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Abstract

Waste management is a priority at the level of the European Union, but also globally. Thus,
the emphasis is on the transition from the current economic model to a sustainable one, that
of the circular economy. In this context, this paper aims to carry out a bibliometric analysis
on the topic of the circular economy in Romania, based on some papers published in the
period 2014-2023. An analysis of the scientific literature was carried out in the Web of
Science database, and the results were processed using VOSviewer. Based on the collected
documents, the number of papers, types of scientific publications, journals and the most used
keywords were identified. A total of 197 documents with the phrase "circular economy" in
the title were identified, with a total of 895 keywords. It was found that the terms with the
highest frequency are: circular economy, sustainability, recycling, sustainable development
and waste. These terms were grouped into 13 clusters. The specialized literature shows that
research is still focused on the topic of the circular economy.
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Introduction

The circular economy is an economic model desired by the European Union to replace the
traditional linear model, with the aim of achieving a more competitive economy, which
would lead to a sustainable model by reducing the generation of waste and encouraging
recycling. This model of sustainable production and consumption avoids the depletion of
natural resources. The traditional model implies a limited lifetime of the products, compared
to the current circular model, which involves reducing the materials used in production,
reconditioning the product and extending its life cycle by keeping the products until the end
of their life or reusing them. In this way, the amount of waste will be reduced.

The European Union's waste policy and the European Green Deal support the transition to a
competitive circular economy by extracting good resources from waste and managing it
efficiently. The legal basis of the European Union for the treatment and management of waste
is the Waste Framework Directive, which also includes the concept of the waste hierarchy,
with 5 levels: prevention of waste generation (as the first option), preparation for reuse,
recycling, recovery and disposal (as last option). Contrary to the economic model promoted
lately, the generation of municipal waste has registered an increasing trend. This was due to
the increase in the consumption of goods from EU member countries. At the same time, the
recycling rate was lower.

In recent years, interest in circular economy research has grown. Therefore, a comprehensive
and quantitative review of the literature is needed to understand its progress and current
status, to highlight significant research for this field. The purpose of the research is the
analysis of publications about circular waste in order to have an overview of publications
related to this field. The paper summarizes and analyzes circular economy publications from
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2014 to October 2023 to identify current key research topics and development trends. The
bibliometric analysis software VOSviewer was used to analyze 197 documents written by
662 authors and published in 44 sources retrieved from Web of Science (WoS).

1. Literature review

Environmental problems are a global concern, being determined by the rapid evolution of
technology, industrialization, urbanization and population expansion. Thus, as a result of the
production activities, the excessive use of natural resources and the current consumption
patterns, the quantities of waste are increasing (Reis et al., 2023). The importance of
addressing this topic is due to the increased awareness of the depletion of natural resources
and environmental changes. In this sense, waste management represents a great danger both
for our environment and for future generations and is one of the most important
environmental problems of our time (Yalgintas et al., 2023). Sustainability has become an
area of great interest not only for decision makers but also for researchers to examine the
concept of green economy, emphasizing sustainable development (Ellili, 2023).

European legislation sets objectives for recycling and reducing the amount of waste
generated, and failure to meet them entails significant financial penalties, which is why more
and more emphasis is placed on the circular economy (Marica, 2022).

In open systems, waste is transformed back into materials and objects through recycling, and
therefore a linear economy is transformed into a circular economy (CE). Environmental
factors support the argument for the sustainable implementation of a circular economy (Busu
& Trica, 2019). The circular economy has emerged as a viable alternative to address the
problems caused by increased consumption, including solid waste (Reis et al., 2023). Solid
waste management is essential for maintaining the balance of ecological cycles that sustain
life on Earth (Abdullah, 2023). Solid waste management is crucial for minimizing waste
production, encouraging recycling and reusing, and guaranteeing appropriate disposal of
hazardous substances (Olukanni et al., 2018).

The concept of circular economy is contemporary in the context of satisfying human needs,
which are constantly growing and diversifying and which involve an ever-increasing
consumption of resources. Therefore, at a global level, there is an increasing concern about
the insufficiency of natural resources and the impact of their use on the environment, which
is why it is recommended to identify effective management solutions. Thus, the need to
transition from the take-make-consume-throw model of the linear economy to the 4 R model
(reduce-reuse-recycle-redesign) is highlighted - specific to the circular economy in which
products, at the end of their life cycle, continue to generate value through their component
materials, which are maintained in the economy as long as possible through recycling and
reuse (Dobre-Baron et al., 2022).

Research conducted within various disciplines has begun to adopt bibliometric analysis. By
rigorously interpreting large amounts of unstructured data, bibliometric analysis helps to
decipher and map the cumulative scientific knowledge and evolutionary nuances of
established areas (Nurdini et al., 2023). The bibliometric performance analysis comprises
descriptive matrices related to scientific domain publication, citation, frequency and trends
(Alzard et al., 2022).

Bibliometrics is a search method that involves the development of an inventory of publishing
activity at country level and is used for comparative analyzes of productivity in the scientific
field. The results can represent points of reference for scientific and technological concerns,
since longitudinal studies of scientific interests contribute to the determination of developing
or regressing research areas (Patarlageanu et al., 2020).
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2. Matherials and Methods

In order to achieve the aim of the research, bibliometric analysis was used as a method to
investigate the state of research in the circular economy and waste management. By using
this technique, the link between the number of documents published in the circular economy
field and the frequency of citation of articles and the interest given to a certain theme/area of
research was traced. Through the VOSviewer software, the data were presented graphically,
through category maps. The data were collected from the Web of Science (WoS) database
and a query was made for the term "circular economy", applying the filter only for Romania.
Scientific mapping studies were conducted to examine the map of high-frequency terms and
the description of the connections between them. In Romania, 197 documents related to the
circular economy were published in the period 2014-2023 since in recent years, researchers
have shown an increasing interest in waste circularity. Starting from the set of data and
documents retrieved from WoS from 2014 to October 2023, this research uses descriptive
analysis and bibliometric mapping techniques.

VOSviewer is a free program for creating and displaying bibliometric networks, which can
be based on citations, bibliographic coupling, co-citations or author relationships. These
networks may contain journals, research or individual publications. The entire bibliographic
dataset was acquired in “.ciw” format from the WoS database.

In the term occurrence bubble map, the size of each bubble corresponds to the number of
occurrences of the term, and the color of the bubble reflects the average number of citations
received by papers that include that word. In the word co-occurrence network map, the node
size reflects the number of occurrences for that term. The thickness of the lines connecting
two terms reflects the degree of co-occurrences; if the line is thicker, the two terms occur
together in more manuscripts (Bangau et al., 2023).

3. Results and discussions

In Romania, 197 documents about the circular economy were published in the period 2014-
2023. The collected documents are classified in Figure 1, to illustrate their types in the
specialized literature. Of the total number of publications identified, 121 were articles,
representing 61.42%. The second type of documents were the papers published in
conferences, with a number of 61 papers, representing a percentage of 30.96%, and the third
type of documents were 12 review articles with 6%. Three documents were published as book
chapters.
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Figure 1. Types of documents published
Source: Web of Science
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According to the study, a total of 662 authors contributed to the topic. The documents
analyzed from 2014 to October 2023 contained in total 895 keywords, of which 161 words
have a frequency of at least 2 occurrences. Regarding the number of articles published per
year, it can be seen that the interest in this subject has gradually increased, reaching a
maximum of 43 articles in 2022, but it must be taken into account that the analysis for the
year 2023 includes only three trimesters (Figure 2.).
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Figure 2. Number of publications on circular economy published in 2014-2023
Source: Web of Science

Figure 3 illustrates the first 5 publications where the selected articles from the analyzed
period can be found. It is noted that the main contributor to publications in this field is MDPI
(Sustainability), followed by ASE Publishing House (The Amfiteatru Economic Journal) and
other publications.
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Figure 3. Top scientific publications for the documents analyzed
Source: Web of Science

Regarding the words frequently used as keywords in circular economy research, according
to table 1, the following can be found: "circular economy" occupies the first place with a
percentage of 14% and 153 occurrences; "sustainability" being in second place with 3.5%
having 32 appearances; "recycling" occupies the third place, with a frequency of 2.6% and
24 appearances; on the 4th place is "sustainable development" which has a frequency of 2.3%
with 21 occurrences and the 5th word in the top frequency is "waste", with 19 occurrences
which means 2.1% of the total.
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Table 1. Co-occurance of words

Words Frequency of %
occurrence of the word

Circular economy 153 17
Sustainability 32 3.5
Recycling 24 2.6
Sustainable 21 23
development

Waste 19 2.1

Source: Web of Science

Keywords represent the essence and summary of the critical points of a research article.
Keyword analysis can help identify research hotspots, trends, topics and directions. This
analysis can be performed across time slices to identify changes in direction in a particular
research area (Alzard et al., 2022).

The result of the present study is divided into thirteen groups, represented by different colors.
Cluster 1 (red) contains 22 keywords: awareness, collection, combustion, energy, energy
recovery, environmental, framework, generation, household waste, improvement, index,
model, msw, optimization, quality, resource recovery, resources, risk, strategies, sustainable
development, systems, technology. In the second group, Cluster 2 (green) contains 19
keywords: barriers, business, business model innovation, challenges, circular economy,
consumer bihavior, eco-innovation, education, firms, frugal innovation, green economy,
innovation, linear economy, moderating role, performance, sharing economy, social
enterprise, supply chains, sustainable entrepreneurship. Cluster 3 (blue) contains 18
keywords: attitude, consumer bihaviour, determinants, electrical and electronic equipment,
electronic equipment, electornic waste, equipment, fly-ash, lessons, metals, poisson
regression, products, pyrolysis, recovery, recycling behavior, repair, reuse, waste. Cluster 4
(yellow) includes 17 keywords: business models, circular material use rate, circularity
indicators, cluster analysis, developing-countries, eu, indicators, mechanical-biological
treatment, municipal solid-waste, path analysis, principles, questionnaire, rural areas,
sustainable consumption, sustainable production, university, waste generation. Cluster 5
(Violet) contains 16 keywords: bioeconomy, biomass, CO2 emisssions, cointegration,
countries, economic growth, environmental assessment, Europe, granger causality, gross
domestic product, growth, panel data analysis, panel-data, quantitative analysis, renewable
energy, unit-root tests. Cluster 6 (turquoise) has 16 items: China, competitiveness,
consumption, context, European union, impacts, industry, moderating effect, procurement,
production, regression analysis, smart, strategy, supply chian, system, waste management.
Cluster 7 (orange) contains 15 keywords: circular business model, digitalization, e-waste,
energy efficiency, financial performance, impact, implementation, industry 4.0, internet of
things, market, models, perspective, solid-waste management, supply chain management,
sustainability. Cluster 8 (brown) includes 13 items: beta-carotene, corporate social
responsibility, design, emisssions, energy consumption, environmental impact, future, life-
cycle assessment, lithium-ion batteries, management, resource productivity, technologies,
transition. Cluster 9 (pink) includes 11 items: eco-design, efficiency, environmental
protection, iasi, municipal waste, opportunities, plastics, recycle, Romania, secondary raw
materials, tool. Cluster 10 (coral pink) includes 8 items: cities, drivers, electrical and
electronic equipment, environment, green, policy, public procurement, resources use. Cluster
11 (pale green) contains 4 items: artificial intelligence, chatbots, recycling, software. Cluster
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12 (light blue) includes 1 item: investment. Finally, cluster 13 (greenish yellow) includes 1
item: membranes.

According to Figure 4, the terms with the highest frequency are circular economy,
sustainability, recycling, sustainable development and waste.

environment

policy ===

1 reas
ﬁ mBlsEeR unicipal solid-waste
business models path analysis

J
(udsereonanysis

]
ﬁmmarmamnal uzerate )| (Lweste generation )

Figure 4. Clusters of the main keywords according to the available literature
Source: VoS Viewer, Web of Science

The results obtained in this paper suggest that analyzing the papers of the most productive
authors is essential, as it provides valuable information such as possible ideas for future
research and opportunities for collaboration.

Popular topics are analyzed based on author keywords from the last 5 years, starting with
2019, where the keywords are "resources", "strategies" and "China". In 2020, the most
representative words were "circular economy", "recycling" and "sustainable development"
(Figure 5). The keywords "sustainability", "waste", "management" and "innovation" became
trending topics in 2021. In 2022, the keywords "competitiveness", "circularity indicators",
"e-waste" became trending topics. In addition, in mid-2023, the keywords "consumer
behaviour", "equipment" and "products" are the most relevant.
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Figure 5. Bibliometric analysis of keywords in the last five years
Source: VoS Viewer, Web of Science

Conclusions

The results of the study indicate a steady increase in the number of publications on circular
economy research, as observed from the WoS database. The growing interest towards circular
economy research comes from the need to address environmental impact issues.

Problems related to waste management have increased, and several studies have addressed
the field of related topics. This paper used the VOSviewer package to perform a bibliometric
analysis based on data from 197 works published in the specialized literature, taken from
WoS in the period 2014-2023. Thus, there is increased interest in the chosen field. Most of
the published documents were articles in scientific journals (61.42%). The most important
scientific publications in the field were MDPI (Sustainability) and ASE Publishing House
(The Amfiteatru Economic journal), which cover topics related to environmental sciences,
green sustainable science technology, business and economics.

Keyword analysis, based on time evolution analysis, showed that as the study continued in
the circular economy field, an increasing number of keywords appeared in recent years. This
means that researchers are trying to draw attention to the environmental impact.

In addition, the use of the keywords "recycling", "innovation" and "resources" has been
noticeable in recent years. Keywords such as "consumer behaviour", "equipment" and
"products" mentioned especially in 2023 emphasize current consumption patterns.

The most used keyword in all the 197 publications is "circular economy", used 153 times,
followed by the word "sustainability", used 32 times. The frequent use of these keywords in
the studied publications is due to the complexity of the subject, as the circular economy model
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includes notions related to waste, recycling, and sustainable development. The analysis of
scientific output revealed that the circular economy research area is growing year by year.
Regarding the limitations of the study, the scope of the present study is limited to the WoS
database thus, some publications may be omitted. In order to have an overall picture of the
publications related to waste circularity, data can be retrieved from other databases also. In
addition, the analysis can be extended, as it only covers the state of research in the field of
circular waste in Romania over a certain period of time and future research can focus on a
longer period of time or even an analysis at European or global level.
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