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Abstract

European Union (EU) is in the process of transformation toward a circular economy (CE),
which is a regenerative growth model that gives back to the planet more than it takes.
Member States are key players in this process; therefore, next to the EU Action Plan, they
developed national strategies (roadmaps) toward the CE. The paper presents an inventory
of performance indicators, which have been indicated in the selected CE national strate-
gies. The EU countries strongly underline the necessity to access the transformation pro-
gress with the use of CE indicators at different levels (macro, meso, or/and micro) or for
different actions or objectives. There is a lack of one universal indicator which measures
a level of the CE transformation at the national level due to the complexity of this issue
and the diversity of key sectors and economic actors in the individual countries. There are
some proposed indicators that could be used in other countries, to shape national monitor-
ing frameworks by policy-makers. However, to access the transformation process on the
European level showing the comparison between different countries, it is recommended
to use the CE monitoring framework because it contains the set of CE indicators that pro-
vide uniform data and holistic view of all countries in Europe.
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Introduction

In 2014, the European Commission (EC) officially announced a circular economy (CE) as
a new economic model for European Union (EU). The indicated zero waste programme
was a response to unsustainable resource management across the European economy. The
CE was defined as the system which keep the added value in products for as long as pos-
sible and eliminates waste [1]. In 2015, in the first CE Action Plan for the EU, this defi-
nition was modified to the system where the value of products, materials, and resources
is maintained in the economy for as long as possible, and the generation of waste mini-
mized [2]. Undoubtedly, in the European context, the main message of the CE system is
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better management of resources—both of primary and secondary origin (i.e., waste) [3].
The CE was also highlighted as an essential element of delivering the resource efficiency
agenda [1], which was established under the Europe 2020 Strategy for smart, sustainable,
and inclusive growth [4]. Currently, the CE is one of the key blocks of the European Green
Deal (EGD), which is the newest strategy for sustainable growth in the EU [5] and aims to
achieve climate neutrality on the continent by 2050. The second CE Action Plan, which
was announced in 2020, defines the CE as a regenerative growth model that gives back to
the planet more than it takes [6]. The purpose of this model is to stimulate the economic
growth while keeping resource consumption within planetary boundaries and striving to
reduce advanced consumption footprint and double its circular material use rate.

The European CE Action Plans included key elements and assumptions of the transfor-
mation process towards the CE model in the EU. It was also recommended that the Mem-
ber States should develop national strategies (so-called roadmaps) for the CE implementa-
tion [7]. This is due to different socio-economic conditions in the individual countries, for
which the CE transformation action plans should be adapted. Consequently, most of the
European countries have developed the CE roadmaps, which are systematically published
on the European Circular Economy Stakeholder Platform (ECESP), which has been created
to facilitate civil society consultation; collaboration between national, regional, and secto-
ral networks; and exchange of expertise, information, and best practices [8]. The special
dedicated Knowledge Hub includes an inventory of Good Practises in the CE implementa-
tion—strategies/roadmaps, innovative processes, and learning from experience examples.
It should be pointed that the EC officially adopted the CE as the economic priority in 2014
[1]; therefore, the European national CE roadmaps were developed after this year. Since
2014, a minimum of 47 CE national and regional strategies have been adopted, and others
are under development [8]. Moreover, some sector CE strategies are also under develop-
ment [9]. To assess the progress of the transformation towards the CE model in individual
countries, the EC proposed a set of 10 key CE indicators, grouped into four areas: (i) pro-
duction and consumption, (ii) secondary raw materials, (iii) waste management, and (iv)
competitiveness and innovation [10]. The CE indicators are systematically updated and
made available on the European Statistical Office’s website—FEurostat [11].

Monitoring progress toward the CE is a challenging task due to the transformation pro-
cess is not limited to certain raw materials or sectors [12]. There are several indicators
which can be used for the evaluation of different aspects of the CE implementation, being
at the same time useful tools to support the development of policies in providing informa-
tion, reducing environmental pressures and impacts through circular processes [13]. The
CE indicators which could be also called “C-indicators” are systematically proposed by
scholars, consulting companies and governmental agencies, while the selection of appro-
priate indicators (macro, meso, or/and micro level) is based on the specific user’s needs and
requirements [14].

There is no possibility to create one universally recognized indicator of “circularity.” In
this context, the EC used the existing indicators and chose those that best reflect the key
areas of transformation toward the CE at the European level [10]. In 2018, the EC proposed
10 indicators that are reported by individual countries. The list of these indicators is open
and expanded by the EC. The CE indicators provide a holistic knowledge on the level of
the transformation toward the CE in all Member States. However, due to various socio-
economic and technological conditions in the individual countries, the country-specific
indicators have been proposed in the national CE roadmaps. Therefore, the main objec-
tive of this study is to revise the CE indicators, which have been proposed in the national
CE roadmaps in the European countries. The paper also provides a comparison of the
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countries’ performances in the transition towards the CE model, on the basis of selected
CE indicators included in the European monitoring framework. The inventory of the CE
indicators that have been proposed by the selected countries could be used by other coun-
tries (policy-makers) to shape national monitoring frameworks, by entrepreneurs—to adapt
business and technological changes allowing for transformation towards the CE, and by
scientists—to shape the direction of scientific research and technological progress, allow-
ing for the acceleration of the transformation towards CE in Europe. The paper contains six
sections. The first section provides clarification of the importance of monitoring progress
toward the CE model in the European countries. The second section describes the materi-
als and methods used in this paper. The third section presents an overview of the national
CE roadmaps in the European countries. The next section includes an inventory of the CE
indicators in the national CE roadmaps. The fifth section contains a comparative analysis
of the CE indicators proposed by individual countries and implications for the CE monitor-
ing. In the last section, the key conclusions are presented, underlining the importance of
both European and national indicators.

Materials and Methods

The research was divided into three individual steps. The framework of the research is pre-
sented in Fig. 1.

Step I—in the first step of research, the national strategies (roadmaps) toward the CE
implementation were identified. The selection included the European countries. For this
purpose, a detailed review of the CE strategies on the webpage of the European Circular

Step I - Inventory of national strategies (roadmaps) toward the CE implementation

in the EU countries

Data source: European Circular Economy

Method used: desk research Stakeholder Platform

Step II - Revision of performance indicators, proposed by the individual countries

in the national CE roadmaps of the EU countries

Data source: National CE roadmaps (startegies)

Method used: desk research g
& pre-reviewed papers

Step IIT - Comparative analysis of the CE indicators proposed by individual countries

and implications for the CE monitoring

Method used: comparative analysis & desk Data source: National CE roadmaps (startegies)
research & pre-reviewed papers & Eurostat database

Fig.1 The research framework
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Economy Stakeholder Platform was carried out. The national strategies were available in
the section Knowledge Hub, sub-section Strategies (circulareconomy.europa.eu/platform/
en/strategies). This sub-section provides the existing strategies for the transition to the CE
at the national, regional, or local level, adopted by public authorities. Currently, there are
47 strategies, which have been categorized into three types: (i) integrated strategies (as
national and regional strategies focus on horizontal tools and policies), (ii) strategies with a
restricted sector focus, and (iii) all-encompassing strategies with a clear setting of priorities
[15]. The list of analyzed strategies, including their national language titles, English titles,
year of publication, and public authority responsible for the development of the document
is provided in Table 1. In this step of research, the main objectives and key areas of the CE
implementation on the national level were identified and described.

Step II—in the second step of research, the detailed revision of performance indica-
tors, proposed by the individual countries in the national CE roadmaps, was conducted.
This inventory was based on the full text of the CE roadmaps, which have been revised in
the first step of the current research. The research was associated with the use of few key-
words through these documents, as “indicator,” “monitoring,” “measure,” “index,” “rate,”
“ratio,” and “measuring circularity.” The identified indicators and their context in the light
of assumed objectives and areas of the CE implementation on the national level were dis-
cussed. The discussion has been supported by the comprehensive analysis of available
reviewed scientific papers published on international platforms such as Elsevier Scopus,
Elsevier Science Direct, Springer Nature, Google Scholar, and Multidisciplinary Digital
Publishing Institute (MDPI) database. These publications were related to the topic of the
CE in the national context.

Step III—the third step of research included a comparative analysis of the CE indica-
tors proposed by individual countries and implications for the CE monitoring. Moreover,
an analysis of the progress towards CE for selected indicators from the EU monitoring
framework was discussed. The CE indicators were analyzed with the use of statistical data
published by the European Statistical Office—Eurostat (ec.europa.eu/Eurostat). In the cur-
rent paper, three indicators were analyzed. The criterion for selecting indicators was com-
pliance with the key areas of CE implementation in national roadmaps. Thus, the following
indicators were selected for further analysis:

99 < EEINT3

e Municipal waste generation (as an indicator for consumption aspects), in the area of
production and consumption

e Recycling rate of municipal waste (the share of municipal waste which is recycled), in
the area of waste management

e Circular material uses rate (the share of total material use) in the area of secondary raw
materials.

However, it should be highlighted that a detailed analysis of the achieved values for the
CE indicators (and their determinants) is not the aim of the current study.

The whole paper is followed by conclusions.
National CE Roadmaps in the European Countries
The national CE strategies or roadmaps are comprehensive documents, which address

the transformation process from multiple points of view in one officially adopted paper.
Currently, there are 27 EU countries—Austria, Belgium, Bulgaria, Croatia, Republic of
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Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hun-
gary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, and Sweden. Out of 27 Member States, 16 countries
have already published strategies, and most of them are available on the webpage of the
European Circular Economy Stakeholder Platform. The following countries published their
CE strategies Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Ire-
land, Italy, Luxembourg, Netherlands, Poland, Portugal, Slovenia, Spain, and Sweden. The
specific areas and groups of resources in the individual Member States are summarized in
Table 2.

The scope of the presented strategies depends on the socio-economic situation in a
given country. Most of the strategies include plans for more sustainable resource manage-
ment that are available in a given country. In most of the national documents, the key areas
of the CE implementation are described, and specific actions for those areas are proposed.
In addition, the individual sectors and raw materials are also included in the plans for the
CE implementation. In general, most of the national CE roadmaps focuses on the areas
directly connected with the groups of the CE indicators provided by the EC:

More sustainable and circular production (including eco-design)

More sustainable and circular consumption and changes in consumer behavior

More sustainable and circular waste management (including the creation of a market
for recovered raw materials)

Further research, development of innovation, and digitalization for the CE

Citizen engagement, raising CE awareness, and education for the CE

Development of national policies to accelerate the implementation of circular solutions
Development of CE business models throughout the value chain

Identification of specific bodies responsible for the CE implementation

Development of the CE indicators.

There are also some EU countries which do not present the individual strategies for the
CE implementation, but their various documents focus on the implementation of the CE
assumptions (in waste management, circular public procurement, circular business models
etc.), such as Austria. New national strategies are expected in other European countries, or
some of the CE aspects are already incorporated in the national documents. Austria does
not provide the national CE strategy; however, many national documents include the CE
principles and the transition to the CE model were incorporated in the national govern-
ment program for 2020-2024 as one of the priority targets [35]. In Bulgaria, the Ministry
of Environment and Water signed a contract for the preparation of a national strategy for
the period 2021-2027 [36]. The CE principles are also incorporated into Croatia’s post-
2022 National Waste Management Plan (NWMP), which is the obligatory document in
the EU countries [37]. Cyprus does not provide the national CE strategy; however, the CE
was mentioned in the national agenda with the Ministry of Energy, Commerce & Indus-
try, and Ministry of Agriculture, Rural Development & Environment [38]. The Hungar-
ian government did not develop a strategy dedicated to CE; however, many national doc-
uments include the CE principles [39] and the national Circular Economy Platform was
already established in Hungary. In Lithuania, the renewed National Strategy for Climate
Change introduced goals linked to the CE and use of circular materials. In Malta, several
policy measures and initiatives aim at fostering the CE, including ambitious 10-year waste
management plans. In Romania, in 2019 Institute for Research in Circular Economy and
Environment “Ernest Lupan” (IRCEM), a member of the ECESP Coordination Group has
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launched a project to support the development of a national roadmap [8]. Moreover, the
Slovak Environmental Strategy underlined the transition to the CE [8]. In Estonia and Lat-
via, the national CE action plans are under development [40].

The key added value of the already developed and published strategies is an integration
of all stages of the value chain in one document—from production, through consumption,
waste management, and secondary raw materials, to innovation and investments. This coin-
cides with the monitoring framework indicated by the EC [10].

Performance Indicators in National CE Roadmaps

This section provides an inventory of performance indicators included in the national strat-
egies toward the CE.

In the Belgian strategy from 2014, the CE-related indicators refer to the Europe 2020
strategy [4] and already existing European indicators—two main indicators (productiv-
ity of resources and domestic consumption of materials) and eight indicators relating to
land—water-carbon, and twenty complementary indicators. It was strongly underlined
that further efforts have to be taken at the European level (by the European Environment
Agency—EEA, and Eurostat), as well as at the national level, to develop better indicators
[16]. It has to be clarified that these indicators refer to the CE aspects, but they were not
called “CE indicators.” In 2016, in the second national-level document on the CE imple-
mentation in Belgium, the CE indicators were pointed as the essential to assess the transi-
tion to the CE, and these indicators should be developed in the following years [17].

The CE strategy of the Czech Republic, despite many examples of good practices in
several companies (with practical ways of implementation of the CE in the country), does
not provide the specific information of the CE indicators or monitoring framework [41].
The roadmap is currently under public consultation.

In the Danish strategy, no specific indicators are provided. The strategy includes infor-
mation on the national resource productivity and the share of recycling of total waste aris-
ings. These indicators are used to show the Danish situation (based on Eurostat data), but
they are not specific CE national indicators. The resource productivity shows an economic
value which is generated from the materials used in the production of products and ser-
vices. In the Danish strategy, resource productivity is based on domestic material consump-
tion (DMC) in relation to economic growth (GDP). Due to the fast technological devel-
opments in the digital field, the massive amounts of data are generated constantly about
different material flows, which could be used by the different bodies in order to reduce
the material usage or transport costs and thus increase the economic profit from recycling.
It suggests that there is a strong recommendation to better measurement of material con-
sumption, quality, and quantity; hoverer, no specific CE indicators are provided [20].

The Finish strategy provides the information on the necessity of the CE development
on the national level. They should provide a comprehensive knowledge that describes the
development of Finland’s circular economy. The Finish government announced that it
would like to be a pioneer in terms of the development of the CE indicators in the EU. The
indicators should produce information concerning new perspectives on the CE, including
sharing economy, resource loops, and systemic changes and innovations. The indicators
are also part of the Findicator service that describes social development. The quantitative
and qualitative indicators based on the main principles in the roadmap were planned to be
developed [21].
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The French government proposed a new indicator, called the “repairability index,” that
allows the consumer to know whether his product is repairable, difficult to repair, or non-
repairable. The objective is to achieve a 60% repair rate for electric and electronic products
within 5 years (from 2018). It was planned to develop a simple index (a score out of 10)
affixed directly on the product or its packaging and at the point of sale (alongside the price
of the product for example). It focuses on five categories of “pilot” products, including
washing machines, TV sets, smartphones, laptops, and mowers. This generic index should
be easily applied to other categories of electric and electronic equipment. There was also
a plan to make progress towards a durability index [22]. France announced that will be
responsible for the development of the repairability index, to make this information on the
reparability of products a harmonized European obligation. The importance of the regional
authorities in the monitoring progress was also indicated, with a special focus on resource
flows, waste management and job creation. It will be called “material flow inventories”.
There is also a plan to develop a specific monitoring system for the waste produced by the
public units and the community canteens that depend on it. It will take into account a cir-
cularity element in this system, and it will be the model solution (new incentive device) to
mobilize public services and promote good practice. This monitoring system is planned to
be a part of the inter-ministerial “exemplary administration “ system [22, 23]. Despite the
lack of specific indicators in the French CE roadmap, the national body in 2015 proposed
a set of 10 indicators to measure the progress toward the CE [42]. They are grouped into
three following areas: supply from economic stakeholders, consumer demand and behav-
ior, and waste management. Finally, in 2016, the Monitoring and Statistics Directorate of
France provided the list of the CE indicators under the seven CE pillars, based on the latest
legislative measures. These performance indicators refer to all stages of the cycle (Table 3)

Table 3 The proposed CE indicators in France

Circular economy pillar CE indicator Unit

Extraction/operation and sustainable supply chains
Domestic material consumption per capita ~ Mg/capita

Resource productivity EUR/kg
Eco-design (products and processes)

Ecolabel holders piece
Industrial and territorial ecology

Industrial and territorial ecology projects piece
Functional Economy

Car-sharing frequency rates %
Responsible Consumption

Waste quantities kg/capita/year
Extension of product lifespan

Household spending on maintenance and %

repair

Recycling (materials and organic matter)

Waste sent to landfill over time %

Use of secondary raw materials %
7 pillars as a whole

Employment in the circular economy piece

Source: [42]
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and are followed by the CE indicator examining employment in the CE naturally addresses
the cycle as a whole.

The German government underlined that the development and monitoring of economic
indicators to track resource efficiency should include Germany’s existing situation as an
industrial and manufacturing base with the primary extractive industry that this involves.
The government proposes to establish a regular monitoring of market developments in
resource-efficient products, including the introduction of a market index. The strategy pro-
vides information on raw material productivity and economic growth. The specific indi-
cators for recycling and recovery of raw materials include [24] the percentage of waste
recycled, recycling rate for plastic waste, percentage of recycled aggregate used as con-
crete aggregate relative to the total volume of mineral recycled construction materials, per-
centage of recycled material in the manufacture of gypsum board (plasterboard), mass of
separated automotive electronics per end-of-life vehicle, ratio of total weight of collected
WEEE to the average weight of electrical and electronic equipment placed on the market
in the three preceding years, quantity of organic waste collected, and recovery rate of phos-
phorus from wastewater/sewage sludge.

The Greece strategy includes recommendations for the monitoring of the transformation
toward the CE. It should provide measurable indicators of the incorporation of the CE in
investment plans and the actual economy. Moreover, socioeconomic indicators for materi-
alization and monitoring of actions are indicated to be taken into account for mountainous,
barren areas and islands, and for economically weak social groups. The monitoring frame-
work shall provide economic, environmental, and social indicators due to it refers to both
the CE and Sustainability Indices. The development of the CE indicators is mentioned as
one of the specific actions in the national strategy (Action 1.8). The monitoring framework
proposed by the EC was indicated as an effective tool for monitoring transition, trends, and
for assessing the effectiveness of measures and policies. It could be also further used to
identify good practices in the EU countries. An Action 1.9 focuses on the development of a
methodology to measure and monitor food waste until now, and data sets on this issue are
not always comparable or transparent at the national and European levels [25].

The Irish strategy does not provide the set of indicators for the CE. However, there are
focus areas in this context—waste data and data flows in the context of monitoring the
transformation progress. The government established the National Waste Statistics web
resource to provide more timely indicators of waste generation and management. For now,
the available data includes quarterly figures on municipal waste accepted at landfills and
thermal treatment facilities, supported by data on preliminary annual information on waste
accepted at landfills. The National authorities use the Environmental Protection Agency
(EPA) works, which currently continues to include more early waste indicators as data
becomes available. Moreover, the National Waste Collection Permit Office and the EPA
integrated efforts to harmonize reporting requirements and reduce the reporting burden for
the Local Authority permit holders. It could bring added benefits to licensees and permit
holders and improve the quality and timeliness of waste statistics [26].

Italy was one of the first European countries to present a set of indicators for the CE.
There is the proposition to develop a single “circularity index” which should allow to easy
comparison of the economic aspects. This index should take into account the circularity
flow of resources used (including input and output) and the circularity of the use of product
or product-service (including input and output). There is a recommendation to evaluate the
circularity on macro level (as an instrument applied to the country system) and micro level
(as an instrument applied to the system of companies and other public and private activi-
ties). The macro indicators can be assessed with the use of a set of indicators proposed by
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the EC in 2018, while the macro indicators focus on companies, public administration, and
other private bodies, to assess, through a budget, the quantities of natural resources used
in relation to the economic and environmental sustainability. This could help companies
to draw up their own circularity balance and possibly involve their suppliers and custom-
ers throughout the supply chain. In the context of raw material usage, two main indicators
must characterize the possibility of making strategic choices based on the reliable market
scenario—economic indicator and physical indicator (relative to the resources used). On
the sector level, the CE indicators should be developed with strong engagement of com-
panies and identify the most appropriate reference indicators by sector, also in relation to
their applicability to micro and small businesses. There could be some problems with the
comparability of physical indicators (e.g., used materials and produced waste), with indi-
cators of use (e.g., load factor). Moreover, it is challenging to include both material and
energy resources in the physical indicators, therefore adopting Key Performance Indicators
(KPIs), which allow to relate all the key elements of the CE (physical and use factors) is
proposed. To develop the specific indicators for Italy, the Ministry for the Environment and
for the Protection of the Territory and the Sea set up a “Technical Table” responsible to
identify suitable indicators to measure and monitor the CE transformation and the efficient
use of resources at macro, meso, and micro level [27].

In Luxemburg, the strategy does not provide the set of the CE indicators. However, the
importance of the data flow measurement is underlined. It is included in a concept of prod-
uct potential. Traditionally, reverse production facilities are assessed on the basis of recy-
cling and recovery percentages. During this procedure, only the input streams in a recy-
cling process are taken into account. The concept of product potential certification takes
into account the idea of resource efficiency and uses the resource indicator. The use of the
resource indicator makes it possible to show the actual quantities of recycled raw materials
and the energy percentage used and thus to visualize the resource potential for the saving
of primary resources [28].

The necessity of monitoring of the progress toward the CE is strongly underlined in the
CE strategy in the Netherlands. The country has already created the Material Flows Moni-
tor, which provides data on material used in the Netherlands linked to the Environmental
Accounting—data on water consumption, ownership ratios, and international value chains.
Based on this work, the supply security risk for 64 metals and minerals for the Dutch econ-
omy could be brought to light. The circular potential of 1100 abiotic product groups can
now also be determined in terms of quantity. The monitor is being continued on the same
basis, i.e., with the environmental accounting linked to the material flows monitor. There is
a plan to develop indicators for monitoring and quantifying the progress of the CE imple-
mentation and the CE national program (Key Performance Indicators). Moreover, the inte-
grated knowledge bank is proposed as the tool supplementing the material flows monitor
with other available information (e.g., degree of toxicity of materials and products, and
national use of raw materials related to planetary boundaries). The produced data should
be disseminated via the raw materials tool for companies and the regional tool under devel-
opment. The better monitoring of food waste and plastic waste is also proposed [29].

In the Polish roadmap, the monitoring of the CE implementation is an important aspect.
Due to the complexity of the CE concept itself, a set of indicators is planned to be devel-
oped in the coming years. The Polish government provides two approaches for the moni-
toring progress—evaluation of the progress of transformation towards CE in Poland, and
evaluation of the impact of CE on social and economic development at the mesoeconomic
(regional) and macroeconomic (national) levels. The better monitoring of food waste is
also recommended [30]. The assessment of activities in the field of transformation towards
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the CE may be carried out with the use of aggregated indices—separately for sustainable
production and consumption—but based on the main, auxiliary, and contextual indicators.
To date, there is the available proposition of the set of indicators distributed into these
three areas [43]:

e Main indicators—they result directly from the CE concepts and focus on the retention
of economic value in the economy, the consequence of which is the reduction of waste,
and the optimization of the amount of new production and consumption; they should be
holistic and replicable and refer to strategic objectives

¢ Auxiliary indicators—designed to supplement the basic criteria set for the main indica-
tors

e Contextual indicators—provide insight into systemic changes in the structure of the
economy, but do not have to be directly related to the CE; indicators of the condition
of the natural environment, which directly depend on anthropogenic impacts, and thus
also on the current economic model.

The specific types of the CE indicators proposed, as a part of the national project toward
their development, are presented in Table 4. This set of indicators is currently discussed
among selected stakeholders in Poland, and the list of final indicators should be available
by the end of 2021 [30].

In the Portuguese CE roadmap, it is clearly indicated that at the moment there is a lack
of indicators to measure how fully circular an economy is. The monitoring of progress
toward the CE model as well as the current circularity of the economy may not be feasible
with the available data. Therefore, it is important to develop a set of the CE indicators,
which focus not only on material inputs, production, and emissions, but other important
areas of the CE, as sharing, reusing, and repairing. The established national the Coordina-
tion Group will be responsible for the identification of complementary indicators to show
the state of transition at the national level, by sector and intervention area. The plan is
to use existing knowledge (e.g., published by the Ellen MacArthur Foundation, supported
by the Eurostat data) to propose the CE indicators. These indicators should be measured,
according to an established methodology to monitor the outcomes associated with the pro-
cess of transformation toward the CE model in the country. For the specific actions pro-
posed in the national CE roadmap, complementary indicators are proposed. They are sum-
marized in Table 5 [31].

The Spanish government declared to promote the adoption of common, transparent, and
accessible indicators that can show the level of the CE implementation, with a special focus
on social and environmental impacts. Therefore, on the country level, the already devel-
oped European CE indicators are used to evaluate the transition process, and one additional
indicator on greenhouse gas emissions. This set of 10 indicators provide information on
the results of the application of public policies, the adoption of sustainability and “circu-
larity” systems by the productive sector, and consumer’s choice of products and services
considering sustainability criteria. Additionally, the behavior of citizens as a whole shall be
also considered. The comprehensive assessment of results will be conducted every 3 years.
In any case, the assessment shall be coordinated with the updating of the corresponding
Action Plans, so that there is sufficient information about the results, effects, and impacts
with regard to the CE as to appropriately carry out the relevant revision, updating, or prep-
aration of a new action plan [33]. The set of Spanish indicators is presented in Table 6.

In the Swedish strategy, the progress to achieve the overall goal of the transition to the
CE model will be tracked through a selection of the indicators in existing tracking systems
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for the specific goals and objectives indicated the focus areas of the CE implementation
in the country, which correspond to the SDGs in the 2030 Agenda. The indicators, which
are planned to be evaluated, are available for selected SDGs indicated in the national CE
strategy [34].

Discussion and Implications for the CE Monitoring

Most of the national CE strategies include statements that the monitoring of the transfor-
mation process toward the CE model is an important element of this process. The indi-
vidual countries recognize that the implementation of the CE requires monitoring of this
process throughout the life cycle. Moreover, it should be connected with the specific
actions, objectives, and pillars included in the national CE documents. The importance of
the monitoring progress is supported by the conduction of national projects that focus on
the development of the CE indicators, as in the strategy of Belgium, Germany, Finland,
Greece, Netherlands, or Poland. Another national documents underline the necessity of the
transformation toward the CE model, without any specific information about monitoring
progress, as Czech Republic. In general, there is no possibility to propose one universal
indicator which measures a level of the transformation toward the CE at the national level.
This is due to the complexity of this issue and diversity of key sectors and economic actors
in the individual European countries. However, Italy announced to develop a single CE
indicator called “circularity index” in the following years. It should integrate and compare
resources and economic aspects—circularity flow of resources used and circularity of the
use of product or product—service. Germany also proposed an integration of economic
aspects with the resources usage in the new “market index.”

The CE indicators could be also provided in the form of key performance indicators—as
it was proposed in the Netherlands and Italy. Anyway, the methodology for their develop-
ment and monitoring should be firstly harmonized and published. An interesting proposi-
tion is also a French indicator, called “repairability index” that should allow the consumer
to know whether his/her product is repairable, difficult to repair, or non-repairable, fol-
lowed by “durability index.” An important aspect of the monitoring progress is the way of
data collection and management, which should contain high-quality data, as was under-
lined in the CE strategies of Ireland and Luxemburg. A set of specific indicators in the
national roadmap was proposed by Portugal. It was strongly underlined that there is a lack
of specific CE indicators to date (on EU level); therefore, the Portuguese government pro-
posed the set of CE indicators, grouped in the actions indicated in national strategy toward
the CE.

Some of the EU countries present the CE progress with the use of EC indicators, devel-
oped under the CE monitoring framework (as Denmark and Spain) or the SGDs (as Swe-
den). Finally, the comparison of the transformation progress toward the CE model of the
individual Member States could be possible with the use of a common monitoring frame-
work for all European countries. Therefore, to access the transition on the international
level (comparison different countries), it is recommended to use the monitoring framework
proposed by the EC in 2018. Monitoring progress toward the CE model in the European
countries is based on the four groups, which include 10 indicators, some of which are bro-
ken down into sub-indicators [10]. Data on the mentioned CE indicators are systematically
updated and made available on the Eurostat [11]. Those indicators have been chosen based
on their comparability at the European level.
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One of the most important CE indicators, which is mentioned in national strategies
(as direct indicators or indicator needed to measure more complex index), is the amount
of municipal waste generated by residents. The amount of waste generated in the indi-
vidual countries depends on, among others, the structure of production [44, 45] and
consumption patterns [46]. The current study shows that the official adoption of the CE
strategy does not significantly impact the amount of municipal waste generated in indi-
vidual countries. Data on changes in the generation of this waste stream is presented in
Fig. 2. In the case of developed countries, like Belgium, Sweden, and the Netherland,
which were one of the first countries with the national CE strategies, an improvement in
the amount of municipal waste generated (decrease) is observed. These countries have
ambitious goals in terms of implementing CE. There is also a clear reduction in the
generation of municipal waste in Luxemburg and Germany after the adoption of the CE
strategy; those countries have been pursuing a policy of reducing the amount of waste
generated and increasing resource efficiency for many years, which is in the line with
the CE principles [47]. The improvement in the area of municipal waste is therefore
mainly noticed among well-developed countries with high innovation rates [48]. In most
other counties, even with the adopted CE strategy, the amount of municipal waste con-
sistently increases in the last years. The implementation of measures indicated in the CE
national strategies in the European countries should improve this situation in the com-
ing years.

Most of the indicators proposed in the national documents and also the EU indicators
show the economic and technological aspects [49]. They focus on the preservation of
materials, including indicators presenting recycling rates and recycled materials to the
raw materials’ demand [50]. The European CE framework provides the rate of munici-
pal waste recycling (Fig. 3). The countries with adopted CE strategies show the increase
in recycling of municipal waste between 2014 and 2019. Despite Poland has one of the
lowest per capita generation of municipal waste among the EU countries, the recycling
rate is far below the EU average and unfortunately, it does not increase systematically,
as a consequence of lack of developed recycling infrastructure [51]. Moreover, Portugal
also faces some problems to increase the recycling of municipal waste. For many years,
Germany is the lead country in the municipal waste recycling, reaching almost 70%, fol-

lowed by the Netherlands, Belgium, Austria, and Slovenia.
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In the area of secondary raw materials, the most popular indicator is circular material
use rate. In the transition to the CE model in Europe, the Netherlands is at the forefront
(Fig. 4). The systemic actions and initiatives lead also to a significant increase in the
circular materials usage. The visible improvement is also observed in Belgium, France,
and Italy, followed by Germany, Estonia, Spain, and Slovenia. In most of these coun-
tries, the CE roadmaps already exist.

In the context of the implementation of the SD principles, which is strongly under-
lined in the European Green Deal strategy, it is important to integrate also the social
aspects. Those aspects are mainly incorporated in the CE strategies of cities, such as
Paris, Amsterdam, and London [15]. They address social indicators that affect people,
such as the quality of life, health, and well-being. To date, there is a little framework
for the CE indicators to measure these categories. The existing framework for monitor-
ing the CE also does not reflect the progress of policy implementation towards the CE.
Moreover, based on the list of the existing CE indicators, there is no possibility to define
opportunities and barriers for accelerating transitions.
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Fig.4 Changes in the circular material use rate in the EU countries in 2014-2019
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The transformation toward the CE model is a continuous process which requires the
constant monitoring of impacts, introducing preventive and corrective action whenever
necessary [52]. Therefore, it is strongly recommended to monitor the progress toward the
CE at three possible levels [53]:

e Macro level indicators supporting strategic policy decisions in the specific areas of the
economic activity, as trade and environmental policy integration, resource conservation
policies, waste management policies, sustainable development, and Green Deal strate-
gies and action plans; macroeconomic indicators can provide the holistic information
about the country or larger region

e Meso level indicators provide detailed analysis of material flows within the economy,
distinguishing categories of materials, industries or branches of the production, and
categories of the consumption

e Micro level indicators provide detailed information for specific decision processes at
the business or local level or concerning specific substance or individual product.

In the process of transformation toward the CE model, it is important to monitor all
indicated levels of the economy, which requires the collection and management of several
data [54]. There are several approaches to measure CE-related activities [55]. For exam-
ple, the Organisation for Economic Cooperation and Development — OECD collected 474
circular-economy-related indicators, between 2018 and 2020, providing four key objectives
in measuring the state of the art, progress, and impacts of a circular economy: raise aware-
ness, make the case for the CE, trigger actions, and monitor performance and evaluate
results [56]. Moreover, based on the evaluation of the several indicators at indicated levels,
the recommended action is to evaluate a limited number of indicators (grouped into spe-
cific areas) to assess the progress of transformation toward CE instead of a single indicator
[50].

In the European context, circularity and sustainability should characterize all stages of
the value chain in order to achieve a fully CE, from design, through production, to the
consumer [57]. In the new CE Action Plan, the EC proposed seven key areas necessary to
achieve the CE. These are plastics, textiles, e-waste, food, water and nutrients, packaging,
batteries and vehicles, and buildings [6]. It can be expected that the EC will propose the
new CE indicators for these sectors in the following years.

Conclusions

The European countries are in the process of transformation toward the CE model, which is
the priority of the economic policy of the EU. The individual countries developed special ded-
icated documents (strategies/roadmaps) to accelerate the transformation process and indicate
the boundaries of further actions in this field. This transformation process has to be evaluated
with the use of the CE indicators, which could determine the main trends and future perspec-
tives. On the European level, the EC proposed a set of 10 CE indicators, some of which are
broken down into sub-indicators. The added value of this monitoring framework is the pos-
sibility to compare different European countries in their achievements toward the CE. The CE
monitoring progress includes four key areas of the CE implementation, production and con-
sumption, secondary raw materials, waste management, and competitiveness and innovation.
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These are indicators that have already been developed and used by Eurostat and are constantly
being refined and reported by all Member States.

Most of the European countries strongly underlined the necessity to access the transfor-
mation progress with the use of indicators, based on national conditions and internal char-
acteristics. Many countries (as Belgium, Germany, Finland, Greece, Netherlands, or Poland)
decided to conduct the national projects to develop the CE indicators that can show the pro-
gress toward the CE in the country at different levels (macro, meso, or/and micro) or for dif-
ferent actions or objectives defined. It should be underlined here that there is no possibility to
propose one universal indicator which measures a level of the transformation toward the CE
at the national level. This is due to the complexity of this issue and the diversity of key sectors
and economic actors in the individual Member States followed by different levels of advance,
size, and specificity of the industry (producer or service). Therefore, it could be quite chal-
lenging for countries that declared to develop a single CE indicator called “circularity index”
in the following years (e.g., Italy). In France, Germany, Poland, Portugal, and Spain the initial
lists of the CE indicators already exist. The common indicators are these showing the munici-
pal waste generated per capita and its recycling rate, followed by productivity, and dependence
on DMC and GDP. It is suggested that each country should establish its lists of CE indicators
internally, taking into account key industries. This could allow not only to monitor the imple-
mentation process of activities included in CE roadmaps, but also to identify the CE areas
which require the greatest involvement by various groups of stakeholders in the given coun-
try. The already proposed countries’ performance CE indicators could be also used by cen-
tral governments in the other countries to shape national monitoring frameworks, but also by
other stakeholders, as entrepreneurs—to adapt business and technological changes toward the
CE, and by scientists—to shape the direction of scientific research and technological progress.
However, to access the transformation process on the European level, it is recommended to
use the already developed CE monitoring framework because it contains the CE indicators
that provide a holistic view of all countries, independent of their economic differences.
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