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Abstract. The plan proposed within the 2030 Agenda through its specific objectives regarding sustainable
development as well as through the approach to achieving a circular economy, is part of a strategy at
European level for improving and preserving the environment in a sustainable manner. The recycling
process as a component of the strategy has and will have a major impact on the environment. In this
article, a data mining analysis is carried out regarding the recycling rate of electronic and electrical
products at the European level. The analysis is carried out for two moments of time, namely the year 2018
and the year 2021. Following the clustering process of the countries from the European Union (EU), it is
easier to see which countries have similar behavior from this point of view. At the same time, taking into
account the two years, it is possible to observe the dynamics of the created clusters and how the European
countries succeed to manage the recycling process of electronic and electrical products three years apart.
The two moments were chosen taking into account the COVID-19 pandemic, the period in which, the
teleworking way has occurred. For this reason, many employees had to purchase the necessary things
and transform at least one room into an office. The authors' contributions consisted in the pre-processing
of data sets, the application of data mining algorithms, obtaining the results and their interpretation in the
given context, commenting on the results obtained and providing answers to the research questions. The
work is structured in five sections, respectively Introduction, Literature review, Methodology, Results and
Discussion and Conclusion.
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Introduction

Within the European Union (EU), Agenda 2030 represents a plan of major importance, a plan
that was approved and adopted in 2015 by all EU member countries. Within this agenda,
17 Sustainable Development Goals (SDGs) are proposed and described, each aimed at improving
the aspects that influence the daily life of all citizens (Alpopi et al., 2022). The implementation of
the 2030 Agenda implies the realization of policies and actions that are in agreement with the
SDGs in order to offer countries the best possible conditions for the implementation of specific
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actions in order to achieve the objectives (Radulescu, Angheluta et al., 2022). Among the main
aspects present in the 2030 Agenda, we can mention the integrated approach of several aspects
(such as economic, social, environmental, etc.) (Radulescu, Manescu et al., 2023) to achieve
sustainable development, digitization, and innovation (Mogos et al., 2021), following the
achievement of the European Green Deal, climate resilience and Net-Zero Commitments,
strengthening global health infrastructure (Burlacu, 2018).

A new concept used in recent years is that of the circular economy (Radulescu et al.,
2022). Starting from this concept, we want to design and build an economic system that
minimizes the consumption of resources and at the same time maximizes the use of the resources
used. These things become possible through actions such as recycling, reuse and the manufacture
of products made from materials that have as little impact on the environment as possible
(Burlacu, Bran et al., 2022).

The objective of this research is to realize a comparison for countries from EU regarding
the recycling rate of the waste resulting from the disposal of electrical and electronic devices
(EED) between year 2018 and year 2021. The degree of novelty of the author’s approach consists
in using the data mining analysis in order to realize the proposed comparison.

Within the framework of this work, a data mining type analysis was carried out at the EU
level for the year 2018 and the year 2021 regarding the recycling rate of the waste resulting from
the disposal of EED. The two moments of time were chosen taking into account the COVID-10
pandemic, the period in which the purchase of electrical and electronic products increased a lot.
This increase was especially due to the possibility of working from home. Many employees were
not technically prepared to work from home. Thus, these purchases had to be made.

Research questions that this article tries to answer: 1. “Which are the groups of countries
in the EU that in 2018 and in 2021 had a similar behavior in terms of the recycling rate of
electrical and electronic devices?”; 2. “Which values are the most representative for each
individual group?”’; 3. “What is the dynamics of the identified groups in relation to the two years
chosen, respectively 2018 and 20217

In order to obtain the answer to these questions, the data provided by Eurostat
(https://ec.europa.eu/eurostat) were used. The data sets were processed and loaded into software
dedicated to data mining analysis, using specific clustering algorithms for data processing.

Literature review

The 2030 agenda proposed by the EU represents a global action plan that takes into account
sustainable development taking into account three dimensions, namely social, environmental and
economic. This is addressed to both developed and developing countries (Fernandez et al., 2022;
Garcia-Sanchez et al., 2023).

The main component of this agenda is represented by the 17 objectives generically called
Sustainable Development Goals (Angheluta et al., 2019). These aim at issues such as no poverty,
zero hunger, health, education, gender equality, clean water, accessible clean energy, decent
work, industry and innovation, reduced inequalities, sustainable cities, responsible consumption
and production, climate action, aquatic and terrestrial life , justice and efficient institutions,
partnerships for the achievement of objectives (Ciulli, 2022; Leal et al., 2023; Mogos et al., 2023;
DDD, 2023).

Objective no. 12, respectively responsible consumption and production, aims for these
two actions to be carried out in a sustainable manner. It is mainly intended to promote the fact
that resources are in finite quantity and everything that is produced should be used in the most
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responsible manner and made from recyclable materials to the greatest extent possible. Also,
production carried out in the most efficient manner, sustainable waste management, the lowest
possible level of things that are thrown away are actions that must be in accordance with the
principles that lead to a high protection of the environment (Marchand & Walker, 2008;
Sudhanshu & Richa, 2017; Jacob-John et al., 2021).

In order to fulfill objective 12, namely responsible consumption and production, the
concept of circular economy was also developed. The circular economy proposed within the EU
by the European Commission takes into account aspects such as (Barcic et al., 2019; Bellemare,
et al., 2022):

- The action plan on which the implementation of the circular economy is based at the
European level but also at the state level, a plan that takes into account the promotion and
highlighting of circularity within the main sectors of activity. The plan mainly aims at strategies
for reducing waste, increasing recycling and encouraging the creation of products made from
materials that have as little impact on the environment as possible;

- Imposing quotas for waste management and thresholds for the amount of recycled
products. These targets are closely related to reducing landfilling, increasing recycling rates,
using recyclable materials at an industrial level on an increasingly large scale;

- Identifying and exploiting sources and financing mechanisms for the transition to a
circular economy. In this regard, they consider funding for research and innovation, as well as
attracting private investments for circular business models.

- Creating a platform for all stakeholders and participants involved in achieving the
circular economy. The platform aims to provide assistance and support as well as to facilitate
exchange and collaboration between all those involved such as companies, firms, NGOs, public
authorities, financial institutions, etc.;

- The creation and implementation of policies that take into account the creation of
products from ecological materials that also have an eco-design. These policies must promote
products that are as durable, easy to repair, made from as many materials and recyclable
components as possible, which have as little harmful impact on the environment. It is also taken
into account to obtain a product life cycle that is as sustainable in a large degree;

- Imposing directives to reduce the use of single-use plastic products. These directives
have the role of reducing the amount of plastic products that are used too little in relation to the
harmful impact they have on the environment. For this reason, it is desired to remove them by
restricting their sale and use, replacing them with other alternatives that are more ecofriendly.

An important aspect in the circular economy is represented by the recycling process. This
process is a difficult one, especially when it comes to the recycling and reuse of electronic and
electrical products. These are in an increasingly large number and specific recycling actions
require more and more resources (Lee et al, 2023; Zhang et al., 2021). Among the specific
actions that can improve the realization of the recycling process related to electronic and
electrical products can be listed (Sommerville et al., 2021; Abdallah et al., 2023):

- Collection and sorting of objects (establishment of special centers where objects can be
brought);

- Reuse and refurbishment (establishment of locations in which to carry out their repair
and reconditioning);

- The recovery of materials and components that can be reused, the implementation of
legislation in which the consumer also has a responsibility regarding the collection of objects,
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- Promoting in schools an education regarding the sustainable preservation of the
environment as well as the negative impact that certain materials and products can have.

The main gap that the present research tries to fulfill is that based on the obtained results,
the leaders of WU may start to address and to develop recycling politics and strategies not for
each country from EU (which it may very time consuming and expensive) or for the entire EU (in
which cases, some regulations/politics/strategies are not appropriate) but for groups of countries,
countries that have a similar behavior from the recycling process point of view. In few research
papers there is analyzed also a correlation between countries for a certain category of products
that must be recycled.

Figure 1 shows the recycling rate of all waste percent for year 2020 at the EU level for
each country. Data are expressed in percentages.

Recycling rate of all waste in percent
for year 2020 at EU level
(excluding major mineral waste)
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Figure 1. Recycling rate of all waste in percent for year 2020 at EU level
(excluding major mineral waste)
Source: https://ec.europa.eu/eurostat/web/main/data/database.

In the following section, a data mining analysis is performed based on data sets provided by
the EU. These data refer to the recycling rate of waste of electrical and electronic equipment. Two
moments of time were considered, the year 2018 and the year 2021. The first year 2018 was chosen
because it was before the COVID-19 pandemic and the year 2021 being after the way of working
from home (work from home, teleworking) was widely adopted (Belostecinic et al., 2022).

Transforming the house into a workplace for the job was not easy (Ladaru et al., 2022).
This involved, in addition to the actual arrangement of the space, the purchase of electrical and
electronic devices in a much larger number than usual. Within the EU and beyond, a much larger
number of such objects have to be managed implicitly and at the recycling level. From this point
of view, the analysis aims to identify the groups of countries with similar behavior regarding the
rate of waste of electrical and electronic equipment. Also, for the two years taken into account,
the dynamics of the groups of countries can be analyzed, highlighting at the same time the way in
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which the EU countries coped with the sudden increase in the number of electrical and electronic
equipment that must be recycled.

Methodology
Data mining analysis represents a process of discovering patterns, trends, correlations or useful
information within data sets, elements that are not easy to identify. In order to carry out this data
mining analysis, data sets provided by Eurostat were used. For each type of data set, the 27 EU
countries were selected, namely Austria, Belgium, Bulgaria, Cyprus, Czechia, Germany,
Denmark, Estonia, Greece, Spain, Finland, France, Croatia, Hungary, Ireland, Italy, Lithuania ,
Luxembourg, Latvia, Malta, Netherlands, Poland, Portugal, Romania, Sweden, Slovenia,
Slovakia.

In order to perform the data mining analysis, the CRoss Industry Standard Process for
Data Mining (CRISP-DM) methodology was used (CRISP-DM, 2022). The methodology has
several phases, respective requirements/business understanding, data understanding and
preparation, data modeling, evaluation and deployment. For each stage of the methodology used,
there is a question for which an answer must be identified. A brief description of each stage and
the questions to be answered are shown in Table 1.

Table 1. CRISP-DM Methodology - Phases

No. Phase Description Question
Business It aims to understand the objective and the requirements .
1 . . ) 4 What does the business need?
understanding of the analysis.
5 Data Follows the identification, collection and analysis of What data do we have or
understanding data sets that can help achieve the objectives. need?

It aims at preparing the data set and obtaining its final
3 Data preparation | form. Specific tasks for this phase regarding data are:
select, clean, construct, integrate and format data.

How do we organize the data
for modeling?

During this phase, the most appropriate modeling
techniques will be evaluated and chosen. This phase

4 Modeling includes four tasks, respectively: selection of modeling
techniques/algorithms, generated test design, build
model, assess model.

What modeling techniques
should we apply?

This phase considers the evaluation of the results of the Which model best meets the

5 Evaluation models and the identification of the most representative . ..

one business objectives?

The I’CS.lllt of this phase can be‘somethmg simple (egg. How do stakeholders access
6 Deployment generating a report) or something complex (egg.

the results?

implementing a repeatable data-mining process).

Source: https://www.datascience-pm.com/crisp-dm-2 (Hotz, 2023).

For the data preparation stage, it was necessary to obtain an arff data file that was later
loaded into the WEKA software (WEKA, 2023), software dedicated to this type of analysis.
Cluster algorithms were used in the analysis, algorithms like EM (expectation maximization) and
Simple K-Means.

EM (expectation maximization) algorithm was used to identify the recommended number
of clusters (groups) for the countries. EM can decide how many clusters to create by cross
validation (CV) process. This process consists of (WEKA, 2023):

S1. The number of clusters is set to 1;

S2. The training set is split randomly into 10 folds;
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S3. EM is performed 10 times using the 10 folds, the usual CV way;

S4. The final result is averaged over all 10 results;

S5. If the final result has increased, the number of clusters is increased by 1 and the
program continues at step S2.

The parameters that could be used as input are: maximum number of iterations (100),
minimum allowable standard deviation (1.0E-6), number of clusters (-1 to identify the number
of clusters automatically by CV), the random number seed to be used (100). The number of
clusters indicated by the EM algorithm was then used as an input parameter for Simple K-Means
algorithm.

Simple K-Means algorithm was used to partitioning the data set into K different clusters,
each one with different characteristics. Countries with similar behavior will be placed in the same
cluster taking into account all the attributes included in the analysis. The steps of this algorithm are:

S1. Determine the value “K”, the number of clusters. This value is identified by the EM

algorithm and for this analysis is four;

S2. Four distinct centroid are selected randomly (centroids represent new data used for

cluster initialization);

S3. The Euclidian distance is measured between each point and the centroid,

S4. Each point is assigned to the nearest cluster;

S5. The mean of each cluster is computed as a new centroid;

S6. Repeat step 3—5 with the new center of cluster.

The parameters that could be used as input are: distance type (Euclidian distance for this
analysis), maximum number of iterations (500), number of clusters (4), random number seed to
be used (10).

Results and discussions

Following the application of the data mining and clustering methods carried out for the two
directions of analysis regarding the recycling rate of waste of electrical and electronic equipment
related to the years 2018 and 2021, the results described below were obtained. For each of the
two years, the country and the representative value for each cluster are mentioned, as well as the
distribution of countries in each cluster. At the end of the section, the differences between the two
years at country level are also mentioned.

a) In the first analysis regarding the recycling rate of waste of electrical and electronic equipment
related to the year 2018, four clusters were identified. Their description is as follows:

- cluster 0: number of countries allocated in this cluster: 3 (11%), the most representative
country: Belgium, recycling rate value: 73.78%, countries: Austria, Bulgaria, Denmark;

- cluster 1: number of countries allocated in this cluster: 4 (15%), the most representative
country: Austria, recycling rate value: 80.55%, countries: Cyprus, Greece, Lithuania, Latvia;

- cluster 2: number of countries allocated in this cluster: 5 (19%), the most representative
country: Cyprus, recycling rate value: 83.62%, countries: Belgium, France, Malta, Netherlands,
Portugal;

- cluster 3: number of countries allocated in this cluster: 15 (56%), the most representative
country: Czechia, recycling rate value: 85.95%, countries: Czechia, Germany, Estonia, Spain,
Finland, Croatia, Hungary, Ireland, Italy, Luxembourg, Poland, Romania, Sweden, Slovenia,
Slovakia.

For an easier analysis, the data were also represented in Table 2.
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According to the results obtained, it can be observed that the countries allocated within
cluster 2 (rank number 4) have the lowest recycling rate of electrical and electronic equipment
with an average of 73.78%. At the opposite pole are the countries from cluster 3 (rank number 1)
for which the average is 85.95%. Also, regarding cluster no. 3, it can be stated that it has the
highest representativeness. Surprising is the placement of Austria in cluster no. 0, the one with
the lowest recycling rate but also the placement in cluster no. 3 of countries such as Estonia and
Slovenia that manage to have a high degree of recycling rate of waste of electrical and electronic
equipment. In the Figure 2, the cluster allocation of the countries in the EU at the level of 2018
regarding the recycling rate of waste of electrical and electronic equipment is represented.

Table 2. Clusters based on recycling rate of waste of electrical

and electronic equipment for year 2018
The most
Cluster No. of representati | Recycling Cluster rank
o countries ve country | rate percent Countries allocated per cluster (1 — the best,
) allocated from the value 4 — the worst)
cluster
0 3 (11%) Austria 80,5% Austria, Bulgaria, Denmark 3
1 4 (15%) Cyprus 83,62% Cyprus, Greece, Lithuania, Latvia 2
2 5(19%) Belgium 73,78% Belgium, France, Malta, Netherlands, 4
Portugal
3 15 (56%) Czechia 85.95% Czechia, Germany, Estonia, Spain, 1
Finland, Croatia, Hungary, Ireland,
Italy, Luxembourg, Poland, Romania,
Sweden, Slovenia, Slovakia

Source: Authors’ own research.

b) In the second analysis regarding the recycling rate of waste of electrical and electronic
equipment for the year 2021, four clusters were identified. Their description is as follows:

- cluster 0: number of countries allocated in this cluster: 8 (30%), the most representative
country: Austria, recycling rate value: 82.06%, countries: Austria, Cyprus, Estonia, Greece,
Hungary, Ireland, Lithuania, Latvia;

- cluster 1: number of countries allocated in this cluster: 6 (22%), the most representative
country: Denmark, recycling rate value: 75.58%, countries: Denmark, Spain, France,
Netherlands, Romania, Sweden;

- cluster 2: number of countries allocated in this cluster: 10 (37%), the most representative
country: Bulgaria, recycling rate value: 89.13%, countries: Bulgaria, Czechia, Germany, Finland,
Croatia, Italy, Luxembourg, Poland, Slovenia, Slovakia;

- cluster 3: number of countries allocated in this cluster: 3 (11%), the most representative
country: Belgium, recycling rate value: 60.73%, countries: Belgium, Malta, Portugal.
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Figure 2. Recycling rate of waste of electrical and electronic equipment - Cluster allocation

for year 2018

Source: Authors’ own research.

For an easier analysis, the data were also represented in Table 3.

According to the results obtained, it can be observed that the countries assigned within
cluster 3 (rank number 4) have the lowest recycling rate of electrical and electronic equipment
with an average of 60.73%. At the opposite pole are the countries from cluster 2 (rank number 1)
for which the average is 89.13%.
As an observation based on the results obtained, it can be stated that Portugal is
distributed in cluster no. 3, cluster with the lowest value for recycling rate of waste of electrical
and electronic equipment. In the Figure 3, the cluster allocation of the countries in the EU at the
level of 2021 regarding the recycling rate of waste of electrical and electronic equipment is
represented.
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Table 3. Clusters based on recycling rate of waste
of electrical and electronic equipment for year 2021

No. O.f The most Recycling
Cluster countries representative rate Cluster rank
allocated Countries allocated per cluster | (1 — the best,
no. country from percent _ PICBE |
(cluster the cluster value 4 — the worst)
percent) 906
0 8 (30%) Austria 82,06% | Austria, Cyprus, Estonia, Greece, 2
Hungary, Ireland, Lithuania,
Latvia
1 6 (22%) Denmark 75,58% | Denmark, Spain, France, 3
Netherlands, Romania, Sweden
2 10 (37%) Bulgaria 89,13% | Bulgaria, Czechia, Germany, 1
Finland, Croatia, Italy,
Luxembourg, Poland, Slovenia,
Slovakia
3 3 (11%) Belgium 60.73% | Belgium, Malta, Portugal 4

Source: Authors’ own research.
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Figure 3. Recycling rate of waste of electrical and electronic equipment - Cluster allocation
for year 2021

Source: Authors’ own research.

Within tables 1 and 2 there is a column named Cluster rank which has values from 1 to 4,
1 meaning the best cluster, with the highest recycling rate value and 4 the cluster with the lowest
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rate value. In table 4 Based on the information obtained and mentioned in tables 1 and 2, the
following statements can be made:

- Out of the 27 countries, 10 countries were classified in a different cluster in 2021
compared to 2018. From this point of view, it can be stated that there is a great dynamic of the
countries taking into account that around a third were classified differently from one year to
another;

- Of these 10 countries, only 4 moved into a better cluster, respectively: Austria (from 3 to
2), Bulgaria (from 3 to 1), France (from 4 to 3) and the Netherlands (from 4 to 3). The biggest
difference can be seen in Bulgaria, which managed to increase the degree of recycling by almost
9 percent;

- Also from the 10 countries, the 6 that moved to a lower cluster are: Estonia (from 1 to
2), Spain (from 1 to 3), Hungary (from 1 to 2), Ireland (from 1 to 2 ), Romania (from 1 in 3) and
Sweden (from 1 in 3). It can be observed that the biggest jump in negative terms was made by
Spain, Romania and Sweden.

Table 4. Clusters’ dynamics for 2018 and 2021 for recycling rate
of waste of electrical and electronic equipment

= a

g g 58 5

s | Eg| z|Z%| 5| E%

O o8l &|OE & | OF
Austria AT | 79.8 3 81.6 2
Belgium BE | 72.5 4 72.2 4
Bulgaria BG 81 3 89 1
Cyprus CY |96 2 81.6 2
Czechia CZ |84.7 1 94.5 1
Germany DE | 85.6 1 86.1 1
Denmark DK [807]| 3 79.9 3
Estonia EE | 85.7 1 81.6 2
Greece EL 80.7 2 80.9 2
Spain ES 86.2 1 73 3
Finland FI 89.7 1 838.1 1
France FR 74.2 4 77.2 3
Croatia HR |91.2 1 92 1
Hungary HU | 835 1 79.6 2
Ireland IE 82.9 1 834 2
Italy IT 84.3 1 87.1 1
Lithuania LT |[818]| 2 84.3 2
Luxembourg | LU 88 1 89 1
Latvia LV (814 2 83.5 2
Malta MT |736| 4 58.3 4
Netherlands | NL | 75.6 4 71.1 3
Poland PL | 87.6 1 85.9 1
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Portugal PT 73 4 51.7 4
Romania RO 83.1 1 76 3
Sweden SE 83.3 1 76.3 3
Slovenia SL 84.6 1 87.1 1
Slovakia SK 88.9 1 92.5 1

Source: Authors’ own research and https://ec.europa.eu/eurostat/web/main/data/database.

Considering the first two research questions, namely "Which are the groups of countries
in the EU that in 2018 and in 2021 had a similar behavior in terms of the recycling rate of
electrical and electronic devices?" and "Which values are the most representative for each
individual group?", the answers are provided in Tables 1 and 2.

Regarding the third research question, namely "What is the dynamics of the identified
groups in relation to the two chosen years, 2018 and 2021?" it can be stated that there is a great
dynamic, more than a third of the countries initially classified in 2018 in one group were assigned
in 2021 to another group. Of the 10 countries that were classified differently, only 4 managed to
improve the Recycling rate of waste of electrical and electronic equipment, moving into a group
with a better rank.

One of the explanations that justify this dynamic is that due to the COVID-19 pandemic,
many employees had to arrange their home space in order to carry out their work from the office.
In this sense, a lot of electrical and electronic equipment has been purchased, many replacing
older ones and others may fail as soon as they are out of warranty. For this reason, a much larger
number of equipment had to be properly collected, taken to specially arranged centers and
recycled to the greatest extent. Many of the processing centers did not have the necessary
capacity to deal with such a large number of equipment, many of these are remaining not
properly recycled.

Another reason would be the fact that many employees, although they did not work with
electrical and electronic devices, had to buy and learn to use them. Being at the beginning with
the use of this equipment, many damaged the purchased equipment prematurely.

After the analysis, it can be seen that developed countries like Spain and Sweden did not
do well in terms of recycling rate of waste of electrical and electronic equipment, but countries
like Bulgaria managed to have a very good rate.

In order to support the recycling process and implicitly to improve the rates regarding
waste of electrical and electronic equipment, a series of modern technologies could be developed
and implemented on an increasingly large scale at the EU level and beyond. Among the main
technologies of this type it can be mentioned (RTTIL, 2023): internet of waste (strong related to
Internet of things — IoT, could improve waste management and recycling process very much by
reducing the inefficiencies in waste logistics; for example assisting and monitoring fill levels in
garbage containers may allow collection facilities to ensure the pickup at the right moment of
time.), analytics and big data (they are used in the recycling industry in order to allow recycler
companies to identify process inefficiencies and processes that could be improved and also to
facilitate flow management), green waste management (it tries to identify and develop solutions
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in order to up cycle organic waste into stabilized organic compounds, methane and carbon
dioxide), material life cycle extension, artificial intelligence (could allow plastic recycling
machines to use an automate process for specific tasks regarding the materials, tasks like sorting
and picking), the use of recycling robots. All these new technologies may help also into the
development and implementation of the circular economy for the EU countries.

The policies and strategies that should be developed having as a core the circular
economy and also the improvement of the recycling process, should be designed taking into
account the specifics of each individual country but also of the groups of countries that can be
formed.

The countries within a group should have similar behavior regarding the recycling
capacity, the vision on this aspect, its integration within the circular economy.

The decision-makers both at the European level and at the country level should take into
account: a) the responsibility of firms and companies regarding the recovery and reuse of
products and used technology; b) the responsibility of consumers to be actively involved in the
product recycling process.

The decision-makers should impose some targets both in the medium and long term and
to be achieved as much as possible. These measures will cover both the process of re-use and
recycling of e-waste. Depending on the characteristics of a country or, more simply, of a group of
countries, these targets that must be reached can be imposed. Some more developed countries can
reach certain targets more easily than others.

It would also be useful for governments to impose some laws and implicitly some
immediate sanctions in order to implement the recycling process. France, for example, has
implemented a program called the Repairability Index through which consumers have access to
information based on which they can repair the purchased products themselves. Such a project
would be recommended to be implemented at the European level.

Another possible solution that decision-makers can apply is to force companies to
standardize certain products that can be used regardless of context. For example, a universal
phone charger would be useful, a charger that can be used regardless of the type or brand of
phone.

The adoption and implementation of the circular economy in close connection with the
recycling process represents the core of green recovery for both companies and businesses as
well as for the government.

Conclusion

The 2030 Agenda together with the circular economy at the EU level represent two elements that
will bring a major change regarding the perception of citizens and companies on how the
environment must be preserved and protected in a sustainable manner. In this sense, the 17
Sustainable Development Goals were developed to provide a map of the main directions that
should be taken into account. In this article, the main characteristics of the 2030 Agenda, its
objectives, as well as the main aspects underlying the circular economy were presented. A data
mining analysis was carried out using clustering algorithms to determine which are the groups of
countries in the EU that in 2018 and in 2021 had a similar behavior in terms of the recycling rate
of electrical and electronic devices, being also identified the most representative values for each
individual group. Another objective of the analysis consisted in identifying the dynamics of the
identified groups in relation to the two moments of time, 2018 and 2021 in order to be able to
analyze how the EU countries coped with the very large number of electrical and electronic
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equipment that were purchased, which greatly affected the recycling process. The results showed
that some developed countries failed to manage the recycling process very well, but less
developed countries succeeded. Around two-thirds of the EU countries managed to maintain a
constant rate of recycling of electrical and electronic equipment before and after the pandemic.

Among the limitations of the analysis, we can mention the fact that some recycling rates
in the data set were estimated, the data not being able to be collected in full. A future direction of
analysis would consist in correlating the recycling rate for electrical and electronic equipment
with other factors such as the recycling capacity at the country level, the number of employees in
the field, the breakdown and replacement rate of the equipment.
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