EiNRJ

Environment and Natural Resources Journal

Volume 23
Issue 3
2025

Research Trends in Organic and Inorganic Waste Sorting Technology:

A Bibliometric Analysis

Mahliza Nasution'", Muhammad Irwansyah?, Hermansyah?, and Rospita Gultom!

IFaculty of Engineering, Universitas Medan Area, Indonesia

2Faculty of Engineering, Universitas Asahan, Indonesia

ARTICLE INFO

ABSTRACT

Received: 4 Nov 2024

Revised: 27 Jan 2025

Accepted: 10 Feb 2025

Published online: 25 Mar 2025

DOI: 10.32526/ennrj/23/20240277

Keywords:

Research trends/ Organic and
inorganic waste/ Waste sorting/
Artificial intelligence

* Corresponding author:
E-mail: mahliza@staff.uma.ac.id

This research presents major trends in organic and inorganic waste sorting
technology over the past 20 years (2003-2023). To do so, we employed
bibliometric analysis and VOSviewer and Biblioshiny software. The data used in
this study included 810 documents from the Scopus database. This study also
used literature analysis of 11 documents discussing the use of Al in organic and
inorganic waste sorting technology. The results showed that leading journals
covering the topics ‘Waste Management and Resources’, ‘Conservation’, and
‘Recycling’, had the highest publication volume and total citations. Journals in
China also had high volume and citations. The literature analysis of the articles
further showed that integrating Al into waste-sorting technology can improve
organic and inorganic waste-sorting efficiency and effectiveness, and also
contribute to sustainable environmental planning. Future research opportunities
include enhancing Al accuracy in waste sorting, developing renewable waste-to-
energy technologies, and promoting interdisciplinary collaboration to advance
sustainable waste management solutions.

HIGHLIGHTS

1. This study reviews research trends in waste sorting tech from 2003 to 2023.
2. Bibliometric analyses used VOSviewer and Biblioshiny on 810 Scopus documents.
3. Al integration enhances sorting accuracy, driving sustainable waste management solutions.

1. INTRODUCTION

Rapid population growth indirectly leads to an
increase in waste production; unfortunately, an
ineffective waste management system will accumulate
waste at the final processing site. This accumulation of
waste can potentially produce gases that are harmful
to health and the environment (Harjanti and
Anggraini, 2020). Indonesia is one of the countries
dealing with increasing plastic waste, which has
become a serious concern. According to Indonesian
data from the Ministry of Environment and Forestry’s
National Waste Management Information System
(SIPSN) for 2022, with input from 2022 districts/cities
throughout Indonesia, national waste generation
reached 21.1 million tons. Of the total national waste
production, 65.71% (13.9 million tons) can be

managed, while the remaining 34.29% (7.2 million
tons) needs to be managed properly (Rahmatullah,
2023). Based on its nature, waste can be classified into
organic and non-organic (Djawad et al., 2022).
Organic waste is easily recyclable waste, does not
harm the environment, and can be decomposed with
the help of microbes. Nevertheless, organic waste still
requires careful handling, if not properly processed, it
can become a source of odor that disturbs
environmental comfort and  contributes to
environmental pollution (Febriadi, 2019). On the other
hand, inorganic waste is made of inorganic materials
whose decomposition process takes a very long time
(Dzakiya et al., 2019).

In general, waste sorting is still done manually
using human hands. Nurdin et al. (2020) stated that
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waste management can be implemented with the 3R
principle: reduce, reuse, and recycle. Reduce is an
effort to reduce waste generation in the environment
at its source even before waste is generated (Arisona,
2018). Each source can contribute to reducing waste
by changing its consumption habits, especially
switching from wasteful habits that produce much
waste to economical, efficient ones that produce little
waste. Meanwhile, reuse refers to the reuse of
materials or resources so that they do not end up in the
trash. Examples include filling milk cans with
refillable milk, using paper back and forth, and reusing
used beverage bottles into drinking water containers
(Junaidi and Utama, 2023). Recycling is one way to
reduce existing waste, namely by making waste
something that can be reused (Siagian et al., 2022).

Since the waste-sorting process is still done
manually, it requires much time and energy.
Therefore, the right solution is needed to speed up and
simplify sorting organic and non-organic waste
(Wibysono et al., 2022). The volume of waste can be
gradually reduced by classifying waste correctly so
that waste processing becomes easier (Aulia et al.,
2021). The use of Al technology helps sort and recycle
waste.  Artificial intelligence (Al) in waste
management is becoming increasingly important in
countries worldwide, including China and Europe. Al
technology optimizes waste collection routes in major
cities such as Shanghai and Beijing. For example,
intelligent waste collection systems use sensors and Al
algorithms to monitor the volume of waste in each area
and plan the most efficient collection routes (Zhu et
al., 2019). Al has also become common in waste
management in some European countries, such as
Sweden and Norway. Al technology monitors and
optimizes waste collection, identifying the most
efficient collection routes based on volume and time
data (Rekabi et al., 2024).

Considering the importance of using artificial
intelligence in improving efficiency and waste
management, this study aims to explore the
development of research related to waste sorting and
the use of artificial intelligence through a bibliometric
analysis approach. It showcases the importance of
using VOSviewer analysis in waste management
research to identify research topics, identify research
trends, and provide direction for future efforts.
Bibliometric analysis is used to identify key trends,
analyze key relationships, and evaluate the impact of
Al on the efficiency, effectiveness, and sustainability
of waste management while identifying unexplored

233

research areas and potential research areas that can
lead to innovation-based Al. The research questions
addressed in this study are: 1) How have organic and
inorganic waste-sorting trends evolved globally in
recent years? 2) What are the challenges and
opportunities in developing and implementing Al-
based waste-sorting systems? Therefore, the main
objective of this study is to find out the trends in
research on waste-sorting and the use of Al in the
waste sorting process.

2. METHODOLOGY

This research uses a bibliometric analysis
approach to literature related to sorting organic and
inorganic waste and using artificial intelligence in
waste sorting. This bibliometric analysis is a
guantitative method that involves the application of
statistics to evaluate the relationship and impact of
publications, authors, institutions, and countries in a
particular field of research (Fu et al., 2023). The
database used in this research originated from Scopus
and was exported on February 10, 2024. The data
retrieval process is shown in Table 1.

Table 1 shows the data collection process in
waste management research. The inclusion criteria in
the study only selected journal articles related to waste
sorting, recycling, and Al applications. In addition,
this selection focused only on English publications
classified as “articles” in Scopus. Meanwhile, the
exclusion criteria filtered out less relevant sources,
such as conference papers, book chapters, review
articles, and studies that broadly addressed waste
management or Al without specifically addressing
waste sorting. These selection processes considerably
improved the accuracy of the studies in analyzing Al
applications in waste sorting research. Data collection
began by pulling data from the Scopus database. A
data search was conducted using the keyword “waste”,
which yielded 573,104 documents related to waste in
general. Then, the search was narrowed to “waste
management”, resulting in 69,006 documents. This
query was further refined by including the keyword
“recycling”, resulting in 14,989 documents. After that,
the keywords were restricted to “sorting”, resulting in
only 810 documents being identified.

The data was then processed using the
bibliometric  analysis tools VOSviewer and
Biblioshiny to spot research trends, identify key
contributors, and visualize networks within the
existing literature, providing a basic understanding of
how Al has been applied in waste management
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research. The final stage of the query is integrating Al
into the search with the terms “artificial intelligence”
or “Al” alongside the previous keywords. The result
was only 11 documents, indicating very little research

on using Al for waste management, especially in the
sorting process. These 11 articles are then analyzed in
more detail in the research results.

Table 1. Data collection overview: Waste management research keywords and results

Keywords Query Result Date Data process
Waste (TITLE-ABS-KEY (waste) 573,104 10 February Bibliometric:
documents 2024 Vos-viewer

Waste management _ (TITLE-ABS-KEY (waste) AND TITLE-ABS- 69,006 Biblioshiny

KEY (“Waste Management)) AND (LIMIT-TO documents

(LANGUAGE, “English”)) AND (LIMIT-TO

(DOCTYPE”ar”))
Recycling (TITLE-ABS-KEY (waste) AND TITLE-ABS- 14,989

KEY (“Waste Management”) AND TITLE-ABS- documents

KEY (recycling)) AND (LIMIT-TO (LANGUAGE,

“English™)) AND (LIMIT-TO (DOCTYPE, “ar”))
Sorting (TITLE-ABS-KEY (waste) AND TITLE-ABS- 810

KEY (“Waste Management”) AND TITLE-ABS- documents

KEY (recycling) AND TITLE-ABS-KEY (sorting))

AND (LIMIT-TO (LANGUAGE, “English”)) AND

(LIMIT-TO (DOCTYPE, “ar”))
Al OR “ARTIFICIAL (TITLE-ABS-KEY (waste) AND TITLE-ABS- 11 Literature
INTELLIGENCE” KEY (“Waste Management) AND TITLE-ABS- documents

KEY (recycling) AND TITLE-ABS-KEY (sorting)
AND TITLE-ABS-KEY (ai OR “ARTIFICIAL

INTELLIGENCE”)) AND (LIMIT-TO

(LANGUAGE, “English”)) AND (LIMIT-TO

(DOCTYPE, “ar”))

3. RESULTS AND DISCUSSION
3.1 The research trend analysis of waste sorting
technology based on annual publication and
countries

The bibliometric method was used to analyze
waste sorting research trends. First, the research trend
is shown based on annual data production. The annual
data production was processed using different
bibliometric and network analysis programs:
Microsoft Excel and VoSViewer. VoSViewer
software was used to determine the research trends on
organic and inorganic waste sorting technology, and
Microsoft Excel was used to visualize the data.

Figure 1 shows the annual scientific article
production data for the last 20 years (2003-2023).
Based on the data shown in Figure 1, the research trend
of organic and inorganic waste sorting from 2003 to
2023 shows significant development. At the beginning
of the period, article production tended to be low, even
reaching the lowest point in 2003 with no articles
produced. However, since 2009, there has been a
steady and sharp increase in the last years (2017-
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2023). This is due to the awareness of the importance
of efficient waste management, the demand for
environmental sustainability, technological advances
in waste sorting, and the changing era of the Industrial
Revolution. Despite a slight decrease in 2023, the
number of articles produced remains high compared to
the beginning of the period, indicating that this topic
remains relevant and in demand by researchers in
recent years.

In order to explore the data on countries
conducting research in this field, this study
investigated author countries based on multi-country
or single-country collaboration. The most prominent
countries in organic and inorganic waste sorting
technology are shown in the documents published in
each country and the number of citations (Figure 2).
China is ranked first, with the highest number of
publications and total citations. Denmark is the most
dominant country in organic and inorganic waste
sorting technology, with 110.80 citations per
document. Next is Singapore, with 71.50, and the
Netherlands, with 65.10 citations per document.
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Figure 1. Trends in the number of citations per year 2003-2023
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Figure 2. The distribution of countries with highest citation counts in organic and inorganic waste sorting technology research

Figure 2 illustrates the distribution of countries
with the highest citations in research on organic and
inorganic waste sorting technologies. China leads with
1094 citations, followed by Denmark with 886
citations and Germany with 634 citations. Sweden, the
Netherlands, Italy, Spain, the United States, Brazil,
and Turkey complete the top 10 list. This data
demonstrates the global reach and impact of research
efforts in waste sorting technologies, with
contributions and recognition coming from countries
across continents such as Europe, Asia, and the
Americas. However, the detailed country production
is shown in Table 2.

Table 2 compares the number of citations and
average citations of articles from different countries in
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waste sorting technology research. China leads with
1,094 total citations but a relatively lower average of
26.70 per article. In contrast, Denmark has fewer
citations (886) but a much higher average of 110.80
citations. This indicates the impact and quality of their
research output. Other countries include the
Netherlands and Singapore, which have relatively
high average citations.

3.2 Research trend analysis of leading authors and
source of publication

The study found ten of the most influential and
prolific authors researching organic and inorganic
waste sorting technology. Miezah K’s study published
in 2015 was the most cited, with 340 citations and an
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average number of citations per year of 34.0.
Similarly, this author published the most recently
published article to enter the top 10 most cited articles,
(Dahlboetal., 2017) and (Bernstad, 2014) took second

Table 2. Detailed country production information over time

and third place in terms of number of citations, with a
total of 222 and 201 citations, respectively, and an
average annual number of citations of 31.71 and 18.27,
respectively (see Figure 3).

No. Country Total citations Average article citations
1 China 1,094 26.7

2 Denmark 886 110.8

3 Germany 634 254

4 Sweden 630 42.0

5 Netherlands 586 65.1

6 ltaly 541 33.8

7 Spain 344 49.1

8 Usa 305 21.7

9 Brazil 296 37.0

10 Turkey 293 41.9

11 Japan 287 221

12 Finland 270 38.6

13 Belgium 235 21.4

14 Austria 198 14.1

15 France 162 16.2

Miezah K, 2015, Waste Managementment 340
Dahlbo H, 2018, Waste Management 1 222
Bernstad A, 2014, Waste Management 201
Adrados A, 2012, Waste Management 193
Eriksen MK, 2019, Waste Management 7 162
Wang X, 2016, Waste Management 149
Huang WL, 2002, Resourse Conserv Recycle | 135
Morf LS, 2007, Waste Management | 131
Serranti S, 2011, Waste Management ] 123
Xu L, 2017, Habitat International 1 ; 119 . .
0 100 200 300 400

Total Citations

Figure 3. Most global citations based on research on organic and inorganic waste sorting technology

In addition, this research examines the most-
published journal data related to research on organic
and inorganic waste-sorting technology. It found that
the journal with the most published articles was Waste
Management (77 articles), followed by Resources,
Conservation and Recycling articles and Waste
Management and Research articles, with totals of 26
and 22 (see Figure 4).

3.3 Analysis of keywords in research on organic
and inorganic waste sorting technology

The most relevant keywords were also analyzed
to highlight trending topics and possible future
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research topics. The research map of organic and
inorganic waste-sorting technology articles publishing
illustrates the grouping of keywords marked by their
color and number of nodes.

The grouping of keywords is categorized by
color in Figure 5, and includes sorting and recycling
technologies, waste management strategies, and
integration of Al and economic principles into
sustainable waste management solutions. Cluster 1
(red), consisting of 23 sorting technology items
consisting of classification, construction and
demolition waste, experimental design, electronic
waste, electric charge, electric field, electrostatic
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process, electrostatic separation, granular materials,
image processing, mass balance, particulates, resource
recovery, sorting, sorting at source, sorting efficiency,

shredding, solid waste management, survey,

triboelectricity, waste composition, waste electrical

and electronic equipment, and waste sorting.

Waste Management -

Resources, Conservation and Recycling
Waste Management and Research 1

Journal of Cleaner Production 1

IEEE Transactions on Industry Applications
Sustainability (Switzerland) -

Journal of Environmental Management 1
Detritus 1

Journal of Material Cycles and Waste Management -

Biocycle 1

7
26
22

Figure 4. The distribution of published articles in top journals
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Figure 5. The most relevant keywords related to organic and inorganic waste sorting technology [Source: Data Processing Result-

Vosviewer (2024)]

Cluster 2 (green) (green) consists of recycling
technologies with 20 items including of China,
flotation, food waste, household waste, information,
optical sorting, packaging waste, plastic recovery,
waste plastics, polymers, pyrolysis, recycling, recycling
behavior, separate collection, source separation,
sustainability, valorization, waste separation, waste
valorization, and waste to energy. Cluster 3 (blue)
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relates to waste management with 16 items including
glass, hyperspectral imaging, material flow analysis,
mechanical properties, mechanical recycling, plastic
packaging, plastic packaging waste, plastic recycling,
polyethylene, polyolefins, post-consumption waste,
quality control, recycling, solid waste, waste
segregation, and waste management. Cluster 4 (yellow)
deals with city solid waste, with 11 items: artificial
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intelligence, automatic sorting, bottom ash, density,
gravity separation, mechanical treatment, metal
recovery, metal recycling, municipal solid waste,
plastics, and waste. Cluster 5 (purple) is 10 technology-
economy items including circular economy,
composting, incineration, life cycle assessment,
municipal solid waste management, near-infrared
spectroscopy, polymer recycling, sensor-based sorting,
waste glass, and waste treatment.

As shown in Figure 6, the thematic map was
created based on keywords from the authors and
mapped into four themes: niche (top left), motor (top

right), developing or declining (bottom left), and central
(bottom right). In the motor, well-developed research
themes are plotted on the top right, including Cluster 1:
waste management, waste disposal, municipal solid
waste, waste treatment, and solid waste. The basic
themes of Cluster 4 include recycling, separation,
plastics, plastic recycling, and e-waste. Specific themes
include materials such as metals, copper, metal
recovery, aluminum, and iron. Emerging or declining
themes contain 1 Cluster theme, such as elastomers,
electrostatic  separators, electronics, electrostatic
separation, and polyvinyl chloride.

mechanical recycling

electrostatic separation
weee
triboelectricity

Development degree
(Density)

circular economy
municipal solid waste
plastic wastes
source separation
waste management

recycling A
separation AT
sorting
plastics
plastic recycling

Relevance degree
(Centrality)

Figure 6. Thematic Map of Authors' Keywords Categorization [Source: Data Processing Result- Biblioshiny (2024)]

Table 3 shows the results of the most relevant
literature on integrating artificial intelligence (Al) into
waste-sorting technology. The findings show that
waste-sorting technology has successfully improved the
efficiency and effectiveness of separating organic and
inorganic waste. Several research studies have
attempted to examine the development and application
of advanced Al algorithms in this field. For instance,
Liu et al. (2018) have developed an innovative waste
sorting system using the SURF-BoW image processing
algorithm and Multi-class SVM, which can show
improved accuracy in image-based waste sorting. In
addition, Chen et al. (2021) and Wang (2022) also tried
to use learning techniques to improve the classification
and separation of recyclable waste. These findings also
show the potential of Al in optimizing the waste
management process. The innovations from these
studies demonstrate waste segregation and contribute to
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more  sustainable environmental
management.

In addition, some studies have also combined Al
with other technologies, such as the Internet of Things
(loT), and continue to revolutionize the waste
management system. The research of Liao (2022) and
Wang et al. (2021) integrated loT with machine
learning and deep learning to create an innovative city
waste management system. The system uses real-time
data analytics to optimize waste collection routes,
monitor waste levels, and improve operational
efficiency. In addition, Aroba et al. (2023) and Tandon
and Bansal (2023) also examined the application of
innovative waste management solutions in smart cities.
This demonstrates the transformative impact of Al and
loT in achieving sustainable waste management
practices and improving urban living conditions. This
literature review shows that Al has also been widely
used in waste sorting.

planning and
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Table 3. The most relevant articles on artificial intelligence integration into waste-sorting technology

No. Journal title Author

The role of Al in waste sorting

1 Novel smart waste sorting system
based on image processing Algorithms:

SURF-BoW and Multi-class SVM

Liu et al. (2018)

Optimization of site selection for
construction and demolition waste
recycling plant using genetic algorithm
Artificial intelligence-based e-waste
management for environmental
planning

The adoption of an intelligent waste
collection system in a smart city

Liu et al. (2019)

Chen et al. (2021)

Aroba et al. (2023

Intelligent garbage classification
system based on deep learning
loT-enabled smart city waste
management using machine learning
analytics

A smart 10T system for waste
management

Research on intelligent garbage
classification algorithm based on deep
learning

A smart municipal waste management
system based on deep-learning and
internet of things

Waste management system using loT-
based machine learning in university
loT-enabled smart waste management:
Leveraging the power of 10T for
sustainable solutions

Liao (2022)

(2018)
Chen et al. (2018)

Wang (2022)

10 Khoa et al. (2020)

11
(2023)

)

Bakhshi and Ahmed

Wang et al. (2021)

Tandon and Bansal

Development of an intelligent waste sorting system that uses
SURF-BoW and Multi-class SVM image processing algorithms
to improve efficiency in the process of image-based waste
sorting.

Use of Al techniques, in the process of optimizing site selection
for construction and demolition waste recycling plants.

Application of Al to efficiently manage e-waste, to support
more sustainable environmental planning.

Implementation of smart waste collection systems in smart
cities, which improve the efficiency and effectiveness of waste
management through innovative technologies.

Using deep learning to recognize and separate recyclable waste.

Application of Internet of Things (IoT) technology to manage
waste in smart cities using machine learning analytics,
improving the efficiency of waste collection and processing.
Implementing a smart waste management system utilizing loT
technology.

Development of deep learning and application of Python in
deep learning, and study of intelligent garbage classification
algorithms based on Python deep learning.

Combining 10T technology and deep learning to improve waste
management efficiency.

Optimizing waste collection routes using machine learning
techniques.

loT-based waste management system can
efficiency of waste collection.

improve the

The differences between municipal, industrial,
and medical waste can affect the accuracy of Al in
waste classification and management. For example,
Al trained only on municipal waste will have difficulty
with accuracy when identifying medical or industrial
waste because each type of waste is different.
Municipal waste is mixed, industrial waste may
contain toxic materials, and medical waste includes
syringes and expired medications. In addition,
differences in regulations and classification standards
can cause Al to classify non-hazardous waste into
hazardous waste incorrectly. The technology is also
different: computer vision for municipal waste,
chemical sensors for industrial waste, and object
recognition for medical waste. Therefore, the model
must be trained with waste data covering all the above
categories for Al to work accurately.

Some future-related research can be developed
related to waste management. First, in developing a
waste sorting system, Al can improve the accuracy and
speed of waste sorting with advanced image
recognition and data analysis. In addition, Al can also
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be used to predict the amount and type of waste
generated, which can be used for easier waste
management planning and lower operational costs.
Secondly, the development of renewable technologies,
including the production of bioenergy from organic
waste such as biogas and biofuel, and the
improvement of the efficiency of of the conversion
process should be encouraged. Third, research on the
potential size of microorganisms can be developed to
help break down various types of organic waste that
can be used in waste-conversion technologies. Fourth,
multi-disciplinary collaboration on waste management
challenges involving scientists, government, industry,
and communities to support innovation and
investment in waste management technologies.

4. CONCLUSION

The findings of this study show that the trend of
research on organic and inorganic waste sorting
technology is growing significantly. This indicates
that interest in this research is relatively high. This
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research found that China is the most productive
country, based on the number of citations. However,
most of the other productive countries are in Europe,
making it the continent with the most countries
contributing to waste management research. Then,
regarding authors, Miezah K’s research, published in
2015, was the most cited. Meanwhile, the journal that
published the most articles was Waste Management
Journal, followed by Resources, Conservation and
Recycling, and Waste Management and Research
Journal. A literature analysis of the most relevant
articles showed that integrating artificial intelligence
(Al) into waste-sorting technology can improve the
efficiency and effectiveness of sorting organic and
inorganic waste and contribute to sustainable
environmental planning.

In the future, research and applications related
to organic and inorganic waste sorting technology
research can be one of the efforts to minimize waste.
In addition, research on organic and inorganic waste
sorting technology is fundamental to solving
environmental problems. This research is the basis for
developing new scientific research questions. It is
recommended that researchers pursue the
development of Al-enabled waste sorting technology,
refine the sorting processes, and carry out a thorough
impact study. These researchers should also
strengthen collaboration with international colleagues
and publish in well-known journals so that their output
has more impact. Policymakers must put more effort
into establishing regulatory standards, funding
research, and promoting sorting technologies in
industries and cities. Launching educational training
and establishing joint efforts with the private sector are
also important to hasten the introduction of better and
more sustainable waste-sorting technologies.
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