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The utilization of coconut oil as a fuel for diesel engines has
been trialed in many of the island countries of the Pacifilc, In all
cases, the engines operated successfully for at least a shb;t period.
The econoniic potential for using coconut oil as a fuel has been greatly
incrcased by a continuing decline in international prices for copra and
coconut oil, In almost all islaand countries of the Pacific, the
foreign exchange income from export of coconut 0il or copra is less than
that outgoing from the importation of petrolcum diésel fuel, Coconut
meal from the coconut oil extraction process is a valuable byproduct,
This meal is high in protein and may contribute to livestock industries,
Coconut oil is currently produced in a number of island countries of
the Pacific and processing plant for its production is available on an
“off-the-shelf basis™.

Coconut oil may be used directly as a fuel for standard unmodified
diesel cngines or mixed in any proportion with petroleum diesel fuel,
fiixing with petroleum fucl minimizes the problem of the formation of
solid particles in the coconut oil during the cooler months,” -Diesel

fuel must be free from solid prrticles,  These form in coconut oil

in the temperature range 25-20C (68-77 F), with purer grades of oil
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The Philippines is reported to be mixing 20 per cent refined
coconut oil with bulk petrolcum diesel fuel. The potential for saving
foreign exchange and the rejuvenation of the coconut industry in the’
Pacific provides much incentive for using ccconut oil or "COCGHOL" .as
a fuel, Expansion or introduction of high yielding oil palms may
greatly increasc indigenous liquid fuels, The factors responsible
for the formation of engine injector deposits are not fully understogd.
As operation of cngines on cocenut cil.with poor injection characteris-
tics may lead te failure of engince ‘components, it is recommended that
‘coconut o0il only be usced as a fuel at locatieons where trained expertisc
is available for regular monitering of enginc performance,

Prcduction of "COCCHCL" from chemical combination of coconut oil
and cthanol, will also yield glycerol as a valuable byproduct,
COCCHOL" is cqual or better than petrclceum diesel fuel and may be
uscd in demestic appliances fucled by kerosene (paraffin), The*
performance of "CCCOHUL" is eaual to-kerosene in "pressure’ appliances.
It is ~ much safer fuel than kerosene duce te a lower volatility

and a higher flame flash point,



INTWODUCTION.
Island WNations of the agcific'have faced increasing dixficulties
with their balance of payments in recent years due to a general increase
in the price of imported petroleum fuels and a general decrease received’
fron tineir principal exports, For many of the natiogs, the outflow
of foreign exchange for petroleum fuel alone,.gxceedg the total
export revenue. . 4 significant export commodity for most of the countries
is copra or coconut oil, Copra is particularly significant as a
traditional cash crop in isolated rural arcas,.some of which may not
have-any other cash income.
Latest international prices available at the time of writing
this report place the average London price of copra at US$268 a tomnne
on tugust 30, 1982.; This ic a decrease of US$47 from the price of
Us$315 on July 5, 1982, From, tlic most recent price, must be sub-.
“tracted the.cost of handling ar: freight from the Pacific, As a
guide, the deductions of the official Silsoe formula as applied in
Fiji, yield an unsubsidized price of US§110 tonne.for copra landed in
the capital city of Suva, bascd upon a Loqaon:pgice of US$Z7§. From
the official Fiji price in Suva of U$$110, must be subtracted the
cost of freight from more iscluted islnands of the Fiji group, reducing
.the unsubsidized return from copra to less than US$100 per. tonne, (This
is less than US10 cents per kilogrammc or 5 cents per pound.)  Whereas
the validity of the Silsoe formula is open to debate, the frgight
components .from smaller pacific ports is likely to be greater than
from Suva,  Thg unsubsidized return from copra within the' Pacific
is not likely to be greater than 10 cents per kilogramme or 5 cents
per pound based upon ‘current and international prices in the intermedinte
future,
L return of US$ICO per tonne is less than the cconomic and social
costs of production of copra in many arens of the Pacific,  The larger’ °
.producers of Fiji and Papua llew Guinea currently have subsidy schemes

.. vhich raise the price to An excess of US$300 and $200 respectively,
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Part of this subsidy is reccovered from price stabilization arrangements
within the Lome convention of. the EXC, ALs these price stabilization
schemes are based upon average prices within the immediate prececding’
_years, the general downward trend in copra prices (which still continues)
)

translates into decreased returns. from the ELEC stabilization 'scheme,

It is possible that the rcmovnl of subsidy schemes for copra may sec

“'the virtual collapse of the copra #snd: coconut .industry in most areas of

the Pacific, This has been t%e casc in some areas which currently do
not have a subsidy scheme.

In the case of Fiji, downw:rd movements in the international price
of sugar have been buffered by longer tcrm biparty price agreements which

¢V gt g e . ‘. v . . .
yicld a return much greater thon current intcrnational prices.for a signi-

U Eichnt proportion of - the crop, It is possible.to establish a‘buffer

ﬁficeAfétféopra and coconut o0il which wouls be' much:greater than the
unsubsidized return on copra of approximately $US100 per tonne. This
“buffer price could be based upon the cnergy equivalent of coconut oil
.hS'comp&red to imported dicsel fucl. Studies: with diesel engines from
6 hip. " to 350 h.p. have shoim beyond doubt that the experimental com-
bustion efficiency of coconut oil is the same as that for petroleum
distillate.: However, the enérgy content of coconut oil on a4 volume
-“basis is approximatcly 90 per cent of that of distillate. When burnt
at the same efficiency,'npproximntoly 10 per cent more coconut oil is
féquired’oh.n volume basis, The density of cobonét is greater than
that of petrolecum diesel fuel, which larpely compensates for the energy
difference on A volume basis, Yo a good approximation, a tonne of,
coconut oll will yicld the same encrgy ns a tonne of petroleum dis-:
‘tillate when used to fuel a dicsel engine.
The landed price of petroleun diescl fuel in bulk is approximately

US$350 tonne (approximately 30 cents per liter). Duty and handling
costs increase this price at all outlets. All regional governments

could offer copra producers a coconut oil cquivalent price of $350

LN . ! . y
per tonne and finance the complete cost  wom savings from imported
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of hours in the Philippines, Fapun Hew Guinea, ¥iji,

kilogramme of a valuable aniinal o©od in the or of coconut meal would

3.

petroleum distillate, The recovery of coconut oil from copra is in

the ratge 60 to 70 per ccnt depending on the species of coconut and _
' : E : {: 1 Vo ] ‘
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the effi icncy of the milling operatien, If the lower value of 60
I PR S A N .
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per cent is usced, the minimum price whick can be paid to copra producers

' v g

is USS210 per tonne, This is morce than doulle the return from current
o . _' . - : . = : | i . s

interna onal export prices and could be f£i anced cpmplctcly'from‘

i 5 oa . '
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savings on impcrted fucl,
del ting the current intesnational pric s for copra and coconut oil

to the landed price of imperted petrelcum distillate, leaves no doubt

that coconut oil is an cconomics:l fuel in many areas of the Pacific at

..... 5 e

the present time. Sociu}, cconom%glgﬂd agricuiturnl factors must be
consiaered as to whether §u£fiqicﬁ c pra @pn:be.producud wit in island
countries of the Pacific tC'ju§£if‘ the r latively simple processing
to'qptqin cccenut oil as a fpcl. A detailed c nsideration o tbcse
factor is outsidc‘the scbpc of‘thesg i u sio s, The tech logy fo
prodg;.ipn of coconut oil fr;m‘c?prgv%s 1 es ablished and e u%pment
avaiihble frcm a number of saurces as an «ff-the-shelf itém. .Aé an
approximntc figure, a complete p ant teo ro oss 50 kilogramme of copra
‘pef hour can be landed in.thc chific‘frmm Japan for US$20,000, Such

a plant would produce approximately 32 liters of diesel fuel equivialent

per hour from 50 kilogrammes cf‘cupra. In dd ticn, approximately 20

.

be availablce as a byprodﬂct.

The technology for preduction of coconut oil frem cepra is well
established, within my kqowlcdae, copra mills are already established
in the vegion in Fiji (4 miles), Popua Mew Cuincn‘(nt least one mill),
with one mill in Kiribati, Tongn,’nnd‘VQnuntu{ . Agn n within my knowledgo,
coc?pu; oil has_been used to fuci diescl engines for hundreds

“estern $amoa and Vanuatn and  hert term runs hav  been made in

1
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‘engines opurated successfully for at 1
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Tuvald, Solomon Islands and Islends of Micromesia, In all cascs the
ecast the initinl period.

with lomjer term runuing'in some of the.

‘ i

Technical problems arose
: o ' . 1 .
cases. - In the remainder of this presentationy 1 will discussuthese

- b
[

technical pfoblems in relaticn to diesel fucl technology, so that

[ .

the potential of coconut oil as a fuel may be considered within

current technical perspectives,.

'DIESLL .ENGINE. REGULLEMINTS |

t

The ‘modern diesel engine, named after its inventor, was original

" designed Eo'utilize powderec¢ coal as a fuel. It is unlikely that

- such '‘a corrosive material would ever havé been successful, Since that

time, engine desipn has been largeély determined by the availability. of

" ‘a liquid petroleum fraction less volatile thaa that required for spark

“/{gnition intcrnal combustionengines. In the spark ignition (or petrol

engine), tlic fuel is vaporized and mixed with air in a carburettor prior

to being dfawm inte the engine cylinder, where the combustion. process

is started by an externally initiated spark, In the cdiesel (or compression .

ignition) cngine, air alone is compressed in the engine ‘cylindér and

:iiQHid.fuel injected at hipgh pressure as a fine droplet spray into the

‘hot compressed air, = Combustion commences at "hot'" spots within the

cylinder, Tha. position and shape of the injector nozzle from which

the droplet spray enturs the cylinder is of a major importance in

determining the combustion characteristics,

8

'A_mhjor’criteria of engine design is to prevent combustion pressure
induced“'vibrations or' "knock" in the cngine. This has lead to the
widely used "octane" rating for petrol or 'cetane' rating for diesel

fuels. The tumber of variable factors controlling "knock'" in diesel

-

enginés is fiuch greater ‘than in spark engines, Tor modern diesel
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engines designed for distillate fucl, three important fuél characteristics

which are importaat in determining the rate of the ggmbustion process

and hence the possibility of "knock" are:

1) the chemicnl nature of the fiel molecules (measurz:d by the cetané
rating);

I1I) the volatility of the [uel, which determines how fast it vaporizes
in the enpgine cylinder;

111) the viscosity of the fuel which influcnces the injector characteris-
tics and mixing characteristics wvith air iu the cylinder.

Other criteria of diescl fuels arc that they §houlﬂ be sufficiently
volatile when the cogine is cold so that some of the fuel will combust
and start the engiac, They should not  form corrosive matcrials

N s, .«
on combustion. The vcry:high p:cssﬁres 6f the liquid fuel injection
system demands hich precision engiuncering in the injector pump .And
diesel fuel must be free from solid particules, _Sqlid_pa;giclgs should
not form in the-fucel on standipg due te reaction with air, the cdn-
teiner or Ly cooling to lower tumperatures,

Most petroleum fuels are a mixture of many dififereat chemical
~hydrocarbon carbon compgﬁuds. High octane fuel is associnted with
chemical molecules hnv{ﬁh hbfunéhing" in the carbon chain, whereas
as high cctance fucls are associated wilh long chiins ~nd ho branching
in the molecule, Standard examples are shown below,
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CHARACTLLILTICS O ViEGETABLE OILS
Vegetable oils molecules consist of three carbon chains containing

8 to'22 carbon atoms chemically combined with & molccule of glycerol

as shown below.

1]

H,C — 0 c-—[Eu'z‘_Z.—— cH x', x", x"' =6 to 20

Vegetable oils are not pure compounds, but consist of many different
types of molecules containing carbon chains pf ¢ifferent length in the
triglyceridc molccule, The range of carbon atoms inm the carbon

chain and the averase numbar of carbon atoms per molecule is characteris-
tic of the vegetable oil, The only difference betwcen molecules |

of vegetable oils- is the number of carbon and hydrogen atoms in the
carbon chain,

Properties of some scelected vegetable oils are shiovm in table 1, The
average length of the carbon chain is represernited by the saponification
vilue, The higher the scponification value, the lower the average carbon
chain length, wnpeseed oil has the lowest saponification numberx qith

A predominant c¢ixain length of 22 carbon .atoms, Coconut oil has the

highest saponitfication number and the lowest predominant carbon chain



with 12 carbon. atoms, The other significant value is the iodine valuc,
This is a mecasurc of the chemical unsaturation in the carbon chain and:
determines whcther the oil'is "saturated” or "unmsatursted",  Linseed,
peanut,nnd,sunfléwcr oil are unsuturateq.oils, while rapesced, palm

and coconut oil'arc relativcly snpurntcd oils, Unsatursted oils are
reactive and readily form films and varnishes., This is a desirable
characteristic of linsced oil in the paint industry. It may be noted
that coconut oil is the most saturated oil with the shortest predominant

’

carbon chain, both desirable fuel characteristics as discussed below.

VEGETA3LE OTLS AS LIESEL FUELS

" As the cirbon chiain of the triglyceride vegetable oil molecule

L3

is very similax to the carbon chain of petroleum Jiescl fuels, it is
not,surpri;ing'that diesel engines will opurate on virtually all ¢
vegetable oils, The prescnce of oxygen atoms in the triglyceride
molccule sliehtly reduces the Leat output and hance the cnergy per
unit mass compared to petroleum hydrocarbon molecules. lNowever, it
also slightly reidvces the oxygen demand on combustion and may enable
vegetable oils to combust more ensily in engines in some circumstances,
Propcrtics of dirsel fuel are compared with vegetable oils in.table 2,
Petroleum specification valuc§ wh}ch have been dptermich for vegetable
oils arc limited. V2lues do not appear to have been neported for
T

coconut or palm oil ns'thp_pequireg facilities arc generally beyond.
the ‘capability of laboratorics inAdcvcloping‘countries. ‘

Several huncrerd reports have now buen published on the usce of
sunflower and rapeseed oil as a fuel, up to a in which the
fugl‘gharacturistigs of linsecd, peanut, safflouwcr, soybean and olive
oil are reported, while the numbér?of dif{crcnt investipgations gencrat%ng
valucs for coconut and palm oil as 2 £uel is pessibly less than 10,
411 recent reports originﬁte in tha Pacific avea from centres in

developing countries with the additiou of the James Cook University

ef North Gucecnisland,
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Sunflower is a crop of ‘wirmer’ cercal lands and investigators in
the Un{ted-Stntes, South Africa hﬁd.Bfﬁzil have .been active in
nfeﬁoftihé the fuel characteristics. ° As with all vepetable oils,
sunflower oil will operate diescl engines with équal efficiency to
petroleum distillate in thc:initihl>pcriod. Following prolonged
running, the majority of invcstigntérs repert extensive injector
deposits arl férmation of gums and varnishes on pistons and piston
rings. AL decrease in the specific fuel consumption leads to possible
sticking piston rings, contamination of the lubricating oil.vith
non-combus ted vegetable oil, scvere loss of lubricating oil propertices
and permanent damage to the engine on continued operation. The forma-
tion of guias and varnishes within the cylinder and the rapid loss of
lubricating cil propertics is mest likely .due” to the reactive nature
oﬁlthé unsaturata] bonds in the carbon chain of sunflower oil. The
gcncral'iépommcndation is that sunflower oil suiould not be used for
ébptinhed operation as a diesel fuel,

- . .
Rapesectd is A crop of the coolér cereal lronds &nd reports have
originated in the United States, New Zealand, Zustralia and recently
from Curopc, Uhercas some rcports have outlinc problems similar to
that found with sunflover oil, recently a numbzar of centres have
reperted continuing operation of farm tractors. with refined rapesced
oil for up to 1000 hours per tractor, In general, deposits and
lubricating characteristics have remainesd similar to cngineé operating
on petroleum distillate, Uith cne type cf iunjection system, the
injector pump has scized vhile epoerating with. rapesecd oil,  This was
ascribed to close clearances within the pump. Iné;enscs the clearance
between the pump and the plunpger to the maximum specifications, appears
to have remediced this preblem,

Keports in which other vegetable oils have been used as fuels
arc generally similar te that of sunflower oil, Unsaturated oils

‘lead to imjecter :deposits, cylinder gums and varnishes, poor combustion,

contaminaticn of tihc lubricating oil with no ‘combusted vegetable oil
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fuel and subsequent scvere loss of lubricating ©il properties, The
. U DS el e G UG " : Te s t et
main causc of thwe problems is the injector deposits which lead to
z U S e .
poor fuel atomization and combustion, The buildup of these deposits

is largely ascribed tec polymerizatien of the vapetable oil molecules

initiated by the unsnturnted cnrbon chnins.
, GE . ; L, ;
Ewch vcbctablh 011 trlglyccrldc noluculc consist of three carbon

chqins conta1n1no 8 to 22 carwen atows. By cnvmlcnl rgaction of

J(..' .
'

jvegetable oils with mcthanol ot ethanol, free glyccrol may be formed
E . . o o ; Voot . 5

and cach carben chain joined individually to part of the methanol or
ethanol molccules. This process is shevn bilow for cthanol,

v
0

0
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‘ X
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Al méy be . seen that whereas the triglyceride which makes ‘up” the vegetahle.

oil contains chrce long carbon chains, these form'three SLparatc molecules

in the .estarxr products thh glycerol being -the other’ product. Whercas the

triglyceride may contain between 27 and 65 carbdn‘atoms}’tBé‘ébffcsponding

' o 4 R e,
,\ygstg;s_prpduced.from ethanol qontain-lo to '24 carbbn'‘atoms respectively.

; The nymber .of .carbon atoms per molecule of éster™is pr?bkimite[y one

~third that in the triglyceride.. Compared to “the Vepethhla'oil, the

' o TR



aster have a ereatly ruducgd bquﬁng temperaturc, solidification

point and viscosity and an increase in the vapour pressure. The esters
are similar to thc long‘chdih hydrocarbon molccules which are the
preferfc diesel fuel molcculcs.a

.Iﬁ is ouly very rEcchtiy that longer term running trials have been

;cﬁbicod at a confére;ce on vchtablc oil fucls held at Fargo, Dakota,
USA, in August of this year. The Vclkswagon Company of Brazil has carried
out cxtcnsive tasts with the ester preparcd from sunflower oil and
methanol. Dicsel enpinecs produced in Brazil for light commercial .
vehicles were used for the trials. Six cengines.were tested for 1400
hours under rigorous bench test conditions. At the c¢nd of this period,
the wear of the crankshaft journal main bearing, the big ond bearing,
_the'cylindcr/piston, exhaust and intake valve stem guides and the
piston rings was determined. For all wear measurements except the
intake valve stem guide, wear with the methyl sunflower oil ‘ester as
fuel was cqual -or less than that with pctrolcum diesel fuel. The wear
of the intake valve stem guide was ¢lightly greater. The level of
carbon monoxide and nitrogen oxides in the exhaust gases was determined.
The level of pollutants'with the sunflower oil ester fuel was less or
equal to those with petroleum fuel. A Diescl Passat vchicle has
completed 40,000 kilomctors using sunfiogcr methyl ester as a fuel.
Driveability, performance, cnginc noise, cold starting and fuel
consumption remain comparable to those with petrolaum fuel.

Similar results are .reported from South Africa where a Perkins
4,236 dicsel engine in a Masscy Ferguson tractor has completed 1300
hours opuratibn fucled by sunflower oil cthyl ester. The tractor is
still performing as would be cxpccted with petroleum fuel. The engine
was dismantled and inspected after 1200 hours. The carbon deposits on
the injector tips were comparable to that experienced with diesel fuel

with all the holes still unobstructed. Horning marks on the cylinder
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walls had not been worn and were still clearly visible. Valve seating

». 0 . . . :
surfaces appeared clean and ‘in sound condition. " Only slight’ cdarbon
... :deposits were evident on'the-cylinder walls above:the first compression

"*7;.ring travel.

. It may be noted that relative iodine numbirs are not changed by
converting.a vepetable oil to the mcthyl'or cthyliester. The reactive .
double bonds prescnt in the molecule of sunflower oil remain in’the
ester. It would appcar that the greatly depreased viscosity, and
incroased volatility and cctane number of the ostér compared to’ sun—
flowaer oil -lead to much more efficient engine injection and combustion
so that polymerization cannot -occur on the injector tip. Injector
deposits and subscquent poor combustion do not.appesr to be a ‘problem.
lowéver, on cxtended éngine operation without -an oil change (in

. »excess.of 150 hours), both of the above studies reported loss'of
dispersive properties of the lubricating oil. *Within the period
betwean: 150 .and 200 hours:of operation with the engine oil, no wear or
abnormal results wére obscerved.

At this stage:it is informmative to -refér to Tablei 1. Sunflower

,0il, which has-a high iodine valua and rclntivc'largc mdlequlaf size,
has not been found to successfully .fuel diesel engines over' an: extindad
operating. period.. Rapcseced oil, which has a low iodine number, but
large.molecular sizc, has successfully fueled scveral vehicle's. in' excess
0f..1000-hours, but. injector.coking-and injc¢ctor pump problems have been

.. .reported. from some studics. Both palm.oil and: coconut oil' have lower
iodine values and lowor molecular size than most vegetable oils.
Coconut oil has the lowest iodinc numher and smallést molecular'size

of all the.vegetable oils. -lhe lowdr molecular siZe increases the =
volatility and decreasas the Giscos{ty.‘“A low'iodire number is  indicative
that :therc are few double bonds in the carhon chain to act as centres

for polymerization and reactions Qith'the'lubrféétihézoii. A B
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. .On this basis, coconut oil might be expected to be the vegetab!
ofl which wduld causc least problems when used as 'a fuel in diesel engincs.
.By comparison with ranesced oil, it might be expécted that diesel cngines -
!
could be opcrated successfully on coconut oil. Due to the particular
interpgst of Pacific Island Cduntriés in coconut oil, all documented

studies known to the author in which coconut oil has been used .as a

'diesel fuel are outlined in the following scction. ' ™

COCONUT OIL AS A DIESEL FUEL

The longest term vehicle running trials with coconut olil fucl
have becn conducted by Professor Iharra Cruz} previously of.the
. University of Philippines and more.rccently the. Manager, Encrgy Rescarch
and Development. Centre, Philipplie National -0il Company. Inicial trials
were done with a ASTM-CFR stationary-diescl:.engine. In seventy-five
experimental runs, the thermal efficiency with crude coconut oil was
" 33.3 per.cent with an average indicated horsc power of 6.83, comparcd
to a thermal efficiency of 32.4 per cent and indicated horse power.
-.0f 6.84 with petroleum diesel fucl. Similar results were ‘obtained with
..a "DUCATI IS-11" single cylinder diescl cnpgine, :commonly used in the
Philippines for motor boats. ' Crude 'coconut oil was used to fuel a
"1SU20'" diesel enginc.of a passenger ‘Jecpney. 64 trips were made
.with crude coconut oil over a distance of 7742 kilometcrs. The thermal
efficiency was 11.3 and 12.1 kilometers per kilocalorie for coconut oil
and petroleum dicsel fuel respectively. 7The only problems reported was
.that the coconut oil solidificd overnipht during the, cooler weather. A
limited flcet test was carried out with seven busecs equipped with MLA.N,
diescl enginces and five buses with either Hina or Fiat.engihes. A
mixture of 30 per cent coconut oiliw&;h470 pctroleum fuel was! comparcd
with buses opecrating on 100 per cent petroleim fuel. The sum of the

distance travelled during the trials was 40,000 kilometers. 'Buses
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operating on ghe coconul: oil dicsel fuel obtaincd averape fucl
efficicnciésﬁ;he same as when opéracing on 100 per petruleum fuel
within the axperimental variation. The only problem reported was
'.clbgged fuel filters due to the formation of slimes in the fucl from
the presence of -watcr,

. The Department of Works anfd Supply. in Papua New Guinea have.carried
out cxtensive tests with coconut oil‘ip.a 13 horsce power indirect ‘injcection
Yanmar diesel cnginc. This enginc was run »n coconut oil fuel under
controlled conditionsg in excess of 200 hours under the direction of
Mr Laurie King. Fuel injection is by means of a single hole injcctor
closcd by a pintle pin. The major problem encountered during the trials

_was the formation of cxtensive deposits around.thi injcctor hole.
These lead to poor atemization and a decrease in the efficiency of
combustion as shown by increase in the .fucl consumption. Poor
combustion. of the funl resulted in hard deposits being formed within
the cylinder and sticking pisten rings. The deposits on the piston
rings lcad to one of the rings breaking causing extensive scoring of

.th¢ cylinder wall

A number of variations woere investigated in order to minimize.the
formation of duposits on the injector. A preoprictary fuel detergent
was mixed with 50 per cent coconut oil and petroleum diescel fuel.

Injector deposits were reduced, but not below the level at which
inefficient combustion occurred. The pintel pin was shaved to increcase
fuel bypass. By this meaas, the temperature of the injecter orifice
might be expected to be decreased and the rate of shutoff of the fuel
after injcction should also be increased. Although this mecasure did
reduce the ratc. of injector deposits, again these were of sufficient
levels to causce inefficient combustion. The injection pressure was
increased from 140 atmosphores to 170 atmospheres in order to{increasc
the efficiency of fuel atomization and also increase fuel bypass, with

subsequent injector cooling. No reduction in injector deposits was
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. . i .
observed as the relative increase was ciasidercd too small. The ong v

o

‘cooling in the vicinity of the injuttor nozzlo was  creased by the use

of a second water cooling gystem. This modification was élséﬁf6und to
decrease the injector dcpnsftg} ﬁlthbﬁnhlnot cb‘H i;vc] at ;Hiéﬂ they
did not cause reduced combustion efficiency. Tests were carried out
‘with %10 per cent ‘cthanol coconuf oil mixtures. Reduction in injector
Hcpoéi;é were obscrved, although carbon deposits in the cylinder
fricreascd.  Prabiens were also cncountered with Qapour locks -in the
'fuel line. " A"fuel of 20 pur cent fcerosene and 80 per cent coconut il
fuel gave ‘similar results to coconut oil-petroleum fuol mixturcs. Since
the trials in Phpﬁa'ﬂcw Cuin&a, rﬁports have been published'forjtﬁc
effect of injector cooling with sunflower oil fuel. The resﬁlts aro
similar to that with coconut oil fuel. Although injccto£ dcbésits may
be reducéd in some cases, this rcduction is nat éufficicnt to climinate
fﬁb“péoﬁiem'of dééfeasiné cfficiency of fuel combustion as injector
deposits increasd. None of the many modificatious to the [uel or the
éngine ancétigaﬁéd with coconut oil as a fucl in Papua New Guinea were

sufficient to prevent the build up to injectur deposits. The subsequent
poor combustion due to the decreasing fuel atomization will lead to

permanent engine damage if steps are not taken to periodically physically

rumove thd deposits from the injector opcning.

The Electric Power Corporation of Western Samoa has carried out

"2 trials with coconut ‘oil fuel ove a number of years under the section
of Mr John Worrall. These results are of much interest as coconut oil

" was 'used to fuel a 420 BUP Mirlass type J6 stationary' dicscl engine
d}iv{hg‘hﬁ electric gencrator. This Ls probably the largéét angine
fucled by éoconut oil fual. "It was found over an eight hour period that

s 1

the engine gave the same thermal cfficiency as. 'diescl fuel at standard
. i S O \ o ". Y . R ., . N .
léad coniditions for the enpinc and was slightly less efficient (5 per

cent) when operating with coconut oil fuel at light loads. Subiéétivu
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“comparisons with this engince indicate that it produced less smoke and

less noise with coconut o0il, has similar exhaust and cooling water
. . Lo
témperarures, but was sliphtly more dikficult to start as compared to

ﬁetroiéum diesel fuel. The major.problem has been fraquent blogkage
of thé’enginé oil filter when operating on coconut oil or coconut ol
diescl fuel mixtures. o humber o§~tcsts have baen carried:éué with
caconut 0il fual in 3 litre truck and laml cruiser enpines for he

. - i- R R
vchicles in normal uvse. The major problem during these trials was
the formation of solid particles in the fuel, blockage of fuel filters
and-difficult stérﬁing after overnight cooling. The thermal afkiciancy
0f the coconut oil was approximately 20 per cent less than that of
petroleunm diescl fuel. The trials werc not conducted for a sufficient
pcriéd“for the non-combusted coconut oil to causé.any:scrious4detarioration
bf'éhéine lubrication.. Opcrators of the vehicles reported Eh;t!fhc
engine running was smoother with coconut o0il than petroleum fuel once
the engiﬁé:tétopéfating at normal tcmpéf&turus.

The lenge st term for which aﬁ.cnginé~has been run regularly on
coconut oil wou d apbeﬁr tn bé.fﬁhménths. "“This is the period that
Hr’ﬁcith’ngrlow of Vanuatu has becn‘oﬁérﬁting a Eoéh Gonharso pchr

'stétiénar; dicsciienﬁihé on a mixture of 50 per cent coconut oil and
petroleum diesel fuel. The engiine continues to operate satisfactorily
after this period. A smaller 10 harse’péwcr Southern Cross engine
has beon operating éaﬁisfﬁétéfilﬁ';véan twn-year period on 100 per
cent coconut oil 'E.uel, altho:ugh‘ this engine has only heen used
intermitantly in’ the last six:mmnths. Tha cocenut: oil which is used

as a fuel for these two enginés is 0il produced in Vanuatu and rejected

as béiﬁé Below é}poft grade fo d quality unrzfined coconut oil. The

*only modification tr these enginus is to preheat the fuel with exhaust

gases and carcful filtration prior teo the engine filter.
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Further evidence for the better fuel qualitics of coconut oil
compared to other wegetable oils has beeon reported. by Perkins Engines
Ltd in the United Kingdqm. In a series-cf shart torm tests, they
investipated fuel injector nozzle.coking, fubtl system doposits and
lubrfcating oil gelation ;f a number of vegetable oils including
coconut oil. Using engine'nnise as a criteria.for cetane numbers,
they obtained values 40 per cent greater than normally cbtained from
‘fgnition delay methods. From ignitien noise measurements, cetane value
of 60 for rapeseed oil was obtainoed comparced to usual range of 50-60
Quoged for potroleum dicsel fucl. Many operators who have trialled
coconut oil zs a fual, quote it is "quicter' than petroleum dicscl
fuel. On this Lasis, the cetance number for coconut oil may be greater
than 60. Tha engine rrials by the Perkins Engine Company werc run. at
"worst" conditions for engine coking. This was -continuous running under
part load. Within a 10 hour period, extensive nozzle deposits, cylinder
gums and varnishes wore formed with sunflower oil, slight deposits with
very lictle cylinder deposits with coconut oii and virtually no dééosits
from hecated animal tallow from which the slight Jmount of unsaturated
fats had been removed. From these results, it was concluded that
problems in the use of vegetable oils as diesel fuel were largely due
tc the unsaturatced bonds (as measured by the iodine number). The use
of ethyl asters of saturated and unsaturated vegetable oils was also '
briefly investigated. Ccmpared tc the unchanpged triglyceride oils, all
injector deposits were preatly reduced. dowever with a highly unsatu-~
vated ester, injector deposite were formed. With rdlatively saturated
csters from coconut cil and animals fats, vivtually ue injector deposits
were observed.  The conclusion of the Perkins Engine Company is that the ester
physical characteristics very closely rescabling conventicnal petroleum
diesel fuels, but with betier combustion charactaristics due to the

absonce of the non-carbon chain aromatic compounds present in petroleum

fucl.’
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Trials. with various vegetable oils in a & horse power. indirecc
injection Yanmar diescl engine have been carvied out at the Yniversity
of the South Pacific over a numbdr of ycars. These trials were initiated -
hy‘Prbfdssor Jamcs Wand of the-James Cook University of .Morth Quecensltand
and more recentl} have beuen directed by myself. During this pericd,

most~hclpful correspondence has beecn maintained. with most of .the investi-
gators whose results are outlined above. Vegetable oils which have
successfully fueled the stationary engine for short period include
coconut, sunflower aund ‘soyabean oil. These fuels have been used as

100 oil and in admixture with various ‘ratiocs of petroleum diesel :fuel

and also to a lesser extent with kerosene.

In one of these trials, the engine was operated continuously under

partial load with a 50 per cent mixture of crude coconut oil and pet-
roleum’diesci fuel. 'Af 'the start of the trial, :the thermal ecfficiency
of thie coconut oil fuel was the same as that of ‘100 per cent petroleum
Fuel. After 130 hours of continuous opecration, the eéfficiency of the
coconut oil fuel had decreased by 11 per cent compared to the ‘start of
the trial. Immediately following this peried, the specific fuel con-

- sumption of petrolceum fuel was mcasured in the Engine. It was found
“that‘this had decreased by~16 per ‘cent compared to the 'start of the
trial.’ Thé injector-was removed from the ongine and found to have
extensive "trumpdts' araund the tiozzle.  Thése were removed and “the
injector surface polished. The injector was replaced in the engine and
the specific fuel ‘consumptisn of the coconut oil fuel 2and petrolcum
dicesel fuel determined. Compared to the coked injector, the fuel
efficiency had increascd by 5 per cent and 8 per cent respectively for
coconut wil and petrolcum fucl respectively.

The fucl efficicncy remained léss than that at the start of the

trial, so the cngine was partly dismantled. It was found ‘that holes
connecting the injector pre-chamber .with the combustion chamber itself

in the cylinder were partly blocked with solid particles. These



particles were removed and the cngine reassembled. When the fuel
efficiecncy of the coconut dil and petroleunm fuael was spain dctermiﬁcd,
these had returned to the values prior to the extonded running trial.
It may bc concluded that the engine had been roturwved to its oripinal.”
cond#tion. Of intervst is the fact that withh a ¢oked injector, thu
iw"decrdase -in fuel efficiency with coconut oil fuel i's less than that
with petroleum diescl fuel,-although neithaer are-satisfactory.
When the engine was partly dismantled, the upper cylinder walls
and piston surface wanre also inspected. No heavy deposits or scoring
ware secn on thesc surfaces. Similarly, there ware no heavy deposits

on the value surfaces or in the cutlet manifold. Smallsamples of the
lubricating oil were withdrawn from the sump while the oil was still
hot after cach 20 hours cf operation during the trials. The used oil
s§mplgs wer.: analysa:l by:QCOmic absorptisn spectroscopy for the major
wear mectals of iron, chromium, lcad and copper. A ragular incrcase
was found during the perind of .the trial, but no greater than would
.
be expected for an enginc operating on petroleum fuxl. The dispersive
properties of the oil werce qualitatively examinced. Those remained
~.within specification for usad oil under patrolcum fuel. operation. As
.Yiscussed previously, the specific fuel congumptionAfor coconut oil
fuel had increasced by 11 per cent at the completion of the trial.
It would appear that non-combusted fuel was not causing serious..
degrading of the lubricating «il at the time the trial was discontinuced
after 130 hours of continuous operation. The lubricating oil was
changed at this timec.
The deposits in the pre~cembustion chamber werc not black and
shiny as would be expected from polymerized carbon depwsits. They

. N >
were predominantly a red--brown cnlour, characteristic of metallic

silica deposits, particularly of iron. The deposits were similar in
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appearance to those obtaindded when a Sqm[)lel()[ the vegectable oil was
combusted in air in a static 'system to a temperature of 775 C. The
i-amount of nan-combustible ash deposits was determined in the .crude
coconut vil and a number of other.oil samples. These results are
sth;ﬁin Table 3. The highcst value was that for the crude coconut
0oil taken from necar the vottom of the 200 litre drum. This contained
0.121 per cent non-combustable ash. Samples from the top of the drum
had-0.047 per cent ash. 'Spccificatton'for petraleum fuel are lass than
0.0! per cent ash. Thesa results are similar to ash contents of crude
rapesced and peanut oil obtaincd -from Dunedin and Townsville respectively.
Standard cuimmercial alka)i refining of these crude oils reduced the 2sh
contents to 0.008 per cent and 0.02 per cent for refined coconut il and
rapesced oil respectively. These valucs may he compared with a ash
content of 0.001 and 0.004 per cent for two samples of partly esterifiaed
coconut oil, which has been previotsly called P'COCONOL'. The impurities,
forming the major constitucats of the ash in crude coconut oil, are
removed: as part of the bottom glycernl layer by a simple decantation
in. the preparation oI "CQOCOUOL'". - It would sppear that the ash impurities
.in coconut oil arec selectively absorbed in the mere polar glycerol bottom
layer. A similar effect is found in reverse when petroleum diesel fuel
is added to crude coconut oil. Impurities in the coconut pil tend te”
separate as a slimy.solid. This matericl is particularly effective in
blocking ‘fuel filturs.  In the trials above, it was nccessary to pre—
Eiltar the mixture of crude caconut oil and petxoleum diesel fuel to
miniimize. blockage ot the engine fuel Eilter. TFor the pre-cngine
filtration, frequent changes of the Tiltering element was required.
The process for the preparation of NCOCOMOL! requires less sophisticatad
industrial plant than that for the standacd alkali refining process.

The loss of coconut il is also less than that of the standard alkali

refining precess. Mo coconut oil 'is lost in fact, but part is converted .o
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to glycerol, which may form a valuable bypreduct. TIndustrial glyecc |
currently has a value Five times that of coconut »il, compared fo a
relatively low value sosp stock as the byproduct from the alkali refi-
ning process.

COCONAL'Y is the product formed by partial csterification of
coccnut ¢il after separation of the glycerul fraction by decantation.
The major censtituent is the estur, although depending on the conditiong
under which it is prepared, it also contains unchanged coconut eil,
alcohol and some glycerol. The salidification point is generally less
than 15C compared to greatcr than 20C for coconut »il itself. The
ester and cecconut 2il making up the major coustitucnts of the mixture
are not soluable in watecr. Addition of water .to the mixture results
in the formation of =1 scparate layer, containing largely the added water
with the small amcunts of ethanol and glyceral from the mixture. The
cffect of water on the mixture is not unlike the effectAgf'addcd water
to petroleum dicsel  fuel itself. The viscosity ef “COCOROL' depands
on the conditiuns of preparation, but it is penerally similar to patroleum
dicscl fuel itsclf. The flash:pu;;t is largely dependent upon thae
amount of unreacted alecohol, as the ester itsclf has a flash point
higher than that of petroleum diesel fuel.

Limitah trials have been conducted with "COCOHOL' in the indircct
combustion Yanmar diesel. Within the experimental c¢rror, the tharmal
cfficieAcy is the same or slightly greater than that with petroleum
diesel fuel. Aftor 20 hours continunus cperation on partial load, there
was no decreasce in the thermal efficizncy. Only a light coating of a
uniform carbon coating was formed on the injector, similar in appearance
to those with petrolcum dicsel fuel. A problem which accurred during

k4
these trials was the reraoval of the glue attaching the paper fuel
alement of the engine fucl filter to a metal holder. This process
~occurred within one or twe liours of passing the "COCOHOL' fuel through

the filtar. A similar process was found with two other standard Yanmar
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filters. Discussios with Mr Ron McLeod in New Zealand, following the
use of partially estorified rapeéced oil as a fuel for a short period
An. a Datsun s<¢dan, indicate a similar problem with removal of the
adhesive from the fuel filter: With the Datsun vehicle, the adhe<ive
subsequently causcd gumming in the injectors. Estars in gencral are
much®*more vffective solvents thdn_hydrocarbons, Bnd morec extensive
materials testing trials are rcjuired before csters can be used with

conficlence as a fuael.

CONCLUSION. AND RECOMMENDATIONS

There. is no doubt that vepetable oils will successfully fuel
diesel engines. Coconut'oil has the hest characteristics as a fuel of
‘__g}l common vegetablé oils. The engine trisls which have been carried
out with coconut oil ‘arc¢ limited. Conclusions from these trials would
suggest that the only short term problem with coconut oil fuel is
possible clogging of the enginc fuel filter. This problem is easily
remedied by changing the filter element. The rate at which the,enéine
filter clogs may be minimized by ¢cfficient pre-filtration of the
coconut oil fuel. 'A‘standard portable filter as used by electricity
authorities in the region for the filtration of transformer oil is
well suited for this purpose.

Partial solidification occurs when coconut oil is conled to
temperatures below 25C for an extended period. A mixture of the
coconut oil with dicsel fuel reduces the temperatures at which solid
forms. A 50 per cent mixture with petroleum diesel fuel has a
solidification point below 15C. The effect of water on the mixtures
is. not fully understood. Small amounts. of water will dissolve in the
mixture. Larger aomounts of water form a separate layer with the

separation of .solid particles in some instances.
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}onge;_tenn runn;ng‘of thc’cnginc\with coconut oil fuel may
pfoducc deﬁosits on the f;jector(s) of the. engine. Thesc deposits
may lcad to poor fucl combustion and contazmination of the.lubricatiug
oil with unburnt tucl. Chemical reaction between.the vegetable oitl
and osntioxidants in the engine oil may lead to loss of lubricating
properties in the o0il and subsequent permanent damage to the engine.

No damage is donc to the engine if the injectors axe cleaned on a
regular basis with rcgular chanpes of the engine oil.

Engines for which injector cosnting has been significant have been
small sirgle cylinder indirect injection engines. -Although not as
clogg}y monitored as the small ‘engines, there .has been no evidence for
injector deposits leading to poor combustion with larger direct
Anjection engines in stationary engines,.light commercial vehicles or

.in buses. GCarctul monitoring of a number. of larger diesel engincs
operating on coconut oil,}s.rcqulrcd<so:thncsfactors controlling the
formation of‘injuctor dcposits are better, understood. Should
international prices for coconut oil. remain at present levels or decrease,
these trials can be Qohc with an cconomic saving compared to the
utilization of pectroleum diesel fuel at many centres in the Pacific
Islands. It is not recommended that crude coconut: oil be used directly
as a fuel, just as the usc of crude petrolwum oil is noti recommended.
llowever, the use of filterad coconut oil.under technical supérvisioh

is ecopomically and tochnically feasible at the present time.

At 2 5maﬁl'prite,premiuh, less chan that for alkali refining of
vegetable oils, the caconut oil.may ba chemically.roactcd.Withhalcohol
to form a fuel mixturc containing largely the ester. The ester of coconut
oil 1s better fucl for dicsel engines than petroleum diesel fuel itsclf.
The Pgrk%nsibiescl Engine Company Hﬁs suggested. it will extend all
puarantees to enpines operating onester’ fucls. The wsters of coconut
0il may also he used as a kerosene substitute in domestic appliances

such as pressure lamps and stoves and in wick stoves. In these applications,
~
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the esters arc a much safer fucel than kerosene due to a highor flash

point aud lower volatility.

The esters c¢annot be used in wick

(Hurricane) lamps as the combustion is toeo oficient leading to a non-

incandescent -flame.

These csters may be transportesd snd

storaed in-

the repgion s for petroleun diesel fuel or kerosence at the present

witl] a much preater fire safety Ffactox.

TADLE 1.

SOLIDIFICATILION

OIL POINT (C)
COCONUT 20-25
PALM 30-.35
RAPESEED ~10
SUNTFLOWER -17
PEANUT 3
. SOYBEAN -16
LINSEED =20

TAJLE 2.

VEGETARLE OTL CHARACTERISTICS

JONINE
VALURE

10
54
98
125
93
130
179

SAPO%%EB%ATIOH
208
196
175
189
1927
191

0

O

1

DIESEL OTL CHARACTIERISTICS

PETROLLEUM SUNFLOWEDR COCONUT 3
"CHARACTERISTIC DIESEL 011, CIL "COCONOL
XK. viscogity
(H0C) tm”s ~2-b 30-34 20-28 3-6
b )
.Cctanc numer 40-60 30-40 > 60 260
b
or 60
Cloud Point (C) -9 -0 25 2-06
Calorilic value
(MJ 1-1) 38 36, 35 33
Flash TI'oint (C) 60-70 320 ~ ~
Ash (%) 0.0 Q.03~0.4 0.05-0.15 0.001

a . .
cthyl esters coconut oil

estimate from engine noise

tevels



TABLE 3. VEGETABLE OIL MEASURED ASH LEVELS

TABLE 3.

OIL

CRUDE COCONUT

ALKALI REFINEL COCONUY
CRUDE PLAUUT

CRUDE RAPESEED

ALKALT RETFINED RAPESEED
PROCESSED PALM

COGOHOL

ORIGIN

F1Ji ..

FIJIL
QUEENSLAND, AUST
NEW ZEALAMD

NEW ZELLAND
SOLOWON TSLANDS

F1.J1

ASH (%)

. 0.05-0.12

. 0.008-0.071

0.006

0.0008-0.002
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