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ABSTRACT

To make a circular economy (CE) approach work, new ways
of dealing with waste must be used that create more value
and use resources better while having less of an impact on the
environment. The artificial intelligence (Al) has made huge
advances in technology, such as predictive analytics,
automation, and more. Analytics and generative Al both help
make it easier to recover, sort, and recycle trash. This paper
analyses the wvarious tiers of artificial intelligence
applications, encompassing micro, meso, and macro levels.
Giving specific examples of how Al solutions can make
things more efficient and how they can help the environment
as well as the benefits of circularity. By incorporating
artificial intelligence into computer engineering frameworks,
businesses and Institutions must confront the existing barriers
to change, instigate significant transformations, and cultivate
momentum for newly created engineering techniques based
on Al that are meant for waste, as well as sustainable
industrial prospects for working together.
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1. INTRODUCTION

Trash management is becoming more and more
important in many developing countries, where rapid
urbanization and industrialization have led to an
unprecedented rise in the amount of trash being made. A lot
of produced trash isn't being disposed properly, which has
polluted the environment and is a big threat to ecosystems in
cities. The problem is especially bad in big cities , where the
current waste management systems can't keep up with the
growing amount of trash. Even though traditional waste
management methods have been put in place to fix these
problems, there are still major problems that need to be fixed,
like irregular garbage collection schedules, bad sorting
methods, and a low level of public participation in recycling
programs. Due to these inefficiencies, landfills are filling up
with too much garbage. Plastic waste is a big problem for
marine life and biodiversity because it makes up about 20% of
all waste [1]. Also, the lack of effective ways to use modern
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technology in waste management makes it harder to make
cities more environmentally friendly.

The primary deficiency in the current literature and
waste management practices is the inadequate integration of
innovative technologies, such as Artificial Intelligence (Al), to
enhance waste management efficiency and modify public
attitudes towards waste disposal. Artificial intelligence (Al)
has been effectively employed across various industries to
enhance operational efficiency and refine decision-making
processes; however, its potential in waste management
remains insufficiently investigated, especially in developing
nations [2]. Most of the research that has been done on
artificial intelligence in waste management focuses on
technical aspects of the field, like optimizing routes and
predicting trash volume. Very little research has been done on
how artificial intelligence could change people's behavior and
help create a more sustainable and integrated waste
management system [3].

Furthermore, although several developed countries,
notably Japan and South Korea, have successfully integrated
artificial intelligence into waste management, there is a
paucity of research examining the adaptability and efficacy of
these technologies in nations with varying socioeconomic
conditions, infrastructural capacities, and public awareness [4].
This is a major flaw in the research, and it shows how
important it is to come up with solutions that are specific to the
situation, taking into account the local environment, the
resources that are available, and how much the community is
involved.

The need to deal with the growing problem of waste
management is not only about making operations more
efficient; it is also about reaching bigger global goals for
sustainability. This study is specifically aligned with several
Sustainable Development Goals (SDGs), notably SDG 11
(Sustainable Cities and Communities), SDG 12 (Responsible
Consumption and Production), and SDG 13 (Climate Action).
One of the most important components of the development of
sustainable cities is effective trash management, which ensures
that garbage is correctly collected, sorted, and recycled, hence
minimizing environmental impact and greenhouse gas
emissions [5].

More specifically, adding artificial intelligence to trash
management systems is a revolutionary way to fix problems
and get more people involved in recycling and throwing away
trash.  Solutions based on artificial intelligence can predict
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patterns in trash production, make collection routes more
efficient, and automate the sorting process. This means that
less trash is sent to landfills. These systems could also be
combined with public engagement strategies, such as
gamification and incentive-based models, to encourage people
to throw away their trash in a more environmentally friendly
way. This is an important part of the process of reaching
Sustainable Development Goal 12 [6].

2. THE ECONOMY THAT IS BASED ON A CIRCULAR
MODEL

The concept of the circular economy (CE) refers to a
framework within which economic operations, such as
resourcing, purchasing, production, and reprocessing, which
are all components of a system that is meant to enhance
environmental performance as well as the prosperity of people
Chemical engineering is founded on the ideas of industrial
ecology, industrial ecosystems as well as industrial symbiosis,
with reverse logistics playing a vital part in its application.
The primary objective of CE is to make more effective use of
resources while simultaneously minimizing waste,
as well as restricting the consequences that commercial
operations have on the natural environment [7].

In addition, the emphasis of a circular economy is on the
continued growth of the economy advancement while
simultaneously decreasing dependence on resources that are
not renewable, with the guarantee that materials and products
continue to circulate via separate technological and biological
channels [8].  Circular economy improves the capacity to
maintain sustainability via the efficient use of resources and
the elimination of waste and is a fundamental component of
the European Union's industrial policy, however the degree to
which it is implemented differs from one member state to
another [9] [10].

In addition to that, the Commission of the European
Union reduces the amount of non-circular inputs while
facilitating systemic modifications in the flows of energy and
materials encouraging the reduction of carbon emissions [11].
CE in underdeveloped nations, especially in the field of
building enhances the efficiency of resources and ecosystem
restoration by implementing creative waste management
strategies. Even though there is no consensus on what
constitutes closed-loop ecology (CE), the primary emphasis of
this concept is enhancing the flow of information throughout
the different stages of the lifecycle [12].

In order to put the concepts of a circular economy into
practice, it is necessary to manage many types of operational
degrees of intricacy. By creating an extensive plan, it is
possible to make the accomplishment of this objective easier
through a framework that incorporates macro, meso, and
micro dimensions. It customizes tactics on several levels,
making it possible to discover new synergies and coordination
among actors and, as a result, making the most of resources
and fostering sustainable development across a wide range of
sectors and areas.
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2.1. Multilayer circular economy

A circular economy (CE) that is based on a multilayer
framework is one that incorporates a variety of different
aspects and scales in order to tackle the difficulties that arise
while making the switch from a linear to a circular model.
There is a framework that usually includes micro (business),
meso (industry), and macro levels.

- Micro Level: On a micro level, clean energy practices are
carried out within a single company. These practices
emphasize cleaner production, eco-design, green purchasing,
and the reuse or recycling of products [7]. This includes a
comprehensive analysis of particular categories of emissions
or materials, covering activities such as the consumption of
resources, the production of goods and services, jobs that add
value, corporate research and development, the disposal of
waste, and emissions into the air [13].

- Meso Level: The majority of CE practices occur at the meso
level, which is where efforts are focused on the development
of eco-industrial parks. These parks are communities of
businesses that collaborate with one another in order to
achieve both economic and environmental benefits through the
efficient utilization of resources [7]. Indicators at this level are
used to detect activities that occur within a specific domain or
sector of consumption, such as waste materials, the efficiency
of production processes, and pollution caused by a specific
sector. They are frequently used to assess the performance of
industrial parks [13].

- Macro Level: On a broader scale, CE is concerned with the
movement of materials and energy within a specified region or
country. This includes industrial metabolism, which is the
input-output processes that occur in a particular area with
regard to materials and energy [7]. It considers the closed
system or enclave of resources and products that circulate
within a country, which includes the international trade system,
recycling,  repairing, reuse, remanufacturing, and
refurbishment. It encompasses all economic activities that
take place within a country that are part of the circular
economy, including both primary and secondary resources,
such as manufactured goods, used goods, waste, and scraps.
The overall performance of these resources is assessed at the
national level [7].

In light of the multilevel framework for continuous
education (CE), the integration of cutting-edge technologies
has the potential to significantly amplify the impact of these
practices. In particular, artificial intelligence (Al) provides
powerful tools to improve CE efforts due to its ability to
analyze extensive datasets, optimize processes, and predict
outcomes. The process of embedding artificial intelligence
(Al) inside the circular economy (CE) framework makes it
feasible to address specific difficulties and identify new
possibilities at the micro, meso, and macro levels. This, inturn,
facilitates a more efficient and effective circular economy.
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3. METHODS FOR ENHANCING THE CIRCULAR
ECONOMY WITH ARTIFICIAL INTELLIGENCE: AN
EMPHASIS ON GENERATIVE Al

3.1 Al Classification and Functionality

Artificial intelligence is a vast area that encompasses a
wide range of strategies and approaches that are intended to
replicate human intellect and to solve difficult problems in an
efficient manner [14]. The scope of these methods can range
from the use of straightforward algorithms to the use of more
complex machine learning models [14]. In addition to this,
artificial intelligence (Al) is a domain that combines several
different fields of study in order to create systems that are
capable of making decisions on their own, solving problems,
and processing languages [15]. Artificial intelligence is able
to convert large datasets, recognize patterns, and carry out
tasks with the least amount of human interaction by utilizing
machine learning [16].

It has applications in a wide range of industries,
including cybersecurity, autonomous transportation, health,
and real-time analytics, among others [17]. In conjunction
with robots and the Internet of Things (loT), artificial
intelligence (Al) continues to be a force for positive change in
the technological sector, promoting innovation and efficiency
in a wide range of disciplines.

Acrtificial intelligence tools may be classified according
to a number of different views, which is indicative of the wide
range of technologies and uses they have. One method for
classifying them involves categorizing them according to the
several stages of the development lifecycle: data gathering,
model training, and deployment. This categorization assists in
the identification of development niches. Sharma's
classification of artificial intelligence in urban planning is
based on algorithms and procedures, and it highlights the fact
that Al is purpose-driven in nature [18]. In their
categorization of artificial intelligence (Al) technologies in the
field of machine learning (ML), Mosqueira-Rey and his
colleagues took into consideration lifecycle patterns, including

alterations in engineering and the participation of humans [19].

Learning-based applications and problem diagnostics were
highlighted by Chang and his colleagues as they concentrated
their attention on artificial intelligence algorithms for smart
manufacturing [20].

This wide-ranging classification brings attention
to the fact that the function of artificial intelligence is
developing in a variety of areas. The current categorizations of
artificial intelligence (Al) technologies, whether they are
based on the lifecycle of development, algorithms, or
applications, are helpful. Nevertheless, there are significant
benefits to be gained from the use of application-based
categorization, which includes generative Al, decision-making
Al, and optimization Al.

As is seen, application-based categorization is
more in line with real-world applications, which makes it
simpler for both technical and non-technical stakeholders to
utilize artificial intelligence solutions. The process of
establishing essential roles makes it easier to pick options,
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improves the integration of businesses, and keeps the
objectives in sharp focus.

3.2 Artificial Intelligence in Waste Management

Even though artificial intelligence covers a broad
spectrum of methods and technologies, generative Al is a
standout in the field. It possesses a distinct capacity to quicken
the process of shifting over to a circular economy. The
portion that is being referenced investigates the ways in which
artificial intelligence, with a specific focus on generative Al,
might improve the cyclical economics throughout the whole
sector of waste management Examples from everyday life will
demonstrate the ways in which artificial intelligence-driven
systems might increase efficiency and make substantial
advancements in the micro, meso, and macro levels of
analysis.

For instance, research has demonstrated that the use of
Al-based techniques provides considerable advantages that
may be gained via the implementation of route optimization in
garbage collection. A decrease in the distances travelled for
transportation of up to 36.8 percent has been attained using
systems that are powered by artificial intelligence. There was
areduction in time of 28.22% and a decrease in cost of 13.35%
[21].

The circular economy is being revolutionized by
generative Al, which is helping to improve the efficiency of
waste management and the process of recycling. Chatbots
powered by artificial intelligence assist people in the process
of separating garbage and making the process of achieving
sustainability easier. Artificial intelligence also assists in the
creation of things that may be used more than once, and may
be repaired, and has closed material loops. The additional
optimization is achieved by leveraging big data and machine
learning and the use of materials, which leads to a significant
reduction in waste.

Generative artificial intelligence possesses significant
ability to transform waste management in all industries,
shifting away from conventional mechanisms to mechanisms
that are more intelligent and depending on resources. There
are a number of obstacles that must be overcome in order to
incorporate artificial intelligence technology into the waste
management systems. Despite the fact that artificial
intelligence has been shown to be successful in industrialized
nations, its implementation in some underdeveloped countries
is limited due to a lack of suitable technological infrastructure,
budgetary limits, deficiencies in public awareness, and
infrastructural issues [3]. In addition, the research
underscores the importance of tailoring artificial intelligence
solutions in order to ensure that they are compatible with the
local sociocultural settings. This is a vital element for the
successful adoption of waste management methods [22].

In order to improve the way that waste is managed,
research recommends a number of different policy initiatives.
To begin with, in order to make the integration of artificial
intelligence into this industry easier, the government ought to
make a considerable investment in both technological
infrastructure and training programs. In the second place, it is
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of the utmost importance to increase the number of public
education efforts and awareness campaigns in order to
encourage the participation of the community in practices of
waste management that are driven by artificial intelligence
[23]. Inconclusion, in order to make progress in the field of
waste management, it is vital to implement policies that
provide incentives for the adoption and development of new
technologies [24 — 26].

By decreasing landfill trash, boosting recycling rates, and
reducing greenhouse gas emissions, artificial intelligence (Al)
technology contributes to environmental sustainability in
addition to improving operational efficiency [27-30]. As a
result, the integration of artificial intelligence into the
management of trash has the potential to be an important factor
in the progress of underdeveloped countries goals pertaining
to sustainable development.

Although this research offers forth significant findings, it
acknowledges the presence of some constraints. One instance
of this would be that the meta-analysis data that was utilized
for this study was obtained from research that was conducted
in developed countries. This data may not be entirely
representative of the underdeveloped countries situation.
Furthermore, the fact that the research concentrates mostly on
the technical and operational components of waste
management implies that there is a need for a more thorough
investigation of the social and behavioral elements of trash
management [3].

4. CONCLUSION

According to research, artificial intelligence (Al) has
the capacity to bring about significant changes in the area of
waste management efficiency, to alter the behavior of the
general population, and to help underdeveloped countries
achieve their objectives for sustainable development. The
incorporation of artificial intelligence into waste management
systems led to enhanced operational efficiency, a decrease in
the amount of time required to collect garbage, and an increase
in the rate of recycling. The results of the investigation
demonstrate that artificial intelligence (Al) has a substantial
impact on the behavior of the public in relation to garbage
disposal practices and is more responsible. In addition, Al
helps to optimize operations related to waste management.
Despite the fact that there are clear advantages, problems such
as infrastructural restrictions, budgetary constraints, and
public awareness concerns must be resolved in order for
artificial intelligence to be successfully implemented. In
conclusion, research provides evidence that artificial
intelligence may play a key role in sustainable waste
management, supporting Sustainable Development Goals 11,
12, and 13, provided that it is integrated with comprehensive
plans that encompass government policies, technology
infrastructure, and public education.

5. FUTURE RESEARCH

Future research efforts should be dedicated to carrying

out thorough field investigations in a variety of
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underdeveloped countries. These studies will assess the
real-world effectiveness of treatments for waste management
that are based on artificial intelligence, taking into
consideration the varying urban and rural environments. The
development of waste management techniques that are more
comprehensive and adaptive is contingent upon the adoption
of a multidisciplinary approach, which incorporates technical,
behavioral, and policy-related elements. Further study should
also investigate the integration of artificial intelligence (Al)
with other technologies, such as big data analytics and the
Internet of Things (loT), in order to establish a more
sophisticated, adaptable, and responsive waste management
system. Furthermore, it will be necessary to create
quantitative and clearly defined performance indicators in
order to evaluate the effect that the incorporation of artificial
intelligence has on the efficiency and sustainability of waste
management.

REFERENCES

1. A. H. Baghanam, V. Nourani, & K. Shakori. Long-Term
Solid Waste Quantity Prediction Using Al-Based
Models, Considering Climate Change Impact—A
Case Study. Soft Computing Techniques in Solid Waste
and Wastewater Management, pp. 337-348, 2021.

2. AE. Aydin, & P. Yildirim. Understanding food waste
behavior: The role of morals, habits and knowledge.
Journal of Cleaner Production, vol. 280, 2021.

3. Y. A Fatimah, K. Govindan, R. Murniningsih, & A.

Setiawan. Industry 4.0 based sustainable circular

economy approach for smart waste management

system to achieve sustainable development goals: A

case study of Indonesia. Journal of Cleaner Production,

vol. 269, 2020.

A. Halog, & S. Anieke, A Review of Circular Economy

Studies in Developed Countries and Its Potential

Adoption in Developing Countries. Circular Economy

and Sustainability, vol.1, no.1, pp.209-230, 2021.

5. D. Cudjoe, Q. Yuan, & M.S. Han. An assessment of the
influence of awareness of benefits and perceived
difficulties on waste sorting intention in Beijing.
Journal of Cleaner Production, vol. 272, 2020.

6. LAjzen. The theory of planned behavior.
Organizational Behavior and Human Decision
Processes, vol. 50, no.2, pp. 179-211, 1991.

7. J.Liu, Y. Feng, Q. Zhu, & J. Sarkis. Green supply chain
management and the circular economy: Reviewing
theory for advancement of both fields. Int. J. Phys.
Distrib. Logist. Manag. vol. 48, pp.794-817, 2018.

8. S. Gunter. Circular Economy: Illusion or First Step
towards a Sustainable Economy: A Physico-Economic
Perspective. Sustainability, vol.14, article 4778, 2022.

9. E.Mazur-Wierzbicka. Circular economy: Advancement
of European Union countries. Environ.  Sci.
Eur. , vol.33, pp. 111, 2021.

10. N. Cudecka-Purina, D. Atstaja, V. Koval, M. Purvins, P.
Nesenenko, & O. Tkach. Achievement of Sustainable

s



Dina Darwish et al., International Journal of Emerging Trends in Engineering Research, 14(3), March 2026, 74 - 78

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Development Goals through the Implementation of
Circular Economy and Developing Regional
Cooperation. Energies, vol.15, article 4072, 2022.

B. Herb. Building a circular economy. Vis. Educ., vol.
311, 2022.

J. Mangers, M. Minoufekr, P. Plapper, & S.S. Vijay
Keshav Kolla. An Innovative Strategy Allowing a
Holistic System Change towards Circular Economy
within Supply-Chains. Energies, vol.14, article 4375,
2021.

A. A. Ahmed, M.A. Nazzal, B.M. Darras, & I.M. Deiab.
A comprehensive multi-level circular economy
assessment framework. Sustain. Prod. Consum. vol. 32,
pp.700-717, 2022.

S. Bhattacharya, K. Govindan, S.G. Dastidar, & P.
Sharma. Applications of artificial intelligence in
closed-loop supply chains: Systematic literature
review and future research agenda. Transp. Res. Part
Logist. Transp. Rev. , vol. 184, pp. 103455, 2024.

F. Morandin-Ahuerma. ~ What is  Artificial
Intelligence? Int.  J.  Res.  Publ.  Rev, vol.3,
pp.1947-1951, 2022.

A. Manish, W. Bilal, & S.Haju. Artificial
Intelligence. Int. J. Sci. Technol. Eng.,vol. 10,

pp.1210-1220, 2022.

A. Verma, & H. Verma. A review of artificial
intelligence and its application in the future medical
field. Int. J. Sci. Res. Eng. Manag., vol.6, pp.1-7, 2022.
V.S. Sreenath. Classes of Al tools, techniques, and
methods. In Artificial Intelligence in Urban Planning
and Design; Elsevier: Amsterdam, The Netherlands,
2022.

E. Mosqueira-Rey, E. Hernandez-Pereira, D.
Alonso-Rios, & J.R. Bobes-Bascaran. A Classification
and Review of Tools for Developing and Interacting
with Machine Learning Systems; Association for
Computing Machinery: New York, NY, USA, 2022.
C.W. Chang, HW. Lee, & C. H. Liu. A Review of
Artificial Intelligence Algorithms Used for Smart
Machine Tools. Inventions, vol.3, no.41, 2018.

B. Fang, J. Yu, Z. Chen, A.l. Osman, M. Farghali, I. Ihara,
E.H. Hamza, D. W. Rooney, & P. S. Yap. Artificial
intelligence for waste management in smart cities: A
review. Environ. Chem. Lett., vol.21, pp.1959-1989,
2023.

F. Taghikhah, E. Erfani, I. Bakhshayeshi, S. Tayari, A.
Karatopouzis, & B. Hanna. Artificial intelligence and
sustainability: Solutions to social and environmental
challenges. Artificial Intelligence and Data Science in
Environmental Sensing, pp.93-108, 2022.

I. Tussyadiah, & G. Miller. Perceived Impacts of
Avrtificial Intelligence and Responses to Positive
Behaviour Change Intervention. Information and
Communication Technologies in  Tourism 2019,
pp.359-370, 2019.

E.M. Rogers. Diffusion of Innovations, 5th Edition.
free press, 2003.

78

25.

26.

27.

28.

29.

30.

M. He, Y. Jin, H. Zeng, & J. Cao. Pricing decisions
about waste recycling from the perspective of
industrial symbiosis in an industrial park: A game
model and its application. Journal of Cleaner
Production, pp.251, vol.119417, 2020.

Ng. P. S. Joseph Ng, K. P. Vasu, K. Y. Phan, J. Sun, & Z.
Wei. Managing sustainable E-Waste resilient
infrastructure effectively with the introduction of
Smart Bin. Journal of Advanced Research in Applied
Mechanics, vol. 118, no.1, 108-130, 2024.

K. H.Yu, Y. Zhang, D. Li, C.E. Montenegro-Marin, & P.
M. Kumar. Environmental planning based on reduce,
reuse, recycle and recover using artificial intelligence.
Environmental Impact Assessment Review, vol. 86, 2021.
D. Darwish. Machine learning and loT for health 4.0,
loT and ML for Information Management: A Smart
Healthcare Perspective, Springer, 2024.

D. Darwish. Artificial Intelligence Implementation in
Education Processes, Deep Science Publishing, 2025.
G. Manoharan, and D. Darwish, Revolutionize the
Financial Services: Artificial Intelligence in the
Finance Sector, Utilizing Al and Machine Learning in
Financial Analysis, IGl Global Scientific Publishing,
2025.



