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FOREWORD 

The Energy and Environment a1 Sys tems Div i s ion  a t  Argonne Nat ional  

Laboratory i s  i n v e s t i g a t i n g  t h e  a spec t s  of e l e c t r i c  u t i l i t y  system r e l i a b i l i t y  

t h a t  could be a f f e c t e d  by f u t u r e  energy p o l i c i e s  o r  t echnologies .  The work i s  

being performed f o r  t h e  Of f i ce  of Technical  Programs Evalua t ion ,  Ass i s t an t  

S e c r e t a r y  f o r  Po l i cy  and Evalua t ion ,  U .S. ~ e ~ a r t m e n t  of Energy. The i n v e s t i -  

g a t i o n  i s  being made from two pe r spec t ives  -- t h e  customer 's  and t h e  u t i l i -  

t y ' s .  This  r e p o r t  is concerned wi th  t he  customer pe r spec t ive  of r e l i a b i l i t y  

and d e s c r i b e s  A r g o n n e ' s  e f f o r t s  t o  d a t e  on t h a t  s u b j e c t .  A s  t h e  r e p o r t  

i n d i c a t e s ,  a d d i t i o n a l  a c t i v i t i e s  r e l a t e d  t o  t he  ,customer view of e l e c t r i c  

u t i l i t y  r , e l i a b i l i t y  i s  cont inu ing  a t  Argonne. Add i t i ona l ly ,  s tudy  r e l a t e d  t o  

t h e  u t i l i t y  pe r spec t ive  of r e l i a b i l i t y  i s  progress ing  concurrently: 
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ELECTRICAL SERVICE RELIABILITY: 
THE CUSTOMER P E R S P E C T I V E '  

, by 

M..E. Samsa, K. A. Hub, and G. C .  Krohm 

ABSTRACT 

Electr ic  u t i l i t y  system r e l i a b i l i t y  c r i t e r i a  have 
t r a d i t i o n a l l y  been e s t a b l i s h e d  as a matt.er o f  
u t i l i t y  pol i c y  or through long-term engineering 
practice,  generally with no supportive customer 
c o s t - b e r i e f i t  a n a l y s i s  as j u s t i f i c a t i o n .  This  
r e p o r t  presen ts  t h e  r e s u l t s  o f  i n i t i a l  s tudy  
o f  t h e  customer pe r spec t i ve  toward e l e c t r i c  
u t i l i t y  sys tem r e l i a b i l i t y ,  based on c r i t i c a l  
review o f  over 20 previous and ongoing e f f o r t s  t o  
quant i fy  the  customer ' s  value o f  r e l i ab l e  e l e c t r i c  
service .  A possible structure o f  customer c la s s i -  
f i ca t ions  i s  suggested as a reasonable level  o f  
d i saggregat ion  for f u r the r  i n v e s t i y a t i o n  o f  
customer value, and these groups are characterized 
i n  terms o f  t h e i r  e l e c t r i c i t y  use  p a t t e r n s .  
The values that  customers assign t o  r e l i a b i l i t y  
are discussed in  terms o f  internal and external 
cost  components. A l i s t  o f  options for e f f e c t i n g  
changes in customer service r e l i a b i l i t y  i s  s e t  
f o r t h  and some , o f  t h e  many pol i c y  i s s u e s  t h a t  
cou ld  a l t e r  customer s e r v i c e  re1  i a b i l  i t y  are  
i d e n t i f i e d .  

1 SUMMARY AND CONCLUSIONS 

Tradi t ional ly ,  e l e c t r i c  u t i l i t y  system r e l i a b i l i t y  has been discussed 

i n  terms o f  the  u t i l i t y ' s  generator and transmission l i n e  r e l i a b i l i t y  c r i t e r ia  

as used i n  system expansion planning. Although most u t i l i t i e s  have some 

crtteria t o  which system expansion i s  designed, there i s  generally no suppor- 

t i v e  customer cost -benef i t  analysis  used t o  j u s t i f y  the  r e l i a b i l i t y  , targe t  

l e v e l s  which are usually established as a matter o f  u t i l i t y  policy or through 

long-term engineering practice. 

Within the l a s t  decade several major e lec t r ica l  power outages have 

increased public awareness o f  the  e f f e c t s  o f  widespread losses  o f  service. 
I 



Customer  g r o u p s ,  r e g u l a t o r y  commiss ions ,  u t i l i t i e s  and  p o l i c y m a k e r s  a r e  

ques t i on ing  c u r r e n t  r e l i a b i l i t y  p r a c t i c e s  i n  an e f f o r t  t o  determine t h e  s o c i a l  

c o s t s  of p rovid ing  d i f f e r e n t  l e v e l s  of e l e c t r i c  s e r v i c e  r e l i a b i l i t y .  Se rv i ce  

r e l i a b i l i t y  i s  def ined  a s  t h e  l e v e i  of c o n t i n u i t y  and q u a l i t y  of e l e c t r i c a l  

supply t o  a  u t i l i t y  customer's end-use device.  I n  ques t i on  i s  how t h e  cus- 

tomer's needs f o r  power and t h e  u t i l i t y ' s  requirements  t o  supply power might 

be  s a t i s f i e d  most e q u i t a b l y  a s  energy and c a p i t a l  become less a v a i l a b l e  and a s  

new t echno log ie s  a r e  introduced i n t o  t h e  u t i l i t y  systems. These ques t i ons  can 

be  b e t t e r  addressed a s  r e s e a r c h e r s  l e a r n  more about t h e  va lue  of e l e c t r i c  

s e r v i c e  r e l i a b i l i t y  t o  v a r i o u s  customer groups and how t h i s  va lue  r e l a t e s  t o  

t h c  expected frequency and du ra t i on  of power i n t e r r u p t i o n s ,  and t o  va r ious  

economic and demographic c h a r a c t e r i s t i c s .  

A 8  rhe major energy technology developer  and policymaker, t h e  U. S. 

Department o t  Energy (DOE) i s  s tudying t h e  p o t e n t i a l  e f f e c t s  a s s o c i a t e d  w i t h  

a l t e r n a t i v e  t e c h n o l o g i c a l  and p o l i c y  o p t i o n s  a s  t h e y  r e l a t e  t o  e l e c t r i c  

s e r v i c e  r e l i a b i l i t y .  This  r e p o r t  p r e s e n t s  r e s u l t s  'from t h e  i n i t i a l  a c t i v i t i e s  

of. one of t h e s e  s t u d i e s ,  focus ing  on t h e  customer pe r spec t ive  toward u t i l i t y  

system r e l i a b i l i t y .  

The o b j e c t i v e s  of t h i s  r e p o r t  a r e :  (1)  t o  p r e s e n t . a  b r i e f  review of t h e  

l i t e r a t u r e  and of c u r r e n t  e f f o r t s  t o  quan t i fy  t h e  customer's va lue  of r e l i -  

a b i l i t y ,  ( 2 )  t o  provide an  i n i t i a l  s t r u c t u r e  f o r  cl,iissi fyi i rg cltctomar .group0 

t h a t  i s  a p p r o p r i a t e  f o r  f u t u r e  a n a l y s i s  o f  u t i l i t y  r e l i a b i l i t y ,  ( 3 )  t o  

set f o r t h  a  l i s t  of o p t i o n s  f o r  a l t e r i n g  s e r v i c e  r e l i a b i l i t y ,  and ( 4 )  t o  

i d e n t i f y  some of t h e  many r e l a t e d  po l i cy  impl ica t ions .  Th i s  document i s  an 

i n i t i a l  and i n t e r i m  r e p o r t  of t h e s e  e f f o r t s .  Addi t iona l  work r e l a t e d  t o  t h e  

customer pe r spec t ive ,  and t h e  u t i l i t y  view a s  w e l l ,  i s  cont inu ing  a t  Argonne. 

1.1 VALUE OF RELIABILITY STUDIES 

Major emphasis was placed on t h e  review of previous and ongoing e f f o r t s  

t o  q u a n t i f y  t h e  va lue  t o  t h e  customer of e l e c t r i c a l  s e r v i c e  r e l i a b i l i t y .  Th i s  

review h a s  found t h a t  n e a r l y  a l l  of t h e  prev ious  s t u d i e s  t h a t  e s t i m a t e  t h i s  

v a l u e  have r e l i e d  upon e a s i l y  o b t a i n a b l e  su r roga t e  s o c i a l  c o s t  i n d i c a t o r s  such 

a s  g r o s s  r e g i o n a l  o r  n a t i o n a l  product ,  wages and. s a l a r i e s ,  o r  va lue  added by 

manufacture.  I n  g e n e r a l ,  t h e s e  s t u d i e s  assume t h a t  an aggrega te  s o c i a l  va lue  

of r e l i a b l e  e l e c t r i c i t y  i s  d i r e c t l y  p ropor t i ona l  t o  one of t h e s e  i n d i c e s  f o r  a  



s p e c i f i e d  geographic  a r ea  d iv ided  by t h e  e l e c t r i c  .k i lowat t -hours  consumed i n  

t h e  same a rea .  Th i s  aggrega te  l e v e l  of q u a n t i f i c a t i o n  i s  i n s u f f i c i e n t  from a  

po l i cy  e v a l u a t i o n  s t andpo in t  because of wide d i v e r s i t y  i n  se rv ic ,e  a r e a s  and 

a s s o c i a t e d  customer mixes, and. because of wide v a r i a t i o n  i n  customer l o s s e s  

r e s u l t i n g  from power i n t e r r u p t i o n s .  ~ h e s e  ' i n d i c e s  a r e  a l s o  inadequate  because 

they p rov fde ' on ly  a  c rude  i n d i c a t i o n  of customer l o s s e s  and a r e  i n s e n s i t i v e  t o  

v a r i a t i o n s  i n  i n t e r r u p t i o n  frequency and d u r a t i o n  t h a t  have been shown t o  be  

important  f a c t o r s  t o  many customers. 

Four works re fe renced  most f r equen t ly  i n  d i s c u s s i o n s  about e l e c t r i c  

u t i l i t y  r e l i a b i l i t y  a r e  those  of M.L. Telson (1972, 1975) ,  R.B.' Shipley,  e t  

a l .  (1972), and A. Kaufman (1975). The customer va lue  of r e l i a b i l i t y  a s  . . 
es t imated  i n  each  of t h e s e  r e p o r t s  i s  shown i n  Table  1.1. 

Each of t h e  four  works e s t i m a t e s  t h e  va lue  of . e l e c t r i c ,  s e r v i c e  reli- 

a b i l i t y  i n  an e f f o r t  t o  determine,  o r  t o  demonstrate a  methodology f o r  de te r -  

mining, a  s o c i a l l y  optimum l e v e l  of r e l i a b i l i t y .  Telson and Kaufman adopt a  

p r o b a b i l i s t i c  approach t o  determining a .  s o c i a l l y  optimum l e v e l  of u t i l i t y  

g e n e r a t i o n  r e l i a b i l i t y ,  w h i l e  S h i p l e y ,  e t  a l . ,  a n a l y z e  o n l y  one  y e a r  of  

a c t u a l  d a t a  b u t  c o n s i d e r  b o t h  g e n e r a t i o n  a i d  t r a n s m i s s i o n  r e l i a b i l i t y .  

Based on comparisons of marginal  customer c o s t s  and u t i l i t y  expend i tu re s  a t  

Table  1.1. Value of R e l i a b i l i t y  Es t imates  

Author M e  thodolog y  Est imate  

M.L. Telson , 

(1972) 

M.L. Telson 
(1975) 

R. B. Shipley,  
e t  a l .  (1972) 

A. Kaufman 
(1975 ) '  

New York Power Pool (NYPP) Wages/ 
NYPP I n d u s t r i a l  k Commercial kWh 

a. NYPP Wages/NYPP I n d u s t r i a l  & 
Commercial kWh 

b. U.S. ~ages/U..S. I n d u s t r i a l  & 
Commercial kWh . $ .57/kWh 

Peaking g e n e r a t i o n  owning NYPP Value Added 
X 

& opera t ing  c o s t s  i n  $/kwh NYPP Elec.  Revenues $ .77/kWh 



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

exceeds  i t s  s o c i a l  optimum; t h e i r  r e s u l t s  r ange  between 5  t o  10 t imes  t h e  
* optimum l e v e l .  

F i f t e e n  o t h e r  U.S. and European s t u d i e s  have made e s t i m a t e s  o f  t h e  

v a l u e  of  e l e c t r i c  u t i l i t y  r e l i a b i l i t y  t o  v a r i o u s  cus tomer  groups .  Most of 

t h e s e  e s t i m a t e s  a r e  a l s o  based upon i n d i r e c t  i n d i c a t o r s  o f  cus tomer  l o s s e s .  

Although t h e  r e s u l t s  o f  t h e s e  e s t i m a t e s  a r e  n o t  d i r e c t l y  comparable b e c a u s e  of 

d i f f e r e n c e s  i n  t h e  s c o p e  and d o l l a r  v a l u e  o f  each ,  an o r d e r  of  magni tude 

v a r i a t i o n  e x i s t s  among t h e  v a r i o u s  approximat ions '  of  t h e  c u s t o m e r ' s  i n t e r -  

r u p t  i o n  l o s s e s .  

The U.S. Department of Energy,  D i v i s i o n  of  E l e c t r i c a l  Energy Systems 

( D O E ~ E E S )  and t h e  E l e c t r i c  Power Research I n s t i t u t e  (EPRI) a r e  npw i n  t h e  

i n i t i a l  phases  of e f f o r t s  r e l a t e d  t o  e l e c t r i c  u t i l i t y  sys tem r e l i a b i l i t y .  

Both EPKl  and DOEIEES a r e  d e v e l o p i n g  meth'odological  approaches  f o r  t h e  quant  i- 

f i c a t i o n  and a n a l y s i s  o f  u t i l i t y  sys tem c o s t ,  r e l i a b i l i t y  and customer  va lua -  

t i o n .  

The s t u d y  found t o  be most a p p r o p r i a t e  f o r  q u a n t i f y i n g  t h e  v a l u e  of  

e l e c t r i c a l  supply  r e l i a b i l i t y  i s  t h e  consumer s u r v e y  a c t i v i t y  underway by 

O n t a r i o  Hydro. T h i s  Canadian u t i l i t y  h a s  i n t i t i a t e d  a  s e r i e s  o f  f i v e  d e t a i l e d  

s u r v e y s  t o  e s t i m a t e , t h e  c u s t o m e r ' s  l o s s e s  r e s u l t i n g  from v a r i o u s  power i n t e r -  

r u p t i o n s  and t o  i d e n t i f y  cus tomer  p r e f e r e n r ~ s  with respect t o  d u r a t i o n  and 

f requency  of  o u t a g e s .  The r e s u l t s  o f  on ly  one s u r v e y ,  t h a t  o f  l a r g e  manu- 

f a c t u r e r s ,  a r e  now a v a i l a b l e .  P r e l i m i n a r y  d a t a  on f o u r  o t h e r  cus tomer  groups  

a r e  a v a i l a b l e ,  b u t  f i n a l  r e s u l t s  may n o t  be  known f o r  s e v e r a l  months.  . The 

f o u r  cus tomer  g roups  i n c l u d e  s m a l l  m a n u f a c t u r e r s ,  r e s i d e n t i a l  cus tomers ,  farm 

c u s t o m e r s ,  and o t h e r  g e n e r a l  r a t e  c l a s s  cus tomers ,  i n c l t ~ d i n g  commercial and 

i n s t i t u t i o n a l  u s e r s .  T a b l e  1 . 2  summarizes some of  t h e  a g g r e g a t e  cus tomer  

l o s s e s  a s  based on ~ n t a r i o  Hydro 's  s u r v e y s .  

ATWO 6f t h e s e  s t u d i e s ,  Te l son  ( 1972 )  and K a u h a n  ( 1 9 7 5 ) ~  have computa t iona l  
e r r o r s ;  K a u f m a n ' s  w o r k  a l s o  e m p l o y s  s e v e r a l  u n s u p p o r t e d  a s s u m p t i o n s .  
These  have a  s i g n i f i c a n t  e f f e c t  on t h e  c o n c l u s i o n s  reached  i n  t h e  o r i g i n a l  
works ,  and have t h u s  been accounted f o r  i n  r e p o r t i n g  t h i s  r ange .  See  Sec- 
t i o n s  3 . 1  and 3 .4  f o r  a d d i t i o n a l  d e t a i l .  



, Table 1.2. Aggregate Customer Losses  

. Outage Large Small R e s i d e n t i a l  
Durat ion . Manufacturers Manuf a c  t u r  er sa Sec tora  

1 min -60 36.00 -85  51.00 -- -- 
20 min 1.80 5.40 2.77 8.31 . 0.03 0. 09 

aPrel iminary,  s u b j e c t  t o  change. 

-- Outage d u r a t i o n  not sampled i n  survey. 

Based on t h e  comprehensiveness of Hydro' s l a r g e  i n d u s t r i a l  customer 

survey and pre l iminary  r e s u l t s  from t h e i r  o t h e r  surveys,  i t  appears  t h a t  

t h i s  work i s  t h e  b e s t  a v a i l a b l e  empi r i ca l  da t a  on perceived customer l o s s e s  

r e s u l t i n g  from e l e c t r i c a l  power i n t e r r u p t i o n s .  Hydro's survey work w i l l  

u l t i m a t e l y  add re s s  a  wide range o f . i n d i v i d u a 1  customer groups and w i l l  appar- 

e n t l y  add re s s  n e a r l y  every important  f a c t o r  determining t h e  customer's c o s t  of 

e l e c t r i c a l  power r e l i a b i l i t y .  Of c o u r s e ,  Hydro ' s  d a t a  a r e  n o t  d i r e c t l y  

t r a n s f e r a b l e  t o  o t h e r  s e r v i c e  a r ea s .  However, because of t h e  l e v e l  of d i s -  

aggrega t ion ,  i t  would seem p o s s i b l e  t o  develop a  methodology t h a t  would a l . 1 0 ~  

t h e  t r a n s f e r  of customer l o s s  r e l a t i o n s h i p s  t o  o t h e r  u t i l i t y  s e r v i c e  a r e a s -  

Two o the r  surveys,  one by Consumers Power Company (CP) and t h e  o t h e r  

by General Publ ic  ~ t i l i t i e ' s  (GPU), were a l s o  reviewed. '  Both of t h e s e  surveys 

a r e  of i n t e r e s t  because they provide  pe r spec t ive  on customer r e a c t i o n  t o  power 

i n t e r r u p t i o n ,  bu t  un fo r tuna t e ly  a r e  l i m i t e d  i n  any a t tempt  t o  quan t i fy  t h e  

customer's va lue  of r e l i a b l e  s e rv i ce .  

1.2 CUSTOMER CLASSIFICATIONS AND COMPONENTS O% VALUE 

Each customer has  a  unique set of e l e c t r i c  energy requirements  and 

l e v e l  of i ncu r r ed  l o s s e s  r e s u l t i n g  from an i n t e r r u p t i o n ' o f  s e rv i ce .  These 

vary widely even among customers engaged i n  n e a r l y  i d e n t i c a l  a c t i v i t i e s .  



T h e r e f o r e ,  any a t t e m p t e d  a g g r e g a t i o n  of cus tomers  w i l l  r e f l e c t  t h i s  wide 

v a r i a b i l i t y .  The v a l u e  t o  a  cus tomer  o f  r e l i a b l e  e l e c t r i c  power i s  dependent  

upon h i s  s e r v i c e  r e q u i r e m e n t s  and p e r c e i v e d  i n t e r r u p t i o n  l o s s e s .  These ,  i n  

t u r n ,  a r e  f u n c t i o n s  o f  a  number o f  independent  f a c t o r s ,  i n c l u d i n g  equipment 

d e s i g n ,  a v a i l a b i l i t y  of  emergency back-up g e n e r a t i o n ,  ambient wea the r  condi-  

t i o n s ,  t ime  of  day o r  y e a r ,  geograph ic  f a c t o r s ,  and o t h e r s .  

I t  i s  n o t  p r a c t i c a l  from t h e  v iewpoin t  o f  n a t i o n a l  p o l i c y  e v a l u a t i o n  

t o  a t t e m p t  t o  q u a n t i f y  t h e  c h a r a c t e r i s t i c s  o f  i n d i v i d u a l  cus tomers  and s e r v i c e  

a r e a s .  Nor i s  i t  s u f f i c i e n t ,  b e c a u s e  of  t h e  d i v e r s i t y  i n  s e r v i c e  a r e a s  and 

cus tomer  mixes ,  t o  u s e  t h e  broad customer  v a l u e  i n d i c e s  t h a t  have been used i n  

t h e  p a s t .  The most p r a c t i c a l  approach i s  t o  c l a s s i f y  cus tomers  i n t o  a  manage- 

a b l e  number o f  g roups  d e f i n e d  by g e n e r a l  e l e c t r i c i t y - u s e  c h a r a c t e r i s t i c s  and 

v a l u e s  o f  e l e c t r i c  s e r v i c e  r e l i a b i l i t y .  Such a g g r e g a t i o n s  shou ld  f a c i l i t a t e  

b o t h  d a t a  a c q u i s i t i o n  and t h e  m o d i f i c a t i o n  of e x i s t i n g  d a t a  t o  conform t o  

d i f f e r e n t  cus tomer  mixes  and s e r v i c e  a r e a s .  

A r e a s o n a b l e  d i s a g g r e g a t i o n  o f  cus tomers  i n c l u d e s  t h e  fo l ' lowing g roups :  

1. Large M a n u f a c t u r e r s ,  
2 .  Smal l  M a n u f a c t u r e r s ,  
3 .  Commercial , 
4 .  I n s t i t u t i o n a l ,  
5 .  A g r i c u l t u r a l ,  and 
6 .  R e s i d e n t i a l  cus tomers .  

These  g roups  a r e  l i s t e d  i n  t h e  g e n e r a l  o r d e r  o f  d e c r e a s i n g  i n d i v i d u a l  cus tomer  

demand and i n c r e a s i n g  p e r i o d i c  l o a d  v a r i a t i o n .  Large  m a n u f a c t u r e r s  a r e  charac -  

t e r i z e d  by a  g e n e r a l l y  h i g h  and uniform demand f o r  e l e c t r i c  power. Resi -  

d e n t i a l  cus tomers  a r e  c h a r a c t e r i z e d  by f a i r l y  low demand p e r  cus tomer  t h a t  

may v a r y  d a i l y  o r  s e a s o n a l l y  by a s  much a s  50 t o  80% o r  more. 

The v a l u e  of e l e c t r i c  s e r v i c e  r e l i a b i l i t y  t o  cus tomers  must be  a t  l e a s t  

a s  g r e a t  a s  t h e  p r o d u c t  o f  e x p e c t e d  e c o n o m i c  l o s s e s  c a u s e d  by a  s e r v i c e  

i n t e r r u p t  i o n  and t h e  p r o b a b i l i t y  o f  t h a t  i n t e r r u p t  ion  o c c u r r i n g ,  summed o v e r  

a l l  p o s s i b l e  i n t e r . r u p t i o n s .  However, t h e  c u s t o m e r ' s  v a l u e  of  r e l i a b i l i t y  may 

be  g r e a t e r  than  t h i s  computat ion would i n d i c a t e  because  o f  c e r t a i n  e x t e r n a l ,  

o r  non-do l l a r  c o s t s ,  t h a t  a r e  i n c u r r e d  a s  a  r e s u l t  of e l e c t r i c a l  s e r v i c e  

i n t e r r u p t i o n s .  Examples o f  e x t e r n a l  c o s t s  i n c l u d e  e f f e c t s  on t h e  c u s t o m e r ' s  

c o m f o r t ,  conven ience ,  o r  s a f e t y ,  b u t  may a l s o  i n c l u d e  i n d i r e c t  cus tomer  c o s t s  

such  a s  t h e  r e l e a s e  o f  e n v i r o n m e n t a l  p o l l u t a n t s  due t o  i n o p e r a b l e  p o l l u t i o n  

c o n t r o l  d e v i c e s .  



It i s  o f t e n  d i f f i c u l t  f o r  both t h e  customer and u t i l i t y  a n a l y s t  t o  

q u a n t i f y  and thus  a s s i g n  a  va lue  t o  e x t e r n a l  cos t s .  However, t h e s e  c o s t s  may 

b e  . t h e  most  i m p o r t a n t  f a c t o r s  i n  dec i s ion -mak ing  f o r  s o m e  i n d i v i d u a l s .  

Despi te  t h e  d i f f i c u l t y  i n  ass ign ing  va lues  t o  e x t e r n a l  c o s t s  (o r  b e n e f i t s ) ,  

t h e  customer does so ,  a t  l e a s t  i m p l i c i t l y ,  f o r  ' e v e r y  product  t h a t  i s  pur- 

chased. Thus t h i s  component must be  recognized,  t o  t he  e x t e n t  pos s ib l e ,  i n  

determining t h e  customer's va lue  of r e l i a b i l i t y .  

Key c o n s t r a i n t s  t o  ass ign ing  va lues  t o  e l e c t r i c  s e r v i c e  r e l i a b i l i t y  

by customer groups a r e  t h e  wide v a r i a b i l i t y  and l a r g e  u n c e r t a i n t y  a s s o c i a t e d  

wi th  ope ra t i ng  environments and i n t e r r u p t i o n  c o s t s  a s  w e l l  a s  t hose  of ex- 

t e r n a l  c o s t s .  Much of t h e  engoing work, p a r t i c u l a r l y  by Ontar io  Hydro, i s  

seeking t o  narrow t h e  bands of u n c e r t a i n t y  of t h e  customer's i n t e r n a l  cos t s .  

1.3 OPTIONS FOR ALTERING SERVICE RELIABILITY 

Numerous o p e r a t i o n a l  and t e c h n i c a l  op t ions  a r e  c u r r e n t l y  o r  may poten- 

t i a l l y  b e  a v a i l a b l e  t o  a l t e r  customer s e r v i c e  r e l i a b i l i t y  r e l a t i v e  t o  the  

l e v e l  n o m i n a l l y  p r o v i d e d  by t h e  u t i l i t y .  Each o p t i o n  may b e  c l a s s i f i e d  

according t o  whether i t  i s  s e l e c t e d  by t h e  u t i l i t y  o r  customer during the  

des ign  phase,  and whether i t  i s  a c t i v a t e d  by t h e  u t i l i t y  o r  customer during 

day-to-day ope ra t i ons .  The va r ious  o p t i o n s  i nc lude :  

Class  A: Customer s e l e c t e d  during design phase -- 
Customer a c t i v a t e d  during ope ra t i on  phase 

1. Supplemental emergency power g e n e r a t i o n  
2. In-house g e n e r a t i o n  wi th  u t i l i t y  backup 
3. Storage dev ices  
4. Voltage r e g u l a t o r s  and "un in t e r rup t ib l e "  

power s u p p l i e s  

Class  B: U t i l i t y  s e l e c t e d  during des ign  phase -- 
Customer a c t i v a t e d  during ope ra t i on  phase 

1. Customer peak dewand charge 
2. Time-of -day p r i c i n g  
3. Voluntary p u b l i c  appea ls  

C la s s  C:  Customer s e l e c t e d  during des ign  phase -- 
U t i l i t y  a c t i v a t e d  during ope ra t i on  phase 

1. I n t e r r u p t i b l e  s e rv i ce ,  c o n t r a c t s  
2. Pu lse-cont ro l led  dev ices  
3. Spec i a l  supply p rov i s ions  



Clas s  D: U t i l i t y  s e l e c t e d  during des ign  phase -- 
U t i l i t y  a c t i v a t e d  during ope ra t i on  phase 

1. Generat ion reserve ,  c o n f i g u r a t i o n  and 
i n t e r t i e s  

2. Transmission conf i g u r a t i o n  and des ign  
3. D i s t r i b u t i o n  con f igu ra t i on ,  des ign  and 

maintenance 
4. Opera t iona l  procedures  

Some c o s t  i s  a s s o c i a t e d  w i t h  e a c h  o p t i o n  a v a i l a b l e  f o r  a l t e r i n g  

customer s e r v i c e  r e l i a b i l i t y .  Depending upon t h e  type of op t ion ,  i t s  c o s t  may 

b e  borne by t h e  u t i l i t y  o r  by t h e  customer e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  

through t h e  u t i l i t y  r a t e ,  s t r u c t u r e .  The c o s t  r e l a t i o n s h i p  between r e l i a b i l i t y  
i 

and equipment o p t  i o n s  such a,s emergency power gene ra to r s ,  s p e c i a l  supply 

p r o v i s i o n s  and gene ra t i on ,  t ransmiss ion ,  and d i s t r i b u t i o n  subsystem des ign  a r e  

r e l a t i v e l y  easy t o  q u a n t i f y  f o r  a  p a r t i c u l a r  customer o r  q t i l i t y .  A g e n e r i c  

e s t i m a t e  of t h e s e  r e l a t i o n s h i p s ,  however, i s  complicated by t h e  wide d i v e r s i t y  

of  customer requirements  and u t i l i t y  system des igns  and p r a c t i c e s .  Neverthe- 

l e s s ,  t h e  c o s t  a s s o c i a t e d  with each of t h e  op t ions  a v a i l a b l e  f o r  a l t e r i n g  

customer s e r v i c e  r e l i a b i l i t y  i s  i n t i m a t e l y  r e l a t e d  t o  t he  customer's per- 

s p e c t i v e  of va lue  and w i l l i n g n e s s  t o  pay f o r  a  s p e c i f i e d  l e v e l  of u t i l i t y  

r e l i a b i l i t y .  

Other c o n s i d e r a t i o n s  e n t e r  i n t o  t h e  customer's e l e c t r i c i t y  requirements  

and va lue  of e l e c t r i c a l  s e r v i c e  r e l i a b i l i t y .  Most n o t a b l e  i s  t h e  o p t i o n  t o  

use 3 d i f f e r e n t  power source  such a s  n a t u r a l  g a s  f o r  p rocess  hea t ,  o r  steam 

f o r  m e c h a n i c a l  d r i v e s .  Ano the r  o p t i o n  i n c l u d e s  a  p r o c e s s  d e s i g n e d  f o r  

temporary o r  decreased  (bu t  cont inued)  ope ra t i on  i n  t h e  event  of  an e l e c t r i c a l  

power f a i l u r e .  .The e x t e n t  t o  which these  op t ions  a r e  a v a i l a b l e  w i l l  a f f e c t  a  

customer 's  va lue  of e l e c t r i c  r e l i a b i l i t y  because they w i l l  tend t o  decrease  

l o s s e s  during e l e c t r i c a l  power i n t e r r u p t i o n s .  The op t ions  have no t  been 

inc luded  above because they do not  a l t e r  t h e  customer's e l e c t r i c a l  s e r v i c e  

r e l i a b i l i t y ,  b u t  a£ f  e c t  h i s  a b i l i t y  t o  cont inue  o p e r a t i o n s  d e s p i t e  power 

i n t e r r u p t i o n s .  

1.4 POLICY 

A v a r i e t y  o f  p o l i c y  i s s u e s  a r e  d i r e c t l y  o r  i n d i r e c t l y  r e l a t e d  t o  

u t i l i t y  system and customer s e r v i c e  r e l i a b i l i t y .  . A major a r e a  of c u r r e n t  



i n t e r e s t  t o  DOE i s  t h e  system i n t e g r a t i o n  e f f e c t s  of new technologies ,  p a r t i -  

c u l a r l y  d e c e n t r a l i z e d  energy technologies  (DET). DETs a r e  both e l e c t r i c  and 

non-e l ec t r i c  energy sou rces  t h a t  a r e  smal l  ' i n  comparison t o  today's cen t ra -  

l i z e d  g e n e r a t i o n  f a c i l i t i e s ,  and which may be  l o c a t e d  near  a  load c e n t e r  o r  

end-user. These systems may r e l y  on convent iona l  f u e l s  o r  on renewable energy 

sou rces  such a s  d i r e c t  and i n d i r e c t  s o l a r  energy. 

Major i s s u e s  . t h a t  need .to b e  reso lved ,  i f  DETs a r e  t o  be  s u c c e s s f u l l y  

imp lemen ted ,  a r e  a s s o c i a t e d  w i t h  t h e i r  optimum a r r a n g e m e n t s  i n  terms of 

o w n e r s h i p  and c o n t r o l ,  and  t h e  o p e r a t i o n a l  e f f e c t s  o f  t h e s e  s y s t e m s  on 

s o c i e t y ' s  energy i n f r a s t r u c t u r e .  DETs t h a t  r e l y  on i n t e r m i t t e n t  renewable 

r e sou rces  such a s  d i r e c t  s o l a r  conversion and wind g e n e r a t i o n  w i l l  have a  

component of a v a i l a b i l i t y  t h a t  i s  dependent upon p r e v a i l i n g  meteoro logica l  

condi t ions .  The e x t e n t  t o  which t h e  supply i n t e r m i t t e n c e  may c o r r e l a t e  with 

customer demand or  a f f e c t  t h e  customer's s e r v i c e  r e l i a b i l i t y  and incur red  

c o s t s  i s  l a r g e l y  unknown. 

Other major problem a r e a s  and i s s u e s  t h a t  may a r i s e ,  o r  t h a t  have 

a r i s e n ,  i n  a s s o c i a t i o n  wi th  e l e c t r i c a l  r e l i a b i l i t y  a r e  r e l a t e d  t o  t he  fo l -  

lowing a r e a s :  

Rate r e l i e f  and r a t e  s t r u c t u r e ,  
System des ign  and planning p r a c t i c e s ,  
U t i l i t y  p r i c e  and s e r v i c e  respons iveness  t o  va r ious  
customer c l a s s e s ,  
Appropriateness  of r e l i a b i l i t y  assessment methodologies,  
Load shedding p r i o r i t i e s  and customer equ i ty ,  
Emergency power p r i c i n g  c r i t e r i a ,  
Long-term economic impacts, 
Derat ing of g e n e r a t i o n  f a c i l i t i e s  f o r  environmental causes ,  and 
Re la t i ve  c o s t s  and b e n e f i t s  of a  n a t i o n a l  t ransmiss ion  network. 

1.5 CONCLUSIONS 

A review of e x i s t i n g  and ongoing s t u d i e s  of t h e  va lue  of e l e c t r i c a l  

s e r v i c e  r e l i a b i l i t y  t o  t h e  customer has  shown t h a t  many of t h e  p a s t  e f f o r t s  

t a k e  t h e  form of i n d i r e c t  e s t ima te s .  These s t u d i e s  a t tempt  t o  quan t i fy  t h e  

va lue  of r e l i a b i l i t y  i n  terms of aggrega te  economic i n d i c e s  which a r e  insen- 

s i t i v e  t o  r e g i o n a l  v a r i a t i o n s  i n  c u s t o m e r  'm'ix and wh ich  do  n o t  a c c o u n t  

f o r  t h e  customer's s e n s i t i v i t y  t o  v o l t a g e  r educ t ions  and the  frequency o r  

d u r a t i o n  of i n t e r r u p t i o n s .  



More r e c e n t  work seeks  t o  quan t i fy  less aggrega te  customer l o s s e s  

through the  u se  of customer surveys.  Although. a  more d i s agg rega t e  q u a n t i f i -  

c a t i o n  of customer l o s s e s  i s  f a r  supe r io r  t o  t he  use of a  s i n g l e  s o c i a l  o r  

economic index, problems a s s o c i a t e d  wi th  t h e  g e n e r a l i z a t i o n  of t h e s e  d a t a  and 

t h e i r  t r a n s f e r a b i l i t y  t o  demographic a r e a s  o u t s i d e  t he  survey r eg ion  e x i s t  due 

t o  unique customer, l oad ,  and o t h e r  c h a r a c t e r i s t i c s  of each u t i l i t y  s e r v i c e  

a r e a .  

Ontar io  Hydro's r e c e n t  customer survey d a t a  have been found t o  be  most 

a p p r o p r i a t e  f o r  f u t u r e  e f f o r t s  i n  n a t i o n a l  and r eg iona l  eva lua t ions  of e lec-  

t r i c a l  s e r v i c e  r e l i a b i l i t y .  These d a t a  on customer l o s s e s  can l i k e l y  be  

modif ied so a s  t o  conform t o  d i t t e r e n t  customer mixes and serv ice .  a r e a s  using 

r e a d i l y  a v a i l a b l e  r e g i o n a l  o r  l o c a l  economic, and demographic information.  I f  

t h e s e  d a t a  s h o u l d  r emafn  s u b s t a n t i a l l y  unchanged w i t h  t i m e ,  c o n c l u s i o n s  

about  r e l i a b i l i t y  might e a s i l y  b e  made when t r a n s l a t e d  t o  U. S .  s e r v i c e  a r ea s .  

The customer's va lue  of e l e c t r i c a l  s e r v i c e  r e l i a b i l i t y  depends n o t  on ly  

upon h i s  expected economic l o s s e s  r e s u l t i n g  from an i n t e r r u p t i o n  of s e r v i c e  

( i n t e r n a l  c o s t s ) ,  bu t  a l s o  upon h i s  perceived e x t e r n a l  o r  non-dollar c o s t s .  

These c o s t s  a r e  d i f f i c u l t  t o  quan t i fy  but  may be  t h e  most important  f a c t o r  i n  

t h e  va lue  systems of some customers. None of t h e  prev ious  nor ongoing s t~ l r l i~s  

w i l l  provide d a t a  s u f f i c i e n t  t o  quan t i fy  t h e  va lue  t h a t  customers a s s i g n  t o  

e x t e r n a l  c o s t s  a s s o c i a t e d  with power i n t e r r u p t i o n s .  Thus, it i s  expected t h a t  

adequate  d a t a  r e l a r e d  t o  t h e  e x t e r n a l  cos t  compoQent of  value w i l l  remai.n de- 

f  i c i e n t  f o r  some time. 

Numerous op ,e ra t iona l  and technologica l  op t ions  f o r  a l t e r i n g  s e r v i c e  

r e l i a b i l i t y  on a  systemwide o r  more s e l e c t e d  b a s i s  have been i d e n t i f i e d .  The 

c u r r e n t  o r  f u t u r e  a v a i l a b i l i t y  of t h e s e  op t  i o n s  w i l l  a f f e c t  t he  customer's 

w i l l i n g n e s s  t o  pay f o r  t h e  l e v e l  of r e l i a b i l i t y  provided by t h e  u t i l i t y .  A 

g e n e r i c  e s t i m a t e  of t h e  customer's and u t i l i t y ' s  c o s t s  and b e n e f i t s  a s s o c i a t e d  

w i th  any of t h e  . i d e n t i f i e d  op t ions  i s  complicated by t h e  wide d i v e r s i t y  of 

customer requirements  and u t i l i t y  system des igns  and p r a c t i c e s .  The evalua- 

t i o n  of some o p t i o n s  i s  f u r t h e r  complicated by a  l a c k  of q u a n t i t a t i v e  d a t a  a s  

t o  t h e i r  e f f e c t  on t h e  u t i l i t y ' s  system and customers. 

Numerous l o c a l ,  r e g i o n a l ,  n a t i o n a l ,  and  i n t e r n a t i o n a l  i s s u e s  a r e  

r e l a t e d  t o  ques t  i o n s  concerning e l e c t r i c a l  supply r e l i a b i l i t y .  Of p a r t i c u l a r  
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:and c u r r e n t  i n t e r e . s t  t o  t h e  U.S. '  ~ e ~ a r t m e n t  of  Energy i s  t h e  sys tem i n t e g r a -  

t i o n  e f f e c t s  of '  new d e c e n t r a l i z e d  energy t e c h n o l o g i e s ,  p r i m a r i l y  t h o s e  depen- 

' d e n t  upon renewable  r e s o u r c e s ,  such a s  s o l a r  c o n v e r s i o n  and wind g e n e r a t  i o n .  
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2 OBJECTIVES AND BACKGROUND 

The g e n e r a l  s u b j e c t  of r e l i a b i l i t y  of  e l e c t r i c a l  s e r v i c e  from t h e  

customer and u t i l i t y  p o i n t s  of view i s  under inqui ry .  Se rv i ce  r e l i a b i l i t y  i s  

def ined  a s  t h e  l e v e l  of c o n t i n u i t y  and q u a l i t y  of e l e c t r i c  supply t o  a  u t i l i t y  

customer's end-use device.  Quest i o n s  t y p i c a l  of t hose  c u r r e n t l y  being asked 

by customer groups,  u t i l i t y  commissions, u t i l i t i e s ,  and policymakers inc lude :  

1. What a r e  the  s o c i a l  c o s t s  and imp l i ca t i ons  of having 
d i f f e r e n t  e l e c t r i c  supply r e l i a b i l i t y  c r i t e r i a ?  

2. What a r e  the  r e l i a b i l i t y  p re f e r ences  of v a r i o u s  cus- 
tomer groups and how can a  u t i l i t y  system be t a i l o r e d  
to  meet those preferences?  

3. How w i l l  new i n t e r m i t t e n t  supply t echno log ie s  i n t e r -  
f a c e  wi th  t he  u t i l i t y  system and how w i l l  t he se  a f f e c t  
customer r e l i a b i l i t y  and u t i l i t y  planning? 

4. What a r e  t he  c o s t s  and b e n e f i t s  a s s o c i a t e d  wi th  re- 
l i a b i l i t y  a l t e r a t i o n s  i n  t he  gene ra t i on ,  t ransmiss ion ,  
and d i s t r i b u t i o n  p a r t s  of t h e  supply system? 

5. How a r e  v a r i o u s  l e v e l s  of r e l i a b i l i t y  valued by d i v e r s e  
customer groups and what a r e  t he  f u n c t i o n a l  r e l a t i o n -  
s h i p s  between va lue  and expected customer i n t e r r u p t  i on  
frequency, du ra t i on ,  and geographic  d i s t r i b u t i o n ?  

In  gene ra l ,  t h i s  r e p o r t  . r e p r e s e n t s  a  review of work r e l a t e d  t o  t he se  and 

o t h e r  q u e s t i o n s  o n  t h e  v a l u e  o f  e l e c t r i c a l  r e l i a b i l i t y  t o  t h e  cus tomer .  

The o b j e c t i v e s  of t h i s  paper a r e  (1)  t o  p re sen t  a  b r i e f  review of t h e  

, ' .  l i t e r a t u r e  and of  c u r r e n t  ~ f f n r t s  t h a t  q u a n t i f y  t h e  c u s t o m e r ' s  v a l u e  o f  

r e l i a b i l i t y ,  ( 2 )  t o  provide  an  i n i t i a l  s t r u c t u r e  f o r  customer c l a s s i f i c a t i o n ,  

( 3 )  t o  set f o r t h  a  l i s t  of  op t ions  f o r  a l t e r i n g  customer r e l i a b i l i t y ,  and ( 4 )  

t o  i d e n t i f y  some po l i cy  i m p l i c a t i o n s  r e l a t e d  t o  e l e c t r i c  u t i l i t y  r e l i a b i l i t y .  

Th i s  document should be  viewed a s  t h e  f i r s t  r epo r t i ng  of c u r r e n t  ANL e f f o r t s  

on e l e c t r i c a l  r e l i a b i l i t y  f o r  t h e  DOE O f f i c e  of  Technical  Programs Evaluat ion.  

I n v e s t i g a t i o n s  of e l e c t r i c  s e r v i c e  r e l i a b i l i t y  can be  separa ted  i n t o  

those  cons ider ing  t h e  sup,pl ier '  s views and those  cons ider ing  t h e  consumer's 

views. Excluding secondary impacts  from l o s s  of e l e c t r i c a l  s e rv i ce ,  one can -. 
s p e c i f y  t h e  proper  r e l i a b i l i t y  c r i t e r i a  f o r  de s ignCby  ,ba lanc ing  t h e  supp l i e r ' s  

marginal  c o s t s  t o  change r e l i a b i l i t y  a g a i n s t  t h e  customer's c o s t s  f o r  t he  same 

change  i n  r e l i a b i l i t y . '  The c u s t o m e r  c a n  c h o o s e  o f  c o u r s e  from numerous 



a v a i l a b l e  supply o p t i o n s  t h e  one most economically j u s t i f i e d ,  such a s  t he  

purchase of backup equipment, a s  w e l l  a s  o p t i o n s  provided by t h e  u t i l i t y .  

Before  d i s cus s ing  consumer va lues  and opt ions ,  a  s h o r t  d i s cus s ion  of t he  

e l e c t r i c  u t i l i t y  system des ign  p r a c t i c e s  w i l l  provide pe r spec t ive  on some 

impor tan t  a s p e c t s  of r e l i a b i l i t y .  

H i s t o r i c a l l y ,  e l e c t r i c  u t i l i t i e s  have approached gene ra t i on ,  t r ans -  

mission,  and d i s t r i b u t i o n  r e l i a b i l i t y  planning a s  s e p a r a t e  and s e q u e n t i a l  

f unc t ions .  Although most u t i l i t i e s  have some c r i t e r i a  t o  which system expan- 

s i o n  is  designed,  no apparen t  suppor t i ve  c o s t l b e n e f i t  a n a l y s i s  i s  g e n e r a l l y  

used t o  j u s t i f y  t h e  s e l e c t i o n .  Rather ,  system r e 1 , i a b i l i t y  t a r g e t  g o a l s  have 

o f t e n  been a m a t t e r  of u t i l i t y  po l i cy  o r  engineer ing p r a c t i c e  e s t a b l i s h e d  

through long-term use. 

R e l i a b i l i t y  planning f o r  gene ra t i on  f a c i l i t i e s  i s  g e n e r a l l y  much more. 

advanced than i t  is f o r  t ransmiss ion  o r  d i s t r i b u t i o n .  f a c i l i t i e s .  T h i s  pr in r -  

i t y  i s  ass igned  because of s e v e r a l  reasons:  f i r s t ,  g e n e r a t i o n  f a c i l i t i e s  a r e  . 

u s u a l l y  t h e  l a r g e s t  i n d i v i d u a l  c o s t  investment of t h e  u t i l i t i e s ;  second, a 

f a i l u r e  t o  have s u f f i c i e n t  c a p a c i t y  a v a i l a b l e  t o  meet t he  aggrega te  customer 

demand can p o t e n t i a l l y  a f f e c t  t he  e n t i r e  u t i l i t y  s e r v i c e  a r e a ;  and t h i r d ,  t he  

g e n e r a t i o n  s e c t o r  is eas i . e r  t o  analync bccause the f a c i l i t i e s  caa be con- 

s i d e r e d  a s  a  c o l l e c t i o n  of p o i n t  sources  with forced  outages  dominated by t h e  ' 

p r o b a b i l i t y  of mechanical f a t l u r e .  (Transmicsion and d i s t r - l l u c i o n  faci.1.j.ti.e~ 

' n e e d  t o  b e  consi,dered as I.ine. 8nurcQ.s with fnil t . lrc inciderds p d r ~ i a f l y  depen- 

d e n t  upon t h e  g e o g r a p h i c  d i s t r i b u t i o n  o f  c u s t o m e r s  and  on e n v i r o n m e n t a l  

expo'sur e . ) 
Generat ing c a p a c i t y  r e l i a b i l i t y  i.s usua l ly  d i scussed  i n  terms of t h e  

s u f f i c i e n c y  of c a p a c i t y  t o  m e e t  t o t a l  peak demand. Tn t h e  pasL, i f  wao t h c  

p r a c t i c e  t o  provide enough c a p a c i t y  t o  supply t h e  es t imated  peak demand p lus  

a n  a d d i t i o n a l  amount equa l  t o  some percentage of t h a t  demand, equa l  t o  the  

l a r g e s t  gene ra t i ng  u n i t ,  o r  l a r g e s t  two u n i t s ,  depending upon t h e  u t i l i t y .  

The t o t a l  c apac i ty  t hen  exceeded the  p ro j ec t ed  g r e a t e s t  e l e c t r i c a l  demand by 

a n  amount ( r e s e r v e  margin) t h a t  was supposed t o  a l low f o r  gene ra to r  f a i l u r e s ,  

f o r  underest imat ing t h e  load ,  and f o r  extended maintenance work. 

I n  an at tempt  t o  develop procedures  more r a t i o n a l  than rule-of-thumb 

methods, t h e  power i n d u s t r y  began t o  use p r o b a b i l i t y  a n a l y s i s  t o  compute t h e i r  



r e q u i r e d  c a p a c i t y .  G e n e r a t i o n  l o s s  o f  l o a d  p r o b a b i l i t y  (LOLP) i s  t h e  expec ted  

f r a c t i o n  of t ime t h a t  sys tem g e n e r a t i o n  w i l l  n o t  b e  s u f f i c i e n t  t o  meet e s t i -  

mated cus tomer  demand. LOLP i s  g e n e r a l l y  c a l c u l a t e d  on a n  annua l  b a s i s  of  365 

d a y s  o r  s o m e t i m e s  b a s e d  on 260  w e e k d a y s  p e r  y e a r .  A f a i r l y  common LOLP 

c r i t e r i o n  adopted by most u t i l i t i e s  t h a t  u s e  t h i s  t e c h n i q u e  i s  one day i n  t e n  

y e a r s  o r  on an LOLP o f  2 -74  x  10-4 assuming a  365-day p e r i o d .  

F i r s t  i n t r o d u c e d  i n  t h e  1 9 3 0 s ,  p r o b a b i l i t y  m e t h o d s  h a v e  now b e e n  

developed t o  t h e  p o i n t  where most u e i l i t i e s  u s e  them t o  f a c t o r  i n t o  c a p a c i t y  

p l a n n i n g  r e l e v a n t  i n f o r m a t i o n  a s  t o  load  p a t t e r n s ,  number and s i z e  o f  g e n e r a t -  

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

u n i t  c o n s t r u c t i o n .  P r o b a b i l i t y  a n a l y s i s  a l l o w s  t h e  p l a n n i n g  . e n g i n e e r  t o  

de te rmine  t h e  c a p a c i t y  needed t o  s a t i s f y .  s p e c i f i e d  l e v e l s  o f  r e l i a b i l . i t y  

through c o n s i d e r a t i o n  of  such a s p e c t s  a s  t h e  f requency and d u r a t i o n  of  genera: 

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

r e s e r v e  margin ,  of  ene rgy  d e f i c i e n c i e s ,  and of  v a r i o u s  l e v e l s  o f  c a p a c i t y  

s h o r t  ages .  

The r e a s o n  f o r  t h e  g r e a t e r  complexi ty  o f  r e l i a b i l i t y  e v a l u a t i o n  of 

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

n a t u r e  of  t r a n s m i s s i o n  i t s e l f .  T ransmiss ion  , l i n e s  connect  s p e c i f i c  p o i n t s ,  

and may be  connected i n  many d i f f e r e n t  p a t t e r n s ,  each  o f  which may need t o  be 

e v a l u a t e d  i n  t e r m s  o f  i t s  l e v e l  o f  r e l i a b i l i t y .  They a l s o  p e r f o r m  s u c h  

f u n c t i o n s  a s  b r i n g i n g  power from t h e  g e n e r a t i n g  p l a n t  t o  t h e  demand a r e a ,  

c o n n e c t i n g  power p ' lants  and s u b s t a t i o n s  t o g e t h e r ,  c o n n e c t i n g  s y s t e m s : t o g e t h e r  

f o r  s h a r i n g  jointly-owned o r  r e s e r v e  c a p a c i t y ,  emergency t r a n s f e r s  of  power, 

and  ale^ o f  c a p a c i t y .  

Transmiss ion  l i n e s  (overhead o r  underground)  must be  des igned  w i t h  a  

number o f  f a c t o r s  i n  mind and f o r  t h e  t e r r a i n  t r a v e r s e d .  Wind f o r c e s ,  i c i n g  

c o n d i t i o n s ,  r i v e r  c r o s s i n g s ,  s o i l  c o n d i t i o n s ,  l i g h t n i n g  s to rm i n t e n s i t y  and 

f requency a l l  p l a y  . .  a  p a r t  i n  sthe e n g i n e e r i n g  d e c i s i o n  f o r  t h e  t o w e r s ,  conduc- 

t o r s ,  tower s p a c i n g ,  and o t h e r  f a c t o r s  t h a t  u l t i m a t e l y  a f f e c t  t h e  t r a n s m i s s i o n  

s y s t e m ' s  r e l i a b i l i t y .  

R e l i a b i l i t y  a n a l y s i s  o f .  t r a n s m i s s i o n .  i s  g e n e r a l l y  b o t h  a  sys tem and .a 

point-by-point  p r o c e s s  t h a t  l o o k s  a t  eve ry  s t a t i o n  s u p p l y i n g  load  t o  cus tomers  

- and t a k e s  i n t o  accoun t  e v e r y  connec t ion  between s t a t i o n s .  System p lann ing  

u s u a l l y  p r o v i d e s .  . a l t e r n a t i v e  and supplementary  p a t h s  f o r .  f low o f  power from 



g e n e r a t i n g  p l a n t s  t o  s u b s t a t i o n s ,  between s u b s t a t i o n s ,  and between u t i l i t i e s .  

However, a s  i n  t h e  c a s e  of  g e n e r a t i o n  r e l i a b i l i t y ,  t h e  cus tomer  r e l i a b i l i t y  

c r i t e r i a  des igned  i n t o  t r a n s m i s s i o n  f a c i l i t i e s  i s  o f t e n  based upon r u l e s - o f -  

thumb t h a t  have been p r a c t i c e d  by d e s i g n  and p l a n n i n g  e n g i n e e r s  i n  t h e  p a s t .  

The d i s t r i b u t i o n  sys tem moves power from a  p o i n t  on t h e  b u l k  power 

t r a n s m i s s i o n  s y s t e m  t o  s p e c i f i c  u s e r s  o f  e l e c t r i c i t y .  A l o w e r  l e v e l  o f  

r e l i a b i l i t y  i s  o f t e n  t o l e r a t e d  i n  d i s t r i b u t i o n  f a c i l i t i e s  than  i n  o t h e r  p a r t s  

o f  t h e  sys tem because  d i s t r i b u t i o n  f a i l u r e s  a f f e c t  o n l y  a  s m a l l  number o f  

c u s t o m e r s ,  whereas f a i l u r e s  i n  g e n e r a t i o n  and t r a n s m i s s i o n  may a f f e c t  l a r g e r  

n u m b e r s .  The p r o b a b i l i t y  o f  a  u t i l i t y  e x p e r i e n c i n g  a  d i s t r i b u t i o n  l i n e  

f a i l u r e  i s  u s u a l l y  g r e a t e r  t h a n  f o r  a  t r a n s m i s s i o n  l i n e  f a i l u r e  because  o f  t h e  

g r e a t e r  number o f  such l i n e s .  Thus ,  most of t h e  cus tomer  o u t a g e s  a r e  caused  

by f a i l u r e s  i n  t h e  d i s t r i b u t i o n  sys tem.  

Long-range p l a n n i n g  i s  u s u a l l y  no t  r e q u i r e d  f o r  c o n s t r u c t i o n  o f  d i s t r i -  

but . ion f a c i l i t i e s  t o  t h e  same e x t e n t  t h a t  i t  i s  r e q u i r e d  f o r  l a r g e  g e n e r a t i n g  

u n i t s  and t r a n s m i s s i o n  l i n e s .  D i s t r i b u t i o n  c i r c u i t s  and equipment a r e  i n d i -  

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

c a n  g e n e r a l l y  b e  r e p a i r e d  o r  r e p l a c e d  much more r a p d i l y .  On t h e  o t h e r  hand,  

t h e  number of  d i s t r i b u t i o n  c i r c u i t s  and f a c i l i t i e s  i s  much g r e a t e r  and  o f f e r s  

more g e o g r a p h i c a l l y  widespread  o c c a s i o n s  f o r  f a i l u r e s  and u n d e s i r a b l e  per fo r -  

manc e .  
, , 

Customer r e l i a b i l i t y  from d i s t r i b u t i o n  i s  g e n e r a l  l y  c o n t r o l l e d  by t l s i n g  

v a r y i n g  d e g r e e s  of  s e c t i o n a . l i z i n g  and a u t o m a t i c  c i n t r o l  and r e s e t  d e v i c e s .  

Most u t i l i t i e s  have no r i g o r o u s  method f o r  d e t e r m i n i n g  d i s t r i b u t i o n  r e l i -  

a b i l i t y .  According t o  a  ' l a r g e  Wisconsin  u t i l i t y ,  " D i s t r i b u t i o n  s u b s t a t i o n s  

and f e e d e r s  a r e  d e s i g n e d  by ' s e a t  o f  t h e  p a n t s '  methods w i t h o u t  any p r e d e t e r -  

mined c a l c u l a t i o n  of  r e l i a b i l i t y .  We assume t h a t  adequa te  s e r v i c e  i s  b e i n g  

p rov ided  i f  s e r v i c e  i n t e r r u p t i o n s  a r e  n o t  e x c e s s i v e  and customer  compla in t s  

a r e  k e p t  t o  a  minimum."' 

T h i s  Wisconsin  u t i l i t y ,  l i k e  many o t h e r s ,  i s  s t u d y i n g  t h e  p o s s i b i l i t y  

o f  u t i l i z i n g  d i s t r i b u t i o n  v o l t a g e s  t h a t  a r e  h i g h e r  t h a n  t h o s e  now i n  u s e  i n  

t h e i r  sys tem.  Higher  v o l t a g e s  w i l l  mean a d d i t i o n a l  load ,and cus tomers  p e r  

f e e d e r  l i n e  a s  w e l l  a s  ex tended  l e n g t h s  of l i n e s .  The r e l i a b i l i t y  l e v e l  

proposed f o r  t h e i r  new d e s i g n  i s  rough ly  t h a t  l e v e l  be ing  exper ienced  by t h e i r  

cus tomers  a s  d e r i v e d  from h i s t o r i c  r e c o r d s .  ' The t h e o r y  i s  t h a t  cus tomer  



s a t i s f a c t i o n  w i l l  be maintained i f  t h e i r  p r e sen t  l e v e l  of d i s t r i b u t i o n  reli- 

a b i l i t y  i s  no t  a l t e r e d .  

Whereas t h e  u t i l i t y  approach t o  designing e l e c t r i c a l  systems t o  des i r ed  

r e l i a b i l i t y  c r i t e r i a  i s  understood, t h e  e s t i m a t i o p  of r e l i a b i l i t y  c r i t e r i a  

s u i t a b l e  f o r  i n d i v i d u a l  customers o r  f o r  c l a s s e s  of customers i s  no t  w e l l  

founded. This  s h o r t f a l l  i s  due p a r t l y  t o  t h e  m u l t i p l e  va lues  t h a t  t h e  cus- 

tomer p l a c e s  on va r ious  uses  of e l e c t r i c i t y  and p a r t l y  t o  v a r i a t i o n  i n  va lues  

among customers of even t h e  same c l a s s .  Generating system r e l i a b i l i t y  and 

a s s o c i a t e d  c o s t s  f o r  va r ious  l e v e l s  of r e l i a b i l i t y  have en t e r ed  i n t o  f a c i l i t y  

des ign  f o r  40 o r  more years .  The q u a n t i f i c a t i o n  of t h e  customer's va lue  of 

r e l i a b i l i t y  has  been developing only w i th in  t h e  l a s t  decade. Indeed, t he  

v a r i o u s  i n v e s t i g a t o r s  of c u s t o m e r  v a l u e  have  used  d i f f e r e n t  measu re s  t o  

a l l o c a t e  c o s t  f o r  l o s s  of s e rv i ce .  

The customer's l o s s ,  o r  l o s s  func t ion ,  might be  expressed i n  va r ious  

forms. One is t o  express  t h e  l o s s e s  a s  a  f u n c t i o n  of t h e  energy (k i lowat t -  

hours)  no t  used. I n  t h i s  i n s t ance ,  a  s i m p l i f i e d  express ion  of c o s t  f o r  t he  

l o s t  e l e c t r i c a l  gene ra t i on  i s  some cons t an t  t i m e s  t h e  energy no t  provided 

during t h e  outage. Another f u n c t i o n a l  form i s  t h e  express ion  of l o s s  i n  terms 

of t h e  peak demand ( k i l o w a t t s )  t h a t  might be provided during a  per iod  or  

season. Another ,approach i s  t o  express  t h e  l o s s  i n  t e r m s  of t h e  d u r a t i o n  of 

t h e  outage;  t h e  l o s s  i nc reas ing  a s  t h e  d u r a t i o n  increases .  Some e x i s t i n g  

in format ion  confirms t h e  v a l i d i t y  of t h i s  l a t t e r  approach. The form of t he  

r e l a t i o n s h i p  f o r  t h e  l o s s  may be l i n e a r  o r  exponent ia l  i n  dura t ion .  From da ta  

accumulated through customer i n q u i r i e s ,  i t  has  been observed t h a t  customers 
,: . 

a r e  c0ncerne.d with freq!~ency a s  w e l l  as dura t ion .  To some e x t e n t  t h e  inc lu-  

s i o n  of f requency may r ep re sen t  an  exper ience  f a c t o r ,  e.g., an outage of one 

o r  two per  yea r  is t o l e r a b l e  and t h e  customer f e e l s  no need t o  reduce the  

r a t e ,  but an outage r a t e  of t h r e e  per  year  would j u s t i f y  expendi tures  t o  

decrease  t h e  rate t o  one o r  two pe r  year .  Each outage of a  s p e c i f i e d  du ra t i on  

i n  t h i s  example does n o t  r ep re sen t  a  f i x e d  c o s t  t o  t h e  customer. The quant i -  

f i c a t i o n  of t h e  frequency e f f e c t  f a  n n t  found i n  t h e  ongoing s t u d i e s .  

L ike  most a c t i o n s  t h a t  a f f e c t  soc i e ty ,  t h e  l o s s  of e l e c t r i c a l  s e r v i c e  

by t h e  customer can cause i n t e r n a l  a s  w e l l  a s . e x t e r n a 1  lo s se s .  Noncustomers 

can exper ience  l o s s e s ,  e.g., someone using t h e . p r o d u c t s  manufactured ' in a  

p l a n t  t h a t  l o s e s  - e l e c t r i c a l  s e r v i c e  may have t o  bear  c o s t s  because t h e  p l a n t  



is unable  t o  supply t h e  needed product. I n  a d d i t i o n ,  t h e r e  a r e  t h e  environ- 

mental  and h e a l t h  c o s t s  a s s o c i a t e d  with u n r e l i a b l e  s e rv i ce s .  These c o s t s  i n  

most i n s t a n c e s  a r e . n o t  included i n  t h e  i n t e r n a l  cos t s .  The l i t e r a t u r e  i n  most 

c a s e s  does n o t  p rovide  r eco rds  of such c o s t s .  

Some of t h e  l i t e r a t u r e  provides  in format ion  on customer's l o s s  func- 

t i o n s ,  bu t  it  i s  n o t  known how r e p r e s e n t a t i v e  t h e s e  customer l o s s  f u n c t i o n s  

a r e .  One of t h e  ongoing e f f o r t s  of ANL's a c t i v i t i e s  i n  r e l i a b i l i t y  i s  t o  

e s t a b l i s h  a  r e f e r e n c e  U.S. u t i l i t y  system i n  terms of both t h e  supply network 

and t h e  number and c l a s s e s  of customers. This  r e f e r ence  system i s  necessary 

t o  e x p l o r e  ' t h e  e l e c t r i c a l  s u p p l y  c o s t s  and  c o s t s  f o r  l o s s  o f  s e r v i c e  t o  

customers  a t  v a r i o u s  l e v e l s  of r e l i a b i l i t y .  I n  gene ra l ,  one would expect  t h a t  

t h e  magnitudes would vary among u t i l i t i e s  even though a  c e r t a i n  c l a s s  of 

customers  had i d e n t i c a l  e l e c t r i c a l  consumption. Nevertheless ,  the  s y n t h e s i s  

of a  r e f e r e n c e  U.S. u t i l i t y  system and i t s  customers w i l l  advance t h e  s t a t e  of 

e x i s t i n g  ana lyses .  With such a  r e f e r e n c e  c l a s s i f i c a t i o n ,  i t  w i l l  b e  p n s s i h l ~  

t o  rank t h e  c l a s s e s  of customers t h a t  b e n e f i t  from va r ious  l e v e l s  of reli- 

a b i l i t y  and t o  ba lance  customer va lues  a g a i n s t  u t i l i t y  values .  

A t  p r e sen t ,  most customers c o n t r a c t  f o r  s ta . ,~dard e l e c t r i c a l  s e rv i ce .  

For example, very  few .customers have i n t e r r u p t i b l e  power con t r ac t s .  It is  

p o s s i b l e  f o r  customers  t o  i n c r e a s e  r e l i a b i l i t y  hy e i t h e r  s p e c i a l  arrangements 

w i t h  t h e  u t i l i t y  o r  by i n s t a l l i n g  t h e i r  o m  energency and hac.ka~p ~ . l ~ r t r i c a l  

systems. These ownership op t ions  might n o t  be exe rc i s ed  i f  t h e  ' u t i l i t y  were 

t o  p r o v i d e  c o m p a r a b l e  s e r v i c e s .  A p o r t i o n  of  t h i s  r e p o r t  d i s c u s s e s  t h e  

o p t i o n s  t h a t  could be a v a i l a b l e  t o  t h e  customers t o  change t h e i r  s e r v i c e  

r e l i a b i l i t y  i n  o r d e r  t o  accommodate t h e i r  p a r t i c u l a r  needs. The c o s t s  f o r  

each of t h e s e  o p t i o n s  a r e  n o t  included i n  t h e  d i scuss ion .  

The development and u l t i m a t e  commercial izat ion of , s m a l l ,  d i spersed  

e l e c t r i c a l  g e n e r a t i o n  systems t h a t  utilize renewable r e sou rces  such a s  d i r e c t  

s o l a r ,  wind, low-head hydro, biomass, and o the r s ,  may have s i g n i f i c a n t  impacts 

on  e l e c t r i c  u t i l i t i e s  and t h e i r  i n d u s t r i a l ,  commerc i a l ,  and r e s i d e n t i a l  

customers.  Many r e l i a b i l i t y - a s s o c i a t e d  impacts a r e  l i k e l y  t o  be  a  r e s u l t  of 

i n t e g r a t i n g  d e c e n t r a l i z e d ,  i n t e r m i t t e n t  capac i ty  i n t o  e x i s t i n g  supply net-  

works. Impacts n o t  only w i l l  be of a  t e c h n i c a l  and economic na tu re ,  but may 

a l s o  i n c l u d e  customer preferences ,  l e g a l ,  and i n s t i t u t i o n a l  i s sues .  The 

purpose of p r e sen t  e f f o r t s  by t h e  DOE O f f i c e  of Technica l  Programs Evalua t ion  



c P  . 

i s  to .  e v a l u a t e  t he  p o t e n t i a l  system ' i n t e g r a t i o n  e f f e c t s ,  and., i n  p a r t i c u l a r ,  

t h e  e f f e c t s  of decen t r a l i zed  renewable energy t echno log ie s  co'nsidering the.  

o b j e c t i v e s  of major s t akeho lde r s  -- t he  u t i l i t y  and i t s  va r ious  customer 

groups . . . . . .  

This  r e p o r t  f i r s t  reviews t h e  s ta te -of - the-ar t  a n a l y s i s  and d a t a  on 

the  customer va lue  of r e l i a b i l i t y .  This  s e c t i o n  i s  followed by a d i s c u s s i o n  

of suggested c l a s s i f i c a t i o n s  of customers. A s e c t i o n  on op t ions  t o  a l t e r  

customer s e r v i c e  r e l i a b i l i t y  by both customer and u t i l i t y  a c t i o n s  i s  then 

p r e s e n t e d .  F i n a l l y ,  some p o l i c y  c o n s i d e r a t i o n s  r e l a t i n g  t o  r e l i a b i l i t y  

a r e  b r i e f l y  descr ibed .  
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E f f o r t s  have been made i n  t he  l a s t  decade t o  e s t ima te  t h e  customer 's  

va lue  of e l e c t r i c  s e r v i c e  r e l i a b i l i t y .  Genera l ly ,  t h i s  va lue  i s  assumed t o  be 

equa l  t o  t h e  customer 's  1 o s s . e ~  incur red  during a  power i n t e r r u p t i o n ,  and 

l o s s e s  a r e  assumed t o  be represen ted  by ind i ce s  such a s  gross  n a t i o n a l  o r  

r eg iona l  product ,  wages and s a l a r i e s  o r  va lue  added by manufacture i n  d i r e c t  

p ropor t i on  t o  t h e  e l e c t r i c  energy (ki lowatt-hours)  not  served due t o  a  power 

i n t e r r u p t i o n .  Some e s t ima te s  a l s o  quan t i fy  va lue  i n  terms of a  customer l o s s  

component p ropor t i ona l  t o  t he  customer 's  e l e c t r i c i t y  demand ( k i l o w a t t s ) .  

These ' 's teady s t a t e ' '  e s t i m a t e s  assume t h e  same va lue  f o r  e l e c t r i c a l  s e r v i c e  

whether o r  no t  the  .customer i s  r ece iv ing  power o r  exper ienc ing  an i n t e r rup -  

t i o n .  Others  have pursued a  v a r i e t y  of customer surveys t o  e s t ima te  t he  

c u s t o m e r ' s  l o s s e s ;  and y e t  o t h e r s  a r e  f o u n d e d . u p o n  t h e o r e t i c a l  economic 

models. 

Usual ly ,  t he  underlying purpose f o r  t he se  e s t ima te s  is  t o  d e r i v e  an 

optimum l e v e l  of e l e c t r i c  u t i l i t y  ( u s u a l l y  gene ra t i on )  r e l i a b i l i t y  by balanc- 

i ng  t he  customer 's  l o s s e s  a g a i n s t  t h e  u t i l i t y ' s  c o s t s  a s soc i a t ed  with c e r t a i n  

l e v e l s  of u t i l i t y  r e l i a b i l i t y .  This  s e c t i o n  reviews many of t h e  previous 

s t u d i e s  undertaken t o  q u a n t i f y  ,customer va lue  of r e l i a b i l i t y .  The works most 

f r equen t ly  re fe renced  and o.thers most u s e f u l  f o r  f u t u r e  e f f o r t s  have been 

' reviewed i n  some d e t a i l .  These reviews cover a  r e p o r t i n g  of t h e  es t imated  

customer va lue  a s  wel l  a s  a  d e s c r i p t i o n  and c r i t i q u e  of t h e  major assumptions 

and processes  contained w i t h i n  each of t he  s t u d i e s .  For completeness,  t he  

r e s u l t s  of o t h e r  more l i m i t e d  e s t ima te s  of t h e  va lue  of r e l i a b i l i t y  t o  t he  

customer have a l s o  been reviewed and t abu la t ed .  

3 .1  TELSON, 1972 

One of t he  e a r l i e s t  and most f r equen t ly  re fe renced  works i n  t h e  a r e a  of 

e l e c t r i c  u t i l i t y  system r e l i a b i l i t y  v a l u a t i o n  i s  t h a t  of: M.L. ~ e 1 s o n . l  In  h i s  

1973 MIT Energy Laboratory r e p o r t  e n t i t l e d  The Economics of R e l i a b i l i t y  f o r  

E l e c t r i c  Generat ion Systems and h i s  doc to ra l  t h e s i s  of t he  same t i t l e ,  Telson 

a t t empt s  t o  provide an order-of-magnitude e s t ima te  of  a  s o c i a l l y  optimum l e v e l  

of u t i l i t y  system gene ra t i on  r e l i a b i l i t y .  Resu l t s  a r e  based exc lus ive ly  on 

New York Power Poo l  (NYPP) d a t a  modeled t h r o u g h  a  s e r i e s  of  s i m p l i f y i n g  

assumptions.  These r e s u l t s  a r e  i n  disagreement with more r e c e n t l y  a v a i l a b l e  

empi r i ca l  d a t a .  



Much of t h e  MIT r e p o r t  is  devoted t o  a  review of t h r e e  q u a n t i t a t i v e  

measures  of g e n e r a t i o n  system r e l i a b i l i t y :  l o s s  of load p r o b a b i l i t y  (LOLP), 

f requency  and d u r a t i o n  (FAD), and l o s s  of energy p r o b a b i l i t y  (LOEP). Telson 

s e l e c t s  t h e  l a t t e r  a s  being most u s e f u l  f o r  t h e  purposes  of measuring the  

b e n e f i t s  t o  the  system's consumers due t o  t he  l e v e l  of r e l i a b i l i t y  because t he  

FAD and LOLP c o n c e n t r a t e  on measuring the  expected amount of t i m e  i n  t h e  

planning per iod i n  which t h e r e  w i l l  b e  a  g e n e r a t i o n  d e f i c i t ,  wi thout  focusing 

on t h e  s e r i o u s n e s s  of t h e  events .  

LOEP i s  t h e  expected f r a c t i o n  of system energy n o t  served through l o s s  

o f  load  inc iden t s .  The LOEP model u se s  t h e  LOLP method and weighs each LOLP 

s h o r t a g e  by t h e  p ropor t i on  of energy n o t  served. Since t h e  f r a c t i o n s  of 

energy  unserved a r e  sma l l e r  than t h e  f r a c t i o n s  of t i m e  spent  i n  outage f o r  

each  i n c i d e n t ,  LUEl' w i l l  always be  leas ehafl LCJLP.~  Alchowgh LOEP 1s lest; 

t h a n  LOLP, i t  i s  n o t  p r o p o r t i o n a l  t o  LOLP f o r  any system through time, s i n c e  

t h e  system's load  d u r a t i o n  curve  and u n i t  forced outage r a t e s  a r e  l i k e l y  t o  

change wi th  t i m e .  

Telson's approach to. f ind ing  a  s o c i a l l y  optimum l e v e l  of gene ra t i on  

r e l i a b i l i t y  i s  t o  c o n s t r u c t  r e l a t i o n s h i p s  f o r  t h e  c o s t  of system expansion and 

f o r  customer l o s s e s  r e s u l t i n g  from unserved energy a s  f u n c t i o n s  of system 

LOEP, C(L0EP) and L(L0EP) r e spec t ive ly .  The s o c i a l l y  optimum l e v e l  of reli- 

a b i l i t y  i s  def ined  a s  t h a t  va lue  of LOEP f o r  which t h e  sum of C(L0EP) and 

L  (LOEP) i s  minimized. 

System expansion c o s t s ,  C(L0EP) a r e  based on an  NYPP expansion s tudy 

t h a t  computed t h e  p re sen t  va lue  c o s t  of expanding a  system over 20 y e a r s  a t  

d i f f e r e n t  l e v e l s  of m P .  by using u n i t  a d d i t i o n s  of 600 MW assumed to  be 

i n s t a l l e d  when t h e  s p e c i f i e d  LOLP c r i t e r i a  i s  v i o l a t e d .  NYPP's g r a p h i c a l  

ou tput  was f i t t e d  by Telson t o  g i v e  t h e  fol lowing r e l a t i o n s h i p  between cumu- 

l a t i v e  p re sen t  worth of  annual  charges  (1981 d o l l a r s )  and LOLP: 

C(LOLP) = 134.5 - 0.75 la810(260 LOLP)} x  109 

f o r .  11260 > LOLP > 1126,000. 



A system expansion cos t  r e l a t i o n s h i p ,  a s  a  func t ion  of LOEP, was 

r equ i r ed .  Te l son ' s  approach was t o  i n v e s t i g a t e  s e v e r a l  genera t  ion  expansion 

s t r a t e g i e s  us ing  a  l i n e a r  program technique t o  s e l e c t  t h e  l e a s t  p r e sen t  va lue  

c o s t  system i n  each s t r a t e g y .  Each expansion began with a  20,000 peak MW 

system s i m i l a r  t o  t h a t  of NYPP and having a  peak demand growth of 8% per 

year  while main ta in ing  t h e  i n i t i a l  shape of t he  load d u r a t i o n  curve.  Each 

e x p a n s i o n  s t r a t e g y  was i n i t i a l l y  s u b j e c t e d  t o  a  c o n s t a n t  r e s e r v e  marg in  ' 

c o n s t r a i n t  s p e c i f i e d  a s  a  percent  of peak load.  Each system c o n f i g u r a t i o n  was 

then  analyzed by a  p r o b a b i l i s t i c  s imu la t i on  model (PROSIM) t o  determine the  

LOLP and LOEP f o r  each of s i x  5-year per iods  i n  each expansion s t r a t e g y .  

 e el son's planning hor izon  i s  20. yea r s ,  but he uses  30 years  i n  t h e  cos t  

op t imiza t ion 'model  t o  e l i m i n a t e  end e f f e c t s . )  It was found t h a t  main ta in ing  a  

cons tan t  percentage ' reserve  margin caused system LOEP t o  decrease  from period 

t o  per iod .  F u r t h e r ,  t h a t  w i th in  reasonable  l i m i t s ,  any p e r i o d ' s  r e se rve  

margin could be a l t e r e d  t o  a r r i v e  a t  a  d e s i r e d  LOEP f o r  t h a t  per iod without 

s i g n i f i c a n t l y  a f f e c t i n g  the.LOEP f o r  o t h e r  per iods  i n  t h e  expansion s t r a -  

t egy .4  Thus by u t i l i z i n g  a  t r i a l  and e r r o r  combination of l i n e a r  programming 

and p r o b a b i l i s t i c  s imu la t i on ,  Telson was ab l e  t o  expand op t ima l ly  t h e  genera- 

t i o n  system ( i n  terms of c o s t )  a t  va r ious  l e v e l s  of LOEP he ld  n e a r l y  cons tan t  

throughout each expansion s t r a t e g y .  S ince  t h e  PROSIM model c a l c u l a t e d  LOLP a s  

we l l  a s  LOEP, a  f u n c t i o n a l  r e l a t i o n s h i p .  between these  two va lues  could be 

i n v e s t i g a t e d .  

An examinat ion of t h e  r e s u l t s  of  s i x  expansion s t r a t e g i e s  lead  Telson 

t o  conclude t h a t ,  f o r  t h e  p , a r t i c u l a r  load d u r a t i o n  curve used, t h e r e  was a  

l i n e a r  20 t o  1 r e l a t i o n s h i p  between LOEP and LOLP ( i . e . ,  LOLP = 20 x  LOEP). 

Although recogniz ing  t h a t  a  l i n e a r  r e l a t i o n s h i p  does not  hold i n  gene ra l ,  

Telson argues t h a t .  i t  may be v a l i d  over  c e r t a i n  ranges of LOLP and LOEP; h i s  

expansions covered a  range of LOEP between 8 x  and 2  x  

Telson claims t h a t  by s u b s t i t u t i n g  LOLP = 20 x  LOEP ( o r  any l i n e a r  

r e l a t i o n s h i p )  i n t o  Eq. 3 .1  and d i f f e r e n t i a t i n g  with r e s p e c t  t o  LOEP r e s u l t s  

d  (C (LOEP) ) - - . - (2 .3) ( .75) (109)  

d  LOEP LOEP 



Equat ion 3 .2  i s  subsequent ly  combined wi th  t h e  d e r i v a t i v e  of t h e  customer l o s s  

f u n c t i o n  t o  s o l v e  f o r  LOEP where system c o s t s  and customer l o s s e s  a r e  minimum. 

T e l s o n ' s  r e s u l t s  a r e  marred by a  t e c h n i c a l  e r r o r  i n  an i n c o r r e c t  formulat ion 

o f  d  (C(LOEP)) /  d  (LOEP) .  The c o r r e c t  f o r m u l a t i o n  o f  t h e  d e r i v a t i v e  i s  

d  (C(LOEP))  
. . - - (1 /2 .3 ) ( . 75 ) (109)  - 

d LOEP LOEP . 

A l l  o t h e r  t h i n g s  being equa l ,  t h e  use of t h e  proper  d e r i v a t i v e  would a l t e r  t h e  

magnitude of T e l s o n ' s  f i n a l  conclusions by more t han  a  f a c t o r  of 5 .  

I t  s l i u u l d  a l s u  be uutecl tllar: ail txa lu i i~a t ion  of T t l s o i ~ ' ~  six system 

expansion s t r a t e g i e s  shows an average p r o p o r t i o n a l i t y  "constant"  of about 27 

wi th  a' s t anda rd  d e v i a t i o n  of 9 .5  based on 36 p a i r s  of LOLP and LOEP. I f  t h r e e  

s t r a t e g i e s  noted by Telson a s  having "reasonably c lose"  va lues  of LOEP f o r  

each expansion per iod  a r e  examined, t h e  average p r o p o r t i o n a l i t y  cons tan t  

remains about t h e  same and t h e  s tandard  d e v i a t i o n  decreases  t o  8 .4 .  This  f a c t  

i s  important  because Telson l a t e r  conver t s  t h e  der ived  optimum LOEP t o  an LOLP 

measure us ing  a  l i n e a r i t y  assumption based on a  p r o p o r t i o n a l i t y  cons tan t  

. of  20 .  

Telson proceeds t o  make a  rough e s t ima te  of t h e  customer l o s s  func t ion  

by assuming t h a t  l o s s e s  a r e  l i n e a r l y  r e l a t e d  t o  unserved energy. He argues 

t h a t  t h e  " l i n e a r i t y  assumption i s  . . . good over  ranges of energy cur ta i lment  

which a r e  smal l  r e l a t i v e  t o  customer needs;  i .  e .  , i f  l o s s e s  a r e  g r e a t  enough 

t h a t  i t  pays t h e  consumer t o  o b t a i n  backup gene ra t i on ,  t h e  l o s s  func t ion  

s a t u r a t e s  a t  t h i s  p o i n t .  This does no t  seem t o  be a  problem over  t h e  ranges 

of  LOEP wc . . . i n v e s t i g a t e . " 5  

To e s t i m a t e  t h i s  r e l a t i o n s h i p  Telson assumes t h a t  ctie percer i t  uL 

energy unserved causes  a  l i k e  percentage of t o t a l  wages a s soc i a t ed  with t h e  

i n t e r r u p t e d  economic a c t i v i t y  t o  be l o s t .  He argues on one hand t h a t  t h e  

assumption underes t imates  a t t endan t  l o s s e s  because t h e  e f f e c t s  of a  l o s s  of 

load  l i n g e r  beyond t h e  d u r a t i o n  of t h e  l o s s  of load event .  And, on t h e  o t h e r  

hand,  t h a t  " t h i s  func t ion  w i l l  overes t imate  l o s s e s  because i t  assumes t h a t  

consumers w i l l  keep t h e i r  average output  per  ki lowatt-hour  cons tan t  throughout 

t ime whereas t hey  a r e  bound t o  become more e f f i c i e n t  when they a r e  reconnected 

t h u s  reducing t h e  l o s s e s  c a l c u l a t e d  when us ing  t h e  l i n e a r i t y  assumpt ion."6 



I n  comput ing  t h e  l o s s  f a c t o r  p e r  k i l o w a t t - h o u r  i n t e r r u p t e d ,  t h e  

assumption i s  made t h a t  a l l  wages a r e  r e l a t e d  t o  t h e  energy product ion  t h a t  

occurs  during daytime hours.7 Thus, t h e  LOEP i n  Eq. 3.4 i s  t h e  LOEP based on 

a 12-hour pe r  day load  d u r a t i o n  curve,  LOEP'. 

The wage p r o p o r t i o n a l i t y  cons t an t  is based on a 1969 wage and s a l a r y  

f i g u r e  f o r  New York S t a t e  of $55 b i l l i o n .  (Corresponding i n d u s t r i a l  and 

commercial consumption i s  % 47 m i l l i o n  MWh. )  Th i s  f i g u r e  is  e s c a l a t e d  a t  4% 

pe r  yea r  t o  1981 d o l l a r s .  The p re sen t  va lue  of wages expected t o  be pa id  f o r  

20 y e a r s  p a s t  1981 i s  then  determined assuming a cont inued annual  e s c a l a t i o n  

of 4% and a d i scount  r a t e  of 8%. A va lue  of $1200 x l o 9  r e s u l t s .  T h i s  is 

t h e  p r o p o r t i o n a l i t y  cons t an t  f o r  t h e  same t i m e  frame f o r  which C (LOEP) was 

determined. 'Thus, t h e  consumer l o s s  f u n c t i o n  becomes 

L(LOEP8) = 1200 x l o 9  (LOEP') d o l l a r s .  (3.4) 

It should be noted t h a t  p a r t  of Telson's j u s t i f i c a t i o n  f o r  s e l e c t i n g  

' an  LOEP based model (over  an  LOLP o r  FAD based model) f o r  customer l o s s e s  "is, 

t h a t  customer l o s s e s  e s c a l a t e  i n  f a s t e r  t han  l i n e a r  f a sh ion  wi th  r e s p e c t  t o  

t h e  l e n g t h  of t h e  outage dura t ion ,  and t h e r e f o r e  t h e  l a r g e r  t h e  mean sho r t age  

du ra t i on ,  t h e  worse t h e  system. However, a s  long a s  the' mean sho r t age  dura- 

t i o n  and energy l o s s  i s  no t  exces s ive  ... i t  does no t  r e a l l y  m a t t e r  much i f  t h e  

o u t a g e  t i m e  o c c u r s  i n  l a r g e r  s e g m e n t s  o r  i n  a g r e a t e r  number of s m a l l e r  

segments. "8 

I£' t h i s  were t r u e ,  i t  would a l s o  be  a j u s t i f i c a t i o n  t h a t  t h e  l o s s  

f u n c t i o n  g iven  i n  Eq. 3.4 i s  conse rva t ive  i n  t h a t  i t  .overes t imates  t h e  cus- 

tomer's l o s se s .  Th i s  may be a v a l i d  approximation f o r  a l i m i t e d  segment of 

u t i l i t y  customers,  p a r t i c u l a r l y  t h e  r e s i d e n t i a l  s ec to r .  However, a s  i s  noted 

i n  t h e  d i s c u s s i o n  of Ontar io  Hydro's survey of i n d u s t r i a l  and commercial 

customers (Sec t ion  3.7), t h e  consumer's l o s s  f u n c t i o n  ($/kwh) i s  a s t r o n g l y  

decreas ing  f u n c t i o n  of outage du ra t i on ,  approaching an asymptot ic  va lue  f o r  

ou tages  of 16-24 hours  durat ion.9 O n  t h i s  b a s i s ,  Telson's premise c o n f l i c t s  

w i th  more r e c e n t  empi r i ca l  data .  By assuming l i n e a r i t y  and a wage-related 

p r o p o r t i o n a l i t y  cons t an t ,  he  a t t empt s  t o  provide a reasonably conse rva t ive  

(high)  e s t i m a t e  of customer l o s se s .  lo H i s  assumptions,  however, may a c t u a l l y  

l ead  t o  an underes t imat ion  of i n d u s t r i a l  and commercial l o s s e s  r e s u l t i n g  from 

s e r v i c e  i n t e r r u p t i o n s  of 5 24-hour i n t e r r u p t i o n s .  



Another r a t h e r  s i g n i f i c a n t  incons is tency  e x i s t s  i n  Telson's formula- 

t i o n  of t h e  consumer l o s s  func t ion ,  L(L0EP). H e  s t a t e s ,  

Note t h a t  w e  a r e  r e l a t i n g  l o s s e s  t o  (energy unserved) ,  and 
t h a t  a  problem a r i s e s  i f  we c a r e l e s s l y  r e l a t e  l o s s e s  t o  
system LOEP ... Most product ion  t a k e s  p l a c e  over  t h e  daytime 
hours;  i t  would be  i n c o r r e c t  t o  a s s o c i a t e  a l l  wages t o  a l l  
kWh produced. For t he  sake of convenience, and f o r  the  
purpose of e s t ima t ing  an approximate r e l e v a n t  f a c t o r ,  we 
w i l l  assume t h a t  wages a r e  r e l a t e d  t o  t h a t  energy product ion  
which o c c u r s  d u r i n g  d a y t i m e  h o u r s ,  and t h i s  i s  how we 
w i l l  compute t he  p r o p o r t i o n a l i t y  cons t an t  f o r  L(L0EP) ...I1 

H e  goes  on t o  no t e  t h a t  t h e  use of a  24-hour load d u r a t i o n  curve and a  

12-hour load d u r a t i o n  curve  (7 :  30 AM - 7: 30 PM) w i l l  y i e l d  approximately equa l  

measures of energy unserved,  bu t  t h a t  t h e  use of a  12-hour curve  w i l l  produce 

an  LOEP t h a t  is  probably tw ice  a s  g r e a t  a s  t h e  use of a  24-hour load dura- 

t i o n  curve. 

Telsnn 's  sta.t.eme.nt i.s n o t  n e c e s s a r i l y  i n  e r r o r ,  s ince  LOEP i s  t he  

summation of a l l  p r o b a b i l i t i e s  t h a t  energy goes unserved i n  a  s p e c i f i e d  t i m e  

pe r iod  d iv ided  by t h e  energy t h a t  would have been served i f  a l l  customer 

demand had been s a t i s f i e d  during t h a t  same per iod.  The r a t i o n a l e  i s  t h a t  t h e  

m a j o r i t y  of t h e  t o t a l  p r o b a b i l i t y  t h a t  energy goes  unserved i s  a  r e s u l t  of 

c o n t r i b u t i o n s  during t h e  peak pe r iod ,  t h e  12 daytime hours. Thus, t h e  prob- 

a b i l i t y  o f  e n e r g y  g o i n g  u n s e r v e d  i s  a b o u t  t h e  same w h e t h e r  a  12-hour  o r  

24-hour p e r i o d  i s  c o n s i d e r e d .  The LOEP, however ,  may b e  g r e a t e r  i f  t h e  

p r o b a b i l i t y  of energy unserved i s  d iv ided  by energy demanded by customers  i n  

t h e  12-hour per iod  a s  compared t o  t h a t  of t h e  24-hour per iod.  

The problem i s  t h a t  the  LUEP' i n  t h e  customer l o s s  f u n c t i o n  s t a t e d  by 

Eq. 3 . 4  of Telson 's  argument, i s  an LOEP based on a  12-hour load  d u r a t i o n  

c u r v e .  T h i s  f u n c t i o n  c a n n o t  b e  d i f f e r e n t i a t e d  w i t h  r e s p e c t  ' t o  t h e  LOEP 

s p e c i f i e d  i n  t h e  system expansion . c o s t  f u n c t i o n  C(LOEP), s i n c e  t h e  LOEP of t h e  , 

of  t h e  c o s t  f u n c t i o n  i s  presumably based on a  24-hour load d u r a t i o n  curve. 

Thus, i t  appears  t h a t  

L (LOEP) 2400 x l o 9  (LOEP), 

based on h i s  argument t h a t  LOEP " 2 LOEP'. 



Based on h i s  assumptions (and formula t ions) ,  t h e  r e s u l t  of Telson's 

work i s  t h a t  t h e  s o c i a l l y  optimum 1os.s. of energy p r o b a b i l i t y  (LOEP*) f o r  

system g e n e r a t i o n  c a p a c i t y  i s  

LOEP* = 1.45  x 10'~. ( 3 . 6 )  

H e  c o n v e r t s  t h i s  r e s u l t  t o  a s o c i a l l y  optimum l o s s  o f  l o a d  p r o b a b i l i t y  

(LOLP*) by mul t ip ly ing  by a p r o p o r t i o n a l i t y  cons t an t  of 20 and g e t s  

LOLP* = .2:9 x l o w 2 .  (3 .7 )  

The LOEPs and LOLPs r e f e r r e d  t o  by Telson a r e  based on 260 weekdays 

per  year ,  but  can be  converted t o  a 365-day b a s i s  by mul t ip ly ing  by 2601365, 

s i n c e  almost  none of  t h e  p r o b a b i l i t y  of l o s t  load  w i l l  r e s u l t  on t h e  weekends. 

Thus 

S ince  the  p re sen t  1 day i n  10 yea r  LOLP planning ' c r i t e r i o n  is  equ iva l en t  t o  

LOLPIO = 2. 74 x 10-4, ( 3 . 9 )  

Te lson  concludes t h a t  t y p i c a l  systems may be  roughly 100 t imes  more . r e l i a b l e  

than i s  economically optimum. This  excess  r e l i a b i l i t y  f a c t o r  is  s u b s t a n t i a l l y  

reduced, however, i f  (1)  t h e  proper  formula t ion  of d C(LOEP)/d LOEP i s  used, 

( 2 )  t h e  a v e r a g e  r a t i o  o f  LOLP and  LOEP i s  u s e d ,  and  ( 3 )  i f  T e l s o n ' s  own 

argument regard ing  L(L0EP) and L(LOEP8.) i s  c r e d i t e d .  A side-by-side compari- 

son of t h e  two c a l c u l a t i o n s  i s  presented below: 

Telson ' s  C a l c u l a t i o n  C o r r e c t e d  Formulation 

d (C(LOEP)) - - - (2.3) (. 85) ( l o9 )  d (C(LOEP)) - - - (112.3) (. 75) ( l o9 )  
d LOEP LOEP d LOEP LOEP 

LOLP = 20 x LOEP LOLP = 27 x LOEP 

L(LOEP8) = 1200 x lo9  LOEP' 

LOEP' = 2 x LOEP 

L(LOEP) = 1200 x 109 LOEP L(LOEP) = 2400 x 109 LOEP 

(L(LoEP)) = 1200 
d LOEP 

d (L(LOEP)) = 2400 
d LOEP 



S e t  sum of d e r i v a t i v e s  equa l  t o  0 S e t  sum of d e r i v a t i v e s  equa l  t o  0 

(2.3) (. 75) (109) I (112.3) (. 75) (109) 
= 1200 109 I = 2400 x 109 

LOEP LOEP* LOEP LOEP* 

LOEP* = 1.45 x 10'~ LOEP* = 136 x 10'~ 

LOLP* = LOEP* x 20  LOLP* = LOEP* x 27 

LoLP*365 = LOLP* X (260/365) mLP*365 = LOLP* X (260/365) 

LoLP*365 = 2.07 X mLP*365 = 2.61 X 10'~ 

Thus, wl thout  an examinat ion of t h e  p o s s i b l e  u n c e r t a i n t i e s  surrounding 

t h e s e  r e s u l t s  it might be  concluded t h a t ,  g iven  proper  formulat ion, .and appl i -  

c a t i o n  of Telson's assumptions,  t y p i c a l  u t i l i t y  system g e n e r a t i o n  r e l i a b i l i t y  

s t a n d a r d s  may b e  10 times, r a t h e r  than,  a s  concluded by Telson, 100 t i m e s  t oo  

high. 

Fur ther  i n s i g h t  can be  ob ta ined  by examining Fig. 3.1, a g r a p h i c a l  

r e p r e s e n t a t i o n  of  t h e  C(LOEP), L (LOEP), and C(L0EP) + L (LOEP) f u n c t i o n s  

p l o t t e d  a g a i n s t  g e n e r a t i o n  system r e l i a i l i t y ,  R3gg, where R365 = 1 - LOLP365. 

The r e s u l t s  shown are those  based on t h e  co r r ec t ed  formulation. The 

system expansion c o s t s  and customer l o s s e s  a r e  d iv ided  by t h e  i n i t i a l  peak 

megawatts of t h e  system (20,000 MW), a s  a sca l ing  f a c t o r .  A s  showr~, t h e  

c a l c u l a t e d  economic optimum r e l i a b i l i t y  l e v e l  of 9.5 days per  10 y e a r s  i s  

c e n t e r e d  i n  a very  broad minimum t h a t  could e a s i l y  vary  anywhere from 5 t o  15 

days pe r  10 yea r s .  

Another way t o  analyze t h e s e  curves  i s  t o  assume some nominal abso lu t e  

u n c e r t a i n t y  i n  t h e  va lue  of t h e  L(L0EP) and C(L0EP) func t ions .  Even i f  t h e  

b e s t  c o s t  and customer l o s s  d a t a  were a v a i l a b l e ,  a n  u n c e r t a i n t y  e s t i m a t e  of 

+ 2% would probably be  unreasonably low. Y e t  even wi th  t h i s  smal l  uncer- - 
t a i n t y ,  t h e  magnitude of p o s s i b l e  e r r o r  i n  t h e  va lue  of C(L0EP) + L(L0EP) a t  

t h e  c a l c u l a t e d  optimum r e l i a b i l i t y  i s  - + $3Ox/kW. Th i s  f i g u r e  is en l igh ten-  

ing i n  view of  t h e  f a c t  t h a t  w i th in  t h e  e n t i r e  range of r e l i a b i l i t y  shown 

(0.5 - 25 days/lO y r ) ,  C(L0EP) + L(L0EP) v a r i e s  s l i g h t l y  less than $40/kW. 



It i s  i n t e r e s t & ,  too, t o  look  a t  t h e  average c o s t  d i f f e r e n c e  of 

expanding a  system a t  t h e  p re sen t  r e l i a b i l i t y  c r i t e r i a  and a t  t h e  economic 

optimum. The 20-year p re sen t  valued d i f f e r e n c e ,  based on a  one ,day i n  t e n  

year  LOLP c r i t e r i o n  and t h e  optimum 9.5 dl10 y r  ,LOLP, i s  about $0.75 b i l l i o n .  

Th i s  is  only  2% more than t h e  optimum system t h a t  would expand a t  s l i g h t l y  i n  

exces s  of $34.5 b i l l i o n .  By i t s e l f ,  t h i s  d i f f e r e n c e  'would cause on ly  about a  

1% change i n  t h e  customer's b i l l ,  s i n c e  only about h a l f  of a  u t i l i t y ' s  c a p i t a l  

investment i s  f o r  genera t ion .  A s  Telson notes ,  s i n c e  t h i s  average  excess  c o s t  

adds on ly  a smal l  f r a c t i o n  t o  t h e  customer's e l e c t r i c i t y  b i l l ,  t h e  consumer 

may be  s u f f i c i e n t l y  r i s k  ave r se  t o  pay t h e  a d d i t i o n a l  amount f o r  t h e  added 

l e v e l  of g e n e r a t i o n  r e l i a b i l i t y .  

Although Telson's work ' h a s  
LOSS OF LOAD PROBABILITY. Doys/lO yrs 

some . f laws ,  h i s  formula t ion  p l u s  1780 oA 10 7.5 5 4 3 2 I 0.5 

t h e .  a d d e d  a n a l y s i s  g i v e n  h e r e  I 
w 
I- provide  i n s i g h t  i n t o  t h e  va lue  of ? 
V) 

C(L0EP) + L(LOEP1 

u t i l i t y  system r e l i a b i l i t y .  The S 
5 I 
2 1740 - g e n e r a l  shape of t h e  cu rves  d i s -  a o I 

cussed i n  Fig. .3.1 would seem t o  

i n d i c a t e  t h a t  s y s  t e m  g e n e r a t i o n  

c o s t s  i n c r e a s e  a t  r ap id  r a t e s  ' for  

r e l i a b i l i t y  l e v e l s  b e t t e r  than 3 

t o  5  d l 1 0  y r  LOLP. Hence, w i t h  

a d . d i t i o n . a l  i n v e s t i g a t i o n ,  i t  

may be  p o s s i b l e  i n  t h e  f u t u r e  t o  ' 

f o r m u l a t i  more s u b s t a n t i a l  con- ,9930 ,9940 ,9950 .9960 ,9970 ,9980 ,9990 .9999 

c l u s i o n s  regard ing  t h e  c u r r e n t  1 

dl10 y r  LOLP r e l i a b i l i t y  c r i t e r i o n .  

B e c a u s e  o f  v e r y  r o u g h  

e s t i m a t i n g  t e c h n i q u e s ,  T e l s o n ' s  

conc lus ions  a r e  of l i t t l e  va lue  as 

a s o u r c e  o f  d a t a .  And, s i n c e  

l i t t l e  o r  no  m e n t i o n  i s  made o f  

t r a n s m i s s i o n  a n d  d i s t r i b u t i o n  

r e l i a b i l i t y  o r  c o s t ,  t h e  w o r k  

RELIABILITY USING 365 DAY YEAR 

Fig. 3.1. Telson's System Expansion Cost 
and Customer Loss   unctions 
(Corrected Formulation) 

Source: Derived from Telson, M.L., The 
Economics o f  Re1 iabil  i  t y  for 
Electric Generation Sys tems , 
Massachuset ts  I n s t i t u t e  of Tech- 
nology Energy Laboratory Report 
MIT-EL 73-106 (May 1973). 

p r o v k d e s  ! l i t t l e  a s s i s t a n c e  i n  ' 



i n v e s t i g a t i n g  t h e  e f f e c t s  of t o t a l  .system r e l i a b i l i t y  on v a r i o u s  customer 

groups. 

  not her of Telson's works (perhaps  more wide1.y read)  i s  a B e l l  J ou rna l  

o f  Economics and  Management S c i e n c e  p a p e r  p u b l i s h e d  i n  1975 .12  I n  t h e  

a r t i c l e  e n t i t l e d  The Economics of A l t e r n a t i v e  Leve ls  of R e l i a b i l i t y  f o r  

E l e c t r i c  Power Genera t ion  Systems, t h e  au thor  p r e s e n t s  two upper bound es- 

t i m a t e s  of ,consumer l o s s  f u n c t i o n s  and adopts  a  somewhat d i f f e r e n t  marginal  

c o s t  a p p r o a c h  t o  compar ing  g e n e r a t i o n  c o s t s  and e x p e c t e d l o s s e s  t h a n  i s  

p re sen t ed  i n  h i s  e a r l i e r  MIT r e p o r t .  

H i s  approach i s  t o  c a l c u l a t e  t h e  r educ t ion  i n  expected energy d e f i c i t  

made p o s s i b l e  by t h e  a d d i t i o n  of one-megawatt u n i t  ( u n i t  n+l)  t o  a  system a t  a  

g i v e n  l e v e l  of LOLP. The r educ t ion  i n  energy d e f i c i t  by t h e  a d d i t i o n  of u n i t  

n + l  i s  simply t h e  energy expected t o  b e  genera ted  by t h i s  u n i t  when it i s  

assumed t o  b e  l a s t  i n  t h e  loading order .  S ince  t he  u n i t  s i z e  is  smal l ,  t h e  

expec ted  megawatt-hours of energy g e n e r a t i o n  i n  per iod  k  i s  approximated 

by 

- 
En+l,k - ('n+l x x (LOLPk) x ( 1  m) (3.11) 

where 

*n+ a 1 - forced  outage r a t e  of u n i t  n+l,  

% = hours  i n  per iod  k, and 

LOLPk = l o s s  of load p r o b a b i l i t y  i n  per iod  k  
wi thout  t h e  u n i t  n + l  add i t i on .  

Expected g e n e r a t i o n  over  t h e  u n i t ' s  l i f e t i m e  is discounted t o  t h e  d a t e  

o f  i n s t a l l a t i o n .  Th i s  va lue ,  when m u l t i p l i e d  by t h e  c u r r e n t  marginal  ne t  

revenue from t h e  s a l e  of e l e c t r i c a l  energy, r e s u l t s  i n  t h e  t o t a l  discounted 

s a l e s  revenue. Discounted s a l e s  revenue i s  then  compared t o  t h e  p re sen t  c o s t  

o f  adding an a d d i t i o n a l  megawatt of capac i ty ;  ope ra t i ng  c o s t s  a r e  negl.ected. 

By Telson 's  c a l c u l a t i o n s ,  l i f e t ime .  g e n e r a t i o n  from u n i t  n+l  is  16.2 

d i scounted  megawatt-hours r ep re sen t ing  $480 of discounted s a l e s  revenue. The 

e s t ima ted  cos t  t o  i n s t a l l  an a d d i t i o n a l  megawatt of c a p a c i t y  i s  $100,000. 

These r e s u l t s  assume t h e  fol lowing:  



Unit L i f e t ime  = 30 y r s  

Discount r a t e  = .10 pe r  annum 

Sa le s  revenue = $3O/MWh 

Recognizing t h a t  most customers va lue  energy l o s t  a t  much more than 

i t s  s a l e s  p r i c e ,  Telson makes two e s t ima te s  of consumer l o s se s .  The f i r s t  is  

a l a r g e  upper bound esti 'mate g iven  by t h e  r a t i o  of t h e  g r o s s  product of an 

a r e a  t o  t h e  i n d u s t r i a l  and commercial e l e c t r i c a l  energy consumed i n  t h a t  

a r ea .  He a rgues  t h a t  t h i s  va lue  i s  an overes t imate  of l o s s e s  because (1)  by 

excluding r e s i d e n t i a l  consumption i n  t he  denominator, r e s i d e n t i a l  l o s s e s  a r e  

valued t h e  same a s  i n d u s t r i a l  and commercial l o s s e s ,  g iven  a power i n t e r rup -  

t i o n ;  (2) through f l e x i b i l i t i e s  of ope ra t i on ,  customer d i sconnec t ion  w i l l  

occur  on ly  a f t e r  g e n e r a t i o n  c a p a c i t y  f a l l s  by some margin below customer 

demand; and ( 3 )  some 0.f t h e  economic ou tput  i s  delayed o r  i s  only p a r t i a l l y  

bu t  n o t  completely l o s t .  

A s m a l l e r  l a r g e  u p p e r  bound on consumer l o s s e s  i s  d e f i n e d  a s  t h e  

r a t i o  of wages and s a l a r i e s  i n  a g iven  a r ea  t o  t h e  e l e c t r i c  energy consumed by 

t h e  i n d u s t r i a l  and commercial customers. This  e s t i m a t e  i s  s i m i l a r  t o  t h a t  

provided i n  Telson's e a r l i e r  (1972) MIT Energy Laboratory r epo r t .  H e  calcu-  

l a t e s  t h i s  va lue  f o r  New York s t a t e  and t h e  t o t a l  U.S., a r r i v i n g  a t  customer 
. . 

l o s s  r a t i o s  of $1223 and $574 per  megawatt-hour, r e spec t ive ly .  

S ince  a $100,000 investment would produce 16.2 discounted megawatt- 

hours  of e l e c t r i c  energy, each discounted megawatt-hour c o s t  s $100,000/16.2 = 

$6170 t o  produce.. Customer l o s se s ,  i n  t h e  absence of t h i s  energy, f o r  t h e  

s t a t e  of New York would be  $1223 per  megawatt hour unserved -- a f a c t o r  of 5, 

less. Thus, Telson concludes t h a t  i f  LOLP l e v e l s  were c l o s e r  t o  5 days i n  10 

yea r s ,  t h e  a d d i t i o n a l  u n i t  would be  expected t o  g e n e r a t e  more e l e c t r i c i t y ,  and 

t h e r e f o r e  t h e  c o s t  of producing t h e  a d d i t i o n a l  megawatt-hours would more 

n e a r l y  . . equal  t h e  upper bound e s t ima te  of t h e i r  value.  H e  a l s o  sugges t s  t h a t  

s i n c e  t h e  n a t i o n a l  customer l o s s  r a t i o  ( func t ion )  is  so  much sma l l e r  than t h e  

one f o r  New York S t a t e ,  h i s  conc lus ions  may b e  v a l i d  i n  many o t h e r  a r e a s  of 

t h e  country,  i f  n o t  f o r  most of t h e  na t ion . ,  It i s  emphasized t h a t  Telson's 



1975 r e s u l t s  approximate t h e  r e s u l t s  ob ta ined  from h i s  1972 work when t h e  

c o r r e c t e d  fo rmula t ion  i s  appl ied .  

Although i t  i s  n o t  Telson's purpose t o  s p e c i f y  t h e  d e s i r a b l e  l e v e l  of 

e l e c t r i c  g e n e r a t i o n  r e l i a b i l i t y ,  he  states t h a t  it would seem p o s s i b l e  t o  

reduce  g e n e r a t i o n  system r e l i a b i l i t y  t a r g e t  l e v e l s  t o  perhaps a  5-day i n  

10-year c r i t e r i o n ,  w h i l e  no t  s e r i o u s l y  a f f e c t i n g  t h e  q u a l i t y  of s e r v i c e  a s  

p e r c e i v e d  by mos t  c u s t o m e r s  due  t o  t h e  much h i g h e r  u n r e l i a b i l i t y  o f  t h e  

d i s t r i b u t i o n  network. 

A s  with t h e  e a r l i e r  MIT r e p o r t ,  Telson p r e s e n t s  on ly  a rough e s t ima te  

of t h e  va lue  and c o s t  of e l e c t r i c  s e r v i c e  r e l i a b i l i t y .  H e  sugges t s  t h a t ,  

whatever  t h e  g e n e r a t i o n  r e l i a b i l i t y  c r i t e r i o n ,  load  shedding p r i o r i t i e s  should 

be  determined beforehand so  t h a t  i n  t h e  event  t h a t  load  shedding i s  necessary  

i t  can  be  accomplished w i t h  a  minimum of s o c i a l  l o s se s .  H e  makes no a t tempt ,  

however, t o  i d e n t i f y  what those  p r i o r i t i e s  should be  by e s t ima t ing  the l o s s  

f u n c t i o n  by customer group. Thus, w i t h  regard  t o  p re sen t  r e l i a b i l i t y  ques- 

t i o n s ,  t h e  1975 s tudy  p rov ides  l i t t l e  i n s i g h t  over.  t h a t  of Telson's e a r l i e r  

work a t  MIT. 

3.3 SHIPLEY, PATTON, AND DENISON, 19 72 

\ 

I n  an I E E E  paper  e n t i t l e d  Power R e l i a b i l i t y  Cost vs. Worth, l3 R. B. 

S h i p l e y  e t  a l .  a d o p t  a  somewhat d i f f e r e n t  a p p r o a c h  t h a n  M.L. T e l s o n  f o r  

e s t i m a t i n g  t h e  optimum l e v e l  of s y s t e m  r e l i a b i l i t y .  The most  i m p o r t a n t  

d i f f e r e n c e  is t h a t  t he se  au tho r s  t ake  a n  i n t e g r a t e d  approach toward reli- 

a b i l i t y  ( they r e f e r  t o  it a s  s e r v i c e  a v a i l a b i l i t y )  i n  t h a t  they cons ider  

n o t  on ly  t h e  g e n e r a t i o n  s e c t o r  of t h e  u t i l i t y  bu t  a l s o  t h e  t r ansmis s ion  and 

d i s t r i b u t i o n  s e c t o r s .  Second, t h e i r  viewpoint i s  of t h e  n a t i o n  a s  a  whole; 

hence they use  n a t i o n a l  s t a t i s t i c s  and d a t a  t o  d e s c r i b e  t h e  power system. 

Thi rd ,  t h e  au tho r s  make an a n a l y s i s  of t h e  s e r v i c e  r e l i a b i l i t y  f o r  an  average 

power system e x i s t i n g  i n  1967, r a t h e r  than t h e  approach o i  a  planning per- 

s p e c t i v e  a s  used by Telson. 

The a u t h o r s  a r e  qu ick  t o  acknowledge t h a t  t h e  use of n a t i o n a l  d a t a  and 

t h e i r  v e r y  r o u g h  a p p r o x i m a t i o n s  i n  f o r m u l a t i n g  t h e  problem r e n d e r  t h e i r  

r e s u l t s  i n a p p l i c a b l e  t o  any s p e c i f i c  u t i l i t y  o r  s e r v i c e  region. Nevertheless ,  

t h i s  concess ion  does n o t  d e t r a c t  from t h e i r  primary o b j e c t i v e ,  which was t o  
11 provoke d i s c u s s i o n  and f u r t h e r  r e sea rch  i n t o  t h e  c o s t  of power i n t e r r u p t i o n s  

and the-  opt imizing of system des ign  cons ider ing  t h i s  cost ."  



R e l i a b i l i t y ,  o r  s e r v i c e  a v a i l a b i l i t y ,  i s  def ined  a s  t h e  ki lowatt-hours  
I (energy) a c t u a l l y  suppl ied  t o  consumers,  d iv ided  'by t h e  ki lowatt-hours  t h a t  

would be  suppl ied  i f  t h e r e  were no s e r v i c e  i n t e r r u p t i o n .  This  concept can be  

r e l a t e d  t o  Telson's terminology i n  t h a t  system a v a i l a b i l i t y  i s  s i m i l a r  t o  

1-LOEP. There a r e  some d i f f e r e n c e s ,  however, i n  t h a t  Telson's approach i s  

p r o b a b i l i s t i c  and cons ide r s  only generat i 'on r e l i a b i l i t y .  On t h e  o t h e r  hand, 

a l though Shipley e t  a l .  make i n f e r e n c e s  from one year  of s t a t i s t i c s ,  they 

cons ide r  t h e  e n t i r e  u t i l i t y  system. 

The au thors '  customer l o s s  f u n c t i o n  i s  formulated under t h e  assumption 

t h a t  p roduct ion  of a l l  goods and s e r v i c e s  (GNP) ceases  during a  power i n t e r -  

rup t ion .  For convenience i n  comparing customer l o s s e s  wi th  system c o s t s ,  t h e  

l o s s  f u n c t i o n  is  expressed on a  c a p i t a l i z e d  b a s i s  per  k i l o w a t t  of peak load a s  

fo l lows  : 

Customer L o s s  ( $ / k ~ )  = GNP (1-A) = 25 ,  600 (1-A) 
(kW x R) 

where 

GNP = 1967 g r o s s  n a t i o n a l  product ,  

kW = peak load k i lowa t t s ,  

R = ca r ry ing  charge r a t e  = 0.15, and 

A = s e r v i c e  a v a i l a b i l i t y .  

They a r g u e  t h a t  i n  a d d i t i o n  t o  t h e  t o t a l  v a l u e  o f  t h e  a n n u a l  o u t p u t  o f  

goods and s e r v i c e s  of i n d u s t r i a l  and commercial a c . t i v i t y ,  GNP a l s o  r e f l e c t s  

( a t  l e a s t  t o  some e x t e n t )  the  na t ion ' s  comfort, convenience, and s a f e t y .  

Thus, a l though a  l a r g e .  p o r t i o n  of r e s i d e n t i a l  customer l o s s e s  i nvo lve  t he se  

secondary f a c t o r s  which a r e  d i f f i c u l t  t o  quan t i fy ,  t h e  use of GNP r e f l e c t s  

t h e i r  l o s s e s .  The a u t h o r s  a l s o  emphasize t h a t  t h i s  exp re s s ion  is  v a l i d  on ly  

f o r  r e l a t i v e l y  sma l l  d e v i a t i o n s  from t h e  l e v e l  of r e l i a b i l i t y  provided by 

p r e s e n t  systems. 

The a u t h o r s  a l s o  c a l c u l a t e  t h e  r a t i o  of GNP to ' k i l owa t t -hou r s  i n  1967 ' 

and Lind a  v a l u e  o f  $0.6O/kWh. T h i s  v a l u e  i s  somewhat l o w e r  t h a n  t h o s e  

es t imated  f o r  i n d u s t r i a l  power i n t e r r u p t i o n s  i n  t h e  United S t a t e s  ($0.95- 

$1=50'/kWh) . 1 4 9  l5 However, t h e s e  o t h e r  e s t i m a t e s  do no t  t ake  f n t o  account 

. ' p o r t i o n s  of t h e  GNP n o t  a f f e c t e d  by power outages.  They s t a t e :  



It seems p o s s i b l e  t h a t  some p o r t i o n  of t h e  GNP would cease  
during a  power i n t e r r u p t i o n  wi th  r e s u l t a n t  l o s s  of goods and 
se rv i ce s .  Other p o r t i o n s  of t h e  GNP might s u f f e r  a d d i t i o n a l  
l o s s e s  due t o  spo i l ed  product o r  damaged equipment. F i n a l l y ,  
some p o r t i o n s  of t h e  GNP would be v i r t u a l l y *  unaf fec ted  by a  
power i n t e r r u p t i o n .  

Y e t ,  t h e y  do  j u s t i f y  t h e  u s e  o f  GNP a s  a  n a t i o n a l  a v e r a p e  c u s t o m e r  l o s s  

measure by assuming t h a t  t h e  a d d i t i o n a l  l o s s e s  from s p o i l a g e  and equipment 

damage e x a c t l y  ba l ance  t h a t  p o r t i o n  of unaf fec ted  GNP. 

I n  c o n s t r u c t i n g  t h e  owning and o p e r a t i n g  c o s t  r e l a t i o n s h i p  of  a  

u t i l i t y  system as a  f u n c t i o n  of s e r v i c e  a v a i l a b i l i t y ,  t h e  au tho r s  make t h e  

assumption t h a t  t h c  on ly  f a a t o r  inf Iuonsing  orv vice a v a i l a b d l l t y  i s t h p  rlpgrpp 

of redundancy, and hence investment,  i n  t h e  power system components. Their  

methodology i s  reproduced i n  Appendix A. A l l  opera t ing  c o s t s  a r e  ignored f o r  

t h e  purposes  of t h e  a n a l y s i s ,  t hus  neg lec t ing  a  very real cos t  c o n t r i b u t i o n  

made by system f i x e d  maintenance cos t s .  

Shipley e t  a l .  begin by determining one po in t  of t h i s  f u n c t i o n  t h a t  

c o r r e s p o n d s  t o  t h e  s y s t e m  d e s i g n  a s  i t  e x i s t e d  i n  1967. T o t a l  r e p o r t e d  

investment  i n  gene ra t i on ,  t ransmiss ion ,  and d i s t r i b u t i o n  i n  t h a t  year  was 

o b t a i n e d  f r o m  F e d e r a l  Power  

C o m m i s s i o n  ( F P C )  r e p o r t s .  I I I I 
S e r v i c e  a v a i l a b i l i t y  of t h e  bu lk  

p o w e r  p o r t i o n  o f  t h e  s y s t e m  

( g e n e r a t i o n  and t r ansmis s ion )  was 

a l s o  es t imated  from FPC r e p o r t s  

of major power i n t e r r u p t i o n s  and 

t o t a l  e n e t g y  s a . l e s . 1 6  T h e  

s e r v i c e  a v a i l a b i l i t y  of d i s t r i -  

b u t i o n  was assumed t o  b e  f o u r  

t i m e s  t h a t  o f  t h e  b u l k  power 

s y s t e m .  O t h e r  p o i n t s  on  t h e  
" 

s y s t e m  i n v e s t m e n t  c u r v e  were  .9972 .9976 .9980 .9984 .9988 ,9992 .9996 1.0 

r o u g h l y  a p p r o x i m a t e d  u s i n g  t h e  SERVICE AVAILABILITY 

prev ious ly  mentioned redundancy 

assumption. Fig. 3.2 .  Economic Optimum Se rv i ce  Avail- 
a b i l i t y  -- D i s t r i b u t i o n  Costs  
Held Constant 

The au thors '  r e s u l t s  a r e  

p r e s e n t e d  i n  F i g u r e s  3 . 2  and Source: Same a s  Fig. 3.3.  source.  



and 3.3 .  In  Fig. 3.2 d i s t r i b u t i o n  design,  and hence d i s t r i b u t i o n  c o s t ,  i s  

h e l d  cons tan t .  The r a t i o  of g e n e r a t i o n  and t r ansmis s ion  c o s t s  i s  a l s o  he ld  

cons t an t  ove r  t h e  system c o s t  ve r sus  a v a i l a b i l i t y  curve. The economic optimum 

a v a i l a b i l i t y  i s  shown t o  be  somewhat l e s s  than  t h e  a v a i l a b i l i t y  provided by 

t h e  system des ign  of 1967. They conclude t h a t  customer i n t e r r u p t i o n  c a s t s  

would have had t o  be about $5.50/kWh r a t h e r  than $O.6O/kWh f o r  t h e  system 

des ign  of 1967 t o  be  t h e  economic optimum design,  which, t hey  no te ,  would no t  

seem p o s s i b l e  on an  average bas i s .  

. Figure  3.3 i s  s i m i l a r  t o  

Fig. 3.2 except  t h a t  bo th  genera- 

t i o n  and d i s t r i b u t i o n  c o s t s  a r e  

h e l d  c o n s t a n t  and  o n l y  t r a n s -  

m i s s i o n  d e s i g n  and c o s t s  a r e  

va r i ed .  Here the  optimum ava i l -  . 

a b i l i t y  i s  c l o s e r  t o  t he  a v a i l -  

a b i l i t y  o f  t h e  1967  . sy s t em b u t  

' somewhat less than  t h a t  a c t u a l l y  

provided. I f  i n t e r r u p t i p n  c o s t  

was a b o u t  $1.6O/kWh, t h e  1967  

s y s t e m  would be  t h e  economic 

op t imum.  The  a u t h o r s  a l s o  

i n d i c a t e  t h a t  t h i s  va lue  seems t o  

- 
I 
I 

SYSTEM INVESTMENT 

- 

- CAPITALIZED CUSTOMER 
INTERRUPTION COST 

0 
.9972 .9976 .9980 .9984 .9988 .9992 .9996 1 . 0  

SERVICE AVAILABIL ITY 

b e  o u t s i d e  t h e  r a n g e  of  p o s s i -  
Fig. 3.3. Economic Optimum s e r v i c e  Avail- b i l i t y  o n  a n  a v e r a g e  b a s i s .  

a b i l i t y  -- Genera t ion  and D i s -  
Based on approximate c o s t  models, t r i b u t i o n  Cos ts  Held Constant 

S h i p l e y  e t  a l .  c o n c l u d e  t h a t  
Source: R.B. Sh ip ley  e t  a l . ,  Poner Re- 

p o w e r  s y s t e m s  may ( a u t h o r ' s  liability Cost v s .  k o r t h ,  IEEE 

emphasis) be designed t o  provide T ransac t ions  on Power Apparatus 
and Systems, pp. 2205-6 (July-  

exces s ive  s e r v i c e  a v a i l a b i l i t y .  Dec. 1972). 

T h i s  work i s  i n t e r e s t i n g  i n  t h a t  i t  i s  t h e  ' b n l y  a t t e m p t  found  t o  

add re s s  a l l  segments of t h e  u t i l i t y  system. It is, however, l i m i t e d  i n  t h a t  i t  

ana lyzes  on ly  one ope ra t i ng  year  r a t h e r  than tak ing  a broader  ranged probabi- 

l i s t i c  approach. ~ u r t h e r m o r e ,  t h e  au tho r s  do no t  ana lyze ,  d e s p i t e  t h e  a b i l i t y  

of t h e i r  model t o  do so ,  d i s t r i b u t i o n  c o s t s  ve r sus  t h e  l e v e l  of r e l i a b i l i t y .  
, 



The a u t h o r s  n o t e  t h a t  p a r t  o f  t h e  c o s t  a s s o c i a t e d  with a  power i n t e r -  

r u p t i o n  r e s u l t s  from e f f e c t s  on comfort,  convenience, and s a f e t y ,  bu t  do n o t  

a t t empt  t o  quan t i fy  t h e s e  c o s t s  i n  terms of customer's r i i l l i ngnes s  t o  pay. 

Rather ,  i t  i s  argued t h a t  t h e  use of a  GNP-based l o s s  f u n c t i o n  r e f l e c t s  t h e s e  
1 

l o s s e s .  

Although no a t tempt  i s  made t o  quan t i fy  t h e  l o s s  f u n c t i o n s  of t h e  

v a r i o u s  customer groups,  t h e  au tho r s  recognize  t h a t  d i f f i c u l t i e s  a r i s e  because 

of  t h e  r a t h e r  l a r g e  d i f f e r e n c e s  i n  t he  d o l l a r  va lue  of e l e c t r i c a l  s e r v i c e  

c o n t i n u i t y .  Thus, t h i s  paper provides  l i t t l e  i n  t he  l i n e  of d i saggrega te  

customer l o s s  f u n c t i o n s  o r  t h e  w i l l i n g n e s s  of t h e  va r ious  customer groups t o  

pay f o r  a l t e r n a t i v e  l e v e l s  of s e r v i c e  r e l i a b i l i t y .  

3 . 4 .  ALVIN ICAUFMN, 1975 

A s  D i r e c t o r  of t h e  O f f i c e  of Research of t h e  New York S t a t e  Department 

of Publ ic  Serv ice ,  Alvin Kaufman prepared a  document e n t i t l e d ,  R e l i a b i l i t y  

C r i t e r i a  -- A Cost  B e n e f i t  Analysis .  l 7  I n  t h i s  work, t h e  au tho r  a t tempts  

t o  compare the  c o s t s  and b e n e f i t s  accruing t o  t h e  New York Power Pool s e r v i c e  

a r e a  between 1974 and 1985 a t  t h r e e  l e v e l s  of g e n e r a t i o n  r e l i a b i l i t y .  Kaufman 

s e l e c t e d  l o s s  of load p r o b a b i l i t i e s  of one day i n  t e n  yea r s ,  f i v e  years ,  and 

one year  f o r  comparison. 

While g iv ing  t h e  i l l u s i o n  of a  r a t h e r  v igorous  c o s t l b e n e f i t  a n a l y s i s ,  

Kaufman develops h i s  approach through a  s e r i e s  of s i m p l i f i e d  and unsupported 

assumptions.  Consequently, t h e  methodology and r e s u l t s  a r e  of l i t t l e  va lue  i n  

p r e s e n t  and f u t u r e  e f f o r t s  concerning e l e c t r i c  u t i l i t y  system r e l i a b i l i t y .  A 

l eng thy  and d e t a i l e d  e v a l u a t i o n  of Kaufman's work does  n o t  appear warranted i n  

view of t h e  nominal va lue  of t h e  au thor ' s  methodology and r e s u l t s  t o  f u t u r e  

r e l i a b i l i t y  s t u d i e s .  The i n t e r e s t e d  r e a d e r  i s  r e f e r r e d  t o  t h e  a u t h o r ' s  

o r i g i n a l  work. Because of t h e  f r equen t  r e f e r e n c e  t o  Kaufman's r e p o r t ,  and f o r  

t h e  sake  of completeness,  a  b r i e f  summary of t h e  au tho r ' s  assuluptiolls and 

methodology i s  p re sen t ed  i n  Appendix B. 

I n  g e n e r a l ,  Kaufman e r r o n e o u s l y  e s t i m a t e s  t h e  c o s t  o f  e l e c t r i c a l  

s e r v i c e  i n t e r r u p t i o n s  t o  t h e  New York Power 'I'ool t o  be  $0.77/kWh i n  1974 and 

$1.27/kWh i n  1985.  H e  c o n c l u d e s  t h a t  a  s h i f t  f rom a n  LOLP r e l i a b i l i t y  

c r i t e r i a  o f  o n e  day  i n  t e n  y e a r s '  t o  one  day  i n  o n e  y e a r  would r e s u l t  i n  

c a p i t a l  savings.  The r e s u l t i n g  e l e c t r i c i t y  r a t e  decrease  would be  minor, 



however, and may not  be  worth t h e  inconvenience t h a t  would r e s u l t .  Unfor- 

t una t e ly ,  t h e  au thor ' s  unsupported (perhaps u n j u s t i f i e d )  assumptions and some 

t e c h n i c a l  e r r o r s ,  gene ra t e  a  r a t h e r  s k e p t i c a l  view o f '  t h e  v a l i d i t y  of h i s  

r e s u l t s .  

3.5 CONSUMERS POWER COMPANY, 1977 

Consumers Power Company (CP) is  an  investor-owned u t i l i t y  headquartered 

i n  J a c k s o n ,  Michigan .  I n  1976  CP s e r v i c e d  a  t o t a l  of 1.1 m i l l i o n  resi- 

d e n t i a l ,  1 2 1  thousand  commerc i a l ,  and 8 t h o u s a n d  i n d u s t r i a l  cus tomers .  

E l e c t r i c a l  s a l e s  i n  1976 w e r e  24.'9 m i l l i o n  megawatt-hours, and system genera t -  

ing capac i ty  a s  of January 1, 1977, was 5897 MW. The 1976 win t e r  system peak 

was on ly  s l i g h t l y  l a r g e r  than  t h e  summer peak a t  4281 MW and 4185 MW, respec- 

t i v e l y .  18  

A s  p a r t  of an at tempt  t o  develop r e l i a b i l i t y  s t anda rds  t o  be  used f o r  

economic system design,  f o r  planning system improvements, and f o r  determining 

maintenance schedules ,  CP i n i t i a t e d  a  s e r v i c e  r e l i a b i l i t y  op in ion  survey.19 

The survey was conducted among r e s i d e n t i a l  e l e c t r i c  customers through t e l e -  

phone interviews.  Two d i f f e r e n t  groups of customers w e r e  involved i n  t he  

study. The c o n t r o l  group was composed of customers who had n o t  experienced an 

ou tage  a t  home wi th in  one month. The outage  group c o n s i s t e d  of customers who 

were interviewed w i t h i n  t e n  days a f t e r  they had experienced a  power f a i l u r e .  

The c o n t r o l  group was in te rv iewed '  during December, 1975, and January,  

1976. Th i s  group was inc luded  i n  t h e  survey t o  provide  a  benchmark f o r  answers 

g i v e n  by t h e  ou tage  group customers; t h e  f i n a l  c o n t r o l  group sample contained 

430 customers. Customers w e r e  interviewed a f t e r  i t  was determined t h a t  they 

had n o t  experienced a r e c e n t  outage. 

The in t e rv i ews  of t h e  ou tage  group w e r e  conducted on a  monthly b a s i s  

from January through September, 1976. The outage group was d iv ided  i n t o  f i v e  

d u r a t i o n  c a t e g o r i e s  a s  shown i n  Table 3.1. The d u r a t i o n  c a t e g o r i e s  were 

e s t a b l i s h e d  t o  determine what e f f e c t  t h e  l e n g t h  of t h e  power i n t e r r u p t i o n s  had 

on customer a t t i t u d e s .  Various c r i t e r i a  f o r  s e l e c t i n g  customers were e s t a -  

b l i shed  i n  an e f f o r t  t o  sample customers with a s  much v a r i a n c e  i n  ou tage  

exposure c o n d i t i o n s  a s  ' pos s ib l e .  ' The major c r i t e r i a  were. t h a t  :weather con- 

d i t i o n s  and geographic  l o c a t i o n  should vary,  time-of-day and t i m e  of year  

shouid vary,  and no scheduled outage should be  included.  The in t e rv i ews  were 

conducted up t o  t e n  days a f t e r  t h e  ou t age  b u t '  n o t  on  t h e  same day a s  t h e  



Table 3.1. Outage Group I n t e r r u p t i o n  and Sample S i z e s  

F i n a l  
Dura t ion  I n t e r r u p t  i o n  Sample 
Category Length (Min) S ize  

1 2 - 89 284 
2 90 - ' I 7 9  263 
3 180 - 299 224 
4 300 - 479 17 3 
5 480 o r  more 13 1 

ou tage  occurred.  Only a d u l t s  who'had been a t  home a t  t h e  t i m e  of t h e  ou tage  

w e r e  e l i g i b l e  f o r  t h e  in te rv iew.  

I n  g e n e r a l ,  CP's s u r v e y  shows v e r y  l i t t l e  d i f f e r e n c e  be tween  t h e  

a t t i t u d e s  of t h e  ou t age  group customers and those of t h e  c o n t r o l  group. Ln 

most c a s e s ,  d i f f e r e n c e s  i n  responses  d id  no t  i n d i c a t e  s t a t i s t i c a l  s i g n i f i c a n c e  

a t  t h e  95% conf idence  l e v e l .  CP's conc lus ion  was t h a t  " t h i s  t ends  t o  s i g n i f y  

t h a t  t h e  e f f e c t  of a power i n t e r r u p t i o n  d i d  no t  g r e a t l y  i r r i t a t e  most cus- 

tomers. Customers who experienced an outage may have become more under- 

s t and ing  of t h e  f a c t  t h a t  e l e c t r i c  power may be  l o s t  on occas ion  through 

v a r i o u s  u n c o n t r o l l a b l e  c i rcumstances.  They a p p a r e n t l y  found out t h a t  they 

were a b l e  t o  cope wi th  t h e  s i tua t ion ."18  

S i g n i f i c a n t  f i n d i n g s  wi th  r e s p e c t  t o  c o n t r o l  and outage group responses  

i n c l u d e  t h e  fo l lowing:  

1. In  a q u e s t i o n  about t h e  perceived s e r i o u s n e s s  of v a r i o u s  
d u r a t i o n s  of ou tages ,  t h e r e  was a smal l  d i f f e r e n c e  i n  t he  
r a t i n g s  of  h y p o t h e t i c a l  outages by t h e  c o n t r o l  group cus- 
tomers and t h e  outage group. 'The outage group r a t i n g s  were 
s l i g h t l y  less seve re  f o r  a l l  outages of l e s s  than e i g h t  
hours. CP i n t e r p r e t s  t h i s  response a s  t o  i n d i c a t e  t h a t  
a f t e r  experiencing an outage, customers become more to le -  
r a n t  about l o s s  of power. 

2. In  a q u e s t i o n  regarding frequency of ou tages ,  no s t a t i s t i -  
c a l  d i f f e r e n c e  occurred among t h e  c o n t r o l  group and combined 
outage group  i n  t he  number of power i n t e r r u p t  i ons  customers 
could accep t  i n  one yea r  without  being s e v e r e l y  incon- 
venienced. Each group's response was n e a r l y  i d e n t i c a l .  
Where responses  d i f f e r ,  t h e  outage group's responses  a r e  
presented f i r s t  : 



Outage Dura t ion  Mean Acceptable  Number Per  Year 

<1% h r s  - 3. 7 
1%-3 h r s  2.8 & 2.9 

3-5 h r s  2.1 
5-8 h r s  1.6 & 1.7 

>8 h r s  - 1.2 & 1.4 

3. Most customers d i d  no t  favor  an i nc rease  i n  e l e c t r i c  
r a t e s  t o  provide more r e l i a b l e  s e r v i c e  nor d id  they 
want r a t e s  reduced wi th  t he  l i k e l i h o o d  of more power 
f a i l u r e s .  A l a r g e r  percentage  of t h e  c o n t r o l  group 
customers were more l i k e l y  t o  want t o  pay h ighe r  
r a t e s  f o r  b e t t e r  s e r v i c e  r e l i a b i l i t y  t han  t h e  outage 
group (16.1% and 9.1%, r e s p e c t i v e l y ) .  Approximately 
7% of t h e  customers i n  both groups would f avo r  paying 
lower r a t e s  wi th  a chance of l e s s  r e l i a b i l i t y .  There , 

was no s t a t i s t i c a l  s i g n i f i c a n c e  wi th  regard  t o  group 
d i f f e r e n c e  toward paying lower r a t e s  f o r  less r e l i a b l e  
s e rv i ce .  There is, however, s t a t i s t i c a l  s i g n i f i c a n c e  
regard ing  t h e  two groups responses  toward h ighe r  r a t e s  
and b e t t e r  r e l i a b i l i t y .  

The outage  group was analyzed i n  many d i f f e r e n t  ways t o  determine 

what type  of c o n d i t i o n s  o r  c i rcumstances w e r e  l i k e l y  t o  change t h e  a t t i t u d e s  

of customers a f f e c t e d  by power i n t e r r u p t i o n s .  Analysis  was made by (A) t he  

d u r a t i o n  of t h e  outage,  (B) by t h e  t i m e  of day t h e  outage occurred,  (C) -by t h e  

season  of t h e  outage,  (Dl among customers who had experienced '  more than one 

outage, '  and (E) among customers of d i f f e r e n t  types  of communities. In many 

i n s t a n c e s  t h e s e  d i f f e r e n t  f a c t o r s  d i d  have a s l i g h t  e f f e c t  on t h e  a t t i t u d e s  

and i r r i t a t i o n  l e v e l s  a s  shown below: 

A. Dura t ion  of Change 

1. 'Customers who had experienced an outage of longer  than 
e i g h t  hours  c o n s i s t e n t l y  r a t e d  t h e  s e r iousnes s  of 
hypo the t i ca l  outages l e s s  s eve re  than d i d  customers who 
experienced outages of s h o r t e r  du ra t i ons .  

2. Customers who had experienced outages of over  e i g h t  
hours  would be l i k e l y  t o  accept  more outag'es, regard- 
less of l eng th ,  t h a n  customers who experienced s h o r t e r  
outages.  Customers who experienced an uuLage of less 
than 1% hours  would be l i k e l y  t o  accept  fewer 
outages.  

31 -Customers who had experienced outages of . f i v e  hours  
.or longer  would .be .more i nc l i ned  t o  .want t o  pay 



h ighe r  r a t e s  f o r  more r e l i a b * l e  s e rv i ce .  Approx- 
. imately 12% of t he se  customers s a i d  they would r a t h e r  
pay h i g h e r  r a t e s  t o  ensure  more r e l i a b l e  s e r v i c e  and 
fewer outages.  

4. Customers having experienced longer  outages men- 
t ioned more s p e c i f i c  inconveniences through unaided 
r e c a l l  t han  d i d  customers who experienced s h o r t e r  
outages.  Loss of hea t ing ,  l i g h t i n g ,  h o t  water ,  and 
cooking were mentioned most f r equen t ly  among cus- 
tomers who experienced an outage longer  than e i g h t  
hours. 

B. T i m e  of Day 

1. Tho timo of day t h a t  tho  outago oaaurrod had no ~ i g n i -  
f i c a n t  e f f e c t  on the s e r iousnes s  r a t i l i g s  g i v e n  to' 
e i t h e r  t h e  a c t u a l  outage experienced o r  hypo t h e t i c a l  
outages of  d i f f e r e n t  s i t u a t i o n s .  

2. No s i g ' n i f i c a n t  d i f f e r e n c e s  occurred i n  the  number of 
ou tages  customers  would accept  i n ,  one year  i n  r e l a t i o n  
t o  t h e  t ime t h e  outage occurYed. 

C. Season 

1. Customers who experienced outages i n  t he  w in t e r  r a t e d  
the  s e r fousnes s  of  t h e  actual,  outage more s eve re  than 
did customers who experienced outages i n  t h e  spr ing  o r  
summer. This  may be  p a r t l y  a t t r i b u t e d  t o  a g r e a t e r  
inc idence  of ou tages  of over  e i g h t  hours  included i n  
t h i s  s tudy  t h a t  occurred during t h e  win te r .  

2. Customers who experienced win te r  ou tages  would accept  
more, i n t e r r u p t i o n s  throughout t h e  year  than o t h e r  
customers. This  aga in  may be  due i n  p a r t  t o  t h e  
g r e a t e r  inc idence  of ou tages  over  e i g h t  hours  t h a t  
occurred i n  t h e  w in t e r  compared t o  t h e  o t h e r  seasons.  

D. Mu l t i p l e  Outages 

1. Customers were asked i f  they had experienced any 
a d d i t i o n a l  outages w i t h i n  t he  year  t o  determine the  
e f f e c t  o f '  m u l t i p l e  ou tages  on a t t i t u d e s .  Customers who 
had two o r  more a d d i t i o n a l  outages o t h e r  than t h e  one 
r e l a t e d  t o  t he  i n t e rv i ew  r a t e d  t h e  s e r iousnes s  of t h e i r  
r e c e n t  ou tage  more s eve re ly  t han  d id  customers who 
experienced only one o t h e r  outage o r  no o t h e r  outages.  

2. Customers who experienced fou r  o r  more ou tages  would 
accept  more s h o r t e r  outages of l e s s  than  t h r e e  hours 
than o t h e r  customers. 



E. Community Type 

1. .Urban customers were l i k e l y  t o  accept  fewer ou tages  of 
t h r e e  'hours o r  less i n  one year  than r u r a l ,  v i l l a g e ,  
and suburban customers. 

2. No s i g n i f i c a n t  d i f f e r e n c e  occurred among customers 
1,iving i n  d i f f e r e n t  types  of communities i n  r e l a t i o n  t o  
t he  s e r iousnes s  r a t i n g s  g i v e n  t o  ou tages  of d i f f e r e n t  
d u r a t i o n  ca t ego r i e s .  

I n  g e n e r a l ,  t h e  above r e s u l t s  a r e  q u a l i t a t i v e  r e p r e s e n t a t i o n s  of more 

d e t a i l e d  s t a t i ' s t i c a l  t a b u l a t i o n s  presented i n  CP's r epo r t .  These r e s u l t s  a r e  

i n t e r e s t i n g  i n  t h a t  they provide  pe r spec t ive  on r e s i d e n t i a l  customers' re- 

a c t i o n s  t o  va r ious  l e v e l s  of power i n t e r r u p t i o n  a s  compared wi th  those  of a  

c o n t r o l  group. However, except  f o r  one ques t ion  r e l a t e d  t o  t h e  customer's 

i n t e r e s t  i n  paying more f o r  more r e l i a b l e  s e r v i c e  o r  paying l e s s  f o r  l e s s  

r e l i a b l e  s e r v i c e ,  t h e  survey does l i t t l e  t o  quan t i fy  r e s i d e n t i a l  customer's 

va lue  of r e l i a b i l i t y .  Even where customers expressed such i n t e r e s t s ,  no 

a t t e m p t s  were  made t o  q u a n t i f y  how much more o r  less  t h e  c u s t o m e r  would 

be  i n t e r e s t e d  i n  paying. 

It i s  a l s o  un fo r tuna t e  t h a t  CP d id  no t  a t tempt  t o  quan t i fy  t h e  cus- 

t omer ' s  o u t - o f - p o c k e t  e x p e n s e s  o r  t h e  e x i s t e n c e  o f  h a z a r d o u s  c o n d i t i o n s  

e x i s t i n g  i n  t h e  home during t h e  va r ious  power ou tages  experienced by t h e  

ou tage  group;  t h e s e  would have helped t o  quan t i fy  t h e  non-dollar c o s t s  t h a t  

r e s i d e n t i a l  customers i ncu r .  

Customer responses '  t o  s e v e r a l  ques t i ons  a r e  counter  i n t u i t i v e .  These, 

CP argues,  can perhaps be  expla ined  by customers becoming more t o l e r a n t  wi th  

power ou tages  a s  they  a r e  subjec ted  t o  i nc reas ing ly  more ou tages  of longer  

du ra t i on .  The r e s u l t  t h a t  customers  who have experienced long outages would 

.be w i l l i n g  t o  accep t  more ou tages  ( r e g a r d l e s s  of l eng th )  without  being severe- 

l y  inconvenienced than those  who experienced s h o r t e r  ou tages  may i n d i c a t e  t h a t  

t h e  customer's s a t i s f a c t i o n  wi th  u t i l i t y  r e l i a b i l i t y  i s  condi t ioned by t h e i r  

p r i o r  experience.  This  same subse t  of outage group customers, however, a r e  

a l s o  t h o s e  who e x p r e s s e d  more o f  a  w i l l i n g n e s s  t o  pay f o r  more r e l i a b l e  

s e r v i c e  a s  compared t o  o t h e r s  i n  t he  outage group.. 



3 . 6  GENERAL PUBLIC UTILITIES, ONGOING RESEARCH* 

Genera l  P u b l i c  U t i l i t i e s '  (GPU) i n v e s t i g a t i o n  i n  t h e  a r e a  of  cus tomer  

e f f e c t s  r e s u l t i n g  from power i n t e r r u p t i o n s  was s e l f - i n i t i a t e d  and r e s u l t e d  i n  

r e s p o n s e  t o  t h e  w o r k s  by T e l s o n ,  Kaufman,  and S h i p l e y  e t  a l . ,  t h a t  w e r e  

p r e v i o u s l y  reviewed.  I n  a  r e p o r t  p repared  f o r  GPU by a  r e s e a r c h  team from t h e  
. . 

C e n t e r  f o r  t h e  Study o f  Environmental  P o l i c y ,  Pennsy lvan ia  S t a t e  U n i v e s i t y ,  ~t 

i s  argued t h a t  t h e s e  works a r e  " (1 )  underdeveloped regardi .ng socioeconomic 

c o s t s  and b e n e f i t s ,  ( 2 )  i n a p p r o p r i a t e l y  d i r e c t e d  toward b r o a d ' n a t i o n a l  i s s u e s ,  

( 3 )  s e v e r e l y  l i m i t e d  on t h e  ' s o c i a l '  s i d e  of  socioeconomics ,  ( 4 )  v o i d  of  

i n f o r m a t i o n  on t h e  c o s t  of  power i n t e r r u p t i o n s  from t h e  viewpoint  o f  t h e  

consumer,  and ( 5 )  l a c k i n g  i n  ~ n f o r m a t i  nn fin Burden d i s ~ r  i b u ~  ~ U I I  dtilU~ig d i f  
1120 f e r e n t  socioeconomic c l a s s e s .  

L t  i s  a l s o  argu'ed t h a t  t h e s e  s t u d i e s  p r o v i d e  an i n a d e q u a t e  d a t a  base 

f o r  c o p i n g  w i t h  s e r v i c e - a r e a - s p e c i f i c  q u e s t i o n s  b e c a u s e  o f  t h e i r  u s e  o f  

a g g r e g a t e  n a t i o n a l  o r  seatewide l v s s  i r~di . ces  such as CMPj value-added,  or  

wages and s a l a r i e s .   his l i m i t a t i o n  i s  a l s o  e x p l i c i t l y  r e c o g n i z e d  by t h e  

o t h e r  a u t h o r s . )  GPU a l s o  n o t e s  o t h e r  a r e a s  o f  i n h e r e n t  b i a s  i n  t h e s e  p r e v i o u s  

works i n  t h a t  t h e  a g g r e g a t e  l o s s  i n d i c e s  do n o t  i n c l u d e  t h e  c o s t s  imposed on 
. . 

t h e  household  o r  r e s i d e n t i a l  s e c t o r  and t h a t  Chey i m p l i c i t l y  assume t h a t  

f u t u r e  m a r g i n a l  impac t s  a r e  e q u a l  t o  t h e  a v e r a g e  h i s t o r i c a l  impac t s .21  

Tn an a t t e m p t  t o  p r o v i d e  a  s a t i s f a c t o r y  in fv ru la t ion  base  f o r  s e r v i c c -  

r c g i  n n - s p e c i f i c  p o l i c y  s e t t i n g ,  GPU, through c o n t r a c t  t o  ~ i l e  Cen te r  f o r  t h e  

Study o f  Environmental  P o l i c y ,  h a s  i n i t i a t e d  consumer s u r v e y s  of  t h r e e  g roups  

i n  t h e  Reading and A l t o o n a ,  P e n n s y l v a n i a ,  a r e a s .  2 2  Groups b e i n g  surveyed 

i n c l u d e  r e s i d e n t i a l  cus tomers ,  d u s t - a  , and commercial cus tomers  ( b u s i -  

n e s s ) ,  and'community l e a d e r s .  The u s e  o f  t h e  su rvey  ins t rument  i s  i n t e n d e d  t o  

*General  P u b l i c  U t i l i t i e s  (GPU) i s  a  h o l d i n g  company f o r  t h r e e  o p e r a t i n g  
companies i n  New J e r s e y  and P e r l l ~ s y l v a ~ l i a  -. Jersey C c n t r d l  Power & L i g h t  Co., 
M e t r o p o l i t a n  Ed i son  Co.,  and Pennsy lvan ia  E l e c t r i c  Co. Through t h e s e  compa- 
n i e s ,  e l e c t r i c a l  s e r v i c e s  a r e  provided t o  4 m i l l i o n  p e r s o n s  w i t h i n  a  s e r v i c e  
a r e a  encompassing abouL h a l f  t h e  land a r e a  of  t h e  two s t a t e s .  Megawatt-hour 
s a l e s  i n  1977 t o t a l  30 m i l l i o n ,  wi th  35% g o i n g  t o  r e s i d e n t i a l  s a l e s ,  23% t o  
commercia l ,  and 36% t o  i n d u s t r i a l  u s e r s .  Fue l  s o u r c e s  were 56% c o a l ,  33% 
n u c l e a r ,  and 11% o t h e r  f u e l s .  (General  P u b l i c  Ut i l i t ies  1 9 7 7  Annual Report  
t o  S t o c k h o l d e r s ,  Reading,  Pa. ) 



e x p l i c i t l y  i n c o r p o r a t e  " the  most important  source  of in format ion  on the  va lue  

of  r e l i a b i l i t y  s t a n d a r d s  -- t he  consumer." It i s  a l s o  hoped t h a t  t h e  surveys 

w i l l  provide a  b a s i s  f o r  showing t h e  r e l a t i o n s h i p  between & c o s t s  t o  i nd iv idua l  

consumers and s y n e r g i s t i c  s o c i a l  e f f e c t s  due t o  widespread outages.  23 

Each survey d e s c r i b e s  t h e  fol lowing scena r io  and asks t h e  respondent 

t o  answer between 10 and 22  q ~ e s t i o n s : ~ 4  

I n  l a t e  Ju ly ,  t h e  e n t i r e  e a s t e r n  h a l f  of t h e  United S t a t e s  
i s  caught  i n  a  h e a t  wave. On Tuesday, J u l y  31, t h e  hea t  wave 
has  a l r e a d y  l a s t e d  t h r e e  days. I n  t h e  Reading a r ea ,  t h e  
tempera ture  a t  8: 00 i n  t h e  morning i s  90 degrees  and by noon 
has  reached 98 degrees.  The humidity i s  86 percent .  

A t  about 11:30 i n  t h e  morning, t h e  e l e c t r i c i t y  goes  o f f  and 
t h e  e n t i r e  Reading a r ea  i s  without  e l e c t r i c i t y  u n t i l  a f t e r  
1 1 : O O  t h a t  n igh t .  I n  o t h e r  words, Reading has  no e l e c t r i c i t y  
f o r  almost twelve hours. 

Business and community l e a d e r s  a r e  t o l d  t h a t  t h i s  type  of blackout  i s  

a p t  t o  occur 'on an aver%e of once per  year  f o r  t h e  next  t e n  yea r s ;  resi- 

d e n t i a l  respondents  are not .  Each respondent i s  t o l d  t o  keep i n  mind a l l  t h e  

dimensions of t h e i r  community t h a t  would be  a f f e c t e d  by such a  blackout  and t o  

t h ink  i n  t e r m s  of people i n  t he  community. R e s i d e n t i a l  customers a r e  

reminded t h a t :  

... e l e c t r i c i t y  provides  energy f o r  l i g h t i n g ,  r e f r i g e r a t i o n ,  
a i r  cond i t i on ing ,  a s  w e l l  a s  f o r  many o t h e r  uses  i n  your 
homes and businesses .  It powers such t h i n g s  a s  e l e v a t o r s ,  
s treet  l i g h t s ,  f i r e  a larms,  t r a f f i c  s i g n a l s ,  water  systems, 
sewerage systems, g a s  s t a t i o n  pumps, and computers. Indus- 
tr ies use  e l e c t r i c i t y  t o  power production. Hosp i t a l s  a r e  
dependent,  too. These a r e  only a  few of t h e  many uses  of 
e l e c t r i c i t y !  

The r e s i d e n t i a l  customers a r e  asked how they t h i n k  such a  b lackout  

would a f f e c t  v a r i o u s  groups and a c t i v i t i e s  o r  concerns i n  t h e i r  community. 

To each ques t i on ,  t h e  respondent may answer by checking: 1. very bad, 2. 
h 

somewhat bad ,  3. no  e f f e c t ,  o r  4. good e f f e c t .  The r e s p o n d e n t  may a l s o  

s p e c i f y  why t h a t  response was chosen. The q u e s t i o n n a i r e  s p e c i f i c a l l y  a sks  

how each respondent  pe rce ives  t h e  e f f e c t  on: 



Groups A c t i v i t i e s  o r  Concerns 

E l d e r l y ,  P u b l i c  S a f e t y ,  
High- r i se  r e s i d e n t s ,  P e o p l e ' s  f e a r  o f  c r i m e ,  
R e s i d e n t s  i n  h igh-cr ime a r e a s ,  P e o p l e ' s  h a p p i n e s s  w i t h  t h e  community, 
Low-income p e o p l e ,  S p e c i a l  a c t i v i t i e s  -- c l u b s ,  
Middle-income p e o p l e ,  s p o r t i n g  e v e n t s ,  e t c .  
Handicapped,  
P o l i c e ,  
Peop le  l i k e  themse lves .  

R e s i d e n t i a l  cus tomers  a r e  a l s o  asked  t o  & s c r i b e  t h e  major  problem t h e  commu- 

n i t y  would f a c e  a s  w e l l  a s  t h e  major  p r o b l e m ' t h e y  themse lves  would f a c e .  They 

a r e  a sked  t o  e s t i m a t e  and d e s c r i b e  t h e i r  ' d o l l a r  l o s s e s  and asked i f  they 

a r e  s a t i s f i e d  w i t h  t h e i r  e l e c t r i c i t y  r e l i a b i . l i t y  o v e r  Ltie p a s t  12 months.  

I n  a d d i t  i o n  t o  s t a n d a r d  demographic d a t a  such a s  ' h o u s i n g  ' t y p e ,  a g e ,  s e x ,  and 

.income l p v p l ,  t h e  . r e sponden t  i s  asked '  how o f t e n  t h e y  would b e  w i l l i n g  t o  put 

up w i t h  such a  b l a c k o u t .  The c h o i c e s  a r e :  ( 1 )  month ly ,  (2) annual,l.y, ( 3 )  . 

once i n  t e n  y e a r s ,  and ( 4 )  n e v e r .  E a r l y  r e s p o n s e s  sh0w.a  v e r y  h i g h  p e r c e n t a g e  

c h o o s i n g  once i n  t e n  y e a r s . 2 5  

Bus iness  l e a d e r s  a r e  a s k e d  a  somewhat d i f f e r e n t  s e r i e s  o f  q u e s t i o n s  

c o n c e r n e d  p r i m a r i l y  w i t h '  t h e i r  p e r c e i v e d  e f f e c t s  on t h e i r  own b u s i n e s s ,  

employee s a f e t y ,  and g e n e r a l  economy o f  t h e  a r e a .  ( 1 t  must be  remembered t h a t  

t h e s e  r e s p o n d e n t s  were t o l d  t h a t  suctl a  b l a c k o u t  would occur  on an average ,  of 

once  a  y e a r  f o r  t e n  y e a r s . )  T h i s  g roup  i s  a l s o  asked about  t h e i r  s a t i s f a c t i o n  

w i t h  t'he p r e s e n t  l e v e l  o f  s e r v i c e  r e l i a b i l i t y  and t o  e s t i m a t e  t h e i r  d o l l a r  

l o s s e s .  

Community l e a d e r s  a r e  a sked  t o  respond t o  q u e s t i o n s  t h a t  r e l a t e  t o  

p r o j e c t - s p e c i f i c  e f f e c t s  a s  w e l l  a s  g e n e r a l  community-related e f f e c t s  such a s  

t h e  economy, g e n e r a l  q u a l i t y  o f  l i f e ,  and p e o p l e ' s  s a t i s f a c t i o n  w i t h  t h e  

community and p u b l i c  s a f e t y .  

The major t h r u s t  of  GPU's su rvey  a c t i v i t i e s  i s  t o  d e t e r m i n e  t h e  e f f e c t  

o f  a  b l a c k o u t  on v a r i o u s  s o c i a l  i l ~ d i c a t o r s ,  which are I-reld hy some s o c i o l o -  

g i s t s  t o  b e  e x p r e s s i o n s  of  t h e  measure of t h e  noneconomic dimension of  s o c i a l  

w e l l - b e i n g .  E x a m p l e s  of s o c i a l  i n d i c a t o r s  i n c l u d e  a t t i t u d e s  t o w a r d  j o b  

s a t i s f a c t i o n ,  community s e r v i c e s ,  p e r s o n a l  h e a l t h  and s a f e t y ,  r a c i a l  p re ju -  

d i c e ,  and t h e  l i k e .  P roponen t s  o f  t h e  u s e  o f  s o c i a l  i n d i c a t o r s  ho ld  t h a t  

t h e s e  i n d i c e s  b a l a n c e  economic measures  t h a t  a r e  r e l a t i v e l y  e a s y  t o  q u a n t i f y  

and t o  communicate and which a r e  consequen t ly  accorded a n  exaggera ted  impor- 

t a n c e  i n  s o c i a l  a s s e s s m e n t s .  
26 



One problem a r i s e s  from GPU's technique  f o r  measuring s o c i a l  ind ica-  

t o r s .  The primary f u n c t i o n  of s o c i a l  i n d i c a t o r s  is  t o  provide a  s t a t i s t i c a l  

t i m e  series measure of s o c i a l  concerns. 27 Th i s  f u n c t i o n  r e q u i r e s  t h e  re- 

sea rche r  t o  sample a  popula t ion  p e r i o d i c a l l y  by ask ing ,  "How do you = f e e l  

a b o u t  t h a t  s i t u a t i o n ? "  r a t h e r  t h a n ,  "How d o  you p e r c e i v e  a  h y p o t h e t i c a l  : 

s i t u a t i o n  a s  a f f e c t i n g  you?," a s  is  being at tempted by t h e  GPU s tudy  team. 

Consumers o f t e n  pe rce ive  bad s i t u a t i o n s  a s  worse than they a c t u a l l y  t u r n  ou t  

t o  be, whereas t h e  e f f e c t  of r e l a t i v e l y  minor s i t u a t i o n s  might be  perce ived  a s  

being less of an inconvenience than they a c t u a l l y  a r e .  

GPU's r e s u l t s  w i l l  perhaps g5ve a  q u a l i t a t i v e l y  i n s i g h t f u l  pe r spec t ive  

o f  a  c u s t o m e r ' s  a g g r e g a t e  p e r c e p t i o n  of  a  p a r t i c u l a r  o u t a g e  s c e n a r i o .  

It i s  deba t ab l e  a s  t o  whether r e s i d e n t i a l  . responses  can b e  combined wi th  t hose  

of bus ines s  and community l eade r s ,  s i n c e  t he  l a t t e r  two groups' responses  a r e  

based on t h e i r  pe rcep t ion  of having one 11% hour ou tage  each year ,  whereas 

the'  r e s i d e n t i a l  survey i s  based on a  perceived i s o l a t e d  i nc iden t .  

A major shortcoming i n  GPU's survey i s  t h a t  no at tempt  is made t o  

q u a n t i f y  t h e  wil l . ingness  of va r ious  customers t o  pay t o  avoid t h e  outage they 

d e s c r i b e  i n  t h e i r  ques t ionna i re .  (Nor i s  t h e r e  a n  a t tempt  t o  determine a  

customer's a b i l i t y  t o  pay.) The i r  q u e s t i o n n a i r e  d e s c r i b e s  on ly  one outage;  

they  do no t  i n v e s t i g a t e  a  customer's pe rcep t ion  of s h o r t e r  power i n t e r rup -  

t i o n s .  Thus,  t h e i r  r e s u l t s  w i l l  c e r t a i n l y  b e  o f  l i m i t e d  v a l u e  i n  ANL's 

p re sen t  e f f o r t s .  

Ontar io  Hydro is a pub l i c ly  owned u t i l i t y  s e r v i c i n g  t h e  Province of 

Ontar io ,  Canada. Hydro provides  r e t a i l  e l e c t r i c a l  s e r v i c e  d i r e c t l y  t o  l a r g e  

i n d u s t r i a l  and r u r a l  consumers ,  and  w h o l e s a l e  s e r v i c e  t o  334 a s . s o c i a t e d  

municipal  u t i l i t i e s .  System genera t ing  capac i ty  i s  18,700 MW, and t o t a l  

primary r e t a i l  e l e c t r i c a l  energy s a l e s  i n  1975 were j u s t  under' 76.2 m i l l i o n  

Mwh.28 

I n  1974 t h e  Ontar io  Energy Board (Ontar io 's  energy r e g u l a t o r y  commis- 

s i o n )  conducted , h e a r i n g s  on Hydro's r a t e s .  One of t h e  major concerns was 

Hydro's l a r g e  reserve margin, which r e s u l t e d  from dec is ions .  t o  b u i l d  genera t -  

ing capac i ty  when p r e v a i l i n g  economic cond i t i ons  showed a  l a r g e  growth poten- 

t i a l  i n  t h e  demand f o r  . e l e c t r i c a l  energy.29 Because of the Energy Board's 



d e c i s i o n  t h a t  t h e  a s p e c t . o f  system r e l i a b i l i t y  ought t o  b e  i n v e s t i g a t e d ,  Hydro 

i n i t i a t e d  a program of s t u d i e s  t h a t  inc lude  the  e v a l u a t i o n  of a l t e r n a t i v e  

l e v e l s  of r e l i a b i l i t y  of power and energy supply from t h e  viewpoint  of s e l e c t -  

ed customer c l a s s e s  and of t h e  Province a s  a  whole. 

Under t h e  s u p e r v i s i o n  o f  t h e  Power Marke t  A n a l y s i s  Depar tment  o f  

On ta r io  Hydro, a  series of f i v e  surveys were planned and i n i t i a t e d .  These 

surveys  cover  t h e  fol lowing customer groups : 

1. Large manufacturers  (.?5 MW peak) 

2. Small manufac turers  (<5 MW peak) 

3. Commercial and i n s t i t u t i o n a l  (gene ra l  r a t e  c l a s s  o t h e r  t han  
manufacturers)  

4. R e s i d e n t i a l ,  and 

5. Farm. 

The o n l y  r e p o r t  a v a i l a b l e  in f i n a l  form i s  t h a t  on t h e  l a r g e  manufacturers.  

P ~ e l i m i n a r y  d a t a ,  hased on p a r t i a l  r e t u r n s ,  a r e  a v a i l a b l e  f o r  Some of t h e  . ' 

o t h e r  customer groups. To d a t e  Hydro has  n o t  app l i ed  i t s  r e s u i t s  i n  any 

d e c i s i o n  o r  p o l i c y  i s s u e s  w i t h i n  t h e  u t i l i t y .  Rather i t s  c u r r e n t  approach i s  

t o  l i m i t  e f f o r t s  t o  d a t a  c o l l e c t i o n  and s t a t i s t i c a l  p r e s e n t a t i o n  of r e s u l t s .  

3.7.1 Large Manufacturers  

In  gene ra l ,  t h e  g o a l  of Hydro's a c t i v i t i e s  is  t o  provide c u r r e n t  and 

l o c a l  d a t a  on t h e  proper  k o u n t  o f '  t h e  g e a e r a ~ l u u  or d i o t r i b u t i o n  system 

r e se rves .  S p e c i f i c a l l y ,  t h e  l a r g e  manufacturers  survey was designed t o  : 

1. Obtain customer e s t ima te s  of c o s t s  and o t h e r  e f f e c t s  of 
e l e c t r i c a l  energy supply interrup't j ,ons,  vo l t age  v a r i a t i o n s ,  
frequency v a r i a t i o n s ,  and energy r a t i o n i n g ,  

2. Gather d a t a  on indus t ry  groups f o r  use  i n  planning and operat-  
ing t h e  system, and 

3. Obtain in format ion  f o r  use i n  seeking consumer coopera t ion  
to  reduce adverse  e f f e c t s  of ope ra t i ng  problems t h a t  might 
occur i n  t he  f u t u r e .  

T h i s  survey was i n i t i a t e d  with a let ter s e n t  t o  a l l  customers i n  t h e  

l a r g e  u s e r  gruup. Ontar io  Hydtn s t a f f  t hen  v i s i t e d  each member of t h e  group 

t o  d e l i v e r  and d i s c u s s  t h e  q u e s t i o n n a i r e  which was l e f t  wi th  t h e  customer f o r  

completion. Follow-up v i s i t s  were made t o  exped i t e  response. Customers with 

a  t o t a l  of 199 c o n t r a c t s  were asked t o  complete ques t i onna i r e s .  There were 



172 responses, which a r e  considered rep resen ta t ive  of l a rge  users  i n  terms of 

geographical d i s t r i b u t i o n  and type of  indust ry .  Hydro i d e n t i f i e d  24 indust ry  

groups, but  i n  order  t o  maintain c o n f i d e n t i a l i t y ,  the  respondents were com- 

bined i n t o  12 industry groups when repor t ing  cos t  of in te r rup t ions .  

The sum of t h e  respondents '  peak demands i n  1975 was 3900 MW; t h e i r  

energy use i n  t h a t  year t o t a l e d  17,500 GWhr. This energy use i s  87% of the  

t o t a l  e l e c t r i c i t y  consumption f o r  a l l  199 p o t e n t i a l  respondents and about 25% 

of Ontar io ' s  e l e c t r i c a l  generat ion i n  1975. 

Among a s e r i e s  o f  o the r  ques t ions ,  respondents were asked t o  es t imate  

t h e  c o s t s  of in te r rup t ions  f o r  n ine  spec i f i ed  dura t ions  ( < I ,  1, 20 min, 1, 4,  

8 ,  16 h r ;  1 day; 1 week). In  t h e  ques t ionnai re ,  cos t  of in te r rup t ion  was 

defined t o  include : 

1. Cost because of l o s s  of  production, 

2. Out-of-pocket expenses such as labor ,  ma te r i a l s  
( spo i l age ) ,  overhead, cleanup, e t c . ,  and 

3. Damage t o  production equipment, i f  any. 

Reported c o s t  es t imates  covered only t h e  c o s t s  incurred by t h e  user .  They do 

not  include any c o s t s  t o  the  community such a s  unpaid wages, o r  t h e  cos t  

incurred by o thers  because of de lays  i n  de l ive ry .  Respondents indicated 

confidence i n  t h e i r  es t imates  ranging from 30 t o  loo%, the  average being 

74%. 

Figure 3.4 presents  the  c o s t  es t imates  f o r  individual  indust ry  groups. 

Because t h e  respondents var ied  widely i n  s i z e ,  indiv idual  c o s t  es t imates  would 

not  i n d i c a t e  the  r e l a t i v e  s e n s i t i v i t y  of each group ( o r  respondent) t o  an 

in te r rup t ion .  The cos t  es t imates  for each group, the re fo re ,  were divided by 

the  sum of the  peak demands of t h e  respondents in  the  group, producing an 

es t imate  of cos t  i n  $ / k ~  of peak load. Other f a c t o r s  might be used f o r  t h i s  

purpose, but Hydro maintains t h a t  t h e  use  of  peak demand a t  l e a s t  p a r t i a l l y  

e l iminates  the  s i z e  f a c t o r  and i s  a r e a d i l y  ava i l ab le  value. For t h e  indus- 

t r i a l  group, peak k i lowat t s  i s  a l s o  a reasonable es t imate  of average demand 

because l a rge  i n d u s t r i a l  use r s '  demand curves a r e  r e l a t i v e l y  f l a t .  

It i s  i n t e r e s t i n g  t o  note  t h e  wide v a r i a t i o n s  of minimum and maximum 

c o s t s  about t h e  average cos t  l i n e s  i n  Fig. 3.4. I n  near ly  every case ,  t h e  

range of cos t  es t imates  v a r i e s  a t  l e a s t  an order  of  magnitude above and below 

t h e  average over a  l a rge  range of outage dura t ion .  
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Figu re  3.5 shows t h e  band 

of average  user-est  h a t e d  c o s t  of 

i n t e r r u p t i o n s  v e r s u s  o u t a g e  

d u r a t i o n .  . A l s o  shown i s  t h e  

o v e r a l l  average c o s t  a s  a  .func- 

t i o n  o f .  o u t a g e  d u r a t i o n .  The 

wide v a r i a t i o n  i n  average c o s t s  

corresponds t o  t h e  wide v a r i a t i o n  

of i n d u s t r y  groups repr ,esented,  

y e t  it i s  e n c o u r a g i n g  t o  n o t e  

t h a t  t h e  i ndus t ry  group's average 

c o s t  cu rves  d i s p l a y s  a  well-de- 

f i n e d  c h a r a c t e r i s t i c  s h a p e .  

F igu re  3.6 shows a  p l o t  of 

t h e  r a t e  of  change  o f  o v e r a l l  
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Fig.' 3.5. User Es t imates  of In t e r rup -  
t i o n  Cos ts  

Source: Ontar io  Hydro Survey on Power 
System R e l i a b i l i t y :  V i e w -  
p o i n t  o f  Large Users, ~ e ~ o r t  
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Source: Ontar io  Hydro Survey on Power , a p p r o a ' c h e d  ' a ?  n l l t a g e  d u r a t i o n s  
System R e 1  i a b i l  i t y :  Viewpoint i n c r e a s e  t o  g r e a t e r  than 20 hours.  
o f  Large U s e r s ,  Report #PMA 
76-5, p. 111-8 (Apr i l  1977). ~ e c a u s e  l a r g e  i n d u s t r i a l  i s  charac- 

arDollar l o s a c s  d iv ided  by peak demand (k i lowa t t )  d iv ided  by outage  d u r a t i o n  
(hours ) ;  s t r i c t l y  not d o l l a r  l o s s e s  per  kilowatt-hour unserved during 
i n t e r r u p t  ion. 



t e r i z e d  by a  h i g h  l o a d  f a c t o r ,  t h e  peak demand may be c o n s i d e r e d  a n  appro- 

~ r i a t e  approx imat ion  f o r  t h e  average  demand. I n  t h i s  c a s e ,  F i g .  3 .6  may 

be  i n t e r p r e t e d  a s  cus tomer  l o s s e s  p e r  u n i t  energy ( i . e . ,  p e r  k i l o w a t t - h o u r ) ,  

o r  approach ing  a n  a s y m p t o t i c  'customer l o s s  v a l u e  o f  $0.50-0.60/kWh. Although 

n o t  d i re : t ly  comparable  b e c a u s e  o f  d i f f e r e n t  d o l l a r  v a l u e s ,  i t  i s  i n t e r e s t i n g  

t o  compare t h i s  v a l u e  w i t h  e s t i m a t e s  made by Telson ($0.57/kWh) and S h i p l e y  

e t  a l .  ( $ O . b O / k ~ h )  based  r e s p e c t i v e l y  on r a t i o s  o f  wages and GNP t o  na t ionwide  

k i ' l owat t -hours  g e n e r a t e d .  However, a s  ment ioned e a r l i e r ,  O n t a r i o  Hydro ' s  

r e s u l t s  show t h e  l o s s  f u n c t i o n  approach ing  t h e  asympto t i c  v a l u e  from above and 

would,  c o n s e q u e n t l y  , t e n d  t o  r e b u t  Te l son  and S h i p l e y ' s  argument r e g a r d i n g  t h e  

use of asymp~r . l t ic 'cuotomcr  losses alid average nlitage d u r a t i o n s .  

O n t a r i o  Hydro 's  s u r v e y  o f  l a r g e  m a n u f a c t u r e r s  goes  much f u r t h e r  t h a n  

q u a n t i f y i n g  c u s l u u ~ e r  l o s s e s .  Vor example,  t h e  r e s p o n d e n t s  were asked t o  

i n d i c a t e ,  over  r a n g e s  o f  o u t a g e  d u r a t i o n ,  t h e  r e l a t i v e  importance  o f  i.ncon- 

v i e n e e ,  h a z a r d ,  and d n l l a r  c o o t o i  R ~ S ~ U L I X ~ S  i n d i c a t e  t h a t  d o l l a r  c o s t ,  

r e g a r d l e s s  of d u r a t i o n  o f  i n t e r r u p t i o n ,  i s  t h e  most impor tan t  f a c t o r ,  and t h a t  

i t  became p r o g r e s s i v e l y  more impor tan t  w i t h  t h e  d u r a t i o n  of  t h e  i n t e r r u p t i o n .  

Inconven ience  was second when t h e  d u r a t i o n  .was one minu te  o r  l e s s ;  h a z a r d  took  
. . 

second p l a c e  when t h e  i n t e r r u p t i o n  l a s t e d  20 m i n u t e s  o r  more. 

The su rvey  sampled cus tomers  p e r c e i v e d  l o s s e s  a s  a  f u n c t i o n  of  f r e -  

quency o f  i n t e r r u p t i o n  r a n g i n g  from o n e l y e a r  t o  tw9/day,  alrho1.1gh t h o  r c o u l t s  

a r e  n o t  p l lb l ished i n  t h e i r  r e p o r t .  Losses  a r e  e s t i m a t e d  assuming no advanccd 

warning o r  w i t h  advanced warnings  of  one and two h o u r s .  The. f a c t  t h a t  about  

o n e - t h i r d  o f  t h e  cus tomers  f e l t  t h a t  l o s s e s  c o u l d  be  s u b s t a n t i a l l y  c u t  i f  they  

were g i v e n  advanced warning i s  p u b l i s h e d  i n  t h e  r e p o r t ,  b u t  t h e  magnitude of 

l o s s  r e d u c t i o n s  i s  n o t .  

Another i n t e r e s t i n g  s u r v e y  r e s u l t  i s  t h e  e f f e c t  of  v o l t a g e  v a r i a t i o n s  

on cus tomer  p r o d u c t i o n .  Normally,  u t i l i t i e s  r educe  v o l t a g e s  i n  s t e p s ,  f i r s t  

5%,  t h e n  8 % .  A 5% v o l t a g e .  r e d u c t i o n  would. c u r t a i l  p r o d u c t i o n  a c t i v i t i e s  of  

abou t  17% of  t h e  r e s p o n d e n t s ,  , and an 8% r e d u c t i o n  would c u r t a i l .  p roduc t ion  

a c t i v i t i e s  of  about  38%. The e x t e n t  o f  t h e  c u r t a i l m e n t s  i s  n o t  s p e c i f i e d ,  n o r  

was t h i s  i n f o r m a t i o n  r e q u e s t e d  i n  t h e  s u r v e y .  

I n d u s t r i a l  cus tomers  responded t o  a d d i t i o n a l  q u e s t i o n s  t o o  numerous t o  

ment ion h e r e .  Some o f  t h e s e  were concerned w i t h  t h e  number o f  employees t h a t  

would be  l a i d  o f f  i n  v a r i o u s  i n t e r r u p t i o n s ;  o t h e r s  were concerned w i t h  i n t e r -  



r u p t i b l e  l o a d s  and t h e  customer's a b i l i t y  t o  .seg.tegate l oads  ; s t i l l  o t h e r s  

sampled t h e  customer's a t t i t u d e  toward e l e c t r i c  power r a t i o n i n g  and .  conser- 

va t i on ,  .and t h e  .amount of s tandby capac i ty  a v a i l a b l e  f o r  emergency genera t ion .  

~ e g a r d i n ~  r a t i o n i n g ,  1 1 8  o u t  o f  1 5 8  r e s p o n d e n t s  p r e f e r r e d .  less  f r e q u e n t  

i n t e r r u p t i o n s  of t h e  same t o t a l  du ra t i on ;  30 p r e f e r r e d  t h e  oppos i te ;  10 were 

i n d i f f e r e n t .  The overwhelming p re fe rence  by i n d u s t r i a l  customers f o r  fewer 

bu t  longer  ou tages  seems reasonable  i n  l i g h t  of t h e  customer's l o s s  f u n c t i o n  

shown i n  Fig. 3.6. Note t h a t  t h i s  r e s u l t  c o n t r a d i c t s  customer preferences  

assumed by Telson and o the r  prev ious  i n v e s t i g a t o r s ,  who assume t h a t  i n t e r rup -  

t i o n  frequency i s  i n s i g n i f i c a n t  and has  l i t t l e  e f f e c t  on customer l o s se s .  

3.7.2 Small  ~ a n u f a c t u r e r s ~ l  

Only p r e l i m i n a r y  r e s u l t s  b a s e d  on  3574 u s a b l e  r e s p o n s e s  t o  a b o u t  

1 4 , 0 0 0  m a i l  s u r v e y s  a r e  c u r r e n t l y  a v a i l a b l e .  These  s h o u l d  b e  viewed a s  

t e n t a t i v e  a n d ' s u b j e c t  t o  change. 

The p r i n c i p a l  f i n d i n g s  a r e  a s  fo l lows:  

1. Small i n d u s t r i a l  l o s s e s  range from $0.27-$1.90/~eak kW f o r  
a  momentary ( (1  min) i n t e r r u p t i o n  and from $0.90-$6.53/kW 
f o r  a  one-hour i n t e r r u p t i o n .  Average va lues  a r e  presented 
in Table  3.2. 

2. Only 194 ;respondents, o r  about 5.4%, had emergency standby 
equipment. 

. . 
3. Star t -up time f o r  a  one-minute i n t e r r u p t i o n  averages  less 

than one. hour. 

11. A ma jo r i t y  of r e s p n n d e n t s  could t o l e r a t e  a 5% vo l t age  re- 
duct ion.  A 10% vo l t age  r educ t ion  would cause cu r t a i lmen t  
of p roduct ion  f o r  most respondents.  

5. Eighty pe rcen t  of t h e  respondents  r epo r t ed  t h a t  emergency 
, i n t e r r u p t i o n s  would cause s e r i o u s  hazard t o  humans o r  t o  

t h e  environment. 

6. Most respondents  would p r e f e r  less f r equen t  b u t  longer  in- 
t e r r u p t i o n s  r a t h e r  than more numerous b u t  s h o r t e r  i n t e r rup -  
t i o n s  covering t h e  same t o t a l  dura t ion .  

3.7.3 R e s i d e n t i a l  Customers 

A marketing r e sea rch  house w a s  con t r ac t ed  t o  process  t h e  r e s i d e n t i a l  

ques t i onna i r e s .  Pre l iminary  r e s u l t s  a r e  based on 1239 u s a b l e  r e tu rns .  



A h y p o t h e t i c a l  ques t i on  w a s  p laced  b e f o r e  each respondent o f f e r i n g  

them an a l t e r n a t i v e  e l e c t r i c  energy supply from an assured  system without  any 

i n t e r r u p t i o n s .  Respondents were asked how much more they a r e  w i l l i n g  t o  pay 

f o r  such a  system, g i v e n  i n t e r r u p t i o n  d u r a t i o n s  of t h e i r  e x i s t i n g  system of 20 

min.,  1 h r ,  and  4 h r  p e r  day. The a n s w e r s  g i v e n  were  i n  p e r c e n t a g e s  o f  

e x i s t i n g  householders '  b i l l s ,  providing a r e l a t i v e  answer bu t  n o t  an abso lu t e  

one. The number of i n i t i a l  responses  was very  low. Accordingly, t h e  survey 

i s  being repea ted  w i th  c l a r i f i c a t i o n  sought f o r  t h e  consumer ' s 'do l la r  va lue  of 

t h e  r e l i a b i l i t y  of t h e  system. R e s i d e n t i a l  customers a r e  c u r r e n t l y  paying 

about  $0.02 p e r  ki lowatt-hour .  

H igh l igh t s  of t h e  survey a r e :  

1. A l a r g e  m a j o r i t y  of r e s i d e n t i a l  consumers p r e f e r  
t o  have more. f r equen t  power i n t e . r rup t ions  bu t  of 
s h o r t e r  d u r a t i o n s  r a t h e r  than fewer bu t  longer  in- 
t e r r u p t i o n s  covering t h e  same t o t a l  outage dura t ion .  

2. The perce ived  worst  occas ion  f o r  i n t e r r u p t i o n s  were: 
5:00 t o  7:00 p.m. and 6:00 t o  8:00 a.m.; Sundays, 
Mondays, and' Fr idays ;  and during win te r .  

3. Under t h e  c o n d i t i o n  of a  20-minute per  day power in- 
t e r r u p t i o n ,  h a l f  of t h e  respondents  had no i n t e r e s t  i n  
paying a  premium f o r  an "assured system." However, 
25% s a i d  they would pay a s  much a s  a  10% premium f o r  t he  
assured  system; few would pay more than tha t .  

4. An 80% m a j o r i t y  would choose t h e  assured  system a t  a 
premium of a t  l e a s t  5% i f  i n t e r r u p t i o n s  reached 4 hours  
per  day; 50% a t  l e a s t  a  10% premium; 25% would pay a s  
much a s  a  20-50% premium. 

5. Expressed i n t e r e s t s  i n  t h e  premium r a t e  assured  system 
a r e  i n t e r p r e t e d  a s  perceived customer l o s s e s  due t o  in- 
t e r r u p t i o n s .  These a r e  a l s o  presen ted  i n  Table  3.2. 

3.7.4 Farm ~ u s t o ~ e r s ~ ~  

Over 6000 responses  have been rece ived  from an i n i t i a l  mai l ing of 

25,000 q u e s t i o n n a i r e s  t o  a sample of l a r g e  farm accounts .  Responses have no t  

y e t  been coded, bu t  a v i s u a l  i n s p e c t i o n  of t h e  r e t u r n s  i n d i c a t e  t h a t  many 

f a rmer s  can a s s i g n  c o s t s  t o  i n t e r r u p t i o n s  and t h a t  they a r e  aware of t h e  

consequences of a  lower l e v e l  of system r e l i a b i l i t y .  



3.7.5 Commercial and 1ns t i t u t i o n a 1 3 1  

Two groups  i n  t h i s  r a t e  c l a s s  a r e  being surveyed: r e t a i l  t r a d e s  

and s e r v i c e s ,  and governmental agenc ies  and i n s t i t u t i o n s .  The r e t a i l  survey 

has  undergone s e v e r a l  p i l o t  tests. From t h e s e  r e t u r n s ,  Hydro i s  conf ident  

t h a t  many p r o p r i e t o r s  are a b l e  t o  determine t h e i r  l o s s e s  due t o  an i n t e r -  

r u p t i o n .  No te  t h a t  t h e  d a t a  p r e s e n t e d  i n  T a b l e  3.2 a r e  n o t  a r e s u l t  of 

p r e l imina ry  r e t u r n s ,  bu t  r a t h e r  a r e  based on a t h e o r e t i c a l  approach developed 

by S tanford  Research I n s t i t u t e  (SRI). Hydro has  i n d i c a t e d  t h a t  a v a i l a b l e  

documentation of SRI'S methodology i s  d i f f i c u l t  t o  ana lyze  and p l a c e s  l i t t l e  

conf idence  i n  i t s  0 u t ~ u t . 3 2  

3.7.6 Evalua t ion  and A v a i l a b i l i t y  of R e s u l t s  

Based on t h e  comprehensiveness of ~ ~ d r o ' s  survey of l a r g e  i n d u s t r i a l  

customer and pre l iminary  r e s u l t s  from t h e i r  o t h e r  surveys,  i t  appears  t h a t  

t h e i r  work i s  perhaps t h e  b e s t  a v a i l a b l e  empi r i ca l  d a t a  on perceived customer 

l o s s e s  r e s u l t i n g  from e l e c t r i c a l  power i n t e r r u p t i o n s .  The i r  survey work w i l l  

u l t i m a t e l y  add re s s  a wide range of i n d i v i d u a l  customer groups and, apparen t ly ,  

n e a r l y  every important  f a c t o r  determining t h e  c o s t  (or  va lue )  of e l e c t r i c a l  

power r e l i a b i l i t y .  Hydro's da.ta is, of course,  no t  d i r e c t l y  t r a n s f e r a b l e  t o  

Table 3.2. User-Estimated I n t e r r u p t i o n  cos t s31  

Outage Large Small R e s i d e n t i a l  Commercial 
Dura t ion  Manufacturers Manufacturers Sec tora  s e c t o r b  

Q/kW $/kW/h $/kw $/kW/h $/lcw $/kw/h $/kw $ / k ~ / h  

1 min -60  36.00 .85 51.00 -- -- .02 1.20 

20 min 1.80 5.40 2.77 8.31 - 0 3  -09 .34 1.02 

1 h r  2.67 2.67 4.39 4.39 - 0 3  .03 1.03 1. 03 

8 h r  8. 83 1.10 31.50 3.94 . -- -- 9.27 1.16 

a Pre l iminary ,  s u b j e c t  t o  change 
b 

Based upon a t h e o r e t i c a l  methodology developed by SRI f o r  Bonnevi l le  Power 
Authori ty .  32 

-- Outage d u r a t i o n  no t  sampled lu Yurvey 



o t h e r  s e r v i c e  a r ea s .  However, because of t h e  l e v e l  of d i saggrega t ion ,  i t  

would s e e m  p o s s i b l e  t o  develop a methodology t h a t  would a l low t h e  t r a n s f e r  of 

l o s s  r e l a t i o n s h i p s  t o  a i d  i n  e s t ima t ing  c o s t s  f o r  o t h e r  a reas .  , 

It w i l l  b e  s e v e r a l  months b e f o r e  Hydro's r e s i d e n t i a l ,  commercial, 

and governmental survey r e s u l t s  a r e  a v a i l a b l e  i n  f i n a l  form. R e s u l t s  from t h e  

sma l l  manufacturer ' s  survey should be  a v a i l a b l e ' w i t h i n  about 2 months, and t h e  

farm survey r e s u l t s  some t i m e  a f t e r  t h a t .  

S ince  survey r e s u l t s  a r e  summarized only i n  t h e  f i n a l  r e p o r t s ,  no t  

a l l  of t h e  a v a i l a b l e  d a t a  a r e  a s  y e t  publ ished.  Hydro does n o t  a t tempt  t o  

ana lyze  t h e  results they  nhtain, but  prabcnt  t h e i r  f iu l l iugs  I n  a manner t h a t  

a l l ows  t h e  r e a d e r  t o  make h i s  own eva lua t ion .  

'3.8 EUROPEAN AND OTHER STUDIES 

A num.ber o f  o t h e r  d o m e s t i c  and E i ~ r n p e a n  s t u d i c o  t h a t  a t t c ~ p ~  L U  

e s t i m a t e  t h e  va lue  of e l e c t r i c  u t i l i t y  r e l i a b i l i t y  have been publ ished s i n c e  

t h e  mid-1960s. Exc lus ive  of a smal l  1973 I E E E  survey of C a l i f o r n i a  i n d u s t r i a l  

and commercial customers and some European surveys,  most of t h e s e  e f f o r t s  

e s t i m a t e  customer l o s s e s  during s e r v i c e  i n t e r r u p t i o n s  by i n d i r e c t  methods. 

These i nc lude  wages l o s t  per  hour of outage,  wages l o s t  per kilowatt-hour 

a s s o c i a t e d  w i t h  a n  o u t a g e ,  and g r o s s  n a t i o n a l  o r  s t a t e  p r o d u c t  l o s t  p e r  

ki lowatt-hour .  Table  3.3 summarizes t h e  methods and r c o u l t o  s f  these stud l rs .  

The customer c o s t s  presented h e r e  a r e  n o t  d i r e c t l y  comparable because 

of  d i f f e r e n c e s  i n  t h e  scope and d o l l a r  va lue  of t h e  e s t ima te s .  Nevertheless ,  

i t  i s  noted t h a t  many of t h e  e s t i m a t e s  vary by more t h a n  a factor of tcn .  I n  

g e n e r a l ,  the g r e a t e r  number of customer c o s t  e s t i m a t e s  t h a t  have been made 

ove r  t h e  l a s t  decade a r e  based on e a s i l y  o b t a i n a b l e  i n d i r e c t  i n d i c a t o r s  of 

customer l o s s e s .  Only one of t h e  domestic e s t i m a t e s  shown i n  Table  3.3 i s  t h e  

product  of a customer survey t h a t  a t t empt s  t o  q ~ ~ ~ n t i f y  the l o ~ c c o  63 a func- 

t i o n  of outage d u r a t i o n  (IEEE, 1973). The survey shows commercial s e c t o r  

l o s s e s  pe r  ki lowatt-hour  i nc reas ing  with outage du ra t i on .  On t h e  o t h e r  hand, 

On ta r io  Hydro's f i g u r e s  based on an SRI methodology, show commercial l o s s e s  

p e r  ki lowatt-hour  r e l a t i v e l y  cons t an t  wi th  ou tage  du ra t i on .  It i s  emphasized, 

however, t h a t  Hydro stresses t h e  f a c t  t h a t  t h e i r  r e s u l t s  a r e  probably no t  

a c c u r a t e  and  t h a t  s u b s t a n t i a l  d i f f e r e n c e s  may b e  p r e s e n t  i n  t h e i r  f i n a l  

r e s u l t s .  3 3 



Table 3.3 Methods and Resu l t s  of Miscel laneous European and 
Domestic Value of E l e c t r i c  R e l i a b i l i t y  Es t imates  

Study. Method Scope of I n t e r e s t  Est imated c o s t  

Sweden, 1966 a Survcy Swedish General  Indus t ry  $ . 4 0 / k ~ h  + $ .20/kW 

Sweden, 1969 b  
Swedish Domestic $ .60/kWh 
Swedish I n d u s t r i a l  $ .30/kWh + $.08/kW 
Swedish Commercial $ . 8 0 / k ~ h  
Svrd i sh  A g r i c u l t u r a l  $ 1.2O/kWh 
Swedish Transpor t a t ion  $ .50/kWh + $ .12/kW 
Worth of Goodwill  $ .14/kW 
T o t a l :  $ .50/kwh + $.20/kW 

~ o r w a ~ '  Survey Norwegian I n d u s t r y  Excluding 
Petroleum Melt ing I n d u s t r i e s  $ .7O/kUh + S.07lld.r 

Modern Manufacturing, 1969 - United S t a t e s  General  Indus t ry  $ .95/kWh 

Hausgaard , 1971 Wages/Hour New York S t a t e  $ 2.17 mi l l i on lhour  

New York S t a t e  Economic Develop- 
ment Admin., 1971 WagesIHour C e n t r a l  Manhattan $ 2 . 5  mi l l i on /hour  

P.E. GannonlIEEE, 1971 - United S t a t e s '  Highly Auto- 
mated. Low Demand Indus t ry  $lO.OO/kWh 
United S t a t e s '  Less  Auto- 
mated, High Demand Indus t ry  $ 1.5O/kWh 

I n s t i t u t e  f o r  E l e c t r i c a l ,  and 
E l e c t r o n i c s  Engineers  (IEEE) , 1973 Survey C a l i f o r n i a  Maximum I n d u s t r y  $ 2.68/kWh + $1.89/kW 

C a l i f o r n i a  Median I n d u s t r y  $ .83/kWh + $ .69/kW 

IEEE, 1973 Survey C a l i f o r n i a  1 5  Min. Commercial $ 7 . 5 4 / k ~ h  
C a l i f o r n i a  1 Hour Commercial $ 6 . 7 4 I k ~ h  
C a l i f o r n i a  > 1  Hour Commercial S16.161kWh 

Environmental Ana lys t s  Inc . ,  1975 Wages /k~h  Wisconsin Indus t ry  6 R e s i d e n t i a l  $ 1.0olkwh 

S tan fo rd  Research I n s t i t u t e  
(SRI),  1976 WagesIkWh + R e s t a r t  

Cos t s  Northwest Power Pool ,  Shor t  Term $21 mi l l i on fhour  
Northwest Power Poo l ,  Long Term $14.5 mi l l i on lhour  . 
Northwest Power Poo l ,  Long 
Outages $ 1 . 3 6 l M h  

Na t iona l  Economic Research Asso- 
c i a t e s  (NERA), 1976 GNP/kwh United S t a t e s  in 1983 $ .61  - $l.ZO/kWh 

D.J. KhazzoodStanford U . ,  1976 Gross S t a t e  Productlkwh C a l i f o r n i a  $ .64/kWh 

Fede ra l  Power Commission, 1976 G N P I W ~  United S t a t e s  $ .50/kWh 

Systems Con t ro l ,  I nc .  h  - C a l i f o r n i a  R e s i d e n t i a l  $ .10/kWh 

a  Mat tsson,  B., Economy Versus Service Reliabil i ty in Sweden, IEEE Spectrum, Vol. 3 ,  p. 90 (May 19661, c i t e d  by 
Sh ip l ey ,  et  a l . ,  in Ref. 13.  

b  Cost5 of Intermcption in Electric Supply, Swedish r e p o r t  from Committee on Supply I n t e r r u p t i o n  Cos t s  (Sept .  
19691, c i t e d  by C.R. Heis ing i n  response to  Sh ip l ey ,  e t  a l . ,  in Ref. 13.  

c C.R. I le is ing,  pe r sona l  communication, c i t c d  by Sh ip l cy ,  c t  a l . ,  in Ref. 13 .  

d Ref. 14.  

e  Ref. 15.  

f  A Cost Benefit Approach to Capacity P h n i n g  for Wisconsin Ut i l i t i e s  Service Area, Environmental Ana lys i s  I n c . ,  
(Nov. 1975) pp. 27-28, prepared f o r  Wisconsin PSC and S t e r n ,  G.B., Wisconsin PSC, pe r sona l  c o m u n i c a t i o n s  (May 1978) 

g  The Adequacy of Future EZectric Power Supply: Prwblena in  Policy, Technical  Advisory Cormnittee t o  t h e  FPC on  t h e  
Impact of Inadequate  E l e c t r i c  Power Supply, p. 75, in p r e s s  when c i t e d  i n  memorandum t o  t h e  New York S t a t e  P u b l i c  
S e r v i c e  Commission from t h e  Commission's O f f i c e  of Research,  Re: Are U t i l i t i e s  Coldqlated?, A p r i l  1 4 ,  1976. 

h  Testimony by Edward P. Kahn b e f o r e  t h e  New J e r s e y  S t a t e  Board of P u b l i c  U t i l i t y  Commissioners, Docket U762.194 
c i t i n g  a  Systems Con t ro l ,  I nc . ,  r e p o r t  t o  t h e  C a l i f o r n i a  Energy Commission, p. UL o t  Kahn's tes t imony.  
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The s t u d i e s  d i s cus sed  so  f a r  a r e  examples of s t u d i e s  t h a t  assume a  

s t a t i c  planning process .  These e f f o r t s  seek t o  d e f i n e  t h e  s o c i a l  c o s t s  of 

having inadequate  g e n e r a t i n g  capac i ty .  A s  shown i n  t h e  d i s c u s s i o n s  of Telson, 

Ship ley  e t  a l e ,  and Kaufman's 'works, t h e  u l t i m a t e  g o a l  of t h e s e  s t u d i e s  i s  

a l s o  t o  estimate t h e  c o s t s  of providing a l t e r n a t i v e  l e v e l s  of system r e l i -  

a b i l i t y  and t o  provide  a  b a s i s  f o r  determining t h e  opt imal  l e v e l .  Thus, 

t h e s e  types  of s t u d i e s  could  be used t o  e s t a b l i s h  t a r g e t s  f o r  t h e  amount of 

g e n e r a t i n g  r e s e r v e  t o  b e  planned f o r  by t h e  u t i l i t y .  

Another c l a s s  of s t u d i e s  r ece iv ing  a t t e n t i o n  r e c e n t l y  add re s se s  t h e  

economic i s s u e s  a l l i e d  w i t h  gene ra t i ng  capac i ty  expansion planning tak ing  i n t o  

c o n s i d e r a t i o n  the  dynamic c h a r a c t e r i s t i c s  of t h e  u t i l i t y  planning process.  

These s t u d i e s  may use  t h e  t a r g e t  r e l i a b i l i t y  l e v e l s  e s t a b l i s h e d  i n  t h e  s t a t i c  

planning p roces s  s t u d i e s  a s  a  p o i n t  of d e p a r t u r e  from which t o  a s s e s s  the  

s o c i a l  c o s t s  and b e n e f i t s  a s s o c i a t e d  wi th  a  ma t r ix  of a l t e r n a t i v e  expansion 

p l a n s  and growth scena r io s .  Each of t h e  t h r e e  s t u d i e s  publ ished t o  d a t e  

conclude t h a t  t h e  c o s t  of planning and bui ld ing  too  l i t t l e  capac i ty  i s  g r e a t e r  

t han  bu i ld ing  t o o  much capac i ty .  
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S ince  t h e s e  s t u d i e s  d e r i v e  from the  s t a t i c  planning process i n v e s t i -  

g a t i o n s ,  i t  is n o t  l i k e l y  t h a t  t h e i r  r e s u l t s  could be considered any more 

d e f i n i t i v e  than  t h e  r e s u l t s  of t h e  s t u d i e s  upon which they a r e  based. A l -  

though a  d e t a i l e d  and cr i t ica l  review of t h e  dynamic planning p r n r e s s  s t t l d i ~ s  

i s  beyond the  scope of t h i s  c u r r e n t  e f f o r t ,  such a n  a n a l y s i s  i n  t h e  f u t u r e  

might prove u s e f u l  i n  de f in ing  o r  r e so lv ing  DOE p o l i c y  i s s u e s  a s s o c i a t e d  wi th  

u t i l i t y  r e l i a b i l i t y .  

3.9 DOE, DIVISION OF ELECTRIC ENERGY SYSTEMS, ONGOING  RESEARCH^^ 

I n  December, 1976, t h e  D iv i s ion  of E l e c t r i c  Energy Systems ( D O E ~ E E S )  

i s sued  a  reques t  f o r  p roposa ls  (RFP) f o r  r e sea rch  i n  t h e  a r e a  of "system 

e f f e c t i v e n e s s "  a n a l y s i s .  The t e r m  e f f e c t i v e n e s s  i s  used by DOEIEES t o  d e s c r i b e  

t h e  o v e r a l l  a t t r i b u t e s  of a  l a rge - sca l e  e l e c t r i c  energy system i n  an at tempt  

t o  view t h a t  system i n  terms of i t s  c o s t ,  a v a i l a b i l i t y ,  performance, and 

worth. 

The RFP and subsequent c o n t r a c t s  were i n i t i a t e d  i n  r ecogn i t i on  t h a t  

t h e  e f f e c t i v e n e s s  a n a l y s i s ,  a s  i n  use today, i nvo lves  s e q u e n t i a l  eva lua t ions  of 

c o s t ,  a v a i l a b i l i t y ,  performance, and worth of a l t e r n a t i v e  system r a t i o n a l i z a -  



za t ions .  The p re sen t  approach f a i l s  t o  d e a l  w i th  t h e  f a c t  t h a t  t h e s e  system 

a t t r i b u t e s  a r e  not  independent and t h e r e f o r e  must be  coupled t o  achieve t h e  

proper  e v a l u a t i o n  of t h e  system. 

The RFP goes on t o  i n d i c a t e  s e v e r a l  d e f i c i e n c i e s  i n  e a r l i e r  works, 

no tab ly :  

1. The l a c k  of a  c o n s i s t e n t  methodology f o r  quant i fy ing  
customer c l a s s  t o l e r a n c e s  t o  system a v a i l a b i l i t y  and 
performance, 

2. The i n d i r e c t  and u n r e a l i s t i c  approach o f .  p r e sen t  methods 
a s  w e l l  a s  t h e i r  l i m i t e d  scope and remote l e v e l  of ab- 
s t r a c t  ion, and 

3. The f a c t  t h a t  no g e n e r a l  theory  e x i s t s  f o r  de f in ing  a  
meaningful measure of t h e  worth of a v a i l a b i l i t y  a s  'viewed 

. 'by t h e  customer. 

The Div i s ion  of E l e c t r i c  Energy Systems i s  seeking t o  r e s o l v e  t he se  

d e f i c i e n c i e s  and t o  develop a  framework of sound t h e o r e t i c a l  concepts  upon 

which a  theory of system e f f e c t i v e n e s s  a n a l y s i s  might b e  developed. The 

o b j e c t i v e  of t h e  program i s  t o  provide t h e  u t i l i t y  i ndus t ry  with a n a l y t i c  

t o o l s  t h a t  i t  may need i n  t h e  f u t u r e  t o  a s s e s s  t h e i r  own l e v e l  of e f f e c t i v e -  

n e s s  -- a f u t u r e  i n  which t h e  u t i l i t y  may be  requi red  t o  a s s e s s  t h e  worth of a  

g i v e n  system des ign  o r  b e  requi red  t o  provide d i f f e r e n t  l e v e l s  of s e r v i c e  

r e l i a b i l i t y  t o  meet t h e  needs of d i f f e r e n t  customer c l a s s e s .  

The t o t a l  program budget i s  i n  exces s  of $1.8 m i l l i o n  wi th  performance 

pe r iods  t h a t  began i n  f i s c a l  year  1978 and a r e  of two t o  t h r e e  yea r s  dura t ion .  

Five prime c o n t r a c t s  and two subcon t r ac t s  have been let .  The f i v e  major 

c o n t r a c t s  a r e  wi th  Systems Control ,  Inc., ( 3  y r ,  $542K), SRI l n t e r n a t l u ~ ~ i i l  

(1-112 y r ,  $175K), Un ive r s i t y  of C a l i f o r n i a ,  Berkeley ( 3  y r ,  $300K), ECON, Inc., 

(2 y r ,  $416K), and Texas A&M Research Foundation (2 y r ,  $480K). 

The o v e r a l l  sys  t e m  e f f e c t i v e n e s s  program o b j e c t i v e s  a r e  c l e a r ;  how- 

ever ,  i t  is much too  e a r l y  i n  t h e  performance per iod  of t h e  i n d i v i d u a l  con-' 

t r a c t s  t o  luake an  adequate  e v a l ~ ~ a t i o n  and a n a l y s i s  of t h e i r  approach and 

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

3.10 ELECTRIC POWER RESEARCH INSTITUTE, ONGOING  RESEARCH^^ 

The E l e c t r i c  Power R r i e a r ~ h  ' institute (EPRI) has  r e c e n t l y  reques ted  

p r o p o s a l s  and  i s  now n e g o t i a t i n g  two c o n t r a c t s  f o r  t h e  deve lopment  o f  a  



methodology  t o  a s s e s s  t h e  v a l u e  o f  e l e c t r i c  u t i l i t y  r e l i a b i l i t y  t o  con- 

sumers'; Each of t h e s e  e f f o r t s  would take  d i f f e r e n t  approaches toward quanti-  

f y ing  t h a t  value. .  

One p r o p o s a l  by N a t i o n a l  Economic R e s e a r c h  A s s o c i a t e s  . (NERA) of  

New York sugges t s  t h e  development of a  t h e o r e t i c a l  demand equa t ion  f o r  elec- 

t r i c  r e l i a b i l i t y  i n  each of t h e  fol lowing s e c t o r s :  i n d u s t r i a l ,  commercial, 

r e s i d e n t i a l ,  and  t r a n s p o r t a t i o n .  Because  t h e  c o n t r a c t  h a s  noc  y e t  been  

s i g n e d ,  no  a d d i t i o n a l  i n f o r m a t i o n  r e g a r d i n g  NERA's propose,d'  a p p r o a c h  i s  

a v a i l a b l e .  A f  ive-month performance per iod  was ' proposed f o r  t h i s  s tudy ,  s o  

EPRI r e s u l t s  may n o t  b e  a v a i l a b l e  f o r  s ix .months  t o  a  year  a f t e r  t h e  c o n t r a c t .  

wnrk bog ino. 

The second approach was proposed by Resource Planning Asoociatco 

(RI'A) of Cambridge, Massachuset ts .  RPA proposes  a  survey approach s i m i l a r  t o  

On ta r io  Hydro's. RPA'S proposed one-year e f f o r t  would begin wi th  a  review of 

Nydro's survey a c t i v i l l e s  and, according t o  EPRI, hope t o  r e f i n e  t h e  ques- 

t i o n n a i r e s  and procedures  and extend t h e  SICS covered i n  Hydro's e a r l i e r  

work. Resu l t s  a r e  n o t  expected t o  b e  a v a i l a b l e  f o r  a t  l e a s t  1 8  months. Even 

then ,  i t  i s  n o t  known t o  what e x t e n t  a c t u a l  survey d a t a  w i l l  be '  a v a i l a b l e .  

It i s  un fo r tuna t e  from the p o i n t  of view of Our e f f o r t  t h a t  EPRI's 

r e s u l t s  w i l l  no t  be  a v a i l a b l e  e a r l i e r .  NERA has  a  long h i s t o r y  i n  e l e c t r i c  

u t i l i t y  economic s t u d i e s  and the i s  approaah.  and r e su lLs  could prove usefu l .  

I . tkewise,  RPA's stlrvey r e s d l t s  rn111-d provide a very gOBd .U.S. benchmark of 

i n d u s t r i a l  and commerc ia l  cus tomer  ; l o s s e s  t h a t  migh t  b e  c o r r e l a t e d  w i t h  

On ta r io  Hydro's survey r e s u l t s .  These e f f o r t s  w i l l  be  c l o s e l y  monitored so 

t h a t  t h e i r  r e s u l t s  can be  f u r t h e r  reviewed and, i f  i iseful ,  incorparaLud info 

our  e f f o r t  a s  e a r l y  a s  pos s ib l e .  
. , 

. . 
3.11 THEORETICAL ECONOMIC MODELS 

Each of t h e  s t u d i e s  prev ious ly  reviewed have r e l i e d  on c o s t s  esti- 

mated by an e x t e r n a l  a p p r a i s e r  o r  t h e  s u b j e c t i v e  v a l u a t i o n s  of customers  t o  

h y p o t h e t i c a l  s i t u a t i o n s  a s  measures of t h e ' v a l u e  of e l e c t r i c  s e r v i c e  reli- 

a b i l i t y .  This  s e c t i o n  d i s c u s s e s  how customer p re fe r ences  f o r  e l e c t r i c a l  

s e r v i c e ,  a s  revea led  i n  t h e  marketplace,  might b e  used t o  measure t he  va lue  of . 
s e r v i c e  r e l i a b i l i t y .  F i r s t ,  g e n e r a l  concepts  of t h e  c l a s s i c a l  " ~ a r s h a l l i a n "  

w e l f a r e  approach a r e  reviewed. T h e s e ' g e n e r a l  concepts  a r e  then expanded i n  



t h e  d i s c u s s i o n  of a  cqnsumer we l f a r e  model t h a t  i nc ludes  components of ' pos- 

s i b l e  t r a d e  i n t e r r u p t  i o n s  ( r e l i a b i l i t y ) .  Empir ical  work necessary  t o  t e s t  and 
. . 

implement .any we l f a r e  model of r e l i a b i l i t y  i s  very l im i t ed .  ' Some. 

work t h a t  u se s  a  we l f a r e  model and con ta in s  r e l i a b i l i t y  assumptions is  com- 

mented upon. 

3.. 11.. 1 General ~ d l f a r e  Model f o r  R e l i a b i l i t y  Analys i s  

Although a  t h e o r e t i c a l  we l f a r e  model of t r a d e  with p o s s i b l e  i n t e r rup -  

t i o n s  is  n o t  known t o  have been developed f o r  a p p l i c a t i o n s  t .hat e s t i m a t e  t h e  

consumer's va lue  of e l e c t r i c a l  s e r v i c e  r e l i a b i l i t y ,  Tol ley  and ~ i l m a n ~ ~  have 

used s u c h ,  a  model t o  analyze t h e  c o s t s  of o i l  embargoes. By analogy, an  o i l  

embargo is s i m i l a r  t o  an i n t e r r u p t i o n  i n  e l e c t r i c a l  s e rv i ce s .  Tol ley  and . 

' Wilman determine a  l o s s  func t ion  f o r  supply i n t e r r u p t i o n s  and show how s o c i e t y  

sets i t s  l e v e l  of consumption and product ion  t o  maximize s o c i a l  welfare .  A 

s i m i l a r  use of economic we l f a r e  theory h a s  f r e q u e n t l y  been used t o  analyze 

ques t i ons  of peak load pr ic ing40,  41, 42 and '. mechanisms f o r  shar ing  the  c o s t s  

. . of r e l i a b i l i t y .  43 
. . 

Common t o  t h e  works c i t e d  above i s  t h e  p o s t u l a t i o n  of s o c i a l  we l f a r e  

f u n c t i o n  f o r  measuring t h e  c o s t s  .and b e n e f i t s  of a  po l i cy  o r  market change t o  

consumer w e l l  being. "Welfare" a s  used i n  economic theory t a k e s  on a  spec i a l -  

i zed  meaning, much narrower . t h a n  its s i g n i f i c a n c e  in everyday usage. An 

economic w e l f a r e  f u n c t i o n  i s  a  way o f  d e s c r i b i n g  a n  i n d i v i d u a l ' s  ( o r  an 

- aggrega t ion  of i nd iv idua l s '  ) pre fe rences  between v a r i o u s  r e a l  br  hypo t h e  t i c a l  

a l t e r n a t i v e s .  It does n o t  measure t h e  i n t r i n s i c  va lue  of cho ices  by -some 

normative s tandard ;  i t  measures t h e  r e l a t i v e  va lue  .of c e r t a i n  consumption 

sets, o r  bundles,  i n  pecuniary terms. 

 li lied we l f a r e  a n a l y s i s  normally s t r i v e s  t o  q u a n t i f y  consumer g a i n s  

o r  l o s s e s  ' through t h e  use o f '  consumer surp lus .  I n  i t s '  s imples t  terms, con- 
. . 

sumer s u r p l u s  i s  va lue  minus cos t .  . It measures t h e  d i f f e r e n c e  between what a  

consumer ' i s  w i l l i n g  t o  pay f o r  a  c e r t a i n  amount of a good' and the  p r i c e  he 

a c t u a l l y  must pay. Consumer s u r p l u s  measurements a r e  der ived  from well-known 

c o n d i t i o n s  f o r  consumer u t i l i t y  maximization. 44  

An important  o b s t a c l e  t o  t h e  use of t h e  consumer su rp lus ,  a s  der ived  

by M a r s h a l l ,  i s  t h a t  a  c o n s t a n t  m a r g i n a l  u , t i l i t y  o f  income i s  assumed. 

C r i t i c s  of Marsha l l ian  consumer s u r p l u s  p o i n t  o u t  t h a t  as t h e  p r i c e  of  a  good 
, 



decreases ,  a l l  o t h e r  t h i n g s  being equal ,  t h e  consumer's r e a l  purchasing power 

from income inc reases .  However, . i n  app l i ed  we l f a r e  ana lyses ,  i t  'is g e n e r a l l y  

assumed t h a t  t h e  good i n  ques t i on  comprises a smal l  enough p o r t i o n  of t h e  

consumer's budget so t h a t  moderate p r i c e  changes w i l l  no t  s u b s t a n t i a l l y  a l t e r  
I 

t h e  consumer's r e a l  purchasing power. 
I . . 

A l ong - run  demand s c h e d u l e ,  
t 

R(q) ,  i s  shown i n  F i g .  3 . 7 .  Each 5 
\ * 

p o i n t  on t h e  demand curve r e p r e s e n t s  ; p, 

t 
incrementa l  va lue  t o  t h e  consumer f o r  2 

C 
3 

t h e  l a s t  u n i t  o f  g o o d s  p u r c h a s e d .  a = Pn 
G i v e n  a u n i f o r m '  p r i c e ,  P o , .  t h e  3 

m 
4 

consumer w i l l  purchase qo ,amount of 

goods .  A t  t h i s  e q u i l i b r i u m  demand 

p o i n t ,  t h e  l a s t  u n i t  h a s .  .a 
q1 9 0  

margina l  .value t o  t h e  consumer t h a t  i s  Q u A n T l T Y  DEYAN'DED 

j u s t  equa l  t o  t h e  p r i c e .  Hence, f o r  

t h e  f i n a l ,  o r  marg ina l  u n i t  purchased, Fig. 3.7 .  Long-Run Demand' Schedule 

t h e  consumer d e r i v e s  no b e n e f i t s  for .  

which  h e  d o e s  n o t  p a y a - -  h e  d e r i v e s  no " s u r p l u s "  b e n e f i t s .  . B u t  f o r  a l l  

incrementa l  u n i t s  of good preceding qo, t h e  marginal  u t i l i t i e s  a r e  shown -by 

t h e  demand curve t o  b e  of g r e a t e r  va lue  t o  t h e  consumer. With t h e  purchase of 

q., u n i t s  a t  uniform p r i c e  P,, t h e  consumer d e r i v e s  some incremental  s u r p l u s  

b e n e f i t  from each  u n i t  preceding q,. The incremental  consumer su rp lus  f o r  . . 

u n i t  q l  i s  g iven  by t h e  d i f f e r e n c e  between the  u n i t  p r i c e  t h a t  t h e  customer 

would be w i l l i n g  t o  pay a t  ql and t h e  uniform p r i c e  a c t u a l l y  pa id  a t  e q u i l i -  

brium consumption qo, i.e., PI - Po. T o t a l  consumer s u r p l u s  i s  t h e  i n t e g r a l  

under t h e  demand curve from zero  t o  qo u n i t s ,  ' l e s s  t h e  customer's t o t a l  cos t  

f o r  t h e  purchase qo u n i t s  of good, o r  

consumer Surp lus  = T o t a l  U t i l i t y  - T o t a l  Costs,  

Consumer Surp lus  = Lqo j ~ ( q )  - pO}dq, 



where: 

R(q) = long-run demand schedule  
q0 = equ i l i b r ium demand, and 
Po = equ i l i b r ium u n i t  p r i ce .  . 

E q u a t i o n  3.15 g i v e s  t h e  consumer s u r p l u s  f o r  a  s i n g l e  consumer.  

Aggregating a c r o s s  i n d i v i d u a l  consumers poses  some t h e o r e t i c a l  problems bu t ,  

i n  p r i n c i p l e ,  t h e  t o t a l  l e v e l  of  consumer s u r p l u s  f o r  t h e  m a r k e t  c a n  b e  

developed by summing i n d i v i d u a l  surp luses .  

A customer's we l f a r e  b e n e f i t s  from t h e  p rov i s ion  o f '  e l e c t r i c a l  energy 

can be  measured by t h e  l e v e l  of consumer surp lus .  ' Under p e r f e c t  r e l i a b i l i t y ,  

w i th  no t h r e a t  of supply i n t e r r u p t i o n ,  t h e  we l f a r e  f u n c t i o n  is equ iva l en t  t o  

consumer su rp lus ,  o r  

where : 

W(qo) = Consumer w e l f a r e  w i th  no t h r e a t  of 
i n t e r r u p t  ions.  

Eq. 3.16 r e p r e s e n t s  t h e  consumer we l f a r e  f u n c t i o n  wi th  p e r f e c t  supply 
. . 

r e l i a b i l i t y .  In  r ea l . i t y ,  long-term demand i s  inf luenced  by u n r e l i a b l i t y  of 

supply. More p r e c i s e l y ,  t h e  demand schedule ,  and thus  consumer .we l f a r e  i s  a  

f u n c t i o n  of  r e l i a b i l i t y .  I n  t h e  model  p u t  f o r t h  by T o l l e y  and ~ i l r n a n ~ ~  

t h e  t rea tment  of p o s s i b l e  o i l  embargoes accounts  f o r  supply r e l i a b i l i t y  i n  

terms of  t.he , p r o b a b i l i t y  o f  a n  embargo ( s u p p l y  i n t e r r u p t i o n )  o c c u r r i n g  

using short-run and long-run consumer demand func t ions .  Some form of t h i s  

model might a l s o  be used i n  a  t h e o r e t i c a l  t rea tment  of e l e c t r i c a l  s e r v i c e  

r e l i a b i l i t y  i f  t h e  . p r o b a b i l i t y  o f  b e i n g  w i t h o u t  power due  t o  a  s e r v i c e  

i n t e r r u p t i o n  can  be  compared wi th  t h e  p r o b a b i l i t y  of an  o i l  embargo. 

There a r e  d i f f i c u l t i e s  i n  drawing a  complete 'analogy between elec-  

t r i c a l  .supply u n r e l i a b i l i t y  and t h e  ~ b l l e ~  and Wilman t rea tment  of o i l  embar- 

goes. I n  g e n e r a l ,  Tol ley  and Wilman c a l c u l a t e  an  op t imal  p r i c ing  s t r a t e g y  f o r  

a  commodity which  h a s  h i s t o r i c a l l y  b e e n  c h a r a c t e r i z e d  by p e r f e c t  s u p p l y  

r e l i a b i l i t y  bu t  which has  r e c e n t l y  been embargoed and f o r  which t h e r e  remains 



some p r o b a b i l i t y  of  f u t u r e '  embargoes. They 'do  so by c a l c u l a t i n g  consumer 

w e l f a r e  under t h e  t h r e a t  of supply i n t e r r u p t i o n .  Est imat ing the  consumer's 

va lue  of  e l e c t r i c a l  s e r v i c e  r e l i a b i l i t y  by any s i m i l a r  t h e o r e t i c a l  economic 

model would r e q u i r e  t h e  c a l c u l a t i o n  of consumer w e l f a r e  under varying l e v e l s  

of  e l e c t r i c a l  supply r e l i a b i l i t y .  Empir ical  evidence needed t o  e s t ima te  

customer demand f u n c t i o n s  a t  d i f f e r e n t  l e v e l s  of r e l i a b i l i t y  a r e  no t  a v a i l a b l e  

i n  t h e  economic l i t e r a t u r e .  

Optimal p r i c i n g  s t r a t e g y  i s  one a r e a  of i n v e s t i g a t i o n  that may ~rnplorj 

an economic modcl approacl~.  Although the  t h e o r e t i c a l  l i t e r a t u r e  c o n t a i n s  

numerous examples of u t i l i t y  p r i c ing  schemes t h a t  maximize we l f a r e  func t ions ,  

two r e c e n t  papers  s t and  ou t  f o r  t h e i r  unusual implicati .ons.  crew and Klein- 

d ~ r f e r ~ ~  employ a producers '  and consumers' w e l f a r e  model t o  analyze t h e  

e f f e c t s  of al. te.rna t i . 1 ~ ~  pr io ing  oerategies  f u r  peak. arid off-peak power when 

r e l i a b i l i t y  i s  n o t  p e r f e c t .  They show t h a t  when p e r f e c t  r e l i a b i l i t y  i s  n o t  

a s sumed ,  m u l t i p l e  p r i c i n g  . o p t i m a l i t y  c a n  o c c u r  due  t o  t h e  n a t u r e  o f  t h e  

w e l f a r e  func t ion .  They provide  a  framework f o r  r e l a t i n g  t he  op t imal  .choice of , 

r e l i a b i l i t y  l e v e l s  t o  t h e  c o s t  of  r a t i o n i n g  exces s  demand. ~ e n d e r s ~ ~  u s e s  t h e  

we l f a r e  maximizing approach t o  show t h a t  off-peak customers should bear  . a  

p o r t i o n  of t h e  system capac i ty  c o s t  because t h a t  capar i . ty  c o n t t i b u t c o  t o  t h e i r  

r e l i a b i l i t y  even i n  off-peak hours. This  conc lus ion  is, of course,  a t  odds 

w i th  t h e  t r a d i t i o n a l  conc lus ion  t h a t  peak load customers should bear  t he  

e n t i r e  c a p i t a l  c o s t  of  t h e  capac i ty  needed f o r  peak load.  , 

Although these and n t h ~ r  s tud io0  can rea~l l  I o c l l e  e snc lus ions  about 

p r i c i n g  schemes t h a t  op t imize  the  a b s t r a c t  we l f a r e  func t ions ,  t h e  l a c k  of 

e m p i r i c a l  work on e l e c t r i c i t y  demand f u n c t i o n s  t h a t  depend on r e l i a b i l i t y  have 

l i m i t e d  t h e  a p p l i c a t i o n  of a  g e n e r a l  w e l f a r e  model# t o  c a l c u l a t i n g  a c t u a l  

consumer va lue  of e l e c t r i c a l  s e r v i c e  a s  a  f u n c t i o n  of r e l i a b i l i t y .  In o r d e r  

t o  determine t h i s  r e l a t i o n s h i p ,  i t  is necessary  t o  c a l c u l a t e  the  change i n  

consumer w e l f a r e  between va r ious  l e v e l s  of r e l i a b i l i t y .  These c a l c u l a t i o n s  

a r e  no t  p o s s i b l e  a t  t h i s  t i m e  because t h e  f u n c t i o n a l  dependence of long- and 

short-run demand schedules  with r e s p e c t  t o  r e l i a b i l i t y  a r e  no t  known. Thus, 

a l t hough  i t  may be  p o s s i b l e  t o  e s t ima te  long- and short-run demand f o r  an 

e x i s t i n g  l e v e l  of r e l i a b i l i t y ,  d a t a  a r e  no t  a v a i l a b l e  from which t o  determine 



how demands .would change i n .  r esponse  t o  s h i f t s  i n  r e l i a b i l i t y .  There  may 

b e  an  a p p r o p r i a t e  set  of approx imat ions  and assumpt ions  t h a t  would e n a b l e  t h e  

model used by T o l l e y  and Wilman t o  b e  a p p l i e d  i n  e s t i m a t i n g  t h e  v a l u e  of 

e l e c t r i c a l  s e r v i c e  r e 1 , i a b i l i t y  us ing  e x i s t i n g  e m p i r i c a l  d a t a .  The development 

and j u s t i f i c a t i o n  o f  t h a t  s e t  o f  a ssumpt ions  would r e q u i r e  f u r t h e r  development 

o f  t h e  m o d e l  a n d ,  i t s  t h e o r e t i c a l  b a s i s  a s  a p p l i e d  t o  e l e c t r i c a l  s e r v i c e  

r e l i a b i l i t y .  
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4 CUSTOMER CHARACTERISTICS AND COMPONENTS OF THE VALUE OF RELIABILITY 

Each i n d i v i d u a l  cus tomer  'has  a  unique s e t  of e l e c t r i c  ene rgy  r e q u i r e -  

ments and l e v e l  o f  i n c u r r e d  l o s s e s  r e s u l t i n g  from an i n t e r r u p t i o n  o f  s e r v i c e .  

These w i l l  v a r y  wide ly  w i t h i n  any a t t empted  a g g r e g a t i o n  because  a  wide v a r i -  

a b i l i t y  i s  p r e s e n t  even among cus tomers  engaged i n  n e a r l y  i d e n t i c a l  a c t i v i -  

t i e s .  A c u s t o m e r ' s  v a l u e  o f  r e l i a b l e  e l e c t r i c  power i s  dependent  upon h i s  

s e r v i c e  r e q u i r e m e n t s  and p e r c e i v e d  i n t e r r u p t i o n  l o s s e s .  These ,  i n  t u r n ,  a r e  

f u n c t i o n s  of  a  number o f  such independent  f a c t o r s  a s  equipment o r  p r u c e s s  

d e s i g n ,  a v a i l a b i l i t y  o f  emergency back-up g e n e r a t i o n ,  ambient wea the r  con- 

, d i t i o n s ,  t ime  o f  day o r  y e a r  and geograph ic  l o c a t i o n .  

A s  p o i n t e d  o u t  i n  t h e  p r e v i o u s  s e c t i o n ,  many o f  t h e  e a r l i e r  a t t e m p t s  

a t  q u a n t i f y i n g  t h e  c u s t o m e r ' s  v a l u e  o f  e l e c t r i c  r e l i a b i l i t y  r e l i e d  upon e a s i l y  

o b t a i n a b l e  s u r r o g a t e  s o c i a l  i n d i c a t o r s  l i k e  g r o s s  r e g i o n a l  o r  n a t i o n a l  p roduc t  

o r  wages and s a l a r i e s .  More r e c e n t  work s e e k s  t o  q u a n t i f y  l e s s  a g g r e g a t e  

cus tomer  l o s s e s  through t h e  u s e  o f  cristomer su rveys .  Although a  more d i s -  

a g g r e g a t e  q u a n t i f i c a t i o n  o f  cus tomer  l o s s e s  i s  f a r  s u p e r i o r  t o  t h e  u s e  o f  a  

s i n g l e  " s o c i a l  index , "  problems a s s o c i a t e d  w i t h  t h e  g e n e r a l i z a t i o n  of  t h e s e  

d a t a  and t h e i r  t r a n s f e r a b i l i t y  t o  demographic a r e a s  o u t s i d e  t h e  s u r v e y ' r e g i o n  

e x i s t  due  t o  t h e  s p e c i a l  mix o f  cus tomers  i n  each s e r v i c e  a r e a  and un ique  

l o c a l  economic c o n d i t i o n s .  

N e v e r t h e l e s s ,  i t  i s  no t  p r a c t i c a l  from a  n a t i o n a l  p o l i c y  e v a l u a t i o n  

v iewpoin t  t o  a t t e m p t  t o  q u a n t i f y  t h e  c h a r a c t e r i s t i c s  of  a l l  i n d i v i d u a l  custom- 

e r s  and s e r v i c e  a r e a s .  Nor i s  i t  s u f f i c i e n t ,  because  of  t h e  d i v e r s i t y  i n  

s e r v i c e  a r i a s  and customer  mixes ,  t o  u s e  t h e  broad i n d i c e s  t h a t  have been 

used i n  t h e  p a s t .  The most p r a c t i c a l  approach i s  t o  c l a s s i f y  cus tomers  i n t o  a  

manageable number of  g roups  b r o a d l y  d e f i n e d  by t h e i r  g e n e r a l  e l e c t r i c i t y - u s e  

c h a r a c t e r i s t i c s  and v a l u e s  of  e l e c t r i c  s e r v i c e  r e l i a b i l i t y .  Such a g g r e g a t i o n s  

shou ld  f a c i l i t a t e  bo th  d a t a  a c q u i s i t i o n  and t h e  modi f i ca t i .on  of  a v a i l a b l e  

e x i s t i n g  d a t a  t o  c o n f o r m  t o  d i f f e r e n t  c u s t o m e r  m i x e s  and s e r v i c e .  a r e a s .  

I d e a l l y ,  d a t a  m o d i f i c a t i o n  shou ld  be accomplished u s i n g  r e a d i l y  a v a i l a b l e  

r e g i o n a l  o r  l o c a l  economic and demographic i n f o r m a t i o n .  

A r e a s o n a b l e  d i s a g g r e g a t i o n  of  cus tomers  i s  t h a t  b e i n g  used  by O n t a r i o  

Hydro i.n ~ l i e i r  p r e s e n t  cuctomer  su rvey  work. These i n c l u d e  t h e  f o l l o w i n g  s i x  

g roups  : 



1. Large Manufacturers,  
2. Small Manufacturers,  
3. Commercial, 
4.  I n s t i t u t i o n a l ,  
5. A g r i c u l t u r a l ,  and 
6 .  R e s i d e n t i a l  (Urban and Rura l ) .  

4.1 CUSTOMER CHARACTERISTICS 

The e l e c t r i c i t y  u s e  c h a r a c t e r i s t i c s  of l a r g e  and smal l  manufacturers  

( c o l l e c t i v e l y  r e f e r r e d  t o  a s  i n d u s t r i a l  customers) a r e  s i m i l a r .  I n d u s t r i a l  

customers  normally have a  r e l a t i v e l y  l a r g e  demand (k i lowat t s )  f o r  e l e c t r i c  

power t h a t  remains q u i t e  s t a b l e  from day t o  day or season t o  season. In 

g e n e r a l ,  l a r g e r  i n d u s t r i a l  customers, wi th  more c o n t i n u a l  p roduct ion  a c t i v i -  

t i e s ,  h a v e  t h e  most uniform dcmand f o r  ~. . le~ti ' ic:  uueagy. Smaller cugfomers 

who may run o n l y  two s h i f t s  pe r  day, with no weekend product ion  have lower 

demands d u r i n g  e v e n i n g s  and weekends,  However, t h e s e  s m a l l e r  cue tomcro  

e x h i b i t  a  f a i r l y  c o n s t a n t  demand during product ion  hours.  

I n d u s t r i a l  e l e c t r i c i t y  use can be broadly segrega ted  i n t o  four  func- 

t i o n s :  e l e c t r i c  d r i v e s ,  e l e c t r o l y t i c  p r o c e s s e s ,  d i r e c t  h e a t ,  and  o t h e r  

u s e s  l i k e  e l e c t r i c  c o n t r o l s .  space cond i t i nn ing ,  and l i g h t i n g .  Thc approx - 

imate  annual  pe rcen tages  of t o t a l  U.S. i n d u s t r i a l  e l e c t r i c i t y  consumption used 

f o r  each of t h e s e  purposes  a r e  shown i n  Table 4 . 1 .  Ahniit 1 % nf  a l l  i ndus t r i a l ,  

e l e c t r i c i t y  c o n s u m p t i o n  derives f r ~ m  nns i  t~ g e n ~ r a t p o n  b y  t h o  auotomcr .  

Table  4.1. Funct ional  Uses of I n d u s t r i a l  
E l e c t r i c i t y  Consumption 

Funct ion  Percent  of T o t a l  

D i r e c t  Dr ives  

E l e c t r o l y t i c  Piucrssrs 

D i r e c t  Heat 

. Other  

T o t a l  

Source: P a t t e r n s  o f  Energy Consumption i n  t he  United 
S t a t e s ,  S tanford  R e s e a r c h ' I n s t i t u t e ,  prepared ' fo r  t h e  
O f f i c e  of Sc ience  and Technology, Execut ive O f f i c e  of 
t h e  P r e s i d e n t ,  Washington, D.C.,  p. 6 8  (Jan. 1972). 



Over 660 b i l l i o n  ki lowatt-hours  of e l e c t r i c a l  energy was purchased by 

i n d u s t r i a l  consumers i n  1974. This  f i g u r e  accounts  f o r  39% of a l l  e l e c t r i c a l  

energy s a l e s  t o  customers i n  t h a t  year .2  The market sha re  of e l e c t r i c a l  

energy consumption by indus t ry  has  dec l ined  s l i g h t l y  over  t h e  p a s t  two dec- 

ades ,  d e s p i t e  i t s  growth through time. 

Because of t h e  very l a r g e  number of d i f f e r e n t  p roducts  and processes  

used i n  i ndus t ry ,  i t  i s  no t  p o s s i b l e  t o  g e n e r a l i z e  about  t h e  power and energy 

l e v e l s  of  ma jo r  equ ipmen t  and  p r o c e s s  s t e p s .  A t  b e s t ,  t h o s e  i n d u s t r i a l  

p rocesses  t h a t  consume unusual ly  l a r g e  amounts of e l e c t r i c a l  energy might 

b e  c a t a l o g u e d .  Howeve'r, be 'cause t h e  v a l u e  of  e l e c t r i c a l  s u p p l y  i s  less  

dependent upon t h e  magnitude than i t  is  upon t h e  e x i s t e n c e  of t h e  supply,  t h e  

ca ta logue  would have l i t t l e  s ign i f i cance .  A comparison of t h e  e l e c t r i c a l  

energy requirements  of U.S. manufacturing groups by 2-digi t  s tandard  indus- 

t r i a l  c l a s s i f i c a t i o n  .(SIC) is  shown i n  Table  4.2 f o r  1974 along wi th  t h e  va lue  , 

added by manufacture during t h a t  same year . '  A s  shown i n  t h e  t a b l e ,  f i v e  of 

t h e  s i x  l a r g e s t '  consumers of e l e c t r i c a l  energy (SICS 33, 28, 26, 20,. and 32 

and 29) have r a t i o s  of va lue  added t o  e l e c t r i c a l  consumption t h a t  a r e  less: 

than  t h e  n a t i o n a l  average. Thus, a l though va lue  added is  only an in'dex of 

of p o s s i b l e  power i n t e r r u p t i o n  l o s s e s ,  i t  would seem t o  i n d i c a t e  t h a t  i ndus t ry  

l o s s e s  r e s u l t i n g  from power i n t e r r u p t i o n s  may n o t  be p r o p o r t i o n a l  t o  t h e  

m a ~ n i t u d e  of e l e c t r i c  e n e r g y  demand, and t h u s  i t  may n o t  b e  a p p r o p r i a t e  

t o  i d e n t i f y  l a r g e  e l e c t r i c  energy consuming processes .  

Commercial and i n s t i t u t i o n a l  demand curves a r e  r e l a t i v e l y  high but  

cons t an t  during t h e  d a y l i g h t  hours of t h e  normal bus ines s  day and f a l l  o f f  

during t h e  n igh t t ime hours. Evening demand may f a l l  o f f  g r adua l ly  due t o  t h e  

accommodation of evening shopping hours  i n  many r e t a i l  o u t l e t s .  These c l a s s e s  

of customers a l s o  show seasona l  v a r i a t i o n s  a s  a r e s u l t  of space  condi t ion ing  

and seasona l  d i f f e r e n c e s  i n  l i g h t i n g ,  which c o n s t i t u t e  t h e i r  major energy 

requirements.  

s e v e r a l  t ypes  of i n s t i t u t i o n a l  customers perform f a i r l y  low e l e c t r i c i t y  

d,emand f u n c t i o n s  t h a t  may be c r i t i c a l  t o  t h e  maintenance of s o c i a l  order .  It 

i s  no t  d i f f i c u l t  t o  imagine such c r i t i c a l  needs i n  h o s p i t a l s ,  p o l i c e  and f i r e  

communications, p r i sons ,  o r  community water  departments  supplying h igh - r i s e  

o f f i c e  o r  apartment bu i ld ings .  



Table 4.2. E l e c t r i c i t y  Consumption and Value Atded by Manufacture 
by Major Industzy Groups &- 1974 

SIC 

(1) (2) (3) 
l o 6  kwh 1o"wh l o 6  $ (3) 

I f idustry Group Purchased Generated Value Added (1) + (2) 

Food and Kindred Products  

Tobacco Products  

T e x t i l e  M i l l  P roducts  

Apparel (excluding T e x t i l e s )  

Lumber and Wood Products  

F u r n i t u r e  and F i x t u r e s  

Paper and A l l i e d  Products  

P r i n t i n g  and Pub l i sh ing  

Chemicals and A l l i e d  Products  

Petroleum and Coal Products  

Rubber and Misc. P l a s t i c s  

3 1 Leather ,  Leather  Products  1 ,509 15  3,120 2.05 

3 2 Stone ,  Cla:~, Glass Products  28,856 600 14,600 .50 

3  3  Primary M e ~ a l s  

34 Fabr ica ted  Metal Products  

35 Machinery (excluding e l e c t r i c )  

3 6 E l e c t r i c  and E l e c t r o n i c  Equip. 

37 T ranspo r t a t i on  Equip. 

38 Ins t ruments  & Related Products  

3 9 Misc. Manufacturing I n d u s t r i e s  

To ta l s :  

Sources: Annual Survey of Manufacturers 1974 - Fuels cind Electric E-n.e:?..gy Zonswr~d, Table 6 
S ta t i s t i ca l  AEstracts o f  the United States,  2977, Table 1376 



Approximately 30% of a l l  e l e c t r i c a l  g e n e r a t i o n  is  consumed by com- 

'mercial  and i n s t i t u t i o n a l  customers. This  propor t i o n  has  increased  somewhat 

s i n c e  1960, n e a r l y  balancing t h e  s l i g h t  r e l a t i v e  d e c l i n e  i n  i n d u s t r i a l  con- 

sumpt ion. 3  

R e s i d e n t i a l  and farm customers show even g r e a t e r  temporal v a r i a b i l i t y  

i n  t h e i r  demand f o r  e l e c t r i c a l  power than do commercial and i n s t i t u t i o n a l  

customers. Demand, p a r t i c u l a r l y  by r e s i d e n t i a l  customers, i s  very s t r o n g l y  

dependent upon seasona l  weather v a r i a t i o n s  and a l s o  e x h i b i t s  very pronounced 

d a i l y  peak demands during t h e  e a r l y  morning and e a r l y  evening. 

F i g u r e  4 . 1  s h o w s  t h e  

m o n t h l y - a v e r a g  e d  e l e c t r i c a l  2 0 0 0  

e n e r g y  u s e  f o r  two s a m p l e s  o f  

s i n g l e  fami ly  homes i n  Madison, 1 8 0 0  

Wisconsin. The sample of homes 

w i t h  c e n t r a l  a i r  c o n d i t i o n i n g  . 1 6 0 0  
I 

show e l e c t r i c a l  e n e r g y  demands E 
d u r i n g  t h e  peak  summer m0nth.s 2 1 4 0 0  

a 

> 
t h a t  a r e  about  80% g r e a t e r  than C 

t h e i r  f a l l / w i n t e r / s p r i n g  av- 

erages.  summer demands by homes 3 
W 

1 0 0 0  
' . with  no a i r  cond i t i on ing ,  on t h e  

, o t h e r  hand ,  show summer peaks  
800 

t h a t  a r e  g e n e r a l l y  less than t h e  

w in t e r  peak and a r e  comparable t o  
6 0 0  

t h e  non-summer a v e r a g e  demand. J 1975 1974 J , 1 9 7 5  J 

- 
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NO A I R  C O N D I T I O N I N G  

I 

Y E A R  
The e f f e c t  of r e s i d e n t i a l  summer 

p e a k s  on  u t , i l i t y  s y s t e m s  h a s  

become more pronounced  i n  t h e  
Fig. 4.1. Monthly-Averaged R e s i d e n t i a l  

p a s t  d e r a d e  w i t h  t h e  i n c r e a s e d  E l e c t r i c a l  Demand, Madison, 

use of a i r  condi t ion ing .  Wisconsin, Huusilig Sarnplc 

D a i l y  load v a r i a t i o n s  in Source: Mi t che l l ,  J a w . ,  G.1. Venkataro, 
Energy U s e  i n  a  Sample o f  Homes i n  - - 

t h e  r e s i d e n t i a l  and farm s e c t o r s  Madison, hiscons i n ,  IES Report 72, 

a r e  p r i m a r i l y  a  r e s u l t  of domes- .Energy Systems and Po l i cy  Research 
Group, I n s t i t u t e  f o r  Environmental 

t i c  u s e s  o f  c o o k i n g .  equ ipmen t ,  S tud ies ,  Un ive r s i t y  of Wisconsin, 

h o t  water ,  and l i g h t i n g .  During Madison, p: 19 (Feb. 1977). 



p e r i o d s  of food p repa ra t i on ,  r e f r i g e r a t o r s  a r e  u s u a l l y  being opened and closed 

more f r e q u e n t l y  and thus  a r e  r equ i r ed  t o  run more f requent ly .  Also, indoor  

food p r e p a r a t i o n  during t h e  summer adds n o t  on ly  i t s  own demand, bu t  a secon- 

dary  demand due t o  t h e  added hea t  t h a t  i s  removed by a i r  condi t ion ing .  

Nationwide, about  34% of a l l  e l e c t r i c a l  gene ra t i on  i s  consumed by 

t h e  r e s i d e n t i a l  and farm s e c t o r s .  Th i s  percentage  has  a l s o  increased  s l i g h t l y  

from 1960 when r e s i d e n t i a l  s a l e s  accounted f o r  n e a r l y  29% of t h e  e l e c t r i c  

energy consumed i n  t h e  United  state^.^ 

4 . 2  CUSTOMER .VALUES 

I n  o r d e r  t o  e s t i m a t e  t h e  o v e r a l l  va lues  of r e l i a b i l i t y ,  i t  i s  d e s i r a b l e  

t o  aggrega te  customers who n o t  on ly  have s i m i l a r  use c h a r a c t e r i s t i c u ,  bu t  

who a100 have sllullar Values of r e l i a b i l i t y  and a s i m i l a r  w i l l i n g n e s s  and 

' , a b i l i t y .  t o  pay f o r  any g iven  l e v e l  of s e r v i c e  r e l i a b i l i t y .  

A customer 's  a b i l i t y  t o  pay f o r  a l t e r n a t i v e  r e l i a b i l i t y  l e v e l s  i s  

dependent upon t h e  a v a i l a b i l i t y  of economic r e sou rces  i n  comparison t o  t h e  sum 

of a l l  o the r  f i n a n c i a l  requirements.  The w i l l i n g n e s s  t o  pay i s  a f u n c t i o n  of 

t h e  a l t e r n a t i v e s  a v a i l a b l e  t o  t h e  customer and h i s  expected r e tu rn .  That is, 

t h e  r a t i o n a l  customer would n o t  b e  expected t n  pay t h c  u t i l i t y  LU provide 

added r e l i a b i l i t y  i f  i t  does n o t  b e n e f i t  him t o  a corresponding extent .*  

These customers  wnnl cl also not be exprcced t o  pay fnr u t i a i t y .  provided rr.1 i- 

a b i l i L y  i f  t h e  same l e v e l  of s e r v i c e  can b e  obtained a t  l e s s  c o s t  by construc-  

t i n g  in-house emergency back-up g e n e r a t i o n  o r  execut ing some o t h e r  op t ion  t h a t  

may be  less c o s t l y .  

The f o l l o w i n g  d i s c u s s i o n  o f  t h e  cuo tomar ' s  v a l u e  of  r e l i a b i l i t y  

assumes t h a t  a l l  customers who a r e  w i l l i n g  t o  pay f o r  an a l t e r n a t i v e  l e v e l  of 

r e l i a b i l i t y  a l s o  have s u f f i c i e n t  f i n a n c i a l  r e sou rces  t o  enab le  them t o  do so. 

I f  c o s t  of s e r v i c e  is an  inc reas ing  func t ion  of s e r v i c e  r e l i a b i l i t y ,  the 

dssumpt iur~  then i s  s u r e l y  v a l i d  f o r  dec reases  i n  r e l i a b i l i t y .  For i n c r e a s e s  

i n  r e l i a b i l i t y ,  t h e  assumption i s  n o t  l i k e l y  t o  be  v i o l a t e d  w i th in  smal l  

v a r i a t i o n s  of a few pe rcen t  i n c r e a s e  i n  t h e  customer's e l e c t r i c i t y  c o s t s .  

*This s t r i c t  s t a t emen t  t h a t  assumes marginal  b e n e f i t s  t o  be  g r e a t e r  than o r  
equa l  t o  marginal  c o s t s  may n o t  t e l l  t h e  whole s t o r y  i n  t h a t  some customers 
may b e  w i l l i n g  t o  pay a s l i g h t  premium f o r  more r e l i a b l e  s e r v i c e  a s  a n  
i n su rance  f a c t o r  a g a i n s t  u n c e r t a i n t y  i n  t h e i r  marginal  c o s t l h e n e f i t  a n a l y s i s .  



The va lue  of e l e c t r i c  s e r v i c e  r e l i a b i l i t y  t o  p a r t i c u l a r  customers (o r  

customer c l a s s e s )  i s  s u b j e c t  t o  t h e i r  s e r v i c e  requirements  and perceived 

i n t e r r u p t i o n  l o s s e s  (o r  c o s t s )  modified by t h e  p r o b a b i l i t y  t h a t  a s e r v i c e  

i n t e r r u p t i o n  w i l l  occur. Clear ly ,  a customer's va lue  of r e l i a b i l i t y  must be  

a t  l e a s t .  a s  g r e a t  a s  t h e  product of expected economic l o s s e s  caused by a 

s e r v i c e  i n t e r r u p t i o n  and t h e  p r o b a b i l i t y  of t h a t  i n t e r r u p t i o n  occur r ing ,  

summed over  a l l  p o s s i b l e  i n t e r r u p t i o n s .  However, t h e  customer's va lue  of 

r e l i a b i l i t y  may be  g r e a t e r  than t h i s  because of c e r t a i n  e x t e r n a l  o r  non-dollar 

c o s t s  t h a t  a r e  i ncu r r ed  a s  a r e s u l t  of an i n t e r r u p t i o n .  R.B. Shipley e t  a l .  

recognized such c o s t s  i n  t h e i r  1972 IEEE paper  when they r e f e r r e d  t o  t h e  

e f f e c t s  of power i n t e r r u p t i o n s .  on customer comfort,  convenience and s a f e t y .  

But e x t e r n a l  c o s t s  may a l s o  i n c l u d e , i n d i r e c t  c u s t o m e r  c o s t s  s u c h  a s  t h e  

r e l e a s e  of a d d i t i o n a l  environmental p o l l u t a n t s  due t o  inoperab le  p o l l u t i o n  

c o n t r o l  devices .  

Unfor tuna te ly ,  e x t e r n a l  c o s t s  a r e  o f t e n  d i f f i c u l t  t o  quan t i fy  and thus  

i t  i s  d i f f i c u l t  t o  a s s i g n  a value t o  them. Th i s  v a l u a t i o n  problem e x i s t s  no t  

on ly  f o r  t h e  u t i l i t y  a n a l y s t ,  but  f o r  t h e  customer a s  w e l l .  However, e x t e r n a l  

c o s t s  may be  t h e  most important  f a c t o r  i n  t h e  d e c i s i o n  processes  of some 

ind iv idua l s .  It is n o t  u sua l ly  p o s s i b l e  f o r  a customer t o  a c c u r a t e l y  per- 

ce ive ,  o r  even t o  i d e n t i f y ,  t h e  e x t e r n a l  c o s t s  a s s o c i a t e d  wi th  a l e v e l  of 

s e r v i c e  r e l i a b i l i t y  t h a t  h a s  no t  a c t u a l l y  been experienced.  Th i s  phenomenon' 

i s  exempl i f ied  i n  t h e  r e c e n t  customer survey by Consumers Power Company. 6 

When two groups  of customers were asked t o  r a t e  t h e  s e r iousnes s  of va r ious  

d u r a t i o n s  of power outage,  t h e . g r o u p  of customers who had r e c e n t l y  experienced 

those  ou tages  uniformly r a t e d  each d u r a t i o n  ca tegory  a s  less s e r i o u s  than  d i d  

t h e  group of customers  who had no t  experienced any r e c e n t  power outage. Th i s  

survey w a s  on ly  of r e s i d e n t i a l  customers, and i t  should n o t ' b e  i n f e r r e d  t h a t  

a l l  customer c l a s s e s ,  o r  even r e s i d e n t i a l  customers i n  a l l  s e r v i c e  a r e a s ,  w i l l  

tend t o  ove re s t ima te  t he  s e r iousnes s  of an ou tage  i f  they  have not  r e c e n t l y  

experienced ode. 

' I t  i s  l i u ~ o r t a n t  t o  m e n t i o n  t h a t  a l t hn r igh  i t  i s  d i f f i c u l t  f o r  t h e  

customer t o  va lue  e x t e r n a l  c o s t s  (o r  ' b e n e f i t s ) ,  h e  does ' so  f o r  n e a r l y  every 

product  t h a t  i s  purchased. The e v a l u a t i o n  of e x t e r n a l  c o s t s  and b e n e f i t s  may 

n o t  be  very  v i s i b l e  i n  t h e  purchase of sma l l  i t e m s ,  bu t  f o r  l a r g e  i t e m s  l i k e  

a n  automobile,  e x t e r n a l  f a c t o r s  such as  t h e  v e h i c l e  manufacturer  and d e a l e r  

r e p u t a t i o n  become important  cons ide ra t i ons .  



A customer's i n t e r n a l  c o s t s  ( d i r e c t  d o l l a r  c o s t s )  and e x t e r n a l  c o s t s  

due t o  an i n t e r r u p t i o n  i n  e l e c t r i c a l  s e r v i c e  w i l l  vary e x t e n s i v e l y  and w i l l  

depend upon numerous independent  f a c t o r s .  Even two customers subjec ted  t o  

i d e n t i c a l  power i n t e r r u p t i o n s  and incu r r ing  i d e n t i c a l  d o l l a r  l o s s e s ,  . may be  

exposed t o  d ive rgen t  e x t e r n a l  cos t s .  And, i n  accordance with t h e  i n d i v i d u a l  

customer's t o l e r a n c e  t o  those  c o s t s ,  each may va lue  more r e l i a b l e  s e r v i c e  by 

d i f f e r i n g  amounts. 

F igure  ,4.2 i s  one example of p o s s i b l e  customer i n t e r r u p t i o n  c o s t s  and 

v a l u e s  of r e l i a b i l i t y  drawn from an i n f i n i t e  number of p o s s i b l e  sets. Actual  

r e l a t i v e  c o s t s  and v a l u e s  may vary s i g n i f i c a n t l y  from those  shown. I n  t h e  

base p l a n e  uf rhe f l g u r e ,  customer regimes i n  i n t e r n a l l e x t e r n a l  c o s t  space  a r e  

shown f o r  the  s i x  customer groups whose use c h a r a c t e r  i s t i c s  were prev ious ly  

d e s r . r i h ~ d .  The f a c t  t h a t  thcoe r e g i n l i b  c u r  S ~ I U W I I  86 a range  o t  i n t e r n a l  and 

external .  c o s t s  i s  in tended  t o  p o r t r a y  t h e  e x i s t e n c e  of u n c e r t a i n t y  i n  t h e  

e s t i m a t i o n  of t h e s e  cos t s .  The r e 1 . a t . i ~ ~  pnsi-t ioning, oioc,  and ahapt 01: 

t h e s e  r e g i m e s ,  a s  w e l l  a s  s c a l e s  a s s i g n e d  t o  e a c h  o f  t h e  a x e s  w i l l  v a r y  

accord ing  t o  geographic  a r ea ,  intra-group customer mix, season, aggrega te  

Fig. 4.2. P o s s i b l e  S e t  of Customer I n t e r r u p t i o n  Cos ts  
and Values of E l e c t r i c  Se rv i ce  R e l i a b i l i t y  



o u t a g e  c h a r a c t e r i s t i c s  ( f r e q u e n c y ,  d u r a t i o n ,  e t c .  ) , and o t h e r  f a c t o r s .  

S y n e r g i s t i c  s o c i a l  e f f e c t s  i n  New York C i t y  may w e l l  add g r e a t e r  u n i t  e x t e r n a l  

c o s t s  t o  an extended o u t a g e  t h a n  would be exper ienced  i n  S p r i n g f i e l d ,  I l l i -  

n o i s ,  f o r  example. . 

The v e r t i c a l  d i m e n s i o n  o f  F i g .  4 . 2  r e p r e s e n t  t h e  v a l u e  t h a t  e a c h  

customer  g roup  might  a s s i g n  t o ,  and be w i l l i n g  t o  pay f o r ,  an  increment  o f  

s e f v i c e . r e l i a b i l i t y .  T h e s e  a r , e  a l s o  s u b j e c t  t o  a  s i g n i f i c a n t  amount o f  

u n c e r t a i n t y  and v a r i a b i l i t y  a s  i n d i c a t e d  by t h e  i r r e g u l a r  upper  l i m i t  o f  each 

b a r .  Each cus tomers  g r o u p ' s  v a l u e  i s  a  f u n c t i o n  o f  i t s  a g g r e g a t e  t o l e r a n c e  

t o w a r d  b o t h  t h e  i n t e r n a l  a n d  e x t e r n a l  c o s t s  i n c u r r e d  a s  a  r e s u l t  o f  t h e  

f requency  and d u r a t i o n  of  power i n t e r r u p t i o n s  t h a t  d e f i n e  t h e  c o s t  regimes i n  

t h e  b a s e  p l a n e  o f  t h e  f i g u r e .  Again ,  i t  is  on ly  t h e  concep t  of t h e  i n t e r -  

r e l a t i o n s h i p  b e t w e e n  i n t e r n a l  c o s t s ,  e x t e r n a l  c o s t s ,  and  v a l u e  t h a t  i s  

p o r t r a y e d  i n  F i g .  4 . 2 .  A c t u a l  r e l a t i v e  p o s i t i o n i n g  and magni tudes  m.ay d i f f e r  

s i g n i f i c a n t l y .  

A s  i s  r e a d i l y  a p p a r e n t ,  t h e  key c o n s t r a i n t s  t o  a s s i g n i n g  v a l u e s  t o  

c u s t o m e r ' s  e l e c t r i c  s e r v i c e  r e l i a b i l i t y  a r e  t h e  g r e a t  v a r i a b i l i t y  and l a r g e  

u n c e r t a i n t y  a s s o c i a t e d  w i t h  t h e  c u s t o m e r ' s  o p e r a t i n g  environment and i n t e r r u p -  

t i o n  c o s t s .  Much o f  t h e  ongoing work,  p a r t i c u l a r l y  by O n t a r i o  Hydro (and  

pe rhaps  EPRL) i s  s e e k i n g  t o  narrow t h e  bands o f  u n c e r t a i n t y  i n  terms o f  t h e  

c u s t o m e r ' s  i n t e r n a l  c o s t s .  A d d i t i o n a l  d a t a  and a  methodo log ica l  p rocedure  f o r  

comparing and t r a n s f e r r i n g  d a t a  t o  o t h e r  s e r v i c e  r e g i o n s  a r e  l a c k i n g  a t  t h i s  

t ime .  The work c u r r e n t l y  under  way by EPRI and DOE/EES may b e  d i r e c t e d  toward 

making advances  i n  t h e s e  d e f i c i e n t  a r e a s ,  a l though  i t  i s  t o o  e a r l y  w i t h i n  t h e  

performance p e r i o d s  o f  t h e s e  s t u d i e s  t o  make d e t a i l e d  e v a l u a t i o n s  a s  t o  t h e  

c o n t r i b u t i o n s  they  may make. 
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Serv i ce  r e l i a b i l i t y  i s  def ined  a s  t h e  l e v e l  of c o n t i n u i t y  and q u a l i t y  

of e l e c t r i c  supply t o  a n  e l e c t r i c  u t i l i t y  customer's end-use device.  Numerous 

t e c h n i c a l  and o p e r a t i o n a l  op t ions  a r e  p r e s e n t l y  o r  may p o t e n t i a l l y  be  a v a i l -  

a b l e  t o  a l t e r  'customer s e r v i c e  r e l i a b i l . i t y  r e l a t i v e  t o  i t s  e x i s t i n g  l eve l .  

Each p a r t i c u l a r  op t ion  may be  c l a s s f i e d  by whether i t  is  u t i l i t y  o r  customer 

owned o r  s e l e c t e d  and whether i t  is a c t i v a t e d  o r  i n i t i a t e d -  by t h e  u t i l i t y  o r  

c u s t o m e r  d u r i n g  day-to-day o p e r a t i o n s .  I n  t h e  c a s e  of  u t i l i t y  owned o r  

i n i t i a t e d  op t ions ,  a l t e r a t i o n s  i n  s e r v i c e  r e l i a b i l i t y  may af f  e c t  only some o r  

a l l  customers i n  t h e  u t i l i t y ' s  s e r v i c e  region,  a  geographic  subregion,  c e r t a i n  

customer c l a s s e s ,  o r  even s e l e c t e d  i n d i v i d u a l  customers,  depending upon t h e  

op t ion  s e l e c t e d  by t h e  u t i l i t y .  Customer owned o r  a c t i v a t e d  op t ions ,  on t h e  

o t h e r  hand, p r i m a r i l y  a f f e c t  t h e  s e r v i c e  r e l i a b i l i t y  of i n d i v i d u a l  customers. 

Large numbers of c e r t a i n  customer-operated op t ions  i n  any s i n g l e  s e r v i c e  a r ea ,  

however, may a l s o  a f f e c t  t h e  s e r v i c e  r e l i a b i l i t y  of o t h e r  customers,  o r  even 

t h e  e n t i r e  s e r v i c e  a rea .  

F igure  5.1 c l a s s i f i e s  s e v e r a l  gene ra l i zed  op t ions  f o r  a l t e r i n g  cus- 

tomer s e r v i c e  r e l i a b i l i t y  by customer o r  u t i l i t y  s e l e c t i o n  during t h e  des ign  

o r  planning phase and by customer o r  u t i l i t y  a c t i v a t i o n  during t h e  ope ra t i ng  

phase. Dec is ions  regard ing  customer s e l e c t e d  and customer a c t i v a t e d  op t ions  

(Class  A) a r e  made by t h e  customer, l a r g e l y  independent of t h e  u t i l i t y ' s  

d e c i s i o n  p r o c e s s e s .  L i k e w i s e ,  d e c i s i o n s  r e g a r d i n g  u t i l i t y  s e l e c t e d  and  

u t i l i t y  a c t i v a t e d  op t ions  (Class  D )  a r e  made by t h e  u t i l i t y ,  l a r g e l y  indepen- 

den t  of t h e  customer's dec i s ion  processes .  There is  of course  some l e v e l  of 

i n f l u e n c e  between t h e  customer and u t i l i t y  wi th  r e s p e c t  t o  d e c i s i o n s  regard ing  

t h e s e  op t ions .  For example, t h e  customer w i l l  be  in f luenced  by h i s  expecta- 

t i o n  of t h e  q u a l i t y  and p r i c e  of u t i l i t y  provided s e r v i c e s ;  t h e  u t i l i t y  w i l l  

b e  a f f e c t e d  through t h e  r egu la to ry  process  and i t s  perce,pt ion of customer 

requirements .  These. i n f l u e n c e s  a r e  less d i r e c t  and less w e l l  de f ined  than  f o r  

t h e  o t h e r  c l a s s e s  of op t ions .  

Options s e l e c t e d  by t h e  .customer and subsequent ly  a c t i v a t e d  by t h e  

u t i l i t y  during t h e  o p e r a t i o n a l  phase (Class.  C) a r e  u s u a l l y  arranged under 

s p e c i a l  c o n t r a c t s  t h a t  s p e c i f y  t h e  exac t  requirements.  Con t r ac t s  vary among 

u t i l i t i e s  and w i t h i n  u t i l i t i e s  a s  w e l l ,  depending upon t h e  frequency wi th  
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Fig. 5.1. G e n e r a l i z e d  O p t i o n s  f o r  A l t e r i n g  Customer S c r v i c c  R t l i a L i l l L y  
. . 

which c e r t a i n  o p t i o n s  a r e  employed, t h e  l e v e l  o f  s e r v i c e  f l e x i b i l i t y ,  and 

o t h e r  f a c t o r s .  N e v e r t h e l e s s ,  f o r  t h e  s e l e c t i o n  o f  each C l a s s  C o p t i o n ,  t h e r e  

i s  a  l a r g e  d e g r e e  o f  c u s t o m e r - u t i l i t y  i n t e r a c t i o n  o r  n e g o t i a t i o r i ,  Once  

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

C l a s s  B o p t i o n s  a r e  t h o s e  s e l e c t e d  by t h e  u t i l i t y  and a c t i v a t e d  by t h e  

cus tomer  d u r i n g  day-to-day o p e r a t i o n s .  For  t h e  o p t i o n s  l i s t e d  i n  F i g .  5 .1 ,  

c u s l o m e r - u t i l i t y  n e g o t i a t i o n s  t a k e  p l a c e  v i a  t h e  r e g u l a t o r y  p r o c e s s  through 

which t h e  f i n a l  r a t e  fo rmulas  a r e  de te rmined .  Once approved by t h e  r e g u l a t o r y  

commission,  i t  i s  t h e  cus tomer  who d e t e r m i n e s  h i s  own p a t t e r n  of  e l e c t r i c i t y  

u s e  d u r i n g  d a i l y  o p e r a t i o n s .  

Wi th in  each  of  t h e  f o u r  c l a s s e s  of  o p t i o n s  a r e  s e v e r a l  t e c h n o l o g i e s  o r  

o p e r a t i o n a l  p rocedures  t h a t  may be employed by t h e  u t i l i t y ' o r  i t s  cus tomers .  

E a c h  o f  t h e s e  i s  d i s c u s s e d  i n  g r e a t e r  d e t a i l  i n  t h e  f o l l o w i n g  s e c t i o n s .  



5.1 CLASS A OPTIONS: CUSTOMER SELECTED/CUSTOMER ACTIVATED 

Customer s e l e c t e d  and a c t i v a t e d  op t ions  a r e  t y p i c a l l y  housed on the  

customer's p roper ty  and under h i s  d i r e c t  con t ro l .  I n  g e n e r a l ,  t h i s  c l a s s  of 

o p t i o n s  i s  employed only t o  i n c r e a s e  t he  customer's e l e c t r i c a l  s e r v i c e  reli- 

a b i l i t y  The term "customer" imp l i e s  some l e v e l  of e l e c t r i c i t y  purchase from 

t h e  u t i l i t y .  Thus, e l e c t r i c i t y  consumers without  any e l e c t r i c a l  connect ion t o  

t h e  u t i l i t y  g r i d  -- those  who consume only  what they g e n e r a t e  themselves w i th  

no r e l i a n c e  on t h e  u t i l i t y  -- a r e  excluded from cons idera t ion .  

Customer s e l e c t e d  and a c t i v a t e d  op t ions  vary over t h e  e n t i r e  spectrum 

of a s s o c i a t e d  dependence on t h e  u t i l i t y ,  and inc lude  t h e  fol lowing:  

1. Supplemental emergency power gene ra t i on ,  
2. In-house g e n e r a t i o n  wi th  u t i l i t y  backup, 
3. Storage devices ,  and 
4. Voltage r e g u l a t o r s  and "un in t e r rup t ib l e "  supp l i e s .  

Supplemental emergency g e n e r a t i o n  a c t i v a t e d  i n  t h e  event  of a  u t i l i t y  

supply f a i l u r e  is  perhaps t h e  most common o p t i o n  employed. Many i n d u s t r i a l  

and commercial customers and even some r e s i d e n t i a l  customers have such back-up 

devices .  I n d u s t r i a l  and l a r g e  commercial customers may use g a s  t u r b i n e s  o r  

d i e s e l  g e n e r a t o r s ;  sma l l e r  emergency power g e n e r a t o r s  a r e  no t  capable  of 

ca r ry ing  a l l  of t h e  customer's normal load ,  but  u s u a l l y  a r e  s u f f i c i e n t  t o  

o p e r a t e  c r i t i c a l  components such a s  process  c o n t r o l s  and l i g h t i n g  i n  i n d u s t r y ,  

sump pumps and emergency l i g h t i n g  i n  commercial es tab l i shments ,  and resi- 

d e n t i a l  l i g h t i n g .  

A t  t h e  o t h e r  end of t h e  spectrum i s  n e a r l y  t o t a l  in-house g e n e r a t i o n  

wi th  r e l i a n c e  on t h e  u t i l i t y  f o r  e l e c t r i c i t y  only when t h e  in-house g e n e r a t i o n  

f a i l s .  This  o p t i o n  i s  u s u a l l y  considered only by t h e  l a r g e s t  i n d u s t r i a l  

consumers who might consume hydrocarbon f u e l s  and process  was tes  o r  even 

hydro-power t o  g e n e r a t e  e l e c t r i c i t y .  Cases a l s o  e x i s t  where t h e  customer 

i e  c a p a b l e  o f  g e n e r a t i n g  e l e c t r i c i t y  i n  e x c e s s  o f  h i s  own r e q u i r e m e n t s .  

Often,  t h i s  exces s  g e n e r a t i o n  is  s o l d  t o  o t h e r  nearby customers o r  s o l d  t o  

t h e  e l e c t r i c  u t i l i t y  f o r  use throughout t h e i r  g r i d .  

Energy s t o r a g e  dev ices  may a l s o  be  used by u t i l i t y  customers t o  in- 

c r e a s e  t h e i r  l e v e l  of r e l i a b i l i t y .  Because e l e c t r i c a l  energy cannot i t s e l f  b e  

s t o r e d ,  i t  h a s  t o  b e  c o n v e r t e d  t o  some c h e m i c a l ,  t h e r m a l ,  m e c h a n i c a l  o r  



e l ec t rochemica l  form f o r  t h a t  purpose. Examples of some s e l e c t e d  s t o r a g e  

t echno log ie s  and p o s s i b l e  a p p l i c a t i o n s  a r e  inc luded  i n  Table  5.1. Thermal and 

e l ec t rochemica l  s t o r a g e  systems a r e  i n  wide use  by i n d u s t r i a l ,  commercial, and 

r e s i d e n t i a l  customers.  Chemical and mechanical s t o r a g e  systems have been used 

p r i m a r i l y  but  no t  e x t e n s i v e l y  by i n d u s t r i a l  customers. E l e c t r i c a l  s e r v i c e s ,  

when a v a i l a b l e ,  a r e  used t o  "charge" t h e  s t o r a g e  devices .  During an  i n t e r rup -  

t i o n  of e l e c t r i c a l  s e r v i c e s ,  t h e  s t o r e d  energy may be used d i r e c t l y  o r  recon- 

v e r t e d  t o  e l e c t r i c i t y .  These s t o r a g e  op t ions  a r e  g e n e r a l l y  connected i n  

p a r a l l e l  t o  t h e  normal s e r v i c e  and can be employed by manual o r  automatic  

swi tch ing  i n  t h e  event  of an  i n t e r r u p t i o n  of u t i l i t y  s e rv i ce s .  . 

Some 11t.i 1 i t y  rllpf~:~mera, O U C ~ L  a0 th8de w i ~ l l  cu~uputer  b a c i l i t i  e s ,  r e q u i r e  

no t  on ly  a cont inuous  bu t  a l s o  a h igh  q u a l i t y  supply of e l e c t r i c a l  energy. 

Q u a l i t y  r e f e r s  t o  t h e  nearness  of de l ive red  vo l t age  and rulrsent to oyotcm 

s p e c i f i c a t i o n s .  Under normal oge.rations i i t i l i t y -p rov ided  vo l t age  and c u r i r l ~ L  

frequency vary somewhat w i t h  r e s p e c t  t o  de l ive ry  s p e c i f i c a t i o n s  (120 V, 240 V, 

e t c . ,  and 60 Hz). .Occas iona l  switching on t h e  customer s i d e  of t h e  f i n a l  

step-down t ransformer  and o t h e r  day-to-day a c t i v i t i e s  by customers on t h e  same 

f e e d e r  l i n e  may a l s o  cause  short- term vo l t age  and c u r r e n t  f l u c t u a t i o n s .  Also, 

dur ing  peak demand per iods ,  t h e  u t i l i t y  may s e l e c t i v e l y  reduce i t s  d e l i v e r y  

v o l t a g e  t o  reduce some of i t s  load. 

Customers who r e q u i r e  a h ighe r  q u a l i t y  of s e r v i c e  than t h a t  provided 

by th13 utility may ins ta l .1  either vol tago  r cgu laeo r s  or- " ~ ~ ~ L ~ ~ ~ e r r u p r i b l e * '  

Table  5.1. Examples of Curren t  and P o t e n t i a l  S torage  Technologies 

Type S torage  Medium Appllcacions 

Chemical Hydrogen Combustion 

Thermal Water; Crushed Rock Process  & Domestic 
Hot Water; Space 
Conditioning 

Mechanical Flywheels Mechanical Dr ives ;  
E l e c t r i c i t y  Cenera- 
t i o n  

~ l e c t  rochemical B a t t e r i e s  Emergency L igh t ing ;  
Process  Cont ro ls ;  
Communications 



s u p p l i e s  depending upon t h e  t o l e r ances  of t h e i r  equipment. customers re-  

qu i r i ng  a  very h igh  q u a l i t y  e l e c t r i a l  s e r v i c e  might i n s t a l l  what is  termed 

u n i n t e r r u p t i b l e  power supp l i e s .  Two types  of systems a r e  i n  use today, and 

both i n c o r p o r a t e  a  s t o r a g e  device  a s  a  b u f f e r  between the  u t i l i t y ' s  s e r v i c e  

and  t h e  c u s t o m e r ' s  equ ipmen t .  One t y p e  u s e s  a  m o t o r - f l y w h e e l - g e n e r a t o r  

arrangement. The motor i s  run d i r e c t l y  by t h e  u t i l i t y -p rov ided  e l e c t r i c i t y  

and impar t s  i t s  s h a f t  energy t o  t h e  f lywheel  where . i t  i s  s t o r e d  a s  k i n e t i c  

energy of r o t a t i o n .  Th i s  energy i s  subsequent ly  used t o  t u r n  t h e  gene ra to r  t o  

produce e l e c t r i c a l  power f o r  t he  customer's equipment. With t h i s  arrangement,  

t h e  g e n e r a t o r  and equipment a r e  f i l t e r e d  from u t i l i t y  supply v a r i a t i o n s  and 

t h e  customer's equipment can be p ro t ec t ed  a g a i n s t  a  complete i n t e r r u p t i o n  of 

u t i l i t y  supply. The l eng th  of t h e  i n t e r r u p t i o n  t h a t  i t  can be  p ro t ec t ed  

a g a i n s t  i s  a  f u n c t i o n  of t h e  s u r p l u s  energy s t o r e d  i n  t h e  f lywheel ,  which i s  

dependent upon t h e  f lywheel ' s  mass and r o t a t i o n a l  v e l o c i t y .  

The second type of u n i n t e r r u p t i b l e  power supply u t i l i z e s  a  "ba t t e ry  

f l o a t "  between t h e  u t i l i t y  supply and the  customer's equipment. U t i l i t y  

provided a l t e r n a t i n g  c u r r e n t  ( ac )  i s  converted t o  d i r e c t  c u r r e n t  (dc)  and 

cont inuous ly  charges  a  bank of b a t t e r i e s .  Energy i s  a l s o  cont inuously removed 

from t h e  b a t t e r y  bank a s  dc and converted t o  ac  f o r  use by t h e  customer's 

equipment. Thus, t h e  equipment i s  never d i r e c t l y  connected t o  t h e  u t i l i t y  

supply. Var . ia t ions i n  u t i l i t y  s e r v i c e  a r e  completely f i l t e r e d  by t h e  b a t t e r y  

bank. Th i s  dev i ce  may a l s o  s u s t a i n  equipment o p e r a t i o n  f o r  some t i m e  i n  t h e  

event  of a  complete e l e c t r i c a l  s e r v i c e  i n t e r r u p t i o n .  The l eng th  of t ime  over 

which equipment o p e r a t i o n  can be  maintained depends upon t h e  s t o r a g e  capac i ty  

of t h e  b a t t e r y  pack and power requirements  of t h e  customer's equipment. (A 

c a p a c i t o r  o r  c a p a c i t i v e  c i r c u i t  may r e p l a c e  t h e  b a t t e r y  pack, but. t h i s  op t  i o n  

g e n e r a l l y  w i l l  n o t  b e  a b l e  t o  p r o v i d e  power c o n t i n u i t y  f o r  t h e  e x t e n d e d  

pe r iods  of t ime  p o s s i b l e  w i th  b a t t e r i e s .  ) 

Customers who do n o t  r e q u i r e  a h igh  degree  of s e r v i c e  r e l i a b i l i t y  might 

i n s t a l l  v o l t a g e  r egu la to r s .  I n  g e n e r a l ,  v o l t a g e  r e g u l a t o r s  a r e  va r i ab l e - t ap  

t r ane fo rme t s  t h a t  mnnitor their output  v o l t a g e  and au toma t i ca l l y  change t a p s  

t o  main ta in  t h a t  v o l t a g e  w i th in  s p e c i f i e d  l i m i t s .  A v o l t a g e  c o n t r o l  range of 

f. 10% i s  nominally accepted by U.S. e l e c t r i c a l  equipment manufacturers.  This  

range i s  u s u a l l y  c o n t r o l l e d  i n  s t e p s  of *I%, +2% o r  +5% depending upon equip- 

men t to l e r ances .  l 



Two m a j o r  d i s a d v a n t a g e s  a r e  a s s o c i a t e d  w i t h  v a r i a b l e - t a p  v o l t a g e  

r e g u l a t o r s .  F i r s t ,  because t h e  vo l t age  c o r r e c t i o n s  a r e  made incrementa l ly  

r a t h e r  than cont inuous ly ,  t h e  customer's equipment may s t i l l  see power t ran-  

s i e n t s  caused by t h e  t a p  switching opera t ion .  These t r a n s i e n t s  .can be some- 

what reduced by t h e  a d d i t i o n  of an  e l e c t r o n i c  f i l t e r i n g  c i r c u i t  between t h e  

v o l t a g e  r e g u l a t o r  ou tput  and t h e  customer's equipment.. The second major 

d i sadvantage  of va r i ab l e - t ap  r e g u l a t o r s  a f f e c t s  t h e  e l e c t r i c  u t i l i t y .  During 

p e r i o d s  when t h e  u t i l i t y  i n i t i a t e s  a  systemwide vo l t age  r educ t ion  t o  ach ieve  

some measure of load  r e l i e f ,  a  customer's vo l t age  r e g u l a t o r  begins  t o  draw 

a d d i t i o n a l  c u r r e n t ,  n u l l i f y i n g  t h e  load  r e l i e f  sought by t h e  u t i l i t y .  

5.2 CLASS B OPTIONS: UTILITY SELECTED/CUSTOMER ACTIVATED 

U t i l i t y  seleceed-customer ac t t va t ed  op t ions  f o r  changing r e l i a b i l i t y  

i n c l u d e  those  t h a t  a r e  c h a r a c t e r i z e d  g e n e r a l l y  by voluntary  a c t i o n s  t o  reduce 

demand during pe r iods  of o v e r a l l  high demand f o r  e l e c t r i c a l  s e r v i c e s ,  o r  

s imply t o  c o n t r o l  t h e i r  p e r i o d i c  maximum demand i n  gene ra l .  These op t ions  may 

be  implemented by t h e  u t i l i t y  e i t h e r  through t h e  r a t e  s t r u c t u r e  o r  through 

p u b l i c  appea l s  during p e r i o d s  of s eve re  capac i ty  shor tages .  This  c l a s s  of 

o p t i o n s  i nc lude :  

1- Customer peak demand charge, 
2. Time-of-day p r i c i n g ,  and 
3 .  Voluntarv y u L l l c  appral  n. 

The peak demand charge concept was f i r s t  developed i n  t h e  e a r l y  1890s 

i n  England by Hopkinson and Wright. The o b j e c t i v e  was t o  a l l o c a t e  a t  l e a s t  

some of  t h e  c o s t  of p r o v i d i n g  s u f f i c i e n t  c a p a r i t y  t o  moot t h c  e u ~ t o ~ u r . ~ s  

maximum demand equ i t ab ly .  The charge i s  p ropor t i ona l  t o  a customer's maximum 

demand ( k i l o w a t t s )  during a  s p e c i f i e d  pe r iod  (u sua l ly  one month) and s e r v e s  t o  

p reven t  customers from imposing unneces sa r i l y  h igh  k i l o w a t t  demands on t h e  

u t i l i t y  system.2 

A more r ecen t  concept ,  t h a t  of time-of-day p r i c i n g ,  is  p r e s e n t l y  

be ing  s t u d i e d  by s e v e r a l  U.S. u t i l i t i e s  and has  been implemented by o t h e r  

u t i l i t i e s  f o r  some i n d u s t r i a l  customers. This  op t ion  seeks  t o  r e a l l o c a t e  a  

p o r t i o n  of t h e  aggrega te  .customer demand occur r ing  during d a i l y  system peak 

p e r i o d s  t o  those  d a i l y  pe r iods  when system demand i s  lower by p r i c i n g  peak- 

p e r i o d  energy consumption (ki lowatt-hours)  a t  a  h ighe r  r a t e .  



Both t h e  peak demand charge and time-of-day p r i c i n g  can be  viewed i n  

two ways. F i r s t ,  t h e s e  r a t e  s t r u c t u r e s  a r e  c l o s e r  approximations t o  incremen- 

t a l  p r i c i n g  of e l e c t r i c a l  s e r v i c e s  than those  provided by t h e  va r ious  average 

c o s t  of s e r v i c e  r a t e  s t r u c t u r e s .  This  a spec t ,  i n  and of i t s e l f ,  does no t  

a f  f  e c t  s e r v i c e  r e l i a b i l i t y .  ' Second, because of t h e  h ighe r  charge imposed due 

t o  p e r i o d i c  peak demand o r  system peak per iod energy consumption, some e l ec -  

t r i c  u t i l i t y  c u s t o m e r s  w i l l  choose  t o  demand f e w e r  k i l o w a t t s  d u r i n g  t h e  

system's peak per iod.  Thus, t h e s e  p r i c ing  methods can b e  viewed a s  a means.of 

peak load management t h a t  has  t h e  e f f e c t  of i nc reas ing  system r e l i a b i l i t y  

during t h e  peak per iods .  Assuming t h a t  t h e  same amount of energy (kwh) w i l l  

be  consumed wi th  o r  without  exe rc i s ing  one of t h e s e  op t ions  and t h a t  no system 

des ign  changes a r e  made, t h e  i nc reases  i n  system r e l i a b i l i t y  during t h e  peak 

pe r iods  w i l l  be only ' p a r t i a l l y  o f f s e t  by dec reases  i n  system r e l i a b i l i t y  

during off-peak p e r i o d s  r e s u l t i n g  from a d d i t i o n a l  off-peak demand. 

A t h i r d  o p t i o n  f o r  i nc reas ing  system r e l i a b i l i t y  during peak pe r iods  

i s  through voluntary  appea l s  by t h e  u t i l i t y  t o  i t s  customers through a p u b l i c  

medium such a s  r a d i o  o r  t e l e v i s i o n .  Th i s  o p t i o n  is usua l ly  exe rc i s ed  by 

e l e c t r i c  u t i l i t i e s  during pe r iods  of c r i t i c a l  on-l ine capac i ty  shor tages .  A s  

some customers reduce demand, t h e  ope ra t i ng  capac i ty  r e s e r v e  margin i nc reases ,  

t h e  p r o b a b i l i t y  of l o s s  of load decreases ,  and system f a i l u r e  becomes less 

l i k e l y .  

I n  each of t h e s e  cases ,  whether customer peak-period demand is  reduced 

by p r i c e  i n c e n t i v e  o r  pena l ty ,  o r  whether customer demand r educ t ion  i s  s t r i c t -  

l y  vo luntary ,  i t  i s  always t h e  customer's cho ice  t o  perform a s p e c i f i c  a c t i o n  

-- be t h a t  to t educe  o r  t o  main ta in  3 c e r t a i n  demand l e v e l .  It is  emphasized 

t h a t  t h e  customer who chooses t o  reduce demand because of p r i c e  i n c e n t i v e s  

o r  pub l i c  appea l s  i s  no t  considered t o  have experi&nced a l o s s  of s e r v i c e ,  

s i n c e  a c h o i c e  c o u l d  e q u a l l y  w e l l  h ave  been  made t o  c o n t i n u e  o r  e v e n  t o  

i nc rease  demand. Ind iv idua l  choices  t o  reduce demand, however, do b e n e f i t  

t h o s e  c u s t o m e r s  who c h o o s e  t o  c o n t i n u e  t h e i r  r e q u i r e m e n r  f o r  e l e c t r i c a l  

s e r v i c e ,  by eLfec t ing  an inc rcace  i n  system r e l i a b i l i t y .  Thus, i n  one sense ,  

i t  i s  p o s s i b l e  f o r  customers t o  b e n e f i t  from a p a r t i a l  r educ t ion  i n  t h e i r  

demand, which has  t h e  e f f e c t  of increas ing  t h e  r e l i a b i l i t y  of t h e  p o r t i o n  of 

s e r v i c e s  they e l e c t  t o  cont inue  demanding from t h e  u t i l i t y  system. Ce r t a in ly ,  

it would be  very d i f f i c u l t  tn quan t i fy  t h e  e x t e n t  t o  which t h i s  p o s s i b l e  



feedback compensates f o r  t h e  customer's choice  t o  reduce a  p o r t i o n  of h i s  

demand. 

5.3 CLASS C OPTIONS: CUSTOMER SELECTED/UTILITY ACTIVATED 

This  c l a s s  of o p t i o n s  a f f e c t i n g  t h e   customer"^ e l e c t r i c a l  s e r v i c e  

r e l i a b i l i t y  covers  s p e c i a l  c o n t r a c t u a l  arrangements between t h e  customer and 

t h e  u t i l i t y .  S p e c i f i c a l l y ,  t h e s e  a r e :  

1. I n t e r r u p t i b l e  s e r v i c e  c o n t r a c t s ,  

2. Pu lse-cont ro l led  devices ,  and 

3. S p e c i a l  supply provis ions .  

I n t e r r u p t i b l e  s e r v i c e  c o n t r a c t s  and t h e  u s e  of  p u l s e - c o n t r o l l e d  

dev ices  g e n e r a l l y  decr~aso t h e  a f f e c t e d  cuotomer's Xe.vel 0.f servi~e reLi- 

a b i l i t y .  L i k e  t h e  C l a s s  B o p t i o n s ,  however ,  t h e  e x e c u t i o n  o f  t h e s e  two 

op t fons  tends  t o  provide  a d d i t i o n a l  ope ra t i ng  f l e x i b i l i t y  t o  , t h e  u t i l i t y  and 

t ends  t o  i n c r e a s e  system r e l i a b i l i t y  during peak demand per iods.  

I n t e r r u p t i b l e  s e r v i c e  c o n t r a c t s  a r e  u sua l ly  a v a i l a b l e  only to. l a r g e  

i n d u s t r i a l  customers. I n  cons ide ra t i on  of a  lower r a t e  schedule ,  t h e  u t i l i t y  

r e s e r v e s  t h e  r i g h t  t o  i n t e r r u p t  s e r v i c e s  t o  t h e  customer i n  accordance wi th  

p r o v i s i o n s  s p e c i f i e d  i n  t h e  con t r ac t .  Contract  p rov i s ions  might spec i fy  t h e  

maximum frequency, du ra t i on ,  and t o t a l  normal energy requirements  t h a t  may be 

i n t e r r u p t e d  i n  a y e a r l y  pe r iod  a s  w e l l  as t h e  am.ount of advance n o t i c e  re- 

q u i r e d  t o  be g i v e n  by t h e  u t i l i t y *  Depending upon t h e  p h y s i c a l  arrangements,  

t h e  u t i l i t y  may a c t u a l l y  d i sconnec t  t h e  customer's load  o r  t h e  customer may be 

c o n t r a c t u a l l y  bound t o  d i sconnec t  h i s  load w i t h i n  s s p e c i f i e d  t i m e  l i m i t .  I n  

the  l a t t e r  case ,  t h e  c a n t r a c t  ma.y also spec i fy  Gevere cos t  yellalllies f o r  

f a i l u r e  t o  d i sconnec t  w i t h i n  t h a t  t i m e  l i m i t . 3  I n  1970 about 32% of U.S. 

u t i l i t i e s  o f f e r e d  i n t e r r u p t i b l e  s e r v i c e  c o n t r a c t s  t o  t h e i r  customers. 

P u l s e - c o n t r o l l e d  d e v i c e s  a r e  e s s e n t i a l l y  e l e c t r o n i c a l l y  o p e r a t e d  

s w i t c h e s  s e l e c t i v e l y  c o n t r o l l e d  by means of a  coded  p u l s e  r i d i n g  on t h e  

nominal 60Hz c u r r e n t  provided t o  t h e  customer. Because i t  i s  not p o s s i b l e  f o r  

t h e  c o n t r o l  p u l s e  t o  p r o p a g a t e  t h r o u g h  t r a n s f o r m e r s ,  i t  i s  n e c e s s a r y  t o  

i n i t i a t e  t h e  s i g n a l  on t h e  customer s i d e  of t h e  f i n a l  step-down t ransformer  o r  

i n s t a l l  a  f i l t e r  c i r c u i t  t o  bypass t h e  p u l s e  s i g n a l  around t h e  t ransformer.  



A u t i l i t y  ope ra to r  might c o n t r o l  remote pu l se  g e n e r a t i o n  dev ices  l oca t ed  

a t  t h e  customer's s i d e  of t h e  t ransformers  v i a  microwave communication equip- 

m e n t ~ ~  Since  t h e  c o n t r o l  switch can be coded t o  recognize  and respond t o  

only c e r t a i n  s i g n a l s ,  t h e  u t i l i t y  can i n t e r r u p t  s e r v i c e  t o  s e l e c t e d  consumer 

processes  o r  appl iances ,  and may even r e s t r i c t  t h e  i n t e r r u p t i o n  t o  c e r t a i n  

geographic  a r e a s  o r  customer c l a s se s .  Seve ra l  U.S. u t i l i t i e s  a r e  p r e s e n t l y  

experimenting wi th  t h e s e  devices  app l i ed  t o  r e s i d e n t i a l  ho t  water  h e a t e r s  and 

a i r  cond i t i one r s .  

I n d i v i d u a l  customers such a s  h o s p i t a l s ,  communication f a c i l i t i e s  and 

computer f a c i l i t i e s ,  who r e q u i r e  a h ighe r  l e v e l  of s e r v i c e  r e l i a b i l i t y  than 

normally provided by t h e  u t i l t y ,  may c o n t r a c t  f o r  s p e c i a l  supply provis ions .  

These p rov i s ions  would g e n e r a l l y  be  s p e c i a l l y  designed o r  arranged subt rans-  

miss ion  and d i s t r i b u t i o n  f a c i l i t i e s .  S p e c i f i c a l l y ,  a customer may d e s i r e  

f e e d e r s  t h a t  can be  energ ized  by more than  one s u b s t a t i o n ,  t h e  i n s t a l l a t i o n  of 

an  underground f eede r ,  o r  a high degree of d i s t r i b u t i o n  system s e c t i o n a l i z i n g  

and automation f o r  p r o t e c t i o n  a g a i n s t  s u b s t a t i o n  o r  d i s t r i b u t i o n  f a i l u r e s .  

5.4 CLASS D OPTIONS: UTILITY SELECTED/UTILITY ACTIVATED 

The u t i l i t y  has  perhaps t h e  most v a r i e d  s e l e c t i o n  of opt, ions a v a i l a b l e  

f o r  a l t e r i n g  t h e i r  customer l e v e l  of s e r v i c e  r e l i a b i l i t y .  These encompass 

op t ions  r e l a t e d  t o  the :  

1. Generat ion subsystem, 
2. Transmission subsystem, 
3. D i s t r i b u t i o n  subsystem, and 
4. General  o p e r a t i o n a l  procedures.  

A s  p r ev ious ly  noted,  op t ions  t h a t  a l t e r  t h e  r e l i a b i l i t y  'of t h e  gene ra t i on  

subsystem , p o t e n t i a l l y  a f f e c t  a l l  of t h e  u t i l i t y ' s  customers. Changes i n  t h e  

l e v e l  of r e l i a b i l i t y  of t h e  t ransmiss ion  subsystem may, under c e r t a i n  condi- 

t i o n s ,  a l t e r  t h e  l e v e l  of r e l i a b i l i t y  t o  fewer customers, and changes i n  t h e  

d i s t r i b u t i o n  subsystem w i l l  a f f e c t  even a smaller number of t h e  u t i l i t y ' s  

customers. 

Numerous op t ions  a r e  a v a i l a b l e  f o r  changing gene ra t i on  subsystem 

r e l i a b i l i t y .  These i nc lude  genera t ing  capac i ty  r e se rve ,  i n t e r t i e s  w i t h  o t h e r  

u t i l i t i e s ,  o v e r a l l  gene ra t  i on  f u e l  and u n i t  c apac i ty  mixes, m u l t i p l e  f u e l  

c a p a b i l i t y  a t  i n d i v i d u a l  s t a t i o n s ,  degree of d e c e n t r a l i z a t i o n  of gene ra t i ng  

capac i ty ,  and the '  u t i l i t y ' s  scheduled maintenance.procedures .  



Generat ing capac i ty  r e s e r v e  i s  t h e  most f r equen t ly  re fe renced  op t ion  

i n  d i s c u s s i o n s  regard ing  u t i l i t y  r e l i a b i l i t y  because of t h e  l a r g e  c a p i t a l  

investment  needed t o  provide  whatever r e se rve  capac i ty  i s  considered appro- 

p r i a t e .  and t h e  sma l l  f r a c t i o n  of t i m e  during t h e  yea r  t h a t  it i s  operated.  

Some amount 'of r e s e r v e  c a p a c i t y  i s  necessary  t o  cover u n c e r t a i n t i e s  i n  t h e  

peak demand f o r e c a s t ,  and t o  s u b s t i t u t e  f o r  base  and in t e rmed ia t e  load capac- 

i t y  t h a t  may b e  forced  ou t  of o p e r a t i o n  due t o  unexpected causes ,  scheduled 

m a i n t e n a n c e ,  o r  b e c a u s e  of p a r t i a l  d e r a t i n g  f o r  e n v i r o n m e n t a l  o r  o t h e r  

reasons .  C lea r ly ,  t h e  more r e s e r v e  capac i ty  a v a i l a b l e  t o  a  u t i l i t y ,  t h e  

b e t t e r  p ro t ec t ed  i t  w i l l  be a g a i n s t  unan t i c ipa t ed  u n i t  outages,  extended 

maintenance schedules ,  o r  h ighe r  than expected peak. demand. 

A u t i l i t y  may a l s o  r e l y  - o n  i n t e r t i e s  wi th  neighboring u t i l i t i e s  t o  

i n c r e a s e  i ts  l s v e l  of g e n e r a t i o n  r e l i a b i l i t y .  E.l.r.r.trrf.city purchased through 

i n t e r t i e s  ( t r ansmis s ion  l i n e s  connect ing two o r  more u t i l i t i e s )  may be under 

e i t h e r  a  f i r m  o r  emergency c o n t r a c t  a r r a n g e n e n t .  Under a f i r m  p i i r r h a s ~  

c o n t r a c t  the  s e l l i n g  u t i l i t y  t r e a t s  t h e  purchasing u t i l i t y  j u s t  l i k e  another  

customer and provides  e l e c t r i c a l  power upon demand. The f i r m  purchase con- 

t r a c t  may s p e c i f y  l i m i t a t i o n s  on one o r  both u t i l i t i e s .  Under emergency 

i n t c r t i e  arrangements,  u t i l i t i e s  g e n e r a l l y  n e g o t i a t e  short- term s a l e s  and 

purchases  of e l e c t r i c a l  power during pe r iods  of need. The s e l l i n g  u t i l i t y  

p r o v i d e s  power o n l y  i f  s u f f i c i e n t  c a p a c i t y  i s  a v a i l a b l e  and  i s  unde r  no 

o b l i g a t i o n  t o  do so. Hence, by e i t h e r  a firm or  emergency in ter t ie  with  

neighboring s e r v i c e  a r ea s ,  a u t i l i t y  can i n c r e a s e  i t s  own r e l i a b i l i t y .  Th i s  

exped ien t  o f t e n  s e r v e s  a s  an economical a l t e r n a t i v e  t o  t h e  c o n s t r u c t i o n  of 

a d d i t i o n a l  r e s e r v e  and is u s u a l l y  a  f avo rab l e  arrangement f o r  a l l  u t i l i t i e s  

involved.  

Another means of a l t e r i n g  t h e  u t i l i t y ' s  g e n e r a t i o n  r e l i a b i l i t y  i s  by 

vary ing  degrees  of g e n e r a t i o n  f u e l  mixture.  The more d i v e r s i f i e d  a  u t i l i t y ' s  

f u e l  mix, t h e  less dependent t h a t  u t i l i t y  i s  upon i n t e r r u p t i o n s  i n  t h e  slipply 

of any s i n g l e  f u e l  type. The e f f e c t  of f u e l  d i v e r s i f i c a t i o n  w a s  very  ev iden t  

dur ing  t h e  r e c e n t  n a t i o n a l  coa l  s t r i k e .  Those u t i l i t i e s  s t r o n g l y  dependent on 

c o a l  f o u n d  themse ' l ve s  s h o r t  o f  s u f f i c i e n t  f u e l  t o  meet  t h e i r  c u s t o m e r ' s  

demand. Emergency purchases  and pub l i c  appea ls  t o  c u r t a i l  demand were t h e  

on ly  measures t h a t  enabled many u t i l i t i e s  t o  su rv ive  t h e  c r i t i c a l  f u e l  shor- 

t age .  D i v e r s i f i c a t i o n  of f u e l s ,  however; does s u b j e c t  t h e  u t i l i t y  t o  t h e  

g r e a t e r  p r o b a b i l i t y  t h a t  any one of t h e i r  f u e l  . t y p e s  w i l l  be i n t e r rup t ed .  



Along t h e s e  same l i n e s ,  m u l t i p l e  f u e l  , b u r n i n g  c a p a b i l i t i e s  i n  a 

u t i l i t y ' s  gene ra t i ng  f a c i l i t i e s  a l s o  s e rve  t o  i n c r e a s e  t h e i r  r e l i a b i l i t y .  

Many u t i l i t y  b o i l e r s  can be  designed f o r  r e l a t i v e l y  qu ick  conversion t o  e i t h e r  

c o a l ,  o i l ,  o r  gas .  The a b i l i t y  t o  burn any of t h e s e  f u e l s  i n  t he  same b o i l e r  

guards  a g a i n s t  a  supply i n t e r r u p t i o n  of any one of t h e  f u e l s .  

Regard less  of t h e  number o f '  f u e l s  t h a t  can be  burned i n  any gene ra t i ng  

f a c i l i t y ,  g e n e r a t i o n  r e l i a b i l i t y  can be  enhanced by l a r g e r  o n s i t e  s t o r a g e  of 

f u e l s .  This  s t r a t e g y  i s  p a r t i c u l a r l y  t r u e  f o r  c o a l  and o i l  ,burning f a c i l i -  

t ies,  s i n c e  t h e s e  f u e l s  a r e  r e l a t i v e l y  easy t o  s t o r e .  It should be  noted t h a t  

many e a s t e r n  u t i l i t i e s  had increased  t h e i r  c o a l  s u p p l i e s  from a 30- t o  90-day 

supply i n  a n t i c i p a t i o n  o f , t h e  r e c e n t  c o a l  miners' s t r i k e .  However, because of 

t h e  extreme l e n g t h  of t h e  miners' walkout,  even t h e  a d d i t i o n a l  p rov i s ions  were 

inadequate  i n  many cases .  On t h e  o t h e r  hand, Canadian u t i l i t i e s  who import J 

much of t h e i r  c o a l  from t h e  United S t a t e s ,  were no t  a f f e c t e d  by t h e  c o a l  

s t r i k e  because i t  i s  normal p r a c t i c e  f o r  t he se  companies t o  s t o r e  up t o  12 

months' worth of c o a l  supp l i e s .  Th i s  i s  a  g e n e r a l  p r a c t i c e  because barge  

t r a n s p o r t a t i o n  v i a  t h e  Great  Lakes i s  i n t e r r u p t e d  f o r  most of t h e  win te r .  

Because of t h e i r  s t o r a g e  c a p a b i l i t i e s ,  s u p p l i e s  of f o s s i l  and nuc lear  

f u e l s  a r e  r e l a t i v e l y  a s su red  a s  compared t o  some renewable sources  such a s  

d i r e c t  and i n d i r e c t  s o l a r  energy. These sources  of energy, a l though inexhaus- 

t i b l e  a r e  randomly i n t e r m i t t e n t .  The r e l a t i o n s h i p  ( i f  any) between s o l a r -  

based energy sou rce  a v a i l a b i l i t y  and a  u t i l i t y ' s  load  p r o f i l e  i s  l a r g e l y  

unknown, bu t  i s  being i n v e s t i g a t e d  a t  t h i s  t i m e .  Thus, t h e  e f f e c t  of so l a r -  

based g e n e r a t i o n  e i t h e r  by small  d i spersed  systems o r  l a r g e  ground-based 

f . en t r a l i zed  e l e c t r i c  power f a c i l i t i e s  i s  l a r g e l y  unknown. Also important  wi th  

regard  t o  t r ansmis s ion  r e l i a b i l i t y  a r e  t he  e f f e c t s  of c e n t r a l i z e d  versus  

d e c e n t r a l i z e d  power gene ra t i on ,  e i t h e r  wi th  s o l a r  o r  convent iona l  f u e l s ;  t h i s  

a s p e c t  is  d i scus sed  l a t e r .  

An0the.r a r e a  of u t i l i t y  p r a d t i c e s  t h a t  may a f f e c t  g e n e r a t i o n  reli- 

a b i l i t y  i s  t h e  u t i l i t y ' s  g e n e r a t i o n  p l a n t  maintenance procedures.  General ly ,  

scheduled maintenance i s  performed during off-peak seasons  t o  prov,ide f o r  t h e  

maximum a v a i l a b i l i t y  of c a p a c i t y  during t h e  seasona l  peak per iods .  The degree  

t o  .which a  u t i l i t y  i s  a b l e  t o  perform a l l  of i t s  scheduled maintenance during 

t h e  o f f  -peak season  w i l l  a f  f e c t  g e n e r a t i o n  r e l i a b i l i t y .  .Time and capac i ty  

con t ingenc i e s  and t h e  amount of power a 11ti.I.i.ty i s  w i l l i n g  t o  purchase i n  



o r d e r  t o  perform of f-peak season  maintenance a r e  important  f a c t o r s  a f  f e c t i n g  

r e l i a b i l i t y .  Other  c o n t r i b u t i n g  f a c t o r s  a r e  t h e  s i z e  and q u a l i t y  of t h e  

u t i l i t y ' s  maintenance fo rce .  

~ r a n s m i s s i o n  s u b s y s t e m ~ r e l i a b i l i t y  i s  in f luenced  mainly by t h e  phys i ca l  

c o n f i g u r a t i o n  of t h e  u t i l i t y ' s  t ransmiss ion  network, i t s  des ign  spec i f i ca -  

t i o n s ,  and exposure condi t ions .  A system's con£ i g u r a t i o n  determines t h e  

u t i l i t y ' s  a b i l i t y  t o  r e r o u t e  e l e c t r i c a l  power t o  customers i n  t h e  event  of a  

f a u l t  i n  a l i n e  segment. The e x t e n t  t o  which a u t i l i t y  h a s  i n s t a l l e d  auto- 

mated c o n t r o l  and swi tch ing  devices ,  a s  w e l l  a s  i t s  l e v e l  of backup equipment, 

w i l l  determine t h e  r a t e  a t  which t h e  customer's power is r e s t o r e d  g iven  a  

t r a n s m i s ~ i o n  segment f a i l u r e  and an a p p r o p r i a t e  l i n e  conf igura t ion .  

The ma jo r i t y  of a l l  t ransmiss ion  l i n e  f a i l u r e s  i.s r e l a t e d  t o  exposure, 

which r e f e r s  t o  t h e  l e n g t h  of l i n e  segment between two p o i n t s  and p reva i l i ng  

environmental  and me teo ro log ica l  condi t ions .  The s h o r t e r  t h e  l i n e  segment, 

t h e  less l i k e l y  i t  i s  t h a t  i t  w i l l  be advcrocly a f f e c t e d  Ly severe mviron- 

mental  condi t ions .  Decent ra l ized  energy systems l o c a t e d  near  load c e n t e r s  

would be  a s s o c i a t e d  w i t h  s h o r t e r  t ransmiss ion  l i n e s  than  would l a r g e r  cen t ra -  

l i z e d  g e n e r a t i o n  systems se rv ing  t h e  same c o l l e c t i o n  of load cen t e r s .  Sho r t e r  

l i n e s  o f f e r i n g  l e s s  environmental* exposure should t h e r e f o r e  provide a  h igher  

l e v e l  of r e l i a b i l i t y  t o  t h e  customer. But, r e l i a b i l i t y  i s  a l s o  dependent upon 

system c o n f i g u r a t i o n  and t h e  e x t e n t  t o  which gene ra t i ng  capac i ty  and load 

c e n t e r s  a r e  in te rconnec ted .  In t e r connec t ion  r e q u i r e s  a d d i t i o n a l  t ransmiss ion  

f a c i l i t i e s ,  and  t h e s e  a r e  s u b j e c t  t o  e n v i r o m e n t a l  e x p o s u r e  and f a i l u r e .  

Optimum system des ign  depends on many varying f a c t o r s  f o r  each u t i l i t y  and 

cannot  be  determined wi thout  c o n s i d e r a t i o n  of e x i s t i n g  and planned genera t ing  

p l a n t s  and demand c e n t e r  growth p ro j ec t i ons .  

S ince  environmental  exposure ' i s  t h e  major cause of t ransmiss ion  l i n e  

f a i l u r e s ,  t h e  e x t e n t  t o  which a  u t i l i t y  " o v e r - d e s i g n s "  i t s  t r a n s m i s s i o n  

f a c i l i t i e s  a l s o  af fects  custnmer r e l i a b i l i t y .  Of major importance i n  t r aus -  

miss ion  l i n e  des ign  a r e  t h e  h i s t o r i c  frequency d i s t r i b u t i o n s  of h igh  winds and 

i c e  storms. Fu tu re  expec t a t i ons  of adverse  weather c o n d i t i o n s  a r e  based upon 

h i s t o r i c  d a t a  and t r ansmis s ion  l i n e s  a r e  designed nccordingly.  Design c r i -  

t e r i a  vary  by u t i l i t y  but  a r e  u s u a l l y  expressed i n  terms of t h e  s t r u c t u r e s '  

a b i l i t y  t o  wi ths tand  t h e  maximum sus t a ined  wind v e l o c i t y  expected once per  

s p e c i f i e d  per iod ,  o r  some maximum i c e  loading i f  t h e  u t i l i t y  exper iences  

o c c a s i o n a l  i c e  storms. 



Underground t r a n s m i s s i o n  f a c i l i t i e s ,  though n o t  t h e  most e f f i c i e n t ,  a r e  

a n  obv ious  means of e l i m i n a t i n g  many a d v e r s e  env i ronmenta l  c o n d i t i o n s  t o  which 

overhead  l i n e s  a r e  exposed.  They a r e  much more c o s t l y ,  can  c a r r y  l e s s  power, 

and r e q u i r e  l o n g e r  r e p a i r  t i m e s  i n  f a i l u r e  modes such a s  f l o o d i n g ,  s h o r t  

c i r c u i t i n g ,  and o t h e r s .  - .  

' 

B e s i d e s  ' t h e  u t i l i t y ' s  p h y s i c a l  sys tem and t h e  l e v e l  of r e l i a b i l i t y  i t  

p r o v i d e s ,  some of t h e  u t i l i t y ' s  o p e r a t i n g  p rocedures  w i l l  a l s o  i n £  l u e n c e  

t h e  r e l i a b i l i t y  of s e r v i c e  exper ienced  by v a r i o u s  g r o u p s  of  cus tomers .  Most 

n o t a b l e  a r e  t h e  u t i l i t y ' s  p r i o r i t y  sequence  f o r  l o a d i n g  shedding and i ts  

o p e r a t i n g  f l e x i b i l i t y  f o r  d e l a y i n g  t h a t  a c t i o n .  Numerous m e a s u r e s  a r e  

exec~. i ted  by a  u t i l i t y  b e f o r e  i t  becomes n e c e s s a r y  t o  shed load.  T y p i c a l l y ,  a  

u t i l i t y  w i l l  c a l l  f o r  emergency power p u r c h a s e s  from ne ighbor ing  u t i l i t i e s ,  

d i s c o n n e c t  i t s  i n t e r r u p t i b l e  cus tomers ,  and make p u b l i c  a p p e a l s  f o r  v o l u n t a r y  

c u t b a c k s  b e f o r e  l o a d  is  dropped. These o p t i o n s  were  d i s c u s s e d  p r e v i o u s l y .  

The u t i l i t y  i s  a l s o  a l a r g e  consumer of i t s  own e l e c t r i c i t y ,  and t h u s  h a s  t h e  

c a p a b i l i t y  of c u r t a i l i n g  a  p o r t i o n  of i t s  own l o a d  b e f o r e  i n t e r r u p t i n g  i t s  

customer  s e r v i c e .  

Another  l o n g e r  ranged p o l i c y  p r a c t i c e d  by many u t i l i t i e s  i s  t o  m a i n t a i n  

i t s  o l d e r  g e n e r a t i n g  u n i t s  r a t h e r  t h a n  r e t i r e  and decommission them. These 

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

n o t  a s  q u i c k  s t a r t i n g  as newer g a s  t u r b i n e  o r  d i e s e l  g e n e r a t o r s .  

I n  t h e  e v e n t  th ' a t  l o a d  shedding becomes n e c e s s a r y ,  t h e  custom'er's 

r e l i a b i l i t y  can  b e  a f f e c t e d  by t h e  u t i l i t y ' s  p o l i c y  toward customer i n t e r r u p -  

t i o n s .  T y p i c a l l y ,  v o l t a g e  r e d u c t i o n s  o r  "brown-outs" a r e  implemented f i r s t .  

A u t i l i t y  can  u s u a l l y  c u r t a i l  up t o  a maximum of 5% of i t s  l o a d  by r r d u c l u g  

v o l t a g e  by 8%. A s  n o t e d  p r e v i o u s l y ,  some cus tomers  w i l l  need t o  c u r t a i l  t h e i r  

p r o d u c t i o n  a t '  s u b s t a n t i a l l y  l'ess t h a n  t h e  maximum v o l t a g e  r e d u c t i o n .  When 

v o l t a g e  r e d u c t i o n s  are n o t  s u f f i c i e n t ,  cus tomer  d i s c o n n e c t i o n  becomes ne- 

c e s s a r y .  This p r o c e s s  i s  u s u a l l y  i n i t i a t e d  a t  t h e  s u b s t a t i o n  l e v e l  w i t h  some 

u t i l i t i e s  c a p a b l e  of  shedding i n c r e m e n t s  of 15-20 MW. Other  u t i l i - t i e s  can 

shed l o a d  o n l y  i n  l a r g e r  increments .  Load is  shed t y p i c a l l y  by g e o g r a p h i c  

a r e a ,  and t h u s  t h e  u t i l i t y  i s  c a p a b l e  of  d i s t i n g u i s h i n g  customer  c l a s s i f i c a -  

t i o n s  o n l y  t o  t h e  e x t e n t  t h a t  t h e y  may. b e  c o n c e n t r a t e d  g e o g r a p h i c a l l y .  I n  

many c a s e s ,  however, a mix,. of cus tomer  c l a s s e s  e x i s t s  i n  any s p e c i f i e d  a r e a .  

E x c e p t i o n s  t o  t h i s  g e n e r a l i z a t i o n  a r e  l a r g e  i n d u s t r i a l  c u s t o m e r s  s e r v e d  



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

d e n t i a l  customers. 

U t i l i t i e s  have formulated p l ans  f o r  load  shedding p r i o r i t i e s  a s  urged 

by t h e  Fede ra l  Power Commission i n  Order 445, January, 1972.6 Normally, 

predominantly r e s i d e n t i a l  areas a r e  t h e  f i r s t  t o  be  dropped when load shedding 

becomes necessary.  The e x t e n t  t o  which e x i s t i n g  load  shedding p r i o r i t i e s  a r e  

e q u i t a b l e  t o  a l l  customer c l a s s e s  is  a major ques t i on  p r e s e n t l y  being asked by 

many u t i l i t i e s  and r e g u l a t o r y  bodies.  

5.5 COSTS OF RELIABILITY-ALTERING OPTIONS 
, . 

Some c o s t  i o  aeooc i a t ed  w i th  each uf t h e  opcions t h a t  i s  a v a i l a b l e  f o r  

a l t e r i n g  customer s e r v i c e  r e l i a b i l i t y .  The c o s t s  of t h e  v a r i o u s  op t ions  may 

b e  b o r n e  d i r e c t l y  by t h e  u t i l i t y  o r  by t h e  c u s t o m e r  e i t h e r  d i r e c t l y  o r  

through t h e  u t i l i t y ' s  r a t e s .  The c o s t  r e l a t i o n s h i p s  between r e l i a b i l i t y  and 

equipment op t ions  such a s  emergency power gene ra to r s ,  s p e c i a l  supply yrovi- 

s i o n s  and gene ra t i on ,  t ransmiss ion ,  and d i s t r i b u t i o n  subsystem des ign  a r e  

r e l a t i v e l y  easy t o  q u a n t i f y  f o r  a p a r t i c u l a r  customer o r  u t i l i t y .  A g e n e r i c  

estimate of t h e s e  r e l a t i o n s h i p s ,  on t h e  o t h e r  hand, i s  complicated by t h e  wide 

d i v e r s i t y  of customer requirements  and u t i l i t y  system des igns  and p r a c t i c e s .  

The c l a s s  of o p t i o n s  s e l e c t e d  by t h e  u t i l i t y  and a c t i v a t e d  by t h e  

customer (Class  B) i s  s t r i c t l y  vo luntary  on t h e  customer's pa r t .  V e r y  l i t t l e  

q u a n t i t a t i v e  understanding e x i s t s  w i th  r e s p e c t  t o  t h e  e f f e c t  of a customer 

demand charge o r  time-of-day p r i c i n g  on t h e  system's load  p a t t e r n  and, thus ,  

on t h e  system's l e v e l  of r e l i a b i l i t y .  No U.S. u t i l i t y  has  y e t  i n i t i a t e d  wide 

s c a l e  time-of-day p r i c i n g  al though some a r e  experimenting wi th  t h e  concept. 

Likewise,  t h e  amount of load  r e l i e f  a v a i l a b l e  through pub l i c  appea l s  f o r  

vo luntary  cu tbacks  can only be es t imated ,  based upon a p a r t i c u l a r  u t i l i t y ' s  

p r i o r  exper iences  and w i l l  vary i n  accordance w i th  e x i s t i n g  weather and o t h e r  

cond i t i ons .  

Never the less ,  t h e  c o s t s  a s s o c i a t e d  w i th  a l l  of '  the op t ions  a v a i l a b l e  

f o r  a l t e r i n g  customer s e r v i c e  r e l i a b i l i t y  a r e  i n t i m a t e l y  r e l a t e d  t o  i t s  va lue  

t o  c u s t o m e r s  and  t h e i r  w i l l i n g n e s s  t o  pay f o r  i t  a t  a s p e c i f i e d  l e v e l .  

Some o p t i o n s  may be  a v a i l a b l e  only t o  some customers and some u t i l i t i e s .  

Thus, i n  e s t ima t ing  a p a r t i c u l a r  c l a s s '  w i l l i n g n e s s  t o  pay, i t  w i l l  be ne- 

c e s s a r y  t o  determine t h e  c o s t  of a l l  op t ions  f o r  which adequate  q u a n t i t a t i v e  



d a t a  is  a v a i l a b l e  s i n c e  t h e  customer d e c i s i o n s  w i l l  be  based on t h e  l e a s t -  

c o s t  a l t e r n a t i v e  t h a t  s a t i s f i e s  t h e  customer's requirements .  

5.6 OTHER CONSIDERATIONS 

The o p t i o n s  d i s cus sed  i n  t h i s  s e c t i o n  a r e  t hose  t h a t  d i r e c t l y  a f f e c t  

t h e  customer.' s l e v e l  of e l e c t r i c a l  s e r v i c e  r e l i a b i l i t y  and hence on ly  i n c l u d e  

. t h e  ones  t h a t  p rov ide  e l e c t r i c i t y  f o r  customer use. 

Other  c o n s i d e r a t i o n s  e n t e r  i n t o  t h e  customer's  requ i rements  and va lue  

of e l e c t r i c a l  s e r v i c e  r e l i a b i l i t y ,  of which t h e  most n o t a b l e  a r e  o p t i o n s  t o  

use  a  d i f f e r e n t  power sou rce  l i k e  n a t u r a l  g a s  f o r  p roces s  hea t ,  o r  steam f o r  

mechanical d r i ve s .  Another p o s s i b l e  o p t i o n  is a p roces s  designed f o r  t e m -  

pora ry  o r  decreased  (bu t  con t inued)  o p e r a t i o n  i n  t h e  event  of an  e l e c t r i c a l  

power f a i l u r e .  The e x t e n t  t o  which t h e s e  o t h e r  t ypes  of o p t i o n s  a r e  a v a i l a b l e  

t o  customers a f f e c t s  t h e i r  va lue  of e l e c t r i c  r e l i a b i l i t y  because they tend  

t o  dec rea se  t h e i r  l o s s e s  dur ing an  e l e c t r i c a l  power f a i l u r e .  These o p t i o n s  

have no t  been d i s cus sed  i n  d e t a i l  because t hey  do n o t  a l t e r  customer e lec-  

t r i c a l  s e r v i c e  r e l i a b i l i t y ,  bu t  do a f f e c t  t h e  a b i l i t y  t o  con t inue  o p e r a t i o n s  

i n  s p i t e  of power i n t e r r u p t i o n .  
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6  POLICY ISSUES 

P o l i c y  i s s u e s  r e l a t e d  t o  customer e l e c t r i c a l  s e r v i c e  r e l ' i a b i l i t y  have 

g rown o u t  o f  t h e  r e c e n t  a n d  dynamic  s t a t e  o f  a f f a i r s  e x p e r i e n c e d  by t h e  

u t i l i t i e s ,  t h e i r  cus tomers ,  s ta te  and f e d e r a l  r e g u l a t o r y  a g e n c i e s ,  and f e d e r a l  

t echnology  R&D o r g a n i z a t i o n s ,  such  a s  DOE. These i s s u e s  a r e  p a r t i c u l a r l y  

complex because  of t h e  i n t e g r a t e d  n a t u r e  o f  e l e c t r i c i t y  u s e  i n  n e a r l y  every  

day-to-day a c t i v i t y  engaged i n  by American s o c i e t y  and t h e  l a r g e  c a p i t a l  and 

f u e l  i n t e n s i t y  p r e s e n t  i n  U.S. e l e c t r i c  u t i l i t i e s .  

The c u r r e n t  s t a t e  of a f f a i r s  i s  dominated by major concerns  about  a l l  

forms of f u t u r e  energy a v a i l a b i l i t y ,  env i ronmenta l  and socioeconomic e f f e c t s  

o f  energy  p r o d u c t i o n  and use ,  h i g h  unemployment, r i s i n g  i n f l a t i o n ,  and a t i g h t  

c a p i t a l  market.  These and o t h e r  i n f l u e n c e s  have caused t h e  v a r i o u s  i n t e r e s t  

g roups ,  o r  s t a k e h o l d e r s ,  t o  q u e s t i o n  p r e v i o u s l y  a c c e p t e d  methods of o p e r a t i o n  

i n  a n  e f f o r t  t o  r e l i e v e  t h e  s t r a i n  t h a t  t h e s e  f a c t o r s  have caused.  

I n  many c a s e s ,  t h e  o b j e c t i v e s  o f  t h e  v a r i o u s  s t a k e h o l d e r s  a r e  i n  

c o n f l i c t  w i t h  each  o t h e r  and r e q u i r e  compromise t o  a c h i e v e  some v i a b l e  a c t i o n  

t h a t  w i l l  improve t h e  p r e s e n t  s t a t e  of s o c i e t y .  The q u e s t i o n  of e l e c t r i c  

u t i l i t y  sys tem and customer s e r v i c e  r e l i a b i l i t y  management b r i n g s  i n t o  view 

many such  o b j e c t i v e s  t h a t  u l t i m a t e l y  need t o  b e  fo rmula ted  i n t o  a comprehen- 

s i v e  a c t i o n  p o l i c y .  The DOE O f f i c e  of T e c h n i c a l  Programs E v a l u a t i o n  under t h e  

A s s i s t a n t  S e c r e t a r y  f o r  P o l i c y  and E v a l u a t i o n  s e e k s  t o  d e f i n e  p o l i c y  a c t i o n s  

t h a t  w i l l  improve today 's  energy (and economic) s i t u a t i o n  i n  a s  e q u i t a b l e  a  

f a s h i o n  a s  p o s s i b l e  by c o n s i d e r i n g  t h e  o b j e c t i v e s  of a l l  invo lved  o r  i n t e r -  

e s t e d  p a r t i e s ,  r a t h e r  t h a n  t h o s e  o f  a s i n g l e  e n t i t y .  

6.1 PROFITABILITY AND RATE STRUCTURES 

To f o r m u l a t e  such p o l i c i e s  w i t h  r e s p e c t  t o  e l e c t r i c  u t i l i t y  sys tem and 

customer s e r v i c e  r e l i a b i l i t y ,  t h e  major i s s u e s  invo lved  need t o  be de f ined .  

F i r s t ,  e l e c t r i c  u t i l i t i e s  are r e g u l a t e d  monopolies and must s e e k  a p p r o v a l  from 

s t a t e  and f e d e r a l  r e g u l a t o r y  . a g e n c i e s  f o r  most matters r e l a t e d  t o  c a p i t a l  

expans ion  and customer r a t e s .  Because they  a r e  monopolies,  t h e  u t i l i t y ' s  

c h a r t e r  r e q u i r e s  t h e  p r o v i s i o n  of e l e c t r i c  power t o  i t s  cus tomers  upon demand. 

T h i s  p r o v i s o  h a s  p r e v i o u s l y  been i n t e r p r e t e d  as r e q u i r i n g  t h e  u t i l i t y  t o  

p r o v i d e  a s  h igh,  a '  d e g r e e  of r e l i a b i l i t y  as r e a s o n a b l y  p o s s i b l e  t o  a l l  of 



its customers. Many u t i l i t i e s  a r e  now f ind ing  i t  d i f f i c u l t  t o  g e t  approval  

f o r  s u f f i c i e n t  r a t e s  t o  cont inue  t o  provide r e i i a b l e  s e r v i c e  i n  t h e  manner t o  

which they  a r e  accustomed -- g e n e r a l l y  by a  l a r g e  gene ra t i ng  r e se rve  margin. 

A r e c e n t  example is t h a t  of t h e  Southern Company'that p rovides  e l e c t r i c a l  

s e r v i c e s  t o  f o u r  sou the rn  s ta tes . '  Because of i ts  i n a b i l i t y  t o  g a i n  approva l  

f o r  i nc reased  rates, Southern i s  al lowing i t s  capac i ty  r e se rve  t o  d e c l i n e  from 

20 t o  15% i n  an  e f f o r t  t o  keep pace w i t h  growing demand and t h e i r  i n v e s t o r s '  

expected r a t e  of r e t u r n .  The d e c l i n e  i n  r e se rve  capac i ty  w i l l  s u r e l y  a f f e c t  

Southern 's  r e l i a b i l i t y .  

Most u t i l i t i e s  are exper ienc ing  problems s i m i l a r  t o  t hose  of Southern. 

The h igh  c o s t  a s s o c i a t e d  wi th  providing r e l i a b l e  e l e c t r i c  s e r v i c e  and t h e  

corresponding h ighe r  r a t e s  r equ i r ed  from t h e  u t i l i t y ' s  customers is  one of t h e  

most important  i s s u e s  f a c i n g  t h e  u t i l i t y  indus t ry .  A s  a  r e s u l t  of t h i s  i s sue ,  

u t i l i t i e s  and s t a t e  r e g u l a t o r y  agenc i e s  a r e  ques t ion ing  t h e  convent iona l  means 

by which a  d e s i r e d  level  of r e l i a b i l - i t y  i s  provJ .d~d-  Questions a r a  being 

r a i s e d  and new techniques  sought i n  terms of e l e c t r i c i t y  p r i c i n g  mechanisms 

and t r ansmis s ion  and d i s t r i b u t i o n  subsystem des ign  t o  ach ieve  r e l i a b i l i t y  i n  a  

more c o s t - e f f e c t i v e  manner. Time-of-day p r i c i n g  i s  a l s o  a  popular  i s s u e  t h a t  

became of i n t e r e s t  because of t e chno log ica l  developments t h a t  make.time-of-day 

metering poss ib l e .  A t  va r i ance  a r e  t h e  r e l a t i v e  b e n e f i t s  and c o s t s  a s soc i a t ed  

w i t h  t h i s  p r i c i n g  mechanism. Some u t i l i t i e s  a r e  exper imenta l ly  i n v e s t i g a t i n g  

t h e  e f f e c t s  of time-of -day p r i c i n g  w i  t h  i n d u s t r i a l  and r e s i d e n t i a l  cuotomcrs. 

6.2 SYSTEM DESIGN AND PLANNING UNCERTAINTY 

H i s t o r i c a l l y ,  u t i l i t i e s  have  t r e a t e d  s e p a r a t e l y  t h e  r e l i a b i l i t y  

c r i t e r i a  of gene ra t i on ,  t ransmiss ion ,  and d i s t r i b u t i o n .  Some a r e  now begin- 

ning t o  address  t h e  problem of coupling t h e s e  subsystems i n  an  a t tempt  t o  

e v a l u a t e  and opt imize  t h e  o v e r a l l  system design. This  i s  an important  prob- 

l e m ,  because some have charged t h a t  t h e  h igh ly  cap i ta l - i .n ten9i .v~  gene ra t i on  

subsystem has  been o v e r b u i l t  and t h a t  t h e  added r e l i a b i l i t y  provided by t h e  

g e n e r a t i o n  f a c i l i t i e s  does n o t  b e n e f i t  t h e  customer because of t h e  lower l e v e l  

of r e l i a b i l i t y  i n  t h e  t ransmiss ion  and d i s t r i b u t i o n  systems. Ut i l i t i e s  have 

p rev ious ly  cons idered  g e n e r a t i o n  r e l i a b i l i t y  a s  t h e  c r i t i c a l  component because 

o f  t h e  l o n g  l e a d  t i m e s  n e c e s s a r y  i n  i t s  c o n s t r u c t i o n  and b e c a u s e  of t h e  

widespread e f f e c t  imposed by d e f i c i e n t  supply. 



A c o n t r i b u t i n g  i s sue ,  t h e r e f o r e ,  i n  terms of u t i l i t y  p r a c t i c e s  r e l a t e s  

t o  t h e  long lead  t imes r equ i r ed  t o  c o n s t r u c t  new gene ra t i ng  capac i ty .  Much of 

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

r e g u l a t o r y  delays.  These have a  s i g n i f i c a n t  e f f e c t  on c o n s t r u c t i o n  c o s t s ,  

planning u n c e r t a i n t y ,  and r e l i a b i l i t y .  Some r ecen t  s t u d i e s  have at tempted t o  

ana lyze  t h e  s o c i a l  c o s t s  a s s o c i a t e d  wi th  over- o r  under-building gene ra t i on  

c a p a c i t y  i n  v iew of  f u t u r e  u n c e r t a i n t y ,  2'6 and have  c o n c l u d e d  t h a t  t h e  

l e s s e r  c o s t s  a r e  those  a s s o c i a t e d  wi th  over-building. These r e s u l t s ,  however, 

a r e  no t  founded upon d e t a i l e d  ana lyses  of customer i n t e r r u p t i o n  c o s t s  nor 

e v a l u a t i o n s  of a l t e r n a t i v e s  t o  new capac i ty  cons t ruc t ion ;  t h i s  c l a s s  of s tudy 

r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  

6.3 SYSTEM INTEGRATION OF NEW TECHNOLOGIES 

New t echno log ie s  w i l l  a l s o  have an e f f e c t  on u t i l i t y  system reli- 

a b i l i t y .  The Department of Energy . i s  developing s e v e r a l  t echnologies  t h a t  

w i l l  be a p p l i c a b l e  f o r  e l e c t r i c  u t i l i t y  g e n e r a t i o n  and o t h e r s  t h a t  might be  

used by t h e  u t i l i t y ' s  customers. I n  t h e  e v a l u a t i o n  of DOE'S development 

programs, i t  is necessary  t o  cons ider  t h e  p o t e n t i a l  b e n e f i c i a l  and adverse  

e f f e c t s  t h a t  t h e s e  new technologies  may have upon soc i e ty .  

A c l a s s  of systems of i n t e r e s t  t o  DOE i s  decen t r a l i zed  energy tech- 

no log ie s  (DET). These DETs a r e  bo th  e l e c t r i c  and , non-e lec t r ic  energy sou rces  

t h a t  a r e  sma l l  i n  comparison t o  today's l a r g e  c e n t r a l i z e d  energy f a c i l i t i e s  

,and may be  l oca t ed  near  a  load c e n t e r  o r  end-user. These systems may r e l y  on 

convent iona l  f u e l s  o r  on renewable energy sources  such a s  d i r e c t  and i n d i r e c t  

s o l a r  energy. The ve raa t i l . 2 ty  of t h e s e  sma l l  power systems enab le s  them t o  be  

owned o r  c o n t r o l l e d  by t h e  customer o r  by t h e  u t i l i t y ,  and they may be  con- 

nec ted  t o  or. be  independent of some c e n t r a l i z e d  power network. Examples 

i n c l u d e  s o l a r  pho t o v o l t a i c ,  wind, run-of-river hydro, biomass conversion,  

cogenera t ion  and energy s t o r a g e  technologies .  

The key i s s u e s  a s s o c i a t e d  wi th  t h i s  new breed of technologies  encom- 

pas s  n o t  on ly  c o s t s  and environmental concerns but  a l s o ,  and perhaps of more 

importance, t h e  e f f e c t s  of i n t e g r a t i n g  these  t echno log ie s  i n t o  power systems 

a s  they a r e  evolving when t h e  DETs reach  commercial izat ion p o t e n t i a l .  Major 

i s s u e s  t h a t  need t o  be resolved,  i f  DETs are t o  be s u c c e s s f u l l y  implemented, 

a r e  concerned w i t h  t h e  optimum arrangement i n  terms of system ownership and 



c o n t r o l  and t h e  e f f e c t s  of t he  ope ra t ion  of DETs on soc i e ty ' s  energy' i n f r a -  

s t r u c t u r e . .  

Those d e c e n t r a l i z e d  energy technologies ,  i n  p a r t i c u l a r ,  t h a t  r e l y  on 

i n t e r m i t t e n t ,  renewable resources,  such a s  d i r e c t  s o l a r  conversion and wind 

gene ra t ion ,  w i l l  have a  component of a v a i l a b i l i t y  t o t a l l y  dependent upon 

p r e v a i l i n g  meteoro logica l  condi t ions.  The e x t e n t  t o  which the  supply i n t e r -  

mi t t ence  may c o r r e l a t e  w i t h  customer demand is  l a r g e l y  unknown, a s  a r e  t he  

mechanical forced  outage r a t e s  a s s o c i a t e d  wi th  these  technologies .  These a r e  

c r i t i c a l  f a c t o r s  i n  terms of t h e  a b i l i t y  of t h e s e  technologies  t o  be in t e -  

g r a t e d  i n t o  t h e  u t i l i t y  system. 

System i n t e g r a t i o n  i n c l u d e s  n o t  o n l y  t e c h n i c a l  a s p e c t s  b u t  a l s o  

economic, l e g a l ,  i n s t i t u t i o n a l ,  and customer u t i l i t y  preferences.  A major 

' t a c t o r  r e l a t e d  t o  each of t hese  a r e a s  i s  customer s e r v i c e  r e l i a b i l i t y .  Future  

u se  of solar-based technologies  could save nonrenewable f o s s i l  and nuc lear  

f u e l s ,  bu t  t h e r e  may be  some added cos t  t o  t h e  consumer. A component of t h a t  

added c o s t  may be  i n  t h e  form of decreased s e r v i c e  r e l i a b i l i t y .  The e x t e n t  t o  

which customers and u t i l i t i e s  can t o l e r a t e  changes i n  t h e  l e v e l  of r e l i a b i l i t y  

they  now exper ience  o r  provide, and t h e  d o l l a r  and nondol la r  c o s t s  a s s o c i a t e d  

wi th  those  changes, i s  l a r g e l y  unknown. These a r e  primafy f a c t o r s  t h a t  w i l l  

determine t h e  a c c e p t a b i l i t y  of t h e  new technolg ies .  

The e v a l u a t i o n  of a l t e r n a t i v e  DETs with respect t o  r .nst ,  rpl i ahi,J-Lty, 

ownership, and o t h e r  a s p e c t s  of system integration i s  t h e  k ~ y  tn  nnF's program 

d e c i s i o n  process  and w i l l  a l s o  a i d  i n  t h e  d e f i n i t i o n  of t h e  optimum s e t  of 

end-s ta te  s o c i a l  condi t ions .  Subsequent s t u d i e s  can then  eva lua t e  a l t e r n a t i v e  

p o l i c i e s  f o r  evolving t h e  des i r ed  end-state  condtt ions.  

6 . 4  HETEROGENEITY OF CUSTOMERS 

Because  of r i s i n g  e l e c t r i c i t y  c o s t s  c o u p l e d  w i t h  a  h i g h  o v e r a l l  

i n f l a t i o n  r a t e ,  u t i l i t y  customers and s t a t e  r egu la to ry  commissions a r e  begin- 

ning t o  seek  methods by which a  u t i l i t y  might more c l o s e l y  approximate and be 

more respons ive  t o  t h e  heterogenous r e l i a b i l i t y .  requirements  of i t s  va r ious  

customer c l a s se s .  Nat iona l ly ,  t h e  t h r e e  major customer c l a s s e s  ( r e s i d e n t i a l ,  

commercial, and i n d u s t r i a l )  each .consume about a  t h i r d  of t h e  t o t a l  e l e c t r i c  

energy s a l e s .  Thus, i n  t he  provis ion  of t a i l o r e d  r e l i a b i l i t y  and t h e  imposi- 

t i o n  of i t s  a s s o c i a t e d  c o s t s ,  t he  u t i l i t y  needs a l s o  t o  cons ider  equi ty  among 



i t s  v a r i o u s  customer groups. C r i t i c a l  t o  t h i s  whole ques t i on  of customer- 

t a i l o r e d  r e l i a b i l i t y  i s  t h e  p r a c t i c a l i t y  of providing a  system capable  of 

ope ra t i ng  i n  t h i s  fash ion .  

6 .5  RELIABILITY ASSESSMENT METHODOLOGY 

Also important  is t h e  economic methodology employed i n  performing 

r e l i a b i l i t y  a n a l y s i s .  Ea r ly  work i n  t h e  f i e l d  has  a t tempted t o  use  a  marginal  

micro-economic approach t o  i l l u s t r a t e  t h a t  p r e sen t  r e l i a b i l i t y  l e v e l s  a r e  too 

high. These s t u d i e s ,  however, show a very broad minimum t h a t  i s  s u b j e c t  t o  

cons ide rab l e  unce r t a in ty .  They a l s o  have l i t t l e  meaning i n  terms of t h e  

p re sen t  p r i c e  s t r u c t u r e  seen  by t h e  customer who pays, f o r  t h e  most p a r t ,  on ly  

an average p r i c e  f o r  e l e c t r i c i t y .  The c l o s e s t  approach t o  marginal  p r i c ing ,  

and perhaps t h e  only one t h a t  w i l l  eve r  b e  p r a c t i c a l  t o  apply, i s  some type  of 

b lock  r a t e  s t r u c t u r e  t h a t  approximates incrementa l  p r i c ing .  (On- and of f -  

peak, time-of-day p r i c i n g  i s  a n  example of a  two-block s t r u c t u r e . )  I f  i nc re -  

mental e l e c t r i c i t y  p r i c e s  a r e  no t  presented i n  t h e  r a t e  s t r u c t u r e ,  t h e  cus- 

tomer i s  no t  a b l e  t o  respond t o  them. Thus, s i n c e  wide d i f f e r e n c e s  i n '  reli- 

a b i l i t y  probably make only very sma l l  changes i n  t h e  average p r i c e  of e lec-  

t r i c i t y ,  t h e  va lue  of making a  l a r g e  e f f o r t  t o  change customer s e r v i c e  reli- 

a b i l i t y  i s  ques t ionable .  

6 . 6  LOAD SHEDDING PRIORITIES 

From t i m e  t o  t i m e  when load shedding becomes necessary  t o  main ta in  

system i n t e g r i t y ,  t h e  u t i l i t y  must dec ide  which groups of customers a r e  t o  b e  

a f f e c t e d  a s  w e l l "  a s  how they  a r e  t o  be  a f f e c t e d .  A t  i s s u e  a r e  t h e  r e l a t i v e  

customer l o s s e s  a s  f u n c t i o n s  of i n t e r r u p t i o n  frequency and d u r a t i o n  and time 

of occurrence.  The magnitude of t h e  unquant i f ied  s o c i a l  c o s t s  i ncu r r ed  by 

some customer c l a s s e s  and t h e  p o t e n t i a l  f o r  o t h e r  c o s t s  t h a t  have n o t  y e t  been 

recognized by t h e  u t i l i t y  a n a l y s t s  c o n s t i t u t e  ano the r  key problem area.  Not 

every u t i l i t y ' s  load  shedding p r i o r i t i e s ,  then,  should be, nor  can be, t h e  

same because of t h e  d i f f e r e n c e s  i n  t h e  u t i l i t y ' s  phys i ca l  con f igu ra t i ons .  The 

de t e rmina t ion  of s o c i a l l y  op t imal  and e q u i t a b l e  load  shedding p r i o r i t i e s  w i l l  

r e q u i r e  f u r t h e r  i n v e s t i g a t i o n  and a n a l y s i s  of d a t a  no t  c u r r e n t l y  a v a i l a b l e .  

Without s u f f i c i e n t  d a t a  f o r  a  l a r g e  number of s i t u a t i o n s ,  i t  is d i f f i c u l t  t o  

determine t h e  l e v e l  t o  which g e n e r a l i z a t i o n s  might be  made. 



6 . 7  EMERGENCY POWER PURCHASES 

Another important  i s s u e  r e l a t e s  t o  t h e  long-term e f f e c t s  a s s o c i a t e d  

w i t h  t h e  c h o i c e  made by some u t i l i t i e s  o f  p l a n n i n g  f o r  a l o w e r  l e v e l  of  
. . r e l i a b i l i t y  t h a n  supp l i ed  by neighboring u t i l i t i e s .  I f  they l a t e r  a t tempt  t o  

provide  a h ighe r  deg ree  of customer s e r v i c e  r e l i a b i l i t y  through increased  use 

of  . i n t e r t i e s ,  obvious i n e q u i t i e s  would develop among t h e  u t i l i t i e s  t h a t  could  

g e n e r a t e  a  dec rease  i n  t h e  l e v e l  of coopera t ion  now p r a c t i c e d  by na t ion ' s  

u t i l i t y  i ndus t ry .  T h i s  type  of s i t u a t i o n  might t h u s  r e q u i r e  f e d e r a l  a c t i o n  t o  

mandate and r e g u l a t e  t h e  l e v e l  of r e l i a b i l i t y  t o  be designed i n t o  each sep- 

. arate u t i l i t y ,  o r  t o  r e g u l a t e  emergency power p r i c ing .  

The same type of s i t u a t i o n  might develop i f  U.S. u t i l i t i e s  adopted a 

r e l i a b i l i t y  l e v e l  s i g n i f i c a n t l y  l o w e r  t h a n  t h a t  o f  Canad ian  u t - i l i t i e s .  

Apparent i n t e r n a t i o n a l  c o n f l i c t s  could arise i f  t h e  United S t a t e s  w e r e  t o  r e l y  

c o n s i s t e n t l y  on Canadian u t i l i t i e s  f o r  i n t e r t i e  power y e t  no t  be a b l e . t o  make 

r e t u r n  con t r ibu t ions .  Th i s  type  of s i t u a t i o n  might even have e f f e c t s  beyond 

t h e  u t i l i t y  i n d u s t r y ,  and could a l s o  , a f f e c t  t h e  United S t a t e s  n e g o t i a t i o n s  on 

o t h e r  energy p roduc t s  such a s  n a t u r a l  gas.  

6.8 LOCAL ECONOMIC STABILITY 

L i t t l e  i s  known wi th  regard  t o  t h e  long-term economic and qual i ty-of-  

l i f e  e f f e c t s  a s s o c i a t e d  wi th  t h e  adopt ion  of lower l e v e l s  of e l e c t r i c  reli- 

a b i l i t y .  Quest ions now Being r a i s e d  are concerned wi th  the l u ~ e - ~ e r m  ImpacLs 

of  r e l i a b i l i t y  on i n d u s t r i a l  s i te  s e l e c t i o n  o r  r e l o c a t i o n ,  and consequently on 

t h e  employment p o t e n t i a l  w i t h i n  a  s e r v i c e  a rea .  During a  per iod  of high 

unemployment and concern about socioe'conomic impacts,  t he  i s s u e  of i n d u s t r i a l  

r e l o c a t i o n  i s  very  important .  

6 . 9  ENVIRONMENTAL DERATING 

F r o u  ~ i m e  t o  t i n e  u t i l i t i e s  a r c  r e q u i r e d  t o  d e r a t e  some of t h e i r  

g e n e r a t i n g  s t a t i o n s  because of environmental reasons  -- high  ambient  a i r  

p o l l u t i o n  o r  h igh  thermal  discharges.  Th i s  type  of requirement  o f t e n  occurs  

on ho t  oummer days when e l e c t r i c i t y  demand i s  q u i t e  . h igh ,  and can p l a c e  t h e  

u t i l i t y  i n  a  c r i t i c a l  s i t u a t i o n  wi th  . r e spec t  t o  i t s  c a p a c i t y  su f f i c i ency .  To 

d a t e ,  no d e t a i l e d  a n a l y s i s  h a s  been performed t h a t  cons ide r s  pub l i c  hea l th ,  

s a f e t y ,  and economic f a c t o r s  i n  an a t tempt  t o  provide  a d e f i n i t e  po l i cy  toward 

p l a n t  d e r a t i n g  f o r  environmental  reasons.  



6.10 NATIONAL TRANSMSIS SION NETWORK 

A f i n a l  p o l i c y . i s s u e  i s  t h a t  of a  n a t i o n a l  t ransmiss ion  network. Th i s  

propo'sed concept is an  ex t ens ion  of t h e  r eg iona l  r e l i a b i l i t y  counc i l  concept 

t h a t  was developed and implemented i n  t h e  l a t e  1960s. Formal iza t ion  o f '  a  

n a t i o n a l  t r ansmis s ion  network would r e q u i r e  a d d i t i o n a l  i n t e r a c t i o n  and co- 

o p e r a t i o n  between t h e  r eg iona l  r e l i a b i l i t y  c o u n c i l s  and t h e  c o n s t r u c t i o n  of 

new t r ansmis s ion  f a c i l i t i e s  t o  s t r eng then  e x i s t i n g  i n t e r connec t ions  pa r t i cu -  

l a r l y  between t h e  Rocky Mountain/Pacif ic  Coast s t a t e s  and t h e    id continent all 

Eas t e rn  s t a t e s .  A s t rong  n a t i o n a l  t ransmiss ion  network would a l low f o r  t h e  

t r a n s f e r  of e l e c t r i c a l  power over  long d i s t ances ,  and thus  improve the  reli- 

a b i l i t y  of a l l  U.S. u t i l i t i e s .  A t  i s s u e  i s  t h e  cos t -bene f i t  r a t i o  of such an 

endeavor. A r e  t h e  added customer c o s t s  f o r  new c o n s t r u c t i o n  and adminis- 

t r a t i v e  r e s p o n s i b i l i t i e s ,  which may be  p a r t i a l l y  of £ s e t  by sav ings  i n  genera- 

t i n g  capac i ty ,  worth t h e  increment of r e l i a b i l i t y  provided t o  t h e  customer and 

n a t i o n ?  The concept  of a  n a t i o n a l  t r ansmis s ion  network w i l l  l i k e l y  evolve  a s  

an i n c r e a s i n g l y  impor tan t  r e g u l a t o r y  and congress iona l  i s s u e  i n  f u t u r e  years .  
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APPENDIX A 

METHODOLOGY USED I N  SHIPLEY, PATTON, AND DEN6SON ,,S STUDY OF RELIABILITY * 
3 .  

Consider an e x i s t i n g  e l e c t r i c  u t i l i t y  system wi th  a c a p i t a l  investment 

od I. and a s e r v i c e  a v a i l a b i l i t y  ( r e l i a b i l ' i t y )  of Ab. L e t  system investment 

be  separa ted ,  i n t o  three.  components:. gene ra t i on ,  tr 'ansmission, and d i s t r i b u -  

tiow*. Thus, f o r  t h e  e x i s t i n g  system 

(A. 1 )  

where 

Igo = investment i n  g e n e r a t i o n  in e x i s t i n g  system, 

Ito = investment i n  t ransmiss ion  i n  e x i s t i n g  system, 

Ido = investment i n  d i s t r i b u t i o n  i n  e x i s t i n g  system. 

I f  w e  d e f i n e  t h e  s e r v i c e  a v a i l a b i l i t y  of each of t h e  t h r e e  system components 

a s  

Ago = s e r v i c e  a v a i l a b i l i t y  of g e n e r a t i o n  i n  e x i s t i n g  
sys  t e m ,  

Ato = s e r v i c e  a v a i l a b i l i t y  of t r ansmis s ion  i n  e x i s t i n g  
system, and 

Ado = s e r v i c e  a v a i l a b i l i t y  of d i s t r i b u t i o n  i n  e x i s t i n g  
system, 

t hen  the a v a i l a h i l i t y  of t h e  e x i s t i n g  oyotcm i s  

Each component. oE' t h e  existing system is h ighly  r e l i a b l e ,  and thus  h a s  

a s e r v i c e  a v a i l a b i l i t y  n e a r l y  equa l  t o  un i ty .  Hence we may reprLsent  t h e  

a v a i l a b i l i t i e s  of each component by 

*Shipley, R. B., A.D. Pa t ton ,  and J.S. Denison, Power Reliabil'ity Cost vs .  Horth 
I E E E  T ransac t ions  on Power Apparatus and Systems, pp. 2204-2212 (July-Dec. 1972). 



A g '  0 = go, 
= 1 - €to, and 

A ~ ,  = i - €do, 

where E E and ~d a r e  p o s i t i v e  a n d m u c h l e s s  t h a n u n i t y .  S u b s t i t u t i n g  
go' to'. 0 

i n t o  A. 2 we g e t  

Expanding t h e  right-hand s i d e  of t h i s  equat ion  g i v e s  

The l a s t  fou r  terms a r e  each products  of two o r  more very small 

numbers and can be s e t  equal  t o  zero. Thus, 

Now suppose t h a t  t he  degree of redundancy i n  a  component of Cl~e 

system, and hence t h e  a s soc i a t ed  investment,  i s  t h e  only factor in f luenc ing  

a v a i l a b i l i t y .  Supposing f u r t h e r  t h a t  any network i s  composed of a  number of 

t h e  e x i s t i n g  systems ope ra t ing  i n  p a r a l l e l ,  t h e  a v a i l a b i l i t y  of t h e  network 

i n  terms of t he  e x i s t i n g  system i s  g iven  a s  follows,: 



where 

% = number of e x i s t i n g  gene ra t ion  systems opera t ing  i n  p a r a l l e l ,  

nt = number of e x i s t i n g  t ransmiss ion  systems opera t ing  i n  p a r a l l e l ,  and 

nd = number of e x i s t i n g  d i s t r i b u t i o n  systems opera t ing  i n  p a r a l l e l .  

. . .  

Then the  t o t a l  . investment I . i n  t he  network having a v a i l a b i l i t y  A i s  

Solving Eqs. A.5, A.6 and A.7 f o r  ng, nt ,  and nd and s u b s t i t u t i n g  i n  Eq. A.9 

y i e l d s  : 

I n  ( 1 l n  (1-At ) I n  ( 1-Ad ) 
I = Id0  (A. 10 ) 

In  ( l'Ag IgO + ln(1-At,) ItO + ln(l-Ado) 

Th i s  express ion  g i v e s  network investment i n  terms of t h e  a v a i l a b i l i t i e s  of t he  

d i f f e r e n t  components of each i d e n t i c a l  p a r a l l e l  system composing t h e  network. 

The c o s t  of i n t e r r u p t i o n s  i n  terms of t h e  a v a i l a b i l i t y  of gene ra t ion ,  

t ransmiss ion ,  and d i s t r i b u t i o n  components of t h e  network i s  g iven  by 

(A. 11)  

where 

C = c o s t  of i n t e r r u p t i o n ,  and 

k = p r o p o r t i o n a l i t y  cons tan t .  

The gene ra t ion ,  t ransmiss ion ,  and d i s t r i b u t i o n  a v a i l a b i l i t i e s  t h a t  

minimize the  t o t a l  cos t ,  I+C, a r e  t he  s o l u t i o n  of t h e  following s e t  of 

equat ions  : 

(A. 12) 



Note t h a t  ac/ aAg = a c / a A t  = ac/ aAd = -k. Thus, t h e  optimum network i s  

achieved when t h e  incrementa l  cos t  of providing s e r v i c e  a v a i l a b i l i t y  i s  t h e  

same f o r  each p o r t i o n  of t h e  system and is  equa l  t o  t h e  incrementa l  c o s t  

of  s e r v i c e  i n t e r r u p t i o n s .  Performing . t h e  ope ra t i ons  i n d i c a t e d  i n  Eq. A. 12 

and so lv ing  f o r  t h e  optimum a v a i l a b i l i t i e s  y i e l d s  

A, = I +  = t o  . and 
k lfl(1-At,) (A. 13 ) 



APPENDIX B 

The fol lowing b r i e f l y  summarizes and h i g h l i g h t s  t h e  methodology and 

assumptions used by Alvin Kaufman i n  h i s  cos t -bene f i t  a n a l y s i s  of e l e c t r i c  

u t i l i t y  system r e l i a b i l i t y  i n  t h e  New York Power Pool s e r v i c e  a r e a  between 

1974 and 1985. The au tho r  compares t h e  c o s t s  and b e n e f i t s  r e s u l t i n g  from. l o s s  

of load  p r o b a b i l i t i e s  of one day i n  t e n  yea r s ,  f i v e  years ,  and one year .  

1. An LOLP program i s  used t o  determine t h e  r e l a t i o n s h i p  
between LOLP and r e se rve  margin a s  a  percent  of summer 
peak demand. 

2. It i s  argued t h a t  t h e  s o c i a l  b e n e f i t s  t h a t  accrue  because 
of t h e  p rov i s ion  of a  gene ra t i ng  r e se rve  a r e  equa l  t o  t he  
va lue  of t h e  ou tages  t h a t  do no t  occur. Thus, i t  i s  ne- 
cessary  t o  determine t h e  number, s e v e r i t y ,  and l eng th  of 
l o s s  of load  i n c i d e n t s  assuming no r e se rve  capac i ty  ( i t ems  
3-6 below. ) 

3. The annual number of l o s s  of load i n c i d e n t s  w i th  no r e s e r v e  
is determined using t h e  LOLP program t o  g e n e r a t e  t h e  .d i s -  
t r i b u t i o n  of days per  year  t h a t  va r ious  percentages  of peak 
load cannot b e  met. Load is  no t  l o s t  whenever demand sur-  
passes  a v a i l a b l e  capac i ty  because of s tandard  opera t ing  
procedures t h a t  a l low an  8% vo l t age  r educ t ion  t o  reduce 
load by 5% (Case A), and a  5% vo l t age  r educ t ion  worth 3% 
of t h e  peak load  (Case B). Kaufman determines t h a t  51  out 
of 260 days per  year  would have a  l o s s  of load  i n c i d e n t  
wi th  t h e  a b i l i t y  t o  reduce v o l t a g e  by 8%. A t o t a l  of 156 
days per  yea r  would have l o s s  of load  i n c i d e n t s  i f  only a  
5% vo l t age  r educ t ion  were ava i l ab l e .  

4. The average s e v e r i t y  of ou tages  i s  then  assumed t o  be  t h e  
modal va lue  of t h e  outage d i s t r i b u t i o n s  e x c l u s i v e  of t h e  
c l a s s  of ou tages  t h a t  would be covered by v o l t a g e  reduc- 
t i ons .  For Case A, t h e  modal s e v e r i t y  i s  7.7% of t h e  peak 
and f o r  Case B, i t  i s  4.7% o£ t h e  peak. Based on NYPP's 
load d u r a t i o n  curve, t h e s e  va lues  a r e  met o r  surpassed f o r  
10 h r  and 7 h r  per  year  r e spec t ive ly ,  bu t  Kaufman argues  
t h a t  i t  i s  not  l i k e l y  t h a t  they would be surpassed t o r  t he se  
l e n g t h s  of t i m e  on any s i n g l e  day. 

*Kaufman, A., R e l i a b i l i t y  C r i t e r i a  -- A Cost Bene f i t  Analysis ,  New York S t a t e  
Department of Publ ic  Serv ice ,  O f f i c e  of Research Report 75-9, Albany, N.Y. 
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5. The average l e n g t h  of outages,  i n  t h e  absence of r e se rve  
capac i ty  was es t imated  by experienced engineers  t o  range 
from 1 min t o  4  hr .  Kaufman assumes an average va lue  of 
2  hr .  Thus, t h e  outages t h a t  would occur i n  t h e  absence 
of r e s e r v e  capac i ty  a r e :  

Case A )  51  outages /yr  x  2  h r lou t age  = 102 h r l y r  @ 7.7% of peak 
Case B) 156 ou tages ly r  x  2  h r lou t age  = 312 h r l y r  @ 4.7% of peak 

6. Because t h e  hours  of es t imated  outage w i l l  be spread through- 
out  t h e  yea r ,  t h e  peak on a g iven  day w i l l  be l e s s  than t h e  
maximum annual  peak. To compensate, Kaufman assumes t h e  u se  
of a w i n t e r  peak i n  a  summer peaking system. Thus, t h e  out- 
age s e v e r i t i e s  i n  t h e  absence of r e s e r v e  capac i ty  become 102 
h r / y r  a t  7.7% of t h e  w in t e r  peak and 312 h r l y r  a t  4.7% of t h e  
w in t e r  peak. 

With no r e se rve ,  a sma l l  sho r t age  i n  capac i ty  l e a d s  t o  a l o s s  
of load. With r e se rves ,  however, t h e  ou tages  w i l l  be less 
f ~ r y u e l r t .  With no apparent  r a t i o n a l e ,  Kaufmar? sel ecrs  the 
I t  average" ou tage  wi th  r e s e r v e s  a v a i l a b l e  a t  4  hours  and t o  
comprise 20X of t h e  maximiim (summer) petlk. These are assumcd 
t o  occur a t  a  r a t e  determined by t h e  LOLP s e l e c t e d  f o r  analy- 
sis. I n  Kaufman's m e t h o d ~ l ~ g y  the outages d o  i l l ~ t  occur uni- 
formly each  yea r ,  bu t  r a t h e r  a r e  assumed t o  occur i n  a  s i n g l e  
y e a r l y  pe r iod  wi th  t h e  frequency of occur rence  s p e c i f i e d  by 
t h e  LOLP. That is, i n  t h e  author 's  12-year a n a l y s i s  l o s s  of 
load occurs  each year  f o r  t h e  1 d/yr  LOLP; t h e  f i r s t ,  s i x t h ,  
and e l even th  y e a r s  f o r  t h e  1 d l5  y r  LOLP; and t h e  f i r s t  and 
e l even th  y e a r s  f o r  t h e  1 dl10 y r  LOLP. I n  a l l  o t h e r  years ,  
no ou tages  occur.  (Note that  the author ' s  assumptions for 
t h e  1 d/5 y r  LOLP and t h e  ld /10  y r  LOLP c a s e s  r e a l l y  assume 
a 1 d/4 y r  'and a  1 d/6 y r  LOLP because t h e  a n a l y s i s  is  per- 
formed f o r  only 12 years.)  

8. The b e n e f i t  t h a t  accrues  t o  s o c i e t y  i s  t h e  p re sen t  va lue  of :  
t h e  economic l o s s e s  t h a t  would have occurred i f  no r e se rve  
margin was provided, less t h e  s t ream of l o s s e s  t h a t  occur 
when the r e s e r v e  margin i s  p re sen t ,  l e s s  t h e  owning and 
ope ra t i ng  c o s t s  of t h e  peaking capac i ty .  

9. Owning and opera t ing  c o s t s  a r e  determined assuluillg sunk c o s t a  
p r i o r  t o  1974; new peaking capac i ty  a d d i t i o n s  a t  $130/kW p l u s  
5% annual  in£  l a t i o n ;  $0.70/~w f i x e d  charges p l u s  $O.6O/kWh f i r e d ;  
and A 702 charge on the c a p i t a l  c o s t  of t h e  r e se rve  capac i ty  
f o r  c a p i t a l ,  t a x ,  and miscel laneous expenses. 

Upon checking Kaufman's c a l c u l a t i o n s ,  i t  was found t h a t  t h e  
t h e  t o t a l  c o s t  of new peaking u n i t s  was added t o  t h e  annual  
owning and ope ra t i ng  c o s t  i n  t h e  yea r  t h a t  capac i ty  was in- 
s t a l l e d .  The 20% charge was l e v i e d  a g a i n s t  t h i s  c o s t  each 
succes s ive  yea r ,  which is  con t r a ry  t o  t h e  au thor ' s  expressed 
assumption and double-counts t h e  c a p i t a l  c o s t  of new capac i ty .  



10. The va lue  of s o c i a l  l o s s e s  per  megawatt-hour of unserved ' 

energy i s  determined i n  t he  fol lowing manner: A l o s s  
f a c t o r  a s  t h e  r a t i o  of New York S t a t e  va lue  added t o  t o t a l  
s t a t e  e l e c t r i c  revenues ($VA/$REV). This  f a c t o r  is then  
mu l t i p l i ed  by t h e  incremental  u n i t  c o s t  of t h e  peaking r e se rve  
which is  def ined  a s  t h e  r a t i o  of annual  peaking r e se rve  owning 
and opera t ing  c o s t s  d iv ided  by t h e  megawatt-hours of annual  
ope ra t i on  ( $  peak opera t ing  c o s t s /  MW r e s e r v e  x  2 h r /d  x  
260 d /y r  ).. The va lue  of s o c i a l  l o s s e s  i s  assumed t o  es- 
c a l a t e  a t  2% pe r  year .  Resu l t an t  e s t i m a t e s - f o r  s o c i a l  
l o s s e s  a r e  $770/Mwh i n  1974 and $1270/Mwh i n  1985. 

Kaufman i s  i n c o n s i s t e n t  i n  h i s  e s t ima te  of s o c i a l  l o s s e s  
per  megawatt-hour of unserved.energy.  The f a c t o r  def ined  
a s  t h e  r a t i o  of New York s t a t e  va lue  added t o  t o t a l  
e l e c t r i c  revenues can be  w r i t t e n  a s  t h e  r a t i o  of va lue  
added d iv ided  by t h e  product of t o t a l  megawatt-hours t i m e s  
t h e  average s a l e  p r i c e  per  megawatt-hour, o r  

SVA= SvA x 1 
$REV To'tal MWH Avg $/MWH 

The u n i t  c o s t  of providing r e s e r v e  g e n e r a t i o n  is a  
incrementa l  c o s t  

Unit Reserve 
Generat ion Cos ts  

= I N C  $/MWH 

It i s  i n c o n s i s t e n t  t o  c a l c u l a t e  consumer l o s s e s  per  
megawatt-hour of unserved energy by mul t ip ly ing  va lue  
added p e r  d o l l a r  of average e l e c t r i c  energy revenues 
t i m e s  t h e  incrementa l  u n i t  g e n e r a t i o n  c o s t s  f o r  peaking 
capac i ty  a s  t h e  au thor  has  done. That i s  . 

Unit  Reserve - - $VA 1 
$REV X ~ e n e r a t i o n  Costs  To ta l  MWH (Avg $/MWH) x (INC $/MWH) 

T h i s  does equal  $VA x I a s  t h e  au thor  
Tota l  MWH (Avg $ /MJH) 

has  assumed. Using Kaufman's da t a ,  t h e  incremental  c o s t  of 
providing peaking g e n e r a t i o n  i s  about twice a s  g r e a t  a s  t h e  
average s a l e  p r i c e  of e l e c t r i c i t y .  Therefore ,  h e  ove re s t ima te s  
consumer l o s s e s  by approximately a  f a c t o r  of two. 
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