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INTRODUCTION

Theterm “wastevegetableoil”(WVO)referstovegetableoilwhichhas

beenusedinfoodproductionandwhichisnolongerviableforitsintendeduse.

Wastevegetableoilarisesfrom manydifferentsources,includingdomestic,

commercialandindustrial.Wastevegetableoilisapotentiallyproblematicwaste

streamwhichrequirestobeproperlymanaged.Thedisposalofwastevegetable

oilcanbeproblematicwhendisposed,incorrectly,downkitchensinks,whereit

canquicklycauseblockagesofsewerpipeswhentheoilsolidifies.Propertiesof

degradedusedfryingoilafteritgetsintosewagesystem areconductiveto

corrosionofmetalandconcreteelements.Italsoaffectsinstallationsinwaste

watertreatmentplants.Thus,itaddstothecostoftreatingeffluentorpollutes

waterways(Szmigielskietal.,2008).

Biodieselreferstoavegetableoiloranimal-basedfuelconsistingoflong

chainalkyl(methyl,ethylorpropyl)esters.Itisarenewable,biodegradable,

environmentallybenignenergyefficient,substitutionfuelwhichcanfulfillenergy

needswithoutsacrificingengine’soperationalperformance.Thus,itprovidesa

feasiblesolutiontothetwincrisesoffossilfueldepletionandenvironmental

degradation.Anyfattyacidsourcemaybeusedtopreparebiodiesel.Thus,any

animalorplantlipidshouldbeareadysubstratefortheproductionofbiodiesel.

Theuseofediblevegetableoilsandanimalfatsforbiodieselproductionhas

recentlybeenofgreatconcernbecausetheycompetewithfoodmaterials-the

foodversusfueldispute(Pimenteletal.,2009;Srinivasan,2009).

Thereareconcernsthatbiodieselfeedstockmaycompetewithfoodsupply

inthelong-term(Lametal.,2009;Metzger,2009).Hence,therecentfocusisthe

useofnon-edibleplantoilsourceandwasteproductsofedibleoilindustryas
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thefeedstockforbiodieselproductionmeetingtheinternationalstandards.

Theworldiscurrentlychallengedwithglobalwarming,depletionofnon-

renewablefossilfueland environmentalpollution.Themajorsourcesof

greenhousegasemissionsarefossilfuels(Endalew etal.,2011).Toovercome

thesechallenges,thereisaneedtofindalternativeenergysourcesthatare

renewable,economicallyfeasibleandenvironmentallyfriendly.Biodieselhasa

greatpotentialasanalternativefuel.

The process used to convert these oils to Biodiesel is called

transesterification.Transesterificationinvolvesstrippingtheglycerinfrom the

fattyacidswithacatalystsuchassodiumorpotassiumhydroxideandreplacing

itwithananhydrousalcohol,thatis,usuallymethanol.Anyfattyacidsource

maybeused topreparebiodiesel,butin thescientificarticlesreviewed,

transesterificationreactionshavebeenstudiedformanyvegetableoilssuchas

soybean,rapeseed,sunflower,safflower,canola,palm andfishoil.Sincethe

pricesofediblevegetableoils,e.g.soybeanoil,arehigherthanthatofdieselfuel,

wastevegetableoilsandnon-ediblecrudevegetableoilsasJatrophaareused.

Methyl,ratherthanethyl,esterproductionwasmodeledbecausemethylesters

arethepredominantcommercialproducts,methanolisconsiderablycheaperthan

ethanolandthedownstream recoveryofunreactedalcoholismucheasier.

Amongthemostcommonlyusedalkalinecatalystsinthebiodieselindustryare

potassiumhydroxide(KOH)andsodiumhydroxide.

Table1.DifferenceBetweenBiodieselandPetrodiesel.
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BIODIESEL PETRODIESEL

Itmanagesglobalwarming. Itemitsgreenhousegasesanditis

thereforeresponsibleforglobal

warming.

Itservesasasuperlubricationagent

and as such cleans deposits of

petroleumdieselfrompipesandtanks.

Possessesnosuchproperty.

Highercetanenumberwhich makes

enginesstartverysmoothlyandrun

betterwithclearemissions.

Ithasalowercetanenumber.

Itisenvironmentfriendlyandhighly

economicalaswellsinceitdoesnot

incurimportcost.

Itisanimportedproductformost

nationsanditislesseconomical.

Ithasahighflashpointof300 –

400ºF.

Ithasalowerflashpointof125ºF.
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Plate1:DifferenceBetweenBiodieselandPetro-diesel
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DISCUSSION

The process of transesterification is similar to saponification.

Saponificationissoapmaking.Tomakebiodieselfuelefficientlyfrom waste

vegetableoilsandanimalfatswehavetoavoidonemajorproblem:soap

formation.Soapmakingrequiresatransfattyacidortriglyceride(oil,fat,or

kitchengrease)andthenblendingitwithasolutionofsodiumhydroxide(NaOH,

causticsoda)andwater.Thisreactioncausestheesterchainstoseparatefrom

theglycerin.Theseesterchainsarewhatthesoapbecomes.Theyarealsocalled

lipids.Theiruniquecharacteristicsofbeingattractedtopolarmoleculessuchas

waterononeendandtonon-polarmoleculeslikeoilontheotherendiswhat

makesthemeffectiveassoap.Intransesterification,KOHandethanolaremixed

tocreatesodiummethoxide(Na+CH3O).WhenmixedinwiththeWVO/fatthis

strongpolarbondedchemicalbreakthetransfattyacidintoglycerinandalso

esterchains(biodiesel).

Themajorstepsrequiredtosynthesizebiodieselfromwastevegetableoilareas

follows:

1.Purification:Ifwastevegetableoilisused,itisfilteredtoremovedirt,

charredfoodandothernon-oilmaterialoftenfound.Waterisremoved

becauseitspresencecausesthetriglyceridestohydrolyzetogivesaltsof

thefattyacidsinsteadofundergoingtransesterificationtogivebiodiesel.

Athome,thisisoften accomplished byheating thefiltered oilto

approximately120ºC.Atthispoint,dissolvedorsuspendedwaterwillboil

off.Whenthewaterboils,itspatters(chemistsrefertoitas“bumping”).

Topreventinjury,thisoperationshouldbedoneinasufficientlylarge

container(atmosttwothirdsfull)whichisclosedbutnotsealed.Inthe
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laboratory,thecrudeoilmaybestirredwithadryingagentsuchas

magnesium sulphatetoremovethewaterin theform ofwaterof

crystallization.Thedryingagentcanbeseparatedbydecantingorby

filtration.However,theviscosityoftheoilmaynotallowthedryingagent

tomixthoroughly.

2.Neutralizationoffreefattyacids:ASampleofthecleanedoiltitrated

against a standard solution of base in order to determine the

concentrationoffreefattyacids(RCOOH)presentinthewastevegetable

oilsample.Thequantity(inmoles)ofbaserequiredtoneutralizetheacid

isthencalculated.

3.Transesterification:Whileaddingthebase,aslightexcessisfactoredinto

providethecatalystforthetransesterification.Thecalculatedquantityof

base(usuallysodiumhydroxide)isaddedslowlytothealcoholanditis

stirreduntildissolves.Sufficientalcoholisaddedtomakeupthreefull

equivalentsofthetriglycerideandanexcessisaddedtodrivethereaction

tocompletion.Thesolutionofsodium hydroxideinthealcoholisthen

addedtoawarm solutionofthewasteoilandthemixtureisheated

(typically 50ºC)forseveralhours(4 or8 typically)to allow the

transesterificationtoproceed.Acondensermaybeusedtopreventthe

evaporativelossesofthealcohol.Caremustbetakennottocreateaclosed

systemwhichcanexplode.Anexampleofthetransesterificationreaction

equationisshowninskeletalformulabelow:
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Sincenaturaloilsaretypicallyusedinthisprocess,thealkylgroupsofthe

triglyceridearenotnecessarily thesame.Therefore,distinguishing these

differentalkylgroups,wehaveamoreaccuratedepictionofthereaction:R1,R2,

R3:Alkylgroup.

Duringtheesterificationprocess,thetriglycerideisreactedwithalcoholinthe

presenceofacatalyst,usuallyastrongalkali(NaOH,KOH,orAlkoxides).The

mainreasonfordoingatitrationtoproducebiodiesel,istofindouthowmuch

alkalineisneededtocompletelyneutralizeanyfreefattyacidspresent,thus

ensuringacompletetransesterification.Empirically6.25g/LNaOHproducesa

veryusablefuel.Oneusesabout6gNaOHwhentheWVOislightincolorand

about7gNaOHwhenitisdarkincolor.Thealcoholreactswiththefattyacids

toform themono-alkylester(orbiodiesel)andcrudeglycerol.Thereaction

betweenthebio-lipid(fatoroil)andthealcoholisareversiblereactionsothe

alcoholmustbeaddedinexcesstodrivethereactiontowardstherightand

ensurecompleteconversion.

4.Workup:Oncethereactioniscomplete,theglycerolshouldsink.When

ethanolisused,itisreportedthatanemulsionoftenforms.Thisemulsion
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canbebrokenbystanding,centrifugationortheadditionofalowboiling

(easilyremoved)non-polarsolvent,decantinganddistilling.Thetoplayer,

amixtureofbiodieselandalcohol,isdecanted.Theexcessalcoholcanbe

distilledofforitcanbeextractedwithwater.Ifthelatter,thebiodiesel

shouldbedriedbydistillationorwithadryingagent.

5.QualityTesting:Dieselenginesrequiresfuelofacertainquality.Youjust

can'tpourpoor-qualitybiodieselintothetankandexpecttheenginetogo

onandonwithoutproblems.Youhavethreeverydangerousenemies:free

glycerin,poorlyconvertedoils/fatsandlyecatalyst.Freeglycerinand

mono-,di-andtriglycerides(pooresterconversion)willform gum-like

depositsaroundinjectortipsandvalveheads,lyecandamagetheinjector

pump.Thekeytogoodfuelistojustdoitrightandfinishit.Usepure

chemicals(sulfuricacid,lyeandmethanol)andmeasurethemaccurately.A

properwashwillgetridofanyglycerinandremaininglye.

i. WashTest:Thisisthemostusefulall-roundtest,andit'svery

simple:Put150mlofunwashedbiodiesel(settledfor12hoursor

more,withtheglycerinlayerremoved)inahalf-literglassjaror

PETbottle.Add150mlofwater(atroomtemperature),screwthe

lidontightandshakeitupanddownviolentlyfor10seconds.Then

letitsettle.Thebiodieselshouldseparatefromthewaterinhalfan

hourorless,withamber(andcloudy)biodieselontopandmilky

waterbelow,andnomorethanapaper-thinwhiteinterfacelayer

betweentheoilandwater.Thisisqualityfuel,acompletedproduct

withminimalcontaminants.Washitanduseitwithconfidence.But

ifitturnsintosomethingthatlookslikemayonnaiseandwon't
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separate,orifitonlyseparatesveryslowly,withathick,creamy

whitelayersandwichedbetweenthewaterandthebiodiesel,it'snot

qualityfuelandyourprocessneedsimprovement.

 Eitheryou'veusedtoomuchcatalystandmadeexcesssoap.Or,

 Anincompletereactionwithpoorconversionhasleftyouwithhalf-

processedmonoglyceridesanddiglycerides,fuelcontaminantsthatalso

actasemulsifiers.Emulsifiersareusedtomakestablemixturesofoiland

water,suchas,indeed,mayonnaise.Or,

 Both:thatis,toomuchcatalystaswellaspoorconversion.

ii. ReprocessingTest:Thebarnyardtestsforyourfuelaretotakea

literoffinishedfuel,processitagainasifitwerenewvegetableoil.

Ifanymoreglycerindropsout,thenyouknowitwasn’tasgoodas

itcouldhavebeen.Also,lookatyourwashwater.Thesecondwash

shouldbealmostcompletelyclear.Thethirdwashshouldbenearly

crystalclear.Aftersettling24hoursafterathirdwash,thefuel

shouldbetransparentwhenhelduptolightinaglassjar.If

slightlyhazy,simplyheatingthefuelto9°F(32°C)shouldclarifyit.

Ifitclarifieswithminimalapplicationofheat,itisthenfitforuse.

Ifalltheabove‘tests’turnoutwell,youprobablyhaveafuelthat

wouldanalyticallybeatfuelproducedusingcontinuousprocess(i.e.

commercial)methods.

iii. MethanolTest:Takeexactly25mlofbiodieselanddissolveitin

exactly225mlofmethanolinameasuringglass.Thebiodiesel

shouldbefullysolubleinthemethanol,formingaclearbrightphase.
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Ifnot,thereispollutioninthebiodiesel.Eachmlofundissolved

materialcorrespondsto4% byvolume.Ifthereanyundissolved

materialatthebottom ofthemeasuringglass,itmeansthereis,

yourreactionisnotcomplete.Thismethoddoesnotcoverevery

aspectofquality,butitgivesahint.Itisvalidonlyforbiodiesel

madefrom vegetableandanimaloils.Itisnotvalidforbiodiesel

madefromoilswithaverywidefattyacidpattern,suchasfishoils.

iv. ViscosityTest:Viscositylevelsareacomparativeindicatorof

biodieselquality.Evenatthelaboratoryorindustriallevel,viscosity

testingalonecannottellyouiftheprocesshasgonefarenough

beforereachingequilibrium andthattherearenotunacceptably

highlevelsofharmfulunreactedandpartlyreactedmaterialsin

yourfuel.Unconverted monoglycerides(MGs)and diglycerides

(DGs)arefuelcontaminantsthatcancauseinjectorcokingand

enginedamage.MGsandDGsareverysimilarinviscosityto

biodieselandstayinsolutionwithitafteranincompletereaction,

theycannotbewashedout.Theallowedmaximumsarelow:less

than1%forDGsandlessthanhalfthatforMGs.Viscositytests

mightgetyouwithin5% accuracy,notnearlycloseenoughfora

usefulqualitycheck.Viscosityisthatpropertyofafluidbyvirtueof

itresistancetoshear.KinematicandDynamicviscositiesarevery

importantpropertiesofoil.TheviscosityofBiodieselisdetermined

usingSayboltUniversalViscometer.

v. Morequalitychecks

AleksKachasprovidedsomeusefulqualitychecks:
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Thereisaruleofthumb:thebrighteryellowincolor,thebetterthecrack.Asa

standardyoushouldtakevirginsunfloweroilyellow colorinsee-through

sunlight.(It'sasortofcolorimetry).Thentakeaglassjarofyourfuelandplace

itinfrontofawhitewallintheevening.Whenseeninthereflectedlightofa

tungstenbulbitshouldnotchangetoorange(averysimplecaseofabsorption

spectrometry).

 Nicelycrackedbiodiesel:verypaleyellow(lessthanvirginsunfloweroil)

andnochangeincolorwithartificiallighting;

 Acceptablebiodiesel:yellowlikevirginsunfloweroilorstraw,butwillget

orangeyundertoneinreflectedtungstenlight;

 Deepercolorbiodieselhasalotofglycerininitintheformofvarious

glycerides.Notgoodforstandardengines.
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Fig.1:FlowChartoftheProductionProcess
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Plate2:ExperimentalSetupforBiodieselProduction

StorageConditionsforBiodiesel

Biodieselcanbestoredforlongperiodsoftimeinclosedcontainerswith
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littleheadspace.Thecontainersshould beprotected from weather,direct

sunlightandlow temperatures.Avoidlongterm storageinpartiallyfilled

containers,particularlyindamplocationslikedockboxes.Condensationinthe

containercancontributetothelong-termdeteriorationofthepetroleumdieselor

biodiesel.LowtemperaturecancausetheBiodieseltoget,buttheBiodieselwill

quicklyliquefyagainasitwarmsup.Incoldweather,additivescanbeusedto

preventgelation.

Fueltanksshouldbekeptasfilledaspossible(regardlessofwhetherthey

contain Biodiesel),particularly during rainy wintermonthsorperiodsin

inactivity,tominimizethecondensation ofmoisture.Condensed moisture

accumulatesaswaterinthebottomofthestoragetankandcancontributetothe

corrosionofmetalfueltanks,especiallywithpetroleum dieselthatcontains

sulfur.Thecondensedwaterinthefueltankcanalsosupportthegrowthof

bacteriaandmoldthatusethedieselandBiodieselhydrocarbonsasafood

source.Thesehydrocarbon-degradingbacteriaandmoldswillgrowasafilmor

sliminthetankandaccumulate.Theyarefrequentlyreferredtoincorrectlyas

‘algae’inadvertisementsforfueltreatments,perhapsbecausethecoloniesoften

haveareddishorangecolorandtendtoformmats.

Biodieselshouldbestoredincleandrytanks.Thoughtheflashpointof

biodieselishigh,stillsomestorageprecautionsareneededtobetaken.Itcanbe

storedforlongperiodsinclosedcontainerswithlittleheadroom butthe

containermustbeprotectedfromdirectsunlight,lowtemperature,andweather.

Undergroundstorageispreferredincoldclimates,butlow temperaturecan

causebiodieseltogel.

Thebiodieseloritsblendsshouldbestoredattemperatureofatleast15°C
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higherthanthepourpointofthefuel.Whileblendingthebiodieselcareshould

betakentoavoidverylow temperaturesasthesaturatedcompoundscan

crystallizeandseparateouttocausepluggingoffuellinesandfilters.

Plate3:FuelsatDifferentStages

CONCLUSION
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Biodieselisgainingmoreimportanceasanattractivefuelduetothe

depletingfossilfuelresources.Itwillbehelpfulfordecreasingtheglobal

warming.Ifweuseunusedandlessfertilelandforcultivatingvegetableoilor

jatrophainalargescale,thenitdoesnotmakeanyhamperinthefood

productionforthemankind.Aboveall,Biodieselisasafe,cleanandenvironment

friendlyfuelwhichcanbeusedintheautomobilewithoutachangeinthe

configurationoftheengine.
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RECOMMENDATION

Furtherstudyshouldbedoneontheproductionofbiodiesel.Astheprice

ofcrudeoilistouchingskyhigh,weneedmorealternativeenergysolutionsto

reduceourdependenceonfossilfuels.Theenvironmentalbenefitscannotbe

overlookedeithersinceitisrenewable,readilyavailableandsustainableevenas

theyreducegreenhousegas(GHG)emissionsunlikepetroleum-basedfuels.
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