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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. 

1. Introduction 

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

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

sustainable development policies to mitigate their environmental impact (Nations, 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, 2016). To achieve this objective, circular economy relied on industrial symbiosis 

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

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

following the circular economic model (Commission, 2015). 

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 main reason for this 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. At the same time, other models have been created to promote IS, like the NISP in the 

UK or another model in South Korea and Mexico (Lombardi and Laybourn, 2012). However, these 

models present only a general procedure for establishing IS. As a consequence, it still requires a 

constant adaptation when new problems appear, which creates a significant level of uncertainty 
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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 promotion of IS in industrial parks, to be applied in 

the Portuguese context. This Dissertation will serve as a continuation from the “The challenge of 

industrial symbiosis” (Costa, 2011). This thesis stated that the development of IS in the 

manufacturing industry goes through 3 distinct phases (Costa, 2011). Here, the work will focus 

only on the 2nd phase, which is the Promotion phase, where participants start engaging with each 

other and build the plan for the exchange. Here, this Dissertation aims to facilitate the promotion 

of IS in the industrial parks. In this context, its main objective is to understand why IS has not 

been able to be developed in industrial parks, and then contribute to developing a model that can 

help promote industrial symbiosis between companies. Particularly, this contribution will focus on 

overcoming barriers to the IS process during the Stimulation phase based on the Middle-out 

approach. 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, more specifically, in the Relvão eco-park. To 

accomplish these objectives, it was necessary to answer the following 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? 

2. Literature Review 

“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). 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 Kalundborg 

approach, which was used to facilitate IS in the Kalundborg eco-industrial park, since 1972. 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 one used to promote IS in the Ulsan eco-industrial park, in Ulsan, South Korea, since 

2005. 

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 
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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 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 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.   

If industrial symbiosis is viewed as a competitive advantage (Golev, Corder and Giurco, 2015), 

why isn't the industrial sector being able to implement it consistently, into their business model? 

Here, IS barriers are considered the leading causes why Industrial parks have not been able to 

implement IS (Golev, Corder and Giurco, 2015). In the second part of the literature review, the 

porpoise was to uncover the most important barriers and show how they affect the IS 

implementation process. The results show that there are five 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 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 leading cause of retarding IS 

development because it can affect most of the other barriers directly and are mostly influenced 

by the attitude towards IS and trust between company managers. The fourth group is 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. Additionally, the lack of trust in the effectiveness of the current technologies and 

the need for new infrastructure also contribute for IS underdevelopment. 

3. Methodology 
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To develop the model and to answer the previous questions, 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 analysing 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.  

The methodology for building the ISPM focused on finding already proven IS promotion strategies 

and the most common barriers. Here, the construction of the ISPM was grounded on previous 

successful approaches and methods. In this context, 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. Next, other barriers and IS facilitation strategies were uncovered during semi-

structured interviews with seven IS specialists. This method helped to define the phases of the 

ISPM, uncover new potential IS barriers and the respective strategies on how to overcome them. 

After this, questionnaires were developed and sent to 35 experts and people with practical 

experience in the field. From these 35, nine were answered. Here, the consensus of the results 

was built using a two-round Delphi method. 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). Its porpoise, 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 will enable the discovery of new viable approaches given 

by the experts. The results were measured using the coefficient of variance (COV). If the COV 

was smaller than 0,5 there was a consensus, if it was higher, there was no consensus (Yang, 

2000). Finally, all of the qualitative data was analysed using the Coding method on the software 

Atlas.ti 7. 

4. Results 
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The most important result of the methodology was the Industrial Symbiosis Promotion Model. 

This model is divided into phases, which 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 followed in a strict way. For example, 

Contextualizing may require a facilitator. This facilitator can help on finding other facilitators for IS 

promotion, as well. These phases are: 

1) Contextualizing the Region 

The first step of the model was called Contextualizing the Region. In the beginning, the promotor 

should understand if there has already been implemented any standardized models for IS 

promotion (Patrício, 2018), in the region, or at least, what successful and unsuccessful measures 

have been implemented to promote IS (Mirata, 2018). During this step, it is useful to do a SWOT 

analysis, to find a good strategy, accordingly (Mirata, 2018). 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 (Mirata, 2018); the company 

needs (Mirata, 2018); the knowledge of individuals, on IS (Mirata, 2018); the actors that could 

support the IS development (Mirata, 2018); the culture of the community (Carlsson, 2018); the 

connection of CEOs to the place (Carlsson, 2018); the barriers that can be encountered (Dalvag, 

2018) and drivers (Patrício, 2018). 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. The promotor should focus on 

finding the lowest hanging fruit (Carlsson, 2018). In other words, start with one thing that is very 

easy to implement and requires a very small investment (Carlsson, 2018). These companies 

should present the following characteristics: The physical proximity of the companies; The 

commercial relationships between the companies; The actors that could support the IS 

development (Mirata, 2018); The culture of the community; Connection of CEOs to the place 

(Carlsson, 2018); The barriers that can be encountered (Dalvag, 2018); Choose an actor that you 

know has large flows of raw materials and waste to assume the IS (Carlsson, 2018); The drivers 

to motivate the companies.  

3) Contextualizing the IS 

After choosing the type of IS that will be promoted, it is time to analyze and prepare the right set 

of strategies to implement, before starting to develop the process (Patrício, 2018), (Mirata, 2018).  

In this phase, the promotor should be looking to understand the environmental and economic 

benefits that the symbiosis could provide (Carlsson, 2018). During this phase, the IS barriers 

should also be identified and analysed (Dalvag, 2018), (Mirata, 2018). To analyze these barriers, 
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the promotor could use DEMATEL method to identify the order on which the barriers should be 

addressed (Bacudio et al., 2016). 

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. Before choosing the facilitator, first, the promotor should think about the facilitation 

function that is necessary to be provided (Mirata, 2018). 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 (Chertow et al., 2004). 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 (Chertow et al., 2004). Additional facilitators can be 

the municipalities, the utility companies, the industrial associations, the CEOs, the company 

employees, the consultants, the university professors, and the researchers.  

5) IS barriers and IS promotion strategies 

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 Table 1. 

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. Additionally, the promotor should use  

Table 2 as a guide to solve the barriers while they keep appearing.  

Table 1: 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. 

Barriers 1st. Lack of awareness; 

2nd. Lack of top 

management 

support; 

1st. Lack of trust; 

2nd. Lack of willingness to 

collaborate on 

common tasks; 

1st. Lack of funding; 

2nd. Lack of policy 

support; 

3rd. Lack of infrastructure 

availability; 
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3rd. High risks; 3rd. Unwillingness to share 

information; 

 

Table 2: Table of IS barriers and respective measures to overcome them. 

Barriers Solutions 

Lack of 

awareness of IS 

opportunities 

Exchange information with an international specialist; Organize periodic 

meetings between actors; Use a facilitator that can uncover the 

symbiosis; Visit successful EIP with on-site guidance. 

Lack of top 

management 

support 

Foster networking between management to make them feel that there 

is general interest in the process; Start easy (get together companies 

with resource needs and favorable regulation); Use a facilitator 

(contract experts to enlighten about IS benefits);  

Lack of policy 

support 

Foment institutional capacity (create an IS promotion center and add IS 

to future development plans); Increase interaction with government and 

local community through public participation, media dissemination and 

international cooperation;  

Unwillingness to 

share information 

Create online platforms for 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);  

 

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 other companies take the first step and seek help to develop IS (Carlsson, 2018). Here, 

the companies unveiled some of the conclusion obtained from the project development, through 

a seminar or press release (Delphi results).  

5. Discussion 
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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, which 

are the Ulsan approach, the NISP model and the Kalundborg approach. Here, it is expected that 

the results are similar to the ones in these articles. The Ulsan approach is similar to the ISPM 

because, here, establishing 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-center or a 

champion. Another meaningful similarity between the models was the fact that the Ulsan 

approach established three rules for selecting the IS that was going to be promoted, before 

initiating the process. The same phase was proposed in the ISPM, but with more than three rules. 

Finally, while the Ulsan approach has been successfully implemented, the ISPM is still a 

hypothesis.  

Apart from the Ulsan approach, the ISPM can also be compared to the NISP. The NISP model 

started by contextualizing the resource needs in the region, where 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 opted 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 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 

awaken interest.  

The Kalundborg model started 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, during the ISPM, where the promoter does a driver and barrier analysis to IS 

development, in the region. The Kalundborg IS network started being promoted within the Rotary 

Club. It was in this club that the CEOs gathered together and generated interest and awareness 

about the IS process. This strategy is similar to what the ISPM is proposing during the “Decision” 

phase, where it is more credible to select a company that has an influential and respected CEO, 
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with business development credibility. 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 worked 

with facilitators. However, these entities were used only when defining the operational conditions 

of the process. While in the ISPM, these facilitators are also required to make the companies 

work together. 

The most important result, regarding the ISPM, 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 criticized regarding its 

assumptions and methodological flaws. Here, during the literature analysis, the coding of the 

research articles was not done using Atlas.ti 7, which decreases the rigor of the work, because 

some relevant strategies and barriers might have been left behind. 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 from 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.  

 Another method that could have been used to improve the study was 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).  

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, on a small scale. Apart from this 

method, the ISPM could also be built following a behavioural theory to link all of the phases 
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together, like the behavioural model of plant agents until IS implementation (Ghali, Frayret and 

Ahabchane, 2017).  

6. Conclusion 

This Dissertation aimed to understand why IS has not been able to be developed in the 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.  

As a result, the study concluded that IS had not been promoted due to the existence of several 

barriers over the different phases of the project. Taking this into account, the ISPM was created. 

This 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 the second part of the model, the promoter engages companies and motivates 

them to participate in the IS network. In this part, the barriers start being solved with the most 

appropriate IS promotion strategies. Here, the barriers are addressed in a pre-determined 

sequence, divided into three phases. Finally, after the operational project starts being developed 

and the symbiosis generates benefits, the process should be communicated through seminars, 

to other interested actors in the region, with the objective of catalysing more interest in 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. 

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.  
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