AZEw,
PA A

v o
"vﬁﬂ }l -_lllMl IUS S
L\ g »

Scuola Universitaria Superiore Pavia

UNIVERSITA
DEGLI STUDI
DI BRESCIA

u

&21/(&7,9( (1(5*< ,1,7,$7,9(6
72:$5'6 $ 63%$7,%/ 3(563(&7,9(

$ 7TKHVLVY 6 XEPLWWHG LQ 3DUWLDO )XOlI
IRU WKH '"HJUHH RI '"RFWRU RI 3KL!

6XVWDLQDEOH '"HYHORSPHQW D

'RFWRUDO 3URJUDPPH RI 1DWLRQI

O PhD SDC
SUSTAINABLE DEVELOPMENT
AND CLIMATE CHANGE

,Q WKH &XUULFXOXP
7(&+12/2*< $1' 7(55,725<

%DUEDUD ODULD )ULJLRQH

ODUFK






SO N l R
““‘ “‘_ : IIJSS UNIVERSITA
A Ay llllll DEGLI STUDI
"‘«" |||||n|
"AV" -« Scuola Universitaria Superiore Pavia DI BRESCIA

&2/1(&7,9( (1(5*< ,1,7,$7,9(6
72:$5'6 $ 63%$7,%/ 3(563(&7,9(

$ 7TKHVLVY 6 XEPLWWHG LQ 3DUWLDO )XOlI
IRU WKH '"HJUHH RI 'RFWRU RI 3KL{

6 XVWDLQDEOH '"HYHORSPHQW D

'RFWRUDO 3URJUDPPH RI 1DWLRQI

O PhD SDC
SUSTAINABLE DEVELOPMENT
AND CLIMATE CHANGE

,Q WKH &XUULFXOXP
7(&+12/2*< $1' 7(55,725<

E\
%DUEDUD ODULD )ULJLRQH

6XSHUYLVRU 3URI OLFKHOH 3H]



Barbara Maria Frigione
Collective energy initiatives: towards a spatial perspective
This thesis comprises a total of 253 pages and 84 012 words.

Artificial intelligence was employed throughout the thesis to assist with proofrea
ODQJXDJH XVLQJ WKH IROORZLQJ SURPSW 33UR



ABSTRACT

(QHUJ\ LV YLWDO LQ VXVWDLQLQJ KXPDQ OLIH \HW WKH HQHU
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 CEls 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 CEls is therefore vital. Yet, this dimension
remains understudied, revealing critical theoretical, methodological, and practical gaps.

How do CEls, 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 CEls and how their internal processes
shape their impacts, and (2) identified a range of approaches, methods, and tools from various
GLVFLSOLQHV ZLWK VLIJQLILFDQW SRWHQWLDO IRU DQDO\VLQ

Building on these insights, a novel methodology was developed to ad@ir¥dd MR Q V3

are the spatial impacts of CEIE?@IGv and why do CEls lead to spatial impeuts?
PHWKRGRORJ\ SULRULWLVHG WKH DQDO\VLVORLRSPFWNVNQWHU
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 CEls demonstrated its adaptability and
effectiveness in real-world contexts.

The analysis revealed that the activities of the selected heterogeneous, established, urban, place-
based CEls 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 scagdetoand contribut
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 CEls can gradually enhance urban systems. The specific spatial outcomes



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 CEls 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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| Collective energy initiatives: towards a spatial perspective |

Energy is vital for the life and development of humankind (Hoffman & Wood, 1976; Martinez &
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
VHFWRUYV LPSDFWV DQG DW WKH VDPH WLPH DGDSW WR FO
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;
Maatta, 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
LQGLYLGXDO DFWRUV DQG LQVWLWXWLRQVYT BRBLY¥RVLEZALFK
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 (Hisschemoller & 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,
Goncgalves, Lopes, & Antunes, 2021), energy neighbourhoods and districts (Ala-Juusela, Crosbie, &
Hukkalainen, 2016; Derkenbaeva, Vega, Hofstede, & van Leeuwen, 2022), and energy communities

|19



| Collective energy initiatives: towards a spatial perspective |

(Caramizaru & Uihlein, 2020). In this contribution, the umbrella term Collective Energy Initiatives
(CEls) is proposed to consider all collective initiatives of energy prosumess exmergponsciou
consumers.

The movement of CEls 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). CEls 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 initiativesprooali@tiesgy ¢

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) id@ftieitd zmrer 10

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).

7KHLU JURZWK DQG QXPEHU LPSO\ WKDW &(,V FDQ HYHQ EH V
(Campos & Marin-Gonzalez, 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 (Capellan-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 CEls are likely to have sighifiopfitapais,

particularly in urban environments. With physical space in cities already beindplymited and hig
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 HogstionCEIls, 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(BEI32)
2. How and why do CEls lead to spatial ifiR&Q2)

By acknowledging the spatial dimensions and impacts of CEls at city leveldihegetesent stu

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

20|



| Collective energy initiatives: towards a spatial perspective |

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. Consequehtljodisiaotsearc

restrict the literature review to the state-of-the-art of CEIls' 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 inaljtatidnal, spati

social dimensions, each of which presents distinct challenges and drivers. To symthesise the ma
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 challengesciarssd drivers
disciplines and narrows the research focus to the spatial impacts and dimensioatsof CEls, while
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 CEls 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 CEls 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 CEls in the
implementation of urban and energy plans; (3) knowledge for policymakers to support the
development of CEls through targeted policies; and (4) real examples for practitioners, such as CEls
promoters, that could serve as guides and inspiration for the further development of their initiatives.

|21



| Collective energy initiatives: towards a spatial perspective |

To clarify the relationships between the research philosophy (specific disciplinestérmm which a sy
of beliefs was derived from), the research question, gaps, methodology, and outputs and
contributionBjgure Jprovides a graphical representation of the thesis structure.

RESEARCH
PHILOSOPHY Social sciences and humanities Urban studies Energy studies
RESEARCH How do Collective Energy Initiatives (CEls), which promote decentralised renewable energy generation,
QUESTION impact cities spatially?
RESEARCH ’ ' ’
GAPS .
Theoretical Methodological Practical
Limited scholarly interest in the overall Lack of a methodology for investigating CEIs'  Lack of real-world case studies analysing
impacts of CEls, with spatial impacts and spatial impacts and dimension. CEls' spatial impacts and dimension.

dimension being particularly neglected.

THESIS ' . .

METHODOLOGY Integrative literature review on Novel methodology development: Application of the novel
CEls impacts, spatial impacts, == exploratory, mixed-method, - methodology to a sample of
spatial dimension, and nature multiple-case study research design heterogeneous, established, urban,
(Chapter 3.1). (Chapter 3.2). place-based CEls (Chapter 3.3).
THESIS OUTPUTS AND ’ ; ;
CONTRIBUTIONS Theoretical Methodological Practical
Nourishing the academic discourse with new ~ Supporting the development of new Supporting CEIs development through:
perspectives through: methodologies through: 1 In5|grl1ts for urban planpers to hame_ess the
1. An integrated conceptual framework 1. A collection of approaches, methods, and  potential of CEls in the implementation of
showcasing the multifaceted nature of CEls tools from various disciplines holding with urban and energy plans (Chapter 3.3).
(Chapter 3.1). significant potential for analyse CEls' spatial 2. Knowledge for policymakers to support the
2. Spray diagrams highlightning the complex impacts and dimension (Chapter 3.1). devebpmef"t of CEls through targeted
nature of CEis' internal processes and their 2. A newly developed methodology for policies (Chapter 3.3).
interplay with their spatial dimensions analysing the spatial impacts and spatial ~3- Real examples for practitioners, such as
(Chapter 3.3). dimension of CEls (Chapter 3.2). CEls' promoters, that could serve as guides

and inspiration for the further development of
their initiatives (Chapter 3.3).

Figure 1 | Synthetic graphical representatioredh#fsis 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 trahsitions, tracing t
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, thi
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 feapgesimake E

ideal case study for exploring the complex relationship between energy transitions and urban
environments, offering valuable insights into the social and spatial challengds tesociated wit
low-carbon shift.

Chapter 1.4 delves into the spatial dimension of energy systems, examining how the traditional fossi
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 theg tremsition t
sustainable energy infrastructure.

Chapter 1.5 shifts focus to the "soul" of cities (their inhabitants) explorimgiseoaauiidhdi

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 thiiaexploration of
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: iagolv
definitions

The present chapter examines the concepts of the energy system and energy transition, exploring
both their traditional techno-economic perspectives and the evolving recotgtitigionatheir
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 economicioinaedyeits, in

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.

1.2.10ON 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 remgirgg to collect
sources and supply consumers energy demand (Lutzenhiser & Shove, 1999; Groscurth, Bruckner,
& Kiimmel, 1995; Spreng, Flieler, 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 flo
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 iderhapd&SHHR GVHFKQRORJLHV'

HJ DLU FRQGLWLRQLQJ DQG :GHPDQG IRU HQHUJ\ VHUYLFH®
UHFHLYHG E\ VHFWRUV OLNH WUDQVSRUW LQGXVWU\ EXLOG
(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
providedT@ble 1 within different lines of interpretation, for instance socio-technical approaches,
socio-ecological approaches, and complexitySiheetymes 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; Maatta, 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;

1For a deeper understanding of the lines of iiaarpretaioned the reading of Munro & Cairneys(2§@ested.
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Burger, Emmenegger, & Sohre, 2022). Yet, all the perspectives share the characteristic of the
LQWHUFRQQHFWHGQHVYV R la\hAnge hRReBipeheitvinpaddstobiRd QJ WKD
RWKHU FRPSRQHEWHsRDBB).KH VIVWHP”’

Table 1 | Holistic definitions of the energy sysseineatified in scientific literature. Source: autMwn elaboration.

Definition Author

37KH HQHUJ\ VIVWHP FRQVWWWFKQRIFDQ D@WBHHEM Hoffman & Wood, 1976
RSHUDWLQJ ZLWKLQ D FRPSOH[ VRFLHWDO IUDP

3(QHUJ\ VA\VWHPYV D U sbcoHkehncad @iglithtionsRvRe® tBckinolc

institutional arrangements (e.g. regulation, noaisjasices and actor constellatior

(such as usearoducer relations and interactions, intermediagtiorgapublic

authorities) mutually depend on each other, abdddedmto broader contexts of

cultural values, so¢éidFRQRPLF WUHQGY JOREDOLVDWLRC Rohracher, 2008

3> « @ -tedRritdaRarrangements with a strong interredatioolofjtcal and social
elements such as institutions, regulations, cuéisyalocsl practices as well as intel
H[SHFWDWLRQV DQG UHODWLRQVKLSV RI WKH D

3(QHUJ\ V\V W #eehnolbdichl sysiefmk fat involve not only npépésnes,
mines, refineries, and devices but also the humesigwhodimake technologies,
develop and manage routines, and use and congymia ém@, energy systems incl
financial networks, workforces and the schoolsyrteceasathem, institutions for tra
in energy, roads, regulatory commissions, laed, sty mighborhoods, and compz pjiller et al.. 2013
as well as social norms and values that assuopénéifQQpf WLRQLQJ "~ '

3>« @ -ahB@ylsistems (i.e., sociotechnological systerpsimvanstechnologies al
HQHUJ\ WHFKQRORJLHV >«@"~

3(QHUJ\ VAVWHPY DUH PRUHK WKDFX & RO R HIFHWL R Q

profoundly affects everything from how individyaltswsokialize, and eat to how [ ajrd, 2013
industries cluster, how cities and economies drow,retidns conduct their foreign

DIIDLUV 1\H ’

3>«@ IUDPLQJ H QitetddisotHWROR L DO VI\VWHPY Hodbod & Adger, 2014

3$Q HQHUJ\ VIVWHP LV D FRQW\RNWGHWWVR QMR Aradjo, 2014
GLVWULEXWRUV DQG HQGHIXODW DR® QB RALYWHU

3>«@ DVVHPEODJH RtaW\HHFAHQQLFFDDN0 DARG AR WbH« @~ Sovacool, 2014

3(QHUJ\ VA\VWHPYVY DUH QRW RBDWOWHWHPRQRORIWBV
of how communities imagine themselves and alsibithiepassl limits of technologit
FLYLOL]DWLRQV -DVDQRII DQG .LP ’

Miller & Richter, 2014
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Energy systems can be understood as complexsydatie in that they have
interrelated, heterogeneous elements (agents @hd objec

3>«@ HQHUJ\ V\VidhgeRoVadtdRsodicerd/ gBrieritors, suppliers and Bale, Varga, & Foxton, 20.
users who will frequently have conflicting olijeetieeactors and technologies inter
through physical and social networks governedibgahatitli political structures, the
developme®wW Rl ZKLFK LV DOVR XQFHUWDLQ °

3(QHUJN VAVWHPYV DUH V X E-gcologicHl Bystamt avé i tihtdr@IRtik

local socio-ecological systems; consist of differ@ogies that co-evolve with socier
andWKHLU WUDQVLWLRQV FDQGEHVXPRWNARYBIW gC Wiese, 2016
3(QHUJ\ VIVWHPV DUH R&RimBaétplogialsbpsims, mRaatR
FRPSRQHQWY DV ZHOO DV WRNLGHIOQMGI URUWIHURW

3>«@ HQHUJ\ VIVWHPV FDQ ERIX@QCHUMMNBRI® G N )
interactions help co-produce and reinforce thesauexiisary to maintain the existi  C!0ke, Mohr, & Brown, 20:
VRFLRWHFKQLFDO V\VWHP’

S7TKH HQHUJ\ VAVWHP LV WKIHGN B DX O WWRD NHKHR O Balest et al., 2018
LQ D WHUULWRU\~

Energy isasocW-HFKQLFDO VI\VWHP RSHUBWKQBH @RW \aatta, 2021
social factors like values, behaviours, and policies

3:H WKXV X Q GHUVWD Q G Mtbm Hf@H tbﬂl[bléﬁ huriértiratire/ Burger’ Emmenegger, &

VAVWHP 3VRFLHW\" 7KLV MFRIX &6 & HDIPMWRIQYGRQ Sohre, 2022
its transition as a sOtbHFKQLFDO V\VWHP EXW WUDQVFHC

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:

fOpen
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).
fDynamic
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).
fComplex
$ KXERQOW ZRUOG™ WKDW WUDQVFHQGV WKH XQGHUVWD
the implementation of interdisciplinarity through collaborative frameworks and knowledge
integration across fields (Wiese, 2016; Munro & Cairney, 2020).
f 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
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 & Udebi, 2022). S
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 &skhbRSAX OHYV RI1 WKH JDF
structuring technologies and most aspects of energy generation, distribution, and consumption
(Milchram, Marker, Schlér, Kinneke, & Van de Kaa, 2019). Guaila@bbel\energy

technologies can shape institutions, creating the need for new policies and regulations (Silvas
Hanninen, & 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
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, accordingatest 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.Z20N THE ENERGY TRANSITION

Given the interconnected nature of the energy system across multiple dimensiong, changes within i
- often referred to as e QH U J\ W U D Q Vai WiikdR ZD13; 6&vhadcdol, 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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Table 2 | TechnetFRQRPLFDO GHILQLWLRQV WX WH HEJR X WFHD OQWWWKLRWD . R 2
Sovacool (2016) and Lu & Nemet (2020).

Definition Author

37KH FRQFHSW RI pHQHUJ\ WRQ QWK BWEES
related sources, dominated the market durindaa partamior era, event-ally to be challe Melosi, 2010
DQG WKHQ UHSODFHG E\ DQRWKHU PDMRU VRXUFF

37KH WLPH WKDW HODSVHV EIBWEZPBQ\ WKRQH U I VWURRK

DQG LWV ULVH WR FODLPLQJPDUWNKHEWWDQWLDO VKI Smil, 2010b

37KH VZLWFK IURP DQ HFRQRRUFDVVWWHWHAVGREHQH& |
WHFKQRORJLHV WR DQRWKHU" Fouquet & Pearson, 2C

3$ FKDQJH LQ IXHOV HJ RURP ZAEGVWRLEURDWOVRE

IURP VWHDP HQJLQHV WR LQWHUQDO FRPEXVWLRC Mirshé&Jones, 2014

3$ VKLIW LQ WKH QDW X UHLRHGSDIMWWKH Q QD R\ X WEH PI'C Aradjo, 2014

Miller, Richter, & O'Lea
3S6KLIWYV LQ WKH IXHO VRXWFWHRKQRORILVHYURGKGEG 2015

3$ WUDQVLWLRQ ZDV IURP WHRID FKRU WRHCANSEIfHANNG

IRUD SDUWLFXODU VHUYLEH LQ D VSHELILE VHEw Houquet 2016

3$ WUDQVLWLRQ LV XVHIXOMN GHDQ H® BHWJID \Rrmg Crubler, Wilson, &
FKDQJH LQ DQ LQGLYLGXDO HQMBOHWHFKQRORJ\ F Nemet, 2016

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, 2016)able 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, 2020aHarichandan et
2022), advocating for more cross-disciplinary energyfsbutiiR8/(W L Q RStvEdod), Q014

Sovacool et al., 2015; Sovacool, 2016), as well as for broadening the historical techno-economic
paradigm (Stern, 1986; Rohracher, 2008; Spreng, Flieler, Goldblatt, & Minsch, 2012; Laird, 2013;
Miller & Richter, 2014; Sovacool, 2014; Sovacool, 2016).

Diverging into multiple yet complementary intellectual streams, studies have led to broader
conceptualizatioiglfle 3 Some explore the concepts of energy citizens and energy democracy

(Wahlund & Palm, 2022), energy governance (Sdderholm et al., 2011; Fuchs & Hinderer, 2014;
Maatta, 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,
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Perlaviciute, & Van der Werff, 2015) and choices (Tiberio et al., 2020), energy pwricy (Miller, Ric
& O'Leary, 2015; Milchram, Marker, Schlor, Kiinneke, & Van de Kaa, 2019), energy geographies
(Bridge, Bouzarovski, Bradshaw, & Eyre, 2013; Wdéjcik & Jeziorska-Biel, 20883, energy acc

energy poverty, energy security, energy efficiency.

Table 3 | Broader conceptualizations of the clenemgy transition in literature. Source: authiwn elaboration.

Definition Author

¥ energy systems embed social forms, it folldveadirag such a system disrupts those forr
UHVWUXFWXUHV WKH GH F IPWL RIDYGWKRDYW U @RH Y WE XD
systems interacted with myriad social, politicalirahfiéatutes of society. Most importantly,
social, political, economic, and even cultural chdregeitanrenching

Laird, 2013

Energy systems can only change when and if peapieicesk whether these agents are
business managers, policy officials, scientists easgagoonsumers. In turn, changes in e
technologies reshape social practices, values, ipdatiodshstitutions, such as new busine:
PRGHOV IRUPV RI ZRUN DQG ZD\V RI NQRZLQJ DQG

3>«@ HQHUJ\ WUDQV L WdchhQlagicaLt@r@fontatierk that eeljrevhiaet.d
for many communities

Miller et al., 2013

3(QHUJ\ WUDQVLWLRQV DUH WKRURXJKO\ VRFLDO DII

"If energy systems are, in reality, socio-enengy, $igeh it should not be particularly surpris
changes in energy technologies are accompanidy, (asyitably) by changes in society"

Miller & Richter, 201

3>«@ D VKLIW LQ WKH QDW®WUH BUZBWWMH D Q/ RIVKHRZ

change associated with fuel type, access, soliveing rdkability, or end use as well as witk
overall orientation of the system. Change caraogcievetfrom local systems to the global |
+tDQG LV UHOHYDQW IRU VRFLEWDV VBEURFWXBHYV DG

Araujo, 2014

$(QHUJ\ WUDQVLWLRQ LV pB QK IV-@thoMsradREage MidKtBevEol
poliicaWHFKQLFDO UHJLPH WKDW PDLQWDLQV LW’

Child & Breyer, 2017

3(QHUJ\ VIVWHPV DUH F X U WDHQM O'\L R Q GHIURIFEethOWIs)Stehisk
This transition does not only include changes tedweipgies or infrastructures. It is also ¢
by changes in theQVWLWXWLRQV WKH 3UKK® DY & |UMK KQIMW HI
energy systems. Most aspects of generatiotipdisritoticonsumption of energy are subject
UHJXODWLRQ"

Milchram, Marker,
Schlor, Kiinneke, &
Van de Kaa, 2019

37KLV SDSHU DUJXHV W K DWH MO Hib-t¢0h hidalProde 4 BeQuifibg/vadk
changes throughout three main dimensions: tesbo@tgyand policies. These technologici
changes may alter the role of individuals in eteengyasydrequire higher levels of awarene:
FRPPLWPHQW DQG SDUWLFLSDWLRQ LQ VRFLHW\ ~

Cantarero, 2020

36 XVWD L QD E O H- aff@htiachéntaiMtrari3fQriviation lagr¢3s all enenggmsysies (e.g.
technologies, institutions, markets, user pragtibes$ etdminates in an energy system capa
satisfying our energy needs in an environmerstadiiafincesponsible fashion for both curret
IXWXUH JHQHUDWLRQV ~

Hannon & Bolton,
2021

"an energy transition process takes place in gathbesevisitivity of society, which is of
fundamental importance for the emergence and fatcditetigy transition processes"

Giacovelli, 2022

37 K L-¢alledRenergy transition_has economic, technalbdistituéional dimensions, but it re
tovaluebVv ZHOO’

van de Poel & Taebi
2022
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Consequently, profoundly intertwined key dimensions of the energy transition can be detected
("T$IRV WL QRSHdahalet al., 2011; Spreng, Flieler, Goldblatt, & Minsch, 2012; Noboa

& Upham, 2018; Cantarero, 2020; van de Poel & Taebi, 2022). The following list offers a non-
exhaustive synopsis:

f Institutions and policies dimensioW KH 3UXOHV RI WKH JDPH" H J
regulation) (Noboa & Upham, 2018; Milchram, Marker, Schlor, Kiinneke, & Van de
Kaa, 2019; Sovacool, 2016; Cantarero, 2020)

Bringing about energy transition requires policy and institutions sufficiently altered to
support actors and sectt&6LWK WKH SURSHU LQFHQWLYHV IRU
E H K D Y30Bexhdiim 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
(Séderholm et al., 2011).

f 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).

f Socio-cultural dimensidiader, 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).

f Economic dimensigi®ovacool, 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, BradsP@l3; & Ey
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 cihes: t
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 sustainabl
development.

7KH VHFRQG H[SORUHV (XURSHYV UHVSRQVH WR WKHVH JOREI
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.JTHE 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 offetipalicymakers cri
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
challengésThese 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 redem@i€sions by 20% from 1988 levels by 2005.

2 Most of the information related to the internafemealoes has been retrieved from United Natjoasd (dMFCCC (n.d.)

36|



| Collective energy initiatives: towards a spatial perspective |

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 @fre principles
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 WUWhRed 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 forAudatiar2d 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 activitiegn|t called on

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
GRFXPHQW VWDWHG 3>EHLQJ@ WKH OHYHO RI JRYHUQDQFH
educating, mobilising and responding to the public to promote sustditaBI& i@ W

Nations, 1992).

The outputs of the Rio Earth Samemitely the Rio Declaration, UNFCCC, and Agbagia 21

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 inth PGRSWLRQ RI WKH .\RWR 3URWRFRO WKH ZRUOGTV I/
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 &uStausdpment (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 documEm Future We Wednited 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 technologiiesan achieving t
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 be Future We Wastablished 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 (SDGSs), 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, Goalahtl, "Make cities
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 Stockthiee(GST) e
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 2035rehal édetadipgthened

targets for 2030. These plans will also outline specific sectoral measures to achieve these goals.

1.3.ZITHEEUROPEAN 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 93/7B&4EEC in Septem
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 directivecal soetingimal
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,
LQFUHDVH UHQHZDEOH HQHUJ\TV VKDUH LQ WHKidityHQHUJ\ PL[ |
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
$DOERUJ 'HQPDUN IXUWKHU XQGHUVFRUHG WKH (81V FRPPL
This initiative highlighted the importance of local action plans, aligned withf thgeardeiples o

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 Il Programme focused on fostering
conditions necessary for a community-wide action plan on renewable energyelts tobjectives

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, 2008DUNLQJ D VLJQLILFDQW VKLIWhisQ WKH (81V
package set three key targets for 2020: (1) a 20% reduction in GHG emissions compared to 1990
OHYHOV D LQFUHDVH LQ UHQHZDEOH HQHUJ\YV VKDUH |
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.

7R HPSRZHU FLWLHYVY DQG PXQLFLSDOLWLHYV WR JR EH\RQG Wtk
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 prbvaled cities wit
platform to share best practices, access technical support, and receive glégatugmoenthe

of local Sustainable Energy Action Plans (SEAP), key document that shoeasd how the lo
government will reach its CO2 reduction target by 2020. In October 2015, this initiative merged with
the Mayors Adapt initiatv® QG WKH &RYHQDQW RI OD\RUV IRU &OLPDWH
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 Eunopeiasi@h to engage cities in taking action to adafs thatige.
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required to develop and implement a Sustainable Energy and Climate Action Plani(SECAP) (Bertold
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 directiveelsoathtite ac

shift to renewables.

In January 2014, the European Commission introduced a new policy framework for energy and
climate3 FOLPDWH DQG HQHUJ\ JRDOV-FRUER @ RB SHFMRIQ\RRIPAH
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 tteeluction set

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
OHJLVODWLYH WH[WV IRFXVHG RQ GHFDUERQHWIQHW®BHV(8TV
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 Di@ctinspER)

Environment, 2020)

In line with these objectives, the Fit for 55 Package, formally adopted in 2023, aimed to update and
KDUPRQLVH (8 OHJLVODWLRQ WRurap€ah DQuriil, WKa)\akset of 8TV FO LI
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 fér(Ro@bed27
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 Hopearegaarch and innovation programme, launcheasip202f the

(81V -0\RHQJP VWUDWHJI\ WR DG G UHMWHSOLWW\ R@QN VIRFH. HoW Y © J RKHESO \PERESHEYTL YHU VRO XWL
significant issues by 2030, with a focus on sustelinadiéitghange, health, and digital transformatroissitackets ambitious,

measurable goals and mobilises resources acrobs irs@aation, 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. Glheskopitigs are

Climate City Contracts, which outline detailed plans to achieve climate neutrality across key sectors
such as energy, transport, buildings, and waste management.

7KHVH LQLWLDWLYHYV GHPRQVWUDWH WadhbonE@Jdmyi e BERIQLWLRC
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 ehergy transitio
European Union Member States; however, this framework is constrained at the national level.

A clear example is the transposition of the Renewable Energy CommunityeiREG3rayd Citiz
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 REDvilivde national la

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 onRIE@sitenms for

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. Conversedy, the Netherland

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 diversenl.ocal legislat
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 citiessgatial
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 relatiorsthip from the f
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.

1.4.10N THE INTERPLAY BETWEEN THE ENERGY SYSTEM AND ITS
TRANSITIONS WITH URBAN DEVELOPMENORY 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 civilizati@hf(% 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, incigdaily grain milli

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, &ndtransported

local hinterlands (Rutter & Keirstead, 2012).

The third great energy transition substituted biomass energies with fossil fuels angethe animate pr
movers with engines. Coal was the first fossil fuel to enter the urban energy system in significant
guantities (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
was largely used for power and transport, and by 1880 it was dominan{®aadl 26d/1es

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 indugitial developme
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 indugiaehy developed

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-OLJKWQLQJ V\VWypiPally urbb8 phendmédpod HG D 3
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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 & Keaiate2@ll, 2012; P

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 bagnivitkifourban

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 HQH U J\ V\V WihdhwheSsiReaW@psyehblbpiéal distance between people

and energy generafidWarren & 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, 2086), in less than
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 whi
wires and pipes are fundamental features for energy provision, making theseosikstems
energies par excellehBenzanni, 2022). The one-way energy flow - from producers to end-users
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- of gas and electricity became the prevailing character (so-called vertical ineswagion) of the
industry structure (Arent et al., 2021; Bonzankig2022) 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 nucléRopoaatrer, 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 (Millenet al., 2013)

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 ecosy®emscher, 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 céndgatiaptiesh 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) represmerigytiused by final consumers (such as hotrsetspldd, industry etc)
IRU DOO HQHUJ\ XVHV ,WH LIV QWDKOH FHR@QWXPHW K B VE RIRID FKBV QV&
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ENERGY SUPPLY ENERGY CONVERSION TRANSPORT AND DISTRIBUTION ENERGY DEMAND

Energy supply refers to the harvest and transport to the conversion sites @bnagusédn sites process natural resources to transform the enbedded The usable energy is then transported and distributed through a moltitude of infrastructures to the final user [4]. Final energy demand can be articulated
resources, which embody the so-colled “primary energy”[4]. energy in more usable forms, such as liquid fuels and electricity [4].

into homogeneous categories of users.
Depending on the authors, categories
may vary [3,4].

Citiesstrictly considered aseiha points of the energy supply cHaity, merely having to meet the energy
service (heating, cooling, lighting, mobility, communication, etc.) demand of the urban population [13].

—
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Figure2 | The traditional energy system. Source: author’s own elaboration.



| Collective energy initiatives: towards a spatial perspective |

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: theEB-OOHG 3 VXVWDLQDEOH WU BEc@hbhabhskiQn, 3UHQHZD
RU VLPSO\ 3H QFhid transitithDs@dvbosedra®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
DV WKH 3HOHFWULILFDWLRQ RI WKH HQHUJ\ V\QWHKR"~ UHSUH
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 photovoliigs), as well as
installations such as wind and solar farms, and geothermal plants (Rohracher, 2008; Bauwens,
Gotchev, & Holstenkamp, 2016), coexisting with the existent fossil fuel-basedérergy system.
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 alsducing 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 ofgoatdrs (

The decentralization of the energy system can therefore be conceived as a restoration of the
KLVWRULFDO 3XUEDQ F K (FiguserpWiaditionally vensidenddasl tHeJend \ vV W H P

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

As the evolution of the electricity infrastructncesadih@ incorporation of renewable installatioaslargerth
electricity grid and the electrification of manys&se(gygy transportation) pose substantial challémgesid
operators (Arent et al., 2021; Bonzanni, 2022habu orince the production of electricity fremewvaide energy
sources (RES) (e.g., photovoltaics, wind turbimgdrogaaver) fluctuates depending on the timinefséagpn,
and the weather conditions and, thus, it is tadiledibe electricity network must be able totheavalgile and
unpredictable energy flows becsuapiply drivemeaning that the energy demand has to mapgiythenslineice
versaArent et al., 2021; Bonzanni, 2022; EEA, 20R2uBigeo, Protopapadaki, & Saelens, 2023). Fertagrmor
the decentralized electricity generation technologiekedtrftity in the system, the infrastructuretésl égpec
withstand a two-way energy@owhe other, it is expected to withstand th8u=rgenew energy loads depending
on the electrification of many energy uses @grtatam) (Arent et al., 2021; Bonzanni, 2022)
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Figure3_ (YROXWLRQ RI WKH HQHUJ\ ¥RXWHHA LIXXKERLQVVWRIQVE

7

LEGEND: @, Power plant
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Phase 1| Introduction of energy generation

Throughout the millennia and until most of the 19th
century, the energy system of European cities would
have appeared as distributed and disconnected energy
nodes, characterised by in-situ production and
consumption of energy, fueled by water, wind, or
outsourced biomass and fossil sources.

Phase 2 | Coexistence of distributed and discon-
nected energy nodes with the first energy grids

From the beginning of the 19th century, with the
diffusion of the gas-lightning systems European cities
would experience the slow introduction of energy
systems constituted by local gas works (energy
production) connected to buildings and public lamps
(energy consumption) through the distribution pipes.
Structure that afterwards would be borrowed, imple-
mented, and enlarged by the electricity system.

Phase 3 | Outsourcing of energy generation

The dismission of urban power works and the creation
of new ones closer to the energy sources marked the
end of the urban character of the energy systems: cities
became the end points of the energy supply chain. The
following nationalization of the energy distribution grid
and the creation of inter-borders transmission systems
for sharing energy gave shape to the so-called
traditional energy system, a vast and interconnected
mesh of energy generators, transmission and distribu-
tion lines.

Phase 4 | Coexistence of the traditional energy
system with new distributed energy nodes

With the development and diffusion of renewable
technologies, cities have been experiencing the
introduction of decentralized and small-scale energy
nodes characterized by in loco energy production and
consumption, fuelled by renewable sources, and owned
by energy companies and privates. The new energy
nedes coexist with the traditional energy system. The
decentralization of the energy system can be conceived
as a restoration of the historical urban character of the
energy system.
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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 emiiergy system (R

& 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).

1.4.22ELVING 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; Ngland, Auxepaules, Rousset, Perney, & Falletti, 2022; Lovering, Swain, Blomqgvist, &

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 transitionnpagmress being
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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Box 2 | On urban functions

The urban environment can be analysed througbftiteelémsctions that it exerts. Urban functisosnefege of
roles, activities, and services that a city peffdfinthéosocial, cultural, and economic needsibitéstsitDue to
its dimension, the geographical position, the morgheltagyitofy in which it is embedded, and its tisttrktal
each city represents a unique system and prewifie$usctions. Some common urban functiong siddundielr
commercial, industrial, cultural and recreational,aédbeattbnare, transportation, administrative arahamver
financial, tourism, social, religious.

7KH WA\SHV RI XUEDQ IXQFWLWR&M ®IKDWUDERMWIRQURR V XK/ HR QF
significantly influence the allocation of land foereseanTherefore be residential areas, industrizdzonessial
districts, which are characterized by a prevailfngetibamand are planned based on the funceonehayssvering
WKH SODQQLQJ FRQFHSW FDOWO H®R FMRIORQV “F [$Q VE H U UDRWLLYGHIBN £
within the historical city centres or in areas ire\plaohitig strategy of mi®ed-Q GmiXxi¥H KDV EHHQ D¢

is presented to complement the textual description and to aid in better visualising the spatial nature
of the systerRkigure 4.

1.4.2.2 Delving into the spatial dimension ofi¢lotrieity 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, commetcial, industrial,

(Box 3, 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; Ngland, Auxepaules, Rousset, Perney, & Falletti, 2022) but also
of land use (which includes the safety surface in addition to the power plant itself) (Ngland,
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-sc
network with a witkeH VK JULG UHVSHBMWUYHG( DMICGH WKBSHER PHU PDF
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,
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2022).7UDQVPLVVLRQ DQG VXEWUDQVPLVVLRQ OLQHV FDQ EH L
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
OLQHVY KDYH EHHQ FDOOHG E\ .DVVDNLDQ HW DO SPHVK
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 ttamngidmaeys of t

substations, from which it is delivered through the distribution network directly or to secondary
substations (Sallam & Malik, 2011; Kassakian et al., 2D11}thdtV XDO O\ ORFDWHG DOF
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 Bonzartni, 2022)

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 urbanBaxd3cape (

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 Vgioup of interconnected loads and distributed energy resources within clearly defined electrical
boundaries that acts as a single controllable entity with regpsttitotitvgfid. A microgrid

can connect and disconnect frddigtrdoutiofrid to enable it to operate in both grid-connected

or island mode 7R Q 6PLWK +LUVFK 3DUDJ *XHUUHUR
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; Ngland,
Auxepaules, Rousset, Perney, & Falletti, 2022). This could result in a potezatsa sixtodd incr

spatial extent of global power generation by 2050 (Ngland, Auxepaules, Rousset, Perney, & Falletti,

6 For an overview of electricity distribution linatimmigkiassakian et al. (2011) is recommended.
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Box 3 | A brief overview on the state of playedEtinopean electricity grid

According to a recent IEA report on the gloicétyejeidt(IEA, 2024), at a global level, the total &egtricity grid
infrastructure has steadily increased over thggast, B@arly doubling in the last 30 yearsamithehexpansion
rate of approximately 1 million km. This groveth peedoeninantly concentrated in distribution nétislokscount
for about 93% of the total grid length.

In comparison to China and other advanced ecthreogri@sth in the EU's grid length has beendestewith
only a 12% increase in its transmission grid afitidchefdround 715,000 km to its distribution wgritheCralier
electrification of European Member States, the Eleopiéty grid is generally older, with appr@aftatéihe
EU's electricity transmission and distribution netgookerb@idecade old, and about 50% exceedingi0 yea
agecUR XJK O\ KD xtay¥ Kespar THes aatfvaldced age presentsthetimshod long-term challenges, sucl
as system losses, power quality issues, and outages.

The need to connect renewable energy sourckfloeatete areas has become a key driver fdoyheedepf
new transmission grids. However, the rapid ggewgnaion capacity, particularly from renewablesitlis cur
outpacing investment in the necessary transmisdistnitann grid upgrades, potentially hinddang-tben
expansion of renewable energy.

,Q UHVSRQVH WR WKHVH FKDEO6HQWOM D/FISH RRX@ FFLRAD) RIMXMNRIRIQL\F
infrastructure (Council of the European Uniomh26&4)ighlight the need for long-term, coordimatedap e
European level, especially in light of the growing cfiaéwork congestion.

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 literagmerggV S U BI@r@ni, 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; Ngland, Auxepaules, Rousset, Perney, & Falletti, 2022), the decassonization proce
will inevitably lead (and it is already leading) to a series of conflicts relaétition floe keotp

and spacd @ble 3 (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
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Table 4 | Conflicts related to the competitiolafor and space caused by the diffusion of renewaldev-carbon
SRZHU SODQWYV 6 Re{dbdrdtionDXWKRU-V RZQ

Conflicts Description

Renewables projects may generate competitioagainisthother land usage purposes su
Competition for land agriculture, residential, and natural areas (L\éskpeen,& Junnila, 2020; Kim, Park, Son
Hong, Jo, & Lee, 2022).

Conflict among nearby lai The renewable energy installation areas, previngsliffeasnt usage purposes, may nov
uses conflict with nearby land uses (Gross, 2020).

If on the one side the installation of renewaplteeheadpgies on buildings may enhance
SURSHUW\TV LPDJH DQG VDOHDPIEAMLW\ /RONW®&HQR
land might reduce nearby propriety values (Ghssh282epresenting a more profitable
investment to the owner of the field (Kim, Kim, Balyrgpe2020).

Property Values

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 enisrgy transition, i
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
RI B HQHUJ\ VSUDZO~

At the city level, initiatives such as the Sustainable Energy Action Plan ¢8Egd®)thies suc
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 inflexibilityasining spatial pl
framework (2ISECAP, 2021).
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1.5 Energy system, energy transition, and ciiessdcial
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,
guestioning 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 localllevel (Hisschemo

& Sioziou, 2013; Wagemans, Scholl, & Vasseur, 2019; Smith, 2019; Wahlund & Palm, 2022). From
people becoming conscious energy consumers, active energy consumers and producers, i.e.
prosumer@Haf & Robison, 2020), to the more complex forms of collective prosumerism such as
collective self-consumption multi-tenancy buildings (Reis, Goncalves, Lop&§2&)Antunes,

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, Vggk2d21& Horlin
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, Pennes@@®2jernandez,

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 widegnsentory of citiz

led energy initiatives. With the tmilestive citizen energy initiatirestizen-led energy

initiativeshe research of Wierling et al. (2023) and Schwanitz et al. (2023) focus on those kinds of

LQLWLDWLYHY GULYHQ E\ *RUGLQDU\ FLWLIHQVDE®RZHYHU WK

led by municipalities, as exemplified by the numerous ltalian Renewable Energy Communities
(RECs)Table 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 ndatare found in literaturd RXUFH DXWKRU-V RZQ H:

Term

Civic renewable
energy

Definition

>«@ ZH XVH WKH WHUP FLRLGHFHH@MNZL
renewable energy generation owned (at least p@ateartoy citizen
local initiatives, communities, local authorities, cB@#idariNers,
cooperatives or SMEs, creating a stream of |dteit\anestay withi
the region. Not all RE projects bring value to lagaitiesnifhe
definition would not include e.g. wind parks bellangengaporation
the added value of which does not benefit the lasatieerhm

Author

Susanna, 2015

Grassroots
energy
initiatives (GIs)

8'H UHIHU KHUH WR JUDVVURRW
movements and that strive to bring about bathblagieahand social
FKDQJH ~

Blanchet, 2015

Civic energy
initiatives (CE)

3& LYLF HQHUJ\" &( > @ LWVHD @D XAEBEHHC
decentralized energy models, both traditional dypdareweired, and
groups many close synonyms such as communi[gj.er@rgyunity
power [3], local energy [4], regional energy ¢Hitmmzeter energy
[6].CE initiatives are characterized by a rich distiséiyalder
motivations [7] reflected in the high individualiggehtsvi8]. Their
emergence and development are also each splgeifittplace
determinants [9]. Further, a wide range of angalrfizatiats are to b
detected [3]; these extend from small-scaleyrigasizigd grassroots
initiatives [10] to established municipal energyratilitysoptence
SFLYLF HQHUJ\" LV nkkxirémdlymewridedous H Q
FRPPXQLW\ ’

"Although no official updated count of CE initiatilables aince 20C
there has been a marked rise in initiatives focoseduoritg
renewable energy, especially in Europe with caieei?Biiatives
RUJDQL]J]HG DV FRRSHUDWLYHV > @ °

McGovern & Klenke,
2018

Cooperative
Energy
Initiatives

"are renewable energy or energy related projedtandwumn by, and
for the benefit of, a community of place or ihesegirdjects vary
from schemes focused on electricity generaittohedistretworks,
electric car projects, and energy efficiency progdssinclude
cooperatives, trusts, charities and joint-ventasahdththorities."

Haf & Robison, 2020

Local Energy
Initiatives (LEI)

"We define LEI as third sector citizen led initiatedfothe
decentralised generation of renewable energyodyatijar, and
micro-hydro), often community minded and no{éay.phodibtsen an
Bellekom 2014; Oteman et al. 2014; Coenen et al. 2017)

Soares da Silva &
Horlings, 2020

3:H GHILQH DQ HQHUJ\ SUR MN BW LDR/Q DL
managed or financed directly by actors of théetyvérsbi it present
goals associated with the energy sector [123] [Z8le$e projects ar
usually multi-faceted: they combine behavioural medsumample
providing information on efficient energy use ablihgyj@na

procurement of renewable energy technologje$1igy also help in
more technical aspects such as developmengeheriation [7], [8],

> @

Ghorbani, Nascimento,
Filatova, 2020
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"In the academic literature, different terms éoe desttibing local
initiatives, such as citizen initiatives [22], localigetirgy j5,19,23
local community initiatives [12], community ener@¢][5and.0
renewable energy communities [25]. Following orbfomk &val.
(2019), the term local energy initiatives (LEIshithissadicle, whicl
LV GHILQHG -Opvnitigning lndErRaVagirg Bf a project, or
of projects, involving the generation, stimulatiofacditation of low-
carbon energy and/or energy efficiency by citieefrefactivil societ
onaldcDO VFDOH > @ S

Germes, Wiekens, &
Horlings, 2021

3,Q WKLV DUWLFOH ZH XVHNW KGHWHWLP
engaged individuals who take it upon themselvézctoasobites
and capabilities in pursuing sustainability and esgigy trasanov
DQG =XLGHPD ’

Hasanov & Zuidema,
2022

Local Energy
Communities
(LEC)

n the present manuscript the LECs is considee@a® VV R F 1
cooperative, a partnership, a non-profit organigtiteregal entity
which is effectively controlled by local shareholeledsers, generall
value rather than profit-driven, involved in digéftaran and in
performing activities of a distribution system oggph&sros
aJJUHJDWRU DW ORFDO OHYHO LQFOX

Otamendi-Irizar, Grijalt
Arias, Pennese, &
Hernandez, 2022

Local Energy
Cooperatives

37KH FRQFHSW RI ORFDO HQHUE\ PR®%S
characteristics [28]:

+The initiators live in a local community (citizens and sredium
enterprises (SMEs)) and aim to develop and/orrdisaviaie enerc
and enhance energy conservation;

+The organization seeks collaboration with otlitgzdnsaSMEs, an
local government;

+The organization starts on the basis of thesemthfusiéunteers bu
GHYHORSY LQWR D OHJDO HQ@WHWOOHI

Hufen & Koppenjan, 2C

Clean energy
communities
(CEC)

‘H GHILQH W K HdrgdnWatjonaRFrudu@esBo@red to ac
specific goals of its members primarily in the méegyg@reduction,
consumption, supply, and distribution, althoughatisis exéend to
water, waste, transportation, and other locals'esource

Gui & MacGill, 2018

"Renewable energy communities are grassrootsthatiativest in

Er?e”%";’ab'e HFOHDQ HQHUJ\T LQ RUGHU WRLRIRW F Déci, Vasileiadou, &
- goals and therehkwpften unwittingtgonduce to the spread of Petersen, 2015
communities renewables.”
. "are renewable energy or energy related projedtandwumn by, and
Community for the benefit of, a community of place or ihesegirdjects vary )
Energy from schemes focused on electricity generabhedistetworks, ~ Haf & Robison, 2020
Initiatives electric car projects, and energy efficiency ptojissinclude
cooperatives, trusts, charities and joint-ventwasahdththorities."
3)RU WKH SXUSRVHV RI WKLNYSQ$HW 2!
(2008) lead and consider community energy tthosteptojects her Seyfang, Park, & Smitt
communities (of place or interest) exhibit a highf degreeship and 2013
) control, as well as benefiting collectively frooothespaind we
g:g:g;“”'ty include both supply- and demand-side sustainabilitiatares.
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manage energy use and increase and support dyycad peration.

It has the potential to support the infrastrociatand cultural
changes needed to reduce the impact of climatenchantgease
HQHUJ\ VHEXULW\ ~

Rodrigues et al., 2020
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"Community energy is used as an umbrellatafd ol R XV IR
ORFDOO\ OHG FROOHFWLYHOWWR?ZQ@UGH
al., 2018, p. 2) and a concept used to ensereefitatdye local and
collective, rather than distant and private, egghagizaximity of
local citizens to energy activities (Walker and Devi2808Y)ight

Hoicka, Conroy, & Berlk
2021

Community
energy systems

3&RPPXQLW\ HQHUJ\ VA\VWHP \VYDH/ WGHHJHH
energy systems, where the energy is jointlydyandrdistributed
DPRQJ D FRPPXQLW\ RI KRXVHKROGV

Fouladvand, 2022

Community 3>«@ ZH DGRSW D EURDG SHDWQ$HGWILLY
solar energy community-based initiatives for the reorganisatl@mefdgcsystems Mah, 2019
initiatives to foster the deployment of distributed energgsrasdun€ energy
VDYLQJ DQG HIILFLHQF\ SUDFWLFHV ~
3)ROORZLQJ .RWLODLQHQ DQ@GH&DD UL
Collective prosumerism to refer to the phenomenon ofexgjveiterens who ar Horstink, Wittmayer, &
prosumerism producing, self-consuming, or storing energy, réicgatipgin enerc Ng, 2021

markets by selling or sharing their energy, eithetlindivitllectivel
IRU H[DPSOH DV SDUW RI DQ HQHUJ\ F

Collective RES

3$ FROOHFWLYH HQHUJ\ DFWHRQ@HW B b @/
with the primary objective of providing in its onumeexsrgnd/or tho:

Horstink et al., 2020

prosumer of its members, and in some cases selling excess eliety

WKHUHE\ DFWLYHO\ SDUWLFLSDWLQJ 1
Collective "Relevance of initiatives for the inventory is deeitled Haee
citizen energy aspects, (1) the initiative being led by citizeasni@tive striving for )
initiatives, or social or environmental benefit beyond pure ecomstieridtes) the Vierling etal., 2023;
citizen-led initiative engaging in activities related to the ersitigy.tfa.] Note th Schwanitz et al., 2023

energy initiative

the inventory reports collective citizen initiativemaiadives of
individual citizens"

Drawing on Hale's (2018) definitiandivaflual actignsollective actignandcooperative
initiativesthe above-mentioned social energy mobilisations can be framed within three different
types of actions: (1) thdividual energy actiommde by single ordinary citizens, single
businesses, single municipalities; @)lldwive energy actionagde by groups of the same

actors such as neighbourhood communities, groups of municipalities, cemperédivéhe

energy initiativeleveloped 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)to address albllective energy actiandcooperative energy initiat¥@sosumers and

7 After its definition during my research procespo#ieel pmbrella term Collective Energy Initiatives¢G&ilad to be already

used in & R R N O Hhilg&hie Wa@eHe@rnt from talking about energpitiativé8 UHD O L] H G E \EikbKddn Ho&izdh'

2020 Project, published in September 2022 andhupelatedry 2024 (Enclude Project, . R HYHU WKH SXEOLFDWLRQV GRQ
a definition of the term. Their case studies indwgled¢a@nmunities, ecofarms, collective targetedpatitioal and social

movements, and companies or groups of persprisedatiotioning of social and/or technical isndvegiterm has also been

used in ENCLUDE scientific publications (Pea2822f Biinlev & Pearce, 2024), but again no bafiriden provided.
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conscious energy consumers. Therefore, the umbrella term CEls 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 enerdsigumesumption (

5).
CEls 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 | Conceptualisatié®@URFHVYVY RI WKH XPEUHOOD WWHWH & R Q@ H W XYJHF K
elaboration.

THIRD SECTOR AND
CIVIL SOCIETY

Collective actions
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(e.g., single single
industry, single
small-medium
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Individual actions
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Collective actions
(e.g., Convenant of \
Mayors, Net-Zero cities,
ICLEI, etc.)

Collective actions
(e.g., group of farmers,
group of small-medium
enterprises, etc.)

THIRD SECTOR AND CIVIL PRIVATE AND PUBLIC SECTOR
SOCIETY CORPORATE SECTOR AND RESEARCH
Collective actions Collective actions Collective actions
(e.g., neighbourhood (e.g., group of farmers, (e.g., Convenant of
communities, group of group of small-medium Mayors, Net-Zero cities,
local associations, etc.) enterprises, etc.) ECLEI, etc.)

|
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mobilising resources, developing context-specific technological mixes anttugbus¥sance s

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).

JRU WKHLU JURZWK DQG QXPEHU &(,V FDQ DOUHDG\ EH FRQVL
(Campos & Marin-Gonzélez, 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 grewing prominenc
within the European Commission's agenda as well, serving as a strong indication of the direction

Europe aims to pursue in supporting the energy frahktin (

Table 6 | A synopsis of European Horizon 202@tpragiglressing CEls. Author's own elaboration.

Project name

Program

Duration

PROSEU
(PROSumers for the

i>«@ WR HQDEOH WKH LQWHIR®SH
(QHUJ\ 8QLRQ 6SHFLILFDOOW MO

Engrgy Unio_n: ] Horizon 2020 2018-2021 in collaboration with policymakers and stakeholégyhtfr:
mainstreaming active countries, will conduct research on new business mod
participation of citizens i PDUNHW UHJXODWLRQV WHRRQF
the energy transition)
3>«@WR KHOS FLWLHV DFURWem(>
MAKING-CITY City Vision 2050 for energy transition, so thaggity ene
VIVWHPV UHDFK DQ DQQXDO SRV
(Energy efficient pathwa:  Horizon 2020  2018-2024
for the city transformatiol
enabling a positive future 37KH 3RVLWLYH (QHUJ\ 'LVWULKW
XUEDQ HQHUJ\ WUDQVLWLRQ
COMETS
) ) 3>« @ L QY HooNedtiveDadith igithatiges]ution and
(COllective action Model Horizon 2020  2019-2022  contribution in the energy transition effortsdin&tibaal
for Energy Transition ani OHYHO LQ VL[ FRXQWULHV"’
Social Innovation)
3:KLOH WKH L GH BrgRtheFth Yehdret@anend
local energy cooperatives has been around for dewdde
NEWCOMERS emerging clean energy communities (NEWCOMERS)
New Clean Ener . B unique features and have the potential to brimzaméees dy
éommunities n agéhang Horizon 2020 20192022 | G\ oR FDO FOHDQ H QHrijofeiytU €
European Energy Syster partners from six Europeaq cpuntngs is ;edkmgmtt
performers among them, aiming to identify thriving anc
sustainable business models suitableMd&F D@ LQ J ~
3> ¢@@duct research to develop models and framewo
reveal factors impacting both individual and collegptive
GRETA citizenship actions. The results will be utilisedarot only
Horizon 2020 2021-2023 developing energy citizenship contracts thatteupport

(GReen Energy Transitic
Actions)

transition goals within energy communities, but also fo
producing recommendations aimed at improving the
SROLF\PDNLQJ SURFHVV WRZDSC
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3>« @ Ftypdlbgywadd tHe energy citizenship concept
diverse communities of citizens by investigatingoomdhe
FDVH VWXGLHV RI H[LVWLQJ GHF

ENCLUDE

(Energy Citizens for Horizon 2020  2021-2024
Inclusive Decarbonizatio

2ISECAP

(Institutionalized Integral Horizon 2020 2021-2024

Sustainable Energy and
Climate Action Plans)

3>«@ WR EULGJH WKH JDS EHWZI
planning and implementation by supporting the capaci
building of public authorities and developing interface
capacities within public authorities to engage witietyivil
towards energy tram®i) ~

MASTERPIECE

(Multidisciplinary
Approaches and Softwal
Technologies for
Engagement, Recruitme
and Participation in
Innovative Energy
Communities in Europe)

Horizon Europe 2023-2026

3>« @ F UH D Yedrdnation &d ddopéaidn modul
platform of services that will facilitate the creéatmration
RI HQHUJ\ FRPPXQLWLHV"
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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 etiesfdréskelyapt
considerations that underpin the analyses presented in the subsequent parts of the research.

fTHE 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.

fTHE 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.

fTHE 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.

fTHE 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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XQGHUVFRUH WKH (8V FRPPLWPHQW WR DOLJQLQJ

objectives through binding targets and sector-specific measures.

fRENEWABLE 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.

fCITIES 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.

fCITIZENS 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.

fCOLLECTIVE 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
(CEls). CEls encompasgadilective energy actianslcooperative 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 pliaythepisatal role

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. CEls are prompting sustainable energy activities arsd habits in citizen

(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 CEls can be
already regarded a8@&W UD Q VIR U P D W L YGamypds RLMan-Bdrzale R PDROMAat 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 (Capellan-

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, CEls 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 gHestiaim CEls, upholding decentralized renewable
energy generation, impact cities spatially?

Which translates into the following sub-questions:

1. What are the spatial impacts of the(REI32)
2. How and why do CEls lead to spatial iniR&€)

Acknowledging the spatial dimension and impacts of the energy initiatives ptesgntevel the

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 negativedimpacts and la
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 detewnine whether,

to what extent, the spatial impacts of CEls 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 CEls.

Chapter 3.3 applies the methodology developed in Chapter 3.2 to real-world case studies in Europe,
specifically focusing on CEls in Italy and the Netherlands. This chapter detailicdhe case selec
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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3.1$SSURDFKLQJ &(,V:- VSDWLDO LPSDFWYV
review

3.1.1INTRODUCTION

Acknowledging the spatial dimension of Collective Energy Initiatesse (@&l &)nsssessing
their role in transforming urban energy systems to address global challenges (Caragliu & Graziano,
2022; Casamassima et al., 2022).

Recognizing that the analysis of CEls' spatial impacts remains a relatively underexplored area, this
chapter builds on studies of CEIls' impacts and internal processes, as weld@soadpeseral

to spatial impact analysis, to propose a conceptual framework enhancing the understanding of CEls'
dynamics and to offer key insights into the challenges and potential solutioas&ysffgctively

CEls spatial impacts.

3.1.2VETHODOLOGY

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 communityt*; ANBrgimpac
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 technigue (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 CEls. Consequently, supplementary thematic
dimensions were incorpordtiggdire §. The literature review was therefore structured in three

main steps: (1) a review of the impacts of CEls with a focus on the spatial dimensibn; (2) a review
the concept of spatial impacts and their measurement; (3) a review focusing on four main dimensions
related to CEls.

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 CEls, 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).

REVIEW
PURPOSE

SEARCH
STRATEGY

TOTAL
DOCUMENTS
ANALYSED

CEls IMPACTS CEls THEMATIC DIMENSIONS THE SPATIAL IMPACTS
AND THEIR MEASUREMENT

CEls' actors' participation

CEls’ motives and ambitions
Definition and examples of spatial impacts

CEls spatial impacts

CEls’ professionalization

Approaches studying spatial impacts

Keywords and database definition:
Keywords:

- "energy initiative*™" AND "impact*"

- "energy community™" AND "impact”

Searching techniques employed:
- Snowbolling technique (citation and
reference tracking

- "energy cooperative™ AND "Impact™® . - Journals and web hand searches
Database: > Lo
Scopus, Web of Science Databases employed:
Scopus, Web of Science, Google
Search filter definition: Scholar

Years: up to December 2023

l

Search in databases:
Scopus: n=813
Web of Science: n= 957

l

Title and abstract screen and selection
Scopus: n=72
Web of Science: n=155

e R

[

Full text screen S”DWPD‘“”Q‘ )

and selection: technique (citation

n=60 and reference
tracking: n=20

I‘-—

Documents analysed: n=80 CEls' actors' participation: n= 15 V

Definition and examples
of spatial impacts: n="5

CEls’ motives and ambitions: n= 6

CEls' professionalization: n=13

Approaches studying
spatial impacts: n=4

CEls’ external context: n=22

Figure 6 | The integrated literature review agproac
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3.1.3THE LITERATURE REVIEWS

3.1.3.1 State of the art of CEIs' spatial impacts

On the impacts of CEls

The review of Collective En€dgyW LDWLYHV | & towal of PRacEidents pubished H G
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 CEls has been limited, confirming results by Germes, Wiekens, & Horlingbd232]). Neve

it is a widespread assumption among academia and policymakers that CEls 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, ,J20ES, & Jones

Berka & Creamer, 2018; Van Der Waal, 2020; Bielig et al., 2022; Shiradkactl aquy23), so
(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 (Vogele, Broska, Ross, & Rubbelke, 2023; Belmar, BaptXia3& Neve
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, 2018HQKDQFLQJ FRPPXQLWLHVY HPSRZHU®B&KRW DQG LQYF
& Creamer, 2018; Hoicka & MacArthur, 2018; Schwanitz et al., 2023), reducing carbon emissions
(Interreg Europe, 2022; Vogele, Broska, Ross, & Ribbelke, 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 analyseshthe tbentributi

United Nations' Sustainable Development Goals (Schwanitz et al., 2023) and to the tourism sector
(BWDQNRY 9XMLpPILHoweveé, kR atddory goes overlooked: the spatial one.

8To gain a comprehensive understanding of thefitiEsetsnitiatives, the following works are recorffunéntieetr reading:
Berka & Creamer (2018), Van der Waaal (2020) r€é&rhlihizan (2020), Gjorgievski, Cundeva, & G2ogft)idRoberts, Brent,
& Hinkley (2021), and Roberto, Ferruzzi, Negrea& (R0R3).
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On research approaching the spatial dimension of CEls

Literature offers some examples of studies establishing a link between CEls 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
3ocio-spatial projectfdp QG HPSKDVL]LQJ WKHLU SRWHQWLDO UROH LQ
with an energy-focused aim or as specific actions within the context @nsugyaicilda

Plans (SEAPs) according to the Urban Master Plan.

Analysing Positive Energy Districts (PED) in terms of techno-economic, emyisowiaéntal, a

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, distdttaadd the m

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
DSSURDFK FDOOHG 3SWHUULWRULDO DFXSXQFWXUH" WR SODQ
VROXWLRQV DW XUEDQ DQG netiwdskbE abdrdy tdinduditlesradde¢o- DLPV D\
districts on territorial sca KURXJK FDUU\LQJ RN dStKaDIsEdEX 0 @odi WHU Y H Q'
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 wiidentiagated (re
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 tleeprioridentification of priority areas for the establishment of collective energy
initiatives, the work by Gerundo & Marra (2022) suggests a methodology applied to Renewable
(QHUJ\ &RPPXQLWLHYV 5(&V ZKLFK DLPV DW LQHM@WLYL]JLQJ ¢
BUEDQ 30DQ DGGUHVVLQJ WKH TXHVWLRQ 3+RZ XUEDQ SODQ¢
The areas are spatially identified, based on the settlement fabric, the land use, and low-income areas,
and they are selectedfdKDYLQJ D PLQLPXP RI FRQVWUDLQWY RQ 5(&VY
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 8hergy HODWHG ERPRPMGCGRY LIWKH GLVYVEDYRVELRBRBEHWZH
3QRILedEDVHG” LQLWLDWLYHMEDVYKIE GHKIRYH BQHASODIEGLWLDW
SK\VLFDOO\ ORFDWHG DQG EHQrR@ad&®WR oDMméhders whd dgatvgrH UU LW R |
on a spatial basis in different context dimensions ranging from codockenfrfiats, tower

blocks or skyscrapets city districts, to wider territorial contexts on the basis of cohabitation rules

and shared local objectvesKHUHDV W kptdce& B MK AQRRVH LQLWLDWLYHV
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K DY EbnbDection with a specific tract of land [enabling] members to join in the freest and most
YDULHG ZD\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 (itantjpcally or dis

and (2) the process, which considers who participates and hold&gufegilkestrates

Walker & Devine-Wright (ZDU8)IUDPHZRUN ,Q W K LI¥d Gihdfard duld be W\SLFD O
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, CEls 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.

Open &
participatory

Distant & Local &
private OUTCOME collective
0
e
Q
(2]
m
172}
w
W Utility wind farm -
Closed &
institutional

Figure 7: Walker and Deving-LJKW -V [ UDPHZRUN WR DQDOW H&ERP P XRQQ®&NMYY
FRPPXQLW\ UHQHZDEOH HQHRBHYQ D& G RXMRRR AHR GLLPRH\VD:
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Research by De Boer, Zuidema, & Gugerell (2018) analysed how Local Energy Initiatives (LEISs)
LQWHUDFW ZLWK WKHLU VXUURXQGLQJYV FRQVLGHULQJ WKH
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 CEls impacts

'"HVSLWH WKH ODFN RI VFKRODUO\ LQWHUHVW RQ &(,VYT LPS
extrapolating information on how CEls 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 CEls, 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 laage sample of ¢
studies to map sustainable lifestyles and the local acceptance of renewable energy; and (iii) model-
based approaches, which are limited to economic impact delegesrmesntly, 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 CEls 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 ahit2@22j.Schwa

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
thange mappifapproach, adapted from the field of Social Impact Assessment, where impacts are
defined asill issues related to a planned intervention that affect or concern people, directly or
indirectly, perceptually or corpdrBalpplying 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 (withutweessnd fmpactsused
interchangeably). This approach follows three main steps: (1) defining a community profile (e.qg.,
geographic location, primary natural resources available to the community, etc.); (2) defining a projec
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 withetfe selection of ¢
studies.

The consideration of the motives, objectives, and ambitions of the Local Energydnitiatives (LEI)
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 LEI
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) drewEh® €bHG 3&5( GHYHORSPHQW IU
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
GHWHUPLQLQJ QRW RQO\ 3ZKDW ZRUNV" EXW DOVR 3KRZ" D(
uncovering the relationship between activities and impacts (i.e., any positive or negative changes
resulting directly or indire®YfrDQ LQWHUYHQWLRQ 7KH HYDOXDWLRQ WK
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 98®PWLDO LPSDFWV UHIHU WR WKH VSDWI
HIWHUQDO FKDQJHV" QDPHO\ VSDWLDO UHVSRQVHV WR H[WH
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 diffusio

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 intb ®s0-HG 3SDUNOHW YV GiRadi WKH 3SHGH
et al., 2019).

The various stimuli mentioned (such as new policies, technologies, services, etc.) bave led to tangibl
alterations in the urban space. Consequently, spatial impacts can be described as modifications i
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 CEls, 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 &dhetmtheQ DEOH
XUEDQ PHWDEROLVP IRU (XURSH” 680( SURddrésE ¥é¢veR SUHGLFV
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 toBuwiplementation.
guantitative and qualitative data were collected through event observations, measurements,
guestionnaires, 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
(GI1S) 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 CEls. SEA processes for P/P
impact analysis follow seven main steps:

1. Description of the context in which the P/P is applied.
Identification of the objectives of the P/P.
Identification of the activities/actions within the P/P.
Implementation of the P/P actions.

Evaluation of the achievement of objectives.
Assessment of the impacts arising from the actions.
7. Recommendations for mitigating negative impacts.

o0k wn

Nevertheless, these approaches generally imply the availability of quantitative data that are seldom
measured by CEls. Oftentimes CEls 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 sush conditions it i
difficult to perform a quantitative assessment of the impacts of CEls. The question therefore arises
whether an operational spatial impact analysis can be designed for CEls.

To address the lack of quantitative data, the study by Nijkamp & van Pelt (1989) is particular
relevant, as it assessed urban policy impacts using qualitative information derived from interview
and documents. This approach allowed to connect policies (defined as stimuli) to both direct/primary
and indirect/secondary spatial impacts (called respBEa4 DLQLQJ DQ 3SLQWHJUDWHG
VA\VWHP”

3.1.3.3 The integrative review

2Q &(, VT WOV |

Besides discussing the capacity of CEls to offer a vast array oftscuial feméfes, the

publications reflect on the joining processes (Horstink et al., 2020), on the sutatadigroups a
involved (Allen, Hammond, & McManus, 2008; Li, Birmele, Schaich, & Konoldsk2013; Gjorgiev
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&(,f1V MRLQLQJ SURFHVYV

According to Horstink et al. (2020) the process of joining CEls varies. Some @&ds require mini
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 casesnputnlic instituti
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, CEls 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 CEls, 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 tleé existing body
research.

In studies conducted by Radtke (2014) and Radtke & Ohlhorst (2021), which i¥olved surveys
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 awaeeness, resourc
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 CEls in engaging underrepresented
and vulnerable communities and addressing energy poverty (Hanke, Guyet, & Feenstra, 2021;
Hanke & Guyet, 2023).

OnaFWRUVY UROHV ZLWKLQ &(,V

The actors involved in @ HUJ\ LQLWLDWLYH DOVR FDOOHG 3PHPEHUYV
assume different roles. According to Gjorgievski, Cundeva, & Georghiou (2021 Wredunhafh

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
LQLWLDWLYH 7KH\ KROG D SLYRWDO UROH LQ @YKW LQLWLDYV
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.
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&RQVXPHUV DUH WKH EHQHILFLDULHYVY RI WKH VHUYLFHV SUR"
WKH LQLWLDWLYH GRQTW RZQ HQHUJ\ JHQHUDWLRQ DQG VWF
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)n&gyme initiatives
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 &gufe 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:
EHORQJLQJ WR WKH RUJD Q Lhph@3 JonJitsRbaton &nd @idtehb@céD IJHG L Q
DWWHQGLQJ PHHWLQJV /LN H Zriowhrituahrekclisieadtkd, RO14HYV DUH FRC

Prosumers

1
—
—
—
CONSUMERS wessmmm PROVIDERS

COLLECTIVE ENERGY INITIATIVES

Figure 8 | Roles of actors in an energy initidtitéators/promoters/coordinators, energy servioeigiers, consumers
Source: author's own elaboration (adapted fromi&jsky Cundeva, & Georghiou, 2021).

On & (, Witernal decision-making processes

The internal governance structure of an initiative plays a significant role in shagig the level of
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. (@0620) on renew
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
ZD\V PDMRULW\ YRWH FRQVHQW GHILQHG DV 3D GHFLVLRQ
FDQ OLYH ZLWK"™ DQG FRQVHQVXV GHILQHG DV 2D GHFLVLRQ

However, when focusing on patrticipation in general assemblies, some dilemmas may arise. In his
analysis of 84 community energy projects in Germany, Radtke (2014) observed a notable level of
SDUWLFLSDWLRQ LQ WKH LQLW & eprting theifatierbenaelaq@di®g% Z L W K
expressing themselves frequently during these occasions. Despite this, the studgsevealed that
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
ZLWKLQ WKH SURMHFW 'UDZLQJ IURP WKHVH ILQGLQJV 5D
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 CEls 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 (Osterberg & 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
CEls.

Table Pprovides 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 CEls analysed.

Table 7 | Overview of the studies analysed.

Author Type of CEl analysed Aspects analysed Method of analysis
Online survey, semi-
Hanke & Guyet, 20z Energy communities 9XOQHUDEOH JURX! structured interviews wit
members
Roberto, Ferruzzi, Literature review
Negro, & Noussan, Energy communities Impacts
2023
Frigione, 2024a %)giasc)tlve Energy Initiatives Actors involved Literature review
Online survey, semi-
Hanke, Guyet, & Renewable energy commun 9XOQHUDEOH JURX! structured interviews wit
Feenstra, 2021 (RECs)
members
L . Actors and roles, internal structL Literature review
Gjorgievski, Cundev Energy communities external interaction, enabling fac

& Georghiou, 2021 barriers, goals, technologies, etc
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Demographics, use of technoloc Documentary study, onli
Collective (i.e., non-househc organisation, financing, motivatic survey (qualitative and
Renewable Energy Prosume¢ perceived hindering and facilitati quantitative data)
factors for collective prosumers

Horstink et al., 2020

Caramizaru & Uihlei
2020

Literature review, case
study

Literature review, semi-
structured interviews wit
members

Factors affecting citizen participi Online survey, interview
in community energy initiatives

Energy communities Activities, organisation and impe

Grassroot initiatives for Emergence in relation to the

Kooj etal., 2018 renewable energy institutional characteristics

Radtke, 2014,; Radt

& Ohlhorst, 2021 Community energy initiative:

Case study, desk reseai

Li, Birmele, Schaich Community-owned renewab Initiative implementation succes: . . h .
interviews with main

& Konold, 2013 energy projects factors stakeholders
Community Energy Projects Internal governance processes Cast_a study, des_k reseal
Ison, 2010 ' semi-structured intervie\

(CEPs) D F Whaitigdtion with members

2Q &(,VYT PRWLYHVY DQG DPELWLRQV

Some studies focus on the key reasons that drive the creation of energy ifica#liivibe, spec

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, Saez, 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 presafimarenitiative
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 sobsidy schemes,
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 NEWCOMER3Jptiojfeet @ & H N ) Fhidivés @or

joining energy communities are divided into five categories: financial (e.g., elecioicity cost reduc
RU LQYHVWPHQW RSSRUWXQLWLHV HQYLURQPHQWDO H J
(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
LQWHUYLHZV WR LQLWLDWLYHVY VWHHULQJ PHPEHUV WKH\
were comparable with the objectives of the initiative. Therefore, Germes, Wiek2d31 X Horlings
GHOLQHDWHG WKUHH PDLQ FDWHJRULHV RI ORFDO HQHUJ\ LQ
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). Suchetketgorization

the one proposed by Oteman, Kooij, & Wiering (2017) regarding Dutch grassroot energy initiatives
motivations.

Similarly, analysing statements of purpose from UK community energy teitiatirasgtodec

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, Sdez, 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 CEls 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 Q(bjuwlgieasid,

Georghiou, 2021).

Table &rovides an overview of the main studies analysed. The table aims to illtis¢rate not only
types of motivations and ambitions identified, but also the methods employed and the types of CEls
analysed.

On&(,69 SURIddtWNVLRQDOL

Professionalisation is recognized as one of the main success factors of CEIsi¢ablemeyer,
Wawer, & Siebenhiner, 2022), aGdHt¥ HO LPSDFWV RRetrovt, Wuitbrid & HV Y VXFF
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, & Siebenhlner, 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, & Siebenhiiner, 2022; Deppe, 2022; Van der Weele,
2022), or enabling the initiatives to play a greater role within the energy transition process
(Ahlemeyer, Griese, Wawer, & Siebenhiiner, 2022). It is through professionalisation that CEls can
grow and take over utility services (Wagemans, Scholl, & Vasseur, 2019), whichtdiave been able
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
VWUXFWXUHV ,Q DWW H PosofédsiQrnligaton TPHDQAX UIN @D B'G WXKUHH  XRPIE +
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 developmes)t of the initiativ
some flipsides have been detected. Once they start professionalizing, initiatives can run the risk of
SDOLHQDWLQJ WKHLU JUDV VdahgaBenmant BfR/BIth¥eerd (Mappe,33e&E ORVLQ
Warbroek, Lammers, & Lepping, 2015; Horstink et al., 260Qthe s ULIW DZD\" IURP L
DPELWLRQV JRDOV D QdppéE BRR Wearkrvek JNammersy & Ledpihg/ Z015;

Horstink et al., 22 OO T2UVROHWWD & X QK& logelcbrodivmty suppgdi UHL U D
(Hoppe, Graf, Warbroek, Lammers, & Lepping, 2015) and social credibility (Ahlemeyer, Griese,
Wawer, & Siebenhiiner, 2022).

Literature showcases various approaches in which energy initiatives are getting professionalized,
together with some positive impacts and flipsides of iteafisafiésis 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. Differe@hegg)lemeyer
Wawer, & Siebenhiiner (2022) ass@i@te L Q LpdieBsiwHalsatiHiv with the level and

difference of qualifications of its board members, linking it to the broader concepis of technical
economic professionalisation. Horstink et al. (2020) point out the possibilitydoékieimmgatjualifie
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
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Table8 | §nthesis of key studies
analysing CEI motivations, ambitions,
and objectives, including information

on methods and types of CEls
examined.

Authors

Type of CEIl analysed

Aspects analysed

Methods of analysis employed

Types of
motives,
ambitions,
objectives
detected

Seyfang, Park, & Smith,
2013

UK community
energy initiatives

Statement of purpose

Nation-wide survey

generating income for com
ties, tackling fuel poverty
improving local

Economic /
financial

Environmental environment

Community wellbeing an
health, improving educati
social cohesion, social

Community empowerme

influencing sustainability/e

gy policy, community
leadership

Political

Infrastructural ) epe
ence, community buildin

Technological

Energy independg
ence/security

Saving money on energy biReducing the energy bill, off
munia cheap or independent|
, alternative to fossil fuels, and

creating revenue for investors,

Reducing carbon dioxid¢
emissions, improving local

Improving energy independ- -

Oteman, Kooij, & Wiering
2017

Dutch grassroot
energy initiatives

Motivations

Case studies; Interviews

developing the region of
community

Sustainability, being envir
mentally friendly, leaving
better (green) world for n
generations, reducing C(
emissions and reversing
climate change, improving
local landscape

d Revitalizing communities
bN,

¢l

Achieving independence &
community

, Heras-Saizarbitoria et
al., 2018

Spanish energy
cooperatives

Mission statements

corporate; Interviews

eringdStrengthening the local

economy, creating local
jobs, supporting the
cooperative nature

ori-ostering a new energy m

ext reduce energy dependen
D2 through the use of renews

energies, protection of eny|
the ment and biodiversity

Local community empd
collaboration with other coo
tives, alleviating energy po

Analysis of internal and externaCase studies; Document]

arecovering energy sovreigrgtyyironmental benefits, incr

Hicks & Ison, 2018

Community renewable
energy projects

Motivations

tion

Community income, touris
local jobs and contracts

proofing and resilience,
cheaper energy/energy sav
etc.

pdeeduced GHGs/pollution, |

cy environmental values an
ble behaviours, etc.
ron-

werrBempwerment and skills
peradevelopment, communit
vertpuilding/volunteering, log
ownership and decision mg

Create actors in renewah
powered future, politica
mobilitasion; increased

support/reduced oppositi

etc.

Increased energy efficien

energy self-sufficiency/seq
ty, renewable energy

education and training, e

shareholder income, futufe advantage of policy incenti
take advantage of subsidythe local community, increas

Horstink et al., 2020

Motivations

Questionnaire

m, Electricity cost reduction ¢

ings, schemes

pchbwering one’s environmer
cafeedprint, tackle climate cha
)| problem

Being part of a community,
y tackle energy poverty, creal
alsense of community, respor
king. local demand/needs

le -

bN,

cy, Engaging with
uri- new technologies
C.

Independence from large
power companies, contribu
to energy security, achiev
energy self-sufficiency,

energy production, decent
ize

Collective RES prosumers

] [ S Literature review; Survey;
~analysis; Semi-structured
interviews; Participants obsgrva-

investment opportunities, takeeconomy, benefit from ene
eproduction, generate income for

contribute to innovation in

Germes, Wiekens, &
Horlings, 2021

Starting motives g

liveability of the communi

ngdout the future planet, preg
environment for future gen

natural gas

helpcrease social cohesion, t
te a collective action, increas
dwareness in the local com

ting
e

al-

Dutch local energy initiatives

v Semi-structured interviews

r Save money, strengthen local
gy

Gjorgievski, Cundeva, &
Georghiou, 2021

Energy communi

nd objectives

Literature review

Economic, innovation

e the
Y

taBe more sustainable, concér@imate protection and susta

erve bility, renewable energy
ora-  generation targets

tions, conserve and produce
energy, become independept of

ake Education and acceptance

unity and social realization

y projec

Goals of the merr

participation, community building
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(Wagemans, Scholl, & Vasseur, 2019; Horstink and al., 2020; Oteman, Kooij, & Wiering, 2017,
Ahlemeyer, Griese, Wawer, & Siebenhiner, 2022; Candelise & Ruggieri, 2020; Deppe, 2022).

Table Sattempts 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 CEIEXW DOVR RQ WKHLU LQIOXHQFH RQ FRPPXQLW\ HQJD
SURMHFWVY RXWFRPHVY DQG WKHUHE\ RQ WKH LPSDFWV RQ W

2Q &(,67 HIWHUQDO FRQWH[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., 2803)jnAdorajsid
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 backgrowichawgitabledite

economic trends (Horton et al., 2003).

Being organizations themselves, CEls 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 spittiadithaperative

and strong sense of local responsibility. Such forces have been proven to have influenced the
willingness of citizens to start or join an inDi&ive, VKDSHG FRRSHUDWLYHVY GHF
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 régulations, rules
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 sighditiaatigiaffect t

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 comegxts in which
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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Table9[7\SHV RI &(,V:- SURIHVVLRQUODDWXDWLRQ GHWHFWHG LQ OLWH

Inside perspective

o
=
=
=}
fa}
o
7]
o
[}
o
©
°
o
2
S
o

Category

Professionals
volunteering within tt
initiative

Concept of professionalisation

Having members of the board enough qualified a
different qualifications.

Author

Ahlemeyer, Griese, Wawer, §
Siebenhiner, 2022

Hiring external
qualified consultants

"move from hobby to lobby, from volunteer organ
professionalisatiamtended dspend money on
qualified consultants"

Horstink and al., 2020

"hiring personnel rather than depending on voluni

Oteman, Kooij, & Wiering, 20,

Hiring professionals
permanent staff

"Some initiatives are professionalizing by hiring p
employees"

Van der Weele, 2022

SLQYROYH DQG KLUH SURIHVYV

Candelise & Ruggieri, 2020

SSURIHVVLRQDOLVDWLRQ RI W

Ahlemeyer, Griese, Wawer, §
Siebenhlner, 2022

SWHFKQLFDO SURIHVVLRQDOL

Ahlemeyer, Griese, Wawer, §
Siebenhiner, 2022

More professional
structure

‘HFRQRPLF SURIHVVLRQDOLVE

Ahlemeyer, Griese, Wawer, §
Siebenhiner, 2022

SSURJUHVVLYHO\ HQKDQFH Wi

Candelise & Ruggieri, 2020

WKH DFTXLUHPHQW RI D VXS:
adequate illustration of the ongoing professionalis
across energy cooperatives"

Wagemans, Scholl, & Vassel
2019

Working with other
groups or
organizations

3:RUNLQJ ZLWK VXSSRUW JUR
knowledge on the fundaments and technicalities
FUHDWLQJ DQ HQHUJ\ LQLWQEC
public awareness campaign, communicate, and f.
information meetings between the interested resi
DQG UHWDLOHUV >«@ H[SHU\
initiatives and accelerated the pace of developene
LQLWLDWLYHV

Hazanov & Zuidema, 2018

SHQHUJ\ FRPPXQLWLHYV FDQ W
RWKHU VXSSRUWLQJ RUJDQL]

Deppe, 2022

Collaborating with
other initiatives

SFROODERUDWLQJ ZLWK RWKF

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

Oteman, Kooij, & Wiering, 20,

de Bakker, Lagendijk, & Wier
2020

Collaborating with
energy companies

collaborating with energy companies, generating
energy cooperative companies, which allow them
the professional skills of commercial companies (
callechybridizatipn

de Bakker, Lagendijk, & Wier
2020

Merging with other
initiatives

SPHUJLQJ RI HQHUJ\ FRPPXQL

3*URXSV RI FRRSHUDWLYHV D
cooperative project development agencies, taking
commercial approach to developing and scaling t
FRRSHUDWLYH SURMHFWV’

Deppe, 2022

de Bakker, Lagendijk, & Wier]
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 CEls 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 edisting energy an
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 updigediop

framework of the main contextual factors that may influence a CEI arkgtgerdpabis (

framework can offer support to policymakers and practitioners by illustrating how contextual factors

CONTEXTUAL FACTORS

FORMAL INSTITUTIONS

E.g., policies, laws, regulations, fax incentives,
energy market

COLLECTIVE ENERGY
INFORMAL INSTITUTIONS INITIATIVE

Pm—————

E.g., community ideology, spirit, identity, traditiorn,
and values, socio-economic fabric

PHISICAL FACTORS

e e e |
|

E.g., climate, topography, renewable resource availability.

existing Iinfrastructures (energy and others), urban fabric, : Plant |
architectural-fandscape constraints, main function of the area -y 7 ant scale

(residential, commercial, etc.)

TECHNOLOGY FACTORS
E.g., technology avaifability, cost of different renewable

energy technologies, the maturity and modularity of the
technology

Figure 9 | Framework of the main contextual fabitrsnay influence a CEIl and its impacts. SourderaMiwr
elaboration adapted from Marquis, Glynn, & Daw3)(2irth (2014), Hicks & Ison (2018), Kooij2&x1&
Gjorgievski, Cundeva, & Georghiou (2021) Memhit{2022), Leone et al. (2023), Caffaro, MaSsuitlos, Gastalc
& Tiberio (2023).
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influence the development of CEI (e.g., enabling, constraining, and shaping it). Simultaneously, it
FDQ EH VHHQ DV D EDVLF WRRO IRU JXLGLQJ &(,VT SURMHFW\

The integrative conceptual framework

Developing a framework for analysing how the spatial impacts of Collective H@tg) Initiatives
take place first needs to acknowledge that CEIls themselves are complex sociotechnical systems
whose impacts are deeply influenced by multiple diRignssobB (

CEls have at their heart society (Seyfang, Park, & Smith, 2013). Based on thie cmtbsitive acti
CEls can involve a diverse array of actors, encompassing professionals, consumer cooperatives,

academics, non-governmental organizations (NGOSs), 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) 7TKH DFWRUV LQYROYHG DOVR FDOOHG 3PHPEHUV’
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
HQYLURQPHQWDO H J ORZHULQJ RQHYV HQYLURQPHQWDO
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 CEl, different stakeholders (Li,
Birmele, Schaich, & Konold, 2013), as well as single individuals, may have differeht motivations an
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, Saez, Allur, & Morandeira, 2018; Germes, Wiekens, & Horlings,
2021). The ambitions are then transl®@@d R WKH LPSOHPHQWDWLRQ RI DQ L
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 CEls
heavily depends on civic participation and engagement (Radtke, 2014). However, as stated by Ison
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Figure 10 | The conceptual framework. Sourceradium elaboration, adapted from Hicks & Ison, 2018.

(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 CEl also deeply depends abn its level
professionalisation (Ahlemeyer, Griese, Wawer & Siebenhiiner, 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 & Siebenhlner, 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 &
Siebenhiner, 2022). Similarly, professionalisation helps initiatives in managing increasing complexity
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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 & Siebenhlner, 2022; Deppe,
2022; Van der Weele, 2022). Finally, professionalisation may also enable thayiritiatives to pl
greater role within the energy transition process (Ahlemeyer, Griese, Wawer & Siebenhiner, 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 professiondligingg LDWLYHYV FDQ UXQ WKH ULVN RI 3D
FRPPXQLW\" DQG ORVLQJ WHdistink@i &.,) 20 POWE W \ R DYOR OGXUWQLWW] HDUAD
IURP LQLWLDO DPELWLRQV (HdRtDICEYal. 222G, 6 BseRocallchoigiiy L Q W H U
(Ahlemeyer, Griese, Wawer & Siebenhiner, 2022).

CEls are also deeply intertwined within their external context (Hasanov, 202y, which critic
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 thategiygsorts the initi

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 CEls 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
WKH ZLOOLQJQHVV RI FLWL]JHQV WR VWDUWddisioMRLQ DQ LQLYV
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 & Siebenhuner, 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
CEls (Hicks & Ison, 2018), as well as the delays (and instability) of the legal frami@e/orks to recog
these new forms of energy production (Horstink et al., 2020).

Moreover, as highlighted by Leone et al. (2023)muhdirQ 3RVLWLYH (QHUJ\ 'LVWU!
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.

3.1.4KKEY TAKEAWAYSAVIGATING THE ANALYSISEBE 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 becomesiaven more cru
Several key issues identified within studies coming from a wide fan of discifilta@s hold signi
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 CEls' spatial impacts.

ON CEISCHARACTERISTICS

fCEIS ARE COMPLEX SYSTEMS

CEls 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, CEls 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 CEls can be
aptly described as sociotechnical systems (Melnyk, Cox, Ghorbani, & Hoppe, 2023).
Takeawayt.iterature 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 CEls and
understanding how they act within the energy transition.

fCEIS ARE ORGANIZATIONS

Regardless of their legal form, CEls function as ordadiaatioby collective

efforts and oriented toward achieving shared objectives. CEls are groups of
individuals collaborating toward a common purpose, often relying on voluntary
contributions of time or money. Whether for-profit or non-profit, CEls exhibit an
organizational structure that prioritizes collective benefits (Horstink et al., 2020).
Even profit-generating CEls 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 CEls.

TakeawayOrganizational impact assessment methodologies can provide valuable
insights into the internal processes and the impacts of CEls.

fCEIS ARE EITHER PLACE-BASED OR NON-PLACE-BASED

CEls 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 CEl is place-based or non-place-based is
essential for effectively assessing and analysing its spatial outcomes and impacts.

ON CEISSPATIAL IMPACTS

fSPATIAL IMPACTS AS MODIFICATIONS IN THE PHYSICAL LANDSCAPE

Impacts inherently involve changes and measuring them requires comparing the
situation before and after exttimallare introduced (Pinho et al., 2011). In this
context, CEls act as extestiraluliwithin the urban environment, meaning their
spatial impacts can be understood as changes in the physical landscape in which
they operate.

TakeawayMeasuring the spatial impacts of CEls involves comparing the state of
the area in which they develop before and after their introduction.

S$FFRUGLQJ WR WKH &DPEULG ) B DISGIP|DFVE& R Q WN G\ FLRFPASLERI/DRIRE WK MR JHR XS R
IRU D SDUWLFXODU SXUSRVH’
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fDIRECT AND INDIRECT SPATIAL IMPACTS

The changes generated by the extimatan 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.

TakeawaylUnderstanding spatial impacts requires distinguishing between direct
and indirect impacts, as they both contribute to the overall changes brought about
by CEls.

fQUANTITATIVE APPROACHES ARE NEEDED$TIX 6 ( &(,6- 63%7,%$/ ,03$&76
The literature on CEls 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.
TakeawayThe use of quantitative approaches, such as GIS and statistical analysis,
is essential for effectively studying the spatial impacts of CEls.

fQUALITATIVE 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 CEls
(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 CEIls' 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).
Takeawayin the absence of extensive quantitative data, or to complement it,
qualitative approaches (e.g., desk research, interviews, surveys, focus groups, and
guestionnaires) can be crucial for effectively analysing the spatial impacts of CEls.

fCASE STUDY APPROACHES ARE VALUABLE TO ANALYSE CEIS' SPATIAL IMPACTS
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Case study approaches are commonly used to analyse CEls 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 CEls develop and influence
their surroundings.

TakeawayCase study approaches can be particularly useful for analysing CEIs'
spatial impacts, offering in-depth understanding of the unique characteristics and
context of each initiative.

fHOLISTIC FRAMEWORKS TO ANALYSE CEIS' SPATIAL IMPACTS
The outcomes and impacts of CEls are shaped by both internal and external factors
(Hicks & Ison, 2018). Therefore, a comprehensive approach to evaluating CEls
should include an examination of both their internal dynamics and external
LQIOXHQFHV .H\ VWHSVY PD\ LQYROYH GHILQLQJ WK
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).
TakeawayA holistic evaluation framework, considering both internal and external
factors and incorporating "impact pathways", is crucial for understanding the full
range of CEls spatial outcomes and impacts and their underlying processes.
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3.2 An integrated methodology to address CElsakpati
impacts

Addressing the methodological gap identified in the literature review through the lens of the research
sub-TXHVWLRQV 56K\36ERZ&DHYGOHDG WR VSDWLDO LPSDFWV"" LC
VSDWLDO L P Sthig-ahapteR buikl$ ,0on"“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
GHYHORSHG DQG GHVFULEHG LQ WKLV FKDSWHU LV EHVW FI
process of combining approaches, methods, and tools from different fields.

The chapter is structured into two main seétisthbW WR VWXG\ VHOHFWLQJ WKH GI
WR VWXG\ GHILQLQJ WKH UHVHDUFK DSSURDFK GHVLJQ DQC

,Q 3:KDW WR VWXG\ VKO &bpastd dp CEW ¢thbse@ loPdrdlysid &rdprésented,
with a clear explanation of the rationale behind their selection.

In3+RZ WR VWXG\ GHILQ bfiptbadtiéshl QUEH V' HiDE R EaNS HIdSIgh Q
approaches, and methods used to collect, process, analyse, and present the data are explained.

3.2.0MHAT TO STUDSELECTING THE DIMENSIONS

While existing literature emphasizes the importance of considering both internal and external factors
when evaluatilgROOHFWLYH (QEJdY inpacl | pidrifrivgL tveHteffnal 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 CEls.

Four key dimensions were selected to examine the internal context of CEls: (1) geographic span, (2)
internal structure, (3) objectives, and (4) activities and services. The first thede dimensions
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 CEls, the four addressing their internal context as well as the additional ones.
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3.2.1.1Geographic span

When starting to analyse CEls to assess their spatial impacts, the first spatial dirhension that may
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 deliverg gpjrsnimunity centres), and project and activity

sites where on-the-groundwork occurs. Whereas the beneficiaries are the population served by the
CEl, considering their geographical distribution. Therefore, the geographical span can be seen as
the concrete, physical reach of the CElI'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 oftthe initiative, whic
for instance can be neighbourhood scale, district, city, province, etc. Itis 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 stiatistisal data,

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.

3.2.1.2nternal structure

Since CEls 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 organizatoexdemall as

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
RUJD QL]DW L R Qlfaderskmandmamhgerknent Stk Wlvision of labour, and definition of
roles. In terms of organizational capacity, different authors offer varying perspéctives. Hall et a
(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 CEls 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 CEls impacts.
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Drawing on all the above-mentioned insights, a total of 13 aspects were seldbied to assess
internal processes of CEls, categorizing them into internal erafieriiant(organizational
capacityTable 11

Table 10 | Aspects considered to assess CEls'ahéewvironment.

Internal environment Description

Refers to the officially recognized structureiatianasitdefined by national lan
and regulations. Common legal forms include ceppssaiiations, and

Legal form partnerships. However, in their early stages, GRé&satajnformally, meaning 1
lack a defined legal form.
. Refers to the types of actors involved in the jnitietivesay include civil societ
Main actors

small and medium enterprises, local associatiorissaatttbathers.

Refers to the types of activities performed liy #utonsa which may include rol

0DLQ DFWRUTV gichas promoters, consumers, and providers.

Member§otal number Refers to the total number of members joinirafitiee init

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

Organizational capacity aspects Description

Refers to the target audiences the initiative airesatudstne processes througt

Community engagement which it interacts with them, specifically the endagenigmes employed.

Refers to the procedures and requirements esgtifiehutiative for individual

Joining process entities to become members or participants. Eiigitaliare considered.

Refers to the internal organization of the initla@vgiti@tves just operate as
membership-based organizations, with a boardeibdizesteing daily operatio

Organizational structure and a general assembly of members serving astéhdadisiaa-making body.
Others may also establish distinct legal entitieisifial prdijects to manage
financial risks effectively.

Refers to the framework within an organizatiterithiaiedenvho is responsible fc
making decisions. The decision-making structuretlgignfifiemces the selectior
objectives, activities, and projects undertakemdanthation. Decision-making
occur at three levels: founders, core team, ealcageembly. Decisions may be
reached through one of the following approaches:
Decision-making process f Consensus: decisions are made by achieving unamiemestagnong all
members of the initiative.
f Majority voting: decisions are determined basefbigty asteamong the
members.
f Consent: decisions are made even if not all meritb&r agreement, as Ic
as there is no outright objection.

Refers to the types of staff members of the imftiabivegn be volunteers paid

permanent staff, internships, paid external cgyrestoltdmie choice and the num

depend on the financial resources and influenoarthararcomplexity of the
Staff and expertise activities that the organization can develop.

Moreover, the level of expertise to which theliagtiaticess is considered. Typ

of expertise can be volunteers and staff expedtiegtenival qualified consultant

external supporting organizations, collaboratiores witiatitkes, etc. This aspe:

104



| Collective energy initiatives: towards a spatial perspective |

depends on the financial resources and influemeesrtharad complexity of the
activities that the initiative can develop.

Refers to the development of strategic planmentothat set priorities, the foc

Strategic planning energy and resources, the establishment of agsremmhintended results, etc

Refers to the availability of internal rationalizel$fproicedures, and
municipality/province/regional procedures/guidepnastioes. These might be
formal and mandatory or informal.

Policies, processes, operating
procedures

Refers to the financial sources (grants, donatieasstips, membership fees, «
revenue generated from projects) and theirrogagelgvelopment, staff salarie
administrative expenses, community outreach, arahtrimesfrastructure or
technology).

Financial resources

Refers to the external formal or informal relatiodislultsberations that suppor
Network, alliances, partnership: services and projefitgplementation of the initiative. These partnetadedgdat
government, umbrella organizations, energy osidéney agencies and entiti

3.2.1.3Ambitions

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 engisamental issue
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 aharacterized by
topological perspective. This study adopts this approach to investigate whether CEls consider or are
influenced by issues related to urban form, design, regeneration, land use canilitisnsoil cons

and territorial or spatial vision, besides energy related ones, during their ambition definition.

Nevertheless, ambitions can also be analysed through a spatial perspective;, ddfiaeshis stud

DV JHRJUDSKLF VFRSH 7KH 3 JHRJUDSKLF VFRSH” RI D &(, FD
initiative. It is where the CEIl ultimately wants to see these ambitionsaraitedabdyond

the physical reach of the CEI.

3.2.1.4Activities and services

The activities and services provided by CEls 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 CEl, this study identifies the types of services offered and the
activities undertaken. A specific activity deemed patrticularly relevant to the research objectives is
therefore selected, and a total of 14 aspects are analysed td abéube it (
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Table 12 | Aspects considered to assess CElstiestivi

Activities related
aspects

Activity objective

Description

Refers to the specific ambition of the initiative wiekingral@articular activity.
activities of CEls may have diverse ambitions;der soestenmay focus on
contributing to local renewable energy generatasherghilgoritize fostering
community spirit.

Actors involved

Refers to the types of actors involved in thenditiitypay include civil society,
small and medium enterprises, local associatiorissaatttbathers. New actors
besides those involved in the initiatives, may participatfic activity.

$FWRUVYT URO

Refers to the types of activities performed by #utomsaof the activity, which n
include roles such as promoters, consumers, ams. provid

Financial resources

Refers to the financial sources (grants, donatisasstgps, membership fees,
revenue generated from projects) and theirrogagelgvelopment, staff salarie
administrative expenses, community outreach, avehtrimesfrastructure or
technology). Different activities of the initiativeuppgpibed by different financi:
resources.

Profits

Refer to the financial surplus generated fromitieésiattiatities after all operatic
costs, expenses, and investments have been.ddtksrgutofits may be reinve
into the initiative itself, used to fund further prajesttdyuted among members
stakeholders, depending on the legal structua¢ésafdigo CEI.

Activity geographic span

Drawing on the definitiohd/HRJUD SKLF VSDQ" DOUHD®) B
D &(,VT DFWLYLW\ UHIHUV BVRWW XHWS KD QIGF DW
weather it is the neighbourhood, or the entire city.

Technology type

Refers to the specific category or kind of tecttilinézipy the initiative to carry
its activities or deliver its services, such as sielavpahtirbines, biomass
systems, or energy storage solutions.

Technology ownership

Refers to the legal ownership of the technologyg intiiegter it is privately own
publicly owned, or collectively owned by the initiative.

Technology distribution

Refers to the spatial arrangement of the techiallegybiynshe activity, whether
concentrated in a specific location or distribitedHoressites.

Technology location land cover

Refers to whether the technology is installedes witkiiatin urbanised or non-
urbanised area. Urbanised areas are approxithategtast of artificial surfaces
within municipal boundaries. According to the Cdlioecraraissification, "artifi
areas" include urban fabric, industrial, commereiaspamtunits, mines, dump
construction sites, as well as artificial non-algvegdtiated areas (e.g., green c
recreational and lei-sure urban parks, sport arfdddisas). Non-urbanised are
are therefore agricultural areas, forest and sémnieas raetlands, and water
bodies.

Technology location urban functi

Refers to the specific urban function of the loesgitmeviichnology is installed
operates. Urban functions are categorized lsggomary use or purpose, st
as residential, commercial, industrial, agriculturat, senyicts.

Technology location type

Refers to the classification of the location whehadhegty is installed or operat
distinguishing between built-up areas (e.g., burashgsting) and voids (e.g.,
open spaces, undeveloped land). This categoazatemipsight into the spatial
context and integration of the technology withantbe rural environment.
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Refers to the specific physical element wheredlugyeishnstalled or operates,
such as roofs, facades, walls, open fields, thustheslcomponents. This
classification helps to identify the precise plaaéintgration of the technolog
within its spatial context.

Technology location element tyf

Refers to the ownership status of the locatidhenateetmology is installed or
operates, such as public, private, or communiprapenges. This classification
provides insights into the governance and aca#dhibiléghnology's physical
setting.

Technology location ownership

Refers to the management structure or authomisjbtedpr overseeing the loca
Technology location manageme where the technology is installed or operatesudéssviiether the location is
managed by public, private, or by the initiative.

Technology occupied surface Refers to the square meters occupied by thegtechnolo

3.2.1.5Additional dimensions

About the initiative

Building on the literature review, additional aspects were considered as deemed necessary to
enhance the understanding of CEIs' internal dyabhaid® (Alongside, a set of indicators is
proposed to provide quantitative information for the descripfi@blef BEIs (

Table 13 | Additional internal aspects considerasisess the development and the spatial impacE®f C

Additional dimensions Definition
Foundation year Provides an overview of the development of #gir@iitighirom its foundation ye
Innovative aspects Highlights the innovative aspects of the CEI.

Highlights barriers, such as the lack of priorsexi@agtein legislation, regulatic
and bureaucracy, that hindered CEI developrgsitte dlenmain drivers.
Provides an overview of the area in which thea@is| bp#r prior to and followir
the initiative's implementation.

Process evaluation

Initiative assessment

Table 14 | Overview indicators about CEls.

,QGLFDWRU:V Q
[measure unit] Definition

The indicator is estimated as the ratio of the gabgpaplof the initiative to the
municipality urbanised area. The result is thed inyltiplido express it as a
percentage.

Percentage of municipality area se
by the initiative [%)]

CEls can provide the number of their members sihigle aitizens. However, if
one household member is part of an initiative, Hoeusetiodd is generally
considered a member.

Municipality inhabitants served by
initiative [inhab.]
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Assuming a one-to-one correspondence betweerb&Elandrouseholds, the
indicator can be calculated by multiplying thehbootseholds participating in t
initiative by the average household size at the watiénal le

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

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

The indicator is estimated as the ratio of the Wwableesiectric energy generate
the initiative per year to the estimated municipadity elensumption per year. ~
result is then multiplied by 100 to express it agagperce

Surface occupied by the renewable
energy plant

About the context

To enhance the understanding of the internal processes of a CEl, the analysis of the contextual
aspects is paramount. While this study purpose is not to explore in depth the extdsjal factors of CE

a brief overview of the context is necessary. A set of aspects related to the territory and the
municipality in which a specific CEl develop was therefore selected to b&ableedffgated (

together with a set of quantitative indicators specifically develygredht moaicipality in

which each initiative operdtasi¢ 15

Table 15 | Additional external aspects consider@skess the development and the spatial impacE®f C

External factors Definition

Provides an overview of the population distributisenacitaracteristics of a givi

Territorial spatial analysis municipality and its surrounding region.

Urban land cover Provides insights into the structure and lanérsevpidtin the municipality.

Provides an overview of the key infrastructargptrathe urban functions of tr

Urban infrastructures municipality, which include major transport anfd@ligegy

Provides an estimate of the annual electricity cansfuimpiounicipality, suppor

Urban energy demand the understanding of the distribution of energydirinadifferent sectors of a ci

Urban strategies, policies, and Outlines the municipality commitment to sustaimbibilfigrécular to energy
programs transition.
Collective energy initiatives Provides an overview of the CEls active in thditpunicipa

10]n all four case studies analysed in the followémgthbeg is evidence suggesting that if one houseibaldis part of an

initiative, the entire household is generally considemdzta During the follow-up interview with thée Doodipetatieve

Vereniging Nieuwe Energie Oranjewiit/lKAl L QW H U Y L H Z HO{fickallyay méntbEfD Delpd GonWsitglaititizen, not

household. But if in a household one person isratheembele household is respected as ‘mevitherespect to the Dutch CEI

Coobperatieve Vereniging Grunneger PowiardJpfevious study on the initiative realized &y Déidgdona, & Gugerell (2018) it

LV V WIEhW tdh&Gyears Grunneger Power grew to almoas&hol members (Broere, 2013))KH LQWHUYLHZHH IURP WKH ,V
CEIComunita Energetica e Solidale NapdMEB WtHeGnl tdédriders of the initiative are familiesthvehiicheabf the notarial

act numbered three and now are a total numbieeof NIBSRQ UHYLHZLQJ WKH D WHRJAPLLODMICR @ KD WWHDINPXWRH W W
three families mentioned by the interviewee istedpbgsenly one household member. Regardinghtietilisii@omunita

Collinare del Fridkie interviewee stafed« @ ZLWK WKH 5(&2&(5 SURMHFWRWKHGE& (W KRH Q6 D\@ K'lD BLCHIOHW Z ¥
included in the CER, together with other 7/8 Sifbjertslies. So, 7/8 apartments all located aamg thtreét
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Table 16 | Overview indicators about the munigipeditspecific CEls operates.

,QGLFDWRU:-V Q

. Definition
[measure unit]

Municipality administrative area [kr -

The indicator is estimated using a Geographic Infystetiais|S) software. By
importing the CORINE Land Cover (CLC) databasewamdlaéty boundaries ii
a GIS software, the indicator is estimated thrimlighvthe steps:

(1) Selection of geometries classified as 'ClasmllAfgéficwithin the CLC
database, representing urbanised areas.

(2) Intersection of the selected geometries wipalityupoundaries.

(3) Calculation of the total area of 'Class 1:Ae#igigeometries within the
municipality boundaties.

Municipality urbanised area [km2]

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

The indicator is estimated as the ratio of the mmitkidrpin the municipality fc
specific year to the estimated electricity conpemgdipita at the national level
the same ye#x.

Municipality electricity consumptiot
year [MWh]

3.2.2HOW TO STUDBEFINING THE RESEARCH DESRFROACHES
AND METHODS

3.2.2.1 Research approach and design

To address the methodological gap in the analysis of the spatial impacts ridr@pllective E
Initiatives (CEls), 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 CEls is a novel topic with limited available information, the exploratori+ approach is wel
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 CEls, this
study endeavours to adopt such an approach (Hennink, Hutter, & Bailey, 2020).

11 A similar process is employegllbjd ODN %LAR]JRU DQG 6]XQLHZLF]

12 A similar process is employed by Germes, Wiekeligs&(2021). However, the present study utibzgitapelectricity
consumption rather than household energy conssrpgorsource data is readily available on ead¢obal s
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The qualitative method is utilized to explore the processes through which CEls 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 CEls develop and to analyse key dimensions of CEls, 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,
preferred when examining contemporary events within real-life context where relevant behaviours
cannot be manipulatea] when investigating presumed causal links that are too complex to be
addressed through surveys or expefintesse studies are therefore deemed feasible for the
analysis of CEls as (1) CEls 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 knavoaas collectiv
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 intolcomplex societa
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. Relyismglelely on

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 reliabilitydyf fimeliogse st

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_(RogkidanResearch_Center/siteContent/PDF/Diss\Wisd0guileexpl
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 1)

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 collece®B XW WKH GLPHQVLRQV LGHQWLILHG DC
study: selecting the B H Q Y@3R.Q) o address both RSQ1 and RSQL1.

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.

Type of data Strengths and weaknesses

Source of information Type of source collected (of the source of information)

Desk research
(Communications, agend:
announcements, reports,
administrative internal

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

documents, formal studie: Primary - Quantitative mferencgs)
) : sources Weaknesses:
public presentations, ) .
newspaper clippings and Secondary - Qualitative - Bias due to poorly constructed questions
3 P sources - Response bias
other articles appearing ir - Inaccuracies due to poor recall
?ee\lzzlg:tee c:'sa \?Vreggg?erzunlt‘_ - Reflexivity (interviewee gives what interv
L T ' wants to hear)
scientific papers, etc.)
Strengths:
- Stable (can be reviewed repeatedly)
- Unobtrusive (not created as a result of tt
case study)
- Exact (contains exact names, references
- Quantitative details of an event)
Interviews Primary sources - Broad coverage (long span of time, man
ry - Qualitative events and many settings)

Weaknesses:
- Retrievability (can be low)
- Biased selectivity if collection is incompl¢
- Reporting bias (reflects unknown bias of
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 CEls, thereby addressing RSQL1.

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 facilitdtdéH FDSWXUH RI LQIRUPDWLRQ RQ WKH VE
DFWLYLWLHVY DQG RXWFRPHV WKHUHE\ HQKDQFLQJ WKH VWX

An interview guide for semi-structured interviews was therefore designed based on the dimensions
LGHQWLILHG DQG GLVF Xaledtig the @imenkiafds.2. 1), Ren€ivihy @\
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.
InBox 4the 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 CEls selected as case studies. Interviews ware conducted vi
video call, digitally recorded with an on-device software, and lasted 1 hour and adwf. Including foll
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 sefediem of case s
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" (83.2.1) 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 realipatewenbatim transcriptfolgidely considered

a key part of qualitative analysis and the analytical process (Justieidna2@i Baascription

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

14Dye to technical issues, parts of the originafjrecibrelinterview with the Italian cas€sindyita Energetica e Solidale Napoli
Estwere lost. Consequentlyprverbatitnanscription was produced based on field notesestggplvhere possible by audio
recordings. Nevertheless, this approach did adibhpta®n, as the methodology prioritises thecmtieananalysis.
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emotions. However, as the study focuses on thematic and content analysis.enieen edits hav
made to the interviews transcripts to enhance clarity, thereforenpmedertiam
transcriptions

The transcription workflow included:

1.

File Conversionnitially in .mp4 format, the interview digital recordings were converted

to .mp3 files for compatibility with the chosen transcription software.

Al-assisted Transcriptioto significantly reduce the time required for generating a

first draft of the transcripisper Adoftware was employed. To ensure privacy, the

cloud version was not used. Instead, the software was downloaded and run locally on a
private device.

Transcription Labellindgéach transcript was assigned a unique label containing the
interview identifier code, date, time, key patrticipant information, and interview duration.
This labelling system facilitated the organization and retrieval of transcripts throughout

the analysis process.

Accuracy Verificatiorfzollowing the Al-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.

Transcription keyA standardized transcription key was created to ensure consistency

across transcripts and enhance the clarity and readability of the transcripts. As the study
IRFXVHG RQ WKH FROOHFWLRQ RI LQWHUYLHZVY LQIRL
mechanics, firstly trexbatim transcriptfmoduced 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
GHILQHG V\PEROV WR GLVWLQJXLVK WKH VSHDNHUV
SDUWLFLSDQW WR PDUN SDXVHV PDUNHG DV 3«’ DQC
DV SLQDXGLEOH" 6HFRQGO\ WKH wWUBPMQaneéeULSWLRQ S|
clarity of the transcribed interviews.

Content relevant to the analysis of the dimensions identified and discussed in "What to study:
selecting the dimensions” (8 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 desigsistittee interviewer in conducting the intenrienk, (Hetter, &
Bailey, 2020). As this research adopts an expfyredach, the interview guide was developed asracterad
tool, primarily consisting of open-ended questienguédiems aim to explore the internal procesdlestivieC
Energy Initiatives (CEIs) and the spatial impactsethéy. ¢owever, since the research also seekstto co
quantitative data through a mixed-method appreaclossol questions were included to capture titisinform

The interview was organised into four main secthretioinfropening guestions, key questions (diites into
parts), and closing questions. The questionsestre &ehlign with the key dimensions outlined in3@hapte
Additionally, non-leading, general prompts such wsU'@laase tell me a little more about that?" adde$\that
look like for you?" were used to encourage dgiailsdseBelow are the sections of the intedeiedogiwith the
corresponding questions.

1.Introduction
This part aims to welcome the interviewee andmprbeideithi research context, as well as righitdest/ibeee.
Thank you for agreeing to participate in thislinterview

$V H[SODLQHG LQ WKH ,QIRUPDWILRQH KB FBW' VIVWPX%BBQEBDRD W
PhD Program in Sustainable Development and Climgatedod3leal at the Department of Civil
Engineering, Architecture, Territory, Environmesithemdtids of the University of Brescia and
currently collaborating with the Department of Spatigl &ld environment of the University of
*URQLQJHQ 0\ 3K' UHVHDUFKR GN YRH ORISH ZR WK R@ W K HS UURDMPHHI
integrated ¥VWDLQDEOH HQHUJ\ DQG FO LAWK DREW K RQK $ 0 W'H U
and the University of Groningen are partners.

, TP FRQGXFWLQJ WKLV LQWHBW VHY KVIDRV GGHRO@YOHH EY WYRHWHKIH Y $
cities, such as changes in land cover and landtasemdardtand the processes within these initiatives
that lead to the above-mentioned spatial impacts.

Your participation in this study is voluntary, adidve isiexpected to last approximately an hour and
fifteen minutes, depending on how much informatiohl yixe to share. With your permission, | would
like to record the interview to ensure accuran@dicenof your comments. You may decline to

answer any question or stop the interview anytimengmddson.

Are there any questions? May | turn on the digiaPreco

2.0pening questions: background information

This part aims to collect information about teejaiiace of the interview, along with the naméiafiviee the
name of the interviewee, interviewee contacibinfdrasiground and role in the initiative.

3.Key questions: internal processes

This part is organized into sub questions mirdirmengiens of CEls initiatives chosen to be studjgdrid3 2h
and aims to gain insights on the internal processpgiafite.

1. ,16 QRZ OLNH WR DVN \RX DERIGWL @ pufldiBheHIREIRRMOW Yhet \ R X L
WKH LQLWLDWLYH ZDV ERUQ YQO&RR'Z ZDV LW ERUQ" +RZ G

2. LOCAL COMMUNITY ENGAGEMENW do you recruit participants? What is tiyeciapget

reached by the initiative?

MEMBERSWho are the members of the initiative and whaié®their r

STAFF MEMBERSR what kind of staff members does the initiati?e-Hely many?

GOVERNANCE STRUCTUR#N you tell me about how decisions are takée witetive?

EXPERTISE On what kind of expertise does the initiative (ietjdenand outside the

organization)?

7. CAPACITY FOR STRATEGIC PLANNING AND MANAGEBHSNthe- initiative have a
strategic plan or documents that set prioritiespdogysnd resources, establish agreement
around intended results, etc.?

8. POLICES, OPERATING PROCEDURESDB&Ethe initiative have internal step plans (action
plan)? Or does it take inspiration from approach#dsefrinitiatives? Or are there Municipality
procedures?

en G g @9
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9. NETWORK AND PARTNERSHDBE&s-the initiative also work with other initiathizationga
or local governments?

10. AMBITIONSWhat are the main ambitions of the initiative? Indsthenat@re the impacts that
the initiative aspires to achieve?

11. FINANCIAL SOURCE®hat are the primary sources of funding for yeer anididiow are
these funds utilized to support its activities ais@ projec

4.Key questions: general information on activitidspanjects

This part is organized into sub questions mirrdinmgngiens of CEls initiatives chosen to be studpdrin Ch
3.2 and aims to gain general insights on the addiyitgea developed by the initiative.

12. ACTIVITIES AND TECHNOLOGQGI&E ke now to move on to the activities anthilegiss
applied by the initiative. What are the current efcthétiestiative, and the related technologies
applied?

13. PROJECTSWhich are linked to the projects you are invilined ar@ these projects about?

14. ACTORS Who is involved in the projects? How would yeutidesofi of the initiative in the
projects?

5.Key questions: a realized project

This part is organized into sub questions mirirmentiens of CEls initiatives chosen to be sBidiptem
3.2 and aims to gain insights on a specific actiyitydlbyehe initiative.

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

15. LOCATION AND EXTEMhere is the project located?

16. ACTORSWho is involved in the projects? How would youtliesotéef the initiative in the
projects?

17. BEFORE THE PROJEE®w was the area before the project?

18. BUSINESS AS USUANho approached who? Would have they done it algouwithibative?
(How would the area evolve without the projecthie miitielive is involved?)

19. ABOUT THE PROJEQJan you tell me when and why it started, and velepidfe(e.g.
objectives, actors and role, financial resourdebpwigrea choice/access, spatial footprint,
technology and infrastructure)

20. SPATIAL IMPACT®/hat significant changes in the physical environnueabskrym as a
result of the project?

21. INNOVATIVE ASPECTSsyour opinion, which are the innovative aspe@ofdt?

22. BARRIERS AND DRIVERSn you tell me something about the main barniesesrsichiichg
the implementation of the project?

6.Concluding questions
This part invited reflection on broader implicatitme gretdaption of the interviewee.

23. SPATIAL IMPACTShinking about all the activities and projectstiatitiee what significant
spatial (physical) changes do you observe inatha cigult of the initiative's activities and
projects? How has the physical space been altered?

24. LINK INTERNAL PROCESSES AND SPATIAL IMA@T&o you think would have happened
if the initiative had different resources (e.g., ith@mffpanore expertise, more network,
professionalisation, etc.)?

25.,1,7,%7,9(716 $6 6 (Bié ¢ Inttiative face resistance? What was it about?

26. FUTURE PERCEPTI®What improvements would you like to see madeinitibtivthes well
as in external factors that affect its operations?

27. Would you like to add something concerning thegpestions?

28. If necessary, would you be available for a fotlwieypn

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 Ofpdrbtd Band to assess parameters that may facilitate

CEls spatial consideratidablé 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 munigipalit

Indicator name

. Definition Source
[measure unit]
Municipality
1 administrative area - National statistical authority website
[km2]

Municipality urbanise

The indicator is estimated using a
Geographic Information System (GIS)
software. By importing the CORINE La
Cover (CLC) database and the municif
boundaries into a GIS software, the inc
is estimated through the following step
(1) Selection of geometries classified &
'Class 1: Artificial Areas' within the CL(
database, representing urbanised arez
(2) Intersection of the selected geomet
with municipality boundaries.

(3) Calculation of the total area of 'Clas
Artificial Areas' geometries within the
municipality boundatfes.

3&ODVV
(CLC) database
(https://land.copernicus.eu/en/products/c
land-cover/clc2018)

S$UWLILFLDO $U

Municipality administrative borders: Euro
Local Administrative Units (LAU)

(https://ec.europa.eu/eurostat/web/giscos
ta/statistical-units/local-administrative-un

Resident population of the 1 Jan. 2024

National statistical authority website

2 area [km2]

3 Municipality
inhabitants [inhab.]
Municipality electricit

4 consumption per yee

[MWh]

The indicator is estimated as the ratio (
resident population in the municipality
specific year to the estimated electricit
consumption per capita at the national
in the same yéar.

Resident population: National statistical
authority website

Electricity consumption per capita at the
national level: International Energy Agen
(IEA) Energy Statistics Data Browser
(https://www.iea.org/data-and-statistics/c
tools/energy-statistics-data-
browser?country=ITALY&fuel=Electricity
d%20heat&indicator=ElecConsPerCapit:

15 A similar process is employe&llbyd O D N
16 A similar process is employed by Germes, Wiekelisys&(2021). However, the present study ertilisgsta electricity

%L4aR]JRU DQG 6]XQLHZLF]

consumption rather than household energy conasropgorsource data is readily available on ead¢obal s
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Table 19 | Overview indicators about the initiative

Indicator name

Definition

Source

[measure unit]

Percentage of municipali
1 area served by the initiat
[%]

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

Geographical span of the initiative: data
always open.

Municipality urbanised area: data estima
provided ifiable 18

Municipality inhabitants
2 served by the initiative
[inhab.]

CEls can provide the number of th
members, which are single citizens
However, if one household membe
part of an initiative, the entire hous
is generally considered a member.
Assuming a one-to-one corresponc
between CEI members and housel
the indicator can be calculated by

multiplying the number of househo
participating in the initiative by the
average household size at the nati
level?

1XPEHU RI &(,VT PHPEHU

Average household size in EU countries:
Eurostat, EU-SILC survey
(https://ec.europa.eu/eurostat/databrows
w/ILC_LVPHO1__custom_3603397/book
able?lang=en&bookmarkld=5d2c2746-6.
498b-9699-33fd2f99h666)

Renewable electric ener:
3 generated by the initiativ
per year [MWh]

Data not always open.

Percentage of renewable
electric energy generate:

4 by the initiative on avera
electricity consumption it
the municipality

The indicator is estimated as the re
the total renewable electric energy
generated by the initiative per year
the estimated municipality electrici
consumption per year. The result i
then multiplied by 100 to express it
percentage.

Renewable electric energy generated by
initiative per year: not always open.

Municipality electricity consumption per y
data estimation providéhlrle 18

Surface occupied by the
5 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. Thetsase study rep
are structured as follows: overview indicators, information about the context, and information about
the initiative, and refereriéigsi(e 1L

171n all four case studies analysed in the followémgthbeg is evidence suggesting that if one houseibaldis part of an

initiative, the entire household is generally consigenbéra During the follow-up interview with thétiBiveBadperatieve

Vereniging Nieuwe Energie Oranjewiit/lAl L QW H U Y L H Z HOffickallyay méntbEfD Delpd GonWsit@laititizen, not

household. But if in a household one person is athmemhbete household is respected as tnéfMitherespect to the Dutch

initiativ€€o0peratieve Vereniging Grunneger PowiardJpfevious study on the initiative realizégbby, Baidema, & Gugerell

(2018)L W L VWithivi /e d@s &runneger Power grew to almossébolihmembers (Broere, 2013)KH LQWHUYLHZHH IURP WK
Italian initiati@munita Energetica e Solidale NapdlWEEt WiHeG Nl iddrierd of the initiative are families thentcheabf

the notarial act numbered three and now areralietabinineteen 8 SRQ UHYLHZLQJ WKH D WWRPRIQOHVGEL W& DMWYV W D W X\
each of the three families mentioned by the intiervimresented by only one household membergRbgdtdiian initiative

Comunita Collinare del Rtiglinterviewee statedl« @ ZLWK WKH 5(&2&(5 SURMMAWRUWRPKIGE &WSKRQR6 WK HDRQ B QW
was included in the CER, together with other 18 &8dj@ailies. So, 7/8 apartments all locatbe alamg tstreet
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OVERVIEW
INDICATORS

ABOUT
THE CONTEXT

ABOUT
THE INITIATIVE

REFERENCES

About the municipality
About the initiative

The urban spatial analysis

The urban energy transition

Initiative profile

Bridging the gap between
internal processes and
spatial analysis

The original interview

Figure 11 | Structure of the case study report.

Overview indicators

7KH VHFWLRQ SUHVHQWY WKH LQGLFDWRUV GHYHORSHG
the quantitative indicat@8§ 3.2.2.4) to introduce the main characteristics of the municipality
hosting the case stubighle 18 as well as the case study itsddfe( 19 These indicators are

supplemented with maps that illustrate the case study's location, geographic span, and scope.

About the context

= Territorial spatial analysis
= Urban land cover

= Urban infrastructures

= Urban energy demand

= Strategies, policies, and programs
» Collective energy initiatives

= Foundation year

= Geographic span

® |nternal structure

= Ambitions

= Implementation of the ambitions:
services and activities

= [nnovative aspects

= Process evaluation

= |nitiative's assessment

= Spray diagram
= Space-time matrix
= Spatial impacts’ pathways

LQ

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
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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 CEls, 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.Z'aple 1p

About the initiative

The section is comprised of three main parts: the initiative profile, the spatthleamiddysad, and

interview. The initiative profile presents a standardised cataloguing of the information gathered for
the dimensions selected in "What to study: selecting the dimensions" (8§ 3.2.1), whereas the original
interview provides the interview transcripts, thus contains the interview questions and answers. The
content of the spatial analysis pamtli¥ FULEHG LQ *'D\@P3RRQRT.O\VLV PHWKRGV’

References

The section provides references to all the documents and websites consulted in the development of
WKH 3S$ERQWHVWH D QE. WHHRXMWY W KVMHFWLRQV

3.2.2.5 Data analysis methods

In addition to presenting the triangulated information about each case study and the context in which
LW GHYHORSVVWXGE\3UHSRUW™ LQFOXGHY D VHFWLRQ GHGLFD
and spatial outcomes and impacts of the case study. This subsection is dividedants, three main

each presenting information organised into different arrays to enable a progressively deeper spatial
analysis of the dimensions, outcomes, and impacts of CEls. As suggested by Miles and Huberman
(21994) (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 CEls are complex systems, this part applies systems thinking and mapping
approaches to represent the internal processes of CEls, organising them according to the dimensions
RXWOLQHG LQQWKHDVSERKXKWVWEWHFWLRQ $ VSUD\ GLDJUDP L\
where and how the spatial dimension is involved within the internal processes of CEls. The analysis
of the selected case studies with spray diagrams clearly revealed that certain aspects of the internal
processes of CEls 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 explor8 KHVH DVSHFWV LQ JUHDWHU GHWDLO-WKURXJK W.
WLPH PDWUL[" DQG WKH 36SDWLDO LPSDFW SDWKZD\V”’
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Space-Time Matrix

The space-time matrix aims to highlight the dynamic nature of CEls by illustratimg, how their ac
ambitions, and activities evolve over time, expanding and contracting. It captures this dynamic
FKDUDFWHU E\ GHSLFWLQJ WKH &(,VT HYROY LoaptdfdHRIUD SKLF
What to study: selecting the dimensions

Spatial Impacts Pathways

Inspired byV KH DSSOLFDWLRQ RI W KeémpldyPdSHy Feva@ob-Rfdf2DdlV° DSSUR
(2018)WR GHWHUPLQH WKH RXWFRPHV RI ORK\D R X\WQHRBHY QQLWH_ L
achieved, thisth®b UW GHOYHV LQWR WKH PHFKDQLVPV WKURXJK ZK
changes examining both the underlying réesgasd vhy CEls generate spatial changes),

addressing RSQ1, and the resulting spatial altévhtibtie (resulting spatial changes are),

addressing RSQ2.

7KH VWUXFWXUH RI WKH 3L P gr&Enteddplinpidc managermeénbDp@tferitd JID QL] D
(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, Helminge8chneider, & E

2024) 7KH 2L P SDFWin®E vequénze uricdebng 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, ouguds, outcomes,
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
RUJDQLIDWLRQYYVY DFWLYLWLHYVY DQG RXMW@veiests. ZKHUHDV WKH

Aiming at building the above-mentioned sequence to assess CEls internal processes, outcomes, and
impacts, the present study firstly deconstructs each CEI activitygiotioipritypégecondly

traces the CERActtivity development process. Activity types and development processes elements
represent the generalisation and caizgotisRQ RI WKH DQDO\WLY QDUUDWHG ZL)\
VHFWLRQ DQG VFKHPDWLFDOO\ LOOXVWUDWHGatio@ WKH 36SUL
and categorisation facilitates the comparison among initiatives.

Consequently, the spatial impact pathway of each activity of a CEl can be btiitarghnarrated

three sub-journeys, starting with (1) the identification of the activity types, (2) a baxkward analysis t
address the questiddieaw?and¥Why7and identify the relationships and processes that influence

the development of the activity types, and (3) a forward analysis to addres¥/tiefuestion

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 indgtaW KH 3, QLWLDWLYH SURILOH™ DQG 36
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Additionally, based on information availability, the analysis offers concise natnatpastof spat
pathways deemed noteworthy to gain a broader perspective lbigtine 1@&uienmarises the
main steps followed to define the spatial impact pathway analysis of CEls.

Figure 12 | Main steps followed to define theaspapiact pathway analysis of CEls.
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3.3 Case studies

3.3.1INTRODUCTION

Collective Energy Initiatives (CEIs) have been spreading all over Eur@ys,ishieasaisyeg

a variety of activities, scales, and legal forms (Oteman, Kooij, & Wiering, 2017; @mamizaru & Uih
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 CEls established in Italy and the
Netherlands. These countries were specifically chosen due to their contrasting stages of
development: whereas lItaly 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 (Oteniaimg K2iwij7 & Wie
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 CEls.

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 commonalitieg@nd differences
support broader discussions on the spatial impacts of CEls.

3.3.2VETHODOLOGY

3.3.2.1& (,V - P D S&reQurse for case study selection

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

7KH UHYLHZ RiappividpsiutiBs@va& ¢odificted 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 2p 7KH UHYLHZ RappKysSEHeRWay onducted from September 2023 to
March 202F éble 2L

3.3.2.2 Case studies selection

Sample selection technigue

For the selection of the case studies a purposive samplindotegldgmental or selective
samplingyas usedTypical of qualitative research, purposive sampling is a hon-probability sample
WHFKQLTXH WKDW VHOHFWY 3RQ SXUSRVH™ QRW UDQGRPO\
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 CEls at the oty level, initiativ
developed within urban settlements defined as "URBAN CENTRE" or "URBAN CLUSTER" by
(XURVWDW 3&/867 (5 7 wereeconsi@eirl, WilioritiFng \tthé <D one to ¥he latter
(European Commission, n.d.c).

To capture and document a wide range of variation or differences among CEls (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, homogeneoutheextreme, etc.)
maximum variation samplirgerogeneous sampling) was af§#mdright & Gerring, 2008;
Palinkas, Horwitz, Green, et al., 2015).

[

7TKHUHIRUH DPRQJ WKH &(,V GHYHORSHG LQ 385%%1 &(17(¢

heterogeneous sample of established place-based CEls 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 CEls generate
spatial impacts. Various combinations of factors can lead to unique patterns ofd@Els (Melnyk, C
Ghorbani, & Hoppe, 2023). CEls 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 clustenadisgniicells of 1 km2 with a density of atd8ashatitants per km2 and
a minimum population of 50 000 after gap-fillings. AMHeRBAN CLUSTER" is "a cluster of contigeelissajridkm? with a
density of at least 300 inhabitants per km2 andna poipiration of 5 000"
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Table 20 | Review of Italian CEls
mapping studies, conducted from

January to May 2023. Source:

author’s own elaboration adapted
from Frigione (2024).

European projects

Grey literature

[}
S
2
+—
@©
S
)
x
2
=
+—
c
Q2
O
wn

Mapping work

PED Program
(Urban Europe, 2020)

2ISECAP
(2ISECAP, 2022a; 2ISECAP, 2022

REScoop
(Energy cooperatives online invent

COMETS
(Wierling, 2023)

Legambiente
("Comunita rinnovabili" online ma

Legambiente
(Zanchini, Eroe, De Santis, 2020

Legambiente
(Eroe and Polci, 2021)

Legambiente
(Eroe and Polci, 2022)

RSE
(De Vidovich, Tricarico, Zulianello, 2

Fondazione Utilitatis, RSE
(Fondazione Utilitatis and RSE, 20

Nuova Economia per Tutti (NeXt)

University of Rome Tor Vergat

(RICER - Renewable Energy Comm
online inventory)

Candelise & Ruggieri (2017)
Candelise & Ruggieri (2020)
Hewitt et al. (2019)

Musolino et al. (2023)

Last accessed

b)
Jenuary 11, 2023
pry)
May 15, 2023
o)
021)
22)

and August 22, 2024

24
nities

CEIl mapped

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)

100% Renewable Municipalities
in Italy (41)
Energy communities (12)
Collective self-consumption (9)
Self-consumption (11)

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)

Renewable Energy Communities

in compliance with the Italian Law 8/20

Renewable Energy Communities no

compliance with the Italian Law 8/202
Community Energy Builders (8)

Renewable Energy Communities in con
with the Italian Law 8/2020 (26)
100% Renewable Municipalities in Ital

Renewable Energy Communities (CER
Renewable and Solidarity Energy Com
(CERS) (34)
Renewable Energy Communities with
impacts (CERIS) (2)

Community energy initiatives (14)
Community energy initiatives (17)
Energy-related initiatives (22)

Renewable Energy
Communities (RECs) (24)

D0 (26)
n
D (23)

y (40)

) (13)

social

pliancepefinition not provided

nunitiesy

CEIl definition

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

“a structural collaboration or cooperation by a diverse group of autonomous actors (organizations or individuals) that are organized around shar
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 arg

"energy cooperatives, a business model where citizens jointly own and participate in renewable energy or energy efficiency projects. We also re|

ional sul

d intere:

~

er to RE

citizen or renewable energy communities. REScoops do not necessarily have the legal statute of a cooperative, but they distinguish themselvesjby the w

business.
[...] The principles are: Voluntary and Open Membership; Democratic Member Control; Economic Participation through Direct Ownership; Autor
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 s
benefit beyond pure economic interest, and (3) the initiative engaging in activities related to the energy transition. [...] Note that the inventory reg
initiatives and not initiatives of individual citizens"

= Renewable Energy Communities (definition not provided)
m Collective self-consumption (definition not provided)
= Renewable and solidarity energy communities:

omy and

cial or el

orts colle

"These represent, precisely through community action, an opportunity to rethink the sense of belonging and a chance for revitalization for neighijorhoods

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,
the local management of the entire energy supply chain. From production to distribution. [...] This category includes those Municipalities whose
renewable sources is able to meet the electrical and heating needs of the residents: heating for homes, offices, hot water for sanitary purposes,
= Energy communities (definition not provided)

» Collective self-consumption (definition not provided)

= Self-consumption (definition not provided)

= 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,
the local management of the entire energy supply chain. From production to distribution. [...] This category includes those Municipalities whose
renewable sources is able to meet the electrical and heating needs of the residents: heating for homes, offices, hot water for sanitary purposes,
» 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 w

ut actus
hstalled |
And elec

ut actus
hstalled |
fnd elec

at is cor

the citizens. [...] Only municipalities that have at least three different [renewable] technologies, including both public and private installations, within their

= Renewable Energy Communities (definition not provided)

= Collective self-consumption (definition not provided)

m Territories in motion:

"[those energy communities or collective sel-consumption projects] that are taking their first steps towards establishment”

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

= CER (definition not provided)

CERS:

"if a share of the benefits is poured into improving local development"

n CERIS:

"if in addition to the development aspect a transparent, multi-stakeholder and multidimensional impact methodology is also foreseen”

"[...] CE initiatives: (1) which imply a form of citizens ownership or financing of an energy project, and control over the initiatives (along the procq
where citizens directly benefit from the outcomes of the initiative (along the outcome dimension)."

"[...] 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
benefit from the outcomes of the initiative"

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

Definition not provided
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Table 21 | Review of Dutch CEls’
mapping studies, conducted from

September 2023 to March 2024.
Source: author’s own elaboration.

European projects

Grey literature

Scientific
literature

Mapping work

PED Program
(Urban Europe, 2020)

2ISECAP
(2ISECAP, 2022a; 2ISECAP, 2022

REScoop

b)

(Energy cooperatives online inventpry)

REScoop Limburg
(Online list)

COMETS
(Wierling, 2023)

Lokale Energie Monitor 2023
(HIER Opgewekt and Energie Sam

Energie VanOns
(Online map)

Goninger Energie Koepel (GrE
(Online map)

Us Kodperaasje
(Online map)

Drentse Koepel

Energie Initiatieven (Drentse KK

(Online map)

Platform Cooperatief Duurzaary
(Online list)

Codperatie Energie Hart van Bra
(CE HvB)
(Online list)

Energie Samen Zuid-Holland
(Online list)

Hewitt et al. (2019)

Oteman et al. (2017)

en)

)

Last accessed

March 18, 2024
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bantSeptember 18, 2023
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CEIl mapped
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Local Energy Coalitions (4)

Renewable Energy
Cooperatives (701)

Energy cooperatives in Limburg affiliated with Definition not provided
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Collective Citizen
Energy Initiatives (999)
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(714)
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Local energy cooperatives in the red
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Cooperatives working on solar proje|
South Holland Region (Eurostat NU
geographical level) (74)
Cooperatives working on wind proje
South Holland (17)
Cooperatives working on heating pro
South Holland (29)
Cooperatives working on energy sa
projects in South Holland (17)

Energy-related initiatives (22)

Grassroot Initiatives (360)

I level)

ed withDefinition not provided
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Cts in  Definition not provided
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CEIl definition

“energy-efficient and energy-flexible urban areas which produce net zero greenhouse gas emissions and actively manage an annual local or re
production of renewable energy”
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“a structural collaboration or cooperation by a diverse group of autonomous actors (organizations or individuals) that are organized around sharfd intere

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 ar

"energy cooperatives, a business model where citizens jointly own and participate in renewable energy or energy efficiency projects. We also rg
citizen or renewable energy communities. REScoops do not necessarily have the legal statute of a cooperative, but they distinguish themselveg
business.

as”

fer to RE
by the v

[...] The principles are: Voluntary and Open Membership; Democratic Member Control; Economic Participation through Direct Ownership; Autofgomy an

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 s
benefit beyond pure economic interest, and (3) the initiative engaging in activities related to the energy transition. [...] Note that the inventory re
initiatives and not initiatives of individual citizens"

"By a citizen energy collective we mean a group of citizens who organize themselves collectively, with the aim of working together to make the |
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 othg
activities. The collective focuses on its own living environment and community (neighbourhood, village, city or region) and combines energy gog
and economic goals.

cial or €
orts coll

cal ene

[ energy
s with s

The Local Energy Monitor registers collectives with a legal form. Most are a cooperative association UA (cooperative), some are an associationjor found

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
broad energy objective that they combine with social, societal and economic objectives. They develop multiple projects and activities (or have th

egion).
e ambiti

Energy cooperatives are also called energy communities or community cooperatives, or — if they also pursue other objectives (sustainability, cage, etc.) -

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 produc
also referred to as generation, project or target cooperatives. These are often cooperatives with solar roofs that use the Subsidy Scheme for Cqg
Generation or the old postcode area scheme. The members are citizens and companies. The initiators of production cooperatives can be residg
developers, local companies, homeowners' associations or developers of projects for tenants of a housing corporation. They are also set up by
cooperatives that want to accommodate their production projects in a separate legal form. In the latter case, we do not include the production c:
number of cooperatives, to avoid double counting."”

Definition not provided

Definition not provided

Definition not provided
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"any energy-related initiative that is small-scale or emanating from non-conventional institutional forms of generation and supply, whether it is cifizen, loc

government, small business, NGO-led, or some combination of these, provided that it involves some degree of citizen control or participation”

"diverse group of well-established cooperatives that produce or sell electricity, as well as new initiatives in the process of establishing their inter
formulating RE goals"
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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 CEls exhibit more noticeable impacts when compared to those in the developmental
stage.

Place-based

As presented in the introduction, a recent sdaipriy Alberti, Antoniucci, & Bisello (2019)
interestingly categétiy *H-QHODWHG FRPPEREMHG YV DIQG@HERYRIG

highlighting the spatial attitude of an initiative. When an initiative is tieddcatospecifi

inevitably shapes various spatial elements as it requires space for installatignsitide batteries

or photovoltaic systems. This could result in alterations to buildings' facades antbroofs, but also

land use. Conversely, initiatives that are not tied to a particular location primddyaftect areas

where their members reside, exerting their spatial impact elsewhere. For the present contribution
aims at identifying the spatial impacts of CEI® d ¥ity OEBSBOBFH QLWLDWLYHV ZHUFL
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,
whilethe analysiRl RQH VROH H[DPSOH RI &(,fV W\SH PLJKW QRW EH
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 consideredesxploratory ca
rather than representative or exemplary (Seawright & Gerring, 2008).

Sample selection

A total number of eight initiatives was initially selected from the review of the anapping works
Italian and Dutch CEls, four from each dainier2®

Since the Netherlands has a large number of energy initiatives, for the choice of the case studie
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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Table 22 | List of CEls contacted and selectedstaties.

City / town Urban Development
CEIl name Response
name settlement type phase
Comunita energetica Naples Urban center Realized Available
e solidale di Napoli Est
CER Zona industriale di Im Imola Urban center Realized No response
>
s Comunita Collinare del Friu ~ San Daniele Urban cluster Realized Available
2Progetto RECOCER del Friuli
Progetto GEC8Comunita Bologna Urban center To be Not available
Energetica implemented
Cooperatieve Vereniging  Leeuwarden Urban center Realized Available
Nieuwe Energie Oranjewijk
§ U.A.
8 Codperatieve Vereniging Groningen Urban center Realized Not available: no tim{
é’ Grunneger Power U.A. nor man-force availab
[}
pd
© Asser Energie Asser Urban center Realized Not available: no tim{
= nor man-force availab
Duurzaam Haren Haren Urban cluster Realized No response

(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, CEls

developed in these cities were considered for the study, along with an initiative in the town of Haren
385% %1 &/867 (5 indikded-tk incii@ase the likelihood of a representative response.

In Italy, the realm of energy initiatives is much new, slowly developing in neseat ffears. Th

country was considered for the selection of the "URBAN CENTRE". However, although some
initiatives are developing in "URBAN CENTRE", just a few are already oé#tizedahldost

under development or blocked due to legislation delays. For this, the Italian initiatives developed in
XUEDQ VHWWOHPHQWY LQFOXGHG LQ WKH '"(*85%% FDWHJRU\

Of the eight initiatives contacted, only three agreed to participate in interviews. To ensure a sample
of two initiatives from each country, the DutchGoibjpdikatieve 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 interviewsCadperatgve Vereniging Grunneger

Power U.Awith desk analysis only. The selected case studies are those RighlggRfed in
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| Collective energy initiatives: towards a spatial perspective |

3.3.3CASE STUDIEREPORTS

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-b&sgare&CEPs dffering original

insights into how CEls 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 spataddimensions
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

&RPXQLW HQH
H VROLGDOH G

Overview Indicators

About the municipality

Administrative area[km2] | 119.24
Urbanized arealkm2] | 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 initiativdg 0.10
Municipality inhabitants served by the initiativelinhab.] | 41.80
Renewable electric energy generated by the initiative pe] 65
year[MWh]
% of renewable electric energy generated by the initiativd 0.0013
on average electricity consumption in the municipality

Surface occupied by the renewable energy plarfim2] | 295
Type of space occupied| Private educational
&) +1 2 \UX::

M C
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The urban spatial analysis

Territorial spatial analysis
The Municipality of Naples is located in Naples Province (Eurostat, NUT
geographical level), which has a total population of 2 988 376 inhabitant:
(Eurostat, 2022a), with a population density of 2 542 inhab./km2 (Eurostai
2022b).
The evaluation of the population density on the smaller and homogees
territorial cells of 1km2 defined by Eurostat shows that Naples Province it
predominantly a high-density area (EEA, 2018a; Eurostat, 2021a). Almost tt
whole province area is a high-population density cluster, defined by Eurosta
jX e i@btre WYEEA, 2018a; Eurostat, 2021a). Extensions of moderate
U:Uj+le :201762\ e..Ueé+jledX\aUei++0610 jXaei2Ue+
this urban centre, inland as well as along the coast (EEA, 2018a; Estat,
2021a).
>:XUe \aUbiU+6\U,X:} 26U \Ue+i\\ o670NNUIU
which indicates a NUT 3 region where more than 80% of the population live
urban clusters ( Eurostat, 2021a).
The Municipality of Naples has a total population of 911 697 inhabitants (ISTA
2024), and a population density of 7 645.75 inhab./km2 (estimated based ol
ISTAT 2024 data). The municipality area is entirely characterized by hig
162\ e..UU:Uj+ie :2U&6++\aU :XUe \aU eU \yxoé\ei
DEGURBA classification (Eurostat, 2020; Eurostat, 2021a). The surroundir
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 masit (EEA,
2017; Eurostat, 2021a).

Urban land cover
“0U jXad®® U e:2eil 267U 2U e 6U aj2 & Ui+ e...U:
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 coass
dominated by the port, whereas large industrial and commercial areas are
mainly located on the east and west sides (EEA, 2018b; Eurostat, 2021a). T
total urbanized area, approximated as the extent of artificial areas withir
1j2 @ Ui+U@a:j27iX 6\Uil> jX64aU [i210 :}6XaU Xe
be 87.44 kmg. This urbanized area exhibits a high degree of imperviousnes
concentrated primarily in the historic city centre located behind the port and
XITji++..U T\UB6X\ 2 U e:«iX7\U e 6U 226XU [X¢
1UBX} :j\26\\ yR

Urban infrastructures
The main infrastructures of the city are:

XThe seaport, which is among the main European ports in commercial a
well as passenger traffic with a total length of the platforms of 11 14
and a total ground surface of 1 426 000 m@Autorita di Sistema Portuale
del Mar Tirreno Centrale, n.d.).

XThe international airport.



XThe metro line, supported by the bus network, connecting the city antbs
suburbs.

XThe electrified railway line.

XThe 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 Munipality
of Naples is 4 882 052.60 MWh.

According to the Energy and Industry Geography Lab, the distribution of tot:
electricity demand generally mirrors the urbanized area, with an estimatec
range of 1,000 to 10,000 tonnes of oil equivalent (toe) in 2019 (1 toe=83.
MWh) (Energy and Industry Geography Lab web site; Gonzalez and Uihle
2023) (see figures on the left).

Focusing solely on the industrial sector, demand typically falls within aange
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 arbahind
the seaport, which is mainly characterised by the presence of the histical 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 10,00(
to 100,000 toe, although lower values of 1,000 to 10,000 toe can be obsedre
in inner areas.

The urban energy transition

Strategies, policies, and programs

The Municipality of Naples adhered to the Covenant of Mayors in 2009, he
submitted a SECAP in 2012, and presented monitoring reports in 2016, 201
and 2021 (European Commission, n.d.). The plan has three main objectives: (
reducing the environmental impacts of products and services purchased by
the Municipality (and its affiliated companies); (2) rationalizing and reducinc
energy consumption by the Municipality (and its affiliated companies) and
prioritize the purchase of certified renewable energy; (3) raising awarenes
among Municipality and affiliated company employees, encouraging them tc
actively contribute to environmental benefits through their purchasing chaes
and energy conservation efforts. This will involve employee training, awarese
campaigns, and incentives for sustainable practices.

“dU1lj2 & Ui+ e...U \Ue:11 eedilUe:U\j\el 2ie + e..
@6 2T Uli 2+..Ue X:j Ue X66UU:+ & 6\aU>::10,:
Policy (Comune di Napoli, 2023). However, no energy policies are present.
Furthermore, the municipality is a partner in a series of projects related tc
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 selectedse
study Comunita energetica rinnovabile e solidale di Napoli EgfNexteconomia,
n.d.; REScoop, n.d.; Legambiente, n.d.; Wierling et al.,, 2023). Som
information can be found about two more projects, namely Power Cloud
(Comuni Rinnovabili, ndyUi2TiU«<...2: '6NUbiU:+ U, X:$2028U
however their state of development is unclear.
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Initiative profile

Foundation year

Geographic span

Internal structure

LQLWLDWLYH

2021

Seeking expertise in community energy initiatives to realize a new one, in 20!
Fondazione con il Sud contacted Legambiente Campania, an environmentz
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 communit,
in the city of Naples. Recognized for its extensive understanding dfe district
<20 @ :}122 U iU “61jeeé : \U \:e 1+U leX aKs i@ ithe
management of a socio-educational center, Fondazione Famiglia di Maria wa
invited to join the effort in establishing a renewable energy community (REC
initiative as defined by the Italian Decree 162/2019 (s@i++67U a ++06U
and Law 8/2020 (transitory transcription of the European Directive RED Il
Fondazione Famiglia di Maria's familiarity with the local families and thei
needs laid the groundwork for the community energy initiative.

Scale | Neighbourhood

Description | San Giovanni a Teduccio is a suburban district in the municipalit
UbiU+6\RU"“ dUIX61 \U j2ee :20 \UUXdT:1 2i2e+.
middle and low-class buildings realized during the speculation of the '70s anc
wolaU a..U lai21:2061td 6f thesonce flodrdshing 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 th
U:e:}:+el eUU:+0XU+i2eU0>:2171e :26U>11 + [UPK
residential units served. The 19 residential units (apartments) are located alon:
the streets Taverna del Ferro and Ammiraglio Aubry, therefore the urban blocl
(JoX+::' 2 Ue 06U e«:U \eXd6e\U IX6U €:2\ 16X061U «
geographic span.

Demographic dimension (inhabitants served)* | 41.80 [inhab.]
é(\e 1iediUl\606Ue 60U adbe :1:+: ... Ue [UebXy
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)

al 2Ufee: X\ UX:+6U08

- Legambiente Campania - promoter

- Fondazione con il Sudépromoter

- Fondazione Famiglia di Mariadpromoter (soon member and consumer)
- Italia Solare ETS - provider

- 19 families from the neighborhoodémembers and consumers

ad6laedoX\ Ue:el+ 19 MemifexsU 8



Ambitions

Implementation of the ambitions:
services and activities

Community engagement | Targeted community:families in energy poverty of
San Giovanni a Teduccio district. Engagement techniques: word-of-moutl
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 8/202
restrictions). Sector limitation criterion: the third sector is not allowed to ¢in a
renewable energy community (due to Italian Decree 162/2019 and

Law 8/2020 restrictions). No economic limitation criterion (i.e., no joining feg).

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 o
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 extal
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 (REC:
following European Directive RED II. There were no previous examples of lsu
initiatives or previous best practices in Italy. The Italian energy service
manager (GSE) was also exploring how to develop them.

Financial resources |

-":2le :2\4UPOOROOOULUI:2ied6TUe..U>:217is :26U.
(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 thdtalian
energy services manager (GSE) for electricity sharing. Profits are distribute
among the members.

Networks, alliances, partnerships | Being the first realized, the initiative is
part of theRETE C.E.R.S., a network established by Legambiente to support tl
nationwide implementation of Renewable and Solidarity Energy Communities
(C.E.R.S. is the Italian acronym) initiatives.

Type | Mitigating energy poverty, reducing energy bills, reducing GH(
emissions, enhance awareness on energy related topics, enhance
engagement in energy related activities.

Geographic scope | District (San Giovanni a Teduccio district).

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 energyammunity
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, GHC
emissions reduction, collective self- consumption.

- @e:X\U 2}:+}674U\606U al 2Ufee:X\ Uldee :2R

- ée:X\ UX:+64U\606U al 2Ulée:X\ UX:+6 U\dee :2R



Innovative aspects

Process evaluation

12 e fe }& \UI\W\

o

- > 202¢& I+U X06\:j]Xe6\aU POOROOOU LU 1:2iedlU &
> 212¢& (+UX6\:jXeo6\ Uldee :2yR

- 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: builtj UaU >:27i« :26U>11 + |

roof.

- Technology location ownership: Fondazione Famiglia di Maria.

- Technology location management: Fondazione Famiglia di Maria.

- Technology occupied surface: 295 [m2] (surface occupied by the sola

panels).

The project itself is innovative, as it has been among the first renewabémergy
community (REC) initiatives developed as defined by the Italian Law 8/202
(transitory transcription of the European Directive RED 1), and the first wit
strong social ambitions.

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 tlat underwent
environmental remediation).

Area before the initiative |

San Giovanni a Teduccio is a coastal suburban district in Naples presenting ¢
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 CEl'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.



Bridging the gap between internal processes and spatial analysis

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
:1j2 eYR(26X de €iROR«:+ Ti+é
Source: author own elaboration.

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

The spray diagram developed for the initiativ€omunita Energetica e Solidale
Napoli Estclearly reveals that specific elements of its internal processesre
closely linked to the spatial dimension. These elements include themore
apparent geographic span and scope, as well as the process of joinirtge
initiative and the development of a specific activity.

The process of joining the initiative, for instance, is contirent upon members
being connected to the same medium-low voltage substation as the
Fondazione Famiglia di Maria, whose rooftop hosts the photovoltai®V) plant.
This technical requirement has significantly constrained social participation in
the initiative, which has the capacity to connect 40 households but curnetly
involves only 19.

Of the two activities developed by the initiative, only one is characterised by i
spatial dimension: the PV plant, which occupies the rooftop of thebuilding
owned by the Fondazione Famiglia di Maria, thereby promoting decentralise
renewable energy generation that is punctual and limited in its extent.
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Figure 3, below:

Space-time matrix of

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

Source: author own elaboration.

Space-time matrix: a spatio-temporal analysis of actual and
potential impacted areas

In 2019, the "Comunita Energetica e solidale di Napoli Est" began it
development process, initiated by three local non-profit organizations. The
initiative aimed to involve 40 households in the San Giovanni a Teducci
district of Naples in the collective production and virtual consumption of
renewable energy generated by a photovoltaic (PV) plant installed on theofo
of Fondazione Famiglia di Maria, one of the participating organizations. Th
aimed to alleviate energy poverty within the district. However, current
+6 \+le :2U 1U:\67U\Ule 1+U+ 1 ele :2\U:2U :j\6 :A
restricting the virtual distribution and consumption of the renewable energy
generated to 19 residential units (apartments) located in two streets leadingt
Fondazione Famiglia di Maria. As the legislation is evolving, the initiativeallst
hopes to reach its original target of 40 households within the San Gianni a
Teduccio district.



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
11j2 eYR(26X 6e eiROR<:+ Ti+¢
Source: author own elaboration.

6SDWLDO LPSDFW YV act®ily\Wpez D inputd,U R P
RXWSXWV DQG RXWFRPHV WR D@GIUH'
a:KDW"b TXHVWLRQV

The spatial impacts pathways analysis delves into the mechanisms througt
which Community Energy Initiatives (CEIs) activities generate spatial change:
exploring both the underlying reasons and the resulting spatial alterations.
The initiative Comunita Energetica e Solidale Napoli Espresents seven main
activities, three of which planned for future development. These activitiesan
be generalized into ten activity types (Figure 4), starting from which trepatial
impact pathways are developed. Figure 5 therefore illustrates a synthesize:
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 powe
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 th
desire of three local associations to establish a renewable energgommunity
that would support residents facing energy poverty. The choice of utilizing/P
technology was supported by theavailability of the rooftop of the socio-
cultural centre of the local association Fondazione Famiglia di Maridpcated
in a district of Naples with numerous social and economic challenges.

The planning of the activity initially relied primarily orvolunteers . However,
with financial support (a donation) from the local association Fondazione con
il Sud, the initiative was able tohire 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 the
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 installet
in their homes.

Outcomes | The direct spatial changes generated by this activity are primaril
related to building retrofits. However, the only retrofitting activity implemented
was the installation of solar panels on a single rooftop, without inveing

window replacements, roof and wall insulation, or other such measuresAs the

initiative does not intend to expand the PV power plant or establish new ogge
the direct spatial changes it generates are minimal.
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The original interview

Interviewed
SDUWLFLSI
Date

Place
Notes

[6 Tlee 82e6U 11UI2 1 \U:UB6XIe: XU :XUe 6U&:11j2 «

April 2, 2024.

Online, videocall.

The following interview is presented in the form of a non-verbatim transcript
Information is based on field notes supplemented, where possible, by audic
recordings (due to technical issues, portions of the original audio werest). As
a result, exact wording may not always be captured. The original intervie\
language (ltalian) is used to preserve the participant's words and avoi
misrepresenting their meaning.

Processi interni

[+BRWUWVR B+ i22:R 2RBe&j B RleieiR] ed¥Ro26B&RE
realtd i lavori sono iniziati gia ne2019, quando laFondazione con il Sud ha
contattato Legambiente Campania per essere supportata nella creazione di
una comunita energetica in zona Napoli. Legambiente tramite altri progetti er:
gia in contatto con Fondazione Famiglia di Maria, la quale & stata quindi
coinvolta nella creazione della comunita energetica. Fondaziee Famiglia di
Maria rappresentava un ottimo punto di contatto con la comunitadcale in
guanto, grazie ai suoi servizi, conosceva il tessuto, le prafinatiche locali,
molte famiglie e le loro difficolta.

bo+R1I BWUWUR R\leieiR eé:2eieeieiR + i« 6271R+
progetto e nel dicembre 2020 il progetto é stato presentato.

:16R YRi2e & Ule:eeR286++ [UX +6RWUWVR2BY ited
come associazione non riconosciuta, con la firma dello statut di fronte al
notaio da parte delle prime tre famiglie membro, della presidente della
Fondazione Famiglia Maria Anna Riccardi in qualita di presidente,
Bonsignore llluminato diltalia Solare in qualita di Vicepresidente, e della
Presidente di Legambiente Campania Imparato Mariateresa in qualita c
tesoriere.

Recentemente, a dicembre 2023, & stato erogato il primo bonifico dal GSE.

Sono stati organizzati deglincontri da parte della Fondazione Famiglia di
Maria, a cui erano invitate a partecipare le famiglie che frequentama la
Fondazione, che tipicamente sono famiglie in poverta energiefa. Le famiglie
che frequentavano la Fondazione erano state invitate direttamente dal
Fondazione stessa, altre ne sono venute a conoscenza grazal passaparola.
Molte sono le famiglie che hanno mostrato interesse, purtroppo pero a divee
abbiamo dovuto anche dire di no a causa del Decreto Milleproroghe chi
+ 1 el}iR + [eeod\\:R CER j@ ifoli pod sotto la stessa cabina
secondaria &R i R & R\:2:R +0R LIUUBR T6+R @<(eeR 11f
Abbiamo dovuto contattare il distributore locale di energia elettrica e chiedere
la lista dei pod della cabina secondaria a cui & sottesa la Fondaziorfeamiglia
di Maria per comprendere quali famiglie si potessero includere nella comunité
energetica.

RUIXedRWjble:aeR+ 116\ :206R1I++ 1\\:& i« :20B &3 R
quindi quote di accesso. Con le nuove normative speriamo di riusa a
raggiungere la quota prevista quaranta famiglie coinvolte.

@+ Rj2 & R161laeX RiI0&+#+ 2\ el ig@ndAefamiglie, che al
1:162e:R76++ jee:R2:eiX +6ROXI2:ReXdRO6R : XM\t
arrivare a 40 famiglie totali. Le fondazioni e Legambiente Campania nsono
membri della comunita energetica poiché il Decreto Milleproroghe on
prevedeva che il terzo settore facesse parte delle CER. Cimuovo decreto
ora stanno lavorando per includere Fondazione Famiglia di Maria, in modbe

12



t+eXORITR 6\\OXOR UX:1:e:XO0R U:\\IR12¢& 6RIje:e:2)
prodotta.

[R 2« iejJdRA\WRE [+ :20R 7 B }:;+ccheel Xcritto nello statuto.
Legambiente Campania e la Fondazione Famiglia di Maria hanno dedica®
proprie ore lavorative per la realizzazione del progetto. Mentre ItaliSolare &
stata pagata per realizzare il progetto grazie ad una donazione tiatda
Fondazione con il Sud.

Le piccole decisioni, quelle ad esempio riguardanti la burocrazia ka gestione
di scartoffie vengono prese dal presidente, vicepresidente e dal tesoriere
Quando invece si tratta di decisioni importanti, come ad esempio puéssere il
cambio di ripartizione degli incentivi, queste vengono prese iassemblea con
unvoto a maggioranza.

LOXB Wji2e:B X jiXTIR +0B &:1Ubeb20B \ &jXi1
[6 [1ee 62e6R [11UI2 l@R U: R+ 2 6 20X0R 1T R lel++
presidenti di Fondazione con il Sud e Fondazione Famiglia di Maria.

[Not available]

Abbiamo imparato pian piano , si impara mentre si fa. Anche perché quella d
Napoli Est & stata una delle prime esperienze di comunita energetie in Italia,
quindi non era ancora chiaro cosa fossero e come funzionasserénche il GSE
inizialmente non sapeva bene come muoversi. Adesso certamente é piadile.

Legambiente ha creato la RETE C.E.R.S. (Rete delle Comunitéeigetiche
Rinnovabili e Solidali) per supportare la creazione di CERS irtttuil paese,
+ 2+ e }IB IBWj 27 BUIXedRT BWjd\eiRXbebdd

Principalmente sociale ed energetico &R[ 2 « fe }IR B 2 Tee R2I
aiutare la comunita del quartiere di San Giovanni a Teduccio attraverso |
riduzione dei costi della bolletta elettrica.

La Fondazione con il Sud ha fatto unaonazione 1 3 VUUR UUURR
T6++ 2 o le }iaeRe:2R BWji+ B Rleie:R Xdaihe aRiE iRl
\UB\OR XO+ie }ORIT++IR&Xdie :20RTHO++ \\IiB i6& AGRI
notarili).

Attivita e progetti
La comunita energetica ha realizzato attivita deducazione al consumo
@:2\[UB}:+6RT6++ 620X rividké allé éaenlié Eoinvolte. Ovviamente
U: Ré R+ TeleX}1gYRIORORE:27 } \ :20RT0++ 0O prodottal |
dall 1U i2e:R :e:}:+el &:

[ j2 &:RUX: dee:RTo++iRe&:1j2 eYRO206X e &iR B+If

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

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

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

Come gia anticipato Fondazione con il Sud, Legambiente Campania,
Fondazione Famiglia di Maria che possiamo definire i promotori
16++ 2 « [e }TaR,: Ré R\:2arMighé Rhegini@aniodrRembri della
comunita, UX:Tjé:2:R6RTje:e:2\j112:R+ 626 Xe lthBadSolaeee ;
cheha UX: deele:ROR 2\ei++iaRI+1WUIdEER :e:}:+el
proprieta della comunita energetica, quindi dei suoi membri.

[ IX6IR 2R&j B Rleie:RX061+ 4etie delia sddd delleF@ndazier:
Famiglia di Maria, quindi dproprieta della fondazione . Il tetto & piano, non
calpestabile, non veniva utilizzato per altri scopi; quindi, la Fondaone lo ha
messo a disposizione della comunita energetica per installare i panrie
fotovoltaici.

La Fondazione con il Sud ha contattato Legambiente, la quale lpai contattato
la Fondazione Famiglia di Maria.

Non penso che senza questa iniziativa si sarebbe mosso qualcosa i
Wjo++ I X0iaeRBiielB+iR\jidberoxjiese|jXiR\: &

Per quanto riguarda il come € iniziato, come gia detto, & grazie a Legamiie
Campania, Fondazione con il Sud, e Fondazione Famiglia di Maria.

>:270e :26R&:2R +R<¢jTR IR Tee:Rj2IRT:201« :26RT RV U
possibile chiedere a Italia Solare di predisporre il progetto e gare le spese
2:elX + &R[ 1U i2e:R Rl\ele:RUX: deele:RUOXRUXI
una potenza di 53 kW. La superficie occupata dai pannelli € di 295mq.

[ 626X [IRUX:T:eeiR} 626R 116\\iR26++IRXb6edoBdR)2
2R&:27 } \ :26ReXIR+6RVAR 1 + 6:R162eXBRH+O
tji2e:R+06R i1 + 6RBRX €6}:2:B 2Red6X1 2 RA+B\2+4 I
guadagno rica}ie:R1i++iR}627 eiRT6++ 02&06762IR}0627]j
fatto che condividono energia.

Sinceramente non vedonessun tipo di cambiamento . Sono stati messi i
fotovoltaici sul tetto, ma dalla strada nemmeno si vedono. Il nostrgrogetto
non é stato accompagnato da nessun tipo di progetto di rigalificazione urbana
né di riqualificazione architettonica. Non sono stati realizzatiinterventi di
efficientamento energetico degli edifici.

Il progetto in sé & innovativo: non solo era una dellprime comunita
energetiche in Italia , ma anche la prima con uncpiccato interesse sociale .

Sicuramente il fatto di non avere esempi precedenti da cui prendere sgmée
stata una forte barriera, assieme anche al fatto che non si parlasse ancor.
molto di comunita energetiche e no n si sapesse bene cosa $sero; il ritardo
della normativa ha generato non poche difficolta per la strutturamne della
€:1j2 eYR 626X 6e el&R ,: Riaee (1:R (}je:R Xi++@%F
16++ 1U [2e:R :e:}:+el e:¢R206+BR deaeaXl :RWUWYV
+ 2\el++ie :26RUBGXe 8R+ 1U [2e:@&sdggd FioRa dssixdd,
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perché il contesto in cui si sviluppa il progetto & costllato di aree dismesse,
IX66R & 6R206e06\\ el2:R 1U:Xei2e Ree:2 &\0\kO6R 2
nemmeno storico.

Domande conclusive

Come gia detto, non ne vedo.

Non saprei.

No, nessuna resistenza.

[Not available]

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

- O

About the municipality

Administrative area[km2] | 34.78
Urbanized arealkm?2] | 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 initiativd Information not available

Municipality inhabitants served by the initiativelinhab.] | 17.60
Renewable electric energy generated by the initiative pe] Information not available
year[MWh]
% of renewable electric energy generated by the initiativd Information not available
on average electricity consumption in the municipality

Surface occupied by the renewable energy plarfim2] | Information not available
Type of space occupied| Public &2j +1 2 \UX:




SERXW WKH FRQWH]

The urban spatial analysis

Territorial spatial analysis
The Municipality of San Daniele del Friuli is located in the ex-Udine Provinc

(Eurostat, NUT 3 geographical level), which has a total population of 539 22
inhabitants (Eurostat, 2022a), with a population density of 109.2 inhab./kmz
(Eurostat, 2022b). The Municipality is part of the supra-municipa
administrative entity Comunita 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 homogees
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 eddine
Province (EEA, 2018a; Eurostat, 2021a). This area represents a high-populati
162\ e..Ueé+j\edXali1o 261U zenttd (UX 2Aied & UX Kozl 22
Municipality of Udine, the capital of the ex-Udine Province (EEA, 2018i
Eurostat, 2021a). A constellation of moderate-population density clusters,
ei++067U jXei2U eé+j\edX\ Uei2U a&@d6U 16 zentrepdhkiof:
which is located within the Municipality of San Daniele del Friuli administrative
boundaries. Large swathes of the province area present relatively low levels (
population density (EEA, 2018a; Eurostat, 2021a).

For this, ex-"T 26U UX:} 2e6U \Ue+i\\ oafUI\UI2U 2ed
indicates a NUT 3 region where more than 50% and up to 80% of the populatic
live in urban clusters (Eurostat, 2021a).

The Municipality of San Daniele del Friuli has a total population of 7 92
inhabitants (ISTAT, 2024), and a population density of 227.81 inhab./km
(estimated based on ISTAT 2024 data). The municipality area is characteriz
by moderate and low-densityU:Uj+ie :2U&6++\aU :XUe ‘aéwh
and suburb Uleée: X7 2 Ue:U(jX:\eleU" (@t EUréstal\2020
Eurostat, 2021a). The surrounding municipalities are mainly characterized b
lower population densities (Eurostat, 2020; Eurostat, 2021a).

Less more than 15% of their population of the Municipality of San Daniele de
Friuli commute to work to the city of Udine or any other city, thus appears tme
not integrated with its labour market of the surrounding cities (EEA, 2017
Eurostat, 2021a).

Urban land cover

“ 86U jXal2dd Dontained 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; Eurosta
2021a). The total urbanized area, approximated as the extent of artificial area
e e 2U 1j2 & Ui+U e:j2101X 6\U > jXx6aU [I210 :}
estimated to be 4.03 kmq. This urbanized area exhibits a discrete degree
imperviousness, concentrated primarily in the historic city centre and in
correspondence of the main servicesii> jX64aU "6 X66U: U 1Ud

Urban infrastructures
The main infrastructures of the town are:
XThe bus network, connecting the town and its surroundings.



Urban energy demand

It can be estimated that the electricity consumption per year of the Munipality
of San Daniele del Friuli is 227.55 MWh.

According to the Energy and Industry Geography Lab, the distribution of tot:
electricity demand generally mirrors the urbanized area, with an estimatec
range of 100 to 1 000 tonnes of oil equivalent (toe) in 2019 (1 toe=11.63 MW
(Energy and Industry Geography Lab web site; Gonzalez and Uihlein, 2023) (¢
figures on the left).

Focusing solely on the industrial sector, demand falls within a range df0 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 coveritige
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 Friulii\ 2 adbered yet to the Covenant of
Mayors (European Commission, n.d.). However, the municipality
demonstrates a degree of sensitivity towards energy issues, as evidenced k
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 Comunita Collinare del Friuli and its
RECOCER project, through which the case selected stud@ER Comunita
Collinare del Friuli tSan Daniele lhas been developed (RECOCER, n.d.).

Collective energy initiatives

The municipality seems to have only one active CEl, which is the selectedse
study CER Comunita Collinare del FriuliuSan Daniele 1(Nexteconomia, n.d.;
REScoop, n.d.; Legambiente, n.d.; Wierling et al., 2023).
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Initiative profile

Foundation year

Geographic span

Internal structure

2019

In 1967, a voluntary consortium comprising 15 municipalities, subsequently
expanded to 16, was established as the "Consorzio Comunita Collinare de
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 transformatior
of the consortium into the formal entity ofComunita Collinare del Friuliwas
enacted in September 2020, following the approval of its statute by the
Consortium Assembly, in accordance with Article 21 of Regional Law 21/201
(Regione Friuli Venezia Giulia, n.d.).

In 2019 theComunita Collinare del Friuligot in touch with the Politecnico di
Torino and the opportunity arose to participate in the RECOCER project, aime
at developing energy communities. TheComunita Collinare del Friuli
recognized the potential of this project to enhance energy irependence and
sustainability within its territory. Therefore, a detailed analysis followed and
confirmed the suitability of its territory for such an undertaking.

The Comunita Collinare del Friulisuccessfully developed and implemented a
pilot renewable energy community (REC) in San Daniele del Friuli, as define
by the ltalian Decree 162/2019 (soeéi++6TU a ++ 6 UadXaw &/2020
(transitory transcription of the European Directive RED II). Building on thi
success and on new national regulations that allow to realize RECs connecte:
to the same high-medium voltage substation, the supra-municipal
administrative entity of the Comunita Collinare del Friuliis now expanding its
ambitions to create a larger, territory-wide energy community.

Scale | Territorial.

Description | The Comunitd 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 th
photovoltaic powerplants (public rooftops) and of the 7/8 residential uits
(apartments) served. The 7/8 residential units are located in the Municipality o
San Daniele del Friuli, along the same street. The name of the streist not
available.

Demographic dimension (inhabitants served)* | 17.60 [inhab.]
é(\e 1ledTUU\6O6Ue 6U ade :T:+: ... Ue [UebXy
Legal form | Not defined.

Main actors |

- Politecnico di Torino

- Energy Center

- Comunita Collinare del Friuli
- 7/8 families

al 2Uflee:X\ UX:+06U8

- Politecnico di Torino 6promoter

- Energy Centredpromoter

- Comunita Collinare del Friuli- promoter and provider

- 7/8 families 6 members and consumers (in the future potentially also
providers)



Ambitions

Implementation of the ambitions:
services and activities

adlaeodX\ Ue:el+U¢rhetidXidt 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 gbstation

(due to Italian Decree 162/2019 and Law 8/2020 restrictions). Sector limitatior
criterion (applied to the REC San Daniele del Friuli pilot project): the thir
sector is not allowed to join a renewable energy community (due to ltaliar
Decree 162/2019 and Law 8/2020 restrictions). Economic limitation criterion
(applied to theREC San Daniele del Friupilot project): annual membership fee

UQTLU :XUIiT1 2 \eXie }oU&:\e\RB

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 &
general assembly composed by the mayor of each municipality as the ultimate
decision-making body.

Decision-making process | Executive body: oversees daily decisions anc
operations and proposes policies and programs to the assembly. Genera
assembly of members: decisions are taken with a majority voting.

Staff and expertise | Volunteers: Comunita Collinare del Friulienergy office
staff, Politecnico di Torino and Energy Centre staff. Hired external conkant:
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) alyit

aligned with the European Directive RED II. The CER "Comunita Energet
Rinnovabile Magliano Alpi" (Magliano Alpi REC) served as a valual
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 f
organizational establishment and technological implementation.

- Internal resources: resources from theComunita Collinare del Friuli

- Membership fees.

- Donations.

Networks, alliances, partnerships | The initiative maintains a close
relationship with the "Comunitd Energetica Rinnovabile Magliano Alpi'
(Magliano Alpi REC). The interviewee serves as a member of the Magliano #
REC's scientific committee and is also part of the technical committee bthe
Italian Forum of Energy Communities (IFEC), a prominent initiative supportin
the development of energy communities in Italy. Additionally, the interviene
maintains ongoing informal contacts with technical experts from tle
i\\:& e :ZXwuppo Operativo di Comunitd Energetiche Rinnovabilil
(Operational Group Renewable Energy Communities, GOCER).

Type | GHG emissions reduction, local renewable energy production anc
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 Comunita Collinare del Friulilocal authority.

Services provided | Renewable energy generation, renewable energ
collective self-consumption, energy retrofitting of public buildings (planned
service)

Activities overview | Number of activities: two.
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Innovative aspects

Process evaluation

12 e fe }6 \Ui\

(e}

- 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
Comunita Collinare del Friulito 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 CenteGomunita Collinare del
Friuli, Municipality of San Daniele del Friuli, 7/8 families.

- @e:X\ URodlitedréidd di Torino 6 promoter, Energy Center dpromoter,
Comunita Collinare del Friuli - promoter and provider, Municipality of Sar
Daniele del Friuli 6 promoter and provider, 7/8 families - members and
consumers

-> 2i2e T+UX06\:jXed\alu\ooU > 2i2¢ [+UX6\:jXe0)
- Profits: 1\66U > 2i2¢& I+UXd\:jXe&d\ U\dee :2yR

- 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), sportsentres
(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.

The primary innovation of the RECOCER project resides not in the San Damit
Renewable Energy Community (REC), which functioned as a pilot, but rather
the territorial REC that it is developing. The initiative distinguishes itselfitbugh
the creation of a large-scale, area-wide REC. Thgomunita Collinare del Friulj
a b57-year-old consortium of municipalities, provides a contextually
advantageous environment for the development of a territorial REC, given it
deep-rooted communal values.

Furthermore, the project's public management distinguishes itself from tk
industry norm by operating independently from any major energy corporation.

Drivers | Information not available.

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

Area before the initiative |

Established as a voluntary consortium of 15 small rural municipalities, the
Comunita Collinare del Friulihas evolved into a local authority that has played
a pivotal role in local development for many years. It has actively supportet
economic, social, and environmental initiatives, demonstrating a strong
commitment to preserving its strengths while fostering new opportunities. Thi
dedication has also extended to the development of the local energyetwork,
including the installation of gas pipelines.

Area after the initiative |
The decision to establish a territorial energy community can be regarded as
natural progression in the development of theComunita Collinare del Friuli
fully aligned with its philosophy of fostering local development.

+e :j Ue 6U\Ule [+U 1Ulee\U: U e livited to\thelkeesd oé
public rooftops, the initiative generates notable social benefits. These tlude
reinforcing a sustainable territorial vision and strategy, as well as revitalising
the local economy.



Bridging the gap between internal processes and spatial analysis

Figure 1, on the next page:

Spray diagram of the initiative
Comunita Collinare del Friuli
Source: author own elaboration.

a

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

The spray diagram developed for the initiativ€€omunita Collinare del Friuli
clearly reveals that specific elements of its internal processes are olsely
linked to the spatial dimension. These elements include the more apparen
geographic span and scope, as well as the process of joining theitiative 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.



CASE STUDY REPORT

Comunita Collinare del Friuli\ Progetto RECOCER|




Figure 2, below:
Space-time matrix of
the initiative "Comunita Collinare del Friuli".
Source: author own elaboration.

Space-time matrix: a spatio-temporal analysis of actual and
potential
impacted areas

In 2019, the supra-municipal administrative entityComunita Collinare del
Friuliinitiated the RECOCER project in collaboration with Politecnico di Torinc
and the Energy Centre. The initiative aimed to engage all 16 memb
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 ailot to
assess its feasibility: PV panels were installed on the roof of a publéchool for
energy production, self-consumption, and virtual distribution to 7/8 residential
units located in a street nearby the public school. As the regulatory landscapt
is evolving, the initiative is expanding its geographic span to encompass th
installation of approximately 40 PV plants across its territory and is working ol
the establishment of a suitable legal framework for the territorial energy
community.



Figure 3, below:

Process of generalisation o

f the activities of the initiative
into activity types.

Source: author own elaboration.

6SDWLDO LPSDFWV_ SDWKZD\V IURP I
RXWSXWV DQG RXWFRPHV WR DGGUH'
a:KDW"b TXHVWLRQV

The spatial impacts pathways analysis delves into the mechanisms througt
which Community Energy Initiatives (CEIs) activities generate spatial change:
exploring both the underlying reasons and the resulting spatial alterations.
The initiative Comunita Collinare del Friuli UProgetto RECOCERresents two
main activities. These activities can be generalized into threactivity types
(Figure 3), starting from which the spatial impact pathways are developed
Figure 4 therefore illustrates a synthesized conceptual framework of thepatial
impact pathways stemming from the detectedactivity 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 dhe REC San
Daniele pilot project.

Guided spatial impact pathway | "REC San Daniele" pilot project

Activity type | The activityREC San Danielecoincides with the activity type PV
power plant development and operation.

Inputs | The decision to develop this activity was strongly motivated by th
desire to produce and generate renewable energy locally. The choice ¢
utilizing PV technology was supported by thavailability of several rooftops
owned by the Municipality of San Daniele del Friuli.

The planning of the activity initially relied primarily orvolunteers , with the
hired staff of the supra-municipal administrative authorityComunita Collinare
del Friuli working on it in collaboration with Politecnico di Torino and Energ'
Centre staff. However, with financial support (a 5.4-million-euro non-
refundable grant) from the Friuli-Venezia Giulia regional government, th
initiative was able to further develop its organizational structure and
technological implementation, as well ashire external consultants .

Outputs | The primary output of the activity is a PV power plant that generate
electricity consumed by the initiative's members (residents). The initiative
provides support, assistance, and guidance to residents in understanding anc
managing the power plant.

Outcomes | Thedirect 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 inveing
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 theREC San Danieleactivity, thus
developing new PV power plants on public buildings within the 1¢
municipalities comprised within the supra-municipal administrative authority
Comunita 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
Comunita Collinare del Friuli
Source: author own elaboration.

&

It is worthwhile to consider the potential indirect spatial changes that his
activity might induce. As noted by the interviewee, while the potential renues
from renewable energy generation activities might support families facing
energy poverty, thereby having an economic and social impact, they could @s
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 b
the Comunita Collinare del Friuli
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The original interview

Interviewed
SDUWLFLSI
Date

Place
Notes

General director.

April 24, 2024.

Online, videocall.

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, minadits
have been made to remove irrelevant details and enhance clarity. The origin
language (ltalian) is used to preserve the participant's words and avoi
misrepresenting their meaning.

Processi interni

Prima di tutto bisogna capire la [Comunia] Collinare [del Frli}). tj 27 s R+
Collinare nasce come Consorzio di enti locali dei 15 comuni, adesso siamo
16 perché lo scorso anno € entrato l'altro ente, nel 1967. L'idea guella di
aggregare le forze per gestire quei servizi e quelle attivithecsingolarmente i
singoli comuni non avevano la forza di gestire. Questo perchi@é grandezza
media dei comuni nostri & di 3.000 abitanti - 4.000 abitanti. Il pit grandea®
Daniele, ne ha 8.500. Le sfide affrontate sono state tante. P@sempio, noi
[Comunita Collinare del Friuli] siamo proprietari della rete del metanolLa
C:++ 2iX06R206 + RBI22 R JUR IR 2}06\e e ldreréd detmaidl
sarebbe stata realizzata.

Nel momento in cui siamo entrati in contatto colPolitecnico di Torino ad
agosto-settembre del 2019, abbiamo saputo di questo progetto [Pgetto
RECOCER], che mirava a sviluppare comunita di energia, ovvero sviluppare
nuovo paradigma di gestione dell'energia. La Comunita ci haeduto subito, e
ha pensato di estendere questo progetto a tutto il suo tetdrio. E seguita una
la fase di analisi, che e durata qualche mese in piu rispetto alle preioni
perché c'e stata la pandemia. Dall'analisi condotta abbiamo visto chd nostro
territorio poteva benissimo prestarsi ad implementare un progetto di qusto
tipo.

Quindi abbiamo costruito il progetto insieme al Politecnico. L'abbiamo
presentato alla Regione, chiedendo un finanziamento alla Regionehe ha
creduto nel nostro progetto. Ci tengo a ribadire sempre, peré un punto
sicuramente di orgoglio, che noi siamo partiti nel 2019, primalella crisi
energetica. Noi siamo partiti dauna visione del territorio , non siamo partiti da
un'esigenza di ridurre le bollette. E un messaggio estremamente glificate
della nostra politica territoriale.

Dopodiché, come dire, & intervenuta la pandemiag RlelelR+IR\U B &
costi delle energie e quant'altro. Questo non ha fatto altro ahrinforzare, se
vogliamo, e dare ancora piu forza alla visione nella quale noi avevamo credut
in anticipo. Ci tengo a dirlo perché é sicuramente un puntoidorza appunto
fondante della nostra strategia.

Il Progetto, una volta definito, ha realizzato il primo caso pita nel Comune di
San Daniele. La CER di San Daniele, che & una CER di cabineoséaria, &
stato il primo pilota al quale abbiamo lavorato. E stato il primo pila che si
al\1}IR\j++ B X bisesut primo decreto, il Decreto Milleproroghe. E d
fatto poi l'approvazione definitiva della norma. Adesso le regole teiche
approvate a gennaio ci danno la possibilita di ampliare la visiondi quel
progetto. Quindi ora siamo alla cabina primaria, siamo alla CER chepera
all'interno della cabina primaria, che ha come limite quello della dell'ara di
mercato. Quindi la visione si € ampliata tantissimo. Infatti, iprogetto di San
Daniele resta come pilota , ma noi ne stiamo sviluppando un'altra sul tutto il
territorio in questo momento. Quello che noi stiamo sviluppand@ andremo a
maggio poi a concretizzare € il soggetto giuridico che ditfo sara una CER di
territorio, sara una CER di territorio, ovvero sara una CER che abbraccer:
tante sotto CER di cabina primaria, no? Quindi l'unico soggettgiuridico che
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gestira piu sotto raggruppamenti, pit CER. Noi in particolarabbiamo 4-5

cabine primarie sul nostro territorio e ogni cabina primaria raggruppa dai 3 ai
comuni e quindi di fatto mentre la CER di San Daniele era una CER
secondaria sviluppata attorno ad una strada di San Daniele, tanto pe
intenderci come perimetro, la CER di territorio che stiamo sviluppando adessc
€ una CER soggetto giuridico unico che lavora su tutti e lBomuni e puo anzi
TUBXIXORIT++ 2e0X2:R16++ [XO6IRT Rilndexchice DiefBitiR
Nord Italia. Quindi un soggetto giuridico e ha una prospettiva demmente

molto pitu ampia.

I comuni della Collinare sono stati ovviamente coinvolti. | comunhanno il
punto di sintesi nellassemblea della Comunita Collinare . La Comunita
Collinare & nata come consorzio di comuni, quindi di diritto pvato, e si &
trasformata in ente locale per effetto di una legge regionale délriuli-Venezia
Giulia, che € una regione a statuto speciale, quindi, pud normare in neta.
Quindi a partire dal primo gennaio 2021, noi di fatto operiamo come &n
locale, ci siamo trasformati da consorzio di diritto privato a entéocale di diritto
pubblico. Quindi siamo quasi quanto una provincia. Tu sai che Friuli-Venezia
Giulia, le province non ci sono. Sono state, unica regie in Italia, abolite con
una modifica dello statuto, quindi da noi l'istituzione del soggto giuridico,
provincia di Udine, provincia di Pordenone, provincia di Triesteon esiste. E
quindi da noi di fatto le aggregazioni intermedie dei comuni passarin questo
momento attraverso le comunita, questo nuovo soggetto che é ato sostituito,
e noi siamo una delle comunita. Adesso la regione in realtdalavorando per
ripristinare le province. Ma adesso, di fatto, rappresentiamo, @ame dire, un
livello intermedio di governo del territorio.
Quindi, il soggetto giuridico Comunita ha alcuni organi cheono l'assemblea
dei sindaci, il comitato esecutivo . L i\\61a&+6iR iR +RB Ui :R &
comunale: nell'assemblea dei sindaci siedono tutti i sindaci dei comuni. E
quindi quello él'organo decisionale diindirizzo politico del territorio dove tutte
le amministrazioni sono rappresentate. Ecco che il progett@ stato posto in
assemblea. Tj 27 B+ :X [2:R¢& O6R iRTH6& \:R\:\ei2« [+162¢
16+RBUX: dee:R RleleiR+ \\61a&+06IRT06 R\ 271& &
5R¢ [X:Reé 6Re Rlele:Rj2RUBXE:X\:Reé 6R& RB.NBnEL
@ OR\ I1:RIXX }ie BRi++IRUX 1iR iI\\61ae+6iR 1 €621
}\ :20é& afCibsé® state riunioni, incontri, pil assemblee. Fino a
raggiungere il punto in cui siamo riusciti acondividere con tutte le
amministrazioni quella che era la filosofia e le finalita del progetto . Le
11 2 \eXie :2 B /22:RX eb62je:RWjd\edR 2i+ eYR1
Il coinvolgimento dei cittadini, poi, un tema sicuramente centra! Abbiamo
iniziato con degliincontri pubblici e confidiamo che si avvicinino anche
piccola e media impresa , sinceramente. Quindi famiglie e piccole e medie
1UX6\0eRBRUOXEe R +6RU €e:+0RO6R 167 6B 1UXO\O
1IWIR X e éleeR e€:XU:R i++ 2 « ie }iéR (B + sBrae
informative. Nel momento in cui un comune vuole organizzare un incontrc
informativo per i cittadini, la Comunita Collinare lo supporta. llbraccio
operativo dei comuni siamo noi.

Diciamo che per gestire il progetto avevamo bisogno di unzabina di regia,
avevamo bisogno di dotare i nostri uffici. Noi abbiamo 40 dipendenti questo
1:162e:R0R\ [1:B 2ReéX06\e el&dR sea [1:R+RjeX éxejRed
< LeRE“XIR + RBj @ :R2t2Réeéd XI & RHMEIBbbiamo dovuto
creare un ufficio nuovo. Quindi la cabina di regia &€ un ufficiouovo che
abbiamo creato al nostro interno con delle persone che segue tuttili aspetti
tecnici. Il Politecnico di Torino diciamo che fa dacoordinatore scientifico . E
quindi insieme a loro non abbiamo redatto il progetto, insieme a lorc
assumiamo delle scelte strategiche, facciamo delle valutazioni diipo tecnico.
Quindi: loro il governo scientifico, noi I'attivita tecnia e poi insomma una serie
di attivita tecniche e anche le funzioni insieme.

bo++ j & :R6206 K pilitakrd Hu®persone . lo, perd, che faccio anche
el2ed6Ri+exoRe:\0¢é

[Question omitted as not applicable given the questions previously &&d]
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C'é bisogno dicompetenze esterne in materia legale, in materia fiscale, etc.
Fondamentalmente tecnici , commercialisti , e avvocati. E laccademia che
fUUj2e:B BXIUUX6\02eieiRBTiI+R,:+ ede2 &:aRj®BNe
multidisciplinare per gestire questo progetto.

Questo obiettivo della transizione energetica si inserisce Binterno di un
quadro complessivo di sviluppo del territorio . C'e una visione complessiva
T B\} +jUU:RejX \e €:R16+RedXX e:X :RBaliljeBRjtr
sui cammini, sulla mobilita lenta. La transizione energetica sinserisce
all'interno di un progetto di questo tipo. In questo contsto, la transizione
energetica si incastra perfettamente. Ecco tutto quanto si incasa in una
visione territoriale condivisa dalle amministrazioni che fanno pag della
Collinare.

Diciamo che, lavorando col Politecnico, il Politecnico ha siluppato a Magliano
Alpi la prima CER. lo, per esempio, faccio parte detomitato tecnico
scientifico della CER di Magliano Alpi , e anche delcomitato tecnico di IFEC .
E quindi partendo da |i abbiamo subito creduto nel loro progetto ebbiamo
avuto, visto il contesto territoriale, lidea di svilupparlo pit grane. Ciog,
Magliano Alpi sostanzialmente nasce sul comune e si chiude siwomune. E
nata e si e, si & chiusa a suo tempo. Adesso il modelMagliano Alpi lo stanno
esportando, pero a suo tempo, quindi parliamo del 2020, noi soahzialmente
abbiamo immaginato un modello Magliano portato su scala un piu gramed
Magliano & un comune di 2000 abitanti, noi siamo 15 comuni, adessk®, di
55.000 abitanti. Lo abbiamo immaginato un attimino su scala piu ampia
Quindi abbiamo preso quello e abbiamo lavorato per scalarlo sulla nostre
dimensione. Loro non & che stiano facendo un qualcosa di analogasplo che,
voglio dire, mentre noi abbiamo la comunita; quindi, un soggettagidico che
raggruppa proprio da un punto di vista giuridico e formale da tanti antuitti
questi comuni. Loro sono tanti comuni che si sono messi insime e lavorano
\jRe:++lee:Xle :2 RORE:2}062+ :2 Ri++ 2ep2AB:REeHAI
o piu CER. Invece noi, il nostro modello & un modello leggnente diverso; il
punto di caduta € sempre una CER che abbracci tanti comuni pero partdo
da soggetto giuridico gia presente sul territorio da molti anni.

Quindi si, abbiamo avuto contatti conMagliano Alpi.

Poi abbiamo contatti conGOCER Con GOCER ci conosciamo, con Luca, e ¢
siamo visti piu volte e interloquiamo per esigenze reciprocheinsomma se

abbiamo bisogno di scambiarci informazioni. Per la CER di Magliano Akple

future CER loro hanno creato GOCER. Diciamo che GOCER in gtlr&enaniera

e un po' il vaio della nostra cabina di regia. Mentre per noi lalgina di regia
un ufficio nuovo all'interno di un ente gia costituito, loro hanno creatGOCER,
mi pare che sia una srl, mi pare. Hanno fatto una societa per ordire tutto.

Quindi sono due cose diverse, ma per bene o male raggiungere le diita

analoghe.

Per quanto riguardalFEC, IFEC e, come dire, una realta importante. IFEC

71 }62ele:R j2R U: B j2R Uj2e:R 1T B X 6X 1062 eolubita X
energetica. E il punto di interlocuzione di tutti i saggtti che hanno interessi

analoghi, che si incontrano, si confrontano, si rapportano magari vso le

istituzioni, il governo, il GSE e quant'altro portando la goccidi tanti soggetti.

Ecco IFEC ha questa grande valenza, insomma. IFEC ha al suteino grandi

professionalita che hanno la capacita di interpretare in manie corretta e in

qualche maniera dare delle linee guida di sviluppo. Con IFEC faeeho il punto,

evidenziamo le criticita, cerchiamo in qualche maniera di trovare dedl

soluzioni.

Il progetto parte dauna visione territoriale . L :a& d6ee }:R2:2R6XIR+
ridurre i costi in bolletta, non partiva da quello. E chiaro che perd uno dei pti
di caduta é quello. Quindi anche nella visione pero fai delle cose nel moment:
in cui hanno delle comunque ricadute sul territorio. Ricadute suramente
anche in termini economici. Uno deipunti di caduta e sicuramente quello dei
risparmi dei risparmi in bolletta , o di generare dellgisorse che poi restano
sul territorio e magari fanno massa criticae possono essere reinvestiti sul
territorio . Poi nel momento in cui le risorse vengono generate, la géste di
queste risorse resta in campo al pubblicojl pubblico le usa con una logica
da pubblica amministrazione quindi abbattimento poverta energetica e
quindi investimenti a favore della collettivita
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Allora, fondamentalmente sono due. llcontributo a fondo perduto della
regione Friuli-Venezia Giulia per la realizzazione degli impianti. Non solo pe
la realizzazione degli impianti, ma anche proprio per costituire la sgeta.
Quindi per mettere in piedi la CER, ovvero impianti, soggetto gilico, etc. Ma
noi, come Comunita Collinare, abbiamo investito molte risorse nostre
perché prima di arrivare alle lavorazioni del progetto, che poi & statménziato,
noi abbiamo sostenuto deicosti per arrivare alla elaborazione del progetto

e tutta l'analisi che € stata fatta prima. Tutto il tempo mio, dei miei
collaboratori, degli amministratori e quant'altro. Insomma, abbiamo sostento
dico centinaia di migliaia di euro di posti. Non ci sonodo i 5 milioni e 4 della
regione. | 5 milioni sono stati innescati dall'investimento chela Comunita
Collinare ha fatto prima.

Attivita e progetti

[IR (¥RT R<I2R"12 6+06R RleleleeRT €6}:RUX RiexX®d+X
soggetto giuridico che gestisca l'aggregazione di proswer e che quindi con
forme tecnologiche che gestiscano i flussi di dati e idksi, insomma economici
legati alla produzione di energia. Quindi San Daniele ci & servitome banco di
prova, come innesco, pero il progetto ha assunto delle dimensionnolto piu
ampie, come dicevo prima.

Per quanto riguarda le tecnologie applicate, fondamentalmente il
fotovoltaico . E tutti gli impianti fotovoltaici sono stati realizzatisu edifici
pubblici . Quindi abbiamo fatto un censimento degli edifici pubblici e li
abbiamo analizzati per poter scegliere quelli idonei per la realizzame 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, d:
un annetto, un annetto e mezzo a questa parte. Perd quand@so partiti nel
2020 bene o male, il focus era piu sul fotovoltaico sui tetti.Solo poi € venuta
avanti la normativa per quel che riguarda appunto lo scambio altrove, ovvel®
fruizione a distanza dell'energia prodotta. La normativa nella sua evdione ha
portato anche questi strumenti, ma inizialmente questi strumenti non c'erano.
E comunque considera anche che fotovoltaico a terra significa consno di
suolo, consumo di suolo significa che questo suololo devi avere.
Tendenzialmente magari il patrimonio dei comuni non & un patrimonio
agreste, € un patrimonio se vogliamo di immobili ma magari non di terreni.
Quindi tutte queste considerazioni ci hanno portato adnvestire sui tetti degli
enti. Stiamo installando pannelli per2 Megawatt di potenza, 40 impianti in
totale.

Aea [1:R}i+jeie:Ri2& 6RI+eXBRU:\\ & + eYaeR2I1AR
I'idroelettrico. Ma ecco, per l'idroelettrico ad ora non abbiamo pos#ilita, di
installarlo. Sistemi di accumulo, invece, per il momento sono fun progetto
perché sin dalleprime simulazioni sono risultati troppo onerosi e quindi non

ci consentivano fondamentalmente di chiudere il business plan
Dopodiché magari con I'evoluzione potrebbe essere che, con la ricibne dei
g:\e B1O6++IR edeé&2:+: leR 2}d\e i1:R i2deiodtst@rbi+di
accumulo é <1 X122:R U Xédfflcieatafenti energetici , ma non abbiamo
ancora realizzato un progetto pilota con questo tipo di attivitaAndremo in
questa direzione con una prossima progettualita verosimilmente gia dal
2025. Perché abbiamo in previsione di ristrutturare e di riqualificare un edificic
di nostra proprieta. Su quell'edificio sicuramente adotteremo logihe di
efficientamento energetico e sicuramente quell'edificio entera a pieno titolo a
far parte della CER che costituiamo.

Allora laCER San Danieledi fatto come dicevo € stato l'innesco. Noi in questo
momento stiamo lavorando sullaCER di territorio. San Daniele & stato un
innesco che ci ha dato che partiva dalla piattaforma di controllo dedati e
quant'altro. Perd € un qualcosa che di fatto verra assorbita all'interno de
concetto piu grande che stiamo sviluppando.

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

Beh, consolidato € solo il progetto pilota a San Daniele del Friuli.

[Question omitted as not applicable given the questions previously &ed]

[Question omitted as not applicable given the questions previously &ed]

Prima del progetto RECOCER semplicementeé 6 Xdi8 un impianto
fotovoltaico di proprieta del comune 2\ei++ie:4RBb 62e [+eX:&R

[Question omitted as not applicable given the questions previously &ed]

Quando siamo partiti con RECOCER stavano gia completandes 1U 1.
fotovoltaico a San Daniele, e quindi abbiamo approfittato per farne dell
sperimentazione. [ 1U [2e:R 6XIR 2\tette dilnalstield pubblica
UbXR+ [je:e:2Malcod il progetto RECOCER ¢ stata costituita la CER
<i2R"12 6+6&eRWj 27T &R+ 1U i2e:R R\elieaRORNGR/ER
soggetti, 7/8 famiglie. Quindi7/8 appartamenti tutti situati lungo la stessa
strada. Abbiamo previsto unaguota di partecipazione di 25 euro .

"0}:RT XO0Re 6Re RleleiRj2iRaj:21RX \U:\AhS, dikanhd)
stati tanti cittadini che hanno chiesto di entrare nella comuita, siamo stati noi
a non essere all'epoca ancora pronti ad accoglierli. Diciamo che @ono state
tante manifestazioni di interesse che perd non siamo riuscié concretizzare,
nel senso proprio di creare I'aggregazione, il soggettougidico necessario per
aggregare questi soggetti che hanno manifestato interesse. Pa@omunque
avevamo anche il limite dalla cabina secondaria, quindi non si aveva gmande
bacino.

Diciamo che sono direttamente proporzionali a quanti megawatt dimpianti
riesci a realizzare. ¢ B perd secondo me agevole comprendere che ne
momento in cui prima 10 megawatt di fotovoltaico non c'erano e adesso ¢
sono 10 mega di fotovoltaico da qualche parte, questi investimentianno
sicuramente migliorato la qualita dell'aria e hanno sicuramente consento alle
famiglie dei risparmi perché autoconsumano I'energia che producono banno
consentito anche dei ritorni economici legati alla gestioe 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 essereuno standard, o potrebbero essereuna pista ciclabile .

Il principale aspetto innovativo del progetto RECOCER non é tariimCER San
Daniele, che e stato un progetto pilota, ma e soprattuttta CER territoriale, &

il fatto che stiamo realizzando una CER a livello territoriale, anCER di area
vasta.

Sicuramente altro aspetto innovativo € la gestione pubblica. Non aina

gestione fatta dalle major dell'energia.

Poi, noi ci chiamiamo Comunita Collinare del Friuli da 57 anni e qudi abbiamo

in seno proprio al nostro DNA il senso di comunita. No,om & un caso il fatto
che la Comunita Collinare del Friuli ha sposato un progettoule comunita

energetiche. Non € banale. Quindi in qualche maniera da noi, seado me, la

norma Europea ha trovato il contesto ideale, un contesto favorevoleep

svilupUiX\ &eRWjo++:R\062« [+eX:4

Quello che stiamo realizzando non &, non & semplice, non Banale come
progetto. Le CER, si parla tantissimo di CER, pero0 la prova dei fati momento
in cui uno deve metterne in piedi una, si deve dotare di unaerie di
competenze non banali . Quello & sicuramente un vincolo, pud costituire un
freno. Non ho fatto fatica a trovare competenze, ma non perchée ne siano
tantissime. Forse perché abbiamo avuto la fortuna di trovarle sul nostrc
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territorio. Pero le risorse sono molto scarse. Ipersonale, diciamo, che ha le
competenze per lavorare in questo settore € raro , insomma nel momento in
cui lo trovi te lo tieni stretto.

Domande conclusive

Diciamo che sono direttamente proporzionali a quanti megawatt dimpianti
vuoi realizzare. é E perd, secondo me, agevole comprendere che ne
momento in cui prima 10 megawatt di fotovoltaico non c'erano, adesso ciono
10 mega di fotovoltaico da qualche parte. Questi investimenti hannc
sicuramente migliorato la qualita dell'aria e hanno sicuramente consento alle
famiglie dei risparmi perché autoconsumano I'energia che producono kanno
consentito anche dei ritorni economici legati alla gestione déenergia 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.

[Not available]

No, nessuna resistenza, anzi!

[Not available]

No, non mi sembra di dover aggiungere altro. Spero di avervi dato un po' una
visione di quello che stiamo facendo.
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Municipality of Leeuwarden, the Netherlands

&R-SHUDWLHY
1LHXZH (QHUJ
2UDQMHZLMN

Overview indicators
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About the municipality

Administrative area[km2] | 170.23
Urbanized arealkm2] | 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 initiativd 0.57
Municipality inhabitants served by the initiativelinhab.] | 373.8
Renewable electric energy generated by the initiative pg] 0
year[MWh]
% of renewable electric energy generated by the initiativg 0
on average electricity consumption in the municipality

Surface occupied by the renewable energy plarim2] | 0
Type of space occupied| 0
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The urban spatial analysis

Territorial spatial analysis
The Municipality of Leeuwarden is located in the Noord-Friesland provinct
(Eurostat, NUT 3 geographical level), which has a total population of 324 3¢
inhabitants (Eurostat, 2021a), with a population density of 206.2 inhab./kmz
(Eurostat, 2021b).
The evaluation of the population density on the smaller and homogees
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 hic
U:Uj+le :2U0162\ e...Ueé+jledXalio xéntesdEBR, Q0L8AF
Eurostat, 2021c). A constellation of moderate-population density clusters,
ei++067U jXei2U e+jledX\ Uei2U a&doU 16 zentrepindinly :
distributed inland. Large swathes of the province area present relatively lov
levels of population density (EEA, 2018a; Eurostat, 2021c).
For this, Noord->X 6\+i27fUUX:} 2e¢6U0 \Ue+i\\  o61UNUIZ
which indicates a NUT 3 region where more than 50% and up to 80% of tl
population live in urban clusters (Eurostat, 2021c).
The Municipality of Leeuwarden has a total population of 128 810 inhabitant:
(CBS portal, 2024a), and a population density of 542 inhab./km2 (CBS porte
2024byRU eU+06i\eUTOtU: U[66j+iXT62 \UU:Ujedmre A
(Eurostat, 2020; Eurostat, 2021gaU :XUe \aU eU \U1d6 2617UI
Eurostat DEGURBA classification and represents the only city in the Noorc
Friesland province. The surrounding municipalities are characterized by lowe
population densities, with five intermediate-density municipalities with less
than 50 % of the population living in rural areas and less than 50 % of tr
population living in urban centres, and two thinly populated municipalities with
more than 50 % of the population living in rural areas (Eurostat, 2020; Eurosts
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
2e6 Xied6iUs e U e\U+ia:jXUlixX'6eUi27Ue j\UXBUYX
(EEA, 2017; Eurostat, 2021c).

Urban land cover

“ U jXaehgd U+:&1ed6iU 2Ue 6Uaj2 & Ui+ e...U: U]
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 apartmen
blocks, whereas individual and semi-detached houses dominate the fringes.
Large recreational green spaces, religious, educational, recreational, historjc
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 nbrest

area is dominated by the Leeuwarden Air Base, whereas the western ar
southern areas adjacent to the centre are designated for future devetmnent.

Some potential zones for future expansion or infill development are in ¢h
outskirts of some villages. Pastures mainly characterize the surrounding
environment (EEA, 2018b; Eurostat, 2021c; Bugelhajema, 2018; Euroste
2021c). The total urbanized area, approximated as the extent of artificial area
within munic Ui+U e:j271X 6\U > jXo64aU [i27TU :}6Xa
estimated to be 44.18 kmq. This urbanized area exhibits a high degree

imperviousness, primarily concentrated in the historic city centre (Figure:

"6 X66U: U 1UBX} :j\26\\ yR



Urban infrastructures
The main infrastructures of the city are:

XThe portaUes & UXO6UX06\62e\U>X 6\6+i2TUUX:} 2@
after Harlingen. Moreover, the city has several harbours where privat
boats can be moored (Gemeente Leeuwarden, n.d.a).

XThe military airport, hosting military traffic only, with less than 15000C
passengers per year (Energy and Industry Geography Lab, 201
Ministerie van Defensie, n.d.).

XThe non-electrified railway line, with the Leeuwarden Centraal being the
main railway terminus for the province (Energy and Industry Geograpt
Lab, 2019). The bus network supports the station, connecting thetg and
its suburbs.

xAccording to the Energy and Industry Geography Lab (Energy and Indus

Geography Lab, 2019), the military airport hostshydrogen production
facilities.

Urban energy demand

It can be estimated that the electricity consumption per year of the Munipality
of Leeuwarden is 803 225.60 MWh.

According to the Energy and Industry Geography Lab, the distribution of tot:
electricity demand generally mirrors the urbanized area, with an estimatec
range of 1 000 to 100 000 tonnes of oil equivalent (toe) in 2019 (1 toe=#A..
MWh) (Energy and Industry Geography Lab, 2019; Hidalgo Gonzélez & Uihle
2023) (see figures on the left).

Focusing solely on the industrial sector, demand typically falls within @ange
of 1 to 10 toe, with a peak of 10 000 to 100 000 toe in a limited areahe 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 tb
000 toe, although lower values of 1 000 to 10 000 toe can be observedriner
areas.

The urban energy transition

Strategies, policies, and programs
Despite not adhering to the Covenant of Mayors and not drawing up a SEC/
(European Commission, n.d.), the commitment of the municipality to
sustainability is evident in its strategy "Leeuwarden Energy Agenda 2021-202
(Gemeente  Leeuwarden, ndb) and the ongoing progran
"Duurzaamheidsprogramma Volhoudbaar" (Gemeente Leeuwarden, 2024)
Both outline key goals for the city's energy system: significantly incase the
share of energy generated from clean sources like solar, wind, geotherméf
feasible), or biomass (used sustainably); move away from natural gas fc
heating, potentially through district heating systems utilizing sustaiable
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 serie
Uiee :2\RU >:XU 2\ei2e¢6alUe 6U:UB2 2 U: U2 &l
municipal information and advice desk aiming at reducing energy consumptior
and addressing energy poverty through the help of energy coaches thatlp
residents to gain insight into their energy costs and who offer yothreshold
energy-saving housing measures (LED lamps, draft strips, water-saving shosw
head and radiator foil) (Cities Northern Netherlands, n.d.), for which the
1j2 ¢ Ui+ e...UT+\:U: 8X\U\je\ 16\UGOR RAU > ,ed
<jee\ 1...U :X-Badidghousing measures yGeineente Leeuwarden, n.d.
¢, n.d.d). Besides, the advice desk offers SME an energy advisorefraf 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 U lU-bye\ield UU UbekBles having started developing
neighbourhood natural gas-free plans (Energieloket Leeuwarden, n.d.).
Furthermore, the municipality is a partner of the European project FLEXPOS’
(2022-QOQTyaU :\e\Ue 6Ue-:U,:\ e }6U (26X ..U" \8!
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project (JPI Urban Europe, n.d.), and is among the 70 sbi++67TU 16
e 6\ U« e CrABterdddt (2022-2025) which offers guidance for Climate:
Neutral & Smart Cities (Craft Cities, n.d.).

Collective energy initiatives

“oUeé e... \Ue ++ 2 26\\Ue:U1:}6Ue:«IXTUTUL:X6U\]
also well-reflected in citizens' behaviours. In fact, in the municipality, boasat
least ten collective energy initiatives (Energieloket Leeuwarden, n.cEnergie
VanOns, n.d), among which is the selected case stud@otperatieve vereniging
Nieuwe Energie Oranjewijk U.A.
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Initiative profile

Foundation year

Geographic span

Internal structure

LQLWLDWLYH

2019

The initiative originated some years before, when a small group of neighboui
organized energy-focused gatherings to educate residents about reducint
energy consumption, such as through the use of LED light bulbs. Qvéme,
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 th
municipality's plan to phase out natural gas. Recognizing an opportunity tc
influence this process, the resident encouraged the 2 e fe }6 \U 191
engage in collective action. The group approached the municipality to partne
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. Thi
formalization enabled them to secure funding from the municipality to engage
with energy consultancy services, thereby strengthening their capacity tc
contribute to the city's energy transition plan.

Scale | Neighbourhood.

Description | The geographic span includes Oranjewijk and Tulpenburg, sma
residential neighbourhoods, part of the Potmargezone district, inhe core of
the Municipality of Leeuwarden.

Spatial dimension (area covered)* | 0.25[km2]
The geographic span of the initiative is defined as Oranjewijk and Tulpenbu
26 @:jX :ddministrative boundaries.

Demographic dimension (inhabitants served)* | 373.80 [inhab.]
é(\e 1iediUl\606Ue 60U adbe :1:+: ... Ue [UebXy

Legal form | Cooperative UA (or cooperative association). UA stands fo
&cluded liability among members aU 1612 2 U e niembers &9 not
contribute to a deficit of the cooperative.

Main actors |
- Group of residents of the Oranjewijk.

al 2Ufée:X\ UX:+06U8
- Group of residents of the neighbourhoodsépromoter.
- 178 residents of the neighbourhoods - members and consumers.

adlaedX\ Ue:el+ 28 manfo¥rs.8

Community engagement | Targeted community: residents of the Oranjewijk
and Tulpenburg neighbourhoods. Engagement techniques: word-of-moutt
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 : U Q ToDddministrative costs.



Ambitions

Implementation of the ambitions:
services and activities

Organizational structure | The initiative is a membership-based organization,
as it relies on members for its existence and operation. It has a board ¢
directors, which oversees daily operations, and a general assembly o
members as the ultimate decision-making body. However, for each projecthe
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 threeesidents, two with
specific expertise in energy and energy saving. Hired external consultan
dedicated consultancy firm for the 2ie :21+U bie|jXred) D@tiicts
X1 X116 U U Xropdsale External specialized energy consultants for
technical expertise, and structural engineers as needed for building
assessments for the "Energieloket Oranjewijk Isoleert” pilot piect.

Strategic planning | To account for the four-million-euro funds from the
2ie :21+U blejxhxdo@i \eX ee\U, ke iXiiiativé 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 Isolee pilot
project is developing a standardized protocol for initial consultations with
interested residents. This protocol will consist of a fixed set of quations
designed to gather essential information. Concurrently, the company aims to
assess the replicability of its processes and procedures to facilitate poterial
franchising. Once the feasibility of franchising has been established, &
comprehensive set of internal protocols will be defined.

Financial resources |

- Memberships: 122ji+U161a&6X\ UU.66\U: ULQTO

- Fundings: The municipality provided funding for initial research activities an
to engage Royal Haskoning DHV, a specialized consultancy firm, to suppthe
gas-free neighborhood project. A four-million-euro grant was secured fronhe
national biejXl+Us@BoU" \eX ée\U tXtheXdrbjgd "Energieloket
Oranjewijk Isoleert".

- Profits of the initiative: any profit generated by NEO, or its companies, it
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 umbrell
organization of the local renewable energy initiatives. Us Kooperaasje is a
shareholder in Energie VanOns, a commercial energy company that source
electricity from local renewable energy projects and distributes it primarily to
households and small and medium-sized enterprises (SMBs). Energie VanOr
is owned by approximately 120-140 local initiatives and serves around 60,00
ej\e:16X\RU b(iaU\UiTU161edXU: U~\UX::UBXINS
commission per household that becomes an Energie VanOns customer. |
return, NEO undertakes marketing and sales activities on behalf of Energi
VanOns.

Type | Reducing energy consumption, reducing fossil-fuel dependencypcal
ownership of renewable energy production facilities.

Geographic scope | Oranjewijk and Tulpenburg neighbourhoods. However
with the pilot project "Energieloket Oranjewijk Isoleert" thegeographic scope
firstly limited to the Oranjewijk neighbourhood is subsequently expandedot
include neighbourhoods of other urban areas, without a specific administrative
level (e.g., provincial, regional, or national). It is therefore dimed as supra-

municipal .

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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Innovative aspects

Process evaluation

Activities overview | Number of activities: 5 (plus 3 planned).

- Activity n.1: energy cafeso educate residents about energy consumption and
efficiency.

- Activity n.2: Local magazine.

- Activity n.3: "Energieloket Oranjewijk Isoleert" pilot projectto 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 electricvehicles on
the corner of Emmakade and Oranje-Nassaupark; an electric shared car will b
available.

- Activity n.6 (planned): PV powerplant on the De Klanderij parking garagd) X :
to charge parked electric vehicles.

- Activity n.7 (planned): development of a wind power plant in an industrial are
already hosting four wind turbines.

- Activity n.8 (planned): establishment of an umbrella cooperative with othei
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 pjext.

- Activity objective: home energy efficiency improvement, collective purchas

of energy-efficient technologies, and the demonstration of achieable home

improvements without external financial assistance.

- Actors involved: NEO board, residents.

- eée:X\ U X:NBAU board: promoter/coordinator.  Residents:

promoters/coordinators and consumers.

- Financial resources: a four-million-euro grant secured from the national
biejXi+W@dDistricts ,X: Xi116 R

- 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-efficienethnologies (house

insulation, heat pumps, etc.)

- Technology ownership: house owners or the "Energieloket Oramygk

Isoleert" company (planned option for the heat pumps).

- Technology distribution (of the technologies installed thanksto the tool):

decentralized.

- Technology location land cover (of the technologies installethanks to the

tool): urbanized area.

- Technology location urban function (of the technologies instled thanks to

the tool): residential.

- Technology location type (of the technologies installed #nks to the tool):

built-up.

- Technology location element type (of the technologies inalled thanks to the

tool): residential buildings (roofs) of the Oranjewijk neighbourhood.

- Technology location ownership (of the technologies installedhanks to the

tool): owned by the house owners or rented from the "EnergielekOranjewijk

Isoleert" company (planned option for the heat pumps).

- Technology location management (of the technologies installed #nks to the

tool): house owners or the "Energieloket Oranjewijk Isoleert" company

(planned option for the heat pump rental).

- Technology occupied surface: Information not available.

The pilot project "Energieloket Oranjewijk Isoleert" offers compieensive

support to Oranjewijk residents, ranging from home energy assessment® t
financial guidance and technology purchases. A distinguishing feature ohis

initiative is its proactive role in contracting building and installation companies
to provide quotations and facilitate collective purchasing of energy-efficieh

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.

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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Area before the initiative |
Information not available.

Area after the initiative |

The CEl's relatively recent establishment limits the extent of its current spatia
impacts. However, initial signs of spatial influence are emerging. The allocatior
of a parking space for electric vehicle charging represents an early example
Additionally, the Energieloket Oranjewijk Isoleert pilot project, bygtimulating
home renovations, might contribute to increased property values within the
neighbourhood. The planned development of a solar roof and a wind turbin:
has the potential to further shape the urban landscape, raising questions abou
the co-location of the energy infrastructures.

Beyond direct spatial alterations, the CEl has generated significant socia
impacts, fostering community empowerment and a strengthened sense of
collective ownership. Moreover, the potential for profit generationrbm CEI
activities could lead to further investments and developments, with
subsequent spatial repercussions.



Bridging the gap between internal

Figure 1, on the next page:
Spray diagram of the initiative
:CUbBXIie 6}6R}OX
b 6js0R(26X ORIXI2%$6«
Source: author own elaboration.

processes and spatial analysis

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

The spray diagram developed for the initiativ€odperatieve vereniging Nieuwe
Energie Oranjewijk U.Aclearly 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
joining the initiative and the development of specific activities.
The process of joining the initiative is contingent upon members beiny
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 o
the Oranjewijk neighbourhood, resulting in a smaller geographic span than th
2 e le }oUINUIU. :+6RU 11 e :2i++..aUe 6Ulee } e.
its role of supporting local residents in the installation of privately owned sak
panels on their roofs, thereby promoting decentralised renewable energ)
generation that that is punctual and limited in its extent but spreads across #
neighbourhood.
Another activity of the initiative with a clear spatial dimension is the instedltion
of a charging station for electric vehicles serving two parking lots lated along
a street.
Although not yet implemented, the planned installation of a photovoltaiglant
on the roof of a public garage and a wind power plant are also characterised t
an intrinsic spatial dimension.
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Figure 2, below:

Space-time matrix of
the initiative " Co0peratieve vereniging

Nieuwe Energie Oranjewijk U.A.".

Source: author own elaboration.

Space-time matrix: a spatio-temporal analysis of actual and
potential impacted areas

In 2019, the initiativeCodperatieve vereniging Nieuwe Energie Oranjewifk A.

began its development process initiated by a group of residents of the
Oranjewijk and Tulpenburg neighbourhoods, in Leeuwarden. Initially focuset
on informing and educating residents of the Oranjewijk and Tulpenbur
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\
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 scop
of a single project can exceed that of the overall initiative, thus wideit, as

exemplified by "Energieloket Oranjewijk Isoleert".
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Figure 3, below:

Process of generalisation of

the activities of the initiative
into activity types.

Source: author own elaboration.

Spatial impactV _ S D W KrahDadtvities types to inputs,
outputs, and outcomes to addressthea+ R Z"b a:K\" D
a:KDW"b TXHVWLRQV

The spatial impacts pathways analysis delves into the mechanisms througt
which Community Energy Initiatives (CEIs) activities generate spatial change:
exploring both the underlying reasons and the resulting spatial alterations.
The initiativeCo0dperatieve vereniging Nieuwe Energie Oranjewijk U.presents
seven main activities, three of which planned for future development. Thes
activities can be generalized into tenactivity 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, m@ concise,
narratives of two spatial impact pathways deemed noteworthy.

Guided spatial impact pathway | "Energieloket Oranjewijk Isoleert"

Activity type | Theactivity typesrelated 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 nee
to reduce fossil fuel dependency through energy consumption reduction.
Initially, the project relied primarily onvolunteers . However, with financial
support from the Municipality of Leeuwarden, the initiative was able to hire ¢
staff member. Subsequently, the award of a four million euro grant from the
"National Program for Gas-Free Neighbourhoods" enabled the hiring of thee
additional staff members and external consultants . Without this financial
backing, the project would have been unsustainable due to a lack of expése.
As the interviewee noteda U fér © project like this, you can't do without
money. You can see it from day one. All these volunteers aiadl these people
who are really wanting to achieve something, you need expertise tlevelop
things. But expertise costs money. So regardless your netwlq regardless your
drivers, without money nothing happens.

Outputs | The primary output of the activity is an online tool that assists anc
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
:CU6Xie 6}6R}6X62
(26X 06RiXi2%$6+ $
Source: author own elaboration.

¢

Outcomes |As this activity primarily supports residents in increasing their home
energy efficiency, thedirect 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 discusspotential 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, pnoerty

values, and possibly spur low-carbon gentrification processes. Furthermore,
given the initiative's aspiration to expand the project to neighbourhoods ir
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 powe
plants on the ground. While these types of activities would likely hamore
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 char¢
electric vehicles in a parking building (output). It is proposed to be consicted
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 t
collaborate (input). Consequently, due to alack 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 locall
produce and own renewable energy (output). It is planned to be built o
industrial land where three other wind power plants are already situatec
(outcome). The land is owned by the municipality, which is supportive o
constructing one more power plant (input). To access national subsidy for wih
and solar farm development (Subsidy Scheme for Cooperative Enerc
Generation, SCE), energy cooperatives must have a sufficient number (
members (one participating member per 2 kW of power of wind energ
installation). The initiative currently has 178 members, which falls short of #h

required threshold. To address this, the initiative is endeavouring to establis}
an umbrella organization encompassing all energy initiatives in Leeuwarder
This would facilitate the development of larger and more ambitious projects.
Therefore, due to dack of members and funding , the development of larger
renewable energy power plants is currently not feasible.
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The original interview

Interviewed
SDUWLFLSI

Date
Place
Notes

General manager.

March 22, 2024.
Online, videocall.

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, minadits
have been made to remove irrelevant details and enhance clarity. The origin
language (English) is used to preserve the participant's words and avoi
misrepresenting their meaning.

Internal processes

Yes.

é | found out that in theOranjewijk neighborhood there was an initiative
starting. They call themselves Nieuwe Energie Oranjewijk sdlEO, and NEO
organized evenings where they explain to people how to loweheir energy
consumption by using special light bulbs, LED lights foinstance. They
organizedenergy cafes, and they did it already for three or four years, but the
lost motivation because people were not interested anymore in comipto this
cafe except for the usual suspect who knows that there's fezbeeré | invited
myself to join one of those meetings. | told them thathe municipality has to
make a plan to get rid of natural gas in all the municipality rgfibourhoods and
if they would do nothing the municipality would decide for tam. | told them that
it would be wise if they kept the possibility of making chices, which means that
they, we, have to organize ourselves. They thought it was a realbpd idea! So
we went to the municipality and asked to be partners in developing erstrategy
for natural gas-free neighbourhood, but thenunicipality said we would be
welcomed back as soon as we were organized. Because we were not
organized, and the municipality doesn't talk with initiativeshat are just a bunch
of willing people. So, that's why we started this energy coepation, and as soon
as we had about 140 members in this neighbourhood of a thousan
households, we went back to the municipality and then they couldn't refesus
anymore because we were organized, and we were big enough to be taki
seriously. And what happened after was that the whole process tned around:
they saw a neighbourhood that was willing to think about theuture, they saw
an organized bunch of people who had smart ideas about that natural gése
future, so they decided to give us money to organize ourselves eveetter and
to be able to buy advice by a big consultancy firm who is specializemh this
subject. During 2019-2020 we worked out a strategy for this epific
neighbourhood, how to develop a new energy system for thetéire. We did that
with this consultancy firm that was Royal HaskoningDHV, which irhe
Netherlands is a quite famous big consultancy firm, and that lefus 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 202tete was
already a program run by the Dutch government which is called theational

Natural Gas-Free Districts Programme a&nd we decided to join that program.
We made a plan, and in that plan we aimed for an energy system costing of
agua thermal energy. Because in this neighbourhood Oranjewijkehe's a lot of
water coming by, and you can take the heat in the water, which building up
during summer, you can put it in the ground and use that he#dr heating the
homes in winter. So we developed that system, made a business casand
asked the people who live here if they were willing to join in Wisuch a system
heat network.

é B pessent we're three-four years later. We didn't gain that subsidshey
refused our idea of this aqua thermal solution as they thought was too
expensive. That left us not really in despair but made us cledrat regardless of
the solution you choose, regardless of the new energy systenoly choose, you
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have to do something about the insulation of the homes anyway. The rigrear
we had another chance to write something for this programme, so we joined i
again in 2020 or 2021, and ir22 they approved our plan and gave us four millior
euros to make it work. So right now, we are developing a campaidor the
project (26X 0+:'0eBiXi2$06-, $vhich\suppdrtx eeople who are
willing to improve their homes. We support them all the waycsfrom the first
question to the last paying the last bill we help them with all stepin the whole

Q

process and the main first question 3 é a

Well, the initiative already had 140 members. So those 140 homeowners wer
quite easy to reach, and they all got neighbours and they all mether people
in the neighbourhood, so when we organized things the wordhiead quite
easily. So, when we organized an evening with the Royal HaskegDHV
consultancy firm to talk about the future energy systemhe first time more than
60 people came so just aboutpassing words from member to member and
of course byadvertising home to home so eachletter 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 add. But for the
question would you as a homeowner in this neighbourhood work with a hee
network if we would develop thati ahat 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 dgbé
answers. So, if you talk about annitiative in a small neighbourhood or a
small village , yourtarget group is always within reach because you can just
go to the front door and ring and yogan 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.

The members of the initiative areesidents of the Oranjewijk neighborhood .
In total, there are 178 members. Some are the initial promoters, some are pa
of the board, and others are simply members.

le \R2:eRXOI1++ ... pbpBludtesrs @anymre, Bat is how this this whole
project (206X 0+:'0eRiXi2$06+ $ QA H®RO Kbe : 21+ gds-
free neighbourhoods started. Because there is a subsidy for a program of fo.
million euros, you can't give four million euros to volunters, e ie \R2:eR
works. So, the work we are doing is not something for a voluntgeit's
professional labor. You needspecial expertise , and so you need tohire
professionals and I'm the one they hired , I've always been paid from day one
I've always been paid for these activitied R é R jeRIRBI+Xdi7...R 1}0
now. The other two are manning the office we have in the nelgpurhood, which
is called Energieloket @@ these two people who work at the Energieloket a
One of them let's say an energy consultant, he knows evehyihg about energy
and energy saving, construction methods, and the building proces and the
other person, that's a lady, is organizing the whole processoSshe's calling the
homeowners to make appointments to see that the builder is givinguotations,
that there is a building planning, etc.

Each year there is an annual meeting of all the members, and they can vote f
the for the policy we have presented. So, there areembers and aboard, and
the board takes the decisions but the members have to approve 618 & B
majority voting .
But you have to understand that there areifferent companies . First, you've
got the energy cooperation, NEO, antlEO is an association with members .
This association, NEO, has founded a company which is called the
(26X 6+:'6eRiXI2%06+ $'I)theytdeXatso, in a way, the owner ¢
the company (26X 06+:'60eRiXi2$6¢, ®hizhH reedhv@X four million
euros from the Ministry of Home Affairs. And if NEO wants develop the solar
plant on the parking garage, NEO is going to make a new compamshich will
exploit the solar installation. And if NEO is going to plato build a wind
generator in an industrial area in Leeuwarden, that will be the thi company
we will create, which will exploit this wind generator. So, ydue got NEO on top,
and NEO owns companies. This is donéor managing risks and managing
finance and to be able to keep profits in the profit centewhere it is generated.
And if the wind generator makes losses, well, it's the problem dfiat company.
And to be able to keep profits in the profit center where i generated. And if
the wind generator makes losses, well, it's the problem of thatampany. é
Well, after operational costs, if there is a profit, therofit flows back to NEO,
which then has money to start a new project. So, the moneyegs back to the
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community, not literally. But the money is used, if theres a profit, the profit will

be used for a new project for sustainable electricity productionor energy
production for the people who live in Oranjewijk.

Mine and my colleagues :R \R6,UB6XeR 2R626X ...RI21R aeih >
you can't solve all the problems yourself, you need professi@l advice. So, we
hire specific energy consultants for specific problems. We also have an
engineer we hire now and then to calculate construction, i& roof for instance

is constructed well enough to have a solar panel installation on top of.iThose

kinds of things. But the project we did with thebig consultancy Royal

HaskoningDHV, that's all history, that's all in the back.

b:eR :XR b(i4dR jeR +6R [}06R e 01 REnefgielekét ROthxjedifk
Isoleert B &2 6&ij\0B +0R (}6R e 6R j27\R X:1R e 6B a 2
controlled.

Not really. Not for NEO. And not for the project (26X &6+:'6eB iX
I\:+ 0 @ Mezause first | want to make sure thehole process is replicable . |

want to check if | can do a third one, or a fourth one. So wowe are

experimenting with what works best. In a way, we are already working an
protocol. For instance, we developed four work questions. We neetd know

this first in the initial meeting, so that if we later try to advise thegpeople. And

if | do it alone, it's not nearly a big thing. But ifrde people do it, then we need
some sort of organization.

Yes, with other initiatives well, they call us because they want our e 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 arand how we are
working at this moment. And we show them how and why we are doinghis
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 initie and to join in using the
online tool platform we have developed. But there's a problem that redgues
money: I'm not doing it for free because it costs money. Sghat we do with
other initiatives is that they can hire our energy consultarfor a low price so that
helps already. Secondly, the tool we have developed is specififor the
Oranjewijk neighbourhood and the type of homes we have here inigh
neighbourhood, so it can't be used like it is in anothenitiative. Then you must
rebuild the database behind it. Of course, that's not a problem. Buabat's work,
and it costs money and time.

And then there is the membership withUs Kooperaasje, a shareholder of
Energie VanOns. Energie VanOns is a commercial energy company that i
buying its energy (electricity) from local initiatives (renewabl energy
communities). It sells its electricity to mostly houselolds and SMBs. They have
about 60.000 clients. EvO is a limitted company with three shareholdersUs
Kooperaasje - a cooperative of Fresian REC's (province of FrysiarGrek - the
cooperative of Groninger REC's (province of Groningen)-, and Dtea Kei -for
Drente REC's (province of Drenthe)-. NEO is a codperative asdiember of Us
Kooperaasje. By being member, NEO has a say in Energie VanOns throUgh
Kooperaasje. In total EvO is owned by app 120-140 local codperadielf NEO
members become clients at EVONEO receives a kickback fee of 75,00 euros
per year per household. In return, NEO does some marketing and reselling fc
EvO. But you can become client of EvO without being member of NEO.

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 ithis

neighbourhood, especially when we are further down the road and the's more

volume in work or work in progress, is the possibility to ingein young people
who are difficult finding work with a special training program. Sdat's the first

social project we already have written into the plans.

“OXORIXBRe 6R W AgmRbRrshi..fd iadminisBative costs, and then
people have a say in what NEO does. Theunicipality of Leeuwarden paid all
the bills for all kinds of research we did for four years now. So, we're véugky
in every respect.

And then there are the four million euros dunds for the project (26X 6+
iX12%$6+ $'RI\:And b if there argrofits from the projects, the profits
go to NEOfor funding new projects in the neighbourhood.
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But potentially, there is also an existingroduction subsidy on green energy .
If you produce green energy, you can get a subsidy for eadlotwatt hour you
produce. | think that's the same everywhere in Europe. Becausthese
techniques are more expensive than a gas-fired facility. Solar p@r is not
cheap. A wind farm at sea couldn't do without subsidy up tditee, four years
ago. Right now, these new wind farms they are building, they btieed subsidy
for the grid connection. Otherwise, the business case isot good enough. So
you can't produce green energy without subsidy. You can't bdik nuclear plant
without subsidy. So, the incentive for an energy cooperation to develop
project is in this subsidy. Thanks to this subsidy, we can delop solar farms,
we can develop wind farms, and there is a profit in the expectatiorf a wind
farm or a solar array, if you do it the right way. And if you dahe right way,
there's profit. And what we want in the Netherlands is that thegrofit 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 foreigrviestor. And that's
what happens up to now. And it's only last five up to 10 yearskriesland that a
lot of production capacity is also owned by local initiaties. At the moment,
12% of all sustainable energy production is owned by eneygcorporations,
12%. So, 88% is not. And that money goes not only away frahe local people,
but also goes out of Friesland. Even worse, it goes out thfe Netherlands. It
goes into the pockets of foreign investors. And that's nahe ideal situation, is
it? So, in Friesland, we are really working hard anaking local ownership of
production facilities feasible

Activities and projects

"6\ & R Weétadked about theEnergieloket but NEO has other activities.
The second activity isworking on ideas for making smart grids for this
neighbourhood.

The third project is the amount of energy we use as a neighbbood, 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 e&croof, we still
have a lot of energy, especially not the heating, so we needore 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, theege four
wind generators . In the plans of the municipality, there were five points ithe
area. They realized only four, so there's a mission to buildiét. Nobody knows
that, but nobody will use that. What happens is we develop a winggerator on
that spot. It's already allowed. So, if we tried to do that, and thi a wind
generator and this solar activity on the parking garagea 3 X, we could generate
in the future with individual homes ideally, at least our homelectricity. But nor
the solar roof, nor the wind generator are realized yet.

For the parking it is very difficult. Because the municipaji is the owner of the
bricks, and they outsourced the exploitation of this garagét's a parking garage
with 500 places, 500 cars, and the exploitation is run by a foundati which has
two other garages and five parking areas around Leeuwarden. This orgaitiizn
was not really willing to cooperate with the energy corporation. It took usane
than about two years to convince them of our plans. Now we found a wayve
made it possible that the foundation, the exploitation, hasaid we don't want
to do anything with your lot, we don't want to work with you, but weliagree if
you exploit the solar system on that garageBecause the municipality is the
owner of the bricks, and they outsourced the exploitation othis garage. It's a
parking garage with 500 places, 500 cars, and the exploitation is rlyy a
foundation which has two other garages and five parking areas aroun
Leeuwarden. This organization was not really willing to cooperateith the
energy corporation. It took us more than about two years tooavince them of
our plans. Now we found a way. We made it possible that the foundatipthe
exploitation, has said we don't want to do anything with yowt, we don't want
to work with you, but we will agree if you exploit the sl system on that garage.
It's an off-grid system, so we're not relying on the grid, wieethere's a lot of
capacity problems on the electricity grid, and by avoiding thatwe made the
choice to make it off-grid. So by putting all the power inta battery and selling
it for loading electric vehicles, you can get a much better price than selbnt to
the local grid. The energy cooperation, NEO, will be the ownef the solar
panels.
And we're working on something else and that is we're trying touild 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, the is a specific
subsidy. Maybe you've heard of the SDE, which isabsidy for the production
of wind farms and solar farms. And there is a specific subsidy like that, bu
then for energy cooperations. And if you have enough membengou can get a
subsidy for a production facility. And this subsidy is evebetter than theSDE
subsidy. So, it makes projects more feasible. But then you must havenough
members. And if we're developing, let's say, a wind farm on the west siadé
Leeuwarden of 20 megawatts, we need a lot of members. And NEO, as oidos
energy cooperation, only has 180 members. But there are about 12ergy
cooperations in Leeuwarden. Yeah, so if we put them all togeth then it will be
easier to develop new projects.

[Question omitted as already answered]

[Question omitted as already answered]

Realised projects

Ithinkthe (26X 6+:'0eRiXIi2%$0«isthe hostdndogreant project we
have. And this solar thing on the parking garage is more likehobby. And even
further, far-fetched is this wind generator. So, | thinthe real focus should be
on Energieloket and on the plans we have for the longer rlrecause we're not
stopping by helping people with theiimsulation . We also want tarent out heat
pumps as a business. So, people do not necessarily need to invgs their heat
pump, which is quite an investment, which is about 20,000 eas per home. We
decided to make a rental model.

The (26X 0+:'0eRiXIi2%$06-«sérvies houdeddds/homeowners in the
neighbourhood of Oranjewijk . The neighbourhood itself is 99 percent
residential homes. There are a few small offices but that's about fiva so. In
the target area where we work, there's only one supermarket and thefee
small offices and the rest are 450 residential homes of which all 45@re
privately owned but about a hundred of them are rented out. So, we'vet®850
owners who also live in their own homes, and we've got a hundred yate
owners who rent out their own for students and other people.

Besides the people by the (26X 6+:'6eRiX12$06 -« WHiBh s mé and
other two colleagues, there are also other main actors involvedhe board of
NEO is important because each month we look quite into detail what isojng
on and if this is the right way to do it. So, they're reglimportant stakeholders.
The people from themunicipality are also stakeholders because they are
really eager that if we succeed, they can copy it to other parof the city. Then
we have thecompany that's responsible for the local grid, theelectricity
grid. They're a stakeholder and we have contact with them each year becaus
we are working towards a gas-free area.

Well, you must realize that we're only starting just now. ThHenergieloket was
opened last year in November.

[Question omitted as not applicable given the questions previaly asked and
the answers received]

®0++eRe OR\OE:2TRe 10R-0RX:edRe 0RU XD XRL
for gas-free neighbourhoods R | 27 2224 obtained the four million euros in
funds. We opened Energieloket in November 2023 and one and a half yee
before that, we used to build theonline tool . We worked out this concept.

| found out that the real problem is that each installation obuilding company
gets two orders out of ten quotations. And that is where thprocess of house
renovation stops. So what we did is create an online tool, and thanks this tool
we make sure that the clients first understand what they want to d@nd as
soon as they know what they can do, what it costs, and how theyre going to
finance it, they can decide if it's worthwhile to put in extrairhe and to call a
builder and to ask an installation company to make a quotation for heat
pump, for house insulation, etc. With the online toolnd the locket we help
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people in this whole process, from the first questions gople have, like how
do I insulate my homei aavhere do | starti aavhat are the possibilitiesi 4R =
the second question is even bigger and more importarg Row am | going to
finance all thati &And if you have answered the first question, you can answe
also the second because then you know what you can do for thhouse and
how much money it will cost, and then you can find a solutioto financing it.
The third step is if you are going to get this improvemenmt inotion and if you
collectively organize, which it's cheaper and it's easier for everybodyhw joins
in. So, at this moment, we are collecting orders for roof insation, for instance,
and we've told the people in the neighbourhood we need at leastri homes
who join in because then we can guarantee everybody gets a discdurit's
collective purchase of products, butthe new thing we do is these first two
steps. What normally happens with this kind of initiative is that imost cases
the municipality is paying for everything. Then, first tiyesend an energy coach
towards one's house, because people have questions, and they donknow
where to start. So they invite an energy coach at home, kés on their kitchen
table for let's say one and a half hour and they talk about alé possibilities
and if you're lucky these people are willing to take the negtep. But they then
in detail want to know the possibilities for their home, and dw much
improvement is feasible for savings on the energy bill, and homuch this
investment will cost, so they ask for an energy advisor, someoneého can make
a professional energy scan of the home and make these calculatis. The
outcome is a report of this energy scan which tells peopleshat they can do and
what it will cost approximately. So, the third step theyeed to take is finding a
building company who's willing to take on the job and make auqtation. Well,
it's quite hard to find the right building company and it's roeasy to get them
willing to make an offer for your home, to make calculations. Buf you succeed
and you only have one quotation, then you want to compareiftit's reasonable,
so you ask a second builder to make a second quotation. Then yaan
compare them. In the meantime, we're let's say six months dowthe road
already. In some cases, even a year. Then you've got your sad quotation. At
last, weeks again waiting and a year has almost passed, your motivaties quite
low already, and you're in a different kind of season. You startedaybe in
autumn with these questions, you worked your way through winteand now
the time is coming to decide what your holiday destination is. Arttien you see
these quotations one is 40.000 euros the other is 60.000 eurogou don't
understand them, you can't compare them, you're losing your way @l these
numbers, and you decide to postpone the whole idea of improving wo
insulation. So, by that time, you have invested one and a Hfidlours from this
energy coach, three up to six hours from this professi@h energy consultant,
you had two, three or four companies over your home to make gtagions. So,
a lot of time and money is invested and if you look into theumbers of the
amount of quotations building companies need to do to codct the right
[1:j2eR: Re:X'éRe 6..R+:\0R:jeR: Red28WijeBleR:2\W
out of ten are proceeding. In the Netherlands as a whole, we have eight roifl
homes to improve. Eight million. If we do it like this it Winever happen. You
agree? So, we have to find a solution. And this is what we ddfelience. We
build an online tool in which you can find your home and all the specificatior
of your own home and you can tell the system what you've de already. And
the system then gives you an advice: first what you can do best, second whit
costs. Don't need an energy advisor, you don't need an energgach, you just
need to find the time to go on this platform and to fill ithe gaps to make a
proper plan for your insulation. But if you know what it costs/ou can also get
help to finance it, and that's where we are in the picture. lthe first step we
help people fill in the details of this online tool , andseconds we help them
and show them all the possibilities for financing
We talked with more than fivebuilding construction companies to find one
who was willing to operate in this method because all these difashioned
building companies were not interested in doing it this waylhey don't believe
2R edR b:xeR2:eR e \R2:eRU:\\ &2+0 AR 1> ®HRD
goinge:R7:Re [edRb:eR2:eBR2: aR«:Re feRe::"Rj\RI+2I
one and a half year. And it took us a long time to organizestivay these four
million euros, which were paid by the Ministry towards Gemeenteeeuwarden,
but how are they going to give out four million euros? ¥@an't just give it to
someone, that doesn't work. And that was also a process of more thanyear
to establish a method to do that the right way. So that's why wealdn't start
earlier than last year in November. And at this moment, we started the firs
action for flat roofs, insulation, insulation glass, and f@lor insulation last
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January. And at this moment, we are trying to get the firsder signed. And then
we have about eight homes, which have gone with who are going replace
their glass, about five who are willing to have a new roof. Ard this moment,
four decided to do something about floor insulation. And that'shat's not really
02:] AR®OR-I2eR e:éR UKXBhdnesanido. bividihing at the same
time. So, our selling activity needs to go on. And thehis work will be done
during summer, maybe autumn. And only then we can tell if it really worked.
jeR1 1 RdoRremercidl , and once we have one Energieloket in the Oranjewijt
as soon as it's running and it's working - that will take about think, later next
year let's say September 2025-, | want to open a second Lockdsewhere in
another city or in another neighbourhood. Doesn't matter wher@nywhere else
is okay, just to see how it works when there's no localitiative already. To see
what happens if you drop this locket in a neighborhood. Fromscratch you're
trying to do the same as we do here.
I'm really looking forward to thatexperiment already, that in my mind each
neighbourhood has its own Energie Locket. Because the pes for the
homeowners are lower because of this cooperative purchase, and becaust
from that margin you can pay the Energie Locket, the whotgeration is cost
neutral. This is quite remarkable, so without additional subsidyromoney you
can realize that all homes improve their insulation so that youan get rid of
natural gas for heating yeah yeah that's all. We want to show thiatis possible
without extra money without subsidies to improve homes so theyan switch to
a heat pump.

[Question omitted as not applicable given the questions previaly asked and
the answers received]

[Question omitted as not applicable given the questions previaly asked and
the answers received]

Well, if it was a voluntary initiative, then you could have all kinds of drige But
it's becoming a commercial operation. And then the primary drives ito achieve
a process in which a neighbourhood can be water pumped ready withbu
additional cost and a fast rate. That's the main objective. And thériver. Yeah,
well, for me, that's totally obvious. We need to get rid of naturglas. We haven't
got enough. The Groningen field is closed. We can't import nagl gas anymore
from Russia. Within 100 years, all-natural gas is going to be use8o, we need
to change.

But there's one thing you don't mention. That's money. Anorfa 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 somethg, you
need expertise to develop things. Bugxpertise costs money . So regardless of
your network, regardless of your drivers, without money nothirzappens. And
that is also a big warning for the future that if you are thwilling to experiment
with obviously costly ideas, then we won't come any further. Sdf,we, with all
these right-wing parties in Europeif 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 agovernment who's willing to experiment. You
must have organizations who are willing to invest with thexpectation that not
everything will succeed. And right now, the way we've got Epean elections
coming up, that really worries me.

Closing questions

[Question omitted as not applicable given the questions previously &&d and
the answers received]

[Not available]
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Yes, | would say with the (26X &+:'6eRiXI2%$0 e« pojéctweiditiatye
faced some resistance from the building construction companieswho were
reluctant to do things in a new way.

Money really worries me. Because monewou really need money to make
the change. And if we want to fight climate change, we need an awful lof
money to do that.

We have a major problem with the costs of everything, buildirgpsts. When we
made the first calculations in 2019, for the first time we joied in that national
program, we made a calculation how much it would cost to improve hthe
homes in this neighbourhood. For the second time, we did theame
calculation again. And now we are actually vending out flat rogfsulation for a
certain price per meter. These costs have almost doubled since 2019n4 that
is a major setback. Where in 2019, it already was expensive, but you couldlst
say to a homeowner, hey, it'll cost you 30,000 euros, but yaan add half of it,
15,000. You can add to the value of your home. Your home improves. e
value of your home improves. And then he would find a way to dimce that.
We're talking about 60,000 euros at present. And that makes it for a lof
Ub:U+6@xR2:eRU:\\ ®2+0Re:R 2i2¢6Re ledRle \Re::
help it, this inflation, but it's too much. That is a setback, whicfs if this project
fails, it's because of the costs. So external factors, more subsidiespi afraid.
Another thing we encounter is that it takes an awfully longnte to change
legislation. And we're in the Netherlands already working on theew electricity
law, and this new electricity bill. We've been talking about thatlready for three
years, and it's still not there. And that is also a break, like handbrake, on the
progress and development of new projects. If the electricity Bilwould pass,
then all of a sudden, as a community, we could share power, fandtance. We
can share electricity. When I've got more than enough electrigi and you want
to do the washes, you can use my electricity. But that's $tiegally not possible
in the Netherlands. And we're working on changes in legislatido make that
possible. But it takes so much time. That's a break in developmer$o cost is a
problem. Legislation is a problem . And also is a problem, | thinkpolitics . So
go vote.

le \R2:eRXOI++..BRIRUX:e+61Re:R 2TRUB:IXRFORS =R
motivations. People are willing, companies are willingmunicipalities are
willing and then theyinvest in us. They paid all the bills for all kinds of researct
we did for four years now. So we're very lucky in every respect. Veéereally
lucky. But everything is slow and slowing down. Becausethink in local, but
also national government, nobody really has the guts to take ¢hfoot off the
brake and to put it on the gas pedal. Because everything is tige The technique
is there. The equipment is there. The knowledge is there. Go!

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 itinDutch
legislation because nobody knows how you do it. Nobody knows wah an
energy community is legally. Is it a company? Is it a fodation? Is it a
cooperation? And how do you establish local ownership, but atsa 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 gaa hundred members and
they decide for a thousand other people what is going on happewj in the
neighbourhood. That is not really the way you want to organize it, ik That's
not really bottom-up. So, we are with a group of people working at the momer
on finding a method to implement it in the Netherlands and tcest legislation.
And I've got two projects I'm working on at the moment to start ehfirst
European energy community in the Netherlands.
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Municipality of Groningen, the Netherlands
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Overview indicators

About the municipality

Administrative area[km2] | 101.50
Urbanized arealkm2] | 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 initiativg 100.00
Municipality inhabitants served by the initiativelinhab.] | 5 670
Renewable electric energy generated by the initiative pe] Information not available
year[MWh]
% of renewable electric energy generated by the initiativd Information not available
on average electricity consumption in the municipality
Surface occupied by the renewable energy plantgn2]* | 33 098**

Type of space occupied| | +7 2 \BX1);industrial
(1) and agricultural (1) fields

*Realized and managed by the initiative. **Estimated.
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The urban spatial analysis

Territorial spatial analysis

The Municipality of Groningen is located in the Overig Groningen provinc
(Eurostat, NUT 3 geographical level), which has a total population of 385 82
inhabitants (Eurostat, 2021a), with a population density of 329 inhab./kmz
(Eurostat, 2021b).

The evaluation of the population density on the smaller and homogees

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 hi¢
U:Uj+ie :20162\ e...Ueé+jledXalio xéntesdEBR, Q0L8AF
Eurostat, 2021c). A constellation of moderate-population density clusters,
el++067U jXei2U e+jledX\ Uei2U 26U 106 2enterpindinly :
distributed inland. Large swathes of the province area present relatively lov
levels of population density (EEA, 2018a; Eurostat, 2021c).

For this, Overig GroningenU X:} 2e¢6U \Ue+i\\ oa8TUN\UI2U 2
which indicates a NUT 3 region where more than 50% and up to 80% of tl
population live in urban clusters (Eurostat, 2021c).

The Municipality of Groningen has a total population of 243 768 inhabitant
(CBS portal, 2024a), and a population density of 1 314 inhab./km2 (CBS port¢
2024byRU eU+06i\eUTOtU: U[66j+iXT62 \UU:Ujedmre A
(Eurostat, 2020; Eurostat, 2021gaU :XUe \aU eU \U1d6 2617UI
Eurostat DEGURBA classification and represents the only city in the Over
Groningen province. The surrounding municipalities are characterized by lowe
population densities, with one intermediate-density municipalities with less
than 50 % of the population living in rural areas and less than 50 % of tr
population living in urban centres, and two thinly populated municipalities with
more than 50 % of the population living in rural areas (Eurostat, 2020; Eurosts
2021c).

With more than 15% of their population commuting to work to the city of
Groningen, all the municipalites of the province (plus other sever
municipalities outside the province) are highly integrated with@ X:2 2 ¢
+lee:jXU 1iX'6eUi2iUe j\UXO6UX0bd\062eU e 6EEA, €017
Eurostat, 2021c).

Urban land cover

“ U jXaeh® U +:e1ed6iU 2U e 68U aj@oringeh+centaiks :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 terracec
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 mainl
characterize the surrounding environment (EEA, 2018b; Eurostat, 2021c). Tt
total urbanized area, approximated as the extent of artificial areas withir
1j2 @ Ui+U@a:j27iX 6\Uil> jX64aU [i210 :}6XaU Xe
be 62.99 kmg. This urbanized area exhibits a high degree of imperviousnes
primarily concentrated in the historic city centre i> jX6aU "o

1UGX} :j\206\\ yB



Urban infrastructures
The main infrastructures of the city are:
XThe river harbours, where private boats can be moored (Energy ar
Industry Geography Lab, 2019; Jachthaven Oosterhaven, n.d.).
XThe electrified railway line, with theCentraal Station Groningenbeing the
main railway terminus (Energy and Industry Geography Lab, 2019). T
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 Munipality
of Leeuwarden is 150 3680 MWh.

According to the Energy and Industry Geography Lab, the distribution of tot:
electricity demand generally mirrors the urbanized area, with an estimatec

range of 0.1 to 100 000 tonnes of oil equivalent (toe) in 2019 (1 toe=A3 MWh)
(Energy and Industry Geography Lab, 2019; Hidalgo Gonzéalez & Uihlein, 202
with the lowest values corresponding to water bodies (see figures on the left).
Focusing solely on the industrial sector, demand typically falls within aange
of 100 to 1 000 toe, with a peak of 10 000 to 100 000 toe inraited 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 tb
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 201
and not drawing up a SECAP (European Commission, n.d.), however i
commitment to energy transition was already evident in 2006, with the origina
goal being energy neutral by 2025 then shifted to 2035 with the 2011 (Arents:
& Bellekom, 2014; Gemeente Groningen, 2015), and in the@ X:2 2
Energises 2015-Q O P \Rrogramme (Gemeente Groningen, 2015). Th
Programme was followed in 2018 by the Environmental PlanThe bd ,e U
Plan) (Gemeente Groningen, 2018; Ministry of the Interior and Kingdol
Relations, n.d.), which main objective was turning the city into a redife lab for
energy transition.

The municipality is involved in several projects related to the energy transition
The European Commission has designated Groningen as &ighthouse City |
involved in MAKING-CITY project, recognizing it as a model city in thddief
energy transition. In two Groningen districts, Groningen North and Groninge
South, the MAKING-CITY project is piloting the Positive Energy Didti(PED)
concept (Making City, n.d.; Gemeente Groningen, 2024). The municipality he
also been a partner of the EC2 project, a project investigating energ
citizenship and energy communities, and thanks to the European City Facilit
Programme subsidy it is researching and investing in heating network
(Gemeente Groningen, 2024).

Collective energy initiatives

“dUeé e... \Ue ++ 2 26\\Ue:U1:}0Ue:«IXTUITUL:X6U\]
also well-reflected in citizens' behaviours. In fact, in the municipality, boasat

least five collective energy initiatives (VanOns, n.d.; Grek, n.d.), among eh

is the selected case studyCodperatieve Vereniging Grunneger Power U.A.
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Initiative profile

Foundation year

Geographic span

Internal structure

LQLWLDWLYH

2011

The initiative emerged from a small group of citizens in Groningen. Gainir
experience by installing personal solar panels, these individuals startec
supporting their neighbours in solar panels purchase and installation, alsa
promoting collective action. Grunneger Powerwas formally established as a
Cooperative Association in 2012, the first Groningen energy cooperativéater
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 Enerc
VanOns.

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 a2 6U & e..U: U €

urbanized area.

Demographic dimension (inhabitants served)* | 5 670 [inhab.]

*Estimated (seethe ade :1:+: ... Ué [Ued Xy

Legal form | Cooperative UA (or cooperative association). UA stands fo
0,8+j101U + hmeonyg members aU 1612 2 Ue leUe 6U 16

contribute to a deficit of the cooperative.

Main actors |
- Group of residents of the Groningen Municipality.

al 2Ufee: X\ UX:+6U8
- Group of residents 6promoter.
- Groningen residents - members and consumers (called energy customers).

adlaedX\ Ue:el+ Udyd thah ® U@ 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 ¢
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.



Ambitions

Implementation of the ambitions:
services and activities

Strategic planning | Information not available. However, the initiative
(X 12 «8\U ab6ledX\ UU@X:+e Ud\\ 12\ Ue:UT \&j\
ideas on customers and membership strategy.

Policies, processes, operating procedures | Information not available.

Financial resources |

- Fundings: The municipality pre-financed (loan)Q O O Ufor@h@ firsl financial
investment of the initiative.

- Profits of the initiative: any profit generated by GP projects is reinvested it
subsequent projects in the city of Groningen. As an energy reseller, G&eives
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 energ
distribution: Noordelijk Lokaal Duurzaam (NLD), now rebranded Energi
VanOns. The company, founded in 2013, buys renewable energy from tt
member local energy cooperatives and sells it to their members, primarily tc
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 t
renewable energy initiatives in Groningen province which works as an energ
service point supporting citizens and initiatives on renewable energy ant
energy saving related issues. GErK is a shareholder in Energie VanOns. GP,
a member of GrEK, receives an annual fee per each customer that becomes ¢
Energie VanOns customer.

Being members of the national umbrella organizations EnergieSamen and Hie
Opgewekt, GP is also present at a national level.

Moreover, the initiative develops energy projects in close collaboration witthe
Municipality of Groningen, which can contribute financially (loan) or providing
real estate (ground for rent) or developing neighbourhood gas-free plans an
projects (for instance neighbourhood heating systems), and with the Nature
and Environment Federation.

The initiative also supportsi« 26 X\ U \\:& le :2\U 2U@X:2 2 6
panels on roofs and neighbourhood associations, besides being involdein
Horizon 2020 projects (MAKING-CITY project).

Type |Reducing energy consumption, reducing fossil-fuel dependency, locally
producing and selling renewable energy.

Geographic scope | Groningen city.

Services provided | Collective purchasing, home energy efficiency, energy
consumption education, renewable energy reselling, renewable energy
generation, smaller initiatives and collectives support (associations of owars,

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 ZoeDok

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 othe 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, realizexh 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 theMeerdorpen solar park in the larger
Roodehaan solar field, in collaboration with SunProjects (second soldreld of

the initiative).

- Activity n.5: Rent with sun project, solar panels installation support on

shared roofs, in collaboration with Nijestee housing association.



Innovative aspects

Process evaluation
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- Activity n.6: increasing biodiversity in solar parks projects, in collaboratior
with the Groningen Nature and Environment Federation and other Grunnege
energy cooperatives.

- Activity n.7: <i} 2 Ue: 6 erdest, 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 theSelwerd-Zuid to connect to the new
heating network, in collaboration with the Municipality of Groningen and
WarmteStad.

- ée }e...U2RXAU\jUU:Xe 2 Ui«26X\ Ul\\:e ie :2\
shared roofs.

- Activity 10: sale of renewable energy on behalf of Energie VanOns.

- Activity 11: supporting the realization of energy communities being partnef
the Horizon EU Communitas research project and working in the setup of a
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, k=l
ownership of renewable energy production facilities.

- Actors involved:Grunneger Power SunProjects, residents (100 members of
Grunneger Power for a total of 250 households served).

- @e: X\ UGrumriegel Power promoter/coordinator. SunProjects: provider.
Residents: owners and consumers.

-Financial resources: Crowdfunding consists in the selling of Sat Certificates
to the residents that want to by the solar panels; it covers the 55% dfie
investment (the total investment was circa 650 000L.yLoans: Het Fonds
Nieuwe Doen finances approximately 45% of the investment. Revenues: fror
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 governmerger
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 aolar
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 (theunicipality
grants a "surface right" to the solar park).

- Technology location management: initiative.

- Technology occupied surface: ~ 3 798 [m2]*.

*Estimated with Google Earth.
The initiative has been the first energy cooperative in Groningen.

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 graot
initiatives.

Barriers | Information not available.

Area before the initiative |
Information not available.

Area after the initiative |
Information not available.



Bridging the gap between internal processes and spatial analysis

Figure 1, below:
A group of residents at
the Vierverlaten solar park.
111 6ReéXoCadpdatieve Vereniging
Grunneger Power U.A ®ebsite.

Figure 2, on the next page:
Spray diagram of the initiative
Codperatieve Vereniging
Grunneger Power U.A. &
Source: author own elaboration.

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

The spray diagram developed for the initiativeCoOperatieve Vereniging
Grunneger Power U.Aclearly 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 ¢
joining the initiative and the development of specific activities.

The process of joining the initiative is contingent upon residency wiih the
Municipality of Groningen. However, some activities are specifically targetec
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 heatin
network or installing photovoltaic (PV) systems on the roofs of €hZonneDok
community centre in Lewenborg and Alfa College.

Among the fourteen activities undertaken by the initiative, nine have a dintt
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 energ
generation and have a broader extent.
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Figure 3, below:
Space-time matrix of
the initiative "Co0peratieve
Vereniging Grunneger Power U.A.".
Source: author own elaboration.

Space-time matrix: a spatio-temporal analysis of actual and
potential impacted areas

In 2011, the initiativeCo0peratieve Vereniging Grunneger Power U.Aegan its
development process initiated by a group of residents in Groningen. Initigl
the initiative focused on informing and educating neighbours about solar pane
energy generation and collective purchasing. Available information does no
specify whether the members' geographic scope was initially limited to a single
neighbourhood or the entire city, nor the evolution of the geogpdic scope over
time (for this reason the image below does not depict apast section |
Currently the geographic span of the initiative is the entire city of Groninger
with a specific focus on the urbanized area. While some projects may bt
restricted to specific areas (e.g., postal codes or neighbourhoods), th
initiatives generally benefit all city residents. The geographic scope ke entire
city: the aim is to make Groningen greener.



Figure 4, below:

Process of generalisation of

the activities of the initiative
into activity types.

Source: author own elaboration.

Spatial impactV _ S D W ladie$sing what, how, and why

The spatial impacts pathways analysis delves into the mechanisms througt
which Community Energy Initiatives (CEIs) activities generate spatial change:
exploring both the underlying reasons and the resulting spatial alterations.
The initiativeCo0peratieve Vereniging Grunneger Power U.presents fourteen
main activities. These activities can be generalized into twelvactivity types
(Figure 4), starting from which the spatial impact pathways are developed
Figure 5 therefore illustrates a synthesized conceptual framework of thepatial
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 spatia
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 thactivity
type PV power plant development and operation.

Inputs | The decision to develop this activity was strongly motivated by th
desire to stimulate local production and consumption of renewable energy, as
well as local ownership of the power plants. The choice of utilizing P
technology was supported by the availability of land within an existing sola
field, for which the Municipality of Groningen has secured 'surface rights'.

The activity initially relied on financial support from a loan and crowdfunding.

10



Figure 5, below:
Spatial impact pathway of the initiative
:CUbXIie 6}0R«OX02 2 R@Xj226
Source: author own elaboration.

Following the installation, the initiative has become financially sustainablelue
to revenue from energy reselling activities. Additionally, for the first 15 years ¢
operation, it will receive government subsidies based on the amount o
sustainable electricity produced. The initiative relies on a diverse range of stal
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 P'
power plant that generates electricity, supplies it to the local renewable eergy
company Energie VanOns, and subsequently resells the electricity tc
residents. The initiative provides support, assistance, and guidance tc
residents in understanding and managing the power plant and the process c
purchasing energy from Energie VanOns.

Outcomes | The direct spatial changes generated by this activity are primaril
related to land use and land cover changes. Although the agricultural fielc
owned by the Municipality of Groningen was already converted into a sole
field, the activity contributes to land consumption. However, it should be notd
that the land converted into a solar field is situated within the urbanized aree
of the Municipality of Groningen.

11



The original interview

CASE STUDY REPORT

Cooperatieve Vereniging Grunneger Power U.A.

Interviewed
SDUWLFLSI

Date
Place
Notes

Due to staff shortages and heavy workload, the initiativeCoOperatieve
Vereniging Grunneger Power U.Awas unable to provide the requested
information despite repeated attempts to schedule an interview or administer
a written questionnaire.
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| Collective energy initiatives: towards a spatial perspective |

3.3.RESULTS

3.3.4.1 Framing the spatial dimension within theplea nature of CEls: a
rereading of the spray diagrams to identify spdy@mics

The use of spray diagrams to analyse the spatial impacts of Collective Energy Initiatives (CEIs) has
revealed two main aspects: (1) CEls complex naturéy &id {¥) FHUWDLQ HOHPHQWYV RI
processes and practices are particularly characterised by a spatial dimension. ¥¢hile the four ca
studies of urban, place-based CEls 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 exampleth@embership in
Italian CETomunita Energetica e Solidale di Napadjuiisis 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 strongéa#t thtionship

spatial context in which the initiatives operate. For instance, among the fourteen activities undertaken
by the Dutch CEboperatieve Vereniging Grunneger Poweaing.Aave a distinct spatial

dimension. These include PV installations on shared or private rooftops, which promote decentralised
renewable energy generation. While these systems atftapdndis@érsed 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 specifisé@stefal proces

CEls (such as membership mechanisms and energy activities) contribute to CEls spatial impacts
This analysis is framed by the researéhdby WLRQV 564 3:KDW DUH WKH VSDWL
DQG 564 3+RZ DQG ZK\ GR &(,V OHDG WR VSDWLDO LPSDFWV"

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 CEls
activities influence and reshape urban spaces. As CEls evolve and expand, they interact with the
HILVWLQJ XUEDQ IDEULF SRWHQWLDOO\ LQIOXHQFLQJ XUEDQ
quality, and community dynamics. Given the scarcity and competition for urban space, understanding
the actual and potential spatial impacts of CEls is crucial for effective urban plaiheisig. This hy

has driven the present scientific investigation.

The analysis of four urban place-based CEls case studies indicates that, at present, these types of
CEls have not yet generated significant spatial impacts. This is due to the defition of imp

BW7KH WHUP 3SXQFWXDO"~ KHURIFDI®IIMHG WR) & RIPLHPW WIHT WK $\D EY
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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 CEls, such impacts are not yet discernible.

What can be clearly observed are the so-called spatialfagtceni@sihich can be defined

as the short- to medium-term effects resulting from the activities of CEls, 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 CEls 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 implargntation o

efficient and smart technologies, the replacement of outdated heating and cooling systems, and the
installation of solar panels. Provided by three of the analysed CEl, the develgpalent of small

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 DuUiddEidieve Vereniging Nieuwe
Energie Oranjewijk agsists residents of the Oranjewijk neighbourhood in collective purchasing
and subsequent installation of PV panels on private rooftop§oipédeatisye Vereniging
Grunneger Power WsApports 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 CEls led by local authorities, as exemplified by th€hatiamt@Elollinare del Friuli

Additionally, they have been installed on private buildings with educational and cultural functions,
such as in the cases of the Italia€dPilnita Energetica e Solidale di NapmoidBbe

Codperatieve Vereniging Grunneger PowldrelDitch CEboperatieve Vereniging Nieuwe

Energie Oranjewijk lisAurrently 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
CEls. While the GEboperatieve Vereniging Nieuwe Energie Oranjeinijlepgdently

installed a dual charging station for an electric shared vehicdadieraiieve Vereniging

Grunneger Power UdAsupporting 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.
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Figure 14 | General spatial impact pathway bastee amalysis of four urban plaéebVHG & (,V 6R:
own elaboration.
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Land use and land cover changes result from the development of large-swadegriocatly ow

mounted PV power plants, observed exclusively among the activities ofGbéfeuitle GE|

Vereniging Grunneger PoweiTdid\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 stilbglasdgifizdl as

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 f
years (according to Corine Land Cover). The Dticip&gtieve Vereniging Nieuwe Energie
Oranjewijk U.i.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 CEl undertakes,
the spatial outcomes generated by the case studies can generally be characterized as small-scale,
localized, and dispersed. Contrary to widespread belief that CEls 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 CEls 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 @ihunita Energetica e Solidale di Napwelhé&tst 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 areh@idng with the
support generated by the project, could potentially lead to further retrofitting interventions, either by
individual families or collectively.

Another example is the Dutck@fleratieve Vereniging Grunneger PowshidhAinstalled

a collective photovoltaic plant on the rooftop of a social organization rooted in a neighbourhood. This
RUJDQL]IDWLRQ PDGH WKH URRIWRS DYDLODEOH WR VXSSRUW
the Italian case, which was financially supported by a large donation from arngcal associati
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, placgrdihsaity@ahance

urban areas. As primarily driven by residents, thus spurred by a common interest for the place in
which they live, these CEls can accompany - and indeed, are already accompémgying - cities in
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 CEls spatial outcomes depend on the activities they undertake. For this, not all CEls
directly generate spatial outcdoese CEIls 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 thedizutcth €fels s

activities represent just a portion of the range of projects they developed. However, these are
activities that CEls in the early stages of development can undertake and potentially specialize in
over time. For instance, the DutdBdOpeératieve Vereniging Nieuwe Energie Oranjewijk U.A.

began with energy cafés.

3.3.4.3 How and why do CEls lead to spatial olgeome

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-baded CEls analys
are closely linked to their size (in terms of membership) and, consequently, the number and types of
activities they undertdkigure 1» Larger CEls 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 CEbo6peratieve Vereniging Grunneger Powteelbigest in terms of membership,

activities, and spatial outcomes, is also the oldest. Nevertheless, the realiyed amae nu

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 CBMunita Collinare del Friotial organizations (the Italia@dilinita

Energetica e Solidale di NaphlidEsesidents (Dutch CEl8peratieve Vereniging Grunneger

Power U.A. and Codperatieve Vereniging Nieuwe Energie Orgrijesyijllstarted with a

group of volunteers willing to make a change.

206|



| Collective energy initiatives: towards a spatial perspective |

Figure15 /LQNLQJ WKH GLPHQVLRQRRH¥ (WKWRJIJW&H U/BWMW LORXR KW FD X

Nevertheless, besides all the volunteers there can be within a community and all the supporting
QHWZRUN RI ORFDO DQG QDWLRQDO XPEUHOOD RUJDQL]DWLF
activities. Expertise may mean hired staff as well as specialized external consutifint, the finding
which is not considered a barrier by neither Italian nor Dutch initiativ@ertitatitla Gitlinare

del FriyliDutch CElodperatieve 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
Cooperatieve Vereniging Nieuwe Energie Oranjewijk U.A.:

p> @ 7KDWTV PRQH\ $QG IRU D SURMHFW OLNH WKLYV
<RX VHH WKDW IURP GD\ RQH >«@ \RX QHHG H[SHUWLVFt
But expertise costs money. So regardless of your network, regardless of your motivation, without
PRQH\ QRWKLQJ KDSSHQV 1
At the very early stages of development, financial resources can come from internal resources as is
the case of the Italian top-dow@ddiiinita Collinare del Foiutirowdfunding, as the Dutch CEl
Cooperatieve Vereniging Grunneger Poviar theArealization of its solar fields. Donations are
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another way to support CEls activities, as is the case of theQtahanit@HEnergetica e

Solidale di Napoli Egtjch was donated money from the very beginning by one of the promoting
local associations. Such kind of initiatives, which are mainly non-pngfifinaeeibssopport

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
CEl Cooperatieve Vereniging Nieuwe Energie Oranjeviljie thiiative 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 regnded threshold,

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 Cuiiper@ti#ve Vereniging Nieuwe

Energie Oranjewijk Udespite 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 specigézedfayagie sub

free neighbourhoods.

Detected within three case studi#utional support represents a paramount element to
sustaining the development of these CEls, the extended duration of the energy transition
necessitates it. Without such support, as evidenced in the case of DutchGui{meratipveEl

Vereniging Nieuwe Energie OranjewijkitiaBhmomentum and enthusiasm can dissipate among
volunteers; just when the municipality provided funding and a collaborative approach, the initiative
regained traction. The Dutch bottom-@pdpEtatieve Vereniging Grunneger PougenbhA.

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 ener@gifinprutfalthe f
LQYHVWPHQW R -financed (lear Dyth& Mithicipality itself. Institutional support at
different scales is also important. The ltal@em@&ia Collinare del iipfiomoted 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 infiatiperatieve Vereniging Nieuwe Energie Oranjewijk U.A.
stated:

3 >«@ $QG WKDW LV DOVR D ELJ ZDUQLQJ IRU WKH IXWXUH W
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
VXFFHHG ~

In some cases, financial resources can also come from profits from ongoing activities. Profit-making
activities such as renewable energy production, may enable CEls to initiate ndteprojects, with
scale and scope of these projects influenced by the CEl's governance structure (top-down or bottom-
up). The following quotes from representatives of a top-down and a bottom-up CEl illustrate two
divergent approaches that might influence in different ways the spatial impacts of the CEls within the
urban environment:

3>«@ SURILWYV IURP UHQHZDEOH HQHUJ\ SODQWYV EXLOW E\
DSSURDFK FDQ EH XVHG WR FUHDWH IRU LQVWDQFH
(CEI Comunita Collinare del Friuli, Italian top-down CEI)

3] WKHUH DUH SURILWYV IRU WKH VLQJOH FRPSDQLHV SURMH
money to start a new project for sustainable electricity production or energy production for people
OLYLQJ LQ WKH QHLJKERXUKRRG ~
(Coobperatieve 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
ZLWKLQ WKH &(, 1 Mowev& JsorbeSrittiativey miBhB diso prioritize returning profits to

their members. The PV plant installed on the rooftop of the local association by the Italian CEIl
Comunita 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 frargthe Italian en
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 renpredbletionergy

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 varydesentealised 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 CEl's activities.

If ambitions focus on local renewable energy production, the selection of astivities hinges
availability of natural resources and technology, the latter being closely tied to fiitgncial accessibil
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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 Italia@dbitinita Energetica e Solidale di Napotidestded due

to a promoter association owning a suitable building, the Du@bbimdtiatiege Vereniging

Nieuwe Energie OranjewijkfacAd setbacks due to cooperation issues with a local association
managing the public garage on which rooftop the initiative is planning to instadlimg PV plant, le
the project stalled despite having received the surface right from the Municipality of Leeuwarden.

However, it is noteworthy the fact that the Ita&liam@®HE Energetica e Solidale di Ngpoli Est
despite being able to install the PV plant, geographic scope and span were consghined by techni
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 CEls may evolve over time, leading to shifts in focuigyftom one activ
another. For instance, during its active involvement in the development of the local free-gas
neighbourhood national program, the DutclodpEratieve Vereniging Nieuwe Energie
Oranjewijk U.Aapplied 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 CEIl 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 CEl is focused solely on developing the neighbourhood where it is located,
its spatial outcomes will likely be limited to that area, as seen with @enttaticé Exidrgetica

e Solidale Napoli.Hstcontrast, if an urban place-based CEIl aims to scale its activities, its outcomes
will also naturally expand. In fact, although CEls may start locally withhgiotangjestsess

strong territorial ambitions. It is the case of the It@l@nuBiEa Collinare del Frihlose

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 Danigezs a pilot
(geographic span). Just thanks to the influx of new financial resources, the CEIl was afterwards able
to expand into nearby municipalities, thus broadening its geographic span.

A similar process is evident in the DutchdpEiatieve 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 definiti@s robust busine
model to develop the idea.

The analysis ultimately suggests that whether a CEI develops a specific activigpatidlgenerates
outcomes largely depends on the range of accessibla\option® OO D PDWWHU RI DYDLC
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 tli@oDpéchteké Vereniging

Nieuwe Energie Oranjewijkwhish 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 ComimtiattyelSnergy

(CEls), the analysis of the presented case studies becomes even more critical. Several key issues
identified within the examined CEls hold significant potential not only for shaping future research on
the spatial dimensions of CEls 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.

fCEls 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 CEls 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.

fCEls CAN GRADUALLY ENHANCE URBAN SYSTEMS
Urban place-based CEls 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, CEls contribute to enhancing the
energy efficiency of urban buildings, thereby rdricing H &ergyG V
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, CEls
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 statonsh@els
to improving the sustainability of the urban mobility infrastructure, as exemplified
by the Dutch CEbOperatieve Vereniging Nieuwe Energie Oranjewijk U.A.

4. By fostering a sense of community and shared responsibility for energy
solutions & (Jot&lised 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,
CEls create shared benefits that resonate at the community level, as evidenced
by all four case studies analysed.
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fCEIs CAN AVOID GENTRIFICATION PROCESSES

Urban place-based CEls have the potential to avoid gentrification due to their
structure, goals, and community-oriented focus.

1. Unlike commercial redevelopment projects, CEls 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, CEls 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, CEls help reduce economic inequality within
communities, helping to stabilise local populations and deter displacement
pressures.

f,.7-6 $// $ 0$77(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 CEls 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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Final considerations
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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 ressaactd limitatio
suggestions for further studies.

4.2 Framing CEls 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 onBP2R | W K Hsurfadé WK-Hebitat, 2011; Dangel, 2019; UNCCD, 2020,
Columbia University's Earth Institute, n.d). They acceal6%fof §lbbal energy use ard 71

76% of C@emissions from energy, making them critical actors in addressing climate change (IPCC,
2022).

To mitigate these emissions, a comprehensive energy transition ioimpbaitietends

beyond technological and fuel substitutions to reshape cultural paradigms, financing structures, and
actor roles within the energy system. Cities, traditionally viewed as endpoints s, earergy sys
increasingly recognised as central to this transition. Urban plans and policy mexhanisms, such
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, & Cazdolas, 2020) s
collective actions.

Collective Energy Initiatives (CEls), defined by this study as all colkstofeeimitigtiv

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).
CEls 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 (Capellan-Pérez, de Castro, & Arto,
2017; Gross, 2020; Jiwon et al., 2022; van de Ven, Capellan-Pérez, Arto, et al., 2021), suggesting
WKDW &(,VY]T DFWLYLWLHYV P DYXitef stHongs iDsWikelp hatuhe Bripaets X VV LR Q
vary depending on the specific type of initiative.
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This research therefore addressed the exploration of CEls spatial dynamics through the lens of
UHV HD U F KHow>Xdbl CB\sL. RoQolding decentralized renewable energy generation, impact
cities spatialy? ZKLFK ZDV XOWLPDWHO\ WUquesiWwdsDWHG LQWR WZR P

1. What are the spatial impacts of (FE3€1)
2. How and why do CEls lead to spatial iniR&€Q<)

Understanding the spatial impacts of CEls 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 CEls in the
implementation of urban and energy plans; (3) knowledge for policymakers to support the
development of CEls through targeted policies; and (4) real examples for practitioners, such as CEl
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

4.3.1THE INTEGRATIVE LITERATURE REVIEW AND THE INTEGRATED
CONCEPTUAL FRAMEWORK

The literature review on the state of th@ IO HFWLY H (CER)$patial@ripdcisBidy LY HV
spatial dimension (Chapter 3.1) revealed that so far scholarly interest in the overall impacts of CEls
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) aidla methodologi
gap which hinder research progress, constraining academic discourse and practical applications.

The review also highlighted that existing publications tend to delve into secibrfalcasalysis a

on specific configurations of CEls. It is evident in the work by O&Méaerikgpgd017) 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 CEls as a whole.

To address these deficiencies, the scope of the review was widened to indintdenaduisonal

(e.g. CEls ambitions, actors, decision-making processes, etc.) that could provide a broader
knowledge of CEls 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 CEls. By analysing scientific
literature on PEDs (Leone et al., 2023), energy cooperatives (Heras-Saizarbitoria, Saez, Allur, &
Morandeira, 2018; Ahlemeyer, Griese, Wawer & Siebenhtiner, 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(ksaoergy projects
2010; Radtke, 2014) among others, and by distilling and categorizing the information gathered, the
literature review integrated diverse lenses and disciglinés G@W KW, GaRwking the

interrelations among the various aspects that characterize and affect them.

The resulting integrated conceptual franiéguoek 1P depictsWKH FRPSOH[ QDWXUH RI
(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 CEls from a wide range of disciplines and practices, spanning from methods applied
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 tool® G G U H ¥N H @&/ IDN/HDIdg \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 overcominggit, the integrati
review offers a more comprehensive understanding of CEls 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 knowledgggay KH DQDO\VLV RI &(,VY VSDWLDO LP
the study nourishes the academic discourse with new perspectives. Categorising and synthesising
analyses and aspects fragmented across various CEls, the study draws an integrated conceptual
frameworlE{gure 1Pprovidind KROLV WL F @rdcedsEs/dndhighlighti®g(the ftricate

interplay of internal and external factors and their influence on CEls spatial ingpéogs. Facilitati
visuai®WLRQ RI WKH PXOWLSOH GLPHQVLRQV LQYROYHG LQ &(,\
this conceptual framework ultimately serves as a new lens for better understanding how CEls
influence urban spaces, thus contributing to the literature on spatial dimensions dad impacts of CE

Thirdly, by addressing the methodologichlgagZwWKH DQDO\VLV Rl &(,VY] VSDWLI
dimensions, the study collects and bridges previously fragmented approaches, methods, and tools
employed by various disciplines to approach the analysis of CEls and the iamgbnts)(spatial

analysis to offer a vast fan of insigHts W D N HHatZniay\iriform 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 gair & L U G |V Halhdt opitlid thdRugpan energy transition scenario.

4.3.2A METHODOLOGY TO STUDY THE SPATIAL IMPAEHS OF

In the absence of previous methodologies to address Collective Energy Initiatives (CEIs) spatial
impacts and dimension®,\bH G R®& \ WAKIHN #H D Z D \ M 'Ctajted 3.1, Chidpted 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 CEls, a gap that previous research had highlighted (GermémniivigkeP@2%).

To address the methodological gap through the lens of the reBeakth dhaR fHev/the

spatial impacts of CE(85Q1)D QHeweand why do CEls lead to spatial im{e€2), the

methodology prioritised the analysis of CEls 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 theelgiaadieg G&ls.
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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 fhvestigate CE
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 CEls could
serve as a model for studying a wide range of CEls in diverse contexts (with the ngly constrain bei
GHYHORSHG IRU &(, Va#peoQdthe pgeEett sBigyRraHreprddants a significant
contribution to addressing the methodological gap identified in the literature review.

4.3.3THE SPATIAL IMPACTSCEEIS

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 (CEls), two from Italy and two from the Netherlands. These countries were
specifically chosen due to their contrasting stages of development: whereas Itaheis currently in t
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 CEls 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.

ThespragG LDJUDPV DOVR DOORZHG WR Ohktei EevtaiZ ratdsde® & (,VT LQ
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 strongét thkationship

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 $tubi€s\Wavé IndY ydtl yenerated significant spatial

impacts, but spatial outcomes, which can be defined as the short- to medium-term effects resulting
from the activities of CEls, representing the changes or events triggered by their implementation
(Pace, 1979). Whether the geographic span of the four urban place-based CEls 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 CEls 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 s;ale. Nevertheles
they possess the transformative potential to enhance the entire urban system over time, spanning
from activities related to the retrofitting of the urban buildingsHtGexeby- QJ KRXVHKROGVY F
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 CEls 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 Zdffitivities and their influence on the spatial impacts generated suggest that
urban place-based CEls 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 CEls are complex systems and should be approached
as such, aligning with the work of Melnyk, Cox, Ghorbani, & Hoppe (2023). Bymapplying syste
PDSSLQJ LW KLJKOLJKWV WKH LQWULFDWitHeilpatiadHUSOD\ EHYV
dimensions, advancing the theoretical discourse on the systemic nature of CEls 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 CEIl promoters) can use to better understand, influence, support,
and design CEIl 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 CEls. This understanding
can inform the design of strategies to engage urban place-based CEls 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 THEROPEARENEWABLENERGYCOMMUNITIES

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 (REDdIpan@/944 Electricity Directive introduced

Renewable Energy Communities (REGSVWHULQJ WKHLU GHYHORSPHQW 'HIL
effectively controlled by shareholders or members that are located in the proximity of the renewable
energy projects that R QHG DQG GHYHORSHG E\ WKDW OHJDO HQWLW
reduce fossil fuel consumption and increase the share of low-and zero-carbon energy sources.

Nevertheless, achieving substantial greenhouse gasfedisdions 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 platteebased Collec
Energy Initiatives (CEls) can support all of them, as highlighted by the case stuthes analysed
research.

While RECs are a valuable model, they represent only one facet of the broader spectrum of CEls,
as they mainly focus on renewable energy generation activities. Recognizing and supporting the
diverse roles that urban place-based CEls can play is essential to accelerate the urban energy
transition while address specific local needs.

4.4. HARNESSINGES AS STRATEGIC PARTNERS IN URBAN AND ENERGY
PLANNING

Urban place-based Collective Energy Initiatives (CEIS) possess a uniguhaapacitham

areas. They are already enhancing the energy efficiency of urban buildings, thereby reducing
KRXVHKROGVTY HQ@Hithin HaRpe ¥csdustsidr R3% 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 suggestmansy Moroni, R

& 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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4.4.3BUPPORTING THE GROWTH AND SUCCEESOF

For urban place-based Collective Energy Initiatives (CEIs) to thrive and achieve their potential in
driving spatially and socially equitable energy transitions, financial, institutionagl and educatio
support is essential.

Access to financial resources remains one of the most significant challenges for CEls. Therefore,
targeted financial support mechanisms, such as grants, subsidies, low-interest loans, and tax
incentives, are crucial. Public and private sector stakeholders should collabdrate to establis
dedicated funding programmes for CEls, 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 CEIls. Governments and local authorities should act as allies to CEls,
fostering CEls development and embedding them within urban development plans.

However, financial availability alone is not sufficient if CEls lack the expertise to develop and
implement their projects. Educational programmes tailored to the needs of CEls 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 CEls in navigating complex legal and regulatory
landscapes.
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4.5 Research limitations and future perspectives

4.5.JFOLLOWING 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, ultimaely creating
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.

fFRAMING THE RESEARCH CONTEXT AND QUESTION
Although methodologically structured specifically for Part 3 of the research (thus
focusing on the study of CEls, 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.

fDEVELOPMENT 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 CEls and, consequently, their spatial impacts and dimensions.
Without the holistic perspective offered by the integrative review approach, the overall
analysis of CEls conducted in this study would likely have been constrained to a

narrower scope.
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fA MORE COMPREHENSIVE METHODOLOGY
The integrative literature review approach also enabled the identification of methods
to study the spatial impacts of CEls. 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 CEls and the
technologies they employ, elements that might have been overlooked within a single-
discipline framework.

fMANAGE 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 potentidahahge interdiscipl
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 CEls, reaching a levaiatf complexity
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.Z50ING BEYOND URBAN PL-BE&EEDCES

While this research has contributed valuable insights into urban place-baseer@ollective E
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 CEls.
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Therefore, extending the scope of CEIl research to include norfadadenbasedriCEls

would offer a more comprehensive understanding of the broader spatial implications of such
initiatives.

Often operating at a larger scale, non-place-based CEls, by their nature, tend to externalise their
spatial impacts influencing areas outside urban centres, such as rural or peri-urban regions. Future

studies on CEls spatial impacts should incorporate non-place-based CEls to explore how they
differently effect territories.

Non-urban place-based CEls could also be of particular interest. On one hand, non-urban place-
based CEls 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 in§ightQiWMicHIER 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 collaboratale projects of lo
agricultural enterprises.

By extending the scope of future research to include non-place-based and non-urban CEls, scholars
can develop a more nuanced understanding of the spatial impacts of CEls 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.

4.5.3TOWARDS A COMPREHENSIEE ‘SPRY DIAGRAM

The use of spray diagrams (8§ 3.3.3) in this research facilitated a detailed coralyigis of the

internal processes of each of the four case studies of urban place-based CHtmahiptheir rela

with the spatial impacts they generate. However, despite being constructed using consistent
dimensions, each spray diagram represents the unique reality of a single GhdyAack result,

the broader perspective needed to generalise findings across CEls.

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 tputefrimw and in
professionals and practitioners in the field, a holistic representation of the internal processes of CEls
could be achieved, ensuring that previously overlooked dimensions, such asdegal and ec

aspects, are incorporated. Including ad#tiohNdHIJ RULHY ZRXOG HQKDQFH WKH G

20 Drawing on Moroni, Alberti, Antoniucci, & BisgllG (201D L WolaBe® D VHBR & (,V DUH FRQVLGHUHG DV LQLWLDW
tied to a particular location, thus primarily aféastihgysnd where their members reside and exestyadjahimpact elsewhere.

2. Q WKH SUHVHQW VWXG\ 3XIWELD/QL DANdoAtes \ibh ifvbi iRsativdirs its|deficedtay "URBAN QENTRE"
85%%$1 &/867(5 E\ (XURVWDW 3 &WNIEUDFeah<COABisSIED DNI&R QL\FIDT X-XQWDQ * 3®QRY DUH
those located WKH 3&/867(5 7<3(6° GHILQHG DV 3585%/ $5(%$6°
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relevance and accuracy, ensuring it captures the full complexity of CEls internghpitocesses and
spatial dimensions.

The resulting visualisation could serve as a decision-support tool, enabling urban planners to better
understand the spatial dimensions of CEls 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 CEls development. Finally, emerging CEls 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 CEls. This tool would go beyond the simple showcasing of best practices
offering a versatile resource of information and potential strategies for CEl development for several
stakeholders.

4.5.4BUILDING QUANTITATIVE DATA AND ANALYSES

To address the lack of quantitative data on CEls reported in previous studies (Germes, Wiekens, &
Horlings, 2021), this research developed a methodology to assess the spatialdeggaygts of CEls

rooted in a qualitative approach (Chapter 3.2). However, in response to the call for more quantitative
analyses of CEIl 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 quaditetidedanalysis

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 CEIls and include new spatial indicbtdrin the
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.FVOLVING 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-bagphetaibs 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
LQLWLDWLYHVY GHYHORSPHQW DQG VFDOLQrépres&ntdiVH GHFLVL
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
WKH LQLWLDWhd/dddlimgZGHYHORSPHQW

Exploring these dynamics, future researcRwWbHId) LQVLIKWY LQWR WKH 3ZLQGR2Z\
play a crucial role in the development of CEIs. These windows of opportunity aften arise from
confluence of favourdb®@ WHU QDO H J ILOQDQFLDO VXSSRUW FROODER
availability) and external (e.g., policy and regulatory changes) conditions that CEls can leverage to
expand their activities. By mapping and analysing transformative moments, the framework would
capture the dynamicand@dnQ HDU QDWXUH Rl &(, VT GHYHORSPHQW KLJK
and external factors interact to drive progress, which could also represent valuable lessons for
practitioners and policymakers, helping identify and replicate supportive environments for CEls.
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.

4.5.6ADVANCING COMMUNICATION STRATEGIEEEOR

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 CEls in Italy was identMfied U R X J K W Klife éxpeéKcedl) julslid hindbeDess.

While the research topic is strongly influenced by European Directives and their national
implementations, as well as by European and national policies, projects, centeonks, and a
research, CEls remain largely unknown among civil society, businesses, and theathird sector, in

in particular. The concept of CEls 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 CEls, 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 CEls. However, despite being published, the illustrated book still hassgoe distanc

in reaching broader audiences.

Given the wide scope of the CEI theme in both scientific and grey literathecEasopetias
&RPPLVVLRQYV FRPPLWRQNMParQl)] Xu@@ relehrdh I$t@mdNdd s on

refining tools and strategies that effectively communicate the essence and potential of CEls to the
public.
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