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ABSTRACT

Objective. We analyzed the most researched topics related to the circular economy. To this end, we
used a bibliometric approach, generating thematic maps that group the most used terms in the scientific
literature.

Design/Methodology/Approach. The present study focused on hierarchical clustering analysis to
identify and understand interrelated themes in circular economy research. Adopting Ward’'s method,
the analysis was performed without predetermining the number of groups. The data set was extracted
from the Scopus database. Author keywords and keywords plus were used for the study.
Results/Discussion. A hierarchical clustering analysis applied to the corpus of circular economy terms
has revealed five main groups: (1) technological innovation and strategic planning, (2) adaptation and
resilience in industrial processes, (3) reuse and advanced manufacturing, (4) safety and automation in the
circular economy, and (5) material science and chemical sustainability. The interrelationship between the
clusters identified in the analysis reflects an integrated thematic ecosystem within the circular economy,
with each cluster complementing the others to address multifaceted challenges. Cluster 1, focused on
the “circular economy” and “sustainable development,” is the strategic core connecting all clusters’ tech-
nological and policy approaches. This cluster establishes direct links with cluster 3, where concepts such
as “recycling” and “additive manufacturing” are essential to materialize the reuse strategies proposed.
Cluster 2, focused on adaptation and resilience, establishes a critical connection with cluster 4 since auto-
mation and safety require adaptive models to manage dynamic processes. In addition, cluster 5, focused
on sustainable materials and chemical processes, complements the objectives of cluster 1 by providing
innovative solutions to improve recyclability and manage waste such as plastic waste and carbon dioxide.
Conclusions. The synergies between the clusters show that progress toward a circular model depends
on integrating multiple dimensions, from policy and technology strategies to advances in materials and
industrial processes.
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1. INTRODUCTION

HE LAST decades’ economic, industrial, and

technological development has had a high
cost, leading to a depletion of natural resourc-
es. This has occurred under a linear production
model based on the “take-make-waste” para-
digm. Faced with this, a new circular economy
paradigm has been established (Martinez &
Porcelli, 2018). According to the Ellen MacAr-
thur Foundation (n.d.):

The circular economy is a system where ma-
terials never become waste and nature is re-
generated. In a circular economy, products
and materials are kept in circulation through
processes like maintenance, reuse, refur-
bishment, remanufacture, recycling, and
composting. The circular economy tackles
climate change and other global challenges,
like biodiversity loss, waste, and pollution,
by decoupling economic activity from the
consumption of finite resources.

The definition of circular economy is very
diverse, but the common denominator in each
definition is to make better use of resourc-
es (Velenturf & Purnell, 2021). According to
Romero (2019), various concepts related to
alternative production models have been pro-
posed, such as ecological, blue, green econo-
my, industrial ecology, low carbon economy,
and eco-efficiency. Indisputably, the circular
economy directly relates to sustainability (Pri-
eto-Sandoval, Jaca-Garcia, & Ormazabal-Goe-
naga, 2017). According to Carrillo Gonzalez &
Pomar Fernandez (2021), the circular economy
incorporates both costs and revenues associ-
ated with the flow of materials, in addition to
valuing by-products and encouraging the cre-
ation of connections derived from an innova-
tive approach to business. It also considers the
regulatory framework, laws, and public policies
that establish the necessary conditions for the
emergence of new business models or the trans-
formation of already consolidated companies.

Porcelli & Martinez (2018) express that
the circular economy is founded on three key
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principles designed to address the challenges
related to resources and systems faced by in-
dustrial economies. The first principle seeks
to preserve and enhance natural capital by
controlling finite reserves and balancing re-
newable resource flows. The second focuses
on optimizing resource efficiency, ensuring
that products, components, and materials are
used efficiently and with maximum utility in
both technical and biological cycles. Finally,
the third principle promotes system efficiency,
eliminating those external factors that gener-
ate negative impacts from the design. Stahel
(2016) emphasizes that business models based
on the circular economy fall into two main cat-
egories: those that promote reuse and extend
the useful life of products through repairs, re-
conditioning, upgrades, and modernizations
and those that transform old goods into prac-
tically new resources through the recycling of
materials.

According to the European Parliament
(2023), shifting to a circular economy is essen-
tial to protect the environment, reduce depen-
dence on raw materials, and generate economic
benefits by creating jobs and saving consum-
ers money. Many government initiatives have
been implemented to develop circular economy
models, policies, and strategies. For example,
in March 2020, the European Commission
adopted a circular economy plan to reduce
pressure on natural resources and create more
sustainable jobs and growth (European Com-
mission, n.d.). In the United States, on June 12,
2024, the White House, in conjunction with the
EPA (Environmental Protection Agency), U.S.
Department of Agriculture, and U.S. Food and
Drug Administration, developed the “Nation-
al Strategy for Reducing Food Loss and Waste
and Recycling Organics.” Its purpose is to build
a more circular economy based on four strate-
gic objectives that seek to prevent food loss and
waste, increase organic waste recycling, and
support policies that encourage these initiatives
(United States Environmental Protection Agen-
cy, 2024). The implementation of public circu-
lar economy initiatives in Latin America and
the Caribbean shows considerable inequality.
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Countries such as Costa Rica and Panama have
taken essential steps in establishing fundamen-
tal public policy instruments. In the meantime,
most countries in the region have established
roadmaps, national strategies, or other funda-
mental frameworks to guide their efforts in the
southern part of the continent. Chile, Uruguay,
Colombia, Ecuador, and Peru are leaders in
transitioning to a more sustainable economic
model (Turrién Barbero, 2023).

At the epistemic level, the circular economy
is characterized by poorly defined conceptual
boundaries, ambiguous theoretical bases, and
structural challenges that hinder its implemen-
tation. Its development responds to an ideolog-
ical agenda focused on technical and economic
aspects, which generates doubts about its im-
pact on sustainability and disconnects sustain-
able growth from broader political discussions
(Corvellec, Stowell & Johansson, 2022). We are
talking about a concept that “has been devel-
oped thanks to different approaches from dis-
ciplines such as ecology, economy, engineering,
design and business” (Prieto-Sandoval, Jaca
& Ormazabal, 2018, p. 609). It is an area that
has gained attention, not only practical but also
academic. There are more and more analyses
around its concept, journals that publish on the
subject, and conferences that address these is-
sues. As a result, a significant volume of litera-
ture deals with this and other associated topics
(Kirchherr, Urbinati & Hartley, 2023).

When we review the literature on the topic,
we notice that what is most explored is related to
its conceptual precisions and scope (Korhonen,
Honkasalo & Seppild, 2018; Kirchherr, Urbi-
nati, & Hartley, 2023), implementation (Hesh-
mati, 2017; Barreiro-Gen & Lozano, 2020), and
policies, models and strategies (Bocken et al.,
2016; McDowall et al., 2017; de Sousa Jabbour
et al., 2019). There is also a diversity of biblio-
metric studies that analyze the literature pro-
duced at the regional level, as is the case in the
European Union (Tiirkeli et al., 2018; Martinho
& Mourao, 2020; Dragomir & Dumitru, 2023),
Latin America (Ospina-Mateus et al.,, 2023),
Africa (Mhlanga, Haupt & Loggia, 2024), and
Asia (Saidi & Radz, 2023). In another vein, oth-
er bibliometric studies target specific sectors,
such as beauty (Vuc, 2024), e-waste (Cizer &
Kir¢ova, 2024), automotive industry (Bian-
cone et al., 2021), agriculture (Banerjee, Singh
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& Kunja, 2024), construction (Otasowie et al.,
2024), manufacturing (Gundu et al., 2024), oil
and gas industry (Dua & Jain, 2024), and food
industry (Rabbi & Amin, 2024).

In this study, we will analyze the most re-
searched topics related to the circular economy:.
To this end, we will use a bibliometric approach,
generating thematic maps that group the most
used terms in the scientific literature.

2. METHODOLOGY

2.1. Methodological approach
and search strategy

The present study focused on hierarchical
clustering analysis to identify and understand
interrelated themes in circular economy re-
search. This approach grouped terms according
to their semantic similarities and represented
them in hierarchical structures, reflecting their
internal relationships and connections with
other concepts. The analysis was performed
without predetermining the number of groups,
adopting Ward’s method. This method mini-
mizes intragroup variance, generating well-de-
fined and statistically robust clusters.

The data set analyzed was extracted from the
Scopus database. For this purpose, the follow-
ing search strategy was applied:

TITLE (“circular economy”) AND PUBYEAR
> 2003 AND PUBYEAR < 2024 AND
(LIMIT-TO (DOCTYPE, “ar”) OR LIMIT-TO
(DOCTYPE, “cp”) OR LIMIT-TO (DOCTYPE,
“ch”) OR LIMIT-TO (DOCTYPE, “re”) OR
LIMIT-TO (DOCTYPE, “cr”)), which yielded a
total of 8101 documents. This methodological
approach identified thematic clusters and
analyzed their internal relationships and
interconnection.

2.2. Data processing and visualization

Author keywords and keywords plus were used
for the analysis. Keyword entries were nor-
malized, and only those with a frequency over
ten were considered for analysis. Duplicate or
irrelevant terms were eliminated, and two-di-
mensional coordinates were reviewed to ensure
their suitability for hierarchical clustering anal-
ysis. This initial processing ensured the quality
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and accuracy of the data set before proceeding
with the hierarchical analysis.

As mentioned above, we used Ward’s meth-
od through advanced Python tools. The overall
dendrogram generated showed the complete
hierarchical structure of the terms, graphical-
ly representing the semantic relationships and
allowing us to identify the optimal levels to di-
vide the keywords into meaningful clusters. To
facilitate interpretation and visualization, we
generated sub-dendrograms of each cluster,
focusing on each cluster’s ten most frequent
terms. This facilitated the thematic analysis.
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Cluster 1, “Technological innovation and
strategic planning,” focuses on integrating ad-
vanced technologies and concrete strategies to
foster the transition toward a circular econo-
my (See Figure 2). This group includes terms

4

3. RESULTS AND DISCUSSION

A hierarchical clustering analysis applied
to the corpus of circular economy terms
has revealed five main groups (See Figure 1
and Table 1). These results comprehensively
overview how key concepts are clustered and
related within the scientific literature. The
identified clusters are described in depth
below, including the most representative
terms, their frequencies, and the existing
relationships between words and between
clusters.

Terms
Figure 1. Dendogram of the hierarchical grouping of the topics
associated with circular economy research.

” «

such as “circular economy,” “sustainable devel-
opment,” “recycling,” and “action plan.” With
a frequency of 6180 mentions, “circular econ-
omy” emerges as the dominant conceptual axis
of this cluster and, by extension, the overall
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analysis. This term is accompanied by “sus-
tainable development,” appearing 3420 times,
and “recycling,” with 2450 mentions, underlin-
ing the centrality of these practices in transi-
tioning to more circular economic models. The
presence of terms such as “action plan” reflects
the importance of developing concrete strate-
gies to implement sustainability and recycling
initiatives. The relationships among these
terms suggest a strong connection between
technological innovation and the formulation

What topics are investigated in circular economy research?...

of strategic policies to reduce waste and maxi-
mize resource efficiency.

Moreover, the interconnection between “cir-
cular economy” and “recycling” reinforces the
notion that recycling is one of the cornerstones
of adopting circular practices. The presence of
“sustainable development” in this cluster indi-
cates that the circular economy seeks to reduce
environmental impact and promotes a balance
between economic growth and environmental
protection.

Top 10 Terms (Frequency)

circular economy (6180), sustainable development (1680), sustainability

(1410), recycling (1212), waste management (923), life cycle (638)', economics
(586), environmental impact (475), environmental economics (424), industrial

innovation (207), systematic literature review (149), conceptual framework
(134), small and medium-sized enterprise (134), stakeholder (128), business
(126), barrier (116), circularity (97), digitalization (96), internet of things (84)

supply chain management (592), decision making process (369), industry
(346), manufacture (317), business model (299), construction industry (227),
product design (215), circular business model (112), industrial research (109),

Cluster Label
1 Technological innovation
and strategic planning
economics (423)
> Adaptation and resilience
in industrial processes
3 Reuse and advanced
manufacturing
design (105)
4 Safety and automation
in the circular economy
5 Material science

and chemical sustainability

economic aspect (475), climate change (249), waste disposal (215), green-
house gases (206), waste (206), biomass (189), wastewater treatment (184),
food waste (174), municipal solid waste (168), agriculture (160)

plastic waste (156), carbon dioxide (150), recovery (144), plastic recycling
(139), energy utilization (129), plastic (117), carbon footprint (114), controlled
study (110), environmental technology (110), gas emissions (109)

Table 1. Top ten terms per cluster.
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Figure 2. Sub-dendrogram of top ten terms in cluster 1.
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Cluster 2, “Adaptation and resilience in in-
dustrial processes,” highlights the capacity of
systems to adapt to changing environments
(See Figure 3). This cluster includes terms such
as “innovation,” “systematic literature review,”
“action research,” and “adaptive management.”
With 207 mentions, “innovation” appears as
a key term connecting theoretical and meth-
odological approaches to practice in the field
of circular economy. “Adaptive management,”
with 140 mentions, suggests that industrial
systems are evolving toward more flexible and
resilient models capable of adapting to dynam-
ic and changing environments. This cluster re-
flects a convergence of research methodologies
and practical applications, emphasizing the
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need for interdisciplinary approaches that in-
tegrate theory and practice to address complex
challenges. The terms “action research” and
“systematic literature review,” with 152 and 190
mentions, respectively, evidence an academic
focus oriented toward developing solid theoret-
ical frameworks that guide practical applica-
tions in the circular economy. The connections
between “adaptive management” and “innova-
tion” suggest that adaptability is an essential
element for the successful implementation of
circular strategies in industrial contexts. This
cluster is linked to cluster 4, which explores
automation and safety in circular processes,
underscoring the importance of resilience in
highly technical systems.

T

0.1r

0.0

conceptual framework
stakeholder

business

systematic literature review

small and medium-sized enterprise

barrier
innovation
circularity

digitalization
internet of things

Terms
Figure 3. Sub-dendrogram of top ten terms in cluster 2.

Cluster 3, named: “Reuse and advanced
manufacturing,” encompasses terms that high-
light the importance of optimizing resource use
through reuse and advanced technologies (See
Figure 4). In this group, key terms include “sup-
ply chain management,” “decision making,”
“adaptive reuse,” and “additive manufactur-
ing.” With a frequency of 592 mentions, “sup-
ply chain management” emerges as a critical

6 Vol. 5, No. 1, 2025, 1-11. DOI: 10.47909/ijsmc.1623

concept, demonstrating that optimizing supply
chains is fundamental to maximizing efficien-
¢y in circular systems. “Decision making,” with
451 mentions, underscores the importance of
analytical and methodological tools, such as
the Analytic Hierarchy Process (AHP), to pri-
oritize alternatives and improve the implemen-
tation of circular practices. “Adaptive reuse,”
mentioned 389 times, reinforces the need to

Iberoamerican Journal of Science Measurement and Communication
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redesign materials and products to extend their
lifespan. This concept is closely related to “ad-
ditive manufacturing,” which, with 320 men-
tions, reflects the growing interest in advanced
technologies such as 3D printing to minimize
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What topics are investigated in circular economy research?...

waste and improve reuse. The interactions
among these terms suggest that advanced tech-
nologies play a crucial role in the transition to
circular models, enabling customization and
resource optimization.

y

product design
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construction industry
industrial research

business model T

circular business model J
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supply chain management
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Figure 4. Sub-dendrogram of top ten terms in cluster 3.

Cluster 4, “Safety and automation in the cir-
cular economy,” focuses on how automation and
safety measures transform productive and agri-
cultural processes (See Figure 5). This cluster in-
cludes terms such as “economic aspect,” “climate
change,” “agricultural robots,” and “accident
prevention.” With a frequency of 475 mentions,
“economic aspect” underscores the need to eval-
uate the financial viability of circular practices.
In contrast, “climate change,” with 249 men-
tions, reflects environmental impact as a driving
factor for adopting these strategies. “Agricul-
tural robots,” mentioned 189 times, evidence of
the growing automation in circular processes,
particularly in the agricultural sector, where
advanced technologies are helping optimize
resource use. “Accident prevention,” with 165
mentions, highlights the need to ensure safety in
industrial environments where circular practic-
es are implemented. The connections between
“economic aspect” and “climate change” suggest
that environmental considerations heavily influ-
ence financial decisions in the circular economy.

Iberoamerican Journal of Science Measurement and Communication

Finally, cluster 5: “Material science and
chemical sustainability,” is dedicated to de-
veloping advanced materials and chemical
techniques that promote sustainability. This
cluster includes terms such as “plastic waste,”
“carbon dioxide,” “recyclability,” and “absorp-
tion.” “Plastic waste,” with 156 mentions, and
“recyclability,” with 140 mentions, stand out as
central themes in the research on new sustain-
able materials. These terms are closely related,
reflecting a focus on designing more recyclable
plastics and improving existing recycling pro-
cesses. “Carbon dioxide,” mentioned 150 times,
and “absorption,” with 130 mentions, indicate
a growing interest in capturing and reusing
CO2 as part of circular processes. This clus-
ter reflects a technical and chemical approach,
exploring new ways to reduce environmental
impact through advanced materials. The rela-
tionships between “recyclability” and “plastic
waste” reinforce the idea that designing sus-
tainable materials is a priority within the cir-
cular economy.
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Figure 5. Sub-dendrogram of top ten terms in cluster 4.
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Figure 6. Sub-dendrogram of top ten terms in cluster 5.

Iberoamerican Journal of Science Measurement and Communication

Vol. 5, No. 1, 2025, 1-11. DOI: 10.47909/ijsmc.1623

8



ORIGINAL ARTICLE

The interrelationship between the clusters
identified in the analysis reflects an integrated
thematic ecosystem within the circular econo-
my, with each cluster complementing the oth-
ers to address multifaceted challenges. Cluster
1, focused on the “circular economy” and “sus-
tainable development,” acts as the strategic
core that connects all clusters’ technological
and policy approaches. This cluster establish-
es direct links with cluster 3, where concepts
such as “recycling” and “additive manufac-
turing” are essential to materialize the reuse
strategies proposed. Cluster 2, focused on ad-
aptation and resilience, establishes a critical
connection with cluster 4 since automation
and safety require adaptive models to man-
age dynamic processes. In addition, cluster 5,
focused on sustainable materials and chemi-
cal processes, complements the objectives of
cluster 1 by providing innovative solutions to
improve recyclability and manage waste such
as plastic waste and carbon dioxide. These
interactions highlight the complementary ap-
proaches between technology, economics, and
sustainability and underline that issues such
as recycling, innovation, and adaptability are
the most connected, serving as bridges be-
tween all clusters.

4. CONCLUSION

The results of the hierarchical clustering anal-
ysis of keywords in circular economy research
reveal a deeply interconnected thematic struc-
ture encompassing key areas such as technolog-
ical innovation, strategic planning, industrial
resilience, automation, and materials science.
The “circular economy” emerges as the central
axis connecting these areas, while concepts
such as “recycling,” “sustainable development,”
and “adaptive management” stand out as fun-
damental elements in addressing sustainability
challenges. The synergies between the clusters
show that progress toward a circular model
depends on integrating multiple dimensions,
from policy and technology strategies to ad-
vances in materials and industrial processes.
For example, the nexus between adaptive reuse
and advanced manufacturing in cluster 3 and
sustainable chemistry in cluster 5 suggests that
practical solutions require technical innovation
and the redesign of materials to maximize their

Iberoamerican Journal of Science Measurement and Communication
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useful life. At the same time, the relevance of
terms such as “economic aspect” and “climate
change” in cluster 4 highlights the need to bal-
ance environmental sustainability with eco-
nomic viability. Overall, this analysis identifies
priority issues within the circular economy and
underscores the importance of integrative ap-
proaches, combining innovation, resilience,
and adaptability to move towards a sustainable
future. These findings provide a valuable con-
ceptual framework for research and public pol-
icy in this field.
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