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Abstract: In this paper, the aggregate index of national economies’ circularity (INEC) was proposed
and empirically verified. For this purpose, the taxonomic linear ordering method was used, which is
a multi-criteria decision-making procedure. This method replaces the analysis of the phenomenon
described by a set of indicators with an analysis using one aggregate indicator: the so-called
‘synthetic metric’. Based on 14 circular economy indicators that are available in the Eurostat database,
the circularity indexes were constructed for 24 EU countries (including the United Kingdom). This
allowed the author, on the one hand, to create a ranking of the countries, and on the other, to assign
them to four groups, which were characterized by a similar level of circularity. This paper attempts
to answer the following questions: how circular are the European economies? What are the main
challenges in achieving circularity in Europe? Taking into account the INEC range [0,1], it should be
noted that the level of circularity in the analysed European countries is low (an average of 0.3021).
Therefore, the paper indicates the areas requiring improvement in this respect.

Keywords: circular economy; sustainable development; circularity index; EU countries; indicators;
comparative analysis; taxonomic methods; zero unitarization method

1. Introduction

The concept of a ‘circular economy’ was first used in the literature by Pearce and Turner in 1990 [1].
Their publication, titled ‘Economics of Natural Resources and the Environment’, explains the process
of transformation from a conventional (linear, open) to a circular economic system. A circular economy
(CE) assumes the reduced consumption of raw materials, the design of products so that they can be
easily disassembled and reused (eco-design), the extension of product life through maintenance and
repairs, the use of secondary raw materials in products, and the recovery of raw materials from waste
streams [2]. Over the past decade, the concept of CE has become one of the main topics of political and
scientific discourse all over the world, and in particular in China and Europe [3,4].

The European Commission has adopted a new Circular Economy Action Plan, which is one of the
main blocks of the European Green Deal [5], Europe’s new agenda for sustainable growth. The new
Action Plan announces initiatives along the entire life cycle of products; for example, targeting their
design, promoting circular economy processes, fostering sustainable consumption, and aiming to
ensure that the resources used are kept in the EU economy for as long as possible [6,7].

Adherents of the concept claim that CE offers an innovative path towards sustainable development
defined by the simultaneous achievement of economic results, social inclusion and environmental
resistance, with benefits for the present and future generations [8]. According to the assumptions of a
circular economy, reuse, regeneration and recycling are the preferred strategies for the maintenance of
products in use [9].
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Over the past decade, the number of publications dealing with circular economy has significantly
increased. Related studies focused mainly on: the essence and origin of the concept of CE [10–13];
the barriers to and conditions of its implementation [4,14–19]; planning issues, including the formulation
of a CE development strategy at various levels of management [4,11,14,18,20–24]; promoting good
practices and models of CE implementation [13,14,23,25,26]; and comparing the circular economy with
other social and economic concepts [12,13,27,28]. Particular attention was also devoted to issues of
monitoring and evaluating the effects of a circular economy [14,29–40].

Along with the development of initiatives propagating circular economy, the question arose of how
the progress and capacity of the undertaken activities should be measured. Reliable, correctly-selected
and current data concerning CE is a significant element for shaping development strategies and using
instruments boosting changes in that respect. It is difficult to create a uniform and, at the same time,
comprehensive set of indicators to evaluate progress towards CE due to the complexity of the concept
itself. Most authors agree that indicators must be based on strict criteria, repeatable, generally accepted
and easy to understand [41,42].

Heshmati [14], using specific examples from China, indicates that—irrespective of the heterogeneity
of enterprises, industries, regions and countries—separate sets of indicators must be developed at the
micro, meso and macro levels, and within different areas of activity, including production, consumption,
waste management and policy. The sets of indicators should take into account heterogeneity in
different dimensions.

Saidani et al. [30], through a systematic review of literature, identified 55 different sets of circularity
indicators designed by scientists, consulting companies and government agencies, taking into account
different goals, scopes and potential applications. On these grounds, they proposed a comprehensive
classification. In the designed taxonomy, covering 10 categories, the indicators were ordered according
to criteria such as, for example: the CE implementation level (e.g., micro, meso, macro), the type of
processes (maintenance, reuse, remanufacture, recycle), the prospect of circularity (actual, potential)
and the degree of their cross-functionality (general, sectoral).

The European Commission [43] designed a set of indicators covering four core areas of activity:
production and consumption; waste management; secondary raw materials; and competitiveness and
innovativeness. Further detailed indicators were identified in those groups. The list was designed
to capture the main elements of a circular economy. It makes use of the available data, whilst at the
same time identifying areas in which new indicators must be developed, in particular to the extent of
green public procurement and food waste. Each indicator can be interpreted individually, but such
an interpretation does not provide grounds for a general assessment of the CE level in the respective
country. Moraga et al. [32] expressed a similar opinion, proposing a classification of circular economy
indicators according to reasoning of ‘what’ (CE strategies) and ‘how’ (measurement scope). They
emphasized that a set of specific indicators should be used in the assessment of CE.

Achieving a circular economy is a complex process. Due to the high significance of circular
economy to sustainable development, this paper aimed to assess the level of circularity of economies
in selected member states of the European Union. The surveys attempted to fill an information gap in
the comprehensive measurement of that phenomenon by designing a synthetic measure (INEC—Index
of National Economies’ Circularity). This type of analysis provides answers to the following questions:
(1) at what stage are the individual countries placed in terms of the CE? (2) What is the overall situation
of EU countries according to the studied phenomenon? (3) What are the main challenges in achieving
circularity in Europe?

In construing the INEC, a taxonomic linear ordering method that uses median and standard
deviation was chosen and applied. The method can be characterized by its high resistance to the
occurrence of extreme observations, which is specifically valuable in the analysis of EU countries.
It can often be observed that the analysed countries differ significantly and have considerable disparity
in the asymmetry of their index values. This is why the usage of the synthetic metric with the median
seems to be more appropriate [44,45].
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This paper is organized as follows. The next section presents the methodology for constructing a
circular economy index. In the third section, the author develops a rating of EU countries according
to their INEC values, discusses the results obtained and indicates directions for future research.
An important component of the analysis is the categorization of the countries into four groups of high,
medium–high, medium–low and low levels of circularity. The last section provides the conclusions
drawn from the analyses.

2. Materials and Methods

The main goal of the research is to construct and empirically verify the aggregate index of national
economies’ circularity (INEC). The proposed index will allow the author to assess and compare
the level of circularity of the European countries. Based on the research interests, two hypotheses
were formulated:

Hypothesis H1: The overall level of circularity of the European economies is low.

Hypothesis H2: There are significant differences in the circularity level between individual countries.

In empirical studies analysing multiple units described by means of more than one feature,
multidimensional comparative analysis methods are used. They constitute a “formally coherent set of
statistical methods used for purposeful selection of information about elements of a certain community
and for detecting their mutual relationships” [46]. The main idea behind multidimensional comparative
analysis is to create an aggregated indicator, also referred to as a synthetic variable, which provides the
grounds for setting a hierarchy of studied objects according to the level of a multi-feature phenomenon.
The first to propose such a measure was Z. Hellwig, who designed a synthetic development measure
for the typological division of countries in terms of the level of their development, as well as their
resources and the structure of their skilled human resources [47].

The stages in which the synthetic measures were designed are widely discussed in many
works [47–50]. The joint publication by the OECD (the Statistics Directorate and the Directorate for
Science, Technology and Industry) and the Econometrics and Applied Statistics Unit of the Joint
Research Centre (JRC) of the European Commission in Ispra is especially noteworthy [48]. Within
the framework of the undertaken studies, the INEC index was designed according to the following
algorithm [49]:

1. The selection of the partial indicators describing a circular economy from Eurostat;
2. The standardization of the partial indicators according to the nature of their impact

(stimulants/de-stimulants);
3. The determination of the value of the synthetic measure; INEC indices for respective countries;
4. The linear hierarchization of countries in descending order, based on determined indices.

As emphasized in numerous studies [34], the problems that may occur in selecting indicators
primarily include the difficulty in defining them properly and the lack of available data. For these two
reasons, the available CE indicators database developed by the European Commission was selected
(Table 1). As a result of an in-depth analysis of the data availability in the Eurostat database [51],
14 indicators and 24 countries were selected for the synthetic measure (INEC) calculation. Due to
the existing information gap, two indicators (the gross investment in tangible goods in the circular
economy sectors, and patents related to recycling and secondary raw materials) and four EU countries
(the Czech Republic, Ireland, Luxembourg and Malta) were excluded from the study. The reference
year, 2016, was chosen for the analysis. Most of the CE indicators included in the Eurostat database
were given in relative terms, e.g., per capita, but three indicators for the import and export of recyclable
raw materials were included only in absolute terms (in tonnes). For this reason, in order to ensure the
comparability of the data between respective countries at this stage, the indicators were modified by
converting them according to the number of inhabitants of their respective countries.
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Table 1. Indicators of a circular economy.

Indicator Groups Indicators Used in the Analysis
(Unit of Measure) Stimulant/Destimulant

Production and consumption

Generation of municipal waste
(kg per capita) D

Generation of waste excluding
major mineral wastes per GDP

unit (kg per thousand euro)
D

Generation of waste excluding
major mineral wastes per domestic

material consumption (%)
D

Waste management

Recycling rate of municipal
waste (%) S

Recycling rate of packaging
waste (%) S

Recycling rate of e-waste (%) S
Recycling of biowaste

(kg per capita) S

Recovery rate of construction and
demolition waste (%) S

Secondary raw materials

Circular material use rate (%) S
Imports of recyclable raw

materials from non-EU countries
(kg per capita)

S

Exports of recyclable raw
materials to non-EU countries

(kg per capita)
S

Imports of recyclable raw
materials from EU countries

(kg per capita)
S

Competitiveness and innovation

Value added at factor costs in the
circular economy sectors

(% of GDP)
S

Gross investment in tangible
goods in the circular economy

sectors (% of GDP)
S

Persons employed in the circular
economy sectors

(% of total employment
S

Patents related to recycling and
secondary raw materials
(per million inhabitants)

S

Source: own elaboration based on the Eurostat database.

On the basis of the characteristics of the CE indicators in the Eurostat database [51], 11 were
considered to be larger-the-better characteristics (stimulants) with a positive influence on the synthetic
measure, while three were regarded as smaller-the-better characteristics (de-stimulants) which reduced
the circularity index. Stimulants (selected indicators) are explanatory (independent) variables whose
increased values cause an increase in the value of the dependent variable (INEC), while de-stimulants
are explanatory variables whose increased values induce a decrease in the value of the dependent
variable [52]. The values of the variables (Xj, j = 1,2, . . . ,m) representing respective countries (Oi,
i = 1,2, . . . ,n) are presented as a matrix of observations (Equation (1)) in the following form:

X =


x11 · · · x1m

...
. . .

...
xn1 · · · xnm

 (1)
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Due to the fact that the set of diagnostic data (measures) contained indicators that could not
be directly aggregated (due to different areas of activity and thus units of measurement), they were
standardized using the relevant normalization formulas. The zero unitarization method was used,
which can be represented as follows [53]:

for stimulants:

zi j =
xi j −min(xi j)i

max(xi j)i −min(xi j)i
(2)

and for de-stimulants:

zi j =
max(xi j)i − xi j

max(xi j)i −min(xi j)i
(3)

where:

zij is the normalized value of the j-th variable in the i-th country;
xij is the initial value of the j-th variable in the i-th country.

This method was selected because it was the only method to fulfil all the seven postulates
formulated with reference to the use of normalization formulas [54]. The diagnostic features
standardized as described above assume values in the range [0,1]. The closer the value to one,
the better the situation in terms of the analysed feature, and the closer to zero, the worse the situation
is. The results of the calculations (data standardization) for individual indicators and countries can be
found in Supplementary Materials, Annex S1.

In the next step, the normalized values of the indicators formed the basis for the calculation of
the median (formulas (Equations (4) and (5)) and standard deviation (Equation (6)) for each of the
countries. The median values were determined using the formula [44,45]:

Mei =
z(m

2 )i
+ z(m

2 +1)i

2
(4)

for an even number of observations, or:

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

for an odd number of observations, where:
zi(j) is the j-th statistical ordinal for the vector (zi1, zi2, . . . , zim), i = 1, 2, . . . , n; j = 1, 2, . . . , m.
In turn, the standard deviation was calculated according to the following formula:

Sei =

√
1
m

∑m

j=1
(zi j − z) (6)

Based on the median and standard deviation, a CE index was developed for each country
(Supplementary Materials, Annex S1):

INECi = Mei(1− Sei) INECi < 1 (7)

Values of the INEC closer to 1 indicate a higher level of circularity for the specific member state,
resulting in a higher rank. This allowed the comparison of the member states of the EU, providing
grounds for classifying them into uniform groups according to their level of circularity:

group I : INECi ≥ INEC + S high level

group II : INEC + S > INECi ≥ INEC medium–high level

group III : INEC > INECi ≥ INEC− S medium–low level
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group IV : INECi < INEC− S low level

where INEC is the mean value of the synthetic measure, and S is the standard deviation of the
synthetic measure.

3. Results and Discussion

Based on the applied method, the CE indexes were calculated for 24 EU member states.
The outcomes of the studies are presented in Table 2 and in Figure 1. The analysis shows that
four countries assigned to group I—Slovenia (0.5048), Netherlands (0.4742), Belgium (0.4471) and
Lithuania (0.4411)—achieved the highest level of circularity. Group II was made up of seven countries
with medium–high levels of INEC, while nine EU countries were classified into the medium–low
group III. The lowest evaluation of the circularity among 24 member states was for Romania, with an
INECi indicator of 0.1029. This country, together with Cyprus (0.1051), Greece (0.1465) and Slovakia
(0.1781), was assigned the lowest rank; that is, IV. The average value of the synthetic measure for all of
the analysed countries was 0.3021, which testifies to the very low general level of circularity of the
national economies in EU member states. The deviation of the synthetic measures from their mean
values was 0.1091, which means that the analysed phenomenon shows high variability between the
respective countries. Thus, both research hypotheses were positively verified.

Table 2. Classification of 24 EU member states according to the value of the synthetic measure describing
their level of circularity.

Group Number Circularity Level INEC Range Countries

I high 0.4112- Slovenia, Netherlands,
Belgium, Lithuania

II medium-high 0.3021–0.4112 Austria, Italy, France, United
Kingdom, Germany, Sweden, Spain

III medium-low 0.1930–0.3021
Finland, Denmark, Portugal,

Bulgaria, Hungary, Latvia, Poland,
Croatia, Estonia

IV low −0.1930 Slovakia, Greece, Cyprus, Romania

Source: own calculations.

Figure 1. Ranking of EU countries based on INEC. Source: own calculation.
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A deeper analysis of the CE indicators leads to a conclusion that only in five of them (35.7%)
did the average standardized mean values exceed (0.5000). The remaining significant problems to be
solved are:

• The low levels of recyclable raw materials in trade exchange: imports from EU countries (average
zi for 24 countries, 0.2108), exports to non-EU countries (0.2638), and imports from non-EU
countries (0.2682).

• The recycling rates of e-waste (0.2664) and bio-waste (0.3534).
• The low use of circular materials (0.2810).
• The low share of the workforce employed in the circular economy sectors (0.3961).

The indicated areas contributed to a generally low evaluation of the level of circularity of the
national economies in the member states of the European Union. They require special attention from
international institutions and countries to outline their CE strategy for the following years.

Looking at the respective countries closely, their strengths and weaknesses in implementing CE
can be identified. Slovenia, with the best result among the 24 EU member states, owes its success
mostly to its high ranks (0.8000–1.0000) in five indicators; among other things, the high degree of the
recyclable raw material imports from non-EU countries, the significant share of the CE sectors in value
added creation, the degree to which construction and demolition waste is recovered, and the low
amount of waste produced according to GDP. On the other hand, activities concerning the recycling of
e-waste and bio-waste, the export of recyclable raw materials to non-EU countries, and the circular
material use rate must still be improved.

Romania, which was placed last in the ranking of the INEC, received the lowest normalized
values of the indicators (0.0000–0.1000 in seven areas), i.e., the recycling rates of municipal waste and
e-waste, circular material use rates, and imports and exports of recyclable raw materials. What is more,
the average values (0.5000) were not exceeded in ten indicators (71.4%).

Countries such as Estonia, the Netherlands, Bulgaria, Belgium, Italy and Denmark had problems
with the indicators of waste generation. In turn, Cyprus, Slovakia, Greece, Croatia and the countries
of Central and Eastern Europe have not yet sufficiently resolved the issue of recycling and/or the
recovery of selected groups of wastes. Considering the consumption of the so-called circular materials,
the lowest results were recorded for Portugal, Greece and Cyprus. In turn, Slovakia, Poland and
Finland are characterized by a low share of recyclable raw materials in international trade. Slovenia
is the country with the highest value added indicator for entities from the CE sector, while Greece,
Belgium, Romania and Portugal are at the end of the ranking. Belgium is also characterized by
the lowest employment indicator in the CE sector. Considering only the indicators describing the
competitiveness and innovativeness of the CE sectors, the best results were achieved by countries
of Central and Eastern Europe, i.e., Latvia, Lithuania and Slovenia. Greece was at the bottom of
the ranking.

Out of the studies carried out so far, it is difficult to identify those using synthetic measures
(indices) for the comprehensive evaluation of circular economies. Previous research predominantly
focused on the selection of only a few indicators for the evaluation of CE and, at the same time, was
carried out using the example of a selected country or region of the EU.

Horvath et al. [29] classified EU member states according to their circular material use rate (CMU)
and the ecological circulation index (ECI). While CMU illustrates the present level of the utilization
of secondary raw materials, the ECI shows what this level should be in order to maintain balance
with bio-capacity. The input–output analysis was used to design a general economic framework for
monitoring CE in Austria [36]. In order to measure circularity, the authors proposed two headline
indicators: the input socioeconomic cycling rate and the input ecological cycling rate. In turn,
Avdiushchenko and Zając [33] developed a system of indicators allowing the measurement of progress
towards a circular economy at a regional level in the countries of the European Union. Next, using
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Principal Component Analysis (PCA), they designed CE indices for the period 2005–2016 for all of
Poland and for the Lesser Poland voivodeship.

The methodology proposed and presented in this paper provides a comprehensive and transparent
framework for the evaluation of the level of circularity of EU national economies. The evaluation was
based on a review of literature and the set of CE indicators proposed by Eurostat. The analysis of
each indicator separately, in relation to individual countries, provides information on the strengths
and weaknesses of the circularity, while the synthetic measures (INECi) allow for the comparison and
categorization of individual countries, as well as the overall assessment of the level of circularity in the
European Union.

While the proposed method provides an effective framework for the evaluation of the circularity
of national economies, it can also be strengthened by further research. It would be helpful to assess its
applicability and relevance to the rest of the EU countries. As of today, a large information gap does
not allow the full evaluation of all of the countries. A second area for future research is to develop
an effective system for the collection of more information and the expansion of the indicators set for
an even more comprehensive CE assessment. The existing critical reviews of indicators [29,30,32,34]
may be helpful here, but the basic condition for using them is access to reliable and measurable data.
Another important direction for further research would be an in-depth analysis of the causes and
determinants of the poor performance of some national economies. Moreover, the current analyses
were focused on the static approach. Therefore, it would be worthwhile to include a dynamic analysis
of the progress of individual countries over time, provided, of course, that appropriate data in this
regard are obtained.

4. Conclusions

One of the main priorities of the EU’s new strategic agenda for 2019–2024 is to build a
climate-neutral, green, fair and social Europe. To this end, among other things, in 2020, the European
Commission prepared a new EU action plan regarding a circular economy. It is a future-oriented
programme for a cleaner and more competitive Europe, co-created with economic entities, consumers
and civil society organisations. The plan aims to accelerate the transformation changes required by the
European Green Governance.

A circular economy is a complex issue, which inhibits its analysis. As a multi-criteria concept,
it requires aggregated measures based on the integration of the various areas of activity which make it
possible to determine whether the economy is circular. The novelty of this research comes from its
comprehensive approach to the methodology of assessing the circularity phenomenon by constructing
a synthetic measure (INEC) based on a set of non-aggregate indicators describing the CE. The proposed
synthetic approach is relatively transparent, and is therefore easy to communicate. The CE indicators
monitoring individual goals do not allow for a synthesis, which is an advantage of the Index of National
Economies’ Circularity proposed in this paper. The INEC will contribute to the improvement in the
field of monitoring, planning and implementing the assumptions of the circular economy. At the same
time, the analysis of the mean standardized values of the CE indicators contributes to the identification
of the strengths and weaknesses of the circular economy at the European level.

The research results allowed the author to formulate answers to the research questions posed
in the paper. In response to question one, a ranking of the countries was created, presenting their
individual stage in terms of the circular economy. In that respect, Lithuania ranked the best and
Romania the worst. Moreover, based on the method applied, the EU member states were each classified
into one of four groups identified according to the INEC. Taking into account the second research
question, it should be concluded that the general level of circularity of the EU national economies is low,
as evidenced by the average value of the INEC for all of the analysed countries (0.2929). In response to
question three, the analysis of the average standardized values of the CE indicators shows that many
areas need corrective measures to be undertaken by both international institutions and individual
countries. In the upcoming years, one of the main challenges will be to increase the investments in the
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circular economy sectors, which will contribute to employment growth in these sectors. Furthermore,
dynamic action requires a low level of circular material use, as well as the share of recyclable raw
materials in trade exchange.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/12/18/7613/s1,
Annex S1: Standardization of the CE indicators and the INEC calculation.
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