
Toward a National Plan 
for the Commercialization 

of Solar Energy 
Price/Demand Scenarios and Projections of Solar 

Utilization under the National Energy Act 

00 MOT MICROFILM 
THIS PAGE, 

The MITRE Cuqxmtion 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



DISCLAIMER 1 
This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 

, 

bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or , 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, ; 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- ' 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

Toward a National Plan 

for the Commercialization 

of Solar Energy 't 

Price/Demand Scenarios and Projections of Solar 

Utilization under the National Enerqy Act 

Kathy K. Rebibo I 

Prepared for 
The Department of Energy 

Conservation and Solar Applications 

Contract No. EM-78-C-01-5147 

NOTICE . 

~ O R T ~ O N S  01 THIS REPORT ARE .ILLEGIBLE-' 
~t ha$  been reproduced' frolethe. .best 
available copy 10 perinbt the broadest. 

' . . ,:,.,,L:J; ,>,. >.,;.: 
possible availabilitY= .,-..., ;,:., L:,l. . . .,.. ..." 

May 1979 

The MITRE Corporat~on 
McLean, Virginia 22102 

MTR-8057 



THIS PAGE 

WAS INTENTIONALLY' 

LEFT BLANK 



ABSTRACT 

Three macroeconomic s c e n a r i o s  were developed a s  a n  economic 

backdrop f o r  p r o j e c t i n g  s o l a r  t echno logy  market  a c c e p t a n c e  under  

v a r i o u s  government p o l i c i e s  and c o m m e r c i a l i z a t i o n  programs. These 

s c e n a r i o s  assume t h r e e  l e v e l s  o f  f u t u r e  world o i l  prices--$18,  $25 

and $ 3 2  p e r  b a r r e l  (1976 $1 i n  t h e  y e a r  2000. T h i s  r a n g e  i s  i n t e n d e d  

t o  encompass t h e  most l i k e l y  s e t  o f  e n e r g y  f u t u r e s .  The s c e n a r i o s  

a r e  d i s c u s s e d  i n  terms o f  t h e i r  u n d e r l y i n g  assumpt ions  and changes  i n  

f u e l  and r e s o u r c e  consumption by s e c t o r  o f  t h e  economy. E s t i m a t e s  o f  

t h e  f u t u r e  u t i l i z a t i o n  o f  s o l a r  t e c h n o l o g i e s  f o r  t h e  mid-pr ice  

s c e n a r i o s  a r e  g iven .  These e s t i m a t e s  a r e  based on t h e  s o l a r  

s u b s i d i e s  and i n c e n t i v e  programs i n  t h e  N a t i o n a l  Energy Act. 
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IS * .  " '. .,-- 

INTRODUCTION 

I n  developing government programs t o  a c c e l e r a t e  t h e  commerciali- 

z a t i o n  of s o l a r  energy technologies ,  t h e  e f f e c t i v e n e s s  and c o s t s  of 

t h e  programs can be measured through e s t i m a t e s  of t h e  p ro j ec t ed  mar- 

k e t  pene t r a t i on  of t h e  s o l a r  t echnologies .  MITRE i s  c u r r e n t l y  us ing  

computer s imu la t i on  models t o  make t h e s e  p ro j ec t i ons .  The s imu la t i on  

models r e q u i r e  input  on energy p r i c e s  and energy demand by f u e l  type. 

Macroeconomic s cena r io s  have been developed which c o n s i s t  of a  con- 

s i s t e n t  s e t  of assumptions on f u t u r e  energy p r i c e s ,  demand and f u e l  

consumption. This r e p o r t  d e s c r i b e s  t h r e e  such s c e n a r i o s  t h a t  were 

devel'oped t o  support  s o l a r  energy commercial izat ion planning and t h e  

pro jec ted  s o l a r  market pene t ra t ion .  

These macroeconomic s cena r io s  evolved i n  t h e  course  of  two 

s e p a r a t e  s t u d i e s .  The f i r s t  i s  t h e  Domestic Pol icy  Review (DPR) of  

So la r  Energy conducted by an  intergovernmental  Task Force wi th  repre-  

s e n t a t i v e s  of over 30 f e d e r a l  agenc ies  and departments1. The 

second s tudy  i s  a DOE-sponsored a c t i v i t y  t o  develop a  Nat ional  Plan 

f o r  Accelerated Commercialization (NPAC) of Solar  Energy. 

The DPR def ined tlitee economic s cena r io s  based on d i f f e r i n g  o i l  

p r i c e s  which were be l ieved  to 'encompass t h e  most l i k e l y  f u t u r e s .  O i l  

p r i c e s  of $18, $25 and $32 per  b a r r e l  i n  t h e  year  2000 were chosen. 

T h e . p r i c e s  of  o the r  f u e l s  and t h e  s e c t o r i a l  u t i l i z a t i o n  of f u e l s  

e p o r t  on So la r  Energy Domestic Po l i cy  Rcview--Public 
~eview-C-mestic Pol icv  Review I n t e g r a t i o n  G ~ O U D .  Al lan . - " . , 
Hoffman, Chairman. August 25, 1978. 



were  de te rmined  f o r  each  o f  t h e  t h r e e  s c e n a r i o s  based on t h e  p r i c e  o f  

o i l .  The s c e n a r i o s  were i n i t i a l l y  developed by a  subgroup o f  t h e  DPR 

Impacts  Pane l  based on much d i s c u s s i o n ,  f o r e c a s t s  by t h e  Department 

o f  Commerce, and examina t ion  o f  t h e  r e s u l t s  o f  n a t i o n a l  models such  

a s  t h e  Brookhaven models and t h e  Gulf/SRI model. The s c e n a r i o s  were 

reviewed and r e v i s e d  s l i g h t l y  by o t h e r  members o f  t h e  Impacts Panel  

and by members of o t h e r  panels w i t h i n  t h e  DPR., 

The NPAC s t u d y  began i n  June 1978,  s h o r t l y  a f t e r  t h e  DPR. 

S i n c e  b o t h  s t u d i e s  a r e  concerned w i t h  t h e  commerc ia l i za t ion  o f  s o l a r  

energy  t h e y  have been c a r e f u l l y  c o o r d i n a t e d .  It was dec ided  t o  u s e  

t h e  same b a s i c  macroeconomic s c e n a r i o s  i n  NPAC t h a t  were developed 

f o r  t h e  DPR. However, s i n c e  assumpt ions  o n . e n e r g y  demand and conven- 

t i o n a l  f u e l  p r i c e s  have a  l a r g e  impact on the p r o j e c t i o n s  o f  s o l a r  

u t i l i z a t i o n  under  v a r i o u s  s o l a r  p o l i c y  o p t i o n s ,  t h e  s c e n a r i o s  were 

s u b j e c t e d  t o  f u r t h e r  review. Assumptions on p r o j e c t e d  energy demand 

and fuel prices by s e c t o r  and f u e l  t y p e  were s e n t  t o  t h e  fo l lowing  

--.. o r g a n i z a t i o n s  : 

Arthur  .D. L i t t l e ,  Inc .  
Data Resources ,  Inc .  
nnnnvan, Hampster d R a t t i e n ,  Inc .  
E l e c t r i c  Power Research I n s t i t u t e  
Exxon Company 
Gas Research I n s t i t u t e  
S o l a r  Energy Research I n s t i t u t e  
SRI I n t e r o a t  i o n a l  
S tandard  O i l  Company 
S t a n f o r d  U n i v e r s i t y  

I n  a d d i t i o n ,  comments were s o l i c i t e d  from M r .  Mar t in  Adams i n  

t h e  o f f i c e  o f  t h e  A s s i s t a n t  S e c r e t a r y  f o r  Energy Technology, from 



M r .  B i l l y  Owens i n  DOE'S Pol icy  Analysis  D iv i s ion ,  and from 

M r .  Michael Maher, Senior  Pol icy  Analyst a t  t h e  Department of 

Commerce. 

No major i n c o n s i s t e n c i e s  were pointed o u t  by t hose  who responded 

t o  t he se  i n q u i r i e s .  Modelers f a m i l i a r  wi th  t h e  SRI I n t e r n a t i o n a l  

model f e l t  t h a t  our $18 per b a r r e l  c a s e  was most c o n s i s t e n t  wi th  t h e  

SRI base case .  Other respondents  s e n t  r e p o r t s  documenting t h e i r  

s cena r io s ;  t h e s e  a r e  d i scussed  i n  a  l a t e r  s e c t i o n  on comparisons wi th  

o t h e r  f o r e c a s t s .  

In  o rde r  t o  f u r t h e r  v e r i f y  t h e  s c e n a r i o s ,  DOE funded Brookhaven 

Nat ional  Laboratory t o  perform a comparative a n a l y s i s  of our scenar- 
, q j ,  I 

i o s  wi th  s c e n a r i o s  developed using t h e  Brookhaven Nat ional  Laborator- 
. . 

i e s /Da le  W. Jorgenson Assoc ia tes  comhined model system. The p r i c e  

respons iveness  of  demand and changes i n  f u e l  and r e sou rce  consumption 

p a t t e r n s  were compared. As a  r e s u l t  of t h i s  a n a l y s i s ,  energy con- 
. .  

sumption i n  t h e  high-price  ca se  was modif ied t o  r e f l e c t  lower supply 

pr ' ice e l a s t i c i t i e s .  Energy consumption was r a i s e d  from the  95 quads 

( q u a d r i l l i o n . B t u s )  used by t h e  DPR t o  105 quads. 

Key Findings 

The demand f o r  energy w i l l  con t inue  t o  i n c r e a s e  a  1.3, 1.7 and 

2.3 percent  annual  growth r a t e  expected f o r  t h e  high-, mid- and 

low-price c a s e s  r e spec t ive ly .  The t o t a l  U.S. energy consumption w i l l  

r each  105, 115 and 132 quads i n  t h e  t h r e e  c a s e s  by t h e  year 2000 a s  

shown i n  Figure 1. 



C O i l  2000 
P r i c e *  Consumption 

(1976SIbbl )  (Quads  IYr)  Low P r i c e  

h w  P r i c e  $18 132 M i d  Price 

Mid P r i c e  $25 115 

Binh P r i c e  $3 2 105 

* P r i c e  t o  i n d u s t r i a l  s e c t o r  

FIGURE 1 
U.S. ENERGY CONSUMPTION 



The amount of o i l  used i n  t h e  mid- and high-price  c a s e s  w i l l  be 

lower than t h a t  used today. It w i l l  be s l i g h t l y  h ighe r  i n  t h e  low- 

p r i c e  scenar io .  Gas w i l l  remain a t  about t h e  same l e v e l  i t  i s  today 

but w i l l  d e c l i n e  from 16 t o  25 percent  of t h e  t o t a l  energy used. Use 

of coa l  w i l l  i n c r e a s e  from today ' s  l e v e l  of 19 percent  to.  32 t o  34 

percent  i n  t h e  year  2000. Nuclear use w i l l  i n c r e a s e  from 3 percent  

t o  about 1 3  percent  and t h e  use of energy r e sou rces  t o  gene ra t e  e lec-  

t r i c i t y  w i l l  i n c r e a s e  from 29 percent  t o  about 42  percent .  

In a d d i t i o n ,  t h e  count ry  i s  expected t o  i n c r e a s e  t h e  use of 

renewable energy resources .  These i nc lude  l a rge -  and small-scale  

h y d r o e l e c t r i c ,  s o l a r  and wind energy t echno log ie s ,  t h e  use of biomass 

t o  gene ra t e  hea t  and e l e c t r i c i t y ,  t h e  conversion of  biomass t o  f u e l s  

and chemicals ,  and geothermal energy. Curren t ly  t h e s e  energy 

r e sou rces  account f o r  approximately s i x  percent  of t h e  energy used. 

Today's primary renewable r e sou rces  a r e  h y d r o e l e c t r i c  gene ra t i on  and 

biomass used by t h e  wood and paper i n d u s t r i e s  f o r  p rocess  hea t  and 

e l e c t r i c i t y .  Under t h e  i n c e n t i v e s  provided i n  t h e  Nat ional  Energy . 

Act passed in ,Oc tobe r  1978, t h i s  i s  expected t o  i n c r e a s e  t o . 7 ,  13  

and 16 percent  Tur rhe low-, mid- and high-price  s c e n a r i o s  respec- 

t i v e l y .  

The p r i c e s  of a l l  convent ional  f u e l s  a r e  expected t o  i nc rease  

r e f l e c t i n g  t h e  h igher  p r i c e s  f o r  o i l .  Both gas aud o i l  a r e  expected 

t o  be deregula ted  by 1985 and t o  reach  approximately t h e  world o i l  

p r i c e  by t h a t  time. Following 1985 t h e  p r i c e  of g a s  and o i l  i s  

5 



expected t o  i n c r e a s e  a t  about two, t h r e e  and four  percent  per year  

f o r  t h e  t h r e e  s cena r io s .  The p r i c e  o f  coa l  i s  expected t o  be 

in f luenced  by o i l  p r i c e s  but  w i l l  i nc rease  a t  a  lower r a t e  than o i l .  

The annual r a t e  of  c o a l  p r i c e  i n c r e a s e s  a r e  about 0.7, 1.5 and 2.4 

pe rcen t  f o r  t h e  t h r e e  s cena r io s .  E l e c t r i c i t y  r a t e s  a r e  expected t o  

i n c r e a s e  a t  about t h e  same r a t e  a s  c o a l .  

UNDERLYING ASSUMPTIONS 

P r o j e c t i o n s  of  energy f u t u r e s  a r e  always based i m p l i c i t l y  o r  

e x p l i c i t l y  on under ly ing  assumptions about t h e  economy i n  g e u r r a l ,  

about s o c i e t a l  a t t i t u d e s  and about f e d e r a l  po l icy .  The premises upon 

which t h e  s c e n a r i o s  a r e  based r e p r e s e n t  our  c u r r e n t  p recept ion  of 

l i k e l y  p o s s i b i l i t i e s .  But no one can a n t i c i p a t e  wi th  assurance  what 

w i l l  a c t u a l l y  happen during the time frame under cons ide ra t i on .  

Popula t ion  

The  c u r r e n t  U.S. popula t ion  of 220 m i l l i o n  people i s  expected t o  

i nc rease  t o  about  264 m i l l i o n  by t h e  year  2000 (F igure  2 ) .  '!he 

annual  growth r a t e  w i l l  decrease  t o  Less thau  0.7 pe rcen t  by t h e  t u r n  

of  t h e  cen tury .  

Gross Nat iona l  Product  

The Gross Nat ional  Product (GNP) , which measures domestic eco- 

nomic a c t i v i t y ,  i s  expected co ycov from t h e  c u r r e n t  l e v e l  of about 

1.8 t r i l l i o n  1976 d o l l a r s  t o  a  range of  3.4 t o  3.8 t r i l l i o n  1976 

d o l l a r s  hy t h e  year  2000 ( ~ i g u r e  3 ) .  In  t h e  1965-1973 pe r iod ,  p r i o r  

t o  t h e  o i l  embargo, t h e  economic growth r a t e  was 3.7 percent .  This 



FIGURE 2 
U.S. POPULATION 
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Annual Growth Rate ( p e r c e n t )  

1965- 1973  1985- 1990- 
1973  1985 1990 2000 ---- 

- Low P r i c e  

Mid P r i c e  3.7 

High P r i c e  

- 

- - 
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r a t e  of economic growth i s  expected t o  decrease  due p a r t l y  t o  lower 

popula t ion  growth, h ighe r  energy c o s t s ,  and t h e  i nc reas ing  c o s t s  of 

environmental p ro t ec t i on .  

I n f l a t i o n  

The extremely h igh  i n f l ' a t i o n  r a t e s  experienced i n  t h e  pas t  

decade a r e  assumed t o  s t a b i l i z e .  I n  t h e  mid-price s c e n a r i o  average 

r e a l  i n f l a t i o n  r a t e s  of f i v e  percent  a r e  expec ted ,  w i t h  r a t e s  of four  

and seven percent  assumed f o r  t h e  low- and high-price  s c e n a r i o s  

r e s p e c t i v e l y  (F igu re  4 ) .  

S o c i e t a l  A t t i t u d e s  

S o c i e t a l  a t t i t u d e s  w i l l  con t inue  t o  emphasize improvement of our 

environment. I n t e r e s t  i n  energy conse rva t ion  w i l l  i nc rease  s lowly  

with increased  government p re s su re  and h igher  energy c o s t s .  However, 

i t  i s  not  assumed t h a t  t h e r e  w i l l  be any major s h i f t s  i n  l i f e  s t y l e .  

Federa l  Energy P o l i c y  

The Federa l  Government i s  expected t o  pursue,  with s lowly 

inc reas ing  succes s ,  t he  philosophy of P re s iden t  C a r t e r ' s  Nat ional  

Energy Plan toward reducing o i l  imports  and encouraging energy con- 

s e rva t ion .  Deregulat ion of g a s  and o i l  p r i c e s  i s  expected by 1985. 

There w i l l  be cont inued pub l i c  p re s su re  a g a i n s t  t h e  use of nuc l ea r  

power and l e s s  suppor t  by t h e  Federal  Government. Federa l  po l i cy  

w i l l  eucourage Lhe use of c o a l  and renewable energy resources .  'I'here 

w i l l  be co l l t i l~ued  pLessurt: L U  en fo rce  compliance wi th  e x i s r i n g  

environmental p o l i c i e s  a t  a  r a t e  compatible  wi th  economic growth. 



FIGURE 4 
INFLATION RATE 



New Technologies 

New energy technologies  t h a t  gene ra t e  c l eane r  energy more 

e f f i c i e n t l y .  and t h a t  u t i l i z e  a  wider r e sou rce  base w i l l  con t inue  t o  

be  developed by both t h e  government and indus t ry .  These i nc lude  more 

e f f i c i e n t  burners  f o r  o i l  and gas ,  gas  and e l e c t r i c  h e a t  pumps, s o l a r  

and wind energy conversion systems, more e f f i c i e n t  ways o f  gene ra t i ng  

e l e c t r i c i t y  from h igh  s u l f u r  coa l  without  degrading t h e  environment, 

c o a l  g a s i f i c a t i o n  and l i q u e f a c t i o n ,  and t h e  use of  s h a l e  o i l  and geo- 

thermal energy. It i s  assumed t h a t  a s  new technologies  become eco- 

nomically compet i t ive ,  they a r e  developed and marketed by indus t ry  a t  

a  r a t e  c o n s i s t e n t  with h i s t o r i c  exper ience  of technology innovat ion.  

It i s  f u r t h e r  assumed t h a t  major non- f inanc ia l  b a r r i e r s  t o  adopt ion 

a r e  overcome through norm'al market fo rces  wi th  a  l e v e l  of Federa l  

i n t e r v e n t i o n  c o n s i s t e n t  with pas t  experience.  

ENERGY CONSUMPTION 

One of t he  primary f a c t o r s  t h a t  a f f e c t s  e s t ima te s  of t h e  f u t u r e  

market acceptance of s o l a r  t echnologies  i s  t h e  s i z e  of t h e  p o t e n t i a l  

market and t h e  mix of competing f u e l s .  

Energy Supply by Resource 

I n  t h e  mid-price s cena r io ,  t h e  o v e r a l l  demand f o r  energy 

i n c r e a s e s  a t  a  moderate r a t e  wi th  c o a l  and nuclear s u b s t i t u t i n g  i n  

eve r  g r e a t e r  amounts f o r  o i l  and gas.  In  a d d i t i o n  t h e r e  i s  an 

increased  r e l i a n c e  on renewable energy r e sou rces  such a s  biomass, 



h y d r o ,  s o l a r ,  wind and geo the rmal .  l These changes  a r e  i l l u s t r a t e d  

i n  F i g u r e  5. 

Energy consumption i s  expec ted  t o  b e  i n v e r s e l y  p r o p o r t i o n a l  t o  

f u e l  p r i c e s  r a n g i n g  from 105 quads i n  t h e  y e a r  2000 i n  t h e  high- 

p r i c e  s c e n a r i o  t o  115  quads i n  t h e  mid-pr ice  c a s e  t o  132 quads i n  t h e  

low-pr ice  c a s e  ( F i g u r e  6 ) .  Higher f u e l  p r i c e s  r e s u l t  i n  lower  con- 

sumpt ion th rough  a  r e d u c t i o n  i n  economic a c t i v i t y  (GNP), a  more e f f i -  

c i e n t  u s e  of  r e s o u r c e s ,  and th rough  m o d e r a t e l y  d e c r e a s e d  demand. I n  

each  s c e n a r i o ,  f u e l  p r i c e s  a r e  keyed t o  t h e  p r i c e  of  o i l .  The o i l  

p r i c e  d i f f e r e n c e s  o f  $18, $25 and $32 p e r  b a r r e l  a r e  due p r i m a r i l y  t o  

d i f f e r e n c e s  i n  t h e  a v a i l a b i l i t y  o f  o i l .  Thus, t h e  consumption o f  o i l  

changes  most  d r a m a t i c a l l y  between t h e  t h r e e  s c e n a r i o s .  U.S. o i l  con- 

sumpt ion,  c u r r e n t l y  a t  37 quads ,  i s  expec ted  t o  b e  25 quads  i n  t h e  

h i g h - p r i c e  c a s e ,  29 quads i n  t h e  mid-pr ice  c a s e  and 42 quads i n  t h e  

low-pr ice  c a s e .  Even though t h e  t o t a l  consumption o f  o i l  i s  expec ted  

t o  d e c r e a s e ,  o i l  impor t s  w i l l  p robab ly  c o n t i n u e  t o  r i s e  o r  remain a t  

t h e  c u r r e n t  l e v e l  o f  about  17 quads.  

Energy Supply  by Market S e c t o r  

A l o o k  a t  t h e  energy  consumption by market  s e c t o r ,  F i g u r e  7 ,  

shows t h a t  t h e  g r e a t e s t  growth i s  expec ted  i n  t h e  i n d u s t r i a l  s e c t o r .  

I n d u s t r i a l  demands f o r  e n e r g y ,  which i n c l u d e s  pe t rochemica l  feed- 

s t o c k s ,  a r e  expec ted  t o  respond t o  h i g h e r  energy  p r i c e s  by conse r -  

v a t i o n  and i n t e r f u e l  s u b s t i t u t i o n .  The reduced r a t e  o f  p o p u l a t i o n  

l ~ h e s e  r e s o u r c e s  a r e  measured i n  terms o f  f o s s i l  f u e l s  d i s p l a c e d  
r a t h e r  t h a n  energy  produced. 
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FIGURE 7 
U.S. ENERGY SUPPLY BY MARKET-MID PRICE SCENARIO 



growth ,  i n  a d d i t i o n  t o  energy  conse rva t i .on ,  w i l l  c o n t r i b u t e  t o  t h e  

d r a m a t i c  d e c r e a s e  i n  t h e  growth r a t e  o f  ene rgy  use  i n  t h e  n e x t  two 

decades  i n  t h e  r e s i d e n t i a l / c o m m e r c i a l  and t r a n s p o r t a t i o n  s e c t o r s .  

ENERGY PRICES 

D i f f e r e n t  a s sumpt ions  on t h e  p r i c e  o f  o i l  have been used i n  

d e f i n i n g  t h e  t h r e e  s c e n a r i o s .  It i s  expec ted  t h a t  g a s  and c o a l  

p r i c e s  w i l l  r i s e  i n  p r o p o r t i o n  t o  oil (Figlire 8). Gas p r i c c s  shou ld  

r i s e  r a p i d l y  a p p ~ o a c l ~ i i i g  t h o s e  of  o i l  by 2000 w h i l e  c o a l  p r i c e s  a r e  

P Y P B C ~ Q ~  t o  coca la te .  a t  cr u~uch lower  r a t e .  Fuel  p r i c e s  w i l l  r i s e  

r a p i d l y  between now and 1985 due t o  assumed phased d e r e g u l a t i o n  o f  

g a s  and o i l  a l t h o u g h  n o t  a s  r a p i d l y  a s  i n  t h e  p e r i o d  immediate ly  

f o l l o w i n g  t h e  o i l  embargo. The r a t e  o f  p r i c e  e s c a l a t i o n  f o r  f u e l s  

w i l l  s low down s u b s t a n t i a l l y  a f t e r  1985 a s  shown i n  Table  I. 

E l e c t r i c i t y  p r i c e s  a r e  expected t o  c o n t i n u e  t o  rise w i ~ h  an annua l  

growth r a t e  o f  between 0.6 and 2.5 p e r c e n t  depending upon the 

scenario, T1-1;s c o r r e s p o n d s  t o  t h e  r i s e  i n  t h e  p r i c e  o f  c o a l .  

The o i l  p r i c e s 1  of  $18,  $25 and $32  p e r  b a r r e l  i n  2000 used i n  

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

correspoi id iug world  o i l  p r ~ c e s l  i n  2000 are  $13.00, $19.20 and 

$25.45 p e r  b a r r e l  r e s p e c t i v e l y .  Fol lowing d e r e g u l a t i o n  t h e  world o i l  

and the d m e s t i c  we l lhead  p r i c e s  w i l l  be approx imate ly  t h e  sam.e. The 

f o s s i l  f u e l  s u p p l y  p r i c e s  a r e  shown i n  Table  I1 a long  w i t h  t h e  

assumpt ions  on p r i c e  markups t o  each marke t  s e c t o r .  The p r i c e s  of 

l ~ l l  p r i c e s  i n  t h i s  r e p o r t  a r e  i n  1976 d o l l a r s .  



FIGURE 8 
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TABLE I 

ANNUAL GROWTH RATES FOR ENERGY PRICES 
(percent  per  yea r )  

Low 
E l e c t r i c i t y  Mid (3.6) 

High 

Gas 

O i l *  

Low 
Mid (1.5) 
High 

Low 
Mid (0.4) 
High 

Low 
Coal Mid 4.2 

High 

* Growth r a t e s  on o i l  given f o r  wellhead p r i c e s  



TABLE I1 

FOSSIL FUEL SUPPLY PRICES AND SECTOR MARK-UPS I N  2000 
(1976 $/MMB~u) 

FUEL 

Low Mid High 

- - -  

REF I N  I N G  
EFFICIENCY 

AVERAGE MARKUPS 

Resid.  Comm. Indus.  U t i l i t y  

P O i l  2.24 3.41 4.39 U) 0.92 1.84 1.22 0.77 0.70 

Gas 

Coal 0.68 1.25 1.57 0.995 - - 1.25 0.38 

-- - - -p - 

l 0 i l  and gas p r i c e s  a r e  a t  t h e  wel lhead and c o a l  i s  a t  t h e  minemouth. 



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

new-contract o r  marginal  p r i c e  r a t h e r  than  t h e  average p r i ce .  New- 

c o n t r a c t  p r i c e s  a r e  used because t h i s  i s  t h e  p r i c e  a g a i n s t  which a 

new s o l a r  energy technology must compete. For example, suppose a n  

i n d u s t r y  i s  b u i l d i n g  a new f a c i l i t y  and i s  cons ide r ing  s o l a r  ve r sus  

c o a l  f o r  gene ra t i ng  process  hea t .  It i s  assumed t h a t  a new c o a l  

c o n t r a c t  w i l l  be necessary  i f  the  coa l - f i r ed  b o i l e r  i~ uucd; ehere- 

f o r c  the ecullululc comparison of  t h e  two systems w i l l  be based on t h e  

naw-oontract p r i c e  u1 cua l .  

Supply p r i c e  e l a s t i c i t i e s  a r e  of i n t e r e s t  t o  a s s e s s  t h e  rea-  

sonableness  of t h e  s cena r io s .  The supply p r i c e  e l a s t i c i t i e s  (shown 

i n  Table 111) r e f l ' e c t  t h e  percentage change i n  energy consumption f u r  

each percent  change i n  supply p r i ce .  These a r e  w i th in  t h e  t y p i c a l  

range of e l a s t i c i t i e s  iired' with  t h c  B r s s k h a v e ~ ~  NaLlonal Laboratory1 

Dale W. Jorgenson Assoc ia tes  Model. 

I u  addic ion  t o  s e c t o r i a l  d i f f e r e n c e s ,  f u e l  p r i c e s  a l s o  vary  

cons ide rab ly  by r eg ion  of thebcountry.  Regional s o l a r  market pene- 

t r a t i o n  ana lyses  have heen done f o r  each of t h e  U.S. Census reg ions .  

Tllesr n ine  r eg ions  a r e  depi'ctecl i n  Figure 9 and t h e  r e g i o n a l  f u e l  

p r i c e s  a r e  shown i n  F igure  10., The r eg iona l  p r i c e  v a r i a t i o n s  ( b u t  

nor t h e  a c t u a l  p r i c e s )  were taken  from a computer run of  t h e  American 

Gas Assoc ia t ion  DemandlMarket P lace  Model (TERA-11) l .  

l ~ h e  s cena r in  used i s  l a b c l e d  "Refecence Scenario 6 /22 :  ~ o u s e /  
Senate  May Compromise, 1978." It i s  assumed t h a t  g a s  i s  deregula- 
t ed  by 1985., P r i c e  v a r i a t i o n s  i n  t h e  year  1990 were used'. 



h, 
t-' 

TABLE I I C 

AVERAGE SUPPLY PRICE AND ENEKGY CONSUMPTION I N  THE YEAR 2000 

FUEL LOW PRICE M I D  PRICE H I G H  PRICE 

Supply P r i c e  ~ o n s u m ~ t i o n ~  Supply P r i c e  ~ o n s u m ~ t i o n l  Supply P r i c e  ~ o n s u r n ~ t i o n l  
($/MMBtu) (Quads) ($/MMBtu) (Quads)  ($/MMBt u) (Quads)  

O i l  

Coal 0.68 48.3 1.25 39.0 1.57 42.3 

Nuclear  0.50 17.0 0.70 15.0 0.78 13.0 

U. S. 1.46 132 2.15 115 2.78 105 

S c e n a r i o s  E l a s t i c i t y  

Low p r i c e  t o  mid p r i c e  -.36 

Mid p r i c e  t o  h i g h  p r i c e  -.35 

l ~ e o t h e m a l  and s o l a r  a r e  inc luded  w i t h  o i l ;  biomass and hydro a r e  i n c l u d e d  w i t h  c o a l .  

2 ~ u p p l y  p r i c e  e l a s t i c i t y  = I n  ( r a t i o  of ene rgy  consumption) 
I n  ( r a t i o  o f  ave rage  s u p p l y  p r i c e )  



1. New England 
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S e c t o r i a l  d i f f e r e n c e s  a r e  based on t h e  c u r r e n t  f u e l  and e lec-  

t r i c i t y  p r i c e  v a r i a t i o n s  and p r o j e c t i o n s  from TERA-I1 and t h e  DOE 

PIES model. 

COMPARISON WITH OTHER FORECASTS 

In  o r d e r  t o  a s s e s s  t h e  reasonableness  of t h e  MITRE priceldemand 

s c e n a r i o s ,  i t  i s  u s e f u l  t o  compare them wi th  o t h e r  f o r e c a s t s .  The 

forecasts chosen f o r  comparison a l l  r e f l e c t  t o  some e x t e n t  t h e  

p rov i s ions  and philosophy of t h e  Nat ional  Energy Plan proposed by 

P re s iden t  Ca r t e r  i n  Apr i l  1977. D i f f e r e n t  approaches and methodo- 

l o g i e s  were used inc lud ing  two wel l  known n a t i o n a l  energy models. 

A comparison of energy demand f o r e c a s t s  i s  i l l u s t r a t e d  i n  

Figure 1 1 .  Except f o r  t h e  EPRI ( ~ l e c t r i c  Power Research I n s t i t u t e )  

p r o j e c t i o n s ,  t h e r e  i s  a good consensus among the  s t u d i e s  chosen. The 

EPRI low-demand scena r io  i s  "based pri.mar.ily on t h e  o b j e c t i v e s  and 

p o l i c i e s  desc r ibed  i n  P re s iden t  C a t t e r ' ~  Natiollal Energy Plan." This  

s cena r io  assumes 146 quads of energy consumption i n  t h e  year  2000 a s  

compared wi th  t h e  MITRE high-demand scena r io  of 132  quads. 

Energy p r i c e  comparisons are  si.lmmar.ized i n  Figlires 1 2  and 13. 

Gas and o i l  p r i c e s  a r e  expected t o  cont inue  t o  r i s e  r a p i d l y  through 

t h e  end of t h e  cen tu ry  i n  a l l  s t u d i e s  shown. The MITRE scena r io s  

assume t h a t  c o a l  p r i c e s  w i l l  a l s o  cont inue  t o  i n c r e a s e  a l though a t  a 

lower rate than  g a s  and o i l .  Both t h e  PlES and t h e  BNLIDJA models 

i n d i c a t c  a r i o c  i n  c o a l  p r i c e s  s i m i l a r  t o  that of MITRE, The EPRT 

p r o j e c t i o n s  a r e  on ly  s l i g h t l y  lower. 
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of "old" oil. Documented in a letter from Harry Davitian of Brookhaven to Peter Spevak of MITRE dated 
November 15. 1978. Range of prices reE.Lects sectorial price differences. 

FIGURE I 2  
COMPARISON OF FOSSIL FUEL PRICES 
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Other  s t u d i e s ,  however,  i n d i c a t e  t h a t  t h e  p r i c e  o f  c o a l  w i l l  

s t a b i l i z e .  The Energy Model Forum p u b l i s h e d  t h e  r e s u l t s  of  a  s t u d y  

i n  1978 e n t i t l e d  Coal  i n  T r a n s i t i o n  which l o o k s  a t  t h e  r e s u l t s  o f  t e n  

d i f f e r e n t  e n e r g y  models. I n  a  s c e n a r i o  which u s e s  50 quads o f  c o a l  

i n  t h e  y e a r  2000, 25 p e r c e n t  more t h a n  t h e  mid-pr ice  s c e n a r i o ,  t h e  

median a v e r a g e  p r i c e  o f  c o a l  i s  n o t  p r o j e c t e d  t o  r i s e  s i g n i f i c a n t l y  

o v e r  what i t  i s  today .  There a p p e a r s  t o  be a great deal  of lmcer- 

t a i n t y  i n  how t h e  r i s e  i n  g a s  and o i l  p r i c e s  w i l l  a f f e c t  t h e  p r i c e  o f  

c o a l .  

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

f o r  e l e c t r i c i t y  p r i c e s .  I n  t h e  f u t u r e ,  e l e c t r i c i t y  w i l l  be g e n e r a t e d  

p r i m a r i l y  from c o a l  and n u c l e a r  f u e l s .  I n  MITRE'S s c e n a r i o s ,  e l e c -  

t r i c i t y  p r i c e  i n c r e a s e s  f o l l o w  t h o s e  o f  c o a l .  T h i s  g i v e s  

r e s i d e n t i a l / c o m m e r c i a l  e l e c t r i c i t y  p r i c e s  i n  t h e  y e a r  2000 between 

$10 ( p a c i f i c  Region) and $20 (Mid A t l a n t i c  Region) p e r  MMBtu f o r  t h e  

mid-pr ice  c a s e .  I n d u s t r i a l  p r i c e s  a r e  o v e r  1 5  p e r c e n t  lower. These 

e s t i m a t e s  a r e  c o n s i d e r a b l y  h i g h e r  t h a n  t h o s e  made by E l e c t r i c a l  World 

i n  t h c i r  "28th Annual E l e c t r i c a l  I n d u s t r y  F o r e c a s t "  and by  EPRI. 

D O E ' S  PIES Model a l s o  p r o j e c t s  e l e c t r i c i t y  p r i c e s  c o n s i d e r a b l y  lower  

t h a n  t h o s e  o f  t h e  MITRE s c e n a r i o s  even though t h e i r  c o a l  p r i c e s  a r e  

s i m i l a r .  

MARKET SECTOR ASSUMPTIONS 

The macroeconomic s c e n a r i o s  a r e  p r e s e n t e d  a t  a r a t h e r  g ~ n ~ r a l  

level ' .  I n  t h e  a n a l y s i s  o f  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  o f  s o l a r  

2  8 



energy f o r  which these  s cena r io s  were developed,  f u r t h e r  d e t a i l  was 

requi red  i n  many a reas .  In  p a r t i c u l a r ,  f u r t h e r  d i s s a g g r e g r a t i o n  of 

energy demand is, needed i n  order  t o  e s t ima te  f u t u r e  market penetra- 

t i o n  of s o l a r  energy technologies .  Expected energy consumption i n  

t h e  year 2000 i s  broken ou t  f o r  each scena r io  by market s e c t o r  and 

f u e l  t y p e  i n  Tables I V Y  V and V I .  (S imi l a r  t a b l e s  f o r  t h e  yea r s  1978 

and 1990 can be found i n  t he  Appendix) It i s  f u r t h e r  d i saggregra ted  

i n  t h e  bu i ld ing  s e c t o r  by energy needed f o r  ho t  water  and f o r  space 

hea t ing  and cool ing.  In t h e  i n d u s t r i a l  s e c t o r ,  energy needed f o r  

process hea t  a p p l i c a t i o n s  i s  broken out .  

Addit ional  information developed on each scena r io  f o r  t he  s o l a r  

impacts a n a l y s i s  i s  summarized below f o r  t h e  b u i l d i n g s ,  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 .  

Bui lding Sec tor  

The expected number of r e s i d e n t i a l  and commercial bu i ld ings  

(F igure  14) i s  taken from a General E l e c t r i c  s tudy1  and i s  assumed 

t o  be t he  same f o r  a l l  s cena r io s .  The energy demand f o r  ho t  water 

and space hea t ing  and cool ing  chaages, however, because of vary ing  

l e v e l s  of conse rva t ion ,  convent ional  system e f f i c i e n c y  and f u e l  

mixes. The i n c r e a s e s  i n  t h e  number of bu i ld ings  w i th  conse rva t ion  

and the  conserva t ion  sav ings  a r e  i nd i ca t ed  i n  F igure  14. 

' ~ e n e r a l  E l e c t r i c .  So l a r  Heating and Cooling of Bui ldings:  Phase 
0 F e a s i b i l i t y  and Planning Study F i n a l  Report. Vol. 3:  Book 3 ,  
Document No-745D4219. General E l e c t r i c  (Space Div is ion) .  Val ley 
Forge, PA. 1974. 



TABLE IV 

U.S. ENERGY DEMAND DATA FOR THE YEAR 2 0 0 0  
QUADS - PF.IMARF FiJEL 

SCEWARIO: LOW PRICE 

'Space hea t ing / coo lxg  and wazer hcazi7g 



TABLE V .%XWiARIO: MID P R I C E  

U.S. ENERGY DEMAND-DATA FOE. THE YEAR 2000 
QUADS - PRIMARY FUEL 



U.S. ENERGY DEEL4ND 3ATA FOR THE Y E A R 2 0 0 3  
QUADS - PRIMARY FUEL 

SCENARIO : HIGH P R I C E  

'Space heating!cooling and water heating 



CONSERVATION PACKAGE (above low p r i c e  c a s e )  

Number of B u i l d i n g s  

Percen tage  of B u i l d i n g s  w i t h  Conserva t ion  

90 

1978 1985 1990 2000 

Mid P r i c e  1 0  .12.5 1 5  20 
High P r i c e  10 1 2 . 5  1 5  20 

P e r c e n t a g e  Decrease  i n  End-Use Demand 
from Conserva t ion  Package 

. . 

80 - 
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0 
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50 1 1 I I 
1980 

50 
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R e s i d e n t i a l  0 .9  

- Commercial 2.2 - 

Mid P r i c e  
High P r i c e  

90 

New . ' R e t r o f i t  

40 30 
5 0 50 

FIGURE 14 
RESIDENTIAL COMMERCIAL BUILDING INVENTORY 



Building end-use demand, t h a t  i s ,  t h e  f u e l s  and e l e c t r i c i t y  

purchased,  i s  expected t o  dec rease  over time a s  shown i n  Figure 15. 

This  i s  s o  i n  s p i t e  of  t he  expected i nc rease  i n  t h e  number of bu i ld-  

i ngs  and t h e  i n c r e a s e  i n  primary energy demand. Two main f a c t o r s  

account  f o r  t h e  decrease  i n  purchased f u e l s .  The f i r s t  and foremost 

i s  t he  i nc reased  performance of convent iona l  hea t ing  systems, p a r t i c -  

u l a r l y  t h e  h e a t  pump. By t h e  year  2000, t h e  average winter-t ime 

c o e f f i c i e n t  of performance (COP) of t h e  hea t  pump i s  expected t o  be  

about 2.5 and i t  i s  assumed t h a t  over  h a l f  of t h e  e l e c t r i c  space 

hea t ing  load  w i l l  be s a t i s f i e d  by hea t  pumps. ~ o d a y ' s  e l e c t r i c  

hea t ing  loads  a r e  se rv iced  p r imar i l y  by e l e c t r i c  r e s i s t a n c e  h e a t e r s  

w i th  a  COP of 0.98. Gas and o i l  fu rnaces  which today a r e  assumed t o  

ope ra t e  a t  about 0.55 COP a r e  expected t o  show improved e f f i c i e n c i e s  

i n  t h e  mid- and high-price  s cena r io s  p r imar i l y  because of  h igher  

e t f i c i e n c y  tu rnaces  and the  i n t r o d u c t i o n  of g a s  h e a t  pumps. Current  

and expected energy demand and average COP'S can be found i n  t h e  

Appendix. Bui lding demand, end-use demand and primary energy 

consumption a r e  given fo r  each scenar io .  

 he SecOfid f a c t o r  cont t i l ju t ing  t o  the decrease  i n  end-use 

demand i n  r e s i d e n t i a l  and commercial bu i ld ings  i s  t h e  s h i f t  from gas  

and o i l  t o  e l e c t r i c i t y .  Curren t ly  l e s s  than 15 pe rcen t  of t h e  energy 

purchased fo r  ho t  water and space hea t ing  and cool ing  f o r  bu i ld ings  

i s  e l e c t r i c i t y  (Table  V I I ) .  This  i s  expected t o  i nc rease  t o  about 35 

percent  by t h e  year  2000. Since e l e c t r i c i t y  i s  used over twice  a s  



B u i l d i n g s  End-Use Demand 

2 4 Regional  Breakout 

New England 3% 
Mid A t l a n t i c  21% 
South A t l a n t i c  20% 
E a s t  North C e n t r a l  14% 
E a s t  South C e n t r a l  '7% 
West North C e n t r a l  6 % 
West South C e n t r a l  16% 
Mountain 4% 
P a c i f i c  9% 

I n  t h e  Bear 2000 57% of t h e  End-Use Demand 
i s  f o r  R e s i d e n t i a l  Bui ld ings  and 43% !or 
Commercial B u i l d i n g s  

FIGURE 15 
END-USE DEMAND FOR RESIDENTIAL AND 

COMMERCIAL BUILDINGS 
4 '  



e f f i c i e n t l y  a s  g a s  and o i l  i n  end-use, t h e  amount of energy purchased 

on a  Btu b a s i s  i s  cons ide rab ly  l e s s .  This  r educ t ion  i n  end-use 

demand does no t  c a r r y  over t o  primary demand, however, because of 

conve r s ion ,  t r ansmis s ion ,  and d i s t r i b u t i o n  l o s s e s  a s s o c i a t e d  wi th  

e l e c t r i c i t y .  

TABLE V I I  

PERCENTACE OF FUEL6 PURCHAEED I N  BUILDING SECTOR 

FUEL 1976 2000 

LOW PRICE MID PRICE H I G H  PRICE 

O i l  26 19 14 9 

E l e c t r i c i t y  13 3 5 3 8 3 6 

Fcdcra l  o o l a r  commercial izat ion a c t i v i t i e s  are Llle LLLLJSL i n t e u s e  

i n  t h e  b u i l d i n g  s e c t o r .  In a d d i t i o n  t o  RD&D, t h e r e  a r e  programs t o  

remove 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 s ,  promote in format ion  

exchange, and improve customer confidence.  These programs a r e  spear- .  

headed by energy t a x  c r e d i t s .  I n  t h e  r e s i d e n t i a l  s e c t o r ,  t h e  t a x  . 

c r e d i t  i s  30 percent  of t he  f i r s t  $2000 and 20 percent  of t h e  next 

$8000 f o r  a  maximum o f  $2200. This  t a x  c r e d i t  e x p i r e s  a t  t h e  end of 

1985. The commercial t a x  c r e d i t  f o r  s o l a r  equipment of t e n  percent  

of t h e  i n s t a l l e d  p r i c e  i s  good through 1982. These t a x  c r e d i t s  apply 

t o  pass ive  and a c t i v e  thermal ,  wind and pho tovo l t a i c s  but  no t  t o  wood 

s toves .  



The I n d u s t r i a l  Sec to r  

Solar  t echnologies  a r e  used i n  t h e  i n d u s t r i a l  s e c t o r  t o  produce 

* h e a t  ( a i r ,  water  and steam) f o r  process  h e a t  a p p l i c a t i o n s  and t o  

gene ra t e  e l e c t r i c i t y .  The process  h e a t  demand i s  d i s agg reg ra t ed  by 

temperature  range a s  shown i n  F igure  16. This  was n e c e s s i t a t e d  

because s i g n i f i c a n t l y  d i f f e r e n t  s o l a r  t echnologies  a r e  used i n  each 

temperature  range--from a  s o l a r  pond f o r  low temperature  water  t o  

t r ack ing  concen t r a to r  c o l l e c t o r s  f o r  steam. Assumptions on t h e  

r eg iona l  demand f o r  process  h e a t  based on t h e  n i n e  census reg ions  a r e  

shown i n  F igure  16.  This r e p r e s e n t s  t h e  expected use i n  1990 and 

i n d i c a t e s  a  s h i f t  of  i ndus t ry  t o  t he  south. 

Ce r t a in  f i n a n c i a l  parameters a r e  of  importance when computing 

l i f e  cyc l e  c o s t s  of s o l a r  systems. The before- tax weighted c o s t  of 

c a p i t a l  v a r i e s  between scena r io s  r e f l e c t i n g  t h e  gene ra l  i n f l a t i o n  

r a t e .  I n f l a t i o n  i s  assumed t o  be fou r ,  f i v e  and seven percent  i n  t h e  

low-, mid- and high-price  s cena r io s ,  r e s p e c t i v e l y .  In  a d d i t i o n ,  t h e  

Nat ional  Energy Act a l lows an a d d i t i o n a l  t e n  percent  investment t ax  

c r e d i t ,  over t h e  usua l  t en  percent ,  t o r  s o l a r  process  hea t  equipment 

inc lud ing  equipment using biomass a s  a  f u e l .  This  t ax  c r e d i t  e x p i r e s  

a t  t h e  end of  1982. 

The E l e c t r i c  Sec to r  . . , . . . . . .A - - - . . - 

The demand f o r  e l e c t r i c i t y  i s  expected t o  grow a t  a  f a s t e r  r a t e  

than  the  o v e r a l l  demand f o r  energy. Cent ra l  u t i l i t y  s o l a r  techno- 

l o g i e s  a r e  configured d i f f e r en t ly - - fo r  example wi th  varying amounts 



Process  Beat Demand* 
2 3 20 

Percer.t AnnuL Growth 

Low 4.5 Low P r i c e  
Mid 2.8 M<d P r i c e  - 
High 2 . 1  H L g h  P r i c e  

- - 

I 1 i I 

.o 
C 
(u 
a 
(I) 

1980 1990 2000 

*Service Demand o r  bemand to Process:  n o t  Danand f o r  Primary Fuel  

Regional Breakout 

New England 
Mid A t l a n t i c  
South A t l a n t i c  
Eas t  North Cen t r a l  
East South Cen t r a l  
West North Cen t r a l  
West South Cen t r a l  
Mountain 
P a c i f i c  

b e a k o u t  by Temperature Range 

A i r  
A5 r 
~i r 
Water 
Water 
Water 
Steam 
Steam 

ioo  . ox 

Weighted 
Cost-of-Capital  

Low P r i c e  8.5% 
Mid P r i c e  12.0% 
High P r i c e  18.0% 

FIGURE 16 
INDWSTIRIAL PROCESS HEAT DEMAND 



of  s torage-- to  ope ra t e  a t  d i f f e r e n t  capac i ty  f a c t o r s .  Therefore ,  i t  

i s  necessary  t o  s p e c i f y  how much o f  t h e  t o t a l  e l e c t r i c  demand w i l l  be 

generated by p l a n t s  a t  varying c a p a c i t y  f a c t o r s .  These assump- 

t i o n s ,  a s  wel l  a s  t h e  r eg iona l  b reakouts ,  a r e  given i n  Figure 17. 

The weighted c o s t  of c a p i t a l  f o r  c e n t r a l i z e d  e l e c t r i c  u t i l i -  

t i e s ,  shown i n  Figure 17 ,  i nco rpo ra t e s  common and pr.eferred e q u i t y  a s  

we l l  a s  s t r a i g h t  debt .  This i nc ludes  t h e  r e t u r n  on investment t o  

sha re  ho lders .  There a r e  no s o l a r . t a x  c r e d i t s  f o r  e l e c t r i c  u t i l i t i e s  

i n  t he  Nat ional  Energy Act. 

PRELIMINARY SOLAR PROJECTIONS 

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  t o  t h e  year  2000 have been 

made f o r  t h e  mid-price scenario.  These p r o j e c t i o n s  and a s soc i a t ed  

impacts a r e  based on t h e  s o l a r  commercial izat ion i n c e n t i v e s  i n  t h e  

Nat ional  Energy Act (Table VIII) and a r e  b r e i f l y  summarized here .  

For f u r t h e r  d e t a i l ,  t h e  r eade r  i s  r e f e r r e d  t o  two MITRE documents 

which r e p o r t  t h e  r e s u l t s  of t h e  f i r s t  phase of t h e  s o l a r  commerciali- 

z a t i o n  study. The f i r s t  i s  t i t l e d  Toward a  Natio-nal P l an  f o r  the 

Accelera ted  Commerciali.zation of S o l a r  Energy--Phase One: The 

Imp l i ca t i ons  of a  Nat iona l  Committment, MTR-79W00004, Volume I and 

con ta in s  n a t i o n a l  and r eg iona l  impacts of acce l e r a t ed  l e v e l s  of s o l a r  

u t i l i z a t i o n .  The second r e p o r t  i s  d i r e c t e d  toward r eg iona l  p lanners  

and con ta in s  d e t a i l e d  r eg iona l  impacts and gu ide l ines  f o r  r eg iona l  

implementation planning. It i s  t i t l e d  Toward a  Nat ional  P lan  f o r  t h e  



Elec t . z i c i t y  Demand 

'DEMAM) BREAKOUT EY LOAD TYPS 

Average 
Type Percentage . Capacity Fac to r  

Baseload 6 5 0.73 
In te rmedia te  22 0.45 
Semi-P eaking 11 0.25 
Peaking 2 0.03 

Regional Breakout 

New England 4 2 
Mid A t l a n t i c  15% 

~ 1 ) 0 0  South A t l a n t i c  18% 
Eas t  North Cen t r a l  18% 
East  South C e n t r a l  10% 
West North Cen t r a l  7 % 
West South Cen t r a l  11% 

4'100 Mountain 5% 
P a c i f i c  12% 

31100 Weighted 
C o s t - o f - C a ~ i t a l  

Low P r i c e  10.02% 
21100 Mid P r i c e  10.16% 

2000 High P r i c e  13.72% 

FIGURE 17 
DEIMAND FOR ELECTRICITY 



Accelerated Commercialization of Solar Energy--Guidelines for 

Regional Planning, MTR-79W00004, Volume 11. 

TABLE VIII 

SOLAR TAX INCENTIVES OF THE NATIONAL ENERGY ACT 

SECTOR TAX CREDIT 

Residential 

Comme rc i a 1 

Industrial 

Utility 

30% of the first $2000; 20% of the next $8000; 
maximum of $2200; through 1985. 

10%; through 1982 

10%; through 1982 

None 

Conceptual ~ramework 

A broad definition of solar technologies is used which includes 

wind, hydroelectric and the use of biomass for heat, fuels and elec- 

tricity. The technologies and the applications to which they can be 

used are summarized in Table IX. 

The projections were developed, for the most part, from compu- 

ter market penetration models1 which simulate on a year-by-year 

basis market decision to purchase solar and conventional technologies 

in each market sector to satisfy a given energy demand. The market 

ptruetratioi~ tiiodels require data  (both current and futurc) on the 

fallowing: 

l~ebibo, K., et al. A System for Projecting the Utilization of 
Renewable Resources: SPURR Methodology. MTR-7570. The MITRE 
Corporation, McLean, VA. September 1977. 
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s i z e  of  t he  p o t e n t i a l  market 

s o l a r  technology c o s t s  and expected c o s t  r educ t ions  
( l e a r n i n g  curves)  

competing technology c o s t s  

r eg iona l  f u e l  p r i c e s  

mix of competing f u e l s  

r eg iona l  c l ima te  d a t a  

" s u i t a b i l i t y "  ( o r i e n t a t i o n  of  e x i s t i n g  bu i ld ings ,  land 
a v a i l a b i l i t y ,  e t c . )  

energy load p r o f i l e s  

market l a g s  r e f l e c t i n g  i n i t i a 1 . r e s i s t a n c e  t o  new 
technologies  

C lea r ly  t h e r e  i s  a g r e a t  d e a l  of u n c e r t a i n t y  i n  t h e s e  d a t a  which 

c a r r i e s  over i n t o  t he  s o l a r  market p e n e t r a t i o n  es t imates .  However, 

t he se  e s t i m a t e s  a r e  b se fu l  i n  improving our understanding of t h e  

s o l a r  commercial izat ion process and i n  providing informat ion  f o r  mid- 

and long-range planning. Because a c o n s i s t e n t  a n a l y t i c a l  frame- 

work i s  used, t h e  s e n s i t i v i t y  of  t h e  market p e n e t r a t i o n  p r o j e c t i o n s  

t o  va r ious  l e v e l s  of commercial izat ion can e a s i l y  be  compiled. 

The e s t ima te s  of s o l a r  market acceptance d i scussed  h e r e  a r e  

based on t h e  c u r r e n t  l e v e l  of  n a t i o n a l  commitment and do not  assume 

acce l e r a t ed  l e v e l s  of  commercialization. 

The annual energy savings from s o l a r  t echnologies  i n  t h e  year  

2000 a r e  expected t o  be about 14.5 quads. T l l i s  i nc ludes  4.9 quads of 

h y d r o e l e c t r i c  and biomass combustion c u r r e n t l y  i n  place.  This  i s  a 

success-or iented s cena r io  based on the  fol lowing:  



e x i s t i n g  f e d e r a l  and s t a t e  f i n a n c i a l  i n c e n t i v e s  i n c l u d i n g  
t h o s e  o f  t h e  r e c e n t l y  enac ted  Nat iona l  Energy Act 

c u r r e n t  t echnology  development programs, program c o s t  g o a l s ,  
and commercial a v a i l a b i l i t y  d a t e s  

t h e  c u r r e n t  l e v e l  of n o n - f i n a n c i a l  commerc ia l i za t ion  . 
programs d i r e c t e d  toward o b t a i n i n g  p u b l i c  v i s i b i l i t y ,  
i n f o r m a t i o n  exchange and d i s s e m i n a t i o n ,  and t h e  removal of 
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 s  extended t o  each  t echnology  
a s  i t  m a t u r e s  

+ a w i l l i u g n e s s  by ifidl-lstry t o  produce and market t h e  systems 
i n  a t i m e l y  faoh ion  

w marker a c c e p t a n c e  of o o l a r  t e c h n o l o g i e s  Lased on rhe compe- 
t i t i v e  economic p o s i t i o n  o f  t h e  t e c h n o l o g i e s  tempered by a  
market  1 ag f u n c t i o n  

C u r r e n t  S t a t e  o f  S o l a r  I n d u s t r v  

I n  terms o f  energy  s a v i n g s ,  h y d r o e l e c t r i c  i s  t o d a y ' s  l a r g e s t  

s o l a r  technology.  It i s  suppor ted  by a  mature  i n d u s t r y  wi th  

c o n s i d e r a b l e  f e d e r a l  a s s i s t a n c e  (approx imate ly  $1 h i t l i o n  i n  1977 

i n c l u d i n g  p ro- ra ted  e l e c t r i c i t y  s u b s i d i e s ) .  The o t h e r  major  s o l a r  

t echnology  today  i s  t h e  use  of biomass by i n d u s t r y  f o r  p r o c e s s  h e a t .  

Almost a l l  of  t h i s  o c c u r s  i n  t h e  pulp  and paper  i n d u s t r y ,  where 

e x i s t i n g  wood r e s i d u e s  w i t h i n  t h e  i n d u s t r y  a r e  used.  

Although s t i l l  smal l  i n  eerms of n a t i o n a l  energy s a v i n g s ,  new 

s o l a r  i n d u s t r i e s  a r e  beg inn ing  t o  e s t a b l i s h  commercial markets  f o r  

s o l a r  h o t  w a t e r  and s p a c e  h e a t i n g  sys tems ,  b u i l d i n g s  d.esigned w i t h  

p a s s i v e  s o l a r  sys tems ,  and smal l - sca le  wind machines. There a r e  

c u r r e n t l y  approx imate ly  60,000 b u i l d i n g s  w i t h  a c t i v e  s o l a r  thermal  

sys tems  ( e x c l u d i n g  swimming pool h e a t e r s ) ,  about  90 p e r c e n t  o f  which 

a r e  h o t  w a t e r  systems. P a s s i v e  s o l a r  d e s i g n  i n  new b u i l d i n g s  i s  used 
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i n  an es t imated  1,000 bu i ld ings  today and i s  doubl ing each year .  

Small-scale wind machines, a s o l a r  technology which has  enjoyed 

commercial success  i n  t h e  p a s t ,  i s  showing a comeback. There a r e  

c u r r e n t l y  about 150,000 farm-type wind machines used p r i m a r i l y  f o r  

water  pumping. This  f i g u r e  i s  expected t o  grow a t  a r a t e  of 2000 t o  

3000 per  year.  In  a d d i t i o n ,  t h e r e  a r e  approximately 1000 wind 

gene ra to r s  i n  p l ace  producing e l e c t r i c i t y .  About 100 t o  200 a r e  

added each year .  

P ' e c t i o n s  of Nat iona l  Impacts - ---.-.-- -----.-.- -.-- 

S i g n i f i c a n t  new energy sav ings  a r e  expected t o  begin around 

1985 and e s c a l a t e  r a p i d l y  through t h e  t u r n  of t h e  cen tury  ( s e e  F igure  

18 and Table x). Near-term (1985) new ene rgy . sav ings  would r e s u l t  

from s o l a r  h o t  water and space hea t ing  systems i n  t h e  r e s i d e n t i a l  and 

commercial s e c t o r s  (0.25 quads) ,  s o l a r  i n d u s t r i a l  process  h e a t  used 

a s  f u e l  s ave r s  t o  e x i s t i n g  systems (0.13 quads) ,  and an a d d i t i o n a l  

0.2 quads each for i n d u s t r i a l  biomass and h y d r o e l e c t r i c .  

By 1990, a c t i v e  s o l a r  thermal systems f o r  b u i l d i n g s  a r e  

expected t o  save about 0.6 quads annual ly .  Another 0.4 quads o f  

sav ings  from wood s toves  and 0.05'quads from smal l - sca le  wind 

machines and pass ive  s o l a r  bu i ld ing  des igns  a r e  expected. In  t h e  

i n d u s t r i a l  s e c t o r ,  s o l a r  process  h e a t  systems w i l l  c o n t r i b u t e  0.5 

quads and bi.omass u t i l i z a t i o n  f o r  process  hea t  w i l l  i nc rease  about 

0.4 quads over  t he  1.6 quads c u r r e n t l y  used. Cent ra l  e l e c t r i c  

u t i l i t y  technologies  w i l l  begin t o  come on l i n e  around 1986. 



'~xistin~ industrial hinmass (1.6 quads) and hydroclcctric (3.0 quads) 
are not included. 

FIGURE 18 
GROWTH OF MAJOR SOLAR 

TECHNOLOGIES-REFERENCE CASE 



TABLE X 

ANNUAL ENERGY SAVINGS BY TECHNOLOGY 
(Quads of Primary Fuel Displaced)  

SECTOR TECHNOLOGY 1978 1985 1990 2000 

R e s i d e n t i a l  Thermal -- 0.13 .31 1.06 
Pass ive  -- 0.01 .04 0.20 
Wind -- 0.05 0.31 -- 
Pho tovo l t a i c s  -- -- 0.02 0.18 
Wood Stoves 0.30 0.40 0.47 0.60 

Commercial Thermal -- 0.12 0.27 0.66 
Pass ive  -- -- 0.01 0.02 
W i  nd -- -- -- 0.02 
Photovol ta ics  -- -- -- 0.03 

Indus t r i a 1  Solar  Thermal -- 0.13 0.50 2.18 
Biomass 1.60 1.80 2.00 2.20 
Wind -- -- -- 0.05 
Photovol ta ics  -- -- -- 0.03 
Thermal Elec. -- -- -- 0.02 
Tota l  Energy -- -- -- 0.01 
S.S. Hydro. -- -- -- 0.15 

E l e c t r i c  Wind -- -- 0.15 1.32 
U t i l i t y  So la r  Thermal -- -- 0.05 0.96 

Pho tovo l t a i c s  -- -- -- 0.01 
Ocean Thermal -- -- -- 0.10 
Biomass E l e c c r i c  -- -- 0.01 0.03 
Hydru. 3.00 3.20 3.40 3.80 

Syn the t i c  Wood -- -- -- 0.45 
Fuels  and Animal Waste -- -- -- 0.20 
Chemicals 

To ta l  4.90 5.79 7.28 -14.59 



Large-sca le  wind machines used i n  fue l -  and water-saver modes a r e  

expected t o  s ave  about  0.15 quads by 1990 and s o l a r  thermal repower- 

i n g  systems1 about  0.05 quads. Hydroe l ec t r i c  u t i l i z a t i o n ,  some of 

which w i l l  be smal l - sca le  systems ( l e s s  than  15 MW) a t  e x i s t i n g  dams, 

w i l l  i nc rease  by 0.4 quads over  t h e  p re sen t  l e v e l  of 3.0 quads. 

By t h e  t u r n  of t h e  cen tu ry ,  about  9.6 quads of s av ings  may be  

expected from new s o l a r  technologies .  The major c o n t r i b u t o r s  a r e  

a c t i v e  d i r e c t  thermal  systems f o r  b u i l d i n g s  (1.7 quads) ,  wood s toves  

( a n  a d d i t i o n a l  0.3 quads) ,  r e s i d e n t i a l  wind systems (0.3 quads) ,  

pa s s ive  b u i l d i n g  des igns  (0.2 quads) ,  s o l a r  process  heat ( 2 . 2  quads) ,  

new biomass process  h e a t  (0.6 quads) ,  u t i l i t y - s i z e  wind machines (1.3 

quads ) ,  ocean thermal  energy convers ion  (0.1 qvads) ,  new h ~ d r o e l e c -  

t r i c  (1.0 quads) ,  and s y n t h e t i c  gas  from animal waste  (0.2 quads) .  

These p r o j e c t i o n s  imply t h a t  12 percent  of our n a t i o n ' s  energy 

w i l l  be provided by s o l a r  energy i n  t h e  yea r  2000. This  w i l l  r e q u i r e  

a s i g n i f i c a n t  n a t i o n a l  investment i n  c a p i t a l  and resources .  It i s  

e s t ima ted  t h a t  p r i v a t e  and f e d e r a l  expendi tures  of about  $330 b i l l i o n  

(1976$) w i l l  be r e q u i r e d  between 1980 and 2000. The manufacture and 

i n s t a l l a t i o n  of s o l a r  t echnologies  w i l l  r ep re sen t  a  s i g n i f i c a n t  por- 

t i o n  of t h e  U.S. i n d u s t r i a l  a c t i v i t y .  Approximately one m i l l i o n  per- 

sons w i l l  be employed by t h e  t n r n  nf t h e  century i n  the product ion  of 

s t e e l ,  g l a s s ,  aluminum, copper and conc re t e  and t h e  manufacture,  

l ~ o l a r  thermal repowering involves  t h e  r e t r o f i t  of e x i s t i n g  o i l -  
and gas- f i red  steam p l a n t s  i n  a r e a s  of h igh  i n s o l a t i o n  wi th  t he  
s o l a r  thermal  c e n t r a l  r e c e i v e r  system. 



i n s t a l l a t i o n  and maintenance of t h e  s o l a r  systems. Annual s a l e s  of 

t h e  new s o l a r  i n d u s t r i e s  (excluding h y d r o e l e c t r i c  and i n d u s t r i a l  

biomass) a r e  expected t o  i nc rease  r a p i d l y  (F igu re  19) t o  approxi- 

mately $35 b i l l i o n  i n  t he  year  2000. Current  annual s a l e s  f o r  

General Motors a r e  approximately 55 b i l l i o n  d o l l a r s .  This  w i l l  

r ep re sen t  an approximately 70-fold i n c r e a s e  over  c u r r e n t  s o l a r  s a l e s  

and r e s u l t  i n  t he  c r e a t i o n  of a  s i g n i f i c a n t  indus t ry .  The numbers of  

systems ope ra t i ng  i n  1985, 1990 and 2000 a r e  shown i n  Table X I .  

P r o j e c t i o n s  of Regional Impacts 

Regional u t i l i z a t i o n  of s o l a r  t echnologies  v a r i e s  because o f  

d i f f e r i n g  f u e l  p r i c e s ,  energy demand, c l ima te ,  a v a i l a b i l i t y  o f  , . 

biomass and hydro resources ,  and l o c a l  i ncen t ive  programs. So la r  

p r o j e c t i o n s  have been d isaggregra ted  t o  t he  Census Regions, d i s -  

played e a r l i e r  i n  Figure 9. Grea te r  market p e n e t r a t i o n  i s  g e n e r a l l y  

expected i n  southern  and western reg ions  where i n s o l a t i o n  and hydro 

resources  a r e  g r e a t e r .  The r eg iona l  p r o j e c t i o n s  f o r  t h e  year  2000 

a r e  summarized i n  F igures  20 and 21. Addit ional  d e t a i l  on t he  

expected energy saving0 and numbers o f  systems on technology can be  

found i n  t h e  Appendix. 

The New England Region. The New England Region i s  expected t o  

have a  r e l a t i v e l y  high percentage of s o l a r  market p e n e t r a t i o n  by t h e  

year  2000 p r imar i l y  because o f  high f u e l  cos t s .  Wind and biomass a r e  

important  renewable resources  i n  t h i s  region.  Over 35  e l e c t r i c  u t i l -  



FIGURE 19 
ANNUAL SOLAR SALES 



TABLE XI 

NUYBER OF SOLAR ENERGY SYSTEMS SOLD BY THE YEAR 2000 

MARKET SYSTEM 
TECHNOLOGY SECTOR SIZE 1985 1990 2000 

Thermal hot water Residential 35-50 sq. ft. 4,170,000 9,350,000 25,550,000 
Commercial 160-175 sq. ft. 150,000 360,000 810,000 

Thermal heating and Residential 115-130 sq. ft. 1,320,000 2,600,000 6,690,000 
hot watar Commercial 1115-1250 sq. ft. 130,000 290,000 600,000 

Thermal c~oling, heating, Residential 120-240 sq. ft. 170,000 300,000 950,000 
and hot water ' Commercial 1835-1920 sq. ft. 90,000 170,000 380,000 

Passive heating 

Small-scale wind 

Large-scale wind 

Residential 150-350 sq. ft. 150,000 970,000 4,870,000 
Commercial 700-2600 s q .  ft. 10,000 40,000 130,000 

Residential 4 kWe 
Commercial 40 kWe 
Industrial 200 kWe 

Industrial 5 modules of 2.5 MW 0 25 84 
Utility 100 MWe 0 21 358 

Solar Thermal Electric Industrial 500-750 kUe and 
14 MWe 

Utility 100 MWe 

Photovoltaics Residential 3.4 kWe 21,000 700,000 6,000,000 
Commercial 54-66 kWe 0 2,960 32,135 
Industrial 460-540 kWe and 0 0 655 

13-15 MWe 0 0 145 
Utility 100 MWe 0 0 6 

Ocean Thermal Utility 400 MWe 0 0 3 

Biomass Electric Utility 46 MWe 0 6 ' ' 13 

Thermal low temperature1 Industrial 100,000 sq. ft. 161 62 0 3,669 

Thermal medi& temperature1 Industrial 100,000 s q .  ft. 2,740 10,396 25,166 

Thermal high temperature1 ' Industrial 100,000 sq. ft. 392 1,479 12,703 

Solar Total Energy Systems Industrial 500,000 sq. ft. 0 1 4 8 

l ~ o w  temperature = less than 100C'C; mediun tuperature = 100°C - 150°C; high temperature = over 150°C. 



(Percent Solar  i n  Region) 

1 1 1 Synthet ic  Fuels  and Chemicals 

E l e c t r i c  U t i l i t y  

FIGURE 20 
REGIONAL SOLAR MARKET PENETRATION 

BY MARKET SECTOR IN THE YEAR 2000 



FIGURE 21 
. REGIONAL SOCAR MARKET PENETRATION BY RESOURCE 

IN THE YEAR 2000 



i t y  wind systems1 and 35,500 r e s i d e n t i a l  wind systems a r e  expected 

t o  be i n s t a l l e d  by t h e  year  2000. 

The Mid A t l a n t i c  Region. Solar  energy i s  expected t o  c o n t r i -  

b u t e  only e i g h t  pe rcen t  of  t h e  energy needs i n  t h e  Mid A t l a n t i c  

Region i n  t h e  yea r  2000 wi th  t h e  Nat ional  Energy Act i ncen t ives .  

So l a r  hea t ing  and cool ing  of  bu i ld ings  and wind systems a r e  expected 

t o  d i s p l a c e  s i z e a b l e  amounts of energy i n  t h i s  region.  It i s  e s t i -  

mated t h a t  t h e r e  w i l l  be over f i v e  m i l l i o n  homes with a c t i v e  s o l a r  

systems and about b 5  100-MWe w i d  systcmo i n s t a l l e d  hy Llle year 2000. 

The South A t l a n t i c  Region. The South A t l a n t i c  Region w i l l  be  

t h e  second l a r g e s t  u s e r  of s o l a r  energy. Every s o l a r  technology 

shows promise, p a r t l y  because o f  h igh  f u e l  p r i c e s  and p a r t l y  because 

of  t he  h igh  a v a i l a b i l i t y  of  s o l a r  resources .  This  r eg ion  i s  t he  

l a r g e s t  u s e r  of biomass f o r  both process  h e a t  and f o r  conversion t o  

s y n t h e t i c  f u e l s  and chemicals. Approximately 0.9 quads of biomass i s  

expected t o  be used f o r  energy purposees by  he year  2000. 

The Eas t  North Cen t r a l  Region. The East  North Cent ra l  Region i s  

t h e  l a r g e s t  r eg ion  i n  terms n f  t o t a l  energy needs. The t o t a l  s o l a r  

c o n t r i b u t i o n  i s  somewhat l im i t ed  because of a s c a r c i t y  of  hydro and 

biomass resources .  It i s  expected,  however, t o  use  mofe square  I e e t  

of s o l a r  c o l l e c t o r s  f o r  hea t ing  and cool ing of buildirlgs than any 

o the r  r eg ion  with almost f i v e  m i l l i o n  systems i n  p l ace  by 2000. 

l ~ a c h  u r i l i t y  wind systcm hoe a r a t e d  c a p a c i t y  of  100 MWe and i s  
comprised of an a r r a y  o f  l a rge - sca l e  wind machines each wi th  a r a t e d  
c a p a c i t y  of 1.5 t o  2 MWe. 



A g r i c u l t u r a l  and i n d u s t r i a l  process  h e a t  and wind energy conversion 

system w i l l  a l s o  be important wi th  about e i g h t  thousand process  h e a t  

systems and 66 u t i l i t y  s i zed  wind systems i n s t a l l e d  by 2000. 

The Eas t  South Cen t r a l  Region. Eleven percent  of  t h e  energy 

needs of t he  Eas t  South Cent ra l  Region i s  pro jec ted  t o  come from 

s o l a r  energy by t h e  year  2000. The major c o n t r i b u t o r s  a r e  wind, 

biomass and' h y d r o e l e c t r i c  wi th  approximately 69 la rge-sca le  wind sys- 

tems and energy sav ings  of 0.4 quads from biomass and 0.25 quads from 

h y d r o e l e c t r i c .  

The West North Cen t r a l  Region. It i s  es t imated  t h a t  s o l a r  tech- 

no log ie s  w i l l  s a t i s f y  about 12 pe rcen t  of t h e  energy demand i n  t h e  

West South Cent ra l  Region by t h e . t u r n  of t h e  century.  Large indus- 

t r i a l  energy demand and good i n s o l a t i o n  a r e  r e spons ib l e  f o r  making 

t h i s  r eg ion  t h e  l a r g e s t  u se r  of s o l a r  process  hea t  t echnologies  wi th  

over  17,000 systems expected t o  be ope ra t i ng  by t h e  year  2000. Other . 

l a r g e  c o n t r i b u t o r s  inc lude  biomass, hea t ing  and cool ing  o f  b u i l d i n g s  

( 4  m i l l i o n  systems) and c e n t r a l  u t i l i t y  s o l a r  thermal e l e c t r i c  (63  

systems each 100 MWe). 

The Mountain Region. In s p i t e  of low p r i c e s  f o r  coa l  and e lec-  

t r i c i t y ,  s o l a r  t echnologies  a r e  expected t o  supply 25 percent  of  t h i s  

r e g i o n ' s  energy r equ i r e~uen t s  i n  t he  year  2000. P ro j ec t i ons  i n d i c a t e  

t h a t  h y d r o e l e c t r i c  (0.5 quads) and c e n t r a l  u t i l i t y  s o l a r  thermal 

e l e c t r i c  wi th  35 systems w i l l  be major con t r ibu to ro .  

The P a c i f i c  Region. The P a c i f i c  Region i s  t h e  most favorab le  f o r  

s o l a r  energy with 30 percent  of t he  r e g i o n ' s  energy needs expected t o  

55 



come from s o l a r  i n  t he  year  2000. Most of t h i s  i s  from hydroelec- 

t r i c .  Out o f  t h e  e s t ima ted  3.4  quads of s o l a r ,  1.9 quads a r e  hydro- 

e l e c t r i c .  Other s o l a r  t echnologies  a r e  expected t o  do w e l l  a s  t h i s  

r eg ion  has  an ample supply of  biomass, wind and sun. The year  2000 

p r o j e c t i o n s  i nc lude  4.8 m i l l i o n  r e s i d e n t i a l  and commercial bu i ld ings  

w i t h  a c t i v e  o r  pa s s ive  s o l a r  systems,  almost 10,000 i n d u s t r i a l  

p roces s  h e a t  systems, 17 u t i l i t y  s i z e d  wind systems and 7 3  u t i l i t y  

s o l a r  thermal  e l e c t r i c  systems. 
. . .- 

Comparative Energy Cos ts  - 

The compe t i t i ve  p o s i t i o n  of  s o l a r  t echnologies  r e l a t i v e  t o  

a l t e r n a t i v e  convent iona l  t echnologies  i s  shown i n  F igures  22 through 

26 f o r  t h e  v a r i o u s  market s e c t o r s .  I n  g e n e r a l ,  s o l a r  t echnologies  

become i n c r e a s i n g l y  compet i t ive  a s  c o s t  reduc t ions  i n  s o l a r  manu- 

f a c t u r r n g  reduce s u l a ~  systcm c o ~ f s  and a s  t h e  c o s t s  of  competing 

f o s s i l  fiiels i nc reases .  In  t he  near-term, a c t i v e  and pas s ive  hea t ing  

and hot  water  'systems compare favorably w i t h  ' e l e c ~ r i c i l " ~  f a r  r c a i -  

d e n t i a l  and commercial app l i ca t i ons .  I n d u s t r i a l  s o l a r  process  h e a t  

systems a r e  c o m p e ~ i t i v e  with e l e c t r i c  and o i l  systems. By 1990, wind 

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  expected t o  b c  

cos t -compet i t ive  wi th  c o a l  gene ra t i on  technologies  i n  s e v e r a l  regions 

of t he  U.S .  T h e ' e l e c t r i c  u t i l i t y  s o l a r  t echnologies  shown i n  F igure  

25 a r e  conf igured  wi th  s to rage  o r  backup t o  compete wi th  convent iona l  

i n t e rmed ia t e  load systems. Solar  e l e c t r i c  t echnologies  w i t h o u t d s t o r -  

age o r  backup used a s  f u e l  s ave r s  a r e  more c o s t  compet i t ive . '  
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Note: Shaded areas represent regional ranges. Heating includes hot water. 
Cooling includes heating and hot water. 

FIGURE 23 
COST OF DELIVERED ENERGY IN THE C-OMMERCIALSECT-OR 



*Average f u e l  c o s t  f o r  h e a t  pump, o i l ,  gas, c o a l  and syn f u e l s .  

Note: Shaded a r e a s  r e p r e s e n t  r e g i o n a l  ranges .  

FIGURE 24 
COST OF DELIVERED ENERGY IN THE INDUSTRIAL SECTOR 



FIGURE 25. 
BUSBARCOST OF ELECTRICITY INTHE"U,TICITY SECTOR1 

'Intermediate electric systems only. Range of costs represents regional 
variations in prices of fuels, variations by application type, and 
regional variation of system output. 
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Note: Shaded areas r ~ p r e s e n t  regional ranges. 

FIGURE 26 
COST OF DELIVERED ENERGY IN 

THE SYNTHETIC FUELS AND CHEMICALS SECTOR 
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DETAILED CHARTS AND TABLES 



U.S.  EKERGY DEMAND DATA FOR THE Y E ~ R  1 9 7 7  
QUADS - PRIMARY FUEL 

END-USES IKTERifEDZATE USES 1 

? 

F . e s i d e n t i a 1  GROSS 
& T n d a s t r i i a l  T r a n s p o r t a t i o n  E 1 e c . t r i . c  S y n t h e t i c  ENERGY PERCENT 

C o n m e r c i a l  U t s l i t y  F u e l s  
USE 

PRIMARY 

G e o  t h e m a l  

1:VTERMEDIATE 



SCENARIO: M I D  P R I C E  

U . S .  ENER& DEMAND DATA FOR THE YEAR 1 9 9 0  
QUADS - PRIMARY FUEL 



NATIONAL -kTJERAGE FUEL PRICES IN 1976 $/mBtu 

RESIDENTIAL I I I 

HIGH PRICE 

1985 1990 1995 2000 

Electric 
Gas 
Oil 

m 
m 

MID PRICE 

1985 19'30 1995 2000 1975 

Electric 1 .  
Gas 2.27 
Oil 3.Cl1) 

Electric 
Gas 
Oil 
Coal 
Synfuels 

LOW PRICE 

1985 1590 1495 7000 

UTILITY 

1 1  12.10 12.40 12.71 
2.70 3.06 3.47 3.93 
3.34 3.60 3.89 4.20 

Coal 
Gas 
Oil 
NUC-Lm 
Nuc- Adv 

12.56 13.46 14.43 15.L6 
2.94 3.54 4.26 5.13 
3.65 4.20 4.83 5.55 

13.45 15.14 17.04 19.18 
3.12 3.91 4.90 6.15 
3.91 4.72 5.70 6.89 



REGIONAL FUEL PRICE VARIATIONS 

East East West West 
New Mid South North South North South 

GAS INDUSTRIAL 

SYNFUELS 

RESID 

COMM 

OIL INDUSTRIAL 
3 - d  

\4 

UTILITY 

RES /'COMM 

COAL INDUSTRIAL 

UTILITY 

ELECT. ALL 
SECTORS 

,Regional factors are multiplied by national average price to get price in the region. Factors are taken 
from 1990 projections by the American Gas Association Model TERA-11. 

Atlantic 

1.02 

1.01 

1.14 

1.12 

0.97 

0.97 

0.99 

0.90 

1.01 

1.30 

England 

1.10 

1.01 

1.20 

1.17 

1.00 

0.99 

1.03 

1.15 

1.21 

1.17 

Atlantic 

0.94 

1.01 

0.87 

0.92 

0.98 

0.97 

1.00 

1.05 

1.12 

0.97 

Central 

1.00 

1.01 

0.98 

1.01 

0.98 

0.98 

1.00 

0.87 

0.98 

1.07 

Central- 

0.92 

1.06 

0.85 

0.90 

0.97 

0.97 

0.99 

0.98 

1.05 

0.85 

Central 

0.97 

1.01 

0.89 

0.93 

1.03 

0.99 

1.03 

0.82 

0.82 

1.20 

Central Mountain Pacific 

1.07 

1.01 

1.07 

1.08 

1.01 

0.96 

1.01 

0.97 

0.96 

1.01 

0.87 

0.91 

0.84 

0.96 

0.95 

0.85 

0.66 

1.14 

1.05 1 0.98 

1.06 

1.04 

0.68 

0.64 

1.28 

1.10 

0.96 

1.01 

0.82 

0.62 



DISTRIBUTION OF FUELS DISPLACED BY SOLAR AS 
SOLAR INCREASES ABOVE 14 QUADS 

(Percent displaced by 2000) 

Distributed Sectors Elec. - Gas Oil Coal 

Buildings 5 7 32 11 0 

Industrial 
Biomass 
Other 

Utility Sector - Gas - Oil Coal Nuclear 

Electricity Demand 
Reduction from 
Distributed Solar 1 3 .4 7 9 14 

Base Solar ~lectricl - . - 7 5 2 5 
I 4 6 90 Intermediate Solar - 

Solar Fuel Savers 
1 4 6 9 0 - 

Synfuels - - 100 

National Average Gas - Oil Coal Nuclear 

25 I1 5 7 7 

1 
Assumes that electric utilities have pretty much switched from 
gas and oil to coal. Coal-fired plants with storage are used 
for-intermediate load following. 



BUILDING SECTOR DEMAND RELATIONSHIP 

PRIMARY ENERGY END USE BUILDING COEFFICIENT OF 
DEMAND DEMAND DEMAND PERFORMANCE 

O i l  
Gas & SNG 
E l e c t r i c i t y  
S o l a r  
T o t a l  

2000 Low P r i c e  

O i l  
Gas & SNG 
E l e c t r i c i t y  
S o l a r  

. T o t a l  

2000 Mid P r i c e  

O i l  
Gas & SNG 
E l e c t r i c i t y  
So l a r  
To t a l  

2000 High P r i c e  

O i l  
Gas & SNG 
E l e c t r i c i t y  
S o l a r  
T o t a l  

NOTE: There is  0 .3  quads of bu i l d ing  demand s av ings  from conse rva t i on  i n . t h e  
Mid p r i c e  c a s e  and 0.4 quads i n  h igh-pr ice  s c e n a r i o .  



REGIONAL . W L  SOLAR S.4VINGS IN THE YEAR 2000 
(Q~ads of Primary Fuel Displaced) 

SOLAR APPLICATION 
NEW MI J SOCTH EAST NORTH %ST SOUTH [WEST N3RY-l WEST SOUTH 

TOTAL EXGLAND ATLANPIC ATJAKTIC CENTRAL CENTRAL CENEUL CENTRAL MOUNTAIN PACIFIC 

Residential Thermal 1.053 3.043 0.221 0.055 0.238 0.051 0.030 0.172 0.071 0.113 
P~ssive 0.203 3.020 O.O>O 0.011 C,. 043 0.009 0 . ~ 7  0.022 0.014 0.022 
Wind 0.31 0.02 0.05 0.C4 C.05 0.02 0.05 0.07 11.01 0 
Photovoltaics 0.i8 3.003 0.023 0.C23 Cz.018 0.008 0.019 0.041 0.037 O.OO@ 
Biomass 0.60 3.04 0.Oi 0.06 C.08 0.02 0.03 0 0.06 0.27 

Commercinl Tkermal 0.664 0.027 0.138 0. C-34 C. 149 0.032 0.056 0.111 0.044 0.073 
Passive 0.023 0.001 0.OX O.CO2 0.005 0.001 0.032 0.003 0.001 0.002 

Industrial Sclar Thermal 2.182 0.038 0.123 0.223 C. 343 0.164 0.055 0.694 11.102 0.399 
Biomass 2.2 0.106 0.110 0.746 0.108 0.264 0.051 0.354 0.040 0.42C 
S.S. Hydro 0.15 0.02 0.03 O.G4 0.02 0.01 0.01 0.02 0 0 

Electric Wind 1.315 0.129 0.230 0.327 0.244 0.249 0.027 0.005 0.034 0.062 
Utility Sclar Thermal 0.963 0 0 0.214 0.009 0.012 0,134 0.215 0.118 0.261 

Photovoltaics 0.01s 0 0 0.005 0 0 0 0.009 0 0 
OTEC 0. i0 0 0 0.10 0 0 0 0 0 0 
Biomass Elec. 0.025 11.006 0.013 0.010 0 0.006 0 0 0 0 
Hydro 3.80 0.10 0.3i 0.26 0.07 0.26 0.15 0.09 11.65 1.88 

Synthetic Wood 0.447 11.047 0.0iT 0.094 0.070 0.075 0.01: 0.028 0.015 0.065 
Fuels and Animal Waste 0.20 11.009 0.0314 0.012 0.045 0.010 O.Oi4 0.025 0.018 0.028 
Chemicals 

TOTAL 14.43. 3.61 1.41 2.26 1.49 1.19 0.75 1.86 1.21 3.60 



NUMBER OF SYSTEMS BY REaZION IN THE YEAR 2000 

1-T SECTOR NEW MID SOUTH EAST NORTH EAST SOUTH WEST NORTH WEST SOUTH 
TECHNOLEY SYSTW SIZE TOTAL ENGLAND ATJANTIC ATLANTIC CENTRAL CENTRAL CENTRAL CENTRAL MOUNTAIN PACIFIC 

p- -~ 

Residensial 

Hot Water 
Heating + HV 
Cooling + H + HW 
Passive Heat 
Wind 
Photovoltaics 

Commercial 

~ o t  Water 
Heating + HW 
Cooling + H +HW 
Passive Heat 

Industrial 

Solar Thermal 

~lectric Utility 

Wind 
Solar Thermal 
Photovoltaics 
Ocean Thermal 
Biomass 

100 MWe 
100 MWe 
100 MWe 
400 MWe 
46 MWe 




