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ABSTRACT 

T h i s  document p r o v i d e s  d a t a  and g u i d e l i n e s  f o r  t h e  development - .- 
of  r e g i o n a l  programs f o r  t h e  a c c e l e r a t e d  c o m m e r c i a l i z a t i o n  of s o l a r  
energy.  It e s t i m a t e s  t h e  s o l a r  p o t e n t i a l  f o r  i n d i v i d u a l  r e g i o n s  
based on t h e  s o l a r  r e s o u r c e s ,  competing c o s t s  of ene rgy ,  and s p e c i f i c  
r e g i o n a l  c h a r a c t e r i s t i c s .  I t  a l s o  p o i n t s  o u t  t h e  pr imary d e c i s i o n  
makers,  technology d i s t r i b u t o r s ,  and p o t e n t i a l  b a r r i e r s  t h a t  shou ld  
be addressed  by a  commerc ia l i za t ion  program. 
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The f e d e r a l  government h a s  under taken  a  major commitment t o  t h e  

development of domest ic  s o u r c e s  of  energy.  A s  p a r t  of  t h i s  i n i t i a -  

t i v e ,  t h e  P r e s i d e n t  has  s e t  a  g o a l  of  s o l a r  energy t e c h n o l o g i e s '  

a prov id ing  20 p e r c e n t  of U.S. ene rgy  requ i rements  by t h e  y e a r  2000. 

Th i s  r e p r e s e n t s  an i n c r e a s e  i n  t h e  use  of  s o l a r  energy from 4.8 quads 

i n  1978 t o  18.5 quads i n  t h c  y c a r  2000. 

The 1978 f i g u r e  of  4.8 quads i s  comprised of 3.0 quads o f  

h y d r o e l e c t r i c  and 1.8 quads of biomass f o r  i n d u s t r i a l  p r o c e s s  h e a t  

and space  h e a t i n g .  The y e a r  2000 f i g u r e  i s  e q u i v a l e n t  t o  20 p e r c e n t  

o f  t h e  p r o j e c t e d  t o t a l  U.S. e n e r g y  demand of 95 quads upon which t h e  

P r e s i d e n t ' s  g o a l  was based . l  The energy would be  s u p p l i e d  by t h e  

s o l a r  t e c h n o l o g i e s  and a p p l i c a t i o n s  shown i n  Table  S-1. 

Es t ima tes  o f  s o l a r  technology market  p e n e t r a t i o n s  and energy 

c o n t r i b u t i o n s  were p r o j e c t e d  u s i n g  t h e  MITRE System f o r  P r o j e c t i n g  

t h e  U t i l i z a t i o n  of  Renewable Resources  (SPURR) [Rebibo e t  a l . ,  19771. 

The d a t a  base ,  methodology,  and assumpt ions  of t h i s  a n a l y s i s  a r e  

descri.hed i n  P r i c e / ~ e m a n d  S c e n a r i o s  and P r o j e c t i o n s  of  S o l a r  

U t i l i z a t i o n  Under t h e  N a t i o n a l  Energy Ac t ,  MTR-8057. On a  n a t i o n a l  

s c a l e ,  t h e s e  p r o j e c t i o n s  imply:  

r e d u c t i o n  of o i l  and g a s  impor t s  

long-term redl ic t ion i n  1 r . v r . l ~  n f  p o l l u t a n t s  

l ~ f f i c e  of t h e  White House P r e s s  S e c r e t a r y ,  F a c t  S h e e t ,  The 
P r e s i d e n t ' s  Message on S o l a r  Energy,  June  20, 1979. 



T a b l e  S-I 

SOLAR TECHNOLOGIES INCLUDED I N  THE MITRE ANALYSIS 

TECHNOLOGY 

MARKET HYDRO- SOLAR PHOTO- OCEAN 
SECTOR ELECTRIC BIOMASS THERMAL WECS VOLTAICS THERMAL 

B u i l d i n g s  
h e a t i n g  & 

c o o l i n g  
e l e c t r i c  

P r o c e s s  Heat  X X X X 

E l e c t r i c  
U t i l i t i e s  X X X X X 

S y n t h e t i c  
F u e l s  & 
Chemica ls  

l ~ i o m a s s  r e s o u r c e s  a n a l y z e d  i n c l u d e d  o n l y  l o g g i n g  r e s i d u e s ,  m i l l  
r e s i d u e s ,  and s i l v i c u l t u r a l  p l a n t a t i o n  p r o d u c t s  equivalent t o  
a p p r o x i m a t e l y  2.7 quads  o f  r e s o u r c e s  i n  t h e  y e a r  2000. S i g n i f i c a n t  
a d d i t i o n a l  wood r e s o u r c e  and c r o p  r e s i d u e s  a r e  e x p e c t e d .  



s i g n i f i c a n t  l e v e l s  of employment--over one m i l l i o n  pe r sons  by 
2000 

s i g n i f i c a n t  i n d u s t r y  capaci ty--annual  s a l e s  of  approx imate ly  
$35 b i l l i o n  by 2000 

The SPURR a n a l y s i s  was c a r r i e d  o u t  on t h e  b a s i s  of  U.S. census  

r e g i o n s .  The r e s u l t s ,  by census  r e g i o n ,  a r e  summarized i n  Toward A 

Na t iona l  P l a n  f o r  t h e  A c c e l e r a t e d  Commerc ia l i za t ion  of  S o l a r  Energy: 

The I m p l i c a t i o n s  of  A Na t iona l  Commitment, MTR-79W00004. 

The a n a l y s i s  in t h i s  document i s  p r e s e n t e d  on t h e  b a s i s  of t h e  

a r e a s  encompassed by t h e  Regional  S o l a r  Energy C e n t e r s  (RSECS, s e e  

F igure  S - l ) ,  s i n c e  t h e  RSECs a r e  t h e  pr imary a g e n c i e s  r e s p o n s i b l e  f o r  

deve lop ing  r e g i o n a l  and l o c a l  c o m m e r c i a l i z a t i o n  programs and a c t i o n s  

t o  a c c e l e r a t e  t h e  market  p e n e t r a t i o n  of s o l a r  t e c h n o l o g i e s .  

Use of  s o l a r  energy i s  expec ted  t o  va ry  g r e a t l y  from r e g i o n  t o  

r e g i o n  i n  t h e  U.S. due t o  v a r i a t i o n s  i n  r e g i o n a l  i n s o l a t i o n  and wind 

r e s o u r c e s ,  ene rgy  demands, and p r i c e s  of  competing c o n v e n t i o n a l  f u e l s  

and t e c h n o l o g i e s .  From 12 t o  35 p e r c e n t  of  RSEC r e g i o n a l  

r equ i rements  f o r  energy cou ld  be m e t  by s o l a r , t e c h n o l o g i e s  by t h e  

y e a r  2000 [Bennington e t  a l . ,  19791. Annual ene rgy  s a v i n g s  f o r  t h e  

a r e a s  se rved  by t h e  four  Regional  S o l a r  Energy C e n t e r s  v a r y  from 

about  2.8 quads pe r  yea r  i n  t h e  Nor theas t  S o l a r  Energy Center  (NESEC) 

r e g i o n  t o  between 5.4 and 8.0 quads p e r  y e a r  f o r  t h e  Sou thern  S o l a r  

Energy Cen te r  (SSEC) r e g i o n .  These e s t i m a t e s  a r e  based on M I T R E / ,  



FIGURE S-1 
REGIONAL SOLAR ENERGY CENTERS 



Metrek a n a l y s i s  of c o n t r i b u t i o n s  from s p e c i f i c  s o l a r  t e c h n o l o g i e s  f o r  

each r e g i o n  of  t h e  U.S. [ ~ e n n i n g t o n  e t  a l . ,  1979; ~ e r s t e i n  and de  

Jong,  19791. They a r e  c o n s i s t e n t  w i t h  e s t i m a t e s  produced by t h e  

Domestic P o l i c y  Review Committee [ ~ e ~ a r t m e n t  o f  Energy,  19791. 

The achievement of a  20 p e r c e n t  s o l a r  g o a l  w i l l  r e q u i r e  a  l a r g e  

f e d e r a l  commitment of funding and programs t o  commercia l ize  s o l a r  

t echno log ies .  The RSECs have been charged w i t h  deve lop ing  such 

commerc ia l i za t ion  programs on a  r e g i o n a l  b a s i s .  They w i l l  c o n s t i t u t e  

a  major c o n t r i b u t i o n  t o  t h e  N a t i o n a l  P l a n  f o r  t h e  A c c e l e r a t e d  

Commercia l iza t ion o f  S o l a r  Energy (NPAC), t h e  f e d e r a l  program t o  

deve lop  a comprehensive and u n i f i e d  s o l a r  c o m m e r c i a l i z a t i o n  p lan .  

MITREIMetrek h a s  developed a n  e x t e n s i v e  d a t a  base  and s u f f i -  

c i e n t l y  d e t a i l e d  a n a l y s e s  t o  p rov ide  u s e f u l  i n f o r m a t i o n  and s u p p o r t  

t o  t h e  RSECs i n  t h e i r  e f f o r t  t o  deve lop  r e g i o n a l  s o l a r  commercial- 

i z a t i o n  p lans .  T h i s  document p r e s e n t s  an  overview o f  t h e  t y p e s  of 

in fo rmat ion  used t o  s u p p o r t  t h e  RSECs and a n  example of  t h e  a n a l y s e s  

c a r r i e d  o u t  w i t h  t h e  RSECs t o  i d e n t i f y :  ( 1 )  s o l a r  a p p l i c a t i o n s  which 

appear  t o  have a  h i g h  p o t e n t i a l  f o r  near- term market  p e n e t r a t i o n  

( t a r g e t s  of o p p o r t u n i t y ) ;  and ( 2 )  peop le  o r  o r g a n i z a t i o n s  c a p a b l e  of 

a f f e c t i n g  t h e  d e c i s i o n  p rocess  t o  purchase  s o l a r  equipment ( l e v e r -  

age  p o i n t s ) .  I d e n t i f i c a t i o n  of t h e s e  peop le  and o r g a n i z a t i o n s  con- 

s t i t u t e s  a  s t a r t i n g  p o i n t  i n  c r e a t i n g  programs c a p a b l e  of  r e a c h i n g  

t h e  d e c i s i o n  makers and f a v o r a b l y  d i s p o s i n g  them toward s o l a r  tech-  

n o l o g i e s .  



 lie in fo rmdt ion  developed on a  r e g i o n a l  b a s i s  i n c i u d e s :  

primary energy  d i s p l a c e d  by s o l a r  t echno logy ,  o v e r  t ime 

numbers of  s o l a r  sys tems s o l d  by t y p e ,  o v e r  t ime 

c o s t s  of  energy from s o l a r  and c o n v e n t i o n a l  t e c h n o l o g i e s ,  
over  t ime 

l e v e l s  o f  p o l l u t a n t s  r e s u l t i n g  from s o l a r  usage 

primary p o l l u t a n t  nona t t a inment  c o u n t i e s  

s o l a r  r e s o u r c e s  

s o l a r  market p o t e n t i a l  

r e g i o n a l  market c h a r a c t e r i s t i c s  

r e g i o n a l  i n s t i t u t i o n a l  c h a r a c t e r i s t i c s  

An example of c h a r a c t e r i z i n g  a  s o l a r  marke t ,  i d e n t i f y i n g  t a r g e t s  

of  o p p o r t u n i t y ,  and i d e n t i f y i n g  a s s o c i a t e d  l e v e r a g e  p o i n t s  i s  

provided f o r  t h e  r e s i d e n t i a l  market  s e c t o r  i n  t h e  NESEC . r e g i o n .  T h i s  

market  s e c t o r  c o n s i s t s  of a p p l i c a t i o n s  of  s o l a r  h o t  wa te r  and 

h e a t i n g ,  which a r e  expec ted  t o  p rov ide  most of  t h e  e a r l y  market  

p e n e t r a t i o n  by s o l a r  t e c h n o l o g i e s .  It i s  a  t a r g e t  o f  o p p o r t u n i t y  f o r  

t h i s  r eg ion .  C h a r a c t e r i z a t i o n  of t h e  r e s i d e n t i a l  market  i n  t h e  NESEC 

r e g i o n  and r e s o u r c e  requ i rements  needed t o  s u p p o r t  the d e v e l o p i n g  

s o l a r  i n d u s t r y  a r e  s i g n i f i c a n t l y  d i f f e r e n t  from t h o s e  of o t h e r  

r e g i o n s  b u t  they  i n d i c a t e  t h e  type  of  d a t a  developed f o r  each o f  t h e  

r e g i o n s .  

MAJOR FINDINGS 

S o l a r  energy c a n  p rov ide  a  s i g n i f i c a n t  f r a c t i o n  of t h e  energy 
requ i rements  f o r  a l l  r e g i o n s .  Under a  s c e n a r i o  t o  a c h i e v e  
t h e  20 p e r c e n t  g o a l  of t h e  P r e s i d e n t ,  s o l a r  i s  expected t o  



supp ly  from 1 2  t o  35 p e r c e n t  of t h e  energy requ i rements  of 
t h e  r e g i o n s .  

I n d i v i d u a l  s o l a r  technology c o n t r i b u t i o n s  d i f f e r  s i g n i f i -  
c a n t l y  from r e g i o n  t o  r e g i o n  due t o  d i f f e r e n c e s  i n  s o l a r  
r e s o u r c e s ,  competing f u e l  c o s t s ,  and c o s t s  of c a p i t a l .  

An e x t e n s i v e  i n d u s t r y  i n f r a s t r u c t u r e  w i l l  be  r e q u i r e d  i n  each 
r e g i o n  t o  supply  t h e  m i l l i o n s  of  r e s i d e n t i a l  systems expec ted  
t o  be i n s t a l l e d  by t h e  y e a r  2000. For a  s p e c i f i c  r e g i o n ,  r e -  
q u i r e d  r e s o u r c e  l e v e l s  may b e  s u p p l i e d  from w i t h i n  t h e  r e g i o n  
o r  imported from o t h e r  r e g i o n s .  

S o l a r  h e a t i n g  and h o t  wa te r  sys tems p r e s e n t  an  e a r l y  t a r g e t  
of o p p o r t u n i t y  f o r  a l l  r e g i o n s .  

P r o c e s s  h e a t  a p p l i c a t i o n s  a r e  a t t r a c t i v e  f o r  a l l  f o u r  RSECs. 
Biomass use  i n  t h e  p u l p ,  p a p e r ,  and lumber i n d u s t r i e s  i s  
expected t o  i n c r e a s e  s i g n i f i c a n t l y  i n  t h e  SSEC and Western 
Sun (WSUN) r e g i o n s .  Food p r o c e s s i n g  a p p l i c a t i o n s  a p p e a r  
a t t r a c t i v e  i n  t h e  midterm f o r  t h e  Mid-American S o l a r  Energy 
Complex (MASEC) and WSUN r e g i o n s .  

Wind energy convers ion  sys tems i n  a l l  r e g i o n s  and s o l a r  
thermal  e l e c t r i c  systems i n  t h e  SSEC and WSUN r e g i o n s  appear  
t o  be  t a r g e t s  of  o p p o r t u n i t y  by 1990. 

Expansion of  h y d r o e l e c t r i c  c a p a c i t y  i n  t h e  WSUN r e g i o n  cou ld  
s i g n i f i c a n t l y  i n c r e a s e  s o l a r  ene rgy  u t i l i z a t i o n  f o r  t h a t  
r e g i o n .  



SECTION .I 

INTRODUCTION 

The p r e s i d e n t i a l  p o l i c y  s t a t e m e n t  on energy i s s u e s  i n d i c a t e d  

t h a t  renewable energy s o u r c e s ,  e s p e c i a l l y  s o l a r  t e c h n o l o g i e s ,  w i l l  

have t o  p lay  a n  i n c r e a s i n g  r o l e  i n  supp ly ing  t h e  energy needs of t h e  

U.S. I n c r e a s i n g  t h e  ~ r o d u c t i o n  of s o l a r  ene rgy  o v e r  t h e  n e a r  term 

i m p l i e s  a  s i g n i f i c a n t  f e d e r a l  commitment t o  t h e  c o m m e r c i a l i z a t i o n  of 

s o l a r  t e c h n o l o g i e s .  The ~ v n ~ e s t i c ' P o l i c y  Review of  S o l a r  Energy 

[Department of Energy,  19771 e s t a b l i s h e d  a  s e t  of broad p o l i c y  gu'ide- 

l i n e s  t o  s e r v e  a s  t h e  c o r n e r s t o n e  f o r  d e t a i l e d  programmatic ~ l a n n i n g  

and implementa t ion.  M1TRE/~etrek a n a l y s i s  h a s  been c a r r i e d  o u t  

w i t h i n  t h e  g u i d e l i n e s  of  t h e  Domestic P o l i c y  Review (DPR) and i s  

c o n s i s t e n t  w i t h  t h e  p o l i c y  e s t a b l i s h e d .  

Cur ren t  Department of Energy,  Conserva t ion  and S o l a r  Appl ica-  

t i o n s '  a c t i v i t i e s  i n  s u p p o r t  of s o l a r   commercialization programs a r e  

c o o r d i n a t e d  under t h e  N a t i o n a l  P lan  t o  A c c e l e r a t e  t h e  Commercializa- 

t i o n  of S o l a r  Energy (NPAC). NPAC i s  a  commerc ia l i za t ion  p lann ing  

p r o c e s s  t o  d e f i n e  s p e c i f i c  programs f o r  a c h i e v i n g  s o l a r  ene rgy  ob jec -  

t i v e s .  The b a s i c  goa l  of t h i s  p r o c e s s  was d e f i n e d  by t h e  P r e s i d e n t ' s  

g o a l  of s o l a r  e n e r g y ' s  ~ r o v i d i n g  20 p e r c e n t  of our  annua l  ene rgy  use .  

Goals f o r  s p e c i f i c  s o l a r  t e c h n o l o g i e s  were e s t a b l i s h e d  by t h e  DPR; 

they  provided a  b a s i s  f o r  t h c  P r e s i d e n t i a l  p o l i c y .  These g o a l s  were 

ana lyzed  t o  de te rmine  s p e c i f i c  o b j e c t i v e s  by r e g i o n  and technology i n  

terms of c o s t ,  performance,  and r e q u i r e d  market  p e n e t r a t i o n  l e v e l s .  



Under t h e  NPAC p r o c e s s  t h e  Regional  S o l a r  Energy C e n t e r s  (RSECS, 

s e e  F i g u r e  1) a r e  deve lop ing  r e g i o n a l  commerc ia l i za t ion  p lans .  Many 

o f  t h e  s o l a r  r e s o u r c e ,  economic, t e c h n o l o g i c a l ,  and i n s t i t u t i o n a l  

c h a r a c t e r i s t i c s  t h a t  i n t i m a t e l y  a f f e c t  t h e  c o m p e t i t i v e n e s s  of s o l a r  

t e c h n o l o g i e s  v a r y  s i g n i f i c a n t l y  on a  r e g i o n a l  o r  s u b r e g i o n a l  l e v e l .  

;;3f The RSECs a r e  f a m i l i a r  w i t h  t h e  s o l a r  r e s o u r c e s ,  i n s t i t u t i o n a l  r e -  

s o u r c e s ,  manufac tu r ing ,  i n s t a l l a t i o n  and maintenance i n f r a s t r u c t u r e ,  

and competing c o s t s  of  c o n v e n t i o n a l  energy s o u r c e s  f o r  t h e i r  r e g i o n .  

The RSECs a r e  a l s o  f a m i l i a r  w i t h  s t a t e  and l o c a l  concerns  through 

a d v i s o r y  p a n e l s  o r  s t a t e  r e p r e s e n t a t i v e s .  Thus t h e  RSECs a r e  f ami l -  

i a r  w i t h  t h e  requ i rements  and c h a r a c t e r i s t i c s  p e c u l i a r  t o  t h e i r  

r e g i o n  t h a t  a r e  expec ted  t o  a f f e c t  t h e  market  p e n e t r a t i o n  of s o l a r  

t e c h n o l o g i e s .  They a r e  l o g i c a l  p a r t i c i p a n t s  t o  g e n e r a t e  commercial- 

i z a t i o n  programs t o  a d d r e s s  t h e  i s s u e s  and concerns  p e c u l i a r  t o  t h e i r  

r e g i o n ,  s t a t e s ,  and l o c a l i t i e s .  

The RSEC p l a n n i n g  p r o c e s s  i n c l u d e s :  

i d e a t  i f i c a t i o n  of t a r g e t  marke t s  

i d e n t i f i c a t i o n  of l e v e r a g e  p o i n t s  

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

d e f i n i t i o n  of c o m m e r c i a l i z a t i o n  programs 

T a r g e t  markets i n c l u d e  s p e c i f i c  markets  t h a t  p r e s e n t  r e l a t i v e l y  l a r g e  

o p p o r t u n i t i e s  f o r  s o l a r  mazke t p e n e t r a t i o n  and unique e a r l y  

o p p o r t u n i t i e s  f o r  s o l a r  t e c h n o l o g i e s  such a s  i n d u s t r i e s  dependent on 
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i n t e r r u p t i b l e  g a s  s u p p l i e s .  E a r l y  a t t e n t i o n  t o  t h e  t a r g e t  marke t s  

could  s i g n i f i c a n t l y  a c c e l e r a t e  market  p e n e t r a t i o n  by s o l a r  t echno lo -  

g i e s  r e s u l t i n g  i n  e a r l y  development of manufac tu r ing ,  i n s t a l l a t i o n ,  

and maintenance i n f r a s t r u c t u r e s .  

I d e n t i f i c a t i o n  of l e v e r a g e  p o i n t s  concerns  t h e  i d e n t i f i c a t i o n  of 

o r g a n i z a t i o n s ,  i n d i v i d u a l s ,  o r  a s s o c i a t i o n s  which a f f e c t  t h e  d e c i s i o n  

makers of t h e  t a r g e t  markets .  For  example, i n  t h e  custom home mar- 

k e t ,  t h i s  would i n c l u d e ,  a t  l e a s t ,  l e n d i n g  i n s t i t u t i o n s ,  a r c h i t e c t s ,  

c o n t r a c t o r s ,  owners,  and i n s p e c t o r s .  Although i n s p e c t o r s  do  not  de- 

c i d e  whether o r  n o t  s o l a r  t e c h n o l o g i e s  w i l l  be i n s t a l l e d  on a home, 

they a r e  inc luded  because  they  must approve t h e  i n s t a l l a t i o n .  They 

a r e  a  p o t e n t i a l  v e t o  p o i n t  o r  b a r r i e r  f o r  a  s o l a r  i n s t a l l a t i o n .  

I d e n t i f i c a t i o n  of s t r a t e g i e s  t o  a d d r e s s  t h e  l e v e r a g e  p o i n t s  i n -  

c l u d e s  d e f i n i t i o n  of programs o r  i n c e n t i v e s  c a p a b l e  of a f f e c t i n g  t h e  

d e c i s i o n  p r o c e s s e s  a t  t h e  i d e n t i f i e d  l e v e r a g e  p o i n t s .  E d u c a t i o n a l  

programs, d e s i g n  c o m p e t i t i o n s  f o r  r e g i o n a l l y - s p e c i f i c  a c t i v e  s o l a r  

s y s  terns, o r  a d v e r t i s i n g  i n  a r c h i t e c t u r a l  j o u r n a l s  a r e  examples of 

programs which might r e a c h  a r c h i t e c t s / c o n t r a c t o r s  f o r  custom homes. 

E d u c a t i o n a l  programs o r  model s o l a r  b u i l d i n g  codes  cou ld  reach  b u i l d -  

i n g  i n s p e c t o r s .  Tax i n c e n t i v e s  could  a f f e c t  t h e  economic- d e c i s i o n s  

o f  the  custom homeowner. 

The d e f i n i t i o n  of commerc ia l i za t ion  programs i n v o l v e s  s e l e c t i o n ,  

i n t e g r a t i o n ,  t ime phas ing ,  and serring fund ing  l e v c l o  t o  maximize 



b e n e f i t s .  The c o n s t r a i n t s  on t h e s e  programs a r e  t h e  e s t a b l i s h e d  

f e d e r a l  g u i d e l i n e s ,  t h e  o v e r a l l  f u n d i n g  l e v e l s  a u t h o r i z e d  f o r  commer- 

c i a l  i z a  t i on  programs,  and  t h e  l i m i t a t i o n s  imposed by t h e  d e v e l o p i n g  

marke t  i n f r a s t r u c t u r e .  



SECTION 11 

REGIONAL ANALYSIS 

M I T R E / M ~ ~ ~ ~ ~  has  developed an e x t e n s i v e  d a t a  b a s e  and an an- 

a l y t i c a l  c a p a b i l i t y  t h a t  h a s  been used t o  p rov ide  i n f o r m a t i o n  t o  ehe 

r e g i o n a l  p l a n n e r s  a t  t h e  RSECs. The i n f o r m a t i o n  provided in- 

c l u d e s  e s t i m a t e s  of market p e n e t r a t i o n ,  ene rgy  c o s t s ,  r a t e  of  deve l -  

opment of s o l a r  system p r o d u c t i o n ,  and p o t e n t i a l  market  f o r  s o l a r  

sys tems.  These e s t i m a t e s  a r e  a v a i l a b l e  f o r :  

e each of  t h e  n i n e  census  r e g i o n s  of t h e  U.S. ( s e e  F i g u r e  2 )  

each of t h e  f i v e  market  s e c t o r s - - r e s i d e n t i a l ,  cornmerciaE, 
i n d u s t r i a l ,  u t i l i t i e s ,  and s y n t h e t i c  f u e l s  and chemicals  

each of the  19 s o l a r  a p p l i c a t i o n s  ( s e e  T a b l e  I.) 

each of the  11 s o l a r  t e c h n o l o g i e s  [ G e r s k i n  and d e  Jong ,  
19791. 

T h i s  l e v e l  of d e t a i l  w i l l  h e l p  RSEC p l a n n e r s  i d e n t i f y  t a r g e t s  of 

o p p o r t u n i t y  and deployment g o a l s  f o r  t h e i r  r e g i o n s .  1 d e n t i . f i c a t i o n  

o f  such t a r g e t s  a l lows  p lanners  t o  focus  on s p e c i f i c  t a s k s  which 

corlld a c c e l e r a t e  t h e  use  of s o l a r  t e c h n o l o g i e s  and /o r  remove ba i - r i e r s  

which impede s o l a r  use.  T h i s  i s  t h e  s t a r t i n g  p o i n t  f o r  deve lop ing  a  

r e g i o n a l  implementat i o n  plan.  

Our a n a l y s i s  of s o l a r  market  p e n e t r a t i o n  i n d i c a t e s ,  f o r  each 

RSEC, the  expected energy s a v i n g s  due t o  t h e  use of s o l a r  t echno l -  

o g i e s ,  t h e  r a t e  of development of t h e  s o l a r  i n d u s t r y ,  numbers of sys- 

tems s o l d ,  c o s t s  of s o l a r  ene rgy ,  arid ~ t h e r  i n f o r m a t i o n  u s e f u l  L.o 

r e g i o n a l  s o l a r  p l a n n e r s .  S i g n i f i c a n t  s o l a r  market  p e n e t r a t i o n s  a r e  
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p r o j e c t e d  f o r  each RSEC by t h e  y e a r  2000 ( s e e  F i g u r e  3 ) .  I f  s o l a r  

ene rgy  s u p p l i e d  20 p e r c e n t  of our  n a t i o n a l  ene rgy  n e e d s ,  s o l a r  

t e c h n o l o g i e s  would p r o v i d e  between 12  and 35 p e r c e n t  of  t h e  t o t a l  

ene rgy  requ i rements  f o r  a n  RSEC r e g i o n .  G r e a t e r  market  p e n e t r a t i o n s  

a r e  expec ted  i n  s o u t h e r n  and w e s t e r n  r e g i o n s  where i n s o l a t i o n  l e v e l s  

a r e  h i g h e r .  The l e v e l s  o f  s o l a r  ene rgy  u s e  shown i n  F i g u r e  3  r e q u i r e  

t h e  p r o d u c t i o n  and i n s t a l l a t i o n  of  l a r g e  numbers o f  s o l a r  sys tems.  

The numbers of  sys tems f o r  r e s i d e n t i a l  and commercial ,  i n d u s t r i a l ,  

and u t i l i t y  s e c t o r s  of  t h e  economy a r e  shown i n  F i g u r e s  4 ,  5 and 6. 

The l a r g e  numbers of r e s i d e n t i a l  and commercial sys tems shown i n  

F i g u r e  4 r e s u l t  from t h e  r e l a t i v e l y  s m a l l  ave rage  s i z e  of t h e s e  

sys tems.  By 2000, 49 m i l l i o n  a c t i v e  sys tems and 14.6 m i l l i o n  p a s s i v e  

systems a r e  expec ted  t o  be  i n s t a l l e d  f o r  r e s i d e n t i a l  and commercial 

a p p l i c a t i o n s .  

THE NORTHEAST SOLAR ENERGY CENTER (NESEC) REGION 

S o l a r  energy i s  expec ted  t o  p rov ide  approx imate ly  13  p e r c e n t  o f  

t h e  energy requ i rements  of  t h e  NESEC r e g i o n  by t h e  y e a r  2000 pr imar-  

I l y  because  of  h i g h  f u e l  c o s t s  f o r  c o n v e n t i o n a l  systems.  Wind e n e r g y  

c o n v e r s i o n  syscems (WECS) aud Llle d i r e c t  combustion of  biomass f o r  

r e s i d e n t i a l ,  i n d u s t r i a l ,  and u t i l i t y  a p p l i c a t i o n s  will c a p t u r e  

s i g n i f i c a n t  marke t s  because  of t h e i r  r e l a t i v e l y  h i g h  r e s o u r c e  

a v a i l a b i l i t y .  Between 10,000 and 14,700 1.5 MWe WECS u n i t s  a r e  

p r o j e c t e d  t o  be i n s t a l l e d  by t h e  y e a r  2000. Over 15  m i l l i o n  s o l a r  

h o t  water  h e a t i n g  and c o o l i n g  sys tems a r e  expec ted  t o  ~ r o v i d e  t h e  
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r e g i o n  w i t h  between 0.7 and 0.9 quads of  ene rgy ,  p r i m a r i l y  i n  t h e  

more s o u t h e r l y  p a r t  o f  t h e  r e g i o n  where b o t h  s o l a r  i n s o l a t i o n  and 

p o p u l a t i o n  a r e  l a r g e r .  

THE SOUTHERN SOLAR,ENERGY CENTER (SSEC) R E G I O N  

The SSEC r e g i o n  i s  expected t o  d e r i v e  t h e  g r e a t e s t  amounts of 

energy from s o l a r  t e c h n o l o g i e s ,  between 5.4 and 8.0 quads pe r  y e a r  by 

t h e  y e a r  2000. Every s o l a r  technology shows promise p a r t l y  because  

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

h igh  a v a i l a b i l i t y  of  s o l a r  r e s o u r c e s .  The e a s t e r n  a r e a  of t h e  r e g i o n  

i s  expec ted  t o  b e  t h e  l a r g e s t  u s e r  of  biomass f o r  p rocess  h e a t  and 

f o r  c o n v e r s i o n  t o  s y n t h e t i c  f u e l s  and chemica l s .  

Between 12,000 and 17,600 1.5 MWe WECS u n i t s  a r e  expec ted  t o  be  

i n  use  i n  t h e  SSEC r e g i o n  by t h e  y e a r  2000. Almost 16 m i l l i o n  s o l a r  

h o t  w a t e r ,  h e a t i n g  and c o o l i n g  sys tems  (12.3 m i l l i o n  a c t i v e ,  3.6 m i l -  

l i o n  p a s s i v e )  a r e  expec ted  t o  d i s p l a c e  from 0.7 t o  0.8 quads of  p r i -  

mary energy.  

THE MID-AMERICAN SOLAR ENERGY COMPLEX (MAsEC) REGION 

The MASEC r e g i o n  encompasses a  l a r g e  f r a c t i o n  of  t h e  c o r n  and 

wheat producing land i n  t h e  U.S. The biomass r e s o u r c e s  from c r o p  re-  

s i d u e s ,  m i l l  r e s i d u e s ,  excess  foodcrops  and animal  r e s i d u e s  a r e .  ex- 

pected t o  be s i g n i f i c a n t  f o r  t h i s  r e g i o n .  These r e s o u r c e s  cou ld  be 

used f o r  t h e  p roduc t ion  of  s y n t h e t i c  f u e l s  and chemicals  o r  p r o c e s s  

h e a t  f o r  i n d u s t r y .  The r e g i o n  cou ld  d i s p l a c e  between 0.4 and 2.2 



quad's of energy ulse by t h e  y e a r  2000' u t i l i z i n g  t h e s e  b50ma's~s3 resouti- 

ces .  

A s i g n i f i c a n t  amount of  energy (0.9 t o  1.0 quads)  i s  a l s o  

expec ted  t o  be d i s p l a c e d  by approx imate ly  16.7 m i l l i o n  s o l a r  h o t  

w a t e r ,  h e a t i n g  and c o o l i n g  sys tems.  10,000 t o  15,000 WECS u n i t s  a r e  

expec ted  t o  d i s p l a c e  between 0.5 and 0.7 quads o f  f u e l  u s e  a n n u a l l y .  

THE WESTERN SUN (WSUN) REGION 

The WSUN r e g i o n  i s  expec ted  t o  d e r i v e  a  l a r g e  f r a c t t o n . ( 3 l , t , o  35 

p e r c e n t )  o f  i t s  energy requ i rements  from renewable  re ' sources .  Out of 

a n  e s t i m a t e d  5  t o  5.7 q.uads of s o l a r  i n  t h i s  r e g i o n ,  2.3 t o  2.6. quads 

a r e  expected t o  be s u p p l i e d  by h y d r o e l e c t r i c .  Other  s o l a r  technolo-  

g i e s  a r e  a l s o  expected t o  do  w e l l  i n  t h i s  r e g i o n  a s  t h e r e  a r e  ample 

s u p p l i e s  of biomass,  wind and s o l a r  i n s o l a t i o n .  Between 30 and 100 

s o l a r  thermal  e l e c t r i c  systems a r e  p r o j e c t e d  t o  be i n  u s e  by t h e  y e a r  

2000 and 15.8 m i l l i o n  s o l a r  h o t  w a t e r ,  h e a t i n g  and c o o l i n g  sys tems 

a r e  p r o j e c t e d  t o  d i s p l a c e  approx imate ly  0.55 quads of  ene rgy  use .  

O v e r  one-half  quad of ene rgy  i s  expec ted  t o  be  d i s p l a c e d  by t h e  u s e  

of  approx imate ly  11,000 p rocess  h e a t  i n s t a l l a t i o n s  by 2000. 



SECTION 111 

IDENTIFYING TARGETS OF OPPORTUNITY: CRITERIA AND RESULTS 

T a r g e t s  of o p p o r t u n i t y  r e p r e s e n t  s o l a r  r e s o u r c e s ,  t e c h n o l o g i e s  

o r  a p p l i c a t i o n s  which cou ld  have a  s i g n i f i c a n t  impact on a  r e g i o n  o r  

a  s p e c i f i c  market  s e c t o r  w i t h i n  a  r eg ion .  They c a n  be i d e n t i f i e d  on 

t h e  b a s i s  o f :  

t h e  a v a i l a b i l i t y  o f  s o l a r  r e s o u r c e s  o r  t e c h n o l o g i e s  

a  l a r g e  p o t e n t i a l  market  based on competing f u e l  c o s t s ,  s o l a r  
r e s o u r c e s  and technology c h a r a c t e r i s t i c s  

p h y s i c a l / m a r k e t  c h a r a c t e r i s t i c s  unique t o  a  r e g i o n ,  i n c l u d i n g  
g a s  c u r t a i l m e n t s  

i n s t i t u t i o n a l  c h a r a c t e r i s t i c s  unique t o  a  r e g i o n  

On a  r e g i o n a l  b a s i s ,  t a r g e t s  of o p p o r t u n i t y  a r e  summarized i n  T a b l e  

I1 f o r  t h e  n e a r  term and Table  111 f o r  t h e  midterm and long  term. 

Most r e g i o n a l  p l a n n e r s  a r e  p a r t i c u l a r l y  concerned abou t  near-  

term t a r g e t s  of  o p p o r t u n i t y .  Most of  t h e  near- term o p p o r t u n i t i e s  a r e  

f o r  h o t  w a t e r  and h e a t i n g  of b u i l d i n g s ,  wind energy  c o n v e r s i o n  sys- 

tems, and biomass f o r  i n d u s t r i a l  p r o c e s s  h e a t  a p p l i c a t i o n s .  Over t h e  

midterm, a d d i t i o n a l  s o l a r  t e c h n o l o g i e s  become t e c h n o l o g i c a l l y  a v a i l -  

a b l e  and commercia l ly  c o m p e t i t i v e ,  e s p e c i a l l y  s o l a r  the rmal  e l e c t r i c  

technology and c o o l i n g  sys tems f o r  b u i l d i n g s .  The pr imary r e g i o n s  

where t h e s e  sys tems o f f e r  a  midterm t a r g e t  of o p p o r t u n i t y  a r e  shown 

i n  Tab le  111. 

OTEC f o r  u t i l i t y  p roduc t ion  of  b a s e l o a d  e l e c t r i c i t y  i s  t h e  p r i -  

mary technology which a p p e a r s  t o  o f f e r  a  long-term ( a f t e r  1990) 



TABLE I1 

NEAR-T.ERM TARGETS OF OPPORTUNITY 

: 

APPLICATION MARKET SECTOR REGION TECHNOLOGY 

Hot Water 

,He a t ing 

Heating 

Residential1 
Commercial 

Keg identiall 
Commercial 

Residential1 
Commercial 

~esidentiall 
Commercial 

152,354 Active 

1,25354 Active 

lS253,4 Passive 

1,254 Biomass 

Process Heat Industrial 2 5 4  Solar Thermal 

Process Heat Industrial 15.254 Biomass 

Elec t,~ici ty Utility 1,25354 WECS 

Electricity ~esident ial/ 
Commercial 

152,354 Small-scale 
Wind 

Electricity Utility 4 Hydroelectric 

Methanol Synthetic 2s4 
Fuels & Chemicals 

Biomass 

Region 1 = NESEC 
2 = SSEC 
3 = MASEC 
4 = WSUN 



TABLE 111 

MIDTERM AND LONG-TERM TARGETS OF OPPORTUNITY 

. I, , 
APPLICATION MARKET SECTOR REG I O N  TECHNOLOGY 

i 

Midterm 

E l e c t r i c i t y  U t i l i t y  2 , 3 , 4  S o l a r  Thermal 

P r o c e s s  Heat I n d u s t r i a l  2 , 3 9 4  High Temperature  

! ' .  . .i. 

Long-Term 

~ l e c t r i c i t ~  U t i l i t y  2  OTE C 

 ethanol S y n t h e t i c  F u e l s  & 2 , 3  S i l v i c u l  tur.e 
Chemicals 

~ e ~ i o n  1 = NESEC 
2  = SSEC 
3  = MASEC 
4  = WSUN 



t a r g e t  of  o p p o r t u n i t y  and t h i s  o c c u r s  p r i m a r i l y  i n  t h e  SSEC r e g i o n  

s i n c e  OTEC r e s o u r c e s  a r e  g r e a t e s t  o f f  t h e  c o a s t  of  F l o r i d a  and i n  t h e  

Gulf of  Mexico ( s e e  Tab le  111). 

The f a c t  t h a t  a  s o l a r  t echno logy  o f f e r s  p r i m a r i l y  a  midterm o r  

long-term t a r g e t  of o p p o r t u n i t y  f o r  a  r e g i o n  does  n o t  i n d i c a t e  t h a t  

commerc ia l i za t ion  a c t i v i t i e s  f o r  t h e s e  t e c h n o l o g i e s  can  be ignored  

u n t i l  t h e  mid- o r  long-term. C o n s i d e r a b l e  e f f o r t  o v e r  t h e  s h o r t  term 

could  h e l p  a s s u r e  t h e  t e c h n o l o g i c a l  and commercial c o m p e t i t i v e n e s s  o f  

such t e c h n o l o g i e s .  For  example, e a r l y  p a r t i c i p a t i o n  by u t i l i t y  

r e p r e s e n t a t i v e s  i n  t h e  SSEC r e g i o n  i n  OTEC d e m o n s t r a t i o n s  cou ld  g i v e  

t h e  u t i l i t i e s  v a l u a b l e  o p e r a t i n g  e x p e r i e n c e  on OTEC u n i t s  s o  a s  t o  

f o s t e r  t h e i r  conf idence  i n  t h e  t echno logy  and t h e i r  e a r l y  

c o n s i d e r a t i o n  of i n t e r f a c e  problems. 

SOLAR RESOURCES 

S o l a r  r e s o u r c e s  a r e  found throughout  our  environment i n  a  v a r i -  

e t y  of forms. D i r e c t  s o l a r  r a d i a t i o n  can be  c a p t u r e d  by c o l l e c t o r s  

a s  thermal  energy ( s o l a r  the rmal )  o r  conver ted  d i r e c t l y  t o  e l e c t r i -  

c i t y  ( p h o t o v o l t a i c s ) .  Wind energy  i s  a  s o l a r  r e s o u r c e  s i n c e  winds 

d e r i v e  from d i f f e r e n t i a l  h e a t i n g  of  t h ~  atmosphere by c o l n r  r a d i a -  

t i o n .  Wind energy  c o n v e r s i o n  sys tems g e n e r a l l y  u s e  r o t o r s  t o  c a p t u r e  

t h e  energy i n  t h e  winds t o  c o n v e r t  i t  i n t o  e l e c t r i c i t y  o r  u s a b l e  

mechanical  power. Thermal g r a d i e n t s  i n  t h e  oceans  caused by h e a t i n g  

o f  t h e  upper l a y e r s  of  t h e  ocean by s u n l i g h t  a l s o  c o n s t i t u t e  a  s o l a r  

r e s o u r c e  and may be used t o  g e n e r a t e  e l e c t r i c i t y  (OTEC). Biomass i n  



t h e  form of t r e e s ,  c r o p  r e s i d u e s ,  animal  r e s i d u e s  and munic ipa l  

was tes  i s  cons ide red  a  form of s o l a r  r e s o u r c e  s i n c e  i t  d e r i v e s  from 

p h o t o s y n t h e t i c  p rocesses .  

The d i s t r i b u t i o n  of  s o l a r  i n s o l a t i o n  and wind r e s o u r c e s  i n  t h e  

U.S. i s  shown i n  ~ i g u r e  7. I n s o l a t i o n  i s  expec ted  t o  be  g r e a t e s t  i n  

t h e  s o u t h e r n  and d e s e r t  r e g i o n s  of  t h e  U.S. These c o n s t i t u t e  t h e  

"sun b e l t "  r e g i o n s  which have exper ienced  r e c e n t  i n f l u x e s  of  popula- 

t i o n  and development. S o l a r  t e c h n o l o g i e s  cou ld  l o g i c a l l y  s u p p l y  p a r t  

o f  t h e  s u b s t a n t i a l  i n c r e a s e s  i n  energy  demands impl ied  by such popu- 

l a t i o n  and economic s h i f t s .  

Wind r e s o u r c e s  tend t o  be more wide ly  d i s t r i b u t e d  throughout  t h e  

U.S. Areas of h i g h  expec'ted wind r e s o u r c e s  a r e  i n  t h e  mountain 

s t a t e s ,  t h e  panhandle r e g i o n  of ~exas /Oklahoma,  t h e  Adirondak 

Mountains,  Cape Cod, and o t h e r  s h o r e  a r e a s .  However, s p e c i f i c  s i t e s  

o f  h igh p o t e n t i a l  wind r e s o u r c e s  may b e  found throughout  t h e  U.S. 

The d i s t r i b u t i o n  of s t a n d i n g  f o r e s t  r e s o u r c e s  i s  shown i n  F i g u r e  

8. Most o f  t h e  r e s o u r c e s  a r e  l o c a t e d  i n  t h e  WSUN and t h e  e a s t e r n  

a r e a  o f  t h e  SSEC r e g i o n s .  These r e s o u r c e s  a r e  used p r i m a r i l y  by t h e  

lumber,  paper ,  and pu lp  i n d u s t r i e s  i n  t h e s e  r e g i o n s .  S i n c e  t h e s e  

i n d u s t r i e s  a r e  t h e  pr imary p o t e n t i a l  u s e r s  of  i n d u s t r i a l  b iomass ,  

t h i s  s o l a r  a p p l i c a t i o n  p r e s e n t s  a  t a r g e t  of o p p o r t u n i t y  f o r  t h e  

r e g i o n s .  

The d i s t r i b u t i o n  of crop r e s i d u e s  and animal r e s i d u e s ,  by s t a t e ,  

i s  shown i n  Table I V  [ M i l l e r  and Croaks ,  19781.- This  t a b l e  i n d i c a t e s  



Auailable Wind Power, Annual Average - 
Auailable Solar Power, Annual Averap- 

IHorizclntal Plane) 

Areas in which Wind Power Exceeds Solar a Power 

FIGURE 7 
INSOLATION AND WIND RESOURCE AVAILABILITY 



k t i o n a l  ~ u b l ~ i  Fores~ N e k ~ r e i a l  
Forest Induarry FoCest 

Source: Based on data detived from Rmwt Sterfstics of the U.S., 1977, W i e v  
Draft. U.S.. Department of Agriculture, Forest Service. U.S. Gouerament 
w t n p  Off ice. Wahisgton, D.C.. 191C. 



t h a t  most of t h e  r e s i d u e s  a r e  produced i n  t h e  c o r n  b e l t  s t a t e s  ( 3 5  

peice 'nt)  and t h e  North P l a i n s  s t a t e s  (25  ~ e r c e n t ) .  Both t h e s e  areva'sY 

a r e  i n  t h e  Mid-American s o l i r  Energy Complex (MASEC) r e g i o n .  I n  t h e  

c o r n  b e l t  s t a t e s  most of  t h e  r e s i d u e  i s  g e n e r a t e d  a s  c o r n  r e s i d u e s  o r  

soybean r e s i d u e .  I n  t h e  ~ o r t h  P l a i n s  s t a t e s  most  of t h e  r e s i d u e  i s  

g e n e r a t e d  d u r i n g  t h e  p roduc t ion  of wheat. These r e s o u r c e s  and e x c e s s  

g r a i n  c r o p s  a r e  a  v a l u a b l e  r e s o u r c e  f o r  t h e  p r o d u c t i o n  of l i q u i d  

f u e l s  o r  chemicals .  They c o n s t i t u t e  a n  impor tan t  t a r g e t  of opportu- 

n i t y  f o r  t h e  MASEC r e g i o n .  

Hydroe lec t r i c .  r e s o u r c e s  o f f e r  a  s i g n i f i c a n t  p o t e n t i a l  f o r  i n -  

c r e a s e d  energy p r o d u c t i o n  i n  t h e  U.S. The d i s t r i b u t i o n  of t h e  

p o t e n t i a l  f o r  development of h y d r o e l e c t r i c  r e s o u r c e s  a t  e x i s t i n g  dams 

i s  shown i n  F i g u r e  9. Large p o t e n t i a l  r e s o u r c e s  e x i s t  i n  t h e  WSUN 

r e g i o n  which c u r r e n t l y  produces s i g n i f i c a n t  amounts of  h y d r o e l e c t r i c  

power. 

Ocean Thermal Energy Conversion (OTEC) sys tems r e l y  e n t i r e l y  on 

thermal  g r a d i e n t s  i n  t h e  ocean. The only  a r e a  of t h e  c o n t i n e n t a l  

U.S. where a s u f f i c i e n t  thermal  g r a d i e n t  e x i s t s  t o  e x p l o i t  c u r r e n t l y  

proposed technology i s  i n  t h e  Gulf Coast  r e g i o n  and o f f  t h e  e a s t  

coase of  F l o r i d a .  Thus OTEC resources ace l i m i t e d  to the SEEC r e g i o n  
0 

of  t h e  U.S. It c o n s t i t u t e s  a  long-term t a r g e t  of o p p o r t u n i t y  f o r  t h e  

r e g i o n .  

MARKET POTENTIAL 

I f  a s o l a r  r e s o u r c e  i s  t o  bc  e x p l o i t e d '  t o  any s i g n i f i c a n t  



TABLE I' 

KESlDUE PRODUCTION - 1975" 
(Thousand Dry Tons) 

"Pre l iminary  e s t i m a t e s  provided i n :  N. M i l l e r  and G .  Crooks, A v a i l a b i l i t y  and 
Cost of A g r i c u l t u r a l  and Municipal  Residues f o r  Use a s  Alcohol  Feeds tocks ,  
p repared  f o r  Alcohol P o l i c y  Review Group by S tanford  Research I n s t i t u t e ,  
September 1978. 

TAl3T.E IV 
RESIDUE PRODUCTION - 1975" 

(Thousand Dry Tons) 

High Mois tu re  

Nor theas t  
Maine 
Maryland 
New York 
Pennsy lvan ia  

Southeas t  
Alabama 
F l o r i d a  
Georgia  

Lake S t a t e s  

Peanut  
Hay 
-- 
-- 
-- 
-- 
-- 

1227 
279 

948 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 

308 
-- 
308 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

749 

Corn 

-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

8096 

Rice  
S t raw 

-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

3650 
1971 
1679 
-- 

-- 
-- 
-- 
-- 
-- 

1825 
-- 

1825 

-- 
-- 
-- 
-- 
-- 
-- 

1606 
1606 
-- 
-- 

218 

T o t a l  
Low 
Mois-Rice 
t u r e  
-- 
-- 
-- 
-- 
-- 

1227 
279 

948 

15148 
20 

13949 
1179 

16943 
7472 

15093 
6227 
5746 

13447 
7949 
1679 
3819 

61524 
22767 

7097 
7488 

- -24172  

13561 
7463 
6098 

18190 
-- 

11081 
5170 
9939 -- 

15035 
5738 

853 
8444 

Cot ton  

-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 

2284 

C a t t l e  
on 

Feed 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

2183 
-- 
-- 

2183 -- 
-- 

-- 
-- 
-- 
-- 

3853 
-- 
-- 

2088 
1765 

3037 -- 
3037 

2638 
873 

1765 
-- 
-- 
-- 

2316 
2316 
-- 
-- 

4955 

Michigan I -- Minnesota 8096 
-- 
-- 
-- 

--, -- 
-- 
--, 
-- 

--, 

739 
246 
129 
364 

-- 
-- 
-- 
-- 
-- 

749 
-- 
749 

120 
120 
-- 
-- 
-- 
-- 

300 
300 
-- 
-- 

532 

2440 

Seed 
Grass  

-- 
-- 
- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 

-- 
- - 
-- 
- 

-- 
-- 
-- 
-- 
-- 
-- 

3427 
2574 

853 
-- 

282 

C o l l e c t e d  

H u l l s  
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

543 
287 
256 
-- 

-- 
-- 
-- 
-- 
-- 

282 
-- 
282 

-- 
-- 
-- 
-- 
-- 
-- 

238 
238 -- 
-- 

39 

18982 

Wisconsin 

Corn B e l t  
I l l i n o i s  
I n d i a n a  
Iowa 
Missour i  
Ohio 

D e l t a  S t a t e s  
Arkansas 
Louis iana  
M i s s i s s i p p i  

North P l a i n s  
North Dakota 
South Dakota 
Nebraska 
Kansas 

South P l a i n s  
Olclohom 
Texas 

Mountain 
Arizona 
Colorado 
Idaho 
Montana 
Wyoming 

P a c i f i c  
C a l i f o r n i a  
Oregon 
Washington 

A l l  n t h a r  

T o t a l  

Gra in  
Sorghum 

-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

-- 

7279 

Dairy 
C a t t l e  

2996 
-- 
-- 

1756 
1240 

-- 
-- 
-- 
-- 

4200 
568 

1222 
2410 

2859 
448 
293 
964 
379 
775 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

2652 
2342 
-- 
310 

4510 

; -- 

51871 
17698 
9320 

20146 
-- 

4707 

-- 
-- 
-- 
-- 

8567 
-- 
-- 

8567 
-- 

-- -- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

25606 

94140 

-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

5575 
-- 
-- 

2027 
3548 

5429 
-- 

5429 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

2334 

13338 

Sugar  
Beet  
P u l p  
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

242 
112 
130 
-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

450 
-- 
172 
179 
-- 

99 

751 
576 
-- 
175 

463 

17217 

Sugar 
Bee t s  

-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

368 

3709 

Low 

Bar ley  

-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

1054 
-- 

1054 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

3244 
2674 

550 
-- 
-- 

-- 
-- 
-- 

- -  

Lb82 
-- 
-- 

1089 
1593 * 
-- 

2073 
1558 
-- 
515 

2650 

Hogs 
Market 

122 
-- 
-- 
-- 
122 

111 
-- 
-- 
111 

129 
-- 
129 
-- 

I 

1388 
118 
243 
451 
383 
193 

-- 
-- 
-- 
-- 

436 -- 
111 
2 18 
107 

122 -- 
122 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
- 

1270 
- 

170 
198 -- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

170 
-- 
-- 
170 
-- 

-- 
-- 
-- 

691 
-- 
259 
432 
-- 
-- 

1136 
871 
-- 
265 

639 

3044 

Wheat 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

4431 
-- 

4431 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

53639 
18191 
4314 
6996 

3 4 2 4 1 3 8  

11428 
7463 
3965 

15508 
-- 

4081 
4081 
7346 
-- 

7929 
-- 
-- 

7929 

23673 

Trash  and 

Sugar  
Cane Ba- 
g a s s e  

-- 
-- 
-- 
-- 
-- 

1574 
-- 

1574 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

1686 
-- 

lG86 
-- 

-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

2 7 

3278 

Sugar  
Cane 

F i e l d  

-- 
-- 
-- 
-- 
-- 

1546 
-- 

1346 
-- 

-- 

Soy 
beans 

-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

5729 
-- 

5729 
-- 

i9150.51481 
16439 
7472 

13782 
6227 
5230 

9797 
5978 

-- 
3819 

-- 
-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

- 
-- 
-- 
-- 

18349'47;G 

Mois tu re  

Oats 

-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

3841 
-- 

2b6L 
1179 

2317 
490 
-- 

1311 
-- 
516 

-- 
-- 
-- 
-- 

4093 
1722 
1960 
411 
-- 

- -- 
-- 
- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
- 
-- 

2992 

H u l l s  
T o t a l  
Trash  

and 
H u l l s  

-- 
-- 
-- 
-- 
-- 

1574 
-- 

1574 -- 

242 
112  
130 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

2229 
287 

1942 
-- 

-- 
-- 
-- 
-- 
-- 

282 
-- 
282 

450 -- 
172 
179 
-- 

99 

989 
814 -- 
175 

529 

Animal 

B r o i l e r s /  
F r y e r s  

14  7 
-- 
14 7 -- 
-- 

1032 
438 
-- 
594 

120 
-- 
120 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

785 
518 -- 
267 

-- 
-- 
-- 
-- 
-- 

25 1 - - 
25 1 

-- 
-- 
-- 
-- 
-- 
-- 

19 1 
19 1 
-- 
-- 

1460 

T o t a l  
High 
Mosi- 
t u r e  

-- 
-- 
-- 
-- 
-- 

1546 
-- 

1346 
-- 

8464 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

839 
-- 
839 
-- 

-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

47 

2232 11711 

Rye 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

9 3  
20 
73 
-- 

14 
14 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

548 
160 
273 
8 1  

-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 

247 

3986 

170 
8294 
-- 

51879 
17698 
9320 

20146 
-- 

4707 

1578 
246 
968 
364 

14312 
-- 
-- 

10764 
3548 

6178 
-- 

6178 
- 

811 
120 
259 
432 
-- 
-- 

1436 
1171 
-- 
265 

29198 

115194 13243  902)l186GqK3025 

Manure 

Hens/ 
P u l l e t s  

532 
9 1 

-- 
146 
295 

742 
236 
124 
382 

98 
-- 

98 
-- 

215 
-- 

9 1 
-- 
-- 
134 

273 
1 3 1  
-- 
142 

-- 
-- 
-- 
-- 
-- 

8 4 -- 
04 

-- 
-- 
-- 
-- 
-- 
-- 

4 18 
4 18 -- 
-- 

1276 

3638 b8779'  

T o t a l  
Animal 
Manure 

3797 
91  

147  
1902 
1657 

1885 
674 

1124 
1087 

2547 
568 

1569 
24 10 

6645 
566 
627 

3598 
762 

1092 

1058 
649 

-- 
409 

4289 
-- 
111 

2306 
1872 

3494 
-- 

3494 

2638 
873 

1765 
-- 
-- 
-- 

5577 
5267 
-- 
3 10 

13471 

T o t a l  
Residue 

P r o d u c t i o n  

3797 
91 

147 
1902 
1657 

6032 
953 

3044 
2035 

28001 
870 

23942 
3589 

101997 
35207 
17419 
38837 

6989 . 
11545 --- 
18312 
9131 
4589 
4592 

80125 
22767 

7208 
20558 
29592 

23515 
7463 

16052 

22089 
993 

6277 
5781 
8939 

9 9 

20037 
12990 

853 
9194 

92364 

17401 1102 407669 1906 3201 6295 



SOURCE: H y d r o e l e c t r i c  Power I iesources .of t h e  United S t a t e s  
F e d e r a l  Power C o m i s s i o n ,  January  1, 1976 

Legend 

p o t e n t i a l  a t  
e x i s t i n g  dams 

I 'm Developed 

FIGURE 9 
POTENTIAL'HYDROELECTRIC RESOURCES 
AT EXISTING DAMS (BY CENSUS REGION) 



e x t e n t ,  a  demand f o r  energy r e s o u r c e s  must  e x i s t .  S o l a r  t e c h n o l o g i e s  

c a p a b l e  of  t r ans fo rming  t h e  s o l a r  r e s o u r c e  i n t o  u s a b l e  forms o f  

energy must be t e c h n i c a l l y  v i a b l e  and c o s t  c o m p e t i t i v e  w i t h  

. a l t e r n a t i v e  forms of  energy p roduc t ion .  The p o t e n t i a l  market  f o r  

. s o l a r  t e c h n o l o g i e s  i s  summarized i n  T a b l e s  V through V I I I  f o r  t h e  

r e s i d e n t i a l ,  commercial ,  p rocess  h e a t ,  and u t i l i t y  s e c t o r s ,  

r e s p e c t i v e l y .  I n  Tab le  V i t  i s  assumed t h a t  a l l  r e s i d e n t i a . 1  energy 

use  i s  f o r  h o t  w a t e r ,  space  h e a t i n g ,  c o o l i n g ,  o r  e l e c t r i c i t y .  Eleven 

p e r c e n t  of t h e  end-use energy f o r  r e s i d e n c e s  i s  used t o  p rov ide  h o t  

water  h e a t i n g .  On t h e  b a s i s  of t h e  pr imary energy  r e q u i r e d  t o  

s a t i s f y  r e s i d e n t i a l  energy r e q u i r e m e n t s ,  o n l y  10 p e r c e n t  of t h e  

energy  i s  used f o r  h o t  water  h e a t i n g .  Table  V a l s o  i n d i c a t e s  

t h e  form of energy r e s o u r c e  ( c o a l ,  o i l  n a t u r a l  gas ,  e l e c t r i c i t y ,  LPG, 

o t h e r )  used t o  supp ly  t h e  demand f o r  energy.  F i f t y - e i g h t  p e r c e n t  o f  

t h e  end-use of e l e c t r i c i t y  f o r  h o t  w a t e r  h e a t i n g  i s  s u p p l i e d  by 

n a t u r a l  gas.  

The p r o p o r t i o n  of  r e s i d e n t i a l  energy i n  each census  r e g i o n  of  

t h e  U.S.  i s  a l s o  shown i n  Table  V. The Mid-Atlant ic  r e g i o n  f o r  

example, u s e s  2 2  p e r c e n t  of t h e  r e s i d e n t i a l  energy u s e  i n  t h e  U.S.  

Although t h e  s o u t h e r n  d e s e r t  r e g i o n s  o f  t h e  U.S .  have r e l a t i v e l y  h i g h  

i n s o l a t i o n  l e v e l s ,  t h e  market  p o t e n t i a l  f o r  r e s i d e n t i a l  h e a t i n g  

systems i s  l i m i t e d  s i n c e  t h e r e  a r e  few homes i n  t h i s  a r e a  and t h e  

h e a t i n g  requ i rements  f o r  t h e s e  homes a r e  smal l .  



POTENTIAL RESIDENTIAL MARKE-T FOR SOLA'R ENERGY 

PERCENT 
APPLICATION OF PRESENT PERCENT OF FUEL CONSUMED SUITABLE SOLAR' 

D W D  COAL OIL N.  GAS ELEC LPG OTHER TE CHNOLOGY 

End-Use Primary 

Hot Water 11  10 

Space Heat ing  3 6 3 4 

Space Cooling 38 3 4 

E l e c t r i c i t y  15 2 1 
r-: 
U 

0 10 5 8 3 2 0 0 Act ive  Thermal 

0 3 2 5 8 10 0 0 Act ive  & P a s s i v e  
The rmal 

0 0 10  90 0 0 Ac t ive  Thermal 
D i s t r i b u t e d  
E l e c t r i c  

0 0 0 100, 0 0 Smal l - sca le  Wind 
P h o t o v o l t a c i s  

Regional  S o l a r  
Energy Center  Nor theas t  Southern  Mid-American Western Sun 

Census Region New Mid- South E a s t  West E a s t  West 
England A t l a n t i c  A t l a n t i c  South South North North Mountain P a c i f i c  

C e n t r a l  C e n t r a l  

Percent  c f  
End-use 
Thermal Pemand 3 2 2 



TABLE . . ,VI 

POTENTIAL . . , . COMMERCIAL MARKET .TOR SOLAR ENEKG-Y , .  - L C  . ,..' 

PERCZFT 
APPLICATION OF PRESENT PERCENT OF FUEL CONSUMED SUITABLE SOLAR 

DEMAV D COAL OIL N. GAS ELEC LPG OTHER TECHNOLOGY .- ...~ 

End-Us e Pr imary 

Hot Water 5 3 0 48 4 4  8 0 0 Act ive  Therma 1 

Space Heat ing  2 2 14 0 ,4 8 4 7 5 0 0 Act ive  & P a s s i v e  
Thermal 

Space Coo1in.g 17 11 0 0 13  8 7 0 0 Act i v e  The rma 1 
D i s t r i b u t e d  
E l e c t r i c  

E l e c t r i c i t y  56 7 2 0 0 0 100 0 0 Small WECS 
~ h o t o ; o l  t a c i s  

Regional  S o l a r  
Energy Center  Northezs t Southern  Mid-Amer i c a n  Western Sun 

Census Region New Elid- South E a s t  West E a s t  West 
England A t l a n t i c  A t l a n t i c  South South North North Mountain P a c i f i c  

C e n t r a l  C e n t r a l  

Percent  O E  
End-use 
Thermal D a a n d  3 2 2 



TABLE V I I  
POTENTIAL INDUSTRIAL MARKET FO& SOLAR. ENERGY 

OF 
DEMAND 

PRESENT PERCENT OF FUEL, ,CONSUME~ SUITABLE SOLAR 
COAL OIL N.  GAS ELEC LPG OTHER TECHNOLOGY 

. . - . .  . . 
End-Use' 

Hot Water 

~ i r e c t  A i r  350" 

D i r e c t  A i r  350" 

Steam 350" 

Steam 350" 

E l e c t r i c i t y  

..,- - 
19.1 14.9 42.9 13.1 --- 9 ;4'  lit p i a t e ;  

Evacuated Tube 

1.8 18.3 69.6 9.7 <-- .2 Line  c o n c e n t r a t o r ,  
F l a t  P l a t e ,  
Evacuated Tu6e 

39.3 10.5 26.8 2.3 .4 20;6  Link doncen ' t r a to r  , 
Pi<abo l i c  Dish 

14.0 17.8 43.0 0'. 0 .5 24.0 Line  C o n c e n t r a t o r ,  
Evacuafed Tubhe, 
Para60 t i c  ~ i s s  

14.0 17.8 43.0 0.0 .5 24.0 P a r a b o l i c  Dish 

Wind, s o l a r b  T o t a l  
Energy System 

Regiona l  S o l a r  
Energy Center  Nor theas t  Southern  Mid-Amer i c a n  Western Sun 

Census Region New Mid- South E a s t  West E a s t  West 
England A t l a n t i c  A t l a n t i c  South South No'rth North Mountain P a c i f i c  

C e n t r a l  C e n t r a l  

Percent  o f  
End-use 
The rma 1 Demand 2.3 13.9 10.4 8.2 26.9 23.6 4.2 2.4 8.4 



TABLE V I I I  
POTENTIAL ELECTRIC UTILITY MARKET FOR SOLAR ENERGY 

PERCENT 
APPLICATION OF SERVICE PRESENT PERCENT OF PRIMARY FUEL CONSUMED 

DEMAND COAL OIL N. GAS ELEC LPG NUCLEAR HYDRO 
SUITABLE SOLAR 

TECHNOLOGY 

- -- 

Baseload 

I n t e r m e d i a t e  

W 
Semipeaking 

Peaking .O 2 

Fue 1 Saver  .lo* 

WECS-Gas t u r b i n e  backup 
WECS wa te r  s a v e r  
OTEC 
Biomass E l e c t r i c  

WECS, Gas t u r b i n e  backup 
S o l a r  thermal  e l e c t r i c  
and gas  t u r b i n e  

S o l a r  thermal  e l e c t r i c  
and s t o r a g e  

Biomass e l e c t r i c  
P h o t o v o l t a i c s  

P h o t o v o l t a i c s  
S o l a r  Thermal 

None 

WE CS 
P h o t o v o l t a i c  
S o l a r  Thermal 

Regiona l  S o l a r  
Energy Cen te r s  Southern  Mid-Amer i c a n  Western Sun 

Census Region New Mid- South E a s t  West E a s t  West 
England at l a n t  i c  A t l a n t i c  South South North North Mountain P a c i f i c  

C e n t r a l  C e n t r a l  C e n t r a l  C e n t r a l  

Pe rcen t  oh 
Demand 



The c o m p e t i t i v e  p o s i t i o n  of  s o l a r  t e c h n o l o g i e s  r e l a t i v e  t o  a l -  

t e r n a t i v e  c o n v e n t i o n a l  t e c h n o l o g i e s  i s  summarized i n  F igures  1 0  

through 14 f o r  t h e  r e s i d e n t i a l ,  commercial ,  p r o c e s s  h e a t ,  u t i l i t y ,  

and s y n t h e t i c  f u e l s  and chemica l s  s e c t o r s  o f  t h e  economy, 

r e s p e c t i v e l y .  A d e t a i l e d  d e s c r i p t i o n  of  t h e  d a t a ,  a s sumpt ions ,  and 

methodology s u p p o r t i n g  t h e s e  r e s u l t s  i s  provided i n  Toward A N a t i o n a l  

P l a n  f o r  t h e  Commerc ia l i za t ion  o f .  S o l a r  Energy: PricclDemand 

S c e n a r i o s  and P r o j e c t i o n s  of  S o l a r  U t i l i z a t i o n  Under t h e  N a t i o n a l  

Energy Ac t ,  MTR-8057. The market  p e n e t r a t i o n  r e s u l t s  which p rov ide  

t h e  b a s i s  f o r  t h e s e  f i g u r e s  a r e  p r e s e n t e d  by census  r e g i o n  i n  t h e  

market  s e c t o r  workbooks [G. M i l l e r ,  1979; M. Shulman and N. Kannan, 

1979; and J. Tau l ,  19791. 

I n  t h e  n e a r  term, a c t i v e  and p a s s i v e  s o l a r  h e a t i n g  and h o t  w a t e r  

sys tems a r e  c o m p e t i t i v e  w i t h  e l e c t r i c i t y  f o r  r e s i d e n t i a l  and 

commercial a p p l i c a t i o n s .  P rocess  h e a t  s y s  tems a r e  c o m p e t i t i v e  w i t h  

e l e c t r i c  and o i l  sys tems.  I n  g e n e r a l ,  t h e  c o s t  c o m p e t i t i v e n e s s  o f  

s o l a r  t e c h n o l o g i e s  i n c r e a s e s  w i t h  t ime a s  mass p r o d u c t i o n  of s o l a r  

sys tems reduces  s o l a r  sys tem c o s t s  and as t h e  c o s t s  o f  competing 

f o s s i l  f u e l s  i n c r e a s e s .  By 1990, wind energy c o n v e r s i o n  systems and 

s o l a r  thermal  systems f o r  u t i l i t y  a p p l i c a t i o n s  a r e  expec ted  t o  b e  

c o s t - c o m p e t i t i v e  w i t h  c o a l  g e n e r a t i o n  t e c h n o l o g i e s  i n  s e v e r a l  r e g i o n s  

of t h e  U . S .  B 
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Note: Shaded a r e a s  r e p r e s e n t  r e g i o n a l  r a n g e s .  Hea t ing  i n c l u d e s  h o t  w a t e r . '  
Cool ing i n c l u d e s  h o t  w a t e r  and h e a t i n g .  Areas  f o r  o i l  and g a s  and 
e l e c t r i c i t y  p r i c e s  correspond t o  expected r e g i o n a l  v a r l a ~ i u a s .  

FIGURE 11 
COST OF DELIVERED ENERGY IN THE COMMERCIAL SECTOR 
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FIGURE 13 
BUSBAR COST OF ELECTRICITY IN THE-UTIL!TY SECTOR' 

& .  

' Intermediate electric systems only. Range o f  costs represents regional 
variations in  prices o f  fuels. variations by application type. and 
regional variation of system output. 
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- 
Note: Shaded a r e a s  represent  regional  ranges. 

FIGURE 14 
COST OF DELIVERED ENERGY IN THE 

SYNTHETIC FUELS AND CHEMICALS SECTOR 
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 PHYSICAL/^^?&^^ C H A ~ R A C . ~ . E ~ I G ' T ~ C S  ijEj1~ijE TO A .i~Gi.i 

Each r e g i o n  of  t h e  U.S. ' e x h i b i t s  uni'qiie miFket c h a r a c t e r i s t i c s  

o r  p h y s i c a l  c h a r a c t k ' r i s t i c s .  which may b e  :f;avo?abl.e t o  t h e  u s e  of 

s o l a r  technologies . .  As p rev ious13  d i s c u s s e d ,  b ibi iass  I resources  occiii- 

p r i m a r i l y  i n  t h e  South A t l a n t i c  and P a c i f i c  cerisus regi0ii.s of t h e  

U.S. The lumber, pu'lp and 'paper i>d&t?i 'es ir-e 'tKe i a rg ' e s t  potehki .a l  

u s e r s  of t h i s  r e s o u r c e  f o r  pi.ocess , h e a t  'teitd ti3 b~ ld5'5t6d *ea r  

biomass r e s o u r c e s .  Thus, i n c r e a s e d  Gs'e 'of biomass for p r o c e s s  h e a t  

a p p e a r s  t o  be a  .taigect of opportunirt j l  i'n i h b s e  Fwo reg ions .  Other  

unique marke,t c h a r a c t e r i s t i c s  invoicing $h'e lokat ' ion  of  a  s o l a r  l'e2 

s o u r c e  w i t h  a  s i g n i f i c a i t  indGs t ry  &.iifia.bl.e of 5 s i h k  t h a t  bol i i r  re-  

s o u r c e  i n c l u d e :  

. . ). .  
u food p r o c e s s i n g  i n d u s t , r i e s  i n  t h e  WSUN ,and '&SEC r e g i o n s  

o  t e x t i l e s  i n  t h e  SSEC r e g i o n  

o  p l a s t i c s  ai ldpmetal  f a b r i c a t i o n  ih t h e  MASEC r e g i o n  

Some loca ' l  a r e a s  'o'f t h e  U;S: e i h i b i ' t  h i g h  1evcSls of a i r  po l lu -  

t a n t s  and a r e  .deii1ignated a s  bona t  t>i't%eht a reas ;  ' T h e w i - e  ger iera l  l y  

a s s o c i a t k d  wi th  h'igh c 'bncentra t  i o n s  of  i i d u ' s t i ~ ,  G o t d i  v ~ h i c l k ~ s ,  o r  

u t i l i t y  genera t ' ibn  f a c i l i t i e s  which pi.o,di.tcc . the  l u t t s .  The non- 

a t t a i n n l e n t  ar&;?'s - f d r  '&Ll fu r  d i o x i d e  ( s o * )  aBtid t o t a l  siisljerided par-  

t i c u l a t e s  a r e  shbwn i n . F i g u r e s  15 and 16 ,  r e s p e c t i v e l y .  They i n c l u d e  

, . 
s i g n i f i c a n t  a r k a s  of  th* WSUM and P ~ A S ~ C  reg ions .  S o l a r  t ' echno log ies  

used t o  r e t r o f i t  e x i s t i n g  energy f a c i l i t i e s  i n  t h e s e  'a reas  cou ld  s i g -  

n i f i c a n t l y  ' reduce ambient l e v e l s  o f  p o l l u t a n t s , .  Nbw f a c i l i t i e s  u s i n g  



FIGURE 15 
SULFUR DIOXIDE NONATTAINMENT COUNTIES' 

'A nonattainmcnt area is one which violates thc national ambient 
air quality standards for a given pollutat~t. Shaded areas represent 
whole counties. In many cases, however, nonattainment areas constitute 
only a small portion of the county in which they arc located. 

Sniirce: Thc MITRE Curporation, National Environmental Impact 
Projection No. 1, MTR-7905, December, 1978. 
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FIGURE 16 
TOTAL SUSPENDED PARTICULATES NONATTAINMENT COUNTIES 1 

'A nonattainment area is one which violates the national ambient 
air quality standards for a given pollutant. Shaded areas represent 
whole counties. In many cases, however, nonattainment areas constitute 
only a amall portion of the county in which they are lncated. 

Source: The MITRE Corporation, National Environmental lmpact 
Projection No. 1, MTR-7905, December, 1978. 



s o l a r  t e c h n o l o g i e s  cou ld  h e l p  minimize new a d d i t i o n s  of  p o l l u t a n t s  

t o a n  a l r e a d y  p o l l u t e d  environment.  

Although s o l a r  t e c h n o l o g i e s  a r e  cons ide red  t o  be  environmental -  

l y  b e n i g n ,  they  use  a  d i f f u s e  energy  s o u r c e  and g e n e r a l l y  r e q u i r e  

l a r g e r  amounts o f  m a t e r i a l s  p e r  u n i t  of energy o u t p u t  t h a n  c o r r e s -  

ponding c o n v e n t i o n a l  g e n e r a t i o n  t e c h n o l o g i e s .  The p r o d u c t i o n  pro- 

c e s s e s  r e q u i r e d  t o  manufacture  t h e s e  m a t e r i a l s  imp1 ies solile form of 

p o l l u t i o n .  I n  g e n e r a l ,  h i g h e r  p o l l u t i o n  l e v e l s  a r e  expec ted  d u r i n g  

t h e  manufacture  of s o l a r  c o l l e c t o r s  than  f o r  c o n v e n t i o n a l  g e n e r a t i o n  

t e c h n o l o g i e s .  However, lower p o l l u t i o n  l e v e l s  a r e  expec ted  d u r i n g  

the o p e r a t i n g  l i f e  of t h e  s o l a r  t e c h n o l o g i e s .  By t h e  y e a r  2000, t h e  

mix of s o l a r  t e c h n o l o g i e s  p r o j e c t e d  under t h e  N a t i o n a l  Energy Act i s  

expec ted  t o  r e s u l t  i n  lower p o l l u t i o n  l e v e l s  f o r  o x i d e s  of n i t r o g e n  

(NO,), o x i d e s  o f  s u l f u r  ( s o x ) ,  and i n d u s t r i a l  s ludges .  P o l l u t i o n  

l e v e l s  of t o t a l  suspended p a r t i c u l a t e s  (TSP) and t o t a l  suspended 

s o l i d s  (TSS) a r e  expec ted  t o  i n c r e a s e  s l i g h t l y .  ~ i o l o g i c a l  oxygen 

demand (BOD) i s  expec ted  t o  remain approx imate ly  c o n s t a n t .  The re-  

g i o n a l  t r e n d s  p r o j e c t e d  f o r  t h e  y e a r  2000 f o r  v a r i o u s  l e v e l s  of  s o l a r  

p r o d u c t i o n  a r e  shown i n  Table  I X  f o r  t h e  10 f e d e r a l  r e g i o n s  i n d i c a t e d  

i n  F i g u r e  17. 

Tab le  I X  i n d i c a t e s  t h a t  t o t a l  l c v c l s  of  NOx,  BOD and TEF a r c  

expec ted  t o  d e c l i n e  i n  t h e  U.S. between 1975 and 2000. 'Illis i s  

p r i m a r i l y  a  r e sponse  t o  i n c r e a s i n g l y  s t r i n g e n t  environmental  



TABLE IX 

REGIONAL TRENDS FOF. SELECTED POLLUTANT PSSIDUALS (Mi l l i ons  of t ons )  

RESIDUAL I I1 111 I V  V V t  VII VII I  IX X TOTAL 

TSP C0.23 0.53 2.56 3.04 3.99 1 .27  0.89 0 .60  0.65 0.38 14.2 

NOx 0 .70  1.32 2.37 3 .41  4.37 2.93 1 .06  0.69 1 .82  0.50 19 .2  

$ 1 30D 0 .21  0.24 0.27 0 .55  0 .51  0.29 0.13 0.08 0.32 0.22 
4 

TSS 11.26 0.30 0.64 1.06 1.10 1 .50  0.16 0.18 0.40 0.30 5 .9  

I n d u s t r i a l  
Sludges 0 .95  2.1'2 12.64 34.21 27.13 17.20 7.42 2.39 2.68 1 .45  108.2 

TSP 0 .31  0.60 1.12 2 .61  2.12 1 .73  0 .62  0 .60  0.69 0.51 10 .7  

0.57 0.80 2.86 6.27 7.25 2.48 1 .78  0 .80  1 .15  0.72 24.7 

tIOx 0.60 1.02 2.40 4.77 4.71 3.43 1 .41  1 .05  1 .95  0.76 22 .1  

BOD 0.14 0.15 0.19 0 .31  0 .35  0 .15  0.06 0.08 0.18 0.10 1 . 7  

TSS 0.14 0 .15  0.22 0.39 0 .45  0.19 0.16 3.13 0 .18  0.09 2 . 1  

0 

g 
N 

I_( X 0 M 

2 
? c 
q w 

I n d u s t r i a l  
Sludges 9 .26  0 .35  1 .12  1 .43  2.00 0.94 0 .21  0.39 0.64 0 .33  7.7 

TSP 3.26 0.38 1 .08  2.50 2 . 0 1  1.72 0.60 0.54 0.67 0.45 10.2 

SoX 3.56 0 .98  3.08 6.57 7.72 2 .78  1.79 0.86 1 .23  0 .73  26.3 

NOX 0.63 1 .17  2 .53  4.97 5 .15  3.89 1 .45  1 .13  1.88 0 .70  23.5 

BOD 0.14 0 .15  0.19 0 .31  0 .35  0 .16  0.06 C8.08 0.18 0 .10  1 . 7  

'ISS '0.13 0 .15  0.22 0.35 0.40 0.17 0.10 0 .11  0.18 0.08 1 . 9  

0 0 

8 
W 
o 

4; 
m c 
2 W 

Y 

* 

TSP 0.36 0.43 1 .17  2.74 2.27 1 .79  0.64 0 .64  0.69 0.57 11 .3  

0.37 0.76 2.70 5 .91  7.00 2 .39  1.62 0.73 1.05 0.66 23.2 

NoX 0.59 1.07 2.28 4.57 4.64 3.38 1 .25  1 .00  1 .83  0.79 21.4 

BOD 0.14 0.15 0.19 0.31 0 .35  0 .15  0.06 0 .08  0.18 0.10 1 . 7  

TSS 0.15 0 .16  0 .24  0 .50  0.59 0.26 0 .33  0.19 0.19 0.13 2.7 

Industrial 2.52 2.62 9.95 31.85 25.25 11.33 5.22 2 .15  3.03 1 .96  Sludges  95 .9  

Source :  " R e s i d e n t i a l  Trends  Associa ted  w i t h  S o l a r  Energy Development," MITRE D r a f t  WP, 
Andrew Lawrewe,  e t  a l . ,  J anua ry  5 ,  1979. 
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kames of regions added b y  The Mitre Corporation for identification 
purposes. They are not so designated by the federal government. 



r e g u l a t i o n s  which a r e  expected t o  r e s u l t  i n  lower ambient p o l l u t i o n  

l e v e l s  f o r  i n d i v i d u a l -  i n d u s t r i e s :  Ori t h e  o t h e r  hand,  t h e  h i g h e r  

economic a c t i v i t y  ( l a r g e r  numbers of manufac tu r ing  f a c i l i t i e s )  i s  

expec ted  t o  r e s u l t  i n  i n c r e a s e d  l e v e l s  o v e r a l l  of some p o l l u t a n t s - -  

TSP, TSS, SOx, and i n d u s t r i a l  s ludges .  

I n c r e a s i n g  l e v e l s  of  s o l a r  ene rgy  p r o d u c t i o n  r e s u l t  i n  bo th  i n -  

c r e a s e s  and r e d u c t i o n s  of p o l i ~ t a n t s  by t h e  y e a r  2000. ~ e v e l s  of  TSP 

a r e  i n c r e a s e d  when s o l a r  energy p r6duc t ion  i n c r e a s e s  from 9.4 quads 

t o  27.5 quads. For f e d e r a l  r e g i o n  4 ,  t h e  i n c r e a s e  i s  from 2.50 x  

106 t o n s l y r  t o  2.74 x  l o 6  t o n s l y r .  ~ e v e l s  o f  TSS a r e  a l s o  

i n c r e a s e d  i n  t h e  y e a r  2000 by h i g h e r  l e v e l s  of  s o l a r  t e c h n o l o g i e s .  

Counterbalancing t h e s e  i n c r e a s e s  i n  p o l l u t a n t s ,  t h e  b u i l d i n g  o f  

s o l a r  t e c h n o l o g i e s  i s  expected t o  r e s u l t  i n  lower p o l l u t a n t  concen- 

t r a t i o n s  o f  SOx and NOx and no a p p r e c i a b l e  d i f f e r e n c e  i n  t h e  pol-  

l u t a n t  c o n c e n t r a t i o n  of  BOD. For  f e d e r a l  r e g i o n  3 w i t h  a n  i n c r e a s e  

i n  s o l a r  energy p roduc t ion  froni 9.4 quads t o  27.5 quads ,  t h e  SO, 

c o n c e n t r a t i o n  d e c l i n e s  from 3.08 x  l o 6  t o n s l y r .  t o  2.70 x  lo6  

t o n s l y r  . 

INSTITUTIONAL 'CHARACTERISTICS 

Each r e g i o n  of t h e  U.S. encon$asses un'i-que i n s t i t u t i o n a l  pro- 

grams o r  a u t h o r i t i e s  which a r e  expected t o  a f f e c t  t h e  commercial iza- 

t i o n  of s o l a r  t e c h n o l o g i e s .  Wifh'in a r e g i o n ,  s t a t e  and l o c a l  

government o r g a n i z a t i o n s  o f f e r  an a v a ? l a b l e  mechanism t o  a d d r e s s  



p o t e n t i a l  b a r r i e r s  t o  s o l a r  u t i l i z a t i o n .  O f t e n  t h e s e  a u t h o r i t i e s  a r e  

d i r e c t l y  concerned wi th  t h e  i n t e r e s t  of  l o c a l  u s e r s ,  m a n u f a c t u r e r s ,  

and i n s t a l l e r s  of s o l a r  systems.  For  example, s o l a r  h o t  w a t e r ,  

h e a t i n g  and c o o l i n g  of  b u i l d i n g s  t e c h n o l o g i e s  must conform t o  l o c a l  

b u i l d i n g  codes.  S t a t e  l e g i s l a t i v e  o f f i c e s  cou ld  w r i t e  model b u i l d i n g  

codes  t o  e x p e d i t e  t h e  a c c e p t a n c e  o f  s o l a r  t e c h n o l o g i e s .  S t a t e  o r  

l o c a l  energy e x t e n s i o n  s e r v i c e s  a r e  u s u a l l y  aware of r e s o u r c e s  o r  

problems i n h e r e n t  t o  t h e i r  r e g i o n  of  t h e  c o u n t r y .  

Many s t a t e s  and l o c a l i t i e s  have e s t a b l i s h e d  o r  proposed programs 

t o  a d d r e s s  b a r r i e r s  t o  s o l a r  u t i l i z a t i o n .  The p o t e n t i a l  economic 

b a r r i e r s  t h a t  might b e  a m e l i o r a t e d  by s t a t e  o r  l o c a l  programs a r e  

i d e n t i f i e d  i n  Table  X f o r  e l e v e n  groups  of  s o l a r  t e c h n o l o g i e s  [Page,  

19781. I n  . a d d i t i o n  t o  p r e f e r e n t i a l  t a x  t rea tme 'nt  and r a t e  s t r u c t u r e  

p o l i c i e s ,  s t a t e  i n f o r m a t i o n  programs can  c l a r i f y  o r  e x p e d i t e  c o s t s  

o t h e r  than  c a p i t a l  c o s t s  such a s  i n s u r a n c e ,  f i n a n c i n g ,  f e a s i b i l i t y  

s t u d i e s ,  environmental  s t u d i e s ,  o r  r e s o u r c e  assessment .  

A s  noted b e f o r e ,  w h i l e  s o l a r  t e c h n o l o g i e s  a r e  expec ted  t o  be 

e n v i r o n m e n t a l l y  benign r e l a t i v e  t o  c o n v e n t i o n a l  t e c h n o l o g i e s ,  some 

envi-ronmental  b a r r i e r s  t o  s o l a r  u t i l i z a t i o n  w i l l  e x i s t .  These a r e  

shown i n  Tab le  X I  and t h o s e  b a r r i e r s  t h a t  might be  addressed  by . s t a t e  

o r  l o c a l  programs a r e  i d e n t i f i e d .  P o l l u t i o n  r i s k ,  h e a l t h ,  and 

a e s t h e t i c  s t a n d a r d s  a r e  p a r t i c u l a r l y  amenable t o  s c a t e  and l o c a l  

programs o r  a c t i o n s .  



ECONOMIC BARRIERS TO ELEVEN GROUPS OF SOLAR TECHNOLOGIES 

ECONOMIC BARRIERS 
. . .  

*High i n i t i a l  c o s t  

Low r e l a t i v e  c o s t  0.f a l t e r n a t i v e s  

Uncer ta in  f u t u r e  c o s t  of a l t e r n a t i v e s  

*Uncer ta in  f u t u r e  c o s t  of  t h e  biomass 
r e s o u r c e  

High c o s t  o f  t r a n s m i s s i o n  

High c o s t  of  s t o r a g e  

*.High c o s t  o f  l and  

*High c o s t  of  s i t e - s p e c t f  i c  f e a s i b i l i t y  
s t u d j e s  

*High c o s t  o f  s i t e - s p e c i f  i c  env i ronmenta l  
s t u d i e s  

**Lack of f i r m  and advantageous rate 
s t r u c t u r e  p o l i c i e s  

Cash f low problems i n  e a r l y  yea.rs 

* D i f f i c u l t y  i n  o b t a i n i n g  f i n a n c i n g  

* D i f f i c u l t y  i n  o b t a i n i n g  i n s u r a n c ~ e  

**Lack of uniform and ad,van.tageous p r o p e r t y  
t a x  t r e a t m e n t  

D i s r u p t i o n  of work s c h e d u l e s  d u r i n g  
r e t r o f i t  

High c o s t  of purchase  (b,iomass f u e l s )  

Lack of  generous  d e f i n i t i o n  of 
t echn iques  and m a t e r i a l s ,  t h a t  shou id  
q u a l i f y  f o r  t a x  exemptions 

* S t a t e  a n d / o r  l o c a l  governments can b.e h e l p f u l  i n  r e d u c i n g  t h e s e  b a r r i e r s .  

**Sta te  and /or  l o c a l  government a c t i o n  can  b e  i n s t r u p e n t a l  i n  r e d u c i n g  
t h e s e  b a r r i e r s .  



TABLE X I  

POSSIBLE ENVIRONMENTAL BARRIERS TO ELEVEN GROWS OF SOLAR TECHNOLOGIES . . 

APPLICABLE TECHNOLOGIES --- 

E f f e c t s  on t e r r e s t r i a l  . b i o t a  

C l i m a t o l o g i c a l  impacts  

Explosion hazards  

**Fire  hazards  

**Health r i s k s  ( t o x i c  m a t e r i a l s )  

*Other s a f e t y  hazards  ( f a l l i n g  b l a d e s ,  
b reak ing  dams), 

*Noise 

* W i r  emiss ions  

**Water p o l l u t i o n  ( r e s i d u e s )  

"Thermal p o l . 1 ~  t i o n  

*Erosion 

Seismic e f f e c t s  

*.*Landc l e a r i n g  

l n c r e a s e d  demand f o r  water  

**Aesthet ic  i n t r u s i o n  

* s t a t e  and /or  l o c a l  governmen-ts can b e  h e l p f u l  i n  reduc ing  t h e s e  b a r r i e r s .  

**Sta te  and /or  l o c a l  government a c t i o n  can b e  i n s t r u m e n t a l  i n  reduc ing  
t h e s e  b a r r i e r s , .  . . 



'" 

I n s t i t u t i o n a l  b a r r i e r s  t o  s o l a r  use  a r e  shown i n  Tab le  X I I .  Such 

b a r r i e r s  a s  s o l a r  r e s o u r c e  a c c e s s  p r o t e c t i o n ,  u t i l i t y  r e g u l a t i o n ,  and 

p e r m i t t i n g  and l i c e n s i n g  p rocedures  a r e  d i r e c t l y  a f f e c t e d  by s t a t e  o r  

l o c a l  programs. 

S t a t e  a g e n c i e s  t h a t  could  t ake  a c t i o n  t o  e x p e d i t e  o r  promote 

s o l a r  use  i n c l u d e ,  among o t h e r s :  s t a t e  e n e r g y  d e p a r t m e n t s ,  m u l t i -  

s t a t e  r e g i o n a l  commissions, consumer p r o t e c t i o n  depar tments ,  d e p a r t -  

ments of t r a n s p o r t a t i o n ,  s t a n d a r d s  and codes  d e p a r t m e n t , . P u b l i c  

U t , i l i t y  Commissions, ene rgy  e x t e n s i o n  s e r v i c e s ,  and environmental  

p . ro tec t ion  depar tments .  The p o t e n t i a l  programs o r  a c t i o n s  by t h e s e  

departments/agencies/authorities t o  a d d r e s s  b a r r i e r s  t o  s o l a r  u s e  a r e  
, . 

even more numerous. They i n c l u d e  programs t o  promote t echno logy  . , 

development,  market  a s sessment ,  i n d u s t r i a l  development,  l e g a l  and 

i n s t i t u t i o n a l  b a r r i e r  removal,  and i n f o r m a t i o n  and e d u c a t i o n a l  

o u t r e a c h .  

FEDERAL INSTITUTIONAL RESOURCES 

S e v e r a l  r e g i o n s  of t h e  U.S. encompass f e d e r a l  i n s t i t u t i o n a l  re-  

s o u r c e s  such a s  Tennessee Va l l ey  A u t h o r i t y ,  Bonnev i l l e  Power Adminis- 

t r a t i o n ,  Bureau of  Land Management, o r  t h e  Bureau o f  l n d i a n  A f f a i r s .  

Of ten  t h e s e  i n s t i t u t i o n s  p rov ide  s p e c i a l  o p p o r t u n i t i e s  t o  deve lop  

s o l a r  r e s o u r c e s .  The Bureau o f  Reclamat ion of  t h e  Department of t h e  

I n t e r i o r  has  proposed,  f o r  example, t o  demons t ra te  an  i n s t a l l a t i o n  o f  

f o r t y - n i n e  2-MWe WECS u n i t s  n e a r  Medicine  Bow, Wyoming u s i n g  e x i s t i n g  

h y d r o e l e c t r i c  c a p a c i t y  i n  t h e  a r e a  t o  p rov ide  r e l i a b l e  backup 

e l e c t r i c i t y  f o r  t h e  s o l a r  u n i t s .  
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TABLE X I 1  

INSTITUTIONAL BARRIERS TO ELEVEN GROUPS OF SOLAR TECHNOLOGIES 

APPLICABLE TECHNOLOGIES 

INSTITUTIONAL BARRIERS 

**Lack of so l a r  access  protec t ion  

**Lack of wind access  protec t ion  

*Competition with o ther  land/resource uses 

* * ~ e n ~ t h ~  lead time f o r  permits and houses 

* ~ d d i t i o n a l  lead  time f o r  land acqu i s i t i on  

**Lack of s i t e  banking 

*public r e s i s t ance  t o  u t i l i t y  ownership 

*Lack of u t i l i t y  cooperation 

**Lack of a t t e n t i o n  by public u t i l i t y  com- 
missions 

**Possible PUC ju r i sd i c t ion  over coopera- 
t i v e s  

**Zoning and building code l imi t a t i ons  and 
c o n f l i c t s  

**Aesthetic/architectural con t ro l s  

Lack of marketing, i n s t a l l a t i o n  and 
service  personnel 

Absence n f  industry-wide standards and 
performance c r i t e r i a  

Absence of product t e s t i ng  and 
c e r t l f  i c a t ion  

Laclt of ndoquato coneumar iq fnmat inn 

Lack of a s t a b l e  hiomass supply 

Unavailabil i ty of conforming f u e l s  

Local c i t i z e n  opposit ion 

Labor problems 

TV Inter ference  

Lack of a f i e l d  t e s t  o r  demonstration 

Unclear s t a t u s  of Law of t h e  Sea 

Leasing requ 
.. . .. 

*Sta te  and/or l o c a l  governments can be helpful  i n  reducing these ba r r i e r s .  

**State and/or l o c a l  govenrment ac t ion  can be instrumental  i n  reducing 
these ba r r i e r s .  

Source: Abbie Page, "Accelerating t h e  Commercialization of Solar  Energy: 
The Role of S t a t e  and Local Governments", MITRE lP-22054, McLean, 
Virginia:  The MITRE Corporation, December, 1978 



SECTION I V  

THE REGIONAL PLANNING PROCESS 

E s t i m a t e s  of  s o l a r  market  p e n e t r a t i o n s  were produced u s i n g  t h e  

MITRE System f o r  P r o j e c t i n g  t h e  U t i l i z a t i o n  of  Renewable Resources  

(SPURR) [Rebibo,  19791. The i n f o r m a t i o n  a v a i l a b l e  from SPURR o r  any 

o t h e r  market  p e n e t r a t i o n  d a t a  base  and model c a n  be  used a s  a  

s t a r t i n g  p o i n t  i n  d e s i g n i n g  a  r e g i o n a l  s o l a r  commerc ia l i za t ion  p lan .  

However, day t o  day d e v i a t i o n s  from t h e  expec ted  p a t h  a r e  v e r y  

important  t o  commerc ia l i za t ion  p lann ing  and canno t  b e  modeled. 

S i t u a t i o n s  s p e c i f i c  t o  a  r e g i o n  a r e  o n l y  o c c a s i o n a l l y  accounted f o r  

i n  more aggrega ted  d a t a  b a s e s  and a n a l y s e s .  P l a n n e r s  a r e  encouraged 

t o  r e v i s e  and expand t h e  a g g r e g a t e  view o f  t h e  world  u s i n g  r e a l  wor ld  

e x p e r i e n c e  and s p e c i f i c  knowledge of  how l o c a l  c o n d i t i o n s  a f f e c t  t h e  

market  p o t e n t i a l  f o r  s o l a r  energy.  

Given a c h a r a c t e r i z a t i o n  of s o l a r  t e c h n o l o g i e s  and t h e  market- 

p.la,ce based upon i n i t i a l  e s t i m a t e s  and f i r s t h a n d  knowledge when 

a v a i l a b l e ,  t h e  p lanner  i s  provided w i t h  s t r u c t u r e d  i n f o m a r i o n  t h a t  

c.an be used t o  i d e n t i f y  p o t e n t i a l  l e v e r a g e  p o i n t s  t o  a c c e l e r a t e  s o l a r  

u t i l i z a t i o n  ( f i n a n c i a l / n o n f i n a n c i a l  i n c e n t i v e s )  and b a r r i e r s  ( i n s t i t u -  

t i o n a l ,  r e s o u r c e  l i m i t a t . i o n s ,  e t c . )  which w i l l  r e q u i r e  a c t i o n  and t h e  

key d e c i s i o n  makers t o  whom e f f o r t s  shou ld  be addressed .  p r o j e c t i o n s  

through t ime of  technology a v a i l a b i l i t y  and c o s t  and r a t e s  of market  



r e s p o n s e / i n d u s t r y  growth p rov ide  a  r a t i o n a l e  f o r  t ime phas ing  t h e  

a c t i v i t i e s .  

An example of c h a r a c t e r i z i n g  a  s o l a r  market ,  i d e n t i f y i n g  t a r g e t s  

of  o p p o r t u n i t y ,  and i d e n t i f y i n g  a s s o c i a t e d  l e v e r a g e  ~ o i n t s  i s  p rov i -  

ded i n  t h e  fo l lowing  s e c t i o n s  f o r  r e s i d e n t i a l  h o t  wa te r ,  h e a t i n g  and 

c o o l i n g  i n  t h e  N o r t h e a s t  S o l a r  Energy C e n t e r  (NESEC) r e g i o n  of t h e  

U.S. These d a t a  a r e  u s e f u l  f o r  r e g i o n a l  p l a n n e r s  i n  deve lop ing  s t r a -  

t e g i e s  t o  a d d r e s s  t h e  i d e n t i f i e d  l e v e r a g e  p o i n t s  and i n  f o r m u l a t i n g  

c o o r d i n a t e d  and comprehens'ive commerc ia l i za t ion  programs. 

The d a t a  i s  i n t e n d e d  t o  i l l u s t r a t e . t h e  t y p e s  of  d a t a  t h a t  can b e  

developed f o r  a  market  s e c t o r .  The d a t a  i s  by no  means comprehensive 

o r  complete  but  shou ld  be supplemented a s  needed by t h e  r e g i o n a l  

p l a n n e r s  and l o c a l  a d v i s o r y  groups.  

Programs t h a t  . a r e  i n i t i a t e d  w i l l  r e q u i r e  c o n t i n u o u s  m o n i t o r i n g ,  

e v a l u a t i o n ,  and upda t ing .  I n  t h e  development of implementa t ion s t r a -  

t e g i e s ,  t h e  p lanner  shou ld  d e f i n e  s p e c i f i c  o b j e c t i v e s  t o  b e  ach ieved  

s o  t h a t ,  t o  t h e  g r e a t e s t  e x t e n t  p o s s i b l e ,  p r o g r e s s  can b e  e v a l u a t e d .  

THE RESIDENTIAL HOT WATER HEATING MARKET I N  THE NESEC REGION 

Cur ren t  S t a t u s  o f  t h e  ~ n d u s t r y / ~ a r k e t  

There  a r e  now approx imate ly  11,000 r e s i d e n t i a l  s o l a r  s y s t e m s ' i n  

t h e  NESEC r e g i o n .  Approximately 80 p e r c e n t  of t h e s e  s y u l e u ~ s  are  

domest ic  h o t  w a t e r  systems.  S e v e r a l  c o l l e c t o r  manufac tu re r s  and in- 

s t a l l a t i o n  c o n t r a c t o r s  a r e  a c t i v e  i n  t h e  reg ion .  T h i r t y - t h r e e  con- 

t r a c t o r s  and 1 8  manufac tu re r s  took p a r t  i n  t h e  New England E l e c t r i c  . 



h o t  w a t e r  exper iment .  Although some a r e  no l o n g e r  i n  b u s i n e s s ,  i t  i s  

r e a s o n a b l e  t o  assume t h a t  t h e s e  numbers r e p r e s e n t  minimum l e v e l s  o f  

manufacturing/installation a c t i v i t y .  I n  1978, t h e r e  were approxi-  

mate ly  two m i l l i o n  c o n v e n t i o n a l  h o t  wa te r  h e a t e r s  s o l d  i n  t h e  NESEC 

r e g i o n  and t h e r e  were approx imate ly  2,000 s o l a r  h o t  w a t e r  systems 

s o l d .  Although s o l a r  h o t  wa te r  h e a t e r  s a l e s  were b e t t e r  i n  t h i s  

r e g i o n  than  i n  some o t h e r  r e g i o n s ,  t h e  market  was somewhat d e p r e s s e d  

due t o  u n f o r t u n a t e  e x p e r i e n c e s  under t h e  HUD h o t  wa te r  i n i t i a t i v e  and 

t h e  New England h o t  w a t e r  exper iment .  Some purchases  may a l s o  have 

been de layed  i n  a n t i c i p a t i o n  of u l t i m a t e  passage  of t h e  NEA t a x  

c r e d i t s .  Fol lowing e x t r a p o l a t i o n  of growth p r i o r  t o  1978, annua l  

s a l e s  shou ld  have doubled i n  1978 r e l a t i v e  t o  1977. Manufac tu re r s  

have claimed t h a t  t h i s  h a s  n o t  happened. 

The n e t  growth r a t e  i n  s i n g l e - f a m i l y  r e s i d e n c e s  i n  t h e  NESEC 

r e g i o n  i s  approximate ly  .7 p e r c e n t  p e r  y e a r  w i t h  a  c u r r e n t  s t o c k  o f  

approx imate ly  20 m i l l i o n  s i n g l e - f a m i l y  r e s i d e n c e s  [ ~ J . s .  Dept. of  

Commerce, 19761. The r e s i d e n t i a l  market  i s  c h a r a c t e r i z e d  by a  h igh  

p r o p o r t i o n  of  o i l  use.  A t  p r e s e n t ,  rough ly  54 p e r c e n t  of  t h e  e x i s t -  

ing  r e s i d e n c e s  a r e  hea ted  w i t h  o i l ,  34 p e r c e n t  w i t h  g a s ,  and 4 

p e r c e n t  w i t h  e l e c t r i c i t y .  By t h e  y e a r  2000, o i l  w i l l  s t i l l  

predominate  w i t h  approximate ly  48  p e r c e n t  ( g a s  22 p e r c e n t ,  e l e c t r i c  

1 3  p e r c e n t )  ( s e e  F i g u r e  18) .  Approximately 65  p e r c e n t  of t h e  homes 

c u r r e n t l y  b e i n g  b u i l t  use  o i l  f o r  h e a t  ( 1 6  p e r c e n t  g a s ;  19 p e r c e n t  

e l e c t r i c ) .  Although t h e r e  i s  a  l a r g e  ~ r o ~ o r t i o n  of o i l  usage f o r  
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FIGURE 18 
CUMULATIVE RESIDENTIAL SOLAR HOT WATER SYSTEMS MARKET 

POTENTIAL BY HOME HEATING FUEL, NESEC REGION, 
NEW AND RETROFIT MARKETS 



h e a t i n g  and a  r e l a t i v e l y  smal l  p r o p o r t i o n  of e l e c t r i c  h e a t i n g ,  t h e r e  

i s  p robab ly  a  l a r g e  p r o p o r t i o n  of e l e c t r i c  h o t  wa te r  h e a t e r s  r e l a t i v e  

t o  gas  h o t  w a t e r  h e a t e r s .  T y p i c a l l y ,  a  r e s i d e n c e  w i l l  n o t  have gas  

h o t  w a t e r  u n l e s s  i t  a l s o  h a s  gas h e a t i n g .  Most o i l - h e a t e d  homes 

probably  have e l e c t r i c  ho t  wa te r  h e a t e r s  a g a i n s t  which s o l a r  h o t  

wa te r  h e a t e r s  a r e  c o m p e t i t i v e .  

F i g u r e  19 p r e s e n t s  t h e  d i s t r i b u t i o n  of home v a l u e s  f o r  t h e  NESEC 

r e g i o n  a s  of 1974. The median v a l u e  i s  approx imate ly  $32,100. The 

median v a l u e  f o r  t h e  U.S. i n  1974 was $22,000. The high median in-  

come f o r  t h e  r e g i o n ,  approx imate ly  $14,000 compared t o  $8,900 f o r  t h e  

e n t i r e  U.S., i n d i c a t e s  homeowners may b e t t e r  be a b l e  t o  a f f o r d  s o l a r  

systems.  F i g u r e  20 shows t h e  value/ income r a t i o  f o r  s i n g l e  f a m i l y  

r e s i d e n c e s  i n  t h e  reg ion .  The median v a l u e  of 2.3 s u g g e s t s  t h a t  on 

t h e  whole,  owners a r e  no t  overextended i n  terms o f  mortage commit- 

ments assuming t h e  wide ly  h e l d  2.5 r u l e  of thumb f o r  new mortgages.  

However, owners a r e  n o t  g r e a t l y  u n d e r c a p i . t a l i z e d  e i t h e r .  Roughly 60 

p e r c e n t  of t h e  owners have some type  of mortgage commitment. 

Owner-occupied r e s i d e n c e s ,  which c o n s t i t u t e  approx imare ly  40 

p e r c e n t  of t h e  r e s i d e n t i a l  market ,  a r e  a  more a p p r o p r i a t e  market  f o r  

s o l a r  h o t  wa te r  i n  t h e  n e a r  term than  r e n t e r s  because  r e n t e r s  r a r e l y  

make c a p i t a l  improvement d e c i s i o n s  of t h e  o r d e r  which we a r e  d i s c u s -  

s i n g .  I n  a d d i t i o n ,  owners of r e n t a l  ~ r o ~ e r t i e s  have much l e s s  impe- 

t u s  t o  i n v e s t  i n  s o l a r  due t o  t a x  c o n s i d e r a t i o n s  and t h e  f a c t  t h a t  

u t i l i t y  b i l l s  a r e  u s u a l l y  passed d i r e c t l y  through t o  t h e  r e n t e r .  
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FIGURE 19 
DISTRIBUTION OF RESIDENTIAL HOME VALUES, 

NESEC REGION, 1974 
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FIGURE 20 
HOME VALUEllNCOME RATIO, NESEC REGION, 1974 



I n  summary, t h e  r e s i d e n t i a l  s o l a r  h o t  w a t e r  and h e a t i n g  market  

i n  t h e  NESEC r e g i o n  may b e . c h a r a c t e r i z e d  a s  f o l l o w s :  

o A smal l  manufacturing/distribution network c u r r e n t l y  e x i s t s .  
I t  h a s  been a d v e r s e l y  a f f e c t e d  by t h e  d e l a y  o f  pending 
i n c e n t i v e s  f o r  t h e  purchase  of s o l a r  systems.  

o  S o l a r  h o t  wa te r  can be economica l ly  c o m p e t i t i v e  now i n  many 
c a s e s  and w i l l  become even more c o m p e t i t i v e  i n  t h e  f u t u r e .  

o  There  i s  a  h igh p r o p o r t i o n  of o i l  used f o r  home h e a t i n g  and a  
h i g h  ~ r o p o r t i o n  of e l e c t r i c  h o t  w a t e r  h e a t e r s  

' 

o  The median home v a l u e  i s  s u b s t a n t i a l l y  h i g h e r  t h a n  t h e  r e s t  
of t h e  coun t ry  a s  i s  t h e  median income. Owners a r e  n o t  
s i g n i f i c a n t l y  over-  o r  u n d e r c a p i t a l i z e d .  

o  Over one h a l f  of t h e  s i n g l e  f a m i l y  r e s i d e n c e s  i n  t h e  r e g i o n  
a r e  no t  owner-occupied. 

T a r g e t s  of o p p o r t u n i t y ' a n d  A s s o c i a t e d  Leverage P o i n t s  

R e s i d e n t i a l  B u i l d i n g s  i n  t h e  NESEC Region 

Leverage p o i n t s ,  i .e . ,  people  o r  a s s o c i a t i o n s  c a p a b l e  of  a f -  

f e c t i n g  t h e  d e c i s i o n  of p o t e n t i a l  u s e r s  t o  purchase  s o l a r  sys tems,  

have been i d e n t i f i e d  f o r  submarkets and t a r g e t s  of o p p o r t u n i t y  f o r  

t h e  r e s i d e n t i a l  b u i l d i n g s  market  s e c t o r .  These a r e  o u t l i n e d  below 

a l o n g  w i t h  t h e  major r e a s o n  t h e  l e v e r a g e  p o i n t s  a r e  c o n s i d e r e d  t o  

have an i n f l u e n c e :  

m u l t i p l i e r s - - p e o p l e  o r  o r g a n i z a t i o n s  t h a t  have c o n t a c t  o r  i n f l u -  
ence  a  s i g n i f i c a n t  number of  p o t e n t i a l  s o l a r  sys tem p u r c h a s e r s  

pr imary decision makers--generally t h e  pe r son  who w i l l  be  d i -  
r e c t l y  r e s p o n s i b l e  f o r  making t h e  d e c i s i o n  t o  buy o r  n o t  buy a  
s o l a r  sys tem 

v e t o  point--an o r g a n i z a t i o n  o r  i n d i v i d u a l  who cou ld  impose an 
insurmountab le  b a r r i e r  t o  t h e  i n s t a l l a t i o n  of t h e  s o l a r  system 
such a s  a  b u i l d i n g  i n s p e c t o r  o r  c o n s t r u c t i o n  f i n a n c i e r .  



Owner-occupied Single-family Detached Homes. Forty-eight per- 

cent of all housing units are single-family detached; 88 percent of 

these units are owner-occupied. 

a. New Homes 

(1) Custom Homes--5 percent of the owners of new, 
single-family homes, high cost, can afford solar 

o Multipliers, primary decision makers: 
contractors/architects 

o Primary decision maker: owner 
o Veto points: building inspectors; 

lenders/ insurers 

( 2 )  New Speculative Homes--largest portion of new 
single-family detached home construction 

o Multipliers/primary decision makers: 
developers/contractors 

o Multipliers: realtors 
o Veto points: building inspectors; 

lenders/insurers; construction f inance'rs 

(3) New owner-built homes are a small portion of new, 
single-family, detached home construction 

o Primary decision maker: owner 
o Multiplier: nonarchitectural design sources 
o Veto points: lenders; building inspectors 

b. Existing Homes--Retrofit Applications 

(1) Urban and Suburban Homes--68 percent of existing, 
owner-occupied, single-family, detached homes 

o Multipliers: HVAC contractors; plumbers and 
plumbing contractors; realtors; hardware stores 

o Primary decision maker: owner 
o Veto point: lenders/insurers 

(2) Rural Homes--32 percent of existing, owner-occupied, 
single-family detached homes 

o ' Leverage points: all of those for urban and ' 

suburban retrofit 



o  Other  m u l t i p l i e r s :  LPG d i s t r i b u t o r ;  REA; 
Co-ops 

( 3 )  Farm Homes--only 2 p e r c e n t  of  a l l  s i n g l e - f a m i l y  de- 
tached homes a r e  on farms,  86 p e r c e n t  of  t h e s e  homes 
a r e  owner-occupied, and o n l y  5 p e r c e n t  of  a l l  owner- 
occup ied ,  s i n g l e - f a m i l y ,  de tached  r u r a l  homes a r e  on 
farms 

o  Leverage p o i n t s :  a l l  o f  t h o s e  f o r  urban and 
s u b u r b a n / r u r a l  r e t r o f i t  

o  Other  m u l t i p l i e r s :  farm equipment s a l e s ;  
A g r i c u l t u r a l  E x t e n s i o n  S e r v i c e  

Renter-occupied S ing le - fami ly  Detached Homes. Only 8 p e r c e n t  of  

a l l  occupied s i n g l e - f a m i l y  de tached  homes a r e  r en te r -occup ied .  The 

a b s o l u t e  number o f  r en te r -occup ied  s i n g l e - f a m i l y  d e t a c h e d  homes i s  

d e c r e a s i n g .  

a. New Homes--a v e r y  smal l  market ;  n o t  c o n s i d e r e d  

b. E x i s t i n g  Homes--re t rof i t  a p p l i c a t i o n s  

(1) Urban and Suburban Homes--55 p e r c e n t  of e x i s t i n g  
ren te r -occup ied ,  s i n g l e - f a m i l y  , d e t a c h e d  homes 

o  Primary d e c i s i o n  maker; owner 
o  M u l t i p l i e r s :  HVAC c o n t r a c t o r :  plumbers and 

plumbing c o n t r a c t o r ;  r e a l t o r s ;  hardware  s t o r e s  
o  Veto p o i n t :  l e n d e r s / i n s u r e r s  

( 2 )  Rura l  IIomes--45 p e r c e n t  of exisring t en te r -occup ied  
s i n g l e - f a m i l y  de tached  homes 

o  Leverage p o i n t s :  a l l  of t h o s e  f o r  u rban  and 
suburban r e t r o f i t  

o  M u l t i p l i e r s :  LPG d i s t r i b u t i o n ;  REA; Co-op 

Large Mult i - family  Residences. F i v e  ur 111ure u n i c s  per s t r u c -  

ture.  Twenty-two p e r c e n t  of  a l l  hous ing  u n i t s  a r e  i n  l a r g e  m u l t i -  

f ami ly  r e s i d e n c e s .  Between 1970 and 1976 t h e r e  was only  a  6 p e r c e n t  



i n c r e a s e  i n  t h e  ndmber o i  u n i t s  of  t h i s  type .  The p e r c e n t a g e  of  hdus- 

i n g  u n i t s  of t h i s  t y p e  i s  h i g h e r  t h a n  i n  any o t h e r  r e g i o n ,  4 0  perc'knt 

h i g h e r  than  t h e  U.S. average.  

a. Renter-occupied--The number of r en te r -occup ied  hous ing  
u n i t s  of  t h i s  type  d e c r e a s e d  i n  a b s o l u t e  numbers between 
1970 and 1976. Ninety-seven p e r c e n t  of t h e  r e n t e r -  
occupied u n i t s  o f  t h i s  b u i l d i n g  t y p e  a r e  i n  urban o r  
suburban a r e a s .  

o  Pr imary d e c i s i o n  maker: owner 
o  M u l t i p l i e r ;  v e t o  p o i n t :  i n v e s t o r  consor t ium 
o M u l t i p l i e r s  : b u i l d i n g  managers /opera to r s ;  r e n t  

c o n t r o l  a u t h o r i t y  
o  Veto p o i n t :  f i n a n c i e r s / l e n d e r s  

b. Owner-occupied, New and Exist ing--Between 1970 and 197'6 
t h e r e  was a  17 p e r c e n t  i n c r e a s e  i n  t h e  number of  o h e r -  
occupied u n i t s  i n  s t r u c t u r e s  of f i v e  o r  mo.re u n i t s .  
Ninety-e ight  p e r c e n t  o f  t h e  owner-occupied u n i t s  of  t h i s  
b u i l d i n g  type a r e  i n  u rban  o r  suburban a r e a s .  I n  1976,  6 
p e r c e n t  o f  a l l  l a r g e  m u l t i - f a m i l y  r e s i d e n c e s  were owner- 
occup ied ,  up from 5 p e r c e n t  i n  1970. 

o  Pr imary d e c i s i o n  maker: owner 
o  M u l t i p l i e r ;  v e t o  p o i n t :  i n v e s t o r  consor t ium 
o M u l t i p l i e r s :  b u i l d i n g  m a n a g e r s / o p e r a t o r s ;  r e n t  

c o n t r o l  a u t h o r i t y  ', 
o Veto p o i n t :  f i n a n c i e r  

Smal l  Mul t i - family  Residences .  Two t o  f o u r  u n i t s  p e r  s t r u c t u r e .  

Between 1970 and 1976 t h e r e  was o n l y  a  6.7 p e r c e n t  i n c r e a s e  i n  t h e  
I 

number of  u n i t s  of  t h i s  t y p e ,  w h i l e  t h e  U.S. a v e r a g e  was 13  p e r c e n t .  

The p e r c e n t a g e  of hous ing  u n i t s  of t h i s  t y p e  i s  h i g h e r  t h a n  i n  any  

o t h e r  r e g i o n ,  62 p e r c e n t  h i g h e r  t h a n  t h e  U.S. average.  

, a. Renter-occupied,  p r i m a r i l y  e x i s t i n g  appl ica t ions--The 
number o f  r en te r -occup ied  hous ing  u n i t s  of t h i s  type  
i n c r e a s e d  by o n l y  4 p e r c e n t  between 1970 and 1976. 
Ninety-one p e r c e n t  of t h e  ren te r -occup ied  u n i t s  of t h i s  
type  a r e  i n  u rban  o r  suburban a r e a s  



o  Pr imary d e c i s i o n  maker:  owner 
o  M u l t i p l i e r s :  i n v e s t o r  consor t ium;  b u i l d i n g  

m a n a g e r s l o p e r a t o r s ;  r e n t  c o n t r o l  a u t h o r i t y  
o  Veto p o i n t :  f i n a n c i e r  

b. Owner-Occupied, New and Exist ing--The number o f  owner- 
occupied housing u n i t s  of t h i s  t y p e  dec reased  by 2 per-  
c e n t  between 1970 and 1976. Ninety-two p e r c e n t  of  t h e  
owner-occupied hous ing  u n i t s  of  t h i s  type  a r e  i n  u rban  o r  
suburban a r e a s .  

o  Pr imary d e c i s i o n  maker; m u l t i p l i e r :  owners/co-op 
a s s o c i a t i o n s  

o  M u l t i p l i e r s  : c o n t r a c t o r s ;  b u i l d i n g  managers/ 
o p e r a t o r s  

o  Pr imary d e c i s i o n  makers: condo d e v e l o p e r s  
o  Veto p o i n t :  f i n a n c e r s / l e n d e r s  

S ing le - fami ly  At tached  Residences .  Seven p e r c e n t  o f  a l l  hous ing  

u n i t s  i n  t h e  r e g i o n  a r e  of t h i s  b u i l d i n g  type.  Ninety-two p e r c e n t  o f  

t h e  u n i t s  of  t h i s  t y p e  a r e  i n  u rban  o r  suburban l o c a t i o n s .  

a. Owner-occupied, Urban and Suburban--Seventy p e r c e n t  of  
t h e  occupied u n i t s  of  t h i s  b u i l d i n g  t y p e . a r e  owner- 
occupied.  The number of  owner-occupied, s i n g l e - f a m i l y ,  
a t t a c h e d  homes h a s  i n c r e a s e d  by 17 p e r c e n t  between 1970 
and 1976. Ninety-four p e r c e n t  of  t h e  owner-occupied 
u n i t s  o f  t h i s  type  were i n  urban and suburban l o c a t i o n s  
i n  1976,  97 p e r c e n t  i n  1970. 

o  Primary d e c i s i o n  maker: owner 
o  M u l t i p l i e r s ;  p r imary  d e c i s i o n  makers: d e v e l o p e r s 1  

c o n t r a c t o r s ;  r e a l t o r s ;  HVAC c o n t r a c t o r ;  hardware  
s t o r e s  

o  Veto p o i n t s :  b u i l d i n g  i n s p e c t o r ;  l e n d e r s 1  
i n s u r e r s ;  c o n s t r u c t i o n  f i n a n c i e r s  

b. Owner-Occupied, Rural--This submarket  r e p r e s e n t s  o n i y  0.3 
p e r c e n t  of  t h e  t o t a l  occupied hous ing  s t o c k  i n  t h e  
r e g i o n ,  y e t  i t  h a s  i n c r e a s e d  by 159 p e r c e n t  from 1970 t o  
1976. It i s  a  q u i c k l y  deve lop ing  market  on r e l a t i v e l y  
inexpens ive  l and  and may t h u s  be s u i t a b l e  f o r  s o l a r .  

o  Leverage p o i n t s :  a l l  o f  t h o s e  f o r  owner-occupied, 
urban,  s i n g l e - f a m i l y ,  a t t a c h e d  homes 

o  M u l t i p l i e r s :  LPG d i s t r i b u t i o n s ;  REA; Co-ops 



c. Renter-Occupied, Urban and Suburban--Thirty p e r c e n t  of  
t h e  occupied u n i t s  of  t h i s  b u i l d i n g  t y p e  a r e  owner- 
occupied.  Ninety  p e r c e n t  of t h e  ren te r -occup ied  u n i t s  of  
t h i s  t y p e  were i n  urban and suburban l o c a t i o n s  i n  1976,  
95 p e r c e n t  i n  1970. 

o  Leverage p o i n t s :  a l l  of t h o s e  f o r  owner-occupied, 
urban,  s i n g l e - f a m i l y ,  a t t a c h e d  homes 

d. Renter-Occupied, Rural--This submarket  r e p r e s e n t s  o n l y  a  
f r a c t i o n  of  a  p e r c e n t  of  t h e  t o t a l  occupied housing s t o c k  
i n  t h e  r e g i o n ,  y e t  i t  h a s  i n c r e a s e d  by a lmost  250 p e r c e n t  
between 1970 and 1976. It i s  a  r a p i d l y  d e v e l o p i n g  market  
and may b e  s u i t a b l e  f o r  s o l a r  because  o f  i n e x p e n s i v e  l a n d  
and f l e x i b l e  d e s i g n s .  

o  Leverage p o i n t s :  a l l  of t h o s e  f o r  owner- 
occup ied ,  r u r a l ,  s i n g l e - f a m i l y ,  a t t a c h e d  homes. 

Mobile Homes and Trailers--Two p e r c e n t  of  a l l  hous ing  u n i t s  i n  

t h e  r e g i o n  a r e  of  t h i s  type .  E i g h t y - f i v e  p e r c e n t  od t h e s e  a r e  owner- 

occupied.  E igh ty - f ive  p e r c e n t  o f  a l l  mobile-homes i n  t h e  r e g i o n  a r e  

i n  r u r a l  a r e a s .  

a .  New Mobile Homes 

o  M u l t i p l i e r s ;  p r imary  d e c i s i o n  makers:  mobi le  home 
manufac tu re r s  

o  Pr imary d e c i s i o n  maker: owner 
o M u l t i p l i e r ;  v e t o  p o i n t :  mobi le  home p a r k s  
o  Veto p o i n t s :  b u i l d i n g  i n s p e c t o r ;  l e n d e r l i n s u r e r  

b. Exi.sti.ng Mnbil e Hnrnes, R ~ t r n f  i t  

o Leverage p o i n t s :  a l l  of  t h o s e  f o r  new mobi le  
homes 

0 M u l t i p l i e r s :  LPG d i s t r i b u t i o n ;  REA; Co-op 
o  M u l t i p l i e r  Resource Requirements :  hardware s t o r e  

RESOURCE REQUIREMENTS 

The s a l e s  of  s i g n i f i c a n t  numbers of s o l a r  sys tems w i l l  r e q u i r e  

adequa te  s u p p l i e s  of  s o l a r  equipment,  l a b o r ,  and c a p i t a l .  These 



r e s o u r c e s  may b e  s u p p l i e d  from w i t h i n  t h e  r e g i o n  o r  imported from 

o t h e r  r e g i o n s .  Th i s  a n a l y s i s  assumed t h a t  t h e  r e g i o n  w i l l  f u r n i s h  

i t s  own r e s o u r c e  requ i rements .  

E s t i m a t e s  of equipment ,  l a b o r ,  and c a p i t a l  r e q u i r e m e n t s  may b e  

used t o  imply a  r a t e  of  i n d u s t r y  expans ion  t o  e n s u r e  t h a t  adequa te  

r e s o u r c e s  a r e  a v a i l a b l e  t o  s a t i s f y  demand. I f  c u r r e n t  c a p a c i t i e s  

canno t  be a d e q u a t e l y  expanded,  programs t o  a s s u r e  a d d i t i o n a l  s u p p l i e s  

o r  t o  a c c e l e r a t e  c a p a c i t y  expans ion  w i l l  b e  r e q u i r e d .  

The amount o f  s o l a r  c o l l e c t o r s  r e q u i r e d  t o  s u p p o r t  s a l e s  of  

s o l a r  h o t  w a t e r ,  h e a t i n g  and c o o l i n g  sys tems a s  p r o j e c t e d  f o r  t h e  

NESEC r e g i o n  by t h e  MITREISPURR a n a l y s i s  i s  i n d i c a t e d  i n  F i g u r e  21. . 

By t h e  y e a r  2000 o v e r  two m i l l i o n  s q u a r e  f e e t  o f  c o l l e c t v r  a r e  pro- 

j e c t e d  t o  be  i n s t a l l e d  i n  t h e  r e g i o n  every  y e a r .  A t  p r e s e n t ,  95 per-  

c e n t  of a l l  c o l l e c t o r  manufac tu re r s  produce l e s s  t h a n  100,000 s q u a r e  

f e e t  p e r  yea r .  It h a s  been determined t h a t  a  mass p r o d u c t i o n  f l a t  

p l a t e  c o l l e c t o r  f a c i l i t y  w i l l  produce rough ly  one m i l l i o n  s q u a r e  f e e t  

p e r  yea r .  An evacua ted  tube  p r o d u c t i o n  f a c i l i t y  may produce a s  much 

as 20 m i l l i o n  s q u a r e  t e e t  pe r  yea r .  Given adequa te  c a p i t a l ,  c u r r e n t  

c a p a c i t y  c o u l d  p robab ly  b e  expanded by a t  l e a s t  a  f a c t o r  of  10 u s i n g  

mass p r o d u c t i o n  t e c h n i q u e s .  Annual s a l e s  i n  t h e  r e g i o n  ( i n  terms o f  

s q u a r e  f e e t  f o r  r e s i d e n t i a l  h e a t i n g  and h o t  w a t e r )  a r e  expec ted  t o  

expand by a  f a c t o r  o f  20 between now and 2000. 

The development of a  s u c c e s s f u l  r e s i d e n t i a l  s o l a r  i n d u s t r y  i n  

t h e  NESEC r e g i o n  w i l l  r e q u i r e  a  t r a i n e d  l a b o r  f o r c e  o f  approx imate ly  



FIGURE 21 
PROJECTED COLLECTOR SALES FOR RESIDENTIAL SOLAR HOTSWATER 

SYSTEMS, NESEC REGION, NEW-AND RETROFIT MARKETS 



5000 p e r s o n s  by t h e  y e a r  2000 ( s e e  F i g u r e  22) .  Assuming a n  average  

job t u r n o v e r  r a t e  o f  f i v e  y e a r s ,  a n  average  of  1000 pe r sons  w i l l  have 

t o  be  t r a i n e d  each y e a r  f o r  t h e  n e x t  20 y e a r s  i n  some a s p e c t  of  s o l a r  

manufac tu re ,  d e s i g n ,  and i n s t a l l a t i o n .  T h i s  shou ld  pose no g r e a t  pro- 

blem i n  t h a t  t h e r e  a r e  c u r r e n t l y  o v e r  100,000 plumbers ,  p i p e  f i t t e r s ,  

s h e e t m e t a l  workers ,  and HVAC sys tems t e c h n i c i a n s  i n  t h e  reg ion .  S i n c e  

t h e s e  t r a d e s  a r e  h i g h l y  u n i o n i z e d ,  t r a i n i n g  programs c a n  p robab ly  b e  

e f f e c t i v e l y  e s t a b l i s h e d  through t h e  unions .  However, t h e y  shou ld  b e  

i n i t i a t e d  o v e r  t h e  n e a r  term. 

P r i v a t e  consumers i n  t h e  NESEC r e g i o n  shou ld  n o t  g e n e r a l l y  have 

t r o u b l e  o b t a i n i n g  s o l a r  loans .  However, banks  w i l l  r e q u i r e  a  c e r t a i n  

amount of c a p i t a l  a v a i l a b l e  t o  l end  t o  b o t h  consumers and t h e  

i n d u s t r y .  F i g u r e  23 p r e s e n t s  t h e  l e v e l  of p r i v a t e  e x p e n d i t u r e s  t h a t  

w i l l  be  r e q u i r e d .  F i g u r e  24 p r e s e n t s  t h e  amount of  c a p i t a l  ( p l a n t  

i n v e s t m e n t ,  i n v e n t o r y ,  and i n s t a l l a t i o n  overhead)  t h a t  w i l l  be  in- 

v e s t e d  i n  t h e  manufacture  and d i s t r i b u t i o n  o f  s o l a r  h e a t i n g  and h o t  

w a t e r  h e a t e r s .  Again, i t  should  be  po in ted  o u t  t h a t  a  l a r g e  p o r t i o n  

of t h e  investlueul: a s s o c i a t e d  with manufac tu r ing  may be from o u t s i d e  

t h e  r e g i o n .  

These c a p i t a l  r equ i rements  a r e  n o t  ext raordi .naxy.  But,  t h e  

a v a i l a b i l i t y  o f  t h i s  c a p i t a l  f o r  consumption and p r o d u c t i o n  of  s o l a r  

sys tems w i l l  depend p r i m a r i l y  on exogenous economic f a c t o r s .  Pro- 

grams which p rov ide  consumers, l e n d i n g  i n s t i t u t i o n s ,  o r  p o t e n t i a l  in- 

d u s t r y  i n v e s t o r s  w i t h  t e c h n i c a l / f i n a n c i a l  background i n f o r m a t i o n  



FIGURE 22 
ANNUAL LABOR REQUIREMENTS FOR THE DESIGN PRODUCTION, AND 

INSTALLATION OF SOLAR HEATING, COOLING AND HOT WATER SYSTEMS, 
NESEC REGION, RESIDENTIAL AND COMMERCIAL, NEW AND RETROFIT 

MARKETS 
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FIGURE 23 
PROJECTED PRIVATE EXPENDITURES FOR RESIDENTIAL SOLAR HOT WATER 

SYSTEMS, NESEC REGION, NEW AND RETROFIT MARKETS 



FIGURE 24 
PRPJECTED PLANT INVESTMENT FOR RESIDENTIAL SOLAR HOT WATER. 

SYSTEMS, NESEC REGION, NEW AND RETROFIT* MARKETS 



could he lp  a s su re  t h a t  s o l a r  investments  r ece ive  p r i o r i t y  i n  t he  a l -  

l o c a t i o n  of e x i s t i n g  funds. 

DEVELOPMENT OF REGIONAL ACTION PLANS 

The four Regional Solar  Energy Centers  have been charged with 

developing reg iona l  a c t i o n  p lans  f o r  the  commercial izat ion of s o l a r  

technologies .  The plans a r e  being developed f o r  each of t h r e e  market 

s e c t o r s  addressing:  

s o l a r  ho t  water ,  hea t ing  and cool ing technologies  f o r  r e s i -  
d e n t i a l  and commercial a p p l i c a t i o n s  

process  h e a t  a p p l i c a t i o n s  of s o l a r  thermal and biomass 
resources  

u t i l i t y  and s y n t h e t i c  f u e l s  and chemicals 

Each market s e c t o r  a c t i o n  plan summarizes a v a i l a b l e  background 

information r e l a t i n g  t o  the market s e c t o r  by drawing'upon m a t e r i a l s  

and e x p e r t i s e  developed by DOE,  SERI, MITRE, r eg iona l  consu l t an t s  and 

in-house expe r t i s e .  This  information inc ludes :  

market p o t e n t i a l  f o r  s o l a r  t echnologies  

m c u r r e n t  and p ro j ec t ed  demands f o r  energy 

cu r r en t  a n d , p r o j e c t e d  f u e l  use and f u e l  c o s t s  by f u e l  type 

unique reg iona l  i n s t i t u t i o n s  

cu r r en t  s t a t u s  of s o l a r  (number of i n s t a l l a t i o n s )  

i ndus t ry  i n f r a s t r u c t u r e  (product ion  capac i ty ,  d i s t r i b u t i o n  
networks) 

The primary o b j e c t i v e  of the  r eg iona l  a c t i o n  p lans  i s  t o  address  

market pene t r a t i on  goa ls  f o r  t he  reg ion  by s o l a r  technology type. 



These goa ls  a r e  der ived from t h e  P r e s i d e n t i a l  goal  of 20 pe rcen t  

s o l a r  energy by t h e  year  2000 and from DPR es t ima te s  of t h e  p o t e n t i a l  

f o r  s o l a r  technologies .  Target  markets  and q u a l i t a t i v e  market pene- 

t r a t i o n s  f o r  t h e  r eg ion  a r e  i d e n t i f i e d  t o  a s s i s t  i n  t he  development 

of recommendations f o r  s p e c i f i c  programs, program timing and program 

funding. These programs a r e  intended t o  provide t h e  necessary  incen- 

t i v e s  t o  a c c e l e r a t e  t he  commercial izat ion of s o l a r  t echnologies  t o  

meet t h e  r eg iona l  goa ls .  These recommended programs c o n s t i t u t e  t h e  

r eg iona l  a c t  ion  plans.  

The programs of r eg iona l  a c t i v i t i e s  a r e  cha rac t e r i zed  by s i x  

gene r i c  ca t ego r i e s  of a c t i o n s  and p l ans  inc luding:  

b a s e l i n e  a c t i v i t i e s - a c t i v i t i e s  which should be addressed 
fo r  a l l  s o l a r  t echnologies  i n  t h e  market s e c t o r  

i n d u s t r i a l  i n t e r f a c e - a c t i v i t i e s  designed t o  a s s i s t  manufac- 
t u r e r s  t o  br ing  a  s o l a r  product t o  t he  marketplace o r  t o  
a s s i s t  i n  development of an i ndus t ry  i n f r a s t r u c t u r e  

l e g a l  and i n s t i t u t i o n a l - r e s o l u t i o n  of p o t e n t i a l  l e g a l  and 
r egu la to ry  c o n s t r a i n t s  t h a t  might a f f e c t  s o l a r  t echnologies  

market deve lopment -ac t iv i t i es  designed t o  a c c e l e r a t e  accept-  
ance of s o l a r  t echnologies  i n  t h e  marketplace i nc lud ing  pro- 
v i s i o n  of f i n a n c i a l  inccnt  i v e s  and adver t  is iug 

product def i n i t  ion-programs t o  de f ine  and/or  develop s o l a r  
technologies  f o r  s p e c i f i c  a p p l i c a t i o n s  wi th in  t h e  r eg ion  

technology programs-programs t o  develop a  technology capa- 
b i l i t y  inc lud ing  RD&D programs 

Each r eg ion  i s  expected t o  propose programs, a c t i v i t i e s  and 

p lans  w i th in  each of these s i x  a r ea s  f o r  f i v e  market sectors--  

r e s i d e n t i a l ,  commercial, process h e a t ,  u t i l i t i e s ,  and s y n t h e t i c  f u e l s  



and chemicals. These programs constitute regional action plans which 

are central' to the development of the National Plan to Accelerate the 

Commercialization of Solar Energy. 
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