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Abstract

:

Circular economy is a tool based on the inclusion of environmental, social, and governance performance (ESG) in decision-making to achieve sustainable development goals (SDG). In recent years, it has become clear that business-as-usual has nothing to do with sustainability, and alternative business models, primarily on technological grounds, must be implemented to mitigate the damage caused by significant and unpredictable effects of climate change. The current situation requires unprecedented and urgent changes to policies and business development models. The current research aimed to target on industrial symbiosis as one of the business models of the circular economy. It evaluated the benefits of symbiosis and the fostering of cooperation between industries and, consequently, has a major impact on resource efficiency ratios. The research is based on quantitative and qualitative research methods, including a literature review, assessment, and application of the triangulation method. As a result of this research, the authors realized a matrix for the development of regional or cross-country industrial symbiosis that can be used by policymakers to foster the development of symbiotic interconnections on a wide scale. The authors also recommend the development of the Baltic University Program (BUP) network center of excellence and methodological justification for industries to engage in industrial symbiosis (IS).






Keywords:


circular economy; European green deal; industrial symbiosis; sustainability; transformation












1. Introduction


Sustainable development objectives and main principles have been at the core of European policymaking for a long time, being firmly anchored in a range of European Treaties and put forward in key projects, initiatives, and sectoral policies [1,2]. Combining the tasks of socio-economic development and environmental conservation through the priority development of green technologies and considering social, environmental, and economic factors constitute the aim of implementing the concept of sustainable development. Institutional impact with the goal of introducing innovative transformations that minimize the impact on nature and compensate for the weakness of the market for the development of activities for the transition to sustainable development includes the following universal areas: public financing; environmental taxation; improvement of legislation; development of international cooperation in the field of rational environmental management.



During the last decade, a very ambitious policy has begun in Europe to minimize the amount of waste to be disposed of by rethinking the process of waste disposal and improving recycling, recovery, reuse [3,4,5,6]. For these countries, industrial symbiosis could become a good mid-term solution to save resources and move towards a circular economy on a landfill basis [7,8].



The COVID-19 pandemic, which began in 2020 is likely to have a negative impact on all European Union (EU) member states and the EU’s overall progress towards achieving the SDG goals [9,10]. On the other hand, this situation has been a motivator for economies to reconsider their further development and in some cases even to foster the development of circular economy strategies or guiding documents.



The circular economy is of particular value to the energy sector for a range of reasons. Basically, all EU and a range of non-EU countries have set already very ambitious targets towards net-zero, and this means that not only business as usual is obsolete, but also our daily habits as a society will have to be reshaped. The energy transition has also become a crucial issue especially in 2022 for the EU countries.



In addition to that, energy transition will be underpinned by a boost in recycling capacities, fostering the market for recycled materials (as it thus becomes possible to conserve primary critical resources). The net-zero itself will also require the boost of clean technologies. Last, but not least, the use of renewable energy means that a solution will have to be found on recycling or reuse of earliest generation renewables (solar, wind turbines) and new technologies are required to make the new renewables more durable and recyclable.



Taking into account the current vulnerable times and the simultaneous necessity for a prompt action to foster transition to the circular economy, the authors have undertaken research to assess the possibility of implementation of regional or cross-country industrial symbiosis (IS), to identify current obstacles and develop a methodology that could be used by policy makers or practitioners in order to successfully implement industrial symbiosis.



1.1. The Essence of Circular Economy


It seems that “circular economy” has recently become the most important and discussed topic, especially within the European Union member states. The circular economy appeared in the literature through three main activities-the so-called 3R principles, namely: reduction, reuse, and recycle [10,11,12,13]. In addition, the basic principles of the circular economy include the following: rational environmental management through stock optimization, counteracting negative environmental externalities; circulation of natural resources along ecological and technical material flows; non-waste organic production; adaptability to external conditions by using the optimal business model; circular design when creating new products at the development stage with the improvement of the composition and technology of the product.



Ensuring a sustainable production cycle, considering existing resources, is directly related to economic development, which in the circular economy model increasingly depends on the consumption of these resources [14].



When analyzing existing research on the circular economy, the leader is obviously China with over 40 case studies. This is logically explained by the fact that the country continuously faces huge environmental, human health, and social problems. This is the first country so far, having in force a circular economy law. In contrast, the European Union is paying significant attention to this issue but so far, the circular economy has been seen as a recommendation and not mandatory.



As explained by Heck (2006) [15] circular economy (CE) means reducing resource use and reducing the load on natural sinks. The CE concept is a central part of the environmental economy and industrial ecology (IE) which is expected to lead to more sustainable development [16,17,18,19].



Sustainable development is made possible by adhering to its principles of recycling and reuse (circular economy), the use of renewable materials or their joint consumption (sharing economy), the reduction of carbon dioxide emissions, and the use of renewable raw materials of plant origin (low carbon economy) [20,21,22].



As emphasized by George et.al. (2015), recycling is considered to be a significant aspect of most developed economies. It is also an important objective of policy, so the concept of the circular economy has to be incorporated into theoretical considerations [23].



The circular economy is a concept for changing and adopting new habits and completely new systems for the use of primary resources and raw materials [24,25,26].



The circular economy model is mainly associated with waste disposal, which has the following relationships: production of products from waste; recycling; regeneration; and recovery. Moreover, the key advantages of CE are namely: the transition to the cyclical nature of value chains capable of continuous reproduction; increasing the eco-efficiency of production and more environmentally friendly products through the technological process; and service products through sharing models [27].




1.2. Green Deal and Sustainable Finances


The European Union has created the Green Deal as a green growth program, and such requires behavioral changes in citizens (as consumers), businesses, and decision-makers, both with the EU and beyond its borders. Nowadays, sustainability is one of the most challenging global issues, affecting not only individuals but also organizations, both of those operating in the financial and non-financial sector, from small- and medium-sized enterprises (SMEs) to large commercial companies and governmental institutions [28]. The keys to ensure the long-term competitiveness of the EU wide economy are sustainability and the transition to a more resource-efficient, low-carbon circular economy, which increases the well-being of the population due to social justice, on the one hand, and the reduction of anthropogenic impact on nature and the depletion of natural resources [29]. The main aspects and essence of the implementation of the CE in socio-economic development are competition, increase in jobs, poverty alleviation, resource efficiency.



The implementation of green technologies (especially by business entities) should not be “greenwashing” as a type of environmental marketing, since misleading information about sustainable development is of growing interest from consumers and investors. It is important to develop the level of corporate, social, and environmental responsibility of business entities depending on the results of their economic activities, that is, the volume of profitability and its level as indicators of economic efficiency and sustainable management. Sustainable development, first of all, is a process of harmonious development of a person and an ecosystem, with the help of which public welfare is improved, negative externalities are minimized, conditions are created for the introduction of resource-saving technologies, economic growth is observed along with the preservation of the natural environment. Currently, these trends are supported by most developed countries, they are a guide for the further development of the socio-economic system and contribute to an increase in investment in environmental projects and innovations. The creation of resource-saving technologies, on the one hand, is capital-intensive, however, in the long run, it has improved efficiency and reduces risks for business, society, and the state. More often, sustainable development is a combination of the natural environment and automated innovation systems that, if properly used, have a sufficiently long lifespan and are capable of modernization. Becoming the first climate-neutral continent by 2050 requires significant investment from both the public and the private sector. Public finance needs to lead the way, private actors need to provide the scale [30].



The ambitions are high, the goals are challenging, but the question is–how will member states and in particular how businesses be able to meet these targets? A substantial shift in business models as well as in business thinking and consumer behavior is required and moreover support from the state and the EU in terms of funding is essential.



This is why the EU has already been working since 1997 in order to develop a range of documents covering sustainable development, the circular economy, and now green deal aspects [31,32]. Sustainable finance involves investing and making financial decisions that take into account the consequences and impact of investments on the environment. Socially responsible investment helps to reduce the negative impact of the activities of an organization that meets the principles of sustainable development.



Therefore, the transition to a circular economy is possible thanks to the financing and insurance of companies in this area, as well as on the basis of a strategy for sustainable financing, which is based on the inclusion of environmental, social, and governance performance (ESG) in decision-making to ensure sustainable development.



The transition to a policy of managing the rational use of resources and optimizing consumer behavior requires a balance, considering the necessary conditions for the development of the economic system as a backbone element. In this regard, the concept of “Earth Overshoot Day” has gained popularity, the introduction of which was associated with a response to an increasing anthropogenic impact (for example, emissions of carbon dioxide waste into the atmosphere) on natural resources with the impossibility of their full recovery over a certain period against the backdrop of aggressive consumer behavior. As a result, there is an ecological deficit associated with an exaggeration of the ecological footprint over the biocapacity of the territory (Figure 1).



A distinctive feature of the ecological footprint and biocapacity is the level of ecological deficit (decrease in ecological assets or increase in waste) and ecological reserve (excess of the biocapacity of the region over the ecological footprint). The ecological footprint is characterized by the biocapacity of the region’s environmental assets in the production process using natural resources and the resulting waste (carbon emissions) from these activities. In turn, the biocapacity of a region is determined by the productivity of its environmental assets for waste absorption and the ability of ecosystems to recover. Ecological footprint and biocapacity are measured in global hectares (with average global productivity). Figure 1 shows the values (gha per person) for more than 50 years, where in the World (b) since 1961 more than 1.7 times the resources were required, and before 2000 this figure reached more than 2 times. In Europe (a), the opposite is observed, where the ratio peaked in 1980 by almost 3 times and decreased to the world average only by 2017.



The calculation of the ecological footprint can be represented by the following formula [36]:





   EF    = ∑    T i     D w    ×   EQF  i   



(1)




where it is the annual number of tons of each product and consumed in region, Dw is the average annual average annual production yield of each product “i”, and EQFi is the equivalence factor for each product “i”.



Biocapacity is calculated in terms of constant gha as follows [37]:


   BC    = ∑  A i  ×  YF i  ×   EQF  i     



(2)




where Ai represents the bioproductive area, and YFi, and EQFi, are the country-specific yield factor, the world average intertemporal yield factor, and the equivalence factor for each product “i”.



Earth Overshoot Day characterizes the level of overspending of resources and leads to the need to use the concept of sustainable development, considering the specific features of the economic system and the need to increase the ecological reserve, which is necessary in industrial regions where its biocapacity does not exceed the ecological footprint [38]. The concept of sustainable development is aimed at achieving balance and coherence, uniting all transformational processes in the social sphere (Goals 1–6), the economic sphere (Goals 7–12), and the environmental sphere (Goals 13–17). At the same time, meeting the conditions for sustainable development is possible when implementing appropriate models of sustainable development, the main one of which is to ensure a balance between the economy and the environment and responsibility. In our opinion, as already stated above, the paradigm of sustainable development of the system in the future should consider specific features and should be based on the current level of development of productive forces. At the same time, a model of the circular economy is being formed with the ability to take into account the transformation of production factors and the value chain focused on sustainable development.





2. Methodology


The research is based on quantitative and qualitative research methods, including a literature review and assessment on the circular economy and industrial symbiosis. The methodology includes conceptual research including analysis of normative, jurisprudence, doctrinal, theoretical, and scientific sources. It reflects on different theories of change relating to ethical behavior, social responsibility, and sustainability transformations. According to Mileva (2018), the method of triangulation (also known as qualitative-quantitative method) was applied to ensure the validity of the study. Meaning that the data obtained from seven industrial symbiosis cases from literature reviews, empirical data, and empirical data were assessed from articles with interviews of those who work with the practical aspects of IS. A theoretical framework which stemmed from the literature review on IS, frameworks the data collection and assessment in all parts of the study [39].



Various methods have been used to measure the actuality of the topic. In this case, we used the current keywords and their application over time, see Figure 2. The Google Ngram Viewer demonstrates how user-selected words or phrases (Ngrams) have appeared in a corpus in a graph over the selected years 1990–2019. It is easily and transparently perceived because the graph on the x-axis shows the year in which the selection group was published, while the y-axis shows the frequency with which the searched keyword was found in the publications.



A search for the term “industrial symbiosis” revealed that the number of publications was rising moderately since 1992 until a significant surge began in 2006 but since 2018 onwards a decline was observed.



Observing the frequency of the term “green deal”, in a separate graph, it can be concluded that the insignificant increase was from the mid-1990s until 2005, when it rose sharply, to 0.000000300% in 2013, followed by a slight decline and a rise again, starting with the year 2016. Unfortunately, due to the scale, it does not stand out significantly in the overall schedule.



In describing the frequencies of the term “circular economy”, the term has been used moderately but dynamically since 2001 but has been growing rapidly since 2012. A clear increase starts in 2013 when it reaches 0.0000350% in 2019.



Surprised by the graphic representation with the search for “eco-innovation”, the frequency of the term has been increasing moderately from 1992 to 2004. Since 2006 there has been a sharp increase to 0.00000400% in 2012, then a decrease again until 2015, when the frequency increases again, to 0 00000550% in 2019.



Ngrams showed a dynamic development in publications, according to the search term “sustainability”. This is not included in the graph, as it differs sharply from the ones described above—from 0.00024% in 1990 to 0.0140% in 2019. After identifying keywords and the evolution of domains of the literature, the authors analyzed articles and relevant documents. The analysis determined the application of the keywords based on their relevance to the research topic. Results were used to build a theoretical framework and identify a research problem statement, which has created the basis for the critical literature review [40,41,42].



The main purpose for the authors was to assess the Baltic University Program member-countries and on a benchmark of the European members, to develop a set of recommendations for development and improvement possibilities within SDGs (in particular focusing on SDG No. 8, 9, 11, and 12) and circular economy for the BUP non-EU member countries.



The research was focused on benchmarking the following countries: Czech Republic, Estonia, Finland, Germany, Latvia, Lithuania, Poland, Slovakia, and Sweden. Figure 3 depicts the theoretical framework that served as a basis for the research. Nowadays the EU produces more and more ambitious documents and the business-as-usual path will no longer be valid, sooner than one could have imagined some five years ago.



This is why businesses, as well as entire country economies, must look for ways to adapt to changes more efficiently. Common projects by region of industrial symbiosis in the EU are presented in Table 1.



The development of industrial symbiosis is associated with risks that can be caused both at the national and cross-country levels, which are associated with the impact on the competitiveness of its participants as well as on the state of the environment (Table 2).



Despite the systematic development of industrial symbiosis, policy and economic are identified as the most influential risks and the main obstacles (Table 3).



After an extensive literature research, analysis of existing case studies and relevant information, including PESTLE, the authors developed the dependent variable “Industrial symbiosis on a cross country/regional level”. The independent variables are namely: PESTLE, Circular economy, and Waste management. The Circular Economy here includes as well national or regional strategies and supply chains [43]. The Waste management independent variable focuses on waste prevention and waste management proximity principles as well as on the idea to re-capture all the valuable resources from waste.



The Authors developed the following research questions:



RQ1. Can industrial symbiosis on a cross-country level improve the resource consumption ratios?



RQ2. What are the main obstacles to the implementation of industrial symbiosis on a regional and cross-country level?



The design of the theoretical framework also leads to the definition of a research gap: lack of a harmonized method towards reaching a circular economy approach through IS. This gap is identified both on cross-country and even regional level within one country and leads to a significant obstacle for transition towards circular economy on the EU scale.



In the subsequent sections of the research the authors provide an overview of the conducted research, revealing the main results and findings as well as the most significant conclusions.




3. Results


The assessment of development and sustainable development by EU Member States is carried out using the Eco-Innovation Index (Eco-IS), the results of which allow a comprehensive approach to the use of the benefits of eco-innovation and processes [44,45,46].



Stimulation of sustainable development based on the country’s Eco-IS can be distinguished by certain factors (Figure 4) [47,48,49]. The economic system is posed to extract as much value from given resources as possible [50] and the key point here is to make this process as much eco-efficient as possible and to enhance regional cooperation where possible. However, at the same time, the main barriers to regional cooperation in the field of eco-innovation are namely: institutional barriers; fiscal restrictions; imbalance between the technosphere and the biosphere associated with regional differences in the industrial sector.



Solving the problem of climate change mitigation in the direction of counteracting carbon dioxide emissions and rational environmental management is possible thanks to the development of climate-regulated ecosystems and the mechanism for ensuring the development of a circular economy at the state and regional levels. This is because at the regional level, local authorities form the demand for waste processing products (for example, secondary processing or biogas) and track the carbon footprint in urban areas.



In any case, business models of the circular economy are local because of the following: products for recycling (e.g., waste) are predominantly generated in a certain area (the need to reduce their transportation costs and reduce CO2 emissions); sharing mainly uses products that are locally located due to the impracticality of their delivery (the same costs, emissions, and additional waiting time for delivery) from other regions. The above indicates that the development of a circular economy is possible with the ability of regional cooperation (organs of local government, business, and the population). The clusters help understand the status of eco-innovation in EU countries and identify possible cooperation partners.



As the authors chose to analyze only the BUP EU member states, represented in Figure 4, they can be clustered as follows:




	
Cluster 1: Eco-Is 59-73-Poland, Slovakia, Estonia;



	
Cluster 2: Eco-Is 82-96-Lithuania, Latvia, Czech Republic



	
Cluster 3: Eco-Is 123-143-Germany, Finland, Sweden.








Here it is necessary to mention that the EU-28 average Eco-innovation index is 109 (based on the ratio over the time frame 2021–2021), meaning that we have Cluster 2 with the Eco-Is reaching the EU average and Cluster 3 with three countries which significantly over performed the average figures and which thus can be motivators for others to catch up.



Further on, when turning to industrial symbiosis, it is necessary to assess one of the Eco-IS composing indicators, i.e., resource efficiency. Eco-innovation is expected to have a positive influence on resource efficiency in two ways: it can boost the economic value, and lead to a decrease in the pressure on the environment [44].



It is notable that the resource indicator is also covered by the circular economy indicators and the demand for material extractions due to consumption in the public sector, households, and businesses in the EU [44,52,53]. Figure 5 gathers three indicators and shows that the leader in resource productivity in terms of Eur/kg is Germany, followed by Sweden.



The concept of sustainable competitiveness is to find a compromise approach in order to balance economic growth, environmental issues, and the sustainability of society [54,55].



The efficiency of the development of the country and its industries is mainly expressed in terms of economic production, but for a deeper analysis, indices are used that allow a balanced approach to assess the competitiveness of the national economy (Figure 6). The countries are grouped because it is the BUP of the EU-Member States for which the analysis is being carried out. In this regard, it is rational to use a competitiveness model based on the sustainable competitiveness index, which allows for a more comprehensive coverage of all indicators and an assessment of the effectiveness of economic development (the root) (Figure 7) [56].



Industrial symbiosis is not only a technological or logistical system; it transcends the boundaries of various systems, and it is also a social system [39]. Businesses that have successfully shifted to sustainability have encouraged participation in industrial symbiosis [57]. Industrial symbiosis allows businesses to maximize the use of resources by recycling [58] and in particular by diverting waste from landfills, reducing its generation, and seeking alternative application to production residuals or by-products, which will lead to increased efficiency of resource use and reducing greenhouse gas emissions in industries [59].



It is quite notable that according to research carried out by Domenech et al. (2019) [57], the mapping of industrial symbiosis in Europe revealed the absence of any type of network in parts of the countries analyzed in the present research. In particular it tackles such countries as the Czech Republic, Poland, Lithuania, Latvia, and Estonia. This is why the authors consider it even more evident that such networks need to be developed in the near future (Figure 8).



Sustainability and value creation are significant challenges for businesses’ analysis of IS on a regional basis [58]. According to recent research [57,59], there were no industrial symbiosis networks reported in Slovakia, Poland, Lithuania, Latvia, or Estonia in 2018. It has to be noted that in Poland and Slovakia there have been some attempts, but mostly short-term, using H2020, Interreg or other European, national, or regional financing and they did not manage to commercialize after the termination of the projects.



It is vital to mention that the lack or the availability of industrial symbiosis networks is surely also dependent on a range of issues like political will, cooperation of the countries on a range of other issues, availability of resources, the willingness of the industries to undertake such start-up projects, and the willingness to continue any grant-based projects in order to develop them in the long-run. Another important aspect is the geographic location of different facilities and distances between them, as geographic proximity is said to be a key characteristic of resource reuse and recycling practices in terms of industrial symbiosis.



3.1. Existing IS Projects on a Cross-Country Level


The functioning of ecosystems due to industrial symbiosis can be represented as an eco-network in which materials circulate, the economic value of which increases, and the economic activity itself is directed towards zero waste and, as a result, reduces the anthropogenic impact. Industrial symbiosis in different countries pursues the same goal related to the realization of not only economic benefits but also environmental benefits through the circular exchange of resources, but also, in recent times, through smart specialization.



Smart specialization is being developed by the European Commission as one of the strategies for achieving the SDGs based on the methodologies of combining science, technology, and innovation. The key to the implementation of industrial symbioses is public–private partnership for the sustainable development of production in the transition to a circular economy based on the use of recycled materials in production and the use of green technologies in value chains that use fewer natural resources. It is in industrial symbiosis ecosystems that efficiency depends on the optimal use of resources (locating on the same production site; sharing production infrastructure; use of waste or by-products) and at the same time producing less waste and CO2, which allows the parties involved to receive additional income by reducing production costs and reducing environmental taxes [59,60,61].



The main projects by region are presented in Table 1. The authors decided to limit the projects to the EU, as according to recent research [62], the EU is leading in number of publications and practical projects in the field—with 48 studies published (Table 1), followed by China with 12 and the USA only 5. In developing countries, the potential for involving secondary resources in the industrial symbiosis of enterprises is not fully used, which is associated with the capacities of the production infrastructure.




3.2. Main Risks Associated with Industrial Symbiosis


Based on the undertaken research of the current successful industrial symbiosis projects (Table 1) and the literature review performed under the Methodology and Result sections, the authors developed a risk assessment matrix for the establishment of cross-country IS (Table 2).



This matrix was developed from the perspective of a company that would like to analyze the possibilities for shifting to symbiotic exchange creation with potential cooperation of companies.



Based on the data in Table 2 the authors performed a risk calculation, applying risk severity from 1 to 5 points and the likelihood of risk from 1 to 5. Further on, gathering the results, a ranking of risks was undertaken, which is depicted in Figure 9.



It was concluded that the main risks for the establishment of cross-country IS are transportation, lack of end of waste criteria, and environmental taxes. The authors see that the current development tendencies are tending to decrease these risks, as countries currently are actively seeking different circular economy elements, to boost national economies and to foster the transition to circular economy [63,64]. In this respect it is recommended at state level to actively monitor the best practices of IS as well as to focus on the establishment of national and cross-country IS, thus also developing not only the urban, but also the rural areas, offering more green jobs and developing regional infrastructure [65,66].



In addition to the risk assessment from a company’s perspective, the authors have also identified a range of obstacles in the development of industrial symbiosis that stem from the PEST analysis. Basically, here the authors have chosen the PEST analysis, substituting technology for geography. Table 3 below depicts the results of the evaluation.





4. Discussion


The next section of the research article is devoted to result description and discussion. It summarizes the most critical research findings and discusses how they relate to two essential topics, well-being and risk awareness. During the research the authors analyzed different approaches to industrial symbiosis (based on the theory of CE, SD, and IE) and what could be considered of utmost importance, in developing the above depicted matrix, which reveals the cooperation possibilities between main stakeholders–clients, government, partners, society, and financial stakeholders (Figure 10).



The matrix depicts the main areas of interest of each of the stakeholders and their impact on potential regional/cross-country industrial symbiosis. The matrix also incorporates the undertaken risk assessments and reveals the cooperation matrix involving all of the stakeholders. Basically, this matrix can be used as a tool for country policymakers to develop a national IS strategy framework and to reveal all the benefits for each of the stakeholders while it is also a crucial tool in the potential development of the BUP level cross-country IS cooperation platform. Integration of industrial systems to achieve the goals and principles of sustainable development achieves an effect in the case where there is an interaction of all participants in industrial symbiosis and in elements of the external environment.



However, the role of the government remains unchanged within the framework of IS, since it is based on the model of public-private partnership, where the state reflects the guarantor of economic security and invests, while in turn, the private sector actively attracts other stakeholders. However, only in the joint and mutual deepening of the processes of creation and exchange of knowledge between the stakeholders of industrial symbiosis in the context of their transition to a circular economy can it help them implement policies to achieve SDGs [67].



The implementation of IS at the regional level should be harmonized with the main municipal policies and programs aimed at increasing the value of residual resources with reference to urban systems based on recursive organic modernization and eco-innovation, which is the basis of sustainable economic development. Regional features of interaction between enterprises located in the same territory determine the possibilities for the development of a circular economy in the future due to geographical, environmental, socio-economic, and natural conditions [68,69,70].




5. Conclusions


Climate change poses unprecedented challenges for the world’s socio-economic and ethical issues of responsibility towards mitigating these impacts. While science is warning of the need to act urgently on climate change (e.g., IPCC AR6 WGII), societies are also responding to global challenges. The United Nations’ Sustainable Goals have addressed the whole spectrum of health, poverty/economy, environment, and peace/cooperation. The authors concluded that currently there is a range of risks associated with the implementation of industrial symbiosis. A wise national strategy alongside cooperation with neighboring countries, in particular BUP member states, can result in development of a unified approach to solving the resource efficiency issues as well as to improvement of sustainable competitiveness, material footprint, and also as a consequence, the eco-innovation index.



It is obvious that the circular economy is becoming the new normal and a change in social mindset is crucial, as well as transformation of national legislation that will focus on keeping the existing resources within the economic cycles for as long as possible and avoiding them to become waste. The authors conclude that BUP is a very successful cooperation program which has been developed in the field of education, but it is worth considering the possibility to foster its development and broaden the cooperation fields by, for instance, including a pilot project of industrial symbiosis cooperation.



The matrix for the development of regional or cross-country IS is considered to be a very useful tool for policy makers as well as for potential centers of excellence as it can be applied as a roadmap for decision-making and to facilitate certain practical aspects of regional or cross-country IS development. In future research, the authors plan to provide the developed matrix for approbation in one of Latvia’s planning regions in order to analyze its practical application. The authors have developed a range of recommendations based on research that could be analyzed more in-depth within future research namely: development of a cross-country center of excellence on industrial symbiosis and thus summarizing a range of recommendations for policy-makers in order to foster symbiotic exchange at regional and cross-country levels; gathering currently existing best practices of regional industrial symbiosis cases that would form the basis for a comprehensive methodology, so that all the involved stakeholders would be able to see tangible benefits from this business model and become economically engaged in fostering its implementation.
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Figure 1. Ecological Footprint vs Biocapacity (gha per person): (a) The ratio of Ecological Footprint and Biocapacity in European countries; (b) The ratio of Ecological Footprint and Biocapacity in the World [33,34,35]. 
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Figure 2. The frequency of using the terms “industrial symbiosis”, “green deal”, “circular economy”, “eco-innovation” (Ngram Viewer). Reprinted from Ngram Viewer [40]. 
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Figure 3. The theoretical framework of the research. 
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Figure 4. Eco-innovation index of BUP EU-Member States. Reprinted with permission from [51]. 
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Figure 5. Material Footprint of BUP EU-Member States [44,52,53]. 
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Figure 6. Indicators of economic efficiency in sustainable development of BUP EU-Member States [44,52,53]. 
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Figure 7. Sustainable Competitiveness Index 2020 of BUP EU-Member States [44,52,53]. 
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Figure 8. Benefits of cross-country industrial symbiosis and potential funding sources. 
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Figure 9. Risk calculation for establishment of IS. 
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Figure 10. Matrix for development of regional or cross-country IS. 
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Table 1. Common projects by regions of industrial symbiosis in EU.
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	Title of Project
	Characteristics





	Baltic Industrial Symbiosis
	The project aims to create conditions for the development of territories in the Baltic Sea region using the resources of companies from different industries, for example secondary resources or materials/waste from one company as a resource for the next company.



	Kujala Waste Centre
	The project aims to optimize waste recycling, treatment, and disposal in Finland.



	Pécs-Kökény Waste Management Centre
	The project aims to improve the planning and management of waste in the municipalities of Hungary with the reduction of waste to landfill and its further processing into energy.



	Kalundborg Symbiosis
	Public and private industries across sectors both in sharing surplus resources (energy, water, and materials) with each other to reduce CO2 emissions.
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Table 2. Risk assessment and mitigation for industrial symbiosis establishment.






Table 2. Risk assessment and mitigation for industrial symbiosis establishment.





	
Risk Source

	
Risk Description

	
Mitigation Actions




	

	
National

	
Cross-Country

	






	
Transportation

	
Developed road network is required

	
Long-distance becomes cost ineffective;

	
Development of IS networks in cross-border regions, thus developing the rural areas




	
No End-of-waste criteria

	

	
Lack of possibility to use waste as resource

	
Development of EoW criteria, or cross-country agreements for particular IS




	
Bureaucratic boundaries

	
Lack of knowledge

	
Legislative differences, lack of expertise

	
Adoption of best practices from other countries;

Development of cross-country expert working group




	
Financial

	
Lack of knowledge for financing attraction;

	
High bureaucratic burden;

High competition.

	
Promotion and explanation of available funding and application criteria.




	
Green public procurement

	
Social inertia-low credibility in green public procurement benefits

	
Lack of regulations;

Possible lack of stable product supply

	
Promotion and prioritization of Green public procurement nation

wide and on EU level




	
Environmental taxes

	
Lack of significant economic benefit, while waste management costs are quite low

	
Lack of regulations, promoting energy and resource efficiency.

	
Review of environmental taxes, so that IS would be much more economically efficient




	
Knowledge

	
Lack of knowledge of neighboring companies, industries, and their activities.

	
Development of company and resource mapping on a regional level.
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Table 3. Obstacles for development of industrial symbiosis.
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	Type of Risk
	Risk Assessment
	Risk Level
	Risk Mitigation





	Geographical
	Long-range transportation required, that loses the value of the resource during the transportation.
	Moderate
	Cross-country symbiotic connections can be in place for the materials that do not lose value over distance.



	Policy
	Cross-border shipment legal requirements;

Different approaches on national level to permit issuance and difference in control mechanisms;

Need to merge legislation in certain aspects to ensure industrial symbiosis;

Potential bureaucratic issues.
	High
	The involvement of corresponded governmental institutions is a must in development of cross-country industrial symbiosis. Taking into account the Green Deal and economies of scale, this is a potential field for development of neighboring country cross-policy solutions.



	Economic
	Lack of stable demand-supply network;

Low price for primary resources;

Market immaturity;

Lack of high-quality material for symbiotic exchange.
	High
	On national level it is required to align the policy framework to foster development of symbiotic exchanges.

National strategies have to incorporate symbiosis as one of the solutions for resource efficiency



	Social
	Lack of credibility in industrial symbiosis;

NIMBY syndrome.
	Low
	By promoting policy planning documents and general country’s development trends, this risk is likely to disappear as the society will acquire the necessary knowledge and comprehension of why development in this direction is crucial for the country.
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