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FOREWORD 

This repor t  i s  one of a  number of i s sue  papers prepared a s  

p a r t  of the   rook haven National Laboratory Northeast Energy 

Perspectives Study. The analyses i n  these  papers were performed 

spec i f i ca l l y  t o  a s s i s t  us i n  our f i r s t  in tegra ted  study of the 

energy future  of the  northeastern United S ta tes .  

Topics covered by the i s sue  papers include the po t en t i a l  

supply of energy t o  the Northeast from coa l ,  o i l ,  na tura l  gas, 

l iquef ied na tura l  gas ( L N G ) ,  nuclear power, municipal waste, so la r  

energy, and wind power, and the  demaod for. energy i n  the North- 

e a s t  from the i n d u s t r i a l ,  t r anspor ta t ion ,  and r e s i d e n t i a l  and 

commercial sec tors .  In each case a  range of es t imates  of energy 

supply o r  demand was constructed t o  r e f l e c t  not only a  va r i e ty  of 

poss ible  pol icy  and technological developments, bu t  a l s o  the 

bas ic  uncer ta in t ies  of a l l  such fu tu re ,p ro j ec t i ons .  The i n t e -  

g r a t i ve  analys is  which r e l a t e s  the supply and demand p i c tu re  i s  

presented i n  " A  Perspective on the Energy Future of the  Northeast 

United S ta tes . "  

The 3ssue papers prepared for  the  Northeast Energy Perspectives 

Study and the summary repor t  w i l l  be ava i lab le  from: 

National Technical Information Service 
U . S .  Department of Commerce 
5285 Port Royal Road 
Spr ingf ie ld ,  VA 22161 

The i s sue  papers and summary repor t  a r e  l i s t e d  below. 
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CHAPTER I 

INTRODUCTION 

This  assessment  of t h e  problems of  t h e  e l e c t r i c  s e c t o r  i s  an 

i n t e g r a l  p a r t  of t h e  BNL s tudy  on t h e  Energy Fu tu re  of  t h e  Nor theas t ,  

and, a s  such,  h a s  some very  s p e c i f i c  and l i m i t e d  o b j e c t i v e s .  One 

should  no te  f i r s t  t h a t  t h e  p e r s p e c t i v e  of t h i s  s t u d y  is  r e q i o n a l ;  

and t h u s  t h e  a n a l y s i s  of  s i t i n g  problems i s  no t  concerned wi th  t h e  

d e t a i l s  of s i t e  e v a l u a t i o n ,  o r  l o c a l  environmental  impacts ,  b u t  

r a t h e r  on t h e  wider  p o l i c y  i s s u e s  t h a t  must b e  reso lved  a t  t h e  

r e g i o n a l  s c a l e .  Thus, f o r  example, we  s h a l l  address  t h e  broad t r ade -  

o f f s  between o f f s h o r e ,  c o a s t a l ,  e s t u a r i n e  and i n l a n d  s i t i n g - - b u t  omit 

any d e t a i l e d  a n a l y s i s  of t h e  environmental  o r  socioeconomic impacts 

of p a r t i c u l a r  proposed s i tes .  
1 

One of  t h e  most fundamental c o n t r o v e r s i e s  i n  t h e  electric 

s e c t o r  concerns t h e  f u t u r e  need f o r  e l e c t r i c  power, and almost  

eve ry  new g e n e r a t i n g  f a c i l i t y  proposed i n  r e c e n t  y e a r s  has. sparked 

f i e r c e  deba te  a s  t o  t h e  r e a l  need f o r  t h e  f a c i l i t y ,  and t h e  methods 

used t o  p r o j e c t  e l e c t r i c  demands. S ince  t h e  c u r r e n t  l e a d  t ime f o r  

c o n s t r u c t i n g  b a s e  load p l a n t s  i s  8  t o  10 y e a r s ,  the u t i l i t i e s  have 

t o  p r o j e c t  t h e  e l e c t r i c  demands on t h e i r  systems t h a t  many y e a r s  i n  

advance. Unfor tunate ly ,  we a r e  now a t  a  p o i n t  i n  t h e  e v o l u t i o n  of 

t h e  U.S. energy system a t  which t h e  p r e d i c t i o n  of f u t u r e  demands i s  

p a r t i c u l a r l y  u n c e r t a i n ,  and i n  t h e  Nor theas t  Energy P e r s p e c t i v e s  

Study a  new approach h a s  been taken t o  demand p r o j e c t i o n  of a l l  energy 

forms. Thus it i s  of i n t e r e s t  t o  compare t h e  b e n e f i t s  of  t h e s e  pro- 

j e c t i o n s  of e l e c t r i c a l  demand wi th  those  made by t h e  r e g i o n ' s  

u t i l i t i e s .  

Our e l e c t r i c  demand p r o j e c t i o n s  f o r  1985 and 2000 a r e  based on 

a  c o n s i d e r a t i o n  of s p e c i f i c  uses  of e l e c t r i c i t y ,  such a s  cooking, 



h e a t i n g  and l i g h t i n g  and on t h e  f u t u r e  de terminants  of t h i s  demand, 

w i t h  f u l l  c o n s i d e r a t i o n  g iven t o  such f a c t o r s  a s  i n t e r - f u e l  sub- 

s t i t u t i o n ,  t e c h n o l o g i c a l  development and changes i n  t h e  s t r u c t u r e  

o f  r e g i o n a l  economic and i n d u s t r i a l  a c t i v i t y .  

However, t h e  p re l iminary  na.ture of  t h i s  paper cannot  b e  o v e r l y  

s t r e s s e d .  Many of t h e  a c t i v i t i e s  c u r r e n t l y  under way i n  t h e  BNL 

Regional  Energy S t u d i e s  Program have d i r e c t  b e a r i n g  on t h e  s i t i n g  
Z of e l e c t r i c  f a c i l i t i e s ,  b u t  t h e  r e s u l t s  of t h e s e  a c t i v i t i e s  a r e  

n o t  y e t  a v a i l a b l e  f o r  i n c o r p o r a t i o n  i n t o  t h i s  paper.  Consequently,  

w e  have been l i m i t e d  h e r e  t o  a  q u a l i t a t i v e  r a t h e r  than  q u a n t i t a t i v e  

d i s c u s s i o n  of many of  t h e  major i s s u e s ,  a  d e f i c i e n c y  t h a t  w i l l  be 

r e c t i f i e d  a s  r e s u l t s  do become a v a i l a b l e .  Cur ren t  a c t i v i t i e s  

' germane t o  r e g i o n a l  s i t i n g  i s s u e s  i n c l u d e  
3 

1. Comprehensive a n a l y s i s  of water  r e source  c o n s t r a i n t s ,  

o f  which .only t h e  r e s u l t s  f o r  f r e shwate r  bod ies  i n  t h e  

Nor theas t  a r e  c u r r e n t l y  a v a i l a b l e .  Ana lys i s  of e s t u a r i n e  

and ocean wa te r s  i s  expected t o  b e  complete i n  t h e  near  

f  u  tuye  . 

2. Implementation of  a  computerized, r e g i o n a l  model of t h e  

e l e c t r i c  s e c t o r  t h a t  w i l l  a l low more accura.Le prbjec,tions 

of  g e n e r a t i o n  mix than  t h o s e  adopted i n  t h i s  r e p o r t .  

3 .  Development of a  f a c i l i t y  s i t i n g  model a p p l i c a b l e  t o  

t h e  r e g i o n a l  s c a l e ,  based on l o c a t i o n  theory .  and 

m u l t i p l e - o b j e c t i v e  p lann ing . t echn iques .  

. 
4. D e t a i l e d  a n a l y s i s  of s i t i n g  problems of c o a l  f i r e d  

fnc i . l i . t i .m,  R n  ~ c t = . i v i  +.y ahoil+. tn  . s t ~ r t  m.s pnrt. of 

t h e  Na t iona l  Coal U t i l i z a t i o n  Assessment, ( an  i n t e g r a t e d  

a n a l y s i s  t o  b e  conducted by t h e  Regional Energy S t u d i e s  

Programs of t h e  Na t iona l  L a b o r a t o r i c c ) .  

5. P r e p a r a t i o n  of  a  computerized d a t a  bank cover ing  a l l  

e x i s t i n g  and planned power f a c i l i t i e s  and u t i l i t i e s  i n  

- 2 -  



t h e  Nor theas t .  The economic, environmental ,  t e c h n i c a l  

performance and i n s t i t u t i o n a l  in fo rma t ion  t h a t  w i l l  

comprise  t h i s  d a t a  bank w i l l  f a c i l i t a t e  t h e  s o p h i s t i -  

c a t e d  econometr ic  and s t a t i s t i c a l  s t u d i e s  t h a t  a r e  

necessa ry  f o r  q u a n t i t a t i v e  a n a l y s i s  of  p o l i c y  o p t i o n s .  

I n  summary, then ,  t h e  major o b j e c t i v e s  of  t h i s  paper  a r e  a s  

fo l lows  : 

1. A comparison of  energy demand p r o j e c t i o n s  d e r i v e d  i n  

o t h e r  p a r t s  of t h e  Nor theas t  Energy P e r s p e c t i v e s  Study 

t o  c u r r e n t  u t i l i t y  p r o j e c t i o n s .  

2. A d i s c u s s i o n  of t h e  major t e c h n i c a l  i s s u e s  i n  c a p a c i t y  . 

f o r e c a s t i n g ,  i n c l u d i n g  sys tem load  f a c t o r s ,  ou tage  

r a t e s ,  s c a l e  economies, u n i t  s i z e s ,  and g e n e r a t i o n  mix 

planning.  

3 .  A d i s c u s s i o n  of  t h e  major s i t i n g  c o n s t r a i n t s  f aced  b y  

each type  of g e n e r a t i o n  i n  t h e  Nor theas t .  

4. The p r e p a r a t i o n  of p re l imina ry  f o r e c a s t s  of t h e  number 

and type  o f  new g e n e r a t i o n  f a c i l i t i e s  necessa ry  by  1985 

and 2000, and an a n a l y s i s  of t h e  i m p l i c a t i o n s  f o r  

r e g i o n a l  s i t i n g  po l i cy .  



NOTES TO CHAPTER I 

1. For Eur ther  d i s c u s s i ~ n  of t h e  r e g i o n a l  p e r s p e c t i v e  t o  energy 
f a c i l i t y  s i t i n g  problems, see'  P. Meier, "Energy F a c i l i t y  
S i t i n g  Locat ion:  A Regional Viewpoint," BNL 20435 (August 
1975) ,   rookh haven. ~ a t i o n a l  Laboratory,  Upton, N.Y. 

2. For a complete d e s c r i p t i o n  and s t a t u s  of t h e  program, see 
P, F. Palmedo, "The BNL Regional Energy S t u d i e s  Program: 
Annual Report FY 1975," BNL 50478 ( J u l y  1975) ,  Brookhaven 
Na t iona l  Laboratory,  Upton, N.Y. 

3 .  See a l s o ,  ,P. Meier, "Research i n  Energy F a c i l i t y  S i t i n g , "  
BNL 20489 ( ~ u l y  1975),  Brookhaven Na t iona l  Laboratory,  Upton 
N.Y. 



CHAPTER I1 

THE EXISTING FUEL AND CAPACITY MIX 

2.1 I n t r o d u c t i o n  

I n  t h i s  c h a p t e r  we review b r i e f l y  t h e  e x i s t i n g  f u e l  and c a p a c i t y  

m i x ,  a s  t h i s  h a s  g r e a t  b e a r i n g  on t h e  o p t i o n s  a v a i l d l e  i n  t h e  

. f u t u r e .  F i r s t ,  however, w e  t u r n  t o  a  comparison of t h e  r e g i o n a l  

breakdowns used  i n  t h e  BNL Energy P e r s p e c t i v e s  S tudy  w i t h  c u r r e n t  

u t i l i t y  p lanning  arrangements .  

Region I, a s  used by a l l  of  the.  i s s u e  pape r s  i n  t h e  Energy 

P e r s p e c t i v e s  Study,  compr ises  t h e  s i x  New England S t a t e s ,  which 

cor responds  e x a c t l y  t o  t h e  a r e a  o f  t h e  N e w  England Power Pool  

(NEPOOL) ,  a l s o  e q u i v a l e n t  t o  t h e  F e d e r a l  Power Commission des igna-  
1 

t i o n  " c o o r d i n a t e d  power supp ly  Region A , "  (The equ iva lency  of  

t h e s e  r e g i o n a l  d e f i n i t i o n s  i s  a l s o  shown on Table  1.) 

Region I1 c o n s i s t s  of New York S t a t e ,  a g a i n  e x a c t l y  e q u i v a l e n t  

t o  t h e  a r e a  covered  by  t h e  New York Power Pool ,  and t h e  FPC Coordi- 

n a t e d  Supply Area B. 

The cor respondence  o f  Region 111, which c o n s i s t s  of  Pennsylvania ,  

New J e r s e y ,  Maryland, Delaware and t h e  D i s t r i c t  of  Columbia, t o  c u r r e n t  

u t i l i t y  p l ann ing  arrangements  i s  more compl ica ted .  The Mid-Atlant ic  

Area R e l i a b i l i t y  Counc i l  (MAAC) i n c l u d e s  a l l  of  t h e  u t i l i t i e s  i n  the 

Region excep t  t h o s e  s e r v i n g  p a r t s  o f  wes te rn  Pennsylvania  and 

w e s t e r n  Maryland which be long  t o  t h e  E a s t  C e n t r a l  Area R e l i a b i l i t y  

Coord ina t ion  Agreement (ECAR) . The l a t t e r  u t i l i t i e s  a r e  members 

o f  e i t h e r  t h e  Allegheny Power System (APS) o r  t h e  C e n t r a l  Area Power 

Coord ina t ion  Group (CAPCO); w h i l e  a l l  o f  t h e  MAAC u t i l i t i e s  e x c e p t  

the A t l a n t i c  C i t y  Elec t r ic  Company a r e  m e r r i b e r s  o f  t h e  Pennsylvania-  

Jersey-Maryland I n t e r c o n n e c t i o n  Power Pool  ( P J M ) .  These arrangements  

a r e  i l l u s t r a t e d  i n  F i g u r e  1. 



TABLE 1 

REGIONAL DEFIL'JITI 3NS 

T h i s  R e p o r t  F PC 
( C o n s i s t e n t  w i t h  3 N L  " C o o r d i n a t e d  F PC 
E n e r q y  P e r s p e c t i v n s  S t u d y )  P o w e r  P o o l  S u p p l y  A r e a "  ' P o w e r  S u p p l y  A r e a "  R e l i a b i l i t y  C o u n c i l  

' R e g i o n  I NEPOOL 
( 6  N e w  E n g l a n d  S t a t e s :  

I 

a! 
1 R e g i o n 1 1  

( N e w  Y o r k  S t a t e )  
NYPP 

R e g i o n  I11 P J M  C  
( P a . , N . J .  ,Md.  , E e l . ,  P a r t s  of & 

D i s t r i c t  of C o l u m j i a )  P e n n s y l q ~ a . n i s  i n  
CAPCO and i n  
A P S  

( M a i n e )  

{ V t . ,  N.H., C o n n . ,  
R . I . ,  M a s s )  

( N e w  Y o r k  S t a t e  
except u t i l i t i e s  
i n  PSA 4)  

( C o n s o l i d a t e d  E d .  
L I L C O ,  O r a n g e  and 
R o c k l a , n d )  

N o r t h e a s t  P o w e r  C o -  
o r d i n a t i n g  C o u n c i l  
(NPCC)  ( a l s o  i n c l u d e s  

O n t a r i o  and N e w  
B r u n s w i c k )  

I 5. ( A l l  s t a t e s  i n  PJM 1 M i d - A t l a n t i c  A r e a  except D.C . : 
C o u n c i l  (MAAC) 1 6. (D.C. ) 1 

( 7 .  ( A s  s h o w n  on E a s t  C e n t r a l  A r e a  
F igure  1 )  R e l i a b i l i t y  C o u n c i l  

(ECAR) ( a l s o  i n c l u d e s  
m o s t  of Ky. ,W.Va . ,  
O h i o ,  M i c h . ,  and 
I n d i a n a )  
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" POWER SUPPLY AREAS.  

I's 
6 ,-ir, STUDY AREA GROUPING OF 
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100 0 50 100 CENTRAL R E G I O N  AND IS NOT 
./ 

t I I I i INCLUDED I N  T H I S  R E P O R T .  

S O U R C E  : *REF. I  ( b )  

Piguzr 1. U e f i n i c i u i ~  ul p u w e ~  supply arras. 



2.2 The Capac i ty  Mix 

The 1972 and 1975 c a p a c i t y  mix, d i s a g g r e g a t e d  by  r eg ion ,  i s  

shown on Tab les  2 and 3, r e s p e c t i v e l y .  

S e v e r a l  i n t e r e s t i n g  f e a t u r e s  emerge from t h e s e  Tables .  For 

example, f o r  1975 t h e  percentage  o f  c a p a c i t y  i n  hydro  and cornbus- 

t i o n  t u r b i n e  i s  20.6 p e r c e n t  f o r  New England, 32,8 p e r c e n t  f o r  

New York and 19.9 p e r c e n t  i n  PJM. However, t h e  two l a r g e  hydro  

p l a n t s  ope ra t ed  by  t h e  Power A u t h o r i t y  of  t h e  S t a t e  of  New York 

(PASNY) , t h e  Robert  Moses F a c i l i t i e s  on t h e  S t .  Lawrence and 

Niagara F a l l s  nea r  Buf fa lo ,  account  f o r  2.86 Gw o f  t h e  i n d i c a t e d  

4.03 Gw hydro  t o t a l ,  and a r e  o p e r a t e d  a s  b a s e  l o a d  p l a n t s  r a t h e r  
3 

t h a n  f o r  peaking c a p a c i t y .  S u b t r a c t i n g  t h e s e  f a c i l i t i e s  from t h e  

4.03 Gw t o t a l ,  one o b t a i n s  4.95 Gw i n  peaking c a p a c i t y ,  o r  18,4 per- 

c e n t  of t h e  t o t a l  NYPP c a p a c i t y .  Thus, t h e  f r a c t i o n  of  combustion 

t u r b i n e  and hydro  peaking c a p a c i t y  i n  a l l  t h r e e  power poo l s  i s  s e e n  

t o  b e  ve ry  c l o s e  ( a l l  i n  t h e  v i c i n i t y  of 20 p e r c e n t ) ,  d e s p i t e  t h e  

s i g n i f i c a n t  v a r i a t i o n s  i n  t h e  r e l a t i v e  c o n t r i b u t i o n s  of  pumped 

s t o r a q e ,  combustion t u r b i n e ,  and conven t iona l  hydro. 

W e  a l s o  n o t i c e  t h a t  Region I11 (PJM) h a s  t h e  h i g h e s t  pe rcen tage  

o f  conven t iona l  s team G n i t s ,  w h i l e  n u c l e a r  u n i t s  p l ay  a  more impor tant  

r o l e  i n  New England t h a n  i n  t h e  o t h e r  two reg ions .  
4 

2.3 The Fue l  Mix 

Tables  4 and 5 show f u e l  consumption, i n  Btu e q u i v a l e n t s ,  and 

Tables  6 and 7 e l e c t r i c  g e n e r a t i o n ,  i n  kwh pe r  y e a r ,  f o r  1972 and 

1975 r e s p e c t i v e l y .  A n a l y s i s  of t h e s e  f o u r  t a b l e s  i l l u s t r a t e s  a  

number of most impor tan t  f e a t u r e s  of t h e  response  of t h e  e l e c t r i c  

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

fo l lowed t h e  1973 o i l  embargo. 

~ n s p e c t i o n  o f  Tables  6 and 7 shows t h a t  w h i l e  the. t o t a l  energy 

o u t p u t  i n  t h e  r e g i o n  h a s  i n c r e a s e d  s l i g h t l y  (from 337 t o  342 x 10  6 



T a b l e  2  

1972  TOTAL INSTALLED CAPACITY 

I .  New ~ n g l a n d ~  
b  

11. N e w  yo rka  111. PJMD Nor t h e a s  t 

C o n v e n t i o n a l  1 . 2 8  7 . 8  4 . 0 3  1 6 . 7  1 . 1 8  3 .0  6 . 4 9  8 . 2  

Pumped S t o r a g e  0 .28  1 . 7  0  0  1 . 0 5  2 .7  1 . 3 3  1 . 7  

G a s  m r b i n e  1 . 1  1 0 . 5  4.32 1 7 . 9  5 . 0  1 2 . 8  1 1 . 0 3  1 3 . 9  

S t eam E l e c t r i c  

G a s  
O i l  
C o d  

N u c l e a r  3.0 1 8 . 4  1 . 3 0  5 .4  0 . 7 3  1 . 9  5 . 0 3  6 . 3  

T o t a l  - 1 6 . 3  2 4 . 1  3 9 . 1  79 .5  

a ~ o r t h e a s t  Power C o o r d i n a t i n g  C o u n c i l  R e p o r t  ( A p r i l  1, 19731 ,  T a b l e  2. S e e  No te  4 .  T h e s e  
are  t h e  a c t u a l  72-73 w i n t e r  c a p a c i t i e s  a n d  may b e  s l i g h t l y  h i g h e r  t h a n  t h e  c a p a c i t i e s  as o f  
Dec. 31 ,  1972  d e p e n d i x g  o n  w h e t h e r  a n y  new u n i t s  s t a r t e d  o p e r a t i n g  e a r l y  i n  1 9 7 3 .  

bMAA~ R e p o r t  ( A p r i l  1 , . 1 9 7 3 )  a n d  ECAR R e p o r t  ( ~ ~ ~ i l  1, 1 9 7 3 ) ,  see Notes 5  a n d  6 .  MAAC p o r t i o n  
o f  t h e  c a p a c i t i e s  was t h o s e  e x i s t i n g  a s ' o f  Feb .  1, 1 9 7 3 ,  w h i l e  ECAR p o r t i o n  was a s  o f  
Dec. 3 1 ,  1 9 7 2 .  



Table 3 

1375, Total .  I n s t a l l e d  Ca2acit.y 

a 
I .  New Enqlan? I I .  New yorka 111. PJElD b 

Nor t h e a s  t 
Gw - 34 

L - GW % - - Gw % - - GW % - 
Hydroe lec t r i c  

conver-t ional  1.30 4 -03  
pumpeE s t o r a g e  1.63 1.00 

Gas Turbine 20.6 32 -8  

gas  0 
. 

0,. 05 
I - o i l  1 .18  3.73 
I-' 
0 

Steam E l e c t r i c  

c o a l  1.06 5 .3  3.26 12.1 20.05 42.0 24.37 25.8 

nuclear  

T c t a l  19.90 26.89 47.69 94.48 

a 
Nor theas t  Power Coore inat ing  Council  Report ,  (Apr i l  1, 1976) , See Note 4 .  

b 
MAAC R e p o r t - ( A p r i l  1: 1 9 7 6 ) ,  See Note 5: ECAR Report (Apr i l  1976),  See Note 6 .  



T a b l e  4  

1972 FUEL CONSUMPTION I N  ELECTRICITY GENERATION 

I .  N e w  Eng land  11. New York 111. PJMD 

1 0 1 2 ~ t u  - % 1012Btu  - % 1012Btu  - % 

G a s  T ~ r b i n e  

g a s  I 0 . 1  3  1 3 .3  2  1 1.1 

211 15 2 .6  7  3  7 .7  8  4  4 . 2  

S t e a m  E l e c t r i c  

g a s  11 1 . 5  4  0  4 .2  1 8  0 .9  

o i l  5 30 73 .5  4  7  0  49.4 6  32 31.9 

c o a l  32 4.4 14  3  1 5  . O  1160 5 8 . 5  

n u c l e a r  10  5 1 4 . 6  7  1 7 .5  5 1 2.6  - - 

T o t a l  7  2  :! 

N o r t h e a s t  

1o12s tu  - % 

a ~ s s u m i n g  a n  e f f i c i e n c y  o f  a b o u t  0 . 8 ,  t h e  numbers g i v e n  i n  t h i s  row r e p r e s e n t  t h e  p o t e n t i a l  
e n e r g y  needed  t o  g e n e r a t e  t h e  amount o f  e l e c t r i c i t y  a c t u a l l y  p r o d u c e d .  

S o u r c e :  J .  Lee ,  Note  1, p .  7-11. 



T a b l e  5  

1 9 7 5  FCEL CONSUMPTION I N  ELECTRICITY GENESTION 

I .  New E n g l a n d  11. New York 111. PJMD ~ o r t h e a s t  
1 2  

10  B t u  % - 1 0 1 2 ~ t u  - % 1 0 1 2 ~ t u  - % 1 0 1 2 ~ t u  - % 

H y d r o e l e c t r i c  b 2  0  2 . 8  126  1 3  . O  1 6  1 . 0  1 6 2  4.9 

S t eam E l e c ~ r i r  

ga sa  2  3 . 3  1 3  1 . 3  1 0  0 . 6  2  5  0 . 8  

o i l a  418 53 .3  517 53 .5  37 8  22.9 1 3 1 3  3 9 . 5  

c o a l a  39 5 . 5  1 3 4  13 .9  9  50 5 7 . 6  1 1 2 3  33 .8  

n u c l e a r  C 223  31 .  J 142  1 4 . 7  2  52 1 5 . 3  617 1 8 . 6  - - 

T o t a l  7  0  9  9  66 1 6 4 8  3323 

a  Based  o n  v ~ i o u s  PC N e w s  R e l e a s e s  a n d  as uming t h e  f o l l o w i n g  a v e r 3 c e  h e a t  c o n t e n t s :  
c o a l  - 1 0  - 8 5  x 105 B t u / l b .  o i l  - 146  x l o 3  B t u / g a l ,  g a s  - 1 . 0  x 1 0  B t u / c f  . 

b ~ e e  f o o t n o t e  o f  " a b l e  4 .  

C Based  c n  v a r i o u s  FPC Mew R e l e a s e s  a n d  a s s u m i n g  a n  e f f i c i e n c y  o f  0 . 3 1 .  



T a b l e  6 

1972 ELECTRIC GENERATION BY TYPE OF FACILITY 

I. New England 11. New York - 111. PJMD N o r t h e a s t  - 
6 

10 Mwh 
6 

% - 10 Mwh % % - 1 0  Mwh % - 
6 

1 0  Mwh 
6 

a .  
H y d r o e l e c t r i c  5 . 1  7 .5  27.5 27.0 . 3.6  2 .1  36.2 10 .7  

C o n v e n t i o n a l  Steamb 5 3 . 1  78 .4  67.9  66.6 159.4  9 5 . 1  280.4 8 3 . 1  

N u c l e a r  Steam 9 . 5  14 .0  6 . 5  6 - 4  4 .7  2 . 8  ' 20.7 6 . 1  

I 
I-' 
W 

T o t a l  67.7 101 .9 '  167.7 337.3 

a 
Pumped s t o r a g e  i s  n o t  i n c l u d e d  b e c a u s e  i t s  " f u e l "  i s  t h e  e l e c t r i c i t y  p roduced  b y  o t h e r  
t y p e s  of  f a c i l i t i e s  l i s t e d  h e r e  and  hence  i n c l u d i n g  pumped s t o r a g e  would mean c o u n t i n g  
t h e  same e lec t r ic  g e n e r a t i o n  t w i c e .  F u r t h e r m o r e ,  t h e  amount o f  e l e c t r i c i t y  g e n e r a t e d  b y  
pumped s t o r a g e  i s  less t h a n  1% i n  a l l  three' r e g i o n s .  

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

Source :  Ed ison  Elec t r ic  I n s t i t u t e  S t a t i s t i c a l  Yearbook f o r  1972. 



! T a b l e  7 

1975 ZLECTRIC GENERATION BY TYPE OF FACILITY 

I .  New Encland 111. PJMD N o r t h e a s t  
6 

. 10 Mwh % 
6 

10 Mwk 
6 ' \  10 Mwh % - 10 Mwh - % 6 

- 

a 
H y e r o e l e c t r i c  . 4 . 4  13 . 3 28.1 26.3 \, ' \ .3.6 2.2 36.1 10.6 

Gas T u r b i n e  
. . 

g a s b  0 . 0 5  11 . 07. 0.04 0.03 o .I 0.06 0.2 0.06 
o i  lb 0.4 0.6 2 .'3 2.2 2.7 1.6 5.4 1 .6  

Steam E l e c t r i c  
g a s b  0.15 0 . 2 1.0 0 .9  1.0 0.6 2.2 0.6 
o i l b  40.1 57.4 48.8 45.7 33.8 20.4 122.7 35.9 
c o a l  4.4 6 . 3  13.8 12.9 101.2 61.2 119.4 34.9 
n u c l e a r  20.3 29.1 12.9 1 2 . 1  22.9 13.9 56.0 16.4 .- 

T o t a l  69 - 8  106.9 165.3 342.0 

a  
C o n v e n t i o n a l  o n l y .  See F o o t n o t e  o f  Table  6 .  

Iil FPC :Jews R e l e a s e s ,  e l e c t r i c  g e n e r a t i o n  by g a s  t u r b i n e s  and  by s team 
n l e c t k i c  n n i t s  n .nt  s e n a r a t e l v  l i s t e d ,  o n l v  t h e  sum is g i v e n .  However, 
t h e  amoun- o f  n c t u r a l  g a s  corsumed by g a s  t u r b i n e s  3nd t h e  amount consumed 
by s team e l e c t r i c  u n i t s  a r e  s e p a r a t e l y ,  t a b u l a t e d .  ' J s i n g  t h e  f a c t  t h a t  g a s  
t u r b i n e  laas an  Everage e f f i c r e n c y  o f  0.24 and s team e l e c t r i c  uni't  0 .32,  we 
a r e  a b l e  :o compute t h e  amourt  of e l e c t r i c i t y  g e n e r 3 t e d  by t h e  two k i n d s  o f  
genera to rs ' .  

Source :  V a r i o u s  FPC N e w s  R e l e a s e s .  



Mwh), t h e  f u e l  consumed h a s  f a l l e n  from 3.G5'Quads ,to 3.32 Quads, 

r e f l e c t i n g  a more e f f i c i e n t  u s e  of f u e l  i n  t h e  sys tem a s  a whole. 

This  g a i n  i n  e f f i c i e n c y  fo l lows  from two major f a c t o r s .  F i r s t ,  we 

n o t e  a d ramat i c  d e c r e a s e  i n  t h e  u s e  of  g a s  t u r b i n e s  ( t h e  f u e l  used 

i n  gas  t u r b i n e s  f e l l  from .22 Quads i n  1972 t o  .08 Quads i n  1975)-- 

t h e  e f f i c i e n c y  g a i n  h e r e  d e r i v e s  from t h e  f a c t  t h a t  s t e a m - e l e c t r i c  

p l a n t s  have a s i g n i f i c a n t l y  h i g h e r  e f f i c i e n c y  t h a n  g a s  t u r b i n e .  u n i t s .  

Second, we n o t e  t h a t  a much h i g h e r  f r a c t i o n  of t h e  t o t a l  o u t p u t  i n  

1975 is  gene ra ted  b y  n u c l e a r  power ( r i s i n g  from 6% i n  1972 t o  16% 

b y  1975).  

Another i n t e r e s t i n g  f e a t u r e  i s  t h e  d ramat i c  d e c r e a s e  i n  t h e  

u s e  of  g a s  a s  a f u e l ,  f a l l i n g  from .12 Quads i n  1972 t o  .03 Quads 

i n  1975. Moreover, whereas i n  1972 44  p e r c e n t  of  t h e  g a s  burned 

was used i n  gas  t u r b i n e s ,  i n  1975 on ly  11 p e r c e n t  w a s  used in g a s  

t u r b i n e s .  Thus, n o t  on ly  h a s  t h e -  t o t a l  g a s  consumption f a l l e n ,  

b u t  i t  h a s  been  used more e f f i c i e n t l y  ( a g a i n ' b e c a u s e  s t e a m - e l e c t r i c  

p l a n t s  have h i g h e r  e f f i c i e n c i e s  t h a n  g a s  t u r b i n e s )  . 
I t  should come a s  no s u r p r i s e ,  t hen ,  ' t ha ' t  w i t h  a roughly con- 

s t a n t  f u e l  u se ,  b u t  s i g n i f i c a n t l y  h i g h e r  n u c l e a r  g e n e r a t i o n ;  t h e  

u s e  of o i l  h a s  f a l l e n  dramatical ly--from 1.8 Quads i n  1972 t o 1 . 4  

Quads i n  1975. A t  t h e  same t ime,  u s e  of c o a l  h a s  a l s o  dec reased  

5rom 1,33 Quads t o  1 , 1 2  .Quads, w i t h  most of  t h a t  d e c r e a s e  o c c u r r i n g  

itn Seg2,on 111. (which incIudes. .  .Pennsylvanial. . 
F i n a l l y ,  one should  n o t e  t h a t  t h e  expe r i ence  of .  t h e  Nor theas t  

over  t h e  p a s t  t h r e e  y e a r s  h a s  been  r a t h e r  d i f f e r e n t  t h a n  t h e  Nat ion  

a s  a whole. I n  1974, e l e c t r i c  energy consumption dropped i n  a l l  

t h r e e  subreg ions  of t h e  Nor theas t ,  a s  i l l u s t r a t e d  on F i g u r e  2 ;  

whereas i n  t h e  Nat ion  as a whole, e l e c t r i c  consumption i n c r e a s e d  

somewhat. Indeed,  e l e c t r i c  energy consumption i n  Region I11 dropped 

even f u r t h e r  i n  1975. 
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Figure  2 .  Impact of the  oil embargo and the  recessiun 
un e l e c t r i c  energy consumptioni 
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ENERGY DEMAND FORECASTS 

3.1 I n t r o d u c t i o n  . . 

I n  t h i s  c h a p t e r  we assemble t h e  e l e c t r i c  demand p r o j e c t i o n s  

made by  two o t h e r  i s s u e  papers  prepared  by  t h e  BNL Perspec t . ives  

Study,  and compare t h e s e  t o  o t h e r  u t i l i t y ,  power pool ,  and p u b l i c  
I 

agency p r o j e c t i o n s .  Both t h e  paper  on i n d u s t r i a l  energy demand, 
2 and t h a t  on r e s i d e n t i a l  and commercial energy.demand, d e r i v e  a  

range of e s t i m a t e s  of e l e c t r i c  consumption f o r  1985 and 2000, 

d i s a g g r e g a t e d  by t h r e e  major subreg ions .  

A number of r easons  make t h e  independent  d e r i v a t i o n  o f  energy 

demands p r e f e r a b l e  t o  t h e  t r a d i t i o n a l  e x t r a p o l a t i o n s  o f  growth 

r a t e s .  The most obvious,  of cour se ,  i s  t h e  d i s c o n t i n u i t y  i n  demand 

growth exper ienced  by most u t i l i t i e s  i n  1974, caused by t h e  j o i n t  

e f f e c t s  of t h e  deepening r e c e s s i o n  a n d . c o n s e r v a t i o n  by  consumers . 

d u r i n g  and fo l lowing t h e  .1973-19.74 o i l  erribargo, a  d i s c o n t i n u i t y  

i l l u s t r a t e d  on F i g u r e  2. To u t i l i t i e s  long  accustomed t o  s t e a d y  

growth r a t e s  of  around 6 t o  8 p e r c e n t  pe r  yea r  ( p r e d i c t i o n s  t h a t  

were admi t t ed ly  e n t i r e l y  adequate  d u r i n g  most of  t h e  s i x t i e s )  such 

d i s c o n t i n u i t i e s  pose s e v e r e  a n a l y t i c a l  problems. To b e  s u r e ,  many 

u t i l i t i e s  have r e c e n t l y  t u r n e d  t o  q u i t e  s o p h i s t i c a t e d  econometr ic  
3 

load f o r e c a s t i n g  t echn iques ,  b u t  t h e s e  cannot  e a s i l y  d e a l  w i t h  t h e  

impact  of s p e c i f i c ,  n o i - p r i c e ' c o n s e r v k t i o n  p o l i c i e s  o r  t e c h n o l o g i c a l  
4  

developments i n  end-use dev ices .  

The problem of p r o j e c t i o n  i s  a l l  t h e  ..more t r o u b l i n g  s i n c e  v e r y  

sma l l  changes i n  assumed growth r a t e s  can  have ve ry  l a r g e  o v e r a l l  

impacts  when e x t r a p o l a t e d  over  25 y e a r s ;  a 4  p e r c e n t  growth r a t e  

over  25 y e a r s  r e s u l t s  i n  a  n e t  i n c r e a s e  of 166 p e r c e n t ;  whereas a  



5 p e r c e n t  r a t e  r e s u l t s  i n  a  238 p e r c e n t  i n c r e a s e ,  c l e a r l y  a  s i g n i -  

f i c a n t  d i f f e r e n c e  when t r a n s l a t e d  i n t o  t h e  number o f  new f a c i l i t i e s  

t h a t  may o r  may no t  be needed. 

A f u r t h e r  d i f f e r e n c e  between t h e  normal. u t i l i t y  p r o j  e c t i o n s  

and t h o s e  developed f o r  t h i s  s t u d y  concerns t h e  t ime  hor i zon .  We 

a r e  concerned w i t h  supply-demand t r e n d s  ove r  a  p e r i o d  of a t  l e a s t  

25 y e a r s ,  whereas u t i l i t y  p r o j e c t i o n s , .  o r  a t  l e a s t  t h o s e  t h a t  a r e  
5 pub l i shed ,  r a r e l y  ex tend  beyond t e n  y e a r s .  The e f f e c t s .  of u n c e r -  

t a i n t i e s  i n  qrowth r a t e s  a re  q u i t e  d i f f e r e n t ,  for  l .ong t . i m e  h n r i z o n s  

and it i s  r e a s o n a b l e  t o  expec t  t h a t  d i f f e r e n t  a n a l y t i c a l  appr.oaches 

may b e  a p p r o p r i a t e .  
6 

3 . 2  NEPOOL (New Enqland, Reqion I )  

The enekgy demand p r o j e c t i o n s  f o r  New England, a s  d e r i v e d  i n  

t h e  p r e v i o u s l y  mentioned i s s u e  papers ,  a r e  assembled i n  Table 8.  

One should  no te ,  however, t h a t  t h e  t o t a l s  column i s  g r e a t e r  t h a n  

t h e  sum of t h e  i n d u s t r i a l ,  commercial, and r e s i d e n t i a l  s e c t o r s ,  t o  

account  f o r  a g r i c u l t u r a l  u se ,  street l i g h t i n g ,  and i n s t i t u t i o n a l  u s e  

(sewage t r e a t m e n t  p l a n t s ,  w a t e r  supp ly  f a c i l i t i e s ,  ' e t c . ) ,  which were 

n o t  inc luded  i n  t h e  named c a t e g o r i e s .  A n a l y s i s  of  u t i l i t y  d a t a  

s o u r c e s  s u g g e s t s  t h a t  t h e s e  misce l l aneous  u s e  c a t e g o r i e s  account  f o r  

some 10 p e r c e n t  of  t o t a l  consumption, an e s t i m a t e  r e f l e c t e d  i n  t h e  

t o t a l s  column of  Table 8. 

For each y e a r ,  we show a  h i g h ,  a  medium and a  low c a s e  which 

a r e  t h e  a p p r o p r i a t e  c a s e s  t aken  from t h e  two i s s u e  papers .  For t h e  
. . 

i n d u s t r i a l  s e c t o r ,  t h e y  cor respond t o  Case 111, I ,  and V, respec-  

t i v e l y .  For both'  r e s i d e n t i a l  and commercial s e c t o r s ,  t h e y  cor respond 

t o  b a s e ,  moderate conserv .a t ion  and s t r o n g  conse rva t ion ,  r e s p e c t i v e l y .  

HOW do t h e s e  energy  demand p r o j e c t i o n s  compare w i t h  o t h e r  f o r e -  
7 

c a s t s ?  The NEPOOL f o r e c a s t ,  which on ly  ex tends  t o  1985, makes t h e  

f o l l o w i n g  p r o j e c t i o n  of energy demand: 



ENERGY DEMAND PROJECTIONS FOR NEPOOL 

(New England, Region I) 
12 

(in 10 ~tu/yr, except where noted) 

' 1985 
~ o t a l ~  

Industrial Residential -- Commercial 
12 10 6 Mwh 

10 Btu 

HIGH 118 

MEDIUM 10 0 

LOW 86 

2000 
~ o t a l : ~  

12 
10 Btu 

6 
Industrial Residential Commercial 10 Mwh 

HIGH 186 227 286 7 6 9 225 

14 5 19 7 12 5 5 80 170 
MEDIUM 

LOW 

a See text. 



1975 
6 

74 x 10 Mwh ( a c t u a l )  
6 

1980 97 x 10 Mwh 

1985 
6 

127 x 10 ~ w h  

The 1985 f i g u r e  l ies  s l i g h t l y  above our h igh  case.  Another r e c e n t  

p o s t  embargo p r o j e c t i o n  by t h e  New England Regional Commission (NERC) 
8 

Energy Program i s  shown on F igure  3 ,  upon which we have superimposed 

our  1985 and 2000 p r o j e c t i o n s .  A s  can  b e  seen from t h i s  f i g u r e ,  our 

f o r e c a s t s  a r e  of t h e  same o r d e r  of magnitude a s  t h e  NEPOOL and NERC 

f o r e c a s t s .  

C KEY: 
CONTRIBUTION DUE TO POPULATION 

3 5 0  GROWTH ALONE AT FIXED (1975) 
PER CAPITA CONSUMPTION 

****  FUHtCASI  H A S t U  UN H t U U C t U  
RESIDENTIAL AND COM MERClAL 

3 0 0  CONSUMPTION PROJECTIONS 

--- FORECAST BASED ON SATURATION 
OF PER CAPITA CONSUMPTION AT  

2501 , 

DOUBLE 1975 LEVELS 

C 

3 
.r 2 0 0  

z 
0 / 

0 
1965 1370 I 9 7 5  l9AO I 9 8 5  I990 I 3 9 5  2000 

YEARS 
( T O T A L  CONSUMPTION 

F i g u r e  3 . '  N E P O O L  p r o j e c t i o n s .  Sou rce :  N E R C ,  
n o t e  8, p .  1 2 7 .  



3 . 3  New Y o r k  P o w e r  P o o l  (New Y o r k  s t a t e ; R e q i o n  111) 

T h e  R e g i o n  I1 e n e r g y  p r o j e c t i o n s  are d i s p l a y e d  o n  T a b l e  9. 

T h e  c o r r e s p o n d i n g  NYPP e s t i m a t e s  o f  t o t a l  e n e r g y  d e m a n d  i n  1 0  
6 

Mwh, are as f o l l o w s :  
9  

1 9 7 5  10.8  ( a c t u a l )  ' 

These P o w e r  P o o l  e s t i m a t e s  a r e  t h u s  s e e n  t o  be i n  good correspon- 

d e n c e  w i t h  o u r  own e s t i m a t e s ,  l y i n g  f a i r l y  close t o  o u r  lgmed ium"  

case. 

T a b l e  9 

ENERGY DEMAND PROJECTIONS FOR NYPP 

(New Y o r k ,  R e g i o n  1 1 )  

( 1 0 1 2  B ~ u / Y ~ ,  except w h e r e  n o t e d )  

1 2  ' 6 .  
~ k d u s t r i a l  R e s i d e n t i a l  C o m m e r c i a l  10 B t u  10 Mwh 

HIGH 1 7 1  1 9 2  2 2 8  6 4 9  1 9  0  

MEDIUM 1 4 5  1 8 1  1 8 9  5 6 6  1 6 6  

LOW 1 2 2  1 6  2  1 6 4  4  94  1 4 5  

20UU 

:. . 
~ o t a l ~  

1 2  6 .  
I n d u s t r i a l  R e s i d e n t i a l  C o m m e r c i a l  1 0  B t u  10 Mwh 

HIGH 26 2  3 4 0  4 8 3  1 1 9 5  3 5 0  

MEDIUM 2 0 4  

LOW 1 4 9  

S o u r c e :  NPCC, 1 9 7 6 ,  S e e  N o t e  7 ,  
C h a p t e r  V I .  



3 . 4  PJM-CAPCO-APS (Pa.,  N . J . ,  Md., Del. and D.C.; Reqion 111) 

The BNL energy p r o j e c t i o n s  f o r  Region I11 a r e  shown on Table 

10. A s  noted i n  t h e  i n t r o d u c t i o n ,  Region I I I ' c o n s i s t s  of  t h e  

u t i l i t i e s  i n  MAAC, p l u s  some members of CAPCO and APS s e r v i n g  

p o r t i o n s  of Western Maryland and Western Pennsylvania and t h u s  

comparisons become somewhat d i f f i c u l t .  By making t h e  necessary  

assumptions, however, a  v a r i e t y  of d a t a  sources  do a l low an approxi-  

mation;1° wi th  t h e  r e s u l t  t h a t  c u r r e n t  u t i l i t y  p r o j e c t i o n s  f o r  1985 
6 

i n d i c a t e  a  t o t a l  e l e c t r i c  energy demand of about  330 x 10 m h ,  

f a i r l y  c l o s e  t o  our h igh  case .  Ne i the r  ECAR nor MAAC make p ro jec -  

t i o n s  of e l e c t r i c  energy requirement  beyond 1985, and thus  no 

d i r e c t  comparison wi th  our  2000 p r o j e c t i o n  can b e  made. 

Table 10 

ENERGY DEMAND PROJECTIONS FOR Rl3GION I11 

( i n  10'' ~ t u / ~ r ,  e x c e p t  where noted)  

I n d u s t r i a l  

HIGH 422 , 

MEDIUM 3 5 2  

LOW 290 

I n d u s t r i a l  

HIGH 673 

MEDIUM 51a 

LOW 372 

R e s i d e n t i a l  Commercial 

3 10 280 

2 9 3  2 3 1, 

~ o t a l ~  
12 

10 Etu  
6 

10 Mwh 

1113 3 %b 

~ o t a l ~  
12 

10 Btu 10~Mwh 

1991 583 

a 
See t e x t .  



3.5 Comparisons to Econometric Projections 

In view of the now fairly wide use of econometric forecasting 

approaches, a comparison of our projections with comparable econo- 

metric projections is also useful. On Figure 4, we present, for 

New England, New York, and the Mid-Atlantic regions, respectively, 

a comparison between our base case and Tyrell's econometric projec- 

tion.'' We note a substantial agreement in total projections, 

within a few percent of each other in all cases; and in individual 

sectoral estimates, correspondence is also reasonably close. 

Finally, on Table 11 we shew the regional totals. Also shown, 

for comparison, is the sum of the 1985 Power Pool Projections as 

discussed in the earlier sections of this Chapter, and the 

historical growth projection of ~ricson,'~ which extrapolates 

the 1956-1961 growth ratio. 

Table 11 

REGIONP TOTALS 
(10 Mwh.) 

Low Medium 

BM; 481 
~ ~ r e l l ~  

a 
Erikson. 

2000 
BNL 

. Tyrell 
Erikson 

Hiqh 

638 

a 
Interpolated value for 1985. 

b 
Based on tabulations in earlier sections. 
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CHAPTER I V  

ISSUES I N  CAPACITY FORECASTING 

4 . 1  System Load F a c t o r s  - 

The t i m e  d i s t r i b u t i o n  of t h e  energy  demand p r o j e c t e d  i n  t h e  

p r e v i o u s  s e c t i o n  i s  t h e  f i r s t  o f  t h e  many s i g n i f i c a n t  f a c t o r s  l i n k i n g  

energy  demands t o  c a p a c i t y  needs.  An i m p o r t a n t  c h a r a c t e r i z a t i o n  o f  

t h e  t i m e  c h a r a c t e r i s t i c s  o f  energy  demand i s  t h e  annua l  l o a d - d u r a t i o n  

c u r v e ,  which shows t h e  number of  hour s  p e r  y e a r  t h a t  a  s p e c i f i e d  

c a p a c i t y  i s  r e q u i r e d .  F i g u r e  5 shows such a  c u r v e  f o r  t h e  Ba l t imore  

Gas and E l e c t r i c  Company, t h e  u t i l i t y  s e r v i n g  t h e  Ba l t imore  Metro- 

p o l i t a n  ~ r e a . '  The a r e a  under  t h e  cu rve  r e p r e s e n t s  t o t a l  annua l  

ene rgy  g e n e r a t i o n ,  Ea ,  and t h e  r e l a t i o n s h i p  o f  t h i s  q u a n t i t y  t o  t h e  

peak system load  i s  g iven  by t h e  annua l  sys tem l o a d  f a c t o r ,  SLF,, 

d e f i n e d  a s  

where SLFa i s  t h e  annua l  system l o a d  f a c t o r  
2  

Mw i s  t h e  system peak l o a d ,  i n  Mw 
P  

Ea 
i s  t h e  annua l  Energy P r o d u c t i o n ,  i n  Mwh 

For example,  t h e  1967 Bal t imore  Gas and E l e c t r i c  Company peak 

l o a d  was 2130 Mw, w i t h  10,693,000 Mwh g e n e r a t e d ;  hence t h e  system 

l o a d  f a c t o r  was .573. 

Most u t i l i t i e s  i n  Lhe N u r t h e a s t ,  i n  f a c t ,  have s y s t e m  l o a d  

f a c t o r s  i n  t h e  g e n e r a l  r ange  of  .55 t o  .65; and o v e r  t h e  p a s t  d.ecade 

t h e s e  l o a d  f a c t o r s  have i n c r e a s e d  somewhat. F i g u r e  6  shows, f o r  

example,  t h e  i n c r e a s e  i n  t h e  annua l  l o a d  f a c t o r  f o r  t h e  New England 

U t i l i t i e s  o v e r  t h e  l a s t  10 y e a r s ;  t h i s  i n c r e a s e  i s  g e n e r a l l y  a t t r i -  

bu t ed  t o  t h e  i n c r e a s e d  use  of  a i r  c o n d i t i o n i n g  i n  New England, which 

h a s  b rough t  t h e  summer subpeak t o  the l e v e l  of  t h e  maximum w i n t e r  

peak.  I t  i s  somewhat d o u b t f u l , ,  however, whether  such  i n c r e a s e s  can  
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F f g u r e  5.  1967 l o a d  d u r a t l o n  c u r v e ,  Ba l t imore  
Gas and E l e c t r i c  Company. 



be s u s t a i n e d ;  and t h e r e  i s  some u n c e r t a i n t y  a s  t o  f u t u r e  system 

load  f a c t o r s .  To be s u r e ,  some u t i l i t i e s  a r e  a t t e m p t i n g  t o  promote 

t h e  use  of  off-peak e l e c t r i c i t y ,  bo th  on a  d a i l y  and s e a s o n a l  b a s i s ;  

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

importance of  t h e  i n d u s t r i a l  u se  s e c t o r ,  which r e p r e s e n t s  t h e  l a r g e s t  

p o t e n t i a l  marke t  f o r  off-peak power. S i m i l a r l y ,  many o f  t h e  load  

management s t r a t e g i e s  c u r r e n t l y  be ing  proposed a r e  d i r e c t e d  toward 

t h e  use  of off-peak e l e c t r i c i t y ;  b u t  a g a i n  a  q u a n t i t a t i v e  f o r e c a s t  

o f  l oad  f a c t o r  i n c r e a s e s  r e s u l t i n g  from t h e  implementat ion o f  

s p e c i f i c  measures i s  v e r y  d i f f i c u l t .  

The weather  s e n s i t i v e  p o r t i o n  o f  t h e  t o t a l  l o a d ,  e s p e c i a l l y  f o r  

space  h e a t  and a i r  c o n d i t i o n i n g ,  and t h e  r e s u l t i n g  s e a s o n a l  v a r i a t i o n s  

i n  l o a d ,  t h u s  p l a y  a n  i m p o r t a n t  p a r t  i n  de t e rmin ing  system load  

f a c t o r s .  I n  t h e  New York Met ropo l i t an  a r e a ,  where summer and w i n t e r  

peaks w e r e  rough ly  e q u a l  i n  1960, t h e  s h a r p  i n c r e a s e  i n  a i r  condi-  

t i o n i n g  h a s  r e s u l t e d  i n  a  d i s t i n c t  summer peak. I n  f a c t ,  l oad  

f a c t o r s  i n  t h e  Conso l ida t ed  Edison sys tem have n o t  dec reased  much . 

over  t h e  p a s t  few decades ,  d e s p i t e  t h i s  i n c r e a s e  i n  a i r  c o n d i t i o n i n g ;  

b u t  t h i s  must be a t t r i b u t e d  t o  t h e  a g g r e s s i v e  promotion of  e lec t r ic  

space  h e a t  i n  w i n t e r  t o  o f f s e t  what would otherwi .se  have been a m o r e  

s i g n i f i c a n t  d e c l i n e  i n  load  f a c t o r .  

One might  a l s o  n o t e  t h a t  s imple  c o n s e r v a t i o n  measures may de-  

c r e a s e  r a t h e r  t h a n  i n c r e a s e  system load  f a c t o r s .  For  example,  t h e  

Conso l ida t ed  Edison system i n  New York C i t y  expe r i enced  a  drop  o f  

system load  f a c t o r  from 50.3% i n  1973 t o  48.7% i n  1974, which i s  

a t t r i b u t e d  t o  a  dec reased  use  o f  a i r  c o n d i t i o n i n g  on most summer 

days wllell 11ut reyarded as e s s e n t i a l ,  b u t  unchanged peak use  on t h e  

few r e a l l y  h o t  and humid days .  Indeed,  Con Ed p r o j e c t s  a  f u r t h e r  

d e c l i n e  of  system load  f a c t o r  t o  47.5% by 1985. 3 

The i s s u e  of  l o a d  f a c t o r  i s  n o t  j u s t  one of  improving t h e  u t i l i -  

z a t i o n  of  system c a p a c i t y ,  b u t  it  a l s o  h a s  g r e a t  b e a r i n g  on t h e  

optimum g e n e r a t i o n  mix of an  e lectr ic  system. Th i s  i s  i l l u s t r a t e d  

by F i y u ~ e  7,  which summarizes t h e  r e s u l t s  o f  a  r e c e n t  s t u d y  by 

Jordan  e t a1 .  u s i n g  a  g e n e r a t i o n '  p l ann ing  program developed by 

General  J3 l ec t r i c5  (which i s  used by a  number o f  i n  t h e  
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F i g u r e  6. Average annual  l oad  f a c t o r  f o r  New 
' ~ n g l a n d  f o r  1965-19 7 3 .  So11~r.e: E l e c t r i c  
U t i l i t y  I n d u s t r y  i n  New England; S t a t i s t i c a l  
B u l l e t i n  1973,  E l e c t r i c  Counci l  of New England, 
August 1974.  
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Nor theas t  f o r  p lanning purposes ) .  Using t h i s  program t o  develop 

op t ima l  20-year c a p a c i t y  expansion p lans  f o r  a  r e p r e s e n t a t i v e  ( i f  

h y p o t h e t i c a l )  system t o  a  p r e s c r i b e d  l e v e l  of r e l i a b i l i t y  under 

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

load  v a r i a t i o n s  (F igure  7, A,) r e s u l t e d  i n  t h e  genera t ion  mix and 

load-capaci ty  c o n f i g u r a t i o n s  a s  shown on F igure  7, B. and 7 ,  C. 
6 

One- sees, f o r  example, t h a t  t h e  i n s t a l l e d  r e s e r v e  requi rement  

necessa ry  t o  ma in ta in  1 day i n  10 y e a r s  l o s s  of load  p r o b a b i l i t y  

(more of  which below, i n  Sec t ion  4.3) i n c r e a s e s  from 15.5% i n  t h e  

base  c a s e  t o  34.5% i n  t h e  i n c r e a s i n g  seasona l  load  f a c t o r  s c e n a r i o .  

A s  noted  by Jordan e t  a l . ,  t h i s  i n d i a a t c s  t h a t  ac aeasonal  peak 

l o a d s  i n c r e a s e  r e l a t i v e  t o  t h e  annual  peak, inc reased  i n s t a l l e d  

r e s e r v e s  must be provided t o  a l low adequate c a p a c i t y  t o  schedule 
necessary  planned maintence because l e s s  " o f f  peak" time i s  

a v a i l a b l e  f o r  t h i s  purpose. Whereas i n  t h e  base c a s e  o r  c o n s t a n t  

6 2 %  load  f a c t o r  c a s e  maintenace was n o t  being performed dur ing  t h e  
t i m e  of t h e  annual  peak, t h e  i n c r e a s i n g  load f a c t o r  s c e n a r i o s  d i d  

r e q u i r e  t h a t  maintenance be scheduled yea r  around. This  effect i s  

i l l u s t r a t e d  by F igure  8,  showing t h e  s o  c a l l e d  "maintenance window" 

a s  t h a t  p a r t  of a  sys tem ' s  annual  load  curve  which i s  s u f f i c i e n t l y  

below t h e  i n s t a l l e d  c a p a c i t y  l e v e l  t h a t  u n i t s  can be taken o f f l i n e  

f o r  maintenance wi thou t  i n c r e a s i n g  the p r o b a b i l i t y  of load  l o s s .  
However, a s  system load f a c t o r s  improve, and t h e  annual  load  curve  

l e v e l s  o u t ,  t h e  maintenance window decreases .  Th i s  could r e s u l t  i n  

h i g h e r  r e s e r v e  margins be ing necessary ,  o r  l e s s  maintenance being 

performed (which i n  t u r n  would l e a d  t o  h igher  fo rced  outage  r a t e s  

and hence a l s o  t o  an i n c r e a s e  i n  r e q u i s i t  r e s e r v e  margin) .  8  

The r e s u l t s  of F igure  7 a l s o  show t h a t  management of  t h e  

d a i l y  load  p r o f i l e  o f f e r s  a  g r e a t e r  p o t e n t i a l  impact on wwer genera- 
t i o n  c o s t s  than  t h e  seasona l  load  p r o f i l e ;  a l though any g iven system 

would need t o  be c a r e f u l l y  s t u d i e d  b e f o r e  g e n e r a l i z e d  conc lus ions  be 

held u n i v e r s a l l y  a p p l i c a b l e .  

4.2 Forced Outaqe Rates ,  S c a l e  Economies and Uni t  P l a n t  S ize  

Outage r a t e s  have g r e a t  b e a r i n g  on e l e c t r i c  system planning i n  

t h a t  t h e  amount of  r e s e r v e  c a p a c i t y  r e q u i r e d  t o  mainta in  a  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  i s  a f u n c t i o n  of t h e  a v a i l a b i l i t y  of  

g e n e r a t i o n  u n i t s .  And, more obvious ly ,  t h e  lower t h e  outage r a t e ,  

- 34 - 
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Figure 8. Maintenance window. Source: FPC, note 8. 

t h e  b e t t e r  i s  t h e  u t i l i z a t i o n  of a given p i e c e  of  equipment. I n  

g e n e r a l ,  t h e  concern l i e s  wi th  s o  c a l l e d  fo rced  outages ,  and t h e  

forced outage  r a t e  which i s  de f ined  a s  

hours  on fo rced  outage 
hours on fo rced  outage + hours on l i n e  

whereby t h e  days devoted t o  maintenance and economy shutdown a r e  

omit ted  from t h e  denominator. The o v e r a l l  percentage  a v a i l a b i l i t y  

o f  genera t ion  u n i t s  i s  g e n e r a l l y  de f ined  a s  

100 - percentage  of - p e r c e n t  of - p e r c e n t  of 
t ime on fo rced  t i m e  on plan-  t ime on 
outage ned outage maintenance 

( o r  scheduled outage  
maintenance) 

where a maintenance outage i s  d e f i n e d  a s  work done t o  p reven t  a 

fo rced  outage ,  and which cannot  be postponed from season t o . s e a s o n .  

Scheduled maintenance, however, would be f o r  such i tems a s  n u c l e a r  

p l a n t  r e f u e l i n g  o r  annual  maintenance planned f o r  off-peak seasons .  

One of  t h e  c o n t r o v e r s i a l  i s s u e s  now being debated i s  t h e  

q u e s t i o n  of t h e  r e l a t i o n s h i p  between u n i t  s i z e  and fo rced  outage  r a t e ,  



and  whether  o r  n o t  s i g n i f i c a n t  d i f f e r e n c e s  i n  o u t a g e  r a t e s  e x i s t  

between f o s s i l  and n u c l e a r  u n i t s .  I f  i n  f a c t  l a r g e r  u n i t s  do  have 

h i g h e r  o u t a g e  r a t e s  t h a n  s m a l l e r  u n i t s ,  t h e n  s c a l e  economies t h a t  

. e x i s t  a t  t h e  p l a n t  l eve l  may be  o f f s e t  by s c a l e  deseconomies a t  t h e  

sys t em l e v e l  because  h i g h e r  l e v e l s  o f  r e s e r v e  margin would b e  neces-  

s a r y  t o  m a i n t a i n  p r e s c r i b e d  l e v e l s  o f  r e l i a b i l i t y  i n  a  sys t em con- 

s i s t i n g  of l a r g e r  r a t h e r  t h a n  s m a l l e r  u n i t s .  I n  f a c t ,  even  i f  ou t age  

r a t e s .  o f  l a r g e r  u n i t s  w e r e  t h e  same a s  of  s m a l l e r  u n i t s ,  r e s e r v e  

marg ins  would need t o  b e  h i g h e r  i n  a  g iven  system o f  l a r g e r  u n i t s  

t h a n  a  sys t em s u p p l y i n g  t h e  same l o a d  t h a t  c o n s i s t e d  of s m a l l e r  u n i t s .  

However, by i n t e r c o n n e c t i n g  sys tems  o f  l a r g e  u n i t s ,  r e s e r v e  margins  

come down a g a l n ,  Some p u b l i s h e d  st.i~di-es come t o  c o n s ~ u s i o n s  t h a t  i f  

one  t a k e s  i n t o  c o n s i d e r a t i o n  t h e s e  b a l a n c i n g  f o r c e s ,  t h e  o p t i m a l l y  

s i z e d  u n i t  i s  i n  the  600-800 Mw r ange ,  milch lower t h a n  t h e  s i z e  range 

c u r r e n t l y  c o n s i d e r e d  by many u t i l i t i e s . '  On t h e  o t h e r  hand,  t h e  

u t i l i t i e s  p o i n t  o u t  t h a t  t h e  d a t a  upon which such  c o n c l u s i o n s  a r e  
based  may be  s u s p e c t ;  e s p e c i a l l y  i n  r e g a r d  t o  d e s i g n  and o p e r a t i n g  

m a t u r i t y .  S i n c e  many o f  t h e  l a r g e  u n i t s  a r e  a l s o  v e r y  new u n i t s ,  

some o f  them may s t i l l  be i n  t h e  shakedown phase (and have n o t  y e t  

r e a c h e d  o p e r a t i n g  m a t u r i t y )  .lo , S i m i l a r l y ,  s i n c e  t h o s e  l a r g e  u n i t s  

t h a t  have accumulated a  number o f  y e a r s  of  o p e r a t i n g  e x p e r i e n c e  

-would t end  t o  be  t h o s e  b u i l t  f i r s t ,  t h e y  would n o t  i n c o r p o r a t e  d e s i g n  

f e a t u r e s  t h a t  a r e  p a r t  of  more r e c e n t l y  b u i l t  p l a n t s  ( i . e . ,  t h e  d a t a  

d o  n o t  r e f l e c t  d e s i g n  m a t u r i t y  e i t h e r )  . 11 ., 

These p o i n t s  a r e  w e l l  i l l u s t r a t e d  by t h e  f o r c e d  o u t a g e  r a t e  

(FOR) e x p e r i e n c e  o f  a  series of  c o a l - f i r e c  u n i t s  r e c e n t l y  b u i l t  by 

American E lec t r i c  Power (AEP), u n i t s  of  1300 Mw s i z e ,  c u r r e n t l y  t h e  

l a r g e s t  i n  t h e  U.S., and of  t h e  s o - c a l l e d  s u p e r c r i t i c a l  d e s i g n .  12  

F i g u r e  9 ,  adap ted  from T i l l i n g h a s t  and ~ 0 1 a n . l . ~  shows t h e  FOR f o r  t h e  

Amos 3, Gavin 1 and Gavin 2  u n i t s ,  which s t a r t e d  commercial o p e r a t i o n  

i n  October  73,  October  74,  and J u l y  75 ,  r e s p e c t i v e l y .  l h s i q n  chanqes 

i n  Gavin 1, and l a t e r  i n  Gavin 2 ,  a r e  r e f l e c t e d  by d r a s t i c  improve- 

ments  i n  a v a i l a b i l i t y ,  i l l u s t r a t i n g  q u i t e  c l e a r l y  t h e  impact  o f  d e s i g n  

m a t u r i t y .  And t h e  c u r v e  f o r  Amos 3  a l s o  i l l u s t r a t e s  t h e  impact  of  

u p e r a t i n g  m a t u r i t y ,  w i t h  t h e  f o r c e d  o u t a g e  r a t e  e x h i b i t i n g  t h e  e a r l i e r  

s t a g e s  of  t h e  "ba th tub"  c u r v e .  14 
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Figure  9 .  Forced ou tage  r a t e s  a t  AEP's 1300 Mw 
f o s s i l  u n i t s .  Source: T i l l i n g h a s t  and Dolan, 
n o t e  13. 

The most r e c e n t  Annual Repor t  o f  t h e  F e d e r a l  Power Commission, 

p u b l i s h e d  i n  J anua ry  1976 ,I5 i n c l u d e s  two t a b l e s  of  ou tage  dat.a a s  

r e p o r t e d  b y ' t h e  Edison E l e c t r i c  I n s t i t u t e ,  reproduced  h e r e  a s  Tab le s  

12  and 13.  The FPC n o t e s  r a t h e r  t e r s e l y  t h a t  " ... w h i l e  t r e n d s  

from t h e s e  d a t a  c a n n o t  be e s t a b l i s h e d  w i t h  c o n f i d e n c e ,  it does  appea r  

t h a t  l a r g e r  u n i t s  a r e  less r e l ' i a b l e  t h a n  s m a l l e r  ones .  "16 I t  might  

a l s o  be no ted  t h a t  s o m e ' u t i l i t i e s  themselves  a l s o  r e c o g n i z e  t h i s  ' 

r e l a t i o n s h i p ;  F i g u r e  10 ,  showing f o r c e d  ou tage  r a t e  assumpt ions  a s  

a  f u n c t i o n  of  age  and s i z e ,  i s  t a k e n  from a n  a n a l y s i s  used by NEPOOL 
17 g e n e r a t i o n  p l a n n i n g  s t u d i e s .  

These p o i n t s  n o t w i t h s t a n d i n g ,  it shou ld  be c l e a r  t h a t  t h e  sub- 

j e c t  m e r i t s  f u r t h e r  a n a l y s i s .  Only a  r i g o r o u s  s t a t i s t i c a l  a n a l y s i s  

o f  comple te ,  month-by-month u n i t  r e l i a b i l i t y  d a t a ,  i n  which many 

o f  t h e  i n t e r r e l a t e d  f a c t o r s  t h a t  might  a f f e c t  o u t a g e  r a t e s  a r e  i n -  

.eluded, can  a d d r e s s  t h e  d e b a t e  i n  an  o b j e c t i v e  way. Moreover, a s  
18 

.no ted  by one r e c e n t  su rvey  o f  n u c l e a r  p l a n t  r e l i a b i l i t y  d a t a ,  .a 

s e r i o u s  problem i n  such  a n a l y s i s  i s  t h e  d i s c r e p a n c i e s  i n  d a t a  



Table 12 

Average Forced Outage ~ a t e s  o f  a l l  Generat ing Uni ts  
a s  Reported by Edison E l e c t r i c  I n s t i t u t e  

1 
Forced outage  r a t e  i n  p e r c e n t  

Nuclear F o s s i l  Gas Jet  D i e s e l  Hydro 
Period steam steam t u r b i n e  enqine  enqine  Conventional  Pumped 

1960-6g2 9.2 3.6 2  1 3 0 2  3 1.1 2.4 

1960-70 8.2 3 . 9  2 3 3 1 2 7 - 7  1.7  

Forced outaqe  hours  
b o r c e d  outage  r a t e  = X 100 pe rcen t .  

Running hours  + fo rced  outage  hours  
' ~ o t e  t h a t  t h i s  i s  a  10-year cumulat ive pe r i cd .  

Table  13  

Average Forced Outage Rates  o f  F o s s i l  Steam Generat ing Uni ts  
a s  Reported by Pdison E l e c t r i c  I n ~ f i t u t e  

(By s i z e  groups ( fo rced  outage  r a t e  i n  p e r c e n t ) )  

Pe r iod  
MW s i z e  

68-88 90-129 130-199 300-3~9 390-~$9 ma-1.4 nn 



- 
FIRST TWO YEARS 

UNIT SIZE, MW(FOSSIL+NUCLEAR BASE LOAD SINGLE BOILERS) 

F i g u r e  1 0 .  o u t a g e  r a t e  a s s u m p t i o n s .  S o u r c e :  B a r s t o w  
e t  a l ,  n o t e  1 7 .  

sources ,  a  r e s o l u t i o n  of which should obvious ly  be t h e  f i r s t  o r d e r  
19 of .bus iness .  

A s  a  f i n a l  comment on t h e  reasons  f o r  t h e  growth i n  u n i t  p l a n t  

s i z e ,  and indeed f o r  t h e  growing tendency f o r  m u l t i p l e  u n i t s  a t  t h e  

same s i t e ,  two major f a c t o r s  can be ' pos tu la ted .  The f i r s t ,  obvious ly ,  

rests on t h e  s c a l e  economies t h a t  e x i s t  a t  t h e  u n i t  ' s c a l e .  The 

second i s  based on t h e  r a p i d  developments i n  t h e  r e g i o n a l  t ransmis-  
, 

s i o n  g r i d ,  a l lowing ,  j o i n t  ownership of l a r g e  u n i t s .  Thus, . u t i l i t i e s  

whose load growth would o the rwise  be t o o  s m a l l .  t o  warrant ,  cons t ruc -  

t i o n  of t h i e r  own l a r g e  u n i t s  can b e n e f i t  from s c a l e  economies. 

Indeed, m u l t i p l e  ownership of u n i t s  has  become q u i t e  widespre'ad i n  

t h e  Nor theas t ,  a s  i n d i c a t e d  by Table 1 4 ;  i n  t h e  MAAC area , ,  f o r  

example, the m a j o r i t y  of base load  p l a n t s  b u i l t  i n  t h e  l a s t  decade 

a r e  owned by a t  l e a s t  two u t i l i t i e s .  

4 . 3  Reserve Margins and System R e l i a b i l i t y  

Although r e s e r v e  margin i s  o f t e n  used a s  a  g r o s s  measure of 

system r e a l i a b i l i t y I 2 '  a  more p r e c i s e  measure of g e n e r a t i o n  r e l i a -  

b i l i t y  i s  t h e  so -ca l l ed  l o s s  of load  p r o b a b i l i t y  (LOLP) . This i s  



T a b l e  1 4  

J O I N T  O W N E R S H I P  O F  G E N E R A T I N G  U N I T S  I N  MAAC 

Source- Meier & M o r e l l ,  note 37 

Generating 
Sta t ions  

Ovaratin3 

Conemaugh (1700 Mc 
coal-fired) 

W. Uheetfield Tvp. 
PA 

B o l a r  c i tya  (1200 
Wu-coal-fired) 

Homer City, PA 

Itrystone (1640 
wal- f i red)  

Plum Creek Tvp. PA 

~ e a m  meets ( 1 2 U O  
Ilr--nuclear) 

Peach Bottcn. PA 

T h m  Mile Island 
(1700 w r ~ u c l e a r )  

~ondenderry  rwp., PA 

Yards Creek (330 Mu- 
p=wed-hyciro) 

Blairmtonm, NJ 

UndCF. CCjhJt~Ctidn 

P o d d  R.iverb (1100 
Ik-nucleer) 

Lacsy Tamship. HP 

Grlam (220 Eh-- 
nuclear) 

Lower Alloways Creek 
-P-. w 
Plannad 

At l an t i c  (2300 Mw- 
nuclear) 

L i t t l e  Egg I n l e t ,  
K7 

~ o p e  CreoR (2200 mr- 
ausAoom) 

L o w r  Alloways C r u k  
.lup.. &J 

S d t  (1540 MY- 
noelear) 

!Mu Caatle. DE 

x - dmnotem generating 

o - Eenci:es company responsible fo r  c o n s t r u c t i ~ n  and/or o k r a t i o n  of qaneratinq s ta t ion .  

'NW York S t a t e  E lec t r i c  and Gam C o w r a t i o n  owns half  i n t e r e s t .  

b ~ n t i c i ~ a t e d  2% ownership by Allegheny Power Cooperative, 
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d e f i n e d  as t h e  p r o b a b i l i t y  o f  occu r rence  o f  a  sys tem demand t h a t  

exceeds  sys tem c a p a b i l i t y ,  and i s  o f t e n  d e f i n e d  i n  terms of  t h e  

y e a r l y  r e c u r r e n c e  i n t e r v a l  o f  a  d a i l y  o u t a g e .  Thus, LOLP o f  0 . 1  

s i g n i f i e s  t h a t  a  l o s s  of  l o a d  i s  expec ted  on one day  i n  e v e r y  t e n .  

y e a r s .  21 Then, g iven  t h e  LOLP c r i t e r i o n ,  and t h e  comple te  cha rac -  

t e r i s t ics  o f  t h e  g e n e r a t i o n  and t r a n s m i s s i o n  sys tem,  ( i n c l u d i n g  

such  f a c t o r s  a s  ou tage  r a t e s ,  t h e  s i z e  o f  t h e  sys tem,  and t h e  d e g r e e  

o f  t r a n s m i s s i o n  connec t ion  w i t h i n  t h e  s y s t e m ) ,  one may compute t h e  

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

g i v e n  p r o b a b i l i t y . 2 2  Table  15  shows, by way o f  example,  t h e  computed 

r e s e r v e  margins  n e c e s s a r y  i n  t h e  New York Power Pool  f o r  g i v e n  LOLP. 

Table  15  

Reserve Margins i n  t h e  NYPP a s  a  Func t ion  

o f  Loss  o f  Load P r o b a b i l i t y  

1 .  Reserves  a s  a  
ISR = - LOLP LOLP P e r c e n t  of  Peak 

Source:  Kaufman, Note 1 9 ,  p .11.  

The c u r r e n t  r e l i a b i l i t y  norm i n  t h e  e l ec t r i c  u t i l i t y  i n d u s t r y  

i s  a  LOLP of 1 day  i n  t e n  y e a r s ,  r e s u l t i n g ,  i n  most sys tems ,  i n  a  

r e s e r v e  margin t h a t  l ies  between 20 t o  30 p e r c e n t .  But ,  i n  r e c e n t  

y e a r s ,  t h e  q u e s t i o n  h a s  been r a i s e d  a s  t o  t h e  j u s t i f i c a t i o n  of  t h e  

1 day i n  10 y e a r s  f i g u r e .  Why n o t  1 day i n  5  y e a r s ,  o r ,  i ndeed ,  



1 day  i n  20 y e a r s ?  I n t e r e s t  i n  t h i s  i s s u e  stems f rom two f u r t h e r  

q u e s t i o n s :  t h e  r e l a t i o n s h i p  between LOLP ( o r  r e s e r v e  marg in)  and 

consumer rates, and t h e  r e l a t i o n s h i p  between l o s s  of  l o a d  due t o  

g e n e r a t i o n  c a p a c i t y  inadequacy ,  and t h e  l o s s  o f . l o a d  due t o  f a i l u r e  

i n  o t h e r  p o r t i o n s  of  t h e  system.  

The f i r s t  q u e s t i o n  h a s  r e c e n t l y  been t aken  up by P u b l i c  U t i l i t y  

Commission s t a f f ,  and p a r t i c u l a r l y  by Kaufman i n  t h e  c a s e  o f  

N e w  York. 23 Kaufman no ted  from t h e  r e s u l t s  of  Table  1 5  t h a t  a 

r e d u c t i o n  i n  r e l i a b i l i t y  f rom 1 day i n  10 y e a r s  (ISR = 1 0 )  t o  1 day 

i n  1 y e a r  (ISR = 1) would r e s u l t  i n  a  5 .5% r e d u c t i o n  (20% t o  14 .5%)  

o f  r e s e r v e  margin.  T h i s  same r e d u c t i o n  would r educe  t h e  n e c e s s a r y  

i n s t a l l e d  c a p a c i t y  i n  t h e  y e a r  2000 i n  t h e  NYPP  f rom 62.9 Gw t o  

60.0 Gw, imply ing ,  f o r  example,  t h a t  2  o r  3 c u r r e n t l y  p lanned  

n u c l e a r  u n i t s  would - n o t  be r e q u i r e d .  However, Kaufman a l s o  no ted  

t h a t  when t h e  economic c o s t s  and b e n e f i t s  o f  v a r i o u s  r e l i a b i l i t y  

c r i t e r i a  w e r e  examined, the consumer wnilld h~nefit v ~ r y  litta.01 a 

r e d u c t i o n  from a  20.0% t o  14 .5% r e s e r v e  margin would b r i n g  o n l y  a  

2% r e d u c t i o n  i n  r a t e s  a f t e r  12 y e a r s .  2 4  Another  r e c e n t  s t u d y  by 

  el son^^ t h a t  a t t e m p t e d  t o  b a l a n c e  t h e  c o s t s  of  e x c e s s  c a p a c i t y  

a g a i n s t  t h e  r evenues  l o s t  i n  a  sys t em o u t a g e  found t h a t  a  5  day i n  

10 y e a r  c r i t e r i o n  would r e p r e s e n t  a  more r e a s o n a b l e  r e l i a b i l i t y  

t a r g e t .  But a s  w e  s h a l l  d i s c u s s  below, LOLP i s  an  incomple t e  

measure  of sys tem r e l i a b i l i t y ,  and many power pnnls are   sing 

o p e r a t i n g  p rocedures  more s o p h i s t i c a t e d  t h a n  t h e  11se of a single 

p o i n t  r e l i a b i l i t y  measure would s u g g e s t .  

I t  should  be  no ted  f u r t h e r  t h a t  u t i l i t i e s  a l s o  add c a p a c i t y  f o r  

r e a s o n s  o t h e r  t h a n  improving r e l i a b i l i t y ,  and may choose t o  add 

c a p a c i t y  even  i n  f a c e  o f  c o n s t a n t  o r  d e c l i n i n g  l o a d  f o r  r e a s o n s  of 

o v e r a l l  system economics.  Thus,  t h e  e x i s t a n c e  o f  a  r e s e r v e  margin 

i n  e x c e s s  o f  what would be r e q u i r e d  f o r  a  p a r t i c u l a r  r e l i a b i l i t y  

norm should  n o t  n e c e s s a r i l y  be i n t e r p r e t e d  a s  poor management o r  

e x c e s s i v e  u t i l i t y  p r e o c c u p a t i o n  w i t h  q u a l i t y  of s e r v i c e  ( t h e  imp l i -  

c a t i o n s ,  f o r  example,  o f  T e l s o n ' s  a n a l y s i s ) .  For  example,  N o r t h e a s t  

u t i l i t i e s ,  which i n  75/76 had a  v e r y  h i ~ h  reserve margin of  81-24  26 

made c a r e f u l  s t u d i e s  w i t h  r e s p e c t  t o  c o n t i n u i n g  o r  d e l a y i n g  M i l l s t o n e  

# 2 ,  and dec ided  t o  c o n t i n u e  on s c h e d u l e  even i n  f a c e  o f  temporary 



d e c l i n e  and s t a g n a t i o n  o f  system l o a d  r equ i r emen t s  ( t h e  81.2% f i g u r e  

i n c l u d e s  M i l l s t o n e  # 2 ,  th rough s t i l l  under  t e s t ) .  The r e a s o n  f o r  

t h i s  i s  t h a t  t h e  economies of  n u c l e a r  g e n e r a t i o n  v i s - a - v i s  t h e  o i l  

f i r e d  c a p a c i t y  t h a t  would o t h e r w i s e  have been used a r e  such t h a t  

t o t a l  revenue  r equ i r emen t s  of  t h e  system was expec ted  t o  be reduced 

ky a l m o s t  $200 m i l l i o n ,  d e s p i t e  a  f u r t h e r  i n c r e a s e  i n  r e s e r v e  margin.  
27 

Thus t h e  c u r r e n t l y  h i g h  r e s e r v e  marg ins  of some N o r t h e a s t e r n  power 

p o o l s  and u t i l i t i e s ,  a s  shop7n on Table  1 6 ,  should  b e  viewed n o t  j u s t  

a s  a  consequence o f  t h e  l o a d  growth p e r t u r b a t i o n s  t h a t  fo l lowed t h e  

1973 embargo, b u t  a l s o  i n  t e r m s  of t h e  r e l a t i v e  c o s t s  o f  n u c l e a r  and 

o i l  f i r e d  g e n e r a t i o n .  

Table  16 

Reserve  Margins i n  t h e  N o r t h e a s t  

Power 
Poo l  

N E P O O L ~  
b NYPP 

PJM' 

N o r t h e a s t  U t i l i t i e s  

Repor t ed  Rese rve  Margin,  
1975 Peak 

4 -: - 

A n t i c i p a t e d  
Marqin 1985 

2  6  

a 
See  NPCC, n o t e  33. 

b ~ e e  NYPP, n o t e  34 .  
C 

See MAAC, n o t e  35. 

d ~ e e  N o r t h e a s t  U t i l i t i e s ,  n o t e  2 6 .  The f i g u r e  f o r  t h e  1975/1976 
w i n t e r  peak i n c l u d e s  t h e  830 Mw o f  M i l l s t o n e  2 ,  t h a t  was a c t u a l l y  
s t i l l  under  t e s t .  

A s  no t ed  p r e v i o u s l y ,  t h e r e ' i s  some d i f f i c u l t y  i n  u s i n g  a  s i n g l e  

p o i n t  e s t i m a t e  of sys tem r e l i a b i l i t y ,  such a s  LOLP. From t h e  u t i l i t y  

s t a n d p o i n t ,  a  more meaningfu l  b a s i s  of g e n e r a t i o n  r e l i a b i l i t y  i s  

expressed i n  ter'ii~s uf r i s k  of  exposure  t o  a  whole series o f  a c t i o n s  

i n  an o p e r a t i n g  p rocedure  f o r  c o n d i t i o n s  where g e n e r a t i o n  i s  s h o r t ;  

a s  shown on Table  1 7 ,  t h i s ' r a n g e s  from a  change i n  r e s e r v e  s t a t u s ,  



Table 17 

NEPEX Rnergency Operating Procedure 

(from Bigelow, note  28)  

Normal opera t ing  procedure wi th  t h e  New England Power Pool r e q u i r e s  
t h a t  an opera t ing  r e s e r v e  be  a v a i l a b l e  t o  t h e  NEPEX d i spa tcher  a s  
follows: 

1. Five-minute r e s e r v e  - Reserve capac i ty  equal  t o  t h e  l a r g e s t  
loading of any u n i t  connected t o  t h e  system must be  a v a i l a b l e  t o  
t h e  d i spa t che r  w i th in  f i v e  minutes of any contingency. 

2. Thirty-minute r e se rve  - Reserve capac i ty  equal  t o  0.5 t imes 
t h e  l a r g e s t  loading of  any u n i t  on t h e  system must be a v a i l a b l e  
t o  t h e  d i spa tcher  wi th in  t h r i t y  minutes o f  any contingency. 

P re sen t ly ,  t h e  l a r g e s t  r a t e d  u n i t  on t h e  NEPOOL system i s  
767 mw; so t h a t  t h e  t o t a l  ope ra t ing  r e se rve  (5-minute p l u s  30-minute) 
which should be  a v a i l a b l e  under normal opera t ing  condi t ions  i s  
1.5 x 767, o r  1,150 mw. 

NEPEX has  s e t  up an emergency opera t ing  procedure (No. 4)  t o  
provide a s e r i e s  o f  a c t i o n s  which w i l l  be  taken on t h e  system i f  
c a p a c i t y  margins a r e  reduced below acceptable  l e v e l s  and t h e r e  i s  
i n s u f f i c i e n t  genera t ion  t o  meet t h e  load. These a c t i o n s  can be 
summarized i n  four  s t e p s ,  which a r e  shown g r a p h i c a l l y  on Figure 13  
and a r e  t abu la t ed  below: 

T a b l u l a t i o n , o f  NEPOOL Emergency Procedures 
-- - - - -- 

Step  1 i s  a s e r i e s  o f  a c t i o n s  which t h e  d i spa t che r  can t ake  t o  
mobi l ize  a l l  pos s ib l e  sources  o f  supply b u t  which w i l l  no t  be  per-  
ce ived  by the  pub l i c  as having any d i r e c t  impact on t h e i r  se rv ice .  
These inc lude  br ing ing  t h e  th i r ty-minute  r e se rve  t o  five-minute 
s t a t u s  and a r ranging  f o r  a l l  sources  of emergency capac i ty  which 
can be obtained from neighboring pools  o r  from p o s s i b l e  i n d u s t r i a l  
sources.  I f  loads  grow, no f u r t h e r  ac t ion  w i l l  be  taken u n t i l  t h e  
th i r ty-minute  r e se rve  has  gone t o  zero  and t h e  five-minute r e se rve  
has  been reduced t o  a po in t  t h a t  t o  cover t h e  l o s s  of t h e  l a r g e s t  
s i n g l e  u n i t  would r e q u i r e  remaining capac i ty  p l u s  r e l i e f  which can 
b e  obta ined by vo l tage  reduc t ions  and removal of  i n t e r r u p t i b l e  
loads  which can be e f f e c t e d  wi thin  f i v e  minutes. 

S tep  2 involves  a c t u a l  implementation of  voltage reduc t ions  of up 
t o  5% and cur ta i lment  of  c o n t r a c t u a l l y  i n t e r r u p t i b l e  loads.  A s  
i n d i c a t e d  on Figure  13,  NEPOOL es t imates  a t  t h e  t i m e  of t h e  s tudy  
were t h a t ,  wi th  a 13,000 mw peak, approximately 300 mw of  r e l i e f  
could be  r e a l i z e d  by  t h i s  method. From t h i s  po in t  on,  no f u r t h e r  
a c t i o n  w i l l  b e  taken i f  loads  grow u n t i l  t h e  five-minute r e se rve  
i s  one- thi rd  of  t h e  u n i t ,  o r  255 mw i n  t h i s  case.  



Table 17 (con ' t . )  

Step 3 i s  the  next l eve l  of ac t ion ,  which represents  a substan- 
t i a l l y  more s ign i f i can t  impact on serv ice  t o  the  public.  I t  
involves spec i f i c  requests  t o  major commercial and i n d u s t r i a l  
customers t o  c u r t a i l  load, cutback production, o r  even shut dom 
on a voluntary bas i s .  I t  a l s o  includes d i r e c t  appeals t o  t h e  
publ ic  by radio and TV. It has been estimated t h a t  a l i t t l e  
l e s s  than 500 mw of r e l i e f  can be achieved by these means. 

Step 4 i s  the  f i n a l  and most d r a s t i c  s t ep  avai lab le  when a l l  
other  means of r e l i e f  have been exhausted. I t  involves implemen- 
t a t i o n  of a spec i f i c  program t o  disconnect customers d i r e c t l y ,  i n  
order t o  maintain the  energy balance and t h e  i n t e g r i t y  of the  system. 
I t  i s  not planned t o  go t h i s  l a s t  s t e p  u n t i l  the  operat ing reserve 
approaches the  zero mark. Obviously, a s  the  system approaches t h i s  
condi t ion,  i t s  a b i l i t y  t o  withstand t r a n s i e n t  distrubances and 
avoid cascading blackouts has  been g r e a t l y  diminished by the  gradual 
e l iminat ion of i t s  operating reserve.  This i s  the  l e v e l  upon which 
we a r e  basing our design and which we have s t a t e d  should not be 
permitted t o  occur more of ten  than once i n  ten  years.  



a n  a c t i o n  n o t  f e l t  by t h e  consumer, t o  a c t u a l  d i s c o n n e c t i o n  of  

consumers.* 

A u s e f u l  concep t  i n  unde r s t and ing  g e n e r a t i o n  r e l i a b i l i t y  i s  t h e  

cumula t ive  margin d i s t r i b u t i o n  f u n c t i o n ,  whose d e r i v a t i o n  i s  i l l u s -  

t r a t e d  on F i g u r e  11. For  a  g i v e n  sys tem and a  peak weekday, 

p r o b a b i l i t y  d e n s i t y  f u n c t i o n s  c a n  be  d e r i v e d  f o r  b o t h  demand and f o r  

sys tem g e n e r a t i o n  c a p a b i l i t y  ( F i g u r e  Ilk).. These two d e n s i t y  func-  

t i o n s . c a n  be  combined t o  form a margin d e n s i t y  f u n c t i o n ,  which d e f i n e s  

t h e  p r o b a b i l i t y  of  e x i s t e n c e  of  a  c e r t a i n  margin.  LOLP, i n  i t s  

d i m e n s i o n l e s s  p r o b a b i l i t y  d e f i n i t i o n ,  i s  t h e n  s imply  t h e  a r e a  under  

t h e  c u r v e  t o ' t h e  l e f t  o f  t h e  z e r o  margin p o i n t ,  a s  shown on 1 1 B ;  t h e  

p r o b a b i l i t y  of  some o t h e r  m a r g i n . i s  s imp ly  g iven  by t h e  i n t e g r a l  

f rom minus i n f i n i t y  t o  t h a t  marg in ,  a l s o  a s  i l l u s t r a t e d  on F i g u r e  

1 l B .  Indeed ,  i n t e g r a t i o n . o f  t h e  margin d e n s i t y  f u n c t i o n  r e s u l t s  i n  

t h e  cumula t ive  margin d i s t i r b u t i o n  f u n c t i o n  ( F i g u r e  1 1 C )  --here t h e  

LOLP i s  g i v e n  by t h e  i n t e r c e p t  o f  t h e . c u r v e  w i t h  t h e  y -ax i s .  

The q u a n t i t a t i v e  r e l a t i o n s h i p  between r e s e r v e  margin and r i s k  

exposu re ,  based  on a c t u a l  computa t ions  f o r  t h e  NEPGOL system,  i s  

shown on F i g u r e  12 .  The h o r i z o n t a l  a x i s  o f  F i g u r e  12  r e p r e s e n t s  

i n c r e m e n t a l  changes  i n  p e r c e n t  r e s e r v e  above and below a r e f e r e n c e  

v a l u e  which i s  r e q u i r e d  t o r  a  s p e c i t i c  r i s k  l e v e l .  The Zero or 
r e f e r e n c e  r e s e r v e  c o r r e s p o n d s  t o  a  r i s k  l e v e l  n o t  t o  exceed one day 

i n  t e n  y e a r s  d i s c o n n e c t i n g  cus tomers  and t h e r e b y  i n t e r r u p t i n g  l o a d .  

T h i s  i s  a r i s k  l e v e l  which t h e  NEPOOL P lann ing  Committee i s  c u r r e n t l y  

u s i n g  a s  a  b a s i s  f o r  g e n e r a t i o n  p l ann ing  i n  New England. Given t h e  

u n c e r t a i n t i e s  of  t h e  compu ta t ions ,  t h e  f r e q u e n c i e s  a r e  shown i n  

bands;  t h u s ,  i n  t h e  g i v e n  b a s e  c a s e  t h e  e s t i m a t e d  f requency  of 

having  t o  d i s c o n n e c t  cus tomers  due  t o  a  s h o r t a g e  of  g e n e r a t i n g  

c a p a c i t y  f a l l s  between . 0 5  and .1 day  p e r  y e a r  ( i . e . ,  once i n  t e n  

t o  twenty  y e a r s ) .  Corresponding  t o  t h i s  r i s k  (moving v e r t i c a l l y ) ,  

t h c  co t ima tcd  f r cqucncy  of r ad io  and TV  appeal^ and r e q u e s t  for 

v o l u n t a r y  r e d u c t i o n s  by l a r g e  cus tomers  i s  between . 4  and .8 days  
p e r  y e a r  (-1 day i n  1 . 2  t o  2 .5  years ) - :  and  t h e  e s t i m a t e d  f requency  of  

*This  d i s c u s s i o n  l e a n s  v e r y  h e a v i l y  on a  r e c e n t  paper  by Bigelow, 
n o t e  28. 



( a  LOAD AND CAPACITY AVAILABIL ITY DENSITY FUNCTIONS 

LOLP = AREA FROM 
-a, TO M =O 

-a3 0 M MARGIN +a3 
( b  ) MARGIN DENSITY FUNCTI.ON 

P (MARGIN I M)  

I.oot - - - - - - - - - - - -  - -  

( C  ) CUMULATIVE MARGIN DISTRIBUTION FUNCTION . . 

F i g u r e  11. D e f i n i t i o n  of  l o s s  o f  l o a d  p r o b a b i l i t y .  
Snurce :  Bigelow, n o t e  2 8 . .  



CUSTOMERS 

1 1 1 ' 51 ~ ~ o ~ o o ,  
+ 5  +4 + 3  +2 +I 0 - 1  - 2  -3 -4 - 5  -6 

INCREMENTAL % RESERVE ABOVE (+)AND BELOW (-) 
RESERVE REQUIREMENT FOR DISCONNECTING CUST- 

OMERSONE DAY IN TEN YEARS 

F i g u r e  12 .  R i s k  exposu re .  Source :  Bigelow, n o t e  28. 

voltage reductions and curtailment of interruptible loads is five to 
' 2 9  eight times per year. 

Suppose that one were to examine the impact of a reserve 

margin 5 percent less than that corresponding to disconnection on 

1 day in ten years--for which one would move along the horizontal 

axis to the' -5% poi~t, and then move vertically upwards to ascertain 

the corresponding risk exposure levels. For this particular case, 

one would obtain a disconnection frequency of . 4  to 1 times per year, 

and a voltage reduction 22 to 32 days per year. Note that the sLeps 

u f  Table 1'1 can also be plotted on the cumulative margin distribution 

function, as shown on Figure 13. 

In summation then, we note the following. First, given a day 

in 10 years'frequency of involuntary disconnection, NEPOOL is in fact 



- aD M 4  M3° M 2  M~ MARGIN (MW) +a 

MARGIN 

M,  OR LESS 

M2 OR LESS 

M3 OR LESS 

M, OR LESS 

OPERATING PROCEDURE 

STEP l - REDUCE OPERATING RESERVES 

STEP 2 - VOLTAGE REDUCTIONS AND '  

INTERRUPTIBLE LOADS 

STEP 3 - INDUSTRIAL CURTAILMENTS 

AND APPEALS TO THE PUBLIC 

STEP 4 - DISCONNECT CUSTOMERS 

F i g u r e  13.  O p e r a t i n g  p r o c e d u r e s  a n d  m a r g i n  d i s t r i -  
b u t i o n .  S o u r c e :  B i g e l o w ,  n o t e  28. 



operating under an approximately 1 day in 1 year loss of load 

probability criterion. Second, in terms of addressing criticisms 

that a one day in 10 years disconnection frequency is too conserva- 

tive, one should note that the distance of the "disconnect customers" 

band beneath the "voluntary load curtailment and radio and TV appeal" 

band is at least'in part a function of the effectiveness of such 

appeals. It seems reasonable to assume that the effectiveness of 

such appeals is inversely related to their frequency; repeated 

appeals over a short time span obviously have less impact than only 

occasional appeals. 

The' NEPOOL Planning Study upon which these computations were . 

based also illustrates very well the impact of interconnection and 

maintenance scheduling of reserve margin, again given some prescribed 

level of reiiability . k'igure 14 tshuws r-ccluired rcocrvos for N e w  

England to meet 1 day in 10 years disconnecting customers for four 

IN ISOLATION 
WlTH ACTUAL 
MAINTENANCE 
EXPERIENCE 4 
IN ISOLATION 

MAINTENANCE - 
OR WlTH TIES 
AND ACTUAL 
MAlNf  ENANCE 
FXPERIENCE - 
WlTH TIES AND 
OPTlM IZED 
MAINTENANCE 

F i g u r e  14 .  Impact of rna i~~ te l l ance  and i n t e r t i e s  i n  
r e s e r v e  margin.  Source:  Bigelow, note  28. 



d i f f e r e n t  c a s e s :  ( a )  NEPOOL i n  i s o l a t i o n ,  (b)  NEPOOL i n  i s o l a t i o n  

b u t  w i t h  op t imized  maintenance,  (c l  NEPOOL w i t h  a c t u a l  maintenance 

e x p e r i e n c e  w i t h  i n t e r c o n n e c t i o n s ,  30 and (d)  w i t h  i n t e r c o n n e c t i o n s  

and op t imized  maintenance.  Curves  b and c proved t o  be v i r t u a l l y  

i d e n t i c a l ,  b u t  t h e  d e c r e a s e  i n  r e q u i s i t e  r e s e r v e  margin w i t h  op t imized  

maintenance s c h e d u l i n g  and i n t e r - t i e s  i s  c l e a r .  31 

The i s s u e  of g e n e r a t i o n  sys tem f a i l u r e  v e r s u s  t r a n s m i s s i o n  and 

d i s t r i b u t i o n  system f a i l u r e  i s  a l s o  n o t  answerable  i n  s imp le  terms. 

While it is  t r u e  t h a t  t h e  most l i k e l y  s o u r c e  of  f a i l u r e  t o  t h e  con- 

sumer i n  t h e  N o r t h e a s t  i s  due t o  d i s t r i b u t i o n  system f a i l u r e  d u r i n g  

s e v e r e  s t o r m s , . s u c h  d i s t u r b a n c e s  t end  t o  be  h i g h l y  l o c a l i z e d ,  q u i t e  

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

inadequacy.  Moreover, i n  t e r m s  of  t h e  p u b l i c  p e r c e p t i o n  of  q u a l i t y  

o f  s e r v i c e ,  d i s r u p t i o n s  caused  by s e v e r e  weather  a r e  more l i k e l y  t o  

be  pe rce ived  a s  " a c t s  o f  God" t h a n  a s  i n d i c a t i o n s  o f  u t i l i t y  manage- 

ment d e f i c i e n c i e s ,  whereas  brownouts and b l a c k o u t s  c r e a t e  r a t h e r  

s e r i o u s  p u b l i c  r e l a t i o n s  problems f o r  t h e  u t i l i t i e s .  Moreover, s i n c e  

it i s  p r i m a r i l y  r e s i d e n t i a l  cus tomers  who a r e  a f f e c t e d  by w i n t e r  

s to rms  ( t h e y  a r e  t h e  c l a s s  of  customer most  l i k e l y  t o  be s e r v e d  by 

overhead  sub - t r ansmis s ion  and d i s t r i b u t i o n  l i n e s  t h a t  a r e  t h e  p r i n c i -  

p a l  v i c t i m  o f  w i n t e r  s t o r m s ) ,  t h e i r  economic l o s s e s  due t o  such  

f a i l u r e s  a r e ,  i n  a l l  l i k e l i h o o d ,  s m a l l e r  t h a n  t h e  l o s s e s  s u f f e r e d  

by commercial and i n d u s t r i a l  conce rns  a f f e c t e d  by v o l t a g e  r e d u c t i o n s  

and d i s c o n n e c t i o n s  due t o  system-wide g e n e r a t i o n  i n a d e q u a c i e s .  

N e v e r t h e l e s s ,  a s  no ted  above,  much a n a l y t i c a l  work remains  on t h e  

s t u d y  of t h e  t r a d e - o f f s  between r e l i a b i l i t y  and economic impact ,  and 

c l e a r  c o n o l u s i o n s  are  n o t  p o s s i b l e  a t  t h e  p r e s e n t  t i m e .  

A s  a  f i n a l  comment, one might  n o t e  t h e  r e l a t i o n s h i p  between 

demand p r o j e c t i o n  u n c e r t a i n t y  and r e s e r v e  margin.  F i g u r e s  15  and 16 

! 
show two sets o f  p r o j e c t i o n s ;  one made i n  A p r i l  1974, b e f o r e  t h e  

c o n s e r v a t i o n  impact  of  t h e  o i l  embargo induced  p r i c e  rises were f e l t ,  

t h e  o t h e r  made i n  J anua ry  1975, a t  which p o i n t  t h e  impact  on consump- 

t i o n  had become more clear, The u t i l i t i e s  were q u i c k  t o  d e l a y  o r  
i even c a n c e l  many new u n i t s ,  a s  t h e  l o s s  of. revenue  due t o  t h e  j o i n t  

e f f e c t  o f  c o n s e r v a t i o n  by consumers and t h e  r e c e s s i o n  imposed 

s e v e r e  f i n a n c i a l  p r e s s u r e s .  U t i . l i t y  concern  now, however, i s  w i t h  

t h e  p o s s i b i l i t y  t h a t  consumption and demand p a t t e r n s  w i l l  r e t u r n  t o  
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F i g u r e  65. Reserve margins i n  NYPP. Source :  
NERC, n o t e  36.  
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F i g u r e  16 .  Reserve  marg ins  i n  MAAC. Source :  
NERC, n o t e  36. 



t y p i c a l  pre-embargo l e v e l s ,  wi th  t h e  r e s u l t  t h a t  r e s e r v e  margins 

would be s e v e r e l y  reduced because o f  t h e  long l e a d  time f o r  cons t ruc-  

t i o n  of new c a p a c i t y .  F igure  1 6 ,  f o r  example, shows t h e  e f f e c t  of 

assuming 1974 load p r o j e c t i o n s  on 1975 c a p a c i t y  p ro jec t ions , ,  i n d i -  

c a t i n g  a  severe  r e l i a b i l i t y  problem by t h e  e a r l y  1980 ' s .  This ,  

o f  course ,  emphasizes t h e  urgency of be ing a b l e  t o  reduce t h e  long 

l e a d  t i m e  f o r  new c a p a c i t y ,  a s  t h a t  would then a l low a  more f l e x i b l e  

p lann ing  pol icy ,  a s  d i scussed  f u r t h e r  i n  Chapter V I I .  

4 . 4  Generat ion Mix Plannina  

The de te rmina t ion  of t h e  opt imal  combination of d i f f e r e n t  modes 

of  g e n e r a t i o n  ( o r  "genera t ion  mix") i s  one of  t h e  most d i f f i c u l t  

t a s k s  faced by t h e  u t i l i t y  p lanner .  I n  r e c e n t  y e a r s  t h e  development 

of  s o p h i s t i c a t e d  p lann ing  t o o l s  has  proceded ve ry  r a p i d l y  and most 

u t i l i t i e s  and power poo l s  a r e  now us ing  computer s imula t ion  modeling 

a s  t h e  b a s i c  t o o l  f o r  t h e  de te rmina t ion  of opt imal  c a p a c i t y  expansion 

and genera t ion  mix planning.  Mathematical programming methods have 

a l s o  seen  g r e a t e r  a p p l i c a t i o n  i n  r e c e n t  y e a r s ,  methods which s e r v e  

t o  complement t h e  s i m u l a t i o n  models f o r  sc reen ing  of a l t e r n a t i v e s ,  

and f o r  s e n s i t i v i t y  a n a l y s i s .  

Although a  f u l l  d e s c r i p t i o n  of even a  few of t h e  most widely 
used models goes w e l l  beyond t h e  scope of t h i s  r e p o r t ,  a  b r i e f  o u t l i n e  

o f  some of t h e  fundamental p r i n c i p l e s  of genera t ion  mix op t imiza t ion  

i s  i n d i c a t e d .  The models now be ing  used by e l e c t r i c  u t i l i t i e s  a r e  

cons ide rab ly  more complex than  t h e  fo l lowing o u t l i n e  might sugges t ,  . 

b u t  they  n e v e r t h e l e s s  rest upon t h e  same fundamental p r i n c i p l e s .  

The e s s e n t i a l  f e a t u r e  o f  a n  opt imal  genera t ion  mix i s  t h a t  i t s  

composition o f  p l a n t s  minimizes t h e  1evel i .zed annual k i lowat t -hour  

c o s t .  I n  genera l ,  c a p i t a l  and o p e r a t i n g  c o s t s  of t h e  va r ious  genera- / 

t i o n  types  a r e  i n v e r s l e y  r e l a t e d - - a t  one end of t h e  spect.rl~m are 

base  load  nuc lea r  u n i t s ,  having  t h e  h i g h e s t  ca.pit.al. reql~irernent-s per 

u n i t  o f  c a p a c i t y ,  b u t  w i t h  t h e  lowest  f u e l  and o p e r a t i n g  c o s t s  per  

u n i t  of e l e c t r i c i t y  produced; and a t  t h e  o t h e r  s t a n d  combustion 

t u r b i n e s ,  wi th  t h e  lowes t  i n i t i a l  c a p i t a l  c o s t ,  b u t ,  due t o  i n -  

e f f i c i e n t  use  of f u e l ,  a l s o  having t h e  h i g h e s t  o p e r a t i n g  c o s t  pe r  

kwh. Following Baughman and J o s ~ o w , ~ ~  t h e  average c o s t  pe r  u n i t  of 

o u t p u t  can be expressed  a s  fo l lows:  



where 

AC = average c o s t s  i n  c e n t s  per  kwh 

kl = c a p i t a l  c o s t  (dol lars/kw) 

a  = annual wr i t e -o f f  r a t e  ( l / y e a r )  

F = f i x e d  o p e r a t i o n  and maintenance. c o s t s  ($/kw/year) 

k 2  = f u e l  c o s t  (cents/MM Btus)  

Hr = h e a t  r a t e  (Btus/kwh) 

U = u t i l i z a t i o n  f a c t o r  (hours  pe r  yea r )  

Oc = v a r i a b l e  o p e r a t i o n  and maintenance c o s t s  (cents/kwh).  

Suppose t h r e e  d i f f e r e n t  ' types of genera t ing  u n i t s  a r e  a v a i l a b l e ,  

va ry ing  converse ly  wi th  r e s p e c t  t o  c a p i t a l  and o p e r a t i n g  c o s t s .  Then 

t h e  average c o s t s  curves  f o r  each genera t ion  mode, p l o t t e d  a s  a  

f u n c t i o n  of u t i l i z a t i o n ,  might be a s  shown on F igure  17. The minimum 

c o s t  curve  i s  given by t h e  lower envelope of t h e s e  curves ,  a s  

i n d i c a t e d .  

Now Suppose t h a t  t h e  load d u r a t i o n  curve  f o r  the system under 

c o n s i d e r a t i o n  i s  a s  g iven on Figure  18.  The opt imal  c a p a c i t y  of 

each type  of  genera t ion ,  de f ined  a s  t h a t  mix which meets t h e  load  

d u r a t i o n  c h a r a c t e r i s t i c s  a t  minimum c o s t ,  i s  given by t h e  p o i n t s  

u 
PC ' Ucb, which a r e  taken d i r e c t l y  from t h e  i n t e r s e c t i o n  p o i n t s  of 

t h e  average product ion  c o s t s  curves  of Figure  17 .  I t  can be shown 

t h a t  t h e s e  i n t e r s e c t i o n  p o i n t s  a r e  g iven by 

and. 
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where t h e  s u p e r s c r i p t s  b ,  c ,  p  denote  parameter v a l u e s  f o r  t h e  

base  load ,  c y c l i n g ,  and peaking u n i t s ,  r e s p e c t i v e l y .  

I t  should then be c l e a r ,  t h a t  f o r  t h e  p o r t i o n  of t h e  load  

corresponding t o  u t i l i z a t i o n  f a c t o r s  g r e a t e r  than  Ucb t h e  minimum 

c o s t  p l a n t  i s  of  t h e  base  load ca tegory  because t h e  o p e r a t i n g  

e f f i c i e n c y  o f f s e t s  t h e  high c a p i t a l  c o s t s .  For Ucb - < U < U t h e  - PC 
minimum c o s t  p l a n t  i s  a  c y c l i n g  p l a n t ,  and s o  on f o r  o t h e r  u t i l i z a t i o n  

f a c t o r s  and c a t e g o r i e s .  

'The preceding assumes t h a t  t h e  p lanner  i s  faced wi th  a  load-  

d u r a t i o n  s i t u a t i o n  f o r  which he must b u i l d  t h r e e  new types  of p l a n t s ,  

each of c e r t a i n  c a p a c i t y  a s  given by Ucb, U I n  an a c t u a l  d e c i s i o n  
PC ' 

s i t u a t i o n ,  however , . the  p lanner  i s  faced wi th  a  mix of  e x i s t i n g  p l a n t s ,  

and t h e  q u e s t i o n  may be when t o  re t i re  an e x i s t i n g  p l a n t  and r e p l a c e  

it by a  new, more e f f i c i e n t  f a c i l i t y .  

For an e x i s t i n g  p l a n t ,  t h e  i n i t i a l  c o s t s  a r e  no longer  r e l e v a n t  

t o  a  d e c i s i o n  t o  r e p l a c e  i t  by a  new p l a n t .  Thus, t h e  average c o s t  

of genera t ion  per  kwh f o r  an e x i s t i n g  p l a n t  i s  given by 

I f  f o r  any e x i s t i n g  p l a n t  t h i s  c o s t  f u n c t i o n ,  when p l o t t e d  on 

Figure  17 ,  f a l l s  completely above t h e  minimum c o s t  product ion  p r o f i l e  

f o r  new p l a n t s ,  then  a  n e t  sav ings  acc rues  i f  n e w  p l a n t  i s  c o n s t r u c t e d  

t o  r e p l a c e  t h e  o l d .  But i f  t h e  e x i s t i n g  p l a n t  f u n c t i o n  f a l l s  a t  any 

p o i n t  below t h e  minimum c o s t  p r o f i l e ,  then  it  i s  more economical t o  

use  t h i s  e x i s t i n g  p l a n t  a t  those  u t i l i z a t i o n  l e v e l s  than t o  r e p l a c e  

it wi th  a d d i t i o n a l  investment  i n  a  new p l a n t .  
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CHAPTER V 

GENERATING FACILITY SITING CONSTRAINTS 
. . 

5 .1  'water  Resource C o n s t r a i n t s  

Although t h e  Nor theas t  i s  endowed wi th  p l e n t i f u l  water  r e sources  

i n  comparison to .  t h e  a r i d  a r e a s  of t h e  U.S., t h e  c o n c e n t r a t i o n  o f  

popu la t ion  and i n d u s t r y  i n  t h e  reg ion  makes f o r  keen compet i t ion  f o r  

t h i s  r e source ,  p a r t i c u l a r l y  f o r  r e c r e a t i o n  and urban water  supply .  

Given t h e  c u r r e n t  EPA s t r i c t u r e s  a g a i n s t  once-trhough coo l ing  i n  

f r eshwate r  bodies  and t h e  smal l  demands l i k e l y  t o  be imposed by 

h y d r o e l e c t r i c  genera t ion  ( s e e  below, Sec t ion  5 . 4 ) ,  t h e  major water  

r e s o u r c e  c o n s t r a i n t  on t h e  e l e c t r i c  s e c t o r  i s  t h e  l i m i t a t i o n  on con- 

sumptive use a t  e v a p o r a t i v e l y  cooled thermal  e l e c t r i c  g e n e r a t i n g  

f a c i l i t i e s ,  an e v a l u a t i o n  of which is  t h e  s u b j e c t  of a  d e t a i l e d  

s t u d y  now i n  p r e p a r a t i o n  by t h e  BNL Regional Energy S t u d i e s  Program. 1 

Pre l iminary  ana lyses  show t h a t  Region I11 w i l l  l i k e l y  f a c e  t h e  most 

severe  water  r e s o u r c e  l i m i t a t i o n s ,  and e s p e c i a l l y  u t i l i t i e s  i n  t h e  

Delaware River Basin w i l l  f i n d  i n c r e a s i n g  d i f f i c u l t y  i n  l o c a t i n g  

i n l a n d  s i tes  f o r  l a r g e  t h e r m a l u n i t s .  Indeed, it was a  New J e r s e y  

u t i l i t y  t h a t  t h a t  was t h e  f i r s t  t o  cons ide r  s e r i o u s l y  t h e  p o s s i b i l i t y  

o f  o f f s h o r e  s i t i n g  f o r  nuc lea r  c a p a c i t y .  By comparison, t h e  New York 

Power Pool (Region 11) has  t h e  abundance of  t h e  Great  Lakes (Lake E r i e  

and Lake Onta r io )  a t  i t s  d i s p o s a l .  The long c o a s t l i n e  of New England, 

unimpeded by t h e  B a r r i e r  I s l a n d s  t h a t  c h a r a c t e r i z e  t h e  New J e r s e y  

and Delaware shores ,  would a l s o  appear t o  provide  t h e  NEPOOL u t i l i t i e s  

wi th  cons ide rab le  s i t i n g  f l e x i b i l i t y .  However, i n  l i g h t  of  i n c r e a s i n g  

pressures on t h e  c o a s t a l  zone, c o a s t a l  s i t i n g  under p r o s p e c t i v e  s t a t e  

and f e d e r a l  r e g u l a t i o n  may f a c e  i n c r e a s i n g  d i f f i c u l t y .  Moreover, much 

of  t h e  New E n g l a n d ' c o a s t l i n e  i s  i n  Maine, a  s t a t e  t h a t  i s  becoming 

i n c r e a s i n g l y  opposed t o  power f a c i l i t i e s  b u i l t  p r i m a r i l y  f o r  out-of-  

s t a t e  consumers. And, f i n a l l y ,  t h e  most r e c e n t  development i n  t h e  

Seabrook con t roversy  (see a l s o  Chapter V I I ) ,  ev idences  t h e  s t r o n g  

environmental  oppos i t ion  t o  once-through coo l ing  a t  c o a s t a l  s i tes ,  

a  mode of  c o o l i n g  t h a t  remains one o f  t h e  major inducements t o  such 

s i t e s .  



The f reshwate r  water  r e source  problem i n  t h e  Nor theas t  i s  caused 

p r i m a r i l y  by c o n s t r a i n t s  on consumptive use  dur ing  low flow p e r i o d s  

i n  l a t e  summer, r a t h e r  than a  year-round water  shor tage .  This  i m -  

p l i e s ,  of  course ,  t h a t  p rov i s ion  of s t o r a g e  r e s e r v o i r s  could ,  i n  f a c t ,  

provide  t h e  necessary  augmentation of low f low by s t o r i n g  t h e  abundant 

w i n t e r  and s p r i n g  r a i n f a l l .  Unfor tunate ly ,  t h e  c o n s t r u c t i o n  of 

r e s e r v o i r s  i n  upstream a r e a s  is  becoming i n c r e a s i n g l y  d i f f i c u l t ,  a s  

documented by t h e  r e c e n t  demise of t h e  Tocks I s l a n d  P r o j e c t  on t h e  

Delaware, which, among o t h e r  uses ,  was a l s o  t o  have provided low 

flow augmentation f low f o r  t h e  Hope Creek and Limerick Nuclear P l a n t s  

down st re an^. P re l iminary  r e s u l t s  of our  d e t a i l e d  s tudy  show t h a t  i f  

t h e  f u l l  p o t e n t i a l  f o r  buildin9 low-flow augmentation reservoirs could  

be e x p l o i t e d ,  s u f f i c i e n t  low f low could  be provided i n  a l l  r i v e r  

b a s i n s  f o r  many t i m e s  t h e  a d d i t i o n a l  thermal  genera t ion  c a p a c i t y  

needed between now and 2000. But, i f  one t a k e s  t h e  view t h a t  no 

f u r t h e r  s t o r a g e  r e s e r v o i r s  can be b u i l t  f ~ r  f l o w  a u g m ~ n t a t i o n ,  then  

u t i l i t i e s  i n  Region 111, e s p e c i a l l y  those  i n  western  Pennsylvania 

and t h e  Delaware River  Bas ins ,  w i l l  f a c e  s e v e r e  s i t i n g  d i f f i c u l t i e s .  

Although t h i s  type  of c o n s t r a i n t  obvious ly  makes o f f s h o r e  s i t i n g  an 

i n t e r e s t i n g  a l t e r n a t i v e ,  t h e r e  remain a  number of a s  y e t  n o t  c l e a r l y  

r e s o l v e d  t e c h n i c a l  and l i c e n s i n g  o b s t a c l e s ,  whose u l t i m a t e  outcome 

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

5.2 C o n s t r a i n t s  on Nuclear F a c i l i t i e s  

I n  a d d i t i o n  t o  t h e  water  r e source  c o n s t r a i n t s  shared  wi th  f o s s i l  

g e n e r a t i o n  t y p e s ,  t h e  two major s i t i n g  c o n s t r a i n t s  faced by nuc lea r  

f a c i l i t i e s  a r e  proximi ty  t o  popu la t ion  and s e i s m i c i t y .  

I n  r e g i o n a l  and c o a r s e  s i . t e  sc reen ing  s t u d i e s ,  t h e n u c l e a r  

Regula tory  Commission Seismic Zone c l . a s o i f i c a t i o n  appears t o  be the 

most f r e q u e n t l y  used c r i t e r i o n  f o r  a s s e s s i n g  t h e  degree of problems 

l i k e l y  t o  be encountered a t  t h e  d e t a i l e d  eng inee r ing  s t a g e .  These 

zones a r e  de f ined  a s  fo l lows:  2 

Zone I - This  zone i n c l u d e s  a r e a s  of low s e i s m i c i t y  wi th  no 
known capable  f a u l t s .  I t  i s  expected t h a t  s e i s m i -  
c i a l l y  s u i t a b l e  sites w i l l  be found wi th  l i t t l e  
d i f f i c u l t y .  

Zone I1 - This zone i n c l u d e s  two c a t e g o r i e s :  (1) a r e a s  wi th  
moderate s e i s m i c i t y  and complex g e o l o g i c a l  s t ruc - tu res ,  



having numerous, o l d ,  incapab le  f a u l t s ,  and ( 2 )  
a r e a s  c l o s e  t o  zones of h igh  se i smic  r i s k ,  which may 
l e a d  t o  c o n t r o v e r s i a l  r i s k  assessment .  D e t a i l e d  s i t e -  
s p e c i f i c  s t u d i e s  w i l l  be necessary  t o  determine 
geologic /se ismic  s i t e  s u i t a b i l i t y .  

Zone I11 - This zone i s  c h a r a c t e r i z e d  by high s e i s m i c i t y ,  
accompanied i n  most c a s e s  by i n t e n s e ,  r e c e n t  
f a u l t i n g  . 

The t h r e e  zones r e p r e s e n t  NRC s t a f f  judgment wi th  r e s p e c t  t o  

t h e  se i smic  s t a b i l i t y  of v a r i o u s  land a r e a s .  The zones d i f f e r  

according t o  t h e  r e l a t i v e  d i f f i c u l t y  of e s t a b l i s h i n g  t h e  des ign  

va lue  f o r  t h e  h o r i z o n t a l  motion of t h e  ground a t  t h e  foundat ion  of 

Category I s t r u c t u r e s ,  and a r e  based on r e l a t i v e  se i smic  r i s k  maps' 

and l i c e n s i n g  exper ience .  Considera t ion  i s  given only  t o  h i s t o r i c a l  

ear thquake a c t i v i t y  and known 5 a u l t i n g ;  o t h e r  geologica l  f a c t o r s  such 

a s  k a r s t  r e g i o n s  and subsidence a r e  n o t  cons idered .  

A s  i n d i c a t e d  on F igure  20, most of t h e  Nor theas t  l ies  w i t h i n  

Seismic Zone 11. The New J e r s e y  Coas ta l  P l a i n ,  most of Delaware, 

t h e  extreme western p o r t i o n  of Pennsylvania,  and p a r t s  of t h e  Upper 

Delaware River  Basin,  however,. l i e  i n  t h e  most f avorab le  zone. Thus, 

one would n o t  a n t i c i p a t e  t h a t  s e i s m i c i t y  would be a  l i m i t i n g  con- 

s t r a i n t  on nuc lea r  s i t i n g  i n  t h e  Nor theas t ,  i n  c o n t r a s t  t o  some 

western reg ions  and t h e  P a c i f i c  Coas t .  

O n  t h e  o t h e r  hand, t h e  i s s u e  of  population proximi ty  is  f a r  
from c l e a r ,  a s  w e l l  demonstrated by t h e  r e c e n t  l i t i g a t i o n  over  t h e  

B a i l l y  nuc lea r  p l a n t  i n  Northern ~ n d i a n a . ~  Indeed, s t r i c t l y  

speaking,  t h e  NRC r e g u l a t i o n s  i n  r e s p e c t  t o  popu la t ion  a r e  e x t r a -  

o r d i n a r i l y  s i m p l i s t i c ,  based simply on a s c a l a r  d i s t a n c e  t o  the 

n e a r e s t  c e n t e r  of popula t ion .  Perhaps t h e  most impor tant  d e f i c i e n c y  

i s  t h e  absence of a  formal  mechanism.for  r e l a t i n g  t h e  i s suance  of a  

l i c e n s e  t o  l and  use c o n t r o l  measures beyond t h e  a r e a  under c o n t r o l  

of  t h e  l i c e n s e e .  Although f u t u r e  growth p r o j e c t i o n s  i n  t h e  Low 

Popula t ion  Zone a r e  taken i n t o  account  i n  t h e  l i c e n s i n g  d e c i s i o n ,  

once t h e  l i c e n s e  i s  grankcd n e i t h e r  the NRC nor t h e  u t i l i t y  has any 

c o n t r o l  over  a c t u a l  ( a s  opposed t o  expected)  growth i n  t h e  LPZ. The 

env i rons  of  t h e  Oyster Creek P l a n t  i n  New J e r s e y  c o n s t i t u t e  an 

e x c e l l e n t  example of  a  s i t u a t i o n  where r e s i d e n t i a l  growth i n  t h e  



F i g u r e  20. Seismic  zones. Source: NRC, 
n o t e  2 ,  p l a t e  4-1. 



immediate v i c i n i t y  o f  a  n u c l e a r  p l a n t  has  su rpassed  a l l  e x p e c t a t i o n s  

made a t  t h e  t i m e  of  t h e  o r i g i n a l  l i c e n s i n g  d e c i s i o n .  Y e t  s t a t e  and 

l o c a l  governments,  upon whom t h e  burden o f  l a n d  use  c o n t r o l s  r i g h t l y  

f a l l ,  f r e q u e n t l y  l a c k  adequa te  c o n t r o l s  ove r  t h e  a c t i o n s  of  p r i v a t e  

d e v e l o p e r s ,  and a r e  i n  any e b e n t  p rec luded  by t h e  preempt ive  powers 

of  t h e  f e d e r a l  NRC i n  m a t t e r s  of r a d i o l o g i c a l  h e a l t h  and s a f e t y  from 

t a k i n g  l a n d  use  c o n t r o l  a c t i o n s  on s a f e t y  grounds.  

I n  an i n t e r e s t i n g  a n a l y s i s ,  P i p e r  and Heddleston examined t h e  

p o p u l a t i o n - d i s t a n c e  envelope  o f  n u c l e a r  power r e a c t o r  s i tes  i n  t h e  

U .  S. and o v e r s e a s .  I t  appea r s  t h a t  t h e  p o p u l a t i o n - d i s t a n c e  envelope  

r e p r e s e n t e d  by t h e  I n d i a n  P o i n t ,  N.Y.  and Zion Nuclear  P l a n t s  r e p r e -  

s e n t s  t h e  l i m i t  of  a c c e p t a b i l i t y  i n  t h i s  c o u n t r y ;  proposed s i tes  such  

a s  Ravenswood ( i n  N e w  York C i t y ) ,  and B u r l i n g t o n  and Newbold I s l a n d  

i n  N e w  J e r s e y  ( c l o s e  t o  t h e  P h i l a d e l p h i a  Met ropo l i t an  a r e a ) ,  whose 

p o p u l a t i o n - d i s t a n c e  c u r v e s  l i e  c o n s i d e r a b l y  above t h i s  envelope ,  

have a l l  been r e j e c t e d  (F igu re  2 1 ) .  However, a s  shown on F i g u r e  22, 

European p r a c t i c e  seems t o  a l l o w  n u c l e a r  p l a n t s  i n  much c l o s e r  

p rox imi ty  t o  p o p u l a t i o n  c e n t e r s ,  w i t h  t h e  shown U.K. and German p l a n t s  

l y i n g  c o n s i d e r a b l y  above t h e  I n d i a n  P o i n t  p o p u l a t i o n - d i s t a n c e  cu rve .  
5 

NRC h a s  r e c e n t l y  developed a  somewhat more s o p h i s t i c a t e d  index  

f o r  p o p u l a t i o n  a n a l y s i s ,  t h e  s o - c a l l e d  " S i t e  Popu la t ion  F a c t o r "  (SPF) ,  

based on w e i g h t i n g  t h e  p o p u l a t i o n  of  each  d i s c r e t e  a n n u l a r  e lement  

around a  p o t e n t i a l  s i t e  w i t h  an  e x p o n e n t i a l  f u n c t i o n  o f  d i s t a n c e  from 

t h e  proposed s i te .  NRC c u r r e n t l y  c o n s i d e r s  a r e a s  w i t h  a  SPF o f  less 

than  0.2 f o r  30 m i l e s  ( numer i ca l ly  e q u i v a l e n t  t o  a  p o p u l a t i o n  d e n s i t y  

of less than  200 pe r sons  pe r  squa re  m i l e  un i formly  d i s t r i b u t e d  ove r  a  

30 m i l e  r a d i u s )  a s  a c c e p t a b l e  f o r  n u c l e a r  s i tes ;  t h i s  c r i t e r i o n ,  how- 

e v e r ,  i s  i n f o r m a l ,  and n o t  y e t  p a r t  of  any o f f i c i a l  s i t i n g  r e g u l a t i o n .  

F i g u r e  23 shows t h e  30 m i l e  SPF c o n t o u r s  i n  t h e  N o r t h e a s t ,  from which 

one may conclude  t h a t  n u c l e a r  s i t e s  meet ing  t h i s  c r i t e r i o n  can b e  

found q u i t e  e a s i l y  a t  r e l a t i v e l y  s m a l l  d i s t a n c e s  from t h e  major  

m e t r o p o l i t a n  a r e a s .  

N e v e r t h e l e s s ,  t h e r e  i s  s t i l l  xr.uch ambigui ty  conce rn ing  what i s ,  

and what i s  n o t ,  a n  a c c e p t a b l e  p rox imi ty  t o  p o p u l a t i o n .  Indeed ,  one 

p o s s i b l e  outcome of  t h e ' c u r r e n t  n u c l e a r  s a f e t y  c o n t r o v e r s y  might  be  

t h e  l i m i t a t i o n  o f  n u c l e a r  r e a c t o r s  t o  t r u e l y  remote s i tes ,  where 
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t h e  requirement  might be no major popu la t ion  c e n t e r  w i t h i n  a b u f f e r  

zone o f ,  say ,  2 5  t o  50 m i l e s  r a d i u s .  Such a d e f i n i t i o n  of a  remote 

site- would- n e c e s s a r i l y  r.es-tr-ict nuclear.  r e a c t o r s  in.  t h e  Nor theas t  t o  

c e r t a i n  a r e a s  i n  u p s t a t e  New York, o r  t o  nor the rn  Maine, a s  no o t h e r  

p a r t s  of t h e  reg ion  have t h e  necessary  absence of popu la t ion .  

5.3 C o n s t r a i n t s  on Combustion Turbines 7 

Combustion t u r b i n e s  r e p r e s e n t  t h e  g e n e r a t i o n  type  t h a t  i s  probably 

l e a s t  cons t ra ined  by s i t i n g  c o n s i d e r a t i o n s ,  and t h e  p a s t  two decades 

has  seen  a s i g n i f i c a n t  r i s e  i n  t h i s  type  of c a p a c i t y  i n  many nor th -  

e a s t e r n  u t i l i t i e s .  D i f f i c u l t i e s  i n  s i t i n g  pumped s t o r a g e  f a c i l i t i e s ,  

exempl i f ied  by t h e  c e l e b r a t e d  Storm King Mountain con t roversy  i n  

l i t i g a t i o n  f o r  over  a  decade,* i s  one major r eason  f o r  t h i s  r e c e n t  

sha rp  growth i n  combustion t u r b i n e  capaci ty . '  S h o r t  l e a d  t i m e s ,  10 

on t h e  o rd5r  o f  18-'months, have a I s o  mace t h e  ~~~~~~on of-  gas  turbi 'ne 

c a p a c i t y  a  convenient  exped ien t  whenever shor t - te rm c a p a c i t y  s h o r t a g e s  

were encountered--an impor tant  c o n s i d e r a t i o n  i n  view of l e a d  t i m e s  

of  up t o  10 y e a r s  f o r  o t h e r  types  of f a c i l i t i e s .  Moreover, gas  

t u r b i n e s  can be i n s t a l l e d  f o r  t h e  lowest  c a p i t a l  c o s t  per  kw of 

c a p a c i t y  of a l l  c u r r e n t  g e n e r a t i o n  t echno log ies ,  and t h u s  p r e s e n t  

some s p e c i a l  a d v a n t a g e s - t o  a  u t i l i t y  exper ienc ing  d i f f i c u l t i e s - i n  

r a i s i n g  c a p i t a l .  

O f f s e t t i n g  t h i s  low c a p i t a l  c o s t  advantage,  however, i s  a  

r e l a t i v e l y  h igh o p e r a t i n g  c o s t  per  kwh genera ted ,  due t o  a  much lower 

e f f i c i e n c y  of conversion .ll Furthermore, because many n o r t h e a s t e r n  

u t i l i t i e s  have a higher- than-optimal  f r a c t i o n  of combustion t u r b i n e  

i n  t h e i r  generdLion m i x ,  thesc u n i t s  are opera ted  for many more 

hours pe r  day than they o r d i n a r i l y  should b e ,  r e s u l t i n g  i n ,  o r  a t  

l e a s t  be ing a major c o n t r i b u t o r  t o ,  t h e  high average g e n e r a t i o n  

c o s t s  of t h e  reg ion  .I2 Thus, such u t i l i t i e s  a s  Consol ida ted  Edison, 

which have ve ry  h igh gas  t u r b i n e  f r a c t i o n s ,  have been p a r t i c u l a r l y  

a f f e c t e d  by t h e  sha rp  i n c r e a s e s  i n  f u e l  cus.ts s i n c e  t he  1973  o i l  

emba r go. 

I n  t h e  p a s t ,  combustion t u r b i n e s  have been i n s t a l l e d  p r i m a r i l y  

a t  e x j s t i n g  l a r g e  f o s s i l  f u e l e d  g e n e r a t i n g  f a c i l i t i e s  occupying 

some unused corner  of an  e x i s t i n g  s i t e .  Thei r  major environmental  



impact ,  n o i s e ,  i s  t h u s  minimized by l o c a t i o n  i n  an  e x i s t i n g  i n d u s t r i a l  

l and  use .  I t  should a l s o  be c l e a r  t h a t  combustion t u r b i n e s ,  because 

they  a r e  e a s i l y  s i t e d  c l o s e  t o  t h e  load  c e n t e r s ,  i n c u r  lower t r a n s -  

miss ion  l o s s e s  than ,  f o r  example, h y d r o - e l e c t r i c  f a c i l i t i e s ,  which 

i n  t h e  Nor theas t  g e n e r a l l y  l i e  q u i t e  f a r  from popu la t ion  and load 

c e n t e r s .  

But d e s p i t e  t h e  e a s e  i n  s i t i n g  and t h e  low c a p i t a l  c o s t s  pe r  

u n i t  of c a p a c i t y ,  w e  f o r s e e  t h a t  combustion t u r b i n e s  w i l l  r e p r e s e n t  

an i n c r e a s i n g l y  smal le r  p o r t i o n  of genera t ion  c a p a c i t y  i n  t h e  f u t u r e .  

Four r easons  may be advanced f o r  t h i s .  F i r s t ,  t h e i r  r e l a t i v e l y  

i n e f f i c i e n t  use  of f u e l ,  which, i n  a t i m e  of s h a r p l y  r i ~ i n g  f u e l  

c o s t s ,  may make t h a t  p o r t i o n  of t h e  load  served by t h i s  type  of  

u n i t  somewhat s m a l l e r .  Indeed, evidence  of dec reas ing  u ~ e  of gas 

L u ~ b l ~ i t t s  i n  t h e  p a s t  two y e a r s  was advanced i n  Sec t ion  2.3.  This  

would be e s p e c i a l l y  impor tant  f o r  u t i l i t i e s  wi th  an a l r e a d y  h igher-  

than-optimal  p ropor t ion  of gas t u r b i n e  genera t ion .  Second, t h e  

equipment manufacturers  a r e  no longer  b u i l d i n g  gas t i ~ r h i n r t s  f o r  

s t o c k ,  b u t  on ly  on r e c e i p t  o f  f i r m  o r d e r s .  This  has r e s u l t e d  i n  a  

doub l ing  of t h e  l e a d  time t o  n e a r l y  t h r e e  y e a r s ,  and t h u s  no longer  

r e p r e s e n t s  a  f a s t  s o l u t i o n  t o  unexpected load i n c r e a s e s  o r  cons t ruc -  

t i o n  de lays  i n  i n s t a l l i n g  o t h e r  genera t ion  types .  Thi rd ,  many of t h e  

conse rva t ion  measures l i k e l y  t o  be implemented over  t h e  coming y e a r s  

w i l l  have a s  t h e i r  o b j e c t i v e  t h e  i n c r e a s e  of  system I n a d  f a c t o r s  

(i .e. , t h e  r e d u c t i o n  of t h e  extreme peaks) , and thus the  ~ ~ e e d  f o r  

peaking power g e n e r a t i o n  modes would, a t  l e a s t  i n  a system of opt imal  

g e n e r a t i o n  mix, dec rease .  l3 F i n a l l y ,  so -ca l l ed  combined c y c l e  

f a c i l i t i e s ,  i n  which t h e  exhaus t  gases  from t h e  combustion t u r b i n e  

p o r t i o n  a r e  used t o  h e a t  a  b o i l e r  d r i v i n g  a  steam t u r b i n e ,  have much 

h igher  o v e r a l l  e f f i ~ i e n c i e s , ' ~  and t h i s  type  of u n i t  can thus  he 

expected  t o  g a i n  an i n c r e a s i n g  s h a r e  of t h e  o v e r a l l  c a p a c i t y  mix. 

5 . 4  C o l ~ s t r a i n t s  on ~ y d r o e l e c t r i c  F a c i l i t i e s  

Hydroe lec t r i c  p l a n t s  i n  t h e  Nor theas t  accounted,  i n  1 9 7 5 ,  f o r  

o n l y  some 10.7% of t h e  t o t a l  i n s t a l l e d  capaci ty,15 and few major 

a d d i t i o n s  of t h i s  type  can be a n t i c i p a t e d  over  t h e  n e x t  few decades.  

This  w i i l  r e s u l t  i n  a  f u r t h e r  dec reas ing  s h a r e  of t h i s  genera t ion  

type  



Severa l  reasons  make s i g n i f i c a n t  a d d i t i o n s  i n  hydro c a p a c i t y  

u n l i k e l y  f o r  t h e  Nor theas t .  Most of t h e  p o t e n t i a l  f o r  convent ional  

hydro e l e c t r i c  p l a n t s  i s  a l r e a d y  u t i l i z e d ,  and such s i t e s  a s  do 

remain would e i t h e r  r e p r e s e n t  r a t h e r  smal l  c a p a c i t y  a d d i t i o n s ,  o r ,  

i f  t h e  s i t e  c a l l s  f o r  a  dam of  some s i z e ,  would be s o  c o n t r o v e r s i a l  

a s  t o  make l a r g e  p r o j e c t i o n s  q u i t e  improbable.  l6 Moreover, some of 

t h e  few l a r g e  p o t e n t i a l  hydro s i t e s  i n  t h e  r e g i o n ,  such a s  t h e  

proposed Dickey-Lincoln p r o j e c t  on t h e  Maine-Canadian border ,  a r e  

engulfed  i n  t h e  p u b l i c  power con t roversy  ( s i n c e  t h i s  p r o j e c t  i s  

sponsored by t h e  U.S. Corps of Engineers  and opposed by t h e  i n v e s t o r  

owned u t i l i t i e s )  a s  w e l l  a s  be ing opposed by e n v i r o n m e n t a l i s t s  on 

grounds t h a t  t h e  i n t r u s i o n  i n t o  remote, unspoi led  wi lde rness  a r e a s  

i s  unacceptable .  

Large a d d i t i o n s  of pumped s t o r a g e  c a p a c i t y  a l s o  seem unl ike ly--  

they  t o o ,  tend t o  be h igh ly  c o n t r o v e r s i a l  ( a s  wi tnessed ,  f o r  example, 

by Storm King Mountain o r  Nor theas t  U t i l i t i e s '  proposed s i t e  i n  

Northwestern C o n n e c t i c u t ) ;  and f o r  a  number of  reasons  t h e  economics 

of pumped hydro appear  l e s s  f avorab le  than a  decade ago. Being 

h igh ly  c a p i t a l  i n t e n s i v e ,  t h e i r  c o n s t r u c t i o n  c o s t s  have soa red ,  and 

they  may be s e r i o u s l y  a f f e c t e d  by load  management measures which 

would c u r t a i l  t h e  magnitude and extend t h e  d u r a t i o n  of peaks. 

5.5 C o n s t r a i n t s  on Coal Generat ion 

The Nor theas t  i s  faced  wi th  a  p a r t i c u l a r l y  vexing problem i n  

s i t i n g  c o a l  f i r e d  e l e c t r i c i t y  genera t ion  f a c i l i t i e s .  On t h e  b a s i s  

of one c r i t e r i o n ,  t h e  opt imal  l o c a t i o n  of c o a l  p l a n t s  would be i n  

westcrn Pennsy1vani.a a t .  o r  near t h e  mine-mouth, thereby minimizing'  

f u e l  t r a n s p o r t a t i o n  c o s t s .  Yet mine-mouth l o c a t i o n  i n  western 

Pennsylvania impl ies  i n  t u r n  t h e  need f o r  s i g n i f i c a n t  t r ansmiss ion  

f a c i l i t i e s  t o  b r i n g  t h e  power t o  t h e  e a s t e r n  load  c e n t e r s . '  More- 

over ,  i n  view of t h e  p r e v a i l i n g  weather  p a t t e r n s ,  many of t h e  

undes i rab le  environmental  impacts reau.l,ti.ng from s t a c k  emiss ions  

would be f e l t  a t  l o c a t i o n s  a t  some d i s t a n c e  t o  t h e  e a s t  of such 

genera t ing  p l a n t s  ,'" and, i n  f ac t . ,  many e a s t e r n  urban a r e a s  a r e  

c u r r e n t l y  i n  t h e  average t r a j e c t o r i e s  of  emissions from midwest 

power p l a n t s .  I t  may w e l l  be ,  then ,  t h a t  t h e  b e s t  l o c a t i o n  f o r  c o a l  

genera t ing  p l a n t s  a r e  near  t h e  urban a r e a s  i n  t h e  E a s t ,  such t h a t  



e m i s s i o n s  a r e  f o r c e d  o f f s h o r e  t a k i n g  maximum advantage  o f  p r e v a i l i n g  

wind p a t t e r n s  and a tmosphe r i c  t r a n s p o r t  o f  emis s ions  t o  o f f s h o r e  

a r e a s ,  and min imiz ins  t h e  need f o r  e x t e n s i v e  new t r a n s m i s s i o n  r i g h t s -  

of-way. But  t h a t  p resupposes  a . r a i l  t r a n s p o r t a t i o n  sys tem adequa te  

f o r  t h e  demands p l a c e d  upon i t ,  a  t o p i c  e x p l o r e d  i n  more d e t a i . 1  i n  
18  t h e  c o a l  i s s u e  pape r .  

The q u e s t i o n  of s i t i n g  c o a l  f i r e d  f a c i l i t i e s  i n  t h e  N o r t h e a s t ,  

c o n s i d e r i n g  t h e  e n t i r e  se t  of env i ronmen ta l ,  socioeconomic and t e c h -  

n o l o g i c a l  i s s u e s ,  i s  now under  d e t a i l e d  s t u d y  a s  p a r t  o f  t h e  Coal  

U t i l i z a t i o n  Assessment b e i n g  unde r t aken  by t h e  Na t iona l  L a b o r a t o r i e s  

under  t h e  a u s p i c e s  of t h e  ERDA Regiona l  S t u d i e s  Proqsam. 'Compreh~n- 

s i v e  s i t i n g  a n a l y ~ e c  w i l l  be i n i k i d t e d  i n  t h e  coming months w i t h  

r e s u l t s  expec ted  by e a r l y  1977. The major d i f f i c u l t y  i n  such an  

unde r t ak ing  stems from t h c  f a c t  t h a t  c o a l  g e n e r a t i o n  c a n n o t  merely 

b e  viewed i n  i s o l a t i o n  of o t h e r  g e n e r a t i o n  forms,  s i n c e  i n  many 

c a s e s  c o a l  p l a n t s  w i l l  compete w i t h  o i l  or  n u c l e a r  g e n e r a t i o n  f o r  

t h e  a v a i l a b l e  w a t e r  r e s o u r c e s .  

5.6 C o n s t r a i n t s  on O i l  Gene ra t ion  

C u r r e n t l y  t h e  N o r t h e a s t  r e l i e s  on t h e  Gulf Coas t  and f o r e i g n  

n a t i o n s  f o r  i t s  o i l  supply--40% from ' the  former  and 60% from t h e  

l a t t e r .  ~ o u ~ h l ~  80% o f  t h e  o i l  i s  t r a n s p o r t e d  t o  t h e  r e g i o n  v i a  

waterways,  e i t h e r  by t a n k e r  o r  by b a r g e ,  w h i l e  t h e  b a l a n c e  a r r i v e s  

by gigel..in.es. 19 

For  t h e s e  r e a s o n s ,  o i l - f i r e d  power p l a n t s  a r e  f a c e d  w i t h  two 

major c o n s t r a i n t s .  F i r s t ,  t h e y  must be l o c a t e d  on t h e  coa . s t ,  on 

a  r i v e r  o r  n e a r  a  p i p e l i n e .  Second, and more i m p o r t a n t l y ,  t h e  f a c t  

t h a t  a  s i z a b l e  p e r c e n t a g e  of  t h e i r  f u e l  o r i g i n a t e s  i n  o t h e r  

c o u n t r i e s ,  mos t ly  members o f  t h e  Organ iza t ion ,  of Pe t ro leum Expor t ing  

C o u n t r i e s  (OPEC), makes them s u b j e c t  t o  f o r e i g n  o i l  embargo and p r i c e  

m a n i p u l a t i o n  on t h e  i n t e r n a t i o n a l  marke t .  T h u ,  i n  l a t e  1 9 7 3  and 

e a r l y  1974 t h e  p r i c e  o f  c r u d e  o i l  jumped from a b o u t  $6 /bbl  t o  a b o u t  

$ l l / b b l  w i t h i n  a  month, s imu l t aneous  w i t h  a n  embargo imposed on t h i s  

c o u n t r y  by some members o f  OPEC. A s  a  consequence,  n o t  o n l y  d i d  . t he  

c o s t  o f  e lec t r ic  ene rgy  r i se  d r a m a t i c a l l y ,  b u t  some u t i l i t i e s  had 

t o  r e s o r t  t o  v o l t a g e  r e d u c t i o n s  i n  o r d e r  t o  conse rve  t h e  o i l  supp ly  



t h e y  had on hand. 20 The p o s s i b i l i t y  of a n o t h e r  embargo i n  t h e  

f u t u r e ,  t h e  e f f e c t s  o f  which w i l l  be  more s e v e r e  t h a n  t h a t  of  1973- ' 

74 due t o  t h e  e v e r - i n c r e a s i n g  dependence on imported o i l , . b o d e s  ill 

f o r  t h e s e  u t i l i t i e s  c u r r e n t l y  dependent ,  i n  who le .o r  i n  major  p a r t ,  

on imported o i l .  21 Small  wonder, t h e n ,  t h a t  a  u t i l i t y  such a s  t h e  

Long I s l a n d  L i g h t i n g  Company, c u r r e n t l y  a lmos t  e x c l u s i v e l y  dependent  

o f  imported views t h e  i n t r o d u c t i o n  of  n u c l e a r  c a p a c i t y  w i t h  

urgency.  

Moreover, i n  view of t h e  f a c t  t h a t  domes t i c  o i l  p r o d u c t i o n ' h a s  

been d e c r e a s i n g  i n  r e c e n t  yea'rs, t h e  N o r t h e a s t  can  h a r d l y  be  

o p t i m i s t i c . p b o u t  r e c e i v i n g  more o i l  from t h e  rest o f  t h e  Nat ion .  

Unless  o i l  i s  d i s c o v e r e d  w i t h i n  t h e  Region, p a r t i c u l a r l y  on t h e  

A t l a n t i c  o u t e r  c o n t i n e n t a l  s h e l f ,  and deve loped ,  it w i l l ' b e  

i n c r e a s i n g l y  d i f f i c u l t  f o r  t h e  e l e c t r i c  u t i l i t i e s  i n  t h e  N o r t h e a s t  

t o  o b t a i n  r e l i a b l e  o i l  s u p p l i e s .  . 
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CHAPTER VI 

TRANSMI'SSION 

6.1 ~echnological Development 

The development of generation technology has historically been 

closely linked to developments in transmission technology. The 

current pattern of large efficient generating units, fully exploiting 

the available scale economies and often many miles from their major 

load centers, has been made possible only by the concurrent develop- 

ment of high voltage transmission. Further advances in transmission 

technology, therefore, may well allow even greater flexibility in 

generation facility siting, and thus a brief review of likely develop- 

ments is pertinent to the objectives of this assessment. 

Over the time period considered in this study, however, it is 

unlikely that radical advances in transmissions technology will arfect 

the basic pattern of the transmission grid in 2000. To be sure, 

under the most optimistic assumptions in regard to the commercial 

demonstration of cryogenic transmission, the decade 1990-2000 may 

see the first practical applications. However, it appears that 

rather large blocks of power, transmitted over very long distances, 

would represent the most favorable conditions for cryogenic trans- 

mission as opposed to conventional uhv transmission; one might argue, 

therefore, that only the creation of large, remote energy centers 

would justify extensive use of this technology. It is certainly un- 

likely that generating conplexes of conventional size, say in the 

range of 2-6 Gw, and located 50 to 200 miles from the major load 

centers, would be connected to the grid by cryogenic transmission. 

A 50 Gw nuclear energy center located in a remote area in Upstate 

New York, however, designed to serve the New York Metropolitan area, 

would be a more realistic proposition for a cryogenic transmission 

line. In any event, other developments in cable transmission, such 

as compressed gas insulated cable, are far more likely to achieve 

general application in the time frame considered here. 



The most probable developments, then ,  a r e  t o  be .expected  i n  

incrementa l  improvements i n  a l r e a d y  e x i s t i n g  t r ansmiss ion  technolo-  

g i e s .  These developments f a l l  l a r g e l y  i n t o  t h r e e  c a t e g o r i e s ;  a  

f u r t h e r  i n c r e a s e  i n  o p e r a t i n g  v o l t a g e  l e v e l s  of overhead, A.C.  t r a n s -  

miss ion;  t h e  f u r t h e r  development of h igh  v o l t a g e ,  D.C .  t r ansmiss ion ;  

and improvements i n  underground t r ansmiss ion  technology. Each of 

t h e s e  a r e  b r i e f l y  reviewed below. 

The h i g h e s t  o p e r a t i n g  v o l t a g e  i n  t h e  Nor theas t  i s  c u r r e n t l y  t h e  

500 kv t r ansmiss ion  network of t h e  PJM In te rconnec t ion ;  t h e  h i g h e s t  

New Yurk Power Pool and NEPOOL v o l t a g e  i s  345 kv. However, t h e  

New York Power Pool i s  i n  t h e  p rocess  of cor ls t ruc t ing  a 7 6 5  kv g r i d ,  

a l though t h e  c u r r e n t l y  completed s e c t i o n s  a r e  being opera ted  a t  

345 kv. I n  f a c t ,  t h e  on ly  765 kv network i n  t h e  U . S .  c u r r e n t l y  i n  

o p e r a t i o n  i s  t h a t  of t h e  American E l e c t r i c  Power (AEP) System, which 

p r e s e n t l y  l i n k s  Ind iana ,  Ohio, W. V i r g i n i a ,  and K e n t . i ~ c k l r ,  

I n  a s s e s s i n g  t h e  degree  t o  which t h e  765 kv v o l t a g e  might spread 

i n  t h e  Nor theas t ,  a  number of f a c t o r s  must be cons idered .  F i r s t ,  

t h e r e  a r e  a  number of a s  y e t  unresolved environmental problems a t  

such high v o l t a g e s ,  and t h e  AEP 765 kv system and t h e  NYPP proposals  

have r e s u l t e d  i n  cons ide rab le  con t roversy  and concern.  E l e c t r o s t a t i c  

f i e l d  e f f e c t s ,  n o i s e ,  and ozone product ion  by corona d i s c h a r g e ,  i n  

a d d i t i o n  t o  r a d i o  and t e l ~ v e s i o n  interference, have a l l  h e e n  raised 

a s  major i s s u e s .  These e f f e c t s ,  of coiarse, are a l so  prese11.L Lo 

some degree a t  t h e  lower vol tages- -but  a t  765 kv t h e s e  may become 

q u i t e  n o t i c e a b l e  and p o s s i b l y  s i g n i f i c a n t .  The second f a c t o r  t o  be 

considerel? i s  t h e  v o l t a g e  of  t h e  e x i s t i n g  g r i d ;  f o r  t e c h n i c a l  reasOns 

it appears  t h a t  t h e  optimum increment i n  t r ansmiss ion  v o l t a g e  is  

roughly duuble the e x l s t i n g  h i g h e s t  v o l t a g e ;  t h u s  PJM, which has an  

e x t e n s i v e  230 kv g r i d ,  e l e c t e d  f o r  500 kv as t h e i r  ncx t  v o l t a g e ,  

whereas NEPOOL and NYPR, which hava ~ i g n i f i c a r ~ t  amounts of 345 k v  

l i n e ,  would tend t o  e l e c t  765 kv r a t h e r  than  500 kv a s  t h e i r  nex t  

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

Although e l e c t r i c  power syst.ems use a l t e r n a t i n g  c u r r e n t  (AC) 

because it can s o  e a s i l y  be converted from one v o l t a g e  t o  another  

wi th  t h e  use  of t r ans fo rmers ,  t h e r e  has been much r e c e n t  i n t e r e s t  

i n  t h e  use of  d i r e c t  c u r r e n t  (DC) .  Voltage t r ans fo rmat ion  wi th  DC 



r e q u i r e s  t h e  u s e  o f  an i n v e r t e r ,  and ,  i f  a  DC l i n k  i s  t o  be  i n s e r t e d  

i n t o  a  l a r g e l y  AC sys tem,  expens ive  t e r m i n a l  s t a t i o n s  c o n t a i n i n g  t h e  

n e c e s s a r y  conve r s ion  equipment ( r e c t i f i e r s  and i n v e r t e r s )  must b e .  

added t o  t h e  c o s t  o f  t h e  DC l i n e .  The l i n e ,  i t s e l f ,  however, may b e  

c o n s i d e r a b l y  cheaper  t h a n  i t s  AC c o u n t e r p a r t ,  s i n c e  t h e  number and 

s i z e  of t h e  c o n d u c t e r s  r e q u i r e d  t o  t r a n s m i t  a  g iven  amount o f  power 

i s  less;  t r a n s m i s s i o n  l o s s e s  a r e  lower;  and less r ight-of-way i s  

neces sa ry .  C l e a r l y ,  o v e r  s h o r t  d i s t a n c e s ,  t h e  c o s t  o f  t h e  t e r m i n a l  

equipment exceeds  t h e  l i n e  s a v i n g s ;  b u t  o v e r  l ong  d i s t a n c e s ,  DC may 

be  t h e  i n d i c a t e d  cho ice .  The f i r s t  h i g h  v o l t a g e  overhead DC l i n e  

i n  t h e  U . S .  i s  t h e  800 kv DC l i n e  from Oregon t o  , C a l i f o r n i a ,  s t a r t e d  

i n  1968,  which t r a n s m i t s  some 1500 Mw o f  power, and two s e p a r a t e  HVDC 

l i n e s  a r e  now under  c o n s i d e r a t i o n  f o r ' l i n k i n g  mine-mouth g e n e r a t i n g  

p l a n t s  i n  N. Dakota t o  l oad  c e n t e r s  i n  t h e  Midwest. A s  con t inued  . 

advances  a r e  made i n  h igh -vo l t age  r e c t i f i e r s  and o t h e r  t e r m i n a l  

equipment,  one cou ld  e x p e c t  t h e  d i s t a n c e  n e c e s s a r y  t o  j u s t i f y  a  DC 

l i n k  t o  become c o n s i d e r a b l y  s m a l l e r  t h a n  t h e  p r e s e n t  break-even 

p o i n t  t h a t  l i e s  i n  t h e  v i c i n i t y  of  500 m i l e s .  One might ,  t h u s ,  

w e l l  a n t i c i p a t e  one o r  two such  l i n e s  i n  t h e  N o r t h e a s t  by t h e  y e a r  

2000, l i n k i n g  mine-mouth c o a l  g e n e r a t i n g  p l a n t s  i n  W .  Pennsylvania  

and W. V i r g i n i a  t o  m e t r o p o l i t a n  l o a d  c e n t e r s .  1 

Not o n l y  does  DC t h u s  have d i s t i n c t  advan tages  f o r  overhead ,  

h igh -vo l t age  t r a n s m i s s i o n ,  it a l s o  h a s  advan tages  i n  underground o r  

underwater  c a b l e s .  Long AC c a b l e s  r e q u i r e  expens ive  compensat ing 

equipment t o  o f f s e t  t h e  l o a d  r educ ing  e f f e c t  o f  c a p a c i t a t i v e  c h a r g i n g  

c u r r e n t s ,  whereas  DC l i n e s  can  be b u i l t  r e l a t i v e l y  cheap ly  i n  any 

l e n g t h  (however, t e r m i n a l  c o s t s  a g a i n  add t o  t h e  c o s t ) .  S e v e r a l  

such  DC c a b l e s  a r e  i n  e x i s t e n c e  th roughou t  t h e  wor ld ,  b u t  none a s  

y e t  i n  t h e  U.S. 2 

6.2 S i t i n g  Problems 

The a e s t h e t i c  impact  of l a r g e ,  h igh -vo l t age  t r a n s m i s s i o n  l i n e s  

h a s  spa rked  many f i e r c e  c o n t r o v e r s i e s  i n  t h e  N o r t h e a s t  o v e r  t h e  p a s t  

decade ,  and t h e  p r o s p e c t ,  o f  a  c o n s i d e r a b l e  number of  a d d i t i o n a l  

l o n g - d i s t a n c e , l i n e s  n e c e s s a r y  i n  any s c e n a r i o  dependent  on mine- 

mouth c o a l  g e n e r a t i o n  o r  remote n u c l e a r  f a c i l i t i e s ,  w i l l  i n  a l l  

l i k e l i h o o d  c o n t i n u e  t h e  envi ronmenta l  o p p o s i t i o n  t o  such f a c i l i t i e s .  



Except  i n  t h e  c a s e  of  a  l i n k  between a  hydro  p l a n t  o r  a  n u c l e a r  

p l a n t  t o  t h e  e x i s t i n g , g r i d ,  which f a l l s  under  t h e  j u r i s d i c t i o n  of 

t h e  FPC i n  t h e  former',  and t h e  NRC i n  t h e  l a t t e r  c a s e ,  t r a n s m i s s i o n  

l i n e s  a r e  n o t  un i fo rmly  r e g u l a t e d  a t  t h e  f e d e r a l  l e v e l .  But o v e r  

t h e  l a s t  few y e a r s ,  many s t a t e s  i n  t h e  N o r t h e a s t  have begun t o  

r e q u i r e  p e r m i t s  and l i c e n s e s  o f  some k ind  f o r  t r a n s m i s s i o n  l i n e s ,  

and t h e  u t i l i t i e s  have ,  i n  r e s p o n s e ,  begun t o  i n t r o d u c e  improved 

p l a n n i n g  t e c h n i q u e s  t o  se lect  t h e  r o u t e  w i t h  l e a s t  a d v e r s e  env i ron -  

. menta l  impact .  4 

N e v e r t h e l e s s ,  t h e  c e n t r a l  p o i n t  o f  c o n t r o v e r s y  i s  t h e  d e s i r -  

a b i l i t y  of  undergrounding l i n e s  i n  o r d e r  t o  m i t i g a t e  t h e  a d v e r s e  

a e s t h e t i c  impac t  o f  overhead l i n e s .  Except  f o r  r e l a t i v e l y  low 

v o l t a g e  d i s t r i b u t i o n  l i n e s  i n  urban  and suburban a r e a s ,  however, 

undergrounding o f  c r o s s - c o u n t r y  h igh -vo l t age  l i n e s  i s  n o t  o n l y  

p r o h i b i t i v e l y  e x p e n s i v e ,  b u t  it i s  by no means c l e a r  t h a t  . the o v e r a l l  

env i ronmen ta l  c o s t  i s  any less.  I n  wooded l andscapes ,  f o r  example,  

it i s  n o t  s o  much t h e  s t r u c t u r e s  o f  t h e  overhead  t r a n s m i s s i o n  l i n e  

a s  t h e  c u t  o f  t h e  r ight-of-way t h a t  i s  p e r c e i v e d ,  p a r ' t i c u l a r l y . i n  

w i n t e r , l a n d s c a p e s  and i n  t h e  mountainous r e g i o n s  t h a t  have many 

v a l u a b l e  s c e n i c  l a n d s c a p e s  .5 But s i n c e  r ight-of-way c l e a r a n c e  i s  

a l s o  needed f o r  t h e  c o n s t r u c t i o n  and maintenance o f  an  underground 

c a b l e ,  undergrounding i n  such  s i t u a t i o n s  i s  of q u e s t i o n a b l e  b e n e f i t .  

Moreover, because  a  t r e n c h  must be dug a l o n g  t h e  e n t i r e  Length of  

t h e  r o u t e ,  comple te  c l e a r i n g  o f  t h e  v e g e t a t i o n  i s  r e q u i r e d ,  whereas  

i n  t h e  overhead c a s e ,  s e l e c t i v e  c l e a r i n g  may be  adeqca te .  

But ,  r e g a r d l e s s  o f  v e g e t a t i v e  cove r ,  c o n s t r u c t i o n  of  an  under-  

ground l i n e  r e q u i r e s  a  c o n s t r u c t i o n  a c t i v i t y  f a r  g r e a t e r  t h a n  

r e q u i r e d  f o r  overhead  l i n e s ;  and ,  because  t h e  power t r a n s m i s s i o n  

c a p a b i l i t y  o t  a  c a b l e  i s  much l e s s  t h a n  t h a t  o f  an  overhead l i n e ,  

one overhead l i n e  would need t o  be  r e p l a c e d  by a  number of  c a b l e s ,  

e a c h  i n  i t s  own t r e n c h .  Consequent ly ,  one i s  l e d  t o  t h e  c o n c l u s i o n  

t h a t  even from an e n ~ i r o ~ m e n t a l  v i ewpo in t ,  undergrounding o f  a n  

overhead  l i n e  i n  r u r a l  a r e a s  i s  a n  u n s a t i s f a c t o r y  answer ,  e x c e p t  i n  

t h e  most  unusua l  c i r c u m s t a n c e s ,  such  a s  a  r i v e r  c r o s s i n g  i n  a  p a r t i c -  

u l a r l y  v a l u a b l e  s c e n i c  l andscape .  I n  most o t h e r  c a s e s ,  a  more 



r e a s o n a b l e  r e sponse  i s  an  a l t e r n a t i v e  r o u t e .  Indeed ,  it c o u l d . b e  

a rgued  t h a t  t h e  envi ronmenta l  r e t u r n  o n . t h e  l a r g e  amount o f  money 

n e c e s s a r y  f o r  undergrounding would be  f a r  h i g h e r  i f  s p e n t  on o t h e r '  

env i ronmen ta l ly  b e n e f i c i a l  p r o j e c t s  i n  t h e  e lec t r ic  power i n d u s t r y .  

I n  summary, t h e n ,  t r a n s m i s s i o n  l i n e  r o u t i n g  problems w i l l  

l i k e l y  be  s o l v e d  b y . a  more c a r e f u l  s e l e c t i c n  o f  r o u t e ,  w i t h  perhaps  

i n c r e a s i n g  r e g u l a t o r y  r equ i r emen t s  imposed by s t a t e  ageicies.  

Undergrounding o f  l i n e s  w i l l  l i k e l y  be  r e s t r i c t e d  t o  -urban and sub- 

urban a r e a s ,  w i t h  c ros s -coun t ry  t r ansmi ' s s ion  l i n e s  s t i l l  l a r g e l y  
6 overhead e x c e p t  i n  some s p e c i a l  c i r cums tances .  

6 .3  C u r r e n t  U t i l i t y  P l a n s  

Table  18  shows t h e  t o t a l  mi leage  of planned major  t r a n s m i s s i o n  
. . 

l i n e  a d d i t i o n s  . in  t h e  N o r t h e a s t  d u r i n g  t h e  n e x t  f i v e  y e a r s  (1976- 

1 9 8 1 ) ,  d i s a g g r e g a t e d  by v o l t a g e  l e v e l  and r e g i o n .  The d i f f i c u l t i e s  

i n  undergrounding i s  demons t ra ted  by t h e  f a c t  t h a t  i n  t h e  N e w  York 

Power Pool ,  o n l y  98.8 m i l e s  of t h e  a d d i t i o n  a r e  p lanned  a s  under-  

ground l i n e s .  For t h e  MAAC p o r t i o n  of  Region 111, o n l y  28.2 m i l e s  

o u t  of a t o t a l  of  1268 m i l e s  w i l l  be b u r i e d  underground. 

TABLE 18  

PLANNED CONSTRUCTION OF H I G H  VOLTAGE TRANSMISSION LINES 19.76-1981 

( i n  m i l e s )  

Re_gion I Region I1 Region 111 N o r t h e a s t  

115 kv & 138 kv 76 9 29 2 1 4  6 7 5  

230 kv 0 10 4 842 9 4 6  

345 kv 30 0 466 4 8 814 

T o t a l  669 1091 1541 3301 

Source:  NPCC, Note 7; MAAC and ECAR, Note 8 .  



F i g u r e  24 shows t h e  deg ree  o f  major t r a n s m i s s i o n  i n t e r c o n n e c -  

t i o n  ( v o l t a g e s  o f  230 kv and above)  between t h e  major r e g i o n a l  power 

p o o l s  and r e l i a b i l i t y  c o u n c i l s ,  n o t i n g  b o t h  e x i s t i n g  and p lanned  

a d d i t i o n s  o v e r  t h e  n e x t  10 y e a r s .  F i g u r e  25 shows t h e  t r a n s f e r  

c a p a b i l i t i e s  i n  1976; t h i s  i s  t h e  maximum amount o f  power t h a t  can  

b e  schedu led  beyond c o n t r a c t e d  s a l e s  and pu rchases  w i t h  an  a s s u r a n c e  

o f  sys tem r e l i a b i l i t y ,  f o r  i n t e r r e g i o n a l  t r a n s f e r s  ove r  t h e  t r a n s -  

m i s s i o n  network f o r  p e r i o d s  o f  up t o  s e v e r a l  days.' Note t h a t  due 

t o  t h e  e lec t r ica l  c h a r a c t e r i s t i c s  o f  a d j o i n i n g  ne tworks ,  t h e  amount 

o f  power t h a n  can  be  t r a n s f e r r e d  a c r o s s  a  g iven  se t  of  l i n e s  d i f f e r s  

a c c o r d i n g  t o  t h e  d i r e c t i o n  o f  t h e  f low.  

6.4 I n t e r r e g i o n a l  Energy T r a n s f e r s  

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

o b j e c t i v e s ,  b u t ,  on o c c a s i o n ,  i s  used f o r  power t r a n s f e r s  on a  more 

permanent b a s i s .  A t  t h e  h e i g h t  o f  t h e  o i l  embargo i n  t h e  w i n t e r  of 

1973-74, l a r g e  b l o c k s  o f  power w e r e  t r a n s m i t t e d  from midwestern and 

s o u t h e r n  u t i l i t i e s  t h rough  MACC a n d  NYPP t o  N E P O O L ; ~ ~  NEPOOL, be ing  

one  o f  t h e  most dependent  r e g i o n s  i n  t h e  c o u n t r y  on impor ted  o i l ,  

was p a r t i c u l a r l y  a f f e c t e d  by t h e  errbargo, and t h e  t r a n s f e r  averaged  

20 m i l l i o n  kwh 'pe r  day  ( a t  1000 Mw and o v e r ) ,  mairily a t  n i g h t .  11 

The g e n e r a t i o n  c o s t  d i f f e r e n t i a l  between o i l  f i r e d  p l a n t s  i n  

t h e  N o r t h e a s t  and c o a l  f i r e d  p l a n t s  i n  t h e  i n t e r i o r  r e g i o n s  of t h e  

U . S .  c o n t i n u e s ,  o f  c o u r s e .  Thus, t h e  N a t i o n a l  Elec t r ic  R e l i a b i l i t y  

C o u n c i l  e s t a b l i s h e d  a  s p e c i a l  Task Force  t o  examine t h e  c a p a b i l i t y  

of t h e  power sys tems  e a s t  of t h e  Rocky Mountains t o  make i n t e r r e g i o n a l  

power t r a n s f e r s  f o r  t h e  purpose of  r e d u c i n g  b o t h  t h e  use  of  n a t u r a l  

g a s  ( i n  t h e  Southwes t )  and u s e  o f  o i  1 ( i n  MAAC and NFCC) . l2 R e s u l t s  

o f  t h e  s t u d y  i n d i c a t e  t h a t  over t h e  13-week p e r i o d  from Decenher 1, 

1975 t o  February  29, 1976,  impor t s  from ECAR, M A I N ,  MARCA, and SERC 

t o  MAAC and NPCC (see F i g u r e  26 f o r  d e f i n i t i o n  o f  t h e s e  r e l i a b i 1 i . t . y  . 

c o u n c i l  a l b r e v i a t l a n s ) ,  might  be  347 and 204 Gwh/week, r e s p e c t i v e l y .  

T h i s  would r e s u l t  i n  a  d i s p l a c e m e n t  o f  10.7 p e r c e n t  o f  MAAC ene rgy  

r e q u i r e m e n t s ,  and 5.2 p e r c e n t  of  NPCC (U.S. p o r t i o n )  r equ i r emen t s .  

Note ,  however, t h a t  t h e s e  r e s u l t s  were based  on o n l y  t e c h n i c a l  con- 

s i d e r a t i o n s ,  w i t h o u t  r e g a r d  f o r  c o n t r a c t u a l  and r e g u l a t o r y  

r e q u i r e m e n t s .  



Figure  24.  I n t e r  r e g i o n a l  t r ansmiss ion  t i e s .  
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How does t h i s  t h e o r e t i c a l  c a p a b i l i t y  compare wi th  a c t u a l  i n t e r -  

r eg iona l  t r a n s f e r s ?  According t o  t he  same NERC r e p o r t ,  MAAC systems 

pro jec ted  imports  under con t r ac tua l  arrangements f o r  winter  1975-76 

t o  average about 180 Gwh/week, about 50% of t he  t h e o r e t i c a l  t o t a l .  

While this may be regarded a s  q u i t e  low, it should be noted t h a t  t he  

l e v e l  of energy t r a n s f e r  p red ic ted  by the  NERC s tudy r e s u l t  implies 

an a d d i t i o n a l  coa l  demand of some 460,000 tons/week, which would un- 
doubtedly s t r a i n  e x i s t i n g  coa l  suppl ies  and a f f e c t  spo t  market p r i ce s .  

Moreover, t h e  NERC study a l s o  assumes t h a t  environmental r e s t r i c t i o n s  

would no t  r e s t r i c t  t h e  use of a v a i l a b l e  coa l - f i red  generat ing 
capaci ty .  1 4  

What po l icy  impl ica t ions  can be drawn from t h i s  d iscuss ion? A s  

i n  t h e  case  of in terconnect ion f o r  r e l i a b i l i t y  purposes, t h e r e  a r e  

c e r t a i n  l i m i t s  t o  t he  b e n e f i t s  t h a t  can be derived from f u r t h e r  

r eg iona l  in terconnect ion.  Transmission l o s s e s  (assumed i n  t he  NERC 

s tudy  t o  average some 1 2 %  of t h e  add i t i ona l  coa l  generat ion)  c e r t a i n l y  

impose l i m i t s .  The a b i l i t y  of coa l  burning u t i l i t i e s  t o  devote excess 
capac i ty  f o r  expor t  i n  the  f u t u r e  may a l s o  be more severely  l imi t ed  

than i n  t he  1975-76 period,  during which time the  recess ion  reduced 
a n t i c i p a t e d  demand requirements. 

  he i s s u e  of  whether o r  no t  t h e  e x i s t i n g  i n s t i t u t i o n a l  arrange- 

ments of t h e  n a t i o n ' s  u t i l i t i e s  a r e  s a t i s f a c t o r y  from the  viewpuint 

of an optimal s p a t i a l  d i s t r i b u t i o n  of generat ing capac i ty  has long 

been debated. One view holds t h a t  only a publ ic ly  owned na t iona l  

bulk power supply organizat ion could e x p l o i t  the  ava i l ab l e  s c a l e  and 

geographic e f f i c i e n c i e s .  The opposi te  view, c u r r e n t l y  the  posture  

of  t he  investor-owned u t i l i t i e s ,  holds t h a t  e x i s t i n g  arrangemefits 

are e n t i r e l y  adequate t o  achieve r e l i a b i l i t y  objeativoo, and thaL 

organiza t ion  of power supply a s  a p r i v a t e  s e c t o r  profit-making 

a c t i v i t y ,  and a s  regula ted  monopolies i n  power pools,  i s  the  b e s t  

way t o  aullieve economic e f f i c i e n c y  ob jec t ives .  I n  t he  Northeast,  

c e r t a i n l y ,  t h e  l a t t e r  view has prevai led,  and recommendations f o r  

pbu l i c  ownership of a reg iona l  bulk power supply organizat ion have 

been vigorously  r e s i s t e d  by t h e  u t i l i l i e s ;  a s  witnessed, f o r  example, 

by opposi t ion t o  a s tudy conducted f o r  t he  New England Regional 

Commission t h a t  recommended the  c r ea t ion  of a reg iona l  power agency 

t o  r ep l ace  NEPOOL. 16 
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NOTES TO CHAPTER V I  

1. A f u r t h e r  problem i n  D.C. t r a n s m i s s i o n  i s  t h e  development  o f  
a 'D.C. c i r c u i t  b r e a k e r  ( s e e  U.S. Nuclear Regula tory  Commission, 
"Nuclear  Energy Cen te r  S i t e  Survey - 1975 , "  Repor t  NUREG-0001, 
P a r t  111, p. 4-7 f o r  a  summary.) 

2.  For example,  between t h e  North and South i s l a n d s  o f  New Zea land ,  
under  t h e  E n g l i s h  Channel ,  and between Denmark and Sweden. 

3. Prominent  c o n t r o v e r s i e s  i n c l u d e  t h e  landmark case of Greene 
County P lann inq  Board v s .  FPC, 455F2d412, (2nd C i r c u i t ,  1972)  
or t h e  f i g h t  o f  t h e  F a i r f i e l d - L i t c h f i e l d  Envi ronmenta l  C o u n c i l  
a g a i n s t  a  p roposed  345 Kv l i n e  i n  Sou the rn  C o n n e c t i c u t .  

4.  See  e .g .  Johnson ,  Johnson,  and Roy, "Transmiss ion  and  D i s t r i -  
b u t i o n  R i g h t s  o f  Way", Developed f o r  t h e  Consumer Power C o .  i n  
Michigan and  w i d e l y  quo ted  as a s o u r c e  document i n  t r a n s m i s s i o n  
l i n e  r o u t i n g .  

5. P .  Meier e t  a l . ,  "Eva lua t ion  of  Power F a c i l i t i e s :  A P l a n n e r ' s  
Handbook," B e r k s h i r e  County Regional  P l ann ing  Commission, 
P i t t s f i e l d ,  Mass., (Nov. 1 9 7 4 ) .  

6 .  P r o j e c t  Independence,  F a c i l i t i e s  Task Force  Repor t ,  Nov. 1974, 
n o t e s  t h a t  wh i l e  t h e  p r o p o r t i o n  of - new d w e l l i n g s  w i t h  under-  
ground d i s t r i b u t i o n  connec t ions  h a s  r i s e n  from 10 p e r c e n t  i n  
1962 t o  60 p e r c e n t  i n  1974, t h e  c o s t  of c o n v e r t i n g  t h e  e x i s t i n g  
overhead d i s t r i b u t i o n  system t o  underground by 1990 i s  on t h e  
o r d e r  o f  $199 b i l l i o n  f o r  t h e  n a t i o n  a s  a  whole.  ( P t .  V I I ,  248) 

7 .  N o r t h e a s t  Power Coord ina t ing  Counc i l ,  "Data on Coord ina ted  
Regional  Bulk Power Supply Programs/FPC Order 383-3, Docket 
R-362, Appendix "A-1", A p r i l  1, 1976. 

8 .  Mid-At lan t ic  Area Counc i l ,  "MAAC Systems Plans/Response t o  
F e d e r a l  Power Commission Order 383-3, Docket No. R-362," 
A p r i l  1, 1976. See a l s o ,  E a s t  C e n t r a l  Area R e l i a b i l i t y  Coordina-  
t i o n  Agreement, "A Repor t  by ECAR Bulk Power Members t o  t h e  
F e d e r a l  Power Commission P u r s u a n t  t o  Docket R-362, Order  383-4," 
A p r i l  1, 1976. 



9. For. further details, see e.g. NPCC, note 7, supra, Section 6, 
p. 13. 

10. See e.g. Electrical World, Feb. 15, 1974, p. 26. 

11. Ibid. 

12, National Electric Reliability Council "A Study of Interregional 
Energy Transfers 1975-1976 Winter", Oct. 1975. 

13. National Electric Reliability Council "Review of Overall 
Adequacy and Reliability of the North American Bulk Power 
Systems" Oct. 1974. 

14. -3 Ibid P= 4- 

15. The opposing views were well, documented in connection with 
hearings of the proposed Electric Power Coordination Act of 
1971 (which died in committee during the 92nd Congress), 
see House, Committee on Interstate and Foreign Commerce 
"Power Plant Siting and Environmental Protection," 92nd 
Congress, First session, Washington -D .C. , vs. Government 
Printing Office, 1971. 

16. See H. Zinder and ~ss&ciates "A study of the Electrical Power 
Situation in New England" Report to the New England Regional 
Commission, Sept. 1970, p. 14. 



CHAPTER V I I  

THE FUTURE 

Given t h e  f o c u s  o f  t h e  P e r s p e c t i v e s  Study on t h e  b a l a n c e  o f  
. . 

ene rgy  supp ly  and demand i n  t h e  N o r t h e a s t ,  t h e r e  a r e  two key q u e s t i o n s  

t h a t  must be  examined i n  an assessment  o f  t h e  e lectr ic  s e c t o r .  The 

f i r s t ,  and pe rhaps  t h e  more u r g e n t  i s s u e ,  -concerns  t h e  a b i l i t y  o f  t h e  

Nor theas t  t o  d e c r e a s e  i t s  dependence on imported o i l  a s  a  u t i l i t y  

f u e l .  And t h e  second concerns  t h e  a b i l i t y  of  t h e  u t i l i t i e s  t o  

a c t u a l l y  m e e t  t h e  p o t e n t i a l  demands p l a c e d  upon them, which,  g iven  

t h e  i n c r e a s i n g  d i f f i c u l t i e s  i n  s i t i n g  f a c i l i t i e s ,  and t h e  s e v e r e  

f i n a n c i a l  s t r a i n s  on u t i l i t i e s  i n  a  p e r i o d  of  h i g h  i n t e r e s t  rates; 

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

adequacy o f  r a t e s  and r e g u l a t o r y  l a g ,  i s  by no means an  assumption . 

t h a t  shou ld  be  t a k e n  f o r  g r a n t e d .  

The C u r r e n t  U t i l i t y  V i e w  of  1985 

Perhaps  t h e  b e s t  s t a r t i n g  p o i n t  f o r  o u r  a n a l y s i s  i s  a t  t h e  

u t i l i t i e s '  own view of  1985, a s  s e t  f o r t h  i n  t h e  v a r i o u s  u t i l i t y  

power poo l  and r e l i a b i l i t y  c o u n c i l  r e g i o n  r e p o r t s .  Indeed,  g iven  

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

p l a n n i n g  f o r  b a s e  l o a d  f o s s i l  and n u c l e a r  p l a n t s  i n  £ a c t  r e p r e s e n t  

an  upper  bound t o  t h e  i n s t a l l e d  c a p a c i t y  o f  t h a t  t y p e  in '  1985. I n  

o t h e r  words,  i t  i s  ex t r eme ly  d o u b t f u l  t h a t  any l a r g e  b a s e  l o a d  

f a c i l i t y  f o r  which p l a n n i n g  h a s  n o t  s t a r t e d  i n  1976 cou ld  b e  completed 

by 1985. 

Tab le s  19 ,  20, and 21 i t e m i z e  t h e  f a c i l i t i e s  c u r r e n t l y  p lanned  

f o r  each  o f  t h e  t h r e e  s u b r e g i o n s ,  co r r e spond ing  t o  NEPOOL, t h e  

. New York Power Pool ,  and PJM p l u s  p a r t s  of CAPCO' and APS i n  Western 

Pennsylvania .  These t a b u l a t i o n s  a l s o  i n c l u d e  any c u r r e n t l y  p lanned  

r e t i r e m e n t s ,  and any s i g n i f i c a n t  de- o r  r e - r a t i n g s  of  u n i t s .  

F i g u r e s  2 7  and 28 d i s p l a y  t h e  g e n e r a t i o n  mix i n  terms of  t o t a l  

i n s t a l l e d  c a p a c i t y  of  each  g e n e r a t i o n  t y p e ,  and percentage . ,  

r e s p e c t i v e l y ,  from 1975 t o  1985. The most i m p o r t a n t  f e a t u r e  i s  t h e  



Table 19 

PLANNED FACILITIES IN NEPOOL 

- - -  - ~ - - - -  - 

v ~ a a  P E ~ *  UTILITV FICJ.L~TY UNIT TYPE NEU UNII Y E ~ ~ L V  TOTCL RESERVE 
LObC C b P b C I l V  A001NS SVSTEC MbRGI*  

MISC. - OIL .12 
YGPTCEPST WILLSTONE - 2  NIICLEPR - 4 4  

~ I S C .  - NUCLEAR .oh 
L:25 21.15 61.42 ............................................................................................... 

1 9 7 0  Ib.E3 
C.MBlhE U v M a h  -4  O I L  .bO 

- 0 0  71.81 A7.04 

... . 
L I S C .  - O I L  . 0 1  

.nl 21.81 38.9. - ----------------------------------------------------------------------------------------------- 
19PO 16.C3 

C .ML lhE  RPU&SUICK .- UYORO .01  
MPSS VNCP. OPNVERS - QEFUSE. .01) 
N F G E I  COIvhGN 3.1. - COML(.Tlllb. . u r  

~ I S C .  - OIL , - 0 1  
. I 7  21 .98  3 2 . l b  . 

-----------------------Z1.-.......'-.-------. . . ....--..------. -..........iii------------- 

IgDI  17 . te  
' 0SCfh.W.l  SEbuR00K - I ,  NUCLEAR- _ 1.15 , : 

PFbBCCY L. bBTERSRIVER - COMB.TUP8. .02 
W d S S  CNCP. P L A I N V I L L E  - REFUSE .08 
MPSS PNCP 5lCNVI7LflOK - 1  D I L  - 2 3  

. 1.47 23.45 3 3 - 2 4  ............................................................................................... 
i q e ?  18,~s 

u o u ~ i t n s r  M ~ L L S T O N E  - 3  NUCLEBR 1.15 
~ O S T C ~  FO. PILG@IV - 2  N~ICLEAD 1.167 

oSCf<.H.I  SEAB@nflK - 2  N U C L E I @  1.15 
1.15 27.01 37.bE -___-_----------------------------------------------------..----------------------------------- 

l 9 l o  20.74 
~ I J O S C \  LIP CkE4QY ST,. - O I L  'P! 
*ass  uNCD S P C P ~ ~  S T  - O I L  . l o  
NEE5 NePCI) -1. NUCLEdD 1.15 

1 .  ee.sj Yq.62 -___-_----------------------------------------------------------------------------------------- 
1 9 8 5  2l .Sr)  

0.00 2 8 - 3 2  2933.8 ............................................................................................... 

*Rerating. 

S o u r c e :  NPCC, 1 9 7 6 ,  S e e  N o t e  7 ,  C h a p t e r  V I .  



Table 20 

PLANNED FACILITIES IN NYPP 

Y E b 9  PEP* b T I L I T Y  F A C I L I T Y  U N I T  TYPE  - L E U  - . . . . U N I T  - . - . ~ E ~ ~ L ~  X A L  aESER?E  
L O b C  C l P b C I T Y  bOOTNS SYSTEW U A R O I N  
G* IE I , QCIEI O u t € *  GU tE !  . P E R C E L T  -___-_----------------------------------------------------------------------------------------- 

1975  2n.60 
0 .00 28.89 34.45 

- - -  

1976 21.CO 
NYPC OSCEGO -9 O I L  .AS 
PASNT E l F & t ~ t c n  -1 KiKEXX .41 
C.HUOSOh ~ E T P _ N _  - O_& !& 
CON EC I R O I b N  PT.  -2 NUCLEAR .01 
Pa=Nr 7 ;  - 3  N!ICLEAR e~ 
P e S N v  -6 O I L  .79 

2 .97  29 .86  A t l a  
------*---------------------------------------------------------------------------------------- 

, 1977 2- 
L I L C C  NOPTCPOPT -4 O I L  .39 
N Y S E + B  -- - HOPE!! .- C-ITY -) COAL  ru 
COY EC o W O S O N  b V E  - O I L  - s o 3  

............................................................................................... - - 
1979 22.77 

P b S h Y  s t -  -2 - 9) 
L I L C C  W I T C U E L L U O N S  - REFUSE a03 
J b w E S T O b h  o W L E  S T  - CoIpL . -42. 
CON E C  * *ATE& . - OIL - . 07  

& x.2 3*43 

- 

L I L C C  SPOPEHbY  - 1  N U C L E b R  -6.2 - - - -  
0 W N  PT.  - 2  N X L E b R  & 

CCNSCPT. OSULGO -6 O I L  . 8 9  
1 ,83  32.37 36 .47  

P b S N T  * INOIINPT. -3  NUCLEPP - 0 7  
n.RU SPOEWbKER r COME.lUR8, 

-7 OIL- .11 
CON EC • U A T E I S I O E  - .05 

d 4  3 L S l  3 2 . U  

- - 

D O S h l  r l b  F O S S I L  - COAL  -70  
NYSEIG C b Y b G b  - COAL  .a5 

. - 
CONSCPT, J p W E S P n P T  -1 NUCLEAR 
. lbMEEl f lbR S T E E L E  ST. -3 COAL  

L l . 4  3.?.2.8 34rP7 ______-------_-___----------------------------------------------------------------------------- 
1984 2 Y S t 4  

CONSCRT. S T E Y L I N G  - NUCLEAR 1.15 - - 

P p S t V  OPEENE CO, - NUCLEA-R .La 
C.CUCIOL  ObNSKAMWER -1 O I L  -.Oh 
CON .EO PUPSON AVE. - , O I L  -.dz 

1.96 39 .24  37 .02  

. . .- . 
.CI)L19CCT. Wpm . -2 wCL.EAn J . L5 
N c P C  L b U E  E U l E  - I  COAL  - 8 5  
B GIE f!EEI)E - 91L -4 5 
ECN E C  SCIN ST. - OIL - .OI  

L P 4  4 1 . U  38 .36  ............................................................................................... 

A R E ~ . ~  Llug 

Source: NPCC, 1 9 7 6 ,  see N o t e  7 ,  C h a p t e r  V I .  



Table 21 

PLANNED FACILITIES I N  PJM AND WESTERN PENNSYLVANIA AND WESTERN MARYLAND 

Peak New Unit  Yearly To ta l  Reserve 
Load Capacity Addtns System Margin 
Gw(E) U t i l i t y  F a c i l i t y  Type Gw @) Gw (E) Gw (E) Percent  

36.85 
0.00 47.69 29.4 

36.70 
Phi1.Elec. 
Phi l .Elec.  
Delmarva 
Delmarva 
GPU 
Consort. 

**CAPCO . 
*rcAPco 

39.12 
Penn P6L 
Baltimore 
Ral.t!mor~ 
GPU 
GPU 
GPU 

**CAPCO 

Eddys tone 
Eddys tone 
Eas ton 

*McKee Run 
*MiSC. 

Salem 
Mansfield 
Beaver Valley 

o i l  
o i l  
O i l  

o i l  
o i l  
nuclear  
c o a l  
nuclear  

Mart ins  Creek 
Calvert  C l i f f  

*Could fit. 
G i l b e r t  

*Mist. 
Homer C i ty  
Mansfield 

o i l  
nuclear  
u l l  
o i l  
o i l  
coa l  
coa l  

Shippingport  - nuclear  .06 

41.11 
GPU 

*rc.eco 
nuclear  .88 
nuclear  .02 

Three Mile Is. -2 
*Beaver Valley -1 

43.30 
Delmarva 
Delmarva 
Baltimore 
Consort. 

**CAPCO 

Easton 
Indian River -4 
Unassigned - 
Salem -2 
Mansfield -3 

o i l  .01 
coa l  .40 
rnmh. rurh .71) 
nuclear  1.12 
coa l  .16 

45.55 
PSELG 
PSELG 
Ace 
Baltimore 
Consort. 
Potomac E l  

*Essex -8 
*Sevaren -6 
Unassigned - 
Brandon Shore -1 
Susquehanna -1 
Chalk Point  -4 

comb.tnrb. .03 
comb. td rb .  .06 
comb. turb.  .12 
o i l  .61 
nuclear  1.05 
o i l  .60 

47.96 
Ph i l  .Elec.  
F1111 .Eiee. 
Ace 
Delmarva 
Baltimore 

**CAPCO 

Limerick -1 
SKlChmond 

Unassigned - 
Unassigned - 
Unassigned - 
Reaver Vnll.sy -1 

nuclear  1 .n6 
o i l  - .13 
comb. turb:  .06 
unknown .57 
comb. turb . .10 
nuclcmr .11 

50.44 
Pb i l .E l sc .  
A < +  
Baltimore 
Baltimore 
GPU 
Potomac El  
Consort. 
Consort .  

Limerick -2 
ultuoaigned - 
Brandon Shore -2 

*Westport 
Forked Kiver -1 
Dickerson -4 
Hope Creek -1 
Sn~sqtnehanna - 2  

nuclear  1,06 
c0mb.tutb. .12 
o i l  .61 
o i l  - .05 
nuclear  1.12 
coa l  .80 
nuclear  1.07 
nuclear  1.05 

52.87 
Phil .Elec.  
Ace 
Ace 
Are 
Baltimurr 
GPU 

**CAPCO 

*Chester 
Unassigned - 

*Deepva t e r  -3 
*Poop$ts nor -4 
Unassigned - 

*Williamsburg -5 
*Beaver Valley -2 

O i l  - .12 
comb. turb.  .06 
o i l  - .05 
uiP - .U5 
comb. tu rb .  .30 
coa l  - .03 
nuclear  .01 

BurlinACOn - 
Unassigned - 
Seward -7 
Hope Creek -2 

nr, I - .24 
O i l  .57 
coa l  .80 
ltvclear 1.07 

Delmarva 
GPU 
Consort. 

58.18 
Ph i l .E lec .  
Baltimore 
Potomac El 
Cm*ort. 

Unassigned -1 
Unassigned -1 
Douglass P t .  -1 
A t l a n t i s  -1 

nt~rl .ear  1.10 
nuclear  1.20 
nuclear  1.18 
nuclear  1 .15  

*Rera t ing  
**Members of ECAR 
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Figure  27. I n s t a l l e d  capac i ty .  
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El W. MARYLAND 

F i g u r e  28. Genera t ion mix. 



d r a m a t i c  r ise i n  n u c l e a r  c a p a c i t y ,  f a r  exceeding  t h e  new c o a l  f i r e d  

c a p a c i t y  i nc remen t s .  I f  one t r a n s l a t e s  t h e s e  computa t ions  i n t o  f u e l  

u s e ,  assuming s i m i l a r  e f f i c i e n c i e s  a s  i n  1975, t h e  r e s u l t s  o f  F i g u r e s  

29 and 30 emerge,  showing t o t a l  f u e l  u s e ,  i n  1012 Btu /yr ,  and pe r -  

c e n t a g e  o f  each  f u e l  t y p e ,  r e s p e c t i v e l y .  Thus, w e  n o t e  t h a t  i n  

a b s o l u t e  t e r m s , ,  o i l  consumption b a r e l y  changes ( F i g u r e  2 9 ) ,  and c o a l  

u s e  shows o n l y  s m a l l  i n c r e a s e s .  I t  i s  c l e a r  t h a t  t h e  b u l k  o f  new 

e l e c t r i c a l  demand between now and 1985 w i l l  be s u p p l i e d  by 

n u c l e a r  p l a n t s .  On a r e l a t i v e  b a s i s  (F igure  3 0 ) ,  o i l  i s  s e e n  t o  

show s i g n i f i c a n t  d e c r e a s e ,  which d o e s  s u g g e s t  t h a t  t h e  impact  o f  

a n o t h e r  o i l  embargo might  d e c r e a s e  somewhat w i t h  t i m e  ( i n  N e w  England, 

f o r  example,  t h e  dependence on o i l  d e c r e a s e s  from a b o u t  60% o f  t o t a l  

Btu r e q u i r e m e n t s  i n  1975 t o  an  e s t i m a t e d  47% by 1 9 8 5 ) .  

Dependence on O i l  

A thorough a n a l y s i s  of  t h e  d e g r e e  t o  which t h e  N o r t h e a s t  can  

r e d u c e  i t s  dependence on impor ted  o i l ,  and on r e s i d u a l  f u e l  o i l  a s  

u sed  by t h e  e l e c t r i c  u t i l i t i e s  i n  p a r t i c u l a r ,  i s  t h e  s u b j e c t  o f  more 

e x h a u s t i v e  a n a l y s i s  i n  t h e  c o a l  i s s u e  paper2  and t h e  main p e r s p e c t i v e s  

s t u d y  r e p o r t I 3  e s p e c i a l l y  a s  it a p p l i e s  t o  t h e  l ong  t e r m .  But t h e  

immediate p r o s p e c t s  f o r  conve r s ion  o f  o i l - f u e l e d  f a c i l i t i e s  t o  c o a l  

a r e  n o t  encouraging:  even t h e  impact  of conve r s ion  o f  a l l  f a c i l i t i e s  

under  c u r r e n t  FEA o r d e r s  of  i n t e n t  would, by 1985, have o n l y  marg ina l  

impac t  on o i l  consumption when viewed from t h e  r e g i o n a l  p e r s p e c t i v e  

as a whole ( i n d i c a t e d  on F i g u r e s  29 and 30 by t h e  1985 a r rows  f o r  

c o a l  and  o i l  f u e l  consumpt ion) .  

Moreover, t h e  rea l i t ies  o f  t h e  s i t u a t i o n  s u g g e s t  t h a t  u t i l i t y  

o p p o s i t i o n  t o  such  conve r s ion  o r d e r s ,  e s p e c i a l l y  i n  t h e  N o r t h e a s t ,  

i s  n o t  abou t  t o  d i s a p p e a r  u n t i l  t h e  env i ronmen ta l  and r e g u l a t o r y  

u n c e r t a i n t y  i s  r e s o l v e d  (more o f  which be low) .  I n  p a r t i c u l a r ,  even 

i f  it can  b e  shown t h a t  t h e r e  i s  a n  economic ga.j.n (and there i s  some 

doub t  on t h i s  c o u n t ,  e s p e c i a l l y  i n  New Eng land) ,  t h e  i s s u e  of  a s h  

and s c r u b b e r  s l u d g e  d i s p o s a l ,  and t h e  r e s o l u t i o n  o f  c u r r e n t  ambigu- 

i t i e s  conce rn ing  emis s ion  r e q u i r e m e n t s ,  a r e  obvious  p r e r e q u i s i t e s .  

Indeed ,  h e r e  i s  a n  e x c e l l e n t  example o f  how an ene rgy  p o l i c y  measure ,  

t h a t  on narrow ene rgy  independence* grounds seems eminen t ly  r e a s o n a b l e ,  
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and d e s i r a b l e ,  seems less r e a s o n a b l e  i n  l i g h t  of  a c t u a l  envi ronmenta l  

c o n d i t i o n s .  I f  t h e  same o r d e r  t h a t  mandated conve r s ion  from o i l  t o  

c o a l  a l s o  mandated t h e . s t a t e  t o  e x p e d i t e  approva l  of  s o l i d  was te  

d i s p o s a l  f a c i l i t i e s ,  t h e n  implementat ion would seem more l i k e l y .  

U n f o r t u n a t e l y ,  however, t h e  narrow r e g u l a t o r y  j u r i s d i c t i o n  of  F e d e r a l  

Agencies  g e n e r a l l y  p r e c l u d e s  such a  comprehensive approach.  

P l ann ing  U n c e r t a i n t y  

There a p p e a r s  t o  be g e n e r a l  agreement t h a t  t h e  long  l e a d  t i m e s  

f a c e d  by u t i l i t i e s  f o r  major b a s e  1 o a d . u n i t s  i s  one o f  t h e  major 

problems f a c i n g  t h e  e l e c t r i c  s e c t o r .  A s  i l l u s t r a t e d  on F i g u r e s  31 

and 31, this l e a d  t i m e  is  t y p i c a l l y  7  t o  8  y c a r s  fo r  a  f u s s i l  u n i t ,  

and a s  much a s  9  t o  10 y e a r s  f o r  a  n u c l e a r  u n i t ;  and w i t h  e x t e n s i v e  

d e l a y s  i n  l i c e n s i n g  now q u i t e  usual-, even a 1 2  yca r  l e a d  tli111e must 

be r ega rded  a s  t y p i c a l .  However, a l though  t h e  i n e f f i c i e n c y  o f  t h e  

r e g u l a t o r y  framework i s  o f t e n  c a s t  a s  t h e  p r i n c i p a l  v i l l a i n ,  a  number 

o f  more r i g o r o u s  q u a n t i t a t i v e  a n a l y s e s  t h a t  went beyond m e r e  r h e t o r i c  

found t h a t  w h i l e  r e g u l a t o r y  i n e f f i c i e n c y  was indeed  a  s i g n i f i c a n t  

s o u r c e  of  d e l a y ,  o t h e r  problems a s s o c i a t e d  w i t h  t h e  c o n s t r u c t i o n  o f  

t h e  f a c i l i t y  were e q u a l l y  impor t an t .  One FPC s t u d y ,  f o r  example, 

found t h a t  wh i l e  t h r e e  q u a r t e r s  o f  a l l  p l a n t s  sched.ul.ed for comple.2, 

t i o n  from 1966-1970 were de layed  more than  a  month, o n l y  6% of  d e l a y  

f a c t o r s  were r e l a t e d  t o  l i c e n s i n g  problems, as opposed t o  5 2 %  r e l a t e d  

t o  l a b o r  problems and 37% t o  equipment problems.4 And i n  a more 

rteenk a n a l y s i s ,  Reinschmidt  and Ki lcup  examined t h e  c a u s e s  of  con- 

s t r u c t i o n  d e l a y  o f  126 g e n e r a t i n g  u n i t s  (of  which 40 were n u c l e a r  

and 86 f o s s i l ) ,  completed o r  under  c o n s t r u c t i o n  between 1968 and 

A p r i l  1974. I n  o r d e r  of impor tance ,  t h e  major causes  of  d e l a y  w e r e  

found t o  be d e s i g n  changes (124 c a s e s ) ;  environmenkal issues ( 8 4 ) ,  

l a b o r  s t r i k e s  (68)  , l a b o r  s h o r t a g e s  ( 7 4 ) ,  l a t e  d e l i v e r y  ( 6 7 ) ,  con- 

s t r u c t i o n  p e r m i t  (63)  , low l a b o r  p r o d u c t i v i t y  (61)  , and gub1i.c 

h e a r i n g s  (37) .6 T'hus w h i l e  envi ronmenta l  i s s u e s  and p u b l i c  h e a r i n g s  

a r e  c e r t a i n l y  i m p o r t a n t  s o u r c e s  of  d e l a y ,  t h e y  do n o t  s o  dominate a s  

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

framework can  be c a s t  a s  t h e ' p r i n c i p a l  cause  o f  d e l a y .  7 

To be s u r e ,  re form o f  t h e  i n s t i t u t i o n a l  p r o c e s s  must remain 

h i g h  on t h e  agenda o f  p r i o r i t i e s  o f  s t a t e  and f e d e r a l  r e g u l a t o r y  
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Figure  31. Typ ica l  c o n s t r u c t i o n  schedule .  1100 Mw 
nuc lea r  u n i t e s . o n  a  new s i t e .  , S o u r c e :  Booz, Al len ,  
and Hamilton, n o t e  1, p. 106-9. 
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Figure 32. Typical construction schedules for fossil 
fueled and combustion turhinc units. Source: Dooz, 
Allen and Hamilton, note 1, p. 107-7. 



agencies ,  e s p e c i a l l y  i n  view of t h e  immediate b e n e f i t s  t h a t  a  more 

e f f i c i e n t  procedure would b r i n g .  A t  t h e  same t i m e ,  h o w e v e r , - i t  i s  

a l s o  incumbent on t h e  u t i l i t i e s ,  t h e i r  equipment s u p p l i e r s  and 

a r c h i t e c t - e n g i n e e r s  t o  focus  more a t t e n t i o n  on c o n s t r u c t i o n  e f f i -  

ciency--modular, s t andard ized  c o n s t r u c t i o n  des ign ,  i n h e r e n t ,  f o r  

example i n  t h e  f l o a t i n g  nuc lea r  s t a t i o n  concept  invo lv ing  assembly 

l i n e  c o n s t r u c t i o n ,  comes immediately t o  mind. Moreover, a s  t h e  

example of  t h e  AEP 1300 Mw f o s s i l  des ign  s e r i e s . d i s c u s s e d  i n  Chapter 

I V  shows ve ry  c l e a r l y ,  des ign  matur i ty  can be qu ick ly  and e f f i c i e n t l y  

achieved under such an approach, . the reby  enhancing t h e  subsequent 

o p e r a t i o n a l  economics of t h e  f a c i l i t y  a s  w e l l .  

One must unders tand,  however, t h a t  it i s  n o t  on ly  t h e  l eng th  

of t h e  r e g u l a t o r y  process  t h a t  i s  a t  i s s u e , . b u t  a l s o  i t s  unpred ic t -  

a b i l i t y .  A s  noted by a  r e c e n t  s tudy  by t h e  ~ a r  Assoc ia t ion  of 

New York, i t  i s  t h e  u n p r e d i c t a b i l i t y  of de lay  t h a t  poses t h e  p r i n c i p a l  

impediment t o  r a t i o n a l  planning:  8 

" I n  t h e  long  run,  then ,  t h e  c u r e  i s  t o  f ash ion  a  
procedure which i s  n o t  n e c e s s a r i l y  t e r s e ,  b u t  whose 
l e n g t h  and s t a n d a r d s  f o r  d e c i s i o n  a r e  f a i r l y  p r e d i c t a b l e .  
To mandate a  p rocess  which c u t s  o f f  deba te  a r b i t r a r i l y  
may r e s u l t  i n  j u d i c i a l  r e v e r s a l s ,  which a r e  t h e  wors t  
sources  of u n c e r t a i n t y  because they a r e  l e a s t  p r e d i c t a b l e  
and can l e a d  t o  t h e  l o n g e s t  d e l a y s .  I f  u t i l i t i e s  could  
a c c u r a t e l y  a n t i c i p a t e  t h e  time needed i n  t h e  l i c e n s i n g  
process  and apply  f o r  a l l  l i c e n s e s  w e l l  b e f o r e  they  a r e  
needed, t h e  problems posed by t h e  l e n g t h  of t h e  a p p l i c a t i o n  
p rocess  would l a r g e l y  be confined t o  e x t r a  l e g a l  c o s t s .  
Thus, excep t  f o r  t h e  AEC o p e r a t i n g  l i c e n s e ,  which must be 
a p p l i e d  f o r  nea r  t h e  time of p l a n t  complet ion,  it i s  un- 
c e r t a i n t y  of t h e  p rocess ,  n o t  i t s  l e n g t h ,  which can l e a d  
t o  blacko'uts . I' 
Yet t h e  type  of  inter-agency c o n f l i c t  and r e g u l a t o r y  u n c e r t a i n t y  

t h a t  plagues t h e  Nor theas tern  U t i l i t i e s  r a i s e s  i s  t h e  ve ry  a n t i t h e s i s  

of  a  sound r e g i o n a l  energy po l i cy .  I n  t h e  nuc lea r  power a r e n a ,  f o r  

example, t h e  exper ience  of  t h e  Seabrook, New Hampshire, nuc lea r  p l a n t  

i s  a lmost  a  casebook example of how n o t  t o  regula te . :  t h e  most r e c e n t  

ep i sode  be ing  t h e  r e p o r t e d  revoca t ion  of EPA approval  of t h e  coo l ing  

system, long a f t e r  a  c o n s t r u c t i o n  pe rmi t  had been i s s u e d  by NRC (and 

c o n s t r u c t i o n  a c t u a l l y  commenced) .' Regardless  of t h e  m e r i t ,  o r  l a c k  



of merit, of the cooling system proposed, a well-considered and 

irrevocable EPA position ought to have been forthcoming at a much 

earlier date--whether favorable or unfavorable. 

Similarly, the FEA coal conversion program must be placed in a 

regulatory context that is far from clear; as noted by one recent 

analysis of the conversion of oil facilities,to coal in New England: 10 

"...The risk of committing investment capital now,. 
with the spectre of unforseeable future controls very 
foreboding, would encourage any utility to resjnt. a 
conversion order indefinately. This would be especially 
true for those plants having limited remaining life." 

Moreover, a key barrier to coal conversion in New England is the 

difficulty of ash and sludge disposal--at present there is only one 

approved site available for 10 plants in Connecticut and Massachusetts. 
11 

These observations all point to an axiom of effective energy 

policy-making that does not appear to have penetrated sufficiently 

into the body politic: a rational energy policy, if it is to be 

effective, cannot be achieved if its compenents are assigned to 

single-purpose, mission oriented agencies in the absence of a forum 

for effecting trade-offs in an orderly and efficient manner. To be 

sure, there is a need for regulatory bodies to assure compliance with 

given standards, even in quite narrowly focussed areas. But the 

essence of sound energy policy-making is to integrate environmental 

concerns into the policy analysis stage, rather than as a post 

decision addendum. 

John Quarles, Deputy Administrator of EPA, identified the 

problem in these terms 

". . .common sense would suggest that environmental and 
related factors should be balanced against economic and 
other social objectives in deciding whether further in- 
du~trial growth should be permitted iii a yd~tricular 
locality. But current regulations often obstruct or 
prohibit a balancing of such factors in the light of 
local needs and desires. Instead, we have a series of 
single dimension regulatory requirements, man.y imposed 
by Federal Law imposing rigid national requirements."12 



It is not, of course, the function of the courts to perform 

this balancing function, even if the opponents in litigation in 

fact seek to use the courts in such a manner to decide environ- 

mental or policy issues. l3 The basis for judicial review of admin- 

istrative action is defined in the Administrative Procedure Act: 

"...the reviewing court shall...hold unlawful and set aside agency 

action, findings, and conclusions found to be (a) arbitrary, capri- 

cious, and abuse of discretion, or otherwise not in accordance with 

law: . . . (e) unsupported by substantial evidence in a case subject 
to hearings. "I4 Scrutiny of many of the landmark cases involving 

regulatory agency decision-making supports the argument that, in fact, 

the courts have not been directly deciding environmental or energy 

policy issues, but have properly focused on the manner in which agency 

decisions have been reached. And even in such cases where the courts' 

focus has been on an interpretation of an ambiguous statute, or 

statutes apparently in conflict, as for example in the Calvert Cliffs 

Case, focus has been on clari.fi.cation of Congressional intent. Al- 

though the distinction between "clarification of intent" and creation 

of policy may be a fine one, power-facility related environmental 

decisions at the Federal level have thus far been based on statutes 

or common law, and, unlike many Supreme Court rulings on segregation 

or pornography, not on constitutional grounds. l5 This distinction 

is s'ignificant because a statute or common law rule can readily be 

changed or modified by a politically responsive branch of government. 
16 

Positive prescriptions are of course much more difficult than 

negative criticism, and a properly comprehensive analysis goes well 

beyond the focus of this issue paper. The issue of how environmental 

concerns can be integrated into energy policy analysis has been 

addressed in a previous paper,'' and some forthcoming work within 

the BNL Regional Studies Program will address the more thorny institu- 

tional issues that lie at the heart of effective regional energy 

policy-making. There is, to be sure, a growing literature on the 

subject of regulatory reform, particularly the need for more efficient 

licensing procedures; but here we are arguing for much more than 

"one-stop" siting, since it is quite unlikely that such reforms can 
~chieve anything more than marginal improvements if the decision- 

laking process and the formulation of comprehensive, environmentally 



i n c l u s i v e  energy p o l i c y  a n a l y s i s  t h a t  precedes,  a  l i c e n s e  a p p l i c a t i o n  

has  n o t  r e so lved  t h e  r e q u i s i t e  ba lancing of s o c i a l  g o a l s .  

Lead Time and Demand Uncer ta in ty  

Whatever t h e  a t t r i b u t i o n  of reason f o r  long l e a d  time an under- 

s t and ing  of t h e  r e l a t i o n s h i p  of l e a d  t i m e  t o  t h e  u n c e r t a i n t y  i n  

demand is fundamental t o  sound energy planning.  A s  an  i l l u s t r a t i o n ,  

cons ide r  t h e  range  of energy demand p r o j e c t e d  f o r  Region I11 ( s e e  

Table 1 0 ) .  Assume t h a t  f o r  each energy p r o j e c t i o n ,  one may d e r i v e  

a  demand p r o j e c t i o n ,  and a  c a p a c i t y  p r o j e c t i o n  a s  shown on Table 2 2 ,  

based on a n  0.6 system load f a c t o r  and a  20% r e s e r v e  margin, respec-  

t i v c l p .  Then, assun~iiiq a 9 year lead time ffnr a l l  c a p s ~ i t y ,  on4 

may examine t h e  impact of d i f f e r e n t  a c t u a l  1985 e l e c t r i c  demands wi.th 

t h e  investment  p l a n  t h a t  one must commit onese l f  t o  i n  1 9 7 6 .  T h i s  
i s  shown on Table 23. 

W e  n o t e  t h a t  a t  t h e  one extreme, a 1985  plan based on  t h e  l o w  

Zemand r e s u l t s  i n  an 11% d e f i c i e n c y  i f  h igh  demands a c t u a l l y  occur;  

and a t  t h e  o t h e r  extreme a  62% r e s e r v e  margin r e s u l t s  i f  c a p a c i t y  

investment  i s  c a r r i e d  o u t  according t o  t h e  h igh p r o j e c t i o n s  and t h e  

a c t u a l  1985 demand corresponds  t o  t h e  low case .  I t  i s  of course  un- 

l i k e l y  t h a t  e i t h e r  of t h e s e  extremes would a c t l ~ a l l y  occur .  Tf demand 

t r e n d s  emerged t h a t  proved t o  be lower than  expected,  a  cons t ruc -  

t i o n  schedule  could  be re laxed  i f  necessary .  l9 Conversely i f  demands 

proved t o  be h igher  than  expected ,  one might t u r n  t o  genera t ion  forms 

wi th  s h o r t e r  l e a d  t i m e s .  The l a t t e r  response might imply heavy 

economic p e n a l t y ,  a s  would be t h e  c a s e  i f  o i l  o r  gas  t u r b i n e  c a p a c i t y  

w e r e  c a l l e d  i n  t o  b r idge  a  gap i n  nuc lea r  c a p a c i t y  ( q u i t e  a p a r t  from 

such a  course  running e n t i r e l y  counter  t o  s t a t e d  g o a l s  of reducing 

r e l i a n c e  on imported o i l ) .  But d e s p i t e  c o s t s  a s s o c i a t e d  with delayed 

c o n s t r u c t i o n  schedules  ( s i n c e  de lays  a r e  c o s t l y ,  whether i n t e n t i o n e d  

o r  un in ten t ioned)  , 2 0  on balance  it would appear  t h a t  overes t ima t ion  

of demand i n  p lanning can be accomodated a t  lower c o s t  than under- 

e s t i m a t i o n  u n l e s s  t h e  overes t ima t ion  a c t s  a s  an  a r t i f i c i a l  s t imulus  

t o  demand. 

Looking a t  t h e  range  of  c a p a c i t y  u n c e r t a i n t y  f o r  t h e  Nor theas t  

a s  a  whole, Table 2 4  s e t s  f o r t h  e s t ima ted  c a p a c i t y  expansions f o r  



Table 22 

Low 

Base 

1985 ENERGY DEMAND AND CAPACITY DEMAND PROJECTIONS FOR 

REGION I11 

Energy 
Demand Peak ~ o a d ~  Capacity Demand 

b 

High 326 62 74 

a Assuming an 0.6 system load factor 

b~ssuming a 20% reserve margin 

Table 23 

1985 RESERVE MARGINS FOR 

REGION I11 

1976 capacity 
investment 
plan for 1985 

1985 Peak Load 

Low Base High 
46 Gw 54 Gw 62 Gw 

Low 55 Gw 20% 2% -11% 

Base 64 Gw 39 % 19 % 3% 

High 74 Gw 61% 37% 19 % 



Table 24 

NEPOOL 

NYPP 

PLrn 

Total 

Northeast 
~ o a d ~  

Total 2000 
b Capacity 

20 0 0 CAPACITY REQUIREMENTS 

. . 

Low Median - 

lo6' Mwh 
6 

10 Mwh Gw 

132 2 3 17 0 3 0 

Existing Capacity 
(1975) 94.5 

New Capacity 
Requirements 
1976-2000 

Planned by Utilities 
1976-1985 47.6 

Capacity Requirements 
1986-2000 2 

Hish 
6 

10 Mwh Gw 

a 
assuming -65 system load factor 

b 
assuming 20% reserve margin 



. . 

t h e  r ange  o f  e l e c t r i c a l  energy  demands d e r i v e d  i n  Chapter  II.,, The 

r e q u i s i t e  new c a p a c i t y  i n  t h e  i n t e r v a l  1976-2000 r a n g e s  from 55 t o  

163 Gw, a  range  of ove r  100 u n i t s  of  1000 Mw. I f  one s u b t r a c t s  

t h o s e  c a p a c i t y  increments  c u r r e n t l y  planned f o r  1985, t h e  c a p a c i t y  . . 
f o r  y h i c h  a s  y e t  undetermined sites must be found r a n g e s  from 2 t o  

113  Gw, a  v e r y  l a r g e  range  of  u n c e r t a i n t y  ( a l though  many s i tes  

d e s t i n e d  f o r  c u r r e n t l y  c a n c e l l e d  u n i t s ,  such  a s  F u l t o n  and Summit, 

would i n  a l l  l i k e l i h o o d  s t i l l  be a v a i l a b l e ) .  

F i n a n c i a l  I s s u e s  

Although t h e  r e c e n t  f i n a n c i a l  p d s i t i o n  o f  t h e  investor-owned 

u t i l i t i e s  h a s  improved i n  1976, t h e  j o i n t  impact  o f  t h e  o i l  embargo 

and economic r e c e s s i o n  brough't e s p e c i a l l y  s e v e r e  f i n a n c i a l  problems 

t o  Nor theas t e rn  u t i l i t i e s .  The r eason  why u t i l i t i e s  i n  t h e  North- 

e a s t  were among t h e  most s e r i o u s l y  a f f e c t e d  i n  t h e  c o u n t r y  f o l l o w s  

d i r e c t l y  from t h e  r e g i o n ' s  unique dependence on imported o i l ;  it i s  

h e r e  t h a t  imported o i l  p r i c e  i n c r e a s e s  had g r e a t e s t  e f f e c t  on con- 

sumer b i l l s ,  r e s u l t i n g  i n  s i g n i f i c a n t  consumption r e d u c t i o n s  and 

t h e r e f o r e  f a l l i n g  u t i l i t y  revenues .  The combinat ion o f  r e g u l a t o r y  

l a g ,  i n c r e a s i n g  c o s t s  and f a l l i n g  revenues  imposed a  s e v e r e  f i n a n c i a l  

squeeze on some u t i l i t i e s ,  r e s u l t i n g r i n  f a l l i n g  c r e d i t  r a t i n g s ,  

lower d iv idend .paymen t s  (and,  i n  Conso l ida t ed  E d i s o n ' s  c a s e ,  e v e n . a n  

omi t t ed  d i v i d e n d ) ,  and a  s i g n i f i c a n t l y  reduced a b i l i t y  t o  r a i s e  

c a p i t a l .  C a n c e l l a t i o n s  of  c a p i t a l  i n t e n s i v e .  base  l o a d  u n i t s  was 

t h u s  n o t  j u s t  a  q u e s t i o n  of  f a l l i n g  demand e x p e c t a t i o n s ,  b u t  a l s o , .  

i n  many' c a s e s ,  of  mandated c u t s  i n  c a p i t a l  spending.  

With t h e  economic r ecove ry  and widespread r a t e  i n c r e a s e s  

f i n a l l y  g r a n t e d ,  t h e  s i t u a t i o n  h a s  improved s i g n i f i c a n t l y  i n  1976, 

and t h e  i s s u e  h a s  receded  from i t s  p r e v i o u s l y  r a t h e r  prominent  

p o s i t i o n .  Neve r the l e s s ,  t h e  fundamental  c a u s e s  o f  t h e  1974-75 

f i s c a l  squeeze have n o t  r e a l l y  been addres sed  i n  a  s e r i o u s  manner, 

and a n o t h e r  o i l  embargo and economic r e c e s s i o n  can  be expec ted  t o  

plunge Nor theas t e rn  u t i l i t i e s  back i n t o  t h e  same f i n a n c i a l  problems. 

C a n c e l l a t i o n  o r  deferment  of c a p i t a l  e x p e n d i t u r e s ,  p a r t i c u l a r l y  

f o r  n u c l e a r  and c o a l  f i r e d  b a s e  l o a d  u n i t s ,  has  s u b s t a n t i a l  imp l i ca -  

t i o n s  on t h e  f u e l  and g e n e r a t i o n  mix a  decade hence.  I f ,  i n  f a c t ,  

t h e  growth i n  demand f o r  e l e c t r i c i t y  does  beg in  t o  r ise a g a i n  w i t h i n  



t h e  n e x t  few y e a r s ,  u t i l i t i e ' s  may be f o r c e d  t o  u t i l i z e  t h e  o l d e r  

i n e f f i c i e n t  g e n e r a t i o n  u n i t s  f o r  more t h a n  mere ly  t h e  peak l o a d s  

i f  demand i s  t o  be  m e t ,  and t o  i n s t a l l  new g a s  t u r b i n e  c a p a c i t y  a s  

t h e  t y p e  of  f a c i l i t y  t h a t  can  most r a p i d l y  be  p u t  on l i n e .  Th i s  

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

a l s o  h a s  env i ronmen ta l  consequences ,  s i n c e  t h e  o l d e r  f o s s i l  u n i t s  

a r e  a l s o  c h a r a c t e r i z e d  by h i g h e r  p o l l u t a n t  e m i s s i o n s  t h a n  new 

c a p a c i t y .  21  
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Viewpoint" BNL 20435, August 1975, 

19, A utility faced with the prospect of an unusually high reserve 
margin might also retire old capacity somewhat earlier, or 
seek to export power, or even reinstitute promotional adver- 
tising to increase the utilization of its capacity. But each 
of these available options implies some degree of non-optimality 
from the overall social or regional energy planning perspective, 
whatever the particular fiscal impact on the utility. 

20. But recall the discussion of Chapter IV in regard to Northeast 
Utilities decision to proceed with ~iilstone #2 despite 
stagnant load growth, 

This, of course, was precisely the result of the Consolidated 
Edison experience in the late sixties-early seventies, when 
every major proposed facility ended in controversy, and 
litigation--the major impact being a delay in retirement of 
older capacity. (See e,g., Congressional Testimony of C. Luce, 
Chairman of Consolidated Edison, in Hearings, Semate Subcommittee 
on Intergovernmental Relations, Committee on Government 
Operations, 91st Congress, 2nd session on S, 2752, Feb, - 
April 1970, Part 1 (Intergovernmental Coordination of Power 
Development and Environmental Protection Act) at 58-66.) 
Moreover, to take the example of the Storm King mountain case, 
there is no evidence that the lengthy litigation reduced peak 
demands in the Con Ed system., This being so, one must assume 
that such demands as the proposed facility would otherwise 
have provided were met simply by importing any deficiency from 
the New York Power Pool and by inefficient generation in gas 
turbine or old fossil capacity. In fact the construction of 
the Blenheim-Gilboa pumped storage facility by the Power 
Authority of the State of New York is seen by some- observers 
as the direct consequence of the delays at Storm King. 



T H I S  PAGE 

W A S  INTENTIONALLY 

LEFT BLANK 



CHAPTER V I I I  

CONCLUSIONS 

The range  o f  demand e s t i m a t e s  d e r i v e d  by t h e  BNL s t u d y  r e s u l t s  

i n  a  l a r g e  range  o f  e s t i m a t e s  f o r  f u t u r e  e lec t r ic  g e n e r a t i o n  

c a p a c i t y .  I n  t h e  low c a s e ,  o n l y  some 50 Gw of  new c a p a c i t y  would be 

r e q u i r e d  i n  t h e  e n t i r e  r e g i o n  i n  t h e  i n t e r v a l  1975-2000, a s  opposed 

t o  150 Gw i n  t h e  BNL h igh  c a s e .  This  d i f f e r ' e n c e  i s  e q u i v a l e n t  t o  some 

8 3  n u c l e a r  r e a c t o r s  ( o f ,  s a y  1200 Mw e a c h ) ,  a  v e r y  l a r g e  margin o f  

u n c e r t a i n t y .  Y e t ,  because l a r g e  base  load  u n i t s  must c u r r e n t l y  be . 

committed some t e n  y e a r s  i n  advance o f  t h e i r  need, t h e  g r e a t  range  

o f  u n c e r t a i n t y  f o r  even 1985 c r e a t e s  s e v e r e  p l ann ing  problems f o r  

t h e  u t i l i t i e s .  A s h o r t e n i n g  o f  t h e  l e a d  t i m e  f o r  n u c l e a r  and f o s s i l  

base  l o a d  u n i t s  t h u s  becomes a n  u r g e n t  n e c e s s i t y  i f  s e r i o u s  r e l i a b i l i t y  

problems a r e  t o  be avoided ( t h e  outcome of  h i g h e r  t han  expec ted  growth) 

o r  i f  t h e  c o s t  t o  t h e  consumer impl ied  by de layed  c o n s t r u c t i o n  

schedu les  o r  t h e  e x c e s s  c a p a c i t y  o f  l a r g e  r e s e r v e  margins  i s  t o  be  

avoided ( t h e  outcome of  a  lower t h a n  expec ted  growth r a t e ) .  

The t r a n s m i s s i o n  g r i d  i n  t h e  y e a r  2000 can be expec ted  t o  be 

more deve loped ,  and w i t h  l o n g e r ,  h ighe r -vo l t age  l i n e s ,  b u t  r a d i c a l l y  

new t r a n s m i s s i o n  t e c h n o l o g i e s  a r e  n o t  expec ted  t o  be widespread.  

A p p l i c a t i o n s  o f  c ryogen ic  t r a n s m i s s i o n  and h igh-vol tage  DC might  w e l l  

be  encountered  i n  a  few s p e c i a l  c i r cums tances ,  b u t  t h e  b a s i c  r e l i a n c e  - 

on overhead AC f o r  t r a n s m i s s i o n  w i l l  remain unchanged. While t h e  use  

o f  underground d i s t r i b u t i o n  c a b l e s  i n  urban and suburban a r e a s  w i l l  

l i k e l y  i n c r c a ~ e ,  undergrnunding of  c ros s -coun t ry  h igh -vo l t age  l i n e s  

w i l l  p robably  be r e s t r i c t e d  t o  a  few s p e c i a l  s i t u a t i o n s  i n v o l v i n g  

p a r t i c u l a r l y  v a l u a b l e  s c e n i c  l andscapes .  

Becuase r a d i c a l  improvements i n  system load  f a c t o r  a r e  u n l i k e l y  

. t o  occur  ove r  t h e  coming decades ,  t h e r e  w i l l  be a con t inued  need f o r  

new c a p a c i t y  a d d i t i o n s  of t h e  peaking type .  S ince  t h e  r e g i o n  o f f e r s  

l i t t l e  a d d i t i o n a l  p o t e n t i a l  f o r  conven t iona l  h y d r o - e l e c t r i c  genera-  

t i o n ,  t h i s  n e c e s s s r i l y  means t h a t  a d d i t i o n a l  combustion t u r b i n e  

c a p a c i t y  w i l l  c o n t i n u e  t o  be needed. T h i s ,  i n  t u r n ,  i m p l i e s  t h a t  a  

t o t a l  e l i m i n a t i o n  o f  o i l  as  a  u t i l i t y  f u e l  i s  a l s o  u n l i k e l y .  The . 



only  f u e l  t h a t  could  r e a l i s t i c a l l y  be expected t o  r e p l a c e  o i l  i n  

combustion t u r b i n e s  on a l a r g e  s c a l e  would be gas  produced from c o a l  

(g iven t h a t  n a t u r a l  gas s u p p l i e s  t o  t h e  reg ion  a r e  dwindl ing) .  The 

o t h e r  r e a l i s t i c  means of  providing peaking c a p a c i t y  over t h e  nex t  

25  yea r s  i s  of course ,  t h e  combination of pumped s t o r a g e  and nuc lea r  

o r  a  more widespread use of combined c y c l e  p l a n t s .  But whether t h e  

l a t t e r  type  of f a c i l i t y  could  be c o a l  f i r e d  i s  s t i l l  open t o  some 

doubt;  and t h e  former o p t i o n  f a c e s  s e v e r e  s i t i n g  and c o s t  c o n s t r a i n t s .  

However, s i n c e  most of t h e  o i l  used f o r  e l e c t r i c  genera t ion  i n  t h e  

~ o r t h e a s t  i s  used i n  base load genera t ion  (10 t.irnes 'as much o i l  i s  

c u r r e n t l y  used i n  steam e l e c t r i c  base  u n i t s  a s  i n  peaking combustion 

t u r b i n e s ) ,  and g iven t h a t  t h e  replacement  of o i l  by c o a l  i n  a  base 

load  u n i t  poses few t e c h n i c a l  problems ( a s  opposed t o  t h ~  economics - 
' .of a esnvc~siuri ,  or Ot r e g u l a t o r y  c o n f u s i o n ) ,  it i s  t o  t h e  e l i m i n a t i o n  

. o f  o i l  i n  base-load p l a n t s  t h a t  one should focus  t h e  most immediate 

a t t e n t i o n .  

F i n a l l y ,  our  examination of  t h e  e l e c t r i c  s e c t o r  i l l u s t r a t e s  once 

. a g a i n  t h e  u r g e n t  need f o r  coheren t  n a t i o n a l  and r e g i o n a l  energy 

p o l i c y .  Perhaps h i g h e s t  on t h e  agenda of a d m i n i s t r a t i v e  and regu la -  

t o r y  r e f o r m  must be t h e  r e s o l u t i o n  of in ter -agency c o n f l i c t  t h a t  ., 

plagues  t h e  u t i l i t y  i n d u s t r y ,  and which unquest ionably imposes c o s t s  

on t h e  'consume-r. I t  i s  t r u e ,  of course ,  t h a t '  c e r t a i n  i s s u e s  do i n -  

vo lve  d i f f i c u l t  t rade-off  s ,  and t h a t  csnf l i c t s  between environmental 

p r o t e c t i o n  g o a l s ' a n d  energy p o l i c y  d e s i d e r a t a  make decision-making 

d i f f i c u l t .  But t h e  p r e s e n t  s t a t e  of r e g u l a t o r y  confusion i s  q u i t e  

unacceptable ,  r e g a r d l e s s  of which s i d e  nf a p a r t i c u l a r  issue une.  

may s t a n d .  
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