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Abstract 

This research aims to investigate the concept of Industrial Symbiosis as a change agent in the Circular 

Economy, with its consequent effects on the economy, the environment, and society in terms of 

sustainable development. This study employs qualitative research with quantitative support from a 

structured survey of 152 IS project experts, researchers, and practitioners, utilizing a questionnaire 

comprising Likert-type and multiple-choice questions. Data were aggregated into composite 

indicators and analyzed by using a log-log regression model. Empirical results reveal that economic 

benefits are the most significant positive drivers. The actors’ involvement also contributes positively, 

highlighting the importance of multi-stakeholder collaboration. Conversely, barriers have the 

strongest negative impact on perceived obstacles and reduce IS synergies on the largest scale. Broader 

economic and social conditions moderately enhance, while awareness and training show a weaker 

but positive effect. IS is both economically viable and environmentally necessary, but its expansion 

depends on reducing financial, regulatory, and infrastructural barriers. Certain economic policy-

driven interventions, such as fiscal incentives, regulatory clarity, and investment, enable 

infrastructure to scale up the adoption of IS. 

Keywords: industrial symbiosis; circular economy; resource efficiency synergies; sustainable 

industrial transformation 

 

1. Introduction: Economic Perspectives on Industrial Symbiosis 

Industrial Symbiosis (IS) refers to a collaborative approach in which two or more entities, either 

within the same industry or across different sectors, generate both environmental and economic 

value. In this system, businesses coordinate decision-making and share resources. The waste 

produced by one organization serves as a raw material for another. Resource sharing extends beyond 

waste materials to include energy, labor, logistics, and expertise, all of which are efficiently 

exchanged. The initial IS initiatives began in Denmark during the 1970s. Today, the concept is widely 

implemented in Europe and North America, as well as in countries such as South Korea, China, 

Mexico, Brazil, and Australia. IS constitutes a transformative strategy to sustainable industrial 

development. Traditionally, isolated industries now collectively exchange materials, energy, water, 

and by-products. 

By converting waste streams into inputs for other processes, IS establishes resource-sharing 

networks that challenge the linear “take-make-dispose” pa�ern. IS reflects the principles of the 

Circular Economy (CE), where resources are kept in circulation for as long as possible to maximize 

value. This paper examines the economics of IS, specifically the value created, Key Performance 

Indicators (KPIs), and the micro- and macro-level benefits gained in the long term. These pillars, 

based on the CE, which focuses on the elimination of waste, the optimization of resource use, and the 
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regeneration of the environment, ensure the sustainability and competitiveness of industrial 

processes. IS applies these principles through pragmatic and collaborative approaches, which reduce 

the need for raw materials, extend the useful life of products and resources, and minimize waste. 

There has been an increase in the amount of resources needed globally, while the amount extracted 

has tripled, which has led to a fourfold increase in GDP. In addition, the amount of resources used 

globally will nearly double by 2060, with an increase in greenhouse gas emissions [1]. 

Economic motivation is provided by IS through various dimensions, including but not limited 

to environmental sustainability. At a micro-economic level, IS offers cost savings as well as efficiency 

gains through reduced spending on raw materials and waste disposal. Shared infrastructures, 

including pipelines as well as waste treatment facilities, can also be streamlined. IS can also provide 

revenue generation through the conversion of by-products into sellable products, creating new 

revenue streams with reduced exposure to raw material price fluctuations [2]. Another important 

benefit of resource security is that local exchanges reduce reliance on unstable global markets, thereby 

insulating industries against geopolitical risks. IS can also provide risk management as well as 

regulatory compliance, enabling industries to avoid financial penalties as well as reap incentives, 

including tax credits, subsidies, and carbon trading opportunities [2,3]. IS can also provide industries 

with innovative as well as competitive advantages through new product development, logistics, and 

business models with Environmental, Social, and Governance criteria [4,5]. 

Besides its immediate economic and environmental benefits, the concept of industrial symbiosis 

(IS) must also be seen as a contributor to sustainability transitions. Sustainability transitions towards 

a low-carbon and resource-efficient economy call for systemic innovations that go beyond the firm-

level concept of efficiency. IS delivers precisely this kind of systemic change because it impacts the 

regional and interregional pa�erns of production and consumption. Through its capacity for 

collective action, IS helps deliver the Sustainable Development Goals (SDGs), particularly those on 

responsible consumption and production (SDG12), climate change (SDG13), and industry, 

innovation, and infrastructure (SDG9). This systemic approach thus locates IS as a bridge between 

the micro-level actions of corporations and the macro-level ambitions of policies, thus further 

emphasizing its position as a key driver towards a sustainable and future circular economy. 

At the macro level, the overall social benefits of IS include regional development through the 

establishment of industrial clusters, the creation of jobs in the recycling and green technology 

industries, and the long-run contribution to economic growth through the enhancement of industrial 

diversification [6]. In this respect, IS offers a powerful example of the mutually reinforcing nature of 

economic and environmental goals. However, the implementation of IS is faced with a number of 

challenges. These include the initial capital costs, the complexity of coordination in the various 

industries, and the potential instability of the flows in the system, which may impede the adoption 

of IS [7]. However, to address these barriers, financial instruments such as subsidies and/or favorable 

loans need to be put in place, but more importantly, institutional innovations need to be made in the 

governance structure in order to equitably share the costs and the benefits. IS is not only a technical 

and environmental concept but also an innovative economic concept, where waste is converted into 

a resource, creating cost savings, additional revenue, and innovation, and at the same time fulfilling 

environmental goals. In the face of climate change, resource depletion, and environmental 

regulations, industries worldwide need a solution to balance economic and environmental goals, and 

IS offers a solution to these problems. Therefore, the economic dimension is vital in guiding industries 

and communities towards a sustainable industrial future. 

This research aims to identify the major impediments to, as well as the drivers of, IS adoption in 

Europe, providing practical solutions to enhance efficiencies. It employed a mixed-methods 

approach, a structured survey of experts such as researchers, practitioners, and evaluators on IS 

projects, using Likert scales to collect data on economic, organizational, technological, and 

institutional aspects, along with multiple-choice questions on best practices, stakeholders, and 

context. Log-linear regression was used to analyze the results. The results are useful to policymakers 

and public institutions in understanding the impediments to IS adoption, such as institutional, 
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financial, and legal issues, to design be�er policies, incentives, and laws. To industries and 

businesses, IS can mean lower costs, improved competitiveness, and higher revenues. To 

collaborative groups and industrial networks, the results are relevant in understanding the 

importance of working with stakeholders to leverage resources. To academic and research 

institutions, this research contributes to the literature on the economic and organizational aspects of 

IS. 

2. Literature Review 

However, it is not possible to fully grasp the notion of Industrial Symbiosis (IS) in a vacuum, as 

it is embedded in a broader discussion of sustainability transitions and the Circular Economy. Over 

the past two decades, both theoretical and policy-focused literature has highlighted the need for a 

radical rethink of the way in which industrial systems are organized to reduce environmental 

pressures in a manner that sustains competitiveness. The traditional linear “take, make, dispose” 

model has become ever more unsustainable, creating issues of resource scarcity, waste, and climate 

change [8]. As a response, the Circular Economy has been posited as a fundamentally different way 

of thinking, embracing a restorative and regenerative approach to production and consumption [9]. 

Researchers argue that Industrial Symbiosis is one of the most operational and practice-oriented 

manifestations of the concept of the Circular Economy. While the Circular Economy is a broad 

framework of principles and objectives, Industrial Symbiosis is a specific expression of this concept, 

where material, energy, and by-product exchange represent a practical expression of circularity 

[10,11]. Such a perspective on the subject, which considers the concept of the Circular Economy as a 

paradigm and Industrial Symbiosis as a mechanism, is considered to frame most of the existing 

research. However, the existing literature on the subject is also seen to contain a mix of enthusiasm 

and gaps. On the one hand, several empirical studies have proven the benefits of Industrial 

Symbiosis, including cost savings, job creation, and innovation. On the other hand, a few gaps, 

including a lack of clarity of the regulatory framework, coordination, and infrastructures, which 

hinder the development of Industrial Symbiosis, have also been pointed out by researchers. Such 

gaps are overcome only by the most advanced economies, which have already established a circular 

economic model, but this is a problem for developing countries [12]. Such a perspective on Industrial 

Symbiosis has made it a rich subject of study. Further research on Industrial Symbiosis taxonomy, 

especially materials exchange, will help to bridge gaps in the existing literature and improve the 

Industrial Symbiosis framework, especially from the point of view of stakeholders [10]. 

Nevertheless, in recent years, there has been a continued focus on measurement and evaluation. 

This is because, in recent years, there has been a proliferation of information systems initiatives, and 

policymakers, industry stakeholders, and researchers need powerful tools to evaluate the impacts of 

these initiatives. To this end, there has been a renewed focus on the development of Key Performance 

Indicators (KPI) designed to measure the performance of information systems initiatives in a number 

of areas, including the legal and regulatory environment, the economic and organizational 

environment, the technical environment, the social and cultural environment, and the environmental 

environment [13,14]. With this background, the following section reviews the evolution of Circular 

Economy principles in the European context, highlights the diverse benefits associated with IS, and 

discusses the role of KPIs as essential tools for evaluating and fostering sustainable industrial 

practices. 

2.1. Circular Economy and Its Evolution 

IS refers to the connection between industrial facilities or companies. In this association, the 

waste or by-products of one become raw materials for another. IS can be described as a collaboration 

between several different entities. These are often geographically proximate, such as companies and 

factories closely co-located in clusters or industrial parks. They exchange resources (e.g., materials, 

energy, water, and by-products) that can serve as substitutes for products or raw materials. 

Otherwise, these resources would be imported from elsewhere or treated as waste [11]. IS is an 
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integral part of the concept of the Circular Economy that has been prevalent in the last few decades 

and can enhance the circular economy and is becoming crucial, especially in specific industries. 

Firstly, we must understand the importance of the Circular Economy and then of IS (as a more 

advanced and specific step). A sustainable economy, with almost zero waste and pollution, is 

becoming increasingly crucial in our era, stated as one of the achievements of applying circular 

economic concepts [15]. Regarding the Circular Economy, products are created for disassembly and 

reuse, shifting from end-of-life to restoration. Four sources of value creation are highlighted: 

minimizing material usage, maximizing consecutive cycles and time in each cycle, diversifying reuse 

across the value chain, and maintaining uncontaminated material streams. 

Compared to traditional linear economic models, these principles simulate increased 

productivity of resource use in the long term [16]. Ellen MacArthur Foundation [17] outlines three 

fundamental principles for a Circular Economy. First, design out waste and pollution, which reduces 

environmental impacts, saves on raw materials, and decreases waste. Second, use and reuse products 

and materials, which extends product lifecycles, cuts material costs, and supports resource efficiency. 

Third, regenerate natural systems, which restore ecosystems and enhance overall environmental 

quality [18]. Circularity is key for industries to achieve climate neutrality and competitiveness, as it 

delivers significant material savings across value chains, increases value creation, and generates new 

economic opportunities. Opportunities include promoting circular practices within industrial 

processes, fostering IS through reporting and certification, supporting the sustainable bio-based 

sector, using digital resource tracking, and encouraging adoption of green technologies [19]. The 

European Environment Agency [8] shows that over the past 50 years, unprecedented rises in global 

material demand have doubled goods production, tripled material extraction, and quadrupled 

economic growth (GDP). This growth has contributed to biodiversity loss, water stress, and climate 

change. Global material use is projected to almost double by 2060, leading to substantial increases in 

greenhouse gas emissions. 

The Circular Economy aims to mitigate these trends by recycling materials, reusing products, 

and extending their lifespans, yielding both economic and environmental benefits. Achieving a 

Circular Economy requires systemic changes across the value chain, including product design, 

technology, business models, consumer behaviour, education, etc [20]. The EU launched its Circular 

Economy package in 2015 to address sustainability challenges and establish concrete measures 

spanning consumption, production, waste management, and secondary raw material markets [21]. 

The Circular Economy is integrated be�er with climate policies if countries can take some crucial 

steps, including coordinating between countries, using models to identify impactful actions, 

integrating Circular Economy policies into climate mitigation reporting, evaluating the need for 

additional legislative proposals, monitoring policy progress, and continuously refining and 

developing integration strategies [22]. 

2.2. IS Within the Circular Economy 

Based on this overview of the Circular Economy in the EU, industries promise large 

development potential. There are different potential industries that could engage in IS, such as: 

agriculture and food processing; chemical and pharmaceutical; construction and demolition; energy 

production; metal manufacturing and recycling; paper and textile, etc. [8]. IS offers numerous benefits 

for businesses, enhancing their operational efficiency and sustainability [23]. The literature highlights 

a wide range of benefits associated with IS, which extend beyond simple resource sharing. One of the 

most frequently cited advantages is cost savings, achieved by reducing raw material expenses 

through the use of industrial by-products and by lowering waste disposal costs [24]. At the same 

time, IS can create revenue streams for industries through the sale of by-products or innovative 

products developed from waste materials [25,26]. The second important contribution is efficiency, as 

IS ensures the optimum utilization of resources, minimization of waste, and productivity, along with 

supply chain sustainability through local sourcing strategies [27]. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 April 2026 doi:10.20944/preprints202604.0127.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0127.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 17 

 

Apart from economic benefits, IS is also important for industries in terms of minimizing their 

negative impacts on the environment. Carbon dioxide emissions have increased in recent years due 

to the rise of industrialization and urbanization globally. IS can help industries reduce their carbon 

footprints and ensure compliance with environmental regulations, making it an important aspect for 

corporate sustainability [28]. At the same time, IS can help industries innovate and increase their 

competitiveness through collaborative approaches, making them stronger in the global market 

through sustainability [29–32]. Other benefits include be�er risk management through diversified 

supply chains, minimizing dependence on a single source for raw materials, and making industries 

stronger in terms of sustainability [33]. The final important benefit is corporate image and branding, 

as industries can benefit from IS by showing their commitment to sustainability, as consumers are 

becoming increasingly environmentally conscious [23]. Moreover, the collaborative frameworks 

underlying information systems (IS) contribute even more to stimulating innovation and 

technological development [34,35], including joint research and the appearance of green technologies, 

which in turn consolidates sustainable business practices in the economy. At the same time, 

information systems play a critical role in protecting the environment by reducing its degradation 

and the economic costs of this degradation, as well as by complying with environmental legislation 

and reducing the risks of incurring penalties or reputational losses. This is complemented by 

significant savings in energy costs due to the increased efficiency of industrial processes, the use of 

renewable sources of energy, and savings in energy costs. In addition, information systems contribute 

to the development of regions by facilitating the formation of industrial clusters and enhancing 

economic resilience by means of a diversified industrial sector. Finally, the establishment of public-

private partnerships plays a critical role in scaling information systems initiatives, as joint work by 

governmental actors and industries facilitates investments in infrastructure and economic 

development. 

3. Data and Method 

The purpose of this study is to identify the main obstacles and barriers for the implementation 

of IS, with special reference to Europe, but at the same time provide useful insights for increasing 

efficiency. The methodological approach is based on a combination of both quantitative and 

qualitative approaches, enabling a comprehensive evaluation of economic, organizational, 

technological, educational, institutional, and collaborative aspects affecting IS implementation. The 

survey is conducted among 152 participants, including scientific researchers, domain experts, and 

evaluators with special expertise in IS. The sample is selected according to their expertise and their 

involvement in IS projects or evaluations. The survey is composed of two types of questions: Likert 

scale questions measuring the intensity, relevance, or effectiveness of different influencing factors, 

with a scale from 1-strongly disagree to 5-strongly agree. The second type of question is multiple 

choice, aiming to collect information on common practices, main actors, and conditions regarding IS 

implementation. The survey is designed to collect both quantitative and qualitative information, 

enabling a holistic understanding of IS barriers and drivers in the national context: 

 Economic and business drivers: The survey asks respondents to rate their expectations regarding 

the expected economic benefits of IS implementation, including waste reduction, cost savings, 

improved competitiveness, sustainability, and new business opportunities. These questions 

provide useful insights regarding IS as an economic driver. 

 Actors and synergies: The methodological approach highlights the importance of main actors by 

evaluating their involvement levels among internal company actors, industry partners, and 

public institutions. Moreover, synergies between resources are assessed regarding material, 

energy, water, by-products, logistics, and knowledge flows, reflecting the multidimensional 

nature of IS. 

 Technologies and tools: A special section is concerned with the implementation of process, digital, 

and ICT technologies, as well as innovations in quality regarding by-products. This provides 

information on the technological level of the industries and technology gaps. 
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 Barriers and challenges: The survey also covers structural challenges from a systematic point of 

view, including funding, regulations, awareness, and cooperation. The role of fiscal, regulatory, 

organizational, and geographic barriers is also assessed. This provides a multilayered view of 

systemic inefficiencies. 

 Technological and socio-economic conditions: The technological barriers of high technology, low 

R&D infrastructure, and a lack of qualified personnel are analyzed, as well as socio-economic 

aspects including GDP growth, unemployment rates, educational levels, and cultural aspects 

regarding reuse and recycling. This provides a multilayered view of IS performance. 

 Awareness and institutional support: The influence of awareness conditions such as governmental 

policies, funding schemes, educational initiatives, and community engagement. These indicators 

help assess the institutional ecosystem and its capacity to sustain IS initiatives. 

Table 1 below provides a summary of the variables of the model under analysis and the 

description of each variable regarding the components it contains, based on the questionnaire 

questions and the possible response options chosen by the respondents. 

Table 1. Description of the indicator-variables. 

Abbreviation Type of Variable Description of the variable 

IIS Dependent 

Indicator of the main resource synergies (industrial symbiosis, shown 

in Figure 1) represented by the question: “What is the level of the 

main resource synergies involved in the application of practices of 

Industrial Symbiosis in your country? (1 = very low, 5 = very high)” 

{is an average indicator of the: material flow; energy flows; water 

flows; waste reuse; by-products; logistical and infrastructural 

synergies; and human and knowledge synergies}. 

IEB Independent  

Indicator of the economic benefits, shown in Figure 2, represented by 

the question: “What is the level of the expected economic benefits 

for the businesses from the application of practices of IS in your 

country? (1 = very low, 5 = very high)” {is an average indicator of the: 

reduction of waste/disposal cost; increase of sustainability; increase 

of competitiveness; increase of overall energy efficiency; creation of 

new business; generation of the revenue; mutual cooperation, 

extension of business area; and cost sharing}. 

IAI Independent 

Indicator of the actor’s involvement represented by the question: 

“What is the level of the main actors involved for the IS 

implementation in your country? (1 = very low, 5 = very high)” {is an 

average indicator of the: internal actors of the company (e.g. 

Operation Manager, Technical Manager, Quality Manager, etc.); 

industrial actors (e.g. financial partners, other industries in various 

sectors, etc.); and public actors (e.g. local agencies, public parties, 

etc.)}. 

IB Independent 

Indicator of the barriers, shown in Figure 3, represented by the 

question: “Assess the degree of impact of barriers to IS 

implementation in your country (1 = not important, less important, 5 

= very important)” {is an average indicator of the: insufficient 

funding for IS; lack of fiscal incentives; integration of regional 

stakeholders; cost investments; regulatory issue; outdated 

plans/infrastructure/equipment; cooperation change; insufficient 

information about industrial symbiosis; coordinating change; 

geographical barriers; transversal skill gaps; working across 

different sectors; lack of functioning and reliable 

networks/platforms; know-how protection; specific skills gaps; and 

lack of skilled and qualified workforce}. 
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IESC Independent 

Indicator of the economic and social conditions, shown in Figure 5, 

represented by the question: “How do you evaluate the impact of 

the following economic and social conditions on the efficiency of 

the IS in your country? (1 = very negatively, 5= very positively)” {is an 

average indicator of the: GDP growth; investment in industry; 

unemployment rate; collaboration public and private sectors; 

population education level; population age distribution; 

urbanization level; public awareness level on environmental issues; 

community involvement is initiatives; local culture regarding reuse 

and recycling; access to international markets for recyclable raw 

materials; trade policies favorable to the IS; international 

collaborations in green technologies and industrial symbiosis; 

access to natural resources; and transport and logistics 

infrastructure}. 

IAT Independent 

Indicator of the awareness and training, shown in Figure 6, 

represented by the question: “How do you evaluate the impact of 

the following awareness conditions on the IS implementation in 

your country? (1 = very negatively, 5 = very positively)” {is an average 

indicator of the: governmental policies and regulatory support; 

governmental funding for incentives; universities and research 

centers; educational and training programs; public awareness 

campaigns; community engagement; business organizational 

culture; others stakeholder engagement}. 

Source: Authors’ summary. 

The research develops a log-linear regression model to investigate the link between the 

dependent variable (resource synergies) and the set of independent indices. This method enables the 

estimation of elasticity coefficients and facilitates the analysis of proportional shifts in resource 

synergies in response to changes in the underlying determinants. By using indicator values, it is 

possible to reduce dimensionality and multicollinearity, and at the same time, a structured overview 

of grouped themes is obtained 

��( ���) = �� + �� ��( ���) + �� ��( ���) + �� ��( ��) + �� ��( ����) + �� ��( ���) + � (1)

The parameters βᵢ, are estimated based on the the Ordinary Least Squares (OLS) methodology, 

which minimizes the sum of squared errors [36]. For reliability, the following assumptions of the 

Gauss-Markov theorem are made [37]: 

Assumption 1: Linearity of the model in parameters (not necessarily in variables). 

Assumption 2: Random and population’s representative sample. 

Assumption 3: No perfect multicollinearity i.e., no constant or exact linear relationships between 

independent variables. 

Assumption 4: Zero conditional mean i.e., expected value of the error term equals zero, given 

independent variables. 

Assumption 5 (Homoskedasticity): The variance of the error term should remain constant and 

should not correlate with the values of the explanatory variables. 

Assumption 6 (Normality): The error term is characterized by a mean of zero and constant variance 

and has a normal distribution. 

4. Results and Discussion 

In the following section of this study, we will first provide a summarized presentation of the 

questionnaire results for the variables included in the evaluation model. This analysis, illustrated 

with histograms and descriptive statistics, is based on groups of factors converted into evaluation 
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indicators, calculated as the average of the values obtained from the questionnaire (average scores 

ranging from 1 to 5 on a Likert scale). 

There are several dimensions of IS implementation synergies based on practices applied in 

different countries. Figure 1 shows that material flows represent the most important synergy in IS 

implementation (indicator of the main resource synergies), followed by energy flows and waste 

reuse, while water flows and human/knowledge synergies are rated lowest. 

 

Figure 1. The main resource synergies involved in the IS implementation. 

IS fosters sustainability by creating synergies across material, energy, water, waste, logistical, 

and knowledge flows. Material exchanges reduce reliance on pure resources, while energy transfers, 

such as reusing excess heat, enhance efficiency and cut emissions. Also, water reuse conserves 

freshwater, though often rated lower in importance, and waste and by-product repurposing support 

closed-loop systems that minimize environmental impacts. In the low scale of synergies, shared 

logistics and infrastructure streamline operations and lower costs, and human and knowledge 

synergies enable collaboration, innovation, and continuous improvement. So, IS promotes economic 

efficiency, resource optimization, and environmental benefits, making it vital to advancing the 

Circular Economy. 

Figure 2 shows histogram that businesses expect the greatest economic benefit from IS 

implementation (indicator of the main expected economic benefits for the businesses) through 

increased sustainability, waste/disposal cost reduction, and higher energy efficiency, while revenue 

generation and cost sharing are considered least significant. 

 

Figure 2. The level of the expected economic benefits for the businesses from IS implementation. 

IS provides multiple economic benefits at both micro and meso levels. Key advantages include 

significant reductions in waste and disposal costs, improved sustainability, enhanced energy 

efficiency, and shared cost savings, all rated highly by most studies. Moderate benefits include 

increased competitiveness, revenue generation from by-products, new business creation, and 

2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.1

Material flow

Energy flows

Waste Reuse

By-products

Logistical and Infrastructural Synergies

Human and Knowledge Synergies

Water flows

2.8 3.0 3.2 3.4 3.6 3.8 4.0

Increase of sustainability

Reduction of waste/disposal cost

Increase of overall energy efficiency

Mutual cooperation, extension of business area

Creation of new business

Increase of competitiveness

Cost sharing

Generation of the revenue
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broader cooperation among firms. While direct financial gains are often secondary, IS strengthens 

resource efficiency, collaboration, and long-term ecological performance, positioning businesses 

more sustainably within evolving market environments. 

Figure 3 shows histogram that regulatory issues, insufficient funding, and high investment costs 

are the most significant barriers to IS implementation (indicator of the main barriers), while 

geographical and skill-related gaps have comparatively lower impact. 

 

Figure 3. The level of impact of barriers to IS implementation. 

The key barriers to IS implementation, with most respondents rating financial challenges as most 

critical such as: lack of fiscal incentives, insufficient funding, and high investment costs were 

highlighted as major obstacles that hinder adoption. Also, regulatory issues and weak integration of 

regional stakeholders were also widely viewed as very important barriers, creating uncertainty and 

limiting collaboration. The other important issues include outdated infrastructures, difficulties in 

cooperation, and a lack of information concerning IS. At the same time, geographical, skills, and 

sectoral differences were generally rated as moderately important, which implies that, though 

important, they are less pressing than financial and regulatory issues. 

The technological aspect is an extremely important dimension of IS implementation, which, in 

its turn, represents one of the main obstacles to the creation of industrial parks with IS. Figure 4 

presents detailed information concerning the main technological barriers to IS implementation 

(indicator of the main technological barriers); two main obstacles to IS implementation are identified: 

high technology costs and poor infrastructures. 
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Figure 4. The main technological barriers in the IS implementation. 

High technology costs, insufficient innovation, and lack of infrastructure development were 

considered to have a high impact by most of the respondents, thus emphasizing the challenges that 

face industries, especially small and medium-sized enterprises. Lack of availability of advanced 

technologies for recycling and difficulties in integrating new technologies further limit the exchange 

of resources. Furthermore, a lack of human skills to manage and maintain technologies and a lack of 

access to R&D limit innovation. Moreover, the fact that existing technologies tend to become obsolete 

over a short period introduces instabilities, making it difficult for industries to maintain IS practices 

and meet the demands of evolving technology. 

Evaluation of the impact of economic and social conditions on the efficiency of IS, which is the 

indicator of economic and social conditions, is of paramount importance in understanding the role 

of economic and social conditions on the performance of IS, as shown in Figure 5, which indicates the 

factors that enhance the efficiency of IS. 

 

Figure 5. The impact of the economic and social conditions on the efficiency of the IS implementation. 

The assessment of the economic and social conditions is vital in understanding the impact on 

the efficiency of the information system (IS). For instance, GDP growth and industrial investment 

were identified as the primary enablers, which contributed to the advancement and development of 

technology, infrastructure, and the use of resources. In addition, the collaboration between the 

government and the private sector, as well as the community involvement, was rated as vital and 

indispensable, leading to the formulation and implementation of policies, the sharing of resources, 
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and the creation of a sustainable culture. Educational level, community awareness of environmental 

issues, and community culture in relation to reusing and recycling also contribute to the overall 

success of the IS, as these conditions encourage community participation and innovation. Access to 

international markets, trade policies, and international collaboration in green technology were rated 

as positive, creating a platform for the exchange and sharing of ideas. However, conditions such as 

unemployment, age distribution, and urbanization were rated as neutral, while access to natural 

resources and infrastructure was rated as mixed but moderately positive. 

In evaluating the impact of the awareness conditions on the implementation of the IS, it is vital 

to consider the conditions, such as community awareness of environmental issues, community 

involvement in IS initiatives, community culture in relation to reusing and recycling, and 

collaboration between the public and private sectors. These conditions have a significant impact on 

the overall success of the IS, and Figure 6 offers a detailed illustration of the impact of the awareness 

conditions on the implementation of the IS, where the indicator is the main awareness condition. 

 

Figure 6. The impact of the awareness conditions on the IS implementation. 

Awareness plays a crucial role in the formulation and implementation of IS. Government 

policies, regulations, and financial incentives create a conducive environment through cost savings 

and innovation. Universities and research centers contribute to IS through research, technology, and 

technology transfer. Educational institutions contribute through education and training. Awareness 

and community participation contribute to IS through increased awareness and community 

participation. Finally, the organizational culture is a factor in IS, where companies with a cooperative 

and sustainable culture have a higher chance of embracing IS. This combination gives a synergistic 

effect to IS, which in turn supports the Circular Economy. 

Based on the correlation analysis in Table 2, the indicator of industrial symbiosis synergies (IIS), 

the industrial symbiosis (IS) synergy indicator, has a positive correlation with economic benefits, 

namely IEB, with a correlation coefficient of 0.51 and a probability level < 1% (IEB, r = 0.51, p < 1%). IIS 

is also positively correlated with actor involvement, namely IAI, with a correlation coefficient of 0.65 

and a probability level < 1% (IAI, r = 0.65, p < 1%). This shows that the more the expected economic 

returns and the more the involvement of the actor, the more the IS synergy. This is in line with the 

economic and organizational drivers of IS, where economic incentives and actor involvement 

enhance IS synergies. IIS is negatively correlated with barriers, namely IB, with a correlation coefficient 

of -0.44 and a probability level < 1% (IB, r = –0.44, p < 1%). 

This further reiterates the point that the presence of structural constraints, such as the lack of 

fiscal incentives, funding, regulation, and skills, is a critical factor in the deterrence of resource 

synergies. In socio-economic terms, the negative impact of these barriers underscores the 

vulnerability of the information systems in the environment, which is marked by the presence of 

weak institutional structures and a lack of infrastructural support. Other variables have shown a 

weaker and insignificant correlation. For instance, the economic and social conditions indicator (IESC) 

has shown a weak positive correlation with the information systems success indicator (IIS) but is not 
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statistically significant at the 0.05 level, with a correlation coefficient of 0.28. This reiterates the point 

that macro-economic and social conditions, such as GDP growth, education, and cultural factors, 

while creating a conducive environment, do not constitute a critical factor in the success of IS. This is 

further reinforced by the negative correlation between the indicator of awareness and training (IAT) 

and the information systems success indicator, although not statistically significant, with a correlation 

coefficient of -0.11. Descriptive statistics have shown a stable level of variability in the indices, with 

the averages clustering around the middle point of the Likert scale. It is evident from the analysis 

above that economic incentives and stakeholder involvement constitute the most decisive factors, 

and institutional and financial barriers constitute the strongest constraints in the environment. 

Table 2. Correlation matrix and descriptive statistics. 

 Ln(IIS) Ln(IEB) Ln(IAI) Ln(IB) Ln(IESC) Ln(IAT) Mean 
Standard 

 Deviation. 

Ln(IIS) 1.00      1.04 0.30 

Ln(IEB) 0.51* 1.00     1.23 0.21 

Ln(IAI) 0.65* 0.32 1.00    1.07 0.31 

Ln(IB) -0.44* -0.01 -0.31 1.00   1.28 0.14 

Ln(IESC) 0.28 0.01 0.33 0.25 1.00  -0.29 0.62 

Ln(IAT) -0.11 -0.42** -0.17 0.22 0.09 1.00 0.18 0.31 

Note: * is the significance p < 1% dhe ** is the significance p < 5%. Source: Authors’ calculation in EViews 12. 

After processing the data, we realized the final output results of the model. Table xxx below 

which presents the final test results. 

Table 3. Regression model estimation. 

Dependent Variable: Ln(IIS) 
Coefficient t-Statistic Prob. 

Independent variables 

Constant 1.088342 2.702952 0.0115 

Ln(IEB) 0.711286 4.157901 0.0003 

Ln(IAI) 0.274585 2.204608 0.0359 

Ln(IB) -0.956361 -3.833733 0.0007 

Ln(IESC) 0.135476 2.297321 0.0293 

Ln(IAT) 0.220494 1.942919 0.0621 

R-squared 0.702000   

Adjusted R-squared 0.648786   

F-statistic 13.19197  0.000001 

Source: Authors’ calculation in EViews 12. 

The overall regression model (Table 3) is strongly significant (F-statistic = 13.19, p < 0.000001), 

showing that the group of independent factors collectively accounts for a considerable share of the 

variation in the dependent variable. The R-squared value of 0.702 indicates that around 70.2% of the 

fluctuations in IS development are explained by the predictors, while the Adjusted R-squared of 

0.6488 confirms robust explanatory power after adjusting for degrees of freedom. Since the model 

applies a log–log specification, the estimated coefficients can be interpreted as elasticities that is, the 

percentage change in the dependent variable correlated with a 1% change in an independent variable, 

assuming all others remain constant. 

The indicator of the economic benefits (IEB) has the coefficient 0.7113 (p = 0.0003). The elasticity 

shows that a 1% increase in economic benefits is associated with a 0.71% increase in the indicator of 

the industrial symbiosis implementation. This indicates that perceived or realized economic 

advantages, such as cost reduction, competitiveness, and revenue generation, strongly drive 

industrial symbiosis practices. When businesses realized real financial gains from resource synergies, 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 April 2026 doi:10.20944/preprints202604.0127.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0127.v1
http://creativecommons.org/licenses/by/4.0/


 13 of 17 

 

they are more likely to adopt and expand industrial symbiosis. Stronger economic incentives not only 

motivate businesses but also support job creation, innovation, and the development of green 

technologies. These benefits contribute to sustainable community development and environmental 

protection. 

The indicator of the actors' involvement  (IAI) has the coefficient 0.2746 (p = 0.0359). A 1% 

increase in actors’ involvement leads to a 0.28% increase in the indicator of the industrial symbiosis 

implementation. The coefficient is smaller than for economic benefits, but still significant. The 

involvement of internal, industrial, and public actors strengthens collaboration and facilitates 

resource exchange. It reduces transaction costs and helps overcome coordination problems. Broad 

involvement fosters trust and long-term relationships between businesses, governments, and 

communities. It enhances transparency, mutual support, and the pooling of knowledge. By engaging 

multiple actors, synergies in waste reuse, water recycling, and energy flows are more effectively 

realized, reducing environmental footprints. 

The indicator of the barriers (IB) has the coefficient -0.9564 (p = 0.0007). Barriers have a negative 

and significant effect. A 1% increase in perceived barriers leads to nearly a 0.96% reduction in the 

indicator of the industrial symbiosis implementation. This strong negative elasticity underlines the 

critical role of institutional, financial, geographical, technological and informational obstacles in 

implementing industrial symbiosis. High costs of investment, lack of fiscal incentives, and outdated 

infrastructure discourage firms from participating. Also, limited public awareness, insufficient skills, 

and weak networks reduce collective willingness to engage in industrial symbiosis initiatives. 

Barriers prevent the achievement of potential environmental benefits from reduced waste, energy 

savings, and resource circularity. Addressing these challenges is crucial for scaling up IS. 

The indicator of the economic and social conditions (IESC) has the coefficient 0.1355 (p = 0.0293). 

The positive coefficient suggests that favorable macroeconomic and social conditions lead to stronger 

industrial symbiosis. A 1% improvement in conditions corresponds to a 0.14% increase in the 

indicator of the industrial symbiosis implementation. 

Higher GDP growth, increased investment in industries, and favorable trade policies all 

contribute to creating a conducive environment in which IS can thrive. At the same time, education, 

awareness, and community participation contribute to the cultural acceptance of the use and 

recycling of resources. Therefore, countries with higher environmental awareness and infrastructure 

would be more likely to implement IS practices, and these factors can be considered fundamental 

pillars. 

The indicator of awareness and training (IAT) has a coefficient of 0.2205, which is significant at 

the 10% level with a 62.1% probability, indicating weak significance. This shows that a 1% increase 

in awareness and training would result in a 0.22% increase in the IS indicator. This is because training, 

regulations, and education lay the foundation for the long-term potential for the adoption and 

implementation of IS. Though not as immediate in impact as the direct financial effects, these factors 

lay the foundation for long-term sustainable growth. In addition, awareness and education would 

contribute to a more supportive society, which would encourage participation in the implementation 

of IS. This is because a more aware society is more likely to participate in practices that would 

contribute to the environment, and this would, in effect, contribute to the adoption and 

implementation of IS. 

In conclusion, it is evident that IS is a vital component in the sustainable industrial development 

pathway, and it has economic, social, and environmental impacts. Economically, the adoption and 

implementation of IS would greatly depend on the profitability aspect, and therefore, favorable 

policies would have to be put in place to reduce costs, enhance competitiveness, and create new 

markets to enhance the potential for the synergies created by the use and recycling of resources. 

However, these would be greatly affected by regulatory, financial, and infrastructure barriers, which 

could greatly impede the adoption and implementation of IS. Socially, the long-term sustainability 

of IS would depend on the social aspect, and though the financial rewards would encourage 

participation in IS, the social aspect would ensure the long-term sustainability of IS, as it would 
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encourage cooperation and the sharing of knowledge among the participants. Environmentally, IS is 

equally important, as it would encourage the reduction of waste, the saving of energy, and the use 

and recycling of resources. 

Finally, regression analysis highlights that economic benefits are the strongest positive driver, 

while barriers act as the most significant constraint. Policies should prioritize barrier reduction, 

incentives, and collaborative networks. Aligning economic, social, and environmental objectives 

positions IS as a cornerstone of a sustainable industrial future. 

This model successfully passed all the basic assumptions of the linear model (i.e., it is 

homoscedastic, has no multicollinearity, the residuals are normally distributed, etc.) as follow in 

Table 4. Based on the main assumptions of the Gauss-Markov theorem, the model tested above fulfills 

all these criteria. It is a statistically complete and statistically dedicated model in every respect for 

constructing robust parametric analyses. 

Table 4. Analysis of the residual of the model. 

The test Null hypothesis 
Test result 

Decision 
Statistics Probability 

Model function: 

Ramsey RESET-test 

H0: “the model function is 

appropriate (logarithm form) 
F-statistic = 0.8245 0.2753 

H0 is not 

rejected 

Multicollinearity: 

VIF-test (Variance Inflation Factors) 

H0: “model has not multicollinearity 

{Cov(ɛi; ɛj) = 0 and Cov(xi; xj) = 0 for 

each i ≠ j}” 

Centered – VIF < 10 --- 
H0 is not 

rejected 

Autocorrelation: 

LM-test (Breusch Godfrey) 

H0: “model has not autocorrelation 

{Cov(ɛi; ɛi=i-p) = 0 for p = 1, 2, 3, 4}” 
Chi-squared = 0.2160 0.8976 

H0 is not 

rejected 

Heteroskedasticity: Breusch-Pagan Godfrey 

H0: “model has not 

heteroskedasticity {E(ɛi 2) = 

constant}” 

F-statistic = 3.1391 0.6785 
H0 is not 

rejected 

Normality of the residual distribution ɛi: 

Jarque-Bera-test 

H0: “the residual {ɛi} of the model 

has normality distribution” 
Chi-squared = 2.4163 0.2987 

H0 is not 

rejected 

Source: Authors’ calculation in EViews 12. 

5. Conclusions 

Industrial Symbiosis (IS) emerges as a transformative model that unites economic growth with 

environmental and social sustainability. By turning waste into resources, IS reduces costs, generates 

new revenue streams, and strengthens supply chains, while advancing circular economy principles. 

Its collaborative network promotes innovations, resource security, and competitiveness at both 

industry and regional levels. Despite various challenges, policies, governance, and educational 

support can facilitate IS implementation. IS proves that collaborative industries can address 

ecological risks and generate economic value at the same time. This is a strategic approach for 

industries to prosper in a world with limited resources. IS promotes economic growth, employment, 

and regional development with support from PPPs and GTs. 

This study aims to explore the determinants of IS implementation through a survey of experts, 

researchers, and practitioners. The research adopted a combination of both qualitative and 

quantitative approaches. The results were derived from a Likert scale survey, where the data were 

aggregated to create composite indices. The research applied a log-log regression model, where OLS 

estimation was used. The results were found to be valid since they satisfied the Gauss-Markov 

assumptions. The results showed a strong explanatory power with an R-squared of 0.702. The 

elasticity results provided critical information on the relative importance of each determinant. 

Economic benefits were found to be the most significant positive determinant. The elasticity results 

showed that a 1% increase in perceived economic benefits can increase IS synergies by 0.71%. Actor 

involvement is another positive determinant. The elasticity results showed a 0.28% increase in IS 

synergies. The results showed barriers as the most significant negative determinant. The elasticity 

results showed that a 1% increase in perceived barriers can decrease IS synergies by 0.96%. The results 

showed a significant negative relationship between IS synergies and perceived barriers. The results 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 April 2026 doi:10.20944/preprints202604.0127.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202604.0127.v1
http://creativecommons.org/licenses/by/4.0/


 15 of 17 

 

showed a moderate but significant elasticity of 0.14%. The results showed a positive but weakly 

significant determinant. Awareness and training were found to contribute positively to IS synergies 

with an elasticity of 0.22%. 

As a ma�er of fact, the analysis has shown that industrial symbiosis is economically viable, 

socially desirable, and environmentally necessary, although its success depends on the ability of 

policymakers and industry actors to address barriers and align incentives. 

The main policy recommendation that has come out of this body of work is the importance of 

policy-driven barrier reduction, including fiscal incentives, regulatory certainty, and infrastructure 

investment, as a means of reinforcing economic benefits and stakeholder cooperation in the uptake 

of industrial symbiosis solutions. As a ma�er of fact, therefore, industrial symbiosis should be viewed 

not only as a means of achieving environmental sustainability but also as a means of creating a new 

economic model for sustainable industrialization. 

From a governance point of view, it has been suggested that platforms for exchange, innovation, 

and digitalization may help accelerate the matching of supply and demand in industrial symbiosis, 

which may help overcome one of the main barriers identified in the study. 

It has also been suggested that the integration of industrial symbiosis into regional development 

strategies may help leverage positive spillover effects by connecting the competitiveness of industry 

with social well-being, and that by integrating industrial symbiosis into broader industrial policies, 

governments may be able to contribute to economic diversification and territorial cohesion. 

As a means of taking the study forward, it has been suggested that the analysis should be 

extended longitudinally, including dynamic econometric modeling of the dynamics of industrial 

symbiosis, as well as cross-country comparisons, which may help reveal the importance of 

institutional, cultural, and regulatory factors in shaping the uptake of industrial symbiosis solutions, 

as well as a combination of elasticity analysis and case study work, which may help deepen the 

understanding of the way in which industrial symbiosis ecosystems work in practice. 

Ultimately, this study underscores that IS is not only an environmentally sound practice but also 

a systemic economic model capable of transforming industries. By reducing barriers, reinforcing 

collaboration, and strategically aligning economic, social, and environmental drivers, IS offers a 

robust pathway for industries to thrive sustainably in the global value chains of the future. 
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