
www.ijcrt.org                                            © 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882 

IJCRT2512197 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b613 
 

A Review Article On Solid Waste Management: 

Challenges, Technologies, And Sustainable 

Solutions 

 

Dr. Mukesh Sharma1 

1Assistant Professor and Head of the Department of Chemistry. 

Babbar Akali Memorial Khalsa College, Garhshankar. 

 

Abstract 

Solid waste management (SWM) is a critical component of urban and rural environmental governance. Rapid 

urbanization, changing consumption patterns, and population growth have intensified pressure on waste 

collection, treatment, and disposal systems worldwide. This review synthesizes contemporary challenges in 

SWM, surveys established and emerging technologies, and outlines sustainable strategies that align with 

circular economy principles. Emphasis is placed on integrated approaches combining technical, policy, and 

community-driven solutions to reduce environmental and public health impacts while recovering value from 

waste streams. 
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1. Introduction 

Solid waste includes household refuse, industrial by-products, construction and demolition debris, agricultural 

residues, and hazardous wastes. Effective management of these materials is essential to prevent pollution, 

protect public health, and conserve resources. Historically, approaches focused on collection and disposal—

most commonly landfilling and incineration. However, the contemporary paradigm has shifted toward waste 

reduction, resource recovery, and treatment technologies that minimize environmental footprint. This review 

provides a concise but comprehensive overview of the challenges faced by SWM systems, technological 

options available, and sustainable frameworks for long-term improvement. 

 

http://www.ijcrt.org/


www.ijcrt.org                                            © 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882 

IJCRT2512197 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b614 
 

2. Main Challenges in Solid Waste Management 

2.1 Rapid Urbanization and Population Growth 

Urban centers are generating increasing amounts of waste, outpacing the capacity of existing infrastructure. 

Informal settlements often lack reliable collection services, leading to open dumping and burning that harm 

air, soil, and water quality. 

 

 

2.2 Heterogeneous Waste Composition 

Waste composition varies widely by region and season—organic fractions, plastics, paper, textiles, metals, 

glass, and hazardous components. Heterogeneity complicates treatment planning and reduces efficiency of 

recycling systems. 

2.3 Inadequate Infrastructure and Funding 

Many municipalities face shortfalls in financing for collection fleets, transfer stations, engineered landfills, 

and modern treatment facilities. Limited budgets also restrict enforcement and monitoring. 

2.4 Informal Sector and Labour Issues 

In many low- and middle-income countries, informal waste pickers provide essential recycling services but 

work under unsafe conditions without social protections. Integrating informal workers into formal systems is 

a socio-political and operational challenge. 

2.5 Environmental and Public Health Risks 

Poorly managed landfills and open dumps emit greenhouse gases (GHGs), leachate that contaminates 

groundwater, and vectors for disease. Open burning of waste emits toxic pollutants including particulate 

matter and persistent organic pollutants. 

2.6 Regulatory and Policy Gaps 

Insufficient regulations, weak enforcement, unclear mandates among municipal agencies, and lack of 

extended producer responsibility (EPR) frameworks hinder progress toward sustainable SWM. 

3. Technologies and Treatment Options 

A spectrum of technologies exists to treat and valorize solid waste. The choice depends on waste composition, 

scale, economic context, and environmental objectives. 

3.1 Source Reduction and Segregation  

Reducing waste generation at source and segregating at the household level greatly enhances recycling rates 

and reduces contamination. Education campaigns and incentivized separation programs are cost-effective first 

steps. 
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3.2 Collection and Transportation Innovations 

Optimized routing (using GIS and route-planning software), transfer stations, and segregated collection 

vehicles improve efficiency and lower emissions. Community-level micro-collection models have shown 

promise in areas with narrow streets. 

 

3.3 Mechanical Biological Treatment (MBT) 

MBT combines mechanical sorting with biological treatment (e.g., composting or anaerobic digestion of 

organics). MBT plants can reduce landfill-bound material significantly and produce RDF (refuse-derived fuel) 

or stabilized compost. 

3.4 Composting and Anaerobic Digestion 

Composting of organic wastes transforms biodegradable fractions into soil amendments. Anaerobic digestion 

(AD) offers the dual benefit of producing biogas (usable for heat/electricity) and digestate for soil use. AD is 

particularly suitable for high-organic-content wastes from markets, food processing, and agriculture. 

3.5 Material Recycling and Advanced Sorting 

MTPs (materials recovery facilities) with optical sorters, air classifiers, eddy current separators, and ballistic 

separators enable recovery of paper, plastics, metals, and glass. Advanced sorting technologies can increase 

recovery rates and produce cleaner secondary raw materials for industry. 

3.6 Waste-to-Energy (WtE) 

Thermal technologies—incineration with energy recovery, gasification, and pyrolysis—reduce mass and 

generate electricity/heat. Modern WtE plants include flue gas cleaning systems to control emissions, but these 

facilities require substantial capital and stringent operational controls. 

3.7 Landfill Engineering and Leachate Control 

Sanitary landfills with engineered liners, leachate collection, gas capture (for methane recovery), and proper 

capping are necessary to minimize long-term environmental impacts. Landfill gas can be utilized for power 

generation or upgraded to biomethane. 

3.8 Emerging and Niche Technologies 

Chemical recycling of plastics (depolymerization), hydrothermal liquefaction for wet wastes, and microbial 

valorization of specific waste streams are emerging and may become economically viable as technologies 

mature. 

4. Sustainable Solutions and Policy Instruments 

Technical measures alone are insufficient; sustainable SWM requires enabling policies, economic 

instruments, and social inclusion. 
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4.1 Circular Economy and Resource Recovery 

Transitioning from linear "take-make-dispose" models toward circular systems emphasizes repair, reuse, 

recycling, and product-as-service models. Designing products for recyclability and standards for recycled-

content incentivize closed-loop systems. 

4.2 Extended Producer Responsibility (EPR) 

EPR schemes make producers financially and operationally responsible for post-consumer management of 

products and packaging. Properly designed EPR can shift costs away from municipalities and encourage eco-

design. 

4.3 Waste Segregation Policies and Incentives 

Regulatory mandates for source segregation, combined with pay-as-you-throw (PAYT) pricing for residual 

waste and subsidies or markets for recyclables, create economic drivers for behavior change. 

4.4 Formalizing the Informal Sector 

Integrating waste pickers through cooperatives, fair contracts, training, and social protections improves 

recycling efficiency while respecting livelihoods. 

4.5 Public Awareness and Behavioural Change 

Sustained education campaigns—school programs, community workshops, and media—are essential to foster 

long-term behavioral change toward reduced consumption and proper sorting. 

4.6 Financing Mechanisms 

Blended finance models (public–private partnerships, performance-based contracts, international climate 

funds) can mobilize capital for capital-intensive infrastructure while transferring expertise to local operators. 

4.7 Data, Monitoring, and Digital Tools 

Accurate waste characterization studies, data-driven planning, and monitoring of greenhouse gas emissions 

(including lifecycle analysis) enable better policy decisions and investment prioritization. 

5. Case Examples and Best Practices (Illustrative) 

a. Decentralized organic waste treatment: Community-level composting and AD plants near markets 

reduce transport needs and produce local soil amendments and energy. 

b. Integrated MRF + WtE systems: Cities that combine high-quality source segregation with MRFs and a 

modular WtE backstop can minimize landfilling while recovering energy. 

c. EPR success stories: Jurisdictions that implemented robust EPR for packaging have seen measurable 

increases in recycling rates and reductions in litter. 

d. Inclusive models: Cities that have formalized waste picker cooperatives have improved recovery rates 

and worker welfare simultaneously. 
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6. Recommendations for Practitioners and Policymakers: 

1. Prioritize source reduction and segregation through legislation and incentives. 

2. Invest in a mix of decentralized and centralized technologies suited to local waste composition and 

geography. 

3. Implement EPR frameworks and foster markets for secondary materials. 

4. Integrate the informal sector with formal systems through capacity building and fair contracting.  

5. Secure sustainable finance via PPPs, climate finance, and user-fee reforms. 

6. Use data and digital tools for planning, monitoring, and continuous improvement. 

7. Ensure environmental safeguards in all engineering solutions—particularly air emissions, leachate 

control, and GHG mitigation. 

7. Conclusion 

Solid waste management is a multifaceted challenge requiring coordinated technical, economic, social, and 

policy interventions. Modern sustainable SWM emphasizes waste minimization, material recovery, safe 

treatment of residuals, and the inclusion of stakeholders at all levels. By adopting a circular economy mindset, 

investing in appropriate technologies, and implementing inclusive policies, municipalities and regions can 

reduce environmental impacts, recover value from waste, and improve public health outcomes. 
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