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Abstract. The analysis of various “green” concepts has historically been linked to a broader discussion of the relationship between
sustainable development and the environment. Some authors 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; some experts claim that it is quite possible to achieve a
balance between economic growth and care for the planet and people. In this context, it is necessary to use a new paradigm that clearly
states that "environment™ and" economic growth" cannot be seen as conflicting goals, which is confirmed by the authors of the article who
studied the situation in the EU countries in the period 2016-2017.
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1. Introduction

The idea of sustainable development and environmentally oriented economy which emerged in the second half of
the 20" century in the international scientific community, for example, ideas of the Club of Rome, then rapidly
spread to all continents. The entire end of the 20" century and the beginning of the 21 century can be represented

* This article is published within the research project of Daugavpils University “Green Economy: Elaboration of the Concept and
Approbation of the Assessment Methodologies on the Basis of the EU Data ”, Nr. 14-95/18
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as a series of global forums which polished and refined this paradigm as the only possible, main path for
development of the entire planetary system.

Back in the late 1980s and early 1990s, new conceptual approaches to the development of society and economy
emerged within the framework of the UN structures, in particular, a new theory that had a huge impact on the
discussion of new models: sustainable development. The UN Conference on Sustainable Development
(“Rio+20”) held in Rio de Janeiro in June 2012, which was the largest UN conference in the 21° century, actually
summarized the outcomes of attempts that had been made for twenty years, to change the traditional type of
development to a model of sustainable development. The conference’s greatest achievement was the recognition
of the fact that problems of environment and development could not any longer be considered taken separately.
The transition to sustainable development implies the preservation of natural ecosystems at a level that ensures
the implementation of the needs of present and future generations of people, while maintaining the stability of the
ecosystems themselves (the entire ecosphere as a whole). There were five documents adopted at the conference,
the most significant ones being “The Rio Declaration on Environment” and “Agenda 21”. In accordance with
“Agenda 217, governments around the world must develop their national strategies for sustainable development —
Local Agenda 21 (The World Bank 2012).

Sustainable development in general is a continuous process of satisfying needs of the present and future
generations. The definition is unanimously accepted, alas ways of implementation of this approach towards
development is under continuous discussion (Tvaronavi¢iené et al. 2015; Strielkowski et al. 2016;
Tvaronavi¢iené 2017; Vegera et al. 2018; Stjepanovi¢ et al. 2017, Razminiené, Tvaronaviéiené 2018;
Tvaronavi¢iené 2018; Eddelani et al. 2019).

The economic content of sustainable development is a process of managing a set (portfolio) of assets targeted at
preserving and expanding the opportunities available to people. Sustainable development implies, first and
foremost, changes in three main areas — finance, social responsibility, and ecology, which are interrelated and
interdependent (Rosha, Lace 2015; Ohotina et al. 2018). At the same time, the concept “sustainable development”
is usually considered from two perspectives. In a narrow sense, the attention is mainly focused on its ecological
component, but in a broad sense, sustainable development is interpreted as a process that denotes a new type of
functioning of the civilization. Therefore, sustainable development is an objective requirement of our time.
Balanced development may be considered as part of the concept “sustainable development”; 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. Sustainable
development is a 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; Aleksejeva 2016).

The world is now facing the global challenges of a rapidly growing population and the increasing pressure on the
environment related to it that should be prevented (Kasztelan 2017). The concept of “green economy” includes
ideas of many other approaches in economics and philosophy related to the issues of sustainable development.
Supporters of the “green economy” concept believe that the economic system prevailing now is imperfect,
although it has produced some considerable results in improving people’s living standards. However, it also
resulted in a number of environmental problems (climate change, desertification, loss of biodiversity), depletion
of natural capital, large-scale poverty, lack of fresh water, food, energy, inequality of people and countries. The
survival and development of humanity requires the transition to “green economy”. This is a system of economic
activities related to the production, distribution and consumption of goods and services that lead to the increase in
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human well-being in the long term, but at the same time without exposing future generations to significant
environmental risks or environmental deficits.

The concept of “green economy” appeared more than 20 years ago (Pearce et al. 1989; Barbier 2009). The
implementation of the green economy concept was described as a long-term strategy for national economies to
overcome the crisis (Barbier 2009), with the objectives of economic recovery; poverty eradication; as well as
reducing carbon emissions, and stopping the degradation of ecosystems.

The UNEP (UNEP 2011) considers a “green economy” as the economy that leads to the improvement of human
well-being and social justice and which does not have any ecological downsides. At the operational level, the
green economy is designed to reduce carbon emissions and pollution; to improve the efficiency of energy and
resource usage; and “... it aims to promote economic growth and development while ensuring the use of natural
assets for sustainable development” (UNEP 2011) and it supports the progress of social development ...
“(International Chamber of Commerce 2012). “...The economy where the growth of the people’s welfare and
employment increase are provided owing to the state and social investments ensuring reduction of emissions and
environmental pollution and stimulating effective use of energy and resources as well as preventing any harm to
biodiversity and ecosystem” (Diyar et al. 2014; Stjepanovic¢ et al. 2017; Smaliukiene, Monni 2019).

The Global Environmental Forum in Nusa Dua recognized the UNEP’s leading role in promoting the green
economy concept (Allen, Clouth 2012; ) which leads to the improvement of human well-being and social justice,
while significantly decreasing ecological risks and deficiencies, at the same time being low-carbon, resource
efficient, and socially inclusive (UNEP 2010). Therefore, a green growth corresponding to the green economy
concept inevitably leads to sustainable development (Kasztelan 2017, Ohotina 2016). However, it is necessary to
continue performing certain tasks for the development of global models and scenarios in order to assess strategies
for national “green economy” and “green” growth (Kasztelan 2017).

The aim of this research is to assess the sustainable development in the EU countries, as well as to assess the
importance of the green economy factor in the model of sustainable development in the EU countries in the period
2016-2017.

2. Methodology

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 and Campbell 2010; Bhaskar 2010). “The Quintuple Helix”” model is one
of the models based on the quality management of effective development, restoring balance with nature and
preserving Earth’s biological diversity. It can solve existing problems 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 2011a). The innovative model Quintuple Helix explains in what way knowledge,
innovations, and environment (natural environment) are interrelated (Carayannis and Campbell 2010; Barth
2011a). The Quintuple Helix model is both interdisciplinary and transdisciplinary: 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 natural environment) to Social
Sciences and Humanities, to promote and visualize the system of collaboration between knowledge, know-how,
and innovations for more sustainable development (Carayannis and Campbell, 2010). Therefore, the specific
character of the model can be described in the following way (see Fig.1).

The first subsystem is the system of education where the necessary “human capital” is formed. The second

subsystem — the economic one — concentrates and focuses the “economic capital” (e.g. entrepreneurship,
machines, food, technologies, and money). The third subsystem — the political one, i.e. the “political and legal
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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 and it provides people with the “natural capital” (e.g. resources, plants, animal diversity, etc.).

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

higher education economic political culture-based natural
system system system public envrlo_nments
of society

Fig.1. The subsystems of the Quintuple Helix model.
Source: Carayannis et al. 2012; Etzkowitz and Leydesdorff 2000; Carayannis and Campbell, 2009, 2010.

All subsystems in the Quintuple Helix perform functions which influence each other. 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 and Leydesdorff 2000; Carayannis
and Campbell 2006, 2009, 2010; Barth 2011).

----E>---....

- e > Smgy, l circulation of knowledge
A now-how % ~ .l
” = ~
L political system
'a' +knowledge creation:
:

innovation

U .
Tedia-based and- education system [
culture-based publi Tknowl Teation:

: knowledge creation; sxnowlecge creation; " )
human capital K |
q

w
L

U

;knowlede crea!ioné
,
>
know-how ""' ‘g g 2
", o@

..________@___--——

Figure. 2. The Quintuple Helix model and its function (functions).
Source: created by autors by Carayannis et al. 2012
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The set of all available statistical and integrated indicators corresponding to the Quintuple Helix model (see
Annex 1) in the EU countries for 2016 or 2017 comprised the empirical base of the research. All indicators were
standardized, and then, in order to perceive them better, the transition to T scale by the formula T=50+10*z was
made. Factors corresponding to the Quintuple Helix model are obtained as arithmetic means of the corresponding
indicators; the integrated Quintuple Helix model indicator is obtained as the arithmetic mean of the values of five
subsystems. The correlations between the factors are presented in Appendix 2.

3. Research results

Sweden is a leader according to mean values of the five subsystems (60.57). The top six countries also include
Denmark and Germany (58.41 and 58.35 respectively), the United Kingdom (57.69), Finland (57.43), and the
Netherlands (56.41). Romania (42.90), Poland (43.19), Cyprus (43.54), Bulgaria (43.67), and Hungary (44.34) are
at the bottom according to the assessment of the subsystems. The cluster analysis carried out in the obtained five-
factor space allowed to group all EU countries into two homogeneous clusters (see Fig. 1). The first cluster (CL+)
includes 13 countries which are characterized by higher indicators according to all five subsystems; other 15
countries (CL-) are characterized by a lower level of these indicators. The first cluster (CL+) mainly includes the
so-called “old” EU countries: Denmark, Germany, Ireland, Spain, France, Italy, Luxemburg, the Netherlands,
Austria, Slovenia, Finland, Sweden, the United Kingdom.

——e————
oo | S00 km
e o - =
< " i ———— =]
L1 | 300 mi
’ ! 'S

Figure 3. The EU countries included in CL+, CL- clusters of a five-factor space of the Quintuple Helix model’s
subsystems in 2016-2017
Source: the authors calculations in SPSS according to statistical data
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The second cluster (CL-) mainly includes the countries in Central and Eastern Europe which joined the EU later:
Belgium, Bulgaria, Czech Republic, Estonia, Greece, Croatia, Cyprus, Latvia, Lithuania, Hungary, Malta, Poland,
Portugal.

Considering the mean values of subsystems according to the clusters, it can be concluded that all mean values of
subsystems in the CL+ cluster considerably exceed the mean values of subsystems in the CL- cluster: the mean
value of the “political” subsystem by 15.4%, the mean value of the “civil society” subsystem 22.6%, the “natural
environment” subsystem by 7.8%, the “economic aspects” subsystem by 15.2 %, the “quantify of education
system” subsystem by 21.2% (see Fig. 4).

Political system
Crvil socie

Watural emvirommen
Economic aspects

Quality of education

Figure.4. Mean values of the Quintuple Helix model’s systems in 2016-2017 according to the clusters.
Source: the authors’ calculations in SPSS according to statistical data

Sweden is a leader according to the values of the five subsystems in the CL+ cluster, Italy is at the bottom of the
list. The United Kingdom is a leader in the “Quantify of education system” subsystem (73.89), Luxemburg is at
the bottom of the list(43.59); Sweden is a leader in the “Economic aspects” subsystem (60.54), Slovenia is at the
bottom of the list (49.29); Slovenia and Austria are leaders of the “Natural environment” subsystem (56.88 and
56.85 respectively), Ireland is at the bottom of the list (48.35); Sweden is a leader of the “Civil society”
subsystem (67.77), Slovenia is at the bottom of the list (45.62); Sweden is a leader in the “Political system”
subsystem (63.34), Ireland is at the bottom of the list (47.86) (see Tablel).

Table 1. Values of the cluster CL+ Quintuple Helix model’s subsystems in 2016-2017

Country name | Quantify of | Economic Natural Civil Political Mean
education aspects environment | society system
system

1 Denmark 56.06 55.24 53.64 66.14 60.95 58.41
2 Germany 66.10 56.43 52.45 62.13 54.66 58.35
3 Ireland 50.94 53.39 48.35 56.75 47.86 51.46
4 Spain 56.71 52.84 48.67 51.73 50.71 52.13
5 France 60.65 52.29 51.75 51.99 55.90 54.52
6 Italy 54.42 53.18 48.73 46.33 48.09 50.15
7 Luxemburg 43.59 54.63 55.12 53.71 50.92 51.59
8 Netherlands 60.93 55.59 49.30 62.12 54.10 56.41
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9 Austria 51.90 52.88 56.85 55.58 54.29 54.30
10 Slovenia 45.21 49.29 56.88 45.62 55.13 50.43
11 Finland 55.38 55.04 52.15 63.36 61.20 57.43
12 Sweden 57.41 60.54 53.78 67.77 63.34 60.57
13 United 73.89 56.24 50.77 56.24 51.32 57.69
Kingdom
CL5=CL+

Source: the authors’ calculations in SPSS according to statistical data

Belgium is a leader according to the values of the five subsystems in the CL- cluster, Romania is at the bottom of
the list. Belgium is a leader in the “Quantify of education system” subsystem (54.84), Croatia is at the bottom of
the 1ist(40.51); Belgium is a leader in the “Economic aspects” subsystem (48.99), Poland is at the bottom of the
list (42.94); Croatia is a leader of the “Natural environment” subsystem (52.98), Belgium is at the bottom of the
list (43.25); Belgium is a leader of the “Civil society” subsystem (51.47), Bulgaria is at the bottom of the list
(36.73); Portugal is a leader in the “Political system” subsystem (53.36), Cyprus is at the bottom of the list
(40.11) (see Table 2).

Table 2. Values of the cluster CL- Quintuple Helix model’s subsystems in 2016-2017

Country name Quantify of Economic Natural Civil Political Mean
education aspects environment society system
system
1 Belgium 54.84 48.99 43.25 51.47 47.26 49.16
2 Bulgaria 41.85 44.82 50.75 36.73 44.20 43.67
3 Czech Republic 46.48 48.01 48.46 47.76 43.39 46.82
4 Estonia 46.27 46.47 51.46 49.99 50.55 48.95
5 Greece 46.09 45.69 48.70 40.15 48.13 45.75
6 Croatia 40.51 45.27 52.98 37.90 51.49 45.63
7 Cyprus 42.13 45.85 43.58 46.05 40.11 43.54
8 Latvia 41.69 43.86 50.95 45.44 49.82 46.35
9 Lithuania 43.67 44.91 46.74 44.76 46.21 45.26
10 Hungary 42.47 47.73 47.75 38.16 45.60 44.34
11 Malta 44.13 47.17 47.99 46.13 42.83 45.65
12 Poland 46.21 42.94 43.83 39.78 43.21 43.19
13 Portugal 48.35 48.00 45.57 50.01 53.36 49.06
14 Romania 40.79 45.92 47.68 39.36 40.76 42.90
15 Slovakia 41.32 46.78 51.87 46.84 44.59 46.28
CL5=CL-

Source: the authors’ calculations in SPSS according to statistical data

The assessment of the contribution of each subsystem to the sustainable development model is estimated by
calculating the correlation coefficients of the Quintuple Helix model’s subsystems in 2016-2017 with the mean
value of all 5 subsystems:

Table 3. The correlation coefficients of the values of the Quintuple Helix model’s subsystems in 2016-2017 with a mean
value of all subsystems
| | Mean | Mean CL+ | Mean CL-
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Quantify of education system

0.315 (p-value 0.000)

0.469 (p-value 0.000)

0.355 (p-value 0.000)

Economic aspects

0.183 (p-value 0.000)

0.166 (p-value 0.000)

0.174 (p-value 0.000)

Natural environment

0.145 (p-value 0.000)

0.196 (p-value 0.000)

0.297 (p-value 0.000)

Civil society

0.310 (p-value 0.000)

0.386 (p-value 0.000)

0.467 (p-value 0.000)

Political system

0.229 (p-value 0.000)

0.269 (p-value 0.000)

0.393 (p-value 0.000)

Source: the authors’ calculations in SPSS according to statistical data

Therefore, there is a weak positive linear dependence of the indicator that characterizes sustainable development
on the sub-component "Natural environment™ in the EU countries. However, in the CL- cluster this dependence is
slightly stronger than in the CL+ cluster. The authors found interesting the fact that the sub-component “Civil
society” has the most impact on sustainable development in the CL- cluster, whereas the sub-component
“Quantify of education system” affects sustainable development the most in the CL+ cluster.

4, Discussion and conclusions

Many researchers made the assessment of “green economy”. For example, in the research (Kasztelan 2017)
founded on 33 selected indicators of “green economy” on the basis of the OECD methodologies and database, the
level of green growth of selected 21 OECD member countries was determined by means of one of the most
popular taxonomic methods— the Hellwig’s pattern model (Hellwig 1968). The reference years 2010-2014 were
chosen due to the data availability. 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, the author concludes that the green growth can provide solutions to economic and environmental
problems and create new sources for growth (Kasztelan 2017; Sipilova et al. 2017), however, its level in the
OECD countries is still insufficient (Kasztelan 2017). Denmark was awarded the highest score, followed by
Germany and Sweden. The United Stated are characterized by the lowest level of the green growth. Examining 23
EU countries on the basis of 26 indicators in the period 2010-2014 (Kasztelan 2016), A. Kasztelan (Kasztelan
2016) applying the abovementioned methods determined that 5 countries related to Group | — Sweden, Finland,
Latvia, Denmark, and Italy - were awarded the highest synthetic score of the green growth level. Group Il
consisting of 6 states — Estonia, Austria, Lithuania, the Netherlands, Slovenia, and Spain had an outstanding green
growth level. Group Il which demonstrated the average level of green growth was the most numerous and
included Slovakia, Romania, Germany, France, the Czech Republic, Portugal, Hungary, the United Kingdom,
Poland, and Belgium. Group IV which is characterized by the lowest green growth level among the countries
included only two countries — Bulgaria and Cyprus. In the 2018 research Kasztelan (Kasztelan 2018) analyzing
the green growth level in 28 EU countries applying the same methods, determined 4 groups of countries: Sweden
(0.6477) is the leader, followed by the countries from the second group 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), ltaly (0.4722), and 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 (0.41 TJ.), Estonia (0.4038), and Romania (0.4015) belong to the third group.
The fourth group countries Greece (0.3913), Malta (0.3865), Bulgaria (0.3755), and Cyprus (0.3614) are at the
bottom. Therefore, there are both similar trends in the assessment of the green economy presented in this research
and other studies, and differences due, in the opinion of the authors, the method of creating the index, the time
period, as well as the of the countries under research.

The authors proved the positive role of “green economy” in the sustainable development in the EU countries in
the period 2016-2017. “Green economy” as part the concept of sustainable development Quintuple Helix model
possesses a significant potential. It is possible to draw similar conclusions analyzing the findings of the research
carried out by other authors (Kasztelan 2015).
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Appendix 1

Subsystem 1. In order to quantify the education system of the EU countries we will use such indicators as:
S_1 1 Quality of higher education and training, index (World Economic Forum 2018);
S_1 2 Average score of top 3 universities in QS university ranking (The World Bank 2017);

S 1
1

S_
s 1
s 1
s 1
s 1
s 1

_3 University industry research cooperation, index (The global innovation index report 2017);
_4 Total number of documents in Scopus, Environmental science, 2016 (SJR — SClmago 2017);
_5 Citable documents, 2016 (SJR — SClmago 2017);

_ 6 Citations, 2016 (SJR — SClmago 2017);

7 Self-citations, 2016 (SJR — SClImago 2017);

8 Citations per document, 2016 (SJR — SClmago 2017);

9 h-index, 2016 (SJR — SCImago 2017).

Subsystem 2. Economic aspects can be measured by the following indicators:

s 2
2

S_
W
W
W
W
W
S 2
S 2

1 Global innovation index (The global innovation index report 2017);

_2 GDP per unit of energy use (part of GII) (The global innovation index report 2017);

_31S0 14001 environmental certificates per bn PPP$ GDP (part of Gll) (The global innovation index report 2017);
_4 Resource productivity and domestic material consumption (DMC), PPS per kilogram, 2016 (Eurostat 2018);

5 C02 intensity (tCO2) per capita 2017 (World Energy Council 2017);

6 Alternative and nuclear energy share (World Energy Counci 2017);

7 Global green economy index (Global green economy index 2016);

8 Markets & Investment, index (part of GGEI) (Global green economy index 2016);

9 Efficiency sectors (part of GGEI) (Global green economy index 2016).

Subsystem 3. To describe the political system with regard to green innovations the following indicators are used:

5

S_
S5
S5
S5
S5
S5
S5

1 Stringency of environmental regulations, index (Travel and Tourism Competitiveness Report 2017);

2 Enforcement of environmental regulations, index (Travel and Tourism Competitiveness Report 2017);

3 Environmental treaty ratification, index (part of Travel and Tourism Competitiveness Report 2017);

4 Leadership & Climate Change, index (part of Global green economy index 2016);

5 Climate Change Performance Index 2018 (Climate Change Performance Index 2018);

6 Environmental performance, index (part of Global innovation index) (The global innovation index report 2017);
7 Environmental tax revenues % of GDP 2016 (Eurostat 2018)

Subsystem 4. Civil society can be characterized by:

S_4
201
S_4

S_4 3 Democracy index 2017 (The Economist Intelligence Unit 2017)

1 Global green economy index perception, index (part of Global green economy index) (Global green economy index
6);
2 Press Freedom Index 2017 (Press Freedom Index 2017);

Subsystem 5. Natural environment and its characteristics:

S 3 1 Environmental sustainability, index, as part of Travel and Tourism Competitiveness Report (The Travel & Tourism
Competitiveness Report 2017);

S 3 2 Atmosphere pollution, particulate matter diameter equals 2,5 or more (part of TTCR) (The Travel & Tourism
Competitiveness Report 2017);

S_3 3 Baseline water stress, index (part of TTCR) (The Travel & Tourism Competitiveness Report 2017);

S_3 4 Threatened species, % of total (part of TTCR) (The Travel & Tourism Competitiveness Report 2017);

S_3 5 Forest cover change, % (part of TTCR) (The Travel & Tourism Competitiveness Report 2017);

S_3 6 Wastewater treatment, % (part of TTCR) (The Travel & Tourism Competitiveness Report 2017);

S_3 7 Total protected areas, % of territory (part of TTCR) (The Travel & Tourism Competitiveness Report 2017);
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8 Environment index (as part of Global green economy index) (Global green economy index 2016);

S 3.
S 3 9 Ecological sustainability, index (as part of Global innovation index) (The global innovation report 2017).

Appendix 2
Pearson Correlation
Quality of Economic Natural Civil society
education aspects environment

Quality of education 1 ,793™ ,170 ,809™

Economic aspects 793" 1 ,453™ ,889™

Natural environment ,170 453" 1 ,399"

Civil society ,809™ ,889™ ,399" 1
Political system ,610™ ,663™ 727 ,669™

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