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For the energy transition, Social Innovation (SI) has been defined as innovations that contribute to the low-
carbon energy transition, civic empowerment, and social goals through initiatives such as new forms of gover-
nance, social configurations, supportive policies and regulations, and new business models. This work system-
atically reviews the literature to identify (potential) impacts of SI and bottom-up initiatives on sustainable energy
transitions. Based on bibliometric and qualitative content analysis, works were classified by the type of SI, related
renewable energy source, and geographical context. Associated sociotechnical changes, obstacles, and enabling
factors of SI are also indicated. Main findings show that SI has an important role in local transitions but limited
power to challenge the regime and scale-up. For just energy transitions, it can facilitate energy access, co-
production, energy democracy, and participatory processes besides bringing regional socio-economic develop-
ment and building community capacity. SI can contribute to renewable energy deployment through co-
ownership and community finance. Also, community-led actions are in a unique position to access local tacit
knowledge, influence individual behavior, and use them to build more sustainable cities. Finally, research
limitations and directions towards future research are presented.

Grassroots innovation
Inclusive energy transition
Renewable energy

Energy cooperatives
Community energy
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1. Introduction solution for a problem, also create opportunities for the development of

Confronted by the negative impacts of traditional energy sources (e.
g., fossil fuels) on the environment, countries have been adopting
measures to reduce greenhouse gas (GHG) emissions and disseminate
sustainable practices. This implies the increased use of renewable energy
sources (RES) and, simultaneously, the decreased use of more polluting
alternatives, a process known as energy transition [1]. However, this
process poses important socioeconomic challenges, which have to be
properly addressed by policy-makers if a just energy transition ought to
be achieved [2,3]. In this context, it is argued that social innovation
initiatives might play an important role to enable a faster transition to
sustainable energy systems [4].

Social innovation (SI) is a relatively recent topic of academic
research that has emerged in different contexts to address social chal-
lenges in new and innovative ways [5]. According to the European
Commission, SI can be understood, in broad terms, as “new ideas that
simultaneously meet social needs and create new social relationships or
collaborations. They are innovations that are not only good for society
but also enhance society's capacity to act” [6], p. 33. Whereas [7] states
that SI relates to aspirations of social actors that, when proposing a
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new social relations and/or cultural orientations in a way that improves
life quality and living standards in society. In other words, SI is a socially
innovative practice that provides socially fairer and more inclusive re-
sults by developing innovative solutions through collaborative net-
works, which create social value by promoting social change, and the
development and empowerment of the community [8].

In the context of the energy transition, SI has been defined as “in-
novations that are social in their means and contribute to the low carbon
energy transition, civic empowerment and social goals pertaining to the
general wellbeing of communities” [9], p. 4. Nevertheless, as there are
many definitions of SI, its abridgment under a single interpretation is
difficult, which can result in its instrumentalization [10]. In an attempt
to address this, Marques et al. [11] differentiate SI in structural, targeted
(radical or complementary), and instrumental. According to Marques
et al., structural SI refers to changes in the structures of society that are
related to new economic and political systems. Radical SI challenges the
status quo and is often limited to small niches, whereas complementary
SI aims to include a wide range of actors but without radically changing
current institutions and social structures. Finally, instrumental SI refers
to the common rebranding of initiatives under a certain nomenclature
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without fundamentally altering current practices [11]. Similarly, Hax-
eltine et al. [12] developed a framework, the Transformative Social
Innovation (TSI), to evaluate how transformative a certain SI can be in
terms of affecting the regime level. Generally, “transformative change is
understood as a persistent adjustment in societal values, outlooks and
behaviours of sufficient ‘width and depth’ to alter any preceding situa-
tion in the social and material context” [12], p. 13. Among the propo-
sitions for transformative changes in the status quo, one could cite, for
example, ‘new economics’, which proposes a socio-economic system
that prioritizes quality of life instead of economic growth per se [13],
and ‘degrowth’, one of the most controversial perspectives of change
that can be found in the literature [14]. However revolutionary and
filled with good intentions, the interpretations of degrowth are highly
criticized as they cannot be clearly translated to policies nor propose a
comprehensible way to “scale the economy down” [15]. Therefore, the
combination of SI and degrowth, two easily instrumentalized concepts,
is dangerous for it can inhibit progress and the changes that are needed
for the energy transition.

Concerning these necessary changes, some agreement has been
reached at COP21 where global targets for reducing CO2 emissions and
achieving a net-zero world by 2050 were established. Trends in decen-
tralization, decarbonization, and digitalization [16] have been con-
ducting technological innovation as they may provide a way forward
towards a low-carbon economy. Nevertheless, one of the biggest barriers
to making progress towards emission targets continues to be the avail-
ability of funding. According to the International Renewable Energy
Agency (IRENA) investments in renewable energy (RE), for instance,
have not been as high as they should and advancement has been slow
[17]. Therefore, considering this problematic, the contribution of
community-based initiatives to financing the energy transition has
started to be evaluated, e.g., [18,19]. Nonetheless, the discussion on
community's contribution has not been limited to financial aspects
involving other perspectives such as governance and participatory
decision-making. The involvement of other actors is enabled by niche
environments as indicated by transition management arguments as
“[...] socio-technical change opens transition management to include a
set of actors beyond innovating firms and their immediate locus between
suppliers and customers” [20], p. 13. In this regard, the terms “co-pro-
duction” and “co-design” have emerged in energy systems and the
envisioning of sustainable futures [21]. As the empowerment and
engagement of communities is pointed out as key for attaining an in-
clusive transition [22], initiatives that address new forms of energy
governance can be framed as SI [23]. The influence these initiatives
have can also be an indicator of how much the civic society can
contribute to the energy transition.

In addition to these perspectives on the transformative potential of
SIL, and contribution of SI to financing the energy transition and making
it more participative, another key framing relates to justice. The Global
Commission on People-Centered Clean Energy Transitions asserts that
successful transitions imply considering equity, affordability, and fair-
ness issues. Social aspects in energy research have been commonly
related to energy justice, e.g. [24], affordability, e.g., [25], and the
Sustainable Development Goal 7 (SDG 7), e.g., [26]. SDG 7 highlights
the need for combatting energy poverty as millions still lack access to
modern, renewable, and sustainable energy especially in developing and
least developed countries located in the Global South [27]. In attempts
to address the North-South divide in energy development, a growing
number but still minority of works have addressed new business models
in vulnerable countries, e.g., [28,29]. Researchers have analyzed SI
through the aforementioned lens, but, considering the interdisciplinary
and broad nature of SI and the energy transition, other perspectives can
also be employed (e.g., technological innovation systems, multi-level
perspectives, and strategic niche management [30-32]).

From this background, the present work aims to better understand
the contribution of SI to the energy transition through a systematic
literature review. From the best of the authors' knowledge, this is the
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first extensive literature review to be conducted on the subject. On
related works, Hoppe and de Vries [9] through an editorial comment,
analyzed 20 articles of a special issue on the same theme. Wierling et al.
[33] evaluated the role of energy cooperatives for the energy transition
in Austria, Germany, Denmark, and the UK, and concluded that “energy
cooperatives are important enablers of the energy transition” but have
been having their role shrinking due to “a tightening or removal of
supportive schemes” [33], p. 1. Galende-Sanchez and Sorman [21]
performed a literature review on co-production and participatory pro-
cesses in climate and energy fields. Pellicer-Sifres [34] evaluated the
potential of two grassroots innovations, the renewable energy cooper-
ative Som Energia and the citizen organization alliance against energy
poverty (APE), to the energy transition in Spain. Hewitt et al. [4]
investigated community energy in Europe from 1970 to 2018 through
the SI perspective. Seyfang and Haxeltine [35] analyzed grassroots in-
novations, which can be seen as SI, in community energy in the United
Kingdom (UK). And, as a final example of related scientific works,
Tomasi and Gantioler [23], through a literature review, evaluated new
forms of energy governance as SI developments. Alike to the mentioned
papers, this work contributes to the literature on SI and just energy
transitions through the characterization of energy transitions as socio-
technical processes and investigating the support of civic society to a
low carbon and inclusive economy be achieved by 2050. Nevertheless,
this work differs from the previous because it presents a systematic re-
view of the literature on the relationship between SI and the energy
transition considering a wider range of initiatives and contexts, and it
focuses on both bibliometric and qualitative content analysis to char-
acterize (potential) impacts of the former.

Therefore, this study developed around two main Research
Questions:

1. How has SI contributed and can contribute to achieving sustainable
energy transitions?

2. What is the role of community-based initiatives in a transition to a
low-carbon sustainable economy?

This work is organized as follows: Section 2 refers to the research
methods employed in this study. Section 3 presents the results of the
bibliometric and content analysis. Section 4 presents the work's dis-
cussion concerned with answering the proposed research questions. The
first research question is answered through a discussion generated
around three perspectives judged highly relevant to evaluate SI contri-
bution to the energy transition, namely, its transformative potential and
ability to challenge the regime (Section 4.1), its relation to financing and
co-producing transitions (Section 4.2), and its contribution to just and
inclusive energy transitions (Section 4.3). Section 4 ends discussing the
second research question (Section 4.4) and pointing to possible limita-
tions and future research agenda (Section 4.5). Finally, Section 5 sum-
marizes the conclusions drafted by the authors.

2. Materials and methods

This section reports the approaches adopted to data collection, fol-
lowed by content and data analysis. In order to demonstrate trans-
parency, guidelines proposed by Sovacool et al. [36] were followed.

2.1. Data collection

At first, a research plan was established to determine which data-
bases, exclusion criteria, and research questions would be employed. To
establish an appropriate search string, an initial search looking for the
terms “social innovation” AND “energy transition” in titles, abstracts,
and keywords resulted in 30 documents on the Scopus database (books
and book chapters excluded). The assessment of these 30 documents
helped to identify terms related to SI in the context of the energy tran-
sition. The identified terms form the second part of the query below:
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TITLE-ABS-KEY (“energy transition”) AND (“social innovation” OR
“energy cooperatives” OR grassroots OR “bottom up initiative” OR
“community energy” OR “community renewable energy” OR “com-
munity based” OR “community led”).

The inclusion criteria limited the results to peer-reviewed scientific
work, written in the English language, all years of publication, and
indexed in the most relevant databases in the matter, Science Direct,
Scopus, and Web of Science. Books and book chapters, working reports,
and grey literature, e.g., reports and non-academic research, were not
included. The scientific impact of publication sources was not consid-
ered as an exclusion criterion because the intention was to capture the
broadest perspective of scale and influence of SI, and, by restricting
publication sources, small-local initiatives analyzed by works published
in less popular journals could be left aside. This search provided 222
results on 6th May 2021 (duplicates removed). The reference manager
Mendeley was used to organize the retrieved documents. At the next
step, titles and abstracts were assessed. 9 documents were identified as
not in line with the topic, while two others were working reports, and
were, therefore, excluded (n = 11). In addition, five documents could
not have their full texts accessed and were also removed (n = 5). The
subsequent step consists of reading the remaining 206 records, filtering
and excluding items that do not demonstrate adherence to the topic
under investigation. Here, seven other documents (n = 7) were excluded
because they did not approach ST and grassroots initiatives in a way that
shed light on their impact on energy transitions (e.g., mathematical
modeling and optimization schemes for energy storage). This search
resulted in 199 scientific works as shown in Fig. 1.

2.2. Qualitative content analysis
The qualitative content analysis comprised the establishment of

categories and the classification of articles in these categories, i.e.,
coding [38,39]. The categories were established after reading the full
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text of the 30 articles covered in the initial search described in Data
Collection (Section 2.1). The coding process was manually imple-
mented. Articles were read one after the other and had information
regarding the categories from Table 1 extracted from them. Categories,
subcategories, their definitions, and reasons to be included are pre-
sented in Table 1.

It is also suitable to clarify that the term ‘initiatives’ refers to “as-
sociations of actors engaged in energy system transformation through
collective, participatory and engaging processes, seeking collective
outcomes” [49], p.3. They are interpreted here as cases of SI and concern
the following: grassroots innovations or initiatives, bottom-up initia-
tives, community-based or community-led actions, niche innovations,
community energy, community-owned energy (storage) systems,
renewable energy cooperatives, local energy transitions, social move-
ments, local energy initiatives, co-creation, co-production, shared
renewable energy systems (SRES), and collective energy initiatives.
Because of a lack of clear-cut definitions, some terms seem to be used
interchangeably (e.g., bottom-up, grassroots, community-based, niche).
However, the differentiation of these terms and the adequacy of their
utilization are not discussed here.

2.3. Data analysis

For data analysis, Microsoft Excel was used to analyze both biblio-
metric and content information. Here, the bibliometric analysis en-
compasses authors, authors' institutions and countries, years of
publication, citations, publication type (i.e., journal or conference pro-
ceedings), source, and database. Fig. 2 shows the distribution of registers
by database, where 59 warks could be found in all three databases, and
most of the works (n = 86) could be found in at least two databases. Web
of Knowledge, Science Direct, and Scopus contributed with 9, 12, and 33
exclusive works, respectively.

[ Identification of studies via databases and registers ]
T ~
g 2« Studies identified from: Studies removed before screening
= g8 4 . ) (n=215)
S 5 g ScienceDirect (n=115)
h o &0 —
E 8 E Scopurs (n=205) Duplicate records removed
= - Web of Science (n=117)
— — l Studies excluded (n=11)
Studies screened
_E (n=222) Working reports and Off-topic
g g studies
AARE
= e 2 Y
gl @&
g : Studies sought for retrieval _ Studies not retrieved (n=15)
@ (n=211)
\ J Full-texts not available
Y
— | . = Studies assessed for eligibility >
— | = ,_g (n=206) Studies excluded (n=7)
<[| £
< - .
-g : & Outcomes of interest were
'E - 8 A4 not covered
= Studies included in the review
\ J (n=199)

Fig. 1. Systematic literature review process.
Source: Adapted from [37].
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Table 1

Categories and subcategories considered in the Content Analysis, their defini-

tions, and reasons to be included.

Categories Definition

Subcategories

Reasons

Geographical It refers to

Context countries/
continents where SI

takes place

Sociotechnical It refers to
sociotechnical
changes towards

decentralization,

change

digitalization, and
decarbonization (3-
D)

Types of SI In the realm of
energy transition,
SI may relate to
new organizational
forms, new forms of
governance and
social
configurations,
novel policies and
regulations, social
incentives [9], and
mixed initiatives.

Decentralization:
“drawing power from
multiple, localised
energy networks,
through the
deployment of low
carbon technologies
such as local solar
plants [...]; and
increasing the
number and type of
energy providers
(such as domestic
and business
prosumers)” [40], p.
5

Digitalization: it
“has been enabled by
creation and use of
computerised
information and
processing of the vast
amounts of data
generated at all
stages of the energy
supply chain and at
all scales™ [40], p. 5.
Decarbonization:
“The decarbonization
of the energy system
as part of global
climate change
reduction efforts has
resulted in the
development of
variable renewable
energy sources
(VRES) such as wind
and solar energy.”
[41], p. 1
Organizational
Forms: new business
models that stimulate
low carbon energy
services (e.g.,
renewable energy
cooperatives) [9]
Governance and
Social
Configurations: new
forms of governance
and development of
social networks to
stimulate transitions
to low carbon
economy (e.g., social
networks supportive
to RE, co-creation to
co-design) [9]
Policies and
Regulations:
policies and
regulations that
enable and empower
social groups to

To evaluate
where SI has
developed and
how it relates to
energy poverty
discussions and
the North-South
divide

To evaluate if
and how SI
responds to 3-D
trends in the
energy industry

To understand
the types of SI
and initiatives
that have
developed for
the energy
transition and
how they
contribute for
the latter
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Table 1 (continued)

Categories Definition

Subcategories Reasons

Conditions that
hinder the
establishment and

Obstacles

development of SI

Enabling Key factors that
enable initiation or
development of SI

[46]

factors

engage in low carbon
energy activities [9]
Social incentives:
incentives to change
human behavior (e.
g., to lower energy
consumption) [9]
Mixed: combination
of different types of
SI where no category
stands out from the
others

Regulatory: policies To determine
or regulations that
hinder the
establishment and
growth of SI, (e.g.,
non-supportive
legislation [42])
Economie: financial

the potential
contribution of
SI to the energy
transition based
on obstacles
faced by
initiatives
aspects that deter or
delay the
establishment and
growth of SI (e.g.,
high upfront
investments [43])
Technical:
operational and
efficiency issues that
make difficult the
establishment and
growth of SI (e.g.,
need for
automatization of
local energy
transactions [44])
Social: aspects linked
to human behavior,
social acceptance,
and life in
community that
inhibit the
establishment and
growth of SI. (e.g.,
lack of social
cohesion [45])
Initiation: factors
that enable the
initiation of SI (e.g.,
the liberalization of
energy markets [47])
Development:

To determine
the potential
contribution of
SI to the energy
transition based
on conducive
factors that enable factors for SI
the development and establishment
continuation of

initiatives (e.g.,

financial benefits

[481)

3. Results

This section presents the results concerning the bibliometric analysis
(Section 3.1) and the content analysis (Section 3.2) covering the
geographical contexts of initiatives, associated sociotechnical changes,
types of SI, obstacles, and enabling factors. A brief synthesis of the re-

sults is presented in Section 3.2.6.

3.1. Bibliometric analysis

Thanks to the inclusion criteria applied, from the total 199 works,
191 are journal articles and 8 are conference proceedings. Table 2 dis-
plays the ten sources with the highest numbers of works published. Due
to the integrated socio-technical nature of the present topic of
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Web of Knowledge
9
3 o M
59"
ScienceDirect 39 =~ Scopus

12 / 33

Total: 199

Fig. 2. Distribution of registers by database.

Table 2
Number of works per publication source.

Publication source Number

Energy Research and Social Science 45
Energy Policy 26
Sustainability 20
Energies

Renewable and Sustainable Energy Reviews

Innovation: The European Journal of Social Science Research
Energy. Sustainability and Society

Journal of Cleaner Production

Renewable Energy

Local Environment

L A e =]

investigation, Energy Research and Social Science [50], was responsible
for the publication of 45 out of the 199 works. Followed by Energy
Policy (n = 26) [51] and Sustainability (n = 20) [52].

Table 3 shows an overview of the ten most-cited publications ac-
cording to the Scopus database. The number of citations can be used as
an indicator of the impact of research on the scientific communiry.
Although it should be realized that most recent papers tend to be least
cited than older ones for an obvious reason (shorter availability), which
may partially explain the high number of citations of the first title pre-
sented in Table 3.

The number of publications on the topic has grown substantially
since the first publication in 2012, as shown in Fig. 3, where the year
2021* encompasses the period from 1st January to 6th May 2021 when
the search on the databases was made.

Fig. 4 displays the percentage of published works by continent or
country of origin. It takes into account the countries affiliated with all
authors, not only the first author of each publication. Such geographical
perspective helps to identify the regions where SI and the energy tran-
sition have been mostly discussed by the scientific community. As it can
be seen, an overwhelming majority of publications come from Europe,
totalizing 77% (18% Netherlands, 13% Germany, 13% UK, 6% Spain,
27% other European countries). North America accounts for 8% of the
publications, Oceania 7%, and the African and Asian continents account
for 4% each. Scientific works published by authors affiliated with South
American institutions were not represented in the sample, which can be
explained by the English language inclusion criteria that exclude works
in Spanish and Portuguese. In addition, South America, as part of the
Global South, probably has fewer cases of community-based initiatives
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Table 3
Overview of the ten most cited publications.
Title Year Publication source Citations®
[35] Growing grassroots 2012 Environment and 452
innovations: exploring the Planning C:
role of community-based Government and
initiatives in governing Policy
sustainable energy
transitions.
[53] Grassroots innovations in 2013 Global 271
community energy: The role Environmental
of intermediaries in niche Change
development.
[54] A grassroots sustainable 2014 Environmental 197

energy niche? Reflections on Innovation and
community energy in the UK.
[55] Renewable energy 2015

cooperatives as gatekeepers

Societal Transitions
Energy Research & 160
Social Seience
or facilitators? Recent
developments in Germany
and a multidisciplinary
research agenda.
[56] Citizens' willingness to 2016
participate in local renewable

Energy Research & 149

Social Science
energy projects: The role of
community and trust in
Germany.

[57] Making the most of 2016
community energies: Three
perspectives on grassroots
innovation.

[58] Financing renewable energy 2014
infrastructures via financial

Environment and 134
Planning A

Renewable Energy 129

citizen participation — The
case of Germany.

[59] An interdisciplinary review 2017
of energy storage for
communities: Challenges and
perspectives.

[60] Local governments 2015
supporting local energy

Renewable and 118
Sustainable Energy
Reviews

Sustainability 88

initiatives: Lessons from the
best practices of Saerbeck
(Germany) and Lochem (The
Netherlands).

[61] Collective ownership in 2015
renewable energy and
opportunities for sustainable

Sustainability 76

degrowth

# Number of citations retrieved from Scopus database on July 16th, 2021.

60
50

40

: II|I
0_l-lll

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021*
Year

Number of publications
W
o

s
(=]

Fig. 3. Number of publications per year.
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Africa ;
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/_North America
/ 8%

____Oceania
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Fig. 4. Geographical distribution of publications by continent or country
of origin.

involved in energy transition projects in comparison to other continents,
which may discourage data gathering and research.

3.2, Content analysis

The results shown in this subsection are structured around the
following topics: article's geographical context (Section 3.2.1); socio-
technical changes (Section 3.2.2); types of SI and initiatives (Section
3.2.3); main regulatory, economic, technical, and social obstacles
(Section 3.2.4); enabling factors for initiation and development of SI
(Section 3.2.5); and synthesis of results (Section 3.2.6). It is worth
mentioning that most of the works collected data on barriers and
enabling factors for the development of bottom-up initiatives by
reaching out to organizations and communities and gathering data
through interviews (e.g., [62,63]), surveys (e.g., [64,65]), meetings and
workshops (e.g., [42,66]).

3.2.1. Geographical context

Scientific works were grouped by the geographical context they were
confined to (Table 4). Europe has been the focus of 128 studies. This
number includes single-country and multi-country studies provided they
included European countries only. Germany, UK, and the Netherlands
were the single focus of 27, 20, and 16 articles, respectively, because of
their large number of community energy initiatives and favorable cul-
tural, socioeconomic, and institutional aspects. These numbers go up
when cross-country and multi-countries analyses are included, going
from 27 to 42 works for Germany, 16 to 27 for the UK, and 20 to 27 for
the Netherlands. Among other European countries addressed by the
remaining 65 works within the European context, there is Austria
[43,67,68], Denmark [69,70], and Ttaly [71-75]. Additionally, a

Table 4

Geographical context of works.
Geographical context Number References®
Europe 128" [33,44,91]
Germany 27 [92-94]
Netherlands 20 [45,95,96]
UK 16 [35,97.,98]
Asia 18 [99-101]
North America 11 [102-104]
Qceania 10 [105-107]
Africa 6 [28,66,108]
Others 26 [21,109,110]

# The list of references is not exhaustive.
b Including Germany, Netherlands, and the UK.
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highlight is given to Spain that, even though presenting a political
environment that is not so favorable to the development of community
energy [76], received the attention of energy researchers because of the
successful Som Energia Cooperative [77-79]. Asia is the second most
studied continent with 18 works, followed by North America (n = 11),
Oceania (n = 10), and Africa (n = 6). The category “Others” (n = 26)
includes the Global South, which is directly investigated by three works
[80-82], and the North-South divide [83,84]. It also comprises studies
that analyze more than one continent such as Europe and North America
[85], Europe and Asia [86], and Europe, North America and Australia
[87], provide a global perspective [88], or do not have a specified
context. Seventeen works fit in the latter case mostly because they
investigate a particular type of SI, such as community wind energy
[89,90] or energy governance [23], without explicit geographical
boundaries. The results are displayed in Table 4.

3.2.2. Sociotechnical changes

This section highlights the sociotechnical changes that have been
recognized in the reviewed articles in association with technological
developments, according to decarbonization, decentralization, and
digitalization trends [16].

3.2.2.1. Decarbonization. Actions towards decarbonization are broad in
nature but usually regard energy efficiency, increasing RES share, and
decarbonizing the transport sector. As decarbonization is one of the
goals of the energy transition, all investigated works could be somehow
cited herein. Concerning RES, from the 199 articles, 55 did not explicitly
address any RES. The remainder analyzed a particular aspect of RE
initiatives such as policies and regulations associated with the estab-
lishment of wind energy cooperatives, case studies such as community
energy enterprises specialized in the generation of solar energy or the
utilization of biomass. Intending to have a global perspective over RES
and SI, Fig. 5 presents the number of times that each RES was investi-
gated in the articles, e.g., multi-case studies that address two solar de-
velopments would count as two occurrences. Solar and wind comprise
more than 50% of the RE employed in SI initiatives with solar being the
single RES addressed by 41 papers.

The reasons for solar predominance can be its capacity adequacy to
household and community needs, the possibility of rooftop installations,
decreasing costs of solar photovoltaics (PV) technology, and FiT in-
centives. Yet, challenges for RE uptake remain, among which the
development of energy storage systems, which are the main focus of
seven of the reviewed works, ie., [42,59,92,111-114]. Regarding
transport sector, Zohar et al. [115] investigated through the middle-out
perspective how intermediaries are contributing to the diffusion of
electric vehicles and the growth of solar share. Azarova et al. [43]
analyzed an alternative business model for community-owned EVs
charging stations. Besides transportation, the improvement of heating

Chart Area
Geotherm

Hydro

Bioenergy

RES

Wind

Solar

o

20 40 60 80 100 120 140
Number of occurrences

Fig. 5. Occurences of RES.
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technologies (see [116,117]) and thermal energy systems (see [48]) can
contribute to reducing energy consumption through increased energy
efficiency. Furthermore, a combined development of heating, fuel, and
electric technologies can usher in the development of integrated com-
munity energy systems (ICES) [118]. Cost allocation in ICES is reviewed
in Li et al. [119] arguing that “costs should be allocated fairly among the
members of a local energy community”, p. 1.

3.2.2.2. Decentralization. ITn comparison to large power systems, in
which power is generated at central power plants for national to
neighborhood scales, integrated community energy systems generate
electricity through local distributed energy resources that provide for
local communities [119]. Decentralized energy generation is associated
with the small-scale deployment of solar, wind, geothermal, biomass,
and hydropower energy. In this context, Muhoza et al. [120] evaluated
household-level transitions through the employment of mini grids in
rural Zambia, highlighting the struggles of mini grids achieving financial
sustainability after initial project funding ends. Pasimeni [73] investi-
gated the community acceptance and diffusion of mini grids exploring
different scenarios through agent-based modeling. Whereas Kirchoff
et al. [81] focused “on the successful implementation of microgrids
supplied by renewable energies in very diverse environments”, p. 1,
mentioning the importance of swarm electrification for increasing ac-
cess to RE. As a last example, Sareen et al. [121] evaluated the chal-
lenges related to achieving energy autonomy in the eco-community of
Tamera, Portugal.

3.2.2.3. Digitalization. Migrating from centralized energy systems to
decentralized ones requires changes in infrastructures and grids. Part of
grid upgrades concern digitalization processes and technologies such as
smart bidirectional meters, smart equipment, the integration of infor-
mation communication technologies (ICT), and digital tools, which are
linked to the innovative role of consumers as prosumers that produce
and consume energy. On this matter, the work of Labanca et al. [109]
treated of innovative low-carbon technologies, such as ICT, that support
smart networks. Hansen et al. [122] on smart management evaluated
how the use of digital technology affects energy systems governance
concluding that it enables energy share but also increases the system’s
complexity. Snape [123] focused on smart community energy schemes,
while van Summeren et al. [124] focused on the role of virtual power
plants (VPPs) for community energy. Similarly, Ford et al. [110]
analyzed smart local energy systems, and, even though focused on cit-
izen participation, Sguglio et al. [75] analyzed the case of RES NOVAE
related to establishing a smart city in Italy.

The work of Fernandez et al. [105] also focused on peer-to-peer
(P2P) trading for local energy systems involving consumers with
renewable energy units. Ehrtmann et al. [125] evaluated regional
electricity models for community energy in Germany. Crespo-Vazquez
et al. [126] designed a community-based local energy market based
on P2P, smart grids, meters, and demand-side management. Howind
et al. [127] evaluated the impact of demand-side management on rural
communities' energy balance, whereas Boait et al. [111] assessed the
impact of demand response technology on local trading employing both
thermal and electrical energy storage. Lastly, Lavrijssen and Parra [44]
identified “the main radical innovations in the electricity market”, p. 1,
which relates to P2P and blockchain technology.

3.2.3. Types of social innovation and initiatives

This section is concerned with classifying SI in different categories
with the aim to facilitate the display of the diverse range of initiatives
presented in the reviewed literature. However, since a combination of
fronts is often necessary for the successful establishment of innovative
social practices (e.g., policies and regulations must be in place to allow
new forms of governance and new organizational forms to flourish), and
most works bring this multifaceted perspective, the classification is not
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exclusionary, and works were arranged by their principal target. The
classification of SI in the context of the energy transition process fol-
lowed what was presented in [9]:

“In the realm of energy transition this [SI] may relate to issues like
social incentives (including ‘green nudges’) to stimulate behavioral
change (e.g., to lower energy consumption), new social configura-
tions (e.g., using social entrepreneurs or intermediaries to build so-
cial networks supportive to renewable energy), new organizational
forms to stimulate low carbon energy services (e.g., renewable en-
ergy cooperatives), new forms of governance to stimulate transitions
to low carbon economy (either at the local or regional scale; e.g.,
citizen self-governance or co-creation to co-design low carbon pol-
icy), novel policies and regulations to empower social groups to
engage in low carbon energy activities.” [9], p. 4.

As there was an overlapping between the initiatives that focused on
governance and social configurations, they were grouped in one single
category. Therefore, each work was classified according to its focus:
Governance and Social configurations, Social Incentives, Organizational
Forms, Policies and Regulations, or Mixed. When the work under
investigation equally analyzed different aspects of SI and no aspect stood
out from others, it was defined as “Mixed”. Examples are Adesanya et al.
[128] that investigated several aspects of 100% RE grassroots transition
in cities in the United States (US) and Lenhart et al. [129], which
approached evenly governance, social configurations, organizational
forms, and policies for electric cooperatives in the US. The result of this
categorization is shown in Table 5. Within the category “Organizational
Forms”, papers that referred to financing aspects were highlighted in
Table 5 as this is one of the main lines of discussion in Section 4.2.

3.2.3.1. Organizational forms. Within SI, new organizational forms refer
to a diverse set of community initiatives and business models that
enhance access to and public ownership of low carbon energy services,
such as renewable energy cooperatives. The work of Braunholtz-Speight
et al. [19], for example, evaluated business models and financing
characteristics of community energy in the UK. De Brauwer et al. [132]
analyzed the potential of citizen-financed community renewable energy
to drive the energy transition in Europe. Thapar et al. [144] presented a
new business model in which the community is seen as a shareholder of
RE projects in India getting up to 15% equity participation in turn of
providing their land. Proka et al.'s [42] work “explores the opportunities
and constraints for a collaborative business model for the neighbour-
hood battery in the Netherlands [...]”, p. 1. De Bakker et al. [145]
observed “the rise of a new hybrid form of energy company combing
commercial and cooperative” in the Netherlands, where cooperatives
were forging alliances with other energy market players. In addition to
innovative business models and financing gates, SI initiatives focused on
organizational forms also refer to: local energy markets and peer to peer
trading [44,105,126]; industrial community energies [146,147];
renewable energy cooperatives, e.g., [147-149]; community energy
storage [42,59,92,113,114]; and the integration of smart and digital
tools to innovative community energy developments, e.g., VPPs [124].

Table 5

Types of SI and related initiatives.
SI Number References®
Organizational forms 72 [18,130,131]
Financing aspects 10 [43,58,132]
Governance and social configurations 64 [101,115,116,133-135]
Mixed 30 [90,136,137]
Policies and regulations 22 [138-140]
Social incentives 11 [141-143]
Total 199

# The list of references is not exhaustive.
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3.2.3.2. Governance and social configurations. Concerning new forms of
governance, initiatives are centered on the importance of bringing new
kinds of actors to the energy discussion. According to the reviewed
literature, new forms of governance point to: co-design for mediating
energy ftransitions [28,71]; co-production of energy services
[21,134,150-153]; shared governance of community energy [122];
participatory development of tools to support local energy transitions
[154]; co-creation for unlocking sustainable transitions and envisioning
energy pathways [1,117,155,156]; public participation [99,157]; and
self-governance [118,158]; innovative social configurations related to
the presence of intermediaries [53,54,159], local entrepreneurship
[98,160], the development of social networks [45,112,135,159,161],
and new actors coalitions [162]. Out of the 64 papers on this category,
eight also connect new forms of governance and social configurations for
the energy transition to the discourse of energy democracy
[63,153,162-167].

3.2.3.3. Policies and regulations. In a nutshell, works in this category
focused on regulatory schemes and taxes, e.g., [168,169], subsidies and
price guarantee schemes, e.g., [33,170-172], and legal definitions and
compliance that somehow support or hinder SI development, e.g.,
[169,173]. These policies and regulations are further discussed as Ob-
stacles (Section 3.2.4) and Enabling Factors (Section 3.2.5). On sup-
portive regulations, three works focused on the Postcoderoos (PCR)
scheme in the Netherlands [139,174,175], and the work of Roberts
[138] analyzed the CEP, which established a supportive legal framework
for community ownership at the EU-level. Also focused on EU directives,
Horstink et al. [169] investigated nine European countries and identi-
fied, for instance, a mismatch of policies with the needs of different RE
prosumers, which led the authors to offer recommendations for the
transposition of EU directives into national legislations. On local pol-
icies, one work addressed the “Positive Energie Territories” (TEPOS) in
France [176]. The work of Muza and Debnath [108], on inclusive
renewable policy, investigated household-level appliance uptake in
Rwanda. Gabaldén-Estevan et al. [177] evaluated the implications of
Spanish energy policy for sustainable energy development concluding
that changes in regulations have also affected SI. On supportive
schemes, Nolden [172] compared the development of wind community
energy in the UK and Germany and analyzed the role of FiT for so.
Wierling et al. [33] performed a statistical analysis of energy co-
operatives' activity in four European countries and observed that their
role “is shrinking in recent years due to a tightening or removal of
supportive schemes”, p. 1. Pinker et al. [47] explored how local and
community energy initiatives' trajectories are “shaped by and entangled
with the institutional and regulatory landscapes in which they operate”,
p. 1.

3.2.3.4. Social incentives. Differently, social incentives are linked to
behavioral changes to promote renewable energy [142,143,178,179],
and social movements calling for reducing the world’s reliance on fossil
fuels [141]. For instance, Meiklejohn et al. [179] investigated Australian
local community engagement programs to reduce GHG at household
levels and how these programs have changed with rooftop solar PV.
Similarly, Kim et al. [180] analyzed how the Seoul Metropolitan Gov-
ernment created enabling conditions for promoting community energy
initiatives including through various educational programs. Shabdin
and Padfield [181] evaluated energy behavior in relation to gender in
rural communities without twenty-four-hour electricity in East
Malaysia. Still, among social movements, one could cite the Transition
Towns movement, which has been addressed by three of the reviewed
works [22,54,182] that, stemming from the UK, has reached an inter-
national level being “oriented to local grassroots citizen-led efforts that
prepare for and support a societal energy transition to a low-carbon
future” [182], p. 180.
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3.2.4. Obstacles

The main obstacles identified from the content analysis are presented
below as Regulatory, Economic, Technical, and Social obstacles. Lists of
references are exhaustive in this section, i.e., all works that refer to that
particular aspect are cited.

3.2.4.1. Regulatory. From the literature review, the main regulatory
obstacle to the development of SIs in the realm of energy transition has
been the lack of or hampering legislation
[22,42,70,92,93,100,103,113,118,134,136,138,148,177,183,184],
which has been highlighted by around 10% of all reviewed works.
Among these, three specifically refer to the lack of legislation concerning
community energy storage [42,92,113]. For instance, Ozgiil et al. [100]
concluded that one of the biggest obstacles in the development of
renewable energy cooperatives in Turkey was the insufficiency of the
legislation and “the uncertainty about whether or not the necessary
regulations will be made”, p. 115. Moreover, even though not an com-
plete list of obstacles, other regulatory obstacles referred to were: legal
and regulatory uncertainty in regards to policies and subsidies
[18,42,92,100,106,118,146,183]; complex legal frameworks
[47,74,125,138,143,169]; regulations that favored large-scale projects,
centralized energy systems, and big energy companies
[82,138,139,185,186]; competition against energy incumbents [85];
uncertainty concerning the most appropriate cost allocation method
[119]; energy taxes and fees (e.g., double fee for energy storage [114],
“normal” tax regime imposing energy tax and Value Added Tax for PCR
[139]); inconsistency between policy levels (municipal, national and
international levels) [93]; vested political interests (e.g., Spanish
context [1777); and lack of institutional support
[29,74,82,134,136,143].

3.2.4.2. Economic. On the economniic side, it has been reported: diffi-
culty in securing funding [35,67,134,136,158,187] due to the
communal aspect of most initiatives; lack of financial resources within
the community [18,33,45,47,100,103,144,148,172,188,189] and
absence of financial support schemes [144,189,190]; split-incentive is-
sues (e.g., in social housing [187]); availability of cheaper non-
renewable energy [185]; lack of or low profitability of business
models [59,125,148]; high grid connection and infrastructural upgrade
costs [74,113,140,172,185,191,192]; risk capital (e.g., development of
community wind energy schemes [172]); economic burden from taxes
and levies (e.g., in CES [92]); high upfront investment (e.g., Solar PV
[1,142]); and payment scheme not suited to local socio-economic con-
ditions (e.g., household energy transitions in Zambia [120]).

3.2.4.3. Technical. Within technical issues, Nolden [172] noticed that
planning requirements and bureaucracy for small-scale developments
can be similar to large-scale ones. Lack of local technical expertise
[42,74,100,106,125,144,183,193], communal capacity in terms of
personnel, skills, leadership, and finance [10,22]; a volunteer-based
workforce [45,169,183,188,191]; technical complexity and re-
strictions [18,33,74,148,183,193]; limited grid and infrastructure ca-
pacity [2,47,169,183,194]; limited customer base due to regional
boundaries of some legislations (e.g., PCR [174]); and difficulties to
scale up [83,195] and replicate projects due to contextual characteristics
have also been pointed out as obstacles to be overcome. When inte-
grating smart equipment and digital tools, Hansen et al. [122] reported
on the challenge of data acquisition and management, and privacy issues
together with increased technological complexity. In terms of RE gen-
eration, assessing regional particularities in terms of RES potential are
key for effective regional strategies as proposed by Lutz et al. [196].

3.2.4.4. Social. In addition, social barriers are connected to lack of or
limited environmental awareness [74]; entrenched habits concerning
energy  systems [74,183,197] and resistance to change
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[44,60,114,118,129,154,198]; lack of social cohesion and trust
[22,118,174,199]; restricted agency [2,190]; a non-unified vision of
future energy systems [114,185,194]; unclear or unfair cost-benefit
distribution [42,152]; passive citizenship [2,82,114,185,191]; exclu-
sionary tendencies of some organizational forms [10,120]; lack of
knowledge and communication [122,166,183,199]; and low commu-
nity engagement [22,66,186]. Another challenge reported in the liter-
ature concerns truly involving communities in the creation of future
energy landscapes (see [129,152]), as past experiences with energy
projects may create resistance towards new developments, e.g., resis-
tance of indigenous communities to energy developments in Canada
[104,162,190].

3.2.5. Enabling factors

The aim of this section is to highlight the range of factors that
commonly enable the Initiation and Development of ST initiatives. Here,
lists of references are also exhaustive.

3.2.5.1. Initiation. Regardless of the type of SI, for its initiation, the
literature has highlighted the importance of having a favorable legal
framework, political will, and commitment of municipalities towards
sustainability [48,74], but also a supportive constellation of actors and
the active role of key personalities from the local community
[1,81,137,185,200,201]. According to Klockner [200], a decisive factor
for the initiation and further development of initiatives is “having
charismatic and socially skilled persons at key positions in the social
network”, p. 10. For initiatives that involve RE generation, the initial
enabler is of a regulatory nature since energy markets must be liberal-
ized and allow the participation of new prosumers and flexible elec-
tricity purchase as mentioned by [42,45,47,185]. Moreover, the ability
to get loans and grants at better conditions [2,138,158,169,188], the
decreasing cost of solar PV and wind technologies [19,67,100,137,185],
the presence of social capital [4,202], and the involvement and
empowerment of the community from early stages, i.e., co-creation
[1,75,81,114,152], are emphasized by the aforementioned references.
Initiation can be facilitated by the presence of national-level directives
and debates as highlighted by Refs. [138,185,194], but even when these
are not in place, local government participation and support can
financially, technically, and legally back up initiatives as pointed by
Refs. [10,45,60,118,188,203].

3.2.5.2. Development. For the development and growth of SI, Refs.
[45,143,148,169,188] mention the importance of collaborating and
cooperating with different actors such as local schools, universities,
governmental and environmental institutions, and other community-
based organizations. In favor of such collaborations, the importance of
effective organizations of actors, strong networks, and local entrepre-
neurship has been recognized by Refs. [142,160,200,204]. According to
the literature, in successful i.e., well-established, cases of SI, members
are highly committed and held a common vision built on social and
environmental awareness [73,76,87,158], there is a culture of local
participation, trust, strong leadership, lack of NIMBY sentiment, and
knowledge-sharing opportunities [134,156,201,205,206] that allow for
continuous improvement and resilience building [53,76,164], which are
prerequisites for SIs to navigate complex socio-technical transitions. The
ability of keeping financing means within the region, building local
capacity, and promoting regional socio-economic development are also
highlighted by Refs. [18,45,60,66,87,129,207]. For new organizational
forms involved in energy generation, the existence of long-term policies
[81,186,208] and supportive tariffs [81,136,138,191,204], as well as
financial benefits [67,111,120,142,144,179,185,209] are deemed
essential for the creation and growth of initiatives. In the case of com-
munities with low disposable income, the absence of or accessible
upfront joining fees to local projects [29,66,120] are a requirement for
the long-term sustainability of projects.
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3.2.6. Synthesis

The pattern encountered in the bibliometric analysis (Section 3.1)
concerning the number of publications from Europe (Europe 77%, North
America 8%, Oceania 7%, Africa 4%, Asia 4%) repeats itself for the
geographical context of SI, as around 70% of approached initiatives take
place in Europe (Table 4). The main reason behind a much larger
number of publications coming from the Netherlands, Germany, and the
UK (Fig. 4) can be explained by the respective larger presence of bottom-
up initiatives in these countries and their relative maturity. These na-
tional contexts are marked by enabling factors such as favorable policies
and governmental recognition of decentralized approaches' importance
to meet RE targets. The Energiewende, in Germany, a national
commitment to the energy transition, allowed unprecedented levels of
public participation and, by the end of 2012, almost 50% of the total RES
capacity in Germany was owned by citizens and cooperatives [210].
This advancement was due to a widely supported nuclear power phase-
out and the presence of FiT schemes that associated community
engagement with financial benefits [208]. Nevertheless, this dominant
‘European perspective’ can also be felt in the most cited publications as
eight out ten focus on Europe (four works are focused on the UK
[35,53,54,57], three on Germany [55,56,58], one on Germany and the
Netherlands [60]), whereas the other two do not have a specific
geographical context [59,61].

Nonetheless, in places where FiT has been phased out, there has been
a reduction in the development of new energy associations by commu-
nities [93] due to more constrained investment conditions. In the
Netherlands, on the other hand, even though the country chose to adopt
a net metering scheme instead of FiT, the establishment of the PCR
model allowed citizens to successfully generate energy from solar PV
from collective rooftops [139]. In the UK, policies such as the Shared
Ownership Policy of 2014, which facilitate the development of industry-
community projects due to their non-commercial nature that could
combat NIMBYism (“not in my backyard” attitudes), have fostered the
advancement of community-based initiatives [98]. Even though the
country has experienced a reduction in FiT schemes, the increasing price
of electricity has motivated civic society to continue to invest in RE [98].
EU-level debates and commitment towards carbon mitigation targets
can also help raise environmental awareness and motivate organizations
and the civic society to pursue more sustainable behaviors and inno-
vative business models.

Additionally, publication trends show that interest in the topic has
grown, which happens in parallel to increasing efforts towards fighting
energy poverty in the Global South. This can be a result of technological
development towards decentralization and downward trends in the
costs of salar and wind technologies. Solar PV power costs have declined
by 82% from 2010 to 2019, onshore wind by 40%, and offshore wind by
29%. The price per kilowatt-hour of solar and wind energy has experi-
enced a yearly decrease of 13 and 9%, respectively, for the same period
[211]. Accordingly, solar PV and wind energy are the technologies most
applied to SI. Nevertheless, “[a]lthough technologies might be techni-
cally and economically viable, they must also meet the energy needs and
practices of the community in question”, [212], p. 157. This leads to the
second point, the envisioning of new business models that start to allow
the participation of once excluded actors, e.g., low-income households
[179]. Concerning exclusionary aspects of energy developments, the
North-South disparities regarding energy access and the uneven distri-
bution of burdens and benefits has raised concerns about energy justice
and the unfair quality of the energy transition [213]. Hence the necessity
of co-creating and designing transitions, so local needs are met, and
socioeconomic conditions are fairly improved as highlighted by Mar-
quardt and Delina [101].

Nevertheless, even in Europe, obstacles for the development of SI
remain (Section 3.2.4). For new organizational forms, the main barriers
are regulatory and economic, as they must compete with well-
established large players provided with enough financial resources to
balance risk and market uncertainty, as documented by works on energy
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cooperatives (e.g., [192,203,214]). According to the literature review,
RE cooperatives, the most common initiative among new organizational
forms, are studied by 34 works, of which 10 study initiatives developed
in Germany and only three investigate cooperatives not in Europe. One
of the reasons for cooperatives being largely addressed is the broad
range of services that is provided by them such as electricity provision
and district heating suitable to the European context [33]. Furthermore,
some European countries already have a local culture of cooperativism,
e.g., Italy [72]. For governance and social configurations, difficulties
concern but are not limited to lack of trust, an absence of a shared vision,
and poor leadership within the communirty. Social incentives, innovative
policies and regulations are also a matter of governance associated with
local government aspirations, long-term planning, and the alignment
between levels of public administration. Nonetheless, each initiative
must deal with a set of political, social, technical, and economic obsta-
cles to establish itself, which emphasizes the complex nature of SI for the
energy transition and the need for integrative approaches to foster its
development. The obstacles and enabling factors gathered in the pre-
vious sections (Sections 3.2.4 and 3.2.5, respectively) are linked to the
ability of SI to transform local energy systems and contribute to the
energy transition as it will be discussed in Section 4. Fig. 6 graphically
represents the aspects considered for the content analysis.
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4. Discussion

The first research question (How has SI contributed and can
contribute to achieving sustainable energy transitions?) is addressed
through three lines of discussion: the transformative potential of SI and
degrowth (Section 4.1); SI contribution to financing and co-producing
energy transitions (Section 4.2); and SI, access to energy, and just en-
ergy transitions (Section 4.3). The second research question (What is the
role of community-based initiatives in a transition to a low-carbon
sustainable economy?) is discussed in Section 4.4, followed by
research limitations and future research agenda (Section 4.5).

4.1. Transformative potential of SI and degrowth

Even though a controversial theme, at least eight of the reviewed
works, i.e., [14,34,61,76,83,168,182,215] utilize the concept of
degrowth. Community renewable energy (CRE) has some similarities
with the degrowth movement in regards to recognizing the importance
of public participation and governmental incentives towards local
development [215]. However, few CRE projects are truly aligned to the
degrowth movement in terms of transformational agendas, as they do
not take distance from market-based capitalist approaches, excessive
energy consumption, and fossil fuels, i.e. exnovation of fossil fuels [14].
SI has problematic aspects from a degrowth perspective, because it
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seems to favor incremental rather than transformative approaches [14].
Selvakkumaran and Ahlgren [156], for instance, employed the TSI to
investigate three cases of SI in Sweden and Denmark and found that
none of the initiatives induced narratives of change into the regime. The
challenges of grassroots diffusion have already been highlighted by
classical works on grassroots innovation, e.g., [216], as “small-scale and
geographical rootedness makes scaling up difficult”, [216], p. 596. It has
been also argued that the identification of community-based initiatives
as mainstream alternatives indicate that such initiatives do not want to
diffuse themselves but rather remain ‘outliers’ for the regime [216].

Although SI may not provide the radical changes needed for
degrowth, evidence from the literature shows that some initiatives have
the potential to overcome scaling up issues. With local boundaries set
aside, “collective and politically motivated renewable energy projects”
(CPE) [61] can be seen as degrowth initiatives seeking for reducing
energy consumption per capita and integrating sustainable practices. To
sustain this view, Magnani and Osti [74] referred to the development of
unions of energy cooperatives that have started to operate at a national
level in Ttaly as promising. Even though uncertain and complex to
manage and operationalize, they may pose a real threat to the central-
ized power system by diverting a considerable number of customers
from energy incumbents. On the other hand, if activities remain
restricted to local levels and exclusive local identification, grassroots
innovations “can be easily tolerated by the dominant energy system” as
they do not “provoke shifts towards a more sustainable and innovative
way of producing and distributing energy” [74], p. 156. Innovative
organizational forms such as energy cooperatives may escalate if they
can diversify their customer base and form alliances at national levels (e.
g., Som Energia [47,177]). In other words, “small-scale initiatives can
reproduce elsewhere by ensuring groups are well connected regionally
and nationally” [216], p. 596. Nevertheless, the ability to scale up de-
pends on socioeconomic aspects and regulatory frameworks, as policies
and regulations can either hinder or foster the development of alterna-
tive approaches to energy provision.

Following the classification of Marques et al. [11], alternative and
collective approaches to energy provision through energy cooperatives
and community energy (new organizational forms) can be considered
targeted at radical SI as they can bring significant changes to local en-
ergy systems. From the literature review, it can be inferred that most
grassroots initiatives do propose systemic alternatives and offer alter-
natives to the centralized power system [34]. Yet, without a large sup-
port network at national and/or international levels, SI transformative
potential remains conditioned by broader politico-economic contexts at
different policy levels [217,218]. Be that as it may, requests for radical
rethinking will always struggle when facing institutions that benefit
from the status quo [57].

4.2. Financing and co-producing energy transitions

Financing and access to funding were pointed as a big barrier to the
establishment of grassroots innovation (Section 3.2.4). Therefore, in
terms of financing, Broughel and Hampl [18] stated that “engaging
small-scale investors through CRE projects offers an alternative and
promising source of private funds”, p. 133, towards increasing the share
of RE in the energy mix. The work of de Brauwer and Cohen [132]
supports this statement once their results indicated a social potential of
€176 billion could be obtained from European citizens to co-finance
community-based wind energy cooperatives. However, groups that do
not have enough disposable income may be excluded from participating
in co-ownership schemes. Thanks to their membership-based operations
and higher electricity costs, RE cooperatives are often dominated by the
middle class [215] Furthermore, people are driven to invest in these
innovative collective organizational forms if it is considered a stable
investment with adequate rates of return [18,92,184,202]. To reduce
the chance of people making decisions based on portfolio building, in-
dividual benefits should be aligned with larger social objectives headed
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for the decarbonization of the economy and the inclusiveness of
marginalized and vulnerable communities [68,207,219].

Pertaining co-production, Galende-Sanchez et al. [21] reviewed 183
works on participatory processes within the climate and energy domain
and concluded that a majority of co-production initiatives were limited
by top-down approaches to consultation and did not include citizens in
the decision-making process nor give them power over the outcomes.
Nevertheless, the authors claimed that “despite not being a silver bullet,
meaningful citizen participation constitutes a viable alternative to tackle
today's complex problems” [21], p. 1. One reason for such limited power
could be the current model of public communication, which gives weak
visibility to grassroots and social movements [157]. On the other hand,
one should bear in mind that “direct participation or better represen-
tation of stakeholders [...] do not necessarily coalesce social and envi-
ronmental benefits” [84], p. 307, as interests may be conflicting. Fischer
et al. [214], when investigating citizens' willingness to join renewable
energy cooperatives in Germany, identified a substantial potential for
citizen participation, but, in face of legal reforms and increasing
complexity of energy business models, considered that professionalized
energy cooperatives might prevail over bottom-up volunteer-based ini-
tiatives in the future [214]. However, organizations must direct efforts
at maintaining local ties and building local capacity as professionaliza-
tion may lead initiatives to drift away from initial shared vision and
communities' interests [60,183].

Therefore, as co-production and co-design seem to have limited in-
fluence over projects, they can be seen as targeted incremental SI [11].
Although restricted in power, co-production is still relevant from a
broader perspective of educating communities, energy democracy, and
knowledge and experience sharing [28]. In developing countries, it can
inspire citizens to engage in public issues [164]. Furthermore, it can
prompt the development of new coalitions and collaborations among
different actors such as academics, civilians, private and public orga-
nizations, i.e., quadruplex helix [112]. Recent attempts to include the
wide society in energy decisions can be seen as the first steps towards a
governance shift from top-down to bottom-up approaches, but self-
governance can add “more complexity to the already complex gover-
nance arrangements found in the liberalized energy sector”, [220], p. 9.
Finally, financing energy projects through civic capital looks promising
for developed and high-income nations but does not seem applicable to
the reality of developing and least developed countries.

4.3. Energy access and just energy transitions

Concerns towards energy access concentrate mainly in the Global
South, where solutions towards grid expansion, micro-grids, and off-
grids have been employed. These solutions are often dependent on in-
ternational cooperation and funding, e.g., decentralized community-
based micro-hydropower plants (MHPs) in Ethiopia that were imiple-
mented by the German Development Cooperation (GIZ) [29]. In com-
parison to developed countries, energy projects in poorer nations often
experience a lack of resources at implementation or operation stages,
which requires more flexible business models and a combination of
funding sources. As stated by Vanegas Cantarero et al. [82], “[t]he en-
ergy transition comprises presumptions of energy efficiency, afford-
ability, reliability, and energy independence. And in developing
countries, in particular, it also entails expectations of economic devel-
opment, social inclusion, and environmental sustainability”, p. 1.
Therefore, in poor communities, especially in rural areas, energy pro-
vision must also trigger community development and empower end-
users [120]. Thapar et al. [144], for example, in pursue of acceler-
ating RE deployment in India, proposed a new business model in which
community members provide land and support in activities in place of
15% equity participation.

Even though techno-fixes are not the answer for transitioning to a
low carbon economy, ICT, smart equipment, and digital tools un-
doubtedly support local energy markets and decentralized production.
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According to Cuesta-Fernandez et al. [221], community-owned energy
cooperatives can provide “the platform to nurture major technical and
managerial innovations”, p. 154. In particular, it is expected that smart
local energy systems (SLES) deliver various benefits towards achieving
SDG7 and a just transition [110,222]. Nevertheless, community energy
research should avoid techno-economic narrowness and determine how
local energy developments impact on inclusivity of vulnerable groups
[86]. In spite of all social, political, technical, and economic constraints,
SI has the potential to facilitate energy transitions in the Global South
through its community mobilization potential [101], as “a more active
role of provinces and municipalities would facilitate greater attention to
employment and community empowerment outconies” [223], p. 6. In
deprived areas, new energy infrastructures should bring benefits for
locals in terms of employment and income for a just transition to occur
[224]. Bottom-up initiatives in the energy transition have the potential
to politicize the energy discourse towards equity, participation, and
diversity [28,34,162,163,169]. As pointed out by Revez et al. [166], “as
we move toward low-carbon alternatives, there is an opportunity to
refashion a more inclusive and democratic form of public engagement
with energy”, p. 10. This is in agreement with a recent work of Witt-
mayer et al. when investigating prosumerism as a social movement in
seven European countries, as they conclude that collective prosumer
initiatives such as RE cooperatives “can contribute to procedural and
distributional justice in that they open up the involvement in energy
systems and its benefits to new groups”, p. 10 [225]. Nevertheless,
exclusionary tendencies through financial or technical requirements, for
instance, can merely reproduce existing inequalities [225].

Despite calls for energy to be controlled in a public or cooperative
way and for citizens to take control of their own energy investments,
followed by suppositions that community-based consumption could
reduce energy use [83], it seems that a coordinated top-down and
bottom-up approach will be more efficient in delivering energy services
and justice across the world.

4.4. Community-based initiatives and a low-carbon sustainable econonty

When comparing top-down to bottom-up approaches to the energy
transition, community-based initiatives have advantages in terms of
accessing local resources and influencing individual behavior, and dis-
advantages as to restricted power and influence, difficulty in accessing
funding, and dependence on public support. Diving deep into the ad-
vantages of community-led actions, as part of available local resources,
there are human resources, which can contribute to networking and
management skills [186], tacit knowledge [54,192], community mobi-
lization [91,134], and financial resources (Section 4.2). In addition,
environmental awareness and community trust can be enhanced
through information-sharing campaigns, local meetings, and participa-
tory processes [103,106,214,226,227]. By working towards improved
life quality and more sustainable energy systems for native communities
[228], these community-based initiatives can create “green jobs”,
employ locals, and build local capacity [18,66,140]. Some cases also
refer to the possibility of extra income for households and communities
[147,229], as the case of implementing community bioenergy initiatives
in rural areas in the Philippines and Vietnam [199]. Therefore, although
mainly constrained at niche levels, grassroots can improve the diffusion
and acceptability of RE and associated technologies, and significantly
change local energy systems [230]. It can also empower communities, a
feature considered essential for initiatives to achieve their trans-
formative potential, besides the ability to scale up and represent sus-
tainable and social needs [79].

Regarding disadvantages, it seems that new business models and
local energy markets can only develop under favorable regulations [22]
and effective policy strategies, especially in complex urban environ-
ments [231], since peer-to-peer trading, energy selling, distribution,
and, in some cases, storage must be allowed by law. However, tariffs and
tax exemptions, unless restricted to small-scale RE generation and
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orchestrated in combination with other policies, can end up favoring
large energy suppliers and impairing the development of community-
based initiatives [172,198]. As highlighted by Nolden [172], “[FiT]
alone do not provide greater opportunities for multi-scalar energy
transitions”, p. 1, which calls for niche protection measures. Among
policies that should be employed in combination with FiT, there is the
need for reducing bureaucratic burdens and the establishment of a level
playing field for new market participants [93,110,232].

Therefore, both financial and institutional support are key for
grassroots to be implemented and achieve operational levels. It lies with
policy-makers the responsibility to balance a flexible institutional
environment with stable regulations necessary to maintain initiatives
functioning in a democratic way [233]. Furthermore, public or private
bodies can play the role of umbrella organizations that provide
consultation and help community-based initiatives overcome regulatory
and technical barriers during project planning and execution [125,133].
Therefore, cooperation between top-down and bottom-up seems the
most adequate approach in terms of the dimension and direction of
community-led initiatives' impact [69,234]. This is in line with a recent
work of Coy et al. on community empowerment, which characterizes the
latter as both a process and outcome that requires a combined effort
from communities and governing entities to thrive [235].

From this perspective, community-based initiatives have an impor-
tant role to play in sustainable transitions, but they have restricted
power because of the influence that energy incumbents have in decision-
making processes [60,185] and restricted agency in centralized con-
servative governments [99]. In comparison to household-level solar
generation, community schemes can increase efficiency
[42,108,126,197] and lead to the reduction of emissions from a lifecycle
perspective [22]. Additionally, they can improve resource allocation as
community projects tend to better understand local needs and develop
tailored solutions, assumed technical knowledge is available [216]. For
isolated and rural communities, they can enhance inclusivity by co-
production and the establishment of off-grid and mini-grid systems
that allow access to electricity, e.g., micro-hydro in Ethiopia [29], solar
energy in Zambia [120] and Rwanda [108]. In less developed countries,
these arrangements could contribute to leapfrogging [80] and help to
achieve SDGs.

4.5. Limitations and future research agenda

Since initiatives are highly context-dependent, case studies are the
most suited approach to investigate the true impact of SI at local levels.
However, the extensive nature of this work aimed at answering the
research questions as comprehensively as possible within this work’s
limitations. Among the limitations of this research, there is the fact that
the review did not include grey literature and actual examples of SI from
platforms such as participedia.net or rescoops.com. Nevertheless, in-
sights from practical case studies could be drawn from the literature
review, as many works collected information directly from SI partici-
pants and stakeholders through interviews, surveys, and workshops. A
second point concerns the search strings and inclusion criteria that may
have limited the work coverage, as only few papers were retrieved from
Asia and none from South and Central America. However, IRENA’s RE
Market Analysis of Southeast Asia shows that there are opportunities for
research in the region as it draws on several decentralized and off-grid
projects to highlight the importance of local entrepreneurship and
strong community participation [236]. Thirdly, there is the subjectivity
of the analysis of content, that even though performed systematically, is
still susceptible to bias as it depends on researchers' interpretation and
categorization. As pointed by Sovacool et al. [36], “a systematic review
is not guaranteed to be comprehensive or unbiased—the inclusion and
coding of articles is still sensitive to the researcher’s selection of criteria
and concepts”, p. 23. Similarly, the conclusions on the contribution of SI
to the energy transition derives from the perspectives selected, namely,
transformative potential of SI and degrowth, financing and co-
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production, and energy access and just energy transitions.

As a final contribution, three main directions for future research are
presented. Firstly, concerning policies and regulations, for better
alignment between municipal, national, and supranational policy levels,
cross-level policy analysis could identify conflicting points to be
resolved. On request for legal definitions, it is still to be seen how
institutionalization impacts the development of bottom-up initiatives.
As an example, would the EU’s CEP, after defining community renew-
able energy and citizen renewable energy, hinder the development of
small community-scale projects as it may add a layer of difficulty to scale
up, push towards professionalization and lead to fewer members?

Secondly, in regards to collaboration and means to increase partici-
pation in community initiatives, new business models should continue
to be investigated as ways to diversify —no gender, age, income, or color
bias - and increase the number of memberships. Within vulnerable
communities, projects should incorporate local technical training and
accessible entry requirements as means to ensure a continued positive
effect on life quality and access to opportunities. Nevertheless, financing
to develop energy projects will continue to be a big obstacle in low-
income regions, which draws attention to the importance of collabora-
tion and cross-sectoral and country partnerships. Even though there are
concerns about removing the communal aspect of grassroots when
bringing big players to the table, these alliances may prove to be
essential for accessing technical skills, knowledge-sharing, stimulating
research and development, and financing. That is why the means to
ensure sustainable and inclusive regional socio-economic development
while creating these alliances must be studied, particularly when large
energy companies are involved.

Thirdly, there is a clear uneven distribution of research and initia-
tives as most works focus on developed countries and European con-
texts. Nonetheless, countries in the Global South would be the ones to
benefit the most from SI, as natural resources and populations have been
historically exploited in this part of the globe. Related to this matter, it is
still unclear how to measure the impacts of SI, which calls for quanti-
tative indicators of social and economic impacts mainly in terms of job
creation, community engagement, environmental awareness, accept-
ability of RE, change in consumption levels, and GHG emissions.

5. Conclusion

In conclusion, this work aimed at investigating the role of SI in en-
ergy transitions and how community-based initiatives contribute to
achieving a low-carbon economy. From the literature review, we could
conclude that SI, when hand in hand with technological innovation and
enabling regulatory frameworks, can help achieving decentralized and
inclusive energy systems. This has been evidenced by the role of SI for
local transitions in regards to accessing local knowledge, raising social
and environmental awareness, building local capacity an trust, accessing
finance, democratizing energy discourses, and increasing energy access.
The latter is especially relevant for the Global South, as SI can effectively
contribute to just energy transitions through inclusive business models
for low-income households, regional socioeconomic development, and
community capacity building. On the other side, SI is at risk of being
instrumentalized due to their broad nature. Also, it does not seem
transformative enough for degrowth objectives as it faces several chal-
lenges to scale up. Few initiatives stemming from European countries
reached national and international levels by growing memberships,
increasing services, and demonstrating financial stability. Yet, initia-
tives may want to remain restricted to niche levels as alternatives to
dominant regimes.

For dealing with economic barriers, one of the main impediments of
the energy transition, co-ownership and community financing are
promising in medium and high-income localities and can increase RE
deployment. In terms of participatory decision-making, even though co-
production and co-creation seem instrumental in most cases, they can
still mobilize communities to pursue energy justice and local socio-
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economic development. In efforts towards inclusivity and justice, a
combination of top-down and bottom-up approaches seems key for SI to
flourish, as bottom-up approaches are particularly relevant for raising
environmental awareness and influencing individual behavior thanks to
their roots in local contexts. The risk of leaving behind the privileged
understanding of local needs and communal resources must be
addressed when these initiatives plan to be institutionalized and scaled
up. Gaps in the literature point towards a need to better understand how
policy levels interconnect, how to increase the richness and outreach of
initiatives, and how to support the development of SI in the Global South
as well as socio-econoniic indicators that enable quantitative analysis of
SI's impacts towards a just energy transition.
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