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ABSTRACT 

These proceedings p resen t  t h e  papers and panel  d i s c u s s i o n s  g iven a t  t h e  
Parabo l i c  Dish So la r  Thermal Power Annual Program Review he ld  i n  P eadena, 
C a l i f o r n i a  on January 13-15, 1981. It was sponsored by t h e  U.S. Department of  
Energy, and conducted by J e t  Propuls ion Laboratory.  

The o b j e c t i v e  of  t h e  review was t o  p resen t  t h e  r e s u l t s  of  a c t i v i t i e s  of 
the  Parabo l i c  Dish Technology and Appl ica t ions  Development p o r t i o n  of DOE'S 
S o l a r  Thermal Energy Systems Program. Thir ty-four  papers  were presented on 
the  s u b j e c t s  of development and t e s t i n g  of c o n c e n t r a t o r s ,  r e c e i v e r s ,  and power 
conversion u n i t s  ; system des ign  and development f o r  eng inee r ing  experiments ; 
economic a n a l y s i s  and market assessment and advanced development a c t  i v i t  l e s .  
Two panel  d i scuss ions  were held  regard ing  technology development i s s u e s  and 
a p p l i c a t i o n l u s e r  needs.* 

*Not a l l  submitted papers and t r a n s c r i p t s  of the panel  d i s c u s s i o n s  were 
a v a i l a b l e  a t  time of  p u b l i c a t i o n .  
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INTRODUCTION 

H. J .  Holbeck, Conference Chairman 

The three-day Parabo l i c  Dish So la r  Thermal Power Annual Program Review 
held  t h i s  year  a t  t h e  Pasadena, C a l i f o r n i a  Conference Center was a t t ended  by 
230 r e p r e s e n t a t i v e s  from i n d u s t r y ,  u t i l i t i e s ,  n a t i o n a l  l a b o i a t o r l e ~ ,  
u n i v e r s i t i e s ,  government and f o r e i g n  resea rch  i n s t i t u t e s .  Th i r ty - iour  papers 
were presented i n  s e s s i o n s  on subsystem development, system and a p p l i c a t i o n  
d e v  lopment, market assessment and advanced development. 

In t roduc to ry  remarks were made by D r .  Marshall  Alper,  manager of thc  
So la r  Energy Program a t  JPL, James Rannels,  manager of  S o l a r  Thermal Technology 
Development a t  the Department of Energy, and D r .  Vincent T r u s c e l l o ,  manager of 
t h e  So lc r  Thermal Power Systems P r o j e c t  a t  JPL. D r .  Alper a l s o  s u b s t i t u t e d  a s  
luncheon speaker fo r  Russe l l  Schweickar t ,  chairman of the C a l i f o r n i a  Energy 
Commission. He discussed a l t e r n a t i v e  energy p e r s p e c t i v e s .  

The conference was h i g h l i g h t e d  by two panel  d i scuss ions :  a  d i s c u s s i o n  
by indus t ry  r e p r e s e n t a t i v e s  on technology development i s s u e s  and a  d i s c u s s i o n  
by p o t e n t i a l  use r  r e p r e s e n t a t i v e s  on a p p l i c a t i o n / u s e r  needs. Summaries of 
these  panel  d i s c u s s i o n s  a r e  included i n  t h e s e  proceedings.  

The conference a l s o  included a  t o u r  of the Parabo l i c  Dish Tes t  S i t e  
(PDTS) a t  t h e  Edwards Tes t  S t a t i o n .  Attendees viewed two t e s t  bed 
concen t ra to r s  (TBCS) wi th  a  demonstrat ion of a  steam r e c e i v e r  mounted a t  the  
f o c a l  po in t  of  TBC-1. A.I OMNIUM-G p a r a b o l i c  d i s h  system was a l s o  displayed a s  
were s e v e r a l  r e c e i v e r s  and engines  scheduled f o r  f u t u r e  t e s t s .  

The a t tendance and p a r t i c i p a t i o n  a t  the  conference was very  encouraging. 
A high i n t e r e s t  i n  pa rabo l i c  d i s h  s o l a r  thermal t echno log ies  was ind ica ted .  
Attendance remained high throughout a l l  s e s s i o n s  wi th  more than 100 a t t e n d e e s  
f o r  the f i n a l  even t ,  the  one-half day t o u r  of the PDTS. 
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ENERGY CONVERSION 
Session Chairman: E. E. Kempke, NASA/LeRC 



THE SCSE ORGANIC RANKINE DIGINE 

by 
I 

F'. P .  Boda 

FORD AEROSPACE & COMMUNICATIONS CORPORATION (FACC) 
NEWPORT BEACH, CALIFORNIA 9 2660 

ABSTRACT 

This paper d e s c r i b e s  the  Organic Rankine Cycle (ORC) engine c u r r e n t l y  u n d e ~  
development f o r  the  Small Conununity S o l a r  Thermal Power Experiment (SCSE) f o r  
JPL/DOE cnder Cont rac t  955637. This  engine i s  the  h e a r t  of a Power Conversion 
Subsystem (PCS) loca ted  a t  the  f o c a l  p o i n t  of  a sun- t racking pa rabo l i c  d i s h  
concen t ra to r .  The ORC engine employs a s i n g l e - s t a g e  ax ia l - f low t u r b i n e  d r i v -  
ii.; a  h igh speed a l t e r n a t o r  t o  produce up t o  25 kW e l e c t r i c a l  ou tpu t  a t  t h e  
focus of  each d i s h .  The c , m i c  working f l u i d  i s  to luene ,  c i r c u l a t i n g  i n  a 
c losed- loop system a t  temperature up t o  4 0 0 " ~  ( 7 5 0 " ~ ) .  

Design parameters,  system d e s c r i p t i o n ,  p red ic ted  performance and program 
s t a t u s  a r e  desc r ibed .  The f i r s t  SCSE Organic Rankine Power Conversion Sub- 
system w i l l  be d e l i v e r e d  t o  the  JPLIEdwards t e s t  s i t e  i n  May 1981. 

INTRODUCTION 

Under Phase I1 of t h e  SCSE Program, FACC w i l l  develop a s o l a r  thermal,  p o i n t  
focusing,  d i s t r i b u t e d  r e c e i v e r ,  d i s t r i b u t e d  genera t ion  system employing a 
small  Rankine-cycle power conversion subsystem (PCS) sounted a t  the  focus  of  
a p a r a b o l i c  d i s h  concen t ra to r .  This paper d e s c r i b e s  only  the  Rankine-cycle 
PCS. The o v e r a l l  system and the  s o l a r  r e c e i v e r  ( b o i l e r )  a r e  addressed i n  
companion papers by R .  Pons and H.  Haskins, r e s p e c t i v e l y .  

The PCS conver t s  the  thermal energy of superheated vapor from t h e  r e c e i v e r  
i n t o  s h a f t  horsepower which d r i v e s  a d i rec t -coup led  a l t e l  s t o r  a t  the  f o c a l  
po in t .  This  h igh frequency ac power i s  conver ted  t o  dc by a ground-mounted 
r e c t i f i e r ,  combined wi th  the  ou tpu t s  from o t h e r  d i s h e s ,  then i n v e r t e d  t o  60 Hz 
ac e l e c t r i c a l  power supp l i ed  d i r e c t l y  t o  t h e  u t i l i t y  g r i d .  

The Rankine c y c l e  was s e l e c t e d  f o r  the  SCSE program on t h e  b a s i s  of  h i g h e s t  
performance f o r  l e a s t  program r i s k  (compared wi th  o t h e r  hea t  engine c y c l e s ) .  
The o rgan ic  Rankine c y c l e  (ORC) engine was chosen over  a steam Rankine engine  
on the  b a s i s  of  programmatic and t e c h n i c a l  f a c t o r s .  FACC has  s e l e c t e d  Barber-  
Nichols Engineering Company (B-N) of Arvada, Colorado, t o  des ign  and b u i l d  
the PCY. B-N i s  c u r r e n t l y  i n  the  hardware f a b r i c a t i o n  phase and assembly of 
t h e  f i rs t  u n i t  is  scheduled f o r  completion nex t  month. 



SYSTEM DESCRIPTION 

The power conversion subsystem is comprised o f  a very  compact t u r b i n e - a l t e r -  
nator-pump assembly, an a i r -coo led  condenser,  a  r e g e n e r a t o r ,  boost  pump, 
s t a r t  pump, va r ious  va lves ,  plumbing and i n s t r u a m t a t i o n .  The PCS a l s o  i n -  
c ludes  c e r t a i n  ground-mounted e l e c t r i c a l  suppor t  equipment, such a s  t h e  
r e c t i f i e r ,  overspeed brake c o n t r o l l e r ,  r e l a y s ,  e t c .  

Figure  1  i s  a  cutaway view of  the  PCS c o n f i g u r a t i o n ,  shown a t t ached  t o  the  
FACC cavi ty- type r e c e i v e r  assembly. The c y l i n d r i c a l  condenser shape r e s u l t s  
i n  an e f f i c i e n t  PCS packaging arrangement about 1.1 m (44") d i a  x  1 .5  m 
(60") long. The power conversion assembly shown i n  Figure  1 is  designed t o  
a t t a c h  to  the  mounting r i n g s  of the  General  E l e c t r i c  Low Cost C m c e n t r a t o r  
(LCC) cind provide minimum shadowing of the  mi r ro r  s u r f a c e .  PCS weight a t  the  
foca l  po in t  is  about 322 Kg (710 l b s . ) .  

A cutaway view of the  t u r b i n e - a l t e r n a t o r  pump (TAP) assembly is  shown i n  
Figure  2 .  The TAP is  an extremely compact dev ice  -- about the  s i z e  of a  
f o o t b a l l .  I t  has one r o t a t i n g  s h a f t  wi th  the  t u r b i n e  wheel mounted a t  one 
end, t ! i L d  a l t e r n a t o r  r o t o r  i n  the  middle and t h e  feed pump impe l l e r  a t  the  
o t h e r  end. The s h a f t  s p i n s  on hydrodynamic f l u i d - f i l m  bear ings  fed  by 
toluene l u b r i c a n t  passages through the  s h a f t  i t s e l f  . S a l i e n t  f e a t u r e s  o f  
the TAP a r e  l i s t e d  below. 

TUREINE 
S ing le  s t a g e ,  a x i a l  flow 

ALTERNATOR 
Permanent magnet (PMA) type 

F u l l  admission, 10 nozzlcs  Rotor: 6  Samarium Cohalt  magnets 
Inconel 718, 110 blades  S t a t o r :  9 - too th ,  copper wound 
Tip diameter 125 mn (4.92") 7 2  mn (2.8") OD x 127 mn (5.0t ')1 
B!ade he igh t  10.7 mn (0.42") 3  0 ,  3000 Hz AC a t  60,000 rpm 
Turbine e f f i c i e n c y  75% 95.0% peak e f f i c i e n c y  

Turbine speed j s  nominally 60,000 rpm. I t  v a r i e s  over  a  narrow range 
(55,000 t o  60,000) a s  a  func t ion  of input lower. 60,000 rpm i s  not  an 
excess ive  speed f o r  turbomachinery (autumotivc turbochargers  run twice a s  
f a s t ) .  I t  i s  t h i s  r e l a t i v e l y  high opera t ing  speed which makes t h e  smal l  TAP 
hardware s i z e  p o s s i b l e .  As an example, the  SCSE a l t e r n a t o r  i s  about one-twen- 
t i e t h  the s i z e  and v e i g h t  of more convent ional  generators a s s o c i a t e d  wi th  r e -  
c ip roca t ing- type  h e a t  engines .  This t u r b i n e  speed a l s o  al lows thc  main feed 
pump t o  supply the  f u l l  system flow a t  p ressures  up t o  5.9 MPa (855 p s i )  wi th  
a c e n t r i f u g a l  impel ler  on ly  33 mn (1.3") i n  d iamete r .  

Thv condenser c o n s i s t s  o f  369 finned aluminum tubes i n  p a r a l l e l ,  a r ranged 
in  t h r e e  concen t r i c  l a y e r s .  Cooling a i r  is  drawn i n  a x i a l l y  by the  two-speed 
fan and exhausted r a d i a l l y  outward ac ross  the condenser tubes .  This d i r e c t i m  
of a i r  flow prevents  s t a l l i n g  of t h e  fan  motor dur ing  high winds. 

The regenerator  i s  simply a  hea t  exchanger desigrlcd t o  recover waste h e a t  
energy from the  t u r b i n e  exhaust  vapor and use i t  t o  pre-heat  the  l i q u i d  
before  i t  e n t e r s  the rece ive r  ( b o i l e r ) ,  thereby enhancing o v e r a l l  system 
e f f i c i e n c y .  The regenera to r  core  i s  cons t ruc ted  of s t a i n l e s s  s t e e l  tubing 
wi th  aluminum f i n s .  The l i q u i d  fo l lows one continuous path ( i n  the  counterf low 
d i r e c t i o n )  through t h e  f inned tubing which makes 112 p a s : %  through the  h o t  
vapor flow. 



The PCS is designed t o  o p e r a t e  a t  a l l  s o l a r - r e l a t e d  e l e v a t i o n  angles  from 
5" t o  90' above the  h o r i z o t .  For t h i s  reason,  the  hotwel l  ( l i q u i d  c o l l e c t i o n  
r e s e r v o i r )  i s  loca ted  a t  t h e  low po in t  of t h e  PCS. The t o t a l  working f l u i d  
inventory is  about 15 l i t res  (4  g a l ) .  The log p ressure  s i d e  of t h e  system 
opera tes  a t  sub-atmospheric p ressure  t o  opt imize  t u r b i n e  performance, so a 
small  e l e c t r i c a l l y - d r i v e n  c e n t r i f u g a l  boost  pump i s  used t o  provide a moder- 
a t e  p o s i t i v e  pressure  t o  feed l i q u i d  t o  the  main pump and t h e  bear ings .  The 
boost  pump ob ta ins  l i q u i d  from the hotwel l .  

The temperature of t h e  vapor a t  t h e  e x i t  o f  the  s o l a r  r e c e i v e r  i s  maintained 
near a cons tan t  3 9 9 " ~  ( 7 5 0 " ~ )  by means of a vapor t h r o t t l i n g  c o n t r o l  va lve  
between t h e  rece iver  o u t l e t  and t h e  t u r b i n e  i n l e t .  The cons tan t  temperature 
can be maintamed by c o n t r o l l i n g  t h e  mass flow r a t e  of the  %orking f l u i d  t o  
compensate f o r  v a r i a t i o n s  i n  s o l a r  f l u x  . v e l .  The vapor c o n t r o l  va lve  i s  a 
p in t l e - typc  valve operated by a hydraul ic  a c t u a t o r  which i s  powered by high 
p ressure  working f l u i d .  Valve command s i g n a l s  a r e  keyed t o  temperature sen- 
s o r s  a t  the  rece iver  o u t l e t .  

Figure  3 i s  a s impl i f i ed  schematic diagram of t h e  PCS showing the  major com- 
ponents and t h e  plumbing loop. The Remote Control  I n t e r f a c e  Assembly (RCIA) 
box shown i n  the  f i g u r e  i s  a FACC-designed control ler /computer  loca ted  near  
t h e  base of each d i s h .  Each RCZA comunica tes  wi th  a Master Power C o n t r o l l e r  
(MPC) which performs c e n t r a l  c o n t r o l  and monitoring func t ions  For a l a r g e  
array of SCSE power modules. 

The organic  working f l u i d  i s  reagent grade to luene (C H CH ), a c l e a r  l i q u i d  
s i m i l a r  t o  comnon p a i n t  th inner .  The thermodynamic proper 6 5  ? i e s  of to luene a r e  
i d e a l l y  s u i t e d  f o r  use i n  small  ORC tu rb ines  f o r  s o l a r  a p p l i c a t i o n s .  Z t  
y i e l d s  high performance a t  . e l a t i v e l y  lower temperatures and p ressures ,  com- 
pared to  steam, and i ts  f reez ing  point  i s  minus 9 5 ' ~  (minus 139'). Toluene 
i s  a f u l l y  charac te r ized  scbstance and i t s  t o x i c i t y ,  f l amnabi l i ty  and o t h e r  
environmentally s e n s i t i v e  parameters a r e  q u i t e  we l l  known and s a f e  handl ing 
procedures a r e  w e l l  e s t a b l i s h e d .  

For any given working f l u i d ,  e f f i c i e n c y  inc reases  wi th  temperature;  however, 
a l l  organic f l u i d s  have an  upper temperature l i m i t  beyond which they tend 
t o  decompose, evolve noncondensfble gases ,  e t c .  Some e x i s t i n g  to luene 
systems have operated a t  4 2 7 " ~  ( 8 0 0 " ~ )  and beyond, but 3 9 9 " ~  (750°F) i s  
planned as the upper l i m i t  f o r  SCSE t o  promate lung f l u i d  l i f e  ( y e a r s ) .  The 
maximum temperature m a y  be ad jus ted  up o r  down a s  more experience i s  gained 
with the system. Adding 2 8 ' ~  (50°F) is  worth about 1% ga in  i n  o v e r a l l  sub- 
system cff  ic iency.  

A few ORC systems in  the  f i e l d  have experienced problems r e l a t e d  t o  leakage,  
i . e . ,  f l u i d  drgr \da t ion  caused by a i r ,  moisture o r  o i l  contaminating the 
working f l u i d .  For t h i s  reason,  t h e  SCSE system was designed a s  a h e r n e t i -  
c a l l y  sea led ,  closed-loop system t o  avoid t h e  p o s s i b l e  p i t  f a l l s  a ssoc ia ted  
wi th  high speed s h a f t  s e a l s .  Gearboxes, p ipe  th reads ,  r u s t ,  e t r .  The PCS 
t a s  no ex te rna l  moving s e a l s .  The toluene a c t s  t o  l u b r i c a t e  a l l  bear ings .  
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cool  t h e  a l t e r n a t o r  and pumps, and t o  o p e r a t e  t h e  hydrau l i c  a c t u a t o r  of t h e  
c o n t r o l  va lve  ( i n  a d d i t i o n  t o  i t s  primary func t ion  o f  powering t h e  t u r b i n e ) .  

E l e c t r i c a l  power o u t p u t  of  the  PCS is about 20 kW a t  r a t e d  cond i t ions  of  
75.6 kW thermal inpu t  and 2 6 3 ~  ( 8 2 " ~ )  ambient ai: temperature.  PCS outpu t  
is  abouk 25 kW a t  peak power c o n d i t i o n s  of 92.4 kW inpu t .  

e  t 

Figure  4 shows PCS e f f i c i e n c y  a s  a  f u n c t i o n  of  thermal inpu t  f o r  v a r i o u s  
ambient temperatures .  PCS e f f i c i e n c y  is def iced  a s  t h e  net dc e l e c t r i c a l  
power o u t  (account ing f o r  p a r a s i t i c s )  d ivided by thermal energy inpu t  from 
t h e  r e c e i v e r .  P red ic ted  e f f i c i e n c y  a t  r a t e d  power is  about 26 pe rcen t .  Note 
the  r e l a t i v e l y  £ l a c  shape of the  curves ,  denot ing high e f f i c i e n c i e s  a c r o s s  
a  very  broad range of s o l a r  o p e r a t i n g  cond i t ions .  This  e x c e l l e n t  "part- load" 
c h a r a c t e r i s t i c  he lps  maximize power o u t p u t  on an annual ized b a s i s  and n o t  j u s t  
a t  a r a t e d  power po in t .  

P R O G M .  STATUS 

Somc PCS components a r e  c u r r e n t l y  undergoing development t e s t i n g  a t  Barber- 
Nichcls .  B-N expects  to  complete assembly of the  f i r s t  d e l i v e r a b l e  u n i t  i n  
February,  t e s t  i t  a s  a  subsystem i n  March, t e s t  i t  combined wi th  the  FACC 
r e c e i v e r  and c o n t r o l l e r  i n  Apr i l  a d  s h i p  i t  to  the  JPL t e s t  s i t e  i n  May of 
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ABSTRACT 

The Small Community S o l a r  Thermal Power Experiment  (SCSE) h a s  s e l e c t e d  a n  
o r g a n i c  r a n k i n e  c y c l e  (ORC) e n g i n e  d r i v i n g  a h i g h  speed  permanent magnet 
a1 t e r n a  t o r  ( PMA) as t h e  b a s e l i n e  power conve r s ion  subsys tem ( PCS) des ign .  The 
h igh  f r equency  a l t e r n a t i n g  c u r r e n t  from t h e  PMA is r e c t i f i e d  and i n v e r t e d  t o  
g r i d  q u a l i t y  e l e c t r i c i t y .  The back-up concep tua l  PCS d e s i g s  is  a J a y  Careter 
s team e n g i n e  d r i v i n g  a n  i n d u c t i o n  a l t e r n a t o r  d e l i v e r i n g  power d i r e c t l y  t o  t h e  
g r i d .  T h i s  pape r  traces t h e  development o f  Carter's au tomot ive  r e c i p r o c a t i n g  
s imple  r a n k i n e  c y c l e  ste,m e n g i n e  and how a n  e n g i n e  o f  similar d e s i g n  might  be  
i n c o r p o r a t e d  i n t o  t h e  SCSE. A d e s c r i p t i c n  o f  t h e  t h i r d  g e n e r a t i o n  automot ive  
e n g i n e  is inc luded  a l o n g  w i t h  some p r e l i m i n a r y  test  d a t a .  T e s t s  were 
conducted w i t h  t h e  t h i r d  g e n e r a t i o n  eng ine  d r i v i n g  a n  i n d u c t i o n  a l t e r n a t o r  
d e l i v e r i n g  power d i r e c t l y  t o  t h e  g r i d .  The pu rpose  o f  t h e s e  tests is t o  
f u r t h e r  v e r i f y  t h e  effects o f  expander i n l e t  t empera tu re ,  i n p u t  t he rma l  power 
l e v e l ,  expans ion  r a t i o ,  and o t h e r  pa rame te r s  a f f e c t i n g  e n g i n e  performance t o  
a i d  i n  t h e  development o f  an SCSE PCS. 

INTRODUCTION 

E a r l y  i n  Phase  I1 o f  SCSE a f a c t - f i n d i n g  p a n e l ,  c o n s i s t i n g  o f  p e r s o n n e l  from 
t h e  Jet P ropu l s ion  Labora to ry ,  Lewis Research  C e n t e r ,  Ford Aerospace and 
Communications Corp., and t h e  S o l a r  Pnergy Research  I n s t i t u t e ,  was formed t o  
assess t h e  s t a t e - o f - t h e - a r t  i n  small o r g a n i c  and s team r a n k i n e  c y c l e  eng ines .  
The pane l  concluded t h a t  n e i t h e r  o r g a n i c  n o r  steam e n g i n e s  o f  t h e  d e s i r e d  s i z e  
range  were o f f - t h e - s h e l f  items and both  were a t  a comparable s tate  of 
development. After t h e  ORC was selected as t h e  b a s e l i n e  d e s i g n ,  a p a r a l l e l  
program was i n i t i a t e d  t o  test t h e  C a r t e r  t h i r d  g e n e r a t i o n  au tomot ive  e n g i n e  
d r i v i n g  a n  i n d u c t i o n  a l t e r n a t o r .  T e s t i n g  is c u r r e n t l y  underway a t  t h e  J a y  
C a r t e r  E n t e r p r i s e s ,  Inc .  west c o a s t  o f f i c e  S a n t a  Barbara ,  C a l i f o r n i a .  
P r e l i m i ~ a r y  r e s u l t s  are a v a i l a b l e  which w i l l  be p r e s e n t e d  a l o n g  w i t h  a g e n e r a l  
d e s c r i p t i o n  o f  how a C a r t e r  eng ine  might  be u t i l i z e d  i n  a s o l a r  appl ica tAon.  

H i s t o r y  o f  Engine Develapment 

The main o f f 1  :e o f  J a y  C a r t e r  E n t e r p r i s e s ,  Inc .  (JCE) is l o c a t e d  i n  
Burkburne t t ,  Texas and was e s t a b l i s h e d  i n  1968. The first t h r e e  y e a r s  a t  JCE 
were s p e n t  deve lop ing  i n l e t  steam v a l v e s  and p i s t o n  c y l i n d e r  expanders .  A 
first  g e n e r a t  t on  e n g i n e  was c o ~ p l e t e d  i n  1971, t e s t e d  f o r  n i n e  months, and i n  
March, 1972 i n s t a l l e d  i n  a 1964 VW Squareback sedan.  The maximum expander  
i n l e t  c o n d i t i o n s  were 538OC ( 1 ,  OOO°F) and 13.79 M Pa (2000 p s i a )  . The 
expander  c o n s i s t e d  o f  f o u r  radial  p i s t o n  c y l i n d e r s  w i t h  574 em3 (35 i n31  
d i sp l acemen t  and a n  11.3:1 expans ion  r a t i o  (1) .  



The VW Squareback sedan  w i t h  t h e  f i r s t  g e n e r a t i o n  JCE e n g i n e  demonst ra ted  
e x c e p t i o n a l  o v e r a l l  v e h i c l e  performance.  Peak e n g i n e  power was 5 2  KW ( 7 0  HP) 
mechanica l  a t  5,000 RPM. Road tests  were conducted f o r  9,700 Rm (6,000 miles) 
a t  speeds  as high  as 130 Km/hr (80 m i l e s / h o u r )  and a t  t h e  end of 3,200 Km 
(2 ,000 m i l e s )  t h e  e n g i n e  showed no s i g n s  o f  wear. T h i s  au tomobi l e  had a c o l d  
s t a r t - u p  t o  v e h i c l e  moving time c a p a b i l i t y  o f  less t h a n  15  seconds .  T h i s  was 
t h e  first automobi le  t o  meet t h e  o r i g i n a l  1976 e m i s s i o n s  s t a n d a r d s  wi thou t  
add-on d e v i c e s  and demonst ra ted  t h e  b e s t  o f f i c i a l l y  documented f ~ e l  mi l eage  
f o r  a rankine-powered motor v e h i c l e  up t o  t h a t  time ( June ,  1974 J (2, 3) .  

The second g e n e r a t i o n  e n g i n e  was developed t o  o p e r a t e  i n  a 74 VW Dasher o r  a n  
AMF des igned p a r a t r a n s i t  v e h i c l e  (PTV) . P a r a t r a n s i t  was d e f i n e d  as a l l  t y p e s  
of t r a n s i t  between p r i v a t e l y  owned and o p e r a t e d  cars on one  s i d e  and schedu led  
r a i l  and bus  s e r v i c e  on t h e  o t h e r .  The second generatior! e n g i n e  expander 
c o n s i s t e d  o f  two c y l i n d e r s  v e r t i c a l l y  mounted which d e l i v e r e d  7 5  KW (100 HP) 
a t  5,500 RPM. The 6.35 cm (2.5 i n . )  d i a m e t e r  and 7.62 an (3.0 i n . )  s t r o k e  
p i s t o n  c y l i n d e r s  produced a t o t a l  e n g i n e  d i sp l acemen t  o f  483 cm3 (30  i n 3 1  
and a n  expans ion  r a t i o  o f  10:l .  Expander i n l e t  t empera tu re  was h e l d  c o n s t a n t  
a t  5660C i 1,0500F) w h i l e  p r e s s u r e  v a r i e d  up t o  17.24 MPa (2 ,500 p s i a )  
app rox ima te ly  p r o p o r t i o n a l  t o  i n p u t  power l e v e l  ( 4 ) .  

A t h i r d  g e n e r a t i o n  eng ine  was b u i l t  i n  1977 which was v i r t u a l l y  i d e n t i c a l  t o  
t h e  second g e n e r a t i o n  eng ine .  One m o d i f i c a t i o n  i n c o r p o r a t e d  i n t o  t h e  t h i r d  
g e n e r a t i o n  eng ine  was scre:; on heads.  

D e s c r i p t i o n  o f  Th i rd  Gene ra t ion  T e s t  Engine 

The expander on t h e  t h i r d  g e n e r a t i o n  eng ine  shown s c h e m a t i c a l l y  i n  F i g u r e  1 
f o r  a s o l a r  a p p l i c a t i o n  c o n s i s t s  o f  two v e r t i c a l l y  mounted p i s t o n - c y l i n d e r s  
o p e r a t i n g  i n  p a r a l l e l .  Each p i s t o n - c y l i n d e r  h a s  a s p r i n g  r e t u r n  i n l e t  v a l v e  
opened by a s p i k e  a t t a c h e d  t o  t h e  p i s t o n .  These v a l v e s  a r e  commonly r e f e r r e d  
t o  as "bash va lves" .  T h i s  v a l v e  d e s i g n  is a f i x e d  c u t o f f  t y p e  meaning a 
c o n s t a n t  volume o f  steam is admi t t ed  i n t o  t h e  c y l i n d e r  a t  t h e  t o p  o f  e a c h  
s t r o k e .  Power o u t p u t  from t.he eng ine  is c o n t r o l l e d  by v a r y i n g  t h e  b o i l e r  
p r e s s u r e  which a l s o  changes t h e  mass f l o w r a t e  i n t o  t h e  expander.  T h i s  t y p e  o f  
c o n t r o l  system r e q u i r e s  minimal t h r o t t l e  v a l v e  c o n t r o l ;  however, a p o s i t i v e  
d i s p l s ~ e m c n t  f eed  p u p  w i t h  s o l e n o i d  v a l v i n g  is r e q a ~ i r e d  t o  d e l i v e r  c o n t r o l l e d  
mass f low a t  v a r i a b l e  p r e s s u r e s .  Toward t h e  end o f  each  s t r o k e  o i l  is 
i n j e c t e d  d i r e c t l y  o n t o  t h e  p i s t o n  r i n g s  t o  minimize wear and l eakage  around 
t h e  r i n g s .  Tkie o i l  is a non-emulsifying o i l  which is a l lowed t o  f r e e l y  mix 
w i t h  t h e  stern a t  t h e  expander 5xhaus t .  The expander is a un i f low d e s i g n ,  
meaning t ~ a t  a t  t h e  end o f  each  s t r o k e  t h e  p i s t o n  uncovers  e x h a u s t  p o r t s  which 
a l low.  Lhe o i l / s t e a m  m i x t u r e  t o  p a s s  t h rough  t h e  f eedwa te r  h e a t e r  and on t o  
t h e  i r - coo led  condensers. After t h e  steam is  condensed t h e  o i l  and water are 
? ,?para ted  u s i n g  t h e  c e n t r i f u g e  which r e t u r n s  t h e  o i l  t o  t h e  expander  and t h e  
water t o  a n  open t o  atmosphere water  tank .  The p i s t o n  t y p e  f e e d  pump d e l i v e r s  
t h e  water from t h e  water t a n k  th rough  t h e  f eedwa te r  h e a t e r  and back t o  t h e  
b o i l e r .  



Test  R e s u l t s  

The t h i r d  genera t ion  engine  was t e s t e d  a t  expander i n l e t  temperatures  between 
39g°C (750°F) and 566oC ( 1,0500F) and a t  power l e v e l s  from 25 t o  80 
KWth inpu t .  E f f i c i e n c i e s  a s  h igh as 20% were measured, based on n e t  
e l e c t r i c a l  power d e l i v e r e d  t o  t h e  g r i d  d iv ided  by t h e  thermal inpu t  t o  t h e  
working f l u i d .  A l l  e l e c t r i c  power p a r a s i t i c s  were s u b t r a c t e d  from t h e  
a l t e r n a t o r  o u t p u t  t o  o b t a i n  t h e  n e t  e l e c t r i c  ou tpu t .  P re l iminary  d a t a  showing 
e f f i c i e n c y  v e r s u s  thermal inpu t  a r e  p l o t t e d  i n  F igure  2 a t  538% ( 1 ,OOO°F) 
expander i -n le t  temperatures  f o r  a 10:l expansion r a t i o .  These e f f i c i e n c i e s  
could be improved by adding i n s u l a t i o n  and m p a i r i n g  l e a k s  i n  t h e  condenser 
which c r e a t e d  a n  excess ive  expander back p ressure .  T e s t i n g  a t  a 14 t o  1 
expansion r a t i o  was i n i t i a t e d ;  however, t h e  d a t a  is no t  c u r r e n t l y  a v a i l a b l e .  
Engine s i m u l a t i o n s  p r e d i c t  improved e f f i c i e n c i e s  a t  t h i s  h igher  expansion 
r a t i o .  

Engine S o l a r  Appl ica t ions  

JCE complet.ed a p re l iminary  des ign s t u d y  e v a l u a t i n g  a JCE engine  mounted a t  
t h e  focus  o f  a p a r a b o l i c  d i s h  s o l a r  c o l l e c t o r  ( 5 ) .  The s tudy  determined t h a t  
f o r  a 15 KWe engine/ induct ion a l t e r n a t o r  u n i t ,  a s i n g l e  c y l t n d e r  expander 
was opt imal  f o r  a s imple  c y c l e  and two c y l i n d e r s  were opt imal  f o r  a r e h e a t  
cycle .  Maximum design i n l e t  steam temperatures  and p r e s s u r e s  were 677% 
( 1,2500F) and 17.2 MPa (2,500 p s i a  1. An engine  des ign  speed o f  3,600 RPM 
and maximum thermal i n p u t  o f  80 KWth was s e l e c t e d .  Under t h e s e  c o n d i t i o n s  a 
s imple  cyc le  and a c~mpound r e h e a t  c y c l e  had p red ic ted  t o t a l  power convers ion 
e f f i c i e n c i e s  ( the rmal - to -e lec t r i c )  o f  26 and 30 p e r c e n t ,  r e s p e c t i v e l y .  Th i s  
engine  would be e a s i l y  adap tab le  t o  a t o t a l  energy a p p l i c a t i o n  which would use  
t h e  high temperature  steam t o  g e n e r a t e  e l e c t r i c i t y  and t h e  100°C (212°F) 
exhaust  hea t  f o r  domestic,  commercial o r  i n d u s t r i a l  h e a t i n g  a p p l i c a t i o n s .  
Th i s  would i n c r e a s e  t h e  t o t a l  system e f f i c i e n c y  t o  a p p r o x i a a t e l y  90%. 

S e v e r a l  engine  mounting c o n f i g u r a t i o n s  a r e  p o s s i b l e  wi th  a JCE engine  on a 
p a r a b o l i c  d i s h  c o l l e c t o r .  The JCE approach desc r ibed  i n  t h e  s t u d y  would mount 
every th ing  except  t h e  condenser and t h e  o i l / w a t e r  s e p a r a t i o n  s t o r a g e  t ank  a t  
t h e  f o c a l  p o i n t  o f  t h e  d i sh .  Th i s  c o n f i g u r a t i o n  would have a d i s h  mounted 
weight of  297 KC (654 l b . )  and a t o t a l  weight o f  601 KG (1 ,323 l b . ) .  The 
condense- would be f i t t e d  wi th  a chimney t o  minimize p a r a s i t i c  f a n  power. 
Other mounting c o n f i g u r a t i o n s  might i n c l u d e  us ing  t h e  condenser a s  a coun te r  
weight f o r  t h e  concen t ra to r  o r  simply mounting every th ing  a t  t h e  focus.  
Freeze  p r o t e c t i o n  could be accomplished wi th  f l e x i b l e  f r e e z e  t a n k s ,  r e s i s t a n c e  
h e a t e r s  o r  a bur ied  water s t o r a g e  tank.  

Conclusion 

The JCE t h i r d  genera t ion  automotive engine  has  demonstrated t o t a l  power 
conversion e f f i c i e n c i e s  ( thermal t o  e l e c t r i c )  o f  approximate ly  20%. The 
engine  t e s t  d a t a  corresponds c l o s e l y  wi th  t h e  p red ic ted  d a t a  a t  s e v e r a l  
o p e r a t i n g  c o n d i t i o n s  which add c r e d i b i l i t y  t o  t h e  model. V e r i f i c a t i o n  o f  t h e  
engine  and model through t e s t i n g  i n d c a t e s  p red ic ted  26% s imple  c y c l e  and 30% 
r e h e a t  cyc le  thermal t o  e l e c t r i c  e f f i c i e n c i e s  a r e  ach ievab le  a t  6770C 
(1,250°F) f o r  15 KWe power l e v e l s .  The va lue  o f  t h i s  engine  i n  a s o l a r  
a p p l i c a t i o n  could be f u r t h e r  enhanced by us ing  t h e  100°C (2150F) exhaus t  
h e a t ,  t h u s  i n c r e a s i n g  t h e  t o t a l  system e f f i c i e n c y  t o  approximate ly  90%. 
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STEAM ENGINE RESEARCH FOR SOLAR PARABOLIC DISH 

Roger L. Demler 
F o s t e r - M i l l e r  A s s o c i a t e s ,  I n c .  

Waltham, Massachuse t t s  

ABSTRACT 

A s team eng ine  d e s i g n  and expe r imen ta l  program is e x p l o r i n g  t h e  e f f i c i e n c y  
p o t e n t i a l  o f  a small 25 kW compound r e h e a t  c y c l e  p i s t o n  eng ine .  An e n g i n e  
e f f i c i e n c y  o f  35 p e r c e n t  is e s t i m a t e d  f o r  a 700°C steam tempera tu re  from 
t h e  s o l a r  r e c e i v e r .  

BACKGROUND 

The p a r a b o l i c  d i s h  s o l a r  c o n c e n t r a t o r  p r o v i d e s  an  o p p o r t u n i t y  to  g e n e r a t e  
h i g h  g rade  energy  i n  a modular system. Most o f  t h e  c a p i t a l  c o s t  is p r o j e c t e d  
t o  b e  i n  t h e  2 i s h  and i t s  i n s t a l l a t i o n .  Assurance of  a  h i g h  p r o d u c t i o n  
demand o f  a s t a n d a r d  d i s h  c o u l d  l e a d  t o  d r a m a t i c  cost r e d u c t i o n s .  High 
~ r o d u c t i o n  volume i n  t u r n  depends upon maximum a p p l i c a t i o n  f l e x i b i l i t y  by 
p r o v i d i n g  energy  o u t p u t  o p t i o n s ,  e .g.  h e a t ,  e l e c t r i c i t y ,  chemica ls  and 
combinat ions  t h e r e o f .  S u b s e t s  o f  t h e s e  o p t i o n s  i n c l u d e  ene rgy  s t o r a g e  and 
combustion a s s i s t .  

I n d i v i d u a l  d i s h  mounted eng ine  g e n e r a t o r  sets r e p r e s e n t  a major  market  
o p p o r t u n i t y  . 
The Market 

P r o j e c t i n g  new p roduc t  market  p o t e n t i a l  i s  a r i s k y  b u s i n e s s .  Presuming 
s u c c e s s  i n  meeting system c o s t  and performance g o a l s ,  d i sh -eng ine  p r o d u c t i o n  
h a s  been s t u d i e d  i n  t h e  10,000 t o  100,000 r ange  o f  annua l  u n i t  volume. 

S e l e c t i o n  o f  t h e  b e s t  eng ine  t y p e  from among t h e  Brayton ,  S t i r l i n g  and 
Rankine engines  w i l l  have t o  w a i t  f o r  development r e s u l t s .  

The Steam Rankine Engine 

The p o s i t i v e  d i sp l acemen t  steam eng ine  is  a n  e x c e l l e n t  f i t  i n  t h e  component 
cha in .  High e f f i c i e n c y  a t  modera te  t empera tu re s  (55 t o  59 p e r c e n t  of  Ca rno t )  
y i e l d s  h igh  d i s h  and r e c e i v e r  e f f i c i e n c i e s  as w e l l .  Engine e f f i c i e n c y  is 
i n s e n s i t i v e  t o  l o a d  and ambient  v a r i a t i o n s .  A h i g h  e f f i c i e n c y  60 Hz alter- 
n a t o r  can  be d i r e c t l y  d r i v e n .  Waste h e a t  i s  a c c e s s i b l e  and a t  a  u s e f u l  
tempera ture .  Conkust ion a s s i s t  and thermal  s t o r a g e  c o u p l i n g  a r e  s t r a i g h t -  
forward.  

A l l  o f  t h e  hardware is c o n v e n t i o n a l  i n  m a t e r i a l s  o f  c o n s t r u c t i o n  and v i r t u a l l y  
a l r e a d y  mass p ~ d u c e d .  The needed r e s e a r c h  is l i m i t e d  to  t h e  d u r a b i l i t y  
development of t h e  h o t  c y l i n d e r ,  v a l v e s  and long term w a t e r  q u a l i t y  needs .  



DESIGN STUDY 

Two independent  s t eam eng ine  d e s i g n  s t u d i e s  were conducted  f o r  t h e  DQE para -  
b o l i c  s o l a r  d i s h  program managed by JPL. NASA LeRC as s o l a r  eng ine  consu l -  
t a n t s  c o n t r a c t e d  w i t h  Say C a r t e r  E n t e r p r i s e s  (1) and o u r s e l v e s ,  F o s t e r - M i l l e r  
A s s o c i a t e s  (FMTi) ( 2 )  f o r  p a r a m e t r i c  2nd p r e l i m i n a r y  d e s i g n s .  The r e s u l t s  
were ve ry  s i m i l a r  i n  concep t  and performance p o t e n t i a l .  

The system arrangement p l a c e s  t h e  h i g h  t empera tu re  and p r e s s u r e  eng ine  compo- 
n e n t s  i n  the shadow o f  t h e  r e c e i v e r .  The 60  Hz g e n e r a t o r  is d i r e c t l y  d r i v e n .  
An a tmospher ic  p r e s s u r e  condensor is  mounted. on t h e  ground and coo led  w i t h  a 
n a t u r a l  d r a f t  s t a c k .  FMA s e l e c t e d  a d r a i n  down sump b u r i e d  below t h e  frost 
l i n e .  The wa te r  boost/emergency r e c e i v e r  c o o l a n t  pump and e l e c t r o n i c s  a r e  
a l s o  a t  ground l e v e l .  

Compound expans ion  r e h e a t  c y c l e s  were chosen t o  maximize e f f i c i e n c y  ( F i g u r e  1) .  
One h igh  p r e s s u r e  c y l i n d e r  and m e  low p r e s s u r e  c y l i n d e r  were p r e d i c t e d  to be 
a s  e f f i c i e n t  a s  any o t h e r  combinat ion o f  c y l i n d e r  numbers. 

Performance Ana lys i s  

FMAl c ~ m b i n e d  w i t h  a c q u i s i t i o n  of t h e  eng ine  r e s e a r c h  group o f  S c i e n t i f i c  
Enerqy Systems, I n c . ,  has  developed a steam expander  p e r f c m a n c e  model. T h i s  
work ( 3 )  is  based  on 5,000 hour s  of  s team expander t e s t i n g  a t  a n  i n l e t  temper- 
a t u r e  o f  5400C. The impor t an t  concu l s ions  from this work were used t o  a n a l y z e  
t h e  p o t e n t i a l  o f  c y c l e  v a r i a t i o n s  matched t o  s p e c i f i c  expander  d e s i g n s  
(F igu re  2 ,  Table  1 ) .  

Trends of i n t e r e s t  a r e  t h e  in f l r l ences  o f  t empera tu re  and p r e s s u r e  r a t i o s .  
Xncreasinq i n l e t  t empera tu re s  r e s u l t  i n  i nc reas i t i g  e f f i c i e n c y  n e a r l y  propor-  
t i o n a l  t o  t h e  respec t i .de  Carnot  e f f i c i e n c i e s .  I n c r e a s i n g  p r e s s u r e  r a t i o s  
i n c r e a s e  s f f i c i e c c y  b u t  w i t h  l i t t l e  b e n e f i t  a t  t h e  h i g h e r  p r e s s u r e s .  The 
l i m i t i n q  f a c t o r s  a r e  t h e  o n s e t  of c y c l i c  h e a t  t r a n s f e r  i n  t h e  c y l i n d e r s  when 
t h e  h ighe r  expans ion  r a t i o s  d r i v e  t h e  e x h a u s t  t empera tu re  below t h e  i n l e t  
s team s a t u r a t i o n  t empera tu re  and i n c r e a s i n g  f r i c t i o n  l o s s e s  i n  t h e  l a r g e r  low 
p r e s s u r e  c y l i n d e r s  r e q u i r e d  to hand le  t h e  i n c r e a s i n g  e x h a u s t  volume. 

P re l imina ry  Design Study 

The s e l e c t e d  c y c l e  and d e s i g n  approach were matched t o  a r e h e a t  s team r e c e i v e r  
s t u d y  conducted by AiResearch.  The peak steam p r e s s u r e  and t e m p c ~ a t u r e  were 
s e l e c t e d  based on t-he demonst ra ted  p r o p e r t i e s  o f  s t a i n l e s s  s t e e l s .  ASME code  
p r o p e r t i e s  f o r  3 1 6 s  were judged to  b e  adequa te  b u t  Inco loy  ROOHI  a n  i r o n  
based  h i q h e r  a l l o y ,  i s  sugges t ed  as  a more cost e f f e c t i v e  m a t e r i a l  f o r  t h e  
h igh  p r e s s u r e  tub ing .  

The enq ine  s p e c i f i c a t i o n s  (Tab le  2 ,  F i g u r e  3 )  c a l l s  f o r  a l@w p i s t o n  speed ,  
30 Hz expander o f  moderate d i sp l acemen t .  Engine e f f i c i e n c y  o v e r  t h e  load  
r ange  exceeds  34 p e r c e n t .  

Four f e a t u r e s  o f  t h e  sys tem d e s i g n  are unproven. The f i r s t  i s s u e  is t h e  
v a l i d i t y  o f  t h e  performance model. The s u p p o r t i n g  d a t a  is d e r i v e d  from a 
lower t empera tu re  b u t  h i g h e r  s t a g e  p r e s s u r e  ra t io  engine .  The e x t r a p o l a t i o n  



FIGURE 1. ENGINE SCHEMATIC 



TAPLE 1. PARAMETRIC DESIGN DETAILS 

TABLE 2. PRELIMINARY DESIGN SPECIFICATiON ----- 
Tkw r y l i n d e r ,  o l y n v d ,  s i n q l r  t h r o w  c r a n k  
S i n o l c  act i ~ q  wit 11 C I O S S ~ P I ~ ~  

Cocn}nur~tl r x p a n x i o n  W I  t h  r c h r a t  
I n l - t  t r fqv - ra tu rn -  973K (1292F)  
Atnosphe t  i c  p r e s s u r e  t . o ~ d r n s  i n q  
I'olywt v a l v e s .  f r r d w a t c r  p r r s s u r e  ac - tun tcd  
W u n t r t f l o r :  3 t  c l r a r a n c c  w l m  
c ' . ~ r t u ~ ~  p l r t o n  r i n q s  ( n o  011 i n  s t e a m )  
s}wc,I:  hnn r a d i s  (1ROV rpml r m n l n a l  - a c t u a l  = 1840  rw 
S t r o k e :  CR m 0.67 i n . )  
P i s t o n  q w r d :  4 . 1  s 'a  (ROO f t / m l n )  

Des ign  
P o i n t  ---- 

21 
1 8 . 0  
l h . 0  (136)  

4 . 2  (602)  
163 ( 5 2 . 6 )  
25 .3  133.9)  
R 7 . 9  
15 .9  

' 42 .1  
31.0 

t l r r t r  i c  o u t p t t t ,  kWr 
Cu t -o f f  ( 8 )  
F l w  r a t e ,  9 1 s  ( I b / h r )  
S t a g e  I  WI., M r a  ( l b / l n . z )  
S t ag*  11 WI'. k r a  ( l b . ' ~ n . ~ )  
I ~ W  ( I t l r )  
Expander e l f  1 c . i r w y  ( 8 )  
Eng ine  e l f  1. l c n r y  ( 8 )  
A l t o r n n t u r  r f f  i r i r n t - y  
Net e i r c t r r r r l  e f f ~ ~ ~ c n c - y  ~ b )  



i a  done f r a n  b a s i c  p r i n c i p a l s  s t a r t i n g  from i n d i v i d u a l l y  measured l o s s e s  such 
a8 f r i c t i o n ,  p r e s s u r e  and h a a t  t r a n s f e r .  A s e n s i t i v i t y  a n a l y s i s  of each l o s s  
mechaniem i n d i c a t e s  t h a t  t h e  n e t  e f f i c i e n c y  is r a t h ~ r  fo rg iv ing .  The r e h e a t  
steam c y c l e  is uniquely fo rg iv ing  of i n t e r n a l  losoes  by v i r t u e  o f  i ts h igh ly  
r e g e n e r a t i v e  n a t u r e  ( r e h e a t  recovery and feedwater h e a t e r )  and low pumping 
power (15 percen t )  . 

. 'I' 

#: : 

The high steam temperatcre is unusual i n  a steam power system. F o s s i l  f u e l e d  
p l a n t s  are pr imari ly '  l i r a i t ed  by s u l f u r  cor ros ion  on t h e  a i r  s i d e .  I n t e r n a l l y ,  
steam t u r b i n e s  a r e  considered t o  be l i f e  l i m i t e d  by p a r t i c u l a t e  a ros ion  of t h e  
t r a n s o n i c  b lades  and low c y c l e  f a t i q u e  o f  t h e  massive r o t o r s .  The smal l  p i s t o n  
engine is r e l a t i v e l y  f r e e  o f  t h e s e  problems. A more s e v e r e  problem may be t h e  
long term water q u a l i t y  t h a t  can be  economically provided i n  t h e  f i e l d .  

'XWc des ign  cho ices  recolmneded f o r  development are dry  l u b r i c a t e d  p i s t o n  r i n g s  
and water  p r e s s u r e  a c t u a t e d  hydrau l ic  va lves .  O i l  l u b r i c a t e d  r i l tgs  have been 
proven i n  steam with  a 370°c f a c e  temperature i n  a 540°c expander. A similar 
environmen' could be obta ineu r o r  t h i s  des ign us ing t h e  hidden and cooled 
techniques  used i n  S t i r l i n g  engines  w i t h  p l a s t i c  r i n q s .  A v o i d a ~ c e  o f  o i l  
carryover  and cy l inder  coo l ing  i o s s e s  sugges t s  t h a t  d ry  1 - jb r ica t ion  is a 
va luab le  goal.  

S i m i l a r l y  t h e  va lve  a c t u a t i o n  system could be accomplished wi th  a cam and 
tappe t  system and/or a p i s t o n  opened bash va lve  on t h e  in take .  I t  was f e l t  
t h a t  performance, canp lex i ty ,  l i f e ,  apd s e a l i n g  w o ~ l d  a l l  b e n e f i t  from feed- 
water  p r e s s u r e  ac tua ted  p i s t o n s  on t h e  va lve  stems. 

EXPANDER RESEARCH 

FMA is s t a r t i n g  t o  test t h e  c r i t i c a l  expander f e a t u r e s  o f  t h e  p re l iminary  
des ign.  Funding i s  provided by DOE through a small bus iness  p r o q a m  f o r  
Innovat ive  Research on S o l a r  Thermal Power Systems ( 4 ) .  

A pro to type  compound expander following t h e  g e n e r a l  p r i n c i p a l s  and s i z i n g  
r e s u l t s  of t h e  study has  been b u i l t  t o  t e s t  c y l i n d e r  performance, dry  
( g r a p h i t e )  p i s t o n  r i n g s  and water ac tua ted  valves .  

The f i r s t  b u i l d  g r a p h i t e  p i s t o n  r i n g s  a r e  r e c t a n g u l a r  unbalanced snap types .  
P ressure  balancinq can be incorporated i n  l a t e r  b u i l d s  when b a s i c  p r e s s u r e  
v e l o c i t y  wear d a t a  is obta ined.  Other a l t e r n a t i v e  p i s t o n  s e a l i n g  methods 
such a s  hard on hard p a i r s  and c o n t r o l l e d  leakage o p t i o n s  can a l s o  be 
researched.  

The valve  a c t u a t i o n  method is  c u r r e n t l y  s u b j e c t  t o  Government p a t e n t  d i s c l o s u r e .  
I n  p r i n c i p a l  feedwater p r e s s u r e  o p e r a t e s  on a l t e r n a t e  s i d e s  of a p i s t o n  on 
t h e  va lve  stem. A mechanically d r i v e n  spool  v a l - ~ e  swi tches  t h e  water and is 
c l o s e  coupled t o  t h e  valve  ? i s t o n  t o  minimize l i n e  dynamics. Squeeze f i l m  
dampening i s  used on both  ends of t h e  va lve  s t r o k e  t o  c o n t r o l  impact v e l o c i t i e s .  

The expander des ign is intended t o  grow i n t o  a f i e l d  demonstration engine 
i f  t h e  resea rch  r e s u l t s  a r e  encouragrng. For example, the  crankcase  inc ludes  
complete balancing s h a f t s  and accessory d r i v e  s h a f t s .  
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SOLAR BRAYTON WGINE/ALTERNATOR SET 

L. Six and R. Elkina 
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ABSTRACT 

Garrett's work on the Mod 0 solar Brayton engine/alternator set is 
being redirected to utilize solarized components of the automotive 
advanced gas turbine (AGT) being developed by Ford and Garrett under 
contract to NASA. The new configuration is referred to as the Mod I. 
Commercialization of solar Brayton engines thus should be enhanced not 
only by relating the design to an engine expected to reach the high 
quantity, low cost production rates associated with the automotive 
market, but also by the potential the AGT components provide for 
growth of efficiency and power rating. This growth would be achieved 
through use of ceramics in later versions making operation possible at 
temperatures up to 2500°F. The longer program duration and higher 
cost of the Mod I is considered compatible with the extended schedule 
of the application and the system test program for which the Brayton 
engine/alternator set is first intended. Subject to fuading avail- 
ability, the initial solarized AGT should be under test by Nov 1981, 
and a complete Mod I engine/alternator set d=liverable approximately 
one year later. 

The Mod I will operate at 1500°F turbine inlet temperature (TIT). and 
produce 23 kw shaft output power at about 32 percent shaft efficiency. 
Growth versions incorporating ceramic parts will be capable of opera- 
tion at 2100 to 2500°F TIT and should develop 51 to 7; kw shaft power 
at efficiencies from 40 to 48 percent. 

INTRODUCTION 

This paper will report the status of the design, procurement and test 
effort by Garrett under NASA/DOE Contract DEN3-181. The purpose of 
this effort is to provide Brayton engine/alternator set hardware for 
demonstration of parabolic dish solar electric power modules. 

When conunercialized, the solar power modules will be the building 
blocks of dispersed solar power plants ranging in size from a few 
kilowatts to systems up to 10 megawatts. The concept of a dispersed 
power plant consists of combining the electrical output from the 
required number of identical solar power modules. The modules would 
be controlled from a conveniently located substation where any final 
power conditioning also would be performed. Each module would com- 
prise a concentrator, a receiver, and an engine/alternator (E/A) set 
sometimes referred to as a power conversion subsystem (PCS). The E/A 
set hardware being procured under Contract DEN3-181 is expected to be 



evaluated at JPLgr Parabolic Dish Test Site at Edwards Air Force Base, 
California. The E/A set will be part of an experimental solar power 
module that also includes a test bed concentrator m d  a Garrett so7ac 
receiver. 

Durinu the period from February to July of 1980 the analysis aSld 
design of the Mod 0 engine/alternator set was essentially completed. 
The resulting configuration which is shown in Figure 1 reflectabd the 
initial guiielines, a low risk approach with minimuq program cost and 
schedule. The Mod 0 design was based on use of the turbocompresssr 
f corn the GTP36-51, a high performance state-of -the-art gas tu~bir~e 
recently designed for producticn rates up to 1000 per year as an Army 
generator set, two GT601 truck gas turbine pr~duction configuratinn 
recuperator cores, acd an off-the-shelf Bendix 400 Hz alternator. At 
the lSOO°F TIT limitation, set by the intended use with a metallip 
solar receiver, the estimated Mod 0 shaft efficiency was 30 percent. 

Redirection of the contract effort to a Mod I design was initiated in 
July 1980 to replace the Mod 0 components with more advanced compo- 
nents designed with lower cost higher production rates in mind. The 
Mod I design selected by JPL includes solarized versions of the turbo- 
compressor and regenerator from the automotive advanced gas turbine 
(AGT) under development by Ford and Garrett on NASA Contract DEN3-167 
and a new permanent magnet alternator (PMA). This selection was made 
on the basis that these components would reduce the overall cost and 
schedule for achievin~ a commercialized Br ayton engine for the solar 
power market in the 1990's. 

This Mod I engine/alternator set (see Figure 1) will operate at 
1500°F and produce 23 kw of shaftpower at about 32 percent shaft effi- 
ciency in the initial metallic version. When ceramic AGT housings 
become available from the automotive program, the solarized version 
with a ceramic receiver should be capable of operation to 2100 to 
2500°F where the shaft output power and efficiency should be 51 to 71 
kw and 40 to 48 percent respectively. 

MOD I COMPONENTS 

Figure 2 illustrates the key design changes made to improve the com- 
mercialization potential of the Brayton engine generator set. The 
solarized GTP36-51 turbocompressor and GT601 truck recuperator cores 
were replaced by the solarized P.GT turbocompressor and regenerator. A 
comparison of some of the design features is made i r  Table 1. 
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Figure 3 illustrates other changes that were incorporated to upgrade 
the Mod 1 concept to more closely represent a commercialized configur- 
ation. The slab gearbox and off-the-shelf 400 Hz Bendix alternator 
were replaced with a direct driven permanent magnet alternator to be 
developed specifically for this solar application. The PYA will be 
designed to also perform as a synchronous starter motor when supplied 
with suitable power from a dual converter. The dual coq-.verter is so 
named because it also serves as the output power conditioning element, 
controlling and converting the alternator high frequency output to 
60 Hz ac during periods of power generation. This alternator start 
capability wiil eliminate the need for a separate starter such as the 
hydraulic starter, included for reasons of expediency, in the Mod 0. 

MOD I PERFORMANCE 

The range of possible maximum power design points for the Mod I engine 
is plotted on Figure 4 with two illustrative choices "A" and "B" 
identifi-d. When ceramic housinqs and a 17-meter dish become avail- 
able, the maximum rated shaft power can be 51 kw with the engine 
operating at 2100°F and 90,600 rpm, (Point "B"). At this desigr, 
point, the use of a gearbox will probably be required since the power 
delivered at engine shaft speed is too great for present day direct 
drive permanent magnet alternator technology. Initially, for use with 
the existing 1500°F metallic solar receiver and the 11- to 12-meter 
dishes, the engine design point (Point " A " )  will be 23 Rw and 80,200 
rpm. For reference, the Mod O design point (Point C) also is shown on 
the figure. 

The 80°F sea level design speed for Point "bn was chosen to allow 
adequate margin for operation at other ambier~t conditions. For 
instance, if the same enqine/alternator set were installed at 
5000 feet and operated on a clear hot day, the engine speed must 
increase to absorb the concentrator heat output from 90,600 rpm to 
approximately 100,000 rpm, which is the AGT turbocompressor design 
limit. 

Part -load characteristics of the Mod I engine corresponding to the two 
previously identified des'gn Points " A "  and "Be are shown on Figure 5. 
Currently, the part load control strategy is to hold the variable 
i?let guide vane (IGV) angle constact at about 20 degrees from full 
open for a 1500°F rating and reduce engine speed to match reduced 
thermal outputs from the solar concentrator and receiver. Note that 
this control strategy results in mu higher part load efficiency than 
does holding the speed constant. From Figure 5, it is apparent that 
the efficiency is essentially constant over the 100 to 50 percent 
part-load power range. 
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the Mod I concept to more closely represent a commercialized configur- 
ation. The slab gearbox and off-the-shelf 400 Hz Bendix alternator 
were replaced with a direct driven permanent magnet alternator to be 
developed specifically for this solar application. The PMA will be 
designed to also perform as a synchronous starter motor when supplied 
with suitable power from a dual converter. The dual converter is so 
named because it also serves as the output power conditioning element, 
controlling and converting the alternator high frequency output to 
60 Hz ac during periods of power generation. This alternator start 
capability will eliminate the need for a separate starter such as the 
hydraulic starter, included for reasons of expediency, in the Mod 0. 

MOD I PERFORMANCE 

The rang.; of possible maximum power design points for the Mod I engine 
is plotted cn Figure 4 with two most probable choices "A" and "B" 
identified. When ceramic housings and a 17-meter dish become avail- 
able, the maximum rated shaft power will be 51 kw with the engine 
operating at 2i00°F and 90,600 rpm, (Point "B"). At this design 
point, the use ~f a gearbox will probably be required since the power 
delivered at engine shaft speed is too great for present day direct 
drive permanent magnet alternator technology. Initially, for use with 
the existing 150G°F metallic solar receiver and the 11- to 12-meter 
dishes, the engine design point (Point " A " )  will be 23 kw and 80,200 
rpm. For reference, the Mod 0 design point (Point C) also is shown on 
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Point "Bn, the 80°F sea level design point for 2100°F, was chosen to 
ailow adequa~e margin for operation at other ambient conditions. For 
instance, if the same engine/alternator set were installed at 
5000 feet and operated on clear hot day,  the engine speed must 
increese to absorb the concentrator heat output from 90,600 rpm to 
approximately 100,000 rpm, which is the AGT turbocompressor design 
limit. 

Part-load characteristics of the Mod I engire corresponding to the two 
previously selected design Points "A" and "B" are shown on Figure 5 .  
Currently, the part load control strategy for the Mod I is to hold the 
variable inlet guide vane ( I G V )  angle constant at about 20 degrees 
from full open and reduce enqine speed to match reduced thermal out- 
puts from the solar concentrator and receiver. Note that this control 
strategy results in much higher part load efficiency than does holding 
the speed constant. From Figure 5, it is apparent that the efficiency 
is constant over the 100 to SO percent power range. 
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PROGRAM APPROACH AND SCHEDULE 

As shown on Table 2, the Mod I program has been structured to accom- 
modate vagaries of funds availability. Subject to go ahead in Janu- 
ary, 1981 funds remaining on the contract wi? ,c used to des+gn the 
solarized metallic AGT. As additional funds become available the 
solarized AGT wi'.l be fabricated and operated in the Garrett test 
laboratory, thus completing the first column of Table 2. Further 
funding will allow the balance of the Mod I engine/alternator set to 
be designed, fabricated and tested preparatory to shipment for evalua- 
tion at JPL's Parabolic Dish Test Site -t Edwards Air Force Base. This 
activity is defined in the second colum. of Table 2. Depending on the 
requirea?nts of future programs such as the EE-2a and the MX-RES, the 
design will be modified as indicated in the third column of Table 2 
with required quantities fabricated and delivered. 

SUMMARY 

In mid-year of CY 1980, requirements for the Brayton engine/alternator 
set hardware appeared to be slipping, and aJdit io:lal ,''evelopment funds 
appeared to be forthcoming. Therefore, redirection of the Mod 0 pro- 
g r a a  was initiated by JPL. The object of the redirection was to util- 
ize the added time and funds to upgrade the Mod 0 design to a Mod I 
configuration, allowing incorporation of design features that would 
enhance the ultimate commercialization of Brayton engine/alternator 
sets. The more important of these Mod I design features are summar- 
ized as follows: 

A low cost, high production rate automotive design 

0 A potential for growth to 40-48 percent shaft efficiency 

0 Apotentialfor growth to 51-71kwshaftpower 

The Mod I program has been restructured to provide for achievement of 
meaningful milestones consistent with the expected incremental nature 
of future funding. Two major milestones are now defined as follows: 

First test, solarized AGT - Ncvember 1981 
Delivery, first Mod I E/A Set - March 1983 

These milestones should be periodically reviewed to evaluate whether 
they are adequate and timely for requirements such as the EE-2a ar.1 
MX-RES . 



PROGRAM APPROACH AND SCHEDULE 

As shown on Table 2, the Mod I program has been structured to accom- 
modate vagaries of funds availability. Subject to go ahead in Janu- 
ary, 1981 funds remaining on the cc ltract will be used to design the 
metallic AGT solarization. As additional funds become available the 
solarized AGT will be fabricated and operated in the Gar ett test 

I 
laboratory, thus completing the first column of Table 2. Further 1 

funding will allow the balance of the Mod I engir,e/alternator set to 
be designed, fabricated and tested preparatory to shipment in 
March 1983 for evaluation at JPL's Parabolic Dish Test Site at f3wards 
Air Force Base. This activity is defined in the sec,onri column of 
Table 2. Depending on the requirements of future progrxms such as the 
EE-2a and the NX-FXS, the design will be modified as indicated in the 
third column of Table 2 with required quantities fabricated and 
delivered. As a first step toward design and building the third 
column units, additional analysis will be required to confirm the 
design or defin? the additional design modifications required in areas 
such as: 

o Durability for solar duty cycle 

Regenerator core and seals 
Ceramic housings 
Bearing life 

o Maintenance cost and sel' in9 price 

c Power rating and concentrator size for the 2100°F engine/ 
alternator set 

o Type of alternator and power conditioning equipment for 
higher power rating 

SUMMARY 

Toward the end of FY 1980, predicated schedule requirements fcr the 
Brayton engine/alternator set siipped, and additional development 
funds appeared to be forthcoming. Therefore, redirection of the Mod 0 
program was initia:ed by JPL. The objecc of the redirection was ta 
utilize tnc- time and exp~nditurcs necessary in upgrading the !-;.:od 0 
design to a Mod I configuration, and incorporating 2osign features 
that will enhance the ultimate commerzialisation of Brayton engine: 
alternator sets. The mnre important ~f these Mod I design featdres 
are sumrnar ized as follows: 

o A low cost, high production rate actomotive design 

o A potential for growth to 40-48 percent shaft efficiency 

o A potential for growth to 51-71 kw shaft power 
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FIRST PHASE TESTING OF SOLAR THERMAL ENGINE AT UNITED STIRLING 

WOR'Di PERCIVAL 
Technical Director 
United St irling Incorporated 

i1A.S-CUW NELVING 
Project Engineer, Concept Ar.alys i s 
United St irl ing , Sweden 

During 1980 United St irl ing of klmo, Sweden, (USS) has been under 
contract from the Jet I'ropulsion Laboratory, for the modification of 
one of their series of labratory test engines, known as the model 
4 -95  (formerly P401, for operation as a solar power plant in a 
par oolic dish concentrator. The engine with its receiver (solar heat 
exchanger), alternator and control system is to be installed on the 
Test Red Concentrator, located at the JPL Parabolic Dish Test Site 
3t Edwards, California, in June 1981 .  

Thc objective of the program is tci demonstrate that the Stirling engine 
is 3 practical, efficient and reliable energy converter when integrated 
with a parabolic dish concentrator, and that it has the potential of 
being cost competitive with fossil fueled electric generating systems 
of today. 

Also during 1979-1980, United Stirling has been supporting the 
Fairchild Stratos Division of Fairchild Industries in a team effort to 
design a "direct coupled" hybrid receiver for the 4-95  engine to be 
installed in the above mentioned test. It will pennit the engine to 
operate at constant load on either a "sular only" mode, or with a 
fossil fuel burner in a "combustion mode" during cloud cover or at night. 
llie receiver is being fabricated by Fairchild Stratos and is 'o be 
integrated with the engine by United Stirling and :he Advanco Corporation. 
The Stirling receiver activity (DSSR) is described in another paper at 
this Review. 

Recent studies have shown that a Dish/Stirling system employing mass 
produced components has the potential to produce electricity for 
5 0 - i 0  ml'_s/kWh and at a capital cost of under $1000/kW (1 ,2 ,3) .  Contri- 
buting to this is the relatively high thermal efficiency of the 
Stirling and its projected low selling price (4 ) .  The importance of 
thermal efficiency is related to the concentrator/engine production 
cost ratio. This ratio is not yet certain, h t  is believed to be 
between 2 . 5  and 4 .  Since concentrator mirror area is inversely propor- 
tional to thennal efficiency, power plant thermal efficiency has a 
leverage effect on overall system cost. 



UNITED STIRLING I N - W E  P K U W  

The Stirling engine being modified for the program has its mots in 
the USS developnt program going back to ls72 when the decision was 
made to concentrate all efforts on <:&le-acting four cylinder designs, 
rather than the classical displacer t m  engines. Double-acting engines 
have proven to be lighter, more canpact and less costly canpared to 
multi-cylinder displacer engines. 

In 1975 a new double-acting 40 kW engine was designed and first 
tested in 1976. It was originally termed the P40 but more recently 
designated the 4-95, having a displacement of 95 cc/cylinder. The design 
objective was to achieve a reliable experimental engine for the developnent 
of specific components such as the heater head (the high temperature 
heat exchanger receiving heat from an external source), piston rod 
seals, piston rings and control systems. In cabination with a require- 
ment of high cycle efficiency and high power density, this called for 
a concept with parallel cylinders placed in a square, a heater head 
with rotational synmtry, and a twin crank shaft drive unit. The 4-95 
cross-section is shown in figure 1. The involute heater head is seen 
in figure 2, and the engine on a dynamometer is shown in figure 3. 

EX~ERNAL MATING SYSTEM 

Figl. Cross-section 4-95 engine. 
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STAST OF SOLAR TEST I V 

Results of t es t ing  engine 3-95-021 with 3 standard involute heater ,  
figurc 2 ,  arc presented in the curves, f igure 5 ,  6.  To s m r i z e ,  i t  
can ht. noted that the engine power ,it 1800 rpm ranges from 20 kit' a t  
1 1  P I I h  t o  2- klV a t  15 b t h .  Auxiliaries include the  lube oi l  pump and 
the helium pump, which a r e  the only ones t o  be cngine driven a t  the 
Edwards Tcst S i tc .  The w t e r  pmp will  he a t  ground level  and i s  the 
rt-qmnsibi:itv of JPI.. 
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Engine thermal efficiency for solar applications is based on net heat 
into the heater, rather than on gross heat (fran fuel) as in automotive 
applications. The net heat value is the result af 2 measurements -- the 
overall brake thermal efficiency and the so-called "furnace" or external 
heat system efficiency, The latter is equal to: 

b' 

qb = external heat system efficiency 
dH = heat input from fuel and air 
Oea = heat losses in exhaust gases 
drad = heat losses through radiaiim 

e = overall brake thermal engine efficiency 
q s ~  = solar thermal efficiency 

Ihc tiiff~ci~ltv !ies in the accurate determination of the bracketed 
ten, whlch is the rcsult of measurements (temperatures in the exhaust 
gas insulated spaces of combustor) and calculations. However, the 
end rcsult is believcd tc be conservativc. The curves in figure h show 
the solar them1 efficiency ranging from 35% at 1 1  MPa to ?9% at 
I S  bPa, on helium. On hydrogen the efficiency at IS MPa is estimated to 
be 41%. 

The estimated pcrfomncc with the Falrchild hybrid receiver installed, 
in piilce of the preslmt involute heater, is shown in fiprc 7. The 
cfficicnc~c~ are lower by about ? percentage pints because the heater 
tubcs in the hyhr~d receiver are approximately 50% longer than for 
the standard heater, which casues higher internal flow losses. 

Coolant Temp. 50°C Nominal outer tube wall temp. 
Mean pressure 15 MPa 710°C 

He H2 

Max. power, kW 24 26 27 

Max. efficiency, O/O 36 38 40 

Fig?. I'rcdicted engine performance in a solar application. 
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fVlURE PLANS AND ADVANCED ENGINES 

United Stirling has a continuing program for improvement of cany01:ents 
md accessories for all engine designs. In particular, for solar designs, 
the extreme requirements for long unattended operat ion and time between 
overhaul, justifies further work to prolong the life of specific compnents, 
such as the piston rings. Progress is being made in this area. Present 
life of rings ranges from about 2500 to 4000 hours. 

In addition, the introduction of the ceramic receiver/heater head has 
the potential of substantially reducing the life cycle cost of the engine, 
as well as the need for strategic materials. 

At a working temperature of 1100 OC, ceramic camponents, such as a 
silicon carbide heater, will produce a 50% power increase and a 
thermal efficiency of about 49%. 

In some solar applications a sodium cooled solar receiver will be 
nciv:intagcw.-, espcc ial 1 y when thermal energy storage is incl Jed. 'he 
Stirling engine with a sodim heater head operates more efficiently 
since the heater tubes can be shorter and temperatures more uniform. 
Thermal efficiency increases about 3 p2rcentages points in a sodim 
heated engine at the same nominal tube temperature. 

Rased on a relatively low-risk developnent program, United Stirling 
believes that fclr solar applications engine time between major overhauls 
of 30,000 hours is achievable. 

1 .  R L Pons, "'The ;'c.rf( imce of Solar T h e m 1  Electric Power 
Systems Employl.lg Sma;l Heat Engines," ASME Paper 80-Pet-25, 
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2 .  J W Steams, et al, "Solar Stirling System Developnent," 
A. 1 .A.A. Terrestrial Energy Systems Conference, Paper No 
?9-1009, June 1979. 

3. V C Truscello, A N Williams, "The JPL Parabolic Dish Project," 
15th Intersociety Energy Conversion Engineering Conference, 
Paper ho 809346, August 1980. 

4 .  H R Fortgang, H F Mayers, "Cost and Price Estimate of Brayton 
and Stirling Engines in Selected Production Volms," JPL 
Pub1 icat ion 80-42, Report No DOE/JPL- 1060-35, May 1980. 



Session II 

RECEIVERS 
Session Chairman: W. Owen, ;PL 



NON-HEAT PIPE RECEIVER/P-4 0 STIRLING ENGINE 
,<, P~ , 

R. A. H a g l u n d ,  S e n i o r  P r o j e c t  E n g i n e e r  
F a i r c h i l d  S t r a t o s  D i v i s i o n  

M a n h a t t a n  B e a c h ,  C a l i f o r n i a  

ABSTRACT 

T h i s  p r o j e c t  w i l l  d e m o n s t r a t e  t h e  t e c h n o l o g y  f o r  a f u l l - u p  hy-  
b r i d  d i s h - S t i r l i n g  S o l a r  T h e r m a l  Power s y s t e m  b y  m i d  1 9 8 1  a t  
J P L ' s  Desert S o l a r  T e s t  F a c i l i t y  n e a r  L a n c a s t e r ,  C a l i f o r n i a .  
O v e r a l l  solar- to-electr ic  e f f i c i e n c y  f o r  t h e  d i s h - S t i r l i n g  s y s -  
t . 2 m  d e m o n s t r a t i o n  is a p p r o x i m a t e l y  30%.  H y b r i d  o p e r a t i o n  is 
p r o v i d e d  b y  f o s s i l  f u e l  c o m b u s t i o n  a u g m e n t a t i o n ,  w h i c h  e n ? S l e s  
t h e  S t i r l i n g  e n g i n e  t o  o p e r a t e  c o n t i n u o u s l y  a t  c o n s t a n t  s p e e d  
a n d  p o w e r ,  r e g a r d l e s s  o f  i n s o l a t i o n  l e v e l ,  t h u s  p r o v i d i n g  t h e  
c a p a b i l i t y  t o  o K r r a t e  o n  c l o u d y  d a y s  a n d  a t  n i g h t . .  

The Kon-Hea t -P ipe  R e c e i v e r / P - 4 0  S t i r l i n g  E n g i n e  s y s t e m  w i l l  b e  
i n s t a l l e d  a n d  o p e r a t e d  o n  t h e  JPL T e s t  Bed C o n c e n t r a t o r .  A 
25-kW d i r e c t - d r i v e n  i n d u c t i o n - t y p e  a l t e r n a t o r  w i l l  b e  m o u n t e d  
d i r e c t i y  t o  t h e  P-40 e n g i n e  to p r o d u c e  t o  a 60-Hz, 4 6 0 - 4 8 0 - v o l t  
o u t p u t .  

NON-HEAT PIPE RECEIVER DESIGN 

T h e  Non-Hea t -P ipe  R e c e i v e r  d e s i g n  is a  c a v i t y - t y p e  r e c e i v e r ,  a s  
i l l u s t r a t e d  i n  F i g u r e  1. The p r i m a r y  r e c e i v e r  s u r f a c e  is a  c o n -  
i c a l  p l a t e  w i t h  i n t e g r a l  p a s s a g e s  f o r  t h e  h e l i u m  w o r k i n g  f l u i d .  
The p a s s a Q e s  a r e  f o r m e d  b y  I n c o n e l  617 t u b e s  i m b e d d e d  i n  a  c o p -  
p e r  m a t r i x ,  w h i c h  i n  t u r n  is e n c a p s ~ l a t e d  i n  a n  l n c o n e l  6 1 7  
s h e e t .  The c o n e  is h e a t e d  b y  solar  i n s o l a t i o n  o n  t h e  s u r f a c e  
e x p o s e d  t o  t h e  r e c e i v e r  c a v i t y  ?nd  by c o m b u s t i o n  g a s  o n  t h e  b a c k  
s u r f a c e  a n d  t h e  r e g e n e r a t o r  t u b e s .  The r e c e i v e r  is  a t t a c h e d  
d i r e c t l y  t o  t h e  S t i r l i n g  e n g i n e  c y l i n d e r s  a n d  r e g e n e r a t o r  
h o u s i n g s .  

The  c o m b u s t i o n  s y s t e m  d e s i g n  is b a s e d  o n  h e a v y  d u t y  i n d u s t r i a l  
b u r n e r  t e c h n o l o g y ,  s c a l e d  to  t h e  s i z e  a n d  c o n £  i g u r a t i o n  r e q u i r e d  
t o  a s s u r e  r e l i a b l e  c o l d  s t a r t ,  s t a b l e  c o m b u s t i o n  o v e r  t h e  f u l l  
o p e r a t i n g  r a n g e  a n d  u n i f o r m  h e a t i n g  o f  t h e  h e a t e r  t u b e s  e x t e n d -  
i n g  f r o m  t h e  u n d e r s i d e  o f  t h e  c o n e  t o  t h e  e n g i n e  r e g e n e r a t o r  
m a n i f o l d s .  The c @ r n b d s t i o n  a i r ,  p r c v l d e d  b y  a n  electric-motor- 
d r i v e n  c o n s t a n t  s p e e d  b l o w e r ,  is d i r e c t e d  t h r o u g h  a p r e h e a t e r  
i n t o  t h e  c o m b u s t i o n  c h a m b e r ,  w h i c h  c o n t a i n s  e i g h t  i n t e g r a l l y  
c a s t  v e n t u r i e s ,  o r i e n t c d  t o  p r o d u c e  a s w i r l i n g  f l o w  f i e l d  i n s i d e  
t h e  c o n b u s t  ior .  c h a m b e r ,  p r o v i d i n g  s u f f i c i e n t  r e s i d e n c e  time to  
c o m p l e t e  c o m b u s t i o n  a n o  u n ~ t o r m  c o m b u s t i o n  g a s  t e m p e r a t u r e  
u p s t r e a n ,  o f  t h e  h e a t e r  t u b e s .  F u e l  is  i n t r o d u c e d  t h r o u g h  a je t  





l o c a t e d  i n s i d e  e a c h  v e n t u r i .  Direct e l e c t r i c  s p a r k  i g n i t i o n  and  
f l a m e  s e n s i n g  is p r o v i d e d .  The f l a m e  s e n s i n g  s u b s y s t e m  c a u s e s  
t h e  main f u e l  v a l v e  t o  close a u t o m a t i c a l l y  i n  t h e  e v e n t  o f  
f l a m e - o u t .  A u t o m a t i c  r e s t a r t  is p r o v i d e d .  

P e r f o r m a n c e  G o a l s  

The  f o l l o w i n g  p e r f o r m a n c e  g o a l s  h a v e  b e e n  i d e n t i f i e d  by  JPL f o r  
t h e  Non-Heat-Pipe R e c e i v e r  d e s i g n :  

C o n c e n t r a t o r  diameter ( a c t i v e )  

Geometric c o n c e n t r a t i o n  r a t i o  

Peak i n s o l a t i o n  (1 kw.m2) 

C o n c e n t r a t o r  e f f i c i e n c y  ( c l e a n )  

T o t a l  e r r o r  ( s l o p e  p l u s  p o i n t i n g )  

F o s s i l  f u e l  c o m b u s t o r  p e a k  i n p u t  t o  h e l i u m  

Combustor  t u rndown  r a t i o  

Working f l u i d  t e m p e r a t u r e  ( h e l i u m )  

Peak e n g i n e  p r e s s u r e  ( h e l i u m )  1 7  Mpa t o  
2 C  Mpa 
( 2 5 0 0  t o  
3000 p s i )  

The e x p e c t e d  t h e r m a l  e f f i c i e n c y  o f  t h e  r e c e i v e r  is  90  p e r c e n t  
a n d  8 5  p e r c e n t  a t  650°C ( 1 2 0 0 ° F )  and  815OC ( 1 5 0 0 ° F )  h e l i u m  t e m -  
p e r a t u r e  r e s p e c t i v e l y .  

P rog ram S t a t u s  

The r e c e i v e r  h a s  b e e n  completed and  d e l i v e r e d  to  JPL f o r  f u r t h e r  
t e s t  a n d  e v a l u a t i o n  p r i o r  t o  s h i p m e n t  t o  U n i t e d  S t i r l i n g  f o r  en -  
g i n e  i n t e g  : a t i o r  tes ts .  Combus t ion  and  h e a t  t r 6 n s f e r  tests h a v e  
b e e n  c o n d u c t e d  a t  F a i r c h i l d  S t r a t o s  D i v i s i o n  i n  M a n h a t t a n  Beach ,  
C a l i f o r n i a  and  were c a r r i e d  o u t  j o i n t l y  by JPL ,  F a i r c h i l d  and  
t h e  1 n s t i t u : e  o f  Cas  Techno logy .  T e s t  o b j e c t i v e s  i n c l u d e d  e v a l -  
u a t i o n  and  d e m o n s t r a t i o n  o f  c o l d  s t a r t ,  c o m b u s t i o n  s t a b i l i t y  a n d  
e n e r g y  r . ? l e a s e  a t  v a r i o u s  power l e v e l s ,  c o m b u s t  i o n  a i r  p r e h e a t ,  
p r e s s u r e  d r c p ,  f u e l / a i r  r a t i o s  and  h e a t  t r a n s f e r .  R e l i a b l e  c o l d  
s t a r t  p e r f o r m a n c e ,  f u l l  d e s i g n  o u t p u t  power and  tu rndown  c a p a -  
b i l i t y  have  b e e n  d e m o n s t r a t e d .  The g e n e r a l  a r r a n g e m e n t  o f  t h e  
c o m b u s t i o n  t e s t  is i l l b s t r a t e d  i n  F i g u r e  2. 





HEAT PIPE SOLAR RECEIVER WITH THERMAL ENERGY STORAGE 

W.P. Z i m r m a n  
Advanced Energy Programs Department 

General E l e c t r i c  Co. 
Evendale, Ohio 

ABSTRACT 

A h e a t  pipe s o l a r  r e c e i v e r  (HPSR) S t i r l i n g  engine genera to r  system f e a t u r i n g  
l a t e n t  hea t  thermal energy s t o r a g e ,  e x c e l l e n t  thermal s t a b i l i t y  and s e l f  reg- 
u l a t i n g ,  e f f e c t i v e  thermal t r a n s p o r t  a t  low system A T  i s  d e s c r i b e d .  The sys-  
tem has  been supported by component technology t e s ~ i n g  o f  h e a t  p ipes  and of 
thermal s to rage  and energy t r a n s p o r t  models which d e f i n e  the expected perform- 
ance of the system. Pre l iminary  and d e t a i l e d  d e s i g n  e f f o r t s  have been completed 
and manufacturing of HPSR components has begun. The modi f i ca t ion  of a  S t i r -  
l i n g  engine f o r  opera t ion  on condensing sodium vapor is  requ i red  dur ing  1981 
i n  o rde r  t h a t  the system can be committed t o  a  s o l a r  t e s t  a t  an e a r l y  d a t e .  
Addit ional  developments w i l l  inc lude the l a t e r  d e s i g n ,  c o n s t r u c t i o n  and t e s t  
of a  flame impingement combustor which can be d i r e c t l y  added t o  the e x i s t i n g  
system without major m o d i f i c a t i o n s .  A progress ive  development of t h i s  f i r s t  
prototype toward low c o s t ,  mass product ion hardware i s  expected f o r  wide s o l a r  
a p p l i c a t i o n s .  

SYSTEM DESCRIPTION 

The hea t  pipe s o l a r  r e c e i v e r  wi th  TES (HPSR) i s  a  h igh e f f i c i e n c y  s o l a r  r e -  
c e i v e r  and thermal s t o r a g e  system f o r  use a s  p a r t  of a se l f -con ta ined  15-25 
kWe S t i r l i n g  engine power convers ion system loca ted  a t  the  foca l  po in t  of a  
pa rabo l i c  d i s h  concen t ra to r  and opera t ing  a t  an engine  temperature of-152o0F. 
Its unique fea tu re  i s  the e f f i c i e n t  c o l l e c t i o n ,  t r a n s p o r t ,  s t o r a g e  and r e -  
t r i e v a l  of s o l a r  energy through the use of h igh temperature sodium hea t  p ipes  
and NaF-MgF2 l a t e n t  hea t  s t o r a g e .  

The concept of hea t  flow i n  the system and a  conceptual  des ign  of an advanced 
development system a r e  shown i n  Figures 1 and 2 .  The four teen  primary hea t  
p ipes  i n  the r e c e i v e r  d e l i v e r  hea t  through a  bulkhead i n t o  a  l a r g e  secondary 
heat  pipe con ta in ing  ( 1 )  73 c a p s u l e s ,  each 2 inches  i n  d iameter  and 33 inches  
i n  length  and con ta in ing  the  e u t e c t i c  f l u o r i d e  TES s a l t ,  ( 2 )  a  s h e l l - s i d e  hea t  
exchanger su r face  t o  accept  h e a t  from an e f f i c i e n t  flame impingement combus t o r  
and (3 )  the hea t  exchanger tubes of  a  S t i r l i n g  e n g i ~ e .  The primary h e a t  p ipes  
t r a n s f e r  heat  i n  one d i r e c t i o n  only  t o  prevent h e a t  Jess from the  'I'ES. Heat 
t r a n s f e r  i n  the secbndary h e a t  pipe i s  e f f e c t e d  i n  a   ear-isothermal manner by 
sodium vapor thermal t r a n s p o r t  without pumps, v a l v e s ,  c o n t r o l s  o r  flow sen- 
s o r s ;  the h o t t e r  s u r f a c e s ,  such a s  the primary h e a t  p i p e ,  condensers o r  the 
combustor hea t  exchanger r e j e c t  hea t  and the c o l d e r  s u r f a c e s ,  where hea t  is 
being e x t r a c t e d ,  accept  hea t  a t  near- isothermal  temperatures .  Di f fe rences  i n  
equ i l ib r ium vapor p ressure  w i t h i n  the system provide the  d r i v i n g  f o r c e .  Thus 
the system i s  s e l f  r e g u l a t i n g  i n  t h a t  the hea t  flow i n t o  and ou t  of the system, 
the  s to rage  o f  energy i n  the l a t e n t  heiit s a l t  and the  p rov i s ion  of hea t  t o  



t h e  e n g i n e  a r e  b a s e d  upon minor  t e m p e r a t u r e  d i f f e r e n t i a l s  o c c a s i o n e d  by t h e  
o p e r a t i o n  o f  t h e  s y s t e m  i t s e l f .  S imple  t e m p e r a t u r e  i n s t r u m e n t a t i o n  w i t h i n  t h e  
i so the rma!  s e c o n d a r y  h e a t  p i p e  c a n  i n d i c a t e  t h e  s u b c o o l i n g  o r  s u p e r h e a t i n g  o f  
t h e  TES; t h e  t e m p e r a t u r e  s o u r c e  f o r  o p e r a t  i o n  o f  t h e  e n g i n e  r e m a i n s  r e l a t i v e l y  
s t a b l e  v a r y i n g  o n l y  w i t h  t h e  h T r e q u i r e d  t o  e x t r a c t  h e a t  f rom t h e  l a r g e  s u r -  
f a c e  a r e a  o f  TES m a t e r i a l  a t  low h e a t  f l u x  l e v e l s .  

The s m a l l  a p e r t u r e  o f  t h e  r e c e i v e r  r e d u c e s  c o n v e c t  i o n  anu r e r a d i a t i o n  l o s s e s  
which r e s u l  t s  i n  h i g h  r e c e i v e r  e f f i c i e n c y .  

The p roposed  f l ame  impingement c o m b u s t o r  o n  t h e  TES s h e l l  f e a t u r e s  a h i g h  g a s -  
s i d e  h c a t  t r a n s f e r  c o e f f i c i e n t  a p p r o a c h i n g  120 ~ t u i h r - f  t 2 - 0 ~ ;  sod ium-s ide  h e a t  
t r a n s f e r  c o e f f i c i e n t s  a r e ,  o f  c o u r s e ,  o r d e r s - o f m a g n i t u d e  h i g h e r .  The t e c h -  
n o l o g y  o f  f l ame  impingement c o m b u s t o r s  h a s  b e e n  w e l l  advanced  by Rasor  Asso-  
c i a t e s *  t h r o u g h  t h e  developtilent o f  l a r g e  t h e r m i o n i c  c o n v e r t e r s  and t h r o u g h  
d e m o n s t r a t e d  improvement< i n  c o m b u s t o r s  f o r  S t i r l i n g  e n g i n e s  u s i n g  s i l i c o n  
c a r b i d e  c e r a m i c  m a t e r i a l s  and advanced  impingement  c o m b u s t o r  d e s i g n  t e c h -  
,I i q u e  s . 

O t h e r  f e a t u r e s  o f  t h e  advanced  HPSR c o n c e p t  i n c l u d e  t h e  f o l l o w i n g .  F i r s t ,  t h e  
a l l - s t a i n l e s s - s t e e l  c o n s t r u c t i o n  made p o s s i b l e  ( 1 )  by  t h e  u s e  o f  d i s h e d  h e a d s  
on  i h e  s e c o n d a r v  h e a t  p i p e s  t o  min imize  t h c  s t r e s s e s  from v e r y  low d i f f e r e n -  
t i a l  p r e s s u r e  w i t h i n  and o u t s i d e  t h i s  h e a t  p i p e  and ( 2 )  by t ' e  u s e  o f  s e c -  
t i o n e d - s t i f f e n e d  s t a i n l e s s  s t c e l  fo rward  and a f t  s a l t  c a p s u l e  s u p p o r t  p l a t e s  
t o  c a r r y  a x i a l  l o a d s  from t h c  s a l t  c a p s u l e s .  S e c o n d ,  t h e  d e v e l o p m e n t  o f  r e -  
duced w i c k i n g  r e q u i r e m e n t s  f o r  s u p p l y i n g  sod ium w i t h  t h e  TES. T h i r d ,  i m -  
provement i n  S t i r l i n g  e n g i n e  e f f i c i e n c y  from 3 9 . 6 2  t o  a b o u t  43X by e n g i n e  
h e a t e r  head r e d e s i g n  t o  t a k e  a d v a n t a g e  o f  improved sod ium h e a t  t r a n s f e r  c o -  
e f  f i c i e n t s  a t  t h e  h e a t e r  t u b e s .  T h i s  l a t t e r  improvement i n  t u r n ,  d e c r e a s e s  
s o l a r  c o l l e c t i c , n  c o s t s ,  improves  TES s t o r a g e  t i m e  f o r  e q u i v a l e n t  w e i g h t  and 
c o s t  and r e s u l t s  i n  less  COE s e n s i t i v i t y  t o  i n c r e a s e  i n  f u e l  c o s t  f o r  t h e  
c o m b u s t o r  a s s i s t e d  s y s t e m .  The g e n e r a l  e f f e c t s  o f  t h e s e  e x p e c t e d  c h a n g e s  i n  
e f f i c i e n c y  and o f  t h e  v a l u e  o f  T E S  i n  i n c r e a s i n g  t h e  r a t i o  o f  s o l a r - t o - f o s s i l  
f u e l  u t i l i z a t i o n  a r c  s h o r n  i n  F i g u r e  3 ;  r e s u l t s  a r e  b a s e d  upon s y s t e m  p e r -  
formance and rconomic  a n a l y s i s  o v e r  a  one  y e a r  p e r i o d  o f  s i m u l a t e d  s o l a r  o p e r -  
a t i o n  of  h y b r i d  S t i : l i n g  s o l a r  s y s t e m s .  

The t e c h n o l o g y  o f  t h e  HPSR is  based  upon w e l l - f o u n d e d  h c a t  p i p e  and l a t e n t  
h e a t  s t o r a g e  d a t a  and e x p e r i e n c e  and upon r e l a t e d  h e a t  p i p e  and l a t e n t  h e a t  
s t o r a g e  d e v e l o p m e n t s  f o r  s p a c e  a p p l i c a t i o n s .  I n  a d d i t i o n ,  and s p e c i f i c  t o  t h e  
p r e s c n t  p rogram,  t h e  p r i m a r y  h e a t  p i p e  h :~vc  been  e x p e r i m e n t a l l y  t e s t e d * *  
i n  a l l  o p e r a t i n g  a t t i t u d e s  a s  i n d i c a t e d  i n  F i g u r e s  4 and 5 .  

"E. J .  R r i t t  . Rasor  ~ G o c i a t e s ,  I n c . ,  S u n n y v a l e ,  C A .  94086 ,  P r i v a t e  Commun- 
i c n t  i o n ,  O c t o b e r ,  1980 .  

**Divakarun i ,  S .M. ,  "Heat P i p e  Des ign  C o n f i r m a t i o n  T e s t i n g " ,  DOE/JPL, 
1060-27,  GEAEP-55, Sep tember  25 ,  1 9 7 9 .  Sce a l s o  Zinunerman, W.F. ,  
D i v a k a r u n i ,  S.M. and Won, Y . S . ,  "Sodium Heat  P i p e  LJse i n  S o l a r  S t  i r l i n g  
Power C o n v e r s i o n  Sys tems1 ' ,  ASME 80-C2/S06-13 p r e s e n t e d  a t  ASME C e n t u r y  
2  C o n f e r e n c e ,  San F r s n s i s c o ,  August 10-21 - l 9 8 0 .  



A modular TES exper iment  f e a t u r i n g  a  s i n g l e  primary h e a t  p ipe  and a  secondary  
h e a t  p ipe  c o n t a i n i n g  t h r e e  s t a n d a r d  d e s i g n  s a l t  c o n t a i n e r s  and a h e a t  e x t r a c -  
t i o n  c o i l  t o  s i m u l a t e  t h e  S t i r l i n g  eng ine  h a s  been d e s i g n e d ,  b u i l t  and testec! 
a t  i n i t i a l  d e s i g n  h e a t  f l u x  c o n d i t i o n s  on t h e  TES s a l t  c o n t a i n e r s .  T h i s  
modular t e s t  a ? p a r a t u s  was o p e r a t e d  s u c c e s s f u l l y  a t  a l l  o p e r a t i n g  a n g l e s  i n  
v a r i o u s  modes o f  c h a r g i n g ,  d i s c h a r g i n g ,  d i r e c t  h e a t  through-put  and mixed 
modes o f  o p e r a t i o n .  The t e s t  i n d i c a t e d  t h e  e x c e l l e n t  thermal  i n e r t i a  o f  t he  
sys tem ( l e s s  t han  2OFfmin. o u t s i d e  t h e  l a t e n t  h e a t  r a n g e ) ,  low A T a c r o s s  h e a t  
p i p e s  and i so the rma l  o p e r a t i o n  o f  t h e  secondary  h e a t  p i p e .  The components o f  
t he  sys tem and a  t y p i c a l  TES c h a r g i n g  cu rve  a r e  shown i n  F i g u r e s  6 and 7 .  

The above expe r imen ta l  e f f o r t  h a s  c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  demonstra-  
t i o n  o f  t h e  v a l i d i t y  and expec t ed  performance demons t r a t i on  o f  t h e  thermal  
t r a n s p o r t  and s t o r a g e  c o n c e p t .  

SYSTEM DES I G N  

During t h e  p a s t  months a  p r e l  iminary  d e s i g n  h a s  been s u b m i t t e d ,  mod i f  i c a t i o n s  
i n  t h a t  p r e l i m i n a r y  d e s i g n  have been made t o  accommodate, a t  a l a t e r  d a t e ,  t h e  
a d d i t i o n  of  t he  flame impingement combustor t o  t h e  TES s h e l l  and a  f i n a l  de-  
t a i l e d  d e s i g n  has  been p repa red .  This  f i n a l  d e s i g n  of  a sys tem u s i n g  s United 
S t i r l i n g  P40 eng ine  and a  25 kWe i n d u c t i o n  g e n e r a t o r  i s  shown i n  F igu re  S .  
Sodium wicking  i s  i nc luded  i n s i d e  t h e  TES s h e l l  t o  pe rmi t  i n t e r n a l  h e a t  t r a n s -  
f e r  from the  flame impingement combustor ,  which can  be added a t  a  l a t e r  d a t e .  
Other  TES wicking i n c l u d e s  a r t e r i a l  wicks which p rov ide  l i q u i d  sodium from a  
pool i n  t h e  lower forward p a r t  o f  t h i s  l a r g e  h e a t  p i p e ;  t h e s e  wicks  feed wi re  
wicks on t h e  s u r f a c e s  of t he  primary h e a t  p ipe  condense r s  and on the  lower 
h a l f  o f  t h e  TES s a l t  c o n t a i n e r s .  The upper  h a l f  o f  t h e  s a l t  c o n t a i n e r s  a r e  
s u p p l i e d  w i th  sodium by g r a v i t y  r e t u r n  from t h e  eng ine  through a  d i f f u s i o n  
bonded a r t e r i a l  wick a t  t h e  r e a r  s a l t  c o n t a i n e r  suppor t  p l a t e  and ,  t h e n c e ,  
a long  wi re  wicks on t h e  s a l t  c o n t a i n e r s .  F igu re  9  shows t h e s e  d e t a i l s .  

The key c h a r a c t e r i s t i c s  of  t h e  p r o t o t y p e  d e s i g n ,  on which manufac tu r ing  work 
h a s  j u s t  begun, i s  shown i n  Table  1 .  With about  0 . 8  hour s  o f  l a t e n t  and sen-  
s i b l e  h e a t  s t o r a g e  t h e  e n t i r e  sys tem should  weight  about  2900 pounds. Higher  
engine  and system e f f i c i e n c i e s  t h a n  those  shown should  be ach i eved  w i t h  t he  
m o d i f i c a t i o n  o f  t he  P40 eng ine  h e a t e r  head f o r  o p e r a t i o n  on condens ing  sodium 
vapor .  

FUTURE EFFORTS 

During the  coming months t he  f i r s t  p ro to type  w i l l  be f a b r i c a t e d  f i L l e d  w i t h  
sodium, t he rma l ly  c o n d i t i o n e d  t o  a s s u r e  t h a t  a l l  t h e  a r t e r i a l  wicks a r e  f i l l t d  
and t h e  c a p i l l a r y  wicks a r e  s a t u r a t e d  w i t h  l i q u i d  sodium, t h e  sys tem w i l l  be  
sh ipped  t o  Edwards A i r  Force Base i n  l a t e  summer 1981 f o r  i n s t a l l a t i o n  and 
s o l a r  t e s t  on t h e  T e s t  Bed C o n c e n t r a t o r .  A key e lement  i n  t h e  assembly and 
o p e r a t i o n  of  t h i s  sys tem i s  t he  a v a i l a b i l i t y  o f  sodium h e a t e r  head v e r s i o n  of 
t h e  P40 S t i r l i n g  eng ine  which i s  t o  be s u p p l i e d  by J P L  f o r  assembly w i t h  t h e  
HPSR p r i o r  t o  sodium f i l l i n g .  Work h a s  n o t  s t a r t e d  y e t  on t h e  m o d i f i c a t i o n  
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ABSTRACT 

The AiResearch Ma:ufacturing Company is under contact t o  the  J e t  Propulsion 
Laboratory (JPL) t o  manufacture prototype Brayton rece ivers  f o r  t he  Parabolic 
Dish Solar Thermal Power Systems Project.  This paper summarizes the  work 
accomplished in the  program and describes t he  JPL t e s t i n g  of t he  receiver  
at the  Parabolic Dish Test S i t e ,  Edwards AFB, Cal i fornia .  

INTRODUCTION 

In June 1979, The AiResearch Manufacturing Company received a contract  from 
the J e t  Propulsion Laboratory (JPL) fo r  t he  design and fabr ica t ion  of two groto- 
type a i r  Brayton so l a r  receivers  (ABSR'S) a s  par t  of the  Parabolic Dish S o l a r .  
Thermal Power Systems Project  directed by JPL and sponsored by the Department 
of Energy. These prototypes a r e  designed t o  receive 85-kW thermal inso la t ion  
a t  the  focal  plane of a parabolic dish concentrator and t r a n s f e r  t h a t  energy 
i n t c  the f l ~ i d  stream of an open, regenerated, Brayton-cycle system. I n i t i a l  
receiver  evaluation t e s t i n g  i s  now being conducted by JPL, u t i l i z i n g  the t e s t  
bed concentrator developed f o r  t h i s  type of a c t i v i t y  a t  the  Parabolic Dish Test 
S i t e .  Following t h a t  evaluat ion,  the prototypes w i l l  be ava i lab le  fo r  incor- 
poration in to  a demnst ra t ion  of t he  Brayton cycle. 

This paper describes the r e s u l t s  of the program from i ts  inception through 
December 1980. The f i r s t  sect ion w i l l  b r i e f l y  describe the  design requirements, 
~ ~ n c e p t ,  and s ign i f i can t  ana lys is  upon which the rece iver  is based. Section 
two w i l l  describe the  fabr ica t ion  processes t h a t  have been u t i l i z e d  i n  the  con- 
s t ruc t ion  of the prototype receivers  now a t  the t e s t  s t a t i on .  Section t h r e e ,  
the  concluding sec t ion ,  describes the t e s t  and evaluation phase underway a t  
the Parabolic Dish Test S i t e .  

DESIGN REQUIREMENTS, CONCEPT, AND ANALYSIS 

The design requirements f o r  t !~e  ABSR were prepared by JPL, based upon i ts 
appl icat ion as the  heat source i n  a gas t u r t i n e  engine system. The system 
schematic i s  shown i n  Figure 1. The so l a r  input is 85 kW. The energy is con- 
centrated a t  the receiver  aper ture  by an l l -n  parabolic dish that h a  s foca l  
length of 6.6 m and an assumed slope e r ro r  of between 1 and 2 mil l i radians.  
This energy i s  used t o  heat the  a i r  of the recuperated open-cycle gas turb ine  
engine from 565' t o  8 1 6 ' ~  (1049' t o  1500 '~ ) .  The operat ing air  pressure is 
225.5 kPa (36.75 p s i a )  and t he  pressure drop of the  rece iver  is 2.5 percent 
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FIGURE :. BRAYTON SYSTEEl SCHETlATIC 

AF/P. T r a n s i e n t  a n d  o f f - d e s i g n  c o n d i t i o n s  are c o n s i s t e n t  w i t h  gas t u r b i n e  
o p e r a t i o n .  T h e  un i t .  w i l l  b e  m u n t e d  a t  t h e  f o c a l  p i n t  o f  t h e  c o n c e n t r a t o r  
a n d  w i l l  b e  exposed  t o  t h e  a m b i e n t  a t  t h e  test  s i t e .  A s  a c o n s e q u e n c e ,  t h e  
s p e c i f i e d  e n v i  ronmentu l  c o n d i t i o n s  are f o r  a h i g h - d e s e r t  e n v i r o n m e n t ,  i n c l u d i n g  
ambien t  t e m p e r a t u r e s  k ,- .en -18" and  51.7"C ( 0 "  a n d  l 2 5 " ~ ) ,  a n d  wind g u s t s  t o  
58 km/h (36  mph) w i t h  s a n d  and  d u s t .  

The  ABSR c o n c e p t  d e v c l o p e d  f o r  t h i s  a p p l i c a t i o n  u s e s  d i r e c t  a i r  h e a t i n g .  
S o l a r  f l u x  p a s s e s  t h r o u g h  a n  a p e r t u r e  l o c a t e d  o n  t h e  c o n c e n t r a t o r  f o c a l  p l a n e  
and f a l l s  u p n  t h e  i n t e r i o r  s u r f a c e s  o f  a c l o s e d  c y l i n d e r  whose a x i s  i s  l o c a t e d  
o n  t h e  c o n c e n t r a t o r  c e n t e r  l i n e .  The c y l i n d e r  c o n t a i n s  a x i a l  f low p a s s a g e s  
t h a t  b r i n b  t h e  a i r  d i s c h a r g i n g  from t h e  r e c u p e r a t o r  i n t o  c o n t a c t  w i t h  s o l a r -  
h e a t e d  s u r f a c e s .  Heat t r a n s f e r  i n  t h e  f low p a s s a g e s  i s  erihanced by t h e  u s e  
o f  a n  e x t e n d e d - f i n  s u r f a c e .  N e i t h e r  t h e  c l o s e d  n o r  a p e r t u r e  e n d s  o f  t h e  
r e c e i v e r  h a w  a i r f l o w .  T h e s e  s u r f a c e s  r e r a d i a t e  t h e  i m p i n g i n g  e n e r g y  t o  t h e  
c o o l e d  h e a t - t   ran^ f e r  c y l i n d e r .  

Design o p t i m i z t l t i o n  was b a s e d  o n  t h e r m a l  a n a l y s i s  p e r f o n n e d  by a f i n i t e  e l e m e n t  
compute r  c o d e  d e v e l o p e d  by AiResenrch.  T h i s  o p t i m i z a t i o n  l e d  t o  t h e  ADSR 
d e s i g n  shown i n  F i g u r e  2. T h e  s i n g l e  sandwich c y l i n d r i c a l  p a n e l  w i t h  a n  o f f s e t  
f i n  n a t r i x  o f  4.72 f i n s / c m  ( 1 2  f i n s / i n .  ) has a 1.27-cm (112-in .  ) high- f low p a s s -  
age. The  h e a t  e x c h a n g e r  i s  s u p p o r t e d  by 3 s e r i e s  o f  s l o t t e d  t u b e s  a n d  is  i n s u -  
l a t e d  from t h e  o u t e r  c a s e .  The hear,  exchanger  i s  a b r a z e d  and  welded s t r u c t u r e  
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f a b r i c a t e d  f rom I n c o n e l  b25. The s t a i n l e s s  s t ee l  mount s y s t e m  a l l o w s  f o r  b o t h  
a x i a l  and r a d i a l  e x p a n s i o n  o f  t h e  h e a t  e x c h a n g e r  w i t h  r e s p x t  t o  t h e  e x t e r r i a l  
mi ld  steel  c a s e .  The llncocleci a p e r L u r e  and c l o s e d  end  are f n b r i c a t e d  from 
s i l i c o n  c a r b i d e .  Both t h e  c i r c u l a r  c l o s e d  end p l a t e  and t h e  a p e r t u r e  a s s e m b l y  
are mountcd t o  min imize  h e a t  l o s s  t o  t h e  r e L a t i v e l y  c o l d  r e c e i v e r  c a s e ,  The 
p h y s i c a l  c h a r a c t e r i s t i c s  o f  t h e  d e s i g n  a r e  shown i n  T a h l e  1. The method 
f o l l o w e d  i n  o p t i c a l  and t h e r m a l  d e s i g n  h a s  p r e v i o u s l y  been r e p o r t e d  and  w i l l  
n o t  be repe i l t cd  here .*  The r e s u l t s  o f  t h e  t h e r m l  d e s i g n  i r i d i c e t e  t h a t  t h e  
ABSH w i l l  p e r f o r m  w i t h  a n  o v e r a l l  e f f i c i e n c y  o f  more thm.  96 p e r c e n t .  

A d e t a i l e d  s t r u c t u r a l  a n a l y s i s  was u n d e r t a k e n  t o  v e r i f y  t h e  adequacy  o f  t h i s  
d e s i g n .  The combined t h e r m a l  and p r e s s u r e - i n d . l c e d  stresses were c a l c u l a t e d  f ~ r  
c r i t i c a l  d e s i g n  e l e m e n t s .  I n  t h e  i n i t i a l  p h a s e s  o f  t h i s  a n a l y s i s ,  it became 
a p p a r e n t  t h a t  a c o n t i n u o u s  i n n e r  and  o u t e r  s h e l l  would n o t  be s u c c e s s f W .  T h i s  
c o n c l u s i o n  ras based  on t h e  t h e r m a l  g r a d i e n t  t h a t  is  c a l c u l a t e d  t o  e x i s t  between 
t h e  i n n e r  and o u t e r  s h e l l  ( s e e  i n  F i g u r e  3 ) .  The peak h e a t  input,  t o  this c y l i n -  
d e r  o c c u r s  a p p r o x i m a t e l y  l / 3  o f  t h e  d i s t a n c e  toward  t h e  c l o s e d  end. A t  t h a t  
po i : , t ,  9 110°C ( 2 3 0 % : ' )  t h e r m a l  g r a d i e n t  e x i s t s  between t h e  two s u r f a c e s .  The 
t k r m a l l y  c r e a t e d  stress, which d e v e l o p s  as t h e  r e s u l t  o f  ,,he? d i f f e r e n t i a l  
e x p a n s i o n  o f  t h e  two c o n t i n u o u s  c y l i n d e r s ,  s i g r ~ i f i c a n t l j  e x c e e d s  t h e  r a t e r i a l  
s t r e n g t h  l inits.  

*M.   re even, M. Coombs, and J. Eastwood,  The Des ign  o f  8 S3l f i r  R e c e i v e r  f o r  a 
2 5 - k ~ ( e )  Gas T u r b i n e  h g i n e ,  p i p e r  p r e s e n t e d  a t  t h e  Gas T u r b i n e  D i v i s i o n  
Conference  o f  t h e  American S o c i e t y  o f  Mechanica l  E n g i n e e r s ,  March 1980. 



TABLE 1 

PHYSICAL CHARACTERISTICS OF THE kESR 

Materials 
Heat e x c h a n g e r  
I n s u l a t i o n  
Case 
A p e r t u r e  

R e c e i v e r  
Weigh t ,  k g  ( l b  ) 
L e n g t h ,  cm ( i n . )  
Diameter, cm ( i n .  ) 

Heat e x c h a n g e r  
L e n g t h ,  cm ( i n . )  
Diameter, cm ( i n . )  
S k i n  t h i c k n e s s ,  crn ( i n .  ) 
F i n  t h i c k n e s s ,  cm ( i n . )  

A p e r t u r e  
Diameter, cm ( i n .  ) 
C o n i c s 1  h e i g h t ,  cm ( i n .  ) 

I n c o n e l  625 
C e r a b l a n k e t  
Mild s teel  
S i l i ~ d n  c a r b i d e  

_c~ 
0UTF.R WALL., f l M  C A S U O l  
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FIGURE 3.  FUCEiVER T H E W  GRADIENTS 



The thermal gradient  cauld be decreased by increasing t h e  performance and 
conductive c ross  sec t ion  of t h e  f i n ;  however, t h e  a i r  pressure drop l imi t a t ion  
~f 2.5 percent AP/P t o t a l  i s  not cons is ten t  with t h i s  approach. 

A s  a consequence, it was decided t o  segment t h e  inner  surface,  and based 
on t h e  r e s u l t s  obtained by ana lys is ,  36 segments were selected.  The s t r e s s  
values of var laus c r i t i c a l  design elements a r e  shown i n  Table 2. These s t r e s s e s  
were obtained by developing a s t r u c t u r a l  m d e l  of a segment and applying t h e  
previously calculated temperatures a s  wel l  e s  operating pressures. The ana lys i s  
revealed t h a t  t h e  uni t  was cycle- l i fe  l imited as compared t o  operating-time 
limited. The inner surface of t h e  u n i t  at t h e  p i n t  cf miximum thermal grad ien t  
could be expected t o  withstand 6,000 f u l l  s t a r t i s t o p  excursions p r i o r  t o  i n i t i s l  
f racture.  This i s  an acceptable value fo r  a prototype configuration. The 
s t r u c t u r a l  adequacy of t h e  remaining design components, including t h e  rece iver  
munting,  heat exchanger supports,  and nanifolds ,  was ver i f ied .  None of t hese  
elements a r e  s t ressed t o  a l imi t ing  degree. This  completed t h e  ana lys is ,  and 
t h e  design was released for  fabricat ion.  

TABLE 2 

ABSR OPERATING STRESSES 

Temperature, S t r e s s ,  
Locat ioi: 'C ( O F )  MPa (kps i )  

Inner skin 
Outer skin 
Fin 

RECENEH FABRICATION 

The c r i t i c a l  fabr ica t ion  processes f o r  t h e  ABSR a r e  these:  forming t h e  o f f s e t  
heat t r a n s f e r  f i n ,  joining of t h e  heat exchanger i n t o  a continuous s t ruc tu re ,  
and mrrufa..turc of t h e  s i l i c o n  carbide components. 

Fin fabr ica t ion  requires  complex form tooling. The la rge  ava i lab le  inventory 
of these too ls  permits s e l ec t ion  from a number of d i f f e r e n t  f i n  geometries. 
During f i n  fabr ica t ion ,  t h e  formed f i n  was reduced from t h e  12.7-mrn (0.5-in. ) 
height  selected i n  design t o  6.35 mm (0.25 in .)  and then contoured t o  t h e  
cy l ind r i ca l  surfcce. The lower f i n  heist was se lec ted  fo r  t h e  f ab r i ca t ion  
because it allowed t h e  bes t  match with tile desired f i n  contour,  given ex i s t i ng  
f i n  tooling. The flow passage height was rmintained a t  12.7 mm (9.5 in .)  by 



u s i n g  two f i n  s e g m n t s  s t a c k e d  o n e  on  t o p  of t h e  a t h e r .  The p r i n c i p a l  d e t a i l  
part8 of t h e  h e a t  exchanger assembly are shown i n  F i g u r e  4. 

The h e a t  exchanger  m e  i n i t i a l l y  brazed  i n  t h r e e  e q u a l  120-deg h i l l - l e n g t h  styr- 
ments, u t i l i x i n g  a n  a tmosphere  fbrnace.  The segments were assembled,  t a c k  
welded, and t h e n  r e b r a z e d  fbr a con t inuous  s t r u c t u r e .  The two-stage b r a z e  pro- 
c e d u r e  a l s o  a l lowed f o r  t h e  b r a z e  a t t acbmcn t  o f  t h e  m u n c i n g  r i n g s  and  t h e  nrrni- 
f o l d  s t r u c t u r e  ( s e e  F i g u r e  5 fbr  a photograph o f  t h e  comple ted  h e a t  exchanger  
assembly p r i o r  t o  mani fo ld  a t t achmen t ) .  Fol lowing f i n a l  b raze ,  t h e  i n l e t  and  
o u t l e t  m i f o l d s  and  d u c t i n g  were welded t.o t h e  h e a t  exchanger  t o  form t h e  com- 
p l e t e  h e a t  exchanger  assembly. 

Each assembly was s c b J e c t e d  t o  b o t h  a p r e s s u r e  test and a v e r i f i c a t i o n  of t h e  
p r e d i c t e d  p r e s s u r e  d rop  p r i o r  t o  f i n a l  assembly i n t o  t h e  housing. The p r e s s u r e  
test, which was conducted  a t  446 kPa (64.7 p s i a )  and  a t  roam t empera tu re ,  was 
based upon a n  ASME p r e s s u r e  vessel .  code  type requ i r emen t ;  however, code  cert i f i -  
c a t i o n  was no t  o b t a i n e d ,  because  t h e  number o f  u n i t s  and t h e i r  usage  d i d  n o t  
war ran t  t h i s  ac t . i v i ty .  

The aperture and r e f l e c t i n g  p l a t e  were xanufac tu red  by t h e  Norton Cornpaw, a 
l e a d i n g  m n u f a c t u r e r  of  s i l i c o n  c a r b i d e  components. The 3 - f t  and  2-ft d i a m e t e r  
o f  t h e s e  p a r t s  r e p r e s e n t e d  a s ig l . i f  i c a n t  f a b r i c a t i o n  t a s k ,  b u t  Norton met t h e  
cha l lenge .  These parts were s l i p - c a s t  t o  t h e i r  f i n i s h e d  dimensions. 

The f i r s t  c m p l e t e d  A B R  (shown i n  F i g u r e  6 )  was de l i -be red  t o  JPL i n  September 
1980; t h e  second,  i n  November. Unit  t e s t i n g  i s  d i s c u s s e d  i n  t h e  fo l lowing  
s e c t  ion. 

RECEII'ER TEST AND EVALUATION 

The AER was des igned t o  met  s e v e r a l  requirements .  P r i m r i l y  concz  ved as 
part of a d i s t r i b u t e d  e l e c t r i c a l  power generation m d u l c ,  it w i l l  a l s o  be used 
t o  h e a t  gases f o r  a ~p_rieLq)t o f  o t h e r  purposes ,  such as  h e a t i n g  p r o c e s s  gas 
strctuns, p r e h e a t i n g  combustion gases, and p r o v i d i n g  h e a t  f lows f o r  i n d u s t r i a l  
p r o c e s s e s  t h a t  f o r  economic o r  s a f e v  r easons  do  no t  u s e  l i q u i d s .  Thus t h e  
t e s t i n g  program was des igned t o  i n c l u d e  a wide r a n g e  o f  c o n d i t i o n s  t o  demn-  
s t r a t e  t h e  v e r s a t i l i t y  of t h e  ABSR i n  maw a p p l i c a t i o n s .  

I n i t i a l  tests on e a c h  ABSR were performed a t  AiResrarch;  t h e s e  c o n s i s t e d  o f  
leakage ,  proof p r e s s u r e ,  and flow c o n t i n u i t y  tests  t o  e n s u r e  b a s i c  n rchan ica l  
i n t e g r i t y .  A l l  tests were conducted  a t  e s s e n t i a l l y  ambient  t empera tu re s .  
Performance testing w i l l  b e  conducted a t  JPL ' s  P a r a b o l i c  D i sh  T e s t  S i t e  ( s e e  
F igu re  7 ) .  There ,  two 11-m-dia test bed c o n c e n t r a t o r s  have been i n s t a l l e d .  Or.  
a c l e w  day each can  c o n c e n t r a t e  a b o u t  82 k ~ ( t h )  i n t o  a 20.3-cm ( b i n . )  d i a  
f o c a l  spo t .  In a d d i t i o n ,  a n  e x p e r t  t e s t  s t a f f  and all necessa ry  s u p p o r t  equip-  
ment, i !~c lud ing  i n s t r u m n t a t i o n ,  a computerized data a c q u i s i t i o n  system, and 
shops ,  a r e  a v a i l a b l e .  

Air f low i n  -.rovided by a 750-cfm diesel-powered sir compressor. Thc a i r  passes 
through a n  a f t e r c o o l e r ,  o i l  s e p a r a t o r ,  d r y e r ,  and f i l t e r  t o  e n s u r e  flow w i t h  
on ly  about  0.05-ppm contaminants .  Flow rates between 0 and 0.43 k g / s e c  (0.93 
l b / s e c )  can be produced, which b r a c k e t s  t h e  0.23 t o  0.27 kg / sec  (0.5 t o  0.6 







This  s e r i e s  of t e s t s  i s  designed primarily t o  a s se s s  t h e  e f f ic iency  and dynamic 
response of t h e  ABSR. L i fe  and fa t igue  t e s t s  w i l l  be conducted l a t e r  a s  
resources p e m i  t. 

Testing i s  scheduled t o  begin i n  midjarnary  1981, with i n i t i a l  da ta  t o  be 
ava i lab le  within a month. Variable winter weather i s  a problem on t h e  high 
deser t ,  but a maximum e f f o r t  i s  b e i w  made t o  hold t o  t h i s  schedule. 
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ABSTRACT 

The AiResearch Manufacturing Company of C a l i f o r n i a  i s  under c n n t r a c t  t o  t h e  
Jet Propulsion Laboratory (JPL) t o  manufacture a prototype Steam Rankine S o l a r  
Receiver (SRSR) f o r  t h e  Parabol ic  Dish So la r  Thermal Power Systems Pro jec t .  
This  paper summarizes t h e  work accomplished i n  t h i s  program and desc r ibes  t h e  
GPL t e s t i n g  of t h e  r e c e i v e r  at  t h e  Parabol ic  Dish Tes t  S i t e ,  Edwards AFB. The 
rece iver  is a once-through monotube b o i l e r  designed f o r  s t e a m f e l e c t r i c  and 
process steam a p p l i c a t i o n s  a t  p ressures  up t o  17.24 MPa (2500 p s i a )  and tem- 
pera tu res  up t o  704°C ( 1 3 0 0 " ~ ) .  The u n i t  is 76.2 cm (30.0 in. ) i n  diameter 
and 95.8 cm ( 37.7 i n .  ) i n  l eng th ;  it weighs 220 kg (485 l b ) .  Its heat  t r a n s f e r  
su r face ,  which is 45.7 cm (18 i n . )  i n  diameter by 57 cm (22.4 i n . )  lcng,  i s  an 
Inconel 625, c y l i n d r i c a l ,  tube-coi l  sssembly composed of primary and rehea t  
sec t ions .  A t e s t  u n i t  has been success fu l ly  opera ted  a t  up t o  6.9 MPa (1000 
p s i a )  and 704°C (1330°F) with s o l a r  input  from a 11-m-dia pa rabo l ic  d i s h  
concentra tor .  

INTRODUCTION 

The p a r t i c i p a t i o n  of AiResearch i n  t h e  So la r  Thermal Power Systems Pro jec t  a t  
JPL began with a Phase I conceptual  design study o f  a Steam Rankine S o l a r  
Receiver (SRSR) i n  J u l y  1978. The f in 'd  r e p o r t  on t h i s  study was completed 
in  Jauuary 1979. On t h e  b a s i s  of t h e  Phase I s tudy,  f i n a l  design cond i t ions  
were formulated by JPL, and i n  June 1979 a Phase I1 c o n t r a c t  was awarded t o  
AiResearch f o r  t h e  f i n a l  design and f a b r i c a t i o n  o f  an 85-kW ( the rmal )  SRSR. 
A f i n a l  design review was held i n  October 1979, and t h e  f i r s t  t e s t  u n i t  was 
shipped t o  JPL i n  June 1980. A f i n a l  r e p o r t  on t h e  design and f a b r i c a t i o n  
of t h e  rece iver  descr ibed herein  is  i n  p repara t ion .  Tes t ing  by JPL at t h e  
Parabol ic  Dish Tes t  S i t e  commenced i n  September 1980. 

The purpose of t h i s  paper is  t o  ( 1 )  suntnarize t h e  f i n a l  design goa l s  and con- 
d i t i o n s ,  ( 2 )  desc r ibe  t h e  cons t ruc t ion  d e t a i l s  o f  t h e  receiver . ,  ( 3 )  present  
t h e  est imated perfc-mance f o r  a s t e a m / e l e c t r i c  a p p l i c a t i o n ,  ( 4 )  discuss  methods 
of *dapting t h e  SHSR t o  i n d u s t r i a l  process  steam a p p l i c a t i o n s ,  and ( 5 )  p resen t  
preliminary t e s t  r e s u l t s .  

DESIGN REQUIREMENTS AND CONDITIONS 

The f i n a l  design requirements a r e  t h a t  t h e  SRSR be s ized  f o r  a s t e a m l e l e c t r i c  
a p p l i c a t i o n  wi th  p rov i s ions  f o r  dual-mo6s opera t ion  (wi th  o r  without rehea t  ) 



and t h a t  t h e  SRSR be adaptable t o  i ndus t r i a l  process s t e m  appl icat ions.  The 
design l i f e  i s  t o  be 10,000 hours, with 1500 cycles  of operation. Weight and 
s i z e  a r e  t o  be minimal. 

The design conditions f o r  both appl ica t ions  a r e  summarized i n  Table 1. The 
diurnal solar  input i s  from an 11-m-dia parabolic dish concentrator on an 
average sunny spring day. The peak input i s  85 kW, and the  rece iver  must 
accept i r r e g u l a r i t i e s  i n  so l a r  flux input caused by mirror slope e r r o r s ,  
reduced wwer (10 percent)  from one-half of t h e  mirror,  and an asymmetric f lux 
p ro f i l e  r e su l t i ng  *om a - +2.54-cm (1.0-in. ) o f f s e t  of t he  receiver  axis from 
t h e  op t i ca l  axis. 

SRSR DESIGN CONDITIONS 

Solar  energy sovxce: 11-meter concentrator 
Peak power input:  8 5kW 

Process Steam S t e a d  
(up t o )  E lec t r i c  

Pr imqy sect ion 
I n l e t  feedwater temperature, O C  ( 'F) 149 (300) 93 t o  149 

(200. t o  300) 
Outlet  steam 

Temperature, "C ( O F )  704 (1300) 704 (1300) 
Pressure, MPa (psis) 17.24 (2500) 17.24 (2500) 

Reheat sect ion 
Outlet  steam temperature, 'C ( O F ?  704 (1300) 704 (1300) 
I n l e t  steam 

~empera ture ,  " C  ( O F )  704 (13CO) 343 (650) 
Pressure, MPa ( F s l a )  17.24 (2500) 1.21 (175) 

Flow ra t e :  Determine from energy balance; same i r .  both sec t ions  
Fressure drop: APIP = 10 percent 

DESCRIPTION OF THE SRSR 

A cutaway drawing of t h e  SRSR i s  shown i n  Figure 1. The SRSR i s  a once-through 
monotube bo i l e r  tha t  uses conceritrated s o l a r  energy a s  a heat source t o  prodtlce 
high-pressure, high-temperature steam a t  the condit ions l i s t e d  i n  Table 1. The 
major compnents a r e  t ; le ou te r  s h e l l  assembly, 15.2 cm ( 6  i n . )  of Cerablanket 
insu la t ion ,  an Inconel 625 tube-coil  heat exchanger assembly, a r ea r  p l a t e  t h a t  
can be mved ax ia l ly  7.6 cm ( 3  in. 1, and an aper ture  assembly that can be 
adjusted from 20.3 t o  25.4 cm ( 8  t o  10 in. ). The r ea r   late and aper ture  
assembly were nade of N~405 s i l i c o n  carbide,  but,  a s  a r e su l t  of t e s t  experience, 
change t o  a rear  p l a t e  of chromium nickel  s t e e l  ( R A  330) and an aperture assem- 
bly of graphi te  i s  recommnded. 

The  tube-coil heat exchanger assembly i s  shown i n  Figure 2. The ac t ive  heat 
t r ans fe r  portion cons i s t s  of 34 turns  of 1 1 . 1 3 - m m  O D  by 1.728-rnm w a l l  (7116 by 
0.070 in.)  primary sec t ion  tubing and 10 turns  of 19.05-mm OD by 3.05-mm wall  





Radiation in terchange computations were based on t h e  assumption of f l a t  s u r f a c e s ,  
a n  equal  s o l a r  absorptance  and i n f r a r e d  emit tance  of  0.80, and d i f f u s e  r s d i a t i o n  
( b o t h  r e f l e c t e d  s o l a r  and emit ted  i n f r a r e d ) .  Also,  t h e  heated s u r f a c e  of  t h e  
t u b e s  VBS assumed t o  be  one- th i rd  (120 deg) of  t h e  t o t a l  t u b e  o u t s i d e  a rea .  
Aperture convect ion l o s s e s  were assumed t o  be  2.5 pe rcen t  of  t h e  s o l a r  input .  

Hzat t r a n s f e r  t o  t h e  f l u i d  i n s i d e  t h e  tube  i n  t h e  subcooled l i q u i d  and t h e  
s u p r h e a t e d  vapor r eg ions  was camputed from Colburn m d u l u s  ve r sus  Reycolds 
nu&er data  f o r  flow i n  round t u b e s  ( 1  ). A tube-length-to-diameter r a t i o  o f  
L/D = 25 was used t o  account  f o r  t h e  e f f e c t s  of  tube  c o i l  cu rva tu re .  I n  t h e  
b o i l i n g  region u p  t o  a steam q u a l i t y  of 70 pe rcen t ,  t h e  John Chen c o r r e l a t i o n  
was used (2). Vapor hea t  t r a n s f e r  c o e f f i c i e n t s  were used t h e r e a f t e r .  

P ressure  drop i n  t h e  l i q u i d  and vapor r eg ions  was computed from Fanning f r i c -  
t i o n  f a c t o r  versus  Reynolds number data  f o r  round t u b e s  having a n  L/D = 25 ( s e e  
Reference 1 ) .  P r e s s u r e  drop i n  t h e  b o i l i n g  reg ion  r e s u l t i n g  from mmentum 
change and f r i c t i o n  l o s s e s  was computed with t h e  Lockhart and M a r t i n e l l i  c o r r e -  
l a t i o n  f o r  two-phase flow p r e s s u r e  drop ( 3 ) .  S t a b l e  and homogeneous flow was 
assumed. A stab1.e match p o i n t  f o r  pump and flow s y s t e a  can be achieved by 
i n s t a l l i n g  a s u i t a b l y  s i z e d  o r i f i c e  i n  t h e  ylumbing l i n e  between t h e  pump and 
r e c e i v e r  ( s e e  Reference 4 f o r  a genera l  d i scuss ion  of  methods f o r  o b t a i n i n g  
forced-flow b o i l i n g  s t a b i l i t y  1. 

The t h e m d y ~ a m i c  p rocess  p a t h  i n  t h e  r e c e i v e r  c o i l  f o r  t h e  s t e a m / e l e c t r i c  p l u s  
r e h s a t  m d e  of opera t ion  c o n s i s t s  of  28 percent  l i q u i d  hec.ting, 20 percent  
b o i l i n g ,  32 percent  superhea t ing ,  and 20 pe rcen t  reheat ing.  

Heat Flux D i s t r i b u t i o n  and Tenqerature  P r o f i l e s  

The s o l i d - l i n e  curve  i n  F igure  3 i s  a graph of  t h e  b a s e l i n e  i n c i d e n t  hea t  
f lux  d i s t r i b u t i o n  i n s i d e  t h e  r e c e i v e r  cav i ty .  The absorbed f l u x  f o r  t h e  
p r i m r y  p l u s  r ehea t  s t e a m / e l e c t r i c  design c o n d i t i o n  i s  represen ted  by t h e  
dashed l ine .  Th i s  o c c u r s  a f t e r  radia t iof i  i n t e r c h m g e  and hea t  t r a n s f e r  t o  t h e  
f l u i d  has  taken   lace. The d i f f e r e n c e  between t h e  i n c i d e n t  and absorbed f l u x  
i s  caused by r a d i a t i o n  from t h e  uncooled end p l a t e  and fYont cone, where very 
l i t t l e  hea t  f l u x  i s  absorbed,  and by t h e  hea t  l o s s e s  ( r a d i a t i o n  o u t  of t h e  
a p e r t u r e  and convection from t h e  r e c e i v e r  c a s i n g ,  e s p e c i a l l y  t h e  f r o n t  end).  

Figure  4 i s  a graph of t h e  r e s u l t i n g  tube-wall  and r l u i d  temperatures  i n  t h e  
a x i a l  d i r e c t i o n  a long t h e  c o i l .  Note t h a t  t h e  p r i m r y  and r e h e a t  f l u i d  i n l e t s  
a r e  on o p p s i t e  ends of t h e  c o i l  assembly and t h a t  t h e  two o u t l e t s  a r e  a d j a c e n t  
t o  each other .  Th i s  flow arrangement was s e l e c t e d  t o  avoid a l a r g e  tempzrature  
d i x o n t i r r ~ i t y  a t  t h e  j u n c t i o n  of t h e  two c o i l s .  Also, t h e  l e n g t h s  of  t h e  two 
c o i l s  were proportioned t o  o b t a i n  equal  temperatures  a t  t h e  p r i m r y  and r e h e a t  
steam o u t l e t s .  The temperature  p r o f i l e s  i n  F igure  4 a r e  v a l i d  only f o r  t h e  
i n c i d e n t  heat  f l u x  d i s t r i b u t i o n  displayed i n  Figure  3. I f  s o w  o t h e r  i n c i d e n t  
f l u x  d i s t r i b u t i o n  occurs ,  then  t h e  p o s i t i o n a b l e  end p l a t e  mst be m v e d  e i t h e r  
forward o r  backward t o  e q u a l i z e  t h e  steam o u t l e t  t empera tu res  and t o  prevent  
overheat ing of 0r.e of  t h e  c o i l s  a t  i t s  o u t l e t .  For  example, i f  t h e  concen- 
t r a t o r  has  a l a r g e r  s lope  e r r o r  than t h e  b a s e l i n e  c a s e  o r  i f  t h e r e  i s  haze  
i n  t h e  atmosphere, t h e  h e a t  f l u x  w i l l  be s h i f t e d  towards t h e  rear of t h e  c a v i w .  
Th i s  w i l l  cause underheat ing of t h e  prirmry steam and overhea t ing  of t h e  r e h e a t  
steam (and tubing nea r  t h e  o u t l e t ) .  Equa l i za t ion  o f  t h e  steam o u t l e t  tempera- 
t u r e s  can be accomplished by mvi~lg t h e  end p l a t e  forvard .  
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FIGURE 3.  BASELINE HEAT FLUX DISTRIBUTION 

In t h e  primary node on ly  o p e r a t i o n ,  d u r i n g  which t h e  two c o i l s  a r e  connected  
i n  s e r i e s ,  t h e  t h r e e  zones ( l i q u i d  h e a t i n g ,  b o i l i n g ,  and  s u p e r h e a t i n g )  w i l l  
be extended o v e r  a g r e a t e r  a x i a l  d i s t a n c e .  and t h e  steam o u t l e t  w i l l  o ccu r  
a t  t h e  rear o f  t h e  c o i l  assembly. I n  t h i s  mode, t h e  p o s i t i o n  o f  t h e  end p l a t e  
remains f i x e d  a t  t h e  rear f o r  a l l  i n c i d e n t  h e a t  f l u x  d i s t r i b u t i o n .  

The e s t i m a t e d  o v e r a l l  energy  ba l ance  and p r e s s u r e  d r o p  performance o f  t h e  SRSR 
f o r  t h e  s t e a m / e l e c t r i c  a p p l i c a t i o n  i s  p r e s e n t e d  i n  Tab le  2.  Ninety-four pt r c e n t  
o f  t h e  85-kW s o l a r  t he rma l  i n p u t  is  absorbed by t h e  working f l u i d  ( w a t e r )  t o  
produce primary s team a t  17.24 MPa (2500 p s i a )  and 704'C ( 1 3 0 0 " ~ )  o r  bo th  
primary s team a t  t h e  same c o n d i t i o m  and r e h e a t  steam a t  1.21 MPa (175  psis) 
and 704°C (1300'F). 
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TABLE 2 

SRSR ESTIMATED PERFORMANCE 
STEAM/ELECTilIC APPLICATION 

Parameter  --- 

S o l a r  i n p u t ,  k~ ( t h )  
Aper tu re  (9-in.  d i a )  r a d i a t i o n  l o s s ,  k ~ ( f h )  
i i i s u l s t i o n  l o s s ,  k ~ ( t h )  
Assumed a p e r t u r e  convec t ion  l o s s ,  kW ( t h )  
Thermal power t o  f l u i d ,  kk'(s11) 
Receiver  e f f i c i e n c y ,  p e r c e n t  
Flow r a t e ,  gm/sec ( l b / h r  ) 
P r e s s u r e  d rop ,  percent  

Primary 
Reheat 

Primary m d e  o n l y  
Slow rate, g s / s e c  ( l b / h r )  
P r e s s u r e  d r o p ,  p e r c e n t  

Value --- 



ADAPTATION TO PROCESS STEAM APPLICATIONS 

Although t h e  u n i t  was designed as a steam Rankine s o l a r  r e c e i v e r  f o r  a high- 
p r e s s u r e ,  high-temperature s t e a m / e l e c t r i c  a p p l i c a t i o n ,  t h e  receive:. can be 
opera ted  as a once-through b o i l e r  at higher  f low r a t e s  t o  produce process  steam 
a t  lower temperatures  and lower p r e s s u r e s  (down t o  about 3.45 MPa o r  500 p s i a ) .  
Also,  t h e  r e c e i v e r  can be opera ted a s  a r e c i r c u l a t i o n  b o i l e r  o r  a high-pre-sure 
wa te r  r ece ive r .  Both of  t h e s e  a d a p t a t i o n s  r e q u i r e  t h e  use  o f  e x t e r n a l  equipment 
t o  p r o d u c ~  steam. The f i r s t  procedure r e q u i r e s  a l i q u i d / v a p o r  drum ( o r  equiv- 
a l e n t )  type  of s e p a r a t o r  and t h e  second r e q u i r e s  a steam generator .  The pres-  
s u r i z e d  water  r e c e i v e r  concept r e q u i r e s  t h e  use of d i s t i l l e d ,  pol ished water 
i n  a c losed- f lu id  c i r c u l a t i n g  l o c g  between t h e  r e c e i v e r  and t h e  steam generator .  

TEST RESULTS AT PARAROLIC DISH TEST SITE 

Prel iminary  t z s t i n g  was s t a r t e d  a t  t h e  Parabol ic  Dish T e s t  S i t e  i n  September 
1980. The JPL concen t ra to r  c o n t a i n s  224 r e c t a n g u l a r ,  s e p a r a t e l y  focused 
m i r r o r s  approximately 57 by 61 cm (22.5 by 24 in .  ). The t o t a l  s o l a r  power 
inpu t  c a p a b i l i t y  was 80 kW f o r  an i n s c h t i o n  of 1000 w/m2 (317 ~ t u / h r ' f t ~ ) .  

I n i t i a l  t e s t i n g  was done wi th  water hea i ing  at 25- and 50-percent m i r r o r s  a t  
low p r e s s u r e s  (about  1.1 MPa o r  160 p o i a )  and low tempera tu res  (about  150°C 
D r  300"~). The second s e r i e s  o f  t e s t s  was conducted at medium p r e s s u r e s  and 
temperatures  (about  4.8 MPa o r  70C pis and 2 8 8 ' ~  o r  5 5 0 ' ~ )  us ing 50-, 75-, 
and 100-percent mirrors .  Explorato:, high-tempereture h igh-pressure  t e s t s  have 
been s t a r t e d .  In  a l l .  runs ,  t h z  p r i m r y  and reheat  s e c t i o n s  o f  t h e  c o i l  were 
c.cnnectf\rl i n  s e r i e s .  Aim, f o r  procurement reasons ,  t h e  m a t e r i a l  was changed 
t o  +.ygc 321 s t a i n l e s s  s t e e l ,  and tli~., primary s e c t i o n  t u b i n g  s i z e  was increased 
t c  i2.':-11n OD by 2. bl-mm wall. i l / ; ?  by O.C95 in .  ) , and t h e  number of t u r n s  was 
reduc.~.i t-. -3  

T,il. tc . , t s  of  t k c  -eceiver  i n d i c a t e d  gcod thermal and flow p r f o r m a n c e ,  wi th  
e f ;  j:  :er;c.l cs i n  t t ! ~  . inge of 80 t o  88 percent.  No major i n s t a b i l i t i e s  were 

. . detect ,ea ,  ' .? i t  bnrtb - ,  ;; f' mt i o n s  t o  t h e  r e c e i v e r  were requ i red .  The ceramic 
end p ~ ~ t c  and 2,. + i t ' i ' t :  ,.-.:nr uere anverely  damaged ( s h a t t e r e d )  by t h e  s o l a r  
he&: 1r.3 d ~ r i n ; ;  e-iv ' . :  t e p t s .  An end p l a t e  of RA 330 n i c k e l  chromium ~ t e e l  and 
a watw-cxlt ici  durnlnum a p c r t u r c  r;ss:bmbl;. were needed t o  con t inue  t h e  t e s t i n g .  

A t.ypir ii t e s t  ~ - e s L l t  cb ta ined  by JTL dur ing t h e  exp lo ra to ry  high-temperature 
t e s t i r g  3'1 -; Octot; r 1980 is  shown i n  F igure  5. T h i s  is a graph o f  t h e  back- 
s i d e  and heat&-side tube-wall temperature  versus  a x i a l  d i s t a n c e  a long t h e  
c o i l .  Also, t h e  water i n l e t  and steam o u t l e t  temperatures  a r e  i d e n t i f i e d .  
The back-side o r  unheated tube-wall  t e y w a t u r e  p r o f i l e  is  a s  p r e d i c t e d ,  but  
t h e  heated-s ide  temperature p r o f i l e  shows a very high peak a t  t h e  bepinning 
of  t h e  b o i l i n g  region.  This  may be due t o  a thermocouple e r r o r  o r  t o  exces- 
s i v e  l o c a l  i n c i d e n t  s o l a r  heat  f lux .  P r i o r  t o  f u r t h e r  t e s t i n g ,  JPL p lans  
t o  i n s t a l l  new thermocouples on t h e  heated s i d e  of t h e  tube  c o i l  (welded t o  
t h e  c o i l  t o  ensure  a good thermal  bond) and t o  defocus t h e  m i r r o r s ,  which may 
reduce t h e  peak i n c i d e n t  heat  f lux .  
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ABSTRACT 

A so l a r  receiver  i s  being developed fo r  use with an organic Rankine cycle  (oRC) 
engine a s  par t  of the Smdl  Comrmnity Solar  Experiment (SCSE). The selected 
receiver  concept i s  a  direct-heated,  once-through, monotube b o i l e r  operated a t  
supe rc r i t i ca l  pressure. The cavi ty i s  formed by a  c y l i n d r ~ c a l  copper s h e l l  and 
backwall, with s t a i n l e s s  s t e e l  tubing brazed t o  th: ou ts ide  surface.  This core 
i s  sczrounded by lightweight r e f r ac to ry  insu la t ion ,  load-bearing s t r u t s ,  and an 
outer  case. The aperture p l a t e  i s  made of copper to  provide long l i f e  by 
conduction and re rad ia t ion  of heat away from the aper ture  l i p ,  The rece iver  
thermal eff ic iency i s  estimated t o  be 97 percent at: ra ted  condit ions (energy 
t ransferred to  toluene divided by energy incident on aperture opening). Devel- 
opment of the core manufacturing and corrosion pro tec t ion  methods i s  complete 
with development t e s t i ng  of the core t o  be completed i n  January 1981. A 
prototype receiver  w i l l  be supplied in  March 1981 for  in tegra t ion  and t e s t  a t  
the engine suppl ie r ' s  f a c i l i t y .  

The SCSE Phase I1 program in progress a t  Ford Aerospace & Cormnicat ions 
Corporation (FACC) includes development of s prototyr  power conversion 
a~semblp (PCA).  The PCA w i l l  be mounted a t  the foca l  point of a  1 2  meter 
parabolic dish and w i l l  output approximately 20 kW of 3 kHz ac power t o  a  
ground-mounted r e c t i f i e r .  The PCA includes a  cavity receiver  coupled t o  an 
OW engine. The engine working f lu id  i s  toluene with a nominal bulk tempera- 
tu re  l imi t  of 399°C (750%') a t  the receiver e x i t .  The receiver  design 
requ' -ements inc'ude input thermal power up t o  95 kWt, toluene flow from 54 t o  
545 kg/h ,  operating pressure up to  5862 kPa (850 p s i a ) ,  and a  nominal 30 year 
conponent l i f e .  The two pr inc ipa l  cons t ra in ts  on the design a r e  1 wcight l i m i t  
of 272 kg (600 lhm) anJ a  maximum toluene pressure loss  of 448 kI'4 (65 p s i ) .  
The performance goals of the receiver  design a r e  t u  maximize the thermal 
eff ic iency,  and t o  maximize the hes t  capacity of the core.  The l a t t e r  goal i s  
desired f:-r s t s b i l i z i n g  the PCA operation during in te rmi t ten t  c l m d  cover. 

C3NC EPT SELECTION 

- ' n  or ig ina l  basel ine receiver  concept for  the XSE program was a  pool-boiling 
c , f  bguration using 3 secondary f  h i d  and separate  toluenc heat exchanger ( 1 ) .  
A ? ta i led  evaluation of candidate secondary f l u i d s  Zed t o  the conclusioc t h a t  



t h i s  concept was not p rac t i ca l  f o r  t he  ORC temperature of 4 0 0 ~ ~ .  Al te rna te  
concepts were then considered including use of a pumped secondary l i qu id ,  use 
of a non-boiling sodium pool, and f i n a l l y ,  a direct-heated copper s h e l l  with 
tubing brazed t o  the  outs ide.  After devzlopment of a f e a s i b l e  manufacturing 
process, the  copper shel l /brazed tubing concept was se lec ted  a s  the  base l ine  
receiver.  This concept o f f e r s  the maximum i n  se rv i ceab i l i t y  i n  i ts  f ab r i -  
cat ion,  operation, and maintenance. 

Several toluene boi le r  Zesign options were a l s o  considered a s  pa r t  of the 
receiver  concept evaluation. A once- thr~ugh configurat ion was chosen over a 
rec i rcu l  z t ing boil  r :/superheater combination i n  order  t o  minimize hardware 
comple,dty. ? mc.. >tube, r a the r  than mult iple  p a r a l l e l  tubes,  was selected t o  
help avoid flow i n s t a b i l i t i e s .  An important receiver/engine cont ro l  dec is ion  
was to  t h r o t t l e  the toluene flow a t  the rece iver  e x i t  (vapor phase) ra ther  than 
a t  the i n l e t  ( l i qu id  phase). The receiver  then operates  a t  an approxima:eiy 
constant toluene pressure over the f u l l  range of flows. This minimizes the  
r i s k  of boi l ing i n s t a b i l i t i e s  and burnout occurring i n  the  rece iver  tubing. A 
f i n a l  bo i le r  design trade-off was t o  s e l ec t  the toluene pressure l eve l  a t  the  
receiver .  A minimum value of 4482 kPa (650 xis) i s  used (which i s  about 10 
percent above the c r i t i c a l  pressure of toluene) t o  fu r the r  reduce the  possl-  
b i l i t y  of tube burnout. 

In  performing the rece iver  concept t radeoffs ,  i t  was found t h a t  the weight and 
complexity of an aper ture  door assembly could not be j u s t i f i e d  i n  comparison 
with the s l i g h t  reduction i n  energy losses  during t r ans i en t  cloud passages. 
In  addi t ion,  the receiver  performance was maximized by flowing the toluene 
from the f ron t  (aper ture  end) of the cavi ty to  the r ea r ,  and by using a 
tcluene-cooled backwall instead of an insulated backwall. The receiver  
t rans ien t  performance was found t o  be best  fo r  a uniformly d i s t r i bu ted  heat  
cspaci ty (uniform thickness) i n  the cavi ty wall .  

DESIGN DESCRIPTION 

The pr inc ipa l  receiver  components a r e  the core assembly, core support s t ruc tu re ,  
thermal insu la t ion ,  ou ter  case,  and the aper ture  p l a t e  ( s ee  Figure 1 ) .  

The core cons i s t s  of , ba r re l  sec t ion  and a f l a t  p l a t e  backwall. These copper 
pieces have grooves machined i n  t h e i r  ou ts ide  s ~ r f a c e s  t o  match a h e l i c a l  c o i l  
and a s p i r a l  c o i l  o; 347 s t a i n l e s s  tubing. The tubing is mechanically held 
within the grc Jves and brazed t o  assure good thermal contact  with the copper. 
The overa l l  coppershell  thickness is  1. 7 1  cm ( 0 - 7 5  i n . )  with a nominal groove 
depch of 1 . 2 7  cm (0.5 i n . ) .  The cavi ty diameter and length a r e  0.61 m 
(24.0 i n . )  by 0.56 m (22.0 i n . ) ,  respect ively.  The tubing outs ide diameter 
and wall thickness a r e  1.59 cm (0.625 i n . )  by 0.889 nu11 (0.035 i n . ) ,  respec t ive ly ,  
and the t o t a l  tube length i s  63.1 rn (207 f t . ) .  The core accounts fo r  147 kg 
(325 lbm.) of the t o t a l  receiver weight of 271 kg (597 lbm). 

The copper s h e l l  and tube /she l l  braze jo in t  a r e  protected from corrosion i n  
a i r  by an appias - t i on  of e l e c t r o l e s s  nickel p la t ing .  The cav":? i n t e r i o r  is 
then given a cC::k of f l a t  black high temperature pa in t  t o  increase i t s  sur face  
so l a r  sbsorp t iv i ty  t o  about 0.95. 





The core temperature w i l l  be monitored a t  s i x  loca t ions  using type K thermo- 
couples. Four locat ions a r e  on the  cy l ind r i ca l  s h e l l  and two a r e  on the c e n t r a l  
region of the backwall. The two thermocouples on the backwall provide an 
estimate of the cavi ty f l u x  which may be used i n  the PCA cont ro l  system i f  
necessary. 

The core support s t r u c t u r e  fea tures  a  ci.-cumf e r e n t i a l  band around the core a t  
i t s  center-of-mass. Four s t r u t s  t i e  t h i s  "belly band" t o  the main support 
r i ng  of the receiver  which i s  i n  turn attached t o  the four mount r a i l s  of the  
PCA s t ruc ture .  These cen t r a l  s t r u t s  provide complete l a t e r a l  support fo r  t he  
core. Support against  a x i a l  and pitchlyaw loads i s  provided by four addi t iona l  
s t r u t s  running from the cylinder/backwall junction of the core out t o  the main 
support r ing.  The s t r u t s  a r e  length-adjustable and a r e  pinned a t  each end t o  
accommodate thermal expansion of the core r e l a t i v e  t o  the support ring. 

The insu la t ion  around che core i s  formed from a low densi ty  re f rac tory  wool. 
Insulat ion pieces a r e  molded t o  the desired shape and s e t  using a  r i g i d i z e r  
compound. After forming, the pieces a r e  given a water - res i s tan t  treatment. 
Although the insu la t ion  proper t ies  a r e  unaffected by cyc l i c  moisture 
absorption and dryout, the coating minimizes the  r i s k  of insu la t ion  damage 
from rapid heating while moisture i s  present.  

The outer case forms a pro tec t ive  enclosure for  t he  insu la t ion  against  the 
external  environment. It a l so  serves to t i e  the  aper ture  p l a t e  t o  the  main 
support r ing.  The case segments a r e  fonced from aluminum sheet except fo r  
the forward segment and the support r ing ,  which a r e  s t a i n l e s s  s t e e l .  

The aperture p l a t e  i s  made of 3.2 mm (0.125 in.)  copper sheet ,  with a  thicker  
copper r i ng  weldrrd t o  the sheet  metal to  form the aper ture  l i p .  The nominal 
aperture  diameter LS 37.95 cm (14.94 in. ) , providing a  co l l ec to r  concentrat ion 
r a t i o  of 1000. The assembly i s  n icke l  plated t o  prevent oxidation and is 
painted with high temperature black pa in t  02 the ex te r io r .  In  normal operat ion,  
the concentrated so l a r  beam is subject  t o  d>.ilamic and s t a t i c  point ing e r ro r s  
which r e s u l t  i n  t r ans i en t  l i p  heating. Circumferential  conduction i n  the l i p  
r ing  helps average out t h i s  heating. Radial conduction from the l i p  i n t o  the 
face p l a ~ c  i s  a  major f ac to r  i n  maintaining a  low ( <  400'~) l i p  temperature. 
The heat conducted i n t o  the face  p l a t e  is re jec ted  t o  the environment by 
reradiation and f r e e  cenvection. This simple, passive approach provides fo r  
very long l i f e  fo r  t h i s  important component. Normal sun acquis i t ion  and 
derrack mancuvers, performed a t  nominal r a t e s  o i  2 degrees fn  each of two axes, 
r e s u l t  i n  a  t r ans i en t  heat pulse for  the face p h t e  a s  the so l a r  beam sweeps 
off the receiver  ax is .  The heat capacity of the copper is  s u f f i c i e n t  t o  
l i m i t  the t rans ien t  temperature r i s e  i n  the face  p l a t e  t o  about 55Oc ( 1 0 0 ~ ~ ) .  

The receiver  thermal e f f ic iency  is estimated t o  be b e t t e r  than 97 percent a t  
ra ted conditions.  These condit ions include a  d i r e c t ,  normal so l a r  i n so la t ion  
on the concentrator of 1000 w/m2,  ambient temperature of 2 8 ' ~  ( s ~ O F ) ,  and 
the nominal concentrator parameters of 0.78 r e f l e c t i v i t y ,  0.95 dus t  f ac to r ,  



aria 0.932 blockage fac tor .  With the  exception of a small r e f l e c t i o n  loss ,  the  
receiver  thermal losses  a r e  independent of inso la t ion  and a r e  t yp ica l ly  2 t o  
2.5 kWt. This i n s e n s i t i v i t y  of l o s s  t o  so l a r  input is due t o  the  nearly 
constant rece iver  cavi ty temperature w e r  the  range of input thermal power. 
The average cavi ty surface temperature i s  360°C (680'~). 

The core heat  capacity is approximately 13 Wh/OC (25 B~u/ 'F),  which provides 
some t r ans i en t  operating capabi l i ty  fo r  the engine during cloud passages. I f  
the  sun i s  suddenly obscurred by a cloud, the eagine can be run a t  ra ted  power 
f o r  about one minute o r  f o r  about 2 1/2 minutes a t  40 percent of ra ted  power. 
During these periods, the toluene vapor temperature a t  t he  turbine i n l e t  would 
be reduced about 5 5 ' ~  (100%). 

MANUFACTURING DEVELOPMENT 

The f e a s i b i l i t y  of the copper shel l /brazed tubing concept f w  the  receiver  core 
was i n i t i a l l y  establ ished using small, f l a t  braze samples. These samples 
ve r i f i ed  the material  se lec t ions  ;or the brazing process and iden t i f i ed  the 
leve l  of manufacturing tolerances desired t o  obta in  a low porosi ty  j o in t .  
Cylindrical  samples have now ve r i f i ed  the method of assembling the tubing onto 
the s h e l l s ,  and the technique fo r  r e t a in ing  the tubing i n  int imate -ontac t  with 
the s h e l l  during the braze cycle. A complete development rece iver  core w i l l  
be used t o  demonstrate the performance cf  the rece iver  concept. A complete 
prototype receiver  w i l l  t.len be fabricated fo r  use i n  the SCSE prototype 
power module. 

The i n i t i a l  core development t e s t i ng  w i l l  be conducted P ?  FACC using a toluene 
t e s t  loop t o  simulate the ORC engine, and using a -100 kW radian t  cavi ty 
heater  to  simulate the input so l a r  beam. The t e s t s  w i l l  include s t a t i c  thermal 
performance measurements a t  several  input power leve ls .  Following these, the 
dynamic (open-loop) response of the rece iver  to  s tep  changes i n  input power and 
toluene flow w i l l  be measured. These da ta  w i l l  permit optimization of the PCA 
control  system t o  maintain s t a b l e  operat ion of the engine a t  a nominally 
constant turbine i n l e t  temperature. Thrs, engine e f f ic iency  w i l l  be maximized 
over a wide range of input power. 

The complete prototype receiver  w i l l  be sent  to the engine vendor's f a c i l i t )  
following i n i t i a l  proof t e s t i n g  and performance checks. There i t  w i l l  be 
integrated with the ORC engine fo r  qua l i f i ca t ion  t e s t i ng  of the complete PCA 
and cont ro l  system. 

The present SCSE program schedule c a l l s  fo r  completion of the core development 
t e s t s  i n  January 1981 and shipment of the prototype rece iver  to  the engine 
suppl ier  i n  March 1981. 
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GARRETT TURBINE ENGINE COMPANY 

Paul Craig 

The Garrett Corporation would like to express its appreciation for thn 
arrangement of the panel, and in particular, for the extraorlinary efforts of 
m'tking the panel meaningful, not only for us who are presenting in the panel, 
but also for those who ere going to add some new items of interest on the 
subject of solar technoloyv. 

I would like to discuss three general areas with you and then sunrmarize 
those areas at the end of the meeting. We are going to talk about the 
required technology areas: Where they come from, where they &re today, and 
where they are going. 

Acother area to be discussed will concern the approach to the required 
technology development: subsystem development, system devt lopment, and the 
relation between these two. 

The fisal items, to which all of us in the industry are very sensitive 
and sympathetic, are the funding agencies and the funding gaps and the impact 
cF these funding interruptions on our particular programs. 

In regard to solar energy technology, in the early days of Tempe, 
Arizona, around the turn of the century, a group of farmers developed a solar 
dish to collect solar energy in order ro scpply energy for a steam engine to 
pump water for irrigation systems. It consisted of many flat-mirrors glued on 
a dish. It worked very well until the first hail srorm hit in that particular 
area. I present this story because the criterion that I think we all face, in 
emerging technologies, is that if we ar~e ready tc meet the need in the market- 
place, we should have the technology at hand to ansver all the requirements and 
not be surprised, if you will, by the first hail storm. 

One apprr2,h that is extremely critical in acquiring the technology for 
solar dish technology is not necessarily the straightforward approach of 

rve an funding that is required for technology. Present DOE programs g' 
appropriate solution to acquiring the necessary technology. These leveraging 
programs use and take Avantage of existing parallel programti and only fund 
those aspects of technology that would be directly used in solar dish 
technology. Briefly, an example will provide the technology we need. This 
example is tbe DOE-funded gas turbine technology program. From the Garrett 
Corporation's view, it appears that we can evolve a small gas turbine that is 
extremely appropriate for solar dish technology with a relatively small 
percentage of the funding necessary. 

The second major area I would like to eAdress is the development of 
components or subsystems in the solar energy program. There is a variety of 
ways to develop an overall system, and in context, a system would be defined 
as a colnnerciallj viable electrical power system used in solar energy or solar 
dish 6s a source of energy. The major component subsystems would be the 
receiver, the dishes, the engine, and the power producing part of that engine. 
This morning you have heard about a variety of development programs relating 
to the subsystem. However, as we listened and observed, an area that needs 



g r e a t e r  a t t e n t i o n  i s  the  development of those  systems and subsystems a s  i t  
r e l a t e s  t o  t h e  o v e r a l l  system requirement.  There is  a g r e a t e r  need f o r  t h e  
i n t e g r a t i o n  opt imizat ion of the  v a r i e t y  of subsys teus ,  whether they be 
r e c e i v e r s ,  engines ,  o r  d i shes .  We b e l i e v e  t h a t  by a g r e a t e r  degree of 
subsystese  op t imiza t ion  and i n t e g r a t i o n ,  wi th  regard  t o  s o l a r  systems,  we can 
minimize the  f u t u r e  r e d e f i n i t i o n  of  the  subsystems and optimize and improve 
the  performance of the subsystems which w i l l ,  i n  t u r n ,  enhance the  p o t e n t i a l  
succees of the  o v e r a l l  system. 

It i s  i n t e r e s t i n g  t o  r e f l e c t  on a v a r i e t y  of technologies  t h a t  have 
emerged and have come i n t o  p lay over  t h e  p a s t  few years .  Some techno log ies  
a r e  not r e a d i l y  obvious but  they a r e  necessary  f o r  a s u c c e s s f u l  endeavor i n  
s o l a r  d i s h  commercial izations.  One which comes t o  my mind i s  the  emergence o f  
the  microprocessor technology. Five years  ago, the  u t i l i z a t i o n  of micropro- 
cessor  technology f o r  gas t u r b i n e s  was i n  t h e  f a r  r e sea rch  and development 
s t a g e s .  Today we a r e  us ing  i t  i n  product ion a p p l i c a t i o n .  Without micropro- 
cessor  technology,  the  s o p h i s t i c a t i o n  of the  c o n t r o l  systems,  not  only  f o r  t h e  
d i s h  but a l s o  fo r  the  system, ?robably would be a t  a  d i s t a n c e  behind us  f o r  
c o s t  and technological  reasons .  The use of smal l ,  high-speed a l t e r n a t o r s  f o r  
the  conversion of s o l a r  energy t o  e l e c t r i c a l  power has  emerged over the  pas t  
decade. Without t h a t ,  the  u t i l i z a t i o n  of  Brayton c y c l e  engines  most l i k e l y  
would not be a s  v i a b l e  a s  we perceive  i t  t o  be today. 

One i tem o f  p a r t i c u l a r  i n t e r e s t  t o  G a r r e t t  i s  t h e  e v o l u t i o n  of m a t e r i a l s ,  
p a r t i c u l a r l y  the progress  t h a t  has  been made i n  the  a r e a  of ceramics.  A paper 
was presented t h i s  morning d i s c u s s i n g  the  impact of ceramics and what we 
pe rce ive  ceramics w i l l  do f o r  us  i n  terms of i n c r e a s i n g  e f f i c i e n c y  i n  the  
Brayton cyc le  engine.  We th ink  t h a t  ceramics w i l l  be u t i l i z e d  a t  a  g r e a t e r  
degree i n  the 1980 decade. Without the use of ceramics ,  t h e r e  i s  a g r e a t  d e a l  
of  susp ic ion  w i t h i n  the  gas t u r b i n e  indus t ry  t h a t  h igh volume product ion of  gas  
t u r b i n e s  (h igh volume production being 10,000 t o  500,000 u n i t s  per y e a r )  w i ; l  
not come about i n  the  near f u t u r e .  Competition is almost impossible 
because of tire high cos t  of m e t a l l i c  components. Furthermore, the  advantages 
i n  terms of e f f i c i e n c y  wi th  u t i l i z i n g  high-temperature ce run ics  would not be 
a v a i l a b l e  t o  us. 

An item t h a t  we a r e  always faced wi th  i n  the  h igh technology development 
a rea  i s  the  a l l o c a t i o n  of r e sea rch  funds. Those of  you r e p r e s e n t i n g  high tech-  
nology companies recognize the  resource  l i m i t a t i o n s  t h a t  we c o n t i n u a l l y  face .  

Technology development depends on an engineer ing team t h a t  is c a r e f u l l v  
s e l e c t e d  and brought toge the r .  Our management i s  opposed t o  c o m i  t t i n g  them- 
s e l v e s  t o  the  p u r s u i t  of h ~ g h  technology markets wi th  i n t e r m i t t a n t  funding o r  
de lays .  We have no commercial base  t o  perceive  the  p o t e n t i a l  market. Qui te  
o f t e n ,  o t h e r  programs wi th  more of a d e f i n i t i o n  of end r e s u l t s  a r e  pursued. 
Funding gaps r e s u l t  i n  l o s i n g  our team, and f i n a l l y  the  resources  being app l i ed  
t o  o the r  a reas .  I recognize and sympathize wi th  the  funding agenc ies ,  bu t  from 
the s tandpoint  of the i n d u s t r y ,  it i s  most important  t o  minimize t h e s e  ;roblems. 

In swwnary, we b e l i e v e  t h a t  technology is a v a i l a b l e  which w i l l  p rovide  
a v i a b l e  commercial ven tu re  f o r  s o l a r  technology. The l a t e s t  technology t h a t  
i s  a v a i l a b l e  i s  what should be used. We b e l i e v e  t h a t  t e s t s  of the  subsystem 
and system a r e  extremely c r i t i c a l  t o  the development demonstrat ion of t h e s e  
systems. We b e l i e v e  t h a t  t h i s  i s  the  f i r s t  t i m e  s o l a r  power has  i n  i t s  g rnsp  
the technology t o  anower the chal lenge of the marketplace today. 



UNITED STIRLING, INC. 

Worth P e r c i v a l  

Today we want t o  address  t h e s e  key technology deve?opment f a c t o r s  which 
we f e e l  a r e  e s s e n t i a l  t o  c o n m e r c i a l i t a t i o u  of any e o l c r  ihermal powerplant, 
and s p e c i f i c a l l y  the  S t  i r l i n g  engine.  These f a c t o r s  a r e  ~ h e r m a l  e f f i c i e n c y ,  
c o s t  an6 r e l i a b i l i t y .  

A s  d iscussed i n  t h i s  morning's p r e s e n t a t i o n ,  thermal e f f i c i e n c y  h a s  a  
leverage e f f a c t  on s o l a r  thermal c o s t s .  While e f f o r t s  t o  r a i s e  thermal e f f  i- 
ciency by United S t i r l i n g  w i l l  con t inue  i n d e f i n i t e l y ,  p resen t  r e s u l t s  i n  a  
range o '  36 t o  40 percent  appear s u f f i c i e n t l y  a t t r a c t i v e  t9 n k e  t h e  d i s h  
S t i r l i n g  system cos t  e f f e c t i v e  today. We b e l i e v e  t h a t  f u r t h e r  i n c r e a s e s  i n  
thermal efficiency w i l l  come from gradua l  improvements of each engine com- 
ponent,  a u x i l i a r y  and accessory ,  a s  we l l  a s  a  b e t t e r  unders tanding of c y c l e  
op t imiza t ion ,  r a t h e r  than from- any sudden 6es ign  breakthrough. O f  course ,  
h igher  h e a t e r  temperatures i n  excess of 8000C w i l l  g ive  r a t h e r  dramatic im- 
provements, but  t h i s  must v a i t  on ceramic developments. United S t i r l i n g  h a s  
c l o s e l y  monitored the development of ceramic meter i a l s  and f a b r i c a t  ion over t h e  
l a s t  decade. This has  p - imar i ly  been done by mainta ining c o n t a c t s  ~ i t h  l ead ing  
manufacturers i n  t h i s  f i e l d .  Small-scale component t e s t i n g  on our own has  
helped us  e s t a b l i s h  an unders tanding of p o t e n t i a l s  a s  we l l  a s  problems. 

As a  r e s u l t  of our s t a t e  of the  a r t  a s s ~ s s m e n t ,  we have r e c e n t l y  
increased our ceramic developmstt c a p a b i l i t y .  Conceptual des igns  have been 
prepared t h a t  show a  p o t e n t i a l  f o r  i n c r e a s i n g  engine e f f i c i e n c y  by a s  much a s  
10 percentage u n i t s  wi th  a  moderate h e a t e r  temperature inci-ease t o  about 
110ooc. 

I d e a l l y ,  the  hea te r  tubes  shou1.i be made of a  iqigh conduc t iv i ty  m a t e r i a l  
such a s  s i l i c o n  carbide  whi le  the  c y l i n d e r s  and regenera to r  housing should be 
made of a  lower conduc t iv i ty  z a t e r i a !  such a s  s i l i c o n  n i t r i d e  t o  reduce hea t  
l o s s e s .  Ceramic s t r e n g t h s  o f  50, OOC p s i  appear adequate f o r  S t i r l i n g  a p p l i c a -  
t ions  s ince  the pressure-induced s t r e s s e s  a r e  g e n e r a l l y  under 10 ?OOO p s i .  

During the  l a s t  18 months, United S t i r l i n g  has  made a  thorough c o s t  sudy 
fo r  production of 4-95 automotive S t i r l i n g  engines .  I n  1980, JPL made a  
s i m i l a r  cos t  a n a l y s i s  of t h e  same engine f o r  s o l a r  use .  Fur the r  s t u d i e s  w i l l  
be made by an outs ide  c o n t r a c t o r  funded by JPL i n  the  near fu tu re .  

JPL's conclus ion,  s o  f a r ,  i s  t h a t  a  s o l a r  S t i r l i n g  O.E.M. s e l l i n g  p r i c e ,  
~ n c l u d i n g  rcater i a l s ,  l a b o r ,  over head, amor t i za t ion  of t o o l i n g ,  f i ~ a n c i n g ,  
t a x e s ,  aud p r o f i t  w i l l  be ,  f o r  ?5,000 engines  a y e a r ,  $138.00 per k i l o w a t t  of 
peek power; f o r  100,000 u n i t s  per y e a r ,  $72.00 per k i l o w a t t  of peak power. We 
b e l i e v e  these  f igures  a r e  r e a l i s t i c  and c o s t  compet i t ive .  

As a  pa r t  of t h e i r  cos t  s t u d i e s ,  United S t i r l i n g  h a s  made numerous 
c o n t a c t s  with manufacturers and machine t o o l  s u p p l i e r s  concerning f a b r i c a t i o n  
o f  p a r t s  i n  mass product ion.  Manufactur ing techniques  f o r  c e r t a i n  key comFo- 
nen t s ,  such a s  the  hea te r  and regenera to r ,  a r e  being reviewed p e r i o d i c a l l y  t o  
correspond with the l a t e s t  des ign  changes and the i n t r o d u c t i o n  of new terhno- 
logy including computer i n t e g r a t e d  manufacturing.  I n  t h e  p a s t  11 yea re ,  -tited 



S t i r l i n g  has  b u i l t  49 e n g i n e s ,  44 of  which were f o u r - c y l i n d e r  d e s i g n s  and 5 
were s i n g l e  c y l i n d e r  eng ines .  Twenty-cne of  t h e  4-95 s e r i e s  have been 
c o n s t r u c t e d  i n  t h e  pas t  3 y e a r s .  

The q u e s t i o n  of  r e l i a b i l i t y  is o f  no l e s s  importance than  c o s t  and e f f i -  
c i ency .  E l e c t r i c  u t i l i t y  peop le  d e f i n e  r e l i a b i l i t y  a s  t h e  p r o b a b i l i t y  t h a t  a  
power p l a n t  w i l l  f u n c t i o n  f o r  a  pe r iod  of time under  s p e c i f i e d  c o n d i t i o n s .  
The e s s e n c e  of r e l i a b i l i t y  i s ,  of  c o u r s e ,  mean-t ime-between-fai lures .  For a  
complete  power p l a n t  w i t h  hundreds  of  components,  each  component h a s  i t s  own 
l e v e l  o f  r e l i a b i l i t y ,  and each c o n t r i b u t e s  t o  t h e  r e l i a b i l i t y  of t h?  whole sys -  
tem. For most e n g i n e s ,  t h e r e  is l i t t l e  red.lndancy, s o  t h a t  t h e  sys tem r e l i a b i -  
l i t y  w i l l  be i e s s  t han  any of  t h e  components.  A S t i r l i n g  e n g i n e ,  o p e r a t i n g  on 
a  so -ca l l ed  s o l a r  on ly  mode, r e q u i r e s  fewer components t han  3 more conven t iona l  
au tomot ive  o r  s t a t i o n a r y  eng ine .  T h e r e f o r e ,  we b e l i e v e  t h a t  a  s o l a r  b t i r l i n g  
eng ine  should be a  more r e l i a b l e  eng ine .  

Perhaps t h e  most c r i t i c a l  components i n  t o d a y ' s  S t i r l i n g  eng ine  a r e  t h e  
p i s t o n  r i n g s .  These u s u a l l y  a r e  made o f  Rulon,  a  p r o p r i e t a r y  t e t r s f l u o r o e t h y -  
l e n e  p l a s t i c  w i th  f i l l d r s .  For  b e s t  r e s u l t s ,  t hey  must o p e r a t e  i n  an o i l - f r e e  
envi ronment .  T h e i r  wear r a t e  depends on t h e  s o - c a l l e d  "PV f a c t o r , ' '  which i s  
t h e  product  of  t h e  nominal p r e s s u r e  l oad ing  on t h e  r i n g s  and t h e  s l i d i n g  ve loc -  
i t y .  They a r e  a l s o  ve ry  t empera tu re  s e n s i t i v e .  Ye b e l i e v e  t h a t  when p i s t o n  
r i n g s  a r e  manufactured t o  s p e c i f i c a t i o n s ,  i n s t a l l e d  c o r r e c t l y ,  and t h e  eng ine  
i s  ope ra t ed  p r o p e r l y ,  t h e  c u r r e n t  r i n g  l i f e  r anges  from about  2,500 t o  4 ,000  
hour s .  However, mean-t ime-be tween-fa i lures ,  for  a l l  r e a s o n s ,  d u r i n g  t e s t  c e l l  
r dnn ing  over  the  pas t  2 y e a r s ,  i s  c l o s e  t o  500 hourc .  Rzasons f o r  f a i l u r e  
i n c l u d e  improper d e s i g n ,  m a t e r i a l  and f a b r i c a t i o n ,  a l s o  improper assembly ,  o i l  
con tamina t ion ,  o v e r h e a t i n g  and o t h e r  a c c i d e n t a l  cduses .  The c o n t r a c t o r s  
working i n  t h e  Automotive S t i r l i n g  Engine Prograffi, under  t h e  d i r e c t i o n  of NASA, 
have ded ica t ed  programs f o r  improving  ist ton r i n g  m a t e r i a l  , d e ~ i g n  and f a b r i c a -  
t r o n .  United S t i r l i n g  a l s o  has  nade e n g i ~ ~ e  des ign  changes t o  improve c o o l i n g  
i n  the  p i s t o n  r i n g  r eg ion  and a r e  t a k i n g  o t h c r  s t e p s  t o  reduce  r i n g  tempera- 
t u r e .  P i s t o n  r i n g  replacement  i s  cons ide red  a  minor o v e r h a ~ l  r e q u i r i n g  about  
3 hours  work by two experit-nced t e c h n i c i a n s .  We b e l i e v e  t h a t  a s  S t i r l i n g  
Engines a r e  phased i n t o  p roduc t ion  d u r i n g  t h e  l a t t e r  h a l f  of t h e  1980 ' s ,  t ime 
betw2en majc'r o v e r h a u l s  w i l l  approach 30,000 h o u r s .  

An i n d i c a t o r  of  r e l i a b i l i t y  improvemerts i n  r e c e n t  y e a r s  is  t h e  t o t a l  
engine  running  time i n  t he  t e s t  c e l l s .  I n  1978 t ~ t a l  t ime iq a l l  e n g i n e s  a t  
United S t i r l i n g  was about  1,500 hour s .  I n  1979 i t  was 4 , 0 0 3  h o u r s ;  i n  1380 i t  
was 17,000 hour s .  We a r e  p r o j e c t i n g  i n  exces s  o f  25 ,0C3  i n  1981. 

United S t i r l i n g  b e l i e v e s  i n  t h e  f u t u r e  o f  d i s h - s o l a r  thermai  power and 
t h a t  i t  w i l l  become a p r a c t i c a l  and c o s t - e f f e c t i v e  method o f  g e n e r a t i n g  e l e c -  
r t .  United S t i r l i n g  has o b l i g a t e d  i t s e l f ,  by c o r p o r a t e  p o l i c y ,  t o  concen- 
t r a t e  on the  t h r e e  tec;inclogy f a c t o r s  d i s c u s s e d  h e r e ,  bo th  i n  c o o p e r a t i o n  wi th  
governm nt programs a s  we l l  a s  i n  i t s  own in-house eng ine  developments .  The 
goa l  i s ,  o f  cou r se .  c o m n e r c i a l i z a t i o n .  For g r e a t e r  enhancemmt C K  fucu re  d i s h  
s o l a r  thermal  power programs,  i t  is sugges t ed  t h a t  mare - . . t e r a c t i o n  wi th  end 
u s e r s  of s o l a r  power systems be impleaented a s  soc.1 a s  p o s s i b l e .  In a d d i t i o n ,  
more e n g i n e e r i n g  exper iments  a r e  needed t o  advance t h e  s t a t e - o f - t h ~  r t  i n  a l l  
a r e a s ,  p a r t  i c u l a r i y  developmerit of lower c o s t  concentt-..c;,rs ; a l s o  d b e t t e r  
under s t and  t h e  i n t e r f a c e  r equ i r emen t s  between t h e  c o n L e n t r a t o r -  e i v e ,  -engine-  
g e n e r a t o r  and load ;  and f i n a l l y  t o  g a i n  much needed t xpe r i ence  i n  c o n t r o l  
svstem opt  i rn iza t ion .  



GENERAL ELECTRIC 

Wal te r  Pi jawka 

We, a t  General  E l e c t r i c ,  welcome the  o p p o r t u n i t y  t o  p a r t i c i p a t e  i n  t h e  
P o i n t  Focus Program managed by JPL and a r e  p l ea sed  t o  be a b l e  t o  e x p r e s s  some 
o f  o u r  views a t  t h i s  pane l  d i s c u s s i o n .  

I brought  a  few vu-graphs t o  i s s i s t  me i n  making t h e  p r e s e n t a t i o n  and t o  
focus  ou r  a t t e n t i o n  d u r i n g  t h e  next  few minu te s  ( s e e  F i g u r e  1 ) .  

We b e l i e v e  t h a t  t he  P o i n t  Focus Dish e n g i n e e r i n g  concept  f o r  renewable 
energy  c o l l e c t i o n  and ,  i n  p a r t i c u l a r ,  t h e  g e n e r a t i o n  of  e l e c t r i c i t y - - a  premium 
form of  energy-- is  a  v i a b l e  one. We a r e  pu r su ing  t h e  c o n c e p t ,  i n  c o n j u n c t i o n  
w i t h  t h e  JPL-defined component and system development programs. 

F igu re  2 shows s e v e r a l  t h i n g s .  F i r s t ,  i t  shows t h e  genera t ion-by-  
g e n e r a t i o n  development o f  p o i n t  focus  d i s h e s ,  p roceed ing  from t h e  i n i t i a l  
7-meter d i s h  a t  Shenandoah through t h e  second g e n e r a t  ion Low Cost Concen t r a to r  
o f  i 2  m e t e r s ,  f o l l owing  on t o  an Advanced C o n c e n t r a t o r  y e t  t o  be d e f i n e d .  
Under each o f  t h e s e  p a r t i c u l a r  c o n c e n t r a t o r s ,  I have i l l u s t r a t e d  t h e  f i n i t e  
c y c l e  of  development t h a t  has  o c c u r r e d ,  o r  i s  planned t o  occu r .  S p e c i f i c a l l y ,  
t h e  Shenandoah d e s i g n  c y c l e  has  becn completed,  a s  h a s  been i t s  f a b r i c a t i o n  
and t e s t  c y c l e .  I t  i s  p r e s e n t l y  under  implementat ion i n  t h e  c o n s t r u c t i o n  of  
t h e  t o t a l  energy sys tem a t  Shenandoah, Georgia.  

Feeding from t h e  expe r i ence  ga ined  from t t e  Shenandoah c o l l e c t c r  deve lop-  
ment ,  a f t e r  t he  f i r s t  l a b r i c a t i o n  and t e s t  e x p e r i e n c e ,  t h e  second g e n e r a t i o n  
Low Cost Concen t r a to r  was con re ived  and proceeded i n t o  d e s i g n .  Fabr < c a t  i on  
h a s  been i n i t i a t e d  and t e s t i n g  is  planned f o r  l a t e r  t h i s  y e a r  and ,  i n  f a c t ,  
s e v e r a l  system a p p l i c a t i o n s  c s i n g  v a r i s u s  engines--Rankine, Braycon, and 
S t  i r l  ing--have been i d e n t i f i e d  and planned.  

Fol lowing t h e  expe r i ence  ga ined  a f t e r  t h e  t e s t i n g  o f  t h e  Low Cost  
C o n c e n t r a t o r ,  a  t h i r d  generation advanced c o n c e n t r a t o r  is planned t o  e n t e r  
i n t o  a  complete  c y c l e  from d e s i g n ,  :hen f a b r i c a t i o n  and t e s t ,  and then  i n t o  
a p p l i c a t i o n .  

This  arrangement of genera t ion-by-genera t ion  development o f  t h e  c r i t i c a l  
component d e s i g n s ,  s o  t h a t  i e s s o n s  l ea rned  f r m  one generation can be  i n -  
co rpo ra t ed  i n t o  t he  d e s i g n  of t he  fo l lowing  gene ra t io r i ,  i s  a  ve ry  sound cne 
and i n d i c a t e s  t h a t  t h e  ?lanned program by JPL and DOE is a sound,  o r d e r l y ,  and 
well-managed development a c t i v i t y .  

Support i ng  the  g e n e r a t  icn-by-generat  ion product  e v o l u t i o n ,  a t  t h e  bot tom 
of t h e  c h a r t ,  I have shcwn t h e  s u p p o r t i n g  technology r e q u i r e d  t o  h a s t e n  t h e  
component d l~ve lopmen t s ,  t h e s e  be ing  h igh  t empera tu re  m a t e r i a l ,  r e s e a r c h  and 
development ,  r e f l e c t i v e  s u r f a c e  developments ,  c o n s t r u c t  ion  and usc  o f  t h e  t e s t  
bed c o n c e n t r a t o r s  f o r  g e n e r a l  knowledge ga ined ,  a s  we l l  a s  development of  
advanced r e c e i v e r  and h igh  t empera tu re  eng ines .  



There a r e  two keys t o  t h e  s u c c e s s f u l  comple t ion  of  a  concep tua l  deve lop-  
ment ,  which t h i s  c h a r t  hope fu l ' y  ill1.s t r a t e s .  F i r s t ,  an  o r d e r  j g e n e r a t  ion-by- 
g e n e r a t i o n  development c y c l e  t o  produce an  u l t i m a t e  product  and ,  s econd ly ,  t h e  
c o n t i n u i t y  i n  t h e  program t o  c a r r y  ihrough i n  a  con t inuous  f a s h i o n  t h e  d e s i g n  
teams and c o n t r a c t o r s  involved  i n  t he  programs. 

I  w i l l  a t t empt  now t o  run  q u i c k l y  through t h e  c r i t i c a l  t echnology needs 
a s  we a r e  f a c i n g  them i n  t h e  development .f  p o i n t  focus  c n n c e n t r a t o r s  ( s e e  
F i g d r e  3 ) .  One of t h e  key technology needs is  t h e  development of  c o s t -  
e f f e c t i v e ,  l o n g - l i f e  r e f l e c t o r s .  

Q u i t e  a  b i t  o f  t e c h n i c a l  work s t i l l  must be done i n  x d e r  t o  a c h i e v e  
performance and c o s t  g o a l s  t o  evo lve  a  commercial ly v i a b l e  p roduc t .  Both t h e  
s i l v e r e d - g l a s s  m i r r o r s  and m e t a l l i z e d  f i l m s  which a r e  b e i n p  pursued today  have 
t h e i r  shor tcomings .  The concept  o u t  l i n e d  under  "Approach" on t h e  c h a r t  should  
be suppor ted  5y s e p a r a t e  t e c h n i c a l  e f f o r t s  t o  providt? a  b a s i s  t o  produce 
e f f e c t i v e  c o w e r c l a l  p roduc t s .  

F igure  4 i l l u s t r a t e s  one concept  of t h e  i n t e g r a t e d  r e f l e c t i v e  s u r f a c e  
and s t r u c t u r e  t h a t  Genera l  E l e c t r i c  has  been working on. He r ecogn ize  t h a t  i t  
is jus t  3 f i r s t  s t e p  a l o n g  the  p a t h  t h a t  I have p r e v i o u s l y  i n d i c a t e d .  

In an a t t empt  t o  evo lve  low c o s t  c o n c e n t r a t o r s ,  we have i d e n t i f i e d  t h e  
need t o  employ new and low c o s t  s t r u c t u r a l  m t e r i a l s  t o  be c o s t - e f f e c t i v e .  
S t r u c t u r a l  p l a s t i c s  have t h e  p o t e n c i a l  of s a t i s f y i n g  t h e s e  needs.  I n  t h e  
c o n s t r u c t i o r  of the  Low Cost C o n c e n t r s t o r ,  we a r e  employing s t r u c t u r a l  
p l a s t i c s  t o  demonst ra te  t h e  a p p l i c a t i o n  and c o s t  r e d u c t i o n  p o t e n t i a l ,  and 
Chart 5 does  i n d i c a t e  a d d i t i o n a l  needs.  

I n  F igu re  6 we a r e  i l l u s t r a t i n g  some of  t h e  work i n  molded p l a s t r c s  t h a t  
u e ,  a t  General  E l e c t r i c ,  have developed f o r  t h e  app1:ca t ion  t o  s o l a r  u s e ,  ,s 
we l l  a s  o t h e r  l a r g e  s t r u c t u r a l  members, such a s  a p p l i a n c e s  and au tomobi le  
p a r t s .  The e v o l u t i o n  of s i n g l e  compunent molding compounds a l l ows  t h e  u s e  o f  
r e l a t i v e l y  low c o s t  molds w i th  h igh  p roduc t ion  r a t e s  w i t h i n  t h o s e  molds. 

F igu re  7 i s  a  p i c t u r e  of an engi:.ec?r;ng p r o t o t y p e  mold of app rox ima te ly  
the  same c u r v a t u r e  and s i z e  a s  one of  t h e  r,?.zments t o  be molded f o r  t h e  Low 
Cost Concen t r a to r  1 2 1 n e t e r  d i s h .  I t  i s  n p ~ o o f - o f - c o n c e p L  mold and has  worked 
ou t  q u i r e  w e l l .  

F igu re  8 shows a  f i n i ~ h e d  molded p a r t  whi.~b h z s  been produced i n  t h e  
mold shown p r e v i o u s l ) .  I t s  s u r f a c e  c o ~ t s ~ r r  s:~d s t r u c t u r a l  p r o p e r t i e s  a r e  a s  
ctvsigned. 

To show f u r t h e r  a p p l i c a t i o n  of molded s t r u c ~ - t r a l  p ! a s t i c s ,  we have 
des igned  and f a b r i c a t e d  a  low c o s t  molded t rough wh3.e par:a a r e  shown h e r e .  
The type  o f  s t r u c t u r a l  d e t a i l  and r e in fo rcemen t  which can be achieved  a r e  
e x c e l l e n t  and t h e  s t r e n g t h  and s u r f a c e  t o l e r a n c e s  r e q l ~ i r e d  can be a :n ieved  
u s i n g  molded s t r u c t u r a l  p l a s t i c s  ( s e e  F igu re  9 ) .  

Geners l  E l e c t r i c  has  a l s o  been involved  i n  eng ine  r e c e i v e r  d e ~ e l o p m e n t  
a c t i v i t i e s  fo r  DOE m d  J P L  ( F i g u r e  10). S p e c i f i c a l l y  we havre evolvdd a 
mult i -vane r o t a r v  ?xpander  Rankine c y c l i n g  eng ine  and have d2veioped S t i r l i n g  
eng ine  d e s i g n s  a d  hardware.  



We have developed a  t ami ly  of r e c e i v e r s ,  from t h e  i n i t i a l  c a v i t y  
r e c e i v e r  used f o r  t h e  o r i g i n a l  Shenandoah 7-meter d i s h ,  a p p l i c a b l e  t o  Rankine 
c y c l i n g  engines . ,  t o  a h igh  t empera tu re  r e c e i v e r  a p p l i c a b l e  t o  B r a y t ~ n  c y c l i n g  
e n g i n e s ,  and c u l m i n a t i n g  i n  t h e  h e a t  p i p e  r e c e i v e r  t h a t  i s  b e i n g  developed  
p r e s e n t l y  f o r  S t i r l i n g  e n g i n e s .  T h i s  r e c e i v e r  does  have ene rgy  s t o r a g e  
c a p a c i t y  w i t h i n  i t .  

F i g a r e  11 g i v e s  a view look ing  th rough  an a p p r o p r i a t e  f i l t e r  Lnto t h e  
r e c e i v e r  a p e r t u r e  uf t h e  GE-developed 7-meter d i s h  s y s t e n  on t e s t  a t  Sand ia  
L a b o r a t o r i e s ,  Albuquerque f a c i l i t y .  Output  f l u i d  from t h e  r e c e i v e r  t u b e s  i s  
a t  7500F. You can s e e  t h e  c o n c e n t r a t e d  s c l a r  energy  d i s t r i b u t i o n  on t h e  
c o i l s  w i t h i n  t h e  r e c e i v e r  produced by t h e  7-meter c o n c e n t r a t o r .  

Because pc n t  focus d i s h e s ,  of n e c e s s i t y ,  a r e  2-axis  t r a c k i n g ,  :he need 
f o r  : , l ~ t r o l s  c s e n s o r s  i s  i n h e r e n t .  Also ,  t h e  v a r i o u s  modes of o ~ e r a t i o n ,  
i n c l u d ~ n g  s ta r ; - -up  and shutdown I n g i c ,  r o u t i n e  and emergency focus  and d e f o c u s ,  
and 7t.. ,tr o p e r a t i o n s ,  a r e  r e q u i r e d .  F i g u r e  12 shows t h e  g e n e r a l  development 
needs  w i t h i n  t h i s  a r t ? .  

A s  I mentioned p r e v i o , ~ s l y ,  one of t h e  key e l emen t s  t o  r e c o g n i z e  i n  t n e  
f i r -~e lopment  of a  commercial p r ~ d u c t  i s  t h e  n e c e s s i t y  f o r  a number of r e q u i r e d  
d e s i g n  c y c l e s  ( s e e  F igu re  13 ) .  Each c y c l e  proceeding  from i n i t i a l  d e s i g n  
through f a b r i c a t i o c  a n t  f i e l d  s e r v i c e  must be completed b e f o r e  t h e  n e x t  cycle! 
can  l e g i t i m a t e l y  be s t a r t e d .  Our e x p e r i e n c e  i n  i n d u s t r y  h&s been t h a t  a t  
l e a s t  t h r e e  cf chese  c y c l e s ,  and sometimes more, a r e  r e q u i r e d  b e f o r e  a  com- 
m e r c i a l  p roduct  e v o l v e s .  The JPL  program, a s  des igned ,  does  have b u i l t  w i t h i n  
i t  t h e s e  d e s i g n  c y c l e s .  I t  i s  n e c e s s a r y  t h a t  t h e  program be r e t a i n e d  w i t h  
t h e s e  f e a t ~ l r e s ,  -nd t h e  c o n t i n u i t y  t o  m a i n t a i n  t h e  flow of knowledge and 
development i n  i n d u s t r y  be ma in t a ined .  

F igu re  14 s h o ~ s  one example of  many I cou ld  have chosen t o  i l l u s t r a t e  
t h e  product  e v o l u t i o n  des ign  c y c l e  phenomenon. The deveiopment of a i r -  
condi  t i m i n g  equipment f o r  p r i v a t e  hones ,  f o r  example, went t h r m g h  t h i s  
p roces s  w i th  t h e  r e s u l t  t n a t  over  one h a l f  t h e  homes b u i l t  today  i n  t h e  Un i t ed  
S t a t e s  a r e  equipped wi th  c e n t r a l  a i r - c o n d i i i o n i n g ,  n o t  t o  mention a l l  of t h e  
commercial and i n s t i t u t i o n a l  b u i l d i n g s  which have a i r - c o n d i t i o n i n g  i n c o r p o r a t e d  
w i t h i n  them. The road t o  t h i s  commercial p roduc t  was one t h a t  went t h r s u g h  
t h r e e ,  and p o s s i b l y  f o u r ,  de s ign  c y c l e s  a s  t h e  product  moved from t h e  e a r l y  
p r o t o t y p e  s t a g e  through t h a t  of an emerging product  t o  t h e  c o s t - e f f e c t i v e  
r e l i - a b l e  commercial p r aduc t  t h a t  i n d u s t r y  suppl - ies  today .  

F i g u r e  15 shcws what one qcad of energy  s u p p l i e d  t o  t h e  Uni ted  S t a t e s  
would mean i n  terms of  v a r i o u s  t ypes  of energy  g e n e r a t i o n .  It compares t h e  
r e q u i r e d  I m i l l i ~ m  p a r a b o l i c  d i s h e s  t o  t h e  17  e q u i v a l e t ~ t  n u c l e a r  p l a n t s  and 
t h e  v a s t  anount  of f o s s i l  energy  r e q u i t e d  t o  r e p l a c e  t h i s  renewable energy  
sou rce .  

I n  summarv, we a t  General  E l e c t r i c  b e l i e v e  s o l a r  thermzl  p a r a b o l i c  d i s h  
energy  a p p l i c a t i o n s :  

( 1 )  Are a  v i a b l e  d i s t r i b u t e d  renewable power g e n e r a t i a g  o p t i o n .  

( 2 )  Produce q u a l i t y  energy  i n  t h e  forrib G :  e l e c t r i c i t y  and h igh  
temperaLure h e a t .  



( 3 )  Are modular and can be distributed to new or existing plants in 
increments. 

( 4 )  Are f~ctory mass producible with associated economies of 
production. 

( 5 )  Have progressed under DOE end industry development. 

( 6 )  Can be developed to produce renewable eriergy in support of the 
nation's energy qoals. 

Thank you . 







TE
CH

NO
LO

GY
 

NE
ED

S 
1 

RE
FL

EC
T1

 VE
 S

UR
FA

CE
S 
s
 

e 
C3

ST
 E

FF
EC

TI
VE

, 
LO

NG
 L

IF
E 

RE
FL

EC
TO

R 
RE

QU
IR

ED
 

SO
LA

R 
T

H
E

W
L

 P
RO

GR
AH

 

a 
AP

PR
OA

CH
 

- 
DE

VE
LO

P 
LO

W 
CO

ST
 S

IL
VE

R 
IN

TE
GR

AT
ED

 R
EF

LE
CT

OR
S 

- 
IM

PR
OV

E 
DU

RA
BI

LI
TY

 O
F 

M
ET

AL
IZ

ED
 F

IL
M

S 

- 
U

TI
LI

ZE
 G

LA
SS

 C
OA

TE
D 

AL
UM

IM
JH

 A
ND

 S
IL

VE
R 

RE
FL

EC
TO

RS
 





1 
TE

M
NO

LO
G

Y 
NE

ED
S 

ST
RU

CT
UR

AL
 P

LA
ST

IC
S 
s
 

0
 

EV
O

lU
TI

O
N

 O
F 

M
A

TE
R

IA
L,

 
PR

OC
ES

S 
AN

D 
CO

M
PO

NE
NT

 D
ES

IG
N 

0
 

G
EN

ER
AT

IO
N 

OF
 P

RO
PE

RT
Y 

AN
D 

PE
RF

OR
M

AN
CE

 D
AT

A 

O
 

RE
FL

EC
TO

R 
- S

LB
ST

RA
TE

 
IN

TE
G

R
A

TI
O

N
 

GE
NE

RA
TE

 C
OS

T 
DA

TA
 B

AS
E 

FO
R 

PR
O

DU
CT

IO
N 

SO
LA

R 
TH

ER
M

AL
 

PR
OG

RA
M

 















TE
CH

NO
LO

G
Y 

NE
ED

S 
i--
 

7
 i 

SO
LA

R
 T

H
E

W
L

 P
RO

G
RA

M
 

1 
C

O
N

rR
O

LS
 A

N
D

 S
EN

SC
RS

 
, 

G
EN

ER
AL

 
C

O
N

Tk
O

L 
PR

O
CE

SS
 

-
-
-
 

AD
D

1 T
I O

NA
L 

D
EV

EL
O

PM
EN

T 
-
-
-
 

IN
P

U
T 

-
-
 

0
 

HA
T.

DW
AR

E/
SO

FT
kA

RE
 

TS
AD

EO
FF

S 

0
 

HA
RE

M
AR

E 
D

EV
EL

O
PM

EN
T 

0
 

R
EQ

U
IR

EM
EN

TS
 

D
E

F
IN

IT
IO

N
S

 

- 
D

E
TA

IL
E

D
 

- 
TA

IL
O

R
E

D
 T

O
 

S
P

LC
IA

L 
A

P
P

LI
C

A
TI

O
N

S
 

- 
U

N
hE

C
ES

SA
R

Y 
R

EQ
U

IR
EM

EN
TS

 E
LI

M
IN

A
T

E
D

 

SU
N 

SE
NS

O
R 

r
7

 
a 

RE
AD

 S
U

N
 S

EN
SO

R 
S 
I
 G

NA
L 

!- 
CO

UR
SE

 
1
 

C
O

M
P*

;'L
 

TU
 

C
AL

C
U

LA
TE

D
 

P
O

S
IT

IO
N

 
P

O
S

IT
IO

N
 

C
A

LC
U

LA
TI

O
N

 
0
 

SU
N 

SE
NS

O
R 

S
E

N
S

IT
IV

IT
Y

 T
O

 G
LI

N
T

 A
ND

 

C
LO

U
D

 C
C 

J'E
R 

0
 

SE
LE

C
T 

SU
N 

SE
NS

O
R 

O
R 

CO
UR

SE
 

CO
NT

RO
L 

P
O

S
IT

IO
N

 
OR

 I
 VE

 
C

O
W

N
O

 
I EPH

EM
ER

IS
 

D
AT

A 
t- 

a 
G

EN
ER

AT
E 

D
R

IV
E

 
CO

M
M

AN
D 

I O
PE

RA
TO

R 
IN

TE
R

FA
C

E
 A

tiD
 - 

0
 
DA

TA
 T

R
AN

SF
ER

 











FORD AEROSPACE AND COMMUNICATIONS CORPORATION 

Calhoun Sumrall 

Ladies and gentlemen, I gm de l igh ted  t o  be  here  t o  provide an i n d u s t r i a l  
viewpoint c o m e n t a r y  on t h e  s t a t u s  of t h e  c u r r e n t  p a r a b o l i c  d i s h  technology 
and the assoc ia ted  DOE funded programs which a s s i s t  i n  the  development of 
comnercia l iza t ion.  

I am s u b s t i t u t i n g  f o r  Bob Pons who i s  we l l  known t o  many of you. I am 
happy t o  r e p o r t  t h a t  Bob is  making a  s t rong  recovery from open h e a r t  su rge ry ,  
and he w i l l  be back l e a d i n g  our So la r  Energy Systems eng ineer ing  e f f o r t  i n  a  
few weeks. He sends h i s  r egards .  

F i r s a r e  PFDR systems compet i t ive?  Chart 1 shows a  s tudy t h a t  
compares BBEC (kWeh) f o r  Po in t  Focus-Distr ibuted Receiver-Dis t r ibuted 
Generation Systems a s  a  func t ion  of production volume and time. This a n a l y s i s  
draws upon much background d a t a  from JPL a s  we l l  a s  FACC a n a l y s i s .  The s o l i d  
l i n e s  1-4 represen t  cos t  p r o j e c t i o n s  fo r  new convent ional  o i l  f i r e d  power 
p l a n t s  i n  small  c a p a c i t i e s  ( 8  MW) a t  s p e c i f i c  l o c a t i o n s  ranging from C a t a l i n a  
I s l and  across  the na t ion .  The shaded a rea  p r o j e c t s  the cos t  of new coa l - f i r ed  
1,000 MW c a p a c i t i e s  i n  t h e  south  A t l a n t i c  s t a t e s  t o  t h e  west and nor th  c e n t r a l  
s t a t e s .  Such c a l c u l a t i o n s  a r e  h ighly  s e n s i t i v e  t o  assumptions r e l a t i v e  t o  
f u e l  i n f l a t i o n  r a t e s  over t h e  30 yea r  period a s  wel l  a s  assumed module 
production r a t e s .  Nonetheless,  the  s a l i e n t  point  i s  t h a t  PFDR systems can be 
compet i t ive  i n  a  l a r g e  number of smal l  communities, provided t h a t  adequate 
product ion volume can be developed. 

Second, i s  the technology a v a i l a b l e ?  We th ink  so ,  and intend t o  prove 
i t  by the  opera t ion  of  Engineering Experiment No. 1  t h i s  year  a t  the  J P L  
Parabo l i c  Dish Test  S i t e .  You have hea rd ,  o r  w i l l  h e a r ,  s g r e a t  dea l  about 
t h e  Organic Rankine Engine, Phase I1 Experiment a t  t h i s  annual meeting. 
F u r t h e r ,  vou w i l l  hear a  g r e a t  dea l  about g l a s s  and p l a s t i c  c o n c e n t r a t o r s ,  and 
S t i r  l i n g  and Brayton engines .  

Chart 2  p resen t s  the t o t a l  system e f f i c i e n c y  f o r  each engine candidate  
coupled with e i t h e r  p l a s t i c  o r  g l a s s  concen t ra to r s .  Note the  p red ic ted  engine 
thermodynamic performance inc rease  i s  p a r t i a l l y  of £ s e t  by the  increased l o s s  
of the  rece ive r  a t  t h e  h igher  temperature.  The h igher  r e f l e c t i v i t y  of the  
g l a s s  concentra tor  provides  a  c o n s i s t e n t  3-4 percent  point  improvement. 

Th i rd ,  system c o s t s  a r e  h ighly  s e n s i t i v e  t o  subsystem s p e c i f i c a t i o n s .  A 
few caveats  a r e  noted: 

( 1 )  Concentrator c o s t s  a r e  a  s t r o n g  func t ion  of su r face  r e f l e c t  i u i t y  , 
s lope e r r o r ,  and concen t ra t ion  r a t i o .  

(2 )  High temperature engine performance r e q u i r e s  high concen t ra t  ion 
r a t i o s ,  low s lope  e r r o r s ,  and high r e f l e c t a n c e .  

(3 )  Sun a c q u i s i t i o n ,  t r a c k ,  and emergency d e t r a c k  requirements s t r o n g l y  
i n £  luence a p e r t u r e  face p l a t e  des ign and power copvers ion s t r u c -  
t u r a l  i n t e g r i t y ,  and s u r v i v a b i l i t y .  



( 4 )  Low l i f e  c y c l e  c o s t s  r e q u i r e  a f a u l t  t o l e r a n t  d e s i g n  which u t i l i z e s  
s imple  main tenance  p rocedures ,  and which does  no t  p ropaga te  f a i l u r e  
t o  a d j a c e n t  modules. 

(5) Low o p e r a t i n g  c o s t s  r e q u i r e  a  t o t a l l y  unmanned, computer c o n t r o l l e d  
au toma t i c  mode o f  o p e r a t i o n .  

Four th ,  a r e  we head ing  toward t h e  commerc i a l i za t i on  o b j e c t i v e ?  Char t  4  
p r o j e c t s  a  t y p i c h l  power module c o s t  a s  a  f u n c t i o n  o f  p roduc t ion  q u a n t i t y  a f t e r  
i n i t i a l  R6D q u a n t i t i e s  have been t e s t e d .  A commitment t o  p roduc t ion  r a t e s  i n  
e x c e s s  of  1,000 power modules p e r  y e a r  must b e  reached  t o  ach i eve  economic v i a -  
b i l i t y ,  and suppor t  t he  n e c e s s a r y  inves tment  i n  f a c i l i t i e s  and t o o l i , ~ g .  Note 
t h a t  t h e  c o n c e n t r a t o r  r e p r e s e n t s  t h e  l a r g e s t  component o f  c o s t .  

F i f t h ,  do the  R&D programs phase i n t o  p roduc t ion?  Chart  5  is an npproxi -  
mate s chedu le  o f  c u r r e n t  DOE development programs. Through 1984 o n l y  65  power 
modules a r e  programmed. Then a  2-year pause occu r s  b e f o r e  a  p r o d u c t i o n  d e c i -  
s i o n  f o r  f i r s t  g e n e r a t i o n  equipment is made. Low p roduc t ion  r a t e s  w i l l  r e s u l t  
i n  h igh  u n i t  c o s t s .  

We f e e l  t h a t  i t  is e s s e n t i a l  t h a t  t h e  pe r iod  of  1984-86 be augmented 
wi th  a  number of  a d d i t i o n a l  1  MW o r  l a r g e r  sys tems.  Secondly ,  we need an  
a c c e l e r a t i o n  i n  p roduc t ion  r a t e  of pro t0 typ .s  t o  j u s t i f y  d e q u a t e  p roduc t ion  
type  t o o l i n g .  

S i x t h ,  what a r e  t h e  major problems i n h i b i t i n g  c c m e r c i a l i z a t i o n ?  Char t  
6 l i s t s  f i v e .  I n s u f f i c i e n t  funds  a r e  c u r r e n t l y  p r o g r a ~ m ? d  t o  s u p p o r t  a  f u l l  
s c a l e  development t r a n s i t i o n i n g  i n t o  p roduc t ion .  A multiplicity of  proEcams 
i s  r e q u i r e d .  

PFDR technology s u f f e r s  from an i d e n t i t y  c r i s i s .  What a r e  t h e  appro-  
p r i a t e  marke ts?  Does i t  complement t h e  Power Tower? Is i t  a p p l i c a b l e  t o  
repowering? I f  f e d e r a l  RCD funds  a r e  f u r t h e r  reduced ,  w i l l  we have o n l y  t h e  
Power Tower a s  t h e  s o l e  s o l a r  thermal  c a n d i d a t e ?  

I t  is my p e r s o n a l  op in ion  t h a t  we - b o t h  government and c o r p o r a t e  
r e s e a r c h e r s  - have f a i l e d  t o  c l e a r l y  d e l i n e a t e  t h e  r o l e s  f o r  p a r a b o l i c  d i s h  
technology,  p a r t i c u l a r l y  i n  r e g a r d s  t o  t h e  d e c i s i o n  makers i n  t h e  Congress  o f  
t h e  United S t a t e s .  I n  t h e  months ahead ,  i n  view of  t h e  pe r sonne l  changes i n  
t h e  Congress and t h e  r a t h e r  u n s e t t l e d  s i t u a t i o n  i n  t h e  DOE, we ought  t o  make a  
major  e f f o r t  t o  i d e n t i f y  t h e  r o l e s  and compara t ive  b e n e f i t s  of  t h i s  t e chno logy  
liild p re sen t  i t  t o  o u r  government l e a d e r s .  Given t h e  d e s i r a b i l i t y  of  t h i s  t e ch -  
nology,  I b e l i e v e  t h e r e  is a  major  d i f f i c u l t y  i n  b r i n g i n g  i t  t o  r a p i d  and suc-  
c e s s f u l  development and p roduc t ion .  Although v i r t u a l l y  a l l  economic a n a l y s e s  
show t h a t  t h e  c o n c e n t r a t o r  i s  app rox ima te ly  one-half  t h e  c o s t  of t h e  sys tem,  
c o n c e n t r a t o r  development is not  p roceed ing  a t  a  pace s u f f i c i e n t  t o  g i v e  t h e  
system deve1opc.r cho ices  and f l e x i b i l i t y .  Fur thermore ,  t h e r e  is  not  s t r o n g  
ev idence  t h a t  advanced c o n c e n t r a t o r s  a r e  b e i n g  developed which r e s u l t  i n  in-  
s t a l l e d  c o s t s  of l e s s  than  $100/m2. We nerd t o  deve lop  a  p a r a b o l i c  d i s h  
i n d u s t r y  a s  q u i c k l y  a s  we can.  



We feel that Parabolic Dish Technology offers significant advantagee for 
thermal-electric application and it can be competitive in many situations. 
Industry faces the need to aggressively market these system advantagee to 
obtain development funds and to proceed on a schedule which would permit timely 
evaluations and comparisons with alternate systems. We, at Ford, are dedicated 
to making this ha,? - en. 
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SANDERS ASSOCIATES 

Daniel Shine 

My emphasis will be on the philosophical issues. These issues have been 
alluded to in the preceding program or company discussiona. 

The first point I will mention is a theme recurrent in Paul, Worth, Walt 
and Cal's presentations: Program Continuity. 

Whether you are in industry or you are with a national lab or in govern- 
ment, you must understand what Program Continuity is. It can mean different 
things, depending what your perspective is. We in industry will never reach 
that 1 quad by the year 2000 un1es.q there is some Program Continuity. We can- 
not put together teams and keep them together without adequate funding. The 
point has been made over and over and over agein that the programs are funded 
at woefully inadequate levels. We should take it upon ourselves to do some- 
thing about that. It means educating the public, educating Congress, educating 
anyone who will listen. Those of us present in the roan here rerresent every- 
thing from small businesses to Fortune 50 or perhaps Fortune 10 companies, and 
we have done a lousy job. With the size of the current program, we will not 
reach the 1 quad goal by the year 2050, if ever. We keep preaching as individ- 
uals and as companies to the government, to DOE and the labs about Program 
Continuity. There is nothing they can do about it if they themselves do not 
have the resources to pass through to industry far continuation of the 
development programs. 

What I would like to do is lay down challenge number one: to take it 
upon ourselves to do something about this budget problem over the next several 
months. The budget cycle for 1982 has begun; hearings are being held on the 
Hill. It is up to us through our companies, through our labs, through what- 
ever, to get the message acrGss that we are not going anywhere at the rate we 
are going now. Most people in the ~ublic sector, most people on the  ill, do 
not understand what this program is. Solar to most means either a green house, 
heating water, or Barstow. That is all it means, and it is our fault. If we 
are really as interested as we indicate, a~,d we are all interested since we 
are here, then we better do something about it. Maybe we will not be here 
next year or the year after--again it is our fault. 

The second point I would like to make is that once we establish an 
adequate funding level there will have to be more demonstration projects. We 
all have our idea what the adequate funding level might be, and it is certainly 
inadequate now. Perhaps they do not all have to be at the megawatt level but 
there certainly must be more. That is all part of the education process. The 
more demonstration programs, the more publicity. As ve have heard from 
speakers all day, and we will hear from them tomorrow, all of the technology 
and component development programs have been relative successes to this point. 
We need some system successes. That will generate more interest, more public- 
ity, and hopefvlly, more funds. Maybe we will reach our 1 quad goal. 

The third point I would like to make addresses the DOE JPL program. It 
is a point that several of us have made and it can be disc-qssed forever. 
Simply put, it is the position of most of us in industry that there has been 
too much strcsa en t~chnnlogical advancement and coming up with the perfect 



components: perfect component number 1 to be wedded to perfect component num- 
ber 2, to be wedded to perfect component number 3, the sum to equal a perfect 
system. That is not how you get successful demonstration programs or addi- 
tional funding. Who cares if it is 20 or 21 percent efficient? Nobody cares. 
Congress docs not care. Certainly, as engineers and technologists, we do care. 
I am not disparaging that at all. What I am saying is that the stress in the 
prograa has been put in the wrong place. 

Program stress must be on success, not on an additional percentage point 
of efficiency. This stress of efficiency, or additional points of efficiency, 
has presented industry with somewhat of a dichotomy. The programs often seem 
to be technologically ambitious, ye t  stretched out. We are looking for an 
additional percentage point, two percentage points, or three in a mirror pro- 
gram for hstance. It turns out that the way the funding has been going, again 
our fault, over the recent years it will take 10 years to get there. By that 
time, everybody else will have passed us by and maybe we will be back to gas 
lamps or oil lamps. ;n any case, we have a problem. 

Yogi is going to address one approach to resslv 
organization now exists which requires the membership 
sented in the room. It is the Solar Thermal Energy D 

ing the problem. An 
of all compsnies repre- 
ivision of the Solar 

Energy Industries Association. Another approach might be looking at oar own 
problem and getting better dialogue going with Washington and with the Labs 
responsible for our programs. We are not getting our message across; we fight 
one another. KE do not understand what it is that we want. Thzre has to be a 
better dialogue if this program is going to survive. We have seen from the 
General Electric presentation and the other presentations where sola thermal 
could go, whet the costs could be, but my basic .point is that we are never 
going to get there. We are never going to get there at the rate we are going 
now. Remember one thing from this panel presentatioc: You have to get out 
there and do your job oh the Hill. We h&e not done it. 
panies has other programs that take priority; we are all 
ness, if we are of any considerable size, with some smal 
We have to integrate the solar program, particul..rly the 
those overall priorities and see if we can get somewhere 
going we are going nowhere. We will have some wonderful 
desert and they will have very high efficienc!.es but it 

- 
Every one of our com- 
in some other busi- 
companies excepted. 
dish program, into 

A t  the rate we are 
demonstrations in the 
s not going snywhere. 

Who is going to buy them? m his whole program is geared to developing products 
which can be sold in the comercia1 market place and displace oil. At the rate 
we are golng we will not displace oil until all of the oil is gone. 

It is our problem; it is up to us to do something about it. 



ACUREX CORPORATION 

Jorgen Vindum 

A couple of s u b j e c t s  we w i l l  be d i s c u s s i n g  a r e  the  annual o p e . o t i n g  
program f o r  t h e  d i s h  program a t  DCE, some l e g i s l a t i v e  a c t i o n  and anylhing e l s e  
members would ke t o  b r i n g  up. 

I would l i k e  t o  t a l k  b r i e f l y  about the  proper t iming and mixture of d i s h  
technology. I t h i n k  i t  is important  t o  mention both  t iming and mixture  s i n c e ,  
a s  f a r  a s  d i s h  technology is  concerned, t h i s  i s  not a  normal e v o l u t i o n  we a r e  
going through. We heard e a r l i e r  about a i r  c o n d i t i o n e r s .  I w i l l  b r i n g  up 
a d d i t i o n a l  examples of a p p l i c a t i o n s  t h a t  have evolved. The market made them 
evolve a t  a  p a r t i c u l a r  pace;  technology was not a v a i l a b l e  t o  make them evolve  
any f a s t e r .  We have the  c a p a b i l i t y ,  I b e l i e v e ,  t o  make the  s o l a r  technology 
evolve too f a s t  causing a  s e r i o u s  problem. The mixture  of the  s i z e s ,  e t c . ,  of  
the  programs could be wrong and t h a t  i s  what I would l i k e  t o  d i s c u s s .  

The agenda i s  shown here  (v-1). I want t o  t a l k  about the  requirements  
f o r  proper technology e v o l u t i o n ,  the  importance of t iming,  why I b e l i e v e  the  
d i s h  program w i l l  be s u c c e s s f u l ,  and a  few conclus ions  t h a t  have been reached.  

Regarding the requirements of proper technology evo lu t ion  (V-2) I w i l l  
draw upon the  exper ience  Acurex has had i n  t h e  trough bus iness .  We have gone 
through s e v e r a l  genera t ions  and, a s  mentioned e a r l i e r ,  t h e s e  genera t ions  a r e  
very c r i t i c a l .  You sometimes l e - r n  t h e  hard way from smal l  p r o j e c t s ,  but  a t  
l e a s t  you incorpora te  your knowledge i n t o  the  next job and i n t o  the  t h i r d  or 
four th  genera t ions .  You cont inue t o  make improvements, and i n  t h i s  way you 
evolve.  This i s  the way you ge t  the performance up and g e t  the hardware 
introduced u n t i l  t h e r e  i s  a  r e a l  c o m e r c i a l  market .  

Seccndly,  I would l i k e  t o  draw on an exper ience  i n  the  a i r c r a f t  indus t ry .  
Again, they have a l l  slowed by the  pace of t h e  commercia; market. In some 
i n s t a n c e s ,  they made some mis takes  and I w i l l  d i s c u s s  t h s s e .  As f a r  a s  the  
requirements ,  and system s i z e ,  I t h i n k  i t  is c r i t i c a l  t h a t  we s t a r t  ou t  smal l  
and grow l a r g e r .  Again, a s  I mentioned, the  technology al lows us t o  b u i l d  a  
very  l a rge  i n i t i a l  system. Should t h a t  p a r t i c u l a r  program f a i l ,  s o l a r  would 
be i n  deep t r o u b l e .  We must s t a r t  wi th  a  s i n g l e  d i s h ,  two d i s h e s ,  f o u r ,  e t c .  
I th ink  t h a t  i s  a  c r i t i c a l  element t o  success .  

System s i m p l i c i t y  - aga in ,  make the f i r s t  one simple and then g e t  more 
complicated a s  we l e a r n .  So la r  i s  g e n e r a l l y  very simple,  but when you g e t  
harcware ou t  the re  you l ea rn  t h a t  Murphy i s  s t i l l  ardund and you a t i l l  heve 
problems. For t h a t  r eason ,  s t a r t  with the  s imples t  and go t o  the  more complex. 

Improved qenerat  ions ,  again  looking a t  the  a i r l i . l e  i n d u s t r y ,  s t a r t e d  
with some very simple systems: The f i r s t  Wright Brothers  f l i g h t ,  the  DC3. 
Many were b u i l t  and a  good d e a l  was l ea rned ;  the metal  a i r c r a f t  indus t ry  
s t a r t e d ,  and we progressed t o  t h e  DC8, DC9 and DClO i n  a  very o r d e r l y  
progress ion.  If you had t r i e d  t o  bu i ld  a  747 hack i n  1940, such a s  the  Spruce 
Goose t h a t  i s  ncw located down i n  Long Beach, I th ink  you would have g o t t e n  
i n t o  s e r i o u s  t roub le .  We had the ~ e c h n o l o g y ,  but i t  was too premature an 
in t roduc t ion  of t h a t  s i zed  a i r c r a f t .  



The importance o f  t im ing  (V-3%. Compet i t ion :  There a r e  s e v e r a l  competi-  
t i v e  f a c t o r s  t o  c o n s i d e r  r i g h t  now. The f i r s t  one is  t h a t  o f  DOE o r  f e d e r a l  
funding .  We a r e  competing w i t h  o t h e r  s o l a r  t e c h n o l o g i e s  and we should  recog- 
n i z e  t h a t .  Those o f  u s  i n  s o l a r  thermal  a r e  u n f o r t u n a t e  t o  be competing i n  
t h r e e  d i f f e r e n t  s o l a r  thermal  t e c h n o l o g i e s .  For t h a t  r ea son ,  i t  is i w + v t ? v p  
t h a t  we g e t  d i s h  technology o u t  t h e r e  where i t  can be s e e n ,  s o  t h a t  we can  g e t  
o u r  f a i r  s h a r e .  I do not  t h i n k  t h a t  d i s h  technology i s  g e t t i n g  a  t h i r d  of  t h e  
s o l a r  t he rma l  budgets  and I do no t  t h i n k  t h a t  i t  is g e t t i n g  i t s  f a i r  s h a r e  o f  
t h e  s o l a r  budget i n  g e n e r a l .  

The second compe t i t i on  t h a t  we have t o  look a t  downstream is s u r v i v a l .  
Sooner o r  l a t e r ,  we w i l l  have t o  be  i n  t h e  c o m e r c i a l  c o m p e t i t i v e  m a r k - ? ,  "xi.  
e v e r ,  i f  we dc  not  get svstcms o u t  t h e r e  t h a t  t he  commercial customer can look 
a t ,  he is r.ot go ing  t o  buy i t .  i'. wents  t o  s e e  some, and he  wants  t o  go  k i c k  
scme b e f o r e  he w i l l  buy t h e  f i r s t  one ,  and wi thou t  the f i r s t  one r v -  -- 'I1 not  
h a w  one quad o r  whatever  by 2000. 

V i s i b i l i t y :  The number of  i n s t a l l a t i o n s  and t h e  s i z e .  I t h i n k  i t  is 
very  :.mpoi-tant t o  g e t  many, many sma l l  s: :terns a c r o s s  t h e  c o u n t r y .  I n d u s t r i a l  
and c o w e r c i a l  c l i e n t s  have no idea  what is go ing  on. They do no t  go  t o  
Edwards t o  s e e  t h e n ,  t hey  need t o  s e e  them l o c a l l y .  There a r e  t rough sys tems 
around t h i s  coun t ry  and ye t  when you t a l k  t o  an i n d u s t r i a l  c l i e n t  t hey  have 
never s een  one. We must make s u r e  t h a t  t h e r e  is  one i n  e v e r y  s t a t e ,  and i f  we 
want c o n g r e s s i o n a l  suppor t  f o r  t h i s  program I t h i n k  i t  is impor tan t  t h a t  we put  
them around t h e  c o u n t r y .  

Ths-ce f i r s t  i n s t a l l e d  sys tems could  be f a i l u r e s .  I f  t hey  a r e  s a a l l ,  i t  
is easy  r e p l a c e  them o r  improve them. Large f a i l u r e s  a r e  v e r y  v i s i b l e .  We 
need sma!l systems t h a t  a r e  a l l  s u c c e s s f u l  and l o t s  of them. 

F i n a l l y ,  we need t o  r e p l i c a t e  sys tems w i t h  improvements from g e n e r a t i o n  
t o  g e n e r a t i o n .  I t h i n k  t h a t  t h e  PV program w i t h i n  DOE h a s  been v e r y  
s u c c e s s f u l .  They keep r e p e a t i n g  t h e  same t h i n g ,  keep combing down t h e  c o s t  
c u r v e ,  and they  have been v e r y  s u c c e s s f u l  i n  g e t t i n g  fund ing  f o r  t h e  PV 
program by r e p l i c a t i n g  and showing c o s t  improvements. I f  we deve lop  j u s t  one 
of  a  k ind  f o r e v e r  we w i l l  never  be a b l e  t o  show any c o s t  cu rve  and we w i l l  no t  
g e t  t h e  suppor t  we s o  d e s p e r a t e l y  need. 

F i n a l l y ,  I w i l l  d i s c u s s  why I t h i n k  t h i s  technology w i l l  be s u c c e s s f u l  
and what c h a r a c t e r i s t i c s  i t  h a s  ( V - 4 )  t h a t  w i l l  make a  s u c c e s s  of ti:- program. 
Modular i ty :  You can put ou t  a  s i n g l e  d i s h  and make a  complete  system. I t  
can bc i n t e g r a t e d  t o  t h e  g r i d .  I t  cou ld  be  a  thermal  sys tem,  i t  cou ld  be a n  
e l e c e .  i c  sys tem,  bu t  t he  m ~ d u l h r i t y  of p o i n t  focus  technology i s  v e r y ,  v e r y  
impor tan t  i f  we wish t o  be  s u c c e s s f u l .  Again,  when commercial cus tomers  come 
a l o n g ,  t hey  can buy one - not  umpteen megawatts .  They can j u s t  buy one ,  two, 
t h r e e ,  e t c . ,  and w e  can g e t  t h e  commercial market  go ing .  Without t h o s e  few 
buys ( a g a i n  an ana logy of  i he  movie t h e a t e r )  we w i i l  no t  g e t  t h e  commercial 
market go ing .  

R e p e a t a b i l i t y  and coming down t h e  l e a r n i n g  cu rve  a r e  v e r y  impor t an t .  I f  
you d u p l i c a t e  more of t h e  same, we w i l l  come down t o  t h e  magic c o s t  number t h a t  
i s  be ing  thrown around now. We w i l l  never  g e t  t h e r e  u n l e s s  we s t a r t  b u i l d i n g  
m e .  You b u i l d  one and two, f o u r ,  e i g h t ,  r e p e a t  i t  e i g h t  t i m e s ,  b u i l d  a b c u t  



500 systems, that's 10 megawatts. I think we would be a lot further down the 
learning curve if we did it that way rather than build one large lo-megawatt 
system. 

Again, early market compatibility. The remote markets that exist for 
point focus technology right now require one, two, three dishes. Therefore, 
we are very compatible with those people bho are likely to buy the first one. 

In conclusion ( ~ - 5 ) ,  let me point out that I believe dish technology 
should be accelerated relative to other solar technologies. We have great 
potential, we must spread that word and get it out in the field. 
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ADVANCO CORPORATION 

Byron Washom 

The present state of the art of the parabolic dish technology and the 
forthcoming changing of Administration makes this panel discussion on 
technology development most opportune. As all of us in the room are acutely 
aware, our business success is dually a function of our engineering 
achievements and the public policy support to enact our engineering progress. 
As witnessed this afternoon, the spokesmen for Garrett, United Stirling, 
General Electric, Ford Aerospace, Sanders, and Acurex have stated that the 
public policy is lacking, particularly in Lhe form of direct appropriations 
for construction, and the conseqcence of such failing is retarding the 
comnercialization of solar thermal technologies. 

I have been asked by Dr. Lucas to provide a summary of the views 
presented thus far and address those pertinent areas possibly unmentioned. 
Additionally, I would like KO speak to :he subject of these technology 
development issues in context with the new Reagan Administration. My 
conclusions are those that I have drawn on my own, but with the assistance of 
colleagues about to asFume various energy posts within the Reagan 
Administration. 

As to the technical issues, it would -2 wise to segregate the issues 
into five areas: engines, receivers, concentrators, system integration, and 
component development. 

If one agrees that the technical issues presented by this panel are in 
fact valid, :hen the future does not bode well for those anxious to see an 
early cmmercialization of parabolic dish technology. This present state of 
affairs, coupled with a decisive fiscal policy of the forthcoming Reagan 
Administration, will probably alter the course of the solar thermal technclogg 
development program, and this deviation is inexplicitly opposite to the 
present DOE program. 

The present DOE program can be characterized as encouraging short term 
research and development of the energy technology and permitting the favorable 
effects of tax incentives and mass production to reach economic 
competitiveness. 

When budget cuts have occurred in the solar thermal program, the Carter 
Administratio 1 has tended to preserve the po' ' :y of placing hardware in the 
field at the direct expense of the Resebrch alld Advance ~evelopment budget. 
Th6 following table shows tht forecasted Advance Technology Resource 
Reqdirements versus the budget allocations (in $ millions): 

Forecast 
~ctual 



The disparity is compounded when one corsiders that DOE and the 
government labs in a recent solar thermal multi-gear plan identified Research 
and Development needs amounting to $57 million st~rting in ~ ~ ' 8 2 . l  The 
present i f l E  policy has favored the central receiver technology the most, 
followed by line focus projects and lastly the parablic dish market, but at 
least we have fared better than the research and advanced development program, 
albeit that the dish program is contained partial) :chin it. 

This rank r:der of prioritiee, I predict, will be reversei under the 
Reagan Administration, whereby research and advanced development will take a 
precedence in the solar thermal budget. Those technologies, especially the 
parabolic dish that will benefit the most from such RbD, will be placed in 
stronger competitive position. The basis for such a claim can be found in the 
existing information and policies of the R agan team. 

Foremost are the policies of David Stockman, Director-designee of the 
Office of Management and Budget, often refzrred to as the fourth branch of 
government. For those of you that have not read either his article in The -- 
Public Interest entitled "The Wrong War? The Case Against a Nstional Energy 
Po1icy"z or the "Stockman Manifesto" in the Washiqton ~ost,3 I would 
encourage you to do so and draw vour own conclusion. The Public Interest 
article reveals Stockman's belief (which is shared by Pres $lent-elect Reagan 
and his energy advisor Harold ~albouty) that decontrol of oil and natural gas 
prices will simlltaneously increase domestic production of uil, natural gas 
and coal, promote cvnservation via higher energy costs, and reduce oil imports. 

Stockman stated that ,4 

In short, the force-feeding of new lr~srgy supplies into the 
economy (by such means as coal conversion, sycthetic fuels, and 
solar t e c h n c ? ~ ~ ) ,  or the artificial withdrawal of energy from the 
economy (mandatory elIlciency standards) at costs-equivalent above 
the world price are exceedingly b ~ d  economic bargains. Any 
attempt to displace the 3 to 5 bi;lion barrels per year in 
imported liquid and gaseous fuels that will likely be required 
late in the next decade would impose a cost-penalty on the economy 
in the range of $40 to $70 billion per year. The result would be 
a substantial, unnecessary loss in national output, and an 
artificially high domestic-energy-cost structure which would 
reduce the competitiveness of our exports and increase the 
cost-advantage of imports. We obviously cannot improve our 
balance of payments or any other aspect of economic performance 

Solar Thermal Program, Multiyear Plan, p. 92, August 28, 1'979, draft. 

Stockman, David A., "The Wrong War? The Case Against a National Energy 
Tolicy," The Public Interest, Number 53, 1978. 

Stockman, David A,, "The Stockmen Manifesto," Washington Post, 
December 14, 1980. 

4 ~p cit., at 2.  



by r e s o r t i n g  t o  home grown, hothouse  bananas.  The same i s  csue f o r  
energy .  I f  a u t a r k y  i s  a d e f e n s i b l e  p o l i c y  i t  must have some o t h e r ,  
non-economic j u s t i f i c a t i o n .  

Th i s  l a i s s e z - f a i r e ,  f r e e  market approach s u g g e s t s  t h a t  new energy  
s u p p l i e s  must compete a g a i n s t  t h e s e  b a s e l i n e  t e c h n o l o g i e s  w i t h c u t  t h e  b e n e f i t s  
o f  t a x  i n c e n t i v e s ,  loan  g u a r a n t e e s  and g r a n t s ,  r e g a r d l e s s  of  o i l ,  c o a l  and 
n u c l e a r ' b  h i s t o r i c  s u b s i d i z a t i o n  by t h e  F e d e r a l  government of $134 b i l l i ~ n . ~  

The Washington Pos t  a r t i c l e  d i r e c t l y  impacts  t h e  p r e s e n t  commerc ia l iza-  
t i o n  s t r a t e g y  of t he  s o l a r  chermal i n d u s t r y ,  p a r t i c u l a r l y  t h e  c e n t r a l  r ec t  i v e r  
s e c t o r .  Under Stockman's  F i s c a l  S t a b i l i z a t i o n  Component, he  s u g g e s t s  t h a f -  ( 1 )  
p u b l i c  s e c t o r  c a p i t a l  inves tments  tk.at a c c r u e  i t s  b e n e f i ' s  over  20-40 y e a r s  be 
d e f e r r e d ,  ( 2 )  low p r i o r i t y  program cu tbacks  l i k e  DOE'S conrmerc ia l iza t ion  
program be a p p l i e d ,  and ( 3 )  loan  guarantees (on-budget and o f f -budge t )  be 
c u r t a i l e d  t o  r e l i e v e  t h e  borrowing p r e s s u r e  on t h e  c r e d i t  marke t .  Such a  
f i s c a l  s t a b i l i z a t i o n  program, i f  imjjlemented, would s i g n i f i c a n t l y  d e f l a t e  any 
i n d u s t r i a l  s t r a t e g y  t o  e s t a b l i s h  a  s u f f i c i e n t  market  t o  war ran t  mass p r o d u c t i o n  
f a c i l i t i e s .  

1 f u r t h e r  b e l i e v e  t h a t  t h e  Reagan A d m i n i s t r a t i o n  w i l l  be s u p p o r t i v e  of  
R&D,  p a r t i c u l a r l y  i n  h igh  e f f i c i e n c y  eng ines  l i k e  t h e  Brayton and S t i r l i n g ,  
un ique  h igh  t empera tu re  m a t e r i a l s  and improved r e f l e c t i v e  s u r f a c e s .  One 
c o n f i d a n t ,  who is t o  be named nex t  week t o  a  h igh  p e s t  I n  t h e  Whit-  House, 
i n fo rqed  me l a s t  week t h a t  t hey  a r e  p a i n f u l l y  aware of t he  p r e s e n t  r e d u c t i o n  
of  $154 m i l l i o n  t o  $90 m i l l i o n  proposed FYI82 budget  from t h a t  of t h e  f i n a l  
days  of  t he  C a r t e r  A d m i n i s t r a t i o n .  H i s  adv ice  t o  me i n  t h e  p r e p a r a t i o n  of 
t h i s  paper  was t h a t  a  b a l a n c e  w i l l  be found t o  p rov ide  f o r  a  r a t i o n a l  a r J  
t ime ly  i n t r o d u c t i o n  of s o l a r  thermal  t e c h n o l o g i e s .  Fur thermore ,  i t  w i l l  be 
encumbent upon p r i v a t e  i n d u s t r y  t o  assume more f i n a n c i a l  r i s k s  a t  a l l  s t a g e s  
of development and be more s e l e c t i v e  a s  t o  t h e  i n i t i a l  marke ts  be ing  pursued ,  
i . e . ,  marke t s  t h a t  r e q u i r e  t h e  l e a s t  subs idy  t~ implement. H i s  p e r s o n a l  
awareness of pape r s  by Gregg, e t  a1 , 6 , 7  on s o l a r  c o a l  g a s i f i c a t i o n ,  MX-RES 
program and s o l a r  e n  anced o i l  r e c o v e r y ,  i l l u s t r a t e s  t h a t  i n d u s t r y  w i l l  be 
forced  t o  t h i n k  s y n e r g i s t i c a l l y .  

During t h i s  f o r e c a s t e d  i t e r a t i v e  pe r iod  of  RD&D, e f f o r t s  w i l l  be 
underway t o  improve t h e  i n s t i t u t i o n 2 1  and f i n a n c i a l  e n v i ~ o n m e n t  f o r  s o l a r  
thermal  t e c h n o l o g i e s .  Most n o t a b l y  w i l l  be t h e  e f f o r t s  of t he  S o l a r  Energy 
I n d u s t r y  A s s o c i a t i o n  t o  ach i eve  i n c e n t i v e s  t h a t  w i l l :  

( 1 )  Provide  c a p i t a l  f o r w i t i o n  Crom s o u r c e s  o t h e r  than  d i r e c t  
a p p r o p r i a t i o n s  f o r  pre-commercial p r o j e c t s .  

5 Cone, Bruce W . ,  "An Ana lys i s  of F e d e r a l  I n c e n t i v e s  Used t o  S t i m u l a t e  
Energy P r o d u c t i o n , "  B a t t e l l e  Nor thwes t ,  May 1977. 

Gregg, D.W., e t  a l ,  "Solar  Coal G a s i f i c a t i o n , "  S o l a r  Energy,  Vol.  24, 

Gregg, D.W., e: a l ,  "So la r  R e t o r t i n g  of O i l  Sha 
June  1980. 
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( 2 )  Prorate R6D financing co accelerate the R6D conducted in private 
industry without direct Federal funding. 

( 3 )  Provide favorable depreciation schedules. 

( 4 )  Provide more favorable investment tax credits. 

( 5 )  Enact enabling legislation for repowering, soiar thermal electric 
and industrial process heat. 

In conclusion, I feel we will need to take to heart t.~ese technology 
developnent issues mentioned by the panel today, resolve them and work 
strenuously in Congress and the Administration for a solar thermal budget ,1at 
will continue the research and development necessary and demonstrate the 
techqology in sufficier~t magnitude at each significant step along the way. 
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INTRODUCTION 

Concentrator and collector development activities managed for W E  by JPL . 
are directed toward developing Point-Focu:ing Concentrator Technology with a 
major emphasis on low cost in large quantity productinc. 

The work started in September 1978 with the contract to E-Systems for the 
A modifications of a microwave antenna to meet the requirements of a versatile 
- ,  

-b 
Test Bed Concentrator. Installation of two TBCs at the Parabolic Dish Test 
Site was completed in October 1979. The reflectors on these concentrators are 
rectangular facets of Corning 0317 glass mirrors bonded to spherically- 
contoured F'oamglasR, a technique developed by JPL. 

Since that time, several contracts have been awarded for the development 
of integration of point-focus concentrators with receivers operating in the 
1,000-1,500'~ range. A Few private companies have developed point-focus con- 
centrators, generally for modules op2rating at somewhat lower temperatures. 
The followiag papers describe the concentrator development progress being made 
by companies contracLually supporting the JPL Thermal Power Systems Project. 
The concentrators discussed come in many sizes and configurations. However, 
the prime goal for all must be to maximize the net useful thermal energy per 
dollar of concentrator cost for a given operating temperature. A high perfor- 
mance design that Ls expensive to build and install will lose out to one with 
lesser performance, but which is less expensive to build and install. 
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CHARACTERIZATION OF POINT FOCUSING 
TEST BED CONCENTRATORS 

k? 
AT JPL* 

+" 
DI: J.  S t a r k e y ,  Je t  P r o p u l s i o n  Labora toryf i*  

ABSTRACT 

T h i s  p a p e r  b r i e f l y  d e s c r i b e s  t h e  S o l a r  T e s t  Bed C o n c e n t r a t o r s  t h a t  E-Systems 
i n s t a l l e d  a t  Edwards Air F o r c e  Base n e a r  L a n c a s t e r ,  C a l i f o r n i a ,  f o r  JPL. It 
d e s c r i b e s  t h e  c h a r a c t e r i z a t i o n  work t h a t  h a s  been a c c o m p l i s h e d  on t h e  test 
u n i t s  t h u s  f a r  and p r o v i d e s  t h e  tes t  r e s u l t s .  The c h a r a c t e r i z a t i o n  d a t a  h a s  
been measured u s i n g  b o t h  a f l u x  mapper and a c o l d  w a t e r  c a l o r i m e t e r .  The f l u x  
mapper- u s e s  a K e n d a l l  Rad iomete r  a s  t h e  s e n s i n g  d e v i c e .  It is mounted on a n  
x ,  y ,  z motor -dr iven  p o s i t i o n i n g  mechanism t h a t  a l l o w s  t h e  s e n s o r  t o  t a k e  en 
x-y f l u x  r a s t e r  a t  s e v e r a l  Z p l a n e s  i n  t h e  v i c i n i t y  o f  t h e  c o n c e n t r a t o r s  
nomina l  f o c a l  p l a n e .  V a r i o u s  c o n c e p t s  were t r i e d  t o  p r o t e c t  t h e  c o n c e n t r a t c r  
s t r u c t u r e  f rom b e i n g  damaged by t h e  s u n ' s  e n e r g y  C u r i n g  s u n  a c q u i s i t i o n  and 
d e a c q u i s i t i o n .  A d e s c r i p t i o n  o f  b o t h  t h e  p a s s i v e  and a c t i v e  p r o t e c t i v e  
s y s t e m s  is p r e s e n t e d .  

INTRODUCTION 

P o i n t  F o c u s i n g  C o n c e n t r a t o r  evaluation is e v o l v i n g  a s  p a r t  o f  t h e  S o l a r  
Thermal Power Sys tems  (TPS) P r o j e c t  a s s i g n e d  t o  t h e  Jet  P r o p u l s i o n  L a b o r a t o r y  
( J P L ) .  The o b j e c t i v e  o f  t h e  C o n c e n t r a t o r  Development Task is t o  d e v e l o p ,  v i a  
c o n t r a c t s  w i t h  i n d u s t r y ,  t e c h n o l o g y  and d e s i g n s  t h a t  w i l l  r e s u l t  i n  
c o n c e n t r a t o r s  which a r e  c h a r a c t e r i z e d  by h i g h  kWth p e r  d o l l a r  o f  c o s t  f o r  
s o l a r  e n e r g y  i n t o  a c a v i t y  r e c e i v e r .  

PURPOSE 

The T e s t  Bed C o n c e n t r a t o r s  (TBCs) were deve loped  a s  an  e a r l y  t o o l  f o r  u s e  i n  
t h e  s o l a r  e n e r g y  deve lopment  program t o  p r o v i d e  a p r e c i s e ,  c o n s i s t e n t ,  and 
h i g h l y  r e l i a b l e  s o u r c e  o f  t h e r m a l  s o l a r  e n e r g y  f o r  t e s t i n g  a v a r i e t y  o f  
r e c e i v e r  a n d / o r  power c o n v e r s i o n  s u b s y s t e m s .  The TBC test d a t a  t o  d ~ t e  h a s  
s u b s t a n t i a t e d  t h a t  t h e  TBCs have  f u l l f i l l e d  t h e i r  d e s i g n  p u r p o s e  by p r o v i d i n g  
f l u x  d e n s i t i e s  w e l l  i n  e x c e s s  o f  t h o s e  r e q u i r e d  f o r  nominal  t e s t i n g  
s e q u e n c e s .  I n  f a c t ,  t h e  peak  f l u x e s  measured w i t h  t h e  i n i t i a l  m i r r o r  
a l i g n m e n t  have been p u r p o s e l y  reduced  by d e f o c u s i n g  a p a r t  o f  t h e  c e n t r a l  
m i r r o r  f a c e t s .  T h i s  was done i n  o r d e r  t o  min imize  t h e r m a l  damage t o  t h e  TBC 
r e c e i v e r  mount ing  s t r u c t u r e  and t h e  r e c e i v e r  components .  The d e f o c u s i n g  d i d  
n ~ t  s i g n i f i c a n t l y  r e d u c e  t h e  o v e r a l l  a v a i l a b l e  e n e r g y  even  though t h e  peak 
f l u x  is down a l m o s t  t h r e e f o l d .  

CONFIGURATION 

Two p a p e r s  d e s c r i b i n g  t h e  TBCs were p r e s e n t e d  a t  t h e  f i r s t  Annual  Review 
m e e t i n g .  I n  way o f  a b r i e f  r e v i e w ,  E-Systems h a s  i n s t a l l e d  two TBCs a t  t h e  

* The deve lopment  d e s c r i b e d  i n  t h i s  p a p e r  was c a r r i e d  o u t  a t  t h e  Je t  
P r o p u l s i o n  L a b o r a t o r y ,  C a l i f o r n i a  I n s t i t u t e  o f  Technology ,  and was 
s p o n s o r e d  by t h e  U.S. Department  o f  Energy t h r o u g h  a n  a g r e e m e n t  w i t h  NASA. 

** T e s t  Bed C o n c e n t r a t o r  T e c h n i c a l  Manager ,  S o l a r  TPS P r o j e c t  , Energy 
Technology E n g i n e e r i n g  S e c t i o n ,  Appl ied  Mechanics  D i v i s i o n .  



Parabolic Dish Test S i t e  (PDTS) located a t  Edwards Air Force Base near 
Lancaster, Cal i fornia .  These TBC dishes have a plan form diane ter  of 
nominally 11 meters, a re  parabolic i n  shape with a r e f l ec to r  having 224 
JPL-deve loped, rectangular shaped, second surface,  back s i l ve red ,  long rad ius ,  
spherical  contoured mirror: Each mirror f ace t  is indiv idua l ly  aligned. The 
concentrators a r e  of the Elevation over Azimuth t racking type with an azimuth 
wheel and track design and a jack scyew e leva t ion  design. The sun 
sensor/control loop keeps the concentrators pointed t o  within 0.050 of the 
sun 's  t rue  posi t ion.  

CHARACTER1 ZATION - 
The character izat ion process for  the TBCs was conducted i n  d i s c r e t e  s t e p s  t o  
minimize any theraa l  damage from the sun ' s  image and t o  provide the t e s t  team f 
with low leve l  so l a r  operat ional  experience. These s t e p s  consisted of 
uncovering the concentrator mirrors i n  f i ~ e  d i s c r e t e  groups. The process was 
addi t ive in  t ha t  the previously tested group of mirrors was not re-covered 
when the next group was uncovered. A complete s e t  of f lux mapping data was 
recorded using a Kendall Radiometer for  each s t e p  in  the mirror uncovering 
process. A s e t  of data included a minimum of three r a s t e r s .  Each r a s t e r  t 
consisted of 1056 d i sc re t e  data points.  For severa l  of the mirror 3 
configurat ions,  r a s t e r s  were taken one inch i n  f ront  of and behind the nominal 
focal  plane and then every two inches along the Z di rec t ion  the rea f t e r  
(concentrator a x i s ) .  Each r a s t e r  took approximately 45 minutes to  complete if 
everything performed smoothly and when t h i s  time is added to the TBCs'  sun 
acquisi t ion and normal operat ional  sequence t ime , one complete r a s t e r  consumed 
a t  l eas t  one and a half hours. An overal; view of the T B C s  w i t h  the f lux  
mapper i n s t a l l ed  on the r igh t  hand uni t  is shown i n  P ic ture  1. A close-up of 
the flux mapper from the outer end is shown in  Picture 2 and from the inner 
end is shown i n  Picture 3. 

INSULATION -- 
To preclude damaging the receiver mounting s t r u c t u r e  of the T B C s ,  during sun 
acquisi t ion and deacquisi t ton,  t h i s  area was covered with an insu la t ing  
material .  An aluminum oxi je  mater ial ,  FiberfraxR Hot Board, was chosen 
i n i t i a l l y .  T h i s  mater ial  ?as a melting point of 1260% (23000F). T h i s  
material  worked well on the ins ide  of the receiver  r ing  b u t  deter iorated very 
rapidly on the front  face of the r ing where i t  was normal t o  the sun ' s  image. 
As more and more mirrors wene uncovered, the ab la t ion  r a t e  of the ~ i b e r f r a x R  
went up rapidly. The Fiberl'raxR was supplemented in  the high heat area w i t h  
a pure Zirconia h e l ;  together w i t h  a Y t t r i a  binder. This mater ial  was f a r  
more expensive (by  an order of magnitude) but has a g rea t e r  melting 
tanperature of 2 5 ~ 3 %  (47000F). The ab la t ion  r a t e  of t h i s  material  was 
much l e s s ,  however, w i t h  the f u l l  224 mirrors the r a t e  was s t i l l  a problem 
because the molten mater ial  was dropping on the concentrator  n ' r ro r s  and 
causing damage. An ac t ive  water-cooled p l a t e  was i n s t a l l e d  in  the area where 
the sun spot t raverses  the receiver  r ing s t ruc tu re .  The p l a t e  was made of 114 
inch aluminum w i t h  a s ing le  pass water flow a t  a flow ra t e  ~f 11 to  15 
gals/minute. T h i s  p l a t e ,  i n  conjunction w i t h  the FiberfraxR used i n  the 
l e s s  c r i t i c a l  heat a reas ,  solved the thermal protect ion problems in  the TBCs .  

RESULTS 

The i n i t i a l  flux mapping r e su l t s  indicated tha t  the T B C s ,  w i t h  the i n i t i a l  
mirror alignment, where a l l  the mirror f ace t s  were focused on the center  of 
the target a t  the nominal focal  plane, produced a peak f lux of 1500 watts per 



square centimeter when the insolation was normalized to  1000 watts per square 
meter (see Figure 1). Flux densit ies of t h i s  magnitude produce almost 
instantaneous tebperatures i n  excess of 27600~ (50000~)  which muid 
severely damage most passive receiver aperture materia.1~. It should be noted 
from the figure that 982 of the energy is within a 20.3 cm ( 8  inch) diameter 
aperture. Flux mapper resul ts  a lso  indicated that  tht? majority of the peak 
flux was being produced by the center mirror section which totaled 68 facets. 
In addition to being nearly on axis ,  these 68 mirror facets  had focal lengths 
very close to the i r  geometric nominal requirement. It was concluded that  by 
readjusting these center mirror facets ,  the peak flux could be reduced, 
thereby reducing the possible thermal damage to the TBC structure and the 
receiver cavit ies.  During the second mirror alignment, a l l  the images from 
the  center 68 mirrors were centered on a fifty-one (51) millimeter (2 in.) 
diameter c i rc le  on the target  a t  the nominal focal plane. T h i s  produced a 
s l ight ly  reduced peak flux of appxwximately 1250 watts per square centimeter 
(see Figure 1). T h i s  was still too high for our i n i t i a l  test ing requirements 
so a t h i r d  mirror alignment was undertaken. The center mirrors were realigned 
so that  the i r  image was geometrically on the opposite side of the target  as 
compared to the i r  physical location on the d i s h .  Theit* images were centered 
on a one hundred two (102) millimeter ( 4  in . )  c i rc le  but across the center of 
the target.  T h i s  alignment change dras t ica l ly  reduced the peak flux down to  
the 550 watts per square centimeter range but kept the t o t a l  energy through 
the 20.3 cm (8 inch) aperture essential ly constant (see Figure 1). 

After the third mirror alignment, the flux mapper was operated a t  several "2" 
locations. The data from t h i s  t e s t  sequence indicated that  the actual focal 
plane is closer to the d i s h  surface than the nominal or geometric focal plane 
(see Figure 2 ) .  Th i s  difference is primarily a t t r ibutable  to  using a 
f ini te-distant  l ight  source to  al ign the mirror facets .  It is a lso  obvious 
that w i t h  the cross defocused mirrors, the sun's beam is highly converging 
diverging. Currently the technique for determining the flux on a receiver 
wall is to extrapolate the x-y plane data from several "ZW positions of the 
flux mapper, plotting constant flux l ines ,  and estimating where they w i l l  
intersect  s receiver. The development of a d i rect  flux receiver wall 
measurement device is being evaluated . 
The i n i t i a l  calorimeter resul ts  to date have established that  each 
concentrator w i l l  produce a maximum of 82 kWth w i t h  1000 watts per square 
meter of insolation through a 56 cm (22 inch) and a 25.4 cm (10 inch) diameter 
aperture, Picture 4 shows the calorimeter instal led on the TBC. The energy 
measurement data from the calorimeter w i l l  be measured as  a function of the 
various aperture sizes i n  future t e s t s .  The apertures w i l l  range from the 
to ta l ly  open sunl i t  end down to a 15.2 cm (6 i n .  diameter hole. 
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ABSTRACT 

GFNERAL ELECTRIC P O I N T  FOCUS SOLAR CONCENTRATOR STATUS 

J .  Z i m m e n a n  
G e n e r a l  E l e c t  r j  c Company 

V a l l e y  F o r g e ,  P e n n s y l v a n i a  

T h e  General E l e c t r i c  Company is c u r r e n t l y  u n d e r  c o n t r a c t  t o  t h e  Je t  P r o p u l s i o n  
L a t c r a t o r y  t o  d e s i g n ,  f a b r i c a t e ,  i n s t a ' l  and  t e s t  a  p o i n t  f o c u s  s o l a r  c o n c e n -  
t r a t o r  t h a t ,  g i v e n  a h i g h  v o l u m e  o f  p r o d u c t i o n ,  w i l l  o p t i m i z e  t h e  r a t i o  o f  
p e r f o r m a n c e  t o  c o s t .  T h e  c o n c e n t r a t o r  d e s i g n  a p p r o a c h  h a s  e ~ t o l v e d  by a  s y s -  
temmat i c  p r o c e s s  o f  e x a m i n i n g  t h e  o p e r a t  i n g  r e q u i r e m t l n t s  p a r t i c u l a r  t o  t ? ~  
s o l a r  a p p l i c a t i o n ,  m i n i m i z i n g  m a t e r i a l  c o n t e n t  t h r o u g h  J p t a i l  s t r u c t u r a i  d e -  
s i g n  and  s t r u c t u r a l l y  e f f  ! ~ . i e n t  s u b s y s t e m  features, a n d  u t i l i z i n g  m a t e r i a l s  
and p r o c e s s e s  comp.:t i b l z !  wi t 5  h i g h  v o l u m e  p r o d u c t  i n n  t t > c h n i q u r s .  T h i s  p a p e r  
b r i e f l y  d e s c r i b e s  t h e  d e s i g n  a p p r o a c h ,  t h e  p r e s e n t  r o n c e n t r a t o r  c o n f i g u r a t i o n  
and t h e  s t a t u s  of t h e  hardwar t1  d e v e l o p m e n t .  

The  G e n e r a l  E l e c t r i c  Company i s  r u r r t v t i y  u n d e r  c o n t r a c t  t o  t h c  J e t  P r o p u l s i o n  
L a b o r a t o r y  t o  d e s i g n ,  f a b r i c  ; i t< .  and t e s t  a p r o t o t y p e  1 2 - m t ~ t c r  d i m e t e r  p o i n t  
f o c u s  s o l n r  r o n c c n t r n t o r .  \ f e a t u r e  of t h e  a n a l y s i s  and  d e s i g n  p h a s e  of t h e  
proF;ram h a s  been  t o  i n c  ludt*  .i v a l u e  e n g i n e e r i n g  ' ' ? r a t  i o n  wh ich  h a s  e x m i n e d  
t h e  c o s t  and f u n c t i o n  o f  t ! w  c o n c e n t r a t o r  s u b s v s ~  A S  a n d  t h e i r  componc-nts 
: e l a t  i v e  t o  t h e  d e s i g n  r t q u  i r e m e n t s  and t h e  o p t r a t  i n g  e n v i r o n r n c n t .  S u c h  a n  
i t e r a t  i o n  was condut  ,zed e a r l y  i n  t  tic p r e l  i m i n a r v  d e s i s n  p h a s e ;  h o w e v e r ,  s w t  ra; 
i m p o r t a n t  f a c t o r s  n e c e s s i t a t e d  a n o t h v r  i t e r a t i o n  a f  t c r  c o m p l e t i o n  o f  t h e  d e t a i l  
d e s i g n .  E a r l v  p e r f o r m n n c c  and o p r r a t  i n g  e n v i r o n m e n t a l  r e q u i r e m e n t s  wcbre e s t n b -  
l i shed  b a s c d  c n  s e n s i t  i v i  t s  s t u d i e s  wh ich  i n c o r p o r a t e d  s imp1  j f i e d  rr ,odels f o r  
b o t h  t h e  o p t  i c n l  p e r f o r m a n c e  o f  t h e  d e s i g n  a n d  t h e  wc-ight  and c o s t  o f  t h i i  s u : ~ -  
s y s t e m s .  As the  d o t a i l  d e s i g n  e v o l v e d ,  cmp1c.x st r u r t u r a l / o p t i c a l  r e l a t i o n -  
s h i p s  n r o s t . ,  n e c e s s i t . l t  i n g  t ht. nci:d f o r  more  s o p h i s t  i c a t  cd a n a l y t i c a l  and  d e -  
s i g n  tools.  I'se of  t h e s e  t o o l s  s o o n  i d e n t  i f i e c i  t h e  f a c t  t h a t  small d e c r e a s e s  
i n  p e r f o r m a n c e  c o u l d  r r s u l t  i n  l a r g e  c o s t  r e d u c t i o n s  a n d  t h a t  c o s r s  c o u l d  b a  
r e d u c e d  bv b e t t e r  m a t c h i n g  s e v e r a l  compancnt  d e s i g n s  t o  h o t h  t h e  s t r u c t u r a l  
r e q u  i r cmer , t  s a n d  manuf actll!-  in^ p r o c e s s e s .  

DETA I I. DES I ( ; N  ITERATION 

T h e  a p p r o a c h  f o r  t h e  d e t a i  l e d  d e s i g n  "va lu t .  e n g i n e e r i n g "  i t  errlt i o n  c o n s i s t e d  
o f  u t  ilirjng t h e  f l r s t  i t e r a t  inn  d e t a i l  d e s i g n  a s  a b a s e l i n e  d e s c r i p t i c , ~ ~  f o r  
fu r . c r  i o n ,  w e i g h t ,  c o s t  and  p r c d u c i b i  l i t y  ( t h i s  b a s e l i n e  d e s i g n  is d e s c r i b e d  
b r i e f l y  i l l  Ret e r e n c e  1 ) .  C o s t  s ~ v l n g  i e s i g n s  w e r e  i n c o r p o r a t e d  a n d  t h e  re- 
s u l t a n t  p e r f o r m a n c e  e f f e c t s  e v a l u a t e d .  I n  ~ d d i  t i o n ,  s e c  t.ra! e n v i r o n m e n t a l  
r e q u i r e m e n t s  w e r e  r e l a x e d  t o  t e s t  t h e  c o s t  s e n s i t i v i t y .  F i g u r e  1 d e p i c t s  t h e  
new c o n c e n t r a t o r  d e s i g n .  M n j o r  v a r i a t i o n s  f rom t h e  b a s e l i n e  d e s i g n  t h a t  w e r e  
s t u d i e d  and e v e n t u a l l y  i n c o r p o r a t e d  i n c l u d e  t h e  u s e  of a s k i n n e d  core g o r e  



segment, u s e  of s t e e l  c o r r i g a t e d  i n t e r n a l  r i b s  w i t h  a s i m p l i f i e d  g o r e  j o i n t  
des ign,  and implementation of a new mount frame des ign  which u t i l i z e s  l e s s  
m a t e r i a l ,  s i m p l i f i e d  j o i n t s ,  and e l i m i n a t e s  t h e  upload s t r u c t u r a l  requirement 
or t h e  foundation.  

The a n a l y s i s  methodology, a s  dep ic ted  i n  Figure  2 ,  c o n s i s t e d  af modell ing 
each of t h e  des ign changes, determining t h e  o p t i c a l  e f f e c t s  of t h e s e  changes 
and then a l t e r i n g  t h e  s t r u c t u r a l  s t i f f n e s s  and m a t e r i a l  content  u n t i l  dp- 
p r e c i a b l e  performance degradat ion was i n d i c a t e d .  The a n a l y t i c a l  t o o l s  con- 
s i s t e d  of a  d e t a i l e d  f i n i t e  element s t r u c t u r a l  model (NASTRAN) which d e t e r -  
mines loads ,  s t r e s s e s  and d e f l e c t i o n s  f o r  m u l t i p l e  o r i e n t a t i o n s  and environ- 
mental  load cases ,  a ray  t r a c e  o p t i c a l  program (POLYPAGOS) which mapped t h e  
f o c a l  p lane  f l u x  p r o f i l e  f o r  t h e  deformed c o n c e n t r a t o r ,  and an o p t i c s  program 
t h a t  f u r t h e r  spread t h e  f o c a l  p lane  energy due t o  r e f l e c t o r  s p e c u l a r i t y  and 
f i n i t e  s o l a r  energy d i s t r i b u t i o n s .  Included i r .  t h e  t r adeof f  o p t i c a l  s t u d i e s  
were t h e  d i s t o r t i o n  e f f e c t s  due t o  o r f e n t a t i o n ,  se i smic  loads ,  a sy l i3e t r i c  
wind loads .  gore  manufacturi  .g t o l e r a n c e s  and the  thermal expansion chsrac- 
t e r i s t i c s  of t h e  v a r i o u s  m a t e r i a l s  used throughout t h e  concen t ra to r .  

The r e s u l t a n t  performance c h a r a c t e r i s t i c s  a r e  shown i n  F igure  3. These t r e z d s  
show the  i n t e r c e p t  f a c t o r  v a r i a t i o n  wi th  r e c e i v e r  a p e r t u r e  and wind speed and 
t h e  thermal performance a s  a  func t ion  of r e c e i v e r  a p e r t u r e ,  wind speed and 
ambient temperature v a r i a t i o n .  The thermal performance p r e d i c t i o n s  a r e  based 
on a  r e c e i v e r  l o s s  node1 t h a t  cons ide r s  r a d i a t i o n ,  conduction and convection 
thermal losses .  A s  a  r e s u l t  of t h i s  des ign i t e r a t i o n ,  t h e  r a t e d  wind speed 
has  been reduced t o  15 mph from 22 mph and t h e  recommended a p e r t u r e  s i z e  has 
been increased from 11.25 inches  t o  12.5  inches .  The r e s u l t a n t  usab le  thermal  
energy a v a i l a b l e  t o  t h e  heat  engine i s  58.5 kWTH versus  60 kWTH, a  2 .5% per-  
formance decrease .  

A s  shown in  Figure 4 ,  however, s u b s t a n t i a l  r educ t ions  were made i n  both  t h e  
concen t ra tc r  weight and c o s t .  The b a s e l i n e  des ign w'eight was 172 lblmz of 
conceq t ra to r  a p e r t u r e .  The p ro to type  weight,  which c o n s i s t s  of many of t h e  
d .. , ign improvements i d e n t i f i e d ,  weighs 123 lb/m2. The p o t e n t i a l  weight of 
108 lb/rn2 r e f l e c t s  including weight r educ t ion  des igns  t h a t  were not  incorpo- 
r a t e d  due t o  the  near-term p r o t o t y p i c a l  n a t u r e  of the  concen t ra to r .  S i m i l a r l y ,  
s u b s t a n t i a l  c ~ s t  r educ t ions  were r e a l i z e d  as a  r e s u l t  of reduced m a t e r i a l  con- 
t e n t .  use  of lower cos t  m a t e r i a l s  and char~ges  i n  t h e  manufacturing approaches.  

C l e a r l y ,  a s  a r e s u l t  of t h i s  d e t a i l e d  des ign "value engineering" i t e r a t i o n ,  
s i g n i f i c a n t  improvements i n  the  concen t ra to r  cost- to-periormanze r a t i o  were 
r e a l i z e d .  

HARDWARE STATUS 

The concen t ra to r  des ign a s  d iscussed above is  c u r r e n t l y  ir. t h e  i n i t i a l  s t a g e s  
of f a b r i c a t i o n .  The s t r u c t u r e  and foundat ions  a r e  i n  t h e  procurement c y c l e  
whi le  t h e  c o n t r o l  system and g o r e l r e f l e c t o r  development i s  near ing completion.  



A m a j o r  e f f o r t  on t h e  p r o g r i m  h a s  been t h e  d e s i g n ,  material and  p r o c e s s  d e -  
v e l o p m e n t ,  and t o o l i n g  f a b r i c a t i o : ~  o f  t h e  molded p l a s t i c  g o r e s .  T h i s  nc- 
t i v i t y  h a s  been d i v i d e d  i n t o  two areas: p r o c e s s  deve lopment  o f  a  p a r a b o l i c  
p i l o t  mold f a c i l i t y  and t h e  d e s i g n  and f a b r i c a t i o n  of t h e  p r i m e  g o r e  scKmtvits 
and t h e i r  molds.  F i g u r e  5 d e p i c t s  s e v e r a l  a s p e c t s  o f  t h e  p i l o t  mold ,  in-  
c l u d i n g  tire r e s u l t a n t  molded g o r e  segment b o t h  3s molded and w i t h  i t s  r c -  
f l e c t o r  sys tem a p p l i e d .  T h i s  p i l o t  m7ld h a s  been used t o  c w a l u a t e  m a t e r i a l  
and p r o c e s s  p a r a m e t e r s ,  and  t o  p r o v i d e  s p e c i m e n s  f o r  s t  r u c t u r n l  i***l  env i r o n -  
m e n t a l  t e s t  i n g .  

The d e s i g n  of t h e  p r i m e  g o r e  segment mold ing  f a c i l i t y  Irns been wmpltbted,  
f a b r  i c a t  ion o f  t h e  mold Iiandl inp, and s u p p o r t  equipment  is  n e a r i n g  complcbt i o n ,  
and f a b r i c a t i o n  of t h e  m a s t c r  p o r e  segment p a t t e r n s  h a s  hegun. F i ~ u r e  6 d c -  
p i c t s  t h e  sweep t o o l i q g  t h a t  h a s  been c o n s t r u c t e d  t o  g e n e r a t e  t h c  p a r a b o l i c  
c o n t o u r s .  Also  shown arc. t lit. c a r l y  stngcs of t l w  o u t t B r  gore scKmtJnt m a s t c r  
p a t  t e r n  f a h r i c a t  ion. 

Presclnt sctwclu1c.s c a l l  f o r  s i te i n s t a l  l n t  i o n ,  cammclncing w i t h  thch f o u n d a t  i o n s ,  
n c c u r r i n ~  in  t h e  f i r s t  q u a r t e r  of 1981,  w i t h  t e s t i n g  e a r l y  i n  thc' t h i r d  
quar tc . r  . ) f  1981. Tht. r e s u l t a n t  d e s i g n  a l t e r a t i o n s  w i l l  d e t e r m i n r  t h e  r c ~ a d i -  
ncss ~f t l ic  conc twt  r a t o r  f o r  s v s t e m  a p p l  i c a t i o n s .  

1. ;linmit~niian. . I .  . I .  . " 1 s t  ( ; t>ncrat  ion Low Cost  P o i n t  Focus S o l a r  C c m c e n t r a t o r , "  
. ]PI .  Report 5105-8. pp.  b3-67. A p r i l  1980. 
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Acurex Corpo ra t i on  
Mountain View, Cal i f o r n i a  

ABSTRACT 

The Acurex Corpo ra t i on  i s  under c o n t r a c t  t o  t h e  J e t  P r o p u l s i o n  Labora to ry  
t o  design, f a b r i c a t e ,  i n s t a l l ,  and t e s t  a  c o s t - e f f e c t i v e  p o i n t  f ocus  s o l a r  
concent ra tor .  The key  t o  c o n c e n t r a t o r  c o s t  e f f e c t i v e n e s s  i s  t h e  p rope r  
des ign  o f  t h e  r e f  l e c t o r  su r face  panels.  The low c o s t  c o n c e n t r a t o r  
r e f l e c t i v e  s u r f a c e  des ign  i s  based on t h e  use o f  a  t h i n ,  b a c k s i l v e r e d  
m i r r o r  g l a s s  r e f l e c t o r  bonded t o  a  molded s t r u c t u r a l  p l a s t i c  s u b s t r a t e .  
T h i s  combinat ion  o f  r e f l e c t i v e  pane l  m a t e r i a l  o f f e r s  e x c e l l e n t  o p t i c a l  
per formance a t  low cos t .  T h i s  paper b r i e f l y  desc r i bes  t h e  des ign  approdch, 
r a t i o n a l e  f o r  t h e  se lec ted  c o n f i g u r a t i o n ,  and t h e  development s t a t u s .  
R e f l e c t i v e  panel  development and demonst ra t ion  r e s u l t s  a r e  a l s o  presented.  

INTRODUCTION 

The o v e r a l l  o b j e c t i v e  o f  t h e  low c o s t  c o n c e n t r a t o r  p r o j e c t  i s  t o  develop 
and demonstrate a  s ta te-c i f - the-ar t  techno logy  c a n c e n t r a t o r  wh ich  i s  c o s t  
e f f e c t i v e  i n  h i g h  volume p r o d u c t i o n  and has a  30-year l i f e  under wide 
env i ronmenta l  extremes. The development p r o j e c t  i s  s t r u c t u r e d  i n t o  a  
three-phase e f f o r t .  Phase I, completed i n  March 1979, encompassed t h e  
concept  s e l e c t i o n ,  p r e l i m i n a r y  des ign  and c o s t  assessment, and demonst ra t ion  
o f  t h e  mass p r o d u c t i o n  r e f l e c t i v e  pane l  f a b r i c a t i o n  approach. The Phase I 1  
e f f o r t s ,  which began i n  September 1980 and a r e  c u r r e n t l y  underway, encompass 
d e t a i l e d  des ign  and a n a l y s i s  and demonst ra t ion  o f  t h e  p r o t o t y p e  r e f l e c t i v e  
pane l  f a b r i c a t i o n  approach. Phase I 1 1  i n c l u d e s  f a b r i c a t i o n ,  i n s t a l l a t i o n ,  
and t e s t i n g  of t h r e e  p r o t o t y p e  concen t ra to rs  and i s  scheduled f o r  comp le t i on  
i n  May o f  1982. 

DESIGN SUMMARY 

The des ign  of t h e  11 meter  d iameter  ( 95  m2 gross  a p e r t u r e  area)  Low Cost 
Concent ra tor  i s  shown i n  F i g u r e  1. The c o n c e n t r a t o r  i s  a  two-ax is  t r a c k i n g  
system designed t o  i n t e r f a c e  w i t h  a  1,500 lb thermal  r e c e i v e r l p o w e r  
convers ion  u n i t  package. P r e d i c t e d  performance o f  t h e  c o n c e n t r a t o r  i~ 
63 kWt a t  t h e  r e c e i v e r  a p e r t u r e  based on t h e  f o l l o w i n g  des ign  c o n d i t i o n s :  

0 800 ~ l m 2  i n s o l a t i o n  

e 1,7UOoF r e c e i v e r  o p e r a t i n g  tempera ture  

0 95 pe rcen t  r e f l e c t a n c e  

0 30 mph o p e r a t i n g  wind 





T f s c e  sheet 
Ribs 

a. R e f l e c t i v e  Sur face C o n f i g u r a t i o n  b. T y p i c a l  Gore C o n f i g u r a t i o n  

F i g u r e  2. R e f l e c t i v e  Panel Design 

Support S t r u c t u r e  Subassemblies 

The t h r e e  suppor t  s t r u c t u r e  subassembl i e s  a re :  

e Panel suppor t  s t r u c t u r e  

0 Receiver  suppor t  s t r u c t u r e  

a I n te rmed ia te  suppor t  s t r u c t u r e  

The 1 i gh twe igh t  space f rame subassembl i e s  f e a t u r e  welded s t e e l  shop 
subassembly c o n s t r u c t i o n  u s i n g  s tandard  s i z e ,  c o m n e r c i a l l y  a v a i l a b l e  s t e e l  
t ub ing .  F i n i t e  element a f i z i y s i s  techn iques were used t o  o p t i m i z e  t h e  
support  s t r u c t u r e  f o r  minimum weight .  

Foundation dnd D r i v e  Subassemblies 

The f o u n d a t i o n  des ign  f e a t u r e s  s imp le  i n s t a l l a t i o n  and a d a p t a b i l i t y  to  
s l o p i n g  o r  rough t e r r a i n s .  The f o u n d a t i o n  c o n s i s t s  of a  s i n g l e  
c a s ~ - i n - p l a c e ,  r e i n f o r c e d  conc re te  p i e r  w i t h  an azimuth t u r r e t  mount. The 
s i n g l e  p i e r  f o u n d a t i o n  was se lec ted  i n  o r d e r  t o  m in im ize  s i t e  p r e p a r a t i o n  
and founda t i on  i n s t a l l a t i o n  l a b o r  cos ts .  I t  does r e s u l t  i n  a  s l i g h t l y  
h i g h e r  we ight  c o n c e n t r a t o r  than would r e s u l t  w i t h  a  wide base founda t i on .  
However, because o f  reduced i n s t a l l a t i o n  labor ,  t o t a l  i n s t a l l e d  c o s t  i s  
min imized.  H y d r a u l i c  power u n i t s  were s e l e c t e d  f o r  b o t h  az imuth  and 
e l e v a t i o n  d r i v e  systems. The azimuth d r i v e  i s  a  hyd rau l i ca l l y -powered  
gear d r i v e .  The e l e v a t i o n  d r i v e  i s  a  s i n g l e  stage, doub le -ac t i ng  
h y d r a u l i c  c y l i n d e r  a c t u a t o r .  Emergency power i s  p rov ided  by a  p r e s s u r i z e d  
gas accumulator. 



Track ing  and Con t ro l  System 

A  h y t r i d ,  two-axis, sun t r a c k i n g  c o n t r o l  system based on m ic rop rocesso r  
technology,  has been se lec ted .  Coarse s y n t h e t i c  t r a c k i n g  i s  achieved 
th rough a  microcomputer  based c o n t r o l  system t o  c a l c u l a t e  sun p o s i t i o n  f o r  
t r a n s i e n t  p e r i o d s  of c l o u d  cover  as w e l l  as sundown and sunup p o s i t i o n i n g .  
Accurate a c t i v e  t r a c k i n g  i s  achieved by two-ax is  sun sensors. 

R e f l e c t i v e  Panel P r o t o t v ~ e  M o d i f i c a t i o n s  

P r o t o t y p e - s p e c i f i c  m o d i f i c a t i o n s  t o  t h e  mass p r o d u c i b l e  r e f l e c t i v e  pane l  
des ign  a r e  be ing  made t o  reduce p r o t o t y p i n g  c o s t .  The most s i g n i f i c a n t  
m o d i f i c a t i o n  i s  i n  t h e  area o f  t h e  compression molded SMC s u b s t r a t e .  The 
c o s t  o f  a  f u l l - s i z e  mold  i s  p r o h i b i t i v e  f o r  p r o t o t y p i n g  purposes. The 
p r o t o t y p e  pane ls  w i  11 be f a b r i c a t e d  by  hand layup o f  g l a s s - r e i n f o r c e d  
p o l y e s t e r  (GRP) on a  contoured epoxy t o o l .  The pane l  f a c e  sheet  w i  11 be 
f a b r i c a t e d  on t h i s  t o o l  i n  a  s i m i l a r  manner as boa t  h u l l s .  The r i b s  w i l l  
be c u t  f rom GRP sheet  s tock ,  assembled, and bonded t o  t h e  f a c e  sheet .  The 
m i r r o r  g l a s s  w i l l  be bonded t o  t h e  assemkled s u b s t r a t e .  

R e f l e c t i v e  Panel Development and Demonstrat i o n  

Two-foot square compression molded SMC-Mirror Glass pane ls  were f a b r i c a t e d  
and t e s t e d  i n  t h e  Phase ! e f f o r t .  Compliance w i t h  t h e  requ i remects  of t h e  
low cos t  c o n c e n t r a t o r  has been s u c c e s s f u l l y  demonstrated. Both subs i ze  
and f u l l - s i z e  hand layup GRP-Mirror Glass p r o t o t y p e  pane ls  w i l l  be 
f a b r i c a t e d  and t e s t e d  i n  Phase I! o f  t h i s  p r o j e c t .  Panel t e s t i n g  w i l l  
c o n s i s t  of d imens iona l  v e r i f i c a t i o n ,  s l ope  e r r o r ,  h a i l  impact, thermal  
c y c l i n g ,  and s t r u c t u r a l  d e f l e c t i o n  t e s t s .  

The p r imary  o b j e c t i v e  of the Phase I ccmpression molded SMC-Mirror Glass 
t e s t  pane ls  was t o  demonstrate t h e  o p t i c a l  s u r f a c e  q u a l i t y  a t t a i n a b l e  w i t h  
present  s t a t e  o f  t h e  a r t .  Test  pane ls  were f a b r i c a t e d  w i t h  b o t h  a  
s ing la -s tep  mold ing  process and a  two-step, mold ing-bonding approach. The 
s i n g l e - j t e p  process  i n t e g r a l l y  molded t h e  SMC-Mirror Glass pane l  i n  one 
mold ing  cyc le .  The two-step process i n v o l v e d  mo ld ing  o f  t h e  SMC i n t e g r a l  
f a c e  sheet - r ibbed s u b s t r a t e  f o l l o w e d  by a d h e s i v e l j  bonding t h e  m i r r o r  
g lass  us ing  t h e  female p o r t i o n  o f  t h e  mold as t h e  bonding f i ~ t u r e .  
Qua1 i t a t i v e  and q u a n t i t a t i v e  e v a l u a t i o n  o f  t e s t  pane l  o p t i c a l  qua1 i t g  was 
performed. Represen ta t i ve  pane ls  produced w i t h  each manu fac tu r i ng  method 
a re  shown i n  F i g u r e  3. The r e f l e c t e d  l i g h t  p a t t e r n s  f rom each pane l  
p r o v i d e  a  very  s e n s i t i v e  q u a l i t a t i v e  e v a l u a t i o n  o f  m i r r o r  s u r f a c e  
topography. The s i n g l e - s t e p  molded pane l  e x h i b i t e d  d i s c e r n i b l e  r i b  
p r i n t - t h r o u g h  ( t h e  d iagona l  1  i n e  p a t t e r n s  c r i s s c r o s s i n g  t h e  m i r r o r  
su r face ) .  Th i s  e f f e c t  i s  r e l a t e d  t o  m a t e r i L l  sh r i nkage  a t  t h e  r i b l f a c e  
sheet j u n c t i o n  d u r i n g  mold ing  and c u r i n g .  A second obse rvab le  f e a t u r e  i n  
t h e  s i n g l e - s t e p  molded pane l  i s  a  system o f  c o n c e n t r i c  r i p p l e s  p r o g r e s s i n g  
outward from t h e  c e n t e r  o f  t h e  panel .  Th i s  p a t t e r r  was t r a c e d  t o  a  system 
o f  c o n c e n t r i c  r i p p l e s  i n  t h e  t o o l .  The p a t t e r n s  were impressed i n t o  t h e  
g l a s s  sheet by t h e  h i g h  mo ld ing  p ressu re  o f  t h e  compression molded 
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ABSTRACT 

Acurex Corpora t ion ,  under c o n t r a c t  t o  che J e t  Propu 1  s  i o n  Labora to ry  (JPL ) , 
has completed t h e  p r o t o t y p e  f a b r i c a t i o n  o f  a  l i g h t w e i g h t ,  h i g h - q u a l i t y  
c e l l u l a r  g lass  s u b s t r a t e  r e f l e c t i v e  panel  f o r  use i n  an advanced 
p o i n t - f o c u s i n g  s o l a r  concen t ra to r .  The r e f l e c t i v e  pane l  i s  a  gore shaped 
segment of a  ll-m p a r a b o l o i d a l  d ish .  

Th is  paper b r i e f l y  descr iSes t h e  o v e r a l l  c o n c e n t r a t o r  des ign  and t h e  
des ign  of t h e  r e f l e c t i v e  panels.  P r o t z ~ t y p e - s p e c i f  i c  pane l  des ign  
m o d i f i c a t i o n s  a re  d iscussed and t h e  f a b r i c a t i o n  approach and procedure 
o u t l i n e d .  The o p t i c a l  q u a l i t y  of t h e  p r o t o  
e x c e l l e n t ,  a l though no q u a n t i t a t i v e  r e s u l t s  

BACKGROUND 

JPL f i r s t  d e v e l o ~ e d  t h e  c o n c e ~ t  o f  u s i n a  ce 

ype pane ls  appears t o  be 
Ere y e t  a v a i l a b l e .  

l l u l a r  g las;  i n  c o n j u n c t i o n  
t h  t h i n  b a c k s i l v e r e d  m i r r o r '  g l ass  t o  fo rm 1  i gh twe igh t ,  s t r u c t u r a l l y  
f i c i e n t  r e f l e c t i v e  pane ls  f o r  h i g h - f l u x  s@:ar c o n c e n t r a t o r s .  C e l l u l a r  

g l a s s  i s  a low-cost,  n o n c r i t i c a l  m a t e r i a l  w i t h  a  v e r y  h i g h  s t i f f n e s s - t o -  
we ight  r a t i c .  I t  i s  e a s i l y  machinable and can be f o r m u l a t e d  t o  p r o v i d e  an 
exce l  l e n t  c o e f f i c i e n t  o f  thermal  expansion match t o  most g l a s s  types .  
Gore shaped r e f l e c t i v e  pane ls  ( F i a l ~ r e  1) f a b r i c a t e d  f r o m  a  composi te o f  
c e l l u l a r  g lass  and sheet  g ' . r q  form t h e  b a s i s  o f  t h e  JPL Advanced 
C ~ n c e n t r a t o r  concept  f i r s t  proposed i n  1977. The l a r g e l y  s e l f  s u p p o r t i n g  
gores are  used t o  d i s p l a c e  much o f  t h e  s t r u c t u r a l  framework n o r m a l l y  
r e q u i r e d  t o  m a i n t a i n  an adequate d i s h  s t i f f n e s s .  

9 ." 
fi 

4' 

Gore support  r i n g  t r u s r  

FIGURE 1. CELLULAR GLASS GORE 





REFLECTIVE PANEL DESIGN 

The key element o f  the  Advanced Concentrator i s  c l e a r l y  t he  c e l l u l a r  g lass 
subst ra te  r e f l e c t i v e  gore. As shown i n  F igure 3, each gore i s  fabr icated 
from a composite of 1.0- Corning Glass Works 7809 b o r o s i l i c a t e  glass and 
a P i t t sburgh  Corning FoamsilB 75 c e l  i u l a r  g lass core. The ~ o a m s i l ~  75 has 
been s p e c i a l l y  formulated t o  match t he  thermal expansion cha rac te r i s t 4cs  
of t he  7809 sheet glass. A s i n g l e  sheet o f  backs i lvered t h i n  glass i s  
cont inuously  bonded t o  a  contoured subs t ra te  of t he  c e l l u l a r  g ldss 
mater ia l .  A narrow s t r i p  o f  uns i l ve red  t h i n  glass i s  bonded t c  the outer  
face of the  c e l l u l a r  glass spar running l o n g i t u d i n a l l y  along the  backside 
of t he  gore. The face sheets and the  c e l l u l a r  g lass core form a composite 
s t r uc tu re  i n  which the  m i r r o r  g lass and t he  spar cap c a r r y  a  s i g ~ i f i c a n t  
p o r t  i on  o f  the aerodynamic and g r a v i t a t i o n a l  l y  induce0 bending loads. 
Three compress i o n  molded g lass re i n fo r ced  po lyes te r  (GRP) pads are bonded 
t o  t he  gore t o  serve as a t t i 1  hnent po in t s  f9r  the i n t e r f a c e  w i t h  the 
support s t ruc tu re .  

t 83 .R  cm marimun w i d t h  -t; 

f o a ~ s  i;m 75 core 1.0 m mi-rot 
ylass 

1 . 0  mn, u n s ~ l v e r e d  Lorl torn~al  c o a t  i r s  
n la s s  spar c a p  ovev  a! ! 

n c n r e f l e i ? i :  . 
s u r f ~ c e :  

FIGURE 3. OUTER GORE CROSS SECTION 

Two panel types f o r a  the parabolo ida l  surface. Fo r t y  ou te r  gores and 
twenty-four inner  gore5 are required. The masses o f  t he  ou te r  and inner  
gores ( l ess  attachments; are 23.2 kg and 15.8 kg, respec t i ve ly .  The w id th  
of each gore type i s  l i m i t e d  by t he  maximum steady-state curvature s t ress  
which the sheet gldss can withstand. A maximum panel w id th  of 84 cm f o r  
the ou te r  and inner  gore 1 i m i t s  t he  steady-state s t resses t o  14.9 MPa. 

A d e t a i l e d  design was developed fo t  the  au te r  gore type only.  The 
r e s u l t i n g  gore i s  s t ress  l i m i t e d  w i t h  a  5 percent p r o b a b i l i t y  o f  f a i l u r n  
i n  t he  c e l l u l a r  glass core under a  governing load cond i t i on  of a 1 minute 
cumulative exposure t o  a  110 kmlhr wind a t  the  worst-case o r i en ta t i on .  
The peak t e n s i l e  core s t ress  i s  275 k3a under t h i s  cond i t i on  w i t h  a  
corresponding m i r r o r  g lass s t ress  o f  20.1 MPa. Under worst-case operat ing 
condit ions, the outer  gore panel y i e l d s  a peak d e f l e c t i o n  s lopc e r r o r  o f  
less  than 0.3 mrad and an area weighted rms de f l ec t i on  slope e r r o r  of less  
than 0.2 mrad. 



Due to current manufacturing 1 imitations, the maximum block size for the 
Foamsi l'@ 75 material is 46 cm by 61 cm by 10 cm. Near-term production 
therefore requires the bonding of several blocks of cellular glass into a 
large core blank prior to machioing. Future developments in cellular 
glass production may lead to full size mono1 ithic core blanks or even 
foamed to shape cores. 

PROTOTYPE PANEL FABRICATION 

To verify the fabricability and integrity of the gore design, Acurex has 
fabricated several full-scale prototype gores. These gores wi 11  be tested 
by JPL to determine the structural and optical characteristics of the 
design. 

Prototype Design Modifications 

Several prototype-specif ic design modifications were incorp~rated to 
reduce cost. Due to limited availability of the 1.0 mm Corning 7809 sheet 
glzss and the Pittsburgh Corning Foamsil@ 75, the prototype gores were 
fabricated from 1.5  TI Corning 0317 glass and Pittsburgh Corning's 
standard Foamglas*material. While these materials are not ideally 
thermally matched, and the thicker sheet glass provides a shorter panel 
life, much insight into the gore design has still been gained. Steel 
weldments were substituted for the compression molded GRP attachment pads 
at a penalty of approximately 2.3 kg ger gore. 

In addition to these prototype material changes, two significant 
dimensio~~al changes were also incorporated. To simplify the core 
machining operation, the rearside contour was modified from a constant 
edge thickness configuration to a cons'ant contour angle design and the 
spar depth was increased to avoid a local bond joint problem. This change 
ddded approximately 10 percent to the core mass, but allowed the use of a 
sivplifiet contouring scheme. The frontside contour was also modified to 
simplify t, 2 prototype machining operation. In .lieu of the more perfect 
paraboloidal contour, a compromise of a parabolic contour in the radial 
directior and a constant radius of curvature in the circumferential 
direction was selected. The effective area-weighted slope error impact of 
this modification is approximately 0.3 mrad rms. 

Fabrication Approach 

To minimize prototype fabrication cost, Acurex developed a simple 
contouring scheme which allows accurate, repeatable substrate fabrication 
with a minimal investment in tooling. The prototype gore fabrication 
procedure is essentially a ten step operation: 

Cut cellular glass blocks 
@ Bond blocks to form core blank 

Cut core blank to planform 
Machine core backside 
Bond sheet glass spar cap 

@ Machine ccre frontside 
@ Bond mirror glass 

Bond attachment pads 





DOE PARABCjLIC DISH S O W  THERMAL 
ANNUAL PRCGRAM REVIEW 

DEVELQFXENT AND TESTING OF THE 
SHENANDOAH COLLECTOR* 

Ceorcje S. Kinoshita 
Sandia National Laboratories 

Albuquerque, N e w  Mexico 87185 

The t e s t  and developnent of the GE-designed 7-meter Shenandoah parabo:lic 
dish collector  incorporating an FEK-244 film re f l ec t ive  surface and cavi ty  
receiver is described. Four prototypes tested in  the Midtemperature 
,So!.ar System '&st Faci l i ty  indicate,  w i t h  charyes incorporated £ran these 
developnent t e s t s ,  that. the improvements should lead t o  predj cted perforrance 
levels  rn the production collectors .  

*This work supported by the U.S. Department of Energy, SAblD81-0028A 



A parabolic dish solar  col lec tor  was selected for  the Shenandoah Solar Total 
Fnergy Project applicat ion because it could supply the  design .:oads throughout 
the peak e l e c t r i c a l  demand period of the u t i l i t y  and do t h i s  from a limited 
(5-acre) f i e l d  and under moderate (Atlanta a rea )  insolat ion conditions. ?he 
collector  was designed by the General Elec t r ic  Company under a DOE contract  for  
the  design of the  Shenandoah Solar 'Jbtal EZlergy System. 

'ihe i n i t i a l  rrrodel upon which the f i n a l  col lec tor  design is based evolved from 
a 5-meter diameter caronmications dish antenna which Sc ien t i f i c  Atlanta had 
developed. A so lar  col lec tor ,  which was cal led the engineering prototype 
col lec tor ,  EPC, was fabricated by the expedient of applying a ref lec t ive  film 
to the "petals" of the  c m u n i c a t i o n  antenna and attaching a solar  receiver 
where the c a s s q r a i n  ref lec tor  was normally located. lhis EPC model was 
evaluated a t  t h e  Sandia Solar Cbllectmr Module '&st Fac i l i ty ,  and it indicated 
the  f eas ib i l i ty  of adapting the low cos t  fabricat ing techrique of die-stamping 
petal sections t o  produce solar ref lec tors .  These t e s t s  a lso  led t o  modifications 
t o  the original  receiver design result ing in improved receiver operation. 

?he ref lec tor  surface was o r ig ina l ly  conceived t o  be a g lass  surface over 
polished aluminum. The aluminum was a magnesium al loy which w u l d  polish t o  
a high re f l ec t iv i ty .  Alternatives were investigated, and an RTV s i l i cone  
subs t i tu te  for g las s  was developed when proprietary issues could not be resolved 
with the u.se of the GE g lass  process. An anodization scheme was carr ied  on a s  
an a l te rnat ive .  Both ref lec tor  approaches were eventually replaced by a r e f l ec t ive  
f i l r r  (FEK-244, 2 3M product). mis  c h a ~ y e  provided an improvement in  r e f l e c t i v i t y ,  
enhancing the col lec t ion  of solar  energy t o  provide the thermal energy needs of 
the project.  The change a lso  indicated a protracted wash cycle could be considered 
over the other ref lec tor  approaches, making reduced operat ion and maintenance 
(O&M) cos t s  possible. Since the aluminum was no longer the ref lec t ing  surface,  
the aluminum was changed t o  a lower cos t  al loy.  

A key element in adapting the  ref lec tor  film for dish col lec tor  use was the  
process develapent  for applying FM-244 t o  a compound curved surface. (31 the 
e a r l i e r  WC, the f i l m  was applied to the  individual "petal"  sect ions u s i ~ y  the 
squeege/'detergent hand application method which is r e c m n d e d  by 3M for  laminating 
the film to  f lat .  panels. This was t h e  f i r s t  time the film had been applied to a 
canpound curved surface so  no h i s to r i ca l  p r e c d e n t  could be c i t ed  which w u l d  
provide confidence a s  to  the lc ry  term in tegr i ty  of the film ( remin ing  attached 
t o  the subs t ra te)  under a l l  environmental conditions. ?he film was only a 
temporary expedient to convert a ccmnunications antenna a solar  col lec tor .  
'I%us, a l t e rna te  approaches f c r  a ref lec tor  were encouraged. 

When it became evident,  however, tha t  the FEK-244 film of fei  ed s ign i f i can t  
advantages over the R l V  o r  anodized a l ternat ives ,  the problem of applying the 
film to  a canpound surface was readdressed. m e  solution turned out t o  be 
r e l a t ive ly  simple. ?he FEK f i lm was laminatc-d t o  the f l a t  aluminum subst ra te  
material prior  to die-stamping in to  the  "peta l"  s h a p .  'Jb protect  the  r e f l ec t ive  
film, an opaque premask film was laminated over the FEK. An addit ional  benefi t  
accruing fran the e a s i l y  peeled premask is tha t  is a lso  permits col lec tor  assenbly 
outdmrs  without creat ing a concern over eye hazards. Both film and premask a r e  



applied using a roller applicator which reduces the time and labor over that 
associat-ed with the hand application method. Enviromntal t e s t s  of two petals 
proceised by the roller met!!od disclosed the tendency of the FM film to "tunnel. " 
"l'tmnelling" is a consequence of FEK expansion when exposed to hot, high humidity 
conditions and is the term applied to  localized r idge l ike  l i f t ing  which occurs, 
especially a t  s t ress  s i tes .  FM has a coefficient of thermal expansion of about 
45 microinch/inch/OF. Fesolution of th is  problem was effected by cutting the FEK 
every two feet to  reduce the size of the laminated film sections. Subsequent 
environmental tes ts  on petals with enlarged film sections (3-foot cuts) indicate 
no tendency toward tunnelling, ?his w i l l  reduce the number of cuts required in 
each "petal." Whether th is  phenomenon is associated pr imr i ly  with the double 
curvature of a parabolic dish surface or is commn even i n  a planar configuration, 
i f  the film sections are large enoilgh, or whether roller application causes 
differences from hand applications is not known. 

Four 7-meter diameter pre-production prototrpe dish collectors were fabricated 
for testing and evaluation in a quadrant of the Sandia Midtemperature Solar System 
'&st Facility (MSSTF). In i t ia l ly ,  the collectors had RTV-coated reflectors. Che 
of the four was subsequently replaced with an anodized surfice and another with 
an FEK surface. A l l  of the reflectors were assentdies of 21, 8-foot long "petals" 
and a 29-inch wide center annulus section. The *part reflector was a consequence 
of the petal fabricator being limited to a press s ize which would only accanmodate 
an 8-foot die. With the acquisition of a 90G-ton press the fabricator can now 
stamp full-length petals, eliminating the need for the annulus section. m e  
annulus was fabricated by a spinning operation. AII improvement i n  the collector 
efficiency i s  expected with the extended ptal design. 0-1 the quadrant t e s t  
coliectors, the annulus accounts for a b u t  10 percent of the reflector area but 
contributes much less  than the expected reflected energy due to the non-spxularity 
of the spinning. 

The collector to be installed a t  Shenandi&~ w i l l  incorporate several design changes 
as a result of the quadrant 'ests. 

Difficulties evidenced i n  tne assembly of the reflector to the declination axis 
prompted the change fran trying to align two horizontal boles for attachment to 
the frame, to  mating the f l a t  surfaces to effect assembly. 

The large ,mount of field welding of the frame assembly led to t h 2  use of a base 
s u p p r t  frame to permit the f r m  assembly to be shop welded and be field installed 
as  a finished section. This procedure also permits the p l a r  drive motors and 
jackscrews to !x shop wlded to the collector frame assembly and the ent i re  
assedly  checked for propr  p l a r  roQtion prior to shipment. 

The diff icul t ies  encountered in maintaining the reference orientation for the 
position indicating ptentiometers has led to a redesign of the mounting bracket 
and a change i n  the attachment to  the rotating axes. 

?he mechanical stop on the jackscrews w i l l  be strengthened to prevent the gear 
motors fran driving through the stops and causing the reflector to freely pivot 
about the p l a r  axis. 



Each time the seceiver was brought into or taken out of f x u s ,  the aperture plate 
(made of stainless s t e e l )  r ece iv f~  a healthy thermal input c a u s i q  the apx tu re  
plate to  buckle. l%e heating 6lso lead to the malfunctioning of the optical I 
f ibre solar tracking system. A thicker s teel  sheet was not totally satisfactory. i I 
A quartz refractory pad is now used to  insultate the aperture plate. ! 

f 
The receiver coi l  through which the heat transfer fluid is circulated has been j 

changed £ran a double coil  to  a single coil. A t  flow rates slightly less  than 
1 gal/min through the double coi l  receiver, it was noted that a transition to 
laminar flow appeared to  be occurring. f i e  tubing diameter for the single coi l  
has been enlarged to maintain the pressure drop a t  about 15 psi while maintaining 
the tube wall to fluid AT a t  less  than 100°F a t  the minimum flow rates to  keep 
the Reynolds nrrmber above 8200. Zhe new coi l  was tested in a quadrant t e s t  
collector and indicated improved operation in effecting heat transfer a t  low 
flow rates. 

The hub, which is the centrally located element to  which the reflector petals 
are attached, had kcen changed frun an aluminum weldment to a s tee l  weldment as  
a cost saving measure. Solicitations f ram potential fabricators now indicate 
that the hub can be made fran an aluminun casting a t  an even greater cost savings, 
so this  avenue is being explored further. 

'Ihe collector was designed tcr m e t  the requirements indicated in Table 1. An 
operational characteristic ikich is distinctive to th is  d i s h  collector is that 
the fu l l  temprature differential  (fran 500°F input to 750°F output) is accanmodated 
i n  contrast to troughs where a number o collectors make up a ST string. The 5 minimum operation level of 50 Btuhr-f t  is the level a t  which the system losses 
(parasit ic ard thermal) are  j u s t  inet. The other requirements l is ted are c m n  
to other concentrating distributed collector systems. 'Zhe design requirements 
were translated into collector optical and receiver thermal parameters and 
incorporated into a cvllectcr systm analysis model. This model was used to  
analyze the c o l l e c ~ r  prformnce i n  terms of key variables. lhese variables 
are shown i n  Figure 1. 

The £,Id ra t io  was selected on the basis of optimizing the concentration rat io  
without an undue increase i n  the receiver heat losses. Figure 2 shows t h e  
efficiency was maximized a t  a f/d ra t io  of 0.5 

The sensit ivity of the concentration ra t io  (CR)  from 250 is shown in Figure 3. 
The collector for Shenandoah w i l l  have a CR of 234 w i t h  an 18-inch diameter 
receiver aperture. 

The indicated reflectivity,  Figure 4,  is the level which, in conjuncticn w i t h  
the intercept  factxr 3rd receiver efficiency, was thought to be required to 
provide the overall collector efficiency needed to meet the collector design 
requirements. The FEK-L44 surface on the environnentally tested p e l s  has 
maifested a reflectance of about 0.85 af ter  washing after degrading to  about 
0.82. 01 the Quad '&st units, exposure to the elements for 3 months resulted 
in a reduction in the spec:~lar reflectivity (35 mr), but the lclvel was recovered 
af ter  washing. 





f/d 

Concw tra  t ion Ratio 

Reflectivity 

Slope Error 

Tracking Error 

Focal Length to  Dish Diameter Ratio 

Collector Aperture/Weiver Aperture 

Tbtal Hemispherical and Specular Distribution 

Deviation fran a Paraboloid 

Receiver Offset from Solar F l u  

FIGURE 1. COLLECTOR ESIm CaRIABLES 

fID FOCAL LENGTH 
'DIAMEI ia 

FIGURE 2. FOCAL LENGTH OP'I XMIZATION 



LSE RANGE -, 

, , CRlCR 
1.8 2.0 REFEHENCE 

CONCF tJTRATION 

FIGURE 3. CONCfNI'F!ATION RATIO SENSITIVITY %YSIS 

FIGURE 4. REFLECTOR SURFACE PARAMETER SESITIVITY W Y S I S  



'Ihe intercept factor, which is defined a s  the percentage of the reflected energy 
incident a t  the receiver aperture, is a function of the specularity, s l o p  errors, 
and tracking errors associated with the collector and is recpired to  be about 0.96 
to achieve the collector performance requirements. A slope error of 1/2 degree 
was considered a design p a r m t e r  and its sensit ivity relative to  energy collection 
is shown in Figure 5. 

FIGURE 5. SLLlPE ERROR SENSITrVI'IY AEUYSIS 

?he sensit ivity of the tracking error on the energy collection is shown in Fiqure 6. 
'I%e tracking bias of 1 /4  degree was used as the collector design parameter. 

?he d i s h  diameter of 7 meters was selected on the bdsis of being the best 
canpromise considering collector cost, f ield cost, collector efficiency, and 
fluid heat losses. ?he diameter optimization results are shcnm in Figure 7. 
A collector field cost per unit of delivered energy versus collector diameter 
plot can be cowtructed for various projected collector costs. Fbr our case, 
the optimal diameter l i e s  i n  the 7-meter range. I f  collector costs can be 
reduced, other field canpnent costs become mre important, and the trend 
is toward optimizing a t  larger diameters. 

These collector design parameters are shown i n  Figure 8,  and the collectcr 
performance curves are indicated to show the expected off-design characteristics. 

Quadrant test results fran the FM-244 collector indicate that these early 
prototypes are achieving operational levels very close to design levels. Pro- 
duction  collector^,, incorporating improvements suggested fran the quadrant tes t s  
are expected to provide performance levels predicted. 
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I NT RODUCT I ON 

During the oil emhqrgo of 1971-74, the Northeastern part of 
our countrv w ~ s  shown to be particularly vulnerable to shortaqes 
of fossil fuels which, for the most part, were coming from 
overseas sources. Other enerqy technologies had to be found. To 
displace fuels in many applications, though, alternative energy 
sources had to be able to deliver high a~alitv energy reliably. 
Therefore, even though the direct sunlight available in the 
Northeast nay only total one half that available in the sunniest 
region of our country, there appeared to be a real potential for 
cost effective solar hardware even seven years ago. The energy 
user who cocld divers' - - into : l  ternative enerqy sources cou1.d 
rec'sce the impact of . en foe price increases snci also reduce 
thc risks of having to shutdown operations because of a lack of 
sufficient heat, process steam or conventional coolinq. 

The two msjor hurd1.e~ wc had to overcome before we could 
begin an extensive effort to pro2uce active alternative energy 
equipment were: 

1. Tn prwic?e solar energy even during the har. I coi+ 
weathzr for m i c h  the riortheast is infamous, and 

2. To provide tbjs alternative energy at a price 
competitive with traditional fuels. 

!-:it!? energy consuaption increasing warldwide we he1 ieved that, 
in a reasonable amount oF time, prices of traditional fuels 
would increase sufficiently to make focused solar enerqy a 
viable arternative. 

Sxcentrating tbe sun allows heat losses to k a  minimized 
once khe energy has been captured. Therefore, even sunlight 
during the winter months could hp utilized. With the sun's 
energy being reflected from 864 Fauare feet of mirrored surface 
onto a few square feet of heat transfer material, subzero 
teaperac *Jres become less of a factor in \~sef\11 energy 
production. 

Although focusing the sun overcame our first perceives 
h u r 2 l . e  without difficull ty, it tended to anpl ify the effects of 
the seccnd hurdle. Any complexity acl?ed to solar energy 
equipment increases the already large fro~t-end costs associated 
with equipment which gathers signilicant quantities 2f low 
density energy. Cur research efforts 1~1;er the last seven years,. 
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for the most part, were directed tawards the need to develop 
mechanical and proceclural methods for reducinq harfiware costs. 
See figure 1. 

IiARDWARE DESIGN 

Major goals which directed our efforts in engineering cost 
effective designs for concentrating solar energy were: 

1. The minimization of the overall weight of the solar 
energy collection equipment,while utilizing 
inexpensive materials; 

2. The simp1ificat;on of components snd optimization of 
the number of different parts along with the 
manufacturing procePures need& to produce them; 

3. The embo(?iment of desiqns which can be readily 
shipped, rapidlv assembled and optically aligned, 
easily tester? and quickly repa ' .  e2 by available 
Snhor; an(' 

4. The incorporation of features and co~ponents which 
auqmcnt reliable, safe and durable opcr,=?tion. 

Kjn3mizin2 the wciqht - of - tbe col lector ~rescribcd t h c  
implementation of two concepts: 

1. The c~istribution of forces from wind an? qravitv loadinq 
o n  the eq~lipmcnt, an2 

2. The use of a Frcsne! conccpt. 

Distributing the forces of wind and qravjtv over many parts 
a?lows 1ightweig;it components to be a6cquate for bcarinq the six 
tons af force anticipated from a 90 mph wind. The Fresnel 
concept is complem~ntary to the concept of distributed .loar:ing. 
Eight thin one foot square mirror tiles treated for outdoor use 
have been supported by liqhtweight aluminum stressed-skin 
supy?rt pane's w i l i c h  are pivoteci c?n their centers of gravity to 
pron,oe the motion necessary for elevatjon tracking. Using the 
Frcsncl mirror concept and 6istrihutcd loadinq permits \;in<' to 
pass throuqh the collectcr structure when the mirrored columns 
arc positioned to "feather" in the wind like open Venetian 
blinds. The mall surface area of each column allows common 
materials and construction techniques to meet the demands on 
these parts for stability and durability. Consequently, material 
:wight is mi~lmized and the corresponding cost associated with 
naterial quantitv avoided. 

T!lc simplification of cornponene and their materia! -- - 
a qufacturing pr.)cesses was aided h v  several iterations of 
i: :ign, and construction of several. senera tjons of prototype 
ei, iprncrt. Our current c?csigns t i s ~  larqe numbers of identical 
p a r t s .  Because the demands Cor stren~th in any one of these 
parts is small, exotic raterials are avoided. Durinq the 



installation of equipment at a site, special erection equipment 
is usually unnecessary c?ue to the manageable size of individual 
parts. We founc? these choices in desig~ promoting our goals for 
reducing the overall installed cost of equipment. 

T h e  embodiment of practical aspects of design which provide - 
the p:t:ker, shipper,Tite erection crew and operator with items 
whjch make their jobs easy, promotes acceptance of the 
tectinolocjy and enhanmsits ccst/henefit ratio. 

We have found that by incorporatinq operational schemes, 
such as keepina the reflector surface upsicie down except during 
operation, limits rpflector oxposure to- dust, ice, snow and 
vandals and ~ n h ?  .zes safety. Upon loss of power or occurence of 
other stow parameters, the unit returns the mirrors to this 
inverted ~ s i t i o n  "over the topn so that the intense focused 
radiation at no time comes below the receiver. The design o -  
other components and software subroutines incorporates this kind 
of failsafe orientation. We have found that "add onn safety 
packages are seldom as reliable, and have an undesirable "add 
ano1 cost. 

Although developing the objectives for our qoals demanded 
more common sense than any other rcsourcc, the technical 
capa5il i ties of Rcbnsselaer Polytechnic Institute, the 
organization withia which wc performed our research, were 
essential to every staqe of finalizing and testing component 
designs. With the right combination of simp1 icity and 
conplexity, we believe we have achieved a c7esiqn for collecting 
solar energy whjch is compatible with the special needs of our 
region of this country. 
SYSTEG TESTING 

Base? on the preliminary work and receiver heat transfer 
analysis, two receiver designs were selected for manufacture a ~ d  
testing. The first was a conically wound copper monotube boiler 
with 30 degree cone half angle, and the second, a steam unit 
heater emp!oyina steel cubes with aluminum fins. (Sce Figs. 2 6 
3 )  

Solar energy input was determined bv an Eppley normal 
incidence pyrheliometer with a 5 1/2 deqree aperture which had 
been recently calibrated by the Atmospheric Sciences Research 
Center in Albany, N.Y. This was coupled to a strip chart 
recorder which provided a record of instantaneous insolation 
readings. Integrated values corresponding to the discrete time 
periods for collector output measurements are utilized to 
calculate collector efficiencies throughou' the day. 

Cut?ut was determined by measurement of the quantity of 
water converted to steam and the pressure of the saturated steam 
transferred to the RPI steam system. System efficiencS- figures 
include losses ri:lm 120 feet of insulated steam line. Water flow 
was calculated by two metho8s: 1) by a Badqer Recordall 
Flowmeter and 2) by measurement of lost weiqht from the boiler 
feed tank. The test fluid loop is illustrated in Figure 4 . Note 



that steam condensate is returned to the boiler feed tank f:rom 
the steam trap. In the test of the fin tube boiler, t h e  
variation of efficiencies to some extent are a function of water 
source. Tbat is, part of the time water is fed directly to the 
boiler from the city water supply at 60F. When sufficient 
condensate accunulated in the feed tank, the water source was 
switched to the feed tank at >150F. 

The results of performance testing of these boilers are 
presentecq in Fiqures 5 and 6 . The fin tuhe boiler exhibited an 
average daily efficiency of 57%. The conical mnnntube boiler had 
an average daily efficiency of 68% an8 a peak efficiencv cf 79%. 
The graph of the test results indicates the dependence of 
efficiency on solar conc?itions. The collector has an effective 
anert~re much less than the pyrheliometer. Thus the 
pyrheliomcter accepts a greater amount of circumsolar radiation. 

Significant improvements in perf(~rmance can he expected 
wtrcn the department store mirror tiles are replaced h v  thin low 
iron glass mirrors with 10% better reflectivity. Also, the 
forming of the curves of the reflector columns to more precise 
tolerances are now possih1.e which will result in an 
additionalimprovement in performance.The fin tube boiler ha? 
very wide fins between and in front of the fluid tubes, which 
contributed to enhanced convective losses. The: use of copper 
fins would improve the pcrformance of this type of receiver. 

CONCLUSION 

This advance : point focusincj sol ar techno!oqy !>as 
demonstrated potential f c r  near term commerciaLization as an 
effective renewable energy technoloqy. The unique design 
feattires combine to produce a hiqhly-efficient, low cost, safe, 
adaptable, durable system which 7 simple to manufacture, 
install an6 maintain. 
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LUNCHEON SPEAKER: 

Marshall E. Alper 

I spoke to Rusty Schweickart just before lunch and, as one might expect, 
the good old sun came out and burned off the fog in its old reliable way. But 
man, in his institutions and organizations, was not able to get the aircraft 
on the ground at Sacramento dobn here in time for Rusty Schweickart to be with 
us today. And that perhaps may be indicative of the real problems we all face. 
The sun is t.here, as we all know, and as Pogo once said, "we have met thc enemy 
and (collectively) he is us." What Rrrsty and I thought might be an acceptable 
thing to do in his absence is to first let me introduce him to you, because 
should you ever have an opportunity to be someplace where he is speaking, I 
hope this introduction will encourage you to go out of your way to hear him. 

Rusty Schweickart received a Bachelor and Masters Degree in Aeronautics 
and Astronautics at MIT, and stayed there in the research lab at the 
experimental astronomy laboratory where he worked as a research fellow. After 
leaving school, he joined the Air Force and logged over 3,500 hours in jet 
aircraft. In 1963, he was one of the 14 astronauts in the astronaut corps 
selection. He was comnand pilot for the Lunar Module for Apollo 9, which was 
only the third flight in Lhe Apollo series. I believe during that series he 
logged same 48 or 50 minutes outside the vehicle. So in addition to 3,500 
hours at supersonic speeds, he has got alm~st an hour of floating in space. 
He was also the backup comnander for the first Skylab mission. As the backup 
commander, he was directly responsible for coming up with the technical and 
procedural workarounds that managed to get the sunshield into place, and 
managed to get the solar power system in place. He has had some interesting 
and exciting times, and some significant responsibilities in all of his 
endeavors. He served tims at NASA headquarters, so he understands what a 
headquarters program office is like. I have observed that it is an experience 
which deserves our utmost respect. He was director of User Affairs in the 
Office o f  Applications. There, he had two primary responsi5ilities. One was 
the transfer of technology from space applications to other activities. The 
second was the responsibility of making sure that the ap)lications activities 
of NASA appropriately understood and reflected the user's requirements. That 
experience is very relevant to our perspective today. He has served on 
Governor Brown's staff as an assistant for Science and Technology, a rather 
unusual pusition for a Governor to have. I think he performed that role most 
effectively. In August 1979, he was named by the Governor as Chairman of the 
California Energy Cotmission. This commission has responsibil.it1 for power 
plant siting, estimating California's energy supply and demands in the future, 
sponsorinq and inrtigating conservation activities, and developing alternative 
energy supplies. 

In that position, of course, he has had to worry a lot about technology, eco- 
nomics, and the politics of energy in a state the size of California, which is 
a big responsibility. I am truly sorry that he could not be here today. I 
have heard him speak at meetings two or three times in the past 9 months. He 
has some useful and interesting insights into the future, which are very chal- 
lenging. He did ask me tc make a few points, which I could attribute to him, 
and then for the rest of my comments, he acked if I would please take responsi- 
bility for myself. 



He was going to talk about his perspective of the energy picture in 
California as an indicator of thlngs to come in the rest of the country. He 
considers that picture and its evolution over the past several year& as an 
energy challenge. He suggests that the past 4 or 5 years--and the next 5 or 10 
years perhaps--have been and should be devoted to the '.pestions which concern 
the types of energy investments, capital investments, or people investments one 
should make to begin future world change. He feels that the effort is success- 
ful, and recognizes clearly that it is not something that happens rapidly and 
that the payoff will come in the '908, when we will see a large number of 
potentially attractive energy options from wh,ich people will be able to choose. 
In a biannual report to the legislature and the Governor, which his commission 
is ol- ,iged to .lo by legislation, he indicated that the problems will concern 
the many options to be chosen, which option the regulatory bodies will find 
favorable and public cost. We will find ourselves with a plethora of choices, 
which in a democracy may, in fact, make the situation worse, not better. 

Rusty feels that with a number of alternatives started, we then have to 
face another very strong and pressing reality. That reality is our excessive 
dependence on sources of oil over which we have no control. He f!els that a 
two-pronged approach consisting of substantial reduction in that dependence, in 
parallel with preparing for what we do in the eventuality that some major 
interruption occurs before that substantial dependence is eliminated, is 
necessary. His comment was that he feels the likelihood of having a 
substantial interruption before we have substantially reduced our oil 
dependence increases every day. 

Clearly, these are problems to which any new, devel-ping technology is 
not going to provide an imediate solution. Specifi.cally, with respect to 
solar, he feels that it is coming eventually for a number of reasons. We have 
n need to reduce our use of combustible fossil fuels in the environment in 
order to reduce the production of carbon dioxide and acid rain. Several years 
ago acid rain was something YOU read about i~: the papers in Swede?; now you 
read about it in the papers in New York State and Connecticut. Clearly, the 
switch to potentially new fossil, that is, bioenergy sources, as opposed to old 
fossil, will help alleviate the carbon-dioxide problem, but it still does not 
help to reduce the acid rain. 

Rusty also w~uld have reminded us that, of course, in California bs in 
most of the country, the primary short term problem is portable fuels for 
transportation, and not electricity. So, if we bring our problems as electric 
producers to him, forgive the fact that he has some other things that are per- 
haps more pressing on his mind. In that case, of course, solar-thermal tech- 
nology has a very distinct advdntage over some of its competition in the solar 
energy world. Solar thermal technology can produce either electricity or 
thermal energy which is useful in a variety of piocesses to produce fuels and 
chemicals. The comments just concluded are the things that Rusty would have 
said. He would have used some personal experiences it1 the space business, 
which of course I cannot duplicate, and will not try to. He also would heve 
added some other insights which come f r m  his very special position as chairman 
of the Energy Commission. 

Let me now try to add some observations of my own. I will draw or .wo 
speeches I heard Rusty give in the past 6 months, a series of seminars at 
Yaltech held last spring, and since we are a Caltech-iaf~uenced organization, 



a series of internal seminarh which we periodically hold for people from 
venture capital companies, p~blic utility commission staffs, and similar 
organizations. We have, as an institution, ail abilitv to develop some 
different perspectives. Let me try to form Rome pictures for you based on 
some of those perspectives. 

Let me project a future, let ne look at it, and then from that position, 
let me look back a littie bit with you. Suppose we are successful. We, in 
fact, have a set of value-oriented goals. Our success reflects itself in a 
viable c~mercial industry of suppliers who sell for a profit and users who buy 
because supposedly what they buy provides there b w e  value. That raises some 
interesting questions. Will the profit potential in that future be adequate to 
cornand the capital investments on the part of the supply side of the equdt;.on? 
From the other side of the equation, will the benefit be enough to make an ade- 
quate market for chat supply side? We can have some interesting markets that 
make suppliers interested; in terms of the technology, we can have some inter- 
esting benefits which make users interested. However, will the scale of the 
market of those interestea users match the scale of the market which those 
interested suppliers require in order to be able to make a marriage? Clearly, 
both of those questions have lots of interesting issues associated with them. 

From the supply side of the equation, the adequacy of the profit poten- 
tial has to be considered, and this very much depends on the company that is 
involved in the consideration. Let me be oversinplidtic and, with no offense 
t3 anyone, try to divide the supply side into three classes of companies. One 
is a large successful manufacturer who now has a successful business and now 
uses production technology that is required to build our kind of distributed 
dish solar technology. Another company is perhaps middle size, got into the 
solar business some years ago and like in so many of the other solar options, 
some nice oil company provided capital in return for a substhntial controlling 
interest. Finally, we have the very small struggling company, which has always 
been the source of some of the most innovative ideas arid new developments in 
American technology. The question of adequate ROI is obviously very different 
to each of those companies. You can be big and successful, but unless you are 
in the position of the oil companies, you do not have the same tax considera- 
tions. If you are very small, you probably worry a lot more about cash flow 
than ROI. So, at least in that perspective, the adequacy of profit potential 
can be viewed with a number of different perspectives. h e n  somebody says, 
"This is what our program has to do to help," I would hope that DOE and the 
project office do not forget that we have to recognize that spectrum of you 
out there. 

Because the users see a substantial return in having bought our products, 
there are also a number of lssues. The users reflect a variety of capital 
availability situations, a vaiicty of tax situations, and a variety of regula- 
tory situ-tions. As a result of thesz different situations, one sees the 
potential for third party ownership where neither the seller nor the Jeer owns 
the hardware. I do not know how many of us think about th:rd party ownership. 
I do not know how relevant it is and I have not thought about it too much with 
respect to our particular technology. But I kvow othar places that have. 
There was a proposal made to Hawaii using windmill technology, which IS a 
third party ~wnership situation. If it is applicable for wind tec' ,logy, it 
would seem to me that the supply side in the dish technology busi..rss ought to 
be thinking about that also. 



Another question is the cost of energy to the user. Here the cost 
depends on who t k  user is, and it ultimately depends on how 50 state energy 
coamissions and public utility canmissions will interpret PURPA, the law that 
was passed last year which affected the privately owned utilities. It requires 
that the utility pay a cogenerator and/or an independent generator for 
electricity produced, and the utility must charge the user a reasonable rate 
when the utility provides them with electricity. Those terms were not 
specifically defined, and it will be up to the 50 state Public Utility 
Canmissions during the next 2, 3, 4, 5, or 10 years, to define them. Thuise 
definitions will have a large impact on how the user sees our technology and 
the benefits it can provide him. 

Finally, there are the user's characteristics in terms of his demand for 
energy and the availability of sun. A couple of years ago we studied the elec- 
tricity demand in thc San F e r n ~ n d o  Valley in relation to the sun availability. 
We did it on a disag3regated basis. We looked at it on a Department of Water 
and Power substation-by-substation, service territory basis. In some of those 
territories, the coincidence between demand for electricity and availability of 
sunshine overlapped at the peak by about 90-95 percent. In other areas, the 
mismatch was tc 50-60 percent. Again, we found that a distributed technology 
makes us think in terms of disaggregated requirements. Looking at it from this 
disaggregated way, we are very likely to open up some very interesting business 
opportunitirs which we might not see if we did not have to look at our proolems 
in that macner. 

Assume that all these pieces fit together and we, in fact, do wind up a 
success. What character can that success have? Let me postulate two alter- 
natives again for simplicity's sake. The first alternative is one of small, 
specialized mavkets where there is a match between the technology, its price, 
the demand, and its value. This will be extremely beneficial to some of the 
smaller companies in the business. Some of the larger cmpanies will even- 
tually decide that if that is all there is it is not for us, and they will 
leave. Some users, who otherwise would be in a very tight bind, will te served 
by the companies which stay and will be very much relieved. I personally feel 
that this state of affairs is a very important one because the isolated users 
are part of this country also. The fact that they hurt a lot and that there 
are not very many of them, does nut mean we should ignore their needs. They 
are still part of the country. It clearly becomes a Headquarters problem to 
consider how much public investment we make to satisfy those needs. That ir 
what politics is all about. 

The second alternative is the opposite end of the spectrum: A techno- 
logy, highly successful from a price and value point of view, and a technology 
consistently used. A nice future? Let us look further. If we are that 
successful, it is safe to presume that some of our competition will also be 
successful. When that happens what would tho user look into? He looks into a 
utility. I will describe what I think that utility might be in a few minutes 
because i t  is going to change also. But the competition dill have our dish 
technology and the space power satellite technology. He may have small power 
towers, trough collectovs, solar ponds, very advanced cost batteries, fuel 
cells, and natural gas-fired engines of various sizes. Those engines, under 
certain conditions of electricity and heat production, may be the best of both 



possible worlds, particulariy if the gas was locally generated from biosources 
which otherwise would be wasted, or if the gas has to be burned to contribute 
to the carbon dioxide content of the atmosphere. 

The message is that if we are successful, it is likely that the competi- 
tion will also be successful and that some of that competition is going to be 
outside the solar busineas. Take thoae other successes and add modern elec- 
tronics. Let me specifically say two kinds of things that modern electronics 
can deliver. One of them is clearly an order of magnitude change in the 
character, quantity and utility of communications. The second is the 
absolutely staggering increase in capacity as a function of cost of small 
local computing. These characteristics could very easily lead to an energy- 
market place situation in which the utilities evolve to where they, in fact, 
become the energy stock-market, so to speak. They arrange the transactions, 
they take 5 percent off the top to arrange all the buying and aelling, and 
they provide the pathways throu,h which the energy flows. Some of those 
energy flows come from what they still own in the way of a central station 
here and there. The r P b t  comes from 200,000 people who own one of those sete 
of technologies 1 mentioned earlier. You, as an individual, whether it be in 
the home or a company, have your local electronic controller of energy sales. 
You plug same of your criteria into this convenient computer which has an 
interactive display, and you see what the energy price is currently for 
electricity. You make a real time decision about keeping your solar generator 
going, or shutting down something in operation and selling the electricity 
instead. 

That scenario is sort of far out and speculative but I think it is 
indicative of the character of change we have to be able to think about. 
Certainly, I am not xedicting i t  is going to come next year or in the 1990s. 
I do not think anybojy can predict when that will come. It wili come when we 
need to use it, because it is better than the alternatives. Crrtainly its 
coming will be governed by how fast and how efficiently we provide some of 
those alternatives. It also  depend^ on how fast some of the outside pressures 
that reiate to natural gas, oil, coal and nuclear sources begin to make these 
alternatives look less attractive than the solar alternatives which we are 
working on. 

With that as a potential future to look forward to, I think you will 
agree with me that being part of this program turns out to be a lot of fun and 
very exciting. And, if we are successful, our work will prove to be extreme-y 
important to the future stability of the democracy in which we live. How we 
get there from here is clearly a question we need to address, and without 
solving that question, anything I have saia thus far is interesting but also 
point less. 

I think the wor~kshop sessions last night, and the ones we have tonight, 
are an important initiation of a formal dialogue betwchen us at the laboratory 
representing ehe program office, and you all out there who are the industt,ies 
participating in the program one way or another. I think i t  is a very impor- 
tant dialogue, and we would certainly like to hear from you on hov effective 
you think these kinds of sessions are, or what we can dc to improve them. I 
can promise you one thing, we will listen to you. I can also promise you 
another thing. We will not always be able to do what you require or request 



cf us. We have an obligation to take the best information we r a n  get, and 
provide it to the program management ?eople at the Albuquerque Operations 
Office anJ at Headquarters. We provide them options, our best estimates of 
costs. They make decieions. They usually involve us in the decision making 
and then we stand ready to help implement those decisions. 

From my perspective, you can help best if in your own meetings, and in 
your participation in the workshops such a& the one last night and the one 
tonight, you recognize your own diversity. Recognize that we have an awful lot 
of trouble rerponaing to a single voice in that ;ea of companies ous there. We 
have to digest the information from a diverse *et of voices. When advising 
Headquarters we must recognize that we do have a spectrum of companies, a spec- 
trum of circumstances, and the more balance we can put into the advice we give 
to Jim, the easier it will be for him and the other people in the program 
office to defend, to rationalize, to sell an5 to provide all of us with a 
program that permits us to get to that future I tclted about. 
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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 .  



DEVELOPMENT OF THE SMALL COMMUNITY 
SOLAR POWER SYSTEM 

*@ 
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a FACC c a v i t y  r e c e i v e r ,  a Barber-Nichols Organic Rankine Dower convers ion 
subsystem and a ground-mounted s o l i d - s t a t e  r e c t i f i e r .  Overal l  p l a n t  e f f i c i e n c y  
a t  r a t e d  cond i t ions  is  1 5 . 8  p e r c e n t .  Advanced g l a s s  concen t ra to r  des igns  
y i e l d  20 percent  o v e r a l l  e f f i c i e n c i e s .  

SCSE Program Manager 
Ford Aerospace & Communications Corp. (FACC) 

Newport Blach, CA 92663 

ABSTRACT 

This paper p r e s e n t s  the  s t a t u s  o f  the  Srrlall Community S o l a r  Thermal Power 
Experiment (SCSE Program). Current  a c t i v i t i e s  on the  Phase I1 single/module 
development e f f o r t  a r e  p resen ted ,  t o g e t h e r  wi th  p lans  f o r  the  Phase 111 1 MWe 
demonstrat ion p l a n t .  A d e s c r i p t i o n  of the  va r ious  subsystems and components 
i s  given wi th  p a r t i c u l a r  emphasis on the  unmanned microprocessor-based p l a n t  
c o n t r o l  subsystem. L a t e s t  performance f i g u r e s  a r e  p v e n  f o r  the  1 We p l a n t ,  
based on 56 power modules, each c o n s i s t i n g  of a G.E. 12m Low Cost Concentra tor ,  

INTRODUCTION 

';he Aeronutronic Divis ion of  Ford Aerospace & Communications Corp. (FACC) has  
been under c o n t r a c t  (1)  t o  JPL s i n c e  27 Decembe- 1979 f o r  Phase I1 development 
of the Small Comnlunity S o l a r  Thermal Power Experiment (SCSE). This program is  
the  f i r s t  experiment (FE-1) i n  t h e  Engineering Experiment s e r i e s  of  t h e  
Parabo l i c  Dish P r o j e c t  managed by JPL f o r  t h e  U.S. Department of Energy (DOE). 
The EE-1 concept i s  c l a s s i f i e d  a s  a Point-Focusing D i s t r i b u t e d  Receiver (PFDR) 
system with  D i s t r i b u t e d  Generat ion.  It i s  a modular system, comprised of 
m u l t i p l e  power modules in te rconnec ted  by a convent ional  e l e c t r i c a l  system, 
wi th  p rov i s ion  f o r  u t i l i t y  grid-connected o p e r a t i o n .  During Phase 11, a 
s i n g l e  power module i s  being f a b r i c a t e d  and subsequent ly  w i l l  be t e s t e d  a t  t h e  
JPL Parabo l i c  Dish Tes t  S i t e  (PDTS) a t  Edwards AFB, C a l i f o r n i a .  I n  t h e  follow- 
on phase (Phase 1111, a complete 1 MWe p l a n t ,  composed of  approximately 56 power 
modules, w i l l  be f a b r i c a t e d  and i n s t a l l e d  f o r  t e s t  a t  a s i t e  t o  be s e l e c t e d  by 
DOE . 

Each power module, a s  shown i n  Figure  1, i s  comprised of  a 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  wi th  a Power Conversion Assembly (PCA) mounted a t  i t s  focus .  The 
PCA shown i n  Figure  2 c o n s i s t s  of a c a v i t y  r e c e i v e r  and a Power Conversion 
Sub-system (PCS) comprised of a n  o rgan ic  Rankine c y c l e  (ORC) engine  and a high- 
speed,  d i rec t -coup led  permanent magnet a l t e r n a t o r ;  a s o l i d - s t a t e  r e c t i f i e r  i s  
loca ted  a t  the  ground. Maximum g r o s s  weight o f  t h e  PCA i s  680 kg (1500 l b . ) ;  
o v e r - a l l  l eng th  i s  2.38 m (7 .8  f t . )  and maximum diameter  i s  1.124 m (3 .7  f t . ) .  
The PCA and i t s  a s s o c i a t e d  suppor t  s t r u c t u r e  b lock approximately 1 percen t  o f  
the  incoming s o l a r  power. 
(1)  Con t rac t  No. 955637 



P R O G W  STATUS 
I 

The SCSE master  schedule  i s  shown i n  Figure  3; a  Pre l iminary  Design Review (TDR) I- 

was s u c c e s s f u l l y  completed on 27 June 1980 and the  System Design Review (SDR) 
is  scheduled f o r  28 January 1981. A s  c u r r e n t l y  planned,  the  PCA will be 
shipped t o  t h e  Edwards PDTS by mid 1981, a f t e r  thorough t e s t i n g  o f  t h e  r e c e i v e r  I 

a t  Aeronutronic and subsequent t e s t i n g  o f  the  combiiled PCS and r e c e i v e r  - on 
I 

I 
e l e c t r i c a l  h e a t  - a t  the  Barber-Nichols f a c i l i t y .  The P l a n t  Control  Subsystem 
and a s s o c i a t e d  e l e c t r i c a l  i n t e r f a c e  equipment w i l l  a l s o  be t e s t e d  a t  
Aeronutronic,  then d e l i v e r e d  t o  the  PDTS f o r  i n t e g r a t i o n  (with t h e  PCA and the  
General  E l e c t r i c  Low Cost Concentra tor  [LCC]) i n t o  a  runc t ion ing  EE-1 power 
module. The hardware w i l l  be t e s t e d  under f i e l d  c o n d i t i o n s  f o r  5 months 
under t h e  e x i s t i n g  c o n t r a c t ;  the  i n t e n t  of the  f i e l d  t e s t  o p e r a t i o n  i s  t o  
v e r i f y  the  EE-1 des ign  a s  a  p r e r e q u i s i t e  t o  fabrication/installation/demonstation 
of the  compiete 1 MW, EE-1 p l a n t  dur ing  Phase I11 of t h e  SCSE program. 

A second power conversion u n i t  is being procured from Barber-Nichols f o r  t h e  
p a r a l l e l  Design l l a t u r i t y  Tes t ing  (DMT) program. This u n i t  w i l l  be i n  cont inuous  
o p e r a t i o n  a t  the  Barber-Nichols f a c i l i t y  - dr iven  by a n  e l e c t r i c : ? l l y  heated 
b o i l e r  - p r i m a r i l y  t o  a s c e r t a i n  long- ten1 d u r a b i l i t y  on a l l  power convers ion 
components. The t e s t  r i g  w i l l  a l s o  s imula te  t h e  e f f e c t  o f  engine  a t t i t u d e  
o r i e n t a t i o n  - i n  r e a l  time - and achieve a c c e l e r a t e d  l i f e  t e s t i n g .  The l e s s o n s  
learned from the  DMT program w i l l  be incorpora ted  i n t o  the  PDTS t e s t  u n i t  a s  
r equ i red ,  e i t h e r  i n  the  form of hardware replacements,  changed opera t ing  
procedures,  r ev i sed  maintenance procadures,  e t c .  

SYSTEM DESCRIPTION 

lile LCC, the  ORC-PCS and the  FACC r e c e i v e r  a r e  presented i n  d e t a i l  elsewhere 
i n  t h i s  Program Review and w i l l  not  be repeated h e r e .  The Energy Transpor t  
Subsystem (ETS) and P l a n t  Control  Subsystem a r e  a l s o  important  e lements  o f  
tile EE-1 system, however, and a r e  d i scussed  below. 

Energy Transpor t  Subsystem (ETS) 

The ETS i s  comprised of  1 )  a  convent ional  dc  e l e c t r i c  system which i n t e r c o n n e c t s  
each power module, 2) c e n t r a l  s t a t i c  dc-to-ac i n v e r t e r ( s )  f o r  power cond i t ion ing  
and v o l t a g e l l o a d  c o n t r o l  and, 3) a s s o c i a t e d  equipments f o r  g r i d  i n t e r f a c i n g  
and synchron iza t ion .  The system i s  designed t o  o p e r a t e  a t  600 v o l t s ,  i n t e r -  
f ac ing  wi th  a  4800 v o l t  ( t y p i c a l )  u t i l i t y  d i s t r i b u t i o n  l i n e .  F a c i l i t y  power 
is  used t o  d r i v e  the  i n d i v i d u a l  c o n c e n t r a t o r s ,  PCS a c c e s s o r i e s  and the  c o n t r o l  
room; an u n i n t e r r u p t a b l e  p w e r  supply (UPS) i s  provided f o r  power when the  g r i d  
is  o u t  and se l f -genera ted  power i s  not  s u f f i c i e n t  t o  o p e r a t e  the  system. A 
load bank i s  a l s o  provided t o  d i s s i p a t e  s t o r e d  energy dur ing  g r i d  ou t / concen t ra to r  
de- t rack o p e r a t i o n .  The major b e n e f i t  of  the  dc approach i s  t h a t  i t  permits  
tile speed of the  ORC engines  t o  be v a r i e d  wi th  t h e  change i n  s o l a r  i n s o l a t i o n  
i n  o rde r  t o  achieve nigh pa r t - load  e f f i c i e n c y  and hence high annual ized p e r f o r -  
mance. In a d d i t i o n ,  the  use of the  c e n t r a l  i n v e r t e r ( s )  f o r  v o l t a g e / l o a d  c o n t r o l  
e l i m i n a t e s  any need f o r  i n d i v i d u a l  f i e l d  c o n t r o l  of  the  a l t e r n a t o r s ,  a s  d i scussed  
below. F i n a l l y ,  g r i d  synchron iza t ion  i n  frequency and phase i s  much e a s i e r ,  



s i n c e  an  a c  system would r e q u i r e  synchronizat ion o f  each engine whereas t h i s  
clystem is accomnodated a t  t h e  c e n t r a l  p o i n t  o f  g r i d  c o n t a c t .  

The ETS i s  being modified f o r  t h e  Phase I1 t e s t s  a t  t h e  JPL-PDTS t o  accomno- 
d a t e  c e r t a i n  d i f f e r e n c e s  i n  t h e  g r i d  i n t e r f a c e  and e x i s t i n g  JPL equipment a t  
t h e  s i t e  as well a s  t h e  f a c t  t h a t  only  a  s i n g l e  module w i l l  be t e s t e d .  
However, b a s i c  p r i n c i p l e s  of t h e  Phase I11 design w i l l  be demonstrated 

Tlant  Control  Subsystem 

The SCSE p l a n t  c o n t r o l  subsystem is  being designed f o r  automat ic ,  t o t a l l y  remote 
(unattended) opera t ion .  Manual c o n t r ~ l  c a p a b i l i t y  w i l l  be provided f o r  
i n s t a l l a t i o n ,  check-out, t e s t i n g  and maintenance. General func t ions  a r e  
1 )  automatic/manual c o n t r o l  o f  a l l  p l a n t  subsystems, 2) coordinated sequencing 
of p l a n t  subsystems f o r  a l l  o p e r a t i n g  modes, 3) f a i l u r e  p r o t e c t i o n  and 
4) s t a t u s  monitoring.  

Operating P r i n c i p l e  

The p l a n t  c o n t r o l  system w i l l  o p e r a t e  t h e  p l a n t  wi th  high e f f i c i e n c y  under 
cont inuously  varying s o l a r  energy i n p u t .  IL i s  a l s o  simple i n  concept and 
provides t o t a l l y  s t a b l e  opera t ion  i n  a l l  p o s s i b l e  modes. There a r e  t h r e e  
elements o f  the  concept: 1) concen t ra to r  c o n t r o l ,  2)  f l u i d  c o n t r o l  and 
3) t u r b i n e  speed c o n t r o l .  

Concentrator c o n t r o l  c o n s i s t s  of 2-axis  t r ack ing  and a s s o c i a t e d  sequencing, 
e . g . ,  s t a r t - u p ,  shut-down, emergency de- t rack,  e t c .  The e s s e n t i a l  f e a t u r e  of 
the  LCC t rack ing  concept i s  i t s  dua l  opera t ion ,  i . e . ,  1 )  coarse  t r ack ing  v i a  
computer-stored ephemeris d a t a  and concen t ra to r  angu la r  p o s i t i o n  sensors  and 
2)  f i n e  t r ack ing  v i a  au to -nu l l ing  of o p t i c a l  (sun) sensor  s i g n a l s .  

The f l u i d  c o n t r o l  loop o p e r a t e s  t h e  coupled r e c e i v e r  and ORC engine t o  make 
c e r t a i n  t h a t  1 )  t h e  n e t  thermal energy absorbed by the  r e c e i v e r  is  t ransmi t t ed  
t o  the  engine i n  concer t  with the  time-varyind s o l a r  energy i n p u t ,  and 2) high 
par t - load e f f i c i e n c y  i s  achieved.  These requiremeiita a r e  m e t  by a d j u s t i n g  the  
working f l u i d  ( to luene)  flow r a t e  - v i a  a  flow c ~ a t r o l  va lve  st r e c e i v e r  o u t l e t  - 
t o  mainta in  v i r t u a l l y  cons tan t  t u r b i n e  i n l e t  temperature.  The combination of 
cons tan t  t u r b i n e  i n l e t  temperature and optimum t u r b i n e  speed ( a s  d i scussed  
below) s e r v e s  t o  mainta in  n e a r l y  cons tan t  PCS e f f i c i e n c y  over a  very wide range 
of s o l a r  i n p u t .  

An a d d i t i o n a l  c o n t r o l  requirement is  t o  maintain t h e  tu rb ine  speed a t  near  
optimum s o  a s  t o  maximize t u r b i n e / a l t e r n a t o r  o v e r a l l  e f f i c i e n c y .  This i s  done 
by providing a  cons tan t -vo l tage  load f o r  t h e  i n d i v i d u a l  a l t e r n a t o r s ,  (or ,  
equ iva len t ly ,  a  cons tan t  a l t e r n a t o r  ou tpu t  vo l t age  i s  mainta ined) ,  and t h e  
speed i s  then c o n t r o l l e d  by t h e  balance of the  power app l ied  t o  t h e  t u r b i n e  and 
the  power absorbed by t h e  a l t e r n a t o r .  The constant-vol tage load i s  produced 
by t h e  i n v e r t e r ,  which has an a c t i v e  c i r c u i t  t h a t  senses  i t s  i n p u t  vo l t age  and 
v a r i e s  the  duty cyc le  of the  SCRs s o  t h a t  t h e  e f f e c t i v e  i n p u t  impedance i s  



v a r i e d  s o  as t o  draw t h e  c u r r e n t  r equ i red  t o  keep t h e  a l t e r n a t o r  ou tpu t  car 
i n v e r t e r  inpu t )  vo l t age  c o n s t a n t .  The r e s u l t i n g  t u r b i n e  speed i s  very  c l o s e  t o  
optimum i f  t h e  a p p r o p r i a t e  a l t e r n a t o r  impedance is  s e l e c t e d .  With m u l t i p l e  
p a r e r  conversion u n i t s  connected t o  t h e  i n v e r t e r ( 8 )  i n  a p a r a l l e l  e l e c t r i c  
c i r c u i t ,  t h e  vo l tage  a c r o s s  each genera to r ' s  t e rmina l s  is t h e  same and is  
determined by t h e  equ iva len t  impedance of t h e  complete c i r c u i t ,  which inc ludes  
t h e  i n v e r t e r .  The i n v e r t e r  impedance can thus  be v a r i e d  t o  mainta in  c o n s t a n t  
vo l t age  i n  t h e  face  of cont inuously  varying s o l a r  i n p u t .  Power output  
v a r i a t i o n s  among 1 o r  more engines  a r e  thus  represented by c u r r e n t  v a r i a t i o n s  
i n  t h e  e l e c t r i c a l  c i r c u i t .  Ind iv idua l  a l t e r n a t o r  f i e l d  c o n t r o l  i s  thus avoided 
and a l l  power u n i t s  a r e  c o n t r o l l e d  by t h e  c e n t r a l  i n v e r t e r .  Addi t iona l ly ,  
a l t e r n a t o r  and t u r b i n e  torquelspeed c h a r a c t e r i s t i c s  a r e  matched by c a r e f u l  
design of t h e  equ iva len t  a l t e r n a t o r  impedance s o  t h a t  the  imposi t ion o f  cons tan t  
vo l t age  a s s u r e s  opera t ion  a t  c r  near  the  speed which y i e l d s  h i g h e s t  t u r b i n e  
e f f i c i e n c y  . 

Hardware Implementation 

A c e n t r a l  d i g i t a l  microprocessor o r  Master Power C o n t r o l l e r  (MPC) i s  provided 
f o r  mode c o n t r o l ,  sequencing, p r o t e c t i o n  and monitoring of a l l  p l a n t  subsystems. 
The flow c o n t r o l  loop and o t h e r  PCS c o n t r o l  func t ions  a r e  mechanized i n  t h e  
Renote Control  I n t e r f a c e  Assembly (RCIA) microprocessor which i s  l o c a t e d  a t  
each power module and s laved  t o  the  MPC. A s  c u r r e n t l y  envis ioned,  concen t ra to r  
po in t ing  c o n t r o l  w i l l  be shared between the  RCIA and t h e  MPC, wi th  the  l a t t e r  
providing the  sequencing and coarse  t r ack ingcomands  whi le  the  RCIA performs 
i f i n e  suntracking c o n t r o l .  

SYSTEM I"EP!FOwCE 

Each module w i l l  produce approximately 1 8 . 3  kWe of ac  power a t  r a t e d  cond i t ions  
(1000 w/n2 and T(amb) = 2 8 ' ~ )  a t  the  output  of the  c e n t r a l  i n v e r t e r  (19.6 KWe 
dc output  a t  the  r e c t i f i e r ) .  A t  these  cond i t ions ,  a 56 module p l a n t  w i l l  
produce about 1 We when a l l  p l a n t  l o s s e s  r.LTS, p a r a s i t i c s ,  e t c . )  a r e  inc luded .  
Tsble 1 sunmarizes performance by component and inc ludes  annual ized f i g u r e s  
f o r  the  Barstow, C a l i f c r n i a  s i t e  based on 15-minute environmental  d a t a  t apes  
f o r  1976. 

Peak out  u t  f o r  a 56 module p l a n t ,  corresponding t o  a s o l a r  i n s o l a t i o n  of Y 1100 ~ / m  , i s  approximately 1113 !<We. 





TABLE 1 SCSE SYSTEM PERFORMANCE 

r Parameter 

a Net power d e l i v e r e d  
t o  g r i d  

(end- to-end) 

Compo~ient/subsystem 
e f f i c i e n c i e s  

Annual per f0n1.:1i:i P 

( p l a s t i c  r c f l e c t o r )  

Value 
- -- 

1001 kIJe (56 modules) 

0.158 ( p l a s t i c  r e f l e c t o r :  
0.200 ( g l a s s  ref  l e c t o r )  

Co l lec t ion  Eff .=0.669 
( = 0.817 wi th  g l a s s  
r e f l e c t o r )  
-Co:lcentrator (0.691) 
-Keceiver (0.971) 
- I n t e r c e p t  (0.998 

PCS E f f .  = 0.258 

ETS E f f .  = 0.935 

a P lan t  P a r a s i t i c s  = 
0.978 

# Output = 2521 ~ \ 4 h / y r  

Annual Capacity Factor 
(ACF) = 0.298 

Armualized P lan t  E f f i -  
c izncy = O.lL7 

Condit ions / ~ m e n t s  

A t  r a t e d  cond i t ions  : 
I n s o l a t i o n  = 1000 w/m2 

r z  Tm = 28'~ 
- 

A t  r a t e d  cond i t ions  and 
averagc LCC r e f l e c t i v i t y  

Concentrcrtor E f f .  inc ludes :  
R e f l e c t i v i t y  = (!. 78, 
Dust = 0 .95 ,  Blockage = 
0.932 
Concentrat ion Rat io  = 
1000 

Barber-Nichols c a l c ~ l l a t i o r .  

System Analys is  

8 klJ, + 250 W/module f o r  
R / c ,  s tat ionkeepin:; ,  
d r i v e s ,  e t c .  

1976 Barstow d a t a  
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EXPERIMENT 

ABSTRACT 

The Small Comnunity Solar  Thermal Power Experiment (SCSE) has been planned t o  
t e s t  a small, developmental so l a r  thermal power p l a n t  i n  a srnall c o m u n i t y  
appl icat ion.  The base l ine  p l an  i s  t o  i n s t a l l  3 f i e l d  of pa rabo l i c  dishes w i t h  
d i z t r  ibuted generat i  on t o  p rov ide  1 MWe o f  experimeni a1 power. P a r t i c i p a t i o n  
by the s i t e  proposer i c  an i n t e g r a l  element o f  t he  experiment; t he  proposer 
w i l l  p rov ide a ten-acre s i t e ,  a connect ion t o  t he  e l e c t r i c a l  d i s t r i b u t i o n a l  
system serv ing the  small comnunity, and var ious services.  I n  a d d i t i o n  t o  t he  
pr imary p a r t i c i p a n t ,  s i t e  study e f f o r t s  may be purcued a t  :.s mzny as f i v e  
a l t e r n a t i v e  s i t es .  

I n  1980, 44 proposals f o r  s i t e  p a r t i c i p a t i o n  i n  the SCSE, represen t ing  24 
s ta tss ,  were received by t he  U.S. Department of Energy (DOE). The ex ten t  and 
q u a l i t y  o f  the responses prov ide a great  deal o f  encouragement regard ing  
pub l i c  i n t e r e s t  i n  a l t e r n a t i v e  energy i n  general and p a r t i c u l a r l y  i . 1  t h i s  
so la r  thermal experiment. The 44 proposals represented a wide v a r i e t j  of 
p o t e n t i a l  s i t e  p a r t i c i p a n t s  w i t h  respect t o  s ize,  type o f  community, u t i l i t y  
cha rac te r i s t i c s  and geographic d i s t r i b u t i o n .  F ~ l l o w i n g  evaluat ion,  N E  
selected s i x  geographical l y - d i  spersed s i t e  f i n a l  i s t s  and completed f u r t h e r  
eva luat ion of s i t e s  i n  mid-1980. S i t e  se l ec t i on  by DOE has been delayed 
pending programmatic cons iderat ions.  

SITE PART1 CIPATION PLANS 

App l i ca t ion  experiments of pa rabo l i c  d i s h  , ~ ; a r  t;hermal systems are intended 
t o  p r ~ v i d e  in fo rmat ion  on the operat ion o f  these experimental systems i n  a 
r e a l i s t i c  f i e l d  environment. The SCSE has the o b j e c t i v e  demonstrating the  
i n t e r a c t i o n  c ~ f  the experiment w i t h  the small community and i t s  u t i l i t y  as w e l l  
as on the technology i t s e l f .  S i t e  p a r t i c i p a t i o n ,  then, i s  an important aspect 
o f  the experiment, and the s ' t ?  j a r t i c i p a n t  w i l l  be a par tner  i n  t h e  
experiment. 

The gener.11 base l ine  c h a r a c t e r i s t i c s  o f  the experiment are f o r  a ! MWe p lan t ,  
cons is t ing  o f  approximately 55 parabol i c  d i sh  c o l  l e c to r s ,  each approximately 
12 meters i n  diameter w i t h  power conversion occu r r i ng  a t  the  f oca l  p o i n t  o f  
each dish.  The combined, r e c t i f i e d  panel f rom these generators i s  i n v e r t e d  
and transformed a t  the exper iment lu t i  1 i t y  in te r face .  'The techn ica l  aspects o f  
the SCSE are described i n  another conference paper and w i l l  no t  be repeated 
here. 

The experiment w i l l  be loca ted  i n  a d i s t i n c t  m a i l  comnunity, p re fe rab l y  one 
which has a peak e l e c t r i c  load less than 20 MWe. Tbe s i t e  p a r t i c i 9 a n t  must 



represent the  comiuni ty  i t s e l f  as w e l l  as t he  owner of t he  l o c a l  e l e c t r i c a l  
d i s t r i b u t i o n a l  network. 

The s i t e  p a r t i c i p a n t  as a c o o p e r a t ~ v e  par tner  w i  11 p rov ide  support  i nc lud ing :  

1. A s u i t a b l e  10-acre s i t e  w i t h  appropr ia te  zoning and permi ts  f o r  
experimental p l a n t  a c t i v i t i e s .  

2. Access roads and u t i l i t y  se rv ice  t o  t h e  s i t e ,  

3. An e l e c t r i c a i  i n t e r f a c e  t o  the  p a r t i c i p a n t ' s  d i s t r i b u t i o n a l  network. 

4. Various data, maintenance, and opera t iona l  support  serv ices.  

The s o l e c t i o n  o f  the s i t e  p a r t i c i p a n t  i s  based on: 

Comnuni t y  cha rac te r i za t i on  and support  

I n s o l a t i o n  resource 

Need f o r  so l a r  energy 

U t i l i t y  i n t e r f a c e  and generat ion experience 

S i t e  and permi t  acau is i  t i o n  

S i t e  su i  t a b i l  i t y  

S i t e  development c h a r a c t e r i s t i c s  

Environmental impact 

Extent  of p a r t i c i p a t i o n  

Organ i z a t  i on and management 

The basel ine p lan  c a l l e d  f o r  s i t e  p a r t i c i p a t i o n  t o  begin  i n  J u l y  1980 w i t h  
const i -uc t ion ac t  ' v i  t i e s  beginn ing i n  October 1981 and exper imental  ope ra t i on  
comencing i n  A p r i i  1983. Due t o  programmatic cons iderat ion,  t h i s  schedule ;s 
now delayed a t  l e a s t  one year. S i x  o f  t h e  44 s i t c  p a r t i c i p a t i a n  proposers 
have bezn se lected by the DOE as s i t e  f i n a l i s t s .  One of these f i n a l i s t s  w i l l  
be desianated f o r  the  pr ime s i t e .  Up t o  f i v e  o f  the  remaining s i t e s  may be 
designated f o r  study a c t i v i t i e s  which w i l l  involve,  among other  th ings, t h e  
d e p l o y m l t  of f i e l d  data systems. The purpose of these systems i s  t o  assess 
t he  site-spec if i c  i n s o l a t i o n  and system performance-related weather 
cha rac te r i s t i c s .  These data w i l l  be used t o  examine a number o f  environmental 
va r iab ies  t h a t  d i r e c t l y  impact p l a n t  operat ion.  Tne i n s o l a t i o n  data w i l l  
enable system designers t o  charac te r i ze  t h e  so la r  resource o f  each s i t e  and t o  
examine the frequency and e f f ec t  o f  power dropouts due t o  c loud ing.  Used i n  
con junct ion w i t h  temperature data, est imates of system performance can a1 so be 
der ived. The wind speed data can a lso  be used t o  determine how o f t e n  the  
s.~stem w i l l  have t o  be stowed due t o  h i gh  winds. 



Each o f  the data sy;tems w i l l  employ the  f o l l o w i n g  instruments: 

1. Track ing pyrohel  iometer ( d i r e c t  normal i n s o l a t i  on) 

2. Pyrzncneter ( t o t a l  i n s o l a t i o n  on a ho r i zon ta l  surf ace) 

3. d i c d  speed i n d i c a t o r  

4 .  Ambient temperature 

The f l ow  o f  s i t e  data i s  descr ibed i n  F igur?  1. 

The instrument package i s  samp:ed by the  data logger which converts the  data 
s igna l  f r ~ n  the  analog t o  the  d i g i t a l  form and s to res  t he  value w i t h  t h e  
corresponding t ime of sample. The values are accumulated throughout the  day 
i n  e l e c t r o n i c  storage, on a f ive-minute basis; each evening t he  c e n t r a l  u n i t  
t ransmi ts  the  data t o  the cen t ra l  s i t e  v i a  telephone. The c a p a b i l i t y  a l so  
e x i s t s  t o  access the  in termediate  computat i on  r e g i s t ~ r s  and  stain shw- l - te rm 
data. These data can be t r ansm i t t ed  t o  the cen t ra l  system i n  p a r a l l e l  t o  t he  
s i t e  operat ion.  The data are ed i t ed  and s to red  i n  engineer ing u n i t  form on 
f loppy d iske t tes .  A standardized r e p o r t  ~i 11 then be generated f rom the  data. 

GENERAL DESCRIPTION OF THE PROPOSERS' SITE CHARACTERISTICS 

A h igh degree o f  d i v e r s i t y  amwg the proposers was mani fest  by the  vary ing 
demographic c h a r a c t e r i s t i c s  o f  the  communities and by t he  range o f  proposal  
combinations o f  u t i l i t y  types coupled w i t h  small comnunit ies. These proposer 
c h a r a c t e r i s t : ~ ~  r e f l e c t e d  an i n t e r e s t  i n  t he  a p p l i c a t i o n  of t he  technology 
over a wide range o f  supply and demand s i t ua t i ons .  Th i s  d i v e r s i t y  i s  
i i l u s t r a t e d  i n  Table 1. 

I n  F igure  2, the 13cations o f  a11 proposal s i t e s  are i d e n t i f i e d .  The s i x  
f i n a l i s t  s i t e s  se lected by DOE are noted by s ta rs ,  w h i l e  t he  remaining 38 
s i t e s  are shown by dots. The 24 represented s ta tes  extend from the  f a r  
western l o c a t i o n  i n  Hawaii t o  New Jersey i n  the  northeast;  South Caro l ina  on 
the  east coast; Washington, Nor th  Oakota and Minnesota as nor thern  boundaries 
and F l o r i d a  as the most southern l oca t i on .  Almost two- th i rds  o f  these 
l oca t i ons  may be considered t o  l i e  ou ts ide  t he  sunbel t .  

Utility ownership i s  p a r t i c u l a r l y  d ive rse  as shown i n  Table I , w i t h  munic ipa l  
c t i  1 i t  i es  represent ing the l a rges t  number o f  proposers. 16 of these 
munic ipa ls  have some degree 3 f  se l f -genera t ion  and 12 munic ipa ls  r e l y  e n t i r e l y  
on purchase power. E i gh t  o f  the t o t a l  u t i l i t i e s  are investor -owed,  s i x  small 
community proposers have combined w i t h  r u r a l  e l e c t r i c  cooperat ives and t h o  
proposers are teamed w i t h  i r r i g a t i o r ,  d ' s t r i c t s .  I n  add i t i on  t o  u t i 1 i t . y  
combinations w i t h  small comnunit ies, two o f  the  above u t i l i t i e s  (one 
municipal ,  one investor-owned) ;re teamed w i t h  academic i n s t i t u t i o n s .  



The average customer cos t  of e l e c t r i c i t y  repor ted  f o r  a r e s i d e n t i a l  usage of 
500 Kwh per m n t h  a t  1979 r a t e s  va r i ed  among u t i l i t i e s  by a f a c t o r  of f i ve .  
S im i l a r l y ,  a wide range c , f  values appeared f o r  peak demand, even though t h e  
median peak value of 6.25 MWe r e f l e c t e d  the  s ta ted  p r e f e r r e d  peak e l e c t r i c a l  
power requirement of ;ess than 20 MWe. The r e s u l t i n g  peak values thus ranged 
from a low o f  1 W e  t o  a h igh  o f  68.4 MWe. 

These 44 small comuni t j l  proposers cont inue t o  show i n t e r e s t  and confidence i n  
so l a r  thermal d i sh  app l i ca t ions .  Sased on t h e i r  va r ied  generat iona l  
experience and other  c h a r a c t e r i s t i c s  as discussed here, so l a r  thermal e l e c t r i c  
power uses by small co rnun i t i e s  o f fe r  a broad spectrum o f  oppo r t un i t i e s .  







Table I 

Generic Sumnary o f  the  44 S i te/Responden% 

U t i  1  i t y  Ownership*: 28 Municipal  
16 Munic ipa ls  w i t h  se l f -genera t ion  
12 Munic ipa ls  w i t h  purchase o n l y  

8 Investor-Owned 

6 Rura l  E l e c t r i c  Cooperatives 

2 I r r i g a t i o n  D i s t r i c t s  

Median Peak Demandf*: 6.25 MWe 

Mean Peak Demand**: 15 MWe 

Mean E l e c t r i c i t y  Cost: 5& /KW t i  
(Mean 1979 Customer Cost) 

* Two academic i n s t i t u t i o n s  submitted proposals, one i n  con junc t ion  
w i t h  a  municipal ,  one i n  con junc t ion  w i t h  an investor-owned u t i l i t y .  

** Figures ava i l ab l e  f o r  on ly  40 s i t e s .  



DEFINITIVE DESIGN OF THE SOIAR W r A L  ENEIGY 
IARGE-SCm EXPERIMENT AT SHEWDQ9Ht C;EOEa[;IA* 

R. W. Hunke 
J. A. konard 

Sandia National Laboratories 
Albuquerque, N e w  Mexico 87185 

The U.S. Department of Ehergy, with Sandia National Laborator, .s pr0vidi.q 
technical support and management, is now star t ing construction of a Solar 
Tbtal Ehergy Urge Scale Experiment a t  Shenardoah, Georgia. The Solar mtal 
Energy System (STES) is designed with capacity t o  supply e lec t r ic i ty  and 
thermal energy to a knittear plant a t  the Shenardoah site. The system w i l l  
provide 400 kilowatts e lec t r ica l  and ;.? megawatts thermal energy. 

The STES is a cascaded tota l  energy system con£ iguration. It uses parabolic 
dish collectors and a steam turbine-generator. The e lec t r ica l  system w i l l  
be gr id-onnected to the W r g i a  Fwer C c , ~ n y  system. 

*This wrk supported by the U.S. Department of Energy, SAND81-0029A 



'Ihe Solar m t a l  Energy Project a t  Shenandoah, Georgia, (Figure 1) is a prototype 
of a cascaded energy system using solar energy. Through system operation, 
definitive perfomance, cost, and O&M data w i l l  be obtained and an industrial 
solar total energy capability evaluated. 

A silicone heat transfer f l u i d  is ased to transpcrt mlar energy from the 
parabolic dish collectors to therrrwl storage or a steam generator. The powr 
conversion system employs a high s p e d ,  steam, Rankine cycle turbine. 

?he system has the flexibili ty to operate i n  either a stand-alone or peak shaving 
mode while providing the electr ical ,  steam, ard heating and cooling needs of the 
nearby Bleyie Knitwar plant. Shenandoah, about 35 miles south of Atlanta, is an 
indus tr ial-res idential planned ccnnuni ty .  Sun right easements have been obtaind 
on the land bounding the STES s i t e  to prevent future shading of the collector field.  

The STES consists of three major loops: solar collection and storage, power 
conversion, and thermal utilization, Figure 2. 

Cne hundred and fourteen parabolic d i s h  solar collectors, i n  parallel branches, 
form t h  collector field with a peak energy delivery rate of 1.2 x l o 4  MJ/hr % ( l l x  10 Bn lh r ) .  Ehergy is either transprted to storage or supplied to a s t em 
generator by a high temperature sillcone heat transfer fluid. The temperature 
range of tPn d a r  collector field is 260°C (500°F) inlet ,  400°C (750°F) outlet. 
7b permit j ~ r a t i d n  durirq transient weather conditions, a thermal storage capacity 





one hour of storage is provided for solar transient conditions. Storage for 
extended operation is not intended. 

?he Control and Instrumentation Subsystem in i t i a tes ,  regulates, and terminates 
collector tracking, energy storage, power generation, and thermal ut i l izat ion 
for heating and cooling of the Bleyle plant. then operating in the peak shaving 
mode, the CAIS w i l l  m n i b r  and regulate the generation of power to sa t i s fy  
system requirements. 

The CAIS consists of a central con t rd  console, a central minicomputer, and 
tm remote microprocessor control units. !the control system has t h e  f l ex ib i l i ty  
to  be operated in a manual or automatic m?e, and permits the operator to  
monitor or control the system functions f r m  t h e  control panel. Cblor gra@ic 
C R l 3  are employed for data display. Data archiving is performed w i t h  magnetic 
storage tapes a d  in hard copy form on the canputer l ine  p i - t e r .  1he remote 
microprocessors are  programmable from the central minicomputer t o  allow a high 
degree of system control and versat i l i ty .  

SUMMARY 

A solar total energy system that uses parabolic dish collectors is being 
constructed tha:: w i l l  have the capability to provide various energy forms, 
e lectr ical  and thermal, t o  a contemporary industrial f ac i l i t y  with 25,000 
square feet of floor s p x e .  Cbllector t e s t s  have dem~nstrated that  existing 
f ab r i c t i on  techniques could produce an eff ic ient  parabolic dish solar 
collector. Ferformnce measurements on the 7-meter dish have shown that  the 
specified fabrication tolerances and performance of the full-scale unit can be 
realized in hardware. 



ABSTRACT 

THE JPL ICOLATED APPLICqTION EXPERIMENT SERIES 
.PU 

R: R. Levin 
J e t  Propulsion Laboratory 

Cal ifornia  I n s t i t u t e  of Technology 
Pasadena, Cali  fornia  

The goal of the Applioations Element of the Thermal Power Systems Project  i s  
t o  e s t ab l i sh  the technica l ,  operat ional ,  and economic readiness of parabolic 
d i s h  power systems fo r  a var ie ty  of appl ica t ions  i n  tne power range below 10 
MWe. Power systems atbe being ,developed and t e s t ed  t o  the point where 
comt.~ercialization e f f o r t s  can lead t o  successful market penetratjon. A key 
element in  t h i s  s t ra tegy  is the use of experiments t o  t e s t  hardware and a s ses s  
operat ional  readiness.  The JPL Isolated Applicatjon Experiments a r e  described 
and t h e i r  voject ives  discussed. 

BACKGROUND 

The three successive mi l e s tmes  required in  the development of a new 
technology t o  the point of commercial readiness a r e :  1 )  demonstration of 
technical  f e a s i b i l i t y ,  2 )  v e r i f l c a t i ~ r ~  of readiness of the technology, and 3 )  
achievement of cost  goals  required for  comnercial reaCiness. The three phases 
i n  the evolution of a new technology can be described a s  c rea t ion ,  
development, and commercialization. Par t ic ipa t ion  by both goqernment and +he 
pr iva te  sector  may be necessary, w i t h  increasing ac t iv iky  by the l a t t e r  a s  the  
commercial readiness phase is approached. Poten t ia l  users a r e  involved ea r ly  
i n  the design phase t o  the maximum sx ten t  possible.  

A key elenent of the program stratt lgy is f i r s t  the  i d e n t i f i ~ a t i o r ~ ,  and i a t e r  
the ~ e n e t r a ~ i ~ n ,  of near-term markets t h a t  w i l l  provide a stimulus f o r  
es tab l i sh ing  a manufacturing industry. T h i s ,  in  tu rn ,  w i l l  lead t o  cos t  
reductions a s  a r e su l t  of improved manufacturing oethods, coupled w i t h  an 
increasing volume of production a s  lower cos t  markets a r e  penqtrated. The 
importance of t h i s  program element l i e s  i n  the  be l i e f  t h a t  design improvement 
alone wi l l  not r e s u l t  i n  a s u f f i c i e n t l y  low pr ice  t u  penetrate  the u t i l i t y  
market. A combination - f  mature technologies and mass production, .lowever, 
o f f e r s  the poten t ia l  fo r  economically conpet i t ive  power systems w i t h  a 
s ign i f i can t  environmental advantage. 

Potent ial  users  w i l l  be sought t h a t  f a l l  i n t o  two broad market categories:  
1 )  the near-to-mid-term market, which i s  smaller ,  and for  which cos t s  a r e  
higher;  and 2) the  far-term market which largely corresponds t o  the u t i i i t y  
sec tor  for  which a mature so l a r  thermal technology is needed before 
penetrat ion can be expected. Application s tud ie s  and system analyses  a r e  
being conducted t o  develop candidate system configurat ions best matched t o  the  
users in  each category. Selected system design concepts w i l l  be developed 
through cont rac ts  l e t  t o  pr iva te  industry.  



THE ISOLATED A?PLICATION EXPERIMENTS 

T h e ,  I s o l a t e d  A p p l i c a t i o n s  Exper iment  Series is t h e  s e c o r J  m a j o r  a c t i v i t y  
w i t h i n  t h e  A p p l i c a t i o n s  Element  o f  t h e  P r o J e c t .  The Series w i l l  b e  7 set 3f 

small ( a p p r o x i m a t e l y  60-1 50 kWe) s o l a r  t h e r m a l  power e x p e r i m e n t s ,  e a c h  of 
which is meant t o  a d d r e s s  a s e p a r a t e  i s o l a t e d  l o a d  a p p l i c a t i o n .  

T h e s e  e x p e r i m e n t s  w i l l  employ p o i n t  f o c u s i n g  d i s t r i b u t e d  r e c e i v e r  t e c h n o l o g y  
w i t h  emphas i s  on e lect r ic  power a p p l i c a t i o n s .  The program i s  c l o s e l y  
i n t e g r a t e d  with t h e  Technology Element  o f  t h e  P r o j e c t  w i t h  t h e  o b j e c t i v e  o f  
u t i l i z i n g  t h e  t e c h n o l o g i e s  b e i n g  d e v e l o p e d  u n d e r  t h a t  program. 

The first e x p e r i m e n t  i n  t h e  S e r i e s  is co-sponsored  by t h e  Dept.  o f  Energy a n d  
t h e  U.S. Navy u n d e r  t h e  a u s p i c e s  o f  t h e  C i v i l  E n g i n e e r i n g  L a b o r a t o r y  (CEL). 
CEL and  J P L  h a v e  worked t o g e t h e r  t o  d e v e l o p  s y s t e m  r e q u i r e m e n t s .  The 
e x p e r i m r i l t ,  d e s i g n a t e d  a s  t h 3  M i l i t a r y  Module Power E x p e r i m e n t ,  w i l l  be  a 
modular  s y s t e ~  u s i n g  a h y b r i d  f i r e d  B r a y t o n  c y c l e  e n e r g y  c o n v e r s i o n .  
S u b s e q u e n t  ex e r i m e n t s  w i l l  test  d i f f e r e n t  v e r s i o n s  o f  similar h a r d w a r e  i n  
d i f f e r e n t  a p p l i c a t i o n s  which a r e  now b e i n g  s e l e c t e d .  

Pr imary  c o n s i d e r a t i o n s  i n  i m p l e m e n t i n g  t h e  s e r i e s  a r e  t o :  

o T g s t  t h e  r e a d i n e s s  o f  s u i t a b l e  s o l a r  power t e c h n o l o g i e s  a t  t h e  s y s t e m  
l e v e l  i n  a number o f  d i f f e r e n t  a p p l i c a t i o n s .  

o Economica l ly  p r o v i d e  + s t i n g  o f  b o t h  t e c h n o l o g i e s  a n d  m a r k e t s ,  t h u s  
m e e t i n g  p r i n c i p a l  program o b j e c t i v e s  w l  t h o u t  la i 'ge  e x p e n d i t u r e s .  

o I n v o l v e  a l a r g e  c o n s i t u ; n c y  o f  i n d m t r i a l  s u p p l i e r s  and u s e m .  

o Address  t h e  po te r  ' i a l  f o r  near- to-mid-term marke t  f o r  s m a l l  power s y s t e m s  
t h a t  i s  needed t o  p r o v i d e  t h e  i n i t i a l  i n c e n t i v e  . t o  m a n u f a c t u r e  t h e s e  
a y ~ t l e m s .  

o I n c r e a s e  p rogrammat ic  f l e x i b i l i t y  by employ ing  a number o f  s m a l l  and 
v a r i e d  e x p e r i m e n t s .  

Emphasis w i l l  b e  on: 

o High r e l i a b i l i t y  and s a f e t y .  

o E a r l y  p l a n t  deployment .  

o Low program c o s t .  

o Complete tes t  and e v a l u a t i o n .  

The e l l e l n e e r i n g  e x p e r i m e n t s  w i l l  b e  d e s i g n e d ,  i n s t a l l e d ,  and  o p e r a t e d  t o  
p e r m i t  J P L  t o  b e t t e r  u n d e r s t a n d  s o l a r  t h e r m a l  p l a n t  a p p l i c a t i o n s  and t e c h n i c a l  
f e a s i b i l i t y .  



The c jb jec t ive  o f  t h e  e n g i n e e r i n g  exper imentsd  is n o t  t o  maximize t h e  kWh of 
ene rgy  gene ra t ed  by t h e  s o l a r  p l a n t  o r  t o  lower t h e  electric power c o s t s  of 
t h e  s i te p a r t i c i p a n t s .  Rather  t h e  o b j e c t i v e s  are t o :  

Verify t h a t  t h e  s o l a r  t he rma l  p l a n t  c a n  produce power from solar 
r a d i a t i o n  supplemented by fossil  fie1 t o  meet ene rgy  r e q u i r e m e n t s  for 
t h i s  a p p l i c a t i o n  d u r i n g  d e s i g n a t e d  test  pe r iods .  

Ver i fy  t h a t  t h e  solar h y b r i d  p l a n t  concept  can  be  c o n s i d e r e d  as a firm 
power r e s o u r c e  f o r  t h i s  a p p l i c a t i o n  d u r i n g  d e s i g n a t e d  test pe r iods .  

C h a r a c t e r i z e  t h e  t o t a l  performance o f  t h e  p l a n t  ( s i t e  p r e p a r a t i o n ,  
components, subcystems,  modules, arid p l a n t )  as a f u n ~ t i o n  of  l o a d  
c h a r a c t e r i s t i c s ,  i n s o l a t i o n ,  weather ,  o p e r a t i o n s  and maintenance 
a c t i v i t i e s ,  s a f e t y  r e g u l a t i o n s ,  e n v i r o m e n t a l  r e g u l a t i o n s ,  s e i s m i c  
f a c t o r s ,  and l e g a l  and s o c i o - t e c h n i c a l  f h c t o r s .  

I d e n t i f y  and unders tand  p l a n t  f a i l u r e  modes. 

I d e n t i f y  and q u a n t i f y  t h e  impact  o f  s o l a r  h y b r i d  p l a n t  o p s r a t f o n s  on  t h e  
d a i l y  o p e r a t i o n s  a c t i v i t i e s  o f  x e r  pe r sonne l  and on  u s e r  manning 
requi rements .  

I d e n t i f y  and q u a n t i f y  t h e  impact  o f  s o l a r  hybr id  p l a n t  i n s t a l l a t i o n  and 
o p e r a t i o n s  on t h e  l o c a l  environment.  

I d e n t i f y  and q u a n t i f y  t h e  impact  o f  s o l a r  hybr id  y l a n t  i n s t a l l a t i o n  and 
o p e r a t i o n  on t h e  accep tance  o f  s o l a r  power p l a n t s  by l o c a l  p u b l i c  
o f f i c i a l s ,  l o c a l  power sys tem o f f i c i a l s ,  and t h e  l o c a l  p u b l i c .  

SCHEDULE 

The LIVE w i l l  e n t e r  d e s i g n  phase  i n  FY81. The schedu le  f o r  t h e  f i r s t  
exper iment  now c a l l s  f o r  a test  and e v a l u a t i o n  o f  two d i f f e r e n t  modules t o  
begin  i n  CY83. T e s t s  w i l l  be conducted a t  t h e  PDTS a t  Edwards AFB. Two 
c o n t r a c t s  w i l l  b e  awarded f o r  system d e s i g n ,  and t h i s  e f f o r t  w i l l  cu lmina te  i n  
a test program l a s t i n g  f o r  approximate ly  12 months (summer '82-summer ' 83 ) .  
Seve re  cu tbacks  by DOE i n  t h e  P ~ n d s  r e q u e s t e d  by t h e  Thermal Power Systems 
Pro  S e c t  have impacted t h e  MMPE, The e x t e n t  of t h e  impact  h a s  been a S l i p  of  
approximate ly  18 mos. i n  t h e  module test comple t ion  d a t e .  

TECHNICAL FEATURES 

The degree  of  MMPE module se l f - con ta inmen t  w i l l  be  d r i v e n  by bo th  economics 
and r e . L i a b i l i t y .  Each module w i l l  c o n t a i n  ( a t  a  miniuium) c o n c e n t r a t o r ,  
r e c e i v e r ,  hybr id  combustor, t u r b i n e ,  r e c u p e r a t o r ,  compressor ,  a l t e r n a t o r ,  
module c o n t r o l s ,  starter,  c o n c e n t r a t o r  d r i v e s ,  t r a c k i n g  d e v i c e s  and s e n s o r s ,  
some f u e l  s t o r a g e  and necessa ry  exhaus t  hardware. A comple t e ly  s e l f - c o n t a i n e d  
module is d e s i r e d  w i t h  o n l y  t h e  t r u e  p l a n t  f u n c t i o n s  l o c a t e d  c e n t r a l i y .  These 
w i l l  be power combination and c o n d i t i o n i n g  equipment,  module and p l a n t  
performance i n d i c a t o r s ,  g r i d  i n t e r c o n n e c t i o n  equipment,  "omputing and d a t a  
r e c o r d i n g  f a c i l i t i e s ,  i n s t r u m e n t a t i o n ,  p l a n t  s a f e t y  and c o n t r o l  equipment. 



The normal mode o f  module o p e r a t i o n  w i l l  b e  una t t ended ,  however each  module 
w i l l  b e  equipped f o r  s a f e t y  o r  emergency shutdown, b o t h  manual and au toma t i c .  
Although a f i x e d  i n s t a l l a t i o n  is expec ted ,  i n d i v i d u a l  modules must be 
t r a n s p o r t a b l e ,  f i e l d  e r e c t a b l e  and f i e l d  s e r v i c e a b l e .  

Long term the rma l  s t u r a g e  w i l l  n o t  be i n c l u d e d  i n  t h e  p l a n t .  No t he rma l  
b u f f e r i n g  w i l l  be  provided  e x c e p t  by t h e  h e a t  c a p a c i t i e s  o f  t h e  i n s t a l l e d  
components and working f l u i d .  me h y b r i d  combustor  c o n t r o l  system a n d / o r  
eng ine  c o n t r o l s  w i l l  p r o v i d e  t h e  d e s i r e d  t r a n s i e n t  r e s p o n s e  c h a r a c t e r i s t i c s .  

MMPG CONTRACI' STRATSY 

P a s t  performance o f  DOE s o l a r  t he rma l  sys tem i n t e g r a t i o n  c o n t r a c t o r s  p l u s  
o r d i n a r y  good b u s i n e s s  p r a c t i c e  a r g u e  s t r o n g l y  f o r  t h e  c r e a t i o n  and 
maintenance o f  a c o m p e t i t i v e  environment f o r  bo th  subsystem development 
c o n t r a c t s  and system i n t e g r a t i o n  c o n t r a c t s  f o r  t h e  JPL Eng inee r ing  
Experiments. Compet i t ion  can  be i n t r o d u c e d  i n  s e v e r a l  ways, a l t h o u g h  t h e  b e s t  
acd most e f f e c t i v e  method is t o  f i n a n c e  i t  d i r e c t l y .  T h i s  means t h e  p a r a l l e l  
deveiopment o f  a l t e r n a t i v e  subsys tems and /o r  i n t e r c h a n g e a b l e  t e c h n o l o g i e s ,  any  
one o f  which c o u l d  meet t h e  s t a t e d  r e q u i r e m e n t s  f o r  t h e  sys tem be ing  
developed.  Compet i t ive  developments can then  be pursued and f i n a l  s e l e c t i o n s  
d e f e r r e d  u n t i l  wst, p e r f o r m n z e ,  o r  s c h e d u l e  c o n s i d e r a t i o n s  d i c t a t e  
t e r m i n a t i o n  o f  a l l .  b u t  t h e  l e a d i n g  c a n d i d a t e  o r  u n t i l  t h e  happy moment when 
one c a n d i d a t e  demons t r a t e s  t h e  a s s u r e d  achievement o f  a c c t p t a b l s  c o s t ,  
s chedu le ,  and performance. 

The most obvious  r e s u l t s  o f  c o m p e t i t i v e ,  p a r a l l e l ,  development is  I :duced 
program r i s k .  A less obvious  r e s u l t  is t h a t  c o m p e t i t i v e  development d o e s  n o t  
n e c e s s a r i l y  i n c r e a s e  t o t a l  program c o s t s .  Competing c o n t r a c t o r s  c o n s t a n t l y  
s t r i v e  t o  minimize c o s t  and o p t i m i z e  performance p a r t i c u l a r l y  when a v e r y  
l a r g e  p o t e n t i a l  market  is t h e  u l t i m a t e  p r i z e .  An optimum s t r a t e g y  is one 
which i n t r o d u c e s  and m a i n t a i n s  c o m p e t i t i o n  a s  i n e x p e n s i v e l y  as  p o s s i b i e  f o r  as  
l o n g  as  p o s s i b l e ,  e n s u r i n g  maximum program b e n e f i t s .  

JPL's  s t r a t e g y  is t h e r e f o r e  t o  e s t a b l i s h  and maint.ain a c o m p e t i t i v e  e n v i r o n e n t  
f o r  t h e  MMPE. 

MMPE SITE SELECTION 

Si te  s e l e c t i o n  f o r  MMPE h a s  been a U.S. Navy r e s p o n s i b i l i t y .  I t  w i l l  be 
conducted i n  p a r a l l e l  w i t h  t h e  ~ y s t e m  i n t e g r a t i o n  c o n t r o l  a c t i v i t i e s  and 
b a s i c a l l y  independent  o f  t h e  t e c h n i c a l  t a s k s .  The Marine Corps Air S t a t i o n  a t  
Yuma, Arizona,  h a s  been t e n t a t i v e l y  s e l e c t e d  a s  t h e  s i t e  f o r  t h e  exper iment .  



FUTURE EXPERIMENTS 

Additional small scale experiments are being planned for inclusion i n  the 
Series. They w i l l  be designed to  test  developing solar thermal hardware with 
emphasis on economy and modularity. Future Program Review- w i l l  afford the 
opportunity to  present the details of these experiments. 
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ABSTRACT 

T h i s  p a p e r  d i s c u s s e s  two p r o c u r e m e n t s  w i t h i n  t h e  I n d u s t r i a l  A p p l i c a t i o n  
Exper iment  S e r i e s  o f  t h e  JPL Thermal  Power S y s t e m s  P r o j e c t .  The f i r s t  
p r o c u r e m e n t ,  i n i t i a t e d  i n  A p r i l  1980 h a s  r e s u l t e d  i n  a n  award t o  t h e  Appl ied  
Concep ts  C o r p o r a t i o n  f o r  t h e  C a p i  t o 1  C o n c r e t e  Exper  iment :  two F r e s n e i  
c o n c e n t r a t i n g  c o l l e c t o r s  w i l l  be  e v a l u a t e d  i n  s i n g l e - u n i t  i n s t a l l a t i o n s  a t  i h e  
JPL P a r a b o l i c  D i s h  T e s t  S i t e  and a t  C a p i t o l  C o n c r e t e  P r o d u c t s ,  Topeka,  
Kansas .  The second  procurement  w i l l  b e  i n i t i a t e d  i n  March 1981 t h r o u g h  t h e  
r e l e a s e  o f  a n  W P  t i t l e d ,  "Thermal Sys tem E n g i n e e r i n g  E x p e r i m e n t  B. " The 
o b j e c t i v e  o f  t h e  new procurement  is t h e  r a p i d  dep loyment  o f  deve loped  
p a r a b o l i c  d i s h  c o l l e c t o r s .  Two o r  more a w a r d s  a r e  i n t e n d e d .  A t  l e a s t  o n e  
award w i l l  b e  made t o  a  team : n v o l v i n g  s m a l l  b u s i n e s s .  

INTRODUCTION 

The I n d u s t r i a l  Application Experiment  S e r i e s  a s s i s t s  i n d u s t r y - d i r e c t e d  new 
i n i t i a t i v e s  i n  t h e  c o m m e r c i a l i z a t i o n  o f  p a r a b o l i c  d i s h  s y s t t  -. E x p e r i m e n t s  
funded t h r o u g h  t h e  I n d u s t r i a l  S e r i e s  u t i l i z e  i n d u s t r i a l  involve men^ .::? 
e x p e r t i s e  t o  t h e  maximum p o s s i b l e  d e g r e e .  I n d u s t r y  is r e s p m s i b l e  f o r  
p r o p o s i n g  c o l l e c t o r  s y s t e m ,  a p p l i c a t i o n ,  and s i t e .  JPL d o e s  n o t  s p e c i f y  s i te ,  
a p p l i c a t i o n ,  o r  ha rdware .  Each e x p e r i m e n t  r e s u l t s  i n  t h e  d e s i g n ,  f a b r i c a t i o n ,  
v e r i f i c a t i o n  t e s t i n g ,  i n s t a l l a t i o n ,  c h e c k - o u t ,  o p e r a t f o n ,  m a i n t e n a n c e ,  and 
twelve-month e v a l u a t i o n  o f  a  c o l l e c t o r  s y s t e m  p r o v i d i n g  e n e r g v  t o  a  l o a d  a t  a  
u s e r ' s  s i t e .  

The I n d u s t r i a l  A p p l i c a t i o n  Exper iment  S e r i e s '  i n i t i a l  p rocurement  t o o k  p l a c e  
i n  1980 and r e s u l t e d  i n  t h e  award o f  a  c o n t r a c t  t o  A p p l i e d  C o n c e p t s  
C o r p o r a t i o n  f o r  t h e  C a p i t o l  C o n c r e t e  E x p e r i m e n t .  The second  procurement  w i l l  
t a k e  p l a c e  i n  1981. 

T h i s  p a p e r  d i s c u s s e s  t3e f i r s t  p r o c u r e m e n t ,  which r e s u l t e d  i n  t h e  C a p i t o l  
C o n c r e t e  E x p e r i m e n t ,  and p r e s e n t s  t h e  i m p l e m e n t a t i o n  p l a n  o f  t h e  new 
p r o c u r e m e n t ,  t o  be i n i t i a t e d  t h r o u g h  t h e  release o f  a n  RFP i n  March 1981. 

FIRST PROCUREMENT 

JPL r e l e a s e d  an RFP on A p r i l  3,  1980,  f o r  p rocurement  o f  Thermal  Sys tem 
E n g i n e e r i n g  E x p e r i m e n t s .  Proposa1.s were r e c e i v e d  on May 29. One award was 
made i n  December 1980. Al though JPL i n t e n d e d  t o  make m u l t i p l e  a w a r d s  and 
e n t e r e d  i n t o  n e g o t i a t i o n s  w i t h  t h r e e  p r o p o s e r s ,  a  c o m b i n a t i o n  ~f  t e c h n i c a l  and 
c o s t  f a c t o r s  led t o  t h e  d e c i s i o n  t o  make a  s i n g l e  award.  The e x p e r i m e n t  which 
r e s u l t e d  from t h e  f i r s t  Thermal Sys tem E n g i n e e r i n g  Exper iment  p r o c u r e m e n t  is 



called the Capitol Concrete Experiment. The user, Capitol Concrete Products, 
is a masonry block producer i n  Topeka, Kansas, where the col lec tor  w i l l  be 
operated to provide indust r ia l  process heat (IPH) i n  the form of hot water and 
steam a t  1500C (3020F) for the autoclave curing of concrete blocks. The 
collector manufacturer, Power Kinetics, Incorporated, of Troy, New York, w i l l  
provide one unit for ins ta l la t ion by July 31 a t  the JPL Parabolic Dish Test 
S i t e  fo r  extended ( 1 4  months) verif icat ion test ing and one unit fo r  
ins ta l la t ion by September 30 a t  the Topeka s i t e  for  twelve-month evaluation. 
The plant integrator for  t h i s  experiment is the Applied Concepts Corporation. 
The purpose of the experiment is to prove the system feas ib i l i ty  of the PKI 
Fresnel concentratinp collector in  an operational indust r ia l  enuironment and 
i n  an appl ica t im,  IPH less  than 2900~  (554oF), sui table  to  its 
performance capabil i t ies.  

For more information on the Experiment and the col lec tor ,  the reader is 
referred to other papers submitted to t h i s  conference: "A Fresnel Collector 
Process Heat Experiment a t  Capitol Concrete Products, " and "A Fresnel 
Concentrating Collec tor-Power Kinetics, Incorporated. " 

SECOND PROCUREMENT 

The second procurement i n  the Industr ial  Series w i l l  be in i t i a ted  through the 
"Thermal System Engineering Experiment En RFP to be released i n  March 1981. 
(An announcement of t h i s  RFP has been placed w i t h  the "Commerce Business 
Daily.") 

The objective of the contract is to secure systems and services necessary for 
t h e  planning, implementation and operation of an experiment involving one or 
more parabolic d i s h  solar thermal collectors i r hg ra t ed  w i t h  a load to  
establish the system f ea s ib i l i t y  of a re la t ively  low cost ,  low r isk  system i n  
a near-term application. JPL intends to make two or more awards, including 
one award to a small business. Each proposer should provide a system 
supplier,  a systea integrator,  and a user. 

The preliminary implementation schedule has the following major milestones: 
Release RFP-March 6 ,  1981 ; Receive Proposals-June 2, 1981 ; Award Contracts- 
December 1, 1981; Complete Ins ta l la t ion a t  PDTS and Begin Verification 
Testing-September 1 ,  1982; Complete Ins ta l la t ion a t  Userls S i t e  and Begin 
12-Month Evaluation-January 1 ,  1983; Receive Final Report-May 1 ,  1984. 

Since the first procurement resulted in an award for evaluation of an IPH 
application a t  an application temperature less  than 5500F, it is preferred 
that  the second procurement result  i n  awards for  more complex or higher 
temperature applications. Zxamples of such applications are agr icul tura l  
pumping and processing, air-conditioning, emulsion pumping and processing, 
Enhanced O i l  Recovery, fuel-grade alcohol production, furfura l  production, and 
water treatment and pumping. ( T h i s  list is not intended to  l i m i t  proposers. 
The FFP does not designate specif ic application categories.) 

Users should be performing agr icul tura l ,  commercial, or indust r ia l  functions 
i n  the public or private sector. Laborator-les owned by or operated for the 
Federal government are excluded from part icipation.  
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ABSTRACT 

A p p l i e d  C o n c e p t s  w i l l  p l a n ,  c o n d u c t  and  e v a l u a t e  f o r  JPL a n  
e x p e r i m e n t  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  u s i n g  a  Power K i n e t i c s '  
F r e s n e l  c o n c e n t r a t o r  t o  p r o v i d e  p r o c e s s  h e a t  i n  a n  i n d u s t r i a l  
e n v i r o n m e ~ t .  The  s y s t e m  u s e r  w i l l  b e  C a p i t o l  C o n c r e t e  P r o d u c t s  
o f  Topeka,  Kansas .  T h e  p l a n t  w i l l  p r o v i d e  p r o c e s s  s t e a m  a t  53 - 
6 0  p s i g  t o  two a u t o c l a v e s  f o r  c u r i n g  masonry blocks. When sceam 
is n o t  r e q u i r e d ,  t h e  p l a n t  w i l l  p r e h e a t  h o t  w a t e r  f o r  l a t e r  u s e .  

A s e c o n d  s y s t e m  w i l l  be i n s t a l l e d  a t  t h e  JPL p a r a b o l i c  d i s h  test 
s i t e  f o r  h a r d w a r e  v a l i d a t i o n  and e x p e r i m e n t  c o n t r o l .  B o t h  p l a n t s  
w i l l  be i n s t r u m e n t e d  t o  p r o v i d e  t e c h n i c a l  p e r f o r m a n c e  d a t a ,  
Exper iment  d e s i g n  w i l l  a l l o w  f o r  t h e  e x t r a p o l a t i o n  o f  r e s u l t s  
t o  v a r y i n g  demands f o r  s t e a m  and  h o t  w a t e r ,  and  w i l l  i n c l u d e  a  
c o n s i d e r a t i o n  o f  some s o c i o - t e c h n i c a l  f a c t o r s  s u c h  a s  t h e  i m p a c t  
on p r o d u c t i o n  s c h s d u l i n g  o f  d i u r n a l  v a r i a t i a n s  i n  e n e r g y  a v a i l a b i l i t y .  

A f i n a l  r e p o r t  i n  December 1982 w i l l  e v a l u a t e  t e c h n i c a l  p e r f o r m a n c e  
and o p e r a t i o n a l  f e a s i b i l i t y  b a s e d  o n  1 2  months '  o p e r a t i o n a l  
e x p e r i e n c e  a t  t h e  i n d u s t r i a l  and test s i t e s .  

BACKGKOUND 1 
A p p l i e d  C o n c e p t s  and i ts  s u b c o n t r a c t e d  p a r t n e r s  w i l l  c o n d u c t  f o r  
J P L  a n  e x p e r i m e n t  t o  e v a l u a t e  t h e  f e a s i b i l i t y  of  a  F r e s n e l  m i r r o r  
s o l a r  t h e r m a l  c o n v e r s i o n  s y s t e m  t o  p r o v i d e  p r o c e s s  s t e a m  and h o t  
w a t e r  i n  a n  i n d u s t r i a l  f a c i l i t y .  A p p l i e d  C o n c e p t s  w i l l  p r o v i d e  
e x p e r i m e n t  p l a n n i n g  and s u p e r v i s i o n  and w i l l  e v a l u a t e  e x p e r i m e n t a l  
r e s u l t s .  Power K i n e t i c s ,  I n c .  w i l l  be a  m a j o r  p a r t n e r  i n  t h e  
e x p e r i m e n t .  They w i l l  m a n u f a c t u r e  and i n s t a l l  t h e  s o l a r  c o n v e r s i o n  
s y s t e m s .  'I'hey w i l l  a l s o  p r o v i d e  e n g i n e e r i n g  services i n  s u p p o r t  
o f  e x p e r i m e n t  p l a n n i n g  and  e v a l u a t i o ? .  C a p i t o l  C o n c r e t e  P r o d u c t s  
o f  I'opeka, Kansas ,  w i l l  o p e r a t e  and m a i n t a i n  t h e  s y s t e m  f o r  o n e  
y e a r  s u b s e q u e n t  t o  p l a n t  i l . s t a l l a t i o n  and  c h e c k  o u t .  They w i l l  
a l s o  be r e s p o n s i b l e  f o r  s i t e  p r e p a r a t i o n  t o  receive t h e  s o l a r  
e n e r g y  s y s t e m .  The  U n i v e r s i t y  o f  Kansas  R e s e a r c h  C e n t e r ,  I n c .  
w i l l  p r o v i d e  C a p i t o l  C o n c r e t e  w i t h  e x p e r t  a s s i s t a n c e  i n  e x p e r i m e n t  
p l a n n i n g  and r e p o r t i n g .  

The  e x p e r i m e n t ,  which i n v o l v e s  t h e  i n s t a l l a t i o n  o f  t h e  PKI s y s t e m  
i n  a  f u e l - s a v i n g  mode a t  t h e  C a p i t o l  C o n c r e t e  P l d n t ,  is d e s i q n e d  
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t o  e v a l u a t e  t h e  t e c h n i c a l  performance of t h e  s o l a r  hardware i q  
a n  i n d u s t r i a l  envi ronment ,  I t  w i l l  a l s o  e v a l u a t e  t h o s e  s o c i o -  
t e c h n i c a l  f a c t o r s  which a r e  c r e a t e d  when a  new t echno logy  is 
f i r s t  in t roduced  i n t o  a n  i n d u s t r i a l  a p p l i c a t i o n  where it p l a c e s  
new demands on t h e  u s e r .  

THE APPLICATION 

C a p i t o l  Conc re t e  P r o d u c t s  is a  manufac tu re r  o f  masonry b l o c k s .  
C o n c r e t e  b l o c k s ,  once  formed, must be c u r e d  t o  a t t a i n  the  s t r e n g t h  
neces sa ry  t o  t h e i r  u s e  i n  l o a d  b e a r i n g  c o n s t r u c t i o n .  Such c u r i n g  
c a n  b e  done o v e r  a  p e r i o d  of  months by  exposu re  t o  r a i n  and 
weather ing ,  o v e r  3 p e r i o d  of  d&ys by exposu re  t o  hot wa te r ,  o r  
o v e r  a  p e r i o d  of hour s  by exposu re  t o  p r e s s u r i z e d  s team.  According 1 t o  a  SERI s t u d y  ( K e t f j l s  and Reeves) ,  na t ionwi fq ,  t h i s  p r o c e s s  
consumes some 1.6-10 Kwh ( t h e r m a l )  or 5.4'10 BTU p e r  y e a r ,  or Z 
about  one p e r  c e n t  o f  a l l  U.S. medium t e m p e r a t u r e  i n d u s t r i a l  s team.  

1 
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C a p i t o l  Conc re t e  h a s  two 60  p s i g  a u t o c l a v e s  which a r e  s e r v e d  by i 
a  GOO0 pound/hour c a p a c i t y ,  n a t u r a l  g a s - f i r e d  boiler .  The ! 
p r o c e s s ,  which r e q u i r e s  approximate ly  10 hour s  a t  p r e s s u r e ,  
is c u r r e n t l y  u t i l i z e d  f i v e  days  p e r  week, and produces  some 16,000 
b locks  p e r  day.  

The c u r r e n t  p r o d u c t i o n  s c h e d u l e  a t  C a p i t o l  C o n c r e t e  d i d  n o t  e v o l v e  
f o r  t h e  u t i l i z a t i o n  of s o l a r  energy .  I t  is n o t  op t ima l  f o r  its 
a p p l i c a t i o n .  Blocks ,  which a r e  made d u r i n g  t h e  morning hour s ,  
a r e  loaded i n t o  t h e  a u t o c l a v e s  i n  t h e  e a r l y  a f t e r n o o n .  The 
f i r s t  a u t o c l a v e  is brought  up t o  p r e s s u r e  about  2:00 PM. 
P r e s s u r e  is main ta ined  o v e r n i g h t ,  and a2 6:00 AM, t h e  f i r s t  
worker t o  t h e  p l a n t  r e l e a s e s  p r e s s u r e  and p r e p a r e s  f o r  un loading .  

T h e r e  is no t e c h n i c a l  r e a s o n  f o r  t h e  c u r r e n t  s c h e d u l e .  Blocks ,  
once formed, c o u l d  b e  s t o r e d  u n t i l  nex t  morning and c u r e d  on a  
t e n  hour  s c h e d u l e  c o n s i s t e n t  w i t h  maximum i n s o l a t i o n .  Under 
expe r imen ta l  c o n d i t i o n s ,  w e  d o  no t  p ropose  t o  a l t e r  t h e  m a n u f a c t u r e r ' s  
o p e r a t i o n a l  p rocedures .  The r e l a t i v e l y  s m a l l  c o n t r i b u t i o n  which 
a  s i n g l e  module w i l l  make t o  o v e r a l l  consumption does  n o t  war ran t  
such  a  change. 

Experiment d e s i g n ,  however, i n c o r p o r a t e s  t h e  e x t r a p o l a t i o n  o f  
r e s u l t s  t o  e v a l u a t e  t h e  v a l u e  o f  a  change i n  o p e r a t i o n a l  p rocedures  
t o  match t h e  a v a i l a b i l i t y  o f  energy .  Moreover,  d u r i n g  morning 
hour s ,  C a p i t o l  C o n c r e t e  p l a n s  t o  u t i l i z e  t h e  s o l a r  c o n v e r s i o n  
system i n  a  wa te r  p r e - h s a t  mode. T h i s  f u l l  u t i l i z a t i o n  o f  t h e  
system during d a y l i g h t  h o u r s  w i l l  a l l o w  t h e  e x t r a p o l a t i o n  t o  
f u l l - t i m e  s team p r o d u c t i o n  t o  be made. I t  a l s o  o f f e r s  t h e  
advantage o f  e x t r a p o l a t i n g  r e s u l t s  f o r  t h o s e  masonry manufac tu re r s  
who u t i l i z e  a  ho t  wa te r  c u r i n g  system.  I t  a l l o w s  t h e  t e s t i n g  
o f  t h e  PKI sys tem i n  a  d u a l  mode c o n f i g u r a t i o n .  

The C a p i t o l  C o n c r e t e  s i t e  is i n  an  i n d u s t r i a l  a r e a  n e a r  t h e  
n o r t h  s h o r e  of  t h e  Kansas R i v e r .  Annual d i r e c ~  normal i n s o l a t i o n  



2 is about  1850 KWh/m . The major  l o c a l  env i ronmen ta l  f a c t o r  which 
is a n t i c i p a t e d  t o  impact on  sys t em performance is a sand  p i l e  
on  a n  a d j a c e n t  l o t  from which t h e  wind blows sand  p a r t i c l e s  toward 
t h e  C a p i t o l  Conc re t e  s i t e .  

The p r e c i s e  l o c a t i o n  o f  t h e  energy  c o n v e r s i o n  sys t em w i l l  be 
s e l e c t e d  i n  J anua ry  1981. I t  may be roof  mounted over t h e  b o i l e r  
room, or ground mounted i n  a nearby  b l K k  s t o r a g e  l o t .  PKI h a s  
a l s o  proposed mounting t h e  collector on a n  e l e v a t e d  f rame w i t h  
room undernea th  f o r  b lock  s t o r a g e  or pa rk ing .  Tile best o p t i o n  
w i l l  be s e l e c t e d  based upon a c o n s i d e r a t i o n  o f  cost v e r s u s  program 
r e s o u r c e s .  

PLANT DESIGN 

The PKI F r e s n e l  c o n c e n t r a t i n g  c o l l e c t o r  -as d i s c u s s e d  i n  an  e a r l i e r  
pape r ,  and t h e r e f o r e  need n o t  be  d e s c r i b e d  i n  d e t a i l  h e r e .  

The system t o  be i n s t a l l e d  a t  C a p i t o l  C o n c r e t e  w i l l  p r o v i d e ,  a t  
nominal c a p a c i t y  and f ~ l l  i n s o l a t i o n ,  some 170 pounds p e r  hour  
o f  50 p s i g  s team.  T h i s  is t h r e e  p e r  c e n t  of  t k ~ e  t o t a l  p l a n t  
l oad .  When s team is n o t  r e q u i r e d ,  t h e  sys tem w i l l  be used t o  
p r e h e a t  water  f o r  l a t e r  use .  F i g u r e  1 p r e s e n t s  a 2oncep tua l  d e s i g n  
of t h e  proposed C a p i t o l  Conc re t e  p l a n t .  I t  s h o u l d  be noted  t h a t  
a s m a l l ,  f u e l  d i sp l acemen t  d e s i g n  was chosen  t o  h e l p  a s s u r e  t h a t  
expe r imen ta l  sys tem downtime w i l l  have a minimal impact on normal 
p r o d u c t i o n  o p e r a t i o n s .  

Be fo re  t h e  C a p i t o l  C o n c r e t e  sys tem is i n s t a l l e d ,  a comple te ,  
i n s t rumen ted  PKI sys tem w i l l  be e r e c t e d  and t e s t e d  a t  J P L ' s  
P a r a b o l i c  Dish  T e s t  s i te  a t  Edwards AFB, C a l i f o r n i a .  P r i o r  t o  
its i n s t a l l a t i o n ,  t h e  C a p i t o l  Conc re t e  c o n v e r s i o n  sys tem w i l l  
be tested a t  t h e  subassembly l e v e l  a t  PKI. Appl ied  Concepts  
w i l l  p r o v i d e  e n g i n e e r i n g  d e s i g n  o f  t h e  p l a n t  i n t e r f a c e ,  and w i l l  
s u p e r v i s e  i n s t a l l a t i o n ,  p l a n t  i n t e g r a t i o n  and check  o u t  t o  be 
accomplished a t  t h e  s i te p repa red  by C a p i t o l  C o n c r e t e  by a team 
of  Appl ied Concepts ,  PKI and C a p i t o l  Conc re t e  p e r s o n n e l .  

THE EXPERIMENT 

C a p i t o l  Conc re t e  w i l l  o p e r a t e  and m a i n t a i n  t h e  e x p e r i m e n t a l  system 
f o r  a p e r i o d  of  twe lve  months a f t e r  i n s t a l l a t i o n  and check  o u t ,  
under t h e  s u p e r v i s i o n  o f  M r .  J o e  P e r r y ,  P r o d u c t i o n  Manager. 
The U n i v e r s i t y  o f  Kansas Research  C e n t e r  w i l l  p r o v i d e  p l a n t  pe r sonne l  
wit.h e x p e r t  a s s i s t a n c e  for  r e p o r t i n g  e x p e r i m e n t a l  r e s u l t s  and 
w i t h  t r o u b l e  s h o o t i n g ,  i f  neces sa ry .  Appl ied Concepts  and PKI 
w i l l  be on c a l l  shou ld  major  problems deve lop .  

PKI is d e s i g n i n g  an  automated d a t a  g a t h e r i n g  sys tem which w i l l  
i n t e g r a t e  w i th  t h e  s t a n d a r d  c o n t r o l  sys tem o f  t h e  c o l l e c t o r  
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to provide technical performance data. In addition to 23 system 
variables which are currently monitored through the control 
system, instrumentation will record direct and total horizontal 
insolation, feedwater flow and temperature, slstem pressure, 
output temperature, ambient tenperature, loa? steam status, 
condensed water run off, and parasitic power consumption. Data 
tapes will be collected and evaluated monthly. 

It is the intentic? of Applied Concepts that the system to be 
installed at the 2 P L  PDTS serve as an experiment control. 
It will be instrumented in the same way as the Capitol Concrete 
system. Applied Concepts will provide J P L  with an experiment 
operation plan for its implementation. Data provided by J P L  
will be analyzed and compared with the :-esults of operations in 
'l'opeka. 

In addition to evaluating technical performance data on the PKI 
hardware, Applied Concepts will work with Capitol Concrete and 
the University of Kansas Research Center to evaluate the 
operational impact of system use. Results should be meaningful 
for the larger industrial environment. The energy products of 
the experiment ( medium pressure steam and hot water! have 
broad industrial application. A fuel saving plant configuration 
is no doubt the most general one for realistic industrial application. 
Capitol Concrete was not chosen to be an "idealw user as might 
be appropriate to a demonstration project, but as a representative 
user as is more appropriate to an industrial application 
experiment. T i i s  experiment is designed to provide us with 
information therefore on both the technical performance of 
a parabolic dish type system in an industrial environment and 
also on the interaction between the system and the environment 
in which it is to be used. 

A final repart is anticipated in December 1982. 
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Robert F. Riordan 

Good afternoon, lad ies  and gentlemen, and welcome t o  today's panel on 
"Applications and User's Needs." Before proceeding i n t o  the panel preeenta- 
t i ons ,  I would l i k e  to lay a l i t t l e  groundwork on what t h i s  panel i s  a l l  a b m t  
and haw we see it  f i t t i n g  in  t o  the ove ra l l  program. 

When I ,as f i r s t  contacted by JPL t o  moderate the panel on use r ' s  needs 
and appl ica t ions ,  I must say t h a t  I was a l i t t l e  b i t  intr igued a s  t 3  what 
exact ly the term "user needs and applications" meant. It seemed to  me t ha t  
t h i s  could be taken for  a var ie ty  of things,  depending upon one's pa r t i cu l a r  
viewpoint toward the problem, which I w i l l  e laborate  on l a t e r  i n  my comments. 

This panel, a s  I see i t ,  f i t s  i n to  a very log ica l  progression i n  the flow 
of development of the Parabolic Dish Solar Thermal Program. Over the b e t t e r  
pa r t  of the l a s t  two days, we have heard a number of presentat ions and panels 
on the technical  aspects of the Parabolic Dish Solar  Thermal Program, speci- 
f i c a l l y ,  presentations on the s c i e n t i f i c  research t h a t  have been going on with 
re la t ionship  t o  the various subsystems, energy s torage,  engines, the col lec-  
t o r s ,  and so for th .  

We have a l so  heard p r e s e n t a t i m s  on the d i f f e r en t  experiment& tha t  a re  
being conducted throughout the country i n  t h i s  program. 

The question now i s :  How do we use the r e s u l t s  of these experiments a s  
they progress? Also: Are these experiments addressing the needs uf what we 
s h a l l  c a l l  "the user ," whomever t h a t  m~gllt  be? From my standpoint,  I think 
tha t  t h i s  i s  an extremely important facet  of any long-range R&D program t h a t  i s  
addressing spec i f ic  appl icat ions.  You might say t h a t  we are  now moving 
 fro^ the basic research a iea  i n t o  the applied research area and as  we do t h a t ,  
we need to ascer ta in  i f  there are  needs out there t h a t  t h i s  research can 
address and solve through the appl ica t ion  of the technology being developed? 

This r a i s e s  a s e r i e s  of questions to  address: 

(1) Who i s  the user? 

( 2 )  What appl icat ions might meet some of h i s  needs? 

( 3 )  How do you determine what h i s  needs a re?  

( 4 )  W i l l  these appl icat ions ac tua l ly  meet them? 

A t  times, answering these questions can be ra ther  i n t e re s t ing .  We may 
find tha t  appl icat ions may work technical ly  but do they r e a l l y  meet the needs 
of the user? Or, more importantly, does the user perceive t h a t  they w i l l  meet 
h i s  needs? May I say tha t  unless the user perceives t ha t  an appl icat ion meets 
h i s  needs, we are  faced with the f ac t  t h a t  no matter how well an appl ica t ion  
works, i t  i s  not going to  develop in to  a comnercial product. The user must 
bel ieve tha t  an appl ica t ion  does meet h i s  need. 



We are also faced with the question that is of oome interest? not from a 
technical standpoint but from a management standpoint and planning. That is, 
how does the user: 

(1) Determine if an application will meet his needs? 

( 2 )  Deliver the information to the R4D community that he ha& a need he 
thinks an application can meet? 

( 3 )  Deal with all the  ramification^ of these situatioos? 

I am not going to belabor the point, but I think we should think about 
developing a mechanism to find out what the user's needs are. How do we find 
out what needs he has that these technical applications may meet? Consequent- 
ly, I would like to plant a seed today so that as you listen to this panel dis- 
cussion, you keep in mind how we can continue to do this on a cantinuing basis 
and how we can bring more people in to address the specific needs sf the user 
coannuni ty. 

From my standpoint on the panel, I would like to discuss the transfer of 
information and briefly give an example using a project you have heard some- 
thing about today. That was witn the Small Community Solar Power Program. 
JPL, I Chink very accurately and farsightedly, held a meeting in Aspen in 
1977, where they had a n1mber of small municipal utilities attend and provide 
inputs. Very little was heard by the attendees from JPL on the results of 
that meeting for the next 2 years until about s year age last October when the 
RFP cam? out. 

It was an ~xceilent RFP from the standpoint that it had been written to 
meet t h e  user needs. The RFP was written in such a manner that a small munici- 
pal utility, without too much difficulty, could respond to the RFF. I think 
JPL is to be commended. They identified a user which was a small municipal 
utility and they had identified the needs of that group. Oddly enough, it was 
not cnly 3 need for power generation, but also a need for how they were going 
to acquire information cn the technology ar.4 make their needs kr?own. 111 the 
state of Kansas, nine citrcs responded to thac !$P. Personally, I am quite 
proud of that because it shows that informed municipal etilities will respond. 
In f s c ~ ,  it- we would have had a little more time, Kansss would nave probably 
had more response. 

I would like to go over briefly with you what transpired in Kansas, to 
give you an example on involving the user. After the Aspen meeting, I met with 
Kansas Municipal Utilities every year at their annual meeting, and briefed 
them on the Small Community Solar Power Program st JPL. We had also met with 
their Board of Directors and their Executive Director so that when the RFP did 
come out in October a year ago, the people ehere were familiar w i ~ h  what was 
beinb -.toposed and they understood that it wso an experiment. 

At the same time, the K~nsaS Energy Office met s very serious need of 
those municipal utilities. They needed someone who could work with them in 
filling out the simplified RFP format, and Dave -4artin did t h . i t .  Once again, a 
need of consumers, in this case the municipal utilities, vas met and fulfilled. 



Dave Martin of the Kansas Energy Office is not on the panel, but he deserves 
much of the credit for the response . ~m Kansas. I have just gone through 
this very briefly to show you that it identify the user needs, whatever 
they may be, and operate under a system that the user understarrds, we can make 
things happen. 

Also, I think that we are in a unique position here today because we are 
thinking about the user, or at least talking about the user. Unfortunately, I 
have yet to see how we are going to incorporate the user into the program; on 
that point, I would like to make two conaneuts. 

One, I suspect a number of people are thinking about inviting more users 
to these types of programs. Before doing that, I think you sho~ld give some 
serious consideration to the fact that this type of meeting is a technical re- 
view and may not be the best type of meeting if you are going to invite users. 
You may want to keep these two types of meetings apart. 

The other point is credibility and reliability. In this instance, I am 
going to talk about elre credibility of the people that are out marketing solar 
thermal systems to the user. They need to be credible. Many of you may be 
well aware of this, but I would like to re-emphasize this point. When talking 
to an industrial firm or utility company, you must have a very credible repu- 
tation with the user. Other panel members will address this point. When we 
talk about reliability, it is more than reliability of the systzm. It is the 
reliability of the maintenance system, and the support system. If something 
goes wrong, the user knows someone will be there to back up the system. Those 
are some factors that the user is looking et. 

At this time, I would like to introduce the panel and ask each one of 
them to go through their presentation. We will start off with Mr. Charles 
Strong, who used to be with Johnsor. 6 Johnson. He is now with Acurex, and in 
effect is working with industrial customers; he is out in the field, down in 
the trenches, addressing the needs cf the customer or client. The next speaker 
will be Mr. John Bigger* from EPRI, and he will be talking about the electric 
utility industry. The speaker afcer that will be Mr. Jerry Lohr, whom some of 
you may know, from Pasadena Water an3 Power. He will be talking from the 
munici~al utility viewpoint. The next speaker will be Mr. Richard Zanard, 
from Morgan Guaranty Trust. I think his presentation will be interesting, 
becaose it will present some facets on the financial side--basically on the 
financing of municipal utilities. The last speaker will be Mr. Harry 
Bernstein,* with Aerospace Corporation, and he will talk about the HX-RES 
program. 

In sumnary, the objectives of this panel are to focus in on some of the 
things that I have just been talking about in broad terms. In particular, this 
panel is an initial forum for users and potential users to provide input to 
this program regarding their needs and an opportunity for all of you to receive 
these commenLe and intcract with the user. 

* 
*Transcript is unavailable. 



C. Strong 

I em going to review for you the industrial experience that I have come 
across over the last year as a result of a number of surveys that I have been 
involved in and also had the opportunit. to review. The information covers 
about 300 different industrial people in about 150 different industrial 
claesifications. Basically, these surveys were done for the type of user intor- 
mation that you, as technical people, are looking for in order to pick out 
potential colnmercial users. The first area that I will discuss before commer- 
cialization is technology and data development to be disseminated to the in- 
dustrial population. Demonstration pragrams are of the utmost concern as far 
as the long range user goes. As far as the demonstration programs go, you 
have to tie up wit5 a user partner and make sure that the user is involved from 
the beginning of the design of the system right up until its operation and data 
collection phases. First you go through the demonstration program and collect 
a suitable amount of Lata so that you feel confident the system is going to 
work on a commercial basis. Then you have to explore the avenues of getting 
the data disseminated to various parts of the industrial classifications where 
you feel the applications exist. I think this is one of the prime things that 
we in the technical business sometimes overlook. You find out you are weak in 
data disseminations when you try and sell an industrial user a system and he 
throws the questions back at you and all of a sudden you wince and say, "Well, 
I think I can get that information for you." And there you are, back to the 
point where education is required before you can even spend any time trying to 
show the person what the application is, what it can do for his operation, and 
all that. So, comnunication and education are paramount in the demonstration 
phase of the program. 

Once you have gone through the demonstration part of the program and you 
feel that the hardware that you are developing and have demonstrated is to the 
point where its manufacturing costs and installation capability is equal to or 
better than the existing fuel sources, then you are probably ready to try a 
commercial marketing program. From that standpoint, I am going to highlight 
some of the areas: as a result of the face to face contacts that the industrial 
people usually throw back at you when you are trying to discuss with them what 
the applications are for a system, whether it be for solar heat, or for power 
generation. Usually, the discussions will fall into two categories. They are 
very simple and stick out like a sore thumb. The first one of course, is 
economics. No matter whether it is a large corporation doing 5 to 10 billion 
dollars worth of sales, or a small corporation doing 5 to 10 million dollars 
worth of sales, you are going to get a number of standard questions in the 
area of economics. The other area is the technology credibility. This 
includes the credibility of the person that they are talking with: How much 
background in the business does the vendor have and how reputable and reliable 
is his equipment? 

The first area I will cover is economics. One of the initial things 
that you have to recognize is that all corporations, no matter how big, have a 
certain size capital improvement budget. And, of course, a solar syetem to be 
ueed for paver or heat generation to replace fossil fuels would fall into a 
capital improvement. You can specify for an individual system that may g i ~ ~ e  
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them a  payback w i t h i n  t h e i r  economic r e t u r n  ranger ,  bu t  you may t e l l  them t h a t  
t h e  i n i t i a l  investment is $12 m i l l i o n  dol . lars ,  I f  t h e i r  c a p i t a l  improvement 
hudget is only $13 m i l l i o n  t h e y ' r e  going t o  t e l l  you, "Sorry, I can not  do 
t h a t  because I have go t  a  number of o t h e r  p r o j e c t 8  t h a t  I have got  t o  
consider."  So the  f i r s t  t h i n g  you have got t o  remember is t h a t  t h e  upf ron t  
c a p i t a l  c o s t  is t h e  major c o s t  i n  t h e  whole program, and t h e  i n d u s t r i a l  u s e r  
is going t o  be l imi ted  by how much he is going t o  be w i l l i n g  t o  i n v e s t .  

Secondly, i n  t h e  c u r r e n t  marketplace ,  and I am s u r e  i t  w i l l  e x i s t  i n  t h e  
f u t u r e  too,  t h e r e  is a  n a t u r a l  bas  i n d u s t r y  t e l l i n g  a l l  the  i n d u s t r i e s  i n  the  
n a t i o n  t h a t  t h e r e  is an unl imi ted supply of gas.  One t h i n g  t h a t  they w i l l  no t  
t e l l  them is what the  p r i c e  is going t o  be. So when you t a l k  t o  the  i n d u s t r y ,  
t h a t  ques t ion  is going t o  come up and you have t o  dwell  on the  f a c t  t h a t  t h e  
gas  may be a v a i l a b l e ,  ad i n f i n i t u m ,  but  note  the  p r i c e  paid  f o r  it. And, you 
a r e  going t o  have t o  p r i c e  your product a g a i n s t  t h e  p r i c e  of  gas  i n  t h a t  par- 
t i c u l a r  region a t  t h a t  p a r t i c u l a r  time. 

The o t h e r  t h i n g ,  o f  course ,  t h a t  you a r e  going t o  be asked about is the  
t a x  i n c e n t i v e s  f o r  s o l a r  i n  t h e  v a r i m s  reg ions  of  t h e  country.  And, of 
course ,  r i g h t  now they vary  depending on what s t a t e  you a r e  located i n .  You 
have g c t  some s t a t e s  t h a t  have :ax i n c e n t i v e s ,  and o t h e r  s t a t e s  t h a t  do not 
have any t a x e s ,  s o  a s  a  r e s u l t ,  t h e r e  is a r s r t a i n  i n c e n t i v e  i n  those  s t a t e s  
too.  

You have got some i n d u s t r i e s  wi th  a  cos t  improvement p r o j e c t  (and the  
s i z e  of  t h e  indus t ry  does not seem t o  m a t t e r )  and they a r e  looking f o r  a  
3-year payback. With the  s o l a r  technology a s  i t  is r i g h t  now, t h a t  is  a  hard 
c r i t e r i o n  t o  meet. There a r e  a  number of  i n d u s t r i e s  t h a t  have looked a t  
energy p r o j e c t s  with o t h e r  than t h e i r  normal c o s t  improvement payback and they 
a r e  w i l l i n g  t o  accept  a  payback i n  t h e  a r e a  of 5 t o  10 y e a r s ,  and i n  some 
a r e a s  of s o l a r  r i g h t  now t h a t  i s  a  payback t h a t  can be met. These a r e  a r e a s  
t h a t  a r e  being explored by i n d i v i d u a l s  t h a t  a r e  i n  t h e  p o s i t i o n  t h a t  I am i n  
r i g h t  now. 

When economic ana lyses  a r e  run f o r  the  va r ious  i n d u s t r i e s  a  l o t  of them 
a r e  looking a t  l i f e - c y c l e  c o s t i n g ,  and g e n e r a l l y  they a r e  us ing  an a c c e l e r a t e d  
7 year  deprec ia t ion .  The b i g  ques t ion ,  of  :ourse, when you do economic 
ana lyses  and you t r y  and p r i c e  o u t  a  system which probably would have 20 t o  30 
year  l i f e ,  i s :  What is the t u e l  e s c a l a t i o n  going t o  be i n  t h a t  time per iod? 
Right now, an accep tab le  e s c a l a t i o n  percentage f o r  ana lyses  i n  most of  t h e  
indus t ry  seems t o  be i n  the 15 t o  20 percent  range. Most of  the  p u b l i c a t i o n s  
t h a t  a r e  being put ou t  r i g h t  now seem t o  th ink  t h e  e s c a l a t i o n  i n  the  v e r y  near  
f u t u r e  w i l l  be i n  the 18 percent  range. 

One of the  ques t ions  you w i l l  g e t  thrown back by some of t h e  f i n a n c i a l  
people i n  the i n d u s t r i e s  is: I f  you use  t h a t  type  of e s c a l a t i o n ,  the  U.S. 
economy can not a f f o r d  t o  e x i s t  wi th  those  r a t e s ,  so  what is t h e  c r e d i b i l i t y  
of  the economic a n a l y s i s ?  I t h i n k  you have t o  be ready t o  counter those .  The 
f a c t  of the  mat te r  is ,  i f  you look a t  t h e  l a s t  10 yea rs  a t  f o s s i l  f u e l  r a t e  
e s c a l a t i o n ,  you w i l l  come out  wi th  an average of 26 percent  a  year.  I t h i n k  
you have t o  be prepared t o  have those  curves wi th  you when you t a l k  t o  
i n d u s t r i a l  people. 

The o t h e r  f a c t o r  t h a t  g e n e r a l l y  comes out  i n  an economic d i s c u s s i o n  
which does not come i n t o  any economic a n a l y s i s ,  but  y e t  r e l a t e s  t o  an economic 



impact on t h e  i n d u s t r y ,  is  t h e  v a l u e  o f  t h e  p o s i t i v e  p u b l i c  r e l a t i o n s  t h a t  t h e  
i n d u s t r y  p i c k s  up by u s i n g  an  a l t e r n a t e  f u e l  sou rce .  A l so ,  by b e i n g  
adven tu rous  i n  a l t e r n a t e  ene rgy ,  . u d u s t r y  c r e d i b i l i t y  i n c r e a s e s .  So, t h a t  
sumnar izes  t h e  economic impacts  t h a t  t h e  i n d u s t r i a l  p o t e n t i a l  u s e r  i s  goirlg t o  
l ook  a t .  You must answer t h o s e  q u e s t i o n s  f o r  him b e f o r e  he  w i l l  c o n s i d e r  i t  
from a  f i n a n c i a l  s t a n d p o i n t .  

Next you g e t  down t o  t h e  product  technology of  t h e  sys tem t h a t  you a r e  
t r y i n g  t o  s e l l  t h e  i n d u s t r y .  There a r e  r e a l l y  two t h i n g s  t h a t  jump r i g h t  o u t  
a t  you when you s t a r t  g e t t i n g  i n t o  t h e  technology and t h e  sys tem t h a t  you a r e  
recomnending t o  t h e  i n d u s t r y .  

The f i r s t  t h i n g  you have t o  rncogn ize  is t h a t  t h e  sys t em t h a t  you a r e  
go ing  t o  supply  t h e  i n d u s t r y  w i t h  is go ing  t o  produce an end p roduc t .  Whether 
i t  be  X-amount of  pounds of s team o r  X-amount of R t u ' s  of  h e a t ,  o r  s o  many 
megawatts o r  k i l o w a t t s  o f  power, t h a t  i s  a l l  t h e  i n d u s t r y  is i n t e r e s t e d  i n .  
They want t o  know what t h e  end p roduc t  is go ing  t o  be.  They want t o  know what 
t h e  c o s t  of  t h e  end product  i s ,  f o r  i n s t a n c e  what i s  t h e  c o s t  of  one m i l l i o n  
Btu. 

Once you a r e  beyond t h a t ,  t hen  t h e y  w i l l  s t a r t  a s k i n g  you q u e s t i o n s  
about  what t h e  hardware is  go ing  t o  be.  They a r e  go ing  t o  i n s i s t  on a  h i g h  
q u a l i t y  hardware t h a t  can s t and  up i n  t h e  i n d u s t r i a l  envi ronment .  They w i l l  
want t o  know what t h e  l i f e  of  t h e  components is go ing  t o  be.  What k ind  of  
performance they  can e x p e c t ?  How e a s y  i s  i t  t o  m a i n t a i n  t h e  equipment? Most 
o f  t h e  i n d u s t r i e s  today i n  t h e  p r o d u c t i o n  of  p roces s  h e a t  o r  power a r e  no t  
g o i n g  t o  accep t  a n y t h i n g  but  b e t t e r  t han  96 p e r c e n t  upt ime a s  f a r  a s  equipment 
o p e r a t i n g  when sun s h i n e s .  I f  you come i n  and t e l l  them you can  g u a r a n t e e  
t h a t  i t  w i l l  run 80 pe rcen t  of the  t ime ,  t hey  w i l l  throw you o u t  t h e  door .  

The o t h e r  t h i n g  t h a t  t hey  want t o  know is  how i t  is going  t o  i n t e r f a c e  
w i t h  t he  e x i s t i n g  equipment t h a t  t hey  have?  I f  t h e r e  is an i n t e r f a c e  problem, 
t h e n  they  a r e  go ing  t o  be  l e e r y  of even  look ing  a t  i t .  They a r e  go ing  t o  want 
t o  make s u r e  t h a t  t h e i r  c u r r e n t  s k i l l e d  people  can m a i n t a i n  t h e  equipment .  
They do not  want t o  be  g e t t i n g  i n t o  advanced technology t h a t  i s  d i f f e r e n t  t h a n  
what t h e i r  people  a r e  t ~ s e d  t o .  I f  t h e y  f e e l  l i k e  i t  is d i f f e r e n t  t h e y  a r e  
go ing  t o  be a  l i t t l e  b i t  s k e p t i c a l  abou t  g e t t i n g  i n t o  t h a t  t ype  of equipment .  

I  t h i n k  the  bes: way t h e  i n d u s t r i e s  respond r e l a t i v e  t o  technology and 
i n t e r f a c e  w i th  t h e i r  equipment ,  is t h e  o l d  k i s s  t h e o r y .  Keep i t  s imp le .  I f  
you s t a r t  t e l l i n g  tilem t h a t  you a r e  going  t o  put  s o p h i s t i c a t e d  c o n t r o l  systems 
and s o p h i s t  i c a t e d  new upgraded e l e c t r o n i c s  and a l l  t h a t ,  my e x p e r i e n c e  h a s  
been t h a t  more o f t e n  than not  you a r e  go ing  t o  t u r n  them o f f .  We, a s  
t e c h n i c a l  peop le ,  may c o n s i d e r  some of  t h e  p a r t s  o f  s o l a r  h igh  t echno logy ,  b u t  
t h e  i n d u s t r i a l  peop le  a r e  not r e a l l y  i n t e r e s t e d  i n  t h a t .  They are  i n t e r e s t e d  
i n  t h e  f a c t  t h a t  you a r e  r e p l a c i n g  f u e l  t h a t  t hey  a r e  u s i n g  r i g h t  nov v i t h  
t h e i r  e x i s t i n g  equipment w i th  s o l a r  ene rgy .  

r .  
What t hey  want t o  know i s ,  when you make t h a t  r ep l acemen t ,  can  you do i t  

w i thou t  d i s r u p t i n g  t h e  o p e r a t i o n ,  o r  r e q u i r i n g  them t o  add any a d d i t i o n a l  
peop le .  They do not  want any c o s t  i n c r e a s e s  i n  o r d e r  t o  do i t .  As I 
ment ioned ,  t h e y  a r e  go ing  t o  i n s i s t  t h a t  t h e  c o n t r o l  sys tems be very  s imp le ,  
t h a t  t h e  i n s t r u m e n t a t i o n  be minima!. 

? 



The only  t h i n g  t h a t  they a r e  going t o  want t o  know about a system is 
what t h e  ou tpu t  of t h e  system i s .  They a r e  not  going t o  be i n t e r e s t e d  i n  you 
t e l l i n g  them the pressure  here i s  such and the  p ressure  over  here  is t h a t ,  and 
the  temperature over  here  i s  t h a t .  They could c a r e  l e s s  about tha. f o r  t h e  
must p a r t .  You a l s o  have t o  recognize  t h a t  once you t a l k  wi th  the  c o r p o r a t e  
or  planning engineer ing group,  most of  t h e  people t h a t  a r e  involved i n  t h e  
decision-making a r e  not t e c h n i c a l  people.  They a r e  bus iness  o r i e n t e d  and they 
a r e  not going to  want t o  hear  anything r e l a t i v e  t o  a t e c h n i c a l  d i s c u s s i o n .  

I n  summary, whether they be b i g  i n d u s t r i e s  o r  small  i n d u s t r i e s ,  t h e  
major i n d u s t r i a l  use r  a p p l i c a t i o n s  a r e  i n  a r e a s  where they want a simple i n t e r -  
f ace  system t h a t  w i l l  g i v e  them a cheaper ou tpu t  energy than what they have 
a l ready .  Beyond t h a t  they do not want any d i s r u p t i o n s  t o  t h e i r  o p e r a t i o n s .  
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I have spent most of the  l a s t  10 yea r s  h e l p i n g  f inance t a x  exempt e l e c -  
t r i c  u t i l i t i e s .  Thus, I thought I would provide  you wi th  some i n s i g h t  i n t o  
t h a t  aspect  of the u t i l i t y  indus t ry .  

The good old  days f o r  e l e c t r i c  u t i l i t i e s  i n  t h i s  country  were c e r t a i n l y  
over  be fo re  Three Mile I s l and .  The d e c l i n e  probably s t a r t e d  wi th  t h e  n o r t h e a s t  
b lackout  i n  1965, when f o r  the  f i r s t  time i n  the  memory of  many people,  t h e  
i n v i n c i b l e  e l e c t r i c  u t i l i t y  i n d u s t r y  was no longer i n v i n c i b l e .  By t h e  t ime of  
the  1973-1974 o i l  embargo, the  d e c l i n e  was we l l  underway. 

I n  those  good o ld  days ,  the  u t i l i t y  indus t ry  enjoyed a  l a rge  measure of 
pub l i c  confidence.  Equipment manufacturers could be counted on t o  s t r e t c h  the  
f r o n t i e r s  of tecllnology and produce s t e a d i l y  i n c r e a s i n g  c>ff i c  i e n c i e s  a t  s tead-  
i l y  lower c o s t s .  U t i l i t y  comon s t o c k s  and bonds were market f a v o r i t e s .  Money 
was p l e n t i f u l  and cheap. E l e c t r i c  u t i l i t i e s  were considered growth s tocks  and 
some so ld  a t  30 t imes ea rn ings  o r  more. Investor-owned u t i l i t i e s  (IOUs) 
genera ted about two-thirds of t h e i r  cap i t a l  requirements i n t e r n a l l y  and had no 
t r o u b l e  r a i s i n g  the  balance through the  s a l e  of s e c u r i t i e s .  

A l o s s  of i n v e s t o r  conf idence,  t h e  i n t e r n a t i o n a l  o i l  s i t u a t i o n ,  rampant 
i n f l a t i o n  and a  l i t a n y  of o t h e r  bad news has  taken i t s  t o l l .  Today, a  number 
of I O U s  genera te  only 20-25 percent  of t h e i r  c a p i t a l  requirements ins tead  of 
the old two-thirds.  With d e c l i n i n g  margins and slowed load growth, bond 
r a t i n g s  have been reduced. One r e s u l t  was h igher  i n t e r e s t  c o s t s ,  and i n  a  few 
i n - t a n c e s ,  no open window t o  borrow funds. 

This d e c l i n e  i n  p ro jec ted  load growth and i n  the  f i n a n c i a l  c o n d i t i o n  of 
inves to r  owned utilities has brought about a  major r e s t r u c t u r i n g  i n  the  r e l a -  
t i o n s h i p  between t h e  IOUs and t h e  consumer owned u t i l i t i e s .  Perhaps t h i s  can 
be i l l u s t r a t e d  i n  no more dramatic way than a  simple s t a t i s t i c :  I n  1974, t h e  
volume of tax-exempt e l e c t r i c  revenue bonds, t h a t  i s  the  debt  so ld  by municipal  
e l e c t r i c  systems,  was $1.5 b i l l i o n .  By 1978, t h a t  number reached n e a r l y  $6 
b i l l i o n ,  and has been around $5 b i l l i o n  dur ing  each of t h e  l a s t  2  yea r s .  

Although municipal ly  owned genera t ing  f a c i l i t i e s  have been around f o r  a  
while i n  C a l i f o r n i a ,  t h e  Northwest, Nebraska, and a few o t h e r  p l a c e s ,  t h e  
t r a d i t i o n a l  r e l a t i o n s h i p  has  been f o r  an IOU t o  produce power and s e l l  i t  t o  a  
municipal d i s t r i b u t i o n  system f o r  r e t a i l  t o  consumers, you and me. Regardless  
of how t h i s  r e l a t i o n s h i p  i s  desc r ibed ,  i t  i s  g r e a t l y  a l t e r e d  today and i n  many 
p a r t s  of the  country  i t  i s  more a c c u r a t e l y  descr ibed a s  a  p a r t n e r s h i p ,  not a 
f i f t y l f i f t y  p a r t n e r s h i p  y e t ,  but  d e f i n i t e l y  a  new arrangement. 

An o f f shoo t  of t h i s  new arrangement,  and l e t  me say t h a t  t h i s  new r e l a -  
t i o n s h i p  i s  not accepted wi th  even a  modicum o f  good s p i r i t  i n  some p l a c e s ,  i s  
t h a t  consumer-owned u t i l i t i e s  have had t o  assume a  new ro le . . . a  r o l e  previ-  
ously  proyided by the  IOUs o r  i n  some c a s e s ,  by h y d r o e l e c t r i c  f a c i l i t i e s  b u i l t  
by t h e  Corps of Engineers.  



This new r o l e  r e q u i r e s  the  m n i c i p a l  u t i l i t i e s  t o  p lan  f o r  t h a t  f u t u r e  growth 
i n  power supply and t o  p a r t i c i p a t e  i n  t h e  development and implementation of  
new and improved technologies .  Faced wi th  the  new demands placed on them, and 
t h e  v a s t l y  increased r e s p o n s i b i l i t i e s  many municipal  systems have banded 
toge the r  t o  form j o i n t  a c t i o n  agencies .  One of the  o l d e s t  is  the  Washington 
Pub l i c  Power Supply System. Here i n  C a l i f o r n i a ,  two such e n t i t i e s  r e c e n t l y  
formed : the  Northern C a l i f o r n i a  Power Agency and t h e  Southern C a l i f o r n i a  Power 
Agency. I n  many i n s t a n c e s  these  j o i n t  a c t i o n  agencies  have en te red  i n t o  t h e  
formal j o i n t  ven tu res  wi th  i n v e s t o r  owned u t i l i t i e s  and r u r a l  e l e c t r i c a l  coop- 
e r a t  ives  t o  bu i ld  and j o i n t l y  own new genera t  ing and t ransmiss ion f a c i l i t i e s .  
I n  a d d i t i o n  t o  the  Supply System i n  Washington, a  number of these  j o i n t  a c t i o n  
agencies  have so ld  bonds: agenc ies  i n  Texas, Georgia,  Massachuset ts ,  Colorado 
and Michigan j u s t  t o  name a  few. I n  every  ins tance ,  the  bonds have been so ld  
not on t h e  c r e d i t  of the  agency, but  on t h e  b a s i s  of the  under ly ing c o n t r a c t s  
between the  agency and its members. Now, what does a l l  t h i s  mean a s  f a r  a s  
some of you concerned? 

It means, of course ,  t h a t  whereas you might h i s t o r i c a l l y  have considered 
IOUs  a s  t h e  proper people t o  pursue i n  t r y i n g  t o  s e l l  some new technology,  you 
probably should begin paying increased a t t e n t  ion t o  the municipal  e n t i t i e s .  
These include not j u s t  t h e  new and p r o l i f e r a t i n g  v i a  j o i n t  a c t i o n  agenc ies  bu t  
such l a r g e  l o c a l  systems a s  those  i n  Pasadena and Los Angeles. One of the  a t -  
t r a c t i o n s  t o  a  municipal  e n t i t y  under taking i t s  own genera t ion  is i t s  lower- 
c o s t  c a p i t a l .  This  r e s u l t s  not only because i t  can s e l l  bonds wi th  tax-exempt 
i n t e r e s t  but  a l s o  because i t  does not need t o  ea rn  a  r e t u r n  s u f f i c i e n t  t o  
a t t r a c t  e q u i t y  i n v e s t o r s .  I w i l l  mention one o t h e r  a spec t  t h a t  might be of  
i n t e r e s t  t o  some of  you, p a r t i c u l a r l y  those  of you who a r e  working wi th  indus t -  
r i a l  u s e r s .  Under Sec t ion  103 of  the I n t e r n a l  Revenue Code, i t  i s  conceivable  
f o r  example, t h a t  i n  a  given m u n i c i p a l i t y ,  an arrangement could be mr? ' e  t o  
f inance  a  s o l a r  f a c i l i t y  e n t i r e l y  on a  tax-exempt b a s i s  i f  the b e n e f i t s  of t h a t  
f a c i l i t y  a r e  a v a i l a b l e  both t o  the  pub l i c  and t o  a  bus iness  loca ted  t h e r e i n .  
I f  the  b e n e f i t s  t o  the business  do not exceed 25 percent  of the  output  of t h a t  
f a c i l i t y  over  the  l i f e  of t h a t  f a c i l i t y ,  t h e  e n t i r e . u n i t  could be f inanced on a  
tax-exempt b a s i s .  A t  t imes,  though not n e c e s s a r i l y  r i g h t  now, t h i s  a b i l i t y  t o  
f inance  wi th  t a x  exempt bonds has  meant sav ings  of over  500 b a s i s  p o i n t s  t o  t h e  
i n d u s t r i a l  use r .  

There i s  a l s o  a  s i t u a t i o n  where t a x  exempt f inanc inb  could be a v a i l a b l e  
t o  an i n d u s t r i a l  use r  even though i t s  b e n e f i t s  g r e a t l y  exceed t h e  25 percent  
l i m i t a t i o n .  This i s  the  s o  c a l l e d  "two-county" r u l e ;  however, r a t h e r  than g e t  
i n t o  t h a t  t e c h n i c a l  a r e a  I would l i k e  t o  respond t o  ques t ions  on t h e  s u b j e c t .  
Thanks f o r  your a t t e n t i o n  and f o r  the i n v i t a t i o n  t o  be here .  



PASADENA MUNICIPAL UTILITY 

J .  Lohr 

I n  t h i n k i n g  about t h i s  pane l ,  what I am going t o  do is pose a  l o t  of  
q u e s t i o n s ,  most of  which you have probably thought about and hopefu l ly  have t h e  
answers to .  They a r e  only  r e p t e s e n t a t i v e  ques t ions ,  but  I t h i n k  they  w i l l  
d e f i n e  t h e  kind of  q u e s t i o n s  t h a t  must be answered by someone, whether i t  be 
you o r  whether it be manufacturers  o r  producers.  The end u s e r ,  t h e  consumer o r  
t h e  u t i l i t i e s ,  i n  our c a s e ,  w i l l  want t o  know t h e s e  th ings .  They a r e  n u t s  and 
b o l t s  type  th ings .  What I am ask ing  he re  today a r e  only r e p r e s e n t a t i v e  ques- 
t i o n s ,  bu t  I th ink  t h a t  you w i l l  want t o  know them e a r l y  on i n  t h e  game. Most 
of what I have t o  say w i l l  accompany t h e s e  o t h e r  gentlemen. Looking a t  your 
informat ion on p a r a b o l i c  d i s h e s ,  and I am j u s t  r e p e a t i n g  some of those  t h i n g s ,  
one ques t ion  t h a t  comes t o  mind i s ,  "What k ind of space do we need f o r  t h e s e  
devices?  For a  f i e l ?  of  them?" Now I assume we a r e  p r a c t i c a l l y  speaking of 50 
t o  1000 of t h e s e  d i shes .  C e r t a i n l y  j u s t  t o  supply Cal tech i n  town h e r e ,  I 
th ink  we would need approximately 350 of  them. How much space do we need, not  
j u s t  i n  d i s h e s ,  but  c o n t r o l  b u i l d i n g s  f o r  the  a u x i l i a r y  equipment, f o r  t h e  
in te rconnec t ion ,  and f o r  t h e  i n t e r f a c e ?  One o t h e r  t h i n g  I n o t i c e  i s  t h e  l ack  
of exc lus ion  a r e a ,  which might be apprec iab le .  J u s t  he re  i n  Pasadena, c h i l d r e n  
love our  i n s u l a t o r s  and buses.  They love t o  shoot a t  them and they love t o  
throw rocks a t  our i n s u l a t o r s  and I th ink  they w i l l  j u s t  be f a s c i n a t e d  by those  
b i g  m i r r a r s .  We must acqu i re  some space i n  o rde r  t o  keep people away from 
them. I Go not th ink  you want t o  cover them up. 

As an end u s e r ,  we have t o  worry about e r e c t i n g  these  m i r r o r s .  Along t h e  
way, o f  course ,  t h e  ques t ion  is: Who is going t o  e r e c t  them? W i l l  a u t i l i t y  
e r e c t  them o r  w i l l  a  c o n t r a c t o r  e r e c t  them? Are we going t o  g e t  an  overgrown 
e r e c t o r  s e t ?  We have g o t t m  scae  dev ices  l i k e  t h a t ,  wi th  a  m i l l i o r  p i e c e s ,  
and i t  t akes  u s  two months t o  f i g u r e  ou t  what we have. O r ,  f o r  i n s t a n c e ,  a r e  
we going t o  have s i x  p ieces  t h a t  can be bo l t ed  toge the r?  Looking a t  d i s h e s  up 
t h e r e  a t  Edwards, i t  c e r t a i n l y  looks l i k e  i t  lends  i t s e l f  t o  a  very  n i c e  s e t  
o f  sub-assembl i e s ,  which should not be too much of a  problem. What kind of 
people must we employ t o  put t h e s e  up i f  we should choose t o  do s o  our-  
s e l v e s ?  I f  we were t o  put  up these  kind of dev ices  on a  r e g u l a r  b a s i s ,  I th ink  
we would s e r i o u s l y  cons ide r  doing i t  o u r s e l v e s ,  But,  can t h e  o r d i n a r y  
tradesman t h a t  ve have do i t ?  How here  aga in ,  l e t  me say ,  I am speaking from 
a genera t ing  u t i l i t y  p e r s p e c t i v e ,  so  we have genera t ing  capac i ty .  There fo re ,  
we have welders ,  we have mach in i s t s ;  we have those  types  of people which you 
might not f ind  i n  t h e  average c i t y  u t i l i t y ,  which has  only l i n e s .  This  must 
be considered i n  the  des ign.  I f  a  c o n t r a c t o r  is going t o  do i t ,  where a r e  
t h e s e  c o n t r a c t o r s ?  What c o n t r a c t o r s  arm going t o  be knowledgeable about 
having informat ion t o  e r e c t  s o l a r  d i shes?  What kind of t o l e r a n c e s  a r e  
necessary? Ta t h i s  going t o  be a  watch put up, o r  is i t  going t o  be c a s t -  
i ron? A p i n ,  looking a t  the  t e a t s  a t  Edwards i n  a l i g n i n g  m i r r o r s ,  what kind 
of to lerance ,  must you have on t h a t  foundation on t h e  r ing?  Can you bend some 
r a i l r o a d  r a i l  o r  do you have t o  use a  t h e o d o l i t e  o r  an optimum system t o  ge t  
eve ry th ing  i n  al ignment? These a r e  the  kind of t h i n g s  we worry abou t ,  i f  we 
have t o  put them up and make them vork.  



Operating questions: If we have these erected, we have to live with them 
operatin:. In same of the information I have read it is suggested to make them 
unattended ztations. That is fine, but presumably they will have to be moni- 
tored in some fashion. How is that going to be done? Is it going to be moni- 
tored at the station and the information displayed at the station, or is it 
going to be taken to some remote spot? Again, in our case, being larger emall 
utilities, if that makes sense, we have a dispatching center that we man 24 
hours a day and we have people that tespond to the alarms. But what about the 
general case given the small utility? Is someone goink to have to look at 
these things on a regular basis--once a day, once an hour, once a week? What 
kind of person, how many people are going to have to do that? What should he 
be able to do when there is a malfunction (and I am sure there will be malfunc- 
tion~)? And if there is a malfunction, what will the device itself do? Will 
it shut down? Will the dish shut itself down and somehow datalog it, or say 
"1 ma sick" and tell the responsible person, whoever he is, that "I am the one 
that is sick?" We have a large data acquisition system. It was large in its 
day, vhich was approximately 15 years ago, for our steam plant. If there was i 
trouble with the unit, the instruction manual said "Find faulty module and 
replace.'' That is fine when you are facing 300 identical sodules that all 
look almost identical and you are not an electronics type. How would you find 
the problem? I have 350 dishes sitting there; how do I know which one is the 
sick one? Would it show itself and say, "Here I am?" If you had a dc system 
with inverters, do you have standby inverters, or just one inverter? Do you 
take into account how it affects economics? If the whole thing trips off, 
which could happen, what do you do? It is not an easy thing, particularly on 
isolated systems, or even on a grid system, to take a generating source that 
has gone completely off E3d put it back in service. If you try to pick up a 
cold load, you have problems. You may pick up a current something like five 
times your operating current and you have to keep that in mind in the interface 
design, and so forth, on the ful.. load pickup. We have a maintenance problem 
that has been alluded to. How aq:e we going to maintain this thing? And, 
again, what kind of people and how many people? Surely, it is going to take 
some kind of preventive maintenance. There are a lat of bearings and this 
kind of thing can not sit t h e w  for 20 years without someone looking at them, 
greasing them, oiling them, or whatever is necessary. Special tools may be 
needed, special test instruments, and trained people. What kind of training 
do they have to have? Spare parts: H w  many spare parts do we have to 
inventory? Who is going to do the maintenance? Again, maybe this deals with 
contractr. I can see a service industry devoted to erecting and maintaining 
solar dish fields. 

The last detail is the one that I, perhaps, am more concerned with: How 
do you interface one of these solar plants with an existing utility system? I 
wonder how much you have thought about thatl Again, just in some of the things 
that I have read, 4,800 V are mentioned for being the end voltage out of it. 
That might be fine in some cases, but certainly in a lot of cases that would be 
too low a voltage. We are talking probably more like 69 kV, 115 kV or 230 kV, 
which gets to be a problem, with a very small 1MW or 2MW station, of trans- 
forming it up to this higher vo?tage, It certainly may be necessary. In a 
utility such as ours here in Pasadena, we do not want to hook into our distri- 
bution system, which would be an old 4kV system and a 27 kV system. There is 
also the problem of protection. If there is a fault inside the station, will 
those devices take the fault current which the utility will deliver to them? 



I th ink  of the i n v e r t e r s  i n  p a r t i c u l a r .  I f  a  f a u l t  occurs  on the  high o r  low 
s i d e  of the  i n v e r t e r  we would say t o  t h e  f a u l t  eng inee r ,  "What have you go t  i n  
mind t o  p r o t e c t  those  devices?" O r ,  converse ly ,  i f  t h e r e  is a  f a u l t  r i g h t  
o u t s i d e  the  s t a t i o n ,  can the  devices  keep t h a t  kind of f a u l t  from damaging t h e  
i n v e r t e r s ?  Can we dispa tch  the  th ings?  For some reason we may want t o  t ake  
power from someone e l s e  and back down on t h e  d i s h  g e n e r a t i n g  source .  How do 
we back t h i s  t h i n g  down? I t  is capable  of p u t t i n g  out  5 MW but  we only  want 
t o  t ake  2 MW o u t .  I s  t h a t  d e a l t  w i t h i n  t h e  des ign and i f  so ,  how do we do i t ?  

Those a r e  a l l  the  n i t p i c k i n g  ques t ions  I am going t o  pose. The b i g  ques- 
t i o n  i s ,  how do we g e t  t h e  answers t o  a l l  t h e s e  l i t t l e  ques t ions?  We need a  
d ia logue  ins tead  of a  monologue. The informat ion t h a t  you have published is  
f i n e ,  but  do we g e t  i t ?  Do we s e e  i t ?  Do we have time t o  read i t ?  Often,  we 
do no t .  The meeting i n  Aspen was a  good example of g e t t i n g  u t i l i t y  people in-  
volved and I th ink  t h e  u t i l i t y  people should be involved r i g h t  now a s  much a s  
p o s s i b l e  because of the  types  of ques t ions  I have been asking.  And toge the r  we 
w i l l  have t o  supply s o - e  of t h e  answers. You w i l l  have t o  supply some of t h e  
answers,  and the m n u f a c t u r e r s  w i l l  have t o  supply some of the  answers. B e t t e r  
s t a r t  t a l k i n g  wi th  us .  Good luck. Thanks. 
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MARKET ASSESSMENT OVERVIEW 

Hamid Habib-agahi 

J e t  Propuls ion Laboratory 

Pasadena, C a l i f o r n i a  91109 

Market assessment was r e f i n e d  dur ing  FY 1980 wi th  a n a l y s i s  d isaggregated 

from a n a t i o n a l  l e v e l  to  t h e  reg iona l  l e v e l  and t o  s p e c i f i c  market 

a p p l i c a t i o n s ,  r e s u l t i n g  i n  more a c c u r a t e  and d e t a i l e d  market e s t ima tes .  

The development of  an i o i e g r a t e d  set of  computer s i m u l a t i m s ,  coupled wi th  

re f ined  market d a t a ,  has  allowed tremendous p rogress  i n  our  a b i l i t y  t o  

eva lua te  t h e  worth of s c l a r  thermal p a r a b o l i c  d i s h  systems. It is now 

p o s s i b l e  t o  perform in-depth ana lyses  of  both  e l e c t r i c  and thermal market 

a p p l i c a t i o n s  of these  systems. 

The following market a s s e s s m e ~ t  s t u d i e s  were undertaken i n  1980: 

- Regional a n a l y s i s  of  t h e  near term market f o r  PD systems 

- P o t e n t i a l  e a r l y  market e s t ima te  f o r  e l e c t r i c  a p p l i c a t i o n s  

- P o t e n t i a l  e a r l y  market e s t i m a t e  f o r  IPH/cogeneration a p p l i c a t i o n s  

- Selec t ion  of thermal and e l e c t r i c  a p p l i c a t i o n  c a s e  s t u d i e s  f o r  FY 1981 

Regional Analys is  

A computer s imulat ion program was used t o  e v a l u a t e  t h e  e f f e c t  on t h e  

l e v e l i z e d  busbar energy c o s t  of Inc reas ing  product ion l e v e l s  of  two types  o f  

s o l a r  thermal e l e c t r i c  power p lan t  systems i n  each of  13 U.S. r eg ions .  The 

f i r s t - g e n e r a t i o n  sol ar thermal r e fe rence  system was a p a r a b o l i c  d i s h  with a 

Brayton engine ,  wi th  a production l e v e l  o f  up t o  25,000 modules pe r  yea r ;  t h e  

second generat ion case  used an improved d i s h  and a S t i r l i n g  engine ,  with 

production l e v e l s  frolc 25,000 t o  100,000 u n i t s  per  year.  



The input data for  the t w o  generations were held constant while the d i r w t  

normal insolatSw resources cf each mgi"ii ustw changed to  obtain the affect  

of regiotn\ insolation on the levelized busbar energy cost (BBEC). The 

levelized busbar energy costs for three conventional power generation systems 

were estimated region by region for the y sars 1985, 1995 md 2000. Then the 

BBEC for the three convent tonal power systems were compared to  the Po elect,ric 

option to determine potential early markets. Thc! resc l ts  were that PD could 

be competitive wi th  oi l-f ired power plants before 1380 in  Western and 

Southwestern regions. The second generation of technolow, even w i t h  annual 

p ~ d u c t i o n  of 100,000 modules/year w i l l  not be competitive w i t h  intermediate 

an3 large c a l l  ?ewer plants before the year 2000 i n  many s ta tes .  

f ~ , r l  r c w r r - t l n n t  0 - 
Yrrr - - -  h-hl'c .- - 

-- Brrahrvrn l eve l  w i l l  nct he a t t a l n e d  
h r l a r c  t h e  vrrr ?00(1. 



Elec  t r i o  Appl ica t ion 

A s  the  first s t e p  i n  estimating the e l e c t r i c  a p p l i o a t i o n  market siee, it 

wa3 determined t h a t  BTU's of  o i l  and g a s  burned was a more r e l e v a n t  market 

size es t ima te  than e x i s t i n g  o i l  and gas capac i ty .  Fur tnbr ,  r e l y i n g  on t h e  SAI 

oaae study r e s u l t s ,  t h e  near-term (1985-1990) market f o r  PD e l e c t r i c a l  
. , 

a p p l i c a t i o n s  w i l l  be l imi ted  t o  i s o l a t e d  u t i l i t i e s  and u t i l i t i e s  wi th  
,.. 

favorab le  f i n a n c i r a :  munic ipals ,  r u r a l  e l e c t r i c  coopera t ives ,  and f e d e r a l  

i n s t a l l a t i o n s .  An inventory  was ther! compiled of  o i l  and gas - f i r ed  g e n e r a t i n g  

p1;nt.s used by e l e c t r i c  u t i l i t i e s  i n  h igh  i n s o l a t i o n  s t a t e s  i n  t h e  U.S. Based 

on t h i s  inventory  and the  above assumptions,  t h e  maximum near-term e l e c t r i c a l  

a p p l i c a t i o n  market s i z e  is 4'iO t r i l i i o n  BTU's o r  890,000 d i s h  modules.* 

1OTAL 2 0 ,  sno 

The t i . . b r ~ ~ n a l  v a l u e s  o f  s o l a r  p r n r r . t i o n  d i a p l a c r n p  o i l  and gas 
rn tt1c.c m.trkt.ts rn 1'185 a r e  e x p e c t e d  t o  range from 1 2 0  mil l s /kWh 
t o  KO m ~ l l ~ / h l ! h  ( 1 0 8 0  $ ) .  .: Thr> column m c ~ r l y  r r p r r s e n t s  t h e  nunher of s o l a r  modules  ~ r t j ~ ~ i r e d  
t o  S F I ~ C * I U I C  t h e  Samr .~mr~unt o f  e l e c t r i c  energy  c u r r e n t l y  s r n r r a t t d  
hy t h c  0 1 1  a n d  & a s  u n i t s  i n  t h r s c  u t ~ l i t i c s .  

Note t h a t  t h i s  is the  t o t a l  replacement f i g u r e ,  not  an annual  market 
s i z e .  It is assumed that convent ional  s y s t e m  have a  h e a t  r a t e  o f  12,000 
Btu/kWh, and t h a t  the  e l e c t r i c a l  o u t p u t  of  a d i s h  ranges  from 32 t o  52 
thousand kUh/year, d e p e n d i q  an the reg iona l  i n s o l a t i o n .  



Non-elec t r i c  (IPH) A p p l i c a t i o n  

It was assumed t h a t  t h e  i n d u s t r i a l  market would a l s o  be l i m i t e d  t o  areas 

of h i g h  i n s o l a t i o n .  Within t h e s e  a r e a s ,  i n d u s t r i e s  w i t h  annua l  e n e r g  

consumption of 5 t z i l l i o n  BTU1s o r  more o f f e r  t h e  h i g h e s t  p o t e n t i a l  market 

p e n e t r a t i o n .  R e p r e s e n t a t i v e s  o f  i n d u s t r i e s  i d e n t i f i e d  i n  t h e s e  areas were 

c o n t a c t e d  t o  de termine  t h e  c o n s t r a i n t s ,  i f  any,  on t h e  u s e  o f  s o l a r  f c r  

s p e c i f i c  IPH a p p l i c a t i o n s .  I n d u s t r y  r e sponses  prompted t h e  removal o f  

a p p l i c a t i o n s  i n  pe t ro leum r e f i n i n g  and i r o n  and steel f o u n d r i e s  from t h e  

market e s t i m a t e s :  land  c o n s t r a i n t s  were p r o h i b i t i v e  i n  bo th  a p p l i c a t i o n s ;  t h e  

f o u n d r i e s  needed d i r e c t  h e a t  r a t h e r  t han  h e a t  d e ~ i v e d  from steam. There  were 

f i v e  i n d u s t r i e s  which d i d  not  have any s i g n i f i c a n t  b a r r i e r s  a g a i n s t  t h e  u s e  of  

s o l a r  thermal  systems i n  t h e  nea r  f u t u r e :  i n d u s t r i a l  i n o r g a n i c  chemica l s ,  

a g r i c u l t u r e  chemica l s ,  s u g a r  r e f i n i n g ,  h y d r a u l i c  cement, and enhanced o i l  

recovery .  The near- term maximum p o t e n t i a l  market i n  t h e s e  i n d u s t r i e s  is 

e s t i m a t e d  to  be 450 t r i l l i o n  BTU's, o r  an e q u i v a l e n t  o f  880 thousand d i s h e s ,  

I ! ' ; 2 I S T R I  A L  APPk I C A T I O 4 S -  I - O P E R A T  I l i G  ENERGY CO:ISUXPT  ION^ E Q L I V A L E N T  
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Thus, the  t o t a l  p o t e n t i a l  new market f o r  PD s y s t e m  i n  e l e c t r i c a l  and 

n o n - e l e c t r i c a l  a p p l i c a t i o n s  is about one quad, o r  e q u i v a l e n t l y ,  1,770,000 PD 

modules. 

These e s t i m a t e s ,  as noted p rev ious ly ,  a r e  t h e  maximum p o t e n t i a l  market f o r  

s o l a r  systems. Two important  i s s u e s  consequently a r i s e :  f i r s t ,  how much 

p e n e t r a t i o n  w i l l  be achieved by s o l a r  thermal t echno log ies  i n  g e n e r a l ,  and 

second, how much of t h i s  p e n e t r a t i o n  may be achieved s p e c i f i c a l l y  by p a r a b o l i c  

d i s h  systems? 

The l a t t e r  i s s u e  invo lves  d e f i n i n g  t h e  comparative advantages o f  PD 

systems over trough and c e n t r a l  r e c e i v e r  systems. PD systems have some 

advantages over both t roughs  and c e n t r a l  r e c e i v e r s  i n  i n d u s t r i a l  

a p p l i c a t i o n s .  Dishes a r e  more e f f i c i e n t  than t roughs ,  and a r e  a b l e  t o  o p e r a t e  

i n  h igher  temperature ranges  (above 550° F). Close t o  80% o f  the  IPH market 

r e q u i r e s  temperatures above 550° F. Although e f f i c i e n c y  a lone  does not make 

a technology more a t t r a c t i v e ,  s o l a r  thermal is a land i n t e n s i v e  technologv. 

High e f f i c i e n c y  i n  t h i s  c a s e  impl ies  smal le r  land requirements  and thus  

m i t i g a t e s  one of the  c r i t i c a l  b a r r i e r s  t o  e n t r y  i n t o  t h i s  market. 

Land c o n s t r a i n t s  a s  we l l  a s  thermal t r a n s p o r t  c o s t s  a r e  a l s o  p o t e n t i a l  

problems with c e n t r a l  r e c e i v e r  systems. Because of  t h e i r  modular i ty ,  

PD systems not only r e q u i r e  l e s s  land f o r  the  same expected e f f e c t i v e  o u t p u t ,  

but  t h e  land need not be contiguous.  

For e l e c t r i c  a p p l i c a t i o n s ,  PD systems a r e  aga in  not  only  more e f f i c i e n t  

than troughs,  but they a l s o  show more f l e x i b i l i t y  i n  d i s p a t c h  c~p t ions .  The 

two-axis t r ack ing  a l lows opt imal  adjustment t o  seasona l  demand and i n s o l a t i o n  

v a r i a t i o n s ,  and thus  d i f f e r e n t  sun-following o r  load th resho ld  d i s p a t c h  

s t r a t e g i e s  may be adopted a t  any time. 



The major  advantage  o f  a PD sys tem o v e r  t h e  c e n t r a l  r e c e i v e r  l ies i n  t h e  

s y s t e m ' s  modu la r i t y ;  n o t  because  o f  land  c o n s t r a i n t s ,  bu t  because  o f  t h e  

d i f f e r e n t  p a t t e r n s  o f  c a p i t a l  c o s t s ,  C e n t r a l  r e c e i v e r s  r e q u i r e  a much h i g h e r  

i n i t i a l  c a s h  o u t l a y ,  s i n c e  t h e  e n t i r e  sys tem must be i n s t a l l e d  b e f o r e  any  

power is gene ra t ed .  The c a p i t a l  c o s t a  of an e q u i v a l e n t  PD sys t em,  on t h e  

o t h e r  hand, may be spread  o u t  ove r  many y e a r s  as t h e  s y s t e m ' s  c a p a c i t y  is 

i n c r e a s e d .  

Case S t u d i e s  

Case s t u d i e s  performed w i t h  computer s i m u l a t i o n  models w i l l  be used t o  

e s t i m a t e  market p e n e t r a t i o n  i n  s p e c i f i c  a p p l i c a t i o n s  ove r  time. 

Documentation, t e s t i n g ,  and i n t e g r a t i o n  o f  t h e  models were performed i n  FY 

1 980. 

These s t u d i e s  were s e l e c t e d  t o  r e p r e s e n t  a  broad range  o f  s i z e s ,  

ownership,  i n s o l a t i o n ,  u t i l i t y  l oad  c h a r a c t e r i s t i c s ,  and u t i l i t y  g e n e r a t i o n  

mix. A t  p r e s e n t ,  c a s e  s t u d i e s  f o r  Molokai,  Hawaii,  Osage C i t y ,  Kansas,  

Burbank, C a l i f o r n i a ,  t h e  S a l t  R ive r  P r o j e c t  i n  Ar izona ,  and t h e  Sou the rn  

C a l i f o r n i a  Edison Company i n  C a l i f o r n i a  a r e  planned f o r  FY 1981. 



COST COALS 

J o h n  Hoag 

Jet  P r o p u l s i o n  L a b o r a t o r y  

P a s a d e n a ,  C a l i f o r n i a  91109 

A b s t r a c t  

T h i s  p a p e r  r e p o r t s  t h e  c o s t  g o a l  a c t i v i t i e s  f o r  t h e  p o i n t  f o c u s i n g  

p a r a b o l i c  d i s h  program.  I n  g e n e r a l ,  cost g o a l s  i n v o l v e  t h r e e  t a s k s ,  F i r s t  is 

d e t e r m i n a t i o n  o f  t h e  v a l u e  o f  t h e  d i s h  s y s t e m s  t o  p o t e n t i a l  u s e r s .  S e c o n d l y ,  

t h e  c o s t  t a r g e t s  o f  t h e  d i s h  s y s t e m  a r e  se t  o u t .  F i n a l l y ,  t h e  v a l u e  s i d e  and  

c o s t  s i d e  a r e  i n t e g r a t e d  t o  p r o v i d e  i n f o r m a t i o n  c o n c e r n i n g  t h e  p o t e n t i a l  s i z e  

o f  t h e  m a r k e t  f o r  p a r a b o l i c  d i s h e s .  T h i s  p a p e r  r e p o r t s  on t h e  l a t t e r  two 

a c t i v i t i e s .  

I n t r o d u c t i o n  

One c r a c i a l  a s p e c t  o f  t e c h n o l o g i c a l  deve lopment  is w h e t h e r  o r  n o t  t h e r e  

w i l l  be  a m a r k e t  f o r  t h e  t e c h n o l o g y  o n c e  it is d e v e l o p e d .  If  t h e r e  is no  

m a r k e t ,  one  r e a s o n  f o r  developrnnent  is e l i m i n a t e d .  Some v iew o f  t h e  p o t e n t  ' a 1  

m a r k e t  is e s s e n t i a l .  The c o s t  g o a l  e x e r c i s e  a t t e m p t s  t o  a d d r e s s  t h i s  q u e s t i o n .  

There  are two a s p e c t s  t o  d e t e r m i n i n g  w h e t h e r  o r  n o t  t h e r e  is a m a r k e t .  

F i r s t ,  we have  t o  know what v a l u e  consumers  o f  t h e  good p l a c e  on t h a t  good.  

I n  s h o r t ,  how much would u s e r s  b e  w i l l i n g  t o  pay t o  o b t a i n  t h e  good. 

S e c o n d l y ,  we need t o  know s o m e t h i n g  a b o u t  how much it c o s t s  t o  p r o d u c e  t h e  

good.  But  t h e s e  p i e c e s  by t h e m s e l v e s  d o  n o t  y i e l d  a n s w e r s .  What i f  t h e  

amount p e o p l e  a r e  w i l l i n g  t o  p a y  is l o w e r  t h a n  t h e  c o s t ,  b u t  t h e  nuluber of 

u n i t s  p e o p l e  want w i l l  n o t  b e  s u f f i c i e n t  t o  d r i v e  t h e  c o s t  t h a t  low? I n  

s h o r t ,  scme s y n t h e s i s  o r  i n t e g r a t i o n  is r e q u i r e d .  T h i s  p a p e r  r e p o r t s  on c o s t  

t a r g e t s  and s y n t h e s i s .  



Cost  T a r g e t s  ( o r  A t t a i n a b i l i t y  based  on S y s t e m  C o s t  T a r g e t s )  

The c o s t  t a r g e t s  a r e  viewed as j u s t  t h a t :  r e a s o n a b l e  t a r g e t s  which c a n  be 

a c h i e v e d .  There  is much c h a l l e n g i n g  t e c h n i c a l  work t o  b e  d o n e  toward  t h e  

a c h i e v e m e n t  o f  t h e  goals. The g o a l s  are i n i t i a l l y  s t a t e d  i n  d o l l a r a / s q u a r e  

meter f o r  v a r i o u s  l e v e l s  of p r o d u c t i o n .  The numbers  c a n  t h e n  b e  i n v e r t e d  i n t o  

o t h e r  u n i t s  f o r  e a s y  c o m p a r i s o n  t o  t h e  v a l u e  numbers.  I n  p a r t i c u l a r ,  i t  would 

b e  d e s i r a b l e  t o  o b t a i n  d o l l a r s / u n i t  o f  o u t p u t .  F o r  t h e  consumer  o f  power ,  

d o l l a r  p e r  peak o u t p u t  is n o t  a s a t i s f a c t o r y  m e a s u r e  s i n c e  t h e  u n i t  d o e s  n o t  

a l w a y s  o p e r ~ t e  a t  peak.  A more d e s i r a b l e  measure  would b e  mi l l s /kWh or 

dollars/MMBTU. To o b t a i n  t h e  o u t p u t  (kWh o r  MMBTU) o f  t h e  u n i t ,  we need t o  

know s o m e t h i n g  a b o u t  e f f i c i e n c y  o f  t h e  u n i t  o f  c o n v e r t i n g  s u n l i g h t  to u s a b l e  

e n e r g y  and s o m e t h i n g  a b o u t  i n s o l a t i o n .  Thus ,  t h e  c o s t  g o a l s  a r e  t r a n s l a t e d  

i n t o  numbers which a r e  r e g i o n - s p e c i f i c .  The a c t u a l  c o s t  t o  t h e  p o t e n t i a l  u s e r  

w i l l  a l s o  depend on what f i n a n c i n g  a r r a n g e m e n t s  and what u n u s u a l  t a x  a s p e c t s  

t h e  u s e r  f a c e s .  Thus ,  f i n a n c i a l  p a r a m e t e r s  a l s o  e n t e r  t h e  p i c t u r e .  

S y n t h e s i s  

These  a t t a i r n b i l i t y  based  cost t a r g e t s  need t o  be l n t c g r a t e d  w i t h  t h e  

v a l u e  5 a s e  i n f o r m a t i o n  t o  see i f  some p o t e n t i a l  m a r k e t  s i ze  c a n  b e  d e t e r m i n e d .  

In  the f o l l o w i n g  g r a p h ,  a s tart  toward  t h a t  s y n t h e s i s  is made. We s h a l l  

d i s c u s s  t h e  e l e c t r i c !  a p p l i c a t i o n  and s i m i l a r  r e m a r k s  he:d f o r  t h e  p r o c e s s  h e a t  

c a s e .  

I n  t h i s  p i c t u r e ,  t h e  l i n e s  s l o p i n g  g e n t l y  upward are t h e  v a l u e - b a s e d  c o s t  

g o a l s .  The c r o s s  h a t c 9 e d  areas are t h e  a t t a i n a b i l i t y - b a s e d  numbers.  The f a c t  

t h a t  t h e  a t t a i n a b i l i t y - b a s e d  numbers seem t o  l i e  yelow t h e  v a l u e  numbers  f o r  

d i s t i l l a t e  o i l ,  g a s  p e a k i n g  and r e s i d u a l  o i l  seems t o  s u g g e s t  t h a t  s o l a r  power 

c o u l d  compete  w i t h  t h o s e  f u e l s .  Of c o u r s e ,  t h a t  w u l d  o n l y  b e  t r u e  i f  t h e  

u t i l i t i e s  used o n l y  one k i n d  o f  f u e l ,  l o a d  p e r f e c t l y  matched i n s o l a t i o n ,  i f  



there are plants of the kind assumed i n  tha t  region, and if the number of 

uni ts  that  people want is large enough t o  support those costs .  I n  other 

words, i f  10,000-100,000 modules/year are not needed i n  the 1990-2000 time 

frame, then there is no way to be sure that  these cos t s  can be at tained.  If 

that  happens, u t i l i t i e s  w i l l  not find it a t t r a c t i ve  t o  u t i l i z e  solar  devices. 

The point is that  value below cost is a necesstry condition for  success of the 

solar  program, but it  is not suff ic ient .  

Since modeling of the subtle economic aspects  of the various fuel mixes 

and load match is very d i f f i c u l t ,  some case study work fs planned to at tack 

these problems. I t  seems unlikely that  insight  in to  these problems w i l l  be 

obtained without such work. 

Sumnary 

The s ize  of the market for the device is a matter of considerable in teres t  

and importance. The calculation of market s ize  includes both a value based 

number and an a t t a i nab i l i t y  based number. B u t  these numbers by themselves, 

while necessary, are  not su f f i c ien t  to gauge narket success. To correctly 

understand the nature of the market, f ine r ,  Rare micro s tudies  must  be done on 

a case-by-case basis .  
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J .  W. Doaae 
Appl ica t ions ,  Inc .  
Golden, CO 

The Federal  Energy Regulatory Cormission (FERC) a c t i n g  under a u t h o r i t y  of t h e  
Pub l i c  U t i l i t i e s  Regulatory P o l i c i e s  Act (PURPA), h a s  r u l e d  t h a t  e l e c t r i c  
u t i l i t i e s  must purchase e l e c t r i c  energy from q u a l i f y i n g  cogenera to r s  and smal l  
power producers ae  r a t e s  r e f l e c t i n g  t h e  c o s t s  t 5 e  purchasing u t i l i t y  can avoid 
by ob ta in ing  energy and c a p a c i t y  from those  sources .  The FERC r u l e s  a l s o  re-  
q u i r e  s a l e  of back-up e l e c t r i c i t y  a t  nondiscr iminatory  r a t e s ,  in te rconnec t ion  
of q u a l i f y i n g  cogenerat ion f a c i l i t i e s  t o  t h e  g r i d ,  and "wheeling" of cogener- 
a t e d  power o u t s i d e  t h e  l o c a l  s e r v i c e  a r e a  i f  a  c o n t r a c t  cannot be achieved 
between t h e  cogenerator  and the  l o c a l  u t i l i t y .  

Science Appl ica t ions ,  Tnc. (SAI) is examining t h e  v a l u e  f o r  p a r a b o l i c  d i s h  
s o l a r  thermal systems i n  cogenerat ion a p p l i c a t i o n s  i n  the southwestern United 
S t a t e s  under these  c i rcumstances .  In  t h i s  s e n s e ,  t h e  s tudy is an a t t empt  t o  
approximate the  economic demand curve  f o r  p a r a b o l i c  d i s h  cogenerat ion systems,  
showing a p o t e n t i a l  amount so ld  a s  a func t ion  of p r i c e .  P r i c e  e s t i m a t e s  w i l l  
be based,  i n s o f a r  a s  p o s s i b l e ,  on a n a l y s i s  of t h e  b e n e f i t  s t reams c r e .  cd by 
a r e fe rence  cogenerat ion system, se rv ing  i n d u s t r y - s p e c i f i c  steam and l e c -  
t r i c i t y  loads ,  under r eg ion-spec i f i c  weather c o n d i t i o n s .  In a d d i t i o n ,  t h e  
r a t e s  f o r  back-up power and e l e c t r i c i t y  buyback used t o  monetize t h e  energy 
flows from the  cogenerat ion system w i l l  be based on u t i l i t y - s p e c i f i c  f i l i n g s  
of i n t e n t  where p o s s i b l e .  

The es t ima t ion  of p o t e n t i a l  q u a n t i t y  so ld  a s  a f u n c t i o n  of  p r i c e  is a famous 
problem i n  new technology market p o t e n t i a l  s t r ~ d i e s .  Th i s  s tudy does no t  t r y  
t o  develop suppor t  f o r  t h e  e x i s t e n c e  of a l a r g e  cogenerat ion market ,  but  in-  
s t ead  t r y s  t o  i d e n t i f y  t h e  "top" ( in  a p r i c e  sense )  of t h a t  market .  Thus, 
SAI w i l l  look f o r  the  most advantageous ( f o r  d i s h  system va lue )  correspon-.  
dence betweeli s t eam-e lec t r i c  energy loads ,  d i s h  system o u t p u t ,  and expected 
r a t e s  f o r  back-up and exported power. The c r e d i b i l i t y  f o r  t h e s e  f i n d i n g s  
w i l l  r e s t  on t h e  a b i l i t y  t o  v e r i f y  t h e  re levance  of the  c o n d i t i o n s  modeled, 
and on t h e  a n a l y s i s  technique used t o  d e r i v e  system v a l u e  from those  condi-  
t ions .  

METHODOLOGY 

The va lue  a n a l y s i s  technique used f o r  t h i s  s tudy  i s  s imple  and s t r a i g h t f o r w a r d .  
Maximum al lowable  l i f e - c y c l e  system c c s t  f o r  t h e  cogenera t ion  system is d e t e r -  
mined a s  t h e  sum of the  p resen t  va lue  of f u e l s  d i s p l a c e d  p l u s  t h e  p r e s e n t  va lue  
of revenues from exported power. Each convent ional  f u e l  d i s p l a c e d  is  desc r ibed  

b - by a u n i t  c o s t  i n  t h e  f i r s t  yea r ,  a uniform a n n u a l c o n s u m p t i o n r a t e ,  and a 
uniform annual e s c a l a t i o n  r a t e  f o r  u n i t  c o s t .  Because t h e  e f f e c t s  on a f t e r -  

f t a x  ea rn ings  of a $1 i n c r e a s e  i n  revenues,  , ire as*.umed t o  be the  same a s  th,,se 
of  a $1  dec rease  i n  c o s t s ,  exported energy flows a r e  t r e a t e d  t h e  same a s  d i s -  

f placed energy. 
2 5 1 



The question of interest for this study is: how much can a cogeneratCon 
syetem cost and still be competitive with conventional energy technologies? 
An absolute upper bound to this question is defined by the "breakever," 
system cost, defined as the highest installed system cost for which the 
cogeneration project can avoid a negative net present value (NPV) when all 
project-resultant cash flows are considered. All of the application-specific 
characteristics mentioned above, plus the operations and maintenance costs 
of thn cogeneration system, are represented in the project NPV. 

%e technique for determining potential quantity sold is much more empirical 
than the discounted cash flaw methods used to determine value. Subjective 
criteria were used to limit the survey population to service territories of 
eight investor-owned utilities in six major metropolitan of the southwestern 
United States. Use of the utility service territory as th? basic unit of 
analysis has several o-rational advantages. First, the relevant rates for 
back-up and exported pwer will be utility-specific. Thus the utility 
service territory is a logical unit for the value analysis described above. 
Second, service terrt-ories are easily related to the regional manufacturing 
activity data used in estimating potential cogeneration system sales, and 
to other region- and site-specific influences on prospects for solar thermal 
cogeneration(insolation, projections of industrial growth, land availability, 
transmission line availability, etc.). kinaily, the large utilities 
generally have substantial in-bo%e knowledge of the load characteristics 
of their industrial customers. If this prelininary analysis were to be 
disaggregated and extended, visits to the eight utilities might be a 
cost-effective alternative to site visits to all prospective cogenerators. 

Within a given service territory, the gross population of prospective 
cogenerators is determined from lists of local manufacturing activity as 
reported in state manufacturing registers. Initial screening is applied 
to eliminate manufacturing activities whose energy requirements are 
obviously incompatible with paraboli- dish systems. The remaining plants 
are retained for further analysis. Performing this process for each 
service territory resalts in a matrix of "feasible" manufacturing 
establislunents, tabulated by utility service territory. 

Using energy load profiles typical of the industries selected, and local 
insolation an, utility rate data, breakeven costs for parabolic dish 
cogeneration systems are computed for each appiication/service territory 
combination in the matrix. The results, ranked from high to low by 
breakeven value, reyesent a \slue-stratified list of potential cogeneration 
applicationsfor the sample analysed. The last step is to estimate the 
quantities u i  potential sales of parabolic dish cogeneration systems 
corresponding to the respective value strata. This is done from local 
data oil manufacturing sector energy use. This data is used to estimate, 
for each service territory, the total energy use by each manufacturing 
3ctivity modeled. The portions of that total use correspmding to the 
process conditions modeled are estimated from "typical plant profiles" 
for the appropriate industries. 



EXPECTED RESULTS 

Because they will be synthesized Lrom average data, the potential sales data 
are obviously "so£ t .'I Furthermore, the important attrition mechanisms 
separating attainable sales fraigross potential are not modeled at all. The 
value of the study must rest, therefore, on the value stratification results. 
From this perspective, the quantity results should be indicative of applications 
meriting the cost of gathering more detailed information on technical require- 
ments and potential energy displacemect. 
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ABSTRACT - - 

This paper describes the so la r  thermal fuels and rhemicals program a t  
JPL. The primary ob jec t ive  i s  t o  develop and apply hiph technoloay t o  
displace f o s s i l  fuel  ( o i  1) use i n  the product ion/process ing of valuable fuels  
and chemicals: i t  i c  the aim t o  demonstrate the technical  and economic 
feas ib i l  i t y  t o  an extent tha t  enables the industry  t o  p a r t i c i p a t e  and 
commerc i a l  i ze  the product. A representat ive process. ~ a m e l y  Fur fu ra l  
production w i th  a bottoming o f  acetone, butanol and ethanol (ABE), i s  
described. Experimental data from a1 ; solar  product ion of f u r f u r a l  i s  
discussed. Estimates are given t o  show the at t ract iveness of t h i s  process 
espec ia l l y  considerina i t s  f l e x i b i l i t y  t'b be adaptable t o  dishes, troughs or  
cent ra l  receivers. Peat, 1 i g n i t e  and low rank coal processing, heavy o i l  
s t r i p p i n p  and innovat ive technolooies for process diaanost i cs  and con t ro l  are 
mentioned as examples o f  current  p ro jec ts  under in tensive development. 

FURFURAL AND ABE BOTTOKING 

As pa r t  of the SUNFUELS proarar sponsored by the U.S. D~partment o f  
Eneray, JPL has demonstrated the technical  f e a s i b i l  i t y  o f  producina 1 i q u i d  
fuels.  The general philosophy has been one of maximizing the u t i l i t y  o f  the 
so la r  appl icat ion;  insthad o f  producina one fue l  or one chemical i n  the 
process, s e v ~ r a l  fue ls  and chemicals are produced i n  the ove ra l l  process. A 
b r i e f  descr ip t ion  o f  the hackpround, proven t e s t  resu l t s  and the fu tu re  p lan 
i s  ou t l i ned  here. 

Solar energy processed fue ls  and chemicals are expected t o  qain 
prominence i n  the mid (19F5-1930) and the long (2000) ran? +:rture o f  the 
United States i f  not the world. Solar eneroy processed f: wid chemicals 
are o f  course ava i lab le  i n  nature as p lants and der iva t ives .  I n  an attempt. 
t o  i d e n t i f y  t ranspwtab le  and storable l i o u i d  fuels and t o  displace f o s s i l  
fue ls  (Example: imporied o i l )  i n  t h e i r  p roces ing ,  FUPFURAL i s  i d e n t i f i e d  as 
an important candidate: conventional f u r f u r a l  production from biomass i s  seen 
t o  o f fe r  p o s s i b i l i t i e s  of si i iwltaneously producing valuable alcohols and 
acetone a t  l i t t ' e  ex t ra  enerciy cost.  

A t  the present time 10' ki lograms (72 x 10' l b . )  of f u r f u r a l  are 
produced i n  the U.S.A. annually. P r a c t i c a l l y  a l l  of t h i s  i s  produced by 
Quaker Oats. The feedstock i s  biomass tha t  have hemicelluloses i n  them 
(corncobs, peanut shel ls ,  s o f t  woods.. . . ) .  The theore t ica l  traximum y i e l d  i s  
i n  the range o f  10% - 20% by weight o f  the feedstock. Fur fu ra l  can be used 
as a 1 i qu id  fue l  (= 5550 kcal/kg o r  10,000 Btu/ lb.  o f  enerqy release upon 
complete combustion i n  a i r ) ,  although there e x i s t  more valuable uses such as 
feedstock f o r  furan resins. (The Germans used fu r fu ra l  as a Diesel f ue l  

3 Work funded by DOE a n m k ? % e a a a t  JPL as par t  o f  NASA Contract NAS7-100. 



dur ing  t he  second World War. ) The 19R0 p r i c e  i s  nea r l y  I$ /kg  o r  ($0.45 per  
pound). It takes n e a r l y  9992 k c a l l l i t  (150,000 Btu per g a l l o n )  of f u r f u r a l  
produced. The feedstock i s  ac i d  hydrolyzed and steam "cooked" t o  re lease  the  
f u r f u r a l  which i s  subsequently ex t rac ted  from the  water by  dichloromethane. 
Hence. t h  use o f  s o l a r  profyced steam i n  t he  process would d isp lace  a t  l e a s t  
0.75 x  l o f2  k c s l l y r  ( 3  x  10 B tu / y r )  wor th  of f o s s l l  f u e l s  (mos t l y  
o i l  and na tu ra l  gas i n  t h e  U.S.A.). This number o f  0.003 Quad*/yr i s  j u s t  
t h e  p rove rb i a l  t i p  o f  t he  iceberg. 

The ac i d  hyd ro l ys i s  process ( w i t h  t y p i c a l l y  5% d i l u t e  H SO ) 4 prepares t he  c e l l u l o s i c  p o r t i o n  o f  the b io feedstock a lso  idea l  o r  
fermentat i on  t o  acetone, butanol  and ethanol  ( c a l l e d  ABE, fo r  s h o r t ) .  Since 
the  c e l l u l o s i c  p o r t i o n  cons is ts  o f  a t  l e a s t  50% of the t y p i c a l  feedstock, 
wh i le  the  hemice l lu lose i s  t y p i c a l l y  15%, the  product breakdowr~ may be 
expected t o  be: 

0.15 kg F u r f u r a l  
0.45 kg o f  a lcohols  
0.2 kg of so l  i d  spent mass 

per  k i logram o f  feedstock. Even i f  the  d i f f  ?rence (0.2 kg i s  not  4 O. 5 ,  x  2 x 108 x recovered, 0.45 kg. o f  a lcohols  y i e l d  an equiva lent  o f  (m5 
4 10 = 0.006 Quad/yr i n  energy. The s o l i d  spent mass can be used as 

c a t t l e f e e d  a f t e r  d e a c i d i f i c a t i o n ,  o r  j u s t  burned t o  augment the  steam 
productiam. This ABE "bottomer" a lso  enables the product ion o f  f u r f u r a l  on a  
continuous has is  (as  opposed t o  so l a r  dependence always). Thus 0.009, o r  
n e a r l y  0.01 Quadlyr .  i s  the  t no lon tun  f o s s i l  energy displacement t o  be 
expected. 

With t he  dwind!inp petroleum suppl ies  the  f u r f u r a l  der ived chemicals can 
poss ib l y  prov ide t he  p l a s t i c s  feedstock and pseudo aromatics. --- 
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The chrrnical s t ructur -e  o f  f u r f u r a l  suggests t h a t  f u r f u r a l  cou ld  be a 
p o t e n t i a l  a d d i t i v e  t o  enqine f u e l s  f o r  knock suppression. A f t e r  the 
e l  im ina t ion  o f  t e t r ae thy l ead  from the  fuels, aromatics are he ing used t o  
r a i s e  t he  octane numbers t o  acceptable values. With t ke  na tu ra l  petroleum 
der ived aromatics becoming i nc reas ing l y  expensive, f u r f u r a l  could r i s e  t o  
meet the  demands. Even a t  a  conservat ive r a t e  o f  1% add i t t on  t o  gasol ine 
( syn the t i c  o r  n a t u r a l )  the demand f o r  f r f u r a  i n  f u r f u r a l  de r i ved  pseudo 
aromat ics) p o t e n t i a l l y  i s  seen t o  be 10' - 10'O(kglyr .  



THE PROCESS REQUIREMENTS 

Fur fu ra l  product ion requires stean i n  the pressure ran  e of 3.4-6.8 atm 
(50-100 p s i )  and temperature range o f  422433°K (300'-500°F 3 . Typ ica l l y  30 
kg o f  steam are used per kg o f  f u r f u r a l  produced o r  30 kg f o r  near ly  7 kg cf 
feedstock. These ra ther  m i l d  condit ions show tha t  the process s t e m  can be 
obtained by trouqhs, dishes, o r  cen t ra l  receivers. This f l e x i b i l  i t y  i s  
p a r t i c u l a r l y  valuable considering tha t  the solar  c o l l e c t o r  technology ( v i z ,  
troughs vs CR's vs. dishes) has not been f ina l i zed yet.  

THE RUNS AT JPL 

Four successful runs were conducted at JPL (Pasadena) w i t h  9.08 kg (20 
1 b )  feedstock o f  coracobs each and e l e c t r i c a l  l y  produced steam. The pressure 
and temperatures used were 3.4 atm (50 psig) and 422°K (300°F). The runs 
lasted 1-1 112 hrs. E l e c t r i c a l  preheat was used t o  ra i se  the temperature 
before the  steain cooking. 

A f te r  these i n i t i a l  t es t s  the reactor  was t i e d  t o  the steam generator at 
the  Test Bed Concentrator - 1 at the  Edwards Test Stat ion a t  JPL. This a l l  

b a h t  production o f  f u r f u r a l  was h igh l y  successful even a t  the very f i r s t  
attempt. It should be mentioned tha t  the design capaci ty  o f  80 kw (thermal) 
o f  TBC-1 was f a r  i n  excess o f  the small reactor  requirements. One ha l f  o f  
the r e f l e c t o r  area was blocked of f  during t h i s  run. 

FUTURE PLANS 

The reactor  ex i s t s  t a  handle near ly  10 k~ feedstock per batch. The runs 
l a s t  t y p i c a l l y  1-2 hrs. A reactor  proper ly  matched t o  the TBC i s  i n  design 
and w i l l  be matched w i th  the TBC-1 l a t e r  i n  FY81. Runs w i l l  be conducted at 
the t r o u ~ h  fac i 1 i ty o f  Albuquerque, New Mexico. Process opt  irnizat ions w i  11 
be performed. ?he f u r f u r a l  w i l l  be t r i e d  as a fuel i n  the d iesel  enaine and 
as a fue l  add i t i ve  i n  a gasoline engine. Fermentation of the spent mass i s  
i n  progress t o  prove the ABE process. 

TRANSITORY SUMMARY ON THE FURFURAL PROCESSES 

It i s  i n te res t i ng  t o  note tha t  a f t e r  the JPL e f f o r t  oot underway tt-,~ ee 
imoortant developtrents have taken place w i th  regard t o  fu r fu ra l  i n  the 
world. 

1. Cetus CorportPlon and Standard O i l  o f  Ca l i f o rn ia  have entered an 
apreecet-~t t o  produce large quan t i t i es  o f  f u r fu ra l  . The product ion i s  
expected t o  s t a r t  i n  the next three years ( r e f .  Chem. Enq. 28 July  
1980). 

2. Mi tsubishi  Company i n  Japan i s  s e t t i n g  up a hupe p lan t  i n  Japan for 
making a de r i va t i ve  o f  f u r f u r a l  ( te t rahydrofuran) .  



3. Ouaker Oaks and I I T R I  have j o i n t l y  submitted t o  3PL a proposal for a 
f e a s i b i l  i t y  demonstrat ion o f  so la r i za t i on  o f  f u r f u r a l  product ion on a 
commercial basis. 

The fu tu re  looks b r i g h t  f o r  f u r f u r a l .  

LOW RANK COAL, PEAT AND LIGNITE PROCESSING 

I t  i s  estimated tha t  the deposits i n  the USA correspond t o  1443 quads of 
peat, 3082 quads o f  1 i g n i t e  and 3534 quads o f  subbituminous ( low rank) coals 
(Ref. 1). The high moisture content ( f requent ly  i n  excess of 50% by weight) 
o f  these fue ls  poses specia l  problems. Transportat ion i n  wet form i s  not 
economical and dry ing them inva r iab l y  introduces severe problems o f  
spontaneous r e a c t i v i t y .  Ut il i z i n g  the energy content o f  the peat11 i g n i t e 1  
low rank coal t o  process them would diminish t h e i r  heat ing value. A process 
i s  sought t o  obviate a l l  o f  these problems simultaneously. 

An *innovative prccess developed a t  JPL i s  shown i n  F ig .  1 here. The 
as-mined mater ia l  i s  inixed w i th  a heat t rans fer  f l u i d  i n  which i t  i s  wet 
pround. The heat i s  suppl ied i n  a heat exchanger tha t  c i r cu la tes  so la r  
steam. A f l ash  separator pets out the high BTU vapors which can be d i r e c t l y  
fed i n t o  a gas pipe1 ine or  used as a feedstock for  makdnp 1 i qu id  fuels. 
Prel iminary economics ca lcu la t ions  show tha t  3.25 x 10- Kca1/1000 kg can be 
recovered i n  transportable, s torable high BTU fue l  w i th  t h i s  so lar  ass is t  
process. Laboratory experiments are underway t o  prove the process. 

HEAVY OIL STRIPPING 

The solar  derived steam i s  i d e a l l y  su i ted for the s t r i p p i n p  o f  heavy o i l  
tha t  occurs i n  a d i s t r i b u t e d  manner i n  many par ts  of the  U.S.A. (example: 
Ca l i f o rn ia ) .  A reactor  i s  being b u i l t  t o  u t i l i z e  the TBC-1 steam at 811°K 
(1000F) f o r  t h i s  purpose. It i s  expected tha t  the same reactor  can be used f o r  
processing synthet i c  crudes also. 

INNOVATIVE PROCESS DIAGNOSTIC TOOLS 

Acoustic imaging i s  being developed t o  diagnose i n  real - t ime loca 
d e t a i l s  i n  processps. The acoustic f i e l d  can be mapped l o c a l l y  w i th  
non- in te r fe r ing  E l  1 ipso ida l  Acoustic Mi r ro r  Kcrophones (EAMM). Detai 
spa t i a l  and temporal resolut ions are being worked out. 

REFERENCE 

1. Skrotzky and Vopat, Power Sta t ion  Engineering and Economy, McGraw 
pp. 16-17 (1960). 

H i l l ,  
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ABSTRACT 

FUELS AND CHEMICALS FROM BIOMASS USING SOLAR THERMAL ENERGY 

C. G i o r i ,  I I T  Research I n s t i t u t e ,  Chicago, I L  
R. L e i t h e i s e r ,  Quaker Oats Co., B a r r i n g t o n ,  I L  

M. Wayman, U n i v e r s i t y  o f  Toronto,  Toronto,  Canada 

I n  t h e  manufac ture  o f  f u e l s  and chemicals f rom biomass, a  s i g n i f i c a n t  
f r a c t i o n  o f  t h e  energy i n p u t  t o  t h e  processes i s  d e r i v e d  e i t h e r  f rom f o s s i l  
f u e l s  o r  from a  p o r t i o n  o f  t h e  biomass feeds tock  i t s e l f .  S ince t h e r e  i s  a  
s t r o n g  m o t i v a t i o n  f o r  t h e  U.S. t o  reduce where p o s s i b l e  t h e  use o f  f o s s i l  
f u e l s  f o r  process energy, and s i n c e  t h e  use o f  biomass s i m p l y  as a  f u e l  i s  
a  subopt imal  use o f  t h i s  feedstock ,  t h e  employment o f  s o l a r  heat  f o r  p ro-  
cess energy r e p r e s e n t s  genuine c o n s e r v a t i o n  o f  t hese  v a l  ua b l  e  resou rces .  
The ciost s i g n i f i c a n t  nearer  te rm o p p o r t u n i t i e s  f o r  t h e  app l  i c a t i o n  o f  s o l a r  
thermal  energy t o  t h e  manufac ture  o f  f u e l s  and chemicals f rom biomass a r e  
summarized i n  t h i s  paper, w i t h  some comments on resou rce  a v a i l a b i l i t y ,  mar- 
k e t  p o t e n t i a l  and ecnnomics. Spec ia l  c o n s i d e r a t i o n  i s  g i v e n  t o  t h e  produc- 
t i o q  o f  f u r f u r a l  f rom a g r i c u l t u r a l  res idues ,  and t h e  f u t u r e  r o l e  o f  f u r f u r a l  
a * i d  i t s d e r i v a t i v e s  as a  replacement f o r  pe t rochemica l s  i n  t h e  p l a s t i c s  i n -  
d u s t r y .  

INTRODUCTION 

A g r i c u l t u r a l  wastes o f f e r  a  l a r g e  source o f  a v a i l a b l e  biomass. The 
Quaker Oats Co. has been a c t i v e  s i n c e  t h e  1920 's  i n  t h e  u t i l i z a t i o n  o f  such 
waste p roduc ts  as a  source o f  t h e  chemical  f u r f ~ r a l .  Cu r ren t  f u r f u r a l  p ro -  
cesses c o n v e r t  o n l y  a  p o r t i o n  o f  t h e  c o l l e c t e d  raw m a t e r i a l  t o  t h e  d e s i r e d  
product  w i t h  r e s u l t a n t  by -p roduc t i on  o f  l a r g e  amaunts o f  r e s i d u e s  which on 
bu rn ing  g i v e  s u f f i c i e n t  energy t o  d r i v e  t h e  process.  The use o f  s o l a r  t h e r -  
mal energy f o r  biomass p rocess ing  would a1 l ow  comple te  u t i l  i z a t i o n  o f  t hese  
r e s i d u e s  f o r  f u r t h e r  conve rs ion  t o  h i g h r r  v a l u e  l i q u i d  f u e l s  and chemica ls .  

S o l a r  energy i s  cons idered t o  be t h e  most v i a b l e  source o f  process 
energy f o r  t o t a l l y  i n t e g r a t e d  biomass p l a n t s  i n  t h e  f u t u r e .  S ince most, if 
n o t  a l l ,  o f  t h e  biomass i s  t o  be conve r ted  t o  f u r f u r a :  and o t h e r  chemical  
d e r i v a t i v e s ,  o r  t o  h i g h  u t i l i t y  v a l u e  convenience f u e l s  f o r  t r a n s p o r t a t i o n ,  
an a l t e r n a t e  source o f  energy i s  needed. S ince  i t  i s  a n t i c i p a t e d  t h a t  t hese  
p l a n t s  w i l l  b e e r e l a t i v e l y  sma l l ,  t o  r i n i m i z c  c o l l e c t i o n  c o s t s  o f  t h e  biomass, 
coa l  does n o t  appear t o  be a  v i a b l e  heat  source  because o f  t r a n ~ ~ ~ u r t a t i o n  
and p o l l u t i o n  c o n t r o l  problems. S o l a r  energy t h e r e f o r e  i s  cons ide red  t o  be 
t h e  most v i a b l e  1  ong-term energy source.  

The s tudy  presented i n  t h i s  paper i., 13~rt  o f  s propcrsxi p r o j e c t  aimed a t  
de te rm in ing  t h e  f e a s i  b i l  i t y  and 0 p t i . w . 1  des ign  o f  an i n t e g r a t e d  process f o r  
t h e  p r o d u c t i o n  o f  f u e l s  and chemica ls  u t i l i z i n g  a g r i c u l t u r a l  r e s i d u e s .  An 
i m p o r t a n t  f e a t u r e  o f  f u e l s  and chemica ls  based on f u r f u r a l  and i t s  co-pro-  
d u c t s  i s  t h a t  t h e  feedstocks  a r e  a g r i c u l t u r a l  wastes and, as a  r e s u l t ,  do 
n o t  compete w i t h  t h e  food supp ly .  The proposed s tudy ,  t o  be conducted by 
I I T  Research I n s t i t u t e  w i t h  t h e  c o o p e r a t i o n  o f  t h e  Quaker Oats Co. and t h e  
c o n s u l t a t i o n  o f  P r o f .  M. Wayman o f  t h e  U n i v e r s i t y  o f  Toronto,  w i l l  i n d i c a t e  
t h e  bes t  approaches f o r  max imiz ing  t h e  energy y i e l d  o f  t h e  biomass w i t h  t h e  



use o f  concentrated s o l a r  heat as t h e  pr imary source o f  process energy. The 
p o t e n t i a l  o f  f u r f u r a l  and i t s  d e r i v a t i v e s  as "renewable resource" chemicals 
t o  rep lace  petrochemicals i n  t he  p roduc t ion  o f  p l a s t i c s  and elastomers i s  a l so  
considered. 

SOLAR POWERED BIOMASS CONVERSION PROCESS 

Biomass, regard less o f  source, cons i s t s  p r imar ' l y  o f  t h r e e  p r i n c i p a l  
ingred ients ,  namely, hemicel lu lose, c e l l u l o s e  and l i g n i n .  A g r i c u l t u r a l  
res idues such as corncobs, sugar bagasse and oa t  h u l l s ,  as w e l l  as hardwoods, 

9 i v e  h m i c e l  l u l oses  which con ta i n  r e l a t i v e l y  l a r g e  amounts o f  pentosans 
C-5 sugars) which can be cleaved and dehydrated t o  g i v e  f u r f u r a l ,  a pseudo- 

aromat ic chemical which has t he  p o t e n t i a l  o f  reeplacing petroleum der i ved  
benzenoid chemical s and res ins .  Softwood hemice l l  uloses, by con t ras t ,  con- 
s i s t  e s s e n t i a l l y  o f  hexosans (C-6 sugars) which do no t  y i e l d  f u r f u r a l ,  bu t  

I 

whlch can be fermented t o  a lcohol ,  usuable as a l i q u i d  f u e l .  These hemi- 
c e l  l u l oses  a r e  r a t h e r  e a s i l y  hydrolyzed t o  a m i x tu re  o f  fermentable sugars 
w c h  as glucose and mannose. Cel lu lose,  by con t ras t ,  cons i s t s  o f  essen t i a l -  
l y  6 carbon glucose u n i t s  l i n k e d  toge ther  by f3 l i nkages  which permi t  t h e  
molecules t o  o r i e n t  t o  g i v e  h i g h l y  c r y s t a l l i n e  s t r uc tu res  which a re  q u i t e  r e -  
s i s t a n t  t o  hyd ro l ys i s  t o  s imple sugars. 

L i g n i n  cons is ts  p r i m a r i l y  o f  propenylphenol mo ie t ies  l i n k e d  by a number 
o f  d i f f e r e n t  bonds, i nc l ud ing  e ther  1 inkages and carbon-carbon bonds. The 
l i g n i n  i s  c l o s e l y  associated w i t h  t he  c e l l u l o s e  por t ion ,  poss ib l y  w i t h  C i -  
r e c t  chemical bonds, so much so t h a t  some researchers i n  t h e  f i e l d  regard 
l i g n i n  as a "q lue"  t h a t  holds t he  c e l l u l o s e  s t r u c t u r e  together .  Once i s o l a t e d  
by mechanical/chemical means, l i g n i n  i s  so l ub le  i n  a l k a l i n e  so l u t i ons  v i a  
s a l t  format ion w i t h  the  phenol ic hydroxy ls .  

Cu r ren t l y  two i n d u s t r i e s  process l a r g e  q u a n t i t i e s  o f  biomass f o r  non- 
food uses: The f o r e s t  products i n d u s t r y  pulps wood t o  separate t h e  c e l l u l o s e  
from the  hemice l lu lose and l i g n i n  f r a c t i o n s ,  p r i m a r i l y  f o r  use i n  making 
paper, bu t  a1 so f o r  chemical conversion t o  rayon f i b e r s ,  c e i  lophane f i l m ,  
and ace ta te  p l a s t i c s .  The Quaker Oats Company processes a g r i c u l t u r a l  res idues 
so as t o  conver t  the pentosan hemice l lu lose f r a c t i o n  i n t o  f u r f u r a l .  These 
i n d u s t r i e s  use d i f f e r e n t  f r a c t i o n s  o f  t h e  c o l  1 ected biomass and conver t  o n l y  
a p o r t i o n  o f  the  huge amount o f  biomass they process i n t o  use fu l  products.  
From 50 t o  90% o f  t he  t o t a l  biomass c o l l e c t e d  i s  burned as f u e l .  The cha l -  
lenge o f  a s o l a r  powered biomass conversion process i s  t o  maximize t he  energy 
y i e l d  o f  t he  biomass by complete u t i l i z a t i o n  w i t h  the  use o f  concentrated 
so la r  heat as t he  pr imary source o f  process energy f o r  t he  p roduc t ion  o f  
chemicals and 1 i q u i d  f ue l s .  

An i n t eg ra ted  biomass conversion process would separate t h e  components i n  
an undegraded s t a t e  so t h a t  subsequent p r o c e s s i ~ g  would r e s u l t  i n  l i q u i d  f u e l s  
and chemical products o f  greater  value. Unava i lab i l  i t y  o f  by-products as 
f ue l ,  however, would r e q u i r e  s u b s t i t u t i o n  o f  energy from another source. Solar -  
thermal energy can prov ide t he  steam needed f o r  biomass processing and energy 
f o r  product d i s t i l l a t i o n  and p u r i f i c a t i o n .  

The c r i t i c a l  aspect o f  such a biomass conversion process i s  t h e  separa- 
t i o n  o f  bionass i n t o  hemicel lu lose, c e l l u l o s e  and l i g n i n  under cond i t i ons  
which do no t  degrade these f r a c t i o n s  du r i ng  separat ion.  An e f f e c t i v e  pre- 
t reatment i s  "autohydro lys is"  ( r e f .  1). which cons is ts  o f  steaming t h e  

.- ' I ,  



biomass a t  about 230°C f o r  approximately 20 minutes. Th is  breaks up t h e  c r y -  
s t a l l i n i t y  o f  t he  ce l l u l ose ,  renders t h e  hemice l lu lose so lub le  i n  ho t  water, 
and p a r t i a l l y  depolymerizes t he  l i g n i n  which becomes so lub le  i n  d i l u t e  so- 
dium hydroxide s o l u t i o n  from which i t  can be separated by a c i d i f i c a t i o n .  
The c e l l u l o s e  f reed  from hemice l lu lose and l i g n i n  i s  separated i n  a p a r t i a l -  
l y  d e c r y s t a l l  i zed  form s u i t a b l e  fo r  hyd ro l ys i s .  The hemicel l u l o s e  f i l t r a t e  
would be d i v e r t e d  t o  an e x i s t i n g  Quaker Oats p lan t ,  t h e  l i g n i n  would be sent  
t o  a conversion u n i t  f o r  t he  product ion o f  use fu l  chemical in termediates,  and 
t he  c e l l u l o s e  would go t o  a sacchar i f icat ion/ fermentat ion p l a n t  f o r  conversion 
t o  a lcohol  f u e l .  A t e n t a t i v e  process f lowsheet i s  shown i n  f i g .  1. 

For continuous opera t ion  du r i ng  c loudy o r  non-day1 i g h t  hours, i n  t h e  
absence o f  a thermal s torage system, some o f  t h e  r es i dua l  1 i g n i r  which has 
a h igh heat o f  combustion (-11,00OBTU/l b ) ,  cou ld  be e f f e c t i v e l y  u t i l i z e d  
as supplemental f u e l  f o r  hyb r i d  operat ion.  

BIOMASS RESOURCE AVAILABILITY 

A g r i c u l t u ~ a l  c rop  res idues i n  t h e  US amount t o  about 1 b i l l  i o n  tons 
annual ly.  While a p o r t i m  o f  t h i s  i s  re-used i n  a g r i c u l t u r e  i t s e l f ,  t h e  po- 
t e n t i a l  i s  the re  t o  produce 5 1 0 %  o f  t h e  n a t i o n ' s  energy needs from these 
wastes. Thus, biomass now e x i s t i n g  can p rov ide  s u b s t i n t i z l  amounts o f  feed- 
stocks t o  processes such as the  one descr ibed here. 

Corncobs a re  the  p re fe r red  ma te r i a l  because o f  optimun, f u r f u r a l  produc- 
t i o n  and r e l a t i v e  ease o f  g r i nd i ng  and processing. However, widespread use 
o f  combines t o  harvest corn has d r a s t i c a l l y  reduced t he  a v a i l a b i l i t y  o f  
cobs. A poss ib le  f u t u r e  raw ma te r i a l  would be t he  "corn s tover"  which e x i t s  
from the combine when corn i s  harvested. A1 t e rna te  feedstocks m igh t  be sugar 
bagasse o r  aspen ch ips.  For t he  longer  term, processing o f  guayu!e bagasse 
a f t e r  e x t r a c t i o n  t o  remove rubber-1 i ke hydrocarbons w i l l  be considered. 
Guayule has been proposed as a v i a b l e  source o f  "rubber l a t e x "  which can be 
grown on c u r r e n t l y  nonproduct ive a r i d  reg ions i n  t he  southwestern U.S. Since 
these a re  arcas o f  h i gh  i n s o l a t i o n ,  a p p l i c a t i o n  o f  s o l a r  thermal energy t o  
t he  p rocess i r~g  o f  guayule may be p a r t i c u l a r l y  advantageous. The f i b e r s  ex- 
t r a c t e d  from guayule bagasse con ta in  r e l a t i v e l y  h i gh  l e v e l s  o f  pentosans 
which could  be converted t o  f u r f u r a l  . Subsequent removal e f  l i g n i n  would 
y i e l d  f i b e r s  s u i t a b l e  f o r  paper (based on USDA s tud ies )  o r  f o r  s a c c h a r i f i -  
c a t i o n  and fermentat ion t o  a lcoho l .  

ALTERNATIVE FUELS AND CHEMICALS 

I n  a d d i t i o n  t o  developing a1 t e r n a t i v e  f ue l  sources, a1 t e r n a t i v e  chemi- 
c a l  process feedstocks must be developed i f  dependence on petroleum i m -  
po r t s  from OPEC na t ions  i s  t o  be e l  iminated. Fu r f u ra l  i s  a ve ry  v e r s a t i l e  
chemical which can be u t i l i z e d  i n  a v a r i e t y  o f  s yn the t i c  organic  processes. 
Fu r f u ra l  i s  used as i s  as a s e l e c t i v e  so lven t  f o r  r e f i n i n g  motor l ube  o i l ,  
bu t  i s  used more ex tens i ve l y  as a feedstock f o r  producing o the r  chemicals 
such as f u r f u r y l  a lcohol ,  t e t r a h y d r o f u r f u r y l  a lcohol  , furan, te t rahydrofuran,  
and po lybuty lene g l y c o l  e thers .  U n t i l  f a i r l y  r ecen t l y ,  THF v i a  f u r f u r a l  was 
t he  feedstock f o r  du Pont 's Nylon 6/6. Cur ren t l y  t h e  l a r g e s t  market f o r  che- 
m ica ls  based on f u r f u r a l  i s  for  f u r f u r y l  a l coho l  which on condensation g ives 
a resinous b inder .  

265 



C 

I 
C

E
L

L
U

L
O

S
E

 

Z 
S

A
C

C
H

A
R

IF
IC

A
T

IO
N

 
F

E
R

M
E

N
T

 A
T

 IO
N

 
P

L
A

N
T

 

b
 

4
 

* S
O

L
A

R
 P

O
W

E
R

E
D

 P
R

O
C

E
S

S
 S

T
E

P
 

B
IO

Y
A

S
S

 
S

T
O

R
A

G
E

 
L

 

FI
G

UR
E 

1
. 

SO
LA

R-
PO

W
ER

ED
 

BI
O

M
AS

S 
CO

NV
ER

SI
ON

 F
LO

W
SH

EE
T M

E
N

 IC
E

 L
 L

U
L

O
S

E
 

0
0
 

S
O

L
N

. 
F

U
R

F
U

R
A

L
 

P
L

A
N

T
 

C 

C
E

M
T

R
IF

U
B

E
 

1 
A

M
E

R
.D

E
F

IB
R

. 
F

U
R

A
N

 O
E

C
IlV

A
T

 IV
E

S
 

A
N

D
 P

O
L

Y
M

E
R

S
 

- 
-
 

IH
P

C
O

 P
R

E
S

S
 

C
R

A
C

K
IN

G
 

P
L

A
N

T
 

. 
1 

- 



The furan r i n g  i s  pseudo-aromatic and undergoes many o f  the react ions 
o f  a n a l o g ~ ~ s  aromatic compunds. Fur fura l  and der iva t ives  therefrom o f -  
f e r  great po ten t i a l  f o r  replacement o f  bentenold chemicals such as styrene 
and phenol widely used I n  polystyrene and ABS p las t i cs ,  I n  SBR elastomers, 
i n  phenolic molding compounds and plywood adhesives, and i n  polyester  lami- 
nates. The pseudo-aromatic furan r i n g  contr ibutes many o f  the  physical and 
chemical proper t ies r e s u l t i n g  from the aromatic benzene r i n g  i n  petroleum 
based der ivat ives.  Fur fu ry l  alcohol resin; could be used t o  replace pheno- 
l i c  res ins  as binders f o r  par t ic leboard and glue f o r  plywood. k i t h  the  
pr!ce o f  phenol r a p i d l y  increasing and c o n t i r t ~ e d  supply o f  phenol uncertain, 
the fo res t  product indus t ry  c w r e n t i y  i s  secking a "renewable resource" ad- 
hesive t o  replace phenolics. Pre l iminary laboratory studies i n d i c a t t  t h a t  a 
furan r e s i n  can indeed be r e a d i l y  subs t i tu ted  f o r  cu r ren t l y  used phenolic 
adhesives. I n  order t o  supply t h i s  market, however, current  production ca- 
pac i t y  o f  f u r f u r a l / f u r f u r y l  alcohol,  which i s  cu r ren t l y  -200 m i l l  i o n  1 bs/yr, 
would need t o  be expanded by a fac to r  o f  a t  l e a s t  10. b o t h e r  po ten t i a l  
l a rge  volume market f o r  f u r f u r a l  i s  the production o( v iny l fu ran  as replace- 

i s  vinylbe:izene, i s  a v i t a l  chemical i n t e r -  
i nsu la t i ng  foams, elastomers and polyester 

ment f o r  styrene. Styrene, which 
mediate for  polystyrene p last ics,  
res ins f o r  f iberg lass  laminates. 

Thus, f u r f u r a l  appears t o  be a v f3b l  e "renewable resource" a1 te rna te  
f o r  the industry.  Potent ia l  l a rge  volume markets e x i s t  f o r  the re -  
p lacment  o f  o i l - de r i ved  aromatic chemicals. This increased volume o f  f u r -  
f u r a l  could on ly  be produced economically by development altd construct ion o f  
p lants designed f o r  the t o t a l  u t i l f z a t i o n  o f  biomass. It would appear t h a t  
the ecor;omics and fu tu re  out look f o r  such p lants depend upon the a v a i l a b i l  i t y  
o f  a source o f  energy no t  i nvo l v ing  e i t h e r  f o s s i l  fue l  o r  the combustion o f  
thc biomass i t s e l f .  Solar ' !?a t  has a c o n t r i b ~ t i o n  t o  make by prov id ing the 
source o f  energy requi rca i o r  biomass conversion. 
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1. Waytnan, M., 4th Internai iona i Alcehol Fuels Symposium, Sao Paulo, B raz i l ,  
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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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SOLAR ENERGY WATER DmALINATION IN THE 

UNITED STATE8 AND SAUDI ARABIA 

Werner Luf t 
Project Manager 
U.S./Saudi Arabian Program 
Solar Energy Research Institute 
16 17 Cole Boulevard 
Golden, Colorado 
(303) 231-1233 

Jim Williamson 
U.S. Program Director 
U.S./Saudi Arabien Program 
Solor Energy Research Institute 
I6 17 Cole Boulevard 
Golden, Colorado 
(303) 23 1-1850 

3 Five solar energy water des~lination systems are being designed to deliver 6000 m /day 
of desalted water from either seawater or brackish water. After the system definition 
study is completed in July 198 1, two systems will be selected for pi1 t plant construe Q tion. The pilot plants will have capacities in the range of 100 ?o 400 m /day. 

1.0 BACKGROUND 

Ir. October 1977, Saudi Arabia and the United States signed a Project Agreement for 
Cooperation in the Field of Solar Energy (SOLERAS) under the auspices of the 
United States-Saudi Arabian Joint Commission on Economic Cooperation. The objectives 
of the agreement are to: 

0 cooperate in the field of solar energy technology for the mutual benefit of the 
two countris, including the development and stimulation of solar industries 
within the two countries; 

advance the development of solar energy technology in the two countries; and 

0 facilitate the transfer between the two countries of technology developed under 
this agreement. 

The Solar Lnergy Research Institute (SERI), as the Operating Agent, is responsible for 
implementing SOLERAS in accordance with directives of the SOLERAS Executive Board 
who has approved a five-year technical program plan. 

As part of this technical program plan, an area of Industrial Solar Applications for solar 
technology has been identified. A specific objective is to demonstrate the use of solar 
energy in desalinating water. Water desalination is needed in both Saudi Arabia and the 
United Sttltes. In Saudi Arabia, water is needed principally for municipal and agricultural 
applications. In the United States, desalination is mainly required to control river salin- 
ity and provide potable water to selected communities that have criticai water quality 
problems or * a t e  shortages. 

2.0 PROJECT PLANS 

To accomplish the objective of the SOLERAS solar energy water desalination project, a 
3-phase activity is planned. The phases are as follows: 



Phase 1: Preliminary System Design and Cost Analysis 

Phase 2: Detailed Pilot Plant Design and Construction 

Phase 3: Pilot Plallt Operation and Training of Personnel 

Phase 1: System analyses and economic analyses will be performed by several companies 
m a r  energy desalination system of their choice for either seawater or brackish 
water desalin tion. The systems will each be for an average daily product water capac- 9 ity of 6000 m . The main criterion for the analysis will be the product water cost. Each 
system will be designed for a specific site and application. The site, application, and 
technology will have broad applicability to general water desalination needs in  either the 
United States or in Saudi Arabia. It is the intent of this project to encourage innovation 
without unduly affecting performance and reliability. Subsystems and their interfaces 
will  be defined during Phase 1 and product-water cost projections will be made for com- 
mercial plants of a range of capacities. 

Finally, a development plan for Phase 2 will be generated including detailed cost esti- 
m tes for ?he design and construction of a pilot plant with a capacity of 100 to 400 9 in /day using the technology of the baseline system. 

Phase 2: Of the several systems designed in Phase 1, one system in each category 
<brackish and seawater desalination) will be chosen for pilot plant construction. The cri- 
teria for selection wil l  include levelized cost per unit of product water for the commer- 
cial sized plant, design and construction cost for the pilot plant, consistency in cost 
between the commercial sized plant and the pilot plant, maturity of system design and 
projected pl t reliability. Each pilot plant will have a product-water output capacity of Y' 100 to 400 m /day. The pilot plants will be designed in detail and constructed on specific 
sites. 

The size of the pilot plant was selected to be within the budget limitations of the 
SOLERAS Program and is of a capacity that provides useful technical and economic data 
for planning design, and construction of a commercially-sized plant. A pilot plant deliv- 3 ering 400 m /day of desalted water would provide water to 2,000 people or could provide 
irrigation water for about 8,000 m 2  of greenhouse agriculture. If the ratio of the ulti- 
mate plant capacity to the pilot plant capacity becomes too great, less useful technical 
and economic information for application to the full scale plant can be extracted from 
the pilot plant constructior~ and operation. 

Phase 3: The pilot plants will be operated and performance measurements made to 
provide the information essential for designing commercial-sized desalting plants. Local 
personnel will be trained in the operation and maintenance of the plant so they can make 
performance m emuremen ts. 

The schedule for Phase 1 is from October 1980 to July 1981. Phase 2 is expected to start 
in  October 1981 with the pilot plant construction completed by July 1983. Phase 3 will 
start at the completion of Phase 2 and will continue upti! ;he end of 1983. 

i 
The five companies that have been awarded contracts for Phase 1 and their team 
members are shown in Table 1. The technologies involved in the five systems, the water 
type, and projected plant locations are given in Table 2. The table shows that the five 
contracts represent six different desalination technologies (seawater and brackish water 
zeverse osmosis are regarded as two differen4 processes), and five different solar energy 
technologies. 



The two companies which utilize point focus tl.ermal collectors are discussed in more 
detail in the next section. 

'I'dAe 1. C0NTRACIY)RS FOB P H M B  1 

Prime 
Contractor Team Members 

Boeing Engineer~ng Resource Conservation Co. 
& Construction Co. International 

Catalytic, Inc. Science Applications, Inc. 

Chicago Bridge & Foster-Miller Associates, Inc. 
Iron Co. Arabian Chicago Bridge & 

Iron Co. 

DHR, Inc. Science Applications, Inc. 
Ionics, Inc. 
Al-Radwan 

Exxon Research Permui tit Co., Inc. 
& Engineering Co. Ecodyne-Unitec Div. 

MartipMarietta 
Badger Energy, Inc. 
Saudi Investment Development Center 
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3.0 POINT FOCUS SYSTBYS 

The Catalytic solar energy collection ~ubsys em consists of three types of solar thermal 1 collectors, having a total area of 64,C'OO m . The collectors include high temperature 
point-focus Omnium-G thermal collectors, medium tempefat ure line-focus Fresnel ther- 
mal collectors, and low tempereture Winston thermal collectors. In addition, 12 wind 
generators provide a total of 2.4 M W  of electric power. 

Energy stora e is mvided using a high-temperature air thermal storage system over the 5 Po range of 290 -430 C, and medium temperature and low temperature thermal storage 
with a range of 45°-1200C and 180~-290~C, respectively. The medium and low temper- 
ature thermal storage systems use a liquid medium. The total capacity for the thermal 
storage system is 60 MWh. The clectric storage capacity is 725 kwh. 

Energy conversion is abtained though a steam turbine with a 560 kW electric generator 
and through the use of e power reccvery turbine. Backup power is obtained through a 
motor with a 207 kW e l e c ~ i c  generator. 

The brackish water is pretreated and uses 18,006 m3 storage tanks. The desalination 
subsystem consists of two stages of reverse osmosis units in series, operatiitg at 2.9 MPa 
and 5.6 MPa and obaating i series with a multiple effect vertical tube evaporator. The 3 brine is disposed :n 93,000 m surface area evaporation ponds. The water recovery ratio 
is 0.98. 

The Chicago Bridge and Iron system uses 37,000 m 2  distributed point-focus thermal col- 
lectors with t ~ : ,  axes tra-g. Energy storage is obtained through two tanks containing 
H!TEC molten salt operating over a temperature range from 286O-565'~ and having a 
capacity of 148 MWh. 

The energy con*rersion subsystem uses a steam turbine with a 560 kW electric! generator 
and a turbine driving tne 1,216 kW primary refrigeration compressor. Sackup power is 
obtained from a 7.5 M W  boiler. There is no waste disposal subs,stem as the brine is 
rejected directly into the sea. 

t'igures 1 and 2 are block diagrams of the point focus system and show the interaction of 
the subsystems. 

4.0 PROJECT f lATUS 

Subcontracts for the projects were awarded in October 1980. The efforts to date havt: 
focused (11, the definition of sjst:m specifications and trade studies for alternate sub- 
system configurations and components. Simulation models have also been deceloped for 
the plant performance analysis. 

The subcontracts for Phase 1 are all firm fixed price. Financial performance is, there- 
fore, the total responsibility of the subcontractors. 

The technical peformance of the project teams is on schedule. No slippages of major 
milestones are identifiable at this time. The Phase 1 system studies will be completed 
in August 198 1. 



Flgure 1 Block Olagrarn 01 the Calalytlc Syslem 

Flgure 2 Bloch Diagram of the Chlcago Brldgc h Iron System 
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