
The concept of an array of wind generators feeding 
renewable pollution-free power into our electricity 
grids is attractive to those concerned with conservation. 
But even its most ardent proponents acknowledge an 
obvious drawback: a wind generator in periods without 
wind is pretty useless. 

W i n d i s n o t a c o m p l e t e l y r e l i a b l e or 
' f i rm' s o u r c e o f power . F o r th i s r e a s o n i t 
w a s t h o u g h t tha t i n t r o d u c i n g s o m e w i n d 
t u rb ine s i n to a gr id saved fue l , bu t did n o t 
d i m i n i s h t h e a m o u n t o f c o n v e n t i o n a l 
p o w e r - g e n e r a t i n g c a p a c i t y t h a t w a s 
needed . After a l l , w h a t are w e to do on 
c a l m days? 

O n l y in c o n j u n c t i o n wi th s o m e sys t em 
o f e n e r g y s to rage was w i n d power t h o u g h t 
to offer e n o u g h dependab i l i ty to b e o f u s e 
to a grid. W i t h o u t i t , w i n d p o w e r s e e m e d 
to b e as usefu l as a n u n p u n c t u a l n e w s 
reader to a t e l ev i s ion s t a t ion . 

A n d ye t , w e n o w f ind th is i s n o t so . D r 
M a r k D i e s e n d o r f o f t he CSIRO D i v i s i o n o f 
M a t h e m a t i c s and S t a t i s t i c s a n d D r B r i a n 
M a r t i n f rom the D e p a r t m e n t o f App l i ed 
M a t h e m a t i c s , F a c u l t y o f S c i e n c e , Aus t r a 
l i a n N a t i o n a l U n i v e r s i t y , h a v e devised a 
m a t h e m a t i c a l m o d e l o f wind-fed e l e c t r i c 
ity gr ids and b a c k e d i t up by a c o m p u t e r 
s i m u l a t i o n . O n e o f t he i n t e r e s t i n g d is 
cove r i e s t hey h a v e m a d e is t h e f o l l o w i n g 
s u r p r i s i n g r e s u l t . P r o v i d e d w i n d 
g e n e r a t o r s c o n t r i b u t e on ly a s m a l l f rac
t i on ( l e s s t h a n 1 0 % ) o f a gr id ' s to ta l e l e c 
t r i ca l e n e r g y output , they c a n m e e t de-
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m a n d s o n t h e gr id wi th as m u c h r e l i ab i l i t y 
as c o n v e n t i o n a l s t e a m g e n e r a t i n g p l a n t 
tha t ha s t he s a m e ave rage power output . 

An explanation 
M a l f u n c t i o n s a n d b r e a k d o w n s m e a n tha t 
c o n v e n t i o n a l p l an t a l so is n o t a to ta l ly 
r e l i a b l e p o w e r s o u r c e . I t suffers a ' fo rced 
o u t a g e ra te ' o f typ ica l ly 5 to 1 5 % . T h i s 
m e a n s tha t th i s p ropor t ion o f t he p l an t ' s 
l i fe i s s p e n t o u t o f c o m m i s s i o n due to 
b r e a k d o w n s . 

A s part o f t h e sys t em d e s i g n , b a c k - u p 
g e n e r a t o r s a re a lways ready to s t ep i n and 
t ake over f rom the a i l i n g p lan t . N o w t h i s 
' r e se rve capac i ty ' w o u l d , o f c o u r s e , a l so b e 
ava i l ab l e to f i l l i n for a b e c a l m e d w i n d 
gene ra to r . F u r t h e r m o r e , w h i l e m e c h a n i 
c a l b r e a k d o w n s i n t h e r m a l power s t a t i ons 
r equ i r e severa l days or even w e e k s to re
pa i r , l u l l s i n t he w i n d are u s u a l l y m u c h 
s h o r t e r t h a n t h i s . 

A c t u a l l y , the sys t em is s o m e w h a t m o r e 
c o m p l i c a t e d , s i n c e t h e r e is a w h o l e se t o f 
r e l a t e d p r o b a b i l i t i e s : o f c a l m s , b r e a k 
downs i n o n e or severa l g e n e r a t o r s , u n e x 
pec t ed e l e c t r i c i t y d e m a n d s , a n d s o o n . 
T h e r e f o r e , t h e m e t h o d s o f p r o b a b i l i t y 
theory and s ta t i s t i cs n e e d to b e app l ied to 
t he p r o b l e m . W e s h a l l l o o k i n m o r e de ta i l 
at w h a t rea l ly h a p p e n s , bu t t h i s w i l l n o t 
c h a n g e t h e m a i n c o n c l u s i o n s . 

H o w e v e r , f o r t h e m o m e n t l e t u s 
e x a m i n e t h e i m p l i c a t i o n s . T h e m a i n o n e 
i s tha t t h e s tudy h a s r e m o v e d a f r equen t 
o b j e c t i o n to u s e o f w i n d power . I t m a k e s 
w ind l o o k l ike a fair ly r e a s o n a b l e p o w e r 
s o u r c e for areas w h e r e s u i t a b l e fos s i l fue ls 
a re in sho r t supply and w i n d is a b u n d a n t , 
s u c h as W e s t e r n A u s t r a l i a . A s w e p o i n t e d 
o u t in Ecos 1 9 , t he s o u t h e r n c o a s t l i n e o f 
t h a t S t a t e i s i d e a l fo r l o c a t i n g w i n d 
gene ra to r s . ( O t h e r a r ea s n e a r t h e ' r oa r ing 
for t ies ' , l i k e the c o a s t s o f S o u t h A u s t r a l i a 
and T a s m a n i a , are a l s o p r ime s i t e s . ) 

Between start-up and reaching the rated 
wind speed, power output increases as 
the cube o f the wind speed. 

I n W e s t e r n A u s t r a l i a i n 1 9 7 8 , i m p o r t e d 
o i l m a d e u p abou t 2 0 % o f t he fue l u s e d to 
g e n e r a t e e l ec t r i c i ty . W i t h o i l n o w p r i ced 
at abou t $ 1 6 0 a t o n n e , th i s m e a n s tha t 
e l e c t r i c i t y f rom i t c o s t s nea r ly 4 c e n t s a 
k W h , c o m p a r a b l e w i t h c u r r e n t e s t i m a t e s 
o f c o s t s o f l a rge - sca l e w ind power . 

T h e S t a t e E n e r g y C o m m i s s i o n o f 
W e s t e r n A u s t r a l i a h a s e r e c t e d a ve r t i ca l -
ax i s ( ' egg-bea te r ' ) w i n d gene ra to r w i t h a 
ra ted capac i t y o f 5 0 k W on R o t t n e s t I s 
l and , a ho l iday resor t n e a r P e r t h . D u r i n g 
1 9 8 1 , a s e c o n d 2 2 - k W m a c h i n e , w i t h 
b l ades o n a ho r i zon ta l a x i s , w i l l supp le 
m e n t t he first. T h e m a c h i n e s w i l l save 
fue l ( p e r h a p s 1 0 % ) u s e d i n t h e d i e s e l 
gene ra to r s supply ing t h e i s l a n d ' s s m a l l 
gr id. T h e y c o u l d a l m o s t m e e t i ts over
n i g h t w i n t e r power d e m a n d s . 

D r D i e s e n d o r f sugges t s tha t t he pos 
s i b i l i t i e s fo r w i n d p o w e r i n W e s t e r n 
A u s t r a l i a a re far f rom l i m i t e d to R o t t n e s t 
I s l a n d . T h e s e c t i o n o f t he c o a s t f r om 
A l b a n y to C a p e N a t u r a l i s t e i s b o t h w indy 
and , i n par ts , c l o s e to t he e x i s t i n g gr id . 
A l o n g i ts 3 5 0 - k m l e n g t h c o u l d u l t i m a t e l y 
b e p l a c e d 7 0 0 l a rge w i n d g e n e r a t o r s , e a c h 
ra t ed at 2 M W and spaced h a l f a k i l o m e t r e 
apa r t . T h a t w o u l d r e a l i z e a n a v e r a g e 
p o w e r o f 2 8 0 M W , r o u g h l y h a l f t he S t a t e ' s 
c u r r e n t ave rage r e q u i r e m e n t . 

O f c o u r s e , t h e w i n d p o w e r p o t e n t i a l o f 
t h e w h o l e S t a t e c o u l d i n p r i n c i p l e b e c o n 
s iderab ly l a rge r . A n d i n i so l a t ed t o w n s 
a n d c o m m u n i t i e s , e s p e c i a l l y t h o s e n e a r 
t h e coas t , w i n d g e n e r a t o r s c o u l d save fuel 
n o w u s e d in d i e se l gene ra to r se t s . 

A few l a r g e w i n d gene ra to r s a re l i k e l y to 
b e m o r e e c o n o m i c a l t h a n m a n y s m a l l 
m a c h i n e s b e c a u s e the w i n d c a n provide 
a b o u t t w i c e as m u c h power at a h u b h e i g h t 
o f 5 0 m e t r e s — c h a r a c t e r i s t i c o f l a rge 
u n i t s — as i s ava i l ab l e at t h e 1 0 - m e t r e 
h e i g h t o f s m a l l u n i t s ( b e c a u s e t h e r e i s l e s s 
g r o u n d - i n d u c e d d r a g h i n d e r i n g a i r 
m o v e m e n t at t he h i g h e r l e v e l ) . 

W i n d power m a y a l so b e s u i t a b l e for 
s p e c i a l u s e s w h e r e o n l y i n t e r m i t t e n t 
s u p p l i e s o f e n e r g y a re r e q u i r e d — for 
e x a m p l e , p u m p i n g o f t o w n wa te r supp l ies 
o r d e s a l i n a t i o n o f sea wa te r . 

In context 
E x t r a c t i n g e n e r g y f rom t h e w i n d i s , i n 
ef fect , a n o t h e r way o f h a r n e s s i n g so la r 
e n e r g y . S u r p r i s i n g l y , p e r h a p s , de r i v ing 
p o w e r f rom the w i n d i s , at su i t ab ly windy 
s i t e s , a m o r e e f f i c ien t way o f cap tu r ing 
s o l a r e n e r g y t h a n t h o s e u s i n g d i r e c t 
abso rp t ion o f s u n l i g h t . 

T h e power ava i l ab l e in t h e w i n d in 
c r e a s e s w i t h t h e a rea swept o u t by the 
b l ades (or t h e square o f t he i r d i a m e t e r ) . A 

Extracting energy from the 

•wind is, in effect, another 

way of harnessing solar 

energy. 

r ea l w i n d gene ra to r , t h o u g h , wi l l n o t s tart 
work un t i l t h e w i n d r e a c h e s a s tar t-up 
speed — say 4 m e t r e s pe r s e c o n d . 

T h e power t h e n i n c r e a s e s as t h e c u b e o f 
t he w i n d speed un t i l t he g e n e r a t o r ' s r a t ed 
p o w e r i s r e a c h e d ( d e t e r m i n e d by t h e 
r o b u s t n e s s o f t he e l e c t r i c a l e q u i p m e n t ) ; 
t h i s m a y b e at s o m e 1 0 - 1 5 m per s e c o n d 
and , i f m a x i m u m a n n u a l e n e r g y ou tpu t i s 
r equ i r ed , i s u s u a l l y d e s i g n e d to b e c l o s e to 
t w i c e t h e average w i n d speed . ( T h e la t te r 
r u l e o f t h u m b h a s b e e n jus t i f i ed t heo re t i 
c a l l y by D r D i e s e n d o r f and M r G l e n n 
F u l f o r d ) . 

F r o m tha t speed onwards , t h e p o w e r 
ou tpu t i s c o n s t a n t u n t i l a ' fur l ing ' speed 
is r e a c h e d , at w h i c h t he b l ades m u s t b e 
b r o u g h t to a ha l t s o as to p reven t d a m a g e . 
D e p e n d i n g o n t h e b l a d e ' s m e c h a n i c a l 
s t r eng th , t h i s m a y b e at a w i n d speed o f 2 0 
to 4 0 m per s e c o n d . ( R e m e m b e r tha t , a t 
t he i r t ips , t h e b l ades o f a w ind g e n e r a t o r 
ro ta te w i t h a speed severa l t i m e s tha t o f 
t he wind . ) 

T h e s e separa te p h a s e s o f ope ra t i on are 
s h o w n i n t h e graph . 

T h e b l a d e s o f a w i n d g e n e r a t o r typ ica l ly 
e x t r a c t 2 5 — 4 0 % o f t h e p o w e r p a s s i n g 
t h r o u g h t h e i r sweep . I n r e a s o n a b l y w indy 
r e g i o n s t h e e l e c t r i c a l p o w e r e x t r a c t e d 
f rom e a c h squa re m e t r e o f swept -ou t a rea 
is m a n y t i m e s tha t ava i l ab l e f rom p h o t o 
v o l t a i c c e l l s , s o l a r - c o n c e n t r a t i n g t o w e r s , 
a n d f l a t - p l a t e t h e r m a l - e l e c t r i c d e v i c e s 
(per u n i t o f the i r c o l l e c t i o n a r e a ) . 

I n l i n e w i t h t h i s , t he m a t e r i a l s a n d 
e n e r g y i n v e s t m e n t s n e e d e d for c o n s t r u c t 
i n g a w i n d g e n e r a t o r a re re la t ive ly s m a l l . 
I n t h e c a s e o f a 2 - M W g e n e r a t o r , t h e 

In D e n m a r k , windmills were used for 
grinding grain. 
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A traditional Australian windmill — for 
pumping water . 

e n e r g y pu t i n to i ts c o n s t r u c t i o n i s pa id 

b a c k ( in t e r m s o f k i lowa t t -hour s ) i n a b o u t 

a y e a ť s ope ra t ion . M o r e o v e r , a se t o f l a rge 

m a c h i n e s c o u l d b e c o n s t r u c t e d i n 1—2 

yea r s , c o m p a r e d w i t h 6 years r equ i r ed to 

bu i l d a coa l - f i red s t a t i on or 1 0 for a n u c 

l ea r power s ta t ion . 

W i n d gene ra to r s h a v e a re la t ive ly s m a l l 

ef fec t o n t he e n v i r o n m e n t . T h e r e a re n o 

po l lu t an t s f rom the i r ope ra t ion , n o t e v e n 

w a s t e hea t . O n l y t he m i n i n g and p roduc 

t i on o f t h e c o n s t r u c t i o n m a t e r i a l s c o u l d 

l e ad to a deg ree o f p o l l u t i o n . V i s u a l l y , o f 

c o u r s e , a w i n d g e n e r a t o r c a n be l i k e n e d to 

a h i g h - v o l t a g e t r a n s m i s s i o n tower , and 

t h e r e w o u l d n e e d to be c o n s t r a i n t s on 

e r e c t i n g s u c h o b e l i s k s i n s c e n i c a reas . 

T h e g e n e r a t o r s t a k e u p l i t t l e a r e a ; 

s h e e p c a n b e grazed and c rops p l an t ed 

r i gh t up to the i r f o o t i n g s . C o m p a r e th i s 

w i t h hyd ro -e l ec t r i c power , w h i c h c a l l s for 

t he f lood ing o f r iver va l l eys , of ten t h e 

m o s t p roduc t ive l and . 

A n ill w i n d ? 

T h e r e m u s t b e s o m e d rawbacks to w i n d 

p o w e r — and the re are . I n t e r f e r e n c e w i t h 

t e l e v i s i o n r e c e p t i o n m a y o c c u r w i t h i n 

2 0 0 - 1 0 0 0 m e t r e s o f a m e g a w a t t m a c h i n e . 

R e f l e c t i o n o f s i g n a l s f rom the b l ades c a n 

g ive g h o s t i n g and j i t t e r i n g ef fec ts j u s t l i k e 

t h o s e p r o d u c e d w h e n a l i g h t a i rcraf t f l ies 

ove rhead . H o w e v e r , l a rge w i n d gene ra to r s 

a re u n l i k e l y to b e s i ted i n bu i l t -up a reas 

and t he effect i s m u c h l e s s w h e n f ibre-

g l a s s , n o t m e t a l , i s u s e d for t he b l ades . 

U n a v o i d a b l y , w i n d g e n e r a t o r s c r e a t e 

s o m e n o i s e w h e n s p i n n i n g , bu t n o r m a l l y 

t h i s is ba re ly aud ib l e above t he s o u n d o f 

t h e w i n d i t s e l f at a d i s t a n c e o f 0 · 5 k m . 

C o n c e r n is s o m e t i m e s e x p r e s s e d tha t 

w i t h d r a w i n g e n e r g y f rom the w i n d s m a y 

c h a n g e l o c a l o r even g l o b a l c l i m a t e , i f 

d o n e o n a b ig e n o u g h s c a l e . O u r p r e s e n t 

k n o w l e d g e o f c l i m a t o l o g y i s i n su f f i c i en t 

to c a l c u l a t e h o w m u c h c a n b e safely e x 

t rac ted . 

W h a t w e do k n o w i s t h a t w i n d 

gene ra to r s c o u l d e x t r a c t on ly a very s m a l l 

p ropor t ion o f t he w ind ' s e n e r g y in t he 

f o r e s e e a b l e fu tu r e . I f c o n c e r n i s w a r 

r a n t e d o v e r t h i s , h i g h - r i s e b u i l d i n g s 

w o u l d s e e m to provide m o r e c a u s e for 

worry . E v e n i f a l l t he wor ld ' s c u r r e n t e l e c 

t r i ca l ene rgy c o n s u m p t i o n w e r e suppl ied 

by t he wind , t h i s w o u l d u s e up o n l y h a l f o f 

1% o f t he power i n t he ea r th ' s su r face 

w i n d s . 

P r o g r e s s a round the wor ld in h a r n e s s 

i n g w i n d power is repor ted on p a g e 2 6 . 

S e t t i n g sa i l 

U t i l i z a t i o n o f w i n d power i n A u s t r a l i a i s 

at p r e s e n t m i n u t e and , w i t h few e x c e p 

t i o n s , w e h a v e n ' t e v e n t roub led to 'p ros -

p e c ť for good windy s i t e s . 

Power available from the 
wind goes up in proportion to 
the cube of the wind speed. 

O f s o m e u s e a re s tandard m e t e o r o l o g i 

c a l m e a s u r e m e n t s o f dai ly 'w ind run ' — 

the d i s t a n c e t h e w i n d appears to cove r i n a 

day — and t h e s tandard e s t i m a t e s at 9 a .m. 

and 3 p .m. o f w i n d speed . H o w e v e r , for 

d e c i d i n g o n w h e r e to l o c a t e a w i n d 

gene ra to r , m e a s u r e m e n t s are s o m e w h a t 

l a c k i n g . P o w e r ava i l ab l e f rom t h e w i n d 

g o e s u p in p ropor t ion to t he c u b e o f t h e 

w i n d speed , so w i n d gus t s c a n supply 

m u c h m o r e power t h a n t he i r c o n t r i b u t i o n 

to t he average w i n d speed w o u l d sugges t . 

F u r t h e r m o r e , s m a l l i n c r e a s e s i n average 

w i n d speed , r e s u l t i n g f rom s m a l l c h a n g e s 

i n s i t e l o c a t i o n , c a n l ead to la rge i n c r e a s e s 

in average power . 

F o r t h e s e and o t h e r r e a s o n s , a spec i a l 

2-year survey o f t he wind-power po t en t i a l 

o f nor th -wes te rn T a s m a n i a i s b e i n g ca r 

r ied ou t by s c i e n t i s t s f rom t h r e e CSIRO 
D i v i s i o n s and the D e p a r t m e n t o f S c i e n c e 

and T e c h n o l o g y . T h o s e d i rec t ly i nvo lved 

a r e D r J e t s e K a l m a a n d M r H a r a l d s 

A l k s n i s , f rom the D i v i s i o n o f L a n d U s e 

R e s e a r c h , D r M a r k D i e s e n d o r f and M r 

J o h n C a r l i n , f r o m t h e D i v i s i o n o f 

M a t h e m a t i c s a n d S t a t i s t i c s , M r J i m 

O ' T o o l e f r o m t h e D i v i s i o n o f A t m o 

sphe r i c P h y s i c s , and M r K i m B r i g g s f rom 

t h e C a p e G r i m A t m o s p h e r i c B a s e l i n e 

M o n i t o r i n g S t a t i o n . T h e w o r k i s sup

ported in part by a g ran t f rom the T a s -

m a n i a n E n e r g y R e s e a r c h C o m m i t t e e . 

Although fitful, the wind shows a c lear 
statist ical regularity. Observat ions 
plotted here for Port L inco ln , S .A . , lie 
c lose to a Rayleigh distribution 
(co loured c u r v e ) . 

T h e r e g i o n is k n o w n to b e windy , b u t 

de t a i l ed m e a s u r e m e n t s w i l l a l l o w the par

t i c u l a r s t a t i s t i ca l r egu l a r i t i e s and f luc tua 

t i o n s o f t he w i n d t h e r e to b e d e t e r m i n e d 

a n d t he m a g n i t u d e o f t h e w ind e n e r g y 

r e s o u r c e to be m o r e a c c u r a t e l y a s se s sed . 

T h e i n v e s t i g a t o r s b e l i e v e t h e n o r t h 

wes t — b e t w e e n C a p e G r i m and T e m m a 

— to b e a pa r t i cu la r ly s u i t a b l e r e g i o n o f 

T a s m a n i a . I t h a s l a r g e a r ea s o f c l ea r ed 

pas to ra l l and , on w h i c h w i n d g e n e r a t o r s 

c o u l d b e eas i ly a c c o m m o d a t e d . A l t h o u g h 

t h e sou th -wes t is p robab ly as windy , i t i s 

p r i m e w i l d e r n e s s , l a rge ly i n a c c e s s i b l e . 

P r e l i m i n a r y c a l c u l a t i o n s b y D r 

D i e s e n d o r f sugges t tha t t o p rovide t he 

s a m e average power ( 1 7 0 M W ) f rom w i n d 

as f rom n e w hydro -e l ec t r i c w o r k s prop

osed b y t he T a s m a n i a n H y d r o - E l e c t r i c 

C o m m i s s i o n for t he G o r d o n R i v e r w o u l d 
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Power demand varies considerably 
throughout the day. Shown here is a 
typical winter's day curve for the 1978 
Western Australian grid. A combination 
of base, intermediate, and peak-load 
plant meets the demand. 



How suitable for outback farmhouses? 
This Elektro 5-kW unit installed at 
Fishermens Bend, a Melbourne suburb, 
by the CSIRO Division of Mechanical 
Engineering may provide the answer. 

require 250 machines each rated at 2 MW. 
(Average power of a wind generator is 
usually 30—40% of its rated power.) 

This brings us back to where we began 
— how is it possible for wind generators to 
displace convertional plant, even in the 
absence of storage? 

Dr Diesendorf and Dr Martin chose the 
Western Australian and South Australian 
grids for their mathematical analysis. As 
we shall see, Western Australia looks like 
being the first State to make use in its grid 
of the power in its wind. 

Running out of steam . . . 

An electricity grid consists of a set of 
power stations linked together, and to 
users, by a network of transmission lines. 
A fundamental operating requirement is 
that the probable amount of time when 
demand will not be fully met is very small 
— for example, 1 hour a year. The actual 
value of this measure of grid reliability, 
which is known as the 'loss of load proba
bility', is chosen as a matter of policy by 
the electricity utility, i 

Meeting the reliability requirement is 
not all that easy. Although demand fol
lows a more-or-less repeatable pattern 
from day to day (as shown in the 'load 
curve' for the Western Australian grid on 
page 23) and.season to season, it only 
requires an unforeseen change in weather 
or an unexpectedly popular television 
program to catch the system short. How
ever, most of the random (unpredictable) 
demands can be met by fast-response re
serve plant. 

Unfortunately, unlike Tasmania, 
neither Western Australia nor South Aus
tralia has any hydro-electric storages of 

any significance. Such a source is very 
useful for storing power in a form that can 
be recovered almost instantaneously (in a 
few seconds). Instead, their grids must 
rely heavily on 'peak-load' generators 
with fairly fast start-up times (some 
minutes) and on plant that is kept 'free
wheeling' in case its power is needed 
quickly. In South Australia, generators 
fuelled by natural gas are used, while the 
Western Australian authority uses oil. As 
well as unexpected demand, the extra 
power may be needed to replace that lost 
by the breakdown ('outage') of some other 
conventional generator. 

Basically, then, the grid is supported by 
a tier of generators. 'Base-load' generators 
meet the bottom part of the demand curve. 
These have a high capital cost but a low 
running cost. In Western Australia they 
are fuelled with local coal and require at 
least 6 hours to be started up from cold. 
Apart from scheduled maintenance, the . 
State Energy Commission tries to operate 
them continuously. 

'Intermediate-load' plant can be started 
and regulated more quickly. It is usually; 
former base-load plant, older and smaller, 
and hence less efficient and more expen
sive to run. 

Filling in the top of the load curve is the 
'peak-load' plant. Running costs are high 
because the units are generally less effi
cient and (in Western Australia) oil-fired. : 

The grid voltage is therefore supported 
by a large number of generators all charac
terized by their own rated power, fuel, 
start-up times, range of regulation, and so 
on. A complex operating strategy allows 
for scheduled and unscheduled outages 
and unforeseen demand. 

. . . and out of puff 

At first sight, adding an unreliable power 
source — wind power — may appear to 
The fraction of average wind powers 
output equivalent to a completely 
reliable power source can be calculated. 
It is highest (approaching 100%) when 
the wind power contribution to the grid 
is smalls Shown here are Dr 
Diesendorf s calculations for the 1978 
Western Australian grid, the average 
demand on which was 530 megawatts. 

complicate the operation of an electricity 
grid and pose entirely new operational 
problems. 

However, wind speed data from around 
the world show that, although the wind 
varies considerably over the span of a day 
or a year, the hour-to-hour and year-to-
year variations are relatively small. In
deed, the wind shows clear statistical reg
ularities. Its speed generally follows a 
Rayleigh distribution (see the graph on 
page 23) with a well-defined average be
haviour and variation from it. 

It follows that outages, although they 
will be more frequent with wind power 
plant than with conventional plant, will 
have shorter average duration. 

Beyond this point, if we wish to know 
more about how a real grid can cope with 
the vagaries of wind power, we need a 
mathematical model or simulation by 
computer. Dr Diesendorf and Dr Martin 
have devised both. The computer method 
simulates the Western Australian grid 
each half-hour and the South Australian 
grid each hour from the start to the end of 
1978. It takes wind-speed and electricity-
demand data and examines how a combi
nation of existing power stations and 
hypothetical (but typical) wind generators 
would go about meeting demand. 

Although the wind varies 
considerably over the span of 
a day or a year, the 
hour-to-hour and 
year-to-year variations are 
relatively small. 

Hourly wind-speed data for Fremantle, 
W.A., in 1971 or Waitpinga, S.A., in 1955 
have been used. For simplicity, it was 
assumed that in each State all wind 
generators experienced the same wind 
speed at any time. This assumption 
underestimates the wind's usefulness, 
with regard to both fuel saving and power 
reliability, for in reality some wind 
generators may still be operating when^ 
others are becalmed. 

(The effect of the dispersal of wind 
generators'is being studied by Mr John 
Haslett and Mr John Carlin, of the C S I R O 

Division of Mathematics and Statistics. 
They have found that, roughly, dispersal 
over a few hundred kilometres increases 
the reliability of wind power by about 
'25%.) 
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P o w e r s t a t i ons w e r e t a k e n to have a 

s tar t-up t i m e o f 6 h o u r s for b a s e p lan t , 1 

h o u r for i n t e r m e d i a t e p lan t , and ze ro for 

p e a k u n i t s . 

O n e o f t he v i ta l f igures is t he f o r c e d 

o u t a g e ra te — the p ropor t ion o f t h e t i m e 

tha t m a l f u n c t i o n s fo rce g e n e r a t i n g p l a n t 

ou t o f s e rv i ce . B e c a u s e m u c h o f t h e p l a n t 

i n t he W e s t e r n A u s t r a l i a n gr id i s r e l a 

t ively n e w , o n l y e s t i m a t e s a re p o s s i b l e , 

b u t t h e S t a t e E n e r g y C o m m i s s i o n i n 

fo rmed D r D i e s e n d o r f tha t 8 % w o u l d be a 

r e a s o n a b l e f igure . T h e t i m e tha t a u n i t i s 

ou t o f s e rv i ce was t a k e n to vary ( e x p o n e n 

t ia l ly) a r o u n d a n ave rage o f 2 days . 

O p e r a t i n g s t r a t e g i e s 

T h e c o m p u t e r p r o g r a m s i m u l a t e s t he a c 

t i o n s o f t h e m a s t e r gr id opera to r i n turn

i n g o n or shu t t i ng d o w n pa r t i cu l a r p o w e r 

s t a t ions i n r e s p o n s e to d e m a n d or b e c a u s e 

o f b r e a k d o w n s . T h i s p e r s o n ' s j o b i s to 

m i n i m i z e t h e ope ra t ing c o s t s w h i l e keep 

i n g t h e p robab i l i t y o f ' l o s s o f load ' w i t h i n 

b o u n d s . I n t h e p r e s e n c e o f w i n d 

gene ra to r s wi th f l u c t u a t i n g ou tput , h o w 

w o u l d t he opera to r m a k e d e c i s i o n s ? Basi
c a l l y , t he c o m p u t e r p r o g r a m u s e d t he fo l 

l o w i n g ope ra t ing s t ra tegy to op t im ize t he 

fuel sav ing due to t he w ind . 

E a c h ha l f -hour , i t m a d e a fo recas t o f 

w i n d p o w e r and power d e m a n d over t he 

n e x t h a l f - h o u r as w e l l as t h e n e x t 2 4 

h o u r s . T h e w i n d p o w e r for t he n e x t hal f -

h o u r w a s a s s u m e d to be t h e s a m e as tha t i n 

t he las t ha l f -hou r , and t he d e m a n d i n t h e 

n e x t ha l f -hour was t a k e n to be t he d e m a n d 

i m m e d i a t e l y before p lus t he c h a n g e in 

d e m a n d e x p e r i e n c e d 2 4 h o u r s e a r l i e r . 

T h e d i f f e r e n c e b e t w e e n t h e h a l f - h o u r 

fo recas t s for d e m a n d and ava i l ab l e p o w e r 

dec ided w h e t h e r i n t e r m e d i a t e - l o a d p l an t 

s h o u l d b e t u r n e d o n or off. S i m i l a r l y , t h e 

d i f fe rence for t he 2 4 - h o u r fo r eca s t deter

m i n e d w h e t h e r base - load p l an t s h o u l d b e 

s tar ted up o r s h u t down. 

A n d o f c o u r s e , peak - load s t a t ions w e r e 

s tar ted up to c o v e r any shor t fa l l s i n t he 

a c t u a l supply, o r to cove r for p l an t b reak

d o w n s (ou t ages w e r e se t to o c c u r ran

d o m l y ) . I f t h e r e was too m u c h d i s c r e p a n c y 

T h i s calculat ion is based on the 1978 W e s t e r n Australian grid and an operating 
strategy to save peak power . 

An impression o f a 'wind farm'. T h e 
construct ion o f three o f these 'Mod 2' 
mach ines — e a c h rated at 2 · 5 M W and 
with blades 91 m in diameter — has 
begun in Washington S ta te , U . S . A . 

and t he peak- load s t a t ions c o u l d n o t c o p e , 

a ' l o s s o f l o a d ' w a s r e g i s t e r e d . A r e a l 

opera to r c o u l d be e x p e c t e d to t ake a be t te r 

a c c o u n t o f w i n d and l oad va r i a t ions t h a n 

t h e c o m p u t e r p r o g r a m , by c o n s i d e r i n g 

w e a t h e r fo recas t s , k n o w n indus t r i a l pat

t e rns o f e l ec t r i c i t y d e m a n d , and so on . 

T h e c o m p u t e r p r o g r a m was r u n m a n y 

t i m e s wi th different a m o u n t s o f ava i l ab l e 

w i n d power , w ind -gene ra to r c h a r a c t e r i s 

t i c s , fo rced o u t a g e ra te , and l o s s o f l oad 

p r o b a b i l i t y , and w i t h s l i g h t l y d i f fe ren t 

ope ra t ing s t r a t eg ies . 

T h e r e s e a r c h p a i r a l s o d e v e l o p e d 

m a t h e m a t i c a l e q u a t i o n s to a p p r o x i m a t e 

t h e g r id s y s t e m ' s d y n a m i c b e h a v i o u r , 

w h i c h did n o t n e e d t he l a rge a m o u n t s o f 

c o m p u t e r t i m e the s i m u l a t i o n p r o c e s s re 

q u i r e s . T h i s ' n u m e r i c a l p r o b a b i l i s t i c 

m o d e l ' e n a b l e d t h e m to d e t e r m i n e the re

l i a b l e power (or ' c a p a c i t y c r e d i ť ) o f w i n d 

power and i t s sens i t iv i ty to c h a n g e s i n t h e 

c h a r a c t e r i s t i c s o f t h e grid or t he w i n d 

gene ra to r . A w e a l t h o f data was p roduced , 

bu t o n l y t he m a i n r e su l t s a re g iven h e r e . 

T h e o u t c o m e depends o f c o u r s e o n t h e 

pa r t i cu l a r ope ra t ing s t ra tegy u s e d for t h e 

gr id , b u t i n g e n e r a l t he f o l l o w i n g c a n b e 

sa id to h o l d t rue . 

• T h e c a p a c i t y c red i t o f w i n d p o w e r de

pends very m u c h o n t he p ropo r t i on o f 

wind-opera ted p l a n t to c o n v e n t i o n a l 

p lan t . W h e n on ly a s m a l l p e r c e n t a g e o f 

t he g r id ' s ave rage power c o m e s from 

the w i n d , t h e capac i t y c red i t i s r o u g h l y 

e q u a l to t he average w i n d power . B u t 

w h e n t h e p r o p o r t i o n i s a b o u t 2 0 % , 

w i n d p l a n t h a s a c a p a c i t y c r e d i t o f 

a b o u t 4 0 % o f t h e a v e r a g e p o w e r 

supp l i ed by t he w ind . M o r e spec i f i 

ca l l y , i n s t a l l i n g 1 0 0 M W o f average 

w i n d p o w e r i n t he W e s t e r n A u s t r a l i a n 

grid i s e q u a l to i n s t a l l i n g c o m p l e t e l y 

r e l i a b l e p o w e r p l a n t w i t h a r a t ing o f 

4 0 M W , or b a s e - l o a d p o w e r p l an t ra ted 

at a m i n i m u m o f 4 4 M W w i t h a fo rced 

o u t a g e ra te o f 8 % . 

• W a s t a g e o f w i n d power a l s o i n c r e a s e s 

q u i c k l y a b o v e t he 2 0 % l eve l . A t tha t 

l eve l , t he p ropor t ion o f w i n d power 

g e n e r a t e d , b u t s u r p l u s t o r e q u i r e 

m e n t s , i s a b o u t 2 0 % o f t h e w i n d 

gene ra to r s ' output . 

• S m a l l v a r i a t i o n s i n s t r a t e g i e s f o r 

ope ra t ing t h e e l e c t r i c i t y gr id c a n de

t e r m i n e w h e t h e r w i n d e n e r g y subs t i 

tu tes m a i n l y for base - load fuel o r a 

m i x t u r e o f base - , i n t e rmed ia t e - , a n d 

peak- load fue l s . 

• I n t h e 1 9 7 8 W e s t e r n A u s t r a l i a n e l e c 

t r i c i ty gr id , t h e e c o n o m i c v a l u e o f t he 

c a p a c i t y c red i t o f w i n d power , t a k i n g 

i n t o a c c o u n t t he g rea te r r e l i ab i l i t y r e 

s u l t i n g f r o m d i s p e r s a l o f w i n d 

g e n e r a t o r s , i s by n o m e a n s n e g l i g i b l e . 

I t a m o u n t s to a b o u t o n e - q u a r t e r o f 

w i n d p o w e r ' s v a l u e as a fuel-saver . 

T a k i n g t h e s e r e su l t s and l o o k i n g at typ

i c a l p r i c e s for g e n e r a t i n g p lan t , b o t h c o n 

v e n t i o n a l and wind-powered , t he two in 

ves t i ga to r s m a d e s o m e b a s i c e c o n o m i c 

c a l c u l a t i o n s . F o r t he W e s t e r n A u s t r a l i a n 

gr id as i t w a s i n 1 9 7 8 , t hey f o u n d tha t a 

2 5 

How wind power in a grid can save fuel 

rated wind 
power capacity 
(megawatts) 

percentage of annual ener; 

base intermediate 
plant plant 

yy demand met by 

peak 
plant 

wind 

wind energy 
lost 

(percentage 
of demand) 

0 61 18 21 0 0 

500 55 14 14 17 3 

1000 48 12 13 27 12 

1500 44 11 12 33 26 

2000 40 10 11 39 41 



3 0 % i n c r e a s e in the pr i ce of oil and c o a l 
would m a k e s o m e wind power a profitable 
i n v e s t m e n t . H o w e v e r , s i n c e p e a k oi l -
burn ing plant is at the m o m e n t being c o n 
verted to coa l -burn ing in termediate - load 
plant , the fuel-saving w o r t h of w ind power 
is not quite so great , n o r does its use look 
quite so i m m i n e n t . 

N e v e r t h e l e s s , in isolated towns s i tuated 
on the windy south c o a s t of W e s t e r n A u s 
tral ia — s u c h as E s p e r a n c e , H o p e t o u n , 

In isolated towns . . . wind 
power is already likely to be 
worth while for saving fuel. 

and B r e m e r B a y — and on is lands s u c h as 
K i n g and F l i n d e r s in B a s s Stra i t , w h e r e 
the cos t o f generat ing e lectr ic i ty is about 

10 cent s per k W h , wind power is a lready 
likely to be wor th whi le for saving fuel 
used by diesel generat ing sets . 

S t o r i n g w i n d 

U p to n o w we have total ly ignored the ro le 
o f s torage . B u t on a windy coas t l ine it m a y 
be poss ible to u s e e x c e s s wind power to 
p u m p sea water to the top of a cliff, later to 
be r e l e a s e d t h r o u g h h y d r o - e l e c t r i c 
generators to m e e t peak d e m a n d . L e v e l -

Wind power around the world — a progress report 

W i n d power isn't n e w , as t h e D u t c h will 
pol itely r e m i n d you , but nove l ways o f 
h a r n e s s i n g it are being invented. A n d , not 
w i sh ing to rest o n its laure l s , H o l l a n d is 
bui lding a 3 0 0 - k W hor izonta l -ax i s wind 
generator . 

N e w mater ia l s a r e being employed for 
g e n e r a t o r blades: the list n o w inc ludes 
carbon-f ibre-re inforced p las t i c , f ibreglass 
and p las t i c , and a l u m i n i u m , as wel l as the 
older steel or wood. N e w conf igurat ions 
o f blades have been invented (or older 
ones red i scovered — like the ver t i ca l -ax i s 
a r r a n g e m e n t ) . 

V a r i o u s m e t h o d s — m e c h a n i c a l , hyd
r a u l i c , and e l ec tr i ca l — h a v e been de
v e l o p e d for c o n v e r t i n g a v a r i a b l e -
frequency input to a f ixed-frequency out
put . 

M e g a w a t t - r a t e d w i n d g e n e r a t o r s a r e 
n o w o p e r a t i n g i n D e n m a r k a n d t h e 
U n i t e d States and are u n d e r c o n s t r u c t i o n 
in S w e d e n , t h e U n i t e d S ta te s , and W e s t 
G e r m a n y . T h e world's largest operat ing 
wind g e n e r a t o r is the 'Mod Γ m a c h i n e at 
B o o n e , N o r t h C a r o l i n a , r u n by t h e U n i t e d 
States D e p a r t m e n t of E n e r g y and N A S A . 
Its twin blades , 6 1 m in d iameter , g ive a 
rated power of 2 M W in a wind o f 11 m per 
s ec . T h e c o n s t r u c t i o n of t h r e e ' M o d 2' 
m a c h i n e s — e a c h rated at 2 . 5 M W , wi th a 
blade d i a m e t e r o f 9 1 m — h a s c o m m e n c e d 
i n W a s h i n g t o n S t a t e . A n d a 4 - M W 
m a c h i n e , t h e W T S 4 , is p l a n n e d for 
W y o m i n g . 

I n the S a n G o r g o n i o P a s s — n e a r P a l m 
S p r i n g s , Ca l i forn ia — S o u t h e r n Cal i for
n i a E d i s o n i s c o n s t r u c t i n g a w i n d 
g e n e r a t o r wi th t h r e e blades that will span 
5 0 . 3 m and g e n e r a t e a rated 3 M W at a 
wind speed of 18 m per s ec . 

T h e U n i t e d States C o n g r e s s h a s just 
passed a bill to provide U S $ 1 0 0 0 mi l l ion 
for wind power over the n e x t 8 years . P a r t 
o f this s u m will be a l located to the de
v e l o p m e n t o f s m a l l w i n d g e n e r a t o r s , 
whi le t h e m a i n port ion will be used to 

b r i n g l a r g e ( m e g a w a t t - r a t e d ) w i n d 
genera tors to m a s s p r o d u c t i o n at a p r i c e 
that t h e g o v e r n m e n t bel ieves will be c o m 
petit ive with c o n v e n t i o n a l p o w e r plant by 
1 9 8 8 . T h e A m e r i c a n s env i sage that at 
least 8 0 0 M W o f wind p o w e r capac i ty will 
be instal led in the U n i t e d States by 1 9 8 8 . 

I n D e n m a r k , t h e c o m m u n i t y -
f i n a n c e d - a n d - b u i l t ' T v i n d m i l l ' ( t h r e e 
blades , 5 4 - m d i a m e t e r ) is go ing well . Its 
large t h e r m a l s torage h a s not yet been 
built and so its p o w e r output is current ly 
l imited to 9 2 5 k W — the capac i ty o f its 
inverter ( 4 2 5 k W ) plus the heat ing co i l s 
( 5 0 0 k W ) o f the ho t -water space -heat ing 
system. Its full ra ted power is 2 M W . 

T h e D a n i s h g o v e r n m e n t h a s built two 
t h r e e - b l a d e m a c h i n e s ra ted at 6 0 0 k W 
e a c h , w h i c h are n o w operat ing at N i b e . 

S w e d e n is erec t ing two m a c h i n e s o f 3 
M W apiece , whi le H o l l a n d is bui lding the 
a forement ioned 3 0 0 - k W unit . C a n a d a has 
a 2 0 0 - k W vert ica l -ax i s m a c h i n e operat
ing. Severa l types o f wind genera tors rated 

T h i s Engl i sh wind turbine ro ta tes about 
a ver t ical ax i s . 

at less t h a n 5 0 k W are be ing m a n u f a c 
t u r e d a n d a r e s e l l i n g w i d e l y in r u r a l 
D e n m a r k . 

T h e U n i t e d K i n g d o m h a s a n n o u n c e d 
that it will init ial ly build a m a c h i n e rated 
at 1 M W or m o r e ; l ike S w e d e n , it is a l so 
invest igat ing the possibi l i t ies of putt ing 
up arrays of wind genera tors off-shore. 
W e s t G e r m a n y is des igning a 1 0 0 - m - and 
a 5 2 - m - d i a m e t e r m a c h i n e . 

M a c h i n e s rated at 1 0 0 - 2 0 0 k W are n o w 
a v a i l a b l e c o m m e r c i a l l y in N o r t h 
A m e r i c a , and are be ing p u r c h a s e d by e l e c 
tr ic i ty ut i l i t ies , towns , and smal l er c o m 
muni t i e s . 

H e r e in A u s t r a l i a , efforts h a v e b e e 
m u c h m o r e m o d e s t . A p a r t f r o m t h e 
R o t t n e s t I s l a n d i n s t a l l a t i o n a l r e a d y 
noted , w ind power is keeping a fairly lov 
profile. D u n l i t e are n o w m a n u f a c t u r i n g 
in Aus tra l i a a n e w 5 - k W vers ion of their 
wel l -known 2 - k W uni t and will soon be 
sel l ing it wor ld wide. 

D r P r a t i s h B a n d o p a d h a y a y o f t h e 
CSIRO Div i s ion o f M e c h a n i c a l E n g i n e e r 
ing is co l l ec t ing data on the operat ion o f a 
5 - k W E l e k t r o m a c h i n e i n s t a l l e d a t 
F i s h e r m e n s B e n d , V i c , w h i c h is feeding 

a typical o u t b a c k f a r m h o u s e sys tem — 
batter ies , inverter , and back-up g e n e r a t o r 
(and s imula ted load) . H i s a i m is to deter
m i n e t h e c h e a p e s t c o n f i g u r a t i o n o f 
equipment . 

M o d e s t r e s e a r c h pro jec t s are a lso pro
g r e s s i n g o n v a r i o u s t y p e s o f s m a l l 
v e r t i c a l - a x i s w ind turb ines at F l i n d e r s 
Univers i ty , Sydney Univers i ty , the S o u t h 
A u s t r a l i a n Ins t i tu te o f T e c h n o l o g y , a n d 
M u r d o c h U n i v e r s i t y , w h i l e s c i e n t i s t s 
f rom the Univers i ty of N e w S o u t h W a l e s 
are c o n d u c t i n g a wind-energy survey o f 
L o r d H o w e Is land. 

A n A u s t r a l a s i a n W i n d E n e r g y A s s o c i a 
t i o n ( P . O . B o x 1 9 6 5 , C a n b e r r a C i t y , 
A . C . T . 2 6 0 1 ) h a s r e c e n t l y been formed so 
that those wi th interest in wind power c a 
keep in t o u c h with o n e a n o t h e 
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Wind power from the jet streams? 

S i n c e the p o w e r obta inable from the wind 
g o e s up as t h e c u b e o f the w ind speed, t h e 
p o w e r res id ing in the jet s t r e a m s (where 
speeds u p to 1 0 0 m per sec . a r e found) is 
cons iderab le . A r e c e n t study by D r C l ive 
F l e t c h e r o f the D e p a r t m e n t o f M e c h a n i 
c a l E n g i n e e r i n g at Sydney Univers i ty in
d icates that perhaps m o r e t h a n h a l f o f 
A u s t r a l i a n jet s t r e a m s c a r r y 1 0 k W per 
sq m , a n d over c e r t a i n s i tes m o r e t h a n 
1 8 k W per sq m. 

D r F l e t c h e r ' s a i m is to see w h e t h e r that 
p o w e r s o u r c e c a n be tapped. T h e idea is 
not new, but it r e m a i n s in tr igu ing and 
every n o w and t h e n it sur faces afresh. B u t 
is it feasible? 

T h e jet s t r e a m s are bands of h igh-speed 
wester l ies b lowing at al t i tudes o f about 

H o w wind genera to r s on a t e the red 
glider in the j e t s t r eam might look . 

l ing the output o f wind genera tors in s u c h 
a m a n n e r great ly i n c r e a s e s the capac i ty 
credi t of wind, m a k i n g it a reasonably f irm 
s o u r c e o f power . 

A few large wind generators 
are likely to be more 
economical than many small 
machines. 

D r D i e s e n d o r f e s t imates that the addi
t ion o f s torage capac i ty equivalent to 1 
day's output of the generators cou ld ra ise 
the avai labi l i ty of a v e r a g e wind power 
from 3 0 % to 7 0 % . A D a n i s h invest igator , 
Professor B e n t S o e r e n s e n , h a s found that 
1 0 hours ' s torage c a n m a k e a wind energy 
sys tem as dependable as a n u c l e a r power 
plant . 

B u t to keep th ings in perspect ive , we 

1 0 km. A typical speed is 5 0 m per s ec . 
T h e y a r e the a tmosphere ' s way o f taking 
so lar e n e r g y from t h e tropics to t h e poles , 
t h e earth's spin giving t h e m a wester ly 
bent . 

T h e basis of D r F l e t c h e r ' s feasibility 
s tudy is a p lan that ca l l s for a e r o d y n a m i c 
p l a t f o r m s c a r r y i n g a n u m b e r o f w i n d 
g e n e r a t o r s to be l a u n c h e d into t h e jet 
s t r e a m , w h e r e they would be te thered , just 
l ike a kite. T h e E n e r g y Author i ty of N e w 
S o u t h W a l e s is support ing t h e c o s t o f 
e laborat ing and c o s t i n g t h e idea. B e c a u s e 
t h e te thers would need to be about 18 k m 
long, they w o u l d h a v e to be e x t r e m e l y 
s trong , yet l ight. K e v l a r , a m a t e r i a l used 
in p a r a c h u t e s , is a possibil ity. 

T h e t e t h e r s w o u l d a l s o c a r r y 
a l u m i n i u m c o n d u c t o r s to bring the gen
erated e lectr ic i ty to t h e g r o u n d . 

T h e jet s t r e a m s a r e quite pers is tent , 
wi th the ir speed fall ing be low t h e stal l ing 
speed of the p la t form ( 2 0 m per s e c . ) only 
o c c a s i o n a l l y . D r F l e t c h e r f inds t h i s 
w o u l d h a p p e n p e r h a p s h a l f a day p e r 
m o n t h in winter and 4 or 5 days per m o n t h 
in s u m m e r . W h e n this o c c u r r e d , e l ec tr i c 
ity c o u l d be used to drive the turbines and 
m a i n t a i n lift. 

I f the j e t - s tream energy f lowing at an 
a l t i tude o f 9 - 1 3 k m w e r e c a p t u r e d over a 
1 0 0 0 - k m front and conver ted to e lectr ic i ty 
at 5 0 % ef f ic iency , a s m u c h e l ec t r i c i ty 
would be p r o d u c e d in a year as c o u l d be 

c a n n o t o v e r l o o k t h e fac t t h a t s t o r a g e 
c o u l d also serve to subst i tute in termedia te 
and base- load power for peak power. W i n d 
and coa l c a n thereby b e c o m e c o m p e t i t o r s 
for the s a m e s torage , and in this c a s e the 
c o m p u t e r s imulat ions b e c o m e c o m p l e x . 
It is a prob lem D r D i e s e n d o r f and D r 
M a r t i n are working on at the m o m e n t . 

M e a n w h i l e , D r D i e s e n d o r f believes it 
m a y a l r e a d y be p r o f i t a b l e t o i n s t a l l 
medium-s ized wind generators (rated at 
about 2 0 0 k W e a c h ) at E s p e r a n c e and 
K i n g Is land. F u r t h e r m o r e , h e sugges ts 
that , in the n e a r future , va luable exper i 
e n c e would be ga ined by instal l ing a large 
wind genera tor (of 1 M W or so rat ing) into 
the W e s t e r n Aus tra l i an grid, to prepare for 
the day w h e n large wind genera tors are 
m a s s - p r o d u c e d and are instal led as a mat 
ter of p la in good business sense . 

T h e c a l c u l a t i o n s D r D i e s e n d o r f and D r 
M a r t i n have m a d e c o n v i n c e t h e m that that 
day is c l o s e r than we used to think. 

Andrew Bell 

Wind- tunnel t es t s o f a m o d e l glider a t 
Sydney Univers i ty . 

got f rom burning all Austra l ia ' s k n o w n 
coa l reserves . 

I n c o n j u n c t i o n wi th his r e s e a r c h assis
tant M r J o h n S a p u p p o , D r F l e t c h e r h a s 
des igned a p lat form wi th four generators 
rated at 2 5 M W . A mode l o f it is u n d e r g o 
ing wind- tunne l tests to d e t e r m i n e the 
o p t i m u m conf igurat ion . 

D r F l e t c h e r c a l c u l a t e s that p lac ing ten 
s u c h p lat forms aloft m a y c o s t around $ 3 0 0 
per ki lowatt , c o m p a r a b l e to the capital 
c o s t of coal-f ired power s tat ions . H o w 
ever , opera t ing c o s t s w o u l d be h i g h e r , 
p r i n c i p a l l y b e c a u s e o f t h e s h o r t e r e x 
pec ted l i fet ime o f t h e p la t forms . 

T h e s c h e m e is very speculat ive at t h e 
m o m e n t , and there are u n a n s w e r e d ques
t ions . H o w e v e r , we are r e m i n d e d o n c e 
aga in that w e d o not lack e n e r g y in o u r 
world , only ways to h a r n e s s it. 
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