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I.INTRODUCTION 
 

Plastic materials are widely used in packaging, construction, healthcare, electronics, and transportation 

industries because of their lightweight, durability, and low cost. However, the continuous increase in 

plastic consumption has resulted in massive plastic waste generation worldwide. According to 

environmental studies, millions of tons of plastic waste enter oceans and landfills every year, causing 

severe environmental pollution. 

 

Plastic waste management involves the collection, transportation, processing, recycling, and disposal 

of plastic materials. Conventional disposal methods such as landfilling and open burning create 

environmental hazards including soil contamination, greenhouse gas emissions, and toxic chemical 

release. Therefore, sustainable recycling and waste management technologies are becoming 

increasingly important. 

 

Recent innovations in recycling  

technologies have improved the recovery and reuse of plastic materials. Advanced methods such as 

chemical recycling, AI-based waste segregation, biodegradable plastics, and waste-to-energy 

Abstract- Plastic waste has become one of the most serious environmental challenges worldwide due to 

rapid industrialization, urbanization, and excessive use of single-use plastics. Improper disposal of plastic 

waste leads to land pollution, water contamination, and harmful effects on marine and human life. Effective 

plastic waste management and innovative recycling technologies are essential to reduce environmental 

damage and promote sustainable development. Traditional methods such as landfilling and incineration 

have several environmental limitations, encouraging researchers to focus on advanced recycling methods 

including mechanical recycling, chemical recycling, pyrolysis, biodegradable plastics, and AI-based waste 

segregation systems. Recent advancements in smart waste management technologies and circular economy 

practices have significantly improved recycling efficiency and resource recovery. However, challenges such 

as high processing costs, contamination of plastic waste, lack of public awareness, and inadequate recycling 

infrastructure still remain. This review paper presents an overview of plastic waste management systems, 

modern recycling innovations, challenges, and future directions for sustainable plastic waste handling. 

 

Keywords: Plastic Waste, Recycling, Waste Management, Chemical Recycling, Pyrolysis, Circular Economy, 

Biodegradable Plastics. 

 



 

RTET- 2K26”, National Conference  (June-2026) 
Organized by Department of General Sciences and 
Engineering, AITRC Vita 

International Journal of Science, 
Engineering and Technology 
ISSN: 2348-4098, P-ISSN: 2395-4752 

 

Page. 2 

conversion are helping industries move toward sustainable waste management systems. This paper 

reviews various plastic waste management methods, recycling innovations, challenges, and future 

developments in the field. 

 

II. RELATED WORK 
 

Several researchers have contributed significantly to the field of plastic waste management and 

recycling technologies. 

 

Geyer et al. [1] analyzed global plastic production and waste generation, emphasizing the urgent need 

for improved recycling systems. Hopewell et al. [2] discussed mechanical recycling methods and 

highlighted the environmental benefits of recycling plastic materials. 

 

Singh and Sharma [3] investigated chemical recycling processes such as pyrolysis and 

depolymerization for converting plastic waste into fuel and useful chemicals. Al-Salem et al. [4] 

studied waste-to-energy technologies for plastic waste treatment and evaluated their environmental 

impacts. 

 

Recent studies by Zhang et al. [5] explored AI-based smart waste segregation systems using machine 

learning and sensor technologies to improve recycling efficiency. Similarly, Kumar and Patel [6] 

reviewed biodegradable plastics and bio-based polymers as alternatives to conventional petroleum-

based plastics. 

 

Researchers such as Chen et al. [7] focused on circular economy strategies to minimize plastic waste 

through reuse, recycling, and sustainable product design. Although major advancements have been 

achieved, challenges related to recycling costs, contamination, and public awareness still remain 

critical concerns. 

 

III. FUNDAMENTALS OF PLASTIC WASTE MANAGEMENT 
 

A. Sources of Plastic Waste 

Plastic waste is generated from multiple sectors including: 

⚫  Household waste 

⚫  Industrial waste 

⚫  Medical waste 

⚫  Packaging materials 

⚫  Agricultural plastics 

⚫  Electronic waste 

Improper disposal of these materials causes environmental pollution and affects ecosystems. 

 

B. Plastic Waste Collection and Segregation 

Efficient waste collection and segregation are essential for successful recycling processes. Modern 

waste management systems use: 

⚫  Smart bins 

⚫  Sensor-based sorting systems 

⚫  AI-powered waste classification 

⚫  Automated conveyor systems 

These technologies improve recycling efficiency and reduce contamination. 
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Plastic Waste Segregation System 

 
 

C. Mechanical Recycling 

Mechanical recycling involves collecting, cleaning, shredding, melting, and remanufacturing plastic 

waste into new products. It is one of the most commonly used recycling methods because of its lower 

operational cost.  

 

Steps in Mechanical Recycling: 

1. Collection 

2. Sorting 

3. Washing 

4. Shredding 

5. Melting and extrusion 

6. Manufacturing new products 

However, repeated recycling may reduce the quality and strength of plastics. 

 

Mechanical Plastic Recycling Process 

 
 

D. Chemical Recycling 

Chemical recycling converts plastic waste into fuels, monomers, and chemicals through chemical 

processes such as: 

⚫  Pyrolysis 

⚫  Gasification 

⚫  Depolymerization 

⚫  Solvent-based recycling 

Pyrolysis is widely used for converting plastic waste into liquid fuel under high temperatures in the 

absence of oxygen. 
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Pyrolysis and Chemical Recycling 

 
 

IV. RECYCLING INNOVATIONS 
 

A. AI-Based Smart Recycling Systems 

Artificial Intelligence (AI) and machine learning technologies are being used for automatic waste 

identification and sorting. Smart recycling systems improve material recovery rates and reduce manual 

labor. 

Benefits include: 

⚫  Faster sorting 

⚫  Reduced contamination 

⚫  Improved recycling accuracy 

⚫  Lower operational costs 

 

B. Biodegradable Plastics 

Biodegradable plastics are developed using natural materials such as starch, cellulose, and polylactic 

acid (PLA). These plastics decompose naturally and reduce environmental pollution. 

Applications include: 

⚫  Food packaging 

⚫  Medical products 

⚫  Agricultural films 

Biodegradable Plastics and Eco-Friendly Packaging 

 
 

C. Waste-to-Energy Technologies 

Waste-to-energy systems convert plastic waste into electricity, heat, or fuel using thermal and 

chemical conversion methods. 
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Major technologies include: 

⚫ Incineration with energy recovery 

⚫ Gasification 

⚫ Pyrolysis 

⚫ Plasma arc technology 

These technologies help reduce landfill waste and generate useful energy. 

 

V. COMPARATIVE ANALYSIS OF RECYCLING METHO 
 

Mechanical recycling is a low-cost and commonly used method in which plastic waste is cleaned, 

melted, and reused to make new products. It is environmentally friendly but may reduce plastic quality 

after repeated recycling. Chemical recycling converts plastic waste into fuel or useful chemicals 

through advanced processes like pyrolysis, providing better material recovery but requiring higher 

cost and energy. 

 

Waste-to-energy technology converts non-recyclable plastic waste into electricity or heat through 

thermal processes. It helps reduce landfill waste and generate energy, but it may produce harmful 

emissions if not properly controlled. Each recycling method has its own advantages depending on 

cost, efficiency, and environmental impact. 

 

VI. CHALLENGES AND FUTURE DIRECTIONS 
 

Despite technological advancements, several challenges remain in plastic waste management: 

1. Plastic Waste Contamination: Mixed plastic waste reduces recycling efficiency. 

2. High Recycling Costs: Advanced recycling systems are expensive. 

3. Lack of Public Awareness: Improper waste disposal affects recycling operations. 

4. Limited Infrastructure: Developing countries lack proper recycling facilities. 

5. Environmental Concerns: Incineration can release harmful gases. 

 

Future research is focused on: 

⚫ AI-powered smart recycling plants 

⚫ Fully biodegradable plastics 

⚫ Advanced chemical recycling technologies 

⚫ Circular economy implementation 

⚫ Sustainable packaging solutions 

⚫ Robotics in waste segregation 

These innovations will improve recycling efficiency and reduce environmental pollution globally. 

 

VII. CONCLUSION 
 

Plastic waste management and recycling innovations play a critical role in reducing environmental 

pollution and promoting sustainability. Conventional waste disposal methods are insufficient to 

handle increasing plastic waste generation. Advanced recycling technologies such as mechanical 

recycling, chemical recycling, AI-based waste segregation, biodegradable plastics, and waste-to-

energy systems provide effective solutions for sustainable plastic waste management. 

 

Recent technological advancements have improved recycling efficiency, resource recovery, and 

environmental protection. However, challenges such as high operational costs, contamination, and 

limited infrastructure still require attention. Future developments in smart recycling technologies and 
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sustainable material design will support the transition toward a circular economy and cleaner 

environment. 
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