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Abstract: The urbanisation in developing countries has resulted in growth of big cities. There are
emergingengineeringhallengesnviting out of box solutionsThe papemroposestheIndigenous
solution to municipal waste in Karachi, Pakistan. The model proposed herereptidaged in any

of the coastal cities with climate conditions and wastestypsembling that dfarachi.
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1. Introduction

Wasteholdsanadequat@mountof energyto serveasaviablerenewableenergysource Moreover,

it is poised to create healthy revenue and handsmoeromy for country as waste nsayve as
energy, wealth and gold. We are converting our waste into wejttiransforming itinto useful
resource, Sindh solid waste management board (SSWMB) estimates that Karageinettte
16,000tons of garbagedaily by 2020. Currently, Karachi metropolis producesapproximately
12,000 tons of garbage every day. Through proper management of the solidheastisting huge
garbage may well be converted into an efficient source of income as \eekiag/generatioril].
By doing so, Karachimay be relatively safe,diseasdree and environmentally clean city. Solid
waste management in metropolis has emerged as'aeiturychallenge. The Solid waste is
increasing problem day by day. It is creating environmentalrdazad social problems due to
increase in waste, health Issues and lack of management [2]. Smighisme to convert this
problem in to a viable mechanism coupled with the solution by appiyegigstrumentsof proper
managementor the solid waste.The Solid wasteejectionis the most
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common problem in third world countries[3]. The municipal solid waste managementas
completely failed to overcome these waste issues leading to insufficient collection and
inappropriate disposal [4]. The existing solutions advocate the waste disposable through dumping
underneath, ocean dumping and incinerations of some sort. Unfortunately, these all are not long
term solutions. These way will gea¢e global environmental issues, hazardous issues, generation
of dirty gases issues [5] and harmful for all living things either in ocean living things ofieagdh

things. Solid waste shall create the excessive waste water, the land and air pdihati@ne

harmful for human health and environment [Bjerefore, it is high time to overcome théssues
throughproper managemenf solid wasteby applyingwaysof “ wa tot a ¢ r[@d.y ”

We have different types of wastes such asdeigradable, nebio degradable,-easte, industrial

waste, nuclear waste, organic waste, paper/card waste ceramics, tins [8], metal waste and glass
waste.These all types of waste need to be recycled and converted into energy by adding some
appropriatananagement rule [9].

1.1 Existing Condition of WasteManagementin Karachi

Solid waste management is one of the major concerns to the environmentalists as it iscasgting
problems to life [10]. This is true to the urban areas where population as well as waptdlys
increasing [11]. Sindh Solid Waste Management Board (SSWMB) opines that everthgear
Karachi waste is increasing at the rate of 2% as compared with the previous year. Sequwél
proper management otherwise this city will be converted into gafdi&jeKarachisanitation
mechanism and SSWMB has totally failed to accommodate such huge garbageat,s&85WMB
have signed an agreement with Hangzhor Jinjiang Group Environment sasiéatime Company,
China covering two districts of Karachi, namebuth and east districts for thgan of seven years.
The expenditure to dispose the waste requires an amount of Rs.2 billibngestaff who collect
the garbage from door to door [13hey have to handle it by propemanagement. Unfortunately,
SSWMB has failed to convince the company. Karachi is generainsgpppable garbage. Due to
unappropriated management; B0% is collected from the availabMaste. Out of all the collected
waste, only 25 % of the garbage is dumpeSiuajani Town, Jam Chakhro andDeh Gondal Pass
nearNorthern Bypass. These two landfill sitesareunablefta 1 1 t he requirement
government approve another third landfill site most prob&tiiabeji. That manages different
source®f waste generated KarachiMetropolis [14].

Karachi hasbeendivided in to the eighteentowns with eleven landfill sites. Theidentified
landfill sites are JamChakro, Gond Pass,Saba Cinema (North Karachi), Korangi5, Lalabad
(Landhi), Korangi 3.5 (Ibrahim Haidry Police Station)andKorangi 1.5 by onehundred quarters.
Whereaghe mainwaste dumpare categorieas 1600 tons/day atGondalPass and 1200 tons/day
at Jam Chakro. Moreover, the Sindh Solid Waste Management B88WMB) has sanctioned
the lands of Karachi Del@pment Authority (KDA) to develop th&arbage Transfer Station
(GTS). However, building the GTS in all District of the Karachptiebablygoing toprove the
easilycollection from the every town [15]. The location wise GTS in the Karachimetropolis

is

KorangiCausewaalir River
Sector26, Korangi IndustrialArea
Sector52, Korangi Township
Shariffi GothCemeteryLandhi
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SufooraGoth near Rac€ourse

NazaraiGround Gulsha-Igbal

MewaShahnearGraveyardDistrict West,Karachi
SharafiGothnearGraveyardAltaf HussainRoad, Landhi

: SohrabGothnearLyari Expressways.6 Gulshanre-Igbal, District East

0. DMC South,West& Central,Karachito landfill sites(GondPassand JanmChakro)
1. DMC East,DMC Korangi& DMC Malir
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In addition, these GT&reate a lot of sociahs well as dangerous problem for the city. pheate,

public sector, schools, shopping mallnd homes within thecloser space concerto stop their
working operations due to the near site of GimShe city. The GTS contain theeecomposed
organic matter, it emits a pungent smell and dangerous gases.Whereas the somany
organization especially theivil aviation authoritiescomplain that the GT$®an attracbirds which

will effect on the flights operationfl6]. They iterate thagirport is a sensitivglace, the biradtan
collide the airplanevhich damage the engines arilight operation. Theremaybe severehealth
problemsfor theresidentf thosenearthe GTS areasif SSWMBincreaseshe number of GTS

then the sociandenvironmentaproblemwill be increasefl7-18]. The transportation of Garbage
from GTS to Landfill Sites is the lifting, shipping adsposalof all sortsof garbagesolid waste
(excluding hazardousvaste)and includes thedomestic/industrial garbage, biish, shrub, tree
cutting of any condition (dry, semi dry or wetwadl asdebrismixed with garbagefrom GTS
(whetherformal or informal, temporaryor permanent) placed involved DMC to the landfill site.
Currently, the land is a depot wheref@eignmachinery fromchina isbeing housedThe manual

force & machinery by suggesthat of dumpers, loaders, excavatets. The GTS inside the
jurisdictions of DMC to landfill sites (Jam Chakro & Gond Pass) as all charges, taxes and the price
of weightage ofhe Solidwaste, complete service as directed by the approved officers according to
work set up for thassignmenf19]. The maximum weight of garbagethat will be loaded to
transport the garbage through a #@heeler truck having an approximate capacityp@0 cft is
estimated tequal 14 tons basedon the respectivedensity of garbage.The maximum weight

of garbagéhatcanbeloadedin andtransportedhroughdumptruckshavingcapacityof 1000cft
approximately come® 28 tons. Any weight higher than and over the capacity workeautby

the density of garbage as noted above shall not be considered for payment and shall be at
c ont r avwnriskandcost[20].

The SSWMB has didnot manufacture desiredasults forcreating town cleanThe SSWMB
meeting,Sindh ChiefMinister SyedMurad Ali monarch askedll the involved establishments to
increase their support to so they might perform to thesimplest of their capability strictlgn
trendy and scientifiines within the interestf metropolisard Karachiites[21].

The city is concerning 12,000 tons per day, out of that 9,000 plenty of waste is generated in
municipal areas asvell as DMCsand District Council of city. The remaining 3,000 plentyof
wasteis generatedn areas of different civic administrative like six Cantonmeriioards SITE,

KPT, Railways,CAA etc. He aforementioned the SSWMs three basic parts like front end
assortment, middiend Garbage Transfer Stations (GTi&)ckend SWM Services.e. Landfill.
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Currently transportation price relating to solid wast@nagemensgervices iextremely high asa
resultof the lowland sites squameasure thirtyfive kilometerdistantfrom thetown cente meaning
seventy kilometer ugnd down whereashis distancas over fifty kilometer (+100 kilometer up
down)from several areasf Karachi[22-23]. The SSWMB projectedthat two lowland sitegLFS)
of five hundred acresJam Chakro andGondal Pass squareneasuremerely marketing grounds
and do not meetinternationalktandard®f 'Sanitarylowland Sites'.
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Figurel:Map IndicateKarachimetropolis.Picture Source: tfdogle
2. Different available Garbage Sources ofthe Karachi Metropolis

Karachiis one of the w o r 128 rhegacities alongwith London, New York, Parisand Tokyo.

TheKar achi 1s the Pakistan’s gateway to the wo
with a 22 million of population. Karachi is the center of immigration with no ethnic group
predominate the city, all cultural and social activities essentiallplve around the city. The

Karachi is the 'S largest city in the world by population and the 7th largest urban accumulation in

the world. It is the largest city in the Muslim world and the capital city of Sindh provine2dR4

It has so many domestipublic and industrial sector these all sector are interlinked with their
respective sub branches. Karachi is the city where there is increasing urbanization as well as
industrializationthat will directlyincreaseshe garbagen themetropolis

2.1 Domesticwaste
Domestically composition of waste is heterogeneous that causegrobbiodegradable anmbn
biodegradable waste material such agaste, organic waste, paper waste, metal and glaste.

2.2Industrial waste

The waste such asveaste, polythene was rubber waste, plastic, glass, can waste and battiee
are the industrial waste. It is highly dangerous for the living as well asivivog things. Itwill
create toxic gases, environmental hazardoutsocial problem.
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The sugar canmdustry produces large volumes of bagasse each year. Bagasse is potentially a major
source of biomass energy as it can be used as boiler feedstock to generate steam for process heat anc
electricity production. Most sugar cane mills utilize bagasse tapeoélectricity for their own needs

but some sugar mills are able to export substantial amounts of electricity to the grid.

The food business produces an oversized variety of residues qurdducts which will be used as
biomass energy sources. These teanaterials are generated from all sectors of the food business
with everythingfrom meatproductionto confectionery manufacturingastewhichwill be used as an
energy sourceSolid wastes embrace peelings and scraps from fruit and vegetables, fohoksrat

meet internal control standards, pulp and fiber from sugar and starch extraction, filter sludges and
occasional grounds. These wastes are sometimes disposed of in lowland dufjs [26

The extremely polluting industries are consumes great desdarvfly and water in numerous units of
operations. The waste product discharged by this business is extremely heterogeneous because it
contains compounds from wood or alternative raw materials, processed chemicals additionally as
compounds fashioned thrdugut process. The industrial waste judiciously utilized the production of
biogas exploitation of the anaerobic through the advance technology [28].

Liquid wastes are generated by laundry meat, fruit and vegetables, blanching fruit and vegetables, pre
cooking meats, poultry andfish, cleanup and process operations furthermoreiag creating.These
wastewaters contain sugars, starches and different dissolved and solid organic matter. The potential
exists for these industrial wastes to be anaerolidadlestible to supply biogas, or hard to supply
fermentation alcohol, and a number of other business samples ofterasiergy conversion exist
already [2830].

2.3 Hospital waste

Many hospitalsin Karachi Indicate the increasinglevel of garbage Karad i hospitalsuchas

civil hospital, Jinnah hospital, agha khan hospitals, liagat medical hospital, Indus hospitak, and Al
Ibrahim hospital produce large amount of hospital waste that will simultaneously increasssithe
waste and management issue.

2.4 Animal Waste

The animal wastes is the big sources of biomass energy. The foremost animal and poultry is the
recovered and sold as a fertilizer or just unfold onto agricultural land, however the introduction of
tighter environmental controls on odor geallution implies that some type of waste management
systemis currently needed, that provides the incentif@swasteto-energy conversion. The
foremost enticingechnique of changing thesastematerialgo helpful type isasnaerobialigestion

which providesbiogas thatmaybe used as a fuel for combustiorengines, tget electricity

from little gas turbines, burnt directly for change of state, or for house and heatting.Food

process and edifiomastes ara possible anaerobitigestionfeedstock [31].
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2.5Forestry Waste

Forestry residuesarea unit generatedby operationslike dilution of plantations, clearindor
work roads, extracting stemood for pulp and timber, and natural attritioVood process
conjointly generatesital volumes of residuegypically within the varietyof wood. The waste
matter is usually not utilised and sometimes left to rot on siteh But it will be collectedand
utilizedin a biomassgasifier to provide hotgasesfor generatingsteam.

2.6 Solid Waste

Millions of tonnesof domestic waste are collected evemar withtheirresistiblemajority disposed
of in dumps.The biomass resource in MS\Wbntains the paper and plasfitie averages 80% of
the overall MSW is collected. Municipal solid waste bhisrn-again intoenergy by direct
combustion, oby natural anaerobic digestion within the lowlaAd.the lowland sites the gas
madeby the natural decompositionof MSW is collected fromthe holdon materialand clean
and cleansed befofeedinginto combustion enginesr gasturbines toget heatand power. The
organic fraction of MSW is anaerobically stabilized awvery high-rate sterilizerto getbiogasfor
electricity or steamgeneration32].

2.7Sewage

Sewage mabea supply obiomassnergy that'serribly like the opposite animalwastesEnergy
maybe extractedrom waste victimization anaerobic digestion to supply bioghe.waste sludge
that continuego be incinerated or endure transmutation to supply af lmbgas.

2.8 Agricultural Waste

Largequantitiesof cropresidues squameasure created annuallyorldwide, and squareneasure
immensely underutilized. Theremost commoragriculturalresidue is that the ricehusk, that
makes up twenty fifth of rice by mass. Alternative residues emlyasigar canébre (known

asbagasse)¢oconut husks and shells, groundnut shells, cereal straw etc. Current farming

follow is sometimes toplough these residues into thesoil, or they're burntleft to decompose,
or touched bythe variety of agricultural and biomassstudies,however have ended that$hould

be acceptable t@et rid of and utilize some ofcrop residue for energy production, providing

giant volumesof low value material [33]. Theseresidues mape processednto liquid fuels or

combusted/gasifietb supply electricity and warmth.

3. Existing Waste ManagementCondition of the Karachi with its side effect.
Thewholeexistingsolution arenot longtermsolution. Thesarebaseless solutiomn futureit
will createalot of socialas well as environmental problem.

3.1. Dumping

The Karachi metropolis dump the waste into the selected dumping sites that landfill siteseder
from their capacity.The dumping waste create a lot of serious issue for under water and
environment.

3.2.  OceanDumping
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Dumping untreated sewage has caused 40% drop in marine population, in a report by Director
General Pakistan Maritime Security Agency (MSA) revealed that untreated sewage being dumped
into the Arabian Sea h&sd an adverse impaoh thequality and population of marine life dfie

coast of Pakistan?

On a daily basis about 500 million gallons of untreated sewage is being dumped into the sea along
with 12 tonsof garbage which imesult produceaforty percent drop imarinelife populatons.
Unfortunately, there are no designated landfill sites in Karachi, therefore the sewage and solid
waste, which includes plastic, is thrown directly into the sea or dumped in rainwater steams or
nullahsand ultimatelyarewashednto the seafter monson floods[34].

3.3.  OpenBurning
The burning of municipal garbage in the port city is posing serious environmental threats to the

country’s economic hub. The garbage can been
plots, public parks,publicandprivateschools shoppingmalls,openspacesslums,policestations,
government offices, and even on the thecityy’”s be

produces 12,000 tonnes of municipal waste every day and there is not a single fupcéatiit
dumpingsiteanywherean thecity.

Environmentalistareworriedaboutthis newsituationandthey warnedhatif burning ofgarbage
is not stopped in the city, it would harbinger another disaster in the metropolis ifunear
Health experts ab expressed grave concerns over inappropriate disposal of gatrags
Karachi and burning effluent at public places. Dr. Seemin Jamali, joint executive dideutaih
Postgraduate Medical Center (JPMC), said that burning of garbage has carcinogaats,
which cancausecancel{35-36].
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4. ProposedSolution to Mitigate the Solid Waste

The propose technics will play a vital role in mitigation of municipal solid waste that is waste to
energy plant. Thevasteto-energy (WtE) plants have the vital advantages, environmentally safe
waste management and disposal, moreover the generation of electrical power. The WtE facilities
turn out clean, renewable energy through thermochemical and organic strategg®wihg use

of WLE as a technique to dispose of solid and liquid wastes to generate power that greatly reduced
environmental impacts of municipal solid waste, as well as emissions of greenhouse gases. The
WIE conversionis effective in two ways. One the Electricity is generatedthat reducesthe
dependence on the national grid. Other the greenhouse emission emissions considerably reduced
by preventingemission®f hazardougiassesMioreover the WLE plants are extremelyeconomical

in harnessing thanexploited sources of energy. The WtE plants manufacture a powar than

all other existing renewable resources. The WtE plants in the Europe offer eletirittigy 27
million citizens. Japan’s 1inci ne stimgatonicgpowed a nt s
plant. The Egypt produce 120,000 tons of fertilizer annually from the wasteEUrpe aim to
produce the domestic energy consumption from the waste. Correspondinghs#aims to
generate 5% of its power, 20% of its transport fued| 25% of its chemicals frofiomass from

farm and municipal waste. The proposed solution is the environmentally wahedology to

treat waste. The proposed method is the extremely crucial for the contenysaydoymitigate the
existing waste. The pposed system is support the existing energy systeaakling the renewable
energy in the form of WtE plants. The plant is critical to fulfill the ewecreasingdemand of
energyas well as handle environmentainsiderations.

{ Dairy Farms ’
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The wase-to-energyplantsis the environmental solution as well as the performanceofthe
trade is on the far side reproach. Studies have shown that communities which useeastgy
technologyhavehigher reprocessing ratéisan communitiesthat don'tutilize wasteto-energy.
The wasteto-energy plants really cutback the quantity of greenhougaseshatenterthe
atmospherdNowadayswasteto-energyplants supportombustiortechnologieghatis extremely
economicto utilize municipal solid waste as a fuel insteaaf coal,oil or gas. The wasteto-
energy plantsrecover the thermal energy contained withithe trash in the extremely
economical way. The boilers generate steam which willdbesoldout onto industrial
process ofthe-scene to drive turbines for electricity production WtE plants are extremely
economical in harnessing the untapped energy potential of orgaste by changing the
perishableraction of the wasteinto high hot price gases.

4.1 Segregation

Thecontainer tipping floor contain plastic, glass, metal and cans waste. The contairembne
all the nonrecyclable streams also the container line goes through differentmachines to
separate different materials typ&he steel container is used to tetéhe beltmagnetfor the

separationof the metal as well as the steel containerspull up and rotate thebelt asit goes
aroundto carriesthe magnet.when the steelreachat the end point of rotatingpelt, the belt is
demagnetized and steel cans ddogn to a conveyer that leads to steel dageker.
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In theair classifierthe heavyweightmaterial like glassdrops down and light weightmaterial,
plastic, aluminum can foil. The milk cottons, shopper bags, water bottles anbguesare blown
up by an air streamand travel through the perforator that makes sortiaterialseasier.

The optical sorter is used for the arranging differgqtes of plastic. It is programmed to
differentiatethe differenttypesof plasticbasedmaterial by chemicalcomposiions. Theoptical
sorterknown by its ability of infrared light that identify the each type of plasticwaste.The
waste is travels undehe light eye that senaut the electronic signab turn ON the air jet. By
this way the usefulplasticis separatedor the process.

Theseparatiorof aluminumcansisdoneb y “ A1l w mip m uitmndue€san electriccurrent
as the aluminum cans pass through magnetic field. They are repelled in one dinduteon
remainingnon-aluminumitemsmoveto otherdirections.

ThePapeline separatéheall non-paperrecyclableitems and transferthem into thecontainer
line by usingthe screeningorocesy37-38].

4.2 BiomassPlant

Biogas process produce the biogas from the mocganisms which digest cellulose aather
organiccontentby animal. The biomassplant processhe bio-wasteat the suitabletemperature

of 28c to 35c¢. The biomass process involves mixing the methane producing bacteria in modern
digester and then collecting the raw biogas in biogas balldoa.raw gas will be sent to burners
through pipes to the furnace to Waste to Energy Plant. Biogas contains roughly 50 to 70% CH4
and30 to 45% CO02. Thedigestibleportion of the wasteis very wealthyin nutrients and

is wide usedhsbio fertilizer in several components of tgobe.The biomassplant haveanother

two procesdo generateghe energyas

4.2.1 BiochemicalConversion

The bio-chemical conversiorprocesses is the anaerobiigestion and fermentation thsit
mostpopularfor wastes havingigh proportion obrganic putrescible mattandhigh wet content.
Anaerobic digestion coulde a reliable technology for the treatment of wet, organic waste.
Organic waste fromvaried sources is composted iextremely controlledThe oxygenfree
conditionscircumstanceseadingto theassembly obiogaswhich manufactureesachelectricity.
The anaerobicdigestion conjointly endsup in adry residue referretb as digest whicimight be
usedasa soil conditioner.The alcoholfermentationis thatthe transformatiomf organicfraction
of biomassilt finds haggle o&pplicationwithin the transformatiorof woody biomassnto plastic
ethyl alcohol.

4.2.2PhysicachemicalConversion

The physicoechemicaltechnologyinvolves numerous procesdesboost physicalandchemical
propertiesof solid waste.The flammable fractiomf the wasteis borragain intoextraordinary
energyfuel employedfor the steam generatig89].

4.3 Implement ProposedWaste-to-Energy Plantat the Landfill Site

The waste to emgy plant converts the rubbish into electricity. The widest technology takes the
waste and burns it, the heat created is used to make steam which in turns drive the turbine and it
generates the electricity. The technique we look here is widely used dneundrld, it isnoticed

that all theplants arererybig, this isthe process thatorks thebest ora largescale.
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The incinerating waste creates emission and residues and part of the isréocessed ordealing
with this. Achieving a high rate @fficiency with a low volume of product is our aiifhere are
manysystemsof varyingcomplexitybut theyall work on thesame principles.

To set up this kind odwaste to energglant weneed:

Waste

Furnace

A boilerwith heatexchanger

A watersupplysystem

A turbine

A generator

Renewablesources

A biogasdigester

The waste is collected and delivered to the plant where it is stored in large bunkers. After the
process of segregation that is discussatier the uniform typef waste is allowedor thefurther
process.Thiswasteis transferred to theurnacebelowthep 1 ant > s boi l er .

The temperature ithefurnace shouldhe very highthegasinheritor shoule heatecover8 5 0 > C
to 1200°C, to make sure that aehdprodubtsfhesonrset ¢ bur
of heat for the furnace is taken from the biogas plant where all the organic wastbédaeated.

The organic wastafter the segregation delivered to the biogas plant. Thigrocess is done by

the Biomethanation processirgtly, the organic waste has to go throughftied grade crusher
where it is cut into small pieces and mixing with water makes a slurrythisesturryis transferred

to biogas plant throughpumpingunit.

After the burning of waste, the residues rentalled bottom ash and is ntazardous thathould

be sent for recycling and is usually used by the construction industries. About the Re#ghivy

of the wasteendswith thebottom ash.

The intense heat from the furnace rises into the series of chaimbie boiler. The idea is to

ONOOAWNE
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capture the thermal energy as efficiently as possible. In the boiler, the heat exchangers a series of
pipes filled with water a bit like a household radiator, the heat vaporizes the water to form super
heated higlpressura t e am. This is sent to the turbine wl
blades. The higipressure steam forces the blades to rotate at high speed, driving the generator to
make electricity. Then the electricity is fed to the power grid for usadwstries and localitiesf

Karachi.

Water travels in the system in closed loop cycle after passing through the turbine the steam is
allowedto condensandthen returns theatexchangers tbeheatedagain.

The gas emitted by the boiler is known as fjas that must be treated for being released them
plant's c¢chimney stack. This process coandt ai ns
Filterings y s t e m” .

5. Wasteto-Energy around the World

Thewasteto-energyhasthrivedin Europe and Asiabecausethe leadingmethodology ofvaste
disposal.The WtE will cutback thedegree ofwaste associatén tending the environmentand

generatethe valuableenergy. The WtE processmitigate the greenhous@missionsand provide
sufficient energy systemThe European nations accept WtE becauske most popular
methodologyof wastedisposalhasissueé@ wrongfully binding demand fats memberStateso

limit the landfilling of unpreservedvaste.Accordingto the Confederationof EuropeanWtE

Plants treats 50million ton of wastes everyearandgeneratdhe associate quantity ehergy
which mayprovide electricityfor twenty seven million individuals.The coming changes EU

legislation can havea profoundimpacton whatproportionat thetechnologycan facilitate reach
environmentalprotectiongoals

Thetechnologies are otiere for realizing thpotential of waste as energy supply, startifigpm

terribly straightforward systemdor doing awaywith thedry waste with help of advanced
technologiesvhich is capable of managing massive amounts of commercial \\&5&8].

6. Existing Government Policy

The Sindh government has goal to promote the establishment of renewable energy projects and
create conducive conditions and clean environment for sugecpsavith respect to government
finances. The scope of this government financing includes mainly subsidy and grants funding for
the projects, various power generation projects, promotional efforts, research and development,
resourcesssessments, techngloupgradesandperformancesvaluations

The funding selection process is typically judged on the basis of the potential amount of WtE
proposed technology, and capacity. The amount of funding itself is limited by the capacity of a
given plant, itdocation, and other such important circumstances. The government, for example,
heavily subsidizesa typical wasteto-energy project in Karachi. This funding is typically
transferred to project leads through banks and financial services mediation. Thergueslso
setstructuredorocedure$or monitoringthe progresof suchWtE projects.This structuréncludes
periodic monitoring by the federal and state governments and frequent progressfrematis
project lead byhe governmen{37-38]..

7. Proposel Future Solutions

TheKarachiis thefinancialhubof the Pakistarandhasthe highestpotentialfor energygeneration
from the solid wastes in the country. The Karachi has the major problem to ovetlteme
increasing waste. It is the hope of Sirgdivernment in Karachi to finance the WtE in the &gty
beacon that improves living conditions of the citizen which is dependent on the impassibf
fuels.
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The first step of WLE in the Karachi is capital and operation costs, revenues, land regsiagsichen

the benefits of a WILE in the city. Also need of proposed model to optimize the inconsistency
between benefits and costs. In this research we build a mathematical model and calculation that
optimalthe real timesolutionfor the investoto generatéherevenue.

Theproposedesearclstudy develo@linearmodelto integratethedifferentoptions andinvestor

that involve in the MSW in the Karachi. The various economic and environmentahssstsated

with MSW management were taken imtansideration while developing the modBheobjective
functionincludesthe minimizationof netcostof anintegratedsolid wastemanagement system.

The waste is processed at the available landfill site known as jam aiedrahe bypass. The
proposed ompost plants become viable option for the community beslézttion and segregation

of the waste from the households which recycle the material andug#the wholesalers.

The proposed model develop a sheds light on the cost profit analysis of a M8&VKarachi.

Also the model largely focuses existing seledialdfill to run the similar mathematical moaei

real time WIE incineration process. The model has the cost benefit analysis to devaigmah
potential of an incineration plant in the trogolis. The MSW expresses doubt abéuture
investment inWtE plant the importance of investments in pyrolysis techniguesincineration
techniques.

8. Model and Methodology

The proposed research plan to build a WtE plant at the jam chakro dumping site having 2000
tonsperday capacity. The jam chakro is governmewned landfill site. We will expanthe
study to include a detailed analysis studying the expensive and profits associated with building a
plant in the Karachi and compare these figures to the costs and benefits of the available plant near
the landfill site. Additionally, we will referencgome figures of the available plant. Using this
analysis, we will evaluate the feasibility of building and operating waste to energy facility in
Karachi, Pakistan. The same model is valid for Mumbai because of the same nature of the waste.
The proposed pta comparison evaluate from the existing running plant of the Asian and European
countries continuing the current WtE. For each method, we want to evaluate plant expensive and
the profit of the proposed plaf6, 37] The expensive is the associated expenses of the plant. The
Profit is the total benefits associated with the plant.
Available Waste @ ) at the landfill site is process to convert the proposed plant favdisee
mitigation in the form of Waste to Energy. The available max waste form at the jam shakro landfill
is electronic waste( ), glass waste'Q ), biodegradablevaste § ), nonbiodegradable waste
(0 ) and other waste)( ) is shown in the E4.

0 B O O 0 0 U e, . Eq. 1.

b B & 0 B O O 0 ooeoereeren, . Eq. 2.

The proposed plant will process the only biodegradable and thiodegradable waste as in
the Eq.2. The otherwasBe O "O 0 will be send to the industries for another process.
The remaining waste for the proposed plant will be as below in EQ.3.

0 B o B O . . . Eq. 3.
The now the available waste has the biodegradable and thbiouwgradable wastelhe
biodegradable waste is including vegetable wast&), fruit waste {0 ), market wastel{ Q),
animal wasted ), slaughter house wast&® ) and human wasté&J ) as mention in the Eq.4.
After the segregation the biodegradable waste id setheBio-Methanation Proce¢® 0 )
for the biogas generation as happen in the Eq.5.

0 B 6 BwQ BO BOQ BO B"™YQ B'O 8 ... . Eq. 4.
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60 B &6 'YQn Y'Qn O veenne . Eq. 5.
The nonrbiodegradable waste is containing as in the kilogram plastic wiaste ), rubber waste
(YO ), cigarette wasted(0 ), leather waste(( 0 ), diapers wasted ), and other waste
(b 0 ) asintheEq.6.
0 B 0 Boov B'Y0O BO60L BOOL BO BOL 8.
.......... Eq. 6.
The nonbiodegradable waste is process for the incineration for the generation of the reliable

electricity in the megawatt. The plant require all the dependable process the generation of the
power so the incineration process of the plant

& 01 € 0Qili B 0 'YQRi 'YQnR 0 O ... .. Eq. 7.
8.1 Cost Model of the Proposed Plant

The cost model describe the require expenses and the profit of the proposed plant as
methanationand theincinerationprocessrespectively as follows as the total expensive for the
proposedio-methanatiorplant is shown in the Eq.8.

The total expensive for tHe#o-methanation proposed plaid O describe athe cost of

the construction, labpland, fuel, collection, transportation, environmental and operation as in the
Eq.8.

B O BOOEETI O OB QEEMDOEB O 0 dOE B 60 "06 Qa
B'OOEAAQMOBAOEY WEidEd B 60 0L VQI € 4'QE 0 Da
B 60/ DAOAOQEITN T . . . . . . . e Eq. 8.

Similarly the model of the expensive for the incineration plant is describe in the Eq.9. The total
expensive for the incineration plant refer the expeneithe plant construction, labor, land, fuel,
collection, transportation, environment and the plant operation as in the Eq.9.

B O BOOEETI O OB QEEMDOEB O 0 MOE B 60 "06 Qa
BO 6é&amOMEB 60 "Yi WEi NéET BABOWED QI € Qe 6 Da
B 60 / BAOADEIL 1. . . . . Eq. 9.

8.2 Profit Model of the Proposed Plant
There is huge benefit of proposed plant as the energy gain ancenlgeanment that profits by
the proposed plant a8 D . The plant give the biogas and the huge amount of the

electricity gain with the zero effect of the environmental disturbance. The model of the profit
describe the energy gain and the envinent as shown in the Eq.10.

B kD B O 0Qi ®0 O£0QI €40 0DA . . coooverens . Eg.. .1.0..

Also the profit from the proposed plant of the-bi@thanation a8 0 . The plant gives

the output in the fornaf biogas energy, biertilizer and the transportation fuel as shown in the
Eq.11.
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B g B O OtQi B0 6 Q& QQI 0 BOTYIQDE i 1 £ I'AD WA Q¢ ¢
.......... .Eql1l.

The deep study of the proposed plentomparison with the existing running plant of the Asian
and European countries. The current running WtE plant of the Asian countries that located at the
coastal area studies for the proposed plant of WtE at the south Asian coastal region. Each proposed
model is based upon the research study and mathematical model of the currently running WtE
plant. The basic evaluation of the proposed plant is its construction expenses and profit. The plant
expenses and the output gain is associated with the plantigdesas the $50 on the construction
of the plant.

B &0 B AMTBAt BAt B At B At B Am B Au B Ao
RTINS . Eq. 8.
Ab Tt Achh mmAT Al At At A v Ao B
Ap &G Qa a Q¢ ¢
B ;O B AOuBAt BAt BAT BAT B At B Ap
B Aoc....Eq.8.

AU AT AT AT AT AT Ap Ao
AC Th QA & QE &

Total Plant Expensive B 8 pp B & P E B 48 P - P
=Ap ¢& 0 AAPQa 0 QE ¢

Position Monthly Salary($)| Total Annual Salary($) for eac| Number
Project Manager 900 10,800 1
Assistant Manager | 800 9600 2
Foreman 700 8400 3
Assistants Executiv( 250 3000 3

Worker 150 1800 35

Total 2,800 33,600 44

The Profit is theotal bengfits associqted with the E)Iant.
DI €0QQULV Oe Qi "WOOe LI € aQt O

01 é0QQ Ap@ A8tp Ap o Qdad Q¢ ¢

A 8 p < A8

B

p 4_ P e
b < < <A 8 O mm o~

Total Profit of Plant B
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9. Analysis

The proposed plant has the input capacity to process 2000 ton/day andceéted at the jam
shakro landfill. The proposed estimated lifetime for the plant is 50 years based on daaifnom
and European Waste to Energy plants. Hence, the calculated time frame of the potpuse@
years. The proposed plant have 2000 day/capacity to process at the landfill site YWtE
generation. The plant is allocated at the available jam shakro landfill site that is usebter
disposal. The cost of the transportation, collection, land, fuel and landfill is eliminateliee&oo
plant is proposed at the available landfill site. The plant will effectively build aavh#able
landfill site where there is daily collection of the 2000 ton of garbage is happenexhristieiction
costof the proposedncineratorpartof plantis $2926.9 million andthe bio- methanation part of
the plant i$24 million. The whole data is estimated from the Asian Bodopean running WtE
plant. The selected site for the plantgevernment owned and hakeady been allocated by the
Sindh government fathe landfill. So the land cost for the propgskedtt is eliminated zero. The
labor which are working at the plant will be accumulated byctmmendable salary as shown in
table. So the estimated costs for the labor is $33,600 pelirya@asingvith the 3% peryear.

Total waste generated

in the Karachi
12000 tons/day
[
v v
Waste to designated Remaining waste sent
sites to other dumping sites
3200 tons/day with low capacity
v v
Gondpass Jamchakro
landfill landfill
1200 tons/day 2000 tons/day
aste to Energy
Plant

The assumption for the plant staff is based on the requirement@egh needed for the plant
process. The Fuel Costs for the proposed plant is negligible due the plant will complete its
electricity requirement from the renewablsagerces. The heat generated from the plant will be
able to continue the combustion processes. The waste collection expensive are negligible due to
proposed plant is built on the available landfill site where there is already collected \wasse

to process the system. Hence the proposed plant will be operated at the jamlahdfiicsite

where there is collecteghrbage ipresenfor the processf plant. The plantworking expensive
including salariesof the laborandothermaintenances estimate astheonly

$3 million per year, growing with the 1% per year. The research study is for-yeab@duration

based on the existing running WtE plant. The cost will accumulate total cost of the plgslarnthe
generate the revenue $67.91 million. The generated revenue is based on existing Aaizh
European WIE plant. The generated electricity can be seal to-Hleckic or other Karachi
leading industries. The efficiency of the proposed plant can be increased by the increasing the
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amountof waste[37-38].
ltem Amount
Capacityperday 2000 tons/day
Capacityper line 1000 tons/day
Numberof lines 2
Total capacity 730,500tons/year
Net electricitygeneration 0.6 MWh/ton
Total electricitygenerated 12MW
Ashgeneration 0.20tonsash/torwaste
Non-ferrousmetal 0.0002tons metal/torwaste
Ferrousmetal 0.0065tonsmetal/tonwaste

Table: ProposedPlant characteristicsand materials generation
10.  Discussion

The WLE plant will reduce the waste management option by generating the renewabl&quower
the available waste. This poses a real environmental cost by generation of the energye There
many benefits of the WLE plant that are dispersed to a wide range of beneficianiesid&lhts of
Karachi would benefit from the waste reduction ind@is and the increased thenergy
generation.

The minimum uses of landfills will not only alleviate the environmental problems of the Karachi,
but it will also help to alleviate health risks. Additionally, the reduction in waste will improve the
beauty & Karachi. The additional support to the national grid productivity. The usage of the WtE
plantincreasehelevel of theelectricitygenerationalsothedecreas¢heusageof non renewable
resources.

The WLE plant becomes successful for the municipghmizations of the Karachi. The city will
take the advantage from the proposed plant to reduce the increasing amount of the solid waste.
Additionally, the reduction will be happened in the usage of GTS. The available landfills would
pertinent for the growt proposed plant that is affordable for the government as well as common
investor.

The WtEplantwill require highexpertlabor,whichincreaseshe employmentate intheKarachi.

The proposed WtE plant facilitate the private companies who wish toteatévtEspace which
currently cannot participate due high capital costs. The proposed plant provideéitiaeésolution

in waste management and environment. The collection and transportatioiVi@\theill be able

to save the costassociatedwith landfill site. The clean environmentahanges will not only
benefit the residents of the Karachi, but also the residents of thecentimey. The Karachi is able

to lead the path of the whole country towards emissions ofrdenhouse gasses aalteviate
globalwarmingissues othe country.

The proposed plant has the high segregation technique due to the extra efficiency of phentWWtE
Currently the municipal corporation will require more money to ensure the waste properly
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segregatelheproposedlantcouldalsoleadanenlargedpportunityof themunicipalcorporation
that decide import this project to otHandfill sites.

TheWtE plant arenotnegligiblewithout propersafety standardsndprotocolsin existingandfill
site, the environmentalollution of a WtE plant can be very high so filter are requireléan the
air. The generated ash from the incineration plant will be disposed in the jam lemaKib site.

TheSindhgovernmengivesasubsidyto privatecompanieshatbuild WtE plants. By reallocating
funds,thesubsidyresults in an opportunitgost forthegovernment.

11. Conclusion

Therapid growth in the population in tleveloping countries has resulted in growth of citiles.
this way, the capacity of garbage will be increase at high rateprbip@sed study reflect the best
solution for the existing garbage problefiere areemergingengineeringchallengesnviting out

of box solutions.The paperproposes the Indigenous slution to municipal waste in Karachi,
Pakistan. The model proposed here carrdicated in any of the coastal cities with climate
conditions and waste types resembling tha€arfachi.
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