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EXECUTIVE SUMMARY 

This study examined the present status of waste management in India, its effects on public 

health and the environment, and the prospects of introducing improved means of disposing 

municipal solid waste (MSW) in India. The systems and techniques discussed are Informal and 

Formal Recycling, Aerobic Composting and Mechanical Biological Treatment, Small Scale 

Biomethanation, Refuse Derived Fuel (RDF), Waste-to-Energy Combustion (WTE), and Landfill 

Mining (or Bioremediation). 

This report is the result of over two years of research and includes data collected from the 

literature, communication with professionals in India, US and Europe; and extensive field 

investigations by the author in India and the US. Two field visits in India over a period of fifteen 

weeks covered 13 cities (Figure 1) representing all sizes and regions in India. The visits included 

travelling to informal recycling hubs, waste dealers shops, composting facilities, RDF facilities, 

WTE facilities, sanitary and unsanitary landfills, landfill mining sites, and numerous municipal 

offices. These visits provided the opportunity to closely observe the impact of waste 

management initiatives, or lack thereof, on the public in those cities. The author has also visited 

different WTE plants in the US to study the prospects of this technology in India. 

The main objective of the study was to find ways in which the enormous quantity of solid 

wastes currently disposed off on land can be reduced by recovering materials and energy from 

wastes, in a cost effective and environmental friendly manner. The guiding principle of this 

ǎǘǳŘȅ ƛǎ ǘƘŀǘ άǊŜǎǇƻƴǎƛōƭŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǿŀǎǘŜǎ Ƴǳǎǘ ōŜ ōŀǎŜŘ ƻƴ ǎŎƛŜƴŎŜ ŀƴŘ ōŜǎǘ ŀǾŀƛƭŀōƭŜ 

technology and not on ideology and economics that exclude environmental costs and seem to 

be inexpensive now, but caƴ ōŜ ǾŜǊȅ Ŏƻǎǘƭȅ ƛƴ ǘƘŜ ŦǳǘǳǊŜέ όAnnexure I). 

Lack of data and inconsistency in existing data is a major hurdle while studying developing 

nations. This report attempted to fill this gap by tabulating the per capita waste generation 

rates and wastes generated in 366 Indian cities that in total ǊŜǇǊŜǎŜƴǘ тл҈ ƻŦ LƴŘƛŀΩǎ ǳǊōŀƴ 

population (Appendix 1). This is the largest existing database for waste generation in individual 

cities in India. Estimations made by extrapolating this data puts the total MSW generated in 

urban India at 68.8 million tons per year (TPY) or 188,500 tons per day (TPD). The data collected 

indicate a 50% increase in MSW generated within a decade since 2001. In a άbusiness as usual 

scenarioέ, urban India will generate 160.5 million TPY (440,000 TPD) by 2041 (Table 7); in the 

next decade, urban India will generate a total of 920 million tons of municipal solid waste that 

needs to be properly managed in order to avoid further deterioration of public health, air, 

water and land resources, and the quality of life in Indian cities. In a άbusiness as usualέ 

scenario, India will not be able to dispose these wastes properly. 
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The composition of urban MSW in India is 51% organics, 17.5% recyclables (paper, plastic, 

metal, and glass) and 31 % of inerts (Table 6). The moisture content of urban MSW is 47% and 

the average calorific value is 7.3 MJ/kg (1745 kcal/kg). The composition of MSW in the North, 

East, South and Western regions of the country varied between 50-57% of organics, 16-19% of 

recyclables, 28-31% of inerts and 45-51% of moisture (Table 6). The calorific value of the waste 

varied between 6.8-9.8 MJ/kg (1,620-2,340 kcal/kg). 

Map of India 
Cities Generating MSW > 1000 TPD 
Cities Visited During Research Trip 

Figure 1, Map of Cities Generating Different Quantities of MSW; Cities Visited by the Author during Research Visits 



Page | 5  

 

¢Ƙƛǎ ǊŜǇƻǊǘ Ƙŀǎ ŀƭǎƻ ǳǇŘŀǘŜŘ ǘƘŜ ά{ǘŀǘǳǎ ƻŦ /ƛǘƛŜǎ ŀƴŘ State Capitals in Implementation of MSW 

όaŀƴŀƎŜƳŜƴǘ ŀƴŘ IŀƴŘƭƛƴƎύ wǳƭŜǎΣ нлллέ  (1), jointly published by the Central Pollution Control 

Board (CPCB) and the National Environmental Engineering Research Institute (NEERI), with 

respect to waste disposal options. The updated information is included as a table comparing 

the waste handling techniques in 2008 and 2011 (Table 9, also see Appendix 3). Since 2008, the 

number of composting facilities in the 74 cities studied (Appendix 3) increased from 22 to 40. 

Currently, India has more than 80 composting plants (Appendix 8). During the same period, the 

number of sanitary landfills (SLF) has increased from 1 to 8 while the number of RDF and WTE 

projects has increased from 1 to 7 (Appendix 3). 

The study also found that open burning of solid wastes and landfill fires emit nearly 22,000 tons 

per year of pollutants into the air in the city of Mumbai alone (Figure 15). These pollutants  

include Carbon Monoxide (CO), Hydrocarbons (HC), Particulate Matter (PM), Nitrogen Oxides 

(NOx) and Sulfur Dioxide (SO2) plus an estimated 10,000 TEQ grams of  dioxins/furans (Appendix 

14). Open burning was found to be the largest polluter in Mumbai, among the activities that do 

not contribute any economic value to the city. Since open burning happens at ground level, the 

resultant emissions enter the lower level breathing zone of the atmosphere, increasing direct 

exposure to humans. 

The author has observed that the role of the informal sector in SWM in developing nations is 

increasingly being recognized. There is a world-wide consensus that the informal sector should 

be integrated into the formal system and there are numerous initiatives working with such 

goals. This report estimates that, every ton per day of recyclables collected informally saves the 

urban local body USD 500 (INR 24,500) per year and avoids the emission of 721 kg of carbon 

dioxide per year (Appendix 11). 

There is no sufficient information on the performance of LƴŘƛŀΩǎ a{² composting facilities. 

However, an important observation made during this study is that the compost yield from 

mixed waste composting facilities (MBTs) is only 6-7% of the feed material. Up to 60% of the 

input waste is discarded as composting rejects and landfilled (Figure 28); the rest consists of 

water vapor and carbon dioxide generated during the composting processes. The compost 

product from mixed wastes was found to be of very low quality and contaminated by heavy 

metals (Figure 30). The majority of the mixed waste compost samples fell below the quality 

control standards for total potassium, total organic carbon, total phosphorus and moisture 

content; and exceeded the quality control limits for heavy metals (lead, Pb, and chromium, Cr). 

If all MSW generated in India in the next decade were to be composted as mixed waste and 

used for agriculture, it would introduce 73,000 tons of heavy metals into agricultural soils 

(Appendix 13). 
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This study also found that the calorific value (lower heating value) of some composting rejects 

(up to 60% of the input MSW) is as high as 11.6 MJ/kg (2,770 kcal/kg) (Table 14). This value is 

much higher than the minimum calorific value of 7.5 MJ/kg (1,790 kcal/kg) recommended for 

economically feasible energy generation through grate combustion WTE (2). This data is 

important, considering the notion that the calorific value of MSW in India is not suitable for 

energy generation. Therefore, the residues of mixed MSW composting operations can be used 

for producing RDF or can be combusted in a WTE plant directly. 

Landfill gas (LFG) recovery has been shown to be economically feasible at seven landfills located 

in four cities, Delhi, Mumbai, Kolkata and Ahmadabad (Table 10). Development of these seven 

LFG recovery projects will result in an overall GHG emissions reduction of 7.4 million tons of 

CO2 equivalents. One of these landfills, the Gorai dumpsite in Mumbai, has already been 

capped in 2008 for capturing and flaring LFG. This project will result in an overall GHG emissions 

reduction of 2.2 million tons of CO2 equivalents by 2028. 

Assuming a business as usual scenario (BAU), by the end of the next decade, India will generate 

a total of 920 million tons of MSW, landfill or openly dump 840 million tons of it and produce 

3.6 million tons of mixed waste compost. It will also produce 33.1 million TPY of potential 

refuse derived fuel (RDF) in the form of composting rejects that will also be landfilled.  

A review of the present status of SWM in India, from a materials and energy recovery 

perspective, showed that in 2011 India will landfill (Appendix 15) 

ǒ 6.7 million TPY of recyclable material which could have been used as secondary raw 

materials in manufacturing industries, due to the absence of source separation;  

ǒ 9.6 million tons of  compost which could have been used as a fertilizer supplement, due 

to the absence of source separation and enough composting facilities; and 

ǒ 58 million barrels of oil energy equivalent in residues of composting operations that 

could have been used to generate electricity and displace fossil fuels in RDF co-

combustion plants or WTE power plants; due to the absence of WTE facilities, and 

proper policies and pollution control regulations for co-combustion of MSW in solid fuel 

industries. 

This report proposes a waste disposal system which includes integrated informal recycling, 

small scale biomethanation, MBT and RDF/WTE.  

Informal recycling can be integrated into the formal system by training and employing waste 

pickers to conduct door-to-door collection of wastes, and by allowing them to sell the 

recyclables they collected. Waste pickers should also be employed at material recovery facilities 

(or MRFs) to increase the percentage of recycling. Single households, restaurants, food courts 
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and other sources of separated organic waste should be encouraged to employ small scale 

biomethanation and use the biogas for cooking purposes. Use of compost product from mixed 

wastes for agriculture should be regulated. It should be used for gardening purposes only or as 

landfill cover. Rejects from the composting facility should be combusted in a waste-to-energy 

facility to recover energy. Ash from WTE facilities should be used to make bricks or should be 

contained in a sanitary landfill facility.  

Such a system will divert 93.5% of MSW from landfilling, and increase the life span of a landfill 

from 20 years to 300 years. It will also decrease disease, improve the quality of life of urban 

Indians, and avoid environmental pollution. 
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SCOPE OF STUDY 

This report focuses on various options available for the disposal of municipal solid waste (MSW) 

sustainably and attempts to provide a documented picture of their suitability to India. The 

report is divided into two parts, Part I and Part II. The first part will explain the present solid 

waste management (SWM) crisis in India, its impacts on public health, environment and quality 

of life and touch upon efforts towards SWM in the past. The second part deals with the Earth 

9ƴƎƛƴŜŜǊƛƴƎ /ŜƴǘŜǊΩǎ ƛƴƛǘƛŀǘƛǾŜΣ ²¢9w¢ ς India to help improve SWM in India and presents some 

articles viewership statistics of the internet blog (www.swmindia.blogspot.com) based upon 

this research. 

 

Figure 2, Scope of the Study: Green Boxes Indicate the Methods of Waste Disposal Studied in Comparison to the 

Hierarchy of Sustainable Waste Management 

The first part introduces the Hierarchy of Sustainable Waste Management (Figure 10), which will 

act as the framework for the rest of this report. It then presents the current situation of SWM in 

Indian cities, discussing unsanitary landfilling and open burning of wastes; and their effects on 

the day-to-day lives of urban Indians. Part I also discusses specific technologies and 



Page | 22  

 

mechanisms as probable solutions to LƴŘƛŀΩǎ SWM crisis. The areas of focus were Recycling, 

Aerobic Composting (or Mechanical Biological Treatment), Small Scale Biogas (or 

Biomethanation), Refuse Derived Fuel (RDF) and Waste-to-Energy Combustion (WTE), as 

represented by the green boxes in (Figure 2). These technologies were selected based upon their 

success inside and outside India, suitability to Indian conditions, environmental impact and 

economics. Composting and small scale biomethanation were chosen specifically due to their 

success in India in treating organic wastes. Composting was also chosen to point out a likely 

side-effect of mixed waste composting. Mixed waste composting is also called as Mechanical 

Biological Treatment (MBT). Use of compost from MBT facilities for agricultural purposes 

introduces heavy metals into human food chain. Small scale biomethanation was chosen due to 

its high position on the hierarchy of sustainable waste management and its collective potential 

to divert waste from landfills. 

Informal recycling is studied as an integral part of SWM considering its effectiveness in recycling 

waste and its robust collection and supply chains in large Indian cities. Informal recycling is 

getting due recognition and gaining wider consensus around the world for its role in SWM in 

middle and low income nations.  RDF and WTE are chosen based upon their potential to divert 

wastes from landfill and their potential to generate energy from residual mixed wastes. Failures 

of RDF and WTE plants are analyzed and compared to the initial failures of MBT plants. Despite 

the best waste handling practices, a fraction of MSW that has to be landfilled will always exist; 

therefore an introduction to sanitary landfilling is included as an end-of-the-loop solution.  

Short details of other sources of information about government policy and regulations, 

theoretical aspects of SWM, and specifications followed in Indian SWM projects are provided in 

Section 7. 
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INTRODUCTION 

India is the second largest nation in the world, with a population of 1.21 billion, accounting for 

nearly 18҈ ƻŦ ǿƻǊƭŘΩǎ ƘǳƳŀƴ ǇƻǇǳƭŀǘƛƻƴΣ ōǳǘ it does not have enough resources or adequate 

systems in place to treat its solid wastes. Its urban population grew at a rate of 31.8% during 

the last decade to 377 million, which is greater than the entire population of US, the third 

largest country in the world according to population (3). India is facing a sharp contrast 

between its increasing urban population and available services and resources. Solid waste 

management (SWM) is one such service where India has an enormous gap to fill. Proper 

municipal solid waste (MSW) disposal systems to address the burgeoning amount of wastes are 

absent. The current SWM services are inefficient, incur heavy expenditure and are so low as to 

be a potential threat to the public health and environmental quality (4). Improper solid waste 

management deteriorates public health, causes environmental pollution, accelerates natural 

resources degradation, causes climate change and greatly impacts the quality of life of citizens 

(See Section 4). 

 

Figure 3, Impact of Improper SWM on Pristine Ecosystems, Landfill Fires in Visakhapatnam Landfill, which is 

Located in a Valley 
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The present citizens of India are living in times of unprecedented economic growth, rising 

aspirations, and rapidly changing lifestyles, which will raise the expectations on public health 

and quality of life. Remediation and recovery of misused resources will also be expected. These 

expectations when not met might result in a low quality of life for the citizens (See Section 4.6). 

Pollution of whether air, water or land results in long-term reduction of productivity leading to 

a deterioration of economic condition of a country. Therefore, controlling pollution to reduce 

risk of poor health, to protect the natural environment and to contribute to our quality of life is 

a key component of sustainable development (5). 

The per capita waste generation rate in India has increased from 0.44 kg/day in 2001 to 0.5 

kg/day in 2011, fuelled by changing lifestyles and increased purchasing power of urban Indians. 

Urban population growth and increase in per capita waste generation have resulted in a 50% 

increase in the waste generated by Indian cities within only a decade since 2001. There are 53 

cities in India with a million plus population, which together generate 86,000 TPD (31.5 million 

tons per year) of MSW at a per capita waste generation rate of 500 grams/day. The total MSW 

generated in urban India is estimated to be 68.8 million tons per year (TPY) or 188,500 tons per 

day (TPD) of MSW. Such a steep increase in waste generation within a decade has severed the 

stress on all available natural, infrastructural and budgetary resources.  

Big cities collect about 70 - 90% of MSW generated, whereas smaller cities and towns collect 

less than 50% of waste generated. More than 91% of the MSW collected formally is landfilled 

on open lands and dumps (6). It is estimated that about 2% of the uncollected wastes are burnt 

openly on the streets. About 10% of the collected MSW is openly burnt or is caught in landfill 

fires (5). Such open burning of MSW and landfill fires together releases 22,000 tons of 

pollutants into the lower atmosphere of Mumbai city every year (Figure 15). The pollutants 

include carbon monoxide (CO), carcinogenic hydro carbons (HC) (includes dioxins and furans), 

particulate matter (PM), nitrogen oxides (NOx) and sulfur dioxide (SO2) (5). 

Most of the recyclable waste is collected by the informal recycling sector in India prior to and 

after formal collection by Urban Local Bodies (ULB). Amount of recyclables collected by 

informal sector prior to formal collection are generally not accounted. This report estimates 

that 21% of recyclables collected formally are separated by the formal sector at transfer 

stations and dumps. Even though this number does not include amount of recycling prior to 

formal collection, it compares fairly well with the best recycling percentages achieved around 

the world (See Section 5.1.1). Informal recycling system is lately receiving its due recognition 

world-wide for its role in waste management in developing nations. In India, government policy 

and non-governmental organizations (NGOs) are expected to organize the sector present in 

different regions, and to help integrating it into the ƻǾŜǊŀƭƭ ŦƻǊƳŀƭ ǎȅǎǘŜƳΦ ΨtƭŀǎǘƛŎ ²ŀǎǘŜ 

aŀƴŀƎŜƳŜƴǘ ŀƴŘ IŀƴŘƭƛƴƎ wǳƭŜǎΣ нлммΩ ōȅ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ 9ƴǾƛǊƻƴƳŜƴǘ ŀƴŘ CƻǊŜǎǘǎ όah9Cύ ƛǎ ŀ 
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step ahead in this direction. These rules mandate ULBs to coordinate with all stake holders in 

solid waste management, which includes waste pickers. 

 

Figure 4, Impact of Improper SWM on Public health: Direct Exposure of Children to Emissions from Open 

Burning, Hyderabad 

All attempts to recover materials and energy from MSW have encountered initial failures. Ten 

aerobic composting (MBT) projects in 1970s, a WTE project in 1980s, a large scale 

biomethanation project, and two RDF projects in 2003 have failed. Anaerobic digestion of MSW 

on a large scale does not work in India due to the absence of source separated organic waste 

stream. The large scale biomethanation plant built in Lucknow to generate 6 MW of electricity, 

failed to run because of this. Anaerobic digestion has however been successful at smaller 

scales, for vegetable and meat markets, restaurants or hotels and at the household level. 

Twenty thousand household biogas units installed by Biotech, a bio gas technology company 

from Thiruvananthapuram, Kerala divert about 2.5% of organic waste from landfill. By doing so, 

they save up to USD 4.5 million (INR 225 million) to Thiruvananthapuram, and Kochi ULBs every 

year in transportation costs. These biogas units also avoid around 7,000 tons of CO2 equivalent 

(TCO2) emissions every year (See Section 5.3). 

Aerobic composting is the most widely employed SWM technology in India. It is estimated that 

up to 6% of MSW collected is composted in various MBT facilities (7). There are more than 80 
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MBT plants in India treating mixed MSW, most of them located in the states of Maharashtra 

(19), Himachal Pradesh (11), Chhattisgarh (9) and Orissa (7) (Appendix 8). More than 26 new 

MBT plants are proposed in different cities and towns across India (Appendix 8). Even though 

composting of mixed wastes is a better solution compared to landfilling or openly burning those 

wastes, it is not the best (8). Compost from MBT facilities was found to be of low quality and to 

contain toxic heavy metals which could enter human food chain if used for agriculture (See 

Section 5.2.3). 

India has a total of five RDF processing plants, located near Hyderabad, Vijayawada, Jaipur, 

Chandigarh and Rajkot. The first two plants burn the RDF produced in WTE boilers, whereas the 

next two burn the RDF in cement kilns. Details about the Rajkot facility are not available. All 

these facilities have encountered severe problems during operation. Problems were majorly 

due to lack of proper financial and logistical planning and not due to the technology.  

Only two WTE combustion plants were built in India, both in New Delhi. The latest one among 

them has finished construction in Okhla landfill site and is about to begin operations. It is 

designed to generate 16 MW of electricity by combusting 1350 TPD of MSW. 

All technological solutions attempted in India have encountered initial failures in India. These 

include the ten MBT (composting) facilities built in 1975-1976, the WTE facility built in 1985 in 

Delhi, the two RDF plants built in 2003 near Hyderabad and Vijayawada. None of these plants 

are currently in operation. The ten MBT and the 1985 WTE plant are now completely closed. 

Major reasons for these failures are, the plants were designed for handling more waste than 

could be acquired; allocation of funds for plant maintenance was ignored; and local conditions 

were not considered while importing the technology. The success of MBT in India is partly due 

to the lessons learned from such failures. The failure of WTE however raised enormous public 

opposition and has hindered any efforts in that direction. Failure of biomethanation plants was 

also attributed to WTE combustion due to the confusion in the terminology. Failure of RDF 

plants has attracted attention and opposition too; however, numerous attempts at installing 

this technology are continuously made.  

MSW rules 2000 made by the Government of India to regulate the management and handling 

of municipal solid wastes (MSW) provide a framework for treatment and disposal of MSW. 

These rules were the result of a ΨtǳōƭƛŎ LƴǘŜǊŜǎǘ [itigation (PIL)Ω in the Supreme Court of India 

(SC). The MSW rules 2002 and other documents published by the Government of India (GOI) 

recommend adoption of different technologies, which include biomethanation, gasification, 

pyrolysis, plasma gasification, refuse derived fuel (RDF), waste-to-energy combustion (WTE), 

sanitary landfills (SLF). However, the suitability of technologies to Indian conditions has not 

been sufficiently studied, especially with regard to the sustainable management of the entire 

MSW stream and reducing its environmental and health impacts. 
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Due to lack of data and infrastructural, financial and human resources, the Supreme Court 

mandate of complete compliance to the rules by 2003 could not be achieved by urban local 

bodies (ULBs) and that goal still remains to be a distant dream (7). As a result, even after a 

decade since the issuance of the MSW Rules 2000, the state of MSW management systems in 

the country continues to raise serious public health concerns (9). Although some cities have 

achieved some progress in SWM, many cities and towns have not even initiated measures (7). 

Initiatives in Mumbai were the result of heavy rains and consequent flooding in 2006 due to 

drains clogged by solid waste. The flood in Mumbai in 2006 paved the way for enacting State 

level legislation pertaining to the collection, transport and disposal of urban solid waste in the 

state of Maharashtra (7).  Bubonic plague epidemic in Surat in 1994 increased awareness on the 

need for proper SWM systems all over India and kick started measures to properly manage 

wastes in Surat. 

Scarcity of suitable landfill sites is a major constraint, increasingly being faced by ULBs. Such 

difficulties are paving the way to building regional landfills and WTE and mechanical biological 

treatment (MBT) solutions. The tremendous pressure on the budgetary resources of 

States/ULBs due to increasing quantities of MSW and lack of infrastructure has helped them 

involve private sector in urban development (7). GOI has also invested significantly in SWM 

projects under the 12th Finance Commission and Jawaharlal Nehru National Urban Renewal 

Mission (JnNURM). The financial assistance provided by GOI to states and ULBs amounted to 

USD 510 million (INR 2,500 crores) (7). 
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PART I, PRESENT SITUATION OF SWM IN INDIA 

1. MUNICIPAL SOLID WASTE (MSW) 

Waste is defined as any material that is not useful and does not represent any economic value 

to its owner, the owner being the waste generator (10). Depending on the physical state of 

waste, wastes are categorized into solid, liquid and gaseous. Solid Wastes are categorized into 

municipal wastes, hazardous wastes, medical wastes and radioactive wastes. Managing solid 

waste generally involves planning, financing, construction and operation of facilities for the 

collection, transportation, recycling and final disposition of the waste (10). This study focuses 

only on the disposal of municipal solid waste (MSW), as an element of overall municipal solid 

waste management or just solid waste management (SWM). 

Table 1: Sources and Types of Municipal Solid Waste; Source (11) 

Sources Typical waste generators Components of solid waste 

Residential Single and multifamily 
dwellings 

Food wastes, paper, cardboard, plastics, textiles, 
glass, metals, ashes, special wastes (bulky items, 
consumer electronics, batteries, oil, tires) and 
household hazardous wastes 

Commercial Stores, hotels, restaurants, 
markets, office buildings 

Paper, cardboard, plastics, wood, food wastes, glass, 
metals, special wastes, hazardous wastes 

Institutional Schools, government center, 
hospitals, prisons 

Paper, cardboard, plastics, wood, food wastes, glass, 
metals, special wastes, hazardous wastes 

Municipal 
services 

Street cleaning, landscaping, 
parks, beaches, recreational 
areas 

Street sweepings, landscape and tree trimmings, 
general wastes from parks, beaches, and other 
recreational areas 

MSW is defined as any waste generated by household, commercial and/or institutional 

activities and is not hazardous (10). Depending upon the source, MSW is categorized into three 

types: Residential or household waste which arises from domestic areas from individual houses; 

commercial wastes and/or institutional wastes which arise from individually larger sources of 

MSW like hotels, office buildings, schools, etc.; municipal services wastes which arise from area 

sources like streets, parks, etc. MSW usually contains food wastes, paper, cardboard, plastics, 

textiles, glass, metals, wood, street sweepings, landscape and tree trimmings, general wastes 

from parks, beaches, and other recreational areas (11). Sometimes other household wastes like 

batteries and consumer electronics also get mixed up with MSW.  
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1.1. SOLID WASTE MANAGEMENT (SWM) 

A solid waste management (SWM) system includes the generation of waste, storage, collection, 

transportation, processing and final disposal. This study will focus on disposal options for MSW 

in India. 

Agricultural and manufactured products of no more value are discarded as wastes. Once items 

are discarded as waste, they need to be collected. Waste collection in most parts of the world is 

centralized and all kinds of waste generated by a household or institution are collected 

together as mixed wastes. 

Solid waste management (SWM) is a basic public necessity and this service is provided by 

respective urban local bodies (ULBs) in India. SWM starts with the collection of solid wastes and 

ends with their disposal and/or beneficial use. Proper SWM requires separate collection of 

different wastes, called source separated waste collection. Source separated collection is 

common in high income regions of the world like Europe, North America and Japan where the 

infrastructure to transport separate waste streams exists. Most centralized municipal systems 

in low income countries like India collect solid wastes in a mixed form because source separate 

collection systems are non-existent. Source separated collection of waste is limited by 

infrastructure, personnel and public awareness. A significant amount of paper is collected in a 

source separated form, but informally. In this report, unmixed waste will be specially referred 

to as source separated waste, in all other cases municipal solid waste (MSW) or solid waste 

would refer to mixed wastes. 

Indian cities are still struggling to achieve the collection of all MSW generated. Metros and 

other big cities in India collect between 70- 90% of MSW. Smaller cities and towns collect less 

than 50% (6). The benchmark for collection is 100%, which is one of the most important targets 

for ULBs at present. This is a reason why source separated collection is not yet in the radar. 

1.2. PER CAPITA MSW GENERATTION 

The per capita waste generation rate is strongly correlated to the gross domestic product (GDP) 

of a country (Table 2). Per capita waste generation is the amount of waste generated by one 

person in one day in a country or region. The waste generation rate generally increases with 

increase in GDP. High income countries generate more waste per person compared to low 

income countries due to reasons discussed in further sections. The average per capita waste 

generation in India is 370 grams/day as compared to 2,200 grams in Denmark, 2,000 grams in 

US and 700 grams in China (12) (13) (14). 
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Table 2 Comparison between the per capita MSW generation rates in Low, Middle and High Income Countries 

Country Per Capita Urban MSW Generation 
(kg/day) 

 1999 2025 

Low Income Countries 0.45 - 0.9 0.6 - 1.0 

Middle Income Countries 0.52 - 1.1 0.8 - 1.5 

High Income Countries 1.1 - 5.07 1.1 - 4.5 

Waste generation rate in Indian cities ranges between 200 - 870 grams/day, depending upon 

ǘƘŜ ǊŜƎƛƻƴΩǎ ƭƛŦŜǎǘȅƭŜ ŀƴŘ the size of the city. The per capita waste generation is increasing by 

about 1.3% per year in India (7).  

Table 3, Highest and Lowest Waste Generation and Waste Generation Rates Among Metros, Class 1 cities, 

States, UTs, and North, East, West, South regions of India 

  Waste Generation (TPD) Per Capita Waste Generation (kg/day) 

  Low High Low High 

Metros 
Value 3,344 11,520 0.445 0.708 

City 
Greater Bengaluru Greater 

Kolkata 
Greater 
Bengaluru 

Chennai 

Class 1 Cities 
Value 317 2,602 0.217 0.765 

City Rajkot Pune Nashik Kochi 

All Cities 
Value 5 11,520 0.194 0.867 

City Kavarati Kolkata Kohima Port Blair 

States 
Value 19 23,647 0.217 0.616 

State 
Arunachal 
Pradesh 

Maharashtra Manipur Goa 

Union 
Territories (UT) 

Value 5 11,558 0.342 0.867 

UT 
Lakshadweep Delhi Lakshadweep Andaman & 

Nicobar 

Regions 
Value 696 88,800 0.382 0.531 

Region East West East West 

Cities in Western India were found to be generating the least amount of waste per person, only 

440 grams/day, followed by East India (500 g/day), North India (520 g/day), and South India. 

Southern Indian cities generate 560 grams/day, the maximum waste generation per person. 

States with minimum and maximum per capita waste generation rates are Manipur (220 

grams/day) and Goa (620 grams/day). Manipur is an Eastern state and Goa is Western and both 

are comparatively small states. Among bigger states, each person in Gujarat generates 395 

g/day; followed by Orissa (400 g/day) and Madhya Pradesh (400 grams/day). Among states 

generating large amounts of MSW per person are Tamil Nadu (630 g/day), Jammu & Kashmir 

(600 g/day) and Andhra Pradesh (570 g/day). Among Union Territories, Andaman and Nicobar 
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Islands generate the highest (870 grams/day) per capita, while Lakshadweep Islands (340 

grams/day) generates the least per capita. Per capita waste generation in Delhi, the biggest 

Union Territory is 650 g/day.  

The Census of India classifies cities and towns into 4 classes, Class 1, Class 2, Class 3, and Class 

4, depending upon their population (Table 4). Most of the cities studied during this research fell 

under Class 1. For the purpose of this study, these Class 1 cities were further categorized as 

Metropolitan, Class A, Class B, etc, until Class H depending upon the population of these cities. 

This finer classification allowed the author to observe the change in waste generation closer. 

However, the waste generation rates did not vary significantly between Class A, B, C, D, E, F, G 

& H cities. They fell in a narrow range of 0.43-0.49 kg/person/day. They generated significantly 

less MSW per person compared to the six metropolitan cities (0.6 kg/day). The per capita waste 

generation values of Class 2, 3 and 4 towns calculated in this report are not expected to 

represent respective classes due to the extremely small data set available. Data for only 6 out 

of 345 Class 2 cities, 4 out of 947 Class 3 cities and 1 out of 1,167 class 4 towns was available. 

Despite the lack of data in Class 2, 3, and 4 towns, the 366 cities and towns represent 70% of 

LƴŘƛŀΩs urban population and provide a fair estimation of the average per capita waste 

generation in Urban India (0.5 kg/day). 

Table 4, Per Capita Waste Generation Rate depending upon the Population Size of Cities and Towns 

Original 
Classification 

Classification 
for this Study 

Population Range (2001 Census) No. of 
Cities 

Per Capita 
kg/day 

 
 
 
 

Class 1 

Metropolitan 5,000,000 Above 6 0.605 

Class A 1,000,000 4,999,999 32 0.448 

Class B 700,000 999,999 20 0.464 

Class C 500,000 699,999 19 0.487 

Class D 400,000 499,999 19 0.448 

Class E 300,000 399,999 31 0.436 

Class F 200,000 299,999 58 0.427 

Class G 150,000 199,999 59 0.459 

Class H 100,000 149,999 111 0.445 

Class 2  50,000 99,999 6 0.518 

Class 3  20,000 49,999 4 0.434 

Class 4  10,000 19,999 1 0.342 

 TOTAL   366  
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1.3 MSW GENERATION 

Generation of MSW has an obvious relation to the population of the area or city, due to which 

bigger cities generate more waste. The metropolitan area of Kolkata generates the largest 

amount of MSW (11,520 TPD or 4.2 million TPY) among Indian cities. 

Among the four geographical regions in India, Northern India generates the highest amount of 

MSW (40,500 TPD or 14.8 million TPY), 30% of all MSW generated in India; and Eastern India 

(23,500 TPD or 8.6 million TPY) generates the least, only 17% of MSW generated in India. 

Among states, Maharashtra (22,200 TPD or 8.1 million TPY), West Bengal (15,500 TPD or 5.7 

million TPY), Uttar Pradesh (13,000 TPD or 4.75 million TPY), Tamil Nadu (12,000 TPD or 4.3 

million TPY) Andhra Pradesh (11,500 TPD or 4.15 million TPY) generate the highest amount of 

MSW. Among Union Territories, Delhi (11,500 TPD or 4.2 million TPY) generates the highest and 

Chandigarh (486 TPD or 177,400 TPY) generates the second highest amount of waste. 

 

Figure 5, Share of States and Union Territories in 

Urban MSW Generated 

 

Figure 6, Share of Different Classes of Cities in 

Urban MSW Generated 

1.4 MSW COMPOSITION 

Materials in MSW can be broadly categorized into three groups, Compostables, Recyclables and 

Inerts. Compostables or organic fraction comprises of food waste, vegetable market wastes and 

yard waste. Recyclables are comprised of paper, plastic, metal and glass. The fraction of MSW 

which can neither be composted nor recycled into secondary raw materials is called Inerts. 

Maharah
stra 

17.1% 

West 
Bengal 
12.0% 

Uttar 
Pradesh 
10.0% Tamil 

Nadu 
9.0% Delhi 

8.9% 

Andhra 
Pradesh 

8.8% Karnatak
a 

6.0% 

Gujarat 
5.4% 

Rajastha
n 

3.8% 

Madhya 
Pradesh 

3.5% 

Others 
15.6% 

Metros 
37% 

Class A 
24% 

Class B 
8% 

Class C 
5% 

Class D 
4% 

Class E 
5% 

Class F 
6% 

Class G 
5% Class H 

6% 



Page | 33  

 

Inerts comprise stones, ash and silt which enter the collection system due to littering on streets 

and at public places. 

Waste composition dictates the waste management strategy to be employed in a particular 

location. Organics in MSW are putrescible, and are food for pests and insects and hence need 

to be collected and disposed off on a daily basis. The amount of recyclables like paper and 

plastic in MSW dictates how often they need to be collected. Recyclables represent an 

immediate monetary value to the collectors. Organics need controlled biological treatment to 

be of any value, however due to the general absence of such facilities, organics do not 

represent any direct value to informal collectors. 

Table 5, Components and Waste Materials in MSW 

MSW components Materials 

Compostables Food waste, landscape and tree trimmings 

Recyclables Paper, Cardboard, Plastics, Glass, Metals 

Inerts Stones and silt, bones, and other inorganic materials 

1.4.1 COMPOSITION OF URBAN MSW IN INDIA 

A major fraction of urban MSW in India is organic matter (51%). Recyclables are 17.5 % of the 

MSW and the rest 31% is inert waste. The average calorific value of urban MSW is 7.3 MJ/kg 

(1,751 Kcal/kg) and the average moisture content is 47% (Table 6). It has to be understood that 

this composition is at the dump and not the composition of the waste generated. The actual 

percentage of recyclables discarded as waste in India is unknown due to informal picking of 

waste which is generally not accounted. Accounting wastes collected informally will change the 

composition of MSW considerably and help estimating the total waste generated by 

communities. 

The large fraction of organic matter in the waste makes it suitable for aerobic and anaerobic 

digestion. Significant recyclables percentage after informal recycling suggests that efficiency of 

existing systems should be increased. Recycling and composting efficiency are greatly reduced 

due to the general absence of source separation. Absence of source separation also strikes 

centralized aerobic or anaerobic digestion processes off the list. Anaerobic digestion is highly 

sensitive to feed quality and any impurity can upset the entire plant. Aerobic digestion leads to 

heavy metals leaching into the final compost due to presence of impurities and makes it unfit 

for use on agricultural soils. In such a situation the role of waste to energy technologies and 

sanitary landfilling increases significantly. This is due to the flexibility of waste-to-energy 

technologies in handling mixed wastes. Sanitary landfilling needs to be practiced to avoid 
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negative impacts of open dumping and open burning of wastes on public health, and on air, 

water and land resources. Therefore, increasing source separation rates is always the long term 

priority. 

Table 6, Composition of MSW in India and Regional Variation 

 Region/City MSW 
(TPD) 

Compostables 
(%) 

Recyclables 
(%) 

Inerts 
(%) 

Moisture 
(%) 

Cal. Value 
(MJ/kg) 

Cal. 
Value 

(kcal/kg) 

Metros 51,402 50.89 16.28 32.82 46 6.4 1,523 

Other cities 2,723 51.91 19.23 28.86 49 8.7 2,084 

East India 380 50.41 21.44 28.15 46 9.8 2,341 

North India 6,835 52.38 16.78 30.85 49 6.8 1,623 

South India 2,343 53.41 17.02 29.57 51 7.6 1,827 

West India 380 50.41 21.44 28.15 46 9.8 2,341 

Overall 
Urban India 

130,000 51.3 17.48 31.21 47 7.3 1,751 

1.4.1.1 PERCENTAGE OF RECYCLABLES AND INFORMAL RECYCLING 

A significant amount of recyclables are separated from MSW prior to and after formal collection 

by the informal recycling sector. The amount of recyclables separated by the informal sector 

after formal collection is as much as 21% (Appendix 6). The amount of recyclables separated 

prior to collection is generally not accounted for by the formal sector and could be as much as 

four times the amount of recyclables separated after formal collection. Comparing the 

percentage of recyclables in MSW in metro cities with that in smaller cities clearly shows the 

increased activity of informal sector in metros and other large cities. Increased presence of 

informal sector in large cities explains the huge difference in recyclables composition between 

large and small cities, observed by Perinaz Bhada, et al. (15). In metro cities, which generally 

have a robust presence of informal recycling sector, the amount of recyclables at the dump is 

16.28%, whereas in smaller cities where the presence of informal sector is smaller, the 

composition of recyclables is 19.23%. The difference of 3% in the amount of recyclables at the 

dump indicates the higher number of waste pickers and their activity in larger cities. 

1.5 ECONOMIC GROWTH, CHANGE IN LIFE STYLES AND EFFECT ON MSW 

The waste generation rate generally increases with increase in GDP during the initial stages of 

economic development of a country (16), because increase in GDP increases the purchasing 

power of a country which in turn causes changes in lifestyle. Even a slight increase in income in 

urban areas of developing countries can cause a few changes in lifestyle, food habits and living 
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standards and at the same time changes in consumption patterns (16). Therefore, high income 

countries generate more waste per person compared to low income countries due to the 

difference in lifestyles.  

1.5.1 IMPACT ON MSW GENERATION AND COMPOSITION IN INDIA 

Since economic reforms in 1992 ς 1993, India has undergone rapid urbanization, which changed 

material consumption patterns, and increased the per capita waste generation rate. Since 2011, 

India underwent unprecedented economic growth and the urban per capita waste generation 

increased from 440 grams/day to 500 grams/day at a decadal per capita waste generation 

growth rate of 13.6%. 

The change in lifestyles has caused considerable change in the composition of MSW generated 

in India too. Following a trend expected during the economic growth of a country, the 

percentage of plastics, paper and metal discarded into the waste stream increased significantly 

and the amount of inerts in the collected waste stream decreased likewise due to changes in 

collection systems.  

From 1973 to 1995, the composition of inerts in MSW decreased by 9%, whereas organic 

matter increased by 1% and recyclables increased by 8% (Figure 7). However, from 1995 to 2005, 

inerts decreased by 11%, compostables increased by 10% and recyclables by only 1%. The 

increase in compostables and recyclables observed (Figure 7) is due to a) increase in recyclable 

wastes generated due to lifestyle changes, and b) decrease in the overall percentage of inerts 

due to improvement in collection. 

 

Figure 7, Change in Composition of Indian MSW since 1973, through 1995 and 2005 
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1.6 POPULATION 

India is the second most populous nation on the planet. The Census of 2011 estimates a 

population of 1.21 billion which is 17.66% of the world population. It is as much as the 

combined population of USA, Indonesia, Brazil, Pakistan, Bangladesh and Japan. The population 

of Uttar Pradesh, one among 28 Indian states is greater than that of Brazil, the fifth most 

ǇƻǇǳƭƻǳǎ ƴŀǘƛƻƴ ƛƴ ǘƘŜ ǿƻǊƭŘΦ LƴŘƛŀΩǎ ǳǊōŀƴ ǇƻǇǳƭŀǘƛƻƴ ǿŀǎ нур Ƴƛƭƭƛƻƴ ƛƴ нллм ŀƴŘ ƛƴŎǊŜŀǎŜŘ 

by 31.8% to 377 million in 2011. Indian urban population is greater than the total population of 

USA (308.7 million), the third most populous nation. 

Appendix 1 lists 366 cƛǘƛŜǎ ǿƘƛŎƘ ǊŜǇǊŜǎŜƴǘ тл҈ ƻŦ LƴŘƛŀΩǎ ǳǊōŀƴ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ ƎŜƴŜǊŀǘŜ 

130,000 TPD or 47.2 million TPY at a per capita waste generation rate of 500 grams/day. This 

implies the total MSW generated by urban India could be as much as 188,500 TPD or 68.8 

million TPY. This number matches the projection (65 million TPY in 2010) by Sunil Kumar, et al. 

(17). Therefore, this report assumes that the quantum of waste generated by urban India to be 

68.8 million TPY. The general consensus on amount of waste generated by urban India is 50 

million TPY, which is a very low in comparison to the current findings.  

The six metro cities, Kolkata, Mumbai, Delhi, Chennai, Hyderabad and Bengaluru together 

generate 48,000 TPD (17.5 million TPY) of MSW. Currently, India has 53 cities with populations 

greater than one million, generating 86,245 TPD (31.5 million TPY), which is about 46 % of the 

total MSW generated in urban India. The remaining 313 cities studied generate 15.7 million TPY 

(43,000 TPD), 23% of the total urban MSW, only half of that generated by the 53 cities with 

million plus population. 

1.6.1 POPULATION GROWTH 

Indian population increased by more than 181 million during 2001 ς 2011, a 17.64% increase in 

population, since 2001. Even though this was the sharpest decline in population growth rate 

registered post-Independence the absolute addition during 2001-2011 is almost as much as the 

population of Brazil, the fifth most populous country in the world.  

It is clear that the scale of populations dealt with in case of India and China are entirely 

different from any other country in the world. The third most populous nation after China and 

India is US, with a population of 308.7 million, ǿƘƛŎƘ ƛǎ ƻƴƭȅ ŀ ǉǳŀǊǘŜǊ ƻŦ LƴŘƛŀΩǎ ǇƻǇǳƭŀǘƛƻƴ. 

Urban population in India alone, which is 377 million, exceeds this figure. Indian urban 

population increased by 31.8 % during 2001 ς 2011, which implies an annual growth rate of 

2.8% during this period. 
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Figure 8, Total Population and Urban Population Growth in India 

Urban population growth in India has always been higher than the overall population growth as 

can be seen in Figure 8, implying a trend of urbanization. Compared to the steady decrease in the 

percentage of urbanization during 1981 ς 2001, the value stabilized during the past two 

decades, 1991 ς 2011 (Figure 9). The urban population growth in the past decade increased the 

quantum of wastes generated by urban India by 50%. 

 

Figure 9, Trend of Urbanization in India 
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1.6.2 IMPACT ON MSW GENERATION AND DISPOSAL 

Population growth and rapid urbanization means bigger and denser cities and increased MSW 

generation in each city. The data compiled for this report indicate that 366 cities in India were 

generating 31.6 million tons of waste in 2001 and are currently generating 47.3 million tons, a 

50% increase in one decade. It is estimated that these 366 cities will generate 161 million tons 

of MSW in 2041, a five-fold increase in four decades. At this rate the total urban MSW 

generated in 2041 would be 230 million TPY (630,000 TPD). 

Table 7, Population Growth and Impact on Overall Urban Waste Generation and Future Predictions until 2041 

Year Population 
(Millions) 

Per Capita Total Waste generation 
Thousand Tons/year 

2001 197.3 0.439 31.63 

2011 260.1 0.498 47.30 

2021 342.8 0.569 71.15 

2031 451.8 0.649 107.01 

2036 518.6 0.693 131.24 

2041 595.4 0.741 160.96 

a{² wǳƭŜǎ нллл ƳŀƴŘŀǘŜ άƭandfills should always be located away from habitation clusters 

and other places of social, economic or environmental importanceέ, which implies lands 

outside the city. Therefore, increase in MSW will have significant impacts in terms of land 

required for disposing the waste as it gets more difficult to site landfills (7). Farther the landfill 

gets from the point of waste generation (city), greater will be the waste transportation cost. 

The solution to reducing these costs and alternatives to landfilling are discussed in detail in 

further sections. 

Table 8, Area of Land Occupied/Required for unsanitary disposal of MSW 

Year Area of Land 
Occupied/Required for MSW 

Disposal (sq.km) 

City Equivalents 

1947 - 2001 240 50% of Mumbai 

1947 - 2011 380 90% of Chennai 

1947 - 2021 590 Hyderabad 

2009 - 2047 1,400 Hyderabad + Mumbai + 
Chennai 

A 1998 study by TERI (The Energy Resources Institute, earlier Tata Energy Research Institute) 

ǘƛǘƭŜŘ Ψ{ƻƭƛŘ ²ŀǎǘŜ aŀƴŀƎŜƳŜƴǘ ƛƴ LƴŘƛŀΥ ƻǇǘƛƻƴǎ ŀƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎΩ ŎŀƭŎǳƭŀǘŜŘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ 
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land that was occupied by waste disposed post independence, until 1997. The study compared 

the land occupied in multiples of the size of a football field and arrived at 71,000 football fields 

of solid waste, stacked 9 meters high. Based on a business as usual (BAU) scenario of 91% 

landfilling, the study estimates that the waste generated by 2001 would have occupied 240 

sq.km or an area half the size of Mumbai; waste generated by 2011 would have occupied 380 

sq.km or about 220,000 football fields or 90% of Chennai, the fourth biggest Indian city area-

wise; waste generated by 2021 would need 590 sq.km which is greater than the area of 

Hyderabad (583 sq.km), the largest Indian city, area-wise (18) (19). The Position Paper on The 

Solid Waste Management Sector in India, published by Ministry of Finance in 2009, estimates a 

requirement of more than 1400 sq.km of land for solid waste disposal by the end of 2047 if 

MSW is not properly handled and is equal to the area of Hyderabad, Mumbai and Chennai 

together. 
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2 HIERARCHY OF SUSTAINABLE WASTE MANAGEMENT 

The Hierarchy of Sustainable Waste Management (Figure 10) developed by the Earth Engineering 

Center at Columbia University is widely used as a reference to sustainable solid waste 

management and disposal. This report is presented in reference to this hierarchy. For the 

ǎǇŜŎƛŦƛŎ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ǎǘǳŘȅΣ ά¦ƴǎŀƴƛǘŀǊȅ [ŀƴŘŦƛƭƭƛƴƎ ŀƴŘ hǇŜƴ .ǳǊƴƛƴƎέ Ƙŀǎ ōŜŜƴ ŀŘŘŜŘ ǘƻ ǘƘŜ 

original hierarchy of waste management which ends with sanitary landfills (SLFs). Unsanitary 

landfilling and open burning will represent the indiscriminate dumping and burning of MSW 

and represents the general situation of SWM in India and other developing countries.  

 

Figure 10, Hierarchy of Sustainable Waste Management 

The hierarchy of waste management recognizes that reducing the use of materials and reusing 

them to be the most environmental friendly. Source reduction begins with reducing the amount 

of waste generated and reusing materials to prevent them from entering the waste stream 

(15). ¢ƘǳǎΣ ǿŀǎǘŜ ƛǎ ƴƻǘ ƎŜƴŜǊŀǘŜŘ ǳƴǘƛƭ ǘƘŜ ŜƴŘ ƻŦ άǊŜǳǎŜέ Ǉhase. Once the waste is generated, 

it needs to be collected. Material recovery from waste in the form of recycling and composting 

is recognized to be the most effective way of handling wastes. Due to technical and economic 
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limitations of recycling; product design; inadequate source separation; and lack of sufficient 

markets that can use all sorted materials, most of the MSW generated in India ends up in 

landfills. Local authorities should start working with their partners to promote source 

separation. While this is being achieved and recycling is increased, provisions should be made 

to handle the non-recyclable wastes that are and will be generated in the future (20). A 

sustainable solution to handle non-recyclable waste is energy recovery. Energy recovery from 

wastes falls below material recovery. Landfilling of MSW is equivalent to burying natural 

resources which could be used as secondary raw materials or as sources of energy. However, in 

the present society, landfills are required as a small fraction of wastes will have to be landfilled. 

However, unsanitary landfilling or open dumping of wastes is not considered as an option to 

handle MSW and is not at all recommended. 

2.3 MATERIAL RECOVERY 

2.3.1 RECYCLING 

Reducing and reusing are the most effective ways to prevent generation of wastes. Once the 

wastes are generated and collected, the best alternative to handle them would be recycling 

where the materials generally undergo a chemical transformation. Sometimes, reusing can also 

happen after collection, in cases where informal traders collect materials of no use from 

households, reshape or repair them and sell in second-hand markets. Unlike reusing a used 

material, recycling involves using the waste as raw material to make new products. Recycling 

thus offsets the use of virgin raw materials.  

Lǘ ƛǎ ƪƴƻǿƴ ǘƘŀǘ ŀǎ ƳǳŎƘ ŀǎ фр҈ ƻŦ ŀ ǇǊƻŘǳŎǘΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘ ƻŎŎǳǊǎ ōŜŦƻǊŜ ƛǘǎ 

discarded (21), most of it during its manufacturing and extraction of virgin raw materials. Thus, 

recycling is pivotal in reducing the overall life cycle impacts of a material on environment and 

public health. Recycling however requires a separated stream of waste, whether source 

separated or separated later on (after collection).  

Due to the limitations for source separation (See Section 5.6), wastes are collected in a mixed 

form which is referred to as municipal solid waste (MSW). Once the wastes are mixed it 

becomes difficult to separate them. Recyclables can still be separated manually to some extent. 

Such separation and sale of recyclables from mixed wastes provides livelihood to marginalized 

urban populations in low and middle income countries. High income countries use machines to 

do the same but they would need the recyclables to be collected as a separate dry stream 

without mixing with organic food wastes.  
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Box 1, SOURCES OF URBAN ORGANIC 

WASTES 

ƀ Household waste 
ƀ Food waste from restaurants, 

hotels and food joints 
ƀ Vegetable market & 

slaughterhouse waste 
ƀ Livestock & poultry waste 
ƀ Sewage sludge 

The separated stocks of paper, plastic, glass and metal can then be recycled. A hundred percent 

separation of these materials from MSW is highly energy and time intensive and is generally not 

carried out. Therefore, mixing of waste will always result in a fraction of residues, which can 

neither be recycled nor composted and needs to be combusted in RDF or WTE plants to avoid 

landfilling, and generate energy. 

Refer to Section 5.1.1 to check conformance of present recycling system in India with the 

hierarchy of sustainable waste management. 

2.3.2 AEROBIC COMPOSTING 

Similar to the recycling of inorganic materials, 

source separated organic wastes can be 

composted and the compost obtained can be 

used as an organic fertilizer on agricultural 

fields. Organic compost is rich in plant macro 

nutrients like Nitrogen, Phosphorous and 

Potassium, and other essential micro 

nutrients. Advantages of using organic manure 

in agriculture are well established and are a 

part of public knowledge. 

United Nations Environment Program (UNEP) 

defines composting as the biological decomposition of biodegradable solid waste under 

predominantly aerobic conditions to a state that is sufficiently stable for nuisance-free storage 

and handling and is satisfactorily matured for safe use in agriculture. Composting can also be 

defined as human intervention into the natural process of decomposition as noted by Cornell 

Waste Management Institute. The biological decomposition accomplished by microbes during 

the process involves oxidation of carbon present in the organic waste. Energy released during 

oxidation is the cause for rise in temperatures in windrows during composting. Due to this 

energy loss, aerobic composting falls below anaerobic composting on the hierarchy of waste 

management. Anaerobic composting recovers energy and compost and is discussed in detail in 

Section 2.4.1. Life cycle impacts of extracting virgin raw materials and manufacturing make 

material recovery options like recycling and composting the most environment friendly 

methods to handle waste. They are positioned higher on the hierarchy compared to other 

beneficial waste handling options like energy recovery. However, quality of the compost 

product depends upon the quality of input waste. Composting mixed wastes results in low 
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quality compost, which is less beneficial and has the potential to introduce heavy metals into 

human food chain.  

Aerobic composting of mixed waste results in a compost contaminated by organic and inorganic 

materials, mainly heavy metals. Contamination of MSW compost by heavy metals can cause 

harm to public health and environment and is the major concern leading to its restricted 

agricultural use (22).  Mixed waste composting is therefore not an option for sustainable waste 

management, but this issue is not a part of public knowledge. Mixed waste composting is 

widely practiced and is considered better (if not best) (8) in countries like India where more 

than 91% of MSW is landfilled and there are no other alternatives. It is considered better 

probably because public health and environmental impacts of unsanitary landfilling are more 

firmly established by research than those impacts due to heavy metal contamination of MSW 

compost. 

Refer to Section 5.2.1 to check the conformance of aerobic composting and mechanical 

biological treatment in India with the hierarchy of sustainable waste management. 

2.4 ENERGY RECOVERY 

Energy requirements of a community can be satiated to some extent by energy recovery from 

wastes as a better alternative to landfilling. Energy recovery is a method of recovering the 

chemical energy in MSW. Chemical energy stored in wastes is a fraction of input energy 

expended in making those materials. Due to the difference in resources (materials/energy) that 

can be recovered, energy recovery falls below material recovery on the hierarchy of waste 

management. 

2.4.1 ANAEROBIC DIGESTION 

The USEPA defines Anaerobic Digestion (AD) as a process where microorganisms break down 

organic materials, such as food scraps, manure and sewage sludge, in the absence of oxygen.  In 

the context of SWM, anaerobic digestion (also called Anaerobic Composting or 

Biomethanation) is a method to treat source separated organic waste to recover energy in the 

form of biogas, and compost in the form of a liquid residual. Biogas consists of methane and 

carbon dioxide and can be used as fuel or, by using a generator it can be converted to electricity 

on-site. The liquid slurry can be used as organic fertilizer. The ability to recover energy and 

compost from organics puts AD above aerobic composting on the hierarchy of waste 

management. 
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Similar to aerobic composting, AD needs a feed stream of source separated organic wastes. AD 

of mixed wastes is not recommended because contaminants in the feed can upset the process. 

Lack of source separated collection systems, and public awareness and involvement strike off 

large scale AD from feasible SWM options in India. However, AD on a small scale (called small 

scale biogas) has emerged as an efficient and decentralized method of renewable energy 

generation, and waste diversion from landfills. It also reduces green house gas emissions by 

using methane as an energy source which would otherwise be emitted from landfilling waste. 

Refer to Section 5.3 to check the conformance of small scale anaerobic digestion in India with 

the hierarchy of sustainable waste management. 

2.4.2 REFUSE DERIVED FUEL (RDF) 

Refuse Derived Fuel refers to the segregated high calorific fraction of processed MSW. RDF can 

be defined as the final product from waste materials which have been processed to fulfill 

guideline, regulatory or industry specifications mainly to achieve a high calorific value to be 

useful as secondary/substitute fuels in the solid fuel industry (23). RDF is mainly used as a 

substitute to coal (a fossil fuel) in high-energy industrial processes like power production, 

ŎŜƳŜƴǘ ƪƛƭƴǎΣ ǎǘŜŜƭ ƳŀƴǳŦŀŎǘǳǊƛƴƎΣ ŜǘŎΣ ǿƘŜǊŜ w5CΩǎ ǳǎŜ Ŏŀƴ ōŜ ƻǇǘƛƳƛȊŜŘ ǘƻ ŜƴƘŀƴŎŜ ŜŎƻƴƻƳƛŎ 

performance (23).  

The organic fraction (including paper) in RDF is considered to be a bio-fuel and is thus 

renewable. Since the carbon dioxide released by burning the organic fraction of RDF arises from 

plant and animal material, the net green house gas (GHG) emissions are zero (Section 4.7). The 

overall green house emissions from RDF are however not zero. This is due to carbon emissions 

from burning the plastics fraction left in RDF. The amount of GHG emissions from RDF depends 

upon the composition or organics and plastics in the MSW stream it is being processed from. 

Using RDF prevents GHG emissions from landfills, displaces fossil fuels, and reduces the volume 

of waste that needs to be landfilled, thus increasing their operating life. 

On the hierarchy of waste management, RDF is placed below aerobic composting, as a waste to 

energy technology. It is a slight variant of the waste-to-energy combustion (WTE) technology, 

which combusts MSW (processed or as it is) to generate electricity. RDF is different because the 

objective is to increase the calorific value by processing the fuel. 

Refer to Section 5.4 to check the conformance of RDF technology in India with the hierarchy of 

sustainable waste management. 
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2.4.3 WASTE-TO-ENERGY COMBUSTION (WTE) 

Waste-to-Energy combustion (WTE) is defined as a process of controlled combustion, using an 

enclosed device to thermally breakdown combustible solid waste to an ash residue that 

contains little or no combustible material and that produces, electricity, steam or other energy 

as a result (24). Even though both WTE combustion and RDF combust MSW, the objective of 

WTE combustion is treating MSW to reduce its volume. Generating energy and electricity only 

adds value to this process. 

As discussed in Section 2.4.1, combusting the organic fraction of MSW (a bio-fuel) and releasing 

carbon dioxide as the end product is a net zero emissions process (Section 4.7). Due to the 

dominance of organic waste in MSW, MSW is considered as a bio-fuel which can be replenished 

by agriculture. Also, bio-fuels are renewable. In India, urban MSW contains as much as 60% 

organic fraction and 10% paper. Therefore, potentially, 70% of energy from WTE plants is 

renewable energy. Therefore, WTE is recognized as a renewable energy technology by the 

Government of India (GOI). Australia, Denmark, Japan, Netherlands and the US also recognize 

WTE as a renewable energy technology (15).  

Thermal waste to energy technologies are the only solutions to handling mixed wastes. In 

whatever way mixed wastes are treated, the impurities in it will pollute air, water and land 

resources. By aerobically composting mixed wastes, the heavy metals and other impurities 

leach into the compost and are distributed through the compost supply chain. In contrast, WTE 

is a point source pollution control technology, where the impurities in the input mixed waste 

are captured using extensive pollution control technologies (Table 18) and can be handled 

separately. The bottom ash from WTE combustion contains nothing but inert inorganic 

materials and minerals which could be used to make bricks and other construction material. 

The fly ash from WTE contains pollutants from the input stream and needs to be disposed off in 

sanitary landfills. By controlling the types of materials fed in to the boiler, European and 

Japanese WTE plants are known to have achieved nearly zero emissions in the fly ash too. 

WTE combustion decreases the volume of wastes by up to 90%. Such reduction in volume 

would prolong the life of a 20 years landfill to 200 years. However, MSW should be combusted 

after all possible recycling and composting has been done. The input to WTE plants should be 

the rejects from material recovery and/or composting facilities. Such an integrated system can 

decrease the amount of wastes landfilled and prolong the life of landfills further. Therefore, 

WTE combustion is placed below recycling, aerobic and anaerobic digestion on the hierarchy of 

sustainable waste management. 
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Refer to Section 5.5 to check the conformance of WTE technology in India with the hierarchy of 

sustainable waste management. 

2.5 SANITARY LANDFILLING 

United Nations Environmental Program (UNEP) defines sanitary landfilling as the controlled 

disposal of wastes on land in such a way that contact between waste and the environment is 

significantly reduced and wastes are concentrated in a well defined area. Sanitary landfills 

(SLFs) are built to isolate wastes from the environment and render them innocuous through the 

biological, chemical and physical processes of nature. UNEP also recognizes three basic 

conditions to be fulfilled to be designated as an SLF: 

a) Compaction of the wastes,  

b) Daily covering of wastes (with soil or other material) and  

c) Control and prevention of negative impacts on public health and environment.  

On the hierarchy of waste management, sanitary landfilling is expanded into three different 

categories 

a) SLFs recovering and using methane (CH4) 

b) SLFs recovering and flaring CH4 

c) SLFs without any CH4 recovery    

SLFs are categorized depending upon their ability to control and prevent negative impacts on 

environment, from a climate change perspective. They occupy the three positions after WTE 

technologies on the hierarchy of waste management (Figure 10). Handling CH4 generated during 

anaerobic digestion of organics dictates where each type of landfill is placed on the hierarchy of 

waste management. 

Organic waste in landfills undergoes both aerobic and anaerobic digestion depending upon 

oxygen availability. Majority of the waste on the top undergoes aerobic digestion due to 

greater oxygen availability. Waste which is inside SLFs undergoes anaerobic digestion due to 

reduced oxygen availability. The final gaseous product of aerobic digestion is CO2, which results 

in a net zero emission (Section 4.7). However, the final gaseous product of anaerobic digestion 

is CH4 , which if captured can be used as a fuel, generating renewable energy and converting the 

carbon in CH4 to CO2 , thus resulting in a net zero emissions.  

In a business as usual scenario (BAU) in India and elsewhere, the CH4 is let out into the 

atmosphere and not captured. CH4 is a green house gas (GHG), with twenty one (21) times 



Page | 47  

 

more global warming potential than CO2 (over a long time period). Therefore, every CH4 

molecule released from a landfill has 21 times the potential to warm the planet than CO2. Thus, 

capturing and flaring CH4 is environmentally preferred to sanitary landfilling without capturing 

CH4. 

However, landfilling of materials should be the last option considered for disposing wastes in an 

ƛƴǘŜƎǊŀǘŜŘ ǿŀǎǘŜ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳΦ !ƭǎƻΣ άŎǳǊǊŜƴǘƭȅΣ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ŀƴŘ ǇǊŀŎǘƛŎŜ ƻŦ 

sanitary landfilling are severely constrained in economically developing countries (like India) by 

ǘƘŜ ƭŀŎƪ ƻŦ ǊŜƭƛŀōƭŜ ƛƴŦƻǊƳŀǘƛƻƴ ǎǇŜŎƛŦƛŎ ǘƻ ǘƘŜǎŜ ŎƻǳƴǘǊƛŜǎέ (25). 

2.6 UNSANITARY LANDFILLING AND OPEN DUMPING 

There is no specific definition for unsanitary landfilling. However, it is generally characterized by 

open dumping of wastes, lack of monitoring of the site, stray animals and birds feeding on the 

wastes, absence of leachate or methane collection systems and wastes exposed to natural 

elements.  

The direct implications of landfilling include burying materials which were extracted by energy 

and infrastructure intensive and in most cases environmentally harmful methods and in turn 

ŘŜǇƭŜǘƛƴƎ ŜŀǊǘƘΩǎ ƴŀǘǳǊŀƭ ǊŜǎƻǳǊŎŜǎΦ CǊƻƳ ŀƴ ŜƴŜǊƎȅ ǊŜŎƻǾŜǊȅ ǇŜǊǎǇŜŎǘƛǾŜΣ ƭŀƴŘŦƛƭƭƛƴƎ ƛǎ 

equivalent to burying barrels of oil. Apart from these moral implications, landfilling causes 

extensive public health and environmental damage. Landfills create unsanitary conditions in the 

surroundings, attract pests and directly impact human health. Unsanitary landfills also 

contaminate ground and surface water resources when the leachate produced percolates to 

the water table or is washed as runoff during rains. Unmonitored landfills catch fires due to 

methane generation and heat and result in uncontrolled combustion of wastes, releasing 

harmful gases like carbon monoxide, hydrocarbons and particulate matter into low level 

atmosphere. In addition to these harmful impacts, unsanitary landfills contribute to Climate 

Change by releasing methane, a green house gas (GHG) with 21 times more global warming 

potential than carbon dioxide (in the first year of release, methane is 71 times more potent 

than carbon dioxide as a GHG). 



3 STATUS OF CURRENT WASTE HANDLING PRACTICES IN INDIA 

Table 9, Status of Present Waste Handling Techniques in India 
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1 Greater Kolkata 12,060 700 NO NO NO YES NO YES NO 

2 Greater Mumbai 11,645 370 80* YES NO YES YES YES YES 

3 Delhi 11,558 825 NO NO NO NO YES YES YES 

4 Chennai 6,404 YES NO NO NO YES NO YES NO 

5 Greater Hyderabad 5,154 40* 700* NO NO NO YES YES NO 

6 Greater Bengaluru 3,501 450 NO NO NO NO NO YES NO 

7 Pune 2,724 600 NO YES YES YES YES YES YES 

8 Ahmadabad 2,636 YES NO NO YES YES YES YES NO 

9 Kanpur 1,839 YES NO NO NO YES NO YES NO 

10 Surat 1,815 YES NO NO YES YES YES YES NO 

11 Kochi 1,431 YES NO NO NO NO NO YES 20**  

12 Jaipur 1,426 NO 500 NO NO YES YES YES NO 

13 Coimbatore 1,311 YES NO NO NO YES NO YES NO 

14 Greater 
Visakhapatnam 

1,250 NO NO NO NO NO YES YES NO 

15 Ludhiana 1,167 NO NO NO NO NO NO YES NO 

16 Agra 1,069 NO NO YES NO NO YES YES NO 

17 Patna 989 YES NO NO NO NO NO YES NO 

18 Bhopal 919 100 NO NO NO NO YES YES NO 

19 Indore 908 YES NO NO NO NO YES YES NO 

20 Allahabad 853 NO NO NO NO YES YES YES YES 

21 Meerut 841 NO NO NO NO NO NO YES NO 

22 Nagpur 838 YES NO NO NO NO NO YES NO 

23 Jodhpur 825 216 NO NO YES YES YES YES NO 

24 Lucknow 778 YES NO NO NO NO YES YES YES* 

25 Srinagar 747 YES NO NO NO NO NO YES NO 

26 Varanasi 739 NO NO NO NO NO NO YES NO 

27 Vijayawada 720 YES 225* NO NO NO YES YES YES 

28 Amritsar 711 NO NO NO NO YES YES YES NO 

29 Aurangabad 702 YES NO NO NO NO NO YES NO 

30 Faridabad 698 NO NO NO NO NO NO YES NO 

31 Vadodara 634 YES NO NO NO YES NO YES NO 














































































































































































































































































