
Weighing 
our energy 
options 

Oil prices have fallen this year, and there is talk of a 
world glut of the precious liquid. Only a few years ago 
we appeared to face the prospect of constantly rising 
prices and a looming shortage. How quickly things 
change. 

A n d o f course they can c h a n g e again. A n w o u l d b e c o m e e c o n o m i c a l l y compet i t ive 

end to the wor ld recess ion w o u l d see the quite s o o n . T h e ques t ion that interested 

d e m a n d for o i l p ick up . N o doub t the pr ice A g e n c y members was : h o w w o u l d the best 

w o u l d p i ck u p t o o . Whatever transpires, m i x o f energy sources change over the next 

w e cannot escape the fact that o i l is a fi- 4 0 or so years, and where shou ld energy 

nite resource and w o n ' t g o o n gush ing research funds g o in c o n s e q u e n c e ? 

forever. A l t h o u g h the n e e d to d e v e l o p n e w 

In 1976, w h e n o i l pr ices seemed set o n energy t e c h n o l o g i e s seems less urgent 

a con t i nu ing upward cou r se , the Inter- n o w than it did a few years ago , the im-

national Energy A g e n c y ( I E A ) initiated por tance o f work ing out the best future 

a project a imed at he lp ing m e m b e r c o u n - energy op t ions remains . Austral ia is o n e 

tries set priorities for research. A t that t ime o f about 20 count r ies that have jo ined in 

it l o o k e d as if shale o i l , o i l f rom coa l , and the I E A Energy T e c h n o l o g y Systems 

other alternatives to o i l f rom the g round Analys i s Project . 



A t the centre o f the exerc i se is a c o m 

p l ex mathemat ica l m o d e l , deve loped by 

research teams in Wes t G e r m a n y and the 

Un i t ed States, ca l led M A R K A L (from 

M A R K e t A L l o c a t i o n ) . Its users n o w in

c l u d e m o s t o f the d e v e l o p e d count r ies that 

are m e m b e r s o f the I E A , d e v e l o p i n g 

count r ies s u c h as Indones ia and Brazil, 

r eg ions s u c h as the C a n t o n p rov ince o f 

Ch ina , and individual c i t ies . 

T h e m o d e l s imulates , in a very detai led 

way, the interact ions o f energy sources 

and end uses . Based o n the informat ion 

and a s sumpt ions fed in , it c a n s h o w 

whether , w h e n , and to what extent n e w 

ene rgy t e c h n o l o g i e s s h o u l d b e int ro

d u c e d , if the goa l is the m o s t eff icient use 

o f resources . 

Australia j o i n e d the I E A in early 1 9 7 9 , . 

and shortly afterwards a team f r o m the 

L u c a s He igh t s Resea rch Labora tor ies in 

Sydney, l ed by M r Peter Essam, b e g a n 

applying M A R K A L to the Austra l ian 

energy scene . M r Essam and his c o l 

leagues — or ig ina l ly m e m b e r s o f the A u s 

tralian A t o m i c Energy C o m m i s s i o n and 

n o w wi th the C S I R O D i v i s i o n o f Energy 

T e c h n o l o g y — have recently pub l i shed 

the results o f a study that l o o k e d at p o s 

sible deve lopmen t s u p to the year 2 0 2 0 . 

A m o n g the assumpt ions they adopted 

was that the pr ice o f o i l (the real p r i ce , 

adjusted for inf lat ion) w i l l rise by about 

2 % a year, w h i c h means that it w i l l slightly 

m o r e than d o u b l e by 2 0 2 0 . T h e y assumed 

that there w i l l b e n o restr ict ions o n the 

a m o u n t o f o i l that can be impor ted . A n d 

they assumed that Austral ia 's popu la t ion 

w i l l reach 19•5 m i l l i o n by the year 2 0 0 0 

and 2 5 • 4 m i l l i o n by 2 0 2 0 . 

O n e result f rom the m o d e l was that to 

tal c o n s u m p t i o n o f pr imary energy (that 

i s , the energy in the c o a l , o i l , and so o n 

used for all purposes , i n c l u d i n g p r o d u c 

t ion o f secondary energy sources s u c h as 

electr ic i ty) w o u l d increase f rom about 

3 0 0 0 PJ (petajoules, o r 1 0 1 5 j ou le s ) per year 

to 6 7 4 0 PJ per year by 2 0 2 0 . T h i s impl ies 

an increase o f abou t 3 0 % in energy use 

per Austral ian. T h e m o d e l c o n c l u d e d that 

electr ici ty use w o u l d g r o w by 3 • 8 % per 

year to the year 2 0 0 0 and then by 1•6% 

per year to 2 0 2 0 . 

T h e team fed a w i d e range o f alternative 

energy t e c h n o l o g i e s , a l ong wi th c o s t es 

t imates for each , into the m o d e l ' s data 

base. L o o k i n g for the m o s t eff icient w a y 

to supply pro jec ted energy needs , the 

m o d e l i n t roduced methano l - f rom-na tu -

ral-gas plants in 1990 and a plant for p ro 

d u c i n g synthetic o i l p roduc ts f rom b r o w n 

coa l in 1995. T e c h n o l o g i e s that the m o d e l 

largely rejected i n c l u d e d the p r o d u c t i o n 

The Moomba gas field in South 
Australia. Natural gas consumption may 
well increase markedly. 

Among the assumptions they 
adopted was that the price of 
oil will slightly more than 
double by 2020. 

Electrification of railway lines that carry 
big freight traffic looks desirable. 

o f o i l f rom shale and o f l iqu id fuels f rom 

vegetat ion. 

T h e M A R K A L model 

H o w does M A R K A L work? It applies the 

mathemat ica l t echn ique o f 'L inea r p ro 

gramming ' to al locate poss ib le energy 

sources to all the specif ied uses . It makes 

the c h o i c e s that w i l l achieve an over

r id ing goa l , the o b v i o u s example b e i n g 

to m i n i m i z e total cos ts . 

T h a t sounds quite s imple, but w h e n y o u 

get d o w n to detail the complex i ty o f the 

m o d e l b e c o m e s apparent, as does the fact 

that a very large a m o u n t o f informat ion 

is needed to run it successfully. 

F o r example , the user has to define all 

the energy t e c h n o l o g i e s cons idered in 

terms o f fuel type, ef f ic iency o f operat ion, 

capital and operat ing cos t s , operating l i fe

t ime, l imitat ions, and changes in these 

characteris t ics wi th t ime. Fue l types have 

to b e def ined in terms o f the quantities 

available and their cos t . 

Essent ia l ly , what the m o d e l does is al

loca te the least expens ive t e c h n o l o g y to 

each use until s o m e 'constraint' is reached. 

E x a m p l e s o f constraints imposed are l i m 

itations o n the a m o u n t o f a fuel available 

and o n the rate at w h i c h a n e w t e c h n o l o g y 

can b e in t roduced . 

T h e m o d e l bases its cho i ce s o f fuels and 

energy t e c h n o l o g i e s o n ' shadow pr ices ' 

that it de termines . T h e s e take a c c o u n t o f 

all the constraints , and h e n c e c a n p r o d u c e 

an e c o n o m i c a l l y m o r e rational picture 

than straightforward re l iance o n fuel-ex

tract ion cos t s or impor t pr ices. W h e r e n o 

constraints l imi t the availability o f a fuel , 

its s h a d o w pr ice is the assumed c o s t o f 

extracting or import ing it. But when limits 

are i m p o s e d , the s h a d o w pr ice b e c o m e s 

the cos t o f the nex t best alternative; thus, 

the s h a d o w pr ice o f i nd igenous o i l equa ls 

the cos t o f impor ted crude . 

Fact-gathering 

T h e Austral ian M A R K A L team assem

b led data f rom all over the place before 

runn ing the m o d e l . F o r example , p ro j ec 

t ions o f energy d e m a n d and supply w e r e 

based o n material suppl ied by the then 

Depar tment o f Nat ional Deve lopmen t and 

E n e r g y ( n o w the D e p a r t m e n t o f R e 

sources and Energy) ; and popula t ion pro

jec t ions c a m e f r o m the Australian Bureau 

o f Statistics. T e c h n i c a l details and cos t 

ings for alternative energy sources c a m e 

f rom the m o s t up-to-date Austral ian and 

overseas s tudies. 

N e w t e c h n o l o g i e s cons idered in the 

study inc luded s ix m e t h o d s for p r o d u c i n g 

l iqu id fuel f rom c o a l , the conve r s ion o f 
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Blended motor spirit — petrol with 15% 
by volume methanol or ethanol — will 
become increasingly competitive, 
according to the model. 

B e c a u s e c h a n g e inevitably takes t ime, 

the researchers l imi ted fuels c o m p e t i n g 

wi th m o t o r spirit to a m a x i m u m o f 1 0 % 

o f the private au tomob i l e market by 1990. 

T h e l imitat ion was then progress ively 

removed. A s the graph o n this page shows , 

l iquid petroleum gas ( L P G ) and, to a lesser 

extent, compressed natural gas ( C N G ) and 

electr ici ty gained a substantial p ropor t ion 

o f this market by 2 0 2 0 , a l though m o t o r 

spirit remained the ma in fuel. But m o t o r 

spirit was n o longe r purely petrol . 

T h e m o d e l assessed d e m a n d for three 

types o f m o t o r spirit —straight gaso l ine , 

a gaso l ine b lend con ta in ing 1 5 % metha

n o l by v o l u m e , and a 1 5 % ethanol b lend . 

M e t h a n o l made its appearance in the 

m o d e l ' s output in 1990 , and e thanol f rom 

sugar-cane appeared in 1995 . By 2 0 2 0 , as 

the graph s h o w s , the m e t h a n o l b lend had 

the b igges t market share, f o l l o w e d by the 

e thanol b lend and then straight gaso l ine . 

A l m o s t all c o m m e r c i a l veh ic les and 

l ight trucks ran o n m o t o r spirit in 1980 , 

the starting po in t o f the study, and they 

did so again in 2 0 2 0 . L i g h t distillate, 

L P G , straight methanol , and C N G gained 

market shares in the 1990s , but the m o d e l 

saw all excep t C N G disappear again by 

the end o f the study. M o s t heavy trucks 

ran o n distillate t h roughou t the per iod . 

Black coal remains the main fuel for 
power stations. 

T h e m o d e l saw large and rapid c h a n g e s 

take p lace in the way w e heat h o u s e s and 

work-places. Electr ic radiators and o i l and 

kerosene heaters, w h i c h n o w mee t abou t 

ha l f the demand , were ou t — radiators 

because o f their m u c h l o w e r e f f ic iency 

than electr ic heat p u m p s and the others 

because o f their h i g h fuel cos t s . A l l d is 

appeared by 1995 . Heaters runn ing o n 

natural gas and reverse-cycle electr ic heat 

p u m p s then had the market to themselves . 

F o r water heat ing, the m o d e l init ially 

favoured off-peak electr ici ty, but natural 

gas ga ined the upper hand by 1990. T h e n 

after 1995 solar water heat ing wi th gas 

b a c k - u p b e c a m e inc rea s ing ly c o m p e t i 

tive. Solar heaters w i th instantaneous 

Methanol made its 
appearance in 1990, and 
ethanol from sugar-cane in 
1995. 

The model sees oil products as a 
declining energy source, and Australian 
oil production ending about 30 years 
from now. The relatively small quantities 
of oil imported for lubricating purposes 
are not shown in the graph. 

elec t r ic back-up d id no t f ind favour. H o w -

ever, in a separate study, the t eam c h e c k e d 

ou t solar heaters u s ing off-peak electr ici ty 

as the back-up energy sou rce , and f o u n d 

these d id even better than solar heaters 

backed by gas. 

F o r industrial heat ing, o i l and natural 

gas rapidly disappeared f rom the m o d e l ' s 

so lu t ion , to b e entirely rep laced by b lack 

coa l and products derived f rom b rown coa l 

by the end o f the study. 

Supply 

S o m u c h for energy uses ; what about the 

sources o f energy? T h e graph shows h o w 

the m o d e l sees the supply o f o i l p roducts 

c h a n g i n g . It envisages l oca l o i l p r o d u c 

t ion peak ing about 1990 and then fa l l ing 

to no th ing by 2 0 1 5 . O i l imports d e c l i n e 

substantially then g r o w rapidly before 

fall ing back again by 2 0 2 0 to levels c o m 

parable w i th today 's . T o t a l o i l use falls 

by m o r e than hal f over the study pe r iod , 

to be replaced ma in ly by use o f synthetic 

equivalents and me thano l . 

C o n s u m p t i o n o f natural gas, o n the 

other hand, shoo ts up . T h e study dealt 

separately w i th gas f rom the conven ien t ly 

situated Bass Strait field and gas f rom 

other sources , m o s t o f t h e m remote f rom 

centres o f popu la t ion and industry. T h e 

Bass Strait gas is cheaper to distribute, 

but m o r e l imi ted in quantity. 

After 1990 , the m o d e l sees substantial 

quantit ies o f natural gas g o i n g into the 
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Although alternative energy sources will 
grow in importance, the study sees motor 
spirit remaining the main fuel for private 
automobiles. 

natural gas to me thano l wi th the further 

op t ion o f conve r t i ng the methanol to gas

o l ine , and the p roduc t ion o f o i l from shale. 

R e c e n t C S I R O studies provided m u c h o f 

the in format ion used o n the p r o d u c t i o n 

o f diesel fuel f rom oi lseeds , methanol f rom 

c r o p res idues , and e thanol f rom sugar

cane . 

T h e t eam c o l l e c t e d estimates o f fuel 

d e m a n d under four headings — indus 

trial, transport, residential and c o m m e r 

c i a l , a n d c h e m i c a l and n o n - e n e r g y 

requirements . T h e y adopted p ro jec t ions 

o f s ignif icant improvements in e n e r g y 

ef f ic iency in a n u m b e r o f areas. A m o n g 

these was an assumpt ion that the average 

private a u t o m o b i l e w o u l d halve its energy 

c o n s u m p t i o n per k i lometre by 2 0 2 0 . 

Demand 

A n d h o w did it all w o r k out? In the trans

port field, alternatives to o i l , predictably, 

ga ined inc reas ing p r o m i n e n c e in the 

m o d e l ' s output. A t sea, c o a l b e c a m e a 

major fuel o f bu lk carriers. H o w e v e r , train 

buffs w i l l b e sorry to hear that coal-f i red 

s team trains d id n o t make an appearance, 

because o f their l o w ef f ic iency and h i g h 

main tenance cos t s . T h e m o d e l preferred 

electrification o f railway l ines heavily used 

for freight traffic. 



produc t ion o f me thano l . But as the year 

2 0 2 0 approaches , residential and c o m 

merc ia l uses (heat ing, c o o k i n g , etc .) are 

the m a i n c o n s u m e r s o f the Bass Strait gas. 

Be tween 1985 and 2 0 0 5 , the m o d e l sees 

the manufacture o f l iquefied natural gas 

( L N G ) for export as the biggest single user 

o f natural gas, but it assumes this wi l l end 

by 2 0 1 0 . 

A c c o r d i n g to the m o d e l , total use o f Bass 

Strait gas increases steadily over the study 

per iod , r each ing d o u b l e the 1980 figure 

by 2020 . Use o f natural gas from other 

sources u n d e r g o e s nearly a fivefold in

crease by 1995, and then falls back slightly. 

C o n s u m p t i o n o f b lack coa l m o r e than 

doub le s over the study per iod, a c c o r d i n g 

to the m o d e l . Electr ic i ty generat ion and 

industry are the dominan t users. N o b lack 

c o a l g o e s to l iqu id fuel p roduc t ion , be 

cause b r o w n coa l and natural gas d o the 

j o b m o r e cheap ly . 

B r o w n coa l e m e r g e d f rom the study as 

the b o o m fuel, wi th demand increas ing 

be tween 1980 and 2 0 2 0 by a factor o f m o r e 

than seven. By the end o f the study pe r iod , 

about two-thirds o f it is slated for the 

manufacture o f l iquid fuel. M o s t o f this 

wi l l be synthetic crude o i l p roduced by 

a coa l -hydrogena t ion process . T w o other 

o i l - f rom-coa l p rocesses make smaller ap

pearances in the mode l ' s output, and s o m e 

me thano l c o u l d be p roduced from b r o w n 

c o a l . 

T h e study team assumed that b r o w n 

coa l w o u l d be available in effectively un 

l imited quantit ies up to 2 0 2 0 and that real 

ex t r ac t i on c o s t s w o u l d a p p r o x i m a t e l y 

d o u b l e by then. H o w e v e r , in the l ight o f 

the very large d e m a n d for it indicated by 

the m o d e l , they suggest that these as

sumpt ions may need to be looked at again 

m o r e c lo se ly . 

In dea l ing wi th electricity generat ion, 

the m o d e l divides the year into three sea

sons — winter , intermediate (spring and 

au tumn) , and s u m m e r — and the day into 

two por t ions — day and night . Other fea

tures a imed at m i m i c k i n g what happens 

in the real w o r l d inc lude representation 

o f shu tdowns o f generat ing plant — for 

ma in tenance and due to breakdowns. T h e 

m o d e l makes sure that sufficient gener

ating capaci ty is always available to mee t 

peak d e m a n d wi th s o m e reserve capaci ty 

left over . 

H o w e v e r , Austral ia 's electricity supply 

system has o n e important feature that 

M A R K A L canno t simulate — the sepa

rate electr ici ty grids in each State. T o 

a c c o u n t as best they c o u l d for the effects 

o f this arrangement , M r Essam and his 

c o l l e a g u e s in t roduced constraints o n the 

p ropor t ion o f generat ing plant used for 

base- load electr ic i ty p roduc t ion and o n 

the contr ibut ions o f different types o f base-

load plant. 

T h e m o d e l projected nearly a t rebl ing 

in electricity product ion between 1980 and 

Solar water heating should b e c o m e 
increasingly competi t ive. 

The Australian end of MARKAL 

A u s t r a l i a ' s p a r t i c i p a t i o n i n the I E A 

E n e r g y Sys tems Ana ly s i s P ro j ec t w a s 

supported by a grant under the Na t iona l 

E n e r g y R e s e a r c h , D e v e l o p m e n t and 

Demons t r a t i on P rogram. It was m a n a g e d 

by a steering g roup chaired by the Nat ional 

E n e r g y O f f i c e o f the D e p a r t m e n t o f 

Na t iona l D e v e l o p m e n t and Energy. T h e 

Depar tment , and the Austral ian Bureau 

o f Statistics, were heavi ly invo lved in as

s e m b l i n g the data fed into the m o d e l . 

T h e Energy Sys tems Analys i s G r o u p , 

w h i c h performed the study reported in the 

ma in article, m o v e d f rom the Austral ian 

A t o m i c Energy C o m m i s s i o n to the C S I R O 
D i v i s i o n o f Energy T e c h n o l o g y in Apr i l 

1982. M r Peter E s s a m is its leader and D r 

K e n n e t h M a h e r h i s d e p u t y . P r e s e n t 

m e m b e r s o f the g r o u p are M r A n t h o n y 

M u s g r o v e , D r K e n n e t h S tocks , M r D u n g 

L e , and M r s Janice Faulkner . F o r m e r 

m e m b e r s w h o were invo lved at var ious 

stages are M r s Jennifer Hoe tz l , M r Peter 

Bath, M r G r e g Storr, M r Phi l ip Parker, 

M r Fawsey S o l i m a n , and M i s s Y v o n n e 

Hargreaves. 

G r o u p m e m b e r s cont r ibuted to the de 

v e l o p m e n t o f the M A R K A L m o d e l wh i l e 

s e c o n d e d to the Wes t G e r m a n institute, 

Kernforschungsanlage , where mos t o f the 

w o r k o n it has been d o n e . T h e first ver

s ion o f M A R K A L b e c a m e available in 

early 1981 . T h e g r o u p has installed up

dated vers ions o f the m o d e l o n the L u c a s 

He igh t s Resea rch Labora tor ies c o m p u t e r 

as they have b e c o m e available. 
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2 0 2 0 . Plants fuel led by b lack coa l p r o d u c e 
about half the total output th roughout the 
study per iod . B r o w n c o a l , natural gas , and 
hydro sources remain important con t r i b 
utors . A n d nuc lear power , in the f o r m o f 
l ight water reactors , puts in an appearance 
after the year 2 0 0 0 and by 2 0 2 0 accoun t s 
for just over 1 0 % o f electr ici ty p roduc t ion . 

Changing assumptions 

W h e n they had f in ished their study, the 
researchers used the m o d e l to see h o w the 
energy picture w o u l d c h a n g e i f they var
ied s o m e o f their assumpt ions . F o r ex
ample , what happens i f y o u c h a n g e the 
' d i s c o u n t rate' — a factor that has to be 
incorpora ted in studies l ike this to ac 
c o u n t for the fact that m o n e y spent at 
different t imes has different values , even 
after adjustment for inflation? In the study, 

all cos t s were d i s c o u n t e d to the starting 
year at 6% a year, s o m e w h a t less than the 
rate at present r e c o m m e n d e d by Treasury . 

T h e t eam tried ou t d i s c o u n t rates rang
ing be tween 3% and 13%. Genera l ly , as 
the d i s coun t rate increases the c o s t o f 
capital increases relative to fuel cos t s , so 
capital- intensive t e c h n o l o g i e s tend to be
c o m e less e c o n o m i c . 

C h a n g i n g the d i s c o u n t rate had few 
dramatic effects. A s expec ted , the l o w e r 
rate favoured the in t roduc t ion o f alter
native fuels for transport. H o w e v e r , the 
use o f m e t h a n o l — g a s o l i n e b l e n d s re
ma ined viable at the 1 3 % rate. T o t a l pro
duc t ion o f synthetic fuels fell by about 10% 
in 2 0 2 0 w h e n the d i s c o u n t rate was in
creased f rom 1 0 % to 13%. 

O n e t e c h n o l o g y that p roved ext remely 
sensit ive to the d i s c o u n t rate was solar 

Victorian brown coal — in strong 
demand. 

Brown coal emerged from the 
study as the boom fuel. 

water heat ing wi th gas back-up . A t the 3% 
d i s c o u n t rate it captured a lmos t 7 0 % o f 
the market by 2 0 2 0 , wh i l e at 1 3 % ordinary 
gas water heaters were always better value. 

T h e team tested another assumpt ion 
that l o o k s m u c h c lose r to reality n o w than 
it d id w h e n the M A R K A L study began . 
T h i s was that o i l pr ices wi l l remain c o n 
stant th rough the study per iod . 

N o t surprisingly, this scenar io results 
in the demise o f all synthet ic fuel projects 
excep t the p r o d u c t i o n o f a smal l a m o u n t 
o f me thano l to b l e n d wi th gaso l ine . By 
2020 oi l imports increase to five t imes their 
present level . T h e researchers make the 
po in t that the rapid increase in o i l impor ts 
that the m o d e l envisages after the year 
2 0 0 0 w o u l d p resumably be ma tched in 
o ther count r ies and is therefore n o t c o n 
sistent wi th the a s sumpt ion o f constant 
o i l pr ices m u c h b e y o n d that year. 

T h e t eam l o o k e d at a n u m b e r o f other 
scenar ios , i n c l u d i n g the results o f i m -
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A constant oil prices scenario saw much-
increased oil imports by the end of the 
study period. 

p o s i n g various e x c i s e dut ies o n petrol and 
diesel fuels. O n e o f the m a i n virtues o f 
the m o d e l is its ability to s h o w h o w 
c h a n g e s in o n e por t ion o f the energy p i c 
ture wi l l affect o ther sec t ions . 

Detail and drawbacks 

T h e level o f detail that M A R K A L o p 
erates at is impress ive ; in the Austral ian 
study it handled data o n 15 types o f e l e c 
tricity-generating plant, 50 other energy-
c o n v e r s i o n p rocesses , and m o r e than 60 
energy-use t e c h n o l o g i e s . Neve r the l e s s , 
the team a c k n o w l e d g e s that many real 
w o r l d c o n s i d e r a t i o n s h a v e to b e 
ove r looked . 

F o r example , large o i l - f rom-coa l plants 
c o u l d have adverse envi ronmenta l i m 
pacts. T h e y w o u l d certainly be large water-
c o n s u m e r s . A l s o they w o u l d b e very ex
pens ive to bu i ld ; h o w w o u l d their re
qu i rement for capital affect other parts o f 
the e c o n o m y ? A n d , o f cou r se , the m o d e l 
c a n n o t take a c c o u n t o f pol i t ica l influ
e n c e s o n c h o i c e s o f energy sources , o r o f 
the fact that peop le may s o m e t i m e s prefer 
energy op t ions that are no t the m o s t 
e c o n o m i c . 

Desp i t e these l imi ta t ions , M A R K A L 
w i l l undoub ted ly h e l p Austral ia 's energy 
planners . T h e Austra l ian researchers are 
con t inua l ly ref ining the data they feed it. 
Recen t ly , they made improvemen t s to the 
m o d e l that a l low a m u c h better represen
tation o f our independent electricity grids. 
Currently, they are l ink ing M A R K A L to 
an e c o n o m i c m o d e l that studies the level 
o f d e m a n d for different fo rms o f energy 
in the l ight o f general e c o n o m i c activity. 

Robert Lehane 
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The study envisages liquid fuel 
production becoming the main consumer 
of brown coal. 
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