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The pr imary ob jec t i ves  o f  t h e  Ma te r i a l s  Research and Development 

e f f o r t  a re  1) t o  understand t he  behavior and i n t e r a c t i o n  o f  d i f f e r e n t  

mate r ia l s  used i n  s o l a r  thermal technologies so as t o  c rea te  a  sound 

technica l  base f o r  f u t u r e  system and component designs and 2) t o  

develop ma te r i a l s  t o  extend t h e  a p p l i c a t i o n  p o t e n t i a l  o f  systems by 

e i t h e r  making ma te r i a l s  more r e l i a b l e  i n  d i f f i c u l t  opera t ing  env i ron-  

ments o r  by o f f e r i n g  lower cos t  a l t e r n a t i v e s  t o  p resen t l y  used ma te r i a l s .  

Solar thermal systems a re  be ing designed aimed p r i m a r i l y  a t  e l e c t r i c  

power, i n d u s t r i a l  process heat from low t o  h igh  temperature, and 

f ue l s  and chemicals app l i ca t i ons .  Another a p p l i c a t i o n  no t  discussed 

here i s  b u i l d i n g  c l ima te  cont ra1 such as pass ive and a c t i v e  hea t ing  

and cool  ing.  Systems which concentrate,  c o l l e c t ,  and t r anspo r t  s o l a r  

thermal energy a re  o f  pr imary i n t e r e s t  f o r  these p o t e n t i a l  appl i c a t i o n s  . 

Concentrat ion r a t i o  corresponds t o  the  a b i l i t y  o f  a  s o l a r  c o l l e c t o r  

t o  d e l i v e r  h igh  temperature thermal energy. F igure 1 shows t he  

progression from p o i n t  focus ing systems (bo th  parabol i c  dishes and 

he1 i o s t a t s )  , through 1 i n e  focus ing systems such as paraboi i c  t roughs, 

- T ,  evacua tA  tvbes, t o  s o l a r  ponds. This f i g u r e  dep ic ts  theirs 

pr imary a p p l i c a t i o n  focus wh i l e  a l so  d i s p l a y i n g  o the r  p o t e n t i d l  a ? p l i  

ca t ions  f o r  which these systems may be equa l l y  we1 1  su i t ed .  

The mate r ia l s  research and development e f f o r t  i s  d i v i ded  i n  two 

categor ies  : 1  ) o p t i c a l  ma te r i a l s  which i nc l ude  r e f l e c t o r s ,  t rans -  

m i  t t e r s  , and o p t i c a l  s t r uc tu res  ; and 2)  thermal ma te r i a l  s  f o r  r ece i ve r  
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and energy t r anspo r t  subsystems which cons i s t  o f  absorber ma te r i a l s ,  

ceramics, metals,  a l l o y s ,  and heat  t r a n s f e r  f l u i d s .  The r e l a t i v e  

importance o f  ma teAa l s  i n  t h e  two ca tegor ies  t o  t he  s o l a r  thermal 

systems o f  i n t e r e s t  i s  a1 so d isp layed  i n  F igure 1, more do ts  meaning 

greater  importance. 

The matcr!d,s requirements a re  der i ved  from the  system concepts and 

expected app i c a t i o n  environments. These requirements have been 

es tab l i shed  f o r  t he  c u r r e n t  generat ion o f  s o l d r  thermal systems ar,J 

the  perceived needs o f  t h e  i n i t i a l  markets. A g rea t  deal o f  e f f o r t  

remains t o  c s t a b l i s h  t he  systems requirements and market needs f o r  

systems t h a t  would have t o  meet the  s i r i n g e n t  f i r s t  c o s t  and ecor,ornic 

c r i t e r i a  o f  t he  i n d u s t r i a l  sec to r  where t he  l a r g e r  p o t e n t i a l  may 

e x i s t  f o r  mod i f ied  vers ions o f  cu r ren t  o r  e n t i r e l y  new concepts o f  

f u t u r e  s o l a r  thermal energy sys toms. 

Ma te r i a l s  research and development inc ludes  the  f ou r  c r i t i c a l  steps; 

namely, a)  generat ing new ideas and concepts, b) assessment o f  i t s  

p o t e n t i a l  from economic and system performance viewpoints,  c )  p i l o t  

f a b r i c a t i o n  o f  promising ma te r i a l s  and eva lua t ion  both i n  l a b o r a t o r y  

and f i e l d  experiments, and d )  adap ta t ion  o f  the  new o r  improved 

mate r ia l s  t o  t he  wide range o f  components and s y s t e m .  Th is  program 

i s  s t r uc tu red  t o  a l l o w  these s t ~ p s  t o  be conducted w i t h  a maximum 

u t i l i z a t i o n  o f  t he  a v a i l a b l e  u n i v e r s i t y ,  na t iona l  l abo ra to r i es ,  and 

i n d u s t r i a l  s c i e n t i f i c  and product ion c a p a b i l i t i e s .  K i t h  t h i s  combined 

e f f o r t  i t  i s  hoped t h a t  t he  most promising concepts and ma te r i a l s  

nur tu red  through research and development w i l l  u l  t i m ~ t e l y  emerge i n  

t he  commercial marketplace. 

The development o f  o p t i c a l  ma te r i a l s  has the  h ighes t  p r i o r i t y  because 

they account f o r  a s i g n i f i c a n t  p o r t i o n  o f  the  s o l a r  thermal system 

cos t  an+ a lso ,  being new and unique t o  s o l a r  systems, presents t h e  



l a r g e s t  unknowr, i n  c a l c u l a t i n g  t h e i r  opera t iona l  re1 i a b i l  i t y  and 

l i f e  c y c l e  cos ts  from the  u l t i m a t e  users perspect ive.  Op t i ca l  

systems, which cons i s t  o f  r e f l e c t i n g ,  t r ansm i t t i ng ,  and s t r u c t u r a l  

ma te r i a l s  , when f u r t h e r  developed, can l ead  t o  conc*:ntrators w i t h  

lower i n i t i a l  cos t ,  improved performance, o r  longer  1  i f e .  One o f  

these c r i t e r i a  i s  impor tant  i n  each unique a p p l i c a t i o n  o r  system 

depending on whether h igher  temperature, minimum maintenance, low 

f i r s t  c o s t  o f  i n s t a l l e d  systems o r  some combination i s  r equ i r ed  by 

the  purchaser o f  t he  system. 

I n  t he  f o l l ow ing ,  some examples o f  t he  research p ro j ec t s  i n  t he  concept 

l abo ra to r y  eva lua t i on  stages a re  polymers and m i r r o r s .  An example 

o f  t he  research a t  t he  concept stage i s  the  development o f  polymers 

which a re  UV s tab le  over a  l ong  per iod,  say up t o  10 years.  Polymers 

o f f e r  the  p o t e n t i a l  t a  reduce t he  cos t  o r  extend the  l i f e  o f  a  

v a r i e t y  o f  so l a r  energy systems. Another example i s  t he  eva lua t ion  

o f  a l t e r n a t e  m i r r o r  f a b r i c a t i o n  techniques which o f f e r  the  p o s s i b i l i t y  

o f  more durab le  m i r r o r s  on glass and polymers. 

Exaqples o f  t he  ma te r i a l s  i n  p i l o t  f a b r i c a t i o n  and adap ta t ion  a r e  

cermet coat ings and t h i n  g lass.  A ccncept being assessed f o r  i t s  

l a r g e  sca le  product ion i s  the  cermet s e l e c t i v e  absorber coa t i ng  v i  t h  

p l a t i r u m  and aluminum ox ide.  Th is  m a t e r i a l ,  developed as a  u n i v e r s i t y  

concept, showed des i r ab le  performance c h a r a c t e r i s t i c s  i n  t h e  l a b o r a t o r y  

and i s  now being evaluated by i n d u s t r y  us ing  product ion equipment 

and techniques. 

The eva lua t i on  o f  t h i n  g lass produced by i n d u s t r y  on a  p i l o t  p rcduc t ion  

bas is  r e p r e s e ~ t s  an example o f  another ma te r i a l s  development e f f o r t .  

Glass w i t h  h i gh  t ransmiss ion coupled w i t h  des i r ab le  c h a r a c t e r i s t i c s  

such as good s t r eng th  and low weight i s  undergoing f i e l d  eva lua t i on  

by a  v a r i e t y  o f  s o l a r  system fab r i ca to r s .  This eva lua t i on  by equip- 

ment designers and system e~ lg ineers  i s  c r i t i c a l  t o  t h e  success o f  t he  

ma te r i a l s  research and development s ince  t h i s  represer.. , t h s  i n i t i a l  



step t o  fu tu re  product improvement and i ndus t r y  commitment f o r  l a r g e  

sca le  product ion. 

The ma te r i a l s  development i s  a foundat ion upon which f u t u r e  s o l a r  

systems w i l l  be b u i l t .  Guiding t he  a l a i l a b i l i t y  o f  these r t z l i ab le  

ma te r i a l s  w i t h  adequate data t o  designers ana system supp l ie rs  through 

the commercial sector  i s  the  measure o f  success o f  t h i s  e f f o r t .  
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