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Abstract: Industrial Symbiosis (IS) around the world in the last 20 years had been characterized
through an extensive analysis of scientific papers on the IS emerging process, with a special focus on
its early stages. The literature suggests that in this process there are key factors (enablers, barriers,
triggers, and challenges) that play a critical role in Industrial Symbiosis. From those factors, the
enablers and barriers have been highlighted in most of the studies in their different dimensions
(social, economic, policy, technological, management, or geographical, amongst others). Several
implementation cases suggest that the relevance of these factors rely on the dominant economic
sectors involved. This study aims to reveal the key enablers and barriers in various economic sectors
and its behaviour according to each one. To accomplish this objective, a comprehensive assessment
methodology was designed and performed. This methodology is divided in two sequential phases:
the first, sectoral analysis, focuses on the identification of the more relevant dimensions per economic
sectors; in the second phase, incidence analysis, the individual behaviour of the enablers and barriers
per economic sector are identified. This new approach correlates the economic sectors and factors
incidence in order to provide new insights on the key barriers, and enablers on different dimensions.
The main result of this study consists in the identification of a set of recommendations that might
be critical to reinforce the emerging synergies process and to help overcome the barriers in each
economic sector analysed.

Keywords: circular economy; industrial symbiosis; enablers; barriers; economic sectors;
sectoral implementation

1. Introduction

Industrial Symbiosis (IS) is commonly associated to Industrial Ecology (IE) and con-
stitutes a strategy to promote circular economy, as it replicates or mimics nature in an
industrial environment or industrial ecosystem [1]. This business model recreates an
ecosystem where the elements or industrial actors actively share resources and wastes.
One of the most accepted definitions establishes IS as the use by one company or sector
of underutilised resources broadly defined (waste, by-products, residues, energy, water,
logistics, capacity, expertise, equipment, and materials) from another, with the result of
keeping resources in productive use for longer [2]. The firms involved in these kinds of syn-
ergies through these exchanges achieve economic, environmental and social benefits [3]. In
practice, the companies may benefit from reduced operational costs [4], reduced taxes [5,6],
job creation [7] and reduced emissions of CO2 [8]. Among the various successful implemen-
tation cases, the Kalundborg Eco-Industrial park (EIP) is one of the best-known examples
in the world [9], since it has been establishing exchanges and industrial cooperation for
over 50 years, involving nine partners and 25 stream exchanges [10].
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The circumstances that promote IS initiatives is a subject that has been widely ad-
dressed in last 20 years [11]. Most of these studies were intended to understand the generic
conditions, benefits and factors driving the IS emerging processes, and are especially fo-
cused on the early stage [12–15]. Several studies [3,12] have highlighted that in the IS
implementation cases there are “key factors” that end up being crucial for the emerging
process of synergies. Commonly, these key factors have been categorized as enablers,
barriers, challenges and triggers [3,15–17], and the main objective of this categorization is
to discern between factors that allow, ignite or enable IS implementation and factors that
obstruct or threaten this process.

These factors cross-cut different dimensions—namely, policy, social, economic, inter-
mediaries, geographical, and technological [3]—although it is recognized that the relation
and behaviour between these factors and the economic sectors has not been appropri-
ately analysed, especially regarding enablers and barriers [15–19]. In fact, these factors
do not behave in the same manner for different economic sectors. For instance, while
some authors defend the idea that geographical proximity is a fundamental enabler for
promotion of synergies [20–23], other authors defend a contrary position [24], but a more
detailed analysis shows that this divergence can be related with the economic sector’s
nature, exchange streams and materials. In this context, the purpose of this paper is to
advance in the understanding of the barriers and enablers behaviour in the IS emerging
process, considering the specificities of different economic sectors, by answer the following
research questions:

1. What are the key enablers and barriers in the implementation cases analysed?
2. How do the enablers and barriers function according to its economic sector?
3. What are the generic recommendations for promoting IS in the economic sec-

tors analysed?
This paper is structured as follows: Section I is an introductory section discussing

the scope of the paper and motivations of the paper. Section II typifies IS, its context
approaches. Section III describes the methodology adopted and section IV promotes a
better understanding on the role of the enablers and barriers in the different economic
sectors. A critical discussion is carried out in section V. The conclusions are drawn in the
last section.

2. Typifying Industrial Symbiosis

Industrial Ecology (IE) and its concepts emerged in the literature of the 1970s [25].
IE is an interdisciplinary study field that cover interrelated study areas of industrial
ecosystem, industrial symbiosis, industrial metabolism, legislation and regulations for
IE development and applications [26]. Nevertheless, before the IS existed as a fairly
established concept, there were cases of companies that established synergies, mainly of
wastes and resources. These first IS initiatives occurred typically in Europe [9,27]. The
approaches were diverse, but both internal and external synergies could be identified,
improving the productive processes through the increase of resource and, in particular,
energy efficiency [27]. Currently, these industrial ecosystems have spread throughout the
world, mostly in countries with strong production activities, such as Australia [28–32],
China [8,33–40], and United States [41–45].

Considering IS as a collaborative approach concerning physical exchange among
different companies [1], it is natural that there are several business scenarios that provide
the context for companies to perform these symbiotic exchanges [46,47]. The nature of
these exchanges is directly related to the company operations, its environment, resources
and wastes. The literature suggests that there are four types of approaches to perform these
exchanges, namely:

Internal exchange: This approach refers to companies that develop synergies within
the boundaries of one organization [27].The principle is that companies can use wastes
produced by their own production processes to replace inputs in other production processes
within the company boundaries [46]. Since this business model does not require strategic
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partnerships, the relationships will be confined to the internal boundaries, not requiring
interdependences in complex networks [47]. As a consequence, companies have to adapt
their usual business model by changing the production chain to enable the synergies. The
implementation of internal IS allows for adding value through lower production costs, in
the form of lower virgin input purchase costs, and additional revenues [46].

External exchange: In the external exchanges approach, instead of using the wastes
produced within the company boundaries, they can send or receive wastes to/from other
companies, which will use them in their production processes [46]. In this model, the value
is captured in two perspectives: the sender through the sale of the waste that is used by
other companies (or at least to avoid the cost associated to waste disposal) and the receiver
through lower production cost. The companies that participate in this model are highly
dependent on each other to develop the streams exchanges [47].

Eco Industrial Park: An EIP is represented by an industrial park where the local
companies cooperate with each other in order to reduce the waste and pollution trough the
symbiotic exchanges [20,48]. The main goal of this collaboration is to reduce economic costs
and engage in sustainable production practices [49]. In this approach, a central authority
may design and manage the stream exchanges that will take place in the EIP [47,50].
The value is captured through material exchanges (by-products, wastes, resources or
real-value products), operational cost reduction and non-direct revenues like stakeholder
contributions and tax benefits [46,51,52].

Urban Industrial Symbiosis: This approach can be described as a network of com-
munity and industrial actors bridging local needs to improve resource utilization [53],
by exploring synergies in urban and industrial areas, namely by using municipal solid
waste into industrial companies, and meanwhile, applying industries as providers for
living resources [8]. In this approach, the government usually facilitates the wastes ex-
changes and interaction between companies and community, and, therefore, this approach
is characterized by a high level of centralization [47].

3. Industrial Symbiosis Case Studies: A Sectoral Distribution
3.1. Literature Review Methodology

This study is based on a systematic and detailed literature review directed to identify
publications associated with the IS implementation case studies (CS). The objective of this
literature review is to reveal the enablers and barriers associated to the Industrial Symbiosis.
In this sense, a search was conducted in the search engines Scopus and Web of Science. This
search was developed using the principal keyword “Industrial Symbiosis” and combining
with other keywords, as presented in Table 1.

Table 1. Set of keywords.

Keywords

Industrial Symbiosis; enablers, barriers, drivers, incentives, challenges, key factors, critical factors,
review, benefits, circular economy, emerging process, development, case, intervention,

opportunities, approach, project, implementation, analysis, assessment, status.

Our main information source for the case studies characterization was based on scien-
tific peer-reviewed journal articles. In addition, a complementary research was developed
through Internet searches for technical reports and technical documentation of European
initiatives, such as European projects, sectoral clusters and IS networks. This complemen-
tary information, enabled the identification of critical aspects that were not registered in the
scientific literature. Figure 1 presents the research strategy and the analytical procedures
considered in the development of this study.
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Figure 1. Schematization of the research strategy and the analytical procedures.

Through this structure, it was possible to obtain an initial sample of 126 references,
which were analysed and resulted in the identification of 51 articles describing relevant
symbiosis case studies. For the processing of the information, an analytical procedure
consisting of the following steps, was adopted:

Step 1: Case study characterization;
Step 2: Identification of the enablers and barriers involved in the case studies;
Step 3: Development of an interpretive approach on the behaviour between the

enablers/barriers and economic sectors;
Step 4: Proposal of a set of generic recommendations for the IS implementation

3.2. Industrial Symbiosis Case Studies Identification

The analysis of the 51 papers allowed for the identification of 26 implementation
case studies. These case studies represent diverse implementation approaches, such as,
synergies (internal or external), urban industrial symbiosis and EIP Industrial symbiosis. It
was also possible to identify other important aspects such as geographical distribution, eco-
nomic sectors and the streams. Table 2 present the 26 case studies and the characterization
of their economic/industrial sectors.

Table 2. Characterization of case studies.

Cases Denomination Case Economics Sector Country Source

CS1 The Göta Älv region case Energy Sweden [54]

CS2 The Nanning Sugar Co., Ltd.,
Nanning Agribusiness, cement China [33,55,56]

CS3 The Kawasaki Eco-town Metal, paper, waste management, manufacturing,
chemical Japan [57–59]

CS4 The Eco-Industrial Park, Rizhao Chemical, manufacturing, cement, metal, logistic,
paper industry, energy, agribusiness China [35]

CS5 The Relvão Eco Industrial Park,
Municipality of Chamusca, Portugal

Paper industry, waste management, agribusiness,
chemical, paper industry Portugal [55,60]

CS6 The Liuzhou city case Metal (Iron and steel), cement, construction China [8,61]

CS7 The symbiotic industrial district of
Guayama

Chemical (Refinery), construction, pharmaceutical,
waste management, energy U.S. [41,44,55]

CS8 The PODEBA case Agribusiness, manufacturing (leather industry) Italy [62]

CS9 The Forestry industry case in Santa
Catarina Forestry sector, paper sector Brazil [63]

CS10 The Barceloneta cluster case Pharmaceutical, energy, agribusiness, waste
management U.S. [41,45,55]

CS11 The case of facilitated exchange in
Northern Ireland (NISP) Chemical, agribusiness UK [55,64]
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Table 2. Cont.

Cases Denomination Case Economics Sector Country Source

CS12 The case of the Guitang Group Agribusiness, chemical, paper industry, cement China [34,65,66]

CS13 The Jorf Lasfar Port Logistic Morocco [24]

CS14 The Bejaïa Port Logistic, chemical Morocco [24]

CS15 The Koekhoven case Agribusiness Belgium [67,68]

CS16 The case of Kwinana Industrial area
Metal (Alumina, nickel, iron), oil (refinery, cement,
chemicals (basics, fertilizers and pigment), Energy
(power generation), water supply and treatment

Australia [28,29,55]

CS17 The case of Nanjangud Industrial
Area (NIA)

Waste management, agribusiness, chemical, textile,
paper, minerals, oil and energy India [23,69]

CS18 The case of Dalian Economic
Development Area (DEDA)

Chemical, manufacturing, metal (aviation
metallurgy), logistic and bio-medicine China [70,71]

CS19 The breweries industry case Agribusiness Latvia [72]

CS20 The wood industry in Latvia case Forestry industry, chemical and energy Latvia [72]

CS21 The Kalundborg industrial cluster Energy, Chemical, Manufacturing, Construction,
Waste management Denmark [9,73]

CS22 The Humber Region case Paper Industry (Pulp and paper), Wastes,
Agribusiness, energy UK [3,55,74]

CS23 The Hamburger Rieger GmbH case Pulp and paper Industry, energy Germany [62]

CS24 The British Sugar Plc Agribusiness, chemical, energy (power generation) UK [27]

CS25 The Ulsan industrial park Chemical, Oil (Petro-chemical), South
Korea [55,75]

CS26 The Bussi Chemical Site case Chemicals (Basic, Pesticides, Silicates), Energy
(Power generation and distribution), manufacturing Italy [22,76]

3.2.1. Geographical Distribution and IS Approach

Regarding the alternative approaches to perform IS, in the sample there is a clear
tendency for external IS, specifically referring to cases with two or more industries that are
not necessarily located in an industrial park or EIP that manage to develop streams [46].
The approaches less represented were the internal IS and urban IS.

The low representativity of internal IS can be associated with the fact that this type
of approach usually requires a comprehensive restructuring of the company’s business
model [27,34] and strategic changes [11], one of the best known cases is The British Sugar
Plc CS24 [27] whose processes optimization took 30 years of development and an important
economic investments. The concept of the urban IS approach is represented in the final
sample by CS3 [57–59]. The EIPs require joint efforts of several different stakeholders (firms,
industries, local government, agencies) and face various barriers in its development [77].

In terms of geographical distribution, our sample it is mainly focused on European
cases. Figure 2 represents (a) IS approach, (b) geographical distribution and (c) number of
published papers per year in the final sample.

3.2.2. Industrial Symbiosis Streams

There are several streams or exchanges that can take place within the scope of IS [2],
for the purpose of this study were categorized the different streams identified in the final
sample. Regarding the underutilized resources identified in the CS, two main aspects
were targeted. The surpluses, defined as the materials produced by an industrial activity
(wastes and by-products) and the new materials (raw material). On the other hand, the
utilities were targeted, since some synergies involve sharing of infrastructure to perform
the stream. It is important to highlight that IS also considers the share of facilities and
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services [11,78,79], normally called as under-utilized capacity or sharing of over capacities.
Nevertheless, for the purposes of this study, were just identified approaches concerning
underutilized resources and utilities. Figure 3 shows the categorization of the various IS
streams and their distribution in the final sample.
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Figure 3. Industrial Symbiosis streams characterization.

It was observed that the type of exchange implemented is intrinsically associated
with the economic sector and its activities. For instance, the sectors of energy production
or high energy consumption are characterized by implementing energy streams, such
as energy exchange and heat recovery, as observed in case CS1 [54]. On the other hand,
sectors like waste management and agribusiness are characterized by exchange of waste
and by-products in an inter-company perspective.

3.2.3. Economic Sectors and Activities

The case studies were organized by economic sectors as presented in Table 3 and,
although various authors suggest that industrial symbiosis initiatives are mainly concen-
trated in primary sectors and manufacturing [15,80], the sample obtained is very varied
including other sectors such as logistics, waste management, pharmaceutical, and oth-
ers. This indicates that the opportunities for IS are not only restricted to those sectors
and activities.
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Table 3. Economic activities and sectors of the CS’s.

Economic Sector Activities Involved in the CS´s

Waste management Waste management activities, MSW

Agribusiness Sugar refining, agriculture, cane farming, horticulture, animal food
production, food production

Energy Power generation and distribution, heat exchanges

Paper Industry Pulp and paper production

Chemical Chemical refinery, basics, pesticides, silicates

Logistic Port industry, transport services

Cement Cement production

Forestry industry Wood products (wood, chips, bark, sawdust and shaving)

Manufacturing Equipment, IT assembly industry, leather industry, textile, automotive

Metal Iron and steel foundry

Pharmaceutical Pharmaceutical production

Others Oil extraction, petro-chemical, oil refinery, water supply and treatment,
construction

4. Enablers and Barriers: Uncovering Industrial Symbiosis in Each Economic Sector

The nomenclature given to the key symbiosis factors in the literature can diverge:
drivers, enablers, incentives, barriers, and challenges [14,15,81]. However, in general terms,
all the studies that were analysed have the same purpose: to propose a categorization
of these factors. This division of factors is intended to categorize or group them into
two groups: factors that can unlock, facilitate and support the consolidation of synergies
(enablers, drivers, triggers), and factors that can block or hinder the concretization of an
initiative (barriers, challenges). As a consequence, we have focused on the assessment of
enablers and barriers, which are amply discussed in the literature [15–19], and therefore,
two concepts that limit the boundaries were defined:

Enabler: A factor that facilitates and supports the concretization of symbiotic synergies.
Barrier: A factor that hinders or obstructs the development of symbiotic synergies.
Enablers and barriers can be presented in various dimensions and levels [3,16,19,22,82–86]

and we suggest seven fundamental dimensions to be considered, namely social, economic,
policy, management, technological, geographical and intermediaries. Any of these dimen-
sions can be relevant in three levels of implementation [7,80,87,88]: (1) a local level that
involves the most direct and close to industrial agents such as chambers, industrial park
and local government; (2) a level of regional perspective that involves regional government
and authorities; and (3) a national level that involves macro elements such as general gov-
ernment, agencies and others. Figure 4 represents the identification framework developed
for processing the enablers and barriers.

The identification of enablers and barriers was developed through a critical analysis of
each paper in order to identify which were the enablers and barriers associated to each of
the case study. It was possible to conclude that the majority of the studies identify the factors
that had helped to overcome obstacles (enablers). However, the barriers identification was
not so straightforward, but the analysis allowed for the identification of descriptors that
can be used to describe the key enablers and barriers. This is presented in Tables 4 and 5,
where the descriptors are grouped by dimensions. The abbreviations are defined as follows:
social (S); economic (E); policy (P); management (M); technological (T); geographical (G)
and intermediaries (I).
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Table 4. Key enablers descriptors.

Key Enablers Overview Nomen Description

Social

Trust environment S1 Openness relation between companies, sharing information
and promoting trust between the involved parts

Environmental awareness S2 Knowledge at the company level, concern for the impacts of
industrial activities on the environment

Spontaneous and self-organized
approach S3

Leaders, entrepreneurs, firms motivated by the
implementation of concepts such as industrial ecology,

willing to take the initiative
Internal and external network of the

relation between companies S4 Networks that allow the creation of common spaces between
companies, knowledges agents, government entities

Community Awareness & Education
Activities Programs S5 Interfaces and programs that relates the industries sides and

the local community for sustainable development

Economic

Operational cost reduction E1 Identification of saving in resources (mainly water, energy,
raw material)

New business opportunities E2 Incorporation of new revenues through the integration of new
products and services that a synergy involves

Identification of saving in the waste
management E3 Identification of savings, mainly in landfill tax, wastes

management cost, etc.

National funding E4
Policy that promotes and allows to have National, regional

and local funds to support circular economy (such as
operational programs and projects)

Private contribution E5
Banks and entities promoting private funds through

innovations projects and initiatives in order to support
industries and firms

Policy

Promotion of the industrial policy P1

Desegregated industrial policy framework (Nacional, regional
and local) that allows the implementation of synergies
between industries through the simplification of waste

declassification

Environmental tax policy P2
Policy increase especially in landfill tax, CO2 emission control

and wastes managements policies that banned the
environmental impacts of industrial activities

Promotion of network and waste
market P3 Promotion instrument to commercialized industrial wastes in

simple method

Promotion of framework for CE P4 Plans and policies that allow the implementation the Circular
Economy in industrial activities
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Table 4. Cont.

Key Enablers Overview Nomen Description

Management

Promotion of protocols and formal
agreements M1 Instruments that help to standardize and formalize the

operation in synergies initiatives
Diversification of the traditional

business approach M2 Incorporation of new business approach that produces
economic and environmental benefits

Promotion of spontaneous
negotiation “one-to-one negotiations” M3 Negotiations promoted in order to optimize operational costs

and efficiency energy/resource efficiency

Technological

Facilities that allow the technological
viability of synergy T1 Components and facilities to improve the operations

(equipment, treatment plants) and control (Laboratories)
Improving the process, incorporation

of technologies T2 Increase the sustainability of the processes and adapting their
industrial process for the valorisation and synergies

Network Promotion T3 Technological networks that support the processes of
matching and mimicking

Digitization of the industry through
the transition to I4.0 T4

The technology improvement in industry will allow better
control of production processes, data availability, wastes,

resources

Geographical

Geographical proximity G1 Short distances between the involved synergy elements

Strategic position G2 Defined by factors such as regions with strong industrial
diversity or regions of national interest

Logistic networks G3 Availability of infrastructure to improve the communication
and transport of materials (high way, airport, and ports)

Intermediaries

Involvement of R&D institution and
universities I1 Promoters of knowledge transfer to the industry in order to

consolidate the initiatives

Government involvement I2
Increase the participation of government as a promoter of
industrial sustainability (Diverse levels local, regional and
national), aiming the transition to a less polluting industry

Anchor companies’ involvement I3 Large companies with prestige and multinational presence
involved in this type of initiatives

Regional and national entities
promoting synergies I4 National/regional entities promoting IS practices, at various

levels such as business, technological, strategic, etc.)

Table 5. Key barriers descriptors.

Key Barriers Overview Nomen Description

Social

Social Inertia S1 Lack of interest, lack of motivation and resistance to change of
the company elements (engineers, technical, managers)

Lack of trust environment S2 The self-interest or the competitive nature of certain industrial
sector group the collaborative efforts

Conflicts of interest S3 Conflicts interests between elements due the competitive
nature (same sector or activity)

Lack of knowledge in industrial
sustainability S4 Presence of lack of knowledge at corporate, occupational and

community that produce in lack of interest

Economic

Lower, unclear or inexistence
economic benefits E1 Struggle on the part of the firm to identify which flows can be

taken advantage of in this type of initiatives

Instability in demand factors E2 Lack of stability in demand factors, which ends up directly
affecting the supply chain

Low costs associated with waste
disposal E3 Low prices of disposal methods, especially in landfill waste

Lack of financing funds (private or
public) E4

Availability of fund in order to support the creation of
synergies, especially for the acquisition of equipment, utilities

and others.

Market immaturity E5 The market itself could be inadequately prepared for the
incorporation of IS (economically and environmentally)
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Table 5. Cont.

Key Barriers Overview Nomen Description

Policy

Existence of regulation and
framework P1

Specific approach that limits the creation of symbiotic
exchanges (e.g., water and energy regulation) or limits the use

of waste, requiring complex declassification processes
High complicate bureaucratic

procedures P2 Struggle to acquire permits to implement symbiotic exchange

Uncertainty in the approach of the
future policy P3 The direction of national framework and politics towards the

environment, waste management and industrial ecology

Management

Limited resources M1 Lack of human and technical resources being available to seek
out and understand the potential avenues for waste streams

Implementation unviability M2

The transition to an IS system initiative a multitude of
changes across all dimensions (technical, management,

geographical, etc.) with a variety of levels of how major they
are considered

Lack of protocols and formal
agreements M3 Lack of formals procedures to initiate the synergies planning

process

Technological

Lack of knowledge or nonexistence
(commercially) of reliable material

recovery technologies
T1 Lack of commercial availability of technologies or

impossibility of acquisition because the high prices

Lack of investment T2 Appropriate investment in technologies and skilled
technologists, engineers and IT specialists

Integration problem T3 Technologies and procedures integration problem

Lack of quality materials T4 Lack of sufficient inputs of the right quality at a predictable
flow rate

Geographical
Long distances between the involved

companies G1 Long distances that reduce the economic viability of the
symbiotic exchanges

Lack of infrastructure G2 Utilities, services, and facilities (Logistic network)

Intermediaries

Lack of intermediaries I1 Lack of coordination that helps to undertake, support the
consolidation of the initiative

Poor communications I2 Lack of communication and continuous dialogue between the
involved companies

Lack of participative network I3
Liking different interesting part in the implementation of IS,

such as policy actors, community, knowledge agents, and
industries

4.1. Enablers and Barriers Assessment

The identification of the most important enablers and barriers in each economic sector
was performed in two phases. A first phase (sectoral analysis) evaluates the dimension’s
relevance (social, economic, policy, management, technological, geographical, and inter-
mediaries) in the economic sectors. The second phase (incidence analysis), consists of the
individual evaluation of barriers and enablers in each economic sector. Figure 5 represents
this two-phase approach.
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The first phase (sectoral analysis) aims to identify which dimensions are more relevant
in the economic sectors. For the design of the sectoral analysis, the number of cases with
the same economic sector (nc) was correlated with the number of presences per dimensions
(nd). The final results are presented in a heat diagram that allows for the visualization of
the most important dimensions in each sector. In the second phase (incidence analysis),
the barriers and enablers were separated of their dimensions, in order to evaluate the
prevalence of each barrier/enabler individually. This separation of the factors dimensions
is due to the fact that the first phase only allows us to obtain the overview by sector, and
the second phase allows us to verify the individual behaviour of the enablers and barriers
per sector.

4.1.1. Phase 1: Sectoral Analysis

For the purpose of the phase 1, the enablers and barriers relevance are represented
on a matrix basis. This heat diagram allows for the visualization of barriers and enablers
relevance by economic sector. In this sense, darkest green represents the dimension with
the highest presence ranging in colour degraded until darkest red, that represent those
with no presence. Figure 6 shows the heat diagram obtained for the purpose of the first
phase of the factor’s assessment.
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Regarding the enablers, the most relevant dimensions are the policy and intermedi-
aries, followed by geographical and economic enablers. Concerning the barriers identifi-
cation, social, technological and economic barriers are the ones that are represented with
higher relevance in this first phase of the final sample.

4.1.2. Phase 2: Incidence Analysis

In phase 2, the incidence analysis was performed to identify the enablers and barriers
with the highest prevalence and represent their importance in each sector. Figures 7 and 8
represent the results of the second phase regarding the enablers and barriers. Appendix A
shows the final key enablers and barriers considered to the incidence analysis.

In the enablers incidence analysis, the sectors with the highest number of enablers
are energy, waste management, and chemical. The main reason for these high number of
enablers on the mentioned sectors is that they are highly developed sectors, with advanced
processes, regulations, and technologies, such as CS 7, 10, 18. The agribusiness sector
also has an important representation. A possible explanation for this important number
of enablers, can deal with the fact that it is a sector with modest profit margins and,
therefore, it is a sector that is quite receptive to any opportunities to create new profits [23],
such as the incorporation of synergies that can increase profits and reduce costs. This
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situation is presented in CS 17, 19. The cement sector is one of the best represented in
existing symbiotic exchanges [89,90] and one of the sectors with the greatest potential for
IS implementation [91,92], due to the fact that this sector can process diverse wastes as
substitute for raw material [89]. However, predominant enablers that met the phase 2
criteria of our analysis were not identified.
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The enablers related to geographical and intermediaries’ dimensions were the ones
with the greatest incidence in general terms, mostly in sectors such as wastes management,
agribusiness and energy. Those sectors frequently process wastes with relatively low prices
(waste management and agribusiness), and therefore, significant transport costs could
make synergies unfeasible [80]. Another premise is related to thermal losses associated to
synergies on those sectors, that impose geographical proximity. This was a fact verified in
energy synergies (e.g., steam and heat exchange) where the long distances could make the
synergies technically and economically feasible [93].

In regard to the enablers with less representation, in general terms, they were man-
agement and technological. This result is due to the fact that both enablers usually stand
at the bottom of implementation priorities. Frequently, the implementation of manage-
ment strategies or technology optimization for synergies is supported by intermediaries
with strong background in IS implementation (knowledge and historical background in
the development of synergies). In fact, this was confirmed in CS 23 where aspects, such
as protocols for implementation of I4.0, were promoted by intermediaries with strong
background [62].

Regarding the barriers incidence analysis, the sectors with the highest representation
are the agribusiness and chemical. Concerning the agribusiness sector, the technological
limitations (due to the nature of the activities), social factors and reduced profit margins end
up causing this great number of barriers. In the chemical sector, factors such as financial
unviability due to lack of commercially viable technologies, lack of intermediaries, and
social barriers have placed it as the sector with the highest characterization of barriers.

In regard to the individual incidence of barriers in the economic sectors, those that
had the greatest presence were the technological and economic barriers. On the other
hand, the economic barriers appeared in sectors such as agribusiness because it usually has
modest profit margins. The barriers with the lowest representation were the policies and
management. It is important to note that the lack of policies and a legal framework for IS is
often seen as a problem [15,68,94]. Even though an exception to this statement was found
in CS17 [23,69], where firms use this absence to take advantage of the ambiguity and have
flexibility to build up an incentive to promote synergies.

There are also other factors that have been represented transversally in some studies [3,15]
and have also been identified in this analysis, reinforcing the importance of these factors.
For instance, the lack of intermediaries (knowledge agents, consultancy, and companies)
was represented in almost all economic sectors of the sample.

Additionally, the geographical factors re-emerge as a great barrier, especially geograph-
ical proximity. As previously mentioned, this barrier has a greater impact in low-value
wastes or cases with technical specificities that require close proximity, for instance, heat
and steam recovery synergies [93]. It is important to highlight that for waste with low
commercial value, the purchase of raw material often ends up being more economically
viable for companies, since the distance travelled will affect the economic value of a synergy
(logistics and transport) [95]. For wastes with greater market value, proximity might not
be a relevant factor [24].

4.2. Generic Recommendations for IS per Economic Sector

The generic recommendations for symbiosis implementation are based on the key
points and results of the factors’ assessment. For its promotion, has been performed a
triangulation methodology in which the results of the two phases (Sectoral analysis and
incidence analysis) and the literature review were triangulated in order to obtain the
recommendations. This allows the main findings by means of data crosschecking from the
different analysis considered to be unveiled. Hence, the generic recommendations of this
study are obtained through our own methodology and results.

These recommendations are provided in order to reinforce the emerging synergies
process and to help overcome the barriers identified in this study. Table 6 present the
generic recommendations for symbiosis implementation per economic sector.
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Table 6. Generic recommendations for symbiosis implementation per economic sector.

Generic Recommendations

Waste management

• Strengthen the relationships between industries and waste management companies. With this
purpose, participation in collaborative networks, clusters, and associations has proven to be an
important facilitator

• Promotion of the policy framework is essential for waste management. Companies and policy
actors should work together in order to simplify processes and improve negotiations (e.g.,
waste market)

• The promotion of formal protocols and agreements will help to simplify the negotiation process
in an initial phase ensuring the long-term commitment and overcome conflicts of interest

Agribusiness

• Strengthen the participation and partnerships with knowledge agents, such as R&D entities will
help the synergies planning process (Promoting practice-oriented research)

• Promotion of sectoral financing programs could be a valuable tool to overcome barriers, such as
lack of financing, payback time, and initial investment

• Reinforce the participation and long-term commitment trough collaborative networks, cluster
and associations in order to overcome social barriers

• Promotion of dissemination and training programs that bring the community, local
government, and firms to work together

• Reinforce the negotiation process through formal protocols and agreements to simplify the
initiatives in an initial phase

Energy

• Promote trust environment between stakeholders, through collaborative networks, clusters,
and associations in order to overcome social barriers

• Promotion of financing funds (private or public) is a fundamental tool to overcome the
economic barriers

• Geographical proximity is essential due to technical specificities of energetic synergies. In the
development of synergies, geographical proximity should be an important factor to consider in
order to ensure the synergies feasibility

• Encourage the participation of regional and government entities (e.g., development agencies
and, energy agencies)

Paper Industry

• Promote sectoral funds, financing programs (Private and public), R&D projects, and economic
incentives in order to overcome economic barriers

• Geographical proximity should be an important factor to consider due to volumes to be
directed in the flows. The promotion of partnerships and agreements with logistics companies
will also help consolidate this process

• Encouraging the government role as a driven for IS, through action plans, clustering actions,
and awareness-raising (training and dissemination actions)

Chemical

• Promote policies that simplify the by-product classification process have proven to be an
important mobilizer in this sector

• Promotion of strategic partnership and formal protocols with logistics companies in order to
overcome geographical limitations

• Encouraging the government role as a driven for IS, through action plans, clustering actions,
and awareness-raising (training and dissemination actions)

• Promotion of sectoral financing programs could be a valuable tool to overcome barriers, such as
lack of financing, payback time, and initial investment

• Promote trust environment between stakeholders through collaborative networks, clusters, and
associations in order to overcome social barriers

Logistic

• The distance travelled could make synergies economically unfeasible, in this regard the
development and promotion of mechanisms (methodologies and tools.) that allow measuring
the synergy value could be a useful tool

• Reinforce the participation of intermediaries and promoters, such as government entities and
companies have proven fundamental. Encourage approximation between industries and
logistics companies through strategic partnerships

• The promotion of collaborative and participatory networks will support to engage more
stakeholders and promote interaction, overcoming social barriers

Cement

• Promotion of collaborative and participatory networks will increase awareness on the
opportunities offered by the cement sector (incentivize collaboration between anchor
companies and government)

• Promotion of sectoral financing programs and economic incentives for synergies achievement
• Promote practice-oriented research and collaboration between knowledge agents, can support

to demonstrate the potential of the sector and create awareness
• The promotion of formal protocols and agreements will help to simplify the initiatives in an

initial phase and ensure the long-term commitment
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Table 6. Cont.

Generic Recommendations

Manufacturing

• Promotion of framework supporting IS, with special focus on simplifying by-product
classification process

• Promote sectoral funding or economic incentives to allow the acquisition of infrastructure,
utilities, and services required for developing synergies

• Boost partnership and formal protocols between logistics companies and industries, in order to
overcome geographical limitations

• Encouraging the government role as a driven for IS, through action plans, clustering actions,
and awareness-raising (training and dissemination actions)

Metal

• The involvement of government entities is fundamental, not only as policy promoters but also
as mobilizers of initiatives for the approximation between various industrial actors.
Collaborative networks have proven to be a valuable tool for this purpose

• Promotion of framework supporting IS, with special focus on simplify the by-product
classification process and promote sectoral financing

• Promote the participation and collaboration between knowledge agents (R&D units and
universities) and industries to perform specialized studies that allow the standardization of
sectoral synergies

Pharmaceutical

• Promotion internal organizational IS structure dedicated to explore and drive synergistic
opportunities

• The promotion of formal protocols and agreements will help to simplify the initiatives in an
initial phase and ensure the long-term commitment

• Promotion of partnerships with logistics companies in order to overcome geographical
limitations

5. Results Discussion

Considering the first question that refers to the enablers and barriers with greatest
presence, the main output about this point was the extensive characterization of the barriers
and enablers.

In general terms, this study suggests that the most important enablers dimensions
are: intermediaries, geographical and policy dimensions. Concerning the intermediaries,
government involvement [35,55,63] and regional/national entities promoting synergies are
the most prominent in this dimension [28,29,60,70].

In policy terms, the most relevant enabler is the promotion of framework supporting
IS [3,9,15,16,41,96]. In various cases of the sample, the availability of a framework to
promote industrial symbiosis was a defining factor for the realization of synergies, namely
CS5, CS7, and CS22. The literature suggests that there are diverse levels of frameworks
supporting IS: Macro (e.g., Waste Framework Directive [97], Circular Economy Package [98],
Nationals plan for EC [99]); meso (e.g., UK NISP [88], ENEA Italy [62]) and micro (e.g.,
Relvão Eco Park [60]). Regardless of the level of governance, the framework should focus
on strategic investment, promote regulatory instruments, promote incentives for IS, and
increase the awareness on IS benefits and opportunities.

The taxation instruments also had an important role in this dimension, they can
be separated into two main approaches: those that penalize environmental pollution or
excessive and inefficient use of resources, and those taxes that promote the use of alternative
methods with less environmental impact. Another important dimension consists on the
economic enablers, and we specifically refer to funding and access to finance support in
order to tackle economic barriers, such as co-funding investment [7,81], R&D projects [100],
and the local and regional funding for IS [7]. Lastly, the geographical enablers, such as the
proximity and availability of logistic networks [20–23], end up being the most prominent
in this dimension.

On the other hand, the most important barriers dimensions are: technological, so-
cial, intermediaries, and geographical dimensions. Regarding intermediaries and social
barriers, the conflict of interest [22,67,68], the lack of trust environment [28,64] are the
most important barriers in this dimension. In technological terms, the lack of appropriate
investment and technical integration problems ended up being the most relevant in this
dimension [54,55,72,75]. In social terms, the lack of interest and trust is a key barrier for IS
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implementation [22,76,101]. Lastly, the presence of long distances is the most important
geographical barrier [9,33].

Answering to the second question about the behaviour of the barriers and enablers
according to its economic sector, there is no transversal answer, since the behaviour of
the enablers and barriers will depend on the nature of each sector, streams exchanges,
resources, and materials. Nevertheless, it can be concluded that primary sectors such as
agribusiness, mineral extraction, and processing tend to have preference for the implemen-
tation direct exchanges of surpluses (raw material substitution) that allow to complement
their operations and reduce operational costs. Secondary sectors such as manufacturing
industry, steel, and wastes management, usually are characterized by high development
levels, processes and regulations clearly stipulated. For this reason, those sectors tend to
favour more ambitious and complex actions such as diversification of the business model,
generation of new products and alteration of regulations.

In relation to the third question that refers to the recommendations for the economic
sectors, it is concluded that each economic sector has different realities, priorities and
interests, and, generic recommendations for each sector could be identified. It can be
highlighted that we could identify as well some key aspects to promote industrial symbiosis.
In this sense, the recommendations were addressed in order to reinforce these aspects
(policy, economic, and social).

In policy terms, the promotion of an industrial wastes framework that effectively
supports the long-term IS implementation was recommended. This framework should
incentivize synergies creation through strategic investment, policy promotion and raising
awareness. In economic terms, the attribution funds for synergies implementation, which
will support overcoming cost barriers and uncertainties, was highlighted since many of the
companies do not have the required funds to implement synergies, especially for purchase
of infrastructure and utilities [60,68]. In the social aspect, the actions were directed in order
to reinforce critical aspects such as government participation as a driving agent [35,55,63],
creation of collaborative approach [60,85] trust environment [16,22,68,76,101], and reinforc-
ing of strategic partnership.

6. Conclusions and Recommendations

This paper has systematically reviewed the enablers and barriers for IS, in order to
correlate their behaviour in the economic sectors based on their incidence. The methodology
developed allowed to extensively identify and synthesize the enablers and barriers in the
case studies analysed. In a second phase of the study, it was possible to detail the analysis,
and conclude about the key enablers and barriers in the various economic sector, and we
could propose a set of generic recommendations for each economic sector. The methodology
used for the assessment was based on the interpretation of the analysis provided in the
papers that characterize 26 case studies and the incidence of their enablers and barriers.

As main recommendation for future studies, we suggest the development a more
comprehensive methodology that may allow for addressing more directly the economic
sectors and to obtain greater precision in the results.
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Appendix A

Table A1. Phase 1: Sectoral Analysis.

Cases Case Denomination Industrial Sector Typologies of
Enablers

Typologies of
Barriers

CS1 Göta Älv region case Energy S3, E2, G2 S3,T3

CS2 The Nanning Sugar Co., Ltd.
Case Agribusiness, cement P1, E1, M2, I1 E4, T2, G1

CS3 Kawasaki Eco-tow case Metal, paper, waste management,
manufacturing, chemical P1, G2, T1 I3,T1

CS4 The Eco-Industrial Park,
Rizhao

Chemical, manufacturing, cement,
metal, logistic, energy, agribusiness E1, P1, I2 M2, T3, E4

CS5
Relvão Eco Industrial Park,
Municipality of Chamusca,

Portugal

Paper industry, waste management,
Agribusiness, chemical G1, P3,I2, E4, T4 E3, S1, P1

CS6 The Liuzhou city case Metal, cement I1, I2, G1 I3, T1, S4

CS7 The symbiotic industrial
district of Guayama

Chemical, construction,
pharmaceutical, waste management,

energy
S1, P1, G1 S1, G2, I3

CS8 The PODEBA case Agribusiness, manufacturing M4, E4, T4, I2 T4, G1

CS9 The Forestry industry case in
Santa Catarina Forestry sector, paper sector I2,T2, S2 G2, T2

CS10 The Barceloneta cluster case Pharmaceutical, energy,
agribusiness, waste management G2, E3, P5,I3 S3, M1, I1

CS11 The case of facilited exchange
in Northern Ireland (NISP) Chemical, agribusiness I2, E1, M2 I1, S2

CS12 The case of the Guitang Group Agribussines, chemical, paper
industry, cement S4, P1, T2, M1 E1, T4, E2

CS13 Jorf Lasfar Logistic I3, E5, S3 G1, I3

CS14 Bejaïa Logistic, chemical S3, I3, E1, M2 G1, I3

CS15 Koekhoven Agribusiness P3, I4, E4 T3, S1, P2, S3

CS16 The case of Kwinana Industrial
area

Metal, oil, cement, chemicals, energy,
water supply and treatment G1, I4, T1 P2, P1, E3, S2

CS17 The case of Nanjangud
Industrial Area (NIA)

Waste management, agribusiness,
chemical, textil, paper, minerals, oil

and energy
G1, E2, P1, I4 I1, E5, M3

CS18 The case of Dalian Economic
Development Area (DEDA)

Chemical, manufacturing, metal,
logistic and bio-medicine G3, I4, P4 -

CS19 The breweries industry case Agribussiness G1, S3, P1 P3, T4

CS20 The wood industry in Latvia
case

Forestry industry, chemical and
energy E1, G1,S3 P3, T3

CS21 The Kalundborg industrial
cluster

Energy, chemical, manufacturing,
construction, Waste management S1, T3, P1 S1, G1
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Table A1. Cont.

Cases Case Denomination Industrial Sector Typologies of
Enablers

Typologies of
Barriers

CS22 Humber Region case Paper industry, wastes, agribusiness,
energy G1,I2, E2, S1, M1, P1 E4,S3

CS23 The Hamburger Rieger GmbH
case Paper industry, energy E1, P2, T1 G1, T2

CS24 British Sugar Plc Agribusiness, chemical, energy E2, S5, M3 S1, T2, E1

CS25 The Ulsan industrial park Chemical, oil I2,P1 P1, T3

CS26 The Bussi Chemical Site case Chemicals, energy G1, P1, I4 M1, S1, E2

Table A2. Phase 2: Incidence Analysis.

Economic
Sector

Waste
Management Agribusiness Energy Paper

Industry Chemical Logistics Cement Forestry
Industry Manufacturing Metal

Key
enablers

S1, P3, G1,
G2, I2

E2,E4, E1,P1,
M1,M4, G1,I2,

I3, I4
S1, S2, E2, P1,

G1, I2, I4 G1, I2
S1, S2, E2, E3,
P1, P3, P4, T2,

G1, G2, G3,
I2, I4

I2 - - P1, T1, I2 P1, I2

Key
barriers S1,S3,I1 S1,S3, E1,E4,

T2,T3, T4, G1, I1
S1,S3, M1,T2,

T3,G1, I1 T2
S1, S2, E1,

E2,E3, P1, T3,
G1, I1, I3

G1 E4,I3 - G1 T1
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