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Abstract

:

The current model of resource management mainly contributes to mass short-term consumption, which creates an unstable and extremely critical situation on the planet. Going beyond the traditional industrial model of Take-Make-Waste, the circular economy aims to reduce waste (and therefore minimize costs) and to redefine sustainable development. This entails a gradual separation of economic activity from the consumption of scarce resources and the removal of waste from the system. In order to foreground the principles of a circular economy in Ukraine, this study analyzes its benefits based on the relevant experience of the EU. The paper also presents the results of research and content analysis on the situation of waste management in Ukraine and compares the trends using key indicators. The core of the paper is developing a conceptual model of making and coordinating management decisions on the implementation of business projects in the context of a circular economy in Ukraine. A multifactor model (the Farrar–Glauber method was further developed) has been built by identification of the main factors, i.e., the volume of generated waste from economic activity per unit of GDP at constant prices, emissions of pollutants, and capital investments for the protection of the environment. Factor coefficients indicate how many units will change the resultant trait Y, measured in thousand tonnes, if one of them changes by 1 (each in units of measure). It means that if the volume of waste generated from economic activity per unit of GDP at constant 2011 purchasing power parity (PPP) prices decreases by 1 kg/$1000, waste management of I–IV classes will be reduced by 952,737 thousand tonnes. The approbated model can be used to analyze the situation with recycling in the EU countries, considering the amount of capital investment in environmental protection.
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1. Introduction


In today’s context, as society and economy strive to improve the state of the environment eroded by the long-term adverse impact of humanity, the Sustainable Development Goals (SDGs) 2030 are the benchmarks [1]. To achieve sustainable economic growth, it is critically important to reduce the negative environmental impact by changing the way we produce and consume goods and resources [2,3,4,5,6,7,8,9]. Effective management of available natural resources and new ways to dispose of toxic wastes and pollutants are also extremely important, especially in Ukraine, which is in the process of economic reforms and European integration. Moving from a linear to a circular economy, i.e., toward more sustainable consumption patterns by 2030, it is logical and urgent to encourage industries, businesses, and consumers to maximize waste treatment.



The Responsible Consumption and Production SDG 2030 target is one of the most relevant in today’s world, particularly in Europe. While in general, the European Union countries are doing well in reducing emissions and increasing the share of renewables, there are countries that are still far from reaching their goal [10]. Achieving economic growth and sustainable development is impossible without reducing the environmental impact using new production methods and ensuring responsible consumption of goods and resources [11]. One of the tools to achieve this is a circular approach to economy. It is advisable to analyze closed-loop systems where materials and resources are processed potentially endlessly, and waste and pollution are non-existent. The concept of a “circular economy” implies a fundamental rethinking of products, materials, and systems. The circular economy model is related to strategic management [12]. Although this vision is still far from reality on a macro scale, industrial symbiosis is already taking place. It involves the exchange of resources and by-products between industrial companies on a commercial basis through inter-firm processing links, meaning that waste from one business system becomes a resource for another [13,14]. Besides, the circular business model (CBM) concept is increasingly attractive, especially in academia [15], thus promoting the reorganization of current value creation architecture and supply chains toward a sustainable system of production and consumption [16].



The circular economy is a viable alternative to the linear economy. By maximizing the value of resources along the life cycles of the products that contain them, resources can be used more efficiently and effectively, and negative environmental, economic, and social impacts associated with the life cycle of products can be minimized [17]. Hence, the circular economy offers a clear solution that meets current policy goals. There is tremendous scope for increasing the share of the circular economy in the global economy [18].



In Ukrainian realities, the implementation of these principles is impeded by a number of reasons [19,20]. Despite these impediments, it is extremely important for domestic producers to realize all the potential benefits they will receive as a result of upgrading and moving from linear production to circular. Given these facts, the purpose of the study is to investigate the situation of waste management in Ukraine and to evaluate the possibilities of reorientation of Ukrainian enterprises to sustainable development principles, in particular, through the implementation of circular economy principles.




2. Literature Review


The circular economy concept is of great interest today because it is viewed as an operationalization for businesses to implement the much-discussed concept of sustainable development [21]. One also underlines the innovation aspect in the heart of sustained development based on circular economy component [22]. It aims to decouple prosperity from resource consumption, i.e., how we can consume goods and services and yet not depend on extraction of virgin resources and thus ensure closed loops that will prevent the eventual disposal of consumed goods in landfill sites. One can then state that by reducing our dependency on such resources, it improves our ability, and the ability of future generations to meet their needs. Therefore, the circular economy makes sustainability more likely [23]. It represents a new paradigm that will push the frontiers of environmental sustainability by transforming the relationships between ecological systems and economic activities [24]. In turn, sustainable development can be defined as development that “meets the needs of the present without compromising the ability of future generations to meet their own needs” (SDGs), and encompasses active action in three areas: economic, social, and environmental. The highest level of sustainability is also called the “circular economy approach” [25]. The current socio-economic system is based on a linear economy of take, make, waste. The main element of value creation is the material flow, which includes only the primary material at the beginning of the value chain. This has led to the fact that today humanity consumes 1.7 times more than the planet can provide [26]. More importantly, the linear economic model does not pay due attention to the environmental and social aspects, which are two of the three aspects of sustainability, and therefore the economy is not sustainable today [27]. In contrast to it, the circular economy stresses the role of the natural environment; its role is fundamental [28]. One cannot also forget about water scarcity, which is a very current topic in global fora dealing with sustainable development [29] and which plays a very important role in the area of economic growth [30]. There is an exacerbation of global environmental problems, including reduction of biodiversity and pollution [31]. In this regard, there is violation of the natural balance, so further development and prosperity of humanity is open to question. An indicator of atmospheric pollution is an increase in greenhouse gas emissions, which is a consequence of global warming [32,33,34]. One should remember that in the last couple of decades, environmental issues have become increasingly visible on the political agenda and have galvanized civil and political powers into action [35], which means, inter alia, the need for clean and environmentally friendly production of electricity, particularly production from renewable energy using hydro, wind, geothermal, solar, and biomass power plants [36]. To address this problem, green technologies are being actively promoted and developed. They are designed to reduce greenhouse gas emissions and slow the rise in temperature on the planet. However, according to experts, global warming is likely to reach 4 degrees by 2100, when in the “pre-industrial” XIX century the temperature rise was only 0.2 degrees in 100 years. Today, the world community has set a goal to reduce warming growth by 1.5–2 degrees by 2100. However, the probability of achieving this is only 5% [37].



The circular economy is a renewable or regenerative production system [38]. It is also called the green economy, closed-loop economy, or non-waste economy (Majerova, 2015) [39]. This approach involves replacing the concept of an “expiration date” by repair, shifting interests toward the use of renewable energy sources, completely eliminating the use of toxic chemicals that impede the re-use of products, and eliminating waste by improving the structural characteristics of materials, product systems, and, as a result, the entire business model [40].



Going beyond the traditional industrial model Take-Make-Waste, the circular economy aims to reduce waste (and therefore minimize costs) and to redefine sustainable growth, focusing on positive benefits for society. This entails gradual separation of economic activity from the consumption of scarce resources and the removal of waste from the system. Supported by the transition to renewable energy, the circular model projects economic, natural, and social capital.



In a circular economy, the overall health of the planet is restored. Its concept recognizes the importance of the economy, but states that it needs effective work across the board for large and small businesses, for organizations and individuals, globally and locally. Recent studies for the European Commission have predicted that by 2030, Europe may receive a net benefit of 1.8 trillion euros, or 0.9 trillion euros more than in the current linear path of development (together with significant public benefits) [41].



One should add that in 2015, the European Commission adopted a new ambitious action plan to stimulate Europe’s transition to a circular economy [42], which will enhance global competitiveness, sustainable economic growth, and create new jobs. In particular, this will lead to: (1) recycling of at least 65% of EU waste by 2030; (2) improving the process of determining and calculating processing rates; (3) economic incentives to market eco-friendly products and support recycling and reuse. Circularity has also opened up new business opportunities, given rise to new business models, and developed new markets, domestically and outside the EU. In 2016, circular activities such as repair, reuse, or recycling generated almost €147 billion in value added while accounting for around €17.5 billion worth of investments [43,44].



Researchers also pay special attention to the sustainable economy and sustainable supply chains that could include eco-tech parks. Therefore, specific conditions must be created to establish on their technological basis the production of environmentally friendly products and to ensure maximum processing of waste [45,46,47,48].



Identifying the benefits that the circular economy would bring to societies, in particular, we should focus on the concept of decoupling the ability of an economy to grow without a corresponding increase in energy and resource use and environmental load [49]. Ukraine should use the experience of its closest neighbors, the successful EU members Czech Republic and Poland.



One of the key elements in the circular economy is waste policy. In Ukraine, it is regulated by the Law of Ukraine “On Waste”, which has been amended in recent years. However, it is worth noting that the implementation of the law is significantly delayed due to the lack of infrastructure and insufficient activity at local levels. The adoption of the National Waste Management Strategy in Ukraine by 2030 may improve the situation [50,51]. According to this Regulation, it is planned to reduce the use of primary raw materials to 80% by 2023, and to 20% by 2030. Furthermore, by 2023, up to 100 waste collection centers should be established for further repair and reuse. In 2030, their number should increase to 250. According to the strategy, 8% of household waste should be sent for reuse by 2023 and 10% from 2024 to 2030. However, today only about 5% of waste is recycled in Ukraine. The key principle of these documents is the introduction of waste management priorities. First of all, waste generation should be prevented, then preparation for reuse; the third priority is waste recycling; then other utilization; and only the latter is removal to landfills. According to 2008/98/EU, such a procedure should be implemented at all types and at all levels in the country. This model of behavior is lacking in today’s environment.



Prevention of waste generation can be implemented in two ways: (1) informing the consumer about the harm of certain products and their usual disposal (plastic, batteries); (2) motivational incentives to influence the manufacturer (prohibition to use certain materials in the manufacture of products; special requirements for packaging). When entering the market of the European Union, manufacturers should comply with EU Directives. In addition, their implementation and enforcement are required by the Association Agreement with the EU.



Data of the State Statistics Service of Ukraine [52] show that in the period 1995–2018, the volume of waste generated decreased by 14.05%, with a sharp decline in 2014. However, in 2017–2018, the level increased again. In addition, the volume of waste disposal has been significantly reduced and only 10% of waste is recycled and reused [53]. The Lviv region is one of the most economically active and developed in Ukraine, so it is advisable to evaluate the nature of waste management in this particular area. The study was conducted using data from the Main Directorate of Statistics in the Lviv region.




3. Materials and Methods


Analyzing the relevant literature sources on the subject, we found that they are usually qualitative research on the development of the concept of the circular economy in the world, but there is no detailed explanation and quantification of the factors that play a crucial role in waste management based on sustainable development and a circular economy, especially in developing countries. In this case, it makes sense to search and develop tools for management decisions in the field of waste management based on the results of statistical analysis and construction of an appropriate mathematical model to describe the identified dependencies, based on the European experience.



As for the research methodology applied for this paper, it consists of a three-step procedure, including:




	
Step 1—formulation of the research hypothesis;



	
Step 2—selection and review of profile sources on the subject of research, which may have a practical interest for the implementation of circular economy principles in Ukraine;



	
Step 3—selection of statistical indicators for the quantitative analysis of the factors influencing the general volume of waste management, and development on this basis of the conceptual model of decision-making.








The hypothesis of this study is as follows. Assume that the preconditions for the transition to a circular economy in Ukraine depend on certain factors (information support, effectiveness of legislation, environmental awareness, sufficient financial resources, requirements from the European community to reorganize production to implement joint investment projects, etc.). That is, we set ourselves the task to explain trends in waste management in Ukraine by determining the quantitative patterns between “waste management of I–IV classes” (Y–resultant trait) and “volume of waste generated from economic activity per unit of GDP”, “emissions of pollutants”, and “capital investment in environmental protection”. Additionally, to also substantiate the received results for development of the conceptual model of decision-making in the system of interactions between the state, business, and the consulting agency.



Thus, our hypothesis actualizes the objective possibilities of implementing the principles of a circular economy in Ukraine, sets the algorithm for implementing the purpose of the study, explains the aspect of decision-making at the macro level in terms of effective interaction of “business–state”, in particular, in the field of social responsibility.



Using content analysis, our study: (1) analyzes global trends in sustainable development; (2) highlights the benefits of the circular economy, in particular, for developing EU countries; and (3) analyzes statistics describing the status of waste management in Ukraine. This detailed analysis allowed us to build a multifactorial model with the separation of factors affecting waste management and to test it on the example of Ukraine’s economy. Finally, upon identifying the most important factors in the survey of top managers, we proposed specific steps for greening business systems on the basis of sustainable development and a circular economy.



To find evidence for a formalized hypothesis, we used a statistical method that calculates quantitative expectations. At the same time, the empirical method, observations, and some thought-logical methods, including induction and deduction, were used.




4. Results and Discussion


One should underline that transition to a circular model of the economy in the coming decades will be not just a way to boost a company’s environmental friendliness, but a necessary measure that will further ensure profitability and create value. In Ukraine, in particular, this is due to three basic reasons. The first reason is limited resources. If the planet’s resources are used at the same level as they are today, by the end of the coming decade, a significant deficit will form, causing a serious crisis. In addition, due to the high demand for resources, their value is increasing, which, in its turn, increases the level of enterprise costs and, consequently, the price of goods. Thus, using a circular type of production, enterprises reduce the pressure on demand for primary raw materials and protect themselves from fluctuations and impacts in the commodity market, as they provide themselves with the necessary resources. The second reason relates to legislative changes and new approaches to governance. Legislative reform is being actively pursued at both local and global levels, stimulating the transition of enterprises to the latest production approaches, including circular ones. Moreover, innovative management approaches are being developed—they treat production waste not as a problem, but as an opportunity. In addition, the third reason relates to the prospects for production optimization. As the circular approach to production requires the use of innovative methods and tools, it is necessary to change and modernize production processes. This will optimize production by automating and reducing downtime.



Studies on the effectiveness of methods employed in the EU countries show a positive impact on emission reductions, job creation, and trade balance [54,55,56,57,58,59,60,61,62]. Thus, companies operating on a circular model in Europe have a number of advantages at the micro and macro levels. Let us focus on the top benefit. First of all, companies reduce their dependence on commodity markets and, as a consequence, become less sensitive to price fluctuations. This is due to the fact that enterprises independently provide themselves with the necessary raw materials, which by their nature are waste or goods whose useful life has expired. Second, businesses have the opportunity to influence the cost of production by reducing the cost of raw materials. As noted, the trend of changes in the price of raw materials in recent years is in a clearly upward direction, which entails higher costs for enterprises. In contrast, self-sufficient business entities are able to reduce the cost of goods through the use of recycled resources [63,64]. As a result, both sales volume and productivity can increase. Third, the shift to a circular production model will enable businesses to further reduce their tax burden, as tax rates are projected to increase for businesses that do not use resource- and energy-efficient methods. The outcome of operations is important to companies, so reducing tax deductions will allow them to more effectively use the working capital of the enterprise to increase the efficiency of operations.



The construction of a multifactor econometric model requires a study to meet certain prerequisites. First of all, the selected exogenous factors must be independent, i.e., there must be no multicollinearity. For this purpose, it is necessary to use the known Farrar–Glauber test (method), which is based on the assessment of the calculated value of χ2–criterion.



To analyze the factors influencing the volume of waste management in grades I–IV (thousand tonnes) across Ukraine, three independent factors were selected. Presence of common multicollinearity was verified by χ2–criterion:


   χ p 2  = − ( n − 1 −   ( 2 m + 5 )  6  ) ln ( det R ) ,  



(1)




where n is the sample size (n = 13), m is the number of factors (m = 3). R is a correlation matrix whose elements are pairwise correlation coefficients. In Table 1, the input data (three exogenous factors were selected) for the construction of the statistical model are presented. It provides the impact on the volume of waste management of I–IV classes; thousands of tons in Ukraine.



We construct a correlation matrix (R) of the form:









	1.00
	−0.13
	0.29
	



	−0.13
	1.00
	−0.85
	=0.25



	0.29
	−0.85
	1.00
	





where R = 0.25 is the determinant of the correlation matrix. In our case χ2 = 14.2. The tabular value of χ2 = 14.4 for a given probability p = 0.95 and the degree of freedom   k =  1 2  m ( m − 1 )   = 3, then there is an inequality χ2 ≤ χ2cr, which indicates that the total multicollinearity is absent.



With the LINEST (Excel app) function, an econometric model is built. The results of LINEST are as follows:
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A3 = 0.007

	
A2 = 6.884

	
A1 = 952.737

	
A0 = −779,805.610

	
A0 = −779,805.610




	
0.011

	
29.752

	
123.114

	
242,713.627




	
R2 = 0.892

	
70,040.045

	

	




	
Fp = 24.656

	
K2 = 9

	

	




	
362,856,318,533.151

	
44,150,471,636,721

	

	









The econometric model is the following:


Y = −779,805.61 + 952.737 × X1 + 6.884 × X2+0.007 × X3



(2)







The coefficient of determination R2 = 0.886. Fisher’s criterion confirms the adequacy of the statistical model to the aggregate data (Fcalc ≥ Ftable). Fcalc = 3.68. Ftable = 5.56 (at probability p = 0.95, degrees of freedom k1 = 3, k2 = 9).



Factor coefficients indicate how many units will change the resultant trait Y, measured in thousand tonnes, if one of them changes by 1 (each in units of measure). For example, if the volume of waste generated from economic activity per unit of GDP at constant 2011 PPP prices decreases by 1 kg/$1000, waste management of I–IV classes will be reduced by 952,737 thousand tonnes. Based on the analysis of the coefficients for the influencing factors, one can draw the following conclusions:




	
All factor features have a positive effect on the resulting indicator—waste management I–IV classes, thousand tons;



	
Increase in the volume of waste generated from economic activity per unit of GDP at constant 2011 purchasing power parities by 1 kg/$1000 leads to an increase in the resulting indicator—waste management I–IV classes by 952,737 thousand tonnes;



	
Increase in emissions of pollutants per 1 thousand tons leads to an increase in the volume of waste management I–IV classes by 6884 thousand tons;



	
Growth of capital investment in environmental protection by thousand UAH leads to an increase in the volume of waste management of I–IV classes by 0.007 thousand tonnes.








The circular economy can be viewed at several levels: micro, macro, meso, and mega levels. The area of responsibility of enterprises is the micro level, where action in terms of production, consumption, and waste management is possible. In the latter area, the main tool is the system of product recycling, i.e., formation of a circular type of production. At the same time, it should be assessed how the implementation of the circular economy techniques at the macro level relates to the efficiency and effectiveness of businesses in various industries. We conducted a survey interviewing top managers of Ukrainian industrial enterprises from across the country and asking them to answer a number of questions. One of them was “Please assess the importance of implementing the principles of circular economy (in % from 0 to 100) in your industry in the context of Ukraine’s European integration”, as shown in Table 2.



The method of ranking was used for evaluation. First of all, the weighted average values were determined. They are average in each defined interval from 1 to 100%, i.e., in the first interval “low score up to 30%”, this value is equal to 15% in the middle of the interval. Similarly, in the second interval, the average value is 50%, and in the third interval—85%. The percentages of the respondents’ answers will act as the weight (importance) of the mean. In Table 2, the results of the respondents’ ranking on the questionnaire are presented. Note that the highest rating value corresponds to a rating of 1.



Thus, the survey showed that, according to the surveyed managers of enterprises among all sectors of the economy of Ukraine in the mining industry, it is most important to move to the principles of a circular economy. In addition, the questionnaire made it clear what factors are critical for the successful adjustment of the enterprise to the principles of a circular economy, as shown in Figure 1.



As one can see from Figure 1, when it comes to implementing the principles of the circular economy, the main problems for Ukrainian business are the large amount of investments required, the complexity of measuring the efficiency of business process reorganization, and the low level of eco-culture.



Taking into account the results obtained, it is advisable to develop the conceptual model of making and coordinating management decisions on the implementation of business projects in the context of a circular economy, as shown in Figure 2.



It is proposed to develop the criteria for the decision-making process at the macro level in terms of effective interactions of “business–state”, in particular, in the field of social responsibility. The main criteria are as follows: reduce, reuse, recycle, responsibility, global social corporate responsibility. It is also important to ensure: (a) economic growth without increasing consumption and landfills; (b) maximum efficiency at each stage of the product/service life cycle; (c) all participants involved in the economic chain must create a new product (a team of companies that move and think in one direction should be formed); (d) principles of product durability (longer service life); (e) environmental friendliness and environmental protection; (f) rethinking the use of the product, exchange, or joint use; (g) reducing the use of natural resources; (h) repair and maintenance of a product that has defects; reorientation of production; and (i) incineration to recover energy expended on production.



The business model based on waste assumes the creation and reorganization of existing companies for processing and use of waste as raw material. It is necessary to indicate directions the state should stimulate through funds, public procurement, capital investments in environmental protection, assistance in obtaining grant funds for joint implementation with the EU of investment business projects in the field of the circular economy, “green” lending, preferential lending to small and medium sized enterprises (SMEs), and consulting activities (creating the agency for the development of the circular economy in Ukraine in accordance with national legislation and adopted EU directives). It should also be noted that the first step to support eco-trends is the implementation of a comprehensive waste management program, which provides a wide range of activities to be implemented by the companies. Such a program provides for waste sorting, recycling, and reuse in production, sharing, and disposal of waste that is not suitable for further processing.



Though it is a conceptual paper, its findings are in line with the findings of other scholars dealing with the topic, like Lieder and Rashi [65], Kirchherr et al., 2017 [66], and Sanchez et al. [67]. In addition, one should also add that to some extent the results obtained are in line with the findings of Geng et al., 2009, 2012 [68,69], who in relation to the circular economy analyzed macro-level indicators related to: (1) external resources used; (2) recycling, and water consumed; and (3) pollutant emissions, as well as Su et al., 2013 [41] (e.g., raw material use and recycling, pollution control, and waste administration and management).



It should be strongly underlined that the waste management in the EU faces a number of challenges in relation to the circular economy (CE) model. However, there are some targets (economic, environmental, and social) and recommended actions for the sustainable and circular economy policy that should be done in Ukraine too. The main tasks are increasing waste and resource efficiency, reducing global pressure on resources and rising insecurity of supply, and building a recycling society. According to the Green Deal, we should prioritize such goals as (1) building a more competitive Europe in co-creation with economic actors, consumers, citizens, and civil society organizations; (2) building a cleaner and climate-neutral Europe in co-creation with economic actors, consumers, citizens, and civil society organizations; and (3) building a fair and prosperous society [70]. Therefore, recommended measures for present and future EU members should be aimed at: delivering improvements or innovative business models on the market; eco-design—ease of dismantling products to reduce raw material use in new products; promoting a collaborative economy, such as sharing cars, bikes, clothes, and working spaces; provide incentives and use economic instruments, such as taxation, to ensure that product prices better reflect environmental cost; developing the necessary services for consumers in this regard (maintenance/repair services); boosting markets for secondary raw materials; delivering environmental impact measurement in product and process design and in providing consumers with better information on environmentally sustainable choices; delivering safe usage of waste as a source of secondary materials; boosting innovation by financial support under the EU; creating a network of platforms aimed at collaboration on the regional, national, and international levels in the area of waste management; supporting recycling technologies’ development by innovative financial instruments, reflecting resource issues in accounting rules for companies, clarifying the sustainability responsibilities of financial institutions (fiduciary duties); foster circular industrial collaboration among SMEs; incentivizing and supporting waste reduction and high-quality separation by consumers; improving modelling tools to capture the benefits of the CE on greenhouse gas emission reduction at EU and national levels; promoting direct investment in waste management options at the top of the waste hierarchy (prevention, re-use, recycling); education of different groups of stakeholders (children, students, individuals, policymakers) on the importance of the sustainable future.




5. Conclusions


The circular economy is gaining growing attention as a potential way to increase prosperity, while reducing demands on finite raw materials and minimizing negative externalities. Such a transition, however, requires a systemic approach, which entails moving beyond incremental improvements to the existing model as well as developing new collaboration mechanisms. The implementation of circular approach tools is extremely resource intensive and requires a thoroughly developed mechanism. This modern-day approach makes it possible to reduce the environmental burden, increase energy efficiency, and create a number of additional benefits for society.



One should, however, state that the circular economy is not simply a method of dealing with a large amount of waste. All measures foreseen in this context are aimed primarily at sustainable development and economic growth. It should be noted that the goal of sustainable development is in many ways in line with the others; in particular, those related to economic growth and development of industry, innovation, and infrastructure. The analyzed situation with waste in Ukraine only confirms the trends typical for the EU countries, especially Central and Eastern European ones. For sure, the EU’s experience is critically important to Ukraine’s development, but this process is still accompanied by the lack of a unified system and tools that would be able to establish effective ways of managing waste. Another problem is the insufficient environmental awareness of the Ukrainian society. Despite this situation, there is a tendency toward a gradual increase in the share of treated waste used for energy production. However, these are only the first steps toward a full transition to a circular economy that will allow not only businesses but also the entire country to become more environmentally responsible, which, in turn will lead to further economic growth. It should be noted that given the Ukrainian economic realities, the transition to a circular economy will be long and difficult. That is due to the lack of a mechanism for its implementation or financial support for the necessary measures. Thus, enterprises without sufficient financial resources to carry out reorganization and modernization of production are waiting and looking for potential sources of financing. Moreover, the culture of waste management among the population is not fully developed, which significantly impedes the access of enterprises to the base of potential raw materials. Therefore, a clear mechanism for collecting, sorting, and distributing waste should be developed first and foremost. As a result, the raw material base will be formed, and the enterprises will be able to use it for further processing and introduction into their production processes.



The core of the paper was developing a conceptual model of making and coordinating management decisions on the implementation of business projects in the context of a circular economy in Ukraine. As a result, a multifactor model has been built by identification of the main factors, including the volume of generated waste from economic activity per unit of GDP at constant prices, emissions of pollutants, and capital investments for the protection of the environment.



This study contributes to the theory in several ways. First of all, it constitutes the next work on a circular economy based on the example of a developing country. The findings of this study can also be relevant to practice as it gives some recommendations to the governments and policymakers on how to increase the effectiveness of waste management. There is no doubt that this will be very beneficial to the economic development of the country. In addition, the findings of the study may be useful to formulate research hypotheses that could be tested on larger samples. Of course, our study is not free from some limitations. First of all, it relates to the analysis of the situation existing in one developing country only. This means that further research is essential. Despite this fact, we believe that our study presents the real picture of the circular economy in the emerging economy. Additionally, at the same time the approbated model, based on Ukraine’s economy in the field of waste management, can be used to analyze the situation with recycling in the EU countries, considering the amount of capital investment in environmental protection.
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Figure 1. Distribution of answers of the respondents about the factors that are critical for the successful adjustment of their enterprise to the principles of a circular economy (up to three answers could be selected). Source: own elaboration. 
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Figure 2. Conceptual model of making and coordinating management decisions on the implementation of business projects in the context of circular economy development in Ukraine. Source: own elaboration. 
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Table 1. Input data for the construction of a multifactor model studying the impact on waste management in Ukraine during 2006–2018.
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	No.
	Year
	Volume of Waste Generated from Economic Activity Per Unit of GDP at Constant 2011 Purchasing Power Parities (PPP), kg/$1000
	Emissions of Pollutants, Thousand Metric Tonnes
	Capital Investment in Environmental Protection, Thousand Ukrainian Hryvnia (UAH)
	Waste Management of I–IV Classes, Thousand Metric Tonnes (Y–Resultant Trait)





	1
	2006
	788.3
	7027.6
	2,194,188.5
	1967



	2
	2007
	897.5
	7380.0
	3,080,687.6
	2061.4



	3
	2008
	688.2
	7210.3
	3,731,400.4
	2017.4



	4
	2009
	715.4
	6442.9
	3,040,732.7
	1174.9



	5
	2010
	1177.3
	6678.0
	2,761,472.1
	483,721.5



	6
	2011
	1172.5
	6877.3
	6,451,034.6
	431,848.7



	7
	2012
	1177.4
	6821.1
	6,589,336.5
	434,296.8



	8
	2013
	1173.9
	6719.8
	6,038,783.0
	436,217.7



	9
	2014
	1001.4
	5346.2
	7,959,853.9
	313,922.8



	10
	2015
	977.4
	4521.3
	7,675,597.0
	245,893.4



	11
	2016
	904.2
	4498.1
	13,390,477.3
	243,115.7



	12
	2017
	1089.8
	3974.1
	11,025,535.2
	270,922.2



	13
	2018
	1015.7
	3866.7
	10,074,279.3
	274,210.5







Source: own elaboration based on the basis of the State Statistics Service of Ukraine [52].
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Table 2. Importance of implementing the principles of a circular economy in the particular sectors (0 to 100%).
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Sector

	
Importance Rating Scale, (Point Estimate)

	
Weighted Average

	
Rating




	
Low (Up to 30%)

	
Moderate (31–70%)

	
High (71–100%)






	
Agriculture, forestry, and fisheries

	
25

	
45

	
30

	
51.75

	
6




	
Chemical industry

	
13

	
19

	
68

	
69.25

	
2




	
Electricity supply

	
24

	
26

	
50

	
59.1

	
3




	
Food industry

	
34

	
18

	
48

	
54.9

	
5




	
Other economic activities

	
20

	
56

	
24

	
51.4

	
7




	
Mining industry

	
14

	
10

	
76

	
71.7

	
1




	
Construction

	
22

	
37

	
41

	
56.65

	
4








Source: own elaboration.
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