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Abstract

Industrial symbiosis describes a regional inter-firm
approach towards a more sustainable industry.
However, the implementation of industrial symbiosis is
hampered by a multitude of various barriers. Although
prior work has dealt with identifying barriers, an
encompassing overview is missing to date. Therefore, in
this paper, barriers were identified by the means of a
literature review and analyzed through qualitative
content analysis. In total, 402 barriers for the
implementation of industrial symbiosis were identified.
They were grouped into nine categories: economic,
technology, financial (hard, quantifiable factors),
cooperation, management, knowledge, information (soft
factors,  which are difficult to  quantify);
policy/regulation, and public/market  (contextual
factors). The insights gained can be used to develop
strategies and tools for further development and
advancement of current industrial symbiosis practice to
overcome existing barriers.

1. Introduction

In the pursuit of a more sustainable industry and
society, the concept of ‘industrial symbiosis’ has
become increasingly popular in recent years [1], [2].
Industrial symbiosis refers to economically and
ecologically motivated, regional inter-firm cooperation
and collaboration between industrial companies [3], [4].
It comprises various exchange- or sharing-based
business models in order to make full use of under-
utilized resources, such as industrial by-products (e.g.,
material, water, energy), logistics, capacities, space,
personnel, expertise or knowledge [4], [5]. Through
cooperation, the participating companies gain economic
advantages (e.g., added sales), while reducing the
environmental impact of their industrial activities (e.g.,
reduced primary energy consumption). As geographic
proximity is considered a success factor, this practice is
commonly established in industrial parks. Conventional
industrial parks in which the local companies adopt
symbiotic behavior and commit to sustainable
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development policies are so-called ‘industrial
ecosystems’ or ‘eco-industrial parks’ (EIP) [6], [7].
However, uncovering and implementing symbiotic

opportunities is a challenging task [8], [9], and
information and communication technology (ICT),
designed to support this, is also facing a variety of
challenges [10], [11]. Many studies report on a number
of barriers (defined as “a circumstance or obstacle that
keeps people [...] apart or prevents [...] progress” [12])
that have to be overcome in order to successfully
establish industrial symbiosis and eco-industrial parks.
To identify barriers of industrial symbiosis, prior work
has applied various methods (e.g., case studies (e.g.,
[13]), interviews (e.g., [14]), or surveys (e.g., [15])) in
various settings (e.g., different industries and countries).
Frequently encountered barriers are technical, economic
and regulatory as well as information and cooperation
issues [8], [16], [17]. Each individual work contributes
to the overall understanding of the multitude of barriers
of industrial symbiosis. However, the following aspects
remain problematic:

e Barriers are in some cases rather vague or
unspecified (e.g., ‘regulatory issues’ [18]) leading
to a limited understanding of occurring barriers.

e Underlying triggering factors of barriers are
assigned to different categories in different studies
(e.g., informational factors to the categories
‘cooperation’ and ‘trust’ [8], [19] or ‘information’
[8], [16]) making the comparability and cause and
effect analysis of these barriers difficult. Especially
informational, managerial and social aspects are
often not separated clearly.

e Industrial symbiosis is a complex system due to its
context dependency and the interdependency of
multiple actors, processes and technologies [20].
Accordingly, its barriers are also interwoven and
complex. While the diversity of barriers provided
by the literature reflects the contextual nature of
industrial symbiosis, often only an excerpt of
potential barriers is offered and interdependencies
between barriers are hardly considered.

In order to develop strategies and (ICT) tools for

further and easier development of industrial symbiosis,
it is necessary to provide a comprehensive, structured,
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in-depth overview of potential barriers. Such an
encompassing overview needs to address the
aforementioned issues and is missing to date. Only with
such an overview and the proposal for a uniform
categorization of barriers, their relevance, perception
and impact can be measured. In addition, a clear
differentiation of barriers and the investigation of their
interdependencies and their impact on cooperation may
help to develop strategies and tools capable of
mitigating multiple barriers at the same time.

Therefore, we provide such an overview by means
of a systematic literature review [21], in which we
consolidate the key scientific contributions in the
heterogeneous field of barrier research in industrial
symbiosis. The barriers identified are further analyzed
and categorized using a qualitative content analysis
according to Mayring [22].

The remainder of the paper is structured as follows.
The theoretical background is given in the next section.
Section 3 describes our approach. Section 4 presents the
results of our study. These results and the limitations of
our work are discussed together with opportunities for
further research in Section 5, before concluding the

paper.
2. Theoretical Background

Industrial symbiosis and its implementation as EIP
are recognized as a complex (adaptive) system [20]. The
complexity results from the multitude and diversity of
system elements (e.g., firms, technologies) and their
interaction  (e.g., communication, cooperation).
Adaptive refers to the ability of the elements to learn and
adapt their behavior (e.g., decisions) to their
environment. To investigate and wunderstand the
complexity and emergence of these systems, researchers
examine various, mostly socio-economic or eco-
technological aspects using models, simulations and
frameworks that apply systems theory/engineering [23],
[24]. However, a combined investigation of socio-
economic and eco-technological perspective is rare.

With the increasing support of ICT [10], [25], [26]
in industrial symbiosis/EIP, the perspective of socio-
technical systems is added, which needs to be
considered. So far, industrial symbiosis and EIPs have
been an issue primarily addressed by engineering
domains. However, the higher the level and scale of ICT
support, the more important it becomes to incorporate
the knowledge and experience of information systems
research. This could help to provide a more holistic view
of the (ICT) systems’ structure and behavior.

3. Research Method

We conducted a systematic literature review to
identify barriers of industrial symbiosis. Instead of
conducting the search in leading journals exclusively,
we searched in different databases to avoid bias [21].
AlSeL and IEEEXplore were chosen as they represent
the information systems community, and Scopus and
EBSCOhost, as they cover additional research areas due
to their interdisciplinary character.

The search string combined “industrial symbiosis”
and the similar concept of “eco-industrial park” with
“barrier”. Synonyms for “barrier” were tested for results
and included as far as they led to additional relevant
articles. The search was conducted within title, abstract
and keywords as the terms should appear in one of the
three fields if the topic is a major one in the paper
analyzed: ("industrial symbiosis" OR "eco-industrial
park™) AND (barrier OR obstacle OR limiter).

Conducting the search in May 2019 led to 137
records, which contained 49 duplicates. For each record,
title and abstract were read and assessed by both authors
independently to ensure that they met the inclusion
criteria. Articles were included if they met the purpose
of our study, i.e., focus at least partly on barriers for
industrial symbiosis. Furthermore, each article included
needed to be available in English. Only peer-reviewed
articles were considered. The method applied or the
country in which the study was investigated were not
used as in- or exclusion criteria. Afterwards, the
remaining full-texts were also assessed for eligibility by
both authors independently. The summarized flow of
information can be found in Figure 1 according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow chart [27].

Identification

Records identified through database
searching
(n=137)
i

l Records after duplicate removal (n = 88) ‘

Screening l

Records screened (n = 88) ‘

Eligibility Records excluded (n = 48) ‘

Full-text articles assessed for eligibility
(n =40)

Full-text articles excluded (n =17)
- Missing focus on barriers (n = 14)
— - Focus on single category of barriers
n=2)

- Same authors already included (n =1)

Included

Reviews included in qualitative content
analysis (n = 23)

Figure 1. Flow of information according to
PRISMA [27]
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All included full-text articles were analyzed using
Mayring’s [22] qualitative content analysis. The
specific barriers were taken from the literature and
recorded in a list. The barriers were subsequently
categorized inductively and bottom-up, without using
existing categories. Similar barriers (e.g., missing
technical knowledge, lack of market knowledge) were
first assigned to a subcategory (e.g., lack of knowledge).
Similar subcategories (e.g., lack of knowledge,
knowledge sharing) were then assigned to categories
describing the whole group of barriers (e.g.,
knowledge). Finally, the categories were grouped into
factors (e.g., soft factors), which represent the
underlying patterns triggering each individual barrier.
This categorization process was done for each barrier,
until all barriers were categorized. Whenever the
existing categories were not sufficient, a new category
describing the barriers related was introduced.

The analysis was done collaboratively by both
authors. During the analysis, an unambiguous
assignment of barriers to triggering factors was the goal
in order to clearly identify and delineate the related
factors. However, some barriers are caused by several
factors and have therefore been assigned to more than
one category. For example, costs are both economic and
financial barriers, but there are different types of costs.
While continuous costs, such as transport costs, have a
long-term impact on a company's economic
performance, transaction or investment costs, which are
primarily one-time, are more likely to affect a
company's financing situation.

4. Results

All in all, 402 barriers could be extracted within the
23 articles identified ([8], [9], [13]-[19], [28]-[41]).
These are evaluated concept-centrically in the following
[21]. An author-centric overview of the literature is
given in Table 1 in Section 4.5. The inductive
categorization led to nine categories (displayed in bold
in the following) and further subcategories (displayed in
italics). While some of the categories and subcategories
describe barriers related to numbers or quantities, others
are more or less directly relevant for individual firms
within the industrial symbiosis. To understand the
nature of the barriers analyzed, we further classified the
factors into three broad topics, i.e., hard factors (which
tend to be easily quantifiable) and soft factors (which
are difficult to quantify) related to the industrial
symbiosis itself and contextual factors around the
symbiosis. Each factor is described by relating
categories and subcategories, using the specific barriers
as examples and definitions for each factor.

4.1. Hard factors

129 of the identified barriers (32%) are related to
hard, quantifiable factors (see Figure 2). The biggest
group of barriers are economic factors (54 barriers),
followed by technology related (53 barriers) and
financial ones (22 barriers).
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Figure 2. Number of barriers per category and
subcategory for hard factors

The economic category consist of barriers related to
investment (e.g., different investment cycles [28], [29],
[33] and change costs [14], [19], [31]), feasibility (e.g.,
conflicts with financial gains [15]), benefit sharing (e.g.,
difficulty to assign value [38] or to identify cost-benefits
ex ante [14], [29], [33]), and costs (e.g., related to
promotion [31] or transport [14], [38]). Additionally, the
categories uncertainty (e.g., uncertain profits [33] and
margins [28]) and risk [40] belong to the economic
category.

The category technology consists of the
subcategories stable demand (e.g., lack of necessary
quality, quantity and continuity of material and energy
flows (e.g., [29], [33], [34])), feasibility (e.g., material
is unsuitable for reuse [28]), and resources (e.g., lack of
technical resources [15], [35], space [4l] or pre-
treatment technologies [34]). Furthermore, geographic
distribution and effort relate to technology. While
geographic distribution is the reason for technological
issues due to distances [28], effort describes changes in
flows [40], procedures and processes [14].

The financial category includes costs, funding,
resources and capital. Costs include, among others,
transaction [9], [28], [33] or investment costs (e.g., [9],
[36], [39]). While funding describes, e.g., the lack of
funding [17], [31] or research funding [15], resources
are mainly related to lacking financial resources [16],
[35]. Moreover, the shortage of internal and the
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acquisition of external capital [28] are additional
barriers to be considered.

4.1. Soft factors

About half of all barriers (197 barriers = 49%) were
categorized into soft factors (see Figure 3), which are
difficult to quantify. These are cooperation (79 barriers),
management (56 barriers), knowledge (32 barriers), and
information (30 barriers).

Soft Factors
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Figure 3. Number of barriers per category and
subcategory for soft factors

As industrial symbiosis comprises inter-firm
partnerships, cooperative issues may arise due to
differences in the involved companies’ strategies (e.g.,
aversion (e.g., [17], [28], [33]), unwillingness [41] and
discontinuity [29] regarding collaboration, conflicts of
interest and objectives [17] or lack and difficulty of
multi-actor decision making [9], [19]). Further
organizational incompatibilities result from the
structure and current situation of the potential partners
(e.g., bound by old contracts [41], different culture [19],
[32], [38], differences in power structure and company
size (e.g., [19], [40], [41])). In addition, a lack of trust
(e.g., due to competitive attitudes [29], [39] or social
isolation [28]), a lack of support tools (e.g., information
systems for communication, coordination and
collaboration [9], [29], [39]) and a lack of
understanding (e.g., inconsistency in terminology [17],
[38] or no shared understanding [17], [39]) are regarded
as important related subcategories.

The category management refers to both a
company’s and a park’s management which may be
involved in facilitating industrial symbiosis. It describes
barriers that first must be overcome internally by the
company or park management in order to be ready for
cooperation. This category consists of the factors
commitment (e.g., lack of interest and engagement
towards sustainable development (e.g., [8], [16], [28])

or the lack of behavioral change [38]), resources (e.g.,
lack of time (e.g., [14], [28], [31]) or lack of available
and qualified personnel [15], [35], [40]). While the
subcategory strategy in the category cooperation refers
to the incompatibility of strategies of potential partners,
strategy in the category management means that there
are company-internal problems that prevent the
implementation of industrial symbiosis (e.g., symbiosis
may be misaligned with company’s policies [19], the
project is not channeled in the right way through the
company [36] or inappropriate  hierarchical
organizational  structure results in  separated
responsibilities and requires approval of corporate
headquarters [29], [31]). Another subcategory is
resistance from organizations (e.g., no willingness to
risk existing supply chain [19] or aversion to change
procedures and processes [14], [28]).

Knowledge-related barriers are first and foremost
the lack of knowledge to identify and implement
industrial symbiosis opportunities (e.g., technical [28],
market [28] and environmental knowledge [31] or lack
of expertise or experts (e.g., [8], [16], [33]) and lack of
training (e.g., [31], [33], [39])) followed by awareness
(e.g., unfamiliarity with industrial symbiosis concepts
[33], [17], lack of recognition of waste as potential input
[37] or unknown benefits [38]). Also, difficulty and lack
of knowledge sharing (e.g., lack of mechanisms and
methods to educate or learn [15], [17]) can hinder
industrial symbiosis efforts.

Among the category information, the lack of
information (e.g., limited information or accessibility on
resource quality and quantity (e.g., [8], [19], [28]),
collaboration methods [28] or inefficient information
flows [16]) is the most prevalent factor. Other barriers
are related to information sharing (e.g., general lack of
information sharing (e.g., [8], [17], [31]) and resistance
[16] or difficulty [15], [33] to do so), confidentiality
issues (e.g., limited information disclosure due to
confidentiality [13], [29], [34] or even unnecessary
confidentiality [39]) and information systems (e.g., lack
of or inadequate sustainability or management of
information systems [29], [35]).

4.3. Contextual factors
The contextual factors (see Figure 4), accounting for
76 of all barriers (19%), are related to policy/regulation

applied (60 barriers) as well as the public/market
surrounding the industrial symbiosis (16 barriers).
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Figure 4. Number of barriers per category and
subcategory for contextual factors

Lack of support is one major factor within the
context of industrial symbiosis representing the
category policy/regulation. Deficiencies of the
regulatory framework [34], lacking support from public
institutions [35] or absent/low landfill fee for non-
hazardous wastes [34], [38] are related to that category.
Another important subcategory are restrictions like
outdated regulations, which do not support innovation
[31], regulatory and bureaucratic issues [15] or
restrictive definitions of waste and by-products [38].
Furthermore, uncertainty (e.g., regarding the legislation
and regulation [8], [28], [31], [33]) and misalignment
(e.g., cooperation between companies cannot be
mandated by the government [16]) relate to that
category.

Barriers related to the public/market surrounding
the industrial symbiosis can be further categorized into
awareness, resistance, and lack of support. Barriers
related to awareness are, among others, lack of
consumer interest in the environment [35] or lack of
internal communication in municipalities [33].
Additionally, public and community actors [28] can also
be barriers for industrial symbiosis when they show
resistance. Also, the lack of stakeholders’ involvement
[16] or missing incentives by the market to reuse waste
[38] can hinder industrial symbiosis.

4.4. Interdependencies between factors

As explained in section 3, although the goal of the
qualitative content analysis was to assign each barrier to
only one category/factor, some barriers had to be
matched to multiple barrier categories. This applies, for
example, to the aversion to cooperation and
dependencies that can be caused either by the internal
management of the company or by cooperation between
different companies. Accordingly, they have been
assigned to both categories. We extracted the barriers

within multiple categories and counted the number of
connections between different categories. These
interdependencies are displayed in Figure 5. The
strength of each line represents the number of
connections between the depicted categories — the
thicker the line, the stronger the connection. To clarify,
a line between two categories means that at least one
barrier is contained in both categories.

The size of the bubbles represents the number of
barriers per category. While management and
cooperation show the strongest interdependency, the
financial and economic, information and cooperation as
well as the policy/regulation and public/market category
are also linked closely.

Infor-
mation

Cooperation

Knowledge]

Public/
Market

Techn
/ Policy/ Regulation @

Hard factors

. Soft factors

O Contextual factors

Figure 5. Interdependencies between barrier
factors

Each category is interrelated with at least one and a
maximum of four other categories within and beyond
the classification of hard, soft, and contextual factors.
This underlines the high interrelation between all
categories and the complexity of barriers identified.

4.5. Literature overview

All in all, the different authors and studies include
different types of barriers. To get a better overview of
which barrier categories are included by which author,
table 1 summarizes the findings in an author-centric
overview.

Page 6056



Table 1. Author-centric literature overview

Factors
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[

[

[29] | x X X X X X X

[30] | x X X X X

[31] | x X X X X X X X
[32] | x X X X

[33] | x X X X X X X X X
[34] | x X X X X X X

[35] X X X X X
[36] | x X X X X X X

[37] | x X X X X X

[38] | x X X X X X X X
[39] X X X X X X X
[40] | x X X X X

[41] | x X X X X X

5. Discussion
5.1. General Observations and Future Research

Presenting the multitude of barriers, Section 4 shows
how complex and challenging the implementation of
industrial symbiosis is. In addition to industrial
symbiosis, related sustainability concepts, such as
sustainable supply chain management [32] and circular
economy [35] were found in the literature, indicating
that similar barriers may arise there as well.

The top three barrier categories are in descending
order: cooperation, policy/regulation and management.

The high rank and interdependency between
management and cooperation calls for a stronger
consideration of organizational aspects, as both
categories consist of primarily organizational, i.e.,
actor- and behavior-related, barriers causing a mismatch
of the partners. Moreover, the presence of the
subcategory strategy in both categories indicates that
common or mutually beneficial sustainability business
goals and processes must be developed between the
partners. Only with a joint action by all actors can the
respective barriers be overcome. Therefore, further
research needs to propose concepts to determine and
secure the necessary level of autonomy of each of the
actors involved in order to satisfy each of the partners
sufficiently. We also believe that there is a need for
coordination mechanisms of the actors involved and
their processes.

The fact that the category policy/regulation ranks
second shows that a successful industrial symbiosis does
not depend exclusively on industrial actors. Regulatory
conditions (e.g., restrictive or misaligned policies) have
a decisive impact on its implementation. We have noted,
that this problem does not seem to be a country-specific
one, as we have deliberately looked for all barriers,
regardless of their setting and country. Some articles
have identified barriers focusing on a specific country
and others on a more general basis or without specifying
the geographic region investigated. Among the regions
investigated are Europe [14], [19] or European
countries, such as Sweden [28], [41], Germany [14] or
Spain [35]; Australia [13], [38], China [15], [30],
Canada [31], Mauritius [34] or Egypt [16]. Further
research should explicitly investigate how a regulatory
framework could be designed to enable or support
industrial symbiosis.

As mentioned above, it is important to investigate
the interdependencies between different barriers.
However, we could only identify one article that
examines cause-effect relationships between barriers
[17]. More attention should also be paid to the
interaction between barriers and related categories.
Though one solution will alleviate one or even several
barriers, it may also reinforce other barriers. For
example, the management barriers should not be
considered alone without taking technological aspects
into account which define the core processes of a
company. In addition, we argue that further research is
needed to measure the interdependencies of the barriers
presented, in order to get a clearer picture on barriers
that should be addressed together.

In addition, there is no study on the impact of
barriers on the implementation of industrial symbiosis.
Although studies exist, which measure the perception of
barriers through interviews and surveys [14], [38], the
results are mixed and their actual impact on the
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implementation of industrial symbiosis is not
investigated. Possibilities to measure the impact of
barriers would be useful in order to ultimately identify
the most influential barriers.

Moreover, further studies on the identification of
barriers should examine at which stage of industrial
symbiosis lifecycle the barriers occur, which ones occur
together, in which settings (e.g., type or size of industrial
park) and which system elements are responsible.
Additionally, future studies should also focus on the in-
depth analysis of each barrier identified, including their
mitigation and how governmental and non-
governmental entities can support this mitigation.

Even though no hard factor ranks within the top
three categories, the aspect of stable demand is the issue
named most often in the categories related. The need for
stable demand combined with the challenge to guarantee
stable supply is inherent in the nature of industrial
symbiosis concepts relying on by-product exchanges.
However, this calls for a binding effect between
industrial symbiosis partners to increase the industrial
symbiosis’ attractiveness. Business agreements on
minimum possible stability within a certain period could
increase activities between different actors and remove
the insecurity of stability at least partly without
triggering too much change in existing processes.

A glance at the barriers assigned to the soft factors
shows that not only cooperation and management are of
a strategic nature, but also the categories information
and knowledge. As these barriers account for 49% of all
barriers, this implies that business strategy of involved
companies is a crucial element in industrial symbiosis.
Accordingly, it is necessary to examine how new
business processes serving sustainable development and
industrial symbiosis can be integrated as easily as
possible into existing businesses and industrial
networks, especially against the background of limited
personnel, time, budget, etc. Particular attention must be
paid to the allocation of responsibilities, personnel and
time resources. Against the background of information
systems research, it is striking that these four barrier
categories (cooperation, management, information,
knowledge) can be tackled using tools (e.g., business
process modeling) and ICT (e.g., groupware). However,
current ICT supports primarily information and
knowledge detached from management and
cooperation. These tools could integrate approaches for
project management or the design of business processes
and models between the partners. Furthermore, current
ICT for industrial symbiosis focuses more on
information and knowledge exchange and less on their
strategic embedding in the process of implementing
industrial symbiosis and the coordination of information
and knowledge flows [42]. This is in line with

Bengtsson and Agerfalk [43], who see information
systems as “change actant in sustainability innovation”.
Furthermore, we want to highlight the potential of
modeling and simulation to study complex systems [44],
such as EIP. The wide range of potentially relevant
aspects such as barriers and their interdependencies
need to be considered in respective conceptual models.
Currently, simulation models in industrial symbiosis
primarily investigate eco-technological phenomena of
the domain, followed by socio-economic interactions
[45], each with a specific focus. To consolidate the
findings and limitations of the individual simulation
(models) a comprehensive model would be helpful.
Such a model and simulation studies would also help to
investigate the socio-technical aspects [44] that are
introduced with the growing ICT support for industrial
symbiosis adding a further layer of complexity.

5.2. Limitations

The limitations of this paper are mainly related to the
methodology applied. The databases selected as well as
the search terms applied limit the results. However,
relevant databases were included and further search
terms were checked for eligibility. Moreover, the
qualitative content analysis [22] is a subjective
procedure. Nevertheless, the categorization was done by
both authors in discussion to avoid bias.

It should be noted that the analysis of barriers in this
paper is based exclusively on the quantity of findings.
Conclusions on the importance of barriers or categories
are therefore based on the number of barriers.

6. Conclusion

Industrial symbiosis strongly  supports the
achievement of sustainable development goals.
However, this support is currently hindered by a number
of barriers in different areas. We have presented the
industrial symbiosis as a concept that leads to complex
systems, which is reflected in the vast number of
barriers and the intertwining of the barriers among each
other. Identifying and analyzing barriers for industrial
symbiosis by means of a literature review and
qualitative content analysis led to an overview of
triggering factors for these barriers. The identified 402
barriers were categorized into nine categories:
economic, technology, financial (hard, quantifiable
factors), cooperation, management, knowledge,
information (soft factors which are difficult to quantify),
policy/regulation, and public/market (contextual
factors). The high interrelations shown between the
barrier categories call for a holistic consideration of
industrial symbiosis barriers. Only if hard and soft
factors are addressed in conjunction with the contextual
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factors surrounding the industrial symbiosis, an
improvement of the current situation can be
accomplished.

Besides an overview and analysis of existing barriers
for industrial symbiosis, our findings led to aspects for
further research which aim to create an even deeper
understanding of barriers and interrelations in industrial
symbiosis. Furthermore, our categorization highlighted
the potential of ICT support to overcome barriers
assigned to soft factors. ICT is not only able to support
the exchange of information and knowledge, which is
currently the focus, but also management and other
cooperation processes.

Addressing the issues described in this paper may
not only serve the implementation of industrial
symbiosis but the general transition towards a more
sustainable industry and society.
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