
The test set-up for determining fuel quality. 

Vegetable oil 
esters as fuels 
One of the diesel engine's greatest assets is its ability to 
burn a broad range of fuels. Your tolerant diesel will 
even run on vegetable oil taken straight from the super
market shelf. 
W h e n w e c o u p l e this wi th a c o m p r e s s i o n 

ratio rough ly tw ice that o f its petrol-

dr iven counterpart — prov id ing c o n s i d 

erably h igher e f f ic iency — w e c a n easi ly 

see w h y R u d o l p h D i e s e l ' s bra in-chi ld has 

en joyed r e n e w e d popular i ty o f late. 

T h e practical i ty o f rep lac ing , o r at least 

ex tend ing , c o n v e n t i o n a l distillate wi th 

vegetable o i l s has b e e n the sub jec t o f 

'P ro jec t Crop-fuel ' — a research p rog ram 

i n v o l v i n g several CSIRO D i v i s i o n s . A n 

article o n this w o r k in Ecos 27 under l ined 

a n u m b e r o f attractive features o f s u c h an 

enterprise. It is based o n a renewable 

energy sou rce and uses a k n o w n tech

n o l o g y , and the fuel i tself isn ' t t o x i c or 

h i g h l y f l a m m a b l e . Ini t ial c a l c u l a t i o n s 

s h o w e d that o i l seeds , m o s t l ikely sun

f lower , c o u l d supply e n o u g h fuel to re

d u c e the nat ion ' s distillate c o n s u m p t i o n 

by about 2 0 % wi th in 5 years. 

E c o n o m i c s ca l l the tune, o f c o u r s e , and 

present abundant c rude o i l suppl ies di 

m i n i s h the incen t ive to pursue the o i l 

seeds alternative. H o w e v e r , as D r K e v i n 

H a r r i n g t o n o f the CSIRO D i v i s i o n o f 

C h e m i c a l and W o o d T e c h n o l o g y poin ts 

out , p r ice structures are subjec t to m a n y 

c i r cums tances , and w e may at any t ime 

n e e d alternatives at short n o t i c e . I f that 

happens , then w e may be grateful that w e 

k n o w h o w to make use o f vegetable o i l s . 

In a compara t ive ly short t ime w e c a n start 

p r o d u c i n g d iese l fuel in this way. 

It 's g o o d insurance , thinks D r Har

r ing ton , to i ron o u t all the uncertaint ies 

beforehand. T h a t is h o w h e v i e w s re

search in to wha t cons t i tu tes the bes t 

vege tab le o i l fuel. H i s o w n studies, wi th 

those o f D r R o n Johns ton o f the D i v i s i o n 

o f Ene rgy T e c h n o l o g y , s e e m to indica te 

that the m o s t desirable fuel may b e a sun

f lower o i l ester, a s i m p l e c h e m i c a l m o d 

if icat ion o f the raw o i l . 

I n r each ing this c o n c l u s i o n , D r Har

r ing ton has m a d e u p 23 different esters 

o f o i l seeds , and D r Johns ton has tested 

their propert ies in t w o smal l d iese l en

g ines . I n his test, 'methyl sunflower-ate ' 

pe r fo rmed a lmos t indis t inguishably f rom 

c o n v e n t i o n a l d iese l fuel. 

W e have further substantiat ion o f its 

suitability as a fuel : staff at the D i v i s i o n 

o f C h e m i c a l and W o o d T e c h n o l o g y have , 

s ince late 1982 , dr iven a G e m i n i d iese l 

sedan 13 0 0 0 k m o n c o m m e r c i a l sun

f lower o i l ester. (Esters are no rma l ly sup

p l ied as solvents to the paint industry.) 

T h e u n m o d i f i e d car g o e s just as w e l l as 

a c o n v e n t i o n a l o n e ; it starts and acce l 

erates we l l , and exhaust emiss ions are l o w . 

Why esters? 
R a w vegetable o i l s w i l l run we l l e n o u g h 

in e n g i n e s , but diff icult ies arise in. the 

l o n g e r term. T h e i r v i scos i ty is typical ly 

ten t imes that o f distillate, and this has 

b e e n b l a m e d for bui ld-up o f c o m b u s t i o n 

depos i t s , c o k i n g o f the in jec t ion nozz les , 

and d i lu t ion o f the crank-case o i l . 

Esterifying the o i l solves these p r o b 

l ems , in large measure, because esters have 

little m o r e v iscos i ty than distillate. T h e 

m o d i f i e d p roduc t a lso has the advantage 

o f d i spens ing wi th the acrid smel l p ro 

d u c e d by the b r e a k d o w n o f t r iglycerides 

f o u n d in raw o i l . Instead, g lyce ro l is re

m o v e d as a by-product , and the exhaust 

smel l is n o t unpleasant — m u c h l ike that 

o f a C h i n e s e fish shop , a c c o r d i n g to o n e 

o f the Gemin i -d r ive rs . L e v e l s o f n i t rogen 

o x i d e s and hydroca rbons in the exhaust 

are a lso substantially l o w e r w i th the ester 

fuel than w h e n regular distillate is used. 

Vege t ab l e o i l s cons i s t ma in ly o f the 

g lyce r ides o f fatty ac ids , w h i c h the plant 

uses as an energy sou rce dur ing germi

nat ion. T h e fatty ac id cha ins o f a t r iglyc

eride m o l e c u l e may all b e ident ical , or 

c o m e in m a n y c o m b i n a t i o n s . It is this 

variability that g ives each vegetable o i l 

— and its esters — a u n i q u e set o f 

proper t ies . 

T h e g lycer ides c a n b e readily conver ted 

to s imp le esters by reac t ion wi th an a l c o 

h o l — for e x a m p l e , me thano l . A catalyst 

is a lso needed , and sulfuric ac id performs-

this func t ion w e l l . T h e p roduc t , a mix ture 

o f me thy l esters, current ly cos t s about 

$1 per litre in smal l ba tches f rom c o m 

merc ia l sou rces . T h i s is s o m e w h a t m o r e 

cos t ly than the raw o i l , but no t t o o ex-

pens ive w h e n c o m p a r e d wi th other alter

natives to distillate. D r Har r ing ton thinks 

the pr ice w o u l d be l o w e r i f it was m a n u 

factured o n a larger sca le . 

Ester tester 
T h e Na t iona l Ene rgy Resea rch D e v e l 

o p m e n t and D e m o n s t r a t i o n P r o g r a m 

( N E R D D P ) suppor ted D r Har r ing ton ' s 

w o r k , in w h i c h h e prepared exper imenta l 

quanti t ies — 1 to 2 litres — o f var ious 

esters. B e c a u s e o f the smal l quantit ies 

available, the researchers had to f ind a 

way o f de te rmin ing suitabili ty as a d iesel 

e n g i n e fuel that d idn ' t c o n s u m e m u c h o f 

the p r ec ious l iquid . 

D r Johns ton m e t the n e e d by reviv ing 

a t e c h n i q u e first pub l i shed i n 1932 , w h i c h 

had apparently fallen in to d isuse . T h i s 
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Air intake to the engine was throttled 
until it misfired; the air pressure at this 
point was a measure o f the quality o f 
the fuel. 

work also received N E R D D P support. 
T h e test assesses the ignition quality of 
a fuel by throttling back on the air ad
mitted to the engine until it misfires. T h e 
greater the throttling that can be done 
before misfire, the higher is the quality 
of the fuel. 

W e are all familiar with the anti-knock 
rating of petrol — its 'octane number'. 
With diesel fuels the equivalent is the 
'cetane number'. T h i s indicates how 
cleanly the fuel will burn and how 
smoothly the engine will run. Unfortu
nately, the standard way of measuring the 
cetane index requires large quantities of 
fuel. 

Dr Johnston calibrated his test arrange
ment by using fuels of known cetane 
number in it. Among other practical as
pects, he achieved the throttling by letting 
each engine suck in air from a reservoir 
tank; the greater the suction an engine 
was able to set up before it misfired, the 
better was the fuel. Typically, an engine 
would misfire several seconds after the 
reservoir was closed off, when the pres
sure was three-quarters to one-half of nor
mal atmospheric pressure. 

Testing was therefore very rapid, the 
main consideration being the time taken 
for one fuel to flush out the last traces of 
its predecessor (3 minutes or so). Dr John
ston found that 100 m L of fuel was easily 
enough for him to characterize its igni
tion quality in the test set-up. 

H e used two small single-cylinder 
diesel engines for testing — one a 
413-cc direct-injection type, the other 
a 331-cc indirect-injection unit. T h e 
former has fuel injected straight into the 

cylinder, whereas the latter has it injected 
into a small chamber at the side. Indirect 
injection gives somewhat less efficiency, 
but a cleaner exhaust, and is chosen for 
diesel cars that have to meet emission-
control regulations. 

Dr Harrington's ester fuels had been 
prepared from sunflower oil and com
mercial fatty acids using five different 
alcohols: methyl, ethyl, n-propyl, iso-
propyl, and re-butyl. T h e fatty acids were 
those of sunflower and linseed, and a fairly 
pure oleic fatty acid. In addition, he made 
methyl esters from peanut, rapeseed, and 
castor oils. In all, 23 ester fuels were tested 
in the two test engines, and four seed oils 

Since November 1982, a Holden-Isuzu 
Gemini sedan has operated as a normal 
part of the Division of Chemical and Wood 
Technology's car fleet. A n unmodified 
indirect-injection diesel, it has run ex
clusively on commercially obtained es-
terified sunflower oil. Driven in both city 
and country by ordinary drivers, it has 
operated reliably and returned 7•1 L per 
100 km (39 m.p.g.). 

In the only untoward incident, a rubber 
water hose deteriorated due to ester spill
age — esters are good solvents, and can 
eat through rubber (and dissolve 
paintwork). 

T h e car started well, ran well, and of
fered good all-round 'drivability'. O n one 
occasion it suffered a series of power losses 
after a fuel filter became blocked. This 
was blamed on thick residue (possibly 
unreacted mono- and diglycerides) from 
the fuel drum being added to the car's tank. 

T h e exhaust had a distinct odour — like 
that from a barbeque plate — but it was 
not offensive. T h e Environmental Pro
tection Authority analysed the car's ex
haust, and the levels of hydrocarbons, 
carbon monoxide, and oxides of nitrogen 
were below standard 'cold urban cycle' 
limits. 

Contamination of engine lubricating 
oil by oilseed esters has reportedly led to 
accelerated deterioration of the lubricant 
in some American experience. However, 
tests on the Gemini's oil showed it to be 
in good shape, with only sl ight 
contamination. 

N o fouling of the injector or glow plug 
was observed at the first inspection 
(4000 km). The next inspection is planned 
for 15 000 km, when the cylinder head will 
be removed for closer observation. 
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— cottonseed, soybean, sunflower, and 
rapeseed — were evaluated also. 

T h e tests showed that a fuel had con
siderably higher ignition quality when 
used in the indirect-injection engine. In 
other words, such engines can tolerate 
much poorer fuels and still give satisfac
tory performance. 

Furthermore, the esters showed at least 
a 10-point increase in cetane number over 
the oil from which they were derived. This 
quality increase would, in some measure, 
compensate for the extra cost of ester 
manufacture. 

This chart compares various seed oils 
for ignition quality in two types o f 
engine: direct-injection and indirect-
injection. All except co t tonseed oil were 
considerably worse than distillate. But, 
as the lower chart shows , esterifying the 
oils improved matters greatly. 

Tests with an ester-fuelled car 



T h e type o f a l c o h o l u sed i n ester for
m a t i o n had very little in f luence . But the 
nature o f the fatty ac id p layed a s ignif icant 
ro le . T h e best ester fuel was der ived f rom 
a pure o l e i c fatty ac id , f o l l o w e d by those 
f rom peanut , sunf lower , rape, l inseed , and 
— w a y b e l o w the others — castor o i l s . 

C o n s i d e r i n g the u n m o d i f i e d seed o i l s , 
a cons i s ten t ranking for three o f t h e m 
s h o w e d u p : c o t t o n s e e d , s o y b e a n , and, 
lastly, sunf lower . R a p e s e e d o i l varied i n 
its pe r fo rmance c o m p a r e d wi th the rest. 

R a n k i n g remained general ly cons i s ten t 
wi th e a c h e n g i n e type, and at different 
e n g i n e speeds . D r Johns ton takes this as 
a s t rong ind ica t ion that the engine-throt
t l ing test p rov ides rel iable data. T h e fact 
that it p r o d u c e d the same o i l - seed ranking 
other scientists der ived u s ing m u c h m o r e 
protracted test ing supports this idea. H e 
be l ieves it has m u c h to offer, particularly 
i n v i e w o f its s impl ic i ty and speed. H e is 
c o n t i n u i n g w o r k wi th the thrott l ing test, 
h o p i n g to get a m o r e c o m p l e t e under
s tanding o f h o w rapid laboratory tests re
late to longer - te rm e n g i n e per fo rmance . 

Predictions from chemistry 
T h e e n g i n e tests have p leased D r Har
r ing ton , for they c o n f i r m his p red ic t ions 
based o n general p r inc ip les o f c h e m i c a l 
structure. 

T h e r e is already a w i d e literature o n the 
hyd roca rbon structure o f fuels and its re
la t ion to their p e r f o r m a n c e in spark-
ign i t ion eng ines . I n the case o f d iese l 
e n g i n e s , in format ion is general ly l ack ing 
o n this aspect . H o w e v e r , apparently s o m e 

The chart shows the ignition qualities 
(cetane numbers) of various ester fuels 
determined in an indirect-injection 
engine. The esters of oleic fatty acid 
were the best; all except the methyl 
ester of castor oil were better than 
distillate. 

data sugges t that the propert ies m a k i n g 
for a g o o d (h igh-oc tane) petrol are just 
those that make for p o o r d iese l per form
ance . D r Har r ing ton has f o l l o w e d this 
sugges t ion th rough and, indeed , the test 
results c o n f o r m to the expec t ed inverse 
pattern. T h e best ester fuels c o u l d b e 
e x p e c t e d t o h a v e t he f o l l o w i n g 
character is t ics: 

• l o n g , unbranched hydroca rbon cha ins 

• m i n i m u m number o f d o u b l e bonds (but 
t o o f e w d o u b l e b o n d s c a n make the fuel 
a so l id , rather than a l iqu id) 

• d o u b l e b o n d s shou ld b e near the e n d 
o f the m o l e c u l e 

• n o aromat ic c o m p o n e n t (a vegetable o i l 
s e l d o m has such a c o m p o n e n t , but its 
g lyceryl fraction, w h e n heated, c a n 
break d o w n to a c r o l e i n , a p o s s i b l e 
s o u r c e o f aromat ics , w h i c h perhaps 
expla ins w h y methyl esters per form 
better than the raw o i l s ) 

The exhaust smell is not 
unpleasant — much like that 
of a Chinese fish shop. 

O n this basis , the ideal fatty ac id w o u l d 
have the structure: 

C = C C C C C C C C C C C C C C C C C O O H 

It has a l o n g , unb ranched ca rbon cha in 
wi th o n l y o n e d o u b l e b o n d , and this is at 
the end . T h e d o u b l e b o n d is necessary, 
because wi thou t it the substance is a so l id 
w i th a me l t ing po in t o f 7 0 ° C . 

T h e s c h e m e expla ins w h y castor o i l 
per forms so poo r ly — its pr incipal c o m 
p o n e n t is an unsaturated ac id wi th an 
hydroxy l s ide-chain ( r i c ino le ic ac id ) . 

D r Har r ing ton h o p e s these gu ide l ines 
may be useful to agronomis t s and genet
icis ts i nvo lved in manipu la t ing plants to 
p r o d u c e o i l w i t h d e s i r e d c h e m i c a l 
propert ies . 

Direct from the seed 
A n o t h e r interest o f D r Har r ing ton ' s is to 
r e d u c e the cos t o f ester fuel b y increas ing 
its y ie ld . Instead o f esterifying the o i l re
c o v e r e d f r o m the seed, h e wants to esterify 
the o i l w h i l e it is still in the seed. 

T h i s has the advantage that the ester 
is very m u c h less v i s c o u s than the o i l , and 
so s h o u l d be easier to extract. Further
m o r e , the hul l , 3 0 - 4 0 % o f the total seed 
we igh t , has s o m e o i l con ten t — about 5% 
o n a dry w e i g h t basis — and this w o u l d 
add to the level o f recovery (seeds are nor
ma l ly dehu l l ed before p roces s ing ) . 

D r Har r ing ton ' s exper iments have ver
if ied that 'in situ esterif ication' c a n raise 
c o n v e r s i o n y i e ld s c o n s i d e r a b l y . ( T h e 
m e t h o d raised ester y ie lds to m o r e than 
4 0 % by w e i g h t based o n the w h o l e seed , 
c o m p a r e d wi th a typical ly 3 0 % yie ld w h e n 
the esters were prepared f rom the ex
tracted o i l . ) In addit ion, the process avoids 
the dangers and losses associa ted wi th the 
volat i le and h igh ly f l ammable so lvent 
(usual ly hexane ) used to extract the o i l . 

O f c o u r s e , the v o l u m e o f the remain ing 
seed mea l plays a large part in the e c o 
n o m i c s o f any o i l s eed opera t ion. N o r 
mal ly the mea l is used as s tock feed. T h e 
mea l resul t ing f rom in situ treatment is 
u n l i k e l y to h a v e suffered d e l e t e r i o u s 
effects, a l t hough the p re sence o f the hul ls 
may lower its nutritional value. M o r e study 
is n e e d e d o n this aspect . 

T h e last w o r d may b e had f rom R u 
d o l p h D i e s e l h imself , w h o i n 1912 said, 
' . . . the use o f vegetable o i l s for e n g i n e 
fuels m a y s e e m ins ignif icant today, but 
s u c h o i l s may b e c o m e , in the cou r se o f 
t ime , as important as pe t ro l eum and the 
coal-tar p roduc t s o f the present t ime ' . 

Andrew Bell 
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