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Abstract—Industrial symbiosis is a favored approach to 

balancing industry’s economic growth and its environmental 

impact on a regional scale. Although the scientific literature 

reports a multitude of examples of industrial symbiosis around 

the world, this approach and its related concepts are not 

considered to be widespread in practice, due to various barriers. 

Information and management barriers are seen as significant 

obstacles to industrial symbiosis; however, they have not been 

adequately investigated yet. Empirical research capturing the 

perception of industrial actors is lacking. This applies especially 

to information and communication technology designed to 

reduce informational barriers. Therefore, in this research-in-

progress paper, we will first examine these aspects by discussing 

related publications. In the second step, we develop a study 

design involving an online questionnaire to examine the extent 

of managerial and informational barriers that prevent industrial 

symbiosis as well as the perception of corresponding 

technological support. 

I. INTRODUCTION 

The term "sustainability" has become omnipresent and a 

central issue in discussions on industrial development. In this 

regard, one approach to sustainable industrial development 

that is attracting more and more research attention is industrial 

symbiosis. Industrial symbiosis aims to balance industrial 

activities and their impact on the environment. It involves 

regional, cross-sectoral, and cross-company cooperation to 

increase resource efficiency and to ecologically and 

economically benefit the parties involved [1], [2]. As a result, 

this approach can create so-called ‘industrial ecosystems’ or 

‘eco-industrial parks’ from conventional industrial systems or 

parks, in which local industries adopt symbiotic behavior and 

commit to sustainable development policies [3], [4]. 

Nevertheless, reports show that industrial symbiosis is not 

widely implemented in practice, due to technical/physical, 

financial, economic, regulatory, social, informational, and 

managerial barriers [5], [6]. According to [7], less than 0.1% 

of 26 million active enterprises in Europe are engaged in 

industrial symbiosis. In particular, managerial (e.g., limited 

commitment) and informational (e.g., lack of 

information/knowledge sharing) barriers are regarded as 
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significant obstacles to industrial symbiosis [5]–[10], since 

they must be overcome for symbiotic opportunities to be 

identified. If these barriers are not addressed, subsequent 

processes—such as feasibility studies of identified 

opportunities—cannot be carried out and other related 

barriers (such as technical or financial issues) cannot be 

identified. 

Different examples of industrial symbiosis around the 

world have been described in the scientific literature [11], 

[12]. These examples contribute to sustainable development 

in economic (e.g., reduced waste disposal and input costs), 

environmental (e.g., reduction waste production and resource 

use), and social (e.g., community awareness) terms. However, 

at this point, industrial symbiosis research needs more 

empirical and quantitative studies, which are currently 

lacking (as stated by [13]). In recent years, some surveys on 

industrial symbiosis activities and barriers have been 

conducted, both to examine the interest in and maturity of 

industrial symbiosis in a specific region and to capture the 

perception of barriers to adopting symbiotic behavior (see 

Table I). The surveys usually address companies (general or 

environmental managers) or policymakers but rarely the 

managers of industrial parks, despite the wide recognition of 

their potential role as facilitators [14], [15]. 

TABLE I. 

INDUSTRIAL SYMBIOSIS SURVEYS ON INDUSTRIAL SYMBIOSIS 

Year Article Region Focus
1

 
Sample
2

 

2016 
[16], 

[17] 
Philippines Barrier interdependencies (10) 10 

2017 

[18] Brazil Social barriers (4) 29 

[14] Europe Symbiosis activity, barriers (5) 92 

[15] Europe 
Symbiosis activity, barriers 

(10) 
n/a 

2018 

[19] Slovenia Symbiosis activity (-) 50 

[20] Sweden 
Symbiosis activity, maturity, 

barriers (4) 
20 (50) 

[21] Spain Symbiosis activity, barriers (9) 95 

2019 [22] Europe 
Symbiosis activity, impacts, 

barriers (12) 
22 (25) 

2 No. in brackets = No. of follow-up interviews 
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Financial/economic and regulatory barriers are considered 

the largest barriers by many study participants. In terms of 

informational and managerial barriers, views are mixed, with 

large variation in perceived relevance. These differences can 

be caused by region and context, but also by the different 

barrier categorizations proposed in the different studies. 

Informational, managerial, and social aspects are not clearly 

separated with regard to how barrier categories are assigned. 

Informational barriers in particular are often linked with 

social factors such as trust, cooperation, and community. 

Although a cause-effect relationship may exist (according to 

[14] and [15], managerial barriers are a causal factor and 

informational barriers are an effect factor), the present 

inconsistency in barrier categorization and the lack of a 

uniform allocation of the underlying aspects make it difficult 

to compare the studies, reducing their clarity and validity.  

Only [19] and [21] considered informational barriers 

separate from social aspects, albeit exclusively with reference 

to information systems. The survey of [21] reveals that some 

companies consider inadequate information management 

systems to be a barrier. The survey of [19] shows that 49 out 

of 50 respondents would use an online platform to search for 

potential partners if one was available. However, in both 

studies, no further information is given regarding the 

information system/online platform (information types, 

functionality, access structure, users, etc.). Therefore, the 

extent of informational barriers and their cause remain 

unknown. 

A similar lack of empirical foundation can be seen in the 

efforts to support industrial symbiosis with information and 

communication technology (ICT), as a way to mitigate 

informational issues. These tools appear to be primarily 

research-driven, and the extent to which they are known, 

used, and judged useful by companies remains unclear [8], 

[23]. Therefore, we decided to set up a long-term research 

project to address this research gap. In our opinion, research 

must further explore the readiness of companies and 

managers in industrial parks to practice industrial symbiosis, 

as well as the opinions on informational issues and ICT 

support. An investigation into informational aspects 

regarding information availability, confidentiality, and 

relevance, as well as on the perception of ICT support, will 

especially contribute to understanding and uncovering gaps 

between research efforts and practice. Therefore, the aim of 

this research-in-progress paper—the first step of our research 

project—is to identify and clarify the necessary aspects of 

informational and managerial barriers and of ICT support for 

industrial symbiosis, in terms of problem identification. In 

addition, we will present our initial study design (an online 

questionnaire) and outline the next steps of our ongoing 

research. 

This paper is structured as follows. Section II presents the 

theoretical background on industrial symbiosis and its 

barriers in terms of problem identification. Then, Section III 

describes our study design. Finally, Section IV concludes the 

paper with a discussion and future steps. 

II. THEORETICAL BACKGROUND AND PROBLEM 

IDENTIFICATION 

A. Business Models in Industrial Symbiosis 

Originally, the term ‘industrial symbiosis’ covered the 

physical exchange of material, energy, water, and by-products 

between geographically close companies in order to achieve 

economic and environmental advantages [1]. Today, the term 

encompasses all business models of inter-firm exchange or 

sharing of under-utilized resources like material, energy, 

logistics, capacities, space, expertise, and knowledge [2]. The 

business models (synergies) are therefore either exchange-

based or sharing-based and are commonly divided into three 

categories [24], [25]: 

• By-product exchange and reuse 

• Utility and infrastructure sharing 

• Service sharing 

By-product exchange refers to one company’s residual 

outputs (e.g., waste and by-products) being used as another 

company’s inputs (e.g., water, material, waste heat). Here, the 

principle of circular economy is followed. Utility and 

infrastructure sharing refers to joint use and/or operation of 

technical infrastructure and decentralized plants, such as a 

combined heat and power plant, water treatment plant, district 

heating grid, etc. Service sharing refers to cross-company 

management or joint provision of common services, (e.g., 

joint disposal/procurement, logistics and warehousing, staff 

training, knowledge exchange). 

Depending on the business model and the role of the 

company (e.g., supplier or consumer), various economic and 

ecological advantages can arise for the parties involved and 

for the corresponding region: reduced resource consumption 

and waste generation, eco-innovation, revenues from residues 

and by-products, less raw material and disposal costs, 

development of new business and market opportunities, etc. 

[26]. 

The development mechanisms of industrial symbiosis can 

be divided into three categories—self-organized, facilitated, 

and planned/designed—with the degree of the involvement of 

coordinating/mediating third parties (e.g., research institutes, 

governmental agencies, park management) increasing [27]. 

Intermediaries are regarded as vital to supporting contact 

initiation, to collecting necessary information and knowledge, 

and to facilitating their exchange between companies [28]. 

Park managers are considered to be the best candidates to 

provide this social and informational infrastructure to the 

companies in an industrial park [5]. 

B. Informational and Managerial Barriers to Industrial 

Symbiosis 

1) Informational Barriers 

The availability of information and knowledge, as well as 

the willingness to share them with others, is essential to 

identifying and evaluating synergy opportunities for 

industrial symbiosis. For example, in the case of a potential 
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by-product exchange, this would include information on the 

incoming and outgoing resource flows of companies, as well 

as knowledge of relevant compatibility criteria and technical 

expertise to implement synergies. However, lack of trust, 

confidentiality issues, and motivational issues may lead to an 

unwillingness to share necessary information and knowledge 

[5], [28], [29]. Lack of internal information, lack of contacts 

and relationships with whom to share information and 

knowledge, communication issues, and difficulty to share 

knowledge limit available information and knowledge 

sources [6], [8], [30]. Confidentiality issues in particular have 

not been investigated in the context of industrial symbiosis.  

Since we want to determine to what extent informational 

barriers exist, we want to keep them as separate as possible 

from social aspects, such as trust and relationships. Therefore, 

we consider the following issues to be informational barriers 

to industrial symbiosis: 

• Unawareness of principles and benefits of industrial 

symbiosis 

• Lack of available information and knowledge 

• Unwillingness to and difficulty of sharing information 

and knowledge  

• Non-transparency and inefficiency of the information 

and knowledge exchange 

• Lack of information-sharing mechanisms and 

infrastructure 

ICT support is considered to be promising in alleviating 

informational barriers and providing a space for interaction 

and exchange between companies [9], [10]. Generally, these 

tools (developed or conceptualized) are online repositories 

(e.g., ISData) and platforms (e.g., eSymbiosis) that provide 

various functions for disseminating and sharing information 

and knowledge as well as for facilitating byproduct exchanges 

via waste market functions and automatic matching engines. 

However, industrial symbiosis ICT tools face various 

barriers [31], [32]. Currently, these ICT tools are not provided 

with enough data and information for them to be used 

effectively. This may be caused by lack of willingness to use 

the tools, confidentiality issues, manual effort required for 

data entry, lack of knowledge of the existence of such tools, 

and access restrictions—thus leading to a low number of 

potential users. Social networking approaches [33], [34] have 

increasingly addressed criticisms of early tools for not taking 

sufficient account of the social context [8]. In addition, many 

tools limit their functionality to the early stages of industrial 

symbiosis (synergy identification and assessment) [8], [10]. 

Moreover, many tools are not easily/publicly accessible, not 

operational, or still in the concept or development stages [8], 

[10]. Hardly any statements can be found on the operational 

tools as to the context in and extent to which they are used, 

how and by whom, and which specific functions they provide 

to (potential) users. Therefore, it is difficult to assess how 

useful current ICT support is to industrial symbiosis. 

2) Managerial Barriers 

In order to gather and share information and knowledge, 

there must be a willingness to commit to sustainable business 

models; to participate in workshops; and to provide time, 

personnel, and (likely) financial resources. Synergy 

identification and implementation do not only deal with 

resources, they also require resources. Without commitment 

to incorporating the concept of industrial symbiosis into a 

holistic strategy and business processes of participating 

companies, the discovered potential synergies may remain 

unused [8]. Since the potential benefits are unknown and 

difficult to predict at first, and since coordination and the 

exchange of information and knowledge are time-consuming, 

this commitment and willingness must continue beyond 

initial meetings and workshops. Therefore, we consider the 

following (organizational) aspects as managerial barriers: 

• Lack of commitment to sustainable business and to the 

community/network 

• Lack of management support 

• Unwillingness to collaborate and communicate 

The attitude of the company and park management not only 

influences the extent of informational barriers but can also 

determine how—and if—ICT tools are used for industrial 

symbiosis. 

III. RESEARCH APPROACH 

A. Overall Research Approach 

In our research project, we pursue the design of an ICT tool 

(IT artifact) to mitigate and overcome informational and 

managerial issues in industrial symbiosis. Therefore, we 

follow the design science paradigm [33]. The steps for design 

science in information systems research are shown in Fig. 1. 

Currently, we are in the first stages of our long-term 

research project. We initiated our research by identifying the 

problem (managerial and informational barriers) and solution 

space (ICT) in industrial symbiosis through a comprehensive 

literature review and discussions with industrial partners. As 

described in Section II, managerial and informational barriers 

still persist, and ICT solutions encounter a number of 

problems. Furthermore, design guidelines and best practices 

for ICT solutions that enable/support industrial symbiosis are 

lacking [31]. 

Like other researchers, we believe that ICT tools, 

particularly digital platforms, can contribute to overcoming 

managerial and informational barriers, but only if the design 

is tailored to the needs, circumstances, and restrictions of the 

intended users. Capturing these aspects requires capturing the 

general attitude of management towards industrial symbiosis 

along with the associated exchange of information and 

knowledge and the corresponding ICT. To this end, we will 

conduct a survey with the relevant industrial players in 

industrial symbiosis in industrial parks. This problem-

centered approach underlines the relevance of the topic and 

clarifies the problems addressed in our research project. 
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Based on the answers and the information obtained in 

subsequent interviews, we aim to deduce where an ICT tool 

could and should be applied, and what it could achieve in 

terms of enabling industrial symbiosis. By conducting 

empirically-grounded problem identification and aligning it 

with the existing solution space, we aim to reconfirm our 

research gap—thus thoroughly justifying our project—and to 

ensure that the ICT tool is designed in such a way that it can 

be embedded in existing strategies and processes to address 

this important issue [23]. 

 

 

Fig.  1 Design Science Research Methodology [33] 

 

 

B. Proposal of Study Design – Online Questionnaire 

To address the identified problems/barriers and to 

investigate them in more detail, thus filling this gap in the 

literature, we set up a study design based on an online 

questionnaire. The aim of this approach is to reach a large 

number of companies and to gather various opinions and 

perceptions of managerial, informational, and ICT-related 

aspects in the context of industrial symbiosis. The 

questionnaire will be provided in German for companies in 

Germany, Austria, and Switzerland and in English for other 

European companies. It will primarily be sent to companies 

in industrial parks and to park managers, as these companies 

and park management are predestined for industrial 

symbiosis. We aim to gain insights into the (estimated) 

willingness and ability of companies to cooperate in industrial 

symbiosis and into the willingness and ability of park 

management to act as a facilitator. The questionnaire is 

composed of four sections: 

1) General Data – Participant Characterization 

In order to accurately analyze the answers of the 

participants, the participants themselves must be sufficiently 

characterized. Therefore, the general data section includes, 

for example, the following information: 

• Size of company/industrial park (number of 

employees/companies), which indicates the human 

resources available and the number of potential synergy 

partners 

• Length of stay at site (in years), which may influence 

the number of established contacts and (business) 

relationships 

• Certification in energy (ISO 50001) and/or 

environmental management (ISO 14001/EMAS) and 

acknowledgement of the importance of energy and 

material consumption and waste, which indicates the 

relevancy of sustainability issues. 

 

The characteristics of enterprises and the comparisons 

between them may reveal fundamental differences in 

readiness as well as in business and information attitudes 

towards industrial symbiosis, from which different 

conclusions can be drawn (e.g., requirement profiles). 

2) Managerial Aspects – Current Practice, Readiness, and 

Potentials 

The extent of management-related barriers is reflected in 

the current practices and the readiness to adopt industrial 

symbiosis practices and business models. Therefore, the first 

block will question the current practice, including the type of 

the business model and the role of the company. This block 
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also examines awareness of the concept of industrial 

symbiosis regardless of specific terms.  

Subsequently, the survey participants will be asked to 

assess the readiness, interest, and potential opportunities of 

the company/companies to practice industrial symbiosis. 

Questions related to readiness indicate a company’s ability to 

collaborate at the company level, while questions related to 

potential assess the company’s ability to collaborate at the 

network level (by questioning the perceptions of other 

companies in the industrial park). To measure readiness and 

potential, we use the proposed readiness areas of [34]. These 

areas involve the business models of industrial symbiosis 

(e.g., readiness for by-product exchange) and the company’s 

strategic orientation towards industrial symbiosis (e.g., 

readiness to pursue common goals or to provide time and 

personnel for industrial symbiosis activities). The answer 

options will use a 5-point Likert scale indicating low (1) to 

high (5) readiness/potential. 

The questions regarding potential also help indicate the 

extent to which companies have information/knowledge of 

other companies at their location/industrial park. A screenshot 

of example questions in this section is provided in the 

Appendix (see Fig. 5). 

3) Informational Aspects – Availability and Sharing 

The extent of information-related barriers is reflected in 

concept awareness, internal and public availability of 

information and knowledge, and willingness to disclose the 

latter. 

First, the company’s policies and practices in terms of 

internal and external exchange of knowledge are examined. 

‘Policy’ refers to management support for facilitating 

knowledge sharing, while ‘practice’ refers to existing formal 

and informal communication channels and methods of 

knowledge sharing. Companies could benefit from improving 

or qualifying existing channels and practices, instead of 

developing and imposing new ones. An example question on 

communication channels is given in Fig. 2, and a screenshot 

of this question is provided in the Appendix (see Fig. 6). 

 
 

Which communication channels do you mainly use in your company 

to exchange experiences and knowledge with colleagues and 

partners? 

 

 Within your company 
 

 Never 

1 

Rarely 

2 

Sometimes 

3 

Often 

4 

Always 

5 

Face-to-face 

communication 
□ □ □ □ □ 

Virtual face-to-

face 

communication 

□ □ □ □ □ 

E-mail □ □ □ □ □ 

Intranet □ □ □ □ □ 

Expert systems □ □ □ 

 

□ □ 

Fig.  2 Example Survey Question – Knowledge Sharing 

 

Second, the availability of needed information is 

investigated. To this end, we will ask whether certain 

information about inputs and outputs is known within the 

company, whether it is already published/publicly available 

(e.g., in environmental reports), and whether it is generally 

subject to confidentiality. The types of information to be 

addressed are listed in Table II. This information is typically 

used to identify synergies, but at a high level of detail [35]. In 

order to examine the willingness to share information, we will 

include questions on the relevance of the types of information, 

as well as questions on the disclosure of information and its 

level of detail. An example question concerning information 

confidentiality is given in Fig. 3, and a screenshot of this 

question is provided in the Appendix (see Fig. 7). 

 
TABLE II.  

NECESSARY INFORMATION FOR INDUSTRIAL SYMBIOSIS 

Information type Examples/Level of detail 

Resource type Material, energy, water, EWC classification 

Resource quantity Average per year/per month/per day/per hour 

Supply pattern Constant/fluctuating, maximum/minimum, lot size 

Resource property Components/ingredients, pollution, temperature 

Resource source Plant type (e.g., processing/production plant), 

utilization (e.g., material input, drying, air 

conditioning, process heat), specific plant (e.g., 

industrial furnace) 

Availability period All year/seasonal, month details (e.g., April-

August), date specification (e.g., 01.04.19-

04.12.20), shift system (e.g., Mo-Fr 5:30 to 22:30) 

Supplier/customer Type, name 

Price/cost Total per year/per unit, upper/lower price limit 

 

 

 

Are the following types of information classified as confidential in 

your company and therefore subject to disclosure restrictions to 

other companies (e.g., non-disclosure agreements)? 

 

 Raw materials 

 Yes Uncertain No 

Resource type □ □ □ 

Resource quantity  □ □ □ 

Supply pattern □ □ □ 

Resource properties □ □ □ 

Availability period □ □ □ 

Supplier/customer □ □ □ 

Price/cost □ □ □ 

 

Fig.  3 Example Survey Question – Information Sharing 

 

Another important aspect related to information sharing is 

the type of information exchange: 

• Direct: Other interested companies in the industrial 

park can receive or view information. 

• Indirect: An intermediary receives the information, 

processes and analyzes it, and passes on the results of 

the analysis (e.g., that a synergy potential is presumed 

or not) to other companies, without the latter having 

access to the original information 
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Companies’ preference for one type or the other can 

provide important insight into a suitable mechanism for 

information exchange in an industrial park and for the design 

of appropriate ICT support. 

4) ICT Support – Awareness and Design 

In this section of the questionnaire, the awareness of ICT 

tools and the perception their usefulness are addressed on the 

basis of provided functions. 

Based on [9], different types of ICT tools (e.g., online 

waste market, synergy identification system) will be 

presented with examples, in order to assess participants’ 

awareness of them. Subsequently, selected functions of these 

tools (e.g., exchange market, matching engine, social 

applications) will be presented, in order to examine whether 

these functions are considered useful and/or would be used. 

At this point, a question is included inquiring whether a direct 

or indirect exchange of information is preferred. The 

questionnaire for both the companies in industrial parks and 

the park management should include a question of who should 

provide and operate such a tool (see Fig. 4). 

 
 

Who do you think should operate/provide such systems or platforms? 

 

□ Park management 

□ Focal company 

□ Third Party 

□ Uncertain 

 

Fig.  4 Example Survey Question – ICT 
 

Since the questionnaire will be tailored to two different 

target groups (companies in industrial parks and park 

management), some questions will vary slightly according to 

the role of the participants, and some will only be accessible 

to one target group or another. While the companies in 

industrial parks will assess their own readiness for industrial 

symbiosis and their information level, the park managers will 

assess the readiness and the information levels of the 

companies located in their park, as well as their willingness 

to act as facilitator in coordinating industrial symbiosis 

activities or providing services. 

IV. DISCUSSION AND FUTURE STEPS 

In the existing industrial symbiosis research, managerial 

and informational issues and associated ICT support are not 

sufficiently addressed. In particular, empirical research 

capturing industrials actors’ perceptions of these barriers and 

ICT is lacking. In order to develop an appropriate ICT tool to 

overcome the barriers (the aim of our long-term research), it 

is necessary to identify the specific underlying problems, 

needs, and resistances/aversions of the potential users.  

Our first discussions with industrial park members and 

managers have shown that a general interest and a willingness 

to cooperate are present, but the human, time, and financial 

resources necessary to pursue and adequately implement the 

concept are rarely made available in the companies. These 

conversations also revealed that the awareness of the concept 

of industrial symbiosis is not perceived as an issue; however, 

the exchange of information was always seen as problematic 

and in need of improvement. Furthermore, none of the 

discussion partners knew of existing ICT tools, but they 

imagined that using them would be beneficial. These findings 

confirm, contradict, and complement the statements made in 

previous studies mentioned in Section I and II. 

Since implementing industrial symbiosis is highly context-

dependent, small samples are not representative of a holistic 

understanding of the relevance of managerial and 

informational problems. Therefore, in order to reach as many 

actors as possible and to get a deeper and more holistic picture 

of these issues, we designed an online questionnaire targeting 

the relevant players of industrial symbiosis in industrial parks. 

By conducting the online questionnaire as the next step in our 

long-term research project, we aim to expand understanding 

of the problems/barriers that we have identified in the existing 

literature on industrial symbiosis, as discussed in Section II.  

At this point in our research, the responses to the 

questionnaire are particularly important in providing 

guidance on how to design and use applicable ICT support in 

industrial parks and how to coordinate industrial symbiosis 

activities (e.g., information flow). After the results of the 

questionnaire have been obtained, the next steps in our 

research project will involve discussing the related issues in 

more detail with companies in industrial parks and with park 

management, using qualitative approaches such as interviews 

and focus group discussions. After that, we will use the results 

from both the questionnaire and the qualitative methods to 

develop an adequate, appropriate concept for an ICT support 

tool for industrial symbiosis for industrial parks, along with 

an instantiation of the tool. For the final step in our long-term 

research, the developed tool will be evaluated by companies 

in industrial parks and by park management, again using a 

questionnaire. 
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APPENDIX 

 

 

Fig. 5 Screenshot: Example Survey Question – Readiness 

 

 

 

Fig.  6 Screenshot: Example Survey Question – Knowledge Sharing 

 

 

Fig. 7 Screenshot: Example Survey Question – Information Sharing 
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