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ABSTRACT 
 

As the population increases rapidly in the world, the needs of people increase at the same rate, trying to supply the needs of 

people. On the other hand, supplying needs raises the problem of consumption of limited resources. In this study, the installation 

of eco-industrial parks, one of the clean production and recycling studies developed due to the consumption of resources, was 

discussed. Eco-industrial parks are industrial zones established to increase enterprises' economic, social, and environmental 

performance and gain ordinary profits through cooperation. In this study, the difficulties of setting up an eco-industrial park 

were identified through a literature review. Purpose of the study; eco-industrial park installations to be realized smoothly, 

existing problems before the installation of the eco-industrial park to be identified as the most critical problems, identified 

issues to be solved, and support to maintain. The criteria determined were evaluated by the ANP method, and the most important 

criterion was financial problems. 
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1. INTRODUCTION 
 

The need for resources is also increasing with industrialization and population. To meet the need for 

resources, an increase in production, consumption, and environmental pollution accompanied by 

production has begun. Pollution and consumption growth have also made people, businesses, and states 

aware of the cyclical economy. The circular economy consists of recycling systems that protect the 

environment and prevent the consumption of resources [1]. One of these systems is the concept of 

Industrial Symbiosis (IS). Symbiosis is a relationship in which two or more species benefit and transfer 

energy, matter, or information to each other [2]. IS is a system in which companies cooperate in an 

industrial sense and provide mutual benefits to each other [3]. With IS, one company can use the waste 

of another company as a raw material. Thanks to this, inter-company cooperation increases, waste 

decanted into the environment decreases, and resource efficiency increases. 

 

With these mutually beneficial partnerships in enterprises, waste, and by-products are recovered, savings 

are achieved in resource use, and raw materials and energy are used efficiently to reduce environmental 

emissions. The concrete application of industrial symbiosis approaches is Eco-Industrial Parks. 

Sustainable and clean production is targeted in these practices [4].  

 

Eco-industrial parks are resource exchange applications that occur with the cooperation of enterprises 

geographically close to each other, even though they are independent in an industrial zone. Industrial 

plants that are independent of each other and preferably located close to each other form a coexistence. 

The total benefit to be obtained by working together will be more than the sum of the benefits based on 

the business that the businesses will obtain by optimizing their functioning only [5]. This application, 

which is very important and profitable for enterprises and resource efficiency, requires material flow 
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analysis, determining the measures to be taken within the facilities, and eliminating system inefficiencies 

[6]. However, some problems may occur in accordance with these requirements. Therefore, this study 

discusses the problems that may be experienced in the eco-industrial park installation process. Looking 

at the literature, there are many studies on the installation and application of eco-industrial parks. In this 

study, problems that need to be addressed before installation and applications and that need to be solved 

before installation have been identified, and priority values of the problems have been calculated. Due 

to the quantitative structure of the study, it differs from other studies in the literature. This study aimed 

to identify the most critical problems to identify and solve before the installation was started. While eco-

industrial parks have emerged on the concept of sustainability, these parks should also be sustainable. 

Ensuring this situation is possible by taking solid steps in the first stage when the system is just beginning 

to be established. Therefore, this study's primary purpose and motivation is to avoid the problems 

encountered in light of the criteria determined during the planning stage of the installation of these 

applications and to proceed with solid steps. The studies in the literature were examined, and the criteria 

that were effective on the problem were determined. These criteria were evaluated by the ANP method. 

The power of the ANP method to evaluate the interaction and relationships between the criteria was 

utilized. By converting the qualitative evaluations into quantitative values, the priority values of the 

criteria that caused the problems encountered during the establishment of eco-industrial parks were 

calculated. This study answers how businesses that turn to eco-industrial parks due to the environmental 

damage caused by industrial parks can establish a more accessible system today when sustainability is 

important. In this respect, contributions are made to businesses and the literature.  
 

This study consists of six parts. In the second part, eco-industrial parks are explained. In the third part, 

studies in the literature are given. In the fourth part, the method used is explained. Numerical results are 

also included in the fifth part. In the last part, the obtained results are interpreted. 

 

2. ECO-INDUSTRIAL PARKS  
 

Industrial ecology aims to balance industrial development with the sustainable use of natural resources 

to develop environmentally friendly production and consumption. On the other hand, ensuring the 

relationship between society, the economy, and the environment focuses on issues such as protecting 

renewable resources, carefully using energy, and recycling [7]. Many enterprises aimed at industrial 

ecology are established at a close distance from each other and in a connected way [8]. Due to the 

connections between enterprises, industrial zones are transformed into industrial ecosystems. These 

connections are also called IS [9]. 
 

An IS is an approach based on mutual benefit between industries. It is when at least two enterprises 

working independently, although physically close to each other, establish relations that can improve 

environmental performance and competitiveness [10]. Some applications of IS have been developed in 

eco-industrial parks, and these eco-industrial parks are seen as concrete facts of the concept of IS [3]. 

The eco-industrial park is a community of companies in the production and service sectors that want to 

improve their environmental and economic performance by cooperating in managing the environment 

and resources (energy, water, and matter) [11]. Eco-industrial parks aim to reduce the flow of materials 

and energy and environmental impacts, ensuring profit and common benefit in the economic and social 

development of facilities close to each other. 

 

An eco-industrial park; 

•   From a by-product exchange model or exchange network, 

•   From a recycling business group (resource recovery or recycling companies, 

•   From all environmental technology companies, 

•   Green product manufacturing companies, 

•   An industrial park designed around a single type of environmental theme (solar-powered park), 

•   From a park with an environmentally friendly infrastructure or structure, 

•   Industrial, commercial, or local, mixed-use development  
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there should be more [8]. 

 

It is helpful to organize a further study of industrial projects with the exchange of materials; to think 

differently, although it is suggested by industrial ecology. Chertow proposed five different eco-industrial 

park models in his study. These recommendations are presented in Table 1.  

                                 
Table 1. 5 Eco-industrial park models proposed by Chertow [8] 

 

Model Explanation 

Exchange through waste 

exchanges 

In this model, enterprises give their waste to recycling facilities. The waste 

exchange is one-sided, and there is no energy exchange with water. Since it is 

an old and traditional method, it is the most distant model to the definition of 

IS. 

An exchange within a 

facility, company or 

organization 

In this model, an enterprise acts as a separate enterprise to its subunits and 

provides between units. In this way, profits can be made on purchases and 

product designs. 

An exchange between 

companies located in a 

defined eco-industrial park 

In this model, water, energy, and material exchange is carried out between 

companies and organizations in the eco-industrial park. Relations can be 

established not only between companies in the park but also with organizations 

outside the park. 

Exchange between local 

firms that are not placed side 

by side 

In this model, exchanges take place between businesses in a region. Although 

they are not neighbors, a symbiotic relationship be established between 

businesses with geographical proximity. 

Exchange between 

companies organized in a 

wider region 

In this model, a virtual connection is established between businesses not located 

in the same region, and item exchanges are performed. However, the options 

are not unlimited due to shipping costs. 

 

3. LITERATURE RESEARCH   

 

In recent years, the effects and causes of climatic and environmental changes in the world have increased 

awareness of sustainability. IS is one of the methods considered to be the key strategy that promotes the 

sustainable use of resources. IS is mainly based on the principle that the waste produced by one company 

can be used by other companies to replace production inputs or to produce new products [1]. 

 

Since the late 1990s, different studies have been carried out on the planning and design of industrial 

zones that have adopted an IS approach. As a result, industrial diversity and cooperation are ensured in 

industrial zones and industrial parks thanks to the work done. As a result, energy and water efficiency 

are maximized, and waste formation and environmental effects caused by waste are minimized; systems 

can be established in which companies' economic performance increases, product diversity and 

economic competition increase, and sustainable industrial zones are created [6]. 

 

Many studies have been carried out to evaluate systems in existing industrial parks. Economic growth 

and environmental protection have been critical issues in facilitating the development of eco-industrial 

parks in China. As the main contributors to China's industrial production, many industrial parks address 

issues of intensive resource consumption and pollutant production driven by stricter environmental and 

resource management regulations [12]. In Chinese industrial parks, the central wastewater treatment 

plant is a critical shared infrastructure for further purification of pre-treated industrial wastewater on-

site [13]. In another study conducted in China, they prioritized the benefits of eco-industrial parks by 

considering their benefit criteria and evaluating them with Gray-Delphi and VIKOR methods [14]. An 

IS application has been developed in Turkey, which also carries out wastewater treatment and where a 
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zero-waste process takes place, where the useful use of the waste of one of the two different sectors as 

the raw material of the other is revealed [15]. 

 

In addition to the evaluation studies in the literature, there are also different studies. In one of these 

studies, a Clean Production and IS decision support platform were implemented with the support of the 

EU project with the partnership of Turkey-Switzerland. As a result of the studies carried out for this 

platform, a decision support platform was designed and developed, and case analyses were shared 

through the platform [16]. In another study, the potential for transforming organized industrial zones 

and industrial zones into eco-industrial parks is expected to be the most suitable means for foreign capital 

investments to enter our country and become permanent by turning them into significant investments, 

has been studied [17]. In a study conducted in Şanlıurfa, companies in the Organized Industrial Zone 

were examined, and the alternatives to converting this industrial zone into an industrial eco-park were 

examined. In addition, a survey study on waste has been carried out for companies, and it has been 

aimed to form the basis of waste assessment systems for the industrial zone [18]. 

 

To support decision-makers who wish to establish and operate an IS network, Analytical Network 

Process and the criteria to be considered and their importance was calculated with the method of 

analytical hierarchy process [19]. 

 

This study focuses on the criteria that cause problems in establishing eco-industrial park applications 

that will be designed to reduce the harmful effects of the industry on the environment. Making the 

evaluation of these criteria with the ANP method, taking into account the interaction and relationship 

between the criteria, contributed positively to the construction of the establishment process of the 

enterprises in terms of literature review and real life. In addition, it also contributes to the literature by 

emphasizing the things that should be considered in the light of the criteria to avoid possible problems 

that may be encountered at the planning stage. 

 

4. MATERIALS AND METHODS 

 

The decision constantly evolves, but it is a selection process made from among the available options, 

adhering to at least one goal and criterion. At this selection stage, Multi-Criteria Decision-Making 

(MCDM) methods are used to make the correct decision. MCDM methods, in which binary comparisons 

of the criteria that have been determined are usually based, contribute to making the right decision 

through numerical data and in the future [20]. 

In this study, the problems likely to occur in the eco-industrial park installation were determined with 

the help of other literature studies. The criteria priority values were calculated using the Analytical 

Network Process method. The study aims to support the smooth implementation and maintenance of 

eco-industrial park installations. 

 

4.1. Analytical Network Process Method (ANP) 
 

The ANP developed by Saaty allows more complex relationships between decision levels and features 

to be taken into account [21]. 

 

Stages of the Analytical Network Process Method: 

1. Stage: The decision-making problem is determined. 

2. Stage: The relationship of the criteria with each other is determined. 

3. Stage: Decoupling comparisons are made between the criteria. 

4. Stage: The consistency of the comparison matrices is checked. 

5. Stage: Super-matrices are created. 

6. Stage: The best alternative is determined and the choice is made [22]. 
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In the ANP method, the level of criteria influence on each other is indicated by a network that matches 

the nodes [23]. Criteria in a node can affect some or all of the criteria in any other node. The established 

relationships are indicated by arrows in the network structure, and the direction of the arrows, the 

dependence between the nodes [24-25]. The dependence between two nodes is called an “external 

dependence” and is indicated by a two-way arrow. In contrast, the dependencies between the lower 

criteria within a node are called “internal dependence” and are indicated by the arrow as a loop.  

Considering the studies on ANP in the literature, [26] in performance evaluation, [27], [28], [29], are 

seen in energy to study. 

 

5. RESULTS 

 

5.1. Defining The Problem    

 

With the industry's progress, the world's natural balance has also begun to deteriorate, leading to many 

other problems, such as global warming and climate change. Therefore, people have also started to take 

measures for these problems and to work to make the production in the industry cleaner. Some of these 

studies aim to increase the industry's resource efficiency, renewable energy sources, and labor 

productivity. In these studies, the industry has emerged concepts such as clean production, industrial 

ecology, and eco-industrial park. Eco-industrial parks are systems that target clean production and zero 

waste so that problems will cause away from the target. In parks that are not well designed and do not 

have strong management, resource efficiency cannot be achieved, and costs increase in waste disposal. 

In these cases, there are problems in the establishment of eco-industrial parks. Therefore, it is necessary 

to identify and solve the problems that may occur in the installation of the park. In this study, the criteria 

that may occur during the installation of an eco-industrial park have been identified by examining other 

studies in the literature and the requirements and regulations for installing an eco-industrial park. The 

criteria identified were evaluated using the ANP method, which is one of the MCDM methods. The flow 

chart of the study is shown in Figure 1. The criteria and their description are found in Table 2. Table 2 

also shows the criteria categorized as main and sub-criteria. 

 

 
 

Figure 1. The flow chart of the study 
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Table 2. Criteria and descriptions 

 

Main Criteria Sub-Criteria Explanation 

Organizational Barriers 

(OB) 

Competition 
Inter-company races with similar aspects, 

decoupling. 

Distrust Between Firms 

The state of trust between firms that do not know 

each other decently or know each other 

incorrectly. 

Location of the Park 
It is the geographical location of the current or 

upcoming park. 

Transportation Facilities 

The transportation facilities of the park are such 

facilities as the surrounding land road, sea road, 

air road. 

Legal Barriers (LB) 

Lack of Information 
Lack of knowledge about IS, recycling, eco-

industrial parks and laws. 

Compliance with 

International Standards 

Compliance with the necessary standards for the 

installation of an eco-industrial park. 

Economic Barriers (EB) 

Financial Problems 
Financial support will be provided to companies 

that will establish an IS network. 

Infrastructure Expenditures 
Necessary infrastructure costs for park installation 

or recycling works. 

Technological Barriers 

(TB) 

Lack of Infrastructure 
The lack of requirements for the installation of an 

IS network and an eco-industrial park. 

Lack of Hardware 
It is the lack of equipment that enterprises or the 

park have. 

Institutional Barriers (IB) 

Available Recycling 

Facilities 

These are recycling facilities that companies own, 

cooperate with other enterprises, or produce by 

recycling. 

Disbelief in the Usefulness 

of the System 

It is the idea of not being able to benefit 

institutionally from the concept of EIP. 

Non-Compliance with the 

Concept 

If there is a concept of a park that exists or is 

planned to be established; this is a case of non-

compliance with the concept. 

 

 

5.2. Solving The Problem     

 

The problem was solved by the ANP method. The ANP method, developed by Thomas L. Saaty, is a 

decision-making method that considers the relationships between the criteria at the decision stage and 

eliminates the need for one-way modeling of the problem. Because it considers the relationships between 

the criteria and facilitates the solution of complex problems, this method was preferred when analyzing 

the problems experienced in installing an eco-industrial park. By examining the literature, the criteria 

that were effective on the problem were determined. The network structure was created by considering 

these criteria' relationships, interactions, and feedback [30]. Pairwise comparison matrices were 

established according to the network structure and relations. In paired comparison matrices, how 

effective the criteria are relative to each other was determined using Saaty's 1-9 [31] scale. 

Figure 2 shows the network structure established in the study. 
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Figure 2. Network structure established according to the ANP method 

 

5.3. Evaluation of the Solution Method 

In the ANP method, pairwise comparison matrices are created between the criteria in a relationship. 

Table 3 shows the pairwise comparison matrix of the main criteria, the legal barriers criterion, as an 

example. Table 4 shows the criteria weights obtained from the evaluations of all pairwise comparison 

matrices. Table 4 shows the priority values calculated for the criteria. 

 
Table 3. Comparisons for the main criterion of legal barriers 

EB >=9.5 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 >=9.5 IE 

EB >=9.5 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 >=9.5 OB 

EB >=9.5 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 >=9.5 TB 

EB >=9.5 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 >=9.5 LB 

IB >=9.5 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 >=9.5 OB 

IB >=9.5 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 >=9.5 TB 

IB >=9.5 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 >=9.5 LB 

OB >=9.5 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 >=9.5 TB 

OB >=9.5 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 >=9.5 LB 

TB >=9.5 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 >=9.5 LB 
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Table 4. Calculated priority values for the criteria 

Main Criterias 
Criteria 

Weights 
Sub-Criteria 

Sub-Criteria 

Weights 

Organizational Barriers (OB) 0.195 

Competition 0.153 

Distrust Between Firms 0.545 

Location of the Park 0.172 

Transportation Facilities 0.130 

Legal Barriers (LB) 0.470 

Lack of Information 0.460 

Compliance with International 

Standards 
0.540 

Economic Barriers (EB) 0.122 
Financial Problems 0.673 

Infrastructure Expenditures 0.327 

Technological Barriers (TB) 0.136 
Lack of Infrastructure 0.635 

Lack of Hardware 0.365 

Institutional Barriers (IB) 0.077 

Available Recycling Facilities 0.483 

Disbelief in the Usefulness of the 

System 
0.229 

Non-Compliance with the Concept 0.288 

 

According to the priority values resulting from the ANP method, the most important criteria/problems 

are financial problems, lack of infrastructure, distrust between companies, compliance with international 

standards, and existing recycling facilities. The five most important sub-criteria also belong to different 

main criteria. These main criteria are, respectively: economic barriers, technological barriers, 

organizational barriers, legal barriers, and institutional barriers. If these main criteria are also sorted by 

their degree of importance, respectively, it is seen that there are legal barriers, organizational barriers, 

technological barriers, economic barriers, and institutional barriers. In this case, the solution to problems 

should start from the main criteria with the highest priority value and the most important sub-criteria of 

these main criteria. 

 

6. CONCLUSIONS 

 

IS is based on the principle that the output of one company can be used as production input by other 

companies. Eco-industrial parks, one of the applications of IS, coexist on common property and are 

defined as a community of production and service industries that can exchange waste with each other, 

allowing enterprises to increase their social and individual benefits.  

 

When literature studies are examined, IS strategies are determined, criterion weights for EIP installation 

are calculated, EIP potential calculations are performed, and different IS applications are observed. This 

study differs from other studies in identifying and analyzing problems that may occur in installing EIP.  

 

This study identifies problems likely to occur during the installation process of eco-industrial parks. 

These problems have been solved with ANP from MCDM methods. The ANP method supports the 

study in terms of establishing a relationship between criteria, and the problems should be addressed in 

accordance with the results obtained from the method. Organizational barriers, legal, economic, 

technological, and institutional barriers, including 5 of 13 covered by these criteria, the main criteria 

and sub-criteria, and priority of the relations established between the ANP method by calculating the 

values of the solution have been reached. The results from this study; EIP was taken for a region that 
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will be set up; the problems identified to prevent possible problems, speed up the installation process, 

eliminate the costs of subsequent projects, and aims to be a reference for error. Therefore, before 

establishing an eco-industrial park in a region, possible problems should be examined. Thus, a smooth 

installation can be achieved. It contributes to sustainable production and the protection of natural 

resources and provides benefits and expected benefits in enterprises' economic and social development. 

 

These problems consist of the sub-criteria used in the solution of the ANP method. The solution results 

show that legal barriers are the main criteria. Financial problems, lack of infrastructure, and distrust 

between companies are the criteria with the highest priority values. Priority should be given to the sub-

criteria under the main criterion of legal barriers, and firms should have information about IS and EIP. 

In addition, international standards should be investigated and made compliant with the standards. Other 

important sub-criteria also indicate the improvements and innovations the enterprise must make before 

an eco-industrial park is established. Since being located in an eco-industrial park means a large 

environmental investment, enterprises need to minimize their financial problems and prepare for the 

necessary infrastructure. Eco-industrial parks require cooperation between companies, so the necessary 

attention should be paid to competition, which is one of the most important. The distrust between 

companies should also be eliminated. In future studies, these criteria can be evaluated using fuzzy multi-

criteria decision-making methods. In addition, the parks established in the light of these criteria can be 

evaluated. 
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