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Open innovation runs contrary to the individualistic mentality of traditional corporate R&D implementation
while embracing external cooperation in a complex world. Our main motivation for the study is to assess and
characterize knowledge structure that represents radical transformation toward accelerating co-development of
sustainable innovations. Our review points to the role of the open eco-innovation research landscape as an
emerging research domain of potential contributions to sustainable development. Specifically, in this systematic
analysis, we apply exploratory, bibliometric, and network visualization techniques to characterize the available
knowledge in the field. We trace the growth trajectory of this emerging literature and map the knowledge base of
the open eco-innovation (OE) research field. We conceptualised four phases of research domain development and
recognised that OE is at the acceleration phase. We emphasized that a synthetic knowledge base is one of the
basic ingredients of an open eco-innovation model in addition to analytic and symbolic knowledge bases. Finally,

we highlighted what might seem to be budding theoretical perspectives underlining open eco-innovation.

1. Introduction

In the specific research domain of environmental economics, the
issue of sources of information and knowledge used by eco-innovative
firms is of utmost importance [1,2]. Implementing eco-innovation is a
complex endeavor that requires access to a variety of knowledge and
skills that are different from the conventional knowledge base for
mainstream innovation. Many authors have focused on this issue with
more attention paid to ‘double externality problem’ and determinants of
eco-innovation [3-7]. According to traditional economic theory, there is
a disincentive to invest in eco-innovation because the value created by
an eco-innovative firm often accrues to other firms due to knowledge
spillover. More importantly, issues such as these have made access to
diverse sources of knowledge to be more important for eco-innovation
than mainstream innovation [5]. In fact, eco-innovation is known to
require more external knowledge than conventional innovation [1,5].

In addition to the issues raised above, other factors such as inade-
quate capabilities and resources, value creation, and value capturing
within competing goals [8-10] have brought a great deal of interest in

understanding how firms and other stakeholders integrate open inno-
vation strategies into the eco-innovation process. This strategy, here-
after called open eco-innovation (OE) has been given different other
names such as sustainable open innovation (SOI) [11], open environ-
mental innovation [12,13], open eco- innovation mode (OEIM) [14,15],
Open- corporate greening [16] and Corporate-entrepreneur collabora-
tions for the circular economy [17]. Other various terms and definitions
are also stated in Chistov et al [18].

Although the OE community is growing rapidly, the OE concept and
more importantly its knowledge base (analytical: knowledge in-
stitutions, scientific journals, etc. and synthetic: customers, competitors,
suppliers etc.) and theoretical structure are still at an early stage [18,19]
necessitating thorough systematic analyzes. So far, some of the extant
systematic reviews of OE have touched upon bibliometric analysis of
emerging research in OE [18,20], inter-organizational cooperation in
eco-innovation [21], cooperation in sustainable eco-innovation [20],
collaboration in green product innovation [22], and clarification of the
sustainable open innovation concept [23]. Some have also been carried
out with specific reference to a particular sector of the economy [3,24].
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To the best of our knowledge, no study has focused solely on the
knowledge base (analytic and synthetic) and theoretical structure of OE
landscape.

The main objective of this study, therefore, is to carry out a biblio-
metric analysis and systematic literature review with a view to deep-
ening the understanding of the knowledge base and theoretical structure
of OE landscape.

To satisfy this objective, the following research questions (RQ) are
presented:

RQ1: What is the growth trajectory of OE literature?

RQ2: What is the pattern of the knowledge base of OE?

RQ3: What are the potential theoretical structures with which OE can
be developed?

Our study makes a twofold contribution when compared with other
related studies. First, our paper contributes to unraveling common
philosophical concepts underlying OE research field and in the process
identified what could be budding theoretical backgrounds upon which
OE literature could be developed. This structure could help scholars to
better explain OE processes.

Second, our paper develops a conceptual model that can be used to
track the growth trajectories of not only open eco-innovation research
field but also other research domains. With this framework, the histor-
ical development of theories, disciplines, or concepts can be analyzed
and interpreted. This framework will enrich the future analysis of bib-
liometric and systematic reviews. It will help to bring clarity to historical
contexts and future trends of research disciplines, most especially the
sustainability research domain. Finally, at the end of this article, our
paper came up with several research questions that could form future
research agenda for OE.

The rest of this paper is structured as follows Section 2. discusses eco-
innovation and external knowledge sourcing; Section 3 explains the
methods employed to systematically review the papers selected from
Scopus database; Section 4 presents the findings and discussions related
to the three research questions, and discusses the emerging trends and
research gaps; and Section 5 highlights key findings and states the
theoretical and practical implications.

2. Eco-innovation and external knowledge sourcing

Knowledge search mode is defined as the firm’s problem-solving
strategies through which the firm acquires external knowledge [27,
28]. Firms often lack cognitive proximity which is needed to expand
their existing knowledge base [29] to make the successful imple-
mentation of eco-innovation possible [6]. As a result of this, firms may
have to look for alternatives for production processes, inputs, and/or
materials that are not necessarily within their core competence which
further accentuates the challenges in understanding and implementing
the new process or inputs [30]. Eco-innovation requires knowledge in-
puts from many and diverse sources [31,32]. Knowledge base for
innovation process can be categorized into two: ‘analytical’ and ‘syn-
thetic’ [25]. An analytical knowledge base places high value on scien-
tific knowledge and systematic development of products and processes
[26]. Firms that depend on this kind of knowledge base often have their
R&D departments or cooperate with external partners such as univer-
sities, research institutes, inventors, etc. In the case of a synthetic
knowledge base, most of the firms using this category of knowledge
innovate by combining and applying existing knowledge to provide
solutions to specific market frictions while interacting with customers,
competitors and suppliers, etc. There is also the third category of
knowledge base termed ‘symbolic’ [33]. Here, the innovation is not so
much about the creation of products or services; rather it is the
impression that the firms attempt to create in the minds of the con-
sumers. Unfortunately, many studies have overlooked the relevance of
these external knowledge sourcing modes for eco-innovation [1].
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3. Methods
3.1. Background to the systematic review methodology

This paper followed the systematic review method suggested by
Tranfield et al., Halilem and Pham et al [34,35,36]. It also aligned with
the review process called PRISMA protocol [37] by following these 6
steps:

(1) Framing explicit research questions.

(2) Setting inclusion and exclusion criteria to gather documents.

(3) Searching, locating and identifying studies that meet the inclu-
sion and exclusion criteria.

(4) Evaluating the quality of the selected studies.

(5) Data extraction, and coding.

(6) Data synthesis/analysis and reporting results.

This article adopts a qualitative narrative (exploratory) method for
the analysis of the synthesis of the literature [38-40] where we attempt
to make sense out of the findings in the selected articles. We also use
bibliometric and network visualization mapping techniques to gain in-
sights into the emerging research domain. Data processing and coding
are conducted in Microsoft Excel, Mendeley, and VOSviewer.

3.2. The systematic review protocol

3.2.1. Inclusion and exclusion criteria

One of the first conditions for selecting an article for review in this
paper is that it must consider eco-innovation, environmental innovation,
low-carbon innovation, green innovation, or green patent collaboration
among any stakeholder during the innovation process or implementa-
tion. Eco-innovation is a relatively new field of study [4]. However,
concerns over the negative impacts of human activities on the envi-
ronment could be said to have started with the Brundtland report where
the issue of sustainable development was raised [41]. Technically,
eco-innovation came into the scientific literature in the ‘90 s [42,43]
defined it as “new products and processes which provide customer and
business value but significantly decrease environmental impacts’. As
such, the third criterion for inclusion will be considering only articles
published on eco-innovation between 1990 and 2021. Therefore, any
discourse surrounding OE would not be complete without tracking
studies around this period. The fourth criteria will be to choose only
online peer-reviewed articles published within the period specified
above. This criterion will allow us to evaluate papers that have under-
gone a thorough review process by researchers and experts in the field of
environmental sustainability.

3.2.2. Identifying the appropriate articles
The identification of studies to be included in the systematic review
entails two steps:

(1) Locating and enlisting studies.
(2) Selecting articles and evaluating its quality.

Locating and enlisting studies.

To locate and select articles that fulfill our criteria, we performed a
search mainly across Scopus database. In this review, we based our
analysis on this database because it offers great flexibility, particularly
with regard to search terms and citations search. It is also one of the
largest abstract and citation databases of peer-reviewed literature. We
also searched for relevant articles on other citation databases such as
Web of Science and Dimensions. However, we decided to use Scopus
because its results are far better than the other databases. Our paper
established keywords and search strings that allow the combination of
keywords and their synonyms into logical expressions to incorporate
many journals in the field of interest [39]. Most of the literature in the
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area of sustainability often use four different terms (“green”, “eco”,
“environmental” and “sustainable’’) interchangeably to depict in-
novations that decrease the negative impact on the environment.
Therefore, our paper considered these four terms as interchangeable and
identical [44]. The first search yielded a total of 523,734 journal articles
retrieved from Scopus database. It was later reduced to 15,595 when we
narrow down the disciplines of interest to social sciences”, “business,
management and accounting” and “decision sciences” “environmental
science’’, “energy’’, “economics’’, “econometrics’’ and “finance’’. The
15,667 (after adding 72 articles sourced from ResearchGate) articles
were reduced to 535 when we gave a cursory look at the title, abstract
and keywords of peer-reviewed papers and selected those that examined
firms sourcing knowledge strategies or collaborating with external ac-
tors such as customers, suppliers, universities, research institutes, con-
sultants, professional associations, formal and informal social networks,
etc. to eco-innovate. 15 articles were added (making 520 articles) while
checking the references of the 535 articles (snowball technique). The
final selection of the 288 papers resulted from a full-text check of all the
535 articles and making sure that all the criteria were fulfilled.

Selecting articles and evaluating its quality

To select the relevant literature for the study, we adapted Ches-
brough & Bogers’ (2014) definition of open innovation [45]. We
describe open eco-innovation as a decentralized eco-innovation process
based on controlled knowledge flows across organizational boundaries,
using pecuniary and non-pecuniary strategies in accordance with the
organization’s business model [46]. In order to ensure high quality ar-
ticles are chosen, we selected any peer-reviewed articles that examine
firms sourcing knowledge strategies or collaborating with external ac-
tors such as customers, suppliers, universities, research institutes, con-
sultants, professional associations, formal and informal social networks,
etc. to eco-innovate Fig. 1. shows the research process for the literature
synthesis.

In order to gain a comprehensive insight into the knowledge base of
OE, we conducted a bibliometric analysis. The bibliometric technique is
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a reliable tool for citation analysis, text and data mining [47]. It also
permits analysis of the trend, evolution, and structure of a particular
research field. With the aid of VOSviewer, we carried out the following
analyzes which enable us to comprehend the development and trajec-
tory of OE in the sustainability study landscape. These analyzes include
[48]:

(1) Citation analysis: the relatedness of items determined based on
the number of times the authors cited each other.

(2) Co-citation analysis: the relatedness of items determined based
on the number of times they are cited together.

(3) Bibliographic coupling by sources of the articles and countries.

4. Results and discussions
4.1. Descriptive analyzes

4.1.1. The most cited publication/articles

Some of the most cited OE-oriented articles within the study period
include Environmental innovation and R&D cooperation: Empirical evidence
from Spanish manufacturing firms [6] with well over 517 citations. This is
followed by the article, Extending sustainability to suppliers: A systematic
literature review [49], A paper, Does the development of environmental
innovation require different resources? Evidence from Spanish manufacturing
firms by Cainelli et al [9] is also another influential article on OE
research landscape. It recorded 165 citations. The open eco-innovation
mode. An empirical investigation of eleven European countries, written by
Ghisetti et al [14]. with 107 citations. Other highly cited articles include
those written by de Marchi and Grandinetti [5], Borghesi et al [50].,
Dangelico et al [51]. etc. The visualization network map showing how
the highly cited articles are connected is shown in Fig. 2a. This figure
reveals connectivity between the new and the old articles. As in many
other research fields, some new articles tend to be well connected with
the old influential articles suggesting the direction of the flow of

Atrticles identified through database searching
(n=15,595)

Additional articles identified through other sources

m=72)

\

}

|

Articles afier duplicates removed
(n=15,667)

v

(n=535)

Atrticles screened

Articles excluded
(n=15,132)

Snowballed articles

\ 4

(=15)

(n=550)

Full-text articles assessed for eligibility

Full-text articles excluded,
according to criteria (n =262)

A 4

Articles included in the literature
synthesis (n =288)

Fig. 1. Research process for the literature synthesis.
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a: Network map for most cited OE articles
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Fig. 2. 2a: Network map for most cited OE articles, 2b: Bibliographical coupling by journal, 2c: Bibliographical coupling by country, 2d: Geographical distribution of

OE literature.

knowledge.

Majority of these highly cited papers were published in highly-rated
journals. Analysis in Table 1 shows the leading 10 productive journals in
the field of OE between 1990 and 2021. Among the leading 10 pro-
ductive journals that have the most publications in OE, the number of
publications in the top 6 journals accounted for 86.61% of the total (see
Table 1). In particular, the Journal of Cleaner Production (JCP) is the
most productive journal with 45 articles accounting for 15.63% of the
global total. Results in Table 1 further show that OE has attracted the
interests of scholars from various fields including environmental sci-
ence, science, technology and innovation (STI) management, supply
value chain management, ecological economics, energy policy, knowl-
edge management, etc. We also noticed that the closer two journals are
cited to each other, the stronger their relatedness [48] Fig. 2.b shows
that JCP, BSE, and Technological Forecasting and Social Change do not
only belong to the same cluster but are also the journals of choice for
scholars publishing in the field of OE.

4.1.2. Geographic distribution of OE literature

The geographic distribution of OE literature in the top 10 most
productive countries is shown in Fig. 2d. European countries led by Italy
(25), Spain (20), and Germany (17) are the most productive region. This
is followed by China (24), the United Kingdom (21), and the United
States (17). In all, 10 leading countries accounted for over 55.9% of the
total knowledge production of OE in the Scopus database within the
study period. It is interesting to note that China and Brazil are the only
upper-middle-income countries that made the top ten. Examples of other

Table 1
The leading 10 productive journals in OE.
Journal Field of the Journal TP IF TC CPP
Journal of Cleaner Environmental 45 9.29 1037 23.04
Production science
Sustainability Sustainability and 14 325 108 7.71
Sustainable
Development

Business Strategy and
the Environment

Competitive strategy 12 10.3 442 36.83
and environmental

(BSE) management
Technological Technological 6 8.59 121 20.17
Forecasting and forecasting and future
Social Change studies
European Journal of Innovation 5 4.69 137 27.40
Innovation management
Management
Research Policy STI management 4 8.11 749 187.25
International Journal of ~ Environmental 4 3.39 10 2.50

Environmental Sciences and

Research and Public Engineering, Public

Health Health,
Industry and Dynamics of 4 342 213 53.25

Innovation industries and

innovation

Ecological Economics Ecological Economics 3 538 71 23.67
Energy Policy Energy policy and 3 6.14 107 35.67

energy supply

Note: TP: total publications; IF: impact factor; TC: total citations; CPP: citations
per publication.
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developing countries that contributed articles in the field of OE include
Malaysia and Mexico. This raises the issue of non-visibility or lack of
publications on OE (or specifically in eco-innovation studies) from the
developing countries most especially in popular databases such as Sco-
pus (see Fig. 2¢).

4.2. Growth trajectory of OE literature

Tracing the evolution of OE, we noticed a pattern (not necessarily in
a clear successive manner) starting with studies on exploiting
networking relationships and knowledge spillovers among firms,
knowledge institutions and other key stakeholders [16,52,53], impor-
tance of R&D cooperation with external partners [13,54,55], compara-
tive analysis of knowledge strategies of green and non-green firms [5,
561, impact of the ‘depth’ and ‘breadth’ of knowledge sources and firm’s
absorptive capacity [2,14,57], role of regulation policies and green in-
tellectual property [58], role of intermediaries in fostering networking
and partnerships [59], role of partnerships in advancing the circular
economy [17], roles of external partners in improving sustainability
innovation performance [11,60], challenges in creating and capturing
value in open eco-innovation networks [61] to role of innovation
collaboration with different partners on the typologies of ecological
innovation [62,63]. It was also observed that most of the studies on OE
were carried out at the firm level with data from national and regional
surveys. Data from community innovation surveys seems to be one of the
most accessed data sources especially from the European countries [5,
13,14,54]. Very few studies used qualitative or mixed-method tech-
niques for their analyzes [16,17,58,59]. This pattern is shown in Fig. 5.

In a bid to understand the growth trajectory of a research domain
when applying bibliometric analysis, we conceptualize and develop four
phases of knowledge domain development: start, acceleration, transi-
tion, and deceleration (see Fig. 3). The start phase is described as the
initial stage of the research domain when scholars are beginning to
explore or understand the field. The acceleration phase consists of the
period when the research domain becomes popular as a result of a better
understanding of the concept or an important event e.g. Paris

ACCELERATION

START

d e e '-'-Ho}
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agreement, the pronouncement of sustainable development goals, etc.
The transition phase denotes the period when a particular research field
or concept becomes matured and is beginning to give rise to some other
popular concepts with the capability to evolve or transit to another
research domain (e.g. close innovation process giving rise to open
innovation). The deceleration phase begins when scholars start to lose
interest in a particular research domain as a result of a better alternative,
lack of relevance, etc. However, it should be noted that the deceleration
phase could be rejuvenated as a result of a significant event within the
research domain.

In this article, we recognize two phases from the analysis of OE
research landscape based on the conceptualized four phases explained
above. That is, the start and acceleration phases. The start phase covered a
period between 1999 and 2011 (see Fig. 4). The period recorded only 12
articles. In the meantime, the interest in the field of OE began to gain
prominence in the 2nd phase. It could be seen that the rate of growth
was astronomical when compared with the 1st phase. This period
covered 2012 till 2021 when 276 articles were produced compared to
only 12 articles produced in the 1st phase. This period also recorded
96.94% of the total citations. This phenomenon increase in citation
could be said to owe a lot to the publications of many influential articles:
[5,9,14,49,64,65]. However, there was a sharp decrease in the number
of publications in 2020. This sharp decrease may be connected with the
COVID-19 pandemic as the infections and the lockdown measures put a
lot of psychological impacts on the human population [66]. The
pandemic has also impacted negatively on the sustainable development
goals [67,68]. Meanwhile, there seems to be a resurgence in research
activities as the number of publications on open eco-innovation research
in 2021 is about to surpass that of 2020 at the time of collecting the data
for this paper.

4.3. Pattern of OE knowledge base

4.3.1. Main sources of external knowledge
This paper also examined where firms derived their external sources
of knowledge for eco-innovation. (see Fig. 5). The results of the analyzes

TRANSITION DECELERATION

i
i
|
i
i
i
i
i
i
i
i
i
i
i
|
|
i
I
i

A 4

Year/Time

Fig. 3. Growth Trajectory of a Research Domain.
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Fig. 4. Temporal variation of publication on OE between 1990 and 2021.

reveal that firms derived knowledge from several key stakeholders
across the three main sources of knowledge (i.e. analytic, synthetic or
symbolic). Some of the key sources include patents, consultants, private
R&D institutes, universities, public research institutes, conferences,
trade fairs, exhibitions, scientific journals, trade/technical publications,
suppliers, customers, competitors, industrial and eco-designers, profes-
sional and industry associations etc. However, deeper analyzes of these
sources show that 61% and 35% of the articles reviewed reported that
firms consulted synthetic [1] and analytical sources among other key
external knowledge providers, respectively. At the same time, 34% of
the firms used only both analytic and synthetic sources of external
knowledge for eco-innovation [2]. Only 4% of the articles reported that
firms used external symbolic sources of knowledge. This analysis in-
dicates that many firms use both analytic and synthetic modes of
external knowledge sourcing suggesting that the two modes are com-
plementary. Meanwhile, very few firms (3%) use all three modes at the
same time.

Concerning methodological approaches, the study noted the preva-
lence of quantitative techniques (67%) compared with few qualitative
approaches (33%). This is shown in Fig. 5. A lot of authors, mostly from
European countries sourced data from community innovation surveys
(47%), regular data collection exercises on innovative activities in many
European countries [5,9]. The majority of the qualitative studies were
case studies conducted on eco-networking activities [69], intermediaries
[59], and supply chain management . In the case of quantitative ap-
proaches, studies were carried out within the contexts of R&D cooper-
ation [9], depth and breadth of knowledge sources [2,14], green patents
[58], green and non-green firms [5,56], knowledge sources [55], and
absorptive capacity [57]. Very few studies used bibliographic tech-
niques [18].

4.3.2. Theoretical structure of OE research domain

This section attempts to unravel common philosophical concepts
underlying OE research field. This analysis also groups authors into
clusters of common theoretical perspectives or philosophical

underpinnings . Analysis in Fig. 6 shows that there are three groups of
authors indicating three different intellectual structures or perspectives.
These perspectives either intersect with the body of literature on OE or
serve as a background upon which OE developed. For instance, the
analysis put authors such as Seuring, Sarkis, Govindan, Klassen, Pujari,
Dangelico into the same cluster (blue nodes). Majority of these authors
research in the area of green product development and green supply
chain management etc. None of them could be said to have researched
broadly on open eco-innovation. It is also interesting to note that most of
the authors that wrote on environmental sustainability in this cluster did
their studies when concepts of sustainable development and sustain-
ability were beginning to get into the consciousness of the researchers.

There are other authors clustered together as red nodes. Some of
these authors include von Hippel, Chersbrough, Kemp, Wagner, Sharma,
Bessant, Hart etc. Majority of the authors in this cluster are found to
have worked and published articles in the area of innovation manage-
ment, sustainability, environmental management and innovation,
cooperation, openness, competitiveness, user innovation, open innova-
tion. However, none of them seem to have worked extensively on open
eco-innovation. Another distinct cluster depicted with green nodes re-
veals authors such as De Marchi, Marzucchi, Mazzanti, Cainelli, Mon-
tressor, Ghisetti, del Rio, Rennings, Triguero, Gonzales-Moreno, and
Saez-Martinez. We noticed that majority of the authors are researchers
in the area of knowledge resources and eco-innovation, open eco-
innovation, eco-networks, external knowledge search.

Further anlayses of these three clusters showed that those authors in
the blue nodes could be said to have made contributions to the con-
ceptual and theoretical bases of environmental innovation or eco-
innovation. Meanwhile, the authors in the cluster denoted with red
nodes could be regarded as those who had shaped the discourse around
innovation management, economics of innovation, environmental
innovation, and open innovation. It will appear then that those authors
in the two clusters (those with blue and red nodes) are critical to shaping
the trajectories of literature on open eco-innovation. For instance, con-
tributions on lead user and open innovations from researchers such as
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von Hippel and Chesbrough are critical to the development of OE . So it
is not surprising then to notice that some of the most cited articles on
open eco-innovation by De Marchi and Ghisetti et al [6]. and [14]
referenced all these groundbreaking articles. This goes to show that
these clusters could represent theoretical perspectives with which a
common theory of open eco-innovation could be built. More impor-
tantly, the fields of green supply chain management, innovation man-
agement and economics of innovation which are central to these pivotal
articles, could be explored deeply to provide a viable theoretical
framework for effective collaborative engagements for sustainable
transitions.

4.3.3. Current trend in OE research landscape and future studies

The section discusses the relationship among certain common
themes and concepts within OE landscape by using the technique of
keyword co-occurrence analysis . It also shows research clusters that are
currently emerging in the OE research field. In all, the co-occurrence of
the author’s keywords generated 9 clusters on the network visualization
map representing what could be regarded as emerging research areas/
themes (see Fig. 7). Yellow nodes on the network map signify emerging
concepts that have just been introduced to the field of OE. For instance,
some of the new concepts that showed up on the visualization network
map include circular economy, green absorptive capacity, intermedia-
tion etc. The next section provides further details on these new concepts
and future research areas that could come from them.

Green absorptive capacity

This concept allows firms to be adaptive and flexible to green market
turbulence which are important ingredients for external knowledge
exploitation . Studies have shown that successful implementation of eco-
innovation is strongly affected by organizational absorptive capacity for
external knowledge and its subsequent conversion into internal capa-
bility [70,71]. More importantly, however, is the recombination of both
the inbound and outbound knowledge sources during the
eco-innovation process [71]. In essence, green absorptive capacity is one
of the preconditions for the successful implementation of collaborative
eco-innovation.

To improve further discussions on the green absorptive capacity, we
propose the following RQs for future studies:

RQ1: How does green absorptive capacity moderate external
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knowledge appropriation and eco-innovative performance?

RQ2: What is the relationship between green absorptive capacity,
external collaboration and typology of eco-innovation?

RQ3: Are there sectoral differences in the drivers of green absorptive
capacity between eco-innovative manufacturing and service firms with
open strategies?

RQ4: Does green absorptive capacity improve external collaboration
among eco-innovative SMEs?

Circular economy

Many scholars have pushed for this concept as capable of solving the
challenges of waste generated from excessive consumption of both
renewable and non-renewable resources [72]. In order to be able to
provide adequate solutions to this problem, firms, government agencies,
and other stakeholders need to incorporate strategies such as reuse,
refurbishment, remanufacturing, and recycling in their operations.
However, the knowledge, technological capabilities, resources, and
infrastructural facilities needed are distributed across many partners
and actors [73]. Therefore, there is an urgent need to create a new
network of actors to create value within the global value chain [11,74].
Unfortunately, as reported from the analysis of this study, most of the
research activities on eco-innovation including circular economy were
carried out in the developed countries. This result accentuates the need
to carry out more research in developing countries and see if there could
be synergies or collaboration between developed and developing
countries.

Therefore, we propose that future studies could aim to answer the
following RQs:

RQ1: What are the effects of green R&D networking and manage-
ment capabilities on circular economy adoption?

RQ2: What is the association between open strategies for circular
economy and green jobs in the manufacturing sector of developing
countries?

RQ3: What drives stakeholder’s engagement in circular economy
among SMEs in developing countries?

RQ4: What economic incentives can promote international collabo-
ration between developed and developing countries in circular
economy?

Eco-innovation Intermediation

Implementation of eco-innovation is often laden with many
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challenges most especially for the SMEs with little or no capability to
successfully launch eco-innovative products [75]. More often than not
eco-innovation entails modification of raw materials, logistics, and the
re-engineering of products and services [76]. As a result of this, many
eco-innovative firms usually seek for external supports to link up with
suitable partners that can help them achieve their goals. These support
systems help firms to access competence and resources from external
partners and actors [59]. Such actors that bring succors to firms by
linking them up with relevant external partners are called in-
termediaries [77].

To further explore eco-innovation intermediation for a firm’s
competitive advantage, we suggest the following RQs for future
research:

RQ1: What is the impact of intermediaries on the economic perfor-
mance of an eco-innovative firm?

RQ2: What determines the choice of an intermediary for eco-
innovative firms with open strategies?

RQ3: Do eco-innovative firms with openness strategies require more
intermediaries than the mainstream innovative firms?

RQ4: Do eco-innovative firms with openness strategies need a
general-focused or sustainability-focused intermediary?

5. Conclusion
5.1. Conclusions and contributions to knowledge

The open eco-innovation research landscape has experienced
considerable growth most especially between 2012 and 2021. Based on
our conceptualized categorization of the research domain growth tra-
jectory, we noted that OE research landscape is at the acceleration
phase. The reason for this could be that this particular research field has
found relevance in the sustainable innovation landscape. We noticed the
under-representation of experts from the developing countries as the
most productive countries on the field of OE are dominated by European
countries and the United States of America. China, Brazil, Malaysia, and
Mexico are the few emerging economies with some sorts of significant
presence on the OE literature map. We detected certain current and
emerging themes around the OE research landscape such as circular
economy, green absorptive capacity, intermediation, etc. The paper
generated research questions for future studies around these themes.
The theoretical and practical implications of these results are outlined
below.

5.1.1. Theoretical implications

This study extends extant literature reviews such as those concerning
OE [18,20-23,49,78] by examining knowledge structure of OE. More
importantly, the paper examined the philosophical underpinning of OE
by investigating the underlying theoretical background of OE. It was
noted that the theoretical background surrounding the concept of open
eco-innovation is presently taking shape around stakeholder’s theory,
resource-based view, organisational learning theory, knowledge-based
view, and absorptive capacity theory. In some instances, stake-
holder’s, knowledge-based views, resource-based views, and natural
resource-based views were used together. It should be noted that the
natural resource-based view was proposed to mitigate the deficiencies of
the resource-based view because it incorporates the natural environ-
ment [79]. The paper, therefore, proposes that an appropriate combi-
nation or configuration of stakeholder’s theory (because it deals with the
human elements), knowledge-based views, natural resource-based
views, and absorptive capacity theory may provide a good theoretical
background for OE.

The paper also conceptualized four phases of growth trajectories for
which the growth of a research domain can be tracked: start, accelera-
tion, transition, and deceleration. This framework can be used to analyze
both emerging and matured research fields. With this framework, the
historical development of theories, disciplines, or concepts can be
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analyzed and interpreted. The study also analyzed the knowledge base
of OE based on the typology of external knowledge sources: analytical,
synthetic, and symbolic. The prevalence of synthetic sources could be an
indication of the importance of informal learning by Doing, Using, and
Interacting (DUI) mode [26] to OE. However, it should be noted that
more than one-third of the articles reported that firms and organisations
used both analytic and synthetic external sources. This suggests that
managers or business owners should endeavor to evolve a combination
of both sources that fit better into their eco-innovation strategies. The
study also noted that the majority of the studies on OE are quantitative
(with the majority of the data coming from community innovation
surveys) leaving in-depth qualitative and case studies few and far be-
tween. Meanwhile, qualitative approaches are known to have the po-
tentials to advance theories on inter-organizational collaborations [80,
81]. There is the need to carry out more qualitative and case studies to
leverage its interpretative nature for theory development.

5.1.2. Practical implications

One of the major emerging themes from the analysis of results
include circular economy, green absorptive capacity, intermediation,
etc. For firms to be competitive and increase the bottom line at the same
time, managers and employees must learn to innovate around environ-
mental challenges. The global prominence of sustainability issues has
given many firms the impetus to incorporate environmental strategies
into their business models. The current pandemic has further accentu-
ated the need to harness external knowledge for eco-innovative initia-
tives and projects [82]. However, firm’s capability to eco-innovate will
depend on the active participation of other stakeholders and firms’
green absorptive capacities. In recent times, more of them are also
requiring the services of eco-innovation intermediaries. With in-
termediaries showing up as one of the emerging themes for OE, this
could be an indication that its use among eco-innovative firms is
increasingly becoming popular. Managers or business owners may want
to engage them to assist in aggregating external knowledge for new
eco-innovation implementation. The results also showed that there is an
increasing interest in the circular economy where scholars have talked
about different strategies such as material efficiency, product life
extension, and product recycling [83]. In view of this, managers and
entrepreneurs, and other industry players may take this opportunity to
create a strategy that will help optimize product design and strenghten
green absorptive capacity to cut down on the consumption of resources
while extending the lifespan of the product.

In spite of the robust analysis in this article, there are some limita-
tions. First, although we used citation index as the measure of impact of
the articles, it has been stated on several platforms that citations do not
necessarily reflect the value of an article. In addition to citation index,
other measures such as utilization by policy makers, social media
mentions, number of lead authors influenced by an article etc. are
possible alternatives that can be used for future systematice literature
reviews. Also, the study used mainly articles domiciled in Scopus data-
base. Scopus is known to be biased towards articles written in English
and countries with a large number of journals indexed in its database. In
the same light, even though Scopus is the largest database of peer-
reviewed articles, there are still other databases that may contain arti-
cles not listed in Scopus database. However, co-citation analysis would
have reduced the effects of this limitation. We also compared our data
with other databases such as Web of Science and Dimensions to reduce
the bias that could come from Scopus database. The third limitation of
the study has to do with the fact that the results of the study are based on
the current situation of the OE research domain and this could change as
new articles emerge and more citations are added to the extant articles.
This is why it is important to interpret the results of the study within the
context of the period of study. Regardless of the study limitations above,
this study has made theoretical and practical contributions to OE
research landscape and identified some research gaps in the OE research
domain for future studies.
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