
 

74 

 

ISSN 2347 - 3983 

Volume 14. No.3, March 2026 

International Journal of Emerging Trends in Engineering Research 
Available Online at http://www.warse.org/IJETER/static/pdf/file/ijeter0114032026.pdf 

https://doi.org/10.30534/ijeter/2026/0114032026 
 

 

 

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 (AI) has made huge 

advances in technology, such as predictive analytics, 

automation, and more.  Analytics and generative AI both help 

make it easier to recover, sort, and recycle trash.  This paper 

analyses the various tiers of artificial intelligence 

applications, encompassing micro, meso, and macro levels.  

Giving specific examples of how AI 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 AI that are meant for waste, as well as sustainable 

industrial prospects for working together. 

 

Key words : Circular economy, AI technology, analytics,  

E-waste, Biodiversity, Circular model  

 

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  

 
 

 

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 (AI), to 

enhance waste management efficiency and modify public 

attitudes towards waste disposal.   Artificial intelligence (AI) 

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. 

 

 

 

 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 (AI) 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 

(AI) 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, in turn, 

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 AI 

 

  3.1 AI 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 (AI) 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 (IoT), artificial 

intelligence (AI) continues to be a force for positive change in 

the technological sector, promoting innovation and efficiency 

in a wide range of disciplines. 

        Artificial 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 AI is purpose-driven in nature [18].   In their 

categorization of artificial intelligence (AI) 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 (AI) 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 AI, decision-making 

AI, and optimization AI.    

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, 

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 AI 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 AI, 

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 

AI-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 

a reduction in time of 28.22% and a decrease in cost of 13.35% 

[21]. 

 The circular economy is being revolutionized by 

generative AI, 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].   In conclusion, 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 (AI) 

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 (AI) 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 (AI) has a substantial 

impact on the behavior of the public in relation to garbage 

disposal practices and is more responsible.  In addition, AI 

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 

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 (AI) 

with other technologies, such as big data analytics and the 

Internet of Things (IoT), 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.    
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