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. , ' 1. INTRODUCTION 

.' i n  1874175, the primary energy input t o  the A~s t ra l i an  econow canprised 
.-7' o i l  48%. coal 40%. natural gar 7%. miscellaneaus 5% (2% hydro-electric. 

; , 2% bagasse. 1% wood). The end use of t h i s  energy can conveniently be div- 
t ,.. ided i n to  three groups, viz., heat used a t  various temperatures, energy f& -.  . a l l  fo rm o f  transportation, and energy used as electr ic i ty.  

I . ' ' This i s  i l lus t ra ted i n  Figure 1 which classif ies as heat, that  electricafb 
enerqy used for low and medium tmperature applications such as house and i 
water heating, giving end use energy as heat 50%. transport 40% and elec- ,. 
t r i c i t y  10%. 

Primary energy fo r  the generatioion o f  e l ec t r i c i t y  i s  coal 81%. o i l  71, natuml 
gas 6% and hydro-electric 6%. There i s  l i t t l e  doubt that the percentage due 
to  o i l  w i l l  decline, and there i s  active debate a t  present a t  t o  the w i sdn  
of using a premium product l i k e  natural gas for the eneration of e lec t r ic i ty  
Since about ha l f  the country's hydm-electric potent?al has been developed, 
i t s  percentage contribution w i l l  also decline. There are no nuclear power 
stations a t  present, nor are any currently being planned. I t  i s  elear that  
the generation of e l ec t r i c i t y  w i l l  continue to  be predninantly coal based. 
Australian coal reserves are so large that the primary energy naeded fo r  e l -  
ec t r ic  parer generation can be considered secure f o r  as f a r  ahead as can be 
seen, so there w i l l  therefore be no need to  co?template large-scale solar o r  
nuclew e lec t r i c i t y  generation f o r  the foreseeable future. 

O i l  raserves, however, are being depleted rapidly, and increasing quantit ies 
w i l l  have to  be ?.ported. As it accounts f o r  nearly ha l f  the country's to ta l  
primary energy, i t  i s  olear ly as a r e p l w m n t  for  o i l  that solar energy 
could make its most ef fect ive contribution. O i l  supplies almost the ent i re 
translortation needs, and a large percentage o f  the heat requirements, but 
the extent t o  which solar energy can contribute t o  the replacentent Of o i l  de- 
pends on the actual application. The technology i s  available nmr for  solar 
heat generation up to  temperatures o f  about 80°C, and i t  can be forecast with 
reasonable confidence that within the next decade th i s  w i l l  be extended to  
ahwt  150°C. 



It i s  also possible to produce renewable l i qu id  fuels fm solar energy, but 
t h i s  i s  more speculative because i t  w i l l  be very dependent on the level  o f  
research and development which can be nounted i n  t h i s  area and the  degree o f  
success which i s  achieved. One proposal 7s the use of forests t o  convert 
solar energy i n to  cellulose by mans of photosynthesis fo l l~wec by the con- 
verslon O f  the cellulose In to  rthanol i n  chemical processing plants [ll. 
This i s  one o f  several poss ib i l i t ies  f o r  the production o f  r w a b l e  l i qu id  
fuelr suitable f o r  transportation. 

A scenario f o r  the year 2000 incorporating these poss ib i l i t ies  and assuming 
no natural o i l ,  i s  show i n  Flgure 2. It has been proposed C2. a5 a basis 
f o r  research and d e v e l o m t  so that future govermnts could have the op- 
t ion  o f  rnaking Rus t~a l i a  sel f -suf f ic ient  i n  energy i n  due cour:e. If th is  
i s  cmpared with Figure 1. it show a 4.5% p.a. growth i n  the rota1 consump- 
t ion  o f  p r imry  energy, and fo r  a predicted population o f  18 m ~ l l l o n  a t  the 
end of the century, represents a per capita energy consumption of 439 Wla 
(cf  174 f o r  1972). This can c w a r e d  with the United States figure f o r  
1972 of 329 W l a  and a pred3ctron by the U.S. Departmnt of ClanneP.re for 
2000 of 643 U/a.  The energy usage pattern i s  s igni f icant ly d fferent frrm 
the 1972 percentages and ref lects a m r e  e f f i c i en t  use o f  energy f o r  trans- 
portation and a greater use o f  e lec t r ic  pwer because o f  i t s  mnwnience and 
versat i l i ty .  It also asslanes much the same percentage of the tnd usage i n  
the form o f  heat. 

It i s  c lear ly i n  the form e f  heat that solar energy can rnake i t s  greatest im- 
pact, and i t  i s  also clear that t h i s  w i l l  lead t o  the e s t a b l i s m n t  o f  a maj- 
o r  new industry t o  design, construct and i n s t a l l  the solar heat generating 
systems. The size of th is  industry can be forecast since we how the area 
of col lector which w u l d  be required to generate 1 EJla o f  heat and the cost 
per square m t r e  o f  collector, Assuming an average col lector Efficiency of 
351. insolation o f  17 W/m2 d and instal led system cost for lmge-scale pm- 
duction o f  S1W per square metre of collector, the to ta l  instal led value of 
solar heat generating systens to  pmduce 1 EJla w i l l  be $46 OCO mil l ion.  

If th i s  investment i n  equipnent requires replacemnt a t  the rate o f  5 1  p.a. 
i t  w i l l  represent an annual production o f  $2 300 mi l l ion  t o  m in ra in  it. 
which m u l d  be an industry cnparable i n  size w i th  the present autoambile 
industry i n  Austral la. 

Large-scale p,odw,tion o f  l i qu id  fuels such as ro la r  ethanol <auld also lead 
to  a W o r  new industry, but th is  I s  further aww and w i l l  dwend on the lev- 
el  of R & 0 that u n  be supported. 

The si tuat ion which emerges i s  that the umst i m d i a t e l y  practicable way i n  
vhi th solar energy can mke a major contribution t o  Australia s p r i m r y  en- 
ergy i s  as heat f o r  industry, commerce and h m s .  

E l l  MKe, R.N. 6 S i m n ,  J.R. Solar Energy for Australia. Tne Role of 
B?ological Conversion. The Ins t i tu t ion  o f  Engineers. Au;tralia 
1916 T~onference,sville, 11th-14th Uv', 1976. 

L21 Australia. Senate. Hansard, 17th June. 1976. Suhnirsian t o  the 
Australian Senate Standing C m l t t e e  on National Resourcs. 
intoSolsr by CSIRO Solar Energy Studies. 



2. SOLAR RADIATION 

The performance o f  systems which u t i l i z e  so la r  energy depends on t he  rad ia -  
t i 3 n  i n c i d e n t  on the c o l l e c t o r s ,  and t he  design o f  such systems requ i res  a 
d e t a i l e d  knowledge o f  t h i s  r a d i a t i o n  a t  the l o c a l i t y  i n  quest ion. M o s ~  
coun t r i es  have r a d i a t i o n  measuring networks, and i n  Aus t ra l i a  there  a re  20 
s ta t i ons  which measure i n s o l a t i o n  cont inuous ly .  This i s  recorded i n  t he  
form o f  ha l f - hou r l y  i n teg ra ted  t o t a l s  throughout the day, and some dai;y 
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averagesare given in Table I .  The most useful informatim i s  the to ta l  glo- 
bal radiation on a horizontal surface and the diffuse radiation on a horiz- 
ontal surface recorded hourly f o r  some years. From these two measurements i t  
i s  possible to  separate the d i rec t  component of radiation from the to ta l  glo- 
bal radiation on the surface and apply standard trigonometrical formulae t o  
calculate  the radiation tha t  would be received on a surface inclined a t  any 
angle and oriented in any direct ion.  There have been several methods prop- 
osed fo r  t h i s ,  but a problem ar i ses  when diffuse radiation i s  not measured 
and the only f igures  avai lable  a re  those fo r  to ta l  global radiation on a hor- 
izontal surface. 

TABLE I .  

TABLEAU I 

SOLAR RADIATION FOR SOME AUSTRALIAN TOCNS 

IRRADIATION SOLAIRE POUR QUELQUES VILLES AUSTFALIENNES 

Daily Average Total Global Insolation on Horizostal Surface 

A useful method of estimating the hour by hour values of diffuse radiation 
in these circumstances has been proposed by Bugler C31 who compares the meas- 
ured value of to ta l  global radiation on a horizontal su-face with the predic- 
ted d i rec t  radiation in the absence of cloud, and so builds up an atmospheric 
model from which the diffuse radiat ion f o r  tha t  period can be estimated. This 
has now been developed in the form of a computer program known as PRERAO, 
which takes measured values of hourly total  global insolation on a horizontal 
surface fo r  a number of years a t  a part icular  location and.predicts the incid- 
en t  radiation hour by hour over the same period of time on a surface inclined 
a t  any angle and oriented in any direct ion.  

MJ/me 
A1 bany = 15.6 
Alice Springs = 21.9 
Casey (Antarctica) = 8.6 
Darwin = 20.9 
Forrest = 19.6 
Geraldton = 20.6 
Halls Creek = 22.4 
Hobart = 13.5 
Laverton = .15.4 
Long reach = 21.7 

Program PRERAD i s  now being used t o  predict hourly or monthly values of in- 
solat ion fa l l ing  on a part icular  factory roof, f o r  use as  input data f o r  the 
design of solar  heat generating systems. The Program will a lso pri'nt out val- 
ues of diffuse radiat ion,  hours of sunshine, and d i r e c t  beam radiation which 
i s  needed f o r  focusing col lectors .  (Note tha t  meteorological l i t e r a t u r e  gen- 
e ra l ly  uses the term d i rec t  radiation" to  re fe r  to d i rec t  beam radiat ion,  
tha t  i s  the energy received by a sun tracking instrument with an acceptance 
angle of 100). 

MJ/mZ 
Macquarie Island = 9.3 
Me1 bourne = 14.3 
Mi ldura = 18.2 
Oodnadatta = 21.3 
Perth = 19.2 
Port Hedland = 23.3 
Rockhampton = 18.9 
Wagga Wagga = 17.6 
Williamtown (near Sydney) = 17.0 
Woomera = 20.1 

C31 Bugler, J.W. The Determination of Hourly Solar Radiation Incident upon 
an Inclined ?lane' from Hourly Measured Global Horizontal Insolation. 
CSIRO Solar Energy Studies Report No. 75/4. July 1975. 



3. COLLECTORS 

A l l  c o l l e c t o r s  i n  comnercial use i n  A u s t r a l i a  a t  t he  present t ime use water 
as t he  energy t r a n s f e r  f l u i d ,  al though a i r  heaters have been developed and 
used ifi experimental i n s t a l l a t i o n s  f o r  the .dry ing of t imber  and f o r  b u i l d i n g  
heat ing. A i r  heaters are  being manufactured and used f o r  house heat ing i n  ' 

t he  United States. For i n d u s t r i a l  process heat ing, . t he  energy t r a n s f e r  
loops normal ly use e i t h e r  water o r  steam, and can be adapted t o  be i n teg -  
r a ted  w i t h  s o l a r  c o l l e c t o r s  f o r  temperatures up t o  about 8OoC. No cos t  
e f f e c t i v e  steam generators have y e t  been demonstrated. 

The f ixed f l a t  p l a t e  c o l l e c t o r  i s  t he  most w ide ly  used 'device i n  t he  wor ld  
today f o r  so la r  heat generat ion systems. I t  has been developed t o  t he  p o i n t  
where durable, c o s t - e f f e c t i v e  c o l l e c t o r s  a re  i n  quan t i t y  product ion us ing 
spec ia l  s e l e c t i v e  surface treatment on t he  absorber p l a t e  t o  reduce the  r e -  
r a d i a t i o n  losses and increase the  e f f i c i e n c y  o f  c o l l e c t i o n .  The f l a t  p l a t e  
c o l l e c t o r  can accept both  d i r e c t  and d i f f u s e  components o f  r ad ia t i on ,  and i s  
capable o f  operat ing a t  r e l a t i v e l y  h i gh  e f f i c i e n c i e s .  

The instantaneous c o l l e c t i o n  e f f i c i e n c y  i s  g iven by t he  equat ion 

LT  AT^ .............................. 0 = no - (a + c V )  T -  b ~ ;  (1  j 
where II = steady s t a t e  e f f i c i e n c y  o f  t he  c o l l e c t o r  

no = e f f i c i e n c y  when AT = o 
AT = d i f fe rence between mean water temperature i n  t he  

c o l l e c t o r  and t he  equ iva lent  temperature o f  t he  
surroundings OC 

G = r a d i a t i o n  on t he  c o l l e c t o r  w/m2 
V = wind v e l o c i t y  i n  m/s 
a, b, c, and no a re  parameters which can be measured on 

an appropr ia te  t e s t  r i g  and represent t he  thermal 
p rope r t i es  o f  t he  p a r t i c u l a r  c o l l e c t o r  i n  quest ion. 

From equat ion (1 )  i t  fo l lows t h a t  t he  heat output Q i n  wat ts  per  square rretre 
o f  the c o l l e c t o r  i s  

Experimental procedures f o r  measuring t he  p rope r t i es  o f  c o l l e c t o r s  have been 
descr ibed by Cooper C43 and Symons [S]. They enable the thermal character- 
i s t i c  o f  a p a r t i c u l a r  c o l l e c t o r  t o  b measured and expressed i n  graph ica l  
form, i n  which n i s  p l o t t e d  aga ins t  f o r  a p a r t i c u l a r  wind ve loc i t y .  The 
e f f e c t  of  wind and hence the  value o&he c o - e f f i c i e n t  c i n  equat ion (1 )  can 
be al lowed f o r ,  and heat tab les  f o r  a p a r t i c u l a r  c o l l e c t o r  a re  computed 9s- 
i n g  programs developed by Proctor ,  S a l t  and White [6,71. These heat tab les  

C41 Cooper, P. I. The Test ing o f  F la t -P la te  Solar Co l lec tors .  The I n s t i t -  
u t i o n  o f  Engineers, A u s t r a l i a  1976 Engineering Conference, Townsvi l le,  
11th-14th May, 1976. 

C51 Symons, J:G. The D i r e c t  Measurement of Heat Loss from F la t -P la te  Solar 
Co l l ec to rs  on an Indoor Test ing F a c i l i t y .  CSIRO D i v i s i o n  o f  Mechanical 
Engineering Technical Report No. TR 7, 1976. 

C63 Proctor ,  D. Program SOLARHT. CSIRO Solar.Energy Studies Report No. 
75/2. J u l y  1975. 

C71 S a l t ,  H. 8 White, R.F. Ca l cu la t i on  of Heat Tables us ing Program SOCOFI. 
CSIRO Solar  Energy Studies Technical  Note 1. October 1976. 
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( a )  SINGLE GLASS COLLECTOR AREA 0 . 7 4  I& SELECTIVE SURFACE Q = 0 . 6 9  6 - ( 2 . 9  + 0 . 4 2  V\ A T - 0 . 1 8  h T 2  
2 5  1 3 , 3 5  12,99 1 2 , 3 6  11,19 8 , 5 8  6.48 7,8R 8,RZ 9 ,53  1 1 1 0 4  12,07 13,47 10,b' 
35  1 1 , l u  1 1 ~ 1 7  1 ~ , 7 0  9 ,57  7 ,a9  5 .23  b , 3 7  7.17 7 ~ 8 0  9,27 l 0 , 1 7  1 1 1 5 7  8 ~ 9 5  
45  9 1 ~ 8  9.47 9.16 7 ,91  5 , 7 3  4.09 5,0Z 5.69 6,24 7 ,60  8,42 9.86 7,38 

5 5  , 7 . 6 9  7 - 8 0  7.53 6,U2 4,U7 3.03 3 , 7 1  4 1 2 8  4 , 8 6  6 ,10  6 1 7 9  8 . 1 1  5 .90  

6 5  6 .38  2 2  6 , 0 8  5,n8 3.33 2 .18  2 .56  3,UU 3 1 5 5  4 8 7 8  5 s 2 9  6 1 4 9  4 ~ 5 4  

7 5  U,h8 U.81 U.74 3.78 2 , 3 5  1 , 3 8  1 ,58  2 .01  2,U3 3.46 3 ,94  5,02 3.39 

8 5  3,39 3.56 3,U5 2.66 1 1 5 3  , 7 2  , 8 1  1.17 1 1 5 0  2.35 2 1 7 6  3 8 7 1  2 1 3 0  

9 5  2 .29  2,117 2 . ~ 1 l  7 1 8 9  1 3 2  1 3 5  , 5 9  , 8 4  1 1 4 5  1 8 7 8  2.53 1 9 4 7  

( b )  SINGLE GLASS COLLECTOR AREA 2 . 7 2  IT? NON-SELECTIVE Q = 0 . 7 3  6 - ( 4 . 6  + 0 . 6 4  V)  A T - 0 . 0 2   AT^ 
2 5  13.22 1 3 . 1 ~  12.53 1 1 . 2 ~  8 .13  5 .96  7 2 3  8.19 9 .86  l n . 7 9  11.85 13.S6 . l 0 , 3 9  
3 5  1P.52 12 ,57  1 2 . 1 2  6 . h 9  1 U.33 5 . 2 h  6.05 6.75 8,3U 9.27 10.97 8,88 
4 5  3.13 8.22 '7.69 5 4.43 2,9'd 3.52 4 .14  4.85 6.24 6.97 8.53 6.83 
5 5  5 . 9 6  6 . 1  5.94 U.P.2 3 . 0 8  1 .72  2.M9 2.h2 3 ,17  U.01 4.99 6.37 U.27 

O, 6 5  4, 8 4.311 4 .21  3 .23  1 ,a5  * . a s  1 1 - 0 5  1.85 2.88 3 ,33  u.50 2.81 
7 5  2.67 2 . 9 5  2.77  1 .75  !.:I . 3 8  .UO . e 8  .96  1.66 2.OE 2 .93  1.69 
95 5 1 .72  1.65 1.38 ' -45 . I 1  . 1 1  - 2 9  ,42 , 8 2  1.00 1.67 .9R 
9 5  . b 5  , 9 1  .PI.> .'I7 , 18 . 0 1  . 0 2  . M 7  . I 5  13U .41  a 8 1  e 4 1  

( c )  DOUBLE GLASS INDUSTRIAL COLLECTOR AREA 1 . 4 8  n? SCLECTIVE Q = 0 . 6 7 - ( 2 . 0  + 0 . 1  V) AT-0.01 AT' . 
2 5  13 .11  13.84 12 .60  11 .49  9,2: 712U 8.77 9 , b b  lW.18 11.5b 1Z151 13 ,62  11.08 
3 5  12.07 12.81 11 .62  10.58 8 .39  6 .38  7.67 8 .71  9.25 10 .49  11.43 12.4U 1 0 , l H  

11 .01  lU .97  10 .66  9,6U 7 5 , b S  6 , 9 8  7 , 7 5  8.27 9 . 5 2  18 .36  1 1 1 4 U  9.10 
5 5  10.C2 9 .99  9.69 8,6U 6.50 U.92 6 .16  6 .83  7.27 8.52 9.35 18 .47  8,ZR 
6 5  9 , P l  8 .98  8 .69  7.b2 5 .75  4 2  5 r 3 5  5 .9b  b 8 3 - l l  7.52 8.33 9,uU 7.27 
7 5  7.07 7.95 7 .69  6 7  U,96 3 .56  4.53 5.M9 5 , 5 0  6 .58  7,3R 8 .36  6.35 
8 5  6 .92  6,.,95 6 - 7 3  5 .85  u , t 5  2.87 3 ,72  U,28 4 . 7  5 .69  6.36 7.29 5,415 
9 5  5 .98  ~ 5 . 9 6  5 .83  4.99 3,3R 2.25 2.97 3.37 3 .81  4.85 S,U3 b 1 2 9  U,59 

FIG. 3 HEAT T A B ~ E S  FOR THREE AUSTRALIAN COLLECTORS. INCLINATI N 330, FACING NORTH. WILLIAMTOWN (NEAR SYDNEY )DATA 

COLLECTOR. 
'3 FOR 6'YEARS. VALUES ARE FOR DAILY HEAT GENERATION MJ/m WHEN WATER AT TEMPERATU4E T I S  SUPPLIED TO THE , 
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give the heat generated by the col lector i n  a particular l oca l i t y  when supp. 
l i e d  with water a t  a constant tenperature and a controlled flow rate. They 
require meteorological records, preferably for several years, giving s i m l -  
taneous hourly valuer o f  solar radiation, ambient temperature and wind vel- 
ocity. 

The following steps are involved i n  predicting the heat output for a solar 
collector i n  a part icular location: 

1. Measure expe[yantally the thermal collector characteristic, n as a 
function o f  -p 

2. Assemble the meteorological characteristics o f  the particular location 
i n  question so that solar radiation, ambient temperature and wind vel- 
oci ty a t  hourly intervals can be stored on mgnetic tape and accessed 
by sui tab1 e computer programs. 

3. Compute b8 means of programs such as PREUD the hourly values of solar 
radiation on the plane inclined a t  the part icular angle and oriented i n  
the part icular direction for which the heat table i s  required. 

4. C w u t e  by mans of programs such as SOCOFI the hour by hour heat gen- 
eration and printout averaqe dai ly valuer i n  the form o f  heat tables. 

The prosrams which produce this infonnanon, using meteorological records 
which might typical ly cover s i x  years of data, are w r y  fast  and re la t ive ly  
inexpensive, the total  cost i n  computer time being typical ly 115 for a heat 
table, such as i l lus t ra ted i n  Figure 3. This shows the heat generation for  
three c o m r c i a l l y  available Australian collectors. tnu o f  which are single 
glazed with a single glass cover, one having a selective surface absorber. 
and the other a f l a t  black painted surface. Figure 3(c) covers a recently 
introduced double-glazed col lector intended for industr ia l  process heating 
applications. Although i t s  thermal performance i s  superior, i t  i s  mare ex- 
pensive t o  nunufacture, but the value of these heat tables i s  that i t  i s  now 
possible, knowing the pr ice o f  the collectors, t o  calculate the heat output 
per dol lar  investnent, which i s  a c r i t i c a l  consideration for  the cost effect. 
iveness o f  complete installations. 

The m s t  convement place fo r  munting collectors i s  usually on the roofs o f  
buildings which, as a general rule. are not sited with a view t o  solar en- 
ergy collection. It IS important, therefore, t o  be able t o  preUict what 
penalties. if any, are incurred by placing the Collectors direct ly on the 
roof without resorting t o  unsightly or expennve additional supports. 

The ef fect  o f  angle of incl inat ion and azimuth on the radiation incident on 
a plane can be computed and i t  can be shown that within certain l i m i t s  there 
i s  not much variation i n  the toral  annual insolation received. In terms o f  
the heat generated annually by collectorr, the posit ion i s  rather m r e  com- 
plicated. The incl inat ion and orientation t o  giVe maximum annual energy 
collection depends on the mnth ly  load pattern throughout the year, the tem- 
perature a t  which the heat i s  required and the capacity o f  the thernal store. 
General solutlbns which allow fo r  a l l  these variables are not available. a l -  
though t t  i s  possible by means o f  the heat tables described above, t o  pro- 
duce curves for specific applications and situations which nay i l l us t ra te  
general trends. The ef fect  o f  the angle sf inc l inat ion and azlrnuth on the 
annual heat generation of an Australian conneroial collector i n  Sydney, 
la t i tude 3 3 O  south, used i n  a domestic water heating application, i s  shnrn 
i n  Figure 4. It w i l l  be seen that maxinun collection occurs a t  an inc l in -  
ation of about 250 t o  the horizontal, that i s  about threequarters o f  lat i tude 
angle, and that i t  i s  not sensitive t o  angle changes from about 150 to  35'. 



Also a  change i n  azimuth from zero, t h a t  i s  due nor th ,  t o  45O, o n l y  reduces 
the annual heat  c o l l e c t i o n  by about 6%. For azimuth angles much exceeding 
450 i t  i s  b e t t e r  t o  mount t he  c o l l e c t o r s  ho r i zon ta l  and accept about a  14% 
loss ,  compared w i t h  t he  maximum ou tpu t  a t t a i nab le .  As a  broad general i z -  
a t i on ,  i t  i s  l i k e l y  t h a t  i t  would be more economical t o  increase the  area 
o f  c o l l e c t o r s  mounted d i r e c t l y  on a  r o o f  r a t h e r  than b u i l d  spec ia l  s t r uc -  
t u res  t o  support  them a t  a  more favourab le  angle. 

It should be emphasized t h a t  t h e ' e f f e c t  o f  ang le  o f  i n c l i n a t i o n  and azimuth 
on annual heat generat ion becomes more pronounced as t he  l a t i t u d e  i s  i n -  
creased, and a t  t h i s  stage t he  use of t he  curves shown i n  F igure  4  f o r  l oc -  
a t i o n s  o the r  than Sydney should be handled w i t h  caut ion.  However, a  study ' 

c u r r e n t l y  be ing undertaken has shnwn t h a t  t he  values f o r  Melbourne, l a t i t u d e  
38u south, d i f f e r  from the  Sydney curves by o n l y  a  few percent .  

4. THERMAL STORAGE 

Where t he  product i t s e l f  can be s tored,  e.g. h o t  water,  i t  i s  merely a  ques- 
t i o n  o f  p rov id i ng  an adequate s ized i nsu la ted  s torage tank. Off-peak e lec-  
t r i c a l l y  heated h o t  water serv ices have f o r  many years used t h i s  p r i n c i p l e ,  
and such systems a re  r e a d i l y  a v a i l a b l e  comnerc ia l ly .  I t  i s  a  simple mat ter ,  
there fore ,  t o  i nco rpo ra te  such a  storage i n t o  a  s o l a r  water heat ing system, 
i t  being on l y  necessary t o  increase the  s i ze  o f  t he  tank t o  p rov ide  one and 
a  h a l f  t o  two days' supply and perhaps increase the  amount of i n s u l a t i o n  pro- 
vided. 

For i n d u s t r i a l  process heat ing and o the r  app l i ca t i ons  where heat r a t h e r  than 
h o t  water i s  requ i red,  storage presents a  greater  problem i n  t h a t  t he  tanks 
become r a t h e r  bu lky  when onJy the sens ib le  heat o f  water changing i n  temper- 
a t u r e  by a  few degrees cent ig rade i s  ava i l ab le .  Nevertheless, l a rge  in: 
su la ted tanks a re  being used s a t i s f a c t o r i l y  f o r  t h i s  purpose. Concrete, 
s t e e l  and copper tanks have been used wi thout  any o f  these emerging as be- 
i n g  c l e a r l y  super ior .  

For use w i t h  a i r  heaters, rock storages have been used exper imenta l ly  and, 
a l though s a t i s f a c t o r y ,  they a re  bu l ky  and somewhat expensive. 

5. HEAT GENEKATING SYSTEMS 

The systems most comnonly used today a re  s o l a r  water heaters f ob  r e s i d e n t i a l  
and commercial purposes. These have been cormnercial l y  a v a i l a b l e  f o r  many 
years and a re  now being exported t o  a  number o f  count r ies .  Aus t ra l i an  mnu-  
f a c t u r e  o f  so la r  water heaters has grown r a p i  l y ,  t he  product ion f i g u r e s  i n  
terms o f  c o l l e c t o r  area being: 1973, 8 100 my; 1974, 11 600 m2; 1975, 
25 330 m2. 

The reason f o r  t h i s  i s  t h a t  there  a re  many places where e l e c t r i c  power f o r  
water heat ing costs  between 2  and 4  cents  per  kW.h which makes a  s o l a r  water. 
heater  an a t t r a c t i v e  p ropos i t i on .  There i s  a l so  a  growing i n t e r e s t  i n  t he  
s o l a r  heat ing o f  swimning pools,  most ly  f o r  p r i v a t e  homes, b u t  a l s o  i n  l a r g e r  
i n s t a l l a t i o n s  f o r  p u b l i c  and i n s t i t u t i o n a l  pools.  

I n d u s t r i a l  app l i ca t i ons ,  on the o the r  hand, a re  i n h i b i t e d  by t he  cu r ren t  low 
energy p r i ces  i n  Aus t ra l i a ,  which i n  some cases a re  around 0.13Q/MJ (.47Q/kW.h). 
Despite the f a c t  t h a t  a t  cu r ren t  energy p r i ces ,  l a r g e  s o l a r  heat generat ino 
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systems do n o t  prov ide t he  r e t u r n  on investment t h a t  i s  considered s a t i s -  
f ac to ry ,  t he re  i s  a widespread recogn i t i on  t h a t  t he  technology should be 
developed as q u i c k l y  as poss ib le .  CSIRO has comnenced a programne o f  dem- 
o n s t r a t i o n  i n s t a l l a t i o n s  i n  i n d u s t r i a l  p l an t s ,  which w i l l  have t he  dual ob- 
j e c t i v e  o f  demonstrat ing t he  technology which i s  now ava i l ab le ,  and a t  the 
same t ime oh ta in  ac tua l  operat ing performance and costs  on an i n d u s t r i a l  
sca le .  

5.1 Res ident ia l  Hot Water Services 

Domestic i n s t a l l a t i o n s  use 3 t o  5 m2 of c o l l e c t o r  connected t o  an i nsu la ted  
s torage tank o f  200-450 l i t r e s ,  f i t t e d  w i t h  an e l e c t r i c  heater element and 
thermostat.  I f  the storage tank can be located c lose t o  and above the  c o l l -  
ec tors ,  water c i r c u l a t i o n  through the  system can .be by ther~ l lus i  phon f low,  
which avoids the use o f  any pumps o r  valves I n  the energy t r a n s f e r  loop be- 
tween the  c o l l e c t o r  and t he  tank. This i s  shown i n  F igure  5, which a l so  ill- 
u s t r a t e s  t he  problem of concea l ing the tank. This can be overcome by mount- 
i n g  i t  i n  t he  r o o f  space above the  c e i l i n g ,  as shown i n  F igure  6, o r  i f  t h i s  
i s  n o t  poss ib le ,  pump c i r c u l a t i o n  i s  used so t h a t  t he  tank may be mounted i n  
any convenient pos i t i on .  

I n  an opt imized system, t he  c o l l e c t o r  area i s  chosen so t h a t  i t  w i l l  supply 
a l l  t he  heat r equ i red  i n  t he  best  month, r e l y i n g  on e l e c t r i c  o r  f u e l  supp- 
lementary heat ing t o  make up any d e f i c i t  i n  o the r  months. I n  t h i s  way, no 
s o l a r  energy i s  wasted, and over t he  year  t y p i c a l l y  70% o f  the t o t a l  heat 
r equ i red  would be prov ided by t he  c o l l e c t o r s ,  i n  a l o c a l i t y  such as Sydney. 
assuming t he  same d a i l y  consumption throughout the year.  

Storage capac i t y  o f  tw ice t he  average d a i l y  consumption i s  needed t o  a l l ow  
f o r  t he  combined e f f e c t  o f  v a r i a t i o n s  i n  i n s o l a t i o n  from day t o  day, and 
t he  wide f l u c t u a t i o n s  which occur i n  t he  d a i l y  consumption pat tern .  

A u n i t  which i s  ex tens i ve l y  used f o r  small i n s t a l l a t i o n s  comprises a c o l l -  
e c t o r  and a h o r i z o n t a l l y  mounted tank which a r e  c l ose  coupled t o  form a s i n -  
g l e  u n i t  which can be comple te ly  f a c t o r y  assembled (F igure  7 ) .  This has 
both  advantages and disadvantages. A t r a i n e d  two-man crew can e rec t  two 
such u n i t s  i n  a day i n  favourab le  s i t c a t i o n s ,  which rlldkes i t  an a t t r a c t i v e  
commercial p r o p o s i t i o n  and one which i s  w ide l y  used a t  the present time. On 
the  o the r  nand, i t  i s  d i f f i c u l t  and expensive t o  prov ide two days' storage 
w i t h  such a design, p a r t i c u l a r l y  i f  b u i l t  t o  operate a t  mains pressure. 

Aus t ra l i an  b u i l t  so la r  water heaters have developed a repu ta t i on  f o r  dura- 
b i l i t y  and r e l i a b i l i t y .  The thermosiphon system i s  i n h e r e n t l y  simple and 
there  a re  many i n s t a l l a t i o n s  which have been operat ing f o r  15 years o r  more 
w i t h  l i t t l e  o r  no a t t e n t i o n  except f o r  occasional c lean ing o f  t he  glass. 
Except i n  very  dusty  s i t u a t i o n s ,  even t h i s  i s  o f t e n  unnecessary s ince r a i n  
keeps t he  c o l l e c t o r s  c lean i n  most s i t u a t i o n s .  

A comnon type of ho t  water system ex tens i ve l y  used i n  Aus t ra l i an  homes i s  a 
low pressure (50 kPa) i nsu la ted  h o t  water storage tank mounted above the  
c e i l i n g ,  e l e c t r i c a l l y  heated a t  n i gh t - t ime  a t  a cheap o f f -peak e l e c t r i c  pow- 
e r  t a r i f f .  Such a system can r e a d i l y  be adapted t o  be connected t o  a s o l a r  
c o l l e c t o r  by means o f  a small c i r c u l a t i n g  pump and a spec ia l  three-way adap- 
t e r  which i s  f i t t e d  t o  t he  e x i s t i n g  c o l d  water i n l e t .  Th is  does s u f f e r  f rom 
the  disadvantage t h a t  normal ly  t he  tank i s  too smal l ,  bu t  t h i s  can be c o r r -  
ected by connect ing another tank i n  se r i es  w i t h  i t  t o  prov ide two days' supp- 
l y  i n  t he  s torage system. 



When se lec t i ng  the s i ze  o f  a  s o l a r  water heater f o r  domestic app l i ca t i on ,  
t he  impor tant  cons idera t ions a re  t he  area o f  c o l l e c t o r  and the volume o f  the 
tank. The tank volume should be tw ice the average d a i l y  demand, which i s  
usua l l y  taken t o  be 45 l i t r e s  per person. The c o l l e c t o r  area depends on the 
l o c a t i o n  and the  ac tua l  s i t i n g  o f  the c o l l e c t o r ,  and can be c a l c u l ~ t e d  by 
making c e r t a i n  assu~npt lons and us ing heat tab les .  The method can be seen 
from the  f o l l o w i n g  example: 

Example 

Determine t he  area o f  c o l l e c t o r  needed f o r  a s o l a r  water heater  located i n  
Sydney d e l i v e r i n g  200 l i t r e s  per  day o f  hot  water a t  550C us ing the c o l l e c t o r  
r e fe r red  t o  i n  F igure  3  (a )  i n c l i n e d  a t  l a t i t u d e  angle f ac ing  no r th  i n  a  
thern~osiphon system w i t h  an e l e c t r i c a l l y  boosted 400 l i t r e  i nsu la ted  storage . ' 
tank. . ? .  . . 

Assume (1 )  h o t  water draw-of f  f rom the system i s  the same each day f o r  365 
days a  year .  

( 2 )  t he  temperature o f  t he  c o l d  water en te r i ng  the system i s  t he  
mean ambient temperature f o r  t he  month i n  quest ion.  

( 3 )  t he  temperature o f  the water en te r i ng  the c o l l e c t o r  i s  the aver- 
age o f  t he  mean ambient temperature and the nominal h o t  water discharge temp- 
e ra tu re  (55OC i n  t h i s  case). 

(4 )  system losses are  15% o f  t he  t o t a l  heat requ i red,  and a l l  s o l a r  . .  
heat c o l l e c t e d  i s  used e i t h e r  t o  heat t he  water o r  t o  supply losses. 

(5)  supplementary heat ing occurs outs ide s u n l i g h t  hours and n o t  more ; , :;,: 
than one day's supply i s  heated e l e c t r i c a l l y .  , + .  .: . . .  ,?, . 
Use heat t ab les  pub l ished f o r  t he  c o l l e c t o r  f o r  Wil l iamtown (nearest  a v a i l -  
ab le  data t o  Sydney). 

Best month i s  Dcccmber for. which mean ambient temperature i s  21 .g°C. 
Annual mean ambient temperature i s  16.6OC. 

Col 1  e c t o r  Area 

D a i l y  heat  requ i red = 200 (55-21.9) x  4.2 x  + 15% = 31.9 MJ. 
( f o r  bes t  month (December)) 

C o l l e c t o r  i n l e t  temperature = = 38.50C. 

From heat tab les  f o r  December f o r  ~ f ,  = 38.5oC, Heat product ion = 11 . o M J / ~ ~  d 

Area of c o l l e c t o r  . required f o r  best  month = = 2.90 m2. 11.1 
The c o l l e c t o r  se lec ted has a  c o l l e c t i o n  area o f  0.74 m2. Therefore choose 
4  u n i t s  t o t a l  area 2.96 m2. 

Annudl s o l a r  c o n t r i b u t i o n  
55 + 16.6 3 5 . 8 0 ~ .  Mean annual i n l e t  temperature t o  c o l l e c t o r  = = 

From Tables f o r  T in  = 35.E°C Heat product ion = k .90 MJ/m2 d. 

For 2.96 m2 Annual heat product ion = 8.90 x 2.96 x  365 = 9620 MJ/a. . 

Annual heat r equ i red  = 200(55-16.6) x  4.19 x  10-3 x 365 + 15% = 13500 MJ/a. 

Percentage s o l a r  c o n t r i b u t i o n  = 9620 = 71%. 
13500 . . 



Annual supplementary heat  = 13500-9620 = 3880 MJ 

A system such as the  above would t y p i c a l l y  have an e l e c t r i c  hea t i ng  e lemer~t  
l oca ted  i n  the  tank such t h a t  one day's supply of  water was above i t .  It 
would be cull t r o l l e d  by a t ime sw i t ch  t o  ensure i t  was n o t  energized du r i ng  
the  day and a thermostat s e t  f o r  550C. 

Sydney, t he  l o c a t i o n  chosen, i s  rough ly  t y p i c a l  o f  the  A u s t r a l i a n  con t i nen t  
i n  t h a t  t h e r e  are  some b e t t e r  and some worse l oca t i ons ,  as can be seen from 
Table I. I f  the r o o f  does n o t  face n o r t h  o r  t he  ang le  o f  i n c l i n a t i o n  i s  l e s s  
favourab le  than l a t i t u d e  angle,  t h e  app rop r i a te  heat table; should be used 
which would r e s u l t  i r ~  a somewhat l a r g e r  c o l l e c t o r  area. I f  the c o l l e c t o r  
area i n s t a l l e d  i s  g rea te r  than t h a t  i n d i c a t e d  i n  t h i s  example, the  annual 
s o l a r  c o n t r i b u t i o n  w i l l  be increased, bu t  t he re  w i l l  be occasions when some 
of t he  heat  co l l ec ted ,  i s  wasted. 

5.2 Large Water Heat ing Systems 

Large systems use f o r ced  c i r c u l a t i o n  i ns tead  o f  thermosiphon f l o w  through t he  
c o l l e c t o r ,  the  c i r c u l a t i n g  pump be ing energ ized by a d i f f e r e n t i a l  c o n t r o l  
which ensures t h a t  i t  operates on l y  when heat  i s  be ing added t o  the  system. 
The cho ice  of  c o l l e c t o r  area and volume of s torage tank can be determined i n  
the  same way as t h a t  o u t l i n e d  f o r  domestic systems, except t h a t  i t  i s  u s u a l l y  
necessary t o  do a month by month c a l c u l a t i o n  based on the  monthly load which 
gene ra l l y  va r i es  throughout the  year.  Th is  app l i es  p a r t i c u l a r l y  t o  indus- 
t r i a l  systems, which w i l l  be covered i n  the  nex t  sec t ion .  

The c i r c u l a t i n g  pump and the connect ing p i p i n g  between the  s torage tank and 
the c o l l e c t o r  a r ray  need t o  be c a r e f u l l y  chosen t o  min imize  pumping power, 
s i nce  i f  t h i s  i s  excessive, i t  w i l l  a f f e c t  the  o v e r a l l  ene rge t i c  e f f i c i e n c y  
o f  the system. The f l o w  must be adequate t o  avo id  excessive temperature r i s e  
i n  the  c o l l e c t o r s  under maximum i n s o l a t i o n ,  s i nce  t h i s  would reduce the  e f f -  
i c i e n c y  o f  c o l l e c t i o n .  The temperature r i s e  from c o l l e c t o r  i n l e t  t o  c o l l -  
e c t o r  ou t1  t should n o t  exceed 200C f o r  1200 ~ / m 2  i n s o l a t i o n  and a f l o w  o f  
0.01 L/s m' w i l l  u s u a l l y  achieve t h i s .  It i s  no t  d i f f i c u l t  t o  ensure t h a t  
the  pumping power i s  kep t  t o  1ess.than 5% o f  t he  t o t a l  annual energy c o l l -  
ec ted by t he  system. 

5.3 System Performance 

A1 though comnercial  manufacture o f  s o l a r  water  heaters  began i n  A u s t r a l i a  
over 15 years  ago, the  performance o f  very  few i n s t a l l a t i o n s  has been repor -  
ted. However, severa l  systems have now been instrumented and a p re l im ina ry  
r e p o r t  on t h ree  o f  these i s  now a v a i l a b l e  [ 8 1  

The t h ree  a p p l i c a t i o n s  a re  very  d i f f e r e n t ,  and the  water usage p a t t e r n  i n  
each case v a r i e s  s u b s t a n t i a l l y  throuqhout the  year.  The o l d e s t  i s  a l abo r -  
a t o r y  b u i l d i n g  i n  Canberra w i t h  30 mc o f  c o l l e c t o r  and 1800 L s torage tank. 
I t  was i n s t a l l e d  i n  1962, and the  so la r  i n p u t  i s  66% o f  t he  t o t a l ,  t he  re-  
maining 34% being supp l i ed  by e l e c t r i c  boost ing .  

C81 S a l t ,  H. Progress Report on the  Performance o f  Three Aus t ra l i an  Solar 
Hot Water Systems. 'CSIRO Solar  Energy Studies Report No. 8.  
September, 1976. 



The second system supplies hot water f o r  showers in a resident ial  school in 
Adelaide. I t  has 60 m2 col lectors  and 4100L storage,  and was ins ta l l ed  in 
1966. The so la r  contribution i s  461, and the supplementary heating i s  from 
an o i l  f i r ed  boi ler .  

The other sy;tem described was ins ta l l ed  in  1974 to  sup ly hot water f o r  a 
sa i l ing  club near Melbuurr~r, uslng 10 m2 col lector and TOSOL storage with 
e l e c t r i c  boosting. The annual solar  contribution i s  74%, which i s  due to  
the combined e f fec t  of adequate storage and the f a c t  t h a t  the d ~ r ~ n d  tends 
to match the solar  radiat ion pattern throughout the year .  

Maintenance on a l l  systems has been minimal, and present indications a re  
tha t  a l i f e  of a t  l e a s t  20 years should be achieved. 

5.4 Industrial Appl ica t io~~s  

Industry i s  Austral ia 's  l a rges t  consumer of primary energy, amounting to  40% 
of the t o t a l .  By comparison, only 4% of primary.energy i s  'used in homes 
(not including energy used as e l e c t r i c i t y  or  the primary energy to  generate 
i t ) .  See Table 11. 

Clearly, the way tha t  so la r  energy can make a major contribution to  Austral- 
ian primary energy i s  in industry. Since industr ia l  applications represent 
the g rea tes t  potential fo r  so la r  energy, i t  i s  worth examining in some de- 
t a i l  how they  can be encouraged. A study in 1974 of the food processing in- 
dustry which uses about 3% of Austral ia 's  total  primary energy C91 found 
tha t  70% of the heat used i s  a t  temperatures below lOOoC and tha t  there i s  
very l i t t l e  usage above 1500C. The study covered meat processing, milk 
products, f r u i t  and vegetable canning, and beer and s o f t  drink production. 
I t  found s ix  processes accounted for  96% of the heat used, these in  order 
of importance being: Product cooking 25%, Pasteurization 188, Product 
separation 18%, Bottle washing 14%. Water heating 13%, S te r i l i za t ion  8%. 

Most of the heat, 842, was required f o r  processes which operated a t  a con- 
s t an t  temperature, the balance being used over a range of temperatures such 
as heating of water from one temperature to  another. 

Constant temperature processes require heat inputs a t  temperatures above the 
process temperature, but i t  was found tha t  about 40% of the total  was re- 
quired jn the 60-800C range. Collectors a re  now avai lable  which can operate 
a t  80oC with a year-round eff iciency of 35%. They use the improved se lec t -  
ive surface now becoming avai lable  for  domestic col lectors  but incorporate 
more insulat ion to  reduce losses ,  and a re  double glazed. When low iron glass  
becomes avai lable  to replace the exis t ing window glass ,  the col lect ion e f f -  
iciency will be increased. 

Thermal storage i s  provided in the form of large insulated tanks of hot 
water which i s  c irculated Lu and from the process e i the r  d i rec t ly  or  through 
heat exchangers. The col lectors  can be mounted on the roof of the building 
close to  the thermal s to re  and the process, t o  minimize the length of the 
two energy t rans fe r  loops - col lector  to  s to re  and s to re  to  process. 

[9] Proctor, D. & Morse, R . N .  Solar Energy fo r  the Australian Food 
Processing Industry. 1975 International Solar Energy Congress, 
University of California, Los Angeles, California, U.S.A. 
28th July-1st August, 1975. 



. TABLE I 1  , 

TABLEAU 1 1  . 

ESTIMATED AUSTRALIAN PRIMARY ENERGY USAGE 1974-5 
UTILISATION ESTIMEE O'ENERGIE PRIMAIRE EN AUSTRALIE 1974-5 

Ag r i cu l t u re ,  i o r e s t r y  and f i s h i n g  58 
Min ing 74 2.6 - c 
Food, beverages and tobacco 95 3.4 1:  " 
Paper 
Chemicals 
Petroleum r e f i n i n g  
Non-metal; i c  minera ls  
I r on -s  tee1 
Non-ferrous metal  
Manufactured qoods 
Const ruc t ion 20 .7 ) 2 
Wholesale-retai  1 37 1.3 
Domes t i c  103 3.7 
Transpor t  and storage 702 24.9 
E l e c t r i c i t y  ( i n c l u d i n g  hydro 46) 795 28.3 
Gas d i s t r i b u t i o ~  37 1.3 
Others 13 0.5 

- - 
281 5 100 
- - 

Source: Department.of Minera ls  and Energy 

FIG. 8 SOLAR INDUSTRIAL PROCESS HEATING SYSTEEI - QUEANBEYAN. 
SCHEMATIC DIAGRAM. 



F16.  9 SOUR INOUSTRIAL PWCESS HEATING SYSTEn - 
WWIBEYAn. RDOF W N T E D  COLLECTORS. 

FIG.  10 SOUR INDUSTRIAL PROCESS 
HEATING SYSTEM - Q U W E Y I I I  
IIISULATED T H E W L  STORE. 

FIG.  12 SOUR HEATED CWNCIL S U I M I N G  
PWL,  CRIB POINT - VICTORIA. 



The technology far solar heat generatlon on an industr ia l  scale ooufd be 
rapldly developed, but bas npt been used for a nunbee o f  masons. tn  the 
f i r s t  instance, the instal,l,stivn and ye ra t l og  costs have not been estab- 
lished. Secondly, the @pfgn and constmction s k i l l s  have been confined to  
research organizaflons and are nwt generally available w i th in  the engineer- 
ing  profession. t ina l ly ,  the rel?t tVely low energy prices i n  Australia 
generally wire it d i f f i w l t  to prod- sanngs which are great emugh to 
jus t i fy  the la- capiz-al erpenditure inuqlved i n  solar instal lat ions.  

I n  order t o  obtain hard data on capital and mnnlng costs, and a t  the same 
t i ne  bu i ld  up pmfessional design m d  construction s k i l l s  i n  this area. 
d m n s t r a t i o n  instal lat ions are being planned, the f i r s t  o f  vhich was rer-  
ent ly ins ta l led  i n  a soft drink plant a t  Queanbeyan near Canberra. This 
has recently been described [lo]. The solar heat generating system i s  
designed to  $upply heat fo the can Warner which f o m  one o f  the f inal  
stages of the production line. It rues i n  paral le l  with the exist ing heat 
input t o  the nvlchine from an oil-fired bo i le r  which delivers neating "ater 
a t  80% t o  a heat excMnler i n  the sump of the can warmr. Yhen the input 
frm the solar heat generating system i s  high eno~gh, the boi ler  heat input 
i s  a u t m t i c a l l y  cut off, but when necessary the boi ler  w i l l  take over some 
o r  a11 of the load. The systen i s  shown schenatically i n  Figure 8 and the 
col lector array and thermal storage are shorn i n  Figures 9 and 10. 

Sane of the features o f  the desisn w i l l  be discussed b r i p f l y  

collectors 

It Was found that i n  oreer t o  meet tn  f u l l  mnth ly  load, only 54 m2 a I d  4 be required i n  March as against 1M) n i n  December. If. however. 100 n2 
were installed. o r e  heat mu ld  be collected tha could be used during the 
other 11 m t h a  of the year. The cnoice of 71 mq gives a s i  n i f i cant ly  in- 
crnasso annual neat generatlon over 54 n2 withodt excessive 40sses. 

I 
The Plant operatas f ive days 8 w k  and the systm should havk suff icfent 
c a w h  to  store the heat collected over the weekend, f o r  use when the plant 
s tar ts  up agafn. 

The thennal store wdsbts o f  a m3 concrete tank insulated wi th  125 m sf 
polyurethane %mi the internal dinensions of the tank beins 33% m diamew 
by 2450 no high. 



The thickness o f  i n s u l a t i o n  was est imated on t he  bas is  t h a t  i t  i s  increased 
u n t i l  t he  cos t  o f  an increment i n  thickness becomes g rea te r  per  u n i t  o f  heat 
saved than t he  amount needed t o  be invested i n  c o l l e c t o r s  t o  generate the 
same annual product ion o f  heat.  

I n  t h i s  p a r t i c u l a r  case, the est imated annual heat lnss  from t l ~ e  Store was 
19.2 GJ/a f o r  100 mm, 15.4 G%l/a f o r  125 mh, 12.9 GJ/a f o r  150 mm i n s u l a t i o n  
thickness. 

Each 25 mm o f  i n s u l a t i o n  thickness costs  $100 and 1  GJ/a generated by c o l l -  
ec to rs  requ i res  an investment o f  $40. Since the increment from 125 t o  150 
nun o f  i n s u l a t i o n  costs  $40 per  GJ saved, t he  cho ice of i n s u l a t i o n  thickness 
was taken a t  125 mn. 

Enerqy Transfer  Loops 

The f l ow  i n  t he  c o l l e c t o r  s t o r e  loop was chosen t o  l i m i t  the  temperature 
r i s e  throuah the  c o l l e c t o r s  t o  ZOOC under extreme i nso la t i on -o f  1150 w/m2 
f o r  AT = 3 6 0 ~  and V = 0. From equat ion 2  wyoget G = 703 w/mZ. Flow f o r  
200C r i s  through the  c o l l e c t o r  equals -20 4.19 1000 = 0.0084 9./s m2. 
For 77 ms t h i s  i s  0.65 2/s. 

For the s to re  t o  can warmer loop, i t  i s  c l e a r l y  des i rab le  t o  have t he  lowest 
temperature r i s e  t h a t  i s  p rac t i cab le  and 60C was selected, as t h i s  cou ld  
meet t he  load cond i t i ons  w i t h  a  f l o w  o f  4  L l s ,  which d i d  n o t  pu t  excessive 
demands on t he  power i n p u t  t o  the pumping system. Th is  i s  an impor tant  con- 
s i de ra t i on  s ince t he  annual energy consumed i n  pumping should no t  be more 
than about 5% o f  the t o t a l  so la r  heat energy generated. This i s  based on 
t he  cons idera t ion t h a t  t he  pr imary energy necessary t o  generate t h i s  e lec-  
t r i c a l  energy i s  about 4  t imes t he  e l e c t r i c a l  output,  which i n  t h i s  case 

', 
would equal about 20% o f  t he  so la r  heat generated annual ly.  

The p r o j e c t  i s  a  j o i n t  venture between CSIRO and Diverse I ndus t r i es  who own 
the  p lan t ,  w i t h  CSIRO meeting most o f  t he  cost .  I t  was comnissioned i n  ' 

December 1976, and w i l l  be operated on an experimental  has is  fo r  2  yea'rs. 
: .  

5.5 Sw im ing  Pool Hea t i nq  --. 

Swimming pool heat ing can be expected t o  increase as l i v i n g  standards r i s e ,  , 
and as people become.aware o f  the advantages o f  heatedLpools ;  p a r t i c u l ' a r l y  ' 

those w i t h  low operat ing costs.  This app l ies  equa l l y  t o  p r i v a t e  and p u b l i c  
poo ls  i n  a l l  pa r t s  o f  Aus t ra l i a .  So lar  heat ing w i l l  extend the  swimning sea- 
son s i g n i f i c a n t l y ,  bu t  there  i s  l i t t l e  pub l ished in format ion on, the subject:  
A  t y p i c a l  s o l a r  heated pool i s  shown i n  F igure  11.' 

, . 
There are 'severa l  cu r ren t  p ro jec t s  aimed a t  measuring t he  e f f e c t  o f  covers 
and var ious types o f  c o l l e c t o r  on t he  temperature o f  outdoor pools.  At t h i s  
stage, t he  t e n t a t i v e  f i nd ings  a re  t h a t  a  cover over t he  pool a t  'n ight  t o  re -  
duce evaporat ion losses i s  t he  f i r s t  p r i o r i t y ,  s ince t he  so la r  heat ing o f  an 
uncovered pool i s  n o t  very  e f f e c t i v e .  

Re la t i ve l y  cheap c o l l e c t o r s  ($35.00 per  square metre) cons i s t i ng  o f  an un- 
covered metal o r  p l a s t i c  absorber p l a te ,  w i t h  o r  w i t hou t  rear  i nsu la t i on ,  
a re  no t  as e f f e c t i v e  i n  the sp r i ng  and autumn as t he  more convent ional c o l l -  
ec tors  w i t h  a  g lass  cover. This s i t u a t i o n  cannot be cor rec ted by i n s t a l l i n g  
a  greater  area o f  t he  cheaper c o l l e c t o r ,  s i nce ' t he  c o l l e c t i o n  e f f i c i e n c y  i s  
s t r ong l y  in f luenced by ambient temperature and wind v e l o c i t y ,  o f t e n  becoming 
zero i n  the coo ler  months. 



One o f  t he  p u b l i c  pools whose performance i s  being measured has c o l l e c t o r s  
mounted on supports t o  prov ide shade f o r  t he  users (F igure  12).  This system 
i s  backed by a  gas - f i r ed  heater which has o n l y  been needed occas iona l l y  i n  
t hc  December-January pe r i od  t o  main ta in  the pool 'temberature between 27 and 

I 320C prov ided i t  . i s  r .egu lar ly  covered each n i g h t .  

Although the  use o f  s o l a r  heat ing f o r  publ' ic pools i s  s t i l l  i n  t he  expe r i -  
mental stage, t he  r e s u l t s  so f a r  a re  very  encouraging. 

6. COST EFFECTIVENESS 

The c o s t  e f f ~ c t i v e n e s s  o f  a  s o l a r  heat  generat ing system i s  measured by the 
annual value o f  t he  f u e l  o r  energy i t  saves i n  r e l a t i o n  t o  t he  cos t  o f  the 
s o l a r  i n s t a l l a t i o n .  When t h i s  i s  expressed as d percentage, i t  represents 
t he  gross annual r e t u r n  on t he  so la r  investment which i s  t he  s t a r t i n g  p o i n t  
f o r  c o s t  e f f ec t i veness  c a l c u l a t i o n s  and f o r  comparisons between d i i f e r c n t  
systems. The most impor tant  s i n g l e  i n f l uence  on cos t  e f f ec t i veness  i s  t he  
p r i c e  o f  the convent ional energy source a t  t he  p a r t i c u l a r  l oca t i on ,  as was 
demonstrated i n  a  recen t  submission t o  t he  Aus t ra l i an  Senate Standing Comn- 
i t t e e  on Nat iona l  Resources, c u r r e n t l y  enqu i r i ng  i n t o  s o l a r  energy. (Refer- 
ence 2) 

The annual value o f  t he  heat c o l l e c t e d  depends p a r t l y  on t he  c l imate ,  p a r t l y  
on t he  temperature a t  which t he  heat i s  requ i red,  b u t  much more on the cos t  
o f  t he  f u e l  i t  i s  rep lac ing.  A w e l l  designed so la r  water heater  i n  Sydney, 
f o r  example, heat ing water up t o  550C, a f t e r  a l l ow ing  f o r  losses, would gen- 
e ra te  about 2.76 GJ/a f o r  every square metre o f  c o l l e c t o r  i n s t a l l e d ,  and 
would be worth $9.90 i f  used w i t h  an o f f -peak e l e c t r i c  system f o r  which t he  
e l e c t r i c i t y  charge was 1.3 Q/kW.h o r  $3.60/GJ. The cos t  o f  t h i s  system 
might  be $125/m2 i nc lud ing  storage tank and i n s t a l l a t i o n ,  so t he  gross r e t u r r  
i n  t h i s  case would be about 8% p.a. 

Th is  would be a  marg ina l l y  a t t r a c t i v e  pos i t i on ,  but  i f  the  e l e c t r i c i t y  costs  
were 4b/kW.h, t he  r e t u r n  would be $31 p.a., o r  25% gross, which o f  course i s  
very  a t t r a c t i v e .  The p laces where s o l a r  water heaters a re  being ex tens i ve l y  
i n s t a l l e d  have c l ima tes  equ iva lent ,  o r  even b e t t e r  than, Sydney's from a 
s o l a r  p o i n t  of  view, and i n  some cases much h igher  i n s t a l l a t i o n  costs  can 
be j u s t i f i e d .  

For i n d u s t r i a l  process heat ing, f r equen t l y  much h igher  temperatures a re  re -  
qu i red  than t he  35OC average i n l e t  temperature t o  a  water heater i n  Sydney. 
A process, f o r  example, operat ing a t  750C i n  Sydney, would probably use a  
double-glazed c o l l e c t o r  w i t h  a  s e l e c t i v e  sur face cos t i ng  perhaps $1 0/m2 I f o r  t he  completely i n s t a l l e d  system and generat ing o n l y  1.68 GJ/a m . I f  
the  f a c t o r y  was us ing o i l  cos t i ng  $100 per tonne and burn ing i t  i n  a  b o i l e r  
o f  75% e f f i c i e n c y ,  t h e  cos t  o f  t he  heat  produced from the  b o i l e r  would be 
83/65 and the  value o f  t he  output/m2 a  would be $5.10. This i s  o n l y  a  3.4% 
p.a. gross r e t u r n  on investment,  and i t  should be remembered t h a t  t he  i n s t -  
a l l a t i o n  costs  quoted a re  t he  an t i c i pa ted  values f o r  la rge-sca le  i n s t a l l -  
a t i o n s  when product ion costs  o f  c o l l e c t o r s  have s t a b i l i z e d .  Present costs  
a re  cons iderab ly  h igher .  I f the  i n s t a l l a t i o n  were i n  Melbourne ins tead o f  
Sydney, t he  amount o f  heat c o l l e c t e d  per  square metre o f  c o l l e c t o r  would be 
o n l y  1.18 GJ/a worth $3.60, and t he  annual r e t u r n  drops t o  2.4%. These a re  
q u i t e  unacceptable f o r  i n d u s t r i a l  en te rp r i ses .  

Th is  s i t u a t i o n  has been tabu la ted i n  Reference 2, which shows how very  low 
p r i ced  na tu ra l  gas a t  $1.33/GJ would reduce the  gross annual r e t u r n  t o  



I - ]%% p.a. The range o f  energy p r i ces  i s  about 8  t o  1  compared w i t h  t he  
range o f  heat outputs  from c o l l e c t o r s  o f  l ess  than 3  t o  1, showing t h a t  the 
p r i c e  o f  convent ional f u e l  o r  energy has a  g rea te r  i n f l uence  on t he  cost  
e f f ec t i veness  o f  so la r  'heat generat ing systems than e i t h e r  c l ima te  o r  the 
temperature a t  which t he  process operates, a t  l e a s t  up t o  75OC. 

There i s  some i n d i c a t i o n  t h a t  even tua l l y  t he  p r i c e  o f  f u e l  o i l  cou ld  r i s e  
s i g n i f i c a n t l y  above'$3/GJ and i f  na tu ra l  gas and e l e c t r i c i t y  p r i c e s  increased 
correspondingly,  t he re  would be s l ~ f f i c i e n t  f i n a n c i a l  i n c e n t i v e  t o  encourage 
the widespread use o f  s o l ~ r  heat generat ing systems. I n  t he  meantime,.other 
i ncen t i ves  w l l  l be necessary, such as more generous, investment allowances f o r  
t a x a t i o n  purposes, and/or loans based on t he  c a p i t a l i z e d  value o f  t he  annual 
heat generated from the  so la r  i n s t e l l a t i o n .  

It i s  d i f f i c u l t  t o  genera l ize  on t he  cos t  e f f ec t i veness  o f  so la r  heat gen- ' '  . *  

e r a t i n g  systems because o f  t he  i n t e r a c t i o n  between c l i m a t i c  f ac to rs ,  energy .. . ! 
p r i ces  and the  temperature a t  which t he  heat  i s  required: 6 ,.'. 

, . . .. . , .  . ,  
Where a l l  t he  conditions combine i n  an unfavourable manner such as f o r  a  . . .  
solar/gas 750C i n d u s t r i a l  process i n  Melbourne, a  subs tan t i a l  i ncen t i ve  ! 

would be needed t o  make the  p ropos i t i on  a t t r a c t i v e .  On the  o the r  hand, a  
s o l a r / e l e c t r i c  domestic water heat ing i n s t a l l a t i o n  i n  a  c l ima te  s i m i l a r  t o  
Sydney where t he  e l e c t r i c i t y  t a r i f f  i s  4Q/kW. h  i s  very  a t t r a c t i v e  and needs , 
no add i t i ona l  i ncen t i ve .  Th is  exp la ins  why so la r  water heaters a re  popular . 
i n  Perth, wher t he  system cos t  f o r  i n d i v i d u a l  small i n s t a l l a t i o n s  can be as '! ' :,. t h igh  as $250/m and e l e c t r i c  power cos t s  3.8QlkW.h. . , . , I , ,  ... 

(. 

' t.,: 
7. EXPERIMENTAL SYSTEMS . 22: 

! ' . .T* 
. ,. - . ..,* 

The CSIRO D i v i s i o n  o f  Mechanical Engineering operates a  number of expe r i -  . . :,; '. 
mental i n s t a l l a t i o n s  a t  H ighet t ,  V i c t o r i a ,  and a l s o  f i e l d  s t a t i o n s  a t  . ,,; 

G r i f f i t h ,  New South Wales, a  ho t  d r y  l oca t i on ,  and a t  Townsvi l le,  Queensland, 
a  ho t  mo i s t  s i t u a t i o n .  These a re  connected w i t h  b u i l d i n g  heat ing and coo l -  
ing, the development o f  a i r  heaters and rock  thermal storages, evaporat ive  
coo l ing,  t he  commercial d r y i ng  o f  t imber,  and so la r  d i s t i l l a t i o n  f o r  produc- 
i n g  f r esh  water from s a l t  o r  brack ish supp l ies .  

Some Aus t ra l i an  u n i v e r s i t i e s  a l s o  have s o l a r  research programnes supported 
by the Aus t ra l i an  Research Grants Committee.. A  r e p o r t  on t he  Sta tus  o f  
So lar  Energy U t i l i z a t i o n  i n  A u s t r a l i a  as a t  J u l y  1974 has been pub l ished 
[Ill which summarizes experimental  app l i ca t i ons  which have n o t  y e t  reached 
the  comnercial  stage. 

8. RESEARCH AND DEVELOPMENT 

Aus t ra l i an  research and development i n  the s o l a r  energy u t i l i z a t i o n  f i e l d  
commenced over 20 years ago and has an impressive record  o f  achievement, b u t  
i t  has no t  progressed i n  recent  years i n  t he  same way t h a t  i t  has i n  count- 
r i e s  such as t he  Uni ted States, Japan and Europe. Resources a l l o c a t e d  by 
t he  Aus t ra l i an  Government f o r  t he  cu r ren t  year,  1976/77,total  $1.4 m i l l i o n  
i nc lud ing  $0.13 m i l l  i o n  from ARGC f o r  u n i v e r s i t y  research. These f igures 

[ I 1  I Morse. R.N., Cooper, P. I. & Proctor ,  D. The Status o f  So lar  Energy 
u t i l i z a t i o n  i n  A u s t r a l i a  f o r  I n d u s t r i a l  Comnercial and Domestic 
Purposes. CSIRO Solar  Energy Studies Report No. 74/1. Melbourne. 
J u l y  1974. 
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have no t  changed s i g n i f i c a n t l y  i n  t he  l a s t  two years, which i n  r e a l  terms 
represents  a  decrease, due t o  the a f f e c t s  o f  i n f l a t j o n .  Th is  s i t u a t i o n  has 
been brought t o  t he  n o t i c e  of the Senate Committee enqu i r i ng  i n t o  so la r  en- 
ergy from a number o f  separate sources who have urged a h igher  p r i o r i t y  f o r  
so la r  energy researcn and development i n  the a l l o c a t i o n  n f  qovernment funds. 
Typ ica l  o f  t he  programs be ing proposed are  an emphasis on so la r  heaL gener- 
a t i o n ,  p a r t i c u l a r l y  w i t h  a  view t o  saving o i l ,  and t he  development o f  renew- 
ab le  f ue l s ,  p a r t i c u l a r l y  l i q u i d  f ue l s ,  f o r  t r anspo r ta t i on .  Proposals have 
been o u t l i n e d  i n  some d e t a i l  C121 p o i n t i n g  o u t  the need fo r  work on c o l l e c -  
t o r s  capable o f  ope ra t i ng  up t o  150oC which a re  s u i t a b l e  f o r  la rge-sca le  
i n d u s t r i a l  operat ion,  together  w i t h  thermal storages s u i t a b l e  f o r  a t  l e a s t  
th ree days, and p r c f e r a b l y  a  week's output  from the c o l l e c t o r  ar ray .  

Thermal storage i s  probab ly  t he  most neglected area a t  t he  present t ime i n  
a l l  s o l a r  energy R 8 D programnes. E f f ec t i ve  lony- term st.orage o f  heat i n  
the range 60-1500C cou ld  make a  dramatic change i n  the cos t  ef fect ivenes: 
o f  s o l a r  systems which requ i re  heat i npu ts  i n  the w in te r  when i n s o l a t i o n  
values a re  low. The problem w i t h  so la r  house heat ing i s  t h a t  energy c o l l -  
ected du r i ng  t he  sumner months i s  wasted, and expensive c a p i t a l  investment 
i s  poo r l y  u t i l i z e d  over t he  year.  

There i s  an urgent  need f o r  demonstrat ion i n s t a l l a t i o n s  t o  be b u i l t  through- 
out  t he  count ry  s i m i l a r  t o  t h a t  descr ibed e a r l i e r ,  t o  ob ta in  operat ing ex- 
per ience i n  a  wide v a r i e t y  o f  i n d u s t r i e s  and spread across t he  con t i nen t  
t o  develop p ro fess iona l  expe r t i se  i n  t he  design cons t ruc t i on  and operat ion 
of these p l a n t s .  There i s  a lso  a  b i g  need' fo r  research con t rac t s  i n  which 
i ndus t r y .  u n i v e r s i t i e s  and co l l eges  o f  advanced educat ion would p a r t i c i p a t e ,  
t o  develop those app l i ca t i ons  which research has a l ready shown t o  be worth- 
wh i l e .  These procedures have been w e l l  developed i n  some count r ies ,  bu t  
i n  A u s t r a l i a  t h e i r  imporlancc has no t  y e t  been recognized. 

Note: 1  EJ = 1  Exa jou le  = 1018 Joules - 

El21 Morse, R.N. A  St ra tegy f o r  So lar  Energy Research i n  Aus t ra l i a .  
I n t e r n a t i o n a l  Solar Energy Soc ie ty  Aus t ra l i an  and New Zealand Sect ion 
Symposium on Solar Energy Resources; App l i ca t i ons  and Perspect ives. 
Aus t ra l i an  Nat iona l  Un i ve rs i t y ,  Canberra. November 1975. 



SUMMARY --- 

So lar  energy can make i t s  most e f f e c t i v e  c o n t r i b u t i o n  t o  Aus t ra l i an  pr imary 
energy i n  the f o n  o f  heat  f o r  i n d u s t r i a l  app l i ca t i ons .  About 50% o f  a l l  
end use energy i s  r equ i red  as heat  and i t  i s  est imated t h a t  40% of t h i s  
amounting t o  1  EJ/a by 2000 cou ld  be supp l ied by so la r  heat  qenerat ing syS- 
tems. This would be 12% o f  est imated pr imary  energy requirements by t h a t  
time, and cou ld  he lp  reduce the coun t r y ' s  increas ing dependence on imported 
o i l .  Energy s e l f - s u f f i c i e n c y  f o r  A u s t r a l i a  i s  poss ib le ,  based on coa l ,  
so la r  energy and na tu ra l  gas as pr imary energy sources. 

Solar energy research and development over a  pe r i od  o f  20 years  has been 
very successful ,  and there  i s  an es tab l ished i n d u s t r y  which supp l ies  equip- 
ment, both  l o c a l l y  and f o r  expor t .  E x i s t i n g  product ion,  which i s  expanding 
r a p i d l y ,  supp l ies  so la r  water heaters f o r  homes, schools and institutions. 

  he' reason f o r  t he  present  o r i e n t a t i o n  towards r e s i d e n t i a l  s o l a r  water heat- 
ers i s  t h a t  t he re  a re  many places where e l e c t r i c  power f o r  water heat ing 
costs  between 2  and 4  cents pe r  kW.h which makes a  s o l a r  water heater  an 
a t t r a c t i v e  p ropos i t i on .  There i s  a l so  a  growing i n t e r e s t  i n  t he  so la r  heat- 
i ng  o f  swimning pools,  most ly f o r  p r i v a t e  homes bu t  a l s o  i n  l a r g e r  i n s t a l l -  
a t i ons  f o r  p u b l i c  and i n s t i t u t i o n a l  pools.  I n d u s t r i a l  app l i ca t i ons ,  on t he  
o ther  hand, a re  i n h i b i t e d  by t he  cu r ren t  low energy p r i ces  i n  Aus t ra l i a ,  
which i n  some cases a re  around 0.13QIMJ (.474/kW.h). 

Indust ry ,  however, uses 40% of Aus t ra l i an  pr imary energy, and represents  by 
f a r  t he  greates t  p o t e n t i a l  f o r  s o l a r  heat generat ing systems. Current R  & D  
i s  t he re fo re  be ing d i r ec ted  towards i n d u s t r i a l  app l i ca t i ons .  Demonstration 
p lan t s  a re  being planned t o  ob ta in  data on c a p i t a l  and running costs ,  and a t  
the same t ime b u i l d  up pro fess iona l  design and cons t ruc t i ona l  s k i l l s  i n  t h i s  
area. 

The f i r s t  demonstrat ion so la r  i n d u s t r i a l  process heat ing system was commiss- 
ioned i n  December 1976 and supp l ies  p o r t i o n  o f  the heat requirements o f  a  
s o f t  d r i n k  p l a n t  i n  con junct ion w i t h  the e x i s t i n g  o i l  f i r e d  b o i l e r .  I n t cg -  
r a ted  s o l a r / o i l  f i r e d  systems o f  t h i s  s o r t  ensure cont inuous operat ion of 
t he  p l a n t  and over a  year can r e s u l t  i n  s j g n i f i c a n t  o i l  savings. 

E x i s t i n g  c o l l e c t o r s  are  sa t i s f ac to ry  up t o  temperatures o f  about 80OC and i t  
i s  known that. there  a re  many impor tant  app l i ca t i ons  i n  t h i s  range. In n rde r  
t o  .reach the t a r g e t  of  1  EJ/a, c o l l e c t o r s  capable o f  operat ing up t o  about 
150°C w i l l  be requ i rea,  and there  a re  i n d i c a t i o n s  t h a t  these w i l l  be a v a i l -  
ab le  i n  t he  near f u tu re .  So lar  heat generat ion on such a  scale w i l l  be 
c r i t i c a l l y  dependent on government p o l i c y  i n i t i a t i v e s  t o  encourage t h e i r  use 
and a l so  on a  subs tan t i a l  increase i n  the l e v e l  o f  research and development 
support .  



C'est sous la forme de chaleur pour les applications industrielles que 
1 'energie solai re peut apporter la contribution la plus.efficace aux 
ressources 6n6rqetiques australiennes. La chaleur represente i peu pres 
50% de toute l'energie d'application finale, et on estime qu'il serait 
possible de fournir avant l'an 2000, au moyen de syst6mes ginirateurs de 
chaleur b opiration solaire, 40% de ce montant, ce qui s16l;verait i 1 EJ/a. 
Cela iquivaudrait 2 12% des besoins en hnergie estimis i cette ipoque-li 
et pourrait contribuer ;,la diminution de la dipendance toujours crojssante 
du pays du mazout importe. I1 est possible que 1'Augtralie soit independante 
en ce qui concerne 116nergie, si l'on se base sur l'energie solaire et le 
ga7 nature1 comille sources primaires d16nergie. 

Depuis une vingtaine d'annees la recherche et le diveloppement en n1ati6t-e 
d'inergie solaire ont beaucoup de succgs, et i l  existe une industrie ;tablie 
qui produit des appareils pour le march6 national ainsi que pour l'exportation. 
La production existante, qui est en train de s'augmenter rapidement, fournit 
des ~6chauffeurs d'eau i operation solaire pour 1 'emploi dans les maisons, 
Ies ecoles et les institutions. 

La raison de l'orientation actuelle vers les richauffeut-s d'eau solaires 
pour les.habitations, c'est qu'il y a bien des localitis o; le colt de 
l'electriciti pour le richauffage de l'eau est de 2-4 centslkwh, ce qui rend 
intiressant un richauffeur d'eau i opiration solaire. On s'intiresse de plus 
aussj au richauffage solaire des piscines, surtout de celles des habitations 
privees, mais aussi aux plus grandes installations pour les piscines pub1 iques 
et celles des institutions. Par contre, les applications industrielles sont 
inhibees par les tarifs d'energie australiens, actuellement tr6s bas, qui ne 
s'el6verlt dans certains cas qu'i 0.13 cents/MJ environ (0.47 cents/kWh). . 

Pourtant, l'industrie utilise 40% de l'inergie primaire de 1'Australie et 
represente le plus grand potentiel puur les syst6mes solaires g6n6rateurs 
de chaleur. L'activiti actuelle de recherche et de dgveloppement vise donc 
aux applications industrielles. On construit des installations de demonstration 
pour obtenir dc: donnies 2 l'dgard de 1 'investissement et des colts d'opiration 
et afin de developper en mzme temps des habiletis professionnelles en ce qui 
concerne la pr6sentation et la construction dans ce domaine. 

Le premier syst6me richauffeur solaire de dimonstration fut mis en oeuvre 
en decembre 1976 et fournit, conjointement avec la chaudiere au mazout existante, 
une proportion de la chaleur n6cessaire i une installation pour la fabrication 
de boissons non alcooliques. Les syst&nes intGgr6s de chauffage solaires1 au 
mazout de cette sorte assurent une operation continue de 1 'installation et 
peuvent amener au cours de l'annie des iconomies considgrables en mazout. 

Les collecteurs existants fonctionnent d'une mani6re satisfaisante jusqu'i 
une tempirature de 80oC environ, et 1 'on sait qu'il existe beaucoup 
d'applications importantes dans cette g a m e  de temp6ratures. Pour atteindre 
le but-de 1 EJIa, i l  y aura besoin de collecteurs capables de fonctionner 
jusqu'a 1500C environ, et i l  y a raison de supposer que ceux-ci seront 
disponibles dans un avenir bien proche. La giniration de chaleur par voie 
solaire i une telle ichelle d6pendra d'une fafon critique des mesures qui 
seront prises par les gouvernements pour encourager 1 'emploi des g6nirateurs 
solaires, ainsi que d'uno augmentation de l'appui des efforts de recherche 
et de d6veloppement 




