
International Journal of Innovation Studies 7 (2023) 218e229
Contents lists available at ScienceDirect
International Journal of Innovation Studies
journal homepage: http: / /www.keaipubl ishing.com/en/ journals / in-

ternat ional- journal-of- innovat ion-studies
Driving research on eco-innovation systems: Crossing the
boundaries of innovation systems

Nuria Chaparro-Banegas a, *, Alicia Mas-Tur b, Norat Roig-Tierno a

a Universitat Polit�ecnica de Val�encia, Camí de Vera, S/n, 46022, Val�encia, Spain
b Universitat de Val�encia, Av. dels Tarongers, S/n, 46022, Val�encia, Spain
a r t i c l e i n f o

Article history:
Received 10 October 2022
Received in revised form 23 February 2023
Accepted 15 March 2023
Available online 19 April 2023

Keywords:
Eco-innovation
Innovation system
Sustainability
Sustainable development
Eco-innovation system
* Corresponding author.
E-mail address: nchaban@upv.es (N. Chaparro-B

https://doi.org/10.1016/j.ijis.2023.04.004
2096-2487/© 2023 China Science Publishing & Med
access article under the CC BY-NC-ND license (http:
a b s t r a c t

Sustainability is now a part of all areas of today's society and has become a cornerstone of
economic, social, and environmental prosperity. Its pivotal role means that sustainability
has also influenced the innovation process. Over the last few decades, new innovation-
related concepts linked to sustainable development have emerged in the form of envi-
ronmental, green, sustainable, and eco-innovations; nevertheless, technological and
innovation developments still occur within the boundaries of an innovation system.
Innovation systems possess unique characteristics that shape activities, actions, and de-
cisions. The separate bodies of literature on eco-innovation and innovation systems are
extensive; however, the status of the literature on the intersection of these two topics is
less clear. This study provides an overview of the scientific literature in the area where eco-
innovation and innovation systems meet, and a bibliometric analysis shows that the joint
study of eco-innovation and innovation systems is an unexplored knowledge field. Thus,
the main authors and documents that provide the foundation of the literature on eco-
innovation and innovation systems were identified, and theoretical knowledge was
grouped into four clusters according to thematic areas: Cluster 1 related to eco-innovation;
Cluster 2 related to innovation systems; and Clusters 3 and 4, which include the elements
that constitute and interact within eco-innovation systems. We hope that this study will
encourage scholars to conduct research on eco-innovation systems, which could have
positive implications for the design and implementation of new policies and instruments
to achieve sustainable development.

© 2023 China Science Publishing & Media Ltd. Publishing services by Elsevier B.V. on
behalf of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Since the 1990s, nations have implemented innovation policies as part of their political strategies (L�opez-Rubio et al.,
2021b). The reason for this political interest is that innovation has become a crucial element in boosting business and
regional competitiveness (Odei and Appiah, 2022). A region's competitiveness, as well as the business that takes place within
it, is shaped by the region's characteristics, which include economic activity, institutional quality, infrastructure, and clus-
tering (Aiginger and Firgo, 2017). Therefore, the custom of comparing regions and imitating practices by policymakers has led
to failures in regional development, helping maintain regional differences and inequalities (Asheim et al., 2011). The need to
anegas).
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resolve these failures has led to the development of innovative systems that may refer to the innovation characteristics of
either a country (i.e., a national innovation system [NIS]) or region (i.e., a regional innovation system [RIS]). Innovation
systems, which develop continuously over time, are created through collaboration and cooperation among entities within a
region or country (Doloreux and Parto, 2005).

The innovation process requires the participation and collaboration of agents in the system. Through participation and
collaboration, knowledge, information, and know-how are transmitted easily and rapidly, encouraging the adoption of in-
novations that improve economic, social, and environmental well-being. The importance of sustainable development and
innovation has increased over the last few decades, and political and social awareness is nowgreater (Díaz-García et al., 2015;
Hojnik and Ruzzier, 2016; P�acesil�a and Ciocoiu, 2017). To reflect this greater awareness, new concepts of innovation have
emerged in relation to sustainability and its three dimensions (economic, social, and environmental). The authors refer to
such innovations as green (Azzone and Noci, 1998; Driessen and Hillebrand, 2002), environmental (Carraro and Siniscalco,
1992; Green et al., 1994; Porter and van der Linde, 1995), sustainable (Brundtland, 1987; Schiederig et al., 2012), and eco-
innovation (Fussler and James, 1996; Rennings, 2000). Eco-innovation can drive a country's economic prosperity and well-
being. Economic prosperity and well-being are closely associated with the environment (European Environment Agency,
EEA, 2015), and this link suggests that eco-innovation develops within the boundaries of innovation systems, influenced
by a country or region's individual characteristics.

The literature on eco-innovation and innovation systems is extensive when these topics are considered separately.
However, what is the literature that studies both topics jointly and what are its characteristics? This study explores the
research trends that arise when eco-innovation and innovation systems are considered together to identify the theoretical
references (authors and documents) underpinning the literature on both topics. Thus, it provides academics with a
comprehensive overview of the literature, and bibliometric methods are used for this purpose. Specifically, this study pre-
sents co-occurrence and co-citation analyses. Co-occurrence analysis reveals links between author keywords for eco-
innovation and innovation systems, while co-citation analysis reveals common literature that provides a foundation for
research on both eco-innovation and innovation systems. The data on this topic were obtained from the Web of Science Core
Collection (WoS CC). These findings reflect that the joint field of eco-innovation and innovation systems remains unexplored,
contrary to the extensive existing research on both topics when considered separately, even though sustainability in all areas
of society has become a crucial part of achieving sustainable development. In addition, we identify the main authors and
documents that provide the theoretical frameworks used in the literature on this topic. The specific areas studied by these
authors are then grouped into four thematic clusters: Cluster 1 is related to eco-innovation; Cluster 2 is related to innovation
systems; and Clusters 3 and 4 include the elements that constitute and interact with eco-innovation systems.

The originality of this study lies in its application of bibliometric analyses to study two topics that are broadly discussed in
the literature when considered independently (eco-innovation and innovation systems). Thus, research gaps and trends that
could encourage scholars to further research eco-innovation systems were identified. Further research could contribute to
achieving sustainable development by providing policymakers with crucial insights integratedwithin the national innovation
system. Therefore, innovation-sustainability-related policies and instruments can be adapted to each national context to
guarantee the success of sustainable development.

The remainder of this paper is structured as follows. Section 2 describes national and regional innovation systems and eco-
innovation. Section 3 introduces the bibliometric analysis method and contextualizes the research on eco-innovation and
innovation systems. Section 4 presents the results of the bibliometric analysis. Finally, Section 5 presents the main conclu-
sions, limitations, and possibilities for future research.

2. Theoretical framework

2.1. National and regional innovation systems

National and regional innovation systems have emerged in light of growing international competition, the limitations of
current policies and development models, and the creation of clusters of successful industries and companies (Doloreux and
Parto, 2005; Enright, 2003). An innovation system is defined as a set of economic and institutional agents that, together with
the implementation of policies, can influence innovation performance and behavior (Freeman, 1987; Lundvall, 1992; Nelson,
1993).

Innovation systems facilitate the flow of information and technology among institutions, firms, and individuals (Alaie,
2020). The participation of these actors is essential for the success of the innovation process because technological devel-
opment and innovation arise from complex relationships among the actors in the innovation system (OECD, 1997). According
to Asheim and Isaksen (2002), clusters and other agglomerations can stimulate and incentivize collective learning and
innovation through communication, collaboration, and cooperation among companies, sociocultural structures, and insti-
tutional environments. In this sense, collective learning and innovation are embedded in the regions and societies in which
they occur.

Innovation systems focus on the factors that can influence a region's technological capabilities (Cooke et al., 1997; Nelson
and Rosenberg, 1993). The diversity found in national innovation systems results from differences in economic, institutional,
and research and development (R&D) frameworks, and the institutional and cognitive structures of a given region shapewhat
occurs within it. These structures increase regional differences, resulting in different innovation potentials (Asheim et al.,
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2011). Many studies have investigated the influence of innovation activities and processes on modern societies and econo-
mies (Cancino et al., 2017; L�opez-Rubio et al., 2021d). To improve regional competitiveness and growth, it is essential to
identify patterns of innovation in each region and adapt these patterns to different regional characteristics (Lorenz and
Lundvall, 2006); doing so could reduce the inequalities between regions resulting from innovation. Asheim and Isaksen
(2002) show that business clusters that ultimately drive regional development employ different innovation resources.
Hence, clusters use different innovation strategies, which may be successful based on their characteristics, situations, and
processes. T€odtling and Trippl (2005) argue that an ideal innovation policy model does not exist, but each policy must be
adapted to the economic, political, social, cultural, institutional, and environmental contexts of the region in which it is
implemented. The concept of innovation policy and its subsequent implementation highlights its importance in driving and
supporting innovation processes (L�opez-Rubio et al., 2021d).
2.2. Eco-innovation

An innovation is “the implementation of a new or significantly improved product (good or service), process, marketing
method, or organizational method in business practices, workplace organisation, or external relations” (OECD, 2005, p. 46).
Technological innovations affect the society and environment in which they are implemented (Omri, 2020; Weitzman, 1997).
Traditional innovation is based on maximizing profits and financial results without considering the indirect effects (Silvestre
and Ţîrc�a, 2019). However, growing social and environmental concerns have led to other types of innovation that attempt to
cover the economic, social, and environmental dimensions of sustainability (Chen et al., 2018).

Numerous terms have been used in the literature to refer to innovations related to one or more sustainability dimensions.
Social innovation is a new social practice arising from intentional, collective, and goal-oriented actions, and it aims to achieve
a sustainable quality of life by reconfiguring the goal-achievement system (Periac et al., 2018). This type of innovation pri-
oritizes the social dimension of sustainability by aiming to improve social capital and contribute to society's well-being
(Dawson and Daniel, 2010; Silvestre and Ţîrc�a, 2019). Many scholars have not reached a consensus on the terms used to
describe other sustainability-related innovations (Zubeltzu-Jaka et al., 2018). These terms include “green” (Azzone and Noci,
1998; Driessen and Hillebrand, 2002), “environmental” (Carraro and Siniscalco, 1992; Green et al., 1994; Porter and van der
Linde, 1995), “sustainable” (Brundtland, 1987; Schiederig et al., 2012), and “eco-innovative” (Fussler and James, 1996;
Rennings, 2000). Although some authors use these terms interchangeably (e.g., Dias Angelo et al., 2012; Hsu et al., 2021),
others make a distinction (Díaz-García et al., 2015; Schiederig et al., 2012).

Green innovation is aimed at reducing a company's environmental impact, integrating environmental objectives and
innovation processes, products, and services (Triguero et al., 2013). This type of innovation combines innovation-driven
development with green development by relying on the basic concepts of environmental optimization, energy conserva-
tion, and innovation (Su and An, 2018). According to Watson et al. (2018), environmental innovation encompasses the
environmental dimensions of sustainability. For example, Tariq et al. (2022) argue that the development of green technology
and energy can contribute to sustainable development, guaranteeing ecological security because implementing eco-
innovations can mitigate climate change. Schiederig et al. (2012) argue that sustainable innovation is the only type of
innovation that includes the economic, social, and environmental dimensions of sustainability, while the other three terms
(green, environmental, and eco-friendly) cover only the economic and environmental dimensions. Nevertheless, eco-
innovation promotes a green economy and technology creation and acquisition, improves social well-being, and ensures
environmental protection and natural resource conservation (Demirel and Kesidou, 2019; Zubeltzu-Jaka et al., 2018).
Accordingly, it can be argued that eco-innovation includes all three dimensions of sustainability.

Fussler and James (1996) introduced in the literature the term “eco-innovation.” The Eco-Innovation Observatory defines
eco-innovation as “the introduction of any new or significantly improved product (good or service), process, organizational
change or marketing solution that reduces the use of natural resources (including materials, energy, water and land) and
decreases the release of harmful substances across the whole life-cycle” (Eco-Innovation Observatory, 2010, p. 7). Hojnik and
Ruzzier (2016) approve of this definition, arguing that this type of innovation enables more efficient use of resources and
reduces the negative impact of resource use on the environment; thus, eco-innovation can improve the environmental
performance of nations, regions, and businesses (Kanda et al., 2019). Despite the lack of consensus on the definition of eco-
innovation, most definitions emphasize the role of the environmental dimension of sustainability. Reducing the negative
environmental impacts and improving the use of natural resources should enhance the environment. This improvement in
environmental quality should have positive effects on society by increasing social well-being and quality of life. Innovation is
a crucial driver of economic growth because it increases product variety and stimulates employment (Guinet and Pilat, 1999).
Hence, the concept of eco-innovation covers not only environmental aspects but also sustainable development (Rennings,
2000).

Given the wide variety of concepts and definitions related to sustainability-related innovation, this study uses the terms
“green,” “environmental,” “sustainable,” and “eco-innovation” interchangeably. The term “eco-innovation” is used the most,
but it is assumed to encompass the other three types of innovation (i.e., green, environmental, and sustainable). By simul-
taneously analyzing the research avenues of the literature on eco-innovation and innovation systems, it is expected to identify
the theoretical references (authors and documents) that support this literature.
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3. Method and data

The literature on eco-innovation and national and regional innovation systems is extensive when these topics are
considered separately. As of December 2021, the published documents on eco-innovationwere 5469 and those on innovation
systems 2789. According toWoS CC, the first paper on eco-innovationwas published in 1978, and it was titled “The Adoption
Process and Environmental Innovations: A Case Study of a Government Project” (Taylor and Miller, 1978).

Despite the extensive literature on these two topics and their importance within the current framework of sustainable
development, research combining them is scarce. According to the WoS CC, the literature on both topics consists of only 42
documents, which is considerably smaller than that on either topic in isolation. Given the limited literature on the inter-
section of eco-innovation and national and regional innovation systems, this study aims to identify and analyze research
avenues in this area while offering relevant insights (illustrated in Fig. 1).

Bibliometric methods capture the nuances and evolutionary trends of existing scientific knowledge in different fields and
configure and shed light on large data volumes. The development of bibliometric software (e.g., Gephi and VOSviewer) and
scientific databases (WoS and Scopus) has facilitated the collection and analysis of these large data volumes. Using biblio-
metric methods, scholars can gain a broad literature overview while identifying knowledge and research gaps that may
suggest new research possibilities (Donthu et al., 2021). Although the increasing use of bibliometrics is recent, discussions on
this topic started in 1950 (Wallin, 2005). The categories of bibliometric analysis are two: first, performance analysis focuses on
the scholars’ research contributions, and it includes publication-, citation-, and publication-related metrics; second, science
mapping allows to study the relationships between publications and academics. Techniques for this category of bibliometric
analysis include citation, co-citation, bibliographic, co-word, and co-authorship analyses (Donthu et al., 2021).

Bibliometric methods are used to provide a comprehensive overview of the literature on eco-innovation and innovation
systems by applying statistical measures (do Adro and Leit~ao, 2020). First, co-occurrence analysis was conducted to capture
the co-occurrence of author keywords (van Eck andWaltman, 2010). This analysis was conducted twicedonce for research on
eco-innovation and once for research on national and regional innovation systems. The aimwas to identify the keywords for
each of the major blocks. This analysis helps explain the current state of research in this area because it shows the links
between topics graphically and in such a way that they can be easily identified (Callon et al., 1983; L�opez-Rubio et al., 2021a).
Second, co-citation analysis was conducted. The purpose of co-citation analysis is to identify the common literature that
provides a theoretical framework for each publication. When one or more documents cite two papers or authors, the two
papers or authors are co-cited (L�opez-Rubio et al., 2021c; Small, 1973). Both analyses were conducted using the VOSviewer
software.

Fig. 2 shows a bibliometric map of the connections among the keywords for eco-innovation. The search covered 5469
documents, including articles, proceedings, papers, book chapters and reviews, review articles, editorial materials, books,
new items, letters, and meeting abstracts. This concept (together with green, environmental, and sustainable innovation) is
strongly related to sustainable development, the environment, business, and regional management. These terms cover as-
pects related to the production and consumption models adopted by region (such as circular or green economies), corporate
social responsibility (CSR), and competitiveness. This figure reflects the relevance of the environment when dealing with eco-
innovation because it includes concepts such as renewable energy, climate change, and eco-design. Moreover, the literature
also focuses on entrepreneurship, small andmedium-sized enterprises (SMEs), and R&D, suggesting that their contribution to
eco-innovation is important.

Fig. 3 presents an overview of research on national and regional innovation systems, and it presents 2789 documents
comprising articles, proceedings, papers, book chapters and reviews, review articles, editorial materials, books, new items,
letters, and meeting abstracts. The figure shows that these concepts are directly related to innovation and highlights the
importance of innovation system agents. Examples of such agents include institutions, universities, clusters, and governance
structures. The figure also includes factors that may affect innovation systems, such as technology, science, policy, collabo-
ration, entrepreneurship, R&D, and knowledge. These interconnected elements constitute the national or regional innovation
system. Some studies have also dealt with the effects of innovation systems on the competitiveness, efficiency, development,
and growth of a country or region. The implication is that when both the actions and relationships of these interconnected
elements are grounded in sustainability principles, countries can achieve sustainable development and thus enhance their
economic, social, and environmental growth.
Fig. 1. Intersection between innovation systems and eco-innovation.
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Fig. 2. Overview of eco-innovation keywords.

Fig. 3. Overview of innovation systems keywords.
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This study examined the literature on the intersection of eco-innovation and national and regional innovation systems.
The literature search included 42 documents from the time of the study, which was conducted in January 2022 based on the
WoS CC database. The data refer to all documents published up to December 31, 2021. The search query used to gather data
was as follows:
222



Fig. 4. Article selection process.

Table 1
Distribution of publications, citations, and citations per publication over the study period.

Period TP P/Y TC C/P

1990e1999 1 0.1 36 36
2000e2009 1 0.1 114 114
2010e2014 6 1.2 363 60,5
2015e2019 11 2.2 225 20,45
2020e2021 7 3.5 26 3,71

Note: TP ¼ Total publications; P/Y ¼ Publications per year; TC ¼ Total citations; C/P ¼ Citations per publication.
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Topic¼ (“national innov* system*” OR “national system* of innov*” OR “regional innov* system*”OR “regional system* of
innov*”) AND (“eco-innov*” OR “eco innov*” OR “ecoinnov*” OR “green-innov*” OR “green innov*” OR “greeninnov*” OR
“sust* innov*” OR “sust*-innov*” OR “environ* innov*” OR “environ*-innov*”).

This query returned 42 records: 28 articles, 14 proceedings papers, two book chapters, and two early access documents.
The 28 articles were used for analysis, representing 67% of the documents. Two of these 28 articles, which focused on ar-
chitecture and physics, were excluded because they were unrelated to knowledge. Therefore, the analysis was based on the
remaining 26 articles. Fig. 4 illustrates the article selection process used in this study.
4. Results: identifying patterns in the literature

To illustrate the focus of the research on eco-innovation and innovation systems between 1990 and 2021, 26 articles were
categorized based on several variables. Table 1 presents the publications, number of citations, publications per year (P/Y), and
citations per publication (C/P) for the 1990e1999, 2000e2009, 2010e2014, 2015e2019, and 2020e2021 sub-periods. In the
1990s and the 2000s, only one study was published per decade. The influence of publications from the 2000s appears to have
been greater, as they received 114 citations. In the later sub-periods, the number of publications increased. Although the
2015e2019 sub-period had the highest number of publications (11), the 2010e2014 sub-period had the highest number of
citations (363). The sub-period from 2020 to 2021 had a higher ratio of publications per year than any other sub-period.
Therefore, scientific research on eco-innovation and innovation systems is expected to increase in the coming years.

Table 1 also offers insights into the evolution of literature on eco-innovation and innovation systems. Despite some
variations in scientific production, the trend has generally been increasing. Only two studies were published between 1998
and 2008, but scientific production has increased significantly over the last decade. In 2019 and 2020, the number of pub-
lications per year was four, making these the years with the highest scientific production (30.8% of the total scientific pro-
duction on the topic). Three papers published in 2004, 2010, and 2013 received 114, 131, and 158 citations, respectively,
highlighting their importance and influence. These findings are corroborated by Table 2, which presents the 10 most influ-
ential papers published from 1990 to 2021.

The paper with the highest number of citations is “Determinants and Specificities of Eco-Innovations Compared to Other
Innovations-An Econometric Analysis for the French and German Industry Based on the Community Innovation Survey” by J.
Horbach, V. Oltra, and J. Belin, which was published in 2013 and has received 158 citations. In this study, the authors analyze
the factors of eco-innovation across countries to determine whether they show national characteristics that depend on
national innovation systems. “The determinants of regional innovation in Europe: A combined factorial and regression
knowledge production function approach”’ by Buesa, Heijs, and Baumert was published in 2010 and has received 121 cita-
tions. It explains that national and regional environments, innovative companies, universities, and public R&D are key drivers
of innovation systems. Finally, “Regional Innovation Systems in Canada: A comparative study” by D. Doloreux was published
in 2004 and is the third most-cited article. The authors investigated the innovation activities undertaken by SMEs to evaluate
their collaborative interactions with other innovative organizations.

Table 3 presents the number of publications per country between 1990 and 2021. China had the most publications (four);
Spain was responsible for three studies on eco-innovation and innovation systems, and Germany and the United States had
two publications each. Several other countries (e.g., Australia, Finland, Lithuania, and Russia) were responsible for publishing
only one paper. These findings indicate that the country with the most interest in studying the relationship between eco-
innovation and innovation systems is China, followed by Spain. The conclusions and implications of publications by au-
thors from China may help achieve sustainable national development; hence, China may have an advantage over other
countries, not only in terms of economic and technological growth (as shown in recent years) but also in terms of sustain-
ability. These four publications link the three social agents of the Triple Helix (universities, companies, and governments) to
223



Table 2
The most influential publications on the topic of eco-innovation and innovation systems based on total citations.

Authors Title Year TC C/Y

Horbach, J.; Oltra, V.; Belin, J. Determinants and Specificities of Eco-Innovations Compared to Other Innovations-
An Econometric Analysis for the French and German Industry Based on the
Community Innovation Survey

2013 158 17.56

Buesa, M.; Heijs, J.; Baumert, T. The determinants of regional innovation in Europe: A combined factorial and
regression knowledge production function approach

2010 121 10.08

Doloreux, D. Regional Innovation Systems in Canada: A comparative study 2004 114 6.33
del Rio, P.; Penasco, C.; Romero-

Jordan, D.
Distinctive Features of Environmental Innovators: An Econometric Analysis 2015 65 9.29

Fabrizi, A.; Guarini, G.; Meliciani, V. Green patents, regulatory policies and research network policies 2018 64 16
Leyden, D. P. Public-sector entrepreneurship and the creation of a sustainable innovative

economy
2016 38 6.33

Chapple, K.; Kroll, C.; Lester, T. W.;
Montero, S.

Innovation in the Green Economy: An Extension of the Regional Innovation System
Model?

2011 37 3.36

Roberts, R. Managing innovation: The pursuit of competitive advantage and the design of
innovation intense environments

1998 36 1.50

Chen, K. H.; Guan, J. C. Mapping the innovation production process from accumulative advantage to
economic outcomes: A path modeling approach

2011 29 2.64

Arranz, N.; Arroyabe, C. F.; Fern�andez
de Arroyabe, J. C.

The effect of regional factors in the development of eco-innovations in the firm 2019 15 5

Note: TC ¼ Total citations; C/Y ¼ Citations per year.

Table 3
Countries with the most citations for eco-innovation and innovation systems research.

Country TP TC C/P

Spain 3 201 67
Germany 2 158 79
Canada 1 114 114
USA 2 75 37.5
Italy 1 64 64
China 4 52 13

Note: TP ¼ Total publications; TC ¼ Total citations; C/P ¼ Citations per publication.
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collaboration, innovation production processes, environmental impact, sustainability policies, and SMEs. Three publications
by Spanish authors studied the main determinants of environmental innovators and business eco-innovations within
regional innovation systems.

Table 4 lists the five journals that published the highest number of articles on eco-innovation and innovation systems. The
journals Business Strategy and the Environment and Research Policy published three studies on this topic. However, the three
papers published in Research Policy received a higher number of citations (221 vs. 80 for papers published in Business Strategy
and the Environment). The most-cited Research Policy paper is by M. Buesa, J. Heijs, and T. Baumert, and it is the second most
influential in terms of the number of citations (Table 2). European Planning Studies, Journal of Cleaner Production, and Small
Business Economics each have two publications, while Applied Economics has only one publication. These top five journals have
a strong commitment to the environment, sustainability, and national, regional, and business development, in addition to
focusing on development through innovative solutions.

Co-citation analysis was conducted to identify the relationships between the authors and references cited in 24 of the 26
articles. Two of the 26 articles (Koblianska et al., 2020; Song et al., 2020) were excluded from analysis; therefore, they were
not included in the co-citation analysis. The minimum number of citations required for an author to be included in the
analysis was five, leading to the selection of 68 authors with the greatest total link strength. Fig. 5 and Table 5 present the
results of the co-citation analysis based on cited authors. Fig. 5 shows the core authors cited in the 24 articles grouped into
Table 4
Journals with the most publications on eco-innovation and innovation systems.

Journal TP TC C/P

Business Strategy and the Environment 3 80 26,67
Research Policy 3 221 73,67
European Planning Studies 2 20 10
Journal of Cleaner Production 2 7 3,5
Small Business Economics 2 47 23,5
Applied Economics 1 4 4

Note: TP ¼ Total publications; TC ¼ Total citations; C/P ¼ Citations per publication.
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Fig. 5. Co-citation of authors in the eco-innovation and innovation systems literature.

N. Chaparro-Banegas, A. Mas-Tur and N. Roig-Tierno International Journal of Innovation Studies 7 (2023) 218e229
four clusters: Cluster 1 (red) consists of 22 authors focused on innovations that benefit the economy, society, and the
environment (green, environmental, sustainable, and eco-innovation). Cluster 2 (green) comprises 17 authors specializing in
national and regional innovation systems. Cluster 3 (blue) includes 16 authors whose research is associated with innovation,
entrepreneurship, and development, as well as authors studying innovation systems. This combination of research areas can
be justified by the fact that innovation, entrepreneurship, and development are studied within the context of innovation
systems because of their interactions with each other within the system. Finally, Cluster 4 (yellow) consists of 11 authors who
focus on other elements that interact within an innovation system, namely clusters, knowledge, policy, and industry, which
may affect eco-innovation activities and decisions. Table 5 complements this information by displaying the authors belonging
to each cluster and their main research topics.

Table 6 shows the 10 most-cited authors in papers that simultaneously address eco-innovation and national and regional
innovation systems. Cooke, Asheim, and Nelson are the three most cited authors, and their research is mainly related to
innovation systems. Six of the 10 most-cited authors belong to Clusters 2 and 3 (three to Cluster 2 and three to Cluster 3). This
distribution makes sense because research on innovation, entrepreneurship, development, and innovation systems has a
decade-long history. However, the literature on eco-innovation and its drivers is more recent as sustainability concerns were
first associated with innovation after 1987. In 1987, the World Commission on Environment and Development (WCED)
introduced the concept of sustainable development, which is crucial in explaining eco-innovation.

Finally, Table 7 presents the findings of the co-citation analysis based on the cited references in the 26 journals. The
minimum number of citations for a cited reference to be included in the analysis was two, and only 16 of the 1580 references
met this threshold. These 16 references were selected as the studies onwhich the literature on eco-innovation and innovation
systems is based. The number of co-citations received by each cited reference is reflected in the total link strength (L�opez-
Rubio et al., 2021a). The study with the highest total link strength among eco-innovation and innovation systems articles
is titled “On the drivers of eco-innovations: Empirical evidence from the UK” and was authored by E. Kesidou and P. Demirel.
This study attempts to identify the drivers of eco-innovation using a sample of 1566 UK firms. The authors highlight the role of
environmental regulations in encouraging firms to become involved in eco-innovation. Although 13 of the remaining articles
had a total link strength of 200, two had a value of 100. Regarding the total number of citations inWoS, only five articles had at
least 1000 citations: they were authored by Teece, Pisano, and Shuen (13,593 citations), Z. Griliches (2960 citations), K. Pavitt
(2737 citations), K. Rennings (1142 citations), and F. T€odtling and M. Trippl (1098 citations). Of these five articles, only one
Table 5
Four clusters of authors according to their research areas.

Cluster number
and color

Authors Topic

1 (red) Cainelli, G.; Chesbrough, H.; de Marchi, V.; del Rio, P.; Demirel, P.; Hair, J.F.; Hascic, I.; Horbach, J.;
Jaffe, A.B.; Johnstone, N.; Kemp, R.; Kesidou, E.; Marzucchi, A.; Mazzanti, M.; Montresor, S.; Oltra, V.;
Popp, D.; Rammer, C.; Rennings, K.; Wagner, M.; Ziegler, A.; Zoboli, R.

Eco-innovation

2 (green) Asheim, B.; Cooke, P.; de Laurentis, C.; Defourny, J.; Doloreux, D.; Edquist, C.; Etxebarria, G.;
Etzkowitz, H.; Foray, D.; Freeman, C.; Hall, B.H.; Harmaakorpi, V.; Heidenreich, M.; Hofman, P.S.;
Lundvall, B.A.; Rosenberg, N.; T€odtling, F.

National and regional
innovation systems

3 (blue) Acs, Z.; Archibugi, D.; Audretsch, D.B.; Brouwer, E.; Buesa, M.; Fritsch, M.; Furman, J.L.; Griliches, Z.;
Heijs, J.; Martinez Pellitero, M.; Nelson, R.; Orsenigo, L.; Pavitt, K.; Porter, M.; Rothwell, R.; Stern, S.

Innovation, entrepreneurship,
and development

4 (yellow) Boschma, R.; Coenen, L.; Frenken, K.; Grillitsch, M.; Isaksen, A.; Jakobsen, S.-E.; Malerba, F.; Martin,
R.; Njøs, R.; Storper, M.; Trippl, M.

Clusters, knowledge, policy,
and industry

Note: Some authors have studied topics in other clusters; however, they were added to the cluster closest to the main area of specialization.
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Table 6
Authors of eco-innovation and innovation systems studies.

Author Cluster TC TLS

1 Cooke, P. 2 40 3218
2 Asheim, B. 2 23 2121
3 Nelson, R. 3 22 2017
4 Rennings, K. 1 21 1907
5 Lundvall, B.A. 2 18 1725
6 Porter, M. 3 17 1631
7 Trippl, M. 4 16 1401
8 Weber, S.M.* 15 692
9 Acs, Z. 3 13 1134
10 Mazzanti, M. 1 13 1232

Note: TC ¼ Total citations; TLS ¼ Total link strength. *Weber's scientific research is mainly based on organizational pedagogy; therefore, this author
did not fit into any of the clusters.

Table 7
The 16 most-cited eco-innovation and innovation systems papers.

PY Authors Title TLS TC-
WoS

1984 Pavitt, K. Sectoral patterns of technical change: Towards a taxonomy and a theory 200 2737
1990 Griliches, Z. Patent statistics as economic indicators: a survey 100 2960
1992 Cooke, P. Regional innovation systems: competitive regulation in the new Europe 200 527
1997 Teece, D. J., Pisano, G., &

Shuen, A.
Dynamic capabilities and strategic management 200 13,593

2000 Rennings, K. Redefining innovationdeco-innovation research and the contribution from ecological economics 200 1142
2004 Smits, R., & Kuhlmann, S. The rise of systemic instruments in innovation policy 200 359*
2005 T€odtling, F., & Trippl, M. One size fits all?: Towards a differentiated regional innovation policy approach 200 1098
2007 Wagner, M. On the relationship between environmental management, environmental innovation and patenting:

Evidence from German manufacturing firms
200 253

2008 Horbach, J. Determinants of environmental innovationdNew evidence from German panel data sources 200 785
2008 Wagner, M. Empirical influence of environmental management on innovation: Evidence from Europe 200 198
2009 Oltra, V., & Saint Jean, M. Sectoral systems of environmental innovation: an application to the French automotive industry 100 221
2011 Demirel, P., & Kesidou, E. Stimulating different types of eco-innovation in the UK: Government policies and firm motivations 200 248
2012 Kesidou, E., & Demirel, P. On the drivers of eco-innovations: Empirical evidence from the UK 300 372
2012 Horbach, J., Rammer, C., &

Rennings, K.
Determinants of eco-innovations by type of environmental impactdThe role of regulatory push/pull,
technology push and market pull

200 657

2012 De Marchi, V. Environmental innovation and R&D cooperation: Empirical evidence from Spanish manufacturing
firms

200 572

2012 Cainelli, G., Mazzanti, M., &
Montresor, S.

Environmental innovations, local networks and internationalization 200 142

Note: PY ¼ Publication year; TLS ¼ Total link strength; TC-WoS ¼ Total citations according to WoS. * This document is not available in WoS; therefore,
citation values were obtained from Scopus.
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directly dealt with eco-innovation. The remainder papers of the table cover the general concept of innovation. Therefore,
given that eco-innovation is a relatively recent concept and given the high number of citations of the article by Rennings
(2000), this article may be regarded as a seminal study in the field of eco-innovation.

Despite the small number of studies that simultaneously address eco-innovation and innovation systems, the co-citation
analysis reveals the existence of a collection of key authors and studies commonly used to build a theoretical framework for
research in this area. These authors and studies seem to coincide with those that formed the basis for studies on eco-
innovation or national and regional innovation systems.
5. Conclusions

This study provides an overview of the literature on eco-innovation and innovation systems. The aim was to identify
research avenues in specialist literature by examining the authors and articles that form the basis for the theoretical
frameworkwithin this field, given that the literature on the intersection of eco-innovation and innovation systems is less clear
than the literature that covers both topics separately. Scientific publications on eco-innovation (5,469) or innovation systems
(2,789) are numerous; however, research on both topics is scarce. According to the WoS, only 42 documents exist. A bib-
liometric analysis was performed on 26 of the 42 articles.

The literature on eco-innovation and innovation systems is growing. China (four articles) and Spain (three articles) have
the highest scientific production in this field. Such research could provide insights for designing and implementing eco-
innovation policies based on each national innovation system, as well as promoting sustainable behavior at all levels of
society.
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Co-citation analysis based on the most-cited authors resulted in four clusters of authors corresponding to different
research focuses. Cluster 1 (red cluster) focuses on eco-innovation, while Cluster 2 (green cluster) focuses on innovation
systems. These clusters include the most authors (22 and 17 authors, respectively), suggesting that they have become the
basis of the eco-innovation and innovation systems literature. Clusters 3 (blue) and 4 (yellow) focus on elements that
constitute and interact with the innovation system. These elements can also affect a nation, region, or company's eco-
innovation ability. Co-citation analysis based on the most-cited documents identified 16 references cited at least twice by
24 articles. As mentioned previously, two of the 26 articles (Koblianska et al., 2020; Song et al., 2020) were not located and
were, therefore, not included in the co-citation analysis. As these studies are most commonly found within the theoretical
frameworks of eco-innovation and innovation systems, in addition to the aforementioned studies, these articles could be
crucial in explaining eco-innovation systems.

The 26 articles used for the bibliometric analysis in this study were selected from the 42 documents returned by searching
for research on these two topics. This low scientific production reflects a scarcity of research on eco-innovation and inno-
vation systems. This indicates that this field of research remains unexplored. However, the growing importance of sustain-
ability and its relevance in all areas of society, including innovation systems, reflects the need for detailed studies on the
functioning and characteristics of eco-innovation systems. Eco-innovation systems can provide international organizations,
nations, and policymakers with appropriate instruments and skills to achieve sustainable development by boosting eco-
innovation. Eco-innovation will be successful with a collective effort to consider the individual characteristics of the indi-
vidual countries that together constitute the eco-innovation system.

Altenburg and Pegels (2012) introduce the concept of sustainability-oriented innovation systems as a call to action for
governments as actors capable of encouraging the use of alternative technologies to promote sustainable development. The
difference between innovation systems and sustainability-oriented innovation systems lies in the importance of the gov-
ernment's role in driving environmentally sustainable innovation. This aligns with Sun et al. (2019), which argue that
adopting eco-innovation largely depends on government support and funding; therefore, the exploitation of eco-innovation
varies within eco-innovation systems. However, these systems are characterized by an open flow of knowledge between
agents from other systems as well as the relevance of geographic proximity in fostering this knowledge flow (Cooke, 2011),
and the concept of eco-innovation is inherent in these systems (Horbach, 2005). Innovation systems emerge from the gradual
process of interaction between agents (Suurs and Hekkert, 2012). It is thus reasonable to assume that eco-innovation systems
are a key topic given the links between sustainability and innovation, which have beenwell documented since the end of the
1990s.

For example, Yin et al. (2019) used the institutional and innovation systems theory to explain how to achieve balanced
sustainable development of the rural innovation system. Similarly, Miremadi et al. (2019) provide a holistic framework for
studying eco-innovation systems based on innovation processes and government involvement through support and gover-
nance policies. Ouyang and You (2021) conclude that firms should be more aware of green R&D to shift toward eco-
innovation systems, and such awareness accelerates the adoption of green and sustainable business practices that drive
sustainable national development. Other studies have focused on China's eco-innovation system (Li et al., 2020; Wu et al.,
2021), emphasizing the prominent role of the government, institutions, R&D, knowledge, geographic proximity, and
geographic characteristics in the study of eco-innovation systems. These elements were also identified in the four clusters
previously described, demonstrating the relationship between eco-innovation and innovation systems. Given the need to
shift toward sustainable development, the literature could contribute to countries' progress by addressing the characteristics
of eco-innovation systems. Such research could provide countries with crucial insights and tools to depart from traditional
growth and development models and adopt new ones based on the three dimensions of sustainability. Recent studies have
offered evidence of the novelty and growing importance of eco-innovation systems.

This study has some limitations. Scientific research on eco-innovation and innovation systems not available in theWoS CC
was not included in the bibliometric analysis; thus, publications that may have made crucial contributions to this field but
that do not appear in theWoS CC were not considered. In addition, co-cited references and authors might not have been cited
for the same purpose or might not have expressed the same idea in all 24 articles. Some citations were included for unrelated
reasons; however, in this study, it was assumed that co-citations reflected a similar focus. Despite these limitations, this study
successfully identifies the state-of-the-art eco-innovation and innovation systems literature by providing research oppor-
tunities and trends on this topic.
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