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Abstract: Multidimensional crisis phenomena (financial–economic, environmental and social), plagu-
ing the international community, especially in the last 30 years, have intensified resentment towards
traditional models of growth and socio-economic development. The European Commission has
placed the idea of a green economy (GE) at the heart of the Europe 2020 strategy. This paper presents
an assessment of the implementation of the green economy assumptions in EU countries in 2018,
taking 2010 as the base year. Using taxonomic methods, a synthetic evaluation index (GEI—Green
Economy Index) was constructed based on a multi-criterion set of 27 indicators. This paper attempts
to answer the following questions: How green are the European economies? What are the main
challenges in this context? The average value of the index for the EU countries decreased in the
studied years from 0.3423 to 0.3294, which can be interpreted as a slowdown in the greening processes.
The key recommendations for the upcoming years include the improvement of energy efficiency
indicators, the further increase in the share of renewable energy sources in the energy balance. More-
over, a significant problem continues to be the high percentage of the population at risk of poverty or
social exclusion, as well as low CO2 and resource productivity rates.

Keywords: green economy; sustainable development; taxonomic methods; zero unitarisation method;
synthetic index; EU countries; indicators; comparative analysis; ranking

1. Introduction

The term ‘green economy’ was coined in 1989 in the report titled Blueprint for a Green
Economy, written by three economists: D. Pearce, A. Markandya and E.B. Barbier. The main
objective of the report was to support the British government in implementing the idea of
sustainable development [1]. The contemporary process of defining and investigating green
economy is associated with the year 2008 when the so-called Green Economy Initiative
was brought to life under the United Nations Environmental Programme (UNEP). Its
objective was to assist governments in “greening” their economies by reshaping and
refocusing policies, investments and spending towards a range of sectors, such as clean
technologies, renewable energies, water services, green transportation, waste management,
green buildings and sustainable agriculture and forests.

After the climate conference in Copenhagen (2009), UNEP mentioned the concept of
green economy as a method to approach the essential environmental, social and economic
challenges and a chance for this development to benefit all countries. UNEP defined green
economy as “one that results in improved human well-being and social equity, while
significantly reducing environmental risks and ecological scarcities” [2].

In the Europe 2020 strategy, 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 de-
termines the survival of our planet in the long run. It is a resource-efficient and socially
inclusive economy.
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The European Commission finds a green economy to be more than a sum of existing
commitments. It has the potential for introducing us to 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, combat-
ing 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 [3,4]. The main purpose of the study was the evaluation of
green economy transition in 28 member states of the European Union. Based on 27 indi-
cators a synthetic Green Economy Index was designed for each country. This allowed for
the creation of rankings and comparisons between EU countries in 2010 and 2018. The
analyses provided responses to the following questions: (1) Have EU countries achieved
progress in implementing the assumptions of a green economy from the introduction of
the Europe 2020 strategy? (2) Which countries perform better and which perform worse
in that respect? (3) What are the challenges that EU countries must face in the context of
greening socio-economic processes?

The theoretical contribution of this paper is to organie the existing knowledge of
methods for measuring the green economy at the macro and meso level. Firstly, the author’s
own contribution comprises of creating a comprehensive tool for measuring the green
economy (GEI), preceded by selecting as many as 27 detailed indicators. Previous analyses
were based on a maximum of 21 indicators. Secondly, previous research focused mostly on
comparing several EU member states. In this study, detailed indicators were selected to
ensure a multi-faceted analysis of all member states of the European Union. Thirdly, this
is the first time that the evaluation of green transition processes over time is presented in
a study.

The paper is organised as follows. Part two conducts a literature review covering
the existing research on the methods and results of green economy assessment. The next
chapter contains a description of research methods, including the process of designing
a synthetic green economy index. Part three, based on GEI, analyses and compares the
EU countries, discusses the results and sets the directions for further study. The final part
presents conclusions from the analyses.

2. Literature Review

Over the past decade, the number of publications devoted to green economy has
considerably increased. These surveys mainly investigated: the origin, conditions and the
essence of GE [5–14]; the formulation of the GE development strategy at various manage-
ment levels [4,15–20]; the presentation of good practices and models for implementing
GE [21–28] and the comparison of a green economy with other concepts of socio-economic
development [5,6,9,10,18,19,29–31]. Particular attention was also paid to monitoring and
evaluating the assumptions of green economy [3,7,32–46].

The first initiative to measure and evaluate green economy was a study in Taiwan [36].
It relied on indicators based on the ecological footprint and energy consumption analyses.
Its results led to a conclusion that the rapid development of the Taiwanese economy at that
time was based on the overexploitation of natural resources.

Studies of European and international environmental protection organisations present
a more comprehensive approach to methods of measuring green economy. In 2012, one of
the largest such institutions, the European Environment Agency (EEA), devoted its report to
indicators that could be the measures of green economy [33]. The EEA worked out a method
for measuring environmental issues relying on the following set of indicators: D—Driving
force indicators; P—Pressure indicators; S—State indicators; I—Impact indicators; and
R—Response indicators.

The UNEP is another organisation that proposes a set of indicators to measure green
economy progress. UNEP focuses on using green growth indicators to adopt an integrated
method for developing green economic policies. The proposed set of indicators includes
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three areas. The first area consists of indicators which evaluate the quality of the envi-
ronment, risks and positive trends, as well as measuring progress in achieving a specific
environmental objective. The second comprises indicators showing the effect of measures
undertaken by state governments, that is, indicators evaluating the effectiveness of the
state policy. The third area is the impact of green economy on the quality of human life
and social inequality [35].

In 2010, a US consulting company, Dual Citizen, created and published the first syn-
thetic index called the Global Green Economy Index [41]. This index relies on quantitative
and qualitative indicators to measure the efficiency of green economy in four main di-
mensions: leadership and climate change, efficiency sectors, markets and investment and
the environment. It is a comprehensive analytical tool offering a system for observing,
analysing and improving efficiency and image under a green economy [47].

An attempt to create a synthetic index for green economy was also undertaken by B.
Ryszawska [3]. The index proposed by the author was designed based on 21 indicators
(used by international organisations to evaluate green growth, green economy and sus-
tainable development) grouped into seven areas (I. Ecosystems, biodiversity, and natural
capital; II. Emissions, pollution, and waste; III. Consumption of resources; IV. Poverty
and social inequality; V. Economy; VI. Policy and environmental strategies; VII. Green
economy sectors).

In turn, under the so-called Partnership for Action on Green Economy (PAGE), the
Green Economy Progress (GEP) indicator was designed based on thirteen indicators to
measure the progress of green economy in respective countries in economic, social and
environmental aspects. The indicators taken into account refer to: green patents, renewable
energy sources, access to essential services, material footprint, air pollution and gender
inequality index [39].

In turn, Cabernard anf Pfister [46] used the new indicators for carbon, water stress,
and land-use related biodiversity loss footprints to the GEP evaluation. They proposed the
environmentally extended multi-regional input–output (MRIO) database. The database
covered 189 countries with a state-of-the-art set of environmental and socio-economic
indicators from 1995–2015. The results for the EU27 revealed a significant increase in the
EU water stress footprint and biodiversity loss.

In Switzerland, green economy progress is measured using a small set of indicators
illustrating the footprint of Switzerland with a particular focus on transformation in the
sectors of consumption and production, as well as wastes and commodities [38].

Adequate measures are required for implementing and monitoring green economy
in respective countries. Environmental, social and economic indicators aligned with the
areas of green economy, selected based on their definitions, make it possible to create
a specific set of indicators or a multi-dimensional synthetic index. Georgeson et al. [7],
based on their analyses, formulated four key recommendations to improve the methods of
measuring green economy, i.e., using progress measures other than the GDP; the wider
measurement of interactions between the economy, society and the environment; the better
economic measurement of transition to a green economy; and an alternative approach to
measurement through seeking new methods and data sources. In turn, Vukovic et al. [43]
compiled a list of criteria for evaluating the development of green economy on a regional
scale based on the formulated methodology, hierarchical structure of elements of the green
economy, and indicators. The list was divided into types and significance levels and could
be used both for evaluating the current state of each area separately or forecasting the
regional development of a green economy.

As underlined by R. Alekna and E. Kazlauskiene [44], the evaluation of a green
economy by the academic community does not always reflect the facts due to the absence
of data for respective indicators or limited methods of evaluation. These authors selected
fifteen indicators to analyse the green economies of the Baltic countries. The standardisation
and further evaluation of these indicators, from the perspective of a green economy, made
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it possible to determine the significance of social, economic and environmental dimensions,
in terms of the synthetic green economy index, and illustrated changes in time.

The transition to a green economy is a multi-step process contributing to achieving the
long-term objective—sustainable development. Plausibly, correctly selected and current
data concerning GE are a significant element for shaping development strategies and
using instruments which stimulate changes. Creating a uniform, and at the same time
comprehensive, set of indicators to evaluate green economy progress is difficult due to the
complexity of the concept alone. Most authors agree that indicators must be based on strict
criteria, and should be repeatable, generally accepted, and clear [48,49].

3. Materials and Methods

In contrast to the observation of single indicators, the synthetic index allows for the
evaluation of the studied phenomenon in a comprehensive manner in respective countries,
grouping them according to achieved progress, making international comparisons, and
observing changes in time [50]. The conceptual framework for the construction and
empirical verification of the GEI index includes the following steps:

1. The selection of the partial indicators describing the green economy;
2. The standardisation of the indicators according to their impact (stimulants/destimulants)

on the phenomenon studied (‘green’ transformation of the EU countries);
3. The construction of the synthetic measure and the GEI indexes for respective countries;
4. The linear hierarchisation of the EU countries in 2010 and 2018, based on the GEI.

The procedure applied in the work relies on a multifaceted comparative analysis
(MCA) allowing comparisons between objects (e.g., countries, regions, and enterprises)
described by multiple features [51] (p. 250). It is especially predisposed to explore com-
plex phenomena described by many variables. One division of multifaceted comparative
analysis is the so-called taxonomic methods [52–54]. The GEI is designed with a taxonomic
method of linear ordering using the median and standard deviation. This method features
a high resistance to extreme observations, which is particularly important in the compar-
ative analysis of EU countries. Respective countries often differ significantly and show
considerable disparities in the asymmetry of indicator values. Therefore, using a synthetic
metric with the median is highly relevant [55–57].

3.1. Selecting a Set of Indicators

At the first stage of creating the Green Economy Index, according to MCA, the study
of objects and variables describing the specific object was identified. The objects of study
in this case were 28 member states of the European Union (as at 2018). The variables
were selected to ensure that they reflected various aspects of green economy, expressed
in their definitions, to the fullest extent possible. The selection of variables, according to
M. Walesiak, was one of the most important and, at the same time, most difficult things.
The quality of variables determined the relevance of the final results and the accuracy of
the decisions based on them. Normally, the list of indicators was long; the dilemma was
how to choose the right set. The set of indicators was unlimited, so a targeted selection
matching the respective issue was necessary [58] (p. 55); [3] (p. 102).

Creating a set of indicators for designing the synthetic index, GEI, mostly relied on
the previous experience of international organisations and entities testing green economy
measurement methods, such as: UNO (UNEP, PAGE), European Environment Agency,
OECD, and Dual Citizens Inc. The sets of indicators proposed by these organisations often
form the basis for national green economy measurement frameworks. It would therefore be
difficult to make international comparisons of the greening of the economy based on assess-
ments made by individual countries. In order to carry out such an analysis, existing studies
and indicator databases were used to standardise the set of indicators for all EU countries.
This made sense, as the indicator proposals published by international environmental
organisations were developed by independent experts. This way, 38 detailed indicators for
respective areas of green economy (environment-economy-society) were identified.



www.manaraa.com

Energies 2021, 14, 5941 5 of 16

The next step was to check whether reliable data on selected indicators were available
for all the 28 EU member states. It turned out that 27 indicators (71%) satisfied this condition
and were finally used in designing the GEI (Table 1). Statistics regarding respective
indicators were derived from the Eurostat databases and the OECD. The time horizon
was from 2010 (base year in which the Europa 2020 strategy was put into effect) to 2018
(latest data available for all 28 EU member states). Since some indicators were expressed
in absolute terms, to ensure their comparability, they were relativised, for instance, by
converting them into units of the surface area of a specific country or calculating them
per capita. It was worth highlighting that in the selected set of detailed indicators those
related to energy efficiency (x4–x8, x11) played an important role. They accounted for more
than 20% of all indicators, so their effect on the final values of green economy indices in
respective countries was significant.

Table 1. Indicators selected for the analysis.

Indicator
Symbol Indicator Name (Unit of Measure) Source Stimulant/

Destimulant

x1 Greenhouse gas emissions (tonnes per capita) UNEP; Ryszawska; Dual Citizen
LLC; Eurostat D

x2 Sulphur oxides (SO2) emissions (kg per capita) Ryszawska; Dual Citizen
LLC; Eurostat D

x3 Mean population exposure to PM2.5 (micrograms/m3) PAGE; OECD D

x4 Primary energy consumption (TOE 1 per capita) UNEP; Ryszawska; PAGE; Eurostat D

x5 Final energy consumption (TOE per capita) PAGE; Eurostat D

x6 Renewable energy supply (% total energy supply) UNEP; Dual Citizen LLC; PAGE;
Ryszawska; OECD S

x7 Share of renewable energy in gross final energy consumption (%) Eurostat S

x8 Renewable electricity (% total electricity generation) Dual Citizen LLC; OECD S

x9
Production-based and demand-based CO2 productivity (US

dollars per kilogram CO2, 2015) UNEP; OECD S

x10 Resource productivity (purchasing power standard per kilogram) UNEP; Ryszawska; Dual Citizen
LLC; Eurostat S

x11 Energy productivity (euro per kilogram of oil equivalent) UNEP; Eurostat S

x12 Environmental tax revenues (% GDP 2) UNEP; Ryszawska; Eurostat S

x13
Development of environment-related technologies

(% all technologies)
UNEP; Ryszawska; Dual Citizen

LLC; OECD S

x14 Eco-innovation index (score) Eurostat S

x15 Generation of waste (kg per capita) UNEP; Ryszawska; Eurostat D

x16 Recycling waste (tonnes per capita) UNEP; Ryszawska; Eurostat S

x17 Circular material use rate (%) Eurostat S

x18 Terrestrial protected area (% of total area) UNEP; PAGE; OECD S

x19 Area under organic farming (% of utilised agricultural area) Ryszawska; Eurostat S

x20 Water exploitation index (%) UNEP; Dual Citizen LLC; Eurostat D

x21 Real GDP per capita (US Dollar, 2015) Ryszawska; OECD S

x22 The Global Competitiveness Index (0–100) Ryszawska; OECD S

x23 Life expectancy at birth (number of years) PAGE; OECD S

x24 Population, ages 15–64 (% total) OECD S

x25 Unemployment rate (%) Ryszawska; OECD D

x26 People at risk of poverty or social exclusion (%) Ryszawska; Eurostat D

x27 Gini coefficient of equivalised disposable income (0–100) UNEP; Ryszawska; Eurostat D
1 TOE—tonne of oil equivalent; 2 GDP—gross domestic product. Source: own elaboration based on: UNEP, 2012; Ryszawska, 2013a; PAGE,
2017; Dual Citizen LLC, 2018; the OECD and Eurostat database.
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3.2. Standardisation of the Indicators

According to the information given in Table 1, the set of variables contained stimulants,
that is, variables with a positive impact on a specific phenomenon (the higher value the
better), and destimulants that delayed and decelerated the development of the phenomenon
(the lower value the better) [3,57]. For instance, greenhouse gas emissions were undesirable
from the point of view of the green economy, so this indicator was a typical destimulant. In
other words, the higher the emission, the lower the rating of green economy in the specific
country (lower GEI). On the other hand, from the point of view of green economy, a high
share of renewable energy sources was desirable, so x7 was a typical stimulant. The higher
the value of this indicator, the higher the rating of green economy (higher GEI) for the
specific country.

The values of variables (Xj, j = 1, 2, . . . , m) describing the studied objects (EU coun-
tries) (Oi, i = 1, 2, . . . , n) are presented as a matrix of observations in the following form
(Equation (1)):

X =

 x11 · · · x1m
...

. . .
...

xn1 · · · xnm

 (1)

for example: x11—is the value of variable 1 in country 1.
Since the set of detailed indicators contained variables that could not be directly

aggregated (different units of measure), they were standardised using the zero unitarisation
method (Equations (2) and (3)) [59–62]:

For stimulants:

zij =
xij − min(xij)i

max(xij)i − min(xij)i
(2)

For de-stimulants:

zij =
max(xij)i − xij

max(xij)i − min(xij)i
(3)

where:
zij is the normalised value of the j-th variable in the i-th country
xij is the initial value of the j-th variable in the i-th country
min (xij)i is the minimum value of xij
max (xij)i is the maximum value of xij
This method was the only one satisfying all of the seven postulates formulated with

reference to the variables’ standardising procedure [63]. After scaling all values, zij fell
into the [0, 1] range and were deprived of units, so they could be added and compared.
Values closer to 1 meant that the specific variable (indicator) was better and, conversely,
values closer to 0 meant that the specific indicator was worse, and thus the GEI for the
given country was lower.

3.3. GEI Index Construction

In the next step, the standardised values of detailed indicators were used as a
basis for computing the medians (Equations (4) and (5)) and standard deviations
(Equation (6)) [55,56,64]:

Mei =
z(m

2 )i
+ z(m

2 +1)i

2
(4)

for an even number of observations (m), or:

Mei = z(m
2 +1)i (5)

for an odd number of observations (m), where:
zi(j) is the j-th statistical ordinal for the vector (zi1, zi2, . . . , zim), i = 1, 2, . . . , n; j = 1,

2, . . . , m.
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Sei =

√√√√ 1
m

m

∑
j=1

(zij − z) (6)

where:
z is the mean value for zij.
The last step, based on the following Equation (7), was to calculate the green economy

indices (GEIi) for each of the EU member states in 2010 and 2018:

GEIi = Mei(1 − Sei) GEIi < 1 (7)

The values of GEI closer to 1 pointed to a relatively higher level of transition of the
specific country to a green economy. The estimated synthetic measures allowed for a
comparative analysis of EU countries to be conducted in the study years and evaluated the
changes that occurred in 2018, in comparison to the base year. The respective countries
were assigned into four groups showing a similar level of transition, as follows:

group I : GEIi ≥ GEI + S high level

group II : GEI + S > GEIi ≥ GEI medium–high level

group III : GEI > GEIi ≥ GEI − S medium–low level

group IV : GEIi < GEI − S low level

where GEI is the mean value of green economy indices for 28 member states, and S is a
standard deviation of these indices.

The final step concerning the linear hierarchy of EU countries in 2010 and 2018 is
discussed in the results section.

4. Results and Discussion

Green Economy Indexes calculated for 28 member states of the European Union in
2010 and in 2018 are presented in Figure 1 and in Table 2. Respective shades of green on the
charts denote the allocation of respective countries into one of four groups with different
ratings of the ‘green’ transition.

The average GEI in 2018 for all the analysed countries was 0.3294, and in the base year
it was 0.3423, which meant that in the analysed years the general level of ‘greening’ of the
economies in EU member states decreased. It should be emphasised that this level was
very low considering the possible range of GEI (0.1). Standard deviations of the indices
for EU member states (0.0989 in 2018 and 0.0988 in 2010) testify to a high differentiation of
‘green’ transition processes in respective countries.

In 2018, the highest GEI was noted in Denmark (0.5415), and the lowest in Bulgaria
(0.1038). In 2010, Denmark was in 4th place in the ranking of EU member states, while
Austria achieved the best score (0.5194). As in 2018, Bulgaria ranked last in 2010 (0.1315).

The analysis of the four groups of countries showed that, in 2018, Group I, featuring
the highest level of green economy transition, consisted of five member states: Denmark,
Austria, Sweden, France and the Netherlands. In comparison to 2010, no change in quantity
occurred. The only difference was that the Netherlands moved to Group I, replacing the
United Kingdom. However, major changes could be observed in Group IV consisting of
countries with the lowest GEI. In 2018, next to Bulgaria, this group included Hungary and
Romania, and in 2010, Lithuania and Slovakia. Invariably, in the study years Group III
was the most numerous group of EU member states (12) featuring, on average, low green
economy ratings.
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Figure 1. EU countries ranking based on GEI in 2010 and 2018. Source: own calculation.

In the ranking of the EU countries, 13 of them moved to a higher group in the study
years and 12 moved to a lower group, while three countries maintained their status quo
(Table 2). The Czech Republic noted the highest advance in the ranking (+8 places) but
did not move to a higher rating group. In turn, the largest decreases were observed for
Romania (−8) and Spain (−8), where both countries moved to lower rating groups.

Which factors decreased the general level of ‘greening’ of the economies of the EU
countries? A deeper analysis of the mean values of the synthetic measures of detailed
indicators in the study years led to a conclusion that these values decreased for 15 of them
(55.6%). Negative changes mostly affected the following indicators:

• Energy productivity: 0.4127 in 2010 vs. 0.3079 in 2018 (−25%);
• People at risk of poverty or social exclusion: 0.7054 vs. 0.5338 (−24%);
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• Production-based and demand-based CO2 productivity: 0.4275 vs. 0.3507 (−18%);
• The development of environment-related technologies: 0.4590 vs. 0.4057 (−12%);
• Resource productivity: 0.4107 vs. 0.3658 (−11%);
• Renewable energy supply: 0.3746 vs. 0.3338 (−11%);
• The share of renewable energy in gross final energy consumption: 0.3279 vs.

0.2910 (−11%).

Thus, it is clear that a general decrease in the level of ‘greening’ of the economies
of the EU member states was primarily due to lower values of energy efficiency, social
indicators, CO2 productivity and resources productivity indicators. The identified areas
required intensive monitoring and corrective measures to be undertaken by international
and national institutions in the following years.

Table 2. Green economy in EU countries in 2010 and 2018.

EU Countries
2010 2018 Ranking

Change
2010 vs. 2018

GE Level
(Group)

EU Countries
Ranking

GE Level
(Group)

EU Countries
Ranking

Austria I 1 I 2 −1

Belgium II 10 II 6 +4

Bulgaria IV 28 IV 28 0

Croatia III 21 III 17 +4

Cyprus III 19 III 19 0

Czech Republic III 23 III 15 +8

Denmark I 4 I 1 +3

Estonia III 20 III 14 +6

Finland II 11 II 11 0

France I 5 I 4 +1

Germany II 8 II 7 +1

Greece III 17 III 23 −6

Hungary III 24 IV 27 −3

Ireland III 15 II 10 +5

Italy II 13 II 12 +1

Latvia III 25 III 22 +3

Lithuania IV 27 III 25 +2

Luxembourg II 7 II 8 −1

Malta III 16 III 18 −2

Netherlands II 6 I 5 +1

Poland III 22 III 24 −2

Portugal II 9 II 13 −4

Romania III 18 IV 26 −8

Slovak Republic IV 26 III 21 +7

Slovenia III 14 III 16 −2

Spain II 12 III 20 −8

Sweden I 2 I 3 −1

United Kingdom I 3 II 9 −6
Source: own elaboration.

Based on 2018 only, the indicators that performed very well could be identified. For the
lowest values of synthetic measures of detailed indicators, the following should be noted:

• the low emissions of SO2—0.9184;
• the still low water exploitation index—0.8692, although it should be underlined that, in

comparison to 2010, a deterioration by more than 4% of the value of this index was noted;
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• a decrease in final energy consumption—0.7962;
• a decrease in the amount of waste produced per capita—0.7513;
• a large decrease in unemployment—0.7482, which was associated with EU countries

gradually recovering from the financial and economic crisis (2008).

On the other hand, the lowest values of synthetic measures of detailed indicators were
noted for:

• waste recycling level—0.1866;
• GDP per capita—0.2431;
• the utilisation of circular materials—0.2789;
• the share of renewable energy in gross final energy consumption—0.2910;
• energy productivity—0.3079.

Table 3 shows detailed indicators for respective countries (representing specific areas
of green economy) that need corrective measures. It is assumed that a specific area needs
such measures if the standardised value of the indicator in the given country is lower than
0.4. (zij < 0.4000). The table clarifies which challenges respective countries must face in
relation to the green economy.

Table 3. Challenges for EU countries on the road to GE.

EU Countries Indicators (Areas) Requiring Corrective Actions (zij < 0.4000)

Austria x9; x10; x12; x13; x16; x17; x18; x21

Belgium x6; x7; x8; x9; x11; x13; x16; x18; x19; x21; x24

Bulgaria x3; x6; x7; x8; x9; x10; x11; x14; x15; x16; x17; x19; x21; x22; x23; x24; x26; x27

Croatia x3; x9; x10; x11; x13; x16; x17; x19; x21; x22

Cyprus x6; x7; x8; x9; x10; x11; x13; x14; x16; x17; x19; x21; x22

Czech Republic x3; x6; x7; x8; x9; x10; x11; x12; x16; x17; x18; x21

Denmark x2; x10; x16; x17; x18; x19; x21; x24

Estonia x1; x6; x8; x9; x10; x11; x14; x15; x18; x21; x24

Finland x4; x9; x10; x11; x15; x16; x17; x18; x21; x24

France x6; x7; x8; x11; x12; x13; x16; x18; x19; x21; x24

Germany x6; x7; x8; x9; x12; x16; x17; x19; x21; x24

Greece x6; x7; x8; x9; x10; x11; x16; x17; x19; x21; x22; x24; x25; x26; x27

Hungary x3; x6; x7; x8; x9; x10; x11; x12; x13; x14; x16; x17; x18; x19; x20; x21; x22; x23

Ireland x6; x7; x8; x12; x13; x16; x17; x18; x19; x24

Italy x3; x6; x7; x9; x13; x16; x18; x21; x24; x26; x27

Latvia x9; x10; x11; x13; x14; x16; x17; x18; x21; x22; x23; x24; x26; x27

Lithuania x7; x10; x11; x12; x13; x16; x17; x18; x19; x21; x22; x23; x24; x26; x27

Luxembourg x1; x4; x5; x6; x7; x9; x12; x15; x17; x19

Malta x6; x7; x8; x11; x14; x16; x17; x18; x19; x21; x22

Netherlands x6; x7; x8; x9; x11; x13; x18; x19; x21; x24

Poland x3; x6 x7; x8; x9; x10; x11; x13; x14; x16; x17; x19; x21; x22

Portugal x9; x10; x11; x13; x16; x17; x18; x19; x21; x24

Romania x6; x7; x9; x10; x11; x12; x13; x14; x16; x17; x18; x19; x21; x22; x23; x26; x27

Slovak Republic x3; x6; x7; x8; x9; x10; x11; x12; x14; x16; x17; x19; x21; x22; x23

Slovenia x3; x6; x7; x8; x9; x10; x11; x13; x16; x17; x19; x21

Spain x6; x7; x9; x11; x12; x13; x16; x17; x18; x19; x21; x25; x26; x27

Sweden x10; x11; x12; x16; x17; x18; x19; x21; x24

United Kingdom x6; x7; x8; x12; x16; x18; x19; x21; x24; x27
Source: own elaboration.

Denmark, which scored the best value for GEI in 2018, owes its success to high scores
for 15 indicators (more than 55%). However, in this country there are some areas that
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need special attention for the monitoring institutions. These areas primarily include: SO2
emissions (the worst score in Europe), the low percentage share of protected areas in the
total surface area of the country, relatively low waste recycling indicators in comparison to
other countries, a high percentage of non-productive-age population and low utilisation of
circular materials and resource productivity.

The results can be compared with the analysis carried out by a US company Dual
Citizen Inc. [65]. Since 2010 it has created and published annual reports on the so-called
Global Green Economy Index (GGEI). Initially, the reports covered only 27 countries
internationally. The latest report for 2018 compared 130 countries, including 28 EU member
states. Differences between GGEI and GEI presented here were significant and refer to the
quantity and type of selected detailed indicators. The GGEI consisted of 20 base indicators
under four previously mentioned areas—leadership and climate change, efficiency sectors,
markets and investment and the environment. Table 4 compares the rankings of EU
countries based on GGEI and GEI. In both of them Bulgaria ranked last. The top ten in both
rankings contained the same nine countries and the last ten contained six.

Table 4. Comparison of the rankings of EU countries based on Global Green Economy Index (Dual
Citizen Inc.), Green Economy Index (Kasztelan) and Green Economy Progress (PAGE).

GGEI
2018

GEI
2018

GEP 1

2004–2014

Sweden Denmark Bulgaria

Finland Austria Slovenia

Germany Sweden Hungary

Denmark France Ireland

Austria Netherlands Poland

France Belgium Cyprus

United Kingdom Germany Luxembourg

Ireland Luxembourg Italy

Netherlands United Kingdom Spain

Belgium Ireland Greece

Italy Finland Belgium

Greece Italy France

Hungary Portugal Germany

Spain Estonia United Kingdom

Portugal Czech Republic Croatia

Luxembourg Slovenia Czech Republic

Malta Croatia Netherlands

Lithuania Malta Austria

Slovenia Cyprus Finland

Croatia Spain Portugal

Romania Slovak Republic Estonia

Czech Republic Latvia Denmark

Estonia Greece Sweden

Latvia Poland Slovak Republic

Slovak Republic Lithuania Lithuania

Cyprus Romania Latvia

Poland Hungary

Bulgaria Bulgaria
1 No data available for Malta and Romania. Source: own elaboration, Dual Citizen LLC [65] and PAGE [40].

Another point of reference for the results could be, to some extent, the analyses carried
out by Ryszawska [3]. The author designed and verified using empirical methods the
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green economy index for 27 EU member states (excluding Croatia). Data on 21 indicators
collected for analyses referred to different years from the 2009–2012 interval, so these
comparisons should be treated very carefully. This was even more justified since the
methods used to design the synthetic index were also different. Despite these differences,
certain similarities with the results for 2010 were found. The top ten in the ranking by
Ryszawska contained eight countries that were also classified in the GEI ranking: Sweden,
the Netherlands, Denmark, Austria, Germany, United Kingdom, Belgium, and France.
In turn, the last ten were similar as they contained seven countries: Estonia, the Czech
Republic, Poland, Slovakia, Romania, Cyprus and Bulgaria.

The Green Economy Progress (GEP) index was developed under PAGE [39]. This
index, in contrast to previously presented solutions, relied on 13 indicators mostly describ-
ing changes in the transition to a green economy. It was used for calculating GEP indices
for 105 countries, including 26 EU member states (except for Malta and Romania) in the
period 2004–2014 [40]. Due to a completely different design of this index, the ranking of EU
member states looked completely different (Table 4). The biggest progress in implementing
the assumptions of a green economy in the study years was achieved by: Bulgaria, Slovenia,
Hungary, Ireland and Poland. In turn, the smallest progress was noted in Latvia, Lithuania,
Slovakia, Sweden and Denmark.

The GEP analysis by Cabernard anf Pfister [46] showed that most countries did not
meet their environmental goals, even though they sometimes moved in the right direction.
In addition, many countries that projected a significant future population growth had an
increasing environmental footprint. This clearly indicated that more needs to be done to
transition to a greener economy from a global perspective.

In 2020, Alekna and Kazlauskiene [44] published the results of a study concerning the
green economy in the Baltic countries: Lithuania, Latvia and Estonia. Based on 15 indicators
they calculated green economy indices in 2000–2018. Nevertheless, they did not compare
the results of their study with the results for other EU member states. However, it can be
concluded that the values of green economy indices in these countries for 2018 significantly
differed from values presented in this study, which was certainly due to a limited number
of indicators used in the analyses: Estonia—0.65 vs. 0.3205; Latvia—0.53 vs. 0.2592;
Lithuania—0.52 vs. 0.2510. In contrast, the results of both studies corroborated the order in
which respective member states appeared in the rankings of the Baltic countries.

Other studies mainly referred to the analysis of selected green economy indicators in
specific countries [7,32,38], without designing synthetic indices, so they could not be used
in the comparisons.

The use of the synthetic index approach allowed a clear evaluation of the activities
undertaken by the EU member states in the area of green economy in the first eight years
of the Europe 2020 strategy. On the other hand, the analysis of each detailed indicator
forming a part of the GEI allowed for the identification of the strengths and weaknesses of
transition both at the level of the EU and in its respective member states.

During the analyses certain limitations occurred which, to some extent, set potential
directions for further research. The design of the index was based on 27 indicators even
though 38 green economy indicators were initially identified. This was due to the existing
information gap in reporting this data by certain countries of the Community. The system
solutions aiming to improve the efficiency of gathering data on respective indicators could
boost the comprehensive evaluation of measures undertaken by EU member states for the
green economy. Secondly, the latest available data on most of the detailed indicators was
derived from 2018, so it was impossible to conclude which changes occurred in 2019–2020.
At that time, EU member states faced exceptional challenges—primarily associated with
the necessity to combat the COVID-19 -pandemic. A question arises of how this affected
the dynamics and the present shape of the ‘green’ transition of the European Union’s
member states. Thirdly, an interesting direction for further research could be the evaluation
of ‘green’ transformation processes in other countries of the world in order to compare the
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results obtained with EU countries. Finally, due to its design, the GEI could be used in the
future to evaluate spatial units at the lower level (regions, voivodeships).

5. Conclusions

The assumptions and objectives of the green economy concept were described in
the strategic documents of the European Union. Since 2010, green economy has been a
key element of the Europe 2020 strategy. A problem related to the development of green
economy is how it is monitored at different management levels. Discussion on the methods
of evaluating the green economy are pending in the international forum and this study is
simply another voice in that discussion.

The evaluation of the processes marking countries’ transitions to a green economy is
a complex issue that needs advanced methods of analysis. A multifaceted comparative
analysis proved to be an adequate tool for designing a synthetic Green Economy Index
and for the linear ordering of EU member states. In the course of this research, four
groups of countries were identified according to different levels of implementation of the
assumptions of the green economy.

The added value of the study comprises, firstly, of developing a comprehensive
evaluation method through designing a synthetic GEI, preceded by a thorough analysis of
reference literature and the identification of 27 detailed indicators. It should be emphasised
that previous analyses were based on a maximum of 21 indicators. The informative
value of the GEI should improve integration and activities such as monitoring, planning
and implementing the assumptions of green economy in the EU member states. At the
same time, the analysis of synthetic detailed indicators allowed for the identification of
the strengths and weaknesses of the ‘green’ transition processes in respective countries.
Secondly, previous research in most cases focused on comparing several EU member states.
In this study, detailed indicators were selected to ensure a multi-faceted analysis of all
countries of the EU member states. Thirdly, this is the first time that an evaluation of the
phenomenon of the green economy over time is presented by comparing the results from
2018 with those from the base year (2010).

In response to research questions set forth in this work, it should be concluded that
from 2010-2018 a decrease in the mean GEI for EU member states (from 0.3423 to 0.3294)
was noted, which should be interpreted as a step backwards in the processes of the ‘green’
transition of Europe. Moreover, it should be underlined that such low index levels testified
to a generally low level of the ‘greening’ of the economies of the EU member states. In
response to the second question, out of 28 countries, those that scored the highest for green
economy were: Denmark, Austria, Sweden, France and the Netherlands, and those that
scored the highest were: Bulgaria, Hungary and Romania. Thirdly, the analysis of mean
standardised values of detailed indicators showed that many areas of activity still require
determined intervention both at the national and international level.

These research results should contribute to redefining some of the assumptions of
European environmental policy. Activities in this area should focus on: the improvement
in the energy efficiency, including energy productiveness; a successive increase in the
share of renewable energy sources in the energy balance; a continuous reduction in a high
percentage of the population at a risk of poverty or social exclusion; the improvement in
resources and CO2 productivity, and, ultimately, the achievement of zero-carbon socio-
economic processes.
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Łódzkiego: Łódź, Poland, 2020; ISBN 978-83-8220-032-4. (In Polish) [CrossRef]

10. Shafter, K. Challenges of the Green Economy: Review of Concepts and Definitions. Eur. J. Manag. Soc. Sci. 2020, 2, 95–100.
[CrossRef]

11. Anser, M.K.; Usman, M.; Godil, D.I.; Shabbir, M.S.; Sharif, A.; Tabash, M.I.; Lopez, L.B. Does Globalization Affect the Green
Economy and Environment? The Relationship between Energy Consumption, Carbon Dioxide Emissions, and Economic Growth.
Environ. Sci. Pollut. Res. 2021. [CrossRef]

12. Limsuwan, K.; Thiengkamol, N.; Thiengkamol, C. Major Factors Affecting Green Economy Model. Ann. RSCB 2021, 25, 1074–1088.
13. Odugbesan, J.A.; Rjoub, H.; Ifediora, C.U.; Iloka, C.B. Do Financial Regulations Matters for Sustainable Green Economy: Evidence

from Turkey. Environ. Sci. Pollut. Res. 2021. [CrossRef]
14. Licastro, A.; Sergi, B.S. Drivers and Barriers to a Green Economy. A Review of Selected Balkan Countries. Clean. Eng. Technol.

2021, 4, 100228. [CrossRef]
15. Wu, M.; Wu, J.; Zang, C. A Comprehensive Evaluation of the Eco-carrying Capacity and Green Economy in the Guangdong-Hong

Kong-Macao Greater Bay Area, China. J. Clean. Prod. 2021, 281, 124945. [CrossRef]
16. UNDESA. A Guidebook to the Green Economy. Issue 3: Exploring Green Economy Policies and International Experience with National

Strategies; UN Division for Sustainable Development: New York, NY, USA, 2012. Available online: http://sustainabledevelopment.
un.org/content/documents/738GE%20Publication.pdf (accessed on 18 July 2021).

17. Eaton, D.; Sheng, F. (Eds.) Inclusive Green Economy: Policies and Practice; Zayed International Foundation for the Environment &
Tongji University: Shanghai, China, 2019.
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zasoby i strukturę wykwalifikowanych kadr (The Application of the Taxonomic Method to the Typological Division of Countries
by Level of their Development as Well as Resources and Structure of Qualified Staff). Prz. Stat. 1968, 4, 307–326. (In Polish)

http://doi.org/10.3390/su12166664
http://doi.org/10.1016/j.sciaf.2021.e00756
http://doi.org/10.17323/2500-2597.2021.1.74.85
http://doi.org/10.15290/ose.2014.03.69.02
http://doi.org/10.3390/su10114232
http://doi.org/10.1016/j.ecolecon.2021.107143
http://doi.org/10.1007/s10661-011-1875-3
http://www.ncbi.nlm.nih.gov/pubmed/21336490
https://www.gwp.org/globalassets/global/toolbox/references/measuring-progress-towards-an-inclusive-green-economy-unep-2012.pdf
https://www.gwp.org/globalassets/global/toolbox/references/measuring-progress-towards-an-inclusive-green-economy-unep-2012.pdf
https://www.un-page.org/files/public/content-page/unep_indicators_ge_for_web.pdf
https://www.bafu.admin.ch/dam/bafu/en/dokumente/wirtschaft-konsum/fachinfo-daten/kurzfassung_gruenewirtschaftindikatorenzurmessungderforschritte.pdf.download.pdf/executive_summarygreeneconomyindicatorsforprogressmeasurement.pdf
https://www.bafu.admin.ch/dam/bafu/en/dokumente/wirtschaft-konsum/fachinfo-daten/kurzfassung_gruenewirtschaftindikatorenzurmessungderforschritte.pdf.download.pdf/executive_summarygreeneconomyindicatorsforprogressmeasurement.pdf
https://www.bafu.admin.ch/dam/bafu/en/dokumente/wirtschaft-konsum/fachinfo-daten/kurzfassung_gruenewirtschaftindikatorenzurmessungderforschritte.pdf.download.pdf/executive_summarygreeneconomyindicatorsforprogressmeasurement.pdf
https://www.un-page.org/files/public/gep_methodology.pdf
https://www.un-page.org/files/public/green_economy_progress_measurement_framework_application.pdf
https://www.un-page.org/files/public/green_economy_progress_measurement_framework_application.pdf
https://dualcitizeninc.com/global-green-economy-index/economic-environmental-indicators.php?id=3
https://dualcitizeninc.com/global-green-economy-index/economic-environmental-indicators.php?id=3
http://doi.org/10.1016/j.resconrec.2018.07.007
http://doi.org/10.3390/su11174629
http://doi.org/10.2478/jec-2020-0014
http://doi.org/10.35912/joste.v2i2.650
http://doi.org/10.1016/j.scitotenv.2020.142587
http://doi.org/10.15584/nsawg.2020.2.10
http://doi.org/10.1126/science.1106281
http://doi.org/10.1016/S2212-5671(14)00056-2
https://www.oecd.org/sdd/42495745.pdf


www.manaraa.com

Energies 2021, 14, 5941 16 of 16

53. Hellwig, Z.S. Taksonometryczne Modele Zmian Struktury (Taxonomic Models of Structure Change); Instytut Rozwoju i Studiów
Strategicznych: Warszawa, Poland, 1995. (In Polish)

54. Pluta, W. Wielowymiarowa Analiza Porównawcza w Badaniach Ekonomicznych. Metody Taksonomiczne i Analizy Czynnikowe (Multivariate
Comparative Analysis in Economic Research. Taxonomic Methods and Factor Analysis); PWE: Warszawa, Poland, 1977.

55. Strahl, D. (Ed.) Metody Oceny Rozwoju Regionalnego (Methods for Evaluation of Regional Development); AE Publishing House:
Wrocław, Poland, 2006. (In Polish)

56. Grzebyk, M.; Stec, M. Sustainable Development in EU Countries: Concept and Rating of Levels of Development. Sustain. Dev.
2015, 23, 110–123. [CrossRef]

57. Sulich, A.; Sołoducho-Pelc, L. Renewable Energy Producers’ Strategies in the Visegrád Group Countries. Energies 2021, 14, 3048.
[CrossRef]

58. Walesiak, M. Uogólniona Miara Odległości GDM w Statystycznej Analizie Wielowymiarowej w Wykorzystaniem Programu R (Generalized
GDM Distance Measure in Statistical Multivariate Analysis Using R Software); Wydawnictwo Uniwersytetu Ekonomicznego: Wrocław,
Poland, 2011. (In Polish)

59. Kasztelan, A. How Circular Are the European Economies? A Taxonomic Analysis Based on the INEC (Index of National
Economies’ Circularity). Sustainability 2020, 12, 7613. [CrossRef]

60. Kukuła, K. Metoda Unitaryzacji Zerowanej (The Zero Unitarization Method); Wydawnictwo Naukowe PWN: Warszawa, Poland,
2000. (In Polish)

61. Kijek, A. Sector Risk of the Processing Industry. In Modeling and Assessment (Ryzyko Sektorowe Przemysłu Przetwórczego: Modelowanie
i Ocena); UMCS Publishing House: Lublin, Poland, 2013.
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