
The lucky country, the sunburnt country: Australia is 
better placed than most nations to exploit the most 
abundant of all energy sources, the sun. For some years 
solar collectors have been on sale to householders keen 
to use less electricity to heat water, and more and more 
people eare installing them. The question now arises, 
how would State electricity supply systems be affected if 
really large numbers of homes used solar water heaters? 

T h i s ques t ion has b e e n tackled recent ly 

as part o f a predic t ive exerc i se for an A u s 

tralian panel o f the Austra l ian Na t iona l 

C o m m i t t e e o f the C o n f e r e n c e In te r 

n a t i o n a l e de s G r a n d s R é s e a u x E l é c -

triques ( C I G R E ) . C I G R E is an interna

t ional organizat ion i nvo lved in the study 

o f large e lectr ic p o w e r systems. 

T h e Austra l ian pane l , c o n v e n e d by M r 

F . Brady , c h a i r m a n o f the E l e c t r i c i t y 

C o m m i s s i o n o f N e w S o u t h W a l e s , is 

s tudying the effects o f external in f luences 

o n the future o f electr ici ty supply systems. 

T h e detai led invest igat ion o f solar water 

h e a t i n g w a s ca r r i ed o u t by th ree en 

g ineers : D r Peter C o o p e r o f the C S I R O 

D i v i s i o n o f M e c h a n i c a l E n g i n e e r i n g and 

Mess r s John W e l f o r d and B o b L e h m a n , o f 

the Electr ic i ty T r u s t o f S o u t h Austral ia . 

T h i s is the first Aust ra l ian study to 

predic t the impac t o f solar heaters o n bo th 

c o n s u m e r s a n d e l e c t r i c i t y s u p p l y 

au thor i t i es , rather than o n c o n s u m e r s 

a l o n e . S i n c e the c o m m u n i t y pays the 

costs o f supply , it 's n o esoter ic po in t . 

A d o m e s t i c so la r water heater u se s 

supplementary e lec t r ic hea t ing to keep 

the water temperature u p o n c o l d , overcast 

days, and the engineers wanted to f ind ou t 

h o w b ig this d e m a n d for supplementary 

energy m i g h t b e c o m e and at what t imes o f 

day it m i g h t o c c u r . T h e y were part icularly 

interested to k n o w whether solar heaters 

m i g h t p l ace appreciable extra demands o n 

electr ici ty suppl ies at t imes o f peak load . 

O n e w a y to t a c k l e t h e s e q u e s t i o n s 

w o u l d b e to c o n d u c t f ie ld trials w i th sev

eral different solar heaters i n a variety o f 

h o u s e h o l d s , u s ing their ho t water at vari

ous t imes o f day and in differing c l imates . 

Unfor tunately it w o u l d take a l o n g t ime to 

c o l l e c t e n o u g h in format ion to provide re

l iable averages , and so m a n y variables 

n e e d to be taken in to a c c o u n t that s u c h an 

exe rc i se w o u l d b e t echn ica l ly di f f icul t 

and expens ive . 

W h a t ' s m o r e , th i s a p p r o a c h w o u l d 

e x c l u d e the newes t t e c h n o l o g y . It w o u l d 

b e interest ing to evaluate solar co l l ec to r s 

w i t h the latest s e l e c t i v e su r f aces , fo r 

example , but they are o n l y b e g i n n i n g to 

get off the test r ig and o n t o p e o p l e ' s roofs . 

T o o v e r c o m e these p r o b l e m s , the study 

team used a compute r -based mathemati 

cal m o d e l o f d o m e s t i c solar water heaters 

to examine the pe r fo rmance o f the var ious 

systems. T h i s m e t h o d makes it a rela

tively s imple matter to f ind out the effect 

o f altering o n e or m o r e variables: the rel

evant f igures are adjusted and the c o m p u 

ter performs the ca lcu la t ion anew. 

T h e accuracy o f any predic t ions made 

wi th such a mathemat ica l m o d e l depends 

o n the reliabili ty bo th o f the f igures used 

and o f the m o d e l itself. T h e C S I R O D i v i 

s ion o f M e c h a n i c a l Eng inee r ing was un

ique ly p laced to assist here , hav ing al

ready deve loped a sui table mathemat ica l 

m o d e l w h i l e he lp ing to establish stan

dards for the Standards A s s o c i a t i o n o f 

A u s t r a l i a . T h e D i v i s i o n h a d a l so ac 

cumula t ed essential statistics o n the per

fo rmance o f solar uni ts . 

T h e ca lcu la t ions were c o m p l e x . Solar 

co l l ec to r s o f different areas and absorber 

surfaces were c o m p a r e d , in c o m b i n a t i o n 

wi th s torage tanks o f var ious v o l u m e s . 

C o n t i n u o u s and off-peak supplementary 

e l e c t r i c i t y p o w e r e d the ' b a c k - u p ' e l e 

ments . A l s o , bo th the t iming and level o f 

water c o n s u m p t i o n were varied in the cal

c u l a t i o n s . F r o m the i n t e r a c t i o n o f so 

m a n y variables c a m e a mass o f informa

t ion that s h o u l d g ive f o o d for though t no t 

o n l y to electr ic i ty supply authorit ies but 

a l so to manufacturers and c o n s u m e r s . 

Peaks of demand 

T o a supply authority, the ideal c o m m u n 

ity w o u l d b e o n e that u s e d the s a m e 

a m o u n t o f electr ici ty all day and all n ight . 

Electr ic i ty genera t ion w o u l d b e relatively 

c h e a p because p o w e r stations w o u l d run 

con t i nuous ly . I n prac t ice there are 'peaks ' 

o f demand , particularly in the early even

ing . 

T h e graph o n page 2 7 s h o w s a typical 

supply pattern: the l i n e represents the 

e lec t r ic i ty c o n s u m e d b y an i m a g i n a r y 

c o m m u n i t y o f about ha l f a m i l l i o n c o n 

sumers o n a winter 's day in southern A u s 

tralia. In genera l , 'base ' loads in Austral ia 

are suppl ied by the m o s t efficient coa l -

burriing plant r u n n i n g c o n t i n u o u s l y , ex

cept i n T a s m a n i a , w h i c h meets virtually 

all its needs wi th hydro-e lec t r ic p o w e r . 

T h e peaks are m e t by opera t ing other 

p o w e r stations for o n l y part o f the day. 

E x c e p t w h e r e h y d r o - e l e c t r i c p o w e r is 

available, it usual ly cos t s m o r e to generate 

peak electr ici ty than base- load electr ici ty 

and invo lves less-efficient plant, near the 

end o f its l ife or b u r n i n g m o r e expens ive 

fuel such as o i l . 

T o he lp even ou t the load , m a n y e lec 

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

s p e c i a l c h e a p e r tariffs fo r e l e c t r i c i t y 

suppl ied o n l y dur ing off-peak t imes , gen

erally f rom about 11 p . m . to about 7 a.m. 

In many h o u s e h o l d s water is heated over

n igh t by an e lec t r ic e l emen t u s ing the 

off-peak supply; i f the tank is b ig e n o u g h 

and adequately l agged , ho t water w i l l be 

available all day a l though the e l emen t is 

swi t ched of f for at least 16 hours con t inu 

ous ly . Off-peak d o m e s t i c water heat ing 

plays an important ro le in r e d u c i n g the 

disparity be tween day and n ight e lectr ic

ity loads . 
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Sun power-
how will the 
grids cope? 





the tanks were insulated wi th the equiva
lent o f a layer o f w o o l or f ibreglass abou t 
10 c m thick, but they c o m m e n t i n their 
report that c o m m e r c i a l m o d e l s usua l ly 
have p o o r e r i n su l a t ion than this . T h e 
was tage can b e c o m p o u n d e d by heat lo s s 
f rom p ipes , espec ia l ly i f the uni t is p o o r l y 
des igned . In genera l , abou t 3 0 % o f the 
energy suppl ied to ex is t ing storage-type 
water heaters is los t f rom the tank and 
p ipes . 

A n oppos i t e p r o b l e m c a n beset unwary 
o w n e r s o f solar heaters in h o t weather . I f 
the h o u s e h o l d does n o t draw off m u c h h o t 
water, the temperature in the tank c a n rise 
embarrass ingly h i g h . I n an a l l -e lect r ic 
system there is a thermostat to s top the 
water ge t t ing t o o h o t , but y o u c a n n o t 
swi tch of f the sun. 

In ex t reme cases the water c a n even 
b o i l . N o t o n l y m i g h t the heater uni t b e 

The switchyard at Liddell, one of six 
base-load power stations in New South 
Wales. 

The newest selective collectors give 
superior performance. 

damaged , but h i g h temperatures a lso d o 
m o r e ins id ious ha rm by accelera t ing co r 
r o s i o n o f the tank, espec ia l ly in p laces l ike 
Per th and A d e l a i d e , w h e r e the m a i n s 
water conta ins relatively large amoun t s o f 
minera ls . 

Home economics 

T h e study team t o o k advantage o f the 
c o m p u t e r m o d e l to l o o k at the e c o n o m i c s 
o f so lar h e a t i n g f r o m the c o n s u m e r ' s 
v i e w p o i n t . T h i s is a c o m p l e x sub jec t , 
partly because tariffs vary a round A u s 
tralia, and partly because the ca lcu la t ions 
mus t i nvo lve assumpt ions about the fu
ture. F o r this reason all c o n c l u s i o n s mus t 
b e tentative, but- the report is able to say 
that it pays to install solar heat ing i n s o m e 
reg ions where electr ic i ty tariffs are h igh . 
I n the future, as i m p r o v e d solar uni ts 
c o m e o n the market and are manufactured 
in greater quanti t ies, solar hea t ing wi l l 
pos s ib ly b e c o m e cheaper than al l-electr ic 
over m u c h o f the count ry . 

A t present , i n m u c h o f southern A u s 
tralia a solar off-peak heater is e c o n o m i 
cal ly s l ightly less attractive than an all-
e l e c t r i c o n e . T h e so l a r u n i t is m o r e 
expens ive to b u y but cheaper to run, and 
over the a s sumed life o f the uni ts , abou t 
15 years, the cos t s m o r e or less even out . 
T o obta in the greatest e c o n o m y f rom a 
solar heater, a h o u s e h o l d mus t carefully 
ma tch the capaci ty o f the uni t (the area o f 
the co l l e c to r , the size o f the tank, and so 
o n ) to the c o n s u m p t i o n o f h o t water in the 
h o m e . 

Se lec t ive c o l l e c t o r s s e e m to p r o m i s e 
marked ly better v a l u e for m o n e y than 
non-se lec t ive o n e s , but they have n o t been 
ava i lab le l o n g e n o u g h to c o n f i r m the 
characterist ics a s sumed for them. C a n a 
c h r o m e b lack c o l l e c t o r mainta in its effi
c i e n c y for 15 years? W i l l a se lect ive c o l l e c 
tor w i th h igh- t ransmi t t ance g lass c o s t 
m o r e t h a n t h e s t u d y a s s u m e d ? T h e 
e c o n o m i c ca lcu la t ions h i n g e o n the capi
tal cos ts o f the uni ts and the typical e l ec 
tricity cos t s used . 

I f the c o s t a s sumpt ions are cor rec t , then 
m a n y solar heaters w o u l d g i v e bet ter 
value wi th larger c o l l e c t o r s . T h e usual 
size is abou t 4 sq m , but w h e r e tariffs are 
h i g h e n o u g h to make solar water heat ing 
attractive it w o u l d b e m o r e e c o n o m i c a l to 
use a co l l ec to r o f 5—6 sq m . I f n o off-peak 
tariff is available the c o l l e c t o r shou ld b e 
larger still, perhaps 8 sq m . T h e s e f igures 
apply to non-se lec t ive surfaces; se lect ive 
o n e s are m o r e efficient and m o r e expen
sive, and their o p t i m u m sizes are therefore 
smaller . 

Solar water hea t ing s h o w s a great deal 

Hazelwood power station, in the LaTrobe 
Valley, Victoria, burns brown coal to help 
meet the base load. 

Society must plan carefully 
for the gradual shift in the 
balance of power between 
the pylon and the sun. 

o f p romise for the future, but there is c o n 
siderable s cope for improvemen t s i n de
s ign . It w i l l be interest ing to see h o w 
manufacturers respond to the cha l l enges 
o f f e r e d b o t h by the n e w e s t c o l l e c t o r 
t e c h n o l o g y and by the r epo r f s c o m m e n t s 
o n solar-heater d e s i g n . M e a n w h i l e re
searchers wi l l g o o n hun t ing for yet-better 
materials. 

T h e lucky country is no t l ucky e n o u g h 
to escape the wor ld -wide rise i n fuel cos t s , 
nor sufficiently sunburnt to i gno re the 
f indings o f this C I G R E report. Soc i e ty 
mus t p lan carefully for the gradual shift in 
the ba lance o f p o w e r b e t w e e n the p y l o n 
and the sun. 

John Seymour 

More about the topic 

A m e t h o d o f s imula t ion o f solar p rocesses 
and its appl icat ion. S .A . K l e i n , P . I . 
C o o p e r , T . L . F r e e m a n , D . M . B e e k -
m a n , W . A . B e c k m a n , and J.A. Duf f ie . 
Solar Energy, 1975, 17, 2 9 - 3 8 . 

A p r o p o s e d m e t h o d for testing h o u s e h o l d 
s o l a r w a t e r h e a t i n g s y s t e m s . P . I . 
C o o p e r and J.C. L a c e y . Symposium on 
Developments in Utilising Solar 
Energy in Western Australia, Inter
national Solar Energy Society, A.N.Z. 
Section, Perth, 1978, 1978. 

T h e field test ing o f solar water heaters. 
J .C. L a c e y . Second International C.I.B. 
Symposium on Energy Conservation in 
the Built Environment, Session 5, May 
28-June 1, Copenhagen 1979, 1979. 

Better surfaces for solar co l l e c to r s . Ecos 
N o . 17 , 1978, 1 7 - 2 1 . 

28 


