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Abstract—Ecosystem-based entrepreneurship is essential for
accelerating the global transition toward sustainability and
renewable energy. Among the various actors, multinational
corporations (MNCs) play a pivotal role in the genesis and
growth of resilient innovative ecosystems. This study examines
the character of their interplay and impact on European
innovation ecosystems for renewable energy and suggests an
ecosystem-based perspective on strategic innovations and global
sustainability at the MNC level. The research is based on a
multi-step approach involving qualitative methods and social
network analysis. By triangulating data from direct
observations of MNCs' practices and their reported ties to
corresponding European renewable energy nonprofit
organizations, we collect a sample for social network analysis
from a global perspective. The findings enhance an
understanding of collaboration among actors in innovation
ecosystems for renewable energy and evaluate the catalytic role
of MNCs. The study provides managers, policymakers, and
researchers with insights and an understanding of how large-
scale actors, such as MNCs, can be leveraged to support the
transition toward renewable energy through their participation
in innovation ecosystems.

Keywords— innovation ecosystem, strategic innovations,
renewable energy, multinational corporations, international
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[. INTRODUCTION

Recent studies have confirmed that innovation ecosystem
theory plays a big role in advancing technology and creating
value in a competitive business environment [1]-[3].
Simultaneously, ecosystem-based entrepreneurship has
become essential for accelerating the global transition toward
renewable energy [4], [5]. This is crucial for preventing
climate change by reducing greenhouse gas emissions and
pollution, ensuring long-term energy security and
independence, and promoting a healthier and more sustainable
future. These challenges create new opportunities for the
research, development, and implementation of clean
technologies and involve many innovative incumbents.

Multinational corporations (MNCs) play a pivotal role in
the genesis and growth of resilient innovation ecosystems [2],
[6], [7]. In particular, international firms that participate in
innovation  ecosystems  acquire  ecosystem-specific

979-8-3503-0343-8/23/$31.00 ©2023 IEEE

Nataliia Krasnokutska
Faculty of Economics and Business
Administration (ICADE)
Comillas Pontifical University,
Madrid, Spain
nkrasnokutska@icade.comillas.edu

Natalia Shyriaieva
Faculty of Society and Economics
Rhine-Waal University of Applied
Sciences
Kleve, Germany
natalia.shyriaieva@hochschule-rhein-
waal.de

advantages vital to their long-term resilience and
competitiveness [8], [9]. On the one hand, they possess
significant financial and technical resources; on the other
hand, they have already gained solid project management
expertise and are ready to share it with smaller innovators.
These capabilities allow MNCs to invest in and develop
renewable energy projects on a large, even global, scale, and
thus form a renewable energy market. As the largest energy
consumers, they are motivated to improve operational
efficiency by reducing energy costs and accelerating
renewable energy innovations. Embracing renewable energy
not only aligns with their corporate social responsibility goals
but also enhances their reputation and global influence.

While the involvement of MNCs in innovation
ecosystems is theoretically reasonable and valuable,
empirical evidence of their impact is scarce and
predominantly regional [10], [11]. The modes of MNCs'
engagement in the development of innovation ecosystems in
the renewable energy sector also remain unclear.

This research gap highlights the need to provide a
comprehensive understanding of MNCs' roles and activities
within these ecosystems, ultimately contributing to a better
understanding of the dynamics and potential for collaboration
in the renewable energy innovation landscape.

II. THEORY AND RESEARCH QUESTION

The central theoretical concepts that inform our research
stem from both ecosystem and innovation ecosystem
theories, which underscore the wvital interactions and
knowledge exchange between diverse actors to generate new
value. Integral to this theoretical backdrop is the sustainability
framework, specifically its emphasis on renewable energy,
which guided our sector selection for this study. To
understand their contribution to the structure and patterns of
collaboration in the renewable energy sector, we primarily
consider Adner's approaches to ecosystem construction [2].
The assumption of viewing the ecosystem as an ‘affiliation’
(a network of collaborative actors) helps to explore the
internal modes of actors' structure and the links between
them. Simultaneously, the assumption that the ecosystem is a
combination of interrelated activities (‘ecosystem as
structure’) could be helpful in explaining the roles these
actors play in shifting the system toward its goals.
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Although the term ‘innovation ecosystem’ does not have
a rigorously defined analogy to natural ecosystems [12], we
use it to highlight the similarity in terms of complex
relationships, dependencies, and interactions among the
various actors and resources involved in fostering innovation.
Existing literature supports the idea of the evolving nature of
innovation ecosystems [13]. However, when considering the
context of sustainability or its dimensions, the theoretical
basis narrows noticeably.

Based on the affiliation approach, we can argue that the
key difference lies in the networking actors involved.
Traditional innovation ecosystems primarily focus on the
triple-helix framework, which involves various collaboration
patterns between the government, businesses, and the research
and development (R&D) entities, driven by the resource flows
required to create new products or services and bring them to
the market [14]-[16]. However, this structure of actors does
not inherently support ideas that go beyond market purposes
and embrace sustainable innovation.  Considering
sustainability dimensions, businesses rarely prioritize them
naturally. This is why these innovation initiatives must be
actively promoted. The UN addresses this task by establishing
Sustainable Development Goal (SDG) 17, Partnerships for the
Goals,' and identifying nine major groups from civil society
that are expected to actively engage in sustainable
development initiatives [17], [18]. Along with traditional
businesses ranging from small and medium-sized enterprises
to MNCs, R&D organizations, governments, and financial
institutions, as well as specific innovative actors such as start-
ups or inventors, the affiliation of actors in the innovation
ecosystem  toward  sustainability includes  various
nongovernmental organizations (NGOs) or nonprofit
organizations (NPOs). Given that their collaborative patterns
and roles are influenced by sustainability dimensions, we now
focus our theoretical considerations on the research field of the
renewable energy sector.

We used the Scopus database, widely regarded as a trusted
resource, to establish a strong theoretical foundation and
identify the research gap. Our search employed the keywords
‘renewable,” ‘energy,” ‘ecosystem,’ and ‘innovation’ with the
search criteria set to TITLE-ABS-KEY. Furthermore, we
limited the search to publications in relevant subject areas
including  business, management, social sciences,
environmental sciences, decision sciences, and economics.
The initial sample consisted of 142 documents. Upon studying
the abstract papers, we were able to narrow our focus to 14
relevant papers that made valuable contributions to the
exploration of ecosystems as affiliations or structures.

The theoretical findings show that the research landscape
in the field is quite young and covers the period 0of2018-2023.
The selected publications encompass mostly regional
qualitative studies, particularly those based on interviews,
document analysis, and case studies. This methodology
allowed the authors to explore the composition of actors and
their dynamics between niche, system (industrial), and
landscape levels in specific regional renewable energy
ecosystems in China, the Netherlands, Israel, and Iran. Some
studies have examined niche-level actors [19]-[22] to
understand their motivation to compete rather than
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collaborate in engineering processes. Other authors have
focused on local community-based ecosystems and tried to
explain the benefits of the interactions between focal actors
and other stakeholders [23]-[25].

As the ‘focal actor’ concept is central to the affiliation
approach [2], certain studies have investigated the ecosystems
built around institutional (landscape) actors (governments or
other public authorities) or corporations and proved their
pivotal role in promoting and coordinating renewable energy
transitions [10], [11], [26], [27].

The structural approach to innovation ecosystems for
renewable energy is used mostly to understand the behavioral
dynamics and interactions between different actors within the
ecosystem. It examines how institutional, community, or
niche actors engage with each other, form partnerships,
exchange resources, and jointly create value (interests,
motivation, collaborative patterns) [10], [11], [19], [20], [23],
[28], [29].

It is worth mentioning that the authors often pay limited
attention to civil society, NGOs, or NPOs which are
considered influential major groups according to the UN
approach [17], [18].

Thus, to summarize the results of previous studies, we can
argue that the key contributions cover the pivotal role of
institutional actors and interactions within the ecosystem at
different levels, including niche and local community-based
ecosystems. Simultaneously, a gap emerges regarding the
role and impact of MNCs in innovation ecosystems for
renewable energy. Our study aims to address this gap by
investigating the involvement of MNCs and understanding
the collaborative patterns, influence, and implications of
MNC s in shaping the transition toward sustainable energy
practices in ecosystems built around such major groups as
NPOs, including particular associations or platforms.

Therefore, we address the following research question:
What are the roles and impacts of MNCs in European
innovation ecosystems for renewable energy affiliated with
NPOs, including associations and platforms?

III. METHODS

To answer the research questions regarding the role and
impact of MNCs in the European renewable energy
innovation ecosystem, we employed a multi-step approach
involving qualitative methods (data sampling and
observation) and social network analysis (SNA).

First, we identified and analyzed the reported ties between
MNCs and European renewable energy NPOs. These NPOs
serve as key players in the innovation ecosystem and
represent  collaborative  networks of actors with
complementary interests and activities. By examining MNCs'
engagement with these NPOs, we gained insights into their
involvement in the ecosystem.

We adopted the definition of an ecosystem by Jacobides
et al., considering it as a set of actors with varying degrees of
multilateral, non-generic complementarities, which are not
fully  hierarchically controlled [3]. Within this
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framework, we recognized relevant business associations and
other related NPOs as mechanisms through which players in
the ecosystem engaged in cooperation and competition [30].
Consequently, we focused on identifying and studying
European renewable energy NPOs that had significant
involvement and engagement with MNCs. This approach
allowed us to capture six key organizations that played a
central role in shaping the European renewable energy
innovation ecosystem.

To confirm that the identified NPOs construct an
ecosystem, we applied SNA to map the network of
affiliations among these entities. By examining the internal
structure of the actors and the links between them, we could
visualize and analyze the collaborative relationships and
interactions within the ecosystem. This network analysis
provided empirical evidence of the interconnectedness and
interdependencies among identified NPOs, further
supporting the notion of an ecosystem.

Further, using frequency analysis, we determined the
extent of MNCs' membership in these selected NPOs. By
identifying MNCs with the highest frequency of
membership across different NPOs, we designated them as
the focal actors in the European innovation ecosystem for
renewable energy. This analysis allowed us to understand
which MNCs were actively engaged and had a prominent
presence within the ecosystem.

Lastly, we applied SNA to investigate mutual
collaborative connections among focal MNCs. By
examining their interconnectedness, we gained insights into
their roles, collaborations, and potential impacts within the
European innovation ecosystem for renewable energy. This
analysis enabled us to assess the dynamics and influence of
these focal MNCs in shaping the ecosystem.

Iv.

In our initial mapping of the European renewable energy
innovation ecosystem as an ‘affiliation,” we identified six
influential NPOs that play a crucial role in driving Europe-
wide corporate collaborations and advancements in the
renewable energy sector. These NPOs include SolarPower

RESEARCH RESULTS

The European Solar PV Industry Alliance

European Solar Initiative SolarPower Europe

Fig. 1. Network of affiliations among the observed European renewable
energy NPOs
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Europe, the RE-Source Platform, the Renewable Hydrogen
Coalition, the European Solar Initiative, WindEurope, and the
European Solar PV Industry Alliance. Among these
organizations, SolarPower Europe has 18 MNCs as members,
while the RE-Source Platform, the Renewable Hydrogen
Coalition, the European Solar Initiative, WindEurope, and the
European Solar PV Industry Alliance have 8, 7,17, 11, and 5
MNC:s respectively.

Our network analysis confirmed the high
interconnectedness and interdependencies among the
identified NPOs, supporting the notion of an ecosystem in the
European renewable energy sector. Figure 1 presents the
network of affiliations among the observed European
renewable energy NPOs and illustrates the connections and
collaborations between them.

The distribution of MNCs' membership intensity in the
observed NPOs provides insights into the extent of their
participation and engagement within the European renewable
energy innovation ecosystem (Figure 2).

Of the 27 identified MNCs that participated in the
observed NPOs, the distribution revealed varying levels of
membership intensity. Among them, seven MNCs are
members of only one NPO, indicating a relatively lower level
of engagement focused on a specific organization. On the
other hand, 12 MNCs are involved in two NPOs, indicating
broader engagement across multiple organizations. This
finding suggests a higher level of participation and interest in
collaborating within a larger network of NPOs.

8 Amazon;
Equinor;
Schneider Electric;
Siemens

) g
Enel Iberdrola
2

0 1 2 3 4 5 6 Y €

Count of MNCs

Orsted;
Shell

The intensity of MNCs' membership in observed NPOs
Fig. 2. Distribution of MNCs' membership intensity in the observed NPOs

Furthermore, four multinational corporations—Amazon,
Equinor, Schneider Electric, and Siemens—demonstrate an
elevated level of engagement by participating in three of the
aforementioned NPOs. These MNCs demonstrate a stronger
commitment to collaboration and active involvement in
multiple NPOs within the renewable energy sector. Notably,
two MNCs, Orsted and Shell, stand out with membership in
four NPOs. This indicates their significant presence and
active participation across a wider range of organizations,
highlighting their strategic positioning within the European
renewable energy innovation ecosystem. As a prominent
player, Enel is a member of five NPOs, demonstrating a high
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level of engagement and involvement in shaping the
renewable energy sector through collaborative efforts.
Finally, Iberdrola stands out as the most extensively engaged
MNC as it is a member of all six observed NPOs. This shows
its comprehensive involvement and strategic positioning as a
key focal actor within the European renewable energy
innovation ecosystem.

Further network mapping of MNCs' participation in the
observed NPOs provides valuable insights into the screening
of focal MNCs within the European renewable energy
innovation ecosystem (Figure 3).

This analysis confirms the binding role of several
prominent MNCs in shaping and driving the ecosystem
forward. Specifically, Iberdrola, Enel, Orsted, Shell,
Amazon, Equinor, Schneider Electric, and Siemens emerged
as key connectors within the ecosystem.
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Fig. 3. Social network analysis of MNCs' participation in observed NPOs

Among the focal MNCs, namely Amazon, Schneider
Electric, Siemens, Enel, Iberdrola, Orsted, Shell, and Equinor,
strong partnerships and collaborations have emerged as crucial
factors in the evolution of the ecosystem (Figure 4). Notably,
Enel, Iberdrola, Orsted, Shell, and Equinor are energy
companies, and their collaborations with each other as well as
with Amazon, Schneider Electric, and Siemens highlight their
significance as cornerstones within the ecosystem.

,-‘
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" Siemens
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Fig. 4. Social network analysis of focal MNCs' mutual collaborative
connections

The absence of direct collaborations between Amazon,
Schneider Electric, and Siemens suggests that their
interactions and contributions are more focused on specific
areas or aspects of the renewable energy sector. However,
their involvement in collaborations with energy companies
underscores their valuable contributions to the ecosystem.
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The extensive joint collaborations between Enel,
Iberdrola, Orsted, Shell, and Equinor further reinforce their
central roles within the ecosystem. SNA revealed that Shell
exhibits the highest degree of centrality within the network.
Additionally, two distinct fractions emerge: 1) Orsted,
Amazon, Equinor, Schneider Electric and 2) Iberdrola,
Siemens, and Enel. This finding suggests that Iberdrola and
Shell play slightly different leading roles in the ecosystem.

Iberdrola, being the most extensively engaged MNC as a
member of all six observed NPOs, assumes the role of an
ecosystem networker, facilitating connections and
collaborations among various actors. On the other hand, Shell
emerges as the leader in value exploration orchestration,
driving initiatives and strategic activities within the
ecosystem.

V. THEORETICAL AND MANAGERIAL IMPLICATIONS

From the perspective of ecosystem and innovation
ecosystem theories, our mapping of the European renewable
energy innovation ecosystem as an ‘affiliation’ reveals the
presence of influential NPOs that drive corporate
collaborations and advancements in the sector. These findings
support the collaborative nature of networking within
renewable energy ecosystems [24], [28]. Additionally, our
contribution aligns with Adner's structural approach by
providing a clear understanding that NPOs, as facilitators and
coordinators, bring together diverse actors, including
multinational corporations, and serve as platforms for
communication, knowledge exchange, and resource sharing.
The role of NPOs in this context is crucial for fostering
innovation and addressing complex sustainability challenges.

On the other hand, the structural approach to explaining
ecosystem dynamics allows us to contribute to strategic
management theory. The results obtained from the analysis of
MNCs' engagement in multiple NPOs demonstrate their
strategic intention to collaborate and their recognition of the
importance of network participation in driving innovation and
competitiveness. The findings provide insights into their
strategies, internationalization modes, and ecosystem-
specific advantages.

Based on the level of engagement and centrality within
the ecosystem, we identified two distinct types of corporate
actors in the renewable energy sector: focal and participating
MNCs. They play different strategic roles in the ecosystem.
Focal MNCs acting as cornerstones and connectors have a
significant impact, setting and orchestrating trends, and
driving sustainable transitions as supported by Shen [10] and
Elset [11]. Participating MNCs leverage resources and
expertise in the renewable energy sector.

Furthermore, these research results have broader
theoretical implications that contribute to various domains,
including international business theory, global strategic
corporate social responsibility (CSR), sustainable business
transformation, shared value theory, and technological
innovation management.

In terms of international business theory, the research
results provide an understanding of how MNCs operate
globally in the context of sustainable energy, characterized by
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high turbulence. The analysis of MNCs' roles and impacts
within the renewable energy innovation ecosystem suggests
the development of dynamic capabilities, such as future
awareness, agility, flexibility, learning, and strategic
innovation , in alignment with Teece’s theory [31].

In addition, this study has implications for the evolution
of strategic CSR in a global context. It emphasizes the need
for MNC:s to engage with NPOs and collaborate on initiatives
that drive advancements in the renewable energy sector,
aligning with the concept of global strategic CSR described
in [32] and the integration of social and environmental
considerations into corporate strategies.

The research also sheds light on sustainable business
transformation, highlighting the importance of collaboration,
innovation, and leveraging ecosystem resources for
sustainable practices in the renewable energy sector.
Additionally, it supports the concept of shared value creation
[1], [21], [23] by promoting sustainable development,
addressing climate change, improving energy access, and
driving sectoral progress through engagement with NPOs.

The key managerial implications emphasize the value of
ecosystem engagement, collaboration, and leveraging
ecosystem resources for strategic innovation, sustainable
supply chains, internationalization, and the integration of
global corporate social responsibility. Managers might
consider the benefits of participating in relevant innovation
ecosystems, identify influential NPOs, and actively leverage
ecosystem partnerships to drive innovation, competitiveness,
and sustainable development within future growth sectors.

By participating in innovation ecosystems, firms gain
access to diverse actors, knowledge-sharing platforms, and
opportunities for co-innovation. This enables them to remain
informed about emerging trends, access new markets, and
form strategic collaborations that drive technological
advancements and market growth. Therefore, managers can
build on that by prioritizing engagement in relevant
ecosystems to reap these benefits and remain competitive in
the dynamic competitive sectors.

Furthermore, ecosystem-based strategy development is
crucial for firms to effectively leverage available resources,
foster collaborations, and drive innovation. By aligning their
innovation strategies with ecosystem participation, managers
can secure firm’s competitive advantages and contribute to the
sector’s sustainable development. This strategic alignment
ensures that firms are well-positioned to capitalize on the
opportunities present within innovation ecosystems.

For firms seeking international expansion, global
innovation ecosystems provide valuable entry points into new
markets. By strategically engaging with influential NPOs and
relevant innovation ecosystems, firms can establish networks,
access local expertise, and navigate regulatory frameworks
more effectively.

An essential managerial implication of this study is the
integration of global CSR into corporate strategies. For
instance, companies can engage with NPOs by supporting
renewable energy projects in underprivileged communities,
contributing to environmental conservation -efforts, or
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sponsoring educational programs. These actions not only
demonstrate a commitment to addressing societal and
environmental challenges but also strengthen a company's
reputation, foster stakeholder trust, and contribute to
sustainable development on a global scale.

Finally, by exploring partnership models and leveraging
shared resources, knowledge, and expertise within an
ecosystem, companies can develop more effective and
sustainable supply chains.

VI. CONCLUSIONS

Innovation ecosystems are pivotal in expediting the global
transition toward renewable energy. Our study has revealed
the presence of various incumbents operating within this
sector, each contributing distinctively to the transition.
Particularly noteworthy is the significant role played by
MNC:s in shaping and nurturing resilient renewable energy
innovation ecosystems. It is worth also noting that limited
attention has been paid to civil society, NGOs, or NPOs
within the ecosystems context which are considered the
influential major groups according to the UN approach. These
NPOs serve as key players in the innovation ecosystem and

represent  collaborative networks of actors  with
complementary interests and activities.

Our network analysis has confirmed the high
interconnectedness and interdependencies among the

identified NPOs, supporting the notion of an ecosystem in the
European renewable energy sector. Out of the 27 identified
MNCs that participate in the observed NPOs, the distribution
reveals varying levels of membership intensity. The analysis
confirms the binding role of several prominent MNCs in
shaping and driving the ecosystem forward.

The research results have several theoretical implications
that contribute to various domains, including international
business theory, global strategic CSR, sustainable business
transformation, strategic management theory, creating shared
value theory, ecosystem and innovation ecosystem theory,
and technological innovation management.

From the perspective of ecosystem and innovation
ecosystem theories, the mapping of the European renewable
energy innovation ecosystem and the identification of
influential NPOs highlight the collaborative nature of
networking within the sector. NPOs play a crucial role as
facilitators and coordinators, bringing together diverse actors,
including MNCs, and fostering innovation and sustainability.
This aligns with Adner's structural approach, emphasizing the
importance of NPOs as platforms for communication,
knowledge exchange, and resource sharing.

The research also contributes to strategic management
theory by exploring MNCs' engagement in multiple NPOs
and their strategic intention to collaborate. The findings shed
light on MNCs' recognition of the value of network
participation in driving innovation and competitiveness,
providing insights into their strategies, internationalization
modes, and ecosystem-specific advantages.

These results provide useful insights into the evolving
international firm theories under the conditions of
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sustainability crisis and increasing technological dynamism
with particular managerial implications for facilitating
strategic innovations, ecosystem-based strategy
development, global sustainability strategy development, and
sustainable supply chain management.

Within strategic management and international business
theory, several potential research areas can be derived to
understand better the behavior of both focal and participating
MNCs within renewable energy innovation ecosystems. Some
areas to explore include the motivation driving collaboration
among MNCs, their innovation strategies and modes, and the
mechanisms through which MNCs shape policy development
and implementation in the renewable energy sector. Delving
into these areas will enhance our comprehension of the
intricate dynamics within these ecosystems.
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