
'Solar farms' 
for the outback? 

The Northern Territory has largely relied on oil for 
power generation. Most centres have their own small 
generating diesel-plants; larger power-generating and 
distribution systems exist only in areas around Darwin 
and Alice Springs, which is about to change over to nat­
ural gas. 

Popu la t i ons are smal l and scattered, and 

the industrial energy market is very l imited 

apart f rom an a lumina refinery at G o v e 

and m i n i n g opera t ions at Jabiru, War-

r e g o , Nabar lek , and G r o o t e Eylandt . T h e 

absence o f a large energy market and the 

p re sence o f a n u m b e r o f smal l separate 

e lec t r ic i ty gene ra t ion and d i s t r ibu t ion 

systems result in relatively p o o r average 

energy e c o n o m i c s . 

Al ternat ive sources o f p o w e r in the 

Ter r i to ry are under cons tan t scrutiny. 

D a r w i n wi l l s o o n ship c o a l f rom inter­

state and nuc lea r p o w e r is a future p o s ­

sibi l i ty; but these sources are n o t l ikely 

to have an impac t o n centres o f l o w e r 

d e m a n d — p laces l ike Papunya and Ga l -

iw inku , wi th current ly instal led capac i ­

ties o f 893 k W and 1410 k W respect ively. 

O n e o f the o b v i o u s alternative m e t h o d s 

o f electr ici ty genera t ion in this sunburnt 

land is solar p o w e r . Pro to type solar ther­

m a l power-genera t ing uni ts wi th mega ­

watt capaci t ies are already operat ing in 

a n u m b e r o f count r ies , i n c l u d i n g the 

Un i t ed States, F rance , Spain , Italy, and 

Japan. 

Power towers 
A solar thermal p o w e r supply uses the 

sun 's energy to heat a f luid that drives a 

Solar One, the United States' first 
'power-tower' plant, at Barstow, 
California. 
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One of the heliostats in the Nio 'power-
tower' system. 

The Kuwaiti solar farm, 

The heated fluid powers a 
turbine generator. 

isfy the present energy requi rements o f 

m a n y small ou tback c o m m u n i t i e s in A u s ­

tralia. Kather ine , T e n n a n t Creek , and 

A l i c e S p r i n g s h a v e h i g h e r i n s t a l l e d 

capaci t ies — 1 1 • 5 M W , 9 • 4 M W , and 

3 6 • 8 M W respect ively. T h e y are potent ial 

sites for a 1 - M W - s c a l e station to supple­

m e n t the c o n v e n t i o n a l p o w e r supply. 

T h e re f lec t ing c o m p o n e n t s o f solar 

thermal p o w e r stations are ca l l ed he l io s -

tats. I n the N i o p o w e r tower , hel iostat 

mirrors are m a d e o f l o w - i r o n glass 5 m m 

thick. T h e 8 0 7 hel iostats have a total 

mir ror area o f 1 2 9 1 2 sq. m and are dis­

tr ibuted over an area o f 2 • 5 4 ha a round 

the central receiver tower . 

T h e mirrors for the p lane-parabol ic 

sys t em are m a d e o f a s a n d w i c h o f ordinary 

plate glass 0 • 7 m m thick, wi th a si lvered 

reflecting surface, backed by 5 m m o f float 

glass. T h e 2 4 8 0 hel iostats , wi th a total 

mir ror area o f 11 1 6 0 sq. m , are arranged 

i n p a r a l l e l r o w s c o v e r i n g 5 • 3 8 h a . 

A l t h o u g h less successfu l than the ' p o w e r 

t o w e r ' system, the s c h e m e o f energy c o n ­

centrat ion is u n i q u e — the p lane he l io s ­

tats that t rack the s u n ref lect d i rec t 

radiat ion towards parabol ic t roughs that 

are n o t t racking. 

Solar v. diesel 
O f five potent ial sites — D a r w i n , Ka th ­

er ine, A l i c e Spr ings , T e n n a n t Creek , and 

Ba tche lo r—Rum Jungle — the research­

ers c h o s e Ka the r ine for their study. T h e y 

f o u n d n o s ignif icant t echn ica l p r o b l e m s 

in apply ing either o f the Japanese tech­

n o l o g i e s in the cons t ruc t ion o f plants 

there. I n fact, the d e s i g n pe r fo rmance o f 

each system appeared markedly better than 

at N i o because o f Kather ine ' s sunnier 

l oca t ion . It is nearer the equator and less 

often under c l o u d . T h e January—March 

m o n s o o n season presented the b igges t 

p r o b l e m weather-wise . 

M r M a s a o m i Mat su i o f the Elec t r ic 

P o w e r D e v e l o p m e n t C o m p a n y , Japan, arid 

M r M i c h a e l A l l e n o f the A u s t r a l i a n 

A t o m i c Ene rgy C o m m i s s i o n p r o d u c e d a 

cos t est imate for the Ka the r ine plant, 

based o n actual cons t ruc t i on cos t s at N i o , 

cor rec ted for Austra l ian c o n d i t i o n s . T h e y 

i n c l u d e d an a l l o w a n c e for a d iese l stand­

by genera to r and suppor t and serv ice 

facil i t ies. 

C o m p a r i n g their f igures wi th the cos t s 

o f a 1 - M W diesel uni t at Kather ine , they 

f o u n d that d iese l c a n generate electr ici ty 

at one-quarter the cos t o f either solar sys-

The Kuwaiti parabolic-dish system 
provides heat for desalination and other 
uses as well as generating electricity. 
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c o n v e n t i o n a l generator for the p r o d u c t i o n 

o f e lec t r ic i ty . T h e s e sys tems i n c l u d e 

' p o w e r towers ' (central receiver systems) 

and 'solar farms' (distributed c o l l e c t o r 

sys tems) . 

A p o w e r tower cons is t s o f an array o f 

mirrors a round a central t ower : the mir­

rors f o c u s the sun 's heat o n t o a central 

bo i le r , w h i c h con ta ins a hea t -co l lec t ing 

fluid, o n top o f the tower. T h e fluid is m o s t 

often water or m o l t e n salt, each having 

different hea t - co l l ec t i ng , transfer, and 

s to rage c a p a c i t i e s . It is hea t ed to a 

temperature a round 5 0 0 ° C , and the sys­

t e m uses heat e x c h a n g e to b o i l water, 

p r o d u c i n g s team that drives a c o n v e n ­

t ional turbine. 

Solar farms cons i s t o f m a n y co l l e c to r s , 

usual ly pa rabo l ic d i sh or t rough ref lec­

tors, that individual ly heat the c i rcu la t ing 

f luid, usual ly thermal o i l . P i p i n g systems 

then transfer the heated f luid to a bo i le r , 

w h i c h p o w e r s a turbine generator . 

I n 1 9 8 0 / 8 1 , under a jo in t Austral ia and 

Japan energy research and d e v e l o p m e n t 

e x c h a n g e a g r e e m e n t , the A u s t r a l i a n 

A t o m i c Energy C o m m i s s i o n ( A A E C ) and 

Japan 's E l e c t r i c P o w e r D e v e l o p m e n t 

C o m p a n y carried ou t a study o f the po ten­

tial for solar thermal e lectr ic p o w e r gen ­

erat ion in the Nor the rn Terr i tory . T h e 

e n g i n e e r i n g d e s i g n s c o n s i d e r e d w e r e 

based o n exis t ing central receiver and 

p l a n e - p a r a b o l i c (d i s t r ibu ted c o l l e c t o r ) 

systems used in a demons t ra t ion plant at 

N i o , Sk ikoku , Japan. 

E a c h o f the N i o s y s t e m s has the 

capaci ty to p r o d u c e 1 M W o f electr ici ty. 

S u c h megawat t -sca le stations w o u l d sat-



The two solar thermal electric plants at 
Nio, Japan; each is capable of a 1 - M W 
electricity output. The insets show the 
'power tower' of the central receiving 
system and a set of plane-parabolic 
reflectors. 
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t e m : the Ka the r ine p o w e r tower w o u l d 

operate at a unit c o s t o f $1 .34 per k W - h o u r 

o f e lectr ic i ty p r o d u c e d , the c o l l e c t o r f ield 

at a c o s t o f $ 1 . 3 1 ; and the c o n v e n t i o n a l 

'd iese l plant w o u l d cos t o n l y 31 cents per 

k W - h o u r . 

W h y is solar e lectr ic i ty so m u c h m o r e 

e x p e n s i v e ? M a n y o f the c o n t r i b u t i n g 

causes were associa ted wi th the r emo te 

l o c a t i o n — h i g h cons t ruc t ion cos t s , and 

staffing and operat ing cos ts that were 

h ighe r for the less-familiar solar station 

than for the diesel . 

H o w e v e r , the report sugges ted that a 

n u m b e r o f s ignif icant c o s t r educ t ions can 

b e expec t ed in the future — f rom further 

t e c h n o l o g i c a l advances , f rom mass pro­

d u c t i o n o f c o m p o n e n t s , and f r o m in­

creased plant size — for e x a m p l e , f rom 

1 - M W to 1 0 - M W stations. 

In the west . . . 

But the d e m a n d for solar thermal e l ec ­

tricity in Austral ia w i l l m o s t l ikely b e in 

areas requir ing even less than 1 M W . O n e 

s u c h plant is already operat ing in M e e k -

athara, W . A . , de s igned and bui l t t h rough 

the jo in t a g e n c y o f the State E n e r g y C o m ­

m i s s i o n o f Wes te rn Austral ia ( S E C W A ) 

and the W e s t G e r m a n government . A u s ­

tralia's Na t iona l Ene rgy R e s e a r c h 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 ) and the Solar E n e r g y R e ­

search Inst i tute o f W e s t e r n Aust ra l ia 

( S E R I W A ) also contributed to the project . 

T h i s plant uses 30 parabol ic t roughs , 

wi th a total ref lect ing area o f 9 2 0 sq. m , 

that track the sun throughout the day. T h e 

t roughs concent ra te the sun 's heat o n t o 

receivers con t a in ing thermal o i l , the heat-

co l l ec t ing fluid. After it is heated to 2 9 0 ° C , 

it passes to a thermal storage system, f rom 

w h i c h energy is drawn to raise s team that 

drives a s c r ew expans ion e n g i n e c o u p l e d 

to a c o n v e n t i o n a l generator . 

T h e 100-kW uni t supplements an ex­

is t ing diesel station. Al toge ther , solar c o l ­

lec tors p rov ide about ha l f o f the plant 's 

p o w e r , the other ha l f b e i n g der ived f rom 

heat r ecovered f rom the diesel exhaust . 

T h e system — expec ted to save 100 0 0 0 

litres o f d iese l o i l a year, va lued at m o r e 

than $ 4 0 0 0 0 — provides about 14% o f the 

A parabolic dish developed by Ford 
Aerospace in California with an engine 
under test at the dish's focus. 

p o w e r requi red for the l o c a l popu la t ion 

o f 6 0 0 . 

I n another jo in t venture, S E C W A and 

A n s a l d o , an Italian c o m p a n y , have re­

cen t ly c o m p l e t e d a 3 5 - k W solar thermal 

p o w e r station at Ballajura, W . A . 

. . . and in the east 

A n expe r imen ta l pa rabo l i c -d i sh p o w e r 

station has b e e n establ ished by the A u s ­

tralian Na t iona l Univers i ty and the N e w 

S o u t h W a l e s g o v e r n m e n t at W h i t e Cl i f fs , 

N . S . W . T h i s instal lat ion, currently c o m ­

pr is ing 14 modu la r d ishes each 5 m in 

diameter , is de s igned to p r o d u c e 25 k W 

o f e lectr ic i ty and 140 k W o f low- tempera­

ture heat. T h e array o f d ishes w i l l keep 

operat ing at w i n d veloci t ies o f u p to 80 k m 

per hour , above w h i c h the array 'parks' 

au tomat ica l ly wi th d ishes po in t ed up ­

wards . N o r m a l l y the d ishes park fac ing 

south , to r e d u c e dust c o l l e c t i o n and d e w 

precipi ta t ion. 

A number of significant cost 
reductions can be expected in 
the future. 

Parabol ic -d ish t e c h n o l o g y is a l so be ing 

d e v e l o p e d by , a m o n g o thers , M e s s e r -

schmitt— Bölkow— B l o h m in G e r m a n y and 

the N a t i o n a l A e r o n a u t i c s and S p a c e 

Admin i s t r a t ion ' s Jet P r o p u l s i o n Labora ­

tory in the Un i t ed States. 

A t the C S I R O D i v i s i o n o f E n e r g y C h e m ­

istry in Sydney , M r Ivan Maye r has re­

cent ly b e g u n research to p r o d u c e another 

variant o f the system. H i s approach has 

a u n i q u e feature — the solar radiat ion is 

depos i t ed o n the inner surface o f the re­

ce iver after pass ing th rough a transparent 

w i n d o w . T h i s e l iminates damag ing ther­

m a l stress c y c l i n g o f the receiver wal l s , 

and m i n i m i z e s heat losses . 

M r M a y e r has invest igated m e t h o d s for 

cons t ruc t ing l ight -weight l o w - c o s t para­

b o l i c co l l e c to r s f rom reflective p o l y m e r 

f i lm. T h e s e f l imsy ob jec t s w o u l d b e pro­

t e c t e d f r o m w i n d f o r c e s b y an air-

suppor ted enc lo su re o f transparent plastic 

f i lm — a mirror ins ide a giant bubb le . 

Farms for factories 

A n u m b e r o f solar farms overseas already 

p rov ide p o w e r for industry. O n e station 

suppl ies abou t half the energy require­

men t s o f a kni twear factory in Shenan­

doah , G e o r g i a , U . S . A . , i n c l u d i n g 4 0 0 k W 

o f electr ici ty and 3 M W o f heat for gar­

ment-press ing, b u i l d i n g - c o o l i n g , and ho t 
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STEPS around the world 

Globally, more than 20 prototype solar 

thermal electric power stations ( S T E P S ) 

are operating or near completion, ranging 

in capacity from 10 M W (electrical) down 

to a few kilowatts. 

Spain, Italy, France, Japan, Russia, and 

the United States are all experimenting 

with power towers, some of them using 

molten salt rather than water as the heat-

transfer fluid. 

T h e world's largest power tower — 

Solar One, in the Mojave Desert near 

Barstow, California — is already rou­

tinely producing electrical power for the 

southern California electrical transmis­

sion system. It can supply at least 10 M W 

electrical to the transmission system for 

4 hours on the winter solstice and 7 •8 

hours on the summer solstice. 

A field of 1818 heliostats with a total 

reflective area of 71 447 sq. m encircles 

a central tower, deflecting direct sunlight 

to an absorber on top of a 77-metre-high 

tower. Here, circulating water boils into 

dry superheated steam at 5 1 6 ° C . T h e 

steam can directly drive a turbine or can 

be diverted to a thermal storage system, 

a combination of thermal oil, rock, and 

sand. 

Solar One can be controlled manually, 

semi-automatically, or automatically by 

a computer-based master control system. 

In its first 2 years of operation, it gener­

ated 2 million kW-hours electricity, most 

of which was delivered directly to the 

electrical transmission system. Thermal 

storage provided steam overnight for more 

than 13 hours for an average capacity of 

1 M W gross. 

A proposed Solar 100, a 1 0 0 - M W cen­

tral receiver plant located near Solar One 

and also connected to the southern Cal­

ifornia transmission system, uses Solar 

One's technology with a few modifica­

tions. For example, the use of molten salt 

will increase the plant's capability for 

storing thermal energy, and the collector 

field will be oriented around two receiver 

towers that share a common power block. 

T h e Paris-based International Energy 

Agency financed the world's first molten-

salt-cooled solar plant in Almeria, Spain. 

In their design of the heat-transfer sys­

tem, the German engineers selected salt 

as the working fluid because its excellent 

heat-transfer properties and high boiling 

point al low heat transport at high 

temperatures and low process pressures. 

T h e salt also acts as a heat-storage 

medium. 

Outside Australia, solar farms have been 

built in Spain, France, Mali , Kuwait, 

Mexico, Japan, and the United States. 

Most have parabolic-dish or trough col­

lectors and use thermal oil as the heat 

transfer medium. 

In Kuwait, Messerschmitt—Bolkow— 

Blohm and the Kuwait Institute for 

Scientific Research built a 100-kW (elec-

trical)/500-kW (thermal) solar farm that 

forms the basis of a food, water, and power 

system providing electrical and thermal 

energy for greenhouses, desalination and 

distillation plants, irrigation, and water 

pumping. 

T h e station consists of 56 point-focus­

ing parabolic dishes; a heat-transfer oil 

(diphyl) is the heat-collecting fluid and 

toluene is the turbine working fluid. T h e 

plant is self-sustaining and satisfies the 

power needs of an adjacent agricultural 

settlement. 

In addition, thermal energy from the 

station powers a desalination system 

water. T h e 114 parabolic-dish collectors, 

each 7 m in diameter, heat a silicone fluid 

to 4 0 0 ° C ; this in turn generates super­

heated steam for the turbine-alternator 

unit. 

Many of the plants operating overseas 

have a lower energy output than expected 

because the amount of direct radiation was 

over-estimated in the design of the plant. 

High-temperature solar thermal systems 

can use only direct sunlight, not diffuse, 

T h e high-pressure heat storage tanks o f 
the plane-parabolic plant at N i o . 

treating 45 000 litres per day. Brine from 

this is used in a solar pond, which con­

tains very salty water that can accumulate 

and store heat from the sun; this in turn 

provides more energy for desalination. 

Some plants produce industrial process 

heat only — no electricity. One solar farm 

in Las Barrancas, Mexico, was modified 

before completion so that it would pro­

duce process heat rather than generate 

electricity. Examples of factories supplied 

with solar heat energy include a chemical 

plant, a tractor factory, an oil refinery, a 

latex plant, a soup factory, and a brewery. 

Most of these plants use parabolic-trough 

collectors. 

Research into improved designs and 

materials is continuing in countries with 

prototype plants. T h e United States has 

made significant progress in developing 

parabolic-dish systems for electrical ap­

plications during the past few years. 

Progress in the design of power con­

version units — comprising thermal re­

ceiver, heat engine, and generator — is 

increasing the efficiency with which solar 

thermal plants convert solar energy to 

electricity. More efficient engines reduce 

the collector area required. 

N e w dish technology, including the use 

of foam glass and aluminized plastic film 

as reflectors, will improve the heat-col­

lecting and focusing capacities of the par­

abolic collecting surfaces. 

and at the start of the feasibility study at 

Katherine the Bureau of Meteorology had 

no records of the amount available. In­

deed, long-term records of direct solar 

radiation in Australia are held for only one 

location, in Victoria; for others, the direct 

radiation can be estimated with less accu­

racy from other solar radiation 

measurements. 

As an extension of the Katherine fea­

sibility study, the Division of Energy 

Chemistry (following the 1981 transfer 

of parts of the A A E C to CSIRO), together 

with the Bureau of Meteorolgy, estab­

lished sets of measuring and recording 
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e q u i p m e n t at th ree l o c a t i o n s i n the 
N or the r n Ter r i to ry wi th N E R D D P sup­
port. T h e s e have operated s ince 1 9 8 1 , and 
M r Mayer , the leader o f the pro jec t , w o u l d 
l ike to see a ne twork o f s u c h stations es­
tabl ished a round Austral ia. 

So la r thermal p o w e r s tat ions c o u l d 
eventual ly rep lace or supp lement d iese l -
generated electr ic i ty in the Nor the rn T e r ­
ritory and e l sewhere , w h e n their c o m ­
p o n e n t cos t s fall and the c o s t o f d iese l fuel 
r ises. H o w e v e r , no t o n l y fossi l fuel but 
solar ce l l systems wi l l c o m p e t e wi th them. 

Pho tovo l t a i c ce l l s , w h i c h conver t solar 
energy direct ly to electr ici ty, are b e c o m ­
ing cheaper and m o r e eff icient , but solar 
thermal systems have s o m e advantages. 
A s w e l l as electr ici ty, these c a n p rov ide 
heat for industrial p roces s ing , bu i ld ing 
heating or c o o l i n g , and water heating, wi th 
a resul t ing h i g h net e f f ic iency . A l s o they 
c o p e better dur ing the hours w h e n the sun 
doesn ' t sh ine , because heat is less expen ­
sive to store than electr ici ty. T o c o p e wi th 
lengthy sunless per iods , h o w e v e r , a back­
u p fuel -burning energy source w i l l a lways 
b e n e e d e d for either solar p o w e r system. 

Resea rchers at F o r d A e r o s p a c e , Cal i ­
fornia, U . S . A . , are d e v e l o p i n g a m o d u l a r 
solar thermal e lectr ic p o w e r plant u s ing 
parabol ic concent ra tors . F r o m their anal­
yses o f the pe r fo rmance and c o s t o f the 
sys tem for smal l c o m m u n i t y , industrial , 
and agricultural appl ica t ions , they c o n ­
c l u d e d that is has the potential to generate 
electr ic i ty at a c o s t b e l o w that pro jec ted 
for fuel -burning plants in 1995. 

D u r i n g a recent visit to Austral ia , D r 
Sara B u s c h and D r M i c h a e l Brenner , o f 
the E l ec t ron i c S p a c e Sys tems Corpora ­
t ion , Massachuse t t s , U . S . A . , desc r ibed a 
solar p o w e r sys tem deve loped by their 
c o m p a n y , w h i c h c a n use the d i shes at 
n igh t for r ece iv ing te levis ion p rograms 
relayed f rom geostationary earth satellites. 

Mary Lou Considine 

M o r e about the topic 

M e a s u r e m e n t and m o d e l l i n g o f d i rect 

b e a m solar radiat ion for h igh- tempera­

ture solar thermal appl ica t ions . I .F. 

M a y e r . Papers, Solar World Congress, 
Perth, August 1983. 

'Austral ia/Japan Col labora t ive Study: a 

S tudy o f the Feasibi l i ty o f Solar T h e r ­

ma l Elec t r ic P o w e r Stations in the 

N o r t h e r n T e r r i t o r y . ' ( A u s t r a l i a n 

A t o m i c Ene rgy C o m m i s s i o n : Sydney 

1981.) 

T h e Japan/Austral ia S T E P S study. M . 

Matsu i and M . R . A l l e n . Proceedings of 
Solar Energy for the Outback Conference, 
Alice Springs, September 1981. 
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