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ABSTRACT

Municipal Solid Waste (M SW) management has been posing amajor chal-
lengeto Indiadueto rapid increasein urban population. Previousy CPCB
studies have been carried out on quantification and characterization of
MSW, impact assessment on ground water, ambient air quality and health
of the conservancy staffs and accordingly suggestions were also made for
preparing the action plan at National level. The country is well equipped
with the Rules/Regulation, planning, background data and possible finan-
cial resources to curb the MSW Menace; but the implementation part of
the MSW Rulesistaking place at aslower pace than expected. Therole of
entrepreneurs and other agencies could be invited preferably to keep mo-
mentum on implementation of the MSW schemes in accordance with the
MSW Rules. Futurerelies on Geoinformatics Technology (GIS) based ap-
proach for effective and fast Municipal Solid Waste Management in India.
Accordingly an innovative GIS based approach for identification of sites
for setting up of Regional Landfill facilities in National Capital Region
(NCR) viz., Delhi, Haryana, Rgjasthan and Uttar Pradesh, Indiawascarried
out. Thisexerciseisfirst of itskind to analyze the identified Statesin India
for itsfeasibility in locating MSW Landfillswith high accuracy.
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INTRODUCTION

Municipa SolidWaste(MSW) isdefinedtoinclude
refusefrom thehousehol ds, non-hazardous solid waste
discarded by theindustrid, commercid andingtitutiona
establishments, market waste, yard waste and street
sweepingswhichare collected by themunicipa authori-
tiesfor disposa. Wastesthat arisefrom atypical ur-

ban soci ety comprises of garbage, rubbish (package
materids), construction and demoalition wastes, ledf lit-
ter, hazardouswastes etc?,

About 1.3x 10°t of Municipa SolidWaste (MSW)
was generated globally in 19901 and at present, the
annual generationis220.82 million metric tonne per
year in 20124, The urban populaioninAsiagenerates
around 760 x 10%t of MSW per day, and thisis ex-
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pected toincreaseto 108 x 10°t by 202518, Thetotal
MSW generated in urban Indiais estimated to be 68.8
million tons per year (TPY') or 188,500 tons per day
(TPD) of MSW.,

Urbanization directly contributesto waste genera-
tion, and unscientific waste handling causes hed th haz-
ards and urban environment degradation. Solid Waste
Management, whichisaready amammothtaskinIn-
diaisgoingto bemorecomplicated withtheincreasein
urbani zation, changing lifestylesand increase of con-
sumerism™. Municipal solid waste (M SW) isone of
the challengeswhich al thelocal bodiesarefacingin
India. Consequently, the management of the MSW
needsto berevamped to accommodatethe changesin
the quantity and quality to ensure thelongevity of the
environment®®. Following aretheoverview of thequan-
tity of waste processed and number of disposal facili-
tiesinindia;

Total Quantity Waste processed : 308599 MT per day
Waste Processed in Semi

M echanized compost plant : 86 Nos.
Vermi-compost : 20 Nos.

Refuse Derived Fud plants

with energy recovery : 2 Nos.

Refuse Derived Fuel Plants : 2 Nos.

Total Wasteslandfilled : 193630 MT per day
ExidingLandfills : 24 Nos.

TheMunicipa SolidWastes(Management and Han-
dling) Rules, 2000 has mandated the urban local bod-
iesto segregate, collect and transport the wastesfor
processing and scientific disposal to adesignated Site,
often termed as Sanitary Landfill (SLF) site. Dueto
rapid urbanization coupled with sky-rocketing land
prices, theurban bodiesarefinding it difficult to locate
stesfor Sanitary Landfill. Eventheidentified Sitesare
facing stiff publicresistance, resultinginvertica riseof
garbage hegpsposi ng thresat to the environment. Onan
average, each Indian city/town operates 2 to 3 open
dumping sites, and the Nationa Capital Region, Delhi
isno exception having threeold landfill Stes, which have
already been saturated with garbage heaps.

The paper aimsto saf-assessthe status of Munici-
pa Solid Waste M anagement with particular reference
to Landfillingtaking into account CPCB studieson Pol-
[utionAbatement inthe past and looksfor afuture scope
on Geo-graphical Information System (GIS) gpproach
for landfill siting. GIS hasvery distinguishing, avery
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powerful functionsand can play animportant rolein
decision making and planning process. “The most dis-
tinguishing partsof aGlS areitsfunctionsfor spatial
analysis, i.e. operatorsthat use spatial datato derive
new geoinformation. Spatia queriesand processmod-
elsplay animportant rolein satisfying user needs. The
integration of database, GIS software, rules, and rea-
soning mechanism (implemented asaso-called infer-
enceengine) leadsto what issometimescaled aspatia
decision support system (SDSS)” . The attempt of
Geoinformatics based approach was madeto locate
theregional landfill sitesof National Capital Regions
viz., Delhi, Haryana, Rgjasthan and Uttar Pradeshin
Indiawhichisenvironmentdly suitablewith no adverse
effect onhumanlife.

EXPERIMENTAL MATERIALSAND
METHODS

Municipal solid wastegeneration & management
inIndia: CPCB studiesin thepast

Central Pollution Control Board (CPCB), Minis-
try of Environment and Forests (MoEF), Government
of Indiahad undertaken adetailed survey on 59 cities
in Indiato assess the status of solid waste manage-
ment (SWM)129, Thefield studiesincluded survey of
SWM practice adopted by each city and assessing
waste generation through wei ghment™ exercisefor
five consecutive days. Physical and chemica analyses
of solid waste sampleswere carried out for each city
and atotal number of 1156 sampleswere collected
for analysis. The 59 cities selected for study covers
35 metro cities (citieswith popul ation more than one
million) and 24 state capital s (having popul ation rang-
ingfrom0.1tolessthanamillion).

Systematic datawere not avail able on assessment
of environmental quality andimpactsviz., ground water
qudity, ambient air quaity around thelandfillsincities
and towns. A selected landfill site of 2400 tonsday™
solid waste was considered for the CPCB study on
quantitative methane measurement. Gassampleswere
collected fort-nightly during June-November 2004 us-
ing closed chamber technique and subsequently ana
lyzed using gas chromatograph fitted with Flame-lon-
ization Detector (FID) to estimate the methane (CH )
flux. Studieswere also carried out for assessment of
ground water quality and methaneemission at landfill
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sitesof Delhi. The study on the assessment of health
statusof conservancy staffsand other communitiesas-
sociated with M SW management was carried out by
CPCB at Kolkata? and Chennai.

M SW rulesand regulationswith particular refer-
encetolandfillingin India

Municipal Solid Wastes (M anagement and Han-
dling) Rules, 2000 wasframed under the Environment
(Protection) Act, 1986 for thefirst timein the country,
which haslad comprehensive specifications on man-
agement and handling of wastes. Schedulelll of these
Rules has laid down criteria for site selection for
landfilling, facilitiesto be provided at the site, operat-
ing specifications, pollution prevention, water and air
quaity monitoring at the site, plantation and closure of
siteand post-care. Besides, rules specifying details
on landfills, standards have been prescribed for
composting, treetment of leechatefrom compost plants,
landfillsand Incineration too.

Futurescope: Geo-informaticsapproach for land-
fill siting— A casestudy

To makethe MSW disposal through landfilling a
successful method, GIS based Landfill sitingwasat-
tempted in Nationa Capital Region, whichisto befol-
lowed infutureby other citiesin India. Geo-graphical
information system (GIS) and Remote Sensing (RS) is
avery useful method used for selection of landfilling
sitesat theregional level based distancecriteria. The
detail ed information regarding the method used for se-
lection of theavailable sitewhich satisfiesthe decided
criteriaaregiven below.

Sudy areaand methodology

The study area is the National Capital Region
(NCR) which comprises an area of 33,578 sq. km,
covering thestates of Haryana (13,413 sq km), Uttar
Pradesh (10, 853 sq km), Rgjasthan (7,829 sq km)
and theNationa Capital Territory of Delhi (1,483 Sq
Km) withapopulation dengty of 1,105 persons/sqkm.
Thepart of Haryanaind udesdigtrictsof Panipat, Sonipd,
Rohtak, Jhajjar, Rewari, Gurgaon, Mewat and
Faridabad and covers an area of 13413 Sg.Km.
Raasthanincludesdistrict Alwar and coversan areaof
7,829 Sq.Km. Uttar Pradesh includes districts of
Baghpat, Meerut, Ghaziabad, Gautambudh Nagar and
Bulandshahar and covers an areaof 10,853 Sq.Km.
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TheNationa Capita Territory of Delhi coversanarea
of 1,483 Sq.Km.

Indian remote sensing satel lite datawas procured
for thestudy areacalled NCR. Settlement and Road-
rall linkageswere mapped us ng theremote sensing sat-
ellite dataand available natural resourcesby imagein-
terpretation technique. Mapping was carried out for en-
tireNCR area. Distance based criteriawas applied for
habitat, variousinfrastructure and variousenvironmen-
tally sengtivefeaturesinthestudy area. Required infor-
mation crested using the geo-informaticstechnology as
well with the secondary information collected. Thein-
formation collected and generated was ana yzed based
ontheover lay and buffer techniqueinthe GISenvi-
ronment. Theflow sheet depicting theabove method-
ology used to generatethedataisgiveninfigure 1.

RESULTS

Municipal solid wastegeneration & management
inIndia: CPCB studiesin thepast

Themain objective of the survey wasto assessthe
compliancestatusof 59 citieswiththeMunicipa Solid
Wastes (Management and Handling) Rules, 2000
(MSW Rules) andinitiativestaken by themunicipaities
for improving Solid Waste M anagement (SWM) prac-
tices. Theresultsof thesurvey on 59 citiesin Indiato
assessthe status of solid waste management (SWM)
with detailson quantities of wastegeneration and popu-
lation rangesaregivenin TABLE 1.

It has been observed that per capitaof waste gen-
eration rate and quantities of waste generation differ
from city to city and do not have corrd ation with popu-
lation. A maximum of per capitawaste generation rate
has been reported for the city of Kochi (0.67 kg capita
day*) and whereas, waste generation aslow as0.17 -
0.19 kg capitaday*were observed at K ohima, Imphal
and Nashik.Asper thewe ghment exercise conducted,
35 metro citiesgenerate wastes of 36,353 Metric Ton
day* and remaining 24 towns are generating waste of
2678 MT day*. Waste characterization study in re-
spect of 59 citieshasindicated that after segregation,
thewaste could be utilized for composting and for bio-
gasgeneration. Thephysica and chemica characteris-
ticsof wastesaresummarizedin TABLE 2.

Except larger cities, local bodies of medium and
smaller towns have not undertaken regular exercises
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Data Procurement ]
Stagel: Selection of appropriate satellite data and

collection of secondary information

[ Data Processing 1

Stage2: Geo-referencing of satellite data

[ Creation of geo-spatial layer ]

Stag3: Use of image interpretation technique for

ﬂ mapping of requirement ground feature

[ Criteria analysis 1

Staged: Creation of buffer and overlay analysis

Demarcation of available land for set W

up of SLF site Stage5: Extraction of area where which is not suitable

@ to develop the site as per criteria analysis

Selection of most suitable site from W

available land o : :
Stage6 : Identification of most suitable site based on

availability of waste land

Preparation of final deliverables 1

Stage7: Map prepared which showing the location

of site with other valuable information
Figurel: Methodology of Gl Sbased landfill siting
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TABLE 1: Satusof solid waste gener ation

Sr. _l\_lumber of Population Range Area of City Quant_ity of Waste Waste Gene_ration
No. Cities Surveyed (sq. Km.) Generation (Ton/Day)  Rate (kg/capita/day)
1 8 10,119-99,984 4-69 3-76 0.17-0.76
2 11 132,867-475,439 10-127 39-207 0.19-0.59
3 16 595,575-982,904 52-341 166-584 0.20-0.67
4 11 1,055,938-1,474,986 64-286 200-735 0.19-0.53
5 13 2,052,066-11,978,450 112-1483 475-5922 0.22-0.62

TABLE 2: Physical and chemical characteristics of solid
wastes

Parameters Range of Average
constituents parameters Values
(59 cities) (59 Cities)
Compostabl e (%) 29-72 51.30
Recyclables (%) 12-36 17.48
CIN Ratio 14-52 28.61
Moisture content (%) 17-65 51.37
HCV (Kcal kg 520-3766 1746.76

on quantification and characterization of wastes. Since
the waste segregation isnot practised, it isbecoming
difficult to set up adequate composting plantsand other
processing facilities. Entirewaste generated by thecit-
iesisdisposed through open dumping. Further, inert
content in MSW is aso high (average 22%). Street
sweeping, construction and demolition debrisarequite
often mixed with thewastes. In future, to reducethe
burden on landfills, local bodieswould berequiredto
set up effective segregation system.

The scenario of setting up of waste processing fa-
cilitiesby thelocal bodiesisnot very satisfactory. As
many as 86 compost plants of processing capacity of
range 50 - 500 TPD are set up in the country. These
plants are based on aerobic windrowing with semi-
mechanized system for waste handling. Rejectsof these
plantsareeither stored in own premisesor disposed
off through open landfilling. The Compost producedis
not popular anongst thefarmer community asitisnot
considered to beasubstitute or asuitable aternative
for fertilizersin agriculture. Further, compost produced
isnot regularly monitored for itscompliancewith pre-
scribed standards under the M SW Rules™®l. Waste-
to-energy projectsparticularly using garbage asRefuse
Derived Fud (RDF) ispracticed in selected citiesand
there exists only three such plants in India viz.,
Hyderabad, Vijayawadaand L ucknow.

Thereexigtsvarioustypesof M SW treatment tech-
nology option, however sanitary landfilling isthefina

and environmental ly sound disposa method of munici-
pal solid waste. Studies carried out by CPCB on as-
sessment of groundwater quaity around landfill Sitesin
afew citieshaveindicated that there has been some
impact on groundwater quality dueto geogenic or an-
thropogenic reasong*. However, thefindingsarefur-
ther taken up for confirmation through detail ed investi-
gation™. Further, ambient air quality around landfill Sites
has not been studied extensively. Attemptshave been
made by CPCB to assess methaneemission at landfill
sitesof Delhil*®l, The studies on the quantitative mea-
surement of CH, flux revealed that the Methane flux
was maximum in June (37.14 g m2d?) at heap tem-
perature 36°C and was minimum (8.62 g m?d?) in
November at 23°C heap temperature®”. It isworth-
whileto mentionthat landfill sitesin Indiaarenot noti-
fied as prohibited areas and large number of conser-
vancy staffsand rag-pickerswork on these open dump
sites. Many economically weaker communitieslive
around dump sites. The study, first-of-its-kind on as-
sessment of hedth gatusof conservancy saffsand other
communities associ ated with M SW management has
clearly indicated that personsengaged in M SW man-
agement especialy in disposa aswell asrag-pickersof
the city were reported to be suffering from array of
respiratory, gastrointestingl, dermatol ogica, hematol ogi-
cd, immunol ogica and neurobehaviord problemsaong
with depleted antioxidant levdl.

The present practices adopted by local bodiesare
very crudeand sitesare not well maintained. Each city
andtownishaving oneor moresites. Such Stesarenot
notified and often remain unprotected. Moreover, there
isno criteriafollowed for selection of Stesfor landfilling,
asaresult, thereareaways public grievancesand even
attract Public Interest Litigations (PILS). Further, huge
areaof landisoccupied for disposal of wastes. Avail-
ability of sitedependson land alocation by the Town
and Country Planning Department or Devel opment Au-
thoritiesof that city or town. By andlarge, thecurrently
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operated sitesdo not meet the“Siting Criteria” as pre-
scribed under theM SW Rules*®. Accordingto CPCB
survey, mgority of landfill sitesdo not have approach
road, inspectionfacility to monitor quantity of wastere-
caived, wagh-bridge, drinkingwater for saffsand safety
provisionsto prevent firehazardsand health of thestaffs.
After day-to-day activitiesof landfilling operation, daily
cover of soil isnot provided. None of theSite possesses
leachate collection and treatment facilities. Venting sys-
tem of landfill gases (LFG) isnot provided and these
landfill Stesareexperienced with bad odors.

M SW rulesand regulationswith particular refer-
encetolandfillinginIndia

Prior to notification of theMunicipa Solid Wastes
(Management and Handling) Rules, 2000 (MSW
Rules) in India, management of municipa solid waste
was performed under the State M unicipal Corporation
and Municipa Acts. The State Actswere primarily fo-
cusing ontheactivitieson solid waste management un-
der the ‘Sewage’ and ‘Sanitary’ provisions. The em-
phasiswason cleansing of streets, removal of refuse,
collection of wastes, provision of temporary deposit
etc, but noneof the State A ctshas been addressing on
method to befollowed for proper treatment and dis-
posal of solid wastesin ascientific manner to protect
theenvironment and hedlth.

Asper MSW Rules, eachloca bodyisrequiredto
Set up waste processing and disposal facility. Thuslo-
ca bodieswill haveto moveprogressively from open
dumping to sanitary/engineered landfills. However, there
has not been any fixed time scheduleto achievethis
target. Thereare 4377 local bodiesin the country and
each one of them hasto comply with MSW Rules. It
hasalso been observed that smdler loca bodieshaving
population of lessthan 50,000 population and waste
generation lessthan 50 tonsday* arealso required to
follow same specificationsascompared to bigger cities
where populationismorethan amillion and generating
waste more than 1000 tons day™. In view of there-
guirement of the MSW Rules, there appearsto bea
good scopefor Private Entrepreneursto venturein set-
ting up of waste processing and in operation of landfills
on contract (Build Own & Operate/ Build Own, Oper-
ate & Transfer) basis. Yet, theissuethat how far this
business would be economically profitable, needs
proper assessment and particul arly with referenceto
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financia statusof local bodies. Further, attemptswould
also berequired to set up joint or common landfill fa
cilitiesby theloca bodieswherever feasible. Such of -
fer will reduce burden of local bodiesto identify sites
onindividud basis.

Futurescope: Geo-informaticsapproach for land-
fill siting—A casestudy

Scarcity of land for waste disposal and inappropri-
atelandfill steisoneof the biggest problemsinmost of
largeurban areasin Indiawhich hasits negativeimpact
onenvironment™. Thespurt in urbanizationin past few
decadeswith urban growth rateincreasing from 45.87
during 1971-1981 to 56.25% during 1991-2001, in
addition to urbanizing thelarge number of rural areas
has posed severd associated environmenta problems.
Thedataon solid waste generation at NCR regionis
provided at TABLE 3.

TheNational Capital Region (NCR) Map cover-
ing an area of 33578 Sq km which includes parts of

TABLE 3: Municipal solid wastegeneration at NCR
MSW Generation (M T/day)

NCR

Year 2001 Year 2021
NCT-Dehi 9,488 15,413
Haryana 1,540 4,569
Rajasthan 201 1,116
UttarPradesh 2,270 6,138
Tota 13,499 27,236

Haryana, Rg asthan and Uttar Pradesh besidestheen-
tireNCT of Delhi isshowninfigure 2. The map shows
theextent of land festure and avail ableinfrastructurein
NCR. Theselection of theareaisasbelow;

e TheNationd Capitad Territory of Delhi (1483 5. km)

e HaryanaSub-region: Faridabad, Gurgaon, Rohtak,
Sonepat, Rewari, Jhgjar, Mewat & Panipat digtricts.

¢ Rgasthan Sub-region: Alwar Didtrict.

e Uttar Pradesh Sub-region: Meerut, Ghaziabad,
Gautam BuddhaNagar, Bulandshahr & Baghpat dis-
tricts.

Theissueof landfill Sitesd ectionwascomplicated
and time consuming. During thelast few decadesand
particularly when environmentd planningemerged, Site
sl ection became systematic and technical. Theevolu-
tion of GISmadethisfield much easier and manage-
able. GISgavetheability and functionality to find best
location for certain purposes. The project areacovers
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DELHI-NCR REGION

| “*'-”f;“fh DE I.’HI

1 e i

_Map rat 1o Goale

| oy e
| ‘{

o —
"‘“""‘“" i:c’u-pu g@
-c':-Ef"‘-";-.t
o 'E'GLIHM

e ————
’ Copyright © 2010 www.mapsofindia.com =
-7l [Updated on 28th Saplember 2010} i A

ngglar

-l 3
T LEGEND
& B AHEE © === State Boundary
'.:: District Boundary
" = District HQ

- _,_....-“ £ o Major Towns
e Countar Magnat

-

L

Figure2: Map showingtownsof NCR region included in the project area

thefollowing towns of the NCR Region asearmarked
a TABLEA4.

The distance based criteriais applied for habitat,
vaiousinfragtructure, environment sengtivefestures. The
required information was created using the Geo-
informati cstechnol ogy aswel | assecondary information
collected. Theinformation was analyzed based onthe

overlay and buffer techniquein GlSenvironment. A list
of sdlection criterionisprovided asbelow at TABLE5;

To achievethe above mentioned objective, num-
ber of geo-spatial layer iscreated using the remote
sensing technique. Additional value added informa-
tionwasintegrated with created layer in GISenviron-
ment. Since the created database was on the com-
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TABLE4: List of townsinthenational capital region (NCR)

State Delhi Metropolitan Area Priority Towns
Haryana 1. Gurgoan 5. Panipat
2. Faridabad 6. Rewari
3. Kundli 7. Palwal
4. Bahadurgarh 8. Dharuhera
9. Rohtak
Uttar Pradesh 10. Ghaziabad 11. Hapur
12. Meerut
13. Bulandshahr
14. Khurja
Rajasthan 15. Alwar
16. Bhiwandi

TABLE5: Selected criteriafor distancebased analysis.

S.No Feature Distancein (meter)

1 Habitation 500

2 Cand/Drainage 30

3 Railway line (From centre) 300

4 Earth Quake zone (Fault line) 500

5 Food plain area Non permitted
6 Airport 20000

7 Road right of way 200

8 Lake 200

9 Water stream 300

10 Public park 300

mon platform of GISit waseasy to analyze. Applica
tion of distance based criteriafor identification of re-
gional level landfill siteistime saving scientific ap-
proach. Use of GIS and remote Sensing technology
in such an approach which isvery effective and en-
ables aquick decision making process. Use of Geo-
informaticstechnol ogy giveshigher accuracy with such
asystematic approach. Total 29 sitesareidentifiedin
NCR areawhichispresented at TABLE 6.

DISCUSSION

Rapidindustridization and populaion explosonin
Indiahasledto themigration of peoplefrom villagesto
cities, which generatethousandsof tonsof MSW dally.
TheMSW amount isexpected toincreasesgnificantlyin
the near futureasthe country strivesto attain anindustri-
alized nation status by the year 202012°23, As per the
Report of The Energy Resources Ingtitute?® (TERI)
“Green India 2047, the country was generating six mil-
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liontonsof MSW intheyear 1947 which hasnow gone
up drastically inrecent times. Poor collection andinad-
equatetrangportation areresponsiblefor theaccumula
tion of MSW at every nook and corner. The manage-
ment of M SW isgoing through acritical phase, dueto
theunavailability of suitablefacilitiestotreat and dispose
of thelarger amount of MSW generated daily in metro-
politan cities. Thewaste characteristicsarerequired to
becarried out regularly & frequentintervals, becausesuch
information enablesto decidethetypeof treatment pro-
cessto beadopted. However, characterization of MSW
isnot doneby themunicipditiesduetolack of facilities
and skilled man-power. Asaresult, thereisabsenceof a
comprehendvedatabaseresultinginimproper planning
and uncontrolled waste management practices.

At Nationd level, avery few cities like Greater
Mumba and Ludhianaarecollecting entirewaste gener-
ated in cities for complete 100 % disposal into the
dumpsites. Collection efficiency widdy differsfromcity
to city and rangesfrom 50 to 70 %. Uncollected wastes
either remaininbinsor littered in parks, drainsor else-
where. Thereisgrest ded of varigioninwastecollection
anddtizensaredther havingtheir privately engaged agent
for collection of waste or they themsdl ves put thewaste
inthebinsset up by thelocal bodies. Dueto unorganized
waste collection and segregation system, citiesarelit-
tered. It would be prime need that local bodies set up
efficient system of waste segregation, collection, storage
and transportation system. Another important task should
beto dispensewith manua handling of garbageand thus
Isnecessary to set up mechanized system of waste han-
dling to avoid hedlth hazardsto the M SW workers.

Maority of thelocd bodiessmply collect thewastes
and transport it to the open dump-sitesfor disposal.
Thisisthe common practice and has been continuing
sincemany years?!. The current practices of uncon-
trolled dumping of waste on the outskirts of towng/cit-
ieshavecrested aseriousenvironmenta and publichedth
problemin India. Unscientific disposal causesan ad-
verseimpact on al components of theenvironment and
human health®>%2, Further, impactsof MSW landfilling
on the environment are not properly assessed.

Open dumpshavebeen consdered to beapotentia
threat to the environment as they cause groundwater
pollution and affectsambient air quality!®3. Engineered
landfillswith proper leachate coll ection and extraction
systemswill minimizethegroundwater contamination
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Distance
ﬁf Land use Near est Town Nf;;rrz'st State District (AS(F:ﬁ% Pean;ier Latitude Longitude
Town (km)

1 SCRUB KHORI 4.2 HARY ANA REWARI 341111.81 35 28°9.047°N  76°27.706’E
1/1 SCRUB KHORI 2.7 HARY ANA REWARI 435018.91 33 28°10.717’N 76° 28.44°E
1/2 SCRUB KHORI 21 HARY ANA REWARI 340980.15 28 28°10.465°'N  76° 27.938’E
1/3 SCRUB KHORI 39 HARY ANA REWARI 573907.19 32 28°9.350’N  76° 28.110°E
10 SCRUB PARDHANA 22 HARY ANA PANIPAT 360996.23 30 29°16.150°'N 76° 48.416’E
11 SCRUB JATAULA 24 HARY ANA PANIPAT 284058.27 2.6 29°19.942°N 76° 49.500’E
12 SCRUB MULHAIRA 8.8 UTTAR PRADESH MEERUT 312474.56 2.6 29°9.623'N  77° 26.632’E

12/1 PLANTATION MULHAIRA 8.2 UTTAR PRADESH MEERUT 356911.63 31 29°10.254'N 77° 26.810’E

13 SCRUB BINAULI 6.9 UTTAR PRADESH BAGHPAT 445634.60 28 29°7. 789N 77° 25.718’E

13/1 SCRUB MULHAIRA 9.0 UTTAR PRADESH MEERUT 976408.24 51 29°8.729°N  77° 27.021’E

14 SCRUB DAVATHWA 3.6 UTTAR PRADESH MEERUT 2925533.33 6.9 29°3.458'N  77° 37.810°E
15 SCRUB MEERUT 9.5 UTTAR PRADESH MEERUT 1392618.98 7.0 28°53.402’N 77° 41.406’E
16 SCRUB DANKAUR 54 UTTAR PRADESH NOIDA 2571298.00 8.8 28°24.239'N 77° 32.651’E

16/1 SCRUB MANJHAULI 31 HARY ANA FARIDABAD 705729.54 4.7 28°23.785'N 77°29.189°E

17 PLANTATION MANJHAULI 5.6 HARY ANA FARIDABAD 1293963.40 6.0 28° 25.054’'N 77° 27.503’E
18 SCRUB BADHKAL LAKE 3.0 HARY ANA FARIDABAD 9462401.13 1.7 28°27.594°'N 77° 21.393’E
19 SCRUB NARAH 5.3 HARY ANA PANIPAT 550941.14 38 29°21.029'N 76° 47.493’E

2 SCRUB BASTHALA 5.7 HARY ANA REWARI 504431.06 33 28°2.859'N 76° 39.415’E
20 SCRUB ALIPUR 7.6 HARY ANA GURGAON 557760.31 32 28°17.395'N 76° 59.625°E
21 SCRUB SHATAWLI 3.6 HARY ANA SONIPAT 222829.54 2.6 29°6.376'N  76° 53.484°E
22 SCRUB MULHAIRA 4.5 UTTAR PRADESH MEERUT 390562.96 29 29°11.772°N 77° 29.000’E

3 PLANTATION KOT QASIM 7.1 UTTAR PRADESH ALWAR 2879815.16 7.2 28°0.662’N  76° 39.166°E

4 PLANTATION DADANPUR 24 HARY ANA JHAJAR 756712.74 37 28°28.975’N 76° 40.251’E

5 SCRUB PAHRAWAR 8.0 HARY ANA ROHTAK 2268054.23 85 28°49.628'N 76° 33.263’E

6 SCRUB KURANA 23 HARY ANA PANIPAT 1258233.11 49 29°19.960°'N 76° 41.997’E

7 PLANTATION BHAGWANPUR 19 HARY ANA ROHTAK 70442.39 11 28°58.878'N 76° 34.668’E
7/1 PLANTATION BHAGWANPUR 22 HARY ANA ROHTAK 198835.96 20 28°59.393'N 76° 34.086°E

8 PLANTATION KISHANPURBARAL 4.7 UTTAR PRADESH BAGHPAT 346381.23 28 29°12.464°'N 77° 14.530’E

9 SCRUB SHERAH 13 HARY ANA PANIPAT 369039.71 35 29° 25.499'N 76° 50.074’E

problem4, Further, open dumps occupy ahuge areaof
land whichisposng problemsto city planners. Quantity
of MSW generationisoften assessed solely onthebasis
of tripsrecord of transportation vehicles(i.enumber /
frequency of toand frotrips of theM SW transportation
vehide). Each city and town hasbeen usingtwo or more
dumping groundsfor disposal of MSW through open
landfilling. Further adding ontothis, thereisno control
over theentry of ragpickerswho carryout ragpickingina
haphazard and hazardous way™4.

Recently, FICCI conducted a survey'™! to gauge
the current status of solid wastemanagement in Indian
cities. Thesurvey wasconducted among municipal cor-
porations of 48 citiesincluding 21 class| citiesand 27

citieswith population lessthan onemillion. A review of
the status of dumpsitesin the cities showsthat, out of
thel7 dassl cities, 8 (Agartda, Ahmedabad, Guwahti,
Indore, Kanpur, Kochi, Pune and Vaododara) havea
single dumpsite, 5 (Asansol, Jaipur, Jamshedpur,
Ludhianaand Surat) have 2 dumpsites, 1 city (Delhi)
has 3 dumpsitesand 2 cities (Faridabad and Greater
Mumbai) have4 dumpsites. The survey was about the
citiesonly but if at all semi-urban or rural areas are
considered the situation iseven worsetherethe gar-
bageislying ontheroadsidewith no sanitary landfills
andinvitingmgor threatsto the heal th and environment
of theresidentg®!.

Dueto severd legidétive, environmentd, economic
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and socia constraints, theidentification of most sus-
tainabledisposa routefor M SW management remains
animportantissuein amost all industrialised coun-
tries®, Waste treatment options such as composting
and waste-to-energy plantsare not being adequately
explored by eventhose citieswhich arelarger not just
intermsof sizeand population but a so generation of
waste. Theimmense scope of treatment is not being
exercised dueto reasons such aslack of know-how,
technica manpower and most importantly financid con-
graintsfaced by theMunicipal corporations. Theadop-
tion of Best Available Technologies(i.e Biogasrecov-
ery and exploitation system in landfillsand energy re-
covery systeminWasteto Energy plants) can not only
sgnificantly reduce greenhousegasesemissonshbut, in
certain case, can also maketheoveral processacar-
bon sink®®, After all thetreatment technology option
for municipa solidwastes, sanitary landfillingisthefind
and ultimatedi sposd method of municipa solidwaste®,

A proposal for aninnovative model for the collec-
tion and transportation of municipal solid waste man-
agement systemusing aspatia geo database, integrated
inageographica information system (GIS) environment
was presented by Pallavapuram municipdity, Chennai,
India. Wherein, an attempt was made to develop an
engineered design of solid waste collectionusing GIS
with avehicletracking system and final disposal by
composting withinvestment costs. The GISwasused
to analyseexistingmapsand data, to digitizethe exist-
ing ward boundariesand to enter dataabout thewards
and disposa sites™.

CONCLUSION

The per capitawaste generation ratein Indiahas
increased from 0.44 kg/day in 2001 to 0.5 kg/day in
2011, fuelled by changing lifestylesand increased pur-
chasing power of urban Indians. Thetotal MSW gen-
erated in urban Indiais estimated to be 68.8 million
tonsper year (TPY) or 188,500 tons per day (TPD) of
MSW. Inthefield of Municipal Solid Waste manage-
ment, Indiais self-sufficient with Rules/Regulation,
proven technol ogy, infrastructure, planning and finan-
cia resources. Only initiativeisrequired for motivating
theimplementing agenciesand mobilizing theschemes
aswel asfinancial resources. Theroleof entrepreneurs
and other agenciesisessentialy requiredinimplanta
tion of the schemesthrough public-private- partnership

Pollution abatement studies related to municipal solid waste management in India
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(P-P-P). The entrepreneurs other agencies may take
initiativeand motivatetheimplementingAgencieslike
Urban Local Bodiesto comeforward for addressing
the sanitation aswell asenvironmenta problemsina
sustai nable manner. The collection method hasto be
made mechanized method rather than manual method
to safeguard workers’ health. However, the local bod-
iesshould identify theland on priority basisfor MSW
projectsin consultation with Town and Country Plan-
ning Departments/Urban Authorities, whichison ur-
gent need. I dentification andinception of commonlandfill
stesfor sharingamongst Urban Loca Bodiesisequaly
important inview of scarcity of landin urban areas.

Presently, the Waste-to-Energy projects based Ur-
ban Waste isrunning at three cities viz., Hyderabad,
Vijayawadaand Lucknow in India. However, under the
paradigmsof converting ‘waste to energy’ and ‘waste to
wedlth’ various technologies have been tried out, how-
ever timeand againitisseenthat irrespectiveof thetech-
nology, M SW treatment plantsruninto difficulties. So
theissuesdo not pertain just to technology but are sys-
temic and encompass project devel opment, feedstock
delivery systemincluding quality and quantity, climate,
highlife-cyclecosts, low vaueredization on outputsand
adverseenvironmentd and socid impactd™®. Thusadop-
tion of arobugt, dastic and most forgiving option of sani-
tary landfill with gppropriatecollection, segregation, treat-
ment and disposa asadependableand safemethod of
disposa for MSW 7, For which, aGlSbased on-line
management information system needsto beeffectively
implemented to optimizedaily operating resourced | ot-
ment and make Indian solid waste management system
effectiveand sugtainable.
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