DAUGAVPILS UNIVERSITATE
SOCIALO ZINATNU FAKULTATE
EKONOMIKAS KATEDRA

Regionalas zinatnes magistrs
OLEGS RIBALKINS

ZALA EKONOMIKA EIROPAS SAVIENIBAS
ILGTSPEJIGAS ATTISTIBAS KONTEKSTA
NO 2017. GADA LIDZ 2020. GADAM

promocijas darbs

Zinatniska doktora grada
zinatnes doktors (Ph.D.) ekonomika un uznémejdarbiba iegtiSanai
(apaksnozare: regionala ekonomika)

Promocijas darba zinatniska vaditaja:
Dr.oec., DU HSZI vadosa pétniece
Olga Lavrinenko

DAUGAVPILS
2022



DAUGAVPILS UNIVERSITY
FACULTY OF SOCIAL SCIENCES
DEPARTMENT OF ECONOMICS

Mg. of regional science
OLEG RYBALKIN

GREEN ECONOMY IN THE CONTEXT
OF THE EUROPEAN UNION’S
SUSTAINABLE DEVELOPMENT IN 2017-2020

PhD thesis

for obtaining Scientific doctor's degree
science doctor (Ph.D.) in economics and business
(sub-branch: regional economics)

PhD thesis scientific advisor:
Dr.oec., DU IHSS leading researcher
Olga Lavrinenko

DAUGAVPILS
2022



INFORMACIJA

Promocijas darbs ir izstradats Daugavpils Universitates (DU, Latvija) Socialo zinatnu
fakultates Ekonomikas katedra laika posma no 2017. gada Iidz 2022. gadam.

P&tfjuma sakumposms (no 2017. gada lidz 2018. gadam) tika Tstenots sadarbiba ar DU
pétnieku grupu (1.1.). Ta rezultati tika publicéti 2019. gada starptautiski cit€jama Zzurnala
Entrepreneurship and sustainability issues DU zinatniski p&tnieciskaja projekta ‘Zala ekonomika:
vértéSanas metodikas koncepcijas izstrade un aprobacija, pamatojoties uz ES datiem’ (2.1.).

Pétijumu rezultati 2019. gada tika prezentéti starptautiskajas zinatniskajas konferencés
sadarbiba ar DU, Pé&tfjumu un starptautisko simpoziju instititu ‘IRIS-ALKONA’ (Latvija)
un publicéti recenz&tos starptautiskos zurnalos (1.2), t.sk. Entrepreneurship and Sustainability
Issues (Scopus, Web of Science) (1.3.).

Ta beigu posma (no 2020. gada lidz 2022. gadam) pé&tijums tika veikts ar DU zinatniski
pétnieciska projekta (2.3.) atbalstu. P&tjjums tika paplasinats, analizé icklaujot Ilgtsp&jigas
attistibas kontekstu (1.4.).

Promocijas darba rezultati tika prezentéti dazadas zinatniskajas konferences (3.1.-3.4.).

1. Publicetie petijjuma rezultati:

1.1. Lavrinenko, O., Ignatjeva, S., Ohotina, A., Rybalkin, O., & Lazdans, D. (2019) The role of
green economy in sustainable development (case study: the EU states), Entrepreneurship and
Sustainability Issues 6(3), 1113-1126;

1.2. Rybalkin, O. (2020) Green innovation analysis (case study: the EU states). Journal
of International Economic Research 6(1), 20-31,;

1.3. Rybalkin, O., Lavrinenko, O., Ignatjeva, S., & Danilevica, A. (2021) Introduction of EEPSE
Green Economy Index for the analysis of regional trends. Entrepreneurship and Sustainability
Issues 9(1), 415-435;

1.4. Rybalkin, O. (2022) Sustainable development goals progress in the European Union:
correlation with EEPSE Green Economy Index. Access to Science, Business, Innovation in Digital
Economy, ACCESS Press 3(2), 121-135;

1.5. Lavrinenko, O., Rybalkin O., & Danilevi¢a, A. (2022) Green economy: content and
methodological characteristics. Entrepreneurship and Sustainability Issues (raksts ir pienemts
publicésanai 2022. gada septembri).

2. Daliba zinatniski pétnieciskajos projektos:

2.1. DU zinatniski pétnieciskais projekts “Zala ekonomika: novertésanas metodikas koncepcijas
izstrade un aprobacija, pamatojoties uz ES datiem” (2018. gads, Nr. 14-95/18) (pétijuma
sakumposms);

2.2. DU zinatniski pétnieciskais projekts “Zalas ekonomiskas attistibas Iimena salidzinosa analize
Latvija un Lietuva no 2000. gada Iidz 2020. gadam” (2021. gads, Nr. 14-95/2021/14);

2.3. DU zinatniski pétnieciskais projekts “Zalas ekonomikas dinamiskas attistibas ipatnibas
ES valstis” (2022. gads, Nr. 14-95/2022/9) (pétijuma beigu posms).

3. Pétijuma rezultatu prezentésana starptautiskajas zinatniskajas konferences:
3.1. “Zalas inovacijas Eiropas Savieniba”. Starptautiska daudznozaru akadémiska konference
(IMAC), 2018. gada 10.—14. julijs, Jarmala, Latvija;
3.2. “Zalo inovaciju analize (gadfjuma izpéte: ES wvalstis)”. 6. Starptautiskais zinatniskais
simpozijs “Ekonomika, bizness un finanses”, 2020. gada 9.-10. jilijs, Jirmala, Latvija;
3.3. “Zala ekonomika Eiropas Savieniba: EEPSE zalas ekonomikas indeksa ievieSana regionalo
tendencu analizei”. XX Starptautiska tieSsaistes zinatniska konference ‘Centraleiropas un
Austrumeiropas sabiedribu digitala nakotne’, 2021. gada 21.—23. junijs, Lublina, Polija;
3.4. “Zalas ekonomikas disproporcijas ES valstis perioda no 2015. gada lidz 2019. gadam”.
16. Starptautiska zinatniska konference “Socialas zinatnes regionalajai attistibai 2021”. 2021. gada
15.-16. oktobris, DU, Daugavpils, Latvija.

4. Publikacijas medijos:
4.1. “ESG krajumi: kas talak?” Investing.com.



INFORMATION

The PhD thesis has been worked out at the Department of Economics of Faculty of Social
Sciences of Daugavpils University (DU, Latvia) from 2017 to 2022.

Initial stage of the research (2017-2018) was performed in cooperation with a team of
researchers from DU (1.1). The results were published in 2019 in the scientific journal
“Entrepreneurship and Sustainability Issues” in the framework of DU research project “Green
Economy: Elaboration of the Concept and Approbation of Assessment Methodologies on the Basis
of the EU Data” (2.1).

The results of research in 2019 were presented at various international scientific
conferences in cooperation with DU, Institute of Researches and International Symposiums IRIS-
ALKONA (Latvia), as well as published in peer-reviewed international journals (1.2), including
“Entrepreneurship and Sustainability Issues” (Scopus, Web of Science) (1.3).

In its final stage (2020-2022), the study was performed within DU research project (2.3).
Its scope was extended by adding the context of sustainable development to analysis (1.4).

The research results have been presented at various scientific conferences (3.1-3.4).

1. Published results of the research:

1.1 Lavrinenko, O., Ignatjeva, S., Ohotina, A., Rybalkin, O., & Lazdans, D. (2019) The role of
green economy in sustainable development (case study: the EU states). Entrepreneurship
and Sustainability Issues 6(3), 1113-1126;

1.2 Rybalkin, O. (2020) Green innovation analysis (case study: the EU states). Journal
of International Economic Research 6(1), 20-31,

1.3 Rybalkin, O., Lavrinenko, O., Ignatjeva, S., & Danilevica, A. (2021) Introduction of EEPSE
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Issues 9(1), 415-435;

1.4 Rybalkin, O. (2022) Sustainable development goals progress in the European Union:
correlation with EEPSE Green Economy Index. Access to Science, Business, Innovation in Digital
Economy, ACCESS Press 3(2), 121-135;

1.5 Lavrinenko, O., Rybalkin O., & Danilevi¢a, A., 2022. Green economy: content and
methodological characteristics. Entrepreneurship and Sustainability Issues (the article has been
accepted for publication in September, 2022).

2. Participation in scientific projects:

2.1 DU scientific research project “Green Economy: Elaboration of the Conception and
Approbation of the Assessment Methodology on the Basis of the EU Countries’ Data” (2018,
No 14-95/18) (initial stage of the research);

2.2 DU scientific research project “Comparative Analysis of the Performance of Green Economic
Development in Latvia and Lithuania from 2000 to 2020 (2021, No 14-95/2021/14);

2.3 DU scientific research project “The Features of Dynamic Development of Green Economy
in the EU Countries” (2022, No 14-95/2022/9) (the final stage of the research).

3. Research results presentation at international scientific conferences:

3.1 “Green Innovations in the European Union”. The International Multidisciplinary Academic
Conference (IMAC), July 10-14, 2018, Jurmala, Latvia;
3.2 “Green innovation analysis (case study: the EU states)”. The 6" International Scientific
Symposium “Economics, Business & Finance”, July 9-10, 2020, Jurmala, Latvia;
3.3 “Green economy in the European Union: introduction of EEPSE green economy index for the
analysis of regional trends”. The 20" International Online Scientific Conference “Digital Future
of Central and Eastern European Societies”, June 21-23, 2021, Lublin, Poland;
3.4 “Disproportions of the green economy in the EU countries in the period from 2015 to 2019”.
16™ International Scientific Conference “Social Sciences for Regional Development 2021”.
October 15-16, 2021, DU, Daugavpils, Latvia.

4. Publications in media:
4.1 “ESG stocks: What’s next?” Investing.com.
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ANNOTATION

Oleg Rybalkin’s PhD thesis “Green Economy in the Context of the European Union’s
Sustainable Development in 2017-2020” has been worked out at the Department of Economics of
Faculty of Social Sciences in cooperation with the Institute of Humanities and Social Sciences of
Daugavpils University.

The object of the study: the European Union’s countries (n = 28) in 2017-2020.

The subject of the study: green economy in the context of sustainable development in the
countries and the period of time in focus.

The hypothesis of the PhD thesis: although the multidimensional green economic
development stimulates a progress towards Sustainable Development Goals, the EU countries
demonstrate very different performance of green economy in the context of sustainable
development.

The PhD thesis is aimed to analyze green economy in the context of the European Union’s
sustainable development in 2017-2020.

In accordance with the aim, the following objectives have been set:

- to outline the theoretical and methodological aspects of the research of green economy
in the context of sustainable development;

- to elaborate a new multidimensional index for measuring the performance of green
economy in the context of sustainable development;

- to empirically analyze the performance of green economy in the context of sustainable
development in the EU countries in the period of time from 2017 to 2020;

- to find interrelation between elaborated multidimensional Index and Sustainable
Development Goals progress in the EU countries.

The structure of the PhD thesis is developed in accordance to its objective and consists of
three sections. The first section of the PhD thesis is a theoretical and methodological one. It
develops theoretical and methodological basis of the research by summarizing existing scientific
literature on the topic to provide terminological and methodical base for empirical part of the PhD
thesis, as well as explains the context of sustainable development for this study. By analyzing the
existing definitions of green economy and sustainable development context, this section
substantiates the need for creating a new multidimensional Index, namely, the Sustainable
Development Green Index (SDGI), based on the Quintuple Helix Model, and characterizes its
structure. It defines the main subsystems of the Index and assigns relevant indicators to assess
them.

The second section is mostly empirical, it puts the findings of the first theoretical and
methodological section into practice — elaborating the SDGI. It presents the results of calculations
and provides the model for EU countries classification by the performance of green economy in
the context of sustainable development, offering its overall assessment and analyzing regional
trends. Above all, the priorities of the EU countries with regard to sustainable development are
defined on the basis of the new Index, and a simplified version of the SDGI is elaborated.

The third section deals with the assessment of interrelation between the Sustainable
Development Green Index and relevant (for its subsystems) Sustainable Development Goals
(SDGs 4, 9, 16, 3, 6 respectively) progress in the EU countries.

The three main sections of the PhD thesis are followed by conclusions and discussion based
on comparison with other multidimensional models designed to deal with green economy, main
problems identification and recommendations for their solving.

Volume of the PhD thesis: 126 pages, 29 tables, 33 figures, 5 formulae, 3 annexes,
170 references.



ANOTACIJA

Olega Ribalkina promocijas darbs “Zala ekonomika Eiropas Savienibas ilgtsp&jigas
attistibas konteksta no 2017. gada Iidz 2020. gadam” ir izstradats Daugavpils Universitates (DU)
Socialo zinatpu fakultates Ekonomikas katedra sadarbiba ar DU Humanitaro un socialo zinatnu
institaitu.

Pétijuma objekts: Eiropas Savienibas valstis (n = 28) no 2017. gada Iidz 2020. gadam.

Pétijuma priekSmets: zala ekonomika ilgtsp&jigas attistibas konteksta petamajas valstis
izveletaja laika posma.

Pétijuma hipotéze: lai gan daudzdimensionala zala ekonomiska attistiba veicina
Ilgtsp&jigas attistibas mérku sasniegSanu, ES valstls verojams loti atskirigs zalas ekonomikas
stavoklis ilgtsp€jigas attistibas konteksta.

Promocijas darba meérkis: analizét zalo ekonomiku Eiropas Savienibas ilgtsp&jigas
attistibas konteksta no 2017. gada Iidz 2020. gadam.

Atbilstosi mérkim ir izvirziti $adi promocijas darba uzdevumi:

- sistematizé&t zalas ekonomikas izp&tes teorétiskos un metodologiskos aspektus ilgtsp&jigas
attistibas konteksta;

- izstradat jaunu daudzdimensionalu indeksu zalas ekonomikas stavokla noverteSanai
ilgtspéjigas attistibas konteksta;

- emptriski analizet zalas ekonomikas stavokli ilgtspejigas attistibas konteksta ES valstis
laika posma no 2017. gada lidz 2020. gadam;

- noteikt sakaribu starp jaunizstradatu daudzdimensionalu indeksu un Ilgtsp&jigas attistibas
mérku sasniegSanu ES valstis.

Promocijas darba struktiira ir veidota atbilstosi ta mérkim un sastav no trim dalam.

Darba pirma dala ir teorétiski metodologiska. Taja tiek aprakstita p&tijuma teoretiski
metodologiska baze un analizéta atbilstos$a zinatniska literatira, nodro§inot terminologisko un
metodisko pamatu promocijas darba empiriskajai dalai, ka arT izskaidrojot ilgtsp&jigas attistibas
kontekstu S$im pétijjumam. Analiz€jot zalas ekonomikas koncepciju esoSas definicijas un
ilgtsp&jigas attistibas kontekstu, Saja darba dala ir pamatota nepieciesamiba izveidot jaunu
holistisku indeksu — Ilgtsp&jigas attistibas zalo indeksu (IAZI), kas balstits uz Pieckarsas spirales
modeli, — un raksturota ta struktara. Tiek definétas galvenas Indeksa apaks$sistémas un izvéleti
atbilstosi raditaji to noveértésanai.

Otra dala parsvara ir empiriska, un taja pirmas teorétiski metodologiskas dalas atzinas tiek
pielietotas praksé — izstradajot IAZI. Taja ir atspoguloti aprékinu rezultati un sniegts ES valstu
klasifikacijas modelis pec zalas ekonomikas stavokla ilgtsp€jigas attistibas konteksta, novertgjot
to [zalas ekonomikas stavokli] un analiz&jot ta regionalas tendences. Pamatojoties uz jaunu
Indeksu, tiek noteiktas ES valstu prioritates attieciba uz ilgtsp&jigu attistibu un tiek izstradata |AZI
vienkarSota versija.

TreSaja dala tiek analiz&ta Ilgtsp€jigas attistibas zala indeksa sakariba ar ta apak$sistémam
atbilstoSu Ilgspé&jigas attistibas merku (attiecigi 4., 9., 16., 3., 6. IAM) sasniegSanu ES valstTs.

Trim galvenajam promocijas darba dalam seko secinajumi, galveno probleému
identificéSana un rekomendacijas to risinasanai.

Promocijas darba apjoms: 126 lappuses, 29 tabulas, 33 attéli, 5 formulas, 3 pielikumi,
170 bibliografiskie avoti.
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- purchasing power standard

- sustainable consumption and production

- Sustainable Development Green Index

- Sustainable Development Goals

- small and medium-sized enterprises

- Statistical Package for the Social Sciences

- Travel and Tourism Competitiveness Report

- United Nations Conference on Sustainable Development
- United Nations Environment Programme

- United Nations Framework Convention on Climate Change
- World Commission on Environment and Development

- World Trade Organization
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INTRODUCTION

Relevance of the research topic. Nowadays the world in general and Europe in particular
experience a strong push to develop and adopt green technologies that could reduce damage caused
by human activities to environment and ultimately limit future temperature increases.

Since one of the main goals of green economy is reducing environmental risks and
ecological scarcities (United Nations Environment Programme (UNEP), 2011), the history of this
topic is closely connected with the climate change problem.

Hence, the background of the issue can be traced back to the second half of the 20™ century,
when the ideas of sustainable development and environmentally oriented economy started to
actively circulate both in the international scientific community and among policymakers.
The entire end of the 20" century and the beginning of the 21% century saw a series of global
forums, which polished and refined the paradigm of sustainable development as the only possible
and the main path for the progress of the entire planetary system. In this respect it seems important
to provide a timeline of the key stages in global climate change decision-making.

A Report of the World Commission on Environment and Development (WCED) “Our
Common Future” (known as Brundtland Report) in 1987 was entirely devoted to the issues of
sustainable development.

In June 1988, in order to discuss the dramatic changes in the atmosphere’s carbon-dioxide
level (Lindsey, 2020), a group of politicians, scientists and environmental activists participated in
World Conference on Changing Atmosphere in Toronto. The forum called for the international
community to reduce carbon-dioxide emissions by 20% by 2005. Moreover, the Intergovernmental
Panel on Climate Change (IPCC) was created. It included researchers from government, academia,
industry and non-governmental organizations.

Still, the concept of sustainable development gained more interest after the Rio de Janeiro
“Earth Summit” (1992), which adopted a model programme for implementing sustainable
development “Agenda 21”. Immediately after the Earth Summit the principle of sustainable
development was commonly adopted by governments and in many countries it had a significant
impact on priority treatment of environmental goals (Satbyul et al., 2014, as quoted from Kazstelan,
2017a).

Besides that, at the “Earth Summit” the UN’s members agreed on the United Nations
Framework Convention on Climate Change (UNFCCC). They committed themselves to the
“stabilization of greenhouse gas concentrations [...] on a level that would prevent dangerous
anthropogenic interference with the climate system” (United Nations, 1992). Even though such
stabilization implied impressive cuts in emissions, concrete targets were agreed later in Kyoto,
Japan. However, these cuts referred to developed countries only, which were held (according to
Kyoto Protocol) responsible for most of the emissions (United Nations, 1998).

In 2009, The Copenhagen Climate Change Conference raised climate change policy to the
highest political level ever. Close to 115 world leaders attended the high-level segment, making it
one of the largest gatherings of world leaders ever outside UN headquarters in New York, with
more than 40000 people representing governments, non-governmental, intergovernmental, faith-
based organizations, media and UN agencies (Nagel, 2015).

In 2015, the Paris agreement marked the biggest step forward in climate change prevention
since Rio (1992). The main peculiarity of that document was that, at last, a specific global
environmental target was set. Atmospheric greenhouse gas levels were to be stabilized by 2050
on a level that would see an increase of the average global temperature over its preindustrial level
well below 2°C, aiming at keeping it down 1.5°C. What is more important, the commitment was
made both by developed and developing countries which signed the treaty. Now it is considered
to be a crucial component of the global effort to contain climate change. The Paris deal brings
countries together each year, urges them to coordinate their actions and build resilience, takes stock
of their progress toward the 2015 goals, scrutinizes the provision of financial assistance and
provides a platform for joint engagement (United Nations, 2015a).
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The Paris agreement of 2015 required its signatories to develop plans for emissions
reduction, and to stand ready to increase their ambition at another big UN summit devoted to
climate change. These provisions got further impetus at the UNFCCC meeting in Glasgow, which
took place on October 31 — November 12, 2021.

Still, it is not only the international level, which favors green development. Moreover, with
internationally cooperated efforts quite frequently lagging behind, some regions (the European
Union in the first place) try to take a lead, both in regional and international dimensions, in
combating global warming and promoting green growth. The present PhD thesis concentrates
on European experience that may become a benchmark for countries, regions and the whole world,
changing global attitude towards sustainable development issues.

Such commitment to sustainable development of the EU is understandable: the European
Union is the fourth global producer of greenhouse gas emissions after China, the US and India
(Rivera et al., 2021). At this background the EU leaders have decided (in the framework of the
Paris Agreement mentioned above) to reduce the greenhouse gases emissions in their countries by
at least 40% till 2030 (as compared with 1990), while also seeking to achieve complete CO>
neutrality till 2050.

In line with the latest developments in modern economy and politics this PhD thesis seeks
to broaden existing approaches towards green economy analyzing the phenomenon with the use
of a newly developed model, which would help decision-makers to create conditions for
pioneering innovative technologies, innovative economic methods and, probably, groundbreaking
social ideas connected to green economy in the context of sustainable development.

Thus, the aim of the PhD thesis is as follows: to analyze green economy in the context of
the European Union’s sustainable development in 2017-2020.

In accordance with the aim, the following objectives have been set:

- to outline the theoretical and methodological aspects of the research of green economy
in the context of sustainable development;

- to elaborate a new multidimensional index for measuring the performance of green
economy in the context of sustainable development;?

- to empirically analyze the performance of green economy in the context of sustainable
development in the EU countries in the period of time from 2017 to 2020;

- to find interrelation between elaborated multidimensional Index and Sustainable
Development Goals progress in the EU countries.

The structure of the PhD thesis is developed in accordance to its aim and objectives and
consists of three sections. The first section of the PhD thesis is a theoretical and methodological
one. It develops theoretical and methodological basis of the research by summarizing existing
scientific literature on the topic to provide terminological and methodical base for empirical part
of the PhD thesis, as well as explains the context of sustainable development for this study. By
analyzing the existing definitions of green economy and sustainable development context, this
section substantiates the need for creating a new multidimensional Index, namely, the Sustainable
Development Green Index (SDGI), based on the Quintuple Helix Model, and characterizes its
structure. It defines the main subsystems of the Index and assigns relevant indicators to assess
them.

Thus, the objective for subsection 1.1 is to review international political and scientific
discourse with regard to sustainable development with the focus on the European Union
experience; to overview the evolution of green economy research in the context of sustainable
development, including the description of the Quintuple Helix Model; for subsection 1.2 — to
perform content analysis of various ‘green’ terms definitions and outline the main dimensions of
green economy in the context of sustainable development; for subsection 1.3 —to overview existing

! The term ‘the performance of green economy in the context of sustainable development’ is the central term of the
present PhD thesis; this is elaborated by the author based on the OECD term ‘the performance of green economic
development’ from the National Report “Measuring the Performance of Green Economic Development in the

Republic of Moldova” (Organisation for Economic Co-operation and Development (OECD), 2017a).
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indexes aimed at measuring the performance of green economy (with sequential description of
their elaboration), to highlight their strengths and weaknesses, as well as to identify possible flaws;
to substantiate the need to elaborate a new multidimensional Index and put forward basic
requirements for it; for subsection 1.4 — to give description of five subsystems of the newly
elaborated Index and assign relevant indicators to quantify each of them; to substantiate the use of
this or that indicator; for subsection 1.5 — to disclose the features of calculation of the performance
of green economy in the context of sustainable development in the EU countries on the basis of
the newly elaborated Index (which is proposed to be called the Sustainable Development Green
Index, SDGI).

The second section is mostly empirical, it puts the findings of the first theoretical and
methodological section into practice. It presents the results of calculations and provides the model
for EU countries classification by the performance of green economy in the context of sustainable
development, offering its overall assessment and analyzing regional trends. Above all, the
priorities of the EU countries with regard to sustainable development are defined on the basis of
the newly elaborated Sustainable Development Green Index and a simplified version of the SDGI
IS constructed.

Particularly, the objective for subsection 2.1 — to classify the EU countries by the
performance of green economy in the context of sustainable development and to suggest their
division into clusters; for subsection 2.2 — to identify differences in the performance of green
economy in the context of sustainable development between clusters of the EU countries; for
subsection 2.3 — to analyze trends of the performance of green economy in the context of
sustainable development in the EU countries; for subsection 2.4 — to create a simplified version
of the Sustainable Development Green Index.

The third section deals with the assessment of interrelation between the Sustainable
Development Green Index and relevant (for its subsystems) Sustainable Development Goals
(SDGs 4, 9, 16, 3, 6 respectively) progress in the EU countries.

Therefore, the objective for subsection 3.1 is to find out the interrelation (by performing
correlation analysis) between the SDGI and SDG 4 (the sphere of education); for subsection 3.2 —
with SDG 12 (the sphere of economy); for subsection 3.3 — SDG 16 (the sphere of politics); for
subsection 3.4 — SDG 3 (the sphere of society); for subsection 3.5 — SDG 6 (the sphere of natural
environment); for subsection 3.6 — to compare the SDGI with such conventional metrics as GDP
per capita in terms of interrelation with SDGs progress in the European Union.

The three main sections of this PhD thesis are followed by a concluding part and discussion
based on comparison with other multidimensional models designed to deal with green economy.

The object of the study: the European Union’s countries (n = 28) in 2017-2020.

The subject of the study: green economy in the context of sustainable development in the
countries and the period of time in focus.

The hypothesis of the PhD thesis is formulated as follows: although the multidimensional
green economic development stimulates a progress towards Sustainable Development Goals, the
EU countries demonstrate very different performance of green economy in the context of
sustainable development.

Theoretical and methodological basis of the research. The theoretical basis of the PhD
thesis rests upon the concept of sustainable development, which is seen as an objective requirement
of nowadays (Tvaronaviciene, 2017). Balanced development may be considered as part of
sustainable development concept; it means a justification for the balance of common priorities
(factors) of development (resource, social, economic, environmental, legal, cultural,
environmental) in a particular organization and their harmonization with the interests of sectoral,
regional and national development. Focusing on the ideas of the process approach, management
of sustainable development is a set of techniques, methods, and procedures of the targeted impact
that provide a qualitative transformation of the system in the conditions of evolutionary
functioning (Lavrinenko et al., 2019). Within this study, sustainable development is also seen as a
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new type of functioning of the production and economic system (society, organization, industry,
etc.) that enables to ensure strategic competitiveness over the long term (Kozhevina, 2015).

Within the present PhD thesis, the analysis of sustainable development theories and related
papers / documents focuses on a relatively long period of time starting from 1987, when, after the
publication of so called Brundtland Report, the concept of sustainability started to actively
circulate within the scientific community. The ideas of this document, prepared by The United
Nations World Commission on Environment and Development, not only have not lost their
actuality, but gave impetus for sustainability studies all over the world and in Europe. Particularly,
the idea that the three main pillars of sustainable development include economic growth,
environmental protection and social equality (Brundtland, 1987) is reflected both in many
subsequent papers and the present PhD thesis.

Blueprint for a green economy for the UK’s Department for the Environment by Pearce
et al. (1989) is considered to be another classic work on sustainability, connecting the capital
approach to sustainable development and a green economy.

Since then many scholars have devoted their works to sustainable development issues. Lele
(1991), seeing sustainable development as “development that can be continued either indefinitely
or for the given time period”, also posited that it thrives on promoting progressive social traditions,
customs and political culture.

Gray (2010) also dealt with societal dimension of sustainable development, highlighting
the fact that social sustainability also encompasses many issues such as human rights, gender
equity and equality, public participation and rule of law all of which promote peace and social
stability for sustainable development.

Carayannis and Campbell (2010) suggested to use Quintuple Helix as a framework for
a trans-disciplinary analysis of sustainable development. While Kasztelan (2017a) focused on
providing terminological and relational discourse regarding green growth, green economy
and sustainable development. When defining these terms (closely connected with the concept of
sustainable development) within the present PhD thesis, the author uses definitions provided by
established international organizations (OECD, ESCAP, European Commission etc.) and
respected scholars on this topic (Leal-Millan et al., Swart, Groot and others). At the same time,
having performed a content analysis of existing definitions, the author develops his own definition
of green economy (p. 34), which serves the objectives of the present study.

To assess and investigate such progressive kind of economy a comprehensive innovative
analutical model, which would embrace all the aspects of the phenomenon, is needed. The results
of the abovementioned content analysis have predetermined the central idea of this research, which
suggests using the so-called helix model as a basis. However, there are several models of this type
that circulate in scientific circles — namely, Triple, Quadruple and Quintuple Helix, proposed by
different authors (Etzkowitz, Leydesdorff, 2000; Carayannis, Campbell, 2009, 2010, 2011; Barth,
2011). While the Triple Helix innovation model focuses on university-industry-government
relations ([exuna, Kucenesa, 2008), the Quadruple Helix embeds the Triple Helix by adding as
a fourth helix the ‘media-based and culture-based public’ and ‘civil society’. It has to be mentioned
that the model of Triple Helix is very close to ESG pattern trending nowadays (which combines
the spheres of environment, society and governance). Finally, the Quintuple Helix Model (also
known as Quintuple Helix Innovation Model — Barcellos-Paula et al., 2021) contextualizes the
Quadruple Helix by additionally adding the helix (and perspective) of the ‘natural environments
of society’ (Carayannis et al., 2012). As Carayannis et al. (2012) put it, “the Quintuple Helix
represents a suitable model in theory and practice offered to society to understand the link between
knowledge and innovation, in order to promote a lasting development”.

The methodological basis of the present PhD thesis includes the following methods:

1. Monographic method, logical constructive method (logical analysis and synthesis,
scientific induction and deduction method):

1.1 logical analysis and synthesis of conceptual essence of green economy;

1.2 systematization of theoretical directions of green economy research;
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1.3 content analysis of various ‘green’ terms definitions;

1.4 working out a new definition of the term ‘green economy’ in line with the aim
and objectives of the present study;

1.5 research of theoretical guidelines and assessment of green economy influence
on economic growth, different social and political events;

1.6 research of the EU strategies and planning documents related to sustainable
development;

1.7 theoretical analysis of relevant scientific literature, as well as comprehensive set of
available statistical data which comprised the empirical base of the research.

2. Statistical and mathematical methods:

2.1 statistical data analysis: grouping the EU countries by their performance of green
economy in the context of sustainable development;

2.2 descriptive statistics of quantitative data: calculation of mean values of characteristics,
mean square deviation, median, quantile function;

2.3 correlation analysis — determining the interrelation between the Sustainable
Development Green Index and Sustainable Development Goals progress in the EU countries;

2.4 cluster analysis — dividing the EU countries into clusters with the help of newly
elaborated Index and defining clusters’ features;

2.5 testing sigma convergence / divergence — for investigating trends within the EU
countries in terms of the performance of green economy in the context of sustainable development.

3. Methods of assessing the performance of green economy in the context of sustainable
development in time and space:

3.1 calculation of absolute figures for the quantification of the performance of green
economy in the context of sustainable development, and making assessment over time with the
newly elaborated Sustainable Development Green Index;

3.2 index method — technique to calculate the performance of green economy in the context
of sustainable development that [technique] is based on initial and terminal values.

4. Graphic and cartographic methods:

4.1 visualization of statistical data and values obtained from calculations in images,
including maps of the EU countries, charts, reflecting the performance of green economy in the
context of sustainable development measured by the Sustainable Development Green Index, as
well as the performance of different subsystems of the SDGI,;

4.2 visualization of the results in SPSS (version 23.0 for Mac), including creation of graphs
and scatter plots.

The information basis of the study comprised scientific literature which can be classified
into three groups. The first group includes original sources, such as various reports of distinguished
European and international organizations. These are: Scimago Journal & Country Rank, Global
Competitiveness Report, Global Innovation Index, Global Green Economy Index, Global
Sustainable Competitiveness Index, Climate Change Performance Index, Energy Transition Index,
Travel and Tourism Competitiveness Report, Environmental Performance Index Report, by such
institutions as World Energy Council, Dual Citizen LLC, Economist Intelligence Unit,
International Monetary Fund and NGOs: Reporters without borders, World Economic Forum etc.
At the same time, the emphasis was placed on the European data from such sources as Eurostat,
Eurobarometer and NETGreen. The latest initiative sponsored by the EU funds is remarkable by
proposing its own taxonomy of green economy indicators. The first group served as a source of
relevant indicators necessary for the analysis and the construction of the new multidimensional
Index.

The second group of literature concerns the works by scholars who have previously
constructed their own green economy indexes. Such works are very useful to get some of the
indicators which have already been approbated; to compare the author’s own research results with
previously obtained; finally, to justify and substantiate both — the need to develop a new Index
and the use of this or that indicator. Within the second group, a particular attention was paid to the
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researches performed by the following scholars: Ryszawska (2013, 2015), Kasztelan (2016, 2017a,
2017b, 2018), as well as Barcellos-Paula et al. (2021). Their research methods have been
considered in this PhD thesis and received further development in it.

The third group of literature is the most broad one, because it embraces general literature
on the topic of green economy and sustainable development: Brundtland (1987), Pearce et al.
(1989) etc. It also lays the basis for the theoretical and methodological basis of the research and
substantiates the use of the Quintuple Helix Model within the present PhD thesis: Carayannis and
Campbell (2010), Barth (2011). The third group also deals with content analysis of various ‘green’
terms definitions, which [analysis] has been applied in the PhD thesis: Kemp and Pearson (2007),
Fulai (2010), Vertakova and Plotnikov (2017), Leal-Millan et al. (2017), Swart and Groot (2020)
etc.

When choosing reference scientific articles, preference was given to the EU scholars
(because of relevance of their works to the research topic).

The information was retrieved from research collections of international databases,
particularly: EBSCOhost (online reference system accessible via the Internet, which offers a
variety of proprietary full text databases from leading information providers),
https://search.ebscohost.com; Springer collection of journals (1997-2021) and books (2005-2021),
https://link.springer.com; World Trade Organization (WTQ) online Library containing full-text
books, working papers, and statistical materials, http://www.wto-ilibrary.org; ScienceDirect
(Elsevier B.V.) — “Freedom collection” - journals and 4000 books (2012-2021),
https://www.sciencedirect.com; Web of science: abstract and citation database of peer-reviewed
literature: scientific journals, books and conference proceedings,
(https://www.webofknowledge.com);  JSTOR  Collection  “Arts &  Sciences 17,
http://www.jstor.org/; Emerald eJournals, https://www.emerald.com/insight/; finally, the main and
the most representative one — SCOPUS database, https://www.scopus.com/home.url.

Stages of the study. The investigation of the theme and collection of relevant data started
in September, 2017. First, theoretical literature according to the nature, theories and dimensions
of green economy was studied; the research aim and objectives were identified. The results of
these activities were presented at the International Multidisciplinary Academic Conference in
Latvia, Jurmala, on July 10-14, 2018, where the author with a collective of scientists headed by
Lavrinenko prepared a presentation “Green Innovations in the European Union”.

The abovementioned scientific forum gave further impetus to the research. In the following
time the structural model of Quintuple Helix, as the most appropriate to deal with the phenomenon
of green economy, was conceptualized; necessary indicators were chosen and structured. The data
obtained were processed and analyzed, first conclusions were made, some preliminary practical
recommendations were worked out. As a result an article in the journal “Entrepreneurship and
Sustainability Issues” was published in cooperation with a team of scholars of Daugavpils
University (Lavrinenko et al., 2019). The publication was prepared in the framework
of Daugavpils University research project “Green Economy: Elaboration of the Conception and
Approbation of the Assessment Methodology on the Basis of the EU Countries’ Data” (2018,
No 14-95/18).

In 2019, the work on the research was mostly devoted to mastering the model elaborated
during the first stage. The collection of data continued, the indicators of the newly elaborated Index,
where possible, were updated, in some cases added or changed. The calculation technique was
improved. Another important step was made: the model was applied to political (European
Parliament elections) and business (electric cars sales in the EU countries) events. It was shown
that the Index elaborated within the present study demonstrates strong correlation with some
sustainable development matters in the sphere of economy and politics. The results were presented
at the 6™ International Scientific Symposium “Economics, Business & Finance”, which was held
in Latvia, Jurmala on July 9-10, 2020 (presentation “Green Innovation Analysis (Case Study: The
EU States)”). The results of this analysis were published in the Proceedings to this forum, as well
as in the “Journal of International Economic Research” (Rybalkin, 2020).
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The final work on the PhD thesis (2020-2022) was marked by further improving research
technique and inclusion the latest data into analysis. Additional research was made to reveal if the
gap in the performance of green economy in the context of sustainable development is looming
between European Union grants and other members of the EU, as well as to work out the simplified
version of the newly elaborated Index. The results were presented at the 20" International Online
Scientific Conference “Digital Future of Central and Eastern European Societies” (June 21-23,
2021) and published in its Proceedings. Moreover, with the help of Daugavpils University research
project “Comparative Analysis of the Performance of Green Economic Development in Latvia and
Lithuania from 2000 to 2020 (2021, No 14-95/2021/14) another article was published (Rybalkin
et al., 2021).2 Later the interrelation between the newly elaborated Index and the progress towards
Sustainable Development Goals in the European Union countries has been revealed (Rybalkin,
2022).

Limitations of the study. The PhD thesis covers the performance of green economy in the
context of sustainable development on the national level, while seeking to reveal regional trends
in the EU. It is important because the literature review’s results show that only a handful of
scientific papers have applied comprehensive sustainable development indexes for green economy
analysis in the European Union from such a perspective.

The limitations that the author of the present study encountered are mostly connected with
the availability of information and reliability of statistical data. The information used within the
PhD thesis was derived from reliable international organizations and European Union institutions.
But even within these organizations there are certain differences in their methods and approaches
towards assessing the performance of green economy and sustainable development.

Another issue was connected with the fact that some highly demanded and representative
indicators (such as GEI — Green Economy Index) are published only once in a two-year period.
For some of the sources the publication of latest available report lagged behind. That is the reason
why in some cases the author had no option but to use the data from the latest year available. It
can be clearly seen at the example of the research performed in 2019, when the author did manage
to update most of the indicators, but some of them remained unchanged since no new data were
available. Anyway, the author made every effort, where possible, to include the most up-to-date
data into analysis.

As it has already been mentioned, this study is confined to the boarders of the European
Union (as of September, 2017, when the work on the PhD thesis began). That is why it covers the
United Kingdom as well, because at that time it had yet been a part of the EU. It is probable,
though, that the newly elaborated Index may be applied to other countries and thus obtain a global
dimension in a longer perspective. At the same time such possibility should become the subject of
further research.

Another limitation of the research is connected with key challenges of the indicator
approach, which includes data availability, right balance between different indicator selection
criteria, systemic understanding of the relationships between indicators and their usage contexts.
To minimize possible effect of the abovementioned on the results and to make the research
objective, in its final stages it was opted for equal representation of all five subsystems of the
Sustainable Development Green Index (10 indicators for each). The same stands for the simplified
version of the Index (3 indicators for each of the five subsystems). Besides that, the choice of all
indicators has been substantiated by any of the following factors or several of them: 1. an indicator
(or similar one) was used by other scholars or organizations; 2. an indicator is relevant to the UN
Sustainable Development Goals; and / or 3. an indicator was explained in the PhD thesis.

Finally, the Covid-19 pandemic made it impossible for the author for most of the part
to participate in scientific forums in traditional formats (in person) to discuss the issue in focus

2 In this article and other author’s publications (for example, Rybalkin, 2022), the newly elaborated EEPSE Green
Economy Index was introduced; it was later renamed the Sustainable Development Green Index, SDGI (on the
recommendation of the reviewer Komarova).
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with colleagues because of acting restrictions. At the same time the opportunities provided by
distant online formats were used to the full.
Scientific novelty of the study:

1 The research has helped to conceptualize green economy in the context of sustainable
development.

2 A new definition to the term ‘green economy’, which serves the objectives of the present
study has been formulated (in accordance with Guidelines for a new definition by Terminological
Commission of the Latvian Academy of Science, 2005); content analysis of various ‘green’ terms
has been performed.

3. The analysis of theoretical literature and the empirical study have contributed to
elaborating a new approach to understanding the essence of green economy.

4. The research advanced the frontier of knowledge by reducing the gaps identified in the
literature, and at the same time, contributed to sustainable development research methodology with
the Sustainable Development Green Index elaborated within the present PhD thesis.

5. It has been confirmed — both theoretically and in practice — that not only environmental
and economic, but also political, educational and societal factors should be taken into consideration
for analyzing the performance of green economy in the context of sustainable development.

6. The proposed methodology is a tool for assessment of the performance of green
economy in the context of sustainable development on a national level over time and space and for
evaluation of the impact of green economy on the SDGs progress in the European Union countries.

7. A new classification of the EU countries, based on the newly elaborated Index,
has been carried out.

8 The main differentiators between the clusters of countries in terms of the performance
of green economy in the context of sustainable development were revealed.

9. The diverging and converging processes in terms of the performance of green economy
in the context of sustainable development in the EU countries have been analyzed.

Thus, the study opens up new research opportunities in terms of further applicability of
Sustainable Development Green Index towards sustainable development issues not only in the
EU countries, but also globally.

Practical importance and applicability of the study:

The present PhD thesis dwells upon educational, economic, political, societal and
environmental aspects of green economy in the EU countries in 2017-2020. The main subsystems
of green economy were structured, empirical data reflecting the current trends were provided.

As a result of this study the new Sustainable Development Green Index has been elaborated,
and it possesses certain practical value. Indeed, the author suggests that it allows:

1 To facilitate green economy by influencing this or that subsystem of the Index.

2 To implement the assessment of the performance of green economy in the context of
sustainable development in a country, based on the analysis of the results obtained, identify
problem points in this respect and develop plans for improvement. Thus, proposed methodology
helps to build an action plan and take steps for better green economic development, or can be used
as a scoreboard or a benchmark.

3. To classify countries with regard to the performance of green economy in the context of
sustainable development based on educational, economic, political, societal and environmental
factors.

4. To help governments, academia, business and society to make necessary optimization
of resources for green economy research.

5 To understand the relationships between different aspects of green economy in a
particular country.

The results of the PhD thesis can be used for implementing green economic development
strategies both in the EU countries and globally. Also, they [results] can be useful for lectures and
practical classes at universities and colleges in the framework of economics and environmental
study programs.
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The findings of the PhD thesis can be used to ensure more efficient green economic policy,
which considers strategic goals of economic growth. This is possible by conducting regular
monitoring of green economic development based on the logical framework of the research used
in the PhD thesis.

The present PhD thesis may be considered as a platform for further research on this topic.
It is needed to evaluate green economic development trends on a more global scale. Such research
should focus on the types of policies, instruments, rules and regulations that have been successful,
as well as revealing in what country and under which context.

Also, as practical contribution, the present PhD thesis offers governments, society,
academia, and companies solutions adjusted to the problems identified, such as the lack of
integration and systemic vision to achieve SDGs. Therefore, the present study is novel and useful
for various stakeholders in terms of the implementation of green economy and sustainable
development. Deeper understanding of green economy in the context of sustainable development
is needed to further strengthen evidence-based policies able to support the implementation of the
2030 Agenda and the achievement of the SDGs.

Theses set for the defence:

1. The EU countries can be divided into clusters according to their performance of green
economy in the context of sustainable development.

2. The differentiating significance of various subsystems of the Sustainable Development
Green Index is unequal.

3. In the EU countries, the performance of green economy in the context of sustainable
development is converging.

4. Multidimensional green economic development positively influences the countries’
progress towards the following Sustainable Development Goals: SDG 3 ‘Good health and well-
being’, SDG 4 ‘Quality education’, SDG 6 ‘Clean water and sanitation’, SDG 9 ‘Industry,
innovation and infrastructure’ and SDG 16 ‘Peace, justice and strong institutions’.
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I. THEORETHICAL AND METHODOLOGICAL ASPECTS
OF THE RESEARCH OF GREEN ECONOMY
IN THE CONTEXT OF SUSTAINABLE DEVELOPMENT

The purpose of this section is to provide theoretical and methodological basis for the
study of green economy in the context of sustainable development. The findings of the theoretical
and methodological section lay basis for the empirical section of the PhD thesis. It substantiates
the use of multidimensional approach based on the Quintuple Helix Model to analyze green
economy in the EU countries. Particularly, it is shown that such a versatile instrument allows to
consider educational, economic, political, societal and environmental aspects of the phenomenon.

1.1. Evolution of international political and scientific discourse
regarding sustainable development

Reviewing relevant literature requires a brief description of international decision-making
related to sustainable development, within which the concept of green economy is analyzed in the
present study. The emphasis is put on the European Union and its experience considering the topic
of the present PhD thesis.

A series of global forums in the second end of the 20" century and the beginning of the 21
century devoted to sustainable development stimulated scientific interest towards the matter.
Particularly, sustainable development as a concept burst into scientific considerations of a wide
spectrum of disciplines in the late 1980s as a result of the publication of the report “Our Common
Future” in 1987. The report summarized the achievements and failures of humanity in the 20%"
century identifying sustainable development as a possible way of improving the existing situation
(Brundtland, 1987).

The authors of the report also outlined the strategy for sustainable development, which
aims to promote harmony among human beings, humanity and nature. In the specific context
of the development and environment crises of the 1980s, the pursuit of sustainable development
requires: a political system that secures effective citizen participation in decision-making;
an economic system that is able to generate surpluses and technical knowledge on a self-reliant
and sustained basis; a social system that provides for solutions for the tensions arising from
disharmonious development; a production system that respects the obligation to preserve the
ecological base for development; a technological system that can search continuously for new
solutions; an international system that fosters sustainable patterns of trade and finance; and an
administrative system that is flexible and has the capacity for self-correction (Ibid).

Even such early (but still very significant and important) document highlighted the need
for a pursuit of sustainable development in the spheres of economy, politics, society and
environment simultaneously.

What the Brundtland Report defined as “Our Common Future” received an institutional
framework with the adoption of Millenium Development Goals (MDGS) in 2000, and what is more
important — Sustainable Development Goals (SDGs) set by the United Nations General Assembly
in 2015, developed as a result of “Rio+20” conference (the United Nations Conference on
Sustainable Development, UNCSD) held in 2012. Two of the agenda items for “Rio+20” were:
“Green Economy in the Context of Sustainable Development and Poverty Eradication” and
“International Framework for Sustainable Development”. So, during the forum green economy
was literally placed in the context of sustainable development. That is why it was decided to use
the same wording within the present PhD thesis and analyze green economy in the context
of sustainable development.

Moving towards a green economy has become a strategic economic policy agenda for
achieving sustainable development. A green economy recognizes that the goal of sustainable
development is improving the quality of human life within the constraints of the environment,
which include combating global climate change, energy insecurity, and ecological scarcity.
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However, a green economy cannot be focused exclusively on eliminating environmental problems
and scarcity. It must also address the concerns of sustainable development with intergenerational
equity and eradicating poverty (United Nations Environment Programme (UNEP), 2011).

Indeed, the concept of a green economy does not replace sustainable development; but
there is a growing recognition that achieving sustainability rests almost entirely on getting the
economy right (Ibid).

Such idea corresponds to Marx’s basic premise that the forces of economic power
necessitate certain social, political, legal, cultural and mental forms of life (Thompson, 2014).
Proceeding from this assumption, the present PhD thesis also assigns the most important role in
achieving sustainable development to economy in general and its certain type, green economy, in
particular.

For example, “The Future We Want” (the main document summarizing the action areas
advocated by the “Rio+20” conference) puts forward ‘green economy’ as not only a way to
maintain healthy functioning of the environment and sustainable development, but also as a main
instrument to eradicate poverty (United Nations, 2012). This way the idea that within the concept
of green economy a societal dimension is also playing an important role was highlighted.

Further it is necessary to pay specific attention to the European Union experience,
considering the EU’s ambition to become the first climate-neutral bloc in the world by 2050
(European Commission, 2020a). It is also remarkable that the European Union has been one of the
most active in environmental protection with the formulation of policies aimed at preserving the
health and well-being of citizens and protecting natural resources (Cifuentes-Faura, 2022).

The European Union has contributed significantly to the activities of international
structures related to sustainable development. The EU countries have hosted most of the decisive
environmental forums, namely: the first Conference of the Parties (COP1) held in 1995 in Berlin,
where the countries present agreed to meet once a year to monitor and control global warming and
reduce greenhouse gas emissions; COP15 in 2009 in Copenhagen where it was agreed to keep
global warming below 2°C and the most developed countries committed to long-term financing
for developing countries; COP21 and The Paris Agreement in 2015, which was adopted by 195
countries and the EU, with the long-term objective of keeping the global average temperature
increase well below 2°C, aiming to limit the increase to 1.5°C, and when simultaneously The
United Nations also came up with the 2030 Agenda of 17 Sustainable Development Goals (SDGs);
the “One Planet” summit in 2017 in France designed to reaffirm the commitment of the member
states to the Paris Agreement; COP25 in 2019 in Madrid which laid the groundwork for reducing
harmful emissions and responding to the climate emergency. In many of these developments
(including the most recent COP21 in Glasgow), the EU has played a major role as one of the main
drivers of environmental progress (Ibid).

Sustainable economic growth — promoting a more resource efficient, greener and more
competitive economy — was set as the priority by many EU programme documents, including
“Europe 2020” strategy (European Commission, 2010). In this document the European
Commission presented a vision of resource-efficient and low-carbon economy and, during
preparations for the “Rio+20” summit in 2012, denoted the green economy as the economy which
ensures growth, creating jobs and eliminating poverty through investing and protecting the natural
capital which determines the survival of our planet in the long run (Kasztelan, 2016).

Against such a background it is remarkable that green economy is viewed by the European
Union’s policymakers as a set of principles, aims and actions, which generally include consistency
with the principles of sustainable development (European Environment Agency, 2012).

In general, European environmental policy is based on Articles 11 and 191 to 193 of the
Treaty on the Functioning of the European Union, with the fight against climate change being an
explicit objective reflected in Article 191. Sustainable development is an overarching objective for
the EU, which is committed to preserving, protecting and improving the quality of the environment.
Article 191 of the Treaty on the Functioning of the European Union supports EU participation
in United Nations (UN) climate negotiations and defines the EU’s environmental objectives,
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principles, and policies. Above Articles refer to measures at the international level to address
environmental problems, in particular, to combat climate change, with cooperation with other
countries and international organizations being one of the key objectives of EU environmental
policy (Cifuentes-Faura, 2022).

Climate protection is seen as one of the main priorities in the budget sphere. The European
Commission had announced that in 2014-2020 the EU had met the target of spending 20%
on climate action, and in 2021-2027 the European Union’s new climate spending target will rise
to 30% (European Court of Auditors, 2022).

The President of the European Commission von der Leyen has named environment and
climate as one of the highest priorities of her presidency. Shortly before being confirmed at this
high position she pledged to introduce a European Green Deal, laying out a holistic vision for a
just transition that will aim to cut carbon emissions and reverse the planet’s ecological breakdown,
while ensuring social justice. The President also informed about plans of longstanding green
investments by European Investment Bank which will account for about 1 bn euro in ten years
(Strupczewski, 2020).

The abovementioned European Green Deal, which is an important and up-to-date
document, sets out even more ambitious goals: in the first place achieving climate neutrality by
2050, and to that end decarbonizing energy system of the European countries by aiming to achieve
“net-zero greenhouse gas emissions by 2050” (European Commission, 2019a).

It is designed as a plan to transform Europe into a living demonstration of how a vast
modern regional economy can both prosper and priorities the ‘health’ of the planet. It covers such
issues as housing, food, biodiversity, batteries, decarbonized steel and metals, air pollution etc.
As von der Leyen declared, “our goal is to reconcile the economy with the planet”
(European Commission, 2019b). Moreover, the document also touches upon the issue of how the
EU is going to spread its ‘green’ vision to the wider world.

It is essential to point out that not only no other big regional block has ever articulated a
pledge to be neutral in its carbon emissions, but also to direct huge sums of funding to green
projects — as much as 1 trn euros in the coming decade (Economist, 2020a).

At the same time, European Commission finds green economy to be more than a sum of
existing commitments. It has the potential for introducing a new development paradigm and a new
business model in which growth, development and the natural environment are deemed mutually
supportive. Increasing resource efficiency, promoting sustainable consumption and production,
preventing climate change, protecting biodiversity, combating desertification, reducing pollution,
and managing natural resources and ecosystems in a responsible manner are necessities and
a simultaneous driving force ensuring the transition to a green economy (Ryszawska, 2013, as
quoted from Kasztelan, 2021).

The European Union created an Action Plan for the Circular Economy, which consists of
making sustainable products the norm in the EU, ensure that products placed on the EU market
last longer, are easier to reuse and recycle, empowering consumers, and focus on the most
resource-intensive sectors with high potential for circularity, such as electronics and ICT, batteries
and vehicles, packaging, plastics etc. (Cifuentes-Faura, 2022).

In line with the commitment to develop green economy the EU makes emphasis on
attaining Sustainable Development Goals (SDGs). The EU made a positive and constructive
contribution to the development of the 2030 Agenda, being committed to implement the SDGs
in all policies and encourage EU countries in doing the same (European Commission, 2022b).

At this background it is notable that the analysis of existing literature and indexes has
demonstrated that only few scholars have conducted research dedicated to the assessment of the
performance of green economy in the European Union, especially in the context of sustainable
development and SDGs. Such state of affairs is somewhat discordant with ambitious goals and
political actions of the European Union in terms of green economy.
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Still, there is a certain positive tendency in this respect, and the present PhD thesis seeks
to give this topic an additional impetus. Further the main ideas of existing literature will be
presented, with bibliography being critically reviewed.

The methodological prerequisites and approaches to the green economy are based on the
mathematical theory of political economy in the tradition of marginalism by Walras (1874)
and Jevons (1924), as well as the idea of institutionalism by Veblen (1899) and others. The
abovementioned approaches make it possible to explore reality through complex interdisciplinary
methods that take into account the political and social aspects of economic development in the
framework of social sciences.

A wide range of modern scientists around the world are engaged in the research on the
theoretical and methodological basis of green economy. Among the most authoritative researchers
in Europe the following works stand out: Pearce et al. (1989) representing University College
London, the United Kingdom; Kennet and Heinemann (2006) — from Green Economic Institute,
the United Kingdom; Brand (2012) from the University of Vienna, Austria.

It is particularly important because historically the analysis of various ‘green’ concepts has
been linked to a broader discussion of the relationship between sustainable development and the
environment on one side, and economic growth on the other. Some politicians and philosophers
believe that the solution to the problem of the impact on the planet’s environment is to reduce the
level of economic activity, which would mean severe restrictions in the use of resources. Others
think that economic activity can continue to grow, but with less impact on the environment
(Adejumo, 2020). Most experts claim that it is possible to achieve a balance between economic
growth and care for the planet and people (Charfeddine et al., 2018). In this context, it is necessary
to adhere to the paradigm clearly stating that environment and economic growth cannot be seen as
conflicting goals.

Additionally, it is necessary to mention the clean energy aspects of sustainable
development, as the finite nature of fossil fuel reserves and political instability in many countries
which supply fossil fuels have caused concern over future energy security and costs (Krajnakova
et al., 2019).

One of the central tasks in terms of the green economy methodology is the development
and formation of its own categorical and conceptual apparatus. First of all, this concerns the very
term ‘green economy’, along with which accompanying definitions such as ‘green technologies’,
‘eco-innovation’, ‘green growth’ are often used.

Speaking of the concept of sustainable development, it has to be mentioned that it is usually
considered from two perspectives. In a narrow sense, the attention is mainly focused on its
ecological component. But in its broad sense, which the present PhD thesis adheres to,
sustainable development is interpreted as a process that denotes a new type of functioning of the
civilization.

The Blueprint for a green economy for the UK’s Department for the Environment
is considered to be one of the first economic studies to make the connection between this capital
approach to sustainable development and green economy (Pearce et al., 1989). The authors argued
that because that day’s economies were biased towards depleting natural capital to secure growth,
sustainable development was unachievable. A green economy that values environmental assets,
employs pricing policies and regulatory changes to translate these values into market incentives,
and adjusts the economy’s measure of GDP for environmental losses is essential to ensuring the
well-being of current and future generations (Ibid).

The concept of sustainable development attracted particular interest of researchers in the
aftermath of the 2008-2009 global financial crisis, which, in the first place, made it apparent for
decision-makers that studying this phenomenon is inevitable since there was an urgent need for
the shift in existing economic model and finding new ways of elaborating a new green economic
paradigm. Thus, green economic growth started to be seen as an additional driver for sustainable
development.
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Fulai (2010), for example, articulated the relationships between the notion of a green
economy with other related notions such as a low-carbon economy, a circular economy,
Sustainable Consumption and Production (SCP), green growth, sustainable development, the
Millennium Development Goals (which were the precursors of SDGs) etc. These definitions,
as well as interrelation between them, are studied in subsection 1.2.

At the same time, the view which includes the societal factor as an indispensable element
of sustainable development has become widespread in scientific community. Thus, Swart and
Groot (2020) from Wageningen Environmental Research (the Netherlands) consider green
economy as a relatively new concept, with the underlying suggestion that the economy and the
environment are not in competing positions. The concept also pertains social inclusion, thus
aligning the economy and the environment with social demands. To substantiate their view, the
researchers draw a comparison between different definitions of green growth and green economy
made both by individual authors and international organizations. It is pointed out that the UN
sustainable development goals (2015) and OECD Green Growth Indicators (2017) consider the
necessity to attain environmental, societal and economic aims simultaneously.

Indeed, such necessity has been confirmed by many researchers. In the view of the
representatives of National and Kapodistrian University of Athens, Greece, green economy can
serve as a reply to global capitalism and the excesses of its elite practitioners, as they became
manifest during the recent economic crisis. It roots in the observation of the parallels between the
world’s ecological crisis and the financial crisis. Both are the products of a failed economic and
social system. Particularly, they state that the green economy model holds the potential to bring
together the needs for economic security and environmental protection, and to integrate an array
of reforms in policy initiatives, regulatory actions, business standards and personal lifestyle
behaviors (Nicolopoulou-Stamati et al., 2013).

An inevitable part of green economy is economic stewardship. Not only companies hold
an economic (profit) and societal (employment, product quality) responsibility, but also have to
deal with their impact on the environment. This notion is closely associated with the idea that
managers should be the instigators and guardians of a social change towards sustainable
development. This is the notion of managerial duty towards the environment. Both elements
of stewardship and managerial duty merge in the idea of corporate social responsibility, or CSR
(Nicolopoulou-Stamati et al., 2013).

The centrality of sustainability issues in the academic debate has only increased since the
transition from the MDGs to the SDGs in 2015, with more than five thousand research papers
being devoted to the topic according to Web of Science database (Sianes et al., 2022). Scholars
have made attempts to reveal difficulties or drivers in the implementation of the SDGs, which will
facilitate their achievement (Spangenberg, 2016). Furthermore, such approach would allow
proposing more transformative strategies to implement the SDG agenda.

Hak et al. (2016) stressed the need for relevant SDG indicators, as they offer an opportunity
to replace conventional progress metrics such as GDP with other metrics more consistent with the
current paradigm of sustainable development that considers such aspects as gender equality,
governance etc. This idea has been incorporated in the present PhD thesis.

Regarding future lines of research, the analysis performed by Sianes et al. (2022) highlights
that the study of the SDGs (at present) is failing to balance their economic, social and sustainability
components, as it still maintains an overall focus on environmental studies. This suggests the
urgency of increasing studies on social SDGs, with key topics of the 2030 Agenda including equity
(SDGs 4, 5 and 10), social development (SDGs 11 and 16) and governance (SDG 17). These
themes are part of the public discourse and currently a source of social pressure in many latitudes,
but they are still research areas that are necessary to deepen.

Kasztelan (2017a) defines ‘green growth’, ‘green economy’ and ‘sustainable development’
and examines relations between these terms (Kasztelan, 2017a).

He also stresses that the key advantage of the emergence of the concept of green economy
is the fact that it stimulated international attention and renewed global efforts for transforming our
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present non-sustainable economic model in the direction consistent with the imperative objectives
of sustainable development (Ibid).

Leal-Millan et al. (2020) concentrate on a firm’s performance in terms of green economic
development. These researchers mention that a company’s activities may be considered as drivers
of green economic development, in line with just environmental regulations, environmental
normative levels, environmental leadership (politics), environmental culture (society),
environmental capability (environment), knowledge sharing (education) etc.

Several studies have been devoted to the methods of quantifying or measuring the
performance of green economy in the context of sustainable development in a particular country.
The one performed by Ryszawska (2015) from Wroclaw University of Economics and Business
(Poland) possesses significant value, because it both compares and analyses several definitions of
green economy and green growth provided by the United Nations Environment Programme
(UNEP) (2010), the Organisation for Economic Co-operation and Development (OECD) (2009),
the World Bank (2012), as well as evaluates the existing set of green economy indicators. Besides
that, Ryszawska proposes her own original method to measure sustainable development progress.
Partially this PhD thesis has borrowed the method of content analysis exercised by Ryszawska,
simultaneously broadening its scope, to propose its own system of indicators for quantification of
the performance of green economy in the context of sustainable development.

The multidimensional approach, which lies in the basis of the present PhD thesis
methodology, has been adopted by many researchers, including Vertakova and Plotnikov (2017),
whose analysis clearly shows that green policies worldwide are directly related to both urgent
environmental problems, which are most relevant for countries in focus, and the level of social,
economic, technological and innovative development. The scholars have reviewed key
environmental problems of some of the world’s top countries according to the Global Innovation
Index (including the EU members, which is of particular importance for the present PhD thesis:
Denmark, Finland, Luxembourg, the Netherlands, Sweden and also the United Kingdom).

The interconnectedness of the concepts of green economy and sustainable development has
also been underlined by the representatives of the United Nations Environment Programme.
Particularly, it was stated that green economy “is not a replacement for sustainable development.
Rather, it is a way of realizing that development at the national, regional and global levels...”
(United Nations Environment Programme (UNEP), 2011). It can be concluded that the UN in the
economic foundation of its concept for the 21 century has laid the green economy as the basis for
sustainable development (boobuiéR u ap., 2019).

Such an approach is widely shared by many modern authors, who consider green economy
as an ‘engine for sustainable development’ (bepauenosa u ap., 2012), name a shift towards it as
‘a factor of sustainable development’ (bamopuna, Témkuna, 2012) and see it as a mean for
achieving sustainable development (bo6bsu1éB u mp., 2019).

All the above mentioned, along with content analysis of definitions (pp. 32-33),
predetermined the need to analyze green economy within the present PhD thesis in the context of
sustainable development.

Another important task was to find a comprehensive model to assess and investigate the
phenomenon of green economy in such a context, which would embrace all the aspects of the issue.
To that end this PhD thesis suggests using a widespread scientific pattern based on helix.

In fact, the scientific community knows and uses several of them. While the Triple Helix
Model focuses on university-industry-government relations ([lexxuna, Kucenesa, 2008), the
Quadruple Helix embeds the Triple Helix by adding the ‘media-based and culture-based public’
and ‘civil society’ as the fourth helix (Schiitz et al., 2019). The author of the present study
considered both models (Triple and Quadruple) to create an innovative pattern of analyzing the
shift towards green economy.

Still, it was evident, that these models are concentrated solely on anthropogenic factors.
The Quadruple Helix Model recognizes four major actors in the innovation system: science, policy,
industry and society (Ibid). Since the subject of this study is green economy, completely ignoring
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the environment as an important factor would not be reasonable. That is why a broader construction,
namely the Quintuple Helix Model, which is more comprehensive, seems to be preferable. It
contextualizes the Quadruple Helix Model by additionally adding the helix (and perspective) of
the ‘natural environments of society’ (Carayannis et al., 2012). It is important for the objectives of
the present PhD thesis, since the Quintuple Helix Model provides a basis for including ecology
and natural environment in the analysis. That is why this model seems to be best suited to describe
shift towards green economy. As Carayannis et al. (2012) put it, “the Quintuple Helix represents
a suitable model in theory and practice offered to society to understand the link between knowledge
and innovation, in order to promote a lasting development”.

In fact, the Quintuple Helix Model has already been applied in relation to green economy
and environmental issues (for example, Carayannis et al., 2012; Barcellos-Paula et al., 2021, etc).

The Quintuple Helix Model consists of five helices — five subsystems, namely:
1. educational subsystem; 2. economic subsystem; 3. political subsystem; 4. societal subsystem
and 5. environmental subsystem. With five subsystems of the Quintuple Helix Model existing a
priori, the main task when constructing a new Index to measure the performance of green economy
in the context of sustainable development based on the Quintuple Helix Model is to define
necessary indicators, which describe each of the subsystems, analyze relations between them and
thus characterize the circulation of knowledge with regard to green economy in the context of
sustainable development. Such Index would provide opportunities for classifying countries into
clusters and analyzing events related to green economy in the empirical part of the PhD thesis.

The Quintuple Helix Model is based on the quality management of effective development,
restoring balance with nature and preserving Earth’s biological diversity. Moreover, it can solve
existing problems by applying knowledge and know-how, as it focuses on the social (public)
exchange and transfer of knowledge within the subsystems of a particular state or a national state
(Barth, 2011).

The Quintuple Helix Model explains in what way knowledge, innovations and natural
environment are interrelated (Carayannis, Campbell, 2010; Barth, 2011). The Quintuple Helix
model is interdisciplinary: the complexity of the five-spiral framework implies that a full analytical
understanding of all spirals requires the continuous involvement of the entire disciplinary spectrum,
ranging from Natural Sciences (due to the presence of natural environment factor) to Social
Sciences and Humanities, to promote and visualize the system of collaboration between knowledge,
know-how and innovations for more sustainable development (Carayannis, Campbell, 2010).
Therefore, the specific character of the model can be visualized the following way (Figure 1.1):

Academia, Industry, State, Media-based Natural
universities, firms, government, and environment,

higher education economic political culture-based natural

system system system public envrionments
of society

Fig. 1.1. Subsystems of the Quintuple Helix Model

Source: Carayannis et al., 2012: 6, as modified from Etzkowitz, Leydesdorff, 2000: 111 and Carayannis, Campbell,
2009: 207; 2010: 62.

The first subsystem of the Quintuple Helix Model is the educational subsystem, where the
necessary human capital is formed. The second subsystem, the economic one, focuses on the
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‘economic capital’ (e.g., entrepreneurship, machines, food, technologies and money). The third
subsystem — the political one, i.e., the ‘political and legal capital’ (e.g., ideas, laws, plans, policies,
etc.). The fourth subsystem unites two forms of ‘capital’ — the ‘social capital’ and the ‘information
capital’. The fifth subsystem, the environment, is crucial for sustainable development, as it
provides people with the ‘natural capital’ (e.g., resources, plants, animal diversity, etc.).

All subsystems in the Quintuple Helix Model perform functions which influence each other
(Figure 1.2). In the innovative Quintuple Helix Model, the natural environment is defined as an
opportunity for further development and provision of sustainable development and co-evolution
of the knowledge economy, knowledge society and democracy, which also influences the way we
perceive and organize entrepreneurship (Etzkowitz, Leydesdorff, 2000; Carayannis, Campbell,
2006, 2009, 2010; Barth, 2011).
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Fig. 1.2. Quintuple Helix Model and its functions

Source: Carayannis etal., 2012: 7, as maodified from Etzkowitz, Leydesdorff, 2000, Carayannis, Campbell, 2006, 2009,
2010; Barth, 2011a.

Moreover, it is notable that the application of the Quintuple Helix Model to sustainable
development in general and SDGs in particular has already been approbated by scholars
(Barcellos-Paula et al., 2021). They called the similar model ‘Quintuple Helix Innovative Model’,
and their comprehensive index based on this model includes four indicators for each of the five
helixes, namely: helix 1 — political capital; 2 — human capital (education); 3 — economic capital;
4 — ecological capital (environment); 5 — social capital.

In general, it can be concluded that the proposed model reflects the multidimensional nature
of the phenomenon. It is particularly important, since interdisciplinary nature of green economy
was also underlined during the United Nations conference on sustainable development in 2012,
at which it was offered to speed up work on the following directions: fight against poverty, taking
measures to neutralize destruction of the marine ecosystem, green urbanization, active use of
renewable energy sources, increased control over carbon dioxide emission, forest protection and
reforestation, fight against desertification, increase in effective management of water resources
(Vertakova, Plotnikov, 2017). This again highlights the interconnectedness of societal (poverty
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etc.), environmental (marine ecosystem, water resources etc.), economic (the use of renewable
energy sources etc.) and political (control over carbon dioxide emission etc.) factors.

Thus, the analysis of evolution of international political and scientific discourse regarding
sustainable development performed within the present subsection has underlined the
multidimensional nature of green economy in the context of sustainable development,
which includes educational, economic, political, societal and environmental issues.

1.2. Content analysis of various ‘green’ terms definitions

Multidimensional view towards green economy is characteristic for many scholars, who
consider that the concept of sustainable development emphasizes the connection between
environmental degradation and poverty and therefore the need to proceed both from a justice-
oriented motivation and from an environmental perspective (Swart, Groot, 2020).

To confirm the interdisciplinarity of sustainable development and green economy in its
context it is reasonable to perform the qualitative content analysis of various ‘green’ terms
definitions (Table 1.1). In this type of analysis (specifically latent analysis) data are presented in
words and themes, which makes it possible to draw some interpretation of the results, and the
researcher seeks to find the underlying meaning of the text (Bengtsson, 2016).

It is worth mentioning that content analysis is a highly flexible research method that has
been widely used in science to accomplish a variety of research goals and objectives. This research
method is applied in qualitative, quantitative, and sometimes mixed modes of research frameworks
and employs a wide range of analytical techniques to generate findings and put them into context
(White, Marsh, 2006).

Performing content analysis seems to be particularly important, since one of major
problems many researchers encounter on ‘green track’ is the definition of such interconnected
notions as ‘sustainable development’, ‘green economy’ and ‘green growth’. As some scholars posit,
these definitions have been frequently used indistinctly in the literature (Leal-Millan et al., 2020).
It is necessary to eliminate this defect, because, in the first place, investigating existing definitions
and connections between them will help to underline the multidimensional character of the
phenomenon and reveal corresponding subsystems. Second, to accomplish the objectives of the
PhD thesis, relevant terms should be defined in an way which reflects the interdisciplinary nature
of green economy in the context of sustainable development.

Qualitative content analysis seems to be a well-suited tool in this respect, since within such
methodology documents are read through, key phrases and text segments are underlined, important
aspects are noted, similarities in expressing the same concept are observed, and the categories and
constructs that emerge through this process with other data and re-reading of the same documents
are compared. In the process, a researcher may be looking for diversity of ideas, alternative
perspectives, oppositional writings, and / or different uses of the texts, perhaps by different groups
(White, Marsh, 2006).

Following the pattern described above, the main definitions of ‘green’ terms were
systematized (Table 1.1), and key phrases and words were tagged by underlining.
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Term

Green economy

Green economy

Green growth

Green growth

Green innovation

Green innovation

Green innovation

Green innovation

Table 1.1

Definitions of various ‘green’ terms

The introducing entity
or author, year
Swart, Groot, 2020

Fulai, 2010

Organisation for
Economic Co-operation
and Development
(OECD), 2009

United Nations
Economic and Social
Commission for Asia
and Pacific (ESCAP),
2010

Oltra, Saint Jean, 2009

Chen et al., 2006

Leal-Millan et al., 2017

Kemp, Pearson, 2007

Characteristics and definitions

A green economy is one which is low carbon, is
resource efficient, and is socially inclusive [...];

a green economy also comprehends the design and
implementation of specific policy instruments
targeted at the environment.

A green economy is typically understood as an
economic system that is compatible with the natural
environment, is environmentally friendly, is
ecological, and for many groups, is also socially just.
Green growth means promoting economic growth
while reducing pollution and greenhouse gas
emissions, minimizing waste and inefficient use of
natural resources, and maintaining biodiversity.
Green growth means improving health prospects for
populations and strengthening energy security
through less dependence on imported fossil fuels. It
also means making investment in the environment as
a driver for economic growth.

Green growth is one that emphasizes
environmentally sustainable economic progress to
foster low-carbon, socially inclusive development.

Green innovations are innovations that consist of
new or modified processes, practices, systems and
products which benefit the environment and
contribute to environmental sustainability.

Green innovation is hardware or software innovation
that is related to green products or processes,
including the innovation in technologies that are
involved in energy-saving, pollution-prevention,
waste recycling, green product designs, or corporate
environmental management.

Green innovations are all type of innovations that
contribute to the creation of key products, services,
or processes to reduce the harm, impact, and
deterioration of the environment at the same time
that optimizes the use of natural resources [...] and
channel an appropriate use of the natural resources
to improve the human well-being [...], which could
contribute to sustainable development.

The production, assimilation or exploitation of a
product, production process, service, management or
business method that is novel to the organization
(developing or adopting it) and which results,
throughout its life cycle, in a reduction of
environmental risk, pollution and other negative
impacts of resources use (including energy use)
compared to relevant alternatives.

32



Eco-innovation Eco-Innovation [...] the introduction of any new or significantly
Observatory, 2012 improved product (good or service), process,

organizational change or marketing solution that
reduces the use of natural resources (including
materials, energy, water and land) and decreases the
release of harmful substances across the whole
lifecycle[...]
[...] The nature of the eco-innovations includes
product, process and organizational eco-innovations

[...]

Eco-innovation Organisation for Eco-innovation is the creation or implementation of
Economic Co-operation  new, or significantly improved, products (goods and
and Development services), processes, marketing methods,

(OECD), 2010 organizational structures and institutional

arrangements which, with or without intent, lead to
environmental improvements compared to relevant
alternatives.

Sustainable Vertakova, Plotnikov, The essence of sustainable development is in

development 2017 ensuring economic growth which makes it possible
to harmonize the human-nature relations and to
safeguard the environment for present and future
generations.

Sustainable Pawtowski, 2009 [...] social and economic development which

development includes integration of political, economic and social
activities in retaining both the natural balance and
the sustainability of basic natural processes — with
the aim of balancing the chances to access the
environment by particular communities or
individuals — of both the contemporary and the
future generations [...] integrating various aspects
(moral,_ecological, technical, economic, legal, social
and political) of human activity based on a moral
reflect.

Source: elaborated by the author based on the relevant literature review.

As it can be seen from Table 1.1, the list contains 12 definitions of the terms ‘green growth’,
‘green innovation’, ‘eco-innovation’, ‘sustainable development’, ‘green economy’.

First, the results of content analysis show that the main aspects of the ‘green’ terms in focus
are educational (‘new or modified processes’, ‘assimilation’ etc.), economic (‘products’, ‘goods’,
‘services’, ‘corporate management’, ‘business method’, ‘energy use’ etc.), political
(‘organizational structures’, ‘energy security’, ‘management’ etc.), societal (‘socially inclusive
development’, ‘socially just system’ etc.) and environmental (‘reduction of environmental risk”,
‘pollution’, ‘pollution-prevention’, ‘waste recycling’, ‘biodiversity’ etc.).

Second, to combine these findings, which clearly point to the existence of five subsystems,
it is necessary to work out a new definition of green economy which serves the tasks of the present
PhD thesis and fits into the context of sustainable development, which has been analyzed
in the previous subsection (1.1).

On the one hand, the investigation performed by the author of the PhD thesis shows that
the most appropriate definition for the tasks of the present research was provided by Swart and
Groot (2020). According to the authors, “green economy is an economic system that is compatible
with the natural environment, is environmentally friendly, is ecological, and for many groups, and
is also socially just”.

On the other hand, it is necessary to bring the definition of green economy into compliance
with the results of content analysis that has been performed within the present section. In line with
this requirement, the author proposes to broaden the definition: green economy is a specific type
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of economy that ensures economic growth while being compatible with the natural environment
and environmentally friendly. It is for many groups and socially just, comprehends the
implementation of specific policy instruments targeted at the environment, and disseminates its
ideas through education. Obviously, such definition (which has been elaborated in accordance with
the Guidelines for a new definition by Terminological Commission of the Latvian Academy of
Science, 2005), contrary to the one by Swart and Groot (2020), includes all five subsystems of
green economy revealed as a result of content analysis, and it is maximally built into the context
of sustainable development. It is particularly important since Kasztelan (2017a) argues that the
restructuring of economy aiming at the so-called ‘green’ solutions (green economy), based on the
assumptions of the strategy of green growth, is the basic condition for entering the path of
sustainable development. The primary assumption of green economy idea or green growth is not
replacing the sustainable development concept, but the conviction that achieving sustainable
development should be based on an adequately oriented economy. Green economy construction
based on the assumptions of the strategy of green growth must become an integral element of
economic policy on the way towards sustainable development (Ibid).

To summarize, sustainable development is seen within the present PhD thesis as such
development which integrates educational, economic, political, social and environmental activities
with the aim to ensure economic growth and retain both the natural balance and the sustainability
of basic natural processes. On the one hand, it sets the context for the analysis of green economy.
On the other hand, green economy itself should provide an adequate basis for sustainable
development. Since the last one includes five subsystems (namely, educational, economic,
political, societal and environmental) green economy in the context of sustainable development
should also be considered in a wider sense, which includes all five aspects (subsystems) of the
phenomenon.

1.3. Analysis of existing indexes for measuring
the performance of green economy

Further it is necessary to analyze different indexes designed for measuring the
performance of green economy elaborated within scientific community to underline their weak
and strong points, as well as opportunities and threats related to their use.

Several authors and institutions have made substantial attempts to work out a structure of
green economy that would allow to analyze its components and quantify them. The summary of
such indexes is given below (Table 1.2).
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Table 1.2

Structure of the areas proposed for measuring the performance of green economy in the context of sustainable development

Index / Author Educational Economic Political Societal Natural environment
/ Year subsystem subsystem subsystem subsystem subsystem
OECD, 2011 Education, training Economic growth, productivity and Economic - Environmental and
and skills development | competitiveness, labor markets, income opportunities and resource productivity
policy responses Natural asset base

Environmental quality of
life

European - Economy (produced capital) goal: improve - Human well-being (social | Ecosystem (natural capital)

Environment
Agency, 2012

resource efficiency

and human capital) goal:
enhance social equity and
fair burden-sharing

goal: ensure ecosystem
resilience

Measuring
Progress
towards a Green
Economy 2012
Indicators

Green job skill training

1. Resource efficiency, ecosystem management,
chemicals and waste management

2. Green investment, pricing externalities and
valuing ecosystem service, green procurement
3. Employment, EGSS performance

Green fiscal
reform

Total wealth, access to
resources, health

1.Indicators for
environmental issues and
targets (Initial stages)
2.Indicators for policy
interventions
(Intermediary

stages)

3.Indicators for policy
impacts on well-being and
equity (Final stages)

Green Economy

Economy

Environmental

Poverty and social

Ecosystems / biodiversity /

Index by strategies and inequalities natural capital

Ryszawska, policies Resource consumption
2013, 2015 Emissions, pollution, waste
Green Economy | Human resources in Energy resources Total Eco-innovation related Proportion of annual

Indicators by
NETGreen,
2015

science and
technology (% of
active population);
eco-innovation related

Resource Efficiency Scoreboard

Treatment of waste

Average carbon dioxide emissions per km from
new passenger cars

environmental tax
revenues as a share
of total revenues
from taxes and

media coverage

Public awareness
At-risk-of-poverty rate
Long-term unemployment
rate, people having a long-

renewable freshwater
resources stored in
reservoirs

Common Bird Index
Ecological footprint




academic publications
(per min population);
total R&D
expenditure; quality of
education system;
reading skills; skills in
science; expenditures
on education

ISO 14001 registered organizations (per min
population)

social
contributions

standing illness or health
problem, Corruption
Perceptions Index (CPI),
Gini Coefficient, Gender
Equality Index

Species diversity
Distribution and
abundance of animal
species

Global Green
Economy Index
by Dual Citizen
(new version),
2018

Market and investment
Efficiency sectors

Leadership and
climate change

Environment and natural
capital

Greenness
of Stimulus
Index, 2021

Green R&D subsidies

Green infrastructure investments

Deregulation of
environmental
standards
Subsidies or tax
reductions for
environmentally
harmful products
Subsidies or tax
reductions for
green products

Bailouts with green strings
attached

Nature-based solutions
Conservation and wildlife
protection programmes

Green Economy
Index

by Kasztelan,
2021

Greenhouse gas emissions, sulphur oxides
emissions, primary and final energy consumption
Renewable energy supply, share of renewable
energy in gross final energy consumption,
renewable electricity Production-based and
demand-based CO2 productivity, resource
productivity, energy productivity

Development of environment-related technologies
Eco-Innovation Index (score)

Generation of waste, recycling waste,

circular material use rate

Real GDP per capita

Environmental tax
revenues (% GDP)

Mean population exposure
to PM2.5

Life expectancy at birth
Population, ages 15-64
Unemployment rate
People at risk of poverty or
social exclusion

Gini coefficient of
equalized disposable
income

Terrestrial protected area
(% of total area)

Area under organic
farming (% of utilized
agricultural area)

Water Exploitation Index
(%)

Source: elaborated by the author based on the relevant literature review.
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Table 1.2 provides a summary of the most remarkable attempts to build a comprehensive
index to measure the performance of green economy, tracing the chronological order of their
elaboration.

In 2010, a US consulting company “Dual Citizen” created and published the first synthetic
index called the Global Green Economy Index. The index relied on quantitative and qualitative
indicators to measure the efficiency of green economy in four main dimensions: leadership and
climate change, efficiency sectors, markets and investment, environment. This comprehensive
analytical tool also provides a system for observing, analyzing and improving efficiency and image
under a green economy (Kasztelan, 2021).

Even more comprehensive approach to methods of measuring the performance of green
economy have been presented by European and international environmental organizations. In 2012,
one of the largest of such institutions, the European Environment Agency, devoted its report to
indicators that could be the measures of green economy, which included: D — Driving force
indicators; P — Pressure indicators; S — State indicators; | — Impact indicators; and R — Response
indicators (European Environment Agency, 2012).

A significant attempt to collect and structure the information on the indicators and tools
related to green economy was made within NETGreen Project (2015), coordinated by the Ecologic
Institute (in German: Ecologic Institut gemeinniitzige GmbH), Germany. This EU-funded initiative
provided support on how to properly utilize green economy indicators and identify those most
suitable for the specific needs of users. To achieve its aims, it nurtured sustainable dialogue on
green growth and green economy among various stakeholders (Cordis, 2021).

The above model has both strong and weak points. It should definitely be praised for
conidering environmental factors (biodiversity, natural capital etc.) and associating sustainable
development with societal factors (that is: poverty and social inequalities). The indicators
suggested for the description of the phenomenon seem to be original, indicative and reliable at the
same time. That is the reason why some of them are used in the model proposed by the present
PhD thesis as well.

The set of green growth indicators proposed by the Organisation for Economic Co-
operation and Development (2017b) contains sub-questions and areas aimed at finding out whether
a certain economy is experiencing green growth. These areas are related to: 1. efficiency of natural
resources and environmental services; 2. the level of the natural asset base; 3. the benefits created
by green initiatives to individuals; and 4. the generation of economic opportunities. Based on these
four areas, OECD came up with a set of 26 indicators to monitor green growth which included
environmentally adjusted multi-factor productivity, material productivity, CO, productivity, air
pollution exposure, GDP per capita, low income, inequality, environmentally related innovation
and taxation etc. In addition, a set of socioeconomic indicators were used to monitor the
characteristics of growth in terms of economic development, in particular poverty alleviation and
social inclusion (Ibid).

Other international organizations and NGOs has also dwelled upon the topic, the most
recent examples including Environmental Performance Index (Wendling et al., 2020), developed
within Yale Center for Environmental Law & Policy, as well as Greenness of Stimulus Index
(Vivid Economics, 2021).

At the same time transition to green economy remains high on the agenda also within
the scientific community. To measure progress in this respect scholars have developed several
comprehensive and inclusive indices. Ryszawska (2015) considered such factors as natural capital
(ecosystems, biodiversity), economy (resource consumption, emissions, pollution, and waste),
politics (environmental strategies and policies), and society (poverty and social inequalities in her
Green Economy Index. Particularly, 21 indicators (used by international organizations to evaluate
green growth, green economy and sustainable development) were grouped by her into seven areas:
1. Ecosystems, biodiversity, and natural capital; 2. Emissions, pollution, and waste;
3. Consumption of resources; 4. Poverty and social inequality; 5. Economy; 6. Policy and
environmental strategies; 7. Green economy sectors.



In line with recent tendencies, Ryszawska (2015) has included societal sphere in her
analysis. It seems reasonable, since the concept of ‘green’ in its broad sense includes the need to
maintain social justice. In other words, just allocation of resources between present and future
generations (the basic principle of sustainable development) should be accompanied by the need
to achieve social justice, minimizing the gap between the rich and the poor, providing equal
opportunities for all, fighting hunger, unemployment, eliminating gender inequalities etc.

However, the model elaborated by Ryszawska has certain room for improvement. Having
placed emphasis on economic factors (resource productivity, primary energy use etc.), it ignores
the sphere of education. Due to this fact it does not allow to assess the role of academia in green
economy.

Kazstelan (2017a, 2017b, 2018) used the OECD methodology mentioned above and its
Green Growth Indicators as a basis. Further developing this model, he created a comprehensive
tool for measuring green economy (Green Economy Index), identifying as many as 38 detailed
indicators for respective areas of green economy, namely, environment, economy and society
(Kasztelan, 2021). The major differences as compared to earlier stages of research were as follows.
First, previous analysis was based on a maximum of 21 indicators — so the number of indicators
was enlarged. Second, previously the study focused mostly on comparison of performance
between selected EU countries. While the most recent research performed the analysis of all EU
member-states. Finally, the most recent study also presented the evaluation of green transition
processes over time.

All the abovementioned works marked significant stages in elaborating tools for analyzing
green economy by both scholars and decision-makers. Still, the proposed indexes do not include
all aspects of the phenomenon, namely, educational, economic, political, societal and
environmental. Even though particular indexes (such as OECD Green Growth Indicators,
Greenness of Stimulus Index and Green Economy Index by Ryszawska, 2015) seem to be most
comprehensive and inclusive, they still miss certain aspects of sustainable development: societal
in first two cases and educational in the third. Also, their framework has not been used for testing
correlation with sustainable goals progress, especially in the EU. While such attempts have already
been made in other regions, for example in Latin America (Barcellos-Paula et al., 2021).

At this background the need for a new comprehensive Index to measure the performance
of green economy in the context of sustainable development became evident for the author of the
present PhD thesis. Such need is predetermined by the following:

1. there is a need of relevant metrics more consistent with the current paradigm of
sustainable development than conventional indicators such as GDP (Hak et al., 2016);

2. such metrics should not be focused exclusively on environmental problems (United
Nations Environment Programme (UNEP), 2011). It should include all dimensions of the
phenomenon, while being centred around economy, since there is a growing recognition that
achieving sustainability rests almost entirely on getting the economy right (Ibid);

3. anew Index should necessarily include the subsystem of education considered important
for sustainable development by scholars and decision makers (Brundtland, 1987).

Besides that, the following requirements should be put forward for the new Index:

1. it should be based on the Quintuple Helix Model, as it was found to be the most
appropriate for the analysis of green economy in the context of sustainable development;

2. the system of indicators constituting the Index, including those contained in international
reports, should reflect all five subsystems of green economy in the context of sustainable
development, namely, educational, economic, political, societal and environmental;

3. the Index should be analyzable, actionable, comparable and shareable;

4. the Index should be compatible with SDGs;

5. the Index should help to analyze progress in the EU towards equality and social-oriented
SDGs (Sianes et al., 2022).

Now that the need for a new comprehensive Index has been substantiated, the main
requirments for it identified, it is reasonable to describe its elements, namely, five subsystems
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(according to the Quintuple Helix and the results of content analysis, subsection 1.2). This would
become a step forward towards practical implementation of a new Index.

1.4. Defining relevant indicators for the subsystems of the new Index

The most confronting objective of the following subsection will be to describe each of the
subsystems and to find out which indicators will be appropriate to be used for quantification and
analysis. Certain criteria should be applied when assigning relevant indicators. These are:

1. credibility and reliability (the indicators come from reliable sources of information and
acknowledged global and European reports, people making decisions with these data understand
and trust it);

2. relevance (there is a clear relation between the indicator and green economy);

3. quality (the indicators have to be accurate, complete, material and consistent);

4. feasibility (data are obtained with reasonable and affordable effort, preferably from the
Internet and easily accessible sources of information);

5. distinctiveness (the indicators lack redundancy and strive not to measure something
already captured under other indicators);

6. availability (there should not be any difficulties accessing data, which also have to come
from open unclassified sources);

7. the use of indicators should be approbated at International scientific conferences and in
publications in peer-reviewed scientific journals, both by the author himself and by other scholars,
which is preferable;

8. design of a synthetic Index should rely on the previous experience of international
organizations and entities testing green economy measurement methods, such as UNO (UNEP
etc.), European Environment Agency, OECD, etc. (Kasztelan, 2021);

9. the indicators should be consistent with already existing scoreboards, standards and goals
such as Sustainable Development Goals by the UN.

Selection and systematisation of appropriate indicators would provide an opportunity
to create a pattern for measurement of a newly elaborated Index — an instrument with which it is
supposed to measure the performance of green economy in the context of sustainable development
in the EU countries and find out if there is a correlation between newly elaborated Index and
Sustainable Development Goals progress.

Choosing appropriate indicators was not voluntary, but rather predetermined by one or
several of the following factors:

- anindicator already used / similar to already used by other author(s) / institution(s);

- partially similar to an indicator / Index used by other author(s) / institution(s). For example,
not the whole Global Competitiveness Index, but only its part — Market and investment;

- an indicator substantiated within the PhD thesis;

- an indicator corresponds to Sustainable Development Goals by the United Nations.

1.4.1. Educational subsystem

The role of educational factor in green economy has long been acknowledged. As early as
in Brundtland Report (1987) there was an appeal inter alia to educational institutions (Research
institutions prominence, indicator S_1_ 1201 2020) and to the scientific community, which had
played indispensable roles in the creation of public awareness and political change in the past.
It was suggested that they would play a crucial part in putting the world onto sustainable
development paths. Moreover, Paragraph 60 underlined that human resource development
demands knowledge and skills to help people improve their economic performance, while
Paragraph 68 stated that environmental education should be included in and should run throughout
the other disciplines of the formal education curriculum at all levels — to foster a sense of
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responsibility for the state of the environment and to teach students how to monitor, protect, and
improve it (Brundtland, 1987).

Also it has long been admitted that the only way to solve global problems related to the
increasing pressure on the environment is the use of the assets of human knowledge (Carayannis,
Campbell, 2010).

World Value Survey data for 47 countries back in 2005—-2008 showed that the higher the
level of education, the more a person is inclined to show concern for the environment. Moreover,
the 2010-2012 polls on the same topic say that the majority of respondents with secondary
education are willing to sacrifice accelerated economic growth in favor of greater environmental
protection, while among people with or without primary education, such a trend was not observed.
Data from the International Social Survey Program for 29 countries with the highest per capita
incomes similarly showed that the proportion of people who disagree that we are paying too much
attention to the environment rose from 25% to 46% with an increase in education from secondary
to tertiary and professional (GEM Report, 2015).

Bebbington and Unerman (2018) recognized that knowledge and education are two basic
pillars for the transition towards sustainable development, so it is also relevant to study the
responsibility of higher education in achieving the SDGs.

It can be concluded that education has significant potential in terms of helping individuals
to reconsider their attitude towards the environment and to abandon environmentally harmful
lifestyles and behavior by improving knowledge, instilling values and transforming attitudes and
beliefs. Most likely, the presence of a higher education itself does not necessarily translate into
more socially responsible behavior, but one way or another it forms an idea of how important it is
to maintain the ecological environment in a stable state not only for ours, but also for future
generations (bo6buiéB 1 ap., 2019).

On the one hand, academic institutions, business schools and other research organizations
are invited to support the efforts of financial analysts by contributing high-level research and
thinking in terms of ecological, social and governance factors (United Nations, 2020). On the other
hand, legislation and regulations are also influenced by current and academic research, which
inform legislators on what policy options facilitate or hinder a sustainable development
(Hojem, 2014).

While green economy in general has a positive impact on firms’ performance, some
established firms that initiate green activities (referring to diversifying green entrants) could suffer
from insufficient new green knowledge and skills (Cheng, 2020).

Another important result of green economy development is the relevance of firms’
knowledge, which is developed through networking with business actors, research centers and
universities. This suggests that it is important to encourage cooperation between academia and
business in order to combine different knowledge bases and technological competences for the
development of eco-innovations (Cecere et al., 2020). This is the reason why such indicator
as University industry research cooperation, S_1_ 320172918 has been included in the analysis.

The importance to foster cooperation between academia and business has been highlighted
in several researches. It is established that university actors most frequently benefit from such
cooperation by gaining the source of funding for research work; creation of business opportunities;
exposure of the students and faculties to practical problems, new ideas and modern technologies,
with positive effects on the curriculum; stimulation of technological advancement and research
activities in certain key areas; training and employment opportunities for students; access to wider
network and networking possibilities.

On the other hand, industry actors most frequently name the following benefits arising from
such cooperation: cost-reduction; improved innovative ability and capacity accompanied by
strengthened research base; access to new knowledge and leading edge technologies; the
opportunity to keep up to date with technological developments in universities and university
research capabilities; solution of specific technical problems or development of bespoke and
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tailored projects; opportunity to access a wider network of research expertise (Branten, Purju,
2015).

The central role of knowledge in the creation of innovation is highlighted by so-called
knowledge-based view. Thus, in his recent study Cheng (2020) aims to identify key factors that
enable sustainability orientation of diversifying green entrants and enhance its effect on green
performance building on resource-based, knowledge-based and capabilities theories and makes a
conclusion that a strong connection between knowledge and business is needed in order for
innovative companies to succeed. In line with that it has been established that firms with strong
business networks and easy access to knowledge and technology are more likely to conduct eco-
innovation activity (Cecere et al., 2020).

One way to facilitate green economy is to back research and development (R&D
expenditures, indicator S_1_3201% 2020) jn potentially groundbreaking technologies. Realizing the
importance of educational subsystem for green economy, it was decided to work out a system of
indicators describing the factor of academia, which includes Quality of higher education and
training; Average score of top 3 universities in QS university ranking; Total number of documents
in Scopus concerning environmental science; Citable documents, Citations, Self-citations,
Citations per document, h-index (all referred to environmental science) etc., indicators
S11..8S1 102017-2018,2019,2020.

It is also important that knowledge has been widely suggested as a key resource to support
innovativeness and hence green economy research (Leal-Millan et al., 2017). Indeed, the
knowledge base subsequent from effective supply chain networking becomes vital for enhancing
green economy (Ibid).

Universities need to embrace ecological issues and work on their green credentials if they
are to continue their role of vehicles for green economy. In this respect the author of the present
PhD thesis can mention several initiatives undertaken by alma mater, which seek to facilitate
research on sustainability matters. They include Daugavpils University research projects “Green
Economy: Elaboration of the Concept and Approbation of the Assessment Methodologies on the
Basis of the EU Data” launched in 2018 and “Comparative Analysis of the Performance of Green
Economic Development in Latvia and Lithuania from 2000 to 2020 which helped to make a
significant progress in preparing the present research and publishing its results in international
scientific journals (Lavrinenko et al., 2019; Rybalkin et al., 2021).

Not only can education supply the job market with new specialists for the green economy,
but also provide retraining of some existing specialists. As the ‘green’ spheres in the job market
develop, the demand for specialists in new professions known as ‘the green collars’ grows, too.
Specialists in the sphere of the rapidly developing policy of energy efficiency and energy savings
could be an example of such ‘green collars’ (Arnett et al., 2009).

In particular, energy management is a key point in making any sector of economy ‘greener’,
since no industry or enterprise can do without using energy in one way or another. Currently there
is a shortage of specialists in ‘green’ areas of economy, for example, in the renewable power
generation and production of eco-goods and technologies sectors in Germany, in the construction
sector in Europe in general. Apart from specific qualifications and competencies, needed for the
sector of eco-friendly goods and services, it is equally important to make all human capital ‘green’
in all sectors and on all levels (Lebedev et al., 2015). As the researchers reasonably mention, green
economy is, above all, aimed at changes because the transition to sustainable development and
green economy requires to abandon outdated forms of conducting business, to change the rules —
both formal (state policy, legislation) and informal (business ethics, social norms and moral values).
In the new conditions, education should be effective in preparing creative and self-motivated
personalities who are able to be innovative and flexible in solving complicated problems. To this
end, people need first to move from reproductive to creative approach, both in organizing the
educational system and educational process, and in the content and methods of teaching (1bid).

Therefore, the following indicators which reflect a country’s progress on ‘green’ education
track were used. It is important that all indicators, as it can be seen in the list below, are in line
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with the UN Sustainable development goals (SDGs), and they meet other criteria described in the
beginning of the present section.

2017-2018:

S_1 1 Quality of higher education and training, index (World Economic Forum, 2018) — SDG 4
‘Quality education’; justified at the Table 1.3; NETGreen, 2015; Ryszawska, 2015; Kasztelan,
2021;

S_1 2 Average score of top 3 universities in QS university ranking (World Bank, 2017) — SDG 4;
justified at NETGreen, 2015;

S_1 3 University industry research cooperation, index (World Intellectual Property Organization,
2017) — SDG 9 ‘Industry, innovation and infrastructure’; justified at the Table 1.3; Kasztelan,
2021;

S_1 4 Total number of documents in Scopus, Environmental science, cumulative, 1996-2016 (SJR
— SCImago, 2017) — SDG 9, SDG 13 ‘Climate action’; justified at NETGreen, 2015; Barcellos-
Paula et al., 2021;

S 1 5 Citable documents (SJR — SClmago, 2017) — SDG 9; justified at NETGreen, 2015;
Barcellos-Paula et al., 2021,

S_1 6 Citations (SJR — SCImago, 2017) — SDG 9; justified at NETGreen, 2015; Barcellos-Paula
et al., 2021;

S 1 7 Self-citations (SJR — SCImago, 2017) — SDG 9; justified at NETGreen, 2015;

S_1 8 Citations per document (SJR — SClmago, 2017) — SDG 9; justified at NETGreen, 2015;
S_1 9 h-index (SJR — SCImago, 2017) — SDG 9; justified at NETGreen, 2015; Barcellos-Paula et
al., 2021.

2019:

S 1 1 Research institutions prominence 0-100 (best) (World Economic Forum, 2019a)** —
SDG 4; justified at the Table 1.3; NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;

S 1 2 Scientific publications score (World Economic Forum, 2019a)** — SDG 9; justified at
Ryszawska, 2015; Kasztelan, 2021; NETGreen, 2015; Barcellos-Paula et al., 2021,

S 1 3 R&D expenditures % of GDP (World Economic Forum, 2019a)** — SDG 9; justified at the
Table 1.3; NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;

S 1 4 Total number of documents in Scopus, Environmental science, cumulative, 1996-2016 (SJR
— SClImago, 2017) — SDG 9, SDG 13; justified at NETGreen, 2015; Barcellos-Paula et al., 2021;
S 1 5 Citable documents, 1996-2018 (SJR — SCImago, 2020) — SDG 9; justified at NETGreen,
2015; Barcellos-Paula et al., 2021;

S 1 6 Citations (SJR — SCImago, 2020) — SDG 9; justified at NETGreen, 2015; Barcellos-Paula
et al., 2021,

S 1 7 Self-citations (SJR — SCImago, 2020) — SDG 9; justified at NETGreen, 2015;

S 1 8 Citations per document (SJR — SClmago, 2020) — SDG 9; justified at NETGreen, 2015;

S 1 9 h-index (SJR — SCImago, 2020) — SDG 9; NETGreen, 2015; Barcellos-Paula et al., 2021;
S 1 10 Patent applications per million population (World Economic Forum, 2019a) — SDG 9;
justified at NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021; Barcellos-Paula et al., 2021;

S 1 11 QS university ranking, average score top 3 (World Intellectual Property Organization,
2019) — SDG 4; justified at NETGreen, 2015; Kasztelan, 2021.

2020:

S 1 1 Research institutions prominence 0-100 (best) (World Economic Forum, 2019a) —
SDG 4; justified at the Table 1.3; NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;
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S_1 2 Scientific publications score (World Economic Forum, 2019a) — SDG 9; justified at
Ryszawska, 2015; Kasztelan, 2021; Barcellos-Paula et al., 2021,

S_1 3 Gross expenditure on R&D, % of GDP (World Intellectual Property Organization, 2020) —
SDG 9; justified at the Table 1.3; Ryszawska, 2015; Kasztelan, 2021; NETGreen, 2015; Barcellos-
Paula et al., 2021;

S_1 4 Total number of documents in Scopus, Environmental science, cumulative, 1996-2019 (SJR
— SClImago, 2021) — SDG 9; justified at NETGreen, 2015; Barcellos-Paula et al., 2021;

S_1 5 Citable documents, 1996 — 2019 (SJR — SClImago, 2021) — SDG 9; justified at NETGreen,
2015;

S_1 6 Citations (SJR — SCImago, 2021) — SDG 9; justified at NETGreen, 2015; Barcellos-Paula
etal., 2021;

S 1 7 Self-citations (SJR — SCImago, 2021) — SDG 9; justified at NETGreen, 2015;

S_1 8 Citations per document (SJR — SClmago, 2021) — SDG 9; justified at NETGreen, 2015;
S_1 9 h-index (SJR — SCImago, 2021) — SDG 9; justified at NETGreen, 2015; Barcellos-Paula et
al., 2021;

S 1 10 Patents by origin / bn PPP$ GDP (World Intellectual Property Organization, 2020)*** —
SDG 9; justified at Kasztelan, 2021; Barcellos-Paula et al., 2021.

Here and in the other subsystems’ descriptions:

* destimulant (inverse relationship with sustainable development and green economy);
** a new indicator as compared with Lavrinenko et al. (2019) publication;

*** a new indicator as compared with Rybalkin (2020) publication.

1.4.2. Economic subsystem

The vital role of economic subsystem can hardly be overestimated due to the importance
of business environment and activities taken by companies which have to play their proactive role
in averting the global climate crisis. Green development has become a strategic issue for firms
seeking to achieve environmental improvement and profitability while actively replying to
growing environmental pressures and demands.

At the same time, with few in Europe doubting the importance of renewable energy, only
7.4% of $80 bn of capital expenditure by Europe’s seven biggest listed energy firms in 2019 (less
than $1bn each on average) went to clean energy (Economist, 2020b).

Still, major asset owners, being concerned of potential loss of assets due to environmental
damage, are starting to stimulate the companies in their portfolios to address climate change. This
trend is economically justified, since long-term returns of the world’s largest investors are
threatened by climate change.

The same tendency is observed in the European Union itself, which is the object of the
present research. In the beginning of 2020 European sustainable funds held €668 bn of assets, up
58% from 2018. Helping to propel the growth is an increase in new products, with 360 sustainable
funds launched in the year, bringing the total number across Europe to 2405. Some 50 of the
sustainable funds launched in 2019 had a specific climate-oriented mandate (Black, 2020).

One reason for such interest in climate change, especially in Europe, is the realization that
extreme weather events (natural environment subsystem) pose threats to businesses seeking
investment. Another reason is that governments (political subsystem) are taking steps to limit the
emissions of greenhouse gases (CO; intensity per capita, S_2_ 52172018 Greenhouse gas emissions
intensity of energy consumption, S 2 52019 S 2 42020 etc, indicators) that could affect firms’
future revenues. The third factor is growing pressure from clients (societal subsystem) and large
asset owners, who urge the companies which manage their money to attend more to the
environmental factor. The fourth factor is caused by business interest — by offering their clients
various sorts of sustainable products they can charge higher fees and gain additional revenues
(economic subsystem). Finally, the technological change which is creating opportunities that their
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competitors may be the first to exploit groundbreaking green innovations. It has directly to do with
the firm’s competitiveness (Growth of innovative companies, S 2 10%1° S 2 92020 gng
Companies embracing disruptive ideas, S_2 11201 indicators) (Ibid).

Another important point in this respect concerns renewables. It is acknowledged that to
‘green’ the economy, countries should prioritize creating economic incentives to renewable energy
(Swart & Groot, 2020). That is why such important indicator as Share of renewable energy was
included into analysis — S_2_ §2017-2018,2018. § 5 52020,

The potential in this sphere is high, since Europe possesses 30% of the global wind
generation capacity and 90% of capacity generation on the sea. 67% of all wind generation stations
are located in Germany, Spain, the United Kingdom, France and lItaly. In 2019, wind electric
stations covered 15% of Europe’s energy demand (Kiene, Groza, 2020). Besides that, it has to be
mentioned that Europe is home to giant developers of wind and solar farms — Orsted, Enel and
Iberdola, which also enjoy huge export potential and thus influence to a great extent global
renewable development.

One of the most prospective directions in terms of renewables the EU countries attend to
is hydrogen power. Hydrogen is seen as an important source for diversification of renewable
energy supply in Europe. In 2017, a pan-European initiative Fuel Cells and Hydrogen Joint
Undertaking (FCHJU) was launched. It includes 89 regions and cities from 22 countries. Its
participants have pledged to strive to use hydrogen technologies to ensure a shift towards green
energy. About €1.8 bn are planned to be devoted to this aim till 2022 (Fuel Cells and Hydrogen
Joint Undertaking (FCHJU), 2020).

The urge of using hydrogen on the level of European Union is underlined in such
documents published by the EU Commission as “Powering a Climate-Neutral Economy: The EU
Strategy for Energy System Integration” and “A Hydrogen Strategy for a Climate-Neutral
Europe”.

Within the EU Strategy for Energy System Integration, hydrogen is seen as one of the
solutions for the decarbonization of hard-to-abate sectors. Likewise, the Hydrogen Strategy
focuses on ‘renewable hydrogen’, described as “the most compatible option with the EU’s climate
neutrality and zero pollution goal in the long term” (European Commission, 2020b). For the EU,
developing hydrogen from wind and solar is a priority. Towards 2050, renewable hydrogen should
progressively be deployed at large scale, accompanying the growth of renewables, as the
technology matures and production costs decrease. In the short to medium term, the Strategy opens
the way for low-carbon hydrogen, such as conventional hydrogen production retrofitted with
carbon capture and storage (CCS), in order to reduce current carbon emissions of the hydrogen
industry.

The Strategy envisages a gradual development of the renewable hydrogen sector in Europe.
In the first phase (2020-2024), the EU Commission expects the installation of at least 6 GW of
renewable hydrogen electrolyzers in the EU and the production of up to 1 million tons of renewable
hydrogen. In the second phase (2025-2030) the objective is to install at least 40 GW of those
electrolyzers and the production of up to 10 million tons of renewable hydrogen. In the third phase
(2030-2050) renewable hydrogen technologies should reach maturity and be deployed at large
scale (Ibid).

Such developments will be supported by setting up a steady regulatory framework
alongside the establishment of a European Clean Hydrogen Alliance. The Alliance brings together
industry (economic subsystem), public authorities (political subsystem) as well as civil society
(societal subsystem) to support the implementation of the Strategy by identifying and building up
a viable investment pipeline.

The EU Strategy confirms the vision of a progressive development towards a pan-European
market, with cross-border exchanges and efficient infrastructure, relying on both existing gas
network and dedicated hydrogen networks. Blending of gas and hydrogen in the existing gas
network is contemplated, but with a certain degree of caution. In terms of support to demand and
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production, the intention is to open mostly to renewable hydrogen; however, low-carbon hydrogen
is definitely part of the picture.

Since the present PhD thesis is prepared in Latvia, this country’s record on renewables
has to be mentioned. As of 2019 40% of its energy consumption came from renewable sources of
energy (European Commission, 2020c), which presents quite a good level within the EU. That, in
line with low energy consumption per capita, makes Latvia one of the best European performers
in terms of greenhouse gas emissions during electricity production. Further it will be shown in
linkage to the economic subsystem of the newly elaborated Index.

Besides that, a global network of central bankers, led by those in Britain, France and the
Netherlands, has already started their work on standardized methods for incorporating climate risks
into the stress-tests that banks subordinate to them must pass (Economist, 2019a). In line with this
tendency special scoring systems, which aim at assessing a company’s performance based on
environmental, social and governance (ESG) factors, are being introduced throughout the EU
countries. More and more hedge funds, governors of banks and even the head of the European
Central Bank Lagarde has made statements, saying that it will be inevitable to both use monetary
policy and bank supervision to fight climate change and (what is more important) to assess which
firms are ‘dirtier’ than others. Particularly, Lagarde has also declared that climate change should
be a ‘mission-critical’ priority for European Central Bank (ECB) (Committee on Economic and
Monetary Affairs, 2019). According to one of her proposals, Lagarde suggests that ECB should
stop buying dirty assets or accepting them as collateral when it lends to banks (1bid).

The directive expressed by the head of ECB may give a start for a significant shift in green
economy financing. Regulators in Europe are also investigating whether it is possible to simplify
the procedure of issuing loans for green projects.

It can be considered as early steps to improve the situation with ‘green’ financing, when
the design of a suitable system of financial support for green development still remains at a very
early stage (Cecere et al., 2020).

Even though so far central banks have focused on the impact of climate risk on the financial
system, activists (societal subsystem) argue that central bankers must shift capital away from
polluters towards greener users.

Some regulators in Europe have started including climate risk in their assessments of banks
and insurers. The Bank of England, for example, requires banks to have a plan for dealing with
such risks. The Dutch Central Bank was the first to conduct a stress test, finding the effects of
climate risk to be ‘sizeable, but also manageable’. Dutch banks, exposed mostly through their loans
to companies, stood to lose up to 3% of their assets (Economist, 2019b).

Certain European Central Bank regulators hope to cut emissions indirectly, by imposing
climate-stress tests on lenders and insurers that penalize their exposures to dirty or vulnerable
projects.

Certain studies deal with the phenomenon of draining up of the most valuable resources
from the peripheral regions, which is closely related to Resource productivity and domestic
material consumption, index —S_2 42017-2018:2019. Resgyrce efficiency, index—S_2 32929, Pietrzak
et al. (2017) posit that this factor negatively affects their entrepreneurship potential and sustainable
socio-economic environment. Respectively, it may be an obstacle for green growth for peripheral
countries and regions.

This issue can be resolved with the help of circular economy (the indicator Circular
material use rate, % of material input for domestic use — S_2_72°%0). In future boosting circular
economy will require shift towards recyclable materials and metals.

Part of bibliography studied while preparing the present PhD thesis deals with other
important aspects of sustainable development. In the first place they concern energy issues. It is
stated, above all, that when energy is produced from local renewable resources a positive effect
has implications not only for the environment and sustainable development, but also for other
processes (Krajnakova et al., 2019).
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One of the main indicators used by Vertakova and Plotnikov (2017) when analyzing key
environmental problems with Global Innovation Index is the carbon emissions economic intensity
index, which is akin to such indicators as CO- intensity per capita—S_2_ 529172018 Greenhouse gas
emissions intensity of energy consumption —S_2 52019 'S 2 42020

Considering the significant role of the sphere of economy in the sustainable green
development, the author decided to use the following indicators for quantifying the economic
subsystem:

2017-2018:

S 2 1 Global innovation index (World Intellectual Property Organization, 2017) — SDG 9;
justified at NETGreen, 2015; Kasztelan, 2021,

S 2 2 GDP per unit of energy use (World Intellectual Property Organization, 2017) — SDG 7
‘Affordable and clean energy’, SDG 12 ‘Responsible consumption and production’; justified at
NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021,

S 2 3 ISO 14001 environmental certificates per bn PPP$ GDP (World Intellectual Property
Organization, 2017) — SDG 12; justified at NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;
S_2_4 Resource productivity and domestic material consumption (DMC), PPS per kilogram, 2016
(Eurostat, 2018) — SDG 12; justified at NETGreen, 2015; Ryszawska, 2015; Dual Citizen, 2018;
Kasztelan, 2021;

S 2 5 CO intensity (tCO2) per capita, 2017 (World Energy Council, 2017)* — SDG 12, 13;
justified at the Table 1.3; Vertakova, Plotnikov, 2017; Ryszawska, 2015; Kasztelan, 2021;

S_2 6 Alternative and nuclear energy share (World Energy Council, 2017) — SDG 7; justified at
the p. 59; Ryszawska, 2015; Dual Citizen, 2018; Kasztelan, 2021,

S 2 7 Global Green Economy Index (Dual Citizen, 2016) — SDG 13; justified at NETGreen, 2015;
Kasztelan, 2021;

S 2 8 Markets & Investment, Index (Dual Citizen, 2016) — SDG 9; justified at Kasztelan, 2021;
S 2 9 Efficiency sectors (Dual Citizen, 2016) — SDG 9; justified at NETGreen, 2015; Kasztelan,
2021.

2019:

S 2 1 Global innovation index (World Intellectual Property Organization, 2019) — SDG 9;
justified at NETGreen, 2015; Kasztelan, 2021,

S 2 2 GDP per unit of energy use (World Intellectual Property Organization, 2019) — SDG 7, 12;
justified at NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;

S_2 3 ISO 14001 environmental certificates per bn PPP$ GDP (World Intellectual Property
Organization, 2019) — SDG 12; justified at NETGreen, 2015; Kasztelan, 2021;

S 2 4 Resource productivity and domestic material consumption (DMC), purchasing power
standard (PPS) per kilogram (Eurostat, 2017) — SDG 12; justified at NETGreen, 2015; Ryszawska,
2015; Dual Citizen, 2018; Kasztelan, 2021,

S 2 5 Greenhouse gas emissions intensity of energy consumption (Eurostat, 2017)*,** — SDG 7,
13; justified at NETGreen, 2015; Ryszawska, 2015; Vertakova, Plotnikov, 2017; Dual Citizen,
2018; Kasztelan, 2021,

S 2 6 Renewable energy consumption share % (World Economic Forum, 2019a) — SDG 7,
justified at Ryszawska, 2015; Dual Citizen, 2018; Kasztelan, 2021;

S 2 7 Global green economy index (Dual Citizen, 2016) — SDG 13; justified at NETGreen, 2015;
Kasztelan, 2021;

S 2 8 Markets & Investment, index (World Economic Forum, 2019a) — SDG 9; justified at
Ryszawska, 2015; Kasztelan, 2021,

S 2 9 Efficiency sectors (World Economic Forum, 2019a) — SDG 9; justified at Ryszawska, 2015;
Kasztelan, 2021;
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S_2 10 Growth of innovative companies 1-7 (best) (World Economic Forum, 2019a)** — SDG
9; justified at NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;

S_2 11 Companies embracing disruptive ideas 1-7 (best) (World Economic Forum, 2019a)** —
SDG 9; justified at NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021.

2020:

S_2_1 GDP per unit of energy use (World Intellectual Property Organization, 2020) — SDG 7, 12;
justified at NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021,

S 2 2 ISO 14001 environmental certificates per bn PPP$ GDP (World Intellectual Property
Organization, 2020) — SDG 12; justified at NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;
S_2 3 Resource efficiency index (Solability, 2020)*** — SDG 12; justified at NETGreen, 2015;
Ryszawska, 2015; Dual Citizen, 2018; Kasztelan, 2021;

S_2 4 Greenhouse gas emissions score (Climate Change Performance Index, 2021) — SDG 13;
justified at NETGreen, 2015; Ryszawska, 2015; Vertakova, Plotnikov, 2017; Dual Citizen, 2018;
Kasztelan, 2021;

S_2 5 Share of renewable energy in gross final energy consumption by sector, % (Eurostat, 2019)
— SDG 7; justified at Ryszawska, 2015; Dual Citizen, 2018; Kasztelan, 2021;

S_2 6 The global sustainable competitiveness index (2020)*** — SDG 9; justified at Kasztelan,
2021;

S 2 7 Circular material use rate, % of material input for domestic use (Eurostat, 2019)*** —
SDG 12; justified at Kasztelan, 2021;

S_2 8 Efficiency sectors (World Economic Forum, 2019a) — SDG 9; justified at NETGreen, 2015;
S 2 9 Growth of innovative companies 1-7 (best) (World Economic Forum, 2019a) —
SDG 9; justified at NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;

S 2 10 Energy transition index (Energy transition index by World Economic Forum, 2020)*** —
SDG 7; justified at NETGreen, 2015.

1.4.3. Political subsystem

As the clean-energy industry, which can be seen at the core of economic subsystem
described above, is gaining momentum, governments and public bodies literally ‘wake up’
to climate change. Politicians all over the world, and in Europe in particular, square up to
ecological challenges backing green-infrastructure plans.

As early as in the Brundtland Report it has been highlighted that sustainable development
is not a fixed state of harmony, but rather a process of change in which the exploitation of
resources, the direction of investments, the orientation of technological development, and
institutional change are made consistent with future as well as present needs <...> Painful choices
have to be made (Brundtland, 1987). Thus, in the final analysis, sustainable development must rest
on political will (Leadership & climate change, index — S 3 42017-20182018  According
to Paragraph 79, environmental regulation must move beyond the usual menu of safety regulations,
zoning laws, and pollution control enactments; environmental objectives must be built into
taxation (Environmental tax revenues, indicator — S 3 72017-2018, 2019, 2020) * prior approval
procedures for investment and technology choice, foreign trade incentives and all components of
development policy. Paragraph 97 stated that governments now need to fill major gaps in existing
national and international law related to the environment (Stringency of environmental regulations,
index; Enforcement of environmental regulations, index; Environment-related treaties in force
count; Environmental treaties ratification etc., S 3 1...S 3 320172018, 2019, 2020) " g find ways
to recognize and protect the rights of present and future generations to an environment adequate
for their health and well-being, to prepare under UN auspices a universal declaration on
environmental protection and sustainable development and a subsequent Convention, and
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to strengthen procedures for avoiding or resolving disputes on environment and resource
management issues (Ibid).

The role of politics and state in promoting green economy is underlined by the fact that the
transition towards sustainable development needs to be publicly funded, at least partially, because
of the weak competitiveness of clean technologies (at present time) compared to the conventional
alternatives and the uncertain effectiveness of regulation and other public policies mechanisms
(Cecere et al., 2020).

Nowadays the development of green economy is one of the major thrusts of the regulation
of economic activity in order to ensure sustainable development. The role of the state in this
process is increasing rapidly worldwide (Vertakova, Plotnikov, 2017).

Such role has several manifestations. First, governments prepare national energy plans
(as, for example, the Latvian energy plan, p. 83) that suggests emission reductions and reliability
standards as means of ensuring a transition towards green economy. It is crucial that such plans
proposed by the government are supported by business (economic subsystem), as well as trade
unions (societal subsystem).

Governments may also use public external financing tools, which can include public loans
or guarantees, publicly owned equity, and subsidies in the form of prizes, tax credits and other
benefits related to green investments, grants and contracts. In Germany, government’s subsidies
have boosted supply chains and lowered the cost of renewable technologies. In the United
Kingdom, the government has pledged to make the cost up for the offshore wind turbines
constructed by developers (United Kingdom Government, 2021).

Norway, which is a part of the European Economic Area (EEA), offers massive subsidies
to electric cars’ buyers (Cloete, 2021). The same policy, perhaps at a smaller scale, is pursued in
Latvia, which offers advantages to this category of drivers in terms of parking and city trafficking
(namely, free municipal parking, the right for electric vehicles to use the bus lane etc.).

In some of the EU states, there are subsidies for those buying electric cars up to €13
thousands. According to Vygon Consulting, in Denmark, for example, the overall amount of
subsidies equals about €30 thousands per each electric car. High government subsidies in relation
to electric vehicle purchase and ownership are also provided at least in the following countries of
the EU: France, the Netherlands, Italy, Portugal, Germany, as well as in the United Kingdom
(Vygon et al., 2016).

All in all, achieving ambitious targets proposed by the European Green Deal, which have
already been described earlier, requires large-scale adoption of clean technologies. Some of them
are currently not competitive from economic point of view. That is the reason why the innovative
activities of private firms need to be coupled with government interventions that address
environmental and knowledge externalities (Cecere et al., 2020).

Considering the factors mentioned above, the following indicators were used within
political subsystem:

2017-2018:

S 3 1 Stringency of environmental regulations, index (World Economic Forum, 2017) — SDG 13,
16 ‘Peace, justice and strong institutions’; justified at the Table 1.3; NETGreen, 2015;

S 3 2 Enforcement of environmental regulations, index (World Economic Forum, 2017) —
SDG 13, 16; justified at the Table 1.3; NETGreen, 2015;

S 3 3 Environmental treaty ratification, index (World Economic Forum, 2017) — SDG 17
‘Partnership for the goals’; justified at the Table 1.3; NETGreen, 2015;

S 3 4 Leadership & Climate Change, index (Dual Citizen, 2016) — SDG 13, 16; justified at the
Table 1.3; NETGreen, 2015; Kasztelan, 2021,

S_3 5 Climate Change Performance Index 2018 (Climate Change Performance Index, 2018) —
SDG 13; justified at NETGreen, 2015; Kasztelan, 2021;
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S_3 6 Environmental performance, index (World Intellectual Property Organization, 2017) —
SDG 13; justified at NETGreen, 2015; Kasztelan, 2021;

S_3 7 Environmental tax revenues % of GDP 2016 (Eurostat, 2018) — SDG 13, 16; justified at
NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021.

2019:

S_3_1 Stringency of environmental regulations, index (World Economic Forum, 2019b) —
SDG 13, 16; justified at the Table 1.3; NETGreen, 2015;

S_3_2 Enforcement of environmental regulations, index (World Economic Forum, 2019b) —
SDG 13, 16; justified at the Table 1.3; NETGreen, 2015;

S_3_3 Environment-related treaties in force count (out of 29 possible) (World Economic Forum,
2019a) — SDG 17; justified at the Table 1.3; NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;
S 3 4 Leadership & Climate Change, index (Dual Citizen, 2016); SDG 13, 16; justified at the
Table 1.3; NETGreen, 2015; Kasztelan, 2021;

S 3 5 Climate Change Performance Index 2020 — SDG 13; justified at NETGreen, 2015;
Kasztelan, 2021;

S_3 6 Environmental performance, index (World Intellectual Property Organization, 2019) —
SDG 13; justified at NETGreen, 2015; Kasztelan, 2021;

S_3 7 Environmental tax revenues % of GDP (Eurostat, 2018) — SDG 13, 16; justified at the Table
1.3; NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;

S 3 8 Intellectual property protection 1-7 (best) (World Economic Forum, 2019a)** —
SDG 9, 16; justified at Ryszawska, 2015; Kasztelan, 2021;

S 3 9 Energy efficiency regulation 0-100 (best) (World Economic Forum, 2019a)** —
SDG 7, 16; justified at NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;

S 5 10 Renewable energy regulation 0—100 (best) (World Economic Forum, 2019a)** — SDG 7,
16; justified at Ryszawska, 2015; Kasztelan, 2021.

2020:

S_3 1 Stringency of environmental regulations, index (World Economic Forum, 2019b) — SDG
13, 16; justified at the Table 1.3; NETGreen, 2015; Kasztelan, 2021,

S_3 2 Enforcement of environmental regulations, index (World Economic Forum, 2019b) — SDG
13, 16; justified at the Table 1.3; NETGreen, 2015; Kasztelan, 2021;

S_3 3 Environment-related treaties in force count (out of 29 possible) (World Economic Forum,
2019a) — SDG 17; justified at the Table 1.3; NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;
S_3 4 Climate policy, index — covers both national and international climate policy performance
(Climate change performance index, 2021)*** — SDG 16, 17; justified at Kasztelan, 2021;
S_3 5 Climate Change Performance Index (Climate change performance index, 2021) — SDG 13;
justified at NETGreen, 2015; Kasztelan, 2021,

S 3 6 Environmental performance, index (Wendling et al., 2020) — SDG 13; justified at
NETGreen, 2015; Kasztelan, 2021;

S 3 7 Environmental tax revenues, % of GDP (Eurostat, 2018) — SDG 13, 16; justified at the
Table 1.3; NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;

S 3 8 Intellectual property protection 1-7 (best) (World Economic Forum, 2019a) — SDG 9, 16;
justified at Ryszawska, 2015; Kasztelan, 2021;

S 3 9 Population covered by the Covenant of Mayors for Climate & Energy signatories —
percentage of total population (Eurostat, 2019, for the UK — 2018)*** — SDG 17;

S 3 10 Renewable energy regulation 0-100 (best) (World Economic Forum, 2019a) — SDG 7, 16;
justified at Ryszawska, 2015; Kasztelan, 2021.
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1.4.4. Societal subsystem

As it was mentioned as early as in Brundtland Report, sustainable development requires
changes in values and attitudes towards environment and development — indeed, towards society
and work at home, on farms and in factories (Brundtland, 1987).

At the same time, it was admitted that many problems of resource depletion and
environmental stress arise from disparities in economic and political power. An industry may get
away with unacceptable levels or air and water pollution because the people who bear the brunt of
it are poor and unable to complain effectively (Ibid). Paragraph 77 develops this idea, saying that
the law alone (political subsystem) cannot enforce the common interest. It principally needs
community knowledge and support, which entails greater public participation in the decisions that
affect the environment. This is best secured by decentralizing the management of resources upon
which local communities defend, and giving these communities an effective say over the use of
these resources. It will also require promoting citizens' initiatives, empowering people's
organizations, and strengthening local democracy (Democracy index — S_4 32017-2018, 2019, 2020
(Ibid). In Paragraph 78, it is stated that public inquiries and hearings on the development and
environment impacts can help greatly in drawing attention to different points of view. Free access
to relevant information (Freedom of press, Internet users % of population etc. —S_4 22017-2018,2019,
2020. 5 4 72019.2020) 3 the availability of alternative sources of technical expertise can provide an
informed basis for public discussion (Ibid).

Besides that, it was noted that environmental and economic problems are linked to many
social and political factors. For example, the rapid population growth that has so profound impact
on the environment and on development in many regions is driven partly by such factors as the
status of women in society and other cultural values. Also, environmental stress and uneven
development can increase social tensions. It could be argued that the distribution of power and
influence within society lies at the heart of most environment and development challenges. Hence
new approaches must involve programmes of social development, particularly to improve the
position of women in society (Gender equality, Females employed with advanced degrees etc. —
index and indicator, S_4 4%°1° S 4 10%%2%), to protect vulnerable groups (Income Gini, People at
risk of poverty or social exclusion etc. — indicators, S_4 5%'° S 4 82920) and to promote local
participation in decision making (Brundtland, 1987). Moreover, freedom of press is an important
indicator which describes sustainability of institutions and societal sphere, which is reflected in
many globally recognized reports, such as, for example, Global Competitiveness Report.

Such ideas were inherited by the Global Compact — an international initiative launched in
July 2000 by United Nations Secretary-General Annan, bringing companies together with UN
agencies, labor and civil society to support ten principles of sustainable development (United
Nations, 2004). These standards address: respect for human rights as set out in the major
international instruments; avoidance of complicity in human rights abuses; freedom of employees
to associate and engage in collective bargaining; elimination of forced labor and child labor; non-
discrimination; a precautionary approach to environmental harm; promotion of environmental
responsibility; developing and spreading of environmentally sound technology; and avoidance
of corrupt practices (United Nations, 2022).

Thus, the formation of environmentally responsible behavior models for the population and
business is essential. This will reduce both unsustainable production and negative impacts on the
environment. The rest is the result of the inhabitants’ social and environmental activity (Vertakova,
Plotnikov, 2017).

Besides that, the pursuit of green growth requires the involvement of different private and
public actors and institutions within the economy, notably consumers (alongside with firms —
economic subsystem, and policy makers — political subsystem), and substantial investments
(Cecere et al., 2020). Currently they are the consumers themselves who increasingly demand
companies and institutions to take measures to reconcile this balance between production and
environmental sustainability (Leal-Millan et al., 2020).

50



An example of Shell, an Anglo-Dutch multinational oil and gas company, is very
interesting in this respect. The pressure on the company because of ecological issues caused by oil
and gas production has become significant. In recent years, protesters have swarmed Shell’s
headquarters; advocates representing 17000 Dutch citizens have sued the company; finally,
powerful investors successfully coerced executives to say they will reduce emissions (Worland,
2020). Being exposed to such pressure, Shell has already announced its intentions to invest in
green research, which marks a shift from the company’s traditional oil and gas business.

But it is not only such giants as Shell that feel activists’ pressure. There is a tendency that
ecology zealots all over Europe accuse business of failing to act on climate change despite knowing
the consequences. Consumers become more concerned about green economy.

In order to get closer to customers and exploit the growing demand for environment-
friendly products, firms (economic subsystem) need to improve their corporate image and pursue
closer integration of their eco-innovation development and marketing functions (Cecere et al.,
2020).

Still, it has to be mentioned that consumer action on its own cannot cause much progress
towards greening the economy. For example, a study led by Moran of the Norwegian University
of Science and Technology examined the effect on Europe’s carbon footprint of 90 behavioral
changes, such as buying low-carbon products and eating less meat. Researchers found that the
maximum reduction of carbon footprint as a result of new patterns was only 24% (Moran et al.,
2020). This observation highlights the fact that efforts in societal subsystem should necessarily be
coupled with further developments in education, economy, politics and environment.

A recent study by Carayannis and Campbell (2021) indicate that the higher the political
freedom in a country, the more likely it is to have a higher environmental performance. And just
the reverse: the lower the political freedom in a country, the more likely it is to have a lower
environmental performance. This finding predetermined inclusion of such indicator as the level
of democracy into analysis — S_4 32019:2020,

Considering this information, the following indicators have been chosen for the description
of the societal subsystem:

2017-2018:

S 4 1 Global green economy index perception, (Dual Citizen, 2016) — SDG 13; justified at
NETGreen, 2015; Kasztelan, 2021;

S 4 2 Press Freedom Index (Reporters without borders, 2017)* — SDG 16; justified at the Table
1.3; Brundtland, 1987; NETGreen, 2015;

S 4 3 Democracy index (Economist Intelligence Unit, 2017) — SDG 16; justified at the Table 1.3;
Brundtland, 1987; NETGreen, 2015.

2019:

S 4 1 Global green economy index perception (Dual Citizen, 2016) — SDG 13; justified at
NETGreen, 2015; Kasztelan, 2021;

S 4 2 Freedom of the press 0—100 (worst) (World Economic Forum, 2019a)* — SDG 16; justified
at Ryszawska, 2015; Kasztelan, 2021,

S 4 3 Democracy index (Economist Intelligence Unit, 2019) — SDG 16; justified at the Table 1.3;
Brundtland, 1987; NETGreen, 2015;

S 4 4 Global Gender Gap Index 0-1 (gender parity) (World Economic Forum, 2019a)** —
SDG 5 ‘Gender Equality’; justified at NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;
Barcellos-Paula et al., 2021;

S 4 5 Income Gini 0 (perfect equality) - 100 (perfect inequality) (World Economic Forum,
2019a)*,** — SDG 1 ‘No poverty’, 10 ‘Reducing inequalities’; justified at NETGreen, 2015;
Ryszawska, 2015; Kasztelan, 2021,
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S_4 6 Incidence of corruption 0-100 (best) (World Economic Forum, 2019a)** — SDG 16;
justified at the Table 1.3; United Nations, 2022; NETGreen, 2015; Ryszawska, 2015; Kasztelan,
2021; Barcellos-Paula et al., 2021,

S_4 7 Internet users, % of adult population (World Economic Forum, 2019a)** — SDG 3 ‘Good
health and well-being’; justified at Ryszawska, 2015; Kasztelan, 2021.

2020:

S_4 1 Attitude of European citizens towards the environment, % of population who consider
environmental issues to be important (Eurobarometer, 2017)*** — SDG 13; justified at NETGreen,
2015;

S_4 2 World Press Freedom Index (Reporters without borders, 2020)* — SDG 16; justified at the
Table 1.3; Brundtland, 1987; NETGreen, 2015;

S_4 3 Democracy index (Economist Intelligence Unit, 2020) — SDG 16; justified at the Table 1.3;
Brundtland, 1987; NETGreen, 2015;

S_4 4 Civil liberties (Economist Intelligence Unit, 2020)*** — SDG 3, 16; justified at the Table
1.3; Brundtland, 1987; NETGreen, 2015;

S 4 5 Social Capital Index (Solability, 2020)*** — SDG 3; justified at Kasztelan, 2021;
NETGreen, 2015; Barcellos-Paula et al., 2021,

S_4 6 Incidence of corruption, scores 0-100 (best) (World Economic Forum, 2019a) — SDG 16;
justified at the Table 1.3; United Nations, 2022; NETGreen, 2015; Ryszawska, 2015; Kasztelan,
2021; Barcellos-Paula et al., 2021,

S_4 7 Internet users, % of adult population (World Economic Forum, 2019a) — SDG 3; justified
at Ryszawska, 2015; Kasztelan, 2021,

S 4 8 People at risk of poverty or social exclusion (Eurostat, 2019, except for Ireland, Italy,
the UK —2018)*** — SDG 1, 10; justified at NETGreen, 2015; Ryszawska, 2015; Kasztelan, 2021;
Barcellos-Paula et al., 2021,

S_4 9 Share of busses and trains in total passenger transport, % of total inland passenger-km
(Eurostat, 2018)*** — SDG 11 ‘Sustainable cities and communities’; justified at NETGreen, 2015;
S 4 10 Females employed with advanced degrees, % (World Intellectual Property Organization,
2020)*** — SDG 5; justified at NETGreen, 2015; Kasztelan, 2021; Barcellos-Paula et al., 2021.

1.4.5. Environmental subsystem

The last, but not the least subsystem of the new Index should be natural environment. Its
importance is underlined by several factors.

Paragraph 53 of the Brundtland Report points out that the diversity of species (Biodiversity
and habitat, index — S_5_42°%) is necessary for the normal functioning of ecosystems and the
biosphere as a whole. The genetic material in wild species contributes billions of dollars yearly
to the world economy in the form of improved crop species, new drugs and medicines, and raw
materials for industry. But utility aside, there are also moral, ethical, cultural, aesthetic, and purely
scientific reasons for conserving wild beings. Paragraph 54 states: a first priority is to establish the
problem of disappearing species (Threatened species, indicator — S 5 42017-2018, 2019) gnq
threatened ecosystems (Total protected areas, indicator — S 5 72017-2018, 2019, 2020y oy political
agendas as a major economic and resource issue.

At the same time, it was suggested that governments can stem the destruction of tropical
forests (Forest cover change, indicator — S_5_52017-2018,2019,2020) anq other reservoirs of biological
diversity while developing them economically. Reforming forest revenue systems and concession
terms could raise billions of dollars of additional revenues, promote more efficient, long-term
forest resource use, and curtail deforestation. Also in Paragraph 56 it was stated that the network
of protected areas that the world will need in the future must include much larger areas. In one
area after another, environmental degradation is eroding the potential for development.
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Sustainability requires views of human needs and well-being that incorporate such non-economic
variables as education and health enjoyed for their own sake, clean air (Atmosphere pollution, Air
quality etc., indicators — S_5_ 220172018, 2019, 2020y / \water (Wastewater treatment, Baseline water
stress, indexes —S_5 3, S 5 2017-2018,2019,2020) ang the protection of natural beauty.

In terms of agriculture Paragraph 58 posits that future increases in productivity, in both
developed and developing countries, should be based on the better controlled application of water
and agrochemicals, as well as on more extensive use of organic manures and non-chemical means
of pest control. These alternatives can be promoted by an agricultural policy based on ecological
realities (Agriculture, index —S_5_102°2%), Also, organic agriculture contributes to environmental
safety strengthening, natural resources restoration, biodiversity preservation (Proshchalykina et
al., 2019).

In such circumstances, sustainable development can be conceptualized through the capital
approach. According to this, productive assets can be divided into financial capital, fixed capital
(buildings and machines, economic subsystem), environmental capital (natural resources and other
ecosystem services, environmental subsystem) and human capital (knowledge and skills,
educational subsystem). From these assets, humankind receives rents which can be consumed or
reinvested. For example, from forests people get timber, and with human knowledge services can
be produced. In practice, this means nature has to be valued and measured just like other forms
of capital (Hojem, 2014).

The value of natural ecosystems also consists in their CO2 absorbing capabilities. For
example, in Giger’s, Zurich Insurance Group risk director, opinion biologically diverse ecosystems
absorb huge amounts of CO- and provide great economic benefits, which equal $33 trn per year —
which is equivalent to China’s and the United States’ GDP taken together (Jakubowski, 2020).

Considering the abovementioned, the following indicators were used to describe the
natural environment subsystem:

2017-2018:

S_5 1 Environmental sustainability, index (World Economic Forum, 2017) — SDG 13; justified at
NETGreen, 2015;

S 5 2 Atmosphere pollution, particulate matter diameter equals 2.5 or more (World Economic
Forum, 2017)* — SDG 15 ‘Life on land’; justified at the Table 1.3; Brundtland, 1987; NETGreen,
2015;

S 5 3 Baseline water stress, index (World Economic Forum, 2017)* — SDG 6 ‘Clean water and
sanitation’; justified at the Table 1.3; Brundtland, 1987; NETGreen, 2015;

S 5 4 Threatened species, % of total (World Economic Forum, 2017)* — SDG 14 ‘Life below
water’, SDG 15; justified at NETGreen, 2015;

S 5 5 Forest cover change, % (World Economic Forum, 2017)* — SDG 15; justified at NETGreen,
2015;

S 5 6 Wastewater treatment, % of total (World Economic Forum, 2017) — SDG 6, 12; justified at
NETGreen, 2015;

S 5 7 Total protected areas, % of territory (World Economic Forum, 2017) — SDG 15; justified
at NETGreen, 2015; OECD, 2011, Kasztelan, 2021;

S 5 8 Environment index (Dual Citizen, 2016) — SDG 13; justified at NETGreen, 2015; Kasztelan,
2021;

S 5 9 Ecological sustainability, index (The Global Innovation Report, 2017) — SDG 13; justified
at NETGreen, 2015; Kasztelan, 2021.

2019:
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S_5 1 Environmental sustainability, index (World Economic Forum, 2019b) — SDG 13; justified
at NETGreen, 2015;

S_5 2 Atmosphere pollution, particulate matter diameter equals 2.5 or more (World Economic
Forum, 2019b)* — SDG 15; justified at Organisation for Economic Co-operation and Development
(OECD), 2011; NETGreen, 2015; Kasztelan, 2021,

S_5 3 Baseline water stress (World Economic Forum, 2019b)* — SDG 6; justified at NETGreen,
2015;

S_5_4 Threatened species, % of total (World Economic Forum, 2019b)* — SDG 14, 15; justified
at NETGreen, 2015;

S_5_5 Forest cover change, % (World Economic Forum, 2019b)* — SDG 15; justified at
NETGreen, 2015;

S_5_6 Wastewater treatment, % of total (World Economic Forum, 2019b) — SDG 6, 12; justified
at NETGreen, 2015;

S 5 7 Total protected areas, % of territory (World Economic Forum, 2019b) — SDG 15; justified
at Organisation for Economic Co-operation and Development (OECD), 2011; NETGreen, 2015;
Kasztelan, 2021;

S_5 8 Environment index (Dual Citizen, 2016) — SDG 13; justified at NETGreen, 2015; Kasztelan,
2021;

S_5_9 Ecological sustainability, index (World Intellectual Property Organization, 2019) — SDG
13; justified at NETGreen, 2015; Kasztelan, 2021;

S 5 10 Environmental footprint, gha / capita (World Economic Forum, 2019b)*** — SDG 13;
justified at NETGreen, 2015.

2020:

S 5 1 Environmental performance index (Wendling et al., 2020)*** — SDG 13; justified at
NETGreen, 2015;

S 5 2 Air quality (Wendling et al., 2020)*** — SDG 15; justified at NETGreen, 2015;

S 5 3 Water resources (Environmental performance index report, 2020)*** — SDG 6; justified at
NETGreen, 2015; Dual Citizen, 2018; Kasztelan, 2021,

S 5 4 Biodiversity and habitat (Wendling et al., 2020)*** — SDG 14, 15; justified at NETGreen,
2015; Kasztelan, 2021,

S 5 5 Forest cover change, % (World Economic Forum, 2019b)* — SDG 15; justified at
NETGreen, 2015;

S 5 6 Wastewater treatment, % of total (World Economic Forum, 2019b) — SDG 6, 12; justified
at NETGreen, 2015;

S 5 7 Total protected areas, % of territory (World Economic Forum, 2019b) — SDG 15; justified
at Organisation for Economic Co-operation and Development (OECD), 2011; NETGreen, 2015;
Kasztelan, 2021;

S 5 8 Natural capital (Solability, 2020)*** — SDG 14, 15; justified at Kasztelan, 2021;

S 5 9 Ecological sustainability, index (World Intellectual Property Organization, 2020) — SDG
13; justified at NETGreen, 2015; Kasztelan, 2021;

S 5 10 Agriculture (Wendling et al., 2020)*** — SDG 2 ‘Zero hunger’; justified at NETGreen,
2015; Ryszawska, 2015; Kasztelan, 2021.

It is interesting to see which SDGs are covered by the subsystems and indicators of the
newly elaborated Index. As the chart aligning it with SDGs demonstrates, all Sustainable
Development Goals are covered by the Index. Besides that, indicators and indexes with supposed
interrelation with the new Index (checked by correlation analysis in Section 111 of the present PhD
thesis) have also been included in Table 1.3 (marked in bold).
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Table 1.3
Subsystems and indicators of newly elaborated Index in relation to Sustainable Development Goals

SDG/ Education Economy Politics Society Environment
Subsystems of
the Index

- - - Income Gini, people at | -
risk of poverty or
social exclusion,

- - - - Agriculture

- - - Internet users % of -
adult population,

Social Capital Index,
Smoking prevalence

4 Quality of higher education | - - - -
and training, average score
of top 3 universities in QS
university ranking, research
institutions prominence,
Share of individuals having
at least basic digital skills

_ - - Global Gender Gap -
Index, females
employed with
advanced degrees

- - - - Baseline water stress,
wastewater treatment,
water resources
Clean water and
sanitation




DEGENT WORK AND
ECONUMIC GROWTH

o

10 Natiimes

_~

(=)

v

GDP per unit of energy
use, alternative and
nuclear energy share,
greenhouse gas emissions
intensity of energy
consumption, energy
transition index

Energy efficiency
regulation, renewable
energy regulation

Growth of innovative
companies

Income Gini
People at risk of
poverty or social

exclusion

University industry research | Global innovation index, | - -
cooperation, citable markets & investment,
documents, citations, self- Index, efficiency sectors,
citations, citations per growth of innovative
document, h-index, scientific | companies, companies
publications score, R&D embracing disruptive
expenditures, patents by ideas, the global
origin sustainable
total number of documents competitiveness index
in Scopus (Environmental Electric cars sales per
science) 100.000 residents;

Passenger plug-in

electric car market

share, 2020
- - - Income Gini

People at risk of
poverty or social
exclusion

Share of busses and
trains in total
passenger transport
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GDP per unit of energy
use, 1SO 14001
environmental
certificates, resource
productivity and domestic
material consumption,
CO; intensity (tCO>) per
capita, resource efficiency
index, circular material
use rate

Wastewater treatment

Environmental
sustainability, CO-
intensity (tCO.) per
capita, global Green
Economy Index,
greenhouse gas emissions
intensity of energy
consumption

Stringency of
environmental regulations,
enforcement of
environmental regulations,
enforcement of
environmental regulations,
Leadership & Climate
Change, Climate Change
Performance Index,
Environmental
performance,
environmental tax
revenues, climate policy

Global green economy
index perception

Environmental footprint

Threatened species,
biodiversity and habitat,
natural capital

Atmosphere pollution,
threatened species, forest
cover change, total
protected areas, air quality,
biodiversity and habitat,
natural capital
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Stringency of
environmental regulations,
enforcement of
environmental regulations,
leadership & climate
change, environmental tax
revenues, energy efficiency
regulation, renewable
energy regulation, climate
policy

Deputies in Group of the
Greens / European Free
Alliance, EP elections
2019

Press Freedom Index,
Democracy index,
incidence of
corruption,

Human rights

17 rimesons -

&

Environmental treaty
ratification, population
covered by the Covenant of
Mayors for Climate &
Energy signatories,
environment-related
treaties in force count

Source: elaborated by the author based on the own analysis.
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1.5. Calculation technique of
the performance of green economy in the context of sustainable development
using the new Index

In contrast to the observation of single indicators in the previous subsection (1.4),
the synthetic index allows to make the evaluation of the studied phenomenon in a comprehensive
manner in respective countries, grouping them according to achieved progress, making
comparisons, and observing changes in time (Organisation for Economic Co-operation and
Development (OECD), 2008). That is why the next step is to provide the pattern of calculation of
a comprehensive Index, which embraces all five subsystems.

To that end, calculations with the set of all available statistical and integrated indicators
corresponding to the Index in the EU countries from 2017 to 2020, which comprised the empirical
base of the research, were made the following way. All indicators were standardized, and then for
better perception the transition to T scale was made by the following formula:

T=50+10*z (1)

The value of subsystems of the new Index were obtained as arithmetic means of the
corresponding indicators:

S
S15= ZT 2

where S 1.5 represents each of the five subsystems of the Index, S represents indicators,
and N represents the number of indicators.

The integrated Index was obtained as the arithmetic mean of the values of five
subsystems:

[ = ZoLszsssisn) -

where I represents the Index and S1,52, 53, 54, S5 represent each of the five subsystems of the
Index.

The author suggests calling a newly elaborated index the Sustainable Development Green
Index (SDGI), as such title underlines its essence and the aim — to measure the performance of
green economy in the context of sustainable development.

It has to be mentioned that the indicators of the new Index are not somewhat constant
and can be updated. Just like it happened in 2021 when, as compared with the indicators collected
in 2017-2018 and in 2019 the set of all integrated indicators corresponding to the Index was
updated. It concerned such indicators as ‘Research and development (R&D) expenditures’, ‘Total
number of documents in Scopus’, ‘Citable documents’, ‘Citations’, ‘Self-citations’, ‘Citations per
document’, ‘h-index’ —all concerning environmental science, ‘QS university ranking’ (educational
subsystem); ‘Global innovation index’; ‘GDP per unit of energy use’; ‘14001 environmental
certificates per bn PPP$ GDP’; ‘Resource productivity and domestic material consumption (DMC)’
(economic subsystem); ‘Stringency of environmental regulations’, ‘Enforcement of environmental
regulations’, ‘Environmental performance’, ‘Environmental tax revenues’ (political subsystem);
‘Environmental sustainability’, ‘Atmosphere pollution’, ‘Baseline water stress’, ‘Threatened
species’, ‘Forest cover change’, ‘Wastewater treatment’, ‘Total protected areas’, ‘Ecological
sustainability’ (environmental subsystem).

Moreover, new indicators were added to take a broader view on the phenomenon. They
included ‘Research institutions prominence’, ‘Scientific publications score’, ‘Patent applications
per million population” (educational subsystem); ‘Greenhouse gas emissions intensity of energy



consumption’, ‘Renewable energy consumption share’, ‘Growth of innovative companies’,
‘Companies embracing disruptive ideas’ (economic subsystem); ‘Environment-related treaties in
force’, ‘Intellectual property protection’, ‘Energy efficiency regulation’, ‘Renewable energy
regulation’ (political subsystem); ‘Freedom of the press’, ‘Democracy index’, ‘Global Gender Gap
Index’, ‘Income Gini’, ‘Incidence of corruption’, ‘Share of Internet users’ (societal subsystem);
‘Environmental footprint gha/capita’ (environmental subsystem).

At the same time, some of the indicators could not be updated due to unavailability
of new data. It concerns ‘Markets & investment’, ‘Efficiency sectors’, ‘Leadership & climate
change’, ‘Climate Change Performance Index’, ‘Global Green Economy Index perception’,
‘Environment Index’. The technique and methodology can also be constantly improved.

First section’s summary

As aresult of the research carried out in the framework of the first section of the PhD thesis,
it is important to emphasize the following findings:

1. First, the literature on the topic of green economy on the whole stresses great importance
and positive impact of sustainable development. Second, it names certain problems connected with
the phenomenon, as well as proposes certain ways to solve them. Third, it uses multidimensional
interdisciplinary approach to study the issue. Finally, it provides favorable basis for future research
in this direction.

2. There is a certain lack of papers examining the topic of green economy in the context
of sustainable development on the state and regional, namely, macro level in the European Union.
Even though such matters have been studied by different papers presented in the section, working
out a comprehensive study which would cover all aspects of the phenomenon should be the subject
for subsequent research.

3. The analysis of international decision-making with regard to green economy in the
context of sustainable development, with the main focus being paid to the European Union
experience, has shown that even though the necessity to attend to ecological issues, reduce
greenhouse gases emission is set as priority both by the European Union in general, nowadays
there is a certain need for a comprehensive index to assess a country’s record on green track. This
PhD thesis seeks to work out such Index which would allow to realize interdisciplinary analysis
of the performance of green economy in the context of sustainable development .

4. The analysis of related literature has helped to advance working on a new Index based
on the Quintuple Helix Model. Particularly, the need to construct it out of five subsystems, namely,
educational, economic, political, societal and environmental, was substantiated. The educational
subsystem is of particular importance, since most of existing indexes ignore it, but its vitality has
been substantiated by literature review.

5. Against the background of the situation when there are plenty of ‘green’ terms definitions,
the first section of the PhD thesis provides its own definition of green economy, which best serves
the aim of the PhD thesis (the aim is to analyze green economy in the context of the European
Union’s sustainable development in 2017-2020). This definition was worked out according to the
Guidelines for a new definition by Terminological Commission of the Latvian Academy of
Science (2005).

6. At the same time content analysis of various ‘green’ terms has also (in line with literature
review) substantiated the need to construct a new Index out of the following subsystems:
educational, economic, political, societal and environmental.

7. By the results of the first section of the present PhD thesis the newly elaborated
Sustainable Development Green Index has been described. A wide range of calculable indicators,
their diversity and regular modification’s necessity predetermined selection criteria, as a result of
which the list of indicators was created. Upon the analysis of the Sustainable Development Green
Index subsystems, the main indicators, which are mostly reliable for the Index, were identified.
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Il. ANALYSIS OF THE PERFORMANCE OF GREEN ECONOMY
IN THE CONTEXT OF SUSTAINABLE DEVELOPMENT
IN THE EU COUNTRIES

The next step is the transfering theoretical and methodological findings of Section I into
practice — by making necessary calculations, drawing comparison and using the Sustainable
Development Green Index for the classification of the EU countries by the performance of green
economy in the context of sustainable development.

2.1. Classification of the EU countries
by the performance of green economy in the context of sustainable development

The Sustainable Development Green Index (along with its subsystems) has been calculated
for the European Union countries' (plus the United Kingdom) data collected in 2017-2018, 2019
and 2020 (Appendix 1, Appendix 2 and Appendix 3 respectively). The results of the calculations
were analyzed and visualized with the help of SPSS software, particularly, cluster analysis was
performed. Being a quantitative method of data analysis aimed at discovering groups in data (in
case of the present PhD thesis — clusters of the EU countries), the value of such analysis is that it
suggests groupings that might form the basis of future hypotheses to be investigated (Landau, Chis
Ster, 2010).

Thus, by the results of calculations performed in 2017-2018, Sweden gained a leading
position according to mean values of the five subsystems (61.15). The top six countries also
included the United Kingdom and Germany (58.09 and 57.97 respectively), Finland (57.22) and
the Netherlands (55.67). At the same time, Hungary (44.44), Cyprus (43.94), Bulgaria (43.63),
Romania (43.63) and Poland (43.00) were at the bottom of the list according to the assessment
of the SDGI subsystems.

The cluster analysis carried out for 2017-2018 data in the proposed five-factor space
allowed to group all EU countries into two homogeneous clusters (Figure 2.1). The first cluster
(Cluster 1) included 9 countries which are characterized by higher mean values of all five SDGI
subsystems — Sweden, Denmark, United Kingdom, Germany, Finland, Netherlands, France,
Austria, Spain; other 19 countries (Cluster 2) were characterized by a lower values of these mean
values.
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The second cluster (Cluster 2) included the following countries: Ireland, Italy, Slovenia,
Luxembourg, Portugal, Belgium, Estonia, Latvia, Slovakia, Czech Republic, Malta, Croatia,
Lithuania, Greece and five worst performers mentioned above.

Considering the mean values of the SDGI subsystems according to the clusters, it can be
concluded that all mean values of subsystems in the Cluster 1 considerably exceeded the mean
values of subsystems in the Cluster 2: the educational subsystem — by 24.3%, the societal
subsystem — by 23.9%, the political subsystem — by 15.8%, the environmental subsystem — by
6.1%, the economic subsystem — by 14% (Figure 2.2).
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Fig. 2.2. Comparison of Cluster 1 and Cluster 2 according to
the Sustainable Development Green Index subsystems, 2017-2018

Source: the author’s calculations in SPSS according to statistical data.

As it can be seen from these calculations and Figure 2.2, the main differences between two
clusters lied not in the sphere of economy, which some specialists attribute to so-called split
between Central-Eastern and Western Europe, as well as to a pronounced North-South divide
(European Automobile Manufacturers' Association (ACEA), 2019). The main distinction is rather
marked in educational and societal subsystems. Accordingly, a country with not very high
economic indicators can still demonstrate good performance thanks to well-developed system of
‘green’ education and high level of society’s awareness about ecological issues. Estonia can serve
as a good example in this respect, because with relatively weak ‘green’ economic subsystem it has
quite a good record on academia and civil society.

In the first place, it is reasonable to examine the situation in Cluster 1. In 2017-2018
Sweden was the leader in this group according to the values of the five subsystems, while Spain
was at the bottom of the list. The United Kingdom was the absolute leader in the educational
subsystem (73.89), which is not surprising considering this country’s excellent academic record,
Austria was at the bottom of the list by this parameter (51.90); Sweden was the leader in the
economic subsystem (62.12), Austria was at the bottom of the list (52.79); Sweden also became
the leader of the political subsystem (64.65), while Spain performed the worst in this respect
(54.08); Sweden was also the leader of the societal subsystem of (67.77), while Spain was left at
the bottom of the list (51.73); finally, Austria took the lead in the environmental subsystem (63.34),
while Spain again scored the least (48.67) (Table 2.1).
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Table 2.1

Mean values of the Sustainable Development Green Index subsystems,

Cluster 1, 2017-2018, SDGI descending

No Country Sustainable Development Green Index subsystems SDGI
Educational | Economic | Political | Societal | Environmental
1. Sweden 57.41 62.12 64.65 67.77 53.78 61.15
2. Denmark 56.06 55.85 60.12 66.14 53.64 58.36
3. United Kingdom 73.89 56.43 53.09 56.24 50.77 58.09
4. Germany 66.10 54.94 54.24 62.13 52.45 57.97
5. Finland 55.38 53.69 61.52 63.36 52.15 57.22
6. Netherlands 60.93 53.41 52.57 62.12 49.30 55.67
7. France 60.65 53.80 55.84 51.99 51.75 54.81
8. Austria 51.90 52.79 52.73 55.58 56.85 53.97
9. Spain 56.71 54.08 49.45 51.73 48.67 52.13

Source: the author’s calculations in SPSS according to statistical data.

Moving on to the situation in Cluster 2, it has to be mentioned that Ireland was the leader
according to the values of the five subsystems in this group (50.88), while Poland got the bottom
place (43.00). Belgium was the leader in the educational subsystem (54.84) in the second cluster,
while Croatia scored the least (40.51); Belgium was also the leader in the societal subsystem
(56.75), Bulgaria was at the bottom of the list (36.73); Slovenia was the leader of the environmental
subsystem (56.88), Belgium appeared at the bottom of the list (43.25). Remarkably, Slovenia was
also the leader in the political subsystem (53.63), Cyprus was at the bottom of the list (41.05)

(Table 2.2).
Table 2.2
Mean values of the Sustainable Development Green Index subsystems,
Cluster 2, 2017-2018, SDGI descending
No Country Sustainable Development Green Index subsystems SDGI
Educational | Economic | Political | Societal | Environmental

1. Ireland 50.94 52.96 45.42 56.75 48.35 50.88
2. Italy 54.42 54.20 49.12 46.33 48.73 50.56
3. Slovenia 45.21 49.69 53.63 45.62 56.88 50.20
4, Luxembourg 43.59 47.21 50.85 53.71 55.12 50.10
5. Portugal 48.35 49.72 53.56 50.01 45.57 49.44
6. Belgium 54.84 47.93 46.72 51.47 43.25 48.84
7. Estonia 46.27 40.87 49.94 49.99 51.46 47.71
8. Latvia 41.69 46.15 51.17 45.44 50.95 47.08
9. Slovakia 41.32 47.53 45.52 46.84 51.87 46.61
10. Czech Republic 46.48 46.32 42.66 47.76 48.46 46.34
11. Malta 44,13 48.06 44,99 46.13 47.99 46.26
12. Croatia 40.51 47.21 52.30 37.90 52.98 46.18
13. Lithuania 43.67 46.56 49.11 44,76 46.74 46.17
14, Greece 46.09 46.09 47.17 40.15 48.70 45.64
15. Hungary 42.47 49.45 44.36 38.16 47.75 44.44
16. Cyprus 42.13 46.88 41.05 46.05 43.58 43.94
17. Bulgaria 41.85 45.43 43.38 36.73 50.75 43.63
18. Romania 40.79 48.20 42.11 39.36 47.68 43.63
19. Poland 46.21 42.43 42.74 39.78 43.83 43.00

Source: the author’s calculations in SPSS according to statistical data.

Graphically the results for the countries can be presented the following way (Figure 2.3):
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Fig. 2.3. Division of the EU countries into two clusters
by the Sustainable Development Green Index, 2017-2018

Source: the author’s calculations in SPSS according to statistical data.

At the same time, graphically the results for the countries in each of the subsystems

according to the data of 2017-2018 are presented in the following way (Figures 2.4-2.8):
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Source: the author’s calculations in SPSS according to statistical data.
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Source: the author’s calculations in SPSS according to statistical data.
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The contribution of each subsystem to the performance of green economy in the context of
sustainable development is estimated by calculating the correlation coefficients between the
Sustainable Development Green Index subsystems in 2017-2018 and the mean value of all five

subsystems.

Table 2.3

Interrelation between the Sustainable Development Green Index subsystems and
the mean value of the SDGI, Pearson correlation coefficients, 2017-2018

(p-value 0.000)

(p-value 0.000)

Sustainable Development Mean SDGI, Mean SDGI, Mean SDGI,
Green Index subsystem both clusters, Cluster 1, Cluster 2,

n = 28 countries n = 9 countries n = 19 countries

Educational 0.315 0.469 0.355
(p-value 0.000) (p-value 0.000) (p-value 0.000)

Economic 0.183 0.166 0.174
(p-value 0.000) (p-value 0.000) (p-value 0.000)

Political 0.229 0.269 0.393
(p-value 0.000) (p-value 0.000) (p-value 0.000)

Societal 0.310 0.386 0.467
(p-value 0.000) (p-value 0.000) (p-value 0.000)

Environmental 0.145 0.196 0.297

(p-value 0.000)

Source: author’s calculations in SPSS according to statistical data.

Therefore, there is a weak positive linear interrelation between the overall SDGI and the
environmental subsystem in the EU countries. However, in the Cluster 2 this interrelation is
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slightly stronger than in the Cluster 1. It is interesting that the societal subsystem has the most
interrelation with overall Sustainable Development Green Index in the Cluster 2, whereas the
educational subsystem interrelates with it the most in the Cluster 1.

The results of the SDGI application towards the data collected in 2019 were very close to
those obtained according to 2017-2018 data. Particularly, the leading countries maintained their
good record. Thus, according to the results of the second stage, Sweden again became the leader
with Sustainable Development Green Index equaling 59.12. The top six countries also included
United Kingdom and Germany (58.60 and 58.27 respectively), Denmark (57.72), Finland (56.06),
the Netherlands (55.58), France (54.75). At the same time Poland (43.01), Bulgaria (44.38),
Romania (44.88), Cyprus (45.10) and Hungary (45.18) were at the bottom of the ranking according
to the assessment of the subsystems again.

Spain and Austria have lost their place in the Cluster 1, mostly due to worse performance
in terms of the economic subsystem (Spain) and the societal subsystem (both countries).

The cluster analysis of 2019 data allowed to group all EU countries into two homogeneous
clusters (Figure 2.9). The first cluster (Cluster 1, Table 2.4) included 7 countries which are
characterized by higher mean values of all five subsystems; other 21 countries (Cluster 2, Table
2.5) were characterized by a lower level of these mean values.
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Fig. 2.9. European Union countries divided into Cluster 1 and Cluster 2
by the Sustainable Development Green Index, 2019

Source: the author’s calculations in SPSS according to statistical data; elaborated with the use of mapchart.net.

Generally, not crucial differences as compared with 2017-2018 data can be explained by
updated information, better-balanced methodology and introduction of new indicators.

Considering the mean values of the subsystems in two clusters, it can be observed that
again all mean values of subsystems in the Cluster 1 exceeded the mean values of subsystems
in the Cluster 2: the mean value of the educational subsystem — by 32%, the mean value of the
societal subsystem — by 22.5%, the mean value of the political subsystem — by 20.9%, the
economic subsystem — by 20.3%, the environmental subsystem — by 5.5% (Figure 2.10).
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Source: the author’s calculations in SPSS according to statistical data.

The observations made upon the analysis of 2017-2018 data that the main differences

between two clusters occur in the educational and societal subsystems received another
confirmation.

Graphically the results for the countries are presented in the following way (Figure 2.11):
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Fig. 2.11. Division of the EU countries into two clusters
by the Sustainable Development Green Index, 2019

Source: the author’s calculations in SPSS according to statistical data.
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At the same time, graphically the results for the countries in each of the subsystems
according to the data of 2019 are presented in the following way (Figures 2.12-2.16):
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Fig. 2.12. Results for the EU countries by the SDGI educational subsystem, 2019

Source: the author’s calculations in SPSS according to statistical data.
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Fig. 2.13. Results for the EU countries by the SDGI economic subsystem, 2019

Source: the author’s calculations in SPSS according to statistical data.
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Fig. 2.16. Results for the EU countries by the SDGI environmental subsystem, 2019

As it can be observed from the figures above, Sweden again became the leader according
to the values of the five subsystems in Cluster 1 (Table 2.4), while France was at the bottom of
this group. The United Kingdom second time became the leader in the educational subsystem
(71.69), while Finland had the lowest educational indicators among the leaders (53.13). Sweden
was the leader in the economic subsystem (64.26), France was at the bottom of the list (50.43).
Sweden also had the best results in the societal subsystem (61.21) and the political subsystem
(59.63). As for the environmental subsystem, Denmark and the United Kingdom scored the most
(54.15 and 53.78 respectively).

Cluster 1, 2019, SDGI descending

Table 2.4
Mean values of the Sustainable Development Green Index subsystems,

No Country Sustainable Development Green Index subsystems SDGI
Educational | Economic | Political | Societal | Environmental
1. Sweden 57.87 64.26 59.63 61.21 52.64 59.12
2. United Kingdom 71.69 56.98 55.18 55.38 53.78 58.60
3. Germany 67.78 56.00 56.69 58.21 52.69 58.27
4, Denmark 55.10 59.87 58.39 61.11 54.15 57.72
5. Finland 53.13 58.10 58.51 60.22 50.35 56.06
6. Netherlands 58.44 55.15 56.44 56.48 51.39 55.58
7. France 63.79 50.43 56.83 53.37 49.32 54.75

Source: the author’s calculations in SPSS according to statistical data.
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Investigating the situation in the Cluster 2 (Table 2.5), it has to be mentioned that there are
certain differences in countries’ positions. The states with higher scores in this group are quite
close to Cluster 1. For example, Austria and Ireland demonstrated very good economic (52.76 and
54.78 respectively) and societal (54.93 and 51.50 respectively) credentials. At the same time, their
results in terms of the educational and political subsystems are lower than the mean indicator in
Cluster 1.

It is worth mentioning that Latvia has quite strong positions in the middle of the Cluster 2,
with overall performance being better than the one of neighboring Lithuania. The explanation
for that will be given with the use of the Sustainable Development Green Index further (p. 86).

Table 2.5
Mean values of the Sustainable Development Green Index subsystems,
Cluster 2, 2019, SDGI descending

No Country Sustainable Development Green Index subsystems SDGI
Educational | Economic | Political | Societal | Environmental
1. Poland 50.49 41.53 35.88 43.19 43.97 43.01
2. Bulgaria 42.24 42.34 44.44 42.71 50.20 44.38
3. Romania 41.68 45.78 44.81 41.40 50.73 44.88
4. Cyprus 42.09 43.44 43.84 50.83 45.33 45.10
5. Hungary 45.02 46.03 45.16 41.59 48.10 45.18
6. Croatia 42.04 44.46 45.12 46.78 50.22 45.72
7. Slovakia 42.55 44,72 47.63 44.89 50.00 45.96
8. Lithuania 41.98 47.47 48.75 44.77 48.70 46.33
9. Greece 47.05 44,95 44,92 49.86 47.06 46.77
10. Czech Republic 46.65 48.59 44.40 46.42 49.49 47.11
11. Latvia 40.89 48.02 50.33 48.57 48.87 47.34
12. Malta 41.86 50.99 46.19 44.89 53.15 47.42
13. Portugal 47.62 48.72 52.19 48.61 43.98 48.22
14, Estonia 4453 47,51 47.60 49.46 52.51 48.32
15. Slovenia 45.15 47.63 51.06 49.95 52.90 49.34
16. Belgium 53.07 48.96 51.10 50.55 45.60 49.86
17. Luxembourg 43.57 50.51 53.99 51.06 51.98 50.22
18. Spain 57.34 50.17 46.63 47.50 49.61 50.25
19. Italy 56.05 49.86 51.96 44,57 48.80 50.25
20. Ireland 47.70 54.78 48.35 54.93 51.77 51.51
21. Austria 52.62 52.76 52.37 51.50 52.98 52.44

Source: the author’s calculations in SPSS according to statistical data.

Finally, the data taken in 2020 were improved again. New indicators were included into
analysis to make the Sustainable Development Green Index elaborated within the present PhD
thesis more compatible with sustainable development goals (United Nations, 2015b). It refers, in
particular, to such indicators as S_1 10 Patents by origin / bn PPP$ GDP (SDG 9 ‘Industry,
innovation and infrastructure’), S_2_7 Circular material use rate, % of material input for domestic
use (SDG 12 ‘Responsible consumption and production’), S_3_9 Population covered by Covenant
of Mayors for climate & energy signatories (SDG 15 ‘Climate action’), S_4 8 People at risk of
poverty or social exclusion (SDG 1 ‘No poverty’), S 4 9 Share of busses and trains in total
passenger transport, % of total inland passenger-km (SDG 11 ‘Sustainable cities and
communities’), S_4 10 Females employed with advanced degrees % (SDG 5 ‘Gender equality’),
etc. Thus, the pattern used within the present PhD thesis was brought closer to international (the
UN, in particular) sustainability standards.

Finally, the number of indicators for each of the five subsystems was extended to 10 with
the total of 50 for the whole Index. 38% of indicators were changed, 30% of indicators were
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updated. As it can be seen, the pattern sustained tangible changes — both in terms of methodology
and empirical content.

Moving on to the the results of the research made with the use of 2020 data the following
has to be noted: describing the main features of the third stage of the research, it is to be emphasized
that the best performers managed to maintain their leading positions.

Sweden for the third time became the leader with the Sustainable Development Green
Index equaling 58.97. The second place was once again taken by the United Kingdom (58.14). At
the same time Denmark 1 (57.75) outscored Germany | (56.42) in 2021 study. The top countries
traditionally included Finland (56.02), France 1 (54.69) and the Netherlands | (54.38).

As for the list of worst performers, it again included Poland (43.21), Bulgaria (43.46),
Cyprus | (43.50), Hungary | (44.94) and Romania 171 (45.25).

Using the same method as with data of 2017-2018 and 2019, the cluster analysis was
carried out. With the help of this pattern all EU countries were grouped into two homogeneous
clusters (Figure 2.17) by their SDGI. The first cluster (Cluster 1, Table 2.6) included countries,
which were characterized by higher mean values of all five subsystems; other countries (Cluster
2, Table 2.7) were characterized by a lower level of these mean values.

The main differences were among ‘border countries’ — best performers of Cluster 2 during
the research performed based on 2019 data. For this time, not only Austria (52.22) and Spain
(51.37) reconquered their place in the Cluster 1 (mostly due to better performance in terms of the
societal subsystem (both countries) and good academic record (Spain)), but also the Cluster 1 was
joined by Luxembourg (52.14), Estonia (51.07), Italy (50.82), Belgium (50.55), Ireland (50.08)
(Figure 2.17).
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Such differences, including those in positions of countries, can be attributed to updated
data along with the introduction of new indicators, better-balanced methodology and, what is most
important, converging processes within the EU countries in terms of green economic development
(disclosed in subsection 2.3).

Considering the mean values of the subsystems in two clusters, it can be concluded that
(as well as in 2017-2018 and 2019) all mean values of subsystems in the Cluster 1 exceed the
mean values of subsystems in the Cluster 2: the mean value of the educational subsystem — by
27%, the mean value of the political subsystem — by 18.5%, the mean value of the societal

subsystem — by 14.3%, the economic subsystem — by 14.2%, the environmental subsystem — by
11.3% (Figure 2.18).
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Fig. 2.18. Comparison of Cluster 1 and Cluster 2 according to
the Sustainable Development Green Index subsystems, 2020

Source: the author’s calculations in SPSS according to statistical data.

Again the main differences like in 2017-2018 and 2019 were revealed in the educational
subsystem.

Graphically the results for the countries according to the data of 2020 are presented in the
following way (Figure 2.19):
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Fig. 2.19. Division of the EU countries into two clusters
by the Sustainable Development Green Index, 2020

Source: the author’s calculations in SPSS according to statistical data.

The results for the countries in each of the subsystems were as follows (Figures 2.20-2.24):
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Fig. 2.20. Results for the EU countries by the SDGI educational subsystem, 2020

Source: the author’s calculations in SPSS according to statistical data.
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Fig. 2.21. Results for the EU countries by the SDGI economic subsystem, 2020

Source: the author’s calculations in SPSS according to statistical data.
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Source: the author’s calculations in SPSS according to statistical data.
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Fig. 2.23. Results for the EU countries by the SDGI societal subsystem, 2020

Source: the author’s calculations in SPSS according to statistical data.
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As it can be seen at the charts above, Sweden became the leader by the Sustainable
Development Green Index in Cluster 1 (Table 2.6 below), while the place in the bottom of this
group this time was occupied by the newcomer — Ireland. The United Kingdom confirmed its
leading positions in the educational subsystem (71.52), while another debutant of Cluster 1,
Estonia, showed the lowest educational indicators among the leaders (44.28). Sweden again
became the leader in the economic subsystem (64.58), while Belgium was placed at the bottom of
the list (46.91). Sweden also has shown the best results in the societal subsystem (58.45), while in
the political subsystem it yielded palm to Denmark (61.73) and Finland (60.92). As to the
environmental subsystem, Denmark scored the most (54.38) and Belgium — the least (47.85).

Table 2.6

Mean values of the Sustainable Development Green Index subsystems,
Cluster 1, 2020, SDGI descending

No Country Sustainable Development Green Index subsystems SDGI
Educational | Economic | Political | Societal | Environmental
1. Sweden 57.39 64.58 59.59 58.45 54.83 58.97
2. United Kingdom 71.52 57.00 56.36 51.33 54.51 58.14
3. Denmark 55.42 59.56 61.73 56.65 55.38 57.75
4, Germany 69.28 51.72 54.71 51.28 55.09 56.42
5. Finland 53.08 56.02 60.92 57.32 52.73 56.02
6. France 63.88 51.41 54.06 50.47 53.64 54.69
7. Netherlands 58.33 51.71 56.45 53.86 51.55 54.38
2020 newcomers in the Cluster 1:
8. Austria 52.37 52.67 51.22 50.35 54.48 52.22
9. Luxembourg 44,93 51.78 53.31 55.92 54.77 52.14
10. Spain 57.32 48.43 47.83 51.36 51.90 51.37
11. Estonia 44.28 52.62 51.21 54.42 52.83 51.07
12. Italy 56.68 50.12 50.19 47.16 49.96 50.82
13. Belgium 52.84 46.91 52.60 52.54 47.85 50.55
14, Ireland 46.19 51.91 48.77 55.59 47.92 50.08
Source: the author’s calculations in SPSS according to statistical data.
Table 2.7
Mean values of the Sustainable Development Green Index subsystems,
Cluster 2, 2020, SDGI ascending
No Country Sustainable Development Green Index subsystems SDGI
Educational | Economic | Political | Societal | Environmental
1. Poland 47.55 40.72 37.50 44.68 45.61 43.21
2. Bulgaria 42.24 43.40 42.14 42.67 46.85 43.46
3. Cyprus 42.52 40.34 43.57 51.63 39.42 43.50
4. Hungary 45.15 45.42 43.57 42.76 47.83 44.94
5. Romania 42.17 49.09 43.06 42.91 49.02 45.25
6. Malta 42.52 49.82 43.70 47.28 43.98 45.46
7. Croatia 42.32 49.50 45.24 40.85 49.76 45.53
8. Slovakia 42.33 46.92 45.58 44.98 49.93 45.95
9. Czech Republic 45.63 47.89 49.50 47.36 52.58 48.59
10. Greece 47.26 42.15 48.31 51.88 48.40 47.60
11. Lithuania 41.58 51.32 47.93 48.68 49.61 47.82
12. Latvia 40.90 52.23 51.79 48.16 48.37 48.29
13. Portugal 47.67 49.08 53.73 51.35 40.53 48.47
14, Slovenia 45.63 47.89 49.50 47.36 52.58 48.59

Source: the author’s calculations in SPSS according to statistical data.
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Investigating the situation in the Cluster 2 (Table 2.7), it has to be mentioned that certain
differences in countries’ positions have occurred. As it has already been stated above, the countries
with high scores which previously were in this group have managed to move to Cluster 1. As a
result, Cluster 2 in 2020 included 14 (not 21) countries, with Slovenia (48.59) as a leader and
Poland (43.21) as an outsider.

It is worth mentioning that Latvia again secured strong positions in the top of the Cluster 2,
with overall performance being again better than the one of neighboring Lithuania.

2.2. Differences in the performance of green economy
in the context of sustainable development between clusters of the EU countries

It is also necessary to establish the main differences between two clusters revealed as a
result of the third (as well as first and second) stages of the research.

As it can be seen at Figure 2.25, the mean values of all five subsystems (educational,
economic, political, societal and environmental) of the Sustainable Development Green Index
in Cluster 1 exceed those in Cluster 2. Indeed, this trend has been proven by the data collected
through the three stages of the present research.

Education
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Society Politics

Fig. 2.25. Spider diagram showing difference between Cluster 1 and Cluster 2
of the EU countries, 2020

Source: the author’s calculations in SPSS according to statistical data.

As for the difference between two clusters, the main distinctions through three stages of
the study were identified in different subsystems. The main differentiators of clusters were as
follows (Table 2.8):
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Table 2.8
Main differentiators of clusters of the EU countries throughout the study,

2017-2020
Stage of the study /
Significance 1 2 3 4 5
(1-5 less significant)
I (2017-2018) Education Economy Society Politics Environment
11 (2019) Society Education Environment | Economy ‘ Politics
111 (2020) Politics Education | Society Environment ~ | Economy 3

Source: the author’s calculations in SPSS according to statistical data.

Even though, as it can be seen in the table above, the main differentiators of clusters had
been changing constantly, several conclusions can be made. In the first place, the factor of
academia has always played a major role. In the second place, it is clear that the factor of
environment has never played the main differentiating role.

Analyzing the differentiating significance of each of the subsystems of the SDGI
throughout all three research stages, it can be observed that the educational subsystem scored 1 +
2 + 2 =5, the economic subsystem 2 + 4 + 5 = 11, the political subsystem 4 + 5 + 1 = 10, the
societal subsystem 3 + 1 + 3 = 7, the environmental subsystem 5 + 3 + 4 = 12 (3(highest) - 15).

These calculations show that, on average, throughout the three research stages the strongest
differentiators of clusters were education (1), society (2) and politics (3), while economy (4)
and environment (5) have been among the weakest. It is also clear, judging by the results of the
three stages, that the significance of economy for clustering the EU countries was decreasing. This
underlines the fact that analyzing green economy should not be confined to economic issues only;
it should necessarily consider such important aspects of sustainable development as education and
society. This substantiates the fact that in practice the most appropriate way to comprehensively
analyze green economy is in the context of sustainable development, which has been done within
the present PhD thesis.

Thus, the economic subsystem does not possess a high differentiating significance dividing
countries by the performance of green economy in the context of sustainable development. This
conclusion makes it impossible for some countries to appeal to so-called split between Central-
Eastern and Western Europe, as well as to a pronounced North-South divide, according to which
the new EU members supposedly do not have necessary resources to develop green economy
because of lower level of economic development. Just the reverse: the analysis with the help of
the Sustainable Development Green Index clearly shows that all countries can improve their
performance of green economy in the context of sustainable development standing by stressing
educational, societal and political factors.

Moving back to countries’ profiles, the case of Denmark has to be mentioned, because
it is interesting from the point of view of analyzing main priorities of countries in Cluster 1.

82



Environment Economic

Fig. 2.26. Spider diagram showing Denmark’s position as compared to Cluster 1 average
and its leader Sweden, 2020

Source: the author’s calculations in SPSS according to statistical data.

50% of Denmark's economy is export-oriented and highly dependent on imported
resources (Organisation for Economic Co-operation and Development (OECD), 2021). In such
circumstances the Danish government naturally aims at independence from fossil fuels, coal, oil
and gas by 2050. The Energy Strategy 2050, adopted in 2011, is a step towards the Danish
government's vision of a green and sustainable society. In order to achieve the political goals set
out in the strategy, a historically remarkable Energy Pact was accepted in Denmark in March 2012.
It contains a large number of ambitious initiatives, taking Denmark a broad step closer to the goal
of achieving 100% renewable energy in the energy and transport sectors by 2050. In many ways,
this transition has already begun, but the Agreement provides conditions for major investments in
energy efficiency, renewables and the energy supply system, so that about 50% of electricity
supply come from wind turbines and more than 35% of total energy come from renewable energy
sources. In order to achieve the goals to be achieved in the Energy Strategy 2050, two main
directions of action have been set: energy efficiency and energy extraction and supply from
renewable energy sources (Graudums, 2012).

As it has already been found out, according to the author’s, in the most recent research
Denmark received the highest scores in terms of the SDGI’s political subsystem (61.73) and the
environmental subsystem (54.38), and such achievements have practical explanations. As the head
of Denmark’s wind energy association “Wind Denmark” Hylleberg states, the sphere of renewable
sources of energy is highly regulated in Denmark. Historically due to political decisions taken in
1970s-1980s (political subsystem), energy is subject to high taxes (S_3 7 Environmental tax
revenues, % of GDP). As a result, the energy prices in this country are higher than the European
average.

Since the 1970s, Denmark has had a tradition of enacting agreements with broad
consensus across the political spectrum on energy and environmental policy issues. Political
stability has been vital in securing continuous investment and establishing ambitious, long-term
targets. In this regard, public-private partnerships have proved a highly successful way of devising
solutions to many sustainable development challenges (Mortensen, 2022).
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Still, more will need to be done to encourage a shift to electric cars, including incentives
to build recharging stations in remote areas (Organisation for Economic Co-operation and
Development (OECD), 2021).

Good positions of Denmark in terms of the economic subsystem may be attributed to the
fact that more than 80% of electric energy is produced in Denmark with the use of renewables
(Ibid). Good nature resources (environmental subsystem), namely, abundance of wind, favor
further development of wind energy production. An outstanding record in the environmental
subsystem is also caused by the fact that in Denmark the agricultural sector (Indicators S_ 5 10
Agriculture) accounts for a large share of the national economy and has been addressed
by introducing measures for greening the agricultural and food processing sectors, as well as
strategies for a circular and sharing economy (Khan et al., 2021). Climate change is prominent
among the challenges identified in the documents for greening the economy. Biodiversity, health
aspects, chemical risks, and the marine environment are other concerns specifically discussed.

As for the societal subsystem (56.65), even though Denmark has a relatively good record
on this track, its results are still worse than those of Sweden and Finland. It is characteristic, since
Hylleberg admits that approximately half of proposed projects in the sphere of renewable energy
sources are not accepted in Denmark, partially, because of resistance from local inhabitants. At
the same time it has to be mentioned that the young (as compared with older generations) tend to
be better informed about environmental issues (educational subsystem) (Caussarieu, 2017).
Accordingly, there is a hope for improvements in the societal sphere in this respect.

As this particular research is performed on the basis of Daugavpils University, Latvia, it is
necessary to mention certain measures taken by this Baltic country to facilitate green growth
in the context of sustainable development.

Latvia in this respect is characterized as a country in the top part of Cluster 2.

Position of Latvia

Fig. 2.27. Spider diagram showing Latvia’s poesition as compared
to Cluster 1 and Cluster 2 averages, 2020

Source: the author’s calculations in SPSS according to statistical data.

A number of strategic documents that in one way or another address the issues of
sustainable development of the country have been developed in Latvia. The main one of them is
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Latvian Sustainable Development Strategy until 2030 (in Latvian: Latvijas ilgtspéjigas attistibas
strategija lidz 2030. gadam or Latvija2030), where it is stated: “The value of Latvia’s natural
resources and the availability of the natural environment provide a unique opportunity to develop
a green economy and sustainable consumption to preserve the image of Latvia as a green country
— an essential component of the country's international recognition” (Latvijas Republikas Saeima,
2010).

Another important document is Latvian climate change adaptation plan till 2030 — National
energy and climate plan 2030 (in Latvian: Nacionalais Energétikas un klimata pl/ans), which also
deals with emissions reduction. It is considered to be the main political planning document on this
track. Placing particular importance on the sphere of transport, the plan suggests spending about
10 bn euros, which will be directed to the creation of climate-neutral economy. The most
significant sums are to be diverted to increasing energy efficiency of buildings (1.73 billion euros),
promoting renewable sources of energy (1.66 billion), preventing CO. emissions in the production
of energy (1.06 billion euros) (Latvijas Republikas Ekonomikas ministrija, 2019).

Moreover, the Plan suggests that Latvia has to ensure that at least 50% of energy is provided
by renewable sources. As of 2019 40% of its energy supply came from renewable sources
(European Commission, 2020c), which is quite a good level within EU, with only Sweden and
Finland having scored more. This fact can be attributed to huge hydroelectric power plants, which
became a prerequisite for a big share of renewable energy in the country’s energy supply. That, in
line with low energy consumption per capita, makes Latvia one of the best performers in the EU
in terms of greenhouse gas emissions.

The abovementioned achievements have facilitated Latvia’s good standing in the economic
subsystem (Figure 2.28).
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Fig. 2.28. Latvia’s position in the economic subsystem among the EU countries, 2020

Source: the author’s calculations in SPSS according to statistical data.

As it can be seen from the chart above, Latvia’s standing is good not only for Cluster 2
(better than, for example, neighboring Lithuania), which this country belongs to, but also quite
strong (in the middle) of Cluster 1.
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However, the share of renewables in transport in Latvia is only 10%. In fact, transport
sphere remains one of the main “polluters’: it accounts for 28.5% of all greenhouse gases emissions
in the country (2017), consuming about 30% of energy resources (Helmane, 2020).

At this point much effort is spent on developing a national network of charging stations for
electric cars with the use of EU funds. The projects financing accounts for 8.34 min euros, 85% of
which is diverted from European Regional Development Fund. There were 72 charging stations at
the territory of Latvia, and it is planned to increase this net up to 150 stations till the end of 2020.
At the same time the number of electric cars in use in this country is quite low — the beginning
of 2020 saw registration of only 658 electric vehicles (Ibid).

Latvia has extended the use of economic instruments to put a price on environmental
externalities and encourage efficient use of natural resources. Like many OECD countries,
it applies energy and vehicle taxes. It puts a price on carbon dioxide (CO2) via a carbon tax and
participation in the European Union Emissions Trading System (EU ETYS). It has also long applied
a wide range of levies on pollution and resource use. Since the mid-2010s, the government has
increased several tax rates, removed or reduced some tax exemptions and reformed vehicle
taxation (Organisation for Economic Co-operation and Development (OECD), 2019).

Incentives have encouraged EV sales. They include free parking and bus lane use, as well
as economic incentives (EVs are subject to the lowest fee for the annual technical inspection and
the lowest company car tax rate). The introduction of an annual vehicle tax based on CO2 emissions
in 2017 also helped increase EV sales (Ibid).

However, the issue of green economy is topical not only in Latvia, but in the Baltic states
as a whole. Particularly, in the neighboring Lithuania recycling, which is a part of green economy,
is now on a record levels. Almost three-quarters (74%) of plastic packaging waste was recycled
there in 2017, the highest proportion in Europe. The EU average was 42%, and the worst
performers, including Finland and France, under 30% (Economist, 2020c).

Much of Lithuania’s success is due to a deposit refund scheme, introduced in 2016
(it implies that extra 0.10 euro paid by customers when buying drink containers after use can be
fed into reverse vending machines, which split the deposit back out).

However, a 2017 survey by the European Commission found that Lithuanians were less
likely than most EU countries to regard environmental issues as ‘very important’ (Ibid). This
makes some observers think that their eagerness to recycle may stem from financial cause.

The following spider diagram summarizes the differences between Latvia and Lithuania in
terms of the performance of green economy in the context of sustainable development measured
by the Sustainable Development Green Index (Figure 2.29).
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Fig. 2.29. Comparison of Latvia’s and Lithuania’s profiles, 2020

Source: the author’s calculations in SPSS according to statistical data.

As the data show, Lithuania has slightly better scores in the environmental, societal and
educational subsystems. At the same time, Latvia performs better in terms of economy and
especially in politics.

2.3. Trends of the performance of green economy in the context of sustainable development
in the EU countries

As the present study is based on the analysis of approximately four years of observations,
the data collected through this period of time were systematized to find out if there had been
convergence or divergence trends in terms of the performance of green economy in the context of
sustainable development in the EU countries (plus UK). Such analysis was applied both to the
overall Sustainable Development Green Index and its subsystems in the period of 2017-2020.

To reveal the trends the sigma convergence for data throughout the research process was
tested. The indicator o shows the convergence or divergence tendency depending on the value of
sample variance.

Such approach has been widely used by scholars in relation to the economy of the EU. For
example, Simionescu (2014) utilized it to measure the evolution of real convergence process
between the EU countries in terms of GDP per capita in 2000 and 2012. Sometimes such
approach is also used to assess convergence and divergence processes across old and new members
of the European Union.

In the present study, the variation is measured for the subsystems and the overall SDGI
using simple indicator (the mean) and synthetic indicators (variance, standard deviation and
coefficient of variation).

In a dynamic analysis the variation in decrease allows to conclude the existence of a more
obvious convergence process. And just the reverse — increasing variation signals about the
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existence of a more obvious divergence process. At the same time, the most useful indicator is the
coefficient of variation, because it allows to make necessary comparisons and conclusions.
The variance for different factors of green economy and its overall index in the EU 27 +
UK countries was computed as:
oF = S @
28

where x; — the variable, i — index for countries (1-28), x — simple arithmetic average:

28 .
— Zi=1%i

28
The variance expresses the degree of variation of variables compared to the sample’s mean.

It is affected by outliers and by the variable measurement unit. The variance is also used to
calculate the standard deviation (o = Vo2 ) and the coefficient of variation (CV = % ), the last one

expressing in a relative form of the standard deviation compared to the mean.

The indicator (o) is used to characterize the level of convergence by measuring the variance
of the Sustainable Development Green Index and its subsystems for three stages of the study,
utilizing the cross-section data about EU27 + UK countries. The indicator is relevant when
comparisons are made. For describing the convergence trend, time series are used on a discrete
interval from t to t+T. In a certain time period when the variance of the variable decreases (the

indicator value decreases in time), the convergence process took place: 0, < 0, . When the

x

variance grows, the divergence process took place: g>0, .

Firstly, the o-convergence was tested for all countries under analysis regardless of the
clusters (Table 2.9). The results show that there is a convergence process in terms of the overall
SDGI in the EU countries. As it can be seen from the data in the table, it can be attributed to
convergence in the societal subsystem, while coefficients of variation in the educational and
economic subsystems remained approximately the same.

Table 2.9
Comparison of indicators of the SDGI subsystems throughout the study,
both clusters, 2017-2020
Subsystem | Subsystem | Subsystem | Subsystem Subsystem
Year / Indicator 1- 2— 3- 4- 5— SDGI}
Education | Economy Politics Societ} Environment
2017 | Mean 50 50 50 50 50 50
- Variance 73.243 22.135 35.932 77.439 13.276 27.864
2018 | Std.
deviation 8.55821 4.70479 5.99437 8.79993 3.64367 5.27866
Coefficient 17.1% 9.4% 12% 17.6% 7.2% 10.6%
of variation
2019 | Mean 50 50 50.0096 50 49,9411 49.9901
Variance 71.401 30.644 8.16 34.042 32.171 23.148
Std.
deviation 8.44994 5.53571 2.8566 5.83452 5.67193 4.81121
Coefficient 17% 11% 5.7% 11.7% 11.4% 9.6%
of variation
2020 | Mean 50 50 49.9679 50 50 49.9936
Variance 72.316 28.764 36.357 22.778 17.423 22.26
Std.
deviation 8.50386 5.36324 6.02966 4.7726 4.1741 4.71806
Coefficient 17% 10.7% 12% 9.5% 8.3% 9.4%
of variation

Source: the author’s calculations in SPSS according to statistical data.
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Meanwhile, the situation in two clusters differs. As it can be seen in Table 2.10, the overall
Sustainable Development Green Index converges in the framework of the Cluster 1. It can be
attributed to the convergence process in the economic and societal subsystems. At the same time,
there is a clear divergence process in the educational subsystem. It can be explained by the fact
that countries with good record on this track (the UK, Germany, France) manage to preserve their
leadership and even increase their advantages as compared to countries with lower academic
results (Ireland, Luxembourg, Estonia).

Year

2017

2018

Mean
Variance
Std.
deviation
Coefficient
of variation

2019

Mean
Variance
Std.
deviation
Coefficient
of variation

2020

Mean
Variance
Std.
deviation

Table 2.10
Comparison of indicators of the SDGI subsystems throughout the study,
Cluster 1, 2017-2020
Subsystem | Subsystem | Subsystem | Subsystem5 | SDGIJ
2 3- 4 -
Economy Politics Society | Environment
52.8778 53.3038 56.8073 51.1628 54.103
24.377 31.252 42.449 11.557 17.131
4.93732 5.59035 6.5153 3.39952 4.13901
9.3% 10.5% 11.5% 6.6%0 7.7%
53.952 51.2549 53.9677 53.8315 53.7826
22.857 5.337 26.69 18.137 14.358
4.78088 2.31022 5.16619 4.25878 3.78915
8.9% 4.5% 10% 7.9% 7%
53.3169 54.2105 53.3357 52.6741 53.9002
21.215 19.098 10.337 6.539 9.68
4.60599 4.37014 3.21519 2.55719 3.11133
8.6% 8% 6% 5% 5.8%

Coefficient
of variation

Source: the author’s calculations in SPSS according to statistical data.

Moving on to the situation in Cluster 2, it has to be mentioned that o-divergence was
confirmed in the economic subsystem of the 14 countries (Table 2.11).

Comparison of indicators of the SDGI subsystems throughout the study,

Subsystem
Year 1--
Education
2017 | Mean 43.6365
- Variance 6.118
2018 | Std.
deviation 2.47354
Coefficient 5.7%
of variation
2019 | Mean 44.0932
Variance 8.481

Table 2.11
Cluster 1, 2017-2020
Subsystem | Subsystem | Subsystem 5 SDGI
3- 4 — -
Politics Society Environment
46.6962 43.1927 48.8372 45.897
19.868 18.578 13.105 4.481
4.4573 4.31023 3.62004 2.11678
9.5% 10% 7.4% 4.6%
48.7643 46.0323 46.0507 46.1977
8.271 10.105 16.08 2.74
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Std.
deviation 2.91215 2.87591 3.17889 4.00996 1.65542
Coefficient 6.6% 5.9% 6.9% 8.7% 3.6%
of variation

2020 | Mean 44,0359 45,7254 46,6643 47,3259 46,0869
Variance 6,122 17,645 13,005 14,246 3,68
Std.
deviation 2,47419 4,20058 3,60625 3,77439 1,9184
Coefficient 5.6% 9.2% 7.7% 8% 4.2%
of variation

Source: the author’s calculations in SPSS according to statistical data.

Even though over the three stages of the study the ‘polarization’ of the Sustainable
Development Green Index and the performance of green economy in the context of sustainable
development measured in both clusters has not widened, and even slightly decreased (mostly
because of convergence process in the societal subsystem), still serious gaps in terms of economy
and education remain.

2.4. Creation of a simplified version of the Sustainable Development Green Index

The Sustainable Development Green Index elaborated within the present PhD thesis
has helped to divide the EU countries into two homogeneous clusters, find out the main differences
in terms of the performance of green economy in the context of sustainable development between
the clusters and so on. However, it would be useful to make it less complicated by establishing the
most relevant indicators and thus constructing its simplified version, where the number of
indicators (currently 50) would be significantly reduced.

To carry out the selection the analysis of the multicollinearity of the unified statistical
indicators was performed. To that end, the coefficients of determination R? = r? of each of the
primary statistical indicators (Table 2.12) of the analyzed set (in which the correlation is
significant at the 0.01 and 0.05 levels) were found (Aiisazs, 2005). The value of the coefficient
of determination showed what share of the variation of the dependent variable is due to the
variation of the explanatory variable. The analysis of the obtained numerical characteristics
allowed to carry out a preliminary stage of identifying closely related pairs of variables. The degree
of connectedness can be judged by the value of the coefficients of determination close to unity
(0.9<R%?<1).
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Table 2.12

Coefficients of determination of

Zscore: Research

Zscore: Total number of
documents in Scopus

Zscore: Patents

H H H institutions prominence 0- Zscore: Scientific Zscore: R&D concerning Environmental Zscore: Citable Zscore: Citations per by origin/bn PPP
prl mary IndlcatOrS, 2020 100 bestGCR 2019 publications score expenditures % GDP sgcience documents Zscore: Citations Zscore: Self-citations document i Zscore: h-index Y gGDP ¢
Zscore: Research institutions Pearson Correlation 1 777" 284 840" 843" ,803" 806" 322 727 387"
prominence 0-100 best GCR 2019 Sig. (2talled) [ ,000 ,143 ,000 ,000 ,000 1000 1094 1000 042
Zscore: Scientific publications score Pearson Correlation 777" 1 628" ,920” 921" 926" 879" 682" 988" 601"
Sig. (2-tailed) 1000 | ,000 ,000 ,000 1000 000 1000 1000 1001
Zscore: R&D expenditures % GDP Pearson Correlation 284 628" 1 375 375 ,405 ,305 731" 649" 807"
Sig. (2-tailed) 143 1000 | 1049 1049 1033 115 1000 1000 000
Zscore: Total number of documents in Pearson Correlation ,840™ 920" 375 1 1,000" ,984" ,985" 453" ,899" 469"
Scopus concerning Environmental Sig. (2-tailed) ,000 ,000 ,049 :I 000 ,000 000 015 1000 012
science
Zscore: Citable documents Pearson Correlation 843" ,921" ,375 1,000 1 ,982" ,984" 453" 900" 469"
Sig. (2-tailed) ,000 ,000 ,049 ,000 | ,000 ,000 016 1000 012
Zscore: Citations Pearson Correlation ,803" ,926" ,405 ,984” ,982" 1 ,988" 544" 917" 480"
Sig. (2-tailed) ,000 ,000 ,033 ,000 ,000 | 000 1003 1000 010
Zscore: Self-citations Pearson Correlation 806" ,879” ,305 ,985”" ,984™ ,988” 1 446 861" ,400°
Sig. (2-tailed) ,000 ,000 ,115 ,000 000 ,000 | ,017 ,000 ,035
Zscore: Citations per document Pearson Correlation ,322 ,682" , 731" ,453" 453" 544" 446" 1 726" 631"
Sig. (2-tailed) 094 ,000 ,000 015 016 1003 017 | N | 000 000
Zscore: h-index Pearson Correlation 727" 988" ,649” ,899” 900” 917" ,861" ,726" 1 ,604"
Sig. (2-tailed) 000 ,000 ,000 ,000 ,000 ,000 000 000 1 001
Zscore: Patents by origin/bn PPP$ Pearson Correlation ,387 ,601" ,807" 469" ,469° ,480" ,400" ,6317 ,6047 1
GDP Sig. (2-tailed) 042 001 ,000 012 012 010 035 000 001 |
Zscore: GDP per unit of energy use Pearson Correlation 019 027 -,208 ,066 064 ,085 094 171 ,004 ,037
Sig. (2-tailed) ,922 ,893 ,288 739 746 668 ,634 ,385 ,982 ,853
Zscore: 1SO 14001 environmental Pearson Correlation -,329 -,436" -,381" -,346 -,347 -,347 -,293 -,511" -,420° -,576"
certificates/bn PPP$ GDP... Sig. (2-tailed) ,088 ,020 ,046 ,071 071 ,070 131 ,006 ,026 ,001
Zscore: Resource efficiency index (The ~ Pearson Correlation ,134 168 ,046 ,198 ,195 264 258 ,195 ,157 ,291
global sustainable competitiveness Sig. (2-tailed) ,497 393 817 ,313 321 175 185 ,319 426 133
index, 2020)
Zscore: Greenhouse gas emissions Pearson Correlation ,287 ,381° ,298 ,404° 402" ,459° ,435 ,286 387 ,488"
score, CCPI 2021 Sig. (2-tailed) ,138 ,045 124 ,033 ,034 ,014 ,021 ,140 ,042 ,008
Zscore: Renewable energy Pearson Correlation -,193 -,049 ,359 -,158 -,158 -,126 -,161 ,092 ,001 ,197
consumption share % GCR 2019 Sig. (2-tailed) 326 804 ,060 ,423 ,423 ,523 414 ,642 ,996 316
Zscore: The global sustainable Pearson Correlation -,073 ,063 ,452° -,035 -,037 ,016 -,021 ,197 ,091 ,396"
competitiveness index (2020) Sig. (2-tailed) 712 ,750 ,016 ,859 ,853 ,935 917 ,314 ,646 037
Zscore: Markets & Investment Pearson Correlation 467 ,624” ,440° ,505” 507" 532" 467 ,538" ,601" 413"
Sig. (2-tailed) 012 ,000 ,019 ,006 ,006 ,004 012 ,003 ,001 ,029
Zscore: Efficiency Sectors Pearson Correlation 170 538" ,738” ,381° 380 424 357 642" 570" ,641"
Sig. (2-tailed) ,388 ,003 ,000 ,046 ,046 ,025 ,062 ,000 ,002 ,000
Zscore: Growth of innovative Pearson Correlation 159 367 575" ,251 1249 326 246 555" 402" ,654"
companies 1-7 (best) GCR 2019 Sig. (2-tailed) 420 055 ,001 197 201 ,090 208 ,002 ,034 ,000
Zscore: Energy transition index Pearson Correlation ,232 ATT ,6707 ,298 ,296 ,396° ,316 673" ,498" ,635
Sig. (2-tailed) 234 010 ,000 124 ,126 ,037 101 ,000 ,007 ,000
Zscore: Stringency of environmental Pearson Correlation ,110 ,353 7427 ,166 ,165 223 ,144 ,535" ,393 ,654°
regulations Sig. (2-tailed) 576 066 ,000 ,398 ,402 254 464 ,003 ,039 ,000
Zscore: Enforcement of environmental  Pearson Correlation 189 402" 756" ,237 ,235 1297 221 601" 436" ,693"
regulations Sig. (2-tailed) 334 ,034 ,000 226 228 125 ,259 ,001 ,020 ,000
Zscore: Environment-related treatiesin  Pearson Correlation 364 503" 547" ,408 408" AT4 ,410° 621" 547" ,583"
force count (out of 29) GCR 2019 Sig. (2-tailed) 057 006 003 ,031 ,031 ,011 030 ,000 ,003 ,001
Zscore: Climate policy (Climate Pearson Correlation ,136 ,344 ,404° ,270 ,269 324 274 419 ,384° ,497
Change Performance Index, 2021) Sig. (2-tailed) 489 073 033 ,165 167 ,092 158 ,026 ,044 ,007
Zscore: Climate Change Performance Pearson Correlation ,162 ,318 ,297 ,313 ,310 ,383 ,347 ,330 ,338 ,489
Index, 2021 Sig. (2-tailed) 409 ,100 124 104 ,108 ,044 ,070 ,087 ,079 ,008
Zscore: Environmental performance, Pearson Correlation ,431 626" 701" ,493 492" 555" ,4917 789" 648" 7747
index Sig. (2-tailed) ,022 ,000 ,000 ,008 ,008 ,002 ,008 ,000 ,000 ,000
Zscore: Environmental tax revenues %  Pearson Correlation -,247 -,121 -,020 -,200 -,201 -,173 -,202 ,028 -,099 -,090
of GDP 2018 Sig. (2-tailed) 204 538 918 ,307 ,306 377 302 ,886 ,618 ,650
Zscore: Intellectual property protection  Pearson Correlation 211 ,439 ,6547 ,253 252 327 ,244 ,720 ,464° ,694°
1-7 best GCR 2019 Sig. (2-tailed) 281 019 ,000 ,194 ,196 ,089 211 ,000 ,013 000
Zscore: Population covered by the Pearson Correlation -,114 ,060 ,001 -,053 -,051 -,029 -,042 ,200 ,069 -,256
Covenant of Mayors for Climate & Sig. (2-tailed) 564 762 997 ,790 795 ,882 831 ,309 727 189
Energy signatories
Zscore: Renewable energy regulation Pearson Correlation 420 ,485 ,190 446 441 ,499 ,460 ,420 468" 334
0-100 (best) GCR 2019 Sig. (2-tailed) 058 ,026 1410 ,043 ,045 ,021 036 ,058 ,032 138
Zscore: Attitudes of European citizens Pearson Correlation ,155 ,184 ,107 ,136 ,137 ,187 157 530 214 176
towards the environment Sig. (2-tailed) 432 ,348 586 ,489 ,486 341 425 ,004 274 371
(Eurobarometer, 2017)
Zscore: World Press Freedom Index Pearson Correlation ,010 318 629" ,120 ,120 ,178 ,089 622" 367 ,604™
(Reporters without borders, 2020) Sig. (2-tailed) ,960 ,100 ,000 ,543 544 ,366 ,651 ,000 ,055 ,001
Zscore: Democracy index (The Pearson Correlation ,240 521" 636" ,369 ,368 441" ,365 820" 564" ,725'
Economist Intelligence Unit, 2020) Sig. (2-tailed) 219 ,004 000 ,053 ,054 ,019 ,056 ,000 ,002 ,000
Zscore: Civil liberties (The Economist Pearson Correlation ,182 ,345 421" 273 272 326 ,283 ,595™ ,381° 558"
Intelligence Unit, 2020) Sig. (2-tailed) 1354 072 ,026 1160 162 ,090 ,144 ,001 ,046 ,002
Pearson Correlation ,006 ,199 ,624 ,035 ,036 ,071 -,001 ,538" ,254 ,576"
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report, 2020)
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Source: the author’s calculations in SPSS according to statistical data.
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After that, it was decided to take three indicators with the biggest sum of the coefficients
of determination within each of the subsystems (to ensure equal representation of indicators, just
like in the Sustainable Development Green Index itself). The average of their sum constituted the
simplified Sustainable Development Green Index (Table 2.13).

Table 2.13
Simplified SDGI and its indicators, 2020
Subsystems of the simplified SDGI
Educational Economic Political Societal Environmental
1. Citations per 1. Efficiency 1. Enforcement of | 1. World Press 1. Environmental
document sectors environmental Freedom Index Performance
regulations Index
2. h-index 2. Growth of 2. Environmental | 2. Democracy 2. Air quality
innovative perforamce Index
companies indicator
3, Patents by 3. Energy 3. Intellectual 3. Incidence of 3. Water resources
origin Transition Index property corruption
protection

* This indicator is a part of Global Innovation Index and measures environmental performance on a state level; it is
not the same as the Environmental Performance Index (environmental subsystem) from the Environmental
Performance Index Report (deals exclusively with the quality of environment).

Source: the author’s calculations in SPSS according to statistical data.

As it can be seen from the Table 2.13, the analysis of the multicollinearity of the unified
statistical indicators has helped to reveal the most relevant indicators and construct a simplified
SDGI version.

Second section’s summary

1. The calculations performed within the second section allowed to define statistical value
for all subsystems of the Sustainable Development Green Index, namely, educational, economic,
political, societal and environmental, as well as for the overall Index for each country of the
European Union and the United Kingdom throughout the whole research process.

2. As aresult of the research the EU countries (plus the UK) were divided into two clusters
by their Sustainable Development Green Index: Cluster 1 (states with better performance of green
economy in the context of sustainable development) and Cluster 2 (the others). This division
through 2017-2020 revealed absolute leaders (Sweden, United Kingdom, Germany, Denmark,
Finland, the Netherlands, France) and outsiders (Poland, Bulgaria, Cyprus, Hungary, Romania).
At the same time, the clusters division was not constant. According to the analysis based on 2020
data several countries managed to shift their position to Cluster 1. These are: Austria, Luxembourg,
Spain, Estonia, Italy, Belgium, Ireland.

3. Respectively, when defining the position of the EU country in the concrete cluster,
various differentiators (subsystems of the SDGI) had various significance. Namely, throughout the
whole research process the most powerful differentiators of clusters were the educational
subsystem (1), the societal subsystem (2) and the political subsystem (3), while the economic
subsystem (4) and the environmental subsystem (5) have been among the weakest. At the same
time, the role of economy was decreasing, while the subsystem of academia had always played an
important role. Also it has been established that the environmental subsystem itself has never
played the main differentiating role.

4. Moreover, it became clear that the economy does not possess the main importance
in terms of the performance of green economy in the context of sustainable development. This
conclusion makes it impossible for some countries to appeal to so-called split between Central-
Eastern and Western Europe, as well as to a pronounced North-South divide, according to which
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the new EU members supposedly do not have necessary resources to develop green economy
because of lower level of economic development. Just the reverse: the analysis with the help of
the Sustainable Development Green Index clearly shows that all countries can improve their
performance of green economy in the context of sustainable development standing by stressing
educational, societal and political factors.

5. A convergence process in terms of the overall Sustainable Development Green Index
in the EU countries was established in 2017-2020. It can be attributed to convergence in the
societal subsystem, while the coefficients of variation in the educational and economic subsystems
remained approximately the same.

6. Besides that, the overall Sustainable Development Green Index converges within
Cluster 1. It can be attributed to the convergence process in the economic and societal subsystems.
At the same time, there is a clear divergence process in the educational subsystem. It can be
explained by the fact that countries with a good record on this track (the UK, Germany, France)
manage to preserve their leadership and even to increase their advantages as compared to countries
with those with lower academic results (Ireland, Luxembourg, Estonia), which, apparently, should
attend more to their educational subsystems. Still in Cluster 2 o-divergence was confirmed in the
economic subsystem of the 14 countries.

7. The analysis of the multicollinearity has allowed to define the most relevant indicators
within each of the subsystems of the Sustainable Development Green Index and construct
its simplified version, which consists of 15 indicators instead of 50.
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I1l. INTERRELATION BETWEEN THE SUSTAINABLE DEVELOPMENT GREEN
INDEX AND SUSTAINABLE DEVELOPMENT GOALS PROGRESS
IN THE EU COUNTRIES

At this point the Sustainable Development Green Index provided an ability to define
scores for the EU countries (plus the UK) and divide them into two clusters, as well as to trace
divergence and convergence processes in terms of the performance of green economy in the
context of sustainable development through the three stages of the study.

Now that the Sustainable Development Green Index, along with its simplified version,
has been presented, it is suggested to test empirically their interrelation between the SDGI and
indicators connected with some of Sustainable Development Goals in the European Union by
performing correlation analysis. By the author’s own expert view, and taking into account strong
demand for studying the progress within society-related SDGs (Sianes et al., 2022), five
Sustainable Development Goals were chosen, namely, SDG 3 ‘Good health and well-being’, SDG
4 ‘Quality education’, SDG 6 ‘Clean water and sanitation’, SDG 9 ‘Industry, innovation and
infrastructure’, SDG 16 ‘Peace, justice and strong institutions’. At the same time, analyzing
interrelation between the SDGI and remaining 12 SDGs will still be the purpose for subsequent
research.

3.1. Education and digital skills (SDG 4 ‘Quality education’)

To find interrelation between the Sustainable Development Green Index and progress
towards SDG 4 ‘Quality education’ in the EU countries such indicator as ‘Share of individuals
having at least basic digital skills* (Table 3.1) was chosen. This indicator measures the share of
people aged 16 to 74 having at least basic digital skills, which is one of the four levels of the
overall digital skills indicator: no skills, low level of skills, basic level of skills and above basic
level of skills. Digital skills indicator is a composite indicator based on selected activities
performed by individuals on the internet in the four specific areas: information, communication,
problem solving and software skills for content manipulation. The data for this indicator come
from the EU survey on the ICT (information and communication technologies) usage in
households and by individuals.

According to Eurostat, such indicator is a part of SDG 4 ‘Quality education’ (Eurostat,
2022c).

Table 3.1
Share of individuals having at least basic digital skills and the SDGI of the EU countries, 2019

Share of individuals
No Country SDGl, descending SDGI simplified having at lease basic
digital skills
1. | Sweden 58.97 51.44 0.72
2. | United Kingdom 58.14 50.89 0.74
3. | Denmark 57.75 51.30 0.7
4, | Germany 56.42 51.01 0.7
5. | Finland 56.02 51.28 0.76
6. | France 54.69 50.60 0.57
7. | Netherlands 54.38 51.06 0.79
8. | Austria 52.22 50.86 0.66
9. | Luxembourg 52.14 50.69 0.65
10. | Spain 51.37 50.10 0.57
11. | Estonia 51.07 50.05 0.62
12. | ltaly 50.82 49.79 0.42
13. | Belgium 50.55 50.34 0.61
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14. | Ireland 50.08 50.47 0.53
15. | Slovenia 48.59 49.93 0.55
16. | Portugal 48.47 49.99 0.52
17. | Latvia 48.29 4951 0.43
18. | Lithuania 47.82 49.40 0.56
19. | Greece 47.6 49.34 0.51
20. | Czech Republic 47.13 49.62 0.62
21. | Slovakia 45,95 49.21 0.54
22. | Croatia 45,53 48.89 0.53
23. | Malta 45.46 49.35 0.56
24. | Romania 45.25 48.96 0.31
25. | Hungary 44,94 49.08 0.49
26. | Cyprus 43.5 49.34 0.45
27. | Bulgaria 43.46 48.54 0.29
28. | Poland 43.21 48.97 0.44

Source: the author’s calculations in SPSS according to Eurostat, 2022c.

From the table above it can already be seen that those countries with higher Sustainable
Development Green Index tend to have higher share of individuals having at least basic digital
skills. This hypothesis was checked by correlation analysis with SPSS software. The results can
be found at Table 3.2.

Table 3.2
Interrelation between the Sustainable Development Green Index
and share of individuals having at least basic digital skills in the EU countries, 2019-2020

Share of individuals having at
Indicators SDGI / SDGI simplified least basic digital skills
SDGI/ Pearson . .
SDGI simplified | Correlation 1 0.802"/0.850
Sig. (2-tailed) 0.000
N 28 28
Share of Pearson . o
individuals having | Correlation 0.802"/0.850 1
at lease basic Sig. (2-tailed) 0.000
digital skills N 28 28

Note (hereinafter):

* Correlation is significant at the 0.05 level (2-tailed);

** Correlation is significant at the 0.01 level (2-tailed).

Source: the author’s calculations in SPSS according to Eurostat, 2022c.

As it can be seen from the table, a interrelation between the indicator ‘Share of individuals
having at least basic digital skills’ and the Sustainable Development Green Index, as well as its
simplified version (0.802 and 0.850 respectively with a very high statistical significance, p-value
0.000) was demonstrated. According to Quinnipiac University interpretation, such correlation can
be characterized as very strong (as quoted from Akoglu, 2018).

3.2. Economy (SDG 9 ‘Industry, innovation and infrastructure’)

Having disclosed the interrelation between the Sustainable Development Green Index
and the educational subsystem in general and SDG 4 ‘Quality education’ in particular, this PhD
thesis seeks to establish whether there is a interrelation between the SDGI and the economy as
well. To that end the correlation between the Index and progress towards SDG 9 ‘Industry,
innovation and infrastructure’ was tested. It is worth mentioning that monitoring SDG 9 in an EU

96



context focuses on progress made in strengthening R&D and innovation and in promoting
sustainable transport (Eurostat, 2022a).

The transition to greener mobility will enable more accessible, cleaner, and affordable
transport (Ovaere, Proost, 2021). The European Commission proposes several targets to reduce
CO- emissions from new passenger cars and vans: 55 % lower emissions from passenger cars by
2030; 50 % less emissions from vans by 2030; zero emissions in new passenger cars by 2035.
The growth of the market for zero-emission or low-emission cars is encouraged, ensuring that
citizens have the necessary infrastructure to recharge these cars. By 2026, road transport will be
subject to emission rights and will put a price on pollution, encourage the use of cleaner fuels and
reinvest in clean technologies (Cifuentes-Faura, 2022).

It has to be mentioned that electric car sales can hardly be described as purely economic
factor. Electrification of transport is quite a complicated phenomenon. Electric cars are still very
expensive as compared with conventional analogues (even though there are positive developments
in this respect). Thus, to boost their popularity some subsidies and support from the state are
needed (political subsystem), be it tax discounts, cheap credits, road and parking privileges etc.
Relevant infrastructure, including charging stations, should be created. Besides that, electric cars
sells obviously are stimulated by high level of ecological awareness (societal subsystem) and
developed green education (educational subsystem).

The focus was placed on electric cars also because traditionally they are seen as one of
pillars for transition towards green economy (International Energy Agency (IEA), 2021).
Considering the attention that the EU pays to electrification of transport, to find possible
interrelation between the Sustainable Development Green Index and SDG 9 ‘Industry, innovation
and infrastructure’ such indicator as electric cars sales per 100 000 residents in the European Union
(in 2019) was taken. Data on sales are available for almost all countries under research except
Croatia, Cyprus, Luxemburg, Malta (Electric Cars Sales Statistics, 2020). As for population data,
it is taken from Eurostat (Eurostat, 2019).

The indicator needed for the analysis (N) is received by dividing sales (S) by population
(P) in hundred thousand people (to make calculation more convenient):

S
"~ P/100000 (5)

Upon the completion of necessary calculations, the list of European countries looks
as follows (Table 3.3):

Table 3.3
Ranks of the EU countries according to
the indicator of electric cars sales per 100000 residents, 2019
No Country Sustainable Development Electric cars sales per 100000
Green Index residents, descending
1. | Netherlands 55.58 420.06
2. | Sweden 59.12 394.97
3. | Denmark 57.72 162.14
4. | Belgium 49.86 155.04
5. | Finland 56.06 142.50
6. Germany 58.27 131.10
7. | Austria 52.44 128.88
8. | Portugal 48.22 123.40
9. | United Kingdom 58.60 109.28
10. | Ireland 51.51 97.67
11. | France 54.75 91.56
12. | Spain 50.25 37.23
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13. | Slovenia 49.34 31.28
14. | Hungary 45.18 30.07
15. | ltaly 50.25 28.39
16. | Czech Republic 47.11 11.54
17. | Romania 44.88 7.76
18. | Estonia 48.32 7.32
19. | Poland 43.01 7.08
20. | Slovakia 45.96 6.73
21. | Lithuania 46.33 5.80
22. | Latvia 47.34 5.31
23. | Greece 46.77 4.47
24. | Bulgaria 44.38 3.39
25. | Croatia 45.72 n/a

26. | Cyprus 45.10 n/a

27. | Luxemburg 50.22 n/a

28. | Malta 47.42 n/a

Source: the author’s calculations in SPSS according to Eurostat, 2019; Electric Cars Sales Statistics,
2020.

From the list above it can be observed that electric cars are sold better in countries with
higher Sustainable Development Green Index. This statement was tested by performing correlation
analysis with SPSS software (Table 3.4).

Table 3.4
Interrelation between the Sustainable Development Green Index and
the EU countries’ ranks by electric cars sales per 100 000 residents, 2019

Sustainable Development | Electric cars sales per 100 000
Green Index residents
Sustainable Pearson .
Development Correlation 1 0.721
Green Index Sig. (2-tailed) 0.000
N 28 24
Electric cars Pearson -
sales per 100 000 | Correlation 0.721 1
residents Sig. (2-tailed) 0.000
N 24 24

Source: the author’s calculations in SPSS according to Eurostat, 2019; Electric Cars Sales Statistics, 2020.

As it can be seen from Table 3.4, the interrelation between the Sustainable Development
Green Index and electric car sales per 100 000 residents in the EU countries in 2019 was 0.721
with a very high statistical significance (p-value 0.000), which can be characterized as very strong
(Akoglu, 2018).

Graphically such correlation can be presented the following way (Figure 3.1):
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Fig. 3.1. Interrelation between electric cars sales and
the Sustainable Development Green Index in the EU countries, 2019

Source: the author’s calculations in SPSS according to Eurostat, 2019; Electric Cars Sales Statistics,
2020.

To get another confirmation of the close interrelation between the Sustainable
Development Green Index on one side, and economy (SDG 9) on the other, it was decided to take
the indicator of plug-in electric car market share in the EU countries in 2020. This year was
remarkable since the average market share of new passenger electric cars in Europe more than
tripled in this period to 11.4% (from less than 3.6% in 2019). Specialists name two reasons for
that: both unprecedented increase of electric cars sales, and decrease of conventional internal
combustion engine car sales (European Automobile Manufacturers Association (ACEA), 2021).

Data on such indicator were available for almost all EU27 + UK countries, with the
exception of Malta and Bulgaria (due to unavailability of relevant data) (Table 3.5). From the list
below it can already be observed that electric cars are sold better in countries with high score of
the Sustainable Development Green Index. This statement was tested by correlation analysis with
the use of SPSS software (Table 3.6).
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Electric cars market share and the Sustainable Development Green Index

of the EU countries, 2020

Table 3.5

No Country SDGl, SDGI Passenger plug-in electric
descending simplified car market share

1. | Sweden 58.97 51.44 0.322
2. | United Kingdom 58.14 50.89 0.107
3. | Denmark 57.75 51.30 0.164
4. | Germany 56.42 51.01 0.135
5. | Finland 56.02 51.28 0.181
6. | France 54.69 50.60 0.113
7. | Netherlands 54.38 51.06 0.249
8. | Austria 52.22 50.86 0.095
9. | Luxembourg 52.14 50.69 0.114
10. | Spain 51.37 50.10 0.048
11. | Estonia 51.07 50.05 0.023
12. | ltaly 50.82 49.79 0.043
13. | Belgium 50.55 50.34 0.107
14. | Ireland 50.08 50.47 0.074
15. | Slovenia 48.59 49.93 0.031
16. | Portugal 48.47 49.99 0.135
17. | Latvia 48.29 4951 0.028
18. | Lithuania 47.82 49.40 0.011
19. | Greece 47.6 49.34 0.026
20. | Czech Republic 47.13 49.62 0.026
21. | Slovakia 45.95 49.21 0.019
22. | Croatia 45,53 48.89 0.019
23. | Malta 45.46 49.35 n/a
24. | Romania 45.25 48.96 0.022
25. | Hungary 44,94 49.08 0.047
26. | Cyprus 43.5 49.34 0.004
27. | Bulgaria 43.46 48.54 n/a
28. | Poland 43.21 48.97 0.019

Source: the author’s calculations in SPSS according to European Automobile Manufacturers Association
(ACEA), 2021.

Interrelation between the Sustainable Development Green Index and
electric cars market share in the EU countries, 2020

Table 3.6

SDGI / Education | Economy | Politics | Society | Environment
SDGI
simplified
ECV market Pearson 0.790™/ - - - - *
share Correlation 0,835+ 0.565 0.716 0.796 0.672 0.412
Sig. (2- 0.000 0.003 0.000 0.000 | 0.000 0.036
tailed)
N 26 26 26 26 26 26

Source: the author’s calculations in SPSS according to European Automobile Manufacturers Association (ACEA),

2021.
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As it can be seen from Table 3.6, the interrelation between the Sustainable Development
Green Index / its simplified version and electric cars market share in the EU countries in 2020 was
0.790 / 0.835 respectively with a very high statistical significance (p-value = 0.000), which can be
characterized as very strong (Akoglu, 2018).

As for the SDGI subsystems, the strongest interrelation was found with the political
subsystem (0.796), but not the economic one (0.716). These results underline the fact that electric
car sales cannot be considered as purely economic factor, but only in its connection with politics,
since to boost the popularity of relatively expensive electric cars political support
is needed — in the form of discounts, cheap credits, subsidized green bonds, that are purchased by
the state to make them more liquid, building of relevant infrastructure, including charging stations.
Thus, the assumption by Hancké and Mathei (2020) that making electric cars is political and
economic problem has been proven empirically.

The calculations made within this section present quite interesting results. Previously the
differences in electric cars market share in various European countries have mostly been attributed
by specialists and manufacturers mostly to the gap in GDP per capita. For example, the European
Automobile Manufacturers’ Association explained that in 2018 all countries with an electrically
charged vehicles (ECV) market share of less than 1% had a GDP below €29000, including both
new EU member states in Central and Eastern Europe, as well as Spain, Italy and Greece. By
contrast, the manufacturers continued explaining, an ECV market share of above 3.5 % only occurs
in countries with a GDP per capita of more than €42000 (European Automobile Manufacturers’
Association (ACEA), 2019). Considering this, specialists take the Norwegian market as a
benchmark. They point to the fact that just like its €73200 GDP per capita, more than twice the
EU average (€30 600) in 2018, Norway’s 49.1% ECV share was then exceptional for Europe.

At the same time, the countries that come second and third, Sweden (8%) and the
Netherlands (6.7%), have some of the highest GDPs in the EU but much lower ECV market shares.

Having investigated these data, market-oriented specialists come to the conclusion that
not only there is a clear split between Central-Eastern and Western Europe, but also a pronounced
North-South divide in terms of electric transport development (European Automobile
Manufacturers’ Association (ACEA), 2019).

Such distinctions in economic indicators between different European countries cannot be
underestimated. Particularly, while western and northern Europeans (mostly represent the Cluster
1 countries) have well-developed and diversified economies and can concentrate on green shift,
other members of the EU still need to ensure necessary infrastructure, acceptable level of income
etc., to catch up with the levels of development in Western Europe. Thus, two groups of countries
place emphasis on dealing with different tasks. Second, shifting to a greener economy costs money,
and leaders might not be willing to dismiss a generation of workers (their electorate).

With all the truth about such observations concerning the economic subsystem, such
a market-centric approach seems to be quite one-sided and to some extent primitive. Particularly,
this view presupposes that proliferation of green technologies (in this case — electric cars) depends
solely on economic prosperity.

Contrary to that, the Sustainable Development Green Index provides a better-balanced
and multidimensional view on this phenomenon, which takes into account educational, economic,
political, societal and environmental factors altogether.

3.3. Politics (SDG 16 “Peace, justice and strong institutions’)

To examine the interrelation between the Sustainable Development Green Index
and politics in general and SDG 16 ‘Peace, justice, and strong institutions’ in particular within the
present subsection it was applied to the results of the European Parliament Elections held in 2019
and correlation analysis with these data has been performed. Such choice was made because SDG
16 in the context of the European countries stresses the importance to promote, inter alia, good
governance, non-discrimination at all levels of government, democracy (European Commission,
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2022a). Since only in a democracy can individuals fully claim and realize their civil, political,
social, economic and cultural rights (Ibid).

Therefore, it was decided to take the outcome of this political event (European Parliament,
2019) to that end. During this campaign voters had a chance to support green parties which are the
part of Group of the Greens / European Free Alliance (Greens / EFA). This political force, in turn,
prioritizes the issues of climate, renewables and sustainable development (Greens / EFA, 2020).

This campaign was somewhat really successful for the European Greens. In its framework
Europe’s Green parties enjoyed their best-ever performance, nearly doubling their numbers of
MEPs, largely because of increased support in Northern European countries (which, as we already
know, mostly belong to the Cluster 1 according to the data collected throughout all three stages of
the present study). At the same time, the population of Spain, Italy and Greece (which is a quarter
of the EU total) seemed to be less concerned with environmental issues, with only two ‘green’
members of European Parliament presenting these countries (Ibid).

However, such results will not look surprising if the Sustainable Development Green
Index is applied to investigate the outcome of the campaign. To test the interrelation with the SDGI
all EU countries were ranked by the author of this PhD thesis from 1 to 23 (best) according to the
results of the Alliance during the elections in this or that state. For example, the lowest ranking
was attributed to Italy (O mandates for Greens / EFA out of 76 possible), then goes Poland (0 out
of 52), Romania (0 out of 33). The ranks of several countries — i.e., Czech Republic, Belgium,
Denmark and Sweden — are the same. Germany (25 out of 96) and Finland (3 out of 14) are at the
top of the ranking (Table 3.7).

Table 3.7
Ranks of the EU countries according to the results of the Greens / EFA
at the European Parliament elections and the Sustainable Development Green Index, 2019

SDGI Seats belonging to Rank
No Country ascending | Group of the Greens / European | (ranked by the author,
Free Alliance, EP elections 2019 1-23 best)
1. | Poland 43.01 0 out of 52 2
2. | Bulgaria 44.38 0 out of 17 5
3. | Romania 44.88 0 out of 33 3
4. | Cyprus 45.10 0 out of 6 10
5. | Hungary 45.18 0 out of 21 4
6. | Croatia 45.72 0 out of 12 7
7. | Slovakia 45.96 0 out of 14 6
8. | Lithuania 46.33 2 out of 11 21
9. | Greece 46.77 0 out of 21 4
10. | Czech Republic 47.11 3 out of 21 15
11. | Latvia 47.34 1outof 8 14
12. | Malta 47.42 0 out of 6 10
13. | Portugal 48.22 1 out of 21 11
14. | Estonia 48.32 0 out of 7 9
15. | Slovenia 49.34 0 out of 8 8
16. | Belgium 49.86 3 out of 21 15
17. | Luxembourg 50.22 1outof6 20
18. | Spain 50.25 2 out of 58 12
19. | ltaly 50.25 0 out of 76 1
20. | Ireland 51.51 2 out of 13 16
21. | Austria 52.44 3 out of 19 17
22. | France 54.75 13 out of 79 19
23. | Netherlands 55.58 3 out of 29 13
24. | Finland 56.06 3out of 14 22
25. | Denmark 57.72 2 out of 14 15
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26. | Germany 58.27 25 out of 96 23
27. | United Kingdom 58.60 11 out of 73 18
28. | Sweden 59.12 3out of 21 15

Source: the author’s calculations in SPSS according to European Parliament, 2019.

All the data available have been summarized, and a correlation analysis in SPSS has been
performed. The results can be observed in Table 3.8.

Table 3.8

Interrelation between the SDGI / its subsystems in the EU countries and
their rank in European Parliament elections, 2019

SDGI Sustainable Development Green Country’s ‘green representativeness’

subsystem Index, all countries, Pearson in European Parliament
correlation (ranked by the author, Spearman’s pho)
Educational 0.821 (p-value 0.000) 0.381 (p-value 0.046)
Economic 0.932 (p-value 0.000) 0.693 (p-value 0.000)
Political 0.899 (p-value 0.000) 0.661 (p-value 0.000)
Societal 0.897 (p-value 0.000) 0.698 (p-value 0.000)
Environmental 0.571 (p-value 0.002) 0.360 (p-value 0.060)
SDGl, 1.000 0.675 (p-value 0.000)
all countries

Source: the author’s calculations in SPSS according to European Parliament, 2019.

The analysis shows that the correlation coefficient between the country’s rank in
European Parliament elections and the Sustainable Development Green Index equals 0.675, which
can be characterized as somewhat between ‘strong’ and ‘very strong’ (Akoglu, 2018) with a very
high statistical significance (p-value 0.000). Moreover, the correlation coefficient with the societal
subsystem is 0.698, the economic subsystem — 0.693 and the political subsystem — 0.661, in all
cases with very high statistical significance (p-value 0.000). At the same time, it has to be
mentioned that the correlation coefficient with the educational and environmental subsystems is
considerably lower — 0.381 and 0.360 respectively, which can be described as rather moderate

(Akoglu, 2018).

Graphically such correlation can be presented in the following way:
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Fig. 3.2. Interrelation between the Sustainable Development Green Index
in the EU countries and their rank in European Parliament elections, 2019

Source: the author’s calculations in SPSS according to European Parliament, 2019.

These calculations show, on the one hand, that the Sustainable Development Green Index
has certain explanatory potential when applied to a particular political event related to sustainable
development. On the other hand, the differences between countries revealed in the framework of
the present study (in terms of the performance of green economy in the context of sustainable
development) also have political and electoral consequences.

3.4. Society (SDG 3 ‘Good health and well-being’)

To find out if there is interrelation between the Sustainable Development Green Index
and SDG 3 ‘Good health and well-being’ such indicator as ‘Smoking prevalence’ (Table 3.9),
related to this aspect of sustainable development, was taken. This indicator measures the share of
the population aged 15 years and over who report that they currently smoke boxed cigarettes,
cigars, cigarillos or a pipe. The data are collected through a Eurobarometer survey and are based
on self-reports during face-to-face interviews in people’s homes (Eurostat, 2022b).

Table 3.9
Smoking prevalence and the Sustainable Development Green Index
of the EU countries, 2020

No Country SDGI, SDGI simplified Smoking
descending prevalence

1. | Sweden 58.97 51.44 0.07

2. | United Kingdom 58.14 50.89 0.12
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3. | Denmark 57.75 51.30 0.16
4. | Germany 56.42 51.01 0.23
5. | Finland 56.02 51.28 0.15
6. | France 54.69 50.60 0.28
7. | Netherlands 54.38 51.06 0.12
8. | Austria 52.22 50.86 0.25
9. | Luxembourg 52.14 50.69 0.23
10. | Spain 51.37 50.10 0.24
11. | Estonia 51.07 50.05 0.18
12. | ltaly 50.82 49.79 0.23
13. | Belgium 50.55 50.34 0.21
14. | Ireland 50.08 50.47 0.53
15. | Slovenia 48.59 49.93 0.18
16. | Portugal 48.47 49.99 0.27
17. | Latvia 48.29 49.51 0.21
18. | Lithuania 47.82 49.40 0.32
19. | Greece 47.60 49.34 0.28
20. | Czech Republic 47.13 49.62 0.42
21. | Slovakia 45,95 49.21 0.30
22. | Croatia 45,53 48.89 0.25
23. | Malta 45.46 49.35 0.36
24. | Romania 45.25 48.96 0.20
25. | Hungary 44.94 49.08 0.30
26. | Cyprus 43.50 49.34 0.28
27. | Bulgaria 43.46 48.54 0.28
28. | Poland 43.21 48.97 0.38

Source: the author’s calculations in SPSS according to Eurostat, 2022b.

To find out the interrelation between the Sustainable Development Green Index
and smoking prevalence in the EU countries, correlation analysis using Pearson correlation
coefficient was performed. Its results are presented in Table 3.10.

Table 3.10

Interrelation between the Sustainable Development Green Index
and smoking prevalence in the EU countries, 2020

SDGI / SDGI simplified

Smoking prevalence

SDGI/ Pearson . .
SDGI simplified | Correlation 1 -0.708"/-0.766
Sig. (2-tailed) .000
N 28 28
Smoking Pearson -0.708™ / -0.766™ 1
prevalence Correlation ' '
Sig. (2-tailed) .000
N 28 28

Source: the author’s calculations in SPSS according to Eurostat, 2022b.

This indirect correlation of smoking prevalence in the EU (part of SDG 3 ‘Good health and
well-being’) with the Sustainable Development Green Index and its simplified version (-0.708 and
-0.766 respectively) with a very high statistical significance (p-value 0.000) can be characterized
as very strong (Akoglu, 2018).
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(United Nations, 2015b).

3.5. Natural environment (SDG 6 ‘Clean water and sanitation”)

To find interrelation between the Sustainable Development Green Index and SDG 6
‘Good health and well-being’ such indicator as ‘Exposure to unsafe drinking water, % of
population’, related to this aspect of sustainable development, was taken. In general, SDG 6 aims
to ensure availability and sustainable management of water and sanitation for all people by 2030

Within the European context in SDG 6 the importance of universal and equitable access to
safe drinking water, sanitation, and hygiene, as well as commitment to strengthen the sustainable
and integrated management of water resources are reaffirmed (European Commission, 2022c).

Exposure to unsafe drinking water and

Table 3.11

the Sustainable Development Green Index of the EU countries, 2020

Exposure to unsafe

No Country SDGI, descending SDGI simplified drinking water,
% of population
1. | Sweden 58.97 51.44 0.003
2. | United Kingdom 58.14 50.89 0.003
3. | Denmark 57.75 51.30 0.003
4. | Germany 56.42 51.01 0.003
5. | Finland 56.02 51.28 0.002
6. | France 54.69 50.60 0.005
7. | Netherlands 54.38 51.06 0.002
8. | Austria 52.22 50.86 0.002
9. | Luxembourg 52.14 50.69 0.003
10. | Spain 51.37 50.10 0.004
11. | Estonia 51.07 50.05 0.046
12. | ltaly 50.82 49.79 0.005
13. | Belgium 50.55 50.34 0.003
14. | Ireland 50.08 50.47 0.003
15. | Slovenia 48.59 49.93 0.024
16. | Portugal 48.47 49.99 0.011
17. | Latvia 48.29 49,51 0.058
18. | Lithuania 47.82 49.40 0.057
19. | Greece 47.60 49.34 0.002
20. | Czech Republic 47.13 49.62 0.027
21. | Slovakia 45.95 49.21 0.031
22. | Croatia 45.53 48.89 0.046
23. | Malta 45.46 49.35 0.003
24. | Romania 45.25 48.96 0.085
25. | Hungary 44,94 49.08 0.033
26. | Cyprus 43.50 49.34 0.005
27. | Bulgaria 43.46 48.54 0.060
28. | Poland 43.21 48.97 0.040

Source: the author’s calculations in SPSS according to European Commission, 2022c.

To find out if there is interrelation between the Sustainable Development Green Index
and the exposure to unsafe drinking water in the EU countries, correlation analysis using Pearson
correlation coefficient was performed. Its results are presented in Table 3.12.
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Table 3.12
Interrelation between the Sustainable Development Green Index
and exposure to unsafe drinking water in the EU countries, 2020

Exposure to unsafe
drinking water,
SDGI / SDGI simplified % of population
SDGI/ Pearson o o
SDGI simplified | Correlation 1 -0.577"/-0.689
Sig. (2-tailed) .001
N 28 28
Exposure to unsafe | Pearson - -
drinking water, Correlation -0.577°/-0.689 1
% of population Sig. (2-tailed) .001
N 28 28

Source: the author’s calculations in SPSS according to European Commission, 2022c.

As it can be seen above, the analysis shows that the correlation coefficient between
the exposure to unsafe drinking water and the Sustainable Development Green Index, as well as
its simplified version in the EU countries equals -0.577 / -0.689 respectively, which can be
characterized as ‘strong’ (Akoglu, 2018).

3.6. Sustainable Development Green Index and GDP per capita:
which is more connected with SDGs progress?

Since one of the purposes of elaborating the Sustainable Development Green Index was to
find metrics more consistent with the current paradigm of sustainable development than
conventional indicators (Hak et al., 2016), it seems important to compare it with such conventional
metrics as GDP per capita in terms of interrelation with SDGs progress in the European Union.

The interrelation between GDP per capita (Eurostat, 2020) and all five SDGs under focus
was assessed and compared with the interrelation between SDGs and the Sustainable Development
Green Index / its simplified version (Table 3.13).

Table 3.13
Interrelation between Sustainable Development Goals
and GDP per capita, the SDGI and simplified SDGI, 2020

SDG/ SDG 4 SDG 9 ‘Industry, | SDG 16 ‘Peace, | SDG 3 ‘Good | SDG 6 ‘Clean
Indicator, ‘Quality innovation justice and health and water and
index education’ and strong well-being’ sanitation’
infrastructure’ institutions’
GDP per 0.547** 0.522** 0.593** 0.528** 0.585**
capita
SDGI 0.802** 0.790** 0.668** 0.708** 0.577**
Simplified 0.850** 0.835** 0.723** 0.766** 0.689**
SDGI

Source: the author’s calculations in SPSS according to statistical data.

As it can be seen at the Table 3.13, all analyzed SDGs interrelated with the simplified
SDGI stronger, than with such conventional metric as GDP per capita, which covers only
economy. The interrelations between SDGs progress and the Sustainable Development Green
Index were also higher (except for SDG 6), than between SDGs progress and GDP per capita.
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These findings substantiate the fact that the Sustainable Development Green Index and its
simplified version are more relevant to measuring progress towards SDGs in Europe than
conventional metrics such as GDP per capita, since they [SDGI and the simplified SDGI] are more
consistent with sustainable development and take into account all subsystems of the phenomenon,
namely, educational, economic, political, societal and environmental, as well as include such
important indicators as gender equality, press freedom, level of democracy etc., which also
significantly contribute to sustainable development.

Third section’s summary

1. The third section plays a very important role within the present PhD thesis since
it puts into practice theoretical and practical conceptions and findings of the first two sections to
test the interrelation between the Sustainable Development Green Index and Sustainable
Development Goals progress in the European Union with the use of correlation analysis.
Particularly, the third section revealed strong interrelations between the Sustainable Development
Green Index / its subsystems and the following SDGs progress in the European Union: SDG 4
‘Quality education’, SDG 9 ‘Industry, innovation and infrastructure’, SDG 16 ‘Peace, justice and
strong institutions’, SDG 3 ‘Good health and well-being’, SDG 6 ‘Clean water and sanitation’.

2. Particularly, the strongest correlation was observed with the sphere of education,
SDG 4 ‘Quality education’ (Pearson correlation coefficient equaling 0.802 and 0.850 for the
Sustainable Development Green Index and its simplified version respectively). While the weakest
correlation was with the sphere of natural environment, SDG 6 ‘Clean water and sanitation’
(Pearson correlation coefficient equaling 0.577 and 0.689 for the Sustainable Development Green
Index and its simplified version respectively).

3. In the EU countries in 2020, the interrelations between SDGs progress and the
Sustainable Development Green Index were also higher (except for SDG 6), than between SDGs
progress and GDP per capita. This fact makes the newly elaborated SDGI more relevant to
measuring progress towards SDGs than conventional metrics. It can be attributed to the fact that
it takes into account all subsystems of the phenomenon, namely, educational, economic, political,
societal and environmental, and thus more consistent with the performance of green economy in
the context of sustainable development.

108



ENDING
Main conslusions

1. The scientific literature on the issue of green economy stresses great importance and
positive impact of this phenomenon on the sustainable development. It names certain problems
connected with the green economic development, as well as proposes ways to solve them. It uses
multidimensional interdisciplinary approach to study a green economy and provides favorable
basis for future research in this direction.

2. There is a certain lack of papers examining the issue of green economy in the context of
sustainable development on the national and regional level in the European Union. Therefore, it
was necessary to conduct a systemic study that would summarize all aspects of this phenomenon,
as well as develop a synthetic index that would provide an opportunity to conduct a
multidimensional analysis of green economy in the context of sustainable development.

3. The present PhD thesis proposes to use a newly elaborated Sustainable Development
Green Index (SDGI) based on the Quintuple Helix Model, which consists of five subsystems:
educational, economic, political, societal and environmental. Particular attention is paid to the
educational subsystem, since its inclusion is methodologically innovative as compared to other
indexes presented within the study and allows to perform interdisciplinary analysis of green
economy in the context of sustainable development.

4. As the structure of the Quintuple Helix is described in the literature and its five-factor
system exists a priori, to quantify the Sustainable Development Green Index the list of calculable
indicators was created by the following criteria: credibility and reliability, relevance, quality,
feasibility, distinctiveness, availability. Moreover, priority was given to those indicators already
used by scholars and institutions, approbated at international scientific conferences and in
publications in peer-reviewed scientific journals, as well as used by international organizations
and entities testing green economy measurement methods, such as United Nations Organization,
United Nations Environment Programme, European Environment Agency, Organisation for
Economic Co-operation and Development, and compatible with already existing scoreboards,
standards and goals such as Sustainable Development Goals by the United Nations.

5. The calculations performed by the author allowed to define statistical values for all SDGI
subsystems, as well as for the overall Sustainable Development Green Index for each country of
the European Union throughout all stages of the study: 2017-2018, 2019 and 2020. As a result of
the study the EU countries (including the UK) were divided into two homogenous clusters by their
performance of green economy in the context of sustainable development (measured by the SDGI):
Cluster 1 — countries with better performance and Cluster 2 — the others. This division based on
the data of 2017-2020 revealed absolute leaders (Sweden, the United Kingdom, Germany,
Denmark, Finland, the Netherlands, France) and outsiders (Poland, Bulgaria, Cyprus, Hungary,
Romania) in terms of the performance of green economy in the context of sustainable development.

6. Throughout all stages of the study, the most powerful differentiators of clusters were the
educational subsystem (1), the societal subsystem (2) and the political subsystem (3), while the
economic subsystem (4) and the environmental subsystem (5) have been among the weakest
diferentiators for clustering the EU countries according to the performance of green economy in
the context of sustainable development. At the same time, the differentiating significance of
economy was decreasing, while the factor of academia has always a major differentiating
significance. At the same time, it has been established that the environmental subsystem itself has
never had a major differentiating significance in a country’s clustering by the performance of green
economy in the context of sustainable development.

7. The economic subsystem does not possess a high differentiating significance dividing
the EU countries by the performance of green economy in the context of sustainable development.
This conclusion makes it impossible for some countries to appeal to so-called split between
Central-Eastern and Western Europe, as well as to a pronounced North-South divide, according to
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which the new EU members supposedly do not have necessary resources to develop green
economy because of lower level of economic development. Just the reverse: the results of analysis
with the help of the Sustainable Development Green Index show that all countries can improve
their performance of green economy in the context of sustainable development standing by
stressing educational, societal and political factors.

8. A convergence process in terms of the Sustainable Development Green Index in the EU
countries was established and confirmed during the period of 2017-2020. It can be attributed to
convergence in the societal subsystem, while coefficients of variation in the educational and
economic subsystems remained approximately the same.

9. Values of the Sustainable Development Green Index converges within the Cluster 1
(with the higher performance of green economy in the context of sustainable development) of the
EU countries. It can be attributed to the convergence process in the economic and societal
subsystems. At the same time, there is the divergence process in the educational subsystem, which
is explained by the fact that countries with a good record on this track (the UK, Germany, France)
managed to preserve their leadership and even to increase their advantages as compared to
countries with lower academic results (Ireland, Luxembourg, Estonia), which, apparently, should
attend more to their educational subsystem. In the Cluster 2 of the EU countries, o-divergence was
confirmed in the economic subsystem.

10. The analysis of the multicollinearity has allowed to define the most relevant indicators
within each of the subsystems of the Sustainable Development Green Index and construct its
simplified version, which includes 15 indicators for all five subsystems (3 indicators within each
subsystem) instead of 50 in the full Sustainable Development Green Index.

11. The interrelation between the SDGI and the spheres of education, economy, politics,
society and environment, represented by the relevant SDGs (SDG 4 ‘Quality education’, SDG 9
‘Industry, innovation and infrastructure’, SDG 16 ‘Peace, justice and strong institutions’, SDG 3
‘Good health and well-being’, SDG 6 ‘Clean water and sanitation’) has been revealed with the use
of correlation analysis. The strongest interrelation was observed between the Sustainable
Development Green Index and the sphere of education (SDG 4 ‘Quality education’), while the
weakest interrelation was observed with the sphere of natural environment (SDG 6 ‘Clean water
and sanitation’). This means that the EU countries, which place more emphasis on facilitatiing
green education have the best chance of having the higher performance of green economy in the
context of sustainable development, while their performance in the sphere of natural environment
has a comparatively weaker effect. And also vice versa, the EU countries with the higher
performance of green economy in the context of sustainable development demonstrate the fastest
progress towards SDG 4 ‘Quality education’ and more moderate one — towards SDG 6 ‘Clean
water and sanitation’.

12. It was proved empirically that the newly elaborated Sustainable Development Green
Index and its simplified version are more connected with SDGs progress than conventional metrics
(in particular, GDP per capita). It can be attributed to the fact that the SDGI includes several
subsystems, namely, educational, economic, political, societal and environmental, and thus more
consistent with the context of sustainable development.

13. By the application of the Sustainable Development Green Index elaborated in the
framework of the present PhD thesis its hypothesis has been proved. Indeed, multidimensional
green economic development stimulates a progress towards relevant Sustainable Development
Goals in the European Union countries. Particularly, the strength of such stimulation has been
shown by the correlation between the Sustainable Development Green Index (reflecting the
performance of green economy in the context of sustainable development) as well as its simplified
version, and SDG 4 ‘Quality education’ (0.802 and 0.850 respectively), SDG 9 ‘Industry,
innovation and infrastructure’ (0.790 and 0.835 respectively), SDG 3 ‘Good health and well-being’
(0.708 and 0.766 respectively), SDG 16 ‘Peace, justice and strong institutions’ (0.668 and 0.723
respectively) and SDG 6 ‘Clean water and sanitation’ (0.577 and 0.689 respectively). At the same
time, the EU countries demonstrate very different performance of green economy in the context
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of sustainable development, especially in the educational, societal and political subsystems, and
this is the biggest topical challenge for ‘green’ economists, sociologists, philosophers and policy-
makers of the European Union.

Discussion

In the discussion subsection, it seems important to compare the Sustainable Development
Green Index elaborated within the present PhD thesis with the results of other similar integral
models, which have been developed within the scientific community. For example, the
Environmental Performance Index (EPI), elaborated in 2020, provides a data-driven summary of
the state of sustainability around the world. Using 32 performance indicators across 11 issue
categories, the EPI ranks 180 countries on environmental health and ecosystem vitality (Morse,
2017). The analysis of this model shows that it places emphasis on such factors as air quality,
sanitation & drinking water, heavy metals, waste management, biodiversity and habitat, ecosystem
services, fisheries, climate change, pollution emissions, agriculture and water resources.

Applying the same pattern used in the present PhD thesis, it has to be mentioned that EPI
pays much attention to such subsystems as economy (waste management, climate change,
pollution emissions, agriculture), society (sanitation and drinking water) and natural environment
(air quality, biodiversity and habitat, ecosystem services, fisheries, water resources) while not
considering such components as education and politics reflected in the Sustainable Development
Green Index.

Other different integral indicators are also widely used as a tool to describe a green
economy. Attempts to make the assessment of the performance of green economy have been made
by several researches and institutions. For example, Kasztelan (2017b) used 33 selected indicators
of green economy on the basis of the OECD methodology and database. Diagnostic variables
defining the level of green growth for particular countries were adjusted in an attempt to meet
three criteria: substantive, formal and statistical. Based on the results obtained, Kasztelan
concludes that the green growth can provide solutions to economic and environmental problems
and create new sources for sustainable development (Kasztelan, 2017b), however, its [green
growth] level in the OECD countries is still insufficient (Ibid). In his research, Kasztelan (2018),
having examined the level of green growth in 28 EU countries, applied the same methods as the
author of the present PhD thesis and determined four groups of countries: Sweden (0.6477) is the
leader (in this sense the results of Kasztelan study results are close to results of the present study),
followed by the countries from the second group (and in this part the results differ): Croatia
(0.5668), Latvia (0.5447), Austria (0.5399), Finland (0.5383), the Netherlands (0.5249), Slovenia
(0.4925), Denmark (0.4874), Hungary (0.4808), Belgium (0.4777), Italy (0.4722), the United
Kingdom (0.4666). Slovakia (0.4647), Lithuania (0.4589), the Czech Republic (0.4570),
Luxembourg (0.4538), Germany (0.4521), Portugal (0.4469), Spain (0.4461), Poland (0.4406),
France (0.4336), Ireland (0.4100), Estonia (0.4038) and Romania (0.4015) belong to the third
group. The fourth group’s countries — Greece (0.3913), Malta (0.3865), Bulgaria (0.3755) and
Cyprus (0.3614) — are at the bottom.

Thus, Kasztelan (2018) divided the EU countries into four groups, contrary to two clusters
within the present PhD thesis. It has to be mentioned again, that the OECD methodology (2017a)
the scholar used as a basis for research ignores the sphere of education, while the present PhD
thesis assigns an important role to it.

The results and methodology of the present PhD thesis can also be compared to the Eco-
Innovation Index, which is aimed at capturing the different aspects of eco-innovation by applying
16 indicators grouped into five dimensions: eco-innovation inputs, eco-innovation activities, eco-
innovation outputs, resource efficiency and socio-economic outcomes (Spaini et al., 2018). The
leaders according to this index are: Luxembourg (138 points), Germany (137 points), Sweden (132
points), Finland (121 points), Austria (119) and Denmark (115); the worst performers are Cyprus
(45), Bulgaria (50), Poland (59), Malta (59) and Romania (66). With some exceptions (for example,
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Luxembourg), generally these results coincide with the findings of the study performed within the
present PhD thesis. At the same time, the distinctions may be caused by different methodology,
because the Eco-Innovation Index places less emphasis on environmental and political issues,
mostly concentrating on economics.

Therefore, there are both similarities in the assessment of the performance of green
economy presented in this PhD thesis and other studies, and differences, which can be affected by
the time period and the research methodology, countries under research and indicators chosen.
Key challenges of the indicator approach also include data availability, right balance between
different indicators selection criteria, systemic understanding of the relationships between
indicators and the context of their use.

It is interesting, though, that attempts to create a unified scoreboard for assessing
performance in terms of sustainable development and corporate social responsibility have long
been made in private sector. Global Reporting Initiative (GRI) serves as an example for that. It is
designed as a generally accepted framework for reporting on an organization’s economic,
environmental and social performance in a format that mirrors financial reporting and creates more
transparency (Wilburn K., Wilburn R., 2013). The only difference is that it is intended for
companies — of any size, as well as for non-profit and government organizations.

GRI guidelines establish the principles and performance indicators that organizations can
use to measure and report their performance in six categories: the economic category includes
economic performance, market presence and indirect economic impact; the environmental
category includes materials, energy, water, biodiversity, emissions, effluents and waste, products
and services, compliance, transport and overall; the social category includes sustainability and the
impact an organization has on the social systems within which it operates, as well as labor practices
and human rights based on internationally recognized universal standards such as the United
Nations Universal Declaration of Human Rights and its Protocols; the human rights category
includes investment and procurement practices, non-discrimination, freedom of association and
collective bargaining, abolition of child labor, prevention of forced and compulsory labor,
complaints and grievance practices, security practices and indigenous rights; the societal category
addresses community, corruption, public policy, anti-competitive behavior and compliance; the
product responsibility category includes customer health and safety, product and service labelling,
marketing communications, customer privacy and compliance (Global Reporting Initiative, 2021).

To sum up, applying the author’s elaborated Sustainable Development Green Index
indicated that Sweden is the country with the highest score of the SDGI. Finland, Denmark and
the Netherlands are also among the leaders. In this respect the results are very close to those
obtained by Kazstelan (2018). Relatively low performance of green economy in the context of
sustainable development in some countries, including Poland, Bulgaria, Cyprus, Hungary and
Romania, was also confirmed within several other studies (Kazstelan, 2018; Spaini et al., 2018).

At the same time, there are differences in positions of other countries, which can be
attributed to different time periods and methodology, since Kasztelan (2018) used OECD
methodology (2017a) which ignored the sphere of education, while the present PhD thesis
assigned an important role to it. The same stands for the study by Ryszawska (2015), who also did
not pay enough attention to the sphere of education. As for the Eco-Innovation Index (Spaini et
al., 2018), consisting of 16 indicators — it placed less emphasis on environmental and political
issues and more on economy.

Key challenges of the indicator approach, which also included data availability, right
balance between different indicator selection criteria, systemic understanding of the relationships
between indicators and the context of their use, could also lead to different results.

In the division into two clusters, the main differences within the present study were
observed in the educational subsystem, followed by the political, societal, economic and
environmental subsystems, respectively. The present study also identified opportunities for
improvement for all EU countries within the SDGI five subsystems, which can support decision-
making on strategy and prioritization of actions. It is particularly important, because the
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Sustainable Development Green Index provides a set of indicators with quality, accessible and
timely data from official sources, which can reduce uncertainty in decision-making. Moreover, the
Index is linked to the SDGs, which makes it suitable for understanding the main drivers for
sustainable development. According to the author, the analysis of the SDGI / its subsystems
relationships with all Sustainable Development Goals (17) should become the subject of
subsequent research, since the present study disclosed the SDGI interrelation with only five SDGs.

Problems and their possible solutions

During the development of this PhD thesis, the author identified several problems, the
essence of which promotes the need to logically divide them into two groups — research problems
and economic ones.

PROBLEM 1: Decision-makers, governmental institutions, academia do not use unified
comprehensive indices to assess countries or regions’ record on green economy.

Possible solution: organizing seminars and working groups, scientific conferences on
national and global levels for higher education institutions, scholars, decision-makers to discuss
different green economy models and scoreboards. Promoting the use of the Sustainable
Development Green Index by state institutions, government agencies, think-tanks etc. as a unified
model.

PROBLEM 2: Scholars and international institutions demonstrate different approaches to
conceptualization of green economy, which include different definitions of terms, distinctions in
methodology etc. Even though such diversity in some cases may be considered as a positive
phenomenon, there should be a unified scoreboard on green economy progress that can be used as
benchmark or yardstick both by governments and private actors.

Possible solution: a universal benchmark with regard to green economy may be developed
in cooperation with scholars, decision-makers, entrepreneurs in the framework of an international
organization, for example, OECD. As it has been mentioned, this institution has already achieved
significant progress in this respect, even though the methodology it proposes, as it has been shown
in the present PhD thesis, lacks analysis of educational factor (within the present study, this factor
has been proved to be very important for the performance of green economy in the contect of
sustainable development in the EU countries). Thus, there is a need to improve the OECD
methodology.

PROBLEM 3: Unavailability of necessary data for researchers, decision-makers and
entrepreneurs; to get information on country’s record on green economy nowadays one has to look
through various reports, which provide various methodologies and indicators.

Possible solution: a unified approach is needed, a detailed ‘green’ database can be
published on the website of a specialized organization which introduced it (for example, OECD).
In turn, the Sustainable Development Green Index, considering its prognostic potential revealed
in the third section of the present PhD thesis, may help economic actors to make decisions with
regard to business perspectives. For example, following the approach explained in subsection 3.2
(the SDGI correlation with electric cars sales), Tesla CEOs may decide whether it is reasonable to
expand on the concrete EU country’s market or not.

PROBLEM 4: Lack of relevant statistics on green economy.

Possible solution: there is a need to foster closer cooperation between scientific
community, government actors, academia and business to forge relevant statistics on green
economy track. Particularly, every country may employ a united database where all unclassified
information received from actors is collected and processed automatically. The same system may
exist on the regional level (the EU) as well as globally. The Sustainable Development Green Index
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should be updated and improved on a regular basis. It can also be done with the use of artificial
intelligence (Al), which can automatically trace new reports, changes in indicators and thus update
the Index for politicians and entrepreneurs always to possess actual information for making
decisions.

Concluding remarks

1. The present PhD thesis is devoted to the important issue of green economy, which,
considering modern tendencies and regulations, is recognized as crucial for future sustainable
development.

2. The issue under research in the framework of the PhD thesis is essential both for the
European Union as a whole, since it prioritizes green development in accordance with the
European Green Deal, as well as member states that should comply with this green regional course.

3. The findings of the present PhD thesis not only provide new knowledge about the
process of green economic development, but also integrate the theoretical and methodological
approach to the phenomenon of green economy, offering a newly elaborated Sustainable
Development Green Index, which has not been used in Latvian and European science and practice
so far.

4. In Europe in general and the EU countries in particular, more and more attention is
paid to the need to promote green development with prior attention to the issues of economics
(stimulating eco-friendly industries) and politics (introducing environmental taxes and regulations,
coordinating efforts on regional and international levels). At the same time, the present PhD thesis
offers a broader approach towards green development: not ignoring the very important economic
and political subsystems, it also considers such subsystems as educational, societal and
environmental. All these subsystems have been integrated, and a five-factor approach has become
the basis of the Sustainable Development Green Index, elaborated within the present PhD thesis.
This instrument has allowed to examine the progress on green economy track in the EU countries
and group them into clusters in terms of the performance of green economy in the context of
sustainable development.

5. The Sustainable Development Green Index proved usable for dealing with green
economy analysis, assessing different countries’ performance on this track. Moreover, by linking
the Index to certain SDGs (particularly, SDG 3 ‘Good health and well-being’, SDG 4 ‘Quality
education’, SDG 6 ‘Clean water and sanitation’, SDG 9 ‘Industry, innovation and infrastructure’,
SDG 16 ‘Peace, justice and strong institutions’ the study contributed to deepening the debate on
green economy.

6. The following logical course is used in the PhD thesis: (1) the first section provides the
theoretical, methodological and terminological basis for empirical analysis of green economy,
providing the framework for practical implementation of main ideas found in relevant literature;
it also concentrates on the methodology, performs content analysis of existing definitions of
various ‘green’ terms and suggests new definition of green economy, giving characteristics to the
Sustainable Development Green Index and substantiating its use; describes in details the
Sustainable Development Green Index and assigns the main indicators for its assessment; (2) the
second section deals with the empirical side of the study, implementing theoretical principles from
the first section and calculating the Sustainable Development Green Index for each country of
the EU, dividing them into clusters and identifying convergence and divergence processes in terms
of the performance of green economy in the context of sustainable development; (3) the third
section reveals interrelation of the newly elaborated Index with some of the Sustainable
Development Goals progress in the EU countries.

7. The PhD thesis objectives have been accomplished, the aim has been achieved and the
hypothesis has been proved using the empricial data of the EU countries for the period from 2017
to 2020. As a theoretical contribution, the study advanced the frontier of knowledge by reducing
the identified gap, and at the same time, contributed to sustainable development and green
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economy analysis with the proposed Index. As a practical contribution, the applied study offers
governments, society, academia and business a tool to measure a country’s performance of green
economy in the context of sustainable development, as well as to identify week points and promote
systemic vision towards SDGs.

8. The present PhD thesis is novel and useful for various stakeholders.
The study also opens up new research opportunities in terms of further applicability of the
Sustainable Development Green Index towards multidimensional green economic development
issues not only in the EU countries, but also globally.
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ANNEXES

Annex 1

Values of indicators of the Sustainable Development Green Index, 2017-2018
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s51 46 50 49 52 52 49 47 45 46
- s43 7,78 7,03 7,62 9,22 8,61 779 | 915 729 | 808
D
'S S42 128 -35,0 -16,9 10,4 -15,0 136 | -141 309 | -187
o
w s41 38,20 28,88 30,13 93,84 97,74 3017 | 41,81 32,14 | 5136
537 2,22 2,77 2,11 3,99 1,86 306 | 1,84 382 | 185
s36 80,2 834 84,7 89,2 84,3 886 | 866 858 | 889
» 535 49,60 4535 45,13 59,49 56,58 52,02 | 3874 4786 | 48,19
2
= 534 45 42 22 38 50 15 30 30 40
o
o 533 26 28 25 30 30 27 27 27 29
532 52 33 44 6.0 57 53 51 38 47
531 55 36 52 58 6.0 54 52 44 48
5209 45 41 45 6,7 70 50 50 50 60
528 6,0 40 40 8,0 85 22 7.0 48 50
527 50,23 45,78 42,39 61,84 66,01 37,00 | 5093 4947 | 5388
WJ 526 144 269 18,0 8,2 12,0 12 49 59 207
o
& 525 -8,30 -5,90 -9,20 -5,90 -8,90 1480 | -7,40 620 | -500
8
L S 24 27177 | 6891 1,6907 17400 | 2,3100 | 8667 | 23446 | 1,5075 | 3,1858
523 23 108 113 39 21 148 | 25 39 8,2
522 85 6,5 75 149 112 6.1 175 112 | 125
s21 49,9 428 51,0 587 584 509 | 581 388 | 488
5109 203 72 130 218 320 88 128 158 245
518 22,96 12,70 13,89 27,01 18,66 17,05 | 19,01 1840 | 2057
517 72316 3658 45702 87574 | 486058 | 10006 | 22865 52877 | 361269
c
o S16 490307 | 31789 185829 561757 | 1995033 | 53377 | 151726 | 291850 1301472
=
) S15 20823 2465 13161 20237 103268 | 3062 | 7811 15496 | 62004
S
L S 14 21356 2503 13383 20798 106899 | 3130 | 7982 15860 | 63273
513 710 39,7 444 64,0 725 514 | 685 216 | 418
S12 50,6 6.2 276 6338 70,8 179 | 512 248 | 482
s11 58 46 52 6,0 57 55 58 49 52
(5] X >
> E 2 = = g i o @
e 5 g 82 £ E s |5 g |5
(5] N O —_
o & @ a oc a 0} ] £ G &
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53 62 67 63 59 61 57 58 62 52 55 50 60 70
7,0 7,0 59 55 50 55 6,2 6,0 6,0 4.8 7,0 43 7,0 55
253 37,7 215 184 182 16,8 346 226 23,1 116 28,4 30,0 22,1 238
79,6 50,2 81,2 149 94,2 46,8 96,8 51,1 68,5 99,3 943 57,2 54,1 154
0 0 0 0 -1 -1 -1 -1 -1 0 0 -1 -2 0
-5,0 -6,3 -6,5 -4,5 -3,5 -3.8 -1,6 -4,4 -3,0 -3,6 -3,8 -4,3 -6,6 -6,2
-2,0 -3 -3,5 -5,0 -7 -19 -2,8 -6 -5,0 -1,8 -4 -1,8 -3,1 -1,3
9,7 2119 | -118 9,8 -8,9 9,7 -10,0 134 | 56 11,7 119 | -133 | 54 119
4,8 47 45 4,0 49 4.4 55 47 41 5.1 5,6 4,6 43 4,4
7,80 6,63 7,98 7,59 7,25 7,41 8,81 6,64 8,15 8,89 8,42 6,67 7,84 6,44
222 | -296 | -263 198 | -186 | -214 -14,7 290 | -248 | -113 135 | -265 | -158 | -245
72,66 | 30,29 | 41,33 2850 | 2966 | 29,78 31,77 2982 | 3022 | 7758 51,80 | 32,13 | 36,22 | 2887
2,23 3,51 3,50 2,96 3,65 1,93 1,75 2,76 2,79 3,37 2,37 2,72 2,59 2,34
88,2 87,0 84,5 80,2 85,7 85,5 86,6 84,6 88,5 82,0 86,6 81,3 88,6 83,2
5980 | 61,19 | 59,65 5229 | 63,02 | 69,20 55,54 4400 | 6187 | 49,49 4949 | 4653 | 5916 | 5532
6,0 5,0 5,1 3,0 5,0 42 35 4,0 4,0 4,0 5,0 2,5 4,0 4,0
30 27 26 24 24 25 28 28 23 29 25 28 29 25
4,9 4,1 35 4,1 4,4 4,7 5,6 3,4 33 5,6 6,1 3,8 4,7 33
5,1 4,4 43 4,0 4,7 4,9 5,6 4,0 3,6 5,8 6,2 45 53 3,8
45 45 6,1 3,8 55 42 4,0 5,9 5,0 6,0 7,0 4,0 5.4 4,0
5,0 35 4,2 4,2 2,8 4,8 6,2 4,0 3,0 7,0 6,0 5,0 5,0 2,2
56,76 | 50,32 | 56,21 4199 | 4745 | 4962 52,18 52,75 | 46,64 | 5561 6523 | 39,35 | 5586 | 40,04
49,5 10,7 8,5 4,6 42 1,4 7 183 13 2,6 11,9 12 9,4 16,9
460 | -400 | -530 530 | -350 | -4,40 -17,40 430 | 550 | -9,90 690 | -750 | -430 | -350
2,7878 | 1,7280 | 3,9980 1,5878 | ,8168 | 1,5012 3,5664 1,8192 | 2,0264 | 3,9896 1,7215 | 1,2277 | 1,4371 | ,7014
2,6 9,7 10,3 8,8 7.9 8,7 1,9 75 2,6 2,9 3,0 2,8 44 255
9,9 10,0 13,2 13,0 9,8 10,4 133 9,8 15,2 10,8 11,2 9,7 12,3 115
54,2 39,8 470 468 446 412 56,4 41,7 50,6 63,4 53,1 420 46,1 39,2
285 73 226 55 44 59 55 108 34 287 179 140 146 76
2100 | 9,15 17,72 14,03 | 1024 | 880 15,59 1455 | 1856 | 26,12 19,93 | 9,50 16,76 | 6,21
366173 | 9802 | 270904 1629 | 1179 5237 1422 15808 | 238 189179 | 45002 | 77491 | 68830 | 12411
154061 | 42037 | 1047193 | 15590 | 11158 | 23791 14591 93332 | 4789 1135221 | 325723 | 278096 | 300683 | 46036
2
71619 | 4515 | 57590 1079 | 1081 2677 907 6257 | 252 42098 15762 | 28924 | 17587 | 7306
73369 | 4592 | 59101 1111 | 1090 2705 936 6413 | 258 43460 16342 | 29262 | 17943 | 7408
54,8 31,1 44,7 39,2 39,2 51,9 60,8 32,0 50,0 75,0 63,6 38,2 50,5 38,8
714 6,4 463 6,1 20,1 0 20,8 69,7 463 26,9 34,0 12,8
54 45 5,0 4,9 5,0 52 47 43 5,2 6,1 5,7 5,0 5,1 44
2 g > 3 = K
i o = O i 3 3 I > 2 < a a x
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56 66 54 59 65
71 6,0 6,0 6,0 48
53,6 36,6 14,8 14,8 284
59,8 54,7 83,7 93,2 96,3
-1 -1 -1

-4,3 -4,0 -3,9 -3,0 43
-4 -8 -15 -1,6 -2,6
-11,3 -12,7 -5,2 -5,7 -7,6
51 4.8 54 53 4,7
7,50 7,16 9,03 9,39 8,53
=217 -155 -8,9 -8,3 -22,3
34,33 31,72 74,47 93,65 82,73
3,87 1,81 3,11 2,22 2,43
89,0 85,4 90,7 90,4 874
50,54 56,04 66,55 74,32 66,79
3,8 35 4,0 7,2 3,0
27 26 30 30 28
4,8 41 6,2 6,1 53
54 4,9 6,2 6,2 54
6,0 4,0 7,0 8,8 6,0
3,8 3,0 8,5 8,0 7,0
53,76 42,11 67,83 77,61 52,96
28,5 27,1 23,7 45,0 12,8
-6,20 -5,70 -8,70 -4,50 -6,50
1,9249 1,8081 | ,9615 1,5097 3,6265
5,6 141 6,5 78 6,6
8,8 91 6,3 8,6 139
458 434 58,5 63,8 60,9
89 80 183 254 372
1551 9,81 20,98 25,36 23,38
10112 9939 93546 148121 820539
66934 50721 427699 854016 3132493
4244 5111 19943 32744 128700
4316 5168 20386 33675 134007
46,0 38,6 78,6 69,3 745
116 6,1 54,8 65,0 96,5
54 45 6,2 5,6 55

.m m = & k=] m

n 2 L n oX

| data collected by the author.

: statistica

Source
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Annex 2

Values of indicators of the Sustainable Development Green Index, 2019

S5 10 68,70 82,60 71,10 79,30 96,60
S50 72,80 71,70 74,80 78,20 84,50
= S58 6,00 3,70 4,90 5,70 5,30
) S57 0270 0294 0217 0363 0179
m S56 774 67,9 67,7 816 78,4
.m S55 49,60 4535 45,13 59,49 56,58
_._m S54 45 42 2,2 3,8 5,0
$53 26 27 25 29 29
S5 2 48 36 4.6 57 57
S51 52 36 52 59 55
S47 887 ,648 ,807 ,976 ,897
S46 750 420 59,0 88,0 80,0
..w S45 -27,70 -37,40 -25,90 -28,20 -31,70
o S 44 70 80 ;70 80 80
o
2} S 43 7,64 7,03 7,69 9,22 8,68
S 42 -12,10 -35,10 -24,90 -9,90 -14,60
S 41 38,20 28,88 30,13 93,84 97,74
S 310 -7,70 -4,70 -9,10 -7,10
S39 441 52,2 53,4 60,1 50,1
S38 473 571 59,8 63,2 53,0
n S37 2460 2830 2220 1790 3880
_m S36 838 572 678 867 ,968
m $35 -,001 ,000 -,001 -,001 ,000
534 -,028 -,056 -,031 -,031 -,037
S33 -35 -1,6 1,7 -4 -1,8
S32 -135 12,4 -19,1 -8,8 -131
S31 48 48 5,0 54 53
S 211 4,20 3,80 3,90 4,90 4,80
S 210 4,50 4,10 4,30 5,10 5,10
S29 45 41 45 67 7,0
S28 6,0 4,0 4,0 8,0 85
- 2
= S27 5737 4027 AT73 6800 6890
m S26 092 177 148 332 142
_m S25 -82,40 -107,90 -76,90 -67,30 -93,60
S24 2,5290 7526 1,7138 1,5863 2,3459
523 2,0 119 11,7 39 24
S22 85 6.8 78 156 116
s21 50,18 40,35 49,43 58,44 58,19
s 111 54,20 4,70 25,40 57,10 69,10
S 110 114,31 4,40 29,58 207,63 292,10
S 19 231 81 149 252 370
- S18 24,77 13,04 14,80 29,14 20,28
.m S17 90761 4573 59328 111548 620674
m S16 647246 39664 251467 744028 2600100
._._n.u_. S15 25312 2972 16617 24679 122921
S 14 26127 3042 16987 25537 128213
S13 025 ,008 017 029 029
S12 703,7 220,7 396,7 662,0 1131,0
S11 08 02 08 06 80
Countrv name Belgium Buloaria Czech R. Denmark | Germany
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81,40 81,70 66,10 86,30 56,00 84,10
85,30 60,70 70,60 72,40 64,50 89,20
5,30 5,60 4,00 4,80 5,70 3,80 4,60 4,80
,0272 ,0156 ,0369 ,0184 ,0238 ,0359 ,0327 ,0279
64,3 78,8 73,6 784 84,0 65,5 77,0 72,6
52,02 38,74 47,86 48,19 59,80 61,19 59,65 52,29
15 3,0 3,0 4,0 6,0 5,0 51 3,0
27 26 25 28 28 26 24 23
54 4,8 3,7 4,3 52 3,8 3,9 3,9
53 49 4,3 4,3 53 4,1 4,6 4,3
,894 ,845 73,000 ,861 ,820 727 , 744 844
73,0 73,0 45,0 58,0 72,0 48,0 52,0 59,0
-32,70 -31,80 -36,00 -36,20 -32,70 -31 -35,40 -,34
,70 ,80 70 ,70 ,80 ,70 ,70 ,70
7,90 9,24 7,43 8,29 8,12 6,57 7,52 7,59
-12,30 -15,00 -29,10 -22,00 -22,20 -29,00 -25,00 -21,70
30,17 41,81 32,14 51,36 72,66 30,29 41,33 28,50
-5,60 -3,30 -3,70 -6,00 -4,40 -3,20
53,1 69,6 515 58,8 49,9 52,9 58,3 57,8
63,9 64,3 56,0 65,1 53,1 62,4 67,2 63,2
,1950 ,0400 ,1100 ,1500 ,3320 ,2360 ,1340 ,0170
,719 444 811 974 ,664 ,290 , 796 ,149
-,001 -,001 ,000 -,001 -,001 ,000 ,000 ,000
-,031 -,053 -,068 -,078 -,052 -,059 -,067 -,042
-3,0 -1,7 -3,8 -3,8 -2,0 -3 -3,5 -5,0
-6,3 -3,9 -115 -8,0 -10,7 -15,0 -15,7 -124
52 4,9 4,5 4,7 53 51 4,3 3,9
4,10 4,40 3,20 3,50 4,10 3,00 3,40 3,40
5,00 5,00 3,40 4,00 4,60 3,40 3,70 3,60
5,0 5,0 50 6,0 4,5 4,5 6,1 3,8
2,2 7,0 4,8 5,0 5,0 35 4,2 4,2
,4662 ,5993 ,5485 5411 ,6405 ,4912 ,5606 ,4511
275 ,091 172 ,163 ,135 ,331 ,165 ,099
-101,60 -84,70 -83,30 -84,70 -83,20 -90,40 -82,40 -97,80
,7618 2,3121 1,7870 3,0990 2,6737 1,8624 3,5465 1,4237
135 2,8 51 7,3 2,2 9,5 6,3 8,5
6,8 233 11,2 125 10,3 10,1 135 12,2
49,97 56,10 38,90 47,85 54,25 37,82 46,30 48,34
21,60 47,00 21,90 47,00 69,30 4,70 47,60 ,00
26,72 84,10 9,34 28,92 145,94 4,14 62,29 9,40
99 143 185 285 324 86 270 71
18,14 21,07 20,37 22,31 22,25 10,19 19,16 17,37
13225 28896 66833 457625 445259 12825 362296 2507
69180 203722 387715 1738074 1953410 56964 1427639 26197
3698 9371 18468 75858 85003 5438 71876 1459
3813 9670 19032 77918 87793 5590 74500 1508
,013 ,012 ,010 ,012 ,022 ,008 ,013 ,005
234,7 451,0 434,0 776,0 1027,7 238,7 896,7 170,0
,01 ,04 ,06 55 1,23 ,01 ,36 ,01
Estonia Ireland Greece Spain France Croatia Italy Cyprus
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79,90 82,30 65,60 44,90
81,80 83,50 73,00 49,70
4,70 4,50 6,10 4,10 4,70 6,10 5,90 4,10
,0337 ,0199 ,0171 ,0235 ,0260 ,0334 ,0230 ,0272
66,1 69,3 79,1 65,0 80,9 75,5 79,0 64,1
63,02 69,20 55,54 44,00 61,87 49,49 49,49 46,53
5,0 4,2 3,5 4,0 4,0 4,0 5,0 2,5
24 25 27 27 26 29 24 24
4,8 4,8 58 3,8 2,8 54 6,1 3,5
5,0 51 59 4,3 3,2 55 6,2 3,9
,836 797 971 761 814 ,947 877 775
58,0 59,0 81,0 46,0 54,0 82,0 76,0 60,0
-34,20 -37,40 -33,80 -30,40 -29,40 -28,20 -30,50 -31,80
,80 ,70 70 ,70 ,70 ,70 ,70 ,70
7,49 7,50 8,81 6,63 7,95 9,01 8,29 6,62
-19,50 -22,10 -15,70 -30,40 -29,70 -8,60 -15,30 -28,90
29,66 29,78 31,77 29,82 30,22 77,58 51,80 32,13
-13,90 -4,30 -3,00 -6,60 -5,00 -5,40
49,1 53,7 53,3 48,9 72,8 48,5 50,5 415
59,2 61,2 56,9 58,2 615 52,4 55,1 50,3
,1750 ,1780 ,4090 ,2260 ,0640 ,2120 ,2840 ,3810
,711 ,549 ,978 ,546 1,000 ,991 ,919 ,494
-,002 -,001 -,001 -,001 -,001 ,000 -,001 -,001
-,035 -,038 -,012 -,042 -,030 -,036 -,039 -,038
-7 -1,9 -2,8 -6 -5,0 -1,8 -1,8
-9,1 -12,6 -10,9 -20,3 -7,1 -134 -14.1 -22,2
4,7 4,6 5,6 4,8 4,7 54 57 4,2
3,90 4,20 4,30 3,00 3,70 4,70 3,70 3,30
4,30 4,70 5,00 3,60 4,30 5,30 4,60 3,90
55 4,2 4,0 59 5,0 6,0 7,0 4,0
2,8 4,8 6,2 4,0 3,0 7,0 6,0 5,0
,4632 ,5159 ,5231 ,5419 ,5163 ,5937 ,6479 ,4101
,381 ,290 ,090 ,156 ,054 ,059 344 ,119
-83,90 -102,50 -91,60 -79,80 -62,90 -95,20 -85,30 -90,10
1,5356 1,3168 3,2467 1,5559 2,4831 4,1356 1,8981 1,1266
6,9 8,5 1,9 7,6 1,8 3,0 2,6 2,6
9,9 10,5 139 9,4 25,6 10,9 115 9,7
43,23 41,65 53,47 44,51 49,01 61,44 50,94 41,31
13,10 19,80 ,00 20,50 ,00 68,10 42,00 25,40
5,82 10,28 127,47 20,24 25,96 189,85 234,27 481,00
48 70 64 124 38 335 209 160
8,94 8,71 17,34 15,98 18,10 28,50 22,11 9,80
2084 7227 1905 20459 431 240556 59378 109836
14476 33390 20840 125174 6551 1497358 444928 384695
1597 3764 1143 7583 344 50496 19301 38599
1619 3832 1202 7832 362 52541 20125 39239
,004 ,008 ,012 ,012 ,006 ,020 ,031 ,010
140,7 182,3 153,3 390,7 104,0 895,0 579,0 481,0
,01 ,01 ,00 ,04 ,00 ,18 ,06 14
Latvia Lithuania | Luxembo Hungary Malta Netherlan Austria Poland
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78,40 68,30 82,60 70,60 80,40 90,60
83,50 85,40 82,90 73,20 67,60 84,20
5,10 4,70 4,80 4,30 6,50 5,60 5,50
,0258 ,0207 ,0352 ,0249 ,0292 ,0208 ,0234
719 64,8 67,6 70,6 78,6 80,5 79,9
59,16 55,32 50,54 56,04 66,55 74,32 66,79
4,0 4,0 3,8 3,5 4,0 7,2 3,0
28 25 27 25 29 29 28
4,7 3,3 51 4,0 6,2 5,9 5,0
5,0 4,5 54 4,8 6,2 6,0 51
747 ,707 797 ,807 ,889 ,921 ,949
64,0 47,0 60,0 50,0 85,0 85,0 80,0
-35,50 -35,90 -25,40 -26,50 -27,10 -29,20 -33,20
,70 ,70 ,80 ,70 ,80 ,80 ,80
8,03 6,49 7,50 7,17 9,25 9,39 8,52
-12,60 -25,70 -22,30 -23,60 -7,90 -8,30 -22,20
36,22 28,87 34,33 31,72 74,47 93,65 82,73
-2,90 -4,10 -7,20 -7,50 -6,90
52,0 60,6 475 535 47,0 58,1 61,0
59,5 70,1 55,9 66,4 53,9 59,0 64,5
,1690 ,2430 ,5510 ,3760 ,1420 ,1500 ,2880
,566 ,228 347 ,396 ,759 ,870 ,983
-,003 ,000 ,000 -,001 -,001 -,001 -,001
-,068 -,059 -,045 -,040 -,039 -,033 -,046
-3,1 -1,3 -8 -1,5 -1,6 -2,6
-6,5 -16,1 -14.8 -20,8 -5,3 -5,9 -8,3
4,2 4,4 54 4,7 5,6 52 52
3,80 3,70 3,50 3,50 4,60 4,60 4,60
4,40 4,20 4,40 4,10 4,90 5,50 4,90
54 4,0 6,0 4,0 7,0 8,8 6,0
5,0 2,2 3,8 3,0 8,5 8,0 7,0
,5405 ,4799 ,5058 4527 ,6997 ,7608 ,6230
272 ,237 ,209 ,134 432 ,532 ,087
-86,80 -83,10 -86,20 -83,00 -73,20 -70,50 -84,40
1,4462 ,8859 1,9478 1,7495 ,9917 1,5100 3,7311
4,7 11,7 6,3 9,0 6,0 9,3 6,0
12,3 13,0 9,1 9,6 6,3 9,7 14,7
44,65 36,76 45,25 42,05 59,83 63,65 61,30
30,30 ,00 10,50 13,80 48,00 59,10 95,20
12,97 3,58 51,57 9,82 255,31 256,32 101,76
175 100 102 91 208 293 438
18,67 7,93 17,31 10,24 22,71 27,47 25,53
89878 20288 12923 13529 113518 188325 1033631
419414 78796 91238 67596 551310 1129900 4076825
21855 9742 5147 6485 23628 39655 151940
22459 9932 5270 6598 24281 41125 159673
,013 ,005 ,020 ,008 ,027 ,033 ,017
417,3 227,7 254,7 242,0 571,0 779,3 1289,0
,07 ,05 ,02 ,02 ,06 ,10 ,66
Portugal Romania Slovenia Slovakia Finland Sweden UK

| data collected by the author.

: statistica

Source
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Annex 3

Values of indicators of the Sustainable Development Green Index, 2020

S5 10 473 63,6 58,7 73,0 61,9
S50 38,0 56,8 59,6 53,6 435
= S58 315 56,1 48,6 51,4 36,9
[¢b] S57 ,2460 ,2830 ,2220 ,1790 ,3880
m S56 838 572 678 867 1968
m $55 -,001 ,000 -,001 -,001 ,000
_._nL S54 874 77,7 85,7 81,7 88,8
S5 3 679 139 60,8 100,0 97,0
S5 2 80,7 330 58,8 855 81,1
S51 733 57,0 710 82,5 772
S 4 10 254 191 125 225 135
S409 18,4 142 26,7 18,0 149
S48 19,50 32,50 12,50 16,30 17,40
.WJ S 47 ,887 ,648 ,807 ,976 ,897
@ S46 750 42,0 59,0 88,0 80,0
Qmu S 45 60,50 47,20 56,60 57,80 56,30
S 44 7,51 7,06 8,53 9,12 9,12
S 43 7,51 6,71 7,67 9,15 8,67
S 42 -1257 -35,06 2357 -8,13 -12,16
S41 95 94 94 98 94
S 310 68,70 82,60 71,10 79,30 96,60
S39 91,10 36,20 20,80 55,50 23,80
s$38 6,00 3,70 4,90 5,70 5,30
» S37 ,0270 ,0294 ,0217 ,0363 ,0179
_ng S36 733 57,0 71,0 825 772
m S35 45,11 42,64 38,98 69,42 56,39
S 34 7,78 3,54 4,26 15,35 11,39
s$33 26 27 25 29 29
S 32 4,8 3,6 4,6 57 57
S31 5.2 36 5,2 5,9 55
S 210 64,50 54,20 58,50 72,20 63,90
S29 4,50 4,10 4,30 5,10 5,10
S28 4,5 4,1 45 6,7 7,0
) S27 ,240 ,024 ,083 ,078 ,122
m S26 52,10 51,60 55,20 61,00 54,60
w S25 ,099 216 ,162 372 174
L S24 20,47 19,27 18,65 28,26 24,41
S23 47,80 43,20 40,00 65,60 52,70
S22 1,8 12,0 10,8 3,3 19
S21 9,2 6,8 8,0 15,9 12,3
S 110 5,90 1,30 2,30 12,10 16,90
S109 254 88 167 277 404
S18 27,04 13,72 16,00 31,33 22,13
m S17 104833 5308 69743 128600 719630
..nlm S16 782436 47611 307501 884455 3094340
m S15 27981 3384 18785 27260 133601
Ll S 14 28935 3471 19213 28226 139822
S13 028 ,008 019 031 031
S12 703,7 220,7 396,7 662,0 11310
S11 ,08 ,02 ,08 ,06 ,80
Cauntrv name Belgium Buloaria Czech R. Denmark | Germany

134



518 473 52,6 36,2 65,2 65,4 56,8 27,7
60,9 59,6 46,9 55,7 425 56,7 55,1 52,4
63,8 454 447 455 48,8 61,1 414 31,8
,1950 ,0400 ,1100 ,1500 ,3320 ,2360 ,1340 ,0170
,719 444 811 974 ,664 ,290 , 796 ,149
-,001 -,001 ,000 -,001 -,001 ,000 ,000 ,000
87,0 65,8 72,6 87,6 88,3 82,6 75,6 56,5
69,6 89,7 81,7 91,5 88,0 51,7 58,8 50,0
80,3 94,0 67,5 80,2 88,1 50,8 75,9 73,1
65,3 72,8 69,1 74,3 80,0 63,1 71,0 64,8
,264 ,263 ,180 224 ,225 ,176 ,130 ,251
19,4 18,3 17,3 151 16,7 15,2 18,0 189
24,30 21,10 30,00 25,30 17,90 23,30 27,30 22,30
,894 ,845 73,000 ,861 ,820 727 , 744 844
73,0 73,0 45,0 58,0 72,0 48,0 52,0 59,0
59,40 52,90 50,00 56,70 55,60 52,30 53,20 53,60
8,24 9,71 7,39 8,53 8,24 6,76 7,94 8,53
7,84 9,05 7,39 8,12 7,99 6,50 7,52 7,56
-12,61 -12,60 -29,10 -22,16 -22,92 -28,51 -23,69 -20,45
94 96 98 97 97 87 95 99
81,40 81,70 66,10 86,30 56,00 84,10
42,40 48,30 67,60 68,60 26,10 49,80 71,90 56,50
5,30 5,60 4,00 4,80 5,70 3,80 4,60 4,80
,0272 ,0156 ,0369 ,0184 ,0238 ,0359 ,0327 ,0279
65,3 72,8 69,1 74,3 80,0 63,1 71,0 64,8
46,01 4547 48,11 45,02 53,72 56,69 53,05 38,73
11,57 7,78 7,76 7,87 10,76 7,76 10,13 6,53
27 26 25 28 28 26 24 23
54 4,8 3,7 4,3 52 3,8 3,9 3,9
53 4,9 4,3 4,3 53 4,1 4,6 4,3
63,30 66,90 55,00 62,90 68,70 59,70 62,00 58,00
5,00 5,00 3,40 4,00 4,60 3,40 3,70 3,60
5,0 5,0 5,0 6,0 4,5 4,5 6,1 3,8
,151 ,016 ,042 ,102 ,201 ,049 ,193 ,029
59,40 56,80 50,00 51,80 55,50 57,20 51,60 47,60
,319 ,120 ,197 ,184 172 ,285 ,182 ,138
16,17 15,94 20,31 20,48 25,42 26,32 23,19 14,95
49,80 64,40 46,00 52,00 56,70 57,70 54,60 45,40
125 2,5 4,5 6,5 2,0 9,6 6,3 6,7
6,9 25,0 11,6 13,0 105 10,3 139 125
1,60 2,30 1,80 1,80 8,30 1,30 5,60 1,60
110 159 202 316 352 93 298 78
20,26 23,01 22,15 24,15 24,19 11,19 20,77 19,06
15137 33423 77863 534541 510550 15043 436059 3128
85571 245747 464427 2093802 2316979 69248 1742663 34066
4094 10354 20230 84287 92674 6030 80797 1707
4224 10678 20966 86714 95797 6188 83923 1787
,014 ,011 ,012 ,012 ,022 ,010 ,014 ,006
234,7 451,0 434,0 776,0 1027,7 238,7 896,7 170,0
,01 ,04 ,06 55 1,23 ,01 ,36 ,01
Estonia Ireland Greece Spain France Croatia Italy Cyprus
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62,8 64,1 42,2 731 28,3 40,0 68,0 574
46,4 56,5 46,9 515 56,1 429 45,0 36,4
62,1 575 46,8 53,5 324 375 51,2 446
,1750 ,1780 ,4090 ,2260 ,0640 ,2120 ,2840 ,3810
711 ,549 ,978 ,546 1,000 ,991 ,919 ,494
-,002 -,001 -,001 -,001 -,001 ,000 -,001 -,001
86,7 875 85,5 82,0 75,1 83,7 85,5 89,0
90,7 51,4 98,5 53,8 ,0 100,0 94,0 60,9
54,8 62,7 87,2 42,8 77,6 82,4 81,3 447
61,6 62,9 82,3 63,7 70,7 75,3 79,6 60,9
,249 ,281 227 ,151 ,156 ,203 ,170 211
17,2 9,6 17,1 29,4 175 14,3 229 20,7
27,30 26,30 20,60 18,90 20,10 16,50 16,90 18,20
,836 797 971 761 814 ,947 877 775
58,0 59,0 81,0 46,0 54,0 82,0 76,0 60,0
51,80 51,20 58,90 46,00 56,20 58,70 60,90 53,10
7,24 8,82 9,41 6,76 8,24 8,82 8,53 7,06
7,24 7,13 8,68 6,56 7,68 8,96 8,16 6,85
-18,56 -21,19 -15,46 -30,84 -30,16 -9,96 -15,78 -28,65
92 94 98 94 97 96 85 91
79,90 82,30 65,60 44,90
59,10 49,40 3,70 45,10 26,80 27,90 23,80 13,10
4,70 4,50 6,10 4,10 4,70 6,10 5,90 4,10
,0337 ,0199 ,0171 ,0235 ,0260 ,0334 ,0230 ,0272
61,6 62,9 82,3 63,7 70,7 75,3 79,6 60,9
61,88 58,03 55,23 38,22 62,21 50,96 48,09 38,94
16,20 11,85 11,20 3,67 6,02 12,81 8,77 6,67
24 25 27 27 26 29 24 24
4,8 4,8 58 3,8 2,8 54 6,1 35
5,0 51 59 4,3 3,2 55 6,2 3,9
64,90 65,10 65,10 60,70 60,40 68,00 70,50 52,90
4,30 4,70 5,00 3,60 4,30 5,30 4,60 3,90
55 4,2 4,0 59 5,0 6,0 7,0 4,0
,047 ,040 ,119 ,068 ,071 ,285 ,115 ,098
58,20 55,90 58,00 52,90 50,90 52,90 56,70 52,80
,410 ,255 ,070 ,126 ,085 ,088 ,336 122
20,43 21,86 24,99 18,55 29,66 20,31 20,40 17,23
61,50 62,30 68,30 48,30 56,00 48,90 49,10 42,60
58 9,4 2,0 7,7 1,7 2,2 2,3 2,4
10,5 10,5 135 10,1 24,4 116 12,0 10,0
1,70 1,20 9,40 1,70 5,10 9,50 9,30 3,90
53 79 72 133 38 367 229 181
10,26 10,00 19,52 17,40 18,10 31,16 24,32 10,65
2476 8745 2303 23695 431 279577 70137 133746
19624 42885 26430 149698 6551 1798900 541747 475637
1878 4203 1292 8313 344 55420 21275 43983
1912 4287 1354 8603 362 57735 22279 44674
,006 ,009 ,012 ,016 ,006 ,022 ,032 ,012
140,7 182,3 153,3 390,7 104,0 895,0 579,0 481,0
,01 ,01 ,00 ,04 ,00 ,18 ,06 14
Latvia Lithuania | Luxembo Hungary Malta Netherlan Austria Poland
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59 65,7 47,0 68,8 52,4 63,6 54,3
47,6 60,1 48,3 55,8 46,9 54,0 54,2
46,3 56,9 49,3 50,6 60,5 63,1 354
,1690 ,2430 ,5510 ,3760 ,1420 ,1500 ,2880
,566 ,228 ,347 ,396 ,759 ,870 ,983
-,003 ,000 ,000 -,001 -,001 -,001 -,001
73,0 85,0 86,4 85,0 75,5 725 88,0
55,0 30,4 89,1 437 100,0 100,0 98,5
84,4 43,6 60,9 56,2 98,8 98,2 84,7
67,0 64,7 72,0 68,3 78,9 78,7 81,3
,168 ,110 211 ,145 276 ,256 234
11,6 19,7 13,6 26,1 15,8 16,9 13,7
21,60 31,20 14,40 16,40 15,60 18,80 23,10
747 ,707 797 ,807 ,889 ,921 ,949
64,0 47,0 60,0 50,0 85,0 85,0 80,0
57,70 53,70 59,60 53,60 61,60 61,60 51,60
8,82 7,06 7,54 7,65 9,41 9,12 8,82
7,90 6,40 7,54 6,97 9,20 9,26 8,54
-11,83 -25,91 -22,64 -22,67 -7,93 -9,25 -22,93
99 87 96 90 95 99 95
78,40 68,30 82,60 70,60 80,40 90,60
63,60 40,10 36,40 15,70 42,10 48,40 31,40
5,10 4,70 4,80 4,30 6,50 5,60 5,50
,0258 ,0207 ,0352 ,0249 ,0292 ,0208 ,0234
67,0 64,7 72,0 68,3 789 78,7 81,3
56,80 50,33 37,02 49,51 62,63 74,42 69,66
16,76 5,52 4,04 9,11 19,38 17,22 13,96
28 25 27 25 29 29 28
4,7 33 51 4,0 6,2 59 5,0
5,0 4,5 54 4,8 6,2 6,0 51
64,20 59,90 63,10 60,50 72,40 74,20 69,90
4,40 4,20 4,40 4,10 4,90 5,50 4,90
54 4,0 6,0 4,0 7,0 8,8 6,0
,022 ,015 ,104 ,061 ,062 ,070 ,166
55,00 54,50 55,90 54,90 60,40 62,10 56,10
,306 ,243 ,220 ,169 431 ,564 ,123
20,75 24,74 17,57 22,77 24,38 33,15 31,77
51,70 57,50 43,10 50,10 55,30 63,70 67,30
4,1 9,2 57 8,8 57 6,9 4,2
135 13,3 9,5 9,8 6,6 9,7 149
2,60 2,20 4,70 1,40 12,10 10,70 6,10
193 111 114 100 225 317 480
20,39 8,85 19,15 11,42 24,65 29,70 27,49
107423 24945 15088 16415 129651 216996 1196699
518419 101532 113428 85323 655893 1342747 4845155
24656 11226 5759 7301 25813 43578 167278
25429 11479 5923 7469 26604 45208 176234
,014 ,005 ,019 ,008 ,028 ,033 ,017
417,3 227,7 254,7 242,0 571,0 779,3 1289,0
,07 ,05 ,02 ,02 ,06 ,10 ,66
Portugal Romania Slovenia Slovakia Finland Sweden UK

| data collected by the author.

: statistica

Source
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