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KEYWORDS

Life cycle assessment concepts and methods are being applied to evaluate
integrated municipal solid waste management strategiesin India. The aim of
this article is to develop the integrated and dynamic relationship between
DPSIR and LCA model. The DPSIR model isevaluate the driving forces of
municipal solid waste generation, pressure on flora-fauna, state and impact
on environment and responses of government and non-government sector
which helps to make new strategies of integrated municipal solid waste
management of India. The Life Cycle Assessment (LCA) model included
with waste collection, transfer stations, recovery, composting, combustion
and landfill. Additional unit processes included are electrical energy pro-
duction, transportation and recycling. This article also includes the appli-
cations of such model for municipal solid management system in develop-
ing countries. DPSIR framework isintegrated with LCA model, can be used
as a best tool for assessing the environmental impact of municipal solid
waste generation. The conceptual model helpsto develop better and effec-
tive strategy of municipal solid waste in developing countries. It isauser-
friendly model for the assessment of resource consumption and potential
impacts for waste management systemsin alife cycle perspective.
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INTRODUCTION

A large number of toolsfor assessing environ-
mental impactsareavailablelike Environmental Im-
pact Assessment (EIA), System of Economic and
Environmental Accounting (SEEA), Environmental
Auditing (EA), Life CycleAssessment (LCA) and
Material Flow Analysis(MFA). Life cycle assess-

ment isatool for evaluating the environmental im-
pacts and consumption of resources. In recent years
LCA hasfrequently been used to eval uate the envi-
ronmental issues associated with solid waste man-
agement!®. Hence, anumber of studiesinthelitera-
tureused LCA asacomparativetool for different
management schemes® 2 €, The main advantage of
using L CA on solid waste management systemisa
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Figurel: Conceptual structureof DPSIR - LCA modél.

systematic approach which covers all impacts of
management system. It provides the capability of
evaluating different treatment technol ogieswith dif-
ferent patterns of energy consumption or production
and material recovery.

This article develops as an integrated (DPSIR-
LCA) modd wasestablish, including wastegeneration,
collection, transportation, treatment and disposal and
accompanying externa processeswith the purpose of
ng the environmental impactsof themunicipal
solid waste management system of India.

CONCEPTUAL RELATIONSHIPOF DPSIR-
LCAMODEL

Life CycleAssessment (LCA) isamethod to as-
sessthe environmenta impactsand resources associ-
ated withthe processesor productsina‘cradle to grave’
fashion asthroughout aproduct’s life from raw material
through production, useand disposd . LCA wastaking
into account issues not addressed by other environ-
mental management toolssuch as statutory impact as-
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TABLE 2: Physical and chemical characteristicsof municipal solid wastein Indian cities

Popula Physical Chemical

tion No. of Rubber, Nitrogen Calo
range  cities paper  lBthEr o o Compostable  Inert asto?al Phosphorus Potassium C/N  rific

(in surveyed P and matter material Lo asP.0s asK,O ratio value
million) synthetics 9 kcal/kg
0.1-05 12 291 0.78 0.56 0.33 44.57 43.59 0.71 0.63 0.83 30.94 1009.89
0.5-1.0 15 2.95 0.73 056 0.32 40.04 48.38 0.66 0.56 0.69 21.13 900.61
1.0-20 9 471 0.71 0.46 0.49 38.95 44.73 0.64 0.82 0.72 23.68 980.05
2.0-5.0 3 3.18 0.48 0.48 0.59 56.57 49.07 0.56 0.69 0.78 22.45 907.18
5580?/”5 4 6.43 0.28 094 08 30.84 53.9 0.56 0.52 0.52 30.11 800.70

All values are in percentage and are calculated on wet weight basis. Sourcd .

sessment, intermsof assessing environmenta burdens
associated with products or processes and choosing

TABLE 1: Municipal solid wastegener ation in different
satesof India

5, Nemedie g Mncd giduse g
cities (tonegday) (Kg/day)
1 grgrg 32 10845907 3943 0.3
2 Assam 4 878310 19 0.2
3 Bihar 17 5278361 1479 0.2
4 Gujarat 21 8443962 3805 0.4
5 Haryana 12 2,254,353 623 0.2
6 ;';ggal 1 82,054 35 0.4
7 Kamaska 21 8283498 3118 0.3
8 Kerala 146 3107358 1220 0.3
9 '\P"r;‘j'gf 23 7225833 2286 0.3
10 Maharashtra 27 22,727,186 8589 0.3
11 Manipor 1 198535 40 0.2
12 Meghdaya 1 223366 35 01
13 Mizoram 1 155,240 46 0.2
14 Orisa 7 1766021 646 0.3
15 Punjab 10 3209903 1001 0.3
16 Rajasthan 14 4979301 1768 0.3
17 Tamil Nadu 25 10745773 5021 0.4
18 Tripura 1 157,358 33 0.2
19 g:g 41 14480479 5515 0.3
20 ‘éveﬁ y 23 13,043,445 4475 0.3
21 Chandigah 1 504094 200 0.3
22 Délhi 1 8419084 4000 0.4
23 pondichary 1 203,065 60 0.2

Source: Status of MSW generation, collection, treatment and
disposal in class-| cities®.

theleast burdensome option*®. An LCA resultsonthe
level of policy outcomeswithinthewaste management
process. Inrelation to DPSIR model, LCA will pro-
duceresults on both pressure and impacts.

Thescopeand conceptud structureof DPSIR-LCA
modd isthefunctiond unitwiththeidentification of waste
management with different system boundariesasgloba
warming, acidification, ozonedepletion and energy is-
sues(Figure1). The conceptual modd isdefined the
waste management system from point of waste genera-
tionto disposal of wasteresidua swith environmental
impact and responseto the society.

WASTE MANAGEMENT SYSTEM: EVI-
DENCE FROM INDIA

Themunicipd solidwastemanagement sysem pro-
ceeds through the steps of waste generation, source
separation and waste collection and finally treatment,
utilization, recovery and disposdl. In order to achieve
environmental sustainability, themunicipa solid waste
management systemswere comparedin aLCA con-
text, which cond dered thefollowing components. col-
lection and transportation of municipal solid waste,
MRFTranster Station, Thermd (directincineration) and
biologicd (anaerobicdigestion) trestment and landfilling.

Generation and composition

Municipd solidwastegenerationrateinsmal towns
are lower than those of metro cities, and per capita
generationraterangesfrom0.2t0 0.5 kg/day (TABLE
1). The per capitageneration rateishighin somestates
of megacities. It may occur dueto high living stan-
dards, rapid economic growth and highleve of urban-
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iztioninthesecities.

The composition was determined on awet weight
bassandit mainly consstsalargeorganicfraction (40—
60%0), ash and fine earth (30-40%), paper (3—6%) and
plastic, glassand meta s (each lessthan 1%). The C/N
ratio ranges between 20-30, and the lower calorific
value ranges between 800-1000 kcal/kg. It has been
noticed that the physical and chemical characteristics
of municipal solid waste changewith popul ation den-
sity, asshownin TABLE 2.

Sour ce separ ation, collection and storage

Separation of waste at source and storageis sub-
stantially lack because the bins are common for both
decomposable and non-decomposablewasteand waste
isdisposed at acommunal disposal center. The pre-
dominant system of collectionin most of thecitiesis
through communa bins placed a various pointsaong
theroadsand it leadsto the creation of unauthorized
open collection point. Theaveragecollection efficiency
of municipd solid wastein Indian statesisabout 70%
(TABLED3).

TABLE 3: Per capitadisposal and percentage of collection
efficiency of municipal solid waste of I ndian states.

Name of Per capita disposal Collection
States (g/cap/day) efficiency (%)
gﬁﬁ 247 74
Bihar 242 59
Gujarat 182 61
Haryana 268 82
Karnataka 234 80
Keraa 201 82
I\Pﬂrggﬁ 167 73
Maharashtra 322 72
Orissa 184 61
Punjab 354 71
Rajasthan 322 62
Tamil Nadu 216 73
Uttar Pradesh 341 78
West Bengal 117 74
Sour cel®l,

The present model was provide the modeling of
source separation fractionswith corresponding sorting
efficiencies, which defines proportion of each materia
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fraction that isled to sorting fraction. Another set of
parametersdefinesthefuel consumption for transpor-
tation from the waste coll ection areato treatment or
disposd facility.
Treatment and disposal

Thedifferent treetment technologiesarematerid re-
covery facilities(MRF) for organic waste, MRFsfor
recyclables, reuse of paper, glass, iron etc., anaerobic
digestion, composting, useof compost/digested biom-
ass, incineration, bottom ash treatment, use of bottom
ashandlandfillsfor ashesand mixed waste. The present
modd providesinformation about within each trestment
or disposal method the databaseincludesanumber of
waste technol ogiesthat can be chosenin ascenario.
Themode caculatesdl environmenta exchangesfrom
al involved wastetechnol ogiesincluding resource con-
sumptionsand emissionload intheenvironment.

Material recovery facilities

Materia recovery facilities(MRF) consist of me-
chanical sorting or pre-treatment prior to recycling or
biologicd treatment. Pre-treated organic wastefor bio-
logical trestment and residuefor other treatment may
be the productsfrom MRF for organic wastes. Recy-
clablewastefractions(such aswaste paper, glass, meta
and plastic) may also bedirected to aMRF that sorts
the recyclable in different qualities for subsequent
remanufacturing.

Composting

A pre-treatment or sorting of organic waste prior
to composting may be performedin MRF organic. The
ash content in waste remains constant throughout
composting process. The outputsare composted waste
and up tothreeresidua fractionsfrom post-treatment
or sorting. Thewater content of composted waste can
be controlled by composting process. The composted
wastemay beapplied to agricultural soil and makeit’s
morefertile

Incineration

Apart of theincinerationin DPSIR mode outputs
asair emissions, bottom ash, fly ash and waste water.
Additionally, theair emissionsonthebasisof tota sul-
phur content inincoming waste, whichtypicdlyisrel-
evant for sulphur dioxide (SO,) and sulphuric acid
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(H,S), both of which arewaste specificinrelationto
thetotal sulphur input®. Theenergy productioniscal-
culated on the basi s of energy content in waste, com-
bined with energy recovery efficienciesfor any relevant
typeof energy production (district heating and/or el ec-
tricity).

Landfilling

Thelandfill modulein DPSIR generateslandfill gas,
whichisproduced by decomposition of organic con-
tent and landfill leachateisproduced by infiltration of
water. The gas can either be collected for venting or
combustionin anengineor it can migrate up through
thetoplayer of landfill. Theleachatecan smilarly either
be collected and led to surface water or treated at a
waste water treatment plant, or the leachate can mi-
grateto groundwater through the bottom layer of land-
fill tothe soil and groundwater benegth.

Recycle

Therecycling and reuse module of DPSIR-LCA
has the purpose the environmental impacts of
remanufacture material. The module has same struc-
turefor all recyclablewaste materiad sand waste mate-
rial takeinto cons deration to make new materia dur-
ingremanufacturing. Finally, avirgin product smilar to
remanufactured material, the substitution ratiowill be
subtracted from the environmental exchanges for
remanufacturing processes.

MODEL APPLICATIONS

System boundaries

The system boundarieshavelargdy been defined
through thedescription of functiond dementsof DPSIR
and processes of waste from generationto final dis-
posd. Unliketraditiond LCAS, however, integratescost
and environmental dataand boundariesfor each are
dightly different asdescribed below.

Boundariesfor environmental analysis

Municipa solidwastefrom separation of materids,
collection through transportation, treatment, recovery
anddisposd areinduded inenvironmenta analyss. The
materia isrecycled, resourceand energy consumption
are associated with manufacturing of anew products.
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Thisprocedurealso appliesto energy recovery from
other unit processesincluding combustion and landfill
gasrecovery.

Boundariesfor cost analysis

Cogshavedsoplay acrucid roleinintegrated mu-
nicipa solid wastemanagement strategies. Thesystem
boundariesfor cost andyssdiffer fromthat of environ-
mental anaysisbecausethey aredesignedto providea
relative comparison of annual cost among aternative
municipa solid waste management strategiesby public
sector. The cost analysisisintended to reflect cost as-
sociated with waste management dternativesbased on
U.S.EPA guidance®. The cost of waste disposal or
treatment isincluded in cost analysis of management
fedility.

Energy issues

LCA of waste management system revealed the
energy utilization asakey issue. Thisisdueto direct
energy recovery substituting for fossil-fuel-based en-
ergy production and indirect energy recovery by recy-
cling of materid fractions. If theenergy content of waste
isnot efficiently utilized, theenergy spent in collection
can beasignificant contribution to globa warming.

CONCLUSIONS

DPSIR mode isintegrated with LCA moddl, can
be used asabest tool for assessing the environmental
impact of municipal solid waste management system.
The conceptua mode asan environmenta tool can be
successtully appliedin an Integrated Solid WasteMan-
agement System (ISWM S) as adecision support tool
which hel psto devel op better and effective strategy of
municipal solid wastein developing countries. Itisa
user-friendly model for the assessment of resource con-
sumption and potentia impactsfor waste management

systeminalifecycleperspective.

FUTURE PERSPECTIVESOF DPSIR-LCA
MODEL

Environmenta assessment with DPSIR model and
holistic approachto LCA isvery important for assess-
ing themunicipa solid waste management system. This
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model showsthe new issues and sourcesfor potential
of socio-economicand environmentd problems.
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