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Abstract 

An industrial symbiosis (IS) can be described as the exchange of industrial by-products, such as 

waste and energy, between two or more companies. Despite IS being a useful tool for companies, 

they have not been able to exploit the full range of IS opportunities. As a result, this study aims 

to understand what the main barriers are and how industrial parks can unlock their IS potential. 

In this context, the previous works uncovered IS barriers as the main reasons for the lack of IS 

promotion and have also uncovered different methodologies that promoted IS development. 

However, this work adds to the body of knowledge by linking the IS barriers to strategies that can 

help to overcome them, in a standardized IS promotion model. Here, this model was constructed 

based on Grounded Theory, by coding the information gathered from the literature review, 

interviews of seven specialists and the Delphi method was done to nine participants, using the 

Atlas. ti 7. The result was the development of the Industrial Symbiosis Promotion Model (ISPM), 

an adaptable eight-steps methodology that facilitates the promotion of IS. In the end, this work is 

expected to provide the tools, to the IS promotors, like consultants, municipalities, and companies, 

about how to initiate and implement the IS. 

Keywords: Industrial symbiosis; industrial symbiosis barriers; industrial symbiosis promotion 

strategies; facilitator; Industrial Symbiosis Promotion Model.
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Resumo 

Uma simbiose industrial (SI) pode ser descrita como a troca de subprodutos industriais, como 

resíduos e energia, entre duas ou mais empresas. Apesar de a SI ser uma ferramenta útil para 

as empresas, elas não estão a conseguir explorar todas as oportunidades de SI. Como resultado, 

este estudo visa entender quais são as principais barreiras e como os parques industriais podem 

desbloquear seu potencial para desenvolver SI. Neste contexto, os estudos anteriores apontam 

que a principal razão para a falta de promoção da simbiose industrial são as barreiras à simbiose 

industrial e também descreveram diferentes metodologias que promoveram o desenvolvimento 

da simbiose industrial. No entanto, estes estudos não associaram as barreiras da simbiose 

industrial a estratégias que podem ajudar a superá-las, num modelo padronizado de promoção 

de simbiose industrial. Aqui, este modelo foi construído com base na Teoria Fundamentada nos 

Dados, codificando as informações coletadas da revisão de literatura, entrevistas de sete 

especialistas e a partir do método Delphi que foi feito com nove participantes, utilizando o Atlas. 

ti 7. O resultado foi o desenvolvimento do Modelo de Estimulação da Simbiose Industrial, uma 

metodologia adaptável de oito etapas que facilita a promoção da simbiose industrial. No final, 

espera-se que este trabalho forneça uma visão mais compreensível para os promotores de 

simbiose industrial, como consultores, municípios e empresas, acerca de como proceder para 

iniciar e concretizar uma relação de simbiose industrial.  
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1. Introduction  

Resource depletion and the increase in pollution emissions were the main reasons for the current 

corporate environmental concern (United Nations, 1972). Consequently, companies were forced to 

adopt sustainable development policies to mitigate their environmental impact (World Commission, 

1987). For this reason, the European Union demanded that the companies should change their 

economic perspective from a linear approach to a circular approach where waste was viewed as a 

potential resource (EEA report, 2016). To achieve this objective, circular economy relied on industrial 

symbiosis (IS) as one of the enabling factors for creating the change (EEA report, 2016). As a result, 

companies are embracing IS to decrease their environmental impact and to develop more sustainably 

by following the circular economic model (From et al., 2015). 

In the study “Limits of growth,” it was discovered that humanity would deplete the planet's resources if 

all policies instituted in 1975 were delayed until the year 2000. It was expected that population and 

industrial capital would reach levels high enough to create food and resource shortages before the year 

2100 (Meadows, 1972). Moreover, in 2000, the study “Weight of Nations” showed how economic growth 

was accelerating environmental degradation. The increase in consumption of materials almost 

duplicated the flow of materials through the economy, for example, increasing from 45 to 80 metric tons 

per capita in some developed countries. This consumption provoked an uncontrolled production of 

residues registering an increase of 16 to 29 percent between 1975 and 1996  (Matthews, Amann and 

Bringezu, 2000). Logically, as a response to this problem, companies needed to become more efficient, 

not only by decreasing the number of resources used but also by decreasing the production of residues. 

This change required for companies to start thinking about sustainable development. 

Additionally, the increase in environmental pollution was also seen as a significant factor for a shift to 

sustainable development (World Commission, 1987). Environmental accidents imposed bigger 

importance on corporate waste management policies and regulations (United and Conference, 1992). 

Some of the worst accidents were: the Aberfan disaster, in the UK, in 1966, which led to the creation of 

the Aberfan Disaster Memorial Fund; the Valley of the Drums, in the US, which showed the worst 

consequences of 20 years of irresponsible waste dumping and was the main motivation for the passing 

of the Superfund Act in 1980; the Teckomatorp toxic spill ,in Sweden, in the 70’s, which led to the 

removal of the pesticide producing plant and the creation of an entire natural park to clean the 

contaminated zone. Consecutive accidents pressured Governments to regulate corporations better. As 

a result, companies were considered responsible for their waste management because of the polluter 

pays principle, which was implemented during the Rio Declaration (United and Conference, 1992). As 

a consequence, waste management became a significant cost because companies were required to 

buy waste treatment equipment, change their product’s composition and were susceptible to heavy fines 

if the law was broken (EC, 2018). Inevitably, to decrease the amount of produced waste, companies 

needed to start thinking about adopting a more sustainable development model.  
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Companies that adopt a sustainable development approach can decrease their environmental impact 

and continue being financially viable. In 1987, the United Nations met to create a program for the future 

sustainable development of its members. The report “Our common future” was created and stated that 

sustainable development required Humanity to “meet the needs of the present without compromising 

the ability of future generations to meet their own needs” (United Nations, 1987). In other words, 

development required to start taking into account, not only, sustainable economic growth with more and 

better jobs and greater social cohesion, but also, environmental protection (European Commission, 

2001). In this respect, the EU saw sustainable development as the best strategy to motivate the industry 

to be environmentally responsible. As a consequence, Portugal followed the EU guidelines to implement 

the 2030 Agenda for Sustainable Development. To achieve this objective, the Portuguese government 

created the Environment Fund, in 2017 (República Portuguesa, 2018). It financed environmentally 

sustainable projects presented by various public and private bodies. This fund supported the “Waste 

and Circular Economy,” which was considered to have a significant potential to reduce primary raw 

materials and release resources for corporate development (Nations, 2017). This way, sustainable 

development, in the industrial sector, is expected to be achieved by implementing the circular economic 

business model.  

The circular economy “is an essential contribution to the EU's efforts to develop a sustainable, low 

carbon, resource efficient and competitive economy” (European Commision, 2015). The circular 

economy represents a fundamental alternative to the linear take-make consume-dispose economic 

model that currently predominates. This linear model is based on the assumption that natural resources 

are available, abundant, easy to source and cheap to dispose of, but it is not sustainable, as the world 

is moving towards, and is in some cases exceeding, planetary boundaries (Steffen et al., 2015). The 

Ellen MacArthur Foundation defines a circular economy as one that is restorative, and one which aims 

to maintain the utility of products, components and materials and retain their value (EMF, 2015a). This 

goes beyond just waste, requiring that natural resources are managed efficiently and sustainably 

throughout their life cycles. The concept can, in principle, be applied to all kinds of natural resources, 

including biotic and abiotic materials, water and land Eco-design, repair, reuse, refurbishment, 

remanufacture, product sharing, waste prevention and waste recycling (EEA, 2016a). In other words, 

the objective is to transform the outputs of a system into its inputs, with minimal losses and energy 

requirements. This strategy will create economic and environmental co-benefits, as the dependency on 

extraction is reduced as well as reducing the emissions to the environment caused (EEA, 2016b). In this 

regard, in 2015, the EU created an action plan that intended to specify the scope of action of circular 

economy strategy. This plan was instrumental in reaching the Sustainable development goals by 2030, 

specifically focusing on boosting the market for secondary raw materials and water reuse (European 

Commision, 2015). Using the same strategy, Portugal also created its Action Plan for the circular 

economy, in 2017, to decrease external dependencies and consumption inefficiency of energy and raw 

materials (Ministers, 2017). In this context, the Plan will act at three different levels, Macro, Meso and 

Micro. The Macro level will bring sustainability by decreasing food waste, sub-products and by 

enhancing research, innovation and education. Likewise, the Meso level will focus on increasing the 

introduction of secondary raw material on the economy, reducing waste production, demand for raw 
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materials and water consumption, while promoting efficient use of materials and boosting the market for 

innovative circular products. Finally, the Micro level will promote the inclusion of companies into 

responsible business hubs, also, it will contribute to drawing up Circular Economy roadmaps in industrial 

clusters and promote industrial symbiosis initiatives between industrial companies by drawing up 

Regional Industrial Plans. With this in mind, both the EU and Portuguese government are working 

together to use the circular economy as an approach to achieve sustainable development by relying on 

industrial symbiosis as a tool to achieve that goal. 

In this context, industrial symbiosis appears as one of the most critical tools for pushing for a circular 

economy in the European Union (Ministers, 2017). The simplest definition of Industrial symbiosis says 

that it is a “relation between two or more industries that rely on each other through the exchange of 

materials, energy, water and by-products” (Chertow, 2000). This definition was updated, and the current 

proposed definition refers to “organizations in a network to foster eco-innovation and long-term culture 

change. Creating and sharing knowledge through the network yields mutually profitable transactions for 

novel sourcing of required inputs, value-added destinations for non-product outputs, and improved 

business and technical processes” (Lombardi and Laybourn, 2012). When applied, it helps in the 

reduction of residue production, water and energy consumption (Chertow, 2000). It also helps in 

decreasing financial costs and creates tangible benefits like personnel, equipment, and information 

sharing and community synergy (Chertow, 2000). Also, industrial symbiosis allows for an increase in 

environmental and economic efficiency, by improving material flows and waste stream efficiency 

(Chertow, 2000). A good example that represents the practical implementation of industrial symbiosis 

for circular economy creation is the middle-out approach (Ministers, 2017). This method was used in the 

Relvão Eco-park, to develop IS in 2004 (Costa and Ferrão, 2010). This method was considered “an 

interactive process that was able to integrate managers (top-down) and workers (bottom-up) 

contributions to product development” (Costa and Ferrão, 2010). In IS, the middle-out approach seeks 

to “develop context characteristics which are more supportive of IS, through a continuous, interactive 

process, combining top-down governmental directives and bottom-up spontaneous business initiatives” 

(Costa, 2011). In the Relvão Eco-Park, the tasks were delivered by facilitation teams and project 

champions, which created a network of contacts linking both governmental and non-governmental 

actors. These facilitation teams monitored and disseminated knowledge following three steps. During 

the first step, they identified the agents capable of conducting change in all context characteristics. 

During the second step, the facilitation teams involved governmental and non-governmental agents, like 

universities, industries and environmental groups, to create a plan of action. During the third and final 

phase, the facilitation teams helped monitor the agent’s actions and their impacts. The feedback 

included: information regarding resource oriented policies, economic, regulatory and voluntary 

instruments in resource management; mass flows of waste/by-products generated at regional level; 

evolution of material flows consumed by companies in a given region; number and characterization of 

synergies established; potential of IS in a given region and funding mechanisms to support business 

collaborations in resource management (Costa, 2011). 
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Portugal also adopted IS as a strategy for achieving a circular economy in the National Waste 

Management Plan (PNGR). This plan promotes the closing of material cycles and the harnessing of 

wasted energy form companies. This plan aims for reducing resource consumption and pollutant 

emissions. For this reason, the solution was to exchange by-products between companies through 

networks of industrial symbiosis. The measures taken to accomplish this objective evolved in the 

direction of overcoming infrastructure, organizational and legal barriers. As a result, also part of the 

circular economy agenda, the Business Council for Sustainable Development (BCSD) aimed to identify 

IS opportunities in Portugal and evaluate its potential environmental, social and economic benefits  

(3Drivers; BCSD Portugal, 2018), by developing the “Circular Synergies” report. The report aimed to 

propose solutions for solving some of the above-mentioned barriers to creating IS networks. In this case, 

the solutions proposed for the public entities and companies to create a channel that could respond 

efficiently when changing the classification of substances from residues to the by-product, when a 

potential exchange partnership is possible. This measure was also proposed in the Action 5 of the 

Portuguese Action Plan for Circular Economy. In summary, Portugal saw IS as a viable strategy for 

creating a circular economy by adding it to the PNGR, and by financing studies like the “Circular 

Synergies” report that already discovered viable IS opportunities. Some of these opportunities were 

found to be more viable between companies residing in industrial parks. 

Industrial parks have been using the industrial symbiosis approach to become more sustainable. These 

sustainable industrial parks are regarded as eco-industrial parks. These are defined as “a community of 

manufacturing and service businesses seeking enhanced environmental and economic performance 

through collaboration in managing environmental and resources issues including energy, water and 

materials. By working together, the community of businesses seeks a collective benefit that is greater 

than the sum of the individual benefits each company would have realized if it optimized its individual 

interests” (Lowe and Evans, 1995). The first known example of a fully implemented IS was in the 

Kalundborg industrial park, located in Denmark, in 1972, where it was established an exchange of flare 

gas between an oil refinery and a gypsum producer (Branson, 2016). Here, companies benefited 

financially from selling/buying cheap and easily accessible raw material, and also benefited the 

environment by eliminating the emission of greenhouse gases. Taking this success into account, the 

International Synergies, in the UK, created the National Industrial Symbiosis Program (NISP) to start 

implementing IS in the English industry (NISP, 2018). As a result, between 2005 and 2009,  NISP helped 

to create 262 industrial symbiosis relationships in the West Midlands region of the UK (Paquin and 

Howard-Grenville, 2012). With this success, NISP was applied all over the world, from China to South 

Africa, with the purpose of helping foreign industrial parks to develop IS networks (NISP, 2018). 

Meanwhile, in Portugal, the first documented IS dated in 2005, in the Relvão Eco-industrial park, in 

Chamusca, Portugal. This symbiosis consisted of an exchange of plastic, and it was initially created 

between a plastic recycler and a waste distribution and management company (Lorena, 2017). Taking 

into account these successes and the emerging trend, the EU and the Portuguese government 

implemented measures to facilitate the creation of IS networks in industrial parks (Ministério do 

Ambiente, 2014), (European Commission, 2018). These measures consisted of information sharing 

about resource input and output and advise companies to create plans for material cycle closure and 
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energy reuse. At the same time, the current projects that are set to help promote industrial symbiosis in 

EU’s industrial parks are the MAESTRI and the SCALER projects. However, despite the amount of 

energy expended to promote the concept of industrial symbiosis in industrial parks, it has shown to be 

difficult to be implemented. 

Despite IS being a useful tool for companies, they have not been able to exploit the full range of IS 

opportunities. This problem emerged from the eco-park of Relvão case-study, where it has been proved 

difficult to develop IS. The biggest problem lies in the dense amount of barriers that appear during the 

process of industrial symbiosis relationship development (Chertow, 2000). This phase is where most 

companies fail to engage further into industrial symbiosis. There are many reasons for that, like the lack 

of effective communication, confidentiality issues and support services (Bacudio et al., 2016). In the 

same context, despite the compatible physical exchanges and geographic proximity of companies in an 

industrial park, it is not a determinant factor to the development of IS (Bacudio et al., 2016). Likewise, 

central planning of new EIPs for IS has had limited success as well (Bacudio et al., 2016).  

As a solution, the European Commission (EC) inspired by the commissioned 2011 COWI report (COWI, 

2011), recommended replacing the traditional sectoral approach with a new integrated approach. In this 

case, using the NISP model across Europe as a standard framework for implementing IS. For this, the 

EC developed the 2011 Environmental Technologies Action Plan (ETAP) to cover a wide range of 

activities to promote eco-innovation and use new environmental technologies, improving European 

competitiveness (European Commission, 2018). In other cases, new policies and governance structures 

are being considered by the Republic of Korea to Mexico (Lombardi and Laybourn, 2012). However, all 

the referred models, including NISP, present only a general procedure for establishing IS. As a 

consequence, they still require a constant adaptation when new problems appear, which creates a 

significant level of uncertainty during the process, and thus, a lack of commitment from the industries. 

To overcome the previously mentioned barriers and eliminate the ambiguity of the existing models, this 

essay will present a consistent approach that will facilitate the IS development process.  

The scope of this approach will focus on the Stimulation of IS in industrial parks, to be applied in the 

Portuguese context. This Dissertation will serve as a continuation from the 2011 thesis of Inês Costa 

“The Challenge of Industrial Symbiosis. A scientific contribution to the development of industrial 

symbiosis: a Portuguese case study”. This thesis stated that the development of IS in the manufacturing 

industry goes through 3 distinct phases (Costa, 2011). The first phase is the Discovery phase, the 

second is the Promotion phase, and the third is the Monitoring phase. During the Discovery phase, the 

viable IS partners, with whom waste can be exchanged, are searched and discovered. During the 

Promotion phase, participants start engaging with each other and build the plan for the exchange. During 

the Monitoring phase, the agent’s actions and impacts are given feedback, to make adjustments and 

support the exchange. With these steps in mind, this Dissertation will focus on the Promotion phase. 

Within these boundaries, the objectives can be delineated. From here, results the research questions: 

Why is IS a challenge to be promoted in industrial parks? 
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What approach can be applied to promote IS in industrial parks? 

1.1. Objectives  

This Dissertation seeks to make the industrial parks’ resource use more efficient by enabling an increase 

in industrial sustainability and a decrease in adverse environmental impacts. It aims to facilitate the 

promotion of IS in the industrial parks and serve as a guide to help implement IS in EPR. In this context, 

its main objectives are to understand why IS has not been able to be developed between companies, 

and then contribute to develop a model that can help promote industrial symbiosis. Particularly, this 

contribution will focus on overcoming barriers to the IS process during the Promotion phase based on 

the Middle-out approach (Costa, 2011). It should serve as a reference guide for companies, associations 

and consultants that have the desire of developing IS in the present time. This model aims to be the 

catalyser for studying the process of IS development in Portugal.  

To accomplish the proposed objectives, firstly, it was necessary to investigate the reasons why it had 

not been possible to implement IS, in a consistent way, in industrial parks. For this, it was necessary to 

identify the reasons and understand how they affected the IS promotion. Secondly, it will require 

literature research for the best IS stimulation models that were successfully implemented in the 

manufacturing industry, like the NISP model. To achieve this, it will be necessary to determine which 

were the most effectively strategies and which ones can be replicable in other Industrial parks. 

To accomplish these objectives, it was necessary to answer the research question. For this, it was 

necessary to answer the following sub-questions by this sequence: 

1. What approaches have been successfully implemented for IS promotion in other cases? 

2. What were the most significant barriers to IS promotion in those cases? 

3. What were the most effective strategies to overcome those barriers? 

4. What should be the sequence on which the barriers should be overcome? 

5. What phases should the ISPM be composed by? 

1.2. Outline  

Before continuing to the main topics, it is key to understand what is the content of this Dissertation. The 

outline presents the steps taken during the Dissertation and will help to understand the main topics in 

the Dissertation better. This work is composed of six chapters. 

Chapter 1. Introduction - This chapter talks about the history that led to IS development. Starting 

with how the EU and Portugal are promoting sustainable development through the circular 

economy and how the circular economy is changing the behaviour of the industrial parks, using IS 

as a tool. Additionally, the objective of developing an IS promotion model in the Relvão eco-park is 

mentioned. 
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Chapter 2. Literature Review – This chapter aimed to uncover why IS is not being promoted at a 

larger scale and what strategies have been used to facilitate this process. Here, the chapter 

uncovered the IS barriers in different locations, during the relationship-building between 

companies. Additionally, three IS models were uncovered: Ulsan approach, Kalundborg approach, 

and the NISP model. 

Chapter 3. Methodology – In the methodology, the theoretical base and the methods for gathering 

data that could help develop a model were defined. In this case, the model was constructed using 

the Grounded theory. This theory was then used to analyse the information gathered from the 

literature review, the semi-structured interviews, and the Delphi method. 

Chapter 4. Results – This chapter shows the most common IS barriers, how they can be overcome 

and in what order they can be overcome. At the same time, the most effective IS promotion 

strategies were also identified. Finally, in this section, the ISPM phases were defined.  

Chapter 5. Discussion – The Discussion helps to understand the strengths and weaknesses of the 

study. This chapter will compare the results with previous studies, outline the most important 

results, identify the flaws in the study and conclude on the most relevant contributions of this work. 

Chapter 6. Conclusion – In the conclusion, the objectives are shown to be met. In this case, it was 

concluded that IS has not been implemented because of the existence of IS barriers. Additionally, 

the aim of developing an IS promotion model was also accomplished, by developing the eight step 

ISPM. The chapter also mentioned the how the study contributed with new knowledge and how this 

knowledge will be used in a practical way. Finally, it was proposed that for future work, the ISPM 

should be tested and monitored. 
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2. Literature Review 

2.1.  Review of national and international industrial symbioses management 

and promotion models. 

“In the absence of effective communication channels among companies, efforts to transform the 

conventional industrial complexes into EIPs need to stimulate the development of symbioses with a 

systematic design approach” (Behera et al., 2012). This approach is comprised by IS promotion 

strategies, a set of actions that members of industrial parks implement to overcome the challenges that 

appear prior to forming a partnership of by-product sharing (Liu et al., 2018). Despite existing many 

successful approaches, it is important to understand how and why each one of them worked in its 

specific case, with the objective of developing a future map, that can serve to solve similar problems. 

This will be updated and organized with the most successful implemented methodologies across the 

world. With this in mind, the literature review in this section, presents how all of the diverse sets of IS 

stimulation strategies were able to make IS work, in different case studies. In this context, three 

methodologies were uncovered. The first one was the one used to promote IS in the Ulsan eco-industrial 

park, in Ulsan, South Korea, since 2005. The second methodology was the National Industrial Symbiosis 

Program (NISP), developed by the International Synergies, and applied in more than 25 countries, since 

2007. The third methodology was the Kalundborg approach, which was used to facilitate IS in the 

Kalundborg eco-industrial park, since 1972. 

2.1.1. The Ulsan school for Industrial Symbiosis 

In 2005, South Korea initiated an ambitious 14 year, EIP project under the leadership of Korea National 

Cleaner Production Centre (KNCPC) (Behera et al., 2012). This top-down approach failed to attract 

private sector participation during the first two years of the program, resulting in few meaningful 

outcomes (Kim, 2017). Subsequently, in late 2006, the ownership of this project was transferred to a 

management and support organization, the Korea Industrial Complex Corporation (KICOX), which was 

affiliated to the Korean Ministry of Knowledge Economy, the former Ministry of Commerce, Industry and 

Energy (MOTIE), engaged in a more “business-centric” strategy (Kim, 2017). This project selected a 

total of eight regions, five (Banwol-sihwa, Ulsan Mipo-onsan, Yeosu, Cheongju, and Pohang) in the first 

phase and three (Busan, Daegu and Jeonbuk) in the second phase (Behera et al., 2012).  

The Ulsan EIP is a harbour of large companies with heavy industries, like oil refining, petrochemicals, 

automobiles and shipbuilding (Kim, 2017). Here, the strategy was to help promote IS through social 

networking, with the aim of building relationships between representatives of companies under the 

guidance of the eco-industrial park centre (Behera et al., 2012). This centre managed negotiations 

among the participating companies, overcoming barriers related to finances or any existing laws that 

might hinder the implementation of the projects (Behera et al., 2012). The EIP centre was also 

responsible for appointing a Champion. A Champion is an academic expert or company manager who 

has, over time, demonstrated to possess a deep understanding of local society and culture and has 
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proven track records of industrial innovation (Behera et al., 2012). Their importance lies in their ability 

to promote social connections between people within participating businesses, develop trust, and push 

to continue the development and progress of EIP initiatives (Behera et al., 2012). These Champions 

believe that symbioses have value for the world outside the firm and help transmit that belief to others, 

they can also be denominated of “boundary spanners” (Chertow and Ehrenfeld, 2012). They help to 

build relationships between representatives of the companies, which is an essential step in the 

development of new synergies (Behera et al., 2012).  

In this context, the research and development business (R&DB) framework consisted of 3 major steps 

that followed three important rules (Behera et al., 2012). The first rule imposed that the selection of 

potential partners needed to have geographic proximity and willingness to participate and cooperate in 

the synergy development (Behera et al., 2012). The second rule obliged the business model 

development to integrate the availability of technology, bigger benefits than capital costs, and all 

industrial symbiosis activities under the existing laws (Behera et al., 2012). The final principles followed 

during negotiation stated that the sharing of benefits among the partners should be equivalent to the 

value created in the synergy, so, the benefit must be proportionately shared based on their investments 

in the infrastructure development for a particular synergy network (Behera et al., 2012).  

Based on these three rules, the three major steps for helping to promote IS started by (i) developing the 

symbiotic networks (2005-2009) through a feasibility study, which was done through a top-down and 

bottom-up approach (Behera et al., 2012). In a top-down approach, raw data was collected from the 

local and central government agencies based on the production and waste emission information of the 

companies (Behera et al., 2012). On the other hand, in a bottom-up approach, on-site input and output 

data of the companies were collected from the company managers. This data was gathered by visiting 

the companies directly and through various synergy forums, such as: petrochemical technology forums, 

organic sludge recycling forums, and waste and by-product recycling forums, new water forums, and 

EIP innovation forums, with members selected from companies, universities and city governments 

(Behera et al., 2012).  

The second phase was the (ii) negotiation with the stakeholders (2010-2014) to reduce the risks of 

networks failing (Behera et al., 2012). The partners were subsequently recruited by the EIP centre to 

participate in a potential synergy network, followed by a project feasibility investigation (Behera et al., 

2012). A feasibility investigation entailed an assessment of the potential uses of by-products, an 

assessment of the techno-economics and environmental feasibilities, and a conceptual design for the 

particular network type. Based on the results from the feasibility investigation, a convincing business 

model was developed for the implementation of the synergy network (Behera et al., 2012). The key 

elements of the business model needed to: provide a clear indication of a network to recycle resources 

among companies; establish business between companies that supplied, demanded and recycled by-

products; integrate the implemented technology (Behera et al., 2012). The business model also included 

all the liabilities and rights about the investments and benefits of the stakeholders (Behera et al., 2012). 

In this context, one study argued that contracts were the main means by which companies could 
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establish these conditions among them (Albino, Fraccascia and Giannoccaro, 2016). The most 

important prerequisites for companies to forge an IS relationship, was that all parties could achieve an 

economic benefit sufficient to cover the risk of the investment and also that the benefit gained should 

be higher than in the absence of the cooperation, basically, a Win-Win situation (Albino, Fraccascia and 

Giannoccaro, 2016). On the other hand, if the main government agencies sponsored the funds, on the 

successful commercialization of the project, the companies were required to return royalties to the 

government, which were within 20-40% of the initial investment (Behera et al., 2012).  

The third and final step was the (iii) commercialization (2014-2019), which aimed to attract tenants by 

overcoming barriers and an equivalent benefit sharing among the participants in the synergy networks 

(Behera et al., 2012). During this phase, the EIP centre also helped to overcome the financial barriers, 

by attracting financial support for the newly developed synergy networks based on their business model 

(Behera et al., 2012). In this case, there were diverse financing sources in Korea, both governmental 

(Water Saving Company, Energy Service Company) and private, to fund companies that were interested 

in undertaking symbiosis related projects and activities. Above all, the companies were not required to 

bear higher costs in order to participate in the synergy networks (Behera et al., 2012). However, they 

contributed with 10% to 40% of the total R&D governmental funding (Kim, 2017). At the same time, they 

also benefited from the economic benefits of the projects, which were proportionately shared by the 

companies based on their capital costs (Behera et al., 2012). Besides, the participants were also 

motivated by the reduction in long-term environmental impacts (Behera et al., 2012). To solve the 

misalignment of benefits between companies, another study suggested that it would be necessary to 

introduce supply contracts developed in supply chain management literature (Albino, Fraccascia and 

Giannoccaro, 2016). The contracts also need to be built in a way that in the case of autonomous 

decisions made by firms, the system efficiency was guaranteed. For this, there needs to be an alignment 

of the incentives, in other words, deciding to improve a local gain, at the same time, assured that the 

best decision for the system as a whole is taken (Albino, Fraccascia and Giannoccaro, 2016). The 

variables introduced in the contracts included the allocation of decision rights, pricing, minimum 

purchase commitments, quantity flexibility, buyback, and return policies with the sources of risk (Albino, 

Fraccascia and Giannoccaro, 2016). The same way as the EIP centre stimulated IS in Ulsan EIP, the 

National Industrial Symbiosis Program (NISP), also provided a method for stimulating IS.  

2.1.2. The NISP model for Industrial Symbiosis 

The National Industrial Symbiosis Program (NISP) was devised by International Synergies Limited (ISL) 

and operated in the UK between 2003 and 2013 (NISP, 2018). At the same time, since 2007, 

International Synergies has exported the NISP model to more than 25 countries (NISP, 2018), like 

China, more specifically, in the Tianjin Economic-Technological Development Area (TEDA), between 

2010 and 2013. Here, the ISL helped to build institutional capacity, that describes the “ability of 

administrative and government organizations and agencies to respond to and resolve collective 

problems” (Wang, Deutz and Chen, 2017). This international expansion proves that the NISP presents 

a replicable blueprint for different economies and cultures. The NISP, through its constant application, 
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has proved to be the most effective for its applicability at scale and generating rapid results (NISP, 

2018). In this case, the NISP engaged in three main types of actions as the IS network evolved: 

conversation; connection; co-creation (Paquin and Howard-Grenville, 2012).  

The European Commission has proposed to follow the NISP model as a standardized model for IS 

development (Comission, 2018). The NISP method proved to be the most replicable, not only it was 

used in England, but also in a different country like China, in the TEDA eco-park. At the same time, it 

was useful in both cases, it resulted in a landfill deviation of about 1,430,000 tons of waste in TEDA, 

between 2010-2013 and in England, between 2005-2013, it generated 1 billion £ in sales and cost 

reductions of 1.1 billion £ for the participating companies (Wang, Deutz and Chen, 2017). It also reduced 

carbon emissions by 39 million tons, diverted 45 million tons of material from landfill (NISP, 2018). 

Starting with (i) conversation actions, these intend to build awareness of and interest in IS among 

potential participants, and seek to communicate the value that the coordinating organization offers with 

IS development (Paquin and Howard-Grenville, 2012). This phase appeared very early on, in a phase 

labelled as “pre-network development,” and created the conditions for spontaneous network processes 

whereby firms learned of potential IS exchanges and partners. Conversation actions typically proceeded 

to bring specific firms together to develop exchanges and addressed broader institutional aspects of 

making IS known to firms, by casting a wide net of firms, to generate interest in IS, easing the way for 

exchanges to develop (Paquin and Howard-Grenville, 2012). This phase was very similar to the 

knowledge resources used during the first phase of IS development in the Tianjin Economic-Technologic 

Development Area (TEDA) (Wang, Deutz and Chen, 2017). However, in this case, this stage started 

being stimulated between the members of the coordination network and it occurred in various platforms, 

like training courses, on-site guidance, policy tour and periodical meetings (Wang, Deutz and Chen, 

2017).  

Conversation actions started with taking a strategic view of the region’s resource needs to identify 

potential firms and exchanges, where it was necessary to assemble dossiers, including information on 

major industrial resource flows and impending regulation, to help identify and develop IS exchanges 

(Paquin and Howard-Grenville, 2012). By understanding impending regulatory changes, it was possible 

to start seeing which firms might be more interested in learning about IS as a way to adapt. NISP also 

leveraged existing contacts from established organizations to facilitate introductions. Much of this early 

work involved cold calling, mailings, and emails to the firms’ production and environmental managers 

(Paquin and Howard-Grenville, 2012). On the other hand, in TEDA, it was created an IS coordination 

network, which happened with the launch event of TEDA Eco-centre (Wang, Deutz and Chen, 2017), 

similarly to the Ulsan EIP. This Eco-centre is a local government-owned non-profit organization providing 

environmental services to local industries and communities. It tackled problems like the insufficiency of 

information on low-carbon technology, expertise and experience to enhance energy efficiency and 

protecting the environment in TEDA. Here, the centre played the role to serve as a platform for 

information sharing, in cooperation and exchanging (Wang, Deutz and Chen, 2017).  
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After identifying the region's resources needs, during the Conversation actions, facilitating interaction 

spaces were established, where interested individuals could meet and share information (Paquin and 

Howard-Grenville, 2012). These actions were supported by workshops, whereby NISP created 

interaction spaces through facilitated information exchange and networking activities around sharing 

individual firms’ waste and resource needs. These meetings were described as “industry speed dating,” 

and had great success in creating serendipitous relationships (Paquin and Howard-Grenville, 2012). For 

example, in one case, one meeting generated up to 132 potential exchanges, without knowing there 

would be any. The results from this phase showed that from 2002 to 2005 activity grew from zero to 162 

firms and 174 exchanges (Paquin and Howard-Grenville, 2012).  

Additionaly, ISL also organized match-making workshops in TEDA (Wang, Deutz and Chen, 2017). 

Between 2010 and 2012 a total of 124 business events were organized by TEDA Eco-centre and other 

coordination members (Wang, Deutz and Chen, 2017). These events were composed by business 

match-making, which are workshops for increasing interactions between companies with the potential 

to use other's by-products or low carbon technologies, and follow-up service to forward the collaboration. 

Many of these match-making workshops offered round table seats and tea break area, where face-to-

face discussions were held among normally 30-40 companies at a time (Wang, Deutz and Chen, 2017). 

These discussions addressed issues in specific fields, like the use of steam, energy-saving and green 

building materials.  

In a different perspective, in TEDA, when promoting the interaction between the stakeholders, the eco-

centre acted, first, as a platform for collaborations among multiple levels of government departments 

and foreign organizations, and second as a bridge between companies and local communities (Wang, 

Deutz and Chen, 2017). During the first part, with the support of TEDA Administrative Committee (AC), 

the eco-centre was set up and workers on integrating resources from a range of local and regional 

government departments to coordinate the IS. Besides the involvement of multiple organizations in the 

IS coordination network, some individual participants like experts from academic institutions and 

consultancies were invited by TEDA AC to support activities of the IS coordination network (Wang, Deutz 

and Chen, 2017). During the second part, the TEDA eco-centre also opted to increase the interactions 

with other stakeholders not only the companies and the government but also the local community 

(Wang, Deutz and Chen, 2017). In this context, TEDA encouraged the local enterprises to disclose their 

environmental information and increase their environmental awareness (Liu et al., 2018). These actions 

were incentivized by awarding the most environmentally responsible companies. By doing so, TEDA 

increased the enterprises’ awareness of social responsibility, helping it to better interact with the public.  

Additionally, TEDA organized the communities to propagate low carbon society by building green 

schools and organizing low carbon activities for families (Liu et al., 2018). At the same time, TEDA also 

interacted with the social agencies like the non-governmental organization to involve in the low carbon 

society construction (Liu et al., 2018). Therefore, TEDA formed a mechanism named “governmental 

guidance, enterprise actors, public participation, media dissemination, and international cooperation” 

(Wang, Deutz and Chen, 2017). These actions were also able to strengthen ties between governments 
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(Wang, Deutz and Chen, 2017). For instance, in order to learn the advanced experience of eco-industrial 

park construction, Tianjin municipal government and Ibaraki, Japan signed the agreement of 

memorandum to facilitate environmental cooperation between the two cities. Leading the public, 

enterprises, the community and schools to get involved in the development of a sustainable industrial 

park and so forming a social system for resource conservation and environmental protection (Wang, 

Deutz and Chen, 2017).  

Additionally to the workshops organized by ISL to the participating companies in the UK, they also 

offered training courses and expert mentoring to the TEDA Eco-centre (Wang, Deutz and Chen, 2017). 

The training courses not only taught how to operate the software (SYNERGie), to record available and 

required resources from industries and identify potential symbiosis, but also helped organizing inter-firm 

networking events and site visits to industries to collect detailed data, to track and then report the 

progress of coordinated synergy projects (Wang, Deutz and Chen, 2017). To complement this, ISL also 

dispatched staff to guide inter-firm networking and site visits events conducted by the eco-centre four 

times per year. Also, experts from academic institutions were invited to assist site visits to local industries 

in diagnosing synergy opportunities (Wang, Deutz and Chen, 2017). Additionally, after the on-site 

guidance, the eco-centre and government departments, with the guidance of ISL, dispatched two groups 

of staff per year to visit the UK, to build a deep understanding of their waste policy context. For the final 

action, periodic meetings were scheduled to track the progress of the project and event planning. It also 

included weekly technical telephone conferences between TEDA Eco-centre and ISL to discuss specific 

technical and strategic management issues (Wang, Deutz and Chen, 2017).  

Similarly to the UK experience and TEDA, different information sharing experiences were also fostered 

by the Burnside Eco-Efficiency Centre, in the Burnside IP, in Canada, to facilitate IS implementation (Liu 

et al., 2018). Here, the Eco-Efficiency Centre (EEC) provided the opportunity for university students with 

work experiences and served as a point of contact between the business community and the university 

to foster applied research on eco-efficiency and industrial ecology (Liu et al., 2018). Some of the 

strategies adopted included environmental reviews of companies, providing relevant information on eco-

efficiency and resource conservation opportunities for business. They also made it possible for 

companies to meet, organize and cooperate by offering training, information, and workshops and 

recognizing companies that have a better environmental performance (Liu et al., 2018). Some of this 

information included identifying waste material and energy resources during the environment and 

energy reviews, which could be used as inputs for other businesses or supporting new scavenger or 

decomposer businesses. For instance, Burnside Industrial Park promoted business success stories and 

contributed to the education of students through internships, summer employment and research projects  

(Liu et al., 2018).  

Also, a newspaper column in Burnside news was published every month on business and environmental 

topics like the cycling of materials and energy, symbiotic relationships, conservation of resources and 

biodiversity, and the circular economy. Burnside also adopted a strategy to strengthen international 

collaboration by hosting visitors from at least fifteen countries for site visits and seminars. The EEC and 
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the School for Resource and Environmental Studies of Dalhousie University have attracted scholars 

from several countries including seven Chinese scholars who spent up to a year studying at the 

University to learn more about EIPs (Liu et al., 2018).  

After identifying the potential industrial symbiosis, the NISP proceeded to the (ii) connection actions, in 

a phase labelled as “earlier network development” (Paquin and Howard-Grenville, 2012). In this phase, 

NISP brought together relevant firms to develop specific exchanges in the UK (Paquin and Howard-

Grenville, 2012), and TEDA undertook similar measures (Wang, Deutz and Chen, 2017). NISP engaged 

in two main connection actions: introducing relevant firms around specific exchanges and deepening 

their involvement with particular firms.  

When introducing relevant firms, NISP used its knowledge of resource needs in the region, gained partly 

through conversation actions, to prioritize and select potential exchanges and IS partners (Paquin and 

Howard-Grenville, 2012). Given that part of NISP’s performance was measured regarding tonnage 

diverted from landfills, the size of potential exchanges often influenced these choices. NISP prioritized 

straightforward exchanges, which required little additional material reprocessing or technical 

development. For example, a waste company with a biogas program was trying to source organic 

materials, and another company had 20,000 tons of food pulps that were going to landfill, this simplicity 

forged an immediate partnership between them (Paquin and Howard-Grenville, 2012). A similar 

approach was followed by TEDA, where they used relational resources (Wang, Deutz and Chen, 2017). 

These resources were determined by exploring whether the range of network members increasingly 

covered various sectors that were most relevant to IS promotion (Wang, Deutz and Chen, 2017). TEDA 

also decided to start creating a network by using anchor companies (Liu et al., 2018). This networking 

process evolved from only one coordinator, the TEDA Environmental Protection Bureau (EPB), to all of 

the park-level and regional government departments in charge of industrial pollution reduction, energy 

conservation and low-carbon technologies participating in the IS coordination network (Wang, Deutz 

and Chen, 2017). At the same time, the TEDA eco-centre brought together the various government 

departments to coordinate inter-firm IS activities on topics related to utilizing waste heat, sludge and 

reclaimed water (Wang, Deutz and Chen, 2017).  

In the next connection action, NISP worked to deepen and strengthen relationships with key regional 

firms and become more involved in selected exchanges (Paquin and Howard-Grenville, 2012). These 

relationships were necessary, as developing new IS exchanges often took more time and effort than 

initially anticipated. For example, in a seemingly simple, yet failed, deionized water exchange, the 

technicalities and the commercial issues did not go well because the receiving firm, started getting into 

issues of continuity of supply, in other words, the receiving firm was afraid that the supply emission was 

not at a constant flow rate (Paquin and Howard-Grenville, 2012). To overcome these types of problems, 

it is all about forging trust by organizing many consecutive meetings between companies (Paquin and 

Howard-Grenville, 2012). Besides, new IS opportunities ended up appearing as well (Paquin and 

Howard-Grenville, 2012). The results highlighted how critical goal-directed processes are to facilitated 

IS network formation, in other words, bringing together particular firms for particular exchanges and so, 
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by focusing resources and prioritizing which exchanges to pursue, NISP increased its connection 

actions, becoming increasingly selective in choosing which exchanges and firms to support (Paquin and 

Howard-Grenville, 2012). As opposed to casting a wide net to encourage spontaneous encounters, 

NISP’s attention to connection actions supported a network-level goal of aggregate environmental 

benefit. This resulted in an increase of about 300%, namely an added 116 active IS exchanges between 

2005 and 2009 (Paquin and Howard-Grenville, 2012).   

After the conversation and connection actions, comes the final stage, which is the (iii) co-creation action, 

during the “later network development” phase  (Paquin and Howard-Grenville, 2012). Co-creation 

supported the development of IS infrastructures around compatible resource streams. In particular, it 

was found that NISP engaged in two sets of actions. The first one was replicating high-value IS 

exchanges, and the second one was developing capacity around processing key regional resource 

streams (Paquin and Howard-Grenville, 2012). In this context, both actions happened primarily in two 

ways. First, NISP staff sought out replicable high-value IS exchanges. For example, NISP workers 

actively searched for companies who would be able to provide feedstock for anaerobic digesters to try 

to grow involvement and engagement within the region. NISP would also pay attention to companies 

that would return in a search of their help, when they were working on new projects, as in the case of 

some construction companies. Having developed relationships and expertise about certain types of 

exchanges it was possible to increasingly replicate these, with the same or new firms. High-value 

replicable exchanges could be seen implemented in a case-study about construction material-based 

exchanges in the West Midlands where the results showed that there was a 683.000-ton increase in 

landfill diverted from construction exchanges between 2005 and 2009.  

Secondly, co-creation actions also included “helping develop funding and investment proposals for new 

and existing firms, providing guidance on environmental permitting, and offering technical or production 

assistance. These projects often did not directly support new IS exchanges but laid the foundation for 

developing future exchanges through establishing new processing techniques or expanding regional 

capacity around key resource streams” (Paquin and Howard-Grenville, 2012). For example, this type of 

work helped in to identify the absence of firms that could reprocess valuable waste streams in the region, 

like quality composting facilities. Co-creation actions, more than conversation and connection, required 

relationships and trust with firms and were more goal-directed and as results show, the more trust there 

is in NISP’s work, the more significant the projects and funding (Paquin and Howard-Grenville, 2012).  

2.1.3. Kalundborg school for Industrial Symbiosis 

The Kalundborg methodology for IS promotion is based on the study done by Valentine (2016) and 

Taddeo et al. (2017) in the Kalundborg EIP and 3 Italian industrial parks, respectively. This methodology 

is characterized by starting in engaging companies with pre-existing relationships, mostly without the 

requirement of a government actor, at first. Additionally, it is based on four main drivers, where the 

progression of collaborative relationships is done in three different ways. 
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In the study done about Kalundborg eco-park, there were four collaborative drivers for industrial 

symbiosis (Valentine, 2016). Starting with a high level of environmental awareness, this happens due 

to corporate culture, where the large corporations in the eco-park have a very sophisticated 

environmental management system (Valentine, 2016). This culture is a result of the executives viewing 

business in an integrated way, taking into account the local community and given much attention to the 

social and environmental impacts (Valentine, 2016). The second driver was the social networking 

established prior the symbiosis between the managers (Valentine, 2016). These relations sprung initially 

from social interactions that took place amongst local Club members, composed by the top managers 

of some of the companies, where they started to discuss key challenges that their organizations faced 

(Valentine, 2016). Through these conversations, in 1970, it was possible to establish a natural gas 

transfer from an oil refinery to a plasterboard manufacturer. It is also important to note that most of the 

senior executives of the collaborating firms lived in the Kalundborg area, which was one of the reasons 

why there was a social connection between them. To keep this connection, they frequently host events 

and meetings to connect the old and new executives (Valentine, 2016). The third driver is the fact that 

the symbiosis brings financial benefits to the participants. Some firms get to keep their expenses to a 

minimum, as in the case of an enzyme producer that was able to reduce its water, steam and liquid 

waste treatment. On the other hand, some firms pay for the costs of others so that they can share 

benefits, or they can share by-products because giving away the resources decreases disposal cost. In 

other cases, firms collaborate to build infrastructure that can be commonly used, like gas, steam and 

water pipelines and share its costs (Valentine, 2016). The fourth driver, are the dominant needs of the 

major network players (Valentine, 2016). The bigger the firm size, the more it is willing to collaborate 

due to dominant resource acquisition or disposal requirements, which catalyses the search for solutions 

(Valentine, 2016). For example, some companies need to release waste into the environment, and this 

represents costs, so, to reduce these costs, they create a relationship with a company that can use that 

waste in their operations (Valentine, 2016).  

Collaborative relationships started with cautious engagement (Valentine, 2016). During this phase, 

companies engaged with each other a small step at a time. Here, the progression was fuelled by the 

increase in trust between the company actors (Valentine, 2016). The participating firms entered the 

network through an interactive opportunity afforded to the executives. This network was possible through 

a social group like the Rotary Club, already mentioned, and through the activities organized by the 

Symbiosis Centre, like workshops and training sessions (Valentine, 2016). In this case, for parties to 

engage with each other, there also needed to be a resource flow that another member could utilize 

advantageously (Valentine, 2016). For this to happen, trust was forged by establishing supply contracts 

between the participants (Valentine, 2016). An example of this relation was the purchase of steam in 

1982, by an oil refinery from an electricity producer (Valentine, 2016). This step represented a risk to 

the steam buyer because, in the absence of steam, the refinement of oil could not be undertaken. To 

decrease this risk, the steam buyer kept its steam plant in operational order, as a backup, should 

anything happen with the supply of steam from the steam supplier. It was not until the relationship 

between them began to mature, that cautious engagement turned to trust and the steam buyer decided 

to decommission its steam plant (Valentine, 2016). However, some relationships never really evolved 
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from the initial stage. For example, the transfer of excess gas from an electricity producer to a 

plasterboard producer, ended a few years later. As a result, the plaster board’s role in the KS became 

restricted to just receiving gypsum from the coal-fired power plant, a relation that will end up finishing 

because the coal-fired power plant will close in the future due to regulatory restrictions (Valentine, 2016).  

In a different context, the same thing happened in three industrial parks in Italy, during the first phase of 

engagement (Taddeo et al., 2017). This phase was called the (i) previous state of the context, and it 

mentioned that cautious engagement could be forged if there were already established relations 

(Taddeo et al., 2017). This advantage served as vehicles of diffusion of knowledge between companies 

(Taddeo et al., 2017). By comparing the three Italian industrial parks, it emerged that the relations 

amongst the companies were different (Taddeo et al., 2017). The automotive parks case-study had a 

more structured network, where all the companies knew each other through supply relations, but also 

competitive and collaborative ones. In the case of the Basic-chemicals park, there was no existent 

competition, but only some supply relations already established. In the case of the agro-food, this had 

no supply relations established but had only competitive ones (Taddeo et al., 2017). The study also 

referred that the actors, from every context, had already worked together, like in Kalundborg (Valentine, 

2016), especially in joint purchasing, new market penetration, or Research and Development (R&D) 

activities, but never in the joint management of waste(Taddeo et al., 2017). This attitude acted in favour 

of the development of new forms of collaborations, like the IS but also signalled a reluctance to share 

data and information (Taddeo et al., 2017).  

Finally, after the engagement, companies were willing to start solving problems together (Valentine, 

2016). One way managers did this, was through the communication of future plans between the 

partners, which demonstrated a willingness to support the relationship (Valentine, 2016). For example, 

even with the elimination of coal power plants, which affected the gypsum industry and the industries 

dependent on the emitted steam, the involved managers demonstrated the confidence that they could 

solve it together (Valentine, 2016).  

In Kalundborg, during (ii) cooperative escalation, the firms who began to cooperate on a given project, 

eventually achieved a high degree of trust and the initial symbiosis became a normal part of business 

processes (Valentine, 2016). At this stage, operational challenges were solved, and the symbiosis 

became similar to a supply chain relationship. This relationship was called a “transactional collaboration” 

(Valentine, 2016). This stage of deep-rooted trust established the necessary conditions for executives 

to share concerns over existing business challenges and explore opportunities for future cooperation. 

Here, companies emphasized transparency and disseminate information among business partners 

(Herczeg, Akkerman and Hauschild, 2018). This type of relationship was built between Statoil (oil 

refinery), DONG Energy (electricity producer), Kalundborg Forsyning (water distributor), Novo Nordisk 

(pharmaceutical laboratory) and Novozymes (enzyme producer) (Valentine, 2016).  

In the Italian case study, the relationships developed further by involving other stakeholders in the 

projects (Valentine, 2016). Here, similarly to the previous case, the key drivers that contributed to 

developing IS was the active participation of the involved actors (Valentine, 2016). In the Basic-



18 

 

chemicals Parks, the stakeholders involved were the local, regional and national government agencies, 

representatives of local companies and potential future tenants in the IS. The local and regional 

government offered financial support and coordination. One of the key players for this was the Local 

Observatory for the Chemical Industry, which coordinated the activities to forge trust between the 

stakeholders by organizing periodic round-tables to present the progress, by encouraging and 

supporting an exchange of views and initiatives amongst the stakeholders, and by maintaining the 

relations with the territory (Taddeo et al., 2017). Additionally, for the automotive parks, the stakeholders 

involved were the Chamber of commerce and the Association of the Industrialists of the Province. These 

facilitators provided general economic data and information and were useful in bringing to light potential 

sources of criticalities of the project. Although no financial or sponsorship support was provided and no 

coordination body or “creator of trust,” formally recognized as the Champion, was identified. On the 

other hand, the data collection and the involvement of the small and medium-sized enterprises (SMEs) 

was facilitated. Finally, for the agro-food industrial parks, the stakeholders involved were the external 

support of the Association of Agricultural Producers. This facilitated the collection of technical and 

economic data. It also did not receive any specific financial or sponsorship support, and no coordinating 

body or key individual were identified (Taddeo et al., 2017). 

Similarly to the Italian case (Taddeo et al., 2017), in Kalundborg, not only it was necessary to have 

environmental awareness, but there was also a need to have a strategic awareness of collaborative 

benefits (Valentine, 2016). The eco-park managers understood that forging a relationship between the 

park and the municipality entities could present opportunities, like the supply of municipal wastewater 

(Valentine, 2016). A good example, in this case, was the supply of enzyme-rich slurry as fertilizer to the 

local farmers, initially through a liquid state and then, with the increase in the waste stream, in the form 

of pellets across the whole municipality (Valentine, 2016). In the end, cautious engagement proved that 

with the increase in trust, there was a progressive process that saw the relationships grow and become 

more complex, establishing fertile grounds for further collaborations (Valentine, 2016).  

In Kalundborg, after successfully building initial IS relationships and identifying the future collaborative 

opportunities, the methodology advanced to the third stage, the (iii) operational collaboration (Valentine, 

2016). This stage represented a conceptual shift in the relationship from “cooperating (two separate 

entities reactively working together) to collaborating (two separate entities proactively working together)” 

(Valentine, 2016). In this stage, the high level of trust allowed the executive managers from different 

companies to work together as if they were working for the same company. Here, the collaborating 

partners did not necessarily expect collaborative problem resolution at every occasion and for every 

emergent problem (Valentine, 2016). However, thanks to a proven track record of operational success 

in the collaboration, business challenges that at one time might have been confidential were disclosed 

(Valentine, 2016). For example, this evolution started with the exchange of deionized water between 

DONG Energy (electricity producer) and Statoil (oil refinery) (Valentine, 2016). Another example was 

the supply of biomass between Novozymes (enzyme producer) and DONG energy (electricity producer) 

for bioethanol production, which in turn, was sent to Statoil (oil refinery).  
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Table 1 represents all the IS promotion strategies uncovered from other research studies. These 

strategies help understanding how other IS relationships were developed in different locations and serve 

as a guide to future IS promotion projects. Table 1 is divided into two columns. The column on the left 

represents the location where the strategies were taken from, with the respective citation. The column 

on the right represents all the IS promotion strartegies that were applied in that location. Similarly to 

Table 2, it can be observed that there is no specific trend or evolution of the IS promotion strategies, in 

other words, each case study adopted different strategies for promoting IS. However, there are some 

IS promotion strategies that appear more often than others. It is the case of organizing periodic meetings 

between actors, awarding companies for an environmentally sustainable behaviour, fostering IS 

awareness activities, exchanging information with international specialists, creating a digital tool for 

information sharing and organizing training courses. 

Table 1: Summary of identified IS promotion strategies 

Industrial parks IS promotion strategies 

(Behera et al., 2012) 

Ulsan EIP, South 

Korea  

(1) Foster networking between managers before the symbiosis; (2) Use a 

Champion to facilitate networking; (3) Develop an IS feasibility study, before 

company engagement; (4) Reduce risk of network failure by negotiating 

with stakeholders; (5) Guarantee an equivalent benefit to share among 

participants. 

(Paquin and Howard-

Grenville, 2012)     

West Midlands, UK  

(1) Foster IS awareness activities; (2) Connect promising IS exchange 

partners; (3) Develop an IS feasibility study, prior to company engagement; 

(4) Use pre-existing individual and organizational contacts to engage firms; 

(5) Provide facilitated interaction spaces where individuals could meet and 

share information; (6) Promote cooperative engagement in problem-

solving, between firms.  

(Qu et al., 2015) 

China (11 IP) 

(1) Foster environmental awareness to help companies transform their 

instituting environmental norms into economic, environmental and social 

sustainability performance indicators. 

(Valentine, 2016) 

Kalundborg EIP, 

Denmark 

(1) Foster IS awareness activities; (2) Establish social networking between 

managers prior to initiating the IS project; (3) Prioritize financial benefits; 

(4) Identify the dominant needs of resources; (5) Promote contract 

commitment between companies; (6) Forge trust between communities, 

government and companies; (7) Promote cooperative engagement in 

problem-solving between firms; (8) Engage companies and government in 

the future strategic development through the whole region.    
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(Albino, Fraccascia and 

Giannoccaro, 2016) 

(1) Introduce supply contracts to gain a high enough economic benefit to 

cover the risk of the investment and to exceed the absence of cooperation. 

(Wang, Deutz and 

Chen, 2017) 

Tianjin Economic-

Technological 

Development Area, 

China 

(1) Foment institutional capacity building related to by-product exchange; 

(2) Organize training courses; (3) Visit successful EIP with on-site 

guidance; (4) Exchange information with international specialists; (5) 

Organize periodic meetings between specialists and companies, to track 

progress; (6) Increase the interaction between government agencies and 

companies; (7) Connect promising IS partners; (8) Build information sharing 

platforms; (9) Foment public participation and media dissemination. 

(Taddeo et al., 2017) 

Italy (3 IP) 

(1) Organize training sessions about industrial ecology approaches and 

tools, for production managers.  

(Wen et al., 2018) 

IPRT, China (47 IP) 

(1) Shift investments from traditional industries to new industries; (2) Shift 

the development model from government-led to market co-led; (3) Increase 

effective policy interventions; (4) Build information sharing platforms; (5) 

Award companies for environmentally sustainable behaviour. 

(Liu et al., 2018) 

Tianjin Economic-

Technological 

Development Area, 

China 

(1) Increase the interaction between stakeholders; (2) Foment public 

participation and media dissemination; (3) Award companies for 

environmentally sustainable behaviour; (4) Finance companies that can 

establish the ISO 14001 environmental management system; (5) Build 

online information sharing platforms; (6) Promote international 

collaboration.  

(Liu et al., 2018) 

Burnside Industrial 

Park, Canada 

(1) Increase interaction between stakeholders by creating an ECC; (2) 

Write Environmental reviews of participating companies; (3) Offer training, 

information and workshops to company managers; (4) Award companies 

for environmentally sustainable behaviour; (6) Adopt a strategy of 

information sharing.   

The purpose of this chapter was to understand how all the successful IS stimulation strategies were 

able to make IS possible. As a result, three different methodologies for IS development in industrial 

parks were identified. The first one was the methodology used in the Ulsan EIP in South Korea. This 

method relied on a champion mandated by the EIP centre, to lead the companies through a 3-step 

process (developing symbiotic networks; negotiation between stakeholders; commercialization), based 

on three rules (geographic proximity; business model update; proportional sharing of benefits). 

Secondly, the IS promotion methodology used by the International Synergies, in the West Midlands, in 

the UK, was the NISP. Here, similarly to the Kalundborg methodology, NISP was also based in 3 actions 

(conversation actions; connection actions; co-creation). However, it was different from the previous 
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approach, because it did not depend on a Champion to catalyse activity between companies. 

Additionally, the NISP did not have three core rules to guide the interactions, on the other hand, it 

prioritized the relations that required small changes in the exchanged by-product and had a significant 

amount of landfill diversion. Finally, the last identified methodology was the one used in the Kalundborg 

EIP. It had a similar approach to the Ulsan method because it also followed a set of drivers/conditions 

for catalysing a by-product exchange. These drivers were the high levels of environmental awareness, 

established social networking, financial benefits and a dominant need for major network players. These 

drivers were the baseline from which the three-stage process would proceed. These steps were a 

cautious engagement, a cooperative escalation, and an operational collaboration. Even though, all of 

the three methods presented functional models for IS stimulation in industrial parks, none of them made 

a detailed step by step approach to show how each barrier was individually solved, which is the main 

problem addressed in this Dissertation.   

2.2. Review of main barriers for the implementation of Industrial symbiosis 

If industrial symbiosis is viewed as a competitive advantage (Gibbs and Deutz, 2005), why isn't the 

industrial sector being able to implement it in a consistent manner, into their business model? The 

reason for this not happening are the challenges offered by IS barriers (Chertow, 2000). On the other 

hand, it is also plausible to admit that every barrier category, apart from challenges, can represent 

drivers or enablers that stimulate IS (Golev, Corder and Giurco, 2015). As a consequence, the first step 

is to properly identify potential barriers (Bacudio et al., 2016), because they are the main reason why 

Industrial parks have not been able to implement IS (Golev, Corder and Giurco, 2015). The purpose of 

this chapter is to identify the most important barriers and show how they affect the IS implementation 

process. Here, the most common identified IS barrier categories were the financial barriers, the lack of 

knowledge, the physical and technological barriers, the regulatory barriers and the management 

barriers.  

2.2.1. Financial barriers 

From the literature review, Financial IS barriers can be divided into three different areas: investment, 

costs and unknown outcomes.  

The mention of financial IS barriers was firstly made by Marian Chertow in the “Industrial Symbiosis: 

Literature and Taxonomy” (2010), where she pointed some of the challenges that prevented the creation 

of industrial symbiosis, like the availability of (i) better investment options than IS (Chertow, 2000). 

Essentially, managers become reluctant to invest their limited cash in long-payback-period projects, and 

they prefer to invest in more safe options, like increasing production capacity (Siskos and Wassenhove, 

2016). In this case, better investment options result from (ii) high investment costs in technology and 

infrastructure (Zhang and Wang, 2014). For example, some investments in IS can range up to 1 million 

dollars, like in the case of the Riverside eco-park in Burlington, Vermont, for the exchange of waste heat 
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between a 60-MW wood-fired power plant and different agricultural activities (Chertow, 2000). At the 

same time, there can also be a (iii) lack of funding to promote industrial symbiosis (Zhu et al., 2014).  

However, even if the waste streams are big enough, energy, water and waste can represent a small 

percentage of operating costs (Chertow, 2000). These signify (iv) small financial gains, and so, not being 

a significant reason for the creation of IS (Chertow, 2000). For example, a coal fired power-plant in 

Guayama, Puerto Rico established symbiosis that would provide 5 million gallons of water per day from 

three different sources: treated waste water, agricultural runoff and treated industrial water from a Philips 

factory (Chertow and Ehrenfeld, 2012). Here, the waste water represented one-tenth of the cost of back-

up well water (Chertow and Ehrenfeld, 2012), an insignificant amount, in comparison with other costs. 

As a matter of fact, in some cases, IS can even (v) increase operational costs (Zhang and Wang, 2014).   

On a different perspective, (vi) unclear benefits can also make the companies reluctant to invest in IS 

(Zhang and Wang, 2014). For example, in the case of carbon emission reduction collaboration between 

energy intensive industries in China . In a similar way, (vii) the companies’ lack of understanding of the 

economic advantages for participating in industrial symbiosis is considered a very significant obstacle 

(Raabe et al., 2017). On the other hand, there are also the (viii) unknown real financial risks (Chertow, 

2000).  

2.2.2. Knowledge barriers 

The knowledge barriers comprise every lack of information that can help the process of IS evolve. In 

this case, there were identified two groups of Knowledge barriers, organizational knowledge barriers 

and technical knowledge barriers. 

Every local or regional IS project starts by collecting information on inputs and outputs, of the processes 

and waste streams of local industries in order to identify good matches (Siskos and Wassenhove, 2016). 

This aspect was shown to be significant in the Laguna EIP, in the  Philippines, where the results showed 

that the (i) lack of information sharing among locators was considered the most influencing effect barrier 

(Bacudio et al., 2016). Unfortunately, such information is usually not publicly available, which creates a 

(ii) lack of awareness of viable IS partners (Chertow et al., 2004), (Siskos and Wassenhove, 2016), 

(Bacudio et al., 2016). Even after knowing of each other’s existence, the companies can still have an 

(iii) unwillingness to provide information about the amount of waste stream produced by the suppliers, 

due to fear of sensitive information disclosure to competitors (Siskos and Wassenhove, 2016), (Wen et 

al., 2018).  

Similarly, the lack of knowledge is also manifested in the technical area. This is seen to be present due 

to the (iv) absence of technical tools, like databases that provide information of waste flows of local and 

regional organizations, enabling matchmaking between them (Chertow et al., 2004). For example, this 

barrier hid the existence of a viable symbiosis between a biodiesel producer and local schools and 

restaurants, that were able to exchange waste cooking oil (Raabe et al., 2017). After this, when trying 

to build and operate the technology, another barrier that can emerge is the (v) lack of human resource 
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training (Bacudio et al., 2016). Since IS is a relatively recent area, most workforce lacks knowledge in 

several aspects, such as technical and organizational expertise (Bacudio et al., 2016). 

2.2.3. Management barriers 

Management barriers refer to the actions taken by the top executives and management teams inside 

the company, that could undermine the process of promoting IS inside the organization and between 

organizations. 

The (i) lack of top management support, was considered the most significant cause for the emergence 

of other IS barriers, in a study done using Decision making trial and evaluation laboratory (DEMATEL) 

(Bacudio et al., 2016). This means that securing the support of top management can significantly 

influence the remaining barriers, and thus the system as a whole (Bacudio et al., 2016). At the same 

time, top management controls decision making, and it is responsible for establishing goals (Bacudio et 

al., 2016). For example, management barriers were seen as a significant factor to tackle during an 

industrial park recycling transformation in China. (Wen et al., 2018). Furthermore, top management also 

creates procedures and policies that support the achievement of industrial symbiosis, which can 

motivate employees to innovate and to continually come up with new ideas (Bacudio et al., 2016).  

The lack of top management support is influenced by the (ii) top management attitude towards  industrial 

symbiosis (Siskos and Wassenhove, 2016). Synergistic projects are seen by managers mostly as a way 

to meet environmental standards instead of profitable investments, because of their environmental 

nature and long-term economic outcome (Siskos and Wassenhove, 2016). Additionally, the main driver 

of investments for firm managers remains short-term economic return for the firm’s shareholders (Golev, 

Corder and Giurco, 2015). This can be a problem, because managers are responsible for the allocation 

of funds to support industrial symbiosis, in all of the steps of the procedure (Bacudio et al., 2016).  

Even if the company has the necessary resources, top management can also difficult the interaction 

with other companies, due to the (iii) lack of trust between them (Golev, Corder and Giurco, 2015). Lack 

of trust between companies emerges mostly during the initial phase of the interaction (Golev, Corder 

and Giurco, 2015), and can cause an increase in business risk. As a consequence, lack of trust can 

lead to a (iv) lack of willingness to collaborate between companies (Bacudio et al., 2016). This 

represents the non-financial resources that the company is willing to spend to create a synergy with 

another partner (Ghali, Frayret and Ahabchane, 2017). In other words, companies need to be able to 

adapt to changes, and so, it is required for the managers to be able to work together in future projects 

(Bacudio et al., 2016). For example, some companies might be willing to spend time on the project, but 

not willing to disclose waste streams (Gibbs and Deutz, 2005), and so, not being willing to collaborate 

because of that.  

2.2.4. Regulatory barriers 

The European regulatory barriers are presented in the EU Legal and Policy instruments (Watkins et al., 

2013). Legal instruments are used to make or coordinate policies, to take measures and initiate 



24 

 

programs, that facilitate the implementation of policies and to issue advice to member states (EU 

monitor, 2018). Furthermore, Policy instruments are tools of the government for implementing their 

policy (Bouwma et al., 2015). 

The Waste framework or the Directive 2008/98/EC is considered a barrier, and it sets the basic concepts 

and definitions related to waste management, such as definitions of waste, recycling or recovery 

(European comission, 2018). It explains when waste ceases to be waste and becomes a secondary raw 

material (so called end-of-waste criteria), and how to distinguish between waste and by-products 

(European comission, 2018). The Legal instrument introduces the "polluter pays principle" and the 

"extended producer responsibility" (European comission, 2018). It incorporates provisions on hazardous 

waste and waste oils and includes two new recycling and recovery targets to be achieved by 2020 

(European comission, 2018). The directive shows a lack of guidance on the practical implications of End 

of waste (EoW) legislation and criteria for symbiosis products like product systems with multiple residue 

streams, and on the waste hierarchy, that focuses on life-cycle thinking and prioritization of the 

prevention of waste generation and recycling/recovery operations over disposal (Watkins et al., 2013).  

Additionally, the Registration, Evaluation, Authorization and Restriction of Chemicals (REACH), is a 

Legal instrument that places responsibility on industry to manage the risks from chemicals and to provide 

safety information on the substances (European Comission, 2018).  Manufacturers and importers are 

required to gather information on the properties of their chemical substances, which will allow their safe 

handling (European Comission, 2018). REACH hampers IS development, because it lacks guidance on 

the possible implications for industry. For example, in the case of possible bulk residue streams with 

potential to be used for product manufacture, is unknown if REACH applies, if these are not considered 

waste (Watkins et al., 2013).  

Moreover, the Industrial Emissions Directive (IED) is another Legal instrument and regulatory barrier 

(Watkins et al., 2013). It aims to achieve a high level of protection of human health and the environment 

taken as a whole by reducing harmful industrial emissions across the EU, in particular through better 

application of Best Available Techniques (BAT) (European Comission, 2018). IED focuses on the 

operations of industrial installations, and not on their products, despite obvious waste and EoW aspects 

associated with products (European Comission, 2018). In this respect, IED lacks the guidance on the 

practical implications of an integrated approach encompassing material efficiency (raw materials), waste 

management, emissions, energy efficiency and BAT (Best available techniques) documents, the general 

obligation of the operator of installations to advance recycling and waste prevention (in accordance with 

the Water Framework Directive), and how to address the environmental performance of an industrial 

plant as a whole in the environmental permits (Watkins et al., 2013).  

On the other hand, the EU Policy instruments also present barriers for IS development. The first barrier 

comes from the Sustainability Development Strategy (SDS). The SDS aims to “identify and develop 

actions to enable the EU to achieve a continuous long-term improvement of quality of life through the 

creation of sustainable communities able to manage and use resources efficiently, able to tap the 

ecological and social innovation potential of the economy and in the end able to ensure prosperity, 
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environmental protection and social cohesion” (European Comission, 2018). This policy lacks guidance 

on the design and the practical implementation of integrated, coherent and cross-sectorial approaches 

to sustainable production and product design (Watkins et al., 2013).  

Secondly, the Integrated Products Policy (IPP) is also presented as an IS barrier (Watkins et al., 2013). 

It seeks to minimize environmental degradation by looking at all phases of a products' life-cycle and 

taking action where it is most effective (EU Comission, 2018). However, it lacks guidance on the practical 

implementation of comprehensive approaches and related approaches to product life cycles (Watkins 

et al., 2013). The same happens for the Integrated Industrial Policy (IIP) which does not show 

information on the practical measures to address the whole value and supply chain in an integrated 

manner (Watkins et al., 2013).  

The third policy barrier is the Eco design (Watkins et al., 2013). This policy is divided into two legal 

frameworks: the Eco-design Directive and the Energy Labelling Regulation (ELR) (European Comission, 

2018). The first provides consistent EU-wide rules for improving the environmental performance of 

products, such as household appliances, information and communication technologies or engineering 

(European Comission, 2018). This Directive also sets out minimum mandatory requirements for the 

energy efficiency of these products (European Comission, 2018). Additionally, ELR complements the 

Eco-design requirements with mandatory labelling requirements (European Comission, 2018). In this 

context, the Eco-design policy does not provide information on the practical measures to prioritize 

environmental performance of products during their whole life cycles (Watkins et al., 2013).  

Finally, the last European regulatory barrier is the Thematic strategy on the prevention and recycling of 

waste (Watkins et al., 2013). It aims to help Europe become a recycling society that seeks to avoid 

waste and uses waste as a resource (European Comission, 2018). This policy does not have guidance 

on the application of life-cycle thinking to waste management and on the life-cycle approach to resources 

and materials (Watkins et al., 2013). Although regulations impose barriers to IS development, physical 

and technological barriers are the most common ones in most cases.   

In other cases, lack of governmental incentives (Bacudio et al., 2016) and the legal liability (Chertow et 

al., 2004) were also considered regulatory barriers. In this case, the lack of policies to incentivize the 

initiative of industrial symbiosis can be considered a barrier for IS development (Bacudio et al., 2016). 

For example, government policies do not offer tax reliefs to stimulate as well as to regulate IS (Bacudio 

et al., 2016). On the other hand, regulations can create problems of legal liability for the companies 

involved (Chertow et al., 2004). One way that this can happen is through the need of companies to 

comply with the aims to development prior to location, which end up moving away compatible 

companies, and so, reducing even more the possibilities to get a match for IS (Gibbs and Deutz, 2005). 

2.2.5. Physical and technological barriers 

Physical and technological barriers address all the difficulties related to the physical and chemical 

properties of the by-product exchange, as well as the technology and mechanisms at work. In addition, 
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it will also consider all the infrastructure barriers, like the partners and construction barriers for the 

Industrial symbiosis. 

The incompatible quantities and properties of the by-products can present obstacles for their exchange. 

In this context, industries with (i) low continuous process waste streams are not appealing IS partners 

(Chertow, 2000). For instance, an university study from Yale, assessed three steel companies and two 

chemical companies in reasonable proximity. These produced some 18 million pounds per year of metal 

scrap, which was still an order of magnitude below the tonnage needed to feed the chemical plants 

(Chertow, 2000). At a more specific level, physical properties barriers were also identified. For example, 

(ii) by-product process adjustment might be required, because the by-product can differ from the raw 

material (Herczeg, Akkerman and Hauschild, 2018). Additionally, natural variations in product quality 

can lead to yet another barrier, (iii) variability in by-product supply quantity (through different yields) and 

quality (Herczeg, Akkerman and Hauschild, 2018). This can occur due to the variability in supply and 

demand, and the different seasonal characteristics in different industries (Herczeg, Akkerman and 

Hauschild, 2018). 

After having a steady waste stream, it is necessary to acquire the right set of technologies. In the 

Philippines case study, the (iv) lack of technology was seen as the least important and least causal 

barrier for hampering IS development (Bacudio et al., 2016). However, it can still present a constraint in 

some cases. For example, in the Chinese industrial parks, the (v) lack of mature and trustworthy 

mechanisms represented the main barriers to IS, due to the unfamiliarity of the synergetic project at 

hand, in this case, Carbon Emission Reduction (CER) collaborations with suppliers and consumers 

(Zhang and Wang, 2014). In summary, even if there are opportunities for by-product exchange, the lack 

of successful examples deter industries from continuing with the process (Golev, Corder and Giurco, 

2015). This happens because industries prefer to continue the project using well-known technical 

solutions and do not risk proceeding with new synergies as pioneers (Golev, Corder and Giurco, 2015). 

Finally, during the end of the interaction, an IS relationship can create a (vi) technological lock between 

the companies (Herczeg, Akkerman and Hauschild, 2018). In other words, building a symbiotic 

exchange on technologies that may become obsolete in the future can undermine the sustainability of 

IS. Nevertheless, if companies don't see or lose economic incentives in the by-product exchange, they 

will not participate or exit the IS. In the end, the main technological organizational objective concerning 

the sustainability of IS is to integrate sustainable technologies, which can run without undermining their 

own basis (Herczeg, Akkerman and Hauschild, 2018).  

For the technological equipment to be built, the industries need to have the right partners to cope with 

the by-product demand. For example, in a study done about the collaboration in regard to CER, it was 

concluded that the lack of adequate infrastructure represented the main barriers to IS due to the (viii) 

presence of industries with different scales (Zhang and Wang, 2014). To solve this problem, normally, 

IS is more feasible in the presence of Anchor industries (Chertow, 2000). These are big companies that 

can interlink between many businesses, and provide constant flow of by-products (Chertow, 2000). This 

is why, when there is the (ix) absence of an anchor industry in the industrial park, industrial symbiosis 
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is very difficult to implement (Gibbs and Deutz, 2005). For example, potential synergies were identified 

at Cape Charles, USA, where there were plans to use wind power to generate electricity that could be 

exported to the local grid at peak times and at times of high prices, but also to use off-peak electricity 

production to process soya beans into oil and thus a form of stored energy (Gibbs and Deutz, 2005). 

The processed bean waste would then be used for livestock feed, that would be used for fish farm 

production and water effluent from the fish farm could be used as agricultural fertilizer. However, these 

plans were shelved following the withdrawal of the anchor wind power farm (Gibbs and Deutz, 2005). 

However, even when there is an Anchor company settled, this can cause (x) asymmetric 

interdependencies (Herczeg, Akkerman and Hauschild, 2018). When IS settles around “powerful” 

companies, this can make the smaller one too dependent of the bigger one, increasing its risk. For 

example, power plants, water supply/treatment facilities and chemical producers, industries that are able 

to provide a large amount of by-products, excess utilities, or services, are normally considered anchor 

companies  (Herczeg, Akkerman and Hauschild, 2018). In addition, losing a by-product supplier or 

buyer, can happen due to (xi) partner reallocation, or due to a (xii) change in the by-product 

characteristics, which can endanger the integrity of the network (Herczeg, Akkerman and Hauschild, 

2018). This is, by-product supply and demand are subject to the primary production activities, therefore, 

risk mitigation might involve multiple buyers (suppliers). Which, on the one hand, introduces redundancy 

to the network, on the other hand, increases its resilience (Herczeg, Akkerman and Hauschild, 2018). 

Besides, the sourcing of by-products and original raw materials simultaneously might (xiii) upset 

agreements with original raw material suppliers, potentially leading to higher costs. Also, supply chain 

agreements coordinating partnerships need to be flexible in order to cope with the higher uncertainty of 

by-product supply, and need to be able to cover a multiple supplier-buyer network to ensure a certain 

resilience (Herczeg, Akkerman and Hauschild, 2018). 

Apart from having the right partners, different physical infrastructures are required. In the Laguna 

industrial park, in the Philippines, the (xiv) lack of infrastructure readiness was considered the least 

important barrier to IS stimulation (Bacudio et al., 2016). However, it can still present some difficulties, 

because the availability of industrial waste is the result of market conditions, meaning that surplus or 

shortage can occur due to the variability in supply and demand, and the different seasonal 

characteristics in different industries (Herczeg, Akkerman and Hauschild, 2018). In order to deal with 

surplus and shortage in IS, industrial waste may need to be stored, excess waste might have to be 

disposed, additional original raw materials may need to be purchased, or limited waste quantities might 

have to be divided over multiple interested buyers (Herczeg, Akkerman and Hauschild, 2018). However, 

holding to durable by-product inventory requires (xv) additional storage space and incurs costs 

(Herczeg, Akkerman and Hauschild, 2018). Other by-products like waste oils, biomass, steam and heat 

are perishable requiring even more expensive storing conditions (Herczeg, Akkerman and Hauschild, 

2018). Additionally, by-products are different from original materials, and consequently, operating with 

by-products (xvi) increases the effort in designing and operating storage facilities and production 

systems (Herczeg, Akkerman and Hauschild, 2018). 
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Table 2 represents all the identified barriers in the scientific articles. These barriers enable to have a 

better understanding of the evolution of the main difficulties in promoting IS and what barriers can be 

expected in an IS development project, like in the Relvão eco-park. The left column presents the articles 

that have studied IS barriers and the locations where these barriers were found, like industrial parks, 

eco-industrial parks, and factories. The right column represents the barriers that were identified in each 

specific study. It can be observed that there is no specific trend or evolution of the IS barriers, in other 

words, the appearance of barriers differs from case to case. However, some barriers appear more often 

than others. It is the case of the lack of knowledge, lack of capital, unwillingness to share information, 

few benefits and lack of policy support. 

Table 2: Summary of identified barriers and respective authors in Industrial Parks (IP), Eco-industrial parks 

(EIP) and Factories (F). 

Industrial parks Barriers 

(Chertow, 2000): 

Kalundborg, Denmark  

(1) Availability of better investment options; (2) Unknown real 

financial risk; (3) Lack of capital; (4) Lack of information availability; 

(5) Low continuous process waste streams; (6) Small financial 

gains; (7) Obstructive regulations;  

(Chertow et al., 2004) (1) Legal liability. 

(Gibbs and Deutz, 2005): 

USA (10 IP) 

(1) Absence of anchor industries; (2) Waste emission 

inconsistencies; (3) Lack of information sharing; (4) Lack of 

networking; (5) Lack of awareness; (6) Lack of information 

availability; (7) Different company aims. 

(Zhu et al., 2014):     

China (140 IP) 

External barriers: (1) Lack of capital support; (2) Lack of company 

policy support; (3) Lack of informational availability. 

Internal barriers: (4) Lack of tangible resources availability; (5) Lack 

of intangible resources availability; (6) Lack of trained human 

resources; (7) Lack of funding support. 

(Zhang and Wang, 2014): 

China (193 F) 

(1) Lack of technology and infrastructure availability; (2) Increase in 

operational costs; (3) Unclear economic benefits; (4) Lack of mature 

and trustworthy mechanism; (5) Presence of industries with 

different scales; 

(Golev, Corder and 

Giurco, 2015) 

(1) Lack of commitment to sustainable development; (2) Lack of 

information availability; (3) Lack of trust between participants; (4) 
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Complex technical procedures; (5) Strict regulations; (6) Lack of 

community support; (7) Lack of resource availability; 

(Siskos and Wassenhove, 

2016) 

Kalundborg EIP, 

Kokkola IP, Tarragona 

IP, Wilton IP 

(1) Lack of awareness; (2) Unwillingness to provide information; (3) 

Sceptical top management attitude; 

(Bacudio et al., 2016): 

Laguna, Philippines Eco 

park (1 IP) 

Causal barriers: (1) Lack of top management support; (2) Lack of 

incentivizing policies; (3) Lack of capital; (4) Lack of trust. 

Effect barriers: (5) Lack of information sharing; (6) Lack of 

willingness to collaborate; (7) Lack of human resource training; (8) 

Lack of awareness; (9) Lack of institutional support; (10) Lack of 

technology and infrastructure readiness. 

(Raabe et al., 2017) (1) Lack of understanding of economic advantages. 

(Ghali, Frayret and 

Ahabchane, 2017) 

(1) Lack of trust; (2) Lack of knowledge; (3) Lack of acceptance to 

invest in IS; (4) Lack of willingness to collaborate; (5) Lack of 

awareness.  

(Herczeg, Akkerman and 

Hauschild, 2018):       

USA, Europe, Asia, 

Australia Eco-parks (15 

IP) 

Organizational barriers: (1) Imbalanced risk sharing; (2) Imbalanced 

benefits sharing; (3) Partner reallocation; (4) Technological lock; (5) 

Few economic benefits. 

Operational barriers: (6) Changes in by-product characteristics; (7) 

By-product process adjustment; (8) Waste emission 

inconsistencies; (9) Changes in already established contracts; (10) 

Variability in by-product supply quantity and quality; (11) Inability of 

building additional storage space; (12) Increase of effort in 

designing and operating storage facilities. 

(Wen et al., 2018):     

IPRT, China (47 IP) 

(1) Unavailability of technology and infrastructure; (2) Lack of top 

management support; (3) Lack of incentivizing policies; (4) Lack of 

information sharing. 

The purpose of this chapter was to understand what most authors identified as the most important 

barriers to IS development. The results show that there are 5 big groups of barriers. Starting with the 

Financial barriers, these showed that, more than high investment costs, the financial risk of an IS project 

was more concerning to investors, because IS is still a relatively unknown venture. Secondly, the 
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Knowledge barriers revealed that most companies are not even aware of the concept of IS. At the same 

time, those who are aware, do not have the correct information to implement it. Thirdly, the Management 

barriers are considered the main cause for retarding IS development, because it can affect directly most 

of the other barriers and are mostly influenced by the attitude towards IS and trust between company 

managers. The fourth group are the Regulatory barriers, which hamper IS development because 

companies do not have clear regulatory guidance, at least in the European Union, on how to manage 

their by-products, and at the same time, get legally prohibited of exchanging by products due to legal 

liability or high taxation costs. Finally, the last uncovered group was the Physical and Technological 

barriers. Here, most companies lack partners that can produce a constant stream of by-products for the 

desired period of time. Additionally, the lack of trust in the effectiveness of the current technologies and 

the need of new infrastructure also contribute for IS underdevelopment.  
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3. Methodology 

3.1. Methodology structure and Grounded Theory 

To answer the research question, the social science method, called Grounded Theory, was used. 

Grounded theory is the “theory that was derived from data, systematically gathered and analysed 

through the research process. In this method, data collection, analysis, and eventual theory stand in 

close relationship to one another. Thus, two central features of Grounded theory are that it is concerned 

with the development of theory out of data and that the approach is iterative, or recursive, as it is 

sometimes called, meaning that data collection and analysis proceed in tandem, repeatedly referring 

back to each other” (Tobergte and Curtis, 2013). In this study, the qualitative data was acquired, and 

so, the Grounded theory proved very useful for studying this type of information (Bolderston, 2012). This 

analysis was done using Coding. Coding is a tool used for reviewing qualitative data like written reports 

or audio recordings and giving labels (names) to parts that seem to be of potential theoretical 

significance (Tobergte and Curtis, 2013). For example, the phrase:” Another problem for the small 

companies is the fact that they produce small waste streams” was linked to two codes, “Barrier-small 

waste streams” and “Small companies”, because the phrase mentioned small companies and small 

waste streams as a problem. After defining the codes, these were grouped into concepts, which were 

then grouped into categories or families (Friese, 2013). Additionally, all of the codes, concepts, and 

categories were related to each other, based on the information of the data, and so, forming the Industrial 

Symbiosis Promotion Model. However, Grounded Theory can present some difficulties. For example, 

coding is instructed not to have preconceived ideas, which can make the research confusing because 

there need to be already preconceived objectives for the study (Kawecki and Ebert, 2004). Additionally, 

the process of coding itself does not present a mechanism for being done (Kawecki and Ebert, 2004). 

Moreover, another difficulty is not knowing when to stop coding and when the number of codes per 

quote is enough (Kawecki and Ebert, 2004). These difficulties were overcome by constantly revising the 

research question and the main objectives of the work, as well as focusing on coding a few but significant 

codes, (Kawecki and Ebert, 2004). Grounded Theory was also used in other studies for defining other 

IS facilitation models. For example, it was used to analyze the NISP data in the study “The Evolution of 

Facilitated Symbiosis” (Paquin and Howard-Grenville, 2012). 

The methodology for building the ISPM focused on finding the most common barriers and the already 

proven IS promotion strategies. The first part was already done during the literature review. Additionally, 

other barriers and IS facilitation strategies were uncovered during semi-structured interviews with IS 

specialists. After this, questionnaires were developed and sent to experts, companies and people with 

practical experience in the field. Here, the consensus of the results was built using the Delphi method. 

Finally, all the qualitative data was analyzed using the Coding method on the software Atlas.ti 7. 
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3.2. Finding existing IS promotion models 

The first thing that was done was to analyze the content of the literature review and understand if there 

was any general strategy for promoting IS between companies. The construction of the ISPM was 

grounded on previous successful approaches and methods, thus, IS promotion models from other 

industrial parks were extracted from the literature. The ones previously talked about were the NISP 

model, the Kalundborg EIP model, and the Ulsan EIP model. They provided the outline and the structure 

for the new model.  

To better understand the evolution of barriers that were discovered in previous studies, they were 

summarized in Table 2 and organized by author, location and year. Similarly, the information related to 

the IS promotion strategies was outlined in Table 1. Both the barriers and the IS promotion strategies 

were related together, and to each strategy was attributed the IS barrier that it could overcome.   

Regarding the previous results, it was stipulated a hypothesis that would relate the presence of specific 

barriers in determined phases of each model. This hypothesis was tested by Coding the main articles 

that talked about these models. Here, when relating the IS promotion strategies and the IS barriers, it 

was assumed that even if some barriers were not explicitly mentioned, the IS promotion strategies were 

used to overcome them, so the barriers existed beforehand.  After this, more specific methods were 

searched that could help better understand how the IS barriers can be related between each other, to 

draw a course of action when developing the process.  

3.3. Interviews 

Taking the literature review results into account, it was necessary to validate them. Additionally, it was 

also necessary to define the phases of the ISPM, uncover new potential IS barriers and the respective 

strategies on how to overcome them. Therefore, the semi-structured interviews were used to gather 

information from people that have helped in the process of IS promotion and development. The semi-

structured interviews have been done in most studies from the literature review as well. For example, 

the work by Paquin and Grenville, in which they propose a generalized theory for IS development using 

the NISP model. The semi-structured interview intended to find new ideas that were missing from the 

research and opinions about how the ISPM should be done (Wilson, 2014). Furthermore, the acquired 

information was also used to complement the consensus building questionnaires for the Delphi method. 

In this context, the semi-structured interview method granted more elaborate feedback about the drafted 

model, allowing to modify, clarify, and simplify questions whenever necessary, contrary from the 

questionnaire (Bolderston, 2012). At the same time, the interviewer can collect some non-verbal clues 

of the respondent such as his body language. On the other hand, it can only be done to a few numbers 

of people, which does not enable the gathering of information from a big enough sample (Bolderston, 

2012). Another problem can be the interviewer bias. Here, interviews may make the interviewee 
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uncomfortable by revealing their identity to the interviewer. This interference is not the case with the 

surveys, where the involvement of the researcher during the answering process is insignificant.  

In this thesis, two types of interviews were constructed for different types of interviewees. The first one 

was built for the experts, like researchers and consultants. The second one was built for organization 

members, like members of associations, managers and top executives. All interviews were recorded. 

The semi-structured interview was guided by open-answer questions and the structure was divided into 

3 parts: (i) the background questions, these aimed to understand the relation of the interviewee with the 

IS procedure and also its degree of involvement on the subject; (ii) the questions about by-product 

management, that analysed  how the waste was taken advantage off and what barriers emerged during 

this process; (iii) the ISPM, which intends to understand the main characteristics of the model that can 

motivate companies to build IS between them Table 14. The main difference between the specialists’ 

interviews and the organization members interviews was the fact that, in the second case, the interview 

was focused on a specific company, while in the second case, the interview talked about many different 

case-studies. In total, eight specialists were interviewed: Dr. Inês Costa, Dr. João Patrício, Dr. Murat 

Mirata, Dr. Peter Carlsson, Dr. Malin Norling, Dr. Ellen Corke, Dr. Emma Dalvag and Dr. Jil Cardoso.   

The interview results were analysed using the Grounded Theory (Tobergte and Curtis, 2013). The 

interview audio records were transcribed into text and then analysed using the Atlas.ti 7 software (Friese, 

2014).  Atlas.ti 7 enabled to explore many research materials at the same time (Ngalande and Mkwinda, 

2014). Additionally, the software allowed to write, save memos and comment quotations and codes. 

Besides, it enabled to create and visualize categories, families and codes. These could also be related 

to each other through code networks in a creative way. Moreover, it helped create final reports 

summarizing filtered quotations. Finally, with these conditions in mind, the Coding process enabled to: 

identify all the difficulties that were presented; to identify all the strategies adopted by the companies to 

overcome these difficulties; to clarify on what the model should focus; receive the different suggestions 

and critics made to the ISPM and discover any other unexpected significant codes.  

3.4. Delphi method 

To eliminate some of the disadvantages of the interviews, like the limited sample size, the biased 

answers and the lack of consensus on clear strategies, the DELPHI method was used. This method is 

a consensus building technique “that involves facilitated, structured interaction amongst individual 

stakeholders informed on a given topic area” (Van Urk, Grant and Bonell, 2016). This technique has 

been used to show the benefits of EIPs in a circular economy (Zhao, Zhao and Guo, 2017), using expert 

opinion and for public participation in environmentally sustainable projects (Li et al., 2018). Its purpose, 

in this Dissertation, was to acquire expert opinions about the practical usability of the uncovered 

approaches in the literature review and the interviews. At the same time, it enabled the discovery of new 

potentially viable approaches given by the experts. Additionally, the DELPHI has many advantages: it 

allows for the interaction of a geographically sparse group of stakeholders; it avoids bias between 

respondents’ answers and reticence of discussion of certain individuals; it allows for the aggregation of 



34 

 

individual responses; it provides a verified pathway of how an end product is the result of stakeholder 

consultation and it enables consensus on different opinions (Van Urk, Grant and Bonell, 2016). On the 

other hand, DELPHI can present a diluted opinion of experts with more credibility in the area of study, 

leading to uncertainty on the weight of each expert on the decision making and consequently, creating 

concerns about the rating criteria for this weight (Pill, 1971).  

In this case, the DELPHI proceeded with two rounds of questionnaires and with an intermediary 

feedback report between them. The questionnaire method was used in most of the literature review 

studies as well. The questionnaires were used to get a bigger sample size and ask for the opinion of 

experts from different countries, helping to get a broader consensus on the best approach. The 

questionnaire method also assured that the participant’s identity remained utterly anonymous, 

decreasing the bias problems that the interview can cause. For example, it was used for the analysis of 

general concepts like the environmental sustainability performance in Chinese EIP (Qu et al., 2015), 

and for the evaluation of particular concepts like the technical and non-technical barriers in Italian EIP 

(Taddeo et al., 2017). With this in mind, the questionnaires aimed to discover a more specific set of 

characteristics for the ISPM, taking into account stakeholder opinion. The questionnaire was composed 

by Likert scale questions and by open questions, which helped to increase the richness of the data 

collected (Zhang and Wang, 2014). To answer the questionnaires, the chosen participants were 

researchers, managers, top executives and consultants with in-depth knowledge about IS development. 

Here the amount of participants can vary between 4 and 3000 people (Hsu and Sandford, 2008). In 

total, 35 people were selected to participate in the questionnaire but only 9 answered. The first-round 

questionnaire was structured into three parts. In the first part, the questions 1-5 gave a background 

about the participants and their view of the field of IS. The questions 6-7 intended to find the best actions 

to take before getting the companies to work together and at the beginning of the interaction. Finally, 

the questions 8-11 intended to find the most relevant barriers and respective strategies that would help 

to overcome them.  

After the questionnaire was answered, it was necessary to build a consensus between the results. For 

that, the coefficient of variation (COV) was used (Shah and Kalaian, 2009). It was also determined that 

when the coefficient of variation was smaller than 0,5 the answers had achieved a consensus and the 

question was not sent again (Yang, 2000). However, if the COV was bigger than 0,5, there was no 

consensus on the results, and the same question was sent again during the second questionnaire 

(Yang, 2000). On the other hand, the answers to open questions were analysed using the Coding 

method and the Atlas.ti7 software. Coding also helped interpret these results in combination with 

previous results, form the interviews. 

The feedback was provided to the respondents through a power point presentation after they answered 

the first questionnaire. This report was divided into two parts. In the first part, it was presented the results 

of the first-round questionnaire, by showing the mean values and the coefficient of variation of the 

quantifiable results, and a written summary of the open questions. In the second part, it was presented 

the objectives and a draft of the ISPM.  
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After analysing the results of the first-round questionnaire, a second-round of questionnaires were sent. 

In this case, these questionnaires were only sent to the people that answered the first questionnaire, 

which were 9 people. This questionnaire was divided into two parts. The 1st part (question 1-5) aimed 

to take the participants’ opinions on the alternatives suggested by them, on the first questionnaire, to 

see if any idea stands out. On the 2nd part (question 6-7), the objective was to get the opinion on the 

ISPM draft, which was constructed taking into account their previous answers.  

The answers to the second questionnaire were analysed similarly to the first questionnaire. The Linkert 

answers were analyzed by calculating the COV, and the answers to the open questions were coded 

with Atlas.ti 7. Finally, all the Delphi results were added to the previous categories, from the literature 

and the interviews, and related together using the code networks from Atlas.ti 7.  

3.5. Developing the Industrial Symbiosis Promotion Model 

The ISPM was developed using the combined results from the literature review, interviews and 

questionnaires, that proved to be the most effective. The IS promotion models research provided the 

most common IS barriers, the sequence in which they have appeared and the most common strategies 

that were used to analyse and overcome those barriers. The interview results that were chosen were 

the ones that were suggested by most of the interviewees and were proved to work in real case 

scenarios. The same thing was done with the questionnaire results.  

Here, the results were all combined based on Grounded Theory, using Coding and with the help of 

Atlas.ti 7 to form the ISPM. Here, the individual quotation, that could be related to the phases of the 

model, were linked to their respective codes. These codes represented the phases of the ISPM. Then, 

they were displayed into a visual network, where they could be ordered and related together. In this 

case, part of the model (Figure 1) had already been validated during the Delphi. The order in which the 

ISPM should be developed was based on the quotations that mentioned the time when some actions 

should be implemented (Figure 2). For example, “I really need to start by reading the context” (Carlsson, 

2018), or “Initially, the model should engage the people from inside the companies” (Corke, 2018). 

Additionally, the same procedure was followed when relating the IS barriers codes and the IS promotion 

strategies codes ( 

 

 

 

). 
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Figure 1: ISPM network with a portion of its quotations, in Atlas.ti 7. 
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Figure 2: Example of the IS barriers and IS promotion strategies linking, in Atlas.ti 7. 

Finally, the study had also planned to validate the model in the Relvão eco-park, by interviewing the 

manager of the Relvão eco-centre and the most trusted business developer from the industrial park. 

However, these interviews were not done because of these people were not available during the due 

time.   
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4. Results 

4.1. Results from uncovering IS promotion models 

Table 3 resulted from studying the three models talked about in the literature review. It represents all 

the IS barriers that were assumed to be solved by the IS promotion strategies that were found in all of 

those phases. For example, during the first phase of the NISP methodology, they implemented training 

courses on software handling, to which was assumed that there was a lack of technical tools and 

qualified human resources to develop IS. Additionally, it can be observed that most barriers do not 

appear in different phases during the same methodology. For example, in the NISP methodology, lack 

of awareness only appears in the 1st Phase, and the same happens to most barriers. The exception is 

lack of trust, unclear benefits, and unwillingness to collaborate during the Kalundborg methodology. The 

same can be said for lack of funding, during the Ulsan methodology, and lack of trust during the 

Kalundborg methodology. Additionally, from this deduction, new barriers appeared as well, in 

comparison with Table 2. These were: absence of technical tools; lack of technical knowledge; lack of 

viable partners in the region.   

Table 3 and Figure 3 were obtained using Atlas.ti 7, through Coding (The Categories used were the “IS 

strategies” (grouped the IS promotion strategies that were used in each model), “IS barriers” (integrated 

all of the IS barriers) and the “Phase1”, “Phase 2” and “Phase 3” (determined the different phases 

through which the process was developed). 

Table 3: Selected barriers for each IS promotion strategy found in the identified IS promotion 

methodologies (NISP methodology, Kalundborg approach, Ulsan approach). 

NISP methodology 
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• Lack of awareness (Cast a wide net of companies, offer training courses, on-site 
guidance and meetings, take a strategic need of resource needs, create a centralized 
eco-centre, speed dating and workshops) 

• Unwillingness to provide information (Eco-centre incentivizes information disclosure 
by awarding companies environmentally responsible companies) 

• The absence of technical tools (Training courses on software handling) 
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• Unclear benefits (Training courses, on-site visits);  

• By-product process adjustment (prioritize companies that have straightforward 
exchanges); 

• Variability in by-product supply quantity and quality (Start by creating the network 
using anchor companies) 

• Lack of trust (Organize many meetings between companies, bring together particular 
firms with exchanges) 
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• Lack of viable partners in the region (Search for companies that can provide high- 
value by-product) 

• Lack of human resource training (Provide expert counselling and training) 

• Lack of funding (Get help from an experienced third party to acquire private and 
governmental funding) 

• Regulatory barriers (Get help from an experienced third party to find potential 
exemptions) 

Kalundborg methodology 
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• Unclear benefits (Increase environmental awareness of the top executives) 

• Lack of awareness (Engage top executives in a conversation facilitator activity) 

• Small financial gains (Sharing a resource is cheaper than dumping it in the 
environment) 

• Lack of trust (Use a credible third party to create an offer workshops and training 
sessions to companies, establish supply contracts between participants, find 
companies with already established relations) 

• Unwillingness to collaborate (Communication of future plans) 
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 • Lack of trust (Companies emphasize transparency and dissemination of information, 

organize roundtables between stakeholder to present progress) 

• Lack of funding (Get funds from the regional government) 

• Unclear benefits (Acquire a strategic awareness of collaborative benefits, with 
governmental entities) 

3
rd

 P
h

as
e 

O
p

e
ra

ti
o

n
al

 
co

lla
b

o
ra

ti
o

n
 • Unwillingness to collaborate (Solve the diverse set of problems together) 

• Unwillingness to provide information (Solve the diverse set of problems together) 
 

Ulsan methodology 
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• Lack of awareness (feasibility study using company managers and governmental 
agencies); 

• Lack of management support (Engage managers in the feasibility study) 
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 • Lack of technical knowledge (project feasibility investigation);  

• Lack of understanding of economic advantages (project feasibility investigation); 

• Unclear benefits (Develop a business model); 

• Lack of willingness to collaborate (Establish contracts between companies); 

• Lack of funding (Acquire investment from the government and pay with royalties) 
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 • Lack of funding (Governmental funding and private funding); 

• Small financial gains (Proportional sharing of risk and benefits between the 
companies) 

 

 

Figure 3: Atlast.ti 7 network for uncovering the IS barriers from the IS promotion methodologies from Table 

3. 

Two IS barrier analysis methods were uncovered during the research. These methods provided 

information about how the barriers should be studied before solving them. The first identified method 

was the DEMATEL (Bacudio et al., 2016) and the second method was the Likert questionnaire for barrier 

significance evaluation (Siskos and Wassenhove, 2016).  

The DEMATEL is a method used for visualizing the structure of complex cause and effect relationships 

with matrices or digraphs (Falatoonitoosi et al., 2013). The DEMATEL method helped to solve complex 

problems related to manufacturing planning and control, administration control systems, marketing 

strategy and customer performance, safety and security measurement, success factors of hospital 

service quality; industry material selection process (Falatoonitoosi et al., 2013) and for IS barriers 
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analysis (Bacudio et al., 2016). Regarding the IS barrier analysis, DEMATEL was applied in an industrial 

park in Laguna, Philippines (Bacudio et al., 2016). The results obtained from this research are indicated 

in Figure 4. This diagram enabled the researchers to understand which IS promotion strategies should 

be used and how resources should be allocated more efficiently. In this case, they suggested that the 

facilitators should conduct “seminars, focus group discussions and other forms of information 

dissemination activities, which highlight the benefits of industrial symbiosis” (Bacudio et al., 2016). 

These strategies would involve the top management and executives of the firms to overcome the main 

causal barrier, which was the lack of top management support.  

 

Figure 4: DEMATEL prominence (D+E)-causal relationship (D-E) diagram (Bacudio et al., 2016). Causal 

barriers (upper half): B1 (Lack of top management support); B5 (Lack of policy to incentivize initiative of 

industrial symbiosis); B6 (Lack of funding to promote industrial symbiosis); B1 (Lack of trust among 

locators). Effect barriers (lower half): B2 (Lack of information sharing among locators); B9 (Lack of 

willingness to collaborate); B4 (Lack of training for implementing industrial symbiosis); B10 (Lack of 

awareness); B8 (Lack of institutional support for integration, coordination and communication); B7 (Lack 

of technology and infrastructure readiness).  

Additionally, another study done to four industrial sites (Kalundborg network in Denmark, Kokkola 

Industrial Park in Finland, Tarragona chemical complex in Spain and Wilton International site in the UK) 

used a Linkert questionnaire to evaluate the main IS barriers (Siskos and Wassenhove, 2016). The 

questionnaire used a 5-point Likert-type scale ranging from “not a barrier” to “extreme barrier.” In this 

case, the study argued that financial and economic barriers of IS were the most significant barriers and 

that to overcome them, the companies should change their business approach. To solve this challenge, 

the study proposed that a synergy contractor should assume the financing, construction, operation, and 

maintenance of synergistic projects on behalf of the participants (Siskos and Wassenhove, 2016). 

Therefore, by uncovering the most significant barriers, they delineated a plan to address mainly the most 

significant ones.  
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4.2. Interview results 

By coding the interviews (Figure 8), it was possible to get an integrated analysis of the interviews results. 

In this context, the main coded categories were “IS barriers” (all of the IS barriers mentioned in the 

interviews), “IS promotion strategies” (all of the actions used to promote IS), “Facilitator” (the types and 

roles of the actors that can help on the process of IS development), “Objectives of Methodology” (what 

should be the result of applying the IS promotion model) and “Methodology steps” (different phases for 

promoting IS). 

Objectives of IS Promotion Model 

The IS promotion model should be standardized in a way that presents well-defined steps that can be 

followed (Patrício, 2018). However, it should be adaptable to reduce the risk of getting stuck (Mirata, 

2018), (Carlsson, 2018). The model should work as a guide for IS developers, allowing them to avoid 

common mistakes (Carlsson, 2018). At the same time, the material should serve as a source of 

inspiration and tips on how to start an industrial symbiosis (Carlsson, 2018). This model can help people 

to structure their thoughts, but in actual implementation, it needs to leave enough space for flexibility 

(Mirata, 2018). 

Promoting IS can be a slow and painful process for the individuals involved (Mirata, 2018). These people 

need to be persistent and overcome internal resistance (Mirata, 2018). Therefore, the model needs to 

create the conditions to support the idea internally, within the organization (Mirata, 2018). It must also 

be combined with personal interactions and not something to be given and followed (Corke, 2018). In 

other words, the participants should be engaged in building the model as well, and the companies should 

do it with someone that could help them (Corke, 2018). Another reason for this is because the most 

profound opportunities are identified by the actors themselves (Mirata, 2018). As a result, it is useful to 

start by using an IS facilitator that can initiate the interaction and catalyse it in a way that it can occur in 

a self-organized manner (Patrício, 2018).  

To create this network of people helping each other, the model should focus on forging trust between 

them. Trust is one of the most critical elements for developing IS and creating better relationships 

between the actors because it is the backbone of IS (Mirata, 2018). In this case, the IS promotion 

methodology should focus on establishing personal relationships between company managers, with the 

help of middlemen (Costa, 2018). It is essential to make the actors speak with each other, to make them 

understand themselves and be able to develop a vision where they understand that together, they will 

be stronger (Mirata, 2018). In the end, companies can continue to develop other IS, if there is trust 

between them (Patrício, 2018).  

Regarding the objectives of the methodology’s structure, it was proposed that the model should be 

aware of the wide range of barriers that can arise and the diverse set of strategies that can be followed, 

rather than having a rigorous flow of barriers (Patrício, 2018).  There is not only one element that blocks 

IS, and these elements are related and affect each other, at different stages of the process (Mirata, 
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2018; Patrício, 2018). As a result, the model could provide the tools and understanding to address them 

as they arise (Mirata, 2018). This reason is why it should be established a methodology to help overcome 

the IS barriers at different stages of the process (Costa, 2018; Mirata, 2018).  

Phases of the IS promotion model 

IS promotion should start by reading the context (Mirata, 2018). In other words, studying the local 

conditions of the region should be the starting point (Carlsson, 2018). This step is essential because the 

strategies that are being suggested need to be adapted to the IS being defined (Patrício, 2018; Mirata, 

2018). The context should take into account the kind of actors that are in place, how they could support 

the development of IS, the relationships between the available actors, individual interests and concerns, 

the by-product flow process, the level of knowledge available and the availability of facilitators (Mirata, 

2018). This process can be easier if the promoter engages with an actor that already knows the 

conditions in the region. For example, in the Sotenas are in Sweden, the local administration supported 

on symbiosis centres that already knew about the local challenges and conditions (Carlsson, 2018). 

When contextualizing it is also helpful to do a barrier analysis together with these actors, before 

engaging the companies, to have a picture of the status quo (Dalvag, 2018). Sotenas, a small 

municipality with a strong local connection, made it easier to start because the CEO were living there, 

they knew each other, and they had already collaborated about other things (Dalvag, 2018). As a result, 

there was top management support 

After contextualizing, it is important to decide on what type of IS should be promoted first. The IS 

promotor should try to find the lowest hanging fruit, in other words, it should start with the one thing that 

is very easy to implement and requires a minimal investment (Carlsson, 2018). The lowest hanging fruit 

can be a company that has large flows of raw materials and waste, as a utility company, to then expand 

the network (Carlsson, 2018), (Corke, 2018). These companies are also the ones that are most willing 

to continue (Corke, 2018). Joining partners that have a common problem, can also be an efficient way 

to start the process, like in Kalundborg (Dalvag, 2018). Also, selecting the companies with very 

ambitious goals (Corke, 2018). Regarding the characteristics of the people from inside the companies, 

it is easier to start with someone that already has a high degree of interested in IS, because someone 

must take the lead of the process (Corke, 2018). This person should also be the engine of the change 

process of the symbiosis and someone that is keen on getting the people together and getting the pilot 

projects going (Dalvag, 2018).  

In Sotenas, they have developed a step by step model, to help promote IS (Carlsson, 2018), with the 

help of the municipality and the universities. The first phase was denominated “let's be inspired.” It aimed 

to make the participants inspired and acquainted with the knowledge and experience of other successful 

cases. In this phase, the participants gain a greater understanding of the work method, the benefits and 

obstacles that can appear along the way. Educating the companies about these aspects can develop a 

commitment to the issue and will contribute to the development in the long and short term. 



44 

 

The second phase was denominated “Draw your own nightmare.” Here, the interaction between the 

participants is drawn, to get an overview of the existing collaborations. Additionally, knowing that 

cooperation already exists and works, it can be used as a springboard for new symbiosis. In this phase, 

the participants already try to choose an actor that has large flows of raw materials and waste. After 

that, it is possible to expand the network to the players that are related to the first one. People with good 

local knowledge and knowledge of the companies should also be involved. 

In the third phase, the participants need to understand what benefits they can get from the symbiosis. 

These benefits can be quantified into a number of jobs created, GHG emission reduction, number and 

reduced number of tonnes of landfilled waste. Strengthening both the relations between the local actors 

and bringing new companies to the region are also indirect benefits.  

During the fourth phase, to succeed in the longer term, a process owner needs to be clearly defined, 

this can be someone who can be the engine that drives development. This person depends on the local 

prerequisites, and it needs to be someone who believes in the concept and can get a mandate to work 

with it. This person should also have some experience working with sustainable development, business 

development or development strategies within municipalities. At the same time, the companies should 

set up common goals for the work. This strategy provides clarity and engages all of local participants. 

After this, invite the companies to discuss IS possibilities. 

During the fifth phase, the IS promotion starts. Here, the promoter needs to be very well prepared. He 

needs to do some research before showing the potential benefits of IS. He should always start with the 

company’s needs and challenges, to actually help them solve the problems. All of the actors need to be 

engaged in problem-solving, together. 

The sixth phase is called “test and demonstrate.” In order to achieve results and to reach further 

acceptance, it is decisive to implement and test the new symbioses, at a small scale. This initial work 

often shows opportunities for cooperation and opportunities to streamline resource flows. By 

implementing and testing the symbiosis, it increases the commitment and attracts new players to the 

network. This strategy is the best way to get the desired benefits. Another advantage of this is that it 

requires a small investment. By showing that it goes and what benefits there are, it is easier to make 

the project grow. This beta-test can help convince public entities to provide funds, to grow the project.  

Finally, during the seventh phase, when the process starts to perform, the results need to be evaluated 

to understand if the initial goals are being met, to know if the project is going on the right track. Also, this 

is the time to update the goals and the indicators and to link the work to other parts of the company. 

Facilitator 

Finding and working with a facilitator was mentioned by every interviewee. There are many types of 

facilitators, and each one of them has a different role in IS promotion. The facilitator needs to be an 

entity that is neutral, credible, knowledgeable, well connected and have some power to influence 

behaviour (Mirata, 2018). A facilitator is an actor that is the engine of the change process of the 
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symbiosis (Dalvag, 2018) and someone that is keen on getting the people together and getting the pilot 

projects going (Dalvag, 2018), (Patrício, 2018). Even more, the facilitator does not need to be a person. 

What is relevant is the facilitation function (Mirata, 2018). Choosing a good facilitator will depend very 

much on the context, type of symbiosis that is being developed and on the facilitation function that it is 

necessary to achieve (Mirata, 2018), (Patrício, 2018). The role of the facilitator should be to make the 

companies start to think that by acting together, they can collect gains that they cannot collect alone 

(Mirata, 2018). The facilitator can already have the knowledge and the technological resources (Mirata, 

2018). The facilitator can help find opportunities for the companies, bring them together and establish 

the terms for the waste exchange (Mirata, 2018), (Costa, 2018). The facilitator can do the technical work 

for the partners, as well (Carlsson, 2018). For example, when it is necessary to do a system flow analysis 

of the participants, the facilitator should do it (Carlsson, 2018). Here, the facilitator can have access to 

researchers and financial investment from the government (Carlsson, 2018).  

Regarding the previous definition, the municipalities can act as an effective facilitator. The municipalities 

can serve as a bridge to contact regulation entities (Mirata, 2018). Additionally, the municipality can 

dedicate some people from their staff to feed the engine (Dalvag, 2018). Here, the municipal employees 

should be resourceful, well-educated and have business development departments (Mirata, 2018). At 

the same time, the municipality workers can coordinate projects and schedule meetings with the 

companies (Norling, 2018). As a matter of fact, the municipality can reference another company which 

helps to already build some trust between the participants (Patrício, 2018). They also educate their 

colleagues like the real estate and the business network departments, for them to help in promoting IS 

(Norling, 2018). For example, in the Malmo municipality, there is a grain and mill company which collects 

the farmers’ harvest to make flour (Norling, 2018). They need to move location until 2030 because they 

are occupying a territory destined for habitational construction and not for industrial activities. As a result, 

this created a motivator to find a place where they could benefit by creating IS. To convince the mill, it 

is vital to engage with the real estate department of the municipality, to find a place where the company 

can easily develop IS with another partner (Norling, 2018). The municipalities can also provide access 

to the universities and funds (Dalvag, 2018).  

In the private sector, it is also possible to find IS facilitators. In this case, the ones that are most willing 

to continue the cooperation are the ones that are system owners in the city, like the utility companies 

(Corke, 2018). These companies have enough money and time to look for partners. They also have 

environmental departments with specialized people (Patrício, 2018). For example, the ones that own 

the electric grid, the waste management companies or the water treatment, are the companies that are 

most willing to continue (Corke, 2018), (Mirata, 2018). In this respect, waste management companies 

can serve as facilitators (Mirata, 2018). These facilitators can already have the knowledge and 

technology resources (Mirata, 2018). Similarly, waste management companies understand how the 

waste is created, providing a more in-depth perspective of the process (Mirata, 2018). However, they 

can be secretive about the opportunities that exist, to prioritize their self-interest (Mirata, 2018). 

Furthermore, other companies can also serve as facilitators. Here, a third company, like a start-up, can 

build the symbiosis and the big company pays rent for it (Carlsson, 2018). For example, in the Sotenas 
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symbioses network, they have large fish processing systems (Carlsson, 2018). These companies saw 

the need to get rid of their waste but could not invest. As a result, some entrepreneurs saw the potential 

of creating biogas with the fish waste treatment plant, where the fish companies paid just for the service 

(Carlsson, 2018). 

Other facilitators are the industry representatives, like CEO, industrial associations or company 

employees. The individuals within the companies are also very important facilitators (Mirata, 2018). They 

can play a significant role at different stages of the process, by raising awareness about what IS is and 

what it can do (Mirata, 2018). They can also help create relations between the actors and help them 

identifying opportunities (Mirata, 2018). On the other hand, there can be a core group with specific 

people, which can have different competencies in different industries, like water, energy, waste, 

financiers and technology providers (Mirata, 2018). For example, in Kalundborg there was created a 

symbiosis board, which are the CEO of the biggest companies, which together meet and continuously 

evaluate new ways of creating IS (Dalvag, 2018). Additionally, at a regional level, the chosen facilitators 

are the local authorities like the Associations of companies from the same industries, or the Eco centres, 

if they are sited in Eco-parks (Patrício, 2018).  

Finally, there are the IS specialists, like the consultants, university professors and researchers from 

different centres and institutes (Carlsson, 2018). The specialists can act as ambassadors and help 

attract new companies into the system (Carlsson, 2018) because they have the contacts and the 

necessary credibility in a specific area like IS. The researchers engage the companies in networking 

meetings to make them interested in being a part of the network (Corke, 2018).  Additionally, academia 

and consultancy can help better understand the full range of benefits of IS  (Mirata, 2018). 

Engaging the companies 

From the interviews, four types of IS barriers of knowledge and information were uncovered. In the 

beginning, there is a lack of knowledge about the concept of IS. Most companies had not even heard 

about the concept of IS nor Circular economy (Carlsson, 2018). Additionally, even if some companies 

were interested in the process, they did not have access to the information (Mirata, 2018). On the other 

hand, other companies did not even know how to make money out of it, because they did not know what 

business model should be applied (Mirata, 2018). To solve this barrier, knowledge can be promoted by 

making companies meet each other, by organizing seminars and including them in the discussions about 

the project (Carlsson, 2018) (Norling, 2018). These meetings can even be made in each other’s 

companies to include a visit and generate new ideas as well (Norling, 2018), or during breakfast for 

networking and brainstorming between the company managers, operational personnel and the business 

developers (Corke, 2018). Hiring a facilitator can also put the company’s actors in contact with each 

other and answer more specific questions (Patrício, 2018).  

The second identified knowledge and information barrier was the unawareness of IS opportunities. 

Some companies did not develop IS because did not even know about the possible opportunities and 

partners (Mirata, 2018), (Patrício, 2018). This barrier can also happen because the companies might 
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think that they are not allowed to share by-products or because they think that partners do not want to 

share (Corke, 2018). Awareness of IS can be created by fostering the relationship between the actors, 

which can make them discuss new ideas and uncover new opportunities (Mirata, 2018). Organizing field 

visits with groups of company representatives can also help generate awareness for new opportunities 

(Norling, 2018). Usually, there is more awareness between companies that already did business 

together (Corke, 2018). In this context, the IS promoter can also map the already established relations 

between the IS participants, to convince them (Corke, 2018).  

The third barrier is the lack of knowledge about the benefits of participating in an IS (Mirata, 2018). 

Estimating the financial gains, the benefits of a sustainable image, the decrease in future risks, the gain 

in credibility and the improvement in access to funds is uncertain, although essential to awake the 

companies’ interest (Costa, 2018). This way, some companies consider IS something peripheral and do 

not allocate the necessary resources to find new opportunities (Mirata, 2018). Therefore, to address this 

issue, companies can visit successful industrial parks (Costa, 2018), and engage with universities and 

consulting companies to provide a better understanding of the benefits that companies can get, from 

exchanging their by-product (Mirata, 2018). 

Another barrier related to the lack of knowledge and information categories is the lack of trained and 

competent human resources on IS process. This barrier emerges typically after the companies become 

interested in the process and start working together (Carlsson, 2018). To solve this barrier, the 

companies can invest in seminars about the technical aspects of the by-product exchange, for their 

employees (Carlsson, 2018). 

An uneducated community can also present a barrier that can hamper IS development (Dalvag, 2018). 

The public may fear the environmental repercussions of the symbiosis. 

Another category of IS barriers that was analysed was the company management barriers. In this case, 

the lack of trust between the participating actors was considered to hinder the further development of 

the process (Costa, 2018). To overcome this issue, first, it is important to show to the management that 

their companies come in first place, by addressing their needs and challenges (Costa, 2018), (Carlsson, 

2018), and also make the companies meet each other (Norling, 2018). This meeting can be better done 

if one company can host the meeting and present its business to each other (Norling, 2018). Trust can 

also be built using a facilitator in whom both companies rely on, who can organize brainstorming 

meetings and mediate the interaction (Corke, 2018), (Costa, 2018), (Patrício, 2018). Companies should 

also sign contracts to feel that they are both committed to the projects (Patrício, 2018). Moreover, to 

forge trust long term, companies should engage in small steps at a time and continuously meeting each 

other (Carlsson, 2018), (Norling, 2018). Here, the actors should be motivated to solve problems together 

(Corke, 2018). This trust is facilitated if the actors are from the region where they are developing the 

process, because this way, they have a mutual connection to the place (Dalvag, 2018).  

The lack of trust leads the companies to be unwilling to share information between them (Norling, 2018), 

usually the data that is related to the product development. Making companies share information bit by 
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bit, starting with their resource flows proved to be a successful strategy in Malmo (Corke, 2018). Big 

companies might be unwilling to collaborate due to the fear of losing control of the process, which can 

present a risk for them (Dalvag, 2018). In this case, it is easier to make big companies work with smaller 

companies, where they can feel as they are “the big fish in the pawn” (Dalvag, 2018).  

Lack of internal policy support was also mentioned as a factor that can difficult the development of IS 

(Costa, 2018), (Mirata, 2018). This barrier can be caused by the culture of the company, which may not 

embrace sustainable development (Costa, 2018), and enable them to deviate from their core business 

(Dalvag, 2018). Furthermore, the companies may not present the right governance mechanisms (Mirata, 

2018) that would enable the employees to be more flexible to develop this kind of projects. At the same 

time, the company’s business models may also be unfavourable for by-product exchange (Mirata, 2018).  

To solve these problems, companies should foment institutional capacity building. For example, at a 

petrochemical complex in the south of Sweden, which creates a lot of waste heat, they have expanded 

their park around the complex, and now they have attracted other companies to which they can sell their 

cheap heat (Dalvag, 2018). They also make an input-output analysis of the waste streams of other 

companies so that they can tap into each other waste streams as well (Dalvag, 2018). 

The last identified barrier, in this category, was the lack of top management support. For the project to 

proceed, it is crucial to convince the management (Costa, 2018). The management may consider the 

project too risky or too demanding of time and money (Mirata, 2018). Additionally, they may have other, 

more important priorities (Mirata, 2018). The project is dependent on the individual leader within the 

company (Dalvag, 2018). For example, in Dals-Ed municipality, three big companies were interested in 

making the IS work (Dalvag, 2018). However, one of the companies changed its CEO, which changed 

the whole dynamic of the system. This CEO thought this was a waste of time, and because of this one 

person, the whole system fell. The other CEO lost interest as well. To overcome this barrier, the facilitator 

can start by convincing a prone trustworthy employee, that can work as an inside facilitator and then 

convince the management to proceed further (Corke, 2018), (Carlsson, 2018). Addressing the 

managers that have an open-minded about new ventures can also be useful (Carlsson, 2018). Another 

strategy can be getting a trustworthy and credible manager interested in developing an IS project 

(Ricardo, 2018). This strategy can help motivate other actors to invest in IS as well. This person should 

be a credible investor, such that IS can gain the trust from the financial institutions and other managers 

from the region. The person that is behind the project must have had successful experiences in business 

development (Ricardo, 2018). 

The third category was comprised of regulatory barriers. In this context, regulatory permits are presented 

as a barrier for IS development. These permits require much time to acquire, in some cases, up to 5 

years (Carlsson, 2018), (Mirata, 2018). This barrier can be overcome by making the companies go 

through the process of getting licensed as a waste management operator, or by classifying their waste 

as a by-product (Costa, 2018). Another strategy can be giving the technology centres the ability to 

provide these permits to the companies, to decentralize tasks from the Environmental Agencies (Costa, 
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2018). This barrier can also be overcome if the companies contact the municipality, which can organize 

meetings with the regulatory actors, and this way, solve the problem together (Norling, 2018).   

Apart from the regulatory permits, there are high taxes to pay, as well. High taxes can increase the pay 

back-time, which can make the project financially unsustainable (Mirata, 2018), (Norling, 2018). This 

problem can be solved if the companies apply to national programs for sustainable development 

(Dalvag, 2018). Additionally, they can contract a consultant or meet with the municipalities to work 

together in ways to decrease these taxes (Corke, 2018), (Mirata, 2018).  

The fourth category was the financial barriers. Some companies did not have enough available capital 

to finance the project. Typically, the small and medium companies are the ones that are the most 

affected by this (Patrício, 2018). Some companies are being approached during the wrong investment 

cycle (Corke, 2018). The best way to overcome this barrier is by finding a partner that can finance the 

project without requiring an initial investment from the other partner (Carlsson, 2018), (Norling, 2018). 

However, in this case, finding financial sources can also present its challenges. Lack of funding of new 

techniques is also an IS barrier that can prevent the companies that have the opportunity to develop a 

sustainable IS project (Corke, 2018). This barrier can be solved by developing profit sharing 

mechanisms (Mirata, 2018). Additionally, the research costs can be charged to the researchers, who 

can get from the Governmental research funds (Carlsson, 2018). The companies can also participate in 

EU and national funding programs for sustainable development (Norling, 2018), (Corke, 2018).  Finally, 

financing can be more easily obtained if the CEO of the company has a credible financial record to the 

banks and other investors (Ricardo, 2018).  

Even if the money is available, the investment might not bring enough benefits to cover the risk. Some 

companies have internal rules, where if they are investing, they need to have a payoff time of fewer than 

two years, for example (Carlsson, 2018). However, the IS payback time is larger than two years. Usually, 

the larger companies, owned by international consortiums, have the hardest policies on this matter 

(Carlsson, 2018).  

On the other hand, there might be substantial benefits, but the investment risk it too high. For example, 

market conditions might change due to a change in energy prices (Mirata, 2018). To overcome this 

barrier, it is easier to start by communicating the project to more open-minded people within the 

organization (Carlsson, 2018). After this, it is crucial to create a proof of concept to resent something 

tangible and real to the decision makers and also to test the project in real life application (Dalvag, 2018). 

Furthermore, even if the risk and return for the project are acceptable, the company might have other 

priorities, and so, not have enough time to focus on IS (Mirata, 2018). The companies do not have time 

to search for partners or IS opportunities (Patrício, 2018).  This barrier can be solved if there is a third 

company that needs to invest, like a start-up, who can build the symbiosis, and makes the hosting 

company pay a rent for it (Carlsson, 2018). For example, in Sotenas symbiosis system they have a large 

fish processing system (Carlsson, 2018). These companies are all owned by Norwegian consortiums, 

and they have a common challenge with bio-waste water treatment. Here, some entrepreneurs saw the 
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potential of creating biogas with the waste treatment plant, and the large companies saw the need for 

this as well but could not invest. As a result, the entrepreneurs started a company to construct the biogas 

plant and the larger companies paid for the service, shifting the project responsibility from the company 

to someone else (Carlsson, 2018). 

The fifth and final IS barrier category encompassed the physical and the technological barriers. In the 

beginning, the companies start by searching for a compatible partner that produces the right type of by-

products. However, there can be a lack of companies with the right characteristics, in the region (Corke, 

2018). In this case, a facilitator, like a municipality, can find and establish the contact between the 

potential partners (Carlsson, 2018). At the same time, the facilitator also can convince the partner to 

move to the symbiosis network (Norling, 2018). 

On the other hand, there might exist some compatible companies, but they produce a small waste 

stream, that is not enough for the other partner (Patrício, 2018). To overcome this barrier, it is necessary 

to engage many small companies that produce small amounts of waste and link them to the receiving 

company through contracts (Patrício, 2018). 

Even with the presence of compatible partners in the network, the technology to handle the by-product 

might not be available. As a result, companies might wait for an extended amount of time to get the right 

type of technology. This technology can be more easily acquired if the company engages with 

universities and consultants, who are knowledgeable about the right type of technology necessary 

(Mirata, 2018), (Patrício, 2018). Engaging companies, like waste management actors which already 

have the technology, can also simplify the process even further (Mirata, 2018).  

Similarly, to the last barrier, lack of infrastructure availability, like the pipe network, storage facilities or 

equipped vehicles, can also hinder IS development. In some cases, it can even cause divergences 

between the companies. For example, the participants might want to develop the relationship, but no 

one is willing to pay for the infrastructure, halting the entire project (Dalvag, 2018). To solve this problem, 

a third party can be added to the system, which already has the infrastructure in place, like a waste 

management company (Mirata, 2018). Finally, having the technology and the infrastructure in place 

might still, not be enough if the by-product cannot be exchanged due to the lack of supply channels 

(Mirata, 2018).  

4.3. Delphi results 

Results of the 1st questionnaire 

Regarding the results from question 6 (What should be the first action, before getting the companies 

together, to establish a viable symbiosis?) these are divided into two parts, the Linkert answers in Table 

4 and the participants’ answer justifications and their new suggestions.  

Table 4: Linkert answers to question 6 from the 1st Questionnaire. 
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Action Mean Variation 

coefficient 

Get a credible third party (organization or person) to engage and lead 

the companies to create an IS. 

4,44 0,15 

Start by engaging a wide net of geographically close firms and discover 

potential IS relationships. 

4,33 0,15 

Engage the firms that have already established close commercial 

relationships between them. 

4,22 0,15 

Do a feasibility study about the resource needs and supply in the region.  4,11 0,18 

As for the most agreed actions, the participants justified that contracting a third entity was considered 

important because it could advise, motivate and lead the development of the symbiosis, it could help 

with the transportation and purification of the exchanged products and because, in the beginning, it 

would be better to start at a smaller scale. Additionally, involving close companies was considered an 

important first action because it could already help make the logistics process, a significant component 

of IS development, more efficient. Moreover, the development of a preliminary study on the demand and 

offer of resources in the region was also considered relevant. 

On the other hand, as for the least agreed actions, the participants justified that, contracting a third party 

and involving a vast network of companies at the beginning was not considered so important. 

Additionally, doing a preliminary study on the demand and offer of resources in the region could limit the 

identification of alternatives. 

A suggested first action was the previous communication of opportunities, benefits and added value of 

developing IS, to companies. Another one was doing a life cycle assessment.  At the same time, all 

actions were considered important. However, they were heavily dependent on the type of symbiosis 

being created. 

Regarding the results from question 7 (What should be the most effective action to get companies 

interested in Industrial Symbiosis?), these are divided into two parts, the Linkert answers in Table 5Table 

4 and the participants’ answer justifications and new suggestions.  

Table 5: Linkert answers to question 7 from the 1st Questionnaire. 

Action Mean Variation 

coefficient 
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Organize workshops that teach about the operational process of 

industrial symbiosis. 

4,44 0,19 

Inform a wide net of companies about the business advantages and 

disadvantages of implementing industrial symbiosis. 

4,33 0,15 

Organize field visits at companies that had successfully established 

industrial symbiosis relations. 

4 0,20 

For this question, the participants justified that organizing workshops about the IS process could be 

important because it could provide an in-depth understanding of the process and it could already 

capacitate the companies to develop IS. It could also provide opportunities for the exchange of 

experiences practically and openly. Additionally, providing an overview of the economic and 

environmental advantages and disadvantages of participating in an IS was also considered relevant, 

because companies can see it as a competitive advantage. Showing successful case studies was 

considered important as well.  

While for the least agreed actions it was justified that field-visits were not considered as relevant 

because it wasted too much time and each case is different. Additionally, just providing the advantages 

and disadvantages can be too indirect. All actions could also be considered irrelevant if there was no 

incentive provided for the company to develop IS. 

All of the actions were suggested to be important, if the Associations of the different sectors could help 

to communicate them, as a way of generating interest in companies. 

Regarding the results from question 8 (What should be the key aspect that the companies should focus 

on to make them work together?), these are divided into two parts, the Linkert answers in Table 6 and 

the participants’ answer justifications and new suggestions.  

Table 6: Linkert answers to question 8 from the 1st Questionnaire. 

Action Mean Variation 

coefficient 

Establish contracts between companies, during the process, to manage 

the risk. 

4,11 0,18 
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Both companies already know the potential benefits of exchanging by-

products. 

4,00 0,12 

Both companies should be willing to take the lead in the process. 3,89 0,19 

There needs to be a high potential rate of return on the investment 

necessary for developing the project, for both participants. 

3,89 0,22 

Contract a mediator that can help to facilitate the symbiosis process. 3,44 0,24 

The companies should already be engaged in other commercial 

activities with each other. 

2,78 0,23 

The justifications to question 8 referred that obtaining a high rate of return on investment is very 

important because it would enable the sustainability of the project. Additionally, to manage the risk of 

the project, stipulating contracts between the companies would also enable them to work together. At 

the same time, the companies should also have a clear notion of the pros and cons of the relationship 

through training, to overcome fear and turn competition into opportunity. In general, all strategies could 

be useful, depending on the type of companies working together. Both companies should be willing to 

lead the process because when problems arise, either one is willing to solve them. 

However, as for the least justified answers was noted that having already worked with other companies 

and depending on a third entity to help companies work together, were considered the least important 

strategies. 

A high rate of return was also suggested not to be necessarily required, but just a non-negative rate of 

return. 

Regarding the results from question 9 (What do you consider to be the most significant difficulties when 

companies exchange waste and energy with each other?), these are divided into two parts, the Linkert 

answers in Table 7 and the participants’ answer justifications and new suggestions.  

Table 7: Linkert answers to question 9 from the 1st Questionnaire. 

Action Mean Variation 

coefficient 

Regulation and bureaucracy. Ex.: Existence of restrictive regulations. 4,67 0,10 

Technology and infrastructure. Ex.: Some processes require complex 

technologies that are difficult to acquire. 

4,00 0,17 



54 

 

Trust. Ex.: Some potential partners can be working with the competition 

and thus, disclose confidential information to them. 

3,89 0,19 

Regulation and bureaucracy. Ex.: Inexistence of state aid through 

financing. 

3,89 0,26 

Investment. Ex.: High capital costs of acquiring the technology necessary 

to transform waste into raw material.  

3,78 0,17 

Management. Ex.: Getting the support of the management team. 3,33 0,24 

As for the most significant barriers, the participants justified that the management barrier was considered 

very important because it controls if the project goes forward or not and it can help overcome the other 

barriers. Strict regulations on waste are important because it can prevent the exchange of by-products. 

Additionally, if there are small financial gains and a long payback time the project becomes 

unsustainable which hinders the development of IS. At the same time, the project won't advance if there 

is no trust between the companies. 

On the other hand, it was considered that state financing is usually not significant because funds are 

minimal, and they do not apply to most projects, so companies do not count on it. Management support 

can also be insignificant because if the project is sustainable, they usually do not prevent its 

development. 

Two strategies were suggested for addressing the barriers. In the first strategy, the promoter starts by 

gaining the support of the management because these start by leading the project forward and without 

a team, nothing can be developed. Then solve the regulatory barriers because, without these, the project 

would be illegal and then change the company’s policies to develop the technical components like the 

financial support and the necessary technologies.  

In the second strategy, the promoter starts by defining the availability of technology and financial support 

for the project. After this, overcome the regulatory barriers. Finally, use this as leverage to convince the 

management. 

Regarding the results from question 11 (Evaluate the best solutions for each barrier) these are divided 

into two parts, the Linkert answers in Table 8 and the participants’ answer about the strategies on how 

to solve the barriers. 

Table 8: Linkert answers to question 11 from the 1st Questionnaire. 

Barrier Solution Mean Coefficient of 

Variation 
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High investment 

requirements 

Prepare a business model with all the tangible and 

intangible benefits. 

4,44 0,15 

Share costs and benefits between IS partners. 4,33 0,15 

Search for governmental funds.  4,00 0,11 

The technology is 

very complex. 

Prepare meetings with experts to discuss specific 

technical and strategic management issues. 

4,44 0,15 

Prioritize forging relationships with big waste 

producers. 

4,00 0,17 

Build common infrastructures between the 

participants. 

4,00 0,24 

Lack of management 

support 

Engage managers to participate in the feasibility 

studies of the project. 

4,55 0,11 

Get together companies with resource needs and 

favourable regulation. 

4,55 0,11 

Inform a wide net of companies about the IS 

advantages, for managers to feel that there is a 

widespread interest in IS and that they are not 

isolated.  

4,33 0,15 

Contract experts to enlighten about IS 

opportunities. 

4,33 0,19 

Lack of awareness 

about Industrial 

Symbiosis 

Workshops that teach about the potential IS 

exchanges or partnerships. 

4,44 0,15 

Publish success IS stories in newspapers. 4,11 0,18 

Organize round tables for face to face discussions 

among 30 to 40 companies at a time.  

3,89 0,19 
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Lack of trust Make companies solve problems together. 4,33 0,11 

Establish many types of contracts between 

companies. 

4,33 0,15 

Appoint a mutually trusted specialist to help create 

social relations.  

3,78 0,17 

After the identifying the most important solutions in Table 8, the participants suggested some solutions 

to solve the barriers.  

Table 9: Suggested strategies by the participants to solve IS barriers (question 11) 

Barrier Strategies suggested 

Investment 

barrier 

Promote information sharing between partners; Development of pilot tests; 

Prepare a business model; 

Technological 

barrier 

Expand and share infrastructure with other companies; Organize intra-companies 

meetings; 

Management 

barrier 

Present already developed successful projects; Present available financing 

solutions; Seek the support of business associations or trade associations; Involve 

technical experts; 

Awareness 

barrier 

Involve Universities and schools; Involve Associations; Create an online platform 

to divulge case studies; Show success examples and encourage visits to these 

companies; Do an internal evaluation. 

Trust barrier Present successful cases; Present advantages; Show success examples and 

encourage visits to these companies. 

Results of the 2nd questionnaire 

The 1st question from the 2nd questionnaire asked the participants if they considered important any of 

the suggestions made, about the first action to take before starting to develop a particular symbiosis. 

Here, the participants answered that for the companies, to understand the opportunities of developing 

IS projects, they should contract a credible external agent, such as an administration or organization. 

On top of this, showing success stories and doing an LCA to identify the critical aspects and the 

advantages of the process could inspire and motivate the companies as well because, without this, there 
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would be no action. Additionally, involving geographically close companies was considered an important 

first action because it could already help make the logistics process. 

The 2nd question from the 2nd questionnaire asked the participants if they considered important any of 

the suggestions made, about the most efficient action to get the companies interested in developing IS. 

As a result, the participants considered that the most attractive thing for companies would be to know 

the economic advantages derived from the integration in an IS project, as well as the business 

opportunities that would emerge, to strengthen their market. Additionally, Associations could help 

organize workshops that teach about the operational process and show successful case studies. 

The 3rd question from the 2nd questionnaire asked the participants if they considered important any of 

the suggestions made, about the key aspect that the companies should focus on, to make them work 

together. The participants considered that companies could overcome the barrier of competition through 

dialogue. This can be achieved with the help of a third party that can help in stipulating contracts between 

the companies. 

From the 4th question of the 2nd questionnaire, Table 10 was constructed. It represents the sequence on 

which the barriers could be solved. The mean values attributed to each barrier shows how much the 

participants agreed with the position of any barrier, about the previous and later ones.  

Table 10: Participant consensus about the order to address the proposed barriers. 

Barrier position Mean 
Coefficient 

of variation 

1st Awareness. Ex.: Most companies do not know the IS process, 

and their possible IS partners.  

4,57 0,04 

2nd Risks and benefits. Ex.: Most companies do not know about the 

potential risks and benefits that IS can entail, which can cause fear 

of the unknown.  

4,43 0,04 

3rd Management. Ex.: Getting the support of the management team.  3,86 0,08 

4th Trust. Ex.: Some potential partners can be working with the 

competition and thus, disclose confidential information to them. 

3,71 0,07 

5th Regulation and bureaucracy. Ex.: Existence of restrictive waste 

regulations.  

4,29 0,04 

6th Unfavourable company policies. Ex.: The company does not 

present a sustainability plan.  

3,43 0,08 
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7th Investment. Ex.: High capital costs of acquiring the technology 

necessary to transform waste into raw material.  

3,57 0,11 

8th Technology and infrastructure. Ex.: Some processes require 

complex technologies that are difficult to acquire and trained human 

resources to operate. 

3,86 0,06 

Regarding the ISPM suggested in the feedback report (Figure 7), in the Annex. In general, the 

participants considered being the right approach. It was noted that the model could add a communication 

phase, at the end, where the companies unveiled some of the conclusion obtained from the project 

development, through a seminar or press release.  

4.4. The Industrial Symbiosis Promotion Model 

The model proposed on Figure 7, in the Annex, received positive feedback during the Delphi method. 

As a consequence, it can be used as the layout for developing the rest of the model, with just some 

minor changes.  

These phases represent a step by step guide to promote IS, in a standardized way. However, they 

should be seen more as checkpoints that need to be completed, because in some cases, the model 

might not work if it is been followed in a strict way. For example, Contextualizing the region may require 

a facilitator. This facilitator can help on finding other facilitators for IS promotion, as well. It is important 

to have the different steps for IS promotion well defined within a standardized model (Patrício).  
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1) Contextualizing the Region 

The first step of the model is called Contextualizing the Region. At the beginning, the promotor should 

understand if there has already been implemented any type of IS promotion resources, in the region. 

For example, some of the NISP strategies have already been used in the Relvão EIP but have not been 

as successful as desired. At the same time, in case the promotor finds a model, he needs to understand 

if it was directed for him. For example, the guidance created by Sotenas Eco centre was written for a 

municipality that wanted to promote IS and not for the companies.  

Contextualizing can be facilitated by finding an actor that knows the region and the companies better 

than the promotor. This action was considered the most efficient during the questionnaire results. For 

example, in the Sotenas municipality the facilitators were the symbiosis centres, which already knew 

the local challenges and the local conditions.   

Additionally, the promotor should draw a symbiosis network map with all the resource flows in the region. 

This will enable to understand the resource needs and supply, which was agreed to be an effective 

method during the 1st questionnaires. This technique was used in the port area of Malmo, in 2012.  

The final step, during this phase, is understanding the conditions of the region. For this, it is useful to do 

a SWOT analysis to find a good strategy, accordingly. The important conditions to be analysed are: the 

physical proximity of the companies; the commercial relationships between the companies; the quality 

of relationships between company actors; the company needs; the knowledge of individuals, on IS; the 

actors that could support the IS development; the culture of the community; the connection of CEO to 

the place; the barriers that can be encountered and drivers. This analysis should not be too detailed, 

because this part will only help to narrow some of the choices of IS that can be promoted and only after 

that, a more detailed analysis should be developed.  

2) Decision 

Contextualizing the region is useful to decide on what IS to focus on. The promotor should focus on 

finding the lowest hanging fruit. In other words, start with one thing that is very easy to implement and 

requires a very small investment. These companies should present the following characteristics: 

• Physical proximity of the companies. It is easier to start engaging companies that are close to 

each other, because it already helps the logistics process, a significant component of IS 

development, more efficient; 

• Commercial relationships between the companies. Start by engaging the firms that have already 

established close commercial relationships between them. Knowing that cooperation already 

exists, and works can be used as a springboard for new collaborations;  

• Actors to support the IS development. Initially, the model should engage the people from inside 

the companies that are the most interested in IS, because someone must take the lead to do 
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so. Also, select the companies with very ambitious goals. Find actors (individuals or companies) 

that are keen on getting the people together and getting the pilot projects going; 

• Culture of the community. It easier to approach an open minded, communicative, and with a 

high level of trust between them; 

• Connection of CEO to the place. It is easier to convince CEO that have being leaving in the 

place where the IS can be implemented; 

• Awareness of barriers. Chose the companies that present the least amount of barriers;  

• Choose an actor that you know has large flows of raw materials and waste to assume the IS. 

This way, it is also possible to expand the network those players that are related to the first one. 

The ones that are most willing to continue the cooperation are the ones that are system owners 

in the city. For example, the ones that own the electric grid, the waste management companies 

or the water treatment, are the companies that are most willing to continue. 

• The drivers to motivate the companies. It is easier to make companies with common problems, 

work together. 

 

3) Contextualizing the IS 

After choosing the type of IS that will be promoted, it is time to analyse and prepare the right set of 

strategies to implement, before starting to develop the process.   

In this phase, the promotor should be looking forward to understanding the environmental and economic 

benefits that the symbiosis could provide. For this, it can be performed an LCA to identify the critical 

aspects and the advantages of the process. Understanding the benefits will inspire and motivate the 

companies as well, because without this, there would be no action. The benefits can be measured by 

defining indicators like the number of new jobs created, decreased carbon dioxide emissions and 

reduced number of landfilled waste.  

During this phase, the IS barriers should also be identified and analysed. The barriers can be uncovered 

by interviewing and surveying the companies about what they have and understand what is lacking. For 

example, to discover lack of management support, questionnaires can be sent to the managers and 

they can be answered about the conditions in what they could start developing IS. If they were too 

demanding on the results of the IS, like requesting for unrealistic economic benefits, there is a lack of 

support for the process. To analyse these barriers, the promotor could use DEMATEL method to identify 

the order in which the barriers should be addressed. For example, in Figure 4, lack of management 

support was considered the most causal barrier, in comparison with the other barriers. This could help 

focus more resources to tackle this barrier, and this way, eliminating other barriers in the process. 

4) Facilitation 

After understanding what conditions are going to mostly affect the symbiosis that it is going to be 

promoted, the promotor should identify the main facilitators that can help in the process development. 
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Before choosing the facilitator, the promotor should think about the facilitation function that is necessary 

to be provided. 

Some research papers considered that finding a facilitator was a crucial phase for developing a 

successful lS project. Targeting a “facilitator” or “champion” to help promote a symbiosis model is the 

phase that comes after discovering the places or the contexts in which industrial symbiosis activities 

can have a positive impact. Here, some of the identified facilitators were the public agencies, local 

economic development offices or regional/local planning departments. For example, the city planning 

department or local chamber of commerce, a company, or even an individual. Another facilitator could 

be an EIP centre. As for the role of the facilitator, it should mainly coordinate and facilitate partnerships, 

rather than planning them, to bring all of the important industrial symbiosis actors together. 

During the Delphi method, contracting a third entity was considered the most agreed action at the 

beginning of the IS promotion. The participants suggested contracting a credible external agent, such 

as an administration or organization. As a result, this strategy was considered an essential phase for 

the model. Here, the facilitator can advise, motivate and lead the development of the symbiosis. 

Additionally, it can also help on the transportation and purification of the exchanged products. 

These facilitators can be the same as the ones that were mentioned in the “Interview results” sub-

chapter, in the “Facilitator” section. In summary, the facilitators found were municipalities, the utility 

companies, the industrial associations, the CEO, the company employees, the consultants, the 

university professors and the researchers. 

In the end, after “Contextualizing the IS” and the “Facilitation”, it could be concluded that the chosen 

symbiosis, from the “Decision” phase, is not the lowest hanging fruit. In this case, the promotor needs 

to restart the process at the “Decision”, where he needs to choose another relation to promote. This 

iteration is useful because the model does not get stuck if the chosen symbiosis is more difficult to 

promote than expected.   

5) Overcoming the IS barriers 

After finding the appropriate facilitators, the promotor starts engaging the companies. The results from 

uncovering IS promotion models showed that the process needs to follow a sequence of 3 phases. Each 

phase has specific objectives that need to be accomplished, sequentially. For this, the IS partners need 

to overcome the barriers that appear during each phase. Additionally, it was also suggested during 

“Contextualizing the IS” that each barrier should be addressed using the DEMATEL analysis. Here, the 

barriers start being solved from the most causal to the least ones.  

During Phase 1, the promotor approaches the previously chosen companies, with a proposal that 

encompass the benefits of the symbiosis, the resources necessary and a list of suitable partners for the 

company. Here, the aim is to generate interest of individuals in IS, and also find partnership 

opportunities. During Phase 2, the partners are gathered together, and the aim is to make them work 

with each other, to start developing the symbiosis in a self-organized way. Finally, during Phase 3, after 
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the companies become willing to start the project, they defined the operational characteristics of the 

project and start building the prototype. This 3-step model was also approved, during the Delphi method, 

as the right process to follow and develop the symbiosis. 

Table 11: Example for a possible order on how the barrier could be addressed. 

 Phase 1 Phase 2 Phase 3 

Objectives Generate interest of 

individual actors in IS; 

Find partnership 

opportunities. 

Make participants work 

together; 

 

Define the 

operational 

characteristics of the 

process. 

Target 

Barriers 

1st. Lack of awareness; 

2nd. Lack of 

management support; 

3rd. Unknown real 

financial risks; 

1st. Lack of trust; 

2nd. Unclear benefits; 

3rd. Lack of willingness to 

collaborate; 

4th. Lack of information 

sharing; 

1st. Lack of 

financing; 

2nd. Lack of 

policy to 

incentivize 

initiative; 

3rd. Lack of human 

resource 

training; 

4th. Lack of 

technology and 

infrastructure; 

Each objective target certain barriers. Some barriers can appear during specific phases of the project, 

however, other ones can appear at different stages, depending on the symbiosis being promoted, as it 

can be seen in Figure 5. Furthermore, to solve the barriers, these were linked to IS promotion strategies, 

using the Atlas.ti 7 software and Coding. The results are shown in Table 12, that represents how each 

barrier can be overcome individually, and in Table 13 that represents the 5 most effective strategies that 

can overcome many barriers at the same time.  
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Figure 5: Expected barriers in the three phases of company engagement. 

 

Table 12: Table of IS barriers and respective measures to overcome them. 

Barriers Potential Solutions 

Lack of awareness of 

IS opportunities 

Organize project promotion events when launching new projects; Publish 

success IS stories in newspapers; Know active IS (Develop an IS 

feasibility study of the region); Foster IS awareness activities (Organize 

round tables for face to face discussions among 30 to 40 companies at a 

time and organize workshops that teach about the potential IS exchanges 

or partnerships); Start drawing; Create a digital tool where companies can 

expose their by-product flows; Exchange information with international 

specialist; Organize periodic meetings between actors; Use a facilitator 

that can help uncover the symbiosis; Visit successful EIP with on-site 

guidance. 

Lack of knowledge 

about the IS process 

and business models 

Organize training courses that can already capacitate companies and 

enables them to exchange information in a practical and open way; 

Promote knowledge (education creates commitment to the issue and will 

contribute to the development in the long and short term); Exchange 

information with international specialist, by collaborating with them in 
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projects; Organize periodic meetings between actors; Use a facilitator 

(contract universities to teach about IS);  

Untrained human 

resources 

Organize training courses (contract foreign more experienced institutions 

to teach about operating software); Promote knowledge (industrial park 

staff should work for a period, with expert companies and opposite should 

also happen). 

Unclear benefits of 

developing IS 

Use a facilitator (teach about the advantages of environmental protection, 

to the management team); Visit successful EIP with on-site guidance; 

Understand benefits (develop a business model with all the operations of 

the process and the tangible and intangible assets). 

Uneducated local 

community 

Visit successful EIP with on-site guidance; Foment public participation in 

seminars and workshops and media dissemination about future projects 

and successful accomplishments. 

Lack of top 

management support 

Organizing training courses; Build trust; Foster networking between 

management to make them feel that there is general interest in the 

process; Organize periodic meetings between actors; Strat small; Start 

easy (get together companies with resource needs and favourable 

regulation); Use a facilitator (contract experts to enlighten about IS 

benefits); Show activity (show the management that the actors are willing 

to make things happen).  

Lack of policy 

support 

Foment institutional capacity (create an IS promotion centre and add IS to 

future development plans); Increase interaction with government and local 

community through public participation, media dissemination and 

international cooperation; Award internal sustainable projects; Interact 

with communities to propagate a sustainable infrastructure and life style; 

Foster relationship between the academic community and the industrial 

Park by enabling local research opportunities; Promote low-carbon 

training for communities; Establish the ISO 14001 environmental 

management system. 

Unwillingness to 

share information 

Exchange information with international specialists; Adopt a strategy of 

information sharing (Provide interaction spaces and teach workshops that 

facilitate information exchange about firms’ waste and resource needs); 

Delegate clear tasks (make clear the information that the companies need 

to provide); Reward companies for information sharing with environmental 

branding and media dissemination; Create online platforms for 
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information sharing; Start small (share information about material flows 

and not about the product development) 

Lack of trust Start easy (leverage existing contacts from established organizations); 

Organize periodic meetings between actors; Business contracts; Use a 

facilitator (appoint a champion to help create social relations and); Start 

small (engage few companies at a time); Foster networking between 

management (communication of future plans between partners); Solve 

problems together; Build trust (develop contracts between companies and 

disclose confidential information about each other); Engage company 

needs (show that the company’s well being is in first place).  

Unwillingness to 

collaborate about 

common tasks 

Use a facilitator; Strat small (bring together few firms at a time); Foster 

networking between management (executives share concerns over 

existing business challenges and explore opportunities for future 

cooperation); Solve problems together; Build trust (show that the 

company’s well-being is in first place and start dialogue between 

company employees); Show activity (show willingness to lead the 

process); Identify the dominant needs of resources; Engage company 

needs (get companies together with dominant resource needs and 

favourable regulation); Delegate clear tasks; Set common goals. 

Legal liability Stipulate business contracts to grant commitment of the participants. 

Regulatory permits Rebrand the waste to by-product, to get environmental permit; Obtain 

license of waste management operator; Empower technological centres 

to provide environmental permits; Organize meetings with regulatory 

actors; Use a facilitator (municipalities can help create a bridge between 

regulatory actors and the companies). 

High taxes Foment institutional capacity building for future sustainable development, 

to avoid paying taxes; Use a facilitator (a third actor can become 

responsible for the project and for the tax payments). 

Lack of funding 

channels 

Get a credible and trustworthy manager interested in IS, can motivate 

other investors and financial institutions to fund the projects; Create profit 

sharing mechanisms; Start developing a beta test to get funding from the 

EU; Get a third party to do the work, who can get the financing, like 

researchers;  
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Lack of capital Share costs and benefits between IS partners; Integrate a synergy 

contractor that undertakes the financing, construction, operation and 

maintenance of the project. 

High risk Find an anchor company (find a third actor that can entail most of the 

risks); Measure results (make sure that the company is spending the right 

amount of resources and getting the benefits initially proposed in every 

step of the process); Start small (get companies to invest few resources 

at a time); Start easy (connect companies that do not depend solely of 

each other); Business contracts (grant project commitment from the 

participants and minimize losses); Beta-test (showing that the project can 

work will reduce risk of network failure). 

Few benefits Understand the full range of benefits (economic, environmental, tangible, 

intangible, short term and long term); Guarantee an equivalent benefit 

sharing between the participants; Award companies with titles for an 

environmentally sustainable behaviour;  

Other priorities Understand the benefits between IS and other ventures; Approach key 

people within the company that would be motivated to spend time on 

developing this type of project; Shift the company’s economic 

development model from linear to circular. 

Lack of viable 

partners 

Use a facilitator like a municipality who can identify and attract new 

companies to the region. 

Supply inconsistency Join a big supplier and many small receivers; Bound companies with 

contracts that grant a constant supply of by-product flow. 

Small waste streams Find a large supplier of by-product; Join many small suppliers and make 

them work together to supply the required amounts; 

Lack of supply 

channels 

Develop an IS feasibility study, before company engagement to join 

companies that are already close to each other. 

Lack of infrastructure 

availability 

Find an actor that already has the infrastructure, like a waste 

management company; Build and share infrastructure with partners.  

By-product process 

adjustment 

Beta test to verify if the by-product emissions behave as predicted; 

Engage companies that produce high-quality by-product. 
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Lack of technology 

availability 

Use a facilitator like a research team, consultant or waste management 

company that already have the technology to help during the process 

development; Organize meetings with experts to discuss specific 

technical issues; 

 

Table 13: Top 5 most efficient IS promotion strategies. 

Most efficient 

Strategies 

Target Barriers 

Use a facilitator Lack of knowledge; Lack of awareness; Unclear benefits; High risks; Other 

priorities; Lack of top management support; Lack of trust; Unwillingness to 

collaborate; Lack of viable partners; High taxes; Legal liability; Regulatory 

permits; Lack of technological availability. 

Business contracts High risks; Lack of trust; Supply inconsistency; Legal liability.  

Organize periodic 

meetings between 

actors 

Lack of knowledge; Lack of awareness; Lack of top management support; 

Lack of trust; High taxes; Legal liability; Regulatory permits. 

Foster networking 

between 

management 

Lack of knowledge; Lack of awareness; Lack of top management support; 

Lack of trust; Unwillingness to collaborate; Small waste streams. 

Start small High risk; Lack of top management support; Unwillingness to collaborate; 

By-product process adjustment. 

The promotor should use Table 12 and  

Table 13 as a guide to solve the barriers while they keep appearing. At the same time, each barrier 

should be solved once. For example, if the barrier “lack of management support” is solved, then it is 

expected for the management team to help provide the necessary resources for the project to advance 

at least until meeting the IS partner. After this barrier, other barriers can emerge, but not this one again, 

because the interaction has already evolved to another phase.  

Communication 

Communication is the last phase of the model. The objective of this phase is to communicate the 

symbiosis to other companies, communities, and municipalities. Communication is crucial to making 
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other companies take the first step and seek help to develop IS. Here, the companies unveiled some of 

the conclusion obtained from the project development, through a seminar or press release.  

After the “Communication”, if there are interested parties in promoting IS, the promotor can restart the 

process at “Contextualizing the IS”. It is not necessary to go over “Contextualizing the Region” and the 

“Decision” because the symbiosis does not need to be chosen anymore. However, if there is no 

interested party anymore, the process should restart all over again.  

5. Discussion 

After developing the model, it is essential to understand its advantages and disadvantages when applied 

to a practical scenario. In this context, the “discussion” chapter will compare the results with previous 

studies, outline the most important results, identify the flaws in the study and conclude on the most 

relevant contributions of this work. 

The ISPM can be compared with the three models mentioned during the literature review, namely the 

Ulsan approach, the NISP model and the Kalundborg approach.  

In the Ulsan approach, the IS was developed by establishing a close relationship between the 

companies with the help of the eco-centre. The ISPM is similar to this approach because, here, it also 

aims to establish a trustworthy relationship between the participants, with the help of a facilitator was 

considered an effective IS promotion strategy. However, in the ISPM, the facilitator would depend on 

the symbiosis being promoted, and not necessarily be an eco-centre or a champion. Another meaningful 

similarity between the models is the fact that the Ulsan approach established three rules for selecting 

the IS to be promoted, before initiating the process. The same is proposed in the ISPM, but with more 

than three rules. The three phases from the Ulsan approach are different from the ISPM because they 

reflect the top-down model or a designed symbiosis network, where the companies do not need to 

become interested in the process and also develop trust to work together, differently to the ISPM.  

The ISPM is similar to the NISP model since it could also assist in a top-down approach, even though it 

was developed base on the middle-out approach. The NISP model starts by contextualizing the resource 

needs in the region. The ISPM requires not only that but also the personal relationships between the 

actors in the region. Another difference between the model is the fact that the NISP engages a lot more 

in already starting to build relationships during this initial phase, where the ISPM does not provide 

emphasis to this, in this part. For the ISPM contextualizing can even be done without engaging the 

companies directly, but it still requires a facilitator that know the region. Still, in the same phase, the 

NISP staff filter the most valuable IS options, which is like the ISPM “Decision” phase. Overall, the ISPM 

is very similar to the NISP, but the ISPM assumes that the participants are still not convinced to get 

involved in IS during the 1st Phase during the company’s engagement. In this case, after deciding which 

symbiosis to promote, the NISP opts to make companies work with each other instantly. In the final part, 

during the “co-creation” actions, NISP focuses on developing the infrastructure and technology for the 
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by-product exchange. Here, the 3rd Phase during the engagement of companies was based on the same 

strategies. However, the ISPM does not end here and proposes that the achievements should be 

communicated to other companies in the region, to raise interest.  

The Kalundborg approach followed a Bottom-up model, where the company actors sought to develop 

IS, without being persuaded by an external agent like a governmental actor. This model starts by 

defining the drivers with which the companies that wanted to get involved were selected to continue the 

process. This part is similar to “Contextualizing the region” phase, of the ISPM, where the promoter does 

a driver and barrier analysis to IS development, in the region. However, the ISPM does not define a 

specific group of drivers as criteria. In this case, the ISPM provides a list of criteria that can be more or 

less important, depending on the context. The Kalundborg IS network started being promoted within the 

Rotary Club. It was in this club that the CEO gathered together and generated interest and awareness 

about the IS process. The ISPM proposes a similar strategy on the “Decision” phase, where it is selected 

a company that has an influential and respected CEO, with business development credibility, to help 

eliminate some of the scepticism in the process. The Kalundborg approach also defends that trust is a 

crucial factor to make companies work together and that it should be forged with consecutive meetings 

between the managers. This strategy was also mentioned in the ISPM, in the Ulsan approach and the 

NISP model. Additionally, in the Kalundborg approach, the companies work with facilitators. However, 

these entities are used only when defining the operational conditions of the process. The approach did 

not present the criteria on how the facilitator is chosen. While in the ISPM, these facilitators are also 

required to make the companies work together. The Kalundborg approach incentivizes the participants 

to think about the future IS projects together. This part lacks detail in the ISPM, where this is done only 

through public communication because the ISPM assumed the worst-case scenario, where the CEO 

will not work together to continue developing a new project and that it will be necessary to start the 

process all over again. However, it could be effective to add a strategy that would make the CEO to start 

thinking about future opportunities. 

The most important result from uncovering the IS promotion models was the identification of the most 

common barriers, the most effective strategies and the methods on how to address and correlate the 

barriers. In this context, the most common barriers were the lack of knowledge, lack of capital, 

unwillingness to share information, few benefits and lack of policy support. Additionally, the most 

common strategies were organizing periodic meetings between actors, awarding companies for an 

environmentally sustainable behaviour, fostering IS awareness activities, exchanging information with 

international specialists, creating a digital tool for information sharing and organizing training courses. 

Another important result was Figure 5, which showed that there was a sequence on which the barriers 

can appear along with the process. Then, to solve the process more efficiently, it was concluded that 

the barriers should be correlated using DEMATEL.  

The most relevant interview results were the ones that were not mentioned in the models uncovered in 

the literature review. In this context, understanding the characteristics of the easiest players to convince, 

after contextualizing the region, could significantly facilitate the process. Additionally, the interviews also 
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helped to uncover a Swedish model for IS promotion. This model proved that having a standardized 

guideline was effective and it also helped to improve the steps to take, in the ISPM. Finally, the 

interviewees proposed that testing and demonstrating the project at a small scale was also considered 

to be useful. It was also important to note that many of the interview strategies were similar to each 

other. These answers were expected because the interviewees were mostly from the same location in 

Sweden and they also referenced each other. At the same time, these answers also matched the studied 

literature. This coincidence could be because some of the interviewees were the authors of the literature 

research, like Dr. Murat Mirata.  

The results from the first questionnaire not only enabled to conclude what were the most effective 

strategies to solve specific barriers but also in what order those strategies should be implemented. 

Additionally, the second questionnaire results presented the order in which the barriers could be solved. 

In Table 10, it was considered that the barriers with a mean result above four, were in the correct 

position, relative to the other barriers. For example, Regulation and Bureaucracy are agreed to be 

addressed after the Awareness, Risks and Benefits, Management and Trust, and before Regulation, 

Company policies, Investment and Technologies. On the other hand, it is less agreed that Management 

and Trust should be addressed in that order. This order signifies that they could be more flexible, and 

Trust between companies could be addressed first and only then should the management support be 

gained. In this case, it would depend on the case study. Another important result was the fact that most 

of the questionnaire results were similar to the interview results because the questionnaire participants 

agreed with the interviewee's suggestions. This correlation helps solidify the strategies proposed in the 

ISPM. Here, the high mean values were expected, because most of the IS promotion strategies were 

gathered from articles that have already mentioned them as useful. Identically, a small coefficient of 

variation was also expected because of the small number of participants answering the questionnaires.  

Finally, regarding the ISPM, the most important result was the sequence that was given to the different 

phases and the model’s capacity to adapt, not only to the promoter, but also to the IS that is being 

promoted. This sequence provides immediate feedback about where the IS promotion process is and 

why is not advancing further. Additionally, the ISPM can be used by different promoters because it does 

not require to be initiated in the first phase. For example, if there are already two companies that want 

to promote the symbiosis, they need to follow the model starting at the “IS barriers and IS promotion 

strategies.” At the same time, the ISPM was built to be flexible regarding the type of IS that is being 

developed, because it does not tell how IS should be done, but it gives the proper tools and guidance 

to do it. It is the promotor’s responsibility to choose the best strategies to implement. 

After understanding the most important results, the work needs to be analysed regarding its assumptions 

and methodological flaws in the literature analysis, interview methods, the Delphi method and the way 

the model was built.  

During the literature analysis, the coding of the research articles was not done using Atlas.ti 7, which 

could decrease the rigor of the work, because some relevant strategies and barriers might have been 

left behind. Here, when relating the IS promotion strategies and the IS barriers, it was assumed that 
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even if some barriers were not explicitly mentioned, the IS promotion strategies were used to overcome 

them, so the barriers existed beforehand. This assumption was validated with the interviews and 

questionnaires. However, only some of the barriers and strategies were validated, which means that 

some of the assumed barriers might not have been present during the NISP projects. Additionally, it 

was possible to draw a correlation between all of the three methodologies, where each phase, had 

similar barriers in each one of them. It is plausible to assume that these barriers will also appear during 

other projects. This assumption means that the barriers can be used as the objectives to be 

accomplished for each phase and that some barriers will not appear during other phases. For example, 

lack of awareness was never seen in the last phase of any methodology or the second phase, this 

means that this barrier only appears when it is required to build interest in IS. However, the assumption 

that there are specific sets of barriers appearing in each phase may not correlate with other companies, 

and some barriers might appear during other phases.  

The interviews have also not been able to be done as planned. The interviewees should have been 

done to a variety of different specialists, from different countries. However, most of the interviewees 

were form Malmo or Sotenas, Sweden, and they also knew each other. This approach could explain the 

homogeneity of the answers. Additionally, Portuguese companies that have already implemented IS 

should have been interviewed, because it would better understand the Portuguese context. 

Additionally, the Delphi model did also present some flaws. Here, the results were not able to reach all 

the intended people and so, the results obtained were mostly from the Portuguese context, which can 

explain the homogeneity of the answers because all of these participants are located in the same socio-

economic structure. At the same time, the small values of the obtained coefficient of variation could have 

been affected by the small sample size of nine participants. However, if there was a utterly divergent 

opinion on the answers, the variation coefficient would be able to reach higher than 0,5, which means 

that the coefficient of variation parameter can still provide a representative value. Lastly, the questions 

from the second questionnaire were not explicit enough, because most participants did not answer 

correctly to the questions regarding their opinion about the suggestions made in the first questionnaire. 

Here, the participants should have only answered about the suggestions made and not about the options 

that were already presented during the 1st questionnaire, which did not happen. Additionally, for 

improving the questionnaire results, pilot testing of questionnaires could have been done at the 

beginning, to help identify ambiguities of some questions (Ahmad, 2016).  

Another method that could have been used to improve the study is the analysis of official documents. 

The questionnaires and the interviews were able to uncover new information, however, analysing official 

documents can provide an even broader and more diverse amount of data (Tobergte and Curtis, 2013). 

The study was not able to analyse this data. Official documents are all the documents that provide 

information on IS barriers, and useful IS promotion strategies and approaches (Tobergte and Curtis, 

2013). This method was also used in other studies for obtaining reliable information about the NISP 

approach based on company and regional analyses of reports, public case studies, and access to 

NISP’s exclusive resource and project management database (Paquin and Howard-Grenville, 2012). 
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This method aims to provide additional information and enable to understand more precisely the 

conditions for IS promotion. Document analysis has many advantages for this research. It is a less time-

consuming method because it only requires data selection and not data collection (Bowen, 2009). At 

the same time, it is cost effective and can provide broad coverage over a long span of time and events 

(Bowen, 2009). In contrast, they can also limit the research by presenting insufficient detail, because 

these documents are created with a different purpose than the current research and with lack of detail 

to answer the research question (Bowen, 2009). 

Regarding the overall method for developing the ISPM, apart from using Grounded theory, the ISPM 

would be better constructed if it was tested, at least, at a small scale. Apart from this method, the ISPM 

could also be built following a behavioural theory to link all of the phases together, like the behavioural 

model of plant agents until IS implementation, from Figure 6.  

 

Figure 6: Behavioural model of plant agents until IS implementation (Ghali, Frayret and Ahabchane, 2017). 

Furthermore, this work contributed to advance the knowledge regarding IS promotion. In this context, it 

helped uncover the most effective IS promotion methodologies and has condensed those researches 

into one place. At the same time, this Dissertation will help any business leader or researcher that 

desires to understand how to implement IS between two or more parties. Also, it was able to create a 

bridge between IS barriers and strategies, by solving IS barriers in a specific sequence and using 

different IS development strategies that have already been proven to be successful in other cases. This 

strategy enables the ISPM to adapt to each situation, by providing the best strategy for each specific 

barrier. 
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6. Conclusions  

This Dissertation was committed to finding an answer to the questions: “What approach can be applied 

to promote IS in industrial parks?” and “Why is IS a challenge to be promoted in industrial parks?”. To 

answer these questions, its main objectives were to understand why IS had not been able to be 

developed in industrial parks, and then contribute to developing a model that can help promote industrial 

symbiosis between companies. This model should serve as a reference guide for companies, 

associations and consultants that have the desire of developing IS in the present time. These objectives 

were addressed, and the research question was also answered.  

The study concluded that IS had not been established due to the existence of several barriers over the 

different phases of the project, namely lack of knowledge, lack of capital, unwillingness to share 

information, few benefits and lack of policy support. Apart from these barriers, the study also concluded 

that there are many other barriers which can be more significant, depending on the symbiosis that is 

being promoted. As a starting point, the proposed ISPM should address these barriers. The proposed 

model is divided into two parts. In this case, the first part is a preliminary analysis of the region and the 

relationship that will be promoted, before convincing the companies to develop IS. Four phases 

compose this part: Contextualizing the Region; Decision; Contextualizing the IS; Facilitation. In 

summary, in the beginning, the promoter needs to understand not only the possible regional matches 

of by-product exchanges but also the relationships between those companies and actors in the region. 

After this, the promotor chooses the easiest IS to promote, and that can inspire additional symbiosis in 

the region. Then, the chosen symbiosis is studied in more depth, regarding the benefits that can be 

extracted from the process and the barriers that can occur. During the Facilitation phase, the promotor 

identifies and brings entities and actors that can help in the process. 

In the second part of the model, the promoter engages companies and motivates them to participate in 

the IS network. In this part, the barriers are addressed with the most appropriate IS promotion strategies, 

which are described in Table 12. Here, the barriers are addressed in a pre-determined sequence, 

divided into three phases. During the 1st phase, the promotor starts generating interest of individual 

actors in IS and tries to uncover additional partnership opportunities. During the 2nd phase, the 

companies are being convinced to start working together. In the 3rd phase, the operational 

characteristics of the process are defined. Afterwards, the successful cases should be communicated 

through seminars, workshops or printed material, among others, with the objective of catalysing more 

IS. 

The most relevant contributions of the dissertation include the review and the consolidation of the 

existing literature on IS barriers and the collection and the consolidation of practical perspectives from 

IS practitioners, both supporting a new ISPM that addresses existing barriers and leads to more robust 

IS networks. 

The model was developed with a practical application in mind, namely the continuation of IS promotion 

in Eco Park of Relvão, which ensures the feasibility of the work developed. 
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Regarding the future work, the ISPM should be tested in a real case-study and improved with relevant 

feedback. Besides the application in IS promotion in EPR, the ISPM should also be tested in other 

regions that present the potential for IS networks. In this context, the specific parts of the ISPM that 

require further improvement include the criteria proposed for selecting the easiest IS and see if it could 

catalyse the emergence of more symbiosis. Additionally, the facilitation process for overcoming the 

barriers, using the DEMATEL method, should also be regularly updated.  

Finally, it is necessary to verify if the IS promotion strategies were correctly associated with the IS 

barriers.  These associations should also be tested by doing a Delphi method to a larger scale of 

companies and with a more considerable amount of IS strategies that solve other IS barriers. This 

analysis can help identify a broader amount of effective IS strategies.  
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Annex A- Interviews 

Interview for developing the model 

Explore the topic of IS stimulation. Define a model for companies to be able to stimulate IS.  

Understand how the companies work together. 

Test and confirm the barriers and models discovered during the literature review. 

Get outside opinion for building an effective ISPM. 

Evaluate the barriers that were during the research. 

Evaluate the measures that help solving each barrier. 

Encounter new methods of overcoming barriers. 

Table 14: Interview questions to Managers. 

Brief the participant. Introduce self. Explain goals of interview. Review interview method, use of data 

and confidentiality. 

1. What type of resources does your company use for its daily routines? 

2. What type of wastes does your company produce and how much waste is produced? 

3. Who (Worker, Other company) takes care of this waste? 

4. What does your company do with its waste?  

5. Is your company participating in any activity of waste sharing with other non-waste 

management companies? 

a. If NO: In what conditions would the company potentially do it? 

b. If YES: How does it do it? How does it find any client for that? What benefits does it 

seek from the synergy? What are the main difficulties that you find when trying to use 

or sell waste to create value? How do you solve these difficulties? 

6. Who do you think could help enable synergies? Government, companies or both should be 

involved? Why?  

7. Do you think that a standardized methodology could be useful to companies?  

------------------------------- Show alfa version of the model -------------------------------- 

8. What do you think of the presented strategy for stimulating symbiosis? 

9. What step would you add or remove from this methodology? 

10. Do you know any person that I should interview, that can further help me? 

11. Is there anything else that you would like me to know? 

Closing comments and completion of any paperwork (receipts, final questionnaire, etc.) 
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Table 15: Interview questions to Specialists. 

Brief the participant. Introduce self. Explain goals of interview. Review interview method, use 

of data and confidentiality. 

1. What companies have you known, during your journey, that had potential for 

developing IS, but did not want to? Why didn’t they? In what conditions could they do 

it?  

2. What companies have you known, during your journey, that established industrial 

symbiosis? How did they exchange by-products, in a physical way? How did the 

partners find each other? What were the benefits that the companies were looking for? 

What were the biggest difficulties that the companies faced? How did they overcome 

the challenges?  

3. Who can help forge those synergies? Government, companies or both should be 

interested? Why? 

4. In what order should those difficulties be overcome? What should the strategy that 

defines that order?  

5. Do you consider that a standardized model could help companies to promote 

symbiosis? 

6. How should that methodology be structured? 

------------------------------- Show Model ------------------------------------------ 

7. What is your opinion relatively to the shown model?  

8. Do you know someone else that i could interview? 

9. Is there something else that you would like me to know? 

10. What feedback do you give to this interview? Is there something that I could improve? 
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Annex B- DELPHI 

Stipulate a consensus on the characteristics of the best ISPM that can be created. 

Validate some of the already used methods. 

Understand the importance of the IS barrier analysis prior to the engagement of the companies. 

a. 1st Questionnaire 

Table 16: First questionnaire to build an ISPM, for the organization members and experts. 

This questionnaire aims to build a consensus between specialists on the field of industrial symbiosis, 

to define an industrial symbiosis promotion model. For this, it will be used the DELPHI method. This 

method will have two phases. During the first phase, this questionnaire will be sent. After this, the 

answers will be collected and a report with the acquired results will be created. This way, during the 

second phase, both the report and the same slightly modified questionnaire, will be provided, be 

answered once more, but based on the results from the report. 

Your help in completing this questionnaire is greatly appreciated. All answers will be treated 

anonymously and with strict confidentiality. The research is not conducted for any commercial 

purpose. The results of this study can be provided on request. 

Topic 1: Background questions 

Industrial symbiosis is a relation of waste exchange between 2 or more companies, that are not the 
waste management companies, for value creation.  

1. What is your role? 

□ Researcher                □ Manager               □ Board executive          □ Consultant 

□ Other: ___________________ 

2. Do you see the waste of your company as a material with market value? □Yes □No. 

3. Does your company exchange a portion of its waste or energy with other companies?   □ 

Yes. □ No. 

4. If you answered NO to the last question. Do you think there are any opportunities to do so? 

□ Yes. □ No. 
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5. Do you know any other company that exchange energy and waste? □ Yes. □ No.   Who? 

_____________________________________ 

Topic 2: Initiating the interaction 

The first step for creating an IS relationship is to find the right partners. 

6. What should be the first action, before getting the companies together, to establish a viable 

symbiosis? Rate 1 (Strongly disagree); 2 (Disagree); 3 (Neither agree nor disagree); 4 

(Agree); 5 (Strongly Agree).  

□ Start by engaging a wide net of geographically close firms and discover potential IS 

relationships.                                   

□ Engage the firms that have already established close commercial relationships between 

them.                                      

□ Do a feasibility study about the resource needs and supply in the region.  

□ Get a credible third party (organization or person) to engage and lead the companies to 

create an IS.   

Justify the least agreed and the most agreed action. Do you want to suggest another 

one?________________________________________________________ 

 

7. What should be the most efficient action to get companies interested in Industrial Symbiosis? 

Rate 1 (Strongly disagree); 2 (Disagree); 3 (Neither agree nor disagree); 4 (Agree); 5 

(Strongly Agree).  

□ Inform a wide net of companies about the business advantages and disadvantages of 

implementing industrial symbiosis.                                  

□ Organize field visits at companies that had successfully established industrial symbiosis 

relations.                                     

□ Organize workshops that teach about the operational process of industrial symbiosis.  

Justify the least agreed and the most agreed action. Do you want to suggest another one? 

Topic 3: Engaging companies 

After finding the right partners, it is required to build a relationship between them. For this to happen, 

companies need to work together to overcome the difficulties that appear along the way. 
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8. What should be the key aspect that the companies should focus on to make them work 
together? Rate 1 (Strongly disagree); 2 (Disagree); 3 (Neither agree nor disagree); 4 (Agree); 
5 (Strongly Agree). 

□ The companies should already be engaged in other commercial activities with each other. 

□ Both companies already know the potential benefits of exchanging by-products. 

□ There needs to be a high potential rate of return on the investment necessary for 

developing the project, for both participants. 

□ Contract a mediator that can help to facilitate the symbiosis process. 

□ Establish contracts between companies, along the process, to manage the risk. 

□ Both companies should be willing to take the lead of the process. 

Justify the least agreed and the most agreed action. Do you want to suggest another one? 

9. What do you consider to be the most significant difficulties when companies exchange waste 

and energy with each other? Rate 1 (Strongly disagree); 2 (Disagree); 3 (Neither agree nor 

disagree); 4 (Agree); 5(Strongly Agree). Justify the least agreed and the most agreed 

difficulty. Do you want to suggest another one? 

□ Investment. Ex.: High capital costs of acquiring the technology necessary to transform 

waste into raw material.  

□ Technology and infrastructure. Ex.: Some processes require complex technologies that 

are difficult to acquire. 

□ Management. Ex.: Getting the support of the management team. 

□ Trust. Ex.: Some potential partners can be working with the competition and thus, disclose 

confidential information to them. 

□ Regulation and bureaucracy. Ex.: Inexistence of governmental aid through financing. 

□ Regulation and bureaucracy. Ex.: Existence of restrictive regulations. 

10. Imagine that you are faced with all the above barriers. In what order would you tackle them? 

Justify, what is your strategy for the suggested order? 

11. Evaluate the solutions for each barrier (Mark with an X the adequate answer). [Rate 1 -Strongly 

disagree; 2-Disagree; 3-Neither agree nor disagree; 4-Agree; 5-Strongly Agree] Do you want to 

suggest another solution for each barrier? 
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Potential Barriers Solution 1 2 3 4 5 

High investment 

requirements 

Prepare a business model with all of the 

tangible and intangible benefits. 

     

Search for governmental funds.      

Share costs and benefits between IS partners.      

The technology is 

very complex. 

Prepare meetings with experts to discuss 

specific technical and management strategic 

issues. 

     

Prioritize forging relationships with big waste 

producers. 

     

Build common infrastructures between the 

participants. 

     

Lack of 

management 

support 

Inform a wide net of companies about the IS 

advantages, for managers to feel that there is a 

widespread interest in IS and that they are not 

isolated. 

     

Get together companies with resource needs 

and favourable regulation. 

     

Contract experts to enlighten about IS 

opportunities. 

     

Engage managers to participate in the feasibility 

studies of the project. 

     

Lack of awareness 

about Industrial 

Symbiosis 

Workshops that teach about the potential IS 

exchanges or partnerships. 

     

Organize round tables for face to face 

discussions among 30 to 40 companies at a 

time. 

     

Publish success IS stories in newspapers.      
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Lack of trust Appoint a mutual trusted specialist to help 

create social relations. 

     

Establish many types of contracts between 

companies. 

     

Make companies solve problems together      

 

b. Feedback report (last slides) 

Table 17: Slide 11 from the feedback report. 

Objectives of the Industrial Symbiosis Promotion Model 

• The model should be continuously thinking about the context and type of IS being built, 
and adapt the diverse sets of strategies for the moment; 

• The methodology should be aware of the wide range of barriers that can arise in 
different stages and define a set of strategies that can be followed; 

• The methodology should facilitate understanding how all the elements are related; 

• The methodology should present a document that explains what the most suitable 
strategies to overcome each barrier; 

• The methodology should aim to catalyse a self-organized IS development. 
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ISPM suggestion draft 

 

 

Figure 7: Slide 12 from the feedback report. 

c. 2nd Questionnaire 

Table 18: Second questionnaire to build an ISPM, for the organization members and experts. 

To answer the questionnaire, start by opening the feedback report on slide 4. 

1. Regarding the suggestions made on the question 6 of the 1st questionnaire, do you consider 

any of the suggestions particularly important? 

2. Regarding the suggestions made on the question 7 of the 1st questionnaire, do you consider 

any of the suggestions particularly important? 

3. Regarding the suggestions made on the question 8 of the 1st questionnaire, do you consider 

any of the suggestions particularly important? 

4. Regarding the suggestions made on the question 9 of the 1st questionnaire, the order by 

which the barriers could be engaged did not show a clear consensus. However, most barriers 

often need to be solved at a certain time, during the development of the symbiosis. 

Considering a situation where there is a potential symbiosis between two participants who do 

not know nothing about IS. Do you agree with the proposed order to address the barriers? 

Rate 1 (Strongly disagree); 2 (Disagree); 3 (Neither agree nor disagree); 4 (Agree); 5 

(Strongly Agree). If you disagreed or completely disagreed with any of the orders on which 

the barrier could be solved, when would you address it? 

□ 1st Awareness. Ex.: Most companies do not know the IS process and their possible IS 

partners.  
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□ 2nd Risks and benefits. Ex.: Most companies do not know about the potential risks and 

benefits that IS can entail, which can cause fear of the unknown.  

□ 3rd Management. Ex.: Getting the support of the management team.  

□ 4th Trust. Ex.: Some potential partners can be working with the competition and thus, 

disclose confidential information to them. 

□ 5th Regulation and bureaucracy. Ex.: Existence of restrictive waste regulations.  

□ 6th Unfavourable company policies. Ex.: The company does not present a sustainability 

plan.  

□ 7th Investment. Ex.: High capital costs of acquiring the technology necessary to transform 

waste into raw material.  

□ 8th Technology and infrastructure. Ex.: Some processes require complex technologies that 

are difficult to acquire and trained human resources to operate. 

 

5. Regarding the suggestions made on the question 11 of the 1st questionnaire, do you consider 

any of the suggestions particularly important? 

6. Regarding the objectives present on slide 11 of the feedback report, do you disagree with 

some of the objectives? Would you add any other objective? 

7. Regarding the ISPM suggestion made on slide 12 of the feedback report, do you agree with 

the steps of the model (Contextualize, Find facilitators and the 1st, 2nd and 3rdphases)? 

Would you add another phase? Would you eliminate any phase? Justify your answer. 
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Annex C- Atlas.ti 7 

 

 

Figure 8: Total amount of codes using Atlas.ti 7. 


