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This report summarizes the preliminary data and assumptions of the three Pfarket Sector 

-.workbooks prepared in  conjunction with the development of inputs f.:r a National Plan for the 

Accelerated Commercializatioa of Solar Energy. 
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INTRODUCTION 

. mese vorkbooks c o n t a i n  pre l iminary  d a t a  and assumptions used during the p r e p a t a t i o n  of 

inputs t o  a National Plan f o r  t h e  Accelerated Commercialization of Solar  -Energy (NPAC). 1 The 

workbooks i n d i c a t e  the  market p o t e n t i a l ,  compet i t ive  p o s i t i o n ,  market pene t ra t ion ,  and techno- 
- - . - 
: l o g i c a l  c h a r a c t e r i s t i c s  of  s o l a r  technologies  owes the  next twenty years  f o r  f i v e  market 

s e c t o r s :  r e s i d e n t i a l  bu i ld ings ;  comeercial  and i n s t i t u t i o n a l  bui ld ings;  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 ;  u t i l i t y  a p p l i c a t i o n s ;  and s y n t h e t i c  f u e l s  and chemicals. 

The workbooks a l s o  p resen t  p r o j e c t i o n s ' o f  the  mix of s o l a r  technologies by U.S. Census . 

Region ( s e e  Figure 1). I n  some c a s e s ,  d a t a  have been aggregated t o  the nat ional  l e v e l .  .. 
' 

Emphasis cf the  workbooks is on a mid-price f u e l  scenar io ,  op t ion  11, t h a t  meets about a' 20 

percent . s o l a r  goa l  by the  yea r  2000. h e  energy demand f o r  the  mid-price scenar io  is  projected 

. . a t  1 lS.quads  i n  t h e  year  2000. 

The vorkbooks, prepared i n  A p r i l  1979, r ep resen t  government po l i c i es '  and programs 

a n t i c i p a t e d  a t  t h a t  t i m e .  The d a t a  r e f l e c t i n g  changes i n  government pol icy ,  energy c o s t s ,  

energy de'mands, and s o l a r  cornmercia l i ta t ion s t a t u s  may be pe r iod ica l ly  u ~ d a t e d .  
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9. Pacific 

FIGURE 1 
U.S. CENSUS REGIONS 



THE SCENARIOS 
. . 

.- U.S. energy consumption i n  2000 was. determined by us ing the  t h r e e  macroeconomic scenar ios  

developed, f o r  the  DPR.1 Thc t h r e e  scenar ios  a r e :  

0 low-price o i l h i g h  end-use ?@=and 

o a id -p r ice  o i l / i n t e r m e d i a t e  end-use demand 

o Ligh-price o i l / l o v  end-use demand . ' 

For NPAC, t h e  scenar ios  were subjected t o  f u r t h e r  review. The f u e l  pr ice /energy consump- 1: 
t i o n  p ro jec t ions  i n  Figure 1 show t h a t  end-use demand w i l l  be 132, 115, and 105 quads fo r  low- 

I: 

p r i ce ,  mid-price, and high-pr i c e  scenar ios ,  r e spec t ive ly  . // 
i 
I 

A scenar io  based on low-pries o i l  assumes a high energy end-use demand. Conversely, I 'gh-  I .  
! 

p r i c e  o i l  would d r ive  t h e  energy demand dcvn. A mid-price scenar io  would imply an in termedia te  i 

$25/barrel .  The high-price is assumed t o  be  $32/barrel .  

1 - 
l e v e l  of  demand. The low-price o i l  scenar io  assumes t h a t  i n  t h e  year 2000 a. b a r r e l  of' o i l  w i l l  1. . 

l ~ e b i b o ,  Kathy K. Toward a Nat ional  Plan f o r  the  Commercialization of s o l a r  Energy: p r i c e /  
Demand Scenarios 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 the  National  Energy Act, mR-8057. 

Cost. $18 (1976 c o c s t a n t  $1 a t  the  wellhead. The mid-price scenar io '  c a l l s  f o r  a p r i c e  of 

HcLean, ,Virginia,: The MITRE Corporation,  May 1979. 

, 



. *Price t o  i n d u s t r i a l  sector . . 

FIGURE 2 
U.S. ENERGY CONSUMPTION 



. . 

t a c h  of the  f i v e  markrt s e c t o r s  was analyzed1 f o r  t h e  t h r e e  priceldemanl scenar ios ,  and 

e a & p r i c e . s ~ e n a r i ~  was t e s t e d  a t  four l e v e l s  of  incen t ives .  The Reference Case includes  the  

s o l a r  commercial ization i n c e n t i v e s  i n  the  Nat ional  Energy Act ( N E A ) ,  1978.~ Analysis  o f  the  

NEA incen t ives  i n d i c a t e s  t h a t  s o l a r  technologies  w i l l  d i s p l a c e  approximaeely 14.5 quads o f ,  1. 
. . 

primary f u e l  i n  the  y e a r  2000. The t h r e e  o t h e r  l e v e l s  of incen t ives  would d i s p l a c e  

appraximately 18, 2.2, and 25 quads of primary f u e l  i n  2000. 
.. .I; 

COHZIERCIALIZATION DEVELOPMENT CONCERNS 

The workbooks a l s o  i d e n t i f y  the  p r i n c i p a l  conmerc ia l i za t  ioa  development i s s u e s  fac ing each 

market s e c t o r ,  p a r t i c i p a n t s  i n  each market s e c t o r ,  and apparent  c o n s t r a i n t s  t o  market develop- 

ment. These f a c t o r s ,  inclc.ding t h e  expected impact of  c u r r e n t  f e d e r a l  programs, vere  included 

i n  t h e  market p e n e t r a t i o n  es t ima tes .  

.The marketplace has  f a u r  p r i n c i p a l  p a r t i c i p a p t s :  proper ty  owner; e r c h i t e c t u r a l  and engi-  

nee r ing  firms respons ib le  £or des igning t h e  s o l a r  energy system; f  i n a x i a l  c r  lending 

l ~ s t i m a t e s  of  market p e n e t r a t i o n  ve re  made us inn  the  comDuter s imulat ion model. SPURR. - . - 
Rebibo, K., e t  a l .  A System f o r  p r o j e c t i n g  t h e  ~ t i l i z a ' t i o n  of  ~enewable .  R e s ~ u r c e s :  SPURR 
Hethodology, MTR-7570. McLean, Vi rg in ia :  The MITRE Corporat io.n, September 197 7. . . 

 h he Reference Case is r e f e r r e d  t o  a s  the  NEA Option. 



. . i n s t i t u t i o n s  t h a t  may be  i n v e s t i n g  i n  - "new" technologies ;  and the  manufacturer. Ecotiomic uncerl 

t a i n t y  of  the  s o l a r  eechrologies  i s  t h e  p reva len t  concern ac ross  a l l  market s e c t o r s  and p a r t i -  

. c ipag t s .  Economic u n c e r t a i n t i e s  inc lude  t h e  high c o s t  of s o l a r  systems, u n a v a i l a b i l i t y  o f  i 
i' 
E . f i n a n s i n g ,  and r e l a t i v e  i n s e c u r i t y  of t h e  investment. Federal  RDdD programs a r e  underway t o  

. . t 
' lover  the system cost.. .Congress h a s  passed investment tax  c r e d i t s  (ITC) and lov- in te res t  loans 

with extended repayment terms f o r  t h e  same purpose. To f u r t h e r  lower systems c o s t s  p o t e n t i a l  

f e d e r a l  programs inc lude  l a r g e r  investment t a x  c r e d i t s ,  more l i b e r a l  deprec ia t ion  schedules f o r  

s o l a r  equipment, f e d e r a l  c o s t  s h a r i n g  and f e d e r a l  g r a n t s ,  government purchases, and government 

loan guarantees.  

Comaercial ization o f  s o l a r  t echno log ies  f aces  i n s t i t u t i o n a l  and t echn ica l  b a r r i e r s .  These 

include l ack  o f  conf idence i n  system r e l i a b i l i t y  and performsnce, lack o f  i n s u r a b i l i t y ,  and low 

p u b i ~ c  awareness of &he technology. Government RDCD programs a l s o  aim a t  removing these  s o c i a l /  ! 
- .  

i n s t i t u t i o n a l  b a r r i e r s  by i n c r e a s i n g  performance and r e l i a b i l i t y  o r  by demonstrat ing'  the  v i a b i l -  

i t y  of  s o l a r  i n s t a l l a t i o n s .  Other programs which may h e l p  remove these  b a r r i e r s  include:  f 
e s t a b l i s h i n g  warranty requirements;  p rov id ing  f e d e r a l  insurance o r  f e d e r a l l y  guaranteed insur- 

ance; amending o r  r e b r i t i n g  bu i ld ing  codes;  removing a e s t h e t i c  zoning code b a r r i e r s ;  c r e a t i n g  3 

uniform d e f i n i t i o n  of "sun r ights" ;  and p u b l i c  information dissemination program. ' 

, 

:I 
A summary o f  the  market s e c t o r  workbooks follows.  

6 
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BUILDINGS INVENTORY . . 

The b a s i c  i n v e n t o r y  o f  t h e  b u i l d i n g s  marke t  s e c t o r  a n a l y s i s  v a s  d e r i v e d  from t h e  B a l l i n g e r  

s u r v e y  t h e  G e o e r a l  E l e c t r i c  P h a s e  0 S o l a r  F e a s i b i l i t y  s t u d y  .l R e s i d e n t i a l  b u i l d i n g s  

a r e  e x p e c t e d  t o  i n c r e a s e  f rom 55  m i l l i o n  i n  1970  t o  74 m i l l i o n  i n  2003. C o m m e r c i a l / i n s t i t u -  
. . 

t i o n a l  b u i l d i n g s  a r e  e x p e c t e d  t o  i n c r e a s e  from 3.8 b i l l i o n  i n  1970 t o  7 . 8 m i l l i o r .  i n  20b0. . The 

s m a l l e s t  growth r a t e s  are e x p e c t e d  - t o  be i n  t h e  New England and t h e  Mid-At lan t ic  r e g i o n s ,  v h i l e  
I 

t h e  h i g h e s t  growth rates a r e  e x p e c t e d  t o  b e  i n  t h e  West S o u t h  C e n t r a l  and t h e  Ffountain r e g i o n s .  i 
THERMAL -LOAD 

Although t h e r e  a r e  , t e n , t i m e s  more  r e s i d e n t i a l  t h a n  c m m e r c i a l / i n s t i t u ~ i o n a l  b u i l d i n g s ,  t h e  

energy  &emand o f  a l l  r e s i d e n t i a l  b u i l d i n g s  is  o n l y  1 5  t o  20 g r e a t e r  t h a n  t h e  e n e r g y  

demand o f  a l l  commercial  b u i l d i n g s .  Load summaries  f 6 r . e - a c h  subm.arket . s e c t o r  .and d e t a i l e d  
i 
I 

t h e r m a l  l o a d s  by b u i l d i n g  t y p e  and c l i m a t i c  r e g i o n  a r e  g i v e n  i n  t h e  vorkbook- 

k e n e r a 1  E l e c t r i c .  S o l a r  H e a t i n g  and C o o l i n g  o f  B u i l d i n g s :  P h a s e  0 F e a s i b i l i t y  and P l a n n i n g  
S t u d y  F i n a l  Report .  Volume 3--Book 3. Document No. -74SD4219. V a l l e y  Forge,  P e n n s y l v a n i a :  
G e n e r a l  E l e z t r i c  Space  D i v i s i o n ,  1974. 



ECOrWEfIC INCENTIVES 

TO h a s t e n  accep tanze  o f  a l t e r n a t e  eue rgy  t echno log ie s  and promote ener.:y c o n s e r ~ ; . t i o n ,  t h e  11 
NEA i nc luded  t a x  i n c e n t i v e s  f o r  " q u a l i f i e d  energy  c o n s e r v a t i o n  expend i tu re s  and quali:ied I: 

~ h e s h  c r e d i t s  e x p i r e  a t  t h e  end of 1985.. For  commercial b u i l d i n g s ,  t h e  NEA e s t a b l i s h e d  a 1 0  I 1 .  

p e r c e n t  i n v e s t m e ~ t  tax c r e d i t  f9.- t h e - 1 9 7 8 ' t h r o u g h  1982 pe r iod  'only.> . . 

Three a d d i t i o n a l  l e v e l s  of i n c e n t i v e s  were assmed--Options I ,  II', and .II I. ' ~ h e s e  ' l e v e l s  

, 

ene rcy  s o u r c e  expendi tures ."  I n  t h e  r e s i d e t i t i a l  s e c t o r ,  t h e  incorm t a x  c r e d i t s  a r e  30 

p e r c e n t  f o r  t h e  f i r s t  $2,000 and 20 p z r c e n t  f o r  t h e  next  $8,000 s p e n t . o n  t h e s e  i n s t a l l a t i o n s .  

and t h e i r  t ime-phasing f o r  each  marke t  s e c t o r  a r e  disp. layed i n  t h e  workbook. I n  . t h e  r e s i d e n t i a l  

. 

1 

s e c t s r ,  t h e  h i g h s t  l e v e l  of  i n c e n t i v e  i s  a  30 pe rcen t  t s .  c r e d i t  o r  i t s  e q u i v a l e n t ,  ex t end ing  

K O  the  y e a r  2000. I n  t h e  commerciaL/institutional s e c t o r ,  t h e  h ighes t  l e v e l  i s  a  20 pe rcen t  t ax  ! 
, 

c & d i t  o r  i t s  equivalen,:, e x t e a d i n g  t o  t h e  y e a r  2000. Tax c r e d i t  e q u i v a l e n t s  may be i n  t h e  form 

o f  a c c e l e r a t e d  d e p i e c i a t i o n  s c h e d u l e s  o r  .reduced loan i n t e r e s t  ' r a t e s .  

ENERGY COSTS 

Energy c o s t s  were e v a l u a t e d  on a  r e g i o n a l  b a s i s .  u s ing  c o s t  c r ;  t e r i :  zppl  i c a b l e  t o  t he se  I. . .  , 

;ethnologies. The two p r i n c i p a l  measures of e n e r g y  c o s t  were c o s t  per  . c apac i ty  and c o s t  o f  I: 



del ivered e n e g y .  Cost per capac i ty  is the r a t i o  of i n i t i a l  Cost o f ,  thq s o i a r  ins ta : l a t ion  and 1; 
i ts  baCkup system t o t h e  c a p a c i t y  of  t h e  e n t i r e  system. The c o s t  of  de l ive red  energy is the . 

present  ~ r k h  o f  a11 systems Costs  Over t h e  l i f e  of the  i:et.m divided by the  product 
. . I: I 

of t h e  system's output and a p resen t  va lue  fac to r .  The present  value  f e c t o r  is used , to 1; 
n o m a l i t e  p r o j e c t e d ' f u t u r e  energy use' t o  a  cu r ren t  index of usefulness. The r e s u l t s  of these  

analyses ,  p l u ~  equat ions  f o r  t h e s e  terms a r e  i n  t h e  workbook. 

. . 
WRKET PENETRATION . . i 

The number and va lue  oE systems s o l d  is s e n s i t i v e  t o  the  th ree  price/demand scenar ios  a s  
': 1 

we1 1 a s  ' the incent ive  l eve l s .  In  genera l ,  . l o w p r i c e  conventional  f u e l  w i l l  :depress the  volume I 

of sa les , ,  and high-price f u e l  v i l l  i n c r e a s e  t h e  annual s a l e s  volume a t  each l eve l .  Increase  i n  

government support from t h e  NEA to  Option I w i l l  i nc rease  the  t o t a l  volume of s a l e s  i n  2000 by 

almost 30 percent.  The i n c r e a s e  i n  government support  i n  Qpt ion 11 w i l l  i nc rease  s a l e s  over  the  

NEA by approximately 50 percent.  The h i g h e s t  Option l e v e l  considered i n  t h i s  a n a l y s i s ,  Option 
I 
1 

111, w i l l  i nc rease  s a l e s  over  t h e  NEA by about 80 percent.  1 
1. 

i 



SUMMARY 
AGRImLTURAL AND INDUSTRIAL PROCESS HEAT (AIPH) 

.'. . - 
ENERGY D E A W D  

. The process b e a t  market s e c t o r  d i f f e r §  from the  r e s i d e n t i a l  and commercial/inst-tu- 

t i o n a l  bu i ld ings  market s e c t o r s  because i t  r e l i e s  on the  energy deoand, r a t h e r  than t h e  number 

of  i n s t a l l a t i o n s ,  t o  d e f i n e  t h e  market. Se rv ice  demand is the  end-use energy demand f o r  

d e l i v e r i n g  a s p e c i f i c  s e r v i c e .  Primary f u e l  demand i s  the  f o s s i l  f u e l  i-equired t o  meet a 

s e r v i c e  demand. . . 

, . T h e  t o t a l  process  h e a t  s e r v i c e  demand f o r . a l l  scenar ios  was estimated on a regional  bas is .  

h e  'East  North C e a t i a l  and west s o u t h  c e n t r a l  regions  each account f o r  .23 .percent of the  to ' tal  
. . 

s e r v i c e .  . . demand, The New England and Mountain regions have the  lowest requirement f o r  process  

:heat  s e r v i c e  demand, account ing f o r  2.8 percent  each. The demand i n  the  o t h e r  f i v e  regions-- 

Hid-Atlant i c ,  South A t l a n t i c ,  ~ a s ' t  South C e n t r a l ,  P a c i f i c ,  and West North Central--ranges 

between 6 and 14 percent ,  I t  was assumed t h a t  t h e  percentage. us'ed i n  each region w i l l  remain 

cons tan t ,  al though t o t  a1 demand w i l l .  i n c r e a s e  w e =  time. Spec i f i c  d e t a i l s  o f .  t o t a l  process  hea: 

s e r v i c e  demand f o r  t h e  va r ious  scenar ios  i n  s e l z c t e d  census regions  and annual market p o t e n t i a l ,  

i .e . ,  t h e  annual growth of t h e  process  h e a t  market ,  a r e  i n  t h e  workbook. 



ECONH IC INCENTIVES 

The AIPH market s e c t o r  s h a r e s  t h e  same economic concerns  a s  t h e  o t h e r  s e c t o r s .  The 

w i l l  a l s o  b e n e f i t  from t h e  t a x  c r e d i t s  included ' in  t h e  NEA. 

~ ~ t i m t e s  of  a d d i t i o n a l  t a x  c r e d i t s  p a r a l l e l  t h e  a c a l y s i s  conducted f o r  t h e  o t h e r  market 

,- sectors, me 1 0  p e r c e n t  i n d u s t r i a l  inves tment  t ax  c r e d i t  (ITC) was l e f t  i n  p lace  

through t h e  y e a r  2000 fo= t h e  i n c e n t i v e  l e v e l s .  I n  t h e  Reference Case, an a d d i t i o n a l  '10 percent  
. . 1; 

' i n d u s t r i a l  p r o c e s s  h e a t  t a x  c r e d i t  is a v a i l a b l e  f o r  t h e  1978 through 1982 pe r iod  only.  Option 1 II . 
asiumes t h a t  a" Iong- te rm s o l a r  i n d u s t r i a l  p roces s  h e a t  subs idy  w i l l  be i n  e f f e c t  f o r  . t h e  per iod  

a f t e r .  1.982. T h i s  subsidy.  i s  set a t  5 p e r c e n t  above t h e  s t a n d a r d  ITC ( a  t o t a l '  ~ f  15 p e r c e n t )  and . . 

! 
is comprised o f  a long-term p a r i t y  s u b s i d y  an3 a  n e t  natio.na+E.val-ue.-.s.utj.s-idy. 1 . . 

i 
The Opt ion  I1 ~ c o m a i t r n ~ n t  l e v e l  is a  35 p e r c e n t  ITC, made up o f  a 15 p e r c e n t  front-end'  , . , I . . ,  

. 
i n c e n t i v e  f o r  s o l a r ,  a  1 0  pe rcen t  NEA.solar cax c r e d i t ,  and t h e  s t anda rd  10 pe rcen t  ITC. The i 
s o l a r  . i n c e n t i v e s  d e c l i n e  g r a d u r l l y  through 1988 u n t i l  t h e  e n t i r e  tax  c r e d i t  t o t a l s  20 p e r c e n t ,  1: 

I. 

and t h i s  l e v e l  r e n a i n s  i n  e f f e c t  th rough t h e  t u r n  of t h e  century .  
. . 

The h i g h e s t  l e v e l  of commitment, Op t ion  111, c o n t a i n s  e q u i v a l e n t  tax c r ed i t ' s  t o t a l i a g  50 

pe rcen t  o f  sys tems c o s t s  i n  1978. These d e c l i n e  t o  t h e  20 pe rcen t  l e v e l  by 1988 and remain i n  

' pi'ace through t h e  t u r n  o f  t h e  century .  I. 



XARKET PENETRATION 

'Phese cmmi  tment l e v e l s  produce d i f f e r e n t  l e v e l s  o f  market pene t r a t i on .  F a c t o r s  i n  the .  

market  p e n e t r a t i o n  a n a l y s i s  i n c l u d e  t h e  c o s t  of i n s t a l l e d  system c a p a c i t y ;  f o r  A I W ,  i t  was 

c a l c u l a t e d  i n  1976 $/sq.  i t .  of  s o l a r  c o l l e c t o r  used. The.1985 c o s t  per  c a p a c i t y  f o r  a l l  

price?demand s c e n a r i o s  and f o r  a l l  caamitment l e v e l s  r anges  between $25 and $30 pe r  sq. f t .  

Th i s  is  expec ted  t o  d e c l i n e  t o  about  . $12 . p e r  sq.  f t .  'by t h z  year  2000. 

The second f a c t o r  cons ide red  i n  a n a l y z i n g  t h e  market  p e n e t r a t i o n  i n  t h e  p roces s  h e a t  s e c t o r  

is t h e  c o s t  o f  d e l i v e r e d  ene rgy ,  i n  $/MPiBtu. For g i l  ppice/d.emand s c e n a r i o s  and f o r  each com- 

mitmer-t l e v e l ,  t h e  most d rama t i c  d e c l i n e  i n  t h i s  c o s t  o c c u r s  i n  t h e  1985 through 1990 pe r iod ;  

t h i s  decl ' ine i n  s o l a r  c0s. t  o c c u r s  i n  a l l  price/demand s c e n a r i o s  and a c r o s s  a l l  f o u r .  l e v e l s  o f  

i n c e n t i v e s .  Betveen 1990 and 2000, t h e  c o s t / M N ~ t u  d e c l c n e s  more g radua l ly .  S o l a r  t echno log ie s  

begin  a o  s a t i s f y  s i g n i f i c a n t  amounts of p roces s  h e a t  s e r v i c e  demand i n  the  e a r l y  1 9 9 0 ~ ~  wi th  t h e  

t r e n d  t o  

The 

s o l a r  by 

even g r e a t e r  c o n t r i b u t i o n s  by. the y e a r  2000. 

Cost  per  c a p a c i t y ,  t h e  c o s t  o f  d e l i v e r e d  ene rgy ,  and t h e  s e r v i c e  demand s u p p l i e d  by. 

r e g i o n  and a p p l i c a t i o n  i s  e s t i m a t e d  ove r  t ime Far t h e  t l l rec price/de:nanc! s c e n a r i o s  and 

f o r  t h e  v a r i o u s  commitment l e v e l s .  The i n s t a l l e d  c a p a c i t y  and t h e  d o l l a r  v a l u e  of s a l e s  (1976 

$1 a r e  e s t ima ted  i n  a s i m i l a r  manner. D e t a i l e d  e s t i m a t e s  a r e  i n  t h e  workbook. 



Energy sav ings  a r e  tabula ted  over  time, by s c e n a r i o  and commitment l e v e l ,  f o r  theanew and 
1 

t h e  f u e l  s a v e r s  market and measured i n  quads of f o s s i l  f u e l  d isplaced.  ! 

biomass u t i l i z a t i o n  . in  these  four  i n d u s t r i e s  w.i.11 grow from a , c u r r e n t  l e v e l  of 27.1 percent of 

ADDITIONAL PROCESS REAT TECHNOLOGIES 

?WO o t h e r  s e c t i o n s  of t h i s  workbook cons ide r  on-s i t e  i n d u s t r i a l  e l e c t r i c  pbver &eneration 

. and i n d u s t r i a l  combustion of  biomass. The mid-pricel'demand sc.enarko i s  the  only  scenar io .  , '  

t e s t e d .  The on-s i t e  e l e c t r i c  power generz t ion  a n a l y s i s  includes  wind, photovol ta ic ,  and s c l a r  - 

t h e m l  e l e c t r i c  technologies.  The biomass a n a l y s i s  includes  the  four  U.S. i n d u s t r i e s  t h a t  ' a r e  1 
. . 

- t h e ' p r i n c i p a l  u s e r s  of biomass: food, lumber, f u r n i t u r e ,  .and paper. Titis a n a l y s i s  s h w s  t h a t . .  

. . 
.primary f u e l  consumed i n  1978 t o  40 percent  by the  2000. . . 

. . , . 

, 

! .. 

i i 
1 

, 



SUMMARY 
UTILITY APPLICATIONS 

ELECTRIC ENERGY DEMAND 

For the  u t i l i t y  market s e c t o r ,  t h e  t o t a l  demand f o r  e l e c t r i c i t y  is  defined f o r  the  th ree  

price/deaand scenar ios .  The 1980 demand f o r  a l l  scenarios-Es--expected t o  be a l ~ o s t  2 t r i l l i o n  

k i lowat t  hours (kWh). Under t h e  high-price s c e n a r i o ,  t h i s  w i l l  grow by 75 percent by the  y e a r  
. .. 

2000 t o  almost 3.5 t r i l l i o n  LWh. . The mid-price s c e n a r i o  shows demand' growing by aimost 125 per- 

c e n t  above the  1980 l e v e l  to abouc 4.5 t r i l l i o n  kwh. I n . t h e  l o r p r i c e  scenar io ,  demand grows by 
. - 

156 percent  t o  over  5.1 t r i l l i o n  kWh. 

For t h e  mid-price scenar io ,  reg:onal demand f o r  e l e c t ~ i c i t y  i n  the  year 2000 ranges ~ r o m  

180'bi!$on kWh i n  New ~ n ~ l a n d  t o  806 b i l l i o n  kbh i n  both ' the South A t l a n t i c  and East  North 

Centra l  regions.  

S o l a r  technologies  may b e  used t o  meet s e v e r a l  types  of  e l e c t r i c  demand i n  t h e  u t i l i t y  

market s e c t o r .  These include baseload,  in te rmedia te ,  and semipeaking demands. So la r  technolo- 

g i e s  may a l s o  be opera ted a s  fuel-savers.  incremental  demand f o r  each of these  appl ica-  

t i o n s ,  f o r  each price/demand s c e n a r i o ,  i s  p ro jec ted  f om 1980 t o  2000 and the s o l a r  technologies  

t h a t  compete i n  each demand .rategory a r e  enumerated. The market p o t e n t i a l  f o r  t h e  f - t i l i t y  



1: 
s e c t o r  i s  the  incremental  e l e c t r i c  demand f o r  which s o l a r .  technologies  can c m p e t e .  T i i s  is i i 

i' 

summarized i n  the  workboak f o r  the  mid-price scensr io .  

DEVELOPMENT PLANS 

Generic development p lans  and technology d e s c r i p t i o n s  a r e  included i n  t h e  vorkbook. The 

d e v e l o p w n t  p lans  l i s t  and provide flow c h a r t s  of  the  a c t i v i t i e s ,  p a r t i c i p a n t s ,  and time 

required t o  b r ing  !ach o f  t h e  s o l a r  technolopies  .into opera t ion.  The technology d e s c r i p t i o n s  . ' .  

. . 

' p rov ide  the '  economic and technological  c h a r a c t e r i s t i c s  o f ,  each .gener ic  system. 
. . 

. . . . 
. . 

' ECONOMIC- INCENTIVES 
. . 

. . 
. . ' Several  l e v e l s  of  n a t i o n a l  i n c e n t i v e s  a r e  .a=sumed f o r  the ana lys i s .  The Reference Case i s  . . . .  . . .. . 

. . . .. . .. . . .  
t h e  'mid-:price s c e n a r i o  incorpora t ing  t ; ~ e p r o v i s i o n s  of the  NEA, which al lows a 10 percent 

- investment t a x  c r e d i t  CITC) f o r  so'lar technologies. '  Option I provides a  15 percent  I T C  over 

u t i l i t y  s o l a r  app l i ca t ions .  This w i l l  d e c l i n e  linea;ly t o  ' 3 3  percent i n  1990 and remain' 

cons tan t  t h e r e a f t e r ,  

t h e  NEA. This l e v e l  oE i n c e n t i v e ,  2 5  percent  ITC, w i l l  be maintained through the  year 2000. 

Option I[ inc ludes  a combined 40 pe rcen t  ITC i n  1980 t h a t  d e c l i n e s  l i n e a r l y .  t o  30 percent by 

! 

1990 and then remains constant .  o p t i o n  I11 provides f o r  a  combined 50 percent ITC i n  1980 f o r  
. i; 



m e  e s r k e t  ~;enetrs" .on under t h e  mid-price s c e n a r i o  f o r  1990 and 2000.  is ana lyzed  on a 

r e g i o n a l  b a s i s .  C h a r t s  s:howing t h e  b u s b a r  c o s t  o f  e l e c t r i c i t y  ( m i l  ls/kUh) f o r  each  o f  f o u r  . . 

t e chno log ie s  and t h e  quads o f  pr imary ene rgy  d i s p l a c e d  by each  a r e  sho rn  i n  t h e  workbook. Under 

t h e  mid-price s c e n a r i o ,  t h e  a n a l y s i s  shows that- ,  wind energy conve r s ion  systems and s o l a r  thermal  

t echno log ie s  make t h e  most s i g n i f i c a n t  c o n t r i b u t i o n :  and t h a t  growth o f  t h e s e  t echno log ie s  i s  

a c c e l e r a t e d  a f t e r  1993. Other  i m p o r t a n t  impacts  o f  a c c e l e r a t e d  growth i n  t h e  e a r l y  1990s 

i n c l u d e  a l a r g e  i o c r e a s e  i n  t h e  number o f  u n i t s  s o l d  and ,  t h e r e f o r e ,  -a  l a r g e  . i n c r e a s e  i n . . t he  

l a b o r  and r e s o u r c e  r equ i r emen t s  t o  produce  t h e s e  systems. . . 





SUMMARY 
SYNTHETIC FUELS AND CHEMICALS 

SYNTHETIC FUEL DEMAND 

fhe s y n t h e t i c  f u e l s  i n  t h i s  a n a l y s i s  i n c l u d e  methanol ,  s y n t h e t i c  c rude  o i l ,  ammonia, and 

pries s c e n a r i o s  is  0.6 quads. The p r o j e c t i o n s  under  t h e  l o r p r i c e  s c e n a r i o  c a ' l l  f o r  0.5 quads 
. . 

s y n t h e t i c  n a t u r a l  gas .  Incrementa l  demand f o r  t h e s e  f u e l s  i s  e s t i m a t e d  from t r e n d s  i n  p a s t  

usage, I n  1990, t h e  i nc remen ta l  demand ( i n  quads of  pr imary f u e l )  f o r  both t h e  high- and mid- . 
. 

o f  incrementa l  demand'. By t h e  y e a r  2000, i nc remen ta l  demand is  p r o j e c t e d .  t o  grow by a f a c t o r  of  
' 

f i v e  uade r  e a c h  s c e n a r i o .  

, 

i 
I 

UARKET POTENTIAL 

The market  p o t e n t i a l  i s  cons ide red  t o  b e  c o n s t r a i n e d  by biomass f u e l  a v a i l a b i l i t y .  Biomass 
' I 

a v a i l a b i l i t y  is  e s t i m a t e d  f o r  t h r e e  f eeds tocke  by reg ion .  Logging and m i l l  r e s i d u e s  provide  I . 
near- term and midterm c o n t . r i b u t i o n s  t o  t h e  biomass supply.  The South  A t l a n t i c ,  Eas t  South 

. . 

C e n t r a t ,  West South  C e n t r a l ,  and  P a c i f i c  r e g i o n s  provide  t h e  m a j o r i t y  of  t h e s e  two r e sou rces .  I: 
The loqg-term use  o f  l ogg ing  and m i l l  r e s i d u e s  f o r  f u e l  is  expec ted  t o  d e c l i n e  a s  t hose  products  I 
a r e  d i v e r t e d  t o  c h i p  board  and o t h e r  h i g h e r  p r i o r i t y  uses .  S i l v i c u l t u r a l  ~ l a n t a t i o n  products  

a r e  n o t  expec ted  t o  b e  a v a i l a b l e  u n t i l  t h e  y e a r  1990. The South  A t i z n t i c  and C e n t r a l  r eg ions  o f  

t h e  U.S. a r e  expec ted  t o  p rov ide  t h e  major  s h a r e  o f  t h i s  f e s d s t o c k .  



DEBELOPHENT PWWS 

a n e r i c  development p l a n s  and technology d e s c r i p t i o n s  f o r  biomass convers ion  t echno log ie s  
. . 

' are i n  t h e  workbook. It  is  assumed t h a e  t h e  f o u r  s y n t h e t i c  f u e l  types .  could  be de r ived  f=om any 

o f  t h e  t h r e e  biomass f eeds tocks .  Residue f a c i l i t i e s  would r e q u i r e  a t  l e a s t  t h r e e  y e a r s  t o  i 
i 

beeone o p e r a t i o n a l .  T ime l ines  f o r  t h e  ' i n s t a l l a t i o n  o f  s e v e r a l  d i f f e r e l i t  end-product p roces se s  . I 
. . 

a r e  provided i n  t h e  workbook. S i l v i c u l t u r a l  farms may r e q u i r e  t h r e e  t o  n i n e  y e a r s  t o  become 

The l e v e l s  of. inves tment  t a x  c r e d i t s  provided  f o r  biomass copvers  ion t echno log ie s  a r e  

. e s t a b l i s h e d  and p rov ide  s i l v i c u l t u r a l  fee 'dstocks.  

i 
e q u i v a l e n t  t o  t h o s e  p r o i i d e d  f o r  t h e  p r o c e s s  h e a t  market s e c t o r . .  The r e f e r e n c e  s c e n a r i o  and 1 

. . 

. . I 
1 

t h r e e  l e v e l s  o f  i n c r e a s e d  f i n a n c i a l  s u p p o r t  are used t o  ca l ' cu la te  product  c o s t s  from t iomass .  1 

f 

ECONOMIC INCENTIVES : 
1 

The produc t  c o s t s  i n  $/HPIBtu are shown f o r  t h e  South A t l a n t i c  r eg ion ,  expec ted  t o  oe one o f  t h e  
i. 

r e g i o n s  most s u i t a b l e  t o  t h e  p r o d u c t i o n  o f  biomass f eeds tocks .  
I 

WIiKET PENETRATION 

Market p e n e t r a t i o n  e s t i m a t e s  are de t e rmined  based on pro jec ' ted  product  c o s t s  and l e v e l s  o f  

i n c e n t i v e s  u s i n g  t h e  SPURR market p e n e t r a t i o n  methodology. The l e v e l  of  i n c e n t i v e s  provided 

D 



under Option 11, inc lud ing  an investment tax c r e d i t  of 35 percent ,  i s  the  minimum leve l  required 

t o  r e s u l t  in market p e n e t r a t i o n  of  biomass-based synehe t i c  f u e l s  production by 1990.. By t h e  , 
. 

p e a r  2000 t h e  market pene t ra tcoa  of biomass-based s y n t h e t i c  f u e l s  technologies i s  projected t o  
. - 

. result  i n  . the displacement of from 0.5 quads of energy;. with t h e  incen t iyes  provided under the  

NU scenar io ,  t o  0.8 under Option f I I  incen t ives .  Under the  high-price f u e l  scenar io  the  

rang= of energy s.avings v e i e s  frorn.0.5 quads with NEA incen t ives  t o  0.9' quads v i t h  Option 1x1 
. . . . 

incentives. .  ~ n d e r ' t h e  l o r p r i c e  f u e l  . scenar io  . the range of  energy savings i s  p r j e c t e d  t o  be 

. . 
-0.21 (NEA) t o  -024 quads (Option 111). 

', A s  wi th  a l l  o t h e r  market ' s ec to r s ,  t h e  growth t r ends  f o r  number of f a c i l i t i e s  b u i l t ,  labor ,  

&d..-.r:eso&ce requirements r e f l . ec t  p ro jec ted  market pene t ra t ions .  Deta i led  es t imates  of these  .' 

.. 
garamete.=s . . a r e  provided i n  the  f i n a l  s e c t i o n  of t h e  workbook. 





APPENDIX 

EWRKET SECTOR UORKBOOK CONTENTS : 

' RESIPLSTIAL AND COMMERCIAL/INSTXTUT~ONAL BUI.LDINGS 

AGRICULTURAL AND INDUSTRIAL PROCESS HEAT 

UTILITi APPLICATIONS 





RESIDENTIAL AND COEIMERC'~AL/IXSTITUTIOSAL 
BUILDINGS MARKET SECTOR WORKBOOK 

I h i R O D U C T I O S  

SLPlPfARY 

TOTAL f i ~ A L '  BUILDIKG LOAIjS 

DEFI I I IT ION O F  T E R X  

U.S. CmSUS REGIONS . . 
. .-< 

B U I L D I S d  COXSERi'ATION S C E W I O S '  

BUILDING INVENTORIES 

TECHYOLOGY DESCRIPTIONS 

MARKET DNELOTZEXT CURVE 

CO?MERCIALIWTION DEVELOP?EXT CONCERNS 

LEVELS O F  INCmTIVES 

M E T  PENETRATION 

COST P E R  CAPACITY 

COST O F  DELIVERED ENERGY 

PRIMARY ENERGY DISPLACED 

N W E R  O F  INSTALLED S Y S T P I S  

ANNUAL SALES 0' SYSTPLS 

PAGE - 
. . 

B-1 





. . 
AGRICULTUIML AKD INDUSTRIAL PROCESS HEAT 

PIARKET SECTOR VORKBOOK 

CONTENTS 

IXTRODUCTIOK 

S LPMARY 

-T?ITAL DE;\WITD AYD DEFIXITION OF T E R S  

PAGE 

P - 1  

P-7 

P-il 

AIPH APPLICATI3N CLASSIFICATIONS 

QUADS OF TOTAL SERVICE DLNXW 

BY APPLICATION 

BY REGION 

P:=RT;EMT OF TOTAL SERVICE DENAND BY REGION 

AVNULL MARKET POTENTIAL 

O?TIONS INCENTIVES 

AIPH - KEW MARKET PLVETRATION 

FUEL SAVERS 

TOTAL SERVICE D " L W  

SYSTEMS COSTS 



,. 
i '! 

. , AGRICULTL~AL AND 1hr)USTRIAL PROCESS HEAT i 

IWKET SECTOR WORKSOOK . . . . 11. t .  

.. . 

COhTENTS ( C o n t i n u e d )  I .  

A\XU.U. SALES . . 

COX?KJLATIVE SOLAR NARKET PEXETRATXON 
I.. 

E L W E T  CAPTURE 

PRIFLARY FUELS D I S P M C E D  

. . 

DISPERSED ON-SITE ELECTRIC POWER GENERATION .. 

:.'-ELECTRICITY DDIi\l\1D BY REGION . 

. . 
. COST/WACITY 

' 

TOTAL E L E C T R I C I ~  D E A W ~  SLPPLIED EY SOLAR 

PE(IMY FUEL DISPLACED 

P-92  IhQLSTRIAL B I O W S  
. . . ,  . 

P - 9 2  . SERVICE DmD . . 

P - 9 3  B'IO?IASS. USE 

. PERCEhT USE BY REGION P - 9 3  

P - 9 4  CURRENT A\% P R O J E C T 3  USE OF B I O W S  I N  FOUR S I C S .  

. 9. . . 

, - . . 

. . , . 

I .  

! 



AGRICULTURAL A?. !  INDUSTRIAL PROCESS HEAT 
W E T  SECTOR RORKBOOK 

CONTEhTS ( C o n c l u d e d )  

PRIXARY FUEL USE 

C L ! \ T  L5E ' I N  FOUR S I C s  
.. . C L W \ T  m D  PRWECTED USE I N  FOUR S I C s  

POTEXTIXE IXPXCT GF GOVEiG=T IXCENTIVES ON BIONASS 
U T I L I Z 4 T I O X  I N  S I C  26 





UTILITY APPLICATIONS 
#ARBFT SECTOR WOFXBOOK 

CONTENTS 

S L W I ! ' P  

TOTAL DmP SLXXXRP LSD DEFINITION OF TERii  

SCF&ARIO DESCRIPTIOMS 

0,s. W S S  REGIOhS 

DEXXV) FOR ELEClXICITPhWRKET POlEZITIAL 

C E ? o i i C  D F X E L O P . ~ i  PUVS 

TEQSOLOCP DESCRIPTIOXS 

SUBSIDY LEI- 

W3XE.RCIALIZATIOZi I N - I W  

K 3 E T  PEXETUTIOA 

EOLXCE REQUIREEXTS 

PAGE - 
u-1 





SYXiRETIC F U E L S  AVD C H D I I C A L S  
X W  SECTOR tiORKBOOK 

CONTENTS 

BIOR-ICS FUEL AVAILABILITY BY REGION 

TECEJOLOGY- D E S C R I P T I O N S  

I N C T h T I V E S  FOR O P T I O h S  A X X Y S I S  

PAGE 




