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ABSTRACT
Objective: The article aims to expand the concept of regional industrial transformation to sustainable indus-
trial transformation (SIT) and explain the role of ecosystemic governance in SIT on conceptual and empirical
grounds based on Polish local energy clusters.
Research Design & Methods: We surveyed energy cluster initiatives in Poland, which we supplemented with
a secondary data analysis and semi-structured interviews with the clusters’ administration. The survey raised
a final sample of 43 observations of active energy cluster initiatives in Poland. The analytical technique was
gualitative comparative analysis, an approach between qualitative and quantitative data treatment.
Findings: We identified governance characteristics associated with the different levels of sustainable energy
industrial transformation (SEIT). We revealed two governance patterns conducive to high-transformative en-
ergy clusters and two patterns of low-transformative cluster initiatives.
Implications & Recommendations: We provide empirical evidence of SEIT on an under-researched local level
and identify the ecosystemic governance types favourable for and impeding this industrial transformation,
with conclusions and recommendations relevant to economic policy and future research.
Contribution & Value Added: This research contributes by expanding the conceptual framework of regional
industrial transformation to SIT based on socioeconomic governance, with the adoption of co-evolutionary
and entrepreneurial ecosystem approaches. Moreover, it corroborates and advances the concept of SIT on
the empirical ground of Polish local energy clusters.
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INTRODUCTION

Environmental and climate challenges demand industrial transformation, that is, the change in industrial
structure and related public policies in the multiscalar context of international, national, regional, and
local environments (Ashford et al., 2007; Chembessi et al., 2024; Coenen & Truffer, 2012; Schwabe,
2024). We addressed three research and policy gaps in studies of these transformative processes. Firstly,
among the referred multiscalar territorial levels of research and policy, the local context remains under-
explored due to the predominant search for the sustainability-oriented consensus among the EU, re-
gional, and national authorities and societies (Chembessi et al., 2024; Schwabe, 2024; Szewranski et al.,
2019). However, these efforts should be complemented by a build-up of the local sustainability-oriented
microstructures of clusters or renewable energy communities (Deutz et al., 2024; Loorbach & Rotmans,
2006; Lowitzsch et al., 2020). At the local level, through direct stakeholder interaction, such as business,
local governments, and academia, these social and economic clusters or communities can be advanced
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to entrepreneurial ecosystems for industrial transformation toward renewable energy sources (Jasinski
et al., 2021; Micek et al., 2021; Mucha-Kus et al., 2021; Surwillo, 2022). Secondly, industrial transfor-
mation to renewable energy should inevitably reconcile economic and social responsibility goals for the
safety of communities and environmental well-being (Andersen et al., 2020; Ashford et al., 2007; Coenen
& Truffer, 2012; Loorbach & Rotmans, 2006). This calls for an advancement of the conceptual lens to-
wards sustainable industrial transformation (SIT) that would integrate economic efficiency with social
and environmental responsibility. The achievement of sustainable energy industrial transformation
(SEIT) requires adequate socio-economic governance, as sets of institutions (rules, norms, behaviour pat-
terns) that affect the efficiency of a particular system, such as the ecosystem of an energy cluster (Co-
lombelli et al., 2019; Colombo et al., 2019; Lowitzsch et al., 2020). Although existing research points to
technical and legal governance for the energy transition, socioeconomic governance in this area remains
under-researched (Dragan, 2020; Mucha-Kus et al., 2021; Surwillo, 2022; Wiseman, 2023). Thirdly, in-
dustrial transformation represents a coevolutionary and context-dependent process that calls for empir-
ical evidence on its pathways and development stages in different territories (Gong & Hassink, 2019,
2020; Smith et al., 2004). This evidence is still scarce, but we should consider it conducive to further
comparative generalisations and place-based policies.

Against these three research gaps, we aimed to expand the concept of regional industrial transfor-
mation to sustainable industrial transformation and explain the role of ecosystemic governance in SIT
on conceptual and empirical grounds based on Polish local energy clusters. Our theoretical framework
drew on the coevolutionary approach to regional industrial transformation (Gancarczyk et al., 2024;
Gancarczyk et al., 2023; Hassink et al., 2019; QOinas et al., 2018) and the concept of entrepreneurial
ecosystem governance (Colombo et al., 2019; Gancarczyk & Konopa, 2021a; Spigel, 2017, 2022).

We surveyed energy cluster initiatives in Poland, which we supplemented with a secondary data
analysis and semi-structured interviews with the administration of the energy clusters. The final
sample of clusters included 43 observations, representing 60% of active energy cluster initiatives in
Poland. The analytical technique we employed was qualitative comparative analysis (QCA). It ad-
dresses the specificity of a small number of observations and an extensive set of variables that
describe the governance of the entrepreneurial ecosystem. It enabled a configurational approach
and the identification of governance characteristics associated with the different levels of SIT ad-
vancement. In particular, we identified two governance patterns conducive to high-transformative
energy clusters and two patterns of low-transformative cluster initiatives.

Our article provides contributions relevant to research and policy. The first contribution consists of
expanding the conceptual framework of regional industrial transformation to SIT based on socioeco-
nomic governance, with the adoption of co-evolutionary and entrepreneurial ecosystem approaches
(Asheim, 2019; Colombo et al., 2019; Hassink et al., 2019; Oinas et al., 2018). Secondly, the article cor-
roborates and advances the concept of SIT on the empirical ground of Polish local energy clusters (Chem-
bessi et al., 2024; Schwabe, 2024). Thirdly, we provide empirical evidence of SEIT on an under-researched
local level and identify the ecosystemic governance types conducive for and impeding this industrial
transformation, with conclusions and recommendations relevant to economic policy (Chembessi et al.,
2024; Coenen & Truffer, 2012; Loorbach & Rotmans, 2006; Schwabe, 2024; Smith et al., 2004).

In the following sections, we will provide the conceptual background of energy clusters in Po-
land and the governance of energy entrepreneurial ecosystems, as well as a research framework to
guide empirical analysis. Then, we will report the methodological approach and the findings. We
will follow it with a discussion of the results and contributions.

LITERATURE REVIEW AND RESEARCH QUESTIONS DEVELOPMENT

Energy Clusters in Poland: Overview of Policies and Development

European Commission (2021) considers energy clusters crucial for energy security and effective energy
transition of EU member states toward a zero-emission economy. The Polish Strategy for Responsible
Development (Ministry of Development, 2017) also acknowledges this goal. As a measure to implement
the transition to a low-carbon economy, the Just Transition Fund was established under the EU cohesion
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policy for 2021-2027 (European Commission, 2020). Furthermore, the resolution of the General Assem-
bly of the United Nations (UN) on 25 September 2015 (UN, 2015) emphasises that clusters are tools for
sustainable development policies, such as reducing energy poverty, improving access to clean energy and
education, and increasing innovation based on collaboration with research entities (UN, 2016).

Polish legislation defined energy clusters in 2016 with the amendments of the Act of 20 February
2015 on Renewable Energy Sources, which determined the substantive, legal, and spatial scope of these
initiatives. After the latest amendment to this law, active from 1 January 2024, an energy cluster is de-
fined as a cooperation agreement in the area of a generation, storage, demand balancing, distribution,
or sale of electricity or fuels or heat to provide economic, social, or environmental benefits to the parties
or to increase the flexibility of the electricity system, whereby the parties in this agreement include at
least one territorial government unit or a capital company established by territorial government or a
capital company which owns more than 50% of the share capital or stocks or shares of a capital company
established by a territorial government. Energy cluster initiatives are often based on public-private part-
nerships and primarily target individual consumer needs (Mataczyriska & Kucharska, 2020).

Public entities supporting the development of clusters in Poland include the ministries of energy,
economy, development, science, and higher education, the Polish Agency for Enterprise Development,
and the Industrial Development Agency (Kraska, 2018). Moreover, the Ministry of Energy and the En-
ergy Regulatory Office govern the establishment, operation and licensing of cluster initiatives (KAPE,
2017; Tauron Polska Energia, 2024). Regarding cluster financing, European Union funds dominate, sup-
plemented by national funding, as reflected in national and regional operational programs (Kraska,
2018). Energy clusters can also apply for financing from the Just Transition Fund under the Cohesion
Policy 2021-2027. Other sources include the income of the clusters from operations, membership fees,
and own funds (KAPE, 2017). Moreover, energy cluster initiatives can benefit from financial relief upon
their registration by the Energy Regulatory Office (Energy Regulatory Office, 2024).

The place-based approach to industrial transformation, including the turn of renewable energy,
demands policy and research approaches in various transition contexts, such as Central and Eastern
European economies (Coenen & Truffer, 2012; Li et al., 2020; Liu, 2020; Luken & Castellanos-
Silveria, 2011; Smith et al., 2004). Many of these economies, including Poland, feature energy-in-
tensive industries that have a harmful effect on the environment (Campos-Romero et al., 2024).
Their policies oriented toward local energy clusters are at the initial stages in terms of ecosystemic
governance structures and industrial technological transitions (Dragan, 2020; Elzen & Wieczorek,
2005; Grigore & Dragan, 2020; Mirowski & Kubica, 2016).

Poland has an energy-intensive industry that uses predominantly traditional sources of electricity
and heating systems (Dragan, 2020; Manowska et al., 2017; Mirowski & Kubica, 2016; Mucha-Kus et
al., 2021; Sottysik & Kozakiewicz, 2018). This increases the perception of high transition costs and re-
quires not only legal and technical but also socioeconomic governance, which is the focus of this study
(Mucha-Kus et al., 2021; Sottysik & Kozakiewicz, 2018; Szewranski et al., 2019; Uddin & Taplin, 2015).
Consequently, energy cluster initiatives and communities are in the nascent stage, with a predomi-
nance of community agreements and contracts rather than actively operating ecosystems (Jasinski et
al., 2021; Surwillo, 2022). Existing research emphasises weak organizational forms of energy clusters
and the impediments to their growth, including limitations of the energy infrastructure, unproven busi-
ness models, instability of the legal system, and limited public trust (Dragan, 2020; Micek et al., 2021,
Surwillo, 2022; Wawrzyniak et al., 2021). The strategic document of Polish energy policy until 2040
reported 66 entities in the first half of 2020, compared to the declared 300 units by 2030 (Ministry of
Climate and Environment, 2021). Therefore, we can treat the Polish energy ecosystems as early-stage
phenomena and use the lens of evolutionary entrepreneurial ecosystem governance to theorise about
their characteristics conducive to energy-focused SIT.

Sustainable Industrial Transformation and Energy Cluster Ecosystems at the Local Level

The territorial industrial transformation is a change in the territorial industrial structure (Hassink, 2010;
Hassink et al., 2019; Isaksen et al., 2019; Martin & Sunley, 2015). This change can be oriented towards
industrial path renewal or new path creation or exposed to lock-in when obsolete and environment-
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harming standards and products predominate (Asheim, 2019; Grillitsch, 2015; Hassink et al., 2019).
Considering the sustainability imperative, we conceptually expand the idea of industrial transfor-
mation into sustainable industrial transformation (SIT) as a change in the territory’s industrial structure
that not only meets the economic goals but reconciles economic efficiency with environmental and
social goals (Ashford et al., 2007; Loorbach & Rotmans, 2006; Smith et al., 2004).

In turn, we may treat the sustainable energy industrial transformation as a case of sustainable indus-
trial transformation for balanced and renewable energy sources. Consequently, we may approach SEIT
as an industrial change featuring a relatively high share of renewable energy sources compared to tradi-
tional sources, whereby relative share refers to the entities considered as reference points, such as local
energy cluster initiatives or communities. Moreover, SEIT naturally meets the sustainability challenges
by linking economic savings of small prosumers (households, companies, local governments), environ-
mental protection through renewable energy sources, and social benefits of energy security (balanced
and distributed energy sources), as well as health protection and life quality.

Due to their nature as specialised industrial agglomerations of interrelated enterprises and busi-
ness environment organizations, clusters are considered to be the focal settings for territorial indus-
trial transformation (Bohatkiewicz-Czaicka & Gancarczyk, 2024, 2025; Gotz, 2021; Howell, 2020; Karl-
sen et al., 2023; Porter, 2011; Porter, 2001). The actors’ proximity centred on regional specialization
enables interactions and relational contracts to improve radical innovation (Apa et al., 2021; Howell,
2020). However, technical and organizational knowledge exchanges are a crucial but not sufficient
condition for industrial transformation since transformative changes require social consensus and col-
laboration (Broadstock et al., 2020; Karlsen et al., 2023; Timeus & Gasco, 2018). Clusters are also rele-
vant phenomena and concepts in this regard, since they represent governance structures that raise
collaborations and gather the key actors around mutual interests and objectives (Gotz, 2021; Howell,
2020; Karlsen et al., 2023). Our study focuses on industrial clusters as a policy concept rather than an
original theoretical approach and phenomenon of spatial and industrial concentrations (Bohatkiewicz-
Czaicka & Gancarczyk, 2024; 2025). As a policy approach, clusters directly correspond with the con-
temporary idea of entrepreneurial ecosystems, treated as a reconceptualization of industrial agglom-
erations for policy purposes. This reconceptualization retains the focus on spatial governance formed
by key participants of enterprises, local government, and academia within a particular industrial do-
main, such as energy production and distribution. However, this understanding is released from the
necessity of spatial industrial concentration. Clusters and their contemporary policy-driven reconcep-
tualization to entrepreneurial ecosystems are conducive to animating the socioeconomic structures to
implement complex projects (Brown & Mason, 2017; Lowitzsch et al., 2020; Stam, 2015; Stam & Van
de Ven, 2021). Moreover, they ensure a unique grounding to catalyse ideas and reconcile the interests
of various stakeholders (Colombo et al., 2019; Gancarczyk & Konopa, 2021b). Furthermore, the cluster
and ecosystem approach to industrial transformation in energy supply is relevant due to the place-
based and evolutionary nature of SEIT (Gancarczyk et al., 2023).

Furthermore, SEIT is necessarily local and requires renewable energy communities and a niche-
building approach (Bui, 2021; Cantner et al., 2021; Lowitzsch et al., 2020; O’Shea et al., 2021;
Schwabe, 2024). This transformation is also local in technical terms due to the capacity of small-
scale producers, prosumers, and cooperatives that form this system (Coenen & Truffer, 2012; Elzen
& Wieczorek, 2005; Pefiate-Valentin et al., 2021). As such, it is strongly embedded in the relation-
ships of cross-sectoral and proximate actors (Andersen et al., 2020; Ashford et al., 2007; Loorbach
& Rotmans, 2006; Smith et al., 2004).

However, international, national and, to a lesser extent, regional authorities have been respon-
sible for leading energy industrial transformation, which resulted in a top-down agency of change
(Ghobakhloo et al., 2021; Li et al., 2020; Luken & Castellanos Silveria, 2011). There are also bottom-
up initiatives promoted as complementary and parallel to these policy actions (Chembessi et al.,
2024; Deutz et al., 2024). The expected outcomes of these actions are the local microstructures of
the balanced energy supply and the societal consent for the necessary investment to increase
safety, environmental, and economic benefits in the future. The local bottom-up initiatives are nas-
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cent in terms of business and economic policy actions, and they are understudied in terms of re-
search agenda (Andersen et al., 2020; Chembessi et al., 2024; Deutz et al., 2024; Ghobakhloo et al.,
2021; Ghobakhloo et al., 2023). These policy and research gaps justify the focus of this paper on
the local level of energy industrial transformation.

Entrepreneurial Ecosystem Governance Oriented on the Energy SIT: A Research Framework

Sustainable industrial transformation is necessarily embedded in socioeconomic governance, which is
a regulatory, institutional structure, including rules, norms, and behaviour patterns that affect the per-
formance and dynamics of a particular system, such as a cluster or an entrepreneurial ecosystem (Cho
et al., 2021; Colombelli et al., 2019; Colombo et al., 2019). Entrepreneurial ecosystems are a contem-
porary, policy-driven reconceptualization of clusters, representing the sets of outcome-oriented and
interrelated actors and factors from the business, social, and public spheres in a given territory (Brown
& Mason, 2017; Gancarczyk & Konopa, 2021b; Mason & Brown, 2014; Spigel, 2017, 2022; Stam & Van
de Ven, 2021; Wojnicka-Sycz, 2020). Therefore, ecosystemic governance in clusters is a construct ori-
ented on an outcome, such as industrial transformation toward sustainability. Various types of ecosys-
temic governance are assumed to be defined by interactions or mutual influences with relevant stake-
holders, the density of the actors involved, the type of leading tenants, and the explorative or exploi-
tative approach to new business areas or opportunities.

According to the literature on industrial transformation, co-evolutionary processes based on interac-
tions between key stakeholders, including industry, government units, and academia drive the transition
to a new industrial structure (Cantner et al., 2021; Colombo et al., 2019; Ter Wal & Boschma, 2011).
Interactions or mutual influences among key actors, in particular, the intensity of their collaborations,
form an important element of the local governance for socioeconomic transformation (Cai et al., 2024,
Granovetter, 1985; Putnam, 1992). These collaborations are conducive to a social consensus and to in-
novative products that initiate new prospective industries (Gong et al., 2022; Gong & Hassink, 2019). To
improve exploratory processes and avoid rigid or lock-in specializations, the infusion of external re-
sources, including knowledge, is recommended (Gancarczyk & Gancarczyk, 2018; Hassink, 2010).

One of the conditions for social interactions is density, which denotes the number of entities
involved (Amin & Thrift, 1995; Zukauskaite et al., 2017). The density of cluster participants forms a
buzz or creative atmosphere that enhances new ideas, which is particularly important for the early
stages of cluster or ecosystem evolution (Brown & Mason, 2017; Cantner et al., 2021; O’Shea et al.,
2021; Ter Wal & Boschma, 2011).

Dense and interactive ecosystems do not usually emerge spontaneously but rather develop around
central or lead tenants (Acs et al., 2017; Brown & Mason, 2017; Mason & Brown, 2014; Thompson et
al., 2018). Entrepreneurial ecosystems are centred around private actors, whereas in social entrepre-
neurial ecosystems, social or governmental actors play a dominant role (Gancarczyk et al., 2024,
Thompson et al., 2000; Thompson et al., 2018). The leading tenants imply the expected purposes and
outcomes of the ecosystems. Entrepreneurial ecosystems are predominantly oriented toward produc-
tive entrepreneurship that integrates enterprise growth with technological transformation and social
and environmental responsibility (Acs et al., 2017; Spigel, 2022; Stam & Van de Ven, 2021). Social en-
trepreneurial ecosystems primarily seek to achieve social and environmental goals through projects
with relevant stakeholders (Gancarczyk et al., 2024; Gancarczyk & Rodil-Marzabal, 2022; Lai, 2016;
Leyshon, 2020; Thompson et al., 2000; Thompson et al., 2018).

Successful governance of clusters and ecosystems requires the pursuit of both the exploitation of
existing capabilities and the entrepreneurial exploration of opportunities in new economic areas (en-
trepreneurial discovery and expansion). However, the early-stage ecosystem should demonstrate a
predominance of exploration to create a niche toward industrial renewal (Foray et al., 2015; Gancar-
czyk et al., 2023; Grillitsch, 2015). The overreliance on exploitation can lead to rigid specialization and
lock-ins (Hassink, 2010; Martin & Sunley, 2015). Explorative activities include developing innovations,
financing research and development, and partnerships with R&D organizations (Cantner et al., 2021,
Mason & Brown, 2014; Ter Wal & Boschma, 2011). Industrial transformation is enhanced by funding
for innovation processes (De Guevara & Maudos, 2009; Gancarczyk & Rodil-Marzabal, 2022; Mason &
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Brown, 2014). Innovations such as new products, services, and business processes are direct drivers of
industrial transformation, including the turn to renewable energy technologies (Asheim, 2019; Elzen &
Wieczorek, 2005). The participation of companies in the financing of R&D favours applied research and
innovation development (Mason & Brown, 2014). However, the exploration of new economic areas
requires the infusion of technical knowledge from specialised R&D providers, such as technology-
based companies, research institutes, and academia (Apa et al., 2021; Foray et al., 2015).

The above characteristics of ecosystem governance form configurations or patterns associated
with different outcomes in terms of SEIT advancement, as highlighted in the research framework (Fig-
ure 1). We based the framework on the above theory and empirical evidence from cluster literature.
It points to the universal components of cluster governance as antecedents of industrial transitions to
sustainability (Brown & Mason, 2017; Mason & Brown, 2014; Stam & Van de Ven, 2021). It guided our
empirical investigations in energy cluster pathways to SEIT.

Lead tenants .

Density
of actors

Exploration

Sustainable
energy indus-
trial transfor-
mation

Types of
> ecosystem

Figure 1. Research framework
Source: own elaboration.

Our research framework assumed that SEIT in cluster initiatives is determined by the types of eco-
system governance. We classified the governance types according to lead tenants, density of cluster
participants, interactions of a cluster with key stakeholders, and explorative vs. exploitative approach.

Following the research framework, we posed two questions for our empirical investigations:

RQ1l: How does the advance of SEIT differ in various energy cluster ecosystems?

RQ2: What are the types and characteristics of the energy cluster ecosystems that lead to or
impede SEIT?

RESEARCH METHODOLOGY

Material and Method

We focused on one country setting, i.e., Poland, to ensure a coherent regulatory and economic
framework and a challenging country context for the energy SIT. The main research methods in-
cluded a survey among energy cluster initiatives in Poland, supplemented by a secondary data anal-
ysis and semi-structured interviews with the administration of the energy clusters. We approached
two major associations of cluster initiatives, including the Polish Chamber of Energy Clusters (PCEC)
and the Cluster Coordinator (CC). Officially, PCEC associates 93 energy cluster initiatives, while The
Cluster Coordinator registers 63 entities. We administered the first survey wave among the PCEC
members from November to December, 2023. The PCEC’s authorities supported it with a cover letter
to strengthen the importance and practical implications of the research. We also conducted semi-
structured interviews by telephone and online communication with a manager and a staff member
to understand the context, the structure of their association, and the validity and responsiveness of
the registered members. We preceded the questionnaire distribution with a pilot study and a ques-
tionnaire check by PCEC’s management, one staff, and three cluster initiatives. The pilot study re-
sulted in some minor formal changes to improve the transparency and accuracy of the questions.
We used PCEC email contacts to distribute an online survey questionnaire.
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Due to the limited response rate (at the level of 7%), one of the researchers and a PCEC staff
contacted all the listed cluster initiatives by phone for a concise interview. The telephone contacts
sought to explain the purpose of the investigation, motivate the respondents, and learn about their
opinions and attitudes regarding opportunities and barriers in the pursuit of their projects. Another
reason for the phone contacts was to check the proportion of initiatives that are actually operating.
This query revealed that around 50% (47 cluster initiatives) of the registered entities could be con-
sidered inactive (telephone feedback; nonvalid telephone numbers). The final sample achieved 24
responses, representing approximately 52% of 46 cluster initiatives that were found to actively op-
erate, based on phone checks and confirmed experience from PCEC’s staff.

We conducted the second research wave between December 2023 and March 2024 and ad-
dressed the members of the Cluster Coordinator group with the use of an online questionnaire. We
followed a similar procedure, including four telephone orientation interviews with the members of
the CC board. The CC board members who were closely involved with the cluster initiatives checked
the questionnaire’s accuracy and approved this tool without any changes. Next, we administered
the survey by email using an online questionnaire. The response rate was only 5% from the official
CC register. The follow-up telephone contacts revealed nonvalid or inactive initiatives at the 60%
level (38 entities) of the registered population, leaving 25 active entities (40% of the registered
cases). Since CC gathers local governments who should respond to official inquiries through an
online system of public information, we also used this system. These efforts resulted in 19 com-
pleted questionnaires, representing 80% of actively operating cluster initiatives gathered in CC. The
CC’s manager reported a similar experience with respect to the low cluster responsiveness.

Our final sample embraced 43 complete survey questionnaires, which is 60% of the active clus-
ters in PCEC and CC altogether. We also collected interview material of approximately 30 normal-
ised pages of notes from the semi-structured interviews with the PCEC and CC administration. Fur-
thermore, we reviewed secondary sources, such as websites of the energy clusters associated with
the two entities and reports on the development of the energy cluster initiatives in Poland, a ma-
terial comprising around 1200 normalised pages.

Our research was explorative and used a new, ecosystemic and co-evolutionary perspective on the
role of governance in energy-focused SIT (Gong & Hassink, 2019; 2020; Martin & Sunley, 2015; Oinas et
al., 2018). Considering the research framework (Figure 1) with a set of theoretical variables and a small
number of 43 cases, the qualitative comparative analysis is an appropriate technique to explore our two
research questions (Finn, 2022; Ragin, 2009; Ragin, 2019). The QCA method is between qualitative and
guantitative approaches and attempts to attain scientific rigour by processing and structuring a large set
of antecedents that are treated as causal conditions (factors) (Legewie, 2018; 2013). It enables both the
understanding of the complex context with many explanatory factors and a configurational approach, in
which the causal combinations (configurations, patterns, solutions) reveal similar, the same, or divergent
outcomes (Douglas et al., 2020; Finn, 2022). The QCA addresses the specificity of research objects that
are neither stable and developed nor well recognised, representing several alternative solutions rather
than one, average combination of explanatory variables leading to expected outcomes (Nicolas Legewie,
2013; Rizova, 2007; Thomas et al., 2014). The QCA technique shows how equifinal patterns lead to the
same outcome and, hence, it acknowledges the observed heterogeneity. These characteristics resonate
well with the energy cluster population that we study.

However, when applied as the only treatment, QCA can lead to a loss of nuanced but relevant
information. We expanded our QCA results and highlighted them by additional methods, including
secondary data analysis and semi-structured interviews with key informants. These supplementary
sources were important to understand the context of the observations and interpret the causalities in
the governance patterns discerned from the survey material.

Variables and Measurement

The survey questionnaire embraced the characteristics of ecosystemic governance and cluster charac-
teristics as control variables. Table 1 presents a theory-driven set of variables reflecting the advance-
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ment of SEIT and ecosystem governance characteristics, their meaning and conceptual foundations, as
well as the corresponding observed variables and their measurement.

Table 1. Variables describing SEIT advancement and ecosystem governance

Variables Meaning and conceptual
and their g .p Observed variables Types of variable; measurement
symbols foundations of variables

Renewable energy-oriented
Energy |industrial transformation
SIT (SEIT) |(Chembessi et al., 2024;
Schwabe, 2024)

Lead ten- |Private or public leadership

Binary; percentage ranges of re-
newable energy sources in the total
energy production in a cluster; 0%—
20%—0; 21% or more—1

Share of renewable energy
sources in overall energy produc-
tion by a cluster

Cluster led by local government  |Binary; enterprise leaders — 1 or lo-

ants (Broadhurst et al., 2021; .

(LEAD)  [Thompson et al., 2000) or enterprise s cal government leaders — 0)
Density of cluster partici- Number of key actors forming a

Density pants (Brown & Mason, cluster — 3 items: (1) overall num- |Ordinal; Likert 1-5 (low number —

2017; Cantner et al., 2021; |ber of cluster participants, (2) high number of actors) based on
QO’Shea et al., 2021; Ter Wal |number of enterprises, (3) num- |the number of actors reported
& Boschma, 2011) ber of research entities

Intensity of collaborations — 4
items: intensity of collaborations
with (1) local government, (2) en-
terprises, (3) R&D entities (univer-
sities, research institutes, special-
ised R&D enterprises) and (4) in-
ternational sources of technologi-
cal and organizational knowledge
Pursuit of explorative activities — |Binary; item 1: involvement in inno-
3 items: (1) innovation pursuit, as |vation activities — 1, lack of involve-
the participation of a cluster in in- |ment in innovation activities — 0,

(DENS)

A cluster’s collaborations
with key external stakehold-
Interac- |ers (other than participants
tions (IN- |of a cluster agreement)
TER) (Cantner et al., 2021; Co-
lombo et al., 2019; Gong &
Hassink, 2019)

Ordinal; Likert 1-5 (low — high in-
tensity of collaboration with each
stakeholder group)

Exploration of new techno-

. " novation activities, (2) partner-  |item 2: partnership in innovation
logical opportunities vs. ex- L . - . . .
Explora- o . ships in innovation activities with |with any of the R&D entities — 1,
. ploitation of the existing i, . L S .
tion R&D entities (universities, re- lack of partnership in innovation
knowledge base L . . L .
(EXR) - search institutes, academic enter- |with R&D entities — 0, item 3: clus-
(Foray et al., 2015; Grillitsch, | . . L . .
2015) prises, specialised R&D enter- ter enterprises invest in environ-
prises), (3) investment of cluster |mental technologies — 1, cluster en-
enterprises in environmental terprises do not invest in environ-
technologies mental technologies — 0

Source: own study.

The control variables describing the characteristics of the clusters included areas of activity,
geographic scope, number of inhabitants, cluster age, and installed energy power (Table 4). More-
over, we asked respondents to indicate the major resource constraints they face, evaluate legisla-
tures on energy clusters, and provide open-response recommendations to improve the economic
and legal environment for energy clusters.

Table 2 indicates the characteristics of the outcome and the conditions used in QCA. The aggre-
gate latent variables of DENS, EXPR, and INTER demonstrated adequate levels of Cronbach’s alfa, a
feasible reliability test for the small N available. Chi-square and Spearman’s correlations proved
that SEIT and its conditions are not independent, and the positive correlations were either moder-
ately strong (LEAD, DENS, EXPR) or strong (INTER).

The QCA method bases on combinatory logic that requires that all research variables be stand-
ardised into binary values: either 1 as present (confirmed in the research) or 0 as absent (rejected in
the research). Since our variables were theoretically driven constructs, including both binary and
complex latent conditions expressed with the sets of observed variables on binary and ordinal scales,
we used a fuzzy-set analysis (Ragin, 2009; Rihoux & Ragin, 2009). This approach requires qualifying
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a particular nonbinary factor as fully present (completely in), fully absent (completely out) or in-
between (a cross-over point). We assigned adequate thresholds to the latent conditions (Appendix
1). We used a theory-driven and observation-based calibration of crossover points rather than the
guantitative structuration of the sample, such as percentiles. Our approach is justified by the data
that do not comply with any standard distributions and small N with a minor fraction fulfilling the
criteria of presence (membership) for the outcome and conditions. As reflected in the frequencies
(Table 3), we may explain these characteristics by the nascent stage of the energy cluster initiatives,
which forces a reduction of the thresholds of presence, absence, and in-between, and hence recog-
nises even incremental efforts to improve the outcome and conditions. To enhance the comparabil-
ity of our small N data expressed on different scales, we standardised these data.

Table 2. Characteristics of the outcome and its conditions

No. of . Cronbach Chi-square; Spearman
Symbol| Item type | Scale items Mean | Median | SD alfa** rank R***
SEIT Outcome |0;1 binary |1 0.21 0 0.41 N/A N/A
=0.03;
LEAD |Condition |0;1 binary |1 0.56 1 0.50 N/A 8 34**’
. . p=0.02;
DENS |Condition |1-5 Likert |3 1.40* |1* 0.79* 10.83 0.39%*
. . p=0.00;
INTER |Condition |1-5 Likert |4 1.86* |1.66* 0.86* 10.85 0.62%*
EXPR |Condition |0;1 3 0.40* |0.33%* 0.39* |077. 810522

Note: * — descriptive statistics for the mean values of variables, ** — p<0.05; Chi square and Spearman correlations be-
tween SEIT and conditions.
Source: own study.

Moreover, QCA requires that the data be calibrated to assign them with values corresponding
to the states on the scale from 0 to 1 (Ragin, 2019). We adopted a dedicated software for QCA, the
FZQCAA4.1 version, for calibrating, structuring, and processing data. The QCA rules allow that the
data falling exactly at the cross-over point are not discarded but retained in the sample by adding
a value of 0.001. We applied this procedure.

RESULTS AND DISCUSSION

Research Sample Characteristics

Table 3 presents the characteristics of the research sample of energy clusters, including the percentage
of renewable energy sources versus other properties as control variables.

The research sample of 43 energy clusters included 13 entities covering one county, whereby the
county is the largest unit of Poland’s local administration, 14 entities including 4-5 communes, and 16
entities operating in 3-4 communes. Eleven clusters operate on the territories with a population of
more than 100 000; eight organizations cover less than 20 000 inhabitants, and 24 initiatives represent
a population between 20 000 and 100 000. Their activities focus predominantly on electricity produc-
tion, distribution, and trade (37 clusters), energy storage and balancing (14 clusters), and steam heat
production and distribution (7 clusters). Only four cluster initiatives have power installed exceeding 50
MW, while 10 organizations operated between 5 and 50 MW and 29 subjects were below 5 MW. The
history of operations was no longer than eight years; 21 clusters were established between 2016 and
2018, and 22 clusters originated in the years 2021-2023. Renewable energy sources represented 0-
20% in 34 clusters, and only 9 clusters reported renewable energy of 21% or more.
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Table 3. Characteristics of the research sample: Polish energy clusters (N=43)

Characteristic N % Characteristics N %
Size — geographical scope Year of establishment
Medium (1 county) 13 |30.23 |2016-2018 21 |48.84
Small (4-5 communes) 14 ({32.56 (2021-2023 22 |51.16
Very small (1-3 communes) 16 [37.21
Scope — activity areas* Renewable energy sources
Electricity production, distribution, and trade 37 |86.05 |0%-20% 34 (79.07
Energy storage and balancing 14 [{32.56 |[21%-60% 2 |4.65
Steam heat production and distribution 7 116.28 |61%-100% 7 116.28
Others 7 |16.28 |Population covered
Power installed <20 000 8 |18.60
<5 MW** 29 |67.44 |20 000-50 000 12 (27.91
5-50 MW 10 {23.26 |50 000-100 000 12 (27.91
>50 MW 4 19.30 |>100000 11 (28.58

Note. * — frequencies from multiple-response questions; ** — MW (megawatt).
Source: own study.

The Advancement of SEIT in Various Energy Cluster Ecosystems

Following the QCA technique, we sought the configurations of factors that are necessary and/or suffi-
cient for SEIT to occur (Legewie, 2013; Ragin, 2019). The sufficiency of solutions or factors means that
they produce the outcome but are not the only antecedents leading to it (Ragin, 2009). The necessity
of a condition or a factor implies that they are indispensable to generate the outcome. The necessary
condition is the only antecedent of the outcome. The necessary factor is a widely shared antecedent
of the outcome, or it appears in all the solutions relevant to the outcome (Ragin, 2023). In this research,
factors or conditions are central tenants (LEAD), density of actors (DENS), exploration activities (EXPR),
and a cluster’s interactions with key stakeholders (INTER) (Tables 1 and 2).

Before we identified the necessary or sufficient solutions, we determined the necessary conditions.
Table 4 reports this analysis, including both the set-theoretic factors versus the presence of SEIT and
their counterfactuals approached through negation, meaning the absence of factors and SEIT (a lack
of or low levels of the factors and SEIT).

Table 4. Analysis of the necessary conditions for the presence or absence of SEIT

. SEIT (presence) ~SEIT (absence)
Conditions
Consistency Coverage Consistency Coverage
LEAD 0.91 0.39 0.51 0.70
~LEAD 0.57 0.68 0.56 0.95
DENS 0.57 0.68 0.15 -0.56
~DENS 0.63 0.68 0.92 0.87
INTER 0.65 0.54 0.24 0.64
~INTER 0.56 0.19 0.82 0.88
EXPR 0.77 0.39 0.44 0.72
~EXPR 0.44 0.20 0.62 0.90

Note: ~ — negation mark.
Source: own study.

Analysis of necessary conditions (Table 4) reports the consistency and coverage values, whereby con-
sistency reflects the extent to which a factor covers an outcome (similarly to the correlation coefficient
in classical regression), and coverage indicates the extent to which a condition conforms to an outcome
(Legewie, 2018; 2013). A condition can be considered necessary if its consistency and coverage exceed
0.9 and 0.5, accordingly (Legewie, 2013). Our findings did not indicate necessary conditions for SEIT since
a highly consistent factor of central tenants (LEAD) did not meet the coverage criterion. However, we
find support for the lack of actor density (YDENS) as a necessary condition for the absence of SEIT.
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To identify the patterns conducive to SEIT, in the next step of the analytical procedure, we con-
structed a so-called truth table that presents the results that show all the possible configurations of
factors (Ragin, 2019). We may treat these configurations or solutions as patterns of the governance of
the ecosystem of energy clusters related to SEIT (Appendix 2). We determined two relevant and equifi-
nal configurations leading to SEIT in Appendix 2 based on cut-offs’ frequency and consistency.

Our empirical material provided more evidence of a low or absent energy clusters’ sustainable
transformation (34 cases) than evidence supporting it (9 cases), which also justifies an investigation of
the counterfactual, i.e. the relationships between the set conditions and the absence of SEIT (Appendix
3). We identified four relevant and equifinal configurations that hinder SEIT and bolded them in Ap-
pendix 3, while data covered nine configurations (Ragin, 2019; Rihoux & Ragin, 2009).

Identifying the Final Patterns of Energy Cluster Ecosystem Governance Leading
to SEIT and Impeding SEIT

Next, we minimised the procedure to identify the final sufficient governance patterns for SEIT. The
minimization procedure consisted of combining solutions that differed in only one condition and re-
moving this condition did not change the required outcome (Ragin, 2009). Table 5 presents the final
governance patterns according to their share in all observations that achieved SEIT (unique coverage)
and consistency with the SEIT outcome.

Table 5. Final patterns of the ecosystemic governance for the presence of SEIT and for the absence of SEIT

Patterns of ecosystem governance
SEIT (presence) SEIT (absence)
. Transformative social en- | Transformative entre- |Embryonic social entre-| Embryonic entrepre-
Condition| y epnreneurial ecosystem: | preneurial ecosystem: | preneurial ecosystem: | neurial ecosystem:
local government-led, not | dense, interrelated, ex- | local-government-led, | not explorative and
dense, but interrelated, plorative, and enter- not dense and not in- |not dense enterprise-
and explorative ecosystem | prise-led ecosystem terrelated ecosystem led ecosystem
LEAD O o o o
DENS o) O o o
INTER O Q@ o
EXPR o [ O
con- 0.94 0.71 0.98 0.89
sistency
Raw cov- 0.25 0.44 0.54 0.21
erage
Solution
con- 0.71 0.95
sistency
Solution 0.49 0.69
coverage

Note: ‘ — core causal condition (present); O - core causal condition (absent);.— contributing causal condition (present);
Oo- contributing causal condition (absent); blank space — not relevant condition.
Source: own study.

Two patterns revealed a transformative capability to produce SEIT. We also identified two pat-
terns to be impeding or unsuccessful in this regard. We treated these causalities as alternative gov-
ernance patterns conducive to sustainable energy industrial transformation (transformative eco-
system governance) or less developed and causing a lack of or a low level of SEIT (embryonic eco-
system governance) (Brown & Mason, 2017; Mason & Brown, 2014; Thompson et al., 2018). Since
the patterns differed in the type of central tenants, being either local governments or enterprises,
we also differentiated them as social entrepreneurial or entrepreneurial ecosystems. Conse-
quently, the results pointed to the favourable governance of a transformative social entrepreneur-
ial ecosystem and a transformative entrepreneurial ecosystem, and at the unfavourable govern-
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ance of an embryonic social entrepreneurial ecosystem and an embryonic entrepreneurial ecosys-
tem (Brown & Mason, 2017; Stam & Van de Ven, 2021; Thompson et al., 2018).

We may capture the transformative social entrepreneurial ecosystem as a local government-led,
not dense, but interrelated and explorative governance pattern successful in SEIT. It represents a
favourable governance defined by two core causal conditions of local government leadership (LEAD
absent) and strong collaborations with key stakeholders (INTER present) (Thompson et al., 2018).
Two contributing causal factors are a low number of cluster participants (DENS absent) and an ex-
ploratory approach to industrial transformation (EXPR present). Meanwhile, the transformative en-
trepreneurial ecosystem is also a successful governance for SEIT that we may describe as a dense,
interrelated, explorative, and enterprise-led ecosystem. It is defined by two core causal conditions
of a high number of cluster participants (DENS present) and strong collaborations with key stake-
holders (INTER present). Two contributing causal factors are enterprise leadership (LEAD present)
and the exploratory approach to industrial transformation (EXPR present).

The embryonic social entrepreneurial ecosystem is a local government-led, not dense, and not
interrelated ecosystem. It represents unfavourable governance which is not defined by any core
conditions, but only three contributing conditions of local government leadership (LEAD absent), low
number of cluster participants (DENS absent), and lack of collaborations and interactions (INTER ab-
sent) (Gancarczyk et al., 2024; Thompson et al., 2018). Exploration remains a nonrelevant condition
in this pattern. The embryonic entrepreneurial ecosystem constitutes an alternative unsuccessful
governance for SEIT, a not explorative and not dense enterprise-led ecosystem. It is defined by one
core causal condition of nonexploratory approach to industrial transformation (EXPR absent) and
two contributing conditions of enterprise leadership (LEAD present) and a low number of cluster
participants (DENS absent), while interactions with stakeholders (INTER) represent a nonrelevant
factor in this instance (Cho et al., 2021; Ter Wal & Boschma, 2011).

Table 8 also indicates the unique levels of consistency and coverage for the identified solutions,
which individually met the consistency threshold of 0.70. The overall solution consistency and cover-
age for the favourable and unfavourable patterns also conform to the standards. The strength of the
relationship between the favourable solutions (solution consistency) exceeded 0.70 (0.71), and these
solutions represented 49% of the energy cluster cases raising SEIT (at least 25% is recommended)
(Legewie, 2013; Ragin, 2019). The relationship between unfavourable solutions was even stronger
(0.95) and they formed 69% of the energy cluster cases that did not produce SEIT.

Discussion

Identified governance patterns represent causalities, that is, combinations of causal conditions that
should be explained as interrelated, mutually influencing, and complex antecedents rather than
individual SEIT determinants (Finn, 2022; Ragin, 2019). We will discuss these antecedents based on
the survey data, but to deepen this analysis, we will also use the secondary data analysis and semi-
structured interviews indicated in the method section. The inference of causalities governing the
four ecosystems can be as follows.

The transformative social entrepreneurial ecosystem features extensive collaborations with such
stakeholders as enterprises, local governments, R&D providers universities, research institutes, spe-
cialised R&D enterprises), and international sources of technological and organizational knowledge
(Wawrzyniak et al., 2021; Andersen et al., 2020; Ashford et al., 2007; Loorbach & Rotmans, 2006; Smith
et al., 2004). This highly interactive approach is crucial to a low density of cluster participants and
compensates for the low number of entities forming the cluster (Cantner et al., 2021; Colombo et al.,
2019; Ter Wal & Boschma, 2011). It can also enhance the explorative approach present in this ecosys-
tem. The latter contributes to SEIT through participation in innovation activities, partnerships with R&D
entities (universities, research institutes, academic companies, specialised R&D enterprises), and in-
vestment by enterprises in environmental technologies. Existing case-based reports emphasis the mu-
tual benefits of collaboration between an energy cluster and R&D entities (Micek et al., 2021,
Wawrzyniak et al., 2021). The benefits for the cluster include the influx of high-quality technical and
management standards, as well as educational and dissemination assistance. The advantages for the
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R&D entity are access to the cluster’s infrastructure that enables research activities (Micek et al., 2021,
p. 45). In addition to these hard and direct effects on SEIT, energy clusters appreciate the creation of
a network to reconcile the interests of diversified stakeholders and collaborate for future innovative
energy technologies (Micek et al., 2021, p. 64).

As an alternative governance pattern favourable for SEIT, the transformative entrepreneurial eco-
system relies both on the density of its participants and on extensive collaborations with a wide range
of key stakeholders nationally (Gancarczyk et al., 2024; Thompson et al., 2000) and with international
sources of technological and organizational knowledge (Gancarczyk et al., 2023; Gong & Hassink, 2019;
Hassink, 2010). This dense and interactive governance is supported by enterprise leadership and an
explorative approach to industrial transformation (Broadhurst et al., 2021; Gancarczyk et al., 2024;
Thompson et al., 2000). We may treat the explorative approach as a direct enabler of the transition to
renewable technologies (Foray et al., 2015). However, it does not act in isolation but is reinforced by
the leadership of companies that channel an R&D investment to practical outcomes (Brown & Mason,
2017; Mason & Brown, 2014; Spigel, 2017). Moreover, a creative buzz from the density of participants
and interactions with key stakeholders also enables exploration (O’Shea et al., 2021) that can provide
access to complementary resources. As our interviewees underlined:

The large scale of simultaneous projects makes the cluster a partner for all major global sup-
pliers of RES [renewable energy sources] technology. Without an energy cluster, no single in-
vestor stands a chance. Therefore, we are blazing a trail (an interviewee cluster manager).

‘The cluster should become the leading organization that brings together entities for the joint
production and distribution of electricity, acting as a model not only for the region but also for
the whole country. Innovative and efficient solutions in energy distribution should encourage
local governments and investors to become more involved in RES, so that the cluster cannot
only meet local needs, but, over time, also generate increasing profits from exporting energy
outside the county (an interviewee cluster manager).

The embryonic social entrepreneurial ecosystem represents an unfavourable governance that fails
to produce SEIT. This is a less developed ecosystem both in terms of few participants and lack of col-
laboration (Bessagnet et al., 2021; Brown & Mason, 2017; Cho et al., 2021). We can assume that, if led
by local governments, energy clusters miss SEIT due to low participation and isolation from the key
stakeholders who might have served as sources of knowledge and other intangible and tangible assets
(Gancarczyk et al., 2024; Lai, 2016; Leyshon, 2020; Thompson et al., 2000; Thompson et al., 2018). A
‘lack of development and coordination activities’ (a local government respondent) represents an im-
portant barrier to the necessary resources, primarily access to financial capital, land, and facilities.
Legislatures often fail to provide incentives for integrating clusters with the existing energy system and
building the crucial interrelations between producers, prosumers, distributors, and consumers, as ex-
emplified by ‘the legal conditions of establishing energy cooperatives by towns and cities’ (a local gov-
ernment respondent) (Dragan, 2020; Kuciel & Proszek, 2001; Mataczynska & Kucharska, 2020). One of
the necessary partners, from strategic and operational angles is energy distributors. However, as the
local government respondents highlighted in the survey material:

‘Currently, we observe the reluctance of incumbent energy operators to cooperate with energy
clusters, although the clusters are essential for the proper functioning of the system. ... Lower
distribution fees [required by energy operators] for renewable energy infrastructures devel-
oped by energy clusters’ [would improve the efficiency of energy clusters].

According to our findings, these crucial drawbacks overshadow the exploration of new techno-
logical opportunities and remove it from consideration as a driver of SEIT in local government-led
energy ecosystems.

The embryonic entrepreneurial ecosystem constitutes alternative unsuccessful governance for SEIT.
Unlike the local government-led governance, this enterprise-centred ecosystem fails to produce SEIT pri-
marily due to a nonexploratory approach. When led by companies, energy clusters do not reach SEIT if
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they are not involved in innovation, investment in environmental technologies, or R&D partnerships
(Foray et al., 2015; Gancarczyk et al., 2023; Grillitsch, 2015). Regardless of the level of interaction and
collaborations (a nonrelevant factor in this governance pattern), a lack of explorative approach is detri-
mental to clusters with enterprise leadership (Acs et al., 2017; Spigel, 2022; Stam & Van de Ven, 2021).
The survey respondents emphasised not only financial and tangible capital shortages (e.g., facilities) but
also deficiencies in technological and human resources as the main impediments to the growth of these
ecosystems. Moreover, they underlined considerable problems with financing that rest on membership
fees and EU funds whose infusion is being either postponed or held up, as reported below.

‘Despite the proposals of legal amendments from PCEC, these changes are either delayed or
unsatisfactory.’

‘There is no financial support to implement the projects; the support declared for the pre-in-
vestment and investment phases was not provided. Consequently, we are in the phase of par-
ticipant agreement and awaiting pre-investment support for strategy development.’

‘We lack regulation that would remove the obligation of public procurement for the sale
and distribution of energy within the cluster (in particular, between local governments and
companies). The freedom of energy exchange and the release of fees for energy exchange
within a cluster [among cluster participants] are crucial. New amendments to the laws on
public procurement and energy are needed, as the recent amendments did not meet the
expectations of the cluster communities.’

Modest participation, a contributing factor in this ecosystem pattern, also weakens the potential
for a sustainable industrial transition.

‘There are legal impediments that prevent the optimal structure of the cluster participants that
would gather local governments, municipal companies, R&D entities, and private companies
(i.e., legal barriers to establish partnerships or associations of local governments and compa-
nies). ... We need better collaboration with the local government to build structures and dia-
logue within the cluster’ (a respondent from an enterprise-led cluster).

CONCLUSIONS

This research achieved its objective on theoretical and empirical grounds by expanding the concept of
regional industrial transformation with sustainability outcomes and explaining the role of ecosystem
governance in SIT, based on Polish local energy clusters. The implementation of this purpose enabled
responses to research questions that guided the empirical study.

Regarding RQ1, we analysed and described the advancement of sustainable energy industrial
transformation in various energy cluster ecosystems while quantifying SEIT as a share of renewable
energy sources in the overall energy supply of a cluster. Adopting the QCA technique, we classified the
governance of energy clusters into eight entrepreneurial ecosystems related to SEIT, finding only two
types that produced the expected outcomes out of the eight patterns covered by the empirical mate-
rial. Within the sample study of 43 units, only nine energy clusters produced the threshold outcome,
while the majority of the units revealed only low or no SEIT. This finding indicated a low advancement
in sustainable energy transformation among Polish clusters and qualified this SEIT as an early-stage
evolution. In response to RQ2, we discerned the types and characteristics of the energy cluster gov-
ernance that led to SEIT and impeded it. Above, we described and discussed the two types of entre-
preneurial ecosystem governance sufficient for SEIT and the two types sufficient to prevent SEIT.

This article provided research and policy-relevant contributions. First, we expanded the conceptual
framework of regional industrial transformation to a sustainable industrial transformation based on soci-
oeconomic governance with the adoption of coevolutionary and ecosystemic approaches (Asheim, 2019;
Colombo et al., 2019; Hassink et al., 2019; Qinas et al., 2018). The concept of SIT bases on the expected
outcomes or goals of industrial transformation that should aim at reconciling social and environmental
goals. To empirically highlight SIT, we focused on its particular case, namely the energy SIT.
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Seeking an explanation of the antecedents of SEIT, we adopted the theoretical perspectives of co-
evolution and entrepreneurial ecosystems (Gong & Hassink, 2019; Martin & Sunley, 2015). Further-
more, the conceptual framework guiding our empirical investigations (Figure 1) was based on the the-
ory and empirical evidence from cluster and ecosystem literature, and this general framework proved
relevant in explaining the antecedents of sustainable energy industrial transformation. This contrib-
utes to a wider generalization of the cluster ecosystem components as derived from the existing evi-
dence and corroborated in the spatial and industrial context of our study. Our empirical results support
the theoretical underpinnings of coevolutionary perspective to industrial transformation, such as in-
teractions of key stakeholders and explorative approach (Gancarczyk et al., 2024, 2023). Moreover,
they suggest the relevance of the antecedents of successful clusters, such as density and the leadership
role (Amin & Thrift, 1995; Broadhurst et al., 2021; Zukauskaite et al., 2017). However, considering the
small N and the method we applied, the results are analytical generalization rather than statistical
generalization (Silverman, 2015; Yin, 2018). This analytical generalization does not confirm or reject
individual variables, but it translates their configurations into causalities or ecosystem governance pat-
terns that produce SEIT or impede SEIT (CC Ragin, 2019).

Second, the article advances the concept of SIT and corroborates it on the empirical ground of Polish
local energy clusters, with a focus on a particular case of SEIT (Chembessi et al., 2024; Schwabe, 2024).
In this empirical setting, SEIT is at the nascent stages. Therefore, our results add to the research on an
early-stage industrial transformation (Bessagnet et al., 2021; Brown & Mason, 2017; Chembessi et al.,
2024; Cho et al., 2021). We advance this research by pointing to driving and impeding causalities or gov-
ernance patterns. Unlike the majority of existing research that uses a case study method or tests isolated
determinants to come up with one average pattern, we propose a configurational perspective of QCA
and discern alternative solutions both for the success and failure in SEIT. This research approach ad-
dresses the complexity, variety, and emerging patterns of the initial stage of industrial transformation
(Brown & Mason, 2017; Schwabe, 2024). Based on this lens, we can treat the energy communities or-
ganised into clusters as niche-builders who can proliferate their behaviours through imitation and diffu-
sion to a wider socioeconomic system. The referred mechanism strengthens the importance of the in-
vestigations focused on industrial niches as relevant to research and practice (Schwabe, 2024).

Thirdly, we provided evidence of SEIT on an under-researched local level, with conclusions and
recommendations relevant to economic policy regarding energy communities (Chembessi et al., 2024,
Coenen & Truffer, 2012; Loorbach & Rotmans, 2006; Schwabe, 2024; Smith et al., 2004). Since the
antecedents of SEIT were discerned at the initial development stage as emerging patterns, a recom-
mendation is to further improve the conditions forming the successful governance in SEIT and avoid
failed governance patterns (Spigel, 2022). We identified the transformative and embryonic ecosystems
as either local government-led or enterprise-led. Therefore, our findings also raised practical recom-
mendations for these two types of central tenants initiating and organizing local energy clusters
(Broadhurst et al., 2021). The lead tenants can identify themselves with adequate patterns and under-
stand the current position. Furthermore, leading entities can target a successful governance pattern
that best suits their specificity to enhance industrial change. The referred benchmarking, simulations
and adjustments of cluster leaders vis-a-vis the governance patterns can enhance the upgrading of
ecosystem governance, acknowledging their unique characteristics (Gong & Hassink, 2020). Our find-
ings are also informative for the upper levels of policy since the local level is always dependent on the
multiscalar context. This research evidence calls for regulation that enhances the integration of local
energy communities with the country’s energy system (Dragan, 2020; Kuciel & Proszek, 2001; Surwillo,
2022). We can achieve this by improving access to finance, supportive public procurement, and freeing
internal energy exchanges of the cluster from excessive charges. By referring to the upper levels of
public choices, we also contribute to a wider context of industrial policy, in particular, to the concept
of New Industrial Policy that recognises a bottom-up and place-based perspective on designing the
public intervention in support of industrial transitions (Gancarczyk & Ujwary-Gil, n.d.)

Our article is not free from limitations, which we will justify, explain the way of addressing them,
and use as a basis for future research directions. The small N research sample and analytical rather
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than statistical generalizations are disadvantages resulting from the nature of the phenomenon stud-
ied. We addressed these limitations with a tailored QCA technique, which is specifically recommended
for this type of empirical material. The value of QCA was to produce analytical generalization in the
form of causalities (patterns of ecosystem governance). This analytical generalization can further be
used to develop research hypotheses tested on large samples for statistical generalization.

Another drawback refers to the limited evidence of successful SEIT against the absence of SEIT
in our sample and a threshold (i.e., 0.70) rather than strong (e.g., 0.85) consistency of the empirical
evidence supporting successful ecosystems. Recently, Ragin (2008, 2019, 2023) emphasised the re-
searcher’s judgment based on theory and empirical knowledge and proposed 0.70 (Ragin, 2023) as
a cutting point for solution inconsistency. We followed this recommendation as justified by an
emerging and poorly defined phenomenon studied. Moreover, we derived a final sample from the
entire population of energy clusters. A predominant approach in QCA is a small N purposeful sam-
pling that focuses on the best-performing clusters, thus leading to better consistency. Our sampling
embraced a considerable share of active cluster initiatives, giving a broader and more accurate pic-
ture than selective sampling. Furthermore, this evidence is valuable for highlighting the governance
of SEIT in its initial phase. As energy communities grow in number and their structures advance,
future studies can build on this research to verify its findings on larger datasets.

Ultimately, our study is limited to one country setting. We justified this setting as a challenging and
emerging context for SEIT and discussed it against a relevant socioeconomic and regulatory back-
ground. A particular territorial context is also relevant to designing and implementing place-based pol-
icies as demanded by the New Industrial Policy Paradigm. However, future studies should provide a
comparative view of countries with varied advances in the energy transition to better understand the
governance that is conducive to it. Here, we can recommend future studies comparing the experience
among mature and nascent contexts of the energy transitions.
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Appendix 1: Calibration thresholds and frequencies for the nonbinary conditions

Item symbol Item values In-between
. Fully present .
and scale and frequencies (cross-over point)

1.00- 34
1.50-1
. 2.00-4
DENS (1-5 Likert) 3501 4.00 2.00 1.50
4.00-1
5.00-1
1.00-11
INTER (1-5 Likert) 1.17-2.33-2 4.00 2.33 1.00
2.50-4.17-11
0.00-15
0.33-15
EXPR (0;1) 0.66—3 1.00 0.33 0.00

1.00-10

Fully absent

Source: own study.

Appendix 2: Truth Table with all possible configurations and sets of cases demonstrating the same
solution relative to the outcome of SEIT

Solution | LEAD | DENS | INTER EXPR N Raw cons. | PRIcons. | SYM cons. | SEIT (outcome)
1 0 0 0 0 12 0.16 0.02 0.02 0
2 1 0 0 1 9 0.42 0.26 0.26 0
3 1 1 1 1 6 0.71 0.56 0.56 1
4 0 0 0 1 6 0.44 0.09 0.09 0
5 1 1 0 1 3 0.69 0.48 0.48 0
6 1 0 1 1 5 0.55 0.39 0.39 0
7 1 0 0 0 2 0.44 0.19 0.19 0
8 1 0 1 0 1 0.59 0.21 0.21 0
9 0 0 1 1 1 0.94 0.72 0.72 1
10 1 1 0 0 0
11 1 1 1 0 0
12 0 1 0 0 0
13 0 0 1 0 0
14 0 1 1 0 0
15 0 1 0 1 0
16 0 1 1 1 0

Note: Frequency cut-off — 1; raw consistency cut-off — 0.70; PRI consistency cut-off — 0.5; N — number of energy
clusters representing a given solution.
Source: own study.
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Appendix 3: Truth Table with all possible configurations and the sets of cases demonstrating the
same solution relative to the absence of SEIT

Configur. | LEAD | DENS | INTER | EXPR | N Raw cons. | PRIcons. | SYM cons. | ~SEIT (outcome)
1 0 0 0 0 12 |0.98 0.98 0.98 1
2 1 0 0 1 9 0.80 0.74 0.74 0
3 0 0 0 1 6 0.95 0.91 0.91 1
4 1 1 1 1 6 0.63 0.44 0.44 0
5 1 1 0 1 3 0.72 0.52 0.52 0
6 1 0 1 1 3 0.75 0.64 0.64 0
7 1 0 0 0 2 0.87 0.81 0.81 1
8 1 0 1 0 1 0.89 0.79 0.79 1
9 0 0 1 1 1 0.84 0.28 0.28 0
10 0 1 0 0 0
11 1 1 0 0 0
12 0 0 1 0 0
13 0 1 1 0 0
14 1 1 1 0 0
15 0 1 0 1 0
16 0 1 1 1 0

Note: Frequency cut-off — 1; raw consistency cut-off — 0.86; PRI consistency cut-off — 0.5; N — number of energy
clusters representing a given solution.
Source: own study.
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