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EXECUTIVE SUMMARY

Thisstudy examined the present status of waste management in India, its eff@ctpublic
health andthe environment andthe prospects ofintroducing improved means of disposing
municipal solidwaste (MSW)in India The gstems and techniques discussed are Inforarad
Formal Recycling, Aerobic Compostirand Mechanical Biological Treatment, Small Scale
Biomethanation, Refies Derived Fuel (RDR)Vasteto-EnergyCombustion(WTE) and Landill
Mining (or Bioremediation)

This reort is the result ofover two yearsof research andncludes data cllected fromthe
literature, communication with professionals in India, US and Berand extensive field
investigationsy the authorin India andhe US.Two field visits in India over period offifteen
weekscovered 13 tties Figurel) repreentingall sizes and regions India. The visits included
travelling to informal recycling hubs, waste dealers shops, composting facilities, RDF facilities
WTE facilitiessanitaryand unsanitarylandfills, landfill mining sitesand numerous municipal
offices. These visitprovided the opportunity to closely observe the impact of waste
management initiativesor lack thereofpn the public in those citieg.he aithor has also visited
different WTE plants ithe US to study the prospects this technologyn India.

The main objective of # study wasto find ways in which theenormousquantity of solid

wastes currentlydisposed off on land can lreduced byrecoveringmaterials and energfrom

wastes in a cost effective and environmaeaitfriendly manner. The guiding principle of this
dGdzReé Aa UGKIG aNBaLRyaaoftS YIEyFr3asSyYSyid 2F gl ai
technology and not on ideology and economics that exclude environmental costs and seem to

be inexpensive now, butga 6 S @SNE O2 dAnfeRurehy (G KS Fdzi dzNB¢ 6

Lack of data and inconsistency in existing data is a major hwhile studying developing
nations. This report attempte to fill this gap by tabulating the per capita waste generation
rates and wastes generated in 366 Indian citieat in total NS LINS A Sy i T1m: 2F LY
population Appendix1). This is the largegxistingdatabase fomwaste generation in individual
cities in India. Estimatice made by extrapolating thdata pust the total MSW generated in
urban India at 68.8 million tons per year (TPY) or 188,500 tons peff&&) (Té data collected
indicatea 50% increase in MS\feneratedwithin a decadesince 2001In adbusiness as usual
scenarid, urban India will genera 160.5 million TPY (440,000 TPD) by 204bi€7); in the
next decadeurban Indiawill generatea total of 920 million tons of municipal solid wagleat
needsto be properlymanaged inorder to avoid further deterioration of public healthair,
water and land resources, and the quality of life in Indian cities. bbusiness as usual
scenario, India will not be abte disposethese wasteproperly.
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Figurel, Map of Cities Generating Different Quantities of M& Cities Visited by the Authaduring Research Visits

The omposition of urban MSWh India is 51% organics, 17.5% recyclables (paper, plastic,
metal, and glass) and 31 % of inertaifle6). The moisture content of urban MSW is 47% and
the average calorific value is 7.3 MJ/kg (1745 kcal/kgg @mposition of MSWn the North,

East, South and Western regions of the country varied betweeb730 of organics, 169% of
recyclables, 281% of inerts and 451% of moistureTable6). The calorific value of the waste
variedbetween6.8-9.8 MJ/kg (1,622,340 kcal/kg).
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¢CKA&a NBLER2NI KFa |faz2 dzi#RlGpiaR inlinfeénentafion of Wews 2 F
6alyl3aSyYSyd I yR | i) pinty gublishedoyzZheSCeitral PallutionControl
Board (CPCB) and the National Environmental Engineering Research Institute (NEERI), with
respect to waste disposal option$he updated information is included as a talslemparing

the waste handling tdmiques in 2008 and 201(Table9, also seeAppendix3). Since 2008the

number of composting facilitiesn the 74 cities studiedAppendix3) increased from 22 to 40.
Currently, India has more tha0 composting plantsAppendix8). During the same periodhe

number of sanitary landfills (SLF) has increased from 1wbil the number of RDF and WTE
projects has increased frohto 7 (Appendix3).

The study also found that open burningsalid wastesand landfill fires emit nearly 22,000 tons

per year of pollutants into the air in the city of Mumbai alorrygg(re 15). These pollutants
include Carbon Monoxide (CO), Hydrocarbons (HC), Particulate Matter (PM), Nitrogen Oxides
(NQ) and Sulfur Dioxide (2fPplus an estimated 0,000TEQgrams of dioxin$urans (Appendix

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

not contribute any economic value the city. Since open buimg happens at ground levehe
resutant emissions enter the lower level breathing zone of the atmosphere, isanrgadirect
exposure to humans.

The author has observed that the role thie informal sector in SWM in developing nations is
increasingly bimg recognized. There is a wofhdde consensus that the informal sector should
be integrated into the formal system and there are numerous initiatives working with such
goals. This repomstimatesthat, every tonper dayof recyclablesollectedinformally saveghe
urban local body USD 5FINR 2400) per year and avoids the emission of 721 kg of carbon
dioxide per yearAppendix11).

There is nosufficient information on the performance ofL Yy R A I Qcdmpas{ing facilities
However an important observation made durintpis study is that the compost yield from
mixed waste composting facilities (MBTS) is onl§eGof the feed materialUp to 60% of the
input waste is discarded as composting rejects aartifilled Eigure28); the rest consists of
water vapor and carbon dioxide generated during the composprnocesses.The compost
product from mixed wastesvas foundto be of verylow quality andcontaminated by heavy
metals Eigure30). The majority of the mixed wastecompostsamples fell below the quality
control standards for ttal potassium, total organic carbon, total phosphorus and moisture
content; and exceeded the quality control limits for heavy meflad, Pb, and chromium, Cr).

If all MSW generated in India in the next decadere to becomposted as mixed waste and
used for agriculture, it would introduce 73,000 tons of heavy metals into agricultural soils
(Appendix13).
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Thisstudy also found thatthe calorific value (lower heatingalue) of some composting rejects
(up to 60% of the input MSW) is as high as 11.6 MJ/kg (2,770 kcatép164). This value is
much higher tharthe minimum caloriic value of 7.5 MJ/kg (1,790 kcaljkgecommendedor
economically feasible energy generation throughate combustion WTH?2). This data is
important, considering the notion thathe calorific value of MSW in India is not siite for
energy generationTherefore, the residues of mixed MSWhapostingoperations can be used
for producingRDF or can be combusted in a WTE plant directly.

Landfill gas (LFG) recovédrgs been shown to beconomically feasiblat sevenlandfills located

in four cities, Delhi, Mumbai, Kolkata and Ahmadab@abie10). Development of these seven

LFG recovery projectsill result in an overall GHG ermiens reduction of 7.4 million tons of

CQ equivalents. Oneof these landfills,the Gorai dumpsite in Mumbaihas already been
capped in 2008 for capturing and flaring LFG. This project will result in an overall GHG emissions
reduction of 2.2 milliortons of CQ equivalents by 2028.

Assuming a business as usual scenario (BAU), by the end of the next decadgeilllgdizerate

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 comgb It will also produce 33.1 million TPY gibtential
refuse derived fuel (RDF) in the form of composting rejdgwswill alsobe landfilled.

A review ofthe present status of SWM in Indidrom a materials and energy recovery
perspective showed that in 2011 India will landfilAppendix15)

O«

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

materials in manufacturing industries, dtio the absence of source separation;

0 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

0 58 million barrels of oil energy equivalenh residues of composting operations that

could have been used to generate electricity and displace fossil fneRDF co

combustion plants or WTE powsglants due to the absence ofWTEfacilities and

proper policies and pollution controkgulations for o-combustion of MSW isolid 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 traiamgjemploying waste
pickers to conduct doeto-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 recyclimgl& 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 begalated. It should be used for gardening purposes only or as
landfill cover. Rejects from the composting facility should be combusted in a \\@steergy
facility to recover energy. Ash from WTE facilities should be used to make bricks or should be
contaned 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 endinmental pollution.
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SCOPBFSTUDY

This report focuses on various options available for the dispogaloicipal solid wasteMSW)
sustainablyand attempts to provide a documented picture of their suitability to India. The
report is divided into wo parts, Part | and Part.llThe first part will explain the presestlid
waste management3WM crisis in India, its impacts on public health, enmiment and quality

of life and touch upon efforts towards SWM in the past. The second part deals with the Earth
9YIAAYSSNAyY3I / Sy i&NRA o helpyimpiove ISWM 3 Bidia ahdipeselts some
articles viewership statistics dhe internet blog (www.swmindia.blogspot.compased upon
thisresearch

Waste reduction

Recycling

only for source
separated organics

Modern landfill recovering and using
CH4

Modern landfill recovering and flaring CH4

Unsanitary landfills and open burning :

Figure2, Scope of the Study: Green Boxes Indicate the Methods of Waste Disposal Studied in Comparison to the
Hierarchy of Sustainable Waste Management

The first partintroducesthe Hierarchy of Sustainable Waste Managemeigute10), which will
act as the framework for the rest of this report. It then pressthte current situaton of SWM in
Indian cities, discussing unsanitary landfilling and open burning of wastes; and their effects on
the dayto-day lives of urban Indians. Part | also discusses specific technologies and
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mechanisms as probable solutions ltoy” R BWND é&isis The areas of focus wereeRycling,
Aerobic ©mposting (or Mechanical Biological Treatment)Small $ale Biogas (or
Biomethanation) Refuse Derived kel (RDF) andVasteto-Energy Combustion (WTE), as
represented by the green boxes idure2). Thesdechnologies were selectdoased 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. Compgsiias 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
introducesheavy metals into humarobd 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 consideriefféstiveness 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 iIBWM
middle and low income nationsRDF andlVTE are chosebased uportheir potential to divert
wastes from landfill and their potential to generate energy from resiaoiakedwastes.Failures

of RDF and WTdantsare analyzed and compared to the initial failures of MBT plants. Despite
the best wage handling practicesa fraction of MSW that has to be landfilledll alwaysexist;
therefore an introduction tosanitary landfilling isncluded as aend-of-the-loop solution

Short details of other sources of information about government policy aegulations,
theoretical aspects of SWM, and specifications followed in Indian SWM projects are provided in
Section?.
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INTRODUCTION

India is the second largest natian the world with a population of 1.21 billion, accounting for
nearly ¥ 2 F 62 NI RQ& K dzit Hogs natddvizinoughiresolies ordafequate
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 populati@B). India is facing a sharp contrast
between its increasing urban population andadable services and resources. Solid waste
management (SWM) is one such service where India has an enormous gap Roofikr
municipal solid waste (MSW) disposal systems to address the burgeoning amount of wastes are
absent.Thecurrent SWM services arinefficient, incur heavy expenditure and are so low as to

be a potential threat to the public health and environmental quaf#ty. 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).

Figure3, Impact ofImproper SWMon Pristine Ecosystems]andfill Fres in Visakhapatnantandfill, which is
Located in aValley
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The present citizens of India arevifig in times of unprecedented ecomic growth, rising
aspirations,and rapidly changing lifestyles, which will ratbe expectations on public health
and quality of lifeRemediation and recovery of misused resources will also be expédtede
expectations when notet might result in a low quality of life for thatizens (Se&ection4.6).
Pollution of whether air, water or landesults in longerm 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 developme).

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 urzarsind
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 R@e. are 53

cities inIndiawith a million plus populationwhich together gnerate 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 MSV&uch a steefncreasein waste generation within a decade has severed the
stress on all available natural, infrastructural and budgetary resources.

Big cities collect about 7090% of MSW generated, whereas smaller cities and towns collect
less than 50% of wastgenerated. More than 91% of the MSW collected formally is landfilled
on open lands and dumg$). It is estimated that about 2% of the uncollected wastes are burnt
openly on the streets. About 10% of the collected MSW is opemtgt or is caught in landfill

fires (5). Such open burning oMSW and landfill fires togethemreleases22,000 tons of
pollutants into the lower atmosphere of Mumbai city every yegig(re 15). The pollutants
include @arbon monoxide (CO), carcinogenic hydro carbons (HC) (includes dioxins and furans),
particulate matter (PM), nitrogen oxides (N@nd sulfur dioxide (S§(5).

Most of the recyclable waste is collected by the informal recycling sector in pnidiato and

after formal collection by Urban Local Bodies (UlBhount of recyclablescollected by

informal sector prior to formal collection argenerally not accountedlhis report estimates

that 21% of recyclables collectedrmally are separated by théormal sector at transfer

stations and dumpsEven though this number does not include amount of recycling prior to

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

the world (See Sectiob.1.]). Informalrecycling system is lately receiving dge recognition

world-wide for its role in waste management in developing natidndndia, government policy

and nongovernmental organizations (NGOs) are expected to organizeseébtor present in

different regions, and to helpntegrating it into the2 @SNJ t £ F2NXIf a&aidsSyd
alylr3asySyid IyR I FyRtAy3a wdzZ Sax wnmmQ 06& GKS a
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step ahead in this directiofThese rules mandate ULBs to coordinate with all stake holders in
solid waste management, whichaludes waste pickers.

Figure4, Impact ofImproper SWMon Public health Direct Exposure ofChildren to Emissions fromOpen
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 faflederobic digeson of MSW

on a large scaldoes notwork 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 hasotvever been successful at smaller
scales, for vegetable and meat margetestaurants or hotels and at the household level.
Twenty thousandchouseholdbiogasunits installed by Biotech, a bio gas technology company
from Thiruvananthapuram, Kerala divert alid®.5% oforganic wastdrom landfill By doing so,

they saveup to USD 4.5 million (INR 224illion) to Thiruvananthapuram, and Kochi Uleery
yearin transportationcosts These biogas units also avoid around 7,000 tons efe@Qivalent
(TCQ) emissions everyear(See Sectiob.3).

Aerobic composting is the most widely employ@d@/Mtechnology in India. It is estimated that
up to 6% ofMSW collected is composted in various MBT faedif7). 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 (1Dhhattisgarh(9) and Oriss (7) (Appendix8). More than 26 new
MBT plants are proposed in different cities and towns across l#gaendix8). Even though
composting of mixed wastes is a better solution compared to landfilling or openly burning those
wastes, it is not the begB). Compost from MBT facilities was found to bda¥ quality and to
contain toxic heavy metals which could enter human food chain if use@ddadculture (See
Section5.2.3.

India has a total of five RDF processing plants, located near Hyderabad, Vijayawada, Jaipur,
Chandigarh and Rajkot. The first tplantsburn the RDF produced in WTE boilers, whereas the
next two burn the RDF in cement kilns. Details about the Rajkot facility are not avaidble.
these facilities have encountered severe probletsing operation. Problems wermajorly

due to lack of proper financial and logistical planramgl not due to lhe technology

Only two WTEombustionplants 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 combugtirB50 TPD of MSW.

All technological solutions attempted in India have encountered initial failures in India. These
include the ten MBT (composting) facilities built in 198¥6, the WTE facility built in 1985 in
Delhi, the two RDF plants built in 2003anéHyderabad 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; allation 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 enormows publi
opposition and has hindered any efforts in that direction. Failure of biomethanation plants was
also attributed to WTEombustiondue to the confusion in the terminology. Failure of RDF
plants has attracted attention and oppositidno; however, numerousattempts atinstalling

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 werehe result of a¥t dzo f A Oitigatisri (B8INIS &hél 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, gasifigation
pyrolysis, plasma gasification, refuse derived fuel (RDF), wasteergy combustion(WTE),
sanitary landfills (SLF). However, the suitability of technologies to Indian conditions has not
been sufficiently studied, especially with regard to the sustai@ananagement 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 achieyadrtan local
bodies (ULBs) and that goal still remains to be a distant drégnAs 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 raés serious public health concerr8). Although some cities have
achieved some progress in SWivany cities and towns have not even initiated measui®s
Initiatives in Mumbai were the result of heavy rains and consequent flooding in 2006 due to
drains clogged by solid waste. The floodMaombai in 2006 paved the way for enacting State
level legislation pertaining to the collection, transport and dispogalrban solid waste in the
state of Maharashtrg7). Bubonic plague epidemic 8urat in 1994 increased awareness on the
need for proper SWM systerall over India and kick started measures to properly manage
wastes in Surat

Scarcity of suitable landfill sites asmajorconstraint 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 hyetary resources of
States/ULBs due to increasing quantities of MSW and lack of infrastructure has helped them
involve private sector in urban developme(). GOI has also invested significantly in SWM
projects under the 12 Finance Commission and Jawaharlal Nehru National Urban Renewal
Mission (JNNURMhe financial assistance provided by GOI to states and ULBs amounted to
USD 510 million (INR 2,500 crorgg)
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PART IPRESENT SITUATIONSY¥MIN INDIA

MUNICIPAL SOLID WAS(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 generatd0). 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 plannin§inancing, construction and operation of facilities for the
collection, transportation, recycling and final disposition of the wg4@). This study focuses

only on the disposal of municipal solid waste (MS¥¢)an elementf overall municipal solid

waste management or just solid waste management (SWM).

Tablel: Sources and Types of Municipal Solid Waste; Soljfdg

Sources Typical waste generators Componentsof solid waste
Residential Single and multifamily Food wastes, paper, cardboard, plastics, texti
dwellings glass, metals, ashes, special wastes (bulky ite

consumer electronics, batteries, oil, tires) a
household hazardous wastes

Commercial | Stores, hotels, restauranty Paper, cardboard, plastics, wood, food wastes, gl

markets, office buildings metals, special wastes, hazardous wastes
Institutional Schools, government cente| Paper, cardboard, plastics, wood, foagstes, glass
hospitals, prisons metals, special wastes, hazardous wastes
Municipal Street cleaning, landscapin| Street sweepings, landscape and tree trimmin
services parks, beaches, recreation| general wastes from parks, beaches, and ot
areas recreational areas

MSW is defined as any waste generated by household, commercial and/or institutional
activities and is not hazardo$0). Depending upon the source, MSW is categorized into three
types: Residential or household waste whiclsasi 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 seets, parks, etcMSW 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 ar€ek) Sometimes other household wastes like
batteries and consumer electroniegsoget mixed up with MSW.
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1.1. SOLID WASTE MANAGBEWMESWM)

A solid waste management (SWM) system includes the generation of waste, storage, collection,
transportation, processing ahfinal 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 pans wbtld 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 (ULBshidia. SWM starts with the collection of solid wastes and
ends with their disposahnd/or beneficial use. Proper SWM requires separate collection of
different wastes, called source separated waste collection. Source separated collection is
common in highricome 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 sepearate
collection systems are neexistent. Source separated collection of waste is limited by
infrastructure, personnel and public awarenesssignificant 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 mixel wastes.

Indian cities are still struggling to achieve the collection of all MSW generated. Metros and
other big cities in India collect between -7@0% of MSW. Smaller cities and towns collect less
than 50%(6). The benchmarkor collection is 100%, which is one of the most important targets
for ULBsat present This is a reason why source separated collection igeton the radar.

1.2. PER CAPITA MSW GENERON

The per capita waste generation rate is strongyrelated tothe 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 countrieqagate more waste per person compared to low
income countries due to reasons discusseduiriher sectiors. The average per capita waste
generation in India is 370 grams/day as compared &)@grams in Denmark?,000grams in

US and 700 grams in Chifi2)(13)(14).
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Table2 Comparison between the per capita MSW generation rates in Low, Middle and High Inc@ouetries

Country Per Capita UrbaMSW 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 1.1-45

Waste generation rate in Indian cities ranges betweef) 2870 grams/day, depending upon
0 KS NB3IA 2y Qke side offHe &ity. &TheSer kapilR waste generation is increasing by
about 1.3% per year in Ind{@).

Table3, Highest and Lowest Waste Generati@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
Value 3,344 11,520 0.445 0.708
Metros . GreaterBengaluru| Greater Greater Chennai
City
Kolkata Bengaluru
Cl 1 Cit Value 317 2,602 0.217 0.765
ass & LItes City Rajkot Pune Nashik Kochi
" Value 5 11,520 0.194 0.867
All Cities - . - -
City Kavarati Kolkata Kohima Port Blair
Value 19 23,647 0.217 0.616
States Arunachal Maharashtra | Manipur Goa
State
Pradesh
Union Value 5 11,558 0.342 0.867
Territories (UT) UT Lakshadweep Delhi Lakshadweep A_ndaman
Nicobar
. Value 696 88,800 0.382 0.531
Regions -
Region East West East West

Cities in Western India were found to be generating leastamount of waste per person, only
440 grams/dayfollowed by East India (80g/day), North India (52 g/day), and South India.
Southern Indian cities generat60 grams/day,the maximum waste gegration per person.
States with minimum and maximum per capita waste generation rates are Mani@@r (2
grams/day) and Goa 20 grams/day)Manipur is an Eastern state and Goa is Western and both
are comparatively small states. Among bigger stagzg;h peson in Gujarat generates 395
g/day; followed by Orissg400 g/day) and Madhya Pradesi4Q0 grams/day). Among states
generating large amounts of MSW per person are Tamil Nagid g@lay), Jammu & Kashmir
(600 g/day) and Andhra Pradesh7®g/day). Among Union Territories, Andaman and Nicobar
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Islands generate the highest (80 grams/day) per capita, while Lakshadweep Island® (34
grams/day) generates the least per capier capita waste generation in Delhi, the biggest
UnionTerritoryis 650 g/day.

The Census of India classifies ciaesl townsinto 4 classes, Class 1, Class 2, Class 3, and Class
4, depending upon thepopulation(Table4). Mog of the cities studied during this research fell
under Class 1Forthe 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 finerclasdfication allowed the author to observe the change in waste generation closer.
However, the wastgenerationrates did not vary significantly between Class A, B, C,D, E, F, G
& H cties. They fell in a narrow range of 8:8.49 kg/person/day. They gemated significantly

less MSW per person compared to the six metropolitan cities (0.6 kg/day). The per capita waste
generation alues of Class 2, 3 and 4 towaalculated 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 4vésaasilable.
Despite the lak of data in Class 2, 3, and 4 towns, the 366 cities andsospresent 70% of

L v R Autbd&h populationand provide a fair estimation of the average per capita waste
generation in Urban India (®kg/day).

Table4, Per Capita Wast Generation Rate depending upon the Population Size of Cities and Towns

Original Classification | PopulationRange(2001 @nsus) | No. of Per Capita
Classification| for this Study Cities kg/day
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 1 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 citiesgenerate 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 Inddmrthern India generates the highest amount of
MSW (40,500 TPD odB million TPY), 30% of all MSW generated in jradid Eastern India
(23,30 TPD or 8.6 million TPY) generates the least, only 17% of MSW generated in India.
Among states, Maharashtra (2D@TPD or 8.1 million TPY), West Bengal A®.B°D or 5.7
million TPY), Uttar Pradesh3000 TPD or 4.75 million TPY), Tamil Nad20Q0 TPD or 4.3
million TPY) Andhra Pradesh @10 TPD or 4.15 million TPY) generate the highest amount of
MSW. Among Union Territories, Delhi (103 PD or 4.2 million TPY) generaties highest and
Chandigarh (486 TPD or 177,400 TPY) generates the second highest amount of waste.

Class G

Class
Karnatak
a
6.0%
Figure5, Share of States and Union Territories in Figure6, Share of Different Classes of Cities in
Urban MSWGenerated Urban MSW Generated

1.4 MSW COMPOSITION

Materials in MSW can be broadly categorized into three groGpsnpostablesRecyclables and
Inerts. Compostables or orgarfraction comprises of food waste, vegetable market wastes and
yard waste. Recyclables are comprised of paper, plastic, metal and glagsadtioe of MSW
which can neither be composted nor recycledo secondary raw materials salled Inerts.
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Inertscomprise stones, ash and silt which enter the collection system due to littenrsgreets
and at public places.

Waste composition dictates the waste management strategy to be employed in a particular
location. Organics in MSW are putrescijtded are foa 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 dictate how often they need to be collected. Recyclables represent an
immediate monetary value to the collemts. Organics need controlled biological treatment to

be of any value, however due to the general absence of such facilities, organics do not
represent anydirect value tanformal collectors.

Table5, Components andVaste Materialsin MSW

MSWcomponents Materials

Compostables Food waste, landscape and tree trimmings
Recyclables Paper,Cardboard,Pastics,Jass,Metals

Inerts Stones andilt, bones, and other inorganic materig

|1.4.1 COMPOSITION OF URBMSW IN INDIA

A major faction of urban MSW in India organianatter (561%). Recyclables ar&7.5 % of the
MSWand the rest 31%s inert waste The average calorific value of urban MSW is 7.3 MJ/kg
(1,751 Kcal/kg) and the average moisture content is {i&e6). It has to be understood that

this composition is at the dump and not the composition of the waste generdthd. actual
percentage of recyclables discarded as waste in India isawrkrdue 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 mattém 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 plantoie 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 signifithn This is due to the flexibility of waste-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 resoces.Therefore, mcreasing source separation ratesls/aysthe long term
priority.

Table6, Composition of MSW in India and Regional Variation

Region/City| MSW | Compostables | Recyclables Inerts | Moisture | Cal.Value Cal.

(TPD) (%) (%) (%) (%) (MJ/kg) Value

(kcal/kg)

Metros 51,402 50.89 16.28 32.82 46 6.4 1,523
Othercities 2,723 51.91 19.23 28.86 49 8.7 2,084
Eastindia 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
SouthIndia 2,343 53.41 17.02 29.57 51 7.6 1,827
WestIndia 380 50.41 21.44 28.15 46 9.8 2,341
Overall 130,000 51.3 17.48 31.21 47 7.3 1,751
Urban India

51.4.1.1 PERCENTAGE OF REABICHS AND INFORMACR CLING

A significant amount of recyclables are separated from MSW prior to and after formal collection
by the informal recycling sector. The amount of recyclables sepatayeithe informal sector

after formal collection is as much as 218ppendix6). The amount of recyclableseparated

prior to collection is generally not accounted for by the formal sector and could be as much as
four times the amount of recyclablesseparated 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 exphai the huge difference in recyclables composition between
large and small cities, grved by Perinaz Bhada, et @5). In metro cities, which generally
have a robust presence of informal recycling sector, the amount of laugs 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
dumpindicates the higher number of waste pickerglaheir activity in larger cities.

1.5 ECONOMIC GROWTEHANGE IN LIFE STYIAND EFFECT ON MSW

The waste generation rate generally increases with increase indabiy the initial stages of
economic development of a countijl6), 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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standardsand at the same time changes in consumption pattgt®). Therefore, ligh income
countries generate more waste per person compared to low income countries due to the
difference in lifestyles.

1.5.1 IMPACT ON MSW GENHRAN AND COMPFSITION IN INDIA

Since economic reforms in 1992993, India has undergone rapid urbanizatiahich changed
material consumption patternsand increased the per capita waste generation r&wce 2011,
India underwent unprecedented economic growdhdthe urban per capita waste generation
increased from 440 grams/day to 500 grams/day at a decadal per capita wastragjon
growth rate of 13.6%.

The change in lifestyles has caused considerable change in the composition cfjéngkated

in India too. Bllowing a trend expected duringhé economic growth of a countryhe
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 chianges
collection systems.

From 1973 to 1995, theomposition ofinerts in MSWdecreased by9%, whereas organic
matter increased by 1% and recyclables increased b{Fg¥ee7). However, from 1995 to 2005,
inerts decreased by 11%, compostables increased by 10% and recyclables by ofilye1%.
increase in compostables and recyclables observegré7) is due to a) increase in recyclable
wastes generatediue to lifestyle changesand b) decrease in the overall percentage of inerts
due to improvement in collectian

60%

50%

40% -

m1973
m 1995
— 2005

30% -

20% -

10% -

0% -
Compostables Recyclables Inerts

Figure7, Changen Composition of Indian MSWince 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 USApdonesia, Brazil, Pakistan, Bangladesh and Japan. The population

of Uttar Pradesh, one among 28 Indiatates is greater than #t of Brazil, the fifth most

LJ2 LJdzf 2dza Yyl GA2Yy Ay GKS 62NIR® LYRAIFQA dzNbBIly L
by 318% to 377 million in 2011. Indian urban population is greater thanidted population of

USA (308.™illion), the third most populous nation.

Appendix1 lists 366 8 1A S4 6KAOK NBLINBASYG 71w 2F LYRAL(
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 projecti@ (million TPYh 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 TPYThe general consensus on aomd of waste generated by urban India50

million TPYwhich is a very low in comparistmthe current findings

The six metro cities, Kolkata, Mumbai, Delhi, Chennai, Hyderabad and Bengaluru together
generate 48,000 TPD (17.5 million TPY) of MSi¥ently, 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% ofhe total urban MSW, only half of that generated by the d8es with

million pluspopulation.

I 1.6.1 POPULATION GROWTH

Indian population increased by more than 181 million during 20@011, a 17.64% increage
population, since2001. Even though this was ttsharpest decline ipopulation growth rate
registered positndependence the absolute addition during 262Q11 is almost as much as the
population of Brazil, the fifth most populous country in the world.

It is clearthat the scale of populations dealvith 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 USwith a population of 308.7 millignd KA OK A& 2yt & I |jdzl NI SNJ 2
Urban population in ndia alone which is 377 milliongxceeds this figure. Indian urban
population increased by 31.8 % during 2092011, which implies an annual growth rate of

2.8% during this period.
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Figure8, Total Population and Urban PopulatioGrowth in India

Urban population growth in India has always been higher than the overall population growth as
can be seen irigures, implying a trend of urbanizatn. Compared to the steady decrease in the
percentage of urbanization during 1981 2001, the value stabilized durintpe past two
decades, 199t 2011 (Figure9). Theurban population growth in the past decade increased the
guantum of wastes generated by urban India by 50%.
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Figure9, Trend of Urbanization in India
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1.6.2 IMPACT ON MSW GENHR@AN AND DISPOSAL

Population growth and rapid urbanizationeans 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% increas@ one decade. It is estimated that these 366 cities will generate 161 million tons

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

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

Table7, Population Growth and Impact on Overall Urban Waste Generation and Future Predictions until 2041

Year Population | Per Capita| Total Waste generation
(Millions) 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 wdzZ Sa unandfilshoyldRdiways bedldcated away from habitation clusters

and other places of social, economic or environmental importaneghich 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 landi)sFarther the landfill

gets fromthe point of waste generation (citygreater will be the waste transportation cost.
The solution to reducing these costs and alternatives to landfilling are discussed in detail in

further sections.

Table8, Area of Landccupied/Required for unsanitary disposal of MSW

Year Area of Land City Equivalents
Occupied/Required for MSW
Disposal (sq.km)
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)

GAGE SR wW{2fAR
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land that was occupied byaste disposed post independenastil 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 estimatethat the waste generated by 2001 would have occupidd 2
sq.km or an area half the size of Mumbai; waste generated by 2011 would have occ8pied 3
sq.km orabout 220,000 football fields or 90% of Chennai, the foultiggestindian city area

wise; waste geerated by 2021 would need 590 sq.km which is greater than the area of
Hyderabad (583 sg.km), the largest Indian ,c@ieawise (18) (19). The Position Paper on The
Solid Waste Management Sectorlimdia, 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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HIERARCHOF SUSTAINABLE WEASVANAGEMENT

The Hierarchy ofSustainableWaste Management(Figure10) developed by the Earth Engineering

Center at Columbia University is widely used as a reference to sustainable solid waste
managementand disposal This report is presented in reference to this hierarchy. For the
ALISOATAO LIzN1IRZ2 asS A# yREME fSAlydER & 3 Ra hyLaSHyYy A diNSEA y 3
original hierarchy of waste management which ends with sanitary landfills (Slisgnitary

landfilling and open burning will represent the indiscriminate dumping and burning of MSW
andrepresensthe generalsituation of SWM in India and other developing countries

Waste reduction

only for source
separated organics

Aerobic composting

Modern landfill recovering and using
CH4

Modern landfill recovering and flaring CH4

ills that do not capture CH4

Unsanitary landfills and open burning

Figurel0, Hierarchy of Sustainable Waste Management

The hierarchy of waste management recognizes that reducing the use of materials and reusing
them to be themost environmental friendly. Source reduction begins with reducing the amount

of waste generated and reusing materials to prevent them from entering the waste stream
(15 ¢ Kdzax ¢l aidsS Aa yz2ia 3Sy Shkk DGCRthamasiehid gengrit&l, Sy R
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; productlesign; 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. Whilghis is being achieved and recycling is increased, provisions should be made
to handle the norecyclable wastes that are and will be generated in the fut(2e) A
sustainablesolution to handle nonrecyclable 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, msanitary landfilling or open dumping of wastes is not considered as an option to
handle MSW and is nait allrecommended.

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 transformatBometimes, &using caralso
happen after collection, in cases where informal traders collect materials of no use from
households, reshape or repair them and sell in seebadd markets. Unlike reusing a used
material, recycling involves using the wasterasw material to make new products. Recycling
thus offsets the use of virgin raw materials.

LG Aa 1yz2sey GKFIG Fa YdzOK Fa op: 2F | LINE Rdz
discarded(21), most of it during its manufacturg 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 separate@ter on (after collection).

Due to the limitations for source separation (See Sechid), wastes are collected in a mixed
form which is referred to as municipablid waste (MSW). Once the wastes are mixed it
becomes difficult to separate them. Recyclables can still be sepanad@diallyto some extent

Such separation and sale of recyclables from mixed wastes psoingdihoodto marginalized
urbanpopulationsin low and middleincome 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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The separated stocks of paper, plastic, glass aethhtanthen 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 fractioresiflues,which can
neither be ecyckd nor composed andneedsto be combusted in RDF or WTE plantawoid
landfilling andgenerate energy.

Refer to Sectiorb.1.1to 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
composted and thecompost obtained can b
used as an organic fertilizer on agricultural
fields. Organic compost is rich in plant macro
nutrients like Nitrogen, Phosphorous an b Food waste from restaurants
Potassium and other essential micr hotels and food joints

nutrients. Advantages of using organic manure b Vegetable market &

in agricultureare well established and are slaughterhouse waste
part of public knowledge. b Livestock & poultry waste

2 N\
Box 1, SOURCES OF URBAN ORGA
WASTE

Household waste

ot

b Sewage sludge
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 stdblenuisancefree storage
and handling and is satisfactorily matured for safe use in agriculture. Composting can also be
defined ashuman intervention into the natural process of decomposition as noted by Cornell
Waste Management Institute. The biologicEcomposition 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 cgmsting 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 manufactumiake
material recoveryoptions like recycling and composting the most environment friendly
methods to handle waste. By are positioned higher on the hierarchy compared to other
beneficial waste handling options like energy recovefpwever, quality of the compost
product depends upon the quality of input waste. Composting mixed wastes results in low
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guality compost, whih 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 heatgls can cause
harm to public health and environment and is the major concern leading to its restricted
agricultural usg€22). Mixed waste composting is therefore not an option for sustainable waste
management, but this ise is not a part of public knowledg®lixed waste composting is
widely practiced and is considered better (if not bed) in countries like India where more
than 91% of MSW is landfilled and there are no other alternatiltess consideredbetter
probablybecause 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.

24 ENERGY RECOVERY

Energy requirements of a community can be satiated to some extent by energy recovery from
wastes as a better alternativio landfilling. Energy recovery is a method of recoveling
chemical energyin MSW. Chemical energy stored in wastes is a fractiomnpfit 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 Anaembigestion (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 anethod to treat source separated organic waste to recover energy in the
form of biogasand compost in the form of a liquid residual. Biogas consists of methane and
carbon dioxide and can be used as fuelbyrusing a generatat can be converted to etdricity

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 streanowfce separated organic wastes. AD

of mixed wastes is not recommended because contaminants in the feed can upset the process.
Lack of source separated collection systearsd public awareness and involvement stribdé

large scale Arom feasibleSWMoptions in IndiaHowever, 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 s.an energy source which would otherwise be emitted from landfiiagte

Refer toSection 5.3to check the conformance of small scale anaerobic digestion ia ki
the hierarchy of sustainable waste management.

[2.4.2 REFUSE DERIVED F(RRLB

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 processadfitb

guideline, regulatory or industry specifications mainly to achieve a high calorific value to be
useful as secondary/substitute fuels in the solid fuel indu¢#$) RDF is mainly used as a
substitute to coal 4 fossil fuel) in highenergy industrial processes like power production,
OSYSyil (1Afyas aiadSSt YIFydzZlOlildz2NAy3dIs SG0X 6KSNEB
performance(23).

The organic fraction(including paper)in RDF isconsidered to be a b#uel 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 ¢@siGemissions are zer(Sectiord.7). The

overall green house emissions frdRDFare however not zeroThis isdue to carbon emissions

from burning theplasticsfraction left in RDEFTheamountof GHGemissions from RDF depends
upon the composition or organics and plastics in the MSW stream it is being processed from.
Using RDF prevenGHGemissions from landfillglisplaces fossil fueland reduces the volume

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

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 watieesnergycombustion(WTE) technology,

which combusts MSUprocessed or as it i8) generate electriity. RDF is different because the
objective is tancrease the calorific valugy processing théuel.

Refer toSection 5.4to check the conformarecof RDF technology in India with the hierarchy of
sustainable waste management.
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2.4.3 WASTETOENERGYZOMBUSTIONNTE)

Wasteto-Energycombustion(WTE) is defined as a process of controlled combustion, using an
enclosed device to thermally breakdown combustildelid waste to an ash residue that
contains little or no combustible material and that produces, electricity, steam or other energy
as a reult (24). Even though both WT&mbustionand RDF combust MSWhe objective of
WTEcombustionis treating MSW toreduce its volumeGenerating energy and electricity only
adds value to tIs process.

As discussed in Section 2.4.1, combustirggorganic fraction of MSW (@io-fuel) and releasing
carbon dioxide as the end product is a net@emissions procesfSection4.7). Due to the
dominance of organic waste in MSWISWis considered as a bioiel which can be replenished

by agriculture.Also, biefuels are renewableln India, urban MSW contains as much as 60%
organic fraction and 10% paper. Therefore, potentially, 70% of energy from WTE plants is
renewable energyTherefore, WTE is recognized as a renewable energy technology by the
Govenment of India (GOI). Australia, Denmark, Japan, NetherlandshendSalsorecognize

WTE a a renewable energy technolo¢i5).

Thermal waste to energy technologies are the only solutions to handling mixed wastes. In
whateve 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 andre distributed through thecompost supply chain. lrootrast, WTE

is a point source pollution control technology, where the impurities in the input mixed waste
are captured using extensive pollution conttaichnologies Table 18) and can be handled
separately. The bottom ash from WTIEombustion contains nothing but inert inorganic
materials and minerals which could be used to make brasks other construction material.

The fly ash from WTE contains pollutants from the input streachneeds to be disposed off in
sanitary landfig. By controlling the types of materials fed in to the boiler, European and
Japanes&VTE plantare known tohave achieved nearly zero emissions in the fly ash too.

WTEcombustiondecreases 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 shouwlonfieusted

after all possible realing and composting has been done. The inpuM®E plantshould be

the rejects from material recovery and/@omposting facilitiesSuch an integrated system can
decrease the amount of wastes landfilled aplong the life of landfills furtherTherefae,
WTEcombustionis placed below recycling, aerobic and anaerobic digestion on the hierarchy of
sustainable waste management.
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Refer to 8ction5.5to 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 aywhat contact between waste and the environment is
significantly reduced and wastes are concentrated in a well defined area. Sanitary landfills
(SLB) are built to isolate wastes from the environment and render them innocuous through the
biological, chendal and physical processes of nature. UNEP also recognizes three basic
conditions to be fulfilled to be designated as an:SLF

a) Compactiorof the wastes,
b) Dailycovering of wastes (with soil or other material) and
c) Controland prevention of negative impacts public health and environment.

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

a) SLFs recovering and using methane,CH
b) SLFs recovering and flaring,CH
c) SLFs without any GHecovery

SLFs are categorized depending upon their ability to control and prevent negative impacts on
environment, from a climate change perspective. They occupy the three positionsVditer
technologies on the hierarchy of waste managem@mure10). Handling Cligenerated during
anaerobic digestion of organidsctates where each type of landfillpéaced on the hierarchy of
waste management.

Organic waste in landfills uedyoes both aerobic and anaerobic digestidepending 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 oxygeravailability The final gaseous product of aerobic digestio@@ which results

in a net zero emissio(Section4.7). However, the final gaseoysoduct ofanaerobic digestion

is CH, which if captured can besed as a fuel, generating renewable energy and converting the
carbon in ChHito CQ , thus resulting in a net zero emissions.

In a business as usual scenario (BAU) in India and elsewhereCHhis let out into the
atmosphere and not captured. Glis a green house gas (GHG), with tweabhe (21) times
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more global warmingpotential than CQ (over a long time period Therefore, every CH
molecule released from a landfill has 8mes the potential to warm the planet than GO'hus,
capturing and flaring CHs environmentally preferred to sanitary landfilling without capturing
CH.

However, landfilling of materials should be the last option considered for disposing wastes in an
AYGiS3aINIFGSR ¢61FadsS YIyF3aSYSyd aeaidSvyo !'faz2zs aO
sanitary landfilling are severely constrained in economically developing countries (like India) by
GKS tF01 2F NBtAILIOGES AYyTFERNIGAZY ALISOATAO (2

2.6 UNSANITARY LANDFNGIAND 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 femulitige
wastes, absence of leachate or methane collection systems and wastes exposed to natural
elements.

The direct implications of landfilling include burying matenalsch wereextractedby energy

and infrastructure intensive and in most cases envwnentally harmful methodsind in turn
RSLI SGAy3 SIFENIKQa yIFddz2NFf NBaz2dz2NOSad® CNRY |
equivalent to burying barrels of oil. Apart from these moral implications, landfilling causes
extensive public health and envirorental damage. Landfills create unsanitary conditions in the
surroundings, #ract pests and directly impachuman health. Unsanitary landfills also
contaminate ground and surface water resources when the leachate produced percolates to
the water table oris 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
atmospklere. In addition to these harmful impacts, unsanitary landfills contribute to Climate
Change by releasing methane, a green house gas (GHG) mitiné&s more global warming
potential than carbon dioxide (in the first year of release, methane is 71 time® patent

than carbon dioxide as a GHG).

Page |47



STATUS OF CURRENTSVE HANDLING PRACH$AN INDIA

Table9, Status of Present Waste Handling Techniques in India

=) Ll - % o c | © g

(&) [<H) =

S.No City Generated| & ™ o > o ES|E g <

app) |§ |2 | |E€ |5 |25 83| ¢

o o § |W | <O0|5 7|8

N 0
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 1,250 NO NO NO NO | NO YES | YES| NO

Visakhapatnam

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






















































































































































































































































































































































































































