���H�Q�H�U�J�\���D�Q�G���F�O�L�P�D�W�H���D�F�W�L�R�Q���S�O�D�Q�V�´�������,�6�(�&�$�3�������R�I���Z�K�L�F�K���E�R�W�K���W�K�H���8�Q�L�Y�H�U�V�L�W�\���R�I���%�U�H�V�F�L�D��
and the University of Groningen are partners. 

�,�¶�P���F�R�Q�G�X�F�W�L�Q�J���W�K�L�V���L�Q�W�H�U�Y�L�H�Z���W�R���G�H�O�Y�H���L�Q�W�R���W�K�H���V�S�D�W�L�D�O���L�P�S�D�F�W�V���W�K�D�W���F�R�O�O�H�F�W�L�Y�H���H�Q�H�U�J�\���L�Q�L�W�L�D�W�L�Y�H�V���K�D�Y�H���R�Q���R�X�U��
cities, such as changes in land cover and land use, and to understand the processes within these initiatives 
that lead to the above-mentioned spatial impacts. 

Your participation in this study is voluntary, and the interview is expected to last approximately an hour and 
fifteen minutes, depending on how much information you would like to share. With your permission, I would 
like to record the interview to ensure accurate documentation of your comments. You may decline to 
answer any question or stop the interview anytime and for any reason. 

Are there any questions? May I turn on the digital recorder? 

2. Opening questions: background information 

This part aims to collect information about the date, time, place of the interview, along with the name of the initiative, the 
name of the interviewee, interviewee contact information, background and role in the initiative.  

3. Key questions: internal processes 

This part is organized into sub questions mirroring the dimensions of CEIs initiatives chosen to be studied in Chapter 3.2 
and aims to gain insights on the internal processes of the initiative. 

1. �,�¶�G���Q�R�Z���O�L�N�H���W�R���D�V�N���\�R�X���D�E�R�X�W���W�K�H���L�Q�L�W�L�D�W�L�Y�H���\�R�X���D�U�H���L�Q�Y�R�O�Y�H�G���L�Q�����%�D�V�H�G���R�Q��published data, I know that 
�W�K�H���L�Q�L�W�L�D�W�L�Y�H���Z�D�V���E�R�U�Q���L�Q���«�+�R�Z���Z�D�V���L�W���E�R�U�Q�"���+�R�Z���G�L�G���L�W���G�H�Y�H�O�R�S�" 

2. LOCAL COMMUNITY ENGAGEMENT �± How do you recruit participants? What is the target group 
reached by the initiative? 

3. MEMBERS - Who are the members of the initiative and what is their role? 
4. STAFF MEMBERS - On what kind of staff members does the initiative rely on? How many? 
5. GOVERNANCE STRUCTURE - Can you tell me about how decisions are taken within the initiative? 
6. EXPERTISE - On what kind of expertise does the initiative rely on (inside and outside the 

organization)? 
7. CAPACITY FOR STRATEGIC PLANNING AND MANAGEMENT - Does the initiative have a 

strategic plan or documents that set priorities, focus energy and resources, establish agreement 
around intended results, etc.? 

8. POLICES, OPERATING PROCEDURES, ETC. - Does the initiative have internal step plans (action 
plan)? Or does it take inspiration from approaches from other initiatives? Or are there Municipality 
procedures? 
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9. NETWORK AND PARTNERSHIPS - Does the initiative also work with other initiatives, organizations, 
or local governments? 

10. AMBITIONS - What are the main ambitions of the initiative? In other words, what are the impacts that 
the initiative aspires to achieve? 

11. FINANCIAL SOURCES - What are the primary sources of funding for your initiative, and how are 
these funds utilized to support its activities and projects? 

4. Key questions: general information on activities and projects 

This part is organized into sub questions mirroring the dimensions of CEIs initiatives chosen to be studied in Chapter 
3.2 and aims to gain general insights on the activities and project developed by the initiative. 

12. ACTIVITIES AND TECHNOLOGIES - I'd like now to move on to the activities and the technologies 
applied by the initiative. What are the current activities of the initiative, and the related technologies 
applied? 

13. PROJECTS �± Which are linked to the projects you are involved in? What are these projects about? 
14. ACTORS - Who is involved in the projects? How would you describe the role of the initiative in the 

projects? 

5. Key questions: a realized project 

This part is organized into sub questions mirroring the dimensions of CEIs initiatives chosen to be studied in Chapter 
3.2 and aims to gain insights on a specific activity developed by the initiative. 

We will now focus on just one project of the initiative. Which consolidated/realized and interesting project of the 
initiative you would be comfortable describing? Why? 

15. LOCATION AND EXTENT - Where is the project located? 
16. ACTORS - Who is involved in the projects? How would you describe the role of the initiative in the 

projects? 
17. BEFORE THE PROJECT - How was the area before the project? 
18. BUSINESS AS USUAL �± Who approached who? Would have they done it also without your initiative? 

(How would the area evolve without the project in which the initiative is involved?) 
19. ABOUT THE PROJECT - Can you tell me when and why it started, and how it developed? (e.g. 

objectives, actors and role, financial resources, why / how area choice/access, spatial footprint, 
technology and infrastructure) 

20. SPATIAL IMPACTS �±What significant changes in the physical environment do you observe as a 
result of the project? 

21. INNOVATIVE ASPECTS - In your opinion, which are the innovative aspects of the project? 
22. BARRIERS AND DRIVERS - Can you tell me something about the main barriers and drivers during 

the implementation of the project? 

6. Concluding questions 

This part invited reflection on broader implications and future perception of the interviewee. 

23. SPATIAL IMPACTS - Thinking about all the activities and projects of the initiative: what significant 
spatial (physical) changes do you observe in the city as a result of the initiative's activities and 
projects? How has the physical space been altered? 

24. LINK INTERNAL PROCESSES AND SPATIAL IMPACTS �± What do you think would have happened 
if the initiative had different resources (e.g., more paid staff, more expertise, more network, 
professionalisation, etc.)? 

25. �,�1�,�7�,�$�7�,�9�(�¶�6���$�6�6�(�6�6�0�(�1�7���± Did the initiative face resistance? What was it about? 
26. FUTURE PERCEPTION - What improvements would you like to see made within the initiative, as well 

as in external factors that affect its operations? 
27. Would you like to add something concerning the previous questions? 
28. If necessary, would you be available for a follow-up interview? 

 
Thank you very much for your time!  
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Integration of desk research and interview data: the quantitative indicators 

Based on the information gathered during the data collection process, the two sets of quantitative 
indicators proposed in "What to study: selecting the dimensions" (§ 3.2.1) were developed to analyse 
the context in which the case studies operate (Table 18) and to assess parameters that may facilitate 
CEIs spatial considerations (Table 19). 

To ensure replicability, the indicators were defined with openly available statistical data, although 
some information was obtained from the interviews and is therefore not publicly accessible. The 
following tables detail the defined indicators, their data sources, and the methodologies applied for 
their calculation. 

 

Table 18 | Overview indicators about the municipality. 

No. Indicator name 
[measure unit] 

Definition Source 

1 
Municipality 
administrative area 
[km2] 

- National statistical authority website 

2 
Municipality urbanised 
area [km2] 

The indicator is estimated using a 
Geographic Information System (GIS) 
software. By importing the CORINE Land 
Cover (CLC) database and the municipality 
boundaries into a GIS software, the indicator 
is estimated through the following steps: 
(1) Selection of geometries classified as 
'Class 1: Artificial Areas' within the CLC 
database, representing urbanised areas. 
(2) Intersection of the selected geometries 
with municipality boundaries. 
(3) Calculation of the total area of 'Class 1: 
Artificial Areas' geometries within the 
municipality boundaries.15 

 
�³�&�O�D�V�V�������$�U�W�L�I�L�F�L�D�O���$�U�H�D�V�´�����&�2�5�,�1�(���/�D�Q�G���&�R�Y�H�U��
(CLC) database 
(https://land.copernicus.eu/en/products/corine-
land-cover/clc2018) 
 
Municipality administrative borders: Eurostat 
Local Administrative Units (LAU) 
(https://ec.europa.eu/eurostat/web/gisco/geoda
ta/statistical-units/local-administrative-units) 

3 
Municipality 
inhabitants [inhab.] Resident population of the 1 Jan. 2024 National statistical authority website 

4 
Municipality electricity 
consumption per year 
[MWh] 

The indicator is estimated as the ratio of the 
resident population in the municipality for a 
specific year to the estimated electricity 
consumption per capita at the national level 
in the same year.16 

Resident population: National statistical 
authority website 
 
Electricity consumption per capita at the 
national level: International Energy Agency 
(IEA) Energy Statistics Data Browser 
(https://www.iea.org/data-and-statistics/data-
tools/energy-statistics-data-
browser?country=ITALY&fuel=Electricity%20an
d%20heat&indicator=ElecConsPerCapita) 

 

 

 
15 A similar process is employed by �&�L�H���O�D�N�����%�L�á�R�]�R�U�����D�Q�G���6�]�X�Q�L�H�Z�L�F�]���������������� 

16 A similar process is employed by Germes, Wiekens, & Horlings (2021). However, the present study utilises per capita electricity 
consumption rather than household energy consumption, as open-source data is readily available on a global scale. 
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Table 19 | Overview indicators about the initiative. 

No. Indicator name  
[measure unit] Definition Source 

1 
Percentage of municipality 
area served by the initiative 
[%] 

The indicator is estimated as the ratio of 
the geographical span of the initiative to 
the municipality urbanised area. The 
result is then multiplied by 100 to 
express it as a percentage. 

Geographical span of the initiative: data not 
always open. 
 
Municipality urbanised area: data estimation 
provided in Table 18. 

2 
Municipality inhabitants 
served by the initiative 
[inhab.] 

CEIs can provide the number of their 
members, which are single citizens. 
However, if one household member is 
part of an initiative, the entire household 
is generally considered a member.  
Assuming a one-to-one correspondence 
between CEI members and households, 
the indicator can be calculated by 
multiplying the number of households 
participating in the initiative by the 
average household size at the national 
level.17 

�1�X�P�E�H�U���R�I���&�(�,�V�¶���P�H�P�E�H�U�V�����L�Q�L�W�L�D�W�L�Y�H�V���Z�H�E�V�L�W�H�V 
 
Average household size in EU countries: 
Eurostat, EU-SILC survey 
(https://ec.europa.eu/eurostat/databrowser/vie
w/ILC_LVPH01__custom_3603397/bookmark/t
able?lang=en&bookmarkId=5d2c2746-642e-
498b-9699-33fd2f99b666) 

3 
Renewable electric energy 
generated by the initiative 
per year [MWh] 

- Data not always open. 

4 

Percentage of renewable 
electric energy generated 
by the initiative on average 
electricity consumption in 
the municipality 

The indicator is estimated as the ratio of 
the total renewable electric energy 
generated by the initiative per year to 
the estimated municipality electricity 
consumption per year. The result is 
then multiplied by 100 to express it as a 
percentage. 

Renewable electric energy generated by the 
initiative per year: not always open. 
 
Municipality electricity consumption per year: 
data estimation provided in Table 18. 

5 
Surface occupied by the 
renewable energy plant 
 

- Data not open. 

 

Integration of desk research and interview data: the case study reports 

After being categorised within the tabular database and triangulated, the collected information for 
each case study was ultimately organised into a dedicated case study report. The case study reports 
are structured as follows: overview indicators, information about the context, and information about 
the initiative, and references (Figure 11). 

 
17 In all four case studies analysed in the following chapter, there is evidence suggesting that if one household member is part of an 
initiative, the entire household is generally considered a member. During the follow-up interview with the Dutch initiative Coöperatieve 
Vereniging Nieuwe Energie Oranjewijk U.A. �W�K�H�� �L�Q�W�H�U�Y�L�H�Z�H�H�� �K�D�V�� �G�H�F�O�D�U�H�G�� �W�K�D�W�� �³Officially [a member] it is a person, single citizen, not 
household. But if in a household one person is a member, the whole household is respected as member". With respect to the Dutch 
initiative Coöperatieve Vereniging Grunneger Power U.A., in a previous study on the initiative realized by De Boer, Zuidema, & Gugerell 
(2018) �L�W���L�V���V�W�D�W�H�G���³Within two years Grunneger Power grew to almost 1000 household members (Broere, 2013)�´�����7�K�H���L�Q�W�H�U�Y�L�H�Z�H�H���I�U�R�P���W�K�H��
Italian initiative Comunità Energetica e Solidale Napoli Est �V�W�D�W�H�G���W�K�D�W���³the only members of the initiative are families, which at the time of 
the notarial act numbered three and now are a total number of nineteen�´�����8�S�R�Q���U�H�Y�L�H�Z�L�Q�J���W�K�H���D�V�V�R�F�L�D�W�L�R�Q�
�V���V�W�D�W�X�W�H�����L�W���Z�D�V���G�H�W�H�U�P�L�Q�H�G���W�K�D�W��
each of the three families mentioned by the interviewee is represented by only one household member. Regarding the Italian initiative 
Comunità Collinare del Friuli, the interviewee stated �³�>�«�@���Z�L�W�K���W�K�H���5�(�&�2�&�(�5���S�U�R�M�H�F�W���W�K�H���&�(�5���R�I���6�D�Q���'�D�Q�L�H�O�H���Z�D�V���I�R�U�P�H�G�����W�K�H�Q�����W�K�H���S�O�D�Q�W��
was included in the CER, together with other 7/8 subjects, 7/8 families. So, 7/8 apartments all located along the same street�´�� 
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Overview indicators 

�7�K�H���V�H�F�W�L�R�Q���S�U�H�V�H�Q�W�V���W�K�H���L�Q�G�L�F�D�W�R�U�V���G�H�Y�H�O�R�S�H�G���L�Q���³�,�Q�W�H�J�U�D�W�L�R�Q���R�I���G�H�V�N���U�H�V�H�D�U�F�K���D�Q�G���L�Q�W�H�U�Y�L�H�Z���G�D�W�D����
the quantitative indicators� ́ (§§ 3.2.2.4) to introduce the main characteristics of the municipality 
hosting the case study (Table 18), as well as the case study itself (Table 19). These indicators are 
supplemented with maps that illustrate the case study's location, geographic span, and scope. 

About the context 

The location of each case study is a key factor in understanding its development, as most economic, 
social, and environmental influences are territorially specific. Although the present study does not 
delve deeply into the external factors affecting each initiative, a spatial description of the territorial 
typologies that characterize the province and the urban settlement where the case studies are 
located is presented, based on the territorial typologies developed by Eurostat and Corine Land 

 

Figure 11 | Structure of the case study report. 
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Cover land use maps. Urban strategies, policies, and programs of the city in which the case study is 
located, besides the presence of other CEIs, are also provided. This section therefore provides an 
overview of the additional contextual dimensions selected and presented in "What to study: selecting 
the dimensions" (§ 3.2.1) (Table 15). 

About the initiative 

The section is comprised of three main parts: the initiative profile, the spatial analysis, and the original 
interview. The initiative profile presents a standardised cataloguing of the information gathered for 
the dimensions selected in "What to study: selecting the dimensions" (§ 3.2.1), whereas the original 
interview provides the interview transcripts, thus contains the interview questions and answers. The 
content of the spatial analysis part is �G�H�V�F�U�L�E�H�G���L�Q���³�'�D�W�D���D�Q�D�O�\�V�L�V���P�H�W�K�R�G�V�´ (§§ 3.2.2.5). 

References 

The section provides references to all the documents and websites consulted in the development of 
�W�K�H���³�$�E�R�X�W���W�K�H��c�R�Q�W�H�[�W�´���D�Q�G���³�$�E�R�X�W���W�K�H��i�Q�L�W�L�D�W�L�Y�H�´���V�H�F�W�L�R�Q�V�� 

3.2.2.5 Data analysis methods 

In addition to presenting the triangulated information about each case study and the context in which 
�L�W���G�H�Y�H�O�R�S�V�����W�K�H���³C�D�V�H���V�W�X�G�\���U�H�S�R�U�W�´���L�Q�F�O�X�G�H�V���D���V�H�F�W�L�R�Q���G�H�G�L�F�D�W�H�G���W�R���D�Q�D�O�\�V�L�Q�J���W�K�H���V�S�D�W�L�D�O���G�L�P�H�Q�V�L�R�Q��
and spatial outcomes and impacts of the case study. This subsection is divided into three main parts, 
each presenting information organised into different arrays to enable a progressively deeper spatial 
analysis of the dimensions, outcomes, and impacts of CEIs. As suggested by Miles and Huberman 
(1994) (Yin, 2003), analysing a problem through different perspectives is a powerful approach that 
enhances understanding by allowing for the recognition of patterns and relationships. 

These three parts are: the spray diagram, the space-time matrix, and the spatial impact pathways. 

Spray Diagram 

Recognising that CEIs are complex systems, this part applies systems thinking and mapping 
approaches to represent the internal processes of CEIs, organising them according to the dimensions 
�R�X�W�O�L�Q�H�G���L�Q���W�K�H���³�$�E�R�X�W���W�K�H��i�Q�L�W�L�D�W�L�Y�H�´���V�X�E�V�H�F�W�L�R�Q�����$���V�S�U�D�\���G�L�D�J�U�D�P���L�V���W�K�H�U�H�I�R�U�H���H�P�S�O�R�\�H�G���W�R���L�G�H�Q�W�L�I�\��
where and how the spatial dimension is involved within the internal processes of CEIs. The analysis 
of the selected case studies with spray diagrams clearly revealed that certain aspects of the internal 
processes of CEIs are strongly linked to the spatial dimension. These aspects include the geographic 
span, ambitions (and thus the geographic scope), and the development of activities. Consequently, 
the study explores �W�K�H�V�H���D�V�S�H�F�W�V���L�Q���J�U�H�D�W�H�U���G�H�W�D�L�O���W�K�U�R�X�J�K���W�Z�R���I�X�U�W�K�H�U���D�Q�D�O�\�W�L�F�D�O���W�R�R�O�V�����W�K�H���³�6�S�D�F�H-
�W�L�P�H���P�D�W�U�L�[�´���D�Q�G���W�K�H���³�6�S�D�W�L�D�O���L�P�S�D�F�W���S�D�W�K�Z�D�\�V�´. 
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Space-Time Matrix 

The space-time matrix aims to highlight the dynamic nature of CEIs by illustrating how their actors, 
ambitions, and activities evolve over time, expanding and contracting. It captures this dynamic 
�F�K�D�U�D�F�W�H�U���E�\���G�H�S�L�F�W�L�Q�J���W�K�H���&�(�,�V�¶���H�Y�R�O�Y�L�Q�J���J�H�R�J�U�D�S�K�L�F���V�S�D�Q���D�Q�G���V�F�R�S�H�����D�V���G�H�I�L�Q�H�G���L�Q���W�K�H���V�X�E-chapter 
�³What to study: selecting the dimensions� .́ 

Spatial Impacts Pathways 

Inspired by �W�K�H�� �D�S�S�O�L�F�D�W�L�R�Q�� �R�I�� �W�K�H�� �³�L�P�S�D�F�W�� �S�D�W�K�Z�D�\�V�´�� �D�S�S�U�R�D�F�K��employed by Terrapon-Pfaff et al. 
(2018) �W�R���G�H�W�H�U�P�L�Q�H���W�K�H���R�X�W�F�R�P�H�V���R�I���O�R�F�D�O���H�Q�H�U�J�\���L�Q�L�W�L�D�W�L�Y�H�V���D�Q�G���W�K�H���³�K�R�Z�´���D�Q�G �³�Z�K�\�´���R�X�W�F�R�P�H�V���D�U�H��
achieved, this third �S�D�U�W���G�H�O�Y�H�V���L�Q�W�R���W�K�H���P�H�F�K�D�Q�L�V�P�V���W�K�U�R�X�J�K���Z�K�L�F�K���&�(�,�V�¶���D�F�W�L�Y�L�W�L�H�V���J�H�Q�H�U�D�W�H���V�S�D�W�L�D�O��
changes examining both the underlying reasons (�³how� ́and �³why� ́CEIs generate spatial changes), 
addressing RSQ1, and the resulting spatial alterations (�³what� ́ the resulting spatial changes are), 
addressing RSQ2.  

�7�K�H���V�W�U�X�F�W�X�U�H���R�I���W�K�H���³�L�P�S�D�F�W���S�D�W�K�Z�D�\�V�´���R�I���D�Q���R�U�J�D�Q�L�]�D�W�L�R�Q��presented by Impact management platform 
(n.d.) offers a useful conceptual framework to start with, supported by additional readings (Fedorciow 
& Bayley, 2014; Terrapon-Pfaff et al., 2018; Valette et al., 2019; Pfeifer, Helming, Schneider, & Ewert, 
2024)�����7�K�H���³�L�P�S�D�F�W���S�D�W�K�Z�D�\�´���L�V���D��simple sequence uncovering the relationship between the activities 
of an organization and its effects on the environment (e.g., social, economic, environmental) in which 
it operated. This sequence is composed of five elements: inputs, activities, outputs, outcomes, and 
impacts. Inputs can be described as the internal and external resources and relationships that the 
organization draws upon for its activities. The activities refer to the activities performed by the 
organization. The outputs are the services provided by the organization thanks to the activities 
developed. The outcomes represent short and medium-term changes or events resulting from the 
�R�U�J�D�Q�L�]�D�W�L�R�Q�¶�V���D�F�W�L�Y�L�W�L�H�V���D�Q�G���R�X�W�S�X�W�V�����Z�K�H�U�H�D�V���W�K�H���L�P�S�D�F�W�V���D�U�H���E�U�R�D�G�H�U���D�Q�G���O�R�Q�J-term effects. 

Aiming at building the above-mentioned sequence to assess CEIs internal processes, outcomes, and 
impacts, the present study firstly deconstructs each CEI activity into primary �³activity types�,́ secondly 
traces the CEI�¶�V activity development process. Activity types and development processes elements 
represent the generalisation and categoris�D�W�L�R�Q���R�I���W�K�H���D�Q�D�O�\�V�L�V���Q�D�U�U�D�W�H�G���Z�L�W�K�L�Q���W�K�H���³�,�Q�L�W�L�D�W�L�Y�H���S�U�R�I�L�O�H�´��
�V�H�F�W�L�R�Q���D�Q�G���V�F�K�H�P�D�W�L�F�D�O�O�\���L�O�O�X�V�W�U�D�W�H�G���L�Q���W�K�H���³�6�S�U�D�\���G�L�D�J�U�D�P�´���V�H�F�W�L�R�Q�����7�K�L�V���S�U�R�F�H�V�V���R�I���J�H�Q�H�U�D�O�Lsation 
and categorisation facilitates the comparison among initiatives. 

Consequently, the spatial impact pathway of each activity of a CEI can be built and narrated through 
three sub-journeys, starting with (1) the identification of the activity types, (2) a backward analysis to 
address the questions �³How?� ́and �³Why?� ́and identify the relationships and processes that influence 
the development of the activity types, and (3) a forward analysis to address the question �³What?� ́
and highlight the spatial changes that the activity types generate. The result is a general spatial 
impact pathway of each case study. Furthermore, for each initiative a guided narration of the spatial 
impact pathway of a specific activity type is provided. The guided narration focuses on the activity 
that the case study report analyses in detail �L�Q���W�K�H���³�,�Q�L�W�L�D�W�L�Y�H���S�U�R�I�L�O�H�´���D�Q�G���³�6�S�U�D�\���G�L�D�J�U�D�P�´���V�H�F�W�L�R�Q�V. 
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Additionally, based on information availability, the analysis offers concise narratives of spatial impact 
pathways deemed noteworthy to gain a broader perspective on the topic. Figure 12 summarises the 
main steps followed to define the spatial impact pathway analysis of CEIs. 

 

Figure 12 | Main steps followed to define the spatial impact pathway analysis of CEIs. 
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3.3 Case studies 

3.3.1 INTRODUCTION 

Collective Energy Initiatives (CEIs) have been spreading all over Europe in recent years, showcasing 
a variety of activities, scales, and legal forms (Oteman, Kooij, & Wiering, 2017; Caramizaru & Uihlein, 
2020; Horstink et al., 2020; Lupi et al., 2021; Schwanitz et al., 2023), and evolving differently 
depending on the institutional context in which they are located (Kooij et al., 2018). 

Whereas the highest concentrations can be detected in northern European Countries, such as 
Germany, the Netherlands, Denmark, and Ireland (Caramizaru & Uihlein, 2020; Lupi et al., 2021; 
Barbaro & Napoli, 2023; Schwanitz et al., 2023), in Southern ones like Spain, Italy, and Greece, 
these collective actions in the energy sector are not very common (Caramizaru & Uihlein, 2020, 2020; 
Barbaro & Napoli, 2023; Schwanitz et al., 2023).  

With the aim of applying the methodology developed in the previous chapter to real-world case 
studies located in Europe, the present chapter delves into CEIs established in Italy and the 
Netherlands. These countries were specifically chosen due to their contrasting stages of 
development: whereas Italy is currently in the early phases, showing signs of gaining momentum 
(Lupi et al., 2021; Frigione, 2024a), the Netherlands has reached a more mature level owing to its 
long history in the development of energy-related collective actions (Oteman, Kooij, & Wiering, 2017; 
ASISEARCH, 2019; Lupi et al., 2021). 

The chapter begins by outlining the methodology used for selecting the case studies and proceeds 
to present the results of its application to the chosen CEIs.  

Results are organized into two parts. A first part featuring a detailed case study report for each 
initiative selected, offering a contextual overview, examining internal key dimensions, and analysing 
its spatial outcomes and impacts. 

A second part providing a synthesis of the findings, emphasising commonalities and differences to 
support broader discussions on the spatial impacts of CEIs. 

3.3.2 METHODOLOGY 

3.3.2.1 �&�(�,�V�·���P�D�S�S�L�Q�J�V����a resource for case study selection 

To identify case studies, a review of existing mapping works on Italian and Dutch Collective Energy 
Initiatives (CEIs) was conducted, encompassing European projects, scientific, and grey literature.  

�7�K�H���U�H�Y�L�H�Z���R�I���,�W�D�O�L�D�Q���&�(�,�V�¶��mapping studies was conducted from January to May 2023. However, to 
enhance the comprehensiveness of the review, the online mapping platform realized by Nuova 
Economia per Tutti (NeXt) and University of Rome Tor Vergata was incorporated in August 2024 
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(Table 20)���� �7�K�H�� �U�H�Y�L�H�Z�� �R�I�� �'�X�W�F�K�� �&�(�,�V�¶��mapping studies was conducted from September 2023 to 
March 2024 (Table 21). 

3.3.2.2 Case studies selection  

Sample selection technique 

For the selection of the case studies a purposive sampling technique (or judgmental or selective 
sampling) was used.  Typical of qualitative research, purposive sampling is a non-probability sample 
�W�H�F�K�Q�L�T�X�H���W�K�D�W���V�H�O�H�F�W�V���³�R�Q���S�X�U�S�R�V�H�´�����Q�R�W���U�D�Q�G�R�P�O�\�����D���V�S�H�F�L�I�L�F���J�U�R�X�S���R�I���L�Q�G�L�Y�L�G�X�D�O�V���R�U���X�Q�L�W�V���R�I���D�Q�D�O�\�V�L�V��
based on the attributes that the research is interested in studying (Palinkas, Horwitz, Green, et al., 
2015). 

As the present study aims to understand the spatial impacts of CEIs at the city level, initiatives 
developed within urban settlements defined as "URBAN CENTRE" or "URBAN CLUSTER" by 
�(�X�U�R�V�W�D�W���³�&�/�8�6�7�(�5���7�<�3�(�6�´���F�O�D�V�V�L�I�L�F�D�W�L�R�Q��were considered, prioritizing the first one to the latter18 
(European Commission, n.d.c). 

To capture and document a wide range of variation or differences among CEIs (Palinkas, Horwitz, 
Green, et al., 2015) and provide new knowledge basis on a research topic still little addressed, among 
the various types of purposive sampling techniques (e.g., typical, homogeneous, extreme, etc.) the 
maximum variation sampling (heterogeneous sampling) was applied (Seawright & Gerring, 2008; 
Palinkas, Horwitz, Green, et al., 2015). 

�7�K�H�U�H�I�R�U�H���� �D�P�R�Q�J�� �W�K�H�� �&�(�,�V�� �G�H�Y�H�O�R�S�H�G�� �L�Q�� �³�8�5�%�$�1�� �&�(�1�7�(�5�´�� �D�Q�G�� �³�8�5�%�$�1�� �&�/�8�6�7�(�5�´���� �D��
heterogeneous sample of established place-based CEIs was selected. The approach was deemed 
valuable for the following reasons. 

Heterogeneous sample 

A highly heterogeneous sample may enhance the representativeness of the sample of chosen cases 
(Seawright & Gerring, 2008), offering a richer framework to understand how and why CEIs generate 
spatial impacts. Various combinations of factors can lead to unique patterns of CEIs (Melnyk, Cox, 
Ghorbani, & Hoppe, 2023). CEIs were therefore selected based on marked difference for instance in 
their objectives (e.g., only energy related or more holistic), in the country and region they are located 
(meaning different national and regional policies), in their territorial level of action (e.g., city level, 
district level, neighbourhood level, covering both rural and urban cases) and the degree of  

 
18 An "URBAN CENTRE" is defined as "a cluster of contiguous grid cells of 1 km² with a density of at least 1 500 inhabitants per km² and 
a minimum population of 50 000 after gap-filling". Whereas an "URBAN CLUSTER" is "a cluster of contiguous grid cells of 1 km² with a 
density of at least 300 inhabitants per km² and a minimum population of 5 000". 

 



   Renewable Energy Communities (definition not provided)
   Collective self-consumption (definition not provided)
   Renewable and solidarity energy communities:
"These represent, precisely through community action, an opportunity to rethink the sense of belonging and a chance for revitalization for neighborhoods, business-
es, parks, small towns, and abandoned areas"

   100% Renewable Municipalities in Italy:
"territorial realities that can be considered self-sufficient in terms of energy, electricity, and heating. And some of them are not only theoretically, but actually, thanks to 
the local management of the entire energy supply chain. From production to distribution. [...] This category includes those Municipalities whose installed mix of 
renewable sources is able to meet the electrical and heating needs of the residents: heating for homes, offices, hot water for sanitary purposes, and electrical uses"
   Energy communities (definition not provided)
   Collective self-consumption (definition not provided)
   Self-consumption (definition not provided)

Mapping work

PED Program
(Urban Europe, 2020)

-

-

-

May 15, 2023

Jenuary 11, 2023

Positive Energy Districts (8)

Local Energy Coalitions (6)

Renewable Energy 
Cooperatives (43)

Collective Citizen 
Energy Initiatives (207)

Renewable Energy 
Communities (34) 

Collective self-consumption (6) 
Renewable and solidarity 
energy communities (17)

“energy-efficient and energy-flexible urban areas which produce net zero greenhouse gas emissions and actively manage an annual local or regional surplus 
production of renewable energy”

“a structural collaboration or cooperation by a diverse group of autonomous actors (organizations or individuals) that are organized around shared interests where 
local energy transition is a key element and that engage in activities to pursue these interests to address the needs of local actors in specific areas”

"energy cooperatives, a business model where citizens jointly own and participate in renewable energy or energy efficiency projects. We also refer to REScoops as 
citizen or renewable energy communities. REScoops do not necessarily have the legal statute of a cooperative, but they distinguish themselves by the way they do 
business. 
[...] The principles are:  Voluntary and Open Membership; Democratic Member Control; Economic Participation through Direct Ownership; Autonomy and Independ-
ence; Education, Training and Information; Cooperation among Cooperatives; Concern for Community"

"Relevance of initiatives for the inventory is decided based on three aspects, (1) the initiative being led by citizens, (2) the initiative striving for social or environmental 
benefit beyond pure economic interest, and (3) the initiative engaging in activities related to the energy transition. [...] Note that the inventory reports collective citizen 
initiatives and not initiatives of individual citizens"

2ISECAP
(2ISECAP, 2022a; 2ISECAP, 2022b)

REScoop
(Energy cooperatives online inventory)

COMETS 
(Wierling, 2023)

Legambiente
("Comunità rinnovabili" online map)

- 100% Renewable Municipalities
 in Italy (41)

Energy communities (12) 
Collective self-consumption (9)

Self-consumption (11)

Legambiente
(Zanchini, Eroe, De Santis, 2020)
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Last accessed CEI mapped CEI definition

- 100% Renewable Municipalities 
in Italy (40)

Energy communities (20)
Energy Communities 

in motion (7)
Collective self-consumption (4)

Self-consumption (15)

100% Renewable Municipalities 
in Italy (40)

Renewable Energy 
Communities (26)

Collective self-consumption (14)
Territories in motion (3)

Legambiente
(Eroe and Polci, 2021)

-Legambiente
(Eroe and Polci, 2022)

   100% Renewable Municipalities in Italy:
"territorial realities that can be considered self-sufficient in terms of energy, electricity, and heating. And some of them are not only theoretically, but actually, thanks to 
the local management of the entire energy supply chain. From production to distribution. [...] This category includes those Municipalities whose installed mix of 
renewable sources is able to meet the electrical and heating needs of the residents: heating for homes, offices, hot water for sanitary purposes, and electrical uses"
   Energy communities (definition not provided)
   Energy Communities in motion (definition not provided)
   Collective self-consumption (definition not provided)
   Self-consumption (definition not provided)

   100% Renewable Municipalities in Italy:
"Realities in which, thanks to the mix of technologies from renewable sources, it is possible to produce more electric and thermal energy than what is consumed by 
the citizens. [...] Only municipalities that have at least three different [renewable] technologies, including both public and private installations, within their territory"
   Renewable Energy Communities (definition not provided)
   Collective self-consumption (definition not provided)
   Territories in motion:
"[those energy communities or collective sel-consumption projects] that are taking their first steps towards establishment"

Renewable Energy Communities 
in compliance with the Italian Law 8/2020 (26)

Renewable Energy Communities not in 
compliance with the Italian Law 8/2020 (23)

Community Energy Builders (8)

-RSE
(De Vidovich, Tricarico, Zulianello, 2021)

"Community energy projects including pioneering experiences that have now acquired a historical character, well-established experiences over the past two decades 
(and more), and more recent experiments"

Renewable Energy Communities in compliance 
with the Italian Law 8/2020 (26)

100% Renewable Municipalities in Italy (40)

-Fondazione Utilitatis, RSE 
(Fondazione Utilitatis and RSE, 2022)

Definition not provided

Community energy initiatives (14)-Candelise & Ruggieri (2017) "[...] CE initiatives: (1) which imply a form of citizens ownership or financing of an energy project, and control over the initiatives (along the process dimension); (2) 
where citizens directly benefit from the outcomes of the initiative (along the outcome dimension)."

Community energy initiatives (17)-Candelise & Ruggieri (2020) "[…] CE initiatives: (1) which imply a form of citizen ownership or financing of an energy project, as well as control over the initiatives; (2) where citizens directly 
benefit from the outcomes of the initiative"

Energy-related initiatives (22)-Hewitt et al. (2019) "any energy-related initiative that is small-scale or emanating from non-conventional institutional forms of generation and supply, whether it is citizen, local 
government, small business, NGO-led, or some combination of these, provided that it involves some degree of citizen control or participation"

Renewable Energy
Communities (RECs) (24)

-Musolino et al. (2023)

Table 20 | Review of Italian CEIs’ 
mapping studies, conducted from 

January to May 2023. Source: 
author’s own elaboration adapted 

from Frigione (2024).

Definition not provided

Renewable Energy Communities (CER) (13)
Renewable and Solidarity Energy Communities 

(CERS) (34)
Renewable Energy Communities with social 

impacts (CERIS) (2)

August 22, 2024Nuova Economia per Tutti (NeXt) and  
University of Rome Tor Vergata

(RiCER - Renewable Energy Communities 
online inventory)

   CER (definition not provided)
   CERS:
"if a share of the benefits is poured into improving local development"
   CERIS: 
"if in addition to the development aspect a transparent, multi-stakeholder and multidimensional impact methodology is also foreseen"



"By a citizen energy collective we mean a group of citizens who organize themselves collectively, with the aim of working together to make the local energy supply 
more sustainable and who take targeted initiatives to that end.
This includes activities focused on energy generation, energy saving, energy supply, collective purchasing or collective commissioning and other energy-related 
activities. The collective focuses on its own living environment and community (neighbourhood, village, city or region) and combines energy goals with social, societal 
and economic goals.
The Local Energy Monitor registers collectives with a legal form. Most are a cooperative association UA   (cooperative), some are an association or foundation. We 
use the collective term energy cooperative for all citizen collectives with a legal form.
[...] In the Local Energy Monitor we distinguish between two types of energy cooperatives:
1) Local energy cooperatives : cooperatives that primarily focus on their own living environment and community (neighbourhood, village, city or region). They have a 
broad energy objective that they combine with social, societal and economic objectives. They develop multiple projects and activities (or have the ambition to do so). 
Energy cooperatives are also called energy communities or community cooperatives, or – if they also pursue other objectives (sustainability, care, etc.) – area 
cooperatives. The members are citizens and companies. We count heat initiatives as local energy cooperatives.
2) Production cooperatives: cooperatives that focus primarily on the development and operation of one production project or one type of production project. They are 
also referred to as generation, project or target cooperatives. These are often cooperatives with solar roofs that use the Subsidy Scheme for Cooperative Energy 
Generation or the old postcode area scheme. The members are citizens and companies. The initiators of production cooperatives can be residents, but also project 
developers, local companies, homeowners' associations or developers of projects for tenants of a housing corporation. They are also set up by local energy 
cooperatives that want to accommodate their production projects in a separate legal form. In the latter case, we do not include the production cooperative in the total 
number of cooperatives, to avoid double counting."

Mapping work

PED Program
(Urban Europe, 2020)

-

-

-

-

March 18, 2024

Positive Energy Districts (6)

Local Energy Coalitions (4)

Renewable Energy 
Cooperatives (701)

Collective Citizen 
Energy Initiatives (999)

Local citizens energy collectives 
with a legal form 

 - cooperatives, foundations, associations - 
(714)

“energy-efficient and energy-flexible urban areas which produce net zero greenhouse gas emissions and actively manage an annual local or regional surplus 
production of renewable energy”

“a structural collaboration or cooperation by a diverse group of autonomous actors (organizations or individuals) that are organized around shared interests where 
local energy transition is a key element and that engage in activities to pursue these interests to address the needs of local actors in specific areas”

"energy cooperatives, a business model where citizens jointly own and participate in renewable energy or energy efficiency projects. We also refer to REScoops as 
citizen or renewable energy communities. REScoops do not necessarily have the legal statute of a cooperative, but they distinguish themselves by the way they do 
business. 
[...] The principles are:  Voluntary and Open Membership; Democratic Member Control; Economic Participation through Direct Ownership; Autonomy and Independ-
ence; Education, Training and Information; Cooperation among Cooperatives; Concern for Community"

"Relevance of initiatives for the inventory is decided based on three aspects, (1) the initiative being led by citizens, (2) the initiative striving for social or environmental 
benefit beyond pure economic interest, and (3) the initiative engaging in activities related to the energy transition. [...] Note that the inventory reports collective citizen 
initiatives and not initiatives of individual citizens"

2ISECAP
(2ISECAP, 2022a; 2ISECAP, 2022b)

REScoop
(Energy cooperatives online inventory)

COMETS 
(Wierling, 2023)

September 11, 2023 Local energy cooperatives 
affiliated with the organization (141)

Definition not providedEnergie VanOns
(Online map)

September 18, 2023 Local energy cooperatives in Groningen 
Province (Eurostat NUT 2 geographical level) 

affiliated with the organization (40)

Definition not providedGoninger Energie Koepel (GrEK) 
 (Online map)

September 18, 2023 Cooperatives in Frisian Province affiliated with 
the organization (Eurostat NUT 2 geographical 

level) (68)

Definition not providedÚs  Koöperaasje 
(Online map)

September 18, 2023 Initiatives and energy cooperatives in Drenthe 
Province affiliated with the organization 
(Eurostat NUT 2 geographical level) (89)

Definition not providedDrentse Koepel 
Energie Initiatieven (Drentse KEI)

(Online map)

September 18, 2023 Energy initiatives in Northeast Brabant affiliated 
with the organization (15)

Definition not providedPlatform Coöperatief Duurzaam  
(Online list)

September 18, 2023 Local energy cooperatives in the region 
Midden-Brabant affiliated with the organization 

(14)

Definition not provided

September 18, 2023 Cooperatives working on solar projects in 
South Holland Region (Eurostat NUT 2 

geographical level) (74)
Cooperatives working on wind projects in 

South Holland (17)
Cooperatives working on heating projects in 

South Holland (29)
Cooperatives working on energy saving 

projects in South Holland (17)

Definition not provided

"any energy-related initiative that is small-scale or emanating from non-conventional institutional forms of generation and supply, whether it is citizen, local 
government, small business, NGO-led, or some combination of these, provided that it involves some degree of citizen control or participation"

Coöperatie Energie Hart van Brabant 
(CE HvB) 
(Online list)

September 18, 2023 Energy cooperatives in Limburg affiliated with 
the organization (4)

Definition not providedREScoop Limburg 
(Online list)

Lokale Energie Monitor 2023
(HIER Opgewekt and Energie Samen)
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Last accessed CEI mapped CEI definition

Energie Samen Zuid-Holland
(Online list)

Energy-related initiatives (22)-Hewitt et al. (2019)

"diverse group of well-established cooperatives that produce or sell electricity, as well as new initiatives in the process of establishing their internal organization and 
formulating RE goals"

Grassroot Initiatives (360)-Oteman et al. (2017)

Table 21 | Review of Dutch CEIs’ 
mapping studies, conducted from 

September 2023 to March 2024. 
Source: author’s own elaboration.
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urbanization of the area, in the functional area of action (e.g., residential, commercial, industrial, 
mixed, etc.), in the socio-economic characteristics of their area of interest (e.g., rich or poor 
neighbourhood), the year of foundation ( considering the more recent as well as the historical ones) 
or in the renewable energy sources used (e.g., solar, wind, biomass, water, or biogas), and in the 
services offered (e.g., renewable energy production, energy efficiency).  

Established  

Established CEIs exhibit more noticeable impacts when compared to those in the developmental 
stage. 

Place-based 

As presented in the introduction, a recent study by Moroni, Alberti, Antoniucci, & Bisello (2019) 
interestingly categoris�H�V�� �³�H�Q�H�U�J�\-�U�H�O�D�W�H�G�� �F�R�P�P�X�Q�L�W�L�H�V�´�� �L�Q�W�R �³�S�O�D�F�H-�E�D�V�H�G�´�� �D�Q�G�� �³�Q�R�Q-place-�E�D�V�H�G�´����
highlighting the spatial attitude of an initiative. When an initiative is tied to a specific location, it 
inevitably shapes various spatial elements as it requires space for installations like batteries, wind, 
or photovoltaic systems. This could result in alterations to buildings' facades and roofs, but also to 
land use. Conversely, initiatives that are not tied to a particular location primarily affect areas beyond 
where their members reside, exerting their spatial impact elsewhere. For the present contribution 
aims at identifying the spatial impacts of CEIs at city �O�H�Y�H�O�����³�S�O�D�F�H-�E�D�V�H�G�´���L�Q�L�W�L�D�W�L�Y�H�V���Z�H�U�H���G�H�H�P�H�G��
more appropriate to be studied.  

The sampling technique and the criteria adopted, along with time constraints, determined the use of 
a small sample size. However, this aspect was not considered critical: given the exploratory nature 
of the study and its aim to provide evidence, a smaller sample size facilitates a more detailed 
analysis, enabling closer scrutiny of individual elements and their interrelationships. Furthermore, 
while the analysis �R�I���R�Q�H���V�R�O�H���H�[�D�P�S�O�H���R�I���&�(�,�¶�V���W�\�S�H���P�L�J�K�W���Q�R�W���E�H���H�Q�R�X�J�K���I�R�U���G�U�D�Z�L�Q�J���J�H�Q�H�U�D�O�L�]�H�G��
conclusions or effect size estimation, it does provide evidence of the existence of an effect.  

For the small size of the sample, the selected initiatives are to be considered exploratory cases, 
rather than representative or exemplary (Seawright & Gerring, 2008).  

Sample selection 

A total number of eight initiatives was initially selected from the review of the mapping works on 
Italian and Dutch CEIs, four from each country (Table 22).  

Since the Netherlands has a large number of energy initiatives, for the choice of the case studies 
attention was at first dedicated to the Province of Groningen since it has made institutional 
reconfigurations and policy arrangements supporting local energy initiatives, framing itself as a front-
runner in addressing the role of local communities in energy efficiency, climate change adaptation, 
and mitigation programs (Hasanov & Zuidema, 2018) 

Because in Groningen Province (NL11) the only urban settlement defined "URBAN CENTRE" is the 
city of Groningen, the search has widened to the nearby Provinces of Friesland (NL12), and Drenthe  
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 (NL13), which together form the Noord-Nederland Region (NL1). In Noord-Nederland Region (NL1) 
there are just three "URBAN CENTRE": Groningen, Assen, and Leeuwarden. Therefore, CEIs 
developed in these cities were considered for the study, along with an initiative in the town of Haren 
���³�8�5�%�$�1���&�/�8�6�7�(�5�´�����Z�K�L�F�K���Z�D�V��included to increase the likelihood of a representative response. 

In Italy, the realm of energy initiatives is much new, slowly developing in recent years. Thus, all the 
country was considered for the selection of the "URBAN CENTRE". However, although some 
initiatives are developing in "URBAN CENTRE", just a few are already realized. Most of them are 
under development or blocked due to legislation delays. For this, the Italian initiatives developed in 
�X�U�E�D�Q���V�H�W�W�O�H�P�H�Q�W�V���L�Q�F�O�X�G�H�G���L�Q���W�K�H���'�(�*�8�5�%�$���F�D�W�H�J�R�U�\�����8�5�%�$�1���&�/�8�6�7�(�5�´���Z�H�U�H���D�O�V�R���F�R�Q�V�L�G�H�U�H�G�� 

Of the eight initiatives contacted, only three agreed to participate in interviews. To ensure a sample 
of two initiatives from each country, the Dutch initiative Coöperatieve Vereniging Grunneger Power 
U.A. was also included in the analysis. Consequently, the present research features four case 
studies: three with both desk analysis and interviews, and one (Coöperatieve Vereniging Grunneger 
Power U.A.) with desk analysis only. The selected case studies are those highlighted in Table 22. 

  

Table 22 | List of CEIs contacted and selected case studies. 

 
CEI name City / town 

name 
Urban 

settlement type 
Development 

phase Response 

Ita
ly

 

Comunità energetica 
e solidale di Napoli Est 

 

Naples Urban center Realized Available 

CER Zona industriale di Imola 
 

Imola Urban center Realized No response 

Comunità Collinare del Friuli 
�² Progetto RECOCER 

 

San Daniele 
del Friuli 

Urban cluster Realized Available 

Progetto GECO �± Comunità 
Energetica 

 

Bologna Urban center To be 
implemented 

Not available 

T
he

 N
et

he
rla

nd
s 

   
   Coöperatieve Vereniging 

Nieuwe Energie Oranjewijk 
U.A. 

Leeuwarden Urban center Realized Available 

Coöperatieve Vereniging 
Grunneger Power U.A. 

Groningen Urban center Realized Not available: no time 
nor man-force availability 

Asser Energie Asser Urban center Realized Not available: no time 
nor man-force availability 

 
Duurzaam Haren Haren Urban cluster Realized No response 
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3.3.3 CASE STUDIES�· REPORTS 

Aiming to provide a solid empirical basis for addressing and understanding the spatial dimensions 
and the outcomes and impacts of Collective Energy Initiatives (CEIs), the present sub-chapter offers 
the case study reports of four established urban place-based CEIs (Figure 13), offering original 
insights into how CEIs operate within their specific contexts and how their activities influence spatial 
dynamics. 

Each case study is therefore presented as a detailed report, structured to include contextual 
information, initiative-specific characteristics, and a focused analysis of spatial dimensions and 
impacts. The reports follow a consistent format to facilitate cross-case comparisons and to highlight 
both common patterns and distinctive features. 

 
Figure 13 | Case studies selected. 
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Municipality of Naples, Italy 

�&�R�P�X�Q�L�W�¡���H�Q�H�U�J�H�W�L�F�D�� 
�H���V�R�O�L�G�D�O�H���G�L���1�D�S�R�O�L���(�V�W 
 

Overview Indicators 

 

About the municipality 
 

Administrative area [km2]  119.24  

Urbanized area [km2] 87.44 
Inhabitants [inhab.] 911 697  

Municipality population density [inhab. /km2] 7 645.75  
Municipality electricity consumption per year [MWh] 4 882 052.60  

  

About the initiative  
 

% of urbanized area served by the initiative 0.10 
Municipality inhabitants served by the initiative [inhab.] 41.80 

Renewable electric energy generated by the initiative per 
year [MWh] 

65  

% of renewable electric energy generated by the initiative 
on average electricity consumption in the municipality 

0.0013 

  
Surface occupied by the renewable energy plant [m2] 295  

Type of space occupied Private educational 
�æ�j���+�î���2���
�\�Ù�X�:�:�� 
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�$�E�R�X�W���W�K�H���F�R�Q�W�H�[�W 
 

The urban spatial analysis  

 Territorial spatial analysis 
The Municipality of Naples is located in Naples Province (Eurostat, NUT 3 
geographical level), which has a total population of 2 988 376 inhabitants 
(Eurostat, 2022a), with a population density of 2 542 inhab./km2 (Eurostat, 
2022b).  
The evaluation of the population density on the smaller and homogeneous 
territorial cells of 1km2 defined by Eurostat shows that Naples Province is 
predominantly a high-density area (EEA, 2018a; Eurostat, 2021a). Almost the 
whole province area is a high-population density cluster, defined by Eurostat 
�
�j�X�æ�Í�2�Ùcentre���Ù(EEA, 2018a; Eurostat, 2021a). Extensions of moderate-
�U�:�U�j�+�Í�e���:�2�Ù�î�ô�2�\���e�…�Ù�è�+�j�\�e�ô�X�\�à�Ù�è�Í�+�+�ô�î�Ù�
�j�X�æ�Í�2�Ù�è�+�j�\�e�ô�X�\���Ù�è�Í�2�Ù�æ�ô�Ù���î�ô�2�e�������ô�î�Ù�Í�X�:�j�2�î�Ù
this urban centre, inland as well as along the coast (EEA, 2018a; Eurostat, 
2021a).  
�>�:�X�Ù �e�����\�à�Ù �b�Í�U�+�ô�\�Ù �„�X�:�}���2�è�ô�Ù ���\�Ù �è�+�Í�\�\�������ô�î�Ù �Í�\�Ù �Í�Ù �
�U�X�ô�î�:�1���2�Í�2�e�+�…�Ù �j�X�æ�Í�2�Ù �X�ô�����:�2�\���à�Ù
which indicates a NUT 3 region where more than 80% of the population live in 
urban clusters ( Eurostat, 2021a). 
The Municipality of Naples has a total population of 911 697 inhabitants (ISTAT, 
2024), and a population density of 7 645.75 inhab./km2 (estimated based on 
ISTAT 2024 data). The municipality area is entirely characterized by high-
�î�ô�2�\���e�…�Ù�U�:�U�j�+�Í�e���:�2�Ù�è�ô�+�+�\�à�Ù���:�X�Ù�e�����\�à�Ù���e�Ù���\�Ù�î�ô�����2�ô�î�Ù�Í�\�Ù�Í�Ù�
�è���e�…���Ù�Í�è�è�:�X�î���2���Ù�e�:�Ù�(�j�X�:�\�e�Í�e�Ù
DEGURBA classification (Eurostat, 2020; Eurostat, 2021a). The surrounding 
municipalities are characterized by high population densities as well (Eurostat, 
2020; Eurostat, 2021a).  
With more than 15% of their population commuting to work, the entire Province 
presents itself as a functional urban area, with the Municipality of Naples 
representing one of the main points of attraction for the labour market (EEA, 
2017; Eurostat, 2021a). 
 

 Urban land cover 
�“���ô�Ù �
�j�X�æ�Í�2�Ùcentre���Ù �è�:�2�e�Í���2�ô�î�Ù ���2�Ù �e���ô�Ù �a�j�2���è���U�Í�+���e�…�Ù �:���Ù �b�Í�U�+�ô�\�Ù ���ô�Í�e�j�X�ô�\�Ù �e���ô�Ù
historical city centre and encompasses the consolidated urban area. It is 
mainly characterized by a continuous urban fabric, primarily consisting of the 
dense urban centre dominated by permanent residential high-density 
buildings forming a continuous and homogeneous fabric. Half of the coast is 
dominated by the port, whereas large industrial and commercial areas are 
mainly located on the east and west sides (EEA, 2018b; Eurostat, 2021a). The 
total urbanized area, approximated as the extent of artificial areas within 
�1�j�2���è���U�Í�+�Ù�æ�:�j�2�î�Í�X���ô�\�Ù�ü�>�����j�X�ô�á�Ù�
�[�Í�2�î�Ù���:�}�ô�X�á�Ù���X�e�������è���Í�+�Ù���X�ô�Í�\���ý�à�Ù���\�Ù�ô�\�e���1�Í�e�ô�î�Ù�e�:�Ù
be 87.44 kmq. This urbanized area exhibits a high degree of imperviousness, 
concentrated primarily in the historic city centre located behind the port and 
���X�Í�î�j�Í�+�+�…�Ù �î���\�U�ô�X�\���2���Ù �e�:�•�Í�X�î�\�Ù �e���ô�Ù ���2�2�ô�X�Ù �Í�X�ô�Í�\�Ù �ü�>�����j�X�ô�á�Ù �
�"�ô���X�ô�ô�Ù �:���Ù
���1�U�ô�X�}���:�j�\�2�ô�\�\���ý�ß 
 

 Urban infrastructures 
The main infrastructures of the city are: 

�x The seaport, which is among the main European ports in commercial as 
well as passenger traffic with a total length of the platforms of 11 145 m 
and a total ground surface of 1 426 000 m2 (Autorità di Sistema Portuale 
del Mar Tirreno Centrale, n.d.). 

�x The international airport. 
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�x The metro line, supported by the bus network, connecting the city and its 
suburbs. 

�x The electrified railway line. 
�x The energy infrastructure includes a geothermal power plant and a gas-

fired power plant (Energy and Industry Geography Lab, 2019). 
 

 Urban energy demand 
It can be estimated that the electricity consumption per year of the Municipality 
of Naples is 4 882 052.60 MWh. 
According to the Energy and Industry Geography Lab, the distribution of total 
electricity demand generally mirrors the urbanized area, with an estimated 
range of 1,000 to 10,000 tonnes of oil equivalent (toe) in 2019 (1 toe=11.63 
MWh) (Energy and Industry Geography Lab web site; Gonzalez and Uihlein, 
2023) (see figures on the left).  
Focusing solely on the industrial sector, demand typically falls within a range 
of 100 to 1,000 toe, with a peak of 1,000 to 10,000 toe in a limited area.  
The transport sector falls within a range of 100 to 1,000 toe in the area behind 
the seaport, which is mainly characterised by the presence of the historical city 
center, the train station, and the main metro lines and stations. 
Other sectors category, which includes commercial, public services, and 
households, generally exhibit higher electricity demand, ranging from 10,000 
to 100,000 toe, although lower values of 1,000 to 10,000 toe can be observed 
in inner areas. 
 

 The urban energy transition 
 
Strategies, policies, and programs 
The Municipality of Naples adhered to the Covenant of Mayors in 2009, has 
submitted a SECAP in 2012, and presented monitoring reports in 2016, 2019, 
and 2021 (European Commission, n.d.). The plan has three main objectives: (1) 
reducing the environmental impacts of products and services purchased by 
the Municipality (and its affiliated companies); (2) rationalizing and reducing 
energy consumption by the Municipality (and its affiliated companies) and 
prioritize the purchase of certified renewable energy; (3) raising awareness 
among Municipality and affiliated company employees, encouraging them to 
actively contribute to environmental benefits through their purchasing choices 
and energy conservation efforts. This will involve employee training, awareness 
campaigns, and incentives for sustainable practices. 
�“���ô�Ù�1�j�2���è���U�Í�+���e�…�Ù���\�Ù�è�:�1�1���e�e�ô�î�Ù�e�:�Ù�\�j�\�e�Í���2�Í�æ���+���e�…�Ù�Í�2�î�Ù�e���ô�Ù�1�:�e�e�:�Ù�
�+�ô�Í�}���2���Ù�2�:�Ù�:�2�ô�Ù
�æ�ô�����2�î���Ù�1�Í���2�+�…�Ù�e���X�:�j�����Ù�e���X�ô�ô�Ù�U�:�+���è���ô�\�á�Ù�>�:�:�î�Ù�„�:�+���è�…�à�Ù�´�:�j�e���Ù�„�:�+���è�…�à�Ù�Í�2�î�Ù�@�X�ô�ô�2�Ù
Policy (Comune di Napoli, 2023). However, no energy policies are present. 
Furthermore, the municipality is a partner in a series of projects related to 
climate change mitigation and adaptation measures (Comune di Napoli, n.d.), 
however none of them is focused on the energy transition. 
 

Collective energy initiatives 
The municipality seems to have only one active CEI, which is the selected case 
study Comunità energetica rinnovabile e solidale di Napoli Est (Nexteconomia, 
n.d.; REScoop, n.d.; Legambiente, n.d.; Wierling et al., 2023). Some 
information can be found about two more projects, namely Power Cloud 
(Comuni Rinnovabili, n.d.�ý�Ù�Í�2�î�Ù�‹�…�2�:���'�ô�N�Ù�b�Í�U�:�+���Ù�„�X�:�$�ô�è�e�Ù�ü�[�ô���Í�1�æ���ô�2�e�ô, 2021), 
however their state of development is unclear. 
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�$�E�R�X�W���W�K�H���L�Q�L�W�L�D�W�L�Y�H 
 
Initiative profile 
 

Foundation year  2021 
 
Seeking expertise in community energy initiatives to realize a new one, in 2019 
Fondazione con il Sud contacted Legambiente Campania, an environmental 
organization with experience in the region.  Thanks to previous projects, 
Legambiente Campania had an established connection with Fondazione 
Famiglia di Maria, a non-profit organization deeply rooted in a local community 
in the city of Naples. Recognized for its extensive understanding of the district 
�‹�Í�2�Ù �@���:�}�Í�2�2���Ù �Í�Ù �“�ô�î�j�è�è���:�
�\�Ù �\�:�è���Í�+�Ù ���Í�æ�X���è�Ù �Í�2�î�Ù �è���Í�+�+�ô�2���ô�\�Ù �e���Ínks to the 
management of a socio-educational center, Fondazione Famiglia di Maria was 
invited to join the effort in establishing a renewable energy community (REC) 
initiative as defined by the Italian Decree 162/2019 (so-�è�Í�+�+�ô�î�Ù�
�a���+�+�ô�U�X�:�X�:�����ô���ý�Ù
and Law 8/2020 (transitory transcription of the European Directive RED II).  
Fondazione Famiglia di Maria's familiarity with the local families and their 
needs laid the groundwork for the community energy initiative.  
 

Geographic span Scale | Neighbourhood 
 
Description |  San Giovanni a Teduccio is a suburban district in the municipality 
�:���Ù�b�Í�U�+�ô�\�ß�Ù�“���ô�Ù�Í�X�ô�Í�
�\�Ù���j�2�è�e���:�2�Ù���\�Ù�U�X�ô�î�:�1���2�Í�2�e�+�…�Ù�X�ô�\���î�ô�2�e���Í�+�à�Ù�è���Í�X�Í�è�e�ô�X���•�ô�î�Ù�æ�…�Ù
middle and low-class buildings realized during the speculation of the '70s and 
���W�O�\�à�Ù �æ�…�Ù �Í�æ�Í�2�î�:�2�ô�î�Ù �ô�\�e�Í�æ�+���\���1�ô�2ts of the once flourishing industrial and 
marine activity, and brownfields.  
 
Spatial dimension (area covered)* | 0.85 [km2] 
The geographic span of the initiative is defined as the location of the 
�U���:�e�:�}�:�+�e�Í���è�Ù�U�:�•�ô�X�U�+�Í�2�e�Ù�ü�>�:�2�î�Í�•���:�2�ô�Ù�>�Í�1�����+���Í�Ù�î���Ù �a�Í�X���Í�
�\�Ù�X�:�:���ý�Ù�Í�2�î�Ù�:���Ù�e���ô�Ù�P�X�Ù
residential units served. The 19 residential units (apartments) are located along 
the streets Taverna del Ferro and Ammiraglio Aubry, therefore the urban blocks 
�:�}�ô�X�+�:�:�'���2���Ù �e���ô�Ù �e�•�:�Ù �\�e�X�ô�ô�e�\�Ù �Í�X�ô�Ù �è�:�2�\���î�ô�X�ô�î�Ù �e�:�Ù �ô�\�e���1�Í�e�ô�Ù �e���ô�Ù ���2���e���Í�e���}�ô�
�\�Ù
geographic span.  
 
Demographic dimension (inhabitants served)* |  41.80 [inhab.] 
 
�ê�(�\�e���1�Í�e�ô�î�Ù�ü�\�ô�ô�Ù�e���ô�Ù�
�a�ô�e���:�î�:�+�:���…���Ù�è���Í�U�e�ô�X�ý 
 

Internal structure  
 

Legal form | Association 
 
Main actors |  
- Legambiente Campania (regional nonprofit association) 
- Fondazione con il Sud (local nonprofit foundation) 
- Fondazione Famiglia di Maria (local nonprofit foundation) 
- Italia Solare ETS (local nonprofit association) 
- 19 families from the neighborhood (families in energy poverty) 
 
�a�Í���2�Ù�Í�è�e�:�X�\�
�Ù�X�:�+�ô�Ù�8 
- Legambiente Campania - promoter 
- Fondazione con il Sud �ó promoter  
- Fondazione Famiglia di Maria �ó promoter (soon member and consumer) 
- Italia Solare ETS - provider 
- 19 families from the neighborhood �ó members and consumers 
 
�a�ô�1�æ�ô�X�\�
�Ù�e�:�e�Í�+�Ù�2�j�1�æ�ô�X�Ù�8 19 members. 
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Community engagement | Targeted community: families in energy poverty of 
San Giovanni a Teduccio district. Engagement techniques:  word-of-mouth 
communication among residents, informative meetings organized by 
Fondazione Famiglia di Maria.  
 
Joining process | Spatial limitation criterion: connection to the same medium-
low voltage substation (due to Italian Decree 162/2019 and Law 8/2020 
restrictions). Sector limitation criterion: the third sector is not allowed to join a 
renewable energy community (due to Italian Decree 162/2019 and  
Law 8/2020 restrictions). No economic limitation criterion (i.e., no joining fees). 
 
Organizational structure | The initiative is a membership-based organization, 
as it relies on members for its existence and operation.  It has a board of 
directors, which oversees daily operations, and a general assembly of 
members as the ultimate decision-making body. 
 
Decision-making process | Board: oversees daily decisions and operations, 
and proposes policies to the members. General assembly of members: 
decisions are taken with a majority voting. 
 
Staff and expertise | Volunteers: Legambiente Campania energy office staff, 
Fondazione Famiglia di Maria staff, Fondazione con il Sud staff. Hired external 
consultant: Italia Solare ETS. 
 
Strategic planning | None. 
 
Policies, processes, operating procedures | None. The initiative has been 
among the first Italian examples of renewable energy communities (RECs) 
following European Directive RED II. There were no previous examples of such 
initiatives or previous best practices in Italy. The Italian energy services 
manager (GSE) was also exploring how to develop them. 
 
Financial resources |  
- �"�:�2�Í�e���:�2�\�á�Ù�P�O�O�ß�O�O�O�Ù�L�Ù�î�:�2�Í�e�ô�î�Ù�æ�…�Ù�>�:�2�î�Í�•���:�2�ô�Ù�è�:�2�Ù���+�Ù�‹�j�î�Ù���:�X�Ù���(�‡�Ù�î�ô�}�ô�+�:�U�1�ô�2�e�Ù
(association registration) and technologies (project and installation).  
- Profits of the initiative: generated through the injection of the produced 
electricity into the national electricity grid and the incentives from the Italian 
energy services manager (GSE) for electricity sharing. Profits are distributed 
among the members. 
 
Networks, alliances, partnerships | Being the first realized, the initiative is 
part of the RETE C.E.R.S., a network established by Legambiente to support the 
nationwide implementation of Renewable and Solidarity Energy Communities 
(C.E.R.S. is the Italian acronym) initiatives. 
 

Ambitions Type | Mitigating energy poverty, reducing energy bills, reducing GHG 
emissions, enhance awareness on energy related topics, enhance 
engagement in energy related activities. 
 
Geographic scope | District (San Giovanni a Teduccio district). 
 

Implementation of the ambitions:  
services and activities 

Services provided | Energy consumption education, energy poverty mitigation, 
renewable energy generation, renewable energy collective self-consumption 
 
Activities overview | Number of activities: two. 
- Activity n.1: educational activities to help families of the energy community 
understand how to reduce their energy consumption. 
- Activity n.2: PV plant development and operation. 
 
Focus on one specific activity |  
- Type of activity: activity n.2, development and operation of a PV plant. 
- Activity objective:  energy poverty mitigation, energy bills reduction, GHG 
emissions reduction, collective self- consumption. 
- ���è�e�:�X�\�Ù���2�}�:�+�}�ô�î�á�Ù�\�ô�ô�Ù�
�a�Í���2�Ù�Í�è�e�:�X�\���Ù�\�ô�è�e���:�2�ß 
- ���è�e�:�X�\�
�Ù�X�:�+�ô�á�Ù�\�ô�ô�Ù�
�a�Í���2�Ù�Í�è�e�:�X�\�
�Ù�X�:�+�ô���Ù�\�ô�è�e���:�2�ß 
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- �>���2�Í�2�è���Í�+�Ù �X�ô�\�:�j�X�è�ô�\�á�Ù �P�O�O�ß�O�O�O�Ù �L�Ù �î�:�2�Í�e�ô�î�Ù �æ�…�Ù �>�:�2�î�Í�•���:�2�ô�Ù �è�:�2�Ù ���+�Ù �‹�j�î�Ù �ü�\�ô�ô�Ù
�
�>���2�Í�2�è���Í�+�Ù�X�ô�\�:�j�X�è�ô�\���Ù�\�ô�è�e���:�2�ý�ß 
- Profits: Not yet generated. 
- Activity geographic span: neighbourhood. 
- Technology type: PV panels. 
- Technology ownership: members of the initiative. 
- Technology distribution: centralized. 
- Technology location land cover: urbanized area. 
- Technology location urban function: educational services. 
- Technology location type: built-up. 
- Technology location element type: built-�j�U�à�Ù�>�:�2�î�Í�•���:�2�ô�Ù�>�Í�1�����+���Í�Ù�î���Ù�a�Í�X���Í�
�\�Ù
roof. 
- Technology location ownership: Fondazione Famiglia di Maria. 
- Technology location management: Fondazione Famiglia di Maria. 
- Technology occupied surface: 295 [m2] (surface occupied by the solar 
panels). 
 

Innovative aspects 
 

The project itself is innovative, as it has been among the first renewable energy 
community (REC) initiatives developed as defined by the Italian Law 8/2020 
(transitory transcription of the European Directive RED II), and the first with 
strong social ambitions. 
 

Process evaluation Drivers | N.d. 
 
Barriers | No previous examples or practices; legislation and regulation delays; 
bureaucratic delays (six months delay for assessment of "landscape 
constraints" associated with the Foundation's roof, in a district that underwent 
environmental remediation). 
 

�I�2���e���Í�e���}�ô�
�\�Ù�Í�\�\�ô�\�\�1�ô�2�e Area before the initiative | 
San Giovanni a Teduccio is a coastal suburban district in Naples presenting a 
complex socio-economic picture. Historically an industrial and marine 
district, the closure of factories has left behind disused structures, lack of 
economic diversification, and brownfields, with related high unemployment 
rates and social decay. 
 
Area after the initiative | 
Although the spatial impacts of the CEI's development are limited to the reuse 
of a private roof, the initiative generates significant social impacts. These 
include strengthening the sense of community and mitigating energy poverty, 
which could potentially spur a sense of ownership and district regeneration. 
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Bridging the gap between internal processes and spatial analysis  

 
 

 Spray diagram: a framework to showcase the spatial dimension 
within the complex nature of CEIs 

 
 
 
 
 
 
 

Figure 1, below: 
View of the rooftop of Fondazione  

Famiglia di Maria, featuring  
a photovoltaic (PV) installation. 

Image credit: ��Italia che Cambia �� website. 
 

Figure 2, on the next page: 
Spray diagram of the initiative  

�����:�1�j�2���e�Ý�ß�(�2�ô�X���ô�e���è�Í�ß�ô�ß�‹�:�+���î�Í�+�ô�ß�b�Í�U�:�+���ß�(�\�e���å 
Source: author own elaboration. 

The spray diagram developed for the initiative Comunità Energetica e Solidale 
Napoli Est clearly reveals that specific elements of its internal processes are 
closely linked to the spatial dimension. These elements include the more 
apparent geographic span and scope, as well as the process of joining the 
initiative and the development of a specific activity. 
The process of joining the initiative, for instance, is contingent upon members 
being connected to the same medium-low voltage substation as the 
Fondazione Famiglia di Maria, whose rooftop hosts the photovoltaic (PV) plant. 
This technical requirement has significantly constrained social participation in 
the initiative, which has the capacity to connect 40 households but currently 
involves only 19. 
Of the two activities developed by the initiative, only one is characterised by a 
spatial dimension: the PV plant, which occupies the rooftop of the building 
owned by the Fondazione Famiglia di Maria, thereby promoting decentralised 
renewable energy generation that is punctual and limited in its extent. 
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Space-time matrix: a spatio-temporal analysis of actual and 
potential impacted areas 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3, below: 
Space-time matrix of  

the initiative "Comunità Energetica  
e Solidale di Napoli Est". 

Source: author own elaboration. 

 

 
In 2019, the "Comunità Energetica e solidale di Napoli Est" began its 
development process, initiated by three local non-profit organizations. The 
initiative aimed to involve 40 households in the San Giovanni a Teduccio 
district of Naples in the collective production and virtual consumption of 
renewable energy generated by a photovoltaic (PV) plant installed on the roof 
of Fondazione Famiglia di Maria, one of the participating organizations. This 
aimed to alleviate energy poverty within the district. However, current 
�+�ô�����\�+�Í�e���:�2�Ù���1�U�:�\�ô�î�Ù�\�U�Í�e���Í�+�Ù�+���1���e�Í�e���:�2�\�Ù�:�2�Ù���:�j�\�ô���:�+�î�
�\�Ù�U�Í�X�e���è���U�Í�e���:�2�à�Ù�j�+�e���1�Í�e�ô�+�…�Ù
restricting the virtual distribution and consumption of the renewable energy 
generated to 19 residential units (apartments) located in two streets leading to 
Fondazione Famiglia di Maria. As the legislation is evolving, the initiative still 
hopes to reach its original target of 40 households within the San Giovanni a 
Teduccio district. 
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�6�S�D�W�L�D�O���L�P�S�D�F�W�V�_���S�D�W�K�Z�D�\�V�����I�U�R�P��activity types to inputs, 
�R�X�W�S�X�W�V�����D�Q�G���R�X�W�F�R�P�H�V���W�R���D�G�G�U�H�V�V���W�K�H���a�+�R�Z�"�b�����a�:�K�\�"�b, and 
�a�:�K�D�W�"�b���T�X�H�V�W�L�R�Q�V 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4, below: 
Process of generalisation of 

 the activities of the initiative  
into activity types.  

Source: author own elaboration.  
 
 

Figure 5, on the next page: 
Spatial impact pathway of the initiative  

�����:�1�j�2���e�Ý�ß�(�2�ô�X���ô�e���è�Í�ß�ô�ß�‹�:�+���î�Í�+�ô�ß�b�Í�U�:�+���ß�(�\�e���å 
Source: author own elaboration.  

 
The spatial impacts pathways analysis delves into the mechanisms through 
which Community Energy Initiatives (CEIs) activities generate spatial changes, 
exploring both the underlying reasons and the resulting spatial alterations.  
The initiative Comunità Energetica e Solidale Napoli Est presents seven main 
activities, three of which planned for future development. These activities can 
be generalized into ten activity types (Figure 4), starting from which the spatial 
impact pathways are developed. Figure 5 therefore illustrates a synthesized 
conceptual framework of the spatial impact pathways stemming from the 
detected activity types of the initiative and can be consulted while reading the 
proposed spatial impact pathway narratives. 
Following is the guided narrative of the spatial impact pathway of the "PV power 
plant development and operation" activity. 
 
Guided spatial impact pathway | "PV power plant development and operation"  
 
Activity type | The "PV power plant development and operation" activity 
coincides with the activity type PV power plant development and operation. 
 
Inputs | The decision to develop this activity was strongly motivated by the 
desire of three local associations to establish a renewable energy community 
that would support residents facing energy poverty. The choice of utilizing PV 
technology was supported by the availability of the rooftop  of the socio-
cultural centre of the local association Fondazione Famiglia di Maria, located 
in a district of Naples with numerous social and economic challenges. 
The planning of the activity initially relied primarily on volunteers . However, 
with financial support  (a donation) from the local association Fondazione con 
il Sud, the initiative was able to hire external consultants  to develop the 
project. Without this financial backing, the project would have been 
unsustainable. 
 
Outputs | The primary output of the activity is a small-scale PV power plant that 
generates electricity consumed by the initiative's members (residents). The 
initiative provides support, assistance, and guidance to residents in 
understanding and managing the power plant and the smart devices installed 
in their homes. 
 
Outcomes | The direct spatial changes generated by this activity are primarily 
related to building retrofits. However, the only retrofitting activity implemented 
was the installation of solar panels on a single rooftop, without involving 
window replacements, roof and wall insulation, or other such measures. As the 
initiative does not intend to expand the PV power plant or establish new ones, 
the direct spatial changes  it generates are minimal. 
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The original interview 

 

Interviewed  
�S�D�U�W�L�F�L�S�D�Q�W�_�V���U�R�O�H 

�[�ô���Í�1�æ���ô�2�e�ô�Ù���Í�1�U�Í�2���Í�
�\�Ù�:�U�ô�X�Í�e�:�X�Ù���:�X�Ù�e���ô�Ù�è�:�1�1�j�2���è�Í�e���:�2�Ù�:���Ù�ô�2�ô�X���…�Ù���2���e���Í�e���}�ô�\�ß 

Date April 2, 2024. 

Place Online, videocall. 
Notes The following interview is presented in the form of a non-verbatim transcript. 

Information is based on field notes supplemented, where possible, by audio 
recordings (due to technical issues, portions of the original audio were lost). As 
a result, exact wording may not always be captured. The original interview 
language (Italian) is used to preserve the participant's words and avoid 
misrepresenting their meaning.  

 

                                                                                     Processi interni 
 

Sulla base dei dati pubblicati,  
�\�:�ß�è���ô�ß�+�����2���•���Í�e���}�Í�ß���ß�2�Í�e�Í�ß�2�ô�+�ß�W�U�W�V�å�ß 
Potresti raccontarmi brevemente  

come è nata e come si è sviluppata? 

�I�+�ß�W�U�W�V�ß���ß�+���Í�2�2�:�ß���2�ß�è�j���ß���ß�\�e�Í�e�Í�ß�j�������è���Í�+�1�ô�2�e�ô�ß�è�:�\�e���e�j���e�Í�ß�+�Í�ß�è�:�1�j�2���e�Ý�ß�ô�2�ô�X���ô�e���è�Í�å�ß�I�2�ß
realtà i lavori sono iniziati già nel 2019, quando la Fondazione con il Sud ha 
contattato Legambiente Campania  per essere supportata nella creazione di 
una comunità energetica in zona Napoli. Legambiente tramite altri progetti era 
già in contatto con Fondazione Famiglia di Maria , la quale è stata quindi 
coinvolta nella creazione della comunità energetica. Fondazione Famiglia di 
Maria rappresentava un ottimo punto di contatto con la comunità locale in 
quanto, grazie ai suoi servizi, conosceva il tessuto, le problematiche locali, 
molte famiglie e le loro difficoltà. 
�b�ô�+�ß �1�Í�������:�ß �W�U�W�U�ß ���ß �\�e�Í�e�Í�ß �è�:�2�e�Í�e�e�Í�e�Í�ß �+���Í�•���ô�2�î�Í�ß �I�e�Í�+���Í�ß �‹�:�+�Í�X�ô�ß �U�ô�X�ß �\�}���+�j�U�U�Í�X�ô�ß ���+�ß
progetto e nel dicembre 2020 il progetto è stato presentato. 
���:�1�ô�ß�����Ý�ß�Í�2�e���è���U�Í�e�:�æ�ß�2�ô�+�+���Í�U�X���+�ô�ß�W�U�W�V�ß���ß�\�e�Í�e�Í�ß�è�:�\�e���e�j���e�Í�ß�+�Í�ß�è�:�1�j�2���e�Ý�ß�ô�2�ô�X���ô�e���è�Í�ß
come associazione non riconosciuta, con la firma dello statuto di fronte al 
notaio da parte delle prime tre famiglie membro, della presidente della 
Fondazione Famiglia Maria Anna Riccardi in qualità di presidente, di 
Bonsignore Illuminato di Italia Solare  in qualità di Vicepresidente, e della 
Presidente di Legambiente Campania Imparato Mariateresa in qualità di 
tesoriere. 
Recentemente, a dicembre 2023, è stato erogato il primo bonifico dal GSE. 
 

���:�1�ô�ß�\�:�2�:�ß�\�e�Í�e���ß���X�ô�è�+�j�e�Í�e�����ß���ß�U�Í�X�e�ô�è���U�Í�2�e���ì�ß 
�†�j�Í�+�ß���ß���+�ß�e�Í�X���ô�e�ß�î�ô�+�+�����2���•���Í�e���}�Í�ì 

Sono stati organizzati degli incontri da parte della Fondazione Famiglia di 
Maria, a cui erano invitate a partecipare le famiglie che frequentavano la 
Fondazione, che tipicamente sono famiglie in povertà energetica. Le famiglie 
che frequentavano la Fondazione erano state invitate direttamente dalla 
Fondazione stessa, altre ne sono venute a conoscenza grazie al passaparola. 
Molte sono le famiglie che hanno mostrato interesse, purtroppo però a diverse 
abbiamo dovuto anche dire di no a causa del Decreto Milleproroghe che 
�+���1���e�Í�}�Í�ß �+���Í�è�è�ô�\�\�:�ß �Í�î�ß �j�2�Í�ßCER ai soli pod sotto la stessa cabina 
secondaria �å�ß �i�������ß �è���ß �\�:�2�:�ß �+�ô�ß �1�Í�U�U�ô�ß �î�ô�+�ß �@�‹�(�æ�ß �1�Í�ß �Í�+�+���ô�U�:�è�Í�ß �2�:�2�ß �è���ô�X�Í�2�:�å�ß
Abbiamo dovuto contattare il distributore locale di energia elettrica e chiedere 
la lista dei pod della cabina secondaria a cui è sottesa la Fondazione Famiglia 
di Maria per comprendere quali famiglie si potessero includere nella comunità 
energetica.  
���ß�U�Í�X�e�ô�ß�W�j�ô�\�e�:�æ�ß�+���Í�î�ô�\���:�2�ô�ß�Í�+�+���Í�\�\�:�è���Í�•���:�2�ô�ß���ß�Í�U�ô�X�e�Í�ß�ô�ß�}�:�+�:�2�e�Í�X���Í�æ�ß�2�:�2�ß�è���ß�\�:�2�:�ß
quindi quote di accesso. Con le nuove normative speriamo di riuscire a 
raggiungere la quota prevista quaranta famiglie coinvolte. 
 

Quali sono i membri  
�î�ô�+�+�����2���•���Í�e���}�Í�ß�ô�ß�W�j�Í�+�ß���ß���+�ß�+�:�X�:�ß�X�j�:�+�:�ì 

�@�+���ß �j�2���è���ß �1�ô�1�æ�X���ß �î�ô�+�+�����2���•���Í�e���}�Í�ß- �î�ô�+�+�����\�\�:�è���Í�•���:�2�ô�ß- sono le famiglie , che al 
�1�:�1�ô�2�e�:�ß �î�ô�+�+���Í�e�e�:�ß �2�:�e�Í�X���+�ô�ß �ô�X�Í�2�:�ß �e�X�ô�ß �ô�ß �:�X�Í�ß �\�:�2�:�ß �î���è���Í�2�2�:�}�ô�å�ß �[���:�æ���ô�e�e���}�:�ß���ß �î���ß
arrivare a 40 famiglie totali. Le fondazioni e Legambiente Campania non sono 
membri della comunità energetica poiché il Decreto Milleproroghe non 
prevedeva che il terzo settore facesse parte delle CER.   Con il nuovo decreto 
ora stanno lavorando per includere Fondazione Famiglia di Maria, in modo che 
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�:�+�e�X�ô�ß �Í�î�ß �ô�\�\�ô�X�ô�ß �U�X�:�1�:�e�:�X�ô�ß �U�:�\�\�Í�ß �Í�2�è���ô�ß �Í�j�e�:�è�:�2�\�j�1�Í�X�ô�ß �+���ô�2�ô�X�����Í�ß �ô�+�ô�e�e�X���è�Í�ß
prodotta. 
 

Su che tipo di personale  
fa �Í�������î�Í�1�ô�2�e�:�ß�+�����2���•���Í�e���}�Í�ì 

 

�[���ß ���2���•���Í�e���}�Í�ß ���ß�j�2���Í�\�\�:�è���Í�•���:�2�ô�ß �î���ß �}�:�+�:�2�e�Í�X��, come scritto nello statuto. 
Legambiente Campania e la Fondazione Famiglia di Maria hanno dedicato le 
proprie ore lavorative per la realizzazione del progetto. Mentre Italia Solare è 
stata pagata per realizzare il progetto grazie ad una donazione fatta da 
Fondazione con il Sud. 
 

Puoi spiegarmi come  
vengono prese le decisioni  

�Í�+�+�����2�e�ô�X�2�:�ß�î�ô�+�+�����2���•���Í�e���}�Í�ì 
 

Le piccole decisioni, quelle ad esempio riguardanti la burocrazia e la gestione 
di scartoffie vengono prese dal presidente, vicepresidente e dal tesoriere. 
Quando invece si tratta di decisioni importanti, come ad esempio può essere il 
cambio di ripartizione degli incentivi, queste vengono prese in assemblea con 
un voto a maggioranza. 
 

A quali competenze 
 fa riferimento l'iniziativa  
(all'interno e all'esterno  

dell'organizzazione)? 
 

�„�ô�X�ß �W�j�Í�2�e�:�ß �X�����j�Í�X�î�Í�ß �+�ô�ß �è�:�1�U�ô�e�ô�2�•�ô�æ�ß �\���è�j�X�Í�1�ô�2�e�ô�ß �+���˜�������è���:�ß �(�2�ô�X�����Í�ß �î���ß
�[�ô���Í�1�æ���ô�2�e�ô�ß ���Í�1�U�Í�2���Í�æ�ß �U�:���ß �+�����2���ô���2�ô�X�ô�ß �î���ß �I�e�Í�+���Í�ß �‹�:�+�Í�X�ô�æ�ß �ô�ß �\���è�j�X�Í�1�ô�2�e�ô�ß �+�ô�ß
presidenti di Fondazione con il Sud e Fondazione Famiglia di Maria. 

L'iniziativa dispone di  
un piano strategico o di  

documenti che stabiliscono priorità, la 
concentrazione di  

energia e risorse, stabiliscono  
accordi sui risultati previsti, ecc.? 

 

[Not available] 

L'iniziativa prevede piani d'azione?  
O prende spunto dagli approcci  

di altre iniziative?  
Oppure segue procedure comunali? 

 

Abbiamo imparato pian piano , si impara mentre si fa. Anche perché quella di 
Napoli Est è stata una delle prime esperienze di comunità energetiche in Italia, 
quindi non era ancora chiaro cosa fossero e come funzionassero. Anche il GSE 
inizialmente non sapeva bene come muoversi. Adesso certamente è più facile. 
 

L'iniziativa collabora anche  
con altre iniziative,  

organizzazioni o governi locali? 
 

Legambiente ha creato la RETE C.E.R.S. (Rete delle Comunità Energetiche 
Rinnovabili e Solidali) per supportare la creazione di CERS in tutto il paese, 
�+�����2���•���Í�e���}�Í�ß���Í�ß�W�j���2�î���ß�U�Í�X�e�ô�ß�î���ß�W�j�ô�\�e�Í�ß�X�ô�e�ô�å 
 

Quali sono le principali  
ambizioni dell'iniziativa?  

In altre parole,  
quali sono gli impatti  

che l'iniziativa aspira avere? 
 

Principalmente sociale ed energetico �å�ß�[�����2���•���Í�e���}�Í�ß���ß���2���Í�e�e���ß�2�Í�e�Í�ß�è�:�2�ß�+�����2�e�ô�2�e�:�ß�î���ß
aiutare la comunità del quartiere di San Giovanni a Teduccio attraverso la 
riduzione dei costi della bolletta elettrica. 
 

Quali sono le fonti primarie  
di finanziamento per la 

 vostra iniziativa, e come  
vengono utilizzati questi fondi  

per sostenerne le attività e progetti? 
 

La Fondazione con il Sud ha fatto una donazione  �î���ß �V�U�U�ß �U�U�U�R�ß �Í�ß �\�j�U�U�:�X�e�:�ß
�î�ô�+�+�����2���•���Í�e���}�Í�æ�ß�è�:�2�ß���ß�W�j�Í�+���ß���ß�\�e�Í�e�:�ß�X�ô�Í�+���•�•�Í�e�:�ß���+�ß�U�X�:���ô�e�e�:�ß�ô�ß�\�:�2�:�ß�\�e�Í�e�ô�ß�U�Í���Í�e�ô�ß�+�ô�ß
�\�U�ô�\�ô�ß �X�ô�+�Í�e���}�ô�ß �Í�+�+�Í�ß �è�X�ô�Í�•���:�2�ô�ß �î�ô�+�+���Í�\�\�:�è���Í�•���:�2�ô�ß �2�:�2�ß �X���è�:�2�:�\�è���j�e�Í�ß ���ô�å���å�æ�ß �\�U�ô�\�ô�ß
notarili). 

 
                                                                                     Attività e progetti 
 

Vorrei ora passare alle  
attività e alle tecnologie  
applicate dall'iniziativa.  

Quali sono le attuali  
attività dell'iniziativa e le  

relative tecnologie applicate? 
 

La comunità energetica ha realizzato attività di educazione al consumo 
�è�:�2�\�Í�U�ô�}�:�+�ô�ß�î�ô�+�+���ô�2�ô�X�����Í�ß�ô�+�ô�e�e�X���è�Í rivolte alle famiglie coinvolte. Ovviamente 
�U�:���ß�è�����ß�+���Í�e�e���}���e�Ý�ß�î���ß�U�X�:�î�j�•���:�2�ô�ß�ô�ß�è�:�2�î���}���\���:�2�ô�ß�î�ô�+�+���ô�2�ô�X�����Í�ß�ô�+�ô�e�e�X���è�Í prodotta 
dall�����1�U���Í�2�e�:�ß���:�e�:�}�:�+�e�Í���è�:. 

Quali sono i progetti in cui 
 �+�����2���•���Í�e���}�Í�ß���ß�è�:���2�}�:�+�e�Í�ì 

Di cosa si tratta? 
 

�[���j�2���è�:�ß�U�X�:���ô�e�e�:�ß�î�ô�+�+�Í�ß�è�:�1�j�2���e�Ý�ß�ô�2�ô�X���ô�e���è�Í�ß���ß�+�Í�ß�è�:�1�j�2���e�Ý�ß�ô�2�ô�X���ô�e���è�Í�ß�\�e�ô�\�\�Í�å 

Chi è coinvolto nei progetti?  
Come descriveresti il  

�X�j�:�+�:�ß�î�ô�+�+�����2���•���Í�e���}�Í�ß�2�ô���ß�U�X�:���ô�e�e���ì 

[Question omitted as not applicable given the type of initiative, the questions 
previously asked, and those following] 
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                                                                                      Progetti realizzati 
 

Ci concentreremo ora  
su un solo progetto  

dell'iniziativa. Quale progetto  
consolidato/realizzato  

e interessante dell'iniziativa 
 descriveresti? Perché? 

 

[Question omitted as not applicable given the type of initiative] 

�"�:�}�����ß�\�e�Í�e�:�ß�\�}���+�j�U�U�Í�e�:�ß���+�ß�U�X�:���ô�e�e�:�ì 
 

Il progetto è stato realizzato in un quartiere di Napoli. Il quartiere  in questione 
è San Giovanni a Teduccio, ma in pratica sono state coinvolte le famiglie 
residenti in due strade  vicine alla sede della Fondazione Famiglia di Maria: 
Via taverna del ferro e Via Ammiraglio Aubry, che va dalla fondazione fino alla 
fermata della metro. Tutti appartamenti. 
 

Chi è coinvolto nel progetto?   
Come descriveresti il ruolo dell'iniziativa nel 

progetto? 

Come già anticipato Fondazione con il Sud, Legambiente Campania, 
Fondazione Famiglia di Maria  che possiamo definire i promotori  
�î�ô�+�+�����2���•���Í�e���}�Í�å�ß�„�:���ß�è���ß�\�:�2�:�ß�+�ô�ß�î���è���Í�2�2�:�}�ô�ßfamiglie  che, in quanto membri della 
comunità, �U�X�:�î�j�è�:�2�:�ß�ô�ß�Í�j�e�:�è�:�2�\�j�1�Í�2�:�ß�+���ô�2�ô�X�����Í�ß�ô�+�ô�e�e�X���è�Í, e Italia Solare  
che ha �U�X�:���ô�e�e�Í�e�:�ß �ô�ß ���2�\�e�Í�+�+�Í�e�:�ß �+�����1�U���Í�2�e�:�å�ß �[�����1�U���Í�2�e�:�ß ���:�e�:�}�:�+�e�Í���è�:�æ�ß ���2���Í�e�e���æ�ß ���ß
proprietà della comunità energetica, quindi dei suoi membri. 
 

���:�1���ô�X�Í�ß�+���Í�X�ô�Í�ß�U�X���1�Í�ß 
della realizzazione del Progetto? 

 

�[���Í�X�ô�Í�ß���2�ß�è�j���ß���ß�\�e�Í�e�:�ß�X�ô�Í�+���•�•�Í�e�:�ß�+�����1�U���Í�2�e�:�ß���ß���+�ßtetto  della sede della Fondazione 
Famiglia di Maria, quindi di proprietà della fondazione . Il tetto è piano, non 
calpestabile, non veniva utilizzato per altri scopi; quindi, la Fondazione lo ha 
messo a disposizione della comunità energetica per installare i pannelli 
fotovoltaici. 
 

Chi si è avvicinato a chi?  
Come si evolverebbe l'area  

senza il progetto in cui l'iniziativa è coinvolta? 
 

La Fondazione con il Sud ha contattato Legambiente, la quale ha poi contattato 
la Fondazione Famiglia di Maria.  
Non penso che senza questa iniziativa si sarebbe mosso qualcosa in 
�W�j�ô�+�+���Í�X�ô�Í�æ�ß�î�Í�e�Í�ß�+�Í�ß�\�j�Í�ß�\�e�X�j�e�e�j�X�Í�ß�\�:�è���:-economica. 
 

Puoi dirmi quando e perché  
è iniziato e come si è sviluppato? 

 

Per quanto riguarda il come è iniziato, come già detto, è grazie a Legambiente 
Campania, Fondazione con il Sud, e Fondazione Famiglia di Maria. 
�>�:�2�î�Í�•���:�2�ô�ß�è�:�2�ß���+�ß�‹�j�î�ß���Í�ß���Í�e�e�:�ß�j�2�Í�ß�î�:�2�Í�•���:�2�ô�ß�î���ß�V�U�U�ß�U�U�U�R�æ�ß�è�:�2�ß�+�Í�ß�W�j�Í�+�ô�ß���ß�\�e�Í�e�:�ß
possibile chiedere a Italia Solare di predisporre il progetto e pagare le spese 
�2�:�e�Í�X���+���å�ß�[�����1�U���Í�2�e�:�ß���ß�\�e�Í�e�:�ß�U�X�:���ô�e�e�Í�e�:�ß�U�ô�X�ß�U�X�:�î�j�X�X�ô�ß�[�Z�ß�U�U�U�ß�'�®���ß�Í�+�+���Í�2�2�:�æ�ß�è�:�2�ß
una potenza di 53 kW. La superficie occupata dai pannelli è di 295mq.  
�[���ô�2�ô�X�����Í�ß�U�X�:�î�:�e�e�Í�ß�}���ô�2�ô�ß���1�1�ô�\�\�Í�ß�2�ô�+�+�Í�ß�X�ô�e�ô�æ�ß�j�2�Í�ß�U�Í�X�e�ô�ß�î�ô�+�+�Í�ß�W�j�Í�+�ô�ß�}���ô�2�ô�ß�1�ô�\�\�Í�ß
���2�ß�è�:�2�î���}���\���:�2�ô�ß�e�X�Í�ß�+�ô�ß�V�^�ß���Í�1�����+���ô�æ�ß�1�ô�2�e�X�ô�ß�+���ô�è�è�ô�î�ô�2�•�Í�ß�}���ô�2�ô�ß�}�ô�2�î�j�e�Í�ß�Í�+�+���(�2�ô�+�å�ß
�†�j�Í�2�e�:�ß�+�ô�ß���Í�1�����+���ô�ß�X���è�ô�}�:�2�:�ß���2�ß�e�ô�X�1���2���ß�î���ß�\�:�+�î���ß�:���2���ß�Í�2�2�:�ß���X�Í�•���ô�ß�Í�+�+�����2���•���Í�e���}�Í�ß���ß���+�ß
guadagno rica�}�Í�e�:�ß �î�Í�+�+�Í�ß �}�ô�2�î���e�Í�ß �î�ô�+�+���ô�è�è�ô�î�ô�2�•�Í�ß �}�ô�2�î�j�e�Í�ß �ô�ß �+�����2�è�ô�2�e���}�:�ß �U�ô�X�ß ���+�ß
fatto che condividono energia. 
 

Quali cambiamenti significativi  
nell'ambiente fisico  

osservi come risultato del progetto? 

Sinceramente non vedo nessun tipo di cambiamento . Sono stati messi i 
fotovoltaici sul tetto, ma dalla strada nemmeno si vedono. Il nostro progetto 
non è stato accompagnato da nessun tipo di progetto di riqualificazione urbana 
né di riqualificazione architettonica. Non sono stati realizzati interventi di 
efficientamento energetico degli edifici. 
 

Secondo te, quali sono gli  
aspetti innovativi del progetto? 

 

Il progetto in sé è innovativo: non solo era una delle prime comunità 
energetiche in Italia , ma anche la prima con uno spiccato interesse sociale . 

Puoi dirmi qualcosa sulle  
principali barriere e driver  

durante la realizzazione del progetto? 

Sicuramente il fatto di non avere esempi precedenti da cui prendere spinto è 
stata una forte barriera, assieme anche al fatto che non si parlasse ancora 
molto di comunità energetiche e no n si sapesse bene cosa fossero; il ritardo 
della normativa ha generato non poche difficoltà per la strutturazione della 
�è�:�1�j�2���e�Ý�ß �ô�2�ô�X���ô�e���è�Í�å�ß �„�:���ß �Í�æ�æ���Í�1�:�ß �Í�}�j�e�:�ß �X�Í�+�+�ô�2�e�Í�1�ô�2�e���ß �è�:�2�ß �+�����2�\�e�Í�+�+�Í�•���:�2�ô�ß
�î�ô�+�+�����1�U���Í�2�e�:�ß ���:�e�:�}�:�+�e�Í���è�:�ç�ß �2�ô�+�ß ���ô�æ�æ�X�Í���:�ß �W�U�W�V�+�Í�ß �\�:�}�X���2�e�ô�2�î�ô�2�•�Í�ß ���Í�ß �æ�+�:�è�è�Í�e�:�ß
�+�����2�\�e�Í�+�+�Í�•���:�2�ô�ß�U�ô�X�è���õ�ß�+�����1�U���Í�2�e�:�ß�U�:�e�ô�}�Í�ß�î�ô�e�j�X�U�Í�X�ô�ß���+�ß�U�Íesaggio. Cosa assurda, 
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perché il contesto in cui si sviluppa il progetto è costellato di aree dismesse, 
�Í�X�ô�ô�ß �è���ô�ß �2�ô�è�ô�\�\���e�Í�2�:�ß ���1�U�:�X�e�Í�2�e���ß �æ�:�2�������è���ô�ß �ô�ß �+���ô�î�������è���:�ß �\�j�ß �è�j���ß���2�\���\�e�ô�ß �2�:�2�ß ���ß
nemmeno storico.  
 

 

                                                                                     Domande conclusive 
 
Pensando a tutte le attività e i progetti dell'iniziativa: 

quali cambiamenti spaziali (fisici) significativi 
osservi a seguito delle attività e dei progetti 

dell'iniziativa? Come è stato modificato lo spazio 
fisico? 

 

Come già detto, non ne vedo. 

Cosa pensi sarebbe successo se l'iniziativa avesse 
avuto risorse diverse (ad esempio, personale più 

pagato, più esperienza, più rete, 
professionalizzazione, ecc.)? 

 

Non saprei.  

L'iniziativa ha incontrato  
resistenza? Di cosa si trattava? 

 

No, nessuna resistenza.  

Quali miglioramenti vorrebbe vedere all'interno 
dell'iniziativa? Quali in fattori esterni che ne 

influenzano le operazioni? 

[Not available] 

Desideri aggiungere qualcosa 
 rispetto alle domande fatte in precedenza? 

 

No, non mi sembra di dover aggiungere altro. 
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Municipality of San Daniele del Friuli, Italy 

�a�&�R�P�X�Q�L�W�¡���&�R�O�O�L�Q�D�U�H�� 
�G�H�O���)�U�L�X�O�L���\���3�U�R�J�H�W�W�R�� 
�5�(�&�2�&�(�5�b�� 
 

Overview Indicators 

 

About the municipality 
 

Administrative area [km2]  34.78  

Urbanized area [km2] 4.03 
Inhabitants [inhab.] 7 923  

Municipality population density [inhab. /km2] 227.81  
Municipality electricity consumption per year [MWh] 41 944.20  

 

About the initiative  
 

% of urbanized area served by the initiative Information not available 
Municipality inhabitants served by the initiative [inhab.] 17.60 

Renewable electric energy generated by the initiative per 
year [MWh] 

Information not available 

% of renewable electric energy generated by the initiative 
on average electricity consumption in the municipality 

Information not available 

  

Surface occupied by the renewable energy plant [m2] Information not available 
Type of space occupied Public �æ�j���+�î���2���
�\�Ù�X�:�:�� 
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�$�E�R�X�W���W�K�H���F�R�Q�W�H�[�W 
 

The urban spatial analysis  

 Territorial spatial analysis 
The Municipality of San Daniele del Friuli is located in the ex-Udine Province 
(Eurostat, NUT 3 geographical level), which has a total population of 539 228 
inhabitants (Eurostat, 2022a), with a population density of 109.2 inhab./km2 
(Eurostat, 2022b). The Municipality is part of the supra-municipal 
administrative entity Comunità Collinare del Friuli, which counts a total 
number of 16 rural municipalities and a total population of 50 682 inhabitants 
(ISTAT, 2024). 
The evaluation of the population density on the smaller and homogeneous 
territorial cells of 1km2 defined by Eurostat shows that most of the population 
is concentrated in one area located approximately in the centre of the ex-Udine 
Province (EEA, 2018a; Eurostat, 2021a). This area represents a high-population 
�î�ô�2�\���e�…�Ù �è�+�j�\�e�ô�X�à�Ù �î�ô�����2�ô�î�Ù �æ�…�Ù �(�j�X�:�\�e�Í�e�Ù �
�j�X�æ�Í�2�Ùcentre���Ù �Í�2�î�Ù �è�:�X�X�ô�\�U�:�2�î�Ù �e�:�Ù �e���ô�Ù
Municipality of Udine, the capital of the ex-Udine Province (EEA, 2018a; 
Eurostat, 2021a). A constellation of moderate-population density clusters, 
�è�Í�+�+�ô�î�Ù �
�j�X�æ�Í�2�Ù �è�+�j�\�e�ô�X�\���Ù �è�Í�2�Ù �æ�ô�Ù ���î�ô�2�e�������ô�î�Ù �Í�X�:�j�2�î�Ù �e�����\�Ù �j�X�æ�Í�2�Ùcentre, one of 
which is located within the Municipality of San Daniele del Friuli administrative 
boundaries. Large swathes of the province area present relatively low levels of 
population density (EEA, 2018a; Eurostat, 2021a).  
For this, ex-�˜�î���2�ô�Ù �U�X�:�}���2�è�ô�Ù ���\�Ù �è�+�Í�\�\�������ô�î�Ù �Í�\�Ù �Í�2�Ù �
���2�e�ô�X�1�ô�î���Í�e�ô�Ù �X�ô�����:�2���à�Ù �•�����è���Ù
indicates a NUT 3 region where more than 50% and up to 80% of the population 
live in urban clusters (Eurostat, 2021a). 
The Municipality of San Daniele del Friuli has a total population of 7 923 
inhabitants (ISTAT, 2024), and a population density of 227.81 inhab./km2 
(estimated based on ISTAT 2024 data). The municipality area is characterized 
by moderate and low-density �U�:�U�j�+�Í�e���:�2�Ù�è�ô�+�+�\�à�Ù���:�X�Ù�e�����\�à�Ù���e�Ù���\�Ù�î�ô�����2�ô�î�Ù�Í�\�Ù�Í�Ù�
town 
and suburb���Ù �Í�è�è�:�X�î���2���Ù �e�:�Ù �(�j�X�:�\�e�Í�e�Ù�"�(�@�˜�‡�����Ù �è�+�Í�\�\�������è�Í�e���:�2�Ù�üEurostat, 2020; 
Eurostat, 2021a). The surrounding municipalities are mainly characterized by 
lower population densities (Eurostat, 2020; Eurostat, 2021a).  
Less more than 15% of their population of the Municipality of San Daniele del 
Friuli commute to work to the city of Udine or any other city, thus appears to be 
not integrated with its labour market of the surrounding cities (EEA, 2017; 
Eurostat, 2021a). 
 

 Urban land cover 
�“���ô�Ù �
�j�X�æ�Í�2�Ùcluster���Ùcontained in the Municipality of San Daniele del Friuli 
features mainly the historical town centre. It is characterized by a 
discontinuous urban fabric, primarily consisting of permanent residential 
areas featuring a mix of small apartment blocks and individual and semi-
detached houses. Arable lands mainly characterize the surrounding 
environment, with some areas of natural vegetation (EEA, 2018b; Eurostat, 
2021a). The total urbanized area, approximated as the extent of artificial areas 
�•���e�����2�Ù �1�j�2���è���U�Í�+�Ù �æ�:�j�2�î�Í�X���ô�\�Ù �ü�>�����j�X�ô�á�Ù �
�[�Í�2�î�Ù ���:�}�ô�X�á�Ù ���X�e�������è���Í�+�Ù ���X�ô�Í�\���ý�à�Ù ���\�Ù
estimated to be 4.03 kmq. This urbanized area exhibits a discrete degree of 
imperviousness, concentrated primarily in the historic city centre and in 
correspondence of the main services �ü�>�����j�X�ô�á�Ù�
�"�ô���X�ô�ô�Ù�:���Ù���1�U�ô�X�}���:�j�\�2�ô�\�\���ý�ß 
 
 

 Urban infrastructures 
The main infrastructures of the town are: 

�x The bus network, connecting the town and its surroundings. 
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 Urban energy demand 
It can be estimated that the electricity consumption per year of the Municipality 
of San Daniele del Friuli is 227.55 MWh. 
According to the Energy and Industry Geography Lab, the distribution of total 
electricity demand generally mirrors the urbanized area, with an estimated 
range of 100 to 1 000 tonnes of oil equivalent (toe) in 2019 (1 toe=11.63 MWh) 
(Energy and Industry Geography Lab web site; Gonzalez and Uihlein, 2023) (see 
figures on the left).  
Focusing solely on the industrial sector, demand falls within a range of 10 to 
100 toe and is detected in a limited area of the municipality.  
The transport sector falls within a range of 0.1 to 100 toe mainly covering the 
urbanized area. 
Other sectors category, which includes commercial, public services, and 
households, generally exhibit higher electricity demand, with picks of 1 000 toe 
in the urbanized area. 

 The urban energy transition 
 
Strategies, policies, and programs 
The Municipality of San Daniele del Friuli ���Í�\�2�
�e�Ùadhered yet to the Covenant of 
Mayors (European Commission, n.d.). However, the municipality 
demonstrates a degree of sensitivity towards energy issues, as evidenced by 
initiatives to reduce energy consumption in public lighting and municipal 
buildings (Comune di San Daniele del Friuli, 2022).  
Notably, the municipality is part of the Comunità Collinare del Friuli and its 
RECOCER project, through which the case selected study CER Comunità 
Collinare del Friuli �ù San Daniele 1 has been developed (RECOCER, n.d.). 
 

Collective energy initiatives 
The municipality seems to have only one active CEI, which is the selected case 
study CER Comunità Collinare del Friuli �ù San Daniele 1 (Nexteconomia, n.d.;  
REScoop, n.d.; Legambiente, n.d.; Wierling et al., 2023).  
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�$�E�R�X�W���W�K�H���L�Q�L�W�L�D�W�L�Y�H 
 
Initiative profile 
 

Foundation year  2019 
 
In 1967, a voluntary consortium comprising 15 municipalities, subsequently 
expanded to 16, was established as the "Consorzio Comunità Collinare del 
Friuli" to address the challenges faced by small rural communities. The 
consortium has played a pivotal role in local development, notably in 
infrastructure projects such as the methane gas network. The transformation 
of the consortium into the formal entity of Comunità Collinare del Friuli was 
enacted in September 2020, following the approval of its statute by the 
Consortium Assembly, in accordance with Article 21 of Regional Law 21/2019 
(Regione Friuli Venezia Giulia, n.d.). 
In 2019 the Comunità Collinare del Friuli got in touch with the Politecnico di 
Torino and the opportunity arose to participate in the RECOCER project, aimed 
at developing energy communities. The Comunità Collinare del Friuli 
recognized the potential of this project to enhance energy independence and 
sustainability within its territory. Therefore, a detailed analysis followed and 
confirmed the suitability of its territory for such an undertaking.  
The Comunità Collinare del Friuli successfully developed and implemented a 
pilot renewable energy community (REC) in San Daniele del Friuli, as defined 
by the Italian Decree 162/2019 (so-�è�Í�+�+�ô�î�Ù �
�a���+�+�ô�U�X�:�X�:�����ô���ý and Law 8/2020 
(transitory transcription of the European Directive RED II). Building on this 
success and on new national regulations that allow to realize RECs connected 
to the same high-medium voltage substation, the supra-municipal 
administrative entity of the  Comunità Collinare del Friuli is now expanding its 
ambitions to create a larger, territory-wide energy community. 
 

Geographic span Scale | Territorial. 
 
Description |  The Comunità Collinare del Friuli is the supra-municipal 
administrative entity of 16 rural municipalities.  
 
Spatial dimension (area covered)* | Information not available. 
The geographic span of the initiative is defined as the location of the 
photovoltaic powerplants (public rooftops) and of the 7/8 residential units 
(apartments) served. The 7/8 residential units are located in the Municipality of 
San Daniele del Friuli, along the same street. The name of the street is not 
available.  
 
Demographic dimension (inhabitants served)* |  17.60 [inhab.] 
 
�ê�(�\�e���1�Í�e�ô�î�Ù�ü�\�ô�ô�Ù�e���ô�Ù�
�a�ô�e���:�î�:�+�:���…���Ù�è���Í�U�e�ô�X�ý 
 

Internal structure  
 

Legal form | Not defined. 
 
Main actors |  
- Politecnico di Torino 
- Energy Center  
- Comunità Collinare del Friuli 
- 7/8 families 
 
�a�Í���2�Ù�Í�è�e�:�X�\�
�Ù�X�:�+�ô�Ù�8 
- Politecnico di Torino �ó promoter 
- Energy Centre �ó promoter 
- Comunità Collinare del Friuli - promoter and provider 
- 7/8 families �ó members and consumers (in the future potentially also 
providers) 
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�a�ô�1�æ�ô�X�\�
�Ù�e�:�e�Í�+�Ù�2�j�1�æ�ô�X�Ù| Information not available. 
 
Community engagement | Targeted community: families and small-medium 
enterprises. Engagement techniques:  word-of-mouth communication among 
residents, informative meetings.  
 
Joining process | Spatial limitation criterion (applied to the REC San Daniele 
del Friuli pilot project): connection to the same medium-low voltage substation 
(due to Italian Decree 162/2019 and Law 8/2020 restrictions). Sector limitation 
criterion (applied to the REC San Daniele del Friuli pilot project): the third 
sector is not allowed to join a renewable energy community (due to Italian 
Decree 162/2019 and Law 8/2020 restrictions). Economic limitation criterion 
(applied to the REC San Daniele del Friuli pilot project): annual membership fee 
�:���Ù�Q�T�L�Ù���:�X�Ù�Í�î�1���2���\�e�X�Í�e���}�ô�Ù�è�:�\�e�\�ß 
 
Organizational structure | The initiative is a supra-municipal administrative 
entity, and it relies on member municipalities for its existence.  It has an 
executive committee, which oversees daily administrative operations, and a 
general assembly composed by the mayor of each municipality as the ultimate 
decision-making body. 
 
Decision-making process | Executive body: oversees daily decisions and 
operations and proposes policies and programs to the assembly. General 
assembly of members: decisions are taken with a majority voting. 
 
Staff and expertise | Volunteers: Comunità Collinare del Friuli energy office 
staff, Politecnico di Torino and Energy Centre staff. Hired external consultant:  
technical experts, accountants, and legal professionals. 
 
Strategic planning | None.  
 
Policies, processes, operating procedures | None.  The initiative represents 
one of the earliest examples of Renewable Energy Communities (RECs) in Italy, 
aligned with the European Directive RED II. The CER "Comunità Energetica 
Rinnovabile Magliano Alpi" (Magliano Alpi REC) served as a valuable 
benchmark for the development of the project.  
 
Financial resources |  
- Non-refundable grant:  5,4 million euros financial contribution from the Friuli-
Venezia Giulia regional government allocated to the RECOCER project for 
organizational establishment and technological implementation.  
- Internal resources: resources from the Comunità Collinare del Friuli. 
- Membership fees. 
- Donations.  
 
Networks, alliances, partnerships | The initiative maintains a close 
relationship with the "Comunità Energetica Rinnovabile Magliano Alpi" 
(Magliano Alpi REC). The interviewee serves as a member of the Magliano Alpi 
REC's scientific committee and is also part of the technical committee of the 
Italian Forum of Energy Communities (IFEC), a prominent initiative supporting 
the development of energy communities in Italy. Additionally, the interviewee 
maintains ongoing informal contacts with technical experts from the 
�Í�\�\�:�è���Í�e���:�2�Ù �
Gruppo Operativo di Comunità Energetiche Rinnovabili���Ù
(Operational Group Renewable Energy Communities, GOCER). 
  

Ambitions Type | GHG emissions reduction, local renewable energy production and 
consumption, develop new territorial assets, collective self-consumption. 
 
Geographic scope | Supra-municipal, as the initiative aims at building a 
territorial energy community that involves all the 16 municipalities that are part 
of the Comunità Collinare del Friuli local authority. 
 

Implementation of the ambitions:  
services and activities 

Services provided | Renewable energy generation, renewable energy 
collective self-consumption, energy retrofitting of public buildings (planned 
service) 
 
Activities overview | Number of activities: two. 
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- Activity n.1: REC San Daniele pilot project. 
- Activity n.2:  Scaling up of the pilot project and development of approximately 
40 additional photovoltaic power plants in other municipalities within the 
Comunità Collinare del Friuli to facilitate the creation of the territorial REC. 
 
Focus on one specific activity |  
- Type of activity: activity n.1, REC San Daniele pilot project. 
- Activity objective:  local renewable energy production and consumption, 
collective self-consumption. 
- Actors involved: Politecnico di Torino, Energy Center, Comunità Collinare del 
Friuli, Municipality of San Daniele del Friuli, 7/8 families. 
- ���è�e�:�X�\�
�Ù �X�:�+�ô�á�ÙPolitecnico di Torino �ó promoter, Energy Center �ó promoter, 
Comunità Collinare del Friuli - promoter and provider, Municipality of San 
Daniele del Friuli �ó promoter and provider, 7/8 families - members and 
consumers 
- �>���2�Í�2�è���Í�+�Ù�X�ô�\�:�j�X�è�ô�\�á�Ù�ü�\�ô�ô�Ù�
�>���2�Í�2�è���Í�+�Ù�X�ô�\�:�j�X�è�ô�\���Ù�\�ô�è�e���:�2�ý�ß 
- Profits: �ü�\�ô�ô�Ù�
�>���2�Í�2�è���Í�+�Ù�X�ô�\�:�j�X�è�ô�\���Ù�\�ô�è�e���:�2�ý�ß 
- Activity geographic span: municipality. 
- Technology type: PV panels. 
- Technology ownership:  Information not available. 
- Technology distribution: decentralized, 11 PV plants. 
- Technology location land cover: urbanized area. 
- Technology location urban function: educational services (3), sports centres 
(3), theatre (1), municipal archive (1), civil protection headquarters (1), 
community centres (2). 
- Technology location type: built-up. 
- Technology location element type: roofs. 
- Technology location ownership: Municipality of San Daniele del Friuli. 
- Technology location management:   Information not available. 
- Technology occupied surface: Information not available. 
 

Innovative aspects 
 

The primary innovation of the RECOCER project resides not in the San Daniele 
Renewable Energy Community (REC), which functioned as a pilot, but rather in 
the territorial REC that it is developing. The initiative distinguishes itself through 
the creation of a large-scale, area-wide REC. The Comunità Collinare del Friuli, 
a 57-year-old consortium of municipalities, provides a contextually 
advantageous environment for the development of a territorial REC, given its 
deep-rooted communal values.  
Furthermore, the project's public management distinguishes itself from the 
industry norm by operating independently from any major energy corporation.  
 

Process evaluation Drivers | Information not available. 
 
Barriers | Scarcity of specialized skills: While the initiative did not encounter 
significant challenges in acquiring the necessary competencies, this is not 
attributable to their abundance. Rather, the availability of suitable personnel 
within the local area was fortuitous. 
 

�I�2���e���Í�e���}�ô�
�\�Ù�Í�\�\�ô�\�\�1�ô�2�e Area before the initiative | 
Established as a voluntary consortium of 15 small rural municipalities, the 
Comunità Collinare del Friuli has evolved into a local authority that has played 
a pivotal role in local development for many years. It has actively supported 
economic, social, and environmental initiatives, demonstrating a strong 
commitment to preserving its strengths while fostering new opportunities. This 
dedication has also extended to the development of the local energy network, 
including the installation of gas pipelines. 
 
Area after the initiative | 
The decision to establish a territorial energy community can be regarded as a 
natural progression in the development of the Comunità Collinare del Friuli, 
fully aligned with its philosophy of fostering local development. 
���+�e���:�j�����Ù�e���ô�Ù�\�U�Í�e���Í�+�Ù���1�U�Í�è�e�\�Ù�:���Ù�e���ô�Ù���(�I�
�\�Ù�Í�è�e���}���e���ô�\�Ù�Í�X�ô�Ùlimited to the reuse of 
public rooftops, the initiative generates notable social benefits. These include 
reinforcing a sustainable territorial vision and strategy, as well as revitalising 
the local economy. 
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Bridging the gap between internal processes and spatial analysis  

 
 

 Spray diagram: a framework to showcase the spatial dimension 
within the complex nature of CEIs 

 
 
 
 
 
 
 
 
 
 

Figure 1, on the next page: 
Spray diagram of the initiative  

��Comunità Collinare del Friuli ���å 
Source: author own elaboration. 

 

The spray diagram developed for the initiative Comunità Collinare del Friuli 
clearly reveals that specific elements of its internal processes are closely 
linked to the spatial dimension. These elements include the more apparent 
geographic span and scope, as well as the process of joining the initiative and 
the development its activities. 
The process of joining the initiative, for instance, is contingent upon members 
being connected to the same medium-low voltage substation public building 
hosting the photovoltaic (PV) plant of the activity REC San Daniele.  
Both the activities developed by the initiative can be studied from a spatial 
point of view. In fact, both activities are based on the installation of PV plants 
on public rooftops. 
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Space-time matrix: a spatio-temporal analysis of actual and 
potential  
impacted areas 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2, below: 
Space-time matrix of  

the initiative "Comunità Collinare del Friuli". 
Source: author own elaboration. 

 

 
In 2019, the supra-municipal administrative entity Comunità Collinare del 
Friuli initiated the RECOCER project in collaboration with Politecnico di Torino 
and the Energy Centre. The initiative aimed to engage all 16 member 
municipalities in the collective production and virtual consumption of 
renewable energy generated from rooftop photovoltaic (PV) installations. 
Initially, the project focused on the municipality of San Daniele as a pilot to 
assess its feasibility: PV panels were installed on the roof of a public school for 
energy production, self-consumption, and virtual distribution to 7/8 residential 
units located in a street nearby the public school.  As the regulatory landscape 
is evolving, the initiative is expanding its geographic span to encompass the 
installation of approximately 40 PV plants across its territory and is working on 
the establishment of a suitable legal framework for the territorial energy 
community. 
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�6�S�D�W�L�D�O���L�P�S�D�F�W�V�_���S�D�W�K�Z�D�\�V�����I�U�R�P���D�F�W�L�Y�L�W�L�H�V���W�\�S�H�V���W�R���L�Q�S�X�W�V����
�R�X�W�S�X�W�V�����D�Q�G���R�X�W�F�R�P�H�V���W�R���D�G�G�U�H�V�V���W�K�H���a�+�R�Z�"�b�����a�:�K�\�"�����D�Q�G��
�a�:�K�D�W�"�b���T�X�H�V�W�L�R�Q�V 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3, below: 
Process of generalisation o 

f the activities of the initiative  
into activity types.  

Source: author own elaboration.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The spatial impacts pathways analysis delves into the mechanisms through 
which Community Energy Initiatives (CEIs) activities generate spatial changes, 
exploring both the underlying reasons and the resulting spatial alterations.  
The initiative Comunità Collinare del Friuli �ù Progetto RECOCER presents two 
main activities. These activities can be generalized into three activity types 
(Figure 3), starting from which the spatial impact pathways are developed. 
Figure 4 therefore illustrates a synthesized conceptual framework of the spatial 
impact pathways stemming from the detected activity types of the initiative 
and can be consulted while reading the proposed spatial impact pathway 
narratives. 
Following is the guided narrative of the spatial impact pathway of the REC San 
Daniele pilot project.  
 
Guided spatial impact pathway | "REC San Daniele" pilot project 
 
Activity type | The activity REC San Daniele coincides with the activity type PV 
power plant development and operation.  
 
Inputs | The decision to develop this activity was strongly motivated by the 
desire to produce and generate renewable energy locally. The choice of 
utilizing PV technology was supported by the availability of several rooftops  
owned by the Municipality of San Daniele del Friuli. 
The planning of the activity initially relied primarily on volunteers , with the 
hired staff of the supra-municipal administrative authority Comunità Collinare 
del Friuli working on it in collaboration with Politecnico di Torino and Energy 
Centre staff. However, with financial support  (a 5.4-million-euro non-
refundable grant) from the Friuli-Venezia Giulia regional government, the 
initiative was able to further develop its organizational structure and 
technological implementation, as well as hire external consultants . 
 
Outputs | The primary output of the activity is a PV power plant that generates 
electricity consumed by the initiative's members (residents). The initiative 
provides support, assistance, and guidance to residents in understanding and 
managing the power plant. 
 
Outcomes | The direct spatial changes  generated by this activity are primarily 
related to building retrofits. However, the only retrofitting activity implemented 
was the installation of solar panels on a single rooftop, without involving 
window replacements, roof and wall insulation, or other such measures. 
Consequently, at the current stage of the activity, such changes are minimal. 
The initiative is working to replicate the REC San Daniele activity, thus 
developing new PV power plants on public buildings within the 16 
municipalities comprised within the supra-municipal administrative authority 
Comunità Collinare del Friuli. Despite these efforts, the direct spatial changes 
it generates can still be considered minimal. 
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Figure 4, below: 
Spatial impact pathway of the initiative  

��Comunità Collinare del Friuli ���å 
Source: author own elaboration.  

 
It is worthwhile to consider the potential indirect spatial changes that this 
activity might induce. As noted by the interviewee, while the potential revenues 
from renewable energy generation activities might support families facing 
energy poverty, thereby having an economic and social impact, they could also 
be utilized to develop new 'sustainable' projects within the territory. For 
instance, these funds could be invested in sustainable and slow mobility 
paths, supporting and nourishing the territorial vision and strategy defined by 
the Comunità Collinare del Friuli. 
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The original interview 

 

Interviewed  
�S�D�U�W�L�F�L�S�D�Q�W�_�V���U�R�O�H 

General director. 

Date April 24, 2024. 

Place Online, videocall. 
Notes The following interview is presented in the form of a non-verbatim transcript. 

Information is based on audio recordings and exact words are captured. 
However, as the study focuses on thematic and content analysis, minor edits 
have been made to remove irrelevant details and enhance clarity.  The original 
language (Italian) is used to preserve the participant's words and avoid 
misrepresenting their meaning. 

 

                                                                                     Processi interni 
 

Sulla base dei dati pubblicati,  
so che il progetto RECOCER è nato nel 2019.  

Potresti raccontarmi brevemente  
come è nata e come si è sviluppata? 

Prima di tutto bisogna capire la [Comunià] Collinare [del Friuli]. �†�j���2�î���æ�ß�+���ô�2�e�ô�ß
Collinare nasce come Consorzio di enti locali  dei 15 comuni, adesso siamo 
16 perché lo scorso anno è entrato l'altro ente, nel 1967. L'idea è quella di 
aggregare le forze per gestire quei servizi e quelle attività che singolarmente i 
singoli comuni non avevano la forza di gestire. Questo perché la grandezza 
media dei comuni nostri è di 3.000 abitanti - 4.000 abitanti. Il più grande, San 
Daniele, ne ha 8.500. Le sfide affrontate sono state tante. Per esempio, noi 
[Comunità Collinare del Friuli] siamo proprietari della rete del metano. La 
C�:�+�+���2�Í�X�ô�ß�2�ô���+���ß�Í�2�2���ß���]�U�ß���Í�ß���2�}�ô�\�e���e�:�ß�U�ô�X�è���õ�ß�î�Í�ß�2�ô�\�\�j�2�ß�Í�+�e�X�:�ßla rete del metano 
sarebbe stata realizzata. 
Nel momento in cui siamo entrati in contatto col Politecnico di Torino  ad 
agosto-settembre del 2019, abbiamo saputo di questo progetto [Progetto 
RECOCER], che mirava a sviluppare comunità di energia, ovvero sviluppare un 
nuovo paradigma di gestione dell'energia. La Comunità ci ha creduto subito, e 
ha pensato di estendere questo progetto a tutto il suo territorio. È seguita una 
la fase di analisi, che è durata qualche mese in più rispetto alle previsioni 
perché c'è stata la pandemia. Dall'analisi condotta abbiamo visto che il nostro 
territorio poteva benissimo prestarsi ad implementare un progetto di questo 
tipo.  
Quindi abbiamo costruito il progetto insieme al Politecnico. L'abbiamo 
presentato alla Regione, chiedendo un finanziamento alla Regione, che ha 
creduto nel nostro progetto. Ci tengo a ribadire sempre, perché un punto 
sicuramente di orgoglio, che noi siamo partiti nel 2019, prima della crisi 
energetica. Noi siamo partiti da una visione del territorio , non siamo partiti da 
un'esigenza di ridurre le bollette. È un messaggio estremamente qualificate 
della nostra politica territoriale.  
Dopodiché, come dire, è intervenuta la pandemia, �è�����ß�\�e�Í�e�Í�ß�+�Í�ß�\�U�ô�è�j�+�Í�•���:�2�ô�ß�\�j���ß
costi delle energie e quant'altro. Questo non ha fatto altro che rinforzare, se 
vogliamo, e dare ancora più forza alla visione nella quale noi avevamo creduto 
in anticipo. Ci tengo a dirlo perché è sicuramente un punto di forza appunto 
fondante della nostra strategia. 
Il Progetto, una volta definito, ha realizzato il primo caso pilota nel Comune di 
San Daniele. La CER di San Daniele, che è una CER di cabina secondaria, è 
stato il primo pilota al quale abbiamo lavorato. È stato il primo pilota che si 
�æ�Í�\�Í�}�Í�ß �\�j�+�+���ß �Í�X�e���è�:�+o 42 bis sul primo decreto, il Decreto Milleproroghe. E di 
fatto poi l'approvazione definitiva della norma. Adesso le regole tecniche 
approvate a gennaio ci danno la possibilità di ampliare la visione di quel 
progetto. Quindi ora siamo alla cabina primaria, siamo alla CER che opera 
all'interno della cabina primaria, che ha come limite quello della dell'area di 
mercato. Quindi la visione si è ampliata tantissimo. Infatti, il progetto di San 
Daniele resta come pilota , ma noi ne stiamo sviluppando un'altra sul tutto il 
territorio in questo momento. Quello che noi stiamo sviluppando e andremo a 
maggio poi a concretizzare è il soggetto giuridico che di fatto sarà una CER di 
territorio, sarà una CER di territorio, ovvero sarà una CER che abbraccerà 
tante sotto CER di cabina primaria, no? Quindi l'unico soggetto giuridico che 
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gestirà più sotto raggruppamenti, più CER. Noi in particolare abbiamo 4-5 
cabine primarie sul nostro territorio e ogni cabina primaria raggruppa dai 3 ai 4 
comuni e quindi di fatto mentre la CER di San Daniele era una CER di 
secondaria sviluppata attorno ad una strada di San Daniele, tanto per 
intenderci come perimetro, la CER di territorio che stiamo sviluppando adesso 
è una CER soggetto giuridico unico che lavora su tutti e 15 i comuni e può anzi 
�:�U�ô�X�Í�X�ô�ß�Í�+�+�����2�e�ô�X�2�:�ß�î�ô�+�+���Í�X�ô�Í�ß�î���ß �1�ô�X�è�Í�e�:�æ�ß���2�ß�e�j�e�e�Í�ß�+���Í�X�ô�Í�ß�îi mercato. Di fatto il 
Nord Italia. Quindi un soggetto giuridico e ha una prospettiva decisamente 
molto più ampia. 
 

���:�1�ô�ß�\�:�2�:�ß�\�e�Í�e���ß���X�ô�è�+�j�e�Í�e�����ß���ß�U�Í�X�e�ô�è���U�Í�2�e���ì�ß 
�†�j�Í�+�ß���ß���+�ß�e�Í�X���ô�e�ß�î�ô�+�+�����2���•���Í�e���}�Í�ì 

I comuni della Collinare sono stati ovviamente coinvolti. I comuni hanno il 
punto di sintesi nell'assemblea della Comunità Collinare . La Comunità 
Collinare è nata come consorzio di comuni, quindi di diritto privato, e si è 
trasformata in ente locale per effetto di una legge regionale del Friuli-Venezia 
Giulia, che è una regione a statuto speciale, quindi, può normare in materia. 
Quindi a partire dal primo gennaio 2021, noi di fatto operiamo come ente 
locale, ci siamo trasformati da consorzio di diritto privato a ente locale di diritto 
pubblico. Quindi siamo quasi quanto una provincia. Tu sai che in Friuli-Venezia 
Giulia, le province non ci sono. Sono state, unica regione in Italia, abolite con 
una modifica dello statuto, quindi da noi l'istituzione del soggetto giuridico, 
provincia di Udine, provincia di Pordenone, provincia di Trieste non esiste. E 
quindi da noi di fatto le aggregazioni intermedie dei comuni passano in questo 
momento attraverso le comunità, questo nuovo soggetto che è stato sostituito, 
e noi siamo una delle comunità. Adesso la regione in realtà sta lavorando per 
ripristinare le province. Ma adesso, di fatto, rappresentiamo, come dire, un 
livello intermedio di governo del territorio. 
Quindi, il soggetto giuridico Comunità ha alcuni organi che sono l'assemblea 
dei sindaci, il comitato esecutivo . L���Í�\�\�ô�1�æ�+�ô�Í�ß ���Í�ß ���+�ß �U�Í���:�ß �è�:�2�ß ���+�ß �è�:�2�\�����+���:�ß
comunale: nell'assemblea  dei sindaci siedono tutti i sindaci dei comuni. E 
quindi quello è l'organo decisionale  di indirizzo politico del territorio dove tutte 
le amministrazioni sono rappresentate. Ecco che il progetto è stato posto in 
assemblea. �†�j���2�î���ß�+���:�X���Í�2�:�ß�è���ô�ß���Í�ß�î�ô�è���\�:�ß�\�:�\�e�Í�2�•���Í�+�1�ô�2�e�ô�ß�+�����1�U�+�ô�1�ô�2�e�Í�•���:�2�ô�ß
�î�ô�+�ß�U�X�:���ô�e�e�:�ß���ß�\�e�Í�e�Í�ß�+���Í�\�\�ô�1�æ�+�ô�Í�ß�î�ô���ß�\���2�î�Í�è���å 
�5�ß�è�����Í�X�:�ß�è���ô�ß�è�����ß�\�e�Í�e�:�ß�j�2�ß�U�ô�X�è�:�X�\�:�ß�è���ô�ß�è���ß���Í�ß���1�U�ô���2�Í�e���ß�U�ô�X�ß�î���}�ô�X�\���ß�1�ô�\��. Non è 
�è���ô�ß �\���Í�1�:�ß �Í�X�X���}�Í�e���ß �Í�+�+�Í�ß �U�X���1�Í�ß �Í�\�\�ô�1�æ�+�ô�Í�ß �î���è�ô�2�î�:�ß �����ô���æ�ß �Í�æ�æ���Í�1�:�ß �W�j�ô�\�e�Í�ß
�}���\���:�2�ô�ê���å�ß �b�:�ê�ßCi sono state riunioni, incontri, più assemblee. Fino a 
raggiungere il punto in cui siamo riusciti a condividere con tutte le 
amministrazioni quella che era la filosofia e le finalità del progetto . Le 
�Í�1�1���2���\�e�X�Í�•���:�2���ß���Í�2�2�:�ß�X���e�ô�2�j�e�:�ß�W�j�ô�\�e�ô�ß�����2�Í�+���e�Ý�ß�1�ô�X���e�:�X���ô�ß�ô�ß���Í�2�2�:�ß�î�Í�e�:�ß�+���:�'. 
Il coinvolgimento dei cittadini, poi, un tema sicuramente centrale! Abbiamo 
iniziato con degli incontri pubblici  e confidiamo che si avvicinino anche 
piccola e media impresa , sinceramente. Quindi famiglie e piccole e medie 
���1�U�X�ô�\�ô�æ�ß �U�ô�X�è���õ�ß �+�ô�ß �U���è�è�:�+�ô�ß �ô�ß �1�ô�î���ô�ß ���1�U�X�ô�\�ô�ß �����2�ß �î�Í�+�+�����2���•���:�ß �X���ô�\�è�:�2�:�ß �Í�ß �î�Í�X�ô�ß
�1�Í�\�\�Í�ß �è�X���e���è�Í�æ�ß �è�:�X�U�:�ß �Í�+�+�����2���•���Í�e���}�Í�ê�ß �(�ß �+���ß �è�:���2�}�:�+�����Í�1�:�ß �Í�e�e�X�Í�}�ô�X�\�:�ßserate 
informative.  Nel momento in cui un comune vuole organizzare un incontro 
informativo per i cittadini, la Comunità Collinare lo supporta. Il braccio 
operativo dei comuni siamo noi. 
 

Quali sono i membri  
�î�ô�+�+�����2���•���Í�e���}�Í�ß�ô�ß�W�j�Í�+�ß���ß���+�ß�+�:�X�:�ß�X�j�:�+�:�ì 

Diciamo che per gestire il progetto avevamo bisogno di una cabina di regia , 
avevamo bisogno di dotare i nostri uffici. Noi abbiamo 40 dipendenti in questo 
�1�:�1�ô�2�e�:�ß�ô�ß�\���Í�1�:�ß���2�ß�è�X�ô�\�è���e�Í�å�ß���æ�æ���Í�1�:�ß�+���j�������è���:�ß�e�ô�è�2���è�:�æ�ß�+���j�������è���:�ß�e�X���æ�j�e���æ�ß�+���j�������è���:�ß
�‹�˜���„�æ�ß�é�“�X�Í�ß���+���ß�j�������è���:�ß�2�:�2�ß�è���ô�X�Í�ß�U�ô�X�E�ß�+���j�������è���:�ß�ô�2�ô�X�����Í; quindi, abbiamo dovuto 
creare un ufficio nuovo. Quindi la cabina di regia è un ufficio nuovo che 
abbiamo creato al nostro interno con delle persone che segue tutti gli aspetti 
tecnici. Il Politecnico di Torino  diciamo che fa da coordinatore scientifico . E 
quindi insieme a loro non abbiamo redatto il progetto, insieme a loro 
assumiamo delle scelte strategiche, facciamo delle valutazioni di tipo tecnico. 
Quindi: loro il governo scientifico, noi l'attività tecnica e poi insomma una serie 
di attività tecniche e anche le funzioni insieme.  
 

Su che tipo di personale  
���Í�ß�Í�������î�Í�1�ô�2�e�:�ß�+�����2���•���Í�e���}�Í�ì 

 

�b�ô�+�+���j�������è���:�ß�ô�2�ô�X�����Í�ß�\���Í�1�:�ßio più altre due persone . Io, però, che faccio anche 
�e�Í�2�e�ô�ß�Í�+�e�X�ô�ß�è�:�\�ô�é  
 

Puoi spiegarmi come  
vengono prese le decisioni  

�Í�+�+�����2�e�ô�X�2�:�ß�î�ô�+�+�����2���•���Í�e���}�Í�ì 
 

[Question omitted as not applicable given the questions previously asked] 
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A quali competenze 
 fa riferimento l'iniziativa  
(all'interno e all'esterno  

dell'organizzazione)? 
 

C'è bisogno di competenze esterne  in materia legale, in materia fiscale, etc. 
Fondamentalmente tecnici , commercialisti , e avvocati . E l'accademia  che 
�Í�U�U�j�2�e�:�ß���ß�X�Í�U�U�X�ô�\�ô�2�e�Í�e�Í�ß�î�Í�+�ß�„�:�+���e�ô�è�2���è�:�å�ß�������ß�\�e�Í�e�Í�ß�+�Í�ß�è�:�\�e�X�j�•���:�2�ô�ß�î���ß�j�2�ßteam 
multidisciplinare  per gestire questo progetto. 

L'iniziativa dispone di  
un piano strategico o di  

documenti che stabiliscono priorità, la 
concentrazione di  

energia e risorse, stabiliscono  
accordi sui risultati previsti, ecc.? 

 

Questo obiettivo della transizione energetica si inserisce all'interno di un 
quadro complessivo di sviluppo del territorio . C'è una visione complessiva 
�î���ß�\�}���+�j�U�U�:�ß�e�j�X���\�e���è�:�ß�î�ô�+�ß�e�ô�X�X���e�:�X���:�ß�æ�Í�\�Í�e�:�ß�\�j�+�+���ô�2�:���Í�\�e�X�:�2�:�1���Í�æ�ß�\�j�ß�\�j���ß�è�Í�1�1���2���ß
sui cammini, sulla mobilità lenta. La transizione energetica si inserisce 
all'interno di un progetto di questo tipo. In questo contesto, la transizione 
energetica si incastra perfettamente. Ecco tutto quanto si incastra in una 
visione territoriale condivisa dalle amministrazioni che fanno parte della 
Collinare. 
 

L'iniziativa prevede piani d'azione?  
O prende spunto dagli approcci  

di altre iniziative?  
Oppure segue procedure comunali? 

 

Diciamo che, lavorando col Politecnico, il Politecnico ha sviluppato a Magliano 
Alpi la prima CER. Io, per esempio, faccio parte del comitato tecnico 
scientifico della CER di Magliano Alpi , e anche del comitato tecnico di IFEC . 
E quindi partendo da lì abbiamo subito creduto nel loro progetto e abbiamo 
avuto, visto il contesto territoriale, l'idea di svilupparlo più grande. Cioè, 
Magliano Alpi sostanzialmente nasce sul comune e si chiude sul comune. È 
nata e si è, si è chiusa a suo tempo. Adesso il modello Magliano Alpi lo stanno 
esportando, però a suo tempo, quindi parliamo del 2020, noi sostanzialmente 
abbiamo immaginato un modello Magliano portato su scala un più grande. 
Magliano è un comune di 2000 abitanti, noi siamo 15 comuni, adesso 16, di 
55.000 abitanti. Lo abbiamo immaginato un attimino su scala più ampia. 
Quindi abbiamo preso quello e abbiamo lavorato per scalarlo sulla nostra 
dimensione. Loro non è che stiano facendo un qualcosa di analogo, solo che, 
voglio dire, mentre noi abbiamo la comunità; quindi, un soggetto giuridico che 
raggruppa proprio da un punto di vista giuridico e formale da tanti anni tutti 
questi comuni. Loro sono tanti comuni che si sono messi insieme e lavorano 
�\�j�ß�è�:�+�+�Í�æ�:�X�Í�•���:�2���ß�ô�ß�è�:�2�}�ô�2�•���:�2���ß�Í�+�+�����2�e�ô�X�2�:�ß�î�ô�+�+�Í�ß�è�:�\�e���e�j�•���:�2�ô�ß�î���ß�j�2�Í�ß���(�‡�æ�ß�î���ß�j�2�Í�ß
o più CER. Invece noi, il nostro modello è un modello leggermente diverso; il 
punto di caduta è sempre una CER che abbracci tanti comuni però partendo 
da soggetto giuridico già presente sul territorio da molti anni. 
 

L'iniziativa collabora anche  
con altre iniziative,  

organizzazioni o governi locali? 
 

Quindi si, abbiamo avuto contatti con Magliano Alpi .  
Poi abbiamo contatti con GOCER. Con GOCER ci conosciamo, con Luca, e ci 
siamo visti più volte e interloquiamo per esigenze reciproche, insomma se 
abbiamo bisogno di scambiarci informazioni. Per la CER di Magliano Alpi e le 
future CER loro hanno creato GOCER. Diciamo che GOCER in qualche maniera 
è un po' il vaio della nostra cabina di regia. Mentre per noi la cabina di regia è 
un ufficio nuovo all'interno di un ente già costituito, loro hanno creato GOCER, 
mi pare che sia una srl, mi pare. Hanno fatto una società per ordinare tutto. 
Quindi sono due cose diverse, ma per bene o male raggiungere le finalità 
analoghe. 
Per quanto riguarda IFEC, IFEC è, come dire, una realtà importante. IFEC è 
�î���}�ô�2�e�Í�e�:�ß �j�2�ß �U�:���ß �j�2�ß �U�j�2�e�:�ß �î���ß �X�����ô�X���1�ô�2�e�:�ß �U�ô�X�ß �è�����ß �}�j�:�+�ß �è�X�ô�Í�X�ô�ßcomunità 
energetica. È il punto di interlocuzione di tutti i soggetti che hanno interessi 
analoghi, che si incontrano, si confrontano, si rapportano magari verso le 
istituzioni, il governo, il GSE e quant'altro portando la goccia di tanti soggetti. 
Ecco IFEC ha questa grande valenza, insomma. IFEC ha al suo interno grandi 
professionalità che hanno la capacità di interpretare in maniera corretta e in 
qualche maniera dare delle linee guida di sviluppo. Con IFEC facciamo il punto, 
evidenziamo le criticità, cerchiamo in qualche maniera di trovare delle 
soluzioni. 
 

Quali sono le principali  
ambizioni dell'iniziativa?  

In altre parole,  
quali sono gli impatti  

che l'iniziativa aspira avere? 
 

Il progetto parte da una visione territoriale . L���:�æ���ô�e�e���}�:�ß�2�:�2�ß�ô�X�Í�ß�+�Í�ß�2�ô�è�ô�\�\���e�Ý�ß�î���ß
ridurre i costi in bolletta, non partiva da quello. È chiaro che però uno dei punti 
di caduta è quello. Quindi anche nella visione però fai delle cose nel momento 
in cui hanno delle comunque ricadute sul territorio. Ricadute sicuramente 
anche in termini economici. Uno dei punti di caduta  è sicuramente quello dei 
risparmi dei risparmi in bolletta , o di generare delle risorse che poi restano 
sul territorio  e magari fanno massa critica e possono essere reinvestiti sul 
territorio . Poi nel momento in cui le risorse vengono generate, la gestione di 
queste risorse resta in campo al pubblico, il pubblico le usa con una logica 
da pubblica amministrazione quindi abbattimento povertà energetica e 
quindi investimenti a favore della collettività . 
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Quali sono le fonti primarie  
di finanziamento per la 

 vostra iniziativa, e come  
vengono utilizzati questi fondi  

per sostenerne le attività e progetti? 
 

Allora, fondamentalmente sono due. Il contributo a fondo perduto della 
regione Friuli-Venezia Giulia per la realizzazione degli impianti. Non solo per 
la realizzazione degli impianti, ma anche proprio per costituire la società. 
Quindi per mettere in piedi la CER, ovvero impianti, soggetto giuridico, etc. Ma 
noi, come Comunità Collinare, abbiamo investito molte risorse  nostre 
perché prima di arrivare alle lavorazioni del progetto, che poi è stato finanziato, 
noi abbiamo sostenuto dei costi per arrivare alla elaborazione del progetto 
e tutta l'analisi  che è stata fatta prima. Tutto il tempo mio, dei miei 
collaboratori, degli amministratori e quant'altro. Insomma, abbiamo sostenuto 
dico centinaia di migliaia di euro di posti. Non ci sono solo i 5 milioni e 4 della 
regione. I 5 milioni sono stati innescati dall'investimento che la Comunità 
Collinare ha fatto prima. 

 
                                                                                     Attività e progetti 
 

Vorrei ora passare alle  
attività e alle tecnologie  
applicate dall'iniziativa.  

Quali sono le attuali  
attività dell'iniziativa e le  

relative tecnologie applicate? 
 

�[�Í�ß���(�‡�ß�î���ß�‹�Í�2�ß�"�Í�2���ô�+�ô�ß���ß�\�e�Í�e�Í�æ�ß�î���è�ô�}�:�ß�U�X���1�Í�æ�ß�+�����2�2�ô�\�è�:�å�ß�[���:�æ���ô�e�e���}�:�ß���ß�è�X�ô�Í�X�ô�ß�j�2�ß
soggetto giuridico che gestisca l'aggregazione di prosumer e che quindi con 
forme tecnologiche che gestiscano i flussi di dati e i flussi, insomma economici 
legati alla produzione di energia. Quindi San Daniele ci è servito come banco di 
prova, come innesco, però il progetto ha assunto delle dimensioni molto più 
ampie, come dicevo prima.  
Per quanto riguarda le tecnologie applicate, fondamentalmente il 
fotovoltaico . E tutti gli impianti fotovoltaici sono stati realizzati su edifici 
pubblici . Quindi abbiamo fatto un censimento degli edifici pubblici e li 
abbiamo analizzati per poter scegliere quelli idonei per la realizzazione degli 
impianti fotovoltaici. Niente agro-fotovoltaico. Diciamo che il fotovoltaico 
messo sui tetti consente anche un autoconsumo dell'energia prodotta 
dalle utenze sottese.  Mettere impianti a terra se ne sta parlando adesso, da 
un annetto, un annetto e mezzo a questa parte. Però quando siamo partiti nel 
2020 bene o male, il focus era più sul fotovoltaico sui tetti.  Solo poi è venuta 
avanti la normativa per quel che riguarda appunto lo scambio altrove, ovvero la 
fruizione a distanza dell'energia prodotta. La normativa nella sua evoluzione ha 
portato anche questi strumenti, ma inizialmente questi strumenti non c'erano. 
E comunque considera anche che fotovoltaico a terra significa consumo di 
suolo, consumo di suolo significa che questo suolo lo devi avere. 
Tendenzialmente magari il patrimonio dei comuni  non è un patrimonio 
agreste, è un patrimonio se vogliamo di immobili  ma magari non di terreni. 
Quindi tutte queste considerazioni ci hanno portato ad investire sui tetti degli 
enti . Stiamo installando pannelli per 2 Megawatt di potenza, 40 impianti  in 
totale. 
A�æ�æ���Í�1�:�ß�}�Í�+�j�e�Í�e�:�ß�Í�2�è���ô�ß�Í�+�e�X�ô�ß�U�:�\�\���æ���+���e�Ý�æ�ß�2�:�2�ß�+���ô�:�+���è�:�ß�U�ô�X�è���õ�ß�2�:�2�ß���ß�•�:�2�Í�æ�ß�1�Í�ß
l'idroelettrico. Ma ecco, per l'idroelettrico ad ora non abbiamo possibilità, di 
installarlo. Sistemi di accumulo, invece, per il momento sono fuori progetto 
perchè sin dalle prime simulazioni sono risultati troppo onerosi e quindi non 
ci consentivano fondamentalmente di chiudere il business plan . 
Dopodiché magari con l'evoluzione potrebbe essere che, con la riduzione dei 
�è�:�\�e���ß �î�ô�+�+�Í�ß �e�ô�è�2�:�+�:�����Í�æ�ß ���2�}�ô�\�e���Í�1�:�ß �Í�2�è���ô�ß �2�ô�+�+�����2�\�e�Í�+�+�Í�•���:�2�ô�ßdei sistemi di 
accumulo�é�‹�Í�X�Í�2�2�:�ß �U�X�ô�}���\�e���ßefficientamenti energetici , ma non abbiamo 
ancora realizzato un progetto pilota con questo tipo di attività. Andremo in 
questa direzione con una prossima progettualità verosimilmente già dal 
2025. Perché abbiamo in previsione di ristrutturare e di riqualificare un edificio 
di nostra proprietà. Su quell'edificio sicuramente adotteremo logiche di 
efficientamento energetico e sicuramente quell'edificio entrerà a pieno titolo a 
far parte della CER che costituiamo. 
 

Quali sono i progetti in cui 
 �+�����2���•���Í�e���}�Í�ß���ß�è�:���2�}�:�+�e�Í�ì 

Di cosa si tratta? 
 

Allora la CER San Daniele di fatto come dicevo è stato l'innesco. Noi in questo 
momento stiamo lavorando sulla CER di territorio. San Daniele è stato un 
innesco che ci ha dato che partiva dalla piattaforma di controllo dei dati e 
quant'altro. Però è un qualcosa che di fatto verrà assorbita all'interno del 
concetto più grande che stiamo sviluppando. 
 

Chi è coinvolto nei progetti?  
Come descriveresti il  

�X�j�:�+�:�ß�î�ô�+�+�����2���•���Í�e���}�Í�ß�2�ô���ß�U�X�:���ô�e�e���ì 
 

[Question omitted as not applicable given the type of initiative, the questions 
previously asked, and those following] 
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                                                                                      Progetti realizzati 
 

Ci concentreremo ora  
su un solo progetto  

dell'iniziativa. Quale progetto  
consolidato/realizzato  

e interessante dell'iniziativa 
 descriveresti? Perché? 

 

Beh, consolidato è solo il progetto pilota a San Daniele del Friuli. 

�"�:�}�����ß�\�e�Í�e�:�ß�\�}���+�j�U�U�Í�e�:�ß���+�ß�U�X�:���ô�e�e�:�ì 
 

[Question omitted as not applicable given the questions previously asked] 

Chi è coinvolto nel progetto?   
Come descriveresti il ruolo dell'iniziativa nel 

progetto? 

[Question omitted as not applicable given the questions previously asked] 

���:�1���ô�X�Í�ß�+���Í�X�ô�Í�ß�U�X���1�Í�ß 
della realizzazione del Progetto? 

 

Prima del progetto RECOCER semplicemente �è���ô�X�Í�ßgià un impianto 
fotovoltaico di proprietà del comune ���2�\�e�Í�+�+�Í�e�:�å�ß�b���ô�2�e���Í�+�e�X�:�å�ß 

Chi si è avvicinato a chi?  
Come si evolverebbe l'area  

senza il progetto in cui l'iniziativa è coinvolta? 
 

[Question omitted as not applicable given the questions previously asked] 

Puoi dirmi quando e perché  
è iniziato e come si è sviluppato? 

 

Quando siamo partiti con RECOCER stavano già completando �+�����1�U���Í�2�e�:�ß
fotovoltaico a San Daniele, e quindi abbiamo approfittato per farne della 
sperimentazione. �[�����1�U���Í�2�e�:�ß�ô�X�Í�ß���2�\�e�Í�+�+�Í�e�:�ß�\�j�+�ßtetto di una scuola pubblica 
�U�ô�X�ß�+���Í�j�e�:�è�:�2�\�j�1�:�å Ma con il progetto RECOCER è stata costituita la CER di 
�‹�Í�2�ß�"�Í�2���ô�+�ô�è�ß�W�j���2�î���æ�ß�+�����1�U���Í�2�e�:�ß���ß�\�e�Í�e�:�ß���2�è�+�j�\�:�ß�2�ô�+�+�Í�ß���(�‡�æ�ß�Í�\�\���ô�1�ô�ß�Í�î�ßaltri 7/8 
soggetti, 7/8 famiglie. Quindi 7/8 appartamenti  tutti situati lungo la stessa 
strada . Abbiamo previsto una quota di partecipazione di 25 euro . 
�"�ô�}�:�ß�î���X�ô�ß�è���ô�ß�è�����ß�\�e�Í�e�Í�ß�j�2�Í�ß�æ�j�:�2�Í�ß�X���\�U�:�\�e�Í�ß�î�Í�ß�U�Í�X�e�ô�ß�î�ô���ß�è���e�e�Í�î���2���å�ßAnzi, ci sono 
stati tanti cittadini che hanno chiesto di entrare nella comunità, siamo stati noi 
a non essere all'epoca ancora pronti ad accoglierli. Diciamo che ci sono state 
tante manifestazioni di interesse che però non siamo riusciti a concretizzare, 
nel senso proprio di creare l'aggregazione, il soggetto giuridico necessario per 
aggregare questi soggetti che hanno manifestato interesse. Poi comunque 
avevamo anche il limite dalla cabina secondaria, quindi non si aveva un grande 
bacino.  
 

Quali cambiamenti significativi  
nell'ambiente fisico  

osservi come risultato del progetto? 
 

Diciamo che sono direttamente proporzionali a quanti megawatt di impianti 
riesci a realizzare. ���é���ßÈ però secondo me agevole comprendere che nel 
momento in cui prima 10 megawatt di fotovoltaico non c'erano e adesso ci 
sono 10 mega di fotovoltaico da qualche parte, questi investimenti hanno 
sicuramente migliorato la qualità dell'aria e hanno sicuramente consentito alle 
famiglie dei risparmi perché autoconsumano l'energia che producono e hanno 
consentito anche dei ritorni economici legati alla gestione dell'energia in rete, 
ritorni economici  che possono poi, se gestiti magari dal pubblico, essere 
reinvestiti e ridistribuiti sul territorio con logiche da pubblica 
amministrazione . E quindi per realizzare degli investimenti pubblici che 
potrebbero essere uno standard , o potrebbero essere una pista ciclabile . 
 

Secondo te, quali sono gli  
aspetti innovativi del progetto? 

 

Il principale aspetto innovativo del progetto RECOCER non è tanto la CER San 
Daniele, che è stato un progetto pilota, ma è soprattutto la CER territoriale , è 
il fatto che stiamo realizzando una CER a livello territoriale, una CER di area 
vasta.  
Sicuramente altro aspetto innovativo è la gestione pubblica. Non è una 
gestione fatta dalle major dell'energia. 
Poi, noi ci chiamiamo Comunità Collinare del Friuli da 57 anni e quindi abbiamo 
in seno proprio al nostro DNA il senso di comunità. No, non è un caso il fatto 
che la Comunità Collinare del Friuli ha sposato un progetto sulle comunità 
energetiche. Non è banale. Quindi in qualche maniera da noi, secondo me, la 
norma Europea ha trovato il contesto ideale, un contesto favorevole per 
svilup�U�Í�X�\���æ�ß�W�j�ô�+�+�:�ß�\�ô�2�•���Í�+�e�X�:�å 
 

Puoi dirmi qualcosa sulle  
principali barriere e driver  

durante la realizzazione del progetto? 

Quello che stiamo realizzando non è, non è semplice, non è banale come 
progetto. Le CER, si parla tantissimo di CER, però la prova dei fatti nel momento 
in cui uno deve metterne in piedi una, si deve dotare di una serie di 
competenze non banali . Quello è sicuramente un vincolo, può costituire un 
freno. Non ho fatto fatica a trovare competenze, ma non perché ce ne siano 
tantissime. Forse perché abbiamo avuto la fortuna di trovarle sul nostro 
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territorio. Però le risorse sono molto scarse. Il personale , diciamo, che ha le 
competenze per lavorare in questo settore è raro , insomma nel momento in 
cui lo trovi te lo tieni stretto. 

 

                                                                                     Domande conclusive 
 
Pensando a tutte le attività e i progetti dell'iniziativa: 

quali cambiamenti spaziali (fisici) significativi 
osservi a seguito delle attività e dei progetti 

dell'iniziativa? Come è stato modificato lo spazio 
fisico? 

 

Diciamo che sono direttamente proporzionali a quanti megawatt di impianti 
vuoi realizzare. ���é�� È però, secondo me, agevole comprendere che nel 
momento in cui prima 10 megawatt di fotovoltaico non c'erano, adesso ci sono 
10 mega di fotovoltaico da qualche parte. Questi investimenti hanno 
sicuramente migliorato la qualità dell'aria e hanno sicuramente consentito alle 
famiglie dei risparmi perché autoconsumano l'energia che producono e hanno 
consentito anche dei ritorni economici legati alla gestione dell'energia in rete. 
Ritorni economici che possono poi, se gestiti magari dal pubblico, essere 
come dicevo prima reinvestiti e ridistribuiti sul territorio con logiche da 
pubblica amministrazione . E quindi per realizzare degli investimenti pubblici 
che potrebbero essere uno standard, o potrebbero essere una pista ciclabile.  
 

Cosa pensi sarebbe successo se l'iniziativa avesse 
avuto risorse diverse (ad esempio, personale più 

pagato, più esperienza, più rete, 
professionalizzazione, ecc.)? 

 

[Not available] 

L'iniziativa ha incontrato  
resistenza? Di cosa si trattava? 

 

No, nessuna resistenza, anzi! 

Quali miglioramenti vorrebbe vedere all'interno 
dell'iniziativa? Quali in fattori esterni che ne 

influenzano le operazioni? 

[Not available] 

Desideri aggiungere qualcosa 
 rispetto alle domande fatte in precedenza? 

 

No, non mi sembra di dover aggiungere altro. Spero di avervi dato un po' una 
visione di quello che stiamo facendo. 

 

 

 

 

 

 

 

 

 

 

  



 

 

CASE STUDY REPORT 
Comunità Collinare del Friuli �\  Progetto RECOCER 

18 

References 

About the context 
 
Comune di San Daniele del Friuli. (2022). Avviso: Contenimento dei 
�è�:�2�\�j�1���ß�ô�2�ô�X���ô�e���è���ß�î�ô�+�+�����+�+�j�1���2�Í�•���:�2�ô�ß�U�j�æ�æ�+���è�Í�ß�ô�ß�î�ô���+���ßedifici pubblici. 
Retrieved December 26, 2024, from 
https://www.comune.sandanieledelfriuli.ud.it/it/novita-30716/avvisi-
30719/avviso-contenimento-dei-consumi-energetici-
dellilluminazione-pubblica-e-degli-edifici-pubblci-del-ud-38946 
EEA. (2017). Functional urban area. Retrieved June 3, 2024, from 
https://www.eea.europa.eu/en/datahub/datahubitem-
view/1438a2d6-ec0b-4df4-a8c4-ce83b135bfa3 
EEA. (2018a). High-density clusters and urban clusters. Retrieved 
March 14, 2024, from 
https://ec.europa.eu/eurostat/web/gisco/geodata/population-
distribution/clusters  
EEA. (2018b). Corine Land Cover. Retrieved June 6, 2024, from 
https://land.copernicus.eu/en/products?b_size=12&query=%5B%7B
%22i%22%3A%22portal_type%22%2C%22o%22%3A%22paqo.selec
tion.any%22%2C%22v%22%3A%5B%22Product%22%5D%7D%2C%
7B%22i%22%3A%22component_title%22%2C%22o%22%3A%22paq
o.list.contains%22%2C%22v%22%3A%5B%222a04c969-7f91-476f-
8ab2-
6fb4a7588896%22%5D%7D%5D&sort_on=getObjPositionInParent&s
ort_order=ascending&tab=explore 
EEA. (2018c). Imperviousness Density. Retrieved June 6, 2024, from 
https://sdi.eea.europa.eu/catalogue/copernicus/api/records/3bf542
bd-eebd-4d73-b53c-a0243f2ed862?language=all 
Energy and Industry Geography Lab. (2019). Mapping Europe's 
Energy Future. Retrieved June 6, 2024, from https://energy-industry-
geolab.jrc.ec.europa.eu/ 
European Commission. (n.d.). Action plan list. Covenant of Mayors. 
Retrieved December 26, 2024, from https://eu-
mayors.ec.europa.eu/en/action_plan_list 
Eurostat. (2020). Degree of urbanisation: Methodology. Eurostat. 
Retrieved December 24, 2024, from 
https://ec.europa.eu/eurostat/web/degree-of-
urbanisation/methodology 
Eurostat. (2022a). Population on 1 January by age group, sex, and 
NUTS 3 region. Eurostat. Retrieved September 15, 2024, from 
https://ec.europa.eu/eurostat/databrowser/view/demo_r_pjangrp3/d
efault/map?lang=en&category=demo.demopreg 
Eurostat. (2022b). Population density by NUTS 3 region. Eurostat. 
Retrieved September 15, 2024, from 
https://ec.europa.eu/eurostat/databrowser/view/demo_r_d3dens/de
fault/table?lang=en&category=demo.demo_ind 
Eurostat. (2021a). Applying the degree of urbanisation: A 
methodological manual to define cities, towns and rural areas for 
international comparisons �ó 2021 edition. Publications Office of the 
European Union. https://doi.org/10.2785/706535 
Eurostat. (2021b). Statistical atlas: Typologies viewer. Eurostat. 
Retrieved September 15, 2024, from https://ec.europa.eu/statistical-
atlas/viewer/?config=typologies.json&ch=NUTS2021,TYPREG,TYPRE
GURT&mids=BKGCNT,TYPREGURT2021,CNTOVL&o=1,1,0.7&center=
53.05468,7.02474,7&lcis=TYPREGURT2021&nutsId=NL113& 
Hidalgo González, I., & Uihlein, A. (2023). High-resolution energy 
atlas: Methodology and data. 
Istituto Nazionale di Statistica (ISTAT). (n.d .). IstatData. Retrieved 
December 26, 2024, from 
http://dati.istat.it/?lang=it&SubSessionId=8301afbc-ffca-4368-8b22-
d83df73958e9 
Legambiente. (n.d.). Comunità rinnovabili. Retrieved December 26, 
2024, from 
https://experience.arcgis.com/experience/40737f090e95471aa87a3
00a43700bec#data_s=id%3AdataSource_1-
service_65adaee296304bb793afd2f4197afe83_5608%3A126 
Nexteconomia. (n.d.). CER - Corporate Energy Reporting. Retrieved 
December 26, 2024, from https://esg.nexteconomia.org/cer/ 
REScoop. (n.d.). REScoop network map. Retrieved December 26, 
2024, from https://www.rescoop.eu/network/map/  

 

Wierling et al. (2023). A Europe-wide inventory of citizen-led energy 
action with data from 29 countries and over 10000 initiatives. Sci Data 
10, 9. https://doi.org/10.1038/s41597-022-01902-5 (Supplement 
materials) 
 

About the initiative 
 
Comune di San Daniele del Friuli (2024). Servizio Lavori Pubblici ed 
Espropri - Comunità Energetiche Rinnovabili. Available at: 
https://www.comune.sandanieledelfriuli.ud.it/it/amministrazione-
4086/documenti-e-dati-49765/documento-funzionamento-interno-
49767/servizio-lavori-pubblici-ed-espropri-comunita-energetiche-
rinnovabili-78328 (Accessed: 23 September 2024) 
Comune di San Daniele del Friuli (2023). �‹�e�Í�e�j�e�:�Ù�î�ô�+�+�
�Í�\�\�:�è���Í�•���:�2�ô�ß�Ù
Retrieved from: 
https://www.comune.sandanieledelfriuli.ud.it/it/amministrazione-
4086/documenti-e-dati-49765/documento-funzionamento-interno-
49767/servizio-lavori-pubblici-ed-espropri-comunita-energetiche-
rinnovabili-78328 
Comune di San Daniele del Friuli (2023). Atto costitutivo 
�î�ô�+�+�
�Í�\�\�:�è���Í�•���:�2�ô�ß�Ù�‡�ô�e�X���ô�}�ô�î�Ù���X�:�1�á�Ù
https://www.comune.sandanieledelfriuli.ud.it/it/amministrazione-
4086/documenti-e-dati-49765/documento-funzionamento-interno-
49767/servizio-lavori-pubblici-ed-espropri-comunita-energetiche-
rinnovabili-78328 
Comunità Collinare del Friuli (2021). Progetto RECOCER. Available 
at: https://recocer.eu/ (Accessed: 18 September 2024) 
De Vidovich, L., Tricarico, L., Zulianello, M. (2021). COMMUNITY 
ENERGY MAP. Una ricognizione delle prime esperienze di comunità 
energetiche rinnovabili. Retrieved at: 
https://series.francoangeli.it/index.php/oa/catalog/book/740  
Legambiente (2024). Comunità rinnovabili. Available at: 
https://experience.arcgis.com/experience/40737f090e95471aa87a3
00a43700bec (Accessed: 18 September 2024) 
Fondazione Compagnia di San Paolo. (2022). Guida alle comunità 
energetiche rinnovabili a impatto sociale. Retrieved December 26, 
2024, from https://assifero.org/risorse/guida-alle-comunita-
energetiche-rinnovabili-a-impatto-sociale/ 
RECOCER. (n.d.). Progetto RECOCER. Retrieved December 26, 2024, 
from https://recocer.eu/progetto-recocer/  
Regione Friuli Venezia Giulia. (n.d.). Comunità Collinare. Retrieved 
December 26, 2024, from 
https://autonomielocali.regione.fvg.it/aall/opencms/AALL/Forme_Co
llaborative/comunita_collinare  
Regione Friuli Venezia Giulia. (2020). Statuto della Comunità 
Collinare del Friuli [PDF]. Retrieved December 26, 2024, from 
https://autonomielocali.regione.fvg.it/aall/export/sites/default/AALL /
Forme_Collaborative/comunita_collinare/allegati/STATUTO_COMUNI
Tx_COLLINARE_FRIULI_adottato_29-9-
2020_PER_PUBBLICAZIONE.PDF 
RSE (2022). Le comunità energetiche in Italia. Orange book. Retrieved 
from: https://www.utilitatis.org/disponibile-per-il-download-lorange-
book-2022-le-comunita-energetiche-in-italia/ 
Wierling et al. (2023). A Europe-wide inventory of citizen-led energy 
action with data from 29 countries and over 10000 initiatives. Sci Data 
10, 9. https://doi.org/10.1038/s41597-022-01902-5 (Supplement 
materials) 

 

 



  

 

CASE STUDY REPORT 
Coöperatieve V. Nieuwe Energie Oranjewijk U.A. 

1 

Municipality of Leeuwarden, the Netherlands 

�&�R�·�S�H�U�D�W�L�H�Y�H���Y�H�U�H�Q�L�J�L�Q�J 
�1�L�H�X�Z�H���(�Q�H�U�J�L�H�� 
�2�U�D�Q�M�H�Z�L�M�N���8���$�� 
 

Overview indicators 

 

About the municipality 
 

Administrative area [km2]  170.23  

Urbanized area [km2] 44.18 
Inhabitants [inhab.] 128 810 

Municipality population density [inhab. /km2] 542  
Municipality electricity consumption per year [MWh] 803 225.60  

  

About the initiative  
 

% of urbanized area served by the initiative 0.57 
Municipality inhabitants served by the initiative [inhab.] 373.8 

Renewable electric energy generated by the initiative per 
year [MWh] 

0 

% of renewable electric energy generated by the initiative 
on average electricity consumption in the municipality 

0 

  
Surface occupied by the renewable energy plant [m2] 0 

Type of space occupied 0 
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�$�E�R�X�W���W�K�H���F�R�Q�W�H�[�W 
 

The urban spatial analysis  

 Territorial spatial analysis 
The Municipality of Leeuwarden is located in the Noord-Friesland province 
(Eurostat, NUT 3 geographical level), which has a total population of 324 368 
inhabitants (Eurostat, 2021a), with a population density of 206.2 inhab./km2 
(Eurostat, 2021b).  
The evaluation of the population density on the smaller and homogeneous 
territorial cells of 1km2 defined by Eurostat shows that most of the population 
is concentrated in one area located within the borders of the Municipality of 
Leeuwarden (EEA, 2018a; Eurostat, 2021c). This area represents a high-
�U�:�U�j�+�Í�e���:�2�Ù�î�ô�2�\���e�…�Ù�è�+�j�\�e�ô�X�à�Ù�î�ô�����2�ô�î�Ù �æ�…�Ù�(�j�X�:�\�e�Í�e�Ù�
�j�X�æ�Í�2�Ùcentre���Ù �üEEA, 2018a; 
Eurostat, 2021c). A constellation of moderate-population density clusters, 
�è�Í�+�+�ô�î�Ù �
�j�X�æ�Í�2�Ù �è�+�j�\�e�ô�X�\���Ù �è�Í�2�Ù �æ�ô�Ù ���î�ô�2�e�������ô�î�Ù �Í�X�:�j�2�î�Ù �e�����\�Ù �j�X�æ�Í�2�Ùcentre, mainly 
distributed inland. Large swathes of the province area present relatively low 
levels of population density (EEA, 2018a; Eurostat, 2021c).  
For this, Noord-�>�X���ô�\�+�Í�2�î�Ù �U�X�:�}���2�è�ô�Ù ���\�Ù �è�+�Í�\�\�������ô�î�Ù �Í�\�Ù �Í�2�Ù �
���2�e�ô�X�1�ô�î���Í�e�ô�Ù �X�ô�����:�2���à�Ù
which indicates a NUT 3 region where more than 50% and up to 80% of the 
population live in urban clusters (Eurostat, 2021c). 
The Municipality of Leeuwarden has a total population of 128 810 inhabitants 
(CBS portal, 2024a), and a population density of 542 inhab./km2 (CBS portal, 
2024b�ý�ß�Ù���e�Ù�+�ô�Í�\�e�Ù�T�O�‡�Ù�:���Ù�[�ô�ô�j�•�Í�X�î�ô�2�
�\�Ù�U�:�U�j�+�Í�e���:�2�Ù�+���}�ô�\�Ù���2�Ù�e���ô�Ù�
�j�X�æ�Í�2�Ùcentre���Ù
(Eurostat, 2020; Eurostat, 2021c�ý�à�Ù���:�X�Ù�e�����\�à�Ù���e�Ù���\�Ù�î�ô�����2�ô�î�Ù�Í�\�Ù�Í�Ù�
�è���e�…���Ù�Í�è�è�:�X�î���2���Ù�e�:�Ù
Eurostat DEGURBA classification and represents the only city in the Noord-
Friesland province. The surrounding municipalities are characterized by lower 
population densities, with five intermediate-density municipalities with less 
than 50 % of the population living in rural areas and less than 50 % of the 
population living in urban centres, and two thinly populated municipalities with 
more than 50 % of the population living in rural areas (Eurostat, 2020; Eurostat, 
2021c).  
With more than 15% of their population commuting to work to the city of 
Leeuwarden, four of the municipalities surrounding the city are highly 
���2�e�ô���X�Í�e�ô�î�Ù�•���e���Ù���e�\�Ù�+�Í�æ�:�j�X�Ù�1�Í�X�'�ô�e�Ù�Í�2�î�Ù�e���j�\�Ù�X�ô�U�X�ô�\�ô�2�e�Ù�e���ô�Ù�è���e�…�
�\�Ù�è�:�1�1�j�e���2���Ù�•�:�2�ô�Ù
(EEA, 2017; Eurostat, 2021c). 
 

 Urban land cover 
�“���ô�Ù �
�j�X�æ�Í�2�Ùcentre���Ù �+�:�è�Í�e�ô�î�Ù ���2�Ù �e���ô�Ù �a�j�2���è���U�Í�+���e�…�Ù �:���Ù �[�ô�ô�j�•�Í�X�î�ô�2�Ù �è�:�2�e�Í���2�\�Ù �e���ô�Ù
historical city centre and encompasses the consolidated urban area. It is 
mainly characterized by a discontinuous urban fabric, primarily consisting of 
permanent residential areas featuring a mix of small and large apartment 
blocks, whereas individual and semi-detached houses dominate the fringes. 
Large recreational green spaces, religious, educational, recreational, historic, 
administration, commercial, and industrial activities are included, however, 
these functions are not dominant. Large industrial and commercial areas are 
in the east and west fringes, and the southern urban cluster. The northwest 
area is dominated by the Leeuwarden Air Base, whereas the western and 
southern areas adjacent to the centre are designated for future development. 
Some potential zones for future expansion or infill development are in the 
outskirts of some villages. Pastures mainly characterize the surrounding 
environment (EEA, 2018b; Eurostat, 2021c; Bugelhajema, 2018; Eurostat, 
2021c). The total urbanized area, approximated as the extent of artificial areas 
within munic���U�Í�+�Ù �æ�:�j�2�î�Í�X���ô�\�Ù �ü�>�����j�X�ô�á�Ù �
�[�Í�2�î�Ù ���:�}�ô�X�á�Ù ���X�e�������è���Í�+�Ù ���X�ô�Í�\���ý�à�Ù ���\�Ù
estimated to be 44.18 kmq. This urbanized area exhibits a high degree of 
imperviousness, primarily concentrated in the historic city centre (Figure: 
�
�"�ô���X�ô�ô�Ù�:���Ù���1�U�ô�X�}���:�j�\�2�ô�\�\���ý�ß 
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 Urban infrastructures 
The main infrastructures of the city are: 

�x The port�à�Ù�•�����è���Ù�X�ô�U�X�ô�\�ô�2�e�\�Ù�>�X���ô�\�ô�+�Í�2�î�Ù�U�X�:�}���2�è�ô�
�\�Ù�æ�������ô�\�e�Ù���2�î�j�\�e�X���Í�+�Ù�U�:�X�e�Ù
after Harlingen. Moreover, the city has several harbours where private 
boats can be moored (Gemeente Leeuwarden, n.d.a). 

�x The military airport, hosting military traffic only, with less than 150000 
passengers per year (Energy and Industry Geography Lab, 2019; 
Ministerie van Defensie, n.d.). 

�x The non-electrified railway line, with the Leeuwarden Centraal being the 
main railway terminus for the province (Energy and Industry Geography 
Lab, 2019). The bus network supports the station, connecting the city and 
its suburbs. 

�x According to the Energy and Industry Geography Lab (Energy and Industry 
Geography Lab, 2019), the military airport hosts �
hydrogen production 
facilities. 

 
 Urban energy demand 

It can be estimated that the electricity consumption per year of the Municipality 
of Leeuwarden is 803 225.60 MWh. 
According to the Energy and Industry Geography Lab, the distribution of total 
electricity demand generally mirrors the urbanized area, with an estimated 
range of 1 000 to 100 000 tonnes of oil equivalent (toe) in 2019 (1 toe=11.63 
MWh) (Energy and Industry Geography Lab, 2019; Hidalgo González & Uihlein, 
2023) (see figures on the left).  
Focusing solely on the industrial sector, demand typically falls within a range 
of 1 to 10 toe, with a peak of 10 000 to 100 000 toe in a limited area in the city 
centre characterized by the presence of big supermarkets.  
The transport sector energy demand pattern follows the main transport lines 
and falls within a range of 1 to 100 toe. 
Other sectors category, which includes commercial, public services, and 
households, generally exhibit higher electricity demand, ranging from 100 to 1 
000 toe, although lower values of 1 000 to 10 000 toe can be observed in inner 
areas. 
 

 The urban energy transition 
 

Strategies, policies, and programs 
Despite not adhering to the Covenant of Mayors and not drawing up a SECAP 
(European Commission, n.d.), the commitment of the municipality to 
sustainability is evident in its strategy "Leeuwarden Energy Agenda 2021-2024" 
(Gemeente Leeuwarden, n.d.b) and the ongoing program 
"Duurzaamheidsprogramma Volhoudbaar" (Gemeente Leeuwarden, 2024). 
Both outline key goals for the city's energy system: significantly increase the 
share of energy generated from clean sources like solar, wind, geothermal (if 
feasible), or biomass (used sustainably); move away from natural gas for 
heating, potentially through district heating systems utilizing sustainable 
sources or individual building solutions like heat pumps; and upgrade existing 
buildings to improve energy efficiency and reduce overall energy consumption. 
To move towards these goals the municipality has already developed a series 
�:���Ù �Í�è�e���:�2�\�ß�Ù �>�:�X�Ù ���2�\�e�Í�2�è�ô�à�Ù �e���ô�Ù �:�U�ô�2���2���Ù �:���Ù �e���ô�Ù �
�(�2�ô�X�����ô�+�:�'�ô�e�Ù �[�ô�ô�j�•�Í�X�î�ô�2���à�Ù �Í�Ù
municipal information and advice desk aiming at reducing energy consumption 
and addressing energy poverty through the help of energy coaches that help 
residents to gain insight into their energy costs and who offer low-threshold 
energy-saving housing measures (LED lamps, draft strips, water-saving shower 
head and radiator foil) (Cities Northern Netherlands, n.d.), for which the 
�1�j�2���è���U�Í�+���e�…�Ù�Í�+�\�:�Ù�:�����ô�X�\�Ù�\�j�æ�\���î�ô�\�Ù�ü�ô�ß���ß�à�Ù���>���„�e�ô�Í�1�Ù�ô�2�ô�X���…�Ù�U�:�}�ô�X�e�…�
�Ù�\�j�æ�\���î�…�à�Ù�Í�2�î�Ù
�
�‹�j�æ�\���î�…�Ù���:�X�Ù�ô�2�ô�X���…-saving housing measures���ý�Ù�üGemeente Leeuwarden, n.d. 
c, n.d.d). Besides, the advice desk offers SME an energy advisor free of charge 
(Ondernemend Leeuwarden, n.d.). Being determined to go natural gas-free, 
the municipality also suggests citizens individual measures for a natural gas-
free living �e���X�:�j�����Ù �Í�Ù �
�‹�e�ô�U-by-�\�e�ô�U�Ù �U�+�Í�2��, besides having started developing 
neighbourhood natural gas-free plans (Energieloket Leeuwarden, n.d.). 
Furthermore, the municipality is a partner of the European project FLEXPOSTS 
(2022-�Q�O�Q�T�ý�à�Ù���:�\�e�\�Ù�e���ô�Ù�e�•�:�Ù�„�:�\���e���}�ô�Ù�(�2�ô�X���…�Ù�"���\�e�X���è�e�\�Ù�ü�„�(�"�
�\�ý�Ù�U���+�:�e�Ù�\���e�ô�\�Ù�:���Ù�e���ô�Ù
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project (JPI Urban Europe, n.d.), and is among the 70 so-�è�Í�+�+�ô�î�Ù ���‡�ô���ô�X�ô�2�è�ô�Ù
�����e���ô�\�
�Ù�•���e�����2�Ù�e���ô�ÙCrAFt project (2022-2025) which offers guidance for Climate-
Neutral & Smart Cities (Craft Cities, n.d.). 
 
Collective energy initiatives 
�“���ô�Ù�è���e�…�
�\�Ù�•���+�+���2���2�ô�\�\�Ù�e�:�Ù�1�:�}�ô�Ù�e�:�•�Í�X�î�Ù�Í�Ù�1�:�X�ô�Ù�\�j�\�e�Í���2�Í�æ�+�ô�Ù�ô�2�ô�X���…�Ù�U�X�:�î�j�è�e���:�2�Ù���\�Ù
also well-reflected in citizens' behaviours. In fact, in the municipality, boast at 
least ten collective energy initiatives (Energieloket Leeuwarden, n.d; Energie 
VanOns, n.d), among which is the selected case study Coöperatieve vereniging 
Nieuwe Energie Oranjewijk U.A. 
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�$�E�R�X�W���W�K�H���L�Q�L�W�L�D�W�L�Y�H 
 
Initiative profile 
 

Foundation year 2019 
 
The initiative originated some years before, when a small group of neighbours 
organized energy-focused gatherings to educate residents about reducing 
energy consumption, such as through the use of LED light bulbs. Over time, 
attendance at these events waned as public interest declined, and the 
organizers started losing motivation. 
A turning point arose when a resident (the interviewed) learned about the 
municipality's plan to phase out natural gas. Recognizing an opportunity to 
influence this process, the resident encouraged the ���2���e���Í�e���}�ô�
�\�Ù �1�ô�1�æ�ô�X�\ to 
engage in collective action. The group approached the municipality to partner 
in developing the plan. While the municipality acknowledged the group's 
enthusiasm, it emphasized the need for a larger, formally organized entity. 
In response, the group established a cooperative with 140 members. This 
formalization enabled them to secure funding from the municipality to engage 
with energy consultancy services, thereby strengthening their capacity to 
contribute to the city's energy transition plan. 
 

Geographic span Scale | Neighbourhood. 
 
Description |  The geographic span includes Oranjewijk and Tulpenburg, small 
residential neighbourhoods, part of the Potmargezone district, in the core of 
the Municipality of Leeuwarden.  
 
Spatial dimension (area covered)* | 0.25 [km2] 
The geographic span of the initiative is defined as Oranjewijk and Tulpenburg 
�2�ô�������æ�:�j�X���:�:�î�\�
 administrative boundaries.  
 
Demographic dimension (inhabitants served)* |  373.80 [inhab.] 
 
�ê�(�\�e���1�Í�e�ô�î�Ù�ü�\�ô�ô�Ù�e���ô�Ù�
�a�ô�e���:�î�:�+�:���…���Ù�è���Í�U�e�ô�X�ý 
 

Internal structure  
 

Legal form | Cooperative UA (or cooperative association). UA stands for 
�
�ôxcluded liability among members���à�Ù �1�ô�Í�2���2���Ù �e���Í�e�Ù �e���ô�Ùmembers do not 
contribute to a deficit of the cooperative. 
 
Main actors |  
- Group of residents of the Oranjewijk. 
 
�a�Í���2�Ù�Í�è�e�:�X�\�
�Ù�X�:�+�ô�Ù�8 
-  Group of residents of the neighbourhoods �ó promoter. 
- 178 residents of the neighbourhoods - members and consumers. 
 
�a�ô�1�æ�ô�X�\�
�Ù�e�:�e�Í�+�Ù�2�j�1�æ�ô�X�Ù�8 178 members. 
 
Community engagement | Targeted community:  residents of the Oranjewijk 
and Tulpenburg neighbourhoods. Engagement techniques: word-of-mouth 
communication among residents, direct outreach through home visits and 
invitation letters, quarterly publication of a neighbourhood magazine, and 
informative meetings conducted in collaboration with local energy experts. 
 
Joining process | Spatial limitation criterion: living in the Oranjewijk and 
Tulpenburg neighbourhoods. Economic limitation criterion: annual 
membership fee �:���Ù�Q�T�O�L for administrative costs.  
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Organizational structure | The initiative is a membership-based organization, 
as it relies on members for its existence and operation. It has a board of 
directors, which oversees daily operations, and a general assembly of 
members as the ultimate decision-making body. However, for each project, the 
initiative creates a distinct legal entity (company) to manage financial risks.  
 
Decision-making process | Board: oversees daily decisions and operations, 
and proposes policies to the members. General assembly of members: 
decisions are taken with a majority voting. 
 
Staff and expertise | Volunteers:  residents of the neighbourhood. Hired staff:  
for the "Energieloket Oranjewijk Isoleert" pilot project three residents, two with 
specific expertise in energy and energy saving. Hired external consultant: 
dedicated consultancy firm for the �2�Í�e���:�2�Í�+�Ù �
�b�Í�e�j�X�Í�+�Ù �@�Í�\-Free Districts 
�„�X�:���X�Í�1�1�ô���Ù �U�X�:�$�ô�è�e�Ùproposal; external specialized energy consultants for 
technical expertise, and structural engineers as needed for building 
assessments for the "Energieloket Oranjewijk Isoleert" pilot project. 
 
Strategic planning | To account for the four-million-euro funds from the 
�2�Í�e���:�2�Í�+�Ù �
�b�Í�e�j�X�Í�+�Ù �@�Í�\-�>�X�ô�ô�Ù �"���\�e�X���è�e�\�Ù �„�X�:���X�Í�1�1�ô��, the initiative developed a 
strategic plan for the pilot project "Energieloket Oranjewijk Isoleert". 
 
Policies, processes, operating procedures | None within NEO.  The company 
established by NEO to oversee the "Energieloket Oranjewijk Isoleert" pilot 
project is developing a standardized protocol for initial consultations with 
interested residents. This protocol will consist of a fixed set of questions 
designed to gather essential information. Concurrently, the company aims to 
assess the replicability of its processes and procedures to facilitate potential 
franchising. Once the feasibility of franchising has been established, a 
comprehensive set of internal protocols will be defined. 
 
Financial resources |  
- Memberships:  �Í�2�2�j�Í�+�Ù�1�ô�1�æ�ô�X�\�����U�Ù���ô�ô�\�Ù�:���Ù�L�Q�T�O. 
 - Fundings: The municipality provided funding for initial research activities and 
to engage Royal Haskoning DHV, a specialized consultancy firm, to support the 
gas-free neighborhood project. A four-million-euro grant was secured from the 
national �
�b�Í�e�j�X�Í�+�Ù�@�Í�\-�>�X�ô�ô�Ù�"���\�e�X���è�e�\�Ù�„�X�:���X�Í�1�1�ô�� to the project "Energieloket 
Oranjewijk Isoleert". 
- Profits of the initiative:  any profit generated by NEO, or its companies, is 
retained by NEO for reinvestment in subsequent projects in the 
neighbourhoods. 
- Fee for energy reselling activity on behalf of Energie VanOns. 
 
Networks, alliances, partnerships | The initiative supports smaller energy 
initiatives and is a member of the cooperative Us Kooperaasje, an umbrella 
organization of the local renewable energy initiatives.  Us Kooperaasje is a 
shareholder in Energie VanOns, a commercial energy company that sources 
electricity from local renewable energy projects and distributes it primarily to 
households and small and medium-sized enterprises (SMBs). Energie VanOns 
is owned by approximately 120-140 local initiatives and serves around 60,000 
�è�j�\�e�:�1�ô�X�\�ß�Ù �b�(�i�à�Ù �Í�\�Ù �Í�Ù �1�ô�1�æ�ô�X�Ù �:���Ù �˜�\�Ù �X�:�:�U�ô�X�Í�Í�\�$�ô�à�Ù �X�ô�è�ô���}�ô�\�Ù �Í�Ù �L�V�T�Ù �Í�2�2�j�Í�+�Ù
commission per household that becomes an Energie VanOns customer. In 
return, NEO undertakes marketing and sales activities on behalf of Energie 
VanOns. 
 

Ambitions Type | Reducing energy consumption, reducing fossil-fuel dependency, local 
ownership of renewable energy production facilities. 
 
Geographic scope | Oranjewijk and Tulpenburg neighbourhoods. However, 
with the pilot project "Energieloket Oranjewijk Isoleert" the geographic scope 
firstly limited to the Oranjewijk neighbourhood is subsequently expanded to 
include neighbourhoods of other urban areas, without a specific administrative 
level (e.g., provincial, regional, or national). It is therefore defined as �
supra-
municipal ��. 
 

Implementation of the ambitions:  
services and activities 

Services provided | Energy consumption education, home energy efficiency, 
collective purchasing, renewable energy selling, support of smaller initiatives, 
sustainable mobility, renewable energy generation (planned). 
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Activities overview | Number of activities: 5 (plus 3 planned). 
- Activity n.1: energy cafes to educate residents about energy consumption and 
efficiency. 
- Activity n.2: Local magazine. 
- Activity n.3: "Energieloket Oranjewijk Isoleert" pilot project to support 
residents in improving home energy efficiency. 
- Activity n.4:  marketing and sales activities on behalf of Energie VanOns. 
- Activity n.5: installation of a double charging station for electric vehicles on 
the corner of Emmakade and Oranje-Nassaupark; an electric shared car will be 
available. 
- Activity n.6 (planned): PV powerplant on the De Klanderij parking garage�
�\�Ù�X�:�:�� 
to charge parked electric vehicles. 
- Activity n.7 (planned): development of a wind power plant in an industrial area 
already hosting four wind turbines. 
- Activity n.8 (planned): establishment of an umbrella cooperative with other 
energy initiatives in Leeuwarden to develop wind and solar farms. 
 
Focus on one specific activity |  
- Type of activity: activity n.3, "Energieloket Oranjewijk Isoleert" pilot project. 
- Activity objective:  home energy efficiency improvement, collective purchase 
of energy-efficient technologies, and the demonstration of achievable home 
improvements without external financial assistance. 
- Actors involved: NEO board, residents. 
-���è�e�:�X�\�
�Ù �X�:�+�ô�á�ÙNEO board: promoter/coordinator. Residents: 
promoters/coordinators and consumers. 
- Financial resources:  a four-million-euro grant secured from the national 
�
�b�Í�e�j�X�Í�+�Ù�@�Í�\-Free Districts �„�X�:���X�Í�1�1�ô���ß 
- Profits:  any profit flows to NEO for reinvestment in subsequent projects in the 
neighbourhoods. 
- Activity geographic span:  Oranjewijk neighbourhood. 
- Technology type: online tool to choose energy-efficient technologies (house 
insulation, heat pumps, etc.)  
- Technology ownership: house owners or the "Energieloket Oranjewijk 
Isoleert" company (planned option for the heat pumps). 
- Technology distribution (of the technologies installed thanks to the tool): 
decentralized. 
- Technology location land cover (of the technologies installed thanks to the 
tool): urbanized area. 
- Technology location urban function (of the technologies installed thanks to 
the tool): residential. 
- Technology location type (of the technologies installed thanks to the tool): 
built-up. 
- Technology location element type (of the technologies installed thanks to the 
tool): residential buildings (roofs) of the Oranjewijk neighbourhood. 
- Technology location ownership (of the technologies installed thanks to the 
tool):  owned by the house owners or rented from the "Energieloket Oranjewijk 
Isoleert" company (planned option for the heat pumps). 
- Technology location management (of the technologies installed thanks to the 
tool):  house owners or the "Energieloket Oranjewijk Isoleert" company 
(planned option for the heat pump rental). 
- Technology occupied surface: Information not available. 
 

Innovative aspects 
 

The pilot project "Energieloket Oranjewijk Isoleert" offers comprehensive 
support to Oranjewijk residents, ranging from home energy assessments to 
financial guidance and technology purchases. A distinguishing feature of this 
initiative is its proactive role in contracting building and installation companies 
to provide quotations and facilitate collective purchasing of energy-efficient 
technologies. Unlike many similar initiatives that primarily focus on 
information dissemination through energy coaching, this project provides 
ongoing support throughout the entire energy efficiency process. 
 

Process evaluation Drivers | Getting rid of natural gas; technology availability; expertise 
availability; community acceptance. 
 
Barriers | Financial constraints; policy, legislation, and regulation delays; 
profit-oriented mindsets. 
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�I�2���e���Í�e���}�ô�
�\�Ù�Í�\�\�ô�\�\�1�ô�2�e Area before the initiative | 
Information not available. 
 
Area after the initiative | 
The CEI's relatively recent establishment limits the extent of its current spatial 
impacts. However, initial signs of spatial influence are emerging. The allocation 
of a parking space for electric vehicle charging represents an early example. 
Additionally, the Energieloket Oranjewijk Isoleert pilot project, by stimulating 
home renovations, might contribute to increased property values within the 
neighbourhood. The planned development of a solar roof and a wind turbine 
has the potential to further shape the urban landscape, raising questions about 
the co-location of the energy infrastructures. 
Beyond direct spatial alterations, the CEI has generated significant social 
impacts, fostering community empowerment and a strengthened sense of 
collective ownership. Moreover, the potential for profit generation from CEI 
activities could lead to further investments and developments, with 
subsequent spatial repercussions. 
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Bridging the gap between internal processes and spatial analysis 

  
 
 Spray diagram: a framework to showcase the spatial dimension within 

the complex nature of CEIs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 1, on the next page: 
Spray diagram of the initiative  

�����:�C�U�ô�X�Í�e���ô�}�ô�ß�}�ô�X�ô�2�������2���ß 
�b���ô�j�•�ô�ß�(�2�ô�X�����ô�ß�i�X�Í�2�$�ô�•���$�'�ß�˜�å���å���å 
Source: author own elaboration.  

 
The spray diagram developed for the initiative Coöperatieve vereniging Nieuwe 
Energie Oranjewijk U.A. clearly reveals that specific elements of its internal 
processes are closely linked to the spatial dimension. These elements include 
the more apparent geographic span and scope, as well as the process of 
joining the initiative and the development of specific activities. 
The process of joining the initiative is contingent upon members being 
residents within the Oranjewijk and Tulpenburg neighbourhoods.  
Of the three activities developed by the initiative, the �
Energieloket Oranjewijk 
Isoleert�� is particularly noteworthy as it is exclusively targeted at residents of 
the Oranjewijk neighbourhood, resulting in a smaller geographic span than the 
���2���e���Í�e���}�ô�Ù�Í�\�Ù�Í�Ù�•���:�+�ô�ß�Ù���î�î���e���:�2�Í�+�+�…�à�Ù�e���ô�Ù�Í�è�e���}���e�…�
�\�Ù�\�U�Í�e���Í�+�Ù�î���1�ô�2�\���:�2�Ù���\�Ù�ô�}���î�ô�2�e�Ù���2�Ù
its role of supporting local residents in the installation of privately owned solar 
panels on their roofs, thereby promoting decentralised renewable energy 
generation that that is punctual and limited in its extent but spreads across the 
neighbourhood. 
Another activity of the initiative with a clear spatial dimension is the installation 
of a charging station for electric vehicles serving two parking lots located along 
a street. 
Although not yet implemented, the planned installation of a photovoltaic plant 
on the roof of a public garage and a wind power plant are also characterised by 
an intrinsic spatial dimension. 
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Space-time matrix: a spatio-temporal analysis of actual and 
potential impacted areas 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2, below: 
Space-time matrix of  

the initiative "  Coöperatieve vereniging 
 Nieuwe Energie Oranjewijk U.A.". 

Source: author own elaboration. 

 

 
In 2019, the initiative Coöperatieve vereniging Nieuwe Energie Oranjewijk U.A. 
began its development process initiated by a group of residents of the 
Oranjewijk and Tulpenburg neighbourhoods, in Leeuwarden. Initially focused 
on informing and educating residents of the Oranjewijk and Tulpenburg 
neighbourhoods about energy consumption and efficiency, the initiative has 
expanded its scope with the development of the �
Energieloket Oranjewijk 
Isoleert�� pilot project. The pilot project itself aims at supporting Oranjewijk�
�\�Ù
transition to a natural gas-free neighbourhood through building efficiency 
improvements. However, the initiative and the staff of the project are currently 
working on a replicable business model to develop the project within the 
neighbourhoods of other urban areas by 2025. Notably, the geographic scope 
of a single project can exceed that of the overall initiative, thus widen it, as 
exemplified by "Energieloket Oranjewijk Isoleert". 
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Spatial impact�V�_���S�D�W�K�Z�D�\�V: from activities types to inputs, 
outputs, and outcomes to address the �a�+�R�Z�"�b�����a�:�K�\�"�����D�Q�G��
�a�:�K�D�W�"�b���T�X�H�V�W�L�R�Q�V 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3, below: 
Process of generalisation of 

 the activities of the initiative  
into activity types.  

Source: author own elaboration.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The spatial impacts pathways analysis delves into the mechanisms through 
which Community Energy Initiatives (CEIs) activities generate spatial changes, 
exploring both the underlying reasons and the resulting spatial alterations.  
The initiative Coöperatieve vereniging Nieuwe Energie Oranjewijk U.A. presents 
seven main activities, three of which planned for future development. These 
activities can be generalized into ten activity types (Figure 3), starting from 
which the spatial impact pathways are developed. Figure 4 therefore illustrates 
a synthesized conceptual framework of the spatial impact pathways stemming 
from the detected activity types of the initiative and can be consulted while 
reading the proposed spatial impact pathway narratives. 
Following is the guided narrative of the spatial impact pathway of the 
"Energieloket Oranjewijk Isoleert" activity, along with additional, more concise, 
narratives of two spatial impact pathways deemed noteworthy.  
 
Guided spatial impact pathway | "Energieloket Oranjewijk Isoleert"  
 
Activity type | The activity types related to the "Energieloket Oranjewijk Isoleert" 
pilot project encompass four typologies: buildings energy efficiency 
improvement, collective purchase of energy-efficient technologies, and 
support of smaller initiatives and collectives.  
 
Inputs | The decision to develop this activity was strongly motivated by the need 
to reduce fossil fuel dependency through energy consumption reduction. 
Initially, the project relied primarily on volunteers . However, with financial 
support  from the Municipality of Leeuwarden, the initiative was able to hire a 
staff member. Subsequently, the award of a four million euro grant from the 
"National Program for Gas-Free Neighbourhoods" enabled the hiring of three 
additional staff members and external consultants . Without this financial 
backing, the project would have been unsustainable due to a lack of expertise. 
As the interviewee noted�á�Ù �
���ã���Ùfor a project like this, you can't do without 
money. You can see it from day one. All these volunteers and all these people 
who are really wanting to achieve something, you need expertise to develop 
things. But expertise costs money. So regardless your network, regardless your 
drivers, without money nothing happens.�� 
 
Outputs | The primary output of the activity is an online tool that assists and 
guides residents in improving their home energy efficiency, supporting 
community engagement. Additionally, it supports smaller energy initiatives in 
developing similar activities. 
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Figure 4, below: 

Spatial impact pathway of the initiative  
�����:�C�U�ô�X�Í�e���ô�}�ô�ß�}�ô�X�ô�2�������2���ß�b���ô�j�•�ô�ß 

�(�2�ô�X�����ô�ß�i�X�Í�2�$�ô�•���$�'�ß�˜�å���å���å 
Source: author own elaboration.  

 
Outcomes | As this activity primarily supports residents in increasing their home 
energy efficiency, the direct spatial changes  it generates are mainly related to 
building retrofits (window replacements, roof and wall insulation, etc.). At the 
current stage of the activity, such changes are still minimal. 
However, it is worthwhile to discuss potential indirect spatial changes  that 
this activity might induce. Since the activity is focused on a specific 
neighbourhood, the retrofitting of its buildings could alter the visual 
appearance of the area, potentially affect neighbourhood aesthetics, property 
values, and possibly spur low-carbon gentrification processes. Furthermore, 
given the initiative's aspiration to expand the project to neighbourhoods in 
other municipalities and establish a commercial operation, the potential 
scaling of these induced spatial changes (direct and indirect) must be carefully 
considered. 
 
Additional spatial impact pathways 
To reduce fossil fuel dependency, the initiative is also exploring the 
development of locally owned PV power plants on rooftops and wind power 
plants on the ground. While these types of activities would likely have more 
pronounced spatial impacts, various barriers have hindered their realization. 
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1| PV power plant development and operation  

The PV power plant development and operation (activity type) seeks to charge 
electric vehicles in a parking building (output). It is proposed to be constructed 
on the building's rooftop (outcome). The building is owned by the municipality 
of Leeuwarden, which has already granted rooftop access to the initiative. 
However, the building is managed by a third party that is unwilling to 
collaborate (input). Consequently, due to a lack of cooperation from local 
businesses , the project remains in the planning stages. 
 
2 | Wind power plant development and operation  

The wind power plant development and operation (activity type) aims to locally 
produce and own renewable energy (output). It is planned to be built on 
industrial land where three other wind power plants are already situated 
(outcome). The land is owned by the municipality, which is supportive of 
constructing one more power plant (input). To access national subsidy for wind 
and solar farm development (Subsidy Scheme for Cooperative Energy 
Generation, SCE), energy cooperatives must have a sufficient number of 
members (one participating member per 2 kW of power of wind energy 
installation). The initiative currently has 178 members, which falls short of the 
required threshold. To address this, the initiative is endeavouring to establish 
an umbrella organization encompassing all energy initiatives in Leeuwarden. 
This would facilitate the development of larger and more ambitious projects. 
Therefore, due to a lack of members and funding , the development of larger 
renewable energy power plants is currently not feasible. 
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The original interview 

 

Interviewed  
�S�D�U�W�L�F�L�S�D�Q�W�_�V���U�R�O�H 

General manager. 

Date March 22, 2024. 

Place Online, videocall. 

Notes The following interview is presented in the form of a non-verbatim transcript. 
Information is based on audio recordings and exact words are captured. 
However, as the study focuses on thematic and content analysis, minor edits 
have been made to remove irrelevant details and enhance clarity.  The original 
language (English) is used to preserve the participant's words and avoid 
misrepresenting their meaning. 

 

                                                                                     Internal processes 
 

Based on the published data,  
I understand that the initiative  

was launched in 2019.  
Could you briefly outline  

its origins and subsequent  
development? 

Yes.  
���é�� I found out that in the Oranjewijk neighborhood there was an initiative 
starting. They call themselves ��Nieuwe Energie Oranjewijk���æ NEO, and NEO 
organized evenings where they explain to people how to lower their energy 
consumption by using special light bulbs, LED lights for instance. They 
organized energy cafes, and they did it already for three or four years, but then 
lost motivation because people were not interested anymore in coming to this 
cafe except for the usual suspect who knows that there's free beer�é I invited 
myself to join one of those meetings. I told them that the municipality has to 
make a plan to get rid of natural gas in all the municipality neighbourhoods and 
if they would do nothing the municipality would decide for them. I told them that 
it would be wise if they kept the possibility of making choices, which means that 
they, we, have to organize ourselves. They thought it was a really good idea! So 
we went to the municipality and asked to be partners in developing the strategy 
for natural gas-free neighbourhood, but the municipality said we would be 
welcomed back as soon as we were organized . Because we were not 
organized, and the municipality doesn't talk with initiatives that are just a bunch 
of willing people. So, that's why we started this energy cooperation, and as soon 
as we had about 140 members in this neighbourhood of a thousand 
households, we went back to the municipality and then they couldn't refuse us 
anymore because we were organized, and we were big enough to be taken 
seriously. And what happened after was that the whole process turned around: 
they saw a neighbourhood that was willing to think about the future, they saw 
an organized bunch of people who had smart ideas about that natural gas free 
future, so they decided to give us money to organize ourselves even better and 
to be able to buy advice by a big consultancy firm who is specialized on this 
subject. During 2019-2020 we worked out a strategy for this specific 
neighbourhood, how to develop a new energy system for the future. We did that 
with this consultancy firm that was Royal HaskoningDHV, which in the 
Netherlands is a quite famous big consultancy firm, and that left us with a 
strategy with the possibility of putting it into practice. So, we decided: if this is 
our strategy, we need more money to make it happen. And in 2020 there was 
already a program run by the Dutch government which is called the national 
��Natural Gas-Free Districts Programme���æ and we decided to join that program. 
We made a plan, and in that plan we aimed for an energy system consisting of 
aqua thermal energy. Because in this neighbourhood Oranjewijk there's a lot of 
water coming by, and you can take the heat in the water, which is building up 
during summer, you can put it in the ground and use that heat for heating the 
homes in winter. So we developed that system, made a business case, and 
asked the people who live here if they were willing to join in with such a system 
heat network.  
���é���ß���e present we're three-four years later.  We didn't gain that subsidy, they 
refused our idea of this aqua thermal solution as they thought it was too 
expensive. That left us not really in despair but made us clear that regardless of 
the solution you choose, regardless of the new energy system you choose, you 
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have to do something about the insulation of the homes anyway. The next year 
we had another chance to write something for this programme, so we joined in 
again in 2020 or 2021, and in ��22 they approved our plan and gave us four million 
euros to make it work. So right now, we are developing a campaign for the 
project ���(�2�ô�X�����ô�+�:�'�ô�e�ß �i�X�Í�2�$�ô�•���$�'�ß �I�\�:�+�ô�ô�X�e��, which supports people who are 
willing to improve their homes. We support them all the way so from the first 
question to the last paying the last bill we help them with all steps in the whole 
process and the main first question�\�ß���é���å 
 

How does the initiative  
���X�ô�è�X�j���e���ß�U�Í�X�e���è���U�Í�2�e�\�ì  

What is the target group  
reached by the initiative?  

Well, the initiative already had 140 members. So those 140 homeowners were 
quite easy to reach, and they all got neighbours and they all met other people 
in the neighbourhood, so when we organized things the word spread quite 
easily. So, when we organized an evening with the Royal HaskoningDHV 
consultancy firm to talk about the future energy system, the first time more than 
60 people came so just about passing words from member to member  and 
of course by advertising home to home  so each letter box got a letter from 
us inviting them , by producing magazines  regularly four times a year. So, we 
did a lot of communications activities to reach as much as we could. But for the 
question ��would you as a homeowner in this neighbourhood work with a heat 
network if we would develop that�ì���æ that question was only possible to get 
answered by ringing at the door, so we divided the whole neighbourhood in 
about 10 or 15 smaller bits and asked someone to go door to door and get the 
answers. So, if you talk about an initiative in a small neighbourhood or a 
small village , your target group is always within reach  because you can just 
go to the front door and ring and you can put up a poster in the supermarket , 
you can put up a sign in the playgrounds  where the kids are playing. So, it's 
quite easy on that small scale to organize those activities. 

Who are the members  
of the initiative and  
what is their role? 

 

The members of the initiative are residents of the Oranjewijk neighborhood . 
In total, there are 178 members. Some are the initial promoters, some are part 
of the board, and others are simply members. 

On what kind of staff  
members does the  

initiative rely on?  
How many? 

 

�I�e���\�ß�2�:�e�ß�X�ô�Í�+�+�…�ß�Í�2�ß���2���e���Í�e���}�ô�ß�:���ßjust volunteers anymore, that is how this this whole 
project ���(�2�ô�X�����ô�+�:�'�ô�e�ß �i�X�Í�2�$�ô�•���$�'�ß �I�\�:�+�ô�ô�X�e�� ���:�X�ß �e���ô�ß ���b�Í�e���:�2�Í�+�ß �„�X�:���X�Í�1 for gas-
free neighbourhoods�� started. Because there is a subsidy for a program of four 
million euros, you can't give four million euros to volunteers, �e���Í�e���\�ß�2�:�e�ß���:�•�ß���e�ß
works. So, the work we are doing is not something for a volunteer, it's 
professional labor. You need special expertise , and so you need to hire 
professionals and I'm the one they hired , I've always been paid from day one 
I've always been paid for these activities�å�ß���é���ß���j�e�ß�I�ß�Í�+�X�ô�Í�î�…�ß���Í�}�ô�ß�e�•�:�ß�è�:�+�+�ô�Í���j�ô�\�ß
now. The other two are manning the office we have in the neighbourhood, which 
is called ��Energieloket���æ�ßand these two people who work at the ��Energieloket���å�ß
One of them let's say an energy consultant, he knows everything about energy 
and energy saving, construction methods, and the building process, and the 
other person, that's a lady, is organizing the whole process. So, she's calling the 
homeowners to make appointments to see that the builder is giving quotations, 
that there is a building planning, etc. 
 

Can you tell me  
about how decisions  

are taken within the initiative?  
 

Each year there is an annual meeting of all the members, and they can vote for 
the for the policy we have presented. So, there are members  and a board, and 
the board takes the decisions but the members have to approve �e���ô�1�ß���é���ß���e���\�ß�Í�ß
majority voting . 
But you have to understand that there are different companies . First, you've 
got the energy cooperation, NEO, and NEO is an association with members . 
This association, NEO, has founded a company which is called the 
���(�2�ô�X�����ô�+�:�'�ô�e�ß�i�X�Í�2�$�ô�•���$�'�ß�I�\�:�+�ô�ô�X�e��. So, they are also, in a way, the owner of 
the company ���(�2�ô�X�����ô�+�:�'�ô�e�ß �i�X�Í�2�$�ô�•���$�'�ß �I�\�:�+�ô�ô�X�e��, which received four million 
euros from the Ministry of Home Affairs. And if NEO wants to develop the solar 
plant on the parking garage, NEO is going to make a new company, which will 
exploit the solar installation. And if NEO is going to plan to build a wind 
generator in an industrial area in Leeuwarden, that will be the third company 
we will create, which will exploit this wind generator. So, you've got NEO on top, 
and NEO owns companies. This is done for managing risks and managing 
finance and to be able to keep profits in the profit center, where it is generated. 
And if the wind generator makes losses, well, it's the problem of that company. 
And to be able to keep profits in the profit center where it is generated. And if 
the wind generator makes losses, well, it's the problem of that company. ���é���ß�ß
Well, after operational costs, if there is a profit, the profit flows back to NEO , 
which then has money to start a new project. So, the money goes back to the 
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community, not literally. But the money is used, if there is a profit, the profit will 
be used for a new project for sustainable electricity production or energy 
production for the people who live in Oranjewijk. 

On what kind of expertise  
does the initiative 

 rely on (inside and outside  
the organization)?  

 

Mine and my colleague �•���:�ß���\�ß�ô�„�U�ô�X�e�ß���2�ß�ô�2�ô�X���…�ß�Í�2�î�ß�ô�2�ô�X���…�ß�\�Í�}���2���å�ß���é���ß���j�e well, 
you can't solve all the problems yourself, you need professional advice. So, we 
hire specific energy consultants for specific problems. We also have an 
engineer we hire now and then to calculate construction, if a roof for instance 
is constructed well enough to have a solar panel installation on top of it. Those 
kinds of things. But the project we did with the big consultancy  Royal 
HaskoningDHV, that's all history, that's all in the back.  
 

Does the initiative have 
 a strategic plan or documents  
setting priorities, focus energy  

and resources, establish  
agreement around intended results, etc.?  

 

�b�:�e�ß ���:�X�ß �b�(�i�å�ß ���j�e�ß �•�ô�ß ���Í�}�ô�ß �e���ô�1�ß ���:�X�ß �e���ô�ß �U�X�:�$�ô�è�e�ß ��Energieloket Oranjewijk 
Isoleert���ß �æ�ô�è�Í�j�\�ô�ß �•�ô�ß ���Í�}�ô�ß �e���ô�ß ���j�2�î�\�ß ���X�:�1�ß �e���ô�ß �a���2���\�e�X�…�ß �Í�2�î�ß �e���j�\�æ�ß �•�ô�ß �Í�X�ô�ß
controlled.  

Does the initiative have  
internal step plans (action plan)?  

Or does it take inspiration 
 from approaches from other initiatives?  

Or are there Municipality procedures?  
 

Not really. Not for NEO. And not for the project ���(�2�ô�X�����ô�+�:�'�ô�e�ß �i�X�Í�2�$�ô�•���$�'�ß
�I�\�:�+�ô�ô�X�e��, because first I want to make sure the whole process is replicable . I 
want to check if I can do a third one, or a fourth one. So now we are 
experimenting with what works best. In a way, we are already working on a 
protocol. For instance, we developed four work questions. We need to know 
this first in the initial meeting, so that if we later try to advise these people. And 
if I do it alone, it's not nearly a big thing. But if three people do it, then we need 
some sort of organization.  
 

Does the initiative also  
work with other initiatives,  

organizations, or local governments? 
  

Yes, with other initiatives well, they call us because they want our help.  So, we 
also support other smaller initiatives , we try. First, we speak with other 
initiatives to show them how we did it up to now, where we are, and how we are 
working at this moment. And we show them how and why we are doing it this 
way. There's a choice, of course you can make to do it differently.  
We also offer if they want to join in later in our initiative and to join in using the 
online tool platform we have developed. But there's a problem that requires 
money: I'm not doing it for free because it costs money. So what we do with 
other initiatives is that they can hire our energy consultant for a low price so that 
helps already. Secondly, the tool we have developed is specific for the 
Oranjewijk neighbourhood and the type of homes we have here in this 
neighbourhood, so it can't be used like it is in another initiative. Then you must 
rebuild the database behind it. Of course, that's not a problem. But that's work, 
and it costs money and time. 
And then there is the membership with Us Kooperaasje, a shareholder of 
Energie VanOns. Energie VanOns is a commercial energy company that is 
buying its energy (electricity) from local initiatives (renewable energy 
communities). It sells its electricity to mostly households and SMBs. They have 
about 60.000 clients. EvO is a limitted company with three shareholders:  Us 
Kooperaasje - a cooperative of Fresian REC's (province of Fryslan)-, Grek - the 
cooperative of Groninger REC's (province of Groningen)-, and Drentse Kei -for 
Drente REC's (province of Drenthe)-. NEO is a coöperative and is member of Us 
Kooperaasje. By being member, NEO has a say in Energie VanOns through Us 
Kooperaasje. In total EvO is owned by app 120-140 local coöperaties. If NEO 
members become clients at EvO, NEO receives a kickback fee of 75,00 euros 
per year per household.  In return, NEO does some marketing and reselling for 
EvO. But you can become client of EvO without being member of NEO. 
 

What are the main ambitions  
of the initiative? In other words,  

what are the impacts that the 
 initiative aspires to achieve? 

 

It's all energy-related , maybe climate-related  but nothing social, yet. What 
we are going to ask for the building companies who are active in this 
neighbourhood, especially when we are further down the road and there's more 
volume in work or work in progress, is the possibility to invest in young people 
who are difficult finding work with a special training program. So that's the first 
social project we already have written into the plans. 
 

What are the primary sources  
of funding for your initiative,  

and how are these funds  
utilized to support its 

 activities and projects?  

�“���ô�X�ô�ß�Í�X�ô�ß�e���ô�ß�W�Z�U�R�ß�:���ß �…�ô�Í�X�+�…�ßmembership  for administrative costs, and then 
people have a say in what NEO does. The municipality of Leeuwarden paid all 
the bills  for all kinds of research we did for four years now. So, we're very lucky 
in every respect. 
And then there are the four million euros of funds  for the project ���(�2�ô�X�����ô�+�:�'�ô�e�ß
�i�X�Í�2�$�ô�•���$�'�ß�I�\�:�+�ô�ô�X�e��. And then, if there are profits  from the projects, the profits 
go to NEO for funding new projects in the neighbourhood.  
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But potentially, there is also an existing production subsidy on green energy . 
If you produce green energy, you can get a subsidy for each kilowatt hour you 
produce. I think that's the same everywhere in Europe. Because these 
techniques are more expensive than a gas-fired facility. Solar power is not 
cheap. A wind farm at sea couldn't do without subsidy up to three, four years 
ago. Right now, these new wind farms they are building, they still need subsidy 
for the grid connection. Otherwise, the business case is not good enough. So 
you can't produce green energy without subsidy. You can't build a nuclear plant 
without subsidy. So, the incentive for an energy cooperation to develop a 
project is in this subsidy. Thanks to this subsidy, we can develop solar farms, 
we can develop wind farms, and there is a profit in the expectation of a wind 
farm or a solar array, if you do it the right way. And if you do it the right way, 
there's profit. And what we want in the Netherlands is that the profit stays with 
us. It's our surroundings, it's our environment, it's our solar farm.  So, the 
profit should be also ours, and not going away to a foreign investor. And that's 
what happens up to now. And it's only last five up to 10 years in Friesland that a 
lot of production capacity is also owned by local initiatives. At the moment, 
12% of all sustainable energy production is owned by energy corporations, 
12%. So, 88% is not. And that money goes not only away from the local people, 
but also goes out of Friesland. Even worse, it goes out of the Netherlands. It 
goes into the pockets of foreign investors. And that's not the ideal situation, is 
it? So, in Friesland, we are really working hard on making local ownership of 
production facilities feasible . 

 
                                                                                     Activities and projects 
 

I'd like now to move on to the activities and the 
technologies applied by the initiative. What are the 

current activities of the initiative, and the related 
technologies applied?  

 

�´�ô�\�æ�ß�…�ô�\�éWe talked about the Energieloket  but NEO has other activities.  
The second activity is working on ideas for making smart grids  for this 
neighbourhood.  
The third project is the amount of energy we use as a neighbourhood, we would 
like to produce ourselves. Be energy-neutral in the future.  
And at this moment, it's not enough to put solar panels on each roof, we still 
have a lot of energy, especially not the heating, so we need more energy. 
Therefore, we are making plans for a solar roof on a parking garage here in 
Wajdwijk . And we found out that in an industrial area earlier one, there are four 
wind generators . In the plans of the municipality, there were five points in the 
area. They realized only four, so there's a mission to build a fifth. Nobody knows 
that, but nobody will use that. What happens is we develop a wind generator on 
that spot. It's already allowed. So, if we tried to do that, and with a wind 
generator and this solar activity on the parking garage���\�ß�X�:�:��, we could generate 
in the future with individual homes ideally, at least our home electricity. But nor 
the solar roof, nor the wind generator are realized yet.  
For the parking it is very difficult. Because the municipality is the owner of the 
bricks, and they outsourced the exploitation of this garage. It's a parking garage 
with 500 places, 500 cars, and the exploitation is run by a foundation which has 
two other garages and five parking areas around Leeuwarden. This organization 
was not really willing to cooperate with the energy corporation. It took us more 
than about two years to convince them of our plans. Now we found a way. We 
made it possible that the foundation, the exploitation, has said we don't want 
to do anything with your lot, we don't want to work with you, but we will agree if 
you exploit the solar system on that garage. Because the municipality is the 
owner of the bricks, and they outsourced the exploitation of this garage. It's a 
parking garage with 500 places, 500 cars, and the exploitation is run by a 
foundation which has two other garages and five parking areas around 
Leeuwarden. This organization was not really willing to cooperate with the 
energy corporation. It took us more than about two years to convince them of 
our plans. Now we found a way. We made it possible that the foundation, the 
exploitation, has said we don't want to do anything with you lot, we don't want 
to work with you, but we will agree if you exploit the solar system on that garage. 
It's an off-grid system, so we're not relying on the grid, where there's a lot of 
capacity problems on the electricity grid, and by avoiding that, we made the 
choice to make it off-grid. So by putting all the power into a battery and selling 
it for loading electric vehicles, you can get a much better price than selling it to 
the local grid. The energy cooperation, NEO, will be the owner of the solar 
panels. 
And we're working on something else and that is we're trying to build a 
cooperation with all other energy cooperations of Leeuwarden.  We want to 
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work together to develop new projects. In the Netherlands, there is a specific 
subsidy. Maybe you've heard of the SDE, which is a subsidy for the production 
of wind farms and solar farms.  And there is a specific subsidy like that, but 
then for energy cooperations. And if you have enough members, you can get a 
subsidy for a production facility. And this subsidy is even better than the SDE 
subsidy.  So, it makes projects more feasible. But then you must have enough 
members. And if we're developing, let's say, a wind farm on the west side of 
Leeuwarden of 20 megawatts, we need a lot of members. And NEO, as one solo 
energy cooperation, only has 180 members. But there are about 12 energy 
cooperations in Leeuwarden. Yeah, so if we put them all together, then it will be 
easier to develop new projects. 
 

Which are linked to the projects you are involved in? 
What are these projects about?  

 

[Question omitted as already answered] 

Who is involved in the projects? How would you 
describe the role of the initiative in the projects?  

[Question omitted as already answered] 

 
                                                                                     Realised projects 
 

We will now focus on just one project of the 
initiative. Which consolidated/realized and 

interesting project of the initiative you would be 
comfortable describing? Why? 

 

I think the ���(�2�ô�X�����ô�+�:�'�ô�e�ß�i�X�Í�2�$�ô�•���$�'�ß�I�\�:�+�ô�ô�X�e�� is the most important project we 
have. And this solar thing on the parking garage is more like a hobby. And even 
further, far-fetched is this wind generator. So, I think the real focus should be 
on Energieloket and on the plans we have for the longer run, because we're not 
stopping by helping people with their insulation . We also want to rent out heat 
pumps  as a business. So, people do not necessarily need to invest in their heat 
pump, which is quite an investment, which is about 20,000 euros per home. We 
decided to make a rental model. 
 

Where is the project located? 
  

The ���(�2�ô�X�����ô�+�:�'�ô�e�ß�i�X�Í�2�$�ô�•���$�'�ß�I�\�:�+�ô�ô�X�e�� serves households/homeowners in the 
neighbourhood of Oranjewijk . The neighbourhood itself is 99 percent 
residential homes. There are a few small offices but that's about five or so. In 
the target area where we work, there's only one supermarket and these five 
small offices and the rest are 450 residential homes of which all 450 are 
privately owned but about a hundred of them are rented out. So, we've got 350 
owners who also live in their own homes, and we've got a hundred private 
owners who rent out their own for students and other people. 
 

Who is involved in the projects?  
How would you describe  

the role of the initiative in the projects? 
 

Besides the people by the ���(�2�ô�X�����ô�+�:�'�ô�e�ß�i�X�Í�2�$�ô�•���$�'�ß�I�\�:�+�ô�ô�X�e��, which is me and 
other two colleagues, there are also other main actors involved. The board of 
NEO is important because each month we look quite into detail what is going 
on and if this is the right way to do it. So, they're really important stakeholders. 
The people from the municipality are also stakeholders because they are 
really eager that if we succeed, they can copy it to other parts of the city. Then 
we have the company that's responsible for the local  grid, the electricity 
grid. They're a stakeholder and we have contact with them each year because 
we are working towards a gas-free area.  
 

How was the area before the project?  
 

Well, you must realize that we're only starting just now. The Energieloket was 
opened last year in November.  
 

Who approached who?  
Would have they done it also  

without your initiative?  
 

[Question omitted as not applicable given the questions previously asked and 
the answers received] 

Can you tell me when and  
why it started, and how it developed?  

 

�®�ô�+�+�æ�ß�e���ô�ß�\�ô�è�:�2�î�ß�e���1�ô�ß�•�ô�ß�•�X�:�e�ô�ß�e���ô�ß�U�X�:�$�ô�è�e�ß�U�X�:�U�:�\�Í�+�ß���:�X�ß�e���ô�ß���b�Í�e���:�2�Í�+�ß�„�X�:���X�Í�1 
for gas-free neighbourhoods���ß�Í�2�î�ß���2�ß��22 we obtained the four million euros in 
funds. We opened Energieloket in November 2023 and one and a half years 
before that, we used to build the online tool . We worked out this concept.  
I found out that the real problem is that each installation or building company 
gets two orders out of ten quotations. And that is where the process of house 
renovation stops. So what we did is create an online tool, and thanks to this tool 
we make sure that the clients first understand what they want to do, and as 
soon as they know what they can do, what it costs, and how they are going to 
finance it, they can decide if it's worthwhile to put in extra time and to call a 
builder and to ask an installation company to make a quotation for a heat 
pump, for house insulation, etc. With the online tool and the locket we help 
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people in this whole process, from the first questions people have, like ��how 
do I insulate my home�ì���æ ��where do I start�ì���æ ��what are the possibilities�ì���å�ß���2�î 
the second question is even bigger and more important�ç�ß ��how am I going to 
finance all that�ì���å And if you have answered the first question, you can answer 
also the second because then you know what you can do for this house and 
how much money it will cost, and then you can find a solution to financing it. 
The third step is if you are going to get this improvement in motion and if you 
collectively organize, which it's cheaper and it's easier for everybody who joins 
in. So, at this moment, we are collecting orders for roof insulation, for instance, 
and we've told the people in the neighbourhood we need at least ten homes 
who join in because then we can guarantee everybody gets a discount. It's 
collective purchase of products, but the new thing we do is these first two 
steps . What normally happens with this kind of initiative is that in most cases 
the municipality is paying for everything. Then, first they send an energy coach 
towards one's house, because people have questions, and they don't know 
where to start. So they invite an energy coach at home, he sits on their kitchen 
table for let's say one and a half hour and they talk about all the possibilities 
and if you're lucky these people are willing to take the next step. But they then 
in detail want to know the possibilities for their home, and how much 
improvement is feasible for savings on the energy bill, and how much this 
investment will cost, so they ask for an energy advisor, someone who can make 
a professional energy scan of the home and make these calculations. The 
outcome is a report of this energy scan which tells people what they can do and 
what it will cost approximately. So, the third step they need to take is finding a 
building company who's willing to take on the job and make a quotation. Well, 
it's quite hard to find the right building company and it's not easy to get them 
willing to make an offer for your home, to make calculations. But if you succeed 
and you only have one quotation, then you want to compare it if it's reasonable, 
so you ask a second builder to make a second quotation. Then you can 
compare them. In the meantime, we're let's say six months down the road 
already. In some cases, even a year. Then you've got your second quotation. At 
last, weeks again waiting and a year has almost passed, your motivation is quite 
low already, and you're in a different kind of season. You started maybe in 
autumn with these questions, you worked your way through winter, and now 
the time is coming to decide what your holiday destination is. And then you see 
these quotations one is 40.000 euros the other is 60.000 euros, you don't 
understand them, you can't compare them, you're losing your way in all these 
numbers, and you decide to postpone the whole idea of improving your 
insulation. So, by that time, you have invested one and a half hours from this 
energy coach, three up to six hours from this professional energy consultant, 
you had two, three or four companies over your home to make quotations. So, 
a lot of time and money is invested and if you look into the numbers of the 
amount of quotations building companies need to do to collect the right 
�Í�1�:�j�2�e�ß�:���ß�•�:�X�'�é�ß�e���ô�…�ß�+�:�\�ô�ß�:�j�e�ß�:���ß�e�ô�2�ß�W�j�:�e�Í�e���:�2�\�æ�ß�e���ô�…�ß�+�:�\�ô�ß�ô�������e�ß�\�:�ß�:�2�+�…�ß�e�•�:�ß
out of ten are proceeding. In the Netherlands as a whole, we have eight million 
homes to improve. Eight million. If we do it like this it will never happen. You 
agree? So, we have to find a solution. And this is what we do difference. We 
build an online tool  in which you can find your home and all the specification 
of your own home and you can tell the system what you've done already. And 
the system then gives you an advice: first what you can do best, second what it 
costs. Don't need an energy advisor, you don't need an energy coach, you just 
need to find the time to go on this platform and to fill in the gaps to make a 
proper plan for your insulation. But if you know what it costs, you can also get 
help to finance it, and that's where we are in the picture. In the first step we 
help people fill in the details of this online tool , and seconds we help them 
and show them all the possibilities for financing . 
We talked with more than five building construction companies  to find one 
who was willing to operate in this method because all these old-fashioned 
building companies were not interested in doing it this way. They don't believe 
���2�ß���e�å�ß���b�:�æ�ß�2�:�æ�ß���e���\�ß�2�:�e�ß�U�:�\�\���æ�+�ô���å�ß���I�e�ß�•���+�+�ß�2�ô�}�ô�X�ß���Í�U�U�ô�2�å�ß�b�:�æ�ß�2�:�æ�ß�2�:���å�ß���®�ô�ß�Í�X�ô�ß�2�:�e�ß
going �e�:�ß�î�:�ß�e���Í�e�å�ß�b�:�æ�ß�2�:�æ�ß�2�:���å�ß�‹�:�ß�e���Í�e�ß�e�:�:�'�ß�j�\�ß�Í�+�+�ß�e���:�\�ô�ß�e�����2���\�ß�e�:�:�'�ß�j�\�ß�1�:�X�ô�ß�e���Í�2�ß
one and a half year. And it took us a long time to organize the way these four 
million euros, which were paid by the Ministry towards Gemeente Leeuwarden, 
but how are they going to give out four million euros? You can't just give it to 
someone, that doesn't work. And that was also a process of more than a year 
to establish a method to do that the right way. So that's why we couldn't start 
earlier than last year in November. And at this moment, we started the first 
action for flat roofs, insulation, insulation glass, and floor insulation last 
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January. And at this moment, we are trying to get the first order signed. And then 
we have about eight homes, which have gone with who are going to replace 
their glass, about five who are willing to have a new roof. And at this moment, 
four decided to do something about floor insulation. And that's, that's not really 
�ô�2�:�j�����å�ß�®�ô�ß�•�Í�2�e�ß�e�:�é�ß�U�X�ô���ô�X�Í�æ�+�…�ß�V�U-12 homes to do something at the same 
time. So, our selling activity needs to go on. And then this work will be done 
during summer, maybe autumn. And only then we can tell if it really worked. 
���j�e�ß�I���1�ß�Í�ß�æ���e�ßcommercial , and once we have one Energieloket in the Oranjewijk, 
as soon as it's running and it's working - that will take about, I think, later next 
year let's say September 2025-, I want to open a second Locket elsewhere in 
another city or in another neighbourhood. Doesn't matter where, anywhere else 
is okay, just to see how it works when there's no local initiative already. To see 
what happens if you drop this locket in a neighborhood. From scratch you're 
trying to do the same as we do here.  
I'm really looking forward to that experiment  already, that in my mind each 
neighbourhood has its own Energie Locket. Because the prices for the 
homeowners are lower because of this cooperative purchase, and because 
from that margin you can pay the Energie Locket, the whole operation is cost 
neutral. This is quite remarkable, so without additional subsidy or money you 
can realize that all homes improve their insulation so that you can get rid of 
natural gas for heating yeah yeah that's all. We want to show that it is possible 
without extra money without subsidies to improve homes so they can switch to 
a heat pump. 
 

What significant changes  
in the physical environment  

do you observe as a result of the project? 
 

[Question omitted as not applicable given the questions previously asked and 
the answers received] 

In your opinion, which are  
the innovative aspects of the project? 

[Question omitted as not applicable given the questions previously asked and 
the answers received] 

Can you tell me something about  
the main barriers and drivers during the 

implementation of the project? 

Well, if it was a voluntary initiative, then you could have all kinds of drivers. But 
it's becoming a commercial operation. And then the primary driver is to achieve 
a process in which a neighbourhood can be water pumped ready without 
additional cost and a fast rate. That's the main objective. And the driver. Yeah, 
well, for me, that's totally obvious. We need to get rid of natural gas. We haven't 
got enough. The Groningen field is closed. We can't import natural gas anymore 
from Russia. Within 100 years, all-natural gas is going to be used.  So, we need 
to change. 
But there's one thing you don't mention. That's money. And for a project like 
this, you can't do without money . You can see it from day one. All these 
volunteers and all these people who really want to achieve something, you 
need expertise to develop things. But expertise costs money . So regardless of 
your network, regardless of your drivers, without money nothing happens. And 
that is also a big warning for the future that if you are not willing to experiment 
with obviously costly ideas, then we won't come any further. So, if we, with all 
these right-wing parties in Europe, if we go back to a future where everything 
has to be profitable, that's going to be very dangerous for the energy 
transition . You must have a government who's willing to experiment.  You 
must have organizations who are willing to invest with the expectation that not 
everything will succeed. And right now, the way we've got European elections 
coming up, that really worries me. 

 
 

                                                                                     Closing questions 

 
Thinking about all the activities and projects of the 

initiative: what significant spatial (physical) changes 
do you observe in the city as a result of the 

initiative's activities and projects? How has the 
physical space been altered? 

[Question omitted as not applicable given the questions previously asked and 
the answers received] 

What do you think would have happened if the 
initiative had different resources (e.g., more paid 

staff, more expertise, more network, 
professionalization, etc.)? 

 

 [Not available] 
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Did the initiative face resistance?  
What was it about? 

Yes, I would say with the ���(�2�ô�X�����ô�+�:�'�ô�e�ß�i�X�Í�2�$�ô�•���$�'�ß�I�\�:�+�ô�ô�X�e�� project we initially 
faced some resistance from the building construction companies, who were 
reluctant to do things in a new way. 

What improvements would you like to see made 
within the initiative, as well as in external factors 

that affect its operations? 

Money really worries me. Because money, you really need money to make 
the change. And if we want to fight climate change, we need an awful lot of 
money to do that. 
We have a major problem with the costs of everything, building costs. When we 
made the first calculations in 2019, for the first time we joined in that national 
program, we made a calculation how much it would cost to improve all the 
homes in this neighbourhood. For the second time, we did the same 
calculation again. And now we are actually vending out flat roof insulation for a 
certain price per meter. These costs have almost doubled since 2019. And that 
is a major setback. Where in 2019, it already was expensive, but you could still 
say to a homeowner, hey, it'll cost you 30,000 euros, but you can add half of it, 
15,000. You can add to the value of your home. Your home improves. So the 
value of your home improves. And then he would find a way to finance that. 
We're talking about 60,000 euros at present. And that makes it for a lot of 
�U�ô�:�U�+�ô�æ�ß�2�:�e�ß�U�:�\�\���æ�+�ô�ß�e�:�ß�����2�Í�2�è�ô�ß�e���Í�e�å�ß�I�e���\�ß�e�:�:�ß�1�j�è���ß���é���ß�®�ô�+�+�æ�ß�I�ß�'�2�:�•�ß�2�:�æ�:�î�…�ß�è�Í�2�ß
help it, this inflation, but it's too much. That is a setback, which is if this project 
fails, it's because of the costs. So external factors, more subsidies, I'm afraid. 
Another thing we encounter is that it takes an awfully long time to change 
legislation. And we're in the Netherlands already working on the new electricity 
law, and this new electricity bill. We've been talking about that already for three 
years, and it's still not there. And that is also a break, like a handbrake, on the 
progress and development of new projects. If the electricity bill would pass, 
then all of a sudden, as a community, we could share power, for instance. We 
can share electricity. When I've got more than enough electricity and you want 
to do the washes, you can use my electricity. But that's still legally not possible 
in the Netherlands. And we're working on changes in legislation to make that 
possible. But it takes so much time. That's a break in development. So cost is a 
problem. Legislation is a problem . And also is a problem, I think, politics . So 
go vote. 
�I�e���\�ß�2�:�e�ß�X�ô�Í�+�+�…�ß�Í�ß�U�X�:�æ�+�ô�1�ß�e�:�ß�����2�î�ß�U�ô�:�U�+�ô�ß�•���:�ß�è�Í�2�ß�î�:�ß�e���ô�\�ô�ß�e�����2���\�ß�:�X�ß���:�1�ô�:�•�2�ô�X�\���ß
motivations. People are willing, companies are willing, municipalities  are 
willing and then they invest in us. They paid all the bills for all kinds of research 
we did for four years now. So we're very lucky in every respect. We're really 
lucky. But everything is slow and slowing down. Because I think in local, but 
also national government, nobody really has the guts to take the foot off the 
brake and to put it on the gas pedal. Because everything is there. The technique 
is there. The equipment is there. The knowledge is there. Go! 
 

Would you like to add  
something concerning  

the previous questions? 

Start local, organize people around an idea, build it up together, put some 
money into such an initiative, and let it grow from the bottom up! 
And I'm working on the concept of energy transitions in how to put it into Dutch 
legislation because nobody knows how you do it. Nobody knows what an 
energy community is legally. Is it a company? Is it a foundation? Is it a 
cooperation? And how do you establish local ownership, but also a say for 
people who live around a certain project? It must be from that local area. Well, 
if you look to energy cooperation, you've got, let's say, a hundred members and 
they decide for a thousand other people what is going on happening in the 
neighbourhood. That is not really the way you want to organize it, I think. That's 
not really bottom-up. So, we are with a group of people working at the moment 
on finding a method to implement it in the Netherlands and to test legislation. 
And I've got two projects I'm working on at the moment to start the first 
European energy community in the Netherlands. 
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Municipality of Groningen, the Netherlands 

�&�R�·�S�H�U�D�W�L�H�Y�H���9�H�U�H�Q�L�J�L�Q�J 
�*�U�X�Q�Q�H�J�H�U���3�R�Z�H�U���8���$�� 
 

Overview indicators 
 

About the municipality 
 

Administrative area [km2]  101.50  

Urbanized area [km2] 62.99 
Inhabitants [inhab.] 243 768 

Municipality population density [inhab. /km2] 1 314 
Municipality electricity consumption per year [MWh] 150 3680  

  

About the initiative  
 

% of urbanized area served by the initiative 100.00 
Municipality inhabitants served by the initiative [inhab.] 5 670 

Renewable electric energy generated by the initiative per 
year [MWh] 

Information not available 

% of renewable electric energy generated by the initiative 
on average electricity consumption in the municipality 

Information not available 

Surface occupied by the renewable energy plants [m2]* 33 098**  
Type of space occupied ���j���+�î���2���
�\�Ù�X�:�:��s (1), industrial 

(1) and agricultural (1) fields 
*Realized and managed by the initiative.   **Estimated. 
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�$�E�R�X�W���W�K�H���F�R�Q�W�H�[�W 
 

The urban spatial analysis  

 Territorial spatial analysis 
The Municipality of Groningen is located in the Overig Groningen province 
(Eurostat, NUT 3 geographical level), which has a total population of 385 826 
inhabitants (Eurostat, 2021a), with a population density of 329 inhab./km2 
(Eurostat, 2021b).  
The evaluation of the population density on the smaller and homogeneous 
territorial cells of 1km2 defined by Eurostat shows that most of the population 
is concentrated in one area located within the borders of the Municipality of 
Groningen (EEA, 2018a; Eurostat, 2021c). This area represents a high-
�U�:�U�j�+�Í�e���:�2�Ù�î�ô�2�\���e�…�Ù�è�+�j�\�e�ô�X�à�Ù�î�ô�����2�ô�î�Ù �æ�…�Ù�(�j�X�:�\�e�Í�e�Ù�
�j�X�æ�Í�2�Ùcentre���Ù �üEEA, 2018a; 
Eurostat, 2021c). A constellation of moderate-population density clusters, 
�è�Í�+�+�ô�î�Ù �
�j�X�æ�Í�2�Ù �è�+�j�\�e�ô�X�\���Ù �è�Í�2�Ù �æ�ô�Ù ���î�ô�2�e�������ô�î�Ù �Í�X�:�j�2�î�Ù �e�����\�Ù �j�X�æ�Í�2�Ù �è�ônter, mainly 
distributed inland. Large swathes of the province area present relatively low 
levels of population density (EEA, 2018a; Eurostat, 2021c).  
For this, Overig Groningen �U�X�:�}���2�è�ô�Ù���\�Ù�è�+�Í�\�\�������ô�î�Ù�Í�\�Ù�Í�2�Ù�
���2�e�ô�X�1�ô�î���Í�e�ô�Ù�X�ô�����:�2���à�Ù
which indicates a NUT 3 region where more than 50% and up to 80% of the 
population live in urban clusters (Eurostat, 2021c). 
The Municipality of Groningen has a total population of 243 768 inhabitants 
(CBS portal, 2024a), and a population density of 1 314 inhab./km2 (CBS portal, 
2024b�ý�ß�Ù���e�Ù�+�ô�Í�\�e�Ù�T�O�‡�Ù�:���Ù�[�ô�ô�j�•�Í�X�î�ô�2�
�\�Ù�U�:�U�j�+�Í�e���:�2�Ù�+���}�ô�\�Ù���2�Ù�e���ô�Ù�
�j�X�æ�Í�2�Ùcentre���Ù
(Eurostat, 2020; Eurostat, 2021c�ý�à�Ù���:�X�Ù�e�����\�à�Ù���e�Ù���\�Ù�î�ô�����2�ô�î�Ù�Í�\�Ù�Í�Ù�
�è���e�…���Ù�Í�è�è�:�X�î���2���Ù�e�:�Ù
Eurostat DEGURBA classification and represents the only city in the Overig 
Groningen province. The surrounding municipalities are characterized by lower 
population densities, with one intermediate-density municipalities with less 
than 50 % of the population living in rural areas and less than 50 % of the 
population living in urban centres, and two thinly populated municipalities with 
more than 50 % of the population living in rural areas (Eurostat, 2020; Eurostat, 
2021c).  
With more than 15% of their population commuting to work to the city of 
Groningen, all the municipalities of the province (plus other seven 
municipalities outside the province) are highly integrated with �@�X�:�2���2���ô�2�
�\�Ù
�+�Í�æ�:�j�X�Ù �1�Í�X�'�ô�e�Ù �Í�2�î�Ù �e���j�\�Ù �X�ô�U�X�ô�\�ô�2�e�Ù �e���ô�Ù �è���e�…�
�\�Ù �è�:�1�1�j�e���2���Ù �•�:�2�ô�Ù �üEEA, 2017; 
Eurostat, 2021c). 
 

 Urban land cover 
�“���ô�Ù �
�j�X�æ�Í�2�Ùcentre���Ù �+�:�è�Í�e�ô�î�Ù ���2�Ù �e���ô�Ù �a�j�2���è���U�Í�+���e�…�Ù �:���ÙGroningen contains the 
historical city centre and encompasses the consolidated urban area. It is 
mainly characterized by a discontinuous urban fabric, primarily consisting of 
permanent residential areas featuring a mix of apartment blocks and terraced 
houses. Large recreational green spaces, religious, educational, recreational, 
historic, administration, commercial, and industrial activities are included, 
however, these functions are not dominant. Large industrial and commercial 
areas are mainly located in the east and west fringes. Pastures mainly 
characterize the surrounding environment (EEA, 2018b; Eurostat, 2021c). The 
total urbanized area, approximated as the extent of artificial areas within 
�1�j�2���è���U�Í�+�Ù�æ�:�j�2�î�Í�X���ô�\�Ù�ü�>�����j�X�ô�á�Ù�
�[�Í�2�î�Ù���:�}�ô�X�á�Ù���X�e�������è���Í�+�Ù���X�ô�Í�\���ý�à�Ù���\�Ù�ô�\�e���1�Í�e�ô�î�Ù�e�:�Ù
be 62.99 kmq. This urbanized area exhibits a high degree of imperviousness, 
primarily concentrated in the historic city centre �ü�>�����j�X�ô�á�Ù �
�"�ô���X�ô�ô�Ù �:���Ù
���1�U�ô�X�}���:�j�\�2�ô�\�\���ý�ß 
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 Urban infrastructures 
The main infrastructures of the city are: 

�x The river harbours, where private boats can be moored (Energy and 
Industry Geography Lab, 2019; Jachthaven Oosterhaven, n.d.). 

�x The electrified railway line, with the Centraal Station Groningen being the 
main railway terminus (Energy and Industry Geography Lab, 2019). The 
bus network supports the station, connecting the city and its suburbs. 

 
 Urban energy demand 

It can be estimated that the electricity consumption per year of the Municipality 
of Leeuwarden is 150 3680 MWh. 
According to the Energy and Industry Geography Lab, the distribution of total 
electricity demand generally mirrors the urbanized area, with an estimated 
range of 0.1 to 100 000 tonnes of oil equivalent (toe) in 2019 (1 toe=11.63 MWh) 
(Energy and Industry Geography Lab, 2019; Hidalgo González & Uihlein, 2023), 
with the lowest values corresponding to water bodies (see figures on the left). 
Focusing solely on the industrial sector, demand typically falls within a range 
of 100 to 1 000 toe, with a peak of 10 000 to 100 000 toe in a limited area on the 
west side characterized by the presence of a sugar factory.  
The transport sector energy demand pattern follows the main transport lines 
and falls within a range of 1 to 100 toe. 
Other sectors category, which includes commercial, public services, and 
households, generally exhibit higher electricity demand, ranging from 100 to 1 
000 toe following the shape of the urbanized area. 
 

 The urban energy transition 
 

Strategies, policies, and programs 
The municipality of Groningen is member of the Covenant of Mayors sin 2017 
and not drawing up a SECAP (European Commission, n.d.), however its 
commitment to energy transition was already evident in 2006, with the original 
goal being energy neutral by 2025 then shifted to 2035 with the 2011 (Arentsen 
& Bellekom, 2014; Gemeente Groningen, 2015), and in the �
�@�X�:�2���2���ô�2�Ù
Energises 2015-�Q�O�P�W�� Programme (Gemeente Groningen, 2015).  The 
Programme was followed in 2018 by the Environmental Plan (�
The �b�ô�„�e�Ù�����e�…���Ù
Plan) (Gemeente Groningen, 2018; Ministry of the Interior and Kingdom 
Relations, n.d.), which main objective was turning the city into a real-life lab for 
energy transition.   
The municipality is involved in several projects related to the energy transition. 
The European Commission has designated Groningen as a �
Lighthouse City���Ù
involved in MAKING-CITY project, recognizing it as a model city in the field of 
energy transition. In two Groningen districts, Groningen North and Groningen 
South, the MAKING-CITY project is piloting the Positive Energy District (PED) 
concept (Making City, n.d.; Gemeente Groningen, 2024). The municipality has 
also been a partner of the EC2 project, a project investigating energy 
citizenship and energy communities, and thanks to the European City Facility 
Programme subsidy it is researching and investing in heating networks 
(Gemeente Groningen, 2024). 
 
Collective energy initiatives 
�“���ô�Ù�è���e�…�
�\�Ù�•���+�+���2���2�ô�\�\�Ù�e�:�Ù�1�:�}�ô�Ù�e�:�•�Í�X�î�Ù�Í�Ù�1�:�X�ô�Ù�\�j�\�e�Í���2�Í�æ�+�ô�Ù�ô�2�ô�X���…�Ù�U�X�:�î�j�è�e���:�2�Ù���\�Ù
also well-reflected in citizens' behaviours. In fact, in the municipality, boast at 
least five collective energy initiatives (VanOns, n.d.; Grek, n.d.), among which 
is the selected case study Coöperatieve Vereniging Grunneger Power U.A. 
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�$�E�R�X�W���W�K�H���L�Q�L�W�L�D�W�L�Y�H 
 
Initiative profile 
 

Foundation year 2011 
 
The initiative emerged from a small group of citizens in Groningen. Gaining 
experience by installing personal solar panels, these individuals started 
supporting their neighbours in solar panels purchase and installation, also 
promoting collective action. Grunneger Power was formally established as a 
Cooperative Association in 2012, the first Groningen energy cooperative.  Later 
the initiative expanded its operations to become an energy distribution 
company, supplied of local renewable energy by the local cooperative 
company Noord Nederland Duurzaam (NLD Energie), now rebranded Energie 
VanOns. 
 

Geographic span Scale | City 
 
Description |  The geographic span includes the city of Groningen.  
 
Spatial dimension (area covered)* | 62.99 [km2] 
The geographic span of the initiative is defined as �e���ô�Ù �è���e�…�Ù �:���Ù �@�X�:�2���2���ô�2�
�\�Ù
urbanized area.  
 
Demographic dimension (inhabitants served)* |  5 670 [inhab.] 
 
*Estimated (see the �
�a�ô�e���:�î�:�+�:���…���Ù�è���Í�U�e�ô�X�ý 
 

Internal structure  
 

Legal form | Cooperative UA (or cooperative association). UA stands for 
�
�ô�„�è�+�j�î�ô�î�Ù �+���Í�æ���+���e�… among members���à�Ù �1�ô�Í�2���2���Ù �e���Í�e�Ù �e���ô�Ù �1�ô�1�æ�ô�X�\�Ù �î�:�Ù �2�:�e�Ù
contribute to a deficit of the cooperative. 
 
Main actors |  
- Group of residents of the Groningen Municipality. 
 
�a�Í���2�Ù�Í�è�e�:�X�\�
�Ù�X�:�+�ô�Ù�8 
- Group of residents �ó promoter. 
- Groningen residents - members and consumers (called energy customers). 
 
�a�ô�1�æ�ô�X�\�
�Ù�e�:�e�Í�+�Ù�2�j�1�æ�ô�X�Ù�8 more than 2 700 members. 
 
Community engagement | Strategic marketing techniques. 
 
Joining process | Spatial limitation criterion: Groningen residents. No 
economic limitation criterion: membership is free.  
 
Organizational structure | The initiative is a membership-based organization, 
as it relies on members for its existence and operation. It has a board of 
directors, and a general assembly of members. However, for some projects, 
the initiative creates a distinct legal entity (company) to manage financial risks 
(for instance for the management of two solar fields).  
 
Decision-making process | Information not available. 
 
Staff and expertise | Volunteers:  residents of the neighbourhood. Internships. 
Hired staff:  sixteen hired people. Hired external consultant. 
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Strategic planning | Information not available. However, the initiative 
�:�X���Í�2���•�ô�\�Ù�
�a�ô�1�æ�ô�X�\�����U�Ù�@�X�:�•�e���Ù�‹�ô�\�\���:�2�\���Ù�e�:�Ù�î���\�è�j�\�\�Ù�•���e���Ù�e���ô�Ù�1�ô�1�æ�ô�X�\�Ù�2�ô�•�Ù
ideas on customers and membership strategy. 
 
Policies, processes, operating procedures | Information not available. 
 
Financial resources |  
- Fundings: The municipality pre-financed (loan) �Q�O�O�Ù�O�O�O�L�Ùfor the first financial 
investment of the initiative.   
- Profits of the initiative:  any profit generated by GP projects is reinvested in 
subsequent projects in the city of Groningen. As an energy reseller, GP receives 
from Energie VanOns a fee that then invests in local projects. 
- Crowdfunding. 
- Financial loans of the bank. 
- Subsidies. 
 
Networks, alliances, partnerships | The initiative represented one of the main 
actors for the creation of a regional cooperative company for renewable energy 
distribution:  Noordelijk Lokaal Duurzaam (NLD), now rebranded Energie 
VanOns. The company, founded in 2013, buys renewable energy from the 
member local energy cooperatives and sells it to their members, primarily to 
households and small and medium-sized enterprises (SMBs). 
 The initiative supports smaller energy initiatives and is member of the 
cooperative Gronings Energie Koepel (GrEK), an umbrella organization of the 
renewable energy initiatives in Groningen province which works as an energy 
service point supporting citizens and initiatives on renewable energy and 
energy saving related issues.   GErK is a shareholder in Energie VanOns. GP, as 
a member of GrEK, receives an annual fee per each customer that becomes an 
Energie VanOns customer.  
Being members of the national umbrella organizations EnergieSamen and Hier 
Opgewekt, GP is also present at a national level. 
Moreover, the initiative develops energy projects in close collaboration with the 
Municipality of Groningen, which can contribute financially (loan) or providing 
real estate (ground for rent) or developing neighbourhood gas-free plans and 
projects (for instance neighbourhood heating systems), and with the Nature 
and Environment Federation.  
The initiative also supports �i�•�2�ô�X�\�
�Ù���\�\�:�è���Í�e���:�2�\�Ù���2�Ù�@�X�:�2���2���ô�2�Ù�e�:�Ù���2�\�e�Í�+�+�Ù�\�:�+�Í�X�Ù
panels on roofs and neighbourhood associations, besides being involved in 
Horizon 2020 projects (MAKING-CITY project). 
 

Ambitions Type | Reducing energy consumption, reducing fossil-fuel dependency, locally 
producing and selling renewable energy. 
 
Geographic scope | Groningen city.  
 

Implementation of the ambitions:  
services and activities 

Services provided | Collective purchasing, home energy efficiency, energy 
consumption education, renewable energy reselling, renewable energy 
generation, smaller initiatives and collectives support (associations of owners, 
club of residents, tenants of a corporation, etc.), sustainable practices 
support. 
 
Activities overview | Number of activities: 14. 
- Activity n.1: energy production with a collective solar roof on ZonneDok 
community center in Lewenborg in collaboration with the Municipality of 
Groningen. Participation is limited to specific zipcode areas. 
- Activity n.2:  energy production with a collective solar roof on the Alfa College 
building in collaboration with the neighbourhood association ZEEBOEI.  
Participation is limited to specific zipcode areas. 
- Activity n.3:  energy production with the Vierverlaten solar park, realized on a 
vacant industrial estate in Hoogkerk with the collaboration of the Municipality 
of Groningen and Equans (first solar field of the initiative). 
- Activity n.4: energy production with the Meerdorpen solar park in the larger 
Roodehaan solar field, in collaboration with SunProjects (second solar field of 
the initiative). 
- Activity n.5: �
Rent with sun�� project, solar panels installation support on 
shared roofs, in collaboration with Nijestee housing association. 
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- Activity n.6: increasing biodiversity in solar parks projects, in collaboration 
with the Groningen Nature and Environment Federation and other Grunneger 
energy cooperatives. 
- Activity n.7: �
�‹�Í�}���2���Ù�e�:���ô�e���ô�X�� project, encouraging residents to take major 
sustainable measures at home, in collaboration with residents, sustainable 
initiatives, GrunnDak and Sustainable Groningen.  For instance, a collective 
purchasing campaign for hybrid heat pumps. 
- Activity n.8: supporting residents of the Selwerd-Zuid to connect to the new 
heating network, in collaboration with the Municipality of Groningen and  
WarmteStad. 
- ���è�e���}���e�…�Ù �2�ß�X�á�Ù �\�j�U�U�:�X�e���2���Ù �i�•�2�ô�X�\�
�Ù �Í�\�\�:�è���Í�e���:�2�\�Ù ���2�\�e�Í�+�+���2���Ù �\�:�+�Í�X�Ù �U�Í�2�ô�+�\�Ù �:�2�Ù
shared roofs. 
- Activity 10: sale of renewable energy on behalf of Energie VanOns. 
-  Activity 11: supporting the realization of energy communities being partner of 
the Horizon EU Communitas research project and working in the setup of an 
energy community in Groningen Noord. 
- Activity 12: Information evenings. 
- Activity 13:  Neighbourhood or village energy plan development support. 
- Activity 14:  Establish local umbrella cooperatives. 
 
Focus on one specific activity |  
- Type of activity: activity n.4, " Meerdorpen" solarpark. 
- Activity objective:  local renewable energy production and consumption, local 
ownership of renewable energy production facilities. 
- Actors involved: Grunneger Power, SunProjects, residents (100 members of 
Grunneger Power, for a total of 250 households served). 
-���è�e�:�X�\�
�Ù�X�:�+�ô�á�Ù Grunneger Power: promoter/coordinator.  SunProjects: provider. 
Residents: owners and consumers. 
-Financial resources:  Crowdfunding consists in the selling of Solar Certificates 
to the residents that want to by the solar panels; it covers the 55% of the 
investment (the total investment was circa 650 000 �L�ý. Loans:  Het Fonds 
Nieuwe Doen finances approximately 45% of the investment.  Revenues: from 
the electricity sold to Energie VanOns. Subsidy:  during the first 15 years of 
operation of the solar park, it will receive an amount from the government per 
amount of sustainable electricity produced. 
- Profits:  any profit is reinvested in subsequent projects in the neighbourhoods. 
- Activity geographic span:  city. 
- Technology type: photovoltaic panels. 
- Technology ownership: Groningen residents through purchasing of solar 
certificates. 
- Technology distribution: centralized. 
- Technology location land cover: non-urbanized. 
- Technology location urban function: agricultural. 
- Technology location type: void. 
- Technology location element type: pasture field. 
- Technology location ownership:  Municipality of Groningen (the municipality 
grants a "surface right" to the solar park). 
- Technology location management:  initiative. 
- Technology occupied surface:  ~ 3 798 [m2]*. 
 
*Estimated with Google Earth. 

Innovative aspects 
 

The initiative has been the first energy cooperative in Groningen. 
 

Process evaluation Drivers | Residents willingness to adopts more sustainable habits in terms of 
energy consumption and production, besides the continuous support and 
interest of the Municipality of Groningen in developing energy-related grassroot 
initiatives. 
 
Barriers | Information not available. 
 

�I�2���e���Í�e���}�ô�
�\�Ù�Í�\�\�ô�\�\�1�ô�2�e Area before the initiative | 
Information not available. 
 
Area after the initiative | 
Information not available. 
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Bridging the gap between internal processes and spatial analysis 

 
  
 Spray diagram: a framework to showcase the spatial dimension within 

the complex nature of CEIs 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1, below: 
A group of residents at  

the Vierverlaten solar park. 
�I�1�Í���ô�ß�è�X�ô�î���e�ç�ß��Coöperatieve Vereniging  

Grunneger Power U.A���ßwebsite. 
 

Figure 2, on the next page: 
Spray diagram of the initiative  

��Coöperatieve Vereniging  
Grunneger Power U.A.���å 

Source: author own elaboration.  

 
The spray diagram developed for the initiative Coöperatieve Vereniging 
Grunneger Power U.A. clearly reveals that specific elements of its internal 
processes are closely linked to the spatial dimension. These elements include 
the more apparent geographic span and scope, as well as the process of 
joining the initiative and the development of specific activities. 
The process of joining the initiative is contingent upon residency within the 
Municipality of Groningen. However, some activities are specifically targeted 
at residents of particular neighbourhoods or those with designated postal 
codes. For instance, this applies to activities such as supporting the 
Municipality in engaging Selwerd-Zuid residents to connect to the new heating 
network or installing photovoltaic (PV) systems on the roofs of the ZonneDok 
community centre in Lewenborg and Alfa College. 
Among the fourteen activities undertaken by the initiative, nine have a distinct 
spatial dimension. These include PV installations on shared or private 
rooftops, which promote decentralised renewable energy generation. While 
these systems are punctual, geographically limited, and dispersed across the 
urbanised area, solar parks foster more centralised renewable energy 
generation and have a broader extent. 
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Space-time matrix: a spatio-temporal analysis of actual and 
potential impacted areas 

 
 
 
 
 
 
 
 
 
 
 

Figure 3, below: 
Space-time matrix of  

the initiative "Coöperatieve  
Vereniging Grunneger Power U.A.". 

Source: author own elaboration. 

 

 
In 2011, the initiative Coöperatieve Vereniging Grunneger Power U.A. began its 
development process initiated by a group of residents in Groningen. Initially, 
the initiative focused on informing and educating neighbours about solar panel 
energy generation and collective purchasing. Available information does not 
specify whether the members' geographic scope was initially limited to a single 
neighbourhood or the entire city, nor the evolution of the geographic scope over 
time (for this reason the image below does not depict a �
past section���ý�ß 
Currently the geographic span of the initiative is the entire city of Groningen, 
with a specific focus on the urbanized area. While some projects may be 
restricted to specific areas (e.g., postal codes or neighbourhoods), the 
initiatives generally benefit all city residents. The geographic scope is the entire 
city: the aim is to make Groningen greener.  
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Spatial impact�V�_���S�D�W�K�Z�D�\�V: addressing what, how, and why 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4, below: 

Process of generalisation of 
 the activities of the initiative  

into activity types.  
Source: author own elaboration.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The spatial impacts pathways analysis delves into the mechanisms through 
which Community Energy Initiatives (CEIs) activities generate spatial changes, 
exploring both the underlying reasons and the resulting spatial alterations.  
The initiative Coöperatieve Vereniging Grunneger Power U.A. presents fourteen 
main activities. These activities can be generalized into twelve activity types 
(Figure 4), starting from which the spatial impact pathways are developed. 
Figure 5 therefore illustrates a synthesized conceptual framework of the spatial 
impact pathways stemming from the detected activity types of the initiative 
and can be consulted while reading the proposed spatial impact pathway 
narratives. 
Following is the guided narrative of the spatial impact pathway of the 
"Meerdorpen solar park " activity. While in-depth analyses of other spatial 
impact pathways would be of interest, the lack of information precludes such 
investigations. 
 
Guided spatial impact pathway | "Meerdorpen solar park "  
 
Activity type | The "Meerdorpen solar park " activity coincides with the activity 
type PV power plant development and operation. 
 
Inputs | The decision to develop this activity was strongly motivated by the 
desire to stimulate local production and consumption of renewable energy, as 
well as local ownership of the power plants. The choice of utilizing PV 
technology was supported by the availability of land within an existing solar 
field, for which the Municipality of Groningen has secured 'surface rights'. 
The activity initially relied on financial support from a loan and crowdfunding. 
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Figure 5, below: 
Spatial impact pathway of the initiative  

�����:�C�U�ô�X�Í�e���ô�}�ô�ß�«�ô�X�ô�2�������2���ß�@�X�j�2�2�ô���ô�X�ß�„�:�•�ô�X�ß�˜�å���å���å 
Source: author own elaboration.  

Following the installation, the initiative has become financially sustainable due 
to revenue from energy reselling activities. Additionally, for the first 15 years of 
operation, it will receive government subsidies based on the amount of 
sustainable electricity produced. The initiative relies on a diverse range of staff 
and expertise, including volunteers, hired staff, interns, and external 
consultants. However, specific information regarding the staff working on this 
project is not readily available. 
 
Outputs | The primary output of the activity is a large-scale, locally owned PV 
power plant that generates electricity, supplies it to the local renewable energy 
company Energie VanOns, and subsequently resells the electricity to 
residents. The initiative provides support, assistance, and guidance to 
residents in understanding and managing the power plant and the process of 
purchasing energy from Energie VanOns. 
 
Outcomes | The direct spatial changes generated by this activity are primarily 
related to land use and land cover changes. Although the agricultural field 
owned by the Municipality of Groningen was already converted into a solar 
field, the activity contributes to land consumption. However, it should be noted 
that the land converted into a solar field is situated within the urbanized area 
of the Municipality of Groningen. 
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The original interview 

 

Interviewed  
�S�D�U�W�L�F�L�S�D�Q�W�_�V���U�R�O�H 

- 

Date - 

Place - 

Notes Due to staff shortages and heavy workload, the initiative Coöperatieve 
Vereniging Grunneger Power U.A. was unable to provide the requested 
information despite repeated attempts to schedule an interview or administer 
a written questionnaire. 

 

 

 

  



  

 
 13 

CASE STUDY REPORT 
Coöperatieve Vereniging Grunneger Power U.A. 

References 

About the context 
 
Arentsen, M. & Bellekom, S. (2014). Power to the people: local energy 
initiatives as seedbeds of innovation? Energ Sustain Soc 4, 2. 
https://doi.org/10.1186/s13705-014-0029-1 
Centraal Bureau voor de Statistiek (CBS). (2024a). Dashboard 
Bevolking: Inwoners per regio. Retrieved December 24, 2024, from 
https://www.cbs.nl/nl-nl/visualisaties/dashboard-
bevolking/regionaal/inwoners 
Centraal Bureau voor de Statistiek (CBS). (2024b). Dashboard 
Bevolking: Inwoners per regio. Retrieved December 26, 2024, from 
https://www.cbs.nl/nl-nl/visualisaties/dashboard-
bevolking/regionaal/inwoners 
EEA. (2017). Functional urban area. Retrieved June 3, 2024, from 
https://www.eea.europa.eu/en/datahub/datahubitem-
view/1438a2d6-ec0b-4df4-a8c4-ce83b135bfa3 
EEA. (2018a). High-density clusters and urban clusters. Retrieved 
March 14, 2024, from 
https://ec.europa.eu/eurostat/web/gisco/geodata/population-
distribution/clusters 
EEA. (2018b). Corine Land Cover. Retrieved June 6, 2024, from 
https://land.copernicus.eu/en/products?b_size=12&query=%5B%7B
%22i%22%3A%22portal_type%22%2C%22o%22%3A%22paqo.selec
tion.any%22%2C%22v%22%3A%5B%22Product%22%5D%7D%2C%
7B%22i%22%3A%22component_title%22%2C%22o%22%3A%22paq
o.list.contains%22%2C%22v%22%3A%5B%222a04c969-7f91-476f-
8ab2-
6fb4a7588896%22%5D%7D%5D&sort_on=getObjPositionInParent&s
ort_order=ascending&tab=explore 
EEA. (2018c). Imperviousness Density. Retrieved June 6, 2024, from 
https://sdi.eea.europa.eu/catalogue/copernicus/api/records/3bf542
bd-eebd-4d73-b53c-a0243f2ed862?language=all 
Energy and Industry Geography Lab. (2019). Mapping Europe's 
Energy Future. Retrieved June 6, 2024, from https://energy-industry-
geolab.jrc.ec.europa.eu/ 
Energie VanOns (n.d.). Cooperatives for a better neighborhood. 
Available at: https://energie.vanons.org/jouw-buurt/ (Accessed: 18 
September 2024) 
European Commission. (n.d.). Action plan list. Covenant of Mayors. 
Retrieved December 26, 2024, from https://eu-
mayors.ec.europa.eu/en/action_plan_list 
Eurostat. (2020). Degree of urbanisation: Methodology. Eurostat. 
Retrieved December 24, 2024, from 
https://ec.europa.eu/eurostat/web/degree-of-
urbanisation/methodology 
Eurostat. (2021a). Population on 1 January by age group, sex, and 
NUTS 3 region. Eurostat. Retrieved September 15, 2024, from 
https://ec.europa.eu/eurostat/databrowser/view/demo_r_pjangrp3/d
efault/map?lang=en&category=demo.demopreg 
Eurostat. (2021b). Population density by NUTS 3 region. Eurostat. 
Retrieved September 15, 2024, from 
https://ec.europa.eu/eurostat/databrowser/view/demo_r_d3dens/de
fault/table?lang=en&category=demo.demo_ind 
Eurostat. (2021c). Applying the degree of urbanisation: A 
methodological manual to define cities, towns and rural areas for 
international comparisons �ó 2021 edition. Publications Office of the 
European Union. https://doi.org/10.2785/706535 
Eurostat. (2021d). Statistical atlas: Typologies viewer. Eurostat. 
Retrieved September 15, 2024, from https://ec.europa.eu/statistical-
atlas/viewer/?config=typologies.json&ch=NUTS2021,TYPREG,TYPRE
GURT&mids=BKGCNT,TYPREGURT2021,CNTOVL&o=1,1,0.7&center=
53.05468,7.02474,7&lcis=TYPREGURT2021&nutsId=NL113& 
Gemeente Groningen (2015). Groningen Energizes. Programme 
2015-2018. Retrieved from: 
https://gemeente.groningen.nl/file/groningen-energizes-2015-2018 
Gemeente Groningen (2018). Ontwerp-�:�1���ô�}���2���\�}���\���ô�Ù���“���ô�Ù�b�ô�„�e�Ù
�����e�…�
�á�Ù�î�ô�Ù�@�X�:�2���2���\�ô�Ù�+�ô�ô���'�•�Í�+���e�ô���e�Ù�}�:�:�X�:�U�ß�Ù�‡�ô�e�X���ô�}�ô�î�Ù���X�:�1�á�Ù�Ù
https://gemeenteraad.groningen.nl/Documenten/Bijlage/Omgevingsv
isie-The-Next-City-juli-2018-1.pdf 
 

Gemeente Groningen (2024). Energy transition. Available at: 
https://gemeente.groningen.nl/energietransitie (Accessed: 18 
September 2024) 
GrEK (n.d.). Coöperaties. Available at: https://grek.nl/zij-doen-al-
mee/cooperaties/ (Accessed: 18 September 2024) 
Hidalgo González, I., & Uihlein, A. (2023). High-resolution energy 
atlas: Methodology and data. 
Interreg Europe (n.d.). Grunneger Power.  
Available at: https://www.interregeurope.eu/good-
practices/grunneger-power (Accessed: 19 September 2024) 
Jachthaven Oosterhaven. (n.d.). Welkom bij Jachthaven 
Oosterhaven. Retrieved December 24, 2024, from 
https://jachthavenoosterhaven.nl/  
Making City. (n.d.). Groningen. Retrieved December 24, 2024, from 
https://makingcity.eu/groningen/ 
Ministry of the Interior and Kingdom Relations (n.d.).  Overheid.nl. 
Available at: https://zoek.officielebekendmakingen.nl/gmb-2018-
65046.html (Accessed: 18 September 2024) 
VanOns. (n.d.). Coöperaties in jouw buurt. Retrieved December 
24, 2024, from https://energie.vanons.org/jouw-
buurt/cooperaties/  
 

About the initiative 
 
Arentsen, M. & Bellekom, S. (2014). Power to the people: local 
energy initiatives as seedbeds of innovation? Energ Sustain Soc 4, 2. 
https://doi.org/10.1186/s13705-014-0029-1 
Communitas (2024). Why COMMUNITAS? Available at: 
https://communitas-project.eu/ (Accessed: 19 September 2024) 
De Boer, J. (2018). An area-based research approach to energy 
transition. [Thesis fully internal (DIV), University of Groningen]. 
University of Groningen. Retrieved from:  
https://research.rug.nl/en/publications/an-area-based-research-
approach-to-energy-transition 
De Bakker, M., Lagendijk, A., Wiering, M. (2020). Cooperatives, 
incumbency, or market hybridity: New alliances in the Dutch energy 
provision, Energy Research & Social Science, Volume 61. 
https://doi.org/10.1016/j.erss.2019.101345 
Dousa, A. (2018). A business model design framework for the viability 
of energy enterprises in a business ecosystem. 
10.13140/RG.2.2.24395.28968. 
Elzenga, H., Schwencke, A.M. (2014). Energiecoöperaties: ambities, 
handelingsperspectief en interactie met gemeenten, Den Haag: PBL. 
https://www.pbl.nl/sites/default/files/downloads/PBL_2014_Energie
cooperaties-ambities-handelingsperspectief-interactie_1371_1.pdf 
GrEK (n.d.). Grunneger Power. 
Available at: https://grek.nl/cooperatie/grunneger-power/ (Accessed: 
19 September 2024) 
Grunneger Power (n.d.). Over ons.  
Available at: https://www.grunnegerpower.nl/over-ons/ (Accessed: 
18 September 2024) 
Grunneger Power (n.d.). Ja! Ik wil Groningse groene stroom.  
Available at: https://www.grunnegerpower.nl/energieklant-worden/ 
(Accessed: 19 September 2024) 
Grunneger Power (n.d.). Werken bij Grunneger Power.  
Available at: https://www.grunnegerpower.nl/werken-bij-grunneger-
power/ (Accessed: 19 September 2024) 
Grunneger Power (n.d.). Ledensessie groei: jouw ideeën over onze 
klanten- en ledenstrategie. Available at: 
https://www.grunnegerpower.nl/evenementen/ledensessie-groei/ 
(Accessed: 19 September 2024) 
Grunneger Power (n.d.). Zonnepark Meerdorpen is helemaal van 
bewoners. Available at: Zonnepark Meerdorpen is helemaal van 
bewoners (Accessed: 19 September 2024) 
Grunneger Power (n.d.). Actief meedoen op de energiemarkt via 
energiegemeenschappen. Available at: 
https://www.grunnegerpower.nl/projecten/actief-meedoen-op-de-
energiemarkt-via-energiegemeenschappen/ (Accessed: 19 
September 2024) 



  

 
 14 

CASE STUDY REPORT 
Coöperatieve Vereniging Grunneger Power U.A. 

Grunneger Power (n.d.). Selwerd-Zuid.  
Available at: https://www.grunnegerpower.nl/selwerd-zuid/ 
(Accessed: 19 September 2024) 
Klimaat-akkoord (n.d.). A citizen activist enterprise. Available at: 
https://www.klimaatakkoord.nl/serie-aanpakkers/aanpakker-
grunneger-power (Accessed: 19 September 2024) 
N.d. (n.d.). Zonnepark Grunneger Power Meerdorpen B.V. 
Informatiememorandum. Retrieved from: 
https://zonneparkmeerdorpen.nl/wp-
content/uploads/2021/05/Meerdorpen-IM-v2.pdf 
N.d. (2021). Belangrijkste informatie over de belegging 
Zoncertificaten Zonnepark Meerdorpen 
van Zonnepark Grunneger Power Meerdorpen B.V. Retrieved from: 
canva.com/design/DAGEpviLSrc/OoOLNA1i6hJiQfDi762gSA/edit 
N.d. (2021). Sccale 20 30 50. Descriptions pilot projects. Retrieved 
from: https://www.sccale203050.eu/wp-
content/uploads/2021/10/Descriptions-of-the-pilots-Deliverable-
3.1.pdf 
Sccale203050 (n.d.). Buurtwarmte, Netherlands. Available at: 
https://www.sccale203050.eu/project/buurtwarmte/ (Accessed : 19 
September 2024) 
Schwencke, A. M. (2019). Verkenning dienstverlening coöperatieve 
projecten. Retrieved from: 
https://www.hier.nu/uploads/hieropgewekt/inline/2019%20ASISEAR
CH%20VERKENNING%20CO%C3%96PERATIEVE%20DIENSTENBED
RIJVEN.pdf 
Sippens Groenewegen, Y. W. (2021). How to make citizens join 
�î���\�e�X���è�e�Ù���ô�Í�e���2���Ù�2�ô�e�•�:�X�'�\�æ�á�Ù���Ù�W�j�Í�+���e�Í�e���}�ô�Ù�\�e�j�î�…�Ù�:�2�Ù�è���e���•�ô�2�\�
�Ù�æ�Í�X�X���ô�X�\�Ù�e�:�Ù
join district heating networks and the potential strategies to overcome 
these barriers (Doctoral dissertation). 
Wierling et al. (2023). A Europe-wide inventory of citizen-led energy 
action with data from 29 countries and over 10000 initiatives. Sci Data 
10, 9. https://doi.org/10.1038/s41597-022-01902-5 (Supplement 
materials) 
Zonnepark Meerdorpen (n.d.).  Zonnepark Meerdorpen. Available at: 
https://zonneparkmeerdorpen.nl/  (Accessed: 19 September 2024) 

 

 
 

 



 

 

 

| Collective energy initiatives: towards a spatial perspective | 

 

202 | 

 

3.3.4 RESULTS  

3.3.4.1 Framing the spatial dimension within the complex nature of CEIs: a 
rereading of the spray diagrams to identify spatial dynamics 

The use of spray diagrams to analyse the spatial impacts of Collective Energy Initiatives (CEIs) has 
revealed two main aspects: (1) CEIs complex nature, and (2) �W�K�D�W���F�H�U�W�D�L�Q���H�O�H�P�H�Q�W�V���R�I���&�(�,�V�¶���L�Q�W�H�U�Q�D�O��
processes and practices are particularly characterised by a spatial dimension. While the four case 
studies of urban, place-based CEIs selected and analysed vary in scale and scope, all demonstrate 
the critical role of the spatial dimension in their development. 

The spatial dimension is most evident in the geographic span and scope of the initiatives, as well as 
in their membership processes. These processes can depend on the geographic scope of the 
initiative but may also be influenced by technological constraints. For example, membership in the 
Italian CEI Comunità Energetica e Solidale di Napoli Est requires connection to the same medium-
low voltage substation as the PV plant that serves the community. 

However, it is the activities developed by the initiatives that exhibit the strongest relationship with the 
spatial context in which the initiatives operate. For instance, among the fourteen activities undertaken 
by the Dutch CEI Coöperatieve Vereniging Grunneger Power U.A., nine have a distinct spatial 
dimension. These include PV installations on shared or private rooftops, which promote decentralised 
renewable energy generation. While these systems are punctual19 and dispersed across urbanised 
areas, solar parks enable more centralised renewable energy generation and present a broader 
geographic extent.  

The following sub-chapters build on these findings by exploring how specific internal processes of 
CEIs (such as membership mechanisms and energy activities) contribute to CEIs spatial impacts. 
This analysis is framed by the research sub-�T�X�H�V�W�L�R�Q�V���5�6�4�����³�:�K�D�W���D�U�H���W�K�H���V�S�D�W�L�D�O���L�P�S�D�F�W�V���R�I���&�(�,�V�"�´��
�D�Q�G���5�6�4�����³�+�R�Z���D�Q�G���Z�K�\���G�R���&�(�,�V���O�H�D�G���W�R���V�S�D�W�L�D�O���L�P�S�D�F�W�V�"�´�� 

3.3.4.2 What are the spatial impacts of CEIs? 

By promoting the diffusion of renewable energy systems, it is reasonable to assume that CEIs 
activities influence and reshape urban spaces. As CEIs evolve and expand, they interact with the 
�H�[�L�V�W�L�Q�J���X�U�E�D�Q���I�D�E�U�L�F�����S�R�W�H�Q�W�L�D�O�O�\���L�Q�I�O�X�H�Q�F�L�Q�J���X�U�E�D�Q���I�X�Q�F�W�L�R�Q�V�¶���S�D�W�W�H�U�Q�V�����L�Q�I�U�D�V�W�U�X�F�W�X�U�H���G�H�P�D�Q�G�V�����V�S�D�F�H��
quality, and community dynamics. Given the scarcity and competition for urban space, understanding 
the actual and potential spatial impacts of CEIs is crucial for effective urban planning. This hypothesis 
has driven the present scientific investigation. 

The analysis of four urban place-based CEIs case studies indicates that, at present, these types of 
CEIs have not yet generated significant spatial impacts. This is due to the definition of impacts. 

 
19 �7�K�H���W�H�U�P���³�S�X�Q�F�W�X�D�O�´���K�H�U�H���U�H�I�H�U�V���W�R���V�R�P�H�W�K�L�Q�J���W�K�D�W���L�V���O�R�F�D�O�L�V�H�G���D�Q�G���O�L�P�L�W�H�G���L�Q���V�S�D�F�H�� 
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Impacts are long-term alterations (Pace, 1979; Impact management platform, n.d.) and, given the 
current stage of development of the analysed CEIs, such impacts are not yet discernible. 

What can be clearly observed are the so-called spatial outcomes (Figure 14), which can be defined 
as the short- to medium-term effects resulting from the activities of CEIs, representing the changes 
or events triggered by their implementation (Pace, 1979; Impact management platform, n.d.). 
Whether the geographic span of the four urban place-based CEIs analysed is a neighbourhood or 
an entire city, the direct spatial outcomes detected are all located within the urbanised area and 
involve three main physical changes: (1) buildings energy retrofitting, (2) infrastructure development, 
and (3) land use and landcover changes.  

Buildings energy retrofitting results from activities such as insulation, the implementation of energy-
efficient and smart technologies, the replacement of outdated heating and cooling systems, and the 
installation of solar panels. Provided by three of the analysed CEI, the development of small-scale 
PV power plants is the most common one. This can result from two different activities: (1) supporting 
and guiding residents in improving the energy efficiency of their buildings, thereby assisting them in 
installing their own private PV power plants, or (2) developing a PV power plant collectively owned 
by members of the initiative.  

An example of the first type can be seen in both Dutch CEIs. Coöperatieve Vereniging Nieuwe 
Energie Oranjewijk U.A. assists residents of the Oranjewijk neighbourhood in collective purchasing 
and subsequent installation of PV panels on private rooftops, while the Coöperatieve Vereniging 
Grunneger Power U.A. supports not only individual households but also housing associations in 
installing solar panels on shared rooftops. 

As for the second type, buildings with urban functions dedicated to services are often prioritized. PV 
panels have been installed on public buildings (e.g., schools, sports centres, community centres, 
etc.) by CEIs led by local authorities, as exemplified by the Italian CEI Comunità Collinare del Friuli.  

Additionally, they have been installed on private buildings with educational and cultural functions, 
such as in the cases of the Italian CEI Comunità Energetica e Solidale di Napoli Est and the 
Coöperatieve Vereniging Grunneger Power U.A. The Dutch CEI Coöperatieve Vereniging Nieuwe 
Energie Oranjewijk U.A. is currently working on installing PV panels on the roof of a public garage.  

In both cases, spatial changes are limited to rooftops, with installations co-located with other urban 
functions.  

The development of technological infrastructures is the result of two different activities of the Dutch 
CEIs. While the CEI Coöperatieve Vereniging Nieuwe Energie Oranjewijk U.A. independently 
installed a dual charging station for an electric shared vehicle, the CEI Coöperatieve Vereniging 
Grunneger Power U.A. is supporting the development of a district heating network by informing, 
engaging, and assisting residents in joining the network, a project strongly advocated by the 
Municipality of Groningen. 

  



 

 

 

| Collective energy initiatives: towards a spatial perspective | 

 

204 | 

 

 

 

  

Figure 14 | General spatial impact pathway based on the analysis of four urban place-�E�D�V�H�G���&�(�,�V�����6�R�X�U�F�H�����D�X�W�K�R�U�·�V��
own elaboration. 
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Land use and land cover changes result from the development of large-scale, locally owned ground-
mounted PV power plants, observed exclusively among the activities of the Dutch CEI Coöperatieve 
Vereniging Grunneger Power U.A. Two such power plants are currently operational, both located on 
the fringes of the urbanised area of the Municipality of Groningen, near industrial areas. One was 
developed on available land within an existing solar field, which is still classified as agricultural 
according to Corine Land Cover, for which the Municipality of Groningen has secured surface rights. 
The second power plant was developed on a vacant industrial land cover by pastures for over five 
years (according to Corine Land Cover). The Dutch CEI Coöperatieve Vereniging Nieuwe Energie 
Oranjewijk U.A. is planning the development of a wind power plant on industrial land, at the fringes 
of the urbanised area, owned by the Municipality of Leeuwarden, where three other wind power 
plants are already located, and additional land is available for a fourth. 

It is therefore evident that, although highly dependent on the specific activities each CEI undertakes, 
the spatial outcomes generated by the case studies can generally be characterized as small-scale, 
localized, and dispersed. Contrary to widespread belief that CEIs might generate significant 
unmanaged spatial impacts, these initiatives appear to support spatial justice while driving urban 
energy transition. Unlike urban regeneration processes, which aim to revitalize deteriorated, 
vulnerable, or marginalized areas but often result in the displacement of long-term residents and 
profound changes in social capital that disrupt existing social infrastructure, thus spurring 
gentrification processes, the interventions carried out by place-based CEIs focus on supporting 
property owners in making energy efficiency decisions (as seen in the Dutch case studies). In some 
cases, they even involve property owners offering their spaces for the development of shared 
installations for the benefit of the community, serving as virtuous examples of mutual support within 
a community. 

An example is the Italian CEI Comunità Energetica e Solidale di Napoli Est, where one of the 
promoting associations made its rooftop available for the installation of a collective photovoltaic plant. 
The savings on energy bills benefit 19 families experiencing energy poverty and, along with the social 
support generated by the project, could potentially lead to further retrofitting interventions, either by 
individual families or collectively. 

Another example is the Dutch CEI Coöperatieve Vereniging Grunneger Power U.A., which installed 
a collective photovoltaic plant on the rooftop of a social organization rooted in a neighbourhood. This 
�R�U�J�D�Q�L�]�D�W�L�R�Q���P�D�G�H���W�K�H���U�R�R�I�W�R�S���D�Y�D�L�O�D�E�O�H���W�R���V�X�S�S�R�U�W���W�K�H���F�R�P�P�X�Q�L�W�\�¶�V���V�X�V�W�D�L�Q�D�E�O�H���G�H�Y�H�O�R�S�P�H�Q�W�����8�Q�O�L�N�H��
the Italian case, which was financially supported by a large donation from a local association, 
residents of the neighbourhood must purchase solar panels from the solar roof and then receive 
compensation for the energy generated through their energy bills. Although the processes involved 
differ, both activities exemplify mutual support within a community, fostering its development.  

In this way, while their spatial outcomes may be limited in scale, place-based CEIs gradually enhance 
urban areas. As primarily driven by residents, thus spurred by a common interest for the place in 
which they live, these CEIs can accompany - and indeed, are already accompanying - cities in the 
energy transition process. It is the careful attention with which these initiatives engage citizens, 
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support their decision-making, and guide them that makes them a valuable and powerful tool to 
support an energy transition that is both spatially and socially just and equitable.  

It is evident that CEIs spatial outcomes depend on the activities they undertake. For this, not all CEIs 
directly generate spatial outcomes. Some CEIs may just focus on informing and educating the local 
community on energy-related topics through energy cafés or informational events, or by engaging 
the public in municipal plans for developing district heating systems. In the Dutch CEIs studied, these 
activities represent just a portion of the range of projects they developed. However, these are 
activities that CEIs in the early stages of development can undertake and potentially specialize in 
over time. For instance, the Dutch CEI Coöperatieve Vereniging Nieuwe Energie Oranjewijk U.A. 
began with energy cafés. 

3.3.4.3 How and why do CEIs lead to spatial outcomes? 

But why and how are these spatial outcomes generated? In other words, what does influence and 
lead to the spatial outcomes, what do the development of the activities (and the choice of the 
activities) depend on?  

At first glance, it can be observed that the spatial outcomes of the urban place-based CEIs analysed 
are closely linked to their size (in terms of membership) and, consequently, the number and types of 
activities they undertake (Figure 15). Larger CEIs tend to engage in a greater variety of activities, 
resulting in broader spatial impacts, such as land use and land cover changes. Naturally, 
membership growth requires time, making the temporal factor significant. It is no coincidence that 
the Dutch CEI Coöperatieve Vereniging Grunneger Power U.A., the largest in terms of membership, 
activities, and spatial outcomes, is also the oldest. Nevertheless, the reality is more nuanced and 
complex and requires taking into account further aspects. 

How are spatial outcomes generated? How to develop the activities? 

Such research question may also be interpreted as: what strategies are essential for the development 
of activities leading to spatial outcomes? 

A common ground detected in all the analysed case studies is that, whether they are led by local 
authorities (Italian CEI Comunità Collinare del Friuli), local organizations (the Italian CEI Comunità 
Energetica e Solidale di Napoli Est), or residents (Dutch CEIs Coöperatieve Vereniging Grunneger 
Power U.A. and Coöperatieve Vereniging Nieuwe Energie Oranjewijk U.A.), they all started with a 
group of volunteers willing to make a change. 
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Nevertheless, besides all the volunteers there can be within a community and all the supporting 
�Q�H�W�Z�R�U�N���R�I���O�R�F�D�O���D�Q�G���Q�D�W�L�R�Q�D�O���X�P�E�U�H�O�O�D���R�U�J�D�Q�L�]�D�W�L�R�Q�V�����W�K�H�U�H�¶�V���W�K�H���Q�H�H�G���I�R�U���H�[�S�H�U�W�L�V�H���W�R���G�H�Y�H�O�R�S���W�K�H��
activities. Expertise may mean hired staff as well as specialized external consultant, the finding of 
which is not considered a barrier by neither Italian nor Dutch initiatives (Italian CEI Comunità Collinare 
del Friuli, Dutch CEI Coöperatieve Vereniging Nieuwe Energie Oranjewijk U.A.).  

The main barrier detected for the development of the single activities and, thus, the initiatives 
themselves, is the availability of financial resources. As stated by the interviewee of the Dutch CEI 
Coöperatieve Vereniging Nieuwe Energie Oranjewijk U.A.:  

���µ�>�������@���7�K�D�W�¶�V���P�R�Q�H�\�����$�Q�G���I�R�U���D���S�U�R�M�H�F�W���O�L�N�H���W�K�L�V�����\�R�X���F�D�Q�¶�W���G�R���L�W���Z�L�W�K�R�X�W���P�R�Q�H�\���� 
�<�R�X���V�H�H���W�K�D�W���I�U�R�P���G�D�\���R�Q�H���>�«�@���\�R�X���Q�H�H�G���H�[�S�H�U�W�L�V�H���W�R���P�D�N�H���W�K�L�Q�J�V���K�D�S�S�H�Q���� 

But expertise costs money. So regardless of your network, regardless of your motivation, without 
�P�R�Q�H�\�����Q�R�W�K�L�Q�J���K�D�S�S�H�Q�V���¶�� 

At the very early stages of development, financial resources can come from internal resources as is 
the case of the Italian top-down CEI Comunità Collinare del Friuli, or crowdfunding, as the Dutch CEI 
Coöperatieve Vereniging Grunneger Power U.A. for the realization of its solar fields. Donations are 

 

 

Figure 15 �_���/�L�Q�N�L�Q�J���W�K�H���G�L�P�H�Q�V�L�R�Q���R�I���&�(�,�V���W�R���W�K�H���V�S�D�W�L�D�O���R�X�W�F�R�P�H�V���W�K�H�\���J�H�Q�H�U�D�W�H�����6�R�X�U�F�H�����D�X�W�K�R�U�·�V���R�Z�Q���H�O�D�E�R�U�D�W�L�R�Q�� 
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another way to support CEIs activities, as is the case of the Italian CEI Comunità Energetica e 
Solidale di Napoli Est, which was donated money from the very beginning by one of the promoting 
local associations. Such kind of initiatives, which are mainly non-profit, need strong financial support 
to flourish.  

Nevertheless, there can be many constraints to the obtainment of the financial support needed to 
develop specific activities. The initiative number of members can be one, as exemplified by the Dutch 
CEI Coöperatieve Vereniging Nieuwe Energie Oranjewijk U.A. The initiative is planning the 
development of a wind power plant to locally produce renewable energy on an industrial land owned 
by the Municipality of Leeuwarden. However, to access national subsidies for wind farm development 
(Subsidy Scheme for Cooperative Energy Generation, SCE), energy cooperatives must have a 
sufficient number of members (one participating member per 2 kW of power of wind energy 
installation). The initiative currently has 178 members, which falls short of the required threshold, and 
for this reason it is endeavouring to establish an umbrella organization encompassing all energy 
initiatives in Leeuwarden.  

Another barrier to funds access is the legal form. The Dutch CEI Coöperatieve Vereniging Nieuwe 
Energie Oranjewijk U.A., despite willing to collaborate with the Municipality of Leeuwarden in 
developing the strategy for a natural gas-free neighbourhood, its support was rejected as it was not 
organized. Just after the cooperative was created, the municipality started financially supporting it to 
help them better organize and buy advice by a big consultancy firm specialized on the subject of gas-
free neighbourhoods.  

Detected within three case studies, institutional support represents a paramount element to 
sustaining the development of these CEIs, the extended duration of the energy transition 
necessitates it. Without such support, as evidenced in the case of Dutch bottom-up CEI Coöperatieve 
Vereniging Nieuwe Energie Oranjewijk U.A., initial momentum and enthusiasm can dissipate among 
volunteers; just when the municipality provided funding and a collaborative approach, the initiative 
regained traction. The Dutch bottom-up CEI Coöperatieve Vereniging Grunneger Power U.A. is now 
one of the biggest energy cooperatives in the Netherlands also thanks to the continuous financial 
contribution of the Municipality of Groningen, with which it develops energy projects: the first financial 
�L�Q�Y�H�V�W�P�H�Q�W���R�I�� �������� �������� �¼�� �Z�D�V���S�U�H-financed (loan) by the Municipality itself. Institutional support at 
different scales is also important. The Italian CEI Comunità Collinare del Friuli is promoted by a local 
authority, however, to develop the pilot project in San Daniele del Friuli regional funds were essential.  

As the interviewee of the Dutch initiative Coöperatieve Vereniging Nieuwe Energie Oranjewijk U.A. 
stated:  

�³�>�«�@���$�Q�G���W�K�D�W���L�V���D�O�V�R���D���E�L�J���Z�D�U�Q�L�Q�J���I�R�U���W�K�H���I�X�W�X�U�H���W�K�D�W���L�I���\�R�X���D�U�H���Q�R�W���Z�L�O�O�L�Q�J���W�R���H�[�S�H�U�L�P�H�Q�W���Z�L�W�K��
obviously costly ideas, then we won't come any further. So, if we, with all these right-wing parties in 

Europe, if we go back to a future where everything has to be profitable, that's going to be very 
dangerous for the energy transition. You must have a government who's willing to experiment. You 
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must have organizations who are willing to invest with the expectation that not everything will 
�V�X�F�F�H�H�G���´ 

In some cases, financial resources can also come from profits from ongoing activities. Profit-making 
activities such as renewable energy production, may enable CEIs to initiate new projects, with the 
scale and scope of these projects influenced by the CEI's governance structure (top-down or bottom-
up). The following quotes from representatives of a top-down and a bottom-up CEI illustrate two 
divergent approaches that might influence in different ways the spatial impacts of the CEIs within the 
urban environment: 

�³�>�«�@���S�U�R�I�L�W�V���I�U�R�P���U�H�Q�H�Z�D�E�O�H���H�Q�H�U�J�\���S�O�D�Q�W�V���E�X�L�O�W���E�\���&�(�,�V�����L�I���X�V�H�G���Z�L�W�K���D���3�X�E�O�L�F���$�G�P�L�Q�L�V�W�U�D�W�L�R�Q��
�D�S�S�U�R�D�F�K�����F�D�Q���E�H���X�V�H�G���W�R���F�U�H�D�W�H���I�R�U���L�Q�V�W�D�Q�F�H���F�\�F�O�L�Q�J���S�D�W�K�V���>�«�@�´ 

(CEI Comunità Collinare del Friuli, Italian top-down CEI) 
 
 

�³�,�I���W�K�H�U�H���D�U�H���S�U�R�I�L�W�V���I�R�U���W�K�H���V�L�Q�J�O�H���F�R�P�S�D�Q�L�H�V���S�U�R�M�H�F�W�V�����W�K�H���S�U�R�I�L�W���I�O�R�Z�V���E�D�F�N���W�R���1�(�2�����Z�K�L�F�K���K�D�V���W�K�H��
money to start a new project for sustainable electricity production or energy production for people 

�O�L�Y�L�Q�J���L�Q���W�K�H���Q�H�L�J�K�E�R�X�U�K�R�R�G���´ 
(Coöperatieve Vereniging Nieuwe Energie Oranjewijk U.A., Dutch bottom-up CEI) 

Revenues from renewable energy projects may therefore be reinvested into territorial projects, if 
used with a public administration approach such as infrastructure improvements, or into new projects 
�Z�L�W�K�L�Q���W�K�H���&�(�,�¶�V���J�H�R�J�U�D�S�K�L�F���V�F�R�S�H����However, some initiatives might also prioritize returning profits to 
their members. The PV plant installed on the rooftop of the local association by the Italian CEI 
Comunità Energetica e Solidale di Napoli Est, for instance, generates profits through the injection of 
the produced electricity into the national electricity grid and the incentives from the Italian energy 
services manager (GSE) for electricity sharing. Profits are then distributed among the members of 
the initiative.  

Why are spatial outcomes generated? Why developing specific activities? 

The ambitions of a CEI must be considered when evaluating its spatial impacts, as these ambitions 
influence the selection of activities. For instance, ambitions like local renewable energy production, 
reducing fossil fuel dependency, promoting local ownership of energy facilities, or creating new 
territorial assets often lead to the establishment of renewable energy plants. These installations, 
whether rooftop or ground-mounted, may vary in scale�² decentralised and small-scale, or centralised 
and extensive. In contrast, activities like buildings energy efficiency improvement or raising 
awareness about energy issues tend to have more modest spatial outcomes. In general, the resulting 
outcomes represent the geographic span of the initiatives, which can be described as the geographic 
reach of the CEI's activities. 

If ambitions focus on local renewable energy production, the selection of activities hinges on the 
availability of natural resources and technology, the latter being closely tied to financial accessibility, 
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as discussed in the previous sub-chapter. When resources and technology align, the next phase is 
securing a site for the power plant, which is not always a straightforward step.  

For example, whereas the Italian CEI Comunità Energetica e Solidale di Napoli Est succeeded due 
to a promoter association owning a suitable building, the Dutch initiative Coöperatieve Vereniging 
Nieuwe Energie Oranjewijk U.A. faced setbacks due to cooperation issues with a local association 
managing the public garage on which rooftop  the initiative is planning to install the PV plant, leaving 
the project stalled despite having received the surface right from the Municipality of Leeuwarden. 

However, it is noteworthy the fact that the Italian CEI Comunità Energetica e Solidale di Napoli Est, 
despite being able to install the PV plant, geographic scope and span were constained by technical 
and legislative factors that limited the number of residents the CEI could serve. 

Due to barriers in the implementation of certain activities, whether arising from internal or external 
factors, the ambitions of CEIs may evolve over time, leading to shifts in focus from one activity to 
another. For instance, during its active involvement in the development of the local free-gas 
neighbourhood national program, the Dutch CEI Coöperatieve Vereniging Nieuwe Energie 
Oranjewijk U.A. applied for funding to develop an aqua thermal energy system for heating homes in 
the targeted neighbourhood. However, the project was deemed too costly and thus was not funded. 
Consequently, the initiative temporarily set aside its ambition to generate renewable energy, instead 
prioritising energy efficiency through the establishment of a local energy office to inform and support 
residents with house renovation projects. 

Besides the spatial outcomes related to the type of activities developed, ambitions themselves have 
an intrinsic spatial dimension that the present study calls geographic scope and that represents the 
desired area of impact where a CEI ultimately aims to see its ambitions realized. 

The geographical span and geographical scope of a CEI are complementary, non-mutually exclusive 
dimensions that, analysed together, can provide valuable insights into the spatial implications of an 
initiative.  

If an urban place-based CEI is focused solely on developing the neighbourhood where it is located, 
its spatial outcomes will likely be limited to that area, as seen with the Italian CEI Comunità Energetica 
e Solidale Napoli Est. In contrast, if an urban place-based CEI aims to scale its activities, its outcomes 
will also naturally expand. In fact, although CEIs may start locally with pilot projects, they can possess 
strong territorial ambitions. It is the case of the Italian CEI Comunità Collinare del Friuli, whose 
ambition from the outset has been to promote a territorial energy community (geographic scope), 
however its initial operations were limited to the municipality of San Daniele as a pilot project 
(geographic span). Just thanks to the influx of new financial resources, the CEI was afterwards able 
to expand into nearby municipalities, thus broadening its geographic span.  

A similar process is evident in the Dutch CEI Coöperatieve Vereniging Nieuwe Energie Oranjewijk 
U.A., which began by experimenting with the "Energie Loket" project in a single neighbourhood within 
the Municipality of Leeuwarden. Over time its geographic scope widened, aiming to replicate the 
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project in different urban realities. The initiative is now working on the definition robust business 
model to develop the idea. 

The analysis ultimately suggests that whether a CEI develops a specific activity and generates spatial 
outcomes largely depends on the range of accessible options. I�W�¶�V���D�O�O���D���P�D�W�W�H�U���R�I���D�Y�D�L�O�D�E�O�H���F�K�R�L�F�H�V����
When an initiative is led by residents volunteering to advance energy transition within their 
neighbourhood, but they lack sufficient financial resources, expertise, time, or enthusiasm, the 
resulting activities are necessarily limited, as happened with the Dutch CEI Coöperatieve Vereniging 
Nieuwe Energie Oranjewijk U.A. which in its early stages organised informational cafés. 
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3.3.5 KEY TAKEAWAYS 

Given the current lack of studies investigating the spatial impacts of Community Energy Initiatives 
(CEIs), the analysis of the presented case studies becomes even more critical. Several key issues 
identified within the examined CEIs hold significant potential not only for shaping future research on 
the spatial dimensions of CEIs but also for supporting planners in engaging productively with them. 
The insights presented in the following paragraphs therefore provide a non-exhaustive summary of 
considerations to inform future research and practice. 

 

�ƒ CEIs SPATIAL OUTCOMES ARE LIMITED IN SCALE  

Three main spatial outcomes have been identified: building retrofitting, the 
development of technological infrastructures, and changes in land use and land 
cover. However, as urban place-based CEIs often prioritise small-scale, community-
focused projects that emphasise citizen engagement and promote local benefits 
within confined geographic areas, their outcomes are inherently localised and limited 
in scale. 
 

�ƒ CEIs CAN GRADUALLY ENHANCE URBAN SYSTEMS 

Urban place-based CEIs can gradually enhance urban areas in several ways:  

1. By guiding and supporting residents in installing photovoltaic (PV) panels or 
adopting other energy-efficient technologies, CEIs contribute to enhancing the 
energy efficiency of urban buildings, thereby reducing �K�R�X�V�H�K�R�O�G�V�¶ energy 
consumption. This is exemplified by three out of four case studies examined.  

2. By investing in renewable energy infrastructures, such as PV panels on urban 
buildings, solar fields, or supporting the shift to gas-free heating systems, CEIs 
help reduce the dependency of urban energy infrastructure on fossil fuels. This 
is demonstrated by all four case studies analysed. 

3. By investing in activities such as electric cars charging stations, CEIs contribute 
to improving the sustainability of the urban mobility infrastructure, as exemplified 
by the Dutch CEI Coöperatieve Vereniging Nieuwe Energie Oranjewijk U.A. 

4. By fostering a sense of community and shared responsibility for energy 
solutions���� �&�(�,�V�¶ localised engagement encourages social cohesion, enhance 
citizens awareness on sustainable energy practices and beyond, and empowers 
them to take part in urban improvements, driven by a common interest for the 
place in which they live. Through cooperative ownership of energy projects, 
CEIs create shared benefits that resonate at the community level, as evidenced 
by all four case studies analysed. 
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�ƒ CEIs CAN AVOID GENTRIFICATION PROCESSES 

Urban place-based CEIs have the potential to avoid gentrification due to their 
structure, goals, and community-oriented focus.  

1. Unlike commercial redevelopment projects, CEIs are rooted in local contexts 
and reflect the needs and values of the existing community. Their emphasis on 
fostering community involvement and preserving local culture helps maintain the 
social fabric, deterring the influx of external investors or developers that might 
realize projects driving up property values and living costs, potentially displacing 
long-term residents and causing cultural and demographic shifts. 

2. By focusing on collective ownership and locally generated energy, CEIs reduce 
energy costs for residents. Lower energy bills improve affordability without 
increasing property values or rents, thereby mitigating one of the economic 
pressures associated with gentrification. 

3. By guiding residents in adopting affordable renewable energy solutions and 
tackling energy poverty, CEIs help reduce economic inequality within 
communities, helping to stabilise local populations and deter displacement 
pressures. 
 

�ƒ �,�7�·�6���$�/�/���$���0�$�7�7�(�5���2�)���$�9�$�,�/�$�%�/�(���&�+�2�,�&�(�6 

Whether an urban place-based CEI undertakes a specific activity and produces 
spatial outcomes largely depends on the range of accessible options, be they 
financial, technological, locational, or related to institutional support and expertise. 
Ultimately, it is a matter of the available choices. 

 

For all the above-mentioned reasons, urban place-based CEIs are strategic stakeholders that must 
be engaged in the definition and implementation of urban plans. Moreover, they are strategic drivers 
building the foundations for a wider urban energy transition that is both spatially and socially just and 
equitable. 
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            PART 4 

Final considerations 
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�ƒ Chapters 4.1 and 4.2 contain parts of the following publication: 

�)�U�L�J�L�R�Q�H�����%�����0�������3�H�]�]�D�J�Q�R���0�������D�Q�G���=�X�L�G�H�P�D���&�������$���&�R�Q�F�H�S�W�X�D�O���)�U�D�P�H�Z�R�U�N���W�R���$�G�G�U�H�V�V���&�R�O�O�H�F�W�L�Y�H���(�Q�H�U�J�\���,�Q�L�W�L�D�W�L�Y�H�V�¶���6�S�D�W�L�D�O���,�P�S�D�F�Ws at 
the City Level: An Ongoing Attempt. In Gervasi et al. (edited by), Computational Science and Its Applications �± ICCSA 2024 
Workshops, Hanoi, Vietnam, July 1�±4, 2024, Proceedings, Part IV, Lecture Notes in Computer Science, Springer Cham. 
https://doi.org/10.1007/978-3-031-65273-8 

�ƒ Chapter 4.4 contains parts of the following publication:  

�)�U�L�J�L�R�Q�H���� �%���� �0���� ���������������� �&�R�O�O�H�F�W�L�Y�H�� �H�Q�H�U�J�\�� �L�Q�L�W�L�D�W�L�Y�H�V���� �%�O�R�R�P�L�Q�J�� �W�R�J�H�W�K�H�U���� �R�Q�H�� �F�R�P�P�X�Q�L�W�\�� �D�W�� �D�� �W�L�P�H���� �,�Q�� �$���� �7�R�P�L�þ�L�ü���� �.���� �%�D�O�F�D�U�H�� J. 
�%�O�D�ã�N�R�Y�L�ü�����$�����'�D�U�Z�L�V�K�����%�����0�����)�U�L�J�L�R�Q�H�����6�����*�|�]�•�N�D�Q�����0�����0�����0�H�D�ã�L�ü�����â�����2�U�O�R�Y�L�ü�����&�����3�D�Y�O�D�N�L�V�����*�����6�R�Q�H�W�W�L�����'�����â�N�R�O�M�D�U�H�Y�����7�����%�U�R�]����V. Caruana, 
M. Gorbatiuc, T. Kacarov, M. Kulaber, P. Mrljak, P. Zdravevski, M. F. Rollo, & G. Despodov (Eds.), Interactive visions: Climate justice 
in the digital age. An interactive collection on climate justice (pp. 1�±10). Zenodo. https://doi.org/10.5281/zenodo.14013897 
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4.1 Introduction 

This part synthetises the main findings and contributions of the research. It is structured as follows. 
Firstly, it briefly outlines the context of the research, restating the research questions. Then, it 
presents the key findings, elaborating related theoretical, methodological, and practical contributions. 
Finally, it provides policy recommendations, as well as reflections on research limitations and 
suggestions for further studies. 

4.2 Framing CEIs in the urban energy transition 

Energy underpins human development, supporting transport, industry, commerce, infrastructure, 
water distribution, and food production. As hubs of these activities, cities major energy consumers, 
despite occupying only 2�±3% �R�I���W�K�H���(�D�U�W�K�¶�V��surface (UN-Habitat, 2011; Dangel, 2019; UNCCD, 2020, 
Columbia University's Earth Institute, n.d). They account for 67�±76% of global energy use and 71�±
76% of CO�• emissions from energy, making them critical actors in addressing climate change (IPCC, 
2022).  

To mitigate these emissions, a comprehensive energy transition is imperative�² one that extends 
beyond technological and fuel substitutions to reshape cultural paradigms, financing structures, and 
actor roles within the energy system. Cities, traditionally viewed as endpoints of energy systems, are 
increasingly recognised as central to this transition. Urban plans and policy mechanisms, such as 
SECAPs and Climate City Contracts, aim to regulate processes influencing energy demand and 
emissions. However, urban transitions also generally depend on phenomena beyond formal planning 
practices (intended as planning by public authorities) (Moroni, Rauws, & Cozzolino, 2020) such as 
collective actions. 

Collective Energy Initiatives (CEIs), defined by this study as all collective initiatives of energy 
prosumers and conscious energy consumers, are emerging as transformative agents of the urban 
energy transition. These initiatives, encompassing forms such as energy communities, 
neighbourhood energy systems, and collective prosumer projects, represent a growing movement in 
Europe, with over 10,000 citizen-led initiatives identified across 29 countries (Wierling et al., 2023). 
CEIs promote decentralised renewable energy production, resource mobilisation, and tailored 
governance structures, catalysing societal shifts toward electrified and sustainable energy models 
(Hewitt et al., 2019; Hoicka & MacArthur, 2018; Berka & Creamer, 2018). 

Nevertheless, renewable energy technologies require spatially intensive infrastructures, often 
leading to competition for land use and potential urban conflicts (Capellán-Pérez, de Castro, & Arto, 
2017; Gross, 2020; Jiwon et al., 2022; van de Ven, Capellan-Pérez, Arto, et al., 2021), suggesting 
�W�K�D�W���&�(�,�V�¶���D�F�W�L�Y�L�W�L�H�V���P�D�\���K�D�Y�H���V�S�D�W�L�D�O���U�H�S�H�U�F�X�V�V�L�R�Q�V���L�Q���R�X�U��cities, although it's likely that the impacts 
vary depending on the specific type of initiative. 
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This research therefore addressed the exploration of CEIs spatial dynamics through the lens of 
�U�H�V�H�D�U�F�K�� �T�X�H�V�W�L�R�Q�� �³How do CEIs, upholding decentralized renewable energy generation, impact 
cities spatially?�´�����Z�K�L�F�K���Z�D�V���X�O�W�L�P�D�W�H�O�\���W�U�D�Q�V�O�D�W�H�G���L�Q�W�R���W�Z�R���P�R�U�H���V�S�H�F�L�I�L�F���V�X�E-questions: 

1. What are the spatial impacts of CEIs? (RSQ1) 
2. How and why do CEIs lead to spatial impacts? (RSQ2) 

Understanding the spatial impacts of CEIs is crucial for addressing urban spatial challenges in the 
energy transition. By analysing their spatial impacts and underlying causes, this study offers: (1) new 
conceptual frameworks and methodologies for researchers, broadening the academic discourse and 
advancing research in the field; (2) insights for urban planners to harness the potential of CEIs in the 
implementation of urban and energy plans; (3) knowledge for policymakers to support the 
development of CEIs through targeted policies; and (4) real examples for practitioners, such as CEI 
promoters, that could serve as guides and inspiration for the further development of their initiatives. 
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4.3 Key findings and contributions 

4.3.1 THE INTEGRATIVE LITERATURE REVIEW AND THE INTEGRATED 

CONCEPTUAL FRAMEWORK  

The literature review on the state of the art of �&�R�O�O�H�F�W�L�Y�H���(�Q�H�U�J�\���,�Q�L�W�L�D�W�L�Y�H�V�¶����CEIs) spatial impacts and 
spatial dimension (Chapter 3.1) revealed that so far scholarly interest in the overall impacts of CEIs 
has been limited, confirming results by Germes, Wiekens, & Horlings (2021), with spatial impacts 
and spatial dimension being particularly neglected. The resulting lack of information and methods to 
explore these aspects translates into a knowledge (theoretical and practical) and a methodological 
gap which hinder research progress, constraining academic discourse and practical applications. 

The review also highlighted that existing publications tend to delve into sectoral analysis and focus 
on specific configurations of CEIs. It is evident in the work by Oteman, Kooij, & Wiering (2017) who 
examined the development of Dutch grassroot energy initiatives and their local and national network 
connections; or Ison (2010), who analysed the governance of community projects within the UK 
Community Carbon Network. However, this focus on individual sectors can hinder a broader 
understanding of CEIs as a whole.  

To address these deficiencies, the scope of the review was widened to include additional dimensions 
(e.g. CEIs ambitions, actors, decision-making processes, etc.) that could provide a broader 
knowledge of CEIs internal and external dynamics, facilitating deeper understanding of the context 
in which the spatial impacts manifest. Moreover, an integrative review approach was employed 
considering publications developed by different disciplines, spanning research areas from energy, 
engineering, mathematics, business, management and accounting, to social, environmental, 
computer, and decision sciences, and approaching different types of CEIs. By analysing scientific 
literature on PEDs (Leone et al., 2023), energy cooperatives (Heras-Saizarbitoria, Sáez, Allur, & 
Morandeira, 2018; Ahlemeyer, Griese, Wawer & Siebenhüner, 2022), the so-called local energy 
initiatives (Germes, Wiekens, & Horlings, 2021; Van der Weele, 2022; Deppe, 2022), energy 
communities (Hanke & Guyet, 2023; Candelise & Ruggieri, 2020), community energy projects (Ison, 
2010; Radtke, 2014) among others, and by distilling and categorizing the information gathered, the 
literature review integrated diverse lenses and disciplines and �³�F�R�Q�Q�H�F�Wed �W�K�H���G�R�W�V�´, capturing the 
interrelations among the various aspects that characterize and affect them.  

The resulting integrated conceptual framework (Figure 10) depicts �W�K�H�� �F�R�P�S�O�H�[�� �Q�D�W�X�U�H�� �R�I�� �&�(�,�V�¶��
(which are intricately shaped by a multitude of both internal and external factors), emphasizing the 
importance of a nuanced understanding to effectively address the spatial impacts that they have at 
the city level. 

The integrative literature review also enabled gathering approached and methods to study the spatial 
impacts of CEIs from a wide range of disciplines and practices, spanning from methods applied in 
the Strategic Environmental Assessment (SEA) of plans and programmes (P/P), to the use of tools 
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like Geographic Information System (GIS) software, leading to the identification of key approaches, 
methods, and tools ���D�G�G�U�H�V�V�H�G�� �D�V�� �³k�H�\�� �W�D�N�H�D�Z�D�\�V�´����holding with significant potential for shaping 
future research methods. 

The contribution of this part of the study is therefore mainly theoretical and is threefold. 

First, by critiquing the sector-specific focus of existing research and overcoming it, the integrative 
review offers a more comprehensive understanding of CEIs as multifaceted phenomena. This 
transdisciplinary approach enriches theoretical discussions by synthesising diverse perspectives, 
revealing interrelations among CEI characteristics, and situating them within broader socio-spatial 
contexts.  

Secondly, by addressing the knowledge gap �L�Q���W�K�H���D�Q�D�O�\�V�L�V���R�I���&�(�,�V�¶���V�S�D�W�L�D�O���L�P�S�D�F�W�V���D�Q�G���G�L�P�H�Q�V�L�R�Q�V����
the study nourishes the academic discourse with new perspectives. Categorising and synthesising 
analyses and aspects fragmented across various CEIs, the study draws an integrated conceptual 
framework (Figure 10) providing �D���K�R�O�L�V�W�L�F���G�H�S�L�F�W�L�R�Q���R�I���&�(�,�V�¶��processes and highlighting the intricate 
interplay of internal and external factors and their influence on CEIs spatial impacts. Facilitating the 
visualis�D�W�L�R�Q���R�I���W�K�H���P�X�O�W�L�S�O�H���G�L�P�H�Q�V�L�R�Q�V���L�Q�Y�R�O�Y�H�G���L�Q���&�(�,�V�¶���G�H�Y�H�O�R�S�P�H�Q�W���D�Q�G���W�K�H�L�U���L�Q�W�H�U�F�R�Q�Q�H�F�W�H�G�Q�H�V�V����
this conceptual framework ultimately serves as a new lens for better understanding how CEIs 
influence urban spaces, thus contributing to the literature on spatial dimensions and impacts of CEIs. 

Thirdly, by addressing the methodological gap �L�Q�� �W�K�H�� �D�Q�D�O�\�V�L�V�� �R�I�� �&�(�,�V�¶�� �V�S�D�W�L�D�O�� �L�P�S�D�F�W�V�� �D�Q�G��
dimensions, the study collects and bridges previously fragmented approaches, methods, and tools 
employed by various disciplines to approach the analysis of CEIs and the impacts (spatial and not) 
analysis to offer a vast fan of insights ���³k�H�\���W�D�N�H�D�Z�D�\�V�´����that may inform the development of new 
methodologies for studying CEIs' spatial impacts and dimensions. 

Nevertheless, practitioners and urban planners can already benefit from the integrated conceptual 
framework to gain a �³�E�L�U�G�¶�V���H�\�H���Y�L�H�Z�´���R�Q��a hot topic in the urban energy transition scenario.  

4.3.2 A METHODOLOGY TO STUDY THE SPATIAL IMPACTS OF CEIS 

In the absence of previous methodologies to address Collective Energy Initiatives (CEIs) spatial 
impacts and dimensions, b�D�V�H�G�� �R�Q�� �W�K�H�� �³k�H�\�� �W�D�N�H�D�Z�D�\�V�´�� �S�U�H�V�H�Q�W�H�G��in Chapter 3.1, Chapter 3.2 
selected and combined existing approaches, methods, and tool to define a new one. Building the 
methodology, particular consideration was given to the general lack of data (especially quantitative 
one) about CEIs, a gap that previous research had highlighted (Germes, Wiekens, & Horlings, 2021).  

To address the methodological gap through the lens of the research sub-�T�X�H�V�W�L�R�Q�V���³What are the 
spatial impacts of CEIs?� ́(RSQ1) �D�Q�G���³How and why do CEIs lead to spatial impacts?� ́(RSQ2), the 
methodology prioritised the analysis of CEIs internal processes, exploring how and why they lead to 
the generation of spatial impacts, and what are the spatial impacts generated. Spatial impacts have 
been therefore understood as physical changes generated by the activities developed by CEIs. 
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An exploratory, mixed-method, multiple-case study research design was thus defined.  

The exploratory approach was chosen as it is well-suited for developing foundational knowledge to 
support further inquiry.  

A mixed-method approach was employed to respond to calls for methodologies that investigate CEI�V�¶ 
impacts using more robust quantitative approaches (Walker, Hunter, Devine-Wright, Evans, & Fay, 
2007; UK Government. (2013); Bere, Jones, & Jones, 2015; Berka & Creamer, 2018; Hoicka & 
MacArthur, 2018; van der Waaal, 2020; Roberts, Brent, & Hinkley, 2021; Bielig et al., 2022; Germes, 
Wiekens, & Horlings, 2021; Backe et al., 2022; Schwanitz et al., 2023). To this end, quantitative 
indicators were developed to describe key dimensions, including the geographic area served by the 
initiatives (termed geographic span), the population served, the annual renewable electric energy 
generated by the initiatives, the percentage of renewable electricity produced relative to the 
municipality's average electricity consumption, and the surface area occupied by renewable energy 
installations. The qualitative component was rooted in desk-based research and semi-structured 
interviews, with the development of a semi-structured interview guide.  

To apply the developed methodology to real-world contexts, thereby enhancing its practical 
relevance and potential benefits for practitioners, a multiple-case study approach was chosen, 
whereas to support the analysis of the collected data, a systems mapping approach, an impact 
pathway approach, and GIS software were employed. 

This newly developed methodology for analysing the spatial impacts and dimension of CEIs could 
serve as a model for studying a wide range of CEIs in diverse contexts (with the only constrain being 
�G�H�Y�H�O�R�S�H�G�� �I�R�U���&�(�,�V�¶�� �L�Q�W�H�U�Q�D�O���S�U�R�F�H�V�V�H�V��, aspect of the present study that represents a significant 
contribution to addressing the methodological gap identified in the literature review. 

4.3.3 THE SPATIAL IMPACTS OF CEIS 

The application of the new methodology developed in Chapter 3.2 to real-world contexts is presented 
in Chapter 3.3. This chapter explores in deep the multiple-case study approach, offering a detailed 
explanation of the methodology used for selecting the case studies. 

The case studies selected consist of four established, heterogeneous, urban, place-based Collective 
Energy Initiatives (CEIs), two from Italy and two from the Netherlands. These countries were 
specifically chosen due to their contrasting stages of development: whereas Italy is currently in the 
early phases, showing signs of gaining momentum (Lupi et al., 2021; Frigione, 2024a), the 
Netherlands has reached a more mature level owing to its long history in the development of energy-
related collective actions (Oteman, Kooij, & Wiering, 2017; ASISEARCH, 2019; Lupi et al., 2021). 

Presented in the form of case study reports, the triangulated data collected, and the analysis 
performed for each case study led to answering the research questions posed, and beyond. 
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First and foremost, the results support and reinforce the argument made by Melnyk, Cox, Ghorbani, 
& Hoppe (2023) that CEIs are complex systems and should therefore be approached as such. The 
application of the system mapping approach and the resulting spray diagrams particularly stress this 
aspect. Complexity is a paradigm that can no longer be overlooked. 

The spray �G�L�D�J�U�D�P�V���D�O�V�R���D�O�O�R�Z�H�G���W�R���G�H�W�H�F�W���Z�L�W�K�L�Q���&�(�,�V�¶���L�Q�W�H�U�Q�D�O���G�\�Q�D�P�L�F�V whether certain processes 
and practices are particularly characterised by a spatial dimension. The spatial dimension is most 
evident in the geographic span and scope of the initiatives, as well as in their membership processes. 
However, it is the activities developed by the initiatives that exhibit the strongest relationship with the 
spatial context in which the initiatives operate.  

The activities of the four case studies span from renewable energy generation, to enhancing urban 
buildings energy efficiency (mainly residential ones) and supporting and informing residents on urban 
energy transition related issues. The development and application of the spatial impact pathway 
approach allowed to detect that case studies�¶�� �D�F�W�L�Y�L�W�L�H�V have not yet generated significant spatial 
impacts, but spatial outcomes, which can be defined as the short- to medium-term effects resulting 
from the activities of CEIs, representing the changes or events triggered by their implementation 
(Pace, 1979). Whether the geographic span of the four urban place-based CEIs analysed is a 
neighbourhood or an entire city, the direct spatial outcomes detected are all located within the 
urbanised area and involve three main physical changes: (1) buildings energy retrofitting, (2) 
infrastructure development, and (3) land use and landcover changes.  

Furthermore, the analysed urban place-based CEIs prioritise small-scale, community-focused 
projects that emphasise citizen engagement and promote local benefits within geographic areas 
limited in scale. As a result, their outcomes are inherently localised and limited in scale. Nevertheless, 
they possess the transformative potential to enhance the entire urban system over time, spanning 
from activities related to the retrofitting of the urban buildings (thereby �U�H�G�X�F�L�Q�J���K�R�X�V�H�K�R�O�G�V�¶���H�Q�H�U�J�\��
consumption, which in Europe accounts for 28% of the final energy consumption (Eurostat, 2020), to 
activities involving the generation of renewable energy, thus helping to reduce the dependency of 
urban energy infrastructure on fossil fuels.  Additionally, these initiatives can improve the 
sustainability of urban mobility infrastructure and foster a stronger sense of belonging among citizens 
to the places where they live, thereby encouraging behaviours that promote care for the local 
environment. They also hold the potential to mitigate gentrification processes, helping to reduce 
economic inequality within communities, stabilise local populations, and deter displacement 
pressures. 

The manner in which these urban place-based CEIs generated such spatial impacts depended on 
the available choices they could make and the range of accessible options available to them during 
their development pathways, whether financial, technological, locational, or related to institutional 
support and expertise. 

The aforementioned CEI�V�¶ activities and their influence on the spatial impacts generated suggest that 
urban place-based CEIs are significant focal points for spatial planners and policymakers aiming to 
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advance a low-carbon urban energy transition. This finding further reinforces the discussions put 
forward by De Boer, Zuidema, & Gugerell (2018) and Moroni, Rauws, & Cozzolino (2020). 

This part of the research therefore makes significant contributions into theoretical, methodological, 
and practical domains. 

First, the research supports the argument that CEIs are complex systems and should be approached 
as such, aligning with the work of Melnyk, Cox, Ghorbani, & Hoppe (2023). By applying systems 
�P�D�S�S�L�Q�J���� �L�W�� �K�L�J�K�O�L�J�K�W�V�� �W�K�H�� �L�Q�W�U�L�F�D�W�H�� �L�Q�W�H�U�S�O�D�\�� �E�H�W�Z�H�H�Q�� �&�(�,�V�¶�� �L�Q�W�H�U�Q�D�O�� �G�\�Q�D�P�L�F�V�� �D�Q�G��their spatial 
dimensions, advancing the theoretical discourse on the systemic nature of CEIs within urban energy 
transition. 

Secondly, it operationalises the methodology developed in Chapter 3.2, demonstrating its 
adaptability and effectiveness in real-world contexts. In doing so, it addresses the practical research 
gap identified in the literature review and provides real cases that practitioners (including 
policymakers, urban planners, and CEI promoters) can use to better understand, influence, support, 
and design CEI internal processes to maximise their benefits within the urban system. The case 
studies and the resulting analysis may already serve as a decision-support tool, enabling urban 
planners to comprehend the spatial outcomes, impacts, and dimensions of CEIs. This understanding 
can inform the design of strategies to engage urban place-based CEIs in defining and implementing 
urban and energy plans and guide, or influence, their development towards a cohesive and conscious 
urban vision that fosters a spatially just and equitable energy transition. 
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4.4 Recommendations 

4.4.1 GOING BEYOND THE EUROPEAN RENEWABLE ENERGY COMMUNITIES  

Recognizing the potential of collective action to accelerate the local energy transition, the European 
Union has integrated the concept of energy communities into its legislative framework. The 
2018/2001 Renewable Energy Directive (RED II) and the 2019/944 Electricity Directive introduced 
Renewable Energy Communities (RECs�������I�R�V�W�H�U�L�Q�J���W�K�H�L�U���G�H�Y�H�O�R�S�P�H�Q�W�����'�H�I�L�Q�H�G���D�V���³�D���O�H�J�D�O���H�Q�W�L�W�\���>�«�@��
effectively controlled by shareholders or members that are located in the proximity of the renewable 
energy projects that are �R�Z�Q�H�G���D�Q�G���G�H�Y�H�O�R�S�H�G���E�\���W�K�D�W���O�H�J�D�O���H�Q�W�L�W�\�´�����5�(�&�V���D�U�H���L�Q�W�H�Q�G�H�G���W�R���D�F�W�L�Y�H�O�\��
reduce fossil fuel consumption and increase the share of low-and zero-carbon energy sources.  

Nevertheless, achieving substantial greenhouse gas emissions�¶ reductions also necessitates other 
strategies, such as improving energy efficiency (IPCC, 2022), replacing fossil fuel-based 
technologies with electrically powered equivalents (Li, Lepour, Heymann, & Maréchal, 2023), and 
enhancing public awareness of sustainable energy practices and new lifestyles. All these strategies 
are equally crucial and with the vast fan of activities they develop, urban place-based Collective 
Energy Initiatives (CEIs) can support all of them, as highlighted by the case studies analysed in this 
research. 

While RECs are a valuable model, they represent only one facet of the broader spectrum of CEIs, 
as they mainly focus on renewable energy generation activities. Recognizing and supporting the 
diverse roles that urban place-based CEIs can play is essential to accelerate the urban energy 
transition while address specific local needs. 

4.4.2 HARNESSING CEIS AS STRATEGIC PARTNERS IN URBAN AND ENERGY 

PLANNING 

Urban place-based Collective Energy Initiatives (CEIs)  possess a unique capacity to enhance urban 
areas. They are already enhancing the energy efficiency of urban buildings, thereby reducing 
�K�R�X�V�H�K�R�O�G�V�¶���H�Q�H�U�J�\���F�R�Q�V�X�P�S�W�L�R�Q (which in Europe accounts for 28% of the final energy consumption) 
(Eurostat, 2020), they are helping to reduce the dependency of urban energy infrastructure on fossil 
fuels and improving the sustainability of the urban mobility infrastructure. For all these reason urban 
planners and practitioner should develop strategies to relate productively with them, enlarging the 
space for expression and potentially channelling their processes, as suggested by Moroni, Rauws, 
& Cozzolino (2020) addressing urban self-organization forms in general. 

Urban planners have the opportunity to act as connectors, integrating urban planning with energy 
planning. By aligning CEIs' goals with broader urban strategies, planners and practitioners can foster 
synergies that promote a cohesive spatial and energy transition. 
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4.4.3 SUPPORTING THE GROWTH AND SUCCESS OF CEIS 

For urban place-based Collective Energy Initiatives (CEIs) to thrive and achieve their potential in 
driving spatially and socially equitable energy transitions, financial, institutional, and educational 
support is essential. 

Access to financial resources remains one of the most significant challenges for CEIs. Therefore, 
targeted financial support mechanisms, such as grants, subsidies, low-interest loans, and tax 
incentives, are crucial. Public and private sector stakeholders should collaborate to establish 
dedicated funding programmes for CEIs, recognising their unique role in promoting community-based 
energy solutions. Crowdfunding platforms and cooperative financing models can also play a 
complementary role, but these should be underpinned by government-backed guarantees or 
matching funds to enhance their effectiveness.  

Institutional support is equally critical, as financial availability often depends on enabling frameworks. 
Clear and supportive legislation, streamlined permitting processes, and incentives for renewable 
energy projects can empower CEIs. Governments and local authorities should act as allies to CEIs, 
fostering CEIs development and embedding them within urban development plans.  

However, financial availability alone is not sufficient if CEIs lack the expertise to develop and 
implement their projects. Educational programmes tailored to the needs of CEIs are vital for their 
growth and success. These programmes should equip CEI promoters with the skills to manage 
budgets, attract investment, and build sustainable financial models. They should also address 
organisational capacity gaps and support CEIs in navigating complex legal and regulatory 
landscapes. 
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4.5 Research limitations and future perspectives  

4.5.1 FOLLOWING THE INTERDISCIPLINARY IMPERATIVE 

When addressing complex systems such as cities, energy systems, and transitions, overcoming 
siloed perspectives is essential. Given the nature of the research question, which involved analysing 
the social realities shaping urban spaces through energy-related activities, adopting an 
interdisciplinary approach was imperative. This approach needed to encompass not only an 
understanding of the core elements of energy systems and transitions but also insights from social 
sciences and urban planning. 

Although a fully interdisciplinary approach was not employed due to the lack of close collaboration 
with colleagues from other disciplines, the study consistently facilitated interdisciplinary integration. 
From the context introduction (Part 1) and literature review to the development and implementation 
of the methodology (Part 3), this research integrated knowledge, methods, perspectives from multiple 
disciplines. This integration enabled the cross-pollination of ideas, ultimately creating new 
frameworks, methodologies, and providing insights that could not have been achieved by a single 
discipline alone. Such knowledge integration was made particularly feasible through the use of two 
specific approaches: the integrative review and systems-thinking approaches. 

The following section provides a synopsis of the key benefits these approaches have brought to the 
research. 

 

�ƒ FRAMING THE RESEARCH CONTEXT AND QUESTION 
Although methodologically structured specifically for Part 3 of the research (thus 
focusing on the study of CEIs, and their spatial impacts and dimensions), the 
integrative literature review approach was also subtly employed to frame the research 
context presented in Part 1. By facilitating the integration of perspectives from various 
disciplines and studies, it enabled the development of a holistic understanding of the 
concepts of energy systems and energy transitions, ultimately leading to the 
formulation of the research questions. 
 

�ƒ DEVELOPMENT OF THE INTEGRATED CONCEPTUAL FRAMEWORK 

By bridging perspectives from various disciplines and studies, the integrative literature 
review approach facilitated the development of an integrated conceptual framework 
(Chapter 3.1) encompassing both internal and external components that influence the 
internal processes of CEIs and, consequently, their spatial impacts and dimensions. 
Without the holistic perspective offered by the integrative review approach, the overall 
analysis of CEIs conducted in this study would likely have been constrained to a 
narrower scope. 
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�ƒ A MORE COMPREHENSIVE METHODOLOGY 

The integrative literature review approach also enabled the identification of methods 
to study the spatial impacts of CEIs. Their integration ultimately led to the development 
of a new integrated methodology, presented in Chapter 3.2. For example, this 
approach facilitated the integration of factors such as the ambitions CEIs and the 
technologies they employ, elements that might have been overlooked within a single-
discipline framework. 
 

�ƒ MANAGE RESEARCH COMPLEXITY 

The systems thinking approach provided tools, such as systems mapping, to navigate 
the inherently complex nature of the research. Incorporating systems thinking enabled 
the identification of key elements of CEIs and their interconnections. This process 
began with the creation of the integrated conceptual framework (Chapter 3.1) which 
was then refined into a more complex spray diagram (realised for each case study 
report in Chapter 3.3). Ultimately, this approach played a crucial role in developing the 
spatial impact pathways and framing the responses to my research questions. 

 

Although it is important to acknowledge it was not employed to its full potential, the interdisciplinary 
approach enabled a broader and more nuanced understanding of the energy system, energy 
transitions, and, most importantly, CEIs. Far from being exhaustive, this research can be seen as a 
synopsis that contributes to a holistic understanding of CEIs, reaching a level of complexity not 
previously explored in existing research on the topic. Building on this, future research should adopt 
a fully interdisciplinary approach, involving deep collaboration among different disciplines. This would 
be in line with existing literature and trends, which call for more interdisciplinary research to address 
the complex discussions underlying climate change and low-carbon energy transition (Sovacool, 
2014; Sovacool et al., 2015). 

4.5.2 GOING BEYOND URBAN PLACE-BASED CEIS 

While this research has contributed valuable insights into urban place-based Collective Energy 
Initiatives (CEIs) (Chapter 3.3), this narrow lens represents also a limitation.  

Initiatives that may have important spatial impacts might have been excluded, for instance, the 
European so-called Citizen's Energy Communities (CECs) which, differently from the European 
Renewable Energy Communities (RECs), are not mandatory tied to a particular area, affecting areas 
beyond where their members reside and, thus, exerting their spatial impact outside the urban area 
in which the initiative developed. Such initiatives can be defined as non-place based CEIs. 
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Therefore, extending the scope of CEI research to include non-place-based20 and non-urban21 CEIs 
would offer a more comprehensive understanding of the broader spatial implications of such 
initiatives. 

Often operating at a larger scale, non-place-based CEIs, by their nature, tend to externalise their 
spatial impacts influencing areas outside urban centres, such as rural or peri-urban regions. Future 
studies on CEIs spatial impacts should incorporate non-place-based CEIs to explore how they 
differently effect territories.  

Non-urban place-based CEIs could also be of particular interest. On one hand, non-urban place-
based CEIs might develop in small settlements, therefore having more limited spatial impacts due to 
their reduced size and population density and thus reduced organizational capacity. Examples can 
be found in Italy (Legambiente, n.d.). However, they may present unique insights into CEIs�¶���L�Q�W�H�U�Q�D�O��
processes, activities and spatial impacts in areas where resources and infrastructure are more 
constrained. On the other hand, non-urban CEIs might also develop as collaborative projects of local 
agricultural enterprises.  

By extending the scope of future research to include non-place-based and non-urban CEIs, scholars 
can develop a more nuanced understanding of the spatial impacts of CEIs across different contexts. 
This broader perspective will help to address the knowledge gaps in the field and provide more 
comprehensive insights for policymakers and practitioners seeking to promote sustainable and 
equitable energy transitions across diverse settings. 

4.5.3 TOWARDS A COMPREHENSIVE CEIS�· SPRY DIAGRAM 

The use of spray diagrams (§ 3.3.3) in this research facilitated a detailed analysis of the complex 
internal processes of each of the four case studies of urban place-based CEIs and their relationships 
with the spatial impacts they generate. However, despite being constructed using consistent 
dimensions, each spray diagram represents the unique reality of a single CEI. As a result, they lack 
the broader perspective needed to generalise findings across CEIs. 

To address this limitation and provide a more comprehensive understanding, future research should 
synthesise these individual diagrams into a unified and overarching framework. By integrating the 
insights from the four case studies and subjecting the resulting diagram to review and input from 
professionals and practitioners in the field, a holistic representation of the internal processes of CEIs 
could be achieved, ensuring that previously overlooked dimensions, such as legal and economic 
aspects, are incorporated. Including additional �F�D�W�H�J�R�U�L�H�V�� �Z�R�X�O�G�� �H�Q�K�D�Q�F�H�� �W�K�H�� �G�L�D�J�U�D�P�¶�V�� �S�U�D�F�W�L�F�D�O��

 
20 Drawing on Moroni, Alberti, Antoniucci, & Bisello (2019) �G�H�I�L�Q�L�W�L�R�Q�V�����³�Q�R�Q-place-�E�D�V�H�G�´���&�(�,�V���D�U�H���F�R�Q�V�L�G�H�U�H�G���D�V���L�Q�L�W�L�D�W�L�Y�H�V���W�K�D�W���D�U�H���Q�R�W��
tied to a particular location, thus primarily affecting areas beyond where their members reside and exerting their spatial impact elsewhere. 

21 �,�Q���W�K�H���S�U�H�V�H�Q�W���V�W�X�G�\���³�X�U�E�D�Q�´���&�(�,�V���D�U�H���F�R�Q�V�L�G�H�U�H�G���D�V���L�Q�L�W�L�D�W�L�Y�H�V���W�K�D�W���D�U�H located in urban settlements defined as "URBAN CENTRE" or 
���8�5�%�$�1���&�/�8�6�7�(�5�����E�\���(�X�U�R�V�W�D�W���³�&�/�8�6�7�(�5���7�<�3�(�6�´���F�O�D�V�V�L�I�L�F�D�W�L�R�Q (European Commission, n.d.c)�����&�R�Q�V�H�T�X�H�Q�W�O�\�����³�Q�R�Q-�X�U�E�D�Q�´���&�(�,�V���D�U�H��
those located in �W�K�H���³�&�/�8�6�7�(�5���7�<�3�(�6�´���G�H�I�L�Q�H�G���D�V���³�5�8�5�$�/���$�5�(�$�6�´�� 
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relevance and accuracy, ensuring it captures the full complexity of CEIs internal processes and their 
spatial dimensions. 

The resulting visualisation could serve as a decision-support tool, enabling urban planners to better 
understand the spatial dimensions of CEIs and their potential contributions to sustainable urban 
development. For practitioners, such as policymakers and energy sector professionals, the diagram 
could offer a detailed roadmap of CEI processes. It could inform policy development, thus spurring 
the design of policies more supportive of CEIs development. Finally, emerging CEIs could use the 
diagram as a source of inspiration and guidance, learning from the diverse approaches and strategies 
captured in the framework. By drawing on the experiences of existing CEIs, new initiatives could 
adopt and adapt practices in ways that suit their specific contexts and needs.  

The creation of a comprehensive spray diagram synthesising and integrating the findings of this 
research could therefore represent a critical instrument towards advancing the understanding and 
practical development of CEIs. This tool would go beyond the simple showcasing of best practices, 
offering a versatile resource of information and potential strategies for CEI development for several 
stakeholders.  

4.5.4 BUILDING QUANTITATIVE DATA AND ANALYSES 

To address the lack of quantitative data on CEIs reported in previous studies (Germes, Wiekens, & 
Horlings, 2021), this research developed a methodology to assess the spatial impacts of CEIs deeply 
rooted in a qualitative approach (Chapter 3.2). However, in response to the call for more quantitative 
analyses of CEI impacts (Walker, Hunter, Devine-Wright, Evans, & Fay, 2007; UK Government. 
(2013); Bere, Jones, & Jones, 2015; Berka & Creamer, 2018; Hoicka & MacArthur, 2018; van der 
Waaal, 2020; Roberts, Brent, & Hinkley, 2021; Bielig et al., 2022; Germes, Wiekens, & Horlings, 
2021; Backe et al., 2022; Schwanitz et al., 2023), the research sought to define a mixed-method 
approach with the introduction of quantitative indicators, including the geographic area served by the 
initiatives (called geographic span), the population served, the renewable electric energy generated 
annually by the initiative, the percentage of renewable electricity produced relative to the 
municipality's average electricity consumption, and the surface area occupied by renewable energy 
installations. Despite these efforts, the study ultimately provided only a qualitative analysis and did 
not succeed in developing a robust quantitative framework due to the difficulty on collecting and 
building data. 

Future research could therefore build on the methodology developed in this study by incorporating 
additional methods and approaches with a stronger quantitative focus. This would support practice 
in generating quantitative spatial data on CEIs and include new spatial indicators in the �&�(�,�V�¶ 
inventories realised at European and national level (such as those mapped in § 3.3.2), which currently 
mostly collect and showcase energy generation-related indicators. 
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4.5.5 EVOLVING THE SPATIAL IMPACT PATHWAYS 

The spatial impact pathways framework developed in this research (Chapter 3.3) provides a robust 
foundation for understanding how urban place-based CEIs generate and shape their spatial 
outcomes and impacts. Nevertheless, this framework can be further refined and expanded by 
incorporating a deeper narrative of the critical steps and transformative moments that propelled the 
�L�Q�L�W�L�D�W�L�Y�H�V�¶�� �G�H�Y�H�O�R�S�P�H�Q�W�� �D�Q�G�� �V�F�D�O�L�Q�J���� �7�K�H�V�H�� �G�H�F�L�V�L�Y�H�� �M�X�Q�F�W�X�U�H�V�� �L�Q�� �D�Q�� �L�Q�L�W�L�D�W�L�Y�H�¶�V�� �W�L�P�H�O�L�Q�H represent 
instances of acceleration in its evolution, marking key transitions in its growth, outcomes, and 
impacts. 

To enrich the spatial impact pathways framework, future research could therefore seek to identify 
and narrate these moments, addressing pivotal questions such as: What specific conditions or 
actions triggered these transformations? How and why did these moments lead to an acceleration of 
�W�K�H���L�Q�L�W�L�D�W�L�Y�H�¶�V���G�H�Y�H�O�R�S�P�H�Q�W and scaling? 

Exploring these dynamics, future research would �R�I�I�H�U���L�Q�V�L�J�K�W�V���L�Q�W�R���W�K�H���³�Z�L�Q�G�R�Z�V���R�I���R�S�S�R�U�W�X�Q�L�W�\�´���W�K�D�W��
play a crucial role in the development of CEIs. These windows of opportunity often arise from a 
confluence of favourable �L�Q�W�H�U�Q�D�O�����H���J�������I�L�Q�D�Q�F�L�D�O���V�X�S�S�R�U�W�����F�R�O�O�D�E�R�U�D�W�L�R�Q�V���Z�L�W�K���O�R�F�D�O���D�X�W�K�R�U�L�W�L�H�V�����H�[�S�H�U�W�V�¶��
availability) and external (e.g., policy and regulatory changes) conditions that CEIs can leverage to 
expand their activities. By mapping and analysing transformative moments, the framework would 
capture the dynamic and non-�O�L�Q�H�D�U���Q�D�W�X�U�H���R�I���&�(�,�V�¶���G�H�Y�H�O�R�S�P�H�Q�W�����K�L�J�K�O�L�J�K�W�L�Q�J���K�R�Z���L�Q�W�H�U�Q�D�O���S�U�R�F�H�V�V�H�V��
and external factors interact to drive progress, which could also represent valuable lessons for 
practitioners and policymakers, helping identify and replicate supportive environments for CEIs. 
Furthermore, new initiatives could benefit from these insights by recognising and preparing for critical 
junctures in their development, enabling them to act strategically when similar opportunities arise. 

4.5.6 ADVANCING COMMUNICATION STRATEGIES FOR CEIS 

Engaging civil society is crucial for driving energy transitions and addressing climate change. Despite 
their significant potential, during the development of this research, an additional barrier to the growth 
of CEIs in Italy was identified �W�K�U�R�X�J�K���W�K�H���D�X�W�K�R�U�¶�V���U�H�D�O-life experiences: public awareness. 

While the research topic is strongly influenced by European Directives and their national 
implementations, as well as by European and national policies, projects, networks, and academic 
research, CEIs remain largely unknown among civil society, businesses, and the third sector, in Italy 
in particular. The concept of CEIs is still a niche area, and many individuals are unaware of their 
existence, which hinders their growth and impact. However, the success of the ongoing energy 
transition relies on widespread public involvement. It is possible to develop policies, regulations, and 
scientific research on CEIs, but if the general public remains unaware of these initiatives, progress 
will inevitably be limited. Addressing this communication gap is, therefore, crucial. 

Drawing on the case studies of the present research, the author sought to explore the use of the non-
fiction illustrated narrative (Frigione, 2024b) to address this communication gap. By combining 
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illustrations and storytelling the project aimed to engage readers with the current European energy 
transition, guiding them through the challenges posed by fossil fuels and introducing them to the 
realm of CEIs. However, despite being published, the illustrated book still has some distance to go 
in reaching broader audiences.  

Given the wide scope of the CEI theme in both scientific and grey literature, as well as the European 
�&�R�P�P�L�V�V�L�R�Q�¶�V�� �F�R�P�P�L�W�P�H�Q�W�� �L�Q�� �I�X�Q�G�L�Q�J�� �U�H�O�D�W�H�G��projects (Part 1), future research should focus on 
refining tools and strategies that effectively communicate the essence and potential of CEIs to the 
public.  
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