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Abstract

Digitisation and the circular economy open the possibility to ensure efficient products and
services development, while promoting the sustainable development of social well-being.
Despite being an area with high potential for adopting business models that integrate the
perspective of the two concepts, the electrical and electronic sector depends on the
opportunity cost that falls under the constraints on rethinking existing industrial processes to
reduce non-reusable waste. Therefore, the present study will show the benefits of moving
towards a circular model through innovation and new technologies, in accordance with the
connection between digitisation and the circular economy at a territorial level. The results
will highlight the particularities of the electrical and electronic equipment and the patterns
regarding the approach to integrating the two concepts in the same sector, at the level of the
EU bloc states.
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Perspectives of the Circular Economy in the Production q 8
and Consumption of Electrical and Electronic Equipment

Introduction

Whether we refer to a computer or a refrigerator, they all have in common an important aspect
to be considered: the major environmental impact of their components that could cause health
problems if not reused or recycled. The European Commission has taken the challenge
derived from the use of electrical and electronic equipment as a priority, to develop efficient
processes throughout the production and logistic chains, while ensuring recovery, reuse, and
recycling of the components (Guzzo et al., 2021). This approach can contribute to integrating
circular economy and digitalisation concepts, which can lead to reaching the desired
objectives. The circular economy policies are yet to be implemented around Europe to
support efficient use of resources, recycling, and product lifespan increase. The integration
of new technologies represents a great challenge for the existing industrial circuit and the
consequences of it for the environmental and social actors.

Through our research, we aim to discover how innovation influences the transition towards a
circular economy, with the electrical and electronic devices sector as our focus. The choice of
this area is not a coincidence. It is by far the industry with the greatest potential to implement
effective circular regulations, as pointed out by several researchers, including Pollard et al.
(2021). Here we mention as main challenges the amount of waste generated, the low rate of
recycling and reuse, but also the lack of components sold separately on the market to increase
the lifespan of an electrical product. In addition, the European Commission (2020) forecasts
show increases of over 2% in waste generated annually. On the other hand, electrical and
electronic equipment has the greatest potential for sustainable growth through improved reuse
and recovery rates (Bovea and Perez-Belis, 2018), reduced use of fossil fuels, extended lifetime,
and high adaptability to digitisation (Deviatkin et al., 2022).

Despite the fact that many studies on the relationship between digitisation and circularity
have been published recently, there are still open questions on how innovation can support
closing the economic circuit. Thus, our research will cover the objectives of determining the
relationship between innovation, new technologies, and closing the economic circuit and of
identifying structural differences at the regional level in terms of the interdependence
between the circular economy and the targeted sector, respectively that of electrical and
electronic equipment.

From a structure perspective, the article continues with the review of the specialized literature
that outlines the current state of knowledge in the analysed field, the research methodology
that describes the elements of quantitative analysis necessary to achieve the set objectives,
the results obtained, and the conclusions section.

1. Review of the scientific literature

The challenges associated with climate change and sustainability efforts that could impact
waste generation and resource consumption have attracted the attention of policymakers
within relevant international institutions, thus supporting the development of a circular
economy (EC). They have struggled many times to find a suitable definition of the concept
of circularity and to link it to the other terms that address the sustainable development of
economic processes. Since 1979 and continuing to the time being, many researchers have
studied the solutions offered by the circular economy to environmental problems. Therefore,
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Georgescu-Roegen (1979) established the existence of a link with the physical and biological
sciences as bioeconomy and presented its implications for economics. Through the
assumption that everything is a source for something else, Segerson (1991) coordinated the
development of a circular model of the economy and its correlation with the environment
through several factors: resource supply, waste management, and utility. Subsequently,
numerous definitions and studies have emerged and have led to the creation of a complex
framework that embeds all sectors of activity, including the recovery of waste and its use in
other processes (Preston, 2012), recycling, limitation and reuse of physical materials in the
economy (European Environment Agency, 2014), replacing the concept of
“decommissioning” by switching to reusable energy and disposing of toxic chemicals that
would prevent waste recycling (Ellen MacArthur Foundation, 2015), and closed-loop
production and consumption of goods that to limit waste generation (Sauve et al., 2016). The
most recent definition was developed by the European Commission (2022) and refers to a
type of economy in which the lifespan of a product, material, or resource is maintained at the
highest possible level to reduce waste production.

By emphasising the idea that a concept is not fully independent, the area covered by the
circular economy includes interconnected entities, ranked at the same level of importance,
but also sectors and economic processes that fall under its influence. Recent studies have
identified other domains related to the circular economy by exploring digital solutions that
can add value to economic activity. Torfgard et al. (2021) recalled the digitisation process
that involves the use of new technologies to adapt traditional sectors to environmental
requirements. In addition, digitisation facilitates knowledge of the value chain through
effective monitoring (Berg et al., 2020). As stated by D’Amato et al. (2017) and reiterated
by Birner (2018) and Kardung et al. (2019), the green economy is presented as an umbrella
concept, which includes the bioeconomy, the circular economy, the digital transformation in
these areas, but also sustainable and knowledge-based development. This demonstrates the
need to optimise resource consumption to reduce waste (Tartiu et al., 2019).

All the correlations between different concepts presented in this paper guide us to finding
common points, but also differences that can outline the major areas of action in the circular
economy. Many of them are often interconnected, while, sometimes, companies may adopt
a strategy that involves several circular processes. In addition, an important advantage of
using circular economy concepts is the increase in social welfare, ensuring the harmonious
development of society (Vuta et al., 2018). This was one of the valid points that guided the
European institutions toward an integrated policy that could face the new challenges
associated with the lack of circularity in the economy. Consequently, the circular economy
was added as a key module of the sustainable development agenda to the European Green
Pact. In this way, it widens the role of the existing action plans to assess the major changes
in the production and consumption behaviour of businesses and consumers, respectively, by
extending the life of products and making people responsible for how products are used and
recycled (European Commission, 2022). Finally, we are talking about circularity in
production processes by promoting the use of digital technologies along the supply chain, by
designing processes and verifying them through the environmental technology verification
scheme, but also by amending regulations and directives such as the Industrial Strategy,
Industrial Emissions Directive or Bioeconomy Action Plan (European Commission, 2018).
All these measures will eventually lead to a reduction in waste accumulation, limiting the use
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of toxic substances, and a fully functioning European market for secondary raw materials. It
is also important to mention the impetus created by the Recovery and Resilience Plan,
through which the circular economy directives can be implemented faster in the EU Member
States (Dobre-Baron et al., 2022).

The circular economy implementation strategy was expected to face various challenges from
the European Union member states (Botezat et al., 2018). Specifically, in addition to the
development of research projects that provide a source of truth for this concept, there is a
need for openness from the member states, through national, regional, and local authorities
and citizens, as they have the responsibility to adapt to the new requirements.

To prevent the challenges related to the redundancy of strategies for the transition to the
circular economy, EU member states have had the opportunity to adapt their framework
policies to the internal market specificity (Parajuly et al., 2020). Thus, there were differences
in strategies between countries, but also between economic sectors. In Finland alone, there
have been more than 50 different practices on the circular economy in the electrical and
electronic sector, starting from a general view on the product, business model, and ecosystem,
to specific situations (Deviatkin et al., 2022). It should be noted that there may be variations
between sectors because of the innovation level, the quantity of waste generated, or the
variety of necessary components (Bovea and Perez-Belis, 2018). The geographical, financial,
and social perspectives have a significant impact on each of the circular processes, as they
depend on consumer behaviour (Parajuly et al., 2020). In the same industry, as stated above,
we can think of the recycling habits across Europe, the facilities and governmental
involvement, and the management systems. Those variations have led to several issues, such
as the lack of international consensus on imposing a standardised approach, high costs, or
even inconsistency in implementing the EU directives.

Society advanced towards the strong digitisation process of the production sector, but at the
same time considering the ecological footprint that appears as an important consequence.
Several authors have analysed the relationship between Industry 4.0, which includes
sustainable technological progress, and the circular economy, which can be seen as
sustainable by definition. This relationship is thus characterised by a constant dynamism, but
it also has challenges caused by the high costs and complexity of the two parties (Tavera
Romero et al., 2021). On the other hand, the adoption of techniques and processes under the
umbrella of digitalization and circular economy concepts brings a significant competitive
advantage over the competition (Ranta et al., 2021), but also additional funds from public
institutions (Awan et al., 2021), as it contributes substantially to the achievement of
sustainable development goals, especially 7 — green and affordable energy, 8 — economic
growth and adequate working conditions, 9 — innovation and infrastructure, 11 — sustainable
communities, 12 — responsible production and consumption, 13 — combating climate change
(Dantas et al., 2021). It should be noted when characterising the link between digitalisation
and CE is how recent it is. Regarding this aspect of the novelty, Piscitelli et al. (2019) have
highlighted that the research topic is still in its early stage, with more papers being published
in the last decade. At the same time, most of the conclusions focus on the traceability of
circular economy processes by including industry 4.0 approaches to the business models,
technologies, and human resources.
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In the case of electrical and electronic industry, the existing studies follow two different paths
by presenting, in one case, the benefits of using circular models in its management, as well
as the link between digitisation and innovation in the field. The first vision brings to the fore
the constraints that a firm may have in the scenario of adopting a circular model, especially
due to high costs, human resource training, or logistics chain complexity (Aminoff and
Sundqvist-Andberg, 2021), but also the benefits arising from the implementation of related
services such as product restoration, maintenance, and recycling (Kim et al., 2022).
Bressanelli et al. (2021) integrate the perspective of digitisation into the relationship between
circular economy and EEE, presenting a series of facilitators such as the Internet of Things,
cloud platforms, or big data, which can lead to the development of new services such as pay-
per-use that can solve some of the problems associated with the inability of the economic
chain to completely transform an obsolete product. Thus, a product offered as an online
service does not need restoration or recycling, as it has periodic updates without user
intervention. This new approach considered by economic actors can be translated into
electrical and electronic sector by optimising programmes or functions that can be enabled
or disabled to increase the products lifespan, but also by transferring these programmes to
mobile applications, which reduces the number of physical parts used.

Taking as starting points the studies published by Sauve et al. (2016), Bressanelli et al. (2021)
and Tofgard et al. (2022), this paper aims to identify the structural differences from a
territorial perspective on the relationship between the circular model applied to the electrical
and electronic equipment industry and the digitisation of the same sector.

2. Research methodology

A starting point for the research methodology was represented by the scope of investigating
the role that innovation and new technologies play in closing the economic circuit of
electrical and electronic equipment in the European Union, but also the particularities
between these concepts from a territorial perspective. The elements of the two objectives —
studying the link between innovation and circular economy, as well as identifying structural
differences from a territorial profile — were transposed quantitatively through 14 indicators
detailed in Table no. 1. Their choice depended both on the relevance, availability and
accuracy of the data, and on the performance proven in other studies highlighted previously
(Piscitelli et al., 2019; Bressanelli et al., 2021). Therefore, the circular economy was
measured from an economic (circular use rate, taxes and investments, energy use, raw
material consumption, trade with recyclable raw materials) and social (waste generation,
recycling rate, number of employed people in the sector) perspectives, with a focus on the
electrical and electronic equipment. In parallel, innovation was included through specific
indicators on research and development (budgetary allocation for the research and
development sector) and scientific and technological progress (patents in the field of
recycling and secondary raw materials).

To achieve all the objectives considered in this study, relevant data from the official European
statistics were taken into account. They were collected through Eurostat's online database. We
have selected values for the last year available (2020) for all 27 member states of the European
Union. Where there were missing data, based on the k-means clustering algorithm, an imputation
was made with the cluster average value of which the respective country was part.
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AL

Table no. 1. Description of variables included in the model

purposes

Name of variable Acronym Unit of measure
Circular use rate Circular_UsE Percentage
Total environmental taxes Env_tax Percentage of GDP
Generation of municipal waste per capita | Gen_waste Kilograms per capita
Gross investment in tangible goods Tan_goods Percentage of GDP
Net domestic energy use for energy Energy_purp Terajoule
purposes
Net domestic energy use for non-energy Non-Energy_purp Terajoule

Patents related to recycling and secondary
raw materials

Patents_recy

Per million inhabitants

Persons employed to circular economy Employ_RD Percentage of total

sectors employment

Raw material consumption Raw_cons Tonnes per capita

Recycling rate of e-waste Recy_e-waste Percentage

Share of Government Budget Allocations GBARD Percentage of government

for R&D (GBARD) in total general expenditure

government expenditure

Trade in recyclable raw materials Trade_recy Thousand euro

Use of waste for energetic purposes Waste_Energy Purp | Terajoule

Value added at factor cost Value_added Percentage of gross
domestic product (GDP)

To meet the research objectives using the selected variables, appropriate techniques were
used, such as K-means clustering algorithm and Principal Component Analysis (PCA).
Principal Component Analysis (PCA) was used to identify the relationship between the
circular economy perspective, innovation, and closing the economic circuit of electrical and
electronic equipment. The main reason for choosing the principal component analysis
method to study the first objective was its ability to split the data set into smaller dimensions
that can provide detailed information with a high degree of specificity, thus helping us to
observe with high accuracy where the connection between innovation and the circular
economy is formed. For the second objective, classification analysis proved to be effective
through its property of concentrating a large number of variables without significant loss of
information. Principal Component Analysis involves grouping variables into a space of k
principal components, thus reducing the massive amount of data. The purpose of these
components is to explain at least 70% of the entire variation of the data set, and the variables
in the structure of a component must be correlated with each other (James et al., 2013).
Another advantage of using this method is the possibility of characterising the individuals in
the research study through the visual analysis of the k principal components (Bro and Smilde,
2014). However, Principal Component Analysis has the disadvantage of increasing the
difficulty of explaining and understanding the main components, because of the complexity
of the variables that make up these main components (Joliffe and Cadima, 2016).

To answer the second objective of the article, the identification of discrepancies in the
territorial profile through the eyes of the circular economy purpose, innovation and new
technologies on closing the circuit of electrical and electronic equipment, another
unsupervised learning method was used. The K-means clustering algorithm groups statistical
units in a way that the statistical population is as homogeneous as possible (minimization of
variation) within the cluster and the distances between clusters are as large as possible
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(maximization of variation between clusters) (Celebi et al., 2013). The method underlying
the use of this algorithm is the Euclidean distance. Therefore, one starts from an initial
number of clusters, after which the nearest neighbours are iteratively added to each cluster.
The iterations are repeated until the clusters remain identical from one iteration to the next
one. However, the optimal number of clusters is given by the dendrogram, at the point where
the distance between the clusters is maximum (James et al., 2013).

All processing was done in the RStudio interface, using the R packages: readxl, factoextra,
corrplot, dplyr.

3. Results and discussion

The first step in achieving the goal of statistical research is to identify the number of principal
components. The Elbow method was used to identify the optimal number (Figure no. 1).

35%
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Figure no. 1. Variation explained by each principal components using Elbow method

Figure no. 1 shows the variation explained by each dimension of the data set. To ensure the
consistency of the analysis, 4 principal components were considered, explaining
approximately 71% of the variation.

Furthermore, perhaps the most important thing in the case of this analysis, is represented by
the representation of the variables on each principal component, as well as their contribution
to each component (figure no. 2).

The correlogram from figure no. 2 indicates the association between the variables and each
principal component. All 14 dimensions are presented, associated with the 14 analysed
variables. Therefore, to reduce the volume of the database, the information brought by the 14
dimensions can be synthesised into four main dimensions that explain more than 70% of all
the variation of the data set, the last 4 of its (dimensions 11, 12, 13 and 14), being excluded
from the start because of the null correlation coefficients.
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Figure no. 2. Factor contribution to each dimension

Using the information retrieved from the correlogram in Figure no. 2, we have considered
the following components of the principal components (Table no. 2):

Table no. 2. Structure of each dimension

Name of Dimension Variables
1. Circularity through Circular_UsE, Tan_goods, Energy_purp, Non-Energy_purp,
innovation in the energy Employ_RD, GBARD, Trade_Recy, Waste_Energy_Purp
sector
2. Circularity through R&D Gen_waste, Patents_recy, Raw_cons
3.Value added of circular | Recy e-waste, Value_added
economy
4.Government of circular | Env_tax
economy

At first glance, there is a degree of association between the circular economy and innovation,
as well as between waste management, environmental impact, and added value in the
economy. However, to be able to identify the causal relationship between the variables that
build each component, an exhaustive analysis of each will be carried out.

The first dimension, called “Circularity through innovation in the energy sector”, includes
several areas: circular economy (Circular_UsE, Trade Recy), innovation (GBARD,
Employ RD) or the energetic sector (Energy_purp,  Non-Energy purp,
Waste_Energy_Purp). The most important contribution comes from the trade in recyclable
materials (about 15%), followed by the use of energy for production purposes, the reuse of
recycled materials, as well as the elements of innovation (the number of employees and the
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share of investments in research and development). Therefore, although the first component
consists of 7 variables, in reality only 6 of them have a significant contribution to its variation.

The second dimension, called “Circularity through R&D”, consists of only three variables
that include the consumption pattern of raw materials, waste production and the number of
patents for waste recycling. However, there may be other variables that can make a significant
contribution to this component. Component 2 brings to the fore the causal relationship
between the consumption of raw materials, waste management, and innovation (research-
development), these variables being the only ones that have a significant contribution to it.

The third dimension, called “Value added of circular economy”, brings in foreground the
relationship between the circular economy and the added value that the use of this concept
can bring to society. In addition, the economical value shows an interdependent relationship
with the recycling rate of electronic products, the rebound effect of using products for energy
purposes, but also investments in the research and development sector. In other words, the
added value in the economy depends on the reuse of electronic products, the efficiency of
energy consumption and production, as well as the result of increased investment in the
research and development sector.

The fourth dimension, called “Government of circular economy”, measures the interest
given by the governments of the member states of the European Union in the impact of
economic activities on the environment. However, even if this component provides
information on the tax framework with environmental impact, with the variable “Env_Tax”
explaining about 40% of the variation in the main component, environmental taxes are
closely related to key aspects of the circular economy (recycling of electronic products,
consumption of raw materials, the use of recycled products), but also with the level of
investments in the research and development sector.

Starting from the contribution of the variables to the four main components, it can be stated
that there is an association relationship between innovation and closing the circuit of
electrical and electronic equipment.

3.1 Differences in the territorial profile

When the first two main components are analysed, structural differences between the member
states of the European Union are identified from the start. Several outliers can be
distinguished, such as France, Germany, Croatia, Austria, Denmark, or Finland. France is
very well represented in the first component, particularly the management of electrical and
electronic resources being the most important factor. A similar pattern is shown by Italy and
Spain. Germany and The Netherlands are defined by the concepts of the circular economy
(waste reuse rate, trade-in recyclable products, etc.). On the other hand, Croatia, which is a
very well represented country in the first component, shows a different behaviour,
characterised by the proportion of employees in the research and development sector.
Austria, Denmark, Luxembourg, and Finland are very well represented on the second
component and, implicitly, are characterised by the variables that make up this dimension
(waste management, recycling patents). However, there are a few states that are not
significantly influenced by the first two components, such as Romania, Hungary, Estonia,
Portugal, or Malta.
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Apart from the countries very well defined through the first main component, there is also
another outlier, in the third component, namely Greece. The state presents a different
economic behaviour from that of the circular economy, especially regarding the reuse of
electrical and electronic products, being inversely correlated with the variable “Recy_e-
waste”. However, some states are very well represented both on the first main component
and on the third, an example of this being Germany, defined by the causality relationship
between the circular economy (recyclable materials trade, recycling patents) and Government
Budget Allocations for R&D (GBARD).

When the first and the fourth components are compared, things change mainly for countries
that are not significantly characterised by the three components analysed earlier, such as
Romania, Lithuania, and Ireland. These three countries are very well represented in the fourth
component, the type of consumption of raw materials. Despite the strong representation in
the fourth component, the three countries are not characterised by a fiscal system that
emphasizes environmental protection, being inversely correlated with the “Env-tax” variable.
In addition, these countries show low values for the other variables that have a significant
influence on this component, the recycling rate of electronic products, the reuse rate of waste
and the value of investments in the innovation sector (research and development).

Starting from the analysis of the four main components, it can be observed that there are
some states with a multi-sectoral development, being very well represented in all of them,
even if they, after all, show somewhat different behaviour. For example, France and Germany
are concerned with the efficiency of the energy sector, being less oriented toward the use of
new technologies (innovation) and the increase of circular economy concepts usage. On the
other hand, the Netherlands, Belgium, and Denmark are oriented towards an innovative
approach, which integrates the concepts of the circular economy at the level of the economic
behaviour of consumers. There is another model, promoted by Croatia, which is based on
environmental taxes, on the implementation of coercive measures for economic agents to
increase the recycling rate of electrical and electronic products, thus generating added value
in the economy through a significant reduction in the consumption of raw materials.

3.2 European states classification

For a clearer picture of the differences in economic and social behaviour between the member
states of the European Union, the clusters resulting from the application of the k-means
clustering method were analysed. Based on the contribution of the variables to the four
components, the variables that do not significantly influence the variation of one of them,
such as the variable “investment in tangible goods” (“Tan_goods™), were eliminated during
the clustering process. The first step in clustering involves identifying the optimal number of
clusters. To ensure the consistency of the analysis, all values were standardised, respecting
the distribution of mean 0 and variance 1.

Using the Euclidean distance algorithm, the optimal number of clusters is k=3. Based on it,
the clustering of the member states is carried out, based on all the values recorded by them
for the analysed variables (Figure no.3).
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Figure no. 3. Distribution of countries into clusters

As highlighted in figure no. 3, we can determine three groups. The first cluster consists of
ex-communist countries from Eastern Europe (Latvia, Lithuania, Poland, Croatia, Slovakia,
Romania, Bulgaria, Hungary), island countries (Malta, and Cyprus), and countries from
South-West Europe, such as Portugal, Spain, or Italy. Even though all these countries are part
of the same cluster, they follow a different pattern. For example, island countries show
similar behaviour to eastern countries (Romania, Bulgaria, or Estonia). Cluster 2 consists
mainly of Central and Northern European countries (the Netherlands, Belgium, Denmark,
Finland, Luxembourg, Sweden). However, this cluster also includes states such as Austria or
the Czech Republic, which show different behaviour compared to the two countries
(Netherlands, Belgium) that mark similarities with the countries in the first cluster. France
and Germany are the only countries that build the third cluster, showing similar patterns
regarding the role of the circular economy and innovation in closing the circuit of electrical
and electronic equipment.

The first cluster shows moderate asymmetry in terms of waste generation and the percentage
of investment in the R&D sector as a share of GDP. For all other variables, there is a positive
asymmetry, which leads to the idea that small values predominate in the series. In other
words, this cluster is characterised by low values of the circular economy and innovation
components. For example, the recycling rate of electrical and electronic products positions
itself between 25% (Romania) and 83.4% (Croatia). Another important indicator in the
relationship between innovation and closing the circuit of electrical and electronic equipment
is the added value brought by using the circular economy as a share of GDP, with values
ranging from 0.4% (Greece) to 1.74% (Croatia). Surprisingly, it can be observed that the
leaders of this cluster are Croatia and Bulgaria. However, if we refer to the whole concept of
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the circular economy, countries such as Italy, Estonia, Spain, or Slovenia constitute the group
of member states in this cluster that predominantly use recycled resources in the economic
process.

The second cluster shows that Denmark has the highest recycling rate of electrical and
electronic products (67.5%), at the opposite pole is Belgium (approx. 39%). It is worth
mentioning the amplitude value of the series for the recycling of electronic products, which
is much lower than in the case of the first cluster, the states forming this cluster being
homogeneous from the point of view of the recycling of electrical and electronic products.
Although it has the highest value in this cluster for the recycling of electronic products,
Denmark uses only 7.7% of recycled products, the leader in this chapter being the
Netherlands (30.9%). However, both Denmark and the Netherlands are two countries that
promote the impact of the economy on the environment, recording the highest values for the
share of environmental taxes in GDP (3.17% and 3.16%, respectively). Even if these
countries allocate an important share of GDP to the research and development sector, they
hold a significant number of circular economy patents, plus the value brought by the circular
economy sector as a share of GDP remains below 1%, a sign that there is still potential in the
development of the circular economy at the level of the entire economic sector.

The third cluster is characterised by two economically and industrially strong countries.
Being two predominantly industrial countries, they are characterised by the energy-hungry
nature of their economic activities. These countries rely mainly on the research and
development (innovation) sector, integrating very little circular economy aspects into overall
economic activity. Recycling rates for electrical and electronic products are around 35%,
with Germany using around 13% of recycled waste and France 22%.

Conclusions

Based on the results of this research, it can be stated that there is a causal relationship between
innovation, new technologies that promote the digitization and utilization of resources and
the circular economy, especially from the perspective of electrical and electronic equipment,
thus confirming the theories developed by Sauve et al. (2016), Bressanelli et al. (2021), and
Tofgard et al. (2022).

However, although this causal relationship exists, and the European Commission is strongly
promoting the approach to economic activity from a circular perspective, there are major
differences at the level of the member states of the European Union regarding the transition
to a circular economy, with minimal impact on the environment. These structural differences
can be translated by a lack of consensus at the level of the member states regarding the
implementation of European directives, an idea also supported by Rizos and Bryhn (2022).
Therefore, as stated by Botezat et al. (2018), openness is needed from member states to
increase the use of the circular economy. Of course, respecting David Riccardo's principle,
according to which each state will specialise in the production of that good for which it has
abundant resources, the member states of the European Union can implement the European
directives in relation to the geographical specificity, the availability of resources, the capacity
to increase investments in the research and development sector, the available human
resources, etc. Even if there is great diversity at the level of the member states, they can
sometimes implement common measures to increase the sustainability of the economic and
social system. A starting point in this regard can be the three clusters resulting from the
analysis of this study, in close correlation with the four main components resulting from the
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Principal Component Analysis. For example, the countries that make up the first cluster
should, in the first phase, develop the awareness of all participants in the economic activity
(commercial agents and consumers) on the advantages and benefits that the circular use of
resources offers to the environment, especially from the perspective of electrical and
electronic products, which have a special status, being generally products that result from
complex manufacturing processes, with a high impact on the environment. The countries that
make up cluster 3 (France and Germany) must develop a system that encourages the
circularity of resources, because these two countries are highly industrialised (energy-
intensive) and invest significant amounts in research and development. On the other hand,
the countries in cluster 2, predominantly from the north and centre of Europe, are countries
that have passed the first level in the implementation of the circular economy at the level of
the entire economy. The main objective of these countries is to increase investments in new
and emerging technologies so that they can achieve a higher level of reuse of resources in the
economy, thus producing added value in the market economy.

In conclusion, disregarding the particularities of the EU member states, all countries should
focus on the development of public policies (at the central and local level), following
objective 12 of the National Strategy for Sustainable Development 2030 (Consumption and
production responsible), which should focus on two main objectives: encouraging economic
agents to recycle and use economic resources resulting from the waste recovery process and
changing the consumption model of consumers by encouraging recycling and reducing, as
much as possible, waste generation. Increasing the number of employees in the circular
economy sector, increasing the allocations from the state budget for innovation (the research
and development sector), and proposing fiscal/economic facilities for economic agents to
increase the recovery of waste and the reuse of economic resources are just some of the
measures that can be considered for the development of public policies.

In accordance with the scientific literature presented, countries with high performance in
adopting the circular economy principles also achieve very good results in innovation
through digitisation and offer, at the same time, open financing opportunities for private
actors to increase the attractiveness of a transition to a green economy.

In addition to this, our analysis demonstrated a greater affinity of electrical and electronic
equipment firms for moving to a business model based on circular processes following
industrial process re-technologization, a fact evidenced by the patterns present in the first two
groupings of states.

The limitations of the study were caused by the missing composite factors that could have
better encapsulated the information for each of the concepts included in the analysis and
which would have given a more accurate picture of the relationship among the used concepts.
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