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Asitheipriceiofipetroleumioiliisiincreasing,itheineeditoidevelopialternateifuelsihasibecomeiacute.iBi
odieselsiproducedibyitransesterificationiofivegetableioilsiorianimalifatsiwithisimpleialcoholiandicat
alystsiattractsimoreiandimoreiattentionirecently.iBiodieselsiaicleaniburningialternativeiandihasimayi
attractiveifeaturesiincludingirenewability,ibiodegradabilityiandilowiemission.iTheiaimiofitheipresen
tireviewiisitoistudyitheibiodieseliproductionifromitransesterificationiprocess,ieffectiofivariousireacti
oniparametersioniconversioniofibiodieseliyieldiandiitsicombustioniperformanceiandiemissionichara
cteristics.iCharacteristicifuelipropertiesioficrudeipongamiaipinnataioilimethyliesteri(CPPOME)iadiit
siblendsiwithiconventionalidieselioiliinitheiproportionsiofi20:80(B20),i40:60(B40),i60:40(B60)iadi8
0:20(B80)irespectivelyiisistudied.iBasedionitheistudyiconductedivariousiresultsilikeieffectiofiviscos
ity,ispecificigravity,iheatioficombustion,iflashipoint,ietc.iwereiderivediandicomparisonsiweread.iTh
eiexperimentalisetupiforieachiofitheifollowingiisiexplainediinidetailialongiwithitheirequiredipictures
iforieachiexplanation.iTheiengineiusediforitheistudyiisiaisingleicylinderifouristrokeiengieiwhichihas
iairatedipoweriofi4ikwiati1500iRPM.iAsiairesultiofitheseiexperimentsitheipercentagemissionioficar
bon-monoxides,ivariousihydrocarbonsiandinitrous-
oxidesiareitabulatediagainstivaryingiloadsifromizeroiloaditoifulliload.iAlsoitheiperformanceicharact
eristicsilikeibrakeipower,ibrakeithermaliefficiencyiandibrakeispecificienergyiconsumptionihasialsoi
beenitabulatediforitheisameivaryingiloads.iLateritheseiperformanceicharacteristicsiareiillustratediini
theiformiofigraphsiforibettericlarity.iTheistudyiisiconcludediwithibiodieseliproductionimethodsiandi
nvestigationiofifuelipropertiesiofimethyliesteriandiitsiblendsii 
 

 
 
 

 

 
 

 
 

 
 
 

 
 
 
 
 

 
 
 
 
 
 

 
 
 

 
 

 
 
 

 
  

 
 

 

INTRODUCTION 
 

Theiwordidemandiforienergyiisirapidlyiincreasingi.weineedien
ergyitoicookiourimeals,itoitraveliandicommunicate,ianditoipow
eriourifactories.iTheiamountiofienergyiavailableitoiusidetermin
esinotionlyiouristandardiofiliving,ibutialsoihowilongiweilive.o
neiofitheimainienergyisourcesiisioiliandirateiofiproductioniisie
xpecteditoipeakiinitheinextifewiyears.iThereiareistilliplentifulis
uppliesioficoal,itheiotheriprincipalienergyisource,ibutiitiisieven
moreibecauseitoimeetiourirequirement.iNonrenewableifueliemi
tsimoreihydrocarbons,ioxidesiofinitrogen,isulfur,iandicarbonim
onooxides,ileadingitoiacidirainiandiclimateichange.iThisicombi
nationiofiincreasingineediaicleanienergyisourceithatiisiableitoi
meetiwordienergyineeds.Efficientiuseiofinaturaliresourcesiisio
neiofitheifundamentalirequirementsiforianyicountryitoibecomei
self-

sustainableiwithitheifossilifuelidepletingiveryifast,iresearchersi
haveiconcentratedionidevelopinginewiagroibasedialternativeifu
els,iwhichiwilliprovideisustainableisolutionitoitheienergyicriss.
Thereiareimoreithani300idifferentispeciesiofitreesiiniIndia,iwhi
chiproducesioil.iSinceiIndiaiisinetiimporteriofivegetableioils,ie
dibleioilsicannotibeiusediforiproductioniofibioidiesel.iIndiaihas
theipotentialitoibeiaileadingiworldiproduceriofibioidiesel,iasio
dieselicanibeiharvestediandisourcedifrominonedibleioilsilikeiJa
trophaicircus,iNeem,iMahua,icaster,ilinseedietc.iSomeiofithese
oilsiproducedieveninowiareinotibeingiproperlyiutilized.i 
 

Outiofitheseiplants,iIndiaiisifocusingioniPongamiaipinnata,iwh
ichicanigrowiiniaridiandiwastelands.iOilicontentiinitheiPonga
miaiseediisiaroundi3040%.iIndiaihasiabouti80100imillionihect
aresiofiwasteland,iwhichicanibeiusediforiPongamiaiandiotherin
onedibleiplants.iImplementationiofibioidieseliiniIndiaiwillilead
itoimanyiadvantagesilikeigreenicoveritoiwasteland,isupportitoi
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agricultureiandiruralieconomyiandireductioniinidependenceioni
importedicrudeioiliandireductioniiniairipollution.iTheiuseiofibi
odieseliforiprivateioripublicifleetsihasigrowniconsiderablyiinir
ecentiyears.iBiodieselicanibeiusediinitheiexistingiengineiwitho
utianyimodification.iTheiuseiofibiodieseliiniconventionalidiese
lienginesiresultsiinisubstantialireductioniofiunburntihydroicarb
on,icarbonimonoxideiandiparticulateimattersi(butiNOXiabouti
2%ihigher).iBiodieselihasialmostinoisulphuri(0.05%),inoiarom
aticsiandihasiabouti10%ibuiltiinioxygeniwhichihelpsiinibetteri
combustion.iItsihigheriflashipointi(>100iasiagainsti35iinidies\)
isigoodifromisafetyipointiofiview.iiUnlikeifossilifuelsitheiusei
ofibiodieselidoesinoticontributeitoiglobaliwarmingiasiCO2iemi
ttediisionceiagainiabsorbedibyitheiplantsigrowniforinonediblei
oiliproduction.iThusiCO2ibalanceiisimaintained.iBiodieseliisip
roducedifromirenewableinonedibleioiliandihenceiimprovesithei
fueliorienergyisecurityiandieconomyiindependence.i 
 

backgroundiofitheiresearchiwork 
 

WheniDr.iRudolfidieselidemonstrateditheifirstidieseliengineiati
theiwordiexhibitioniiniParisiini1900,iheiusedi100%ipeanutioili
asifuel.iDr.iDieselioriginallyiintendedithatitheidieseliengineibei
fuelledibyiaivarietyiofifuels,iincludingivegetableioiliandiminer
alioil.iHeipromoteditheiuseiofivegetableioiliasifuelibyisuggesti
ngithatiitiwouldigreatlyibenefititheidevelopmentiofiagriculturei
inicountriesithatiutilizedithisipotential.iTheiadoptioniofipetrole
umbasedifueliasitheiprimaryifueliforitheidieseliengineiwasiania
rbitraryidecisionithatiwasilargelyiinfluencedibyitheicheapericos
tsiofipetroleumiatitheitime. 
 

Theiterm,ibioidiesel,iwasifirstiintroducediiniUnitediStatesiduri
ngi1992ibyitheinationalisoyidevelopmentiboardi(presentlyinati
onalibiodieseliboard),iwhichihasipioneereditheicommercializati
oniofibiodieseliinitheiUSA. 
 

TheiuseiofibiodieseliisinothinginewiinitheiUnitediStates,ibutiia
pplicabilityiofibiodieseliforilargeiscaleiuseiiniprivateiandigover
nmentifleetsiisionlyinowibeginningitoibeirealized.iThereiareiai
numberiofireasonsiforitheigrowingisupportiofibiodiesel.iTheidr
ivingiforceiis,ioficourse,itheineeditoireduceitheiharmfuliemissi
onsithatiresultifromitheiburningiofipetroleumioiliasiwelliasioui
dependenceionidiminishingireservesiofipetroleumioil.iTheieaei
iniwhichibiodieselicanibeiusediasianialternativeitoiregularipetr
oleumidieselifuel,ialongiwithiitsieconomiciandienvironmentali
benefits,imakesiitianiattractiveichoice. 
 

ObjectiveiofiPresentiWork 
 

Followingiareitheiobjectivesiofitheipresentiwork 
 

1. Toiselectinonedible,ilowigrade,iwasteioiliasiaisourceif
oritheiproductioniofibiodiesel. 

2. Conversionioficrudeipongamiaipiñataioiliintoimethyli
esteri(Biodiesel). 

3. Useioficentralicompositeidesigniforitheioptimizationi
ofitransesterificationiprocessiparameters. 

4. Toistudyitheiperformanceiandiemissionicharacteristics
iofiaisingleicylinderidieseliengineifuellediwithimethyl
iesteriandiconventionalidiesel.iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
ii 

 
 
 
 
 

METHODOLOGY 
 

Tableii3.1iMaterialiusage 
 

Slino Materials No.iofiunits 
1 SeparatingiFunneli(250ml) 2 
2 ConicaliFlaski(250ml) 6 
3 MeasuringiJari(250ml) 1 
4 Pipettei(15ml) 1 
5 ElectriciHeateri(1kwicapacity) 1 
6 Thermometer 1 
7 Magneticistirreri(150itoi200rpm) 1 
8 H2SO4(200ml)  
9 Sodiumihydroxidei(500g)  

10 CrudiRiceiBraniOili(10ilitres)  
11 Methanoli99%iPurity  

 

Bioidieseliproductioniwasidoneibyiusingifollowingimethods 
 

 Transesterificationireaction 
 TitrationiProcess 
 Esterificationiprocess 

 

 
 

Figi3.1iProductioniofiBiodiesel 
 

RESULTSIANDIDISCUSSIONI 
 

Acidicatalyzeditransesterificationiprocess 
 

 
 

Figi4.1iInfluenceiofiquantityiofimethanoliandireactionitimeioniFFAiLeveliofi
CPPOi(Stage-1) 

 

Figurei4.1ishowsithatitheireactioniprecedesirapidlyiinitheiinitia
listageiandibecomesislowiinitheilateristage.iFigurei3.1ialsoiind
icatesithatiFFAilevelihasidecreasedisteadilyiwithiincreaseiinith
eivolumeiofimethanoliatitheisameiperiodiofitheireaction.iSamp
leiS9ihasiminimumiFFAi(0.9%)iatitheioptimizedimethanoliam
ountiofi10%vi/iviofioiliandireactionitimei75iminutes.iS9ihasis
electediasiaisourceiforinextistagei(stage2). 
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Figi4.2iEffectiofiloadioniBrakeiSpecificiEnergyiConsumptioniwhenidieselieng
ineihasirunioniB20,iB40,iB60,iB80,iB100iandidiesel. 

 

EffectiloadioniBSEC 
 

Figurei4.2ishowsithatitheieffectiofiloadioniBSECiwhenidieseli
engineihasirunioniB20,iB40,iB60,iB80iandiB100irespectively.i
Figurei5.1iindicatesithatiwithiincreasesiinitheipercentageiofiloa
dionitheiengineiBSECihasidecreasedifrominoiloaditoifulliloadi
foriallitheisamples.iTheidecreasesiiniBSECiareihighiatipartiloa
dsi[0itoi20%]iandilowiatihighiloads.iSampleiB20ihasisimilariB
SECiasithatidieseliinialliloadiranges.iBSECihasiincreasediwith
itheiincreasesiinipercentageiofimethyliesteriiniblends.iB100iha
simaximumiBSECiasicompareditoialliotherisamples. 
 

 
 

Figi4.3ishowsithatitheieffectiofiloadioniBTEiwhenidieseliengineihasirunioniB
20,iB40,iB60,iB80,iB100iandidiesel.i 

 

EffectiofiloadioniBrakeiThermaliEfficiencyi(BTE) 
 

Figure.4.3ishowsithatiB20ihasimaximumiBTEiandiB100ihasim
inimumiBTEiatialliloads.iB20ihasiminimumiBTEi(28.81%)iw
hichiisi6.82%ilowerithanithatiofidieseliati75%iratediload.iB10
0ihasiminimumiBTEi(19.85%)iwhichiisi35.8%ilowerithanithat
iofidieseliati75%iratediload.iB20ihasiminimumiBTEi(12%)iwh
ichiisi8.54%ilowerithanithatiofidieseliati25%iratediload.iFigur
ei5.3ialsoiindicatesithatiBTEidecreasesiwithiincreaseiinitheiper
centageiofimethyliesteriinitheiblend. 
 
 
 
 
 

 
 

Figi4.4iEffectiofiloadioniCOiemissioniwhenidieseliengineihasirunioniB20,iB4
0,iB60,iB80iandidiesel 

 
EffectiofiloadioniCOiemission 
 
Figurei4.4ishowsitheieffectiofiloadioniCOiemissioniwhenidies
eliengineirunsioniB20,iB40,iB60,iB80,iB100iandidiesel.iFigur
ei5.5iindicatesithatiCOiemissioniincreasesiwithiincreaseiiniper
centageiofiloadiandidecreasesiwithiincreaseiinipercentageiofies
ter.iB100ihasiminimumiCOiemissioniatialliloads.iB20ihasimax
imumiCOiemissioni(0.32%)iwhichiisi6%ilowerithanithatiofidi
eseliati100%iratediload.iB100ihasiminimumiCOiemissioni(0.0
2%)iwhichiisi75%ilowerithanithatiofidieseliati0iload. 
 

 
 

Figurei4.5iEffectiofiloadioniUNBHCiemissioniwhenidieseliengineihasirunioni
B20,iB40,iB60,iB80iandidiesel 

 

Effectiofiloadioniunburntihydrocarbonsi(UNBHC)iemissin 
 

Figurei4.5ishowsitheieffectiofiloadioniUNBHCiemissioniwhen
idieseliengineirunsioniB20,iB40,iB60,iB80,iB100iandidiesel.iF
igurei5.7iindicatesithatiUNBHCiemissioniincreasesiwithiincrea
seiinipercentageiofiloadiandidecreasesiwithiincreaseiinipercent
ageiofiester.iB100ihasiminimumiUNBHCiemissioniatialliload.i
B20ihasimaximumiUNBHCiemissioni(26ppm)iwhichiisi7%ilo
werithanithatiofidieseliati100%iratediload.iB100ihasiminimum
iUNBHCiemissioni(5ppm)iwhichiisi64%ilowerithanithatiofidie
seliati0iload. 
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Figi4.6iEffectiofiloadioniNOXiemissioniwhenidieseliengineihasirunioniB20,iB
40,iB60,iB80iandidiesel 

 

EffectiofiloadioniNOXiemission 
 

Figi4.6ishowsitheieffectiofiloadioniNOXiemissioniwhenidiesn
gineihasirunioniB20,iB40,iB60,iB80,iB100iandidiesel.iFigurei
5.9iindicatesithatiNOXiemissioniincreasesiwithiincreaseiinithei
percentageiofiester.iB100ihasimaximumiNOXiemissioniatiallil
oads.iB20ihasiminimumiNOXiemissioni(220ppm)iwhichiisi9
%ihigherithanidieseli(200ppm)iati0iload.iB100ihasimaximumi
NOXiemissioni(774ppm)iwhichiisi16%ihigherithanidieselioili(
650ppm)iati100%iratediload. 
 

CONCLUSIONS 
 

 Maximumiyieldiofi94%iwasiobtainediatitheioptimizedip
rocessiparametersiof 

 Methanoliquantityiofi15mli(%iv/viofioil)iandiNaOHiofi
0.5gi(%iw/viofioil),ireactionitimei60iminutesiandireacti
onitemperatureirangesifromi550Citoi600C. 

 ScientificioptimizationitechniquesisuchiasiCCDicanibei
usedisuccessfullyitoigetimaximumiyieldiwithibetteriqual
ity. 

 TheiuseiofiPPOMEi(Pongamiaipinnataioilimethyliester)
asidieselifuelimainlyidependsioniitsicharacteristicifuelip
roperties.iFuelipropertiesisuchiasiviscosityiandiflashipoi
ntiofiCrudeiPongamiaipinnataioiliwereifounditoibeifarig
reaterithanithoseiofidieselioilianditherefore,imakeiitiuns
uitableiforiuseiasifueliinidieseliengines. 
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