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This  s t u d y  is  a 1980 snapsho t  of t h e  c u r r e n t  and a n t i c i p a t e d  c o s t s  of d e l i v e r e d  ene rgy  from renewable  re- 
s o u r c e s  and from competing c o n v e n t i o n a l  energy  t e c h n o l o g i e s .  The r e s u l t s  of t h e  s t u d y  a r e  i n t e n d e d  t o  
provide  U.S. Department of Energy (DOE) o f f i c i a l s  o b j e c t i v e  and comparable  i n f o r m a t i o n  t o  a s s i s t  i n  de- 
v e l o p i n g  p o l i c y  gu idance  f o r  DOE program o f f i c e s .  

T h i s  s t u d y  ms prepa red  f o r  DOE'S O f f i c e  of P o l i c y  and E v a l u a t i o n  (PE) .  Although DOE program o f f i c e s  
were not asked  by PE f o r  an  o f f i c i a l  endorsement of t he  r e s u l t s  of t h i s  s t u d y ,  s t a f f  members from a 
number of t h e s e  o f f i c e s  commented on t h e  methodology and reviewed t h e  r e s u l t s .  There  seems t o  be g e n e r a l  
agreement among invo lved  DOE s t a f f  about  t h e  methodology used ,  bu t  t h e r e  is  wider v a r i a t i o n  of o p i n i o n  
abou t  some of t h e  s p e c i f i c  numbers and a s sumpt ions  employed. The i n f o r m a t i o n  and a n a l y t i c a l  methodology 
used were t h e  b e s t  a v a i l a b l e  g iven  t h e  t i m e  and r e s o u r c e s  f o r  t h e  s t u d y .  However, t h e  l a r g e  uncer -  
t a i n t i e s  i n h e r e n t  i n  p r o j e c t i n g  f u t u r e  ene rgy  c o s t s ,  economic c o n d i t i o n s ,  and consumer b e h a v i o r  n a t u r a l l y  
p rec lude  a t t r i b u t i n g  a h igh  degree  of s i g n i f i c a n c e  t o  t h e  numbers a s s o c i a t e d  wi th  each  s p e c i f i c  t echno l -  
ogy ,  e s p e c i a l l y  a s  t h e  a n a l y t i c a l  pe r iod  e x t e n d s  t o  t h e  yea r  2000. The s t u d y  o f f e r s  a common f o u n d a t i o n  
f o r  i n s i g h t  a s  t o  which renewable  t e c h n o l o g i e s  appea r  t o  be s t r o n g  economic c o m p e t i t o r s  and p o i n t s  o u t  
o t h e r s  t h a t  do  not  seem t o  be  p a r t i c u l a r l y  c o m p e t i t i v e .  

As a follow-on t3 t h e  s t u d y ,  SERI i n  FY 81 w i l l  expand t h e  a n a l y s i s  t o  i n c l u d e  an  i n c r e a s e d  number of  
s p e c i f i c  a p p l i c a t i o n s  and s i tes  f o r  t h e  more p romis ing  renewable ene rgy  t e c h n o l o g i e s  wi th  t h e  g o a l  of 
b e t t e r  unde r s t and ing  t h e i r  na t ionwide  market p o t e n t i a l .  This work w i l l  i n c l u d e  an  a n a l y s i s  of t h e  s e n s i -  
t i v i t y  of t h e  compara t ive  e v a l u a t i o n s  t o  economic u n c e r t a i n t i e s .  In  a d d i t i o n ,  SERI a n t i c i p a t e s  p rov id ing  
a t echno logy  c h a r a c t e r i z a t i o n  and economic a n a l y s i s  of a p p l t c a t i o n s  where b o t h  c o n s e r v a t i o n  measures and 
renewable  r e s o u r c e s  a r e  used. Th i s  ongoing  a n a l y s i s  w i l l  p rov ide  Department of Energy o f f i c i a l s  w i t h  a 
much improved b a s i s  f o r  making t echno logy  t r a d e o f f  d e c i s i o n s  c r u c i a l  t o  e f f i c i e n t  programming of DOE r e -  
s o u r c e s  i n  t h e  coming y e a r s .  

Developing  an  a c c o u n t i n g  methodology t h a t  is un i fo rmly  a p p l i c a b l e  t o  a l a r g e  number of d i f f e r e n t  t echno lo -  
g i e s ,  a p p l y i n g  i t  t o  r e p r e s e n t a t i v e ,  well-documented c a s e s ,  and  coming up w i t h  t i m e l y  and r e s p o n s i v e  r e -  
s u l t s  r e q u i r e  t h e  c o o p e r a t i o n  o f  many p e o p l e .  We wish  t o  acknowledge p a r t i c u l a r l y  t h e  gu idance  and sup- 
p o r t  of B i l l  White and Alex  Haynes of DOE i n  accompl i sh ing  t h i s  t a s k .  J a c k  Cadogan, a l s o  of DOE,  p rov ided  
v a l u a b l e  r ev iews  and s u g g e s t i o n s .  The SERI Task Leader  w a s  R u s s e l l  H e w e t t .  The f o l l o w i n g  SERI a n a l y s t s  
c o n t r i b u t e d  d i r e c t l y  t o  t h e  e f f o r t :  S t e l l a  Krawiec ,  P r a b h a t  D i k s i t ,  Anne Mar ie  N e y b e r t ,  J o e l  S w i s h e r ,  and 
Deborah Buchanan. 

Q 

h e i r  Ca ras so ,  Act ing  Chief  
S t r a t e g i c  P l a n n i n g  Branch 
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SECTION 1.0 

INTROWcTIoEl AND SUHRARY 

1 .1  OBJECTIVE 

The o b j e c t i v e  of t h i s  e f f o r t  was t o  deve lop  up- to-da te ,  c o n s i s t e n t ,  and t r a n s p a r e n t  e s t i m a t e s  of t h e  c o s t  
of d e l i v e r e d  energy  from a s e l e c t e d  number of s o l a r  and renewable  t e c h n o l o g i e s ,  and t o  compare t h e s e  wi th  
t h e  c o s t s  of c o n v e n t i o n a l  a l t e r n a t i v e s  mee t ing  t h e  energy  needs i n  comparable a p p l i c a t i o n s .  The S t r a -  
t e g i c  P lann ing  Branch a t  SERI unde r took ,  a t  t h e  r e q u e s t  of t h e  AS/PE ( S o l a r  O f f i c e ) ,  an  a c c e l e r a t e d  t a s k  
of deve lop ing  such e s t i m a t e s  on t h e  b a s i s  of c u r r e n t l y  a v a i l a b l e  i n f o r m a t i o n ,  a c t u a l  f a c i l i t i e s  where 
p o s s i b l e ,  o r  e n g i n e e r i n g  c o s t  e s t i m a t e s .  As p a r t  of t h e  p r o j e c t ,  SERI performed t echno logy  c h a r a c t e r -  
i z a t i o n s  and c o s t  a s s e s s m e n t s  of r e p r e s e n t a t i v e  sys tems r e l a t i n g  t o  2 3  s o l a r  and renewable  r e s o u r c e  
t e c h n o l o g y / a p p l i c a t i o n  p a i r s .  For each  p a i r ,  i d e n t i c a l  a s s e s s m e n t s  were a l s o  made f o r  r e p r e s e n t a t i v e  
c o n v e n t i o n a l  (e .g . ,  f o s s i l  f u e l )  compet ing  sys tems.  Table  1-1 l i s t s  t h e  23 t e c h n o l o g y / a p p l i c a t i o n  p a i r s .  

This  r e p o r t  documents t he  p r i n c i p a l  r e s u l t s  of t h e  a s s e s s m e n t s  i n  c o n c i s e ,  s t a n d a r d i z e d  f a s h i o n .  De- 
t a i l e d  backup i n f o r m a t i o n  r e l a t i n g  t o  each  of t h e  23 a s s e s s m e n t s  ( e . g . ,  e n g i n e e r i n g  d e s c r i p t i o n s  of t h e  
s o l a r  and c o n v e n t i o n a l  sys t ems ,  t e c h n i c a l  per formance  d a t a ,  economic a n a l y s i s  a s s u m p t i o n s ,  s o u r c e s  of t h e  
d a t a ,  e t c . )  i s  provided  i n  t h e  companion SERI r e p o r t ,  S o l a r  and Renewable Resource Technology Charac te r -  
i z a t i o n  and Cost Assessment Source  Rook. 

T a b l e  1-1. SOLAR AND RENEWABLE RESOURCE TECHNOLOGY/APPLICATION PAIRS ASSESSED FOR DOE/PE 

S o l a r  and Renewable Resource Technology Ap p l  i c a t i o n  

1. S o l a r  wa te r  h e a t i n g  

2. S o l a r  water  h e a t i n g  

3. S o l a r  water and space  h e a t i n g  

4 .  S o l a r  water  h e a t i n g  

New s i n g l e  f ami ly  homes ( t r a c t  c o n s t r u c t i o n )  

S i n g l e  f a m i l y  home r e t r o f i t s  

New s i n g l e  f ami ly  homes ( t r a c t  c o n s t r u c t i o n )  

N e w  commercial  b u i l d i n g s  

5. S o l a r  wa te r  and space  h e a t i n g  New commercial  b u i l d i n g s  

5. I n d u s t r i a l  p rocess  h e a t  

7 .  A g r i c u l t u r a l  p r o c e s s  hea t  Animal s h e l t e r  h e a t i n g  

8.  S o l d r  t he rma l  Electric u t i l i t i e s  

Hot water 

9 .  Wind 

10. Wind 

T,arge e l e c t r i c  u t i l i t i e s  

N e w  s i n g l e  f a m i l y  homes 

11. Low head h y d r o e l e c t r i c  E l e c t r i c  u t i l i t i e s  

12. Biomass Gaseous f u e l s  

1’3. Riomass L iqu id  f u e l s  

14. P h o t o v o l t a i c s  

15. P h o t o v o l t a i c s  

15. Geothermal 

17.  Geothermal 

18. Munic ipa l  s o l i d  waste 

1 9 .  P h o t o v o l t a i c s  

N e w  s i n g l e  f a m i l y  homes 

Cen t ra  1 power p l a n t s  

I n d u s t r i a l  p r o c e s s  h e a t  

E lec t r ic  u t i l i t i e s  

I n d u s t r i a l  p r o c e s s  h e a t  

I n d u s t r i a l  and commercial  a p p l i c a t i o n s  

20. Biomass (wood) Electric u t i l i t i e s  

21.  Biomass (wood) c o g e n e r a t i o n  

22. P a s s i v e  

I n d u s t r i a l  steam and e l e c t r i c i t y  

New s i n g l e  f a m i l y  homes ( t r a c t  c o n s t r u c t i o n )  

23 .  Biomass (wood) I n d u s t r i a l  p r o c e s s  hea t  

1-1 



1.2 SCOPE 

For each  of t h e  23 t e c h n o l o g y / a p p l i c a t i o n  p a i r s ,  t h e  f o l l o w i n g  i n f o r m a t i o n  i s  p rov ided :  

0 C e n t r a l  Solar /Renewable  Resource  Systems ( i . e . ,  sys tems f o r  u t i l i t i e s  and sys t ems  f o r  producing  
f u e l s - - e t h a n o l ,  e t c . )  

- Br ie f  e n g i n e e r i n g  d e s c r i p t i o n  and t e c h n i c a l  per formance  c h a r a c t e r i s t i c s  of a r e p r e s e n t a t i v e  

- System i n s t a l l e d  c o s t  e s t i m a t e s  ( i n  1980 d o l l a r s )  f o r  bo th  systems--assuming t h e y  were a c q u i r e d  

- L i f e  c y c l e  c o s t  and l e v e l i z e d  c o s t  of ene rgy  e s t i m a t e s  ( i n  1980 d o l l a r s )  f o r  bo th  systems-- 

0 D i s t r i b u t e d  Solar /Renewable  Resource Systems ( i . e . ,  sys t ems  f o r  i n d i v i d u a l  homes, f a rms ,  com- 
m e r c i a l  b u i l d i n g s ,  i n d u s t r i a l  p l a n t s ,  e t c . ,  and c o g e n e r a t i n g  s y s t e m s ) .  

- Br ie f  e n g i n e e r i n g  d e s c r i p t i o n  and t e c h n i c a l  per formance  c h a r a c t e r i s t i c s  of a r e p r e s e n t a t i v e  

- Techn ica l  per formance  c h a r a c t e r i s t i c s  of a r e p r e s e n t a t i v e  c o n v e n t i o n a l  a l t e r n a t i v e .  

- End u s e r  e n e r g y - r e l a t e d  r equ i r emen t s  ( e .g . ,  annua l  ene rgy  r e q u i r e m e n t s ,  t e m p e r a t u r e  s e t t i n g s  

c o n v e n t i o n a l  a l t e r n a t i v e .  

i n  1980, 1985, 1990, and 2000. 

assuming they  were a c q u i r e d  i n  1980, 1985, 1990, and 2000. 

s o l a r / r e n e w a b l e  r e s o u r c e  sys tem f o r  t h e  s u b j e c t  a p p l i c a t i o n .  

f o r  space  c o n d i t i o n i n g ,  e t c . ) .  

- Conse rva t ion  f e a t u r e s  of t h e  b u i l d i n g ,  a s  a p p l i c a b l e .  

- System i n s t a l l e d  c o s t  e s t i m a t e s  ( i n  1980 d o l l a r s )  f o r  bo th  t h e  s o l a r  and c o n v e n t i o n a l  sys tems-  

- L i f e  c y c l e  c o s t  and l e v e l i z e d  c o s t  of ene rgy  e s t i m a t e s  ( i n  1980 d o l l a r s )  f o r  bo th  t h e  s o l a r  and 

-assuming they  were i n s t a l l e d  i n  1980, 1985, 1990, and 2000. 

c o n v e n t i o n a l  systems--assuming t h e y  were i n s t a l l e d  i n  1980, 1985, 1990, and 2000. 

For each  t e c h n o l o g y / a p p l i c a t i o n  p a i r ,  t h e  t e c h n i c a l  per formance ,  f i r s t  c o s t ,  and economic per formance  of 
bo th  t h e  r e p r e s e n t a t i v e  s o l a r / r e n e w a b l e  r e s o u r c e  s y s t e n  and t h e  c o n v e n t i o n a l  a l t e r n a t i v e  a r e  de t e rmined  
assuming they  a r e  l o c a t e d  a t  a s p e c i f i c  s i te - -which  SERI c l e a r l y  i d e n t i f i e s .  

To f a c i l i t a t e  compar ison ,  a l l  c o s t  d a t a  a r e  g iven  i n  c o n s t a n t  1980 d o l l a r s .  

1.3 LIMITATIONS 

l)OE/PE needed r e s u l t s  q u i c k l y  € o r  i n c l u s i o n  i n  i t s  a n n u a l  program p lann ing  p r o c e s s .  Hence, SERI was 
faced  w i t h  d e v e l o p i n g  t h e  s t a n d a r d i z e d  methodology and t h e n  u s i n g  i t  t o  a s s e s s  t h e  23 
t e c h n o l o g y / a p p l i c a t i o n  p a i r s  under an  a c c e l e r a t e d  s c h e d u l e .  N e i t h e r  t ime nor  fund ing  was a v a i l a b l e  t o  
s t a r t  from ground ze ro  and do e v e r y t h i n g  i n  an  optimum manner--optimum i n  te rms  of a n a l y s i s  t o o l s ,  a n a l -  
y s i s  methods,  and i n f o r m a t i o n  i d e n t i f i c a t i o n  and use .  SERI found i t  n e c e s s a r y  t o  i d e n t i f y  and t i e  i n t o  
t h e  b e s t  a v a i l a b l e  ongoing s t u d i e s - - i n s i d e  and o u t s i d e  of SERI- - re la t ing  t o  t h e  23 t e c h n o l o g y / a p p l i c a t i o n  
pairs. In many i n s t a n c e s ,  even t h e  "bes t  a v a i l a b l e "  s t u d i e s  had i n a d e q u a c i e s .  

The r equ i r emen t  t o  conduct  t h e  s t u d y  under an  a c c e l e r a t e d  s c h e d u l e  and t h e  s t r a t e g y  of t y i n g  i n t o  t h e  
b e s t  a v a i l a b l e  s t u d i e s  r e s u l t e d  i n  t h e  f o l l o w i n g  l i m i t a t i o n s :  

0 Economic Per formance  Measures:  L i f e  c y c l e  c o s t  (LCC) and l e v e l i z e d  c o s t  of ene rgy  (LCOE)  were t h e  
o n l y  measures  of economic per formance  deve loped .  These a r e  no t  n e c e s s a r i l y  t h e  inves tmen t  de- 
c i s i o n  making c r i t e r i a  used by end u s e r s . '  

0 Solar /Renewable  System S i z i n g :  Except f o r  t h e  sys tems r e l a t i n g  t o  water a n d / o r  space  h e a t i n g  f o r  
b u i l d i n g s ,  no a t t e m p t  was made t o  deve lop  a s y s t a n  s i z i n g  methodology and use  i t  t o  d e t e r m i n e  
optimum sys tem s i z e .  SERI used t h e  f o l l o w i n g  approach  f o r  sys tem s i z i n g :  

- For t h o s e  t e c h n o l o g y / a p p l i c a t i o n  p a i r s  where a n  e x i s t i n g  sys t em i s  used  a s  t h e  r e f e r e n c e  ( i . e . ,  

- For those  d i s t r i b u t e d  t e c h n o l o g y / a p p l i c a t i o n  p a i r s  f o r  which t h e  r e p r e s e n t a t i v e  s o l a r / r e n e w a b l e  

- For c e n t r a l  t e c h n o l o g y / a p p l i c a t i o n  p a i r s  f o r  which t h e  r e p r e s e n t a t i v e  s o l a r / r e n e w a b l e  sys tem i s  

r e p r e s e n t a t i v e )  sys t em,  t h e  sys t em ' s  s i z e  w s  w i i n t a i n e d .  

sys tem i s  a c o n c e p t u a l  sys t em,  SERI used  t h e  sys t em ' s  s i z e  a s  s p e c i f i e d  by t h e  d e s i g n e r .  

a c o n c e p t u a l  sys t em,  SERI used t h e  s i z e  a s  s p e c i f i e d  ( o r  recommended) by t h e  d e s i g n e r .  
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Solar /Renewable  System Type: For each  t e c h n o l o g y / a p p l i c a t i o n  p a i r ,  o n l y  one t y p e  o f  
s o l a r / r e n e w a b l e  system ms  i n v e s t i g a t e d .  For example,  t h e  r e p r e s e n t a t i v e  sys tem used f o r  " s o l a r  
water  and space  hea t ing /new s i n g l e  f ami ly  homes" was a s y s t w  u s i n g  h y d r o n i c ,  s e l e c t i v e l y  s u r -  
f a c e d ,  f l a t  p l a t e  c o l l e c t o r s .  me f o l l o w i n g  system t y p e s  were no t  i n v e s t i g a t e d :  

- A i r  f l a t  p l a t e  

- Evacuated  tube  

- Water t r i c k l e .  

T e c h n i c a l  Per formance  E r r o r  A n a l y s i s :  System ene rgy  o u t p u t  v a l u e s  used a t  each  s i t e  a r e  expec ted  
v a l u e s .  Energy o u t p u t  r a n g e s  were no t  deve loped  and used i n  subsequen t  s e n s i t i v i t y  a n a l y s e s .  

System I n s t a l l e d  Cost E r r o r  A n a l y s i s :  No a t t e m p t  was made t o  e s t i m a t e  t h e  range  of p o s s i b l e  sys -  
tan i n s t a l l e d  c o s t s  f o r  each  sys tem a t  each  s i t e .  Only expec ted  c o s t  e s t i m a t e s  were g e n e r a t e d .  

Economic Per formance  S e n s i t i v i t y  Ana lys i s :  Economic per formance  s e n s i t i v i t y  a n a l y s e s  f o r  each 
t e c h n o l o g y / a p p l i c a t i o n  p a i r  were not  conduc ted .  N e i t h e r  t i m e  no r  r e s o u r c e s  were a v a i l a b l e  t o  a s -  
sess t h e  s e n s i t i v i t y  of t h e  LCC and LCOE f o r  each  sys tem t o  pa rame te r s  such  a s :  

- System i n s t a l l e d  c o s t  

- System a n n u a l  energy  o u t p u t  

- Fuel  c o s t  e s c a l a t i o n  r a t e  

- U t i l i t y  buyback r a t e s  ( f o r  d i s t r i b u t e d  sys tems i n t e r c o n n e c t e d  w i t h  u t i l i t i e s  and c o g e n e r a t i n g  
s y s  tems) 

- Discount  r a t e .  

SocietaL/Environmental/Political B e n e f i t s :  No a t t e m p t s  %ere made t o  a s s e s s  any s o c i e t a l ,  en- 
v i r o n m e n t a l ,  o r  p o l i t i c a l  b e n e f i t s  a s s o c i a t e d  wi th  t h e  s o l a r / r e n e w a b l e  sys t ems  r e l a t i n g  t o  t h e  23 
t e c h n o l o g y / a p p l i c a t i o n  p a i r s .  

1.4 PRESENTATION OF RESULTS 

S e c t i p n  2.0 summarizes t h e  s t a n d a r d i z e d  methodology developed  by SERI t o  do t h e  t echno logy  c h a r a c t e r -  
i z a t i o n s  and c o s t  a s s e s s m e n t s .  

Assessments  of t e c h n o l o g y / a p p l i c a t i o n  p a i r s  r e l a t i n g  t o  d i s t r i b u t e d  , a p p l i c a t i o n s  a r e  p r e s e n t e d  i n  
S e c t i o n  3.0. C e n t r a l  s y s t m  a s s e s s m e n t s  a r e  p r e s e n t e d  i n  S e c t i o n  4.0. 

S e c t i o n s  3.0 and 4.0 c o n s i s t  of a s e t  o€ th ree-page  t a b l e s  having  a s t a n d a r d i z e d  format .  All i n f o r m a t i o n  
r e l a t i n g  t o  a s ses smen t  of each  technology/application/representative s i t e  combina t ion  a p p e a r s  i n  a 
s e p a r a t e  t a b l e .  For t h o s e  t e c h n o l o g y / a p p l i c a t i o n  p a i r s  where two s i t e s  were i n v e s t i g a t e d ,  two three-page  
t a h l e s  a r e  provided--one f o r  each  s i t e .  

1.5 SUMMARY 

Tab le  1-2 p r e s e n t s  a summary compar ison  of t h e  l e v e l i z e d  c o s t  o f  ene rgy  produced  from s o l a r  and renewable  
r e s o u r c e s  and compares i t  t o  t h e  c o s t  of ene rgy  produced  from c o n v e n t i o n a l  r e s o u r c e s  r e q u i r e d  i n  t h e  same 
a p p l i c a t i o n .  

The t a b l e  a l s o  p r o v i d e s  a r eady  r e f e r e n c e  t o  t h e  th ree -page  summary s h e e t s  which compr ise  t h e  main body of  
t h i s  r e p o r t .  Each th ree -page  summary c o n t a i n s  s u f f i c i e n t  d e f i n i t i o n  of end-use r e q u i r e m e n t s ;  e n g i n e e r i n g  
d e f i n i t i o n  of t h e  s o l a r  and c o n v e n t i o n a l  s y s t e m s ;  equipment  l i s t s ;  c a p i t a l ,  O&M, and f u e l  c o s t  d a t a ;  and 
economic a s sumpt ions  n e c e s s a r y  t o  d e f i n e  t h e  b a s i s  f o r  t h e  l e v e l i z e d  c o s t s  s:iL-wn i n  t h e  t a b l e .  

1- 3 



c 
Table 1-2. SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980, 1985, 1990, AND 2000 I N S T A I ~ L A T I O ~ J S / A C Q U I S I T I O ~ ~ S ~ ~  

(1980 Dollars) 

TECHNOLOGY/APPLTCATION 
PA1 RS 

(Representative Sites) 

Solar Water Heating/New 
Single Family Homes 

Fort Worth, Texas 
Madison, Wisconsin 

Solar Water Heating/Single 
Family Home Retrofits 
0 Fort Worth, Texas 

Madison, Wisconsin 

Solar Water and Space 
Heating/New Single Family 
Homes 
0 Fort Worth, Texas 

Madison, Wisconsin 

Solar Water Heating/New 
Commercial Buildings 
0 Fort Worth, Texas 

Madison, Wisconsin 

Solar Water and Space 
Heating/New Commercial 
Buildings 

Fort Worth, Texas 
Madison, Wisconsin 

'assive Solar/New Single 
?amily Homes 
B Albuquerque, New Mexico 
B Madison, Wisconsin 

$Jind/New Single Family Homes 
Boston, Massachusetts 
Dodge City, Kansas 

ehotovoltaics/New Single 
Family Homes 

Albuquerque, New Mexico 
Boston, Massachusetts 

SYSTEM 
3ESCRIP- 
TION 

REFERENCE 
TABLE 
(Page) 

3-2 
3-5 

3- 8 
3-11 

3-14 
3-17 

3-20 
3-23 

3-26 
3-29 

3-32 
3-35 

3-38 
3-41 

3-44 
3-47 

1980 INSTALLATIONS 

Levelized Cost' of 
Energy 

SOLAR 

13.54 
16.31 

13.91 
16.78 

24.20 
20.04 

11.35 
12.13 

17.42 
13.31 

12.21 
10.52 

0.07/kWh 
O.O5/kWh 

(1. I Y/kWh 
0 .15/kWh 

CONVEN- 
TIONAL 

19.87 
21.79 

19.87 
21.79 

16.10 
12.46 

12.66 
10.82 

15.23 
16.94 

10.51 
11.08 

0.07/kWh 
O.O5/kWh 

O.O6/kWh 
0.07/kWh 

1985 INSTALLATIONS 
- 

Levelized Costb of 
Energy 

SOLAR 

13.94 
16.88 

14.33 
17.34 

24.04 
21.40 

11.72 
12.46 

18.15 
14.14 

12.60 
12.38 

0.07/kWh 
0.05/kWh 

0.08/kWh 
0.09/kWh 

CONVEN- 
TIONAL 

22.01 
23.92 

22.01 
23.92 

17.44 
15.20 

13.98 
11.94 

18.26 
8.42 

11.44 
13.97 

O.O8/kWh 
0.07/kWh 

0.07/kWh 
0.08/kWh 

1990 INSTALLATIONS 

Levelized Costb of 
Energy 

SOLAR 

13.30 
16.02 

13.62 
16.40 

22.15 
21.11 

10.93 
11.33 

16.99 
13.32 

13.04 
14.77 

O.O7/kWh 
0.07/kWh 

0.07/kWh 
O.O9/kWh 

CONVEN- 
TIONAL 

24.49 
26.36 

24.49 
26.36 

18.93 
18.81 

15.49 
13.20 

22.18 
10.32 

12.51 
17.67 

0.09/kWh 
O.O8/kWh 

0.08/kWh 
0.09/kWh 

~ ~~~~ 

2000 INSTALLATIONS 

b 
Levelized Cost of 

Energy 

SOLAR 

13.08 
15.80 

13.33 
16.10 

20.54 
23.85 

11.08 
11.14 

18.22 
15.18 

15.12 
23.16 

0.09/kWh 
O.O6/kWh 

0.08/kWh 
0. ll/kWh 

CONVEN- 
TIONAL 

30.30 
30.44 

30.30 
30.44 

22.54 
29.32 

19.10 
16.27 

34.00 
16.09 

15.07 
28.51 

0.12/kWh 
O.ll/kWh 

O.lO/kWh 
0.12/kWh 



Table 1-2. SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFOKMANCE: 1980, 1985, 1990, AND 2000 INSTALLATIOI\IS/ACQIJISITIONSa C(continued) 

(1980 Dollars) 

TECHNOLOGY/APPLICATION 
PA1 F S  

(Representative Sites) 

’hotovoltaics/Industrial and 
2ommercial Applications 
b Oklahoma City, Oklahoma 

Cndustrial Process Heat/ 
Cndustrial Hot Water 
D Fresno, California 

;eothermal/Industrial Process 
Ieat 
D Hooper, Colorado 

Municipal Solid Waste/ 
Industrial Process Heat 
(Steam) 
0 North Little Rock, Arkansa 

Biomass (wood) /Industrial 
Process Heat (Steam) 

Escanaba, Michigan 

Biomass (wood) Cogeneration/ 
Industrial Steam and 
Electricity 
0 DeRidder, Louisiana 

Agricultural Process Heat/ 
Animal Shelter Heating 

Eastern Shore, Maryland 
Madison, Wisconsin 

Wind/Electric Utilities 
Goodnoe, Washington/ 
Government Utility 
Goodnoe, Washington/ 
Investor-Owned Utility 

Photovoltaics/Electric 
utilities 
0 El Paso, Texas 

SYSTEM 
IESCRIP- 
TION 

EFERENCE 
TABLE 
(Page) 

3-50 

3-53 

3-56 

3-59 

3-42 

3-65 

3-68 
3-71 

4-2 

4-5 

4-8 

1980 INSTALLATIONS 

Levelized Cost’ of 
Energy 

SOLAR 

0.3 l/kWh 

9.94 

6.03 

3.19 

4.24 

0.03/kWh 
(Elec. 
5.13 

(Steam) 

7-42 
6.72 

0.08/KWh 

0. ll/kWh 

0.67/kWh 

C 0 N V E N - 
TIONAL 

0. O5/kWh 

8.25 

3.26 

5.89 

4.84 

0.04/kWh 
(Elec.) 
7.67 

(Steam) 

11.02 
10.08 

0.08/kWh 

0.09/kWh 

0.09/kWh 

1985 INSTALLATIONS 
~ 

Levelized Cost b of 

Energy 

SOLAR 

0.08/kWh 

10.22 

5.90 

3.14 

4.30 

0.03/kWh 
(Elec. ) 
5.29 

(Steam) 

8.00 
7.39 

O.O6/kWh 

0 . OB/kWh 

0.32/kWh 

CONVEN- 
TIONAL 

O.O6/kWh 

9.37 

3.51 

7.77 

5.14 

0.05/kWh 
(Elec. ) 
8.11 

(Steam) 

12.77 
11.56 

0. ll/kWh 

0. ll/kWh 

0. Il/kWh 

1990 INSTALLATIONS 

Levelized Costb of 
Energy 

SOLAR 

0.08/kWh 

10.78 

6.11 

3.24 

4.52 

0.04/kWh 
(Elec. ) 
5.48 

(Steam) 

8.32 
7.93 

0.03/kWh 

0.05/kWh 

0.08/kWh 

CONVEN- 
TIONAL 

O.O7/kWh 

10.47 

3.83 

10.26 

5.47 

0 .O6/kWh 
(Elec.) 
8.59 

(Steam) 

14.65 
13.31 

0.14/kWh 

0.15/kWh 

O.lS/kWh 

2000 INSTALLATIONS 

Levelized Cost’ of 
Energy 

SOLAR 

0.07/kWh 

13.03 

7.15 

3.58 

5.05 

0.05/kwh 
(Elec.) 
5.95 

(Steam) 

9.63 
9.68 

0.03/kWh 

0.05/kWh 

O.OG/kWh 

CONVEN- 
TIONAL 

0.09/kWh 

13.26 

4.43 

18.42 

6.23 

O.O8/kWh 
(Elec. ) 

(steam) 
9.69 

19.36 
17.74 

0.17/kwh 

0.18/kWh 

0.18/kWh 



TECHNOLCGY/APPLICATION 
PAIRS 

(Representative Sites) 

Geothermal/Electric 
Utilities 
0 La Cueva, New Mexico 

Biomass (Wood) Electric 
Uti 1 it ies 
0 Montpelier, Vermont 

Solar Thermal/Electric 
utilities 
0 El Paso, Texas 

Low Head Hydroelectric/ 
Electric Utilities 
0 Kennebec, Maine 

Biomass/Gaseous Fuels 
(Medium-BTU Gas) 
0 Aiken, South Carolina 

Biomass/Liquid Fuels 
(Ethanol) 
0 Carbondale, Illinois 

SYSTEM 
IESCRIP- 
TION 

XZFERENCE 
TABLE 
(Page) 

4-11 

4- 14 

4-17 

4-20 

4-23 

4-26 

1980 INSTALLATIONS 

Levelized Costb of 
Energy 

SOLAR 

0 .  04/kwh 

0.05/kWh 

0.20/kWh 

O.OG/kWh 

4.98 

1.2 1/Gal 

CONVEN- 
TIONAL 

0.03/kWh 

0.05/kWh 

O.lG/kWh 

0.16/kWh 

6.41 

1.22/Gal 

1985 INSTALLATIONS 

Levelized Costb of 
Energy 

SOLAR 

0.03/kWh 

0.05/kWh 

O.lG/kWh 

0.05/kWh 

5.59 

1.36/Gal 

CONVEN- 
TIONAL 

0.0 3/kWh 

0.05/kWh 

0.15/kWh 

0.14/kWh 

8.66 

1.38/Gal 

1990 INSTALLATIONS 

Levelized Costb of 
Energy 

SOLAR 

0.03/kWh 

0.05/kWh 

0.12/kWh 

O.O4/kWh 

5.92 

1.53/Gal 

CONVEN- 
TIONAL 

0.0 3/kWh 

0 .OG/kWh 

0.14/kWh 

0.14/kWh 

11.69 

1.57/Gal 

2000 INSTALLATIONS 

Levelized Cost of 
Energy 

b 

SOLAR 

0.04/kWh 

O.O6/kWh 

0.07/kWh 

0.0 3/kWh 

6.81 

1.94/Gal 

CONVEN- 
TIONAL 

0.0 3/kWh 

0.07/kWh 

0.13/kWh 

0.12/kWh 

21.34 

2.0 3/Gal 

a In deriving the unit capital cost of systems installed in future years, use was made of estimates of the number of units deployed in 
1985, 1990, and 2000, as well as estimates of the anticipated relationship between the unit cost, the scale of production, and other 
"learning effects. For details, See Sec. 3.0 and 4.0. 

Costs are given in dollars per million BTU unless otherwise indicated. 

This table is intended to be used for making pair-wise comparisons between a solar technology and the conventional alternative for the 
same application. It is not strictly designed for comparisons across different applications. 



SECl'ION 2.0 

STUDY METEODOLOGP 

2.1 BACKGROW 

The development of a n a t i o n a l  ene rgy  s t r a t e g y  i s  based ,  i n  p a r t ,  on e s t i m a t e s  of r e s o u r c e  a v a i l a b i l i t y ,  
t echnology per formance ,  and a l t e r n a t i v e  ene rgy  sys tems c o s t s .  

The p r o l i f e r a t i o n  of s o l a r  sys t ems ,  t e c h n o l o g i e s ,  and a p p l i c a t i o n s ,  a s  w e l l  a s  t h a t  of t h e  methods and 
a s sumpt ions  used f o r  t h e  a n a l y s i s  of t h e i r  per formance ,  has  r e s u l t e d  i n  compar isons  t h a t  were o f t e n  i n -  
a p p r o p r i a t e  and i n c o n c l u s i v e .  

SERI has  unde r t aken  a number of s p e c i f i c  e f f o r t s  t o  put  t h e  a s ses smen t  of s o l a r  o p t i o n s  on a s o l i d  f o o t -  
i n g :  a c t u a l  o r  d e t a i l e d  e n g i n e e r i n g  a s s e s s m e n t s  of s y s t e n  per formance ,  a c t u a l  o r  e n g i n e e r i n g  e s t i m a t e s  
of  t h e  c o s t  of e n e r g y ,  and uni form and t r a n s p a r e n t  a c c o u n t i n g .  The e f f o r t  r e p o r t e d  h e r e  is a p r e c u r s o r  
t o  a c o n s i d e r a b l y  more e x t e n s i v e  e f f o r t  now underway a t  SERI. In  o r d e r  t o  p rov ide  a t i m e l y  a s ses smen t  of  
comparable  c o s t  e s t i m a t e s  of t h e  c o s t  of ene rgy  from s o l a r  sys t ems ,  SERI under took  an  a c c e l e r a t e d  e f f o r t  
t o  p rov ide  t h e  c o s t  of ene rgy  from a mutua l ly  ag reed  upon s e t  of 23 technology/applications. 

Once S E R I  and DOE/PE reached  agreement  r e g a r d i n g  t h e  t e c h n o l o g y / a p p l i c a t i o n  p a i r s  t o  be c h a r a c t e r i z e d ,  
S E R I ' s  s t r a t e g y  was t h r e e f o l d :  

0 I d e n t i f y  and t i e  i n t o  ( o r  e x p l o i t )  ongoing o r  comple ted  s t u d i e s  r e l a t i n g  t o  t h e  23 
t e c h n o l o g y / a p p l i c a  t i o n  p a i r s :  

- S t u d i e s  performed by SERI's S t r a t e g i c  P lann ing  Branch. 

- S t u d i e s  performed by o t h e r  SERI b r a n c h e s .  

- S t u d i e s  sponsored  and funded by o t h e r  SERI branches .  

- Ongoing DOE-funded s t u d i e s  by o r g a n i z a t i o n s  o u t s i d e  SERI. 

f o r  do ing  t echno logy  c h a r a c t e r i z a t i o n s  and c o s t  a s s e s s m e n t s :  

- To i n s u r e  u n i f o r m i t y  of t r e a t m e n t .  

- To i n s u r e  use  of comparable  economic a n a l y s i s  methods and p a r a m e t e r s .  

- To f a c i l i t a t e  meaningfu l  s o l a r - v e r s u s - c o n v e n t i o n a l  compar ison .  

- To f a c i l i t a t e  mean ingfu l  s o l a r - v e r s u s - s o l a r  compar isons .  

0 Perform t h e  23 a s s e s s m e n t s  u s i n g  t h e  s t a n d a r d i z e d  methodology. 

0 Develop a s t r u c t u r e d ,  s t a n d a r d i z e d  methodology-cons is t ing  of s t a n d a r d i z e d  t o o l s  and procedures- -  

2.2 SERI STANDARDIZED TECHNOLOGY CHARACTERIZATION AND COST ASSESSMENT METHOWLOGP 

A d e t a i l e d  d e s c r i p t i o n  of t h e  SERI methodology--procedures,  c r i t e r i a ,  and too l s - - appea r s  i n  t h e  companion 
t e c h n i c a l  r e p o r t ,  S o l a r  and Renewable Resource Technology C h a r a c t e r i z a t i o n  and Cost Assessment Source 
Book. 

The methodology h a s  n i n e  components:  

- 

1. 'I trelve-step p rocedure  of a s s e s s i n g  each  t e c h n o l o g y / a p p l i c a t i o n  p a i r .  

2. Se t  of s t a n d a r d i z e d  d e f i n i t i o n s .  

3 .  Refe rence  s o l a r / r e n e w a b l e  system s e l e c t i o n  c r i t e r i a .  

4 .  Conven t iona l  compet ing  sys tem s e l e c t i o n  c r i t e r i a .  

5. S i t e  s e l e c t i o n  c r i t e r i a .  

6 .  S t anda rd ized  p rocedure  of pe r fo rming  s o l a r / r e n e w a b l e  and c o n v e n t i o n a l  system t e c h n i c a l  per formance  

7. S t anda rd ized  system of a c c o u n t s  and f o r m a t s  f o r  g e n e r a t i n g  and document ing:  

a s s e s  smen t s .  

- System i n s t a l l e d  c o s t s  

- Annual O&M c o s t s  

2-1 



/ \  8. S t a n d a r d i z e d  p rocedure  f o r  pe r fo rming  economic per formance  a s ses smen t .  

- Standa rd ized  sets of economic a n a l y s i s  pa rame te r s  

- S t a n d a r d i z e d  measures  of economic per formance  

9. Rudimentary e r r o r  a n a l y s i s  p rocedure .  

The methodology c e n t e r s  a round the  12-s tep  a s ses smen t  procedure  ( i . e . ,  component 1 )  shown i n  Table  2-1. 
Components 2 t h rough  9 a r e  used i n  v a r i o u s  s t e p s  of t h e  12 - s t ep  methodology. 

T a b l e  2-1. 12-STEP PROCEDURE FOR ASSESSING SOLAR AND RENEWABLE RESOURCE TE~OLOGY/APPLICATION PAIRS 

FOR EACH TECHNOLOGY/APPLICATION PAIR, DO THE POLLWING: 

1. I d e n t i f y  a s p e c i f i c  a p p l i c a t i o n  (e .g . ,  100-roan mote l  i n  c a s e  of " s o l a r  water hea t ing /new commerc ia l  

2 .  S p e c i f y  a r e f e r e n c e  s o l a r  system f o r  t h a t  a p p l i c a t i o n  ( u s i n g  t h e  SERI system s e l e c t i o n  c r i t e r i a ) .  

b u i l d i n g s " ) .  

3 .  Select one o r  tw r e p r e s e n t a t i v e  s i t e s  where t h e  s y s t m  i s  assumed t o  be i n s t a l l e d  ( u s i n g  t h e  SERI 
s i t e  s e l e c t i o n  c r i t e r i a ) .  

4 .  S p e c i f y  t h e  competing c o n v e n t i o n a l  sys tem f o r  each  s o l a r  s y s t e m / s i t e  p a i r .  

5. E s t i m a t e  t h e  t e c h n i c a l  per formance  of t h e  s o l a r  and c o n v e n t i o n a l  sys t ems  a t  each  s i te .  

6 .  E s t i m a t e  t h e  system i n s t a l l e d  c o s t  f o r  t h e  s o l a r  and c o n v e n t i o n a l  sys tems a t  each  s i t e  f o r  1980 i n  
1980 d o l l a r s  ( u s i n g  t h e  S E R I  uniform sys tem of a c c o u n t s ) .  

7. E s t i m a t e  t h e  annua l  O&El c o s t  f o r  t h e  s o l a r  and c o n v e n t i o n a l  sys tems.  

8. Compute t h e  l i f e  c y c l e  c o s t  and l e v e l i z e d  c o s t  of ene rgy  f o r :  

0 Refe rence  s o l a r  system a t  each  s i t e  

0 Conven t iona l  a l t e r n a t i v e  a t  each  s i t e  

9. S p e c i f y  t h e  market p e n e t r a t i o n  cu rve  f o r  each  s o l a r  t e c h n o l o g y / a p p l i c a t i o n .  

0. C o n s t r u c t  a u n i t  c o s t  cu rve  f o r  each  s o l a r  technology/application--showing expec ted  sys tem c o s t  a s  a 
f u n c t i o n  of e x p e r i e n c e ,  s c a l e  of p r o d u c t i o n ,  and l e a r n i n g .  

1. Determine t h e  expec ted  s y s t e n  i n s t a l l e d  c o s t s  and a n n u a l  O&M c o s t  f o r  t h e  r e f e r e n c e  s o l a r  sys tem and 
c o n v e n t i o n a l  compet ing  sys tems f o r :  

0 1985 

0 1990 

0 2000 

1 2 .  C o m p u t e  t h e  l i f e  c y c l e  c o s t  and l e v e l i z e d  c o s t  of ene rgy  f o r  t h e  sys tems f o r :  

0 1985 

0 1990 

0 2000 
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Two measures  of economic per formance  a r e  c a l c u l a t e d  f o r  each  s o l a r / r e n e w a b l e  system and c o n v e n t i o n a l  a l -  
t e r n a t i v e :  

0 L i f e  Cycle Cost (LCC): P r e s e n t  w l u e  of t h e  sun of t h e  cos ts - -over  t h e  u s e f u l  l i f e  of t h e  
sys tem-- incur red  by t h e  owner. 

L e v e l i z e d  Cost of Energy (LCOE): L e v e l i z e d  a n n u a l  c o s t  of ene rgy  t o  t h e  end u s e r  d i v i d e d  by 
annua l  ene rgy  d e l i v e r e d  ($/kWh o r  $ / m i l l i o n  BTU). 

Where: 

I C  = I n i t i a l  Cost 

TCn = T o t a l  Cost I n c u r r e d  i n  Year n 

(TC, i n c l u d e s  i n t e r e s t ,  f u e l  c o s t ,  

i n s u r a n c e ,  main tenance  c o s t ,  e t c . )  

N = System Use fu l  L i f e  

D = Discount  Rate  

S = Salvage  Value of System 

LCOE = (Lee f cRF) 

Where : 

LCC = L i f e  C:it l e  Cost 

CRF = C a p i t a l  Pecovsry  F a c t o r  

E = Averr.ge Annual Energy P r o d u c t i o n  
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SEIXION 3.0 

SOLAB/BENEWABLE RESOURCE TECHNOLOGY (XARACTERIZATIONS AND COST ASSESSMENTS: DISTRIBUTED SYSTEMS 

S e c t i o n  3.0 documents t h e  r e s u l t s  of t h e  a s s e s s m e n t s  f o r  d i s t r i b u t e d *  technology/application/site 
combina t ions  and i s  o rgan ized  a s  f o l l o w s :  

TECHNOLOGY/APPLICATION PAIRS TABLE 
( R e p r e s e n t a t i v e  S i t e s )  

1. S o l a r  Water Heating/New S i n g l e  Family Homes 
0 F o r t  Worth, Texas 
0 Madison, Wisconsin 

2. S o l a r  Water H e a t i n g / S i n g l e  Family Home R e t r o f i t s  
0 F o r t  Worth, Texas 
0 Ehdison ,  Wisconsin 

3. S o l a r  Water and Space Heating/New S i n g l e  
0 For t  Worth, Texas 
0 Madison, Wiscons in  

4 .  S o l a r  Water Heating/New Commercial Bui ld  
0 F o r t  Worth, Texas 
0 I h d i s o n ,  Wisconsin 

Family Homes 

5. S o l a r  Water and Space Heating/New Commercial B u i l d i n g s  
0 For t  Worth, Texas 
0 Madison, Wisconsin 

6 .  P a s s i v e  Solar/New S i n g l e  Family Homes 
0 Albuquerque ,  N e w  Nexico 
0 Madison, Wiscons in  

7. Wind/New S i n g l e  Family Homes 
0 Boston ,  h s s a c h u s e t t s  
0 Dodge C i t y ,  Kansas 

8. Pho tovo l t a i c s /New S i n g l e  Family Homes 
0 Albuquerque ,  New Mexico 
0 Boston ,  Massachuse t t s  

9. Photovoltaics/Industrial and Commercial A p p l i c a t i o n s  
0 Oklahoma C i t y ,  Oklahoma 

LO. I n d u s t r i a l  P r o c e s s  H e a t / I n d u s t r i a l  Hot Water 
0 Fresno ,  C a l i f o r n i a  

11. G e o t h e r m a l / I n d u s t r i a l  P r o c e s s  Heat 
0 Hooper, Colorado  

12. Munic ipa l  S o l i d  W a s t e / I n d u s t r i a l  P r o c e s s  Heat (S team)  
0 North  L i t t l e  Rock, Arkansas  

13. Biomass ( W o o d ) / I n d u s t r i a l  P r o c e s s  Heat (S team)  
0 Escanaba ,  Michigan 

14. Biomass (Wood) C o g e n e r a t i o n / I n d u s t r i a l  Steam and E l e c t r i c i t y  
0 DeRidder,  Lou i s i ana  

15. A g r i c u l t u r a l  P r o c e s s  H e a t / h i m a l  S h e l t e r  H e a t i n g  
0 E a s t e r n  Shore ,  % r y l a n d  
0 Madison, Wiscons in  

3-1 
3-2 

3-3 
3-4 

3-5 
3-6 

3-7 
3-8 

3-9 
3-10 

3-1 1 
3-12 

3-1 3 
3-14 

3-1 5 
3-16 

3-17 

3-18 

3-19 

3-20 

3-2 1 

3-22 

3-23 
3-24 

*For t h e  p u r p o s e s  of t h i s  s t u d y ,  d i s t r i b u t e d  s y s t e m s ,  s o l a r  and n o n - s o l a r ,  a r e  sys t ems  f o r  i n d i v i d u a l  end- 
u s e  a p p l i c a t i o n s :  
b u i l d i n g s ,  i n s t i t u t i o n a l  b u i l d i n g s  ( e . g . ,  s c h o o l s ,  h o s p i t a l s ,  e t c . ) ,  and c o g e n e r a t i n g  sys t ems .  

S i n g l e  f a m i l y  homes, m u l t i f a m i l y  r e s i d e n c e s ,  i n d u s t r i a l  p l a n t s ,  o f f i c e  and commerc ia l  
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Pump 

TABLE 3-1 

SOLAR WATER HEATINGINEW SINGLE FAMILY HOMES 

(1) REFERENCE SOLAR SYSTEM: Selectively Surfaced Flat Plate Collector with Water 
Thermal Storage 

(2) APPLICATION: New Single Family Residence/Water Heating 

( 3 )  REPRESENTATIVE SITE: Fort Worth, Texas 

(4) CONVENTIONAL ALTERNATIVE: Electric Resistance Water Heater 

Hot Water 

Conventional 
Water Heater 

_- 
END USER REQUIREMENTS 

(2) 
0 Collector Area and Type: 54 ft2 (5m2), Single 0 Annual Energy Requirement for Water 

Heating: Glazed Black Chrome Selective Surface, Flat 
Plate Collector ~ 

13.7 Million BTIJ (14.4 Million kJ) 
Stora~c System: 82 (:allon (310 Liters) 
Hot Water Tank 

Service Hot Water Temperature: 
0 Heat Transfer: Closed Loop System Using 120°F (49OC) 

Ethylene Glycol/Water Mix as Heat Trans- 
fer Fluid 

0 H o t  Water Requirement: 80  Gal/Day 
Backup System: Conventional Electric (300 Lit ers/Da y ) 

Annual Solar Heat Output: 10.5 Million BTU 660F ( 1 9 O C )  

Water Heater ( 4 0  Gallons) (151 Liters) 
0 Average Water Supply Temperature: 

(11 .1  Million kJ) 

Annual Conventional Fuel Purchases: 
Electricity - 775 kWh 
For backup and 228 kWh 
f o r  par as i t i c s 

KESOURCES 

( 1 )  P.J. Hughes and J.H. Morehouse, Comparison of Solar Heat Pump Systems to Conventional 
Methods for Residential Heating, Cooling, and Water Heating, Science Applications, Inc., 
1979 

(2 )  Booz, Allen & Hamilton, Draft Report in Support of the DOE/Office of Solar Applications. 
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TABLE 3-1 (Continued) 

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

0 Total Annual Energy Requirements: 13.7 million BTU (14.4 million kJ)  
0 Annual Energy Requirement Met by Solar: 10.5 million BTU (11.1 million kJ) 
0 Annual Energy Requirement Met by Electricity: 3.2 million BTU (3.3 million kJ) 

Net Solar Fraction: 7 7% 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 

I CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

n 

Installation 4 92 -- -- 
TOTAL 2154 45 _ _  

ECONOMIC MEASURE (1980 DOLLARS) 

_ _  TOTAL 326 10 

(1) Life Cycle Cost ($)  
(2) Levelized Cost of Energy 

REFERENCE SOLAR 
2760 

CONVENTIONAL ALTERNATIVE 
4050 

$1 3.5hlmillion BTU $19.87/million BTU 
(S12.82/million kJ) ($18.83/nillion kJ) 

REFERENCE SOLAR SYSTEM COST: 1980 

(1980 DOLLARS) 
(Including Backup System) 

Component First Annual Life 
cost O&M (Years) 
($ )  Cost ($)  

(Exc.Fue1) 

Collector 8 10 35 20 

20 Storage 288 

Electric Wa- 240 10 10 
ter Heater 

Controls 60 

Misc. Hard- 264 __  

_- 

20 

20 

-- 

Component First Annual Life 
cost O&M (Years) 

(Exc.Fue1) 
($) Cost ($) 

Electric 240 10 10 
Water Heater 

-_ -- Installation 86 

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE, AND ECONPMIC. PERFORMANCE 
(FOR SYSTEMS INSTALLED IN 1985, 1990, 2000) 

SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(1) Annual Solar System Output (Million BTU) 10.5 10.5 10.5 
(2) Annual Solar System Output (Million kJ) 11.1 11.1 11.1 
(3) Annual Electricity Requirements (kWh) 1003 1003 1003 
( 4 )  Annual O&M Cost ($ )  45 45 45 
(5 )  System Installed Cost (Cost to End User) 

2154 1858 1512 
(6) Life Cycle Cost ($)  2844 2709 2665 
(7 )  Levelized Cost of  Energy ($/Million BTU) 11.9h 13.30 13.08 
(8). Levelized Cost of Energy ($/Million kT) 13.23 12.60 12.39 

- 
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TABLE 3-1 (Concluded) 

~ 

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED I N  1985,  1990 ,  2000) r CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(1)  System I n s t a l l e d  Cos t  (Cos t  t o  End User )  326 326 326 

(2 )  Annual O&M Cos t  ($) 1 0  1 0  1 0  

(5)  L e v e l i z e d  Cos t  of Energy ( $ / M i l l i o n  BTU) 22 .01  24.49 3 o . m  
(6 )  L e v e l i z e d  Cos t  o f  Energy ( S / M i l l i o n  k J )  20.86 23 .22  253.71 

(3 )  Annual E l e c t r i c i t y  Purchased  (kwh) 4084 4084 4084 
(4)  L i f e  Cyc le  Cos t  ($)  4486 4992 6175 

I- MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 
~ ~ ~ 

(1 )  Ownership P a t t e r n :  Owner-occupied S i n g l e  Family Res idence  
(2 )  A n a l y s i s  P e r i o d :  20 y e a r s  
(3)  F i r s t  Year Cos t  of  E l e c t r i c i t y :  $0.0385/kWh 
(4 )  E l e c t r i c i t y  Cos t  E s c a l a t i o n  Ra te :  10% a n n u a l l y  (2 .5% r e a l )  

RUDINENTARY ERROR ANALYSIS: MAJOR SOURCES OF ERROR 

W,CIINOLOC,Y/APPLICATION: SOLAR WATER H E A T I N G / S I N G L E  F A M I L Y  HOME, FORT WORTH, TEXAS 

- 

TYPE/SOURCE OF ERROR 

[ 1 ) ’I’LCIIN 1 CAL SOURCES 
( a )  C a p i t a l  Cos t  E s t i m a t e  
( h )  O p e r a t i n g  E C f i c i e n c y  
(c:)  C a p a c i t y  o r  A v a i l a b i l i t y  o r  Load F a c t o r  

(2) ECONOPJTC SOURCES 
( a )  E s c a l a t i o n  i n  Cos t  of ReEined Pe t ro l eum P r o d u c t s  
( b )  E s c a l a t i o n  i n  Cos t  of  N a t u r a l  Gas 
( c )  E s c a l a t i o n  i n  Cos t  of E l e c t r i c i t y  

( 3 )  SOC I ETAL FACTORS 
(a) I : n v i r o n m r n t n l  rssues 
( b )  P u b l i c  Acceptance  l s s u e s ;  Delay i n  S c h e d u l e s  

REASON(S) FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

3 

X 

4 5 

I<ISY: 
(1) ‘I’EClINI CAI, SOURCES 

1 = Based on s y s t e m s  a c t u a l l y  h u i l t  and o p e r a t i n g  
2 = l lased on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  similar t o  e x i s t i n g  o n e s  
3 = I h s e d  on e n g i n e e r i n g  d e s i g n s  of  new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on  an  ana logy  

( 2 )  ECONOPfI C SOURCES 
I = Steady  p r i c e s :  

3 = U n c e r t a i n  p r i c e s : .  Recent  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g , e f f i c i e n c y  o r  a v a i l a b i l i t y  due  
t o  e n v i r o n m e n t a l  issues o r  de1.ay i n  s c h e d u l e  

3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = P h j o r  c o s t  i n c t e a s e s  o r  d e l a y s  may be  a n t i c i p a t e d  due  t o  p u b l i c  a c c e p t a n c e  o r  

C o n t r a c t s  may be w r i t t e n  f o r  l o n g  p e r i o d s  (15  y e a r s )  w i t h  no 
e s c a l a t i o n  c l a u s e s  

Recent  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

( 3 )  SOCIETAL SOURCES 

e n v i r o n m e n t a l  i s sues  

3-4 



TABLE 3-2 

Solar 
Water 
Heater 

SOLAR WATER HEATINGINEW SINGLE FAMILY HOMES 

I 
I Conventional I Water Heater 
I 

I I 
I I 

I 

(1) REFERENCE SOLAR SYSTEM: S e l e c t i v e l y  S u r f a c e d  F l a t  P l a t e  C o l l e c t o r  w i t h  
Water  Thermal S t o r a g e  

( 2 )  APPLICATION: New S i n g l e  Family Hornelwater H e a t i n g  

( 3 )  REPRESENTATIVE SITE: Madison, Wiscons in  

(4 )  CONVENTIONAL ALTERNATIVE: E l e c t r i c  R e s i s t a n c e  Water Heater 
7 

REFERENCE SOLAR SYSTEM DESCRIPTION END USER REQUIREMENTS 
(1) (2 )  

Annual Energy Requ i remen t s  f o r  Water  
2 2  

0 C o l l e c t o r  Area and  Type: 8 6 f t  (8m ) 
Sing le -Glazed ,  B lack  Chrome S e l e c t i v e  H e a t i n g :  1 6 . 5  M i l l i o n  BTU (17.4 
S u r f a c e ,  F l a t  P l a t e  C o l l e c t o r  M i l l i o n  kJ) 

0 S t o r a g e  System: 82 G a l l o n  (310 L i t e r s )  Hot 
0 S e r v i c e  Hot Water  Tempera tu re :  

120°F (49OC) Water  Tank 

0 Heat T r a n s f e r :  Closed Loop System Us ing  
E t h y l e n e  Gy lco l /Wate r  Mix a s  Heat  Trans-  0 H o t  Water Requirement:  
f e r  F l u i d  80 Gal/Day (300 L i t e r s / D a y )  

b Backup System: C o n v e n t i o n a l  E l e c t r i c  Water 
0 Average Water  Supp ly  Tempera tu re :  

50°F(100C) 
H e a t e r  40 G a l l o n  (151 L i t e r s )  

0 Annual S o l a r  Heat O u t p u t :  1 2 . 3  M i l l i o n  BTU 
(12.9 Mi l l ion  kJ) 

Annual C o n v e n t i o n a l  F u e l  P u r c h a s e s :  ' - E l e c t r i c i t y  - 1142 kwh 
' fo r  backup  and 189 kWh 
f o r  p a r a s i t i c s  

- -  

RESOURCES 

(1) P . J .  Hughes and J . H .  Morehouse,  Comparison o f  S o l a r  Heat Pump Systems t o  Conventional 
Methods f o r  R e s i d e n t i a l  H e a t i n g  C o o l i n g  and Water H e a t i n g ,  S c i e n c e  A p p l i c a t i o n s ,  Inc.  
1979.  
Booz, Allen, & Hami l ton ,  D r a f t  R e p r :  i n  Suppor t  of DOEIOffice of S o l a r  A p p l i c a t k o n s .  (2)  
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TABLE 3-2 (Continued)  

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

0 T o t a l  Annual Energy Requ i remen t s :  1 6 . 5  W i l l i o n  BTU (17.4 M i l l i o n  kJ) 
0 Annual  Energy Requirement  Met by S o l a r :  1 2 . 3  M i l l i o n  BTU (12.9 M i l l i o n  1.J) 
e Annual Energy Requirement  Met by 4 .2  M i l l i o n  BTU (4.5 M i l l i o n  kJ)  

N e t  S o l a r  F r a c t i o n :  75% 
E l e c t r i c i t y :  

REFERENCC S O I J R  AND CONVENTIONAI,  SYSTEM ECONOMIC PERFORElANCE : 1980 INSTALLATION 

ECONOMIC MEASURE (1980 DOLLARS1 REFERENCE SOLAR CONVENTIONAL ALTERNATIVES 

(1) L i f e  Cyc le  Cos: ($)  4004 5351 
(2 )  L e v e l i z e d  Cost  o f  Energy $ 1 6 . 3 1 / m i l l i o n  BTU $ 2 1 . 7 9 / m i l l i o n  BTU 

( $ 1 5 . 4 6 / m i l l i o n  k J )  ( $ 2 0 . 6 6 / m i l l i o n  k J )  

REFERENCE SOLAR SYSTEM COST: 1980  
( I n c l u d i n g  Backup System) 

Component F i r s t  Annual L i f e  
c o s t  O&M (Yea r s )  
C S )  C c l s t  ($ )  

(Exc. F u e l )  

C o l l e c t o r  1276 50 20 
20 S t o r a g e  2 8a -- 

E l e c t r i c  Water  240 1 0  1 0  
Heater 

20 C o n t r o l s  60 
20 Mise. Hardware 264 _- 

I n s t a l l a t i o n  616 _ _  _ _  
_ _  

_ _  TOTAL 2744 60 

Note - C o s t s  shown i n c l u d e  20% ove rhead  

CONVENTIONAL SYSTEM COST: 1980 

Component F i r s t  Annual L i f e  
C o s t  ($)  O&M (Year s )  

c o s t  ( $ )  
(Exc. F u e l )  

E l e c t r i c  240 10  10  
Water H e a t e r  
I n s t a l l a t i o n  96 _ _  _ _  

_- TOTAL 336 l o  

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE, AND ECONOMIC PERFORMANCF 
(FOR SYSTEMS INSTALLED I N  1985,  1990,  2000) 

SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(1) Annual S o l a r  System Output  ( M i l l i o n  BTU) . 1 2 . 3  1 2 . 3  1 2 . 3  
(2 )  Annual S o l a r  System Output  ( M i l l i o n  k J )  1 2 . 9  12 .9  12 .9  
(3 )  Annual E l e c t r i c i t y  Requ i remen t s  (kWh) 1331 1331 1331 
(4 )  Annual O&M Cost ($1 60 60 60.  
( 5 )  System I n s t a l l e d  Cost  (Cos t  t o  End User) 2744 2329 1848 

(6 )  L i f e  C y c l e  Cost ($)  4146 3932 3879 
(7)  L e v e l i z e d  Cos t  of Energy ( $ / M i l l i o n  BTU) 16 .88  16.02 1 5 . 8 0  
(8 )  L e v e l i z e d  Cost of Energy ( $ / M i l l i o n  k J )  1 6 . 0 1  15.18 14.98 

- 
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l ~ U l ~ I ~ l l ~ N ' l A K Y  ERROR ANALYSIS  : MAJOR SOURCES OF ERROR 

~ '~ :CI INOLOC.Y/APPLICATION:  SOLAR WATER H E A T I N G / S I N G L E  F A M I L Y  HOME, MADISON, W I S C O N S I N  

c 

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE: 1985 ,  1990 ,  2000 

2000 
- 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985 1990 

(1) Svstern I n s t a l l e d  C o s t  (Cos t  t o  End U s e r )  336 336 33 5 

( 2 )  Annual O&M Cost ($1 10 1 0  10 

( 4 )  L i f e  C y c l e  Cos t  ($ )  5871 6471 7471 
(3) Annual E l e c t r i c i t y  Purchased  (kWh) 4928 4928 4928 

(5) L e v e l i z e d  Cost  o f  Energy ( $ / M i l l i o n  BTU) 23.92 26.36 30.44 
( 6 )  L e v e l i z e d  Cost  of Energy ( $ / M i l l i o n  kJ)  22.67 24.99 29.09 

c 

MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 

(1) Ownership P a t t e r n :  Owner-occupied S i n g l e  Family R e s i d e n c e  
(2) A n a l v s i s  P e r i o d :  20 Years 

(4 )  E l e c t r i c i t y  Cos t  E s c a l a t i o n  Ra te :  10% Annua l ly  (2 .5% r e a l )  
~ ( 3 )  F i r s t  Year  Cost of E l e c t r i c i t y :  $0.0442/kWh 

TYPE/SOURCE OF ERROR 
-. 

(1) TECIINICAI, SOURCES 
( a )  C a p i t a l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E f f i c i e n c y  
( c )  C a p a c i t y  o r  A v a i l a b i l i t y  o r  Load F a c t o r  

( 2 )  ECONOMIC SOURCES 
( ; I )  I:sc:al;it ion i n  Cost  of Refh ied  P e t r o l e u m  P r o d u c t s  
( b )  I : s ca ln t ion  i n  Cost  of Na t r i r a l  Gas 
( c )  E s c a l a t i o n  i n  Cost  of E l e c t r i c i t y  

( J )  SOCI KTAL FACTORS 
( i i )  I<nv i ronmcnL; i l  Issues 
(1)) P u b l i c  Acc:rptance I s s u e s ;  Delay i n  S c h e d u l e s  -- 

1 

REASON ( S )  FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

2 

X 

3 

X 

4 5 

KEY: 
(1 ) 'I'ECHN ICAL SOURCES 

1 = Based on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Based on  d e t a i l e d  d e s i g n s  of f a c i l i t i e s  similar t o  e x i s t i n g  ones 
3 = Based on e n g i n e e r i n g  d e s i g n s  of n e w  f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on  an  a n a l o g y  

1 = Srr ; idv  p r i c e s :  C o n t r a c t s  may be w r i t t e n  f o r  l o n g  p e r i o d s  ( 1 5  y e a r s )  w i t h  n o  

'I = U n c e r t a i n  p r i c e s :  Recent  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  or  a v a i l a b i l i t y  due 
t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  

3 = blinor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = >l;ijor c o s t  i n c r e a s e s  o r  d e l a y s  may b e  a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  

(2) KCONnFiI C SOURCES 

e s c a l a t i o n  c l a u s e s  

Recen t  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

( 3 )  SOCI I:TAI, SOURCES 

c n v i r o n n e n t a  I i s s u e s  
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TABLE 3-3 

SOLAR WATER HEATINGIRETROFIT SINGLE FAMILY H E  

(1) REFERENCE SOLAR SYSTEM: S e l e c t i v e l y  S u r f a c e d  F l a t  P l a t e  Col lector  w i t h  Water 
Thermal  S t o r a g e  

(2)  APPLICATION: R e t r o f i t  S i n g l e  Family Res idence /Ho t  Water Only 

( 3 )  REPRESENTATIVE SITE: F o r t  Worth,  Texas  

(4 )  CONVENTIONAL ALTERNATIVE: E l e c t r i c  R e s i s t a n c e  Water Heater 

L - 
1 1  

Relief 
Valve 

11 ' \' 

- 
r-- 

P 

- -- 
REFERENCE SOLAR SYSTEM DESCRIPTION END USER REQUIREMENTS 

~ (1) (2 )  - 

I 
I Solar I I 

Water I I I 
Heater I I - - 

0 C o l l e c t o r  Area and  Type: 54 f t2 (5m2)  S i n g l e -  
G lazed  B l a c k  Chrome S e l e c t i v e  S u r f a c e ,  F l a t  
P l a t e  C o l l e c t o r .  

0 S t o r a g e  System: 82  G a l l o n  (310 L i t e r s )  Hot 
Water Tank 

Conventional 
Water Heater 

0 Heat  T r a n s f e r :  C losed  Loop System Us ing  
E t h y l e n e  Glycol/Water Mix as Heat Transfer 
F l u i d  

1 L  

Pump 

e Backup System: C o n v e n t i o n a l  E lec t r i c  
Water H e a t e r  40 G a l l o n  (151 Liters) 

0 Annual S o l a r  Heat Ou tpu t :  10.5 M i l l i o n  BTU 
( 1 1 . 1  M i l l i o n  k J )  

e Annual C o n v e n t i o n a l  F u e l  P u r c h a s e s :  
E l e c t r i c i t y  - 775 kWh 
f o r  backup and 228 kWh 
f o r  p a r a s i t i c s  

0 Annual Energy Requirement  f o r  Water 
H e a t i n g  : 
1 3 . 7  M i l l i o n  BTU (14.4 M i l l i o n  kJ) 

0 S e r v i c e  Hot Water Tempera tu re :  
1200F (49OC ) 

0 H o t  Water Requirement:  80 Cal/Day 
(300 Li te r s /Day)  

0 Average Water Supp ly  Tempera tu re :  
66OF( 19OC) 

(1) P . J .  Hughes and J . H .  Morehouse,  Comparison o f  S o l a r  Heat Pump Systems t o  C o n v e n t i o n a l  
Methods f o r  R e s i d e n t i a l  H e a t i n g ,  C o o l i n g ,  and Water  H e a t i n g ,  S c i e n c e  A p p l i c a t i o n s ,  I n c . ,  
1979 

Booz, A l l e n  & Hamil ton,  D r a f t  Repor t  i n  Suppor t  o f - t h e  DOE/Office o f  S o l a r  A p p l i c a t i o n s .  (2 )  

\ 
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TABLE 3-3 (Continued) 

- - 
REFERENCE SOLAR SYSTEM ENERGY BALANCE 

0 Total Annual Energy Requirements: 13.7 million BTU (14.4 million kJ)  
a Annual Energy Requirement Met by Solar: 10.5 million BTU (11.1 million kJ) 
0 

0 Net Solar Fraction: 7 7% 
Annual Energy Requirement Met by Electricity: 3.1 million BTU (3.3 million kJ) 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 

ECONOMIC MEASURE (1980 DOLLARS) REFERENCE SOLAR CON'JENTI ONAL ALTERNATIVE 
(1) Life Cycle Cost ($ )  2837 4050 
(2) Levelized Cost of Energy $13.9l/million BTU $19.87/million BTU 

($13.19/million kJ) ($18.83/million kJ) 

REFERENCE SOLAR SYSTEM COST: 1980 
(Including Backup System) 
(1980 DOLLARS) 

Component First Annual Life 
Cost O&M (Years) 

($ )  Cost ($) 
(Exc. Fuel) 

Collector 810 35 20 

Storage 288 -- 20 

Heater 240 10 10 

Con t ro Is 60 -- 20 

Mise. Hardware 264 -- 20 

Installation 590 -- -- 

Electric Water 

-- TOTAL 2252 45 

Note - Costs shown include 20% overhead 

CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

- 
Component First Annual Life 

cost O&M (Years 
($)  Cost ($ )  

(Exc. Fuel) 

Electric 
Water Heater 240 10 1 0  

Installation 86 -- -- 

-- TOTAL 326 l o  

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED IN 1985, 1990, 2000) 

SYSTEM CHARACTERISTICS (1980 $1 1985 1990 2000 

(2) Annual Solar System Output (Million kJ) 11.1 11.1 11.1 

(4) Annual O&M Cost ($)  45 45 45 

(1) Annual Solar System Output (Million BTU) 10.5 10.5 10.5 

(3) Annual Electricity Requirements (kwh) 1003 1003 1003 

(5) System Installed Cost (Ccst to End User) 
2252 1941 1579 

(6) Life Cycle Cost ($)  2921 2775 2718 
( 7 )  Levelized Cost of Energy ($/Million BTU) 14.33 13.62 13.73 
(8) Levelized Cost of Energy ($/Million kJ)  13.58 12.91 12.64 
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TABLE 3-3 (Concluded)  

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED I N  1985, 1990, 2 0 0 0 )  

CONVENTIONAL SYSTEM CHARACTERISTICS ( 1 9 8 0  $) 1985 1990 2000 

(1 )  System I n s t a l l e d  Cos t  (Cos t  t o  End User) 
326 326 326 

( 2 )  Annual O&M Cost ($)  10 10 10  
( 3 )  Annual E l e c t r i c i t y  Purchased  (kWh)  4084 4084 4084 
( 4 )  L i f e  C y c l e  Cost ($)  4486 4992 6175 
( 5 )  L e v e l i z e d  C o s t  of Energy ( $ / M i l l i o n  BTU) 2 2 . 0 1  24.49 30.30 
( 6 )  L e v e l i z e d  Cost of Energy ( $ / M i l l i o n  kJ) 20.86 23.22 2 5 . 7 1  

__- 
M A J O R  ECONOMIC ANALYSIS ASSUMPTIONS 

(1 )  Ownership P a t t e r n :  Owner-occupied S i n g l e  Family Res idence  
( 2 )  A n a l y s i s  P e r i o d :  20 y e a r s  
( 3 )  F i r s t  Year C o s t  o f  E l e c t r i c i t y :  $0.0385/kWh 
( 4 )  E l e c t r i c i t y  Cost E s c a l a t i o n  Ra te :  10% a n n u a l l y  ( 2 . 5 %  real)  

RUDINENTARY ERROR ANALYSIS : MAJOR SOURCES OF ERROR 

‘I’ECIINOLO(:\I’/A~PLTCATlON: SOLAR WATER H E A T I N G / S I N G L E  F A M I L Y  HOME R E T R O F I T ,  FORT WORTH, TEXAS 

TYPE/SOURCE OF ERROR 

@ ( 1 )  TECtINTCAL SOURCES 
( a )  C a p i t a l  Cost  E s t i m a t e  
( h )  O p e r a t i n g  E f f i c i e n c y  
( c )  ( :np;icity o r  A v a i l a b i l i t y  o r  Load F a c t o r  

(2) II(:ONOMIC SOURCES 
( a )  E s c a l a t i o n  i n  Cos t  of R e f i n e d  P e t r o l e u m  P r o d u c t s  
( b )  I h c a l a t i o n  i n  Cos t  o f  N a t u r a l  Gas 
( c )  E s c a l a t i o n  i n  Cos t  of E l e c t r i c i t y  

- (‘1) SOCI IITAL FACTORS 
( : I )  I h v i  r o n r n r u t n l  lssrirs 
( 1 1 )  1 ’ 1 1 1 ) l  L c  ;\cc:c-pt:inc:e Issur! ; ;  I k I n y  i n  S c h e d u l e s  

REASON(S) FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

4 5 

XI;)  : 
(1) I’ECHNLCAL SOURCES 

1 = I h s e d  on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = I3ased on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  similar t o  e x i s t i n g  o n e s  
3 = Based on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on an  a n a l o g y  

1 = S t e a d y  p r i c e s :  C o n t r a c t s  may he  w r i t t e n  f o r  l o n g  p e r i o d s  (15  y e a r s )  w i t h  n o  

3 = U n c e r t a i n  p r i c e s :  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 

3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Major  c o s t  i n c r e a s e s  o r  d e l a y s  may b e  a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  

( 2 )  I:CONOMTC SOURCES 

e s c a l a t i o n  c l a u s e s  
Recen t  v o l a t i l i t y  on  t h e  o r d e r  of 20% p e r  y e a r  

Recen t  increases of more t h a n  20% p e r  y e a r  

( 3 )  SOCIETAL SOURCES 

t o  e n v i r o n m e n t a l  issues o r  d e l a y  i n  s c h e d u l e  

en v i  ronme n t J 1 is s ties 
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TABLE 3-4 

SOLAR WATER HEATING/SINGLE FAMILY HOME RETROFIT 

(1 )  REFERENCE SOLAR SYSTEM: 

( 2 )  APPLICATION: 

S e l e c t i v e l y  S u r f a c e d  F l a t  P l a t e  C o l l e c t o r  
w i t h  TJeter Thermal S t o r a g e  

S i n g l e  Family Home R e t r o f i t / W a t e r  H e a t i n g  

( 3 )  REPRESENTATIVE SITE: Madison, Wiscons in  

(43 CONVENTIONAL ALTERNATIVE: E l e c t r i c  R e s i s t a n c e  Water  Heater 

Tern per i n g 
Cold Supply Water Valve Hot Water 

Water I I I 
I 

I I  
Heater I I 

Conventional 
Water Heater 

- 
REFERENCE SOLAR SYSTEM DESCRIPTION (1) END USER REQUIREMENTS (2) 

0 

e 

e 

0 

e 

e 

P , > l l e c t o r  n r e a  and Type: 8h f t2 (8m2)  S i n g l e -  e 
Glazed ,  B lack  Chrome S e l e c t i v e  S u r f a c e ,  F l a t  
P l a t e  C o l l e c t o r  

S t o r a g e  System: 8 2  G a l l o n  (310 L i t e r s )  Hot 
Vater Tank 

e 

Heat 'T rans fe r :  Closed Loop System Us ing  
E t h y l e n e  Glyco l /Wate r  Mix a s  Heat T r a n s f e r  
F l u i d  

Backup System: C o n v e n t i o n a l  E l e c t r i c  Water 
H e a t e r  40 G a l l o n  (151 L i t e r s )  

e 

0 

Annual S o l a r  Hea t  Ou tpu t :  1 2 . 3  M i l l i o n  BTU 
(12.9 M i l l i o n  k J )  

Annual C o n v e n t i o n a l  F u e l  P u r c h a s e s :  
E l e c t r i c i t y  - 1142 kWh 
f o r  backup and 189 kWh 
f o r  p a r a s i t i c s  

Annual Energy Requirement  f o r  Water 
H e a t i n g :  16 .5  M i l l i o n  BTU ( 1 7 . 4  
M i l l i o n  k J )  

S e r v i c e  Hot Water Tempera tu re :  
120°F (49OC) 

Hot Water Requirement:  
80 Gal/Day (300 L i t e r s / D a y )  

Average Water Supp ly  Tempera tu re :  
50°F (lO°C) 

L 
RESOURCES - 

(1 )  P . J .  Xughes and J.H. Morehouse,  Comparison of S o l a r  Heat Pump Systems t o  C o n v e n t i o n a l  
Methods f o r  R e s i d e n t i a l  H e a t i n g ,  Coo l ing ,  and Water H e a t i n g ,  S c i e n c e  A p p l i c a t i o n s , I n c . l 9 7 9  

Booz, A l l e n  & Hami l ton ,  D r a f t  Repor t  i n  Suppor t  of t h e  DOE/Office of S o l a r  A p p l i c a t i o n s .  (2) 
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TABLE 3-4 (Con t inued)  

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

A 

T o t a l  Annual Energy  Requi rements :  1 6 . 5  M i l l i o n  BTU (17 .4  M i l l i o n  kJ) 

Annual Energy Requi rement  Met by S o l a r :  12 .3  M i l l i o n  BTU (12.9 M i l l i o n  k J )  

Annual Energy Requi rement  M e t  by E l e c t r i c i t y :  4.2 M i l l i o n  BTU ( 4 . 5  M i l l i o n  k J )  

Met S o l a r  F r a c t i o n ;  7 5% 
L-. 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 

ECO!4OMIC MEASURE (1980 DOLLARS) REFERENCE SOLAR CONVEN?IONAL ALTEBNATIVE 

(1) L i f e  Cycle  Cos t  ($)  4118 5351 

(2)  L e v e l i z e d  Cos t  of Energy $16 .78 /Mi l l ion  BTU $ 2 1 . 7 9 / F i l l i o n  BTU 
( $ 1 5 . 9 7 / M i l l i o n  k J )  ($20 .66 /Mi l l ion  k J )  

REFERENCE SOLAR SYSTEM COST: 1980 
( I n c l u d i n g  Backup System) 

(1980 DOLLARS) 

Component F i r s t  Annual L i f e  
c o s t  O&M (Yea r s )  
($)  C o s t ( $ )  

(Exc.Fue1) 
~ ~ 

C o l l e c t o r  1276 50 20 

20 S t o r a g e  288 

E l e c t r i c  Water 
Heater 240 10 10  

20 C o n t r o l s  60 

Yisc.  Hardware 264 -- 20 
I n s  t a1 l a t  i o n  7 40 -- -- 

-- 

-- 

-- TOTAL 2868 60 

CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

~~ 

F i r s t  Annual L i f e  
C o s t ( $ )  O&M (Year s )  

Component 

C o s t ( $ )  
(Exc.Fue1) 

E l e c t r i c  
Water H e a t e r  240 10 10 

I n s t a l l a t i o n  96 -- -- 

TOTAL 3 36 10  

Note - C o s t s  shown i n c l u d e  20% ove rhead  

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED I N  1985,  1990,  2000) 

SYSTEM CHARACTERISTICS (1980 $1 1985  1990 2000 

- 
(1) Annual S o l a r  System Outpu t  ( M i l l i o n  BTU) 1 2 . 3  1 2 . 3  1 2 . 3  
(2)  Annual S o l a r  System Outpu t  ( N i l l i o n  kJ) 12 .9  12 .0  12.9 
(3)  Annual E l e c t r i c i t y  Requi rements  (kWh) 1731  1331  1 1331  
(4)  Annual 0&M Cost  ($ )  60  60 60 
(5)  System I n s t a l l e d  Cos t  (Cost  t o  End Use r )  

2868 2433 1929 
(6)  L i f e  Cyc le  Cos t  ($) 4260 4027 3953 
(7)  L e v e l i z e d  Cos t  of Energy ( $ / M i l l i o n  BTU) 17 .34  16 .40  16 .10  
(8) L e v e l i z e d  Cos t  of Energy ( $ / M i l l i o n  kJ) 16 .45  15.55 15 .26  
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t 

' I 'ECIINOLOGY/APPLICAT10N: SOLAR WATER H E A T I N G / S I N G L E  F A M I L Y  HOME R E T R O F I T ,  MADISON, W I S C O N S I N  

t 

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED I N  1 9 8 5 ,  1 9 9 0 ,  2000) 

CONVENTIONAL SYSTEM CHARACTERISTICS ( 1 9 8 0  $1 1985  1 9 9 0  2000 

(1) System I n s t a l l e d  C o s t  (Cost  t o  End Use r )  
336 336 33€ 

( 2 )  Annual O&M C o s t  ($> 1 0  10  10 

(5) L e v e l i z e d  Cost of Energy ( $ / M i l l i o n  BTU) 2 3 . 9 2  26.36 30.44 

( 3 )  Annual E l e c t r i c i t y  P u r c h a s e  (kWh) 4928  4928 4928 
( 4 )  L i f e  C y c l e  Cos t  ($)  5871 6471  14 7 1  

( 6 )  L e v e l i z e d  Cos t  of Energy ( $ / M i l l i o n  k J )  7 2 . 6 7  24.99 29 .09  

MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 

(1) Ownership P a t t e r n :  Owner-Occupied S i n g l e  Tamily R e s i d e n c e  
( 2 )  A n a l y s i s  P e r i o d :  
( 3 )  F i r s t  Year  Cost of E l e c t r i c i t y :  $0.0442/kWh 
( 4 )  E l e c t r i c i t y  Cost E s c a l a t i o n  Ra te :  10% Annua l ly  ( 2 . 5 %  R e a l )  

20 Years 

A 

RUDLElCNl AKY CRROR ANALYSIS : M A J O R  SOURCES OF ERROR 

TYPE/SOURCE OF ERROR 

(1) TEClINICAL SOURCES 
( a )  C a p i t a l  Cost E s t i m a t e  
( b )  O p e r a t i n g  E f r i c i e n c y  
( c )  C a p o c i t y  o r  A v a i l a b i l i t y  o r  Load F a c t o r  

( 2 )  ECONOI\IIC SOURCES 
(a) E s c a l a t i o n  i n  Cos t  of R e f i n e d  P e t r o l e u m  P r o d u c t s  
( b )  l:..;c;llation i n  Cos t  of  N a t u r a l  Gas 
( c )  I l s c n l n t i o n  i n  Cost  of E l e c t r i c i t y  

( 3 )  SOCLCI AL FACTORS 
( a )  E n v i r o n m c n t a l  I s s u e s  
( b )  P u b l i c  Accep tance  I ssues ;  Delay i n  S c h e d u l e s  

REASON(S) FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

1 

X 

KEY: 
(1) TECIINICAL SOURCES 

1 = llased on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Rased on d e t a i l e d  d e s i g n s  or  f a c i l i t i e s  s imi la r  t o  e x i s t i n g  o n e s  
7 = Ilased on e n g i n e e r i n K  d e s i g n s  of  new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on a n  a n a l o g v  

1 = S t e a d y  p r i c e s :  

3 = U n c e r t a i n  p r i c e s :  
5 = V e r y  u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  

( 2 )  E C O N O N C  SOURCES 
C o n t r a c t s  may b e  w r i t t e n  f o r  l o n g  p e r i o d s  (15 y e a r s )  w i t h  n o  

e s c a l a t i o n  c l a u s e s  
Recen t  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  

Recen t  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

( ' I )  SOCIETAL SOURCES 
1 = No E o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 

t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  
3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Plajor c o s t  i n c r e a s e s  o r  d e l a y s  may b e  a n t i c i p a t e d  due  t o  p u b l i c  a c c e p t a n c e  o r  

e n v i r o n m e n t a l  i s s u e s  

3-13 



TABLE 3-5 

SOLAR MATER AND SPACE i!EATING/NEW SINGLE F:'JIILT HOME 

(1) REFERENCE SOLAR SYSTEM: S e l e c t i v e l y  S u r f a c e d  F l a t  P l a t e  C o l l e c t o r  
With Water Thermal S t o r a g e  and  Heat Pump 

( 2 )  APPLICATION: New S i n g l e  Fami ly  Home/Water and  Space  H e a t i n g  

(3)  REPRESENTATIVE SITE: F o r t  Worth,  Texas 

(4) CONVENTIONAL ALTERNATIVE: A i r  Heat P u m p / E l e c t r i c  R e s i s t a n c e  W a L e r  Beater 

supply Delivery 
Water Water 

c - t  

To 
Space 

0 C o l l e c t o r  Area and Type: S i n g l e - G l a z e d ,  0 S i n g l e  Fami ly  R e s i d e n c e  - Yanch 2 Home 
on  a S l a b  F o u n d a t i o n ,  1800 f t  S l a c k  Chrome S e l e c t i v e  S u r f a c e ,  F l a t  P l a t e  2 

C o l l e c t o r .  A c t i v e  Area 345f t2(32m2)  (167 m ) of  L i v i n g  Space  

0 S t o r a g e  System: 
-1700 G a l l o n  (6400 L i t e r s )  Water 

-82 G a l l o n  (310 L i t e r s )  Domestic Hot 
Tank 

Water P r e h e a t e r  Tank 

0 Heat  T r a n s f e r :  Closed  Loop System U s i n g  
E t h y l e n e  G l y c o l / W a t e r  M i x  as H e a t  T r a n s -  
f e r  F l u i d  

Backup System: 
-Air - to-Air  Heat  Pump (40 ,000  BTU/hr) 

- E l e c t r i c  Water Heater ( 4 0  G a l l o n s )  
(42 ,200  k J / h r )  

(151  L i t e r s )  

0 Annual S o l a r  Heat O u t p u t :  
30 .1  M i l l i o n  BTU ( 3 1 . 8  M i l l i o n  kJ) 

0 Annual C o n v e n t i o n a l  F u e l  P u r c h a s e s :  
E l e c t r i c i t y  - 2305 kWh 
f o r  Backup and  1000 kWh 

0 C o n s e r v a t i o n  F e a t u r e s :  
-R-12 Wal l  I n s u l a t i o n  
-R-19 C e i l i n g  I n s u l a t i o n  
-R-5 S l a b  F o u n d a t i o n  w i t h  One-Inch 

-Storm Windows 
of R i g i d  I n s u l a t i o n  Around P e r i m e t e r  

0 Annual Space  H e a t i n g  Requi rement :  
30.4 M i l l i o n  BTU (32.1 M i l l i o n  k J )  

0 Annual Energy Requi rement  f o r  
Water R e a t i n g :  
1 3 . 4  M i l l i o n  BTU (14 .2  M i l l i o n  kJ) 

0 S e r v i c e  Hot Water Tempera ture :  
120°F (49OC) 

0 Hot Water Requi rement :  
80 Galfl 'ay (300 L i t e r s f d a y )  

f o r  p a r a s i t i c s  

RESOURCES 

1979 
Booz, A l l e n  b Hamil ton ,  D r a f t  Repor t  i n  S u p p o r t  of t h e  DOE/Office of S o l a r  A p p l i c a t i o n s .  ( 2 )  
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TABLE 3-5 (Con t inued)  

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

0 T o t a l  Annual Energy Load: 43.9 M i l l i o n  BW (46 .3  M i l l i o n  kJ) 

0 Annual Energy Load Met by S o l a r :  30.1 M i l l i o n  BTU (31 .8  M i l l i o n  kJ) 

0 Annual  Energy Load Met by E l e c t r i c i t y :  1 3 . 8  M i l l i o n  BTU (14 .5  M i l l i o n  kJ)  

0 Annual E lec t r ica l  Requirement:  1 1 . 3  M i l l i o n  BTU (11 .9  M i l l i o n  kJ) 

0 Net S o l a r  F r a c t i o n :  63% 
- 

REFERENCE SOLAR AND CONVENTIONAL SYSTM ECONOMIC PERFORMANCE: 1980 INSTALLATION 

ECONOMIC MEASURE (1980 DOLLARS) REFERENCE SOLAR CONVENTIONAL ALTERNATIVE 

(1) I . i f e  C y c l e  Cos t  ($1 15807 10522 

( 2 )  L e v e l i z e d  C o s t  of Energy $ 2 4 . 2 0 / M i l l i o n  BTU $ 1 6 . 1 0 / M i l l i o n  BTU 
( $ 2 2 . 9 3 / M i l l i o n  kJ)  ( $ 1 5 . 2 7 / M i l l i o n  kJ) 

-_ 

REFERENCE SOLAR SYSTEM COST: 1980  
( I n c l u d i n g  Backup System) 

(1980 DOLLARS) 

Component F i r s t  Annual L i f e  
c o s t  O&M (Year s )  
($1 C o s t ( $ )  

(Exc.Fue1) 

C o l l e c t o r  
Subsystem 6072 150  20 

20 -- S t o r a g e  794 

S o l a r  Hot Water 
System 7 20 40 20 

!Ieat Pump 1620 100 20 

t l e c t r i c  Water 
Heater 240 10 10 

C o n t r o l s  696 -- 20 

h c t w o r k  & 
20 

installation 3780 -- -- 
P i p i n g  1885  -- 

-- TOTAL 15807 300 

Note - C o s t s  shown i n c l u d e  20% overhead  

CONVENTIONAL SYSTEM COST: 1980  
(1980 DOLLARS) 

Component F i r s t  Annual L i f e  
C o s t ( $ )  O&M (Year s )  

C o s t ( $ )  
(Exc.Fue1) 

Heat Pump 1620  100 20 

Heater 240 10 10 

Ductwork 480 _- 20 

I n s t a l l a t i o n  890 -- _ _  

E l e c t r i c  Water 

-- TOTAL 3230 110 

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED I N  1985,  1990,  2000) 

SYSTEM CHARACTERISTICS (1980 $) 

Annual S o l a r  System Outpu t  ( M i l l i o n  BTU) 
Annual S o l a r  System Outpu t  ( M i l l i o n  kJ) 
Annual E l e c t r i c a l  Requ i remen t s  (kWh) 
System I n s t a l l e d  C o s t  (Cos t  t o  End User) 
Annual O&M C o s t  ($.) 
L i f e  C y c l e  C o s t  ($1 
L e v e l i z e d  Cos t  o f  Energy ( $ / M i l l i o n  BTU) 
L e v e l i z e d  C o s t  o f  Energy ( $ / M i l l i o n  kJ) 

1985  

30.1 
31 .8  

3305 
15807 

300 
15695 

24.04 
22.77 

1990 

3 0 . 1  
31.8 

3305 
13755 

300 
14466 

22.15 
21.00 

2000 

3 0 . 1  
31.8 

3305 
11223  

300 
13414 

20.54 
1 9 . 4 7  
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TABLE 3-5 (Concluded) 

1-- ~~~~~~~ ~ 

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED I N  1985,  1990 ,  2000) 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $)  

(1 )  System L n s t a l l e d  Cos t  (Cos t  t o  End Use r )  
( 2 )  Annual O&M Los t  ($ )  
(3 )  Annual E l e c t r i c i t y  P u r c h a s e s  (kWh) 
( 4 )  L i f e  Cycle  Cos t  ($) 
(5) L e v e l i z e d  Cos t  of  Energy ( $ / M i l l i o n  BTU) 
(6) L e v e l i z e d  Cos t  o f  Energy ( $ / M i l l i o n  k J )  

1985 1990 

3230 3230 
110 110  

8938 8938 
11388 12364 

17.44 18 .93  
16 .52  17 .95  

2000 

3230 
110 

8938 
14728 

22.54 
21.37 

I MAJOR ECONOMIC ANALYSIS ASSUMPTION t 
~~ - - ~~ 

(1)  Ownership P a t t e r n :  
(2) A n a l y s i s  P e r i o d :  
(3) F i r s t  Year C o s t  of E l e c t r i c i t y :  r ( 4 )  E l e c t r i c i t y  Cos t  E s c a l a t i o n  Rate: 

Owner-occupied, S i n g l e  Fami ly  Res idence  
20 Years 
$0.038 /kWh 
10% Annual ly  (2 .5% Rea l )  

1 i 1 
l ~ U l ~ l ~ l l ~ l 4 ' l A l ~ Y  ICKROR ANAI.YSI S : MAJOR SOURCES OF ERROR 

' I ~ C ~ I N O L O C ~ I A I ' P L ~  CA'I 'ZON: SOLAR WATER AND SPACE HEATING/NEW S I N G L E  F A M I L Y  HOME, FORT WORTH, TEXAS 

REASON(S) FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

TYPE/SOURCE OF ERROR 
- ~ - _ _  

;1) TECIINlCAI, SOURCES 
( a )  Cap iLa l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E f f i c i e n c y  
( c )  C:ipnrity o r  A v a i l a b i l i t y  o r  Load F a c t o r  

( 2 )  ECONOMIC SOURCES 
(a)  E s c a l a t i o n  i n  Cos t  of Ref ined  P e t r o l e u m  P r o d u c t s  
( b )  ICsca la t ion  i n  Cos t  of N a t u r a l  Gas 
( c )  E s c a l a t i o n  i n  Cos t  o f  E l e c t r i c i t y  

3 )  SOCIETAL FACTORS 
( a )  I : n v i r o n m e n t a l  I s s u e s  
( b )  I 'uhlic Acceptance  I s s u e s ;  Delay i n  S c h e d u l e s  

- I  

Y.l:.f : 
( 1  ) 'I'I:CHNI CAI. SOURCES 

I = Rased on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Based on d e t a i l e d  d e s i g n s  o f  f a c i l i t i e s  similar t o  e x i s t i n g  o n e s  
3 = I3ased on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on an  ana logy  

( 2 )  ECONOMIC SOURCES 
I = Steady  p r i c e s :  

3 = U n c e r t a i n  prices: 
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 
t o  e n v i r o n m e n t a l  issues o r  d e l a y  i n  s c h e d u l e  

3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Xajo r  c o s t  i n c r e a s e s  o r  d e l a y s  may be  a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  

C o n t r a c t s  may be  w r i t t e n  f o r  l o n g  p e r i o d s  (15  y e a r s )  w i t h  no 
e s c a l a t i o n  c l a u s e s  

Recent  v o l a t i l i t y  on t h e  o r d e r  of  20% p e r  y e a r  
Recent  i n c r e a s e s  of  more t h a n  20% p e r  y e a r  

( 3 )  SOCIETAL SOURCES 

e n v i r o n m e n t a l  issues 
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TABLE 3-6 

-__ SOLAR WATER AND SPACE HEATINGJNEW SINGLE FAMILY HOME 

(1) REFERENCE SOLAR SYSTEM: Selectively Surfaced Flat Plate Collector 
with Water Thermal Storage 

(2) APPLICATION: New Single Family Home/Space and Water Heating 

(3) REPRESENTATIVE SITE: Madison, Wisconsin 

(4) CONVENTIONAL ALTERNATIVE: Gas Furnace, Gas Water Heater 

Supply Delivery 
Water Water 

L b  

Solar Domestic Water 
Heating Subsystem 

Solar 

Conventional " 11 1 Backup 
v 

To 
Space - - 

END USER REQUIREMENTS 
(1) 

REFERENCE SOLAR SYSTEM DESCRIPTION 
( 7 )  

Collector Area and Type: Single Glazed, 
Black Chrome Selective Su face, Flat Plate. 
Active Area - 570 ft2(53m ) 5 

Storage System: 
-2800 Gallon (10,600 Liters) Water 

-82 Gallon (310 Liter) Domestic 
Tank 

Hot Water Preheater Tank 

Heat Transfer: Closed Loop System Using 
Ethylene Glycol/Water Mix as Heat Trans- 
fer Fluid 

Backup System: 
-Cas Furnace (lO0,OOO BTU/hr) (105,500 

-Cas Water Heater (40 Gallons)(l51 Liters) 
kJ/hr) 

Annual Solar Heat Output: 43.9 Million 
BTU (46.3 Million kJ) 

Annual Conventional Fuel Purchases: 
Natural Gas - 67.3 Million BTU (71.0 
Million kJ) for backup 
Electricity - 833 kWh 
for backup and 183 kWh 
for parasitics 

Single Family Resjdence-Rfmbler with 
basement, 1700 ft (158 m ) of 
living area 

Conservation Features 
-R-12 Basement Floor Insulation 
-R-18 Wall Insulation 
-R-30 Ceiling Insulation 
-Triple Glazed Windows 

Annual Space Heating Requirement: 
68.6 million BTU (72.4 million kJ) 

Annual Energy Requirement for Water 
Heating: 16.6 million BTU (17.5 
million kJ) 

Service Hot Water Temperature: 
1200F (49OC) 

Hot Water Requirement: 80 gal /day 
(300 Liters/Day) 

Space Heating Temperature Setting: 
70°F(210C) 

Annual Heating Degree Days (base 65'F): 
7863 

(1) P.J. Hughes and J.H. Morehouse, Comparison of Solar Heat Pump Systems to Conventional 
Methods for Residential Heating, Cooling, and Water Heating, Science Applications, Inc., 
1979 

( 2 )  Booz, Allen b Hamilton, Draft Report in Support of the DOE/Office of Solar Applications. 
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TABLE 3-6 (Continued) 

- -. 

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

0 Total Annual Energy Load: 85.2 Xillion BTU (89.9 llillion kJ) 
0 Load Met by Solar: 43.9 Million BTU (46.3 ?lillion kJ) 
0 Load Met by Natural Gas: 41.3 Fl i l l i on  BTU (43.6 ?:illion kJ) 

het Solar Fraction: 52% 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ELONOMIC PERFORMANCE: 1980 INSTALLATION 

- 
Component First Annual Life 

cost O&M (Years) 
($)  Cost ($) 

(Exc.Fue1) 

Collector Subsys.9868 300 20 
/Storage 1000 _ _  20 

Solar Hot Water 
S u b s y s  tem 720 40 20 

EUJNUMIC MEASURE (1980 DOLLARS) 

_ _  _ _  I n s t a l l a t i o n  4604 

TOTAL _- 19,853 400 

(1) Life Cycle Cost ($)  
(2) Levelized Cost of Energy 

REFERENCE SOLAR SYSTEM COST: 1980 
(Including Backup System) 
(1980 DOLLARS) 

REPEKENCE SOLAR CONVENTIONAL ALTERNATIVE 
_-  -_ .- 

25,411 15,795 
$20.04/Million BTU $12.46/Million BTU 
($lg.Ol/Killion kJ) ($11.82/Million kJ) 

CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

Component First Annual Life 
cost O&M (Years) 

(Exc.Fue1) 
($) Cost ($1 

Gas Furnace 840 50 20 

Gas Water 
Heater 270 10 10 

Duc twork 450 -- 20 

Installation 743 -- _- 

-- TOTAL 2,303 60 

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED IN 1985, 1990, 20001 -_ 

SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(2) Annual Solar System Output (Million E T U )  43.4 43.9 43.9 

-- 
(1) System Installed Cost (Cost to End User) 19853 16881 13288 

(3) Annual Solar System Output (Million kJ) 46.3 46.3 46.3 
(4) Annual Natural Gas Requirements 

(Therms) 673 673 673 
(5) Annual Electricity Requirement (kWh) 1017 1017 1017 
(6) Annual O&M Cost ($ )  400 400 400 
(7) Life Cycle Cost ($)  27133 26757 30225 
(8) Levelized Cost of Energy ($/Million ETU) 21.40 21.11 23.85 
(9) Levelized Cost of Energy ($/Million kJ)_ 20.29 20.00 22.60 
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TABLE 3-6 (Concluded)  

CONVENTIONAL SYSTEM COST AND ECONOMIC P E R F O W C E  
(FOR SYSTEMS INSTALLED I N  1985,  1990 ,  2Q00) 

- 
-*_ 

CONVENTIONAL S T E M  CHARACTERISTICS (1980 $1 1985  1990  2 oao 

(1) System I n s t a l l e d  Cost (Cost to  End Use r )  2303 2303 2303 
(2) Annual O&M Cost ( $ 1  60 6 0  6 0  
(3 )  Annual N a t u r a l  Gas Purchased  (Therms) 1387 1387 1387 
( 4 )  L i f e  Cyc le  Cos t  ($ )  19336 23924 37293 
(5 )  L e v e l i z e d  Cos t  of Energy ( $ / M i l l i o n  BTU) 1 5 . 2 0  18.81 29.32 
(6)  L e v e l i z e d  Cos t  of Energy ( $ / M i l l i o n  kJ) 1 4 . 4 1  1 7 . 8 3  27.79 

- .___ _____ 
-. ______ 

MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 

(1) Ownership P a t t e r n :  Owner-occupied S i n g l e  Fami ly  Res idence  
( 2 )  A n a l y s i s  P e r i o d :  20 vears 
(3 )  F i r s t  Year Cos t  of  N a t u r a l  Gas: $3 .49 /Mi l l ion  BTU ( $ 3 . 3 1 / M i l l i o n  kJ) 
(4 )  F i r s t  Year  Cost  of E l e c t r i c i t y :  $0.0442/klJh 
(5 )  F u e l  and E l e c t r i c i t y  Cos t  E s c a l a t i o n  R a t e :  12 .5% (5.0% real)  a n n u a l l y  f o r  g a s ,  

10% (2.5% r e a l )  a n n u a l l y  f o r  e l e c t r i c i t y  -- -~ -___ -_-  

KUDIPIENTARY EKROK ANALYSIS: IIA.JOR SOURCES OF ERROR 

' I ' I ' c I I N O L O ( : Y / A P P L Z C A ~ ' ~ O N :  SOLAR WATER AND SPACE HEATING/NEW S I N G L E  F A M I L Y  HOME. MADISON, WISCONSIN 

TYPE/SOURCE OF ERROR 

( 1 )  TECHNICAL SOURCES 
( a )  C a p i t a l  Cos t  E s t i m a t e  
( h )  O p e r a t i n g  E f f i c i e n c y  
( e )  C,ipaci ty  o r  A v a i l a b i l i t y  o r  Load F a c t o r  

2 )  I3CONOMLC SOURCES 
( a )  l < s c a l a t i o n  i n  Cos t  of Ref ined  P e t r o l e u m  P r o d u c t s  
( b )  E s c a l a t i o n  i n  Cos t  of  N a t u r a l  Cas 
( c )  E s c a l a t i o n  i n  Cost  of E l e c t r i c i t y  

13)  SOCLK'I'AL FACTORS 
( i i )  1 k v l  ronmrii t II 1 r s s  tics 

( h )  P i t b l  i c  Accep tance  Issues; Delay i n  S c h e d u l e s  

- 
REASON(S) FOR ERRORS 

(CHECK APPROPRIATE BOXES 
USING K E Y  BELOW) 

1 2 

X 

3 

X 

4 5 

KEY: 
( I )  'I'IICIINLCAL SOURCES 

1 = Based on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Based on d e t a i l e d  d e s i g n s  of Eaci l i t ies  s imi la r  t o  e x i s t i n g  o n e s  
3 = Based on e n g i n e e r i n g  d e s i g n s  of  new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on  an  a n a l o g y  

( 2 )  ECONOMIC SOURCES 
1 = S t e a d y  p r i c e s :  C o n t r a c t s  may b e  w r i t t e n  f o r  l o n g  p e r i o d s  (15  y e a r s )  w i t h  n o  

7 = U n c e r t a i n  p r i c e s :  Recen t  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  Recen t  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 
t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  

3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
j =  : ln jor  c o s t  i n c r e a s e s  o r  d e l a y s  may he  a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  

e s c a l a t i o n  c l a u s e s  

( 3 )  SOCIETAL SOURCES 

r ,nvi  rnnrnc.nt.il i s s u e s  

3-19 



TABLE 3-7 

Relief 
Valve 

-- - 

SOLAR WATER HEATING/NEW COMMERCIAL BUILDING 

, 
I 

Solar , I 
Water 1 
Heater , , 

-L 

I 

(1 )  REFERENCE SOLAR SYSTEM: 

Conventional 
Water Heater 

S e l e c t i v e l y  S u r f a c e d  F l a t  P l a t e  C o l l e c t o r  w i t h  
Water  Thermal S t o r a g e  

(2 )  APPLICATION: New Commercial  Bu i ld ing /Wate r  H e a t i n g  

(3)  REPRESENTATIVE SITE : F o r t  Worth,  Texas 

(4 )  CONVENTIONAL ALTERNATIVE: E l e c t r i c  R e s i s t a n c e  Water H e a t e r  

- -  I_- - -  

- ( 2 )  
REFERENCE SOLAR SYSTEM DESCRIPTION (1) END USER REQUIREMENTS 

C o l l e c t o r  Area and Type: 4 3  f t 2  (4 .m2) 
S i n g l e  G l a z e d ,  B lack  Chrome S e l e c t i v e  
S u r f a c e ,  F l a t  P l a t e  

S t o r a g e  System: 66 Gallon (250 L i t e r s )  
Water Tank 

Heat  T r a n s f e r :  C losed  Loop System Us ing  
E t h y l e n e  Glyco l /Wate r  Mix as  Heat  T r a n s f e r  
Fluid 

Backup System: C o n v e n t i o n a l  E lec t r ic  
Water  Heater (52 G a l l o n s )  (197 L i t e r s )  

Annual S o l a r  Heat O u t p u t :  6 .8  M i l l i o n  
BTU ( 7 .2  M i l l i o n  k J )  

Annual C o n v e n t i o n a l  F u e l  P u r c h a s e s :  
E l e c t r i c i t y  - 572 kWh 
f o r  backup and 225 kWh 
f o r  p a r a s i t i c s  

0 B u i l d i n g : 2  O f f i c e  b u i l d i n g  w i t h  
2 

' 10,000 f t  (929 m ) of  F l o o r  Area 

0 Annual Energy Requirement  f o r  Water 
H e a t i n g :  9 . 3  M i l l i o n  BTU ( 9 . 8  M i l l i o n  
kJ )  

S e r v i c e  Hot Water Tempera tu re :  
110°F(43'C) 

Hot Water Requirement:  
94 Ga l /  Day (362 L i t e r s / D a v )  
5 Days/Week 

. -  

RESOURCES - - -- 
(I) 

(2) 

P.J .  Hughes and J . H .  Morehouse,  Comparison of S o l a r  Heat Pump Systems t o  C o n v e n t i o n a l  
Methods f o r  R e s i d e n t i a l  H e a t i n g ,  Coo l ing  and Water H e a t i n g ,  S c i e n c e  A p p l i c a t i o n s ,  I n c .  1979 

Booz, A l l e n  & Hami l ton ,  D r a f t  Repor t  i n  s u p p o r t  o f  DOE/Office of S o l a r  A p p l i c a t i o n s .  
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TABLE 3-7 (Con t inued)  
.- 

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

0 T o t a l  Annual Energy Requ i remen t s :  

0 

0 Annual Energy Requirement  Met by 

0 N e t  S o l a r  F r a c t i o n :  7 3% 

9 . 3  M i l l i o n  BTU ( 9 . 8  M i l l i o n  k J )  

6 . 8  M i l l i o n  BTU ( 7 . 2  M i l l i o n  k J )  

2 .5  M i l l i o n  BTU ( 2 . 6  X i l l i o n  k J )  

Annual Energy Requirement  M e t  by S o l a r :  

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

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980  INSTALLATION 

ECONOMIC MEASURE (1980 DOLLARS) REFERENCE SOLAR CONVENTIONAL ALTERNATIVE 
-__-. 

1569 1752 (1) L i f e  Cyc le  Cost  ( $ )  

( 2 )  L e v e l i z e d  Cos t  of Energy $ 1 1 . 3 5 / m i l l i o n  BTU $ 1 2 . 6 6 / m i l l i o n  BTU 
( $ 1 0 . 7 4 / m i l l i o n  k J )  ( $ 1 2 . 0 0 / m i l l i o n  kJ) 

REFERENCE SOLAR SYSTEM COST: 1980 
( I n c l u d i n g  Backup System) 

(1980 DOLLARS) 

:omponent F i r s t  Annual L i f e  
c o s t  O&M (Yea r s )  
($)  C o s t ( $ )  

(Exc.Fue1) 

C o l l e c t o r  652 30 20 

20 S t o r a g e  267 

Elec t r ic  Water 240 1 0  10 
Heater 

C o n t r o l s  60 

Misc. Hardware 264 

L n s t a l i a t i o n  452 

TOTAL 1935 40 

-- 

20 

20 

_- 
-_ 
_ _  __  

-- 

CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

Component F i r s t  Annual  L i f e  
C o s t ( $ )  O&M (Year: 

C o s t ( $ )  
(Exc . F u e l )  

E l e c t r i c  240 1 0  10 
Water H e a t e r  

I n s t a l l a t i o n  86 _- -- 

-- TOTAL 326 l o  

Note - C o s t s  shown i n c l u d e  20% ove rhead  

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE: 
FOR SYSTEMS INSTALLED I N  1985,  1990 ,  2000) 

d - 
2000 _ -  SYSTEM CHARACTERISTICS (1980 DOLLARS) 1985 1990 

-_ 
(1)  Annual  S o l a r  System Outpu t  ( M i l l i o n  BTU) 6 . 8  6 . 8  6 . 8  

( 2 )  Annual S o l a r  System Output  ( m i l l i o n  kJ) 7.2 7.2 7 . 2  

797 797 797 (3)  Annual  E l e c t r i c i t y  Requ i remen t s  (kWh) 

( 4 )  Annual O&M Cost  ($) 40 40 40  

(5)  System I n s t a l l e d  Cos t  (Cos t  t o  End U s e r )  1935  1620 13 88 

( 6 )  L i f e  C y c l e  Cost  ($) 1 6 2 1  1513  1533 

( 7 )  L e v e l i z e d  Cost  of Energy ( $ / M i l l i o n  BTU) 11.72 1 0 . 9 3  11 .08  

( 8 )  L e v e l i z e d  C o s t  o f  Energy ( $ / M i l l i o n  k J )  11.10 10.36 1 0 ;  50 
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CONVENTIONAL SYSTEM COST & ECONOMIC PERFORMDICE: 
FOR SYSTEMS INSTALLED 2m 1985,  1990 ,  2000) 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(1)  Sys tem I n s t a l l e d  Cos t  (Cos t  t o  End Use r )  326 326 326 

(2 )  Annual O&M Cos t  ($1 10  10  10 

2783 2733 2783 
(3)  Annual E l e t t r i c i t y  Purchased  (kwh) 

( 4 )  L i f e  Cyc le  Cos t  ($)  1935 2142 2643 

(5) L e v e l i z e d  Cos t  of  Energy ( $ / M i l l i o n  BTU) 13 .98  15 .49  19 .10  

(6 )  L e v e l i z e d  Cos t  of Energy ( $ / M i l l i o n  kJ) 13 .25  14 .68  1 8 . 1 1  

MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 

(1) Ownership P a t t e r n :  Comme r c i a 1  

( 2 )  A n a l y s i s  P e r i o d :  20 Years 

(3 )  F i r s t  Year  Cos t  of E l e c t r i c i t y :  $0.044/kWh 

(4 )  E l e c t r i c i t y  Cos t  E s c a l a t i o n  Ra te :  10% a n n u a l l y  ( 2 . 5 %  r e a l )  

R U D L P l E N l A R Y  ERROR ANALYSIS: MAJOR SOURCES OF ERROR 

~ I ' E C ~ I N O L ~ ) C Y I A I ' P L ~ C A T I O N :  SOLAR WATER HEATING/NEW COMMERCIAL BUILDING, FORT WORTH, TEXAS 

' l 'YI 'E /SOURCE OF E R R O R  

(1) ' ITCIIN I CAL souwI : s  
( . I )  ( ; : ~ p i t n l  Cos t  E s t i m a t e  
( t i )  Opc*rntiny, E f f i c i e n c y  
( C )  C a p a c i t y  o r  Avnilnbil i t y  o r  Load Fac to r  

( 2 )  ECONOI.lIC SOURCES 
( a )  E s c a l a t i o n  i n  Cos t  of Re f ined  Pe t ro l eum P r o d u c t s  
( b )  E s c a l a t i o n  i n  Cos t  of  N a t u r a l  Gas 
( c )  E s c a l a t i o n  i n  Cos t  of  E l e c t r i c i t y  

' 3 )  S O C I  1,;'l'AL FAGIORS 
( i i )  I:nv t roilmen t a l  I s s u c ~ s  
( 1 ) )  l 'ub1 ic Acccp tance  1ssuc.s; D r l o y  i n  S c h e d u l e s  ---- ~ 

.- 
REASON(S) FOR ERRORS 

(CHECK APPROPRIATE BOXES 
U S I N G  KEY BELOW) 

3 

X 

- 

4 5 

K E Y :  
(1) TECHNICAL SOURCES 

1 = Based on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Based on d e t a i l e d  d e s i g n s  of Eaci l i t ies  similar t o  e x i s t i n g  o n e s  
3 = Based on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on an  a n a l o g y  

( 2 )  ECONOMIC SOURCES 
I = Steady  p r i c e s :  C o n t r a c t s  may he w r i t t e n  f o r  l o n g  p e r i o d s  (15  y e a r s )  w i t h  no  

3 = U n c e r t a i n  p r i c e s :  Recent  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and  a v a i l a b i l i t y :  Recent  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

e s c a l a t i o n  c l a u s e s  

( 7 )  SOCIETAL SOURCES 
1 = ::o E o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 

t q  e n v i r o n m e n t a l  issues o r  de l ay  i n  s c h e d u l e  
J = X i n o r  e r iv i ronmenta l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = :.!ajar c o s t  i n c r e a s e s  o r  d e l a y s  may be  a n t i c i p a t e d  due  t o  p u b l i c  a c c e p t a n c e  o r  

env  i ronmcn t n 1 is sues 
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TABLE 3-8 

SOLAR WATER HEATING/NEW COMMERCIAL BUIL.D,NS _- 

(1) REFERENCE SOLAR SYSTEM: 

( 2 )  APPLICATION: 

(3) REPRESENTATIVE SITE: 

(4)  CONVENTIONAL ALTERNATIVE: 

S e l e c t i v e l y  S u r f a c e d  F l a t  P l a t e  C o l l e c t o r  
w i t h  Water Thermal S t o r a g e  

New Commercial  B u i l d i n g / W a t e r  H e a t i n g  

Madison, Wiscons in  

E l e c t r i c  R e s i s t a n c e  Water  Heater 

Solar Relief 
Collector 

Ll\..d -. 
,:A- 

-_ 
Tempering 

Cold Supply Water Valve Hot Water 

u Pump 

Conventional 
Water Heater 

REFERENCE SOLAR SYSTEM DESCRIPTION (1 )  END USER REQUIREMENTS (2)  
- 

C o l l e c t o r  Area and Type: 6 5  f t 2 ( 6 m 2 )  
S i n g l e  Glazed ,  B lack  Chrome S e l e c t i v e  
S u r f a c e ,  F l a t  :'late 

S t o r a g e  System: 66 Ga l lon  (250 L i t e r s )  
Water Tank 

Heat  T r a n s f e r :  C losed  Loop System Using 
E t h y l e n e  Glyco l /Wate r  Mix a s  Heat Trans-  
f e r  F l .  u i d  

Backup System: C o n v e n t i o n a l  E l e c t r i c  
Water Heater ( 5 2  G a l l o n s )  (197 L i t e r s )  

Annual S o l a r  Heat Ou tpu t :  
8 . 4  M i l l i o n  BTU (8.9 M i l l i o n  kJ) 

Annual C o n v e n t i o n a l  F u e l  P u r c h a s e s :  
E l e c t r i c i t y  - 906 kWh 
backup and 194 kWh 
f o r  P a r a s i t i c s  

rn B u i l d i q g :  O f f i c e  B u i l d i n g  w i t h  10,000 f t '  
(929 m ) of  F l o o r  Area 

rn Annual Energy Requirement  f o r  Water  
Hea t ing :  1 1 . 9  M i l l i o n  BTU 

(12 .6  M i l l i o n  k J )  

rn S e r v i c e  Hot Water  Tempera tu re :  
l lO°F (43OC) 

rn H o t  Water Requirement:  
94 GalJDay(362 L i t e r s J D a y )  - 
5 Days/Week 

-_ .- - 
RESOURCES 

(1) P.3, Hughes and  J . H .  Morehouse,  Comparison of S o l a r  Heat Pump Systems t o  C o n v e n t i o n a l  
Methods f o r  R e s i d e n t i a l  H e a t i n g ,  Coo l inp ,  and Water H e a t i n g ,  S c i e n c e  A p p l i c a t i o n s ,  
Inc . ,  1979 

( 2 )  Booz, A l l en  & Hami l ton ,  D r a f t  Repor t  i n  Suppor t  of t h e  DOEJOffice of Solar  A p p l i c a t i o n s .  
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TABLE 3-8 (Cont inued)  
___ - 

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

0 T o t a l  Annual Energy Requi rements :  11.9 M i l l i o n  BTU (12.6 M i l l i o n  k J )  

Annual Energy Requi rement  Met b y  S o l a r :  8.4 M i l l i o n  BTU (8.9 M i l l i o n  k J )  

0 Annual Energy Requirement M e t  by E l e c t r i c i t y :  3.5 M i l l i o n  BTU (3.7 M i l l i o n  k J )  

Net S o l a r  F r a c t i o n  69% 
REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 

ECONOMIC MEASURE (1980 DOLLARS) 

(1) L i f e  C y c l e  C o s t  ($1 
(2) L e v e l i z e d  C o s t  of Energy 

REFERENCE SOLAR- CONVENTIONAL ALTERNATIVE 

2146 1917 

$12.13/Million BTU $10.82/Million BTU 
( 1 1 . 4 9 / M i l l i o n  k J )  (10.26/Million k J )  

~~ ~ ~~ ~ ~ 

REFERENCE SOLAR SYSTEM COST: 1980 
( I n c l u d i n g  Backup System) 

(1980 DOLLARS) 

Component F i r s t  Annual L i f e  
c o s t  O&M (Years )  
($1 C o s t ( $ )  

(Exc.Fue1) 

C o l l e c t o r  944 40 20 

20 S t o r a g e  267 -- 
Elec t r ic  Water 

Heater 240 10 10 

TOTAL 2343 

Note -Cos ts  shown i n c l u d e  20% o v e r h e a d  

CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

Component F i r s t  Annual L i f e  
C o s t ( $ )  o&M (Years :  

C o s t ( $ )  
(Exc.Fue1) 

E l e c t r i c  
Water Heater 240 10  10 

I n s t a l l a t i o n  96 -- -- 

-- TOTAL 336 10 

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED I N  1985, 1990, 2000) 

- ~ ~~ ~ ~ 

SYSTDI CHARACTERISTICS (1980 $1 1985 1990 2000 

Annual S o l a r  System O u t p u t  ( M i l l i o n  BTU) 
Annual S o l a r  System Output  ( M i l l i o n  k J )  
Annual E l e c t r i c i t y  Requi rements  (kwh) 
System I n s t a l l e d  Cost ( C o s t  t o  End User )  
Annual O&M C o s t  ($ )  
L i f e  Cycle  C o s t  ($ )  
L e v e l i z e d  C o s t  of Energy  ( $ / M i l l i o n  BTU) 
L e v e l i z e d  C o s t  of Energy ( $ / M i l l i o n  kJ) 

8.4 
8.9 

1100 
2343 

50 
2207 
3.2.46 
11.82 

8.4 
8.9 

1100 
1930 
50 

2006 
11.33 
10.74 

8.4 
8.9 

1100 
1626 
50 

1973 
11.14 
10.57 
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TABLE 3-8 (Concluded)  

r--- 
CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 

(FOR SYSTEMS INSTALLED I N  1985,  1990 ,  2000) 

I 
(1) System I n s t a l l e d  Cost (Cost  t o  End Use r )  336 336 336 

( 3 )  Annual E l e c t r i c i t y  Purchased  (kWh) 3567 3567 3567 

(5 )  L e v e l i z e d  Cost  o f  Energy ( $ / M i l l i o n  BTU) 11.94 13 .20  16 .2  
(6) L e v e l i z e d  Cost  of Energy ( $ / M i l l i o n  kJ) 11.32 12 .52  1 5 . 4  

( 2 )  Annual O&M Cost ($) 10 1 0  10 

(4)  L i f e  C y c l e  Cost ($)  2114 2338 2879 

MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 
- 

(1) Ownership P a t t e r n :  S m a l l  Commercial 
( 2 )  A n a l y s i s  P e r i o d :  
( 3 )  F i r s t  Year Cost of E l e c t r i c i t y :  $0.037 /kWh 
(4) E l e c t r i c i t y  Cost E s c a l a t i o n  R a t e :  

20 Years 

10% Annua l ly  2.5% Rea l )  

I 
L 

RUDII.lCNTAKY ERROR ANAI,YSIS : MAJOR SOURCES OF ERROR 

TECHNOLUGY/APPLICATlON: SOLAR WATER HEATING/NEW COMMERCIAL B U I L D I N G ,  MADISON, W I S C O N S I N  

TYPE/SOURCE OF ERROR 

(1) TECHNICAL SOURCES 
( a )  C'ipi ta l  Cost E s t i m a t e  
( b )  O p e r a t i n g  E t f i c i e n c y  
( c )  C a p a c i t y  o r  A v a i l a b i l i t y  o r  Load F a c t o r  

( 2 )  ECONOFII C SOURCES 
(a) E s c a l a t i o n  i n  Cost  of Ref ined  P e t r o l e u m  P r o d u c t s  
( b )  E s c a l a t i o n  i n  Cost  of N a t u r a l  Cas 
( c )  I:sc.i lntion i n  Cost o f  E l e c t r i c i t y  

[J) SOC1I:TAL FACTORS 
(a) Envi ronmen ta l  Issues 
( b )  P u b l i c  Accep tance  I s s u e s ;  Delay i n  S c h e d u l e s  -- 

REASON(S) FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

4 5 

K K Y :  
( I )  'I'T.CHNICAL SOURCES 

I = nnsed on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = 1:asc.d on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  similar t o  e x i s t i n g  o n e s  
'3 = Rased on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = l k s e d  on  c o n c e p t u a l  d e s i g n s  
5 = l lased on an  a n a l o g y  

1 = S t e a d y  p r i c e s :  C o n t r a c t s  may b e  w r i t t e n  f o r  l o n g  p e r i o d s  ( 1 5  y e a r s )  w i t h  n o  

3 = U n c e r t a i n  p r i c e s :  Recen t  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  Recen t  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due  
t o  e n v i r o n m e n t a l  i s sues  o r  d e l a y  i n  s c h e d u l e  

3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Hajor c o s t  i n c r e a s e s  o r  d e l a y s  may be a n t i c i p a t e d  due  t o  p u b l i c  a c c e p t a n c e  o r  

( 2 )  [ICONOMIC SOURCES 

e s c a l a t i o n  c l a u s e s  

( 3 )  SOCIETAL SOURCES 

e n v i r o n m e n t a l  i s s u e s  
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TABLE 3-9 

SOLAR WATER AND SPACE HEATINGINEW COMMERCIAL BUILDING 

(1) REFERENCE SOLAR SYSTEM: 

(2)  APPLICATION: 

[3)  REPRESENTATIVE SITE: 

( 4 )  CONVENTIONAL ALTERNATIVE: 

S e l e c t i v e l y  S u r f a c e d  P l a t  P l a t e  C o l l e c t o r  
w i t h  !Jater Thermal S t o r a g e  

New C o x n e r c i a l  B u i l d i n g / S p a c e  and Water 
H e a t i n g  

F o r t  Worth, Texas  

Gas F u r n a c e  acd  G a s  Water H e a t e r  

REFERENCE SOLAR SYSTEM DESCRIPTION END USER REQUIREMENTS - 
C o l l e c t o r  Area and Type: S i n g l e - G l a z e d ,  Black  e 
Chrome S e l e c t i v e  S u r f a c e ,  F l a t  P l a t e  C o l l e c t o r -  
A c t i v e  Area $00 f t 2  (37 ,2  m2) 

S t o r a g e  System: 
-2000 G a l l o n  (7570 L i t e r )  Water 

-66 G a l l o n  (250 L i t e r )  Domestic Hot 
Tank 

Water P r e h e a t e r  Tank 

e 

Heat T r a n s f e r :  Closed  Loop System Using  
E t h y l e n e  G l y c o l / W a t e r  Mix A s  H e a t  T r a n s f e r  
F l u i d  e 

e 

Backup System: 
Gas F u r n a c e  160 ,000  BTU/hr (169 ,000  k J / h r )  
G a s  Water Heater 52 G a l l o n s  (197 L i t e r )  

e 

Annual S o l a r  Heat O u t p u t :  
40 .5  M i l l i o n  BTU (42 .7  M i l l i o n  kJ)  

Annual C o n v e n t i o n a l  F u e l  P u r c h a s e s :  
( f o r  Backup) 
N a t u r a l  Gas - 28.2 M i l l i o n  BTU (29 .7  M i l l i o n  kJ! 

e 

E l e c t r i c i t y  - 967 kWh e 

New O f f i c 5  S u i l d i  g S i n  
10,000 f t  (929 m ) B u i l d i n g  With a 
Seven Zone H e a t i n g  System 

C o n s e r v a t i o n  F e a t u r e s :  
-R-10 Wall I n s u l a t i o n  
-R-12 C e i l i n g  I n s u l t a t i o n  
-Double Glazed  Windows w i t h  

S o l a r  Bronze T r e a t m e n t  

e S t o r y ,  4 - .gl 

Annual Space  H e a t i n g  Requi rement :  

Annual Energy Requirement f o r  Water 
H e a t i n g :  

9 . 3  M i l l i o n  BTU(9.8 M i l l i o n  k J )  

S e r v i c e  Hot IJater Tempera ture :  

Hot Water Requi rement :  

51.2 M i l l i o n  BTU (54  M i l l i o n  W) 

llO°F (43OC) 

94 Gal/Day (362 L i t e r  /Day) 
5 DaysIWeek 

70°F (21OC) 

2405 

S p a c e  H e a t i n g  Tempera ture  S e t t i n g :  

Annual H e a t i n g  Degree  Days (Base  65OF) 

- 
RESOURCES 

(1)  ? .J .  Hughes and  J , H .  Morehouse,  Comparison of C o l a r  Heat Pump Sys tems t o  C o n v e n t i o n a l  
Methods f o r  R e s i d e n t i a l  H e a t i n g ,  C o o l i n g ,  and  Water H e a t i n g ,  S c i e n c e  A p p l i c a t i o n s ,  Inc.1979 

(2)  Booz, A l l e n  & Hamil ton ,  D r a f t  R e p o r t  i n  S u p p o r t  of t h e  DOE/Office of S o l a r  A p p l i c a t i o n s .  
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TABLE 3-9 (Con t inued)  

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

e T o t a l  Annual Energy Load: 60.5 M i l l i o n  BTU (63.8 M i l l i o n  kJ) 

e Annual Energy b a d  Met by  Solar: 40.5 M i l l i o n  BTU (42.7 Mil l ion  kJ) 

0 20.0 Mil l ion  BTU (21.1 M i l l i o n  kJ) 
Npt S o l a r  F r a c t i o n :  66% 
Annual Energy Load M e t  by N a t u r a l  Gas: 

- 
REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 

ECONOMIC MEASURE (1980 DOLLARS) REFERENCE SOLAR CONVENTIONAL ALTERNATIVE 

(1) L i f e  Cyc le  C o s t  ($1 15,684 13,706 
( 2 )  L e v e l i z e d  Cost of Energy $17,42/Million BTU $15.23/Million BTU 

- 

( $ 1 6 . 5 2 / M i l l i o n  kJ)  ($14.44/Million kJ) 

.I 

CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

REFERENCE SOLAR SYSTEM COST: 1980 
( I n c l u d i n g  Backup System; 

(1980 DOLLARS) 

Component F i r s t  Annual L i f e  
cost O&M (Year s  
( 7 )  C o s t ( $ >  

-- - 

(Exc . Fue l )  

C o l l e c t o r  
Subsystem 7422 400 20 

20 

Subsystem 720 40 20 
Gas Furnace  1800 50 20 
G a s  Water  

Heater 300 10  10 

20 C o n t r o l s  1535 -- 
20 D i s t r i b u t i o n  4620 -- 

I n s t a l l a t i o n  7130 -- -- 

S t o r a g e  1085 -- 
S o l a r  H o t  Water 

I TOTAL 24612 500 -- 

Component F i r s t  Annual L i f e  
c o s t  O&M (Year s )  

C o s t ( $ )  
(Exc . F u e l )  

G a s  F u r n a c e  1800 50 20 

Gas Water 
Heater 300 10 10 

20 D i s t r i b u t i o n  2400 -- 
I n s t a l l a t i o n  3218 _- - 

-- TOTAL 7718 60 

Note - C o s t s  shown i n c l u d e  20% overhead  

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED I N  1985, 1990, 2000) 

SYSTEM CHARACTERISTICS (1980 $1 1985 1990 2000 

Annual  S o l a r  S y s t e m ' O u t p u t  ( M i l l i o n  BTU) 
Annual S o l a r  System Outpu t  (Million kJ)  
System I n s t a l l e d  Cost (Cost  t o  End User) 
Annual N a t u r a l  Gas Requ i remen t s  (Therms) 
Annual E l e c t r i c i t y  Requ i remen t s  (kWh) 
Annual O&M Cost ($)  
L i f e  C y c l e  Cost ($) 
L e v e l i z e d  C o s t  of Energy ( $ / M i l l i o n  BTU) 
L e v e l i z e d  Cost of Energy ( $ / M i l l i o n  kJ) 

40.5 40.5 40.5 
42.7 42.7 42.7 

24612 21088 18508 
282 282 28 2 
967 967 967 
500 500 500 

16334 15300 16397 
18.15 16.99 18.22 
17.21 16.12 17.26 
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CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED I N  1985,  1990 ,  2000) - 

:ONVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

i- 

KUDLMENTARY ERROR ANALYSIS: MAJOR SOURCES OF ERROR 

II:cIINOLOC~~/A!’I’I,ICATLON: SOLAR WATER AND SPACE HEATING/NEW COMMERCIAL B U I L D I N G ,  FORT WORTH, TEXAS 

TYPE/SOURCE OF ERROR 

@ (1) TECHNICAL SOURCES 
( a )  C a p i t a l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E f f i c i e n c y  
( e )  (:;ip;icity o r  A v a i l a b i l i t y  o r  I ~ n d  F a c t o r  

2 )  ECONCNIC SOURCES 
(n)  E s c a l a t i o n  i n  Cos t  o f  Re f ined  P e t r o l e u m  P r o d u c t s  
( b )  I:sc:alatjon i n  Cos t  of N a t u r a l  G a s  
( c )  E s c a l a t i o n  i n  Cos t  of E l e c t r i c i t y  

( 3 )  SOCT ICTAL FACTORS 
( a )  Env i ronmen ta l  Tssiirs 
( b )  P u b l i c  Acceptance  I s s u e s ;  Delay i n  S c h e d u l e s  

REASON (S) FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

1 2 

X 

4 5 

t: !:’{ : 
(1) 1’ECIf;ILCAL SOURCES 

1 = I:ased on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Rased on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  simil.ar t o  e x i s t i n g  ones  
3 = !3ased on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Rased on  c o n c e p t u a l  d e s i g n s  
5 = Based on  an  ana logy  

1 = Steady  p r i c e s :  C o n t r a c t s  may be w r i t t e n  f o r  l o n g  p e r i o d s  (15 y e a r s )  w i t h  n o  

3 = U n c e r t a i n  p r i c e s :  Recent  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due’ 
t o  e n v i r o n m e n t a l  issues o r  d e l a y  i n  s c h e d u l e  

3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Yajo r  c o s t  i n c r e a s e s  o r  d e l a y s  may be  a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  

(2 )  ECONOMIC SOURCES 

e s c a l a t i o n  c l a u s e s  

Recent  i n c r e a s e s  of  more t h a n  20% per y e a r  

( 3 )  SOCfETAL SOURCES 

e n v i r o n m e n t a l  i s s u e s  
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TABLE 3-10 

SOLAR WATER AND SPACE HEATINGINEW COMMERCIAL BUILDING 

i 

drs 

(1) REFERENCE SOLAR SYSTEM: Selectively Surfaced Flat Plate Collector 
with Water Thermal Storage 

(2) APPLICATION: New Commercial BuildingJSpace and Water Heating 

(3) REPRESENTATIVE SITE: Madison, Wisconsin 

(4) CONVENTIONAL ALTERNATIVE: Gas Furnace and Gas Water Heater 

REFERENCE SOLAR SYSTEM DESCRIPTION END USER REQUIREMENTS ( 2 )  
-- 

0 Collector Area and Type: Single Glazed, 0 New Officq Buildiyg - Single Story, 
(929 m ) Building with a Black Chrome Selective Surface, Flat Plate 

Collector - Active Area 1500 ft2(140m ) 
10,000 ft 
Seven Zone Heating System 2 

0 Storage System: 

Water Tank 

Hot Water Preheater Tank 

-7500 Gallon (28,400 Liter) 

-66 Gallon (250 Liter) Domestic 

0 Conservation Features: 
-R-10 Wall Insulation 
-R-12 Ceiling Insulation 
-Double Glazed Windows with Solar 
Bronze Treatment 

0 Heat Transfer: Cloosed Loop System with 0 Annual Space Heating Requirement: 
Ethylene Glycol/Water Mix Used As Heat 193.7 Million BTU (204.4 Million k J )  
Transfer Fluid 

Annual Energy Requirement for Water 
0 Backup System Heating: 11.9 Million BTU (12.6 

-Gas Furnace (300,000 BTU/hr (316,000 Million kJ)  
kJ/hr) 

- G ~ ~  water Heater (52 Gallons)(197 liters) 0 Service Hot Water Temperature: 
110°F(430C) 

0 Annual Solar Heat Output: 93.7 Million 
BTU (98.9 Million kJ)  0 Hot Water Requirement: 94 Gal/Day 

(362 Liter /Day) 5 Days/Week 
0 Annual Conventional Fuel Purchases (for 

backup): Natural Gas-163.0 Million BTU 0 Space Heating Temperature Setting: 
(172.0 Million kJ) Electricity - 1934 kwh 700F (21OC) 

0 Annual Heating Degree Days (base 65OF): 
7863 

RESOURCES 

(1) P.J. Hughes and J.H. Morehouse, Comparison of Solar Heat Pump Systems to Conventional 
Methods for Residential Heating, Cooling, and Water Heating, Science Applications, Inc., 
1979 
5002, Allen b Hamilton, Draft Report in Support of the DOE/Office of Solar Applications. (2) 
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TABLE 3-10 (Continued) - 
REFERENCE SOLAR SYSTEM ENERGY BALANCE 

0 Total Annual Energy Load: 205.7 Million BTU (217.0 Elillion kJ) 
0 Annual Energy Load Met by Solar: 93.7 :$illion BTU (98.9 Million kJ) 
0 Annual Energy Load Met by Natural Gas: 112.0 Nillion BTU (118.1 IIillion kJ) 
0 Annual Natural Gas Requirements: 163.0 Million BTU (172.0 Hillion kJ) 
0 Annual Electrical Requirements: 6.6 Hillion BTU (7.0 Villion kJ) 

Net Solar Fraction: 46% 

REFERENCE SOLAR SYSTEM COST: 1980 
(Including Backup System) 

(1980 DOLLARS) 

Component First Annual Life 
cost O&M (Years) 

($)  Cost ($)  
(Exc.Fue1) 

Coll.ector Sub- 25987 900 20 

Storage 2094 -- 20 
system 

Solar Hot Water 
Subsystem 720 40 20 

Gas Furnace 2160 50 20 

2as Water 
Heater 300 10 10 

20 Controls 1535 _ _  

Distribution 4620 -- 20 

Installa tion 10243 -- __  

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 

ECONOMIC MEASURE (1980 DOLLARS) 
(1) Life Cycle Cost ($ )  
(2) Levelized Cost of Energy 

$47659 1000 _ _  

REFERENCE SOLAR CONVENTIONAL ALTERNATIVE 

$13.31/Million BTU $6.94/Million BTU 
($12.61/tfillion kJ) ($6.57/Million kJ) 

40,727 21,220 

CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

- 

Component First Annual Life 
cost O&M (Years) 

($)  Cost ($ )  
(Exc.Fue1) 

Gas Furnace 2160 50 20 

Gas Water 
Heater 300 10 10 

20 Distribution 2400 _- 

Installation 3562 -- -_ 

-_ TOTAL $8422 60  

Note - Costs shawn include 20% overhead 

SOLAR SYSTEM COST,TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED IN 1985, 1990, 2000) - - 

-- SYSTEM CHARACTERISTICS (1980 $)  1985 1990 2000 

(1) Annual Solar System Output (Million BTU) 93.7 93.7 93.7 
_-- 

(2) Annual Solar System Output (Million kJ) 98.9 98.9 98.9 
(3) Annual Natural Gas Requirements (Therms) 1,630 1,630 1,630 
(4) Annual Electricity Requirement (kh%) 1,934 1,934 1,934 
(5) System Installed Cost (Cost to Enduser)($) 47,659 38,921 . 32,713 

( 7 )  Life Cycle Cost ($) 43,267 40,756 46,444 
(8) Levelized Cost of Energy ($/Million BTU) 14.14 13.32 15.18 
(9) Levelized Cost of Energy ($/Million W) 13.40 12.62 14.38 

(6) Annual O&M Cost ($) 1,000 1,000 1,000 
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TABLE 3-10 (Concluded) 

1 
- 

X x 

X 
X 

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED I N  1985,  1990 ,  2000) 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $1 1985 1990 2000 

(1) System I n s t a l l e d  Cost (Cos t  t o  End Use r )  8422 8422 8422 
(2 )  Annual O&M Cos t  ($)  60 60 6 0  
(3 )  Annual  N a t u r a l  Gas Requirement  (Therms) 3023 3023 3023 
(4 )  L i f e  C y c l e  Cos t  ($) 25734 31597 49232 
( 5 )  L e v e l i z e d  Cos t  of Energy ( $ / M i l l i o n  BTU) 8 . 4 2  10.32 16.09 
( 6 )  L e v e l i z e d  Cos t  o f  Energy ( $ / M i l l i o n  kJ) 7.12 9.79 15.24 

MAJOR ECOMONIC ANALYSIS ASSUMPTIONS 

(1 )  Ownership P a t t e r n :  Commercial  
( 2 )  A n a l y s i s  P e r i o d :  20 y e a r s  
(3 )  F i r s t  Year c o s t  of N a t u r a l  Gas: 
( 4 )  F i r s t  Year Cost  of E l e c t r i c i t y :  $0.037 /kWh 
(5 )  N a t u r a l  Gas and E l e c t r i c i t y  Cos t  E s c a l a t i o n  

$ 3 . 4 2 / M i l l i o n  BTU ( $ 3 . 2 4 / M i l l i o n  kT) 

Rates 1 2 . 9 %  (5.4% r e a l )  a n n u a l l y  f o r  g a s  and 
10% (2.5% r e a l )  a n n u a l l y  f o r  e l e c t r i c i t y  

4. 

T 

2 3 4 

X 

X 
): 
>: 

RUDTEILNTARY E R R O R  ANALYSIS : M A J O R  SOURCES OF ERROR 

' I ' I ICIINOLOGY/APPLICATION: SOLAR WATER A N D  SPACE HEATING/NEW COMMERCIAL BUILDING, MADISON, WISCONSIN 

TYPE/SOURCE OF ERROR i 
0 (1) TECIINICAL SOURCES 

(a) C a p i t a l  Cost E s t i m a t e  
( b )  O p e r a t i n g  E f f i c i e n c y  
( c )  Capac.i t y  o r  A v a i l a h i  1 i t y  or Load F a c t o r  

( 2 )  ECONOMIC SUURCES 
(a) E s c a l a t i o n  i n  Cos t  of R e f i n e d  P e t r o l e u m  P r o d u c t s  
(h) E s c a l a t i o n  i n  Cost of N a t u r a l  Gas 
( c )  EscnLnt ion  i n  Cost  of E l e c t r i c i t y  

(3 )  SOCl ICTAL FACTORS 
( : I )  h i v  i ronmcn t n l  Issues 
( b )  1 ' c i I ) l  i c :  Acceptance I s s u e s ;  1)clay 111 Schrtdulcs  

5 

):E'{ : 
(1)  ' 1 ' ~ C l I ~ ~ ~ C ~ l L  SOURCES 

1 = 1:;ised on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = I3ased on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  s imi la r  t o  e x i s t i n g  ones 
3 = Rased on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on an  a n a l o g y  

1 = S t e a d y  p r i c e s :  C o n t r a c t s  may b e  w r i t t e n  f o r  l o n g  p e r i o d s  (L5 y e a r s )  w i t h  no 

3 = Uncertai .n  p r i c e s :  Recen t  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  

(2 )  ECONOEiIC SOURCES 

e s c a l a t i o n  c l a u s e s  

Recen t  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

(3) SOCIETAL SOURCES 
1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due  

t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  
3 = Hinor  e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Plajor c o s t  i n c r e a s e s  o r  d e l a y s  may b e  a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  

r. nv i r onme ri t ;I 1 i s  s u t ' s  
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TABLE 3-11 

! PASSIVE SOLAR SPACE HEATINGINEW SINGLE FAMILY HOMES ___ 

( 1 )  REFERENCE SOLAR SYSTEM: C o n c r e t e  Trombe Wall w i t h  Double G l a z i n g  and  N i g h t  l n s u l a t i o n  
( 2 )  APPLICATION: N e w  A l l - E l e c t r i c  S i n g l e  Fami ly  Home w i t h  P a s s i v e  S o l a r  

System f o r  Space  H e a t i n g  
( 3 )  REPRESENTATIVE SITE: Albuquerque ,  New Mexico 
(4)  CONVENTIONAL ALTERNATIVE: S i m i l a r l y  Des igned  A l l - E l e c t r i c  Home IJsing E l e c t r i c  Heat 

Pump f o r  Space  H e a t i n g  
h 

Source :  R e f  

SOLAR SYSTEM DESCRIPTION ( 3 ) ,  (4)  END USER REQUIREMENTS (1) 

drs 
System Type: Vented  Trombe Wall Home: Owner-Occupied One-Story,  T h r e e  

G l a z i n g :  294 f t 2  (27m2) Double G l a z e d ,  
Bedroom House, 1600 f t 2  (150m2) 

R 1 0  (0.5W/m°C) N i g h t  T n s u l a t i o n  C o n s e r v a t i o n  F e a t u r e s :  
- A l l  Windows Double Glazed  

-R-30 C e i l i n g  I n s u l a t i o n  
O r i e n t a t i o n :  Vertical ,  Due South  -R-19 Wall I n s u l a t i o n  

S t o r a g e  Material: 12  I n c h  (30 c m )  T h i c k  
F i l l e d  C o n c r e t e  Block ,  O u t s i d e  P a i n t e d  Annual H e a t i n g  Degree Days: 4290 
Black  

Annual Load Met by S o l a r :  32 M i l l i o n  Annual Space  H e a t i n g  Load: 49 M i l l i o n  BTU 
BTU (34 M i l l i o n  kJ), o r  ( 1 , 4 6 3  kWh) (52  M i l l i o n  k J )  

Space  H e a t i n g  T e m p e r a t u r e  S e t t i n g :  7OoF 
(21OC) 

Space  C o n d i t i o n i n g  U n i t :  3 Ton E l e c t r i c  
Heat Pump (COP = 2,25) 

RESOURCES 

(1) T o t a l  E n v i r o n m e n t a l  A c t i o n ,  D e t e r m i n a t i o n  of  P a s s i v e  System C o s t s  and  C o s t  G o a l s ,  
. H a r r i s v i l l e ,  NH,  1979.  

(2)  Roach, F. and N o l l ,  S . ,  " P a s s i v e  and A c t i v e  R e s i d e n t i a l  S o l a r  H e a t i n g  - A Compara t ive  
Economic A n a l y s i s " ,  Energy ,  Vol.  4 ,  1979,  pp .  623-644. 

( 3 )  U.S. Department of  Energy ,  P a s s i v e  S o l a r  Des ign  Handbook, V o l s .  I and 11, DOE/CS-0127, 
1980. 

( 4 )  Anderson, Bruce ,  The S o l a r  Home Book, H a r r i s v i l l e ,  NH: C h e s h i r e  Books, 1977.  

(5) The F i r s t  P a s s i v e  S o l a r  Home Awards. P r e p a r e d  by F r a n k l i n  R e s e a r c h  C e n t e r  f o r  
U.S, Depar tment  of Hous ing  and  Urban Development,  J a n u a r y  1 9 7 9 ,  

(6)  Hughes,  P, and  Morehouse,  J. Comparison of  S o l a r  Heat Pump Systems t o  C o n v e n t i o n a l  
Methods,  S c i e n c e  A p p l i c a t i o n s ,  I n c . ,  1979. 
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TABLE 3-11 ( C o n t i n u e d )  

w- REFERENCE SOLAR SYSTEM ENERGY BALANCE 

T o t a l  Annual H e a t i n g  Load: 49 M i l l i o n  BTU (52 M i l l i o n  kJ) 
Annual Load Met by S o l a r :  32 M i l l i o n  BTU (34 M i l l i o n  kJ) 
Annual Load M e t  by Heat Pump: 17 M i l l i o n  BTU (18 M i l l i o n  kJ)  
Annual E l e c t r i c i t y  Requi rement :  2250 kwh (COP = 2.25) 
F r a c t i o n  o f  Load Met by S o l a r :  65% - 
REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 

ECONOMIC MEASURE (1980 DOLLARS) REFERENCE SOLAR CONVENTIONAL ALTERNATIVE 

(1) L i f e  C y c l e  Cos t  ( 0 0 0  $) 11,965 10,300 
(2) L e v e l i z e d  C o s t  of  Energy $ 1 2 , 2 1 / M i l l i o n  BTU $ l O . S l / M i l l i o n  BTU 

( $ 1  1 58 /Mi l l ion  kJ) ($9.96/Million k2) 

REFERENCE SOLAR SYSTEM COST: 
1980 DOLLARS (2) 

Material Labor T o t a l  Annual 
Component C o s t  C o s t  C o s t  O&M 

Masonry $ 900 $1260 $2160 
P a i n t  40 120 160 
G l a z i n g  890 280 1170 $25 
Roof ing  240 130 370 
T r i m  200 250 450 
Framing 810 140 950 
I n s u l a t i r g  

C u r t a i n  1170 270 1440 
d a l l  C r e d i t  -500 -250 -750 
Heat Pump 1700 850 2550 50 

TOTAL $5450 $3050 $8500 $75 

CONVENTIONAL ALTERNATIVE 
SYSTEM COST: 1980 DOLLARS (6) 

Material Labor T o t a l  Annual 
Component Cost c o s t  c o s t  0 & M  

Heat Pump $1400 $ 650 $2050 $50 
C o n t r o l s  50 50 100 0 
D i s t r i b u t i o n  250 15 0 400 0 

TOTAL $1700 $ 850 $2550 $50 

REFERENCE SOLAR SYSTEM 
COST AND ECnWnMIC PERFORMANCE FOR SYSTEPIS INbTALLED I N  

I- 

1985, i w n ,  mw - 
SYSTEM CHARACTERISTICS ( F i x e d  1980 $) 1985 1990 2000 - 

(1) System Installed Cost ($) 8,500 8.500 8.500 
(2) L i f e  C y c l e  C o s t  ($) 12,346 12 ,982  1 4 , 8 2 1  

( 4 )  L e v e l i z e d  C o s t  of  Energy ( $ / M i l l i o n  BTU) 12.60 13.04 15.12  
(5) L e v e l i z e d  Cos t  of Energy ( $ / M i l l i o n  kJ) 11.95 12.36 14.33 

(3) Annual O&M Cost ($1 75 75 75 

CONVENTIONAL ALTERNATIVE 
COST AND ECONOXIC PERFORMANCE FOR SYSTEMS INSTALLED I N  

1985, 1990, 2000 - - 
CONVENTIONAL SYSTEM CHARACTERISTICS (FIXED 1980 $1 1985 1990 2000 - 
(1) System I n s t a l l e d  Cos t  ($) 2,550 2,550 2,550 
(2) L i f e  C y c l e  Cos t  ($1 11,216 12,257 14,767 
(3) Annual O&M Cost  ($1 50 50 50 
(4) L e v e l i z e d  C o s t  o f  Energy ( $ / M i l l i o n  BTU) 11.44 12.51 15.07 
(5) L e v e l i z e d  Cos t  of Energy ( $ / M i l l i o n  kJ) 10.85 11.86 14.29 
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TABLE 3-12 

PASSIVE SOLAR SPACE HEATING/NEW SINGLE FAMILY HOMES - 
REFERENCE SOLAR SYSTEM: 
APPLICATION : 
REPRESENTATIVE SITE: Madison, Wiscons in  
CONVENTIONAL ALTERNATIVE: 

C o n c r e t e  Trombe Wall w i t h  Double G l a z i n g  and  N i g h t  I n s u l a t i o n  
N e w  S i n g l e  Family Home Space  H e a t i n g  

S i m i l a r l y  Des igned  S i n g l e  Family Home Using  N a t u r a l  G a s  
Forced  A i r  F u r n a c e  f o r  Space  H e a t i n g  

h 

s o u r c e :  R e f .  

REFERENCE SOLAR SYSTEM DESCRIPTION ( 3 ,  4 )  END USER REQUIREMENTS (1) 

- 
System Type: Vented  Trombe Wall 

G l a z i n g :  
R 1 0  (0.5W/m - C), Night  I n s u l a t i o n  

O r i e n t a t i o n :  V e r t i c a l ,  Due S o u t h  

S t o r a g e  Material: 12-Inch (30 cm) T h i c k  
F i l l e d  C o n c r e t e  Block ,  O u t s i d e  P a i n t e d  
Black  

Annual Load Met by S o l a r :  4 1  M i l l i o n  
BTU ( 4 3  M i l l i o n  k J )  

4 8 f t 2  (38m2), Double G l a z e d ,  
8 0  

Home: Owner-Occupied One-Story,  T h r e e  
Bedroom House,  1400 f t 2  (1301112) w i t h  
700 f t 2  (65m2) F i n i s h e d  Basement 

C o n s e r v a t i o n  F e a t u r e s :  
- A l l  Windows Double Glazed  
-R-19 Wall I n s u l a t i o n  
-R-30 C e i l i n g  I n s u l a t i o n  

Annual H e a t i n g  Degree Days: 7730 

Annual Space  H e a t i n g  Load: 103 M i l l i o n  
BTU (109 M i l l i o n  k J )  

S p a c e  H e a t i n g  T e m p e r a t u r e  S e t t i n g :  
70°F (21OC) 

S p a c e  C o n d i t i o n i n g  U n i t :  40,000 BTU/hr 
(42 ,200  k J / h r )  N a t u r a l  Gas Forced  A i r  
F u r n a c e  (75% E f f i c i e n c y ) .  

-- 
RESOURCES 

T o t a l  Envi ronmenta l  A c t i o n ,  D e t e r m i n a t i o n  o f  P a s s i v e  System C o s t s  and C o s t  G o a l s ,  
H a r r i s v i l l e ,  N H ,  1979 

Roach, F. and Noll, S . ,  " P a s s i v e  and A c t i v e  R e s i d e n t i a l  S o l a r  H e a t i n g :  A Compara t ive  
Economic A n a l y s i s " ,  Energy ,  V o l .  4 ,  1979, pp. 623-644 

U .  S .  Department o f  Energy ,  P a s s i v e  S o l a r  Des ign  Handbook, Vols .  I and 11, DOE/ 
CS-0127, 1980 

Anderson ,  Bruce ,  The S o l a r  Home Book, H a r r i s v i l l e ,  N H :  C h e s h i r e  Books, 1977 

The F i r s t  P a s s i v e  S o l a r  Home Awards. 
U . S .  Department of Housing and Urban Development,  J a n u a r y ,  1979. 

Hughes, P. and Morehouse,  J . ,  Comparison of S o l a r  Heat  Pump Systems t o  C o n v e n t i o n a l  
Methods.  S c i e n c e  A p p l i c a t i o n s ,  I n c . ,  !979. 

P r e p a r e d  by  F r a n k l i n  Research  C e n t e r  f o r  
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TABLE 3-12 (Cont inued)  

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

T o t a l  Annual H e a t i n g  'Load: 

Annual Gas Requirement:  82 M i l l i o n  BTU (86 M i l l i o n  kJ) (75% E f f i c i e n c y )  

F r a c t i o n  of  Load M e t  by S o l a r :  40% 

1 0 3  M i l l i o n  BTU (109 M i l l i o n  kJ) 

Annual Load M e t  by S o l a r :  

Annual Load Met by  Furnace :  

4 1  M i l l i o n  BTU ( 4 3  M i l l i o n  kJ) 

62 M i l l i o n  BTU (65  M i l l i o n  kJ) 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 

ECONOMIC MEASURE (1980 OXLARS) REFERENCE SOLAR CONVENTIONAL ALTERNATIVE 

(1) L i f e  C y c l e  C o s t  ($ )  21,673 22,829 
(2) L e v e l i z e d  C o s t  of  Energy  $ 1 0 . 5 2 / M i l l i o n  BTU $ 1 1 , 0 8 / M i l l i o n  BTU 

( $ 9 , 9 7 / M i l l i o n  kJ) ( $ 1 0 , 5 0 / M i l l i o n  kJ) 

I REFERENCE SOLAR SYSTEM COST: 1980 ( 2 )  

Material Labor T o t a l  Annual 
Component C o s t  Cos t  Cos t  O&M 

Masonry $1250 
P a i n t  50  
G l a z i n g  1250 
Roof ing  380 
T r i m  310 
Framing 1130 
I n s u l a t i n g  

C u r t a i n  1 6 2 0  
Wall C r e d i t  -700 
F u r n a c e  600 

$1750 
150 
380 
1 6 0  
310 
1 9 0  

380 
-350 

400 

$3000 
200 

540 
620 

1320 

2000 
-1050 

1000 50  

1630 $25 

I TOTAL $5890 $3370 $9260 $75 

CONVENTIONAL ALTERNATIVE SYSTEM COST: 1 9 8 0 ( 6  

M a t e r i a l  Labor T o t a l  Annual 
Component C o s t  C o s t  Cos t  O&M 

F u r n a c e  $300 $200 $500 $50 
C o n t r o l s  50  50 100 
D i s t r i b u t i o n  250 1 5 0  400 

TOTAL $600 $400 $1000 $50 

REFERENCE SOLAR SYSTEM 

1985,  1990,  2000 
COST AND ECONOMIC PERFORMANCE FOR SYSTEMS INSTALLEn I N  

- - 
SYSTEM CHARACTERISTICS (Fixed. 1 9 8 0  S )  1 9 8 5  1 9 9 0  2000 - 

(1) System I n s t a l l e d  C o s t  ($) 9,260 9,260 9,260 
(2)  L i f e  C y c l e  C o s t  ($ )  25,506 30,417 47 ,701  

(4) L e v e l i z e d  C o s t  of Energy ( $ / M i l l i o n  BTU). 12.38 14.77 23.16 
(5) L e v e l i z e d  C o s t  of Energy ( $ / M i l l i o n  kJ) 11.74 14.00 21.96 

(3)  Annual O&M C o s t  ($1 1 5  75 75 

CONVENTIONAL ALTERNATIVE 
COST AND ECONOMIC PERFORMANCE FOR SYSTEMS INSTALLED I N  

1985. 1990,  2000 

CONVENTIONAL SYSTEM CHARACTERISTICS (FIXED 1980 $1 1985 1990 2000 

(1) System I n s t a l l e d  C o s t  ($) 1,000 1,000 1,000 
-- 

(2)  L i f e  C y c l e  C o s t  ($1 28,771 30,398 58 ,738  
(3) Annual O&M C o s t  ($1 50 so 50 
(4) L e v e l i z e d  C o s t  of Energy  ( $ / M i l l i o n  BTLJ) 13.97 17.67 28.51 
(5) L e v e l i z e d  C o s t  of Energy  ( $ / M i l l i o n  kJ) 13.24 16.75 27.03 

- -  
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TABLE 3-12 (Concluded)  

Owners h i p  : 
A n a l y s i s  P e r i o d :  
F i n a n c i n g  P e r i o d :  
I n t e r e s t  Rate: 
G e n e r a l  I n f l a t i o n  R a t e :  
F i r s t  Year F u e l  C o s t :  
F u e l  Cost E s c a l a t i o n  Ra te :  
D i s c o u n t  R a t e :  
Income Tax Rate: 
P r o p e r t y  Tax R a t e :  

T o t a l  F e d e r a l  Tax C r e d i t s :  
T o t a l  S t a t e  Tax C r e d i t s :  

Homeowner 
20 Year s  
20 Year s  
12%/Year 
7.5% 
$ 6 . 2 9 / M i l l i o n  BTU 
12.5%/\Iear  
10.5%/Year  
30% 
S o l a r  System Exempt from P r o p e r t y  
Tax Through 1990 
0.00 
$1 ,320  Through 1990 

RUf~ll~l~N’lAl<~’ ICKROK ANAI,YS I S : MATOR SOURCES OF ERROR 

~ ’ E c I I N o L o ~ ’ I ’ / ~ ~ I ~ I ~ L T c A ~ ’ ~ ~ N :  PASSIVE SOLAR HEATING - MADISON, WISCONSIN 

‘IYI’E/SOURCE OF ERROR 

(I ) ‘1‘1:CHN 1 CAI, SOURCES 
( a )  C a p i L a l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E r l i c i e n c y  

N / A  ( c )  (:;tp;ici t y  o r  A v n i l a h i l i  t y  or T.onrl Fac to r  

2 )  ECONOb1I C SOURCES 
N / A  ( : I )  I , : s ca l a t ion  i n  Cos t  o r  R e f i n e d  P e t r o l e u m  P r o d u c t s  

( b )  1 : sca lo t ion  i n  Cost of N a t u r a l  Gas 
N/A ( c )  1:scaInt ion i n  c o s t  of I c l e c t r i c i t y  

( i) SOLI IC’I’AI. FA(X”)l<S 
( : I )  1Ciivironrn~vnt;i I Isstirs 
( I ) )  I’t1111 i c  Aci:t~liL:ince I SSUC.S;  I)c,I.ny i n  S c h e d i i l e s  

-..-_I_ 

1 

REASON(S) FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

KEY: 
( 1 )  ‘ I ’ K C I I N I  CAI, SOURCES 

I = Ilased 011 s y s t e m s  ac tua1 l .y  b u i l t  and o p e r a t i n g  
2 = I h s e d  on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  s imi la r  t o  e x i s t i n g  ones  
‘3 = Rased on e n g i n e e r i n g  d e s i g n s  o f  new f a c i l i t i e s  
4 = I h s e d  on c o n c e p t u a l  d e s i x n s  
5 = Based o n  an  a n a l o g y  

___ 
4 

X 

X 

5 

-.- 

(2) I<CONONI C SOURCES 
I = Stt.ndy p r i r . r s :  Cnn t r : i r t s  may h r  w r i t t e n  f o r  I . o n ~ .  p e r i o d s  (15  y e a r s )  w i t h  n o  

‘j = U n c e r t a i n  p r i c e s :  Recen t  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  Recen t  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

esc;il;i t i on c l a u s e s  

( 3 )  SOClETAL SOURCES 
1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  in o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 

t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  
3 = !Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Major c o s t  i n c r e a s e s  o r  d e l a y s  may b e  a n t i c i p a t e d  due to  p u b l i c  a c c e p t a n c e  o r  

cnv  i r onme n t a 1 i s  s u e s  
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TABLE 3-13 

WIND/NEW SINGLE FAMILY HOMES 

?- 
Grid 

Electricity 

(1) REFERENCE SOLAR SYSTEM: 10 kW, 3-Bladed Wind Turbine Generator on a 40 ft (12.2m) 
Tower. No Onsite Electricity Storage System. Utility 
Interconnected 

(2) APPLICATION: New All Electric, Air Conditioned, Single Family Home 

(3) REPRESENTATIVE SITE: Boston, Massachusetts 

(4) CONVENTIONAL ALTERNATIVE: Electricity Purchased from Local Utility 

Misc 
Electric 

Load 

Wind 
Turbine 7 Generator 

Heating 
or - Heat 7,////, 

Pump Cooling Load 

m U Electric I 

-- 
REFERENCE SOLAR SYSTEM DESCRIPTION (1) END USER REQUIREMENTS (2) 

0 Peak Output: 10 kW at 25 mph (40.2 kmph) 0 Home: Owner Occupied, Single Family, One 
Story, All Electric Home with 1,600 ft2 

0 System Characteristics: 3 Bladed W G ,  (148.6m2) of Living Space. No Basement 
24.3 ft (7.4m) Rotor Diameter, On a 40 ft 
(12.2m) Tower Producing A.C. Electricity at 0 Annual Energy Requirement: 23,300 kWh 
240 V, 60 hz. Operates between Speeds of 
9-60 mph (14,5-96.6 kmph) 0 Annual Energy Requirement for Space 

Heating: 8,725 kwh 

Annual Energy Requirements for Hot Water: 
0 Onsite Electrical Storage System: None 

0 Utility Interconnected: 4,384 kWh 
0 

- Utility Serves as Backup 
- Excess Power Sold to Utility 0 Space Conditioning Unit: 3 Ton Heat Pump 

0 Annual Energy Output: 13,200 kwh 0 Conservation Features: R-30 Attic 
Insulation, R-19 Walls. Double Glazed 
Windows 

- -- 
RESOURCES 

(I.) 

(2) 

Milville Wind and Solar Equipment Company, Milville, CA 

Boston Edison Company, Boston, Mass. Personal Communication - George Day 
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TABLE 3-13 (Cont inued)  
-- 

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

0 T o t a l  Energy Requi rements  of Homeowner: 23 ,300  kWh 
0 Wind Machine Annual Energy Output :  13 ,200  kWh 
0 Annual Energy Requi rements  P u r c h a s e d  from L o c a l  U t i l i t y :  1 5 , 2 4 8  kWh 
0 Annual Sys tems Output  Sold  t o  L o c a l  U t i l i t y :  5 , 1 4 8  kWh 
0 P e r c e n t a g e  of  Load m e t  by S o l a r :  35% 

L - .  -. 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 

ECONOMIC MEASURE 11980 DOLLARS-) REFERENCE SOLAR CONVENTIONAL ALTERNATIVE 

(1)  L i f e  C y c l e  Cos t  ~13,601 43,285 
( 2 )  L e v e l i z e d  Cos t  of Energy ($/kWh) 0.07 -_ 

( S o l a r  and Backup) 

( S o l a r  Only) 

( C o n v e n t i o n a l  Only) 

(3)  L e v e l i z e d  Cost of Energy ($/kWh) 0.06 -- 

( 4 )  L e v e l i z e d  Cos t  of Energy ($/kWh) _ _  0.07 

REFERENCE SOLAR SYSTEM COST: 1980 DOLLARS 
( I n c l u d i n g  Backup From L o c a l  U t i l i t y )  

F i r s t  Annual L i f e  
c o s t  O&M Cos t  (Years )  

Component ($) ($ )  

Wind T u r b i n e  1 0 , 7 5 0  30 

Tower 3 ,064  30 

S i t e  P r e p a r a t i o n  2 ,510  

O t h e r  90 

G e n e r a t o r  

T r a n s p o r t a t i o n  300 -- 

& I n s t a l l a t i o n  

_ _ _ _ ~ _ _ _ -  
TOTAL 16,714 100 30 

CONVEATIONAL SYSTEM COST : 1980 DOLLARS 

F i r s t  Annual L i f e  
c o s t  O&M Cost  (Years )  

Component ($)  ($)  

No I n c r e m e n t a l  Systems I n s t a l l e d  C o s t  i s  
I n c u r r e d  F o r  E l e c t r i c i t y  P u r c h a s e d  from 
L o c a l  U t i l i t y  

TOTAL 0 0 

REFERENCE SOLAR SYSTEM COST, TECHNICAL AND ECONOMIC PERFORMANCE 
FOR SYSTEMS INSTALLED IN 1985. 1990, 2000 

. 

SYSTEM CHARACTERISTICS ( F i x e d  1980 $)  1985 1990 2000 

(1) Annual Energy Output  (kWh) 13 ,200  13,20C 13 ,200  
(2)  Overall C a p a c i t y  F a c t o r  15 .1% 15.1% 15.1% 
(3)  System I n s t a l l e d  C o s t  ($)  14,730 12 ,830  12.060 
( 4 )  Annual O&M C o s t  ($) 110 112 149 
(5) E l e c t r i c i t y  P u r c h a s e d  from L o c a l  U t i l i t y  Annually(kWh) 15 ,248  1 5 , 2 4 8  15 ,248  

(7)  L e v e l i z e d  Cos t  of Energy ( S o l a r  & Backup) ($/kWh) 0.07  0.07 0 . 0 9  
(8)  L e v e l i z e d  Cos t  of  Energy ( S o l a r  Only) ($/kWh) 0 . 0 5  0 .04  0 . 0 3  

CONVENTIONAL ALTERNATIVE ECONOMIC PERFORMANCE FOR 

(6)  L i f e  Cycle  C o s t ( 0 0 0  $) 46,133 5 0 , 7 6 3  58 ,893  

SYSTEMS INSTALLED I N  1985,  1990,  2000 

CONVENTIONAL SYSTEM CHARACTERISTICS ( C o n s t a n t  1980 $) 1985 1990 2000 

(1) I n i t i a l  C o s t  of P u r c h a s e d  E l e c t r i c i t y  ($/kWh) 0.074 0.083 0.107 
(2) 1 , i fe  C y c l e  C o s t  ($) 48,937 55,400 70,929 
(3) L e v e l i z e d  Cos t  of Energy ($/kWh) 0.08 0.09 0.12 
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TABLE 3-13 (Concluded)  

ECONOMIC ANALYSIS ASSUMPTIONS 

System OwnershiD: 
System Expec ted  U s e f u l  L i f e :  
Downpayment: 
F i n a n c i n g  P e r i o d :  
Mortgage Interest  Rate: 
G e n e r a l  I n f l a t i o n  Ra te :  
Cos t  of E l e c t r i c i t y  Dur ing  F i r s t  Year: 
E l e c t r i c i t y  C o s t  E s c a l a t i o n  Rate (Real): 
D i s c o u n t  Rate (Nominal) : 
M a r g i n a l  F e d e r a l  Tax Rate: 
P r o p e r t y  Tax P a t e :  
S t a t e  S a l e s  Tax Rate: 
F e d e r a l  Tax C r e d i t s :  
S t a t e  Tax C r e d i t :  
P r i c e  a t  Which Excess  E l e c t r i c i t y  Produced 
S o l d  t o  t h e  L o c a l  U t i l i t y :  

Homeowner 
30 Years 
20% 
20 Years 
12% 
7 .5% 
0.065 ($/kWh) 
2.5% 
10.5% 
30% 
0.00% 
0 0 00% 
$4,000 
$1,000 

is 
0.03 ('i/kWh) 

KUDIElENTARY ERROR ANALYSIS : MAJOR SOURCES OF ERROR 

TECIINOLOGY/APPLICATION: WIND/NEW S I N G L E  F A M I L Y  HOMES, BOSTON, MASSACHUSETTS 

TYPE/SOURCE OF ERROR 
__ 

(1) TECHNICAL SOURCES 
(a) C a p i t a l  Cos t  E s t i m a t e  
( h )  O p e r a t i n g  E f f i c i e n c y  
( c )  Capnc:i.ty o r  A v a i l a b i l i t y  or Load F a c t o r  

( 2 )  L(:OXOMI C SOURCES 
( a )  l l s c n l a t i o n  i n  Cost  of Re f ined  P e t r o l e u m  P r o d u c t s  
( h )  I:s(:nLation i n  Cost of Natural Gas 
( c )  E s c a l a t i o n  i n  Cos t  of E l r c t r i r i t y  

[3) SOCl I<TAL FACTORS 
( a )  E n v i r o n m e n t a l  Issues 
( b )  I ' u b l i c  Accep tance  I s s u e s ;  Delay i n  S c h e d u l e s  

KEY : 
(1 )  'TECIINICAL SOURCES 

1 = Based on sys t ems  a c t u a l l y  b u i l t  and o p e r a t i n g  

REASON (S )  FOR ERRORS 
(CHECK APPROPRIATE BOXES 

U S I N G  KEY BELOW) 

2 = Based on d e t a i l e d  d e s i g n s  o f  f a c i l i t i e s  similar t o  e x i s t i n g  o n e s  
3 = Based on e n g i n e e r i n g  d e s i g n s  o f  new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based o n  an  a n a l o g y  

1 = S t e a d y  p r i c e s :  C o n t r a c t s  may he  w r i t t e n  for l o n g  p e r i o d s  (15 y e a r s )  w i t h  n o  

3 = U n c e r t a i n  p r i c e s :  Recen t  v o l a t i l i t y  on t h e  o r d e r  o f  20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  Recen t  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 
t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  

3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Xajor c o s t  i n c r e a s e s  o r  d e l a y s  may he a n t i c i p a t e d  due  t o  p u b l i c  a c c e p t a n c e  o r  

( 2 )  l:(:ONOMI C SOURCES 

e s c a l a t i o n  c l a u s e s  

( 3 )  SOClETAL SOURCES 

e n v i r o n m e n t a l  i s s u e s  
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TABLE 3-14 

IJIND/NEW SINGLE FAMILY HOMES 

(1) REFERENCE SOLAR SYSTEM: 10 kW, 3-Bladed Wind T u r b i n e  G e n e r a t o r  on a 40 f t  (12.2m) 
Tower. N o  O n s i t e  E l e c t r i c i t y  S t o r a g e  System. U t i l i t y  
I n t e r c o n n e c t e d  

( 2 )  APPLICATION: N e w  A l l  E l e c t r i c ,  A i r  C o n d i t i o n e d ,  S i n g l e  Family Home 

( 3 )  REPRESENTATIVE SITE: Dodge C i t y ,  Kansas  

( 4 )  CONVENTIONAL ALTERNATIVE: E l e c t r i c i t y  Purchased  from L o c a l  U t i l i t y  

Electric Electricity 

Wind Heating - or J” 
Heat 7 

Pump Cooling Load 
Turbine 

Generator 

Electric 

Heater 
r1=0.75 

Water HW HW 
Load 

* - 
Supply 

END USER REQUIREMENTS ( 2 )  - REFERENCE SOLAR SYSTEM DESCRIPTION (1) 

0 Peak O u t p u t :  1 0  kW a t  25 mph (40.2 kmph) 0 Home: Owner Occup ied ,  S i n g l e  Fami ly ,  One 
S t o r y ,  A l l - E l e c t r i c  Home w i t h  1 , 6 0 0  f t 2  

0 System C h a r a c t e r i s t i c s :  3 Bladed WTG (148.6m2) o f  L i v i n g  Space .  No Basement 
Loca ted  on a 40 f t  ( 1 2 . 2 m )  Tower P r o d u c i n g  
AC E l e c t r i c i t y .  240 V ,  60 hz .  O p e r a t e s  
Between Wind Speeds  of (9-60)mph (14.5-96.6 
kmph .) 0 Anniial Energy Requirement:  23 ,800  kWh 

0 O n s i t e  E l e c t r i c a l  S t o r a g e  System: None 0 Annual Energy Requirement  f o r  Space 

0 U t i l i t y  I n t e r c o n n e c t e d :  
H e a t i n g :  8 , 6 7 5  kWh 

- U t i l i t y  S e r v e s  as Backup 0 Annual Energy Requ i remen t s  f o r  Hot Water: 
-Excess  Power S o l d  t o  U t i l i t y  4 ,384  kWh 

0 Annual  Energy O u t p u t :  24,700 kWh 0 SDace C o n d i t i o n i n g  Llnit :  3 Ton Heat Pump 

0 C o n s e r v a t i o n  F e a t u r e s :  R-30 A t t i c  
I n s u l a t i o n ,  R-19 i n  Walls. Double 
Glazed Windows. 

RESOURCES 

(1) M i l l v i l l e  Wind & S o l a r  Equipment Company, M i l l v i l l e ,  CA 

( 2 )  Kansas Gas & E l e c t r i c  Co., W i c h i t a ,  Kansas ,  P e r s o n a l  Communication w i t h  Wade Wright  
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TABLE 3-14 (Continued) 

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

0 Total Energy Requirements of Homeowner: 23,800 kWh 
0 Wind Machine Annual Energy Output: 24,700 kwh 
0 Annual Energy Requirements Purchased from Local Utility: 12,932 kWh 
0 Annual Systems Output Sold to Local Utility: 13,832 kWh 
0 Percentage of Load Met by S o l a r :  46% 

__ 
REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 

REFERENCE SOLAR CONVENTIONAL ALTERNATIVE - ECONOMIC MEASURE (1980 T)OT.LARS) 
(1) Life Cycle Cost (000 $)  37,704 
(2) Levelized Cost of  Energy ($/kWh) 0.05 

( 3 )  Levelized Cost of Energy ($/kWh) 0.03 

(4) Levelized Cost of Energy ($/kWh) _ _  0.06 

38,482 
-- 

(Solar and Backup) 

(Solar Only) 

(Conventional Only) 

-- 

REFERENCE SOLAR SYSTEM COST: (1980 DOLLARS) 
(Including Backup From Local Utility) 

First Cost Annual O&M 
Component ($)  Cost ($ )  

Wind Turbine 
Generator 10,750 

Tower 3,064 
Transportation 250 
Site Preparation 

& Installation 2,340 
Other 90 

Life 
(Years) 

30 
30 _ _  
-- 
_- 

TOTAL $16,494 100 30 

CONVENTIONAL ALTERNATIVE SYSTEM COST: 
(1980 DOLLARS 

First Cost Annual O&M Life 
Component ($ )  Cost ($ )  (Years 

No Incremental System Installed Cost 
Is Incuzred f o r  Electricity Purchased 
from Local Utility 

-- _ _  TOTAL 0 

REFERENCE SOLAR SYSTEM 
COST. TECHNICAL AND ECONOMTC PERFORMANCE 
FOR SYSTEMS INSTALLED IN 1985, 1990, 2000 

SYSTEM CHARACTERISTICS (Fixed 1980 $)  1985 1990 2000 

(1) Annual Energy Output (kWh) 24,700 24,700 24,700 
(2) Overall Capacity Factor 28.2% 28.2% 28.2% 
(3) System Installed Cost ($)  14,730 12,830 12,060 
(4) Annual O&M Cost ( $ )  110 122 149 
(5) Electricity Purchased from Local Utility Annually CkWh)12,932 12,932 12,932 
(6) Life Cycle Cost ($ )  38,947 40,953 48,219 
(7) Levelized Cost of Energy (Wind & Backup) ($/kWh) 0.05 0.05 0.G6 
(8) Levelized Cost of Energy (Wind Only) ($/kWh) 0.02 0.01 0.002 

CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE FOR SYSTEMS INSTALLED IN 1985, 1990, 2000 

CONVENTIONAL SYSTEM CHARACTERISTICS (Fixed 1980 $)  1985 1990 2000 

(1) Initial Cost of Purchased Electricity ($/kWh) 0.067 0.076 0.097 
(2) Life Cycle Cost ($1 44,320 49,273 63,039 
(3) Levelized Cost of Energy ($/kWh) 0.07 0.08 0.11 
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TABLE 3-14 (Concluded)  

TYPE/SOURCE OF ERROR __ ._ 

ECONOMIC ANALYSIS ASSUMPTIONS 

1 2 

System Expected  U s e f u l  L i f e :  
System Ownership: 
Downpayment: 
F i n a n c i n g  P e r i o d :  
Mortgage I n t e r e s t  Rate: 
Cos t  of E l e c t r i c i t y  Dur ing  F i r s t  Year: 
E l e c t r i c i t y  Cos t  E s c a l a t i o n  Rate ( R e a l ) :  
D i scoun t  Ra te  (Nominal ) :  
G e n e r a l  I n f l a t i o n  Rate: 
F e d e r a l  Tax C r e d i t s :  
S t a t e  Tax C r e d i t :  
S t a t e  S a l e s  Tax Rate: 
Marg ina l  F e d e r a l  Tax Rate: 
P r o p e r t y  Tax Rate: 
P r i c e  a t  Which Excess  E l e c t r i c i t y  Produced 
S o l d  t o  t h e  L o c a l  U t i l i t y :  

30 Years 
Homeowner 
2 0% 
20 Years 
1 2 %  
0 .059  ($/kWh) 
2 .5% 
1 0 . 5 %  
7.5% 
$4,000 
$1500 
3.0% 
30% 
0.00 

0.02 ($/kWh) 
i s  

~ 

HIJUlhlENTAKY EKKOR ANALYSLS:  MAJOR SOUKCES OF ERROR 

WIND/NEW SINGLE FAMILY HOME, DODGE CITY, KANSAS ‘ T E C H N O L O G Y / A ~ ~ I , I C A T I O N :  

- 
REASON(S) FOR ERRORS 

(CHECK APPROPRIATE BOXES 
USING KEY BELOW) 

4 5 

- 

K E Y :  
(1) TCCHNICAL SOURCES 

1 = Based on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Based on d e t a i l e d  d e s i g n s  of  E a c i l i t i e s  similar t o  e x i s t i n g  o n e s  
3 = Based on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on an  ana logy  

( 2 )  ECONOMLC SOURCES 
I = Stcsndy p r i c e s :  C o n t r n r t s  mny be w r i t t e n  f o r  l o n g  p e r i o d s  (15  y e a r s )  w i t h  no  

3 = U n c e r t a i n  p r i c e s :  Recent  v o l a t i l i t y  on t h e  o r d e r  of  20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and  a v a i l a b i l i t y :  Recent  i n c r e a s e s  of  more t h a n  20% p e r  y e a r  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  O K  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due  
t o  e n v i r o n m e n t a l  i s s u e s  O K  d e l a y  i n  s c h e d u l e  

3 = Minor e n v i r o n m e n t a l  O K  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Flajor c o s t  i n c r e a s e s  or d e l a y s  may be a n t i c i p a t e d  due  t o  p u b l i c  a c c e p t a n c e  o r  

e s c a l a t i o n  c l a u s e s  

(3) SOCIETAL SOURCES 

en v i r onme n t a 1 is  sues  
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(1) SOLAR SYSTEM: 

( 2 )  APPLICATION : 

TABLE 3-15 

PHOTOVOLTAICS(PV)/NEW SINGLE FAMILY HOMES 

PV S o l a r  A r r a y  on S h i n g l e s ,  No O n s i t e  E l e c t r i c i t y  S t o r a g e  
Subsys tem,  U t i l i t y  I n t e r c o n n e c t e d  

N e w  A l l - E l e c t r i c ,  A i r  C o n d i t i o n e d ,  S i n g l e  Fami ly  
Home 

(3) REPRESENTATIVE SITE: Albuquerque ,  New Mexico 

(4) CONVENTIONAL ALTERNATIVE: E l e c t r i c i t y  P u r c h a s e d  f rom t h e  L o c a l  U t i l i t y  

PV Array 

I 

Roof Mounted Shingle 

Utility Backup 

DC/AC 
Inverter 

Max Power 
Track 

General 
Loads 

REFERENCE SOLAR SYSTEM DESCRIPTION ( 1 ) , ( 2 )  END USER REQUIREMENTS ( l ) ,  ( 3 )  

0 P e a k  O u t p u t :  4 kW 0 Home: Owner-Occupied, S i n g l e  F a m i l y ,  

0 PV A r r a y  Type: S h i n g l e  S o l a r  C e l l / G l a s s  of L i v i n g  Space .  No Basement 
One-Story Home w i t h  1600 f t 2  (148.6111~) 

Covered ,  I n c o r p o r a t e d  I n t o  Roof 
0 Annual Energy  ( i . e .  E l e c t r i c i t y )  

0 PV System E f f i c i e n c y :  8.0% Requi rement :  1 4 , 7 6 6  kwh 

0 PV A r r a y  S i z e :  237  S h i n  les 
-Collecting A r e a :  382 f t s  ('35.5m2) 

0 

-Roof Area Covered By S o l a r  Cel ls :  
561 .3  E t 2  (52.15m2) 0 

0 O n s i t e  E lec t r i ca l  S t o r a g e  Subsystem: None 

0 U t i l i t y  I n t e r c o n n e c t e d  
0 

- U t i l i t y  S e r v e s  a s  Backup 
-Excess  Power f rom PV Cel l s  S o l d  t o  U t i l i t y  0 

0 Annual Energy  O u t p u t :  9,587 kWh 
0 

Annual Energy Requi rements  f o r  Space  
H e a t i n g :  5 , 2 6 4  kWh 

Annual Energy  Requi rements  f o r  Space  
C o o l i n g :  2,802 kwh 

Annual Energy  Requi rements  f o r  
Hot Water: 4 ,384  kWh 

Space  C o n d i t i o n i n g  U n i t :  3 Ton Heat 
Pump 

C o n s e r v a t i o n  F e a t u r e s :  R-38 A t t i c  I n s u l a -  
t i o n ,  R-19 Walls. S o u t h e r n  Windows Double 
G l a z e d ,  All 0-d. 

- 
RESOURCES 

(1) G e n e r a l  E l e c t r i c  Co., D e t a i l e d  R e s i d e n t i a l  P h o t o v o l t a i c  Sys tems P r e f e r r e d  D e s i g n s ,  
V a l l e y  F o r g e ,  PA, O c t  ' 79  

(2) 

(3) 

ARC0 S o l a r  C o r p o r a t i o n ,  C i t y  of  I n d u s t r y ,  CA. 

Boston E d i s o n  Co,,  Bos ton ,  Mass,, P e r s o n a l  Communication - George Day 

1-44 



CJ;, 

\ 

REFERENCE SOLAR SYSTEM COST: 1980 
(1980 DOLLARS) 

TABLE 3-15 (Cont inued)  

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

14,766 kWh 0 T o t a l  Annual Energy  Requi rement  o f  Homeowner: 

0 PV System Annual Energy  Output :  9,587 kWh 
0 Annual Energy  Requi rement  Met by S o l a r  System: 5 , 2 7 3  kWh 

9 , 4 9 3  kwh 0 Annual Energy Requi rement  P u r c h a s e d  from L o c a l  U t i l i t y :  

36% s P e r c e n t a g e  o f  Load Met by S o l a r :  

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 

ECONOMIC MEASURE (1980 DOLLARS) REFERENCE SOLAR CONVENTIONAL ALTERNATIVE 

(1) L i f e  C y c l e  C o s t  (000 $)  72,838 23,054 
(2) L e v e l i z e d  C o s t  of Energy ($/kWh) 0.186 

(3)  L e v e l i z e d  C o s t  of  Energy  ($/kWh) 0 . 4 1  

_ _  
( S o l a r  and Backup) 

( S o l a r  Only) 

( C o n v e n t i o n a l  Only) 

_ _  

0.062 (4)  L e v e l i z e d  C o s t  of Energy  ($/kWh) _- 

CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

F i r s t  Annual L i f e  
C o s t  O&M C o s t  ($)  (Years )  

Component ( E x c l u d i n g  F u e l )  

No I n c r e m e n t a l  Sys tems I n s t a l l e d  C o s t  is  
I n c u r r e d  f o r  E l e c t r i c i t y  P u r c h a s e d  f rom 
L o c a l  U t i l i t y  

--- TOTAL 0 0 

REFERENCE SOLAR SYSTEM COST, TECHNICAL AND ECONOMIC PERFORMANCE 
FOR SYSTEMS INSTALLED I N  1985,  1990,  2000 

1985 1990 2000 SYSTEM CHARACTERISTLCS (1980 $)  

(1) Annual Energy Output  (kwh) 9,683 9,779 9 ,875  
( 2 )  O v e r a l l  Systems E f f i c i e n c y  7"9% 8.0% 8.1% 
( 3 1  Sys tem I n s t a l l e d  C o s t  ($)  10,000 6,400 5,600 
( 4 )  PV A r r a y  Cos t  ($ /Peak  Wat t )  2,50 1 , 6 0  1 , 4 0  
(7) Annual O&M Cos t  ($) 154 1 5 8  1 6 6  
0) E l e c t r i c i t y  P u r c h a s e d  f rom L o c a l  U t i l i t y  

Annual ly  (kWh) 9 * 344 9,192 9.039 
(7)  L i f e  C y c l e  C o s t  ($ )  32,785 30,055 33 ,953  
( 3 )  L e v c l i z e d  C o s t  of Energy/PV and Backup ($/kWh) 0.078 0 ,072  0 , 0 7 8  
(9) L e v e l i z e d  C o s t  of E n e r g y / S o l a r  Only ($kWh) 0.094 0,056 0 , 0 4 1  

. . .. .. . 
CONVENTIONAL ALTERNATIVE ECONOMIC PERFORMANCE FOR SYSTEMS 

INSTALLED I N  1985. 1990. 2000 -- 
COIJVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(17  I n i t i a l  C o s t  o f  P u r c h a s e d  E l e c t r i c i t y  ($/kWh) 0.063 0.071 0 , 0 9 1  

(3)  L e v e l i z e d  C o s t  of Energy ($/kWh) 0 ,069  0.079 0.101 

- 
( 2 )  J . ife C y c l e  C o s t  ($1 26,077 29 ,491  37,762 

-- 
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TABLE 3-15 (Concluded) 

ECONOMIC ANALYSIS ASSUMPTIONS 

S v s t e m  Owners h i I, : 
System Expected  U s e f u l  L i f e :  
Dowllpayment : 
Fi::ancing P e r i o d :  
Mortgage I n t e r e s t  Kate: 
G c n c r a l  I n f l a t i o n  R a t e :  
E l e c t r i c i t y  Cos t  Dur ing  F i r s t  Year: 
I l r c t r i c i t y  Cos t  E s c a l a t i o n  Rate  ( R e a l ) :  
Discount  Rate (Nominal) : 
" a r g i w l  F e d e r a l  Tax Rate: 
P r o p e r t y  Tax: 
S t a t e  S a l e s  Tax Ra te :  
' i 'otpl  F e d e r a l  Tax C r e d i t :  
S t a t e  Tax C r e d i t :  
P r i c e  a t  Which Excess  PV E l e c t r i c i t y  is  

S o l d  t o  L o c a l  U t i l i t y :  

Homeowner 
30 Years 
2 0% 
20 Years 
1 2 %  
7.5% 
0 ,056  ($/kWh) 
2.5% 
10.5% 
30 % 
$0.057 of Assessed  Value  
3.75% 
40% of 1st $10,000 
-0- 

0.025 ($/kFlh) 

l~UDIf~Il~NTi\RY ERROR ANALYSIS: MAJOR SOURCES OF ERROR 

'1 I I C I 1 N I ~ l , O ( ~ ~ / i \ l ' l ' L T C A T I O N :  PHOTOVOLTAICS/NEW S I N G L E  F A M I L Y  HOMES - ALBUQUERQUE, NEW M E X I C O  

TYPE/SOURCE OF ERROR 

(1.) TIlCllNLCAL SOURCES 
(a)  C a p i t a l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E f f i c i e n c y  
( c )  C;ip, ic i ty  o r  A v n i l n h i l  i t y  or 1.ond F a c t o r  

(2) I iCONOEl I  C SUURCES 
( ; I )  I : s ca l a t ion  i n  Cos t  of Refi.ned Pe t ro l eum P r o d u c t s  
( b )  E s c a l a t i o n  i n  Cos t  o f  N a t u r a l  G a s  
( c )  E s c a l a t i o n  i n  Cos t  of E l e c t r i c i t y  

( ' 3 )  SOCl KI'AL FACTORS 
( 3 )  I lnv i ronmenta l  I s s u e s  
( h )  I 'ub l ic  A c c e p t a n c e  L s s u e s ;  D r l a y  i n  S c h e d u l e s  

1 

X 
x 

REASON(S) FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

2 3 4 

X 

5 

KJCY: 
(1) 'I'ECHNICAL SOURCES 

1 = llosed on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Based on d e t a i l e d  d e s i g n s  of  Eaci l i t ies  s i m i l a r  t o  e x i s t i n g  ones  
3 = Ilased on e n g i n e e r i n g  d e s i g n s  of  new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on  an  a n a l o g y  

( 2 )  E C O N O M I C  SOURCES 
I = Steady  p r i c e s :  

3 = U n c e r t a i n  p r i c e s :  Recent  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  year 
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  Recent  i n c r e a s e s  o f  more t h a n  20% p e r  y e a r  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 
t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  

3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Y.ijor c o s t  i n c r e a s e s  o r  d e l a y s  may he  a n t i c i p a t e d  due  t o  p u b l i c  a c c e p t a n c e  o r  

C o n t r a c t s  may he  w r i t t e n  For l o n g  p e r i o d s  (15  y e a r s )  w i t h  no  
e s c a l a t i o n  c l a u s e s  

( 3 )  SOCl ETAL SOURCES 

e n . . r i r o n n e n t a l  i s s u e s  
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TABLE 3-16 

i 
(1) SOLAR SYSTEM: 

(2) APPLICATION: 

PHOTOVOLTAICS (PV) /NEW SINGLE FAMILY HOMES 
__I_ __ 

PV S o l a r  Ar ray  on S h i n g l e s ,  No O n s i t e  E l e c t r i c i t y  S t o r a g e  
Subsystem, U t i l i t y  I n t e r c o n n e c t e d  

New A l l  E lec t r ic ,  A i r  C o n d i t i o n e d ,  S i n g l e  Family 
Home 

( 3 )  REPRESENTATIVE SITE: Bos ton ,  M a s s a c h u s e t t s  

(4 )  CONVENTIONAL ALTERNATIVE: E l e c t r i c i t y  Purchased  from L o c a l  U t i l i t y  

PV Arrav 

Uti l i ty Backup 

DC/AC 
Inverter 

Max Power 
Track 

Roof Mounted Shingle 

General 

a Water 

REFERENCE SOLAR SYSTEN DESCRIPTION (1) , ( 2 )  END USER REQUIREMENTS (1) ( 3 )  

0 Peak Outpu t :  4 kW 0 

0 PV A r r a y  Type: S o l a r  Cel l  S h i n g l e s  
A t t a c h e d  o n t o  Roof 

0 PV System E f f i c i e n c y :  8 .0% 

0 P V  A r r a y  S i z e :  237 S h i n g l e s  
- C o l l e c t i n g  Area: 382 f t 2  (35.5111~) 
-Roof Area Covered by S o l a r  C e l l s :  

561.3 f t 2  (52.15m2) 

0 O n s i t e  E l e c t r i c a l  S t o r a g e  Subsystem: e 
N O J ~ E .  

0 U t i l i t y  I n t e r c o n n e c t e d :  0 

- U t i l i t y  Se rves  a s  Backup 
-Excess  Power from PV Cells S o l d  t o  0 

U t i l i t y  

0 Annual Ene rgy  Ou tpu t :  5 , 4 8 0  kWh 

H o m e :  Owner Occup ied ,  S i n g l e  Fami ly ,  One 
S t o r y ,  A l l - E l e c t r i c  Home  w i t h  1600  f t 2  
(148.6m2) of L i v i n g  Space  

Annual Energy Requirement:  16,429kWh 

Annual Energy Requ i remen t s  f o r  Space  
Heating: 7,686 kWh 

Annual Energy Requirement 's  f o r  Space  
Coo l ing :  2,G43 kWh 

Annual Energy Requ i remen t s  f o r  Hot Water :  
4 ,384  kWh 

Space  C o n d i t i o n i n g  U n i t :  3 Ton Heat  Pump 

C o n s e r v a t i o n  F e a t u r e s :  R-38 A t t i c  
I n s u l a t i o n ,  R-19 Walls. S o u t h e r n  
Windows Double Glazed.  A l l  O t h e r s  
T r i p l e  Glazed.  

- 
RESOURCES 

(1) G e n e r a l  E l e c t r i c  Co., D e t a i l e d  R e s i d e n t i a l  P h o t o v o l t a i c  Systems P r e f e r r e d  D e s i g n s ,  

( 2 )  ARC0 S o l a r  C o r p o r a t i o n ,  C i t y  of I n d u s t r y ,  CA.  
( 3 )  Boston Ed i son  Co. ,  Bos ton ,  MA, P e r s o n a l  Communicatiox-George Day 

V a l l e y  F o r g e ,  PA, Oc tobe r  1979.  

3-47 



TABLE 3-16 (Con t inued)  - 
REFERENCE SOLAR SYSTEM ENERGY BALANCE 

0 T o t a l  Energy Requi rements  of Homeowner: 16 ,429  kWh 
0 PV System Annual Energy Ou tpu t :  5 ,480  kwh 
0 Annual Energy Requi rement  Met by S o l a r  System: 3,014 kwh 
0 Annual Energy Requi rement  Purchased  from Loca l  U t i l i t y :  13 ,415  kWh 
0 Annual System Outpu t  So ld  t o  L o c a l  U t i l i t y :  2,466 kwh 
0 P e r c e n t a g e  of Load M e t  by S o l a r :  18% 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 

ECONOMIC MEASURE (1980 DOLLARS) REFERENCE SOLAR 

(1) L i f e  Cyc le  c o s t  (000 $)  64 ,730  
(2)  L e v e l i z e d  Cos t  of Energy ($/kWh) 0 .150  

(3)  L e v e l i z e d  Cos t  of Energy ($/kWh) 0 .555  
( S o l a r  and Backup) 

( S o l a r  Only) 

( C o n v e n t i o n a l  Only) 
(4) L e v e l i z e d  Cos t  o f  Energy ($/kWh) -- 

REFERENCE SOLAR SYSTEM COST: 1980 
(1980 DOLLARS) 

F i r s t  Cos t  Annual O&M L i f e  
Component ($1 Cost ($) (Yea r s )  

?V A r r a y s  $32 ,000  30 
Power Con- 

d i t i o n i n g  4 ,140  20-30 
Remaining B a l -  
a n c e  of System 1 ,090  20-30 
I n s t a l l a t i o n  1 ,080  
I n d i r e c t  Cos t  1 ,500  - -- 

TOTAL $39,810 $150 --- 

CONVENTIONAL ALTERNATIVE 

29 ,883  
-- 

-- 

0.071 

CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

F i r s t  Cos t  Annual O&M L i f e  
Component ($) Cos t  ($1 (Years  

No I n c r e m e n t a l  Systems I n s t a l l e d  Cos t  i s  
I n c u r r e d  f o r  E l e c t r i c i t y  Purchased  from 
Loca l  U t i l i t y  

TOTAL 

REFERENCE SOLAR SYSTEM: COST AND ECONOMIC PERFORMANCE 
FOR SYSTEMS INSTALLED I N  1985, 1990,  2000 

SYSTEM CHARACTER.ISTICS (1980 $ )  1985 1990 2000 

(1) Annual Energy Output  (kWh) 
(2)  O v e r a l l  Sys tems E f f i c i e n c y  
( 3 )  System I n s t a l l e d  Cos t  ($1 
(4 )  PV Ar ray  Cos t  ($ /Peak  Watt)  
( 5 )  Annual O&M Cos t  ($1 
(6) 
(7)  L i f e  Cyc le  Cos t  ($)  
(8)  L e v e l i z e d  Cos t  of Energy/PV & Backup ($/kWh) 
(9) L e v e l i z e d  Cost of E n e r g y / S o l a r  Only ($/kWh) 

E l e c t r i c i t y  Purchased  from Loca l  U t i l i t y  Annually(kWh) 

5 ,535  

10,000 
8 , 0 %  

2,50 
154 

1 3 , 7 1 7  
39 ,904  
0.089 
0,130 

5 ,590  
8.1% 

6 ,400  
1 , 6 0  

1 5 8  
13 ,634  
38 ,020  

0 ,090  
0 ,079  

5 ,672  
8 ,2% 

5 ,600  
1 , 4 0  

166 
13 ,480  
46 ,238  

0,107 
0.058 

C0NVE:r'TIONAL ALTERNATIVE ECONOMIC PERFORMANCE FOR SYSTEMS INSTALLED I N  1985,  1990,  2000 

CONVENTIONAL SYSTEM CHARACTERISTICS(1980 $) 1985 1990 2000 

(1) I n i t i a l  Cos t  of Purchased  E l e c t r i c i t y  ($/kwh) 0 ,073  0 083 0 106 
(2 )  L i f e  Cyc le  Cos t  ($1 33,800 38,249 48 ,965  
( 3 )  L e v e l i z e d  Cost of Energy ($/kWh) 0 ,081  0 ,092  0 ,118  
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TABLE 3-16 (Concluded) 

ECONOPIIC ANALYSIS ASSUMPTIONS 

(1) System Ownership: Homeowner 
30 Years (2) System Expec ted  U s e f u l  L i f e :  

( 3 )  Down Payment: 20% 
(4 )  F i n a n c i n g  P e r i o d :  20 Years 
(5) Mor tgage  I n t e r e s t  Rate: 12% 
(6 )  G c n e r a l  I n f l a t i o n  Rate: 7 . 5 %  
(7) r l e c t r i c i t v  Cos t  Dur inz  F i r s t  Year :  0.065 ($/kWh) 
(8) E l e c t r i c i t y  Cos t  E s c a l a t i o n  Rate (Rea l )  : 2.5% 
(9) ! ) i scount  Rate (Nominal) : 10.5% 

(10) Marg ina l  F e d e r a l  Tax Rate :  30% 
(11) P r o u e r t v  Tax Rate :  0.00 
(12)  S t a t e  S a l e s  Tax R a t e :  0.00 
(13) Y'otal F e d e r a l  Tax C r e d i t s :  40% o f  1 s t  $10,000 
(14) S t a t e  Tax C r e d i t :  
(15 )  P r i c e  a t  Which Excess  W E l e c t r i c i t y  is 

$1,000 (Maximum) 

S o l d  t o  L o c a l  U t i l i t y :  0 ,031  ( $ / k W  

~~ ~ 

RUDINENTARY ERROR ANALYSIS: MAJOR SOURCES OF ERROR 

' l 'ECHNOLOGY/APPLICATION: PHOTOVOLTAICS/NEW S I N G L E  F A M I L Y  HOME, BOSTON, MASSACHUSETTS 

TYPE/SOURCE OF ERROR 

(1) TECIINICAL SOURCES 
(a) C a p i t a l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E f E i c i e n c y  
( c )  C a p a c i t y  o r  A v a i l a b i L i t y  o r  Load F a c t o r  

( 2 )  KCONOMTC SOURCES 
(a )  E s c a l a t i o n  i n  Cos t  of  Re f ined  Pe t ro l eum P r o d u c t s  
( b )  E s c a l a t i o n  i n  Cos t  of N a t u r a l  Gas 
( c )  E s c a l a t i o n  i n  Cos t  of E l e c t r i c i t y  

< 3 )  S O C I  ICTAL FACTORS 
(a) Envi ronmen ta l  Tssues 
( b )  P u l ~ l  i c  Acceptance  I s s u e s ;  Delay i n  S c h e d u l e s  

1 

X 
X 

REASON(S) FOR ERRORS 
(,CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

2 3 4 

X 

5 

K E Y :  
( i )  1ECHNICAL SOURCES 

1 = Based on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Rased on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  s imi la r  t o  e x i s t i n g  o n e s  
3 = Rased on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on an  a n a l o g y  

(2) ECONOMIC SOURCES 
1 = Steady  p r i c e s :  Cont rac t : ;  may he w r i t t e n  For l o n g  p e r i o d s  (15 y e a r s )  w i t h  no  

3 = U n c e r t a i n  p r ices :  Recent  v o l a t i l i t y  on  t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and  a v a i l a b i l i t y :  

1 = No f o r e s e e a b l e  increase in c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due  

e s c a l a t i o n  c l a u s e s  

Recent  i n c r e a s e s  of  more t h a n  20% p e r  y e a r  

( 3 )  SOCIETAL SOURCES 

t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  
/ \  3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  

5 = : Ia jor  c o s t  i n c r e a s e s  o r  d e l a y s  may be a n t i c i p a t e d  due  t o  p u b l i c  a c c e p t a n c e  o r  
e n v  i r on me n t a 1 i s  s u e s  
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TABLE 3-17 
PHOTOVOLTAICS (PV)/COMMERCIAL-INSTITUTIONAL FACILITY APPLICATION 

(1) REFERENCE SOLAR SYSTEM: 350 kW Roof-Mounted Photovoltaic System Composed of 
Polycrystalline Solar Cells Augmented By Reflectors. No 
Onsite Storage. Utility Intertied 

(2) APPLICATION: Supplemental Electricity for the Oklahoma Center 
€or Science and Arts (OCSA) Building, a 160,000 ft2 
(14,860m2) Facility 

(3) REPRESENTATIVE SITE: Oklahoma City, Oklahoma 

(4) CONVENTIONAL ALTERNATIVE: Electricity Purchased from a Local Utility - 
Array Number 

flector PV Modu 

350 kVA Inverter 350 kV 

( 2 )  
END USER REQUIREMENTS 

(1) 
REFERENCE SOLAR SYSTEM DESCRIPTION 

0 Peak Output: 350 kW 

0 Array Type: Polvcrvstalline Silicon Solar 
Cell Modules with Reflector Augmentation, 
Mounted on South Facing Roof. 
Manufactured by Solarex) 

(Arrays 

0 Array Size: 3780 Modules of 2 ft by 
4 ft (0.6 x 1.2m) Arranged in 45 Series 
Strings of 84 Modules Each 

0 Subsystems: 
- Inverter: 350 kVA Windworks, Input 

- Transformer: Isolation Transformer 
Voltage of 400 Volts 

Raises Output to 480 Volts for Utility 
Interface 

0 Onsite Electrical Storage: None 

0 Utility Interconnected: 
- Utility Serves as Backup 
- Excess Sold to Utility 

0 Annual Energy Output: 470,700 kWh 

0 Facility: 160,000 ft2 (14,860 m2), Two 
Story Building. Electricity Used t o  Power 
Exhibits, Provide Illumination, Power 
Electric Trucks, Operate Elevators and 
Air Conditioners, Etc. 

Annual Energy Requirement: 1,026,000 kWh 

0 Operation: 364  Days A Year 

0 Load Profile: -High Summer Demand 
-Moderate Winter Demand 
-Predominately Day-time 

Demand 

~~ ~ 

RESOURCES - . _  - -  
(1) Science Applications Inc., A Solar PV Flat Panel Applications Experiment at the 

Oklahoma Center f o r  Science and Arts, DOE/ET/23063-1, June 1980 

(2) Science Applications, Inc. (Dick Mole) 
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TABLE 3-17 (Con t inued)  

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

0 T o t a l  Annual Energy Requ i remen t s  o f  B u i l d i n g :  1 ,026 ,000  kWh 
0 PV Systems Annual Energy Ou tpu t :  470,700 kWh 
0 Annual Energy Requirement  M e t  By S o l a r  Sys t ems :  435,700 kWh 
0 Annual Energy P u r c h a s e d  from L o c a l  U t i l i t y :  590,300 kWh 
0 Annual System Output  So ld  t o  L o c a l  U t i l i t y :  34,400 kWh 

P e r c e n t a g e  o f  Load M e t  by S o l a r :  42% 

REFERENCE SOLAR AND CONVENTIONAL SYST3I ECONOtlIC PERFORMANCE: 1980 INSTALLATION 

ECONOMIC MEASURE (1980 DOLLARS) REFERENCE SOLAR CO!---__ 'VENTIONAL ALTERNATIVE 
(1)  L i f e  Cyc le  Cos t  (000 $1 7,546,757 1, $35,374 

(2) L e v e l i z e d  Cost  of Energy ($/kWh) 0.31 

(3)  L e v e l i z e d  Cos t  of Energy ($/kWh) 

( 4 )  L e v e l i z e d  Cos t  of  Energy ($/kWh) 

_ _ _  
( S o l a r  and Backup) 

( S o l a r  Only)  

( C o n v e n t i o n a l  Only) 

0 .64 _ _ _  

0. u54 0.054 

REFERENCE SOLAR SYSTEM COST: 1980  $ 
( I n c l u d i n g  Backup from L o c a l  U t i l i t y )  

F i r s t  Annual L i f e  
c o s t  O&M Cos t  (Yea r s )  

Component ($)  ($)  

A r r a y s  3,569,620 30 
Power 

Othe r  Materials 
fi Equipment 215,852 

I n s t a l l a t i o n /  
P r e p a r a t i o n  640,007 

M i s c e l l a n e o u s  157,095 

C o n d i t i o n e r s  106,746 20-30 

TOTAL 4 ,689 ,320  23,446 -- 

CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

F i r s t  Annual L i f e  
c o s t  O&M Cos t  (Yea r s )  

Component ($1 ($)  

No A d d i t i o n a l  System I n s t a l l e d  C o s t  i s  
I n c u r r e d  f o r  E l e c t r i c i t y  Purchased  from 
L o c a l  U t i l i t y  

TOTAL 0 0 

REFERENCE SOLAR SYSTEM COST, TECHNICAL fi ECONOMIC PERFORMANCE, 
FOR SYSTEMS INSTALLED IN 1985, 1990, 2000 

SYSTEM CHARACTERISTICS (F ixed  1980 $) 1985 

( 1 )  Annual Energy Ou tpu t  (kWh) 490,560 
(2) O v e r a l l  Systems E f f i c i e n c y  8.0% 
( 3 )  System I n s t a l l e d  Cos t  ($)  910,000 
(4)  Annual O&M Cos t  ($ )  18 ,200  
( 5 )  E l e c t r i c i t y  P u r c h a s e d  from L o c a l  U t i l i t y  Annually(kWh) 569,840 
( 6 )  L i f e  C y c l e  Cos t  ($)  2,197,639 
(7)  L e v e l i z e d  C o s t  o f  Energy ( S o l a r  & Backup) ($/kWh) 0.084 
(8)  L e v e l i z e d  Cost  of Energy ( S o l a r  Only)  ($/kWh) 0 .110  

1990  2000 

551,880 
9.4% 

787,500 
15 ,750  

508,520 
2 ,026 ,021  

0.078 
0.085 

613,200 
10.4% 

560,000 
11,200 

447,200 
1 , 8 1 6 , 4 5 6  

0.070 
0.053 

CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE FOR SYSTEMS INSTALLED I N  1985,  1990,  2000 

- 
CONVENTIONAL SYSTEM CHARACTERISTICS ( C o n s t a n t  1980  $) 1985 1990  2000 

(I) I n i t i a l  Cos t  of Purchased  E l e c t r i c i t y  ($/kWh) 0.056 0.063 0.081 
(2) L i f e  C y c l e  Cos t  ( $ )  
( 3 )  L e v e l i z e d  Cos t  o f  Energy ($/kWh) 

1 ,607 ,619  1 , 8 0 8 , 5 7 1  2,325,306 
0 .062  0.070 0 .090  
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TABLE 3-17 (Concluded) 

ECONOMIC ANALYSIS ASSUMPTIONS 

(1 )  System Ownership: M u n i c i p a l l y  Owned Non-Prof i t  Organi- 

( 2 )  Sys tem Expected  L i f e :  30 Years 
(3 )  F i n a n c i n g  P e r i o d :  20 Years 
(4 )  Bond I n t e r e s t  Rate: 8% 
(5 )  G e n e r a l  I n f l a t i o n  Rate: 7.5% 
( 6 )  Cos t  of E l e c t r i c i t y  Dur ing  F i r s t  Year: 0.050 (S/kWh) 
(7 )  E l e c t r i c i t v  Cos t  E s c a l a t i o n  Ra te  (Rea l )  : 2.5% 
( 8 )  Discoun t  R a t e  (Nominal) 10.5% 
( 9 )  Marg ina l  F e d e r a l  Tax Rate: N o t  A p p l i c a b l e  

z a t i o n  

: lo )  P r o u e r t y  Tax Rate: 0 
(11) S t a t e  S a l e s  T ~ X :  2.0% 

F e d e r a l  Tax C r e d i t s :  0 
:13) S t a t e  Tax C r e d i t s :  0 

P r i c e  a t  Which E l e c t r i c i t y  is  S o l d  t o  :14) 
L o c a l  U t i l i t v :  0.016 ($/kWh) 

K U l l l l ~ l ~ i ~ ' l A K ' ~ '  E K R O R  N.IALYSI S : MAJOR SOURCES OF ERROR 

' I 'ECIINOLOC:Y/~~I 'PLTCATION: PHOTOVOLTAICS/COMMERCIAL-INSTITUTIONAL F A C I L I T Y ,  OKLAHOMA C I T Y ,  OKLAHOMA 

TYPE/SOURCE OF ERROR 

(1) TECHNICAL SOURCES 
( a )  C a p i t a l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E f f i c i e n c y  
(C) C:ip;icity o r  A v a i l a b i l i t y  o r  Load F a c t o r  

( 2 )  E C U I . I ( J ; I I C  SOURCES 
( a )  E s c a l a t i o n  i n  Cos t  of Ref ined  Pe t ro l eum P r o d u c t s  
( b )  K s c a l a t i o n  i n  Cos t  of N a t u r a l  Gas 
( c )  E s c a l a t i o n  i n  Cos t  of E l e c t r i c i t y  

< 3 )  S O C l  ICTAL FACTORS 
( a )  Env i ronmen ta l  Tssues 
( b )  P u b l i c  Acceptance  I s s u e s ;  Delay i n  S c h e d u l e s  

1 

REASON ( S )  FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

X 
X 

2 4 5 

I<l-Y : 
( I  ) 'I'ECHNICAL SOURCES 

1 = Rased on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = l lased on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  s imi la r  t o  e x i s t i n g  ones  
3 = llased on e n g i n e e r i n g  d e s i g n s  o f  new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on an ana logy  

(2 )  ECONOElIC SOURCES 
I = Steady  p r i c e s :  C o n t r a c t s  may he  w r i t t e n  for  l o n g  p e r i o d s  (15 y e a r s )  w i t h  no 

3 = U n c e r t a i n  p r i c e s :  Recent  v o l a t i l i t y  on t h e  Orde r  of  20% p e r  y e a r  
e s c a l a t i o n  c l a u s e s  

5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  Recent  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 
t o  e n v i r o n m e n t a l  i s s u e s  o r  del.ay i n  s c h e d u l e  

3 = Hinor  e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
3 -  :!;ijor c o s t  i n c r e a s e s  O K  dc.la;.s nay be a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  

( 3 )  SOCIETAL SOURCES 

('ti ' I  i r m r i c  n t R 1 i s  s 11 es  
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TABLE 3-18 

INDUSTRIAL PROCESS HEAT/HOT WATER 

( 1 )  REFERENCE SOLAR SYSTEM: F l a t  P l a t e  S o l a r  C o l l e c t o r s  t o  P r e h e a t  P r o c e s s  Water 
f o r  an  I n d u s t r i a l  Laundry 

( 2 )  APPLICATION: I n d u s t r i a l  Laundry (ARATEX SERVICES, INC.) R e q u i r i n g  
Approximate ly  65,000 G a l l o n s / d a y  (246,000 L i t e r / d a y )  

(3 )  REPRESENTATIVE SITE: F r e s n o ,  C a l i f o r n i a  

( 4 )  CONVENTIONAL ALTERNATIVE: Gas F i r e d  B o i l e r  P roduc ing  Low P r e s s u r e  Steam 

"elam Auxiliary 

P1 !; Solar 

Laundry 
Waste - 
Water 

p+!tiy --, Recovery Heat 

Unit 
P3 

v2 

Lq F ! i t i o n e d  sream 

Water 
Storage 

B n V B  4 I Wastewater J 

Waste 
Cold Water 

C W  

Collector Storage 'Oftener Energy-to-load 
Subsystem&ubsystem Subsystem 

VI\ VJY 
- - 

REFERENCE SOLAR SYSTEM DESCRIPTION (2)  END USER R E Q U I m N T S  (3)  

C o l l e c t o r s :  140  Ying ,  F l a t - P l a t e ,  Lexan  a 
G l a z e d  C o l l e c t o r s ,  Which P r o v i d e  a n  E f f e c -  
t i ve  A p e r t u r e  Area of 6500 f t 2  (604 m2). 0 
Roof Mounted 
Storage: 12,500 G a l  (47,317 L i t e r )  In -  
s u l a t e d  F i b e r  G l a s s  S t o r a g e  Tank 0 
Pumps: 3 Pumps. One 1 5 0  GPM (569 LPM) 
and  Two Pumps o f  200 GE'M (757 LPM) 
C a p a c i t y  a 
Heat Recovery System: 
C i t y  Cold Water Through a Heat Exchanger  
Which Recovers  Heat from Laundry  Waste 
Water 
Backup: Low P r e s s u r e ,  Gas F i r e d  B o i l e r  
f250  b o i l e r  h o r s e  power) 
Annual  S o l a r  Output :  1 . 7  x 109 BTU/yr 

Annual  F o s s i l  F u e l  P u r c h a s e :  $39,100 

Sys tem f o r  Running 

(1.58 x lo9 k3/yr) 

__ - 

End User: L a r g e  I n d u s t r i a l  Laundry 
O p e r a t i n g  F i v e  Days a Week 

Hot Water Requi rements :  65,000 Ca l /day  
(246,000 L i t e r / d a y  
Process Water Tempera ture :  170°F ( 7 7 O C )  
Annual Energy Requi rements  f o r  Water 
H e a t i n g :  10,100 M i l l i o n  BTU (10,655 
M i l l i o n  kJ) 
F u e l  f o r  B o i l e r :  N a t u r a l  Gas 

-- 
(1 )  M u e l l e r  A s s o c i a t e s  I n c . ,  S o l a r  P r o j e c t  Cos t  Repor t  f o r  A r a t e x  S e r v i c e s ,  I n c .  

I n d u s t r i a l  Laundry ,  F resno ,  CA.  Sd la r /2008-78 /60 ,  J u n e ,  1978 

P.R.C. Energy A n a l y s i s  Co . ,  S o l a r  P r o j e c t  D e s c r i p t i o n  f o r  A r a t e x  S e r v i c e s ,  I n c .  
I n d u s t r i a l  Laundry ,  So la r /2008-78 /50 ,  June  1978 

( 2 )  

( 3 )  A r a t e x  S e r v i c e s ,  I n c .  ( E r i c k  S .  B u r n e t t  and B .  Miller,  F r e s n o ,  C A .  
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TABLE 3-18 (Con t inued)  

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

0 T o t a l  Annual R e q u i r e m e n t s  f o r  H e a t i n g  Hot Water: 10,100 BTU (10,655 M i l l i o n  kJ) 

0 Energy  C o n t r i b u t i o n  of S o l a r  System: 1,700 M i l l i o n  BTU ( 1 , 7 9 3  M i l l i o n  kJ) 

0 8 ,400  M i l l i o n  BTU ( 8,862 M i l l i o n  kJ)  

0 P e r c e n t a g e  of Load M e t  by  S o l a r :  17% 

Energy  Requ i remen t s  P r o v i d e d  by Aux i l i a ry  B o i l e r :  

REFERENCE SOLAR AMD CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980  INSTALLATION 

ECONOMIC MEAsmcE (1980 DOLLARS) REFERENCE SOLAR CONVENTIONAL ALTERNATIVE 

(1) L i f e  Cyc le  Cos t  ($1 1 , 3 7 4 , 1 8 0  1 ,152 ,558  
( 2 )  L e v e l i z e d  Cost  of Energy  $ / W i l l i o n  BTU 9.94 - 

( S o l a r  and Backup) 

(Conven t iona l  Only)  
(3)  L e v e l i z e d  Cos t  of Energy  $ / M i l l i o n  BTU - 8.25  

I - 
KEFEKENCE SOLAR SYSTEM COST: 

(1 980 DOLLARS) - -- 

F i r s t  Cos t  Annual OhM L i f e  
Component ($1 Cos t  ($) (Yea r s )  

C o l l e c t o r s  67 ,197  20 

u r e  15 ,910  20 

S t o r a g e  63 ,972  20 
X h e r  Equipment 1 8 , 0 4 5  -- 

C o n s t r u c t i o n  5 ,742  - 

Backup 39 7,275 -- 

Suppor t  S t r u c t -  

P i p i n g  and 

; e n e r a 1  

Z o v e n t i o n a l  

-~ 

rOTAL 568 ,141 10,000 -- 

CONVENTIONAL SYSTEM COST: 
(1980 DOLLARS) 

F i r s t  C o s t  Annual O&M L i f e  
Component ($1 Cost  ($ )  (Yea r s  

~ 

B o i l e r  55 ,000  
Heat Recovery  

Sys t em 68 ,000  
Pumps, S t o r a g e  30 ,750  
O t h e r  Equipment 35,000 
Taxes i F r e i g h t  1 8 , 5 2 5  
S i t e  P r e p a r a -  

t i o n s  and 150 ,000  
I n s t a l l a t i o n s  

TOTAL 397 ,2  75 8 ,000  -- 
I 

REFERENCE SOLAR SYSTEM COST, TECHNICAL AND ECONOMIC PERFORMANCE FOR SYSTEMS 
INSTALLED I N  1985,  1 9 9 0 ,  2000 --- -- 

SYSTEM CHARACTERISTICS (CONSTANT 1980 $1 1985  1990 2000 - 

( 1 )  Annual Energy Ou tpu t  ( M i l l i o n  BTU 1 ,700  1 , 7 0 0  1 .700  
( 2 )  Sys tem I n s t a l l e d  C o s t  ($) 541,184 >22,488 543,843 
( 3 )  C o s t  of S o l a r  Sys tem Only ( $ / f t 2 )  20.35 15.75 15 .75  
( 4 )  Annual F u e l  Cos t  ($1 52,874 71,427 130 ,350  
(5)  Annual  06M Cos t  ($1 10 ,252  1 0 , 5 1 1  1 1 , 0 5 0  
( 6 )  L i f e  Cyc le  Cost  ($1 1 , 4 2 1 , 9 3 5  1 ,508 ,417  1 ,872 ,437  
(7)  L e v e l i z e d  Cost  o f  Energy  ( $ h i l l i o n  BTU ) 10.22  10 .78  13 .03  

CONVENTIONAL ALTERNATIVE ECONOMIC PERFORMANCE 
FOR SPSTENS INSTALLED I N  1985 ,  1990.  20013 

CONVENTIONAL SYSTEM CHARACTERISTICS (Cons tan t  1980  $) 1985  1990  2000 

(1) I n i t i a l  Cost  of Purchased  N a t u r a l  Gas ($/1,000 f t  3, 6.30 8.50 15 .52  
(2)  Sys tem I n s t a l l e d  C o s t  407 ,307  417,592 438,947 
(3)  Annual Fue l  Cos t  ($) 63,587 85 ,899  156 ,760  
( 4 )  L i f e  Cyc le  Cost  ($) 1 , 2 8 1 , 2 6 3  1 ,439 ,516  1 ,866 ,112  
( 5 )  L e v e l i z e d  Cost  of Energy  ( $ / M i l l i o n  BTU ) 9.37 10.47 1 3 , 4 1  _ -  __ 
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TABLE 3-18 (Concluded)  

ECONOMIC ANALYSIS ASSUMPTIONS -- 
System Ownership:  
Expected U s e f u l  L i f e :  
F i n a n c i n g  P e r i o d :  
C a p i t a l i z a t i o n  S t r u c t u r e :  
Weighted Average C o s t  o f  C a p i t a l :  
G e n e r a l  I n f l a t i o n  R a t e :  
F i r s t  Year P r i c e  o f  N a t u r a l  Gas: 
N a t u r a l  Gas I n f l a t i o n  Ra te  (Nominal) :  
D i s c o u n t  Ra te :  
D e p r e c i a t i o n  Algor i thm:  

Marg ina l  F e d e r a l  Tax: 
S t a t e  Income Tax R a t e :  
P r o p e r t y  Tax: 

S t a t e  S a l e s  Tax R a t e :  
F e d e r a l  Tax C r e d i t s  ( C o n v e n t i o n a l  Sys t em) :  
F e d e r a l  Tax C r e d i t s  ( S o l a r  Sys t em) :  
S t a t e  Tax  C r e d i t s :  

P r i v a t e l y  Owned C o r p o r a t i o n  
20 Year s  
20 Year s  
30% Deb t ,  70% E q u i t y  
12 .9% 
7.5% 
$4.66/1000 f t 3  
13.7% 
10.5% 
Double D e c l i n i n g  Ba lance  f o r  1st 
4 Years; Sum o f  Years D i g i t s  f o r  
Remaining Year s  
4 8% 

2% 
4% (Assessed  Va lue  = 25% of 

6% 
10% 
25% 
0.00 

I n t i a l  I n v e s t m e n t )  

RUDIMENTARY ERROR ANALYSIS: MAJOR SOURCES OF ERROR 

‘I’I?C1INOLOG~/AI’PLLCA’TION: SOLAR I N D U S T R I A L  PROCESS HEAT/HOT WATER, FRESNO, C A L I F O R N I A  

TYPE/SOURCE OF ERROR 

(1) TECHNICAL SOURCES 
( a )  C a p i t a l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E f f i c i e n c y  
( c )  C a p a c i t y  o r  A v a i l a b i l i t y  o r  Load F a c t o r  

( 2 )  ECONIIElIC SOURCI:S 
( ; I )  E s c a l a t i o n  in  Cos t  of R e f i n e d  P e t r o l e u m  P r o d u c t s  
( b )  E s c a l a t i o n  i n  Cos t  of N a t u r a l  Gas 
( c )  E s c a l a t i o n  i n  Cost  of E l e c t r i c i t y  

f 3 )  :;lJc;l I : ~ l A L  F;\ClOKS 
( :I)  Kn./i ronmen t a l  Issues 
‘ ‘ 5 )  !,,;!,I i r .  , i c cc? tnncc  I s s u e s ;  bcla:; i n  I l chcdu les  

REASON ( S )  FOR ERRORS 
(.CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

X 
X 

I’ !*.{ : 
f I ) 7’r;ctI::l CAI> SOURCES 

1 = I:ased on s y s t e m s  a c t u a l l y  built and o p e r a t i n g  
2 = Based on d e t a i l . e d  d e s i g n s  of E a c i l i t i e s  s i m i l a r  t o  e x i s t i n g  o n e s  
3 = Rased on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on  an  a n a l o g y  

1 = S t e a d y  p r i c e s :  C o n t r a c t s  may he  w r i t t e n  f o r  l o n g  p e r i o d s  ( 1 5  y e a r s )  w i t h  n o  

3 = U n c e r t a i n  p r i c e s :  Recen t  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  Recen t  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 
t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  

3 = Plinor e n v i r o n m e n t a l  O K  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Major  c o s t  i n c r e a s e s  o r  d e l a y s  may h e  a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  

( 2 )  ECONOPIIC SOURCES 

e s c a l a t i o n  c l a u s e s  

( 3 )  SOCIETAL SOURCES 

e n v i r o n m e n t a l  i s s u e s  
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TABLE 3-19 

GEOTHERMAL/INDUSTRIAL PROCESS HEAT 

I 
I Mash 

Cooker 

w 

I 
I a, 

m fn 
u 

(1) REFERENCE GEOTHERMAL SYSTEM: 

D, C 

Geothermal Tank C 

al 

0 

-0 
Flash Steam I 

Geothermal 
- 

0 Heat d 

Brine Brine Exchanger 

(2 )  APPLICATION: 

I 
I 

Liquid-Dominated Geothermal  
(Coury & A s s o c i a t e s  Des ign)  

P r o v i s i o n  of  P r o c e s s  Heat t o  Corn-to- 
E t h a n o l  P l a n t  

- d I 
4 

Geothermal 

0 Liquid-Oominated Geothermal  (Coury & Associ -  

0 Water c o m p o s i t i o n :  5800 P a r t s  P e r  M i l l i o n  

Well Bottom Tempera ture :  3500F (177OC) 

0 Well Flow Rate: 334,000 l b / h r  (151.5 M e t r i c  

a tes  Des ign)  

of  T o t a l  D i s s o l v e d  S a l t s  

Tons/Hr) 

BTU/Hr ( 1 1  MWt) 
0 Geothermal  Heat Sr ippl ied :  37 .4  M i l l i o n  

0 Number of Wells: 2 

0 Brine D i s p o s a l :  R e - i n j e c t i o n  i n t o  Well 

P l a n t  Annual P r o d u c t i o n :  7 . 4  M i l l i o n  Gal 
(28 M i l l i o n  L i t e r s )  

0 Coal -Fi red  B o i l e r  (R. K a t z e n  

o B o i l e r  Steam O u t p u t :  51 M i l l i o n  

A s s o c i a t e s  Des ign)  

B T U / H r  ( 1 5  M W t )  

0 Coal :  High S u l f u r  Coal  

0 Annual Coal  U s e :  18,160 Tons 
(16 ,470  M e t r i c  Tons) 

G a l  (38 Mi- l l ion  L i t e r s )  
a P l a n t  Annual P r o d u c t i o n :  10 M i l l i o n  

o F e e d s t o c k :  Corn 

0 C o n s t r u c t i o n  P e r i o d :  3 Y e a r s  

0 C o n s t r u c t i o n  P e r i o d :  3 Years- 

RESOURCES 

(1)  K.L. G a r i n g  and  G.E. Coury, "Assessment of  t h e  Geothermal  R e s o u r c e  i n  C o l o r a d o  A s  
t h e  Energy S o u r c e  f o r  a P r o c e s s  t o  P r o d u c e  A l c o h o l  f rom A g r i c u l t u r a l  Commodities," 
P r e p a r e d  f o r  C o l o r a d o  Energy  R e s e a r c h  I n s t i t u t e  u n d e r  C o n t r a c t  Number 321-03 (1978).  

( 2 )  R.W. Wardie and  G,R.  T h a y e r ,  "Ethanol  from Corn-10 M i l l i o n  G a l l o n l Y e a r  P l a n t , "  
Los Alamos S c i e n t i f i c  L a b o r a t o r y  ( t o  b e  p u b l i s h e d  1 9 8 1 ) .  
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GEOTHERMAL SYSTEM COST (1980) 
(1980 DOLLARS) 

Components F i r s t  Annual L i f e  
c o s t  O&M (Years )  

(OOO$)  c o s t  ( O O O $ )  

Wells  10990 71 10  
L i n e s  & Pumps 323 142 20 
,2dd i t i o n a l  

Equipment 49 86 20 
Des ign  564 
P r e l i m i n a r y  

-- -- 

E x p l o r a t i o n  -- & R o y a l t i e s  1764 120 

TOTAL 13690 419 -- 

CONVENTIONAL SYSTEM COST (1980) 
(1980 DOLLARS) 

1 

Annual L i f e  Components F i r s t  
c o s t  O&!I ( Y e a r s  

( O O O $ )  C o s t  (030$) 

B o i l e r  2352 92 20 
B o i l e r  Feed- 
Water 106 9 20 

20 D e a e r a t i o n  35 
F l u e  G a s  

20 S c r u b b e r  1899 
B o i l e r  Aux- 

20 i l i a r i e s  412 

-- 

-- 

-- 

-- TOTAL 4804 101 

REFERENCE GEOTHERMAL AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 
.__ - ECONOMIC MEASURE-(1980 DOLLARS) GEOTHERMAL SYSTEM CONVENTIONAL ALTERNATIVE 

(1) L i f e  Cycle  C o s t  (000  $)  , 35,560 26,220 
(2) L e v e l i z e d  C o s t  of Energy ( $ / M i l l i o n  BTU) 6.03 3.26 

( $ / M i l l i o n  kJ) 5.71 3.09 

GEOTHEPdAL SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
(FOR SYSTMS INSTALLED I N  1985, 1990, 2000) 

- I 
RENEWABLE SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(1) Energy System I n s t a l l e d  C o s t  ( O O O $ )  
( I n c l u d e s  I n t e r e s t  Dur ing  C o n s t r u c t i o n )  13,390 13,860 16,460 

(2) Annual Energy  R e l a t e d  O&M C o s t ,  F i r s t  Year (000$)  422 420 454 

(3) Expected  Annual Energy  O u t p u t  ( M i l l i o n  BTU) 295,000 295,000 295,000 
( M i l l i o n  kJ) 311,000 311,000 311,000 

(4) C a p a c i t y  F a c t o r  ( X )  90 90 90 

( 5 )  L i f e  C y c l e  C o s t  ( O O O $ >  34,794 35,973 42,165 

(6) L e v e l i z e d  C o s t  of Energy  ( $ / M i l l i o n  BTU) 5.90 6.11  
( $ / M i l l i o n  kJ) 5.59 5.78 

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED I N  1985, 1990,  2000) 

7.15 
6.78 

~ 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(1) Energy System I n s t a l l e d  C o s t  ( O O O $ )  5,165 5,578 5,994 

(2) Annual Energy  R e l a t e d  O&M C o s t ,  F i r s t  Year (OOO$)  141 156 190 

- 
( I n c l u d e s  I n t e r e s t  Dur ing  C o n s t r u c t i o n )  

(3) Expected  Annual Energy O u t p u t  ( M i l l i o n  BTU) 402,084 402,084 402,084 
( M i l l i o n  kJ) 424,600 424,600 424,600 

(4) L i f e  C y c l e  C o s t  ( O O O $ )  28,260 30,800 35,660 I 
I 

(5) L e v e l i z e d  C o s t  of Energy ( $ / M i l l i o n  BTU) 3,51 3.83 
( $ / M i l l i o n  kJ) 3.32 3.63 
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TABLE 3-19 (Concluded)  

MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 

Ownership P a t t e r n :  
A n a l y s i s  P e r i o d :  

System F i n a n c i n g  P e r i o d :  
? e r c e n t a g e  of System F inanced  by Debt:  
Bond Ra te :  
R e t u r n  on  E q u i t y :  
General I n f l a t i o n  Rate: 
C o n v e n t i o n a l  System, F i r s t  Year Cost of Coal :  
Coal E s c a l a t i o n  Rate: 
E l e c t r i c i t y  E s c a l a t i o n  Rate: 
D i s c o u n t  Rate: 
D e p r e c i a t i o n  Algor i thm:  
I n t e r e s t  Rate Dur ing  C o n s t r u c t i o n :  
S t a t e  and  F e d e r a l  Income Tax Rate: 
P r o p e r t y  Tax Ra te :  
F e d e r a l  Tax C r e d i t s  (Renewable System):  
F e d e r a l  Tax C r e d i t s  (Conven t iona l  System):  

Investor-*ned I n d u s t r y  
23 Years (3  Years C o n s t r u c t i o n ,  

20 Years 
60% 
11.5% 
17.6% 
7.5% P e r  Year 
$ l . O 3 / M i l l i o n  BTU ( 0 . 9 8 / M i l l i o n  kJ) 
1.3% P e r  Year (Real) 
2.5% P e r  Year (Real) 
10 .5% 
Sum-of-Years D i g i t s  
10.5% 
50% 
$2/$100 of A c t u a l  Va lue  
$301,772 
$188,900 

20 Year L i f e )  

RUDIMENTARY ERROR ANALYSIS: MAJOR SOURCES OF ERROR 

7’17CllNOI. .OGY/AP~LICATZON: GEOTHERMAL SYSTEMS/PROCESS HEAT, HOOPER, COLORADO 

TYPE/SOURCE OF ERROR 
_____ 

(1) TECHNICAL SOURCES 
( a )  C a p i t a l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E r f i c i e n c y  
( e )  C n p n c . i t y  n r  A v n j l n h i l  i t y  o r  Load F a c t o r  

(2 j ECO::l-l:!I c sfxP.~:l:s 
( a )  I : s ca ln t ion  i n  Cost  of Ref ined  P e t r o l e u m  P r o d u c t s  
( h )  I:scnl; i t ion i n  Cost o f  Natiiral  Gas 
( c )  E s c a l a t i o n  i n  Cost of E l e c t r i c i t y  

( 7 )  S O C l  KTAL FACTORS 
(a)  E n v i r o n m e n t a l  I s s u e s  
( b )  1’uI)l i c  Accep tance  Issues; Delay i n  S c h e d u l e s  

REASON(S) FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

1 2 3 

X 
X 

4 

X 

X 

5 

KEY: 
(1 )  TECHNICAL SOURCES 

1 = Rased on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Eased on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  s i m i l a r  t o  e x i s t i n g  o n e s  
3 = Rased on  e n g i n e e r i n g  d e s i g n s  o f  new E a c i l i t i e s  
4 = Rased on  c o n c e p t u a l  d e s i q n s  
5 = Based on a n  analog:: 

I = Steady  p r i c e s :  C o n t r a c t s  may h e  w r i t t e n  f o r  l o n g  p e r i o d s  ( 1 5  y e a r s )  w i t h  n o  

3 = U n c e r t a i n  p r i c e s :  Recen t  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  

1 = No fo reseeab1 .e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 
t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  

3 = I.tinor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = N a j o r  c o s t  i n c r e a s e s  o r  d e l a y s  may be a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  

( 2 )  ECO:.’O:.!IC SOURCES 

e s c a l a t i o n  c l a u s e s  

Recen t  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

( 3 )  SOCI LTAL SOURCES 

e n v i r o n m e n t a l  i s s u e s  
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I 

I 

TABLE 3-20 

MUNICIPAL SOLID WASTEIINDUSTRIAL PROCESS HEAT 

(1 )  REFERENCE SYSTEM: Consumat I n c i n e r a t o r  System w i t h  Heat Recovery 

( 2 )  AIJ€LICATION : Steam S u p p l i e d  t o  a n  I n d u s t r i a l  P l a n t  

(3 )  REPRESENTATIVE SITE: North L i t t l e  Rock, Arkansas  

( 4 )  CONVENTIONAL ALTERNATIVE: N a t u r a l  Gas Burned i n  a B o i l e r  a t  80% E f f i c i e n c y  

Natural 
Gas 

Electricity 

Municipal 
Solid 
Waste 

Municipal 
Water 

. 
-4 

Flue Gases to 
Atmosphere 

t t 

Secondary 

Blowers 
and 

L Controls 

Primary 
Combustion 

Chamber 

A 
Water 

t 4 
To 2nd i 

Water 
Residue Module 

h S I  
Water Residue 

To To 
Drainage Landfill 

Ditch 
v 

Deaerator 

Water 

+ Steam 

Steam 

REFERENCE SYSTEM DESCRIPTION ,. \ CONVENTIONAL SYSTEN DESCRIPTION ,I, 

0 

0 

0 

0 

0 

0 

0 

I 0 C o n s t r u c t i o n  P e r i o d :  1 Year 

~~~ ~- 

Two Consumat Dua l  1200 Con t inuous  Burn 
I n c i n e r a t o r  Modules w i t h  Heat Recovery 

Ra ted  Steam P r o d u c t i o n :  18 ,000  1 b / h r  
(8165 k g / h r )  

Steam P r o p e r t i e s :  130  p s i g ,  1174 BTU/lb 
(2728 kJ /kg )  

Expected Appual Energy Outpu 
1 .141  x 1 0  

Annual Waste  Burned: 22,500 t o n s  
(20,412 m e t r i c  t o n s )  

C o n v e n t i o n a l  Energy U s a  e :  
n a t u r a l  g a s  ( 1 . 0 5  x 1O18 kJ /Year) ,  6 ~ 1 0 ~  
kWh E l e c t  r i c / Y e a r  

C a p a c i t y  F a c t o r :  90% (Based on 250 Days/Year) 

BTU (1.203 x l o f i  k J )  

1010  B T ~ / Y  

0 One N a t u r a l  Gas F i r e d  B o i l e r  

0 Rated Steam P r o d u c t i o n :  18 ,000  1 b / h r  
(8165 k g / h r )  

0 Steam P r o p e r t i e s :  1 3 0  p s i g ,  1174 BTU/lb 

0 Energy Purchased  (To Give Energy Equ i  
1 . 4 3  x 10 PB- l e n t  of Refe rence .Syy tem) :  

RTU/Year (1.51 X 10 k J / Y e a r )  

0 E f f i c i e n c y  Assumption : N a t u r a l  Gas 

0 Energy Ou tpu t  i s  10% of P l a n t  Requirement  

0 B o i l e r  Make-up Water  and Water  T rea tmen t  
Chemical  Usage E q u i v a l e n t  t o  R e f e r e n c e  
Sys tem 

is Burned  a t  80% E f f i c i e n c y  

- 
RESOURCES - .-- 

(1) R i c h a r d  F r o u n f e l k e r ,  "Small  M o d u l a r  I n c i n e r a t o r  Systems w i t h  Heat  Recovery:  A T e c h n i c a l ,  I 
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TABLE 3-20 (Con t inued)  

REFERENCE SYSTEM COST: (1980) 
(1980 DOLLARS) 

Components F i r s t  Annual L i f e  
c o s t  O&M (Yea r s )  

( O O O $ )  cost ( O O O $ )  

R e c e i v i n g  279 .1  5 3 . 1  1 5  
I n c i n e r a t i o n  897.3 1 2 7 . 5  1 5  
Heat  Recovery 363.5 4 3 . 5  1 5  
G e n e r a l  P l a n t  1 4 3 . 1  6 5 . 1  1 5  

S i t e  & 1 4 0 . 3  
P r e p a r a t i o n  

TOTAL 1 8 7 0 . 8  226.2 _- 

_ _ -  _ _  Design 47.5 
_-- _- 

I 
CONVENTIONAL SYSTEM COST: (1980) 

Component F i r s t  Annual L i f e  

( 1 9 8 w )  

c o s t  O&M (Years) 
tnnns) C n c t  InnnS) 

Boiler Sys .  61.0 37.9 1 5  
M i s c e l l a n e o u s  9 . 3  6 . 3  1 5  
Design 9 . 0  
S i t e  6 22 .0  
P r e p a r a t i o n  

__- _ _  
_ _ _  _ _  

i TOTAL 1 0 1 . 3  44 .2  _- 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION -- - 
ECONOMIC MEASURE (1980 DOLLARS) RENEWABLE SYSTEM CONVENTIONAL ALTERNATIVE 

- 
(1) L i f e  Cyc le  Cost  ( 0 0 0  $)  5,454 10 ,072  

(2) L e v e l i z e d  Cos t  of  Energy $ 3 . 1 8 6 / M i l l i o n  BTU $ 5 . 8 8 5 / M i l l i o n  BTU 
( $ 3 . 0 2 2 / M i l l i o n  kJ) ( $ 5 . 5 8 3 / M i l l i o n  k J )  

RENEWABLE RESOURCE SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
( FOR SYSTEMS INSTALLED I N  1 9 8 5 ,  1990,  2000)  - 

RENEWABLE SYSTEM CHARACTERISTICS (1980 $)  1985 1990 2000 

(1 )  System I n s t a l l e d  C o s t  ( O O O $ )  

(2 )  Annual O&M C o s t ,  F i r s t  Year ( O O O $ )  

(3 )  Expected Annual  Energy Ou tpu t  ( M i l l i o n  BTU) 

(4 )  C a p a c i t y  F a c t o r  (%-250 Day/Yr) 

(5) Net Waste D i s p o s a l  Credit ($/Ton) 

( I n c l u d e s  I n t e r e s t  Dur ing  C o n s t r u c t i o n )  

( M i l l i o n  kJ) 

( L e v e l i z e d  T i p p i n g  Fee )  

(6)  L i f e  Cycle Cost ( O O O $ )  

( 7 )  L e v e l i z e e  Cos t  of Energy ( $ / M i l l i o n  BTU 
( $ / P l i l l i o n  kJ) 

1 , 8 9 6  1 , 9 9 3  2,180 

261 .1  281.3 326 .5  

120,450 126 ,790  139 ,470  
126 ,980  133 ,660  147 ,030  

90 90 90 

7 . 4 6  8 .09  9 . 3 2  

5,677 6 ,170  7,492 

3 . 1 4  3 . 2 4  3 .58  
2 .98  3.08 3 . 4 0  

CONVENTIONAL SYSTEM COST AND ECONGHIC PERFORMANCE 
( FOR SYSTEMS INSTALLED I N  1985 ,  1990 ,  2000) 

~~~~ ~ ~ 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1 9  85 1990 2000 

(1) System I n s t a l l e d  Cost (OOO$)  1 0 6 . 9  112 .9  125 .8  

(2)  Annual O&M C o s t ,  F i r s t  Year ( O O O $ )  4 5 . 1  48.6 56.4 

126 ,790  139 ,470  (3 )  Expec ted  Annual Energy Ou tpu t  ( M i l l i o n  RTU 120 ,450  
( M i l l i o n  kJ) 126 ,980  1 3 3 , 6 6 0  147 ,030  

( 4 )  L i f e  Cyc1.e Cost (0003)  14 ,042  1 9 , 5 1 3  38,536 

( I n c l u d e s  I n t e r e s t  Dur ing  C o n s t r u c t i o n )  

I ( 5 )  L e v e l i z e d  Cost of Energy ( $ / M i l l i o n  BTU 7.77 10 .26  18 .42  
( $ / M i l l i o n  kJ) 7 .37  9 .73  17 .47  
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TABLE 3-20 (Concluded)  

7- 

~5 

MAJOR ECONOMIC.ANALYSIS ASSUMPTIONS 

--- 

Ownership P a t t e r n :  M u n i c i p a l l y  Owned U t i l i t y  
A n a l y s i s  P e r i o d :  1 6  Years (1 y e a r  c o n s t r u c t i o n ,  15  y e a r  l i f e )  
System F i n a n c i n g  P e r i o d :  1 5  Years 
P e r c e n t a g e  of System Cost  F inanced  by Deb t :  
Bond I n t e r e s t  Rate: 10.5% (11.5% f o r  c o n v e n t i o n a l  sys t em)  
G e n e r a l  I n f l a t i o n  Rate: 7 .5% p e r  y e a r  
C o n v e n t i o n a l  System, F i r s t  Year  Cos t  of Gas: $ 2 . 8 0 / M i l l i o n  BTU 
N a t u r a l  Gas E s c a l a t i o n  R a t e :  6.2% p e r  Year ( R e a l )  
E l e c t r i c i t y  Rate, F i r s t  Year: $O.O6/kWh 
E l e c t r i c i t y  E s c a l a t i o n  Kate: 2 . 5 %  p e r  Year (Real) 
06M E s c a l a t i o n  Ra te :  1 . 5 %  p e r  Year  (Rea l )  
D i scoun t  Rate: 10.5% 
Dep r e  c i a  t i o n  Algor i thm : 
Tax R a t e  ( A l l  T a x e s ) :  0% (50% f o r  c o n v e n t i o n a l  sys t em)  
I n s u r a n c e  Premium: 0 .0025  of C a p i t a l  Cost  
C r e d i t  f o r  Waste D i s p o s a l :  40% of Cost  o f  I n c i n e r a t i o n  ($6 .94 /Ton ,  

100% (60% f o r  c o n v e n t i o n a l  sys t em)  

S t  r a i g h t - L i n e  

L e v e l i z e d  C o s t )  

R1JDII~II:N'I'ARY ERROR ANALYSIS: MAJOR SOURCES OF E R R O R  

'1'1.:ClINOLOC.~/~\PPI.ICATION: M U N I C I P A L  S O L I D  W A S T E / I N D U S T R I A L  PROCESS HEAT, NORTH L I T T L E  ROCK, ARKANSAS 

TYPE/SOURCE OF ERROR 

TECHN LCAL SOURCES 
( a )  C a p i t a l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E f  r i c i e n c y  
( C )  

13(;oNO:~l I r: SOURCI<S 
(a) L s c n l n t i o r i  i n  Cos t  of Ref ined  P e t r o l e u m  P r o d u c t s  
( b )  1:scnI.ation i n  Cos t  o f  N a t u r a l  Gas 
( c )  i<sc ; i l n t ion  in  Cost  of E l e c t r i c i t y  

r:;ii)nc.ity o r  A v n l l a h i l  i t y  nr Load F a r t o r  

t.3) SOCLI<'I'AL FACTORS 
( : I )  I h v i  ronincntnl Issiics 
( h )  Tluli I ic .  A c c r p t n n c r  1 s s u ~ s ;  I)c.lny i n  S c l i r d u l r s  

-- 
REASON(S) FOR ERRORS 

(CHECK APPROPRIATE BOXES 
USING KEY BELOW) 

1 

X 
X 
X 

2 

).: 1-Y : 
( I ) ' i ' l ~ ( ~ l i ~ ~ i  (;AL SOUR(;iCIi 

I = 1:;ised oi l  s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = llased on d e t a i l e d  d e s i g n s  of r a c i l i t i e s  similar t o  e x i s t i n g  o n e s  
3 = Based on eng inee r in [ ;  d e s i g n s  o f  new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Uased on an a n a l o g y  

(2) ECONOMIC SOURCES 

3 4 

1 = S t e a d y  p r i c e s :  Contr;tctc; may be w r i t t e n  f o r  long  p e r i o d s  ( 1 5  y e a r s )  w i t h  n o  

3 = U n c e r t a i n  p r i c e s :  Recen t  v o l a t i l i t y  on t h e  o r d e r  o f  20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and  a v a i l a b i l i t y :  Recent  i n c r e a s e s  o f  more t h a n  20% p e r  y e a r  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 
t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  

3 = Ninor  e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = blnjor c o s t  i n c r e a s e s  o r  d e l a y s  niny b e  a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  

e s c , i l n t  i o n  c l a u s e s  

( 3 )  SOCIETAL SOURCES 

e n v i  ronrnen t a 1 i s  sties 
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TABLE 3-21 

BIOMASS (WOOD)/INDUSTRIAL PROCESS HEAT 

(1) REFERENCE SOLAR SYSTEM: Econergy Designed Wood-Fired B o i l e r  

( 2 )  APPLICATION: Steam f o r  a P u l p  and Pape r  M i l l  

( 3 )  REPRESENTATIVE SITE: Escanaba ,  Michigan 

(4)  CONVENTIONAL ALTERNATIVE: Coa l -F i r ed  B o i l e r  

Dry  Partially W o o d l  T F I ’ ~  
Gas 

Steam Steam 
Generation 

Combustion 
Air 4 

Make U p  

Chemicals I 1 Ashto 
Disposal 

( 2 )  (1) - CONVENTIONAL SYSTEM DESCRIPTION REFERENCE SOLAR SYSTEM DESCRIPTION 

0 Econergy Designed Wood-Fired B o i l e r  0 Coa l -F i r ed  B o i l e r  P l a n t  

0 Rated Steam P r o d u c t i o n :  525,500 l b / h r  0 Rated Steam P r o d u c t i o n :  500 ,000  l b / h r  
i (238,400 k g / h r )  (226,800 k g / h r )  

j 0 Steam P r o p e r t i e s :  600 p s i g ,  1172 BTU/lb 0 Steam P r o p e r t i e s :  600 p s i g ,  1172 BTU/lb 
, ( 2 7 2 4  kJ/kg)  ( 2 7 2 4  kJ/kg) 

I Expected Annual Energy Out u t :  ’ 4.6 x 1 O I 2  BTU ( 4 . 8 5  x lo1’ k J )  
0 Expected Annual Energy Ou tpu t :  

4.36 x 1 O I 2  BTU ( 4 . 6  x 1012 kJ) 
, 

0 C o n v e n t i o n a l  Energy Usage: 4 .6  MW E l e c t r i c  0 C o n v e n t i o n a l  Energy Usage: 5 . 1  MWe 

; Non-Conventional F u e l  Usage: 1000 Tons/Day 0 F u e l  Type/Usage:High Sulfur Coa l /  190 ,000  

j C a p a c i t y  F a c t o r :  85% 0 C a p a c i t y  F a c t o r .  85% 

Wood/Dry-Basis (907 W t r i c  Tons/Day) Tons/Year  (172 ,400  M e t r i c  Tons/Year)  

0 C o n s t r u c t i o n  P e r i o d :  2 Yea r s  0 C o n s t r u c t i o n  P e r i o d :  2 Years 
1 -_ 

- 
RESOURCES 

_. __ 
( 1 )  Econergy A s s o c i a t e s ,  “Technology C h a r a c t e r i z a t i o n  and Economic E v a l u a t i o n  of a 1000 

t o n s / d a y  (Dry) Wood-Fired P r o c e s s  Steam P l a n t , ”  Repor t  f o r  LASL on C o n t r a c t  
4-L40-0745 M-1 (1980). 

( 2 )  R .  Ka tzen  A s s o c i a t e s ,  “Gra in  Motor F u e l  A lcoho l -Techn ica l  and Economir Assessment  
S t u d y , ”  R e p o r t  f o r  DOE,  HCP/ .J6639-01 (1978) .  
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TABLE 3-21 (Continued) 

c 0 N v E N 7 % 8 7  
Components First Annual Life i omv onen t s First Annual Life 

REFERENCE S 

Cost O&M Cost 
( O O O $ )  (000s) -___ 

410 
S t eam 
Generation 15341 2053 
Utility Sys. 7664 890 
General 3941 473 
Contractor 942 
Site & 

_ _  

Preparation 1135 _- 
Contingency 4883 _- 

ing Capital 3166 __  
S t a r t - u p  & Work- 

(Years) 
~~ 

cost O&M Cost (Years) 
(000s) ( 0 0 0 s )  --___-- 

Steam 
Generation 9127 
Elec. & Water 1052 
Environmental 8575 
General 671 
Contractor 610 
Site h 
Preparation 1135 
Contingency 3172 
Start-up & Work- 
ing Capital 3137 

_ _  

1647 20 
159 20 
1683 20 
100 20 
-- _ _  

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: (1980) .- -- - 
ECONOMTC MEASURE (1980 DOLLARS) SOLAR SYSTEM- CONVENTIONAL ALTERNATIVE __ 
(1) Life Cycle Cost (000 $1 384,988 420,652 
(2) Levelized Cost of Energy $4.239/Million BTU $4.842/Million BTU 

($4.021/Million kJ) ($4.591/Million kJ) 

. 

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS ACQUIRED IN 1985, 1990, 2000) 

SOLAR SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 
. 

(1) System Installed Cost (000s) 43,370 46,830 52,350 
(Includes Interest During Construction) 

(2) Annual O&M Cost, First Year ( O O O $ )  3,727 3,822 4,368 

(3) Expected Annual Energy Output(Mil1ion BTU) 4.60 x l o 6  4.71 x lo6 4.87 x lo6 
(Million kJ) 4.85 x lo6 4.97 x lo6 5.13 x l o 6  

(4) Capacity Factor ( W )  85 87 90 

(5) L i f e  Cycle Cost ( O O O $ )  395,617 425,549 492,438 

(6) Levelized C o s t  of Energy(S/Million BTU) 4.30 4.52 5.05 
($/Million kJ) 4.08 4.29 4.80 

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS ACQUIRED IN 1985, 1990, 2000) 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(1) System Installed Cost ( O O O $ )  29,360 30,840 34,010 

(2) Annual O&M Cost, First Year ( O O O $ )  3,758 4,015 4,580 

(3) Expected Annual Energy Output(Mil1ion BTU) 4.36 x lo6 4.46 x lo6 4.62 x lo6 

(4) Life Cycle Cost ( O O O $ )  447,998 487,995 575,186 

(Includes Interest During Construction) 

(Million kJ) 4.60 x lo6 4.70 x lo6 4.87 x 106 

(5) Levelized Cost of Energy($/Million BTU) 5.137 
($/Million kJ) 4.873 
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TABLE 3-21 (Concluded) __ --- 
MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 

_I_- 

(1)  Ownership P a t t e r n :  Investor-Owned I n d u s t r y  
( 2 )  A n a l y s i s  P e r i o d :  22 Years ( 2  Year C o n s t r u c t i o n ,  20 Year L i f e )  
(3) System F i n a n c i n g  P e r i o d :  20 Years 
( 4 )  P e r c e n t a g e  of System Cos t  F inanced  by Debt :  60% 
(5 )  Bond I n t e r e s t  Rate: 11.5% 
( 6 )  E q u i t y  Re tu rn  R a t e :  17 .6% 

(8)  Conven t iona l  Svstem. F i r s t  Year Cos t  of  Coa l :  $55/Ton ( I l l i n o i s  c o a l  d e l i v e r e d  a t  Escanaba)  
( 9 )  Coal Cos t  E s c a l a t i o n  Rate: 1 .3% p e r  Year (Rea l )  

, ( 7 )  Genera1  I n f l a t i o n  R a t e :  7.5% p e r  Year 

( 1 0 )  F i r s t  Year Cos t  of  Wood: $25/Ton (Dry-Bas is )  
(11 )  Wood Cos t  E s c a l a t i o n  R a t e :  1% p e r  Year (Rea l )  
( 1 2 )  F i r s t  Year E l e c t r i c i t y  Cos t  and E s c a l a t i o n  

(13) 06M E s c a l a t i o n  Ra te :  
( 1 4 )  Discount  Ra te :  10 .5% 
(15)  D e p r e c i a t i o n  Algor i thm:  Sum-of-Years D i g i t s  
(16)  C o n s t r u c t i o n  P e r i o d  (Both S o l a r  and 

( 1 7 )  I n t e r e s t  Rate Dur ing  C o n s t r u c t i o n :  13 .94% 
(18)  Marg ina l  F e d e r a l  P l u s  S t a t e  Tax R a t e :  50% 
( 1 9 )  P r o p e r t y  Tax Ra te :  $2/$100 of A c t u a l  V a l u e  
( 2 0 )  F e d e r a l  Tax C r e d i t s :  10% of C a p i t a l  Cos t  

Ra te :  $0.05/kwh, 2.5% p e r  Year ( R e a l )  
1 .5% p e r  Year (Rea l )  

r 
Convent iona l  Sys t ems) :  2 Yea r s  

L 

R U D I M E N T A R Y  ERROR ANALYSIS : MAJOR SOURCES OF E K K U K  

I F C l I N O L O G Y / I \ r P L Z C A T ~ O N :  BIOMASS (WOOO)/PROCESS HEAT, ESCANABA, MICHIGAN 

TYPE/SOURCE OF ERROR 
.- - 

1 )  'I'ECIINI CAI, SOURCES 
(a)  C a p i t a l  Cos t  Estimate 
( b )  O p e r a t i n g  E f  E i c i e n c y  
( c )  C a p a c i t y  o r  A v n i l n b i l  

1 .2 )  I X O N O P l T C  SOURCES 
( a )  I c scn la t ion  i n  Cos t  of 
( b )  1 : sca l a t ion  i n  Cos t  of 
( c )  1:scnla t ion  i n  Cos t  of 

.' 3 )  SOCI I:'I'AL FACTORS 
( ; I )  I:nv i ronmrii t a  1 1 ssiics 

t y  o r  Load F a c t o r  

Ref ined  Pe t ro l eum P r o d u c t s  
N a t u r a l  Gas 
E l e c t r i c i t y  

( 1 ) )  I ' ub l  i c  Acceptance  Issucis; 1)clay in S c h e d u l e s  
_. 

t : l ;Y:  
( I  ) '1'E(:llN I CAI> SOURCES 

1 = Ilasetl on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  

1 

~~ ~ 

REASON ( S )  FOR ERRORS 
(,CHECK APPROPRIATE BOXES 

U S I N G  KEY BELOW) 

2 

X 
X 

z__ 

3 

X 

4 5 

2 = Rased on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  s i m i l a r  t o  e x i s t i n g  o n e s  
3 = ilased on  e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Ilased on c o n c e p t u a l  d e s i g n s  
5 = Eased on  an  a n a l o g y  

( 2 )  IlCONOPlI C SOURCES 
1 = Steady  p r i c e s :  C o n t r a c t s  may h e  w r i t t e n  f o r  l o n g  p e r i o d s  (15  y e a r s )  w i t h  no 

1 = U n c e r t a i n  p r i c e s :  Recent  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due  
t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  

3 = Idinor e n v i r o n m e n t a l  O K  p u b l i c  a c c e p t a n c e  i s s u e s  

e s c a l a t i o n  c l a u s e s  

Recent  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

( ' I )  SOC I ETAL SOIJRCES 

5 = \I  , n j o r  c o s t  i n c r e a s e s  o r  d e l a y s  may be a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  
e n v i r o n m e n t a l  i s s u e s  
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TABLE 3-22 

BIOMASS (WOOD) COGENERATION/INDUSTRIAL STEAM AND ELECTRICITY 
.____ 

( 1 )  REFERENCE SOLAR SYSTEM: I n d u s t r i a l  Co-Generator Using Wood-Fired B o i l e r s  t o  P roduce  
Steam and E l e c t r i c i t y  

( 2 )  APPLICATION: I n t e g r a t e d  P u l p  and P a p e r  M i l l  ( B o i s e  S o u t h e r n  Company) 

( 3 )  REPRESENTATIVE SITE: DeRidder ,  L o u i s i a n a  

( 4 )  CONVENTIONAL ALTERNATIVE: E q u i v a l e n t  System Using O i l - F i r e d  B o i l e r s  I __  

M' 
I", 

Source t 
Electricity 

- .  - Generator 
Coo,ant In ~ o o t a n t  uu t  

I - - 4 

Feed Pump 

Regenerator 

- 
CONVENTIONAL SYSTEM DESCRIPTION 

( 1 )  -- REFERENCE SOLAR SYSTEM DESCRIPTION 

0 System: An I n t e g r a t e d  Pu lp  and Pape r  M i l l  
C o g e n e r a t i n g  Steam and E l e c t r i c i t y  Using 
Wood Waste a s  F u e l  

0 Components: 

- B o i l e r s :  A.  1 Babcock and Wilcox Power 
Boiler with Rated Output  of 725,000 lb/hr 
(329,000 k g / h r )  of steam 

B. 1 Combustion E n g i n e e r i n g  Power 
B o i l e r  w i t h  Rated Output  of 200,000 l b / h r  
(90,720 k g / h r )  of Steam 

- T u r b i n e  G e n e r a t o r :  A G e n e r a l  E l e c t r i c  5 6 . 4  MW 
Back P r e s s u r e  Steam T u r b i n e  G e n e r a t o r  
Using 995 ,000  l b / h r  (451,000 kg /h r )  of 
900 p s i g  (6205 kPa) and 830°F (447°C) Steam 

0 Annual O n s i t e  E l e c t r i c i t y  Genera t ed :  

0 Annual Wood F u e l  Requirements:  

368 ,288  NWh 

1 , 5 3 3 , 0 0 0  t o n s / y r  
(1 ,391 ,000  m e t r i c  t o n s / y r )  

0 System: An I n t e g r a t e d  P u l p  and Pape r  M i l l  
C o g e n e r a t i n g  Steam and E l e c t r i c i t y  Using Gas /Oi l  
a s  F u e l  

0 Components : 

- B o i l e r s :  A .  1 Babcock and Wilcox B o i l e r  
with Rated Output  of 725,000 l b / h r  
(329 ,000  k g / h r )  of Steam ( O i l  F i r e d )  

B .  1 Combustion E n g i n e e r i n g  Power 
B o i l e r  w i t h  Rated Output  of 200,000 l b / h r  
(90 ,720  k g / h r )  of Steam ( O i l  F i r e d )  

- T u r b i n e  G e n e r a t o r :  A G e n e r a l  E l e c t r i c  5 6 . 4  MW 
Back P r e s s u r e  Steam T u r b i n e  G e n e r a t o r  
Using 995,000 l b / h r  (451,000 k g / h r )  of 
900 p s i g  (6205 kPa) and  830°F (447°C) Steam 

0 Annual O n s i t e  E l e c t r i c i t y  G e n e r a t e d :  

0 Annual F u e l  Requ i remen t s :  

368,288 MWh 

91 .5  M i l l i o n  G a l l o n s /  
y r  ( 3 4 6 . 0  M i l l i o n  L i t e r s / y r  

RESOURCES 
-. 

1 )  N e i l  S a n d e r s ,  B o i s e  S o u t h e r n  Company, DeRidder ,  L o u i s i a n a  
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_- I n d i r e c t  C o s t s  1,182 
Cont ingency  1,057 -- 

TOTAL 23,794 4,199 - 

REFERENCE SOLAR AND CONVENTIONAL SY STW ECLlNOMIC PERFORMANCE: 1980 INSTALLATIONS 
ECONOMIC MEASURE (198C DOLLARS) SOLAR SYSTEM CONVENTIONAL ALTERNATIVE 
(1) L i f e  C y c l e  Cos t  ( 0 0 0 $ ) :  Steam 115,912 175,240 

E l e c r r i c i t y  273,131 387,615 
0.040 ( 2 )  L e v e l i z e d  C o s t  of Energy: E l e c t r i c i t y ( $ / k W h )  0.028 

Steam ($/MBTU) 5,13 7.67 

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
FOR SYSTEMS ACQUIRED I N  1 9 8 5 ,  1990,  2000 

SOLAR SYSTEM CHARACTERISTICS (1980 DOLLARS) 1985 1990 2000 

(1) System I n s t a l l e d  C o s t  (OOO$) 
( 2 )  Annual O&M C o s t  
( 3 )  Expected  Annual Energy  Output :  

A. E l e c t r i c i t y  (Megawatt Hours) 
B ,  Steam ( t o n s / y r  a t  8300F, 900 pSig)  

( 4 )  C a p a c i t y  F a c t o r  (Turb ine-Genera tor )  
(5) L i f e  C y c l e  C o s t  ( O O O $ )  - A. Steam 

( 6 )  L e v e l i z e d  Cost of Energy: 
- B. E l e c t r i c i t y  

A. Busbar  Cost of  Energy ($/kwh) 
B. C o s t  o f  Steam ( $ / M i l l i o n  BTU) 

30,127 34,071 
4,716 4,834 

368,288 368,288 
4,478,400 4,478,400 

0,77 0 . 7 7  
119,189 123,035 
311,113 356,330 

0,032 0,037 
5.29 5,48 

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE FOR 
SYSTEMS ACQUIRED I N  1 9 8 5 ,  1990,  2000 

43,619 
5,087 

368,288 
4,478,400 

0.77 
132,715 
474,888 

0,049 
5.95 

- 
CONVENTIONAL SYSTEM CHARACTERISTICS (1980 DOLLARS) 1985 1990 2000 

- -. 

(1) System I n s t a l l e d  Cos t  (OOOS)  
( 2 )  Annual O&M C o s t  ( O O O $ )  
( 3 )  E x p e c t e d  Annual Energy Output :  

A. E l e c t r i c i t y  (Megawatt Hours)  
B ,  S team ( t o n s / y r  a t  830°F, 900 p s i g )  

( 4 )  C a p a c i t y  F a c t o r  ( T u r b i n e  G e n e r a t o r )  
( 5 )  L i f e  C y c l e  Cost ( O O O $ )  - A, S team 

(6)  L e v e l i z e d  C o s t  of  Energy: 
- B, E l e c t r i c i t y  

A .  Busbar  Cos t  of E l e c t r i c i t y  ($/kWh) 
B ,  C o s t  of Steam ( $ / M i l l i o n  BTU) 

28,070 
4,305 

368,288 
4,4 78,400 

0.77 
185,168 
453,676 

0.047 
8.11 

31,740 
4,413 

368,288 
4,478,400 

0,77 
195,935 
532,731 

0,055 
8,59 

40,640 
4,645 

368,288 
4 , 478,400 

0 - 7 7  
220,302 
741,868 

0,077 
9,69 
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TABLE 3-22 (Concluded)  _ _  -- 
MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 

(1) Ownership P a t t e r n :  P r i v a t e  I n d u s t r i a l  F i rm 
(2) F i r s t  Year I n s t a l l e d  Cost ( S o l a r  System):  $25,614,000 
(3) A n a l y s i s  P e r i o d :  33 Years 
(4)  System F i n a n c i n g  P e r i o d :  20 Years 
(5)  C a p i t a l i z a t i o n  R a t i o :  E q u i t y :  50% 

Debt:  50% 
(6) Weighted Average C o s t  of  C a p i t a l :  12 .9% 
(7)  General I n f l a t i o n  Rate: 7.5% 

(9 )  D i s c o u n t  Rate (Nominal):  10" 5% 
(8) F u e l  Cost Escalat ion (Rea l ) :  2.5% 

Sum of  Years' D i g i t s  : l o )  D e p r e c i a t i o n  Algor i thm:  
111) C o n s t r u c t i o n  P e r i o d  (Conven t iona l  System): 3 Years 
112) C o n s t r u c t i o n  P e r i o d  ( S o l a r  System):  3 Years 
113) M a r g i n a l  F e d e r a l  Tax Rate: 4 8% 

:15) F e d e r a l  Tax C r e d i t  ( S o l a r  System): 25% 
:14) Other Taxes ( R a t e ) :  2% 

:16) F e d e r a l  Tax C r e d i t  (Conven t iona l  System):  10 % 

HUDIEIEN'I'ARY ERROR ANALYSIS : MAJOR SOURCES OF ERROR 

I'I]CHNOLOC,Y/APPLICATTON: WOOD COGENERATION/INDUSTRIAL STEAM A N D  ELECTRICITY, DeRIDDER, LOUISIANA 

TYPE/SOURCE OF ERROR 

TECHNICAL SOURCES 
( a )  C a p i t a l  Cos t  Estimate 
( b )  O p e r a t i n g  E r f i c i e n c y  
(C) 

I<CONONI C SOURCES 
( < I )  L s c a l a t i o n  i n  Cos t  of Re f ined  PetroLeum P r o d u c t s  
( b )  1:scalation i n  Cos t  of  N a t u r a l  Gas 
( c )  E s c a l a t i o n  i n  Cost  of E l e c t r i c i t y  

Cap. ic i ty  o r  A v a i l a b i l i t y  o r  Load F a c t o r  

~ 3 )  SOC11:TAL FACTORS 
( a )  I lnv i ronmen ta l  I s s u e s  
( b )  I ' ub l i r  Accep tance  I s s u e s ;  Dclay i n  S c h e d u l e s  -- 

1 

REASON(S) FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

2 3 

X 
X 
X 

4 5 

K E Y :  
(1) TECHNICAL SOURCES 

1 = Based on s y s t e m s  a c t u a l l y  b u i l ' t  and o p e r a t i n g  
2 = Based on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  similar t o  e x i s t i n g  ones  
3 = Based on  e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Il.isetl on c n n c c p t u a l  d e s i g n s  
5 = Based on an  a n a l o g y  

(2) 1:CONOPlIC SOURCES 
1 = S t e a d y  p r i c e s :  C o n t r a c t s  may be w r i t t e n  f o r  l o n g  p e r i o d s  ( 1 5  y e a r s )  w i t h  n o  

3 = U n c e r t a i n  p r i c e s :  Recen t  v o l a t i l i t y  on t h e  o r d e r  o f  20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 

e s c a l a t i o n  c l a u s e s  

Recen t  i n c r e a s e s  o f  more t h a n  20% p e r  y e a r  

( j )  SOCIETAL SOURCES 

t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  
\ 3 = Minor e n v i r o n m e n t a l  o r  o u b l i c  a c c e p t a n c e  i s s u e s  

5 = Major  c o s t  i n c r e a s e s  o r  d e l a y s  may b e  a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  O K  

cnv i ronmen t a L i s  sues 
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TABLE 3-23 

AGRICULTURAL PROCESS HEAT/ANIMAL SHELTER HEATING 

(1) SOLAR SYSTEM: 

( 2 )  APPLICATION: 

Air-Based System: F l a t  P l a t e  C o l l e c t o r ,  
Rock B in  S t o r a g e  

Pre-Heat V e n t i l a t i o n  A i r  f o r  New Chicken 
( B r o i l e r )  House 

( 3 )  REPRESENTATIVE SITE: E a s t e r n  S h o r e ,  Maryland 

( 4 )  CONVENTIONAL ALTERNATIVE: LP Gas 

- -.- 
REFERENCE SOLAR SYSTEM DESCRIPTION END USER REQUIREMENTS 

.-- 

0 C o l l e c t o r  Area and Type: Double-glazed,  0 Chicken Hguse f o r  Y i s i n g  B r o i l e r s  - 
I 

f l a t  b l a c k  s u r f a c e ,  s i t e - b u i l t  f l a t  p l a t e  
c o l l e c t o r .  

12 ,240  f t  (1 ,137  m ) S i n g l e  S t o r y  
A c t i v e  area 2000 f t 2  (185m2) 

e S t o r a g e  System: 1000 f t 3  (28.3111~) of 
washed s t ream-bed p e b b l e s  

0 Backup System: LP Gas Furnace  

0 Annual S o l a r  Heat  O u t p u t :  109 .7  M i l l i o n  

0 Annual C o n v e n t i o n a l  F u e l  P u r c h a s e s  

BTU (115 .8  M i l l i o n  kJ) 

( f o r  backup):  
-LP Gas: 77 .3  M i l l i o n  BTU (81.5 M i l l i o n  

- E l e c t r i c i t y  ( P a r a s i t i c s ) :  5 . 6  M i l l i o n  
kJ) 

BTU (5 .9  M i l l i o n  kJ) 

Annual Space H e a t i n g  Requ i remen t s  
( m o s t l y  due t o  v e n t i l a t i o n  f o r  
h u m i d i t y  c o n t r o l ) :  163 .8  M i l l i o n  BTU 
(172.8 M i l l i o n  k J )  

0 B r o i l e r  House S p e c i f i c a t i o n s :  
- 5 b a t c h e s  of 15,000 b i r d s  p e r  y e a r  
- r e q u i r e d  i n d o o r  t e m  e r a t u r e  v a r i e s  8 from 95-70°F (35-22 C) d u r i n g  8 week 

growing c y c l e  
- v e n t i l a t i o n  r e q u i r e m e n t s  f o r  tem- 

p e r a t u r e  and m o s i t u r e  c o n t r o l  i n -  
c r e a s e  as a f u n c t i o n  o f  l i v e  w e i g h t  
o f  b i r d s  

- v e n t i l a t i o n  a t  any t i m e  i s  t h e  max- 
imum of  t h a t  r e q u i r e d  f o r  t e m p e r a t u r e ,  
humid i ty  and o d o r  c o n t r o l  

RESOURCES 

(1) Reece F.W. a n d  L o t t ,  B. D. O p t i m i z i n g  P o u l t r y  House Des ign  f o r  Broiler Ch ickens ,  
S o u t h c e n t r a l  P o u l t r y  R e s e a r c h  L a b o r a t o r y ,  M i s s i s s i p p i  S t a t e  U n i v e r s i t y .  

( 2 )  S c i e n c e  A p p l i c a t i o n s ,  I n c .  
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TABLE 3-23 (Continued) 

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

Total Annual Energy Load: 163.8 Million BTU (172.8 Million kJ) 
Annual Energy Load Met by Solar: 109.7 Million BTU (115.8 Million k J )  
Annual Energy Load Met by LP Gas: 54.1 Million BTU ( 57.1 Million kJ) 
Annual LP Gas Requirements:' 77.3 Million BTU ( 81.5 Million kJ) 
Annual Electrical Requirements: 5.6 Million BTU ( 5.9 Million kJ) 
Net Solar Fraction: 64% 

REFERENCE SOLAR SYSTEM COST: 1980 
(Including Backup System) 

Component First Annual Life 

(1980 DOLLARS) 

cost. O&M (Years) 
($)  Cost($) 

(Exc. Fuel) 

Collector 8660 280 20 
Storage 4000 0 20 
Blower 144 0 20 
Controls 120 10 20 
Dampers 256 0 20 
Plastic Dist. 
System 600 30 20 

Propane Fur- 
nace 1800 ' 30 20 

Installation 1374 0 20 

TOTAL 16,954 350 

Note - Costs assume majority of installation 

-- 
i 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 

ECONOMIC MEASURE (1980 DOLLARS) REFERENCE SOLAR CONVENTIONAL ALTERNATIVE 

(1) Life Cycle Cost ($)  

(2) Levelized Cost of Energy ($/Million BTU) 
18,076 26,946 

7.42 11.02 

CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

Component First Annual Life 
cost O&M (Years) 
($)  Cost($) 

(Exc.Fue1) 

Propane Fur- 

Plastic Dist. 

Installation 600 0 

nace 1800 30 20 

System 600 30 20 

-- TOTAL 3,000 60 

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED IN 1985, 1990, 2000) 

SYSTEM CHARACTERISTICS (1980 $)  1985 1990 2000 
- 

(1) Annual Solar System Output (Million BTU) 109.7 109.7 109.7 
( 2 )  Annual Solar System Output (Million kJ) 115.8 115.8 115.8 

( 3 )  System Installed Cost (Cost to End User) 
16954 15353 13608 

(4) Annual O&M Cost ($)  350 350 350 

(5) Annual Propane Requirements (Million BTU) 77.3 77.3 77.3 

(6) Life Cycle Cost ($)  19495 20276 23443 

(7) Levelized Cost of Energy ($/Million BTU) 8.00 8.32 9.63 
(8) Levelized Cost of Energy ($/Million kJ) 7.58 7.89 9.11 

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED IN 1985, 1990, 2000) 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $)  1985 1990 2000 

(1) System Installed Cost (Cost to End Users 
in Dollars) (in Present Value 1980 $) 3,000 3,000 3,000 

(2) Annual O&M Cost ($ )  60 60 60 
(3) Annua2 Propane Requirement (Million BTU) 234 234 234 
(4) Life Cycle Cost ( $ )  30,962 35,585 47,217 
(5) Levelized Cost of Energy ($/Million BTU) 12.77 14.65 19.36 
(6) Levelized Cost of Energy ($/Million kJ) 12.10 13 55 18.42 
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TABLE 3-23 (Concluded)  

MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 1 
(1) Ownership P a t t e r n :  Commercial 
(2)  A n a l y s i s  P e r i o d :  20 Years 
(3 )  F i r s t  Year Cos t  of Propane:  $ 8 . 7 2 / M i l l i o n  BTU ( $ 8 . 2 7 / M i l l i o n  kJ) 
( 4 )  F i r s t  Year Cos t  of E l e c t r i c i t y :  $ 1 6 . 6 1 / M i l l i o n  BTU ($15 .75 /Mi l l ion  kT) 

I Propane  Gas and E l e c t r i c i t y  Cos t  
E s c a l a t i o n  R a t e s :  10 .5% and 10% (3% and 2 .5% r e a l )  a n n u a l l y  

Klil)lElI~N’lAKY I-RROR ANAI.YSIS: I+\JOR SOUKCES OF ERROR 

‘I‘ECllNOLOGY/Al’PLICA’TtON: AGRICULTURAL PROCESS HEAT/ANIMAL SHELTER HEATING, EASTERN SHORE, MARYLAND 

TYPE/SOUKCE OF ERROR 

REASON(S) FOR ERRORS 
(CHECK APPROPRIATE BOXES 

U S I N G  KEY BELOW) 

5 

I )  ‘r[:ciiN LCAL SOURCES 
( a )  C a p i t a l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E f f i c i e n c y  
( c )  c a p a c i t y  o r  A v a i l a b i l i t y  o r  Load F a c t o r  

( 2 )  E C O N O b l I C  SOURCES 
( a )  Lscalatinn i n  Cos t  of Ref ined  Pe t ro l eum P r o d u c t s  

a l i i t i o n  i n  Cost of N a t u r a l  Gas 
a l a t i o n  i n  Cos t  of E l e c t r i c i t y  

( 3 )  S O C I I ~ T A L  FACTORS 
( a )  Envi ronmen ta l  I s sues  
( h )  I’uI)Lic Acceptance  Issues; Delay i n  S c h e d u l e s  - 

( 1 ) I l , ~ ; l l : J l  C A L  :;OlJR<;F.S 

1 = I h s c d  nil s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = I \nsed on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  similar t o  e x i s t i n g  o n e s  
3 = Based on e n g i n e e r i n g  d e s i g n s  of new € a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = I h s e d  on  an  ana logy  

( 2 )  IXONOMI C SOURCES 
I 7 Stcintly prices: Contrac t : ;  m n y  hc w r i t t e n  f n r  l o n g  p e r i o d s  (15  y e a r s )  w i t h  no  

7 = U n c e r t a i n  p r i c e s :  Recent  v o l a t i l i t y  on t h e  o r d e r  oE 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i . l i t y :  Recent  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

e s c a l a t i o n  c l a u s e s  

( 3 )  SOC1 ETAL SOURCES 
1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  eCEic iency  o r  a v a i l a b i l i t y  due 

t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  
I = ;.liner e n v i r o n m e n t a l  o t  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = :Jajor c o s t  i n c r e a s e s  o r  d e l a y s  may be  a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  or 

f i  ti v i r onine n L ;a 1 is s u e s  
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\ TABLE 3-24 

AGRICULTURAL PROCESS HEATJANIMAL SHELTER HEATING 

(1) SOLAR SYSTEM: 

(2) APPLICATION: 

( 3 )  REPRESENTATIVE SITE: 

(4) CONVENTIONAL ALTERNATIVE: 

Air-Based System: Flat Plate Collector, 
Rock Bin Storage 

Pre-Heat Ventilation Air for New Chicken 
(Broiler) House 

Madison, Wisconsin 

LP Gas 

Y 

REFERENCE SOLAR SYSTEM DESCRIPTION END USER REQUIREMENTS 
-__. 1 )  (71 ( 1 )  ( 7 )  

Collector Area and Type: Double-glazed, 
flat black surface, site-built flat 
plate collector. 
Active area 2500 ft2 (232m2) 

Storage System: 1250 ft3 (35.4111~) of 
washed stream-bed pebbles 

Backup System: LP Gas Furnace 

Annual Solar Heat Output: 174.5 
Million BTU (184.1 Million kJ) 

A n n u a l  Conventional Fuel Purchases 
(for backup) : 
- LP Gas: 173.3 Million BTU (182.8 
Million kJ) 

- Electricity (parasitics): 8.4 
Million BTU (8.8 Million kJ) 

0 Chicken Hyse for R2ising Broilers - 
12.240 ft (1,137 m ), S i n g l e  Story 

due to ventilation for humidity 
control): 295.8 Million BTU 
(312.1 Million kJ) 

Annual Space Heating Requirements (mostly 

0 Broiler House Specifications: - 5 batches of 15,000 birds per year 
- required indoor temperature varies 

0 

8 w e e k  arowing  c y c l e  
from 95-70 F (35-22OC) during 

- ventilation requirements for 
temperature and moisture control 
increase as a function of live weight 
of birds. 

maximum of that required for tem- 
perature, humidity, and odor control. 

- ventilation at any time is the 

--- 
RESOURCES 

(1) Reece, F. W. and Lott, B. D. Optimizing Poultry House Design for Broiler 
Chickens, Southcentral Poultry Research Laboratory Mississippi State University. 

(2) Science Applications, Inc. 
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TABLE 3-24 (Continued) 

REFERENCE SOLAR SYSTEM ENERGY BALANCE 

Total Annual Energy Load: 
Annual Energy Load Met by Solar: 
Annual Energy Load Met by LP Gas: 
Annual LP Gas Requirements: 
Annual Electrical Requirements: 
Net Solar Fraction: 

REFERENCE SOLAR SYSTEM COST: 1980 
(Including Backup System) 

(1980 DOLLARS) 

Component First Annual Life 
cost O&M (Years) 

($)  Cost($) 
(Exc.Fue1) 

Collector 10825 333 20 
Storage 5000 0 20 
Blower 144 0 20 
Controls 120 10 20 
Dampers 256 0 20 
Plastic Dist.Sys. 600 30 20 
Propane Furnace 1800 30 20 

-- Installation 1420 

TOTAL 20,165 403 -- 

295.8 Million BTU (312.1 Million W )  
174.5 Million BTU (184.1 Million kJ) 
121.3 Million BTU (128.0 Million kJ) 
173.3 Million BTU (182.8 Million kJ) 
8.4 Million BTU ( 8.8 Million kJ) 

59% 

CONVENTIONAL SYSTM COST: 1980 
(1980 DOLLARS) 

Component First Annua 1 Life 
cost O&M (Years) 
($1 Cost($) 

(Exc.Fue1) 

Propane Furnace 1800 30 20 
Plastic Dist.Sys. 600 30 20 
Installation 600 0 -_ 

-- TOTAL 3,000 60 

~~ 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 

ECONOMIC MEASURE (1980 DOLLARS) REFERENCE SOLAR CONVENTIONAL ALTERNATIVE 

(1) Life Cycle Cost ($ )  29,736 44,213 
___ 

(2) Levelized Cost of Energy ($/Million BTU) 6.72 10.08 

SYSTEM CHARACTERISTICS (Fixed 1980 $)  1985 1990 2000 __ 
(1) Annual Solar System Output(Mil1ion BTU ) 174.5 174.5 174.5 

(2) Annual Solar System Output(Mil1ion kJ) 184.1 184.1 184.1 

( 3 )  System Installed C o s t  (Cost to rnd User) 
20165 18261 16185 

(4) Annual O&M Cost ($)  403 403 403 

(5) Annual Propane Requirements(Mil1ion BTU) 173.3 173.3 173.3 

( 6 )  Life Cycle Cost ($)  32744 35195 42800 

(7) Levelized Cost of Energy($/Million BTU) 7.39 7.93 9.68 
(8) Levelized Cost of Energy ($/Million BTU) 6.99 7.53 9.28 

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS INSTALLED IN 1985, 1990, 2000) 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(1) System Installed Cost(Cost t o  End Users 
in Dollars)(in Present Value 1980 $)  3,000 3,000 3,000 

(2) Annual O&M Cost ($)  60 60 60 

(3) Annual Propane Requirements (Million BTU) 422.6 422.6 422.6 

(4) Life Cycle Cost ($)  50,985 58,784 78,415 

(5) Levelized Cost of Energy($/Million BTU) 11.56 13.31 17.74 

(6) Levelized Cost of Energy($/Million kJ) 11.02 12.64 16.94 
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MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 

(1) Ownership P a t t e r n :  Commercial 

( 2 )  A n a l y s i s  P e r i o d :  20 Years 

(3 )  F i r s t  Year Cos t  of  Propane:  $ 8 . 7 2 / M i l l i o n  BTU ( $ 8 . 2 7 / M i l l i o n  kJ) 

(4 )  F i r s t  Year Cos t  of  E l e c t r i c i t y :  $10 .89 /Mi l l ion  BTU ( $ 1 0 . 3 2 / M i l l i o n  kJ) 

(5) P ropane  Gas and E l e c t r i c i t y  Cos t  
E s c a l a t i o n  Rates: 10.5% and 10% (3% and 2 .5% r e a l )  a n n u a l l y  

* -- 

RLIDIEIENTAKY EKROR ANALYSIS : I.IA.1OR SOURCES OF ERROR 

I'l.:CIlNOLOGY/~\PPLICATLON: AGRICULTURAL PROCESS HEAT/ANIMAL SHELTER HEATING, MADISON, WISCONSIN 

TYPE/SOURCE OF ERROR 

1) T E C H N I C A L  SOURCES 
( a )  C a p i t a l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E f f i c i e n c y  
(C) (: . ipacity o r  A v a i l a b i l i t y  o r  1.oad F a c t o r  

E(:ONOElI  C SOURCES 
( ; I )  E s c a l a t i o n  i n  Cos t  of Ref ined  Pe t ro l eum P r o d u c t s  
( 0 )  I:sc:;ilation i n  Cos t  of N a t u r a l  Gas 
( c )  E s c a l a t i o n  i n  Cos t  of E l e c t r i c i t y  

I )  SOCI W A L  FACTORS 
( a )  I:nv i ronmen t , i l  Issues 
( b )  P u b 1  ir Acceptance  I s s u e s ;  Delay i n  S c h e d u l e s  

1 

X 
X 

REASON(S) FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING K E Y  BELOW) 

2 3 

X 
X 
X 

4 5 

KEY : 
(1) 'I'ECHNICAL SOURCES 

1 = Based on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Based on d e t a i l e d  d e s i g n s  of  f a c i l i t i e s  s imi la r  t o  e x i s t i n g  ones  
'1 = Ilased on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Dased on c o n c e p t u a l  des j .gns  
5 = Based on an ana logy  

( 2 )  ECONOMTC SOURCES 
I = Steady  pr ices :  C o n t r a c t s  may be w r i t t e n  f o r  l o n g  p e r i o d s  (15  y e a r s )  w i t h  no  

3 = U n c e r t a i n  p r i c e s :  Recent  v o l a t i l i t y  on the o r d e r  of  20% p e r  y e a r  
5 = Very u n c e r t a i n  p r ices  and a v a i l a b i l i t y :  Recent  i n c r e a s e s  of  more t h a n  20% p e r  y e a r  

e s c a l a t i o n  c l a u s e s  

(3 )  SOCIETAL SOURCES 
1 = No E o r e s e e a b l e  i n c r e a s e  i n  c o s t  O K  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 

t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  
3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Major c o s t  i n c r e a s e s  o r  d c l a y s  may b e  a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  

c n  v i r o 1 1  rnv n t ii 1 is  s 11 e s 
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SECTION 4.0 

SOLAR/RENEUABLE RESOURCE TECHNOLOGY CEARACl'ERIZATIONS AND COST ASSESWNTS: CENTRAL SYSTEMS 

S e c t i o n  4.0 documents t h e  r e s u l t s  of t h e  c e n t r a l *  system a s s e s s m e n t s  and i s  o rgan ized  a s  follows: 

TECHNOLOGY/APPLICATION PAIRS TABLE 
( Re p r e s e n t  a t  i v e  S i t e s  ) 

1. Wind/Elec t r i c  U t i l i t i e s  
0 Goodnoe, Washington (Government-Owned) 4- 1 
0 Goodnoe, Washington (Investor-Owned) 4-2 

2. P h o t o v o l t a i c s / E l e c t r i c  U t i l i t i e s  

3 .  G e o t h e n n a l / E l e c t r i c  U t i l i t i e s  

4 .  Biomass ( W o o d ) / E l e c t r i c  U t i l i t i e s  

5. S o l a r  T h e r m a l / E l e c t r i c  U t i l i t i e s  

0 E l  Paso ,  Texas 4-3  

0 La Cueva, New kkx ico  4-4 

0 P b n t p e l i e r  , Vermont 4-5 

0 E l  Paso,  Texas 4-6 

6. Low Head H y d r o e l e c t r i c / E l e c t r i c  U t i l i t i e s  

7 .  Biomass/Gaseous F u e l s  (Medium BTU Gas) 

0 Kennebec, Maine 4-7 

0 Aiken, South  Caro l ina  4-a 

0 Carbondale ,  I l l i n o i s  4-9 
8. Biomass /Liquid  Fue l s  ( E t h a n o l )  
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TABLE 4-1 

WIND/EI.ECTRIC UTILITIES (GOVERNMENT OWNED) 

(1) GEFERENCE SOLAR SYSTEM: 
( 2 )  APPLICATION: E l e c t r i c  U t i l i t i e s / F u e l  S a v e r  
( 3 )  REPRESENTATIVE SITE: Goodnoe H i l l s ,  Washington 
(4) CONVENTIONAL ALTERNATIVE: 50 Mh' O i l - F i r e d  Gas T u r b i n e  G e n e r a t o r  

NASAIBoeing MOD-2 Wind Energy C o n v e r s i o n  Sys t em (WECS) 

-- 

ransrnission 

I I I1  

Power Cable 

31 f t  r 
200 f t  

20 f t  7 

Wind Sensors 
H C 2 6 . 5 f t  /- 

-Wind 

Field Assembly Splice 

Brace (4)  

an 

---- - --. 
( 3 1 ,  ( 4 )  

CONVENTIONAL SYSTEM DESCRIPTION 
(1). ( 2 )  

REFERENCE SOLAR SYSTEM DESCRIPTION 

0 S o l a r  Systems: Wind Farm C o n s i s t i n g  o f  
2 5  NASA/Boeing MOD-2 W i n d m i l l s  

0 Machine Rated Power: 2500 kW a t  a wind 
Speed of 27.7 mph ( 4 4 . 5  k i l o m e t e r s  p e r  
hour) 

Machine: 8 .32 M i l l i o n  kNh 

Machines)  : 208 M i l l i o n  kWh 

0 Expected Annual Energy O u t p u t  p e r  

0 Annual Energy Output  p e r  Wind Farm (25  

0 Trans fo rmers :  5 S t e p  Up T r a n s f o r m e r s  
0 C a p a c i t y  F a c t o r :  38.0 
0 C o n s t r u c t i o n  P e r i o d :  3 Years 

~~ ~ 

0 O i l  F i r e d  Gas T u r b i n e  
0 Rated  Power: 50 MW 
0 Peak Power O u t p u t :  54.5Mw 
0 Time t o  Reach R a t e d  Power Ou tpu t :  1 5  

0 Average Annual  Ene rgy  O u t p u t :  157.68 

0 Annual  F u e l  Requ i remen t :  J - 4 4  M i l l i o n  
G a l l o n s  ( 5 0 . 8  M i l l i o n  L i t e r )  R e s i d u a l  
F u e l  O i l  

Minutes 

M i l l i o n  kNh 

0 C a p a c i t y  F a c t o r :  36% 

RESOURCES 
.- 

(1) Boeing E n g i n e e r i n g  and C o n s t r u c t i o n  Company, S e a t t l e ,  Washington 

( 2 )  

(3)  

( 4 )  P u b l i c  S e r v i c e  Company of Co lo rado ,  Denver ,  Co lo rado  

N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n ,  MOD-2 Wind T u r b i n e  Systems Concept  
and P r e l i m i n a r y  Des ign  Repor t  (NASA CR-159609), C l e v e l a n d ,  Ohio,  J u l y ,  1979 

G e n e r a l  E l e c t r i c  Company, Schenec tady ,  N.Y.  

(5) B o n n e v i l l e  Power A d m i n i s t r a t i o n ,  P o r t l a n d ,  Oregon 13 
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REFERENCE SOLAR SYSTEM COST-1980 
(25 Wind M a c h i n e s ) ( l 9 8 0  Dollars) 

__. ~ ~-~ ~ 

F i r s t  Annual  L i f e  
c o s t  O6M Cost (Years:  

Components ( O O O $ )  (000s) 

T u r b i n e -  ( E x c l u d e s  

S t r u c t u r e s  6 

Access E l e c t r i c a l  
Equipment 105 

F u e l  Hand l ing  6 
S t o r a g e  478 

O t h e r  130  

G e n e r a t o r  4 ,618  F u e l  C o s t )  25 

Improvements  50 

CONVENTIONAL SYSTEM COST-1980 
(1980 Dollars) 

TOTAL 5 , 3 8 1  134 -- 

-- - 
REFEI’INCE SOLAR AFL) CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE 

ECONOPIIC MEASURE (1980 DOLLARS) SOLAR SYSTEM CONVENATlONAL 5YSTEM 

( 1 )  L i f e  Cyc le  Cos t  (000 ,$) 181,299 144,227 
( 2 )  L e v e l i z e d  C o s t  of Energy (SfkWh) 0.077 0.082 

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
FOR SYSTEMS ACQUIRED I N  1985 ,  1990,  2000 

SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(1)  Systems I n s t a l l e d  C o s t  (000$) 87 ,585  51,795 51 ,795  

(3)  Expected System Annual Energy Output  

( 4 )  C a p a c i t y  F a c t o r  ( X )  38.0 3 8 . 0  3 8 . 0  

( 2 )  Annual O&M C o s t  ( O O O $ )  876 518 544 

(Megawatt Hours)  208,050 208 ,050  208,050 

(5)  L i f e  Cyc le  C o s t  ( O O O $ )  133 ,094  78 ,403  78,437 
(6 )  L e v e l i z e d  C o s t  of Busbar  Energy ($/kWh) 0.057 0.034 0.034 

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMA?!CL 
FOR SYSTEMS ACQUIRED I N  1985,  1990,  2000 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $)  .1985 1990 2000 

(1) Systems I n s t a l l e d  C o s t  (000$) 5 , 5 1 7  9,010 9 , 4 7 1  
(2)  Annual O&M C o s t  ( O O O $ )  137 462 486 
(3)  Annual F u e l  Cos t  ( O O O $ )  4 ,690  5 , 1 3 5  6 ,901  
(4)  Expected System Annual Energy O u t p u t  

(Megawatt Hours)  162 ,060  166 ,440  166 ,440  
(5)  L i f e  Cyc le  C o s t  ( O O O $ )  168,654 216,147 350,536 
(6) L e v e l i z e d  Cos t  of Busbar  Energy ($/kWh) 0.105 0.136 0.168 

4-3 



TABLE 4-1 (Cpncluded)  

MAJOR ECONOMIC ANALYSIS ASSUFPTIONS 

Ownership P a t t e r n :  
A n a l y s i s  P e r i o d :  
System F i n a n c i n g  P e r i o d :  
Mortgage (Bond) Rate: 
F i r s t  Year  C o s t  of F u e l  f o r  C o n v e n t i o n a l  

F u e l  Cos t  E s c a l a t i o n  Ra te  ( R e a l ) :  
D i scoun t  Kate (Nominal) : 
D e p r e c i a t i o n  Algor i thm:  

C o n s t r u c t i o n  P e r i o d  ( C o n v e n t i o n a l  System):  
C o n s t r u c t i o n  P e r i o d  ( S o l a r  System) : 
Allowance f o r  I n t e r e s t  Dur ing  C o n s t r u c t i o n :  
I n t e r e s t  Rate During C o n s t r u c t i o n :  
M a r g i n a l  F e d e r a l  Tax Rate: 
P r o p e r t y  Tax Rate: 
M a r g i n a l  S t a t e  Tax Ra te :  
F e d e r a l  Tax C r e d i t s  ( S o l a r  Sys t em) :  
F e d e r a l  Tax C r e d i t s  ( C o n v e n t i o n a l  System):  

Systems (Ne t )  : 

B o n n e v i l l e  Power A d m i n i s t r a t i o n  
33 Years 
20 Y e a r s  
12% 

$4,462,344 
3 .O% 
10.5% 
S i n k i n g  Fund D e p o s i t  F a c t o r  and 

2 Years 
3 Years 
$35 ,282 ,231  
14.0% 
0% 
0% 
0% 
0 
0 

Compound I n t e r e s t  Method 

I i.CIINOLC)(,’I //\l’l’l,lC,\l I O N :  WIND/LARGE ELECTRIC UTILITIES, GOODNOE HILLS, WASHINGTON 

TYPE/SOURCE OF ERROR 
~___ 

: \  

‘d ,1) TI’CIINICAL SOURCES 
( a )  C a p i t a l .  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E f f i c i e n c y  
( C )  C:ip;icity o r  A v a i l n h i l i t y  o r  I n a d  F a c t o r  

.2) I:(:ONC)~ll.C SUURCES 
( a )  E s c a l a t i o n  i n  Cos t  of Ref ined  P e t r o l e u m  P r o d u c t s  
( b )  ICscalat ion i n  Cost of N a t u r a l  Gas 
( c )  E s c a l a t i o n  i n  Cos t  of  E l e c t r i c i t y  

3)  SOCLIS’I‘AIA FACTORS 
(a)  I:nv i r o n m e n t a l  1 ssues 
( b )  l’ul)l i c  Accep tance  I s s u e s ;  Delay i n  S c h e d u l e s  

1 

REASON(S) FOR ERRORS 
(,CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

4 5 

I’I-CIIN J C A L  SOURCES 
I = I:ased c in  s y s t e m s  a c t u a l l y  h u i l t  and o p e r a t i n g  
2 = l insed on d e t a i l e d  d e s i g n s  o f  f a c i l i t i e s  s i m i l a r  t o  e x i s t i n g  o n e s  
3 = I3;tsed on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on an  a n a l o g y  

I:CUNI1MT C SOURCES 
I = S t e a d y  p r i c e s :  C o n t r a c t s  may be w r i t t e n  f o r  l o n g  p e r i o d s  ( 1 5  y e a r s )  w i t h  n o  

3 = U n c e r t a i n  p r i ces : .  Recen t  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  Recen t  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

S O C 1  E‘CAL SOURCES 
1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 

t o  e n v i r o n m r n t a l  i s s u e s  o r  d e l a y  i n  s c l l edu le  
3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Major c o s t  i n c r e a s e s  o r  d e l a y s  may b e  a n t i c i p a t e d  d u e  t o  p u b l i c  a c c e p t a n c e  o r  

e s c a l a t i o n  c l a u s e s  

c l iv i  ronrnentnl i s s u e s  
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TABLE 4-2 

:!LND/ELECTRIC UTILITIES (PRIVATELY OWNED) 

( 1 )  REFERENCE SOLAR SYSTEM: 
( 2 )  APPLICATION: E l e c t r i c  U t i l i t i e s / F u e l  S a v e r  
( 3 )  REPRESENTATIVE SITE: Goodnoe Hills, Wash ing ton  
( L )  CONVENTIONAL ALTERNATIVE: 50 NW O i l - F i r e d  Gas T u r b i n e  G e n e r a t o r  

NASA/Boeing MOD-2 Wind Energy C o n v e r s i o n  System (WECS) 

.iGenerator I 
Controls 

Instrumentation 

Protective Relay 

7 - 2 6 . 5  ft 

- 6 O f t d  f Wind Sensors 

' Splice 

- 
(31 ,  ( 4 )  

CONVENTIONAL SYSTEM DESCRIPTION 
(l), (2 )  

REFERENCE SOLAR SYSTEM DESCRIPTION 

e S o l a r  Systems:  Wind Farm C o n s i s t i n g  o f  e O i l  F i r e d  Gas T u r b i n e  
25 NASA/Boeing MOD-2 Windmi l l s  e R a t e d  Power: 50 MW 

0 Machine  Ra ted  Power: 2500 kW at  a wind e P e a k  Power O u t p u t :  54.5NW 
S p e e d  of 27.7 mph (44.5 k i l o m e t e r s  p e r  0 Time t o  Reach Ra ted  Power O u t p u t :  1 5  
h o u r )  M i n u t e s  
E x p e c t e d  Annual Energy O u t p u t  p e r  0 Average Annual  Ene rgy  Ou tpu t :  157 .68  
N a c h i n e :  8 ,132  Million kWh P I i l l i o n  kWh 

0 Annual  Energy Output p e r  Wind Farm ( 2 5  0 Annual  F u e l  Requ i remen t :  7.44 M i l l i o n  Gal  
M a c h i n e s ) $  208 M i l l i o n  kWh ( 5 0 . 8  M i l l i o n  L i t e r )  of R e s i d u a l  F u e l  

e T r a n s f o r m e r s :  5 S t e p  U p  T r a n s f o r m e r s  O i l  
e C a p a c i t y  F a c t o r :  38.0% C a p a c i t y  F a c t o r :  36% 
0 C o n s t r u c t i o n  Pe r iod :  3 Years 

RESOURCES I 
(1) Boeing E n g i n e e r i n g  and C o n s t r u c t i o n  Company, S e a t t l e ,  !.iashington 

( 2 )  

( 3 )  G e n e r a l  E l e c t r i c  Company, Schenec tady ,  N.Y.  

( 4 )  P u b l i c  S e r v i c e  Company of Co lo rado ,  Denver ,  Co lo rado  

N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n ,  MOD-2 Wind T u r b i n e  Systems Concept  
and P r e l i m i n a r y  Des ign  Repor t  (NASA CR-159609), C l e v e l a n d ,  Ohio,  J u l y  '79 
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TABLE 4-2 (Con t inued)  

REFERENCE SOLAR SYSTEM COST-1980 CONVENTIONAL SYSTEM COST-1980 
( 2 5  Wind Machines)  (1980 D o l l a r s )  (1980 D o l l a r s )  

Annual  L i f e  F i r s t  Annual  L i f e  F i r s t  
c o s t  O&M Cost  (Yea r s )  c o s t  O&M Cos t  (Yea r s :  

Components (000s) ( O O O $ )  Components ( O O O $ )  ( O O O $ )  

Hardware C o s t s  64,397 30 T u r b i n e -  (Exc ludes  
F a c t o r y  Assembly Generat o r  4 ,618  F u e l  C o s t )  25 

& Q u a l i t y  S t r u c t u r e s  6 
C o n t r o l  9 , 4 8 1  Improvements  50 

S p a r e s /  Access E lec t r i ca l  
T r a n s p o r t a t  i o n  7,687 Equipment  105 

S i t e  P r e p a r a t i o n  F u e l  H a n d l i n g  & 
& I n s t a l l a t i o n  10 ,703  S t o r a g e  47 8 

Checkou t  & O t h e r  130 
T e s t i n g  13 ,446  

&E Fee  10,666 
O t h e r  C o s t s  2,461 

-- TOTAL 11 E, s i  1 375 -- 1 OTAI. 5 , 3 8 1  134 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980  

ECONOMIC MEASURE (1980 DOLLARS) SOLAR SYSTEM CONVENTIQEAL SYSTEM 

( 1 )  L i f e  Cyc le  Cost  (000 $) 210,405 
( 2 )  L e v e l i z e d  Cost  of Energy ($/kWh) 0 .107  

190 ,036  
0 .093  

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE, AND ECONOMIC PERFORMANCE 
FOR SYSTEMS ACQUIRED I?! 1985 ,  1990,  2000 

SYSTEM CHARACTERISTICS (1980 $1 1985  1990 2OQO 

(1)  System I n s t a l l e d  Cos t  ( O O O $ )  87 ,585  51,795 51 ,795  

( 3 )  Expected System Annual Energy Output  

( 4 )  C a p a c i t y  F a c t o r  ( X )  

(6 )  L e v e l i z e d  Cos t  o f  Busbar  Energy ($/kWh) 

( 2 )  Annual O&M Cos t  ( O O O $ )  8 76 518 544 

(Megawatt H o u r s )  208.050 208,050 208,050 

(5) 1 . i f e  Cyc le  C o s t  (OOO$) 154,665 91,230 91 ,253  
0.079 (i.047 0.047 

35.0 38.0 3 8 . 0  

CO1,IVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 
FOR SYSTEMS ACQUIRED I N  1985,  1990,  2000 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985  1990 2000 

(1)  System - n s t a l l e d  Cos t  ( O O O $ )  5 ,517  9 , 0 1 0  9 , 4 7 1  
(2)  Annual O&M C o s t  ( O O O $ )  138 46 2 486 
( 3 )  Annual  F u e l  C o s t  ( O O O $ )  4 ,690  5 ,135  6 , 9 0 1  
(4)  Expec ted  System Annual Energy Ou tpu t  

(Megawatt Hours)  $62 0 0 166 440 
(5) L i f e  C y c l e  C o s t  ( O O O $ )  22:880 2 3 3 i 7 6 8  
(6)  L e v e l i z e d  Cos t  of Busbar  Energy ($/kWh) 0 .111  0.147 0 .183  

it2 
\ 
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TABLE 4-2 (Concluded)  _- -. 

MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 

(1) Ownership P a t t e r n :  P r i v a t e  Investor-Owned U t i l i t y  
( 2 )  A n a l y s i s  1 e r i o d :  33  Years 
( 3 )  System F i n a n c i n g  P e r i o d :  20 Years 
( 4 )  C a p i t a l i z a t i o n  S t r u c t u r e :  50% Debt 

40% Common S t o c k  
10% P r e f e r r e d  S t o c k  

12% P r e f e r r e d  S t o c k  
14% Cormon S t o c k  

(5)  R a t e  o f  R e t u r n :  12% Debt  

( 6 )  G e n e r a l  I n f l a t i o n  Ra te :  7.5% 

(8)  F u e l  Cos t  E s c a l a t i o n  Rate ( R e a l ) :  3 .0% 

( 7 )  F i r s t  Year C o s t  of F u e l  f o r  C o n v e n t i o n a l  
Systems (Net)  : $4 ,462 ,344  

(9) Discoun t  R a t e  (Nominal) :  10 .5% 
(10) D e p r e c i a t i o n  Algor i thm:  Sum of Years' D i g i t s  
(11) C o n s t r u c t i o n  P e r i o d  ( C o n v e n t i o n a l  System):  
(123 C o n s t r u c t i o n  P e r i o d  ( S o l a r  System):  3 Y e a r s  
(13 )  
(14)  E f f e c t i v e  I n t e r e s t  Ra te  During C o n s t r u c t i o n :  1 4 . 0 %  
(15)  M a r g i n a l  F e d e r a l  Tax Rate: 46% 

(17)  F e d e r a l  Tax C r e d i t s  ( S o l a r  System):  10% ( I n v e s t m e n t  Tax C r e d i t )  
(18) F e d e r a l  Tax C r e d i t s  ( C o n v e n t i o n a l  Sys t ems) :  10% ( I n v e s t m e n t  Tax C r e d i t )  

9 Months 

Allowance f o r  I n t e r e s t  During C o n s t r u c t i o n  ( S o l a r ) $  $35 ,282 ,231  

(16) M a r g i n a l  S t a t e  P r o p e r t y  and O t h e r  Taxes:  3% 

RUDIMENTARY ERKOR ANALYSIS: MAJOR SOURCES OF ERROR 
' i ' l ~ ~ ~ ~ l l N ~ ~ l ~ ~ ~ ~ ~ / A ~ ' ~ ' ~ ~ l  CA'I'LON: WIND/LARGE E L E C T R I C  U T I L I T I E S  ( P R I V A T E L Y  OWNED), GOODNOE H I L L S ,  WASHINGTON - 

REASON(S) FOR ERRORS 
(CHECK APPROPRIATE BOXES 

USING K E Y  BELOW) 

TYPE/SOURCE OF ERROR 
________- 

(1 ) TECIIN I CAL SOURCES 
( a )  C a p i t a l  Cos t  E s t i m a t e  
( b )  Ol 'erat ing E f f i c i e n c y  
( C )  C i p a c i t y  or A v a i l a b i l i t y  o r  Load F a c t o r  

( 2 )  ECONC1P1IC SOURCES 
( a )  I - s c a l a t i o n  i n  Cos t  of R e f i n e d  P e t r o l e u m  P r o d u c t s  
( b )  I s c a l a t i o n  i n  Cost o f  N a t u r a l  Gas 
( c )  E s c a l a t i o n  i n  Cos t  of E l e c t r i c i t y  

( 3 )  SOCl E'l'AL FACTORS 
( a )  I :nvironmeotal  T s s u e s  
( I ) )  I ' ~ 1 1 ) l  i c  Acceptance Issues;  Dclny i n  S c h e d u l e s  

I 

3 

X 
X 
X 

X 
X 

4 5 

I.: I:Y : 
( I ) ' i ' I C l l N  I CAI,  SOlJHCl~S 

1 = 11ased on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Based on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  s imi l a r  t o  e x i s t i n g  ones 
7 = l lased on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Based on  c o n c e p t u a l  d e s i g n s  
5 = Eased on an  a n a l o g y  

1 S t e a d y  pr ices :  C o n t r a c t s  may h e  w r i t t e n  f o r  l o n g  p e r i o d s  ( 1 5  y e a r s )  w i t h  no 

3 = U n c e r t a i n  p r i c e s :  Recen t  v o l a t i l i t y  on t h e  o r d e r  o f  20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  Recent i n c r e a s e s  of more t h a n  20% p e r  y e a r  

( 2 )  ECDNOEIIC SOURCES 

e s c a l a t i o n  c l a u s e s  

( 3 )  SOCI ICTAL SOURCES 
1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 

t o  env j ro r imen ta l  issues o r  d e l a y  i n  s c h e d u l e  
'1 = :.liner e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = 3 a j o r  c o s t  i n c r e a s e s  or d e l a y s  may b e  a n t i c i p a t e d  due  t o  p u b l i c  a c c e p t a n c e  o r  

c'ii v i r oriine n t a 1 i s  sites 
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TABLE 4 - 3  

PHOTOVOLTAICS/ELECTRIC UTILITIES 

(1) REFERENCE SOLAR SYSTEM: 

( 2 )  APPLICATION: E l e c t r i c  U t i l i t y / F u e l  S a v e r  
(3)  REPRESENTATIVE SYSTEM: E l  P a s o ,  Texas 
( 4 )  CONVENTIONAL ALTERNATIVE: 50 MW O i l - F i r e d  Gas T u r b i n e  G e n e r a t o r  

10  MW P h o t o v o l t a i c  C e n t r a l  S t a t i o n  Power P l a n t  Composed 
of F l a t  P l a t e ,  S i l i c o n  S o l a r  Cells 

w- Solar Array Field -I- Converter Station Switching and Transformer 

Underground 

DC Smoothing 

Circuit 
Breakers 

--CY1 

Converter I 
Transformer 

DC AC Harmonic 
Breaker Filters 

( 2 )  Converter Station 
Smoothing and Solar Array 

Reactor Auxiliary Power 

Switching and 
Transformer Station 

Auxiliary Loads 

CONVENTIONAL SYSTEM DESCRIPTION (2) ( 3 )  
(1) 

REFERENCE SOLAR SYSTEM DESCRIPTION 
- 

0 S o l a r  System: F i e l d  of F l a t  P l a t e  0 O i l  F i r e d  Gas T u r b i n e s  
S i l i c o n  Cel l s  P r o d u c i n g  10 MW of Peak 
Power 0 Rated Power: 50 1.Iw 

e Land Requ i remen t s :  136 Acres  (55 h a )  0 Peak  Power Ou tpu t :  54.5 MW 

0 Annual Energy Output :  20,274,000 kwh e C a p a c i t y  F a c t o r :  36% 

0 Subsystems: 0 Average Annual  Ou tpu t :  157.68 M i l l i o n  kWh - Four  500 kW A r r a y s  w i t h  250/550 V o l t a g e  
- Four 2000 kW A r r a y s  w i t h  500/100 V o l t a g e  q Annual F u e l  Requirement:  7 .44 M i l l i o n  Ga l  
- Power Conver s ion  Subsystem (50.8 M i l l i o n  Liter) of R e s i d u a l  Fue l  
- C e n t r a l  T rans fo rmer  S t a t i o n  O i l  
- I n s t r u m e n t a t i o n  and C o n t r o l  Subsystem 
- L i g h t n i n g  P r o t e c t i o n  Subsystem 

0 Cool ing :  No A c t i v e  Coo l ing  of Cells 

0 C a p a c i t y  F a c t o r :  23.2% 

RESOURCES 

(1) 

( 2 )  G e n e r a l  E l e c t r i c  Company, S c h e n e c t a d y ,  NY 
( 3 )  P u b l i c  S e r v i c e  Company of Co lo rado ,  Denver ,  CO 

G e n e r a l  E l e c t r i c  Company, Requirement  D e f i n i t i o n  and P r e l i m i n a r y  Design of a P h o t o v o l t a i c  
C e n t r a l  Power S t a t i o n  E x p e r i m e n t a l  T e s t  F a c i l i t y ,  SAND 79-7022, J u l y  1979 
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I TABLE 4-3 (Con t inued)  
i f  \ 

F i r s t  Annual L i f e  
c o s t  O&M Cos t  (Yea r s )  

Component (000$) (000s )  

S o l a r  A r r a y s  65,930 30 
Land 534 
S t r u c t u r e  & S i t e  

F a c i l i t i e s  4 ,809 
Othe r  Equipment 4 ,385 
S p a r e s  1 , 5 1 3  
C o n t i n g e n c i e s  7,566 
S a l e s  Taxes 7 ,230  
I n d i r e c t  C o s t s  

and Overhead 16 ,549  

TOTAL 108 ,516  1 , 0 8 5  -- 
L 

I REFERENCE SOLAR SYSTEM COST (1980)  
(1980 D o l l a r s )  

~ ~~ ~~~~ ~~ ~ 

CONVENTIONAL SYSTEM COST (1980) 
(1980 D o l l a r s )  

F i r s t  Annual L i f e  
c o s t  O&M Cos t  (Yea r s )  

Component (000$)  ( O O O $ )  

T u r h i n e  Genera- 
t o r  4 ,618  

S t r u c t u r e s  and 
Improvements 50 

Access E l e c t r i c a l  
Equipment 10.5 

F u e l  Hand l ing  and 
S t o r a g e  ' 478 

O t h e r  130- 

25 

-- TOTAL 5 , 3 8 1  134 

- 
REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE - 1980 INSTALLATION 

ECONOMIC MEASURE (1980 DOLLARS) SOLAR SYSTEM CONVENTIONAL ALTERNATIVE 

( 1 )  L i f e  Cyc le  Cost  ( OOO$) 189,777 190 ,036  
(2)  L e v e l i z e d  Cost  of Busbar  Energy ($/I.%) 0 .67 0.093 

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE, AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS ACQUIRED I N  THE YEARS 1985,  1990,  2000) 

SYSTEM CHARACTERISTICS (1980 $) 1985 1990  2000 
~ 

(I) System I n s t a l l e d  C o s t  (000$) 6 5 , 0 0 0 .  1 8 , 0 0 0  1 3 , 0 0 0  
( 2 )  Expected System Annual Energy Output  

(Megawatt  Hours)  21,024 21,900 22 ,776  
( 3 )  Annual OSM C o s t  ( $ )  660,000 216,000 1 6 9 , 0 0 0  
( 4 )  C a p a c i t y  F a c t o r  24% 25% 26% 
(5)  C o s t  p e r  Peak Watt ($/Wp) 6 . 5  1 . 8 0  1.30 
(6 )  L i f e  Cyc le  Cos t  ( O O O $ )  113 ,563  32 , i 2 6  23,326 
( 7 )  L e v e l i z e d  Cos t  of  Busbar  Energy  ($/kwh) 0.32 0.084 0.057 

CONVENTIONAL SYSTEM COST AhlD ECONOMIC PERFORPIANCE 
(FOR SYSTEMS ACQUIRED SUCCESSIVELY I N  1 9 8 5 ,  1 9 9 0 ,  2000)  

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985  1990  2000 

( 1 )  System I n s t a l l e d  C o s t  ( O O O $ )  5,517 9 ,010  9 , 4 7 1  
( 2 )  Expected System Annua l  Energy Ou tpu t  

(Megawatt Hours)  162 ,060  166 ,440  166 ,440  
( 3 )  Annual O&M Cost ( I n c l u d i n g  F u e l )  ( $ )  138 ,000  462,000 486,000 
( 4 )  Annual F u e l  Cost  4 , 6 9 0  5 , 1 3 5  6 , 9 0 1  
( 5 )  L i f e  Cyc le  Cos t  ( O O O $ )  222,890 283,768 464,754 
( 6 )  L e v e l i z e d  Cost  of Busbar  Energy ($/kWh) 0 . 1 1 1  0.147 0.183 

_. 
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TABLE 4-3 (CQncluded) 

MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 

(1) Ownership P a t t e r n :  I n v e s t o r  Owned U t i l i t y  
( 2 )  A n a l y s i s  Pe r iod :  3 3  Years 
( 3 )  F i n a n c i n g  P e r i o d  : 20 Years 
( 4 )  C a p i t a l i z a t i o n  R a t i o s :  Debt 50% 

Common S t o c k  40% 
P r e f e r r e d  S tock  10% 

(5) WeiR?:ted Average Cos t  of C a p i t a l :  12.9% 
( 6 )  G e n e r a l  I n f l a t i o n  Rate: 7.5% 
( 7 )  F i r s t  Year Cos t  of  F u e l  (Conven t iona l  Sys tem):  $4 ,462 ,344  
( 3 )  F u e l  Cost I n f l a t i o n  Rate: 10% 
( 9 )  L' i scount  Rate: 10.5% 
10) D e p r e c i a t i o n  Algor i thm:  Sum of  Yea r s '  D i g i t s  
11) C o n s t r u c t i o n  P e r i o d  (Conven t iona l  Sys t em) :  2 Years 
72)  C o n s t r u c t i o n  P e r i o d  ( S o l a r  Sys t em) :  3 Years 
13) Allowance f o r  Funds Used Dur ing  C o n s t r u c t i o n  

( S o l a r  System) : $?3,541,656 
1 4 )  I n t e r e s t  Rate Dur ing  C o n s t r u c t i o n :  14.0% 
15) Marg ina l  F e d e r a l  Tax R a t e :  4 8% 
16) Othe r  Taxes  ( R a t e ) :  2% 
L 7 )  F e d e r a l  Tax C r e d i t s  ( S o l a r  Sys tem):  10% 
13) F e d e r a l  Tax rrerlits IConven t iona l  Svs tem):  10% - _ _  

RUDIMENTARY ERROR ANALYSIS: MAJOR SOURCES OF ERROR 

'rECIINOLOG~/APPLICATION: PHOTOVOLTAICS/CENTRAL POWER PLANT, E L  PASO, TEXAS 

i 
t- 

TYPE/SOURCE OF ERROR 

[I) TECHNICAL SOURCES 
( a )  C a p i t a l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E f f i c i e n c y  
( e )  C a p a c i t y  o r  A v a i l a b i l i t y  o r  Load F a c t o r  

( 2 )  ECONOMIC SOURCES 
(a) E s c a l a t i o n  i n  Cos t  of  Re f ined  Pe t ro l eum P r o d u c t s  
( b )  E s c a l a t i o n  i n  Cos t  of N a t u r a l  Gas 
( c )  1 ; ~ c ~ i l ~ t i o n  In Cos t  of Electricity 

( j )  S O C I  I:'l AI,  FACTORS 
( ; I )  J:nvironmcntal  I s s u c s  
( b )  P u b l i c  Accep tance  Issues; Delay  i n  S c h e d u l e s  

1 

REASON (S )  FOR ERRORS 
(CHECK APPROPRIATE BOXES 

U S I N G  KEY BELOW) 

2 3 4 

X 
X 
X 

5 

K E Y :  
(1) TECHNICAL SOURCES 

1 = Based on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Based on d e t a i l e d  d e s i g n s  of E a c i l i t i e s  s imi la r  t o  e x i s t i n g  ones 
3 = Rased on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on an  ana logy  

1 = Steady  p r i c e s :  C o n t r a c t s  may be w r i t t e n  f o r  l o n g  p e r i o d s  (15  y e a r s )  w i t h  no  

3 = U n c e r t a i n  p r i c e s :  Recent  v o l a t i l i t y  on t h e  o r d e r  of  20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  Recent  i n c r e a s e s  of more t h a n  20% p e r  y e a r  

( 2 )  ECONONIC SOURCES 

e s c a l a t i o n  c l a u s e s  

( j) SOCIETAL SOURCES 
1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 

t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  
3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Flnjor c o s t  i n c r e a s e s  o r  d e l a y s  may be a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  

en v i r onme 11 t a 1 i s  s u e s  
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TABLE 4-4 
GEOTHERMAL/E!,ECTRIC 1ITTl.TTTES 

(1) REFERENCE GEOTHERMAL SYSTEM: Liquid-Dominated Geothermal Electrical Plant 
( 2 )  APPLICATION: Utility Base Load 
( 3 )  REPRESENTATIVE SITE: La Cueva, New Mexico 
( 4 )  CONVENTIONAL ALTERNATIVE: Coal-Fired Power Plant 

-1 - - - - - - -- - - - -- - - , , y  --------------- 

I 
I 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~rine 

3 Treatment 
Producer - - 1 1  r----- - - -- 

I 

Generator 
Switchyard 

I 
I 

7 

Rejection 

I 

I 
I r = d i - +  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Condenser 
I !  Liquid 

Vapor 
Separator 

REFERENCE GEOTHERMAL SYSTEM DESCRIPTION ( 1 ) ( 2 )  CONVE~T?ON*!L SYSTEM DESCRIPTION ( 3) 
0 Renewable System: Electrical Power Plant 0 Coal-Fired Base Load Plant 

@- 
Utilizing Liquid-Dominated Geothermal Re- 
source o Plant Capacity: 795 MW electric 

! I  
I 1  I 

I 
0 Capacity Factor: 70% 
0 Annual Energy Output: 4,875,000 MWh 

0 Steam Production: Single-Stage Flash 

0 Plant Capacity: 50MW electric 

I I 
1 

0 Water Composition: 50,000 Parts Per  
M i l l i o n  of Total Dissolved Salts 

Gathering 1 ,  I 1  
System Dist riibpon System -. - 

0 Annual Fuel Consumption: 2 , 5 6 0 , 0 0 0  Tons 
(2,320,000 metric tons) 

0 Construction Period: 6 Years 
0 Resource: 92 ,500  lb/hr (11,568 g / s )  

at 4 6 4 O F  (240OC) 

0 Capacity Factor: 90% 

0 Expected Annual Energy Output: 16.425 MWh 

e Brine Disposal: Re-injection into 

0 Construction Period: 5 Years 
Well 

-- 
RESOURCES 

-. 

(1) J. R. Bartlit, et al., "Technology Characterization and Economic Evaluation of 
Energy Storage Systems, Geothermal Energy Systems, Electric Energy Systems," 
Los Alamos Scientific Laboratory, LA-UR-79-3495 (1979). 

( 2 )  J. Leigh, A. Cohen, W. Jacobsen, and R. Trehan, "Site Specific Analysis of 
Geothermal Development: Vol. 1 and 2," Mitre Corp., HCP/T-4014-01 (1979). 

( 3 )  Plant Capital Investment Cost Estimates: Current Trends and Sensitivity to 
Economic Parameters, " Oak Ridge National Laboratory, DOE/NE-0009 (1980) . 
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TABLE 4-4 (Continued) 

- ~ _ _ _ _ _ - -  (1980 Dollars) 

cost O&M (Years) 
Components First Annual Life 

( O O O $ )  cost ( O O O $ )  -- 

(1980 Dollars) 
Components First Annual Life 

cost O&M (Years) 
( O O O $ )  cost ( O O O $ )  

PRODUCER 
Wells 12918 129 10 
Distribution 2.610 388 20 
Design 1669 
Ex p 1 or at ion 2 6,4 1 3 -- -- 

LO63 -- Misc. 

UTILITY 
Generators 9.4 7 8 30 
Piping 4,5 5 1 30 
Electrical & 
Control 3,6 10 30 
Design 2,4 2 2 _ _  

_ _  _- 

3,363 __- 
Subtotal 46973 1580 

16,170 __  
-~ Yisc. 

Subtotal 36,231 1087 
rOTAL 83,204 2,667 -_ 1 

Land 1917 30 
Structures & 
Improvements 5 27 3 2 30 

Boiler Plant 148,610 30 
Turbine Plant 78619 30 
Electric 35,475 30 

Misc. Plant 10,546 30 
Heat Rejec- 
tion System 13,423 30 

Plant 

Indirect 110,259 -- 
Contingency 45,062 -- 

Interest 16z074 -_ 
Escalation & 

TOTAL 657,717 17,060 

REFERENCE RENEWASLE AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 
- - ECONOMIC MEASURE (1980 DOLLARS) GEOTHERMAL SYSTEM CONVENTIONAL ALTERNATIVE 

(1) Life Cycle (000 $)  424,816 3,620,800 
(2) Levelized Cost of Energy (Busbar) $0.035/kWh $0.025/kWh 

GEOTHERMAL SYSTEM COST. TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS ACQUIRED IN 1985, 1990, 2000) 

-~ 

GEOTHERMAL SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(1) System Installed Cost ( O O O $ )  80,750 85,200 95,310 

(2) Annual O&M Cost, First Year ( O O O $ )  2,808 2,923 3,155 

(3) Expected Annual Energy Output (MWh) 394,200 394,200 394,200 
( 4 )  Capacity Factor (%)  90 90 90 
(5) Life Cycle Cost ( O O O $ )  370,508 392,269 456,957 

(6) Levelized Cost of Energy ($/kWh) 0.03 0.03 0.04 

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS ACQUIRED IN 1985, 1990, 2000) 

-__ 
CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(1) System Installed Cost ( O O O $ )  654,000 686,000 738,000 

(2) Annual O&M Cost, First Year ( O O O $ )  17,060 17,060 17,060 

(Includes Interest During Construction) 

(3) Expected Annual Energy Output (MWh) 4,857,000 4,857,000 4,857,000 

(4) Life Cycle Cost ( O O O $ )  3,696,720 3,880,000 4,230,000 

(5) Levelized Cost of Busbar Energy($/kWh) 0.03 0.03 0.03 
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TABLE 4-4 (Concluded) 

MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 

Ownership Pattern: 

Analysis Period: 
System Financing Period: 
Percentage of System Installed Cost 
Financed Externally: 

Mortgage (Bond Rate) : 
General Inflation Rate: 
First Year Cost of Fuel for 
Conventional System (Net): 
Fuel Cost Escalation Rate (Coal): 
Discount Rate: 
Depreciation Algorithm: 
Construction Period (Conventional 
System) : 
Construction Period (Renewable 
System) : 
Interest Rate During Construction: 
Marginal Federal and State Tax Rate: 
Property Tax Rate: 
Federal Energy Tax Credits 
(Renewdble System): 
Fedaal Energy Tax Credits 
(Conventional System): 

Wells - Investor-Owner Industrial Firm; 
Power Plants - Investor-Owned Utility 
Geothermal - 35 years; Coal - 36 years 
30 years 

Well - 60% 
Power Plants - 50% 
11.5% 
7.5% 

$42 x lo6 
1.3% (Real) 
10.5% 
Sum-of-Years-Digits 

6 years 

5 years 
10.5% 
50% 
$2/$100 of Plant Capital 

$6,007,100 

0 

RUDIITEN’I’ARY ERROR ANAI.YSIS : t,lA.IOR SOURCES OF ERROR 

1 L : . C I I N O L O C . Y / i \ l ’ ~ L I C A T l O N :  GEOTHERMAL/ELECTRIC U T I L I T I E S ,  L A  CUEVA, NEW MEXICO 

TYPE/SOURCE OF ERROR 

{I.)  ‘TKCHN1 CAL SOURCES 
(a) Capital Cost Estimate 
( 1 1 )  Operat ing Efficiency 
( c )  ~apncity o r  ~vailability o r  ~ o a d  Factor 

(2) E(:ONOI.II I: SOURCES 
( a )  Ilscalation in Cost of Refined Petroleum Products 
(b) I-scnlation in Cost of Natural Gas 
( c )  1:scnla t ion  in Cost of Electricity 

( 3 )  SOCI K’I‘AL FACTORS 
( : I )  

( b )  I1riblic Acceptance I s s u e s ;  Delay in Schedules 
En v i ronincn t a 1 T s s ( I C  s 

- 
b:lrs : 

( 1  ) TKCIINI CAL SOURCES 
1 = Based on systems actually built and operating 

1 

REASON(S) FOR ERRORS 
(,CHECK APPROPRIATE BOXES 

USING KEY BELOW) 

4 

X 

X 

5 

X -- 

- 
2 = Rased on detailed designs o r  facilities similar to existing ones 
3 = Based on engineering designs of  new Eacilities 
4 = Based on conceptual designs 
5 = Based on an analogy 

1 = Steady prices: Contracts may be written €or long periods (15 years) with no 

3 = Uncertain prices: Recent volatility on the order of 20% per year 
5 = Very uncertain prices and availability: Recent increases of more than 20% per year 

1 = No foreseeable increase in cost or reduction in operating efriciency or availability due 
to environmental issues or delay in schedule 

3 = Minor environmental or public acceptance issues 
5 = Major cost increases o r  delays may be anticipated due to public acceptance or 

(2) rCONOWIC SOURCES 

escalation clauses 

(3) SOCIETAL SOURCES 

environmental issues 
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TABLE 4-5 

BIOMASS (WOOD)/ELECTRIC UTILITIES 

(1) REFERENCE SOLAR SYSTEM: MITRE/Econergy Wood-Fired Power P l a n t  

( 2 )  APPLICATION: Elec t r ic  Ut i l i t i es /Base  Load 

P 
Wood Chips 

( 3 )  RLPRESENTATIVE SITE: M o n t p e l i e r ,  Vermont 

( 4 )  CONVENTIONAL ALTERNATIVE: G r i d  E l e c t r i c  Power P u r c h a s e d  Wholesa le  

Emission Storage Wood Flue 

Handling 
and . Chips . Gas Control System Predryer 

L 

f ATM . 1 - 
Combustion 

Make Up 
Water 

Treatment 
Chemicals 

Partially 
Dry Wood Flue Gas 

V 

Electric - Power 

Steam HP Steam Power 
Generation Generation 

A 
Feed Water 

Water Cooling 
Tower 

- 
Treatment 

L . 
* Ashto 

Disposal 

CONVENTIONAL SYSTEM DESCRIPTION 
(1) ( 2 )  

KEFCRENCE SOLAR SYSTEM DESCRIPTION - 
0 MITRE/Econergy Des igned  Wood-Fueled Power 0 G r i d  E l e c t r i c  Power P u r c h a s e d  Wholesa le  

0 P l a n t  Rated  Power: 6 1  MW Elec t r ic  (Net )  Power PI.ant 

P l a n t  
0 Power Is G e n e r a t e d  i n  a N u c l e a r  

0 Expected  Annual Energy Output :  
3.74 x 108 kWh E l e c t r i c i t y  

o Power Is Sold  a t  M u n i c i p a l / T o t a l -  
Requi rement  R a t e s  

F u e l  Usage: 1000 t o n s / d a y  Wood/Dry- 0 Energy  P u r c h a s e d  (To C i v e  Energy 
Basis (907 M e t r i c  Tons/Day) E q u i v a l e n t  t o  R e f e r e n c e  Sys tem):  

0 Wood Is P a r t i a l l y  D r i e d  Using Hot F l u e  Gases 

0 C a p a c i t y  F a c t o r :  70% 

0 C o n s t r u c t i o n  P e r i o d :  3 Years 

3.74 x 108 kwh E l e c t r i c / Y e a r  

RE SOURCES 

(1) R o b e r t  G e o s i t s ,  " E l e c t r i c i t y  f rom Wood: A T e c h n i c a l  and Economic E v a l u a t i o n , "  
Econergy A s s o c i a t e s  I n t e r n a l  R e p o r t  (1980).  

(2)  Econergy A s s o c i a t e s ,  "Technology C h a r a c t e r i z a t i o n  and  Economic E v a l u a t i o n  of 
1000 ODTIDay Wood-Fired Power P l a n t , "  R e p o r t  f o r  LASL on  C o n t r a c t  4-L40-0745 
M - 1  ( 1 9 8 0 ) -  

4-14 



TABLE 4-5 (Cont inued)  

T u r b i n e  Genera- 

Srlbs t a t i o n /  

Y i s c e l l a n e o u s  8397 219 20 
I n s t a l l a t i o n  14267 -- -- 
S i t e  & Prep- 

a r a t i o n  1419 
Cont ingency  9142 
S t a r t - u p  & 

t i o n  12810 1473 20 

T r a n s f o r m e r s  1896 

-- -- 
-- -- 

Working Cap. 3585 -- -- 

REFERENCE SOLAR SYSTEM COST: 1980 
(1980 DOLLARS) I 

73,679 5 ,465  -- TOTAL 

CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

L i f e  
(Years )  

Component F i r s t  Annual 
C o s t  0 &M 

( O O O $ )  c o s t  (000$) 
(Exc.Fue1) 

No I n c r e m e n t a l  C o s t  I n c u r r e d  

- f SOLAR SYSTEM CONVENTIONAL ALTERNATIVE -- 
(1) L i f e  C y c l e  C o s t  (000 $) 371,232 336,263 

-- TOTAL 0 0 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 

I (2 )  L e v e l i z e d  C o s t  of Busbar  Energy $0.049 /kWh $0.045 /kWh 

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS ACQUIRED I N  1985,  1990,  2000) 

SOLAR SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 
- 

(I) System I n s t a l l e d  C o s t  ( O O O $ )  
( I n c l u d e s  I n t e r e s t  Dur ing  C o n s t r u c t i o n )  81 ,510  88 ,250  99 ,040  

(2)  Annual O&M C o s t ,  F i r s t  Year ( O O O $ )  5 ,288  5 ,334  6 ,075  

(3 )  Expected  Annual Energy Output  (MWh) 3<74x105 4 . 0 1 ~ 1 0 5  4 . 0 1 ~ 1 0 5  

( 4 )  C a p a c i t y  F a c t o r  ( X )  70 75 75 

(5 )  L i f e  C y c l e  C o s t  ( O O O $ )  375,848 404,537 453,111 

(6)  L e v e l i z e d  C o s t  of Energy ($/kWh) 0.05 0.05 0.06 

CONVENTIONAL SYSTEM COST AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS ACQUIRED I N  1985, 1990, 2000) 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $)  1985 1990 2000 - 
(1) System I n s t a l l e d  C o s t  ( O O O $ )  

( I n c l u d e s  I n t e r e s t  Dur ing  C o n s t r u c t i o n )  0 0 0 

(2)  Annual O&M C o s t ,  F i r s t  Year ( O O O $ )  0 0 0 

(3)  Expected  Annual Energy Output  (MWh) 3 .  74x105 4. O1x1O5 4 .  O1x1O5 

( 4 )  L i f e  C y c l e  C o s t  ( O O O $ )  

(5) L e v e l i z e d  Cos t  of Energy ($/kWh) 
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TABLE 4-5 (Concluded) -_ 
MAJOR E C O N O M I C  ANALYSIS ASSUMPTIONS 

Ownership P a t t e r n :  
A n a l y s i s  P e r i o d :  

System F i n a n c i n g  P e r i o d :  
P e r c e n t a g e  of  System Cost  F inanced  by Debt:  
Bond Rate: 
G e n e r a l  I n f l a t i o n  Rate: 
Conven t iona l  System, F i r s t  Year E l e c t r i c i t y  Cos t :  
E l e c t r i c i t y  E s c a l a t i o n  Rate ( C o n v e n t i o n a l ) :  
F i r s t  Year Cos t  of Wood: 
Wood E s c a l a t i o n  Rate: 
O&M E s c a l a t i o n  Ra te :  
D i scoun t  Rate: 
D e p r e c i a t i o n  Algor i thm:  
C o n s t r u c t i o n  P e r i o d  ( S o l a r  Sys tem):  
I n t e r e s t  Rate Dur ing  C o n s t r u c t i o n :  
Tax Rate ( A l l  Taxes ) :  
I n s u r a n c e  Premium: 

M u n i c i p a l l y  Owned U t i l i t y  
23 Years  ( 3  Year C o n s t r u c t i o n ,  

20 Years 
100% 
10.5% 
7 , 5 %  P e r  Year 
$O.O36/kWli 
2.5% P e r  Year (Rea l )  
$25 P e r  Ton (Dry-Bas is )  
1% P e r  Year (Rea l )  
1 .5% P e r  Year (Rea l )  
10.5% 
S t r a i g h t - L i n e  
3 Years  
10.5% 
0% 
0.0025 of  C a p i t a l  Cos t  

20 Year L i f e )  

KllDIElEN'I'AKY ERROR ANALYSIS: PlAJOR SOURCES OF ERROR 

' I ' E C t l N O L O ( : T / A l ' ~ l . I C A I ' L O N :  BIOMASS (WOOD) /ELECTRIC U T I L I T I E S ,  MONTPELIER,  VERMONT 

TTPE/SOURCE OF ERROR 
..____~ 

(I 'rI:uiNic,$L SOURCES 
( a )  C a p i t a l  Cos t  E s t i m a t e  
( b )  O p e r a t i n g  E f C i c i e n c y  
(C) C a p a c i t y  o r  A v a i l a b i l i t y  o r  Load F a c t o r  

ECONOPlIC SOURCES 
( a )  E s c a l a t i o n  i n  Cos t  of Ref ined  P e t r o l e u m  P r o d u c t s  
( b )  I l s c a l a t i o n  i n  Cos t  of  N a t u r a l  Gas 
( c )  E s c a l a t i o n  i n  Cos t  'of E l e c t r i c i t y  

{ 1 )  S O C l  IC'I'AI, I~AC'I'OHS 
( ; I )  1:nvironment a 1  I s s u e s  
( b )  Pub  t i c  Acceptance  Issues; Delay in S c h e d u l e s  

R E A S O N ( S )  FOR ERRORS 
(CHECK A P P R O P R I A T E  BOXES 

U S I N G  KEY BELOW) 

1 2 

X 

3 

X 
X 

X 
X 

4 5 

KKY: 
( 1 )  'I 'ECIINTCAL SOURCES 

1 = B a s e d  on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = Based on d e t a i l e d  d e s i g n s  of f a c i l i t i e s  similar t o  e x i s t i n g  o n e s  
3 = Based on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = 11ased on an  ana logy  

I = S t e a d y  p r i . c e s :  C o n t r a c t s  may t ie w r i t t e n  f o r  l o n g  p e r i o d s  ( 1 5  y e a r s )  w i t h  no  

3 = U n c e r t a i n  p r i c e s :  Recent  v o l a t i l i t y  on t h e  o r d e r  of 20% p e r  y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  Recent  i n c r e a s e s  of more t h a n  20% per y e a r  

1 = No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due 
t o  e n v i r o n m e n t a l  i s s u e s  or del.ay i n  s c h e d u l e  

3 = Minor e n v i r o n m e n t a l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 = Xajor c o s t  i n c r e a s e s  o r  d e l a y s  may b e  a n t i c i p a t e d  d u e  t o  p u b l i c  a c c e p t a n c e  o r  

( 2 )  IlCONOFll C SOURCES 

e s c a l a t i o n  c l a u s e s  

(1) SOCIETAL SOURCES 

e n v i  ronmcn ta l  i . s sues  
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TABLE 4-6 

SOLAR THERMAL/ELECTRIC UTILITIES 

(1) REFERENCE SOLAR SYSTEM: Advanced Water /S team C e n t r a l  Receiver S o l a r  Thermal  

(2) APPLICATION: Electric U t i l i t i e s / I n t e r m e d i a t e  Load 
( 3 )  REPRESENTATIVE SITE: E l  P a s o ,  T e x a s  
(4) CONVENTIONAL ALTERNATIVE: Combined-Cycle Power P l a n t  

Power P l a n t  

A 

Tower 

-~ 

REFERENCE SOLAR SYSTEM DESCRIPTION (1,2) CONVENTIONAT. SYSTFM nESCRIPTInN ( 3 , 6 )  

0 S o l a r  System: Advanced Water /S team 
C e n t r a l  Receiver S o l a r  Thermal  P o w e r  
P l a n t  
Rated  Power: 100 MWe 
Thermal  S t o r a g e  C a p a c i t y :  635 MWh(th) 
M i r r o r  Area: 7 ,480 ,980  f t 2  (695,000 m2> 
Annual  Energy O u t p u t :  303.2 GWhe 
C a p a c i t y  F a c t o r :  35% 
U n i t  L i f e :  30 Years 
C o n s t r u c t i o n  Time: 5 Years 

0 C o n v e n t i o n a l  Sys tem:  Combined C y c l e  Power 

0 R a t e d  O u t p u t :  250 MWe 
0 F u e l  Type: 12 F u e l  O i l  
0 F u l l  Load Heat Rate: 8,345 BTU/kWh 

0 Annual Energy  O u t p u t :  875 .0  GWhe 
C a p a c i t y  F a c t o r : 4 0 %  

e F u e l  Consumption: 53 . :  M i l l i o n  Gal /Year  

0 U n i t  L i f e :  30 Years 
0 C o n s t r u c t i o n  Time: -J-&rs-- __._ - 

Plant 

(8 ,804  kJ/kWh) 

(201 .3  M i l l i o n  L i t e r / Y e a r )  

RESOURCES 

(1) S o l a r  System D e s c r i p t i o n  and  Cost I n f o r m a t i o n ,  S a n d i a  L a b o r a t o r i e s ,  L ivermore ,  CA 

( 2 )  DOE/SF-T0740-7/1 Newman U n i t  1 S o l a r  Repowering F i n a l  R e p o r t ,  J u l y ,  1980 

( 3 )  EPRI PS-1201-SR, T e c h n i c a l  Assessment  Guide ,  J u l y  1979 

( 4 )  West inghouse  E l e c t r i c  C o r p o r a t i o n  
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TABLE 4-6 (Con t inued)  
I 

REFERENCE s n r m  SYSTEM COST: 1980 
(1980 DOLLARS) 

F i r s t  Annual L i f e  
c o s t  o&M Cos t  (Yea r s )  

Components ( O W )  (000s) 

C o l l e c t o r  159,  850 3,197 30 
R e c e i v e r  & 

Tower 27 ,600  828 30 
S t o r a g e  17 ,500  175  30 
EPGS 28 ,700  287 30 
O t h e r  Hardware 3,000 1 , 0 4 3  30 
S i t e  Cos t  5 

P r e p a r a t i o n  7,850 -- -- 
AFDP 36,675 -- -- 

TOTAL 281,175 5 ,530  

CONVENTIONAL SYSTEM COST: 1980 
(1980 DOLLARS) 

Annual L i f e  F i r s t  
c o s t  O&M Cos t  (Yea r s )  

Components (OOO$> ( O O O $ )  
- 
Combust ion  Tur- 

b i n e  
B o i l e r s  
S team T u r b i n e /  

G e n e r a t o r  
Condense r  
C o n t r o l s  
Power E l e c t r i c s  
C o o l i n g  Tower 
O t h e r  Hardware 
Des ign  Cos t  
S i t e  P r e p a r a t i o n  
I n s t a l l a t  i o n  
m c ? :  

24 ,000  
7,350 

9 , 000 
1 , 2 0 0  
4 ,000  
2,500 
2,000 
5 , 0 0 0  
6 ,500  
3,000 
7,000 
3 ,450  

1 , 1 0 0  
444 

222 
55 
55  
55 
55 

222 -- 
-- 
-- 
-- 

30 
30 

30 
30 
30 
30 
30 
30 
-- 
-- 
-- 
-- 

TOTAL 75,000 2 , 2 1 8  

*AFDC: Allowance. f o r  Funds Used Dur ing  C o n s t r u c t i o n  

REFESI E CE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORWICE: 1939 
(SYSTEM ACOUIRED1Nl981)) - 

ECONOMIC MEASURE (1980 DOLLARS) SOLAR SYSTEM 2ONVENTITII&'NALSYSTEM 
(1) L i f e  Cyc le  Cost  ( O O O $ )  620,476 1,427,222 
( 2 )  L e v e l i z e d  Cos t  of  Busbar  Energy ($/kWh) 0.20 0.16 

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE FOR SYSTEMS ACQUIRED I N  
1985 ,  1990,  2000 

SOLAR SYSTEM CHARACTERISTICS (1980 $) 1985  1990 2000 

(1.) System I n s t a l l e d  Cos t  ( O O O $ )  245,023 164,965 95 ,313  

(2) Annual O&M Cost  ( O O O $ )  4,819 3,355 2,027 
(3) Expected  Sys tem Annual Energy Ou tpu t  (MWh) 303,200 303,200 303,200 
(4)  C a p a c i t y  F a c t o r  ( X )  35 35 35 
(5)  L i f e  Cyc le  Cost  ( O O O $ )  540,699 366,320 213,479 
(6)  L e v e l i z e d  Cost  of  Busbar  Energy ($/kWh) 0.16 0 -12  0.07 

(Cos t  t o  End U s e r  i n  Dollars) 

CONVENTIONAL SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PEROFWf4NCE 
FOR SYSTEMS ACOIIIRET) IN 1985,  i w n ,  2000 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

(1)  System I n s t a l l e d  Cost (OOO$) 70,803 61,700 46,854 

(2) Annual O&M Cost  ( O O O $ )  1 ,933  1 , 6 8 5  1,279 

(4)  C a p a c i t y  F a c t o r  (X) 40 40 40 
(5)  L i f e  Cycle  Cost  (ooo$) 1 , 3 0 4 , 0 8 8  1 ,237 .693  1.127,805 
(6)  L e v e l i z e d  Cost of Busbar Energy ($/kWh) 0.15 0.14 0.13 

(Cost  t o  End User i n  D o l l a r s )  

( 3 )  Expected  System Annual Energy Output  (Mwh) 876,000 876,000 876,000 
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TABLE 4-6 (Concluded)  

MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 

1 6 )  

Ownership P a t t e r n :  
A n a l y s i s  P e r i o d  ( C o n v e n t i o n a l  System):  
A n a l y s i s  P e r i o d  ( S o l a r  System):  
System F i n a n c i n g  P e r i o d :  
F i x e d  Charge Rate: 
G e n e r a l  I n f l a t i o n  Rate: 
C a p i t a l  E s c a l a t i o n  Ra te :  
O&M E s c a l a t i o n  Ra te :  
F i r s t  Year Cost  o f  F u e l  f o r  Conven t iona l  System: 
F u e l  E s c a l a t i o n  Rate: 
D i s c o u n t  Rate: 
C o n s t r u c t i o n  P e r i o d  ( C o n v e n t i o n a l  System):  
C o n s t r u c t i o n  P e r i o d  ( S o l a r  System):  
Allowance f o r  Funds Used During C o n s t r u c t i o n  

Allowance f o r  Funds Used Dur ing  C o n s t r u c t i o n  

I n t e r e s t  Rate During C o n s t r u c t i o n  P e r i o d :  

( C o n v e n t i o n a l  System) : 

( S o l a r  System) : 

Investor-Owned U t i l i t y  
32 Years 
35 Years 
30 Years 
1 8  % 
7.5 % 
7.5 % 
7.5 % 

10.5 % 
10.5 % 
2 Years 
5 Years 

$ 5 . 4 2 / M i l l i o n  BTU 

4.8 % 

RLIIDIEI17N'I'AK'I' E R K O K  ANAI.YSJS: i4i lJOR SOURCES OF ERROR 

I I1CIlN(!1,0(:~//\1'1'LLCA'fLON: SOLAR THERMAL/ELECTRIC U T I L I T I E S ,  E L  PASO, TEXAS 

IvI'E/SOURCE OF ERR@R 

. l )  ' T E C I I N I C A L  SOURCES 
( a )  C a p i t a l  Cost  E s t i m a t e  
(1)) Operat inp,  EC f i c i e n c y  
( c )  ( : : ip; ic i ty  o r  A v n i l a h i l i t y  or Load F a c t o r  

( 2 )  ECONOFII  C SOURCES 
( a )  I:scalaLion i n  Cos t  of R e l i n e d  P e t r o l e u m  P r o d u c t s  
(11) I c s c a l n t i o n  i n  Cos t  of N a t u r a l  Gas 
(c) 1;sc:i lation i n  C o s t  o l  E l e c t r i c i t y  

(' ' 3 )  SOC I I.:'IAL FACTOKS 
(:I)  1:nvironmental  Zssucs 
( b )  I ' u h l i c  Accep tnncc  Issues; D e l a y  i n  S c h e d u l e s  

--. 

KKY: 
(I) 'I'ECHNLCAL SOURCES 

1 = Based on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  

1 

REASON ( S )  FOR ERRORS 
(.CHECK APPROPRIATE BOXES 

U S I N G  KEY BELOW) 

2 

- 
2 = Rased on d e t a i l e d  d e s i g n s  o r  f a c i l i t i e s  s i m i l a r  t o  e x i s t i n g  o n e s  
3 = Based on e n g i n e e r i n g  d e s i g n s  oC new f a c i  
4 = Based on c o n c e p t u a l  d e s i g n s  
5 = Based on an  a n a l o g y  

( 2 )  I<CONOEIZC SOURCES 
I = S t e a d y  p r i c e s :  C o n t r a c t s  may be w r i t t e n  

1 = U n c e r t a i n  p r i c e s :  Recen t  v o l a t i l i t y  on 
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  

L~sc.al:lL:loll c l a u s e s  

( 1 )  SOCI [.:TAL SOURCLS 

3 

X 
X 

4 

X 
X 
X 

- 

i t i e s  

f o r  l o n g  p e r i o d s  ( 1 5  y e a r s )  w i t h  no 

he  o r d e r  of 20% p e r  y e a r  
Recen t  i n c r e a s e s  o f  more t h a n  20% p e r  y e a r  

5 

1 - No f o r e s e e a b l e  i n c r e a s e  i n  c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  d u e  
t o  e n v i r o n m e n t a l  i s s u e s  o r  d e l a y  i n  s c h e d u l e  

1 = :liner e i iv i ronmen ta l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 : Ia jor  C O S L   increase^ o r  d e l a y s  may be a n t i c i p a t e d  due t o  p u b l i c  a c c e p t a n c e  o r  

cnv i ronmen taL  i s s u e s  

4-19 



TABLE 4-7 

LOW-HEAD HYDROELECTRIC/ELECTRIC UTILITIES 

(1) REFERENCE SOLAR SYSTDI: Low-Head H y d r o e l e c t r i c  Power P l a n t  
(2)  APPLICATION: E l e c t r i c  U t i l i t i e s  
(3) REPRESENTATIVE SITE: Kennebec R i v e r ,  Maine 
( 4 )  CONVENTIONAL ALTERNATIVE: Combined-Cycle Power P l a n t  

____ w .I---- -- 
Crane 

G 

Draft tube 

CONVENTIONAL SYSTEM DESCRIPTION ( 2 , 3 )  REFERENCE SOLAR SYSTEM DESCRIPTION (1) - 
e S o l a r  System: Low-Head H y d r o e l e c t r i c  e C o n v e n t i o n a l  System: Combined-Cycle Power 

Power P l a n t  P l a n t  
e R a t e d  Power:  3 ,440  kide R a t e d  O u t p u t :  250 MWe 
a Expec ted  Annual Ene rgy  Ou tpu t :  e F u e l  Type: 8 2  F u e l  O i l  

18,000 MWh a t  an Average  Net Head of a F u l l  Load Heat  Ra te :  8 , 3 4 5  BTU/kl\% 
20.4 ft (6 .21  m) a n d  Average ( 8 , 8 0 4  kJ/kldh) 
Mean Annual  Flow of 2 , 3 7 0  CFS 0 Annual Energy O u t p u t :  1 ,314  GWhe 
(67.0 CMS) 0 c a p a c i t y  F a c t o r :  60% 

a C a p a c i t y  F a c t o r :  60% e F u e l  Consumption: 80 M i l l i o n  Gal/l 'ear 
a U n i t  L i f e :  40 Years ( 3 0 2  M i l l i o n  L i t e r / Y e a r )  
a C o n s t r u c t i o n  P e r i o d :  1.5 Years a U n i t  L i f e :  30 Years  

0 C o n s t r u c t i o n  Time: 2 Years  
-_____-_ - __ 

RESOURCES 
- I_ 

(i) C c n t r a l  Maine Power Company, "Shamnut Redevelopment P r o j e c t ,  " Smal l  H y d r o e l e c t r i c  
Demons t r a t ion  P r o j e c t  P r o p o s a l  Submi t t ed  t o  DOE i n  Accordance w i t h  PON/DE-PN-07- 
79-ID-12043, August 1979,  

(2) P e r s o n a l  Communications With t h e  Wes t inghouse  E lec t r i c  C o r p o r a t i o n  Combustion 
T u r b i n e  Systems D i v i s i o n ,  November, 1980 

(3) EPRI T c c h n i c a l  Assessment  Guide,  EPRI PS-866-SR, S p e c i a l  R e p o r t ,  
J t ine 1 9 7 8  
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TABLE 4-7 (Con t inued)  

KEFbKENCE SOLAR SYS’I’EM COST: 1980 
(1980 DOLLARS) 

F i r s t  Annual L i f e  
cost  O&M Cost (Years) 

Components ( O O O $ )  ( O O O $ )  

Power House/ 
Waterways 1,035 3 40 

Turb ine /Gener -  
a tor  1,538 53 40 

E l e c t r i c a l  
Equipment 313 7 40 

P l a n t  A u x i l i a r i e s  42 3 40 
S u b s t a t i o n /  

d i s c e l l a n e o u s  28 
C o n t i n g e n c i e s  390 
Des ign /Lega l  900 
@DC” 200 

T r a n s m i s s i o n  47 1 

-- rOTAL 4,490 67 

“AFUC: Al lowance f o r  Funds  Used Dur ing  Cor 

-_  f 
CONVENTIONAL SYSTEM COST: 1980 I 

- 

F i r s t  Annua l  L i f e  
cost O&M Cost (Years: 

Components ( O O O $ )  (000s) 

Combust ion 
T u r b i n e  24,000 1 ,368 30 

B o i l e r s  7,350 547 30 
Steam T u r b i n e /  

G e n e r a t o r  9,000 2 74 30 
Condense r  1 , 200 68  30 
Contro ls  4,000 6 8  30 
Power E l e c t r i c s  2,500 68  30 
C o o l i n g  Tower 2,000 6 8  30 
Other Hardware 5,000 274 30 
D e s i g n  Cost 6,500 
S i t e  P r e p a r a t i o n  3,000 
I n s t a l l a t i o n  7,000 
U D C  <: 3,450 

TOTAL 75,000 2,735 -- 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 

(SYSTEM ACQUIRED I?! 19%) 

ECONOMIC MEABURE (1980 DOLLARS) ’ SOLAR SYSTEM CONVENTIONAL SYSTEM 

( 1 )  L i f e  C y c l e  Cost ( O O O $ )  10,932 

( T.eveli7ed C n s t  n f  Rushar Enerov (S/kwh) 0.06 

2,061 

0.16 

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE FOR SYSTEMS ACQUIRED I N  
1985,  1 9 9 0 ,  2000 

Sni.AR SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

( 1 )  System I n s t a l l e d  Cos t  ( O O O $ )  

(? )  Annual O&M Cost ( O O O $ )  
(3) Expec ted  System Annual Energy Ou tpu t  (We) 
( l , )  C a p a c i t y  F a c t o r  ( X )  
(5 )  L i f e  Cyc le  Cos t  ( O O O $ )  
( 6 )  L c v e l i z e d  C o s t  of Busba r  Energy ($/kwh) 

(cost  t o  End U s e r  i n  D o l l a r s )  
3,913 3,410 2,589 

59 51 39 
18,000 18,000 18,000 

60 60 60 
9,526 8,302 6 ,304 

0.,05 0.04 0 . 0 3  

CONVENTIONAL SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE FOR SYSTEMS 
ACQUIRED I N  1 9 8 5 ,  1 9 9 0 ,  2000 

CONVFNTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

( 1 )  Svstem I n s t a l l e d  Cost ( O O O $ )  70,803 61,700 46,854 

( 2 )  Annual 0 & M  Cos t  ( O O O $ )  2 , 384 2,078 1,578 
(2) Expec ted  System Annual Energy Ou tpu t  ( W e )  1,314,000 1,314,000 1,314,000 
( 4 )  C s p a c i t y  F a c t o r  (%) 60 60 60 
(5) L i r e  Cycle  Cost ( O O O $ )  1,881,759 1 ,791,728 1,642,491 

(Cost  t o  End User i n  Dollars)  

(6) L e v e l i - e d  Cos t  o f  Busbar  Energy ($/kWh) 0 - 1 4  0 ,14  0.12 
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TABLE 4-7 (Concluded)  

! MAJOR ECONOMIC ANALYSIS ASSUHPTIONS 
.-I_.-_ -A 

( 1  ) Ownership P a t t e r n :  I n v e s t o r  Owned U t i l i t y  
(1) S v s t m  Life  and F i n a n c i n g  P e r i o d  ( S o l a r  System) : 40 P e a r s  
( 1 )  System L i f e  and F i n a n c i n g  P e r i o d  (Conven t iona l  Sys t em) :  30 Y e a r s  

(1 Charge R a t e  ( S o l a r  System):  
d Charge K a t e  (Conven t iona l  System) : 

( 7 )  F i r s t  Year Cos t  o f  F u e l  F o r  C o n v e n t i o n a l  System: 
( 3 )  Titel  E s c a l a t i o n  Rate:  10.5T 

) Il iscorint  Rate:  10.5% 

20 % 
1 8  % 

$5.42/b! i l l ion  R1'U 
C6) G!meral I n f l a t i o n  Ra te :  7 .5  x 

1) C o n s t r u c t i o n  P e r i o d  ( S o l a r  System) : 1 . 5  Years 
I - )  C o n s t r u c t i o n  P e r i o d  (Conven t iona l  System) : 2 Ycars 
2 )  A1lowance f o r  Funds During C o n s t r u c t i o n  ( S o l a r  Svstem) : h . 7  3 

S v s  tem) : 4.8 % 
I L3) Allowance f o r  Funds 13iir-Lng C o n s t r u c t i o n  ( C o n v e n t i o n a l  

( 1 4 )  I r t t c r e s t  R a t e  During C o n s t r i t c t i n n  !Sol.;.r System):  
(15) I n t e r e s t  !<.ate During C o n s t r u c t i o n  (Conven t iona l  System) : 
( I h )  Annunl. C a p a c i t y  F a c t o r  ( S n l  g r  SystPm) : 60% 
:17)  Annrinl.  C n n a c i t v  F a c t o r  (Conven t iona l  Svstem) : 60% 
'18) 
I $850:  nnn 

1 
- 

X 
X 

7 

X 
X 
X 

4 5 

I - S t r ; i d v  p r i c c s :  Contr; ictr:  m i v  1 7 ~  w r l t t e n  For l o n g  p r r io ' l s  ( 1 5  y c a r s )  w i t h  n o  

1 U n c e r t a i n  p r l c r s :  Recen t  v o l a t i l i t y  on t h e  o r d e r  of 202 p e r  year 
5 = Vcry r incer t ; i in  p r i c c s  a n d  a v ; i i L a l ~ i l l t y :  Rcccn t  i n c r e a s e s  oE more t h a n  20% per y e a r  

( 1 )  SO('I l ; ' i ' / \ l ,  !io~lR~:l~s 
I - E l r i  f i i r c? re ; i l ) l c  i t i r r i  e i n  crrc;t ( 1 1 -  r r d u c t i o n  i n  opcr ; t t in f i  c I I i c l c , r i cy  v r  a v a i l a b i l i t y  d u r  

t l? c ~ n v i r o n i n e n t . ~ l  i s s i ~ e s  o r  ilt-I;i:>' i n  s c l t c ! d i t l e  
1 r I-linor r t tvi  rnnmenLal iir p r ih t  : i r :c rpt : ince i S S I I ~ S  

rn:iy h r  a n t  i c i p n t e t l  diic t o  p i i b l l r  acc'c'iiL,iiice o r  
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TABLE 4-8 

BIOMASS (WOOD) /GASEOUS FUELS 

(1.) REFERENCE SOLAR SYSTEM: Wood-fueled PUROX Process Gasification System li 
I .-' 

(2) APPLICATION: Medium-BTU Gas For Central and/or Industrial 
Process Heat 

( 3 )  REPRESENTATIVE SITE: Aikm, South Carolina 
(4) CONVEN'TTONAT.TTVF: EoiiivglPnt RTJI nf PU-lTral Gas 

- Slag lo 
Landfill 

- 
REFERENCE SOLAR SYSTEM DESCRIPTION CONVENTIONAL SYSTEM DESCRIPTION 

(1) ( 2 )  (3) 

0 Wood Gasification Using the Union Carbide o Purchased Commercial Natural Gas 

Rated G a s  roduction: 4.771 x 10' BTU/hr Energy Purchased (to Give Energy 
Equivalentlyf Reference System): 
3.5 2 x 10 BTU/Year ( 3 . 7 4 4  x 
10 '' kJ/Year) 

PUROX Process to Produce a Medium BTU Gas 

(5.03 x 10' kJ/hr) 

0 Medium ETlJ 5as Energy Content: 394 BTU/SCF 
(11.76 kJ/m ) 

0 Natural Gas Energy sontent: 1000 
e Expected Annual Energy Output: 3.552 x lol2 12 BTU BTU/SCF (29.85 kJ/m 1 

(3.744 x 10 kJ) 
0 Conventional Energy Usage: 16 kIW electric 0 ~fficiency Assumption: Natural Gas 

(Primarily for O2 Plant and Compressors) 

0 Non-Conventional Fuel Usage: 800 Tons/Day 
Wood/Dry-Basis (725.7 Metric Tons/Day) 

o Construction Period: 3 Years 

and Medium BTU Gas are Burned at the 
Same Efficiency 

~- ... - 
RESOURCES - -_ - 

(1) Raymond E. Desrosiers, "Process Designs and Cost Estimates for a Medium Btu Gasification 
Plant Using a Wood Feedstock," SERI/TR-33-151 (1979). 

Robert Geosits, "A Technical and Economic Evaluation of Wood Gasification by the EA 
Biomass Gasification Process," Econergy Associates Internal Report (1980). 
Econergy Associates, "Technology Characterization and Economic Evaluation of Medium Btu 
Gas (MBG) from Wood," Report for LASL on Contract 4-L40-0745 M-1 (1980). 

( 2 )  

(3) 
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I 
TABLE 4-8 (Con t inued)  

- 
REFERENCE SOLAR SYSTEM COST: 1980 

(1980 D o l l a r s )  ( 2 )  (3) 
CONVENTIOMAL SYSTEM COST: 1980 

I 

r ’ i r s t  Annual O&M L i f e  Component 
C o y t  Cost  (OOO$) (Yea r s )  

N O  i n c r e m e n t a l  sys t em c o s t  is  i n c u r r e d  i 
f o r  Commercial  N a t u r a l  Gas pu rchased  i 
from t h e  l o c a l  u t i l i t y .  I 

i 

i I 

Component F i r s t  Annual  Oh?l L i f e  I 
r n s t  rest (nnns) (vep rc?  

j o  ~ n s  
I I’roduction 

unygell P l a n t  

I P u r i f i c a t i o n  
i o  I n s t a l l a t i o n  

’ Z i t e  and 
1. U r e p a r a t i o n  
j 0 C o n t  ingency 
I o  S t a r t - u p /  

I 
I. ues lg l l  

1 Worltiiig Cap 

7 7 7 9 7  _- I TPTAL 

5387 

0320 
2205 

TOTA!, -n- -n- -n- I 

1631  20 

5891 
1564 
I ,? ,  
I L L I  

3 748 
3656 

SOLAR SYSTEM COST, TECHNICAL PERFOWVCE AND ECONOMIC PERFORMANCE 
FOR SYSTEMS ACQUIRED I N  1985,  1990 ,  2000 

- 
RENEWABLE SYSTEM CHARACTERISTICS (1980 $ )  1985 1990 2000 --_ _- 

(1 )  System I n s t a l l e d  Cost  (000$) 36 ,120  39 ,310  43,910 

(2 )  Annual O&M C o s t ,  F i r s t  Year (000$) 4 ,124  4 ,234  5 , 0 0 1  

(3) Expec ted  Annual Energy Output  ( M i l l i o n  BTLI) 3 . 5 5 2 ~ 1 0 ~  6 3 . 6 3 6 ~ 1 0 ~  6 3 . 7 6 1 ~ 1 0 ~  6 

( I n c l u d e s  I n t e r e s t  Dur ing  C o n s t r u c t i o n )  

( M i l l i o n  kJ)  3 . 7 4 4 ~ 1 0  3 . 8 3 3 ~ 1 0  3 . 9 6 5 ~ 1 0  

( 4 )  C a p a c i t y  F a c t o r  ( X )  8 5  87 90 

(5 )  L i f e  Cyc le  Cost  (OOO$) 396,827 430,813 512,613 

( 6 )  L e v e l i z e d  Cost  o f  Energy ( $ / m i l l i o n  BTU) 5 .59  5 .92  6 . 8 1  
( $ / m i l l i o n  k J )  5.30 5 .62  6 .46  

CONVENTlONAL SYSTEM COST AND ECONOMIC PERFOREiANCE 
FOR SYSTEMS ACQUIRED I N  1985 ,  1990,  2000 - - 

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $)  1985 1990 2000 

(1) System I n s t a l l e d  Cost  (OOO$) 0 0 0 

(2) Annual O&M C o s t ,  F i r s t  Year  (OOO$) 0 0 0 

- 

( I n c l u d e s  I n t e r e s t  Dur ing  C o n s t r u c t i o n )  

6 6 6 (3 )  Expected Annual Energy Output  ( M i l l i o n  BTU) 3 . 5 5 2 ~ 1 0 ~  3 . 6 3 6 ~ 1 0 ~  3 . 7 6 1 ~ 1 0 ~  

( 4 )  L i f e  Cycle  Cost  ( O O O $ )  614,962 850,397 1 , 6 0 5 , 2 6 3  

( M i l l i o n  kJ) 3 . 7 4 4 ~ 1 0  3 . 8 3 3 ~ 1 0  3 . 9 6 5 ~ 1 0  

(5) L e v e l i z e d  Cost of Energy ( $ / m i l l i o n  BTU) 
( $ / m i l l i o n  kJ)  

8 .66  11 .69  21.34 
8 . 2 1  1 1 . 0 9  20.24 
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TABLE 4-8 (Concluded) 

MAJOR ECONOMIC ANALYSIS ASSUMPTIONS 

Ownership P a t t e r n :  Investor-Owned I n d u s t r y  
A n a l y s i s  P e r i o d :  23  Year s  (3-Year C o n s t r u c t i o n ,  20-Year L i f e )  
System F i n a n c i n g  P e r i o d :  20 Years 
P e r c e n t a g e  of System Cost  F inanced  by Debt:  60% 
Bond Rate: 11.5% 
E q u i t y  Re tu rn  Rate: 17 .6% 
Genera l  I n f l a t i o n  Rate: 7.5% p e r  y e a r  
Conven t iona l  Sys tem,  F i r s t  Year Cost of Gas :$3 .60 /Mi l l ion  BTU 
Gas E s c a l a t i o n  Rate ( C o n v e n t i o n a l ) :  6 .2% p e r  y e a r  (Rea l )  
F i r s t  Year Cos t  of  Wood: $25/Ton (Dry b a s i s )  
Wood E s c a l a t i o n  Rate: 1% p e r  y e a r  (Rea l )  
F i r s t  Year Cos t  of E l e c t r i c i t y  and 
E s c a l a t i o n  Ra te :  $0.028/kWh, 2 .5% p e r  y e a r  
O&M E s c a l a t i o n  Rate: 1 . 5 %  p e r  y e a r  (Rea l )  
D i scoun t  R a t e :  10 .5% 
D e p r e c i a t i o n  Algor i thm:  Sum of Year s '  D i g i t s  
I n t e r e s t  Ra te  d u r i n g  C o n s t r u c t i o n :  13 .94% 

5 0% 
P r o p e r t y  Tax Ra te :  $2 /$100 of A c t u a l  Value  
F e d e r a l  Tax C r e d i t s :  10% of C a p i t a l  Cos t  

Marg ina l  F e d e r a l  + S t a t e  Tax Ra te :  

I I  ( I I t i ( ' I  ( 1 1  I /AI'I'I [ ( A I  I o I I :  BIOMASS (WOOO)/GASEOUS FUELS,  A I K E N ,  SOUTH C A R O L I N A  

R L I S O N  ( S )  FOK ERRORS 
(CIIECY, AI'I'ROPRIATE BOXES 

U S I N G  K E Y  BELOW) 

t: 12, : 
( I )  ' I ' E C I I N I C A L  SOURCES 

I = llasetl on s y s t e m s  a c t u a l l y  b u i l t  and o p e r a t i n g  
2 = I)ascd on d e t a i l e d  d e s i g n s  o l  f n c l l l t i e s  s i m i l a r  t o  e x i s t i n g  o n e s  

4 = Ijased on c o n c e p t u a l  des lg r i s  
5 = Based on an  ana logy  

7 I\ased on e n g i n e e r i n g  d e s i g n s  of new f a c i l i t i e s  

( 2 )  I ~ C O N O b f I C  SOURCES 
I - Steady  p r i c e s :  C o i i t r n c t s  mnv h c  w r i t t e n  Tor long  periods ( 1 5  y e a r s )  w i t h  no 

3 7 U n c e r t a i n  p r i c e s :  Recent  v o l a t i l l t y  on the o r d e r  of 202 per y e a r  
5 = Very u n c e r t a i n  p r i c e s  and a v a i l a b i l i t y :  Recent  increases  of more t h a n  20% p e r  y e a r  

t ' S r ; l l ; J t  io11 C l 3 U S C S  

( 3 )  S0CII:TAL SOURCES 
1 = No f o r e s e e a b l e  i n c r e a s e  in c o s t  o r  r e d u c t i o n  i n  o p e r a t i n g  e f f i c i e n c y  o r  a v a i l a b i l i t y  due  

t o  e n v i r o n m e n t a l  i s s u e s  o r  del.ay i n  s c h e d u l e  
> 7 !!inor e i iv l ronmen ta l  o r  p u b l i c  a c c e p t a n c e  i s s u e s  
5 - :f;ijor c n s t  i n c r e n s c s  o r  dcla;;.; mny h e  n n t l c i p n t e d  di ic t o  p u h l l c  a c c e p t a n c e  o r  

r "1 .: i r r!i:-r> n t. ;I 1 1 ,; :;I I 6.' i 
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TABLE 4-9 

BIOMASS/LIQUID FUELS (ETHANOL) 

(1) REFERENCE SOLhR SYSTEM: Corn-to-Ethanol Plant (R. Katzen 

(2 )  APPLICATION: Production of 200 Proof Ethanol for 
Associates Design) 

Blending into 10/90% Gasohol 
( 3 )  REPRESENTATIVE SITE: Carbondale, Illinois 

(4) CONVENTIONAL ALTERNATIVE: Unleaded Gasoline Consisting of a Blend 
of 10% Imported and 90% Domestic Stock 

Fungal 
Amylase Yeast 

Condensate I 

f rom - - - - 
Stillage Drying 

Corn Mill ing Fermentation Alcohol 

Steam - - 
-m FlueGas I Grains 

Boiler Coal d 

I 
Water 

Waste Water * (NH,),SO, 
Water Water Scrubber 

D Flue Gas 1 *, , , f::::'j ; I to Atmosphere 

Dewatered Sludge 

Water Waste Ammonia 
Treatment Water 
Chemicals ___ -. -. 

REFERENCE SYSTEM DESCKIPTION ( 1 ) ( 2 )  CONVENTIONAL SYSTEM DESCRIPTION 

Corn-to-Ethanol Plant (R. Katzen Associates 500 Million Gallons (1890 Million 
Design) Liters) of Unleaded Gasoline Consisting 

Ethanol (Ise: Mix in 10%/90% ethanol un- 
leaded gasoline blend 

Anniial Corn Use: 19.35 Million B u s h e l s  
(16.37 Million Cubic Meters) 

Annrial 200 Proof Ethanol Output: 50 
Killion gallons (189 Million Liters) 

Annual Gasohol Production: 500 Million 
Gallons (1890 Mil lion Liters) 

Annual Distillers Dried Grain's Output: 
176,300 Tons (159,900 metric tons) 

Yearly Coal Use: 97,466 Tons (88,401 
metric tons) 

Construction Period: 4 Years 
Annual Unleaded Gasoline Requirement: 
450 Million Gallons (1700 Million Liters) 

of: 
-50 Million Gallons (189 Million Liters) 

- 4 5 0  Million Gallons (1700 Million Liters) 
of Imported Gasoline 

of Domestically Produced Gasoline 

RESOURCES 

(1) 

(2) 

Econergy Associates, "Technology Characterization and Economic Evaluation - Ethanol frcim 
Corn, 50 Million Gallon/Year Plant," Report from LASL on Contract 4-L40-0745M-l (1980). 
A .  Katzen Associates, "Grain Motor Fuel Alcohol - Technical and Economic Assessment 
Study," Report for DOE, HCP/J6639-01 (1978). 
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TABLE 4-9 (Con t inued)  

I 

' 1  

REFERENCE SOLAR SYSTEM COST (1980 DOLLARS) 

Components F i r s t  Annual L i f e  
c o s t  O&M ( Y e a r s )  

( 0 0 0 2  c o s t  ( O O O $ )  

20 G r a i n  Handl ing 2699 -- 
20 Mash Cooking 3653 __  
20 Fungal Amylase 4511 _ _  

Fermentdt iOn 5428 461 20 
20 D i s t i l l a t  ion 6627 _ _  
20 Drying 16839 _ _  
20 S t o r a g e  5690 -- 

Steam P r o d .  19520 193  20 
20 B u i l d i n g  & S i t e  2255 _ _  

Land 6 Misc. 22337 9764 _ _  
/TOTAL 89,559 10,418 

CONVENTIONAL SYSTEM COST (1980 DOLLARS) 

Components F i r s t  Annual L i f e  
c o s t  O&M (Year s )  

( O O O $ )  c o s t  ( O O O $ )  
i 

No I n c r e m e n t a l  Cos t  
Is I n c u r r e d  

TOTAL I 

REFERENCE SOLAR AND CONVENTIONAL SYSTEM ECONOMIC PERFORMANCE: 1980 INSTALLATION 
- _  _- 

ECONOMIC MEASURE (1980 DOLLARS) SOLAR SYSTEM CONVENTIONAL ALTERNATIVE 
__  

( I )  [ . ife C y c l e  Cos t  ( O O O $ )  1 2 , 0 8 0 , 0 0 0  
( 2 )  k v e l i z e d  C o s t  (FOR Termina l )  ( $ / g a l )  $1 .21  

o f  1 0 / 9 0  Blend ( $ / l i t e r )  $0.32 

12 ,160 ,000  
1 .22  
0 .32  

SOLAR SYSTEM COST, TECHNICAL PERFORMANCE AND ECONOMIC PERFORMANCE 
(FOR SYSTEMS ACQUIRED I N  1985,  1990,  2000) 

SOLAR SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2000 

88 ,620  94 ,070  106 ,000  ( 1 )  System I n s t a l l e d  Cos t  ( O O O $ )  

( 2 )  Annual 0 6 M  C o s t  ( O O O $ )  1 0 , 3 0 3  1 1 , 0 1 3  12 ,588  

(3)  Expected Sys tem Annual Output  ( m i l l i o n  g a l )  500 500 500 
( m i l l i o n  l i t e r s ) l , 8 9 0  1 , 8 9 0  1 , 8 9 0  

( 4 )  C a p a c i t y  F a c t o r  (%) 

(5) L i f e  C y c l e  C o s t  ( O O O $ )  

90  90  90 

13,570,000 1 5 , 2 9 0 , 0 0 0  19 ,390 ,000  

( 6 )  L e v e l i z e d  Cost (FOB T e r m i n a l )  ($ /ga l )  1.36 1 . 5 3  1 . 9 4  
f o r  1 0 / 9 0  Blend ($/liter) 0.358 0.404 0.512 

CONVENTIONAL SYSTEM COST AND ECONOMl C PERFQRMANCE 
(FOR SYSTEMS ACQUIRED T N  1985 ,  I w a ,  2000)  

CONVENTIONAL SYSTEM CHARACTERISTICS (1980 $) 1985 1990 2Q00 

(1) System I n s t a l l e d  Cost  ( O O O $ )  

( 2 )  Annual O&M Cost  ( O O O $ j  

0 Q a 
0 0 0 

( 3 )  Expected System Annual Output  ( m i l l i o n  g a l )  500 500 5oa 
( m i l l i o n  l i t e r s ) 1 8 9 0  1890 1890 

( 4 )  L i f e  C y c l e  C o s t  ( O O O $ )  13 ,830 ,000  1 5 , 7 2 0 , 0 0 0  20 ,320 ,000  

(5)  L e v e l i z e d  Cost  (FOB T e r m i n a l )  ( $ / g a l )  1 . 3 8  1 .57  2 . ~ 3  
f o r  1 0 / 9 0  Blend ( $ / l i t e r )  0 .365 0.415 0.537 

L. 4 
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TABLE 4-9 (Concluded)  
- 

MAJOR ECONOMIC ANALYSIS ASSWTIONS -~ 

Ownership P a t t e r n :  Investor-Owned I n d u s t r i a l  Firm 
A n a l y s i s  P e r i o d :  
P e r c e n t a g e  of System I n s t a l l e d  Cost  
F inanced  E x t e r n a l l y :  6 0% 
Bond R a t e :  11.5% ( f o r  20 y e a r s )  
Re tu rn  on E q u i t y :  17.6% 
G e n e r a l  I n f l a t i o n  R a t e :  7 .5% p e r  year 
F i r s t  Year Cost  of  G a s o l i n e  from 
Imported O i l  @ $ 3 2 / B a r r e l :  $ 1 . 1 5 / g a l l o n  
F i r s t  Year  Cost  o f  Domest ic  Unleaded 
C, as o 1 i n  e : $ l . O O / g a l l o n  
G a s o l i n e  E s c a l a t i o n  Ra te  Above I n f  1 a t i o n : Z .  6 %  
F i r s t  Year  Coa l  C o s t :  $ 2 5 / t o n  
Coal  Cost  E s c a t i o n  R a t e  Above I n f l a t i o n :  1 .3% 
Corn P r i c e :  $ 3 . 0 0 / b u s h e l  

De p r e  c i  a t  i o n  Algor i thm : 
M a r g i n a l  F e d e r a l  and S t a t e  Tax Ra te :  
P r o p e r t y  Tax R a t e :  
F e d e r a l  Tax C r e d i t s  (Renewable Sys t em) :  $ 6 9 , 2 7 0 , 0 0 0  
R e t a i l e r s  Annual Tax C r e d i t s  f o r  Renew- 
a b l e  System ( n o t  f i g u r e d  i n  ahove c o s t s )  y r  S t a t e ,  depend ing  on s t a t e )  

24 Years ( 2 0  y r s  o p e r a t i n g ,  4 y r s  c o n s t r u c t i o n )  

D i scoun t  R a t e :  10.5% 
Sum-of-Years' D i g i t s  
50% 
$ 2 / $ 1 0 0  of C a p i t a l  P l a n t  Value 

($20 ,000 ,000 /y r  F e d e r a l  t o  1 9 9 2 ;  $0 t o  $50,000,000 

I I I IIFIOI.Ol 'I //\I'I'I,I('AI I O I i :  B IOMASS TO L I O U I D  FUEL/CORN TO ETHANOL, CARBONDALE, I L L I N O I S  

'I'Y I' I: / SOlJliCll 0 I: E R R O R  
... . . . ~ __ 

IlKi\SON(S) FOR ERRORS 
(CIIKCK A l ' l ' R O l ' R I A T I :  BOXES 

U S I N G  KEY I3ELOW) 

1 
-~ 

X 

x 

X 
X 

3 4 5 

b. .. 
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