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Abstract

The objective of this research project is to conduct a systematic review of the transition toward a circular economy within the European Union. The
issue of unsustainability in the current global society is widely acknowledged within the European Union. This is attributed to the unequal distribution
of benefits and costs related to resource utilization among member states of the European Union. The circular economy is acknowledged for its ability
to efficiently address social and environmental issues. The transition from the existing linear economic model to a circular one has recently garnered
increased attention from notable multinational corporations and influential stakeholders in attendance at the World Economic Forum. The
establishment of circular economy models is crucial for promoting and enhancing the adoption of the circular economy. This research paper delves
into the benefits of adopting a circular economy model in the context of industry, economy, and waste management. The development of design
strategies for the circular economy is guided by a conceptual framework, and recommendations are subsequently provided in accordance with this

framework.
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Introduction

The circular economy theory delineates a conceptual
framework for global economic systems that prioritize
developmental and restorative objectives (Feiferyté and
Navickas, 2016; Yamoah et al., 2022). This is a synthesis
of multiple concepts that have been integrated to re-
conceptualize the discourse surrounding resource
utilization and waste management (Gbolahan, 2022; Di et
al., 2022). The objective is to devise strategies that
eliminate waste and negative externalities, safeguard and
enhance natural resources, facilitate the circulation of
goods, components, and materials at their optimal level of
utility and value (Sohal and De Vass, 2022; Miinster et
al., 2022).

A circular economy is a sustainable economic model
that involves the management of finite stocks and
renewable flows (Testa et al., 2022). This model aims to
establish a continuous cycle of positive development that
safeguards and enhances natural capital, optimizes
resource Yyields, and mitigates system risks (Meath et al.,
2022; Wuni, 2022). This could lead to the resolution of
complex issues like the extinction of species, climate
change, the depletion of natural resources, water stress,
population growth, conflicts over natural resources and
energy, geopolitical disputes, human rights violations,
and economic instability (Jesus et al., 2022; Miinster et
al., 2022).

The circular economy model employs optimal
resources, methodologies, commercial tactics, and
commodities to minimize waste (Chioatto et al., 2022).
Removing the idea of end-of-life in favor of restoration,
switching to sustainable energy sources, ceasing to use
dangerous chemicals that impede reusability, and
switching to renewable energy are all ways to achieve
this goal (Blomsma et al., 2022; Khan et al., 2022). The
realization of the potential of a circular economy, as
aforementioned, is contingent upon a systemic

transformation in the design of goods, services, systems,
and infrastructure (Hettiarachchi et al., 2022). The
success of designing for a circular economy is contingent
upon the incorporation of diverse closed-loop system
design methodologies (Seetharaman et al., 2022; Tan et
al., 2022).

In recent years, there has been a notable evolution in
the general framework surrounding the transition toward
a circular economy, both within the European Union and
on a global scale (Charef et al., 2022). The COVID-19
pandemic has revealed the susceptibility of the worldwide
economic framework to numerous hazards, particularly
those related to the security of supply chains for diverse
products and resources (Chioatto et al., 2022; Charef et
al., 2022). The ongoing conflict in Ukraine has led to
significant increases in the prices of crucial commodities
such as food, gasoline, and fertilizer, primarily due to the
dominant market positions of Russia and Ukraine in these
sectors (Chioatto et al., 2022; B6hmecke-Schwafert et al.,
2022). Moreover, this has brought to light certain
inadequacies in the global economic framework, resulting
in a widespread predicament concerning the expenses
associated with sustenance (Van et al., 2022; Eurostat,
2020). Inflation has exhibited a global upward trend since
the onset of 2021. The Euro area's annual inflation rate
escalated to 8.9% in July 2022, representing an increase
from the 8.6% recorded in June 2022 (Awan and Sroufe,
2022). Similarly, in the European Union, consumer prices
experienced a 9.6% surge in June 2022 relative to the
corresponding period in the previous year (Awan and
Sroufe, 2022; Giorgi et al., 2022).

The European Union's endeavors to foster the circular
economy are progressively recognizing the contemporary
global milieu (Melchor-Martinez et al., 2022; Yamoah et
al., 2022). The benefits of transitioning to a circular
economy have been acknowledged by policymakers for a
considerable period of time due to their potential positive
impact on the environment, resource efficiency, and
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climate (Altamira-Algarra et al., 2022). Furthermore,
certain contemporary endeavors have acknowledged the
potential of circularity in the aftermath of the COVID-19
pandemic, as evidenced by the revised European Union
Industrial Strategy and the Sustainable Products Initiative
(Johansen et al., 2022; Gbolahan, 2023). Additionally,
circularity has been recognized as a means of enhancing
the European Union's resource and economic resilience,
as exemplified by the proposed Batteries Regulation and
the European Union Textiles Strategy (Ellen MacArthur
Foundation, 2020; Nguyen-Tien et al., 2022). Hence, it
can be inferred that the shifting global scenario is
exerting an impact on the inclination toward transitioning
to a circular economy via cohesive and comprehensive
policy interventions (Chioatto et al., 2022; Awan and
Sroufe, 2022).

Literature Review

The circular economy is a production and
consumption model that emphasizes the importance of
reusing, refurbishing, recycling, and repairing pre-
existing materials and goods (Di et al., 2022;
Hettiarachchi et al., 2022). The objective is to tackle
worldwide concerns such as climate change, depletion of
biodiversity, generation of waste, and contamination
(Sohal and De Vass, 2022; Feiferyt¢ and Navickas,
2016). The model is based on three fundamental
principles: the eradication of pollution and waste by
means of design, the conservation of products and
resources, and the restoration of natural systems (Charef
et al.,, 2022; Khan et al., 2022). The act of recycling
serves to optimize the economic viability of a product's
constituent parts upon reaching the end of their useful
lifespan (Poponi et al., 2022). This diverges from the
traditional linear economic paradigm, which is predicated
on a linear sequence of extraction, production,
consumption, and disposal (Béhmecke-Schwafert et al.,
2022; Nguyen-Tien et al., 2022).

The model also incorporates the concept of deliberate
degradation (Feiferyt¢ and Navickas, 2016). The
implementation of material reuse and recycling practices
can contribute to the mitigation of biodiversity loss, the
reduction of natural resource consumption, and the
mitigation of landscape and habitat degradation (Eurostat,
2020; Poponi et al., 2022). The implementation of a
circular economy model leads to a reduction in the
overall quantity of annual greenhouse gas emissions,
resource consumption, and negative environmental
impacts (Blomsma et al., 2022; Bohmecke-Schwafert et
al., 2022). Therefore, it is imperative to prioritize the
development of goods that are designed with
sustainability in mind, as this can significantly mitigate
the ecological footprint of the product (Di et al., 2022).
The implementation of durable goods that can be
repaired, upgraded, and repurposed has the potential to
mitigate waste (Giorgi et al., 2022). The issue of
packaging waste is on the rise, as the average European
generates approximately 180 kilograms of such waste per
year (Seetharaman et al., 2022; Miinster et al., 2022).

The utilization of primary resources is on the rise
(Testa et al., 2022). However, the availability of
fundamental constituents is limited (Poponi et al., 2022).
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The European Union exhibited a trade imbalance of €30.5
billion in 2021 due to its reliance on imported raw
commodities, which account for roughly half of its total
consumption (Wuni, 2022). In March 2020, the European
Commission revealed the circular economy action plan,
which aimed to enhance consumer empowerment,
encourage ecologically sustainable product design, and
decrease waste (Sohal and De Vass, 2022; Khan et al.,
2022). Industries characterized by high resource
consumption are being targeted, including but not limited
to devices and computer technology, polymers, textiles,
and construction (Chioatto et al., 2022; Tan et al., 2022).

In February 2021, the European Parliament approved
a directive pertaining to the most recent circular economy
action plan (Blomsma et al., 2022; Di et al., 2022). The
directive advocates for further measures to be
implemented in order to achieve a carbon-neutral,
ecologically sustainable, non-toxic, and fully circular
economy by 2050 (Khan et al., 2022; Wuni, 2022). In
March 2022, the Commission introduced a series of
measures aimed at expediting the transition toward a
circular economy (Yamoah et al., 2022). These measures
encompassed the promotion of environmentally
sustainable products, equipping consumers with the
necessary tools to facilitate the ecological transition,
revising legislation pertaining to building products, and
formulating a strategy for ecological textiles (Sohal and
De Vass, 2022; Blomsma et al., 2022). The European
Union put forth a proposal regarding packaging
regulations in November 2022 (Di et al., 2022). The
proposal recommends a transition to bio-based,
biodegradable, and recyclable plastics in order to mitigate
packaging waste and enhance package design (Feiferyté
and Navickas, 2016). The proposal also emphasizes the
importance of clear labeling to promote the recycling and
reuse of materials, Figure 1.
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Fig. 1. The circular economy model
Methodology

The Ellen MacArthur Foundation has proposed three
fundamental principles to facilitate the transition toward a
circular economy:

The first principle emphasizes the importance of
preserving and enhancing natural capital through the



The Circular Economy Transition in the European Union

management of finite resources and the regulation of
renewable resource flows (Ellen MacArthur Foundation,
2020; Tan et al., 2022). This requires the careful selection
of appropriate technologies and procedures that optimize
the utilization of renewable and high-performing
resources (Ellen MacArthur Foundation, 2020; Van et al.,
2022).

The second principle emphasizes the optimization of
resource yields through the circulation of products,
components, and materials in both technical and
biological cycles (Ellen MacArthur Foundation, 2020;
Seetharaman et al., 2022). This involves designing for
remanufacturing, refurbishing, and recycling to ensure
that technical components and materials remain in
circulation within the economy, thereby preserving their
embedded energy and other value (Melchor-Martinez et
al., 2022; Gbolahan, 2023). The term also pertains to the
promotion of the safe reintroduction of biological
nutrients into the biosphere, thereby rendering them
useful as feedstock for a subsequent cycle (Ellen
MacArthur Foundation, 2020; Miinster et al., 2022).

The third principle emphasizes the importance of
enhancing system effectiveness by identifying and
eliminating adverse externalities (Charef et al., 2022).
This involves mitigating harm to human well-being,
including but not limited to food, transportation, housing,
education, health, and leisure. Additionally, it entails
managing externalities such as land use, air, water, and
noise pollution, as well as the release of hazardous
substances and climate change (Gbolahan, 2023; Tan et
al., 2022).

The Ellen MacArthur Foundation has established four
distinct modes of value creation based on the
aforementioned principles. The four cycling strategies
under consideration are: smaller and faster cycling with
reduced energy and resource consumption; extended
cycling duration; cascaded utilization; and pure
regenerative cycling (Ellen MacArthur Foundation, 2020;
Seetharaman et al., 2022).

Results

Renewable energy sources include waste, but their
potential remains largely unrealized (Wuni, 2022). The
process of waste management encompasses five
fundamental phases, namely generation, reduction,
collection, recycling, and disposal (Miinster et al., 2022;
Awan and Sroufe, 2022). One of the primary goals of
waste management is to optimize the five stages involved
in the process in order to implement the most efficient
and cost-effective practices that are in line with the socio-
technological and environmental limitations that are
imposed, Figure 2 (Blomsma et al., 2022; Feiferyté and
Navickas, 2016).
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Fig. 2. Functional elements of Waste Management

The European Union witnessed a total waste
production of 2,153 million tonnes in the year 2020,
which encompassed all economic activities and
households (Di et al., 2022, Eurostat, 2020). This
translates to 4,813 kg per capita, Table 1.

According to data from 2020 in Figure 3, the
construction sector made up 37.5% of the total
contribution in the European Union, with mining and
quarrying following at 23.4% (Hettiarachchi et al., 2022;
Eurostat, 2020). Other sectors that contributed
significantly included waste and water services at 10.8%,
manufacturing at 10.7%, and households at 9.4%. The
remaining 8.2% was attributed to waste generated from
other economic activities, with services accounting for
4.4% and energy for 2.3%.

Table 1. Waste generation by economic activities and
household, 2020 (% share of total waste)
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Fig. 3. Waste products generated by commercial and
household activities

The waste generated from mining and quarrying, as
well as construction and demolition activities, is largely
categorized as major mineral waste (Eurostat, 2020).
Figure 4 provides an analysis that differentiates major
mineral waste from other types of waste. The major
mineral waste constituted a significant proportion of the
total waste generated in the European Union in 2020,
accounting for approximately 64%, or 3.1 metric tons per
inhabitant (Seetharaman et al., 2022; Eurostat, 2020). The
distribution of primary mineral waste in the overall waste
produced exhibited significant variation across member
states of the European Union (Altamira-Algarra et al.,
2022; Eurostat, 2020). This variation may be indicative,
to some extent, of distinct economic frameworks. The
European Union Member States with significant mining
and quarrying activities, such as Finland, Sweden, and
Bulgaria, as well as those with substantial construction
and demolition activities, such as Luxembourg, generally
had higher proportions of major mineral waste (Eurostat,
2020). In these countries, major mineral waste constituted
between 84% and 89% of the total waste generated
(Eurostat, 2020).
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Fig. 4. Waste generated in the European Union States,
2020
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The European Union processed approximately 1.971
billion metric tons of waste in 2020 (Eurostat, 2020). The
aforementioned does not encompass waste that has been
exported but rather pertains to the management of waste
that has been imported into the European Union (Poponi
et al., 2022). Consequently, the quantities that have been
reported cannot be compared directly with those
pertaining to waste generation (Ellen MacArthur
Foundation, 2020).

The amount of waste that was recycled, utilized for
backfilling, or incinerated with energy recovery
witnessed a growth of 29.4% from 870 million metric
tons in 2004 to 1,164 million metric tons in 2020, Figure
5. Consequently, the proportion of such waste recovery in
overall waste treatment increased from 45.9% in 2004 to
59.1% in 2020 (Eurostat, 2020). The amount of waste
that was disposed of experienced a reduction from 1,027
million metric tons in 2004 to 806 million metric tons in
2020, indicating a decrease of 21.3%. The proportion of
waste disposal in the overall waste management process
experienced a decline from 54.1% in 2004 to 40.9% in
2020 (Testa et al., 2022; Eurostat, 2020).

According to the aforementioned information, in the
European Union during the year 2020, a majority of the
waste (59.1%) underwent recovery operations, which
included recycling (39.9% of the total treated waste),
backfilling (12.7%), or energy recovery (6.5%) (Eurostat,
2020). The residual 40.9% was subjected to landfilling
(32.2%), incineration without energy recovery (0.5%), or
alternative disposal methods (8.2%) (Eurostat, 2020).
Noticeable variations were evident among the European
Union Member States with respect to their utilization of
diverse treatment modalities. As exemplified, certain
Member States have exhibited notably elevated rates of
recycling (namely Italy, Belgium, Slovakia, and Latvia),
while others have predominantly relied on landfills as a
means of waste treatment (such as Romania, Bulgaria,
Finland, Sweden, and Greece).
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Fig. 5. Graphical illustration of waste treatment in the
European Union, 2004-2020

Discussions

The European Union has been implementing active
measures within the framework of the circular economy
since 2014, with pertinent elements having been present
in European Union regulations as far back as the 1970s
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(Tan et al., 2022; Johansen et al., 2022). This includes
guidelines pertaining to waste management, evaluation of
the influence of certain public and private initiatives on
the environment, repurposing of decommissioned
automobiles and previously owned electrical and
electronic  devices, the Sixth Environment Action
Program, the Thematic Strategy on the Sustainable Use of
Natural Resources, and the Roadmap to a Resource
Efficient Europe (Chioatto et al., 2022; Ellen MacArthur
Foundation, 2020). The European Union Action Plan for
the Circular Economy is regarded as the primary
document for closing the loop and outlines proposed
actions to be implemented in the European Union in the
near future [20, 11]. The European Union has
implemented several noteworthy documents pertaining to
circular economy, such as Regulation (EU) 2018/848,
Directive (EU) 2018/849, Directive (EU) 2018/850,
Directive (EU) 2018/851, and Directive (EU) 2018/852.
The European Commission has released a monitoring
framework pertaining to the circular economy and has
approved a document titled "A New Circular Economy
Action Plan™ (Blomsma et al., 2022; Florez et al., 2022).

The proposed theme is "Enhancing Europe's
Competitiveness  through  Improved  Cleanliness”
(Hettiarachchi et al., 2022; Melchor-Martinez et al.,
2022). The process of monitoring the implementation of
circular economy goals and actions at all levels, namely
micro, meso, and macro, is challenging due to the
absence of a universally accepted set of indicators or a
singular indicator, as well as the diverse range of
indicators that may arise from varying interpretations of
the concept of circular economy among stakeholders
(Minster et al., 2022; Johansen et al., 2022). Several
European Union member states have developed their own
unique sets of indicators, resulting in challenges when
attempting to compare the impact of circular economy-
related initiatives across nations (Chioatto et al., 2022;
Ellen MacArthur Foundation, 2020). The topic of
selecting indicators for the purpose of conducting a
comprehensive evaluation is a matter of ongoing
discourse (Wuni, 2022; Blomsma et al., 2022). The
primary focus lies on measuring the progress of the
transition toward a circular economy and the
effectiveness ~ of  implementing  its  objectives
(Hettiarachchi et al., 2022). Additionally, there is a
distinction made between circular economy assessment
indicators and those used for linear economies (Khan et
al.,, 2022; Awan and Sroufe, 2022). Another area of
interest is establishing a benchmark for monitoring
progress in implementing circular economy practices as
well as evaluating the efficiency of measuring circular
economy execution at the national, regional, or local level
(Wuni, 2022).

The European  Commission  recognized the
significance of having a dependable set of indicators to
evaluate advancements toward a more circular economy
and the efficacy of European Union and national-level
actions (Florez et al., 2022). Consequently, the
Commission initiated efforts to establish a monitoring
framework for the circular economy, which was officially
adopted in 2018 (Awan and Sroufe, 2022; Johansen et al.,
2022). The proposal put forth by the European
Commission  pertains to the measurement of
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advancements made in the implementation of the circular
economy within the European Union and its constituent
member states (Eurostat, 2020; Melchor-Martinez et al.,
2022). The framework comprises a collection of metrics
that consider the fundamental components of the circular
economy (Di et al., 2022). Its purpose is to evaluate the
advancement of initiatives that strive for a transition to a
circular economy throughout the entire life cycle of
natural resources, products, and services, as well as in the
domains of innovation and competitiveness (Chioatto et
al., 2022).

The aforementioned indicators are categorized into
four distinct areas of circular economy policy that pertain
exclusively to manufacturing and consumption, waste
management, secondary raw materials, competitiveness,
and innovation, as well as priority areas that are
incorporated in the European Union action plan for the
circular economy (Awan and Sroufe, 2022; Charef et al.,
2022). The majority of the metrics encompassed in the
European Union monitoring framework center on waste,
as per the European Economic and Social Committee's
assertion that waste-related data is robust, coherent, and
commensurable. Nevertheless, it is imperative that any
forthcoming surveillance endeavors transcend the realm
of waste management and recycling (Gbolahan, 2023;
Bohmecke-Schwafert et al., 2022).

In accordance with the Circular Economy Action
Plan, the European Green Deal, and the Annual
Sustainable Growth Strategy 2020, the Commission
intends to revise the framework for monitoring the
circular economy and enhance the monitoring of national
plans and measures that are designed to expedite the
transition to a circular economy (Seetharaman et al.,
2022; Johansen et al., 2022). The proposed circular
economy indicators aim to consider the pre-existing
target domains as well as the interconnections among
circularity, climatic neutrality, and the objective of
attaining zero emissions (Gbolahan, 2022; Khan et al.,
2022). It is postulated that metrics pertaining to resource
utilization, encompassing both consumption and material
footprint, will be formulated (Hettiarachchi et al., 2022;
Melchor-Martinez et al., 2022). It is postulated that the
initiatives executed within the framework of "Horizon
Europe" and the utilization of Copernicus data will have a
positive impact on the enhancement of circularity
metrics, which are currently not accounted for in official
statistical records, across multiple domains (Sohal and De
Vass, 2022; Tan et al., 2022).

The present report's examination of the circular
economy initiatives within the European Union reveals
that the circular economy's notion has undergone a
transformation at the European Union level (Testa et al.,
2022). The current discourse has shifted its emphasis
from solely managing waste to encompassing a broader
range of priorities situated higher up in the waste
hierarchy, Figure 6. This includes prioritizing the
reduction and reuse of products (Miinster et al., 2022;
Johansen et al., 2022). Thus far, the current approach fails
to sufficiently acknowledge the significance of reducing
resource consumption in absolute terms as a means to
fully achieve the transition toward a circular economy in
the European Union (Wuni, 2022; Jesus et al., 2022).
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Fig. 6. Domestic solid management waste hierarchy

Conclusion

The adoption of a circular economy is an inevitable
course of action due to the prevailing social and
economic conditions of the European Union member
states and the status of the natural environment (Jesus et
al., 2022; Awan and Sroufe, 2022). Member states have
been mandated to undertake the necessary procedures to
transition their economies toward a circular model (Ellen
MacArthur Foundation, 2020; Poponi et al., 2022). It is
important to monitor the advancement of the transition
toward the circular economy and the effectiveness of the
implementation of circular economy objectives across
different levels (macro, meso, and micro). Guidelines for
developing indicators to assess the circular economy at
different levels can be found in reports, strategies, and
documents of international institutions, as well as in
various scholarly publications. The objective of this paper
is to analyze the European Union nations based on their
progress toward achieving a circular economy.

This research paper analysis serves as an initial step
toward future research in the field of the subject matter
discussed in the article. This includes conducting a
comprehensive examination of measures aimed at
transitioning from a linear economy to a circular
economy in European Union member states, as well as
exploring the effects of such a transformation on
economic growth, social and economic development
within individual European Union countries.
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