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THE SMA1.L COMMUNITY SOLAR THERMAL POLER EXPEr.;MENT 

The Smal l  Cornuni ty  S o l a r  Thermal Power Experiment had its beg inn ings  i n  1977 
when Congress ,  i n  r e sponse  t o  s t r o n g  and c o n t i n u o u s  community p r e s s u r e ,  sought  
t o  p rov ide  a l t e r n a t i v e  e l e c t r i c  power s u p p l i e s  which demonst ra ted  reduced 
dependence on non-renewable s o u r c e s .  To h e l p  meet t h i s  problem, Congress  
a p p r o p r i a t e d  furids f o r  a fiv9-megawatt s o l a r  t he rma l  demons t r3 t ion ,  b u t  t h e  
proposed p l a n t  was reduced i n  s i z e  t o  one megawatt when it was dec ided  t h a t  
t h i s  smaller f a c i l i t y  provided  a v a l i d  model a t  loweri c o s t .  The t e c h n i c a l  
programs under taken  a t  JPL were augmented by market  and commerc i a l i za t i on  
s t u d i e s  t o  e s t a b l i s h  c o s t  g o a l s  t o  which e n g i n e e r i n g  d e c i s i o n s  and 
achievements  cou ld  be compared. 

To i n s u r e  t h a t  a l l  s o l a r  t he rma l  technology o p t i o n s  would be c o n s i d e r e d ,  a 
concept  d e f i n i t i o n  phase was i n i t i a t e d  i n  which competitive s t u d i e s  were t o  b e  
performed i n  each  o f  t h r e e  c a t e g o r i e s .  These c a t e g o r i e s  were: 

Category A Genera l  ( t o  i n c l u d e ,  b u t  n o t  be l i m i t e d  t o ,  c e n t r a l  
r e c e i v e r  and l i n e  f o c u s i n g  s y s t e m s ) .  

Category B P o i n t - f c c w i n g ,  d i s t r i b u t e d  c o l l e c t . ~ r ,  c e n t r a l  power 
conve r s ion .  

Category C Po in t - focus ing ,  d i s t r i b u t e d  c o l l e c t o r ,  power conve r s ion  at, 
t h e  c o l l e c t o r .  

A mul t iphase  approach was adopted  as t h e  b e s t  means o f  meet ing  t h e  o b j e c t i v e s  
o f  t h e  exper iment  i n  t h e  s h o r t e s t  p e r i o d  o f  time. Phase I a d d r e s s e d  t h e  
prob'ern o f  e x p l o r i n g  a l l  c o m p e t i t i v e  t e c h n o l o g i e s  f o r  t h i s  a p p l i c a t i o n  and 
recornended t h o s e  which shou ld  be s t u d i e d  i n  g r e a t e r  d e t a i l .  Compe t i t i ve  b i d s  
were r e c e i v e d  i n  each  o f  t h e  above l i s t e d  c a t e g o r i e s ,  and awards  were made on 
t h e  b a s i s  o f  merit. 0:;e c o n t r a c t o r  was s e l e c t e d  i n  each  c a t e g o r y .  

Within Phase I t h e  c o n t r a c t o r s  were asked  t o  deve lop  a p r e f e r r e d  sys tem 
c o n c e p t ,  t o  perform s e n s i t i v i t y  a n a l y s e s ,  and t o  o u t l i n e  recommended 
approaches  f o r  t h e  fo i l ck -on  Phase I1 d e s i g n  program. 

The sys t ems  recommended by t h e  c o n t r a c t o r s  i n  each  of t h e  c a t e g o r i e s  were: 

McDonnell-Douglas 4 s t r o n a u t i c s  Company: C e n t r a l  tower w i t h  f i e l d  o f  
sou th - f ac ing  h e l i o s t a t s .  

Genera l  E l e c t r i c  Compacy: F i e l d  cf p a r a b o l i c  d i s h e s  w i t h  s t eam piped  t o  a 
c e n t , r a l  t u r b i n e - g e n e r a t o r  u n i t .  

Ford Aerospace and Communications Corpo ra t ion :  F i e l d  o f  p a r a b o l i c  d i s h e s  
w i t h  a S t i r l i n g  c y c l e  e n g i n e / g e n e r a t o r  u n i t  a t  t h e  f o c u s  o f  each  d i s h .  

A b r i e f  d e s c r i p t i o n  o f  each  o f  t h e  proposed e x p e r i m e n t a l  p l a n t s  f o l l o w s :  



A .  McDonne 11-Douglas A s t r o n a u t i c s  Sompany ( MDAC 1 

The s y s t e m  proposed  by MDAC is similar i n  p r i n c i p a l  to  t h e  1 0  MW c e n t r a l  
tower  s o l a r  p l a n t  now b e i n g  c o n s t r u c t e d  n e a r  Bars tow f o r  S o u t h e r n  
C a l i f o r n i a  E d i s o n ,  b u t  t h e  p l a n t  and tower  are smaller i n  s i z e ,  and  t h e  
f i e l d  o f  h e l i o s t a t a  is d i s t r i b u t e d  s o u t h  o f  t h e  t o w e r ,  r a t h e r  t h a n  
s u r r o u n d i n g  it a s  i t  d o e s  i n  t h e  Bars tow p l a n t .  The t o w e r  a s s e m b l y  is a 
guy-wire  s u p p o r t e d  l a t t ice  s t r u c t u r e  1 3 1  feet h i g h  s u p p o r t i n g  t h e  r e c e i v e r  
a s  w e l l  a s  t h e  t h e r m a l  t r a n s p o r t  f l u i d  (HITEC) riser and  downcomer. 

Steam produced  f rom t h e  steam g e n e r a t w  d r i v e s  a steam Rankine  c y c l e  
t u r b i n e  which i n  t u r n  d r i v e s  a n  electrical  g e n e r a t o r  t o  p r o d u c e  
e l e c t r i c i t y .  A power p l a n t  b u i l d i n g  c o n t a i n s  t h e  e n t i r e  power c o n v e r s i o n  
s u b s y s t e m  w i t h  t h e  e x c e p t i o n  o f  t h e  c o o l i n g  t o w e r  and w a s t e  w a t e r  pond. 
The b a l a n c e  o f  p l a n t  equ ipment  employs s t a t e - o f - t h e - a r t  equ ipment  a n d  
t e c h n i q u e s .  

R. G e n e r a l  E l e c t r i c  Company (CE) 

The G e n e r a l  E l e c t r i c  c o n c e p t  was d e r i v e d  i n  g r e a t  p a r t  f rom t h e  p l a n t  
b e i n g  d e s i g n e d  by them a s  a  t o t a l  e n e r g y  s y s t e m  f o r  t h e  B l e y l e  p l a n t  a t  
Shenandoah,  G e o r g i a .  T h i s  d e s i g n  makes u s e  o f  a f i e l d  o f  C.E. Low Cos t  
C o n c e n t r a t o r s  t o  g e n e r a t e  s t e a m  which is t h e n  t r a n s p o r t e d  t h r o u g h  low l o s s  
p i p i n g  t o  a  c e n t r a l  s t e a m  t u r b i n e  g e n e r a t o r  u n i t .  The c o l l e c t o r  f i e l d  is 
s p l i t  i n t o  two p a r t s :  t h o s e  d i s h e s  which c a r r y  s a t u r a t e d  steam and t h o s e  
which e x t e n d  t h e  h e a t i n g  i n t o  t h e  s u p e r h e a t  r a n g e .  The c e n t r a l  s t e a m  
t u r b i n e  and b a l a n c e  o f  t h e  p l a n t  a r e  a d a p t a t i o n s  o f  e x i s t i n g ,  well p r o v e n  
components.  

C. Ford Aerospace and Communications C c r p o r a t i o n  (FACC) 

The s y s t e m  c o n c e p t  s e l e c t e d  by Ford  Aerospace  and Communications 
C o r p o r a t i o n  i n  t h e  Phase  I s t u d y  is composed o f  m u l t i p i e  ' : s h  
c o n c e n t r a t o r s  employ ing  a  S t i r l i n g  c y c l e  h e a t  e n g i n e  w i t h  d i r e c t - c o c p l r d  
AC g e n e r a t o r s  f o r  power c o n v e r s i o n  a t  t h e  f o c a l ' p o i n t  o f  e a c h  
c o n c e n t r a t o r .  Each module i n c l u d e s  t h e  p a r a b o l i c  c o n c e n t r a t o r  and a  
c a v i t y  r e c e i v e r  w i t h  a n  i n t e g r a l  sodium p o o l  b o i l e r ,  t h e  sodium t h e r m a l  
t r a n s p o r t  ha rdware ,  and t h e  e n g i n e / g e n e r a t o r  a s s e m b l y .  The p r o p o s e d  
p a r a b o l i c  d i s h  c o n c e n t r a t o r  is a f r o n t - b r a c e d  d e s i g n  w i t h  a n  Az-El mount 
and t r i p o d  s t r u c t u r e  w i t h  a  r e f l e c t o r  s u r f a c e  composed o f  b a c k - s u r f a c e d ,  
h i g h - r e f l e c t i v i t y  drawn f u s i o n  g l a s s  m i r r o r  segments .  

Soon a f t e r  t h e  c o m p l e t i o n  o f  t h e  P h a s e  I s t u d i e s ,  t h e  Depar tment  o f  Energy 
d i r e c t i v e s  2nd ongoing  t e c h n i c a l  s t u d i e s  a t  J P L  and  e l s e w h e r e  r e s u l t e d  i n  t h e  
d e c i s i o n  t o  employ C a t e g o r y  C ,  p a r a b o l i c  d i s h e s  w i t h  d i s t r i b u t e d  g e n e r a t i o n  
f o r  t h i s  e x p e r i m e n t .  T h i s  d e c i s i o n  meant t h a t  F o r d ,  t h e  s u c c e s s f u l  c o n t r a c t o r  
i n  t h i s  c a t e g o r y ,  was t o  c o n t i n u e  i n  Phase  11. On t h e  b a s i s  of e n e r g y  c o s t ,  
t h e  e n e r g y  c o n v e r s i o n  s u b s y s t e m  recommended by Ford made u s  sf t h e  S t i r l i n g  
c y c l e ,  w i t h  t h e  Rankine c y c l e  e n g i n e  ranked  s e c o n d .  I n  t h e  l i g h t  o f  o n g o i n g  
e n g i n e  s t u d i e s  2 t  Lewis R e s e a r c h  C e n t e r  and a t  JPL, (which  i n d i c a t e d  t h a t  
S t i r l i n g  e n g i n e  t e c h n o l o g y  was n o t  y e t  r e a d y  f o r  f i e l d  e x p e r i m e n t s )  i t  was 
d e c i d e d  t o  i n c o r p o r a t e  t h e  Rankine  c y c l e  e n g i n e  i n  t h e  c o n f i g u r a t i o n  s e l e c t e d  
f o r  d e s i g n  and test i n  P h a s e  11 and 111. 



* Also,  budget c o n s t r a i n t s  combined wi th  promis ing  and t ime ly  r e s u l t s  i n  t h e  
Point-Focus D h t r i b u t e d  Receiver  Technology (PFDRT) development program f o r c e d  
t h e  d e c i s i o n  t h a t  subsystem development w i t h i n  t h e  exper iment  be minimized. 
I n s t e a d ,  des igns  f o r  a p p r o p r i a t e  subsys tems were t o  come from ongoing 
development work o r  from o t h e r  e x i s t i n g  sou rces .  The G.E. Low Cost 
Concen t r a to r  was thought  t o  be t h e  most promis ing  c a n d i d a t e  f o r  u s e  w i t h  t h e  
experiment .  

I n  August 1979, a s o l e  sou rce  RFP was i s sued  t o  Ford Aerospace and 
Communications Corpora t ion  s o l i c i t i n g  its p a r t i c i p a t i o n  t o  a c t  a s  sys tem 
c o n t r a c t c r  f o r  Phase I1 of  t h e  experiment .  The c o n t r a c t o r  was asked t o  
conduct  a p re l imina ry  d e s i g n ,  component and subsys tem development,  subsys tems 
and system l e v e l  v e r i f i c a t i o n  t e s t i n g ,  and d e t a i l e d  des ign .  Ford was a l s o  
asked t o  complete t h e  p l a n s  f o r  s i te p r e p a r a t i o n  and hardwara implementat ion.  
As i n d i c a t e d  above, t h e  technology was r e s t r i c t e d  t o  d i s t r i b u t e d  energy 
conve r s ion  u s i n g  t h e  Rankine c y c l e .  




