
      ISSN (Online) 2456 -1304 

International Journal of Science, Engineering and Management (IJSEM) 

Volume 13 Issue 06 June 2026 

26 

Smart Circularity Framework for Plastic Waste 

Management in Chennai: Collection, Segregation, 

Material Recovery, and Innovative Resource 

Utilization Pathways 
[1] Ashita Pravallika Paipuri, [2] Rufus Nathanael Patrick 

[1] Vestas R&D Technology Chennai, India 
[2] L&T PES Chennai, India 

Email: [1] ashpai25072016@gmail.com, [2] rufuspatrick94@gmail.com  

 

Abstract— Plastic waste management has become a critical urban sustainability challenge in rapidly developing cities such as 

Chennai, India. Although collection and recycling systems exist, inefficient segregation, contamination of recyclable materials, and 

limited high-value utilization pathways continue to reduce circularity and resource recovery efficiency. Emerging smart-city technologies 

and decentralized recycling approaches present opportunities to transform plastic waste management from a disposal-focused system 

into an integrated circular economy model. 

This study presents a conceptual smart circularity framework for plastic waste management in Chennai by combining waste collection 

analysis, segregation challenges, plastic composition assessment, circularity evaluation, and future-oriented innovation pathways. Major 

plastic waste streams including Polyethylene Terephthalate (PET), High-Density Polyethylene (HDPE), Polypropylene (PP), Low-

Density Polyethylene (LDPE), and multilayer plastics were evaluated based on collection efficiency, recyclability, market demand, and 

environmental impact. 

The study further proposes innovative approaches including AI-assisted waste segregation, dynamic waste collection systems, 

distributed micro-recycling hubs, digital plastic traceability concepts, and waste-to-engineering-material pathways. A Plastic Circularity 

Index (PCI) is introduced as a simplified framework for prioritizing plastic streams according to their circular economy potential. 

The findings indicate that PET and HDPE demonstrate the highest circularity potential due to established recycling value chains and 

strong market demand, while multilayer plastics remain a major challenge because of low recyclability and contamination issues. The 

proposed framework highlights how smart technologies, decentralized recycling infrastructure, and engineering valorization pathways 

could significantly improve urban plastic circularity and resource recovery. 

This work provides a future-oriented conceptual framework for municipalities, researchers, industries, and policymakers seeking to 

accelerate sustainable plastic waste management and circular economy implementation in Chennai and similar urban regions. 

Index Terms— Circular Economy, Chennai, Recycling Innovation, Plastic Circularity Index, Resource Recovery 

I. INTRODUCTION 

Plastic waste has emerged as one of the most pressing 

environmental and urban sustainability challenges of the 

twenty-first century. Rapid urbanization, increasing 

consumerism, and widespread dependence on plastic-based 

packaging have significantly increased municipal plastic 

waste generation worldwide. A substantial proportion of this 

waste remains improperly managed, resulting in landfill 

accumulation, drainage blockage, marine pollution, and 

environmental degradation. 

India is among the world’s largest plastic-consuming 

nations, generating millions of tonnes of plastic waste 

annually. Although policies such as the Plastic Waste 

Management Rules and restrictions on selected single-use 

plastics have been introduced, practical implementation 

challenges remain significant. Poor segregation at source, 

contamination of recyclable plastics, limited recycling 

infrastructure, and uneven public participation continue to 

reduce material recovery efficiency. 

Chennai, one of India’s largest metropolitan cities, faces 

increasing pressure on its waste management infrastructure 

due to population growth, urban expansion, changing 

consumption patterns, and increasing packaging waste. 

During monsoon seasons, plastic accumulation in drainage 

systems further contributes to urban flooding and 

environmental leakage into coastal ecosystems. 

Conventional waste management approaches primarily 

focus on waste collection and disposal rather than resource 

recovery and circularity. However, circular economy 

principles offer opportunities to redesign urban plastic 

systems through improved segregation, recycling, reuse, and 

valorization of waste materials into useful products. 

Recent advances in smart-city technologies, artificial 

intelligence, decentralized recycling systems, and material 

recovery methods have created opportunities to reimagine 

urban plastic waste management systems. Concepts such as 

AI-assisted segregation, digital material traceability, 

distributed micro-recycling hubs, and waste-to-engineering-
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material pathways may enable cities to improve resource 

recovery while reducing environmental impact. 

This study proposes a conceptual smart circularity 

framework for Chennai that integrates: 

• Plastic waste composition analysis 

• Collection and segregation assessment 

• Circularity evaluation 

• Smart waste management concepts 

• Innovative recycling and material recovery pathways 

• Waste-to-material utilization opportunities 

The objectives of this study are: 

• To analyze Chennai’s plastic waste ecosystem 

• To identify dominant plastic waste streams 

• To assess circularity potential of different plastics 

• To evaluate current collection and segregation 

challenges 

• To propose innovative circular economy pathways for 

enhanced resource recovery 

• To introduce a Plastic Circularity Index framework for 

Chennai  

II. LITERATURE REVIEW 

A. Plastic Waste Management in Urban India 

Plastic waste management in Indian cities involves a 

combination of formal municipal systems and informal waste 

collection networks. Municipal corporations are responsible 

for primary collection and transportation, while waste pickers 

and scrap dealers play a major role in recovering recyclable 

plastics. 

Previous studies indicate that inadequate segregation at 

source significantly reduces recycling efficiency. 

Contaminated plastics often become unsuitable for high-

quality recycling and are diverted to landfills or low-value 

applications.  

B. Circular Economy for Plastics 

Circular economy principles aim to maximize material 

utilization while minimizing waste generation. The four 

major principles include: 

• Reduce – minimizing unnecessary plastic consumption 

• Reuse – extending product life cycles 

• Recycle – converting waste into reusable materials 

• Recover – extracting value through energy or material 

recovery 

Circularity in plastics depends heavily on segregation 

quality, material purity, and economic feasibility of recycling. 

C. Plastic Valorization Pathways 

Plastic valorization refers to converting waste plastics into 

higher-value products. Common approaches include: 

Mechanical Recycling: 

• Shredding 

• Washing 

• Melting and reprocessing 

Chemical Recycling: 

• Pyrolysis 

• Depolymerization 

• Gasification 

Waste-to-Materials Applications: 

• Plastic lumber 

• Construction blocks 

• Composite materials 

• 3D printing filament 

• Road construction additives 

D. Research Gap 

Although multiple studies discuss plastic waste generation 

and recycling in India, limited city-level analysis exists 

linking plastic composition, segregation efficiency, and 

circular economy potential. Few studies specifically evaluate 

Chennai’s dominant plastic streams and their suitability for 

high-value resource recovery pathways. 

III. PLASTIC WASTE ECOSYSTEM IN CHENNAI  

A. Sources of Plastic Waste 

Plastic waste in Chennai originates from multiple sectors: 

Residential Sources: 

• Food packaging 

• Bottles 

• Carry bags 

• Household containers 

Commercial Sources: 

• Retail packaging 

• Delivery packaging 

• Disposable products 

Industrial Sources: 

• Plastic scrap 

• Packaging materials 

• Manufacturing rejects 

Institutional Sources: 

• Educational institutions 

• Hospitals 

• Offices 

• Public events 

B. Collection Infrastructure 

The Greater Chennai Corporation manages municipal 

waste collection through door-to-door collection systems and 

secondary transfer stations. However, the informal sector 

continues to play a critical role in recovering recyclable 

plastics. 

The collection ecosystem includes: 

• Municipal collection vehicles 

• Waste pickers 
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• Scrap dealers 

• Aggregation centers 

• Material recovery facilities (MRFs) 

Informal waste collectors are particularly important for 

recovering PET bottles and HDPE containers due to their 

higher market value. 

C. Current Segregation Practices 

Segregation practices in Chennai remain inconsistent. 

Although source segregation has been promoted, mixed 

waste disposal remains common. 

Primary segregation categories include: 

• Wet waste 

• Dry waste 

• Domestic hazardous waste 

Plastic segregation challenges include: 

• Food contamination 

• Mixing of recyclable and non-recyclable plastics 

• Limited public awareness 

• Low segregation compliance 

• Difficulty handling multilayer plastics 

IV. PLASTIC WASTE COMPOSITION ANALYSIS  

Table 1: Estimated Plastic Waste Composition in Chennai 

from literature 

Type Share Common Sources 

PET 22% Beverage bottles 

HDPE 18% Containers, detergent bottles 

PP 27% Food packaging, household 

products 

LDPE 16% Carry bags, films 

Multilayer 17% Snack packaging, Sachets 

Polypropylene (PP) appears to constitute the largest share 

due to extensive use in packaging and consumer products. 

PET and HDPE demonstrate comparatively higher recycling 

rates because of established collection value chains. 

 
Figure 1: Pie chart showing plastic composition percentages 

V. CIRCULARITY ASSESSMENT 

PET demonstrates the highest circularity potential due to 

strong recycling demand and relatively clean collection 

pathways. Multilayer plastics remain the most problematic 

due to mixed material composition and difficult separation 

processes. 

Table 2: Circularity Assessment of Major Plastic Streams 

Plastic Collection 

Efficiency 

Recyclability Market 

Value 

Circularity 

Potential 

PET High High High Excellent 

HDPE High High Medium High 

PP Medium Medium Medium Moderate 

LDPE Low Moderate Low Limited 

MLP Low Difficult Low Difficult 

VI. PROPOSED CIRCULAR ECONOMY 

FRAMEWORK 

The proposed framework integrates the following stages: 

Stage 1 – Waste Generation (Residential, commercial, 

industrial, and institutional plastic waste generation) 

Stage 2 – Collection (Door-to-door collection, informal 

recovery, and aggregation) 

Stage 3 – Segregation (Source segregation and secondary 

sorting at MRFs) 

Stage 4 – Material Classification (Identification of PET, 

HDPE, PP, LDPE, and multilayer plastics) 

Stage 5 – Recycling and Valorization (Mechanical 

recycling, chemical recycling, and material conversion) 

Stage 6 – End-Use Applications: 

• Recycled packaging 

• Construction products 

• Plastic lumber 

• 3D printing filament 

• Composite materials 

• Engineering products 

 
Figure 2: Proposed Circular Economy Framework 
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VII. INNOVATIVE CIRCULAR ECONOMY 

PATHWAYS FOR CHENNAI 

To enhance long-term sustainability and improve plastic 

circularity, this study proposes several innovative approaches 

that integrate smart technologies, decentralized recycling 

systems, citizen participation, and engineering valorization 

pathways. Although conceptual in nature, these approaches 

provide a future-oriented framework for improving resource 

recovery efficiency in Chennai. 

A. Smart Plastic Identification and Digital Traceability 

One of the major challenges in plastic recycling is 

improper segregation and lack of material traceability. This 

study proposes a “Plastic Passport” concept in which 

packaging materials contain digitally accessible information 

regarding polymer type, recyclability, and disposal pathways 

through QR-enabled labeling systems. 

Such systems could improve segregation efficiency by 

enabling consumers and waste handlers to identify recyclable 

materials more accurately. Integration with mobile 

applications may further support citizen awareness and 

reward-based recycling systems. 

B. AI-Assisted Waste Collection and Segregation 

Current waste collection systems often follow fixed 

routing patterns without considering variations in waste 

generation. AI-assisted collection systems using fill-level 

sensors, dynamic routing algorithms, and seasonal waste 

pattern analysis could optimize collection efficiency while 

reducing transportation costs and emissions. 

In addition, low-cost AI-assisted segregation kiosks using 

image recognition and spectral identification technologies 

could improve separation of PET, HDPE, PP, LDPE, and 

multilayer plastics at community-level collection centers. 

C. Distributed Micro-Recycling Hubs 

Centralized recycling facilities frequently face logistical 

and contamination challenges. This study proposes 

decentralized neighborhood-scale micro-recycling hubs 

capable of shredding, sorting, extrusion, and filament 

production. 

Such systems could: 

• Reduce transportation requirements 

• Improve localized resource recovery 

• Support startup ecosystems 

• Enable community participation in circular economy 

activities 

Micro-recycling systems may also support educational 

institutions and innovation centers through small-scale 

recycled material production. 

D. Waste-to-Materials and Engineering Applications 

Higher-value utilization pathways can significantly 

improve plastic circularity. Instead of limiting recycling to 

low-grade products, recovered plastics could potentially be 

utilized in: 

• Construction panels 

• Plastic lumber 

• Composite boards 

• 3D printing filament 

• Lightweight engineering products 

Future studies may further investigate the feasibility of 

using recycled plastics in renewable energy and infrastructure 

applications, including non-structural wind turbine 

subcomponents and urban utility systems. 

E. Plastic Circularity Index for Chennai 

To evaluate the circularity potential of different plastic 

streams, this study proposes a Plastic Circularity Index (PCI) 

based on: 

• Collection efficiency 

• Segregation efficiency 

• Recyclability 

• Market demand 

• Environmental benefit 

The PCI framework provides a simplified methodology for 

prioritizing plastic waste streams according to their resource 

recovery potential and sustainability impact. 

F. Citizen Participation and Incentive Systems 

Behavioral participation remains essential for effective 

segregation and recycling. This study proposes incentive-

driven “Plastic Wallet” systems that reward households and 

institutions for improved segregation quality and recyclable 

plastic return rates. 

Potential incentives may include: 

• Public transport credits 

• Utility bill discounts 

• Local business reward points 

• Community sustainability rankings 

Such systems may encourage long-term public 

engagement in circular economy initiatives. 

G. Chennai-Specific Circularity Opportunities 

Chennai’s coastal geography and monsoon-related 

flooding challenges make plastic leakage management 

particularly important. GIS-based plastic hotspot mapping, 

drainage accumulation analysis, and urban plastic leakage 

monitoring systems could support more targeted waste 

management interventions. 

Integrating these technologies with circular economy 

frameworks may improve both environmental sustainability 

and urban resilience. 
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Figure 3: Proposed Smart Circular Plastic Ecosystem 

Framework for Chennai 

VIII. DISCUSSION 

The findings of this study indicate that Chennai’s plastic 

waste ecosystem presents both significant challenges and 

substantial circular economy opportunities. Polypropylene 

(PP) and PET constitute a major portion of the city’s plastic 

waste stream due to increasing packaging consumption and 

urban commercial activity. Among the analyzed materials, 

PET demonstrates the highest circularity potential because of 

its relatively high collection efficiency, established recycling 

pathways, and strong market demand. 

The study also highlights that the largest losses within the 

current system occur during segregation and material 

recovery stages. Inadequate source segregation, 

contamination of recyclable plastics, and limited processing 

infrastructure for low-value plastics significantly reduce 

recycling efficiency. Multilayer plastics remain one of the 

most difficult waste streams due to mixed material 

composition and limited economically viable recycling 

pathways. 

The proposed smart circularity framework demonstrates 

that future improvements in plastic waste management may 

depend not only on expanding recycling capacity but also on 

integrating technology-enabled systems and decentralized 

resource recovery models. AI-assisted segregation, dynamic 

waste collection routing, and distributed micro-recycling 

hubs may improve recovery efficiency while reducing 

transportation and operational burdens. 

In addition, the concept of converting recovered plastics 

into engineering materials, construction products, and 

additive manufacturing feedstock provides opportunities to 

increase the economic value of recycled plastics beyond 

conventional low-grade applications. Such approaches may 

strengthen the viability of circular economy implementation 

in urban regions. 

The proposed Plastic Circularity Index (PCI) further 

provides a simplified decision-support framework for 

prioritizing plastic streams according to their recovery 

potential and sustainability impact. This framework may 

support municipalities and industries in developing targeted 

recycling and circularity strategies. 

Although the study is conceptual and primarily based on 

literature, municipal reports, and circular economy principles, 

it establishes a scalable foundation for future field-based 

research, material flow analysis, GIS mapping, life-cycle 

assessment, and techno-economic evaluation of smart 

circularity systems in Chennai. 

IX. RECOMMENDATIONS 

Based on the findings of this study, several strategic 

recommendations are proposed to improve plastic circularity 

and resource recovery in Chennai. 

A. Strengthen Source Segregation Systems 

Improving segregation at source remains one of the most 

critical requirements for increasing recycling efficiency. 

Public awareness programs, standardized color-coded 

segregation systems, and community-level monitoring 

mechanisms should be expanded to reduce contamination of 

recyclable plastics. 

Digital citizen engagement platforms and reward-based 

participation systems may further improve long-term 

segregation compliance. 

B. Implement Smart Collection and Segregation 

Technologies 

Future waste management systems in Chennai may benefit 

from smart-city integration approaches including: 

• AI-assisted waste segregation 

• Sensor-based collection monitoring 

• Dynamic collection routing systems 

• Image-recognition-based plastic identification 

Such systems could improve operational efficiency while 

reducing transportation costs and material losses. 

C. Expand Distributed Material Recovery 

Infrastructure 

Instead of relying entirely on centralized recycling 

facilities, decentralized micro-recycling hubs may improve 

localized resource recovery and reduce logistics-related 

inefficiencies. 

Community-scale recycling centers capable of sorting, 

shredding, extrusion, and filament production may support: 

• Local circular economies 

• Startup ecosystems 

• Educational innovation programs 

• Small-scale manufacturing applications 

D. Develop High-Value Waste-to-Material Pathways 

Recovered plastics should increasingly be directed toward 

higher-value utilization pathways rather than low-grade 

recycling applications. Potential opportunities include: 

• Construction materials 

• Plastic lumber 

• Composite boards 
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• 3D printing filament 

• Urban infrastructure products 

• Engineering materials 

Research partnerships between municipalities, industries, 

academic institutions, and startups may accelerate innovation 

in sustainable material applications. 

E. Establish a Plastic Circularity Index for Chennai 

The proposed Plastic Circularity Index (PCI) framework 

may be further developed into a city-level sustainability 

metric for evaluating: 

• Collection efficiency 

• Segregation quality 

• Recycling potential 

• Market demand 

• Environmental impact 

Such an index could support data-driven decision-making 

and prioritization of recovery strategies for different plastic 

streams. 

F. Improve Management of Low-Value and Multilayer 

Plastics 

Specialized strategies are required for low-value plastics 

and multilayer packaging materials due to their poor 

recyclability and low recovery rates. Potential approaches 

include: 

• Dedicated collection systems 

• Chemical recycling research 

• Waste-to-energy integration 

• Alternative packaging material development 

G. Promote Circular Economy Innovation Ecosystems 

Long-term sustainability may require the development of 

integrated circular economy ecosystems involving: 

• Municipal authorities 

• Informal waste sectors 

• Recycling industries 

• Research institutions 

• Technology startups 

• Citizen communities 

Such collaborative ecosystems may accelerate innovation, 

improve material circularity, and support sustainable urban 

development. 

H. Chennai-Specific Environmental Monitoring 

Given Chennai’s coastal geography and monsoon-related 

flooding vulnerabilities, future waste management strategies 

should incorporate: 

• GIS-based plastic hotspot mapping 

• Drainage plastic accumulation monitoring 

• Coastal plastic leakage assessment 

• Seasonal waste generation analysis 

These measures may help reduce environmental leakage 

while improving urban resilience. 

 

X. CONCLUSION 

This study presented a conceptual smart circularity 

framework for plastic waste management in Chennai by 

integrating waste collection analysis, segregation assessment, 

circularity evaluation, and innovative resource recovery 

pathways. 

The analysis identified PP and PET as major contributors 

to Chennai’s plastic waste stream, while PET and HDPE 

demonstrated the highest circularity potential due to stronger 

recycling value chains and market demand. The study further 

highlighted that poor segregation efficiency and inadequate 

recovery systems remain major barriers to effective plastic 

circularity. 

To address these challenges, the study proposed future-

oriented approaches including: 

• AI-assisted segregation systems 

• Smart waste collection models 

• Distributed micro-recycling hubs 

• Digital plastic traceability concepts 

• Waste-to-engineering-material pathways 

• Plastic Circularity Index assessment 

The proposed framework demonstrates how urban plastic 

waste systems may evolve from disposal-oriented 

management toward integrated circular resource ecosystems. 

Although the framework remains conceptual, it provides a 

foundation for future implementation-oriented studies 

involving field surveys, smart-city technologies, material 

recovery optimization, and engineering utilization of 

recycled plastics. 

Future work may include experimental validation, GIS-

based waste mapping, techno-economic assessment, 

machine-learning-assisted segregation systems, and 

evaluation of recycled plastics for engineering and 

infrastructure applications. 

Plastic Circularity Index for Chennai 

Table 3: Plastic Circularity Index Assessment 

 C S R M E 

PET 3 3 3 3 3 

HDPE 3 2 3 2 3 

PP 2 2 2 2 2 

LDPE 1 1 2 1 2 

Multilayer plastics 1 1 3 1 1 

C – Collection Efficiency 

S – Segregation Efficiency 

R – Recyclability  

M – Market Demand 

E – Environmental benefit 

High – 3; Medium – 2; Low - 1 

Based on the assessment, PET ranks highest in overall 

circularity potential, followed by HDPE and PP. Multilayer 

plastics remain the least favorable due to recycling 

complexity and low recovery efficiency. 
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