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INTRODUCTION 
Topicality  

The contemporary world faces the intensified rates of scientific and technological progress. 

The standards of living of population all over the world are constantly growing. Social systems are 

oriented on provision of welfare principles and increased satisfaction of people within the 

countries. The progress is not restricted with these advances only. It occurs in each area of human 

life and activities.  

The constant progress in all fields of human activities puts forward numerous problems. 

The traditional economic problem of resources scarcity is just in line with other problems 

traditionally related to sustainable development: environmental problems including various types 

of pollutions, depleting sources of resources, climate change, etc.; social problems with the 

necessity to change the way of thinking of humanity, changed priorities, changed focus of welfare; 

economic problems associated with the necessity to cope with the constantly increasing demand 

for resources for satisfying the growing consumption habits. The traditional unlimited wishes and 

wants, long years of economic prosperity, policies, aimed at increasing the standard of living of 

population create the growing pressure of production and consumption on the world’s resources 

and environment. 

The concept of sustainable development in general and circular economy as a new way of 

arranging economic relations within it appeared as a response to the needs and expectations of 

humanity for the economic growth. The humanity comes to the idea of “Wise Use” of the 

resources, which meant the use of natural resources for the greatest good of the greatest number 

for the longest time [1]. People were searching for “the world system, which could be sustainable 

without sudden and uncontrolled collapse and capable of satisfying the basic material requirements 

of all of people” [2]. In 1987 the World Commission on Environment and Development (so-called 

Brundtland Commission) defined the world as searching for “a development that meets the needs 

of the present without compromising the ability of future generations to meet their own needs.” 

[3]. Therefore, it is necessary to realise that the world is still not quite successful in achieving the 

desired state. The present generation wants to consume more and more; it requires to produce more 

and more. Consequently, the activities are resulted in a horrifying rate of resources depleting and 

horrifying pies of waste. 

The issue of dealing with waste and possibility of applying the principles of sustainable 

development in general and circular economy in particular has become urgent for the 

contemporary world.  

It is necessary to realise what macroeconomic factors facilitate the rational waste 

generation and waste processing. 



These factors predetermined the necessity of the research under consideration. 

Hypotheses  

• There is a set of the priority macroeconomic factors affecting the waste generation and 

waste treatment.  

• The increase or decline in the specified macroeconomic factors has impact on the 

peculiar way of waste treatment; 

• Factors influencing the waste generation and waste treatment demonstrate different 

priority in groups of countries of the region of the Baltic Sea with old market economies 

and new market economies  

Goal and tasks of the Research 

The goal of the research is to determine the degree of effect of the macroeconomic 

indicators on the waste generation and various types of waste treatment within the region of the 

Baltic Sea in the frameworks of sustainable development and circular economy concepts. 

To achieve this goal, it is necessary to solve the following tasks: 

1. To consider the concepts of sustainable development, the genesis of this concept and 

the pillars of sustainable development from the position of region and regional 

development;  

2. To consider the model of sustainable development as a complex evolutionary system 

from the point of view of additional pillar – sustainable regionality; 

3. To determine the macroeconomic factors which can affect waste generation and waste 

treatment as a considerable component of sustainable development and circular 

economy;  

4. To analyse the processes of waste generation and waste treatment in the countries of the 

Baltic Sea region and identify the basis for the internal division of the countries into two 

different groups; 

5. Employing the statistical (correlation) analysis, to determine the significant 

macroeconomic factors capable of affecting the waste generation and waste treatment 

processes within the specified groups of the countries of the Baltic Sea region.  

6. Using the statistical (regression) analysis, to estimate the impact of the specified factors 

on the waste generation and waste treatment in the groups of countries of the Baltic Sea 

region;  

7. To work out recommendations for improving the processes of waste treatment as one of 

the most significant factors of circular economy and sustainable development of the 

countries of the Baltic Sea region.                                                                                 

Subject of Research  



Functional relationships between the peculiar macroeconomic factors and their impact on 

the waste generation and various ways of waste treatment. 

Object of Research 

The object of the research is the waste generation and waste treatment in groups of 

countries.  

Frameworks of Categories and Concepts within the Research 

The author of the doctoral dissertation uses the following categories of terms and concepts 

in the process of research: 

• The category of terms, which have the unambiguous definitions and are used by the 

specialists all over the world; 

• The category of terms and concepts, which are used in this research actively and requiring 

the peculiar notes and explanations. 

Research Methods  

The process of study is based on the conventional methods used in the scientific researches 

of such type.  

The author has used the extensive literature review on the purpose to reveal the genesis of 

the basic concepts applied in the study and the contemporary state of the scientific field.  

Such method as system approach provides the objectivity of the study and comprehensive 

use of qualitative and quantitative tools.  There have been employed both analysis and synthesis. 

The research also required the implementation of analysis of factors, statistical analyses 

(correlation analysis and regression analysis), based on time series data. There also have been 

applied the analysis based on average values. 

The author has used the data and analytical materials provided by statistical bureaus and 

departments; reports, produced by authorities and international organisations involved in the 

described processes, as well as results obtained by numerous researchers working in the related 

scientific areas.  

Restrictions and Limitations of the Research 

1. The research was provided for only eight countries of the European Union – the countries of 

the Baltic Sea region (Denmark, Germany, Sweden, Finland, Estonia, Latvia, Lithuania and 

Poland). Other countries were not included in the research.   

2. The Russian Federation has its enclave on the Baltic Sea – Kaliningrad region. Nevertheless, 

it was not included in the research due to several reasons: being just enclave of the country, 

Kaliningrad is representing very small share of territory and population, and therefore, it is 

not possible to use the data for the whole country for analysis of the region; then the country 

is not the member of the European Union and has different legislation and different level of 



economic development, and the author supposes it is not correct to comprise the data of the 

country in the analysis of the region. 

3. The time span is 15 years (years 2009-2023) – period is enough for time series data analysis. 

4. The dissertation describes only four pillars of sustainable development – three traditional 

pillars and one as a newly introduced concept of Sustainable Regionality. Other possible 

pillars are not necessary for discovering in this dissertation since they are beyond the goals of 

this dissertation. 

5. Only three indicators were chosen as components of each pillar, though their number is 

certainly can be supposed as endless, since each researcher considers the components 

according to his own study goals. This dissertation considered the components just as 

examples of pillars of sustainability, functioning like complex evolutionary system. 

6. Circular economy, being one of the key positions of this dissertation, is considered mainly 

from the position of waste management without detailed description of other possible sides. 

7. The number of waste treatment technologies is restricted by three – only the technologies 

which mostly correspond to the principles of circular economy and simultaneously the most 

widely-spread ones in the countries of the considered region are described and analysed in 

this research. 

8. Only two types of statistical analyses are implemented in the dissertation as the best suitable 

ones for the purposes of this research – correlation analysis and regression analysis. 

Time and Regional Frameworks of the Research  

The research, developed in this doctoral dissertation, is implemented on the basis of time 

series data for years 2009 – 2023. The choice of the time span is determined, first of all, by the 

availability of all data, used in the analysis. Then year 2009 is especially important for this research 

as a year, which changed consumption habits which is crucial for waste generation and treatment.  

There considered Denmark, Germany, Sweden, Finland, Estonia, Latvia, Lithuania and 

Poland. First of all, the choice of the countries is predetermined by their geographical location in 

the region of the Baltic Sea. The Russian Federation has been excluded from the research though 

it is situated in the region. This decision has been made due to several reasons: Kaliningrad is 

enclave of the country, representing very small share of territory and population, and therefore, it 

is not possible to use the data for the whole country for analysis of the region; then the country is 

not the member of the European Union and has different legislation and different level of economic 

development, and the author supposes it is not correct to comprise the data of the country in the 

analysis of the region. 

Structure of the Thesis 



The thesis consists of Introduction, three chapters, Conclusions and List of References. 

There also presented List of Tables, List of Figures, abstracts. The important part of the dissertation 

is Summary in English. 

Introduction demonstrates the research topicality, hypotheses, goal and tasks, object and 

subject, applied methods, restrictions and limitations, time and regional frameworks of the 

research, results, novelty, practical value, propositions for defence   

Chapter I presents the genesis of the concept of sustainability and sustainable development 

and the main pillars of sustainable development. The pillars of sustainable development are 

considered from the point of view of regional development. Sustainability is considered as a 

complex evolutionary system. There introduced the concept of sustainable regionality as one of 

sub-systems of the sustainability. There also considered circular economy as a factor facilitating 

the development of sustainability and new way of thinking.  

Chapter II comprises the detailed description of the processes of waste treatment, their 

advantages and disadvantages. The application of these ways of waste treatment in the countries 

of the Baltic Sea region is analysed. This analysis allows dividing the countries of the region in 

different groups for the purposes of regression analysis.   

Chapter III contains the substantiation and further justification of the division of the 

countries of the region into groups. Then the Chapter provides the analysis of macroeconomic 

factors affecting the waste management and waste treatment in the groups of the countries. This 

permits to make conclusions and to elaborate the recommendations, aimed at improvements in the 

waste treatment processes implemented in the countries of the region. 

Conclusion summarises the results of the research, presents the findings and the 

recommendations. 

Research Results 

The achieved results are mainly as follows: 

1. The dissertation presents the genesis of Sustainability concept and shows the logical basis for 

development of sustainable thinking. The pillars of sustainable development are considered 

from the point of view of regional economy. 

2. Sustainability is shown as a complex evolutionary system; there determined four sub-system, 

and each subsystem is presented by three factors. One of these sub-systems is Sustainable 

Regionality, which differs from traditional concept of regional sustainability. The definition 

for the brand-new concept “Sustainable Regionality” is specified. There also presented the 

detailed description of one of the factors of sub-system “Environmental sustainability” – 

circular economy, which is especially important for this research.  

3. The dissertation discusses the topicality and urgency of putting into practice the principles of 



Circular economy. There demonstrated the contemporary prerequisites for implementing the 

maxims of circular economy into life, and also preconditions, advantages and disadvantages 

of it.  

4. The countries of the region have been divided into two groups – old market economies (Group 

I – Denmark, Germany, Finland and Sweden) and new market economies (Group II – Estonia, 

Latvia, Lithuania and Poland) – on the basis of implemented analyses. 

5. The research discovered the usage of different types of waste treatment in the countries of the 

region. Energy Recovery is the most widely spread way of waste treatment. The second 

position takes the Waste Recycling. The volume of recycled waste is increasing year by year; 

nevertheless, the share of this type of treatment is decreasing. The third type of waste treatment 

– Anaerobic Digestion – presents the smallest share of the total considered amount.  

6. The countries of Group I generate significantly more waste per capita, compared to the 

countries of Group II. The difference in Waste Generation is declining gradually, which means 

the approaching of the countries of different groups. 

7. The countries of Group I recycle significantly more waste compared to the countries of Group 

II. The recovery of waste-to-energy in the countries of Group II grows starting from year 2013. 

The countries of Group I are reducing the volumes of waste processed with anaerobic 

digestion, which takes the smallest share in the amount of treated waste. The countries of 

Group II increase significantly the volumes of waste processes with anaerobic digestion. 

However, its share in the total amount of treated waste is decreasing. The energy recovery 

takes the biggest share for the countries of Group I. It corresponds to the needs of the 

economies. The share of recycled waste is smaller than the share of recovered, but it is stable, 

which demonstrates that the countries try to keep to the technological waste management. 

Energy recovery demonstrates drastic growth in the countries of Group II, but the share of 

recycled waste in the latest years (2016-2018) it is even bigger than the share of recovered 

energy. 

8. The separate conclusion has been done on the Baltic States on all the analysed components – 

Generation of waste, Recycling of Waste, Waste-to-Energy, Anaerobic digestion. 

9. There have been determined the dependent variables for the regression analyses in all groups 

of countries: Generation of waste per capita, Recycling of Waste per capita, Waste-to-Energy 

per capita, Anaerobic digestion per capita. 

10. The macroeconomic indicators which can serve as independent factors for regression 

analyses, have been selected; the substantiation for the choice is presented. Then for each 

group of countries there have been implemented correlation analyses. These analyses allowed 

determination and exclusion of the factors with multi-collinearity or factors with very low 



impact; further these factors have been excluded from the regression analyses. 

11. The implemented regression analyses allowed specifying the factors, which have high 

degree of influence on the dependent indicators in all groups of countries. 

12. The quality of obtained regression models is high according to all employed features: 

Fisher value, p -value, R2. 

13. All three Hypotheses put forward by the author are supported by the results of the research 

and can be taken as proven ones. 

14. There have been suggested the specific recommendations towards waste treatment 

processes considering the peculiarities and specifity of each group of countries. 

Novelty 

The research presents some new propositions. 

1. The concept of sustainability and the pillars as well as the overlapping fields of these pillars 

are explained from the position of regional development. 

2. There introduced the brand-new concept of sustainable regionality which differs significantly 

from the idea of regional sustainability by approach to the regional development; the definition 

of the introduced concept is offered.  

3. The concept of sustainability is considered from the position of complex evolutionary system, 

which contributes significantly to the idea of sustainability, providing it with properties of 

independent development and accumulating external changes. 

4. There have been determined the macroeconomic indicators, having priority importance for 

the processes of waste generation and waste treatment. Therefore, the society and authorities 

receive the tool for managing the waste treatment via regulating and administrating these 

indicators. 

5. The dissertation demonstrates the significant dependence of waste treatment processes on the 

increase of decrease of these indicators, which can serve as a support for hypothesis 2. 

6. The research has proven, that the presented macroeconomic factors have different importance 

for the countries belonging to different groups (Group I – Denmark, Germany, Finland and 

Sweden, representing old market economies, and Group II – Estonia, Latvia, Lithuania and 

Poland, representing new market economies). 

7. The countries of Group I and Group II have difference in priority of employed ways of waste 

treatment.  

Practical Value 

Propositions of this research allow determining the factors, having the priority for waste 

treatment in the countries of the Baltic Sea region; moreover, these factors are specified according 

to the peculiarities of the group, to which each country belongs. Therefore, the findings, obtained 



in the course of research, allow elaborating the range of activities aimed at improvement of waste 

treatment in the certain country. In its turn, the perfection of waste processing will result in solving 

numerous problems, which society faces on its way to sustainable development in general and to 

advance of circular economy as one of the factors, determining the sustainable development within 

the country and region. 

Propositions for Defence 

1. The concept of sustainability; three traditional pillars of sustainable development and the 

regional approach to them and the overlapping areas; introduction of new pillar – Sustainable 

Regionality: definition, necessity of introducing new concept, possibilities of the further 

development; sustainability as a complex revolutionary system, exemplified by several 

components  

2. Circular economy concept; contemporary state of circular economy; waste management as a 

powerful tool of circular economy; types of waste treatment; the hierarchy (the pyramid) of 

waste management types. 

3. Substantiation of the choice of the countries for analysis; substantiation of division of the 

countries of the region into two sub-groups: Group I and Group II; general analysis of 

statistical data on waste generation and waste treatment. 

4. Defining the dependent variables for the regression analyses; determining the macroeconomic 

indicators, capable of affecting the dependent variables; correlation analyses of matrixes; 

finding factors with multi-collinearity effect; regression analyses. 

5. Presentation of the research results and conclusions 

6. Recommendations  

  



CHAPTER I. SUSTAINABILITY AS A BASIS OF CONTEMPORARY 

LIFE 

The word “Sustainability” denotes the ability to exist continually, at least for some 

significant period of life. The main economic thought of it is as follows: after realising that the 

natural resources are limited, man must take it and not act against the nature, but act as a real 

housekeeper. Such scientists, practitioners and institutions have contributed to the concept 

development: [1, 2, 4-17] Club of Rome, “World Council of Churches” (WCC), International 

Union for the Conservation of Nature, national environmental associations, agencies and non-

governmental organisations; the United Nations Environment Programme UNEP, the World 

Wildlife Fund, etc. The World Commission on Environment and Development (so-called 

Brundtland Commission) in 1987 gave the definition to the sustainable development, which is 

admitted nowadays by almost everyone involved in the issue: it is “a development that meets the 

needs of the present without compromising the ability of future generations to meet their own 

needs” [3].  Traditionally, the following pillars are supposed to be considered in the process of 

sustainability discussion: environment, economic and social [18]. These pillars can have various 

sub-domains, some of them have already been studied in detail, while others still have chances to 

appear and come into force [19- 21]. The integrity of various aspects is expressed by three-P 

concept and usually shown by the triple bottom line [22]. 

Various industries, sub-industries, directions, sub-directions, organisations, unions have 

been established for solving the problems set by the sustainable economy [23]. New “green” 

technologies, which include, for example, renewable energy, or for designing the ecological 

systems capable of adjusting the lifestyles of individual to the necessity to conserve natural 

resources [24-26]. Numerous systems of sustainability standards and certification occurred on the 

basis of these three pillars in recent years, for example, in the food industry [27-28], in forestry,  

agriculture [29,30].   

Definition of sustainability from the point of view of sociology: it is a socio-ecological 

state which can be characterised by orientation on achievement of a common ideal [31]. The most 

important issues are “participation, gender and development, social safeguards, and management 

of social risks” [32].    

Three Pillars of Sustainable Development 

Traditionally there are three dimensions of sustainability (environment, economy, social 

sphere [33], though, there are various ideas of composition, including, for example, political 

issues, culture [34,35], religion, or even future generations of people with the long-term thinking 

[36], the resource use and financial sustainability [37].  



The approach of three pillars fully corresponds to the goals of sustainable development, 

determined by the World Summit on Social Development in 2005 [38]. The illustration for this 

approach is usually presented as three overlapping ellipses; each of them indicates one of three 

pillars of sustainability, and the overlapping sections prove that these pillars are not mutually 

exclusive, but vice versa can reinforce each other (see Fig. 1.2) 

 

Fig. 1.2. Venn diagram of sustainable development: at the confluence of three constituent 

parts. Source: based on [39]. 

According to the concept, sustainable development presupposes the balance of local and 

global efforts, which should be oriented on the satisfaction of “human needs without destroying or 

degrading the natural environment”[40-42].  

Sustainability as a Complex Evolutionary System 

The sustainability concept can be considered as Complex Evolutionary System, which is 

still in the process of formation, but meets the requirements put forward towards the Complex 

Evolutionary Systems. According to [43] the system should demonstrate the certain hierarchy of 

the components and be able to produce the new levels with a great impact on the already existing 

levels.  This system can form the new sub-systems, which will be relatively independent from the 

whole system and other sub-systems; simultaneously, the existing components of the system will 

reorganize, adopting the new parameters of order with different types of interrelations, both direct 

and adverse. [44] determines the complex system as one “oriented on solving the multi-goal multi-

aspect tasks and reflected from various points of view in several models. Moreover, every sub-

system functions independently”.  

Sustainability presents complex interconnections [45]; there are multiplication effects 

produced at each level of the system. The complex evolutionary system also characterised by 

such important features, as an integrity and active open communication with the environment, 

with the employment of the previous experience of such communications [46].  

According to the classification by [47], sustainability can be described as a non-determined 

non-predictable system. Sustainability is obviously stochastic system. The first condition of 

stochasticity is the consequence of randomness. Randomness in its turn can be considered as a 



chain of regularities, which are not discovered. This property fully corresponds to the 

sustainability, since it is impossible to take into consideration all the factors; they are not stable, 

discontinuous, irregular, have the property of high changeability, the linear functions cannot 

describe them. Second, stochasticity can appear due to the impossibility of accurate measurements: 

it is impossible to measure each factor accurately (some of them are not measurable by their 

nature), the results are approximated, and due to this it is unpredictable. 

It is impossible to determine sustainability as a well-organised system. This research 

considers the certain interconnections within sustainability; nevertheless, there is great probability 

that there are also other interrelations of the components, which are not considered in this research.  

Nevertheless, sustainability cannot be considered as a badly-organised, or diffuse system 

either. The specific indicators, which are integral in their essence, are applied to the certain sub-

system of sustainability. [48] describe “uniqueness and unpredictability of the system behaviour 

under the certain circumstances”. Sustainability follows this criterion. The individual components 

of the model have their own “free will”. Sustainability components not only changeable, but they 

regularly transform the model structure and its functioning principles; however, the system still 

has its goals and continues operating to reach these goals. It is capable of resisting various entropic 

factors dangerous for the system integrity  

Sustainability is just in the process of forming as a system, it still demonstrates the 

capability at full range [49]1. The fact that sustainability is a complex evolutionary system is very 

important in the terms that all parts are interconnected and create significant impact on other sub-

systems. It allows modelling the sub-systems and their components for receiving the expected 

result. Therefore, introducing new sub-system in the well-known triangle Economy-Society-

Environment will change the connections between the sub-systems, create new regularities within 

the system and new opportunities for the further development. This fact allows the author of this 

dissertation to add the new component which can become the sub-system of Sustainability as a 

Complex Evolutionary System – Sustainable Regionality. 

 Regional Aspect of Sustainability 

The author introduces the new sub-system: Sustainable Regionality (see Fig.1.6.). 

All factors, which can be considered within the sustainability system, can function only in 

regional level. In the global span it is impossible to speak about real changes in any sphere. The 

motto of sustainability – Think Globally, Act Locally – supports the idea.  

 

                                                 
1 The author of this thesis follows the general concept and the steps of describing the social factors according to the 

principles of Complex Evolutionary System, presented in the Doctoral dissertation of Jelena Popova [49] 



 

Fig.1.6. Aspects of sustainable development considered in the doctoral dissertation 

Source: generated by the author 

The overlapping areas of Economic and Social development present the Equitable area, 

where the principal conditions for Social Equality exist, and Economy puts forward the goals 

acceptable for the society. Jobs contributing to the human capital development, development of 

social capital, business ethic etc. is possible only at the regional level when there exist the certain 

people and organisations, which are involved in all these activities, but not at general level. 

Nevertheless, the sustainable component can have negative impact on the local job market, when 

increased “green” thinking pushes out some productions and, correspondently, some professions 

from the market; the inequality in jobs or job markets appears as a result of sustainability [50]. It 

is the moment when society can apply a powerful tool of new education, re-training possibilities 

for creating new skills and new knowledge. 

Next pillar – Environment – comprises first of all resources and environmental conditions, 

which are very specific for each region and cannot be considered at the level of national economy.  

The common area with economic pillar created the viable field of sustainable economy 

and eco-efficiency. Eco-efficiency and sustainable economy are first of all represented with 

efficient use of resources, employment of renewable resources, decreasing footprints, managing 

the product during the entire life cycle, changing the paradigm from linear economy for 3-Rs 

approach – Reduce (minimum use of raw materials), Reuse (maximum reuse of products and 

components), Recycle (high quality reuse of raw materials) [51]. All the above listed issues 

require the regional approach, and therefore, the sub-system Regionality is also important. 

The overlapping area of Environment and Social pillars creates Socio-Environmental 

conditions, important for the Bearable existence of local community. It presupposes health and 

safety life of community under the conditions of environmental regulation, global climate change, 

environmental justice, access to clean water  

As a result, at the area of the intersection there appears the field of sustainable 

development (see Fig.1.7.). 



 

Fig. 1.7. Sub-systems of sustainable development 

Source: generated by the author 

This doctoral thesis considers only three components in each sub-system. Certainly, it is 

a very serious restriction. Moreover, the frameworks of the thesis require concentrating on only 

two components at full scale – Circular Economy and Waste Management. All other components 

are only described as system-organising factors. 

Introduction of the Concept of Sustainable Regionality 

In this part of the doctoral thesis the author introduces the new concept – Sustainable 

Regionality, which is conceptually different from the idea of regional sustainability. 

The definitions of Regional Sustainability are as follows: “the continuous support of human 

quality of life within a region’s ecological carrying capacity” [52-54]; “Regional sustainability 

reflects the “region’s success (or potential for success) in achieving effective trade-offs between 

conservation and development (or other criteria)” [55]. These scientists consider the regions just 

as tools for achieving the global sustainable development, they focus on regions only as “natural 

resource managers” who work on strategic planning in implementing the sustainability goals [56].  

However, there are numerous researches and documents, devoted to the regional 

development. For example, [54, 57-59]. There also comes understanding, that the prosperity of the 

entire national economy is based on the fully implemented potential of all regions [60].  

According to the definition by OECD, regional development refers to “a general effort to 

reduce regional disparities by supporting (employment and wealth-generating) economic activities 

in regions” [61]. If to consider the region as a basis for national prosperity ("Increasingly, member 

countries recognise that national economic prosperity depends upon realising the full economic 

potential of all regions.") [60], it becomes more logical to use the achievements of sustainability 

for regional development, not vice versa. If the region can use all the achievements of 

sustainability, its development will be facilitated, and then well-developed region would contribute 

to the development at the national level. 



Sustainable Regionality means improvement of performance and ordering in the region 

on the basis of the general national development, which considers the future needs of the region 

while satisfying the today’s needs, existing in the region.   

Therefore, the approach is new – not region contributes to the development of 

sustainability, but region uses the achieved results of sustainability to perfect the performance 

within the region.  

It seems important because this approach allows using the power of the country/national 

economy for supporting region. It differs from cohesion idea, since it does not put forward the idea 

of equal development level for each region; vice versa it presupposes the unique development of 

each region. Detailed Description of the Selected Sub-Systems 

Sustainable Society  

The first sub-system, described in the dissertation as a part of Sustainable Development is 

Sustainable Society; it comprises such factors as Population Health; Risk of Poverty; Changes in 

Priorities (see Fig.1.8). 

 

Fig. 1.8. Three components of sub-system “Sustainable Society”. Source: generated by 

the author 

 

There can be included many components; nevertheless, the objectives of the work do not 

comprise the detailed analysis of all possible interdependencies. The author just demonstrates how 

the interdependencies are created within the system.  

So, only healthy population can work quite efficiently under the contemporary conditions 

when the national economy in the majority of countries is done intensively, not extensively. Only 

healthy and educated population can use the resources in an efficient way promoting the economic 

development. In its turn, the health of population is under great dependence on the state of the 

environment. People cannot be healthy in the polluted regions; if regions provide the compliance 

with national and international environmental legislation, then, economy of the region also 

changes to adjust to the new requirements. 



Risk of poverty is supposed to be one of the most serious risks in our days. It is connected 

with social inclusion, health or education conditions, race or gender or religious discrimination – 

doesn’t matter, what exactly. People at the risk of poverty do not work intensively – they work 

extensively. They live in the most environmentally unacceptable conditions with decreased access 

to clean water, quite often – to clean air. They do not follow the principles of waste management, 

and increase pollution; the regional authorities have to fight the poverty, they use the means which 

could be used for development of sustainable environment or sustainable economy. The lower the 

risk of poverty is, the more prosperous the region is, and more complex and complicated tasks it 

can solve. 

Next point is changes in priorities of population. The author supposes this point to be the 

main one. A decade ago, the majority of population in post-soviet countries strived and persuaded 

the economic prosperity and wealth. The social component – life in community, human capital 

development, accumulation of the social capital, creativity, etc. – was taken into consideration, but 

mostly as the fundamental for obtaining and growth of prosperity. They practically did not have 

any independent value. Nowadays many people but scholars and researchers have come to 

understanding that the social component has the value as a human asset, and a great deal of 

obtained economic benefits is spent on creation of this social component not as a basis of future 

economic success, but as a value persuaded. The general globalisation has pushed people to 

estimate, re-think, appreciate and recognise the value of local, national peculiarities.  

Another important sign of new thinking of population is changed priorities in 

environmental sphere. The contemporary standard of life presupposes the priority of “green” 

thinking which means the great changes in life of population. The higher the level of satisfaction 

with the life conditions and the level of prosperity is, the higher is the degree of “green” thinking. 

The population of regions with lower degree of economic development thinks more about 

satisfying the primary needs; the problems of pollution have the secondary importance for them, 

since the results of any measure taken for improvement of the environmental situation have the 

certain time lag. As a result, the population of the region with economic problems are not ready to 

invest in any measures, the results of which are not obvious immediately. On the contrary, the 

inhabitants of the well-developed regions are striving to contribute to the nature protection and to 

supporting the environment, and they are ready for this purpose to sacrifice some conveniences 

and, to certain degree, the economic wealth [62-68]. 

Sustainable Environment 

The presented paper considers only three areas which should demonstrate the 

interconnections within the subsystem: Environmental Thinking; Waste Management; Resource 

Management (see Fig. 1.9.) 



 

 

Fig. 1.9. Three components of sub-system “Sustainable Environment”. Source: 

generated by the author 

Environmental Thinking is on the edge with the social sub-system; it is closely connected 

with Changes in the Priorities of the population. New priorities turn into new way of thinking. It 

is about all aspects of life, starting from Healthy Life Style as a personal choice and finishing of 

state programmes, including Cap and Trade policies and footprint offset measures. The businesses 

also start thinking environmentally, and as a result, we can speak today about the benign design of 

many products, the new processes in production, usage of biodegradable materials, etc. There is a 

mainstream understanding of environmental thinking as an official way of taking decisions 

friendly to ecology [69].   

The scholars devote their researches to Environmental Thinking, for instance [70-72]. The 

regions determine not only their priorities, but also the strategies for their development, and the 

level of environmental thinking can pre-determine these strategies or, at least, their direction.  

Waste Management is referred to the “activities and actions required to manage 

waste from its inception to its final disposal” [73]. All types of waste (solid, liquid, or gas, 

industrial, biological and household) can pose certain damage to the health of human and also to 

the nature. One of the aims of waste management is to reduce negative effects of waste on human 

health, on nature, on cities. Since there is a great difference in attitudes, processes and effects 

among the different regions and countries, each country uses its own methods and forms of waste 

management [74]. There are various models of managing waste, various financial models. There 

are also many practices of operating the waste, such as Landfill, Incineration, Recycling, Re-use:  

Biological reprocessing, Energy recovery, Pyrolysis, Resource recovery. Since the goal of this 

doctoral research is closely connected with the ways of dealing with waste and managing the waste 

operations, there will be the detailed description of these practices further. The choice of the waste 

management types depends on the policy of the certain state. The very important social indicators 

in the future will depend on the chosen policy towards waste: human health state, life expectancy, 



healthy years of life, etc. [75-77]. Therefore, it is possible to state, that Waste Management 

component has very strong regional aspect. 

Resource Management is the third component of the Sustainable Environment sub-system.  

The Resource Management concept refers to the management of resources which is not 

only efficient, which is the traditional requirement to the management, but also effective, and refers 

to all types of resources: financial, human, production, information, natural. Sustainable resource 

management is a method solving the problems associated with resource exhaustion and worsen 

climate change [78-84]. 

There are studies of devoted to the examination of social resources as Sustainable Resource 

Management [85] and society, composition of inventories and various eco-systems within the 

lifecycle framework [84]. This very short and absolutely incomplete survey allows suggesting that 

this component of sustainable environment has been studied quite thoroughly, and this fact permits 

not to concentrate this research on this point, though, the author admits the high importance and 

high value of this factor.  

Sustainable Economy 

Next sub-system, considered in the research is Sustainable Economy. There have been 

taken only three components within this sub-system frameworks: Strategic Economic 

Development, Sustainable Economic Policies, and Circular Economy (see Fig.1.10.).  

 

Fig. 1.10. Three components of sub-system “Sustainable Economy”. Source: generated 

by the author 

Strategic Economic Development as a component of the sub-system Sustainable Economy 

considers the resource base, previously established contacts and relationships, institutional 

structure of the state, the development of innovations, the most rational allocation of resources. 

Such concepts as transit to post-industrial innovative economy, globalization, a knowledge-based 

economy, and technological evolution give new rise to some resources or contribute to new way 

of allocation of resources [49, 86]. The cluster system requires the new improved sustainable 

resource management, human capital with sustainable thinking, changed priorities in social and 



business processes, new ecological environment, contributing to the longer healthy years of life, 

better conditions for living for population, wider usage of education possibilities [87].  

Therefore, Strategic development can be considered at various levels and use different 

approaches [88-90].  

Sustainable Economic Policies is very closely connected with Strategic Development, 

these components can be considered as “perfect complementary components” if to apply 

microeconomic terminology. The process of planning any policy should be transparent, for society 

could estimate the pros and cons of this policy [91]. The most urgent policies concern the depleting 

resources and usage of energy, produced from carbon. Carbon footprints are very dangerous for 

environment, and therefore, must be decreased. Simultaneously employment of carbon resources 

for energy production can create absolutely different economic environment for the country, 

depending on its natural resources. In any case, the general trend today is to use as many of 

renewable resources as possible. Therefore, it is very important to find the mutual impact, the 

interrelation of renewable energy and economic growth both in the long and in the short run 

[90,92]. [93] researches the specific policies in the area of transportation and energy production. 

Latvia is proud of producing great amount of energy from renewable resources, but more than 

32% of energy is produced from various types of wood. The regeneration of wood takes place, but 

deforestation is 3 times higher than forests regeneration. As a result, not only forests suffer, but 

also biodiversity of Latvian woods [94]. In any case, any country must use the policies, which are 

flexible and consistent, capable of achieving the peculiar targets, specified for the country [95].  

Circular Economy is the third component of the sub-system “Sustainable Economy” 

considered in this dissertation. This component is very important, since the whole research is based 

on the idea of re-use of the material, and the concept of circular economy will be further discussed 

in details. 

Sustainable Regionality 

This sub-system is offered by the author as an important component of Sustainability (see 

Fig.1.11.).  

 



Fig. 1.11. Three components of sub-system “Sustainable Regionality”. Source: generated 

by the author 

The sub-system comprises 3 components (which is, certainly, not enough for full-scale 

description of the sub-system, but however creates the idea of it). They are as follows: 

Regional Priorities seems to be one of the cornerstones of sustainable regionality. The 

regions differ significantly. They differ in resources, in location, in ambitions. The regions do not 

really need to achieve the same goals; each should concentrate on the specific features and decide 

on own priorities in development. They form the priorities, which are unique for the region [96-

98]. The development according to the priorities is exemplified by Estonia in the thesis. 

Regional sustainable development strategies should be oriented on achieving very specific 

goals, which are actual and urgent for this region only; it is absolutely wrong to apply the same 

strategies to different areas.  Each area has its unique economic and administrative structure, and, 

according to [99], the structural optimisation is one of the most significant influencers of the 

regional development and stimuli for upgrading the industrial growth. Another important factor is 

resource exploitation, which “is to a high extent characterised by being site-specific, tailoring to 

locally available” resources, technologies and allocation system adopted to meeting the local 

demands and creating “the right temporal profile” [100]. The task is to translate the strategy into 

the economic action plan or a roadmap, permitting active implementation of the strategy[87].  

Regional sustainable trends create the basis for the development of regional strategies. 

These trends should be considered for each region. They offer the system of region development, 

which ideally corresponds to the idea of sustainable regionality shown in this doctoral dissertation 

(see Fig.1.12.) 

 

Fig. 1.12. Region in the economic structure. Source: [87] 



 Circular Economy 

Circular economy concept appeared as a response to the needs and expectations of 

humanity. According to the standard linear model, each product will reach its “end of life”. The 

resources are taken as infinite. The degradation takes place at all stages – resource extraction, 

production, distribution, consumption and disposal. So it is not strange that the linear model is 

gradually changing with the new model – Feedback Loop Model [101], where the economy creates 

a loop, allowing using the resources, obtained after recycling, and then appeared the circular 

economy model (see Fig.1.14.) 

 

Fig. 1.15. Circular economy and its stages. Source: [101] 

The comparison of these models are presented by [102, 103]  

All over the world governments and communities try developing circular economy 

projects, enjoying “high initial cost, lack of information and experience for designing, operating 

and running maintenance of the systems” [104-106]. According to [107], almost 15 tons of raw 

materials per capita are used in Europe; each citizen of the EU generates on average more than 4.5 

tons of waste, and about 50% of the generated waste increases the disposed amounts of landfill 

sites. The concept of “waste” in today’s vision will be changes on the concept of “resource”.  The 

ground for shift to the circular economy is already existing in Europe: a Resource Efficient Europe 

is “one of the Europe 2020 flagship initiatives that coordinates actions across many policy areas 

to secure sustainable growth and jobs through better use of resources” [108]. The practical 

strategies of implementing these concepts are worked out by scholars [109]. There are certain 

disadvantages of circular economy implementation [110, 111]. 

E-waste is urgently topical for the contemporary society [112], non-renewable resources 

are under attention [113], fossil fuel and increased interest to biofuel also discussed [114]. 

Business is the principal driver for any idea which changes the relations in the production 

sphere. Therefore, the approach of business towards the product is a key factor for the circular 

economy development. They also must have an idea how to produce new product. There is an 

obvious dependence on the promotion of latest upgrades and “must have” technologies [115]. 

Resource efficient production, development of circularity principles requires the reorganization of 



production, and consequently, funding. The business changes its attitude towards new way of 

producing goods only in case when consumers make the new choice in favour of sustainable 

economy [116-118]. The circular economy should be stimulated at all levels, from local to the 

national and European ones, via substantial policy support [116-117,119-120]. New green 

products and services can be sold to consumers via social networks and media.  

Certainly, transition to a new way of thinking, to new approach in business and in everyday 

life create serious barriers for implementing the new model of economy. These barriers may have 

different nature – political, social, economic and technological ones [121].  

According to the EU Commission, the businesses can save EU-wide up to 604 billion euro, 

or 8 % of the annual turnover, if the apply eco-design, prevent waste generation, reuse, recycle 

and reduce total annual greenhouse gas emissions by 2-4 %. If to increase resource productivity 

by 30 % by 2030, there would be created 2 million additional jobs and GDP would grow by nearly 

1 %, if to compare with a conventional scenario [122-123].  

Findings of Chapter I 

1. The dissertation presents the genesis of Sustainability concept. The demonstrated materials 

support the idea that the civilisation comes to the necessity of sustainable development in 

the process of industrial production which are making the problematic issues of economic, 

environmental and social development more and more urgent, and this urgency increases 

with the advance in the level of development of production facilities. Therefore, it is logical 

and expectable that humanity has come to the concept of sustainability. 

2. The concept of sustainability can be considered as a complex evolutionary system. it consists 

of numerous subsystems, and only four of them – Sustainable Society, Sustainable 

Environment, Sustainable Economy and Sustainable Regionality – are considered in this 

dissertation. The author supposes them to be very important, tough, it does not mean, that 

other sub-systems are of less importance, but they are just beyond the frameworks of this 

dissertation. Each sub-system is described by three factors only, though each sub-system 

comprises numerous factors, and their combinations can change according to the properties 

of complex evolutionary systems. Nevertheless, the task was just to demonstrate how the 

included factors can be integrated into system. Therefore, it is even impossible to say that 

they are the most important within the frameworks of the sub-systems. They are important 

from the point of view of the author, and from the point of view of the research task of this 

thesis. 

3. There has been introduced the concept of Sustainable Regionality, which is new for the 

researches. The regional sustainability is described by many authors, and the main tend of 



these studies is the contribution of the region to the general sustainability. The author looks 

on the problem from the brand new position – how the sustainability contributes to the 

development of the region. There given the possible definition of regionality and Sustainable 

Regionality is described as a sub-system of general sustainable development. 

4. The whole system of sustainable development, considered in the dissertation is presented in 

Fig.1.16. 

 

Fig. 1.16. System of Sustainable Development. Source: generated by the author 

As the diagram demonstrates, Sustainable development appears only in the intersection 

of such areas as Society, Environment, Economy and Regionality. Each of them can be 

considered from the position of sustainability, and they create the sub-systems: Sustainable 

Society, Sustainable Environment, Sustainable Economy, Sustainable Regionality. In its turn, 

each sub-system is determined by independent factors; three factors, determining each sub-

system, are considered within this dissertation.  

5. The dissertation discusses the topicality and urgency of putting into practice the principles 

of Circular economy. There demonstrated the contemporary prerequisites for 

implementing the maxims of circular economy into life, and also preconditions, advantages 

and disadvantages of it.  

Conclusions on Chapter I 

1. The constantly increased urgency of environmental, economic, social and regional problems 

under the conditions of advanced level of production facilities development is making the 

idea of sustainability more and more topical in the society, changing not only tangible 

structures, but also way of thinking of people, new order of priorities, new developed 

strategies.  



2. Being complex evolutionary system, sustainability is capable of adopting changes in its sub-

systems and individual components, and this fact allows the mankind to produce rational 

changes at, first of all, regional level for making some processes more efficient and 

advanced. The author demonstrates it using the concept of circular economy. 

3. Sustainable development can be applied especially for the development of specific region. 

The author defines this as Sustainable Regionality. The principal difference with the existing 

concept of regional sustainability is the direction of activities. In case of regional 

sustainability, the resources and peculiarities of the region contribute to the general 

sustainable development. In case with Sustainable Regionality the advantages, gained with 

general sustainability are directed on the improvement of an individual region performance; 

after perfection of the state of the region it could contribute to the general development of 

the country. 

4. The conditions existing in the contemporary world (especially industrialised countries) 

demonstrate the necessity of changing the general direction to circular economy, which is 

important for the all pillars of sustainable development  

 

Chapter II. Waste Generation and Waste Treatment within the Circular 

Economy  

 Waste Management: Concept and Terms 

The world paid the serious attention to the waste management. The increased amount of 

waste created not only the problem of searching for place for keeping waste, but also the problems 

of threat to the human health alongside with the damaged environment. Nevertheless, it is always 

possible to find the certain value in waste [124].  

The definitions of Waste are various, and they mostly connected to the idea of disposal.  

The definition, given by [125] can be supposed as the best corresponding to the purposes 

of this research: Wastes are substances or objects which are disposed of or are intended to be 

disposed of or are required to be disposed of by the provisions of national law.  

Waste Classification 

There are many classifications of waste, each of them corresponds to the specific peculiar 

needs and requirements of the research.  

The author of the dissertation uses the one based on [126]. 

The definition of the Municipal Solid Waste, given by [127], is actively used in the 

dissertation: Municipal Solid Waste (MSW) consists of everyday items people use and then throw 



away. “Waste Management refers to the collection, transport, recovery and disposal of waste”;  

“Re-use refers to any operation by which products or components that are not waste are used again 

for the same purpose for which they were conceived;” Recovery means any operation the principal 

result of which is waste serving a useful purpose by replacing other materials … in the plant or in 

the wider economy;” “Recycling refers to any recovery operation by which waste materials are 

reprocessed into products, materials or substances whether for the original or other purposes. It 

does not include energy recovery and the reprocessing into materials that are to be used as fuels;” 

[128]; Energy Recovery from Waste is the conversion of non-recyclable waste materials into 

useable heat, electricity, or fuel” [127]. 

 The ways of dealing with waste is described mostly by [58, 128]: Disposing the waste: 

landfilling, incineration, and other solutions, which do not allow giving the second life to the 

waste; Recovery –some components or parts are extracted or recovered and then the product of 

processing these parts of waste is converted into energy, which can be further used in the form of 

heat, or electricity, or fuel;  Recycling – converting the materials, received from the waste, into a 

new product via their industrial processing, we deal with the third step of waste management 

hierarchy; there also possible the so called Down-cycling – the process when the waste is 

transformed into the materials of lower quality than the initial state of these materials, before 

getting into waste; Re-use refers to the second life of the product without its industrial processing. 

The top of the pyramid – the most favourable option – is prevention of waste generation, resulted 

in reduced amount of waste.  

Strategies of Waste Treatment 

If to consider the strategies for waste utilisation, many researchers devote their works to 

this issue [129].   

Recycling 

A surprisingly large number of items can be produced from recycled materials [130-133].  

There are three steps for implementing the recycling in life. These three steps will create the 

continuous loop, discussed in the section of circular economy: Step 1: Collection and 

Processing; Step 2: Manufacturing; Step 3: Purchasing New Products Made from Recycled 

Materials.There are numerous advantages of recycling [130,134] and disadvantages [134-140]. 

The industries, involved in waste recycling, should be supported by the authorities, the 

proper way of thinking within the society, proper legislation and regulations, businesses [141]. 



Waste – to – Energy Technologies 

This type of waste management is the most viable and feasible for all countries, it can be 

classified as biological treatment technologies and thermal treatment technologies [142]. There 

also such technologies as landfill gas utilization, and bio-refineries. They allow producing 

important by-products, decrease the amount and mass of solid waste, promote sustainable 

development by solving many problems, including environmental [143,144].   

Biological Treatment Technology: Anaerobic Digestion  

The process of anaerobic digestion is the decomposition of organic substances with the 

help of microorganisms without oxygen access in sealed methane tanks [145-159]. The 

effectiveness of generating the biogas from waste, depends on many operational parameters, for 

instance, temperature of processing, retention time, organic loading rate, etc. [160]. There certain 

advantages of anaerobic digestion [161-165]. 

Thermal Treatment Technologies  

These technologies are represented by Pyrolysis, Gasification and Incineration in this 

dissertation.  

Pyrolysis 

The topicality of this issue is supported by many researches [166-169]. Pyrolysis is the 

procedure of processing the solid household waste at high temperatures without oxygen. Exactly 

this allows receiving the products with high energy content. The property of pyrolysis to bring 

greater value to common waste makes this process very important for today industries [170]. It is 

possible to speak about three different types of pyrolysis: conventional / intermediate pyrolysis, 

fast / flash pyrolysis, and slow pyrolysis [171]. 

Gasification 

Waste gasification is a process in which matter of organic origin is transformed into 

gaseous substances under the influence of oxygen and high temperatures [172-175]. It is a quite 

efficient technology for decreasing the volume of municipal solid waste, the mass of waste 

decreases by 70%, and the volume of waste decreases by more than 90% [146]. Another important 

expected effect of gasification is the viability of conversion of waste-to-energy and simultaneous 

reduce in greenhouse emissions and also decreased landfill disposal options [174]. The technology 

presupposes that the part of the energy is employed for producing heat, which is used for gasifying 

the remaining fuel. 

Incineration  



Incineration is one of the waste treatment processes, including the decomposition of 

components into elements at a high temperature and with oxygen access [176179]. It is also used 

as waste-to-energy process, it is possible to decrease the amount of waste after incineration by 90-

95%. The advantages [127, 176, 178-192] and disadvantages [190,193-209] of incineration 

compared to other waste treatment technologies are discussed in scientific articles  

Analyses of Waste Generation and Waste Treatment by the Countries of the Baltic Sea 

Region 

The dissertation provides the time series analysis for all types of waste treatment for the countries 

of the Baltic Sea region. The time scope analysed is for period 2014-2023. 

The results in graphical form are presented in Findings for Chapter II. Appendix 1 for the thesis 

presented all the data in table form. 

Due to provided analysis it was determined the necessity to analyse separately two sets of 

countries. Group I contain the countries having long history of market economy (Denmark, 

Germany, Finland, Sweden), and Group II is represented by comparatively new market economies 

(Poland, Estonia, Latvia and Lithuania).  The Russian Federation is not analysed, the reasons for 

not including this country in the analysis is shown in the Limitations of the study. For both Groups 

the same types of time series processing were performed. The obtained results confirmed the 

necessity to divide the countries of the Baltic Sea region into two groups. 

This analysis is very important for this study; therefore, the findings of Chapter II require serious 

attention. 

Findings of Chapter II 

1. The Chapter presents the substantial theoretical material on different ways of waste 

treatment.  

2. The diagram in Fig. 2.10. demonstrates the relations of different types of waste 

management for the countries of the region. 

 

 

0

1000

2000

3000

4000

Waste Recycling Energy Recovery Anaerobic Digestion



Fig. 2.10. Different types of waste management for the countries of the region 

Source: generated by the author 

As the diagram shows, Energy Recovery is the most widely spread way of waste treatment. 

It shows the general dependence of the country on energy and the wish of the countries not 

only reduce the amount of waste in landfills, but also to have the additional source of energy 

for economy. The second position takes the Waste Recycling. The volume of recycled 

waste is increasing year by year; nevertheless, the share of this type of treatment is 

decreasing. 

The third type of waste management studies in this research is Anaerobic Digestion. It is 

the smallest share of the total considered amount. In general, this type of waste 

management is almost at the lowest level of hierarchy, and it is natural that the developed 

countries prefer to apply other ways of waste treatment. 

3. The generation of waste is different in the countries of Group I and Group II (see Fig. 2.11). 

 

Fig. 2.11. Generation of waste in the countries of Group I and Group II 

Source: generated by the author 

The diagram demonstrates that the countries of Group I (old market economies – Denmark, 

Germany, Finland and Sweden) generate significantly more waste per capita, compared to 

the countries of Group II (new market economies – Estonia, Latvia, Lithuania and Poland). 

The difference in Waste Generation is declining gradually, which means the approaching 

of the countries of different groups. 

4. The study has shown that the countries – old market economies (Denmark, Germany, 

Finland and Sweden) and the countries – new market economies (Estonia, Latvia, Lithuania 

and Poland) have significantly different indicators in all types of waste treatment. This fact 

allows division of the countries of region into two groups. 

5. Therefore, there is presented the graph of different types of waste treatment for both groups 

of countries: Group I and Group II. First there presented the graph for waste recycling (see 

Fig. 2.12)  
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Fig. 2.12. Waste recycling in the countries of Group I and Group II 

Source: generated by the author 

Recycling is supposed to be almost at the top of the waste management hierarchy. And as 

the diagram shows, the countries of Group I recycle significantly more waste compared to 

the countries of Group II. However, it is important to remember that the countries generate 

different amount of waste, and it is impossible to compare just the recycled amounts. 

Nevertheless, if the growth in the amount of recycled waste in countries of Group I is 

insignificant during the considered period, for countries of Group II it is rather substantial. 

These countries are gradually approaching the old market economies. 

6. The diagram in Fig. 2.13. demonstrates the results of the analysis of energy recovery in the 

countries of both groups.  

 

 

Fig. 2.13. Energy recovery in the countries of Group I and Group II 

Source: generated by the author 

As it can be seen, in the beginning of the period the recovery of waste-to-energy in the 

countries of Group II was so minor, that it is possible not to consider it at all, starting from 

year 2013 the volumes of recovered waste are significant. Certainly, they are about 3.5 

times less than in the countries of Group I, but still it is seen that this type of waste 

management gets its position for the new market economies. And it is necessary to consider 

the fact of different amounts of generated waste. For old market economies this indicator 
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increases during the period, but insignificantly. 

7. Anaerobic Digestion is another type of waste management considered in this dissertation.  

Fig. 2.14. shows the usage of this type of management in the countries of Group I and 

Group II. 

 

Fig. 2.14. Anaerobic Digestion in the countries of Group I and Group II 

Source: generated by the author 

This type of waste treatment is supposed to be not really advanced, and it can be seen, the 

countries of Group I are fluctuation at almost the same level of the volumes of waste 

processed in this way, while the countries of Group II increase the volumes significantly 

in the middle of the period, and then decreased the volumes sharply, though this way of 

waste treatment is comparatively simple, cheap, less demanding compared to others. The 

increased level of waste generation and simultaneous almost the same application of 

anaerobic digestion as waste treatment method for countries of Group I and decreased 

application for countries of Group II evidence that the countries of both groups prefer to 

employ more technologically advanced and sustainable ways of waste treatment. 

 

8. Diagram in Fig. 2.15. presents the comparison of all types of waste management for the 

countries of Group I.  

 

Fig. 2.15. Comparison of all types of waste management for the countries of Group I 

Source: generated by the author 
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As it can be seen, anaerobic digestion takes the smallest share in the amount of treated 

waste, the biggest share belongs to energy recovery, which corresponds to the needs of the 

economies, and the share of recycled waste is smaller than the share of recovered, but it is 

stable, which demonstrates that the countries try to keep to the technological waste 

management. 

9. The diagram in Fig. 2.16 presents the comparison of all types of waste management for the 

countries of Group II.  

 

 

Fig. 2.16. Comparison of all types of waste management for the countries of Group II 

Source: generated by the author 

As it can be seen, these countries increase the amount of treated waste using Energy 
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other Baltic States, but the country demonstrates lower amounts of waste treated with the 

advanced technologies. Nevertheless, Latvia currently develops the waste-to-energy 

technologies. Estonia also mostly employs energy recovery technologies, and Lithuania – 

anaerobic digestion and waste recycling.  

Conclusions on Chapter II 

1. The countries of the region use the various types of waste processing very actively. The 

described ways of waste management make substantial contribution to the development of 

circular economy in the region. Therefore, despite the horrifying rate of waste generation 

in the countries of the region the situation with waste is kept under the control, and the 

authorities manage to employ the generated amounts of waste for satisfying the needs of 

national economies to certain degree. 

2. Energy recovery technologies are the mostly widely spread ways of waste treatment in the 

region. It is explained by the growing need in energy, and simultaneous decrease of waste 

in the landfills and production of energy solves several problems: generation of additional 

amount of energy, treatment of great amount of waste, decreased dependence on the 

countries-exporters of fossils. The second position in waste treatment takes Waste 

Recycling, and the volume of recycled waste is increasing each year; this type of waste 

treatment is supposed as more advanced than Waste-to-Energy. The smallest share of 

processed waste belongs to Anaerobic Digestion technologies. This type of waste treatment 

is the most nature-friendly, comparatively cheap, but presents the lower level of waste 

management hierarchy, and small share of this type of waste processing evidences the 

technological advance of the countries of the region in applied waste processing 

technologies. 

3. According to the obtained results of the analysis, the countries of the region generate and 

process waste with great deviations. To decrease the span of these deviations, it has been 

decided to divide the countries into two sub-groups: old market economies (Group I – 

Denmark, Germany, Finland and Sweden) and new market economies (Group II – Estonia, 

Latvia, Lithuania and Poland). 

4.  The generation of waste in countries of Group II one third lower than in the countries of 

Group I, though the difference declines gradually. The level of waste treatment is also 

significantly lower in the countries of Group II. It refers to all types of waste treatment. 

Certainly, the amounts of processed waste differ not only due to smaller amounts of 

processed waste, but also due to the smaller amount of generated waste. Nevertheless, the 

difference in volumes of treated waste is substantial. 



5. The difference between the countries of Group I and Group II is declining each year; this 

fact means that after some period of time the countries of Group II will have the same or 

very close to the indicators of Group II. This fact means that it would be possible to 

consider the same factors for determining the policies of waste management and circular 

economy within the Baltic States (Estonia, Latvia and Lithuania), which are of special 

interest of the author, as in Group I. 

6. The countries of Group II in recent years demonstrate the almost equal shares of recycled 

and recovered waste amounts. This fact demonstrates the employment of the advanced 

technologies in these countries. 

7. Latvia requires increasing the waste treatment technologies, since it produces on average 

the same amounts of waste as other countries of Group II (more than Estonia and Poland, 

and less than Lithuania), while treatment with the described technologies is lower than in 

other countries. 

 

Chapter III. Statistical Analyses  

 
Chapter II has shown the difference in the combination of various types of waste 

management employed by the countries of Group I (Denmark, Germany, Finland and Sweden) 

and Group II (Estonia, Latvia, Lithuania and Poland). Chapter III is devoted to the analysis of 

factors impacting the types of waste management used within the countries of Group I and Group 

II.  

The independent variables were chosen on the basis of scientific articles [210-216]. Then 

the recommended variables were chosen for the data availability for years 2009-2023. As a result, 

there were chosen the following indicators: GDP per capita, final consumption of households (the 

issue of collinearity was solved in the process of models’ creation, Healthy Years of Life, level of 

urbanisation, people at risk of poverty, quintile coefficient, Gini coefficient (for the last three 

indicators there also was solved the issue of multicollinearity), tax rate, education index,and rate 

of inflation. The research focuses on the issues of waste generation and treatment. Therefore, it is 

logical to consider Waste Generation, Energy Recovery, Waste Recycling and Anaerobic Digestion 

as dependent variables.  

The choice of the countries for this research is based on the geographical location of the 

countries in the region of the Baltic Sea, divided into 2 groups: Group I includes 4 countries – old 

market economies (Denmark, Germany, Sweden, Finland); Group II includes 4 countries – new 

market economies (Estonia, Latvia, Lithuania and Poland).  



The data are taken for 15 years: 2009 – 2023.  

First of all, there presented the correlation analysis for all the countries of the region. It was 

performed in Statistics-10 software on the basis of Eurostat Data and Latvian Statistical Bureau 

data. The factors with high level of correlation were excluded from the analysis, the issue of 

multicollinearity was solved. In the process of models’ construction, the factors with high 

correlation index were not used simultaneously. 

Further the regression models were constructed. The methodological basis of these 

statistical analysis are works [217-221]. 

The models were constructed for the entire set of countries (8 countries), for Group I and 

Group II separately. The obtained regression equations are presented in Table 3.1 

Table 3.1. Regression Equations for all types of analyses 

Waste generation 

All countries Y = -1112.222 + 0.519 FinCon/cap + 0.388 TaxRate + 0.207 Ed.Ind      

Group I Y = 665.0831 + 1.2 TaxRate - 0.43 Gini + 0.197 FinCon/cap - 0.16 HYL 

Group II Y = -472.994 + 0.544 GDP/cap + 0.526 Gini + 0.290 Urban pop 

Waste Recycling 

All countries Y = -1084.285 + 0.431 Ed.Ind + 0.379 TaxRate + 0.370 FinCon/cap       

Group I Y = -505.450 + 0.607 TaxRate + 0.312 Gini - 0.12 HYL – 0.1 Urban 

Group II Y = -528.5065 + 0.721 FinCon/cap – 0.59 Urban + 0.494 Ed. Ind  + 0.371 

Gini 

Group II (poverty 

instead of Gini) 

Y = -656.6518 + 0.648 FinCon/cap + 0.622 Ed. Ind + 0.371 Poverty – 

0.59 Urban 

Waste-to-Energy 

All countries Y = 473.117 + 0.753 FinCon/cap 



All countries, 

excluding Final 

Consumption 

Y = -960.053 + 0.395 Urban + 0.303 Ed.Ind – 0.3 Gini 

Group I Y = 544.4034 + 0.807 Tax rate – 0.7 Gini + 0.501 Cons/cap 

Group II Y = -765.361 + 0.295 Ed.Ind – 0.37 Tax Rate 

Waste Anaerobic Digestion 

All countries Y = -465.9882 + 0.879 FinCon/cap + 0.383 Gini + 0.243 Ed.Ind 

Group I Y = -69.39 + 0.873 TaxRate + 0.351 FinCon/cap - 0.12 HYL      

Group II Y = -753.999 + 0.565 GDP/cap +0.643 Gini + 0.457 HYL + 0.3.9 Tax 

rate      

The regression analyses performed for all countries of the region have proven hypotheses 

1 and 2 of this dissertation: 1. There is a set of the priority macroeconomic factors affecting the 

waste generation and waste treatment. 2. The increase or decline in the specified macroeconomic 

factors has impact on the peculiar way of waste treatment; 

Nevertheless, the hypothesis of this doctoral thesis “Factors influencing the waste 

generation and waste treatment demonstrate different priority in groups of countries of the region 

of the Baltic Sea with old market economies and new market economies” was confirmed only after 

separate analysing the groups of countries. 

Findings of Chapter III 

1. The countries of the Baltic Region have been divided into two groups. The basis for 

the division is fact of entering into market economy in latest decades or earlier. Therefore, Group 

I is formed with such countries of the Baltic Region as Denmark, Germany, Finland and Sweden; 

there have been separated Group II, comprising Estonia, Latvia, Lithuania and Poland. This 

division is also supported by the analysis provided in Chapter II of this dissertation. 

The Russian Federation, represented in the Baltic Sea by Kaliningrad, is not included in 

this research. 

2. There have been determined the dependent variables for regression analyses: 

• Generation of waste per capita 

• Recycling of waste per capita 

• Waste-to-Energy per capita 



• Anaerobic digestion of waste per capita 

3. There have been separated the independent variables: GDP per capita, Final 

consumption per capita, Healthy Years of Life (HYL), Level of Poverty (People at Risk of Poverty, 

%), Quintile ratio, Gini coefficient, Inflation rate, Rate of taxation, Education index, Rate of 

urbanisation. 

4. Table 3.8 summarises the results of choosing the independent variables for 

regression analyses in the Groups of the Baltic states. As we see, the set of macroeconomic 

indicators, influencing waste generation and waste treatment in countries of Group I is 

significantly shorter. Therefore, it is easier for the government to manage and control waste 

generation and waste treatment using the macroeconomic indicators. The situation with the 

countries of Group II is more difficult, since significantly greater number of factors can influence 

the waste generation and waste treatment, and it becomes a challenging task for government. 

Table 3.8 

Resulting table of independent variables for Group I and Group II 

 

 

 

 

 

5. The regression analyses provided for the different groups of the countries of the 

Baltic Region demonstrate significantly different results. The significant independent variables are 

different. The factors, describing the obtained models, are shown in Table 3.9. 

Table 3.9 

Resulting values of the models 

In
d

ic
at

o
r Waste Generation Waste Recycling Waste-to-Energy Digestion 

Total  Gr.I Gr.II Total  Gr.I Gr.II Total  Gr.I Gr.II Total  Gr.I Gr.II 

R .904 .946 .791 .934 .959 .823 .808 .884 .726 .803 .975 .847 

R2 .818 .894 .656 .872 .92 .677 .653 .781 .527 .645 .95 .718 

F 48.48 91.42 22.97 60.22 101.6 18.52 54.15 38.55 12.06 52.23 263.4 22.49 

F(table) 2.39 2.39 2.40 2.28 2.28 2.28 2.46 2.39 2.39 2.46 2.54 2.28 

p .0113 .0363 .0049 <.001 .0015 .0035 .0002 .0075 .024 .0006 .0002 .0007 

Sign. 

Fact

ors 
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Urb  
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Ed 

Gini 

Tax 

Gini 
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Educ 

Tax   

Cons 

Gini 

Educ 

 

Tax 

Cons 

HYL 

GDP 

Gini  

HYL 

Tax 

Group I Group II 

Final consumption per capita  Final consumption per capita  

Healthy Years of Life (HYL) Healthy Years of Life (HYL) 

Rate of taxation Rate of taxation 

Gini coefficient Gini coefficient                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

Rate of urbanisation Rate of urbanisation 

 Education index  

 People at Risk of Poverty  

 GDP per capita 



 

6. The quality of the models for Group I is higher than in Total version of the same 

analyses. Nevertheless, the indicators of analyses for Group II are worse than in Total version. The 

difference in data for these two groups is very big, and this fact supports the idea that the division 

of countries is necessary. 

7. In three analyses of four, conducted for the countries of Group I, the most influential 

of all significant factors is Tax Rate, which proves the fact of serious attitude of governments of 

these countries, dependant on tax revenues, towards the goals of sustainability, and also 

responsible attitude of population of the countries with high economic development. 

8. In three analyses of four, conducted for the countries of Group II, the most 

influential of all significant factors is GDP per capita or Final Consumption per capita. This fact 

evidences, that the new market economies are still very dependent on consumption, while other 

countries already have shifted the priorities, and consumption is less important for creating habits 

than, for example, tax revenues. 

 

Conclusions on Chapter III 

1. The division of the countries of the region of the Baltic Sea into two groups is 

justified by the regression analyses, which were provided for the whole region ad for the Group I 

and Group II separately. It is especially true for the countries of Group I. The values of the 

statistical models for Group I are significantly higher than the same values for the countries of 

Group II. It refers to all four types of analyses (the dependent factors – Generation of waste per 

capita, Recycling of waste per capita, Waste-to-Energy per capita, Anaerobic digestion of waste 

per capita).  

2. Considering two facts: the declining difference between the countries in both 

groups and the high values of model indicators for Group I – it is possible to conclude that after a 

certain period of time the countries of Group II will face the same factors, influencing the processes 

of waste generation and waste treatment, as the countries of Group I. 

3. The factors which are assumed as independent for the regression analyses, are as 

follows: GDP per capita, Final consumption per capita, Healthy Years of Life (HYL), People at 

Risk of Poverty, Quintile ratio, Gini coefficient, Inflation rate, Rate of Taxation, Education index, 

Rate of Urbanisation.   

4. After analyses of correlation matrixes for each of the group of countries for multi-

collinearity and after exclusion of the factors with very low relation, there have been specified the 

independent factors for each group of countries: for Group I – Final consumption per capita, 



Healthy Years of Life (HYL), Rate of Taxation, Rate of Urbanisation, Gini coefficient, and for 

Group II – Final consumption per capita, Healthy Years of Life (HYL), People at Risk of Poverty, 

Gini coefficient, Rate of Taxation, Education index, Rate of Urbanisation, GDP per capita. 

5. There have been obtained the regression equations for all presented regression 

models, and determined the specific factors and the degree of their impact on the dependent 

variable. They are different for the models for Group I and Group II. The quality of models for 

Group I is substantially higher than for Group II.  

6. In three of conducted four regression analyses for Group I the most influential factor 

is Tax rate. If to speak about Group II, GDP per capita or Final consumption per capita is the most 

important variable in three of conducted four regression analyses. Therefore, the influential factors 

demonstrate the greatest difference between the countries of both groups. The high degree of 

influence of taxes in old market economies indicates the attitude of authorities of these countries, 

responsible for the processes of waste management, and also responsible attitude of population, 

who believe in responsibility of authorities and contribute to the solution of the problem with the 

proper responsible behaviour. The indicator with the highest degree of impact on waste generation 

and waste treatment in new market economies – Final consumption – demonstrates the fact that 

the new way of thinking and the new priorities for these countries have not become the law of life, 

and these countries behave like other countries, which have only begun their life as consumption 

societies.  

7. All three Hypotheses put forward by the author are supported by the results of the 

research and can be taken as proven ones. 

  



CONCLUSIONS  

 
The goal of the research is to determine the degree of effect of the macroeconomic 

indicators on the waste generation and various types of waste treatment within the region of the 

Baltic Sea in the frameworks of sustainable development and circular economy concepts. 

To achieve the set goal it was necessary to examine the concepts of sustainability and 

sustainable development. The genesis of the concepts of sustainability and sustainable 

development demonstrates the inevitability of the time when these concepts become the leading 

ones, changing the priorities of the national economies developments, the way of thinking of 

population, new attitudes towards resources, society, environment, and so on. The new way of 

thinking brings into life the new norms of behaviour, new principles of organising business and 

economy, new laws and regulation of society, new understanding of the trends of environmental 

development. 

There have been considered the pillars of sustainability and described the overlapping 

areas. The pillars as well as overlapping areas have been studied from the position of regional 

approach, since the regional component is one of the most important in terms of sustainability. 

Each activity requires the well-developed plan, the implementation of which is possible only on 

the basis of detailed information about the place of implementation and accurate forecasting the 

way of activities development and their expected results.  

Nevertheless, the author introduces the concept of Sustainable Regionality, which is a 

brand new. The new concept considered the region from the cardinally new point of view. The 

“regional sustainability” is the term, which is widely used by scientists and policy makers when 

they demonstrate the importance of the proper allocation of resources of the region, which are 

capable of supporting and contributing to the general sustainable development of the national 

economy. The approach of Sustainable Regionality is opposite – how to use the achievements of 

sustainable development of national economy for improving the economic, environmental and 

social situation within the separate region which requires support and assistance. In the future this 

region, after situation perfection, can contribute to the general development of the national 

economy, as it is presupposed by regional sustainability. 

There also analysed the concept of circular economy and one of its principal area – waste 

generation and waste treatment. First the data on four indicators of waste management (Waste 

Generation, Waste Recycling, Waste-to-Energy, Anaerobic Digestion) were analysed for eight 

countries of the region of the Baltic Sea; nevertheless, after these primary analyses the necessity 

to divide the countries into sub-groups became obvious. There were singled out Group I (Denmark, 

Germany, Finland and Sweden) and Group II (Estonia, Latvia, Lithuania and Poland). The division 



was done on the basis of statistical data, and this division also corresponds to another foundation 

– the period of adopting the principles of market economy, and it turned, that Group I presented 

the countries – old market economies, and Group II presented the countries – new market 

economies. Further the same types of analyses were implemented for each group. It allowed 

determining the main tendencies in waste treatment in these countries. 

On the basis of these sub-groups (Group I and Group II) and the set of macroeconomic 

indicators there were presented also correlation analyses, permitted to specify the macroeconomic 

factors with multi-collinearity effect. After excluding these factors  the author implemented the set 

of regression analyses for Group I and Group II, where the factors Waste Generation, Waste 

Recycling, Waste-to-Energy, Anaerobic Digestion served as dependent variables. Thus, there were 

determined the factors, having the highest degree of impact on waste generation and waste 

treatment in these groups of countries.    

The obtained results of the research allowed the author to draw the certain conclusions and 

to make the recommendations, based on these conclusions. 

This study has the following restrictions:  

1. The research was provided for only eight countries of the European Union – the countries 

of the Baltic Sea region (Denmark, Germany, Sweden, Finland, Estonia, Latvia, Lithuania 

and Poland). Other countries were not included in the research.   

2. The Russian Federation has its enclave on the Baltic Sea – Kaliningrad region. 

Nevertheless, it was not included in the research due to several reasons: being just enclave 

of the country, Kaliningrad is representing very small share of territory and population, and 

therefore, it is not possible to use the data for the whole country for analysis of the region; 

then the country is not the member of the European Union and has different legislation and 

different level of economic development, and the author supposes it is not correct to 

comprise the data of the country in the analysis of the region. 

3. The time span is 15 years (years 2009-2023) – period is enough for time series data 

analysis. 

4. The dissertation describes only four pillars of sustainable development – three traditional 

pillars and one as a newly introduced concept of Sustainable Regionality. Other possible 

pillars are not necessary for discovering in this dissertation since they are beyond the goals 

of this dissertation. 

5. Only three indicators were chosen as components of each pillar, though their number is 

certainly can be supposed as endless, since each researcher considers the components 

according to his own study goals. This dissertation considered the components just as 

examples of pillars of sustainability, functioning like complex evolutionary system. 



6. Circular economy, being one of the key positions of this dissertation, is considered mainly 

from the position of waste management without detailed description of other possible sides. 

7. The number of waste treatment technologies is restricted by three – only the technologies 

which mostly correspond to the principles of circular economy and simultaneously the most 

widely-spread ones in the countries of the considered region are described and analysed in 

this research. 

8. Only two types of statistical analyses are implemented in the dissertation as the best 

suitable ones for the purposes of this research – correlation analysis and regression analysis. 

Research Results 

1. The constantly increased urgency of environmental, economic, social and regional 

problems under the conditions of advanced level of production facilities development is 

making the idea of sustainability more and more topical in the society, changing not only 

tangible structures, but also way of thinking of people, new order of priorities, new 

developed strategies.  

2. Being complex evolutionary system, sustainability is capable of adopting changes in its 

sub-systems and individual components, and this fact allows the mankind to produce 

rational changes at, first of all, regional level for making some processes more efficient 

and advanced. The author demonstrates it using the concept of circular economy. 

3. Sustainable development can be applied especially for the development of specific region. 

The author defines this as Sustainable Regionality. The principal difference with the 

existing concept of regional sustainability is the direction of activities. In case of regional 

sustainability, the resources and peculiarities of the region contribute to the general 

sustainable development. In case with Sustainable Regionality the advantages, gained with 

general sustainability are directed on the improvement of an individual region 

performance; after perfection of the state of the region it could contribute to the general 

development of the country. 

4. The conditions existing in the contemporary world (especially industrialised countries) 

demonstrate the necessity of changing the general direction to circular economy, which is 

important for the all pillars of sustainable development  

5. The countries of the region use the various types of waste processing very actively. The 

described ways of waste management make substantial contribution to the development of 

circular economy in the region. Therefore, despite the horrifying rate of waste generation 

in the countries of the region the situation with waste is kept under the control, and the 

authorities manage to employ the generated amounts of waste for satisfying the needs of 



national economies to certain degree. 

6. Energy recovery technologies are the mostly widely spread ways of waste treatment in the 

region. It is explained by the growing need in energy, and simultaneous decrease of waste 

in the landfills and production of energy solves several problems: generation of additional 

amount of energy, treatment of great amount of waste, decreased dependence on the 

countries-exporters of fossils. The second position in waste treatment takes Waste 

Recycling, and the volume of recycled waste is increasing each year; this type of waste 

treatment is supposed as more advanced than Waste-to-Energy. The smallest share of 

processed waste belongs to Anaerobic Digestion technologies. This type of waste treatment 

is the most nature-friendly, comparatively cheap, but presents the lower level of waste 

management hierarchy, and small share of this type of waste processing evidences the 

technological advance of the countries of the region in applied waste processing 

technologies. 

7. According to the obtained results of the analysis, the countries of the region generate and 

process waste with great deviations. To decrease the span of these deviations, it has been 

decided to divide the countries into two sub-groups: old market economies (Group I – 

Denmark, Germany, Finland and Sweden) and new market economies (Group II – Estonia, 

Latvia, Lithuania and Poland). 

8. The generation of waste in countries of Group II one third lower than in the countries of 

Group I, though the difference declines gradually. The level of waste treatment is also 

significantly lower in the countries of Group II. It refers to all types of waste treatment. 

Certainly, the amounts of processed waste differ not only due to smaller amounts of 

processed waste, but also due to the smaller amount of generated waste. Nevertheless, the 

difference in volumes of treated waste is substantial. 

9. The difference between the countries of Group I and Group II is declining each year; this 

fact means that after some period of time the countries of Group II will have the same or 

very close to the indicators of Group II. This fact means that it would be possible to 

consider the same factors for determining the policies of waste management and circular 

economy within the Baltic States (Estonia, Latvia and Lithuania), which are of special 

interest of the author, as in Group I. 

10. The countries of Group II in recent years demonstrate the almost equal shares of recycled 

and recovered waste amounts. This fact demonstrates the employment of the advanced 

technologies in these countries.  

11. Latvia requires increasing the waste treatment technologies, since it produces on average 

the same amounts of waste as other countries of Group II (more than Estonia and Poland, 



and less than Lithuania), while treatment with the described technologies is lower than in 

other countries. 

12. The division of the countries of the region of the Baltic Sea into two groups is justified by 

the regression analyses, which were provided for the whole region ad for the Group I and 

Group II separately. It is especially true for the countries of Group I. The values of the 

statistical models for Group I are significantly higher than the same values for the countries 

of Group II. It refers to all four types of analyses (the dependent factors – Generation of 

waste per capita, Recycling of waste per capita, Waste-to-Energy per capita, Anaerobic 

digestion of waste per capita).  

13. Considering two facts: the declining difference between the countries in both groups and 

the high values of model indicators for Group I – it is possible to conclude that after a 

certain period of time the countries of Group II will face the same factors, influencing the 

processes of waste generation and waste treatment, as the countries of Group I. 

14. The factors which are assumed as independent for the regression analyses, are as follows: 

GDP per capita, Final consumption per capita, Healthy Years of Life (HYL), People at 

Risk of Poverty, Quintile ratio, Gini coefficient, Inflation rate, Rate of Taxation, Education 

index, Rate of Urbanisation. 

15. After analyses of correlation matrixes for each of the group of countries for multi-

collinearity and after exclusion of the factors with very low relation, there have been 

specified the independent factors for each group of countries: for Group I – Final 

consumption per capita, Healthy Years of Life (HYL), Rate of Taxation, Rate of 

Urbanisation, Gini coefficient, and for Group II – Final consumption per capita, Healthy 

Years of Life (HYL), People at Risk of Poverty, Gini coefficient, Rate of Taxation, 

Education index, Rate of Urbanisation, GDP per capita. 

16. There have been obtained the regression equations for all presented regression models, and 

determined the specific factors and the degree of their impact on the dependent variable. 

They are different for the models for Group I and Group II. The quality of models for 

Group I is substantially higher than for Group II.  

17. In three of conducted four regression analyses for Group I the most influential factor is Tax 

rate. If to speak about Group II, GDP per capita or Final consumption per capita is the most 

important variable in three of conducted four regression analyses. Therefore, the influential 

factors demonstrate the greatest difference between the countries of both groups. The high 

degree of influence of taxes in old market economies indicates the attitude of authorities 

of these countries, responsible for the processes of waste management, and also responsible 

attitude of population, who believe in responsibility of authorities and contribute to the 



solution of the problem with the proper responsible behaviour. The indicator with the 

highest degree of impact on waste generation and waste treatment in new market 

economies – Final consumption – demonstrates the fact that the new way of thinking and 

the new priorities for these countries have not become the law of life, and these countries 

behave like other countries, which have only begun their life as consumption societies. 

18. All three Hypotheses put forward by the author are supported by the results of the research 

and can be taken as proven ones. 

Recommendations   

The recommendations are based on the obtained results of the research and can be 

addressed to the authorities of Latvia, responsible for the implementation of programme of 

sustainable development, for the standard of living of population, for economic development of 

the country and for environmental protection – the Ministry of Environmental Protection and 

Regional Development, Ministry of Economics, Ministry of Welfare, Ministry of Health. The 

recommendations can also be used by the businesses connected with circular economy as a basis 

for analytics and long-term planning. The non-commercial organisations can use these 

recommendations for promotion of circular economy and waste management principles in the 

society. 

1. To promote the main principles of circular economy and waste management as a basis of 

healthy life of population and high standard of living. The recommended measure could 

contribute to the changes in way of thinking, to perception of new priorities, declared by 

country’s authorities, as not only pressure of the government, but also a choice of people. 

This new perception could change the behaviour of people for more conscious one and 

increase the responsibility of people for the situation in the country. 

2. To apply the regional approach to the sustainable development of the regions. In case with 

the regions demonstrating the low level of economic development, to apply all the 

achievements of sustainable development of the country for the development of the region, 

requiring assistance. For example, reallocation of resources can be applied, and the flow of 

resources could be oriented for this region; the most favourable example is allocating the 

facilities of circular economy I such region. 

3. According to the analysis, Latvia has the weakest positions in waste treatment in the region. 

By all means, the country will develop the facilities for waste treatment. The process of 

choosing the technologies for adopting in the country requires the employment of existing 

experience in the area, the analysis of waste treatment results in the neighbouring countries, 

and coordination between the contemporary technologies and the strategic plans of the 



country development. Estonia mostly recovers waste to energy, while Lithuania prefers 

anaerobic digestion and recycling. Latvia has possibility to analyse the results of waste 

treatment for economies of the countries and to use their experience. Only after 

comprehensive analysis of all factors it is possible to make a responsible decision on the 

choice of strategies.  

4. Depending on the choice of more preferable strategy, the authorities can administrate the 

specific macroeconomic indicators for facilitating the results. The regression analyses 

revealed the indicators affecting the various ways of waste treatment. Improving these 

indicators allows regulating the waste treatment processes at the current moment. 

5. The difference between countries of Group I and Group II is declining. It means, in the future 

the factors, affecting the way of waste treatment, will change for the countries of Group II. 

Therefore, this factor should be considered in the long-term strategies of waste management 

development. in the future the chosen way of waste treatment will be affected by 

macroeconomic indicators, which are currently actual for Group I. Thus, it is necessary 

administrate these indicators for implementing long-term strategies. 
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