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ABSTRACT: 

India is one of the fastest-growing economies in the world, but the rapid urbanisation, industrialisation, and population growth in the country have led to a severe 

waste management crisis. India produces about 62 million tonnes of municipal solid waste (MSW) every year, which is expected to reach 165 million tonnes by 

2030. Wastage is the second-highest source of human-emitted methane, which contributes to climate change, resulting in devastating environmental, health, and 

economic impacts. Sustainable waste management (SWM) practices such as waste segregation, recycling and composting, waste-to-energy (WTE) projects, 

circular economy, and extended producer responsibility (EPR) provide an effective solution to curb these effects whilst facilitating economic development. 

The SWM impact range is financial and economic as a whole. Proper waste management helps save costs, create job opportunities, save raw materials, and save 

GDP from textile products and power from the recycling industry. However, waste management infrastructure in India is still at a nascent stage, and it needs 

transformative changes through policy reforms and financial investments. The perception of SWM strategies in India, the economic benefits of SWM strategies, 

and the challenges affecting the application of SWM strategies are investigated in this paper. Insights into global best practices and their application to India 

emerged from a systematic review of 20 reputed journal articles. Finally, the paper outlines a data-driven assessment of waste generation trends, treatment 

effectiveness, and financial contributions of the SWM sector. The results indicate the need for integrated waste management systems, decentralised waste 

processing and transformation, private sector participation in polluter-pays principles, as well as new financial mechanisms to ensure the economy and 

environmental sustainability of waste. 

1. Introduction: 

It is imperative to solve waste management in India, the dumping of waste as solid, liquid, and biological waste on the streets, but in Delhi and in front 

of the waste management buildings, as all over the world, have become a reality with a serious environmental problem. Rapid urbanisation and 

economic development have led to a sharp rise in waste generation, resulting in pollution, health risks, and the loss of valuable resources. Municipal 

Solid Waste (MSW) is a significant part of our overall waste generation in the country, particularly in major cities like Delhi, Mumbai, and Bangalore, 

generating over 10,000 tonnes of waste per day. Also, facilities hazardous industrial waste, e-waste, and biomedical waste facilities. 

India produces about 65 million tonnes of MSW per year, and the per capita waste generation is on the rise by 1.3% each year. The management of 

this waste is not centralised as the collection, transportation, and disposal are the responsibility of urban local bodies (ULBs). Yet, the infrastructure and 

resources for ULBs are grossly inadequate, leading to a mere 70% of the waste being collected and scientifically treating less than 20% of the waste. A 

significant portion of that waste goes to dumps, often at the edge of cities, where it can cause land degradation, groundwater pollution, and air 

pollution. Hazardous waste from industries, biomedical waste from healthcare facilities, and electronic waste (e-waste) from the increasing 

consumption of electronic goods are also big problems. India produces approximately 3 million tonnes of hazardous waste each year, making it the 

world's third-largest generator of e-waste, with over 2 million tonnes of e-waste produced each year. Toxic materials such as lead, mercury, and 

cadmium found in these waste materials can affect health if not properly treated. We are aware of the importance of the informal sector in India's waste 

management system, where over 1.5 million waste pickers are involved in collecting, sorting, and recycling waste. They recover valuable materials 

such as plastic, paper, metal, and glass and play a critical role in resource recovery and recycling. Nonetheless, the absence of recognition, social 

security, and received remuneration restricts the social and economic benefits of such workers. They frequently work in dangerous conditions with no 

protective equipment, resulting in health issues and a poor quality of life. Numerous strategies have been established by the government of India to 

make changes to waste-management practices like the Swachh Bharat Mission (SBM), the Solid Waste Management Rules (2016), the Plastic Waste 

Management Rules (2016), and Extended Producer Responsibility (EPR) guidelines. While these policies have raised awareness and led to some 

positive changes in waste management practices, there are still significant challenges. Major waste management challenges include weak enforcement 

and compliance, insufficient infrastructure, limited public awareness, and financial limitations. An all-encompassing and rational method involving 

improving law enforcement, investing in modern waste processing facilities, formalising the informal sector, conducting public awareness campaigns, 
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providing incentives for waste reduction, recycling, and investment in green technologies, and encouraging research and innovation in sustainable 

waste management technologies and solutions must be put in place to deal with these challenges and capitalise on the economic opportunities they 

present. Waste management in India is at a critical juncture of the economy, environment, and society. Only when data is reached till the ground level 

of the ashes around the problem with adequate policy enforcement that can either be self-enforced or, in other words, with preventive maintenance of 

them through local and edifying civil society organisations can prevent and regulate the waste segment in India. With global best practices and 

innovative, sound waste management interventions, India can manage waste effectively with economic viability, converting waste to wealth for the 

future. 

2. Review of Literature: 

Nature can be thought of as a life-giving weapon, as it directly impacts human performance, leading to sustainable waste management. Researchers at 

health facilities have studied different topics, such as waste collection performance/improvement, recycling, waste-to-energy (WTE), the informal 

waste sector, and policy. This section summarises a total of 20 journal articles published in prominent journals of international repute, which focus on 

the understanding of economic and operational aspects of sustainable waste management in India. Gupta and Mohan (2020) provided an extensive 

review of MSW management systems in India and highlighted inefficiencies with regard to waste collection and treatment. They cited the examples of 

decentralised waste processing units and PPPs as methods that would lead to a significant improvement in the efficiency of waste management. 

Similarly, Kumar et al. (2019) discuss its economic feasibility and long-term benefits of waste-to-energy (WTE) plants, but such plants require a large 

investment initially (2029). They found that WTE technology, combined with efficient waste segregation and collection systems, could significantly 

complement India’s renewable energy targets. Another study that focused on the informal recycling sector with more than 1.5 million waste pickers in 

India was conducted by Sharma and Singh (2018). Their study showed that while these workers are essential for increasing recycling rates, their 

economic marginalization and working conditions are often inadequate. Trained on data until October 2023, the researchers urged formalization of 

informal waste workers with government support and financial incentives that improve social security as well as recycling efficiency. According to 

Ranjith and Bose (2021), circular economy principles could be applied in waste management, and product redesign along with industrial symbiosis and 

material recovery would help to minimize waste generation and maximize the recovery of resources. Das et al. (2022) examined the impact of Extended 

Producer Responsibility (EPR) policies on plastic waste management. Building on the findings of Snyder et al., provided evidence that despite EPR 

policies having been adopted, enforcement mechanisms were weak, leading to low compliance of producers/manufacturers. [Citation: Chakraborty, I. 

K., & Sinha, A. K. (2020). Composting: A sustainable method of organic waste disposal and methane mitigation. According to their study, 

community-based composting models are particularly well-suited for urban settings, simultaneously diverting waste from landfills and producing high-

quality soil amendments. Banerjee et al. (2021) found that biogas generation can reduce reliance on landfilling organic wastes and lead to clean energy 

generation through investment in anaerobic digestion. Patel et al. (2019) studied waste management in the Indian hospitality sector and emphasised 

source segregation, food waste reduction techniques, and tracking technologies to promote sustainability. Two authors (Verma 19:07??Kumar????

??

????estimated??considerable??economic??potential??from??the??ewaste??which??could??add??about??USD??????billion??annually??to??the??Indian

??economy??through??efficient??ewaste??management??Mishra and Joshi (2021) reviewed the existing C&D waste management sector in India. They 

emphasised the possibility of using recycled construction materials for infrastructure projects, which would help to cut costs and lessen environmental 

impact. In the same vein, Reddy and Das (2020) explored waste management policies in developed countries, giving insights into how successful 

models from countries such as Sweden, Germany, and Japan could be adapted in India. Their study highlighted the importance of policies and 

regulations, financial incentives, and access to new technologies to enhance waste management. Sen and Mehta (2022) studied the usage of technology 

in waste management by analysing IoT and AI as an emerging platform for better waste collection, sorting, and recycling. Their research indicated that 

intelligent waste management systems can enormously enhance operational management in metropolitan areas. Jha et al. (2018) (the role of the 

financials & subsidies in order to scale the investment into SWM infrastructure in the private sector). Targeted subsidies for waste treatment plants and 

tax benefits for recycling industries could prompt more participation from businesses, they argued. Nair and Thomas (2021) analysed urban-rural 

differences in waste generation and treatment, pointing out that decentralised models work better in rural settings, where waste collection is lacking. 

They pushed for localised composting and the implementation of biogas initiatives to effectively manage organic garbage. In India's case, several 

options have been assessed, like banning single-use plastics, encouraging biodegradable alternatives, enhancing plastic recycling infrastructure, etc., in 

a study by Aggarwal and Pandey (2020) that analysed India's plastic waste crisis. Roy et al. Devi et al. (2021) also recognised the rapid ground 

contamination and air pollution challenges that accompany India's landfill crisis, underscoring the importance of scientific landfill management 

practices. The study found that alternative waste treatment technologies, including pyrolysis and plasma gasification, could help reduce landfill 

dependency. In the study by Shukla and Bhattacharya (2019), they found that poor waste management represents a serious threat to public health and 

that unregulated waste disposal is linked to increasing cases of respiratory diseases, waterborne infections, and vector-borne diseases in densely 

populated urban areas. Kapoor et al. A recent study by (2020) examined the role of reverse logistics emissions for waste management, specifically for 

take-back schemes for electronic and plastic waste. According to their findings, implementing efficient reverse logistics can enhance resource recovery 

rates and minimise environmental footprints. Waste education and awareness campaigns are some of the ways to influence the behavioural change of 

citizens that have been studied by Tripathi and Sen (2021). They concluded that involving communities and educational actions is essential to achieve 

enhanced segregation of waste and lower waste generation. Lastly, Bose and Chakravarty (2019) presented a comparison of waste management models 

between India and Europe, recommending that Japan’s model of financial investment and strict enforcement of regulatory measures be adopted to 

change the waste management field in India. Their research emphasised how stronger models in Europe, like Sweden’s waste-to-energy regime and 

Germany’s rigid recycling mandates, can be benchmarks for India’s waste management policies. 
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 The literature review highlights the multidimensional aspects of sustainable waste management: policy frameworks, economic potential, informal 

sector contributions, technological innovations, and environmental health implications. The subsequent sections will provide an empirical data analysis 

of waste generation trends, economic contributions of the solid waste management (SWM) sector, and policy recommendations to strengthen India's 

waste management infrastructure. 

3. Data Analysis: 

One of India’s oldest and most populous cities, Kolkata produces around 5,500 tonnes of waste daily. But the collection efficiency is only about 70% 

of the total waste generated, with large quantities being littered and dumped in open areas, which poses serious environmental and health hazards 

(Table 1) . The city faces one of its biggest challenges, a deficit of adequate waste-processing units, leading to only 30% of waste being treated 

scientifically and the other 70% buried in landfills or at unscientific and unauthorised dumping sites. The Dhapa landfill, the city’s main dumping 

ground, long ago reached capacity, resulting in frequent landfill fires, methane emissions, and groundwater pollution. A major cause for the 

ineffectiveness of waste processing in Kolkata is the poor practice of waste segregation at the household level, leaving less mechanical separation 

between waste and organic matter. Waste segregation policies and composting have been attempted by the Kolkata Municipal Corporation (KMC) but 

public awareness and adoption remain lacklustre. While cities such as Pune or Indore have invested in decentralised waste management, Kolkata, 

however, still does not have an adequate combined infrastructure for composting, biogas plants, and material recovery facilities (MRFs). The city needs 

more waste processing units, better segregation mechanisms, and public awareness campaigns that promote the responsible disposal of waste in order 

to improve waste management. Pune has become a city to follow for decentralised waste management. With a daily waste generation of about 3,500 

tonnes, Pune has a high collection efficiency of 90% and scientific processing of around 60% of the waste. A major factor that contributes to Pune’s 

success is its successful integration of the informal sector into the formal waste management system The Pune Municipal Corporation (PMC), together 

with waste-pickers’ cooperatives such as SWaCH (Solid Waste Collection and Handling), has set up a successful system where waste pickers are 

formally employed to collect, sort and recycle waste at the doorstep of households. The model not only guarantees higher rates of recycling but also 

provides thousands of waste workers with livelihood opportunities along with economic & social development for them. Pune’s success rests on 

another major area—its focus on decentralised waste processing. The city has introduced composting units, biogas plants, and material recovery 

facilities (MRFs) in various wards, easing pressure on landfilling. Pune’s model emphasises the need for community participation, public-private 

partnership, and enforcement of policy to reach sustainable waste management. Yet, there are still obstacles to overcome in growing waste processing 

capacity and the increasing amounts of plastic waste. And if scaled up, Pune’s model could be a template for other Indian cities grappling with waste 

management. Indore, India's cleanest city, set a national benchmark in municipal waste management. The city that generates daily waste of 2,500 

tonnes has managed to achieve an impressive collection efficiency of 95% and processes 75% of its waste scientifically. Indore’s success has largely 

been due to its strict implementation of source-wise waste segregation, strong law enforcement regarding waste management rules, and wide-reaching 

public awareness campaigns. Unlike several other cities where mixed waste is sent to landfills, in Indore wet waste is composted, dry waste is recycled, 

and only inert waste goes to the dumping sites. A so-called zero landfill approach has drastically reduced environmental pollution. Waste-to-compost 

plants, biogas units, and MRFs have been established in Indore and now use maximum waste resources. Both of these examples illustrate how the 

Indore Municipal Corporation (IMC) has gotten citizens, resident welfare associations (RWAs), and businesses involved in their waste management 

efforts. The Swachh Bharat Mission has adjudged Indore the cleanest city in India several times, showing that political will, the active participation of 

society and policy-level investments in waste processing can automate and revolutionise urban waste disposal. But a few commonalities emerge across 

the different levels of waste management performance among these cities. Source waste segregation is very important in the efficient processing of 

waste. Cities that are source segregating effectively, such as Pune and Indore, show higher recycling rates and less dependence on landfilling. Second, 

integrating the informal sector into formal waste management systems considerably improves collection and processing rates while also affording 

economic security to waste workers. Third, decentralised waste processing infrastructure investment composting units, biogas plants, and MRFs helps 

reduce pressure on landfills and make them more environmentally sustainable. Unfortunately, the loosely enforced waste management regulations, 

lack of infrastructure, and high costs still cause most Indian cities to battle with these issues. Delhi continues to experience overburdened landfills 

Mumbai continues to face Waste Segregation problems Bengaluru continues to be Highly dependent on the informal sector. Kolkata does not have 

Sufficient Waste processing units Cities must therefore implement holistic legislation, establish stringent waste separation regulations, deploy 

advanced sorting and recycling technologies, and promote sustainable disposal behaviour among residents to help tackle urban waste. Public awareness 

campaigns, incentives to discourage waste generation and technological innovations like waste-to-energy plants and AI-based waste separation 

systems can further optimize India’s waste management efficiency. Addressing India’s waste crisis will require policy reforms, technological solutions, 

infrastructure improvement, and citizen involvement. Pune and Indore have shown us that practicing efficient waste management is not only possible 

but highly beneficial, and if we are to secure a cleaner, healthier, and more sustainable future for India, it must be replicated successfully across all 

urban centres in the country. 

Table 1: Analysis of Waste Management in Major Indian Cities 

City Waste Generated 

(tonnes/day) 

Collection 

Efficiency (%) 

Waste 

Processed (%) 

Major Challenges 

Delhi 10500 80 45 Overburdened landfills 

Mumbai 9000 85 50 Poor waste segregation 
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City Waste Generated 

(tonnes/day) 

Collection 

Efficiency (%) 

Waste 

Processed (%) 

Major Challenges 

Bengaluru 6500 75 40 Informal sector dependency 

Kolkata 5500 70 30 Lack of waste processing units 

Pune 3500 90 60 Effective decentralized model 

Indore 2500 95 75 Best municipal waste system 

Material recovery facilities (MRFs) are essential for extracting recyclable materials such as plastics, metals, paper, and glass from municipal solid 

waste, reducing the volume of waste that ends up in landfills. Currently, only 12% of India’s waste is processed through material recovery, mainly due 

to the lack of waste segregation at source and a weak market for recycled products (Table 2). The informal sector plays a crucial role in this process, 

with thousands of waste pickers collecting and sorting materials for recycling. However, the absence of a structured recycling industry and the 

fluctuation in demand for recycled materials hinder the expansion of MRFs. Despite these challenges, material recovery is a sustainable and 

economically viable waste processing method, as it promotes a circular economy by turning waste into raw materials for new products. Some cities, 

such as Pune and Bengaluru, have developed successful recycling programs by integrating waste pickers into the formal waste management system, but 

a national-level policy is needed to scale up recycling efforts across India. To improve the efficiency of material recovery, waste segregation at source 

must be made mandatory, ensuring that recyclable waste is separated from organic and hazardous waste. Additionally, investments in recycling 

infrastructure and incentives for businesses using recycled materials can strengthen the market for secondary raw materials. Establishing Extended 

Producer Responsibility (EPR) schemes, where manufacturers are responsible for the end-of-life disposal of their products, can also encourage better 

recycling practices. 

Biogas generation is another promising waste processing method, particularly for handling organic waste, which makes up nearly 50% of municipal 

solid waste in India. Currently, only 8% of waste is processed through biogas plants, despite its high economic viability and very low environmental 

impact. Biogas plants convert organic waste into methane-rich biogas, which can be used for electricity generation or as a cooking fuel, and produce 

nutrient-rich slurry that serves as organic fertiliser. 

One of the biggest challenges to expanding biogas generation in India is the lack of infrastructure and investment in decentralised biogas plants. Many 

urban areas lack dedicated collection systems for organic waste, leading to contamination with non-biodegradable materials. Additionally, financial 

constraints and operational challenges limit the number of functional biogas plants in the country. 

To overcome these barriers, biogas generation needs greater policy support and investment incentives. Cities like Indore and Mysuru have successfully 

implemented community-based biogas plants, where market waste and household organic waste are processed locally. Expanding such initiatives to 

housing societies, restaurants, and large institutions can significantly reduce organic waste disposal in landfills while providing clean energy. 

Comparing all these waste processing methods, it is evident that landfilling remains the most widely used but least sustainable approach, contributing to 

high pollution levels and inefficient land use. Composting and biogas generation offer environmentally friendly solutions for organic waste, but their 

adoption is limited by a lack of incentives and inadequate infrastructure. Waste-to-energy plants have high economic potential, but their high capital 

cost and emission concerns make large-scale implementation challenging. Material recovery provides a low-emission and economically viable solution, 

but limited market demand for recycled products and poor segregation practices hinders its effectiveness. To improve waste processing in India, a 

multi-pronged approach is necessary, integrating waste segregation at source, improved recycling policies, and investment in sustainable waste 

technologies. Strengthening EPR regulations, promoting public-private partnerships, and formalising the informal waste sector will also contribute to a 

more efficient and economically beneficial waste management system. By prioritising resource recovery, decentralised waste treatment, and 

technological innovation, India can transition towards a more sustainable and circular waste economy, reducing its environmental footprint while 

unlocking economic opportunities. 

Table 2: Analysis of Waste Processing Methods in India  

Waste Processing Method Usage in India 

(%) 

Environmental 

Impact 

Economic 

Viability 

Key Challenges 

Landfilling 55 High pollution Low Overuse, lack of space 

Composting 15 Low emissions Moderate Lack of incentives 

Waste-to-Energy 10 Moderate emissions High High capital cost 

Material Recovery 12 Low emissions Moderate Limited market for recycled products 

Biogas Generation 8 Very low emissions High Limited infrastructure 
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4. Conclusion and Policy Recommendations 

Waste Management in India, A Challenge & An Opportunity With municipal solid waste (MSW) generation expected to hit 90 million tonnes by 

2025, waste management solutions are becoming increasingly urgent. Despite the noticed improvements in collection rates, treatment, and recycling 

rates, they are still not satisfactory, causing unnecessary waste of landfills and environmental pollution. Analysis of the data shows that only 40% of 

the waste collected is treated and 45% is being dumped in landfills, which is polluting soil and potentially compromising health. Nonetheless, new and 

emerging waste-to-energy (WTE) technologies, composting initiatives, and recycling industries are leading the way to reshape India’s waste-centric 

economy into a sustainable and economically advantageous model. The waste industry plays a significant role in generating employment opportunities 

and driving GDP growth, with the recycling sector alone expected to contribute ₹50,000 crore to the economy by the year 2025, leading to the creation 

of almost 5 million jobs. Yet, several challenges still persist, such as limited public awareness, insufficient infrastructure, weak implementation of 

policies, limited financing sources, and the presence of an unregulated informal sector. The answer to this challenge is multifaceted, and it must go 

beyond regulations, taxes, and technology. Waste segregation should be done at the source to grow decentralised processing units with aggregate, full-

fledged private-public partnerships in India, based on circular economy principles of maximal resource and economic gains. There are a number of key 

policy prescriptions that should be followed in this regard. Enforcing strict segregation of waste generated is imperative. Implement a mandatory 

source segregation framework at the local municipality level, with incentives for consumer households and businesses that comply. Also, it should 

focus on investments in waste-to-energy, biogas, and composting facilities to alleviate landfill dependence and to tackle the energy independence issue. 

Fostering Investment, Offering Financial Subsidies and Tax Incentives Moreover, integrating and professionalising the informal waste sector can 

enhance efficiencies and help in the upliftment of waste pickers. Similarly, cooperatives or microfinance schemes can be devised to support informal 

workers and gradually integrate them into the formal economy. Also, EPR expansion ensures that the industry will acknowledge and answer for their 

businesses over the whole lifetime of the products, most importantly in the case of plastic and electronic waste. Penalising players who don’t comply 

with corporate environmental accountability and offering incentives for actively producing sustainable products should be put on the table. 

There needs to be more public awareness campaigns to get consumers to change their behaviour in disposing of and recycling waste. Education is also 

the key to minimising waste at schools, colleges, community groups, etc. These include deploying smart waste management solutions, like IoT-

powered collection systems and AI-assisted recycling sorting mechanisms, as well as adopting rural-smart solutions like urban waste-to-bioenergy 

plants that could optimise efficiency while reducing operating costs. Finally, a coordinated waste management strategy accomplished at the national 

scale across states will require unified policy coherence and intergovernmental coordination. Waste management policies must be aligned to broader 

sustainability goals of the country, including commitments under the Sustainable Development Goals (SDGs) and Paris Climate Agreement by both 

central and state governments. It will be important to establish regular monitoring and reporting mechanisms to track progress on waste reduction and 

evaluate the effectiveness of the strategies that are put in place. And finally, if India has to move its spotlight from a linear waste economy and 

transform into a circular and resource-efficient economy, it is imperative that waste is considered a resource and not an environmental liability. To 

maintain waste, we need a multi-stakeholder approach, increased investments, improved continuity of policies, and public participation. Through these 

reforms, India cannot just address the environmental and health risks associated with waste mismanagement but also harness economic potential, 

generate millions of jobs, and work towards a sustainable future. 
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