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ABSTRACT:AsTweTareTlivingTinT21stTcentury

,TnewTtechnologiesTareTbeingTinventedTinTalm

ostTeveryTsectorTtoTmakeThumanTlifeTfastTand

Teasier.TBesideTthisTweTareTstillTfindingTtheTs

olutionsTtoTproblemsTrelatedTtoTourTenvironme

nt,TenergyTandTnaturalTresources.ThereTisTaTgr

owingTawarenessTinTIndiaTaboutTextensiveTda

mageTbeingTcausedTtoTtheTenvironmentTdueTto

TaccumulationTofTwasteTmaterialsTfromTindustr

ialTplants,TpowerThouses,TcollieryTpitsTandTde

molitionTsitesTandTitThasTbecomeToneTofTtheT

majorTenvironmental,TeconomicalTandTsocialTis

sues.TWasteTmaterialTisTtheTmaterialTunused,Tu

nwantedTandTrejectedTasTworthlessTintoTtheTen

vironmentTinTourTsocietyTasTwhole.TWasteTma

terialsTcomingToutTofTindustryTnowadaysTisTpo

singTaTgreatTenvironmentalTproblemTinTdisposi

ngTthemTintoTtheTair,TwaterTandTonTtheTland.

TBut,TwithTproperTutilizationTofTtheseTmaterial

sTinTconstructionTindustryTwillTgreatlyThelpTth

eTsocietyTtoThaveTaTbetterTandTpleasantTenvir

onment.TInTthisTstudyTaTquestionnaireTsurveyTt

argetingTexpertsTfromTconstructionTindustryTwa

sTconductedTinTorderTtoTinvestigateTtheTcurren

tTpracticesTofTtheTusesTofTwasteTandTrecycled

TmaterialsTinTtheTconstructionTindustry.TThisTs

tudyTpresentsTanTinitialTunderstandingTofTtheTc

urrentTstrengthsTandTweaknessesTofTtheTpractic

eTintendedTtoTsupportTconstructionTindustryTin

TdevelopingTeffectiveTpoliciesTregardingTusesTo

fTwasteTandTrecycledTmaterialsTasTconstruction

Tmaterials. 

KeywordsT:TNaturalTResources,TWasteTMateri

als,TConstructionTIndustry 

 

CHAPTER 1 

IntroductionT 

1.1 TBackgroundT 

TheTtraditionalTconstructionTmaterialsTs

uchTasTconcrete,bricks,ThollowTblocks,TsolidTbl

ocks,TpavementTblocksTandTtilesTareTbeingTpro

ducedTfromTtheTexistingTnaturalTresources.TThi

sTisTdamagingTtheTenvironmentTdueTtoTcontinu

ousTexplorationTandTdepletionTofTnaturalTresou

rces.TMoreover,TvariousTtoxicTsubstancesTsuchT

asThighTconcentrationTofTcarbonTmonoxide,Tox

idesTofTsulfur,ToxidesTofTnitrogen,TandTsuspen

dedTparticulateTmattersTareTinvariablyTemittedT

toTtheTatmosphereTduringTtheTmanufacturingTpr

ocessTofTconstructionTmaterials.TTheTemissionT

ofTtoxicTmattersTcontaminatesTair,Twater,Tsoil,f

lora,TfaunaTandTaquaticTlife,TandTthusTinfluenc

esThumanThealthTasTwellTasTtheirTlivingTstand

ard. 

IndiaTproducesTanTenormousTamountTo

fTdifferentTtypesTofTwasteTmaterialsTasTbyprod

uctsTfromTdifferentTsectorsTlikeTindustrial,Tagri

cultural,Tetc.TTheseTwasteTmaterialsTifTnotTdep

ositedTsafelyTitTmayTbeThazardous.TTheTamou

ntTandTtypeTofTwasteTgeneratedTincreasesTwith

TincreaseTinTpopulation.TTheseTwastesTremainT

inTtheTenvironmentTforTlongerTdurationTsinceTi

tTisTunused.TTheTwasteTdisposalTcrisisTaroseTd

ueTtoTtheTcreationTofTnonTdecayingTwasteTmat

erials.TOneTsolutionTtoTthisTcrisisTliesTinTrecy

clingTwasteTintoTusefulTproducts.TResearchTint

oTnewTandTinnovativeTusesTofTwasteTmaterials

TisTcontinuallyTadvancing.TInTIndia,TresearchTi

sTcurrentlyTunderwayTtoTexamineTtheTpotential

TforTuseTofTsomeTlocallyTavailableTwastesTinT

roadTconstruction. 
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T 

FigureTNoT1.TStatusTofTSolidTWasteTGenerationTinTIndia 

T(MillionTTonnes/Year) 

 

1.2 Introduction 

InTourTcountry,TthereTisTaTgreatTdema

ndTforTconstructionTmaterialsTinTcivilTengineeri

ng 

field.TSo,TitTisTaTveryTdifficultTproble

mTforTavailabilityTofTmaterials.TTheTresearcher

s 

haveTdevelopedTtheTwasteTmanagement

TstrategiesTtoTapplyTforTreplacementTofTmateri

alsTforTtheirTspecificTneed.TTheTcostTofTconstr

uctionTmaterialsTisTincreasingTdayTbyTdayTbec

auseTofThighTdemand,TscarcityTofTrawTmateria

ls,TandThighTpriceTofTenergy.TFromTtheTstand

pointTofTenergyTsavingTandTconservationTofTn

aturalTresources,TtheTuseTof 

alternativeTconstituentsTinTconstructionT

materialsTisTnowTaTglobalTconcern.TForTthis,Tt

heTextensiveTresearchTandTdevelopmentTworksT

towardsTexploringTnewTingredients 

areTrequiredTforTproducingTsustainable

TandTenvironmentTfriendlyTconstructionTmateria

ls.TTheTpresentTstudyTinvestigatesTtheTpotential

TuseTofTvariousTsolidTwastesTinTtheTproductio

nTofTconstructionTmaterials.TodayTtheTenviron

mentalTissuesTsuchTasTfloodTlevelsTdueTtoTthe

TillegalTexplosionTofTwasteTintoTtheTrivers,Tre

sourcesTareTdepletionTfromTtheTearthTandTilleg

alTexplosionTofThillTslopesTareTevidentTinTthe

TmetroTcities.TInTIndiaTinfrastructuralTfacilities

TareTincreasedTdueTtoTtheTconstruction,Trefurni

shingTandTexplosionTofTbuildings,Tbridges,Trun

ways,Tflyover,Troads,Tfactories,Tindustries,Thosp

italsTandTotherTsimilarTformulations. 

 

1.3 NeedTofTthisTprojectT 

ThereTisTanTexpressionTforTlongTthatT

saysT“killingTtwoTbirdsTwithToneTstone”.TWell

ThereTisTwhereTitTappliesTinTourTresearchTtod

ay,ThereTweTareTfocusingTonTusingTwasteTasT

aTprimaryTorTsecondaryTmaterialTinTourTconstr

uction,TbecauseTourTenvironmentTisTfullTofTwa

steTtodayTconsideringTtheTnewTinnovativeTway

sTofTproductionTisTincreasingTdayTbyTdayTand

TitsTwasteTafterTuseTisTposingTdangerTtoTourT

healthTandTtheTenvironment.TButTbyTutilizingT

wasteTinTconstructionTweTcanTbeTableTtoTachi

eveTtwoTthingsTatTtheTsameTtime,ToneTisTthat

TweTcanTnowTreduceTtheTconcentrationTofTwa

steTinTourTvariousTenvironmentsTandTtheTseco

ndTisTthatTweTcanTproduceTorTconstructTaTstr

uctureTofThighTperformanceTwithTwaste-

baseTmaterialsTasTlongTasTtheyTareTthoroughly

TtestedTandTsometimesTstabilizedTtoTproduceTa

nTexcellentTmaterialTthatTcanTwithstandTtheTtes

tTofTtime.T 

SinceTweTcannotTstopTorTreduceTourT

production,TthereTisTalwaysTsomethingTweTcan

TdoTtoTminimizedTwasteTconcentrationTinTourT

environmentTandTtodayTtheTmostTprofessionalT

wayTtoTdoTthatTisTbyTutilizingTthoseTwasteTan

dTputtingTthemTtoTuse.TTodayTmanagementTof

TwasteThasTbecomeTveryTessentialTaspectTofTo

urTsustainableTdevelopmentTandTbuilding.TInTth

isTCircumstance,TwasteTmanagementTmeansTeli

minatingTwasteTwhereTpossibleTandTensuringTt

hatTitTisTminimizeTwhereTfeasible. 

 

1.4 TProblemT 

SeveralTissuesTexistTregardingTreducing

Twaste.TATkeyTenvironmentalTissueTisTwasteTi

ncinerators,TfurnacesTforTburningTtrash,Tgarbage

TandTashes.TTheseTincineratorsTproduceT210Tdi

fferentTdioxinTcompoundsTplusTmercury,Tcadmi

um,TnitrousToxide,ThydrogenTchloride,Tsulfuric

TacidTandTfluorides.TProducedTalsoTinTincinera

torsTisTparticulateTmatterTthatTisTsmallTenough
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TtoTremainTpermanentlyTinTtheTlungs.TAdditio

nally,TwasteTincineratorsTgenerateTmoreTCO2Te

missionsTthanTcoal,Toil,TorTnaturalTgas-

fueledTpowerTplants.TForTyears,TscientistsTandT

researchersThaveTbeenTsearchingTforTpossibleTs

olutionsTtoTenvironmentalTconcernsTofTwasteTp

roductionTandTpollution.ManyThaveTfoundTthat

TreplacingTrawTmaterialsTwithTrecycledTmateria

lsTreducesTourTdependencyTonTrawTmaterialsTi

nTtheTconstructionTindustry. 

 

1.5 TScopeTofTtheTprojectTwork 

ResearchT&TDevelopmentTactivitiesTha

veTbeenTtakenTupTevenTinTIndiaTforTprovingTi

tsTfeasibility,TeconomicTviabilityTandTcostTeffe

ctivenessTforTtheTuseTofTwasteTmaterialsTinTal

lTtheTconstructionTactivities.TAnnually,TAsiaTal

oneTgeneratesT4.4TbillionTtonsTofTsolidTwastes.

TAboutT6%TofTthisTamountTisTgeneratedTinTIn

dia.TheTrecyclingTofTsolidTwastesTinTcivilTengi

neeringTapplicationsThasTundergoneTconsiderabl

eTdevelopmentToverTaTveryTlongTtime.TTheTut

ilizationTofTflyTash,TblastnfurnaceTslag,Tphosph

ogypsum,TrecycledTaggregates,TredTmud,TKraft

TpulpTproductionTresidue,TwasteTtea,Tetc.,TinTc

onstructionTmaterialsTshowsTsomeTexamplesTof

TtheTsuccessTofTresearchTinTthisTarea.TSimilarl

y,TtheTrecyclingTofThazardousTwastesTforTuseT

inTconstructionTmaterialsTandTtheTenvironmenta

lTimpactTofTsuchTpracticesThaveTbeenTstudiedT

forTmanyTyears. 

 

1.6TObjectives 

1. ToTmakeTpeopleTawareTaboutTtheTwastage

TofTmaterialTthatTmayTbeTusedTagain.Peop

leTshouldTbeTawareTagainstTwastagesTthatT

mayTleadsTtoTenvironmentTpollutionTandTh

azardeousTforThumanTbeing. 

2. ToTpromoteTrecycling,TreusingTsalvagedTbu

ildingTmaterialsTandTminimizingTmaterialsT

andTpackagingTreducesTwasteTdisposalTcost

sTandTmaterialTexpenses. 

3. ToTprovideTmarketingTopportunityTforTCo

mpanyTbyTgrowingTnumberTofTpotentialTcl

ientsTinterestedTinTparticipatingTinTtheTLE

ED™TandTBUILTTGREEN™TgreenTbuildi

ngTprograms. 

4. ToTprovideTemployment,Ecocycle.orgTestim

atesTthatTforTeachTjobTinTaTlandfill,T10Tot

herTpeopleTareTemployedTelsewhereTinTpro

cessingTrecycledTproductsTandTanotherT25T

areTemployedTinTproductsTfromTmanufactur

ingTrecycledTmaterials. 

5. ToTminimizeTConstructionTandTDemolition

TwasteTwhichTgenerateTfromTconstructionT

activities.T 

 

 

CHAPTER 2 
LiteratureTSurvey 

1.TMinaxiTRaniTetTal.T(2016)TstudiedTthatTin

TnearTfutureTwastageTofTindustriesTareTveryTh

ugeTsoTthereTisTaTneedTtoTtakeTcareTforTthat

TfromTtheTpresent.TThereTshouldTbeTneedTofT

hiringTtheTprofessionalTandTtrainedTpeopleTrega

rdingTforTC&DTSeparation.T 

 

2.TM.TRameshTetTal.(2014)TstudiedTthatTindus

trialTwastesTareThavingTaTdifferentTindustrialTa

pplicationTandTusagesTinTtheTconstructionTfield

.TFlyTash,TredTmud,TsilicaTfumesTandTcopperT

slagTareTreplacedTwithTtheTconstructionTmateri

als.T 

 

3.TR.K.KolisettyTetTal.(2013)TstudiedTthatTmin

imumTwasteTpromotesTnotTonlyTreuseTandTrec

ycling,TbutTalsoTandTmoreTimportantly,Tpromot

esTpreventionT-

TdesignsTthatTconsiderTtheTentireTproductTlifeT

cycle. 

 

4.TSnehalTAnilkumarTKumbharTetTal.T(2013

)TstudiedTthatTrecyclingTofTconstructionTandTd

emolitionTwasteThasTmanyTbenefitsTsuchTasTre

ductionTinTtransportationTcost,TitTkeepsTenviron

mentTcleanTandTreducesTnaturalTresourceTexplo

itation.T 
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CHAPTER 3 
 

Methodology 

3.1TLifeTcycleT(FlowTdiagram) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FigureTNoT5.TFlowTDiagramTofTLifeTCycleTofTProject. 

 

PlanningT:- 

GetTyourTideasTtogether,TseparatingToutTwhatT

youTmustTachieveTandTwouldTyouTlikeTtoTachi

eve,TsoTthatTyouTcanTthinkTaboutTpriorities,Tb

udgetTandTtiming.PlanningTincludesTanToutline

TofTvariousTcollectionTandTrecyclingToptions. 

SurveyT:- 

TheTsurveyTresultsTinTkeyTdevelopmentTtargets

TforTwasteTmanagementTwhichTsignificantlyTbe

nefitsTtheThumanTbeingsTasTwellTasTenvironme

nt.T 

IdentificationT:- 

IdentificationTofTsourceTofTwasteTandTtypeTof

Twaste.TIdentifyingTfutureTdifficultiesTandTprob

lem.IfTanyTpermissionTisTrequiredTfromTanyTa

uthorityTthenTitTmustTbeTidentifiedTandTapplyT

forTsuch. 

CollectionTofTDataT:- 

CollectionTofTdataTbyTsurveyingTdifferentTorga

nisation,workers,industrialTrepresentatives,NGO,et

c.ItTmayTincludeTtypeTofTwasteTgeneration,met

hodTofTsolidTwasteTdisposal,difficultiesTtheyTar

eTfacing,etcT 

EvaluationT:- 

ConsideringTallTtheTpossibleTwayTforTwasteTm

anagementTandTfinalisingTbestTapplicableTforTt

ypeTofTwaste.EvaluatingTtheTcostTofTprocessing

TbeforeTitTisTreadyTforTuseTasTconstructionTm

aterial.T 

ExecutionT:- 

OnceTtheTdecision-

makingTstageThasTbeenTcompleted,TdecisionsTs

houldTbeTtranslatedTintoTtheTrecommendationsT

andTprioritiesTthatTformTtheTcoreTofTtheTplan.

TTakingTwrongTdecisionTwillTaffectTonTproject

Tobjective. 

SourcesTofTSolidTWasteTGenerationT:-T 

1)TResidentialTSourceT:-T 

THouseholdTactivitiesTcontributesTtoTvariousTso

lidTwastesTsuchTasTpaper,plastics,foodTwastes,T

cardboard,Tetc. 

 

2)TIndustrialTSourceT:- 

TIndustriesTareTknownTtoTbeToneTofTbiggestTc

ontributorsTtoTsolidTwastes.TTheyTincludeTlight

TandTheavyTmanufacturingTindustries,TpowerTa

ndTthermalTplantsT. 

 

3)TCommercialTSourceT:- 

TInTthisTcase,TreferTtoThotels,Tmarkets,Trestaur

ants,TgodownsTandTofficeTbuildings. 

 

4)TInstitutionalTSourceT:- 

TInstitutionalTcentersTlikeTschools,Tcolleges,pris

ons,militaryTbarracksTandTotherTgovernmentTce

nters.SomeTofTtheTcommonTsolidTwastesTobtai

nedTfromTthisTplaces. 

 

5)ConstructionTandTDemolitionTAreasT:- 

TSomeTofTtheTsolidTwastesTproducedTinTthisT

placesTincludeTsteelTmaterials,Tconcrete,TwoodT

andTtimber,Tplywoods,Tplastics,Trubbers,Tetc. 

 

 

TheTfollowingTcategoriesTofTwasteTareTtheTmo

stTsuitableTtypesTofTwasteTtoTbeTusedTinTtheT

constructionTindustries; 

TPLANNING 

TSURVEYT TEXECUTION 

TEVALUATION TIDENTIFICATIO

N COLLECTIONTO

FTDATA 
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TAgriculturalTWaste:TTheTorganicTagricultur

alTwasteTproductsThaveThighTutilization 

potential.TOrganicTAgriculturalTwasteTlikeTwhe

atTstraw,TcottonTstack,TvegetableTwaste, 

groundnutTshells,TorangeTpeels,TwheatThuskTar

eTsomeTgoodTexamples. 

TMineralTWaste:TTheTproductsTofTminingTa

lsoTproduceTwasteTthatTaTsuitableTandThavingT

theTpotentialTofTutilizationTinTconstruction,Twa

steTlikeTwasheriesTofTcoal,TironTminingTwaste

Tetc. 

TCeramic-likeTWaste:TTheseTareTnon-

hazardousTwasteTandTtheyTmakeTgoodTconstruc

tionTmaterial.TCeramic-

likeTwasteTcanTbeTfoundTinTformTofTlimeTslu

dge,TbrokenTglass,TbrokenTceramicTmaterials,Tk

ilnTdustTetc. 

TIndustrialTWaste:TTheseTareTtheTinorganic

TwasteTfromTindustriesTonlyTandTtheyTinclude

TsteelTslag,Tbauxite,TresiduesTofTcoalTcombusti

onTetc. 

TOtherTHazardousTWaste:TOtherTIndustrial

TorTWorkshopTbaseTwasteTthatTareThazardousT

inTnatureTlikeTmetalTworkingTresidues,Tblasting

Twaste,TtanneryTwaste,TwasteTwaterTsludgeTetc

.TalsoThasTaThighTpotentialTofTutilizationTinTc

onstruction.T 

 

CHAPTERT 4 
ResultTandTDiscussion 

4.1TResultTandTDiscussion 

ATquestionnaireTsurveyTwasTconductedTthrough

TphoneTcalls,TvisitsTandTemail,Taddressing:T 

(1)TIfTtheTcompanyTusesTorTsellsTanyTwasteTo

rTrecycledTmaterialsTforTapplication, 

(2)TIsTtheTsurveyorTawareTofTotherTrecycledT

materialsTthatTareTbeingTusedTinTconstructionT

applications,T 

(3)TAreTthereTanyTrecycledTmaterialsTthatTareT

notTrecommendedTforTuseTinTtheTconstructionT

industryTandT 

(4)TifTnotTusingTsuchTmaterials,TwhatTareTthe

TbarriersTbehindTnotTusingTrecycledTmaterialsT

inTtheirTwork.T 

 

AllTtheTquestionsTendedTwithTaTyesTforTwhat

TapplicationTandTifTno,TreasonsTforTnotTusing

TtheTmaterial.TheTsurveyTconsistedTofTaTlistTo

fTrecycledTandTwasteTmaterialsTincluding;TCem

entTKilnTDustT(CKD),TflyTash,TfoundryTsand,T

slag,Tglass,Tplastic,Tcarpet,TtireTrubber,Trecycle

dTasphalt,TrecycledTconcrete,Tgypsum,TsilicaTfu

me,TswineTmanure,TanimalTfat,TsoyTbean,Troof

ingTshingles,TcitrusTpeels,TsewageTsludge,Tdate

TandToilTpalmTtreeTandTaTplaceTtoTaddTadditi

onalTrecycledTmaterialsTbeingTusedTinTtheTcon

structionTindustryTnotTlisted.TTheTlastTquestion

TwasTincludedTtoTrecordTanyTadditionalTcontac

tTor 

referencesTtoTquestionTforTmoreTinformationTo

nTtheTtopic. 

 

TableTNoT3.TSelectedTrecycledTmaterialsTandTt

heirTconstructionTapplications. 
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TheTsurveyTwasTcompiledTofT65Tparti

cipantsTfromT50Tcompanies.TTheTcompaniesTsu

rveyedTconsistedTofTcontractors,Tengineers,Tarc

hitectsTandTsuppliersTofTconcrete,Tasphalt,Tland

fills,TscrapTyards,TsteelTmanufactures,Tdrilling,T

demolitionTandTrecyclingTcompanies.TTableT4T

showsTtheTpercentageTforTeachTtypeTofTcompa

nyTsurveyed. 

 

TableTNoT4.TTypesTofTapplications. 

 

 
 

FigureTNoT10TshowsTresponsesTofTtheTsurveyedTcompaniesTonTtheTmostTcommonTrecycledTmaterials.

T 

 
FigureTNoT10.TMostTcommonlyTusedTrecycledTmaterials 

TforTconstructionTapllications. 

 

FigureTNoT11TshowsTtheTpercentagesTofTtheTmostTcommonlyTrecycledTmaterialsTusedTinTconcrete. 
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TFigureTNoT11.TMostTcommonlyTusedTrecycledTmaterialTinTconcrete. 

 

FigureTNoT12TshowsTtheTpercentTofTreasonsTwhyTcompaniesTareTnotTusingTrecycledTmaterials.T 

 
FigureTNoT12.TReasonsTofTnotTusingTrecycledTmaterials. 

 

 

FigureTNoT13TshowsTtheTpercentageTo

fTmaterialsTtheTcompaniesTareTawareTofTinTth

eTconstructionTindustry.TThereTareTmanyTother

TmaterialsTwereTnotTmentionedTinTthisTsurvey,

butTcanTbeTusedTinTdifferentTconstructionTproj

ectsTconsistTofT14%. 
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FigureTNoT13.TAwarenessTofTrecycledTmaterialsTforTconstructionTapplications. 

 

WhenTcompaniesTwereTaskedTaboutTtheTbenefitsTofTusingTrecycledTmaterials,TreducingTlandfillTwasteT

wasTnumberToneTatT38%TfollowedTbyTqualityTatT33%TthenTreducedTcostTatT27%.T 

 
TWhyTcompaniesTareTusingTrecycledTmaterials. 

 

CHAPTER 5 
Conclusion 

7.1TConclusion 

1. DuringTdifferentTindustrial,Tmining,Tagricult

uralTandTdomesticTactivities,ThugeTquantity

TofTsolidTwastesTareTbeingTgenerated,Twhi

chTcreateTmajorTenvironmentalTproblemsTa

sTwellTasToccupyTaTlargeTareaTofTlandsTf

orTtheirTstorage/disposal. 

2. ThereTisTaTtremendousTscopeTforTsettingTu

pTsecondaryTindustriesTforTrecyclingTandTu

singTsuchThugeTquantityTofTsolidTwastesTa

sTresourcesTinTtheTproductionTofTconstructi

onTmaterials. 

3. UseTofTwasteTmaterialsThasTpositiveTimpac

tTonTdifferentTasceptsTthisTincludeTtheTben

efitsTinTenchancingTsustainabilityTofTconstr

uctionTindustryTwhileTreducingTcostTprovid

ingTsolutionTforTenvironmentalTpollutionTa

ndTreducingTneedTforTnaturalTresources 

4. TheTideaTofTreusingTtheTwasteTmaterialTis

TveryTexcitingTandTencouragingTspeciallyT

whenTitTwillTbeThelpfulTinTminimizingTde

structionTtoTearth‟sTcrustTandTgreenTforest

TcoverTbyTvirtueTofTreducedTmining. 

5. ByTsuitableTrecyclingTandTreuse,TtheseTwa

steTmaterialsTwillTnotTcontributeTtoTwasteT

loadTdumpingTandTdisposalTsites.T 
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6. ConstructionTindustryTcanTcontributeTtowar

dsTitsTcommitmentTtoTprotectionTofTenviro

nmentTbyTencouragingTuseTofTrecycledTco

ncreteTstonesTandTbricks.T 

 

CHAPTER 6 
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