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Abstract

This study quantifies the Green House Gas (GHG) emission throughout the life span of the
Tan Building located at Thapar University, Patiala, India. The methodology involves
quantifying both primary energy consumption as well as GHG emissions throughout service
life of 75 years. A comprehensive Life Cycle Assessment is carried out both manually and by
using GaBi 6 Software to determine environmental effects of the structure. The life span is
divided into three phases. The study shows that steel, cement are bricks are major GHG
emissions contributor during construction phase. Overall, operation phase uses 64% of the
primary energy of the building. Further, Energy saving techniques are discussed for reduction

of Carbon Footprint during both Operation and Construction phase.
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Chapterl

Introduction

1.1.ConstructionsectorandGreenHouseGas(GHG)emissions

Urbanizationandincreasingpopulationincitieshaveburdenedtheenvironmentinmetropolitan
cities.Researchfromthepastyearsindicatesthatthesechangesinglobalclimateareincreasingra
pidlyandwillcontinuewithtime(Hulmeetal.,2002;IPCC,2011).Largeamountofpeoplemigrat
ingtocitieshaveforcedtheconstructionsectortogrowrapidlywhichhasaffectedtheenvironmen
tincitiesparticularlyairandwaterandby2030thenumberofpeoplelivingincitieswillreach60-
65%
anditisestimatedthattheurbanpopulationinindiawouldriseto590millionby2030andthesepeo
plemigratingtocitieswouldneedmorehousesandinfrastructuretoliveBuildingsaccountformo
rethan30%ofelectricityconsumptioninindiabeingsecondonlytoindustries. Thetotalbuildspa
cewouldincreasefivefoldfrom2005t02030andbythenmorethan60%ofthecommercialbuildu

pareaandspacewouldbeairconditioned(McKinsey& Company,2009).

ConstructionsectorisnowamajorcontributortoGlobal GHGemissionsandhenceareductionint
heseemissionsleadstosignificantreductioninoverallglobal GHGemissions.Hencethereisadir
eneedtomodifyandimproveconstructionpracticestoachievemaximumefficiencybyusingmin
imumofresourcesandthusreducingtheglobalpressurebeingputontheenvironmentbytheconst
ructionsector.Buildingusesenergythroughoutitslifespani.e.fromcradletograve. Thebuilding
sectoraccountsfor40%oftheprimaryenergyconsumptionand36%oftheenergyrelatedtoCO.e
missionsintheindustrializedcountries(IPCC,2011b).Thereissignificantinfluenceofbuildings
ectoroverthetotalnaturalresourceconsumptionsandontheemissionsreleased,alongwiththeot
herassociatedenvironmentalimpacts.Buildingconsumes40%ofthestone,sandandgravels,25
%ofwood,40%ofenergyfromfossilfuels;and16%ofwatergloballyeveryyearintheworld(Are
na&Rosa,2003).Duringoperationphaseofthebuilding,alotofelectricalenergyisconsumedbyl
ightingandelectricalappliancesandbyheatingandcoolingappliances.Over40%ofthetotalener



gyusedinabuildingisconsumedbyheating,ventilationandair-
conditioningsystems(L.ittle,1999).

Asmostoftheenergyinbuildingsisconsumedbybuildingsforheatingandcoolingpurposes,ther
eisagreatneedtominimizetheenergyconsumptionbybuildingssothattheenvironmentalimpact
scanbereduced.Butbeforegoingintothereductionofbuildingenergyconsumption,theprimaryt
hingistoobtainthequantitativevaluesofenvironmentalimpactsassociatedwithbuilding’sentir

elifecyclei.e. GHGemissions,input-outputmaterialflow,energyconsumption,etc.

1.2.TheConceptofLifeCycleAssessment(LCA)

Inaworldwhereresourcesarescarceandpopulationisincreasingrapidly,thesocietiesarerealizi
ngthatthemoderndaylifestyleandconvenienceshaveaseriousimpactontheenvironmentandhe
nceitisimportanttoanalyzeandfindwaystoreducemankind’senvironmentalburden.Givenitso
fficialnamein1991,LifeCycleAssessment(LCA)examinesthefullspectrumofprocessesassoc
iatedwithaproductfrombeginningtoendofitslife.InternationalOrganizationforStandardizati
on(ISO)definesthelifecycleofaproductasincluding“rawmaterialextractionandacquisition,th
roughenergyandmaterialproductionandmanufacturing,touseandendoflifetreatmentandfinal
disposal”(1S014040:20066).LCAisoneofthewell-
knowntoolsforanalyzingtheenvironmentalimpactsbyaproductthroughitsentirelife.ltisapplic
ableforallthestagesofbuildingandfindingouttheimportantalterationstomaximizetheperform
anceofbuilding(Horneetal.,2009).

Theassessmentingeneralincludesexaminationofinflowsandoutflowsassociatedwithaproduc
tthroughoutitslifespan. Theseflowsareorganizedintoaseriesofphasesinaproduct’slifecycleli
keextraction,manufacturing,transportation.LCAisnotjustaboutcollectingdata, itisalsoabouti
nterpretingthatdata.



LCAmaybeperformedbyindustries,governmentpolicymakers,orprivateresearchoperationsf
oranumberofpurposes.ltcanbeappliedtovirtuallyanyproduct,material,orstructure.Dependin
gonwhereboundariesaredrawnandwhattheresearcher’sultimategoalsare,significantgapsor
manipulationsinaproduct’slifecyclemaybefoundintheLCA,andthevariabilitybetweensepar
ateLCAsofsimilarproductscanbeastonishing.Figurel.lillustratesaverybasicmethodologyto
conductLCA.
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Figl.1BasicMethodologyofLCA
(Source:http://www.env.go.jp/en/wpaper/1998/images/09_1.jpg)

1.3.LCAandBuildings


http://www.env.go.jp/en/wpaper/1998/images/09_1.jpg)

LifeCycleAssessmentcanprovetobeaneffectiveindicatortorecognizetowhichextentabuildin
gcanbetermedasa“greenbuilding”(Dammannetal,2006).LCAisaneffectivetooltoestimateca
rbonfootprintofabuilding.ltisvitaltocalculatetheembodiedenergyofstructuresanddetermine
waystodiminishthisenergy.Thiscanbeaccomplishedbyalteringthestructuralsystemofthebuil
dingtouseenvironmentalfriendlyconstructionmaterialsandlocallyavailablematerials.
LCAisanessentialtooltohelpcivil,structuralandenvironmentalengineersunderstandhowthey
cancontributetoloweringtheembodiedenergyofanybuilding.ltprovidesuswithhugepotential
ofimprovingandlessonslearnedfromLCAaresignificant.Constructionmaterialslikesteelareh
ighlyrecyclablebutcomewithhighenergyrequirements.Constructionmaterialssuchasconcret
e,masonryandbricksaremoredifficulttorecycleandcontributelargelytototalmaterialconsump
tion.

Buildingscanbecategorizedaccordingtotheirusagei.e.residentialandnon-
residentialbuildings.Residentialbuildingscanbecategorizedintoindividualhouses, likeinsoci
etiesandapartments.NonResidentialbuildingsarethosewhichareusedforcommercialpurpose
si.e.school,university,officeindustryetc. Theclassificationofbuildingsisshowninfigurel.2

( BUILDINGS '
NON-
RESEDENTIAL RESEDENTIAL

| |
SINGLE MULTI OFFICE COLLEGE/UNI INDUSTRY)
FAMILY FAMILY VERSITY CINEMA etc.

Figl.2:ClassificationofBuildings

ThestudyhasbeendoneforTANBuildinglocatedatThaparUniversity,Patiala.LCAtechniquei
susedtocalculatecarbonfootprintofthebuildinginalifespanof75years. Thebuildinghasthreefl
oorsandanalysisisdoneforthewholebuildingandtheprimaryenergyconsumptionandGHGemi
ssioncontributionareincluded. Thenecessarycalculationsareperformedatconstruction,operat

ionalandmaintenancephaseseparately.



1.4.0ODbjectives

e TocalculatetheGHGemissionsthroughoutthelifecycleofthebuildingandhencecalcul
atetheCarbonFootprintofthebuildingusingLCAandGabi6(LCAsoftware)

e Todeterminetheimpactofeachmaterialandlifecyclephaseonthetotalcarbonfootprinto
fthestructure.

e Toreducethecarbonfootprintofthestructurebyusingmoreenvironmentalfriendlymate
rialsandsuggestingsomerenewableenergytechniquesthatcanbeusedtoreduceenviron
mentalimpactofbuildingsthatwouldbeconstructedinfutureatuniversity

Chapter2

ReviewofLiterature

Theinformationcollectedonlifecycleassessment,emissionquantificationduringconstruction

operationandmaintenancefromresearchjournals,e-resourcesispresentedbelow:



Reddyetal.,(2004),addresscertainissuesconcerningembodiedenergyinbuildingsanditseffec
tonenvironmentandsustainabilityofcurrentlyusedmethodsofconstruction.Constructionindu
strycontributes22%ofthetotal GHGIintotheatmosphere.Currentlyavailableenergy-

intensivematerialsandbuildingtechnologieshaveahugeburdenoffuturedemand. Alternativeb
uildingtechnologiesdevelopedbyASTRAareenergyefficientaswellastheembodiedenergyof
buildingsconstructedusingthistechnologyislessthanhalfoftheenergyofconventionalbuilding
s.Theneedistoswitchovertotheuseofenergyefficientbuildingmaterialsandtechnologiesandin
ventmethodsandmechanismstoutilizeindustrialwastes.Recycleandreuseofbuildingwastesfo
rthemanufactureofbuildingmaterialsandproductsforthesustainableconstructionpracticessho

uldbepromoted.

Dammannetal.,(2006),investigatedtowhatextentaconsensusonenvironmentalindicatorsas
acommonlanguageforgreenbuilding’canbereachedamongcoregroupsinDanishbuildingsect
orandwhatsuchindicatorslooklike.Fourdifferenttechnologicalframeswereusedtoidentifyfou
rdifferentperceptionsofenvironmentalindicators.

Environmentalindicatorsforbuildingshavethepotentialtoserveasameansofmakingtheenviro
nmentalimpacts(andpossiblybenefits)ofbuildingsvisibletoallrelevantactors.Inaddition,indi
catorsfacilitatetheconsiderationandmanagementofanarrayofenvironmentalissuesintherelev

antdecision-makingsituations.

Liu&Yang,(2010),discussedtheimportanceofsustainabletechnologiesforsustainablelowcar
bonbuildings. Thestudycombinesnaturaltechnologywithbuildingtechnologytocreateakindo
fsustainablelowcarbonbuildingthatischeapandconvenientconformingtoasituationinChina.
Thestudyhighlightedfactorsthataffecttheemissionsafterbuildingisusedi.e.dimensions,style,
functionandlifeofthebuilding. Amongstmaterials,locallyavailablematerialsweregivenprefer
enceanduseofsolarenergychimneyandpassivesolarhousingwasencouraged.Economizingth
eairconditioningbystudyingtheplanandspacedesignisalsoanimportantfactorandcanhelpredu

ceemissionsuptoagreatextent.



Martinezetal.,(2011)showedtheresultsofapplyingtheLifecycleassessment(LCA)methodol
ogyinsomeactualconstructionresidentialbuildingsbuiltbyseveralresearchersfromtheSchool
ofArchitectureofSeville. Theobjectivewastoanalyzethesignificanceofusingdifferentconstru
ctiontechniquesandbuildingmaterials.

ThethreedwellingswerenamedC-1,C-2,andC-

3respectively. Theimpactassessmentresultsshowthat(except“Ecotoxicityoffreshwater”,inw
hichC-2dwellinghasdonebetterduetouseddisposalscenarioformetals),C-
1dwellingistheonethatgetsthebestresultinalmostallimpactcategories. Thisshowsthatoptimiz
ationofbuildingmaterialsreducesthenegativeimpactontheenvironment.C-
1dwellingistheonewiththeleastamountofresourcesconsumed.

C-

3dwellinggetsmorenegativeresultsforalmosteveryimpactcategories. Thisresultisadirectcons
equenceofthehighamountofresourcesthathasbeenusedintheconstruction andalsobecause of
some building materials used.
Selectionofbuildingmaterialsandsystemscanreduce,considerably,environmentalimpacts. T
husC-
2dwelling,despitehavingtheworstbuildingtypefromtheviewpointofresourceoptimization,ac
hievesthebestresultsinimpactcategoriesduetotheenvironmentalfriendlynatureofitsbuilding

materialsandcomponents

Yanetal.,(2011)discuss measurestoconstructanddeveloptheLow-
carbonbuildingduringitswholecourseofplanning, layoutanddesign,buildandconstruction,an
doperationperiod,thuswecancontrolandreducethebuildingcarbonfootprint,andformthehealt
hyrecyclesustainabledevelopmentmodel. Thestudypresentsthatthedevelopmentoflow-
carbonbuildingisasystematicprojectandthelowcarbonmaterialandenergysavingequipment
areofessentialsignificanceforcontrollingthemainstageofcarbonemissionandensuringlow-

carbonquality.

Frazonietal.,(2011),explainedtheroleofselectionofbuildingmaterialsinachieving“green”ta
gforthebuildingbothatearlydesignstageaswellasatworkingplanstage.



Workingplanstageismoreimportantbutengineersandarchitectsinchargeofthisstageoftenlack
evaluationtoolsthatcanhelpthemtoselectbettermaterials.Inthisstudy,thecriticalaspectsofdefi
ning“greenbuildingmaterials’arediscussedandoverviewedwithattentionparticularlyonthew
orkingplanstageandtheapplicationofsuchtoolsarediscussedwithreferencetoltalianmarket. Iti
sobservedthatthearchitectsandengineersarepresentlynearlyleftalonewnhileselectingcommer
ciallyavailableenvironmentalfriendlybuildingmaterials. Theaspectsofenvironmentalimpact
andcontributiontoindoorairqualityshouldbealways  jointly considered and applied

evaluationtools should be eitherimprovedormodified

Tangetal.,(2011),presentedastudyondevelopmentoflowcarbonbuildingsbasedonlifecyclea
ssessmentanddidaresearchonthestatusoflowcarbontechnologiesinbuildingareaandtheneces
sityandimportanceofreducingcarbonemissionsthroughoutthelifespanofthestructureweredis
cussed. Alow-
carbonassessmentmodelwasconstructedandthedifficultiesandchallengesfacedinitsdevelop
mentwereidentified,effectivewayswereimplementedandprovidedatheoreticalbasisforthehe
althyandrapiddevelopmentoflow-

carbonbuildings. Thekeycarbonreductionincentivepoliciesshouldbebasedontheactualsituati
onandreflectthedifferentcharacteristicsflexibly,whichisabletoadjustandadaptwithchangesi
nfactorssuchaspublicawarenessofreductioncarbonemissions,lowcarboninvestmentandeffe
ctofpolicyimplementation,low-
carbontechnologiestoactivatethepositiveroleofeconomiclevercombinedwithdifferentstages
oflow-carbonbuildingmarket.

BoWU&Wei-
huaZENG,(2011),broughtforwardtheresearchtoolofcarbonfootprinttoformulatethedevelo
pmentoflowcarboncityplanninginabetterway.Bycomputingmethodofcarbonfootprint,allkin
dsofcarbonfootprintandthecapacityofcarbonsinkofacity,inBeijingShijingshanDistrict,were
calculatedandanalyzed.Theresultsshowclearlythatthecarbonfootprintofthecitywasrelativel
ylarge,especiallytheproductioncarbonfootprinthadreached17,008,722tonandthatoflifehadr
eached2144.33ton. Tominimizethecarbonfootprint,theindustrialstructureshouldbemodified
andimproved,thecarbonsinkresourceshouldbeexpanded,newenergyconservationtechnolog



yshouldbedevelopedandtheexistingsourcesofrenewableenergyshouldbeencouragedandlow
carbonbuildings,transportwithlowfootprintshouldbedevelopedinfuture.

Tangetal.,(2011),didaresearchaboutthestatusoflowcarbontechnologiesinbuildingarea,and
discussedthenecessityandimportanceofreducingcarbonemissionsinthefulllifecycleofbuildi
ng.Alowcarbonassessmentmodelofabuildingwasconstructed,thedevelopmentoflowcarbon
constructionlawfieldwasexploredandthedifficultiesandchallengesfacedinthedevelopmentw
ereidentified.ltwasconcludedthattoimprovetheleveloflowcarbontechnologies,toincreaseeff
ortstopromotelowcarbonconstruction,tostrengthencarbonmanagement,implementinglow

carbon incentive policy is necessary.

Beietal.,(2011),discussedtheimportanceoflowcarbonstructuresandbuildingsatatimewhenth
edeteriorationofclimateandenvironmenthasthreatenedthehumansurvivalseriously. Thearchi
tecturaldesignshouldbeaimedatcontrollingandimprovingtheharmfuleffectsofclimateanden

vironmentthroughdesignmethodsandtechnologiesthatcreateanenvironmentwithlowenergy

consumption,economic, healthyandcomfortable.Developingthelowcarbonbuildingwillbeco
methefocusattentionofthewholesociety.ltisofsignificancetoestablishtheresource-

savingandenvironment-friendlysociety.

Bignozzietal.,(2011),conductedastudyonsustainablecementsforgreenbuildingsbypartiallyr
eplacingclinkercontentwithnon-

hazardouswaste. Itisimportantthattheselectedwastehasanalmostconstantcompositionandav

ailableinlargeamountthroughouttheterritory.Otherroutestomakecementproductionsustaina
bleinvolvedifferentapproaches.Forexample,thealternativefuelsuse(e.g.:discardedtyres)isbe
comingpopularincementkilns.Variousphysical,mechanicalandchemicalpropertiesweretest

ed.Lossonignition,Insolubleresidue,sulphateandchloridecontentwerecheckedandallresults

werewithinltalianspecifications. Thermalandelectricalefficiencyofcementplantcanbeimpro

vedwiththeaimtoavoidenergylossandlargeconsumeoffossilfuels.

Guardiglietal.,(2011)comparedtheenvironmentalimpactofwoodenandreinforcedconcretes

tructuresbyL ifeCycleassessmentmethodsandinferredthattheestimatedenvironmentalimpact



ofwoodbuildingsonhumanhealth,resourcesandecosystemqualityisgenerallysmallerthanaty
picalconcretestructure but at the same time
overuseofwoodthreatensthequalityoftheecosystem.LCAcanbeusedsuccessfullytomakedeci
sionsinsustainablebuildingconstructionanddesign.
Costanalysisindicatesthatwoodstructuresresultedmoreconvenient(17%)andbiggersavingsc
anbeobtainedbyspeedinguptheconstruction.AccordingtotheLCAapproach,overallwoodstru

cturesareenvironmentallylessharmfulthanconcreteones.

Patleetal.,(2011),presentedenergyminimizationandcostminimizationtechniquesultimately
leadingtoreductioninoverallimpactofthebuildingonenvironmentandpushingittowardsgreen
buildingcategory.Thestudyrevealedthatflyashbricksare2.86%cheaperthanclaybricksandPo
zzolanaPortlandcement(PPC)gives11.43%lesscostthanordinaryPortlandcement(OPC)and
boththeseproductscontainappreciableamountofflyashmakingitanalternativesolutiontosolid
wastemanagementproblemaswellascostreductiontechnique.
Ithasalsobeencalculatedthatcarbonemissionsfromflyashbricksis81.36%lessascomparedtoc
laybricksandPPChas32.58%lessercarbonemissionsascomparedtoOPCforthedesignedgreen
buildingatVNITcampus,
Nagpur.Applicationofrecycledsteelisrecommendedwhichreducessignificantcarbonemissio
nsascomparedtofreshsteel.Ithasbeenestimatedthatcarbonemissionfromrecycledsteelis81.9
8%lessas compared to fresh
steel.ReplacingfluorescenttubelightswithCFLresultedinthesavingof41.06%costofinstallati
onaswellasoperationforayear,inturnsavingsincarbonemissionhasbeenestimatedas41.18%.
Wherein,forpeaksummerseasonuseofevaporatingcoolersisrecommendedascomparedtoairc

onditionerthatresultedin64.11%costsavingaswellas85.14%savingsincarbonemissions.

Huetal.,(2011),analyzedaresidentialbuildinginchinaforcarbonemissionsthroughoutitslifec
ycle. TheresearchintroducesLifeCycleCarbonEmissions(LCCE)
ModeltoanalyzecarbondioxideemissionsofurbanbuildingsystembasedontheprincipleofLC
A.SourcesofCOzemissionsduringthewholelifecycleofurbanbuildingsystem,whichareindust
rialprocessemissions,energyconsumptionemissions, fugitiveemissionsandlandfootprintemi

ssionswereidentified.ltwasobservedthatGHGemissionsduringthelifecycleofresidentialbuil

10



dingsmajorlycamefromenergyconsumptionandlandfootprint.Buildingsofmasonry-
concretearchitecturalstructurecreatedmoreGHGemissionsthansteel-
concretestructurewiththesamearea. Theresultsshowthatsteel-
concretestructuralbuildingcontributes315.79tonnesequivalentcarbondioxideper100square
metersandmasonry-
concretearchitecturalstylecontributes329.61tonnesper100squaremeters.Mostemissionsco
mefromenergyconsumptionandlandfootprint,accountingfor78—83%and13—
20%ofthetotalemissionsrespectively.Thisfurthercanbereducedbypromotingtherecyclingof
constructivematerials,transformationofpatternsofcitizen’sconsumptionandimprovementof
buildingfloorareaeffectiveutilizationofnaturalenergyandecologicallyfriendlybuildingmater
ialsaccordingtothecharacteristicsoflocalurbandevelopment.

Kanagarajetal.,(2011),provideameansforimprovingenergyrelateddecisionmakingduringd
esignphaseofthestructure. Tobridgethegapbetweenarchitects,environmentalistsandengineer
s,acomprehensivedesignprocesstitled‘IntegratedEnergyEfficientBuildingDesignProcess’(l
EBDP)issuggested.Itprovidesaframeworkbasedontheorythatfacilitatestheintegrationofvari
ousdifferentparametersofenergyefficientalternativesselectionprocess. AnalyticalHierarchy
Process(AHP),amulti-attributedecision-
makingtechniqueisusedtoresolveconflictsamongstdivergingdesigngoals. TheproposedIEB
DPframeworkwasthenusedtodesignanofficebuilding,takenasacasestudy,inthecompositecli
mateofNewDelhi,India.ltwasfoundthatconsiderableenergysavingscouldbeachievedbyfollo
wingthelEBDPprocess. Thevariousdesignswereevaluatedintermsofstrategiesadopted,thele
velofexplorationaswellasdesignintegration,inordertovalidatetheapplicabilityanduseofthel
EBDPframework.ResultsindicatethatthelEBDPprocesscanaiddesigners

indevelopingoptimalenergyefficientdesigns.

Wangetal.,(2011),developedalifecycleGHG(equivalentCO;)emissioncomputationmodelo
furbanresidentialbuildinganddiscussedthequantitativeanalysisoncarbonemission. Theresult
sshowthatthelargestCO.emissionisinthephaseofoperationandmaintenanceofresidentialbuil
ding. Theaverageheattransfercoefficientsof exterior enclosures were
higherascomparedtodevelopedcountries.IfthesecoefficientsaretobelowereddowntoEurope

11



anstandardsofsimilarclimateareaasBeijing,theCO.emission will decrease by 20%.Ifthe
lighting power decreases to 6 W/m? from 0.7
W/m? theCO,emissioncanbedropabout3%.Reducingtheaverageheattransfercoefficientsofe
xteriorenclosuresofresidentialbuildingwillincreasetheinitialconstructioncostandtotalinvest
ment.
TheaverageservicelifeofresidentialbuildinginChinaatpresentismuchlessthan50yearsandalo
tofthatisonly30yearsorevenless.ComparingthatinEuropeanand American,itisgenerally70ye
arsorevenmore.Accordingtothecomputationalresultinnextsection,theannual COemissionof
unitbuildingareaishigherby14%forT=30years,meanwhileislowerby6%comparedwiththebe
nchmarkofT=50years.

Varunetal.,(2012),quantifiedthesignificantenvironmentaleffectsofmechanicalengineering
blockofNIT, Hamirpurwhichisathree storey building.
Thebuildinghasafloorareaof3960m?andaprojectedservicelifeof50years. Thetotalenergyusa
gefordifferentphasesi.e.construction,operationandmaintenanceiscalculated. Theconstructio
nphaseconsumesabout10,512,410.8MJofprimaryenergywhichisaround40%ofthetotalenerg
yrequirement. Theenergyusagefor operation
phasewascalculatedtobemaximumandithasbeenfoundouttobearound59%o0ftotalenergyusag
e.Mostoftheuseenergyisrequiredforheating/cooling,computerusageandoperatingofheavym
achineriesinthe building. Duringtheoperationalphasealmostallthelife-
cycleelementscausesignificantimpacts.Inmaintenancephasetheenergyusageisaround210,2
48.22MJwhichislessthan1%oftotalenergyusage. ThetotallifecycleGHGemissionscontribute
dbytheMEDDbuildingare1764.82tonC0O,eq. Theoperationphaseconsumemaximumabout59
%oftotallifecycleGHGemissions.Thelifecycle GHG emissions per unit area are
around0.45tonCO,eq/m? 50
year.ConstructionofsecondfloorhasthebiggestshareintheGHGemissionsi.e.about25%oftota
IGHGemissions. Thisisduetohighlargeamountofsteelandaluminumusedintheconstruction.D
uringtheconstructionphase, RCCframeworkandsteelarethehighestcontributoroftotal GHGe
missionsforallthreefloors. Twolifecycle phases
viz.constructionandoperationseemtobemoresignificantinallimpactcategories (energy and

emissions) .
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Raoetal.,(2013),conductedasurveyandanalysistounderstandtheimpactoflifestyleoncarbonf
ootprintandfoundoutthatthecarbonfootprintofurbanpopulationwashigherthanthoselivinginr
uralareasduetolifestyle and standard of
living. Theaveragecarbonfootprintinruralareasisestimatedtobe0.85tonnescarbondioxideequ
ivalentspercapitaperyearandinurbanareasitis2.5tonnescarbondioxideequivalentspercapitap
eryear.Amongallthesources,cookingfuel(36%)isthebiggestcontributortotheruralcarbonfoot
printwhereasintheurbanareas,electricity(33%)andtravel(35%)arethemajorcontributors.Lon
gdistancetravel(includingAirTravel)andhighpercentageofpersonalvehicleusageintheurban
areasresultinmuchhighercarbonfootprintascomparedtotheruralareas. Theruralcarbonfootpri
ntwillgodownby250kgofcarbondioxideequivalentspercapitaperyear(~30%)ifweassumethe
firewoodtobecarbondioxideneutral.
Thisstudycanbehelpfulindesigningatransparentcarboncalculatorwhichwillbespecificforind

iansituationsandlocations.

Vatalisetal.,(2013),investigatedthesustainabilitycomponentsaffectingdecisionsforgreenbu
ildingprojects.32participantsweresurveyedbasedonaquestionnairethatassessedninesustaina
bilitycomponents.Energyefficiencyandrenewableenergyisconsideredofhighpriorityfollow
edbythereductionoftoxicmaterials,indoorpollutionandwatersaving. Theresultsshowedthatth
epeopleshouldandwanttoliveinanenvironmentthat is  designed and incorporated
a)energyefficiencyandrenewableenergy,b)withreductionoftoxicmaterialsc)withoutindoorp
ollution,d)watersaving,e)withtrustinenvironmentallyinnovativeprojectsf)inwasteminimiza

tionandpollutionprevention,g)reuse of friendly building materials.

Yiingetal.,(2013),conductedastudytochecktheaccessibilityofgreenbuildingsinMalaysia.M
alaysiahasbothUniversalDesign(UD)andGreenBuildingDesign(GBD)andGreenBuildingIn
dex(GBl)isawaytofurtherreinforcementofagendaofGBDalthoughisnotmandatory.Formore
thanfortyyears,SDhasdominatedtheglobalenvironmentaldiscourseandguidingecosystempr
otection.Theaccessibilitywascheckedusingcreatingsimilarsituationsaspersonswithdisabilit
y(e.g.blindfold).KetthaLowEnergyOffice(LEO)inPutrajayaandPTMGreenEnergyOffice(
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GEO)inBangiarearetwogreencertifiedgovernmentofficebuildings,locatedinnon-
residentialexistingbuilding(NREB)categoryandnon-
residentialnewconstruction(NRNC)category,respectivelyand TheMinistryofWomen,Famil
yandCommunityDevelopment(KPKWM)inPutrajayaisanon-
greencertifiedbuilding,werechosenaccordingtotheconsiderationofUDandaccessibilityofP
WDduringpreconstructionstage. TheresultsshowedthatKPWKMbuilding(scoreof650f90)pr
ovidesbetteraccessibilitytobuildingusers,followedbyLEO(scoreof510f90)andGEO(scoreof
440f90). Thismeans,themajorityofthefacilitiesprovidedinthe KPWKMmeets75%oftherequi
rementswhilelessthan50%forthefacilitiesinGEObuilding. Future studies were
recommended
toperformaqualitativeresearchusingcasestudiesbyinterviewingdisabledpersonsincludingth
osewithsensoryimpairmentintermsofusinggreen-

certifiedbuildings,fromtheperspectiveofemployment.

Kennedyetal.,(2013),draw upon a small, limited set of
sixcitiesthathaveconductedrecent,repeatGHGinventoriesfortheperiod2004-

2009.Thesesixcitiesarereducingtheirper ~ capita ~ consumption by 027 ton
CO.eqvivalents/capita/year.Someofthechangesareattributedtochangeinsourceofpowergen
erated,consumerstendingtomovetowardsmoreenergyandfuelefficientproductsaswellasvehi
clesandmodeoftransportbutstillthereisafurtherscopeofreductioninGHGemissions.Citiescan
nottakeallthecreditforreducingtheiremissions;theyworkwithina multi- level governance
context.If,however,citiesrecognizetheirroleasthecontrolpointsandgatewaysbetweennations
inaglobalizedeconomythenemissionsfrominternationalflightsleavingcityair-

portsshouldbeincluded.

Dulaletal.,(2013),suggestedGHGemissionreductiontechniquesincitieswithawiderperspect
iveoffindingoutthecoincidencesofcommonlocalprioritiesandclimatechangemitigationpolic
y.Strongurbanpolicyanditsimplementationhavebecomenecessityandstillmostofurbanpolici
esareweakandfragmented.Forexample,thereareseparatepolicesforvariousairpollutantreduct
ionseventhoughtheactivitiesandsourcesofmanyofthesepollutantsareessentiallythesame. Thi

shasresultedinweakenforcementandco-
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ordinationfailuresofairpollutioncontrolpolicy.Citiesaccountfor75%ofglobalenergyconsum
ptionandupto80%ofglobal GHGemissions.Withrapidgrowthinpopulation,expansionofmidd
leclassinurbanizedareasandavailabilityofcheapervehiclessuchasTateNanoandBajajRE60Qin

India,thedemandforenergyandemissionsisexpectedtogrowmassively.

JoshiandPathak,(2013),foundthebenefitsandbarrierstotheenergyefficientbuildings(EEB)
anddecentralizedenergy(DE)inIndia.ltwasfoundthatbuildingsectorhasahugepotentialtoacta
ssecondarypowersourceinindia. Architecturalreformsanduseofadvancedenergyefficienttec
hnologycanhelpreducethedemand.RenewableDEcanbeusedtoproduceenergyrequiredforon
siteusewhichhaslowercostofinstallationcomparedtoconventionalcentralizedpowerplantsan
dtransmissionlossesarereducedsignificantly.Moreover,itreducestheGHGemissionsduetous
eofcleanpowerandduetoenvironmentallyconsciousbuildingmaterial,theembodiedcarbonco
ntentisalsoreduced.Oneofthemajorbarrierstothesustainablegrowth of India is the energy
Crisis.
Indiafacestransmissionlossesofmorethan32%(in2010)ascomparedtoglobalaverageof15%b
ecauseofinefficienttransmissionnetworkandlocationofpowergenerationsitesatveryfardistan
cesfromtheendusesites.Also,therapidlygrowingbuildingsectorisresponsibleforatleast30-
40%ofenergyusageandthisdemandisgrowingannuallyat11-

12%,whichisalmosttwiceglobalaverageof5-6%.

Lazarusetal.,(2013),discussedacoreframeworkandscenariofordeepGHGreductionsatthecit
yscaleandpresentedascenariothatrepresentsoneofmanypossiblemitigationpathwaysandserv
estoilluminatethedepthofpotential GHGreductionsthatcouldmoveacitytowardsbecomingcar
bonneutral. Thesestrategiesincludedevelopingalternativetransportationmodes,lowerbuildin
genergyuse,anddevelopinge-
vehiclesinfrastructure,increasingrecycling,compostingandwastereduction.Resultsofourmit
igationscenariosuggestthattheaggressiveimplementationofafullsuiteofemissions-
reducingstrategiescouldreduceSeattle’spercapitacore-
scopeGHGemissionsby34%in2020and91%in2050.Separatingtheemissionssourcesinacitya
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ccordingtothecore,expandedproduction,andconsumptionperspectivesallowsforflexibilitya
ndenablesthisframeworktobeadaptedforcommunitieswith differing local characteristics.

Moncasteretal.,(2013), described the
methodusedbyanewdesigndecisiontool,EmbodiedCarbon&EnergyofBuildings(ECEB),toc
alculatethewholelifeembodiedenergyandcarbonofbuildings as recommended by UK
government. Themethoddescribed

providesanestimateofthewholelife, “‘cradletograve’embodiedenergyinsteadoftheearlierwide
lyfollowed*CradletoGate’embodiedenergyattheearlystagesofdesign.ECEBincludesalsothe
carbonandenergyimpactsofthematerial. Thestudyhasfurthershownthatanalysisofwholelifee
mbodiedenergyandcarbonofbuildingswithintheUKisconsiderablyrestrictedbythelackofdat

aanditisnowtheresponsibilityofindustriestocompletetherelevantdatawithstandardization.

Mathuretal.,(2013),presentedthepotentialimpactofEnergyConservationBuildingCode(EC
BC)oflIndiathatisapplicableonbuildingshavingmorethan100kWconnectedloador120kVVAco
ntractdemandandanalyzedsixdifferenttypesofbuildingsinJaipurusingcalibratedsimulation
modelstoestimateenergysavingpotential. Energysavingspotentialrangesfrom17%to42%and
byimplementingtheadvancedfeaturesofECBC,thesesavingscanbefurtherincreased.Govern
mentofficesandprivateofficestogetherconsumemorethanhalfofcity’stotalenergy. Theenergy
savingpotentialwithECBCisintherangeof44kWh/m?/year
inGovernmentbuildingsaslowesteffect,whereasincaseoftheprivateoffice, itisestimatedtobel
28kWh/m?/year.

Forhotels,envelopeandHV ACaremajorconcernarea.HVACefficiencyismostrewardinginth
ebuildingswhichoperate24hours.Usingtheseestimatesandthetrendofincreaseincommercial
buildingenergyconsumption,thepotentialofenergysavinginthecityofJaipurhasbeenidentifie
das12,475MWhlyinthenextfiveyears.

Bakisietal.,(2013), in a study on the city of Barcelona analyses the transformations
fromatraditionalagglomerationtoatwenty-
firstcenturymetropolis. ThereasonforchoosingBarcelonaforthestudywasduetoitsapparentde

sire,reflectedbyitscurrentpoliciesregardingurbanplanningmakingitoneoftheleadingmetrop
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olisesinEurope. ThemaincomponentsofsmartcitystrategysuchasSmartdistricts,e-
servicesandtheBarcelonaSmartCitymodelwereexplored. Theresultsofthecasestudyanalysisi
ndicatethatBarcelonahasbeeneffectivelyimplementingtheSmartCitystrategywithanaimtobe

aSmartCitymodelfortheworld.

Weibenbergeretal.,(2014),presentedthehistoricaldevelopmentandbackgroundofLifeCycl
eAssessment(LCA)andnearlyzeroenergybuildingsinGermany.AccordingtoEuropeanUnio
nguidelines(2010/31/EU),startingin2021newbuildingsmustachievethenearlyzero-
energystandards therefore
theecologicaloptimizationofconstructionanddisposalofnearlyzero-
energybuildingsisthecrucialnextstep.Inordertoconfrontthemainchallengesofthebuildingsec
tor,limitedresourcesaswellastheenergy-
efficiencyandasustainablebuildingstock,alifecycleviewisrequired. Thecurrentappliedlifecy
cleassessmentmethodologybeganinthe1970sinthepackagingindustry. Aroundtheturnofthe
millenniumthiscalculationmethodwasstandardizedintoaninternationalseriesofstandards.To
day the ISO 14040 and 1SO 14044 are theonlyinternationallystandardizedmethods
forassessingpotentialenvironmentalimpacts.Inaddition,theLCAapproachandlimitationsare

common.

Buyleetal.,(2014),conductedascreeningLCAofanapartmentinBelgiumaccordingtoattributi

onal(ALCA)aswellasconsequential(CLCA)approach. Themainobjectivewastocomparether
esultsoftheapproachesratherthedoingdetailedLCA. Themaindifferenceinbothapproachesisd
atacollection. ALCAusesaveragedataatacertainpointoftimeanditisassumedthatallprocesses

areunlinkedanddonotinteractwitheachotherandfutureprojectionsaredoneonmarketmixes.C

LCAlooksatthemarginalchangesunderthesystemunderstudyi.e.itlooksonlyattheprocessesth
atareactuallyaffectedbythesystem. Theoverallresultsshowthatthereisashiftofimpactsperbuil
dingstage.Atusephase,CLCAassignsalowerimpact(8%)toelectricalconsumptionandreward
srecyclinganditgeneratesnegativeimpactfortheendofthelife.Finally,toenhanceasustainables
ocietyitisneededthatpolicyisfocusedontheentirelifecycleofbuildingsinsteadofmerelyonener
gyefficiency.

17



Kapureetal.,(2014),discussedparametersofupgradingexisting  building  into  green
building.
Energyefficiencyupgradesrepresentthemostcosteffectivewaytomeetgrowingenergydeman
ds.Studieshaveshownthatenergy-
efficientandcertifiedgreenbuildingsmerithighermarketvalues,greaterrentsandhigheroccupa
ncies.Afterunderstandingthedynamics,costfactorisalsoconsideredandcostbenefitanalysisis
doneforunderstandingtheincreaseincapitalcost,paybackperiodandbenefitsofgreenbuildings
Atenpointprogramforapproachingthegreeningofexistingbuildings,focusedontheactivitieso
fdecisionmakersamongpropertyowners,buildingandfacilitymanagers.Long-
terminvestmentsinenergyefficiencyandwatersavingsaretheeconomicdriversforgreeningexi

stingbuildings.

Biswas,(2014),employed‘miningtouse’approachtoconductlifecycleassessmentandenergya
nalysisoftheEngineeringPavilion(building216)atCurtinUniversityWesternAustralia. Thelif
ecycleGHGemissionsandembodiedenergyofbuilding216are14,229C0O,and172TJrespectiv
ely. Theusagestageproduces63%lessGHGemissionsthantheUniversity’saverage,duetoimpl
ementationofanenergyefficientBuildingManagementSystem(BMS). T hestudyidentifiesthe*
hotspots’,orthestagesinproductionandoperationofbuilding216thatcontributesheavilyinGH
Gemissions.IntroductionofBMSreducedtheembodiedenergyconsumptionoflifecycleofbuil
dingby20%lessthantheuniversity’saverage. Theresearchestimatesthatthereisapotentialforsa
vingaround60%carbonfootprintassociatedwithBuilding216.However,useofrevisedcementf
ormulationsandrecycledaluminumandsteelusewhereverpossiblecanfurtherreduceGHGemi

ssionsbyaround7%

Palaniappanetal.,(2014),presentedthelifecycleenergyuseofaresidentialbuildingofSouthin
diaincludingtheon-
siteconstructionprocess.Buildingconsistsoffourblocksand96apartmenttypehomeshaving11
2.14squaremetersusablefloorareaperhome.Intermsoftotalweightcement,coarseandfineaggr
egatesarefoundtobemostsignificant. Embodiedenergyduetobuildingmaterialsisintherangeof
8.1-
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10.8GJ/m%. Thetwomostsignificantmaterialsarecementandallformsofsteelandiron.Cementr
epresents28—

32%ofenergyduetoconstructionmaterials. Allformsofsteelandironrepresent38—
40%ofembodiedenergyofmaterials. Analysisbybuildingcomponentindicatesthatstructuralfr
ame,buildingenvelopeandfinishingworkrepresent74%,8%and13%oftotalembodiedenergy
ofmaterials. Theaverageoperationalenergyusedbytheend-
userisfoundtobe320kWhperhomepermonthbasedon1852samplesgatheredoveraperiodof2y
ears.Intermsofprimaryenergy,thiscorrespondsto116kWh/m?/year(0.42GJ/m*/year).ltiscon
cludedthattheconstructionenergyisasimportantasoperationalenergyincaseofthreescenarios:
(a)residentialbuildingswithpartialornoair-

conditioning, (b)theenergyefficiencyofoperationalphasereaches50—

75%ofoperationalenergyofaconventionalcaseand(c)reducedbuildingservicelifeperiod.

Manganoetal.,(2014),provideswithacomprehensiveunderstandingoftheconceptofSmartCi
ty(SC)throughpertinentapplicationdomainsnamely:naturalresourcesandenergy,economy,p
eople,transportandmobility, livingandbuildings. Thisstudyexploresthepossibilityofrolethatv
ariouseconomic,urban,demographicandgeographicalvariablesmighthaveininfluencethepla
nningapproachtocreateasmartercityandexplorescurrenttrendsinshapingsmartercities. The
results
revealedthatthereisnouniqueglobaldefinitionofSC,andthatthecurrenttrendsandevolutionpat
ternsofanyindividualSCdependtoagreatextentonthelocalcontextfactors.Citypolicymakersa
rethereforeurgedtounderstandthesefactorsinordertoshapeappropriate strategies for their
Smart Cities.

Kamaletal.,(2014),conductedastudyofachievingenvironmentalsustainabilitythroughrenew
ableenergytechnologiesintallbuildingstructures. Thesearchforavailablerenewableenergyso

urces,technologiestoharnessthemandtheireconomicandenvironmentalassessmenthavebeco
meveryimportant.Buildingmaterialssuchassteelandcementwithhighintensitiesofembodiede
nergyarerequiredtocreatetheskeletalframeworkandlaythefoundationfortheirlonglastingstru
ctures.Thegrowingglobalpressuretoreducecarbonfootprintandconcernsforcreatingsustaina

blehabitats,havealsogreatly ignited the quest to deliver
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innovativesolutionsandemergingtrendsintallbuildingdesigns. Around35%oftherenewablee
nergycontributionisfromwindenergy,whichbythevirtueofheightisthepluspointoftallbuildin
gandhighlevelofwindspeedsinthemainstreamofatmosphericboundarylayercanbenefittallbu
ildings.

Bulletal.,(2014),presented
alifecyclecarbonandlifecyclecostassessmentofenergyefficientretrofitmeasures(ERMs)toth
ebuildingenvelopeandheatingsystemoffourexistingschoolswhichrepresentschool
archetypes built in the UK between the year 1870-
1995.Thebasisofenergyefficiencyassessmentwasenergysimulationmodelsoftheexistingstru
ctures.Theregressionequationformulatedwiththehelpofenergymodelshasacoefficientofdete
rminationof95-
97%.Thisequationcanbeusedinpredictinglifecyclecarbonsavingwithinthetested range of
ERMs
,andalsowithintherangeoftheotherbuildingfeaturesincludedasindependentvariables. Thereg
ressionequationcalculatedcarbonsavingswillbecloseto energy model simulated savings.
Thestudyalsoshowsthatitisvitaltocreatescenariostounderstandtheenergy-
useimplicationsofdifferentdesigninterventionsandretrofitmeasuresincombination.The
simpleapproachofmodelingeachretrofitmeasureindividuallyisusefultounderstanditsindepe

ndentimpactbutnotadequatefordeterminingtheeffectivenessofmultipleretrofitstogether.

Biswaletal.,(2014),suggestedinnovationstoreducecarbonfootprintthatisinterferingwiththec
limateandcausingclimatechaininindiancontext. Availabilityofappropriatetechnologiesandr

obustcollaborativeprocessesfordecisionmakingamongmultiplestakeholderslimitthecapacit
yformitigationofclimatechange.Schoolsshouldactasabridgebetweenpublicandtheknowledg
eproducers.StrategiessuchasReducingFoodPrints,SavingEnergyMovement,GreenHabits,V
aluelnculcationEnhancingAwarenessthroughsocialmedianetwork,AllindiaCoordinatedPro
jects/Publications,EncouragingScienceCommunicationatSchoolLevel,DocumentationofS

uccessStories,CommunityParticipationwhichareproposedwhichcouldbeimplementedinind
iaaspartofabroaderstrategyofactionforfuturecarbonemissionsandencourageseconomicdeve

lopmentarediscussed.
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Alietal.,(2015),conductedenvironmentallifecycleimpactassessmentofaresidentialbuildingi
nEgypt using Simapro v8.landusing ISO 14040 standards
fortheanalysis. Thefinalresultsandanalysisindicatethattheusestage,whichhasthehighestshar
eofenergy,isalsothemaincontributortoalltheotherenvironmentalimpactsandcontribute71.9
%tototaleffect. Themaincategorieswhichhavethebiggestsharearerespiratoryinorganics,glob
alwarming and non-renewable energy.
Solutionsweresuggestedtominimizetheadverseenvironmentalimpactsofbuildingssuchasred
ucingoperatingenergyconsumption,selectingsustainablebuildingmaterialsandincreasingus

eofrenewableenergyduringoperatingphase.

Praseedaetal.,(2015),investigated in
embodiedenergy(EE)ofdifferentbuildingmaterialsfromlifecyclestandpointandvariousmeth
odsfortheirquantificationareidentified. EEassessmentcanbecarriedoutbyusinglnput-
outputanalysis(1/O),processanalysisandhybridanalysis.Undependabledata,lackofproductsp
ecificdata,highvariabilityofenergytariffsandcommoditiesaresalient  drawbacks of 1/0O
method. 1/Omethod is reported
unsuitableforEEassessmentinindianperspective.Henceanewprocessbasedframeworkwasev
entuallyadoptedforEEassessment.
AluminiumcoilswerefoundtohavethehighestEEamongstbasicmaterialsfollowedbysteel,gla
ssandcement. Andamongstmasonryunits,burntclaybrickshavehighEE(1.2—
4.05MJ/kg)followedbyconcreteblocks(0.17—
0.25MJ/kg)andlateritestoneblocks(0.007MJ/kg).EEofconcreteblocksissensitivetotheceme
ntcontentusedintheblockmanufacture.EEofaggregatesisverylowat0.04MJ/kg,whereascera
micfloortilehasahighEEvalueat10.63MJ/kg.Studyalsoimpliesthatitisimpracticaltoarriveata
singlevaluehencethebestwaytorepresentEEvaluesarebyarange.
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Chapter3

MaterialsandMethodologies

Thischapterdealswiththeresourcesemployed,Materialsusedandmethodologiesadopteddurin
gthestudy.

3.1DescriptionoftheBuilding

3.1.1Location:
Thebuildingchosenforthestudyisarelativelynewbuildingknownas*TANBuilding’constructe
dinsideThaparUniversity,Patiala,IndiaThaparUniversitywasfoundedin1956asThaparColle
geofEngineeringandTechnologyandTanBuildingisarecentbuildingoftheUniversityandhasb
eeninoperationsincelasttwoyears. Thebuildingwasplannedaswellasbuiltinsinglephaseandth
estructurehasafloorareaofnearly4000m?. Itisathreestoreybuildingandhastheroomsmajorlyut

ilizedforacademicpurposes

3.1.2StructuralFeatures
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Thestructureisaestheticallyappealingduevitrifiedtilefloorworkalongwithmarbleandkotasto
netilingatsomeminorplaces. Themainconstructioncomponentsusedareconsideredanditisevi
dentthatcementmortar,reinforcedconcretecementframework,glass,timber,brickmasonry,al
uminum,steel,kotastone,ceramicandvitrifiedtilesaremaincomponentsemployedintheconstr
uction.

Othersignificantspecificationsofbuildingare:
Structure:ReinforcedCementConcreteFramework

Masonry:BothstoneandBrickmasonry
Flooring:Cementconcreteflooringwithkotastone, vitrifiedtiles(mainly), marbleandceramicti
lesusedatvariouslocations.

DoorandWindows: Aluminumframeshavebeenusedanddoorshavewoodenchowkhatsandma
inlyplywood,teakwoodandtimberalongwithsomeivorycostwoodatsomeplaces
Roof:Steelframedstructure

3.2ElectricityScenario
Tocalculatetheoperationalenergyofthestructurethatisthepowerrequiredtoruntheelectricalap
pliances,machinery,pumpsandtheHVAC(Heating,Ventilationand Airconditioning)require
ment,thereisaneedtoconsiderthecurrentelectricityscenarioofindia. Thisenablesaccurateande
fficientcalculationsofGHGemissionsreleasedduringoperationphase. ThecurrentElectricityS
cenariooflndiaisshowninTables3.1and3.2.

SECTOR MW PERCENTAGESHARE
STATESECTOR 96,963 36.2
CENTRALSECTOR 72,521 27.1
PRIVATESECTOR 98,153 36.7

TOTAL 2,67,637

Table 3.1: Electricity Scenario (Sector wise) in India (Installed capacity as on 31/3/2015)
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Table3.2:GHGemissioncontribution

TYPEOFFUEL MW %SHARE | GHGEMISSIONS(GCO.eq/kwhe)
TOTALTHERMAL 188,898 | 70.6

1005
COAL 164,636 | 61.5

543
GAS 23,062 | 8.6

650
oIL 1,200 |04

41
HYDRO(RENEWABLE) | 41,267 | 15.4

25
NUCLEAR 5780 |22

35
RES**(MNRE) 31,692 |11.8
TOTAL 2,67,637

**RenewableEnergySources(RES)includeSHP,BG,BP,U&landWindEnergy
SHP=SmallHydroProject,BG=BiomassGasifier,BP=BiomassPower,

U&I=Urban&IndustrialWWastePower,RES=RenewableEnergySource
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ItisworthmentioningthatThaparUniversity,PatialadrawsitspowerrequirementfromNational
Grid

3.3LifeCycleAssessment

LCAisoneofthewell-
knowntoolsusedforthequantitativeassessmentofamaterialused,environmentalimpactofprod
uctsusedandenergyflows.Itfollowsasystematicapproachtoassesstheimpactofeachprocess,m
aterialandproduct.
LCAisthemostappropriateframeworkfortheidentification,quantification,andevaluationofth
einputs,outputsandthepotentialenvironmentalimpactsthroughoutitslifecycle.Basicallythere
arethreetypesofLCAmethodologythatisprocessbasedLCA, input—
outputLCAandhybridLCA(Bullard&Herendeen,1975;Facanha&Horvath,2006;Guinea,20
02;Heijungs&Suh,2002;Kofoworola&Gheewala,2008;Suh&Huppes,2005).Inaprocessbas
edLCA theuseroutlinesallprocessesassociatedwithalllife-
cyclephasesofaproduct,andassociatesinputsandoutputswitheachprocess,bywhichtotalenvir
onmentalloadenergycanbedetermined. TherearefourstagesofLifeCycleAssessment. Themet

hodologyofthestudyisillustratedinFigure3.1

Life cycle
inventory analysis

Gioal & Scope
defimtion

Life evele d Conelusion
(bjeciives Iie Cyeie _L’ld Jfrom inventory
Framework interpretation / inpeet

fassessment

Life cycle impact
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Fig3.1:MethodologyofLCAanalysis(Source:Varunetal.,2012)

3.3.1GoalandScopeDefinition

ThegoalandscopedefinitionofanLCAdeterminesthesignificanceofthestudy.Systemboundar
iesaredefinedandaqualitycriterionforinventoryanalysisissetup.LifeCycleassessmentdealsw
iththebuildinglifecycleandmaterialsusedduringconstruction.Indoorairqualitydata, furniture
detailsandindividualemissionsduetopeopleenteringandleavingthebuildingareoutofthesyste
mboundaries.
Thelifespanofthebuildingconsistsofthreephases:Construction,Operationandmaintenance. It
isassumedthatnostructuralmodificationsaredonetothestructure.Thelifespanofthebuildingis
consideredas75years.Paintingandotherminormaintenanceincludingminorstructuralchanges
areincludedinmaintenancephase. Themaintenanceenergyvalueistakenas5%ofthetotallifecy

cleenergyofthestructure.

3.3.2LifeCyclelnventoryAnalysis(LCI)

AccordingtoEPA alifecycleinventoryisaprocessofquantifyingenergyandrawmaterialrequir
ements,atmosphericemissions,waterborneemissions,solidwastes,andotherreleasesfortheent
irelifecycleofaproduct,process,oractivity.InthelifecycleinventoryphaseofanLCAthereleva

ntdataiscollectedandfurtherorganized.

WithoutanL Cl,nobasisexiststoevaluatecomparativeenvironmentalimpactsorpotentialimpr

ovements.Thelevelofaccuracyanddetailofthedatacollectedisreflectedthroughouttheremain
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deroftheLCAprocess.Lifecycleinventoryanalysescanbeusedinvariousways. Theycanassista
norganizationincomparingproductsorprocessesandconsideringenvironmentalfactorsinmate
rialselection.Inaddition,inventoryanalysescanbeusedinpolicy-
making,byhelpingthegovernmentdevelopregulationsregardingresourceuseandenvironment
alemissions.Aninventoryanalysisproducesalistcontainingthequantitiesofpollutantsreleased
totheenvironmentandtheamountofenergyandmaterialconsumed. Theresultscanbesegregate

dbylifecyclestage,media(air,water,andland),specificprocesses,oranycombinationthereof.

ForBuildingsandstructures,theplanofthebuildingandvisualinspectionhelpstocollecttherawd
ataandinventoryanalysisisdoneduringallthreephasesoflifespanofbuilding.Usingtheconsum
ptionchartandabstractofquantities,alistofnumberofmaterialsandtheirquantitiesisprepared. T
hedataisthencompiledusingembodiedenergycoefficientsofalldifferenttypesofmaterialsand

primaryenergyofthestructureduringtheconstructionphaseisestablished. Thevaluesofcoeffici
entsaretakenfromlndianLiterature,Inventoryofcarbonemissions(ICE)databasepublishedby
UniversityofBathUKandotherstandardizeddatabases.

3.3.2.1EmbodiedEnergy

Embodiedenergy(EE)ofbuildingmaterialsconstitutesthetotalenergyexpenditureformanufac
tureofbuildingmaterialsincludingthatforrawmaterialextractionandassociatedtransportation.
EEassessmentofbuildingmaterialrevealstheextentofenergyconsumedandassociatedgreenho

usegasemissionsintheirmanufacture.

TherehavebeenextensiveeffortsinthelastfewdecadestowardsassessmentofEEforawidevarie
tyofbuildingmaterials.Moststudieslackconsensusontheassessmentmethodandcomprehensi
veassessmentframework.Further,theEEvaluesfromvariousstudiesdifferwidelyconsequentt
odifferencesinstudyarea,energyassessmentintermsofprimarytoenduseenergy,industrialchar
acteristicssuchasrawmaterialprocurement,productiontechnologyanddatacharacteristicswhi
chemphasistheneedforregionspecificdatabaseforembodiedenergyassessmentofbuildingmat

erials.
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EEassessmentcanbecarriedoutusingprocessanalysis, Input-
OutputanalysisandHybridanalysisInput-
Outputmethodofanalysisissupposedtoencompasstheenergyspentinupstreamanddownstrea
mactivities.Severalassumptionsunderlielnput-
OutputmethodadoptedforEEanalysis.Detailedinvestigationsonindianinput—
outputtransactiontableshavefoundthemunviableforEEassessmentofbuildingmaterialsinthel

ndiancontext.

Unreliabledata, lackofproductspecificdata, highvariabilityofenergyandcommoditytariffsacr
ossthecountryandout-of-datelnput-
OutputtablesontimerepresentsalientdrawbacksassociatedwithIinput-
Outputmethod.Thelnput-
OutputTransactionTablesforindiaaremorethanadecadeoldandalso,itisdifficulttoaccessauth
enticlnput-OutputdataTablesinmanycountries. Thesereasonsrenderthelnput-
OutputmethodunsuitableforEEassessmentinthelndiancontext. Anewprocessanalysisbasedf
rameworkwaseventuallyadoptedforEEvalues.Inthepresentstudy,processbasedLCAisfollo
wedallovertheprocesswhetheritisembodiedenergyassessmentorimpactassessmentduetooth
erfactors. Themethodologyofprocessbasedassessmentofembodiedenergiesisshowninfig3.2.
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Fig3.2Methodologyofprocessbasedassessmentofembodiedenergy(Source:Praseedaetal.,20
15)

3.3.3LifeCyclelmpactAnalysis(LCIA)

TheLifeCyclelmpactAssessment(LCIA)phaseofanLCAistheassessmentofpotentialhumanh
ealthandenvironmentalimpactsoftheenvironmentalresourcesanddischargesduringtheLCI.A
lifecycleimpactassessmenttriestoestablishalinkagebetweentheproductorprocessanditsbudd
ingenvironmentalimpacts(Forexample,What are the consequences of 7,600 tons of carbon
dioxide or 20,000 tons of methane emissions released into  the
atmosphere?Whichoneisworse?Whataretheirlikelyimpactsonglobalwarming?). Animporta
ntdistinctionexistsbetweenlifecycleimpactassessment(LCIA)andothertypesofimpactanalys
is.LCIAdoesnotnecessarilyattempttoenumerateanyspecificactualimpactsrelatedwithaprod
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uct,process,oractivity.Instead, itseekstoestablisharelationbetweenasystemandpotentialimpa
cts.

ThemodelsusedwithinLCl Aareoftenconsequentandeasyversionsofmoresophisticatedmode
Is.Thesecut
downmodelsaresuitableforrelativecomparisonsofthepotentialtocauseanyenvironmentalora
nthropogenicchange, butcannotindicatecompleteriskorrealdamagetohumanhealthorenviron
ment.Riskassessmentsareconcentratedonasinglechemicalataveryspecificlocation.Inthecase
ofatraditionalriskassessment,itisthinkabletoconductverydetailedmodelingofthepredictedi
mpactsofthechemicalonthepopulationexposedandeventopredicttheprobabilityofthepopulat
ionbeingimpactedbythedischarge.InthecaseofL CIA, hundredsofchemicalemissions(andres
ourcestressors)whichareoccurringatvariouslocationsareevaluatedfortheirpotentialimpactsi

nmultipleimpactcategories.HenceLClAprovestobeahandytoolwhenthescopeiswelldefined.

Thekeyconceptinthissectionisthatofstressors. Astressorisasetofsituationsthatmayleadtoani
mpact(Forexample,ifacreationorprocessisemittinggreenhousegases,thegrowthofgreenhous
egasesintheatmospheremaycontributetoglobalwarming).AnLCIlAprovidesaorderlyprocedu
reforcategorizingandcharacterizingthesetypesofenvironmentaleffects.

KeyStepsofaLifeCyclelmpactAssessment:

Thefollowingstepscomprisealifecycleimpactassessment.

I.  SelectionandDefinitionoflmpactCategories-
recognizingrelevantenvironmentalimpactcategories(e.g.,globalwarming,acidificati
on,terrestrialtoxicity).

Il.  Classification-
conveyingLClresultstotheimpactcategories(e.g.,classifyingcarbondioxideemission
stoglobalwarming).

Ill.  Characterization-modelingL Climpactswithinimpactcategoriesusingscience-
basedconversionfactors(e.g.,modelingthepotentialimpactofcarbondioxideandmeth

aneonglobalwarming).
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VI.
VII.

Normalization-
utteringpotentialimpactsinwaysthatcanbecompared(e.g.comparingtheglobalwarmi
ngeffectofcarbondioxideandmethaneforthetwooptions).

Grouping-
arrangingorrankingtheindicators(e.g.sortingtheindicatorsbylocation:local,regional,
andglobal).

Weighting-emphasizingthemostsignificantprobableimpacts.
EvaluatingandReportingLCIAOutcomes-
gainingabetterunderstandingofthedependabilityoftheLCIAresults.

3.3.4LifeCycleDatalnterpretation

Lifecycledatainterpretationisastepbystepproceduretoidentify,quantify,check,andanalyzein

formationfromtheresultsoftheL ClandtheLCI A, andcommunicatethemeffectively.Lifecycle

interpretationisthelastphaseoftheLCAprocess.

ISOhasdefinedthefollowingtwoobjectivesoflifecycleinterpretation:

Analyzeresults,reachconclusions,explainlimitations,andproviderecommendationsb
asedonthefindingsoftheprecedingphasesoftheLCA,andtoreporttheresultsofthelifec
ycleinterpretationinatransparentmanner.

Provideareadilyunderstandable,complete,andconsistentpresentationoftheresultsofa
nLCAstudy,inaccordancewiththegoalandscopeofthestudy.(ISO1998b).Thisstepma
inlyinvolvescomparingthesuggestedalternativesbyinterpretingtheresults.

WhileconductingtheLifecycleinventoryandLifecycleimpactassessment,itisnecessarytomak

eassumptions,engineeringestimates,anddecisionsbasedonthevaluesandthevaluesofinvolve

dstakeholders.Eachofthesedecisionsmustbeincludedandcommunicatedwithinthefinalresult

stoclearlyandcomprehensivelyexplainconclusionsdrawnfromthedata.
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3.4EmbodiedEnergyAssessment(forDatabases)
Thelnventoryofcarbonandenergy(ICEV2.0)databaseisawidelyaccepteddatabasewhichispo
ssibleduetoeffortsofSustainableEnergyResearchTeam(SERT),BathUniversityU.K.

Thedatabasefollows*“CradletoGate”approachforEmbodiedEnergycalculationsandprecision
ismaintainedthroughoutEEassessment.Materialprofilingisdoneinordertomaintainthestanda
rdsofresults.MaterialprofilingusuallyconsistsoffoursectionsthatisDatabaseStatistics,Bestva
luesofEmbodiedenergyandcarbon,ScattergraphandfuelsplitandembodiedcarbonsplitandM
aterialproperties.

Thedatabaseisimprovisedandmodifiedovertheyearswithchangingconstructionpractices.All
possibleenergyinputsaretakenintoconsiderationtoensureaccuracyinembodiedenergyvalues.
ThenecessaryboundaryconditionstobeadoptedduringthecalculationsarerepresentedinTable
3.3.
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TypeofEnergy

Boundariestreatment

Deliveredenergy

Alldeliveredenergyistransformedintoprimaryenergyequivalent

Primaryenergy

Defaultmethod,drewbacktothe‘cradle’.

Primaryelectricit

y

Included,totaledasenergycontentoftheelectricity(ratherthantheopportu

nitycostofenergy).

Renewableenerg

y(inc.electricity)

Included.

CalorificvValue(
CV)/Heatingvalu
eoffossilfuelener

gy

DefaultvaluesareHigherHeatingValues(HHV)orGrossCalorificValues(
GCV),botharealikemetrics.

Calorificvalueof

organicfuels

Includedwhenusedasafuel,excludedwhenusedasafeedstock,e.g.timbero
ffcutsburntasafuelcontainthecalorificvalueofthewood,buttimberusedin

atableignoresthecalorificvalueofthewoodenproduct.

Feedstockenergy

Fossilfuelderivedfeedstocksareincludedintheassessment,butidentifieds
eparately.Forexample,petrochemicalsusedasfeedstocksinthemanufactu
reofplasticsareincluded.Seeabovecategoryfororganicfeedstocktreatme

nt.

Carbonsequestra
tionandbiogenicc
arbonstorage

Excluded,butlCEusersmaywishtomodifythedatathemselvestoincludeth

eseeffects.

Fuelrelatedcarbo
ndioxideemissio

ns

Allfuelrelatedcarbondioxideemissionswhichareattributabletotheprodu
ctareincluded.

Processcarbondi

oxideemissions

Included;forexampleCO2emissionsfromthecalcinationsoflimestoneinc

ementclinkermanufacturearecounted.

Othergreenhouse

gasemissions

Thenewestversionofthel CEdatabase(2.0)hasbeenexpandedtoincludeda
taforGHGs. ThemainsummarytableshowsthedatainCO,onlyandfortheG
HGsInCO.e.

Transport

Includedwithinspecifiedboundaries,i.e.typicallycradle-to-gate.

Table3.3:RelationshipofTypeofEnergyandBoundaryConditionsinEmbodiedenergy
3.4.1MaterialProfiling
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Thissectioncontainsthestepbystepprocedurefollowedtoobtainthevaluesinlinventoryofcarbo

nemissionsversion2.0—

adatabaseusedforthestudy. ThedatabasehasbeendevelopedbySustainableEnergyresearchtea

mofUniversityofBath,UK.
3.4.1.1 Database Statistics(Table 3.4)

The materials were broken into sub categories,
which reflect how the data is stored within the
database. Most materials have a General category
and are broken down into more specific forms,
for example Iron general, Iron Extrusion. Each of
the sub categories are further broken according to
recycled/virgin content of the m/etal

These are simple statistics from
database. These include no of
records which represent the sample
size that was used to select this
data. Additional statistics include
maximum and minimum values of
EE and Standard deviation to
maintain openness inthe inventory.
The boundaries are predefined as
seem in the previoys section

/

MaterialProfile:Exampje

/

EmbodiedEnerg&E E)ICE-DatabasestatisticsMJ/Kg

/

MainMaterial NoofRe | Avera | Standardd | Minimum Maximum Comments
cord geEE | eviation EE onthedata
basestatist
ics
Material

SubMaterialcate

gory

100%Recycled

50%Recycled

OtherSpecificati

on

Unspecified

Virgin
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3.4.1.2 Selected(or‘best’)valuesofembodiedenergyandcarbon (Table 3.5)

The values of embodied energy are
presented here, although this
example is only for products that
are recyclable which are mostly
metals. General values can be used
if unsure what to apply. Primary is
mainly for vixgin material and
secondary for recycled materials

Embodied carbon is
shown her. Again the
same distinguish
between primary and
secondary materials

have been used\

\

The low to high range of EE is

written here and hence an idea can
be drawn about the range in which
the value might exist

SelectedEmbodied

ergyandCarbonCoefficientsandAssoci

Materials

EmbodiéQEnergy-MJ/Kg

EmbodiedCarbon-MJﬂQ4

UKTypical | Primary

Secondary | UKTypical | Primary

edData
Boundaries | BestEERange-
MJ/Kg
Secondary LQwEE

HighEE

GeneralMaterial

CastProducts

Extruded

Rolled

Comments

3.4.1.3:ScattergraphandfuelsplitandEmbodiedCarbonSplit (Table 3.6)
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There is a scatter graph for each
materials. The scatter graph plots the
year of data versus the value of
embodied energy for each point in the
database. This maintains the
transparency of inventory data and it
can be seen that whether the real value
is affecteq by one or two values

Where possible the historical
embodied carbon per unit
fuel was calculated as an
index of 1990 data. This
section does not appear on all
profiles

The fuel split is shown here
along with the fraction of
embodied energy used from
source. In cases where it was not
possible to get a fuel breakdown,

Scattergraphan?sQ‘uelspIitandEmbodiedCarbonSpIit l
MateriaIScatteeraph EmbodiedEnergyandEmbodiedCalfbonSplit
\ EnergySource | %ofembodiedenergyfromenergysource | %oofgmbodiedcarbonfromsource
EE\Scatter Graph - Aggregate /
0.60 l
£ 050 1 N l
2
o 040 . l
w
>
2 030 1 l
g *
w
3 020 - . I
'g *
E 0107 . .3 o v, l
* L]
0.0 | , | I SR omments:
1970 1975 1980 1985 1990 1995 2000 2005
Year of Data
| Historical embodied carbon per unit fuel use:
Embodied carbon contributions per unit energy use for
Aggregates, sand & gravel
120.00
100.00
80.00
(Table 3.7)

Embodied carbon contribution

O Coal m Mg

per unit energy use - 1990 =100
index

60.00

40.00

20.00 7//%

0.00 ‘ ‘ : ‘ : ‘ ‘ . 1 ‘ ‘ ‘
1990 1991 1992 1993 1994 1995 1906 1997 1998 1999 2000 2001 2002 2003

material in the inventory

Data extracted from the most recent CIBSE guide is
presented here. The list of materials here was in many
cases more specific then there is data available on
embodied energy. But it is possible to estimate the
appropriate embodied energy from the most similar
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Material Condition | ThermalConductivity | Density | SpecificHeat | ThermalDiffusivity
Material 230 2700 880 9.68013E-05
MaterialGalvanized 45 7680 420 1.39509E-05

3.5GaBi6-A SoftwareforLCA

> GaBib6isthenextgenerationproductsustainabilitysolutionwithadominantLifeCycleA

ssessmentengine.GaBi6émodelseachelementofaproductororganizationfromalifecycl

eperspective,preparingbusinessestomakethebestinformeddecisionsonthemanufactu

reandlifecycleofanyproduct.
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> ltalsodeliversaneasilyaccessibleandconstantlyrevitalizedcontentdatabasethatspecif
icsthecosts,energyandenvironmentalimpactofobtainingandrefiningeveryrawmateri
alortreatedcomponentofamanufacturedarticle.Moreover,itlooksattheeffectontheen
vironmentofferingalternativepossibilitiesformanufacturing,distribution,recyclabilit

y,pollutionandsustainability.

> GaBi6makesitstress-
freeforcompaniestocarryoutLifeCycleAssessments(LCA)inordertodefendtheirmos
tpreciousasset;theirbrand.ltalsoempowersthemtoprovidemoresustainableyetcoteffi

cientproductsthatbettersatisfyconsumerhopes.

3.5.1ApplicationsofGabi6
LifeCycleAssessment
o DesignforEnvironment:evolvingproductsthatmeetenvironmentalguidelines

0 Eco-efficiency:decreasingmaterial,energyandresourceconsumptioninthemostcost-

effectivemanner

o Eco-
design:evolvingproductswithreducedenvironmentalfootprintssuchasfewerGHGrel

eases,reducedwaterintakeandwaste

o Efficientvaluechains:improvingefficiencyofvaluechainse.g.R&D,design,productio

n,suppliers,distribution

LifeCycleCosting
e Costreduction:planningandoptimizingproductsandprocessesforcostreduction.

LifeCycleReporting
= SustainableProductMarketing:productsustainabilitytags&claims,Environmenta
IProductDeclarations(EPDs).
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= SustainabilityReporting:environmentalcommunication&productsustainabilityr
eporting.

= LCAKknowledgesharing:reportingandexaminationforinternaldepartments,mana

gementandsupplychain.

LifeCycleWorkingEnvironment
« Responsiblemanufacturing:developingmanufacturingproceduresthataddresssocialr
esponsibilities.

3.5.2Advantages

GaBi6helpssupplyaddedsustainableproducts&shrinkoperationalcostsforanyorganization&
supplychain.ByusingGaBitoboostsustainabilitydecision-
makingandLCAprojects,businessescanformsustainablebrands,whichbuyersincreasinglypr
efer.Businessesachieveconsumertrustthroughcalculatedandverifiableinformationtoverifyt
heirsustainabilitylabellingandcommunications. Additionally,givingclientsinsightintoaprod
uct’ssustainablecharacteristicsacrossitslifecyclewillhelpabrandaccomplishmarketleadershi

p.

Quantifyingthelife-
cycleimpactofaproductwillalsoaidacompanytoassessitssupplychaintoidentifyproductkinds
withthehighestimpacts;thedriversbehindtheproduct’senergyexpenditure,carbonfootprint,w
asteandwaterfootprint;andthehotspotswheresustainabilityeffortscanbefocused.Organizatio
nscansetobjectivesandKeyPerformancelndicators(KPIs)forproductsustainability,buildinga
moresustainableportfolio.

3.6Bentley’sSTAAD.Pro

STAAD.Proisthestructuralengineeringprofessional’schoiceforsteel,concrete,timber,alumi

num,andcold-
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formedsteeldesignofvirtuallyanystructureincludingculverts,petrochemicalplants,tunnels,br
idges,piles,andmuchmorethroughitsflexiblemodelingenvironment,advancedfeatures,andfl

uentdatacollaboration.

STAAD.Propermitsstructuralengineerstoinvestigateandproposevirtuallyanytypeofstructur
ethroughitsmalleablemodelingenvironment,innovativefeaturesandfluentdataassociation.Fl
exiblemodelingisdeliveredbyastate-of-the-
artgraphicalenvironmentandthedesignropesover70internationalcodesandover20U.S.codesi
n7languages.Anarrayofadvancedstructuralanalysisanddesignfeaturesareincludedsuchasnu
clearcertificationforlLOCFRPart50,10CFR21,ASMENQA-1-

2000,timehistoryandpushoveranalysisandcable(linearandnon-linear)analysis.

Efficienciesaremultipliedthroughtheabilitytoupholdandmodernizecurrentworkflowswithfl
uentdatacollaboration.STAAD.ProassimilateswithotherBentleyproductssuchasSTAAD.fo
undationandProSteelandOpenSTAAD isprovidedforintegrationwiththirdpartyprograms.Ot
hersalientfeaturesofStaadproinclude

EnhancedAdvancedAnalysisCapabilities

i.  AdvancedCableAnalysis:Nonlinearanalysisabilitiesforcablestructures
ii.  MissingMass:Enhanceddynamicprovisions
ii.  CloudanalysisencodedwithBentleyCONNECT (Beta)

DesignCodes

v AISC360-10Torsiondesign

v EurocodeNationalAnnexes.Additionalcountryselectionsaddedtoconcrete  as
well as steel designs

v NewColombianseismicloading

v 1S:456superiorbeamdesignsforcolumneffects.

PostProcessing
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= RAMConnectionmodule.Rationalizedtoutilizethecurrentengineotherwiseacc
essibleasastandaloneapplication.

Databases

e Brazilian,modernizedandnowcomprisingpublishedplategirdersections
o SteeljoistUPTissuedbySJI.

Chapter4-ResultsandDiscussions

This Chapter deals with the analysis carried out and the results obtained during the
analysis of the Tan building at Thapar University, Patiala.

4.1STAAD.ProAnalysis
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Table4.1showsBasicdetailsofthestructure

NameoftheBuilding TAN
StructureType SPACEFRAME
NumberofNodes 5487
NumberofElements 1276
NumberofPlates 4728
NoofBasicLoadCases 4
NumberofCombinationLoadCases 19

Table 2: Loads and Load combinations used for analysis (According to Indian Standards)

Load Type Name

combination

1 Primary Seismicload

2 Primary Seismiclload

3 Primary Deadload

4 Primary Liveload

5 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
6 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
7 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
8 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
9 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
10 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
11 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
12 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
13 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
14 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
15 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
16 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
17 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
18 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES
19 Combination | GENERATEDINDIANCODEGENRAL_STRUCTURES

4.1.1 3DRenderedView of TAN Building
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Fig 4.1 (b) SideView
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Fig 4.1(c) Topview

4.1.2SeismicParametersandSeismicLoadcalculations
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=
4 LIVE
Othcy P_a'am' 5 : GENERATED INDIAN CODE GENRAL_STR|_
* Pe Focks Soil Type [Medium S ail v] [C] (1.5)x Load 3 1
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Fig 4.1(d) Seismic Calculations
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4.1.3DeadloadandLiveloadCalculations assigned
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4.1.4BeamandcolumnDetailing
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By using this the number of reinforcements and size of each reinforced bar can be
calculated anywhere within a particular beam and column
4.1.5 Shear Force and Bending Moment Diagram for the structural elements

Tnput Unit:

For Help, press F1
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Byusingthismethodtheamountofshearstressandbendingmomentataparticularpoint  of an
elementcanbecalculated. (Unit weight of concrete 25
kN/cumandUnitweightofbrickwall19kN/cum)

4.1.63DStressContourDiagram
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Fig 4.1(i) 3D Stress Contour Diagram

By using this Method, exact values of tensile and compressive stresses at a particular
point of any structural element can be calculated. Red and Blue colors are indicators of
compression and Tension

4.2 Carbon Footprint Calculations
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Table 4.2.1 Quantities of Materials Used for Construction

Basic Materials
used for various
construction
purposes

Quantity of
Material

Unit
S

Conversio
n Factor

Conversion
Factor(KG)

Final
Value
(KG)

Bricks

803894

Nos

NA

2.9

2331293.6

Cement

22011

Bag

NA

50

1100550

Sand(fine
aggregate)

2218.27

cum

NA

1800

3992886

Bajri(coarse
aggregate)(20M
M)

2699.12

cum

NA

2240

6046028.8

Stone usage and
Tile Work

P.O.P
covering(10mm)
to protect tiles

3369.94

sgqm

0.01

2500

84248.5

Bitumen on
roofs

3301.34

Kg

NA

3301.34

Dholpur Tiles
25mm thick

137.99

sgqm

0.025

2360

8141.41

Coloured
Granite stone
tiles(20mm)

826.52

sgqm

0.02

2750

45458.6

Kota stone tile
flooring 20-30
mm

65

sgqm

0.025

2600

4225

Kota stone tiles
20 mm

6.2

sgqm

0.02

2500

310

Gypsum/lafarz
false
ceiling(12.5mm)

1560.35

sgqm

0.0125

2500

48760

Marble stone
flooring with 18
mm thick marble
stone

202.64

sgqm

0.018

2700

9848.304

Vitrified floor
tiles of Size 600
X 600 mm
(thickness
10mm)

3978.2

sgqm

0.01

2000

79564
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Anti skid floor 588.59 sgm | 0.01 2200 5622.98
Tiles(10mm)

Metal & other

material used

for construction

Aluminium 6901 KG | NA NA 6901
Steel 428632.06 | KG | NA NA 428632.06
Glass sheets 353.6 sgm | 0.055 2500 48620
Glass 591.71 KG |[NA 591.71
Resin Bonded 2056.47 sgm | 0.05 24 2467.764
Glass

Wool(50mm)

Acrylic 6219.65 sgm | NA NA 6219.62
paint(exterior)

Plastic emulsion | 13292.92 | sgm | NA NA 13292.92
paint(interior)

Wood used

12 mm 106.97 sgm | 0.012 900 1155.276
commercial

plywood

Teak wood 168.32 sgm | 0.003 900 454.464
Miranda wood 11334.23 | sqm | 0.003 900 30602.42
3mm plywood 1374.08 sgm | 0.003 900 3710.016
Additional wood | 619 kg NA 619

50




Calculation of Carbon Footprint Using IS, Databases and Indian literature

Carbon footprint of the structure during construction phase can be calculating embodied
energy and final GHG emissions during construction period.

Table 4.2.2 Primary Embodied Energy of TAN building (LCIA results)

Final Embodied Energy Embodied
1. | Basic Materials Coefficient (MJ/kg) Energy(MJ)
. Value
used for various
construction (KG)
purposes
Bricks 2331293.6 3.00 6993881
Cement 1100550 55 6053025
Sand(fine aggregate) | 3992886 0.081 323423.8
Bajri(coarse 6046028.8 0.083 501820.4
aggregate)(20MM)
2. | Stone usage and
Tile Work
P.O.P 84248.5 1.8 151647.3
covering(10mm) to
protect tiles
Bitumen on roofs 3301.34 51 168368.3
Dholpur Tiles 25mm | 8141.41 12.00 97696.92
thick
Coloured Granite 45458.6 7.5 340939.5
stone tiles(20mm)
Kota stone tile 4225 15 6337.5
flooring 20-30 mm
kota stone tiles 20 310 1.45 449.5
mm
Gypsum/lafarz false | 48760 1.95 95082
ceiling(12.5mm)
Marble stone 9848.304 2.5 24620.76
flooring with 18 mm
thick marble stone
vitrified floor tiles of | 79564 9.00 716076
Size 600 x 600 mm(
thickness 10mm)
Anti skid floor 5622.98 4.2 23616.52

Tiles(10mm)

o1




Metal & other
material used for
construction

Aluminium 6901 218 1504418
Steel 428632.06 35.40 15173575
Glass sheets 48620 15.00 729300
Glass 591.71 15.00 8875.65
Resin Bonded Glass | 2467.764 28.00 69097.39
Wool(50mm)

Paints(Sqm)

Acrylic 6219.65 65.1 404899.2
paint(exterior)

Plastic emulsion 13292.92 77.2 1026213
paint(interior)

Wood used

12 mm commercial 1155.276 14.4 16635.97
plywood

Teak wood 454.464 27.00 12270.53
Miranda wood 30602.42 23.00 703855.7
3mm plywood 3710.016 15.00 55650.24
Additional wood 619 12.00 7428
Total in mJ 35,209,203

52




4.2.1 GHG Emissions during Construction Phase

Table 4.2.3 GHG emissions from Construction Phase

1. | Basic Materials used for Final GHG GHG
various construction purposes Value emissions Emissions
Coefficient (Kg CO2
(KG) (Kg CO2 equivalents)
equivalents/
Kg)
Bricks 233129 0.24 559510.5
3.6
Cement 110055 0.95 1045523
0
Sand (fine aggregate) 399288 0.0051 20363.72
6
Bajri (coarse aggregate) 604602 0.0052 31439.35
(20mm) 8.8
2. | Stone used and Tile Work
P.O.P covering(10mm) to 84248.5 0.12 10109.82
protect tiles
Bitumen on roofs 3301.34 0.55 1815.737
Dholpur Tiles 25mm thick 8141.41 0.78 6350.3
Coloured Granite stone 45458.6 0.48 21820.13
tiles(20mm)
Kota stone tile flooring 4225 0.09 380.25
(20-30 mm)
Kota stone tiles 20 mm 310 0.087 26.97
Gypsum/lafarz false 48760 0.13 6338.8
ceiling(12.5mm)
Marble stone flooring with 18 9848.30 0.187 1841.633
mm thick marble stone 4
Vitrified floor tiles of Size 600 x | 79564 0.55 43760.2
600 mm(thickness 10mm)
Anti skid floor Tiles(10mm) 5622.98 0.32 1799.354
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Metal & other material used
for construction

Aluminium 6901 12.79 88263.79

Steel 428632. 2.89
06 1328759.386

Glass sheets 48620 0.91 44244.2

Glass 591.71 0.91 538.4561

Resin Bonded Glass 2467.76 1.55 3825.034

Wool(50mm) 4

Paints

Acrylic paint(exterior) 164509 2.1 28610.39
1.4

Plastic emulsion paint(interior) | 321024 2.3 66464.6
0.1

Wood used

12 mm commercial plywood 1155.27 1.0788 1246.312
6

Teak wood 454.464 1.56 708.9638

Miranda wood 30602.4 1.44 44373.509
2

3mm plywood 3710.01 1.08 3190.614
6

Additional wood 619 0.75 464.25

Total (in kg) 3361769.269

Total in tons of CO2 equivalents 3361.769
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Impact of Each material on overall GHG

additional wood

3mm plywood

miranda wood

teak wood

12 mm commercial plywood
Plastic emulsion paint
Acrylic paint

Resin Bonded Glass Wool
Glass

Glass sheets

Steel

Aluminium

Anti skid floor Tiles
vitrified floor tiles of Size

Marble stone flooring with 18...

Gypsum/lafarz false ceiling

kota stone tiles 20 mm

Kota stone tile flooring mm
Coloured Granite stone
Dholpur Tiles

Bitumenon roofs
P.O.P covering

Bajri

Sand

Cement

Bricks

Emissions

500000 1000000 1500000

B GHG Emissions (Kg Carbon
dioxide equivalents)

Fig 4.2.1 GHG emissions during Construction Phase (Material Wise)




4.2.2GHG Emissions Due to Operation Phase

Operation phase GHGemissions can be calculated by collecting information from
electricity bills and associated emissions can be found out by considering electricity
scenario of India. Table 4.2.4 shows the consumption of electricity from September
2013- September 2014.

Table 4.2.4 Electricity Consumption of Tan Building(kWhe)

Month Meter Reading A.C
Sep-13 4547 4091
Oct-13 3331 10583
Nov-13 2166 857
Dec-13 1285 858
Jan-14 2529 0
Feb-14 2090 0
Mar-14 1930 674
Apr-14 2717 2626
May-14 1531 2481
Jun-14 446 0
Jul-14 2139 16771
Aug-14 2958 26896
Total 31269 76517
Total(1 year) 107,786
Cumulative (75
years) 8,083,950

The life span of the building is considered as 75 years. Tan building Consumes 107,786
kWHe in one year and hence total life cycle energy consumption is 8.08 GWhe. By
considering the average emission coefficient to 0.4, the actual amount of energy spent to
obtain electrical energy can be calculated. In this case the value after calculation is
20,209,875 kWh. The associated GHG emissions are shown in Table 4.2.5.
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Table 4.2.5 GHG emissions during Operation Phase

Source % share GHG Emissions for Life
EMISSIONS Span of Tan Building
(gCO2eqg/kwhe) (in Tons)

Coal 61.5 1005 4996.48

Gas 8.6 543 377.50

Qil 0.4 650 21.01

Hydro 15.4 41 51.04

Nuclear 2.2 25 4.44

Renewable Sources | 11.8 35 33.38

Total in Tonnes 5483.85

Table 4.2.6 Energy share of each phase in terms of primary energy

S.No. | Name of Phase Primary Energy Percentage Share
Consumption(mJ)
1 Construction 35,209,203 31.05
2 Maintenance 5,398,237.65 5% (fixed)
3 Operation 72,755,550 63.95
Total 113,362,990
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m Construction ® Maintenance & Operation

B Maintenance, 5,3

98,237.65, 5%

Fig 4.2.2 Primary Energy Consumption (Phase Wise)
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4.3 Carbon Footprint Calculation Using GABI 6

Table 4.3.1 Construction and Operation Phase GHG emissions

Final GHG emissions | GHG
L Basic Materials used Value gooeszluent (Kg CE:g'ZSS'OnS (Kg

for various construction : ;
DUFPOSES (KG) equivalents/Kg) | equivalents)

. 2331293.6 0.21 489571.7
Bricks
Cement 1100550 0.9 990495
Sand(fine aggregate) 3992886 0.00257 10261.72
Bajri(coarse 4588504 0.0034 15600.91
aggregate)(20MM)

2. Stone used and Tile

Work
P.O.P covering(10mm) 84248.5 0.16 13479.76
to protect tiles
Bitumen on roofs 3301.34 0.406 1340.344
Dholpur Tiles 25mm 8141.41 0.755 6146.765
thick
Coloured Granite stone 45458.6 0.5 22729.3
tiles(20mm)
Kota stone tile flooring 4225 0.11 464.75
20-30 mm
Kota stone tiles 20 mm 310 0.092 2852
Gypsum/lafarz false 48760 0.11 5363.6
ceiling(12.5mm)
Marble stone flooring 9848.304 0.127 1250.735
with 18 mm thick marble
stone
Vitrified floor tiles of 40577.64
Size 600 x 600 mm(
thickness 10mm) 79564 0.51
Anti skid floor 5622.98 0.36 2024.273
Tiles(10mm)
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Metal & other material
used for construction

- 6901 9.01 62178.01

Aluminium

428632.06 2.28 977281.1
Steel
Glass sheets 48620 0.903 43903.86

591.71 1.13 668.6323
Glass
Resin Bonded Glass 2467.764 1.93 4762.785
Wool(50mm)

Per square

Paints(In sqm) meter
Acrylic paint(exterior) 6219.65 4.34 26993.28
Plastic emulsion 5.2 69123.18
paint(interior) 13292.92
Wood used
12 mm commercial 1155.276 0.84 970.4318
plywood
Teak wood 454.464 1.3 590.8032
Miranda wood 30602.42 1.5 45903.63
3mm plywood 3710.016 0.834 3094.153
Additional wood 619 081 501.39
Total in Kg 2835306
(construction)
Total in Tonnes 2835.306
Operational Energy in | 8,083,950 0.71 5730.60
Tonnes KWh
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4.4 Comparing Results obtained by using Gabi 6 Results and Manual

Calculations

4.4.1 Individual Material wise GHG emission comparison during Construction

Phase

GHG Emissions(Kg)

m GaBi 6 Results
m Manual LCA results

Materials

Fig 4.4.1 (a) Comparison of construction phase GHG emissions

100000
90000

GHG Emission (Kg)
J1
(]
(o]
(o]
(]

m GaBi 6 Results

X D WO @D e e
AN SRV PRI \ T e 0
T QL LT EE & = Manual LCA Results
PN \9@ S L& g & &
D TS S & W e
ARSI S SR e S
SIS RGN
@ F QS W &
0,(\0 QO ? A{é
Materials

Fig 4.4.1 (b) Comparison of construction phase GHG emissions
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4.4.1.1 Comparing Major Contributors during Construction Phase

GHG Emissions (Kg)

1400000

1200000

1000000

800000

600000

400000

200000

m Manual LCA Results

Steel

Cement

Materials

Bricks

m GaBi 6 Results

Fig 4.4.3 Major GHG Emission Contributors

4.4.2 Comparing phase wise GHG Emissions (in tons) obtained using both

methodologies

S.No | Methodology Used | Construction | Operation Maintenance | Total

1. Gabi 6 2835.306 5730.60 428.29 8994.2013

2. Manual LCA 3361.769 5483.85 442.280 9287.899
% Inconsistency 15.6603 4.49958 3.163155 3.162154

Phase-wise Calculations are illustrated below in Fig 4.4.4

Table 4.4.1 Phase Wise Inconsistency
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m GaBi 6 Results

m Manual Results

Total

Maintenance

Phase

Operation

3361.769
2835.306

Construction

GHG Emissions (Kg)

9287.899
8994.2013

Fig 4.4.4 Phase wise GHG Emissions in both Methodologies

4.5 Potential Savings

e There are 520 Linear C.F.L’S of 15W and 825 Linear C.F.L’S of 65 W installed

in corridors and Classrooms/Auditoriums respectively. Replacement by LED can

save at least 10% electricity

o Recycled steel, Fly ash bricks and Cement containing fly ash can be used to

minimize construction phase GHG Emissions up to 55%.

Table 4.5.1 Potential Savings During Construction Phase

S.No. 1 2 3 4
Material Used | Bricks Steel Cement Aluminum
GHG 559510.5 1328759.386 1045523 88263.79
Emissions (Kg)

Material Fly Ash bricks | Recycled Steel | Cement with Recycled
Replaced Optimum Fly aluminum

ash
GHG 373007 201457.1 682341 12490.81
Emissions (Kg)
% Reduction | 33.33 84.38% 34.73 85.84

63




Total
Bricks
8 B GHG Emissions(After
Cement Replacement)
. m GHG Emissions(Original)
Steel
Aluminium
0 1000000 2000000 3000000

Fig 4.5.1 Reduction in GHG Emissions By using Eco Friendly Materials

e Installing Solar Panels along with solar Pumps can also reduce electricity

consumption and carbon footprint by at least 5%.

e It has been proved and verified by various studies that setting up Air conditioner’s
temperature at 26 degrees Celsius can lead to a reduction of about 5-10% in

overall electricity consumption.

4.6 Future Scope of the Study
= Furniture and indoor air quality can be taken into account for future studies.
= HVAC and other requirements can be further reduced.

= Reduction after actual replacement via LED in case of lighting and solar panels
can also be calculated.
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4.7 A comparison with Previous Similar Studies Conducted

S.No | Year Specification Place T | Life Floo | GHG Emissions
of Building y |Time |r (CO2eq
p Area | Tons/sqm 50/75
e years)
1 2001 Malmo Sweden R | 50 700 |1.30
2 2001 Helsingborg Sweden R | 50 1160 | 1.35
3 2001 Vaxjo Sweden R | 50 1190 | 1.51
4 2001 Stockholm Sweden R | 50 1520 | 1.40
5 2003 School Mendoza, C |50 NA | 34,000
Building Argentina
6 2003 University Of | Michigan, C |75 7300 | 18.49
Michigan USA
7 2005 Steel Framed Midwestern R | 50 4400 | NA
us
9 2006 Low density Toronto, R | 50 NA | 5.365
Building Canada
10 2006 High density Toronto, R | 50 NA | 3.885
Building Canada
11 2006 High-End South Finland, | C | 50 4400 | 3.01
Europe
12 2008 Office Thailand C |50 60,0 | 0.93
Building 00
13 2009 Via Garrone Turin, Italy R | 50 6110 | 3.34
Building
14 2012 NIT, Hamirpur | India C |50 3960 | 0.45
15 2015 Current Patiala, India | C | 75 3690 | Manua | GaBi
I 6
2.517 2.437
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Chapter 5

Conclusions

The Life Cycle Assessment clearly indicates that the operation phase uses most of
the primary energy delivered to the building(64%) with most power consumed by
HVAC.

The study concludes that the Carbon footprint/GHG emissions calculated by both
manual LCA and GaBi 6 have inconsistency of less than 5%. (3.162%)

It is clear that steel, cement and Brickwork are the main contributors to GHG
emissions during construction phase with aluminum, paints and woodwork and

tiles playing a minor role

The GHG emissions can be reduced up to 55% during construction phase by
replacing certain materials by more environmental friendly materials and during
operation phase by replacing CFL’s by LED’s, by using solar panels and via

controlled air conditioning
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