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Detalled eompari-sms of the performance and eustomer eco- 
aom:.cs of both f u l l  and partial Annual Cycle Energy Systems 
(ACES) and other  resi .dent-la1 space c o n d i t i o n i n g  a d  water 
laeating systems have shown t h e  ACES t o  e x h i b i t  the highest 
energy eff:[.ciency of a7.3. e l e c t r i c a l l y  d r i v e n  systems The 
ACES d s o  had t h e  I-dghest J-IEe-cycle costs f o r  most reg ions  of 
the n a t i o n  because t h e  high i n - i t i a l  cos t  o f  ACES are not  eom- 
p l e t e l y  o f f s e t  by the annual operat ing savings under c u r r e n t  
l l t i l i t y  rate s t r ~ c t u r e s  c 

However:, the ACES has a number of load  c h a r a c t e r i s t i c s  
t ha t  make lt attractive as a load maoagement t oo l  for  the 
electric u t i l t t y .  T51ese load c h a r a c t e r i s t i c s  inc lude  no on- 
peak compressor operatfsi i  d u r i n g  the summer, no resistance h o t  
water heat-i.eag and no electric r e s i s t a n c e  h e a t  necessary to  
s u p p l e m e n t  the heat pump I n  the winter. Recat~se of these 
unique ACES I.oad c.harscterEst1cs t h e  customer economics of 
a l t e r n a t e  electric sp3c.e conditioni.ng and water heat ing sys-  
tens ~mtald improve i f  t.he e l . e c t r i ~  utility were t o  i n s t i t u t e  
t lme-of--day rates, demand r a t e s ,  other load management rates ~ 

o r  higher s e a s ~ n d  d i f f e r e n t i a l s  i n  the si~mrner. 

ACES fro111 the p e r s p e e t t v e  of the e lec t r lc  u t i l l t y .  "he p r i -  
mary o b j e c t i v e  of the s tndy  was t o  q u a n t i f y  the revenue re- 
quirements to serve an ACES-equipped house as compared with a 
house havLng a conventtonal. a t r - t o - a i r  heat puinp and e lee t r fc  
h o t  w a t e r  heater .  I f  the ut.:iLity i ev~?nue  requirements t o  
ser-ve an ACES-equipped house are s l g n i f i c s n t l y  less  t h a n  f o r  
o ther  a l - t c r n a f i v e ~  rate structures that , reflect  act~.ial cost  
of serviee worsld favor ACES and eou1.d change t h e  economie 
ranking of alternativess 

Two u t i l - t t i e s ,  Arkansas Power and Light Company (APL) and 
Duke Power Company (Duke) ,  were selected f o r  a n a l y s i s  based on 
cl.i.matie and u t - l l i t y  systein chzaracterrLstics that appear  favor-  

selected a f t e r  a s c r e e n i n g  oE regional characteristics t o  
t d e n t i f y  relattvely broad ( s e v e r a l  s t a t e>  geographtca l  areas 
having cl.ima t C c and gene rat Cng system char a c t  e r i s t 1 cs a t  t r ac- 
tLve f o r  ACES. The selection c r i t e r i a  1.meluded five u t i l i t y  
c h a r a c t e r i s t i c s :  load growth, r e s e r v e  margin,  peak season, 
average energy cost ,  and on-peaklof f-peak cost d i f f e r e n t i a l .  
Four customer demographlc cri terta were a l s o  considered i n -  
e l u d l n g  r e s i d e n t i a l  growth rates, s a t u r a t i o n  of e l ec t r i c  space 

This s tudy evaluates the load management p o t e n t i a l  of the 

a b l e  f o r  t h e  ACES concept.  The t W Q  case study u t : L l i t i e s  were 
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c o n d i t i o n i n g ,  n e c e s s i t y  f o r  a i r  c o n d i t i o n i n g ,  and raLio of 
h e a t i n g  t o  cool ing  requirement .  

p l a n s ,  system r c l i a b f l i t y ,  and product ion  c o s t s  €or  v a r i o u s  
load  growth s c e n a r i o s  and assumed p e n e t r a t i o n s  of ACES, and t h e  
t o t a l  revenue requirements  were c a l c u l a t e d  f o r  each case, The 
f o u r  s c e n a r i o s  i n v e s t i g a t e d  were (1)  normal load growth and 
moderate ACES p e n e t r a t i o n ;  ( 2 )  normal load growth and h i g h  
ACES p e n e t r a t l o n ;  ( 3 )  low load  growth and moderate ACKS pene- 
t r a t i o n ;  and ( 4 )  low load growth and high ACES p e n e l r a t i o n .  
The revenue requirements  developed f o r  each of t h e s e  s c e n a r i o s  
w e r e  compared with those  of a base case wi thout  any ACES i n -  
v o l v l n g  e i t h e r  normal or l o w  system load growth. 

w i t h  a house having a convent iona l  h e a t  pump and elect-rlc 
water h e a t e r  were found t o  have a b e n e f i c i a l  e f f e c t  on t h e  
system load p r o f i l e .  For example, t h e  annual  load  f a c t o r  f o r  
APIA i n  t h e  high ACES s a t u r a t i o n ,  moderate load growth case i r n -  
proved from 53.3 t o  56.3% i n  t h e  year  2000 over  the base case 
wi th no ACES houses.  The load shape changes a l s o  r e s u l t e d  i n  
a r e d u c t i o n  i n  t h e  annual  peak from 6270 t o  5726 MV. For t h e  
same case i n  Duke's s e r v i c e  t e r r i t o r y ,  the  annual  load f a c t o r  
w o u l d  improve from 61.5 t o  66.4%, and annual  peak load  would 
be reduced from 21,434 t o  19,148 MW i n  t h e  year  2000. 

I n  response  t o  t h e  load shape changcs a t t r i b u t a b l e  t o  
ACES, t h e  l e a s t - c o s t  expansion p lans  f o r  the v a r i o u s  s c e n a r i o s  
d i f f e r e d  s l i g h t l y .  The lower peak load growth and h i g h e r  an- 
n u a l  load f a c t o r s  of The ACES s c e n a r i o s  as compared wi th  t h e  
base  cases r e s u l t e d  in t h e  expected d e c r e a s e  i n  new capac i ty .  
This  decrease  occurred through changes both I n  t i  rning and t h e  
t o t a l  number of g e n e r a t i n g  u n i t s  b u i l e  dur ing  t h e  plannlng 
hor izon .  

The product ion  c o s t s  f o r  t h e  APT, s c e n a r i o s  showed a 
s l i g h t  i n c r e a s e  i n  t o t a l  p roduct ion  c o s t s  with i n c r e a s i n g  ACES 
p e n e t r a t i o n .  This r e s u l t  i s  a t t r i b u t a b l e  t o  t h e  decrease  i n  
new c a p a c i t y  t h a t  is b u i l t  under t h e  l e a s t - c o s t  expansion 
p l a n ,  which r e s u l t s  i n  a l a r g e r  p o r t t o n  O F  t h e  load growth be- 
ing  c a r r i e d  by more c o s t l y  gas- and o i l - f l r e d  c y c l i n g  u n i t s .  

The product ion  c o s t s  f o r  t h e  Duke s c e n a r i o s  showed q u i t e  
d i f f e r e n t  behavior .  I n  g e n e r a l ,  the  product ion  c o s t s  f o r  t h e  
ACES s c e n a r i o s  were s l i g h t l y  lower than t h e  corresponding base 
ease. The d i fEerences  between the  two u t i l i t i e s '  r c s u l t s  are 
expla ined  by t h e i r  r e s p e c t i v e  g e n e r a t i o n  mlxes. Arkansas 
Power  and Light  has  a s u b s t a n t i a l  f r a c t i o n  of high-cost gas- 
and o i l - f i r e d  g e n e r a t i o n .  Consequently,  d e l a y s  i n  new c o a l  
and n u c l e a r  c a p a c i t y  r e s u l t  i n  load  growth being served by 
t h e s e  h i g h e r  c o s t  u n i t s .  

and c o a l - f i r e d .  Consequently,  no €tiel swirch ing  i s  involved.  
Tn f a c t ,  h i g h e r  d a i l y ,  s c a s o n a l ,  and annual  load f a c t o r s  
allowed a g r e a t e r  p o r t i o n  oE t h e  load to be s u p p l i e d  by more 
e f f i c i e n t  base-load u n i t s ,  r e s u l t i n g  i n  t h e  product ion  cost 
s a v i n g s .  

D e t a i l e d  a n a l y s e s  were m d e  of g e n e r a t i o n  expansion 

The energy use c h a r a c t e r i s t i c s  of an ACES honse compared 

Duke, on t h e  o t h e r  hand, i s  a l r e a d y  predominant ly  n u c l e a r  
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The combinat ion of c a p i t a l  c o s t  and o p e r a t i n g  c o s t  sav- 
i n g s  a t t r i b u t a b l e  t o  the  energy use c h a r a c t e r i s t i c s  of ACES 
compared wi th  t h e  conven t iona l  a l t e r n a t i v e  r e s u l t e d  i n  a ne t  
r e d u c t i o n  i n  u t i l i t y  revenue requi rements  over  t h e  20-year 
p l ann ing  ho r fzon  f o r  a l l  cases. The n e t  r e s u l t  of a 50% sa tu -  
r a t i o n  of ACES i n  new s i n g l e  f ami ly  houses  wi th  moderate sys-  
t e m  load growth i n  APL w a s  a 0.707 mills/kWh d e c r e a s e  i n  t o t a l  
system c o s t s  i n  1981 d o l l a r s .  This  corresponded t o  a system 
c o s t  s av ings  of $892 pe r  ACES i n s t a l l a t i o n  over  t h e  20-year 
per-tod. 

from $842 p e r  ACES house in t h e  low load growth, h igh  s a t u r a -  
t i o n  case t o  $1161 per  ACES house i n  the moderate load  growth, 
moderate s a t u r a t i o n  case. 

system load  growth rates because of t he  decreased  o p p o r t u n i t y  
f o r  c a p a c i t y  d e f e r r a l s .  

The c o s t  s a v i n g s  per  i n s t a l l a t i o n  a l s o  d e c r e a s e  with in- 
c r e a s i n g  s a t u r a t i o n  of ACES houses.  This classic case  of 
d i m i n i s h i n g  r e t u r n s  is a r e s u l t  of t h e  n a t u r e  of t h e  system 
load  p r o f i l e  and of u t i l i t y  margina l  c o s t s .  The shape of the 
load  p r o f i l e  i s  impor tan t  because i t  de termines  t h e  amount of 
load r e l i e f  a f fo rded  p e r  ACES i n s t a l l a t i o n .  The load r e l i e f  
p e r  ACES i n s t a l l a t i o n  i s  t h e  d i f f e r e n c e  between t h e  d i v e r s i -  
f i e d  demand of an ACES house and t h e  d i v e r s i f i e d  demand of a 
conven t iona l  house a t  t h e  t i m e  of t h e  system peak. A s  t h e  
number of ACES i n s t a l l a t i o n s  i n c r e a s e s ,  t h e r e  is a po in t  where 
t h e  t i m e  of t h e  system peak changes. Thus t h e  load  r e l i e f  pe r  
house is not c o n s t a n t  but v a r i e s  wi th  p e n e t r a t i o n .  For exam- 
p l e ,  € o r  t h e  moderate load growth s c e n a r i o s  f o r  Duke, t h e  load 
r e l i e f  per  house drops from 2.97 kW a t  a 50% p e n e t r a t i o n  t o  
2.63  kW p e r  house a t  a 100% p e n e t r a t i o n .  

The d imin i sh ing  c o s t  s a v i n g s  wi th  i n c r e a s i n g  p e n e t r a t i o n  
of ACES houses are also r e l a t e d  t o  t h e  n a t u r e  of u t i l i t y  mar- 
g i n a l  c o s t s .  Genera t ing  u n i t s  are d i spa tched  i n  o r d e r  of i n -  
c r e a s i n g  inc remen ta l  cos t s .  Once t h e  load du r ing  t h e  h i g h e s t  
c o s t  hours  has been reduced,  t h e  next increment  of load  would 
have been served  by a g e n e r a t i n g  u n i t  w i th  lower inc remen ta l  
c o s t ,  and the  c o s t  s av ings  of shavllng t h a t  load  are correspond-  
i n g l y  less. 

a t t r a c t i v e  load management c h a r a c t e r i s t i c s  whose implementa- 
tion would r e s u l t  i n  c o s t  s av ings  t o  t h e  u t i l i t y ,  t h e  rnagni- 
tude  of t h e  c o s t  s av ings  are such t h a t  they are u n l i k e l y  t o  
o f f s e t  t h e  h i g h e r  l i f e - c y c l e  c o s t s  c u r r e n t l y  e s t i m a t e d  f o r  
ACES, The h igh  f irst  c o s t  of ACES, a t  some $11,000 compared 
w i t h  approximate ly  $3500 f o r  a conven t iona l  h e a t  pump and 
e l e c t r i c  ho t  water h e a t e r ,  would not be s i g n i f i c a n t l y  reduced 
even i f  the u t i l i t y  were t o  flow through t h e  f u l l  c o s t  savllngs 
as an i n i t i a l  subs idy .  Consequent ly ,  u n l e s s  t h e  f i r s t  c o s t  of 
t h e  ACES can be s i g n i f i c a n t l y  reduced, i t s  p r o s p e c t s  f o r  wide- 
sp read  commerc ia l iza t ion  i n  r e s i d e n t i a l  a p p l i c a t i o n s  appea r  
l i m i t e d  . 

The t o t a l  c o s t  s av ings  f o r  Duke were s imilar ,  ranging  

Cost s av ings  p e r  ACES i n s t a l l a t i o n  are less f o r  lower 

Although t h e  s tudy  r e s u l t s  have shown t h a t  ACES does have 
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1. INTKODUCT CON 

1.1 The ACES Concept 

The Annual Cycle Energy System (ACES) i s  the  most e f f i c i e n l :  electri- .  

c a l l y  d r iven  h e a t i n g ,  v e n t i l a t i n g ,  and a i r  cond i t ion ing  (HVAC) s y s t e m  f o r  

p rov id ing  space h e a t i n g  wacer h e a t i n g ,  and a i r  cond i t ion ing  t o  a bu i ld -  

ing.  The l a r g e  energy sav ings  provided by the  ACES concept r e s u l t  from 

t h e  use of low-temperature thermal  energy s t o r a g e  and t h e  i n t e r s e a s o n a l  

t r a n s f e r  of envi ronmenta l  energy. 

The p r i n c i p a l  components of t h e  ACES are shown i.n Fig.  1.1. I n  t h e  

h e a t i n g  mode, energy i s  t r a n s f e r r e d  i n t o  the  b u i l d i n g  by an e l e c t r i c a l l y  

d r i v e n  u n i d i r e c t i o n a l  hea t  pump t h a t  o b t a i n s  hea t  from water s t o r e d  i n  a n  

i -nsulated underground tank. A s  hea t  is e x t r a c t e d  dur ing  the h e a t i n g  sea- 

s o n ,  most of t he  water i n  t he  tank i s  f rozen ,  and the s t o r e d  ice provides  

a i r  c o n d i t i o n i n g  i n  the  summer. Thus the 'neat of f u s i o n  of water pro-- 

v ides  a h e a t  source  i n  the  win ter  and a h e a t  s i n k  i n  t h e  summer. Because 

both the h e a t i n g  and coo l ing  ou tpu t s  of the h e a t  pump are used a t  t h e  

same t i m e ,  t he  annual  c o e f f i c i e n t  of performance (AGOP)  i s  very high. 

In a d d i t i o n  t o  supply ing  space cond i t ion ing ,  t h e  ACES h e a t  pump in- 

c o r p o r a t e s  a desuperhea ter  t h a t  uses a p o r t i o n  of t h e  h e a t  pump energy t o  

provide ho t  water. Producing hot  water by operat-i.on of the hea t  pump i s  

more than  twice as e f f i c i e n t  as product ion  by conven t iona l  r e s i s t a n c e  

hea t ing .  

The energy e f f i c i e n c y  o f  t he  ACES concept has been f u l l y  demon- 

s t r a t e d  i n  r e s i d e n t i a l  a p p l i c a t i o n s  a t  a test f a c i l i t y  near Knoxvil.le, 

Tennessee.  For example, du r ing  the  1978 t o  1979 h e a t i n g  and coo l ing  sea- 

sons ,  an ACES-equipped demonst ra t ion  house near Knoxvi l le  consumed 51% of 

t h e  e l e c t r i c i t y  f o r  h e a t i n g ,  coo l ing ,  and water h e a t i n g  t h a t  an i d e n t i -  

c a l l y  cons t ruc t ed  house with a h igh -e f f i c i ency  a i r - t o - a i r  h e a t  pump sys-  

t e m  and conven t iona l  hot  water h e a t e r  consumed. 

D e t a i l e d  comparisons have been made o f  t h e  performance and customer 

economics of both f u l l  and p a r t i a l  ACES and o the r  e l . e c t r i c  W A C  systems 

inc lud ing  (1)  an  e l ec t r i c  fu rnace  wi th  a cent ra l .  a i r  cond i t ione r  and a n  

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 :  ( 2 )  a high-performance a i r - t o - a i r  hea t  
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Fig.  1.1. ACES p r i n c i p a l  components. 

pump with an  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 ,  and ( 3 )  a high-performance 

a i r - t o - a i r  h e a t  pump w i t h  a d e s u p e r h e a t e r  u n i t  f o r  producing domestic ho t  

water.2 The r e s u l t s  of t h e s e  s t u d i e s  show t h a t  t h e  ACES i s  t h e  b e s t  of 

t h e  f i v e  HVAC systems ana lyzed  i n  terms of conserv ing  e lec t r ic  energy,  

but t h a t  none of t h e  f i v e  HVAC systems o f f e r s  a c lear -cu t  econolnic advan- 

t a g e  over t h e  o t h e r  systems i n  terms of l i f e - c y c l e  c o s t s .  The HVAC sys-  

tems with h i g h e r  e f f i c i e n c i e s  tend t o  have h igher  f i r s t  c o s t s .  However, 

t h e  annual  sav ings  i n  power c o s t s  over t h e  l i f e  of t h e  equipment tend to  

o f f s e t  the h igher  i n i t i a l  cos t .  

While t h e  ACES m y  not have a clear economic advantage based on i ts  

energy c o n s e r v a t i o n  p o t e n t i a l ,  t h e  system has a number of c h a r a c t e r i s t i c s  

t h a t  make it  a t t r a c t i v e  as a load management t o o l  f o r  t h e  e lec t r ic  u t i l -  

i t y .  

s u f f i c i e n t  t o  meet t h e  house c o o l i n g  needs through t h e  summer. 

s t o r e d  ice is  d e p l e t e d ,  t h e  a i r  c o n d i t i o n e r  can be opera ted  a t  n i g h t  t o  

Depending on l o c a t i o n ,  t h e  ice produced dur ing  t h e  win ter  m y  be 
I f  t h e  
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produce c h i l l e d  water i n  t h e  b in  and hot  waI.er i n  t h e  water h e a t e r .  Thus 

t h e  u t i l i t y  would see no on-peak compressor or water h e a t e r  o p e r a t i o n  

d u r i n g  t h e  sumiier. C1 e a r l y  t h e  customer economics of a l t e r n a t e  e lec t r ic  

HVAC systems wcruld change i f  t h e  c l e c t r i c  u t i l i t y  were t o  i n s t i t u t e  t i m e -  

of-day r a t e s ,  load management ra tes ,  or h igher  s e a s o n a l  d i f f e r e n t i a l s  i n  

t h e  summer. With some 80% ( i n  terms of s a l e s )  of t h e  United S t a t e s  

s e r v e d  by summer-peaking u t i l i t i e s ,  t h e  load mnagement p o t e n t i a l  of ACES 

is s i g n i f i c a n t "  

1 .2  Study Objec t ives  

The o b j e c t i v e  of t h i s  s t u d y  was t o  e v a l u a t e  t h e  load management po- 

t e n t i a l .  of t h e  ACES from the  p e r s p e c t i v e  of the e lec t r ic  u t i l i t y .  T h e  

r a t i o n a l e  behind such an assessment  is t h a t  i f  t h e  u t i l i t y  revenue re- 

quirements  t o  s e r v e  an ACES-equipped house are s i g n i f i c a n t l y  7-ess than  

f o r  o t h e r  e l ec t r i c  WAC a l t e r n a t i v e s ,  t h e  u t i l i t y  m y  pass  t h e s e  sav lngs  

through t o  the  customer as a ra te  i n c e n t i v e .  The i n c e n t i v e  could take  a 

v a r i e t y  of forms i n c l u d i n g  i n i t i a l  subs idy ,  time-of-use, demand, or  load 

management r a t e s  . 
Consequent ly ,  t h i s  s tudy  i s  e s s e n t i a l l y  a u t i l i t y  planning exerci-se  

t o  determine u t i l i t y  revenue requirements  f o r  v a r l o u s  assumed market 

p e n e t r a t i o n s  of ACES houses. These revenue requirements  are then t r a n s -  

l a t e d  i n t o  u t i l i t y  sav ings  p e r  ACES i n s t a l l a t i o n .  The load management 

s a v i n g s  t o  t h e  u t i l i . t y  (which m y  be passed through t o  t h e  consumer) can 

be combined wi th  the  consumer sav ings  t h a t  r e s u l t  from t h e  hi.gher energy 

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

ACES. 

The approach used i n  t h i s  s t u d y  was t o  c a l c u l a t e  t h e  d i f f e r e n c e  i n  

u t i l i t y  revenue requirements  over a 20-year planning hor izon  between a 

base case t h a t  assumes t h a t  a c e r t a i n  percentage  of a l l  new homes W i l l  

i n s t a l l  a convent iona l  e l e c t r i c  W A C  system ( a i r - t o - a i r  h e a t  pump and 

e l e c t r i c  ho t  water h e a t e r )  and cases  t h a t  assume t h a t  some of t h e s e  homes 

instal .1 ACES. Revenue requirements  are c a l c u l a t e d  us ing  d e t a i l e d  produc- 

t i o n  c o s t  s i m u l a t i o n s  and c o n s i d e r i n g  t h e  u t i l i t y ' s  geineration expansion 

plans and r e l i a b i l i t y  c r i t e r i a .  The reason for- performing the  s t u d y  over 
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t h e  e n t i r e  p lanning  h o r i z o n  is t o  a s s u r e  t h a t  both shor t - te rm and long- 

term e f f e c t s  are inc luded .  This  procedure i s  f r e q u e n t l y  r e f e r r e d  t o  as a 

long-run m r g i n a l  avoided c o s t  approach. 

Two u t i l i t i e s  w e r e  s e l e c t e d  f o r  d e t a i l e d  s tudy .  These u t i l i t i e s  

were s e l e c t e d  because they have c h a r a c t e r i s t i c s  t h a t  make them l i k e l y  

c a n d i d a t e s  f o r  t h e  s u c c e s s f u l  implementat ion of a load  management system, 

i n  g e n e r a l ,  and customer demographics and weather t h a t  would favor  a n  

ACES load  management approach,  i n  p a r t i c u l a r .  The r e a s o n  f o r  s e l e c t i n g  

two u t i l i t i e s  with f a v o r a b l e  c h a r a c t e r i s t i c s  is t o  provide a r e a s o n a b l e  

upper bound on t h e  load management b e n e f i t s  of ACES. 

1.3 Load Management C h a r a c t e r i s  t i c s  of ACES 

The load c h a r a c t e r i s t i c s  of ACES make i t  a t t r a c t i v e  from t h e  per- 

s p e c t i v e  of t h e  e lectr ic  u t i l i t y .  During t h e  h e a t i n g  season,  t h e  h e a t  

pump o p e r a t e s  from a c o n s t a n t  tempera ture  h e a t  source  ( t h e  ice b i n )  and 

thus  does not  exper ience  t h e  u s u a l  performance d e g r a d a t i o n  that occurs  a t  

low outdoor tempera tures .  Because the heat pump always o p e r a t e s  a t  con- 

s t a n t  c a p a c i t y ,  t h e  e lec t r ic  r e s i s t a n c e  h e a t i n g  normally i n s t a l l e d  t o  

provide  supplementa l  h e a t  i s  unnecessary under normal o p e r a t i n g  condi- 

t i o n s .  

From a u t i l i t y  p e r s p e c t i v e ,  t h i s  type  of h e a t i n g  load  i s  d e s i r a b l e .  

Although t h e  h e a t  pump does o p e r a t e  on demand d u r i n g  on-peak p e r i o d s ,  t h e  

o n l y  demand the u t i l i t y  sees is f o r  the heat pump, a u x i l i a r y  pumps, and 

f a n s ,  and not  the r e s i s t a n c e  h e a t .  Also, because t h e  h e a t  pump s u p p l i e s  

domest ic  hot  water while  provid ing  space h e a t i n g ,  t h e r e  i s  no r e s i s t a n c e  

water h e a t e r  t o  c o n t r i b u t e  t o  the u t t l i t y  peak. 

During t h e  c o o l i n g  season ,  the c o o l i n g  needs of t h e  b u i l d i n g  are 

s u p p l i e d  by t h e  ice t h a t  w a s  formed as a by-product of h e a t  pump opera- 

t i o n  dur-tng t h e  h e a t i n g  season. C h i l l e d  b r i n e  from t h e  ice b i n  h e a t  ex- 

changer is c i r c u l a t e d  through the indoor  c o i l .  The only e l e c t r i c a l  com- 

ponents  i n  o p e r a t t o n  d u r i n g  t h i s  mode are t h e  indoor  a i r  handl ing  unit  

and t h e  c h i l l e d  b r i n e  pump. 

I F  t h e  ice formed and s t o r e d  d u r i n g  the w i n t e r  is exhausted before  

t h e  end of t h e  c o o l i n g  season ,  supplemental  c o o l i n g  can be provided by 





2. UTILITY SELECTION CRITERIA 

The approach used f o r  t h i s  s tudy  w a s  t o  assess ACES as a load man- 

agement o p t i o n  i n  two d i f f e r e n t  u t i l i t i e s  t h a t  are l i k e l y  t o  b e n e f i t  from 

load management, i n  g e n e r a l ,  and ACES, i n  p a r t i c u l a r .  The reason  fo r  

s e l e c t i n g  f a v o r a b l e  u t i l i t i e s  is  that i f  no b e n e f i t  is found, the i s s u e  

i s  comple te ly  r e so lved .  If t h e r e  i s  a p o s i t i v e  b e n e f i t ,  t h e  upper bound 

f o r  such b e n e f i t s  will have been e s t a b l i s h e d .  Thus t h e  maximum informa- 

tion can be gained  from a l i m i t e d  number of case s t u d i e s .  

The problem of s e l e c t i n g  u t i l i t f e s  l i k e l y  t o  b e n e f i t  from ACES load 

management w a s  approached by developing  s c r e e n i n g  c r i t e r i a  f o r  a s s e s s i n g  

the a p p l i c a b i l i t y  of  AGES load mnagement t o  a p a r t € c u l a r  u t i l i t y .  The 

s c r e e n i n g  c r i t e r i a  i nc luded  u t i l i t y  and weather  c h a r a c t e r i s t i c s  and cus- 

tomer demographics. The s c r e e n i n g  cri teria are summarized i n  Table  2,  L 

and desc r ibed  i n  the fo l lowing  s e c t i o n s ,  

Table 2.1. U t i l i t y  s e l e c t i o n  c r i t e r i a  

Criteria Explanation 
I-- 

.- 

U t i l i t y  c h a r a c t e r i s t i c s  I______.___ I__ 

High load growth 

Low reserve  margin 

Summer peaking 

ACES most s u i t a b l e  f o r  new con- 
s t r u c t i o n .  Also, high load growth 
i n c r e a s e s  chances of capac i ty  sav- 
i ngs  

sav ings  

compressor load 

Increases  l i ke l ihood  of capac i ty  

ACES can e l imina te  a l l  on-peak 

High average energy cos t  ACES has high energy e f f i c i e n c y  

High on-peakfoff-peak rate d i f f e r -  High d i f f e r e n t i a l  f avor s  s h i f t  t o  
e n t i a l ,  p a r t i c u l a r l y  i n  the  summer off-peak use 

Customer .- demographics 

High r e s i d e n t i a l  growth rates ACES most s u i t a b l e  f o r  new con- 

High s a t u r a t i o n  e l e c t r i c  space Inc reases  l i ke l ihood  of ACES cos t -  

Where a i r  condi t ion ing  is consid- Cooling is a by-product of hea t ing  

Heating-cooling requirement r a t i o  of The ACES s t o r e s  two u n i t s  of cool- 

s t r uc t i on 

cond i t ion ing  e f f e c t i v e n e s s  

e red  a necess i ty  ope ra t ion  

2 : l  to  3:2 ing i n  the  i c e  b in  fo r  every th ree  
u n i t s  of bea t ing  suppl ied  t o  the  
bu i ld ing  -_ 
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2 . 1  U t i l i t y  C h a r a c t e r i s t i c s  

The roost f r e q u e n t l y  c i t e d  o b j e c t i v e s  f o r  load  rmagemcnt are t o  

(1) reduce the  need f o r  a d d i t i o n a l  g e n e r a t i o n ,  t r ansmiss ion ,  and d i s t r i -  

b u t i o n  inves tmen t s ;  ( 2 )  reduce t h e  use of imported o i l  (which r e s u l t s  i n  

product ion  c o s t  s a v i n g s ) ;  and ( 3 )  improve t h e  f i n a n c i a l  h e a l t h  of t h e  

u t i l i t y .  Reducing t h e  need f o r  new g e n e r a t i n g  c a p a c i t y  i s  t h e  o b j e c t i v e  

most: f r eq i i en t ly  c i t e d  f o r  load management. The reason f o r  focus ing  on 

g e n e r a t i o n  as opposed t o  t r a n s m i s s i o n  and d i s t r i b u t i o n  c a p a c i t y  is t h a t  

r e c e n t l y  g e n e r a t i o n  has  accounted f o r  70% of the c a p i t a l  expend i tu re s  f o r  

a new i u t i l i t y  p l an t .3  

A u t i l i t y ’ s  c u r r e n t  and p r o j e c t e d  r e s e r v e  margins and i t s  p r o j e c t e d  

load growth are two measures of the  new c a p a c i t y  rhat may be r e q u i r e d  

w i t h i n  t h e  cur ren t  p lanning  cyc le .  h l o w  F C S C P V ~  margin now and i n  t h e  

f u t u r e  t o g e t h e r  wi th  a h igh  load growth rate i n d i c a t e  that t h e  u t i l i t y  i s  

adding  new f a c i l i t i e s  but  that  c o n s t r u c t i o n  i s  b a r e l y  keeping pace. Such 

u t i l i t i e s  have more o p p o r t u n i t i e s  t o  b e n e f i t  f rom c a p a c i t y  sav ings  than  

those  wi th  l o w  o r  nega t ive  load  growth and high c u r r e n t  r e se rve  margins. 

Capacdty sav ings  are a l s o  more l i k e l y  if t h e  load management o p t i o n  

be ing  cons idered  is used du r ing  t h e  u t i l i t y ’ s  peak season  (e.g. , cool  

s t o r a g e  i n  a summer-peaking u t i l i t y ,  hea t  s t o r a g ~  i n  a winter-peaking 

u t i l i t y )  a l though  excep t ions  e x i s t  such as a u t i l i t y  whose g e n e r a t i n g  

c a p a c i t y  i s  maintenance cons t r a ined .  Consequent ly ,  t h e  t h r e e  s e l e c t t o n  

c r i t e r i a  chosen as a measure of the oppor tun i ty  f o r  g e n e r a t i o n  c a p a c i t y  

sav ings  were load growth, r e s e r v e  margin, and 1mak season.  

O i l  conse rva t ion  and product ion  c o s t  s av ings  o p p o r t u n i t i e s  are more 

d i f f i c u l t  t o  measure. Ldeal ly ,  load management o p t i o n s  would s h i f t  en- 

ergy d e l i v e r y  f rom on-peak pe r iods  when expensivp i n t e r m e d i a t e  o i l  u n i t s  

and combustion t u r b i n e s  mst be used t o  meet Lhe demand t o  pe r iods  when 

more e f f i c i e n t ,  and preEerahly  non-o i l - f i r ed ,  g e e e r a t i n g  capacj-ty i s  

a v a i l a b l e .  However, t h e  degree  t o  which t h i s  3 d c a l  can be r e a l i z e d  i s  

determined by the u t i l i t y ’ s  g e n e r a t i o n  mix, i t s  f i rm purchase power 

agrzements ,  and i t s  o p p o r t u n i t i e s  For econoiiiy in t e rchange .  



A l a r g e  number of u t i l i t i e s  i n  t h e  N o r t h e a s t ,  West Coas t ,  and 

F l o r i d a  r e g i o n s  of t h e  count ry  are predominant ly  o i l - f i r ed . '+  The oppor- 

t u n i t i e s  f o r  p roduc t ion  c o s t  s av ings  from load  s h i f t i n g  f o r  such u t i l i -  

t ies are cons ide rab ly  less than  f o r  u t i l i t i e s  that have a s u b s t a n t i a l  

f r a c t i o n  o f  non-ot l - f i red  base-load c a p a c i t y .  I n  predominant ly  o i l - f i r e d  

u t i l i t t e s ,  energy  t h a t  is s h i f t e d  off-peak i s  s h i f t e d  from l e s s  e f f i c i e n t  

o i l  u n i t s  t o  more e f f i c i e n t  o i l  u n i t s ,  r a t h e r  than  t o  c o a l  o r  n u c l e a r  

c a p a c i t y .  Consequent ly ,  t h e  margina l  c o s t  d i f f e r e n t i a l  t h a t  de te rmines  

p roduc t ion  c o s t  s av ings  is cons ide rab ly  less. 

U t i l i t i e s  w i t h  a l a r g e  p r o p o r t i o n  of o i l - f i r e d  g e n e r a t l n g  c a p a c t t y  

a l s o  pose a problem wIth r e s p e c t  t o  c a p a c i t y  sav ings  due t o  load manage- 

ment. Recent s t u d i e s  have shown t h a t  t h e r e  i s  an economic b e n e f i t  t o  

consumers from a c c e l e r a t i n g  t h e  replacement  of economica l ly  o b s o l e t e  o i l -  

f i r e d  c a p a c i t y  by i n c r e a s i n g  t h e  p lanning  r e s e r v e  margin and b u i l d i n g  new 

c a p a c i t y .  These c i rcumstances  arise because increases i n  t h e  prPce of 

o i l  s i n c e  1973 make t h e  o p e r a t i n g  c o s t s  a lone  of o i l - f i r e d  u n i t s  more 

than  t h e  c a p i t a l  and o p e r a t i n g  c o s t s  combined o f  new c o a l  o r  n u c l e a r  

c a p a c i t y .  Thus any d e f e r r a l  of new c a p a c i t y  i n  t h e s e  r eg ions  may l e a d  t o  

a n e g a t i v e  Capac i ty  b e n e f i t  depending on the  assumptions t h a t  are made 

about  long-term o i l  p r i c e s .  

T h i s  complex phenomenon of g e n e r a t i o n  mix and margina l  product ion  

c o s t  d i f f e r e n t i a l s  was  cons ide red  i n  t h e  s e l e c t i o n  c r i te r ia  through t h e  

use  of average  e l e c t r i c i t y  c o s t s  and a s i m p l i f i e d  on-peak/off-peak rate 

d i f f e r e n t i a l .  Based on previous  expe r i ence  with d e t a i l e d  product ton  c o s t  

s i m u l a t i o n s ,  t h e  p o r t i o n  of t h e  on-peak and off-peak loads  met by each 

type  of g e n e r a t i n g  u n i t  was e s t i m t e d .  The o p e r a t i n g  costs f o r  each type  

of u n i t  were combined wi th  the  c a p i t a l  c a r r y i n g  charges  t o  c a l c u l a t e  a 

s imple  long-run marginal  cost f o r  each per iod .  While not comple te ly  

r i g o r o u s ,  t h e  m t h o d  is s u f f i c i e n t l y  accurate f o r  t h e  p r e s e n t  purpose of 

s c r e e n i n g  c a n d i d a t e  u t i l i t i e s .  

Although not  s p e c i f i c a l l y  inc luded  i n  t h e  s c r e e n i n g  c r i t e r i a ,  t h e r e  

I s  a t h i r d  i n c e n t i v e  f o r  some u t i l i t i e s  t o  i n s t i t u t e  load management - 
namely, t h e  f i n a n c i a l  h e a l t h  of t h e  u t i l i t y .  I n  an e f f o r t  t o  minimize 

c u r r e n t  c o s t s ,  some p u b l i c  service commissions have not  a u t h o r i z e d  a rate 
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of r e t u r n  on e q u i t y  s n f f i c i e n t l y  h igh  t o  a t t r ac t  new c a p i t a l  and main ta in  

the  f i n a n c i a l  h e a l t h  of ehe i i t i l i t y .  I f  t he  ea rn ings  of  t h e  u t l l i t y  are 

t o o  low, t h e i r  bond r a t i n g  drops and t h e i r  cost  of debt  c a p i t a l  rises. 

Also,  the va lue  of t h e i r  s t o c k  d rops ,  which makes i t  more d i f f i c u l t  t o  

ra i se  e q u i t y  c a p i t a l .  I n  extreme cases, the  va lue  of t h e  s t o c k  d r o p s  

below book va lue ,  so t h a t  any new s t o c k  i s s u e  d i l u t e s  t he  e q u i t y  o f  ex- 

i s t i n g  sha reho lde r s  * 

Unable t o  raise e i t h e r  debt  o r  e q u i t y  c a p l t a l  t o  f inance  new con- 

s t r u c t i o n ,  some u t i l i t i e s  might t u r n  t o  load nianagement as the only a l -  

t e r n a t i v e  t o  make ends wet, even though i t  may not be the most economic 

a l t e r n a t i v e  i n  the long run. 

2.2 Customer Demographics and Weather .... 

I n  a d d i t i o n  t o  u t i l i t y  c h a r a c t e r i s t i c s ,  ~ h e  success of any load man- 

agement o p t i o n  depends on i ts  acceptance  by the consumer. I n  the  case of 

ACES, there are a number of customer and weather  c h a r a c t e r i s t i c s  t h a t  

w i l l  i n c r e a s e  i t s  1 ike l ihood  of acceptance .  

Because ACES has been deinonstrated only in r e s i d e n t i a l  a p p l i c a t i o n s  

and is  bes t  s u i t e d  t o  new c o n s t r u c t i o n ,  i t  would be p r e f e r a b l e  t o  con- 

s i d e r  a c i t i l i t y  wi th  a high r e s i d e n t i a l  growth rate. This  requirement  

was  t he  s i x t h  element i n  t h e  s e l e c t i o n  cri teri-a.  

Also, a l though ACES i s  t h e  most e f f i c i e n t  e l e c t r i c  W A C  system, t h e  

p r i c e  of na tura l .  gas makes it  the p r e f e r r e d  choice  i n  c e r t a i n  reg ions  of 

t h e  country.  Although t h e  pr ice  of n a t u r a l  gas  w i l l  r ise wi th  d e c o n t r o l ,  

i t  is u n c e r t a i n  bow i t  will compare wi th  e l e c t r i c  rates i n  the f u t u r e  

( p a r t i c u l . a r l y  because m c h  of t h e  Southwest: IISF.R n a t u r a l  gas  t o  g e n e r a t e  

e l e c t r i c i t y ) .  Consequent ly ,  i t  was a l s o  d e s i r a b l e  t o  select  an area that: 

c u r r e n t l y  has a growing s a t u r a t i o n  of e l ec t r i c  space  h e a t i n g ,  because 

t h i s  r e f l e c t s  the a v a i l a b i l i t y  and r e l a t i v e  p r i c e  of competi-ng f u e l s .  

The t w o  remaining c r i t e r i a  involve weather  c h a r a c t e r i s t i c s  t h a t  in-  

f l uence  t h e  l i k e l y  a p p l i c a t i o n s  of t he  ACES. Althoiigh t he  ACES i s  tech- 

n i c a l l y  f e a s t b l e  i n  most o f  t he  count ry ,  i t  i s  b e s t  s u i t e d  t o  reg ions  of 

the coun t ry  where a i r  cond i t ion ing  i s  cons idered  a n e c e s s i t y .  The h igh  
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e € f i c i e n c y  of an ACES comes from t h e  f a c t  t h a t  both t h e  h e a t i n g  and cool- 
ing o u t p u t s  of t h e  hea t  pump are used a t  t h e  same t i m e .  I f  summer cool-  

i ng  is  not  r e q u i r e d ,  t h e  advantage of ACES over  conven t iona l  systems 

d imin i shes .  

To f u r t h e r  r e f i n e  t h e  ba lance  of h e a t i n g  and c o o l i n g  l o a d s ,  t h e  pre- 

f e r r e d  r a t i o  of h e a t l n g  t o  coo l ing  requirement  i s  on t h e  order  of 3 t o  2 

because f o r  approximate ly  every t h r e e  u n i t s  of h e a t i n g  d e l i v e r e d  t o  t h e  

house, two are t aken  from t h e  b in  (and a v a i l a b l e  f o r  l a t e r  cooling) and 

one is d e l i v e r e d  by t h e  u t i l i t y .  Although q u i t e  a range can he accommo- 

da ted  around t h i s  r a t i o  through the use of n igh t t ime  compressor o p e r a t i o n  

and a s o l a r / c o n v e c t i v e  panel,  t h e  e f f i c i e n c y  of an ACES will be lower. 
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3 .  CASE STUDY S R I J X T I O N  

3.1 I.-._. R e e a l  Characterist ics ..._. 

The se l ec - t ion  of t he  two u t i t i t i . e s  t o  be used i n  t he  r e s i d e n t L a l  

ACES e v a l u a t i o n  began wdth a r e g i o n a l  s c r e e n i n g  t o  i d e n t i f y  r e l a t i v e l y  

broad ( s e v e r a l  s t a t e )  geographic  areas havl.ng climatic and g e n e r a t i n g  

system c h a r a c t e r i s t i c s  a t t r a c t i v e  f o r  ACES. 

F i g u r e s  3.1-3.3 show t h r e e  d i f f e ren t :  r e g i o n a l  breakdowns o f  t h e  

count ry  ' that  a r e  used t o  r epor t  va r ious  t y p e s  of data .  The f i r s t  f i g u r e  

shows t h e  n i n e  North American Elec t r ic  R e l - i a b i l i t y  Counci l  (NERC), f o r -  

merly National.  E lec t r ic  R e l i a b i l i t y  Counci l ,  reg ions  f o r  which m o s t  o€ 

t h e  e lec t r ic  u t i l i t y  system d a t a  were obtai-ned. Note t h a t  t h r e e  of t h e  

r eg ions ,  Nor theas t  Power Coordina t ing  Council. (NPCC) , Southeastern El.ec- 

t r i e  Rel -Labi l i ty  Council  (SEKC) , and Western Systems Coordina t ing  Council  

(WSCC), are f u r t h e r  r e f i n e d  t n t o  subregions .  Subregional  d a t a  f o r  these 

t h r e e  r eg ions  were consequent ly  used. S y s t e m  d a t a  Bncl-uded peak l o a d s ,  

r e s e r v e  margins ,  g e n e r a t i n g  u n i t  i rnven to r i e s ,  and expected peak load 

growth rates f o r  each NERC r eg ion  or  subregion .  Data swh as space con- 

d i t i o n i n g  f u e l  a v a j - l a b i l i t y  and expected i -ncreases  i.n housing starts are 

a v a i l a b l e  f o r  tlie ten  Depart:ment of Energy (DOE) r e g i o n s  shown i n  Fig.  

3.2. Res iden t i a l .  class e l e c t r i c i t y  growth r a t e s  a r e  r epor t ed  f o r  t h e  

n t n e  census r eg ions  shown i n  P i g .  3 . 3 .  

The NERC r eg ions  and subreg ions  vere used as t h e  r e f e r e n c e  regions 

i n  the  s e l e c t i o n  process .  Data from t h e  o t h e r  r e g i o n a l  breakdowns were 

grouped rsitli t : l ~  NERC reg ion  or subregion  t h a t  most c l o s e l y  corresponded. 

The taS1.r.~ t h a t  fo l low show t h e  ranking  uE the N E E  r eg ions  w i t h  re- 

gard  t o  t h e  s e l e c t t o n  c r i t e r i a  desc r ibed  i n  S e c t .  2. Tab1.e 3.1 shows 

rei-atlve d i f f e r e n c e s  i n  on-peak and of f -peak  rates based upon regtonal  

genera t fon  mix and assumed o p e r a t i n g  s t ra tegies .  

The rates i n  Table  3.1 were based rapon t he  fol lowing assumptions.  

F i r s t ,  it was assumed t h a t  60% of a sys tem's  generation was r equ i r ed  t o  

meet base ,  o r  off-peak. load.  Meeting on-peak ?.Dad was assumed t o  r e q u i r e  

100% of t he  genera t fng  r e sources .  Second, i t  w a s  assumed that 75% of a 

sys t em ' s  hydro and geothermal  r e sources  were used as base load g e n e r a t i o n  
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Table  3.1. Average on- and off-pcak energy c o s t s  
f o r  NEKC r eg ions  (1980 $/kWh) 

1,evel ized f u e l  c o s t s / l e v e l i z e d  revenue requi rements  a 

0 f f - p e ak On-peak D i f f e r e n c e  Regionlsubre:: i on  b 

1. 
2. 
3. 
4 "  
5. 
6. 
7. 
8. 
9. 

10. 
I. 1 , 
12. 
13. 
14. 
15. 
16. 
17. 

NSCC/S.CA-NV 
WSCC/N. CA-NV 
NPCC / N e w  York 
s PP 
SERC / F l o r i d a  
MA4C 
NPCC / N e w  Eng 1 and 

ERCOT 

SERC /VACAR 
WSCC / RMPA 
SERC /TVA 
E CAR 
SERC/Southern 
YATN 
MARCA 

w SCC 1 Az -NM 

w s cc / Nhl PP 

2.1714.34 
U.Y7/3.27 
1.20/'3.51 
1.5513. 75 
2.04 /4.40 
0.38/3.38 
2.2014.63 
1.17/3.31 
1. 69/3.84 
0.16/2.26 
0.88 13.35 
0.35/2 ,98  
0.8013.18 
1.19/3.41 
0.9913.30 

0.8413.21 
I. 0 2 / 3 - 4 0  

3.27/5.47 1.10/1.13 
2.04/4.28 1.07/1.01 
2.21 l 4 . 4 5  1.01/0.94 
2.5114.71 0.9610.96 
3.0215.30 0.98/0.90 
1.84/4.15 0.8610. 77 
3.0315.35 0.8310.72 
1.94/4,10 0.77 l0.79 
2.07 14.22 0.3810.38 
0.45/2.55 0.21610.29 
1.2713.62 0.3910.27 
1.10/3.24 0.2510.26 
1.08l3.38 0.28/0.20 
1.40/3.60 0.21/0.19 
1.2313.48 0.2410.18 
1.2813.57 0.2610.17 
1.0613.34 0.2110.19 

aData f o r  fuel  c o s t  and r e v e m e  requirement  c a l c u l a t i o n s  

hGenerat ion mix taken  from North American E l e c t r i c  Re- 

g iven  i n  Ref. 5. 

l i a b i l i t y  Counci l ,  197.9 Sumnary of Projected Peak Load, Gen- 
e m t  ing Capability, mid P o s s i l  Fuel Requirements, f o r  the 
Regional Reliab-??Z<ty Counmzls of N K W ,  J u l y  1979. 

and the remaining 25% used as peaking capac i ty .  It should bc noted t h a t  

t h i s  c a l c u l a t i o n  of rates i s  not r i g o r o u s  and does not i nc lude  taxes, 

prof i t s ,  or t r ansmiss ion  and d i s t r i b u t i o n  system expenses.  The c a l c u l a -  

t i o n s  are used only  t o  provide  r e l a t i v e  rankings  of r a t e  d i f f e r e n t i a l s  

and a q u a l i t a t i v e  e v a l u a t i o n  of h igh ,  medium, or  low rates ,  

Table  3.1 shows the ranhings made i n  r ega rd  Lo (1) f u e l  c o s t s  on ly  

and ( 3 )  l e v e l i z e d  revenue requi rements .  As can be seen ,  the rate d i f f e r -  

e n t i a l s  are p r i m a r i l y  due i o  f u e l  cos t s .  

Table  3.2 shows expec ted  system r e s e r v e  pa rg ins  f o r  the NERC r eg ions  

or subregions .  The r eg ions  are ranked i n  order  01 i n c r e a s i n g  r e s e r v e  

margin aver t h e  yea r s  of i n t e r e s t .  These va lues  were obta ined  by d iv id -  

ing the  ne t  g e n e r a t i n g  c a p a b i l i t y  by the expected peak demand f o r  t h e  
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Table  3.2. NERC r e g i o n a l  r e s e r v e  margin" (%) 

R e g i o d s u b r e g i o n  1980 1985 1988 

1. 
2.  
3. 
4.  
5 .  
6 ,  
7 .  
8. 
9.  

10. 
11. 
12. 
1 3 .  
14. 
15 .  
16. 
1 7 .  

MARCA 

MAIN 
SERC/S o u t h e r n  
SPP 
SEKC/Florida 
WSCC/S.CA-NV 
SERCIVACAII 
NPCC/New England 
ERCOT 

MAAC 
ECAR 
WSCC/RMPA 

NPCC/New York 
SERC /TVA 

WSCC/N.CA-NV 

wscc /Az-NM 

wscc INWPP 

25 
1 9  
22 
20 
24 
24  
27 
26 
33 
35 
33 
33 
31 
36 
35 
43 
37 

1 5  
23 
2 1  
23 
2 1  
25  
24 
26 
22 
27 
31 
32 
35  
33 
40  
34 
41 

7 
24 
17 
1 9  
17 
22 
21 
22 
26 
1 9  
32 
29  
31 
27 
4 4  
31 
3 4  

"Taken from North American Electr ic  R e l i -  
a b i l i t y  Counci l ,  1979 Summary of Projected Peak. 
Load, Generating Capability, m d  Fossil Fuel Re- 
quirements for t he  Regional ReliabiZi-by Councils 
Of N E E ,  J u l y  1979.  

summer of t h e  g iven  years .  The summer va lue  w a s  used because t h a t  is 

where t h e  load  management p o t e n t i a l  of ACES is g r e a t e s t .  As discussed  i n  

Sect .  2 ,  summer peaking systems wi th  low r e s e r v e  margins would be ex- 

pected t o  b e n e f i t  from t h e  use of ACES by d e f e r r i n g  new c a p a c i t y  addi -  

t i o n s .  

Table  3.3 shows t h e  expected peak demand i n c r e a s e s  f o r  t h e  r e g i o n s  

from 1980 t o  1988. Systems having h igh  growth would be most  a t t r a c t i v e  

f o r  ACES, and t h a t  w a s  t h e  c r i t e r i a  used t o  rank t h e  reg ions .  

Table  3.4 g i v e s  t h e  expected rates of growth of e lec t r ic  energy f o r  

t h e  r e s i d e n t i a l  class 

Tables  3.5 and 3.6 can be used i n  c o n j u n c t i o n  with each o t h e r  i n  es- 

t i m a t i n g  t h e  p e n e t r a t i o n  of e lec t r ic  space c o n d i t i o n i n g  i n  new homes. 

Table  3.5 shows t h e  expected new housing starts i n  t h e  s tudy  reg ions .  

Table  3.6 shows a breakdown of t h e  f u e l  used f o r  space c o n d i t i o n i n g  i n  
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T a b l e  3.3 .  Average NERC r e g i o n  
peak load  i n c r e a s e  f r o m  

1980 t o  198aa 

I n c r e a s e  
( % / y e a r  ) R e g i o n / s u h r e g i o n  

..... ~ ~ -.~ 

1 .  WSCC/RMPA 6.3 
2 .  SPP 6.1 
3 .  SERC/VACAR 5.8 
4 .  WSCCJAZ-NM 5.5 
5. SERC/TVA 5.3 
6 .  ERCOT 5.2 
7. MARCA 5.2 
8. SEKC/Southcrn 4.9 
9.  SERC/Florida 4.8 

10. WSCC/NwPP 4.4 
11. ECAR 4 . 3  
12 .  MAIN 4.2  
13 .  NPCC/Npw England 3 . 9  
14. WSCC/N.CA-NV 3 . 8  
15.  WSCC/S.CA-NV 3.6 
16. M M C  3.1 
17 .  NPCC/New York 2.6 

aTaken frow Nor th  American 
E l e c t r i c  R e l i a b i l i t y  C o u n c i l ,  
1.979 %,mrrry of Projected peak 
Load, Cenepatizg C a p a c i t y ,  and 
F066il Fuel Requipernente fop  the 
6!eqioltal R e l i a b i l i t y  rouncils of 
N E K ,  J u l y  1979.  

Table 3.4. P r e d i c t e d  growth 
r a t e s  f o r  r e s i d e n t i a l  
class  by NEKC region' 

Average 
R e g i o n / s u h r e g i o n  gi-oweh 

( % / y e a r )  

1 .  
2 .  
3 .  
4 .  
5. 
6 .  
7 .  
a. 
9 .  

10. 
1 1 .  
12 .  
13 .  
14 .  
1 5 .  
16. 
1 7 .  

WSCC/KMPA 

ERCOT 
s PP 
ECAR 
?%4IN 
SERC/VACAR 
M M C  
SERC/Florida 
SERC / TVA 
SERC/Southern 
WSCC/NwPP 
WSCC/N.CA-NV 
WSCC/S . CA - N V  
N?CC/New York 
MARCA 
NPCC/New England 

us cc / hi- w, 
6.7 
6.7 
5.5 
5.5 
4.6 
4.6 
4.6 
4 .6  
4.6 
4 .4  
4.4 
4.4 
4 .4  
4.4 
4.2 
3.9 
2.4 

aBased on W .  S. Chern e t  sl., 
RegiomZ Fconornetmk Model .fop 
F o P Z ~ a 6 t i n g  E%ac?. t? iCi ty  Der7~1izd ??/ 
Sector a d  State,  ORNL/NUKX-49,  
Octobe r  1978.  '[he d a t a  were g i v e n  
f o r  t h e  n i n e  c e n s u s  regions and 
c a r r i e d  ove r  t o  t h e  NERC r e g i o n  
i t  m o s t  c l o s e l y  r e sembled .  
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Table 3.5. Growth r a t e s  of 
housing by NERC reg ionn  

---I-- 

Growth 
Region/ subregion i n  1980 

(%I  

1. S E R C ~ T V A  3.3 
2.  SERC/Southern 3.3 
3.  SERCIFlorida 3.3 
4 .  SERCIVACAR 3 . 3  
5.  WSCC/N.CA-NV 3.3 
6.  WSCC/S.CA-NV 3.3 
7. WSCC/AZ-NM 3.3 
0. M A C  2.9 
9 .  MARCA 2.7 

10.  WSCC/RMPA 2.7 
11. ECAR 2.6 
12. MAIN 2.6 
13.  SPP 2.6 
14. ERCOT 2.6 
15.  NPCC/New England 2.6 
16. WSCCfNWPP 2.6 
17.  NPCC/New York 2.2 

-_I 

a b s e d  on E. H i r s t  and 
J. B. Kur ish ,  ResidentiaZ rnergy 
Use t o  the Year 2000: A Re- 
giO?d A?I121y67k, ORNL/CON-17, 
November 1977. Data were given 
by DOE region and c a r r i e d  over 
t o  the NEBC region  t h a t  i t  most 
c l o s e l y  resembled. 

Table 3.6. Regional a v a i l a b i l i t y  of a l t e r n a t e  fue l sa  

-_ 
Fuel use by type of f u e l  To ta l  energy f o r  

Region/subregion space hea t ing  
(%)  E l e c t r i c i t y  Gas O i l  Other 

1.  wsCC/NwPP 50 78 13 6 3 
2. SERC/TVA 37 72 19 5 5 
3.  SERC/VACAR 37 72 29 5 5 
4. SERC/Southern 37 72 29 5 5 
5 .  SERCIFlorida 37 72  19 5 5 
6. ERCOT 30 59 34 2 6 
7. SPP 30 59 34 2 6 
8. wSCC/N.CA-NV 32 51 46 1 2 
9 .  wsCC/S.CA-NV 32 51 46 1 2 

10. WSCC/AZ-NM 32 51 46 1 2 
11. MAAC 48 50 33 14 3 
12. NPCC/New England 56 44 21 34 1 
13. MARCA 56 44 46 5 6 
14. WSCCjRMPA 56 44 46 5 6 
15. ECAR 49 43 46 9 3 
16. M A I N  49 43 46 9 3 
17.  NPCCINew Yark 52 36 34 29 2 

aBased on E. H i r 6 t  and J. B. Kurish, Residential Energy llse to the 
Year 2000: A R e g i o n a l  A m t y s i s ,  ORNL/CON-17, November 1977. Data were 
given by DOE region and appl ied  t o  the  NERC region t h a t  it most c lose ly  
resembled. 
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e x i s t i n g  homes. This provides  an  i n d i c a t i o n  of t h e  compet i t ion  between 

e l e c t r i c i t y  and o ther  fue1.s i n  t h e  d i f f e r e n t  r e g i o n s  f o r  space c a n d i t i o n -  

i n g  . 
Table 3.7 shows t h e  r a t i o  of h e a t i n g  degree days (HDDs) t o  cool ing  

degree days (CDDs) i.n each o f  t h e  reg ions .  As d i s c u s s e d  i n  Sec t .  2,  t h e  

p r e f e r r e d  r a t i o  i s  1.5 with both high h e a t i n g  and c o o l i n g  requirements .  

Severa l  of t h e  r e g i o n s  t h a t  have c l o s e  t o  the proper r a t i o  have modest 

t o t a l  h e a t i n g  and cool ing  requirements .  

Table  3.7. Regional climatic c h a r a c t e r i z a t i o n a  

Ilea Ling Cooling 
Region/subregion degree d a y s  degree days HDD/CDD 

(HDD 1 (CDU ) 

SERC 
w SCC 
SPP 
EKCOT 
M M C  
NPCC/New 
MAIN 
ECaK 
NPCC /New 
?.IAKCA 

2913 
2611 
2575 
2575 
536 I 

Y ork 5 9% 
6677 
6677 

England 6787 
7792 

2113 
909 

2278 
2278 

955 
80 9 
806 
806 
479 
480 

1.4 
2.9 
1.1 
1.1 
5.6 
7.4 
8.3 
8 .3  

14.2 
16.2 

“Taken from H. M. Conway and L. L. L i s t o n ,  The 
Vsather Yandbook, Conway Research Inc. ,  A t l a n t a ,  1974. 

3.2 Case Study U t i l i t i e s  

Although a l l  the reg iona l  c h a r a c t e r i s t i c s  s u i n m a r i z d  i n  t h e  previous 

t a b l e s  have a bear ing  on t h e  p o t e n t i a l  f o r  ACES, some of t h e  c r i te r ia  a r e  

more important  than o t h e r s .  The s e l e c t i o n  c r i t e r i a  themselves were re- 

viewed and c l a s s i f i e d  as e i t h e r  (1) very impor tan t ,  ( 2 )  impor tan t ,  or 

( 3 )  not  very important .  C r i t e r i a  judged “very i m p o r t a n t ”  were given a 

numerical  weight ing of f i v e .  Those judged “ impor tan t ‘  were given a 

weight of t h r e e ,  and those  judged “not very i m p o r t a n t “  were given a 

weight ing of one. A summary of t h e  s e l e c t i o n  c r i t e r i a  weights  i s  given 

i n  Table 3.8. 
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Table 3.8.. Weighting f a c t o r s  f o r  
s e l e c t i o n  c r i te r ia  

S e l e c t i o n  c r i t e r i a  We i g  11 t i n g  
f a c t o r  

- I 

On- and off-peak rate d i f f e r e n t i a l  5 
Average e l e c t r i c i t y  c o s t s  

C l i m a t e  a c c e p t a b i l i t y  

5 

5 

Reserve margin 3 
New housing starts 3 
Peak demand growth 3 
R e s i d e n t i a l  energy growth 1 

A l t e r n a t e  f u e l  a v a i l a b i l i t y  1 

The ranking  of each r e g i o n  o r  subregion  w a s  determined wi th  r e s p e c t  

t o  each s e l e c t i o n  c r i t e r i o n .  Areas ranking  f i r s t  were scored  f i v e  

p o i n t s ,  areas ranking second were s c o r e d  four  p o i n t s ,  and so on with a 

ranking  of f i f t h  s c o r i n g  one poin t .  

The o v e r a l l  p o t e n t i a l  €or ACES based upon a l l  t h e  s e l e c t i o n  c r i t e r i a  

was determined by m u l t i p l y i n g  t h e  s c o r e  on each c r i t e r i o n  by t h e  weight 

of t h e  c r i t e r i o n  and summing over a l l  n ine  c r i te r ia .  T a b l e  3.9 shows t h e  

f i n a l  r e s u l t s  f o r  each of t h e  r e g i o n s  or  subregions .  

This  i n i t i a l  assessment  oE r e g i o n s  or  subregions  shows f i v e  r e g i o n s  

that appear  t o  be p a r t i c u l a r l y  a t t r a c t i v e  f o r  ACES from a load management 

p e r s p e c t i v e .  The t o p  ranking  c h o i c e ,  t h e  Southern Cal i forn ia-Southern  

Nevada subregion  of WSCC, o b t a i n e d  50 of i t s  68.8 p o i n t s  because o€ a 

h igh  ra te  d i f f e r e n t i a l  and high average  rates. 

However, a more d e t a i l e d  look a t  t h i s  reg ion  shows some of t h e  

hazards  a s s o c i a t e d  with c o n s i d e r i n g  a r e g i o n  t h a t  i s  heterogeneous.  The 

high average  rates f o r  t h e  Southern C a l i f  ornia-Southern Nevada subregion  

r e s u l t  p r i m a r i l y  from the high percentage  of o i l - f i r e d  g e n e r a t i o n  i n  t h e  

subregion  (44.7% as of 1980). The high rate d i f f e r e n t i a l  f o r  t h e  sub- 

r e g i o n  a r o s e  from t h e  f a c t  t h a t  t h e  r e g i o n ’ s  g e n e r a t i n g  c a p a b i l i t y  a l s o  

i n c l u d e s  3.2% n u c l e a r ,  6.5% hydro, 15.6% gas,  and 19.9% c o a l  c a p a c i t y .  



Tab le  3.9. R e s u l t s  of 
r e g i o n a l  e v a l u a t i o n  

Regionlsubregion E v a l u a t i o n  
p o i n t s  

- 

1. 
2 ,  
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

WSCC/S.CA-NV 
SPP 
WSCC/N.CA-NV 
WSCC/AZ--NEI 
SERC /VACAR 
SERC /TVA 
SERC/Flori da 
N P C C / N ~ W  England 
NPCC /New York 
WS CC / RMPA 
SERC/Southern 
MARCA 
M A I N  
WSCC /NWPP 
ERCOT 
ECAR 
W C  

68.8 
50.0 
38.3 
37.8 
31 .O 
25.8 
22.5 
20.0 
20.0 
19.5 
19.3 
15.0 
9.2 
5.0 
2.5 
0.2 
0.2 

Flowever, a l l  of the c o a l - f i r e d  g e n e r a t i n g  u n i t s  are l o c a t e d  i n  t h e  

Southern Nevada p o r t i o n  of t h e  subregion ,  and most of t h e  o i l - f i r e d  u n i t s  

a r e  l o c a t e d  i n  t h e  Southern C a l i f o r n i a  p o r t i o n  oE t h e  subregion.  Conse- 

q u e n t l y ,  as a whole, t h e  subregion  appears  t o  o f f e r  much load management 

p o t e n t i a l ;  but  RO s fngle  u t i l i t y  wlthin t h e  reg ion  'has t h e  mix of char- 

ac t e r i s t i c s  t h a t  suppor t  such a high score. 

The second ranking r e g i o n ,  t h e  Southwest Power Pool (SPP),  had a 

balanced d i s t r i b u t i o n  of p o j n t s .  I t  was a t t r a c t i v e  because of high resi- 

d e n t f a 1  and peak-load growth and a t t r a c t i v e  climate f o r  ACES. S e v e r a l  

u t i l i t i e s  w i t h i n  t h e  reg ion  a l s o  exhfb i t  t h e s e  balanced c h a r a c t e r i s t i c s .  

The t h i r d  ranking reg ion ,  t h e  Northern Cal i forn ia-Nor thern  Nevada 

subregion  of WSCC, got i t s  rankfng pr i rnar t ly  because of a high rate d i f -  

f e r e n t € a l  and low r e s e r v e  margln.  This region a l s o  e x h i b i t s  some of the 

compl ica t ing  f a c t o r s  prev ious ly  d e s c r i b e d  f o r  the Sou the rn  C a l i f o r n i a -  

Southern Nevada region,  w i t h  fusthtzr compl ica t ing  f a c t o r s  being t h e  de- 

pendence of Northern C a l i f o r n i a  on large power t r a n s f e r s  from t h e  P a c i f i c  



Northwest and Northern C a l i f o r n i a ' s  own s u b s t a n t i a l  hydro r e sources .  A l -  

though t h e  sub reg ion  appears  t o  have a h igh  rate d i f f e r e n c i a l ,  t h e  depen- 

dence of t h a t  d i f f e r e n t i a l  on an a l r e a d y  energy- l imi ted  r e source  l i k e  

hydro raises q u e s t i o n s  as t o  whether o r  not any a d d i t i o n a l  beneEi t s  are 

a v a i l a b l e  t o  consumers f o r  changlng t h e i r  load  p a t t e r n s .  

The Arizona-New Mexico r eg ion  of WSCC r a t e d  f o u r t h  p r i m a r i l y  because 

of high r e s € d e n t i a l  growth and an a t t r a c t t v e  c l ima te .  However, t h e  low 

popu la t ion  d e n s i t y  of the  r eg ion ,  t h e  h igh  a v a i l a b i l i t y  and usage of na t -  

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

w i t h i n  t h e  sub reg ion  use e v a p o r a t i v e  a i r  c o n d i t i o n i n g  i n s t e a d  of r e f r i g -  

e r a t e d  a i r  c o n d i t i o n i n g  f o r  space coo l ing  raise q u e s t i o n s  as t o  t h e  

l i k e l y  impact of ACES i n  the  subregion .  

The l a s t  area t h a t  s co red  h i g h l y  w a s  t h e  Vi rg in i a -Caro l inas  (VACAR) 

subreg ion  of SERC. This r eg ion  r ece ived  f a i r l y  balanced s c o r l n g  because 

of h igh  peak demand growth, housing starts,  and a t t r a c t i v e  climate. 

Based on t h e i r  balanced s c o r i n g  and t h e  p r e v i o u s l y  desc r ibed  prob- 

lems wi th  t h e  o t h e r  reg-lons, t h e  VACAK subreg ion  of SEKC and the  SPP re- 

g ion  were s e l e c t e d  as the  top  c a n d i d a t e s  f o r  a load management assessment  

of ACES. This  by no means l i m i t s  p o s s € b l e  ACES a p p l i c a t i o n s  t o  t h e s e  re- 

g i o n s ,  because t h e r e  are numerous a t t r a c t i v e  l o c a l  s i tes  f o r  ACES. The  

s e l e c t i o n  of  t h e s e  two r eg ions  merely i n d i c a t e s  t h a t  they  e x h i b i t  many of 

t h e  c h a r a c t e r i s t i c s  t h a t  f a v o r  ACES as a load management op t ion .  The 

c h a r a c t e r i s t i c s  of t h e  i n d i v i d u a l  u t i l i t i e s  w i t h i n  t h e s e  r eg ions  were 

examined, and a case s tudy  u t i l i t y  was s e l e c t e d  from each reg ion .  The 

Arkansas Power and Light  Company (APL) w a s  s e l e c t e d  from t h e  SPP. Duke 

Power Company (Duke) was s e l e c t e d  from t h e  VACAR subreg ion  of SERC. 

These u t i l i t i e s  exemplify t h e  p r e v i o u s l y  desc r ibed  c h a r a c t e r i s t i c s  fa- 

v o r a b l e  f o r  ACES. 

An investor-owned u t i l i t y ,  APL s e r v e s  approximate ly  35% of t h e  

s ta te ' s  area and 50% of t h e  popu la t ion .  It is a summer-peaking u t i l i t y  

w i t h  t h e  summer peak being approximate ly  one- th i rd  g r e a t e r  than  the win- 

ter peak. The area has a h igh  s a t u r a t i o n  of a i r  c o n d i t i o n i n g  (-80%) wi th  

both  h igh  l a t e n t  and s e n s i b l e  coo l ing  requi rements .  Yeat ing  degree  days 

range from around 2500 t o  4000 depending upon l o c a t i o n  i n  the  s e r v i c e  

t e r r i t o r y .  The u t i l i t y  a l s o  ma in ta ins  an act ive load  management program. 
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Duke s e r v e s  p o r t i o n s  of both North and S~u t ’m Caro l ina .  One of the 

l a r g e s t  u t l l i t i e s  i n  t h e  Sou theas t ,  Drike bas a iuix of hydro,  coal, and 

nuc lea r  g e n e r a t i o n  with o i l -  and gas - f i r ed  peakers .  It i s  a u t l l i t y  w i t h  

almost equal  w i n t e r  and summer peaks. Like APL, hike is  i n  an area re- 

q u i r i n g  a i r  c o n d i t i o n i n g  and is a u t i l i t y  a c t i v e l y  pursu ing  load  manage- 

ment o p p o r t u n i t i e s .  
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4 .  CASE STUDY DESCRIPTIONS 

4 . 1  S tudy S c e n a r L X  

The r e s u l t s  of any u t i l i t y  p l ann ing  s tudy  are sens1.t.i.ve i n  va ry ing  

degrees  t o  s tudy  assumpt ions-  Annual revenue requ€rements  and hence t h e  

op t ima l  p l a n ,  are a resu l t  of load growth, fuel. c o s t s ,  g e n e r a t i n g  u n i t  

c h a r a c t e r i s t i c s ,  c a p l t a l  c o s t s ,  f i t i a n c i a l  assumpt ions ,  a n d  p lanning  cri- 

ter ia .  Because i n  t h i s  s tudy  the revenue requi rements  owt: t h e  p lanning  

ho r i zon  are c a l c u l a t e d  us ing  d e t a i l e d  product ion  c o s t i n g ,  r e l i a b i l i t y  

e v a l u a t i o n ,  and expans ion  p l ann ing ,  i t  is  c l e a r l y  computa t iona l ly  i n f  ea- 

s i b l e  t o  examine the  s e n s i t i v i t y  of t h e  s tudy  r e s u l t s  t o  a l l  combinat ions 

of s tudy  assumptions.  Consequent ly ,  i t  is  d e s i r a b l e  t o  select  a l i m i t e d  

set of s c e n a r i o s  t h a t  w i l l  shed as much l i g h t  as p o s s i b l e  on the problem 

a t  hand - namely, t h e  load  management b e n e f i t s  of ACES. 

Load management a f f e c t s  t h e  u t i l i t y ' s  p lanning  through t h e  shape and 

magnitude of t h e  system load p r o f i l e .  The re fo re  t h e s e  parameters  were 

s e l e c t e d  as t h e  b a s i s  f o r  four  s c e n a r i o s  t h a t  cover t h e  range of system 

load  p r o f i l e s  t h a t  might r e s u l t  i f  ACES were t o  be adopted oa a wide- 

spread  b a s i s .  The f o u r  s c e n a r i o s  i n v e s t i g a t e d  were ( 1 )  normal load  

growth and moderate ACES p e n e t r a t i o n ,  ( 2 )  normal. load  growth and h igh  

ACES p e n e t r a t i o n ,  ( 3 )  low load growth and moderate ACES p e n e t r a t i o n ,  and 

( 4 )  low load growth and h igh  ACES p e n e t r a t i o n .  

The revenue requi rements  development f o r  each of t h e s e  s c e n a r i o s  w a s  

compared wi th  those  of a base  case  wi thout  any ACES i n v o l v i n g  e i t h e r  nor- 

m a l  or low system load growth. The computer code used f o r  c a l c u l a t i n g  

revenue requi rements  f o r  t h e  v a r i o u s  scena r€os  and the  d a t a  assumptions 

t h a t  were made are desc r ibed  i n  t h e  fo l lowing  s e c t i o n s .  

4.2 Supply Costs  

The supply  c o s t s  f o r  t h e  vari-ous s c e n a r i o s  were caleu1att .d us ing  a 

modif ied v e r s i o n  of t he  Mien Automatic System Planning  Package (WASP) ,6 

t h a t  w a s  developed by t h e  Tennessee Val ley  Ait:hority and Oak Ridge 

Nat iona l  Labora tory .  Areas of c o n s i d e r a t t o n  cominon t o  a l l  g e n e r a t i o n  ex- 

pans ion  programs i n c l u d e  g e n e r a t i o n  d e s c r i p t i o n ,  load model, p roduc t ion  
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costing, reliability evaluation, investment costing, and optimization 

method. The approach used by WASP i n  each of these areas € s  described in 

the following paragraphs. 

WASP considers the existi.ng generation system, firm additions t o  and 

retirements from the existing system, and the candidate units being con- 

sidered for expansion. Thermal generating u n t t s  are described i n  terms 

of !ninimum and inaxlinum operating levels heat rate at m i  ntnium operating 

l e v e l ,  average incremental heat rate, fuel cost, plant type, spinning re-- 

serve capability, forced outage rate, scheduled maintenance requirements 

fixed component of nonfuel operation and maintenance (O&M) cos ts ,  and 

variable component of nonfuel O&M costs, Hydroelectric generating units 

can be either normal. or emergency plants and are described by thePr  mini- 

mum and maximum operating capacities, spinning ~ ~ S ~ K V C  capability, annual. 

energy availability, fixed nonfuel O&M costs ,  and variable nonfuel O&M 

costs. Pumped storage un-lts are characterized by their maximum puinping 

load, maxirnuin generat ing capacity, maximum feasib1.e energy per period, 

round trip efficiency, fixed nonfuel O&M costs, and variable nonfuel O&M 

costs. In addition to the description of individual geiierating units, 

hydroelectric u n i t s  can be further characterized hy anticipated hydro 

conditions. Up t o  five hydrological conditions can be considered with 

their corresponding probabilities, capacities, and energies. 

F i r m  additions to and retirements from the existing system can be 

specified at the start of the study. The lnvestrnent costs f o r  these corn- 

mitted units are no t  included in the calculated system costs, because 

they are prespecified in the plan, and hence similar to the existing sys- 

tem. 

The load niodel~ in WASP i s  used f o r  both the production cost and re- 

liability calculations. The model conslsts of a separate hourly l oad  

duration curve €or  each processing period. The load duration curve must 

already include any E i r m  scheduled economy interchanges because all, cal- 

culations are done on a n  isolated system basis. The processing period 

can range from one month to one year and is selected by the user. The 

load duration curve I s  described by a f ifth-order polynon~.nal 
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where X i s  t h e  f r a c t i o n  of t i m e  du r ing  t h e  per iod  t h a t  t h e  load  equa l s  o r  

exceeds t h e  f r a c t i o n  y of t h e  peak pe r iod  demand. The shape ,  a5 we l l .  as 

t h e  magnitude,  of t h e  load  curve can be v a r i e d  f o r  every  pe r iod  through- 

out t h e  s tudy  hor izon .  

The p roduc t ion  c o s t s  and r e l i a b t l i t y  c a l c u l a t i o n s  f o r  t h e  e x i s t i n g  

system and each al lowed set of g e n e r a t i n g  u n i t  a d d i t i o n s  are c a l c u l a t e d  

f o r  each pe r iod  of t h e  s tudy  us ing  a s i m u l a t i o n  technique  based on proba- 

b i l i t y  a n a l y s i s .  A d e t a i l e d  d e s c r i p t i o n  of t h e  b a s i c  t echn iques  of prob- 

a b i l i s t i c  s i m u l a t i o n  has been g iven  by others6r7 and w i l l  not be repea ted  

h e r e .  B r i e f l y ,  t h e  t echn ique  invo lves  t h e  assignment  of each g e n e r a t i n g  

u n i t  t o  supply  t h e  energy r e l a t e d  to  a gdven p o r t i o n  of t h e  load d u r a t i o n  

curve.  The shape of t h e  curve is a d j u s t e d  so t h a t  each u n i t  g e n e r a t e s  

t he  energy expec ted  of i t  when outages  of a l l  u n i t s  i n  t h e  system have 

been cons idered .  The procedure  provides  a s y s t e m a t i c  means f o r  combining 

the p r o b a b i l i t y  d e n s i t y  f u n c t i o n s  d e s c r i b i n g  t h e  loads  t o  be m e t  arid t h e  

c a p a c i t y  on outage.  The ou tpu t  of t h e  p r o b a b i l i s t i c  s i m u l a t i o n  is t h e  

expec ted  energy gene ra t ed  by each u n i t ,  p roduct ion  c o s t s  by f u e l  t ype ,  

t.he t o t a l  expected o p e r a t i n g  c o s t s ,  t h e  pe r iod  loss  of load  p r o b a b i l i t y ,  

and t h e  expected unserved energy .  

The r e l i a b i l i t y  i n d i c e s  c a l c u l a t e d  by WASP are lo s s  of l oad  proba- 

b i l i t y  (LOLP) and l o s s  of load e x p e c t a t i o n  (LOLE). R e l i a b i l i t y  can be 

used as a c o n s t r a i n t  on s e l e c t i n g  f e a s i b l e  u n i t  a d d i t i o n  schedules .  

Maintenance Fa scheduled t o  l e v e l i z e  r e s e r v e s  f o r  t h e  system dur ing  

the year .  Because i t  is not  p o s s i b l e  t o  subd iv ide  a t i m e  per iod  i n  prob- 

n b i l i s t f c  s i m u l a t i o n ,  i f  a g e n e r a t i n g  u n i t  r e q u i r e s  maintenance f o r  only  

a f r a c t i o n  of t h e  per iod  , t h e  f r a c t i o n a l  c o n t r i b u t i o n  is r e p r e s e n t e d  by 

u n i t  d e r a t i n g .  This  ma in ta ins  t h e  proper  t o t a l  maintenance but s l i g h t l y  

d i s t o r t s  the amount of c a p a c i t y  t h a t  is removed from t h e  system. 

The v e r s i o n  of WASP used i n  t h i s  s tudy  has been modif ied s o  t h a t  

e i t h e r  minimum discounted  expend i tu re s  or  minimum p r e s e n t  v a l u e  of annual  

revenue requi rements  can be used as t h e  c r i t e r i o n  f o r  s e l e c t i n g  t h e  

l e a s t - c o s t  p lan  over  t h e  p lanning  hor izon .  The former c r i t e r i o n  is com- 

monly used by p u b l t c l y  owned u t i l i t i e s ,  whi le  t h e  l a t t e r  is m o s t  f r e -  

q u e n t l y  used by p r i v a t e  i n v e s t o r o w n e d  u t i l i t i e s .  I f  mintmum discounted  

e x p e n d i t u r e  i s  used a5 t h e  o b j e c t i v e  f u n c t i o n ,  che system i s  charged €or 
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t h e  f u l l  i n s t a l l a t i o n  c o s t  of a u n i t  i n  the year  t h e  a i z - i t  goes on l i n e .  

The u n i t  is d e p r e c i a t e d  throughout  rhe s tudy  p e r i o d ,  u s ing  e i t h e r  

s t r a i g h t  l i n e  or s i n k i n g  fund d e p r e c i a t i o n ,  u n t i l  t h e  l as t  yea r  of t he  

s tudy  when t h e  system is c r e d i t e d  w f t h  t h r  u n i t ' s  " sa lvage  value." The 

s a l v a g e  va lue  is  t o  account  f o r  the useful  l i f e  of t h e  u n i t  that: exfcnds 

beyond the planning  hor izon .  A l l  o p e r a t i n g  c o s t s  ace d i scoun ted  from Lhe 

y e a r  i n  which they  occiir. 

I f  p r e s e n t  va lue  of revenue requi rements  is  used as t h e  o b j e c t i v e  

f u n c t i o n ,  t h e  f J  xed p o r t i o n  of the annual  revenue requi rements  is  c a l c u -  

l a t e d  us ing  a l e v e l i z e d  annual  f i x e d  charge ra te  t h a t  i s  c a l c u l a t e d  f o r  

each expans ion  a l t e r n a t i v e .  When f i x e d  charges  are used t o  de te rmine  

revenue r equ i r emen t s ,  t h e  d e p r e r i  a t i o n  componpnt of t h e  f i x e d  charge s a t e  

t akes  i n t o  account  the  l i f e  of t h e  f a c i l i t y ,  and t h e r e f o r e  c a l c u l a t i o n  of 

s a l v a g e  va lue  i s  unnecessary.  Again, o p e s a t i n g  c o s t s  are  d i scoun ted  from 

t h e  year i n  which they  occur .  

The MASP Code uses  dynamic prograrnrning 10 determine  what u n i t  a d d i -  

t i o n s  over  t h e  p lanning  ho r i zon  ~€11 r e s u l t  i n  a system w i t h  t h e  desircvl 

r e l i a b i l i t y  a t  minimum c o s t .  I n  WASP, each yea r  of t h e  p lanning  s tudy  

has a number of sys t em c o n f i g u r a t i o n s ,  r ep resen ted  by varloeis combina- 

t i o n s  of g e n e r a t i n g  u n i t  a d d i t i o n s ,  which met t h e  c o n s t r a i n t s  (such as 

r e l l a b i l i t y )  s t a t 4  i n  t h e  problem. The product ion  c o s t s  f o r  each  

c o n f i g u r d t i o n  i n  each  yea r  are then computed. The dynamjc prograin coin 

b ines  t h e  p r e s e n t  va lues  of p roduc t ion  c o s t s  w i th  thc fPxed c o s t s  f o r  t h e  

a l t e r n a t i v e  p l ans  t o  f i n d  the  se t  of u n i t  a d d i t i o n s  f o r  each yea r  of t h e  

s tudy  t h a t  r e s u l t  i n  t h e  least  t o t a l  c o s t .  Note t h a t  a dynamic program 

c o n s i d e r s  t h e  e n t i r e  p l a n n l  ng ho r i zon  w h e n  making each I nves tment dec i -  

s i o n ;  t h u s ,  t h e r e  is no need to  makc s p e c i a l  ad jus tmen t s  f o r  changing 

c o n d i t t o n s  such as va ry ing  rates o f  c a p i t a l  cost e s c a l a t i o n ,  f u e l  cost 

e s c a l a t i o n ,  o r  changes j n  load growth over  t h e  p lanning  ho r i zon .  

4.3 Study Assumptions - I-.- 

4.3.1 System l o a d s  ..... 

The o b j e c t i v e  of a l l  load management o p t i o n s  i s  t u  modify t h e  system 

load  t o  a shape and magnitude t h a t  can he s l ippl ied a t  a lower t o t a l  c o s t .  



31 

Thus assumptions about  load  growth and load shape are p a r t i c u l a r l y  c r i t -  

i c a l  t o  a load management assessment .  Because t h e  foc-us of th is  s tudy  i s  

on load  shapes ,  the parameters t h a t  a f f e c t  t h a t  shape ,  mime1.y load  growth 

and ACES p e n e t r a t i o n  rate,  were v a r i e d  for  the  d i f f e r e n t  s c e n a r i o s  

s t u a i e a  

Hourly load  d a t a  for  1980 were s u p p l i e d  by both Duke and APL. These 

load p r o f i l e s  were used t o  c a l c u l a t e  the base case expans ion  p lans  and 

c o s t s  both f o r  a moderate and a low load  growth s c e n a r i o  f o r  Duke and a 

moderate load growth s c e n a r i o  f o r  APL. 

The load  p r o f i l e s  for  t h e  s c e n a r i o s  invo lv ing  va r ious  p e n e t r a t i o n s  

of ACES and load growth rates were de r ived  from the h o u r l y  u t i l i t y  l o a d s ,  

h o u r l y  weather data, and the performance r e s u l t s  from the  ACES demonstra- 

t i o n  home near  Knoxvi l le ,  Tennessee.  The ACES demonst ra t ion  home, a 

we l l - in su la t ed  149-m2 ( 1600-ft2) s i n g l e  fami ly  dwe l l ing ,  has ope ra t ed  

s e v e r a l  yea r s  and d e t a i l e d  e l e c t r i c i t y  demand d a t a  and weather d a t a  

(e.g., outdoor  t empera tu re ,  humidi ty  r a t i o ,  and s o l a r  i n s o l a t i o n )  have 

been c o l l e c t e d .  S i m i l a r  demand da ta  are a v a t l a b l e  f o r  a c o n t r o l  home, 

which uses a conve-nt ional  WAC system ( a i r - t o - a i r  h e a t  pump and resis- 

t ance  hot  water h e a t e r ) ,  that was b u i l t  t o  the  same s p e c i f i c a t i o n s  as t h e  

ACES house and i s  l o c a t e d  on t h e  same s i te .  S t a t i s t i c a l  co r re l . a t ions  

were made between l o c a l  weather vari.ab1e.s and t h e  loads  i n  both the  ACES 

and c o n t r o l  house u s i n g  m u l t i v a r i a b l e  r e g r e s s i o n  a r i a l y s i s .  

The model developed t o  c o r r e l a t e  ACES and conventional.  house h e a t i n g  

and coo l ing  load  t o  weather v a r i a b l e s  uses  indoor  tempera ture  change dur- 

ing  an  hour as the dependent v a r i a b l e .  The s t a t i s t i c a l  c o r r e l a t i o n s  be- 

t w e e n  the va r ious  weather v a r i a b l e s  and indoor  remperature change are 

summartzed i n  Tab1.e 4.1. Once the  indoor  tempera ture  change is ca lcu-  

l a t e d ,  the new indoor  tempera ture  can he compared with t h e  i-ndoor thermo- 

s t a t  upper and lower set  p o i n t s  t o  de te rmine  i f  h e a t i n g  or cool tng  i s  

needed, I f  t h e  indoor  tempera ture  i s  below t h e  the rmos ta t  lower set  

p o i n t ,  h e a t  i s  added t o  the  house and t h e  c l e c r r i c  loads  c a l c u l a t e d  con- 

s i d e r i n g  the r e l a t i v e  eff i c i e m y  of the ACES and conven t iona l  h e a t i n g  

systems. I f  the indoor  tempera ture  i s  above the  the rmos ta t  upper set  

p i n t ,  t h e  coo l ing  energy r e q u i r e d  by t h e  ACES and conven t iona l  houses is  

c a l c u l a t e d  us ing  both t h e  indoor  tempera ture  and the  outdoor r e l a t ive  
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'Table 4.1. S t a t i s t i c a l  co r re l a t ions  between weather parameters and 
ACES and c o n t r o l  house indoor temperature change 

PD - a1 t a? x SOL? + a3 x YWS f a4 x YFdS Y YOL' t a5 x SOLW + a6 x IOQ 

+ a /  x DATL + ag x D A Y 2  + ag x YWS x SOLR 

PD = Ins ide  temperature change ( " C )  

SOLR = S o l a r  r ad ia t ion  ( ~ i / r n ? )  

(determined by sun 's  p o s i t l o n  based on l a t i t u d e ,  hour of the day ,  

d a y  of the year,  and c l o u d  cover) 

YWS = IJind speed (m/h) 

YOT = Oritdoor ternperaturg ( " C )  

SOLRA = Weighted average of current  and previous s o l a r  rad ia t ion  (wh/m2) 

TOA = Weighted average of cur ren t  and prevtous temperature d i f  ferclnces 

( " C )  

DATI = Time of year parameter t ha t  va r i e s  as a s i n e  funct ion 

DAT2 = T i m e  OF year parameter t ha t  var ies  as a cosine funct ion 

The calcri lated values of t h e  c o e f f i c i e n t s  a r e  as follows: 

a1 = 0 ,347  a6 = -6 .S5h  x 10-2 

a2 = 4.604 x 1014 a7 - -1.3261 x 10-1 

a3 = 1.327 x 10-2 a8 = 1.291 in-* 

a h  = 4.895 x IO-'+ ag = -1.029 x 10-5 

a5 = 1.167 x 
. . _ _ . . . ~  -______I____.____.~_I_ ...-I _____.__.._I___ 

humidi ty  ( t o  account  f o r  t he  f a c t  t h a t  a p o r t i o n  of the coo l ing  load  i s  

l a t e n t  coo l ing )  and t h ~  r e l a t i v e  e f f i c i e n c y  of the two systems. 

This  model s p e c i f i c a t i o n  al lows different iimdoor thermosta t  s e t t i n g s  

f o r  h e a t i n g  and coo l ing  and recognizes  t h e  t e ~ i p e ~ a L u r e  range around the  

comfort  zone where no hea t ing  o r  cooling is r equ i r ed .  

Table  4.2 summarizes the avprage annual  h e a t i n g  and cooling degree 

days  f o r  L i t t l e  Rock, Arkansas; C h a r l o t t e ,  North Caro l ina ;  and Knox- 

ville.* S t a t i s t i c s  fo r  1980 are a l so  shown i n  t'nr t a b l e  f o r  compari- 

son. Note t h a t  the weather  cond i t ions  f o r  Duke's and U L ' s  service t e r -  

r i t o r y  are s i m i l a r  t o  those  of Knoxvfl ie  where the a c t u a l  performance 

d a t a  were c o l l e c t e d .  
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Table 4.2. Average climatic c o n d i t i o n s  f o r  
major c i t i e s  i n  s t u d y  areas 

l__l__-l______ _II- 

Average d e g r e e  1980 degree  
days" --.- C i t y  daysa 

Heat ing  Cooling Heat ing  Cooling 

L i t t l e  Rock 3354 1725 3049 2579 

Char l o t  t e 3218 1596 3435 1760 

Knoxvi l leb  3478 1569 3010 1773 

a18. 3OC (65°F) base. 

h o c a t i o n  of ACES demonst ra t ion  house. 

Source: National. Oceanic and Atmospher€c Admtnis- 
t r a t i o n ,  Local C l i m a t o l o g i c a l  Data: 
w i t h  Comparative Da-h, 1980. 

Annual, S L U T U ~ Y ~ ~  

The p r e d i c t e d  demand as a f u n c t i o n  of weather  €o r  the ACES and con- 

t r o l  homes was then  used with hour ly  weather d a t a  f o r  1980 obta ined  from 

t h e  N a t t o n a l  Weather S e r v i c e  f o r  t h e  largest  c i t y  i n  each of t h e  two 

u t i l i t y  s e r v i c e  t e r r i t o r i e s  t o  g e n e r a t e  a t y p i c a l  annual load p r o f i l e  f o r  

each type of WAC i n s t a l l a t i o n .  F i g u r e s  4 . 1 4 . 4  show the t y p i c a l  annual  

space c o n d i t i o n i n g  p r o f i l e s  f o r  t h e  control .  and ACES houses i n  t h e  APL 

and k k e  s e r v i c e  areas, r e s p e c t i v e l y .  Weather d a t a  from L i t t l e  Rock were 

used for APL, whi1.e d a t a  from C h a r l o t t e  were used f o r  Duke'. (A s i n g l e  

y e a r ' s  weather d a t a  w e r e  used i n  t h e  a n a l y s i s  r a t h e r  than  a m u l t i p l e  year  

average t o  preserve t h e  c o r r e l a t i o n  between l o c a l  weather  and u t i l i t y  

system l o a d ,  and because averaging  tends  t o  smooth t h e  peaks and v a l l e y s  

i n  t h e  tempera ture  p r o f i l e s ,  which are so impor tan t  from a r e l i a b i l i t y  

p e r s p e c t i v e . )  

The p r e d i c t e d  energy consumptions, based on t h e  modeling procedure 

outl-lned above, are summarized i n  Table  4.3. The ACES house i n  L i t t l e  

Rock consumed 6,758 kWh a n n u a l l y  for  space c o n d i t i o n i n g  compared with 

12,984 kwh f o r  t h e  c o n t r o l  house: a 48% energy s a v i n g s .  An ACES house 

i n  Duke's s e r v i c e  area would consume 7,024 kWh annual ly  compared with 

11,827 kwh f o r  a convent ional  house far a 41% energy sav ings .  

.... . .... ....,.....,..._ .._ . . . . . . . . . . . . . . . . . . . . , . . . . .. 
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Fig .  4.1. L i t t l e  Rock c o n t r o l  house space conditioning profile, 

Table 4.3. P r s d i c t e d  arininal space conditioning 
energy usage 

....... _... ____~_.._____Ic__..___I------ 

ACES 
Cont ro l  house ACES house energy  

C i t y  (kWi) (kWh) saving  
( X I  

48  
..... _ _ _ _ _  _I_____ --___ ....... . 
L i . t t l e  Rock 12,984 e ,  758 

11,827 7,024 41 Char l o t  te 
.......- ..... 
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F i g .  4.2. Li t t le  Rock ACES house space  c o n d i t i o n i n g  p r o f i l e .  

IWO s c e n a r i o s  f o r  ACES p e n e t r a t i o n  vere cons idered:  50% and 100% of 

a l l  new s i n g l e  f a m i l y  dwel l ings .  These s u b s t a n t i a l  p e n e t r a t i o n s  were 

assumed because l o w  p e n e t r a t i o n s  would not  produce any s i g n i f l c a n t  

changes i n  system load.  The number of r e s i d e n t i a l  customers i n  each 

u t i l i t y  were taken  from u t i l i t y  data.9910 The percentage  of s i n g l e  farn- 

i l y  r e s i d e n c e s  among a l l  r e s f d e n t i a l  customers w a s  taken from d a t a  on t h e  

F e d e r a l  Energy Admi.nistration r e g i o n s  c o n t a i n i n g  the s e r v i c e  a reasa l l  

The growth rate of r e s i d e n t i a l  customers was  assumed t o  be t h e  same as 

t h e  u t i l i t y  system load growth rake f o r  t h a t  s c e n a r i o .  This  assumes t h a t  

the r e l a t i v e  mix of i n d u s t r i a l ,  commercial, and r e s i d e n t i a l  customers 
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F Q .  4.3. C h a r l o t t e  c o n t r o l  house space c o n d i t i o n f n g  p r o f i l e .  

does not change Q V C ~  the s tudy  horizon.  

wi th  t h e  assumption of a c o n s t a n t  load shape over t h e  s tudy  hor izon  f o r  

t h e  base case. 

p l y i n g  the expected number of new s i n g l e  f amS l y  dwel l ings  by t h e  assumed 

ACES p e n e t r a t i o n .  

ous y e a r s  is shorn i n  Table  4.4. 

The assumption is cons is ten t :  

The expected number of ACES horises w a s  es t imated  by multi-  

The number of i n s t a l l e d  ACES f o r  each s c e n a r i o  i n  vari- 

The e f f e c t  OE t h e  v a r i o u s  p e n e t r a t i o n s  of ACES i n s t a l l a t i o n s  on the 

t o t a l  u t f l i t y  load w a s  c a l c u l a t e d  by t a k i n g  t h e  expected h o u r l y  system 

load  f o r  the y e a r  i n  t h e  absence of ACES and s u b t r a c t i n g  the p roduc t  of 

t h e  nrirnber of ACES i n s t a l l a t i o n s  and the d i f f e r e n c e  between t h e  ACES and 



37 

Fig. 4 . 4 .  Charlotte ACES house 
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3 4  PPI 

space conditioning p r o f i l e .  

Table 4.4. Cumulative number of ACES i n s t a l l a t i o n s  
f o r  study scenarios ( thousands )  

Arkansas Power 
and L igh t  Duke Power PGmpany 

-11__1---_ 
I__I___ 

Low - ._I__~ Load growth: Moderate Moderate 
ACES penetration (X): 0 50 

Year 

1980  

1985  0 20.7 0 83.4 166.7 0 60.2 120.4  

1990  0 44 .1  0 183.7 367.6 0 129.3  258.7 

1995 0 60.7 0 298.0 596.0  0 202.7 404.5 

2000 0 78.8 0 434.3 868.7 .O 286.2 572.4 

0 50 100  0 50 1 0 0  

I 

0 0  0 0  0 0 0  0 

---_ ---.I 
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c o n t r o l  house hour ly  load p r o f i l e s .  (Lt  i s  assumed ehat ACES has been 

i n s t a l l e d  ra&'rier than  a i r - t o -  a i r  hea t  pumps and resJ s t a n c e  water hea t -  

ers .  ) 

4,3.2 Load growth --.- 

Tko load growth s c e n a r i o s  were a1k.o cons idered .  T%e f i r s t  s c e n a r i o  

assumes t h a t  system 'Load (bo th  peak and t o t a l  energy)  grows accord ing  t o  

t h e  l a t e s t  ut: i . l i ty f o r e c a s t .  These f o r e c a s t s  a l r e a d y  assume Chat t h e  

u c i l i  t y  ' s  c u r r e n t  load management e f f o r t s  are s u c c e s s f u l .  For example 

Duke's c u r r e n t  forecast  a n t i c i p a t e s  t h a t  t h e i r  c u r r e n t  load management 

e f f o r t s  .si.!.l reduce the system peak i n  199.5 by 4769 MW i n  the  surmer and 

5992 I%! i n  t h e  winter over and above those  t h i n g s  that  t h e i r  c u s t o m r s  

would have done i n  t h e  absence of the prograrn.12 

The most recent forecast a v a i l a b l e  from Duke p r o j e c t s  an average an- 

nua l  growth f o r  peak load and energy of 3.8% through 1990 and 3.6% f o r  

t h e  1931----7.000 per tod .  Arkansas Power and Light  p r o j e c t s  growth of 2.52 

through 1990 and 1.6% f o r  1991-2000. Both of t h e s e  f o r e c a s t s  arc sub- 

s t a n t i a l l y  lower  than p rev ious ly  publ i shed  forecasts9 9 1 0  9 1 3  ,1'+ and t h e  

h i s t o r i c a l  growth rates f o r  t h e s e  u t i l i t i e s -  

A second set of s c e n a r i o s  t h a t  assume t h a t  load grows slower than 

t h e  u t i l i t y  f o r e c a s t s  was a l s o  s t u d i e d  f o r  Duke. i t  was assumed t h a t  

Iluke's load  g ~ o ~ t h  averages  2 - 8 2  through 1990 and 2.6% f o r  t h e  1991-2000 

per iod .  T h e  f a c t  that  load growths Sower than t h e  u t i ] -< - t i e s '  f o r e c a s t s  

were chosen fo r  the  second sel; of s c e n a r i o s  i s  not  t o  s a y  that.  actrial 

growth may not be h ighe r  than  the  f o r e c a s t .  There are any  number of 

e v e n t s  i nc lud i  ng economic recovery ,  load management programs being urisuc- 

c e s s f u l ,  e l - e c t r i c  v e h i c l e s ,  gas d e r e g u l a t i o n ,  and extreine weat:lwr, :*7hich 

might boost load growth. (For example, Duke's 1981 summer peak was 

10 ,602  MhJ as opposed to a 1980 f o r e c a s t  of 10,460 MU,) The reason f o r  

choos ing  a lower estimate w a s  t h a t  t h e  h i s t o r i c a l  t rend i n  r ecen t  years  

has been towards reduced growth estimates. 

Table  4.5 summarizes the base case peak loads f o r  both  tn t i l i t i es  f o r  

the t w o  cases. 
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Table 4.5. Base case peak loads ( W )  

-- 

Arkansas Power Duke Power 
and L i g h t  Company Year _ _ ~ -  
Moderate Low Moderate 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

4,292 

4,509 
4,622 

4,856 

4 , 399 

4,737 

4,977 
5 , 101 

5,446 
5 , 533 

5 , 803 

5,229 
5 , 360 

5,621 
5,711 

5 , 896 
5 , 990 
6,087 
6,183 
6,282 

10 , 654 
10 , 953 
11,259 
11,574 
11,899 
12,232 
12,574 
12 929 
13,288 
13 660 
14,015 
14 , 380 
14 , 753 
15 , 137 
15,531 
15 ~ 934 
16,349 
16,774 
17,210 
17,657 

10,758 
11 , 167 
11,591 
12,031 
12,489 
12 , 963 
13,456 
13,967 
14,498 
15,049 
15,591 
15,152 
16 , 734 
17,336 
17,960 
18 , 607 
19,276 
19,970 
20,689 
21,434 

4.3.3 Fuel  prices 

Table  4.6 summarizes t h e  assumptions t h a t  were made with respect t o  

f u e l  p r i c e s  for  t h i s  s tudy.  The 1981 values  are t y p i c a l  of the  p r i c e s  

pa id  by u t i l i t i e s  f o r  c o n t r a c t  f u e l  d e l i v e r e d  i n  l a t e  1980 i n  Arkansas,  

North C a r o l i n a ,  and South C a r 0 1 i n a . l ~  The e s c a l a t i o n  ra te  of a l l  fue1.s 

i n c l u d e s  an  assumed o v e r a l l  i n f l a t i o n  rate of 7 4  dur ing  t h e  s t u d y  per iod.  

The uranium p r i c e  used i n  t h i s  a n a l y s i s  assumes modest expansion of 

n u c l e a r  g e n e r a t i n g  c a p a c i t y  above c u r r e n t  commitments e The 2.8% rea l  

e s c a l a t i o n  i n  t h e  c o s t  of nuc lear  f u e l  is  based on t h e  assumption t h a t  

t h e  c u r r e n t l y  depressed  m r k e t  f o r  yellowcake ($25/lb) g r a d u a l l y  recovers  

dur ing  t h e  s t u d y  peri-ocl and t h a t  enrichment c o s t s  w i l l  i n c r e a s e .  
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Table 4.6. Fuel  p r i c e s  

-..-. ~ 11- 

Arkansas Power Duke Power 
and L igh t  Company 

Nuclear 
..I 

Beglrining 1981 p r i  ce ($/MRtu) 
E s c a l a t i o n  rate (%/yea r l a  

Coal  -- 
Beginning 1981 p r i c e  (e/HBiu) 
E s c a l a t i o n  ra te  (%/year )d  

O i l  ___ 

Beginning 1980 p r i c e  (No. 6) ( 
Beginning 1980 p r i c e  (No. 2 )  ( 
Escalat Lon rate ( % / y e a r l a  

Na tu ra l  gas 
I___- 

Beginning 1981 p r i c e  ( $ / m t u )  
E s ea l a  t 1 on ra t  e ( % / yea r  ) 19 8 1-4 9 9 0" 

199 1-2000 

64.0 
10 

147.3 
9 

4 4 8 . 8 
630.2 
12 

248.2 
17.4 
12 

66.0 
10 

164.4 
9 

NA 
749 I 5  
12 

NA 
NA 
NA 

"Includes 7% g e n e r a l  i n f l a t i o n .  

The c o s t  of c o a l  pre5ent l .y  e x h i b i t s  wide r e g i o n a l  v a r k t i o n s  that 

w i l l  cont inue  i n t o  the  f u t u r e .  The pr ice  u t i l i t i e s  pay f o r  coa l  gener- 

a l l y  c o n s i s t s  of two components: a mine mouth p r i c e  and a t r a n s p o r t  

pr ice .  The 9% o v e r a l l  e s c a l a t l o n  used i n  llliis s tudy  was a p p l i e d  i o  both 

E a s t e r n  c o a l  (Duke) and Western coa l  (APL);  however, t h e  components of 

t he  e s c a l a t i o n  ore d i f f e r e n t  f o r  t h e  two cases. The 1.YL real e s c a l a t i o n  

i n  Eas t e rn  coa l  w i l l  be a t t r i b u t a b l e  p r i m a r i l y  to  inc reases  i n  the mine 

mouth p r i ce  as the demand f o r  t:his f u e l  i n c r e a s e s  and new, more expensive 

mines are opened. The mine mouth p r i c e  of Western c o a l  is nol: l i k e l y  t o  

r ise  as f a s t  as t h a t  of Eas t e rn  c o a l ;  however, t h e  t r a n s p o r t a t i o n  charges  

are l i -kely t o  escalate a t  a h ighe r  rate due t o  t h e i r  dependence on o i l  

and t h e  longer  d i s t a n c e s  involved.  Thus the same o v e r a l l  rate w a s  used 

f o r  both cases, main ta in ing  t h e  r eg iona l  v ~ K L H ~ ~ o ~  in c o a l  c o s t s .  
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The f u t u r e  p r i c e  of o i l  is by f a r  t h e  most v o l a t i l e  p r o j e c t i o n  and 

w i l l  have a s u b s t a n t i a l  impact on t h e  p r o j e c t e d  p r i c e  of a l l  o t h e r  f u e l s .  

The 12% rate  used i n  t h i s  s t u d y  is  based on an o i l  p r l e e  t i e d  t o  real 

growth i n  g r o s s  n a t i o n a l  product  (GWP), i n f l a t i o n ,  and real c a s t  escala- 

t i o n  r e l a t i v e  t o  competing f u e l s .  These i n d i c e s  have been proposed t o  

the  Organ iza t ion  of Petroleum Expor t ing  Coun t r i e s  (OPEC) by Saudi Arabia  

as a s u i t a b l e  b a s i s  f o r  f u t u r e  prices, Of cour se ,  such rates w i l l  be 

p o s s i b l e  only  i f  t h e  c u r r e n t  problems i n  the  Middle E a s t  are reso lved  and 

t h e r e  are no f u t u r e  g r o s s  d i s r u p t i o n s .  

The p r i c e  of n a t u r a l  gas a f t e r  d e r e g u l a t i o n  w i l l  be c l o s e l y  t i e d  t o  

t h e  p r i c e  of o i l  because of t h e  s u b s t i t u t a b i l i t y  of t h e  f u e l s  i n  many ap- 

p l i c a t i o n s .  The e s c a l a t i o n  rates used i n  t h i s  s tudy  assume t h a t  n a t u r a l  

gas will reach  p a r i t y  wi th  No. 6 o i l  by 1990. (No. 6 w a s  used i n s t e a d  of 

No. 2 because i t  w a s  f e l t  t h a t  n a t u r a l  gas  would not see widespread usage 

i n  t h e  t r a n s p o r t a t l o n  s e c t o r ,  which would ma in ta in  a premium for No. 2.) 

All t h e  f u e l  p r i c e  assumptions used i n  t h i s  s tudy  f a l l  w i t h i n  t h e  

range of v a l u e s  c u r r e n t l y  p r o j e c t e d  by t h e  Energy In fo rma t ion  Adminis t ra-  

t i o n 1 6  and a r e  be l i eved  t o  be c o n s i s t e n t  wi th  t h e  c a p i t a l  cost: and f inan -  

c ia l  assumptions used f o r  t h e  s tudy .  

4 . 3 . 4  C a p i t a l  c o s t s  

Table  4.7 shows t h e  economic ground r u l e s  and c a p i t a l  c o s t s  €o r  new 

c o a l  and n u c l e a r  p l a n t s  t h a t  were used f o r  this study.17 The estimates 

are based on d e t a i l e d  e n g i n e e r i n g  des igns  €or p l a n t s  conforming t o  s a f e t y  

and envi ronmenta l  r e g u l a t i o n s  i n  e f f e c t  as of January  1980. Depending on 

what economic ground r u l e s  are assumed (e.g., e s c a l a t i o n  ra te ,  i n t e r e s t  

rate), t h e  e s t i m a t e d  c o s t  of a n u c l e a r  p l a n t  f o r  f i r s t  commercial opera- 

t i o n  i n  1995 is from $4300 t o  $4500/kW(e) i n  1995 d o l l a r s .  

S i m i l a r l y ,  c o a l  p l a n t s  are expec ted  t o  range from $3000 t o  $3300/ 

kW(e). Of cour se ,  a c t u a l  c o s t s  w i l l  vary s i g n i f i c a n t l y  depending on 

c o n s t r u c t i o n  l e a d  t i m e ,  i n t e r e s t  and e s c a l a t i o n  rates, and y e a r  of com- 

merc i a l  o p e r a t i o n .  

Combustion t u r b i n e s  were cons ldered  as t h e  t h i r d  expanslon a l t e r n a -  

t i v e  f o r  the two u t i l i t i e s  a t  a c o s t  of $267/kW(e) f o r  commerctal opera-  

t i o n  i n  1983. 
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Table 4.7. Generation expansion candidates 

Property 
150 ma 

8oo Mr’ combustion 1200 MW 
LWR coal  tu rb ine  

L i c m s i n g  and cons t r i i c  t i o n  lead 

Cap i t a l  c o s t  (mi l l i o n s  of dol l a i s ) :  
t i m  (year )  

Di rec t  and i n d i r e c t  cos t sa  
Allowance f o r  escalat i on 
Allowance f o r  i n t e r e s t  

Plant r a p i t a l  cost  at commercidl h 
opera t ion  
Millions of d o l l a r s  
Dollars  per- kilowat I 

P o s s i b l e  commercial 
Operation 
Esca la t ion  r a t e  €or c a p i t a l  cos ts  
Book l i f e  

Tax l i f e  (ACKS) 

12 

1535 
1595 
2220 

5350 
4458 
1993 (APE) 
1990 (Duke) 
9 
30 
10 

8 

787 
993 
870 

2550 
3312 
1989 

9 
30 
10 ( A P E )  
15 (Duke) 

2 

33 
4 
3 

40 
267 
1983 

9 
20 
10 

_111__--.- . , 

a I n  January 1982 dollars. 
b1995 s ta r t -up  year f o r  n u c l e a r  

- 

bustioin turb ines .  Current do l l a r s .  

.....-_I___^_. . .. . . . . _-I l___.._ll_____ 

and coa l ,  1983 s ta r t -up  year €or com- 

The e a r l i e s t  possible year  of cormnercEa1 opercntlon I s  based on The 

p l a n t  L icmsing  and constreirt ton l e a d  t i m e  assuming a d e c i s i o n  made i n  

1981, except f o r  t l w  case of new nuc lea r  u n i t s  f o r  Duke, The 1990 opera- 

t i o n  d a t e  F o r  a new n u c l e a r  u n i t  i n  Duke is based on t h e  fact t h a t  Duke 

has a l r e a d y  s t a r t e d  construction 011 the Cherokee p l a n t .  Cons t ruc t ion  on 

u n f t  one is  c u r r e n t l y  h a l t e d  a t  18% The 1990 daLc f o r  h k e  

assumes t h a t  c o n s t r u r t i o n  on tlhfs u n i t  would be resumed i f  another new 

p l a n t  beyond NcCuire  and Catawba were needed. 

4.3.5 Generatine: u n i t  c h a r a c t e r i s t i c s  

Data d e s c r i b i n g  i n d i v i d u a l  g e n e r a t i n g  u n i t  perfornamce i n  the  two 

u t € l i t i c ? s  were t aken  from a v a r i e t y  of sou rces .  The heat rate curves 

f o r  each thermal  generating u n f t  wers~ t aken  from publ i shed  u t i l i t y  

sources.9, ,19-21 The  d a t a  c h a r a c t e r i z i n g  each h y d r o e l e c t r i c  u n l t  w e r e  

l i k e w i s e  taken f rom annetal performance records.  1’+ 3 15,22 Average flow 
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c o n d i t i o n s  were used f o r  a l l  product ion  c o s t  and r e l i a b i l i t y  c a l c u l a -  

t ions .  

The n e t  maximum dependable  c a p a b l l i t y  used f o r  each g e n e r a t i n g  u n i t  

was  t h e  observed c a p a b i l i t y  a t  t i m e  of t h e  summer peak. This number can 

va ry  s i g n i f i c a n t l y  from t h e  nameplate r a t i n g  o r  w i n t e r  c a p a b i l f t y  due t o  

such t h i n g s  as coo l ing  water t empera tu res  , thermal  d i s c h a r g e  and ambient 

a i r  q u a l i t y  r e s t r i c t i o n s ,  o r  i n  t h e  case oE hydro u n f t s ,  r e s e r v o i r  l e v e l s  

and r e c r e a t i o n a l  c o n s i d e r a t t o n s o  

Genera t ing  u n i t  maintenance requi rements  and fo rced  outage  rates were 

taken  from t h e  NERC ten-year  r e p o r t s  on equipment a ~ a i l a b i l i t y . ~ ~  The 

r eason  f o r  us ing  t h e s e  d a t a  i n s t e a d  of a c t u a l  u n i t  operi l t lng h i s t o r i e s  

from t h e  g e n e r a t i n g  u n i t s  i n  t h e  two u t i l i t i e s  is t h a t  f o r  many of t h e s e  

u n i t s  i n s u f f i c i e n t  o p e r a t i n g  h i s t o r y  has been accumulated t o  p r o j e c t  Iong- 

run r e l i a b i l i t y .  For example, APL's  two n u c l e a r  u n i t s  (Arkansas Nuclear  

One Un i t s  1 and 2) have accumulated only  about 8 u n i t - y e a r s  of ope ra t ion .  

Likewise APL's only c o a l  p l a n t ,  White B l u f f ,  had u n i t s  come on l i n e  i n  

1980 and 1981. Because fo rced  outage rates are de f ined  t o  be a long-run 

ave rage ,  i t  w a s  f e l t  t h a t  t h e  many u n i t - y e a r s  of d a t a  r e p r e s e n t e d  i n  t h e  

NERC ten-year  averages  w e r e  more s u i t a b l e .  

Equ iva len t  fo rced  outage  rates were used t o  i n c l u d e  t h e  e f f e c t s  of 

p a r t i a l  u n i t  ou tages .  Maintenance requ€rements  w e r e  c a l c u l a t e d  on t h e  

b a s i s  t h a t  t h e  t o t a l  u n i t  u n a v a i l a b i l i t y  due t o  f u l l  ou tages ,  par t ia l  

ou tages ,  and maintenance r e s u l t e d  in t h e  e q u i v a l e n t  a v a i l a b i l i t y  r e p o r t e d  

€n  t h e  W K C  d a t a .  The NERC d a t a  are r e p o r t e d  by u n i t  s l z e  and primary 

f u e l  type.  I n  t h e  case of u n i t s  t h a t  burn m u l t i p l e  f u e l s  (e .g - ,  o i l -  

n a t u r a l  g a s ) ,  a weighted average  based on t h e  amount of each fuel burned 

w a s  used. 

4.3.6 F i n a n c i a l  

Tab le s  4.8 and 4.9 summarize t h e  economic ground rules used f o r  t h e  

s tudy .  

assumed t o  con t inue  i n t o  t h e  f u t u r e .  The c o s t  of debt and e q u i t y  c a p i t a l  

is based on an assumed 7% i n f l a t i o n  rate over t h e  20-year s tudy  pe r iod .  

The c a p € t a l i z a t i o n s  of APL and Duke as of t h e  end of 198OZ4 are 

The l e v e l i z e d  f i x e d  charge rates used  f o r  t h e  s tudy  r e f l e c t  t h e  t a x  

l a w  changes con ta ined  i n  t h e  Economic Recovery Tax A c t  of 1981 as they  
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Table  4.8. Financia l .  parameters  

APL: Debt r a t i o ,  % 
P r e f e r r e d  e q u i t y ,  % 
Conmon e q u i t y ,  % 

Duke: Debt r a t i o , %  
P r e f e r r e d  e q u i t y ,  % 
Common e q u i t y ,  % 

Debt c o s t ,  % 
P r e f e r r e d  r e t u r n ,  % 
Common rettirn, % 
Federa l  income tax ra te ,  ?: 
S t a t e  income tax rate ,  % 
Prope r ty  tax and in su rance  , 
Tax d e p r e c i a t i o n  metliud 
10% investment  tax c red i t  

51.7 
15.7 
31.6 
49.2 
13-5 
37.3 
10 
10 
15 
4 s  
4 

ACRS 
% 2 . 5  

app ly  t o  new p u b l i c  u t i l i t y  proper ty .  Deprec ia t ion  on ncw assets w a s  

calcul a t e d  us ing  t h e  new acceJ erated c o s t  recovery system (ACRS) .  T h i s  

system replaces the  o l d  asset d e p r e c i a t i o n  range (ADR) g u i d e l i n e s  used 

w i t l i  e i t h e r  s t r a i g h t  l i n e  or  a c c e l e r a t e d  d e p r e c i a t i o n .  

Informat ion  c u r r e n t l y  a v a i l  a b l e  i n d i c a t e s  t h a t  new nuc lea r  u n i t s  

and combustion t u r b i n e s  w i l l  q u a l i f y  as 10-year proper ty  under ACWS, 

w h i l e  new c o a l  u n i t s  rsill be c l a s s i f i e d  as 15-year p rope r ty  u n l e s s  the 

coa l  u n t t  is being used t o  d i s p l a c e  o i l  o r  n a t u r a l  gas i n  which case the  

10-year rates are used. The ques t lon  of whether a new generat lng u n i t  

is d i s p l a c i n g  o f1  or  n a t u r a l  gas, as opposetl t o  s e r v i n g  load growth, i s  

c e r t a i n l y  open t o  i n t e r p r e t a t i  on, arid new g u i d e l i n e s  w i l l  probably de- 

velop.  For t h i s  s tudy ,  i t  was  assumed t h a t  coal. u n i t s  would q u a l i f y  as 

10-year ACRS p rope r ty  i n  APL by v i r t u e  of A P L ' s  s u b s t a n t i a l  e x i s t i n g  d l -  

and gas - f i r ed  c a p a c i t y ,  New coal u n i t s  planned by IPIIPCP w e r e  t r e a t e d  as 

15-year ACRS proper ty .  

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

ACRS method of d e p r e c i a t i o n  must normalize all tax b e n e f i t s .  Conse- 

quenLly , normalized account ing  w a s  used Lhroughout t h i s  s tudy .  



Table 4.9. Level ized  f i x e d  charge rates 
(%//year> 

Arkansas Power and L igh t  Duke Power Company 

Combustion 
Nuclear Coal t u r b i n e s  s u c l e a r  c o a l  t u r b i n e s  

Annual l e v e l  prem.lumaYb 11.34 11.34 12.91 11.92 12.97 13.45 

Prope r ty  t a x  and i n s u r a n c e  2.5 2.5 2.5 2.5 2.5 2.5 

I n t e r i m  replacemente 1.0 1.0 1.0 1.0 1.0 1.0 

B a c k f i t t i n g  ( r e g u l a t o r y )  c o s t C  2.0 1.0 0 2.0 1 .o 0 

Decommissioning s i n k i n g  fund a 0.32 0 0 0.32 0 0 

Level ized  f i x e d  charge rate 17.16 15.54 16.41 17.74 17.47 16.95 

“Book l i f e  of 30 yea r s  f o r  n u c l e a r  and c o a l 3  20 yea r s  f o r  combustion t u r b i n e s .  

Coal - 15 year  proper ty  i n  Duke, 10 year  i n  APL ( n a t u r a l  gas  backout) .  
- Nuclear and combustion t u r b i n e s  10 year  p rope r ty ;  

cLevel ized - payments escalate a t  7%/year .  

dDecoiamissioning c o s t  equal  t o  10% of i n i t i a l  investment  i n  c o n s t a n t  d o l l a r s .  
Actual  d o l l a r  c o s t  i s  76% [(l.07)30 (0.10)] of i n i t i a l  investment  i n  c u r r e n t  d o l l a r s .  
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4 . 3 . 7  -. Planning c r i t e r i a  

The p lanning  c r i t e r i a  that: u t i l i t i e s  use  t o  de te rmine  the t y p e  and 

t i m i n g  of g e n e r a t i n g  u n i t  mdditi.ons has beeyi t he  s u b j e c t  of c o n s i d e r a b l e  

cont roversy .  The problem has h i s to rLca l ly  been one o f  provid ing  adequate  

r e l i a b i l i t y  a% c~‘rxr_ lovest p o s s i b l e  c o s t ,  wEa9eh was synonyiuotis wi th  main- 

t a i n i n g  [:lie lowest  p o s s i b l e  reserve margin. Zlowever, changes i n  t h e  c o s t  

of producing power, most no tab ly  the  tlrcm~ndous i n c r e a s e s  i n  t h e  c o s t  of 

o i l ,  have changed the economics of power systeru rcJ - i . ab i l i ty”  D e t a i l e d  

s t u d i e s  have shorn  tha t  i t a  iaauy p a r t s  of t he  count ry  ~orisiimei- c o s t s  can 

actua1.I.y be lowered by i n c r e a s i n g  the planning  reserve margin t o  accele- 

ra te  t h e  replacement oE economlcal ly  obsolete  generating u n I . t s c s  

p r i n c i p a l  problem w.lCh achieving these economies is t h e  wtral.n t h a t  such 

an  ainbi1:ioiza c o n s t r w t i o n  program placcs on t h e  f i n a n e i a l  r ~ s o u r c e s  of 

The 

t h e  u t i l i t y .  

Rather  than addres s ing  the  i-ssue of what c o n s t i t u t e s  an appropriate  

p lanning  c r f t e c i a ,  where possih1.e the p lann ing  c r i t e r i a  adopted by the 

r e g i o n a l  reI.i.abi3..i.ty corzncils con ta in ing  the case s tudy  u t i l i t i e s  were 

used. The g e n e r a t i o n  c a p a c i t y  p lanning  c r i t e r i o n  of t he  SPP, of which 

APL is a winher ,  s tates t h a t  avaklab1.e r e s e r ~ e s  s h a l l  exceed t h e  pr-e- 

d i c t e d  annual  peak load  o b l i g a t i o n  by a inargln of 15%. A l t e r n a t e l y ,  a 
p r o b a b i l i t y  s tudy  can be rmde CCJ determFne c a p a c i t y  requfrements  such 

‘chat the 1401E does not  exceed 1 d i n  10 y e a r s  provided t h a t  i n  no case 

sha l l  t h e  r e s e r v e  be less than 12% of the peak load o b l i g a t i o n . I 3  

The VACAR subreg ion  of the SERC, o f  which Duke I s  a member, does n o t  

spcc - i . f l oa l ly  s t a t e  what planning c r i t e r i a  are used t u  deterilnlnr? genera- 

t i o n  c a p a c l t y  requi rements .  l4   ow ever, a review o f  a l l  t h e  ee l . i . ab t l i ty  

reg ions  t h a t  do d e s c r i b e  t h e i r  p lanning  c r i te r ia25  shows that the SPP 

c r i t e r i a  are f a i r l y  t y p i c a l  and the same c r l t e r l a  w e r e  app l i ed  t o  Ouke, 
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5.1 Load P r o f i l e s  

F i g u r e s  5.1 and 5.2 show t h e  normalized annual  load p r o f i l e s  f o r  APL 

and Duke, r e s p e c t i v e l y ,  f o r  1980. These load shapes w e r e  used as t h e  

base  cases w i t h  which t h e  va r ious  ACES p e n e t r a t i o n  s c e n a r i o s  were com- 

pared. The f i g u r e s  c l e a r l y  show t h e  reasons  why t h e s e  u t i l i t i e s  might be 

i n t e r e s t e d  i n  load  management, €11 g e n e r a l ,  and ACES, i n  p a r t i c u l a r .  The 

s e v e r e  summer peaking problem of APL is r e a d i l y  appa ren t  i n  Fig. 5.1. 

ORNL-DWG 83-5751 EID 
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Pig. 5.2. Duke base case annual  load p r o f i l e .  

Arkansas Power and Llght's 1980 annual  load f a c t o r  w a s  53.3%, and its 

win te r  peak was only  65% of t h e  4179-PW summer peak. Of  total annual 

energy sale of 19.6 'Iwh, 8.1 Twh were produced du r ing  May through August. 

The  sumer of 1980 w a s  unusual ly  h o t ,  wi th  L i t t l e  Rock expe r l enc ing  2579 

degree-days of coo l ing  compared wi th  an average of 1925 degree-days. 

Duke's 1980 annual  load p r o f i l e  d o ~ s  riot e x h i b i t  the marked summer 

pcalcing of WL. The wlnter peak i s  95% of t h e  1 0 , 3 6 4 - W  s u m e r  peak. 

However, t he  1980 system annual  load f a c t o r  was s t i l l  only  61.5%. The 

winter d a i l y  load p r o f i l e  shows t h e  c h a r a c t e r i s t i c  early morning peak and 

midday v a l l e y  common t o  many u t i l i t i e s '  w d r i t e s  load proft1.e. Annual en- 

ergy product ion  w a s  56.0 'MI. 
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A s  d i scussed  i n  Sect. 4 . 3 ,  one load growth s c e n a r i o  w a s  i n v e s t i g a t e d  

f o r  APL and two load growth s c e n a r i o s  f o r  Duke. 

n a r i o s  were combined wi th  t h r e e  ACES p e n e t r a t i o n  s c e n a r i o s ,  0, 50, and 

100% ACES i n  new s i n g l e  f ami ly  r e s i d e n c e s ,  t o  y i e l d  a t o t a l  of n ine  load 

p r o f i l e  s c e n a r i o s .  

These load  growth sce- 

F igure  5 . 3  shows AJ?L's yea r  2000 annual  load p r o f l l e  €or t h e  100% 

ACES p e n e t r a t i o n ,  moderate load  growth case .  

i s  s u b s t a n t i a l l y  similar t o  t h e  base case  load p r o f i l e  shown i n  Fig. 5.1, 
t h e r e  are some d i s c e r n i b l e  d i f f e r e n c e s ,  Comparing Figs .  5.1 and 5.3, t h e  

summer peaking season  in Fig. 5.3 i s  less a c c e n t u a t e d ,  as i s  t h e  e a r l y  

While this annual  p r o f i l e  

Fig. 5.3. APL 100% ACES s a t u r a t i o n  y e a r  2000 annual  load p r o f i l e .  



evening peak dur ing  win te r  days.  

c h a r a c t e r i s t j c  of an ACES house compared rJith a conventional house would 

be to  improve the system an~zual load f a c t o r  f r o r  53.3 t o  56.3%. The an- 

nua l  peak would be reduced from 6270 t o  5726 MW, and t o t a l  annual  energy 

p roduc t ion  would be 28,5 Tbb j n s t ead  of 29.3 TVh. 

The n e t  resu l t  of the d i f f e r i n g  load  

The load shape cl-nan8:c.s due t o  ACES are more pronounced f o r  Thke. 

F igure  5.4 shows the year  2000 annual  load p r o f l l c  For Duke f o r  the mod- 

e ra te  load growth, Comparing Figs .  5.2 
and 5.4,  the s u m m e r  peak has been reduced almost t o  the w f n t e r  peak and 

100% ACES penetrati  c)n s cena r io .  

ORNL-DWG 83-5751 ETU 

Pig. 5.4*  Duke 100% ACES saturation year 2000 annual- load p r o f i l e .  
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bo th  t h e  summer d a i l y  and w i n t e r  d a i l y  load p r o f i l e s  have been suhs tan-  

t i a l l y  f l a t t e n e d .  

duced. The load  prof- l le  f o r  t h i s  s c e n a r i o  s h o w s  t h a t  t h e  annual. load 

f a c t o r  improved from 61.5 t o  66.4%, t h e  annual peak has  been reduced by 

2286 MW, and t o t a l  energy consumption has  been reduced from 115.9 t o  

111.7 TWh. The load  s ta t is t ics  €or  t h e  year 2000 f o r  a l l  nine. cases are 

summarized i n  Table  5.1. 

A l s o ,  t h e  e a r l y  morning d a i l y  w i n t e r  peak has  been re- 

Table  5.1. Year 2000 annua l  load s ta t is t ics  
f o r  s tudy  s c e n a r i o s  

S c e n a r i o  load ACES Peak Energy Load f a c t o r  
(m) ('IWh) ( % I  U t i l i t y  pene t r a  t i o n  

(%> growth 

APL 

APL 

APL 

Duke 

Duke 

Duke 

Duke 

Duke 

Duke 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Low 

Low 

Low 

0 

50 

100 

0 

50 

100 

0 

5 0 

100 

6,270 

5,998 

5,726 

21,434 

20,143 

19,148 

17,657 

16,758 

16,103 

29.3 

28.9 

28.5 

115.9 

113.8 

111.7 

95.5 

94.1 

92.7 

53.3 

54.8 

56.3 

61.5 

64.3 

66.4 

til, 5 

63.9 

65.5 

These load  shape changes are t h e  cu lmina t ion  of g r a d u a l  changes over  

t h e  20-year p lanning  hor izon .  F igu res  5. F-5.7 summarize t h e  annual  peak 

l oads  f o r  t h e  v a r i o u s  ACES p e n e t r a t i o n s  f o r  t h e  APL moderate load growth, 

Duke moderate load  growth, and Duke low load  growth cases, r e s p e c t i v e l y .  

Note t h a t  Fig.  5.5 does not c o n t a i n  t h e  curve €o r  t h e  100% ACES case f o r  

AF'L. This  case  w a s  not f u l l y  ana lyzed  because i t  w a s  f e l t  a t  t h e  end of 

t h e  APL 50% ACES s a t u r a t i o n  case t h a t  no a d d i t i o n a l  i n fo rma t ion  would be 

ga ined  by complet ing t h i s  case .  

F i g u r e  5.5 c l e a r l y  s h o w s  t h e  lower r a t e  of load growth t h a t  is cur- 

r e n t l y  f o r e c a s t  f o r  APL i n  t h e  1991-2000 t i m e  frame. The f o r e c a s t  used 
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' I SOLID - BASE CASE 

Fig. 5.5. APL moderate load  growth cases annua l  peak loads. 

ORNL-DWG 83-5756 ETD 
ll__l 

F i g .  5.6. Duke moderate load growth cases annual peak loads. 
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Duke low load growth cases annual  peak l o a d s .  

for t h i s  s tudy  p r e d i c t s  2.5% average  annual  load growth f o r  t h e  1 9 8 1 4 0  

rime frame dropping t o  1.6% pe r  year  du r ing  the 1991-2000 per iod .  This  

growth rate change shows up as a s h a r p  break i n  t h e  s l o p e  of t h e  load  

growth curve.  

The f i g u r e  a l s o  shows t h e  annual  peak load  r e d u c t i o n s  a t t r i b u t a b l e  

t o  ACES, which grow to a peak r e d u c t i o n  of 272 MW by t h e  yea r  2000. The 

cor responding  number of ACES i n s t a l l a t i o n s  in t h i s  ease would be 78,755 

f o r  t h a t  year  o r  a peak load r e d u c t i o n  per ACES i n s t a l l a t i o n  of about 

3.45  kW. 

S i m i l a r  resu l t s  for Duke a r e  e v i d e n t  i n  F igs .  5.6 and 5.7. The load 

f o r e c a s t  used for t h e  moderate load growth cases  p r e d i c t s  average  load  

growth of 3.8% p e r  year  from 1981-90 and 3.6% for 1991-2000. The low 

load growth case assumes 2.8% growth p e r  yea r  for 1981-90 and 2.6% f o r  

1991-2000. It is i n t e r e s t i n g  t o  no te  t h a t  t h e  peak load  r e d u c t i o n  from 

t h e  moderate load  growth base case a t t r i b u t a b l e  t o  a 50% s a t u r a t i o n  of 

ACES is 1293 MW, whi le  t h e  next  50% removes only 995 MW more. This i s  

because between t h e s e  t w o  s a t u r a t i o n  l e v e l s ,  t h e  t i m e  of t h e  annual peak 
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changes due t o  t h e  l.oad p r o f i l e  changes. These peak r e d u c t i o n s  cor re-  

spond t o  2.97 kW/-f.nstallation f o r  a 50% saturation and 2.63 kW/ins ta l la -  

t i o n  f o r  a 100% sa tura t ion .  T h i s  i s  a clear example of d iminish ing  re- 

tu rns .  

F igures  5.8-5.10 show t h e  annual  load factors f o r  t h e  e i g h t  cases. 

As i n  t h e  case of peak l o a d s ,  t h e  first 50% of ACES houses produces a 

g r e a t e r  improvement i n  a n n u a l  load f a c t o r  than t h e  next  50%, 

F i n a l l y ,  F igs .  5.11-5.13 show t h e  energy under t h e  annual  load  

curves for  t h e  v a r i o u s  cases .  Because ACES 1s more e f f i c i e n t  than t h e  

convent iona l  a i r - t o - a i r  h e a t  pump and e lec t r ic  water h e a t e r  i t  is  assumed 

t o  r e p l a c e ,  t h e  u t i l i t y  is requi.red t o  produce less energy. However, a 

cornpartson of F l g s .  5.F-5.7 d . t h  Figs.  5.11--5.13 shows t h a t  the impacts 

on load  shape are rnueh more dramat ic  than those  on t o t a l  energy produc- 

t i o n .  FOP example, a 100% ACES s a t u r a t i o n  i n  the bike motlesate load 

growth case reduces system peak Toad by 10.67Z, while  reducing t o t a l  an- 

n u a l  Energy by only 3.62%. 

ORNL-DWG 83 - 5758 ETD 

Fig.  5.8. APT, moderate load growth cases annual  

M 

load fac tors .  
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Fig. 5 . 9 .  Duke moderate load growth cases annual load factors.  
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Pig. 5 .10 .  Duke low load growth cases annual load factors. 
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Fig .  5.11. APL moderate load growth cases annual. mergy p roduc t ion .  

ORNL-DWG 83-5763 ETD 
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F ig .  5.12. Duke moderate load  growth cases annual  energy product ion.  
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Fig. 5.13 .  Duke low load  growth cases annual  energy product ion .  

5.2 Revenue Requirements 

Two of t h e  most f r e q u e n t l y  c i t e d  o b j e c t i v e s  of load  management are 

t o  i n c r e a s e  t h e  u t i l i z a t i o n  of e x i s t i n g  equipment and t o  reduce the  need 

f o r  new c a p i t a l  expend i tu re s .  The next s t e p  i n  t h i s  s tudy  w a s  t o  d e t e r -  

mine t h e  e f f e c t s  of t h e  load  shape changes a t t r i b u t a b l e  t o  ACES on t h e  

u t i l i z a t i o n  of e x i s t i n g  g e n e r a t i n g  u n i t s  and t h e  need f o r  new u n i t s .  A s  

d i scussed  i n  Sec t .  4.1, t h i s  w a s  done us ing  a dynamic programming genera-  

t i o n  expansion p lanning  package (WASP), which i n c l u d e s  p r o b a b i l i s t i c  s i m -  

u l a t i o n  of p roduc t ion  c o s t s ,  r e l i a b i l i t y  e v a l u a t i o n ,  and t r a d i t i o n a l  en- 

g i n e e r i n g  economic t r e a t m e n t  of a l l  c a p i t a l  and o p e r a t i n g  expend i tu re s .  

The p r i n c i p a l  o u t p u t s  of t he  WASP code are t h e  l e a s t - c o s t  expans ion  

p l a n  over  t h e  p lanning  ho r i zon  €or  the g iven  c o n d i t i o n s ,  the expected an- 

nua l  product ion  c o s t s  f o r  each g e n e r a t i n g  u n i t  (which can be aggrega ted  

by f u e l  t y p e ) ,  t h e  r e l € a b i l i t y  (measured by LOLP) of each generat-tng u n i t  

c o n f i g u r a t i o n ,  and t h e  c a p i t a l  expend i tu re s  a s s o c i a t e d  wi th  t h e  plan.  A 

u s e f u l  f e a t u r e  of dynamic programming f o r  s o l v i n g  the  g e n e r a t i o n  expan- 

s i o n  p lanning  problem is t h a t ,  i n  f i n d i n g  t h e  l e a s t - c o s t  p l a n ,  t h e  c o s t s  
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of all suboptimal p lans  are a l s o  c a l c u l a t e d .  Thus, i n  a d d i t f o n  t o  t h e  

best p l a n ,  t h e  second b e s t ,  t h i r d  bes t ,  etc., plan  can a l s o  be examined. 

Thfs  i s  a u s e f u l  f ea tu re  t h a t  can be used  t o  judge cihe s e n s i t i v i t y  o€ the 

s o l u t i o n  t o  key s t u d y  assumptions.  

The WASP package c o n s i d e r s  the e x l s t i n g  g e n e r a t i n g  system, f i r m  ad- 

d i t i o n s  t o  and r e t i r e m e n t s  from t h e  exfsting system, and up t o  20 d i f f e r -  

e n t  types of new g e n e r a t l n g  u n i t s  as expansion c a n d i d a t e s ,  I n  t h i s  

s t u d y ,  t h e  e x i s t i n g  system and a l l  f i r m  addip ions  t o  and r e t i r e m e n t s  from 

t h e  system were cons tdered  t o  be f i x e d  and are cornon t o  a l l  s c e n a r i o s .  

A g e n e r a t i n g  u n i t  a d d i t i o n  w a s  eons idered  t u  be f ixed  only i f  it was al- 

ready under c o n s t r u c t i o n  as of t h e  beginning of 1981. A l l  u n i t  a d d i t i o n s  

are assumed t o  occur  a t  t h e  beginning of t h e  year. 

111 t h e  case o f  APL, t h e  f i x e d  u n i t  adnitions inc luded  APL's share of 

t h e  c o a l - f i r e d  White Bluff Unit 2 (57% or  465 MW), assuiiird t o  come on- 

l i n e  i n  1982, and i t s  s h a r e  of t h e  c o a l - f i r e d  Independence U n i t s  1 and 2 

(56.5% or 461 each)  assumed t o  come on-l ine i n  1983 and 1985, respec-  

t i v e l y .  APL is  a l s o  p lanning  t o  rettre t e n  o l d e r  g e n e r a t i n g  u n i t s  dur lng  

the 1981-90 per iod.13 

The f i r m  a d d i t i o n s  cons idered  f o r  Duke Power Company i n c l u d e  t h e  

Maguire n u c l e a r  u n i t s  coming on-l ine i n  1982 and 1983 and Duke's s h a r e  of 

n u c l e a r  u n i t s  Catawba 1 and 2 jn 1984 and 1986. Cherokee Unlt 1 (nu- 

c l e a r )  w a s  no t  cons idered  t o  be a f i r m  a d d l t i o n  even though P t  i s  18% 

complete,  because c o n s t r u c t i o n  on the  u n i t  was stopped on September 30, 

1981.18 Although the u n i t  was not cons idered  t o  be a f i r m  a d d i t i o n ,  i t  

was assumed t h a t  i f  a d e c i s i o n  were made i n  1981, t h e  unHt could be com- 

p l e t e d  by 1990 instead of t h e  12-year lead t i m e  assumed f o r  o t h e r  n u c l e a r  

u n i t s .  Also,  t h e  c a p i t a l  c o s t  e s t d m a t e  f o r  Cherokee Unit  1 was c r e d i t e d  

f o r  t h e  e x p e n d i t u r e s  made t o  dare- 

Before t h e  expansion p lans  f o r  each s c e n a r i o  are d i s c u s s e d ,  some 

words or c a u t i o n  are i n  order .  F i r s t ; ,  t h e  l e a s t - c o s t  g e n e r a t i o n  expan- 

s i o n  p lan  €or  a u t i l i t y  I s  s e n s i t i v e  t o  load shape,  load growth, c a p i t a l  

c o s t  c s  r imates, o p e r a t i o n  and maintenance expense estimates, fuel c o s t  

assumptions,  assumrd u n i t  performance c h a r a c t e r i s t i c s  ( f u r c e d  outage 

rates, maintenance requi rements ,  heat rates,  mlnimim and maximurn opet-nt- 

i n g  l e v e l s ,  ramp rates,  minimum u p  and down t i m e s ,  s p l n n i n g  reserve  



r equ i r emen t s ) ,  and f i n a n c i a l  assumptions.  The o b j e c t i v e  of t h i s  s tudy  is  

t o  ana lyze  t h e  changes i n  p l a n s  due t o  load  shape and load  growth changes 

t h a t  mtght occur  i f  ACES were i n s t a l l e d  ho ld ing  a l l  o t h e r  parameters  con- 

s t a n t .  Every e f f o r t  ha5 been made t o  make r easonab le ,  i n t e r n a l l y  cons i s -  

t e n t  assumptions throughout  t h i s  s tudy ;  however, a d i f f e r e n t  set  of as- 

sumptions would produce d i f f e r e n t  r e s u l t s .  However, i t  is t h e  d i f f e r e n c e  

between two p lans  t h a t  is of i n t e r e s t  i n  t h i s  s tudy .  Assumptions t h a t  

c o n s i s t e n t l y  change t h e  magnitude of a r e s u l t  t end  t o  have a lesser i m -  

p a c t  on the d i f f e r e n c e  between two r e s u l t s .  

A second word of c a u t i o n  has  t o  do wi th  t h e  con t inu ing  c o a l  vs nu- 

clear con t rove r sy .  Both u t i l i t i e s  i n  t h i s  s tudy  have both  c o a l  and nu- 

clear u n i t s  i n  t h e i r  c u r r e n t  systems and con t inue  t o  be good c a n d i d a t e s  

f o r  a mix of new base load  u n i t s .  The c a p i t a l  c o s t  estimates used i n  

t h i s  s tudy  a s s u m  post-Three M i l e  I s l a n d  des ign  m o d i f i c a t i o n s  f o r  n u c l e a r  

u n i t s  and new source  performance s t a n d a r d s  f o r  p o l l u t i o n  c o n t r o l s  f o r  

c o a l  u n i t s .  These assumpt ions ,  t o g e t h e r  w i th  c u r r e n t  f u e l  c o s t  esti- 

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

two base load  o p t i o n s .  There are a number of c i rcumstances  unique t o  
each u t i l i t y  ( such  as t h e  m u l t i p l e  n u c l e a r  u n i t s  planned a t  Cherokee and 

t h e  proposed Bad Creek pumped s t o r a g e  p l a n t  in t h e  case of Duke o r  t h e  

planned Arkansas L i g n i t e  Energy Center  f o r  APL), whtch might :;hl.Et t h e  

advantage  one way o r  t h e  o t h e r .  A s  f a r  as t h i s  s tudy  is  concerned,  

e i t h e r  o p t i o n  could  be read  as "base load  p l a n t "  w i th  l i t t l e  l o s s  of pre- 

cis ion .  

Table  5.2 summarizes t h e  l e a s t - c o s t  expansion p l ans  f o r  t h e  two APL 

s c e n a r i o s .  The base case p l a n  cal ls  f o r  APT, t o  add two j o i n t l y  owned 

c o a l - f i r e d  u n i t s  i n  1989, one n u c l e a r  u n i t  i n  1993, and a t h i r d  coal-  

f i r e d  u n i t  i n  1999. (Note t h a t  t h e s e  are i n  a d d i t i o n  t o  White Bluff  2 

and Independence 1 and 2 and c o n s t d e r i n g  t e n  u n i t  r e t i r e m e n t s . )  The sec- 

ond b e s t  p l an  f o r  t h i s  s c e n a r i o  c a l l e d  f o r  two c o a l  u n i t s  i n  1989, a nu- 
clear u n i t  i n  1993, and a second n u c l e a r  u n i t  i n  t h e  y e a r  2000 a t  an in- 

crease i n  t o t a l  revenue requi rements  of 0.0525%. 

The t o t a l  system p roduc t ion  c o s t s  f o r  t h e  two p lans  by f u e l  type  are 

summarized i n  F igs .  5.14 and 5.15. A s  shown i n  t h e  two f i g u r e s ,  t h e  
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Table 5,2. APL moderate load growth opt imal  
g e n e r a t i o n  expansion p i a n s  

Year of commercial- 
Expansion o p e r a t  i o n  
c a n d i d a t e  

50% ACES Base c a s e  

Nuclear  (600 MW)" 1993 

Coal (480 tmla 1989-2, 1999 1989-2, 1994, 1999 

Combust i o n  
t u r b i n e  (150 M W >  

a 
Unit  s i z i n g  assumes j o i n t  ownership wi th  other  

u t i l i t i e s  of a 1200-Mcd n u c l e a r  u n i t  or an  800-MbJ 
c o a l - f i r e d  u n i t .  Capaci ty  r e p r e s e n t s  APJ.,'s s h a r e -  

ORNL -DWG 83 -5765 ETD 

COAL 

_ _ - -  
NUCLEAR 

1985 1990 1995 2 

YEAR 
ffl 

Pig. 5.14. L4PL annual  product ion  cost  components: Moderate load 
growth/05: ACES. 
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Fig .  5.15. APL annual  p roduc t ion  c o s t  components: Moderate load  
growth/50X ACES. 

r e l a t i v e l y  l a r g e  c o n t r i b u t i o n  t o  c u r r e n t  product ion  costs of APL’s gas- 

and o i l - f i r e d  u n i t s  w i l l  be s h r i n k i n g  as new base load  g e n e r a t i n g  u n i t s  

come on-line. The two sets of curves  are i d e n t i c a l  u n t i l  1993, when a 

nuc lea r  u n i t  would be scheduled f o r  o p e r a t i o n  i n  t h e  base case .  The d i p s  

i n  t h e  t o t a l  p roduc t ion  c o s t  curve as new, more c o s t - e f f i c i e n t  g e n e r a t o r s  

come on-l ine is clear ly  d i s c e r n a b l e .  By t h e  year  2000, t h e  two curves  

are a g a i n  v i r t u a l l y  i d e n t i c a l .  

However, t h e  50% ACES case has r e s u l t e d  i n  a 120-MW dec rease  i n  new 

c a p a c i t y  and a 1-year d e f e r r a l  of t he  need f o r  new c a p a c i t y .  Table  5 . 3  

summarizes the  l e v e l i z e d  revenue requi rements  fo r  t h e  two cases i n  1981 

d o l l a r s .  As shown i n  t h e  t a b l e ,  t h e  50% ACES s c e n a r i o  r e s u l t s  i n  a 

s l i g h t  i n c r e a s e  i n  p roduc t ion  c o s t s  due t o  t h e  dec rease  i n  new base load 

capac i ty .  However, t h e  c a p i t a l  c o s t  s a v i n g s  more than  compensate for  t h e  

p roduc t ion  c o s t  i n c r e a s e  r e s u l t i n g  i n  a n e t  s av ings  of 0.707 mills/kWh, 

or $892 per ACES i n s t a l l a t i o n  l e v e l i z e d  over t h e  20-year p lanning  h o r i -  

zon. Note t h a t  t h i s  $892 system sav ings  per ACES i n s t a l l a t i o n  i s  i n  ad- 

d i t i o n  t o  t h e  s a v i n g s  t h a t  acc rue  t o  i n d i v i d u a l  homeowners due t o  t h e  
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h ighe r  e f f i c i e n c y  of t h e i r  space c o n d i t i o n i n g  and water h e a t i n g  sys tem.  

While the  c o s t  sav ings  pe r  ki lowatt-hour  or  pe r  ACES i n s t a l l a t i o n  may 

sound i n s i g n i f i c a n t ,  i t  is impor tan t  t o  bear i n  mind t h a t  t h e  t o t a l  d i f -  

f e r e n c e  i n  revenue requi rements  between the  two cases is $212.8 m i l l f o n  

i n  1981 d o l l a r s .  

Table  5.4 summarizes t h e  expansion p lans  f o r  t h e  s i x  Duke sce- 

n a r i o s .  The base case f o r  the  moderate load growth s c e n a r i o s  r e s u l t e d  i n  

a l e a s t - c o s t  p l an  t h a t  cal ls  f o r  Cherokee Unit 1 t o  be completed by 1990; 

c o a l  u n i t s  i n  1991, 1993, and 1994; a second nuclear  u n i t  i n  1995; and 

fou r  more c o a l  u n i t s  i n  1997, 1998, 1999, and 2000. For comparison, t h e  

second b e s t  p lan  c a l l e d  f o r  a t h i r d  nuc lea r  u n i t  t o  be s u b s t i t u t e d  f o r  

t h e  c o a l  u n i t  i n  t h e  year  2000 a t  a c o s t  premium of 0.226% over the  best 

plan.  

The two ACES s c e n a r i o s  r e s u l t  i n  changes both i n  t iming  and r'ne 

t o t a l  number of g e n e r a t i n g  u n i t s  b u i l t  dur ing  the  p lanning  hor izon .  In 

t h e  50% ACES s c e n a r i o ,  Cherokee Unit  1 would be d e f e r r e d  one year t o  

1991, two nuc lea r  u n i t s  would be b u i l t  i n  1993 and 1997, and four  coa l  

u n i t s  i n  1995, 1996, 1999, and 2000. The 100% ACES case  r e s u l t e d  i n  a 

l e a s t - c o s t  p l a n t  whereby Cherokee Unit 1 would come on-l ine i n  1992, a 

second nuc lea r  u n i t  i n  1997, and coa l  u n i t s  i n  1994, 1996, 1999, and 

2000. 

The t h r e e  low load growth s c e n a r i o s  f o r  Duke show a similar p a t t e r n  

t o  the  moderate load growth s c e n a r i o s .  A higher  p e n e t r a t i o n  of ACES de- 

l a y s  the  p r e f e r r e d  d a t e  f o r  Cherokee Unit l t o  1996 and r e s u l t s  i n  one or 
two fewer coa l  u n i t s  i n  t h e  50% or  lOOX ACES cases, r e s p e c t i v e l y .  Tn ad- 

d i t i o n ,  t h e  combustion t u r b i n e  p l a n t ,  which w a s  economic i n  t h e  base 

case, would not be b u i l t .  

Duke, whose p r imary  energy sources  are a l r e a d y  c o a l  and nuc lear  

power, does not e x h i b i t  t h e  same product ion  c o s t  behav€or as APL. For 

APL's e x i s t i n g  g e n e r a t i o n  mix, t h e  ACES case l e d  to higher  product ion  

c o s t s  in later yea r s  due t o  the  d e f e r r a l  and reduced c o n s t r u c t i o n  of new 

base-load capac i ty .  F igu res  5.16 and 5.17 show t o t a l  annual  product ion  

c o s t s  f o r  the s i x  Duke s c e n a r i o s .  I n  the  moderate load growth cases, t h e  

50% ACES p e n e t r a t i o n  r e s u l t s  i n  t h e  lowest annual  product ion  c o s t s  start- 

ing  i n  1993, wi th  t h e  100% ACES case s l i g h t l y  h igher  and the  base case 
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SOLID - BASE CASE 
DOT - 50% ACES 
DASH - 100% ACES // 

/ / _  '?' r 

(. c 
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/ 
o& 1980 1985 1990 199J 

YEAR 
o$ 1980 1985 1990 199J 

YEAR 
K) 

F i g .  5 .16.  Duke moderate load growth cases annual p r o d u c t i o n  costs. 

ORNL-DWG 83-5768 ETD 

SOLID - BASE CASE 
DOT -- 509.ACES 
DASH - 100% ACES 

D 
, 

lseJ 19ElO leeS a 
YEAR 

a 

F i g .  5 . 1 7 .  Duke low load growth cases annual p r o d u c t i o n  costs. 
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p l a n  t h e  most expensive.  Yor t h e  low load g r o w t h  s c e n a r i o s ,  the 100% 

ACES case r e s u l t s  i n  the  lowest annual  product ion  c o s t  s t a r t i n g  i n  1995, 

wi th  t h e  50% ACES case s l i g h t l y  h igher  and the base case s l i g h t l y  h igher  

s t i l l .  On a c o s t  per ki lowatt-hour  b a s i s ,  the six s c e n a r t o s  r e s u l t  i n  

s imi la r  o p e r a t i n g  cos ts ,  and t h e  main e f f e c t  shown i n  Figs.  5.16 and  5.17 

is  the  d i f f e r e n c e  i n  t o t a l  energy genera ted .  

The breakdown i n  product ion  costs by f u e l  type f o r  two of t h e  cxses 

is shown i n  Figs. 5.18 and 5.19. Comparing the t w o  f i g u r e s ,  t h e  s l t g h t  

d i f f e r e n c e s  i n  g e n e r a t i n g  u n i t  t iming are a p p a r e n t ,  but t h e r e  are no s i g -  

n i f i c a n t  changes i n  t h e  mix of fuels. The 100% ACES case does r e s u l t  i n  

a h igher  f r a c t i o n  of the load  being s u p p l i e d  by o t h e r  than c o a l  or  nu- 

clear power i n  la ter  years  (mainly d i s t i l l a t e  and purchased power) ,  due 

t o  f e w e r  new g e n e r a t i n g  u n i t s  being b u i l t .  However, t h e  decrease  i n  

t o t a l  energy more than o f f s e t s  t h e  i n c r e a s e  i n  pe r  unit: c o s t  i n  these 

l a t e r  years. 

Table 5.5 summarizes t h e  revenue requirements  f o r  t h e  s i x  Duke cases 
s t u d i e d .  The ne t  r e s u l t  of a 100% s a t u r a t i o n  of ACES i n  new s i n g l e  

ORNL-DWG 83-5769 ETD 

F i g .  5.18. Duke annual product ion  cost: components: Moderate load 
grswth/OW ACES. 



Table 5.5. Levelized revenue requirements for Duke scenarios' 

Total revenue 
r eq ui r erne n t s 
(mi 1 Is /kWh ) 

Cost savings Cost savings 
(mills/kWh) ($/ACES house) 

Operating costs Capital costsb ACES 

(mills/kWh) (mi 11 s /kWh ) 
penetration Load growth 

(%> 

0 Moderate 30.456 7. SO9 37.965 
Q\ 50 Mod e rat e 29.781 6.450 36.231 1.734 1161 U 

100 Moderate 30.104 4.612 34.716 3.249 1099 

0 Low 29.021 3.015 32.036 

50 Low 28.922 1.995 30.917 1.119 996 

100 LOW 28.801 1.397 30.198 1,838 84 2 

a1981 dollars. 

bIncrernental above fixed unit additions and existing system. 
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F i g .  5.19. Duke annual p roduc t ion  c o s t  compoce-nts: Nodcrate load 
gK'@a-7th/ I O O X  ACXS. 

f a a i l y  housrr, with ns,?erate load growth over Lhe next 20 ycaLs would be 

t o  decrease  the  l e v e l i z e t l  c o s t  of e l e c t r i c i t y  over ihat p e r i o d  by 8.6%. 

This savings  nmciints t o  $1099 pez AChS i n s t a l l a t i o n .  T ~ P  50% A W S  rase 

r e s u l t s  i n  lower t o t a l  sav ings  cf 4.5% buz h igher  sav ings  per AGES in--  

s t a l l s t i o n  of $1161 hacause h a l f  t h e  nudwr  o f  i n s t a l l a t i o n s  produce 

g r e a t e r  thai., ha l f  the  sav ings .  

The low load growth cases e x h i b i t  similar rasults.  The 5OX &:bS 

s:ccnario r e s u l t s  i n  a cost  sav ings  of $996 p ~ r '  i n s t a l l a t i o n  while t h e  

100% ACES s c e n a r i o  results iii cos t  savtngs of $842 per i n s t a l l a t i o n .  
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6. CONCLUSIONS 

The energy s a v i n g s  and load p r o f i l e  f o r  an ACES i n s t a l l a t i o n  l o c a t e d  

i n  t h e  s e r v i c e  t e r r i t o r i e s  of APL and Duke were c a l c u l a t e d  us ing  t h e  ac- 

t u a l  performance of t h e  exper imenta l  test house l o c a t e d  i n  Knoxvi l le ,  

c o r r e l a t e d  t o  l o c a l  weather c o n d i t i o n s .  The r e s u l t s  of t h i s  a n a l y s i s  

show t h a t  an  ACES i n s t a l l a t i o n  i n  L i t t l e  Rock, Arkansas, would use 4226 

kWh (48%)  less a n n u a l l y  t o  supply space c o n d i t i o n i n g  and water h e a t i n g  

t h a n  an i d e n t i c a l  house equipped with a high e f f i c i e n c y  a i r - t o - a i r  h e a t  

pump and r e s f s t a n c e  water h e a t e r .  An ACES house l o c a t e d  l n  C h a r l o t t e ,  

North Caro l ina ,  would use 4803 (41%) less energy tkan a ~ o n ~ e ~ t i o n -  

a l l y  equipped house. 

The annual  load  p r o f i l e  of t h e  ACES would have a p o s i t i v e  e f f e c t  c m  

u t i l i t y  system loads  reducing  annual  peak load growth ,and improving 

dally, s e a s o n a l ,  and annual  load f a c t o r s ,  A 180% s a t u r a t i o n  o f  ACES i n  

new s i n g l e  famlhy dwellings s t a r t i n g  i n  1981 i n  APL would reduce the s y s -  

t e m  peak i n  t h e  year 2000 from 6270 t o  5726 WJ and improve system load  

f a c t o r  from 53.3 t o  56.3% for  moderate load grosath s c e n a r i o s ,  The same 

s c e n a r i o s  in Duke’s s e r v i c e  t e r r i t o r y  r e s u l t e d  i n  t h e  annual. peak load 

being reduced by 2,286 MW from 21,434 t o  19,148 MW, and an annual  load 

f a c t o r  improvement from 61.5 t o  66.4%- 

The load  shape changes a t t r i b u t a b l e  t o  ACES r e s u l t e d  iri changes i n  

t h e  l e a s t - c o s t  expansion p lans  f o r  t h e  t w o  u t i l i t i e s .  The changes i n -  

c luded d e f e r r a l  of u n l t s  and changes i n  t h e  t o t a l  number of new u n i t s  

b u i l t .  These modified expansion p lans  a l s o  changed t h e  annual  product ton  

c o s t s  and mix of Puel usage for  t h e  various S C W X ~ ~ ~ Q S ,  

The revenue requirement  sav ings  f o r  t h e  two u t i l i t i e s  ranged from 

$842 t o  $1161 per ACES i n s t a l l a t i o n  l e v e l i z e d  over the 20-year planning 

hor izon  f o r  t h e  v a r i o u s  cases s t u d i e d .  These sav ings  are t h e  u t i l i t y  

system s a v i n g s  and would be i n  a d d i t i o n  t o  t h e  sav ings  t h a t  accrue t o  in -  

d i v i d u a l  homeowners due t o  the  h igher  e f f i c i e n c y  of t h e i r  space condi- 

t i o n i n g  and water h e a t i n g  system. 

While t h e  f a v o r a b l e  load  management c h a r a c t e r i s t i c s  of t h e  AGES 

would improve t h e  compet i t iveness  of t h e  system, the magnitude of t h e  

u t i l i t y  c o s t  sav ings  are such t h a t  they are u n l i k e l y  t o  o f f s e t  t h e  h igher  



l i f e - c y c l e  c o s t s  c u r r e n t l y  estimated €ST the ACES system, even i f  t he  

u t i l i t y  were t o  flow through the  f u l l  c o s t  savings. Consequently-, un less  

the first cost  of t he  ACES can be significantly redtaced, i t s  prospects 

f o r  w i d e s p r e a d  commercial3 za t ion  appear l i m i t e d .  
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