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ABSTRACT

The circular economy (CE) is generally an economic system which
aims to reduce waste and reuse resources. Predetermined by the
need for new sources of sustainable development in the current con-
ditions of global environmental issues and qualitative and quantitative
limitations of resources, this promising concept has recently fuelled
a broad international discussion. The circular economy is now an
urgent global priority for policymakers as well, especially in the EU.
Given these facts, the benefits and impact of a circular economy with
an emphasis on waste and recycling management are being investi-
gated on supranational and national levels (in the EU and its member
nations, which are world leaders in terms of its adoption). System-
atisation, comparative analysis, benchmarking and generalisation,
economic and mathematical modelling (the formation of a model of
recycling efficiency in the context of the CE in the EU based on the
Eurostat data on the CE in the EU) and statistical methods were the
research methods used in the study. It was proven that waste recy-
cling rates have a significant impact on the EU recyclable raw mate-
rials trade. The proposed methodology of modelling the CE results
can be used for other countries/companies. The research may help
to promote effective reformation of global economics by propelling
sustainable development.
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Introduction
Nowadays, the global population is

the exhaustion of primary resources (Mc-

growing sharply, which has a great impact
on the environment. According to a United
Nations report (2019), the population of
the world is expected to reach 8.5 billion
in 2030, 9.7 billion in 2050 and 10.9 billion
in 2100. In addition, this rapid population
growth is accompanied by an increase
in environmental pollution (Mesagan and
Chidi, 2020). Experts estimate that, by
2050, four planets as large as Earth would
be needed when taking into consideration

Donald, 2020).

The issue of waste collection and re-
cycling is also becoming urgent due to
a steady increase in waste generation and
damage to the environment (Slusarczyk
et al., 2016; Kliestikova et al., 2018; Abdel-
Shafy and Mansour, 2018; McDonald, 2020;
Czikkely et al., 2018). Each country is at-
tempting to boost its economic productivi-
ty and competitiveness in the conditions of
the fourth industrial revolution (Shpak et al.,
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2019; Rymarczyk, 2020; Sieja and Wach,
2019; Maciejewski and Gtodowska, 2020),
though not necessarily ensuring long-term
sustainability (Islam et al., 2003; Janicke,
2012; Jaki and Siuta-Tokarska, 2019). This
is very important given the many problems
it can create, in particular the exhaustion
of environmental resources and a negative
influence on the environment. One should
remember that environmental issues have
recently become increasingly observable
in politics (Dan, 2019; Chovancova and
Tej, 2020), and investors treat companies
with high environmental performance as
more valuable than firms with similar finan-
cial results but lower environmental ratings
(Filimonova et al., 2020). In order to protect
the environment, ensure decent living and
working conditions, as well as providing
enough resources and sustainable eco-
nomic development in the years to come,
many developed countries (above all Euro-
pean countries such as Germany, the UK,
France, the Netherlands, Denmark, and
Sweden) have switched from a linear to
a circular economic model (Luttenberger,
2020; Michelini et al., 2017; Garcés-Ayerbe,
2019; Mesterhazy et al., 2020).

Although various aspects of the circu-
lar economy are widely studied in the lit-
erature and already applied in practice,
we consider it expedient to study sys-
tematically and in detail the latest results
of CE implementation in countries which
are global leaders in this aspect — the na-
tions of the EU. The purpose of this study
is to explore the principles and benefits of
a circular economy model and assess the
implementation of the CE in 28 EU coun-
tries, as well as developing a model for the
analysis of recycling opportunities in the
EU as a tool for evaluating the results of
the CE. The conclusions can be the basis
for a faster and more efficient transition to
circular principles in countries that are less
progressive in this area.
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The paper is structured as follows: The
subsequent section analyses the litera-
ture devoted to the CE; this is followed by
the methodological part; research results
are presented afterwards; and finally, we
present the discussion and conclusions.

1. Theoretical framework

1.1. Principles and benefits of the

circular economy model

For a long time, the traditional economy
has been linear, whereby raw materials
were used to make products, and after-
wards, all waste (e.g. containers, packag-
ing) was thrown away. This was a linear
process, optimised towards high volume
and low production costs in conditions of
wide availability of resources and materials
at low cost.

Recently, there has been a shift to
a circular economy, where materials are
reused, and if new materials are needed,
they must be obtained sustainably so that
the environment is not damaged. Thus,
the aim of a circular economy is to ensure
low environmental impact by minimising
waste and resource use through re-use,
re-manufacture, re-cycle, waste reduction,
etc. (Stahel, 2016; Czikkely et al., 2019).
One may then state that the concept of
the circular economy is crucially different
from a traditional linear concept (Figure 1).
In general, a circular economy fosters re-
use and extends service life through repair.
According to the European Commission,
“in a circular economy, the value of prod-
ucts and materials is maintained for as
long as possible. Waste and resource use
are minimised. This brings economic ben-
efits, contributing to innovation, growth and
job creation” (Circular Economy, 2020). It
‘remanufactures, upgrades, retrofits and
turns old goods into as-new resources by
recycling the materials” (Stahel, 2016).
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Figure 1. Transition from a linear to a circular economic model

Linear economy Reuse economy

Non-recyclable
waste

Non-recyclable waste

Circular economy

Source: Government of the Netherlands, 2017.

The CE concept has been gaining popu-
larity since the late 1970s (EMF, 2013) and,
as many believe, was first conceptualised
by Pearce and Turner (1989). As stated by
Geissdoerfer (2017), the model of the cir-
cular economy grew out of the sustainable
development concept. For example, by
conceptualising a loop economy, Stahel
and Reday (1976) introduced some char-
acteristics of the circular model, with appli-
cation to industrial economics. The idea of
closed loops was further developed from
the perspectives of ecology (Commoner,
1971) and industrial ecology (Graedel and
Allenby, 1995).

This topic has recently become an ex-
tremely active field of academic research.
Ghisellini et al. (2016) provide a literature
review to demonstrate the main features,
perspectives and implementation at vari-
ous levels (micro, meso and macro) of the
CE on a global scale. Lieder and Rashid
(2016) designed a CE framework (de-
scribing its environment, resources and
economic benefits) and a strategy for
a regenerative economy and environment.
Bocken et al. (2016) presented a set of
strategies on the path from a linear to a cir-
cular model. In turn, Kirchherr et al. (2017)
critically discussed the various CE con-
ceptualisations, and even stated that vary-
ing definitions of the concept may eventu-
ally result in its collapse. Furthermore, de

Jesus et al. (2017) tried to synthesise the
findings at the crossroads of eco-innova-
tion and the circular economy. Kalmykova
et al. (2018) presented a literature overview
on CE theoretical approaches, strategies
and implementation cases, as well as
monitoring methods. Shpak et al. (2020)
analysed the principles and perspectives
of a circular economy model as well as its
implementation in Ukraine in the context of
European integration. Finally, Avraamidou
et al. (2020) highlighted research challeng-
es and opportunities in the analysis and
optimisation of CE supply chains. How-
ever, despite the wide range of scientific
and practical works on this subject, there
are many problems in the field that can-
not have unambiguous solutions due to
rapid economic development, and require
further research and improvement (Olah
et al., 2019). Among them is analysing the
benefits of the CE and the effectiveness of
its activities, as well as successful exam-
ples of its adoption on national and supra-
national levels. For our research, the EU
and its countries were chosen as subjects,
as those leading globally in terms of the
adoption of the CE.

A circular economy is an economic mod-
el, the basis of which is the reasonable use
and recovery of natural resources. This
concept is generally based on the 3R ap-
proach: reduce, reuse and recycle. The El-
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len MacArthur Foundation identifies three
main principles of the CE: 1) Designing
out waste and pollution. They are not ac-
cidents, but the results of decisions at the
design stage, where approximately 80%
of environmental impacts are established;
2) Keeping products in use. Products and
components should be designed so they
can be repaired, reused, and remanufac-
tured in the economy; 3) Regenerating
natural systems. Natural resources may be
increased by returning valuable nutrients
to the soil and other ecosystems (EMF,
2020).

Thus, the main advantages of the circular
economy model are: 1) optimal waste dis-
posal; 2) innovative and resource efficient
methods of production and consumption;
3) energy savings due to a closed pro-
duction cycle; 4) reducing the negative
impact on the environment; 5) protecting
the economy from resource scarcity. They
also include (Circular Economy, 2020):
resource preservation — including those
that are scarce or subject to price fluctua-
tion; unlocking new business possibilities;
cost savings for industries; building new
innovative, resource-efficient businesses;
creating local jobs; and facilitating social
integration and cohesion.

One should also add that the CE concept
is not only a subject of interest to scientists.
Recently, it has become a hot topic for
policymakers, as well (Geissdoerfer et al.,
2017, Becerra-Alonso et al., 2016; Andron-
iceanu, 2019). The European Union and
the governments of certain countries, in-
cluding China, Japan, the United Kingdom,
France, Canada, the Netherlands, etc.,
have developed a number of documents
aimed at converting to a circular economy.
Germany was first to integrate the CE into
its national laws in 1996, with the “Closed
Substance Cycle and Waste Management
Act”, followed by Japan’s “Basic Law for
Establishing a Recycling-Based Society”
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in 2002. China’s Circular Economy Promo-
tion Law entered into force in 2009. In ad-
dition, in 2015 the European Commission
adopted the Circular Economy Action Plan
(CEAP) (European Commission, 2015a),
which as of March 2019, was reported to
have been implemented in full. In March
2020, the European Commission adopted
a new Circular Economy Action Plan (Euro-
pean Commission 2015b). A circular econ-
omy is one of the EU’s main policy priorities
nowadays, resulting in global leadership in
its implementation.

1.2. Review of the indicators of

the circular economy

Different indicators are used in scientific
papers (George et al., 2015; EMF, 2015;
Banaite, 2016; Scheepens et al.,, 2016;
Bocken et al., 2017; Elia et al., 2017; Smol
et al., 2017; Avdiushchenko and Zajac,
2019) and international ratings to assess
the results of the adoption of the CE. For
instance, in POLITICO'’s circular economy
index, the following indicators were used:
municipal waste and food waste (per per-
son per year), share of traded goods that
are recyclable raw materials, municipal
recycling rate, material reuse rate, patents
related to the CE (since 2000), and invest-
ments in CE sectors. According to the 2018
index, Germany, the UK, and France have
the most developed circular economies,
with strong recycling systems and high
levels of innovation in CE sectors (Hervey,
2018).

It should be noted, however, that the
countries which top the chart are not nec-
essarily the greenest: POLITICO’s ranking
varies notably from the 2018 Environmen-
tal Performance Index, which is partly pre-
pared by the European Commission’s Joint
Research Centre and ranks a wider range
of environmental policies (Hervey, 2018).
This is mainly because some practices that
diminish the impact on health and environ-
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ment are not necessarily circular. For in-
stance, in Nordic countries, burning waste
for energy minimises landfilling but does
not promote reuse and recycling rates, and
thus it is not circular and has not improved
the country’s ranking. Despite the fact that
Denmark, the Netherlands and Sweden
score perfectly in terms of recycling, their
overall scores are low due to the significant
volumes of waste. In the interim, nine Cen-
tral and Eastern European countries pro-
duce the least waste.

According to the Ecopreneur (Circular
economy update, 2019), the Netherlands,
Slovenia, Scotland, France, Belgium and
Finland are leaders in terms of the “circular
way”. Others (such as lItaly and Portugal)
have recently made significant progress,
while some (e.g. Cyprus, Greece, Malta
and Romania) are only at the very be-
ginning. At the same time, some leaders
(including the Netherlands) have certain
problems, as they generate the largest
amounts of waste per person. In turn, Ro-
mania is the best (Table 1).

Table 1. Ecopreneur CE ranking of EU Member States in 2019

= > 2 =& > = L= b 32
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s B 582 25 sggs 55 sess sy 22 EE
2 g% £eE 29 5258 o282 §s22 gEg Sg S8
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14 Ireland 3 25 (84) (581) (118) (40) (67) @
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— 27 12 9 8 7 20
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. 22 2 1 17 27 2 27
23 Romania 18 31) (261) (126) 13) (56) ©2)
. 16 20 4 T 23 14 19

24 Slovakia 2 (44) (348) (103) ©3) (66) )
. 18 13 13 2 8 1
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* place in the ranking
** the value of the corresponding indicator (%, kg)

Source: Own elaboration hased on Circular Economy Update, 2019.

As can be seen from Table 1, most Eco- EU member states have been quite suc-
preneur CE indicators comprise waste and  cessful in minimising their waste, the over-
recycling management. all statistics showed a slight growth in mu-

While the EU is a global leader in the nicipal waste per capita in the EU in 2014-
adoption of a circular economy, and some -2018 (Figure 2).

Figure 2. Generation of municipal waste per capita in the EU (2010-2018), kg

2018
2017
2016
2015
2014
2013
2012
2011
2010
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Source: European Commission, 2020.

As already mentioned, different types of  formance (George et al., 2015; EMF, 2015;
indicators are used in scientific works in  Banaite, 2016; Scheepens et al., 2016;
the assessment and modelling of CE per- Bocken et al.,, 2017; Elia et al., 2017; Smol
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et al, 2017; Avdiushchenko and Zajgc,
2019). Nonetheless, based on the reasons
given, namely the urgency and information
availability of different aspects, we chose
economic and mathematical modelling of
the recycling aspect (which was also re-
searched by Winning et al., 2017; Di Maio
and Rem, 2015; Giurco et al., 2014) for fur-
ther assessment in the CE context.

2. Methods

A number of research methods that
made it possible to assess the impact of
the CE in the EU countries were used in
our study. The systematisation method
allowed us to summarise the scientific
achievements devoted to the concept of
the CE. In turn, statistical methods were

the basis for processing the data obtained
from open sources. Furthermore, based
on a comparative analysis, benchmarking
and generalisation, a structural and dy-
namic assessment of the implementation
of the main elements of the CE in different
EU countries was conducted. The results
thereof became the basis of further CE
assessment through the recycling aspect.
Lastly, economic and mathematical mod-
elling (using the Data Analysis package
in MS Excel) allowed for the formation of
a model of waste recycling efficiency in the
broad context of the CE in the EU.

The CE recycling model was built based
on all available official Eurostat data on the
CE in the EU for this period (Table 2).

Table 2. Model input data — main Eurostat CE indicators for the EU (28 countries)

Indicators 2010 2011 2012 2013 2014 2015 2016 2017 2018
Generation of munic-
ipal waste per capita  504.00 498.00 486.00 479.00 478.00 480.00 487.00 487.00 489.00
— kg per capita, X1
Recycling rate of e-
waste, % (X2) 27.80 28.70 28.80 29.60 32.20 35.80 41.40 41.40 41.40
Recycling of biow-
aste, kg per capita  67.00 67.00 70.00 72.00 74.00 75.00 80.00 81.00 83.00
(X3)
Circular material use
rate, % of total mate- ~ 11.10 10.70 11.50 11.60 11.50 11.70 11.90 11.70 11.70
rial use (X4)
Trade in recyclable
raw materials, thou- 5959.2 62081 5950.6 5918.6  5789.7 5543.5 5488.3 5829.3 5917.3

sand tonnes (Y)

Source: Own elaboration hased on the Evropean Commission, 2020.

3. Research results

The designed CE recycling model of the
dependence of trade in recyclable raw ma-
terials (thousand tonnes) (Y) is based on
such factors as: 1) generation of municipal
waste per capita — kg per capita, (X,), 2)
recycling rate of e-waste, % (X,), 3) recy-
cling of biowaste, kg per capita (X)), 4) cir-
cular material use rate, % of total material
use (X,).

To build a multifactor model, it is nec-
essary to investigate whether all selected
factors (x,) are independent of each other,

using the y>- criterion. Calculation of the 2
criterion:

7 2_(,,_1_ 2m6+5Jln(detR)> ©

where n is the number of sample values
(n=9), m is the order of the correlation ma-
trix (m = 4), and detR is the determinant of
the matrix.

Using the Data Analysis package in
MS Excel, the correlation matrix was con-
structed (Table 3) and its determinant was
calculated.
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Table 3. Intermediate simulation results (correlation matrix)

E&Lﬂsggﬁgﬁmé Line 1 Line 2 Line 3 Line 4 Determinant
Line 1 1.000 -0.254 -0.402 -0.675
Line 2 -0.254 1.000 0.667 0.615 0.137
Line 3 -0.402 0.667 1.000 0.679
Line 4 -0.675 0.615 0.679 1.000

Source: Own elaboration.

For a given probability p = 0.95 and the
number of degrees of freedom k=Lm*m-1)
=6 the table value of z,, =12.6 was found.
Estimated value is y2 = 11.585.

The condition > <2 is fulfilled, and
with the accepted reliability the absence
of general multicollinearity is confirmed,
which is a condition for constructing an
econometric model.

The built-in LINEST function in Microsoft
Excel was used for modelling in the form of
Y=A4,+4,X,+A4,X +4,X,+4,X, where

A, are the coefficients of the linear econo-
metric model. Excel is sufficient to build
a linear multifactor model, and the built-in
LINEST function, which results in deter-
mining the coefficient of determination, the
F-indicator to evaluate the model accord-
ing to the Fisher’s criterion for the whole
general data set, as well as the standards
of the coefficients of the model, makes it
possible to establish the reliability of each
coefficient. The results of modelling are
presented in Table 4.

Table 4. Intermediate simulation results of the CE-recycling modelling

A, A, A, A A, Model
-647.1230 96.3936 -83.8771 6.5755 5770.560 coefficients
Standard coeffi-
211.3416 314358 28.8023 2.2909 2005.015 cient errors (Si)
R2 = 0.893 101.8504
F =8.354 4.00
346650.1 41494.01

Source: Own elaboration.

As a result, the model looks as follows:

Y=15570.56+6.576 X,-83.877X, +

2
96.393 X,- 647.123 X, @

The coefficient of determination is 0.893,

which indicates a close relationship be-
tween the traits of a factor and the result.
Fisher’s criterion confirms the adequacy of
the model with the statistics of the general
set, i.e. with a probability P = 0.95 and de-
grees of freedom k1 = m-1 = 3, k2 = n-m-1
= 4, and the table value of the F-distribu-
tion is 6.39. The actual value is F = 8.354,
i.e. the actual value is higher than the table
value. This is the condition for linking the
variables to the entire data set.

The obtained coefficients of the model
(1) were checked for statistical significance
for the estimation of factors. The value of
t-statistics for the degree k=n-m-1 =4 ist=
2.776 (probability P = 0.95). Then, by the for-
mula;: ti :;* where i = 1.5, a, - coefficients
of the multivariate model determining the
parameters of t-statistics; Si - standard co-
efficient errors. Accordingly, t, = 2.89; t, =
2.87,t,= 291, t,=3.07,t, = -3.06. Com-
parisons of the obtained value of ti with the
table value show that they are larger than
the table value, which confirms the statisti-
cal significance of the coefficients. Hence,
factor coefficients in the model indicate by
how many units the resulting trait Y (trade
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in recyclable raw materials, which is meas-
ured in thousand tons) will change if one of
them changes by 1 (each in units of meas-
urement).

As can be seen, the generation of mu-
nicipal waste (X7) and recycling of biow-
aste (X3) are positively related to the trade
in recyclable raw materials, whereas the
recycling rate of e-waste (X2) and circular
material use rate (X4) have a negative im-
pact. As a result of the 1% increase in the
X3 factor (recycling of biowaste), the Y fac-
tor (trade in recyclables) will also increase
by 96,393 thousand tones. If the factor X4
(circular material use rate) is increased by
1%, the factor Y (trade in recyclables) will
decrease by 647,123 thousand tons. This
may be explained by the facts that: 1) recy-
cling biowaste is relatively easy and cost-
effective to implement at different levels,
and its products (compost and digestate)
are in great demand; 2) as circular material
use rates increase, more recyclable raw
materials are left for domestic use or are
not purchased.

Thereby, the effectiveness of the main
instruments of a circular economy was
proven and motivation for their adoption
provided. This demands systematic meas-
ures on different levels, starting from the
country level. Special legal and economic
instruments (e.g. an extended producer
responsibility scheme, green tax reforms,
and environmental taxation), more sustain-
able production and consumption patterns,
and improved waste management should
be implemented. For instance, in the case
of EU member states, Ecopreneur’'s (Cir-
cular economy update, 2019) main rec-
ommendations are: 1) launching a Green
Deal on Circular Procurement, 2) creating
circular hubs to support businesses with
circular models, 3) creating national circu-
lar economy roadmaps, 4) improving the
extended producer responsibility (EPR)
scheme, 5) introducing low VAT rates for

repair services, resold goods and trans-
actions with social reasons, 6) creating
a «Green New Deal» to move taxes from
labour to resources, 7) shifting investment
away from the incineration of municipal
waste, etc. However, the detailed features
of such activities are a topic for further sci-
entific research.

4. Discussion and conclu-

sions

Nowadays, a friendly approach towards
the environment plays an increasingly
important role in business. Current living
conditions (population growth), economy
management (exhaustion of natural re-
sources, greenhouse gas emissions, de-
forestation, soil erosion, etc.) and the con-
sequences of environmental disasters (e.g.
climate change) make it clear that existing
methods of resource use and waste man-
agement are ineffective and cause irrepa-
rable damage to the environment. One of
the solutions is a circular economy — a re-
storative and regenerative concept of recy-
cling, reusing and making profit from what
was previously considered unnecessary
and thrown away within the framework of
a traditional ‘linear’ economy — ‘take — pro-
duce — use — throw away’. The model has
recently received increasing attention from
scientists, policy makers and practitioners
on a global scale. Many businesses and
countries are already thriving on it.

Given these facts, EU countries, as world
leaders in the adoption of a circular econ-
omy, were chosen for analysis in this study.
One should emphasise that European Un-
ion member states are not only intensively
developing a legal framework for the tran-
sition from a linear to a circular economy,
but they are also applying its principles
in practice with lesser or greater success,
as comparative analysis and benchmark-
ing in this research is testament to. Using
different rankings, it was shown that coun-
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tries such as the Netherlands, Slovenia,
Scotland, France, Belgium and Finland
are leading in the process, and others (like
[taly and Portugal) have just recently made
significant progress, while some (e.g. Cy-
prus, Greece, Malta and Romania) are only
at the very beginning. Positive examples
from the most effective member states can
lead not just other EU member states, but
also the rest of Europe and the world, on
the path to the CE.

Among the different types of CE per-
formance indicators, based on the popu-
larity, urgency and information availability
of different aspects, recycling was chosen
for further evaluation of the results of and
opportunities for the CE in the EU through
economic and mathematical simulation
modelling.

The obtained CE-recycling model shows
the dependence of trade in recyclable raw
materials (thousand tonnes) (Y) on several
factors, including: 1) generation of munici-
pal waste per capita — kg per capita, % (X,),
2) recycling rate of e-waste, % (X,), 3) re-
cycling of biowaste, kg per capita (X,), 4)
circular material use rate, % of total mate-
rial use (X,): Y = 5570.56 + 6.576 X, — 83.
877X, +96.393 X - 647.123 X . This proved
that waste recycling rates have a signifi-
cant impact on the trade of recyclable raw
materials. Thus, the product life cycle is
extended, and as a result, the amount of
waste is reduced, which proves the effi-
ciency of the CE model.

The research made it possible to analyse
the benefits of a circular economy and the
effectiveness of its activities in the EU and
its countries with an emphasis on waste
and recycling management. However,
while the European Union has recently
shown global leadership in the implemen-
tation of the CE, its overall result depends
substantially on the initiatives and activi-
ties of all EU member states. Hence, their
performance was analysed by different in-
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dicators, and those connected with the re-
cycling aspect were chosen for further CE
modelling. The design model of recycling
efficiency in the context of the CE in the
EU proved that waste recycling rates have
a significant impact on the EU’s trade of re-
cyclable raw materials. The methodology
of evaluating and modelling the CE results
used in the study can be used in the as-
sessment of other countries, subject to the
availability of similar statistical information.
There are several contributions made by
our paper. Primarily, one should mention
its contribution to the theory on the sub-
ject. A circular economy model was devel-
oped, which can ensure economic growth
and increased prosperity without requir-
ing the excessive consumption of natural
resources. In addition, it has international
coverage, which is larger than a single
country (or cross-country analysis). This is
an advantage compared to other studies.
The application value of the paper should
also be underlined. The proposed model
is of a universal nature and can be applied
by various companies, regardless of their
size, including small businesses and the
projects of non-profit organisations, etc.
Another advantage is that it may help to
promote effective reformation of global
economics and, as a result, propel coun-
tries’ sustainable development. Thirdly,
given the growing role of the circular econ-
omy in modern business, many managers
may want to apply this concept (and the
guidance proposed) to achieve success in
business. We believe that the results of our
research may be useful for the formulation
of research hypotheses in further surveys.
Our study is beset by certain limitations.
Firstly, the model was tested based on
a sample of the countries who are leaders
in adoption of the circular economy, with
their inherent specificity. One does not
know whether it could be equally effective
in other, less developed countries. Despite
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this limitation, we believe that our approach
was correct. Therefore, further research on
the topic is necessary. There is no doubt
that in order to promote the CE, special
legal and economic instruments, more
sustainable production and consumption
patterns, as well as improved waste man-
agement, should also be used.
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