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Abstract

This article investigates the evolving landscape of machine learning and its application in waste management from
2014 to 2024, utilizing data from Scopus and employing the VOSviewer software for bibliometric analysis. The
research identified 217 articles related to machine learning in waste management. Our analysis aimed to assess metrics
such as yearly publication trends, citation rates, top publishing countries, and the most influential authors in the field.
Additionally, we examined the evolution of research on machine learning in waste management, focusing on highly
cited articles, leading journals, authors' keywords, co-citation patterns, and co-authorship networks among countries
and organizations. This comprehensive review provides a deeper understanding of the growth and collaborative nature
of the field. The results indicate a notable rise in machine learning publications in waste management, increasing from
1 in 2016 to 62 in 2024, for a total of 217 publications. China, India, and South Korea led the research output,
contributing 19.35%, 15.67%, and 10.60%, respectively. Leading journals such as the Journal of Cleaner Production,
Waste Management, and Sustainability Switzerland emerged as critical contributors. A sharp increase in publications
was observed post-2020, especially in the Journal of Cleaner Production. One of the most notable findings was the high
citation rate of research on machine learning techniques in waste management, underscoring their practical relevance
and mathematical significance in optimizing waste handling and reduction. Frequently occurring keywords included
'machine learning”, "waste management", and "deep learning". The VOSviewer visualizations indicated strong
international collaboration networks, highlighting a robust global research framework. Our study emphasizes the
growing influence of machine learning in waste management, marked by increasing research activity and international
cooperation, and showcases the transformative potential of machine learning driven models in improving global waste
management practices.
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INTRODUCTION of enhancing various facets of waste
management. ML techniques have gained
The rapid pace of urbanization and  substantial attention due to their potential to

waste

industrialization in recent years has intensified
challenges in waste management (WM), with
an increase in waste generation necessitating
innovative approaches to ensure sustainable
waste handling practices that effectively
mitigate environmental impacts. Traditional
WM practices generally follow linear processes
that include collection, transportation, and
disposal, resulting in inefficiencies, higher
costs, and low recycling rates. These
conventional methods often rely on manual
sorting and fixed collection schedules, which
limit their ability to effectively manage the
complexities of  contemporary waste
generation. In contrast, Machine learning (ML)
has emerged as a transformative tool in
response to these pressing challenges, capable

optimize management  processes,
including waste sorting, predictive modeling,
and recycling efficiency. ML has notably
enhanced the accuracy of waste generation
forecasts across various waste types, such as
construction waste (Cha et al., 2021), municipal
solid waste (Ayeleru et al., 2021), hospital
waste (Golbaz et al., 2019), food industry waste
(Garre et al., 2020), and more. By leveraging
advanced  algorithms,  researchers  are
developing models that facilitate more effective
WM. The application of data-driven planning
through machine learning not only enhances
the efficiency and sustainability of waste
management practices but also contributes to
the development of smarter, more resilient
urban environments (Ahmad et al.,, 2020).

1028



Scientific Papers. Series E. Land Reclamation, Earth Observation & Surveying, Environmental Engineering. Vol. XIV, 2025
Print ISSN 2285-6064, CD-ROM ISSN 2285-6072, Online ISSN 2393-5138, ISSN-L 2285-6064

Moreover, integrating ML with the Internet of
Things (IoT) has opened new avenues for
efficient WM. Recent explorations into IoT-
enabled solutions emphasize the potential of
real-time data collection and analysis to
promote cleaner, more sustainable urban
environments (Rutqvist et al., 2019; Cheah et
al., 2022; Patil & Gidde, 2023).

This study performs a bibliometric analysis that
focuses on exploring and analyzing the
development of ML technologies in WM. This
investigation can lead to sophisticated ML
models designed to address the complexities
associated with WM, such as predicting waste
production, sorting automation, and improving
collection route efficiency. The bibliometric
analysis of ML applications in this field yields
important insights into its evolution, identifies
major research contributions, and highlights
gaps for future investigations. Additionally, it
offers an in-depth view of these technologies
and the dynamics of international
collaborations within this domain over time,
showcasing how different organizations and
countries contribute to advancing the field. This
research utilizes publications and data from
Scopus and employs VOSviewer software to
create graphical representations that examine
keyword co-occurrences, citation patterns,
bibliographic ~ links, and  co-authorship
relationships. These findings can help the
researchers with effective strategies and
innovations in sustainable WM.

This study is organized as follows: Section 2
reviews the specialized literature on machine
learning in waste management, highlighting
key advancements and methodologies used in
recent research. Section 3 outlines the
methodology used for this bibliometric
analysis, detailing the criteria for selecting
publications and the analytical tools applied.
Section 4 presents the findings along with their
interpretations, revealing significant trends in
the application of machine learning
technologies and their impact on WM practices.
Drawing on the trends identified in the results
section, Section 5 will engage in discussions
regarding these trends, addressing the
implications for future research directions.
Finally, Section 6 will summarize the key
conclusions and provide recommendations for
further exploration in the field, emphasizing the

importance of continuous innovation in

sustainable WM practices.

Literature review

Effective WM is essential for environmental
sustainability, resource conservation, and
public health protection. WM encompasses a
range of processes focused on the collection,
transportation, treatment, reuse, and disposal of
waste materials. As urban populations grow,
the volume and complexity of waste generated
have increased, creating a need for more
efficient and effective WM strategies. ML, a
branch of artificial intelligence (Al), focuses on
developing algorithms that allow computers to
learn from data and make informed predictions.
Its application in WM has significant potential
to optimize processes, enhance decision-
making, and improve sustainability outcomes.
A key application of ML in WM is the
classification and segregation of waste
materials. Traditional sorting methods often
rely on manual labor, which can be time-
consuming, error-prone, and inefficient. For
example, Nnamoko et al. (2022) introduced an
optimized five-layer convolutional neural
network (CNN) for classifying organic and
recyclable waste, which reduces computational
demands by using lower-resolution images,
ultimately  outperforming  both  higher-
resolution models and baseline classifiers.
Recent literature (Al Duhayyim et al., 2023; Ali
et al., 2024; Nezerka et al., 2024) highlights
substantial advancements in WM through
machine learning, employing sophisticated
algorithms such as custom CNNs, K-nearest
neighbors (KNN), and ensemble learning
models to achieve greater classification
accuracy and efficiency. These studies
emphasize ML’s transformative role in
automating sorting processes, reducing errors,
and supporting a more sustainable future.
Additionally, studies (Gondal et al., 2021;
Carrera et al., 2022; Mohammed et al., 2023;
Jin et al., 2023) address various waste types for
improved  classification and  recycling.
Techniques include using infrared spectrums
for plastic identification, applying artificial
neural networks (ANN) to urban waste sorting,
deploying hybrid CNN models for real-time
metal and non-metal sorting, and enhancing
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MobileNetV2 models with attention
mechanisms to improve classification accuracy.
ML-driven predictive analytics has become an
essential tool for anticipating waste generation
patterns. By examining historical data, these
models can detect trends and forecast future
waste production. Namoun et al. (2022)
discussed an optimized ensemble learning
model for predicting urban household waste
generation, which supports more effective
waste management in smart cities. In the
literature (Cha et al., 2020; Cha et al., 2022;
Cha et al., 2022; Cha et al., 2024), advanced
machine learning models, including ANN,
support vector machines (SVM), and random
forests (RF), have been applied to accurately
predict construction and demolition waste
production. Furthermore, ML models enhance
the forecasting of municipal waste production
by leveraging socioeconomic data, with
optimization techniques improving accuracy.
Many researchers (Oguz-Ekim et al., 2021,
Yang et al., 2021; Zhang et al., 2022; Munir et
al., 2023; Singh et al, 2023) utilize ML
algorithms like XGBoost, and RF to predict
municipal solid waste (MSW), highlighting
population and gross domestic product (GDP)
as key indicators.

Huang and Koroteev (2021) analyzed an ML
framework to optimize waste and energy
management, achieving a 90% reduction in
waste processing time, a 40% decrease in
landfill dependency, and a 15% reduction in
transportation costs by predicting waste
volumes and adapting to fluctuations in energy
markets.  Altarazi F. (2024) explores
EcoEfficientNet, an advanced ML tool for
sustainable manufacturing that uses deep
learning to analyze production data and identify
waste  reduction  opportunities.  Through
continuous learning, EcoEfficientNet adapts to
new data and evolving production conditions,
achieving up to a 30% reduction in waste
generation. ML models are increasingly
essential for enhancing waste-to-energy (WTE)
processes by reliably forecasting the energy
potential and volume of MSW based on diverse
factors. Studies indicate that advanced
techniques, including ANNs, SVMs, and
ensemble approaches, improve WM efficiency
and support the strategic siting of WTE
facilities, as shown in the literature (Kaya et al.,

2021; Al-Ruzouq et al., 2022; Taki & Rohani,
2022; Yatim et al., 2022).

In references (Mookkaiah et al., 2022; Belsare
et al.,, 2024; Chavhan et al., 2024), artificial
intelligence (Al), IoT, and ML have driven
innovative solutions, utilizing CNN models like
ResNet for precise automated classification of
MSW, thereby improving sorting accuracy and
promoting  sustainable = WTE  practices.
Moreover, numerous scholars (Mudannayake et
al., 2022; Zia et al., 2022; AlJamal et al., 2024;
Hossen et al., 2024; Mishra et al., 2024) have
implemented AI and ML models such as
GCDN-Net and DenseNet-121 - SVM to
achieve highly accurate automated waste
classification, enhancing recycling processes
and supporting sustainable WM amid the
challenges of urbanization.

Literature  (Medina-Mijangos &  Segui-
Amortegui, 2020) offers a comprehensive
bibliometric  analysis of the economic
dimensions of MSW management. This
methodology has gained substantial traction
across various disciplines, primarily due to its
capacity to deliver intricate scientific mappings
over specified temporal frameworks. Such
analyses illuminate emerging trends that
decision-makers can strategically utilize in
diverse contexts (Tamala et al., 2022; Oladinrin
et al., 2023; Martins et al.,2024). Recent studies
(Negrete-Cardoso et al., 2022; Sohail et al.,
2023) highlight, through bibliometric analyses,
waste management strategies based on multi-
criteria decision-making methods and circular
economy principles, emphasizing current
research trends in the field.

MATERIALS AND METHODS

In this study, data from the Scopus (Elsevier,
accessed 17 October 2024). database is utilized.
Scopus is a multidisciplinary citation database
managed by Elsevier, widely recognized, and
commonly used for analyzing research output.
The database includes content from various
subjects, including science, technology,
medicine, and social sciences. Scopus provides
detailed statistics and visualizations for
assessing data on research areas, document
types, countries, authors, institutions,
publication  timelines, and  universities.
Additionally, it allows wusers to export
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publication records in formats such as CSV or
Excel, which are compatible with data
visualization and analysis tools like VOSviewer
or Bibliometrix. Besides journal articles,
Scopus also indexes conference proceedings,
book series, and patents, offering a
comprehensive view of the global research
landscape.

A key challenge in bibliometric research is
defining the boundaries of the specific field
being analyzed. To gain a broader perspective
on publications related to ML in waste
management systems, searches were conducted
using the key words: "waste", "management",
and "machine", "learning." The search was
limited to publications from 2014 to 2024, and
the data was collected on 17 October 2024. The
objective of this search was to identify articles
that explored the application of ML in waste
management. A total of 217 results were found.
To map and analyze the network, the full
records which primarily included the titles,
sources, authors, affiliations, abstracts of the
research articles, and the cited references were
downloaded in CSV format. Figure 1 illustrates
the methodology employed for searching, data
collection, and information processing.

Learning in
waste
management,
\ op pe . V)
\  a bibliometric 4

\.. Analysis ¢

with VOSyviewer software  /

________________________________________

Figure 1. Methodology employed in this study

An exploratory analysis was conducted to
examine and highlight the most impactful
journals, authors, countries, and articles within
the database. In reference (Segui-Amortegui et
al., 2019), the research employed bibliometric
measures, including ©) productivity,
determined by the total count of publications
(Reuters, 2008); (ii) impact, analyzed by the
total citation count (Reuters, 2008); (iii) the H-

index (Hirsch index), which indicates that N
publications have received at least N citations,
providing a combined measure of both
productivity and impact in a single figure
(Reuters, 2008; Hirsch, 2005); and (iv) the
impact factor (IF), a metric used to evaluate
journals by calculating the average number of
citations for articles published within a two-
year period (Reuters, 2008).

The research employed VOSviewer software,
developed by Leiden University, to map and
analyze networks of scientific publications,
including journals, institutions, countries,
authors, and keywords (Van Eck & Waltman,
2016). Analyzing these networks creates a
graphical representation that visualizes the
relationships within the data (Ji, 2018). These
networks allow for the viewing and exploration
of maps by connecting the articles through
citations, authorship, co-occurrence,
bibliographic links, or co-citation connections
(Van Eck & Waltman, 2016).

VOSviewer software represents the interest of
items, such as publications, authors, sources, or
keywords, using nodes; larger nodes indicate
greater weight or significance of the item. A
link refers to the connection between two
objects, displaying the count of articles where
one particular object is found alongside
another. The thickest lines exhibit more
frequent co-occurrence or higher levels of
cooperation (Segui-Amortegui et al., 2019; Van
Eck & Waltman, 2016). The distance between
the nodes also reflects their co-occurrence.
Elements are grouped by colour to signify their
connection to research topics, with elements
sharing the same colour referred to as clusters
(Van Eck & Waltman, 2016).

RESULTS AND DISCUSSIONS

First, we highlighted key research trends,
including annual publication numbers, citation
rates per article and field, leading countries in
publication output, and the most prominent
authors (Segui-Amortegui et al., 2019). Next,
we examined the current state and evolution of
research on ML in waste management,
analyzing 217 articles. In the second section,
we focused on the most cited articles on ML in
waste management. The third section examined
the leading journals in this area. The fourth
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section investigated the overlap of authors'
keywords in ML within waste management.
The article then analyzed the co-citation
patterns of references, sources, and authors
related to ML in waste management. Finally, it
explored the networks of co-authorship among
countries and organizations involved in ML in
waste management research.

Significant trends

In 2014 and 2015, no articles were published in
Scopus on ML in waste management.
However, from 2016 to 2024, the number of
publications shows a significant increase,
beginning with one publication in 2016 and
rising to 62 in 2024. Despite a slight decline in
2024, with the number dropping to around 60,
the overall trend indicates a substantial rise in
research activity during this period, totalling
217 publications. This growth highlights the
growing interest and contributions to the field
over the years. Figure 2 illustrates the yearly
publication count on ML in waste management
as indexed in Scopus.

No. of Publications
=N oW s oo @ N
o5 8 8 &8 88 3 8

2014 2016 2018 2020 2022 2024
Year

Figure 2. Yearly publication counts on ML in waste
management

The bar chart in Figure 3 highlights the
countries with the highest number of
publications focused on ML in waste
management. The x-axis represents the number
of publications, ranging from 0 to 45, while the
y-axis lists the countries involved. The analysis
shows that China leads with 42 articles,
followed by India with 34 and South Korea
with 23. Iran has the fewest publications among
the listed countries. In total, 62 countries have
contributed to the production of 217
publications, corresponding to  19.35%,
15.67%, and 10.60% of the total publications
on the topic, respectively. This visual
representation effectively demonstrates the

comparative research contributions of different
nations.
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Figure 3. Publications in Scopus on ML in waste
management, categorized by country

The horizontal bar chart visually represents the
number of publications by different authors in
the field. The x-axis indicates the number of
publications, ranging from 0 to 8, while the y-
axis lists the authors' names. Figure 4 shows
that the top authors in ML research in waste
management are Cha, GW. with 8
publications, Kim, Y.C. with 6 publications,
and Hong, W.H. with 5 publications. These
figures represent 3.69%, 2.76%, and 2.30% of
the 217 total publications in this area,
respectively.
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Figure 4. Publications in Scopus on ML in waste
management, categorized by author

Citation counts provide a clear measure of an
article's impact. Table 1 provides a detailed
breakdown of articles based on their citation
count, offering insights into the citation
performance of publications related to ML in
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waste management. Only 1 article (0.46%) has
more than 251 citations, and articles with 151
to 250 citations represent 0.92% of the total.
Moderately cited articles (51 to 100 citations)
account for 6.45%, while a larger portion has
fewer citations: 12.91% (26 to 50 citations) and
17.06% (11 to 25 citations). Notably, 44.23%

of the articles have fewer than 11 citations, and
16.12% have not been cited at all, indicating
that many publications have relatively low
visibility and impact in the academic commu-
nity. Overall, this highlights a significant
opportunity for increased recognition and
dissemination of research in this field.

Table 1. Overview of Citation Distribution on ML in waste management

Citation Count Number of Articles Accumulated Articles % Articles % Accumulated Articles

>251 1 1 0.46% 0.46%
>201 0 1 0% 0.46%
>151 2 3 0.92% 1.38%
>101 4 7 1.84% 3.22%
>51 14 21 6.45% 9.66%
>26 28 49 12.91% 22.61%
>11 37 86 17.06% 39.63%
<11 96 182 44.23% 83.89%

0 35 217 16.12% 100%

Most-cited publications on ML in waste
management

Table 2 provides a ranking of influential
articles that apply ML to waste management,
detailing important factors such as the
reference, year of publication, country of
origin, journal source, article title, and the
number of citations each work has received.
This ranking helps to highlight the most
impactful contributions in this research area. At
the top of the list is the work by Abbasi & El
Hanandeh (2016) from Australia, which has

garnered 276 citations. Following closely is the
study by Palansooriya et al. (2022) from South
Korea, with 195 citations. Another notable
contribution comes from Yuan et al. (2021)
from South Korea, which has received 173
citations. These top-cited articles illustrate the
critical role of ML in addressing global waste
management challenges, with each contributing
to advancements in predictive modeling and
sustainable practices within the field.

Table 2. Most-Cited Articles

Rank Reference Country Journal source Title Citations
. Forecasting municipal solid waste
1 Abbasi & El Australia Waste Management generation using artificial 276
Hanandeh (2016) . . .
intelligence modelling approaches
. Environmental Prediction of soil heavy metal
Palansooriya et al. South . . e . .
2 Science and immobilization by biochar using 195
(2022) Korea X .
Technology machine learning
3 Yuan et al. (2021) Science and pre asorp 173
Korea biomass waste-derived porous
Technology
carbons
Estimation of the generation rate of
4 Kumar et al. India Waste Management dlfferept types of plastic wastes and 123
(2018) possible revenue recovery from
informal recycling
Anh Khoa et al. . Wujele;s Waste manageme'nt systerp using
5 Vietnam Communications and iot-based machine learning in 118
(2020) . . R
Mobile Computing university
Computers Using machine learning and small
Kontokosta et al. United omp ’ area estimation to predict building-
6 Environment and .. . 106
(2018) States level municipal solid waste
Urban Systems S
generation 1n cities
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Rank Reference Country Journal source Title Citations
United Environmental Impact Environmental planning based on
7 Yu et al. (2021) X ; reduce, reuse, recycle and recover 103
Kingdom Assessment Review . AR .
using artificial intelligence
Development of machine learning -
Resources, .
Nguyen et al. . . based models to forecast solid waste
8 Vietnam Conservation and Lo . . 95
(2021) Recvelin generation in residential areas: a
yerng case study from Vietnam
Time-lagged effects of weekly
climatic and socio-economic factors
9 Vuetal. (2019) Canada Waste Management on ANN municipal yard waste 90
prediction models
Estimating construction waste
10 Lu et al. (2021) Australia Waste Management generation in the Greater Bay Area, 77
China using machine learning

Analysis of the Research Journals in ML in
Waste Management

In this bibliometric analysis, Table 3 highlights
the top 10 local sources that play a significant
role in assessing the influence and relevance of
research in the field of ML in waste
management. Among these, the Journal of
Cleaner Production stands out as a particularly
impactful source. With an H-index of 9 and a
G-index of 14, this journal demonstrates a
strong influence in the domain, reflecting that
many of its articles have significantly
contributed to the research community. Its M-
index of 1.5 suggests an average of 1.5
citations per article, further emphasizing its
academic value. Since 2019, this journal has

management, contributing a total of 302
citations to the field. Next in line is the Waste
Management Journal, with an H-index of 9 and
a G-index of 12. It has been a prominent
contributor since 2016, with 12 articles
accumulating an impressive 714 total citations,
making it a highly referenced source in the
field, even though its M-index is slightly lower
at 1.

The Journal of Environmental Management,
active in this area since 2021, also makes a
notable contribution with an H-index of 6 and a
G-index of 9, featuring an M-index of 1.5.
Despite having published only 9 papers, it has
garnered 177 citations, indicating that the work
published here is also well-regarded in the

published 14 papers on ML in waste academic community.

Table 3. Influence of Research Journal
Source H index | G_index M _index TC NP PY_start
Journal of Cleaner Production 9 14 1.5 302 14 2019
Waste Management 9 12 1 714 12 2016
Journal of Environmental Management 6 9 1.5 177 9 2021
Sustainability (Switzerland) 5 6 1.667 48 9 2022
International Journal of Environmental
Research and Public Health 4 4 0.8 119 4 2020
Sensors 4 5 1 122 5 2021
Environmental Science and Technology 3 4 0.75 393 4 2021

Keyword analysis

Keywords typically signify the main topics and
themes of a research article, highlighting key
trends and essential subjects within a particular
field (Segui-Amortegui et al., 2019). An
analysis of 217 articles on ML in waste
management identified 779 unique keywords.
Figure 5 illustrates the network map of

keywords in ML for waste management. The
central node, machine learning (blue), connects
to several related terms, such as artificial
intelligence (red), deep learning (green), solid
waste management (yellow), municipal solid
waste (orange), sustainability (purple), and
artificial neural network (teal).
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Figure 5. Author keywords network of co-occurrence. The figure showcases the 41 most frequently
occurring keywords out of a total of 779 keywords, each meeting a minimum occurrence threshold of 3

The top 10 keywords highlighted in this
analysis emphasize the integration of ML

Table 4. The top 10 keywords of the ML in waste

within waste management. Keywords such as
machine learning, deep learning, and artificial

intelligence underscore the role of advanced

algorithms 1in improving waste processing

systems. Terms like municipal solid waste and
waste classification reflect efforts to optimize

waste handling and categorization through
technology. Additionally, the inclusion of

object detection and recycling highlights the
importance of automation in enhancing sorting

processes, while sustainability and prediction

emphasize the commitment to sustainable

management
Rank Keywords Occurrences s t?elrlllgth
1 Machine learning 109 121
2 ‘Waste management 37 67
3 Deep learning 19 36
4 Municipal solid 15 35
waste
5 Artificial 15 27
intelligence

6 Object detection 6 15
7 Recycling 5 15
8 Sustainability 9 15
9 Prediction 8 14
10 Waste classification 5 14

practices and the anticipation of waste trends to
inform better management strategies.

Table 4 presents the 10 most prominent
keywords, along with their occurrences and
link strengths.

VOSviewer offers powerful density
visualizations, as shown in Figure 4. In the
keyword density plot, each node is colored
according to the concentration of elements
around it, making patterns in the data easily
identifiable.

In other words, a node’s color reflects the
number of surrounding objects, with denser
areas showing higher concentrations of key-
words. Keywords highlighted in red occur more
frequently, indicating major areas of focus,
while those in yellow are less common and
represent peripheral topics. Density visualiza-
tions are particularly useful for gaining a quick
overview of the distribution of research trends,
identifying clusters, and detecting key themes.
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As demonstrated in Figure 6, this method
provides a clear and intuitive view of the
primary research areas in machine learning
systems.

within WM Keywords such as

"machine learning”, "waste management",
"deep learning", "municipal solid waste", and
“artificial intelligence” emerge as significant.

Figure 6. A density map illustrating the keyword distribution in publications related to ML in waste management

Analysis of co-citations for
references, and research journals
This section focused on the concept of co-
citation among authors, references, and
research journals. Co-citation occurs when two
documents are cited in tandem by a third
source, reflecting how frequently these items
(authors, research journals, or references) are
jointly referenced, thus forming a co-citation
link between them (Small, 1973). A co-citation
link connects two elements that are cited within
the same document. Here, the proximity
between two authors, references, or research
journals indicates the strength of their
relationship based on shared citation links.
Generally, nodes that are closer together
indicate a stronger relationship. Connections
between nodes are also depicted with lines,
highlighting the strongest co-citation (Van Eck
& Waltman, 2016).

The initial analysis focused on author co-
citation patterns. The network of author co-
citations illustrated in Figure 7 identifies three

authors,

main clusters: a red cluster, which is the
largest, containing 70 authors; a green cluster
with 46 authors; and a blue cluster with 7
authors. Key authors include Li J., who has 109
citations along with a link strength of 6,425;
Wang X., who has 105 citations along with a
link strength of 5,622; and Wang Y., who has
102 citations along with a link strength of
4,796.

The network of reference co-citations presented
in (Figure 8) reveals three primary clusters: a
red cluster, the most extensive, which includes
8 references; a green cluster comprising 7
references; and a blue cluster featuring 3
references. The red cluster may represent the
most influential or foundational works in the
field, while the green and blue clusters
highlight additional areas of research that are
interconnected but perhaps less frequently
cited. This visualization aids in understanding
the relationships between key references and
their contributions to the overall scholarly
discourse.
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Figure 8. Co-citation of references, 19 references from a total of 11,490 that meet the minimum citation threshold of 5

Concerning journal co-citation patterns, the
network discussed in Figure 9 identifies seven
clusters. The first three clusters are as follows:
The red cluster, the largest, includes 10
research journals, with the Journal of Cleaner
Production as the most prominent source,
having 223 citations and a link strength of
5,875. This cluster consists of interdisciplinary
journals  addressing  topics related to
environmental sustainability. The second
cluster is green, also containing 10 research
journals, with Waste Management as the
leading source, having 181 citations and a link

strength of 3,755. This cluster covers journals
on various aspects of WM, including
generation, features, reduction, gathering,
sorting, treatment, and disposal. The third
cluster is blue and includes 8 research journals,
with Sustainability as a key source, showing
104 citations and a link strength of 2,090. This
cluster features journals that publish research
on sustainability, including topics such as
energy production, conversion, and utilization.
The remaining clusters include yellow and
purple with 7 journals, light blue with 5
journals, and orange with 2 journals.
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Authors' bibliographical coupling

The analysis of bibliographic coupling among
authors enabled us to determine whether
authors A and B reference the works of author
C. This means that two authors sharing
common citations are more interconnected and
likely have comparable research interests
(Gazni & Didegah, 2016). The bibliographic
coupling of authors (Figure 10) revealed two
clusters consisting of 10 authors in total. The

primary cluster is red, featuring 6 authors, with
the most notable being Cha, Gi-Wook. The
green cluster contains 4 authors, with Li, Jie
being the most prominent. The authors with the
highest number of publications include Cha,
Gi-Wook (155 citations), who has 8
publications in Scopus; Kim, Young-Chan (136
citations), who has 6 publications; and Hong,
Won-Hwa (72 citations) has 5 publications.

Figure 10. Authors' bibliographical coupling: 10 authors out of 928 meet
the minimum threshold of 3 documents per author
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Analysis of co-authors
institution

Co-authorship among cities and Institution was
examined, with node size representing the
importance of Institution or countries and the
spacing indicates the extent of their
collaboration.

Examining the co-authorship connections
among countries reveals a network of 20
countries divided into 5 clusters (Figure 11).
The cluster of red includes 7 countries, with
China as the most prominent (42 documents,
745 citations), followed by Hong Kong (7
documents, 323 citations) and South Korea (23
documents, 842 citations). The cluster of green
comprises 4 countries, with Saudi Arabia as the

by country and

canada

bangladesh

univeiitstes

caech republic

cwzﬂa fia

united kingdorn =

hongkang

Ber@any spgin

india

leading country (20 documents, 210 citations),
along with Pakistan (8 documents, 135 cita-
tions) and Poland (8 documents, 166 citations).
In the cluster of blue, which includes 3
countries, the United States is the primary
contributor (23 documents, 426 citations),
followed by Bangladesh (5 documents, 67
citations) and Canada (6 documents, 121
citations). The cluster of yellow is made up of 3
countries, led by India (35 documents, 516
citations), while the cluster of purple also
contains 3 countries, led by the United
Kingdom (16 documents, 59 citations). The
countries with the highest number of public-
cations and citations are China, Saudi Arabia,
and the United Kingdom.

poland

saudffiania ®

“souriforea

iraq
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Figure 11. Co-authorship network of countries: 20 countries out of 63 meet
the minimum threshold of 5 papers per country

Finally, the co-authorship network of
institutions Figure 12 reveals that there is
limited  collaboration  among  different
organizations that satisfy the threshold of
having at least 2 published documents. Out of
the 608 universities listed, the largest group
comprises only 5, divided into two clusters: the

industry acadefiic cooperatiofy school of scigige and technolo

cluster of red consists of 3 organizations, while
the cluster of green includes 2 organizations. A
notable organization is the School of Science
and Technology in Acceleration Engineering at
Kyungpook, National University in Daegu,
South Korea, which has 4 documents and 27
citations.

@epartment of@rchiteccural en

Figure 12. Co-authorship network of organizations: 5 organizations out of 608 meet
the minimum threshold of 2 documents
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This study examined the application of ML in
waste management to understand how these
advanced algorithms can enhance decision-
making processes and improve WM outcomes.
The results highlight several critical factors that
could advance the field and help scholars make
more informed decisions. This paper also
explores how ML integration impacts current
practices and influences future developments in
waste management. China, India, and South
Korea lead in the highest number of
publications in this area. Keyword analysis
indicates a strong focus on specific waste types,
including "solid waste", "demolition waste",
and "organic waste". Research on these types
of waste is essential, as they represent the most
generated waste worldwide and pose multiple
potential  negative  impacts  (economic,
sustainability, and environmental) if not
managed properly.

In general, there is a noticeable rise in
publications focused on WTE. Recovering
energy from waste through incineration plants
offers a way to reduce the volume of waste
directed to landfills. Moreover, it can aid in
decreasing reliance on energy produced from
fossil fuels, which are often imported.
However, the increase in publications does not
align with the waste hierarchy outlined by
organizations like the FEuropean Parliament.
This hierarchy emphasizes the importance of
implementing strategies to minimize waste
generation, enhance efforts for recycling and
reuse, and discourage reliance on landfills and
incinerators, which remain common in certain
areas of Europe and other parts of the world.
Evaluating WM systems (collection and
processing) is crucial because they can help
minimize waste generation and enhance
opportunities for recycling and reuse instead of
relying on landfills and incineration.

The present study can help researchers identify
various concepts and their interconnections,
paving the way for further research
opportunities. In this context, the article reveals
several trends within the research landscape.
The first trend is the growing importance of
machine learning in waste management, as
demonstrated by the increase of publications in
Scopus. Additionally, there is heightened
interest in researching WTE technologies.
Another significant point is the need for

collaboration among various universities across
different countries, as limited cooperation has
been observed. Such collaboration would
facilitate  knowledge sharing and the
development of improved WM systems.
Ultimately, there is a pressing need for
increased research in this area on a global scale.

CONCLUSIONS

This bibliometric analysis highlights the
application of ML in waste management from
2014 to 2024, covering trends and
developments that underscore the growing
importance of ML in this field. The
significance of this study lies in its being the
first bibliometric analysis to examine the role
of ML in waste management. The data reveals
substantial growth in ML-related studies within
waste management, increasing from a single
publication in 2016 to 62 in 2024, culminating
in 217 publications. China, India, and South
Korea have emerged as leading contributors to
global research, driving significant
advancements in the application of ML to
waste management. The recognition of key
journals, including the Journal of Cleaner
Production and Waste Management, further
underscores the academic significance of
research in this domain. We also analyzed the
evolution of research by examining highly cited
papers, top journals, authors' keywords, co-
citation patterns, and co-authorship networks
among countries and organisation. This
analysis highlights the ongoing need for further
exploration and application of ML in waste
management. VOSviewer  visualizations
revealed extensive international collaboration,
emphasizing a robust research framework.
However, the study has limitations. The use of
broad keywords like "machine learning in
waste management" could be refined to focus
more specifically on waste-related topics.
Additionally, the reliance on the Scopus
database, while favored for its wide coverage
and credibility in bibliometric studies, limits
the study’s overall scope. Overall, this
bibliometric analysis provides a comprehensive
overview of the evolving role of ML within
waste management, it highlights the field's
rapid growth, the strength of international
collaborations, and the rising significance of
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ML  techniques in  enhancing  waste
management processes. In the near future,
research could investigate a comparison
between conventional bibliometric methods
and machine learning-driven bibliometric
models in waste management. Expanding this
comparison over several decades may reveal
trends in the development and effectiveness of
these approaches. This approach helps
researchers identify various concepts and their
connections, paving the way for new research
directions.
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