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Abstract

Rapid urbanization in India has intensified challenges related to municipal solid waste (MSW) management, raising
concerns over environmental protection and sustainable resource utilization. This study examines city-level variations in
MSW generation, recycling practices, and management performance across Indian cities to assess their implications for
environmental sustainability. Using a quantitative, descriptive, and comparative approach, the analysis is based on
secondary city-level data covering waste generation, recycling rates, disposal methods, and municipal management
indicators. The results reveal substantial variation in waste generation across cities, while recycling rates remain relatively
consistent, indicating the presence of baseline recycling systems across urban areas. Recycling performance varies across
waste types, with plastics exhibiting higher recovery rates compared to construction and bulk waste streams, reflecting
material-specific recovery challenges. Indian cities employ a diversified mix of disposal methods, including recycling,
composting, landfilling, and incineration, suggesting a gradual shift toward integrated waste management systems.
Importantly, higher recycling performance is associated with stronger municipal management indicators, highlighting the
role of governance capacity and public engagement in shaping environmental outcomes. The study emphasizes that
effective municipal solid waste management is not solely dependent on waste volumes or technological interventions but
is strongly influenced by institutional efficiency and awareness-driven practices. Strengthening municipal capacity,
improving recycling infrastructure, and adopting material-specific management strategies can significantly enhance
environmental protection and support sustainable resource management. The findings provide evidence-based insights
for urban planners and policymakers seeking to advance sustainable waste management and circular economy initiatives
in Indian cities.
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1. INTRODUCTION

The urbanization of the cities, population explosion, and changing consumption patterns have led to a significant increase
in the production of municipal solid waste (MSW) in the cities of India. The urban local bodies are being put under an
increasing pressure to manage waste in a way that will minimize the impacts on the environment and ensure that there is
sustainable use of resources. Unproductive waste management activities lead to the pollution of the air, water, and soil,
put human health in danger, and waste valuable material resources (Kaza et al., 2018). Urban waste management systems
in developing nations all over the world are still grappling with poor recycling rates, poor waste processing facilities and
excessive dependency on landfills and open dumping, which points to the necessity of better waste management policies.
Municipal solid waste management initiative has emerged as the focal point in environmental governance and planning
of urban sustainability in India. The Swachh Bharat Mission 2.0 and other national programs focus on scientific waste
management, source segregation, recycling, and cleaning up of old dumpsites as the main areas of urban sustainability
(Singh, 2022). Meanwhile, waste management is gradually becoming part of the broader policy discussion of India as it
aims to minimise the generation of waste, increase material recovery, and ensure that waste materials can be reused
(Ghosh et al., 2021; Chandrachoor, 2025).

The concept of the circular economy is a valuable theoretical tool in explaining sustainable waste management by focusing
not on the linearity of the collect-dispose systems but on the regenerative models of waste management, which revolve
around the principles of reduce, reuse, and recycle. The successful application of the concept of circular economy concepts
requires technological solutions, legislative frameworks, capacity in institutions, and stakeholder involvement (Tleuken
et al., 2022). Regulatory tools in the Indian context to deal with plastic waste, extended producer responsibility, and
resource efficiency point to increased institutional involvement in the objectives of the circular economy.

Recycling and recovering the materials is becoming one of the most important solutions to the reduced environmental
pressure and the resource conservation. Nonetheless, the recycling systems are ineffective in most cases throughout the
Indian cities, because of the disparities in the governance capacity, citizens awareness, the availability of the infrastructure,
and the waste composition (Sharma et al., 2025). Although the market of some waste streams, including those of plastics,
is already developed with recovery markets and regulation interest, others are still poorly managed. Research of waste
plastics in India reveals that there has been consistent discrepancies between voluntary programs and legal adherence,
which restricts recycling effectiveness.

Through recycling, other forms of waste treatment like waste-to-energy have been encouraged as an alternative way of
dealing with increasing amounts of waste in urban areas. Indian waste-to-energy projects are discussed as potentially able
to recycle waste and extract energy and decrease reliance on landfills, yet there are obstacles in waste-to-energy projects,
such as waste quality, emissions, and costs (Malav et al., 2020). According to recent evaluations of smart cities, it can be
further noted that although diversified waste treatment tools are growing, recycling and segregation are the keys to the
environmentally sustainable results.

The environmental effects of waste management are not limited to solid waste as they overlap with wider issues of urban
sustainability and pollution. Transitions in energy and mobility life-cycle assessment in India demonstrates the role of
waste-related emissions and resource consumption in the total environmental burdens, which proves the importance of
integrated strategies towards the control of urban environment (Peshin et al., 2022). Furthermore, the regulatory
provisions in specialized waste streams including biomedical waste demonstrate a systemic compliance loop and
institutional coordination problems which can jeopardize the environmental protection activities.

Current studies on the topic of municipal solid waste management in India have been majorly policy reviews,
technological evaluations, or national analysis (Singh and Singh, 2021). Although these studies can be quite useful, they
tend to ignore the differences between cities that can be vital when considering localized challenges and opportunities.
There is a significant difference between the intensity of waste production, waste composition, recycling infrastructure
and administrative efficiency in the urban centers. In the absence of comparative analysis at the city level, performance
patterns are hard to be identified, the effectiveness of waste management practices is hard to be evaluated and specific
interventions designed, which fit a particular city environment.

Assessing the municipal solid waste management systems through the use of city-level indicators is a good idea to make
use of data. A quantitative measure of waste production, recycling, disposal and management indicators may show some
correlation between practice operations and environmental performance. This analysis aids in evidence-based decisions
in that the best performances of cities and areas needed in policy or management areas can be identified.

The research is relevant to the current debates on the implementation of the circular economy, environmental protection,
and sustainable urban development in India by shedding some light on the waste generation patterns, recycling
performance, and disposal methods, as well as management indicators. The study objectives will be:

1. To examine city-wise variations in municipal solid waste generation and recycling rates across Indian cities

2. To assess recycling performance across waste types and disposal methods to identify prevailing management practices
3. To evaluate how municipal management indicators influence recycling performance and environmental sustainability
outcomes

2. Materials And Methods
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2.1 Study Design

In order to examine the Indian cities as far as the management and recycling of their municipal solid waste (MSW) are
concerned, quantitative, descriptive, and comparative research design was adhered to. It was solely based on the analysis
of secondary data that allows carrying out a systematic comparison of the waste generation patterns and the effectiveness
of recycling and the management approach in various city environments. Quantitative methodology makes it easier to
assess such measurable variables as the amounts of waste and the rates of recycling, whereas descriptive analysis helped
to describe the current practices. The comparative aspect allows tracing inter-city differences and evaluating the
consequences of the latter on the environmental protection and the management of resources in a sustainable way.

2.2 Data Sources

The paper was based on a single publicly available dataset as secondary data (Utkarsh, 2025). The variables in the dataset
are of city level on Indian cities and the variables include variables on the municipal solid waste production, recycling,
disposal and the management indicators. The data was structured and formatted, and it was suitable to make a comparison
between the waste management system in cities.

2.3 Data Processing

The dataset was filtered before it was analyzed in order to provide consistency and analysis appropriateness. The process
of data processing included checking the formats of variables, measurement units, and records. The data were systemized
in a way that they could be compared with one another among cities and types of waste. In the instances where necessary,
the aggregation was used to summarize the crucial indicators like waste production and recycling city-country. The
methodologies used before the analysis allowed it to be analytically coherent but still did not affect the integrity of the
initial secondary data.

2.4 Data Analysis Techniques

Descriptive and comparative statistical analysis was used to analyze the municipal solid waste management and recycling
activity. Descriptive statistics was used to summarize the level of waste generation, the rate of recycling and the indicators
related to the management in terms of the mean values, ranges and percentages. Comparison was used to evaluate the
difference in recycling performances and waste management practices in different cities. The waste-type-wise analysis
was also conducted to study the trends of recycling of various types of municipal waste. Patterns were displayed in a
graphical representation by use of charts and tables in the visual presentation of results and the interpretation of findings.

2.5 Analytical Framework

The analysis framework connects the indicators of municipal solid waste management to the wider objectives of
environmental protection, as well as sustainable resources management. Recycling performance was viewed as one of the
important ways of decreasing the environmental pressure, preserving material resources and facilitating the development
of the city in a sustainable manner. The levels of waste generation and its disposal was analyzed in terms of their possible
environmental implication and management indicators was taken to be facilitating factors in general system performance.
This framework assists in having a holistic view of the MSW management practices in Indian cities through a
sustainability perspective.

3. Results

3.1 Municipal Solid Waste Generation and Recycling Across Indian Cities

The analysis reveals that there is a big variation in municipal solid waste (MSW) production across the Indian city. The
quantity of waste being produced every day is estimated to be 4500 to 5600 tons per day, owing to the differences in the
size of the urban areas, the level of population and consumption rate. The relatively higher waste generation is recorded
in the cities such as Allahabad, Amritsar, and Agra and lower average values are recorded in Ahmedabad and Bengaluru.
Despite the difference in the quantity of waste disposed, there is an average uniformity in the performance of the cities
about recycling. The average recycling rates vary between 52 and 64 in total and it presupposes that higher the waste is
produced, the less efficient is the recycling. Table 1 shows the mean day per day average municipal solid waste production
and recycling rates in the cities of interest chosen in India and Figure 1 shows the spatial variance in variation in recycling
performance between the two cities.

Table 1: City-wise Average Municipal Solid Waste Generation and Recycling Rate

City Average Waste Generated (tons/day) | Average Recycling Rate (%)
Agra 5394.60 57.24
Ahmedabad | 4581.24 61.32
Allahabad 5598.56 55.24
Amritsar 5399.68 53.56
Bengaluru 4694.96 56.32
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Figure 1: Average Recycling Rate Across Indian Cities
3.2 Recycling Performance by Waste Type
The rate of recycling is different among various types of waste. The average recycling level of plastic waste is the highest
(around 58%), then comes the level of hazardous waste and e-waste. Organic waste demonstrates moderate recycling, and
construction waste demonstrates relatively lower rates of recycling, which describes the difficulty of recovering materials
of this kind.
Table 2 demonstrates the average waste produced and recycling rates per type of waste, and thus, plastic waste shows the
most significant generation (5557.15 tons/day) with a recycling rate of 58.14, and other wastes streams have similar
recycling activity. Figure 2 presents the average rate of recycling of each type of waste, which reveals fairly equal
recycling successes with slight differences between types. The findings reveal a relatively consistent pattern in the
recycling of waste, with the plastics slightly above other characteristics.

Table 2. Waste-Type-Wise Average Waste Generation and Recycling Rate

Waste Type | Average Waste Generated (tons/day) | Average Recycling Rate (%)
Plastic 5557.15 58.14
Organic 5298.02 56.95
E-Waste 5276.62 57.05
Hazardous 4949.46 57.11
Construction | 5229.99 56.13
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Figure 2: Average Recycling Rate by Waste Type

3.3 Disposal Methods Adopted by Indian Cities

The use of diverse combinations of waste disposal techniques is practiced in Indian cities. The most common method of
disposal recorded is incineration then recycling and landfilling with composting having slightly lower percentages. The
fact that disposal methods are practically evenly distributed indicates that cities do not have one type of treatment as the
primary one, but several different methods of treatment.

The table 3 shows the number of times various ways of disposing the waste are used, with incineration as the most
frequently reported way of disposal, although there is not much difference in the methods. The Figure 3 shows the
distribution of the disposal methods in the cities with few variations in the use of incineration, recycling, landfill and
composting.

Table 3: Distribution of Disposal Methods
Disposal Method | Number of Records

Incineration 218
Recycling 213
Landfill 210

Composting 209
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Figure 3: Distribution of Disposal Methods Across Cities

3.4 Recycling Rates and Municipal Management Indicators

The evaluation of the indicators of municipal management shows that cities with larger rate scores on the efficiency and
the number of awareness campaign are more likely to have higher recycling rates. The current recycling rate of the cities
is 56.9, which is supported by the middle level of municipal efficiency and continuous efforts to raise awareness among
the population.

Table 4 shows the summary statistics of the recycling rates and the target management indicators. The results of this study
highlight the significance of governance capacity and involvement of the citizens in enhancing recycling performance.

Table 4: Summary of Recycling Rate and Municipal Management Indicators
Indicator Mean Value
Recycling Rate (%) 56.9
Municipal Efficiency Score 6.4
Awareness Campaigns (count) | 13.2

3.5 Implications for Environmental Protection and Sustainable Resource Management

The findings indicate that those cities are in a better position to decrease the environmental pressure and utilize the
resources better as they have more recycling and diversified disposal practices. The improved recycling performance will
help to decrease the reliance on landfills and other disposal techniques that have an adverse impact on the environment
and help to achieve the environmental protection goal.

Table 5 presents the main waste management indicators, revealing moderate to high rates of recycling, the upward slope
in waste diversion, and a positive correlation between the efficiency of the management and the performance of recycling.

Table 5: Key Indicators Supporting Sustainable Resource Management

Indicator Observed Trend

Recycling Rate Moderate to High

Waste Diversion Increasing

Management Efficiency | Positively linked to recycling

4. Discussion

Comparison indicates that there is enormous diversity in the production of municipal solid waste (MSW), recycling tasks
and disposal in Indian cities, which means that the variety of the municipal waste management systems is great. The city-
level analysis reveals that the growth of waste does not necessarily lead to the decline in recycling activities and, therefore,
the capacity to govern, the presence of infrastructures, and the effectiveness of the waste management are more influential
aspects than multiplied by the quantity of waste (Ghosh et al., 2025). The inter-city variability of the same trends has been
seen also in empirical studies of cities in India which establish the impact of local administrative and planning
environments in shaping the result(s) of waste management.

The recycling percentages are average in the cities being examined and there is a comparative scarcity of variance which
is a sign that there is some minimum degree of recycling endeavors in the urban regions of India. However, the slight
variations in the performance in the sphere of the recycling can also contribute to the significant environmental
performance in case of the growth to the city-scale amounts of waste. More prepared cities will have a higher capacity to
reduce the use of landfills, avoid the risk of contamination and conserve the material resources (Madhavaraj and
Karthikeyan, 2025). Such findings are in line with the larger assessments of waste management scenario in India that
highlight the necessity of enhancing the recycling facilities and minimizing the environmental degradation and resource
wastage.

The analysis in terms of types of wastes indicates that not all streams of materials are recycled at the same rate. The
recycling rates of plastic waste are rather high and can be seen as the reflection of the highly-developed markets of
recovery, regulation-intensive, and economic motivational characteristics. On the contrary, the construction and
demolition wastes have worse outcomes regarding the recycling of wastes, which describes the drawbacks in the
infrastructures and enforcement plans (Rajayya et al., 2025). The unfair distribution of waste products is the sign, which
shows that the homogenous policies in the waste management may not be sufficient. Instead, there is a need to have more
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material-specific ways of recovery to defeat recovery difficulties with high-volume, dangerous, or low-value waste
fractions. These results are in line with the broader discussion on how India is becoming a circular economy where
material-specific policy and market processes have been observed as central drivers of effective resource recovery.

The disposal method analysis shows that different types of waste treatment are diversified in various cities like recycling,
composting, landfilling, and incineration. The relatively equal allocation of the disposal methods shows the possibility of
gradual transition to the landfill-only method (Hamdan et al., 2025). However, the mere fact that disposal-intensive
activities have been high implies that recycling and composting is yet to be optimized. Studies of smart cities and waste-
to-energy paths also indicate that even though an increased variety of options is being diversified in terms of the disposal,
material recovery and recycling ought to have a front-line position in the search to provide sustainability in the long term.
One of the important outcomes of this study is the fact that the level of recycling is positively correlated with such factors
of municipal management as administrative efficiency and awareness campaigns. It can be seen that major cities with
more-developed institutional capacity and population level of more effective involvement show better results of recycling.
Here, the importance of governance and behavioural aspects of the process of waste management performance is
emphasized (Kanojia et al., 2022). Technical solutions alone cannot work without support by effective regulatory systems,
enforcement systems and participation of the people. Problems to address on regulatory compliance and institutional
coordination have been very well documented in the waste management sector of India particularly in the specific waste
streams such as biomedical waste when there are loopholes between the laws and their legal enforcers on the ground.

In environmental terms, the increased recycling performance will directly influence air, water, and soil pollution, because
the waste will not go to the landfills, and emissions associated with the same will be decreased. Recycling also has a
greater potential to facilitate sustainable management of resources by reducing the use of virgin materials and cycling
materials (Tun et al., 2021). The findings of the research show that the cities that recycle more and have more diverse
approaches to the disposal are better fitted to follow the aims of sustainability and environmental protection. It is
contended in this way to make the larger point that the management of solid waste in urban areas can be deemed as one
of the pillars of urban sustainability and resiliency.

By and large, the results show that the notion of making Indian cities with sustainable MSW management ought to be
interdisciplinary in nature to be inclusive of both good governance and material-specific recycling policy and insightful
stakeholder participation. The inter-city difference may be regarded as both the difficulty and the potential of the
decentralized urban waste management set ups. It is possible to improve the results of environmental protection by
enhancing the ability of the municipalities, increasing the compliance with the regulations and creating recycling plants.
In the wider context of the Indian switch to the circular economy and the sustainable urban development, the fact at the
city level, demonstrated in this paper, can be of huge benefit to policy-makers, urban planners, and urban managers who
must improve the extent to which the waste management and the environmental sustainability is achieved.

5. Conclusion

Waste disposal in the urban areas has become the attribute of the sustainable development of the Indian cities where the
increasing material consumption presents an endless pressure on the natural environment and the municipal government.
In order to properly address this challenge, disposal-oriented practices should be modified to management strategies that
focus on the resource recovery, institutional effectiveness and environmental protection. It unveils the fact that urban
waste systems are being an instrument of governance rather than technical systems. The variations in waste output in the
urban scale are accompanied by a relatively stable recycling result, which signifies the fact that effective management
systems could be employed in order to soften the surroundings even in the event of the rising waste levels. Moreover, the
variation of the performance of recycling among the types of waste also indicates the need of the distinction of the
approach that may help to determine the material-specific potential of recovery and regulatory shortcomings, i.e. the
construction and bulk waste streams. The implication of this analysis is that the centrality of the municipal management
indicators in the determination of the recycling results. The issue of administrative effectiveness, control mechanisms and
creation of awareness among the citizens become important challenges that can be exploited to improve the performance
of the environment. Enhancing these aspects of governance may reduce the dependence on the disposal techniques that
are land intensive, facilitate the landfill diversion and help in the sustainability management of the available resources.
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