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Abstract
The present study examines the trends and performance of municipal solid waste management in India using secondary data obtained from the Central Pollution Control Board (CPCB) for the period 2014–15 to 2021–22. The analysis focuses on three key indicators—waste generated, collected, and treated—measured in tonnes per day (TPD). The Annual Growth Rate (AGR) was employed to assess year-to-year variations, while the Compound Growth Rate (CGR) was used to evaluate long-term growth trends. The results reveal that waste generation increased at a moderate compound annual rate of 3.51 percent, reflecting rising urbanisation and changing consumption patterns. Waste collection expanded at a comparatively higher rate of 5.63 percent, indicating improvements in municipal service coverage and operational efficiency. Notably, waste treatment recorded a significant compound growth rate of 20.40 percent, demonstrating substantial expansion in processing capacity and compliance with scientific waste management practices. The Solid Waste Management (SWM) Efficiency Index shows marked improvement, increasing from 67.60 percent in 2014–15 to 100 percent in 2021–22, highlighting progressive strengthening of the overall waste management system. The findings indicate that India has made consistent advancements in collection and treatment infrastructure despite increasing waste generation, reflecting a positive transition toward sustainable and scientific waste management.
Keywords: Municipal Solid Waste, Growth Rate, Efficiency Index, Sustainable Waste Management

Introduction
India is rapidly shifting from agricultural-based nation to industrial and services-oriented country. About 31.2% population is now living in urban areas. Over 377 million urban people are living in 7,935 towns/cities. India is a vast country divided into 29 States and 7 Union Territories (UTs). There are three mega cities—Greater Mumbai, Delhi, and Kolkata—having population of more than 10 million, 53 cities have more than 1 million population, and 415 cities having population 100,000 or more (Census 2011). Municipal solid waste generation is predicted to grow from 2.1 billion tonnes in 2023 to 3.8 billion tonnes by 2050. In 2020, the global direct cost of waste management was estimated as USD 252 billion. When factoring in the hidden costs of pollution, poor health and climate change from poor waste disposal practices, the cost rises to USD 361 billion. Without urgent action on waste management, by 2050 this global annual cost could almost double to a staggering USD 640.3 billion (UNEP 2024).
 Management of municipal solid waste includes recycling, incineration, waste-to-energy conversion, composting or landfilling. Nanda & Berruti (2021). Municipal solid waste management (MSWM), a critical element towards sustainable metropolitan development, comprises segregation, storage, collection, relocation, carry-age, processing, and disposal of solid waste to minimize its adverse impact on environment. Unmanaged MSW becomes a factor for propagation of innumerable ailments Kumar et al., (2009). Waste, and its impact on human and environmental health, continues to be discussed across many national and international platforms due to rapidly increasing waste generation rates. Waste management is a crucial public service and is seen as a fundamental component for healthy communities and ecosystems. 
According to the Central Pollution Control Board (CPCB) annual report for 2020–21, India generates 160,038.9 tonnes per day (TPD) of solid waste, of which 152,749.5 TPD (95.40%) is collected, 79,956.3 TPD (50%) is processed, 29,427.2 (18.4%) TPD is landfilled; 50,655.4 TPD (31.7%) of the total waste generated remains unaccounted (CPCB 2021). Local governments bear the responsibility for proper solid waste management. Without a comprehensive waste management framework and its proper implementation, waste is discarded in the streets, in public spaces, into sewers, streams and other waterways, or it is openly burned as a means to reduce waste piles. The condition of waste management of a city always denotes the overall ability and performance of a municipality. India's urban population increased by 2.32% from 2020 to 2021, reaching per capita solid waste generation of 119.07 gm/day (CPCB 2021). It is projected that by 2031 municipal solid waste generation of India may increase to 165 million tonnes and 436 million tonnes by 2050 (MoEFCC, 2015).  Over the last ten years there has been a significant increase in wastes. India generates 5, 29, 71,720 tonnes of solid waste per annum; state wise data shows that Maharashtra and Uttar Pradesh are the highest solid waste generated states followed by India which generates 56,01,655 tonnes of solid waste per annum (MoEFCC 2019). 
Objective of the Study
· To analyse the trends in municipal solid waste generation, collection, and treatment in India from 2014–15 to 2021–22.
· To evaluate the short-term and long-term performance of solid waste management in India using growth indicators such as the Annual Growth Rate (AGR) and Compound Growth Rate (CGR) and
· To assess the overall efficiency of solid waste management in the State by applying the Solid Waste Management (SWM) Efficiency Index and interpreting performance improvements over time.


Earlier Studies
The increasing level of solid waste, is now a days, a serious problem in the urban and rural areas. A high rate of growth of population and increasing per-capita income have resulted in the generation of enormous solid waste posing a serious threat to environmental quality and human health. Improper disposal of waste often results in spread of diseases and contamination of water bodies and soils. The impacts of these wastes on the economy cannot be ignored and managing them has become a major problem. (Balasubramanian & Birundha 2012) Solid waste management is one of the major problems faced by today’s world. There is an increase in commercial, residential and infrastructure development due to population growth and it leads to negative impact on the environment. Urban solid waste management is considered as one of the most tedious environmental problems faced by municipal authorities in developing countries. (Shoba & Rasappan 2013)
Industrialization becomes very significant for developing countries like India having large number of populations. Rapid increase in urbanization and per capita income lead to high rate of municipal solid waste generation. In recent times, E-waste and plastic waste also contribute considerably to total waste stream due to utilization of electronic and other items. These wastes may cause a potential hazard to human health or environment if any of the aspects of solid waste management is not managed effectively. In India, approach towards Solid waste management is still unscientific. (Nandan et al., 2017). Municipal solid waste (MSW) is a complex challenge to be solved worldwide, intensified in developing countries since in addition to economic and environmental aspects there is also the social aspect represented by the collector individual. From an integrative bibliographic review this study longitudinally analyses the socio-productive inclusion of collectors in the municipal solid waste management (MSWM) at an international level. (Fidelis et al., 2023)
Methodology 
Selection of the State
The present study focuses on India, as it is one of the largest waste-generating states in India and has consistent and comprehensive Solid Waste Management (SWM) data reported annually by CPCB and TNPCB.


Source of Data
The study is completely based on secondary data collected from the following official sources: Central Pollution Control Board (CPCB) Annual Reports on Solid Waste Management, Census of India (2011) for population background and Supporting information from UNEP (2024) for global comparison. The variables extracted for India include: Waste generated, Collected and Treated (TPD)- Tonnes per Day.
Period of Study
The study covers the period from 2014–15 to 2021–22, representing the latest consecutive years for which reliable and consistent SWM data for India are available.
Tools Used
i. Annual Growth Rate (AGR)
ii.  Compound Growth Rate (CGR)
iii. SWM Efficiency Index
(i) Annual Growth Rate (AGR)
Used to measure year-to-year change in waste generated, collected, and treated in India. The formula used was
(ii) Compound Growth Rate (CGR)
It is used to determine the overall long-term growth trend over the entire study period. The formula used was

(iii) SWM Efficiency Index



Result and Discussion 
India, a state in southern India, has been at the forefront of smart city projects because it knows they can help with long-term urban growth, better resource use, and economic growth. Improving how these smart cities handle waste is important for preserving the environment, remaining people well-being and ensuring the best of available resources. These cities can serve as an example for urban growth across the state and the country. The Smart Municipalities Mission, which seeks to build major towns that are more effective for individuals and the environment, picked eleven municipalities in the state (Ministry of Housing and Urban Affairs - 2021).
Table -I 
Trends in waste generated, collected and treated (TPD – Absolute Index)
	Year
	 Generated
	 Collected
	 Treated 

	2014-15
	1,33,760
	1,06,650
	24,956

	2015-16
	1,35,198
	1,11,028
	25,572

	2016-17
	1,43,449
	1,27,531
	47,077

	2017-18
	1,45,626
	1,33,760
	49,600

	2018-19
	1,47,613
	1,40,479
	52,472

	2019-20
	1,50,761
	1,45,957
	70,881

	2020-21
	1,60,039
	1,52,750
	79,956

	2021-22
	1,70,339
	1,56,449
	91,511


Source: Central Pollution Control Board (CPCB), Annual Reports on Implementation of SWM Rules, 2014–15 to 2021–22.
The table presents the trends in solid waste generation; collection and treatment measured in tonnes per day (TPD) for the period 2014–15 to 2021–22. The data show a steady rise in waste generation, increasing from 1,33,760 TPD in 2014–15 to 1,70,339 TPD in 2021–22, indicating growing pressure on municipal solid waste management systems due to population growth, urban expansion and changing consumption behaviour. Waste collection (TPD) also increased consistently over the study period, rising from 1,06,650 TPD to 1,56,449 TPD. The upward trend in collection suggests improvements in daily waste collection coverage and operational capacity. However, the continued gap between waste generated and waste collected in TPD terms highlights persistent inefficiencies and uncollected waste that require policy attention. Waste treatment in TPD registered a substantial increase, from 24,956 TPD in 2014–15 to 91,511 TPD in 2021–22. This sharp growth reflects significant expansion in daily waste processing capacity through composting, bio methanation, and other treatment facilities. The acceleration in treatment levels after 2016–17 indicates increased compliance with the Solid Waste Management Rules, 2016, and greater emphasis on scientific waste processing.
Overall, the table indicates a positive transformation in daily solid waste management performance, with treatment capacity in TPD growing faster than waste generation. Nevertheless, the persistence of gaps between generated, collected, and treated waste suggests the need for further strengthening of segregation at source, collection efficiency, and decentralised treatment systems to achieve sustainable solid waste management.
Table -II
Trends in growth rate of waste generated, collected and treated
	Year
	Generated –(AGR %)  
	Collected - (AGR%)
	Treated -(AGR%)

	2014–15
	–
	–
	–

	2015–16
	1.08%
	4.11%
	2.47%

	2016–17
	6.10%
	14.86%
	84.10%

	2017–18
	1.52%
	4.88%
	5.36%

	2018–19
	1.36%
	5.02%
	5.79%

	2019–20
	2.13%
	3.90%
	35.08%

	2020–21
	6.15%
	4.65%
	12.80%

	2021–22
	6.44%
	2.42%
	14.45%

	CGR %
	3.51%
	5.63%
	20.40%















Source: Central Pollution Control Board (CPCB), Annual Reports on Implementation of SWM Rules, 2014–15 to 2021–22.
The Annual Growth Rate (AGR) analysis reveals notable variations in solid waste generation, collection, and treatment over the study period. Waste generation recorded relatively moderate and stable growth throughout the years, with AGR values ranging from 1.08% to 6.44%. Higher growth was observed during 2016–17 (6.10%), 2020–21 (6.15%), and 2021–22 (6.44%), indicating increased waste generation, possibly due to urbanisation and changes in consumption patterns. In contrast, waste collection exhibited comparatively stronger and more consistent growth, particularly in 2016–17, where the AGR peaked at 14.86%, reflecting improvements in collection coverage and operational efficiency. Although the growth rate declined in later years, collection continued to expand steadily, indicating sustained institutional efforts to improve waste collection services. Waste treatment showed the most significant fluctuations among the three indicators. Exceptionally high AGRs were recorded in 2016–17 (84.10%) and 2019–20 (35.08%), suggesting substantial investments in treatment infrastructure and enhanced processing capacity during these years. Despite some moderation in subsequent periods, treatment growth remained positive, reflecting a gradual strengthening of waste processing systems.
The Compound Growth Rate (CGR) further confirms these trends over the long run. Waste generation grew at a modest annual compound rate of 3.51%, while waste collection expanded at a higher rate of 5.63%, indicating improvements in collection efficiency relative to waste generation. Notably, waste treatment recorded a high CGR of 20.40%, demonstrating significant long-term progress in waste processing capacity and a shift towards more sustainable solid waste management practices.  Overall, the results indicate a positive structural transition in solid waste management, with improvements in collection and treatment.
Table – III
Trends in waste management Efficiency index
	Year
	 SWM Index (%)
	Collection Efficiency (%)
	Treatment Efficiency (%)

	2014–15
	67.6
	79.73
	18.66

	2015–16
	69.4
	82.12
	18.91

	2016–17
	83.65
	88.9
	32.82

	2017–18
	86.55
	91.85
	34.06

	2018–19
	89.8
	95.17
	35.55

	2019–20
	98.82
	96.81
	47.02

	2020–21
	99.91
	95.45
	49.96

	2021–22
	100
	91.85
	53.72


Source: Central Pollution Control Board (CPCB), Annual Reports on Implementation of SWM Rules, 2014–15 to 2021–22.
The efficiency analysis reveals significant improvement in solid waste management performance in India during the study period. Collection efficiency increased steadily from 79.73 percent in 2014–15 to above 95 percent during 2018–19 and 2020–21, reflecting enhanced coverage and improved operational mechanisms. Although a slight decline to 91.85 percent was observed in 2021–22, the overall trend indicates sustained institutional efforts in strengthening collection systems. Treatment efficiency shows a substantial and continuous rise, increasing from 18.66 percent in 2014–15 to 53.72 percent in 2021–22. This improvement reflects the expansion of composting units, bio-methanation plants, material recovery facilities, and other scientific waste-processing infrastructure. The composite Solid Waste Management (SWM) Efficiency Index demonstrates consistent progress over time. The index increased from 67.60 percent in 2014–15 to 100 percent in 2021–22, indicating a significant improvement in overall system performance. The sharp rise after 2016–17 suggests the positive impact of policy interventions, infrastructure development, and improved compliance with the Solid Waste Management Rules, 2016. Overall, the results confirm that India has strengthened both collection and treatment dimensions of waste management, contributing to enhanced environmental sustainability.
Conclusion
The study analysed the trends in municipal solid waste generation, collection, and treatment in India over the period 2014–15 to 2021–22 using growth indicators and efficiency measures. The findings indicate a steady increase in waste generation driven by urbanisation and changing consumption patterns, with a compound growth rate of 3.51 percent. However, waste collection expanded at a higher compound rate of 5.63 percent, demonstrating improvements in service coverage and municipal capacity. Most notably, waste treatment recorded a strong compound growth rate of 20.40 percent, reflecting significant expansion of scientific processing facilities and infrastructure. The SWM Efficiency Index further confirms this positive trajectory, rising consistently from 67.60 percent in 2014–15 to 100 percent in 2021–22. This indicates that the state has considerably strengthened its waste management framework, particularly in treatment capacity, which has grown faster than waste generation. The progress achieved reflects effective implementation of decentralised composting systems, recycling initiatives, bio-methanation plants, and improved regulatory compliance. Overall, India demonstrates a clear structural transition towards more sustainable and scientific waste management practices. Nevertheless, continuous investment in segregation at source, decentralised treatment systems, and monitoring mechanisms remains essential to manage future increases in waste generation and to ensure long-term environmental sustainability.
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