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thstract Playi.g its role as a clcveloping cousn],
I.donesia also laci'rg thc energ] crisis. ihereibre,
Indonesian go!ernmenr srrorgly promoles the
ulilizalion ol blofuels. As an agriculturlrl country,
hdoncsia indeed has ! grear porenriat ol producing
!cgctable oils such as paln oil,.latropha oit, coconul
oil, etc. , $]rich are rene'vable raw materials 1br

trodrcing biollcl susch as blodiesel. Thc utitizatun
ol coconut oil as ihe rarv material tb. cocodieset is
vcry prospecli\c. because Indo.esia has j.9 mi ioD
ha of coconLrt rrc€, which is the largcst nr the lvortd.
and spreading ilong the coasral area. Applying
cocodiescl ds the allcnrarive lirel lor ag.icuttural
machinery and lishing vessel becorne very valuable,
espccially in the remote area wherc a huge anount of
coco.ut ojl source is available wnilc the price of
p'.., a re\i t,el ' e^ Iilh
lranstodatlon cost. This resexrch is ainred to evalualc
tlrc tcchnical l-eatues ofrhe applicarion ofcocodiescl
!s fuel lor strtionary dicsel engine. The biodiesel fuet
used in this research uas the cocodiesel whi.h lvas
produccd fiom comnrercial coconut cookins oil tn
ordcr to elal!alc t|e ettecr of cocodicsct on thc
engiDc. the cocodi.sel $as blcnded wilh pctroleurn
diescl lirel !t lhe lcvel ol 20% (Bt0), .t01o(B.10).

609/r(860). 80%(830) and 100,/' co.odiesct (B100).
As tLc rcsrlls of lhrs nL)d]' . ir t!as tbund that lhc
diesel cngine could run snr@(hy wilh x b endin,r
ralio olcocodi.scl fiLel rvirhout norablc frobtems. The
e.ginc performrnce cha.acrcrisrics ol srrriofary di.sel
cngine br using cocodicscl blendet li:ets are closcd !o
those of p.troleUrD dieiel lircls Flowelcr, rhe

,. \i , r', c' | , ,, nii .. L,r r.,l
on pure cocodi.lel (8100) 

's 
t0.679li lolver thar thrt

lar pelroleLrm Ciesel Ir lras atlo re\eatcd that
globnlly regulnted emission. CO rnd HL \rtues ol
enginc run.iig on cocodics.l blcndcd fuets arc
noliceabl\' lower ihaD thar t_or fctfoteunr diesel.

Recently, ihere are ma.y srudjes.,n altemarive
lirel which are drilen by the nced for ne$ cnersv
o, .F o)l ,- 1,ed r^ t-o,L. ne . ,\io, .e,,

Biodiesel is a d'eset reptacenrent tuet rhrt is
nranulaclured tiom vegciable oits, recycted cookinq
re..e.u I rni ,... ar".BpcJ'.,,n.l,.aFe
o.l. lL,, .L,r l'!l 1-J 1.r. -1! cal .to "o ,", ,,",
year on cropland, rhese oils are rcnewabte Aninral
fils are produced when thc aninral collsulnes ptanr
oils and other iits, and they loo are renewabte.

- 
-Ihc word biodieset ir this reporl refers to rhc pure

fucl ts100 thar mects rhe specific biodicset {tctjnirion
a.d slandxrds approved by ASTM lnrernarional. A
I In b( I rnlto$ - . ,1c B Ldicr.(. he per. er ag. or
biodc..l ir, d tsa..or,,, tu. \ rer.,te ..1"in". o,
he.-lor ,-r l-e \J. I or \o I ",e.e.. 

L. o.(r.. ie
A. JPs, heaiing oil, or any olher disrilaie tuel.\oq J \ in J-\<t"rd ,..1 , -i. t-t-nL : ot . n0

bo'r,- lsr'h qF"cie.rr ,..et rB.L.:.,o rr ry
Lrscd in irost applicarjons that use diescl fLret FIilher
l-lp,a le , , c Brr o at,,,. I,a,.. p(., I

"-quipnrcnr modificarioDs such as tfic use otiearers or
changi.-s seals and gaskers th^t conrc in c.jntacr wirh

I |. ,D \r,r h j. t.... I

Ile , \". ,. ,p..
depellls on the engifc dnd \chjcte mrnuircture.

Plalins its rcle rs a dcvetopi.s counrry tndo..sja
al$ iicins rhe energy crisls. rhererbre. Ind!,Es,d|

" I ,u I n', ot. ,,,c I

ln.ls Inlon.sia indeed has r iot ot plr l dcri!crt otl
. .lr .l ,, ., I ort.
rJ r'

'. ,\- .. ' ,., ., !,- . LI i. Jr.,'t.
, r ' lr,. ,.rl ,,d- . r., D, r, o. .,,. cr ,t , r, I. ol ., ' l

brscd cookins oil are tess pretcmd in the nrukei
Therctire recenilv. rhcr. a huge nunrtrer of oil
ft'$ur.es liom coconut rre llrighr te ebrndoi. So. ltre
iinrs ol this research is to j y.srigar rhe lcchnrcnl
aspecrs ol the potenlral ol .oconur oil as lhe brodiesel
fuel lbi dleselcnsin.
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OI]JIJCT]VE

lhis .dsear.h is .llmed ro sLudt' lhe efLcl ol
ble.ding ralio oi cocodleiel (C\1E) .n lhe

',r. ..F^ l l :" . .1. tr .1 . .i.
ol iL! cnrrsron lrs Thc resulrs oi tacb Lllendi.g rx(ro

\!as.o.r|ared lo llrc tt.li.nrarrce ofdi.sel engin. b)'

rsing pelr0lcunr diesel liLcl

NlETJIOI]OI-OGY

lhc nr,rie,lal used lf lhis tustar.h $a: lhe

cocodi.scl (Co.. N4crhyl EsI.r. C1\1E) \'hich $as

frocessed liorn lndoncsirn co|r.rer.irl cocofril .il
Ihis cocodiesel $as irde by nreon ()1

.;'l .:, r,., u:'.'
pohssiunr htdroxidt and mellranol ln rdditio..
.om re'cial pclriileum dicsel tuel (130) $ill also uscd

for the conrpa.ison pueose. The cocodicsel fuel {as
trlcnded with pelrol di.scl luel at ihe lcvcl of 209i
(I120). 10%(810). 60%(860), 80%(B80) and I00%
cocodicseltuel (8100). The pi.Lr c oftuelused in thc

cxperiincnl is sLown nr Fig l.

ErpenntektdlAna.dhts

A conmercial sDrall air coolcd diesel engine 3.1

kW,/l800 rp was uscd fbr the exlcrimertal te{'rl'e
lesl erginc $as conncclcd to thc electfj. .A(l

dynamomctcr (To)o Dcnki Seizo) by using proPcr \1
bclls in order io atpll load ro the engiDe The
nreasurenr.nl ofengi.c ll)rque is carricd oLrt b) mca s

of a bala.cc wlrh constant ann. l he cDgire rotational
speed is measured b) digilal Lacllomeler (Shinpo l)T
201). The volumcrric easuring nethod 

'vas 
chosen

to measure thc cDgine l_uel consu ption and an

aniomrtic digital tinrcr was used t{r m$sured lnnc fur
a cenaii volume ol lirel. The standard eaheun gas

{nalyzer (Horibd N{EXA j51J) was uscd lbr
lr1easuremcnl of thc c.rission 8as. Tlre enginc Lesr

bc.ch la) ouLcan be sccn in Fig.2.

The comm..cial petroleu'n dicsei fuel (B0) lvas

used io poqer rhc diesel engnrc and lbe paraneters of
engine speed. cngiie torqle. luels consumpiion and

criiausl g,s cnnlsiol i.e. CO. )lc rnd COr s.'c
nrc.surcd at fuLl LhrotLie cofdlti... cor.spondin:l!

''' |'or"
cocodiesel tucl bl.rrdc.t \!iih peIIol di.scl lirel at th.
lclct o1 209n (820) 4r)11,(B,10).609',i(8601. S0%(llS(l)
rf,l 1009n .o.odicscl irel llll00l The inrbicnL
r.mpcralure and ilnosphe.ic pressur. tlcrc lneasured

a1 th. bcgiirring and al Llrc cnd of exch tcsl run tor

DoNer coreclion pnrlxxc. All lesl rnns $'crc sladed

\illr ! l0 ninules \rarnr uD period prior to dxti
coll.ctlon Thc {cs( sere st!r1cd a1 t_ull tlrrortlc Nilll
ma\jnrnr .neine speed (1850 I p.nr). thcn studurll)
.tr^rt.dJ , I r'' rr' Lri
speed (l100 r.pnt b) l.cr.asrngihe brak. ((nque on
(he dlnnnrm.lcr. For exch specd, reading or dira
a.quisiiior w.r. Lak. n .or espondr ngl!.

Fra 2 S.opol.D!ii,e |Xno'.dc.r.n

'lhc power deliycred by thc cnginelll $crc
calctrlated b,v means a1 (he Equation (l):

3.14 + n+ CP =-' (11" 3oooo
being r P,, : tower (kW)

, : .ngin. rotational stccd (r.f.m)
a : trluc (N,r,

tr- tal:, L rur t. r.rrrrrl.. o

beLween fucl connnnption and {hc fo\fer sLlpplicd ai
\. .. ,.e ,i " { ,t .r. r , J..r.. rq. ri ,

(r):

Q_tq. ' L ).P

b.rrg: q. : stccific tucl co;sumptur (kg,a\Vlr)
q,,r fuel ...srnplion per hoor (kglh)

l, :po$.c, (k\V)

RESULTS A^-D DI SC U SS ION

Diat| Engi e f'ctlot id"t'.1

Fi-! I lJLend.d lucls fsed $ tlrec\t.inrenr
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Fig. 3 shoBs the variarion lorque wirh the engine
speed. lhe torquc values lbr each lesl runs with
different fuel sholv similar behavior as rhe coxrxon
ersire ror!rp p(.rJ ran(e erdt L l1( n"\ nrnr
torque values reachcd ar 1300 rpm of engnre speed
for all lirels. This ligure shows the efect ofcocodiescl
blends with the petroleum dicsel ro lhe cngine iorquc.
The englne lorque reduc.s gradLrally as the blending
nrio oi cocodiesel increase. This rrend also simitar
ri.irh lhe trevious rcscarch by usng coconut oillzl
Ihe maxinum engiDc t(nque b) using petroleunr
diesel fLrel (B0) rras lbund to be 19.:1Nnr ar lj00 l]nn
while for 100% cocodiesel fuel {8100) '!as 

i8.1 Nm
. lr00 ?r llr .e. rl rd L..e I

engme lorque by applying 100% cocodieset (B100) is
6.i7% lower than rhnt wirh perrolcum dieset(80).

The variation ol ergjne b.ake power vatues tor
each lncls is shovD in Fig. .1. The marimum powc.
reached at 1700 rpm of engine speed, ajd simitar to
the torque pefo nancc. the petroleum diesel tuct (80)
has the greatest porvcr values. The vatue of brake
poser decrease as tho ratio ot cocodiesct fuets
.rc"ed"e ,e nd\rn ',m Drit, po\er t-) L.i ,r
perroteum diescl fuel (B0) was tound ro be I t3 kW ar
1700 rym whilc Ior 100'/0 cocodiesel fuct (BI00) was
2.80 kW ar 1700 elll. This.esulr indicated tha! thc
rnaxnnum engine brake porver by apptying 1009/0
cocodiesel (8100) is 10.67% Iower than rhat rvirh
petrclclrn diesel (B0) Horvevcr, ir can bc seen from
'\c '"*er oe rbmrnce pr:rth. 1,.,, 1r; I ot posd
loss becomes smauer whcn lbe load increased.

The varirtion of specific fuel consumption (SFC)
of these fiels are presenred in Fig 5. It is .eveated
that as the consequences oflhe reduciion otlhe brakc
power valnes. the SFC values of cocodicsct blended
fuels are higher than ihar !ri1h petroleum dieset tirel
(80). The mininunr SFC value 

'vith 
petroicum diesel

iuels (80) rvas 0.266 kg/kwh al 1300 lpln, and wilh
cocodi€sel fuel (B100) 0.101 kykwh st 1300 rpm.
This result disclose thal at the Drinimrnr curve ot
SFC, the SFC by appiyin-s I009; cocodieset (BI00) is
l:1.16% highcrthan thdr rvl$ perrotcurn dteset (U0)

Ensie seeed a pn)
F S :i vrrixriL)r ol.r!i0r knqtre
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Fig 5 Varidion otspccific tn.tconnLmrrio

Etntssion of Diesel Ensi e

The variations of carbon monoxide, CO vatucs in
cxhaust gas a.e shown in Fig. 6. This lisure exposes
that rhe cocodiesel blendcd fLrels produce towcr CC)
content, and the reduction ofCO conlents are rcduced
remarkably when the load on thc e|gine increasc lhe
naxinmm reduction ol (to conrenls ,vas found ar rhc
e')oi I rF\ol . l:4n rp, u.r..r
lorquc. Ihe vlrlue ol CO coDteni *as 0.SI % volumc
wirh petroleunr diescl fuel (80) and 026 9/o lotumc
\ailh cocodiesel luel {8100). this resutr make knoNn
thal thc CO conrent on cxhaust gas by applvnrq 100%
cocodicsel (B100) i\ 67.9 % lor,.r than ttr;r $.irtr
perrolrum diesel (B0) This reducror iqht be do.e
duc to the i.creasine lbe orylren corrent ot.the
cocodiescl Jnel. Mnre compterc oxirtrrion ot rhe irel
r.sults in norc complere combustion lo.arbon
dioxlle rather than leading ro rhe tbnnrrion ot ca.bo.
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'llre vari{rions of lrydrocarbon. H( vxlues m

cxhxusl 8as atu presentcd in Fig T Similar lo the CO

valucs. thc cocodiescl blended luels prcduce krwer

HC contcDl. conrpared io lctroleum diesel The

reducllon ol Ha contents teDds lo incrcase q'ith ihe

incrcase o{ $e lord applied on the engine. The

naxim nl reduction of IIC conlcnts was foLrnd at the

.nor crolrrr _ l'0nrDrr. llr 'Jlue lll'.orrL
^" l)0 " \ulln,e qiri perroter r aie.cl rel LB rl

and 80 % volunre wjth cocodies€l fueL (8100) lhis
resuh disclose that tlre CO contenl on exha st gas by

.ppl)rn! l, n" .ocoJ" el 'B n0, r' ll I " I r'er
r".'" rn"t riLh oerro r,1l dreocl (B0l Co,ooie ' I s

comnrised of lqqetable oil methyl esteN, that is, thev

o-e n, adrbor ,ta,n. ,,, rhe oat ra' \" .rdble.l
']dr hJ.c b.er '\,r|call, p rr oll '"'n 111" a3rr ra l,
occuffins "tislycerides"[3]. Cocodjesel hvdrccarboD

chains are generally 16 to 20 carbons tu lengtlr, and

rhev,re rll o).\ r"drec ore enJ, mali ,c rle
..'.., ,,. 

"^""tt.iL 
luer A d scu .' d dbo\. 'e\er 'l

!nen'i al oroner.ie. "r rle u oore er "ll $ r ro oLin

ch,n\ dr,d ".tblr\ irrtr.e ne "r,bL lror 'l
netroL;trLn d,esel in blrnds

ll !"rirL un, ol ' -oo , J "\ oe 'O \r'rr I

cxhausl gas arc presented in ljg. 8 ]n contrary to the

CO and HC values. rhe cocodiesel blcDded fuels
prodrcc sliShtly higher CO: conlent, conpared 10

leiroleu|r dicsel. The snnilar condition rlso reported
in rhe prcaious rcsul1s t4ll5l. At the m (imum brake

poner, the vrlue of COr sas 2.52 % lolullP $'ifi
petroleum dicseL fuel (B0) and 2 E9 % volunre $ith
cocodiesel fucl (B100). This rcsult revcals that the

COz conient on exhaust gas by applynrg 100'/o

cocodiesel (8100) ls 14.68 % highcr than Lhat $ilh
letroleum diescl (B0). As menlioned above n 1

cocodieseL lucl improves .onrbLrstio. process.

theretbre. m case of using cocodiescl fuel or
cocodiesel blendcd fuel 1hc CIO: valLre in c\haust gas

ir-c n\. -nnead 'f ,,rl-:mcI rlc "1o 
i O, ni i n

Althoush fte lailpipe ca$on dioxidc. COr is hiSher

for cocodicsel fuel operated cngioes. cocodicsel fuel

lrovides a disiinct ldvanlasc in a tirll lilacvcle
asscssnreDl in whi.h enissioDs from tuel prodLrclion

and tucl use are coDsidered. In the case ofplanl-based
cocodi.scl. ca$on dioxide uptake by pianLs dururg

respiration ofi\ets rhe COr enissjo.. It is repored bv
IiSDE that by li{icycle analysis the ldrl rednction of
(lO, \'as 78 9/" when usinq sovbea! cocodiesel.

3U
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CONCLUSlONS

In this stud), cocodiesel fucl (coco nr.:thvl esic.'
CN4E) troccssed from coconul oil with differenl
blending rutio \\'ere testcd to run a commercial diesel

engine. lt was found thal the dicsel engnre cotrld run

snoothly with all blcnding ratio of cocodiesel fucl
lvuh no Dotable problclN. The cngine perlonnance bv

using cocodiesel blcnded fucls showcd sinrilar

b,l/\ioJ' r. \o ( nr pe.o..1
was revealed that the dicscl engine brrke horse power

becomes lowcr with ihc increasc of cocodicseL

comDosilion nr the fuel. lhc naximtrDr brake horse

oo*i. uor," ol eLlsire running on cocodiesel tue1

rrl'0,. r'.'-. lf, r.' 'h.'r rrle. Lr1
ai..rl h.,\cr..,P ul"i) -'L ' oe i r'r''L)
a.d llc lalucs of cngine runnmg on cocodiesel

blended fucl are noticcably lower than that for

o.uolJ, d.l I on,lc'rr. \' r.r'l ' I rl'

e.ear'l r e ',. .r::'pNJer r' r" r' r '/ld r

.missioD. so it is rcconmended lhat coc.dieiel .aD be

commercially used as alternadve fuel lbr diescl
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