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ABSTRACT 

The long-run incremental  c o s t  (LRIC) of provid ing  e l e c t r i c i t y  f o r  
s o l a r  hea t ing  and hot  water systems i s  es t imated  f o r  t h r e e  u t i l i t i e s  
using a. u t i l i t y  c a p a c i t y  expansion model and compared to  the  cos t  of pro- 
v id ing  e l e c t r i c i t y  to  e l e c t r i c - o n l y  systems.  , A l l  inves tment ,  fue l  and 
ope ra t ing  c o s t s  a r e  accounted f o r .  Hot water systems and combined heat-  
ing and hot water systems a r e  analyzed s e p a r a t e l y .  It i s  found t h a t  the 
L R I C  f o r  s o l a r  backup i s  no more than t h e  L R I C  of e l e c t r i c i t y  used fo r  
pu re ly  e l e c t r i c  hea t ing  and hot  water devices  and a l s o  no more than the 
incrementa l  c o s t  of normal load growth. For the  t h r e e  u t i l i t i e s  s t u d i e d ,  
t h e r e  appears  t o  be l i t t l e  b a s i s  f o r  r a t e  d i s t i n c t i o n s  between s o l a r  

/- devices  using e l e c t r i c  backup and e l e c t r i c - o n l y  h e a t i n g  and hot water 
d e v i c e s .  "Off-peak s torage ' '  hea t ing  and hot  water devices  have a much 
lower L R I C  than the  s tandard  systems; aga in ,  t h e r e  appears  to  be no b a s i s  
f o r  d i s t i n g u i s h i n g  between s o l a r  and e l e c t r i c ,  off-peak dev ices .  Compared 
t o  average c o s t  p r i c i n g ,  incremental  c o s t  p r i c i n g  o f f e r s  cons ide rab le  
b e n e f i t s  t o  customers using s o l a r  and e l e c t r i c  h e a t  and hot  water ,  
e s p e c i a l l y  i f  a  s e p a r a t e  lower r a t e  i s  adopted f o r  off-peak s to rage  de- 
v i c e s ;  t h e s e  b e n e f i t s  can amount to  . severa l  hundred d o l l a r s  per yea r .  
S u b s t a n t i a l  sav ings  i n  the  use of o i l  and gas f u e l s  can be achieved i f  
r e s idences  using these  f u e l s  convert  to  s o l a r  systems,  sav ings  not nece.s- 
s a r i l y  achievable  by a  s h i f t ,  i n s t e a d ,  to  e l e c t r i c  systems.  
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PREFACE 

S i n c e  e a r l y  1978, N a t i o n a l  Cen te r  f o r  A n a l y s i s  o f  Energy Systems a t  
Brookhaven N a t i o n a l  L a b o r a t o r y  h a s  been s t u d y i n g  r e g u l a t o r y  and t a x  is- 
s u e s  a s s o c i a t e d  w i t h  s o l a r  ene rgy  f o r  t h e  Market A n a l y s i s  and E v a l u a t i o n  
Branch o f  t h e  U.S. Department o f  Energy.  These s t u d i e s  have examined on 
t h e  economic,  r e s o u r c e  u s e ,  and env i ronmenta l  a s p e c t s  o f  s o l a r  r e s i d e n -  
t i a l  h e a t i n g  and h o t  w a t e r  d e v i c e s  which a r e  connec ted  to  e l e c t r i c  u t i l i -  
t i e s .  T h i s  i s  one r e p o r t  i n  a  s e r i e s  d e s c r i b i n g  t h e  r e s . u l t s  o f  t h e s e  
s t u d i e s .  
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INTRODUCTION 

About 22% o f  U.S. ene rgy  consumption i s  used t o  p r o v i d e  h e a t i n g  and 
h o t  w a t e r  i n  r e s i d e n t i a l  and commercial  b u i l d i n g s .  Almost a l l  of t h i s  
e n e r g y  comes from c r u d e  o i l  o r  n a t u r a l  g a s .  I n  much o f  t h e  U.S. ,  s o l a r  
e n e r g y  can  be an i d e a l  s u b s t i t u t e  f o r  t h e s e  i n c r e a s i n g l y  s c a r c e  and ex- 
p e n s i v e  r e s o u r c e s ,  e s p e c i a l l y  a s  a  s o u r c e  o f  ene rgy  f o r  h o t  w a t e r .  The 
most l i k e l y  a l t e r n a t i v e  t o  s o l a r  ene rgy  a s  a  s u b s t i t u t e  f o r  o i l  and g a s  
i n  t h e s e  a p p l i c a t i o n s  i s  e l e c t r i c i t y .  Compared t o  e l e c t r i c i t y ,  s o l a r  
t e c h n o l o g i e s  do no t  r e q u i r e  t h e  use o f  a d d i t i o n a l  nonrenewable  r e s o u r c e s ,  
a r e  e n v i r o n m e n t a l l y  more b e n i g n ,  and,  e s p e c i a l l y  i n  t h e  c a s e  o f  h o t  
w a t e r ,  w i l l  p r o b a b l y  be  cheaper  i n  t h e  long  r u n .  

To be  c o s t  e f f e c t i v e ,  s o l a r  h e a t i n g  and h o t  w a t e r  sys tems  employ a  
backup energy  s u p p l y  which p r o v i d e s  20%-50% o f  t h e  t o t a l  e n e r g y  r e q u i r e d .  
E l e c t r i c i t y  i s  f r e q u e n t l y  p r e f e r r e d  a s  t h e  backup s u p p l y  s i n c e  hookups 
a r e  r e a d i l y  a v a i l a b l e  and t h e  i n i t i a l  c o s t  i s  low. Because e l e c t r i c i t y  
i s  an  e x p e n s i v e  form o f  e n e r g y ,  i t s  . c o s t  i s  a major  f a c t o r  i n  t h e  o v e r a l l  
economics o f  s o l a r *  h e a t i n g  and h o t  w a t e r  s y s t e m s .  Hence,  t h e  r a t e  
s t r u c t u r e  g o v e r n i n g  t h e  p r i c e  o f  e l e c t r i c i t y  used f o r  s o l a r  backup can  
p l a y  a  c r u c i a l  r o l e  i n  d e t e r m i n i n g  whether  o r  no t  s o l a r  sys tems  can  com- 
p e t e  w i t h  c o n v e n t i o n a l  sys tems .  

The r e c e n t l y  e n a c t e d  P u b l i c  U t i l i t y  R e g u l a t o r y  P o l i c i e s  Act (PURPA) 
r e q u i r e s  t h a t ,  t o  t h e  g r e a t e s t  p o s s i b l e  e x t e n t ,  u t i l i t y  r a t e  s t r u c t u r e s  
r e f l e c t  t h e  a c t u a l  c o s t s  t o  a  u t i l i t y  o f  p r o v i d i n g  e l e c t r i c  s e r v i c e .  
T h i s  i m p l i e s  t h a t  r a t e  c l a s s e s  shou ld  be a p p r o p r i a t e l y  d e l i n e a t e d  and 
t h a t  each c l a s s  shou ld  pay i t s  f a i r  s h a r e  o f  t h e  t o t a l  u t i l i t y  r evenue  
r e q u i r e m e n t s .  I n  most  u t i l i t i e s ,  r e s i d e n t i a l  c u s t o m e r s  u s i n g  e l e c t r i c  
h e a t i n g  a r e  e i t h e r  d e f i n e d  a s  a  s e p a r a t e  r a t e  c l a s s  o r  are  e f f e c t i v e l y  
giver1 lower  r a t e s  th rough  d e c l i n i n g  b l o c k  r a t e  s t r u c t u r e s .  Customers 
u s i n g  e l e c t r i c  h o t  w a t e r  a l s o  g e n e r a l l y  b e n e f i t  from lower r a t e s .  The 
lower  r a t e s  a r e  j u s t i f i e d  by  t h e  argument t h a t  t h e  c o s t  o f  s u p p l y i n g  t h e  
i n c r e m e n t a l  e l e c t r i c i t y  f o r  t h e s e  a p p l i c a t i o n s  i s  lower  than  t h e  a v e r a g e  
c o s t  o f  d e l i v e r e d  e l e c t r i c i t y .  

R e c e n t l y ,  some u t i l i t i e s  have argued t h a t  c u s t o m e r s  u s i n g  e l e c t r i c -  
i t y  t o  p r o v i d e  backup f o r  s o l a r  h e a t i n g  and h o t  w a t e r  sys tems  should  b e  
d e f i n e d  a s  a  s e p a r a t e  r a t e  c l a s s  w i t h  a  h i g h e r  r a t e  t h a n  t h a t  imposed on 
t h e  a v e r a g e  r e s i d e n t i a l  cus tomer  on t h e  p resumpt ion  t h a t  t h e  more uneven 
u s e  o f  e l e c t r i c i t y  f o r  t h i s  purpose  r e q u r i e s  e x t r a  c a p a c i t y  and imposes 
h i g h  c o s t s  on t h e  u t i l i t y .  I f  t h e s e  arguments  a t e  i n c o r r e c t - - i . e . ,  i f  
s o l a r  backup c o s t s  t h e  u t i l i t y  no more than  t h e  a v e r a g e  r e s i d e n t i a l  use 
o f  e l e c t r i c i t y - - t h e n  t h e  i m p o s i t i o n  o f  h i g h e r  r a t e s  would be a  con t raven-  
t i 0 . n  of  t h e  PURPA r e q u i r e m e n t s .  S i n c e  v e r y  l i t t l e  d e t a i l e d ,  q u a n t i t a t i v e  
i n f o r m a t i o n  h a s  Seen a v a i l a b l e  r e g a r d i n g  t h e  e f f e c t  t h a t  s o l a r  backup 
l o a d s  a c t u a l l y  have  on u t i l i t y  c o s t s ,  t h e  v a l i d i t y  o f  arguments  c a l l i n g  
f o r  h i g h e r  r a t e s  i s  q u e s t i o n a b l e .  The p u r p o s e  o f  t h i s  s t u d y  i s  t o  de- 
v e l o p  and a p p l y ,  a method f o r  computing a u t i l i t y ' s  c o s t  of p r o v i d i n g  
backup f o r  s o l a r  d e v i c e s  so t h a t  ra te-making can t a k e  p l a c e  i n  an  in-  
formed environment  . 

T h i s  paper  summarizes t h e  r e s u l t s  o f  t h r e e  c a s e  s t u d i e s  i n  which t h e  
u t i l i t y  c o s t  o f  p r o v i d i n g  e l e c t r i c i t y  f o r  s o l a r  backup i s  e s t i m a t e d  and 
compared t o  t h e  a v e r a g e  c o s t  o f  r e s i d e n t i a l  e l e c t r i c  s e r v i c e  and t o  t h e  

*In  t h i s  paper  a  " s o l a r 1 '  sys tem i s  one u s i n g  e l e c t r i c  backup. A s o l a r  
s y s t e m  u s i n g  o i l  o r  g a s  backup i s  deno ted  a s  a  " s o l a r - f u e l "  sys tem.  



c o s t  o f  s e r v i c e  f o r  comparable  e l e c t r i c  s y s t e m s .  Using t h e s e  r e s u l t s ,  a  
homeowner 's  t o t a l  annua l  c o s t s  f o r  h e a t  and h o t  w a t e r  a r e  computed assum- 
i n g  two d i f f e r e n t  r a t e  d e s i g n  approaches  f o r  s o l a r  and e l e c t r i c  s y s t e m s .  
F i n a l l y ,  t h e  n e t  consumpt ion o f  f u e l s  to  p r o v i d e  h e a t  and h o t  w a t e r  i s  
compared f o r  t h e  v a r i o u s  s y s t e m s .  

Methods and Assumptions 

The methods employed i n  a n a l y z i n g  u t i l i t y  c o s t s  a r e  e x t e n s i v e l y  de- 
sc r i -bed  i n  Ref .  1 and summarized below. The long-run i n c r e m e n t a l  c o s t  o f  
s e r v i c e  (LRIC)  i s  used a s  t h e  a p p r o p r i a t e  measure  o f  u t i l i t y  c o s t s  and i s  
s imply  d e f i n e d  a s  t h e  t o t a l  i n c r e m e n t a l  c o s t  o f  s e r v i n g  an i n c r e m e n t a l  
l o a d .  A l l  i n v e s t m e n t ,  o p e r a t i n g  and f u e l  c o s t s  a r e  i n c l u d e d  i n  t h i s  one 
m e a s u r e ;  h e n c e ,  t h e  t r e a t m e n t  o f  c a p a c i t y  r e l a t e d  c o s t s  i s  i n t e g r a l  t o  
Lho b a s i c  s r ~ ~ n y  approach .  

I n  comput ing t h e  i n c r e m e n t a l  load  due to  a  h e a c i n g  LJL hot  w a t c r  do- 
v i c e ,  t h e  h o u r l y  l o a d s  due t o  a  s i n g l e  such d e v i c e  a r e  f i r s t  e s t i m a t e d  
w i t h  a  b u i l d i n g  t h e r m a l  load s i m u l a t i o n  model u s i n g  h i s t o r i c a l  h o u r l y  
w e a t h e r  d a t a .  Thc t o t a l  i n c r e m e n t a l  load on t h e  u t i l i t y  i s  t h i s  s t r e a m  
o f  h n r ~ r l y  l o a d s .  m o d i f i e d  t o  accoun t  f o r  smoothing o f  l o a d s  from many de- 
v i r p s ,  and m u l t i p l i e d  by an assumed marke t  p e n e t r a ~ i o u  of t h c  d e v i c e .  
The u t i l i t y '  s r e v e n u e  r e q u i r e m e n t s  a r e  computed LuLll w i t h  and w i t h o u t  
t h i s  i n c r e m e n t a l  l o a d ,  and the  i n c r e m e n t a l  c o s t  i s  t h e  d i f f e r e n c e  i n  t h e  
r e v e n u e  r e q u i r e m e n t s .  The revenue  r e q u i r e m e n t  e s t i m a t e s  a r e  c a l c u l a t e d  
f r o n  o p t i m a l  p l a n t  p u r c h a s e  s c h e d u l e s  and f u e l  u s e  p a t t e r n s  computed by a  
u t i l i t y  c a p a c i t y  e x p a n s i o n  model,  t h e  Wien Alltomatic System P l a n n i n g  
Model (WASP), which i s  run  o u t  t o  t h e  y e a r  2000. Using t h e  same rnarket 
p e n e t r a t i o n  a s s u m p t i o n ,  s e p a r a t e  load  and c o s t  a n a l y s e s  a r e  conducted f o r  
a  v a r i e t y  o f  h e a t i n g  and h o t  w a t e r  r l ev ices ,  w i t h  t h e  u t i l i t y  expans ion  
p l a n  and f u e l  u s e  r e o p t i m i z e d  i n  each c a s e ,  t o  p r o v i d e  t h e  b a s i s  f o r  a  
c o m p a r a t i v e  a n a l y s i s .  

The LRIC's a r e  e s t i m a t e d  f o r  each y e a r  from 1978 t o  2090. The r e -  
s u l t s  r e p o r t e d  a r e  means f o r  t h e  t e n  y e a r s  1991-2000. B e f o r e  t h i s  t i m e ,  
t h e  p e n e t r a t i o n  o f  s o l a r  d e v i c e s  i s  s o  s m a l l  t h a t  incrementa l ,  u t i . l i t y  
l o a d s  and i n c r e l a e n t a l  c o s t s  a r e  n e g l i g i b l e ,  which makes t h e  LRIC computa- 
t i o n s  u n r e l i a b l e .  Al though s o l a r  u s e  b e f o r e  t h e  1 9 9 0 ' s  may be l i m i t e d ,  
t h e  r e s o l u t i u n  o f  r a t e  i s s u e s  canno t  be d e l a y e d ;  some r a t e  must be  s e l e c -  
t e d  f o r  t h e  v e r y  f i r s t  s o l a r  syst2m hooked up t o  a  l l t i l i t y  ( e v e n  i f ,  by 
d e f a u l t ,  i t  i s  t h e  common r e s i d e n t i a l  r a t e )  and p r e c e d e n t s  have a  remark- 
a b l e  t e n a c i t y .  I n  a d d i t i o n ,  i f  t h e r e  i s  any u n c e r t a i n t y  a s  t o  t h e  c o u r s e  
o f  r a t e s ,  consumer c o n f i d e n c e ,  a  c r u c i a l  i n g r e d i e n t  i n  t h e  d e c i s i o n  to  
p roceed  w i t h  t h e  l a r g e  inves tment  i n  s o l a r ,  w i l l  be a d v e r s e l y  a f f e c t e d .  

The t h r e e  c a s e  s t u d i e s  completed t o  d a t e  examined t h e  use  o f  s o l a r  
h o t  w a t e r  (t.11~) and combined h e a t i n g  and ho t  w a t e r  (HHW) d e v i c e s  i n  t h e  
s e r v i c e  a r e a s  o f  t h e  Long I s l a n d  L i g h t i n g  Company ( L I L C O ) ,  t h e  Wisconsin  
Power and L i g h t  Company (WPL), and t h e  P u b l i c  S e r v i c e  Company of  New 
Mexico ( P N M ) .  E l e c t r i c  r e s i s t a n c e  HW and HHW sys tems  and off-peak* s o l a r  
and e l e c t r i c  sys tems  were a l s o  ana lyzed  f o r  compar i son .  

The most r e c e n t  (1980)  f o r e c a s t s  o f  l o a d s ,  f u e l  and p l a n t  c o s t s ,  and 
c a p a c i t y  e x p a n s i o n  o p t i o n s  f o r  each u t i l i t y  were used t o  t h e  Z r e a t e s t  ex- 
t e n t  p o s s i b l e .  Real  r a t e s  o f  i n c r e a s e  o f  4-5% p e r  y e a r  f o r  d e l i v e r e d  

*Off-peak s t o r a g e  h e a t i n g  d u r i n g  11PM and 7KY; no d a y t i m e  use o f  e l e c -  
t r i c i t y  f o r  h e a t  o r  h o t  w a t e r .  



petroleum products  and 3-4% f o r  coa l  and nuc l ea r  f u e l  were assumed 
s t a r t i n g  from 1980 l e v e l s .  Gas was assumed t o  i n c r e a s e  i n  p r i c e  
s u f f i c i e n t l y  r a p i d l y  t o  equa l  the  p r i c e  of petroleum products  by 1990. 
New n u c l e a r  c a p a c i t y  was assumed to  c o s t  about  $990/kW and c o a l  c a p a c i t y  
about  $900/kW ( i n c l u d i n g  sc rubbe r s )  i n  1978$. A l l  h ea t ing  and hot  water  
system c o s t s  were based on a  survey of c u r r e n t  c o s t s  f o r  i n s t a l l e d  
systems.  For the  r e s u l t s  p resen ted  i n  t h i s  paper ,  s o l a r  system c o s t s  
( e x c l u s i v e  of t h e  c o s t s  of the  convent iona l  backup equipment) a r e  assumed 
t o  d e c l i n e  i n  r e a l  terms a t  about 2% pe r  y e a r . t  A l l  c o s t  r e s u l t s  a r e  
p re sen t ed  i n  1978$. 

RESULTS 

U t i l i t y  Capaci ty  Cos ts  

The primary foc.11~ of concern regarili~ig p o r e n t i a l l y  adverse impacts 
t h a t  s o l a r  h e a t i n g  and hot  water  systems might have on u t i l i t i e s  has  been 
on c a p a c i t y  requi rements .  Does s o l a r  backup a c t u a l l y  impose g r e a t e r  ca- 
p a c i t y  r e l a t e d  c o s t s  on u t i l i t i e s  than  do o t h e r  e l e c t r i c a l  l oads?  TJe 
compared the  ten-year mean (1  991-2001) of t he  c a p a c i t y  r e l a t e d  c o s t  per  
k i lwat t -hour  of e l e c t r i c i t y  d e l i v e r e d  f o r  s o l a r  backup to  t he  capacity: 
c o s t s  f o r  o t h e r  l oads .  I n  two out  of the  t h r e e  u t i l i t i e s  we s t u d i e d ,  the"; 
i nc remen ta l  c a p a c i t y  r equ i r ed  t o  meet t h e  i nc remen ta l  load due to  s o l a r  
systems c o s t s  less, per k i l o w a t t  hour of d e l i v e r e d  e l e c t r i c i t y ,  than i t  
does f o r  comparable e l e c t r i c  systems,  l e s s  than the  c a p a c i t y  r e l a t e d  por- 
t i o n  of the  c o s t  of t he  average ki lowatt-hour  d e l i v e r e d ,  and less than 
t h e  i nc remen ta l  c o s t  of c a p a c i t y  f o r  meeting increments  i n  load growth 
( s e e  Table  1 ) .  A s  would be expec ted ,  off-peak s o l a r  systems,  l i k e  o f f -  
peak e l e c t r i c  systems,  impose very  low c a p a c i t y  r e l a t e d  c o s t s  on t h e  
t h r e e  u t i l i t i e s ;  i n  most c a s e s ,  t h e s e  a r e  much l e s s  than IblkWh. 

Our r e s u l t s ,  then ,  do not suppor t  t h e  hypo thes i s  t h a t  s o l a r  sy s t ems , ,  qF 

i n  g e n e r a l ,  impose h igh  c a p a c i t y  r e l a t e d  c o s t s  on u t i l i t i e s .  

Table  1 
INCREMENTAL CAPACITY COSTS 

10  y e a r  mean (1991-2000) 
(#/kwh) 

- PIW -- -- WPL -- -- LILCO -- 
HW - HHW - H W - HHW - HW - HUW - 

Average 3.5 2.1 5.8 
Incrementa l  

Growth 4.1 3.9 3.6 
S o l a r  2.2 1.8 5.3 3.1 2.4 0  
E l e c t r i c  5 .0  3 . 2  3.6 2.4 3.2 2.7 
S o l a r  O.P. 0 .1  1.0 0.1 0  0  0  
E l e c t r i c  O.P. 0.2 1.5 0.4 0.9 0  0  

- 

t T h i s  2% d e c l i n e  would r e s u i t ,  f o r  example, i f  a  95% l e a r n i n g  e f f e c t  were 
combined wi th  a  market p e n e t r a t i o n  t h a t .  l ed .  to  15% of a l l  U.S. s i n g l e  
fami ly  r e s idences  being o u t - f i t t e d  wi th  s o l a r  hot  water ,  and 5% with 
s o l a r  h e a t i n g ,  by the  year  2000; we do not cons ide r  i t  t o  be a  pa r t i cu -  
l a r l y  o p t i m i s t i c  assumption. 



Capaci ty  r e l a t e d  c o s t s  a r e  only  a  po r t ion  of the t o t a l  cos t  of de- 
l i v e r y  e l e c t r i c i t y .  Product ion  c o s t s  -- f u e l  and ope ra t ing  and mainten- 
ance c o s t s  -- comprise the  bu lk  of the remainder.  Consequently,  c a p a c i t y  
r e l a t e d  c o s t s  a r e ,  by themselves,  an incomplete measure of the  t o t a l  eco- 
nomic impact s o l a r  l oads  might have on u t i l i t i e s .  In  the next  s e c t i o n ,  
we compare the  t o t a l  c o s t s  of s o l a r  backup to  the t o t a l  c o s t s  of meeting 
o t h e r  l o a d s .  

Long-Run Incrementa l  Costs  

The LRIC's es t imated  f o r  the th ree  u t i l i t i e s  art! sl~cswa i n  Figures  
l a ,  l b  and l c .  For comparison, the average c o s t  of e l e c t r i c i t y  ( t o t a l  
revenue requi rements  d iv ided  by t o t a l  k i lowa t t -hour s ) ,  with a  r e s i d e n t i a l  
s e r v i c e  markup, i s  a l s o  shown. In  a d d i t i o n ,  the incremental  cos t  of in- 
r r emen ta l  load growth ( i . e . ,  incremental  growth with a load p a t t e r n  con- 
s i s t e n t  w i th  the  h i s t o r i c  load shape raeher  L i t a l l  a load ghape assot- ia ted 
wi th  an e l e c t r i c  o r  a s o l a r  system) i s  shown. This  l a t t e r  measure i s  a  
more l e g i t i m a t e  b a s i s  f o r  comparison when judging whether s o l a r  loads 
c o s t  more to  s e rve  than the  average r e s i d e n t i a l  load .  

The fol lowing obse rva t ions  can be made regard ing  the  r e s u l t s  i n  Fig- 
u r e s  l a ,  l b  and l c :  

The L R I C  f o r  backup to  a  s o l a r  systetn i s ,  i n  g e n e r a l ,  abo~r t  equal  
t o  the L R I C  f o r  the comparable e l e c t r i c  system and l e s s  than o r  
eq.ual t o  t he  incrementa l  cos t  of incrementa l  growth. 
Off-peak systems have the  lowest L R I C ,  s u b s t a n t i a l l y  below the 
average c o s t  of r e s i d e n t i a l  s e r v i c e  i n  both u t i l i t i e s .  A l l  o f f -  
peak systems i n  each u t i l i t y  have about the same L R I C .  

S e n s i t i v i t y  s t u d i e s  ( n o t  repor ted  h e r e )  show t h a t  t hese  obse rva t ions  
a r e  not a f f e c t e d  by changes i n  fue l  and p lan t  c o s t  assumptions and t h a t  
t h e  LRIC's a r e  almost independent of the l e v e l  of market pene t r a t ion .  

The imp l i ca t ions  of these  r e s u l t s  a r e  t h a t  r a t e s  t h a t  d i s c r i m i n a t e  
a g a i n s t  s o l a r  compared to  e l e c t r i c  systems a r e  not j u s t i f i e d  for  t h e s e  
t h r c e  u t i l i t i e s .  Furthermore,  s i n c e  the c o s t s  of s o l a r  do not exceed the 
incrementa l  c o s t  of incrementa l  growth, i t  i s  ques t ionab le  whether s o l a r  
r a t e s  should exceed average r a t e s  even i n  those cases  ( s e e  HW i n  WPL and 
PNM) when s o l a r  LRIC's a r e  h ighe r  than the  average c o s t .  Based on t h e i r  
s u b s t a n t i a l l y  lower LR1C1s, a l l  off-peak systems could be grouped i n t o  a  
s i n g l e ,  s e p a r a t e  c l a s s  wi th  a  common r a t e  f o r  each u t i l i t y  (with the  pos- 
s i b l e  except ion  of PNM where t h e r e  i s  a  s u b s t a n t i a l  d i f f e r e n c e  i n  the 
L R I C  between t h e  HW and t h e  HHW c a s e s ) .  This  r a t e  would be about 60% be- 
low the average r e s i d e n t i a l  r a t e  fo r  LILCO and about 50% below fo r  W L .  
Such lower r a t e s  do not  imply a  subsidy t o  customers using off-peak sys- 
tems; i n  f a c t ,  i f  t h e i r  r a t e s  were not lower than average ,  these  cus- 
tomers would be s u b s i d i z i n g  a l l  o t h e r  customers .  

Homeowner Costs  

The t o t a l  annual ized f i r s t  year c o s t  to a  homeowner i n  each u t i l i t y  
a r e a  es t imated  f o r  the 19901s ,  i s  shown i n  F igures  2 a ,  2b and 2c .  Solar  
HW and H H W  systems a r e  compared to e l e c t r i c  systems,  t o  " fue l"  systems 
( o i l  o r  gas r e s i d e n t i a l  burners )  and to  " s o l a r / f u e l "  sys tems ( s o l a r  with 
o i l  o r  gas  backup).  These f i r s t  year homeowner c o s t s  assume t h a t  t he  
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Figu re s  l a ,  b y  c: The LRIC of  e l e c t r i c t y  used t o  p rov ide  backup f o r  s o l a r  
h e a t i n g  and h o t  wa te r  systems e s t ima ted  f o r  t h e  mid-1990's 
compared t o  t h e  LRIC f o r  comparible  e l e c t r i c  systems f o r  t h e  
t h r e e  u t i l i t i e s .  Also shown f o r  comparison a r e  t h e  average  
c o s t  of e l e c t r i c i t y  w i t h  a  r e s i d e n t i a l  markup and t h e  i n c r e -  
mental  c o s t  of normal load  growth. 
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.Figures  2a ,  b y  c :  Annualized homeowner c o s t s  f o r  v a r i o u s  h e a t i n g  and h o t  
water systems e s t ima ted  f o r  t h e  mid-1190's f o r  t h e  t h r e e  
u t i l i t i e s .  ,Left ba r  of each p a i r  is  f o r  ho't water  and should 
be  read  o f f  t h e  l e f t  v e r t i c a l  s c a l e ;  r i g h t  ba r  f o r  combined 
h e a t i n g  and h o t  water  systems and i s  r ead  o f f . t h e  r i g h t  
v e r t i c a l  s c a l e .  



h e a t i n g  and h o t  w a t e r  sys tem i s  f i n a n c e d .  a s  p a r t  o f  a  20 y e a r ,  9 .5% home 
mor tgage ,  t h e  homeowner i s  i n  a  33% combined f e d e r a l  and s t a t e  t a x  b rack-  
e t ,  no p r o p e r t y  t a x  i s  a s s e s s e d  on t h e  s o l a r  p o r t i o n  o f  t h e  i n v e s t m e n t ,  
and t h a t  t h e  f e d e r a l  s o l a r  t a x  c r e d i t  h a s  e x p i r e d .  Where e l e c t r i c i t y  i s  
r e q u i r e d  by t h e  h e a t i n g  o r  h o t  wa te r  sys tem,  t h e  e l e c t r i c i t y  i s  assumed 
t o  b e  p r i c e d  a t  t h e  a p p r o p r i a t e  LRIC. 

Given t h e  assumpt ions  u n d e r l y i n g  t h e s e  homeowner c o s t  c o m p u t a t i o n s ,  
s o l a r  sys tems  a r e  c o m p e t i t i v e  w i t h  e l e c t r i c  and f u e l  a l t e r n a t i v e s  by t h e  
1 9 9 0 ' s .  Off-peak s o l a r  sys tems  a r e  among t h e  c h e a p e s t  o p t i o n s  a v a i l a b l e  
t o  a  homeowner, b e i n g  edged o u t  o n l y  by  o f f -peak  e l e c t r i c  sys tems .  S o l a r  
sys tems  w i t h  f u e l  backup o f f e r  no c o s t  b e n e f i t s  t o  homeowners i n  t h e s e  
u t i l i t y  a r e a s  i n  t h i s  t ime  p e r i o d  and,  i n  some c a s e s ,  a r e  n o t i c e a b l y  more 
e x p e n s i v e .  

These homeowner c o s t  computa t ions  were r e p e a t e d  w i t h  f u e l  and s o l a r  
s y s t e m  c o s t s  and LRIC's a p p r o p r i a t e  f o r  t h e  e a r l y  1 9 8 0 ' s .  The f e d e r a l  
s o l a r  t a x  c r e d i t  was i n c l u d e d .  The r e s u l t s  ( n o t  shown i n  t h i s  paper )  
d e m o n s t r a t e  t h a t  under  i n c r e m e n t a l  p r i c i n g  " u n c o n t r o l l e d "  ( i . e . ,  n o t  o f f -  
peak)  s o l a r  sys tems  c o u l d  compete wi th  u n c o n t r o l l e d  e l e c t r i c  sys tems  b u t  
n o t  w i t h  f u e l  s y s t e m s .  I n  PNM and ' . L ,  o f f -peak  e l e c t r i c  sys tems  a r e  
comparable  i n  c o s t  w i t h  t h e  f u e l  sys tems  i n  t h e  e a r l y  1 9 8 0 ' s  and,  h e n c e ,  
were c h e a p e r  t h a n  s o l a r .  

A 1  though a n n u a l i z e d  homeowner c o s t s  a r e  a  r e a s o n a b l e  measure  t o  u s e  
i n  c a l c u l a t i n g  t h e  c o m p e t i t i v e n e s s  o f  s o l a r  sys tems  i n s t a l l e d  i n  new r e s i -  
d e n c e s ,  t h e y  a r e  p r o b a b l y  a  poor g u i d e  t o  consumer b e h a v i o r  i n  t h e  r e t r o -  
f i t  m a r k e t .  Loans w i t h  t h e  f a v o r a b l e  f i n a n c i n g  t e rms  c h a r a c t e r i s t i c  of  
home mor tgages  a r e  no t  g e n e r a l l y  a v a i l a b l e  f o r  f i n a n c i n g  s o l a r  sys tem 
r e t r o f i t s .  For homeowners who purchase  s o l a r  sys tems  w i t h  no f i n a n c i n g ,  
a  payback a n a l y s i s  p r o v i d e s  a more r e a l i s t i c  v iew o f  consumer b e h a v i o r .  
The payback t i m e  f o r  s o l a r  h o t  wa te r  sys tems ,  much more l i k e l y  t o  be  pur- 
chased  a s  a  r e t r o f i t  t h a n  s o l a r  h e a t i n g  s y s t e m s ,  a r e  show11 i n  T a b l e  2 
f o r  b o t h  t h e  mid-1980's  and t h e  mid-1990 's .  A s  i n  t h e  a n n u a l i z e d  c o s t  
a n a l y s i s  above ,  e l e c t r i c i t y  i s  assumed t o  be p r i c e d  a t  t h e  i n c r e m e n t a l  
c o s t  a p p r o p r i a t e  f o r  each  a p p l i c a t i o n .  Payback t imes  f o r  s o l a r  compared 
t o  e l e c t r i c i t y  i n  t h e  mid-1980's  a r e  a  m o d e r a t e l y  f a v o r a b l e  four  t o  e i g h t  
y e a r s ,  w h i l e  payback compared t o  g a s  i s  s u b s t a n t i a l l y  l o n g e r .  By t h e  
mid-19901s ,  payback t imes  a r e  i n  t h e  s i x  t o  e i g h t  y e a r  r a n g e  a g a i n s t  b o t h  
g a s  and e l e c t r i c i t y  i f  t h e  s o l a r  t a x  c r e d i t  i s  assumed t o  have e x p i r e d .  
A c o n t i n u a t i o n  o f  t h e  c r e d i t  would r e d u c e  t h e  payback p e r i o d  b y  1-2 y e a r s  
b r i n g i n g  them i n t o  a f a v o r a b l e  f o ~ i r  t o  s i x  y e a r  r a n g e .  

ZEEect o f  R a t e  Design 

The approach t o  r a t e  d e s i g n  i s  by no means an  academic i s s u e ;  i t  can 
have a  major  impac t  on homeowner c o s t s .  The homeowner c o s t s  shown i n  
F i g u r e s  2 a ,  2b and 2c  were  recomputed u s i n g  t h e  a v e r a g e  r e s i d e n t i a l  r a t e s  
shown i.n Fi.guros l a ,  lb and l c  i n s t e a d  of  t h e  LRIC's. I n  most  c a s e s ,  t h e  
homeowner s u f f e r s  a  p e n a l t y  under a v e r a g e  c o s t  p r i c i n g  compared t o  i n c r e -  
m e n t a l  c o s t  p r i c i n g ,  e s p e c i a l l y  w i t 1 1  an o f f -peak  sys tem.  The e x c e s s  pay- 
ments under a v e r a g e  c o s t  p r i c i n g ,  t a b u l a t e d  i n  T a b l e  3 f o r  s o l a r  sys tems ,  
c a n  be  a s  much a s  s e v e r a l  hundred d o l l a r s  per  y e a r .  The u s e  o f  a v e r a g e  
c o s t  p r i c i n g  i n  such c a s e s  c r e a t e s  a  s i g n i f i c a n t  and u n j u s t i f i e d  economic 
b a r r i e r  t o  t h e  p u r c h a s e  o f  s o l a r  s y s t e m s .  



Fuel  Use 

In  a l l  of t h e s e  u t i l i t i e s ,  most of the  homeowners c u r r e n t l y  r e l y  on 
convent iona l  o i l -  and gas-fueled hea t ing  and hot  water  systems.  What a r e  
the  impacts  on t o t a l  u t i l i t y  and r e s i d e n t i a l  fue l  u se ,  e s p e c i a l l y  on the  
consumption of s c a r c e  o i l  and gas r e s o u r c e s ,  i f  homeowners s h i f t  to an 
a l t e r n a t e  system? To answer t h i s ,  we p l o t t e d  the  ten-year mean (1991- 
2000) of clie annual t o t a l  fue l  requi red  per r e s idence  f o r  each of the  
h e a t i n g  and 'not water  s y s t e m  ( s e e  F i g s .  3 a ,  3b and 3 c ) .  The u t i l i t y  
fue l -use  p a t t e r n s  were obta ined  by c a l c u l a t i n g  the incremental  fue l  con- 
sumed t o  meet t h e  incrementa l  load a s soc i a t ed  wi th  one of the  systems. 
Th i s  d a t a  was pa r t  of the  output  from the WASP model runs t h a t  were used 
i n  computing t h e  LRIC's. 

Table 2 
Payback Time f o r  S o l a r  Hot Water 

(yea r s )  

Tax Crcd i t  Yes Yes No 

PNM 

WPL 

Gas 
E l e c t r i c  

Gas 
E l e c t r i c  

LILCO Gas 
E l e c t r i c  

- - - - -- - -- 

Table 3 

E f  feet of Rate Design on Homeowner's Energy Costs :  

Fxc e ss  Annual Payment 6 Und c r  

Average Cost P r i c i n g  Compared to  Incrementa l  Cost P r i c i n g  

( S l y e a r )  

System type  PNX LILCO WPL 

Hot water  
So 1 a r  
S o l a r  0 . P . t  

Heating and hot water 
So la r  
So la r  0 . P . t  

"Negative s ign  imp l i e s  lower payments under average c o s t  p r i c i n g .  
tl 'O.P." = Off-peak. 
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Figu re s  3a ,  b ,  c :  Ten yea r  mean (1991-2000) of t o t a l  f u e l  consumption a t  t h e  
u t i l i t y  and t h e  r e s i d e n c e  f o r  v a r i o u s  h e a t i n g  and ho t  
wa te r  systems.  L e f t  b a r  of  each  p a i r  is  f o r  h o t  water  
and should be  read  o f f  t h e  l e f t  v e r t i c a l  s c a l e ;  r i g h t  b a r  
f o r  combined h e a t i n g  and ho t  water  systems and should be  
read  o f f  t h e  r i g h t  v e r t i c a l  s c a l e .  



The b a s i c  p a t t e r n  o f  t h e  r e s u l t s  i n  F i g u r e s  3 a ,  3 b  and 3 c  i s  simi- 
l a r :  A l l  o f  t h e  a1 t e r n a t i v e s  t o  t h e  r e s i d e n t i a l  b u r n e r s  can  g r e a t l y  r e -  
d u c e  t h e  n e t  consumpt ion o f  o i l  and g a s  f u e l s .  The s o l a r / f u e l  s y s t e m s ,  
r e q u i r i n g  t h a t  o n e - t h i r d  o f  t h e i r  ene rgy  be  p rov ided  by  o i l  o r  g a s ,  a r e  
l e s s  e f f e c t i v e  i n  t h i s  r e g a r d  than  t h e  o t h e r  a1  t e r n a t i v e s  .:k I f  homeowners 
s h i f t  from r e s i d e n t i a l  f u e l  b u r n e r s  t o  s o l a r  o r  e l e c t r i c  h e a t i n g  and h o t  
w a t e r  s y s t e m s ,  t h e  ~ r i m a r y  s h i f t  i n  f u e l  u s e ,  i g n o r i n g  t h e  use  of  s o l a r  
e n e r g y ,  i s  from t h e  u s e  o f  o i l  o r  g a s  a t  t h e  r e s i d e n c e  t o  t h e  consumption 
o f  c o a l  a t  t h e  u t i l i t y .  While t h e  s u b s t i t u t i o n  of  s o l a r  sys tems  r e s u l t s  
i n  a  a p p r o x i m a t e l y  one-for-one s h i f t  o f  o i l  o r  g a s  f o r  c o a l ,  t h e  e l e c t r i c  
systerns r e q u i r e  a t  l e a s t  t w i c e  as much c o a l  t o  be  burned a t  t h e  u t i l i t y  
a s  t h e  f u e l  t h a t  would have  been used a t  t h e  r e s i d e n c e .  

The s h i f t s  i n  f u e l  u s e  j u s t  d e s c r i b e d  assume t h a t  c u r r e n t  u t i l i t y  
c a p a c i t y  p u r c h a s e ,  m o d i f i c a t i o n ,  and r e t i r e m e n t  p l a n s  f o r  t h e s e  u t i l i -  
t i e s ,  l a r g e l y  e l i m i n a t i n g  n u c l e a r  p u r c h a s e s  and c a l l i n g  f o r  o i l - t o - c o a l  
c o n v e r s i o n s ,  a r e  a c t u a l l y  c a r r i e d  o u t .  These p l a n s  have  been  m o d i f i e d  
f r e q u e n t l y  i n  t h e  r e c e n t  p a s t  a s  load  C o r e c a s t s  h a v e  been reduced and a s  
f e d e r a l  c o a l  c o n v e r s i o n  o r d e r s  have been implemented.  The fuel. use  re -  
s u l t s  a r e  v e r y  s e n s i t i v e  t o  t h e s e  p l a n s ;  il: c o a l  c o n v e r s i o n s  RTP. not 
c a r r i e d  o u t  i n  LILCO, o r  i f  PNM's s c h e d u l e  of  e a r l y  r e t i r e m e n t s  f o r  i t s  
o i l  and g a s  c a p a c i t y  a re  d e l a y e d ,  t h e n  hn th  u t i l i t i e s  c o u l d  f i n d  them- 
s e l v e s  u s i n g  s u b s ~ a n t i a l  amounts o f  o i l  nr g a s  t h r o u g h  t h e  end o f  t h i s  
c e n t u r y  t o  d e l i v e r  e l e c t r i c i t y  t o  e l e c t r i c .  h e a t i n g  and h o t  w a t e r  
s y s  terns. I n  f a c t ,  when we examined a 1  t e r n a t e  c a p a c i t y  p u r c h a s e  
c o n v e r s i o n  and r e t i r e m e n t  o p t i o n s  f o r  t h e s e  u t i l i t i e s ,  s e v e r a l  of  the  
e l e c t r i c  h e a t i n g  and h o t  w a t e r  c a s e s  i n  PNM and LILCO r e q u i r e d  t h e  use  
o f  more o i l  o r  ,gas a t  t h e  u t i l i t y  than  would have  been used by an o i l  o r  
g a s  sys tem a t  t h e  r e s i d e n c e .  I n  c o n t r a s t ,  s o l a r  sys tems  a lways  r e q u i r e d  
t h e  u s e  o f  s u b s t a n r i a l l y  l e s s  o i l  and g a s  t h a n  t h e  r e s i d e n t i a l  b u r n e r s .  

Al though i t  i s  f r e q u e n t l y  assumed c h a t  t h e  s u b s t i t u t i o n  o f  
e l e c t r i c i t y  f o r  r e s i d e n t i a l  o i l  and g a s  b u r n e r s  would add o n l y  t o  the  
consumption o f  c o a l  and n u c l e a r  energy,  these r e s u l t s  d e m o n s t r a t e  t h a t  
t h i s  i s  n o t  n e c e s s a r i l y  c o r r e c t .  111 some u t i l i t i e s ,  .s~.ich a  s h i f t  cou ld  
a c t u a l l y  i n c r e a s e  t h e  n e t  consumpt ion o f  o i l  and g a s  d u r i n g  t h e  next  two 
d e c a d e s ,  c o n t r a r y  t o  n a t i o n a l  e n e r g y  g o a l s .  

CONCLUSION 

For t h e  t h r e e  u t i l i t i e s  s t u d i e d ,  h i g h e r  r a t e s  f o r  s o l a r  t h a n  f o r  
comparab le  e l e c t r i c  systerns a r e  not  w a r r a n t e d ;  i f  e l e c t r i c i t y  used f o r  
e l e c t r i c  h e a t i n g  o r  h o t  wa te r  s y s t e ~ n s  i s  a l l o y e d  a s p e c i a l  reduced r a t e ,  
t h e n  s o  shou ld  e l e c t r i c i t y  used t o  backup s o l a r  s y s t e m s .  I n c r e m e n t a l  
p r i c i n g  f o r  s o l a r  backup can  be an i m p o r t a n t  f a c t o r  i n  encourag ing  t h e  
u s e  o f  s o l a r  sys tems  b e c a u s e ,  compared t o  a v e r a g e  c o s t  p r i c i n g ,  i t  gener-  
a l l y  lowers  t h e  c o s t  o f  e l e c t r i c  backup t o  horueowners w i t h  s o l a r  sys- 
tems.  A s p e c i a l  lower  r a t e  f o r  o f f -peak  s y s t e m s ,  bo th  s o l a r  and e l e c -  

*The r e a s o n  why o i l  and g a s  use  goes  "below ze ro"  i n  a  few i n s t a n c e s  i s  
t h a t  t h e  u t i l i t y  use  of  o i l  and g a s  i n  t h e s e  c a s e s  i s  c u t  below t h e  
l e v e l  i n  t h e  f u e l  c a s e  i n  which no e l e c t r i c i t y  was h e i n g  used by t h e  
r e s i d e n c e  f o r  h e a t  o r  h o t  w a t e r .  T h i s  can o c c u r  because  t h e  u t i l i t y ' s  
e n t i r e  c a p a c i t y  purchasz  s c h e d u l e  and p a t t e r n  o f  f u e l  u s e  a r e  r e o p t i -  
mized f o r  each c a s e .  



t r i c ,  i s  p a r t i c u l a r l y  d e s i r a b l e  s i n c e  t h e  LRIC's f o r  t h e s e  sys tems  a r e  
s u b s t a n t i a l l y  lower t h a n  f o r  u n c o n t r o l l e d  s y s t e m s ,  and much lower than  
t h e  a v e r a g e  c o s t .  Without such lower r a t e s ,  homeowners might end up pay- 
i n g  s e v e r a l  hundred d o l l a r s  per  y e a r  more f o r  e l e c t r i c i t y  t h a n  would b e  
j u s t i f i e d  by t h e  c o s t s  t h e y  impose on t h e  u t i l i t y .  By t h e  1 9 9 0 1 s ,  g i v e n  
t h e  c o s t  and f i n a n c i n g  assumpt ions  i n  t h i s  s t u d y ,  s o l a r  sys tems w i l l  b e  
c o m p e t i t i v e  w i t h  f u e l  and e l e c t r i c  a l t e r n a t i v e s  w i t h o u t  t h e  f e d e r a l  t a x  
c r e d i t .  The c a s e  s t u d i e s  a l s o  d e m o n s t r a t e  t h a t  a  s h i f t  from c o n v e n t i o n a l  
o i l  and g a s  b u r n e r s  t o  s o l a r  sys tems would s a v e  s u b s t a n t i a l  amounts of  
o i l  and g a s ,  an i m p o r t a n t  n a t i o n a l  ene rgy  p o l i c y  g o a l ,  whereas  t h e s e  sav- 
i n g s  w i l l  not  n e c e s s a r i l y  be ach ieved  by a  s h i f t  t o  e l e c t r i c i t y  i n  t h e s e  
a p p l i c a t i o n s .  F i n a l l y ,  e l e c t r i c  h e a t i n g  and h o t  w a t e r  sys tems w i l l  re -  
q u i r e  t h e  consumption o f  about  twice  a s  much f u e l  a t  t h e  u t i l i t y - - p r o b a -  
b l y  coal - -as  t h e  amount needed t o  p r o v i d e  e l e c t r i c  backup f o r  s o l a r  
s y s  terns. 

REFEKENCES 

1. R.  B r i g h t  and H .  D a v i t i a n ,  "The Marginal  Cos t  o f  E l e c t r i c i t y  Used a s  
Backup f o r  S o l a r  Hot Water Systems: A Case Study" ,  Energy ,  2, 1979.  




