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AND 
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ABSTRACT 

A b r i e f  overview of  t h e  U. S. Nat iona l  P h o t o v o l t a i c s  
Program is presen ted .  The Department of Energy (OOE) commercial 
r e a d i n e s s  g o a l s  f o r  p h o t o v o l t a i c s  technology are summarized and 
t h e  r o l e  of t h e  n a t i o n a l  l a b s ,  r e sea rch  c e n t e r s ,  and i n s t i t u t e s  
i n  t h e  s t r a t e g y  f o r  achievement of  t h e s e  g o a l s  is o u t l i n e d .  Some 
examples of t h e  f l a t - p l a t e  and c o n c e n t r a t o r  p h o t o v o l t a i c s  expe r i -  
ments t h a t  a r e  under c o n s t r u c t i o n  through t h e  DOE Program Research 
and Development Announcments (PRDAs) are d i scussed .  These expe r i -  
a r e  in tended t o  e s t a b l i s h  system f e a s i b i l i t y  and demonstra te  t h e  
a p p l i c a b i l i t y  of p h o t o v o l t a i c s  a s  an a l t e r n a t i v e  energy sou rce  i n  
t h e  i n t e r m e d i a t e  s e c t o r  ( i n d u s t r i a l ,  commercial,  and a g r i c u l t u r a l ) .  
I n s t a l l e d  system c o s t s  f o r  t h e  proposed PRDAs are g iven  and con- 
c e n t r a t o r  technology requi rements  f o r  achievement of  DOE commercial 
r e a d i n e s s  g o a l s  a r e  p resen ted .  Some new DOE a c t i v i t i e s  in tended  t o  
f u r t h e r  ass is t  t h e  commerc ia l iza t ion  of p h o t o v o l t a i c s  a r e  b r i e f l y  
o u t l i n e d .  These new a c t i v i t i e s  i nc lude  t h e  completion of an  
I n t e r n a t i o n a l  P h o t o v o l t a i c s  Plan. 
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THE NATIONAL PHOTOVOLTAICS PROGRAM I N  THE USA 

The n a t i o n a l  e f f o r t  o f  t h e  U n i t e d  S t a t e s  t o  d e v e l o p  and h e l p  

c o m m e r c i a l i z e  p h o t o v o l t a i c s  (PV) as an a l t e r n a t i v e  e n e r g y  s o u r c e  is 
* 
A 

a pa r t  o f  t h e  n a t i o n a l  e n e r g y  p o l i c y  o f  t h e  U n i t e d  S t a t e s  (US).  The 

n a t i o n a l  p h o t o v o l t a i c s  e f f o r t  is i n s t i t u t i o n a l i z e d  t h r o u g h  P u b l i c  

Law 95-590 - S o l a r  P h o t o v o l t a i c  Energy  R e s e a r c h ,  Development  and 

D e m o n s t r a t i b n  A c t  o f  1978  ( R D & D  A c t  o f  1 9 7 8 ) .  The RD&D A c t  o f  1978  

a u t h o r i z e s  a 1 0  y e a r ,  $1.5  b i l l i o n ,  f e d e r a l  e f f o r t  i n  p h o t o v o l t a i c s  

t h a t  is b e i n g  implemented by t h e  Depa r tmen t  o f  Energy  ( D O E )  t h r o u g h  

i t s  p h o t o v o l t a i c s  p rogram,  

THE OBJECTIVE OF THE DOE PHOTOVOLTAICS PROGRAM I S  TO REDUCE 

SYSTEM COSTS TO A COMPETITIVE LEVEL I N  BOTH DISTRIBUTED AND CENTRAL- 

I Z E D  G R I D  CONNECTED APPLICATIONS. EQUALLY IMPORTANT THE PROGRAM WILL 

ALSO RESOLVE THE TECHNICAL, INSTITUTIONAL, LEGAL, ENVIRONMENTAL AND 

SOCIAL ISSUES INVOLVED I N  FOSTERING WIDESPREAD ADOPTION OF PHOTOVOLTAIC 

ENERGY SYSTEMS. 

The model o f  t h e  RD&D p r o c e s s ,  shown i n  F i g u r e  1, d e s c r i b e s  

t h e  DOE P h o t o v o l t a i c s  Program. T h i s  i d e a l i z e d  model d e f i n e s  major 

program m i l e s t o n e s  and t h e  s t c p c  be tween  i n i t i a l  concepts and t h e i r  

p o s s i b l e  w i d e s p r e a d  commercial u s e .  The process b e g i n s  w i t h  t h e  Basic 

R e s e a r c h  s u p p o r t e d  w i t h i n  t h e  O f f i c e  o f  Energy  R e s e a r c h  ( E R )  w i t h  t h e  

i d e n t i f i c a t i o n  o f  p r o m i s i n g  c o n c e p t s .  S u c c e s s f u l  c o n c e p t s  a re  . t r a n s -  

f e r r e d  t o  t h e  P h o t o v o l t a i c s  Program w i t h i n  Ene rgy  Techno logy  (ET) 

f o r  Advanced R e s e a r c h  and Development  as shown o n  t h e  t op  l i n e  o f  

F i g u r e  1. C o n t i n u i n g  market a n a l y s i s  d e v e l o p s  t h e  n e e d s  and r e q u i r e -  

men t s  o f  t h e  t e c h n o l o g y ,  T h i s  w i l l  p r o v i d e  t h e  f o c u s  and t h r u s t  o f  

t h e  deve lopmen t .  The top l i n e  shows t h e  s u b s e q u e n t  s t e p s  f o l l o w e d  , . .. 
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- 
i n  t h e  development of low-cost components f o r  photovol ta ic  systems. 

The t r a n s i t i o n  between each major Program a c t i v i t y  is i d e n t i f i e d  

by t h e  milestones indica ted .  Each milestone is descr ibed i n  Table 1. 

A t  each s t e p ,  a winnowing process  occurs  where t h e  most promising 

components or techniques a r e  c a r r i e d  t o  the  next s t e p .  

While p o t e n t i a l  low-cost components a r e  e s s e n t i a l  t o  Program 

success ,  they s t i l l  m u s t  be incorporated i n t o  systems t h a t  meet t h e  

requirements of s p e c i f i e d  a p p l i c a t i o n s .  The "Applications/Systems" 

l i n e  is a l s o  focused by a n a l y s i s  of t h e  market and user requirements,  

leading  t o  d e f i n i t i o n  of s e v e r a l  a l t e r n a t i v e  systems and t h e i r  requi re-  

ments on components. T h i s  is followed by system development, where 

breadboard systems a r e  t e s t e d  i n  a l abora to ry  environment. The 

most a t t r a c t i v e  candidate  systems a r e  c a r e f u l l y  instrumented and 

t e s t e d  i n  t h e  end u s e r ' s  environment i n  a s e t  of I n i t i a l  System 

Evaluation Experiments (ISEEs) t o  e s t a b l i s h  system f e a s i b i l i t y  

and, f i n a l l y  i n  l a r g e r  s c a l e  System Readiness Experiments ( S R E s )  . 
Systems success fu l ly  emerging from System Readiness Experiments 

meet t h e  user requirements and have t h e  p o t e n t i a l  of being produced 

commercially a t  t h e  p r i c e  goal  e s t ab l i shed  f o r  t h a t  a p p l i c a t i o n  

assuming t h e  necessary market s i z e  and investment commitments. 

The t r a n s f e r  between ET and Conservation and Solar  Applicat ions 

(CS)* occurs  during t h e  e a r l y  phase of t h e  System Readiness Exper- 

iments. T h i s  al lows a real-world t e s t  of t h e  technology-ready 

components i n  a f u l l y  in teg ra ted  system before commercialization. 

During t h e  Commercialization s t a g e ,  t h e  photovol ta ic  systems t h a t  

achieve System Readiness a r e  produced by t h e  p r i v a t e  s e c t o r ,  w i t h  

appropr ia t e  incen t ives  t o  develop t h e  market f o r  the s y s t e i i ~  and 

*CS and t h e  s o l a r  p a r t  of ET have recen t ly  been merged. 
-2- 





Table 1. Key Milestones i n  the  Photovol taic  RD&D Process 

Miles tone Def i n i  tions/Requir ements 

Technical F e a s i b i l i t y  ( T F )  

of 

Components 

Technical F e a s i b i l i t y  is reached fo r  a  
p a r t i c u l a r  technology when: ( a )  s t a b l e  
and reproducible  performance cha rac te r -  
i s t i c s  have been achieved; ( b )  a  lab-  
ora tory-sca le  process has been def ined  
t h a t  y i e l d s  products w i t h  c o n s i s t e n t  
c h a r a c t e r i s t i c s  and ; ( c )  a n a l y s i s  
i n d i c a t e s  t h a t  mass production is 
t e c h n i c a l l y  f e a s i b l e  and l i k e l y  to  
y i e l d  a  t e c h n i c a l l y  and economically 
v i a b l e  product af t e r  s u i t a b l e  tech- 
nology development. 

Technology Readiness ( T R )  Technology Readiness is achieved: ( a )  
w i t h  a  success fu l  subsca le  demonstration 

of of a l l  t he  indiv idual  s t e p s  i n  a  pro- 
duct ion process t h a t  would y i e l d  

Components economically competi t ive and re1  i a b l e  
products i f  produced i n  s u f f i c i e n t  
q u a n t i t y  and; ( b )  when pro to types  a r e  - a v a i l  able for  in tens ive  performance and 
r e l i a b i l i t y  ana lys i s .  

System F e a s i b i l i t y  ( S F )  System F e a s i b i l i t y  is achieved i n  a  given 
app l i ca t ion  when a  photovol ta ic  system 
concept is f i r s t  c a r r i e d  through des ign ,  
i n s t a l l a t i o n  and opera t ion  i n  an a c t u a l  
u s e r ' s  environment. 

System Readiness (SR) Sys tem Re ad iness  is aeeompl i s h e d  when 
f u l l y  i n t e q r  ated sys  tems , u s  ing ava i l -  
ab le  technoloqy ready components or 
prototypes thereof  a re  designed,  b u i l t  
and success fu l ly  operated in  an a c t u a l  
u s e r ' s  environment. 

Commercial Readiness ( C R )  

of 

Components & Systems 

Commercial Readiness i n  a  given appl i -  
c a t i o n  c l a s s  is accomplished when 
products or systems a re  o f fe red  for  
s a l e  a t  a  given p r i ce .  



I .to induce t h e  s a l e s  volumes necessary t o  achieve economies of 
- 

s c a l e  i n  production, marketing, i n s t a l l a t i o n  and se rv ic ing .  

The l i f e - c y c l e  cost-competit ive systems t h a t  emerge a r e  then ready 

for  widespread commercialization. Additional methods of f a c i l i t a t i n g  

e a r l y  commercialization a r e  implemented during t h i s  s t age .  

Technical,  commercial, i n s t i t u t i o n a l ,  and o ther  cons ide ra t ions  

r e s u l t  in  t h e  following photovol ta ic  system a p p l i c a t i o n  s e c t o r s :  

SMALL REMOTE 

R E S I D E N T I A L  

INTERMEDIATE 

Agr icu l tu ra l  

Service/Commercial/Institutional 

I n d u s t r i a l  

Res iden t i a l  Load Centers  

UTILITY CENTRAL STATIONS 

Thus, f o r  t h e  t h r e e  major energy-s igni f icant  s e c t o r s  i n  t h e  U S ,  t h e  

National Photovol ta ics  Program t r a n s l a t e s  i n t o  t h e  s p e c i f i c  commercial- 

i z a t i o n  goa l s  shown i n  Table 2*. A r ecen t ly  completed Solar  Energy 

Domestic Pol icy Heview is t h e  U6 concluded t h a t  i n  t h e  "maximum p r a c t i c a l  

case" ,  1 Quad** of primary f u e l  per year could be replaced by photo- 

v o l t a c i s  by t h e  year 2000. This e s t ima te  a l s o  t r a n s l a t e s  i n t o  a n a t i o n a l  

goal  expressed i n  a  quan t i ty  of a l t e r n a t i v e  energy. I n  t h e  s h o r t e r  

term, however, the  program goa l s  a r e  t o  demonstrate Technology Readiness 

a t  an a r r a y  f a c t o r y  p r i c e  of $2.80/Wp i n  1980 and achieve Commercial 

Readiness i n  1982 a t  t h i s  a r r a y  p r i ce .  Several  p r o j e c t s  a r e  now i n  p lace  

a t  Sandia intended t o  achieve t h i s  ob jec t ive  f o r  photovol ta ic  concen t ra to r s .  

* The peak watt  ( W  )used t h r o u g h o u t ' t h i s  paper is defined a s  t h e  power 
output of t h e  ~ ~ ' s ~ s t e r n  a t  an i n s o l a t i o n  l e v e l  of $1 kw/m2. . . 

**1 Quad = 1 0 1 5  BTU= 293x10~  kwh 





t - 
NATIONAL STRATEGY 

The s t r a t e g y  t h a t  has  been adopted i n  t h e  US f o r  achievement of  

PV system cost  r educ t ion  and commerc ia l iza t ion  g o a l s  inc lude :  

AGGRESSIVE ADVANCED RESEARCH AND DEVELOPMENT TO BRING 
CONCEPTS TO TECHNICAL FEASIBILITY 

INTENSIVE TECHNOLOGY DEVELOPMENT TO IDENTIFY, DEVELOP, 
AND DEMONSTRATE COST-EFFECTIVE DESIGNS AND PRODUCTION 
PROCESSES FOR COMPONENTS, THEREBY ESTABLISHING THEIR 
TECHNICAL READINESS 

DEFINITION, DEVELOPMENT, DESIGN AND REAL-WORLD TESTING 
OF COMPLETE PV SYSTEMS TO DEMONSTRATE FEASIBILITY AND 
COMMERCIAL READINESS 

IMPLEMENTATION OF COMMERCIALIZATION STRATEGIES THAT WILL 
ENCOURAGE MARKET PENETRATION AND STIMULATE EMPLACEMENT 
OF APPROPRIATE PRODUCTION CAPACITY 

The n a t i o n a l  P h o t o v o l t a i c s  Program is being implemented by DOE 

through i n s t i t u t i o n a l  arrangements i l l u s t r a t e d  i n  F igure  2. Primary 

r e s p o n s i b i l i t y  f o r  advanced r e s e a r c h  and development is ves t ed  i n  t h e  

So la r  Energy Research I n s t i t u t e  (SERI). The Jet Propuls ion  Laboratory 

(JPL) s e r v e s  as  t h e  l e a d  c e n t e r  f o r  technology development and a p p l i -  

c a t i o n s  (TDQA) and is complemented by s e v e r a l  l a b o r a t o r i e s  and 

i n s t i t u t e s  as  shown i n  t h e  matrix of  a p p l i c a t i o n s  sectors vs  TDLA 

a c t i v i t i e s  shown i n  F igu re  2. The ma t r ix  a l so  i l l u s t r a t e s  t h a t  JPL 

h a s  t h e  r e s p o n s i b i l i t y  f o r  f l a t  pane l  PV c o l l e c t o r s  f o r  a l l  a p p l i c a t i o n  

s e c t o r s  whereas Sandia  Labs is  r e s p o n s i b l e  f o r  technology develop- 

ment of c o n c e n t r a t o r  PV c o l l e c t o r s  f o r  a l l  a p p l i c a t i o n  sectors. 

Sandia  Labs, fu r thermore ,  is a l s o  c o n t r a c t e d  t o  conduct  systems 

eng inee r ing  f o r  a l l  a p p l i c a t i o n s  sectors and tests and a p p l i c a t i o n s  

3 '  f o r  t h e  i n t e rmed ia t e  s e c t o r s .  The commercia l izat ion program h a s  been 
. C - < 

proposed and w i l l  be implemented i n  t h e  f u t u r e .  
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The o b j e c t i v e  of t h i s  t a l k  is t h e  p r e s e n t a t i o n  of  in format ion  
q 

- -  on t h e  a p p l i c a t i o n s  exper iments  t h a t  a r e  being managed by Sandia  Labs 

under t h e  a e g i s  of t h e  DOE Nat iona l  P h o t o v o l t a i c s  Program. A s  such,  

t h e  s t r u c t u r e  of  t h e  programz a t  Sandia  Labs is f u r t h e r  ampl i f i ed  i n  

F igu re  3. Sand ia ' s  r e s p o n s i b i l i t i e s  i n  t h e  t h r e e  major TD&A a r e a s  

shown i n  t h e  ma t r ix  of  F igure  2 correspond t o  t h e  f o u r  major p r o j e c t s  

shown i n  F igu re  3  ( t h e  tes t  and a p p l i c a t i o n s  work is broken down i n t o  

t h e  a p p l i c a t i o n s  exper iments  and t h e  system and component t e s t i n g ) .  

These fou r  p r o j e c t  a r e a s  are broken down i n t o  t h e  e i g h t  tasks  shown 

a t  t h e  bottom of t h e  p r o j e c t  c h a r t .  I n  a d d i t i o n  t h e r e  is a  p r o j e c t  

i n t e g r a t i o n  t a s k  in tended t o  ensu re  c o o r d i n a t i o n  o f  p r o j e c t  a c t i v i t i e s  

and g o a l s  c o n s i s t e n t  wi th  t h e  Na t iona l  Program. 

PV systems have t h e  p o t e n t i a l  of  r e p l a c i n g  a s i g n i f i c a n t  amount 

of  f o s s i l  f u e l  energy consumed f o r  e l e c t r i c a l  energy produc t ion  used 

i n  t h e  i n t e r m e d i a t e  s e c t o r  i n  t h e  US. T h i s  is i l l u s t r a t e d  i n  F i g u r e  4 

which shows t h a t  64% of  t h e  e l e c t r i c i t y  produced i n  t h e  US is consumed 

i n  t h e  i n d u s t r i a l  and commercial p o r t i o n s  of t h e  i n t e r m e d i a t e  s e c t o r .  

Many PV i n t e r m e d i a t e  a p p l i c a t i o n s  a l s o  have l o a d s  t h a t  match t h e  

s o l a r  p r o f i l e  ( d a i l y  and seasona l  ) . 

PRDA EXPERIMENTS 

I n  1978 t h e  DOE - wi th  t e c h n i c a l  suppor t  from Sandia  Laas - 
i s sued  two Program Research and Development Announcements (PRDA-35 

f o r  f l a t  pane l s  and PRDA-38 f o r  c o n c e n t r a t o r s )  i n v i t i n g  p roposa l s  

from p r i v a t e  i n d u s t r y  t o  conduct  des ign  s t u d i e s  l e a d i n g  t o  t h e  

f a b r i c a t i o n ,  i n s t a l l a t i o n ,  o p e r a t i o n  and e v a l u a t i o n  of  on - s i t e  PV 

a p p l i c a t i o n s  exper iments  i n  t h e  range 20-500 k i l o w a t t s  peak ou tpu t  

f o r  i n t e rmed ia t e  a p p l i c a t i o n s .  This  program was designed t o  proceed 

i n  t h e  fol lowing t h r e e  phases:  

-7- 
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Figure -. EY80 Sandia Photovoltaic Project Structure 
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PHASE 1 - SYSTEM DESIGN 

Systems a n a l y s i s ,  component development, p r e l imina ry  

and d e t a i l e d  d e s i g n  

PHASE 2 - FABRICATION AND INSTALLATION 

, Component procurement, f a b r i c a t i o n ,  i n s t a l l a t i o n ,  

o p e r a t i o n a l  check 

PHASE 3 - EVALUATION 

Operat ion,  maintenance,  tests and exper iments ,  

d i s p o s i t i o n  

Following a compe t i t i ve  e v a l u a t i o n ,  twenty-nine des igner /user  

teams were s e l e c t e d 3  t o  p a r t i c i p a t e  i n  t h e  Phase I a c t i v i t i e s  - twelve 

i n  t h e  f l a t  pane l  d e s i g n s  and seventeen  i n  t h e  c o n c e n t r a t o r  des igns .  

The des ign  a c t i v i t y  began i n  June 1978 and te rmina ted  i n  February 1979. 

Of  t h e  twenty-nine des igne r /u se r  teams,  four  of  t h e  f l a t  pane l  d e s i g n s  

and f i v e  of t h e  concen t r a to r  d e s i g n s  were s e l e c t e d  f o r  Phase I1 - 
FABRICATION AND INSTALLATION. The f l a t  pane l  and c o n c e n t r a t o r  

a p p l i c a t i o n s  p r o j e c t s  axe l i s t e d  i n  Tab le s  3 and 4 r e s p e c t i v e l y .  

It  should be noted t h a t  s i x  of  t h e  prime c o n t r a c t o r s  ( d e s i g n e r s )  i n  

Tables  3 and 4 a r e  companies o p e r a t i n g  f o r  p r o f i t ,  two are p u b l i c l y  

owned u t i l i t i e s ,  and one is a  u n i v e r s i t y .  This  r e f l e c t s  t h e  p o l i c y  

i n  t h e  PV Program of maximum p r i v a t e  i n d u s t r y  p a r t i c i p a t i o n  t o  a l l ow 

p r i v a t e  e n t e r p r i s e  t h e  oppor tun i ty  t o  a c q u i r e  exper ience  i n  PV 

technology and t h u s  f a c i l i t a t e  commercia l izat ion.  Of t h e  n i n e  s i t e  

owners t h a t  w i l l  u t i l i z e  t h e  PV systems,  however, o n l y  two are 

p r i v a t e  e n t e r p r i s e ,  two a r e  p u b l i c l y  owned u t i l i t i e s ,  and f i v e  

are government (munic ipa l ,  county,  s t a t e  o r  f e d e r a l )  f ac i l i t i e s .  
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The geographic  d i s t r i b u t i o n  of t h e  p r o j e c t s  is shown i n  F igure  5. - 
Also i l l u s t r a t e d  i n  F igure  5 a r e  seven o t h e r  i n t e r m e d i a t e  PV p r o j e c t s  

t h a t  a r e  i n  o p e r a t i o n  o r  a r e  under c o n s t r u c t i o n  bu t  were no t  p a r t  of  

t h e  PRDA P r o j e c t s .  It can be seen  t h a t  most of  t h e s e  p r o j e c t s  a r e  

i n  t h e  sun b e l t .  

FLAT PLATE EXPERIMENTS 

Figure  6 shows an a r t i s t ' s  i l l u s t r a t i o n  of  t h e  f l a t  pane l  PV 

system t h a t  w i l l  be c o n s t r u c t e d  by Science App l i ca t ions ,  Inco rpo ra t ed  

(SAI) f o r  t h e  Oklahoma Center f o r  Sc ience  and A r t s  i n  Oklahoma Ci ty .  

The i n i t i a l  system d e s i g n  had a nominal r a t i n g  o f  350 kW u t i l i z i n g  

r e f l e c t o r  augmentation of  p h o t o v o l t a i c  modules which a r e  arranged t o  

maximize summer ou tpu t  and t o  match t h e  summer ou tpu t  t o  t h e  summer 

load .  The i n i t i a l  d e s i g n  was s c a l e d  down t o  150 kW. The d a t a  

pr;sented is f o r  t h e  i n i t i a l  des ign .  

The b a s e l i n e  system c o n s i s t s  of 3780 p h o t o v o l t a i c  c o l l e c t o r  

modules, u t i l i z i n g  p o l y c r y s t a l l i n e  s i l i c o n  cel ls ,  and companion mir ror  

r e f l e c t o r s  a r ranged  i n  modular f a s h i o n  on t h e  roof of  t h e  Center .  

The p a n e l - r e f l e c t o r  geometry is i l l u s t r a t e d  i n  F igure  7. T o t a l  annua l  

system ou tpu t  is more than  450 MWh, of  which over 420 MWh w i l l  be used 

o n - s i t e  t o  d i s p l a c e  about  43 pe rcen t  of  t h e  p r o j e c t e d  (1981) load.  

Another 30 MWh is r e tu rned  t o  t h e  u t i l i t y  under a s e l l b a c k  agreement. 

The t o t a l  amount of energy d i sp lacement  per  year  is approximately  850 

b a r r e l s  ~f o i l .  The e n t i r e  system is f u l l y  

au tomat ic ,  and is  designed f o r  s a f e t y  and ease i n  maintenance,  

o p e r a t i o n ,  and r e p a i r .  I t  is equipped wi th  t h e  a p p r o p r i a t e  c o n t r o l s ,  

a power moni tor ing system, a weather s t a t i o n ,  and o t h e r  s e n s o r s  f o r  

a c q u i s i t i o n  of  exper imenta l  d a t a .  The d e s i g n  d a t a  i a  summarized 

i n  Table 5. 







ARRAY NUMBER 

- 

Fig. & System Design 



With t h e  excep t ion  of  t h e  r e f l e c t o r  augmentation and t h e  use  of  

p o l y c r y s t a l l i n e  s i l i c o n  c e l l s , *  t h e  SAI system is r e p r e s e n t a t i v e  o f  

t h e  o t h e r  t h r e e  PRDA f l a t  pane l  experiments.  

CONCENTRATOR EXPERIMENTS 

The concen t r a to r  exper iments ,  on t h e  o t h e r  hand, show more 

v a r i a t i o n  i n  d e s i g n  because of  t h e  v a r i e t y  of o p t i c a l  c o n c e n t r a t i o n  

a l t e r n a t i v e s  and t r a c k i n g  modes. Furthermore, t h e  c o n c e n t r a t o r  

sys tems may be more s u s c e p t i b l e  t o  c o s t  e f f e c t i v e  u t i l i z a t i o n  of 

t h e  thermal  energy i n  t h e  i n t e rmed ia t e  s e c t o r .  

F igure  8 shows an a r t i s t ' s  concept ion  of t h e  E-Systems Concen- 

t r a t o r  System t o  be b u i l t  a t  t h e  Dal las-For t  Worth A i rpo r t .  Th i s  

system w i l l  u s e  E-Systems l i n e a r  f r e s n e l  l e n s  c o n c e n t r a t o r s  ( s een  

i n  t h e  i n s e r t  of  F igure  8 )  wi th  Applied S o l a r  Energy Corpora t ion  

(ASEC) s i n g l e  c r y s t a l  s i l i c o n  s o l a r  cells.  The power source  w i l l  

p rov ide  25 kWe ( A C )  and 1 4 0  kWt t o  t h e  C e n t r a l  U t i l i t y  F a c i l i t y  a t  

t h e  a i r p o r t  t o  power t h e  continuous-duty emergency l i g h t i n g  system. 

The l i g h t i n g  system c o n s i s t s  of h igh  e f f i c i e n c y  f l u o r e s c e n t  and 

mercury vapor lamps. S ince  t h e  PV system w i l l  supply  o n l y  a ve ry  

sma l l  f r a c t i o n  (1 /3%)  of t h e  t o t a l  l oad ,  no energy s t o r a g e  w i l l  be 

r equ i r ed .  The e l e c t r i c a l  ou tpu t  w i l l  power a cont inuous  1 i g h t i n g  

l o a d  w i t h i n  t h e  u t i l i t y  p l a n t  and t h e  thermal  ou tpu t  w i l l  p r e h e a t  

low tempera ture  b o i l e r  feedwater .  

A b lock diagram of t h e  power system is shown i n  F igure  9. 

With a d i r e c t  c u r r e n t  i n s o l a t i o n  of 1000 w/m2, 27 kWe w i l l  be  produced 

a t  260 v o l t s  a t  a ce l l  tempera ture  of  55OC. The c o o l a n t  is  a 30% 

s o l u t i o n  of  e t h y l e n e  glycol /water .  

*All  o t h e r  PRDA exper iments  w i l l  u se  s i n g l e  c r y s t a l  s i l i c o n  c e l l s .  

-10- 



TABLE 5. DESIGN FEATURES FOR THE OKLAHOMA CENTER FOR SCIENCE 
t AND ART PV SYSTEM 

f 

- SOLAR CELLS SYSTEM 

P o l y c r y s t a l l i n e  S i l i c o n  5 Arrays  

3780 Modules (2809 m 2 )  

R e f l e c t o r s  - (2322 m 2 )  

Watts 0.99 0.89 

V o l t s  0.44 0.40 KW* 

Amps 605 606 

Augmented Output - 333 kWp 

Open C i r c u i t  Vol tage - 600 

PV MODULES 

Tempered Glass 
S i  Rubber Encapsu la t ion  

Convective Cooling 

72 c e l l s  ( 6  s t r i n g s  of 1 2 )  Wind - 172 km/nr 

REFLECTOR 
Watts 71 .1 64.6 

Laminated Glass 
V o l t s  5.3 4.8 

39 d e g r e e s  due n o r t h  from 
hor i z o n t a l  30 deg rees  due sou th  

from h o r i z o n t a l  
35% summer augmentation 

SERIES STRING 

84 Modules i n  S e r i e s  
UTILITY INTERFACE 

500 kVa 

4 8 0 V  3$ 4 wire 

V o l t s  445 403 ENERGY 

ARRAY 

5 or 1 0  S e r i e s  S t r i n g s  

420 mwh/yr on site 
(43% of  1981 l o a d )  

30 mwh/yr s e l l b a c k  

850 b a r r e l s  of  o i l / y r  

V o l t s  445 

Amps 134 135 
*10 S t r i n g s  wi th  no augmentation 
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The e l e c t r i c a l  i n t e r f a c e  u t i l i z e s  a  DC-to-AC i n v e r t e r  with an 

e f f i c i e n c y  of 97%. T h u s  a t  peak cond i t ions ,  25 kW of 480 AC power 

w i l l  be a v a i l a b l e  fo r  t h e  invar i an t  load and 1 kWe f o r  the  p a r a s i t i c  

requirements - pump motor, t r ack ing  motor, and c e n t r a l  power. 

Supplenental  power from the  g r i d  is mixed w i t h  t h e  PV power a t  the  

DC l e v e l  because t h e  Texas Power and Light Company p r o h i b i t s  mixing . 
of on s i t e  generated AC e l e c t r i c i t y  w i t h  u t i l i t y  AC power. The 

supplemental u t i l i t y  power l o s s e s ,  however, a r e  small .  Whenever t h e  

wattage drawn from the  u t i l i t y  exceeds t h e  25 kWe being met by t h e  

PV system (e .g . ,  when clouds a t t e n u a t e  t h e  s u n l i g h t )  an automatic 

switch w i l l  d isconnect  t h e  PV system and t h e  load w i l l  be met d i r e c t l y  

w i t h  u t i l i t y  power. 

The thermal i n t e r f a c e  is simply a  s i n g l e  pass ,  counterflow, s h e l l  

and tube hea t  exchanger and t h e  g lyco l  s o l u t i o n  used t o  cool  t h e  PV 

system hea t s  b o i l e r  feedwater from the  condenser t o  the  b o i l e r  of 

the  steam Rankine cycle  hea t  engine. The feedwater flow r a t e  v a r i e s  

s i n c e  t h e  Rankine cycle  hea t  engine is used t o  d r i v e  c h i l l e r s  f o r  

meeting v a r i a b l e  a i r -condi t ioning  needs of t h e  t e rmina l s ,  h o t e l s  and 

o the r  f a c i l i t i c ~  a t  t h e  Airpor t .  I n  t h e  event of a  feedwater stoppage, 

a  t h r e e  way valve w i l l  d i v e r t  t h e  g lyco l  s o l u t i o n  through an uver- 

temperature hea t  exchanger cooled w i t h  water from the  p l a n t  cool ing 

towers. Some design f e a t u r e s  of t h e  system a r e  summarized i n  Table 6.  

Note t h a t  1-1/2 a x i s  t racking  corresponds t o  azimuth t racking  and 

pe r iod ic  (3-7 days)  adjustments 6f t i l t  angle i n  t h e  north-south 

d i r e c t i o n  t o  a d j u s t  fo r  d e c l i n a t i o n  angle.  Figures  10 and 11 show 

a  cutaway i l l u s t r a t i o n  of t h e  c o l l e c t o r  and of t h e  r e c e i v e r ,  

r e spec t ive ly .  



- TABLE 6 .  DESIGN FEATURES FOR THE DALLAS-FORT WORTH AIRPORT 
CONCENTRATOR PV SYSTEM 

' - CELLS 

4 .52  cm x 3 . 6 6  c m  w i d e  

0 . 4 9  w a t t s  @ 1 0 0 0  w/m2 a n d  55OC 

1 3 . 4 %  e f f i c i e n t  @ 2 1  s u n s  a n d  55OC 

RECEIVER 

53 s i l i c o n  so la r  c e l l s  

39% e t h y l e n e  g l y c o l  c o o l a n t  

2 6  w a t t s  @ 1 0 0 0  w/m2 a n d  55OC 

COLLECTOR 

F r e s n e l  l e n s  - 9 1 . 4  c m  A p e r t u r e  x 2 4 4  c m  

C o n c e n t r a t i o n  Rat io  - 2 5  

Optical  e f f i c i e n c y  - 8 5 %  

T r a c k i n g  - 1-1/2 

ARRAY 

1 0  c o l l c c t o r s  (modu1,es)  

26  V o l t s  

AT ( c o o l a n t )  - 4 0 ° F  (22OC) 

SYSTEM 

11 a . r r a y s  i n  p a r a l l e l  

2 6 0  v o l t s  

2 7  kW, 

T o t a l  C o l l e c t o r  A p e r t u r e  Area - 2 4 5  m 2  

E f f i c i e n c i e s  

E l e c t r i c a l  - T h e r m a l  

P e a k  1 0 . 2 %  - 5 6 %  

A n n u a l  8 . 4 %  - 49% 

E n e r g y  Costs - 20  year l e v e l i z e d  

7C/KWh - $7/MMBTU 



Figure 1 2  shows an a r t i s t ' s  i l l u s t r a t i o n  of t h e  PV Concentrator 

system t o  be b u i l t  a t  Sea World i n  Orlando, Flor ida.  This system w i l l  

produce a  peak power output of 330 kW* and a  ne t  annual e l e c t r i c a l  energy 

of 355 MWh. In add i t ion ,  the  system w i l l  produce 3.56 x l o 5  ton-hours 

of cool ing w i t h  a  l i t h i u m  bromide absorpt ion c h i l l e r  for  a i r  condi t ion-  

ing a  shark e x h i b i t .  The o v e r a l l  system e f f i c i e n c y  is est imated t o  

be 1 1 . 7 % .  One notes  from Figure 1 2  t h a t  t h e  a r r a y s  w i l l  be mounted 

on t u r n t a b l e s  t h a t  w i l l  t rack  t h e  s u n s  azimuth. The t u r n t a b l e  is 

i l l u s t r a t e d  i n  Figure 13 which a l s o  shows t h a t  the c o l l e c t o r s  w i l l  be 

parabol ic  troughs.  Each t u r n t a b l e  a r r a y  w i l l  mount twenty four 

2 .1  x 9 . 2  meter parabol ic  c o l l e c t o r s .  The t u r n t a b l e  is supported by 

16 wheels t h a t  r o l l  on t r acks .  The parabol ic  c o l l e c t o r  and rece iver  

a r e  shown i n  Figure 1 4 .  

Figure 15 shows an a r t i s t ' s  i l l u s t r a t i o n  of t h e  PV system t o  be 

b u i l t  by BDM i n  Albuquerque. T h i s  f i g u r e  i l l u s t r a t e s  a  roof mounted 

parabol ic  trough system w i t h  one a x i s  t r ack ing  f o r  a  p ro fess iona l  

bui lding.  

The above t h r e e  concent ra tor  systems i l l u s t r a t e  the  d i v e r s i t y  i n  

design and power (30-330kWp) of t h e  f i v e  concentrator  systems t o  be b u i l t .  

COSTS 

Figures  1 6  and 17 show t h e  proposed c o s t s  vs  system s i z e  f o r  

t h e  f l a t  panel and concent ra tor  p r o j e c t s  t h a t  were proposed fo r  t h e  

P R D A s .  The l i n e s  t h a t  have been drawn through t h e  p o i n t s  a r e  a  

v i s u a l  f i t  t o  i l l u s t r a t e  the  t rend  toward decreasing cost/W P 
w i t h  increas ing  system s i z e  for  both f l a t  panels  and concentra- 

tors. The decreasing c o s t s  a r e  expected because of economies 

*The o r i g i n a l  system design has been sca led  down t o  110 kW. 
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of  s c a l e ;  namely, c e r t a i n  c o s t s  a r e  d i r e c t l y  p r o p o r t i o n a l  t o  

t h e  power of  t h e  a r r a y  (eg .  modules, s t r u c t u r e s  and founda t ions ,  

module i n s t rumen ta t ion ,  e t c . )  whereas o t h e r  c o s t s  do no t  i n c r e a s e  

l i n e a r l y  wi th  power (such as swi tchgear ,  r e g u l a t o r s ,  i n v e r t e r s ,  

e t c ) .  The proposed c o s t s  sugges t  t h a t  f l a t - p a n e l  systems c u r r e n t l y  

c o s t  about  $ 7 / ~  less than  concen t r a to r  systems. This  i s  n o t  P 
unexpected s i n c e  t h e  concen t r a to r  technology is  less mature. 

F igu re s  16 and 1 7  a l s o  show t h a t  proposed c o s t s  f o r  f l a t - p l a t e  

exper iments  range from $12-50/Wp and concen t r a to r  c o s t s  range from 

$17-55/Wp. The average p r i c e  of  t h e  n ine  exper iments  s e l e c t e d  f o r  

c o n s t r u c t i o n  is $26/Wp and t h e  c o s t s  range from $18 t o  $38/Wp with  

a r r a y  module p r i c e s  ranging from $8-ll/Wp. 

CONCLUSION 

A l l  of t h e  PRDA c o n t r a c t s  f o r  Phase I1 - FABRICATION AND INSTALLA- 

TION - have been awarded and t h e  p r o j e c t s  a r e  underway. It is c u r r e n t l y  

expected t h a t  c o n s t r u c t i o n  of  a l l  n i n e  p r o j e c t s  w i l l  be completed be- 

tween December 1980 and June 1981. These a p p l i c a t i o n s  exper iments  w i l l  

g reaLly  enchancc our  expe r i ence  i n  PV systems f o r  t h e  i n t e r m e d i a t e  

s e c t o r  and w i l l  demonstra te  system f e a s i b i l i t y .  

I n  o r d e r  t o  ach ieve  Commercial Readiness  i n  1982 a t  $2.80/Wp and 

a t  $0.70/Wp i n  1986 f o r  t h e  r e s i d e n t i a l  and in t e rmed ia t e  s e c t o r s ,  

t h e  key requi rements  f o r  c o n c e n t r a t o r  technology have been i d e n t i f i e d  

and a r e  l i s t e d  i n  Tables  7  and 8. These technology requi rements  are 

ve ry  cha l l eng ing  but t h e  Nat iona l  P h o t o v o l t a i c s  Program w i l l  con t inue  

t o  r e c e i v e  s t r o n g  suppor t  a s  an i n t e g r a l  p a r t  of  t h e  US energy po l i cy .  
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A s  has been pointed ou t ,  a  l a r g e  p a r t  of t h e  National Program 

suppor ts  t h e  development of t h e  photovol ta ics  indus t ry  i n  t h e  U S .  

The c u r r e n t  indus t ry  se rves  commercial customers mostly fo r  remote 

a p p l i c a t i o n s  and t h e  DOE a p p l i c a t i o n s  experiments of t h e  type 

descr ibed in  t h i s  paper. To f u r t h e r  a s s i s t  i n  t h e  t r a n s i t i o n  t o  

an automated, low c o s t  production indus t ry  some new e f f o r t s  a r e  

now underway or  a r e  planned. Some of these  new e f f o r t s  a r e  

summarized i n  Table 9.  The development of an I n t e r n a t i o n a l  

Photovol ta ics  Plan i n  November of 1979 may be of p a r t i c u l a r  

i n t e r e s t  t o  Lat in American Countries.  
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TABLE 9. NEW A C T I V I T I E S  I N  THE U.S. PHOTOVOLTAICS PROGRAM 

Development of an I n t e r n a t i o n a l  Photovol ta ics  Plan. The pho tovo l t a i c  
Act (Pub l i c  Law 95-590) s p e c i f i e s  t h a t  DOE s h a l l  develop a  plan " f o r  
demonstrating app l i ca t ions  of s o l a r  photovol ta ic  energy systems and 
f a c i l i t a t i n g  t h e i r  widespread use in  o ther  na t ions  ...". This plan 
was completed i n  November 1979 a.nd supported a  program t h a t  provides near 
and mid-term demands f o r  indus t ry  products ,  aid i n  market development, 
and a s s i s t a n c e  i n  meeting t h e  e l e c t r i c  energy requirements of developing 
coun t r i e s .  

Multi-Year Purchase S t ra tegy  f o r  Photovol taic  Systems. During FY '79 
and FY '80, a  major multi-year photovol ta ic  systems purchase s t r a t e g y  
was designed f o r  implementation beginning in  FY '81. System purchases 
w i l l  be d i r e c t e d  toward the  most promising gr  id-connected a p p l i c a t i o n s  
and a re  intended t o  be l a r g e  enough t o  encourage a  competi t ive indus t ry .  

Increased Emphasis on Commercialization S t r a t e g i e s .  Major i s s u e s  t o  be 
inves t iga ted  include the  e l e c t r i c  u t i l i t y  i n t e r f a c e ,  va lua t ion  of t h e  
photovol ta ic  energy produced, c o n t r o l  requirements and t h e  r a t e  s t r u c -  
t u r e  t o  be of fered  t o  the  system owner. Financing, proper ty  taxes ,  
methods of valuing photovol ta ic  systems a t  r e s a l e ,  s t andards ,  incen t ives  
t o  i n i t i a l  production, and purchases and s t r a t e g i e s  fo r  t a r g e t i n g  market 
development w i l l  be considered.  

Sect ion ( 5 )  Procedure f o r  Cost Shared Technoloqy Proposals.  Sec t ion  ( 5 )  
of t h e  Photovol taic  Research, Development and Demonstration Act s e t s  
f o r t h  procedures whereby any pub l i c  or  p r i v a t e  e n t i t y  may apply f o r  
feder a1 a s s i s t a n c e  in  purchasing or  i n s t a l l i n g  photovol ta ic  systems. 
The f e d e r a l  government is authorized t o  provide up t o  75% of the  pur- 
chasing and i n s t a l l a t i o n  c o s t  of t h e  system. Observation and monitoring 
of the  systems a re  required f o r  a  per iod of up t o  3 years .  The J e t  Pro- 
puls ion  Laboratory Photovolat iac Lead Center w i l l  prepare admin i s t r a t ive  
r u l e s  implementing t h i s  program. I t  is an t i c ipa ted  t h a t  the  broad 
scope of the  r u l e s  w i l l  r equ i re  t h a t  an Environmental Impact Statement 
be prepared on the  program as a  whole. 
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