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ABSTRACT

Thisarticledescribeshowmarbleisoneofthemostimportantstoneresourcesintermsofdurability.
Itisaestheticallypleasing,andadecorativematerialusedbymanyarchitects,aswellasplaysan
importantroleintheeconomyofIndia.Mostofthemarbleprocessingactivitiesareperformedby
smallandmediumscaleindustries(SMEs)notonlyinIndiabutworldwide.Theseindustrieshavelow
efficiencyandproductivityduetolackofnewtechnologies,highproductivitycostandalackofproper
sustainablewastemanagementsystems,therebyincreasingthewastegeneratedduringtheprocessing
stage.Thereisasignificantneedwithinthesectorforincreasingproductionefficiency,combinedwith
theneedofasubstantialreductioninwastegeneratedthatcanbeachievedbyendorsingtechnological
innovations.Thisisinadditiontofollowingbestavailableprocessingpractices,incorporatingenergy
savingtechnologiesandmodernizingthesectorsmanagementandorganizationstructurewhichwill
substantiallyincreaseefficiencyaswellasproduction.Thisarticleprovidesasystematicapproach
forassessingthecurrentenergyandpresentenvironmentstatusofatypicalSMEprocessingunits
ofRajasthanarea,andproposesmeasuresformeetingcleanerproductionprinciples.Anevaluation
methodologywasdevelopedconsideringtherealisticplantoperationscenarios.Thetotalenergyinputs
forprocessingtheproductswiththeirappropriateenvironmentalindiceslikeCO2emissionswere
calculated.Alternatively,theCO2emissionswerealsocalculatedbyGabieducationalsoftwarefor
differentindustriesandthebestwayofreducingtheenergyconsumptionissuggestedbyfollowing
alternatesourceofenergy.
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1. INTRoDUCTIoN

StoneandmarbleindustryofIndiaisoneoftheoldestornamentalandbuildingmaterialthathas
historydatingbackfrom3200BC.Thesedimensionalstoneshaveleftdeepimprintsinthearchitectural
heritageofcountry.Anumberoftemples,forts,andplacesofancientIndiancivilizationhavebeen
carvedout locally.Thesestonearchitecturehasevencontributed to thepresenterawithmodern
buildingslikethePresidentialhouse,ParliamentaryhouseandSupremeCourtmadefromahigh-
qualitysandstonefromRajasthan.TheincreasingfameofIndianstonehasforcedthedemandforits
extraction,thesestonesarealsobeingexportedtomanycountrieslikeUSA,Germany,France,etc.
Duetoitshighdemandandextractionatthesametimehasledtotonsofwastedeposits.Duetothe
lackofproperwastemanagementhasledtothewastebeingdumpedonopenlandsiscausingsevere
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threattotheenvironmentinRajasthanandinnearbyareasofthestate.Takingnoteofthesituation,
and being promoted by a local NGO (Non-government Organization) and other environmental
organizations,theSupremeCourtorderedacompletebanonmarbleminingin2002,overthewhole
stateofRajasthan.Butthisbandidnotlastlong,duetovariousreasons;someofthembeing:concerns
ofthestategovernmentfordevelopmentactivity,fearofun-employment,changesinthepolicyand
permissionregimes.

Over the past decades, there has been a huge rise of concern for environmental protection.
Humanactivityhasbroughtharmfuleffectsontheenvironmentinseveralways,anditisasourceof
concerntodealwithissuessuchasenvironmentalsustainability,preservationofnaturalresources
forthefuturegenerations,energyefficiency,changeintheclimateandmanymore.Somecountries
have already undertaken environmental safeguard policies, wither trying to reduce the pollution
emissionsbyminimizingtheusageofnon-renewableresources.Buildingactivitiesisthemajorcause
ofdemandforconstructionmaterials.Theneedforrawmaterialsforbuildingmakesquarryingactivity
strategicallyimportantforglobaleconomy.Constructionmaterialseitheraggregates,ordimensional
stonesareusedinthedevelopmentofallbuildupenvironments,suchashousing,buildingbridges,
othercivilengineeringworkslikelocalhospitals,schools,roads,railwaysandotherinfrastructures.

Machiningwasterequirecarefulmanagementtoensurethelong-termstabilityofstorageand
disposalfacilitiesandtopreventandminimizeair,water,soilcontamination(Rankin,2011).The
inappropriateorunsafemanagementofwasteatprocessingunitscontinuestogenerateopposition
fromlocalcommunities,thegeneralpublic,andnon-governmentorganizationsandhascontributed
tothenegativepublicperceptiononmarbleprocessing’s.Thetechnologicaladvancesandchanges
intheregulationshaveresultedinthesignificantchangesinthewastemanagementpracticesover
thelast10to20years,processingwastesatmodernunitsarebettermanagedthanthatwereinthe
past (BhargavPrajwal,Gupta,Kishan,&Mali,n.d.;Aureli,Medei,Supino,&Travaglini,2016;
JasgurpreetChohan,Rupinder,&KamaljitBoparai,2016;Zyl,Sassoon,Digby,Fleury,&Kyeyune,
2002;White,Sarpong,&Ndrecaj,2015;Finkbeiner,Schau,Lehmann,&Traverso,2010).Waste
managementplansaredevelopedbeforeaprocessingplantisconstructed,andthereclamationof
wastedumpsandtailingpondsareincorporatedintothedesignofthenewprocessingplant.

Asmentionedabove,dimensionstonesarenaturalstonesquarriedsoastomeetthestandards
setbytheinternationalmarketforcommercialpurposes.Theimportantdimensionstonesproduced
in theworld in termsofmarket size aremarble andgranites respectively.Productionofmarble
comparedtograniteishighsothewastegeneratedisalsohighintermsofmarblewaste.Duetothis
reason,commerciallyavailablemarblehavebeenchosenforinvestigation.MarblemininginIndia
isquiteoldandhasbeenperfectedbytrialanderrormethodforextractinglargerblocksbymanual
means.Withtheadventofadvancedminingtechniquesanduseofadvancemachineryandimproved
methodshaveledtotheincreaseinproductivity.Presently,inIndiaminingofmarbleisdoneby
manual,semi-mechanizedandmechanizedmeans.Butmostoftheminesadoptsemi-mechanized
meansfortheextraction.

Processingofmarbleisdoneintwostages.Thefirststageofprocessinginvolvescuttingthe
blocksinto2to3cmthickslabsbyusinggangsaws,wiresawsandcircularsaws.Inmarbletile
planttherequiredthicknessoftilesis10or12mm.Forcutting,circularsawsareused.Ingeneral
theslabsaresoldasitisbutthetilesarefurtherprocessedusingvariouspneumaticallyoperated
orotherpolishingmachines,suchaslinepolishers,trimmedandcuttosize,buffedandchamfered
usingdifferenttypesofmachinesbeforebeingsold(Ii,2012).Rajasthanhasabout95%processing
capacityinthecountry.Thereareanumberofgangsawsandmanyautomatictilingplantsthatare
inoperation.Thecapacityofmarbleslabproductionisaround1000millionsqftperannumandfor
polishedtilesitis3000sq.ft.

Whencomparetotheothertypeofnaturalstoneslikegranite,sandstoneetc.marblehasdistinct
ornamentalvalue,whichmakesitmoredurablecomparetoothers.Hence,itsproductionrequires
more sophisticated techniqueswhich results inhighcostsbutat the same time itprovidesmore
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