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Abstract

Theoilcrisisofl973-74wasfbllowedbysimilarshocksupuntill981，eachhavingan

adverseimpactontheIndianeconomy．’IhispaperanalyzestheeflEctsofenergy

consumptionchangesthathavetakenplaceinthelndianeconomyduringtheperiodsl973-
74andl989-90,andfhctorsresponsiblefbrthesechanges，basedonanlnput-Output

model､Here,wedevelopaStructuralDecompositionAnalysis,Theseenergyconsumption

changeshavebeenduetotwodifYerentihctors:i)productiontechnologychangeandii）
finaldemandshifis､TheapplicationofourmodeltothelndianeXpenencesuggeststhat

changesinthefinaldemandshincontributedmoretoincrcaseenergyconsumption､Onthe
otherhandproductiontechnologychangeresultedinamaIginalsavingofenergy､Onthe

whole,energyconsumptionhasincreased．

1.Introduction

Sincethefirstoilcrisisshooktheworld，seconomy,anatmosphereofuncertaintyin
theintemationaloilmarkethasledmanyAsianoilimportingcountrytostrwetofind
variousmeansofcopingwiththisnewreality，Thefirstoilcrisisofl973-74was
fbllowedbysimilarshockstilll981,beyondwhich,priortotheGulfcrisis,asenseof
optimismmoreorlessprevailedintheoilmarket,Thishadadversee錠ctsonthe
lndianeconomy,pushingeconomicprogrammesintothedoldrums・
VariousmeasureshavebeenadoptedinIndiatoinfluencethepattemofenergy
consumption,ｗｈｉｃｈｈａｓｃｈａｎｇｅｄｉｎａｂｉｇｗａｙｓｉncetheyearsl950-51・Ｔｈｅｓｈａｌｅｏｆ
ｃｏmmercialfilelshasincreasedftom２６％inl950-51tonearly60％ｉｎ1993-94.The

shareofnon-commercialsourcesofeneIgyhasdeclinedfrom７４％inl950-51to41％
inl990-9L

QuitealaIgenumberofenergyIelatedstudieshavebeencamedoutinIndiaThe
firstandmostelaborateventureinthisfieldinIndiawastakenupbytheNCAERin
l950s・RemarkableindividualefYbrtstoscmtinizethelndianeneIgysceneareobserved
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Equation（１）yields〃generalequilibriumrelationshipsbetweenthetotaloutputs

X,…X”ofallproducingsectorsandthefinalbillofgoodsyi…X，absorbedby

household,govemmentandotherfinalusers､Equation(1)canbewrittenas：
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byChitaleandRoy(1975),Parikh(1976),Saha(1980),KarandChakraborty(1985)，
Sengupta(1990)．

AllthesestudiesareusefUl，ｂｕｔｖｅＩｙｆｂｗｏｆｔｈｅｍｈａｖｅａｎａｌｙｚｅｄtheenergy
consumptionchangesandflctorsresponsiblefbrchangesaftertheenergycrisis
especiallyinamultisectoralftamewolk､Theprcsentstudyisdirectedtowardsthisend、
Theobjectiveofthepaperistoattempttoanalyzeenergyconsumptionchangesthat
havetakenplaceinthelndianeconomyduringtheperiodsl93-74andl989-90,and
theflctorsresponsiblefbrthesechanges､Theschemeofthestudyisasfbllows：The
theoreticalmodeladoptedfbrthepresentstudyisoutlinedinSectｉｏｎ２・Dataand

empiricalresultsarepresentedinSection3、Thesummaryandtheconclusionsare
drawninSection4．

2.ＴｈｅModel

Westartourmodelfbrmulationftomastaticinput-outputmodel､Mathematically,the
structureofthel-Omodelcanbeexp配ssedas：

Ｘ＝ﾉ4Ｘ＋ｙ (1)

ｘ=(1-A)-'y， (2)
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matrixoftechnicalcoefficients，

vectorofgrossoutput，

vectoroffinaldemand，

vectorofidentitymatnx．

and(1-A)~lconsidersalldirectandindi配ctrequirementsfbrproducingoneunitof
finalgoodsorservices・Thematrixoftechnicalinput-outputcoefficientisneededto
calculatethisinverse,andthroughthatequilibriumthelevelofoutputineachsectorof
theeconomy・

Foranenergymput-outputmodel，themonetarynowsintheenergyrowsm
equation(2)arereplacedwiththephysicalflowsofenelgy,inordertoconstmctthe
eneI訂flows・

WeapplyahybridmethodadoptedfiFomthestudiesofBullardandHerende、

(1975),andBullardetal.（1978),andreplacealltheeneIgyrowsinlhemonetaIy
lnput-Output亜blewithene画f1owsinphysicalunit・ThisfbImulation，as
demonstmtedbyMillerandBlair（1985),isgenerallysupenortootherfbrmulations
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becauseitalwaysconfbrmswithconservationcondition2、Wehaveuseda
contemporaryftamewolkofenergymput-output，whereweconstructatransactions

tableinsocalled“hybridunits”－thatis,wetraceenergyflowsintheeconomy、

(MTCR),andnoneneIgyflowsin(MRS)．

Therefbre,inequation(2)Xisahybridunittotaloutputvector("×l),inwhich
theoutputsofenergysectorsaremeasuredinmilliontonnescoalreplacement

(MTCR),whiletheoutputsofothersectorsa1℃measuredinmillionsofrupees(MRS)．

yisahybridunitfinaldemandvcctor("×l),inwhichthefinaldemandfbrdi錠rent
typesofeneIgyaremeasuredinMTCR,whilethefinaldemandfbrtheoutputsofother

sectorsaIcmeasurcdinmillionsofmpees・Aisahybridunittechnicalcoefficient

matrix("×"),inwhichthcunitoftheinputcoefficicntsofaneneIgysectorsfmm
energysectorsisMTCR/ＭＴＣＲ;theunitofthemputcoefficientsofanenergysector
fmmnonenergysectｏｒｓｉｓＭＲＳ/ＭＴＣＲ;theunitoftheinputcoe髄cientsofanon
enelgysector廿omenergysectorisMTCR/ＭＲＳ;andtheunitoftheinputcoeGficients
ofanonenergysectorfTomnonenergysectorisMRS/ＭＲＳ、Iisanidentitymatrix

("×")．
WeusetheStructuralDecompositionAnalysis3inourmodel,whichinvolvesan
analysisofeconomicchangesbymeansofasetofcompaIativestaticadjustmentsof
keyparametersoflnput-OutputTables，
Wegenemteasystemofmutuallyexclusive，andcompletelyexhaustive，

estimationequations､Ｗｅｈａveconsideredthreeenergysectors-coal,crudepetroleum
andnaturalgas,ａｎｄelectricity;andothersasthenonenergysector・Theenergysectors
inourstaticmodelcanbepresentedas：

Ej＋Ｅ／＝Ｅ・ (3)

EjisthevectorofintermediateeneIgyconsumption，Ｅ/isthevectoroffinalenergy

consumption，Eisthevectoroftotalenergyconsumptlon

TheintermediateenergyconsumptionistheeneIgyusedbyproductionsectorsas
aninput(i､e､energyusedinpmductionactivities).Thedirectenergyconsumptionis
theenergyused，orsolddirectlytofinalusers，suchashouseholdconsumption，
govemmentexpenditureetc、

Byusingequation(1)wecanbewritetheenergybalanceconditionofequation
(3)as：

z4AX＋〃ｙ＝z4X， (4)

2ThejustificationoftheuseofhybridmethodisdiscussedbyBlairandMillerindetail:ｐｐ､217-229．
F1mheImore,mostoftherccentworksrdatedtothismelhodhavealsoattemptedbyLinandPolenSke

(1995),Hanandlakshmanan(1994)．

３SimilarattempthavebeenmadebyLi、（1991,1994)andPolenske8mdLin（1993）fbrChina，
SchipperandMeyers（1992),Strount(1966),Reardon(1976),Ｐａｒｋ（1982)fbrUS.,RoseandChen
(1991)fbrTaiwan,HanandLakshmanan(1994)fbrJapan．
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where〃isadiagonalmatrixcontainingonesandzeros，withonesappearingmthe
diagonallocationsthatcorrespondtoenergysectors,andalltheotherelementsofthe

matrixbeingzeros､WecanobtaintheamountofintermediateeneIgyrequiredinthe
economybycombiningandresettingequations(2)a､｡(4)whichgives；

Ei＝",4x=蝿x-"y=灘(1-A)－１】'一"y・

＆=剛I(Ｍ-1-小 (5)

Tocalculatedi1℃ctenergyconsumptionE/wehavetoadjustfinalenergyconsumption

(i､e・prlvateconsumption,govemmentconsumption,grossfinalinvestment,changein
stock,exportsandimports)．

身＝Ey＋E緬一E"一旦＝”， (6)

whereEj,isthevectoroffinaleneIgyconsumptionwhichincludespublic,aswellas

pnvate，enelgyandgrossfinalcapitalfbrmulation，Ｅ"，isthevectorofimported

energy,Eeisthevectorofexportedenergy，Ｅ〃denoteseneIgynetinventoIychanges・

TotalenergyconsumptionEintheeconomyisthesumofintermediateanddi1℃ct
eneIgyconsumption・Therefbrc；

where

E=且+E,=勉I(1-4)-1-1)'+妙=Py柵，

P=灘I(1-Ａ)-1-11

(7)

Equation(7)showsthattotalene画consumptionintheeconomyisdeterminedbythe
totalintermediateenergyconsumption，anddirectenergyrequirementfmmfinal
demand(y).Pisafimctionofpmductiontechnologymeasuredintennsoftechnical
coeHicientmatrixA，whichincludesbotheneIgyandnonenergyinputs，
ActualeneIgyconsumptionchangesbetweentwoyeaIscanbefbrmedbyequation

(7)as；

△E=ａ－ＥＯ=恥十妙‘-局yb-妙｡＝似一凡Yb)+"(y'－Jﾉ｡)， (8)

whereEoandEidenotesthebaseperiodandcurrentperiodrespectively・Thefirst
portionof(8)representschangesininteImediateenergyuse,whichdependsbothonP
(i､e・productiontechnologychange)andchangesinfinaldemand:ｙ、nlesecondpart
measurcsdiIectener2yconsumptionwhichisonlyafimctionoffinaldemandshift・

Equation(8)canbesplitintotwoparts:oneresultingfiomchangesinpmduction
methods(productiontechnologychanges),andothersfmmchangesmconsumptio、
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habits（i､e・finaldemandshifts)．Todeterminethiswehaveusedahypothetical

economymodel,withbaseperiodproductiontechnology帆)andcurrentperiodfinal

demand側.Theenergyconsumptioninthishypotheticaleconomycanbeproduced
as；

即oy‘＝fbyi＋GyI， (9)

where印0y‘measurestheamountofenergyconsumedbythatparticulareconomy，

assumingbaseperiodproductiontechnologywasusedtodelivercuITentperiodfinal
demandUsing（９）asareferencepoint,wecanrewritetheenergyconsumption
changesfTomOtoras；

△Ｅ＝ＥＩ＋助Oy'一印Ｏｙｉ－Ｅｏ，

＝Ｈｙｉ＋gy'＋凡ｙｉ＋gyf一月y‘一eyi-fbyb-gyO．

△E=凡(yI-yb)+心,-y･）；finaldemandshift
＋(Ｆ１－局)Y）；productiontechnologychange (１０）

Thisrep1℃sentstheeffbctofthefinaldemandshift,whichindicatestheenergyimpact
offinaldemandchanges；whileholdingproductiontechnologyisconstant・Also,the
productionteChnologychangequantifiestheenelgye錠ctofchangesinproduction
technologywithagivenfinaldemand、
Inequation(10),wetrytofindout"howmuchmore(orless)energywouldhave
beenrequiredmfyear，siftheOyearsproductiontechnologyhadstillbeenusedin
ordertosatisfWyearsfinaldemands.'，
Ｗｅｃａｎｂｒｅａｋｄｏｗｎｔｈｅｆｉｎａｌｄｅｍａｎｄｓｈiftcomponentalongthreedimensions・

Here,eneI20/usechangesaleassociatedwithchangesinlevel,distributionandpattem
offinaldemandThelevelofdemandrefbrstotheoverallleveloftotaldemand(i､e､the

GDP),whichequalsthesumofallfinaloutputsandeXpenditures､Thedistributionof
demandrefbrstothedistributionoftotaldemandalongindividualfinaldemandsectors，

suchasdomestlcconsumptlon,govemmentconsumption,etc・Thepattemofdemand
referstothemixofgoodsandserviceswithineachindividualfinaldemandcategory,In
matrixfbrmtheeffbctoffinaldemandshiftistheproductoflevel,distributionand

pattemcomponent．

ｙ＝ＳＢｙ． （11）

Here，SdenotesthematrixofthespendingmixofindividualHnaldemandcategorles，
whichexplainsthepatteme錐ctofthefinaldemandshifts・Next,ismatrixB，which
isadiagonalmatrix,withthecategoricalcomposition;oftotaldemandonthediagonal，
bywhichthedistributionale錠ctoffinaldemandshiftcanbedistingUishedAnother
componentofthefinaldemandshiftisy，whichisadiagonalmatrixwiththeoverall
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totaldemandlevelonthediagonal・Itexpressestheleveleffもctofthefinaldemand
shift・

Weputequation(１１)intoeqUation(１０)toshowthediffbrentdimensionalchange・
Thenequation(11)canbefbrmedas；

△Ey=凡(yi-yb)+心,－yO)，
＝凡(si肌一sbBoJ′b)+灘(Ｗ,－so6ov｡)，
＝易SbB化一喝)+”so60(１，，－v･）；levele錠cｔ
＋凡Sb(B'一Bb)ﾘﾉﾄ+"so(6,-60)v,；distributioneffect
＋凡(Si-Sb)肌十灘(s'一so)6‘v，；pattemc錐cｔ (12）

Next,wecalculatethecontributionofindividualfinaldemandsectors,suchaspublic
consumption,prlvateconsumptionetc,duetofinaldemandshifts､Mathematically,this
canbewrlttenas；

△E,,=z岬=眺胸-〃)+灘(yｸーyjl，
ル

(13）

where〃denotesthefinaldemandsectors、

Finally,wecalculatehowchangesinthepurchaseofanindividualproductor
productgroupsaffもctenergyconsumption．

△E,,*=Wi-f6)+幽峨-’0)， (14）

公

Where】')ａｎｄ】'bdenotelhediagonalmatricesofthefinaldemandvectorsmrandO

perio｡,kisamatnxconsistingofonesandzeros,withonesintherowlocationsthat

corTespond,topmductsﾉﾋ（fileltypes),andzerosinallotherelementsofthematrix、

Equation（14）alsoestlmateshowmuchenergyusechanges配sultingfiomfinal
demandshiftscomesdirectlyfiompurchasesofeneIgypmducts;andhowmuchcomes
indirectlyfmmnonenelgyproducts・

Theproductiontechnologycomponentmequation(１０)measurcstheenergyuse
changesresultingfromchangesinthetotalintermediateenergyrequirementsoffinal
goodsandservices・Ｔｈｉｓｃａｎｂｅｗｒｉｔｔｅｎａｓ；

必＝(f１－凡)Y)＝ＭＧ‘-1)~灘(Go-I)1y}，
＝皿(G,-Go)yi,

whcreG'＝(I~４)~'，

Ｇ･＝(I-Ao)~１．

Ｆｒｏｍ(16)itfbllowsthat

(15）

(16）
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Ｇ,(1-4)=Go(I-Ao)=１，

Ｇ‘－Go＝ＧＩ(４－Ao)+(G‘－Gb)AC，

ｏｒ Ｇ‘－G.＝G,(A‘－A｡)Gb・

Insertingequation(17)intoequation(15)ｗｅget

岨＝(F1－局)yト
ー"(G,-Go)Ｚ
＝灘G‘",－A｡)GoZ．

(l6a）

(l6b）

(１７）

(18）

Ｗｅｃａｎｓｅｐａｒａｔｅｔｈｅｅ錠ctofproductiontechnologychangesindirectenelgOノ
requirementsanddirectnonenergyrequirementsofenelgyusebysplittingequation
(18)as；

△E,＝灘G‘(A,｡－AC｡)Goyi；changesinenergymputs
●

＋"G'(A"－Ao")Go】'i；changesinnonenergyinputs (19）

Thetotalinputs１℃quirementmatrixcanbeidentifiedasG．(thechangesinthe
tcchnicalcoe髄cient(A,－A｡)canbewrittenas：

4,-ﾉ4｡＝“臆一A｡｡)+(A“一A｡")，

ｗｈｅｒｅＡ花representｓｔｈｅｅｎｅＩｇｙｒｏｗｓｏｆｔｈｅｔｅｃｈｎｉｃａｌｃoefficientsmatrixand4腕
repIesentsnonenergyrows)．

Equation(19)demonstratesthatthechangesininteImediateener2ydemandcan

becausednotonlybychangesindirectenergyinputs(A‘‘),butalsobychanges
indirectnonenCrgyinputs(A",)．

Next,weexaminetherelativecontributionsofindividualsectorsC),suchas
agriculture,miningetc,duetopmductiontechnologO/changes,This,therefbrc,ｃａｎｂｅ
ｅｘｐ配ssedas：

△E,=Z△EﾉーﾄG‘(4/一喝)GoyJ (20）
ノ

Here,yWectorisarrangeddiagonally,soastorevealtherelativecontributionsofall

sectorstointemlediateenergydemandchanges・

WesummarizedtheWholestructurcoftheestimationequations,whichwehave
usedinouranalysisasbelow：
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－StructuralDecompositionAnalysisofEnergy

l､ActualEnergyUseChanges

2.FinalDemandShift

LevelEffもct

DistributionEffbct

PattemEffect

ForDemandSourceh

ForProductGroupk

3.ProductionTechnologyChanges

ForEneIgyhputs

ForNonEnergylnputs

ForIndividualSectorノ

3.Results

3.1.DataSource

UseChangesFactor-

E,－E･＝恥一凡Yb＋心,－Jﾉ｡）

fba-yb)+心,－y･）
fhsbB化一J'６)+灘３０６｡(v,－v･）
凡sb(B,－B･)ﾘﾉI＋"so(6‘-60)v，
凡(s‘－sb)肌十座(s,－s｡)6‘v，

Fbい-】,:)+脚(yf-y:）
恥(yi-yb)+城(y‘－yO）

(F}-局)y）
灘G‘(A雌一ACe)GoZ
灘G‘(４噸一ﾉ40")GCY１

脚G‘し/-A；)Goyi

ToimplementthemodelandconducttheSDAofenergystmcturalchangeswerequire
th１℃ekeydatacomponentsfbrbothl973-74andl989-90:Input-OutputTables,pnce
indicesandeneIgyflowdata．

(1)Input-OutputTable

Thelnput-OutpｕｔＴａｂｌｅｓｕｓｅｄｍｏｕｒＳＤＡＭＯＤＥＬＬＩＮＧａｒecommodity-by‐
commoditytablesfbrlndiainl973-74andl989-90,preparedbyCSOandPlanning
CommissionBothInput-OutputTablesconsistof60×６０sectorswhichhavebeen
aggIegatedｉｎｔｏ２１ｓｅｃｔｏｒｓｏｎｔｈｅｂａｓｉｓｏｆｔｈｅnatureofcommoditiesandenergy
intensiveness・Outof21sectorswehavetakenthreeenelgysectors(i､e､coal,crude

petroleumandnaturalgasandelectricity)andl8nonenergysectors．
(2)Pricelndices

TheanalysisofchangeinthestmctureofeneIgypattemsovertimerequiresthat
eachyearlylnput-OutputTablebebasedonthesamesetofprices,usmgpriceindices・
Weusel989-90asabaseyear,andadjustl973-74tabletol989-90pricesusing

priceindices．

(3)EnelgyFlowData

WeconvertthemonetaIyunitsofene画sectorsintophysicalunitsfromtheenergy

datapublishedbyCM.'Ｅ(1995)report､nlreeenergysectors,suchascoal(measured

inmillionsoftonnes),crudepetroleuminmilliontonnes,naturalgasinmillioncubic
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meters,andelectricityinTW・Hhavebeenconvertedintoonecommo、unit,whichis
millionsoftonnescoalrBplacementormtcr・Theconve応ionmethodisgivenbelow：
Ｃｏａｌｌｍｔ－ｌｍｔｃｒ、

NaturalGaslm､ｃｍ－０・O036mtcr、

CrudePetroleumlmt－６．５mtcr・

Electricityltwh‐lmtcr．

3.2.EmpiriCalReSults

T11eresultsofouranalysisarepresentedinTぞｌｂｌｅｓｌａｎｄ２､Thesetablesdealwiththe
variouseneIgyusechangesinlndiafiFoml973-74tol989-90．Ｔをlblelshowsthe
energyusechangesinIndiafmml973-74tol989-90intermsofabsoluteamount・

Also,Table2showsthepercentagechangeineneIgyuseintheintemlediate,aswellas
finaldemand,Sectorsofthelndianeconomyfbreachofthreefileltypesandenergyas
awhole,attributabletoeachsourceofchangefbrl973-74tol989-90．

－ActualEneIgyConsumptionChanges-

Energyconsumptioninlndiaduringourstudyperiodhasincreasedby519.28ｍｔｃｒ
ｏｒｌ17.86％,whichwasnearly7％annually,Thishighrateofchangewasduetocoal
andligliteasl5775mtcror213.47％,cmdepetroleumandnaturalgasas236.22ｍｔｃｒ
ｏｒ７８､75％,andelectricityas125.31ｍｔｃｒｏｒ187.89％・Theannualcontributionswerc

13％,５％ａｎｄ１１．９％,respectively．
、levariousfactorscontributingtothesechangesare：
(1)FinalDemandShift

Changesinthefinaldemandshiftwerethedominantfbrcebehindtheincreasem

theenelgyconsumptioninlndianeconomy・Ｔｈｅｉｎcreaseinthelevelofeconomlc
activity,andshiftsinexpenditure,towardsmoreeneI2yintensiveproductswe配the
mainfactorsthatpushedeneIgyuseupby540.88mtcrorl22､76％(i,e､７％,annually)．
(2)ProductionTechnologyChange

Thisｕｐｗａｒｄｐ配ssu1℃oneneIgydemand,however,wasdrivendownbychangesin
productiontechnolOgy，whichreducedeneIgyconsumptionbｙ２Ｌ６ｍｔｃｒｏｒ４､90％，
assumingallotherfactorswe１℃constant．

3.2.1.FinalDem2TM1ShiftS

Duetofinaldemandshifts,thecoalandligniteandelectricitysectorshaveshownsome
reasonableincrements(suchａｓ96.85mtcrand7606mtcr),butthe1℃wereabnormal

movementsinthecmdepetroleumsectorsuchas367.97mtcr,ｏｒ7.6％annually・

TheoverallenergyconsumptionpatteminlndiashowsahighGDPelasticityof
commercialeneIgy,causedpartlybyasteadysubscriptionofnoncommercialfUels,in
termsofcmdepetroleumandnaturalgas・Thebulkofcrudepetroleumconsumptionin
theindustryandtransportwasmainlyresponsible､TheenergylmpactofEnaldemand
shiftcanbeviewedftomthreediffbrentdimensions：

(1)Level,DistributionandPattemofFinalDeman。
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Thefinaldemandlevel(i,e・overallleveloftotaldemanddistribution),ofdistribution

oftotaldemandalongindividualfinaldemandsectorsandthepattem(i､e・spending
mix)ofindividualfinaldemandcatCgones

Theenelgyuseincrcasercsultingftomfinaldemandshiftswasaconsequenceof
lheincreaseintheoveralllevelofspending(i､e,duetoleveleffect),whichhappenedto

increasethetotalenergyconsumptionby40811mtcr,ｏｒ92.63％(i､e､5.9％annually)．
Thecontributionofcrudepetroleuminthisrespectwas25754mtcr,ｏｒ85.85％(i､e、
5％annually)．
nledistributionofdemandrefbrstothedistributionoftotaldemandalong

individualfinaldemandsectors，suchaspublicconsumption，pnvateconsumption，
grossfinalinvestment,exports,imports,etc・Changesinfinaldemanddistributionalso
incrcasedeneIgyconsumptiongrowthby88.81mtcr,or20.15％(i,e,1.3％annually)．
Ｔｈｅｐａｔｔｅｍｏｆｄｅｍａｎｄｒｅｆｅｒｓｔｏｔｈｅｍｉxofgoodsandserviceswithineach
individualfinaldemandcategory・Changesinthespendingmixoftheindividual
demandsectorsincreasedenergyconsumptionby4425mtcr,ｏｒ10.04％､Butcoaland

li2mitesector,inthisrespect,reducedene画consumptionto28､94ｍtcr,ｏｒ39.16％
(i､e､2.5％annually);althoughtheothertwosectorsreactedpositively・
Itautomaticallyfbllowsthattheindividualspendingpattemistowardsmore
electricalgoods(andisalsomachineryoriented),whichcontributestotheincreasein

thepatteme錠ctby35､47％(i､e､２２％annually)ofthepowersector．
(2)SourcesofFinalDemand

Asfbrthesourcesrelatedtopnvateconsumptio､,themcreaseswerealmostsixtimes

higherthanthatofpublicconsumption､Thisisbecausethehouseholdsectoristhe
laIgestconsumerofenergy,accountingfbrabout50％oftotaleneIgyconsumptlon、
Theothersources,suchascapitalinvestment(andtheriseinexports)werethemain
fbmebehindtheenergyuseincreaseassociatedwithfinaldemandshifts・Private

consumptionincreasedby362.l8mtcr,ｏｒ82.20％(i､e､５．1％annually);ontheother
hand,publicconsumptionreached62､78mtcr,ｏｒ14.24％(i､e・below１％annually)．
Theshareofcapitalinvestment,inthisrespect,was155.94mtcr,or35.39％(i､e２．２％
annually).Thecontributionofexports,inthisrespect,was8391mtcr,ｏｒ19.04％(i,e、
1.2％annually).ButthisstrongupwardpressureoneneIgyusewasdampenedbythe
rapidgrowthinimports,whichsavedlndial2598mtcrofeneIgy,ｏｒ28.59％.Crude
petroleumimportsaremtherhigh,at8419mtcr;morethantheothertwosectors:coal

andelectricity､Thesiglificantdeviationbetweenl973-74andl989-9Oislargelydue
totherapidexpansionofdomesticdemand，changesininputcoefficient，andan
mcreaseinimports・Thesethreee髄ctshavemo配thaｎｏ髄ettheincreaseddependence

onimports．
(3)DiffbrcntPmductGroups

Thetotalenergycontentoffinaldemandconsiststwocomponents､Oneisthedirect
deliveryofprimaIyandsecondaryenergysourcestofinaldemand,andtheotheristhe

energycontentwhichishiddeninallgoodsandservicesoffinaldemand・The

contributionofthedemandrclatedenergyusemcrBasestopurchasesofeneIgybyfinal
consumerwas２％outｏｆ122％;andthecontributionoftheｄｅｍａｎｄ配latedenergyuse
mcreasestothepurchasesofnoneneIgypmductswasl20％outｏｆ122％､Electricity
contributesama]orportionoutofallenergyproducts(i,e､7.72mtcror1.75％);ｂｕｔ
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coalhasthelargestdownwarde錠ctonenergyuse(i､e､0.58mtcr).Theexpenditureon
textile，petroleum，andbasicmetal＆metalproducts，andmachinery，constructlon，
transportservices，tradeandotherservlcesaugmentedlndia，senerg9/consumption
froml973-74tol989-90;thecontributionsbeing84､24ｍｔｃｒｏｒ19.12％,88.29mtcror
20､03％，65.69ｍｔｃｒｏｒｌ４.'9％，48.34ｍｔｃｒｏｒｌＯ､97％，49.48ｍｔｃｒｏｒｌ1.23％ａｎｄ
７０３９ｍｔｃｒｏｒ15.97％respectively・nleremainingcontributionsweremadeby
agricultureat4263mtcr(i､e､9.67％annually),chemicalproductsat25､29mtcr(i､e、
5.80％annually)，mbberandplasticat13.88mtcr,andothernonmetallicmineral
prodｕｃｔｓａｔｌ６,l7mtcr、FromtheintelTelationshipbetweenenergyandnonenergy
sectorsoftheeconomyithasbeenfbundthateneI野sectorsdependmoreorlesson
transport，chemicalindustriesandtheengineeringsectors，ａｎｄａｌｌｔｈｅｎｏｎenergy
sectorsareinterdependentonthemselves，inadditiontotheirdependencyonenergy
sectors､AhigherspendingontextileleadstＣａ26.34％increaseincoalandlignite，
14.25％increaseincrudepetroleumand33,０１％increaseinelectricity・Besides，
petroleumpmducts,chemicalproducts,ＣＯnstmction,transportservicestradeandother
servlcesmcreasedtheconsumptionofcmdepetroleumonly・Amajorexception,inthis
respect,wasmmmgandquarTying，whichcausedadecreaseintheconsumptionof
three(fileltypes)sectors

ltisqUiteremaIkablethat，despitetheoilpricehikeofl973，thepetroleum
industriespickedupaveryhighgrowthrateinlndia,Thisgmwthcanbeattributed,to
agreatextent，totheheavypressureonthedomesticeconomytocombatthe
continuousdeteriorationinthebalanceofpayments，whichwaslargelydueto

petroleumimportsSimilarly，theconsumptionofpetroleumproductsalsogrew
sharply,ｓｕｃｈａｓ5.3％inthe6thplan,6.4％inthe7thplanand53mtinl989-90・The
introductionofthedieselirrigatedpumpset(6thplan)islaIgelyrcsponsiblemthis
respect，Tocombatthesituation，anumberofbottleneckreducingmeasures，and
refineryexpansionprQjectshavebeentakenupduring6th,aswellasinthe7thplan，
periodwhichimproverefiningcapacitybutindirectlyhurtstheelectricitysector､The
intensityofener2yuseinthepowersectorhasbeenrisingsharply,mainlyonaccolmt
ofhigherelectricityconsumptionTherelativelyhighproportioninthemdustrymixof
powermtensivepnmarymetalindustries(duringtheinitialstagesofindustrialization，
andsubstitutionofotherener2yfbrmsbyelectricity)appearstohavecontributedtothe
highelectricityintensity､ThesecausedanincreaseinenergOﾉconsumptioninthepower
sector．

3.2.2.ProductionTeChnologyChanges
Productiontechnologychangesreducedenergyconsumption(orincreasedefficiency
improvement)froml973-74tol989-90by2L6mtcror4.90％,onthewhole・
Comparedwiththeenergyrequirementsofusingl973-74productiontechnologyto
satisfyl989-90finaldemand,theadoptionofl989-90productiontechnologysaved
about2L6mtcr,whichｗａｓ4.9％ofthel973-74totalenergyconsumption;outof
whicheneIgyinputscover9､l4mtcror2､07％,andnonenergyinputscover12.45mtcr
or2､82％・Theonlycontributionwasmadebycrudepetroleumsector,inthisrespect，
whichｗａｓ131.75mtcr,ｏｒ43.91％ｏｒ2.7％annually,Theothertwosectorsincreased
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energyconsumptionthroughproductiontechnologychangeby60.90mtcror82､40％
and49.25ｍｔｃｒｏｒ７３､86％､Theenergysectorusuallydependsdirectlyonalimited

numberofsectorsbut-i､directly-onalmostallthesectors・Intermsofsectoral
contribution,theproductiontechnologychangesinpetroleumproducts,fertilizer，
rubber,plastic,trade,transport,textileandconstructionserviceswerethemost
importantsourcesofenergysavingsinthecmdepetroleumSector,whichsavesenergy
directly,aswellasindirectly､TheeneIgyefficiencyimprovementsofanyonesector
willbemultipliedacrosstheentireeconomybyreducingtheirdirectenergy
requirementsinthosesectors,whichuseanindustry，sproductasaninput､Ｆｏｒ
example,ahigherefficiencyrateinthecrudepetroleumsectornotonlyreducesitsown
energyintensity,butalsothatofthepetroleumproductssectorandotherenergy
intensivesectors・Thepercentagecontributionofenergysavingsincrudepetroleum
sectｏｒ(intermsofnonenergyinputssuchasbasicmetal,metalproductsand
machinery,construction,transportservices,tradeandotherservices,petroleum
products,textiles)were3189mtcr(i､e､10.63％annually),20.42mtcr(i､e､6.80％
annually),２５３８mtcr(i､e､8.46％),31.61mtcr(i､e・’9.53％),12.52mtcr(i､e,4.17％)，
７．６９ｍｔｃｒ（i､｡２．５６％)，ｒｅｓｐｅｃｔｉｖｅｌｙｄｕｒｉｎｇｏｕｒｓｔｕｄｙｐｅｒｉod
TheslowerrBsponsewasseenfiomtheproductionside，throughteclmical
changes，becauseitinvolvesnotonlynewinvestmentsbutalsoalterationsin
pmduction・Still,thesepartialtechnologicalimprovementsinfbwsectorshavebeen
possibleduetoteclmologicaladvancementsinvariousindustriesandtheinfirastructure・
Importantimprovementsweremadeinpetroleumrefineriesandpetrochemicalplants，
toreduceenergyconsumptionandimproveyieldsButtheimpactoftechnological
achievementsonproductivitywasseenmainlyinnewprQjectsａｎｄｉｎafewexisting
establishmentsTheeffbctsofthesechangessuggestthatonemajorCharacteristicof
lndia，stechnologicalchangesinthisperiodwasthesubstitutionofmaterialinputsfbr
eneIgyinputsinafbwsectors、Smallerenergymputrequirementperlmitofoutput
woIkeddirectly，andindirectly，toreducethetotalenergyuse・Duringl973-74to
l989-90periods,changesinenergyinputcoefficientandnonenergyinputcoefficients
bothworkedtodrivedowntheenergyconsumptionofthelndianeconomy・This
suggeststhatenelgyintensivegoodslosetheirsharedirectly，ａｓｗｅｌｌａｓｉｎｄｉrectly・
Thesechangeswereduetoseveralfactors、Firstly，thegovemment，sdecisionto
cushionenergypricesbymeansofagmdualincreaseisamajorfactorhereSecondly，
therewassomeconservationmeasures，ｓｕｃｈａｓａｓｈｉｆｔｔｏｗａｒｄｓｅｎｅＩｇｙｓａｖｍｇ

equipment．

4.SummaryandConclusion

Thepresentworkconcemsthechangesthattookplaceduringl973-74tol989-90in
India，senergyconsumption，andlooksintothesourcesofchangesduringthesame
period，usinganlnput-OutputftamewoIk・WehavedevelopedaStmctulal
DecompositionAnalysis(SDA)inthispaper．
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Thefindingsshowthatlndia，seneIgyconsumptionincreasedby519.28ｍｔｃｒ
(Tablel),ｏｒ7％annually,dmngl973-74tol989-90

TWomajnfbrcesbehindthesechangeswhichareobservedare(1)Finaldemand
shift,(2)ProductionT℃chnologyChange，

Themostsignificantrole,asrevealedfiPomtheempiricalresults,hasbeenplayed
bytheshiftoffinaldemandcomponent,Thechangesinthefinaldemandshifthas
increasedIndia，stotalenergyconsumptionby540.88mtcr(Tableｌ),ｏｒ７％annuallyin
l973-74tol989-90､ThiswasledbychangesinthestmctureofleveleHect(i､e，
408.llmtcri.e､５８％annually).ButdistributionandpattemeffもctshaveamaIginal
impactonfinaldemandshift(88.81mtcri.e､1.2％annually)and4425mtcr(i､e,0.62％
annually),respectively､Amongsectoralclassifications,thecrudeoilandnaturalgas
sectorcontributesmore,duetofinaldemandshift(367.97mtcri.e､６％annually),but
thecoal＆ligniteandelectricitysectorcontributesanominalimpact(96.85mtcrand
76・O6mtcr).AmongthedemandsourceconcemingresultsfiFomfinaldemandshiftwas

domjnatedbyprivateconsumption(i,e、362.l8mtcr)(Tablel).Therestwassharedby
grosscapitalfbrmationasl55､94mtcr(Tableｌ),publicconsumptionby6278mtcr，
exportby83､９１mtcrandimportbyl2598mtcr、

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，theproductiontechnologychangescomponenthasreduced
energyconsumptionmarginallyby2L6mtcr(Tをlblel)ｏｒ0.30％annuallyoutofitthe
contributionｏｆｃｒｕｄｅｏｉｌｓｅｃｔｏｒｔｏｔｈｅｅｎｅＩｇｙｓａｖingswasdispmportionallylaIge
131.75mtcror27％perannum;buttheelectricityandcoalsectorshowedanopposite
trend（i､e・theyincreasedenergyconsumptionｂｙ60.9ｍｔｃｒｏｒ４％annually，ａｎｄ
49.25mtcror5％annuallyrespectively).Morcspecifically,thechangesinenergymput
coefficientsandnonenelgyinputcoefficientbothworkeddirectlyandindi1℃ctlyto
reduceenergyconsumption,butonlymarginally､Inbothcasesthemajorsharcgoesto
thecrudeoilsector・Intermsofsectoralcontribution，theproductiontechnolOgy
changesinthepetroleumproductsindustry，basicmetalindustly，construction，
tmnsport,tradeandotherserviceswe1℃themostimportantsourcesofenergysavings，
duetothehigherene画efficiencyinthecmdepetroleumSector・Buttheelectricity
sectorpushedupenergyconsumptlon

Comparingthepattemofenergyconsumptionchangesoflndiawiththatofother
lessdevelopedcountries,suchasChina,itcanbementionedthatbetweenl981and

l987,China，stotalprimaryenergyconsumptionincreasedby263milliontsce(i､e,６％
annually)(LinandPolenske,1993).Finaldemandshifts-theincreaseinthelevelof

economicactivitiesandshiftsinspendingmixtowardsmoreeneIgyintensiveproducts

-wasthemainfactorthatpushedeneIgyuseupward､Allelsebeingequal，these

shiftshavemcreasedenergyconsumptionby487millionstsce(i､e、１３％annually）
ＴｈｉｓupwardpressureoneneIgydemanddepends,however,ｏｎchangesinproduction
technology,whichreducedenergyuseby224milliontsce(ie､６％annually).Allthese

energysavlngscamefromimprovementsinenergyeHiciency-reductionsindirect

inputcoefficientsreducingprimaryenergyby45.6％，7.5％annually・Linand
Polenske，sstudyhasidentifiedth1℃emacroeconomicflctorswhichexplainenergy

efficiencyincreasesintheChineseeconomybetweenl981andl987：（１）energy

conservation(2)improvementsinmacroeconomicperfbrmanceand(3)increasesm

energypnces．
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Nevertheless,thepattemindevelopedcountries,suchasJapan,ｉｎthiscontextis
quitetheopposite・Itsprimaryenergydemand,however,ｍｃ１℃ａｓｅｄｂｙｏｎｌｙｌｌ％duling
l975-l980,ａｎｄ４％during1980-85.Asaresult,theeneIgyintensityoftheJapanese
economy・WhiletheratiodroppedshaIplyfio、６５．６１ＢＴＵ/ＹＥＮｉｎｌ９７５ｔｏ５８､８７
BTUｿYENinl980（HanandLakshmanan，1994).Theeconomicrestmctunngin

Japanhastakenplacebyshiftingitsindustrialstmcturesignificantlyawayfrom
resourcesenergyintensivesectors(Chemicals,ironandsteel)towardshighvalueadded，
knowledgeintensivesectors（electricalmachinery,precisioninstrumentsandmotor
vehicles).Suchashift,byitselfhasalteredthelevelandmixofeneIgyuseinthe
Japaneseeconomylndeed,oneofthemajorconclusionofHanandLakshmanas，s
analysisisthat，inthedecadel975-85，ｃｈａｎｇｅｓｉｎｔｈｅｓｔｍｃｔｕｒｅｏｆｆｉｎａｌｄｅｍand
contributedmo1℃towardsrcducingtheenergyintensityoftheJapaneseeconomy,than
thee錠ctofchangesintechnolOgy，

Ontheotherhand,theperfbrmanceoflndia，senergysector,asthefindingsofthe
studyshow，ismtherdiscouraging､Insteadofenergysavmgs,eneIgyconsumption
mcrcasedby7％annuallyduringtheperiodl973-74tol989-90．Although，
technologicalchangeshavereducedenergyconsumptionmalginally,theconsumption
ofeneIgyhasstillｇｏｎｅｕｐ,duetoafinaldemandshift､Variouspolicieshavebeen
adoptedbythegovemmentduringtheseperio｡s，inordertoreduceenergy
consumption;butwecanobservefiomthepresentstudythatsincesuccesshasnot
beenachievedinthedesireddirection(consideringtheabovesituation),itwouldbe

mtherprudent,ｏｎｏｕｒｐａｒｔ,topointoutafewimportantissuesthatshouldreceive
particularattentioninthedrawingupoffhtureenergypolicy・
Theresultsftomourstudyhaveimportantpolicyimplications，includingone
relatedtothefinaldemandchanges,andanotherrelatedtotechnologicalchangesOne
wayinwhichlndia，spolicymakerscanavoidarapidincreaseinenergyconsumption
istoadoptpoliciesthatpromotelesseneIgymtensivecomponentsoffinaldemand・
Theycandeterminethetypesofpolicyinordertocontinuetobringaboutachangein
thepattemsoffinalexpenditurestopattemsthatarelessenergyintensive・Asuitable
pricingpolicycanbeadoptedinordertoachievethesegoals､Adoptingpoliciesthat
willencouragemdustriestochangetomoreenergyefficientteChnologiesisanother
wayfbrpolicymakerstoaffecteneIgyconsumptionOneofthemostfﾋasiblePolicy
optionsappearstobetheintroductionofnewtechnologyatamorerapidratethanin
thepast､Ｆｏｒexample,thereductionsinenergyintensitycanbecausedbychangesin
productiontechnolOgyinsectorssuchasbasicmetals，construction，transportand
petmleumproducts・
Toachievethisthegovemmentwillhavetoprovidefiscalincentiveslinkedto
eneIgysavmgs、Apartfromthesemeasures，thereisaneedfbratechnological
upgradingofthepowersupplysystems，ingeneration，aswellastransmissionand
distribution,AsufficientlystrongR＆Dbasewillbeneeded・ＴｈｅＲ＆Ｄprogramme

mustincludethedevelopmentoftechnologiesfbrdecentralizedpowergeneration.Last，

butnotleast，energyconservation，whichalsodependsonproperR＆Dand
technologydevelopment,shouldbeenhanced．
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