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Abstract
This study examines the trends and performance of municipal solid waste management (MSWM) in India over the period 2014–15 to 2021–22 using official secondary data obtained from the Central Pollution Control Board (CPCB). The analysis focuses on three key indicators—waste generated, collected, and treated (measured in tonnes per day). Annual Growth Rate (AGR) was employed to assess short-term year-to-year variations, while Compound Growth Rate (CGR) was used to evaluate long-term structural trends. In addition, a Solid Waste Management (SWM) Efficiency Index was constructed to assess improvements in collection and treatment performance. The findings reveal that waste generation grew at a moderate compound rate of 3.51 percent, whereas collection expanded at 5.63 percent, indicating improved service coverage. Most notably, waste treatment recorded a high compound growth rate of 20.40 percent, reflecting substantial expansion of scientific processing infrastructure following the implementation of the Solid Waste Management Rules, 2016. The SWM Efficiency Index improved significantly from 67.60 percent in 2014–15 to 100 percent in 2021–22, demonstrating structural progress in waste management performance. The study highlights the need for continued investment in segregation at source, decentralised processing systems, and monitoring mechanisms to ensure long-term sustainability. The results provide policy-relevant evidence for strengthening India’s transition toward scientific and sustainable waste management.
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Introduction
Rapid urbanisation, population growth, and changing consumption patterns have significantly increased municipal solid waste (MSW) generation across developing countries.Similar global trends have been documented in recent international assessments of solid waste generation and management systems (Kaza et al., 2022; UNEP, 2024). India, one of the fastest-growing urban economies in the world, is witnessing a steady rise in daily waste generation due to expanding urban settlements and lifestyle transitions. According to the Central Pollution Control Board (CPCB), India generated more than 1.6 lakh tonnes per day (TPD) of municipal solid waste in 2020–21. Managing this growing waste stream poses serious environmental, economic, and public health challenges.
Inefficient waste management leads to open dumping, groundwater contamination, air pollution, greenhouse gas emissions, and the spread of communicable diseases. Recognising these concerns, the Government of India introduced the Solid Waste Management (SWM) Rules, 2016 replacing earlier regulations to promote segregation at source, scientific processing, and environmentally sound disposal. In addition, national initiatives such as Swachh Bharat Mission (Urban) aimed to improve collection coverage and waste treatment capacity. Despite these policy interventions, the extent to which structural improvements have occurred at the national level requires systematic empirical evaluation.
Existing literature on municipal solid waste management in India largely focuses on city-level case studies, technological optionsor descriptive assessments of policy implementation. Several studies examine environmental impacts, recycling potential or institutional challenges. However, limited research has undertaken a national-level performance-based evaluation using growth indicators to assess structural changes in waste generation, collection, and treatment over a continuous time period. Moreover, few studies attempt to quantify overall system efficiency using composite indices based on official longitudinal data.
This study addresses this research gap by analysing trends in municipal solid waste generation, collection, and treatment in India from 2014–15 to 2021–22 using Annual Growth Rate (AGR), Compound Growth Rate (CGR)and a Solid Waste Management (SWM) Efficiency Index. By employing official data from the CPCB, the study provides a systematic performance-based evaluation of the progress achieved in collection coverage and scientific treatment capacity during the post-SWM Rules 2016 period.
The contribution of this study is threefold. First, it offers a longitudinal empirical assessment of national-level waste management performance using growth-based indicators. Second, it constructs and interprets an efficiency index to evaluate structural improvements over time. Third, it provides policy-relevant insights into the effectiveness of waste management reforms and highlights areas requiring further strengthening to ensure environmental sustainability and long-term resource efficiency.
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 India by applying the Solid Waste Management (SWM) Efficiency Index and interpreting performance improvements over time.
Earlier Studies
Municipal solid waste management (MSWM) has emerged as a major environmental and governance challenge in developing economies due to rapid urbanisation, rising income levels, and changing consumption behaviour. Earlier studies in India have primarily focused on environmental impacts, institutional inefficiencies, and technological interventions in waste processing. Balasubramanian and Birundha (2012) examined the economic aspects of solid waste management at the district level and highlighted inefficiencies in collection systems and financial constraints faced by local bodies. Similarly, Shoba and Rasappan (2013) analysed urban waste management challenges and emphasised the administrative and infrastructural gaps in municipal governance. These studies largely relied on descriptive and case-based approaches.
Kumar et al., (2009) conducted a comprehensive assessment of municipal solid waste management in metro cities and state capitals in India. Their study identified significant gaps between waste generation and scientific disposal, stressing the need for integrated management systems. Nandan et al., (2017) examined recent trends in solid waste management and pointed out the increasing contribution of plastic and electronic waste to the overall waste stream. However, their analysis was largely qualitative and policy descriptive in nature.
From an international perspective, Fidelis et al., (2023) reviewed municipal solid waste management systems in developing countries and highlighted the importance of integrating informal waste collectors into formal waste systems to improve sustainability outcomes. Nanda and Berruti (2021) provided a comprehensive review of waste treatment and landfilling technologies, stressing the importance of technological innovation and policy compliance in improving environmental performance. These studies provide valuable conceptual insights but do not offer longitudinal empirical evaluation of national performance using growth indicators.
Recent policy-focused discussions emphasise the transformative impact of the Solid Waste Management Rules, (2016) in India which mandated segregation at source, decentralised composting, scientific landfilling, and extended producer responsibility. National missions such as Swachh Bharat Mission (Urban) have also attempted to enhance waste collection coverage and processing capacity. While policy documents report improvements in infrastructure and compliance levels, systematic empirical analysis of post-2016 performance trends at the national level remains limited.From a theoretical perspective, solid waste management performance can be analysed through the lens of environmental governance and public service delivery efficiency. The efficiency-based evaluation approach assumes that improved institutional capacity and regulatory compliance should result in higher collection efficiency and treatment rates relative to waste generation. Growth indicators such as Annual Growth Rate (AGR) and Compound Growth Rate (CGR) provide quantitative tools to assess structural changes over time, while composite efficiency indices help evaluate overall system performance.Recent studies have increasingly used performance indicators and efficiency measures to evaluate waste management systems in developing economies (Rada et al., 2020; Singh & Basak, 2022).Similar efficiency-based evaluation approaches have been applied in recent international studies to assess municipal solid waste system performance using quantitative performance indicators Rada et al., (2020). Despite the growing body of literature, three major gaps remain. First, most Indian studies focus on city-level or state-level case analyses rather than national longitudinal trends. Second, limited research applies growth-based performance indicators to evaluate structural transformation in MSWM. Third, there is insufficient integration of efficiency analysis with policy implementation outcomes during the post-SWM Rules 2016 period. Recent empirical evidence from Indian urban local bodies further highlights the importance of efficiency-based performance assessment in strengthening municipal waste governance (Singh & Basak, 2022).
The present study seeks to fill these gaps by conducting a systematic performance-based evaluation of municipal solid waste management in India using official longitudinal data from 2014–15 to 2021–22. By applying AGR, CGR, and a composite SWM Efficiency Index, the study provides empirical evidence on structural improvements in waste generation, collection, and treatment at the national level.
Methodology
Study Area 
The present study focuses on India at the national level. India is one of the largest waste-generating countries globally due to rapid urbanisation, demographic expansion, and economic transformation. Evaluating municipal solid waste management performance at the national scale is important to understand structural improvements following major regulatory reforms, particularly the implementation of the Solid Waste Management Rules 2016. A national-level analysis provides a comprehensive assessment of policy effectiveness and institutional capacity across urban local bodies.
Source of Data
The study is entirely based on secondary data obtained from the annual reports on the implementation of Solid Waste Management Rules published by the Central Pollution Control Board (CPCB) Government of India. The CPCB is the statutory authority responsible for monitoring environmental compliance and reporting official data on municipal solid waste generation, collection, and treatment across India.
The variables extracted for the study include:
· Waste Generated (Tonnes per Day – TPD)
· Waste Collected (TPD)
· Waste Treated (TPD)
Supporting contextual information was also drawn from reports of the United Nations Environment Programme for global comparison.
Period of Study
The study covers the period from 2014–15 to 2021–22. This period is analytically significant because it captures the pre- and post-implementation phases of the Solid Waste Management (SWM) Rules, 2016, which introduced major regulatory reforms such as mandatory source segregation, scientific processing, and decentralised waste management. Analysing this timeframe enables assessment of structural performance shifts following policy intervention at the national level.
Tools and Techniques of Analysis
To evaluate trends and performance in municipal solid waste management, the following quantitative tools were employed:
(i) Annual Growth Rate (AGR)
The Annual Growth Rate (AGR) measures the year-to-year percentage change in waste generation, collection, and treatment.
The formula used is:

Where:
· = Value in the current year
· = Value in the previous year
AGR helps to identify short-term fluctuations and annual performance changes.
(ii) Compound Growth Rate (CGR)
The Compound Growth Rate (CGR) measures the average annual growth rate over the entire study period.
The formula used is:

Where:
· = Value in the final year
· = Value in the base year
· = Number of years
CGR provides an estimate of long-term structural growth trends.
(iii) Solid Waste Management (SWM) Efficiency Index
To evaluate overall performance, an SWM Efficiency Index was constructed using collection efficiency and treatment efficiency indicators.
Collection Efficiency (%) was calculated as:

Collection Efficiency=Waste Generated
Waste Collected​×100

Treatment Efficiency (%) was calculated as:
Treatment Efficiency=Waste Generated
Waste Treated​×100

The composite SWM Efficiency Index reflects the combined performance of collection and treatment systems, indicating improvements in institutional effectiveness and regulatory compliance over time
Research Design Justification
The study adopts a descriptive-analytical research design using longitudinal secondary data. Growth indicators and efficiency measures are appropriate tools for evaluating structural transformation in public service delivery systems such as municipal solid waste management. By applying AGR, CGR and efficiency ratios, the study quantitatively assesses performance improvements in the post-regulatory reform period.
Results and Discussion 
Table I
Trends in Waste Generated, Collected and Treated in India (TPD – Absolute Index)
	Year
	Generated 
	Collected 
	Treated 

	2014–15
	133,760
	106,650
	24,956

	2015–16
	135,198
	111,028
	25,572

	2016–17
	143,449
	127,531
	47,077

	2017–18
	145,626
	133,760
	49,600

	2018–19
	147,613
	140,479
	52,472

	2019–20
	150,761
	145,957
	70,881

	2020–21
	160,039
	152,750
	79,956

	2021–22
	170,339
	156,449
	91,511


Source: Central Pollution Control Board, Annual Reports on Implementation of SWM Rules (2014–15 to 2021–22).
The data reveal a steady upward trend in municipal solid waste generation in India during the study period. Waste generated increased from 133,760 TPD in 2014–15 to 170,339 TPD in 2021–22, reflecting growing urbanisation, rising income levels, and changing consumption behaviour. Waste collection expanded more rapidly than generation, increasing from 106,650 TPD to 156,449 TPD. This suggests improvement in municipal service coverage and institutional efficiency. The reduction in the gap between waste generated and collected indicates enhanced compliance with waste management regulations. The most notable structural transformation occurred in waste treatment. Treated waste increased substantially from 24,956 TPD in 2014–15 to 91,511 TPD in 2021–22. This sharp rise reflects expansion of composting units, bio-methanation facilities, and material recovery infrastructure following implementation of the Solid Waste Management Rules2016.
Growth Rate Analysis
Growth rate analysis is an important quantitative tool for examining temporal changes in municipal solid waste management performance. The Annual Growth Rate (AGR) captures year-to-year variations, while the Compound Growth Rate (CGR) reflects long-term structural trends in infrastructure expansion and service delivery. These indicators are widely applied in evaluating waste management efficiency and policy-driven performance shifts in developing economies (Rada et al., 2020; Nanda & Berruti, 2021). Table I presents the AGR and CGR of waste generation, collection, and treatment in India during the study period.
Table II
Annual Growth Rate (AGR) of Waste Generated, Collected and Treated (%)
	Year
	AGR –
Generated 
	AGR – 
Collected
	AGR – 
Treated 

	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


Source: Central Pollution Control Board, Annual Reports on Implementation of SWM Rules (2014–15 to 2021–22).
Compound Growth Rate (2014–15 to 2021–22):
· Generated: 3.51%
· Collected: 5.63%
· Treated: 20.40%
Waste generation exhibited relatively moderate annual growth, fluctuating between 1.08 percent and 6.44 percent. In contrast, collection recorded higher and more consistent growth, particularly in 2016–17 (14.86 percent), indicating significant expansion in service coverage. Treatment registered exceptionally high growth in 2016–17 (84.10 percent) and 2019–20 (35.08 percent), reflecting concentrated investments in processing infrastructure. These spikes coincide with intensified regulatory enforcement and infrastructure development during the post-2016 reform period. The Compound Growth Rate confirms long-term structural progress. Treatment growth (20.40 percent) far exceeded generation growth (3.51 percent), indicating gradual closing of the gap between waste produced and scientifically processed waste. This structural shift is crucial for reducing landfill dependency and improving environmental sustainability.
SWM Efficiency Analysis
Efficiency analysis in municipal solid waste management assesses the extent to which collected waste is scientifically processed and treated. Composite efficiency measures are useful for evaluating institutional performance and regulatory compliance over time, particularly in the context of policy reforms (United Nations Environment Programme [UNEP], 2024). The Solid Waste Management (SWM) Efficiency Index constructed in this study reflects the combined performance of collection and treatment systems. Table II presents the efficiency trends observed during the study period.
Table III
Solid Waste Management Efficiency Indicators (%)
	Year
	SWM Efficiency Index
	Collection Efficiency
	Treatment Efficiency

	2014–15
	67.60
	79.73
	18.66

	2015–16
	69.40
	82.12
	18.91

	2016–17
	83.65
	88.90
	32.82

	2017–18
	86.55
	91.85
	34.06

	2018–19
	89.80
	95.17
	35.55

	2019–20
	98.82
	96.81
	47.02

	2020–21
	99.91
	95.45
	49.96

	2021–22
	100.00
	91.85
	53.72


Source: Central Pollution Control Board, Annual Reports on Implementation of SWM Rules (2014–15 to 2021–22).
Collection efficiency improved steadily from 79.73 percent in 2014–15 to above 95 percent during 2018–19 and 2020–21, indicating near-universal coverage in urban areas. Although a slight decline is observed in 2021–22, overall performance remains significantly stronger than the base year. Treatment efficiency increased substantially from 18.66 percent to 53.72 percent during the study period. This improvement reflects expansion of decentralised composting, bio-methanation plants, and scientific disposal practices. The composite SWM Efficiency Index increased from 67.60 percent to 100 percent, indicating significant structural strengthening of India’s municipal solid waste management system. However, since treatment efficiency remains lower than collection efficiency, further investment in processing capacity and source segregation remains necessary.
Limitations of the Study
Although the study provides a systematic performance-based evaluation of municipal solid waste management in India, certain limitations must be acknowledged. First, the analysis is entirely based on secondary data obtained from the Central Pollution Control Board, and therefore depends on the accuracy and consistency of official reporting by urban local bodies. Second, the study evaluates national-level aggregate data and does not provide state-wise or city-level disaggregated analysis, which may mask regional disparities in waste management performance. Third, financial efficiency, cost-effectiveness, and private sector participation were not examined due to data constraints. Finally, the study primarily applies quantitative growth indicators and does not incorporate qualitative institutional or behavioural dimensions such as public participation and segregation practices. Future research may address these gaps through micro-level studies and comparative state-level analysis
Conclusion
The present study analysed the trends and performance of municipal solid waste management in India during the period 2014–15 to 2021–22 using growth indicators and efficiency measures. The findings reveal a steady increase in waste generation at a compound annual rate of 3.51 percent, reflecting growing urbanisation and changing consumption patterns. However, waste collection expanded at a higher compound rate of 5.63 percent, demonstrating improvements in service coverage and institutional capacity.The most significant structural transformation was observed in waste treatment, which recorded a high compound growth rate of 20.40 percent. This indicates substantial expansion of scientific processing infrastructure during the post–Solid Waste Management Rules, 2016 reform period. The SWM Efficiency Index improved consistently from 67.60 percent in 2014–15 to 100 percent in 2021–22, confirming strengthening of collection and treatment systems.
Despite notable progress, treatment efficiency remains lower than total waste generated, highlighting the need for further expansion of decentralised composting units, material recovery facilities, and waste-to-energy projects. Strengthening segregation at source, promoting circular economy practices, and enhancing monitoring transparency are essential for sustaining long-term environmental gains.Overall, the empirical evidence suggests that India has undergone a positive structural transition toward more scientific and sustainable waste management practices. Continued regulatory enforcement, technological innovation, and institutional capacity building will be critical to managing future increases in waste generation and ensuring environmental sustainability.
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