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Abstract: In this paper, we have analysed the level of advancement in circular economy (CE) in the
EU-28 countries. Firstly, we used a synthetic measure to examine CE advancement in EU countries
in each of the Eurostat CE distinguished areas, i.e. production and consumption, waste
management, secondary raw materials, and competitiveness and innovation. For the empirical
analysis, we applied 17 Eurostat indicators to the CE areas. To find the synthetic measure in 2010,
2012, 2014, and 2016, we used multidimensional comparative analysis, i.e. a zero unitarisation
method. Secondly, based on the synthetic measures of the CE areas, we created a general synthetic
measure of the CE advancement of the EU-28 countries as well as the countries” rankings. Thirdly,
we classified the countries into groups according to their level of advancement in CE, i.e. high level,
medium-high level, medium-low level, and low level groups. Finally, we applied a similarity
measure to evaluate the correlation between obtained rankings in two most extreme moments in
the period of analysis (2010, 2016). Our analysis covers all EU member states, as well as "old" and
"new" EU countries separately. Our results confirm that highly developed Benelux countries, i.e.
Luxembourg, the Netherlands, and Belgium, have the highest CE advancement level. Malta,
Cyprus, Estonia, and Greece are the least advanced in CE practice. Apart from that, on average,
there is some progress in CE implementation, significant disproportions between the EU countries
were observed, especially among the "new" member states.
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1. Introduction

Current environmental, economic and social observations of the continued exhaustion of
natural resources reveal the need for humans, companies and governments to change their attitudes
towards the natural environment. Issues related to globalisation, increasing demand for limited
resources, and aging of societies are among the critical problems of a highly developed European
Union (EU). The concept of circular economy (CE) offers a new approach to understanding the
relationship between humans and the natural environment.

The currently dominant linear economic system is a process based on production, use and
making of waste, which is regarded as the last stage of a product lifecycle. CE is the opposite concept
to the traditional, linear, and non-sustainable economy [1]. It is based on the "3R" approach, which
stands for "reduce, reuse, and recycle", resulting in the reusing and recycling of materials and the

prevention of waste generation [2-3].

© 2020 by the author(s). Distributed under a Creative Commons CC BY license.


mailto:bfura@ur.edu.pl
mailto:mstec@ur.edu.pl
https://doi.org/10.20944/preprints202011.0359.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 November 2020 d0i:10.20944/preprints202011.0359.v1

2 of 26

The Ellen MacArthur Foundation [4] defined CE as a "system that is restorative or
regenerative by intention and design, that can be achieved by eliminating waste through the
superior design of materials, products, systems and, within this, business models". CE is based on
three shared principles, which can be summarized as follows: (i) design out waste and pollution, (ii)
keep products and materials in use, and (iii) regenerate natural systems. CE is thus a restructuring of
whole economic and social systems, which implies a redesign of products and services offered from
their conception phase [5].

CE represents a paradigm to foster resource efficiency in industrial production and
consumption processes and aims to prevent resource depletion, close production and consumption
loops, and facilitate sustainable development (SD) [6].

CE is frequently viewed as an operationalisation to implement the concept of SD on the
micro and macro scale [7-9]. In the same vein, [10] described CE as an economic system
characterised by SD principle, which is less dependent on exhausting natural resources than
traditional economies. In this context, the issue of fulfilling SD objectives by implementing the
principles of CE is of special importance.

Supporting SD is among the top priorities of the EU cohesion policy and one of its
implementation instruments [11-13]. A territorial approach, leading to a reduction in disproportions
in levels of development among economies and to improvement in the quality of life, is emphasised
in the cohesion improvement process [14]. The EU Action Plan for CE underlines that product and
material value is maintained for as long as possible, waste and resource use are minimised, and
resources are kept within the economy when a product has reached the end of its life, to be used
again and again to create further value [15].

Although there is still no consensus on the definition of CE [7-8, 16-17] scientists,
industrialists, and politicians worldwide agree on the need to adopt CE and identify its evaluation
indicators [18, 19]. In recent years, there has been an emergence of a greater number of CE indicators
(including indicators related, for example, to the management of waste, energy, water, and
greenhouse gas emissions, and to recycling and proper use of recyclable resources), but there are no
universal indicators which would enable comparison of different countries or regions of the world
[20].

A need to monitor CE is also emphasised, for example, in intelligent specialisations,
indicating a necessity to include interregional and international links and connections [21].
Nevertheless, although the measurement of circularity is considered crucial, there is no prevailing
opinion on which operationalisation of CE to use [17, 22-23]. Stahel [24] also reported the problem
with CE measurement. He argued that the concept of CE has not yet reached any universal
implementation stage, because policymakers and economic actors know neither the basic principles
of CE nor their impact on the economy.

The main purpose of this paper is thus to perform a statistical evaluation of the level of CE
advancement in the EU-28 countries. We expressed this level with the use of a general synthetic
measure based on the synthetic measures calculated for each of the distinguished Eurostat CE area,
i.e. production and consumption, waste management, secondary raw materials, and
competitiveness and innovation [25]. We applied a zero unitarisation method to find the synthetic

measure of each CE area using indicators assigned to the area.
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Because the EC has recently passed several ambitious policies and practices related to CE
implementation, e.g. the "Circular Economy Package" (started in 2015 and updated in 2018) [15, 26]
in the EU, we decided to include all EU member countries. The necessity to diagnose and evaluate
the implementation of the objectives set in the part of the world regarded as one of the global leaders
in the promotion of the CE model seems justified [27]. The years between 2010 and 2016 are the
study period, which was selected because of the intention to cover the largest possible group of
member countries but was also determined by the availability and comparability of reliable
statistical data.

We classified the EU-28 countries into "old" and "new" member states. The "old" countries
which make up the EU core, i.e. the European Economic Community (EEC), later called the "EU-15",
include Belgium, France, Germany, Italy, Luxembourg, and the Netherlands (accession in 1958);
Ireland, Denmark, Great Britain (accession in 1973); Greece (1981), Portugal (1986), Spain (1986);
Sweden, Austria, and Finland (1995). The "new" member states include Cyprus, the Czech Republic,
Estonia, and Latvia; Lithuania, Malta, Poland, Slovakia, Slovenia, Hungary (2004); Bulgaria,
Romania (2007); and Croatia (2013). We presented research results both for all the countries in total
and for the two groups of countries.

For 2010 to 2016, we classified the member countries into four groups, each group made up
of members with similar levels of CE development. Then we applied a similarity measure to
evaluate the compliance of rankings of all member states and for the group of "old" and "new" EU
countries. The conducted research allowed us to verify the following research hypotheses:

H1: The studied period, 2010-2016, saw an increase in CE mean advancement level in the EU-28
member countries.

H2: Disproportions in CE development level in the EU-28 countries gradually reduced in the period
2010-2016.

H3: A greater progress in CE development in the reference period was observed in the "new" than in
the "old" member countries.

This paper is structured as follows: Section 2, which follows the Introduction, presents a literature
review of the development of the concept of CE in Europe and worldwide. A review of the available
study results attempting to evaluate and diagnose the level of CE advancement has been made
against this background. Section 3 presents the applied data and variables and briefly discusses the
assumptions of the research method used for CE measurement. Section 4 presents the results of the
study on the changes in CE implementation in the EU-28 countries and verifies the research
hypotheses. The paper closes with a Discussion and Conclusions section which quotes the results
obtained, presents conclusions, and formulates recommendations and guidelines for

decision-makers dealing with the implementation of policies fostering CE development in the EU.

2. Literature review

Although the practice of CE dates back to the industrialisation period and the 19th century [28],
only in recent years have there been scientific studies of CE [5, 22-23, 29]. Still, there is a concern
about how to measure progress and results on various levels, taking into consideration both the
complexity and fuzziness of the concept of CE [22, 30-31].

In response to the need for CE monitoring, attempts to identify CE indicators are

undertaken. In the subject literature, we can find both complex (containing different aspects of CE)
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and detailed (focused on a select aspect of CE) analyses. Some are theoretical and based on a
literature study [29, 32-34], others are empirical [5, 35]. Some treated the concept at a micro-level
[33], others at a macro-level [5, 35], but some of the research combined both approaches [19, 23].

Morga et al. [23] presented an in-depth review of indicators to measure CE both at the micro-
and macroeconomic levels. The main research result was a proposal of a classification framework to
categorize CE indicators. They observed that most of the indicators, both at a micro and macro scale,
focus on the preservation of materials, with strategies such as recycling. They concluded that
because of the complex characteristics as well as the fuzziness of CE, a set of indicators should be
used to assess CE instead of a single indicator.

Saidani et al. [19] identified 55 sets of CE indicators, developed by scholars, consulting
companies and governmental agencies, covering different objectives, scopes, and potential
applications. Also, Elia et al. [22] confirmed the necessity to adopt a complex view in CE assessment.

A narrower approach to CE measurement presented lacovidou et al. [36]. However, their
conclusions were close to those of the abovementioned studies. While focusing on resource recovery
from waste, [36] also pointed out the need for a holistic view dealing with the environmental,
economic, social and technical dimensions of CE. Similarly, Smol et al. [34] pointed out the links
between CE and eco-innovations. They stressed the role of eco-innovations in connecting
technological development with the environmental aspects of CE. Based on eco-innovation factors,
[33] proposed a way to measure regional CE-eco-innovations.

Haupt and Hellweg [37] also underlined the environmental aspect of CE. Contrary to the
mass-based indicators, such as recycling rates used to assess the circularity of individual products,
firms, and the entire countries, they proposed and tested complementary environmental
impact-based indicators that measure the environmental value retained through the "4R" approach
(reuse, recycle, remanufacture, and repair). In this way, CE changes the economic logic because it
replaces the production of new goods with the usage of already existing ones. This is possible by
carrying out actions to reuse what you can, recycle what cannot be reused, repair what is broken,
remanufacture what cannot be repaired [38].

The "3R" or "4R" idea is valid both at the macro and the micro level. The micro-level analysis
is reflected in the next study. Sassanelli et al. [33] proposed a framework for measuring and
assessing the circularity of a company. Apart from the theoretical context, the framework also has
practical value. The author of another theoretical framework for CE measurement is Avdiushchenko
[32]. She argued that the effective monitoring of CE is still at an early stage, and thus further research
is urgently needed to propose indicators at different operational levels to evaluate CE progress.

This view can be explained by the high complexity of the circularity phenomenon, which
was also underlined by Cautisanu et al. [35]. Their research covered the following CE areas:
economic growth, R&D, education, and recycling. The obtained results reflect the classification of
countries for a set of indicators of CE areas and, the links and dependencies between the indicators
analysed.

While [35] grouped OECD countries in homogeneous classes with respect to each of the
selected indicators, there is still a lack of complex classification covering the impact of each of the
examined indicators.

In the light of the research presented having mainly the characteristics of empirical studies, a

research gap was noticed. Despite the availability of many studies on CE, there is a lack of studies
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that use one indicator, having included the information of single indicators, to express the general
level of advancement in CE. Such a study would facilitate ranking the countries as well as making
comparisons between them, since using only one value gives such opportunities.

Our study, using the already existing Eurostat classification of CE indicators [25], suggests a
method to examine the level of CE in the EU-28 countries. In particular, we compared the "old" and
"new" EU countries, making possible the assessment of future cohesion in CE. The analysis covers
the following areas of CE: production and consumption, waste management, secondary raw
materials, and competitiveness and innovation. Each area is a component of the general synthetic
measure developed to determine the CE level. Such an approach allows the extension of research in
the next years, enables us to conduct a similar analysis in other parts of the world, e.g. OECD
countries, and compare results among examined objects (countries, regions, etc.). The applied
method may also be used for the analyses of other complex phenomena such as SD, green growth,

and others.

2. Materials and Methods

1.1. Data and variables

We carried out a comparative analysis of EU member countries based on their CE advancement
degree, using variables representing the four areas identified by Eurostat, i.e.

L Production and consumption
X1 — generation of municipal waste per capita (kg per capita) (D)
X2 — generation of waste (excluding major mineral wastes) per GDP unit (kg per thousand euro,
chain-linked volumes (2010)) (D)
X3 — generation of waste (excluding major mineral wastes) per domestic material consumption (%)
D)

II. Waste management
X4 — recycling rate of municipal waste (%) (S)
Xs — recycling rate of all waste (excluding major mineral waste) (S)
Xs — recycling rate of packaging waste by type of packaging (%) (S)
Xz — recycling rate of packaging waste by type of packaging (plastic packaging) (%) (S)
Xs — recycling rate of packaging waste by type of packaging (wooden packaging) (%) (S)
Xo — recycling rate of e-waste (%) (S)
X1 — recycling of biowaste (per capita) (S)
Xu — recovery rate of construction and demolition waste (% of construction and demolition mineral
waste recycled) (S)

11 Secondary raw materials
X1z — circular material use rate (% of total material use) (S)
X3 — trade in recyclable raw materials (imports from non-EU countries) in tons per thousand
inhabitants (S)
X — trade in recyclable raw materials (exports to non-EU countries) in tons per thousand
inhabitants (S)
Xis — trade in recyclable raw materials (imports from EU countries) in tons per thousand inhabitants
©)

Xi6 — trade in recyclable raw materials (exports to EU countries) in tons per thousand inhabitants (S)
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Iv. Competitiveness and innovation
Xi7 — patents related to recycling and secondary raw materials per million inhabitants (S). Among the
17 CE-designated variables, the majority were stimulants (S) — 14 variables — while the group of
destimulants (D) included 3 variables. A stimulant is a variable whose high values are favourable for
a studied phenomenon, but low values are unfavourable. A destimulant is a variable for which low
values are favourable, while high ones are unfavourable [39].

The first area of CE describes "production and consumption". The area applies to EU
self-sufficiency within raw materials, environmentally friendly public procurement, waste
generation but also wasting food [40]. Production is aimed at producing consumer goods (and
investment goods, which generate future consumption), and waste is produced on each stage of
production. All indicators measuring waste level (Xi—-Xs) were assumed to be destimulants.
Although waste can be recycled and transformed into resources to a certain extent, it depends on the
assimilation capacity of our planet and the process conditions [41].

The area concerning "waste management" is one of the CE components. The policy related to
waste handling is gradually shifting its focus from waste generation prevention to regarding waste
as resources and sustainable raw materials [42]. The indicators, X+—Xu1, represent the area focused on
the recycled waste share in the whole economy and specific waste streams. Recycling substantially
reduces the ultimate volume of waste, and usually also the demand for virgin raw materials [43].
Increasing recycling rates have a direct impact on employment in the waste management sector as
well as indirect impact in fields such as construction, maintenance, and administration of the
recycling facilities [44]. This is a justification of the treatment of "waste management" variables as
stimulants.

Another CE area, "secondary raw materials”", measures the share of recycled materials in
demand as raw materials and for recyclable raw materials trading [40]. It is represented by the Xi2
indicator — circular material use rate — and (X13—Xis) indicators measuring trade in recyclable raw
materials. Higher circularity rate (Xi2) value indicates means that more secondary materials
substitute for primary raw materials thus reducing the environmental impacts of extracting primary
material, thus in the analysis we found the indicator to be stimulant [25]. Next indicators in this CE
area show the amount and the monetary value of total waste shipped across intra and extra-EU
borders (X13—Xis). When environmental conditions are equal between member states, because both
comply with the European provisions and both have an equal or similar national level of ambition,
borders could be opened for waste shipments and markets could benefit from adequate price
settings and from removing market inefficiencies [45]. Since the proper image of the European raw
materials sector needs to cover the traffic of waste raw materials, i.e. recyclable raw materials, across
the European borders through export and import, as well as within the EU, Xi3—Xis indicators
(similarly to Xi2) were treated as stimulants.

The last CE area, i.e. "competitiveness and innovation", specifies private investments, jobs,
and gross added value, as well as patents applying to CE areas [40]. The area is represented in the
studies by the X1z indicator — patents related to recycling and secondary raw materials per million

inhabitants' — which was approached as a stimulant.

! Due to a lack of statistical data for all EU member states, this aspect of CE is represented by only

one indicator.
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1.2. Method

The synthetic measure of the level of CE development level was determined using zero
unitarisation methods for all EU member countries in the period 2010-20162. The method
assumptions and its subsequent stages included [46]:

1. Presenting of diagnostic variable values Xj (j = 1, 2, ..., m) describing the studied objects (EU
countries) Oi (i =1, 2, .., n) in each of the studied periods (2010, 2012, 2014, 2016) in the form of a

two-dimensional matrix:

X11 X120 Xim
X21 X220 Xom

X = : : : : (1)
Xn1 Xn2 " Xam

2. Normalisation of the variables to maintain comparability of statistical data, according to the
following formulas:

. xij—miin{xij}
for stimulants: z;; = ————

I @)

mgx{xij}—xij

€))

for destimulants: z;; = =
)
where: zij — the normalised value of a jth variable for the ith object, xij — the value of a jth variable for

the ith object, Rj — range for the jth variable. Normalisation was carried out for "object-periods", i.e.

min{x;;}, max{x;;}, and R; values were identified for all four studied years.
l L

3. Calculating the synthetic measure values for the distinguished CE areas as an arithmetical mean

of normalised variable values, using the formula (4):
1
MS; = — ¥y 2 4)

where:

MSi — synthetic measure for the distinguished CE areas (I-1V), zij — the normalized value of the jth
variable for the ith object. Thus, the value of the general synthetic measure of the level of CE
development for the ith object (EU country) is the arithmetic mean of the synthetic measures
calculated for the CE areas (I-1V):

MSE =2 (MS! + MS[" + MS!" + MS[") (5)

where

MS lG — the general synthetic measure of the level of CE,
MS! - the synthetic measure of area I of CE,

MS}" - the synthetic measure of area II of CE,

MS}"~ the synthetic measure of area III of CE,

MS}” - the synthetic measure of area IV of CE.

2 In the 2010-2017 period, we observed a lack of data for X1—Xi17 indicators, therefore we covered, in
the analysis, the years 2010, 2012, 2014, and 2016, for which all indicator values were available for all

EU member states.
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The synthetic measure takes values from the [0,1] range. The higher the general synthetic measure
value, the higher the level of development of the country’s CE.
4. Classifying the EU-28 countries with similar levels of development of CE, according to the

following formulas:

Group 1: MSE > mf +5; high level (6)
Group 2: mf; +S; > MSF > mlc medium-high level (7)
Group 3: mf; > MSE > W? -5 medium-low level 8)
Group4:  §f < mf -5 low level )

— G
where: MS; — the mean value of the general synthetic measure, S; — standard deviation of the

general synthetic measure.
5. Checking the similarity of results of the linear ordering of the countries in time (2010 vs.

2016), using the following formula [47]:
PX(MSE,MSE) = P4 = =31, (pir — Pis)? (10)

where:
pir, pis — values of MSF,MS¢ synthetic measure for the ith country in the compared periods r and s, n
—number of countries. The measure helps to compare the values of the general synthetic measure at
the beginning and end of the studied period. Its value is 0 when there are no differences in the values
of MSF, MS&synthetic measures in the compared periods. The square root of (9) informs about the
average order of deviation in the compared synthetic values in the periods r (2010) and s (2016). An
important feature of B% measure is that it can be presented as a sum of three partial measures,
which enables more precise identification of the "order" and "nature” of the differences in the
synthetic measure values, in the following form:

P% =P} +P}+P; (11)
Individual partial measures provide information about the following:

— a difference between mean values of MSE, MSE synthetic measures:

Pt = (Br = s)* (12)
— a difference in the dispersion of MSF, MS¢ synthetic measures:

P = (Sy = S5)* (13)
— a non-conformity of the direction of changes in MS?, MS¢ synthetic measures:

P} =25,5,(1—p) (14)

where: p,, Sr(Ps, Ss) stand, respectively, for the arithmetic mean and standard deviation of the rth
(sth) synthetic feature value, and p stands for Pearson's coefficient of linear correlation between the
vectors p.=(pu,...pnr) and p.s=(p1s,...pns). The application of the similarity measure (10) and the partial
measures (11-14) provided the statistical grounds for the verification of the research hypotheses and

the fulfilment of the purpose of the study.

4. Results

4.1. Descriptive statistics
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For the preliminary analysis, we performed a statistical evaluation of CE indicators for 2010
and 2016. We applied basic descriptive measures, i.e. maximum, minimum, mean, coefficient of

variation (CV), and coefficient of asymmetry (CA) (Table 1).

Table 1. Descriptive statistics of variables in 2010 and 2016

Coefficient Coefficien
Indicator Maximum value Minimum value Mean of variation tof
(CV) in % asymmetry
(CA)
2010
X1 Denmark 762.0 Estonia 305.0 490.3 25.0 0.13
Xz Estonia 779.0 Luxembourg 38.0 118.0 122.2 3.84
X3 Estonia 344 Latvia 3.6 12.0 53.0 1.87
X4 Germany 62.5 Croatia 4.0 27.7 62.0 0.46
Xs Luxembourg 87.0 Greece 18.0 46.1 35.0 0.36
Xs Denmark 84.0 Malta 28.5 59.9 20.0 -0.50
Xz Slovenia 67.3 Poland 20.1 34.6 31.0 1.15
Xs Sweden 167.2 Croatia 0.4 43.1 78.0 1.80
Xo Sweden 553 Cyprus 115 26.8 38.0 0.59
X0 Austria 182.0 Malta 0.0 49.3 102.0 1.01
Xu Netherlands 100.0 Cyprus 0.0 67.1 52.0 -0.95
X12 Netherlands 254 Latvia 0.7 8.15 78.0 1.23
X1 Sweden 86.8 Cyprus 0.1 19.3 127.0 1.73
X1s Netherlands 360.4 Luxembourg 0.1 81.1 116.0 1.97
X5 Luxembourg 56514 Cyprus 0.7 307.7 337.0 5.15
Xie Luxembourg 536.6 Malta 9.3 140.4 88.0 1.57
X7 Luxembourg 3.69 Malta 0.0 0.63 122.7 271
2016

X1 Denmark 777.0 Romania 261.0 476.3 24.0 0.52
Xa Estonia 646.0 Luxembourg 33.0 108.8 115.0 3.49
X3 Estonia 33.8 Romania 4.1 12.6 56.0 1.52
X4 Germany 66.1 Malta 7.1 37.2 39.0 -0.14
Xs Luxembourg 753 Greece 13.7 48.1 33.0 -0.37
Xe Belgium 81.9 Malta 38.7 63.7 14.0 -0.48
X7 Lithuania 744 Estonia 24.6 42.0 28.0 0.72
Xs Portugal 103.4 Croatia 3.0 41.7 60.0 0.61
Xo Bulgaria 105.2 Malta 115 431 47.0 1.29
Xio Austria 181.0 Malta 0.0 63.9 74.0 0.73
Xn Luxembourg 100.0 Greece 0.0 85.3 24.0 -2.75
X2 Netherlands 29.0 Romania 1.5 8.9 76.0 1.3
X3 Slovenia 54.6 Malta 0.1 134 108.0 1.47
X1s Netherlands 312.7 Luxembourg 0.1 84.3 108.0 1.35
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Xis Luxembourg 4100.5 Cyprus 0.5 245.9 306.0 5.05
X6 Luxembourg 391.4 Malta 3.6 120.4 83.0 1.00
X7 Luxembourg 6.2 Greece 0.03 0.7 152.0 4.40

In 2010, the highest quantity of waste per capita was produced in Denmark (762 kg), while
the lowest was produced in Estonia (305 kg). The mean value for the EU was about 490 kg per capita,
and the differentiation level among countries for the value of the Xi indicator was low. Estonia
dominated the next two indicators, i.e. X2 — generation of waste, excluding major mineral waste, per
GDP unit (in kg per thousand euro) — and Xs — generation of waste, excluding major mineral waste,
per domestic material consumption (%). This cannot be perceived as a favourable situation for this
country considering the nature of the variables (destimulants). In the case of the X2 variable value, a
significant differentiation among countries was observed (CV=122.2%), and a high CA level (3.84) is
the evidence that in the majority of EU member countries, the value of X2 variable was below the
average.

In the II group of variables identifying the CE area, "waste management", the best situation
in 2010 was observed for Germany, Luxembourg, Denmark, Slovenia, Sweden, Austria, and the
Netherlands. The lowest values of X4~ X11 (being the evidence of low waste recycling activity) was
observed for Croatia, Greece, Malta, Poland, and Cyprus. Some member states attained maximum or
minimum in more than one variable. They were, for example, Sweden, Croatia, Malta, and Cyprus.
It should be emphasised that within the variables that make up the II group, the EU member
countries were most diversified for Xio variable — recycling of bio-waste (per capita) — for which the
CV was 102%.

In the third CE area, "secondary raw materials", the only countries that attained the
maximum of individual indicators were the Netherlands, Sweden, and Luxembourg. EU member
countries were also strongly diversified for X12—Xis variables, which was suggested by the CV value
ranging between 78% and 337%. The values of the indicators were characterised by a strong
right-sided asymmetry (CA from 1.23 to 5.15), which implies that the majority of member countries
reached values below the average.

X1z indicator — patents related to recycling and secondary raw materials per million
inhabitants — represented the fourth area of CE, i.e. "competitiveness and innovation". Xi7 amounted
to 0 for Malta up to 3.69 for Luxembourg. However, the mean value for the EU countries was 0.63.
The studied countries were also strongly diversified for the Xi7 variable (CV=122.7%). In the majority
of the member states, the level of competitiveness and innovativeness was lower than the average.
The situation cannot be deemed favourable because such a strong polarisation in the CE area, being
essential for development, can aggravate the disproportions observed between the member states.

For 2016, compared to 2010, we observed changes in countries that produced the highest
quantities of waste per capita. In this area of CE, Denmark and Estonia still dominated. However, it
is positive that the values of two indicators (X2 and Xs) reduced for these countries. The mean values
of the following variables also reduced for all EU member countries: X1 (generation of municipal
waste per capita) and Xz (generation of waste, excluding major mineral waste per GDP unit).

Important favourable changes in 2016, compared to 2010, was also observed in the second
area of CE, i.e. "waste management". The mean values of seven out of eight variables went up for the

whole EU. Only the mean value for the Xs variable, recycling rate of packaging waste by type of
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packaging (wooden packaging) (%), slightly decreased (from 43.1 to 41.7). Diversification between
countries regarding Xs went down significantly (from 78.0% to 60.0%). It is positive that the majority
of the member states attained values of Xi1, recovery rate of construction and demolition waste (% of
construction and demolition mineral waste recycled), above the average, which was confirmed by
the CA of -2.75 in 2016.

In 2016 compared to 2010, countries with the highest values of the third area of CE, i.e.
"secondary raw materials", did not change significantly. Among the leaders in this area in 2010 were
the Netherlands, Sweden, and Luxemburg. In 2016, in the case of the Xis indicator, Slovenia replaced
Sweden. We observed that the mean values of Xi2 variable, circular material use rate (% of total
material use), and Xu variable, trade in recyclable raw materials (exports to non-EU countries) in
tons per thousand inhabitants, increased slightly, while for the other three variables (X3, X15, Xis), the
mean values dropped in 2016 compared to 2010.

Despite a decrease in the diversification level of X12—Xis indicators, in 2016, compared still to
2010, high values of CV were noticed (from 76% for Xi2 to 306% for Xis). Moreover, high CA values
suggest that the majority of the countries reached lower levels than the EU-28’s average for Xi2—Xis
indicators.

In 2016, Luxembourg was still the leader in patents concerning recycling and secondary raw
materials. The mean value for the EU-28 was 0.7 patent per 1 million inhabitants. The diversification
of the EU member countries for the indicator (Xi17) we found to be high (CV=152%), and the majority
of the studied countries reached levels below the average (CA=4.40).

4.2. Rankings
The statistical evaluation of CE development, carried out with the descriptive measures, presented a
detailed picture of the implementation of the concept of CE in the member countries. It allowed to
distinguish winners and losers in the selected CE area. However, based on individual indicators, it is
difficult to identify CE leaders, countries with a medium-advanced level, or those poorly involved in
the concept implementation among the studied countries. The proposed method with one
aggregated measure can be used in studies on CE advancement may facilitate solving this issue. The
suggested general synthetic measure allows consideration of a simultaneous impact of all 17
variables. The results obtained through the measure for each EU member country in the period
2010-2016 are presented in Table 2.

Table 2. Values of a synthetic measure (M SiG ) for EU countries

EU countries 2010 2012 2014 2016
Austria 0.396 0.396 0.399 0.396
Belgium 0.409 0.407 0.419 0.434
Bulgaria 0.252 0.260 0.275 0.305
Croatia 0.287 0.316 0.315 0.330
Cyprus 0.231 0.275 0.273 0.274
Czech Republic 0.376 0.390 0.406 0.406
Denmark 0.377 0.355 0.390 0.391
Estonia 0.242 0.295 0.297 0.253
Finland 0.328 0.325 0.365 0.352
France 0.337 0.345 0.362 0.358
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Germany 0.381 0.383 0.377 0.379
Greece 0.241 0.228 0.222 0.241
Hungary 0.305 0.293 0.328 0.336
Ireland 0.312 0.336 0.350 0.337
Italy 0.328 0.339 0.331 0.345
Latvia 0.356 0.412 0.369 0.362
Lithuania 0.327 0.352 0.365 0.405
Luxembourg 0.530 0.555 0.668 0.552
Malta 0.207 0.265 0.314 0.258
Netherlands 0.437 0.444 0.436 0.449
Poland 0.312 0.329 0.349 0.358
Portugal 0.303 0.329 0.351 0.351
Romania 0.290 0.334 0.325 0.321
Slovakia 0.301 0.335 0.338 0.339
Slovenia 0.358 0.411 0.432 0.417
Spain 0.310 0.316 0.325 0.330
Sweden 0.415 0.411 0.388 0.389
United Kingdom 0.346 0.350 0.355 0.364

From the data presented in Table 2, we observe that the values of the general synthetic measure in
subsequent study years fell within the following ranges:

in 2010: from 0.173 for Malta to 0.585 for Luxembourg,

— in 2012: from 0.220 for Greece to 0.575 for Luxembourg,

in 2014: from 0.207 for Greece to 0.562 for Luxembourg,

in 2016: from 0.236 for Greece to 0.563 for the Netherlands.

The presented values of the general synthetic measure in the examined years reveal the ranges of the

general synthetic measure and its changes in individual years. The increase in the value of the lower
and upper limits of the range indicates the improvement of EU countries in CE implementation. The
lowering of the upper limit of the measure in 2016, compared to previous years, indicates some
weakening of the implementation of the CE concept in some countries, e.g. Sweden and Germany. In
8 of the countries, an increase in the general synthetic measure was observed in all examined years.
The countries include Bulgaria, the Czech Republic, Lithuania, Poland, Portugal, Slovakia, Spain,
and the United Kingdom. Minor fluctuations (upwards or downwards) in the general synthetic
measure value were observed in the other countries in subsequent study years.

The following stage of the study involved the evaluation of the EU similarity measures
related to CE level in 2010 and 2016. We calculated similarity measures with formulas (10)—(14) and
obtained the following results:

P% =0.00116, PZ = 0.00070, PZ = 0.00002, P# = 0.00043, whereby

p, = 0332, p, = 0.358, S, = 0.068, S, = 0.064, p = 0.950.
The mean deviation in the general synthetic measure values in 2010 and 2016 was 0.00116. It mainly
resulted from an increase in the mean value of the general synthetic measure (from 0.332 in 2010 to

0.358 in 2016). High compliance of the direction of changes in values of the general synthetic
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measure was observed (0.950) for the compared periods. It means that the great majority of the
countries improved their CE levels in the compared years, 2010 and 2016. Moreover, a minor drop in
the synthetic measure differentiation was observed (from 0.068 to 0.064), being the evidence of a
minor reduction in the disproportions between the EU-28 countries.

From the MS LG value, the rankings of the EU-28 countries were made for 2010, 2012, 2014,

and 2016, and later used to determine each country's position (Table 3).

Table 3. EU countries rank positions

Position
EU countries 2010 2012 2014 2016 change
2016 vs. 2010
Austria 5 7 6 7 -2
Belgium 4 6 4 3 +1
Bulgaria 24 27 26 24 0
Croatia 23 21 23 21 +2
Cyprus 27 25 27 25 +2
Czech Republic 8 8 5 5 +3
Denmark 7 10 7 8 -1
Estonia 25 23 25 27 -2
Finland 13 20 12 15 -2
France 12 13 13 14 -2
Germany 6 9 9 10 -4
Greece 26 28 28 28 -2
Hungary 19 24 20 20 -1
Ireland 16 15 16 19 -3
Italy 14 14 19 17 -3
Latvia 10 3 10 12 -2
Lithuania 15 11 11 6 +9
Luxembourg 1 1 1 1 0
Malta 28 26 24 26 +2
Netherlands 2 2 2 2 0
Poland 17 19 17 13 +4
Portugal 20 18 15 16 +4
Romania 22 17 22 23 -1
Slovakia 21 16 18 18 +3
Slovenia 9 4 3 4 +5
Spain 18 22 21 22 -4
Sweden 3 5 8 9 -6
United Kingdom 11 12 14 11 0

In the period 2010-2016, the following countries maintained their leading positions for CE
practice: Luxembourg and the Netherlands. Among the countries which mostly improved their

situations in the reference period were Lithuania (moving from the 15% place in 2010 to the 6t place
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in 2016) and Slovenia (progressing from the 9t to the 4t place). The greatest drops in the compared

years was observed for Sweden (moving down from the 3 place in 2010 to the 9t place in 2016).

4.3. Classification
Based on the general synthetic measure calculated for 2010 and 2016, we classified the EU-28
countries into four groups depending on the CE level. The results of the classification are presented
in Table 4.

Table 4. Classification of EU countries for CE development level (M Sl-G ) in 2010 and in 2016

do0i:10.20944/preprints202011.0359.v1

Group  Level of CE Classification of EU countries
2010 2016

Group1 high Luxembourg, Netherlands, Luxembourg, Netherlands,
Sweden, Belgium Belgium

Group2 medium-high Austria, Germany, Denmark, Slovenia, Czech Republic,
Czech Republic, Slovenia, Latvia, Lithuania, Austria, Denmark,
United Kingdom, France Sweden, Germany, United

Kingdom, Latvia, Poland

Group3 medium-low Finland, Italy, Lithuania, Ireland, France, Finland, Portugal, Italy,
Poland, Spain, Hungary, Slovakia, Ireland, Hungary,
Portugal, Slovakia, Romania, Croatia, Spain, Romania,
Croatia Bulgaria

Group4 low Bulgaria, Estonia, Greece, Cyprus, Malta, Estonia, Greece
Cyprus, Malta

Group 1. This group is composed of representatives of the "old" EU member countries with high
levels of CE development in 2010 and 2016. The group in 2010 included Luxembourg and the
Benelux countries (the Netherlands, Sweden, and Belgium). However, in 2016 Sweden dropped to
Group 2. The values of MSf synthetic measure for this group ranged from 0.530 for Luxemburg to
0.409 for Belgium in 2010, and from 0.552 for Luxemburg to 0.434 for Belgium in 2016. Countries
classified as belonging to Group 1 were leaders in CE implementation.

Group 2. This group includes countries whose values of MS{ measure ranged in 2010 from 0.396 for
Austria to 0.337 for France, and in 2016 from 0.417 for Slovenia to 0.358 for Poland. Both in 2010 and
2016, in this group with a medium-high level of CE, there were "old" and "new" member states. In
2016, the composition of Group 2 was higher and included also Lithuania, Sweden, and Poland.
However, in 2016 France fell back to Group 3.

Group 3. This group, the medium-low level group, in 2010 was mainly composed of "new" member
states, but the South European countries (Spain and Portugal) were also classified as part of this
group, together with Finland, which ranked the lowest among the Nordic countries. The year 2016
saw an improved CE situation in Portugal (moving up to Group 2) but also a deterioration of the
situation in France. MS{ measure for this group in 2010 reached the highest value for Finland
(0.328), and in 2016 for France (0.358). The lowest value of the general synthetic measure in 2010 was
recorded for Croatia (0.287), and in 2016 for Bulgaria (0.305).
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Group 4. In 2010, this group, the low-level group, was made up majorly of countries in Southern
Europe, including Bulgaria, Estonia, Greece, Cyprus, and Malta. Most of these countries are
characterised by a high revenue from tourism in their GDPs. It should be however noted that
tourism generates high quantities of waste, which can prevent the transformation of the economies
to CE. In 2016, the composition of Group 4 changed because Bulgaria moved up to Group 3. Bulgaria
and Romania are among the poorest EU member states and their recycling level indicators were also
among the lowest. The unfavourable situation of Estonia could have been caused by the
deterioration in the value of production, consumption, and waste management indicators. In this
group with the lowest level of CE development, the values of MSf indicator in 2010 ranged from
0.252 to 0.207, while in 2016 the values ranged from 0.274 to 0.241.

Taking into account the average values of Xi1-Xi7 indicators for the countries classified into
particular groups, we determined the variables for which the countries of a given group achieved
the most favourable average values The most favourable average values are the highest values for
stimulants and the lowest values for destimulants. In 2016, a group of countries with high levels of
CE achieved the most favourable average values for 13 variables, i.e. X2, X4, X5, Xs, X3, X10, X11, X2, X13,
X, X15, Xi6, and X17. The group of countries with medium-high CE levels had the most favourable
average values for two variables, i.e. X3 and X». The group of countries with medium levels of CE
achieved the most favourable average values for Xi and X¢ variables. However, the countries of
Group 4, which had low levels of CE, did not record the most favourable average values for any of
the variables.

For the sake of comparison, in 2010, countries in the given groups achieved the most favourable
average values for the following variables: X4, X5, Xs, X7, X8, X9, X10, X12, X13, X14, X15, X16, and X17 (for
Group 1); X2 and Xu1 (for Group 2); X1 and Xs (for Group 3); and no variables (for Group 4).

Taking into account the individual indicators (Xi—Xi7), we noticed the following changes
in the period 2010-2016:

—  Production and consumption. In most EU countries, the situation regarding the amount of
waste generated improved. Sixteen countries saw reduction in the values of X1 indicator
(most notably Bulgaria, Spain, and Luxembourg), the values of Xz indicator for 17 countries
reduced (most notably Estonia, Finland, and Romania), and the values of X3 indicator for 11
countries reduced (most notably Finland, Luxembourg, and Hungary).

—  Waste management. In 2016, countries generally showed better waste management than in
2010, i.e. 26 countries recorded improvements in X4 (most notably Lithuania, Slovenia, and
Poland), 21 countries recorded improvements in Xs (most notably Slovenia, Latvia, and
Croatia), 19 countries recorded improvements in the values of Xe¢ (most notably Slovakia,
Poland, and Malta), 21 countries saw improvements in Xz indicator (most notably Lithuania,
Poland, and the United Kingdom), improvements in Xs were recorded for 10 countries (most
notably Slovakia, Portugal, and the Czech Republic), 27 countries recorded improvements in
the values of X9 (most notably Bulgaria, Croatia, and Estonia), 22 countries saw
improvements in the values of X1 (most notably Lithuania, Slovenia, and Portugal).

—  Secondary raw materials. Most of the EU countries improved their results in this area, i.e. 17
countries improved in Xi2 (most notably Belgium, Italy, and the Netherlands), 17 countries
improved in Xi3 (most notably Greece, Portugal, and Bulgaria), 17 countries improved in Xis

(most notably Lithuania, Latvia, and Malta), 12 countries improved their Xis results (most
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notably Slovenia, Portugal, and Estonia), and 9 countries improved their Xis results (most

notably Slovakia, Slovenia, and Croatia).

—  Competitiveness and innovation. More than a half (16) of the countries improved the values of
their X17 indicator (most notably Luxembourg, Denmark, and Slovenia).

The EU-28 both in 2010 and 2016 were dominated by the countries with medium-low levels
of CE development (Group 3), i.e. Central and Eastern European (CEE) countries, countries from the
Iberian Peninsula, and Finland. Unfortunately, these countries do not belong to the EU top economic
countries, and mainly include member states which joined the EU in 2004 or later. The EU economic
leaders were classified as belonging to Groups 1 and Group 2. Despite favourable classification and
high positions in the rankings (Table 4), the problem of highly developed countries is that they
generated large quantities of waste, compared to poorer or less developed countries. This is also true
for countries with low level of CE development, i.e. Greece, Cyprus, and Malta. Tourism has a high
share in the development of these countries” GDP, which justifies the observed situation.

The year 2016, in comparison with 2010, did not show significant improvement in the CE

situation of the EU-28 countries (Fig 1, Fig. 2).
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Figure 1. EU countries CE classification (2010)
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Figure 2. EU countries CE classification (2016)

In 2016, Bulgaria improved on its low level of CE, and thus a slight improvement in Group 4 was
observed. In 2016, compared to 2010, the number of CE leaders reduced as Sweden moved to Group
2. Lithuania and Poland improved their situation in the classification, while the position of France
decreased.

Apart from general classification of EU countries we also classified the countries in each of CE
area for 2010 and 2016 (Table 5).

Table 5. Classification of EU countries for CE development level (MS/) in 2010 and in 2016

Group  Level of CE Classification of EU countries (I. Production and consumption)
2010 2016

Group1 high Latvia, Czech Republic, Croatia Romania, Czech Republic, Latvia
Slovakia, Romania

Group2 medium-high Lithuania, Poland, Sweden, Croatia, Hungary, Slovakia,
Hungary, Portugal, Spain, Sweden, Poland, Lithuania,
Austria, Slovenia, Cyprus Portugal, Finland, Slovenia,

Cyprus, Austria, Ireland

Group3 medium-low France, Finland, Greece, France, Spain, Luxembourg,
Germany, Malta, Italy, United Malta, Greece, Germany, United
Kingdom, Ireland, Luxembourg, Kingdom, Italy, Denmark,
Denmark, Belgium Bulgaria

Group4 low Netherlands, Bulgaria, Estonia Belgium, Netherlands, Estonia
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The variables from Production and consumption area constituted of destimulants (Xi—Xs indicators).
Both in 2010 and 2016 the majority of "new" EU countries were in the waste generation (law amount
of waste generation) in the better situation than "old" EU states. However in both rankings on the
lowest positions in 2010 were Estonia together with Bulgaria. In 2016 Bulgaria improved slightly its
position and finally was replaced by the Netherlands. Of the "old" EU countries, only four of them
had relatively low waste generation i.e. Portugal, Finland, Austria and Ireland. In 2016 Belgium
generated the highest amount of waste in the EU.

The opposite situation was in the Waste management area. Both in 2010 and in 2016 among
the leaders were "old" EU members. From the "mew countries" Lithuania, Slovenia, the Czech

Republic were relatively good at recycling (Table 6).

Table 6. Classification of EU countries for CE development level (MS/’) in 2010 and in 2016

Group  Level of CE Classification of EU countries (II. Waste management)
2010 2016
Group1 high Netherlands, Austria, Sweden, Netherlands, Lithuania, Belgium,
Denmark, Germany, Denmark
Luxembourg
Group 2 medium-high Belgium, United Kingdom, Italy, Germany, Slovenia, Austria,
Ireland, Slovenia, Czech Republic Luxembourg, Italy, Czech
Republic,  United Kingdom,
Portugal, Sweden, Bulgaria
Group3 medium-low France, Portugal, Spain, Estonia, Ireland, Spain, Poland, France,
Bulgaria, Lithuania, Hungary, Slovakia, Finland, Latvia,
Poland, Slovakia, Latvia, Finland  Hungary, Croatia, Estonia
Group4 low Romania, Croatia, Greece, Romania, Cyprus, Malta, Greece
Cyprus, Malta

A similar situation was in the next CE area, i.e. Secondary raw materials. Favorable waste

exchange conditions prevailed both in 2010 and in 2016 mainly in the "old" member countries.

Among the "new" countries" were only Slovenia and Estonia (Table 7).

Table 7. Classification of EU countries for CE development level (MS;'") in 2010 and in 2016

Group  Level of CE Classification of EU countries (III. Secondary raw materials)
2010 2016

Group1 high Luxembourg, Netherlands, Netherlands, Luxembourg,
Belgium Belgium

Group2 medium-high Estonia, Denmark, Slovenia, Slovenia, Estonia, Denmark,
Sweden, United Kingdom, United Kingdom, France,
France Sweden, Austria

Group3 medium-low Latvia, Germany, Austria, Germany, Lithuania, Italy,
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Finland, Czech Republic, Latvia, Czech Republic, Malta,
Lithuania, Italy, Spain, Ireland, Slovakia, Poland, Hungary,
Poland, Malta Bulgaria, Croatia, Spain, Ireland, Finland,
Hungary, Slovakia, Romania, Greece, Bulgaria, Portugal,
Greece, Cyprus, Croatia, Cyprus

Portugal

Group4 low - Romania

Because the standard deviation of MS/" was higher than the average there are no countries in 2010

in Group 4.

The last CE area i.e. Competitiveness and innovation had the leaders among "old" member
states. In 2010 they were Luxemburg and Finland and in 2016 it was only Luxemburg. The
medium-high in competitiveness and innovation in 2016 were highly developed "old" member states
and Poland which represented "new" EU members. The level of competitiveness and innovation of

none of the countries was considered low (Table 8).

Table 8. Classification of EU countries for CE development level (M S lI V) in 2010 and in 2016

Group  Level of CE Classification of EU countries (IV. Competitiveness and innovation)
2010 2016

Group1 high Luxembourg, Finland Luxembourg

Group2 medium-high Austria, Belgium, Germany, Finland, Austria, Germany,

Poland, Czech Republic, France, Poland, Belgium, Netherlands,

Hungary, Latvia, Lithuania France

Group3 medium-low Netherlands, Italy Ireland, Czech Republic, Denmark,
United Kingdom, Romania, Estonia, Ireland, Latvia, Italy,
Spain, Portugal, Croatia, Estonia, Slovenia, Spain, Sweden, United
Bulgaria, Denmark, Sweden, Kingdom, Hungary, Lithuania,
Greece, Cyprus, Malta, Slovenia, Cyprus, Malta, Romania,
Slovakia Portugal, Bulgaria, Slovakia,

Croatia, Greece

Group4 low - -

Because the standard deviation of MS;/” was higher than the average there are no countries both in
2010 and 2016 in Group 4.

4.4. Hypothesis verification

The formulated research hypotheses concerned the evaluation of the progress of all EU
member states as regards CE, and according to the division into "old" and "new" member states. The
identified values of synthetic measures for subsequent study years (2010, 2012, 2014 and 2016) set
the criteria to rank countries and to evaluate the similarity of ordering in most extreme moments in
the period of analysis.

The research results confirmed the first hypothesis that, in the studied period 2010-2016, a

minor increase in the mean level of CE advancement in the EU-28 countries was observed. Progress


https://doi.org/10.20944/preprints202011.0359.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 November 2020 d0i:10.20944/preprints202011.0359.v1

20 of 26

in CE adoption resulted in an increase in the general mean synthetic measure value (from 0.332 in
2010 to 0.358 in 2016). The ranking results also confirmed an improvement in the situation of some
countries (Table 3). The greatest progress was recorded by Lithuania, Slovenia, Poland, and
Portugal, which saw their ranking positions improve by +9, +5, + 4 and +4 positions, respectively.
The greatest drops in the ranking affected Sweden, Germany, and Spain, who moved down by -6, -4
and -4 positions, respectively.

For the whole EU, it is important to level imbalances and differences between member states,
especially in the aspect of CE. Maintaining cohesion within the EU is important not only for
individual member states but also for the whole EU community.

We examined the imbalance in the level of CE within EU member states with partial
measures (12-14). To achieve this, we used average values of the general synthetic measures and
their standard deviations. The application of the above-mentioned indicators made it possible to
verify the second research hypothesis about disproportions in the level of CE development in the
member states. We verified the hypothesis by calculating the difference between the general
synthetic measure dispersion values (Sy-z919 = 0,068 and S;_,¢1¢ = 0,064), which amounted to
-0.004. Hence, we observed a drop in diversification between the EU-28 countries for the level of CE,
verifying positively the second hypothesis.

Application of the same partial indicators about "old" and "new" member states formed the basis
for the verification of the third hypothesis referring to the progress of the "new" and "old" EU
member states in CE. The use of formulas (10-14) yielded the following results:

"Old" member states
P% =0.00048, PZ =0.00022, P} = 0.000001, P? = 0.00026, whereby
pr =0.3633, ps = 0.3781, S, = 0.0669, S; = 0.0659, p = 0.9707.
"New" member states
P% =0.00195, PZ =0.00161, P} = 0.000006, P? = 0.00034, whereby
pr =0.2957, ps = 0.3357, S, = 0.0497, S; = 0.0522, p = 0.9353.
The obtained results suggest some changes in the general synthetic measures for 2010 and 2016
among "old" and "new" EU member countries. For the "old" member states, the mean of the general
synthetic measure increased (from 0.3633 to 0.3781), while the diversification of the general synthetic
measure decreased (from 0.0669 to 0.0659). For the "new" member states, an increase in the mean of
the general synthetic measure was observed (from 0.2957 to 0.3357) at a simultaneous increase in
diversification (from 0.0497 to 0.0522). In both cases, high compliance in the direction of the general
synthetic measure value changes was noticed in the compared years, which means that the majority
of both the "old" and "new" member states improved their CE levels. The growth scale of the mean
general synthetic measure was noticeably more for the "new" member states than for the "old" states.
This was likely caused by the diversification in the CE initial status for both groups of countries,
which was higher for the "old" member states. In such a situation, further progress, from a relatively
high level, requires greater expenditure and usually is not as dynamic as it initially was.

Furthermore, for the "old" member states, a decrease in CE development differentiation was
observed, which means that these countries were at similar levels of CE development. As for the
"new" member states, disproportions in CE development increased. The difference in dispersion

confirmed not only the value of the partial indicator determined by (13) but also by significant
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changes in the ranking positions of the selected countries. The greatest shifts in ranking positions

were observed for the "new" member states.

5. Discussion and Conclusions

CE has recently attained the status of a key option of economic growth and development for
many regions in the world, including the EU. According to the concept of CE, economic activities
should be responsible, should exert minimal negative impact on the natural environment, and
should not strain natural resources. The well-being of contemporary generations depends on
economic development directly linked to CE, which assumes no space for wastefulness,
ineffectiveness, or destruction of the natural environment.

CE implementation proceeds through a set of actions that fall within its aforementioned
areas. The CE areas are related just like the actions taken are. Production and consumption are
closely linked to the generation of waste. From an environmental point of view, the priority in waste
treatment should be to first limit the generation of waste, then to recycle and recover what is
generated, and finally to dispose of what remains [48]. Waste treatment thus contributes to lower
consumption of raw materials because secondary resources produced from waste replace raw
materials. In this way, the CE system loop "closes", which would not be possible save for the fourth
CE area, competitiveness and innovativeness. Both competitiveness and innovativeness are the
driving force in the search for better engineering and process solutions that would enable closing the
loops of production cycles.

To ensure dynamic CE development, due to the interrelations between the analysed CE
areas, a fairly uniform development of each area is necessary. Despite the gradual elimination of the
imbalance in CE adoption, there are still significant differences in CE levels between member states.
These differences are generally observed in each of the CE areas, which are related to the specificity
of individual countries, in force production and consumption patterns, waste treatment, and levels
of economic development closely related to the level of innovativeness [49].

This study has presented a statistical evaluation of the advancement of the EU-28 countries
with respect to their implementation of the concept of CE. The analysis covered the period from 2010
to 2016. An initial evaluation of the concept implementation in EU member countries was performed
using the set of descriptive measures (mean, maximum and minimum, CV and CA) for individual
indicators. Individual indicators allowed us to describe in detail the CE situation in the EU-28
countries in the two most extreme moments in the period of analysis (2010, 2016).

However, the conclusions formulated on the basis of this evaluation presented only a
particular image of CE implementation in the different EU member countries. That was why a
multi-feature evaluation of the EU member countries was performed in the following stage of the
studies, taking all indicators into account (17 variables assigned to 4 CE areas) and using zero
unitarisation method. The method allowed us to obtain multi-criteria evaluations of the concept,
enabling us to carry out a comparison between the EU countries using only one synthetic measure.

As a result of the study, a ranking of EU member countries was obtained for the level of
development of CE in the years 2010, 2012, 2014, and 2016, and then the countries were classified

into 4 groups depending on their level of development of CE in most extreme moments in the period
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of analysis. The use of the similarity measure of the countries' linear ordering helped to evaluate the
changes in the member states related to their adoption of CE.

Both in 2010 and 2016, the high levels of implementation of CE were associated with the
countries’ prosperity. In 2016, among the leaders in CE were Northern European countries of
Luxemburg, the Netherlands, and Belgium. The biggest losers in the implementation of the concept
were, in 2016, the Southern European countries of Cyprus, Malta, and Greece, but also Estonia,
which is a CEE country. Estonia was struggling in the examined period of 2010-2016 with the
unsolved problem of waste generation along with low recycling rates. Both in 2010 and 2016, most
EU members belonged to the medium-low level group of CE adoption. Among them were mostly
countries that joined the EU in 2004 or later. The group of countries with a medium-high CE level
was characterized by a similar number of members as the medium-low level group.

In 2010, among the countries with medium-high level of CE were large "old" member
states such as Germany, France, Austria, and the United Kingdom. These countries have highly
developed economies, but also large populations. Our research shows that these countries, perhaps
besides France, coped well with the implementation of CE and can serve as a benchmark to other
less prosperous EU countries, e.g. Poland, Bulgaria, and Romania.

Among the CEE countries, the Czech Republic, Slovenia, and Latvia had also a strong
position in CE implementation. The Czech and Slovenian economies are mentally closest to those of
the highly developed Western European countries, hence the implementation of CE could have been
easier there than in other post-communist countries. We should also note that Lithuania, which, like
the Czech Republic and Slovenia, is a post-communist country, achieved the greatest progress in CE
adoption.

What we have noticed from this research is the gradual alignment of CE development levels
within the Union. Also, CE growth dynamics in the "new" member states was higher than in the
"old" members. The level of CE will, therefore, gradually equalize among EU countries. The "new"
EU countries should, thus, avoid natural environmental destruction of the extent observed in
Germany or the United Kingdom at the time of their dynamic socio-economic development. To
achieve this, the new EU countries should focus more on competitiveness and innovations,
developing safety technologies, but also on changing production and consumption patterns.

The need to improve competitiveness and innovativeness in the countries lagging in R&D
is also of great importance, so that the countries could respond to the challenges they face.
Development of the R&D sector fosters the creation of modern technologies indispensable in every
stage of the production cycle resulting in a specific product. A higher technological level of the
economy means a higher waste processing degree, a higher recovery level, including recycling, and
consequently a lower consumption level of resources. There is need to trigger actions targeted at the
group of countries mentioned in the study (especially countries in the 3 and 4t classification
group), with the aim of enhancing effective use of resources and boosting the degree of waste
processing. Strengthening of innovativeness and competitiveness is of great importance. Once
stimulated by R&D, they help in CE implementation and boost the perception of waste as potential
raw materials in another closed cycle. This applies in particular to new member countries but also
countries in southern Europe. To enjoy reasonable progress in CE, the countries have to deal with

the modernisation of their production systems.
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Based on the research, we conclude that there is some chance that differences in CE
development between the "old" and "new" member states would gradually decrease. Moreover,
representatives of the "new" member states will soon belong to the leaders of CE. Gradually, the
“new” countries are dynamically closing in on the "old" member states. Owing to the applied
dynamic approach, the results provide information about the past situation, the present status quo,
but also allow the prediction of future directions and possibilities of CE development.

Our research relates with the subject literature on the measurement of the adoption of CE.
However, there are no studies before ours dedicated to the CE assessment of all the EU-28 countries.
Most of the research focused on assessing the situation of a particular country from the EU or from
outside the EU, and mainly presented some select aspects of CE. Our study stands out by attempting
to assess the CE level of all EU countries, in four CE areas.

The current study is not, however, flawless. A limitation of the research is the limited
number of indicators, particularly in the area of competitiveness and innovation. Another limitation
is the lack of indicators covering the social aspect of CE. These limitations can be removed by
expansion of the Eurostat database or by using other existing databases, e.g. the World Bank'’s [50] or
OECD'’s [49] database. However, none of these databases include CE indicators for all EU member

countries.
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