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A B S T R A C T

There is confusion surrounding the concept of industrial ecosystems (IEs). This research therefore presents a
systematic literature review on the subject of industrial ecosystems and outlines several paths for future research.
The paper defines the key characteristics of IEs, identifies three perplexity drivers that contribute to the con-
ceptual ambiguity of IEs, proposes a four-tier integrative IE framework that outlines the core components of IE
research, and presents a conceptual model that clarifies how synergetic effects emerge, leading to IE trans-
formation. Articles are categorized into four categories (industrial symbiosis, metabolism, architecture, and
orchestration) from which ten propositions are delineated. The study encourages researchers to tap into several
areas from the view that this is a broad, but still rather unexplored area of research with high relevance for
policy.

1. Introduction

In the past decade, the concept of industrial ecosystems (IEs) has
garnered increased interest among researchers (Miao et al., 2020; Sjödin
et al., 2022) and policymakers (EC ASMR, 2022). For instance, IEs are
pivotal in the European Commission's strategy for industrial policy and
industry transformation towards sustainability and digital leadership
(European Commission, 2022). IEs predominantly foster business-to-
business relationships (Frosch & Gallopoulos,1989; Andreoni, 2018)
and are crucial when policymakers aim to enhance market resilience by
tackling strategic dependencies, investments, and international part-
nerships (European Commission, 2022). Despite the growing popularity
of the IE concept, there has been no systematic literature review on the
subject to date, and IE boundary conditions (BCs) appear to be vague
and perplexing. As reflected by Cote (2009, 9) “I am not sure that the
theory or practice can adequately describe what would constitute a
functioning, mature industrial ecosystem”. Thus, there is a need to
clarify IE boundary conditions.

Busse et al. (2017, 580) define BCs as “The boundary conditions
function of a given theory depicts the accuracy of theoretical predictions
for any context. As such, it describes the generalizability of a theory
across contexts”. BCs serve to create conceptual clarity and precision.

Some clarity on IE BCs has been provided by the IE definition from
Frosch and Gallopoulos (1989, 144). They proposed that traditional
linear manufacturing models should “be transformed into a more inte-
grated model: an industrial ecosystem. In such a system the consumption
of energy and materials is optimized, waste generation is minimized and
the effluents of one process […] serve as the raw material for another
process”. This initial definition provides some limited understanding of
IE characteristics, but further studies clarifying the concept are needed.

Indeed, compared to other streams of ecosystem research, the char-
acteristics of IEs are much less understood. For example, key charac-
teristics of innovation ecosystems (Adner, 2006; Jackson, 2011; de
Vasconcelos Gomes et al., 2018), platform ecosystems (Cenamor and
Frishammar, 2021), and business ecosystems (Moore, 1993) are well
understood. In fact, Jacobides et al. (2018) discuss, compare, and syn-
thesize the fundamental elements of these three ecosystem types and lay
the groundwork for a specific ecosystems theory. Such fundamental
knowledge remains to be developed in relation to IEs. Thus, there is a
need to identify the key characteristics of IEs so that they can be posi-
tioned in relation to other types of researched ecosystems and integrated
into a general ecosystems theory. This research gap is somewhat sur-
prising given that the concept was coined as early as 1989.

Furthermore, if IE literature is perceived as disparate, vague, and
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marked by perplexity (Cote, 2009), it is reasonable to ask why this is the
case. According to Busse et al. (2017), conceptual perplexity arises from
fragmented conversations in the extant literature. This seems to be the
case in IE research where studies span a broad array of topics, such as the
circular economy (Zaoual and Lecocq, 2018), digitalization (Sjödin
et al., 2022), process engineering (Özyurt and Realff, 2001), geographical
scopes (global, international, national, regional, and local) (Korhonen
and Snäkin, 2005), industrial contexts such as manufacturing (Parida
et al., 2019), and the green energy industry (Kim, 2019). It has been
proposed that conceptual boundary conditions (BCs) should be explored
(Busse et al., 2017, 600) as a way to mitigate conceptual perplexity.
Thus, to clarify the BCs of the IE concept, a systematic literature review
should be undertaken to identify factors that drive perplexity.

By understanding reasons behind perceived perplexity, it is possible
to take the next step and develop a theoretical solution that can mitigate
this perplexity (Busse et al., 2017). Extending the work of Korhonen and
Snäkin (2005), who highlights the importance of categorizing IE studies,
such a solution would discuss and position competing and comple-
mentary IE research contributions. Specifically, what seems to be lack-
ing in IE research is a synthesized body of knowledge amalgamated into
an integrative IE framework that illustrates the evolution of the IE
research field and clarifies the relationship between disparate IE studies.
We contend that such a framework can lay the ground for researching
the dynamics within (antecedents), and their effect on the outcomes of
IEs.

For example, while researchers and policymakers have acknowl-
edged the pivotal role of IEs in driving industrial renewal/trans-
formation, understanding of the collective collaborative mechanisms
(antecedents) that drive such transformation (Shi and Li, 2019; EC
ASMR, 2022; Sjödin et al., 2022) remains limited. In other words, syn-
ergies (excess value created through complementarity) among IE firms
are necessary for transformation (fundamental shifts in how IE stake-
holders conduct business) (Argenti et al., 2021) to occur. Such synergies
materialize through an interplay between IE structures (properties of the
IE surroundings such as infrastructure, roles, and interdependencies)
and IE agency (purposeful actions performed by IE stakeholders such as
leadership, implementation of production methods, the use of digital
tools) (Chertow, 2000; Burström et al., 2021; Wurth et al., 2022).
However, existing research has not systematically analyzed the rela-
tionship between IE structures, actions, synergetic effects, and industrial
renewal/transformation as outcomes.

To address the research gaps described above, we outline the
following research questions:

RQ1: What are the key characteristics of IEs?
RQ2:What factors drive fragmentation and perplexity in IE research?
RQ3: How can IE research be amalgamated into an integrative

framework clarifying the relationship between disparate IE studies?
RQ4: What does the IE literature say about the synergetic effects in

IEs, their antecedents, and their outcomes?
Through a systematic literature review and an in-depth content

analysis (narrative approach) of 103 articles, our study has made the
following contributions. First, while Jacobides et al. (2018) began to
develop a theoretical foundation for ecosystem theory, IEs are outside
the scope of their paper. Our study shows the special key characteristics
of IEs and positions IE research in relation to previous ecosystem
research. In doing so, this study expands the understanding and appli-
cability of ecosystem theory. Second, this study contributes to previous
literature addressing the fragmented nature of IE research (Korhonen
et al., 2004b; Korhonen and Snäkin, 2005; Cote, 2009). Specifically, we
reveal that BCs in IE research are unclear as a result of the effects of three
perplexity drivers: definitional confusion, inter-conceptual confusion,
and contextual fragmentation. Third, by presenting an integrative
framework, we synthesize the existing body of knowledge and clarify the
relationship between the dominant streams of IE research. Fourth, while
previous research has provided an understanding of how isolated
structural IE elements (e.g., infrastructure, roles, and

interdependencies) or IE activities (e.g., leadership, implementation of
production methods, the use of digital tools) can contribute to changes
in IEs (Côté, 1997; Zaoual and Lecocq, 2018; Duan et al., 2022b), this
study focuses on the creation of synergetic effects. We advance the
research field by developing a theoretical model explaining how ante-
cedents stemming from combinations of IE structures and IE agency can
lead to synergetic effects among IE stakeholders, revealing that syner-
getic effects are crucial in generating industrial renewal/transformation.

The remainder of the paper is structured as follows. To provide an
understanding of the research setting, a brief background of IE research
is presented in Section 2. Thereafter, in Section 3 on Methods, we detail
our systematic literature review (the selection of articles, the narrative
approach in content analysis, and analytical procedures). Then, results
of the first part of our content analysis are presented in Section 4. In this
section, IE key characteristics are defined, and the IE research field is
positioned against other main ecosystem fields in management research
(Section 4.1). The perplexity of IE research is discussed in Sub-section
4.2 (definitional-, inter-conceptual confusion, and contextual fragmen-
tation), and a synthesized integrative IE framework is outlined in Sub-
section 4.3. Next, the results of the second part of our content analysis
are discussed in Section 5, where we formulate ten propositions linked to
a conceptual model of synergetic effects and IE renewal/transformation.
Finally, our findings are discussed and our conclusions drawn in Section
6. This section offers policy (6.1) and future research (6.2) recommen-
dations. Our paper serves as a step forward towards building an
informed research community focused on IE studies that potentially
could benefit from clarification of the BCs of IEs.

2. Origins of the industrial ecosystem concept

The aim of this section is to illuminate the origins of the IE concept.
This fundamental understanding situates the research within a historical
context and serves as a backdrop to our systematic literature review. The
concept of IEs has a considerable history. As mentioned in the intro-
duction section, Frosch and Gallopoulos first defined the IE concept in
1989. Their definition encapsulates the idea of an integrated system of
interconnected and interdependent stakeholders driving innovative in-
dustrial transformation trajectories (Frosch and Gallopoulos, 1989).

Moreover, in their pioneering work, Frosch and Gallopoulos (1989,
144) adopted an ecological perspective on the manufacturing industry,
proposing that an industrial ecosystem should function as an analogue of
biological ecosystems. Their paper has garnered a vast number of cita-
tions. Notably, in 1993, Moore drew heavily on it and coined the concept
of “business ecosystems” (see Moore, 1993). However, it took some time
for Frosch and Gallopoulos (1989) to gain attention. As can be seen in
Fig. 1, it has been regularly cited since publication. Nonetheless, it was
not until 15 years later in 2004 that it started to gain more traction
(source: Google Scholar).

Since Frosch and Gallopoulos (1989) adopted an ecology approach to
industrial manufacturing they have been most commonly cited by re-
searchers in that specific field of research. The topics covered by these
citing works have included ecological sustainability (Shrivastava,
1995), green supply-chain management (Srivastava, 2007), and the
circular economy (Korhonen et al., 2018). However, such research is not
necessarily directly related to IEs.

Meanwhile, despite the extensive citation of the Frosch and Gallo-
poulos (1989) paper, it took considerable time for the IE concept to gain
traction and emerge as a central research concept. For example, when
searching publications using the term “industrial ecosystem” in the title
(Google Scholar, all types of publications), we observed a trend shift in
2011 with more than 10 publications focusing specifically on IEs
(Fig. 2). Compared to the general interest in the Frosch and Gallopoulos
(1989) paper, there has been a slower increase in interest in the IE
concept, although it is clearly on the rise.

In spite of the growing number of IE studies, there is a dearth of
literature review articles explicitly studying the development of the IE
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research tradition. A notable exception, however, is the paper by Tsu-
jimoto et al. (2018), which reviewed four different ecosystem concepts,
one of which was the IE concept. Tsujimoto et al. adopted a compre-
hensive approach and included 26 papers related to the IE concept in
their study. They found that IEs are related to sub-concepts such as
optimization, sustainability, and symbiosis. Therefore, to some extent,
they clarified IE boundary conditions. However, as noted by Tsujimoto
et al. (2018), understanding of the IE concept needed to be further
refined. Such refinement offers scholars the opportunity to synthesize
various theoretical constructs and disciplines (Stam, 2015). This paper
therefore extends the work of Tsujimoto et al. (2018) and follows in the
footsteps of other researchers who have recently clarified the boundary
conditions of software ecosystems (Burström et al., 2022) and AI
entrepreneurial ecosystems (Hannigan et al., 2022), for instance.

3. Method

Following the recommendations of Tranfield et al. (2003), we con-
ducted a systematic literature review (which can be executed in various
ways). Consistent with prior research (e.g., Burström et al., 2022; Wurth
et al., 2022; Madanaguli et al., 2023), we employed a narrative
approach in content analysis. The process is discussed in detail below.

Guided by the recommendations of Tranfield et al. (2003), we first
established the need for a literature review. This necessity was evident
given the challenges in comprehending the breadth and quality of IE
research, coupled with a dearth of reviews on the subject. Drawing on

Tranfield et al. (2003) again, we outlined criteria for article inclusion/
exclusion, enabling us to compile a sample of pertinent articles. We
applied two criteria: (1) publication in quality outlets, and (2) a clear
focus on and contribution to IE research.

3.1. Publication in quality outlets

The initial selection criterion was that articles in the sample should
be written in English and published in reputable peer-reviewed research
journals (Podsakoff et al., 2005). We adhered to the established practice
employed by other researchers (e.g., Gernsheimer et al., 2021; Burström
et al., 2022; Wurth et al., 2022; Madanguli et al., 2023) and decided not
to include sources such as reports, books, and conference papers. The
widely recognized Academic Journal Guide (AJG) was utilized to
identify esteemed research outlets. Additionally, drawing on Burström
et al. (2022), we included only articles that were listed in the AJG list or
had an Impact Factor (IF) exceeding 1.0. However, we made an imme-
diate exception to the rule. We knew from previous readings that the
Frosch and Gallopoulos (1989) article was seen as the origin of the IE
concept. Thus, although not published in a quality outlet, it was
included in the sample.

Then, in the first round of sampling, we conducted a search in Scopus
to earmark papers that used the term “industrial ecosystem(− s)” in the
title, abstract, and keywords. We did not use any filters to exclude
journals or articles from any specific domain in this first search. We
identified 309 potential articles (Fig. 3, 1st screening) distributed across

Fig. 1. Citations of Frosch and Gallopoulos (1989) article.

Fig. 2. Studies of the IE concept.
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160 journals. A detailed description is found in Appendix 1 where
journal inclusion/exclusion is motivated, and categorization of articles
is performed. We then conducted a similar complementary search in
Google Scholar, but we found no additional articles on this occasion. In
this sample, 49 journals (with related 71 articles) did not meet the pre-
specified quality requirements and, therefore, articles in these journals
were excluded. After including the Frosch and Gallopoulos (1989)
article, we were left with 239 articles distributed across 112 journals.

3.2. Focus on and contribution to IE research.

We continued to study the sample of 239 articles in greater detail. We
studied each article in a thorough search for the terms “industrial
ecosystem” and/or “IE (− s)”. We expected to observe a consistent dis-
cussion pattern where the IE concept would be expounded in most
sections of the articles. However, instead, we observed that the majority
of these papers used the term industrial ecosystem(− s) as a buzzword or
a catchphrase, and they did not make a contribution to the field. These
papers typically mentioned IEs in the abstract or in the keywords but did
not connect to IE literature or use the IE concept as a central theme.
Thus, these papers clearly did not meet the criteria related to focus and
contribution. Therefore, these 135 articles were excluded. Our sample
thus consisted of 104 articles. Nonetheless, we retained doubts about the
validity of some articles, and we were not sure that we had created a
saturated sample of articles. Therefore, we continued to study the
remaining 104 articles in depth.

This in-depth reading can be seen as a third screening where we tried
to categorize articles in order to understand how they fitted together.
The screening spanned the period during which we analyzed the ma-
terial and developed sections 1 to 4. Through this procedure, we iden-
tified another set of 14 articles that discussed the IE concept only briefly;
they were therefore removed. However, the in-depth reading helped us
learn more about the IE concept, and it made us aware of the need to
identify and add more articles (13). For example, we identified re-
searchers who remained critical of the development of the IE concept (e.
g., Cote, 2009), we were made aware of a central definition of critical
use in our study (e.g., Wernik, 2001), and we identified key literature
that tied the IE and orchestration concepts closer together (e.g., Best,
2015). In this case, we used Google Scholar to identify the literature (the
Scopus search was insufficient). Finally, we examined the reference lists
in each article in our remaining sample of 103 articles to find additional
papers that were relevant. This activity yielded no further articles. We
therefore settled on a total of 103 articles.

3.3. Data analysis

As we briefly explained in the earlier passage, the screening process
and the data analytical process were linked together. Here, we continue
to discuss the analytical process in detail. When writing a literature
review, there is a need to gain a comprehensive understanding of the
relationship between disparate streams of literature. Therefore, each
article was scrutinized in detail, and through this process, we discerned
how researchers had defined and discussed IEs.

To answer RQ1, “What are the key characteristics of IEs?”, we
decided to first study how key characteristics of other ecosystem types
are described. Jacobides et al. (2018) describe the key characteristics of

business, innovation, and platform ecosystems. Therefore, we drew on
Jacobides et al. (2018) to establish a benchmark. Here, we identified
four central themes that describe the essentials of business, innovation,
and platform ecosystems: shared key targets, focal point, ecosystem
views, and units of interest. Guided by these themes, we studied the IE
literature and identified four key IE characteristics that demonstrate the
uniqueness of the IE concept: synergy creation, industrial processes,
production systems, and interconnectedness between industrial part-
ners. Consequently, this approach helped us position IE research in
relation to previous ecosystem research in management and identify
critical BCs (see Section 4.1 for a detailed discussion).

To answer RQ2, “What are the factors driving fragmentation and
perplexity in IE research?”, we observed and mapped three perplexity-
driving patterns: (1) non-existent or incoherent use of definitions
causing definitional confusion, (2) a large mix of terminologies/concepts
employed in IE studies sharing many features, leading to fuzzy sub-
conceptual boundaries and causing inter-conceptual confusion, and (3)
four contextual factors (industrial geographic scope, industrial context,
industrial dimensions, and industrial features) driving perplexity in the
form of contextual fragmentation. The combination of these three per-
plexity drivers revealed unclear IE BCs (see Section 4.2 for a detailed
discussion).

In an effort to bring clarity to the BCs of IE research, we executed a
third analytical step aimed at answering RQ3, “How can IE research be
amalgamated into an integrative framework clarifying the relationship
between disparate IE studies?”. Drawing on insights gleaned from the
prior analyses conducted in response to RQ1 and RQ2, we recognized
the need to construct an integrative framework consisting of several
interdependent tiers. First, we learned that all ecosystem research
originates from the field of industrial ecology. We labeled this insight,
the “Philosophical Tier”. Next, we observed that IE research followed
two separate yet related streams: one adopting a sustainability
perspective and the other adopting an organizational perspective. Both
perspectives relied on distinct definitions of IEs. Consequently, we
labeled this tier, the “Conceptual Tier”. Following this, we identified a
tier with four related key sub-concepts that significantly influence the
discourses in the two research streams (sustainability vs. organiza-
tional): metabolism, symbiosis, architecture, and orchestration. This
tier, labeled the ‘Explicating Tier’, helps to differentiate between the
streams. Finally, based on our analysis of contextual fragmentation, we
identified four application areas within IE research: industrial
geographic scope, industrial context, industrial dimensions, and indus-
trial features. We labeled this tier, the “Application Tier”. This integra-
tive framework clarifies IE BCs by illustrating the hierarchical
relationship between various central main- and sub-concepts where
synergies play a pivotal role.

In a fourth analytical step, we revisited the articles for an additional
in-depth content analysis. While our previous analysis had identified the
central role of synergy creation, we sought to understand how synergetic
effects materialize, and what their antecedents and outcomes in IEs were
(RQ4). However, in order to proceed, we first needed to define industrial
transformation. We drew on Madsen and Szyliowicz (2016) who define
industrial transformation as “a process of change that is triggered by an
endogenous or exogenous event”. Nevertheless, we consider this defi-
nition to be too limited in nature because it focuses on events only. Their
definition pays attention to drivers of change but not to the outcomes or

Fig. 3. Sampling process.
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effects of change. In this paper, we therefore propose a broader defini-
tion of industrial transformation as a range of significant related
endogenous micro-, meso-, and macro-level (qualitative and/or quan-
titative) changes in the organization (practices, structures. and pro-
cesses) and performance of industries, and their business impact over
time. Moreover, industrial transformation encompasses exogenous fac-
tors that drive change, such as political, legal, technological, economic,
social, and environmental factors. We acknowledge the interplay be-
tween endogenous and exogenous factors driving change.

Thereafter, by employing a pattern-induced technique (Gioia et al.,
2013), we were able to identify and explain the relationship between
streams of disconnected studies. The first author studied, coded and
categorized all articles. To ensure consistency, the second author stud-
ied, coded and categorized randomly selected articles (see Appendix 1).
To compare and contrast articles (Charmaz, 2006; Burström et al.,
2022), we drew on our integrative framework created in our third step of
analysis. Thus, we were able to highlight the particularities of, and
similarities between, different research streams in terms of how struc-
ture and action create synergies between firms and policymakers in IEs
and how they are manifested in industrial renewal/transformation.

Then, in a fifth step, we performed an iterative analytical process to
identify first-, second-, and third-order themes (see Fig. 4). First-order
themes represent action and structural elements underlying second-
order themes (sub-concepts). Here, we found that “symbiosis” as a
second-order theme provides theoretical insights into both types of
third-order themes (“transformative action” and “structures for trans-
formation”). In contrast, “orchestration” and “metabolism”, as second-

order themes, provide theoretical insight into only “transformative ac-
tion”, while the second-order theme of “architecture” offers only theo-
retical insights into “structures for transformation”. Additionally, we
found that the third-order themes “transformative action” and “struc-
tures for transformation” are key antecedents of synergetic effects.
Finally, our analysis shows that synergetic effects produce an outcome in
the form of industrial renewal/transformation.

Based on this iterative analytical process, we developed ten propo-
sitions and related policy implications. We assert that our five-step
analytical process helped us to clarify the BCs of the IE concept (Post
et al., 2020).

4. Content analysis of IE research

In this first part of our content analysis, we position the IE concept in
relation to other ecosystem types and identify IE key characteristics.
Second, we identify and discuss what Busse et al. (2017) describe as
perplexity drivers (Sub-section 4.2), which are issues contributing to the
blurring of the IE concept. In the last part of Section 4 (Sub-section 4.3),
an integrative framework is presented and discussed.

4.1. Four central IE key characteristics (boundary conditions)

There is a need to identify IE key characteristics (BCs). In this sub-
section, we therefore address RQ1, “What are the key characteristics
of IEs?” To create conceptual clarity, we establish a benchmark with
previous streams of ecosystem research. This approach seems logical

Fig. 4. Synergetic effects and IE transformation.
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since (1) it is acknowledged that all forms of ecosystem concepts related
to industries, business, and innovation are rooted in the field of indus-
trial ecology (cf. Moore, 1993; Andrews, 1999, p. 366), and (2) previous
studies of ecosystems in management research have already recognized
the importance of identifying and clarifying ecosystem BCs (Jacobides
et al., 2018; Autio and Thomas, 2022).

More precisely, we compare the characteristics of IEs with the key
characteristics of the three most researched types of ecosystem in
management research (i.e., business, innovation, and platform ecosys-
tems). In this endeavor, we build on the work of Jacobides et al. (2018),
which discusses the key characteristics of these three ecosystem types.
Specifically, they draw on previous research (e.g., More, 1993; Adner,
2006; Jackson, 2011; Gawer and Cusumano, 2008; de Vasconcelos
Gomes et al., 2018) to pinpoint key definitions and identify unique
ecosystem BCs, such as shared key targets, focal point, ecosystem views,
and units of interest (Table 1). We apply the same logic to clarify the BCs
of IEs.

First, Jacobides et al. (2018) show that all three ecosystem types
share the target of creating synergies. We find that creating synergies is
of equal importance in IEs (e.g., Ayres, 1996; Baas, 1998; Bey, 2001;
Adamides and Mouzakitis, 2009; Valackienė and Nagaj, 2021) (Table 1,
column 1, row 2). Second, Jacobides et al. (2018) demonstrate that there
are different focal points in the three ecosystem types: individual firms
and the related business community (in business ecosystems), focal
innovation (in innovation ecosystems), and a specific class of technol-
ogies – platforms (in platform ecosystems). Our analysis reveals that IE
researchers commonly identify industrial processes as the focal point of
IEs (e.g., Frosch & Gallapoulos, 1989; Bras, 2002; Casavant and Côté,
2004; Chavalparit et al., 2006; Andreoni, 2018) (Table 1, column 1, row
3).

Third, Jacobides et al. (2018) show that what actually comprises the
system (system explanation) varies between the three types of
ecosystem: economic community (in business ecosystems), system of
innovations (in innovation ecosystem), and array of peripheral firms
connected to a central platform (in platform ecosystem). In this context,
we find that IE researchers typically explain that activities and processes
evolve around the production system (e.g., Korhonen et al., 2001; Lyons
et al., 2009; Ruth, 2009; Andreoni, 2018; Kim, 2019) (Table 1, column 1,
row 4). Fourth and finally, Jacobides et al. (2018) propose that the unit
of interest differs between ecosystems: interconnected activities (in
business ecosystems), interconnected upstream and downstream in-
novations (in innovation ecosystems), and connections between the
platform sponsor and complementors (in platform ecosystems). In IE
research, we find that researchers commonly address the need for
stakeholders to create networks of interconnected industrial partners.
This element should, therefore, be seen as the unit of interest in IEs (e.g.
Korhonen and Snäkin, 2005; Wolf et al., 2007; Tonn et al., 2014; Zaoual
and Lecocq, 2018; Susur et al., 2019) (Table 1, column 1, row 5).

In essence, this study shows that IEs are characterized by four key
distinguishing characteristics or BCs: synergy creation, industrial pro-
cesses, production systems, and inter-connectedness between industrial
partners. These key characteristics are also reflected in two often cited IE

definitions (Frosch & Gallapoulos, 1989; Andreoni, 2018).
In this sub-section, we have enhanced the conceptual clarity by

identifying four main IE characteristics (BCs) and positioned the IE in
relation to business, innovation, and platform ecosystems. However, this
clarification captures only IE key characteristics and does not mitigate
the confusion caused by fragmented conversations in the extant IE
literature.

4.2. IE confusion – three perplexity drivers

In this sub-section, an answer to RQ2, “What are the factors driving
fragmentation and perplexity in IE research?” is provided. This analysis
is illustrated in the sub-sections below where we identify and discuss
three types of perplexity driver: definitional confusion, inter-conceptual
confusion, and contextual fragmentation.

4.2.1. Definitional confusion
It is commonly agreed in the research community that perplexity

may stem from the incoherent use of definitions. In other words, defi-
nitions matter because they clarify the conceptual BCs. Here, we applied
inductive reasoning to derive explaining factors. First, we analyzed the
extent to which researchers had used IE definitions, the IE definitions (or
other ecosystem definitions) that were in play, and consistency in the
use of definitions. Based on this inductive analysis, we contend that
studies of IEs suffer from definitional confusion. In this review, three
research behaviors have been observed that add to the definitional
confusion: (1) a lack of IE definitions in studies, (2) casual use of IE or
other ecosystem-related definitions, and (3) interchangeable use of IE or
other ecosystem-related definitions.

In our sample, we find that 42 % (43/103) of the articles discuss IEs
without providing an IE definition or any other ecosystem definition as
the basis for their research. Rather, the concept is used as a buzzword.
This means that the reader is left to accept the study as an IE study,
without knowing what boundaries the researchers have placed around
their study.

Second, the casual use of definitions comes about in different ways.
For example, Adamides and Mouzakitis (2009) use a loose description –
proposing that “geographically confined industrial ecosystems (eco-in-
dustrial parks and districts) should be seen as niches in a new industrial
production paradigm”. In another article, Best (2015) states that his IE
study complements business ecosystem research, but he never defines
IEs. In a third example, researchers (Lin et al., 2011; Kannisto et al.,
2018; Parida et al., 2019; Burström et al., 2021) draw on a business
ecosystem definition without reflecting on the differences/similarities
between IEs and business ecosystems. In all of these cases, IE BCs remain
unnoticed and, consequently, the IE concept is left to be understood
intuitively.

Third, the interchangeable use of IE definitions is illustrated in
different ways. For example, Kindcaid and Overchash (2001) propose
that “This process of encouraging local exchanges is referred to as in-
dustrial ecosystem development or industrial symbiosis because it seeks
to create a web of industrial relationships similar to an ecosystem found

Table 1
Ecosystem types and their key characteristics.

Industrial Ecosystem Business Ecosystem Innovation Ecosystem Platform Ecosystem

Definition
Frosch and Gallopoulos (1989),
alternatively Andreoni (2018)

Moore (1993)
Adner, (2006), Jackson (2011), de
Vasconcelos Gomes et al., 2018

Gawer and Cusumano (2008)

Shared key
target

The creation of synergies between various ecosystem stakeholders

Focal points Industrial processes
Individual firms and the related
business community Focal innovation

Specific class of technologies –
platforms

Ecosystem
view Production systems Economic community System of innovations

Array of peripheral firms connected to
a central platform

Unit of
interest

Interconnected industrial partners Interconnected business activities
Interconnected upstream and
downstream innovations

Connections between the platform
sponsor and complementors
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in nature”. In a similar manner, Lou et al. (2004) state that an industrial
ecosystem could be labeled as “industrial symbiosis”. Indeed, these
concepts are related, but they are not interchangeable. Symbiosis should
rather be seen as a state of being (there is symbiosis), or a process of
becoming (symbiosis is being created) within the context of an IE. Thus,
interchangeable use of definitions should be avoided because the
interchangeable use of concepts drives perplexity.

4.2.2. Inter-conceptual confusion
Here, we applied inductive reasoning as a way to derive a factor

driving perplexity. While studying research articles, we observed that
terminologies/concepts used in various studies share many features that
make conceptual boundaries fuzzy. We therefore propose that studies of
IEs suffer fromwhat we label, inter-conceptual confusion. We contend that
inter-conceptual confusion creates a cognitive boundary problem for
researchers and practitioners trying to learn from IE studies. We
observed a large number of similar concepts in use (Table 2, Examples of
concepts in play). The relationship between these similar but yet diverse
concepts is far from clear and adds to the problem of inter-conceptual
confusion.

Table 2, Multiplicity of concepts in use in IE research.
Examples of concepts used in IE research

eco-industrial
parks (Lowe and
Evans, 1995)

local industries
symbiosis
network (Wolf
et al., 2007),

provincial
industrial
ecosystem
(Wang et al.,
2016)

urban-industrial
ecosystem (Lu et al.,
2020; Morris et al.,
2021)

agricultural-
industrial
ecosystem
(Fahim et al.,
1995; Özyurt
and Realff,
2001)

eco-industrial
park (McManus
and Gibbs, 2008)

resource-based
industrial
ecosystem (Fan
et al., 2017)

post-industrial
ecosystems (Spiering
et al., 2020)

industrial
ecosystem
(Cote, 1997)

regional
industrial
ecosystem niches
(Ashton, 2009;
Susur et al.,
2019)

eco-industrial
ecosystem
networks
(Zaoual and
Lecocq, 2018)

smart industrial
ecosystems (Ali et al.,
2021)

regional
industrial
ecosystem
(Korhonen,
2001b)

web-based
industrial
ecosystems (Lin
et al., 2011)

industrial
ecology
metabolism
(Zhang et al.,
2018)

industrial ecosystem
oriented networked
collaborative
manufacturing
platform (NCMP)
system (Zhang et al.,
2022)

industrial
symbiosis (Lou
et al., 2004)

reusable,
recyclable, and
renewable
industrial
ecosystem (Tonn
et al., 2014)

hybridized
industrial
ecosystems
(Kim, 2019)

industrial ecosystem
for sustainable
territorial
development
(Gamidullaeva et al.,
2022)

All of these terms/concepts are, of course, created in good faith.
However, the use of such tropes is not always beneficial. Analogies,
metaphors, and images should be used with great care so that concepts
serve a basic explanatory function (McManus and Gibbs, 2008). This is
also supported by Cote (2009) who emphasizes the need for researchers
to differentiate between IEs and other traditional industrial facilities,
clusters, or parks. Similarly, we find that researchers need to use related
concepts with greater care in order to create more distinct IE BCs.

One such distinction concerns the relationship between sub-concepts
commonly referred to in IE studies: industrial metabolism (Chertow,
2000), industrial symbiosis (Wernik, 2001), architecture (Andreoni,
2018), and orchestration (Parida et al., 2019). These sub-concepts,
which will be elaborated on and defined in subsection 4.3, serve as
explanatory frameworks for understanding how transformations occur
in IEs. They are employed to illustrate collective action, the emergence

of synergies in IEs, and to address issues such as roles (Côté and Smo-
lenaars, 1997; Levänen and Hukkinen, 2013), structures (Casavant and
Côté, 2004), interdependencies (Zhu and Ruth, 2013), leadership
(Kumari and Patil, 2019; Zaoual and Lecocq, 2018), life cycles (Shi and
Li, 2019), and tools and methods (Singh and Lou, 2006; Korhonen and
Baumgartner, 2009). However, since these sub-concepts concern over-
lapping elements, it is difficult to discern the interplay between these
four sub-concepts and their importance for industrial transformation in
IEs.

4.2.3. Contextual fragmentation
BCs do not only refer to definitions and concepts. There are other

factors to take in consideration. Here, we apply an abductive reasoning
as a way to explain how contextual fragmentation drives perplexity.
Drawing on, and extending, the work of Korhonen and Snäkin (2005),
we propose that four contextual sub-factors have an impact on under-
standing IE BCs: industrial geographic scope, industrial context, indus-
trial dimensions, and industrial features.

First, when studying the papers in our sample, the issue of
geographic scope became evident. This locality dilemma was also
observed by Korhonen and Snäkin (2005) who argued that system
boundaries as geographic scope (e.g., local vs. regional vs. national vs.
global), should be clearly defined by IE researchers. Geographic scope
can be characterized in various ways. In this study, we found that dif-
ficulties in defining geographic scope were most prevalent in local and
regional studies. For instance, Adamides and Mouzakitis (2009)
described “geographically” confined industrial ecosystems (eco-indus-
trial parks and districts) as niches within a global industrial production
system tied to regional development strategies. However, their study
conflated small local IEs, consisting of only six firms, with larger
regional IEs, one of which included twenty-one firms and another pre-
sumably larger region with an unspecified number of firms. We propose
that examining these relationships from a symbiosis and metabolism
perspective could be beneficial even in small industrial settings. More-
over, the appropriateness of characterizing a very small industrial
setting as an IE is open to debate. In this particular case, the local IE (as
in a tiny eco-industrial park) becomes equivalent to a regional
ecosystem. Thus, understanding IE geo-scope boundaries becomes
challenging when the relationship between the local ecosystem and the
regional ecosystem is unclear.

Furthermore, in the spirit of Korhonen and Snäkin (2005), we find it
essential to understand the type of industrial context in which studies
have been performed. We reason that industrial boundaries are impor-
tant to understand since findings and knowledge from one industrial
context are not necessarily transferrable to another. For example, the
fishing industry is very different from the coal mining industry. A clear
industrial demarcation is, therefore, vital to understand the value of a
study in a particular type of industry. In our sample, a large proportion
of the studies (47) concern multi-industrial settings, but there are also
industry explicit studies on, for instance, the agro-cultural industry
(Fahim et al., 1995), the manufacturing industry (Malone et al., 2018),
the coal industry (Wang et al., 2017), the metal industry (Reuter, 1998),
the forest industry (Korhonen et al., 2001), the energy industry (Kim,
2019), the palm oil industry (Chavalparit et al., 2006), the chemical
industry (Monteiro et al., 2010), the recycling industry (Lyons et al.,
2009), and the pulp and paper industry (Côté and Smolenaars, 1997).
Clear demarcations are needed in such studies because they act as
guidelines for future research, enabling researchers to “catch on” and
build on previous studies.

Moreover, researchers stress the importance of defining ecological,
social, cultural, economic (Korhonen and Snäkin, 2005), and techno-
logical dimensions of an IE study. Communicating such dimensions (or
combinations of dimensions) plays an essential role in demarking how
research is applied to an IE and to communicate the expected outcome of
a study. In our sample, there are, for example, optimization studies
(mentioned in the article title). Here, the issue of “optimization of
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what?” surfaces. It would be easy to assume a close relationship between
these studies. However, while Lu et al. (2020) studied a simulation of a
local production flow model (technological dimension), Monteiro et al.
(2010) considered the compromise between local profitability and
environmental impact (a combination of dimensions) and Wang et al.
(2016) took a national perspective on economic, environmental, and
innovation subsystems. Thus, these studies share the features of opti-
mization but yet they are different in the sense that they are comple-
mentary and loosely coupled.

Finally, we observe that communicating industrial features is an
important element in setting boundaries around an IE study. Such fea-
tures are commonly communicated in the article title. Here, features
such as smart, renewable, networked, resource-based, or platform are
often highlighted. For instance, local studies of IEs may be performed in
a city (Jo et al., 2021). However, by adding that the study concerns
“smart” cities or “low carbon” cities (Ma and Huang, 2020), a demar-
cation feature is created. This demarcation helps readers to understand
the positioning of the study at hand in relation to other similar studies.

4.3. An integrative IE framework

In this sub-section, we address RQ3: “How can IE research be
amalgamated into an integrative framework clarifying the relationship
between disparate IE studies?” We propose a four-tier integrative IE
framework (Fig. 5) that encapsulates the primary components of IE
research and their respective interrelationships: the philosophical tier,
the conceptualizing tier, the explicating tier, and the application tier.

4.3.1. The philosophical tier
This tier constitutes a philosophical standpoint recognizing the

resemblance between ecological ecosystems and IEs. It is acknowledged
that all forms of ecosystem concepts related to industries, business, and
innovation are rooted in in the field of industrial ecology (cf. Moore,
1993; Andrews, 1999, p. 366). In addition, we maintain that any IE
study should be understood in relation to four IE principles (Korhonen,
2001b; Kurhonen, 2001; Korhonen and Baumgartner, 2009): roundput

(recycling of matter), diversity (variety of stakeholders, input and
output, interdependency, and collaboration), locality (resources and
stakeholders), and gradual change (gradual development of system
diversity).

4.3.2. The conceptualizing tier
Here, we draw on the fact that all IE definitions stem from the area of

industrial ecology. As reflected in Section 4.2.1, definitions matter
because they may point researchers in different directions. It is therefore
necessary to recognize that some dominating IE definitions are more
streamlined towards a sustainability perspective (e.g., Frosch and Gal-
lopoulos, 1989), while other IE definitions are directed towards an
organizational perspective (e.g., Andreoni, 2018). We maintain that
these definitions provide a base for two complementary streams of IE
research – one stream of research placing emphasis on sustainability
while the other stream of research emphasizing organizational issues.
However, although the emphasis may be different, IEs in focus will still
share key characteristics as described in Section 4.1 (synergy creation,
industrial processes, production systems, and interconnected industrial
partners).

4.3.3. The explicating tier
The main differences between the definitions taking a sustainability

perspective versus an organizational perspective are further illustrated
in what we label, the explicating tier. Building on the IE definition pro-
vided by Frosch and Gallopoulos (1989), researchers have shown that
two sub-concepts play an essential role in explaining the direction of IE
research – industrial symbiosis and industrial metabolism. Here, in-
dustrial symbiosis relates to the interaction of firms and the synergistic
possibilities that may arise from such collaboration (Chertow, 2000). On
the other hand, industrial metabolism concerns, for example, the flow of
material and energy in the ecosystem (Wernik, 2001). This view co-
incides with Autio and Thomas's (2022) categorization of IEs as an
ecosystem type concerned with the flow of energy and material.
Consequently, these sub-concepts are fundamental to studies that adopt
a sustainability perspective on IEs. In contrast, stemming from research

Fig. 5. Integrative Industrial Ecosystem Framework.
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that adopts an organizational perspective on IEs, two other sub-concepts
stand out as central – ecosystem architecture (IE structure, firms' roles,
and how they relate to each other), and ecosystem orchestration (how
firms take action and the way they compete/collaborate through various
activities) (Andreoni, 2018).

4.3.4. The application tier
Finally, we propose a fourth tier, the application tier. Factors in this

tier are fundamental for IEs that adopt a sustainability or an organiza-
tional perspective. Researchers propose that IE research needs to be
explained and defined in relation to four central applied factors: in-
dustrial geo-scope, industrial context, industrial dimensions, and in-
dustrial features (cf. Korhonen and Snäkin, 2005). A clear explanation
and definition of the industrial geo-scope helps authors and readers to
understand how the study is positioned in terms of geography. Clearly,
such definition is needed because it is very difficult, if even possible, to
compare the findings of a study carried out locally (a city or eco-park)
and one undertaken globally (global value networks). As a second fac-
tor, we contend that there is a need to clearly explain and define the
industrial context where a study takes place. Such clarifications make it
possible to categorize and compare various studies according to industry
(manufacturing, plastic, metal, forest, fishing). Our third factor stresses
the importance of understanding the industrial dimensions: ecological,
economic, social, technological, and cultural – or any combination of the
five dimensions (Korhonen and Snäkin, 2005). That is to say, these
factors set the agenda for the study. The last factor to consider is that
researchers should be clear on the industrial features that are at play in
the studied industry. Here, we refer to qualities such as smart, renew-
able, networked, resource-based, and platform.

This four-tier framework guides researchers on how to communicate
and define IE boundaries. Of course, the framework does not cover every
possible type of IE definition, industry, dimension, or element. There-
fore, it should be used in combination with the good judgement of re-
searchers in the field.

5. Industrial ecosystems – a conceptual model

In this second part of our content analysis, we analyze and synthesize
what the IE literature says about synergetic effects in IEs, and their
antecedents and outcomes (RQ4). Here, we draw on our four-tier IE
model (Fig. 5), where IE studies are divided into two streams of research:
(1) studies drawing on a sustainability perspective (symbiosis and
metabolism), and (2) studies taking an organizational perspective (ar-
chitecture and orchestration). It is essential to understand that these
research streams are complementary in contributing to knowledge on
the relationship between synergetic effects, industrial renewal
(Andreoni, 2018), and transformation (Frosch and Gallopoulos, 1989).

To clarify this relationship, we propose a model that connects ante-
cedents and outcomes derived from IE research (Fig. 4). Our review
revealed that both policymakers and firms are faced with the need to
create synergies (excess value through complementarity) in IEs. How-
ever, while previous research has provided an understanding of isolated
IE elements relating to how policymakers and firms can create synergies
in IEs (Ayres, 1996; Adamides and Mouzakitis, 2009; Valackiené &
Nagaj, 2021), a synthesized base of knowledge on what structures to
create and which actions to take is lacking. To bridge this knowledge
gap, we aim to create a holistic understanding by highlighting elements
of ecosystem structure for transformation and ecosystem transformative
action as key antecedents of synergetic effects.

Antecedents associated with ecosystem structure for transformation
are found in architecture (Andreoni, 2018; Jo et al., 2021) and symbiosis
(Cote, 1997; Ashton, 2008; Morris et al., 2021) studies, whereas ante-
cedents belonging to ecosystem transformative action are identified in
orchestration (Lyons et al., 2009; Parida et al., 2019; Burström et al.,
2021), metabolism (Ayres, 1996; Korhonen et al., 2004a; Tonn et al.,
2014), and symbiosis (Kurhonen, 2001; Layton et al., 2016;

Gamidullaeva et al., 2022) studies. In Fig. 6, we use the following ab-
breviations: architecture (A), orchestration (O), symbiosis (S), and
metabolism (M) to identify the origins of various elements. This shows
that symbiosis researchers discuss matters relating to both structural
frameworks and action-related issues, while metabolism researchers
discuss items of a purely action-related nature. In comparison, archi-
tecture researchers address only structural elements, whereas orches-
tration research is action oriented.

In Fig. 6, the outcome explained by synergetic effects is industrial
renewal/transformation in different forms. These effects may come in
the form of sustainable industrial renewal/transformation (for example,
cleaner production processes). However, research taking an organiza-
tional perspective (architecture and orchestration) contributes to the
knowledge of industrial renewal and transformation in the form of
digitalized production processes and other forms of business renewal/
transformation (See Fig. 6).

To elucidate how different streams of research have contributed to
understanding the mechanisms behind synergetic effects resulting in IE
renewal/transformation, we perform an analysis based on factors in the
application tier (Fig. 5, tier four): industrial geo-scope, industrial
context, industrial dimensions, and industrial features. Drawing on the
analysis in each sub-section, we advance ten propositions. Here, prop-
ositions 1, 6, and 7 relate to ecosystem structure for transformation,
while propositions 2 to 5 and 8 to 9 concern ecosystem transformative
action. The final proposition amalgamates propositions 1 to 9 connect-
ing synergetic effects to outcomes in the form of renewal/
transformation.

5.1. IE studies taking a sustainability perspective

The majority of the studies in our sample contribute to IE research by
taking a sustainability perspective (64/103). Researchers in these arti-
cles typically refer to ecology-based IE definitions and draw on expli-
cating factors such as industrial symbiosis (Chertow, 2000) and
industrial metabolism (Wernik, 2001). These studies strongly relate to
and contribute to an understanding of IE principles: roundput, diversity,
locality, and gradual change (Korhonen, 2001b; Kurhonen, 2001;
Korhonen and Baumgartner, 2009).

5.1.1. Industrial symbiosis and synergetic effects
Of the sixty-four (64) studies taking a sustainability perspective on

IEs, forty-three (43) focused on symbiotic issues. A number of these
studies adopted a local geo-scope (14/43) although, in some cases, the
local geo-scope was mixed with regional or international aspects. The
remaining studies were distributed across fifteen (15) regional, nine (9)
international, and five (5) global studies. Moreover, twenty-six (26) of
the symbiotic studies researched a multi-industrial context. The
remaining studies were distributed across other contexts, such as
manufacturing, energy, waste, forest, pulp and paper, chemical, sugar,
construction, and a post-industrial setting. Additionally, the majority of
papers (39/43) researched the sociological dimension of IEs, and the
most common feature studied was networks.

These studies were grouped into three distinct research categories.
First, it was clear that structural issues need to be resolved in order to
achieve IE synergies. Therefore, a number of researchers focused on IE
structural matters (Coté, 1997; Côté and Smolenaars, 1997; Ehrenfeld
and Gertler, 1997; Lowe, 1997; Hardy and Graedel, 2002; Casavant and
Côté, 2004; Harper and Graedel, 2004; Geng and Côté, 2007; Ashton,
2008; Liwarska-Bizukojc et al., 2009; Chertow and Ehrenfeld, 2012; Liu
et al., 2012; Zhu and Ruth, 2013; Levänen and Hukkinen, 2013; Morris
et al., 2021; Tolstykh et al., 2020; Agudo et al., 2023; Shmeleva et al.,
2023; Tolstykh et al., 2023). These researchers typically assert the need
to understand the networks of interdependent firms and the variety of
complementary roles that these firms play.

Here, researchers emphasize the need for policymakers and firms to
understand IE structures (Casavant and Côté, 2004; Harper and Graedel,
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2004) and to configure structures so that they represent the best fit with
various industrial symbiosis activities – for example, by-product ex-
changes, service sharing, and utility sharing (Lowe, 1997; Ashton, 2008;
Agudo et al., 2023). Within these structures, the roles of firms need to be
defined (Côté and Smolenaars, 1997; Chertow and Ehrenfeld, 2012;
Levänen and Hukkinen, 2013) and diversity among members assured
(Geng and Côté, 2007; Liwarska-Bizukojc et al., 2009). Moreover, in-
terdependencies between various stakeholders need to be explicitly
addressed and designed (Côté, 1997; Ehrenfeld and Gertler, 1997; Liu
et al., 2012) so that firms can balance weak and strong dependencies
(Zhu and Ruth, 2013). Nonetheless, the collaboration maturity among
stakeholders must be understood (Tolstykh et al., 2020; Shmeleva et al.,
2023; Tolstykh et al., 2023). Thus, researchers emphasize the impor-
tance of configuring structures, roles, and interdependencies to create
synergies that achieve collective sustainability goals as part of industrial
renewal/transformation. These structural elements are part of an
ecosystem transformative framework (Fig. 6), constituting BCs for high-
impact symbiotic collaboration. As an outcome of this discussion, we
advance a first proposition:

P1: When policymakers and firms in industrial ecosystems plan for a)
industrial ecosystem structures, b) role distribution, and c) symbiotic
interdependencies, their likelihood of creating synergetic effects is
increased.

Second, ecosystem leadership plays a central role. We found that
large firms and public players can be well suited to play this IE leader-
ship role (Kincaid and Overcash, 2001; Korhonen, 2001a; Lou et al.,
2004; Wolf et al., 2007; Okkonen, 2008; Ashton, 2009; Liu et al., 2015;
Ashton et al., 2017; Kumari and Patil, 2019; Zaoual and Lecocq, 2018;
Susur et al., 2019).

The most successful networks are earmarked as those developed
around a few leading critical firms (Ashton et al., 2017) who are capable
of communicating/integrating collective (formal/informal) expecta-
tions, visions, and cognitive rules (Susur et al., 2019). Furthermore,
leadership helps with conflict resolution between ecosystem members
(Lou et al., 2004) and attaining win-win outcomes (Okkonen, 2008;
Kumari and Patil, 2019). Here, public actors can play a role in facili-
tating collaboration among industrial actors (Korhonen, 2001a; Liu
et al., 2015), while both private and public players can perform an
orchestrating role in, for example, uncovering value in industrial ecol-
ogy, generating trust, and activating/institutionalizing industrial ecol-
ogy (Zaoual and Lecocq, 2018). Overall, IE leadership can positively
impact the creation of synergies so that sustainability goals can be
attained more quickly. These leadership elements form part of
ecosystem transformative actions (Fig. 6). Drawing on the discussion
above, we suggest the following proposition:

P2: When large private firms, or public players, in industrial eco-
systems play a leading role in initiating symbiotic activities, their like-
lihood of creating synergetic effects is increased.

Third, in order to achieve synergetic effects in IEs, policymakers and
firms should take a long-term view and adopt a systematic way of
managing business problems (Bras, 2002; Korhonen, 2004; Zhu and
Cote, 2004; Singh and Lou, 2006; Singh et al., 2007; Korhonen and
Baumgartner, 2009; Layton et al., 2016; Kim et al., 2017; Shi and Li,
2019; Spiering et al., 2020; Gamidullaeva et al., 2022; Harala et al.,
2023; Wang et al., 2023). These researchers typically emphasize the
need to adopt a life-cycle perspective on IEs and recommend optimiza-
tion methods as a way of addressing symbiotic challenges.

Here, symbiotic-based analytical life-cycle approaches (Korhonen,

Fig. 6. A model of synergetic effects and industrial ecosystem renewal/transformation.
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2004; Zhu and Cote, 2004; Shi and Li, 2019) can provide a comparative
evaluation of different IE design schemes (Singh et al., 2007), improve
material quality control and assessment metrics (Bras, 2002) and sup-
port collective strategy creation and decision making (Shi and Li, 2019;
Harala et al., 2023). Additionally, the use of optimization methods
provides a systematic and flexible collective framework to solve multi-
dimensional problems (Singh and Lou, 2006; Korhonen and Baumgart-
ner, 2009; Kim et al., 2017), reducing the processing of natural resources
and increasing the amount of production (Gamidullaeva et al., 2022;
Wang et al., 2023). When combined, these measures improve assess-
ments of environmental impact and provide collective guidance for
improving sustainability. In implementing these solutions and methods,
firms take transformative action (Fig. 6) that enables synergetic effects.
Based on the arguments advanced, we offer a third proposition:

P3: When policymakers and firms in industrial ecosystems take a
systematic a) life-cycle approach and b) use optimization methods to
maximize the impact of symbiotic activities, their likelihood of creating
synergetic effects is increased.

To summarize, studies on industrial symbiosis typically take envi-
ronmental sustainability as a proxy and discuss how to organize in-
dustries in an environmentally friendly way. These studies provide
critical knowledge on local and regional organizing issues to create
synergies. However, they largely fail to adopt a global perspective on
how to organize for environmental sustainability. Thus, IE researchers
still have to solve the dilemma of how to create the transferability that
will convert local managerial solutions into global solutions.

5.1.2. Industrial metabolism and synergetic effects
Of the sixty-four (64) studies taking a sustainability perspective on

IEs, twenty-one (21) focused on industrial metabolism. These studies
were dominated by researchers taking a local geo-scope (9), while other
papers were distributed across six (6) regional studies, five (5) national
studies, and one (1) global (conceptual) study. In terms of context,
several types of industry were studied: multi-industrial (7), petro-
chemical (2), forest (2), chemical (2), agricultural (1), energy (2), con-
struction (1), palm oil (1), mining (1), steel (1), and recycling (1). Most
industries were studied on only a few occasions, and the majority of
these studies examined a technological and/or ecological dimension of
industrial metabolism. In addition, the industrial features in focus for
the respective studies were widely distributed across different di-
mensions. All of these studies typically contribute detailed descriptions
of how material flows can be managed in different industries and the
output of such management.

We grouped these studies into two distinct research categories. First,
we recognized that synergy creation is hampered if players stay within
traditional industrial boundaries and remain small in scale. Hence, one
category of researchers (Ayres, 1996; Andersen, 1997; Baas, 1998;
Korhonen, 2001b; Kurhonen, 2001; Korhonen et al., 2004a; Sterr and
Ott, 2004; Korhonen and Snäkin, 2005; Tonn et al., 2014; Lyu et al.,
2023) study pre-conditions for achieving industrial metabolism and
synergetic effects in IEs. These researchers recommend large-scale op-
erations to address issues such as roundput, recycling, and the need to
move beyond the boundaries of traditional systems.

Here, researchers (Korhonen, 2001b; Kurhonen, 2001; Korhonen
et al., 2004a) propose that, in order tomanage waste management flows,
stakeholders must move beyond the boundaries of the traditional waste
management system. Additionally, Baas (1998) emphasizes the need to
optimize internal and external flows in parallel so that cleaner produc-
tion is assured. Such optimization needs to be achieved in an expanding
network of stakeholders (Baas, 1998; Korhonen and Snäkin, 2005).
Other researchers stress that, in order to succeed in creating synergies
and industrial metabolism, a fairly large-scale operation is required
(Ayres, 1996; Andersen, 1997; Sterr and Ott, 2004; Tonn et al., 2014;
Lyu et al., 2023). Taking such transformative action (boundary crossing
and flow management) drives (Fig. 6) the development of economic and
environmental sustainability in particular. These studies underline that

it is vital to look beyond traditional industrial boundaries if synergies are
to emerge and large-scale operations are to be created so that the shared
sustainability goals in IEs can be achieved. Drawing on these findings,
we advance a fourth proposition:

P4: When firms in industrial ecosystems a) expand networks beyond
traditional industrial ecosystem boundaries and b) scale up industrial
metabolism operations, their likelihood of creating synergetic effects is
increased.

Second, in achieving metabolistic synergetic effects, flow manage-
ment and related methods play a central role. Therefore, another cate-
gory of researchers has studied particular methods for managing various
types of material flows (Fahim et al., 1995; Bailey et al., 1999; Korhonen
et al., 2001a; Özyurt et al., 2001; Basu and van Zyl, 2006; Chavalparit
et al., 2006; Monteiro et al., 2010; Hollen et al., 2015; Malone et al.,
2018; Zhang et al., 2018; Miao et al., 2020). These researchers typically
adopt a practice-based approach describing the management of flows and
the expected output from applying a certain method in a circumscribed
local context.

For example, Hollen et al. (2015) describe how different generic
policy instruments (e.g., investments in physical and knowledge infra-
structure) can be used as a general method to foster industrial meta-
bolism, while Bailey (1999) suggests that this can be achieved through
simulations (e.g., the robust concept exploration method). Moreover,
researchers demonstrate the good use of various industry-specific
methods in the agricultural industry (Fahim et al., 1995), the forestry
industry (Korhonen et al., 2001), the energy industry (Özyurt et al.,
2001; Miao et al., 2020), the palm-oil industry (Chavalparit et al., 2006),
the chemical industry (Monteiro et al., 2010), the mining industry (Basu
and van Zyl, 2006), and the steel industry (Malone et al., 2018). How-
ever, Zhang et al. (2018) state that the methods in the construction in-
dustry are less effective in managing industrial metabolism. The
collective evidence from the addressed studies indicates that generic and
specific methods play a central role in creating synergies that enable
shared sustainability goals to be reached. Use of these methods repre-
sents transformative action (Fig. 6), advancing the capabilities for cre-
ation and management of industrial metabolism by refining material
and non-material flows. Based on these insights, we outline a fifth
proposition:

P5: When policymakers and firms in industrial ecosystems utilize a)
generic methods, and b) firms utilize industry specific methods for
managing industrial metabolism, their likelihood of creating synergetic
effects is increased.

To summarize, studies on industrial metabolism typically take
environmental sustainability as a proxy and discuss how to arrange
material flows to shape more environmentally friendly industries. These
studies provide critical knowledge on how to create synergies and
manage local and regional material flows. However, they fail, in the
main, to adopt a global perspective on how to organize material flows
for environmental sustainability.

5.2. IE studies taking an organizational perspective

In our sample, a minority of studies contribute to IE research by
taking an organizational perspective (39/103). Researchers in these
articles typically draw on organization-based IE definitions and on
explicating factors, such as industrial architecture and/or industrial
orchestration (Andreoni, 2018).

5.2.1. Industrial ecosystem architecture and synergetic effects
Of the thirty-nine (39) studies taking an organizational perspective

on IEs, twenty (20) studies focused on structural issues – namely, dis-
cussing matters relating to IE architecture.

Here, several researchers took a national geo-scope (6). The other
papers were distributed across three (3) local, two (2) regional, two (1)
international, and seven (7) global studies. As for context, researchers
studied a multi-industrial context (11), energy (2), integrated circuits
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(1), blockchain (1), coal mining (1), semiconductors (1), silicon (1), and
two (2) studies were of a conceptual nature. All of these studies took a
sociological perspective (also in combination with other perspectives).
In terms of industrial features, studies typically concerned roles and
structural dilemmas. All of these studies contributed to an understand-
ing of IE configuration.

These studies were grouped into two distinct research categories.
First, policy initiatives are crucial in creating pre-conditions for syner-
getic effects in IEs. However, it is far from clear how policymakers
should act to achieve synergies. Therefore, in the first category, re-
searchers typically focus on the role of policymakers/authorities (Lowe
et al., 1995; Bey, 2001; Korhonen et al., 2004c; Von Malmborg, 2004;
Kim, 2019; Zhang et al., 2019; Ma and Huang, 2020; Yan et al., 2020).
These researchers emphasize that policymakers cannot apply a one-size-
fits-all solution, and IE structures should be configured from a systems
perspective in accordance with contextual needs in order to generate
synergetic effects that spur innovation and production.

For example, IE concepts provide a systemic context with tools for
decision making that can enhance co-innovation (Lowe et al., 1995).
Here, authorities/policymakers should exercise a governing role (Bey,
2001) by planning infrastructure (Kim, 2019; Zhang et al., 2019),
creating feedback structures (with positive impact on technological
innovation), initiating business development (Yan et al., 2020), playing
a role as knowledge brokers in innovation networks (Korhonen et al.,
2004c; von Malmborg, 2004), and adhering to normalized management
models (Ma and Huang, 2020). These studies propose that, when poli-
cymakers take an appropriate role and support business development by
planning infrastructures from a systems perspective, synergetic effects
are enabled so that shared business goals can be attained through co-
innovation in networks. These elements are essential parts of an
ecosystem structure for transformation (Fig. 6). Building on these find-
ings, we advance a sixth proposition:

P6: When policymakers in industrial ecosystems a) take a systems
perspective and b) plan infrastructures that meet context-based needs,
the likelihood of firms creating synergetic effects is increased.

Second, another category of researchers probes issues relating to
structural quality. These researchers typically study the complexity and
dynamics of systems and sub-systems (Ruth, 2009; Chen et al., 2010;
Wang et al., 2016; Wang et al., 2017; Feng et al., 2018; Jo et al., 2021;
Zhang et al., 2021; Lee and Kim, 2023), networks (Duan et al., 2022a;
Duan et al., 2022b), power grids (Ali et al., 2021) and interdependencies
(Andreoni, 2018) within the IE. They emphasize that IE boundaries are
evolving and dynamic, and that structural renewal is vital to co-create
value.

For instance, Ruth (2009) asserts the need to analyze structures in
order to understand the dynamics in IEs because there is a lack of
commonly agreed and followed protocols for dynamic modeling that
span system hierarchies, space, and time. Moreover, there is a lack of
institutional structures that enable stakeholder-guided adaptive man-
agement of IEs over the longer term. In addition, Wang et al. (2016)
propose that IEs should be understood as based on three sub-systems: the
economy sub-system, the environment sub-system, and the innovation
sub-system. Each sub-system has its own curve shape that describes its
economic–environmental relationship and reveals the effect of optimi-
zation degrees on the relationship between economic growth and
environmental pollution. Similarly, Zhang et al. (2021) identified three
sub-systems underlying the blockchain industry ecosystem.

Here, Wang et al. (2017) add that ecosystem vulnerability can be
estimated and managed by using a special method (RS-TOPSISeRSR).
Failing to understand vulnerabilities can lead to weak industry
connectedness, hampering the possibility of achieving synergetic effects
in IEs (Duan et al., 2022a; Duan et al., 2022b). IEs are less likely to crash
when industries are tightly interconnected. Additionally, Chen et al.
(2010) show that ecosystem analysis can provide company decision
makers with a reference to restructure production chains and innovate
technology. This restructuring can be seen as industrial renewal where

interdependencies need to be shaped and re-shaped (Andreoni, 2018).
Such restructuring of traditional industries leads to economic growth
through synergetic co-value creation processes (Feng et al., 2018; Jo
et al., 2021; Lee and Kim, 2023).

These studies show that the combined effect of analyzing structures
and identifying vulnerabilities is to enable firms to generate synergetic
effects in an attempt to co-create value. These elements constitute
indispensable parts of an ecosystem structure for transformation (Fig. 6).
This discussion leads us to the following proposition:

P7: When firms in industrial ecosystems a) analyze structures and b)
identify vulnerabilities, their likelihood of restructuring in-
terdependencies to create synergetic effects is increased.

To summarize, studies on IE architecture typically address questions
concerning structures, roles, and interdependencies. These studies pro-
vide critical architectural knowledge on how relationships can be ar-
ranged to create synergies and encourage innovation and co-value
creation.

5.2.2. Industrial ecosystem orchestration and synergetic effects
Of the thirty-nine (39) studies taking an organizational perspective

on IEs, nineteen (19) studies focused on orchestrating topics – namely,
discussing how IEs come about.

In this stream of research, four (4) articles took a global geo-scope,
six (6) an international geo-scope and two (2) a national geo-scope.
Other articles were distributed across three (3) local, and four (4)
regional geo-scopes. Here, researchers studied multi-industrial contexts
(6), manufacturing (6), biofuel (1), energy (1), recycling (1), the car
industry (2), the consumer electronics industry (1), and the metal in-
dustry (1). These researchers typically adopt a sociological or socio-
technological perspective on the studied contexts. In terms of features,
these studies discussed the need for orchestration or how orchestration
could come about. All of these studies contributed to an understanding
of IE orchestration.

These studies can be grouped into two distinct research categories
focusing on how to take ecosystem transformative action to make
changes in an IE. First, one category of researchers discuss the need for
orchestration and general pre-conditions for successful orchestration.
Here, researchers examine orchestration processes and activities (Lyons
et al., 2009; Parida et al., 2019; Hannibal, 2020; Burström et al., 2021;
Suppipat and Hu, 2022; Sjödin et al., 2022), and elements enabling
orchestration (Best, 2015; Tsvetkova et al., 2015; Valackiené & Nagaj,
2021).

For example, Lyons et al. (2009) describe how value chains in the
recycling industry have been orchestrated to fulfill the needs of different
countries. The development of such IEs is a product of historical co-
adaptive processes (Best, 2015) where policymakers and firms must
understand that organizational learning is a valuable capability aiding
orchestration (Tsvetkova et al., 2015). Such learning leads to the
development of enabling collaboration mechanisms, such as trust
(Valackiené&Nagaj, 2021), standardization, nurturing, and negotiation
(Parida et al., 2019). Moreover, to spur shared value creation (syn-
ergies), the business model should be used as a device to conceptualize
orchestration activities (Hannibal, 2020; Sjödin et al., 2022; Suppipat
and Hu, 2022). Here, Burström et al. (2021) propose that shared value
creation is best managed in a situation where orchestrators try to bal-
ance development between exploitation (business goals related to cost
efficiency and incremental innovation) and exploration (business goals
related to new revenue flows and radical innovation). Based on the in-
sights from the above studies, we find that orchestration is dependent on
enabling orchestrating mechanisms, business models, and balancing
diverse business goals as part of the process of creating synergetic effects
(Fig. 6). Drawing on this discussion, we present our eighth proposition:

P8: When firms in industrial ecosystems a) learn to enable orches-
trating mechanisms and b) use business models to identify shared value
potential, their likelihood of creating synergetic effects is increased.

Finally, another category of researchers provides hands-on advice for
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orchestration and IE construction, which are vital in achieving syner-
getic effects. These researchers propose that strategic-niche manage-
ment can be used to change technological regimes in IEs (Adamides&&
Mouzakitis, 2009). In such circumstances, each IE has a set of constraint
factors that have to be considered (Lu et al., 2020), where communi-
cation (Lin et al., 2011) and information processes (Kannisto et al.,
2020) must be fine-tuned. Furthermore, IEs are typically built on com-
plex networks. Here, it is noted that orchestrators can identify critical
network nodes and interdependencies through an inference method to
improve process efficiency (Fan et al., 2017). Moreover, orchestrators
can manage complexity and increase revenue through modularity
(Tsvetkova and Gustafsson, 2012) and/or platform approaches (Zhang
et al., 2022). It is also pointed out that orchestrators can use digital twins
for decision support (Meierhofer et al., 2021), and digital simulations
(Reuter, 1998; Hooge and Le Du, 2016) can be used as ways to promote
and govern IEs. Based on the above argumentation, we find that such
transformative action is essential to create synergetic effects (Fig. 6). As
a result of this discussion, we present our proposition as follows:

P9: When firms in industrial ecosystems orchestrate a) communica-
tion and information processes, b) modularity or platform approaches to
manage complexity, and c) the use of digital tools for decision support
and governance, their likelihood of creating synergetic effects is
increased.

To summarize, studies on IE orchestration typically address pre-
conditions for successful industrial renewal/transformation, and re-
searchers discuss tools and processes to be used to create synergies and
accomplish well-organized orchestrating activities in practice.

5.3. IE synergetic effects and industrial renewal/transformation

The core of ecosystem thinking is based on the idea of collective
efforts and shared goal achievements (Frosch and Gallopoulos, 1989;
Andreoni, 2018) where a win-win approach is the dominant logic
(Okkonen, 2008). Therefore, we predict that, when policymakers and
firms are capable of generating synergetic effects, they are more likely to
instigate industrial renewal/transformation in IEs.

These synergetic effects occur when policymakers and firms can rely
on system-level thinking, structure, and vulnerability analyses to define
roles, interdependencies, and needs for infrastructure investments. In
this sense, they can understand and explain who the members of the
ecosystem are, their role distribution, relationships, and shared vision.
These components form a structure for ecosystem transformation that is
dynamic in nature, evolutionary, and open to change. However, struc-
ture alone is not enough to create robust synergetic effects.

Therefore, we find that transformative ecosystem action is central to
creating synergetic effects and promoting change in the form of IE
renewal/transformation. Here, it is essential that firms apply a life-cycle
approach, look beyond traditional industrial boundaries, actively lead
change, strive to optimize structures, initiate scale-up, take a shared
value approach, employ enabling mechanisms, implement modularity/
platform strategies and, on a functional level, utilize generic and specific
methods, develop communication processes, and apply digital tools.

As policymakers and firms combine structures with action, the syn-
ergies that are generated produce an outcome in the form of new
collaborative arrangements, new technological solutions, revenue im-
provements, and cleaner, digitalized, more efficient production pro-
cesses. Here, there is a central source of differentiation between the IE
research taking a sustainability perspective and the IE research taking an
organizational perspective. Studies on IE symbiosis and metabolism
typically aim to offer explanations on how synergies contribute to
solving the triple-bottom line dilemma (economic, environmental, and
social sustainability), primarily manifested in cleaner production pro-
cesses. In contrast, researchers studying IE architecture or orchestration
primarily focus on explaining how synergies generate new forms of
cooperation, technological solutions, and revenue enhancements/cost
reduction through digitalized processes, for instance. These outcomes

represent aspects of industrial renewal/transformation. As a result of
this discussion, we offer the following proposition:

P10: When policymakers and firms in industrial ecosystems create
synergies among members in the IE collective, they are more likely to
pave the way for industrial renewal trajectories and/or industrial
transformation.

6. Discussion and Conclusions

The aim of this article was to review and synthesize existing IE
research. Here, we initially reflect on the three first three questions that
guided our research:

RQ1: What are the key characteristics of IEs?; RQ2: What are the
factors driving fragmentation and perplexity in IE research?; RQ3: How
can IE research be amalgamated into an integrative framework clari-
fying the relationship between disparate IE studies?

First, in this study, four IE key characteristics were identified and
compared to key characteristics of three other types of ecosystem
(business, innovation, and platform). One key characteristic is shared
with other ecosystem types (synergy creation), while three others (in-
dustrial processes, production systems, and interconnected industrial
partners) are unique to IEs. This achievement has clarified the funda-
mentals of IE BCs and allowed us to position IEs in relation to other
ecosystem types.

Second, we identified three factors driving perplexity and fragmen-
tation in IE research: (1) definitional confusion, (2) inter-conceptual
confusion, and (3) contextual fragmentation. In relation to RQ3, our
review revealed that IE research is bifurcated into two dominating
complementary research streams: one adopting a sustainability
approach, and the other adopting an organizational approach. The
relationship between these research streams has been elucidated, and
the issue of unclear BCs has been addressed through the creation of an
integrative four-tier IE framework. This framework, encompassing
philosophical, conceptualizing, explicating, and application tiers, en-
ables IE researchers to make more informed decisions when designing
future IE studies.

In response to our final research question (RQ4), “What does the IE
literature say about synergetic effects in IEs, and their antecedents and
outcomes?”, our study revealed that there are antecedents derived from
a combination of ecosystem structure for transformation and ecosystem
transformative action. These antecedents enhance the likelihood of
policymakers and firms creating synergetic effects. We found that an-
tecedents related to ecosystem structure for transformation originate
from literature focusing on architecture and symbiosis. In contrast, an-
tecedents related to ecosystem transformative action originate from the
orchestration, metabolism, and symbiosis literature. This body of work
provides numerous examples of actions that policymakers and firms can
undertake to instigate synergetic effects in IEs. However, it also iden-
tifies a division of responsibilities between policymakers and firms.

When both policymakers and firms undertake these responsibilities,
the synergetic effects are amplified, leading to increased levels of in-
dustrial renewal/transformation. For instance, if the goal is to create
industrial renewal/transformation on a global scale – as in the case of
the recycling industry – coordination and synchronization across the IE
must be meticulously designed by both policymakers and firms. As a
result, these effects can be manifested in cleaner production processes,
digitalized value chains, and new incremental and/or radical techno-
logical solutions.

6.1. Policy implications and limitations

Our analysis of synergetic effects in IEs enables us to formulate policy
recommendations. First, we acknowledge that there is a challenge facing
firms in scaling their operations from a local to a global level. There is a
tendency for value chains and networks to stretch across nations and
global regions. To help resolve this problem, policymakers should
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encourage studies (in firms and research institutions) on how to orga-
nize large-scale symbiotic networks in various types of IE so that global
material flows can be managed in a synergetic way. In addition, this
study highlights another challenge – critical interdependencies typically
stretch across various IEs. Thus, in order to manage this challenge,
policymakers could promote studies examining the relationship and
interdependencies between various types of complementary IE (Auers-
wald and Dani, 2022). Such studies could reveal critical and complex IE
structures that are vital to understand synergetic effects, their results,
and their translation into industrial renewal/transformation.

Second, we advocate that governance and leadership demands spe-
cial attention in the emergence of synergetic effects in IEs. There is a
need for policymakers and industrial leaders to gain a deeper under-
standing of the micro foundations of collectively shared value-creating
processes, enabling mechanisms, complexity-managing approaches,
and the use of digital tools for governance and decision-making activ-
ities in various IEs. Therefore, we propose that policymakers and in-
dustrial leaders collaborate in developing best practices that can be
implemented in the form of an IE governance toolkit.

Third, policymakers have a unique responsibility to establish infra-
structure. This responsibility concerns both material and non-material
infrastructure (Hannigan et al., 2022). Assuming such responsibilities
involves investing in material infrastructure, such as electrical grids,
airports, bridges, power plants, and waste management systems,
enabling the development of various types of synergetic networks within
the IE. Investments in non-material infrastructure relate to labor and
market support in the form of events, knowledge brokering, regulators,
interest organizations, and professional training. Through such in-
vestments, favorable market conditions can be established in IEs (cf.
Wei, 2022).

Fourth, typically, IE creation begins in a small-scale fashion. Thus,
policymakers can concentrate on creating synergies with firms and non-
profit organizations on the local and regional levels. As a result, the
network of policymakers and other stakeholders can be relatively sim-
ple, small, and dense. However, when IE business operations expand
beyond local and regional borders, there is a need to grow a network of
boundary-spanning policymakers (cf. Rocha et al., 2021) so that poli-
cymaking can be coordinated across local, regional, national, and global
levels.

Finally, this study emphasizes that synergetic effects in IEs can
amplify industrial renewal/transformation. Thus, there are societal
benefits that warrant policymakers and governmental authorities
prioritizing the development of an IE policy agenda where synergetic
effects are emphasized. This agenda can play a key role in efforts to
boost market resilience and revitalization by elaborating on global
partnerships and strategic dependencies.

This study has the following limitations. First, our exploration of
industrial ecosystems (IEs) is limited to their relationship with business,
innovation, and platform ecosystems. We acknowledge that there are
additional areas of ecosystem research that could be relevant for com-
parison. These could include, for instance, research on entrepreneurial
ecosystems, software ecosystems, digital ecosystems, and regional eco-
systems, all of which have been addressed in management and entre-
preneurship research. Second, our approach to conducting a systematic
review is narrative in nature. This means that our review does not
include a section dedicated to patterns of bibliometric analysis. The
inclusion of such a section would provide an alternative perspective on
the evolution of the IE research field.

6.2. Future research

Our study leads us to make two assertions. First, there is a lack of
studies taking a top-down perspective on the role and activities of large
firms (hubs) in IEs. For example, in practice, we can observe that global
companies, such as Hennes & Mauritz, assume an IE leading role in
developing synergies for sustainable industrial transformation. H&M

strives to create closed material loops in the fashion industry through
cross-industry collaborative actions and investments in startups, which
contribute to cleaner production processes (cf. Lahti et al., 2018). Thus,
we encourage the IE research community to further investigate the role
and behavior of hubs (Parida et al., 2019) in various IEs (fashion in-
dustry, recycling industry, steel industry, manufacturing industry).

Second, there is limited research that adopts a bottom-up perspective
on IEs, examining their emergence and the complementary roles and
interaction patterns between startups, incubators, accelerators, venture
capitalists, and SMEs. While the current stream of IE research offers
several contributions discussing smaller local/regional IEs – in the form
of, for example, eco-parks – we have a limited understanding of how and
whether these isolated examples of IEs expand to a larger scale through
the creation of synergetic effects. Here, it would be of interest to un-
derstand which roles various players perform during such a collective
renewal/transformation process. This type of growth would likely be
based on some form of co-orchestrating efforts among a collective of
stakeholders.

Third, our study identifies a gap in research knowledge regarding the
role of venture capital investors in the emergence and development of
IEs. Venture capital investments can assist firms in scaling their opera-
tions from a local to a global level, complementing the support provided
by policymakers. These investments can cover costs related to interna-
tionalization and material infrastructure (e.g., digital platforms),
thereby accelerating and facilitating the development of IE business
operations. Long-term partnerships with venture capital investors, who
typically have a valuable pool of social, human, and financial capital
(Large and Muegge, 2008; Burström et al., 2023), can generate syner-
getic effects. Consequently, they can support firms and policymakers in
IEs to generate industrial renewal/transformation. We encourage future
research to explore the potential roles and responsibilities of venture
capital investors in IEs.

Fourth, our study shows that collective efforts and synergies are
necessary for industrial transformation to occur in IEs (Frosch and
Gallopoulos, 1989; Andreoni, 2018). However, the creation of synergies
in IEs depends on well-functioning partnerships. Despite this, there is
limited knowledge on how firms in these collectives approach partner
selection (i.e., attract, select, engage) and the criteria used for such se-
lection (see van Vulpen et al., 2022; Burström et al., 2023). Future
research should therefore investigate partner identification and selec-
tion mechanisms in IEs.

Finally, our study suggests that firms in IEs should aim to balance
exploitation activities (business goals related to cost efficiency and in-
cremental innovation) and exploration activities (business goals related
to new revenue streams and radical innovation) to optimize innovation
output. It would be of value to understand more about the differences/
similarities in synergy creation in relation to exploitative/explorative
activities. Additionally, as part of this process, it is vital for firms to
balance such innovation targets with sustainability goals. Despite its
central importance, this balancing act is under-researched in an IE
context and should, therefore, be further investigated.
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