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Social innovation supports inclusive and
accelerated energy transitions with appropriate
governance
Benjamin K. Sovacool 1,2,3✉, Heike Brugger 4, Iska Brunzema4, Alicja Dańkowska5, Devon Wemyss6,

Anne-Lorène Vernay7, Regina Betz8, Flor Avelino9,10, Tessa de Geus9, Agata Dembek 5, Elisabeth Duetschke4,

Sabine Hielscher2, Marfuga Iskandarova2, Leticia Müller11, Jörg Musiolik11, Adélie Ranville7,12,

Joachim Schleich4,7, Agata Stasik5, Marta Strumińska-Kutra 5,13, Christian Winzer 8, Julia Wittmayer9 &

Karoline S. Rogge 2,4

Accelerating energy transitions that are both sustainable and just remains an important

challenge, and social innovation can have a key role in this transition. Here, we examine the

diversity and potential of social innovation in energy systems transformation, synthesizing

original mixed methods data from expert interviews, document analysis, social innovation

experiments, a representative survey, and an expert survey. Based on a thematic analysis of

these data, we advance four key findings: (1) the diversity of social innovation in energy is

best understood when recognizing core social practices (thinking, doing, and organizing) and

accounting for changes in social relations (cooperation, exchange, competition, and conflict);

(2) governance, policy networks, and national context strongly shape social innovation

dynamics; (3) processes of social innovation are implicated by multidimensional power

relations that can result in transformative changes; and (4) social innovation in energy

generally has strong social acceptance among citizens, benefits local communities and is

legitimized in key community and city organizations. We discuss an agenda for 9 future

research directions on social innovation in energy, and conclude with insights related to

national context, governance, and acceleration.
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Accelerating energy transitions that are both sustainable
and just remains a major challenge of our time1. To
achieve net-zero targets in order to avoid planetary

endangering climate change, research is needed to examine why
and under which conditions social innovation can be a successful
driver of climate mitigation efforts2. The scope of inquiry
includes which policies, institutional adaptations, behavioral
changes, governance structures, financing patterns, and legal
regimes would support changes from both the top-down and
bottom-up3,4. In simpler terms, change is needed from the
“grassroots”5 as well as the “treetops”6. Social innovation—
broadly defined as changing social relations involving new ways
of doing, thinking, and organizing—represents a new leverage
point to create and sustain novel technologies, services, and
practices7–11.

Social innovation in energy (SIE) encompasses changes across
elements as varied as new patterns of energy storage, the coor-
dination of energy efficiency efforts, citizen assemblies to reduce
greenhouse gas emissions or shared forms of finance and own-
ership such as crowdsourcing or cooperatives12–14. In our current
times of multiple, interrelated, and existential system failures,
social innovation can mobilize creativity and entrepreneurship to
overcome these, thereby contributing to transforming our sys-
tems of production and consumption15–17. For example, Ravaz-
zoli and colleagues explored the potential of social innovation
across rural areas in Europe and found that it produced strong
positive “cross-sectoral (societal, economic, environmental, and
governmental) and multi-level impacts (on individuals, commu-
nity, and society)” that have significantly “improved the societal
well-being, and contributed to the reduction of certain forms of
marginality”18. Lupi et al.19 write that social innovation in the
form of collective action initiatives has served to raise environ-
mental awareness, promoted the mobilization of citizens, and
fostered social inclusion. Similarly, the Joint Research Centre of
the European Commission writes that social innovation in the
energy sector could satisfy human and societal needs while in
parallel empowering vulnerable social groups alongside “culti-
vating civic traditions of trust, equity, and solidarity within and
beyond the spatial context on which they occur”20,21.
In this study, we examine the diversity but also the potential of

social innovation for energy, synthesizing three years of original
mixed methods research conducted by the Social Innovation in
Energy Transitions (SONNET) project (see Section 5 “Methods”
for more on our research design). This includes six social inno-
vation experiments at the city level (“city labs”), 18 embedded
case studies of social innovation fields across six countries,
including 36 cases of innovation initiatives, as well as expert
surveys to assess the aims and contributions of initiatives, a
mapping of 500 European initiatives, and a survey of >6000
citizens in three European countries. Drawing from thematic
analysis of these data, we advance four key findings about the
diversity of social innovation in energy; governance and policy
networks; power relations and transformative change; and social
acceptance for SIE as well as energy transitions more generally.
SONNET stands out in the broader landscape of EU-funded

projects on social innovation in energy in at least two ways. First,
it focused on mapping the diversity of social innovation in energy
in their full breadth—in doing so, it adopted a multi-actor per-
spective on social innovation to move the discussion beyond the
prevalent focus on social innovation driven by the community,
citizens, or civil society actors. In contrast, other projects usually
focus on one specific phenomenon (e.g., PROSEU on collective
prosumerism, NEWCOMERS on clean energy communities) or
on a specific subset of social innovations (e.g., SMARTEES
focusing on five energy- and mobility-related social innovations).
As a consequence, SONNET was able to distill more general

lessons learned from its systematic analysis of the great diversity
of social innovation in energy in Europe. Second, while most
projects study social innovation at the level of initiatives (e.g.,
COMETS and its focus on collective social action initiatives),
SONNET went beyond this micro perspective by also studying
the diversity of social innovation at the level of the SIE fields in
which these initiatives develop. This meso-level approach enabled
us to investigate the interactions between social innovations and
their structural conditions in the context of broader transfor-
mation processes, as well as the institutionalization processes of
social innovations, which in turn allows observers to then derive
system-level policy recommendations. It lastly has strong policy
relevance, given that policies such as the EU’s fit for 55 package
are not yet fit for social innovation, and if changed could better
harness its transformative potential22.

Results
Our thematic analysis of the original and wide-ranging evidence
base offered by SONNET enables us to advance four key findings
relating to the diversity of social innovation in energy; govern-
ance and policy networks; power relations and transformative
change; and social acceptance. These four themes were selected
based on the strength of the findings they produce, what the
research team collectively believed represented the most salient
findings, as well as the strength and consistency of the data
behind them. The findings also capture the phenomenon of social
innovation across themes such as its diversity of context (gov-
ernance/networks), and its relation to institutional change
(power/acceptance/legitimacy). These factors are all pertinent
considering the promise social innovation holds for furthering
energy system transformations.
Even though some preliminary findings have been published

selectively in the earlier phases of the SONNET project, these
have been rewritten for this particular study. To date, no com-
parative or synthesis work has been undertaken across all of
SONNET’s data, nor has any single study benefitted from har-
nessing the full array of data generated, and the analytical find-
ings that result.

Diversity of social innovation in energy is best understood as
social practices and relations. We found a compelling diversity
of social innovation involving changes in social practices and/or
social relations. Social innovation in energy is far more than only
“doing,” and it is also far more than just “collaboration”, as the
well-known examples of energy communities or energy coop-
eratives may suggest23,24. There is instead a heterogeneity of
social innovation involving changes in social practices and/or
social relations. Such novel practices include doing (changing the
physical composition of the energy system by using new energy
technologies such as energy storage or solar prosuming) but also
organizing (changing governance by promoting deliberative
principles or forming new structures for networking and
exchange) and thinking (changing knowledge via new framings,
values, or perceptions of energy)7,25.

Following our definition of social innovation in energy,
changes in the practices of doing, organizing, and thinking about
energy ought to be matched with changes in social relations, for
which we differentiate between four very distinct types (see
Table 1). Cooperation refers to interactions that succeed in
achieving shared goals when actors work together. Exchange
could be a voluntary interaction where all parties expect some
sort of reward. Competition refers to when actors may struggle
over scarce resources but abide by shared rules. Conflict is when
they struggle over such resources but do not abide by shared
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rules, and may instead seek to destroy, injure, or incapacitate rival
actors.
To empirically ground our conceptual distinction between

different social innovation practices and types of social relations,
we systematically analyzed 500 social innovation initiatives and
confirmed both the salience of social practices (new ways of
doing, thinking, or organizing) as well as the four types of social
interaction (cooperation, exchange, competition, and conflict).
Table 2 operationalizes these different practices, and examples of
each form of practice and type of social interaction are
summarized by Table 3, with more details offered by Hielscher
et al.26.

Rather than taking the “social” as an afterthought of
technological innovation, these diverse types of innovation
highlight how energy system transformations are also driven by
the changes in the manifold social relations, roles of actors, and
the different activities they engage in7,12,27. The results highlight
the importance of diversity in actors for driving social innova-
tions: Social practices and relations of actors like action groups
and civil society actors (e.g., in local energy production and

consumption, action against specific energy pathways), munici-
palities, and other governmental actors (e.g., participatory energy
dialogs, non-profit consulting, or investment and finance
mechanisms) and private firms from start-ups to large multi-
nationals (e.g., collaborative eco-efficient housing, peer-to-peer
learning or for-profit services and technologies) all contribute to
the described types of social innovations.
Moreover, identifying the diversity of social innovation in

energy has the potential to open policy discussions, by showing
that there are many forms of such innovation which all could
benefit from public policies to thrive, or that their potential is not
fully harnessed for the energy transition, for example, due to
regulatory obstacles. At the same time, framing “conflict”
initiatives as social innovations (what may go against popular
association) exposes the use of power/momentum of conflict to
speed up energy transitions, and what the risks of it are. It also
explicitly takes up the notion that transitions are not emerging
without tensions - be it between the existing system and practices
or between a variety of possible pathways or their terms of
implementation28,29.

Table 1 Types of social innovation in energy initiatives defined by practices and examples of social relations.

Social relations

Cooperation Exchange Competition Conflict

Social innovation
practices

Doing • Local or cooperative energy
production and consumption
• Collaborative eco-efficient
housing

• Local peer-to-peer
electricity exchange

• For-profit services
and technologies

• Action against specific
energy pathways

Thinking • Advocacy for specific energy
pathways

• Energy education
• Non-profit consulting
• Peer-to-peer learning

• For-profit consulting • Campaigns against
specific energy pathways

Organizing • Participatory energy dialogs,
experimentation, and incubation

• Platforms for direct
energy transactions
• Investment and
finance mechanisms

• Energy gamification
and nudges

• Networks against
specific energy pathways

Authors, based on the deliverable31 of the SONNET project, with more details in Supplementary Discussion Sections S1.1–S1.3, and core supporting literature cited in the references section.

Table 2 Operationalizing social innovation practices in terms of new ways of doing, organizing, and thinking about energy.

Definition Operationalization

Doing Practices related to energy technologies and the physical composition of the energy system Generating electricity/heat (efficiently)
Supplying electricity/heat in new ways
Using electricity/heat (efficiently)
Exchanging electricity peer-to-peer
Storing electricity/heat
Implementing technology-based energy
services
Installing energy technology
Acting against political agendas

Organizing Governance and organizational structures within initiatives and within the energy system
(i.e., institutions in terms of forms of social organization or standard operating procedures
that shape behavior and find expression through rules, practices, and narratives)

Facilitating Networking
Providing services
Offering/facilitating financing
Constructing a dialog
Incubating ideas and solutions
Facilitating supply/demand exchanges
Nudging and facilitating behavior change

Thinking Forms of knowledge and normative framings including values and perceptions Raising awareness about energy
Campaigning against political agendas
Pushing a framing, discourse, or narrative
Providing advice
Transferring knowledge & skills

Authors, modified from ref. 26. The table is based on the SONNET project, with methods explained in Supplementary Information Sections S1.1–S1.3, and core supporting literature cited in the references
section.
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Governance, policy networks, and national context shape social
innovation. Social innovation in energy involves a large variety of
actors, actor networks, and institutional logics30. Local govern-
ance arrangements and policy networks catering to social inno-
vation in energy vary and benefit from a multitude of enabling
conditions.
To understand how policy network structures can impede or

enable SIE, we combined qualitative structured interviews (at
least 10 per city) with an online survey (see Supplementary
Discussion, S1.6 within Supplementary Information)31. Our
findings across the cities show that translocal networks (those
cutting across more than one location) form a prominent
enabling condition for SIE and more generally for pushing
forward sustainable energy transitions. Those networks provide
infrastructure for the development and dissemination of
persuasive narratives of change through which socially innovative
concepts gain legitimacy. Specifically, our investigation shows
that discursive shifts change expectations about how transition
processes are supposed to be perceived and managed. These
involve discursive shifts from technocracy to participation, from
centralization to decentralization, from silos to cross-
departmental and cross-sectoral organizing, and from climate
change to the climate emergency.
Furthermore, within the survey, we explored the composition

of SIE-related networks across the cities, which demonstrates the
strong role of civil society groups as well as market and state
actors. Mannheim and Warsaw have both a strong industrial
background and still a high dependence on fossil fuels, which in
those cases manifests in high-energy consumption. While such
aspects may also result in a higher interest of market actors in
technological innovation and the transformation of the energy
system, in the observed situations market actors seem not to be
associated with nor engaged in social innovation. Both cities have
the lowest shares of market actors referred to in their policy
networks. Moreover, there are particularly many intermediaries
working towards enabling technological innovation32, whereas
actual social innovation initiatives and projects as well as bottom-
up processes are mostly driven by civil society actors, whose
presence is outstandingly high in both cities. Basel by contrast
exhibits a stronger role of the city administration and state actors,
whereas Bristol and Grenoble typify the strongest role of market
actors, which reflects the level of advancement of the policy
networks around SIE in these cities. Additionally, in these cities,
the administrations take a proactive approach by coordinating
interactions between diverse actors engaged in SIE-related
processes. Furthermore, Bristol, Mannheim, and Grenoble use
market-based governance modes to facilitate social innovation.
They explicitly encourage energy communities through financing
schemes: buying shares, providing seed money, and mentoring.
Cities utilize network-based governance modes to nurture
grassroots creativity and knowledge exchange via the organization
of knowledge hubs (Antwerp), climate hackathons (Basel), or
citizen panels (Warsaw). They draw on hierarchy-based modes to
impose an obligation to consult and/or involve certain actors in
decision-making or to design procurement schemes privileging
community-based energy companies and, more generally, energy
transition initiatives (e.g., practiced in Grenoble and Bristol).
Social innovation potential in cities is best developed when

complementary logics of hierarchies (command-and-control),
markets (allocation of scarce resources through prices determined
by supply and demand), and networks (based on flat relation-
ships, the sharing of common resources and negotiations) are
used. In addition, city administrations, similarly to other actors
involved in SIE governance, learn in networks, most importantly
in policy networks, that shape perceptions about the proper
content and character of norms and regulations in the energy

sector. Table 4 summarizes corresponding enabling conditions
deemed critical from the SONNET project and especially from
the survey on cooperation in the six SONNET cities to effective
local governance and robust policy networks, including network
structure, personal relations, the role of cities, policymaking
dynamics, and venues.
Lastly, different national context conditions shape social

innovation patterns. The political, economic, technological, and
cultural conditions of a country can have a substantial impact on
the success or failure of social innovation in energy. The selected
countries have different political systems, follow different
transition pathways, and face different problems such as
environmental concerns, economic challenges, and social equity
issues. In Poland, for example, the energy sector is heavily
dominated by large state-owned utilities, making it difficult for
smaller initiatives to emerge33. In France, the highly centralized
‘nucleocracy’ managed by the technical elite disempowered both
consumers and local governments34,35. In Switzerland, on the
other hand, there is a strong tradition of citizen participation and
decentralization, which has facilitated the growth of energy
cooperatives36. In the Netherlands, the government has actively
supported the development of renewable initiatives through
favorable policies and subsidies37. In Germany, their Energie-
wende policy has spurred the growth of community-owned
renewable energy projects and waves of municipalization of
energy assets38, while in the UK, the government has backed a
more liberalized approach where community actors experiment
with alternative ways to trade energy3.

Multidimensional power dynamics permeate innovation pat-
terns. The SONNET project embraced, and sought to validate
and test, a multidimensional framework of power and power
relations within and across social innovation initiatives26,39.
Through the empirical case studies as well as designing and
implementing a ‘Transformative Power Lab’, the concepts were
developed and operationalized in an inter- and transdisciplinary
way, resulting amongst others in seven ‘ingredients’ presented in
a ‘Power guide’ aimed at supporting SIE practitioners in under-
standing and acting on power dynamics. Central to this work
were three core types of power. Power to refers to “getting things
done” and involves the capacity to mobilize resources to achieve
specific goals, such as being an owner in an energy cooperative or
more self-sufficient low-carbon communities. Power over refers to
“forcing and dominating” others to do what they would ordina-
rily not do; this can be visible, hidden, invisible, or even sub-
conscious. Examples include the lobbying power of incumbents to
influence rules according to their needs, and the design of grid
tariffs in a way that benefits a particular class of elite actors.
Power over can also include forcing others to adopt particular
rules about money or financing (interest rates), or structural or
systemic inequities in income or gender, driving or often con-
straining innovation patterns. Power with refers to “acting in
concert” and encompasses the collective capacity to collaborate to
achieve common goals, or to empower. Examples could be the
involvement or inclusion of marginalized groups in government
planning, or generating income for the poor through local elec-
tricity exchanges40. While typically all these three types of power
manifest within initiatives, some types of power are illustrated
more strongly in certain initiatives than others.
All three forms of power relations are exhibited within our

SONNET evidence base of social innovation initiatives. For
example, in the United Kingdom, Talk Fracking, an anti-shale gas
group, successfully displayed power to in order to challenge the
National Planning Policy Framework and to have the language
removed that mentioned the importance of fracking and onshore
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hydrocarbons. Talk Fracking also convinced the United Kingdom
High Court that the National Planning Policy Framework was not
compatible with the government’s Clean Growth Strategy. This
example demonstrates that with sufficient resources (e.g., money,
knowledge, experts), such socially innovative initiatives are able to
organize to win court cases through “power to”. For financial
resources to be sufficient, funds were raised through several
creative crowdfunding activities, such as walks and art sales.
Another example is the living lab Stadslab2050 in Belgium

which saw national policymakers exert power over its mechanisms
for incubation and experimentation by challenging the Lab’s
efforts to reduce energy use among commercial neighborhoods in
Antwerp. City planners did not appreciate the emphasis
Stadslab2050 placed on challenging societal norms and deeply
engrained behavioral routines, and turned politically against the
Living Lab. In 2020, the city discontinued the experiments and
integrated the Lab into the city’s larger climate strategy, placing it
under its direct control.
A third example, the Silesian Climate Movement in Poland,

typifies power with. Launched in 2018, it utilizes bottom-up
methods of self-organization and social organizing. It is easy to
join the movement, and working groups do not have sharp
boundaries, with members fluctuating between them. This
illustrates a form of “power with”, in which several groups can
come together as a movement that tries to make processes more
inclusive, so that a wide variety of people can participate in
organizing and implementing activities.
While social innovation is often and typically associated with

power to (capacity to achieve outcomes) and power with
(coaction and empowerment), SONNET’s findings show how
social innovation also involves considerable power over. This is
not only about how incumbent structures and institutions are
impeding social innovations, but also about how social innova-
tions exercise power over, i.e., ‘make others do things they would
otherwise not do’ by developing new structures and institutions.

Social innovation has strong social acceptance and political
legitimacy. Our final finding relates to the social acceptance of, or
consumer willingness to engage with, social innovation in energy,

as well as the legitimacy of social innovation among existing
institutions. We find that, although variations exist, generally
social innovation has strong support among both citizens and city
administrators and ultimately can make a positive contribution to
both local and European Union energy goals.
For instance, a demographically representative survey (see

details S1.5 in Supplementary Information) of the adult
population in France, Germany, and Poland (N= 6141) applying
discrete choice experiments found that 79–90% of participants
would invest in the decentralized renewables energy community
projects shown in the experiments41. In a related survey question,
between 20 and 29% of respondents indicated that they were
already planning to invest in a green/sustainable crowdfunding
project, in a renewable energy company, or in green/sustainable
investment assets. These findings suggest popular interest in
social innovation projects, and a strong future potential for their
widespread adoption, but harnessing this potential requires
enabling policy changes and attractive business models.
The salience of financial criteria for respondents in the

SONNET survey has compelling policy implications in terms of
spurring wider citizen involvement by better covering possible
project losses (i.e., via risk insurance) as well as lowering barriers
to entry (such as low minimum investment requirements).
Furthermore, our results on socio-demographic factors suggest
that persons younger than 35 years and with higher income are
more likely to invest in renewable electricity generation projects,
revealing a largely untapped market for younger adults – or put
differently, showing that it will be comparatively difficult to
engage senior citizens. According to our SONNET data, this
further underlines the need to create investment types where
participation with relatively small sums of money is already
available to tap the potential of people with low income or wealth.
Social innovations in energy such as cooperatives, decentra-

lized renewables, and local energy production hold appeal not
only among citizens; they are also supported by other city actors
and organizations (see also ref. 42). We found in our case studies
that public administrations can legitimize social innovation by
directly financing projects, reducing administrative barriers, or
providing “sandboxes” to test ideas and build networks. Indeed, a

Table 4 Enabling conditions for social innovation and effective climate governance.

Enabling condition Factor Description

Network structure Diversity of actors involved There is a good mixture of different types of actors in SIE (such as state, civil society, and
market actors)

Roles of actors involved Different types of actors are equally involved in SIE (i.e., no one actor is dominating the
network)

Role perceptions Encourage the engagement of different types of actors in SIE by avoiding prejudices and
negative role perceptions

Personal relations Personal ties The network builds on strong personal ties without being ‘exclusive’(i.e., strong personal ties
enable longer-standing implementation of SIEs beyond the scope of singular project funding)

Engagement Different types of actors are equally and actively engaged in SIE
Competences Different types of competencies and knowledge are included in the network

Role of city administration Proactive approach The city administration actively engages in supporting SIE
Resources Financial and personal resources are provided by the city administration to support SIE
Competences The city administration provides competencies (e.g., knowledge and practical skills)

concerning SIE and related topics
Policymaking Political support SIE is supported by officially appointed politicians

Access to decision making SIE initiatives have the possibility to gain access to decision making
Legitimacy SIE is widely supported and legitimized within the city

Venues Project settings Provide possibilities to include diverse types of actors in SIE in project settings
Formal meetings Regularly organize meetings and provide opportunities for exchange across actor groups
Personal meetings Allow building strong personal ties without being exclusive through regular opportunities to

meet in person in official venues

Authors, based on the deliverable31 of the SONNET project, with data presented in deliverable D2.2. SIE social innovation in energy.
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survey that was carried out in parallel to the case-study interviews
among the participating researchers, SIE representatives, and field
actors (see Supplementary Discussion S1.3) showed that SIE
initiatives are perceived as effective for achieving other non-
energy objectives (shown in Fig. 1) such as strengthening the local
community, improving the transfer of knowledge, or reducing
impacts on the environment43. Not surprisingly, the SIE
initiatives mostly contribute to their own aims like strengthening
the “local community” (seen in items with perceived contribution
in Fig. 1). However, increasing “renewables production” and
reducing “greenhouse gas emissions” are also highly ranked and
are aims of both the SIE and the EU (so-called “shared aims” as
defined by the SIE literature and EU objectives, see S1.3 in
Supplementary Discussion for details).
Notably, as shown in Fig. 2, the mean contribution scores of

the SIE initiatives in our survey were related to the type of SIE
initiative and the aim type. For example, SIE initiatives primarily
engaged in conflict (such as actions, campaigns, and networks
against specific energy pathways) achieved a much lower mean
contribution score for the shared aims of “renewables produc-
tion”, lower “greenhouse gas emissions”, higher “energy effi-
ciency”, lower “energy consumption” and lower “consumer bills”,
compared with other types of initiatives. SIE initiatives engaged in
competition (such as for-profit services, for-profit consulting,
gamification, and nudges), on the other hand, achieved a higher

mean contribution score towards shared aims than the other
types of initiatives. Thus, initiatives engaged in competition are
more likely to achieve financial benefits through reduced
“consumer bills”, which was revealed to be an important factor
for a more widespread acceptance of, and involvement in, social
innovation activities. Therefore, the contributions of the SIE
initiatives may influence the potential for growth and, ultimately,
the transformative power of SIE.

Discussion
Although our core four findings in Sections 3.1–3.4 are backed by
numerous sources of evidence from the SONNET project, our
research design does have some limitations. The interviews and
case studies had data collected at one point in time, meaning
dynamic perceptions or reflections are not represented, especially
insofar as they relate to concerns about local energy use and
security. With data having been collected before Russia’s war
against Ukraine, any consequently changed perceptions are not
captured. In addition, due to the complexity of the investigated
phenomena, we were not able to fully grasp the impact of the
studied social innovation types on transition pathways. As is
expected, in many cases any impacts would be multidimensional,
changing over time, and are often hard to be comprehensively
quantified.
Furthermore, many of our methods (interviews, surveys) rely

on self-reports and stated preferences rather than revealed
behaviors and preferences; while city labs provide opportunities
to observe participant behavior and manifestations of their
engagement, but, by design, in an experimental setting. Our
results might thus be subject to hypothetical bias, although the
amount of data collected, and the variety of methods used
decrease potential biases in this regard.
Even though our sample for the survey carried out by an online

panel is demographically representative of the population in
terms of our quota requirements, the sample is not representative
of the population in terms of other characteristics such as socio-
professional categories or prior involvement with the energy
transition. While our multivariate analysis controls for many
factors, we cannot exclude that unobserved factors bias our
results. Moreover, respondents who were excluded from the
survey because they failed the attention checks or because they
were speeders might systematically differ from other respondents,
e.g., in terms of their preferences for attributes, thus influencing
our results. Finally, it should be noted that our research was
conducted in the middle of the COVID-19 pandemic, which
particularly impacted our qualitative research methods. Face-to-
face citizen involvement in the city labs and site visits of SIE

Fig. 1 Perceived contribution of social innovation in energy initiatives for different social objectives. SIE social innovation in energy, EU European Union.
Score= 4-point Likert-scale rating from 0 (=No effect) to 3 (=Significant effect). See Annex 1.3 for more details.

Fig. 2 Mean contribution score per social objective for social innovation
in energy initiatives engaged competition, conflict, cooperation, or
exchange. SIE social innovation in energy, EU European Union. Mean
contribution= 4-point Likert-scale rating from 0 (=No effect) to 3
(=Significant effect). See Annex 1.3 for more details.
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initiatives, as well as in-person interviews and policy workshops,
among others, were constrained by mobility and data gathering
restrictions. While the effects of the pandemic were not system-
atically researched, this circumstance offered an opportunity to
observe the resilience and flexibility of people involved in SIE
adapting to difficult situations and remote collaborations to fur-
ther pursue their goals.
Although our findings are based on an extensive collection of

original data within the SONNET project, there are still a number
of compelling research topics posed by the collective authoring
team in Text Box 1 that we are unable to answer but believe are
worth exploring. Examining the aims and objectives of social
innovation initiatives is particularly daunting given initiatives
have such subjective and heterogeneous aims, and that the
diversity of actions makes comparison difficult. For some forms
of social innovation, such as “thinking,” impacts are not even
physically observable, but rather mental, which is challenging to
measure, but they will nonetheless be important for successful
energy transitions, particularly in the early stages to lay the
ground for initiating SIE initiatives also involving “doing” and
“organizing” energy differently. Many social innovation initiatives
also lack the resources or data to evaluate their contributions.
That said, apart from enabling policy mixes, SIE may also benefit
from collecting better data and improved impact evaluations of
SIE which in turn may enable changes that lead to more members
and attract more interest, more effective financial models,
stronger impact within communities, and ultimately greater social
benefits. Other recommendations center on power relations,
energy efficiency, policy learning, or even supporting SIE for
more than instrumental reasons12.
Our research shows that SIE is invariably and intricately

diverse in terms of how they contribute to changing social
practices and social relations. Our typology is however less
informative when it comes to understanding how these

innovations can contribute to accelerating the energy transition.
Additional research could for instance highlight which of the
three pillars of the energy transition (energy sufficiency, energy
efficiency, and renewable energy production)44 is addressed by
these innovations. Moreover, previous research showed that
community energy, which is one form of SIE, faces difficulties
scaling45,46. Additional research could provide a more systematic
analysis of the potential scalability of other forms of SIE.

Conclusions
Social innovation in energy an accelerate and deepen future
decarbonization pathways and net-zero energy transitions in
ways as compelling as they are varied. The SONNET project
captured a variety of social innovation practices and initiatives in
energy and documented the interconnectedness of innovation
processes displayed on multiple governance levels, in diverse
geographical locations, and within various social relations (e.g.,
cooperation, exchange, competition, and conflict).

Nevertheless, social innovations in energy are heavily influ-
enced by the national and regional context in which they emerge.
The political, economic, and cultural conditions of a country
impact the success or failure of these innovations. For example,
countries that have a strong political commitment to renewable
energy are more likely to adopt and support social innovations in
this area. Similarly, countries with a strong culture of envir-
onmentalism may be more receptive to social innovations that
promote sustainable energy practices. In addition, economic
factors such as the availability of funding, access to technology,
and market demand also play a critical role in shaping the
development and diffusion of social innovations in energy. Tell-
ingly and challengingly, the national context conditions of social
innovations in energy are complex and multifaceted and require a
comprehensive understanding of the local context in order to
effectively foster and support these innovations.

Box 1 | Future research directions for social innovation in energy or policy needs posed by the SONNET research team

1. Collecting better data and impact evaluation. It is difficult to find common indicators for such a diversity of social innovation practices and initiatives.
Therefore, new methods and indicators may be warranted to help evaluate performance and the importance of different types of SIE in different
transition stages. SIE initiatives are seen to provide lower energy bills and may reduce the lead for renewable investments, therefore indicators need to
be developed allowing to estimate such contributions.
2. Changing innovation roles for accelerating transitions. Among the diversity of social innovations in energy, it is important to identify those that can
contribute most in the phase of accelerating transition and help to overcome current barriers, such as integration of innovation with the whole system
or changes in norms, values, and lifestyles. Thus, classifying SIE diversity by its role in the transition stages and assessing its scalability would be
worthwhile.
3. Enhancing the inclusiveness of social innovation. Large groups in society are interested in participating in social innovations in energy, but few have
done so. This leads to the question of what types of barriers to participation exist and how they can be removed, including for marginalized groups, so
as to better harness such largely untapped potential.
4. Finding a common language. Initiatives (and researchers) engaging in social innovation can miss out on learning or collaboration opportunities when
shared goals/visions/approaches are not apparent due to disciplinary and sectoral thinking. More engagement in shaping shared language could help
bridge this communication gap.
5. Exploring future power relations. Considering rapidly changing energy contexts, we recommend further Power Labs which can explore future
changes to power relations including more incumbent actors, and understanding how to develop policy to support SIE while accounting for changing
power relations.
6. Investigating energy sufficiency and energy efficiency. While current research recognizes the diversity of SIE, most in-depth research focuses on
initiatives that contribute to changing the energy mix. Additional research is needed that addresses how SIE can contribute to decreasing energy use
(energy sufficiency) and fasten the implementation of energy efficiency measures.
7. Exploring the role of social innovations in different phases of the energy transition. While in the first phase, social innovation which realizes and
promotes renewable energy projects is key, in later phases new ways of organizing and promoting institutional changes well as initiatives that influence
behavioral changes might gain importance. How and why such initiatives emerge and interact in different phases has been underexplored.
8. Promoting diversity and policy alignment. Social innovation in energy would benefit from considering it in long-term policy strategies that govern
sustainable energy transitions. These should concretely spell out its foreseen role in these transitions and take into account the diversity of SIE and their
policy needs, which may also help to clarify the expectation of these innovations’ impacts and potential.
9. Tracing the relationality of innovation dynamics. Future research should empirically analyze how the different types of SIE may influence each
other. SONNET was very focused on studying the types/fields within a specific geographic boundary, but how exactly they collaborate and empower
each other (or not) remains a promising area of inquiry.
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Social innovation enforces more effective governance dynamics
and can shift, subvert and even transform power relations. Their
potential to do so resides in high degrees of social acceptability
exhibited via consumer willingness to invest or engage in such
initiatives. Our findings reveal that up to 90% of citizens surveyed
would consider investing in renewable energy, and up to 80%
would join an energy cooperative—if the conditions are right.
These forms of social innovation thus have immense potential,
but only if policy mixes contribute to creating supportive con-
ditions for nurturing and sustaining such efforts.
Social innovation in energy can further realize its potential to

accelerate sustainable energy transitions by configuring diverse
social relations and forms of action, while also shaping govern-
ance and policy context. These could in turn pivot institutions
towards transformative power relations and greater degrees of
social acceptance. Ultimately, this may culminate in collective
energy action that furthers progress toward net-zero climate
policy alongside more just and equitable forms of community
involvement.

Methods
For our research design, we draw from original data collected over three years
within the Social Innovation in Energy Transitions (SONNET) project, funded by
the European Commission’s Horizon 2020 program. SONNET aimed at under-
standing the diversity, processes, and contributions of social innovation in energy.
It did so by investigating how, to what extent, and under which enabling conditions
diverse types of social innovation may result in new breakthroughs or successfully
contribute to overcoming transition barriers, such as limited citizen engagement or
slow adoption of new technologies.

Overall, we gathered our research data from eight European countries, namely
Germany, the United Kingdom, France, Poland, Switzerland, Netherlands, Lux-
embourg, and Belgium. These countries were selected for covering varying contexts
for SIE. The relevant dimensions of diversity are grounded in (1) findings on
important contextual factors that influence SIE including carbon intensity, the
degree of liberalization of the energy market, policy attention towards SIE, history

and culture, and the level of technological innovation stimulating SIE; (2)
researchers experience in working on SIE, and (3) the national implementation of
EU energy goals.

As Fig. 3 highlights, SONNET combined a profuse yet simultaneous array of
different methods to explore these questions. First, the SONNET team, consisting
of researchers and city partners, conducted six transdisciplinary city labs in
Manheim (Germany), Antwerp (Belgium), Bristol (United Kingdom), Grenoble
(France), Warsaw (Poland), and Basel (Switzerland) to experiment with unfolding
social innovation in energy and their dynamics in an urban context. Second,
SONNET researchers examined 18 original SIE case studies in six different fields
and across six countries, by drawing on 171 original research interviews, secondary
analysis of 298 documents, and participant observation at 37 events. Third, the
SONNET team mapped 500 social innovation initiatives to explore and systematize
the diversity of SIE. Fourth, SONNET academics also investigated the aims and
respective contributions of 36 SIE initiatives in Germany, Belgium, Netherlands,
Luxembourg, the United Kingdom, France, Poland, and Switzerland using
expert surveys (N= 96). Fifth, we lastly conducted three demographically repre-
sentative surveys on four types of social innovation in energy across France,
Germany, and Poland, analyzing completed responses from >6000 citizens. Sup-
plementary Information sections S1.1–S1.6 offer more details of these methods,
including selection criteria, as well as limitations of our approach.

As Fig. 3 also indicates, SONNET was based on a multi-method research design
that combined a variety of qualitative and quantitative methodological approaches
which inform and complement each other. In doing so, it drew on the principle
that valid findings can only be brought forward by a combination of different
methodological approaches that systematically cater to the shortcomings of the
respective other methods. Additionally, SONNET combined different levels of
analysis which allows researchers to deal flexibly with the fact that in social
innovation the appropriate levels and units of analysis are not evident from the
outset. The in-depth case studies provided a historical perspective on social
innovation processes, the city labs were aimed at getting a better understanding of
social innovation in the making and the survey examined the future potentials of
SIE. Practical reasons determined where we could not carry out the survey due to
financial reasons.

The author team then undertook a deep, thematic analysis of these combined
data. Thematic analysis is a “type of qualitative analysis” used to “analyze classi-
fications and present themes (patterns) that relate to the data”47. Thematic analysis
thus refers to a form of pattern recognition that involves identifying core themes
via the careful reading, and rereading, of the material48. Similar to other approa-
ches within the social sciences such as ethnography, phenomenology, and content

Fig. 3 An overview of the mixed methods approach utilized in the SONNET project. SIE social innovation in energy. Supplementary Discussion provides
more details on these methods, with S1.1 summarizing the mapping of initiatives, S1.2 the city labs, S1.3 the case studies, S1.4 the evaluation and survey of
initiatives, S1.5 the citizen surveys, and S1.6 the policy network analysis.
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analysis, thematic analysis extracts meaning from data and encompasses the pin-
pointing, sharpening, recording, and/or evaluation of recurring themes. In our
study, we followed the guidelines from ref. 49,50.

Data availability
Data sharing is not applicable to this article as the data used are confidential.

Received: 27 April 2023; Accepted: 2 August 2023;

References
1. Newell, P. J., Geels, F. & Sovacool, B. K. Navigating tensions between rapid

and just low-carbon transitions. Environ. Res. Lett. 17, 1–6 (2022). 041006.
2. IPCC. Climate Change 2022: Mitigation of Climate Change. Contribution of

Working Group III to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change [P. R. Shukla, J. Skea, R. Slade, A. Al Khourdajie, R.
van Diemen, D. McCollum, M. Pathak, S. Some, P. Vyas, R. Fradera, M.
Belkacemi, A. Hasija, G. Lisboa, S. Luz, J. Malley, (eds.)]. Cambridge
University Press, Cambridge, UK and New York, NY, USA. https://doi.org/10.
1017/9781009157926 (2022).

3. Iskandarova, M. et al. Who finances renewable energy in Europe? Examining
temporality, authority and contestation in solar and wind subsidies in Poland, the
Netherlands and the United Kingdom. Energy Strategy Rev. 38, 100730 (2021).

4. Perlaviciute, G., Steg, L. & Sovacool, B. K. A perspective on the human
dimensions of a transition to net-zero energy systems. Energy Clim. Change 2,
100042 (2021).

5. Seyfang, G. & Haxeltine, A. Growing grassroots innovations: exploring the
role of community-based initiatives in governing sustainable energy
transitions. Environ. Plan. C: Politics Space 30, 381–400 (2012).

6. Kooij, H.-J. et al. Frede Hvelplund, Between grassroots and treetops:
Community power and institutional dependence in the renewable energy
sector in Denmark, Sweden and the Netherlands. Energy Res. Soc. Sci. 37,
52–64 (2018).

7. Wittmayer, J. M., Hielscher, S., Fraaije, M., Avelino, F. & Rogge, K. A typology
for unpacking the diversity of social innovation in energy transitions. Energy
Res. Soc. Sci. 88, 102513 (2022).

8. Howaldt, J., Kaletka, C. & Schröder, A. (eds) A research agenda for social
innovation. Cheltenham and Northampton: Edward Elgar Publishing (2021).

9. Ayob, N., Teasdale, S. & Fagan, K. How social innovation “came to be”: tracing
the evolution of a contested concept. J. Soc. Policy 45, 635–653 (2016).

10. Hoppe, T. & de Vries, G. Social innovation and the energy transition.
Sustainability, 11. https://doi.org/10.3390/su11010141 (2018).

11. Matschoss, K. et al. Drawing policy insights from social innovation cases in the
energy field. Energy Policy 161, 112728 (2022). Elsevier Ltd(November 2021).

12. Wittmayer, J. M. et al. Beyond instrumentalism: broadening the
understanding of social innovation in socio-technical energy systems. Energy
Res. Soc. Sci. 70, 101689 (2020).

13. Hölsgens, R., Lübke, S. & Hasselkuß, M. Social innovations in the German
energy transition: an attempt to use the heuristics of the multi-level
perspective of transitions to analyze the diffusion process of social
innovations. Energy Sustain. Society. 8, 8 (2018).

14. Hewitt, R. J. et al. Social innovation in community energy in Europe: a review
of the evidence. Front. Energy Res. https://doi.org/10.3389/fenrg.2019.00031
(2019).

15. European, Union. Social innovation—a decade of changes; a European Bureau
of European Policy Advisors Report (BEPA). Publications Office of the
European Union: Luxembourg (2014).

16. Sciullo, A. et al. Exploring institutional and socio-economic settings for the
development of energy communities in Europe. Energies 15, 1597 (2022).

17. Villagarcia, F. et al. SMARTEES Integrated Research White Paper. Report
No.2.3, EU, Brussels. (2021).

18. Ravazzoli, E. et al. Can social innovation make a change in european and
mediterranean marginalized areas? Social innovation impact assessment in
agriculture, fisheries, forestry, and rural development. Sustainability 13, 1823
(2021).

19. Lupi, V. et al. A characterization of european collective action initiatives and
their role as enablers of citizens’ participation in the energy transition.
Energies 14, 8452 (2021). 2021.

20. Koukoufikis, G. Social innovation and the energy transition - towards a
working definition, European Commission, JRC122277. (2021).

21. Mikkonen, I. et al. Social innovations for the energy transition. Publications Office
of the European Union, Luxembourg. https://doi.org/10.2760/555111 (2020).

22. Rogge, K. S. et al. Fit for social innovation? Policy reflections for EU energy
and climate policy making. Oxford Open Energy 2, oiac010 (2023).

23. Galego, D., Moulaert, F., Brans, M. & Santinha, G. Social innovation &
governance: a scoping review. Innovation: Eur. J. Soc. Sci. Res. 35, 265–290
(2021).

24. Haskell, L., Bonnedahl, K. J. & Stål, H. I. Social innovation related to ecological
crises: a systematic literature review and a research agenda for strong
sustainability. J. Clean. Prod. 325, 129316 (2021).

25. A. Dembek, A. Stasik, M. Strumińska-Kutra, A. Dańkowska. D4.8: City lab
guide: ‘co-creating SIE city labs: harnessing the potentials of SIE for cities.
https://sonnet-energy.eu/wp-content/uploads/2022/02/Deliverable_
SONNET_CityLabGuide.pdf (2022).

26. S. Hielscher, et al. D3.3|D11: synthesis report on the comparative analysis of
SIE-fields and their SIE-initiatives in six countries: encouraging the diversity,
processes and contributions of SIE. SONNET. https://sonnet-energy.eu/wp-
content/uploads/2022/01/SONNET_D3_3-CASE_COMPARISON_
SUBMITTED_v1_0_20211130.pdf (2021).

27. Pel, B. et al. Towards a theory of transformative social innovation: a relational
framework and 12 propositions. Res. Policy 49, 104080 (2020).

28. Hielscher, S., Wittmayer, J.M. & Dańkowska, A. ‘Social movements in energy
transitions: the politics of fossil fuel energy pathways in the United Kingdom,
the Netherlands and Poland’. The Extractive Industries and Society, 101073.
https://doi.org/10.1016/j.exis.2022.101073 (2022).

29. Hess, D. J. Social movements and energy democracy: types and processes of
mobilization. Front. Energy Res. 6, 1–4 (2018).

30. Wittmayer, J. M., Avelino, F., Pel, B. & Campos, I. Contributing to sustainable
and just energy systems? The mainstreaming of renewable energy prosumerism
within and across institutional logics. Energy Policy 149, 112053 (2021).

31. H. Brugger, I. Brunzema, M. Stadler. Co-creating a rich understanding of the
diversity, processes, contributions, success and future potentials of social
innovation in the energy sector D2.2 (D6): towards a toolkit for harnessing
policy networks for encouraging SIE in Europe. https://cordis.europa.eu/
project/id/837498 (2022).

32. Sovacool, B. K., Turnheim, B., Martiskainen, M., Brown, D. & Kivimaa, P.
Guides or gatekeepers? Incumbent-oriented transition intermediaries in a low-
carbon era. Energy Res. Soc. Sci. 66, 101490 (2020). ISSN 2214-6296.

33. Rabiej-Sienicka, K., Tadeusz, J. R. & Aleksandra, W. Let it flow, our energy or
bright future: sociotechnical imaginaries of energy transition in Poland.
Energy Res. Soc. Sci. 89, 102568 (2022).

34. Sovacool, B. K., Hess, D. J. & Cantoni, R. Energy transitions from the cradle to
the grave: a meta-theoretical framework integrating responsible innovation,
social practices, and energy justice. Energy Res. Soc. Sci. 75, 102027 (2021).

35. Lambert-Habib, M.-L. Le Plan Climat Énergie Territorial, nouvel outil des
politiques urbaines. Droit Et Ville 71, 5–41 (2010).

36. Schmid, B., Meister, T., Klagge, B. & Seidl, I. Energy cooperatives and
municipalities in local energy governance arrangements in Switzerland and
Germany. J. Environ. Dev. 29, 123–146 (2020).

37. Vernay, A.-L., Cartel, M. & Pinkse, J. Mainstreaming business models for
sustainability in mature industries: leveraging alternative institutional logics
for optimal distinctiveness. Organ. Environ. 35, 414–445 (2022).

38. Paul, F. C. Deep entanglements: history, space and (energy) struggle in the
German Energiewende. Geoforum 91, 1–9 (2018).

39. de Geus, T. et al. Making sense of power through transdisciplinary
sustainability research: insights from a transformative power lab. Sustain. Sci.
18, 1–17 (2023).

40. Iskandarova, M., Vernay, A.-L., Musiolik, J., Müller, L. & Sovacool, B. K.
Tangled transitions: Exploring the emergence of local electricity exchange in
France Switzerland and Great Britain. Technological Forecasting and Social
Change 180, 121677 (2022).

41. Marie-Charlotte G., Joachim S. D5.4 (D23): assessment of future potentials of
SIE in European countries based on citizen surveys: business models and
competitiveness, future policy interventions. SONNET. (Fraunhofer-
Gesellschaft, 2022).

42. Vernay, A.-L., Sebi, C. & Arroyo, F. Energy community business models and
their impact on the energy transition: lessons learnt from France. Energy
Policy 175, 113473 (2023). 2023.

43. R. Betz & C. Winzer. Social innovation in energy transition: evaluation
challenges and innovative solutions. ECEEE conference paper, Summer Study,
Hyères, France (2022).

44. Zhang, S. & Chen, W. Assessing the energy transition in China towards carbon
neutrality with a probabilistic framework. Nat. Commun. 13, 87 (2022).

45. Mirzania, P. et al. The impact of policy changes: the opportunities of
community renewable energy projects in the UK and the barriers they face.
Energy Policy 129, 1282–1296 (2019).

46. Vernay, A.-L. & Sebi, C. Energy communities and their ecosystems: a
comparison of France and the Netherlands. Technol. Forecast. Soc. Change
158, 120123 (2020).

ARTICLE COMMUNICATIONS EARTH & ENVIRONMENT | https://doi.org/10.1038/s43247-023-00952-w

10 COMMUNICATIONS EARTH & ENVIRONMENT | (2023)4:289 | https://doi.org/10.1038/s43247-023-00952-w |www.nature.com/commsenv

https://doi.org/10.1017/9781009157926
https://doi.org/10.1017/9781009157926
https://doi.org/10.3390/su11010141
https://doi.org/10.3389/fenrg.2019.00031
https://doi.org/10.2760/555111
https://sonnet-energy.eu/wp-content/uploads/2022/02/Deliverable_SONNET_CityLabGuide.pdf
https://sonnet-energy.eu/wp-content/uploads/2022/02/Deliverable_SONNET_CityLabGuide.pdf
https://sonnet-energy.eu/wp-content/uploads/2022/01/SONNET_D3_3-CASE_COMPARISON_SUBMITTED_v1_0_20211130.pdf
https://sonnet-energy.eu/wp-content/uploads/2022/01/SONNET_D3_3-CASE_COMPARISON_SUBMITTED_v1_0_20211130.pdf
https://sonnet-energy.eu/wp-content/uploads/2022/01/SONNET_D3_3-CASE_COMPARISON_SUBMITTED_v1_0_20211130.pdf
https://doi.org/10.1016/j.exis.2022.101073
https://cordis.europa.eu/project/id/837498
https://cordis.europa.eu/project/id/837498
www.nature.com/commsenv


47. Alhojailan, M. I. Thematic analysis: a critical review of its process and
evaluation. West East J. Soc. Sci. 1, 39–47 (2012).

48. Fereday, J. & Muir-Cochrane, E. Demonstrating rigor using thematic analysis:
a hybrid approach of inductive and deductive coding and theme development.
Int. J. Qual. Methods 5, 80–92 (2006).

49. Javadi, M. & Zarea, K. Understanding thematic analysis and its pitfall. J.
Comput. Chem. 1, 33–39 (2016).

50. Sovacool, B. K., Iskandarova, M. & Hall, J. F. Industrializing theories:
conceptual frameworks and typologies for industrial sociotechnical change in
a low-carbon future. Energy Res. Soc. Sci. 97, 1–36 (2023).

Acknowledgements
The research leading to these results has received funding from the European Union’s
Horizon 2020 research and innovation program under grant agreement no. 837498,
SONNET (Social Innovation in Energy Transitions).

Author contributions
B.K.S. led the paper and the synthetic analysis, writing, rewriting, and revising. K.R.
served as P.I. for the project. All other authors H.B., I.B., A.D., D.W., A.L.V., R.B., F.A.,
T.d.G., A.D., E.D., S.H., M.I., L.M., J.M., A.R., J.S., A.S., M.S.K., C.W., and J.W. con-
tributed equally to the analysis, writing, and revising. All authors have made substantial
contributions to the conception or design of the work; or the acquisition, analysis, or
interpretation of data; or the creation of new software used in the work; or have drafted
the work or substantively revised it. All have approved the submitted version. All have
agreed both to be personally accountable for the author’s own contributions and to
ensure that questions related to the accuracy or integrity of any part of the work, even
ones in which the author was not personally involved, are appropriately investigated,
resolved, and the resolution documented in the literature.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s43247-023-00952-w.

Correspondence and requests for materials should be addressed to Benjamin K.
Sovacool.

Peer review information Communications Earth & Environment thanks H. J. van der
Windt and the other, anonymous, reviewer(s) for their contribution to the peer review of
this work. Primary Handling Editor: Heike Langenberg. A peer review file is available.

Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2023

COMMUNICATIONS EARTH & ENVIRONMENT | https://doi.org/10.1038/s43247-023-00952-w ARTICLE

COMMUNICATIONS EARTH & ENVIRONMENT | (2023)4:289 | https://doi.org/10.1038/s43247-023-00952-w |www.nature.com/commsenv 11

https://doi.org/10.1038/s43247-023-00952-w
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.nature.com/commsenv
www.nature.com/commsenv

	Social innovation supports inclusive and accelerated energy transitions with appropriate governance
	Results
	Diversity of social innovation in energy is best understood as social practices and relations
	Governance, policy networks, and national context shape social innovation
	Multidimensional power dynamics permeate innovation patterns
	Social innovation has strong social acceptance and political legitimacy

	Discussion
	Conclusions
	Methods
	Data availability
	References
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




