
Sugar beet 
can raise 
your spirits 
The prospect of farmers growing their own fuel for 
vehicles is looking rosier, thanks to the invention of a 
new process for fermenting sugary crops to make 
alcohol. The new technique promises to save money and 
reduce pollution. 

T h e process involves f e rmen t ing the 
sugar w i thou t add ing water ; t h e crop s im
ply 'brews in i ts o w n ju ice ' . 

Sol id-phase fe rmenta t ion , as it is cal
led, has l ong been applied to cer ta in ma te 
rials i n c l u d i n g , familiarly, garden c o m 
post , bu t M r K e v i n Kirby and M r C h r i s 
M a r d o n , of t he C S I R O Div i s ion of C h e m i 
cal T e c h n o l o g y , bel ieve they are the first 
to apply it to c rops for the p roduc t i on of 
e thano l . 

Dis t i l le r ies at p resent u s e large quan 
tities of water to extract sugar from the 
raw crop. F o r every l i tre of a lcohol pro
duced, 10 to 20 li tres of turbid effluent 
leave t he factory to po l lu te the envi ron
m e n t or u n d e r g o expens ive t rea tment . In 
deed, t he disposal of effluent is a major 
p rob lem at al l dist i l ler ies i n Aust ra l ia and 
overseas. 

I n the n e w process the p l an t mate r ia l is 
s imply chopped in to a p u l p a n d fermented 
by yeast w i thou t t he addi t ion of water . 
T h e smal ler quan t i ty of effluent (about 5 
l i t res for each l i tre of a lcohol p roduced) 
shou ld m i n i m i z e the threa t to t he envi
r o n m e n t , especial ly s ince it w o u l d prob
ably c o m e from several smal l factories 
dot ted abou t t he coun t rys ide , n o t from 
o n e b ig conven t iona l disti l lery. 

T h e researchers h i t o n the i r idea after 
be ing asked by a g roup of T a s m a n i a n 
farmers to inves t iga te the p rospec t s of 
p roduc ing e thano l from sugar beet, w h i c h 
has a h i g h sugar con ten t . 

Encouraging results 

T h e resul t s of laboratory tr ials were m o s t 
e n c o u r a g i n g . T h e yield was m u c h the 
same as from convent iona l p rocess ing , 
w i th 9 0 % of the sugar in the beet p u l p 
converted to a lcoho l . Approx imate ly 9 5 % 
of the a lcohol was extracted, and 8 5 % of 
the yeast was recovered to be used aga in . 

T h e researchers adjusted t he p H to 4 · 5 

Sugar beet. 

before add ing the yeast, bu t found tha t n o 
p re t rea tment of t he beet , such as steriliz
ing or add ing nu t r i en t s , was necessary . 
T h e only l iquid effluent from this process 
is the beet ju ice from w h i c h the fe rmented 
sugar has been removed. 

M r K i r b y a n d M r M a r d o n b e l i e v e 
sol id-phase fe rmenta t ion will be a t i ts 
m o s t e c o n o m i c a l i n p l a n t s p r o d u c i n g 
from 1 to 5 mega l i t r es of a l coho l a year. (A 
mega l i t r e is a m i l l i on li tres.) By cont ras t , 
the m i n i m u m e c o n o m i c a l capaci ty of a 
conven t iona l dis t i l lery is abou t 50 M l a 
year. 

T h e secret is t he relat ive s impl ic i ty of 
the n e w process . I t wou ld cos t m u c h less 
t o set u p a so l id-phase p l an t t h a n a con
ven t iona l one a n d opera t ing cos ts w o u l d 
be lower. N o farm wou ld be very far from a 
dist i l lery, and so t ranspor t bil ls wou ld be 
kept d o w n . 

T h e l a b o r a t o r y e x p e r i m e n t s s u g g e s t 
tha t a dist i l lery cou ld p r o d u c e 4 M l of 
a lcohol a year for abou t 24 cen t s a l i t re , 
se l l ing t he fuel at pe rhaps 27 cen t s . T h e 
ac tua l pr ices w o u l d depend o n the cost of 
the bee t ; these f igures were based on a 
yield of 70 t o n n e s a hec ta re a n d a pr ice of 
$14 a t o n n e for t he roots (equiva lent to 
$26.50 a t o n n e for the w h o l e p lan t ) . 

T h e federal g o v e r n m e n t a n n o u n c e d 
last J anua ry that a l coho l w o u l d be exempt 

from excise w h e n used o n farms and as a 
t r anspor t fuel. 

Pilot plant 

Natu ra l ly , t h e C S I R O sc ien t i s t s are k e e n 
to try ou t the i r ideas . N o r t h e r n T a s m a n i a 
has t he r igh t c l ima te for g r o w i n g beet , and 
farmers t he re are l ook ing for an extra c rop 
to i n c l u d e i n the i r ro ta t ion , so tha t s eems 
an ideal p l ace for a p i lo t p lan t , especia l ly 
as local sawmi l l s cou ld supply s awdus t as 
fuel. N o w the r e sea rche r s are l ook ing for 
f inancia l b a c k i n g for s u c h a p lan t . 

U n d e r t he proposa l , farmers w o u l d keep 
the tops (foliage) of t he beets as fodder. 
T h e y wou ld also feed to a n i m a l s t he fib
rous r e s idue from the factory. 

I n dis t r ic ts w h e r e sawdus t or ano the r 
fuel is no t local ly avai lable , bo th the tops 
and the r e s idue cou ld b e fe rmented to 
m a k e b iogas ( largely m e t h a n e ) , w h i c h 
w o u l d provide all t he energy the dist i l lery 
needed . 

H o w e v e r , t he tops w o u l d be m o r e valu
able as fodder t h a n as fuel. D i g e s t i n g t he 
w a s t e f ibre a l o n e w o u l d p r o v i d e o n l y 
a b o u t t h r e e - q u a r t e r s o f t h e n e c e s s a r y 
e n e r g y , b u t m o r e hea t - e f f i c i en t u n i t s 
b e i n g des igned overseas m a y wel l find 
th is energy source sufficient. 

S u g a r beet is g r o w n in t he coo l to t emp
erate areas of t he wor ld , and grows suc
cessfully i n w a r m c l imates w i t h irr iga
t ion . I t can b e harves ted over a per iod of 
6—7 m o n t h s . 

Unfor tuna te ly , nobody has yet found a 
way to s tore the c rop t h r o u g h a n Aust ra
l ian s u m m e r w i t h o u t dehydra t ion , fungal 
at tack, and b reakdown of the sugar . Bee t 
is successful ly s tored i n E u r o p e , so th i s 
ques t ion is an obvious cand ida te for re
search . 

A second c rop w o u l d prevent factories 
from lying id le for t he o the r 5 m o n t h s . 
T h e researchers sugges t tha t i n i r r igated 
areas of n o r t h e r n Vic tor ia , for example , 
suga r beet and swee t s o r g h u m wou ld keep 
dis t i l ler ies busy al l t he year r o u n d . 

T h e C S I R O sc ient i s t s have appl ied for a 
pa ten t to cover b o t h sugary c rops , l ike beet 
and sweet s o r g h u m , a n d p lan t s r i ch in 
s t a r c h , s u c h as p o t a t o e s a n d cas sava . 
S t a rch p resen t s a n ext ra p rob l em. I t m u s t 
be conver ted to sugars before it can be 
f e r m e n t e d , a n d t h e s c i e n t i s t s h o p e to 
achieve th i s u s i n g commerc i a l l y avai lable 
enzymes w i t h o u t add ing water . 

T h e two processes , hydrolys is of s ta rch 
and fe rmenta t ion of t he r e s u l t i n g sugars , 
may even go on s imu l t aneous ly . 

L e t u s i m a g i n e t h a t several fa rmers 
have formed a coopera t ive a n d w a n t to 
bui ld a dist i l lery. A r m e d w i t h a govern-
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The crop simply 'brews in 
its own juice'. 

m e n t l i cence , they m a k e a l coho l — or, 
m o r e p r e c i s e l y , t h e m i x t u r e of 9 5 % 
e t h a n o l and 5 % water t ha t is p r o d u c e d by 
d i s t i l l a t i o n . I n Braz i l a n d t h e U n i t e d 
Sta tes t h i s m i x t u r e w o u l d be t a k e n for 
e x p e n s i v e c o m m e r c i a l c o n v e r s i o n t o 
1 0 0 % a lcoho l a n d t h e n usua l ly b l ended 
w i t h pe t ro l to m a k e gasoho l . 

Modifying engines 

P r o d u c t i o n cos ts wi l l be he ld d o w n if ou r 
farmers c a n u s e 95 % a lcoho l direct ly. O n e 
way is by modify ing pe t ro l e n g i n e s to r u n 

on the a l coho l ; ano the r is by b l e n d i n g i t 
w i t h d iese l fuel for d iese l e n g i n e s . 

I t is t he water i n t h e a l coho l tha t crea tes 
p r o b l e m s . A l t h o u g h water m i x e s perfectly 
w i t h a l coho l , it reacts to pe t ro l or d iese l 
fuel m u c h as v inegar does to oil i n a salad 
d ress ing : two separa te layers form. If on ly 
a smal l p ropor t ion of wate r is p resen t , 
the re is n o difficulty. Pe t ro l genera l ly con
ta ins s o m e acc iden ta l water , for e x a m p l e , 
and wi l l d issolve abou t 0 - 3 % water at 
o rd inary t empera tu re s . 

If petrol is b l ended w i t h m o r e t h a n a 
fairly smal l p ropor t ion of 9 5 % a lcoho l , 
layers form, w i t h t he water t ak ing the 
a lcohol in to a separate layer from the pet
rol . 

T h e answer is to add a surfactant — tha t 
is , a c o m p o u n d tha t encourages t he wate r 
a n d pet rol to form a s ingle , clear so lu t ion . 

O n the o ther h a n d , diesel e n g i n e s s e e m 
to perform bes t if diesel fuel a n d 9 5 % 
a lcoho l are emuls i f ied . Y o u see a n emul 
s ion w h e n you shake oil a n d v inegar to
ge ther vigorously. T h e resu l t is a mi lky 
l iquid , i n w h i c h o n e layer is b roken u p 
i n t o t i n y d r o p l e t s a n d d i s t r i b u t e d 
t h r o u g h o u t t he o ther layer. 

Researchers a t the CSIRO Div i s ion of 
M e c h a n i c a l E n g i n e e r i n g wi l l b e t e s t ing 
var ious fuel b l ends o n a n e n g i n e test-bed 
recent ly ins ta l led at t he Div i s ion . 

John Seymour 

More about the topic 

In t e rmed ia t e scale e thano l p roduc t ion . K . 
D . K i rby a n d C. J. M a r d o n . Proceedings 
of the Fuel Ethanol Research and De
velopment Workshop, Canberra, Feb
ruary 1980 ( in press) . 
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