
I n 1973 t he Academy of Science suggested 
t h a t Austral ia should a im at p roduc ing 
half i ts annua l r equ i r emen t s for l iquid 
fuels f rom vegetat ion by t h e year 2000. As 
these r equ i rement s are expected to m o r e 
t h a n doub le b y t h e n , t h e target is a figure 
somewha t greater t h a n our p resen t oil 
consumpt ion . T h a t ' s a vast a m o u n t of 
fuel—the equivalent of 2 0 - 3 0 t h o u s a n d 
mil l ion litres of oil. 

T h e suggest ion was one of t h e r e c o m 
menda t ions m a d e in an Academy r epo r t o n 
solar energy research in Austral ia . 
M e t h o d s exist n o w for t u r n i n g mater ia l 
f rom plants in to l iquid fuels, b u t w h e t h e r 
it will p rove possible to achieve such an 
enormous o u t p u t is far f rom certain. T w o 
C S I R O scientists , M r J i m S iemon of t he 
Divis ion of Chemica l Engineer ing a n d D r 
Geoff Gar t s ide of t he Divis ion of Chemica l 
Techno logy , have recent ly looked in to 
some of t h e possibilities a n d p rob lems . 

T h e r e are m a n y good reasons for mak ing 
fuel f rom plants . F o r one , oil is r u n n i n g 
out . I f t he e q u i p m e n t t h a t it p o w e r s — 
inc lud ing near ly all forms of t r an spo r t— 
is to keep r u n n i n g beyond the nex t few 
decades , alternatives have to b e found. 
Oil can b e m a d e from coal, b u t coal 
reserves also have the i r l imits . F u e l f rom 
p lan t s , wh ich ga ther solar energy as they 
grow, shou ld b e available for as long as t he 
ea r th suppor t s vegetat ion. 

A n o t h e r po in t t ha t m a y prove i m p o r t 
an t is t ha t use of this fuel will no t a d d to t he 
carbon dioxide conten t of t he a tmosphere . 
I t will only p u t back into t he air t h e a m o u n t 
t ha t t h e plants took ou t du r ing the i r 
g rowth . T h e wor ry wi th t h e p resen t 
g rowth in carbon dioxide concen t ra t ions— 
d u e to t h e vast o u t p u t f rom coal, oil, and 
na tu ra l gas bu rn ing—is t h a t it could 
p r o d u c e changes i n cl imate by t r a p p i n g 
m o r e hea t nea r t h e ear th ' s surface. 

B u t large-scale use of fuel f rom plants 
also has its d rawbacks . T h e fact t ha t land 
needed for fuel crops could o therwise b e 
used for growing food a n d fibre is p robab ly 

t he biggest of these . J u s t h o w m u c h l and 
will b e needed pe r li tre of fuel remains 
unclear , b u t certainly mill ions of hectares 
will have to b e set aside if t h e Academy ' s 
target for t h e year 2000 is t o b e m e t . 

Ano the r p r o b l e m could b e a very b ig 
fertilizer r equ i r emen t . T h e ingredients of 
some fertilizers, notably phospha tes , can
n o t b e recycled wi th cu r r en t technology. 
I f supplies become unavai lable , p r o d u c 
t ion of fuel f rom plants m u s t p l u m m e t . 
Bu t t h a t p rob l em should no t arise for a 
long t ime—probab ly for centuries (see 
'Phosphorus a n d feeding t h e wor ld ' , 
Ecos 8). 

W o o d t o e t h a n o l 

O n e of t he mos t p romis ing possible fuels 
is e thano l (ordinary alcohol) , which can 
b e m a d e from all p lants . M r S iemon, in a 
project for t he C S I R O Solar Ene rgy 
Studies U n i t , has looked into t h e poss -

Millions of hectares-will have 
to be set aside if the 
Academy's target for the year 
2000 is to be met. 

ibil i ty of p roduc ing large amoun t s from 
eucalypt forest p lanta t ions . A n e thanol -
f rom-wood process opera ted c o m 
mercial ly in G e r m a n y du r ing t h e 1950s, 
a n d M r S iemon based his calculations o n 
its per formance record . 

I n th is process , t h e wood is first 
ch ipped and dr ied. Hydroch lo r ic acid is 
a d d e d to conver t t h e wood ' s cellulose in to 
a m i x t u r e of sugars , Which are t h e n 
separa ted ou t f rom t h e acid. Final ly , in a 
fermenta t ion process , yeast breaks t h e 
sugars d o w n into e thanol a n d carbon 
dioxide. 

T h e process requires hea t and , if th is 
was suppl ied b y b u r n i n g convent ional 
fuels, wou ld consume m o r e fuel t h a n it 
p r o d u c e d . B u t t he hea t could also b e 
supp l ied by b u r n i n g by -p roduc t s f rom 
t h e process wi th addi t ional wood . M r 
S iemon calculates t ha t t h e a m o u n t of 
wood n e e d e d for hea t ing wou ld b e nearly 
doub le t h e a m o u n t fed t h r o u g h t h e e thanol 
process . Someth ing like t h r e e t imes m o r e 
fuel wou ld t h e n come ou t t h a n was used in 
harves t ing a n d ch ipp ing t h e wood , bu i ld 
ing mach ine ry , and so on . 

W h e n h e looked in to t h e p rospec t of 
m e e t i n g t h e Academy ' s goal for l iquid fuel 
p roduc t ion—which in energy t e rms is 1 0 1 8 

joules , abou t hal f Austra l ia ' s total energy 
c o n s u m p t i o n in 1970—Mr S iemon worked 
o n t h e a s sumpt ion t h a t e thanol would b e 
used in b lends wi th pe t ro l for t h e foresee
able fu ture . E t h a n o l has only 6 2 % of 
pe t ro l ' s energy content , b u t exper iments 
suggest t ha t wel l - tuned engines per form 
as well on b lends w i t h u p t o 2 5 % e thanol 
as on s t ra ight pe t ro l . So , i f u sed in such 
b lends , e thanol a n d pe t ro l can b e regarded 
as equivalent fuels. 

Work ing f rom t h a t s ta r t ing poin t , M r 
S iemon calculated t h a t a p roduc t ion r a t e 
Of 2 1 . 2 mil l ion tonnes of e thano l a year 
would m e e t t h e Academy ' s ta rget—if t h e 
e thanol was b l e n d e d wi th pe t ro l a n d each 
litre m a d e t h e same cont r ibu t ion as a l i t re 
of pet rol . O n its own, however , t h a t 
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The forecasts for the year 2000 are by M r Roger Morse, CSIRO's Director of 
Solar Energy Studies. They assume tha t oil will be unavailable locally by then 
and will not be imported; liquid fuels will come f r o m coal and vegetation. 

a m o u n t of e thanol wou ld go on ly 6 2 % of 
t h e way towards mee t ing t h e ta rge t . 

C a n w e d o i t ? 

M o r e t h a n 200 mil l ion tonnes of w o o d 
would have t o b e harves ted a n d processed 
each year t o p r o d u c e all t h a t fuel. I s t h a t 
possible in Austra l ia ? N a t i v e forests a n d 
planta t ions p r o d u c e less t h a n 10 mil l ion 
tonnes a year n o w , a n d t h e figure is 
expec ted t o rise t o only a b o u t 14 mil l ion 
tonnes b y t h e year 2000. T h e expans ion 
n e e d e d to reach t h e ta rge t for fuel is 
e n o r m o u s . 

M r S iemon looked at w h a t would b e 
involved in achieving t h a t o u t p u t f rom 
planta t ions o f euca lypt t rees . I n p l a n t 
at ions in Ind ia , Por tuga l , a n d I ta ly , one 

fast -growing species, t h e sou the rn b l u e 
g u m , has given s t em wood yields rang ing 
f rom 15 to m o r e t h a n 30 tonnes p e r 
hec ta re pe r year , a n d in Victoria s tands of 
ano the r species, t h e m o u n t a i n ash , have 
given annua l yields as h igh as 2 2 . 6 tonnes 
pe r hec tare . T h e s e c o m p a r e wi th average 
yields o f 5 . 8 tonnes p e r hec ta re p e r year 
expec ted f rom our p ine planta t ions at t h e 
beg inn ing o f nex t cen tu ry , r i s ing t o 
possibly 15 tonnes w h e n all p lanta t ions 
r each full p roduc t iv i ty . T h e m a x i m u m 
yield of sawn t i m b e r logged f rom vigorous 
na t ive forests is abou t 2 tonnes pe r hec ta re 
pe r year . 

M r S iemon as sumed t h a t fertilizers 
would b e used in wood-for -e thanol 
p lan ta t ions , a n d based his calculations on 

an es t imated average annua l s t em wood 
yield of 1 2 . 5 tonnes p e r hec tare . T a k i n g 
in to account t h e b ranches a n d leaves— 
useless if t rees are harves ted for t i m b e r , 
b u t as good as s t em wood for e thanol 
p r o d u c t i o n — t h e total yield comes t o 
19 tonnes pe r hec ta re pe r year. 

O n the se figures, 17 p roduc t ion c o m 
plexes , each wi th a 740 000-hectare 
p lan ta t ion a n d a factory t u r n i n g ou t 4000 
tonnes of e thanol a day, wou ld m e e t t h e 
ta rge t . T h e total p lanta t ion area wou ld b e 
13 mil l ion hectares . 

A r ecen t s t u d y b y M r H e n r y N i x of t h e 
C S I R O Divis ion of L a n d U s e Research 
came u p wi th a n es t imate of near ly doub le 
t h a t a rea—25 mil l ion hec tares—as t h e 
a m o u n t of arable l and in Austra l ia n o t 
f a rmed n o w . I f p lanta t ions for fuel could 
b e kep t wi th in those 25 mil l ion hec tares , 
food p roduc t ion a n d ou r exist ing nat ive 
forests wou ld no t b e d i s tu rbed . B u t only 
deta i led assessment could d e t e r m i n e h o w 
m u c h of t h a t l and would b e sui table . 

W h a t would t h e e thano l c o s t ? M r 
S iemon ' s calculat ions, based o n 1974 
pr ice levels, suggest a pr ice at t h e p u m p , 
inc lud ing t a x , of a b o u t 44 cents pe r l i t re 
($2 pe r gallon), wh ich could d r o p wi th 
improved technology to 33 cents p e r l i t re . 
T h e s e prices compare wi th a n es t imate , a t 
1974 coal pr ices , of abou t 16 cents p e r 
l i t re (75 cents pe r gallon) for pe t ro l f rom 
coal. B u t oil-from-coal can only b e a 
t e m p o r a r y solut ion t o t h e p r o b l e m of 
keep ing u p l iquid fuel suppl ies , a n d coal 
pr ices have r isen sharply s ince 1974. 

F e r t i l i z e r 

E t h a n o l f rom trees also canno t provide a n 
indefinite solut ion unless ways a re found 
to recycle t h e phosphorus u s e d in ferti l
izers. M r S iemon est imates t h a t 13 mill ion 
hectares of eucalypt p lanta t ions would 
n e e d 80 000 tonnes of phosphorus in 
fertil izers each year. T h a t ' s a b o u t o n e -
t h i r d of Austral ia ' s 1971—72 consumpt ion 
ra te . A t t h e p h o s p h o r u s d e m a n d ra te 
p red ic ted for t h e year 2000, t h e k n o w n 
usable reserves in Austra l ia a n d its ma in 
outs ide s o u r c e s — N a u r u a n d Chr i s tmas 
I s l and—have a lifetime of a l i t t le m o r e 
t h a n 400 years . 

I n his s tudy , D r Ga r t s i de looked more 
general ly at m e t h o d s t h a t have b e e n 
p roposed for mak ing large quant i t ies of 
l iquid a n d gaseous fuels f rom plan t 
mater ia l . S o m e of his conclusions a re 
dec idedly pessimist ic . O n e is t h a t 46 
mil l ion hectares of forest p lan ta t ions— 
ra the r t h a n t h e figure of 13 mil l ion hectares 
calculated b y M r S i emon—would b e 
n e e d e d t o p r o d u c e enough e thanol t o 
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reach t h e Academy ' s target . 
A large pa r t of t h e difference be tween 

t h e two est imates arises from t h e fact t h a t 
D r . Gar t s ide based his calculations on t h e 
a m o u n t of e thanol n e e d e d on its o w n to 
reach t h e ta rge t . T h e s tar t ing po in t for 
M r S iemon ' s calculat ions, wh ich effect
ively r e d u c e d t h e ta rge t b y two-fifths, was 
descr ibed earlier. O t h e r factors are i n 
volved too . 

T h e scientists looked at different wood-
to-e thanol processes , b u t ar r ived a t 
similar figures for t h e p ropor t ion of t h e 
energy con ten t of t h e wood m a d e available 
in e thanol . M r Siemon 's figure is abou t 
2 0 % a n d D r Gar t s ide ' s a somewha t lower 
1 3 % . T h e y a s sumed different p roduc t iv i ty 
figures for t h e eucalypt p lanta t ions . M r 
S iemon used a s t em yield of 1 2 . 5 tonnes 
p e r hec ta re pe r year , giving a whole - t ree 
yield of 19 t onnes , whi le D r Gar t s ide 
worked f rom a m o r e modes t total yield 
figure of 10 tonnes pe r hec ta re p e r year . 

As p lanta t ions on t h e scale envisaged 
are qu i te u n p r e c e d e n t e d , only r o u g h 
est imates of the i r potent ia l p roduct iv i ty 
are possible . B u t u n d o u b t e d l y a very 
large a m o u n t of l and would b e needed . 

A l t e r n a t i v e s 

K e e p i n g t h e area t h a t has to b e p l an t ed as 
small as possible is obviously vital , so h igh 
yields are essential . D r Gar t s ide looked at 
cassava, a h igh-yie ld ing t ropical c rop , as 
ano the r possible source of e thanol . B u t 
h e found t h a t harves t ing a n d process ing 
t h e c rop r equ i red m o r e energy t h a n was 
available in t h e e thano l p roduced . Hi s 
calculations for e thano l p roduc t ion f rom 
sugar molasses gave a similarly d i s 
appo in t ing resul t . 

A n al ternat ive way to obta in fuel f rom 
p lan t mater ia l is t o b reak it d o w n b y 
pyrolys is—heat ing in t h e absence of air. 
T h i s p roduces a l iquid similar t o heavy 
fuel oil, a n inf lammable gas , a n d char . 
Calculat ions b y D r Gar t s ide indicate t ha t , 
if t h e gas a n d some of t h e char are b u r n t t o 
p rov ide hea t for t h e process , considerably 
m o r e energy comes ou t in t h e l iquid 
p r o d u c t t h a n has to b e suppl ied f rom o ther 
sources t o p r o d u c e it. His calcula t ions— 
done for e lephant grass , cereal s t raw, a n d 
domes t ic garbage as t h e feedstock— 
suggest t ha t fur ther s tudies of cost a n d 
yield would b e w o r t h whi le . Pyrolysis 
m a y prove decidedly m o r e p roduc t ive 
t h a n t h e e thanol process . 

L i q u i d fuel can also b e p r o d u c e d b y 
hydrogena t ing p lan t mater ia l—bui ld ing 
u p its hydrogen con ten t in react ions a t 
h igh t empera tu res and pressures . T h i s 
again p roduces a form of oil. Labora to ry 

tests overseas indicate tha t hydrogena t ion 
gives a greater fuel yield t h a n pyrolysis , 
b u t consumes m o r e energy. Even less 
research has been done on this process . 

A wel l -known way to m a k e fuel f rom 
organic ma t t e r is to fe rment i t in t h e 
absence of air, p roduc ing m e t h a n e ( the 
pr inc ipa l ingred ien t of na tu ra l gas). 
Ga rbage and sewage can b e fe rmented this 
way, a n d so can c rop mater ia l . D r G a r t 
s ide 's calculations indicate tha t a given 
a m o u n t of p l an t mater ia l can yield t h r ee 
t imes m o r e energy t h r o u g h this process 
t h a n as e thanol . Bu t t h e p r o d u c t is a gas , 
a n d t h e need to find subst i tu tes for na tura l 
gas is no t as u rgen t as t h e n e e d for oil 
subs t i tu tes . 

Wastes conver ted in to l iquid or gaseous 
fuels could supply p a r t of ou r energy need , 
b u t only a very small pa r t . D r Gar t s ide 
est imates tha t t h e s t raw left over w h e n 
Austral ia ' s whea t crops a re harves ted 
could provide a ne t energy yield equ iv 
alent to 3 % of t he Academy ' s l iquid fuels 
ta rget a n d t h a t forestry wastes could 
supp ly a similar a m o u n t . B u t t h e energy 
used t o collect a n d t r anspor t t h e wastes 
has to b e deduc ted from those figures, a n d 
we haven ' t any o the r was te p roduc t s t h a t 
could m a k e comparab le cont r ibu t ions . 

W i t h c o a l 

Whi le h e is pessimist ic abou t t he prospects 
for p roduc ing l iquid a n d gaseous fuels jus t 

Cars on the production line— 
substitutes for petrol will be needed 
quite soon. 

from p lan t mater ia l in quanti t ies ma tch ing 
existing or expected use ra tes , D r G a r t 
s ide believes plants could p lay a valuable 
role in ex tend ing t h e life of fossil fuel 
reserves. 

F o r example , if coal was u s e d to supp ly 
t h e energy needed for t h e wood- to -e thano l 
process , th is could b e rega rded as a way of 
conver t ing coal t o l iquid fuel. T h e e thanol 
energy o u t p u t would b e abou t 6 0 % of t h e 
coal energy i npu t , a convers ion ra te 
similar t o t ha t achieved b y t u r n i n g coal 
direct ly in to l iquid fuels. Process ing costs 
a n d p r o d u c t qual i ty would p robab ly 
de t e rmine wh ich coal- to- l iquid rou t e was 
m o r e desirable. 

Cassava, a n d o ther s ta rch c rops , would 
give still be t t e r convers ion ra tes . T h e 
p lanta t ion areas needed for these processes 
would b e less t h a n ha l f those requ i red if 
coal was left ou t of t he equat ions . 

M e t h a n e p roduc t ion by this indi rec t 
m e t h o d seems qu i t e a good prospect . I f 
coal suppl ied t h e energy needed to process 
t h e p l an t mater ia l , t h e m e t h a n e p r o d u c e d 
wou ld contain twice as m u c h energy as t h e 
coal used . T h a t ' s m o r e t h a n th ree t imes 
t h e energy o u t p u t f rom t h e direct con
version of coal to m e t h a n e . T h e extra 
energy comes , of course , f rom t h e p lan t 
mater ia l . 

D r Gar t s ide calculates t h a t a mil l ion 
hectares of a h igh-yie lding t ropical c rop 
such as e lephant grass would yield enough 
m e t h a n e to m e e t t h e m u c h - m e n t i o n e d 
A c a d e m y target . T h a t m a y b e w o r t h 
r e m e m b e r i n g w h e n na tu ra l gas suppl ies 
beg in t o falter, a l though t h e target is for 
l iquid ra the r t h a n gaseous fuels. W h e n 
coal starts to r u n shor t , ano ther set of 
answers will b e needed . 
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