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DISPERSED, DECENTRALIZED AND RENEWABLE 

ENERGY SOURCES: 

ALTERNATIVES TO NATIONAL VULERABILITY AND WAR 

Executive S u m m a r y  

T h e  Problem 

U.S. re l iance on imported fuel and c e n t r a l i z e d  s y s t e m s  f o r  energy production 
p resen t  problems f o r  national secur i ty  and e m e r g e n c y  preparedness  in the e v e n t  o i  a 
major  nuclear  crisis or  war. Energy supply and d e m a n d  planning should be linked t o  
civil  defense  planning in order t o  decrease  vulnerabi l i ty  and maximize  survival  and  
recovery  capabil i t ies.  The development of a l t e r n a t i v e  energy  systems such a s  
cogenerat ion,  wind, biomass, solar, small  hydro,  and  t h e  l ike can rediice U.S. 
dependence  on imported fuels  and s t r a t e g i c  m a t e r i a l s  and thus  vuinersbii i ty t o  
disrupt ions  in those  supplies. Renewable and dispersed energy  sys tems  for f u e l  and  
e l e c t r i c i t y  o f f e r  t h e  best  potential  fo r  survival  and  r e c o v e r y  if implemented at t h e  
l o c a l  level .  

To explore  t h e  ramifications of this s i tua t ion ,  t h e  Federal  Emergency  
Management  Agency has funded t h e  present  s t u d y  t o  examine  t h e  use of 
unconventional energy sources and a l t e r n a t i v e  a p p r o a c h e s  t o  vulnerable cen t ra l i zed  
energy  supply systems. 

Objec t ives  

The object ives  of this s tudy were as follows: 

I. To invest igate ,  review and c a t e g o r i z e  a l t e r n a t i v e  approaches t o  
cen t ra l i zed  energy supplies which a r e  vulnerable and could be 
considerably a f f e c t e d  by e n e m y  a t t a c k .  

2. To survey a number of a l t e rna t ive ,  r e n e w a b l e  energy  systems and t o  
provide a t r e a t m e n t  of t h e  technical ,  appl ied,  developmental ,  and cos t  
f a c t o r s  re la ted  t o  these energy technologies  and the i r  potent ia l  for  
local ized energy self-sufficiency. 

3. T o  examine t h e  use of present cen t ra l i zed  e n e r g y  technologies and  t o  
inves t iga te  the  possibilities of s impl i f ica t ion in design and opera t ion  in 
o rder  t o  pe rmi t  independent local operat ion.  



Procedure  

The  procedures followed were: 

I. Background information on centralized energy systems, national 
vulnerabili ty due t o  dependence on imported fuels  and centralized energy 
production, and the  relationships 'between energy planning and existing 
civil defense programs was extensively researched,  character ized and 
reported. 

2. Alternat ive energy resources and systems, including conservation, load 
management  and energy storage, cogenerat ion,  fuel cel!s, small  
hydroelectr ic  power, solar/heating, so la r / thermal  e lectr ic ,  solar 
photovoltaic, biomass conversion, geothermzl ,  wind, and wave energy  
were  identified and ranked in t e rms  of the i r  technological character is t ics ,  
developmental fac tors ,  their  s t r a t eg i c  capabili t ies ( to  reduce 
vulnerability), local and regional availability, cu r r en t  and projected cos t s ,  
and overall  flexibility t o  m e e t  current  and potent ia l  post-attack energy 
demands. 

3. Matr ices  fo r  evaluation of these technologies by local and emergency 
planners were provided, with qualitative c r i t e r i a  f o r  the i r  development. 

4. - Stra teg ies  for  energy sufficiency and planning fo r  community survival and 
recovery were  provided which outline t h e  concept  of t h e  "Defense Energy 
Districts" (DEDS). 

5. Specif ic  recommendations for t h e  use of local ized energy approaches for  
emergency  response and recovery based on P ro j ec t  findings were provided. 

Major Findings 

The  major findings of the  report  are: 

1. Curren t  U.S. energy systems (fuels and e lec t r ic i ty )  a r e  highly vulnerable, 
due  t o  requirements for  imported resources and due t o  t he  central ized 
na ture  of t h e  systems themselves. 



5. National  energy self-sufficiency programs (including synfuel  development 
- -  + Da+rnlalfm R w ~ r v e )  are highly  cen t ra l i zed ,  thus highly a1 iu a L L  a ~ e g i C  L L L L  V A L U L , I  -.---.- 
vulnerable. A b e t t e r  s t r a t e g i c  oppor tuni ty  is t h e  development of 
d ispersed loca l  and  regional approaches. 

6. C u r r e n t  funding l eve l s  (both pr ivate  and f o r  decentra l ized and  
renewable  energy  a r e  inadequate .  National priori t ies should re f l ec t  t h e  
s t r a t e g i c  value and impor tance  of t h e  decen t ra l i s t / r enewable  energy  
opportuni ty .  



FOREWORD 

Sec t ion  1, Energy and Vulnerability and  Sect ion 2, Energy: Existing Systems 
and  Trends  c h a r a c t e r i z e  t h e  nation's energy vulnerabi l i ty  in t e r m s  of our dependence 
on i m p o r t e d  energy suppl ies  and s t r a t e g i c  m a t e r i a l s  and in t e r m s  of t h e  cen t ra l i zed  
n a t u r e  of U.S. energy sys tems .  The e f f e c t s  of supply disruptions and hostile ac t ions ,  
r ang ing  f r o m  t e r r o r i s t  a t t a c k s  and sabo tage ,  t o  a nuclear  crisis or war can b e  
p r e v e n t e d  or  m i t i g a t e d  by s t ra teg ies  which p r o m o t e  energy  supply independence by 
developing domest ic ,  r enewable  resources,  and by emphasiz ing smal ler ,  dispersed 
and  community-based energy  production and dis t r ibut ion systems.  

Sec t ion  3, Dispersed and Renewable Energy Sys tems  provides a de ta i l ed  
t e c h n i c a l  t r e a t m e n t  of a number of a l t e r n a t i v e  energy  technologies which c a n  
c o n t r i b u t e  t o  na t iona l  energy  secur i ty  by shi f t ing responsibil i ty t o  t h e  regional and  
c o m m u n i t y  level  f o r  deve lopment  and ut i l iza t ion of d o m e s t i c  energy resources. T h e  
a l t e r n a t i v e s  range f r o m  conventionally fueled cogenera t ion  projects  t o  const ruct ion 
of f a c i l i t i e s  fueled by renewable  resources such  as solar ,  wind, biomass, otc. 

T h e  ins tabi l i ty  i n h e r e n t  in foreign-import dependence  and sys tem cen t ra l i za t ion  
c a n  b e  considered a precursor  t o  conf l ic t  and war .  In t h e  long run, full-scale 
d e v e l o p m e n t  of d ispersed and renewable  energy  s y s t e m s  t o  ach ieve  local  and  
regional  se l f -suff ic iency cBn contr ibute  t o  a s t ronger ,  m o r e  s e c u r e  national economy. 

S e c t i o n  4, Dispersed Energy Sources and C o m m u n i t y  Survival outl ines spec i f i c  
s t r a t e g i e s  f o r  combining c ivi l  defense  planning w i t h  energy  resource  development  
f o r  c o m m u n i t y  se l f -suff ic iency and survival. 
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2. 

By THE COMPTROLLER GENERAL 

OF THE UNITED STATES 

. . 

Federai Electrical Emergency .. . 

Preparedness Is Inadequate - . . 
, 4 . I ' .  , --  . 

If  saboteurs, terrorisrs, or an ememy attacked 
the Nation's electric power system, would the 
Federal Government be prepared to handle 
the resulting energy disruptions? 

Probably not, because the Department of 
Energy has failed to prepare required electric 
emergency preparedneu plans. A national 
plan t o  cope with the problems caused by a 
loss of electricity--which would vimaily halt 
communication, transportation, and distribu- 
tion systems-is essential, because utilities and 
the States cannot be expected to dad with 
such emergencies on their own. 
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There will be a 25% discount on  all orders for  
1 0 0  o r  more copies mailed t o  a single address. 

I 
Sales orders must be prepaid on a cash, check, 
or money order basis. Check should Dt? made 
o u t  to the  "Superintendent of Documents". 
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COMPTROLLER GENERAL OF THE U N I T E D  STATES 

WASHINGTON D.C. 

To t h e  P r e s i d e n t  o f  t h e  S e n a t e  and  t h e  
S p e a k e r  o f  t h e  a o u s e  o f  R e p r e s e n t a t i v e s  

T h i s  r e p o r t  d i s c u s s e s  t h e  v u l n e r a b i l i t y  o f  t h e  N a t i o n ' s  e l e c -  
t r i c  power s y s t e n s  t o  d i s r u p t i o n s  f rom a c t s  o f  w a r ,  s a b o t a g e ,  and  
t e r r o r i s m  a n d  a n a l y z e s  t h e  F e d e r a l  r o l e  i n  d e a l i n g  w i t h  m a j o r ,  
l o n q - t e r m  e l e c t r i c a l  e m e r g e n c i e s  r e s u l t i n g  f r o m  s u c n  a c t s .  

We made t h i s  r e v i e w  b e c a u s e  o f  t h e  i m p o r t a n c e  o f  e l e c t r i c i t y  
t o  t h e  S a t i o n ,  t o  i n f o r n  t h e  C o n g r e s s  o f  t h e  adequacy  o f  F e d e r a l  
e l e c t r i c a l  einergency p r e p a r e d n e s s  and p l a n n i n g ,  a n d  t o  reco,mei ld  
i ~ n p r  o v e m e n t s .  

C o p i e s  o f  t h i s  r e p o r t  a r e  b e i n g  s s n t  t o  t h e  D i r e c t o r ,  O f f i c e  
o f  Xanagement  and S u d g e t ,  t h e  S e c r e t a r y  o f  E n e r g y ,  D i r e c t o r  o f  t h e  
F e d e r a l  Einergency Management Agency and  t h e  House and S e n a t e  con- 
n i t t e e s  a n d  s u b c o m m i t t e e s  h a v i n g  o v e r s i g h t  r e s p o n s i b i l i t i e s  f o r  
t h e  m a t t e r s  d i s c u s s e d  in t h e  r e p o r t .  



COMPTROLLER GENERAL'S 
TO TBE CONGRESS 

FEDERAL ELECTRICAL 
EMERGENCY PREPAREDNESS 

r n a  ncnrTaTg IS L L X ~ U U . , ' " ' * * d  

D I G E S T  

The  F e d e r a l  Government i s  n o t  now p r e p a r e d  t o  
h a n d l e  a l o n g - t e r m  n a t i o n a l  o r  r e g i o n a l  d i s -  
r u p t i o n  i n  e l e c t r i c  power ,  f rom a n  a c t  o f  war ,  
s a b o t a g e ,  o r  t e r r o r  i s m .  I n a d e q u a t e  p r e p a r e d -  
n e s s  f o r  s u c h  e m e r g e n c i e s  i s  n o t  new. About  
3 y e a r s  a g o ,  t h e  C o n g r e s s  found  t h a t  F e d e r a l  
p r o g r a m s  d e a l i n g  w i t h  e l e c t r i c a l  power emer- 
g e n c i e s  were d e f i c i e n t .  

The  c o n s e q u e n c e s  o f  s u c h  a  power o u t a g e  a r e  
s t a g g e r i n g .  E l e c t r i c  power i s  e s s e n t i a l  t o  
m a i n t a i n i n g  t h e  N a t i o n ' s  m i l i t a r y  r e a d i n e s s .  
W i t h o u t  a d e q u a t e  o r  r e l i a b l e  power ,  m o s t  i n -  
d u s t r  i a l  a c t i v i t y  would b e  d i s r u p t e d .  power 
o u t a g e s  c a n  d i s r u p t  t h e  o p e r a t i o n  o f  c o m p u t e r s  
commerc i a l  b u s i n e s s ,  w a t e r  and sewage  t r e a t -  
m e n t  p l a n t s ,  mass  t r a n s i t  and t r a f f i c  c o n t r o l  
s y s t e m s ,  a s  w e l l  a s  many o t h e r  a s p e c t s  o f  l i f e  

I n  t h e  Un i t ed  S t  
e r a t e d  by some 3 
o v e r  t h o u s a n d s  o  
m i s s i o n  l i n e s ,  3 

f e e d e r  l i n e s  t o  
h i g h l y  complex,  
work c o v e r i n g  t h  

a t e s ,  e 
, 5 0 0  u t  
f  m i l e s  
nd dist 
e n d  u s e  
i n t e r c o  
e u n i t e  

l e c t r i c  power i s  gen-  
i l i t y  c o m p a n i e s ,  s e n t  

o f  h i g h  v o l t a g e  t r a n s -  
r i b u t e d  o v e r  l ow v o l t a g e  
r s .  The s y s t e m  is  a  
n n e c t e d  i n d u s t r y  n e t -  
d  S t a t e s  and p a r t s  o f  

Canada .  

E l e c t r i c  p o r e s  s y s t e m s  a r e  h i g h l y  d e p e n d a b l e ,  
b u t  a r e  v e r y  v u l n e r a b l e  t o  d i s r u p t i o n s  f r o m  
a c t s  o f  w a r ,  s a b o t a g e ,  o r  t e r r o r i s m .  I n  t h e  
r e g i o n  GAO l o o k e d  a t :  

--An a t t a c k  o n  j u s t  e i g h t  s u b s t a t i o n s  
c o u l d  d i s r u p t  power t o  t h e  e n t i r e  
r e g i o n  f o r  a  l o n g  t i m e .  ( S e e  p .  8.1 



- 
Because o f  t h e  complexity o f  t h e  N a t i o n ' s  e l ec -  
t r i c  sys tem,  i t  i s  e s s e n t i a l  t h a t  t h e  Federa l  
Government p l a y  a  c e n t r a i  r o i e  i n  emergency 
p l ann ing .  The Department o f  Energy i s  respon- 
s i b l e  f o r  p r e p a r i n g  n a t i o n a l  emergency p l a n s  and 

. prepa redness  programs cover ing  e l e c t r i c a l  power 
g e n e r a t i o n ,  t r ansmis s ion ,  d i s t r i b u t i o n ,  and u t i l i -  
z a t i o n .  The Federa l  Emergency Management Agency 
i s  r e s p o n s i b l e  f o r  s e t t i n 9  p o l i c y  and c o o r d i n a t i n g  
all c i v i l  d e f e n s e  and emergency p l ann ing ,  m i t i g a t i o n ,  
and a s s i s t a n c e  f u n c t i o n s .  

F e d e r a l  l e a d e r s h i p  f o r  e l e c t r i c a l  emergency plan- 
n i n g  and p r e p a r a t i o n  i s  unorganized and i n e f f e c t i v e .  
GAO found: 

--DOE h a s  an  inadequate  program f o r  d e a i i n q  w i t h  
major  e l e c t r i c a l  d i s r u p t i o n s .  I n  f a c t ,  i t s  
Emergency E l e c t r i c  Power ~ d m i n i s t r a t i o n ,  
t a s k e d  w i t h  t h e s e  r e s p o n s i b i l i t i e s ,  i s  i n -  
s u f f i c i e n t l y  s t a f f e d  and wide ly  d e c e n t r a l i z e d .  
"Barely- a l i v e "  i s  how one  o f f i c i a l  d e s c r i b e d  
t h e  o r g a n i z a t i o n .  (See  p .  1 3 .  ) 

--Emergency E l e c t r i c  Power Admin i s t r a t i on  repre-  
s e n t a t i v e s  a r e  unsure o f  t h e i r  s t a t u s ,  r o l e s ,  
a u t h o r i t y ,  and r e s p o n s i b i l i t y ,  and t h e y  a r e  
d o u b t f u l  t h a t  t h e  o r g a n i z a t i o n  could  o p e r a t e  
d u r i n g  an  emergency. ( s e e  pp .  13  and 1 4 . )  

--DOE does  n o t  have adequate  p l a n s  t o  manage 
and m i t i g a t e  e l e c t r i c  power d i s r u p t i o n s .  
( S e e  pp. 15 and 16 . )  

--Emergency p l a n s  t o  manage such  d i s r u p t i o n s  
and r e s t o r e  t h e  power sys tem,  a r e  needed. 
(See  pp. 16 t o  18.) 

--Problems e x i s t  i n  Fede ra l  c o o r d i n a t i o n  w i t h  
r e s p e c t  t o  e l e c t r i c  emergency p repa redness -  
( s e e  pp. 18 and 1 9 . )  



t o  make p r e p a r a t i o n s .  Without  p r i o r  p lanning ,  t h e  
Goverrment w i l l  be d e p r i v e d  of  the b e n e f i t  o f  pru- 
d e n t  thought  and s tudy  . 
RECOYMENDATIONS TO THE - 
SECRETAXY OF ENERGY 

The S e c r e t a r y  of Energy s h o u l d  c a r r y  o u t  h i s  
r e s p o n s i b i l i t y  f o r  e l e c t r i c a l  emergency pre- 
'paredness  by 

. < 

--providing adequate r e s o u r c e s  t o  t h e  
ETnergency E l e c t r i c  Power A d n i n i s t r a t l o n ,  . . 

. . .- - 

- -act ing a s  l e a d e r  and working w i t h  t h e  u t i l i t y  
' 

i n d u s t r y ,  o t h e r  F e d e r a l  a g e n c i e s  and S t a t e s  
t o  deve lop  and m a i n t a i n  d e t a i l e d  e l e c t r i c a l  
emergency p l a n s ,  and * . ' 

--developing n a t i o n a l / r e g i o n a l  p l a n s  f o r  = 

e l e c t r i c a l  emergencies which w i l l  (1) 
enab le  power d i s r u p t i o n s  t o  b e  managed 
th rough  e s t a b l i s h e d  p r i o r i t i e s  f o r  cur-  
t a i l i n g  p w e r  by use  and t y p e  o f  customer 
and ( 2 )  a s s i s t  t h e  u t i l i t y  i n d u s t r y  i n  
r e s t o r i n g  power i n  t h e  e v e n t  o f  s e v e r e  
d m a g e  t o  t h e  e l e c t r i c  power system.  
(See  p.  2 2 . )  
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v i t a l i z e  i t s  emergency e l e c t r i c  power 
program and develop a s s o c i a t e d  p l a n s ,  



report indicate it w i l l  n o t  develop national/ 
regional plans for electrical emergencies, 
then GAO recommends that the Congress enact 
leg islation requiring that appropriate plans 
be developed by a specified date. (See p. 
23.) 
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GAO provided copies of  the draft of this 
report to the National Electric ~eliability 
Council, the Federal Emergency Management 
Agency, and DOE. The National Electric R e 1  i- 
ability Council and the Federal Emergency 
Management Agency agreed with the report's 
recommendations. DOE, however, said that 
the report fails to distinguish between non- 
defense and defense related emergencies, and 
therefore, is misleading. GAO disagrees with 
this contention because the report addresses 
electrical emergencies which have national 
impact and reflects the status of DOE'S efforts 
as required under legislation and Executive 
order. (See pp. 23 to 27.) 
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GLOSSARY 

The d i sconnec t ion  o f  - t h e  s o u r c e  o f  e lec-  
t r i c i t y  from all e l e c t r i c a l  l o a d s  i n  
a  c e r t a i n  geograph ica l  a r e a  brought  
about by  i n s u f f i c i e n t  g e n e r a t i o n .  a n  
emergency-forced o u t a g e ,  o r  o t h e r  f a u l t  
i n  t h e  generation/transmission/distri- 
b u t i o n  system s e r v i c i n g  t h e  a r e a .  

Cascading A s p e c i f i c  t ype  o f  b l a c k o u t  i n  which a  
b l ackou t  system component f a i l u r e  compounds i n t o  

o t h e r  system component f a i l u r e s  and re-  
..- _ _ s u l t s  i n  t h e  d i s c o n n e c t i o n  o f  t h e  source  

of e l e c t r i c i t y  f rom a l l  l o a d s  i n  a  geo- 
I 

I - g r a p h i c a l  a r e a .  

Generat ion The a c t  o r  p r o c e s s  o f  producing e l e c t r i c  
energy from o t h e r  forms o f  energy ,  a l s o  
t h e  aiiount of  e l e c t r i c  energy provided.  

o r  more in -  

Load The amount o f  e l e c t r i c  power d e l i v e r e d  
t o  a  given p o i n t  o n  a  s y s t e n .  

The e l e c t r i c  u n i t  o f  power which e q u a l s  
1,000,000 w a t t s  o r  1,000 k i l o w a t t s .  

Outage I n  a  power system, t h e  s t a t e  o f  a corn- 
ponent  ( such  a s  a g e n e r a t i n g  u n i t  o r  
a  t r ansmis s ion  l i n e )  when it i s  n o t  
a v a i l a b l e  t o  p e r f o r m  i t s  f u n c t i o n  due 
t o  some event  d i r e c t l y - a s s o c i a t e d  w i t h  
t h e  component. 





CHAPTER 1 - 
INTRODUCTION 

E l e c t r i c  power i s  v i t a l  t o  our  Na t ion ' s  economic and s o c i a l  
w e l l  be ing .  Without e l e c t r i c i t y  i n d u s t r i e s  could  no t  f u n c t i o n ,  
communications would be g r e a t l y  reduced, and t h e  we l fa re  of  o u r  
citizens g r e a t l y  th rea tened .  I n  t h i s  r e p o r t  we look at .how pre-  
pared t h e  United S t a t e s  i s  t o  d e a l  wi th  unusual and unexpected 
power ou tages  caused by w a r ,  sabotage,  o r  t e r r o r i s m  and sugges t  
a  meaningful approach t o  Federal  preparedness  f o r  such e l e c t r i c  
emergencies. 

NEED FOR FEDERFLL 
ELECTRICAL EMERGEXCY 

i 
PAREPAREDNESS 

I f  t h e  Xation o r  a  region s u f f e r s  a  major, long-te;m pcwer 
d i s r u p t i o n  caused by war, sabotage,  o r  t e r r o r i s m ,  t h e  consequences 
would most l i k e l y  have n a t i o n a l  impact.  Ne i the r  u t i l i t i e s  n o r  

- Sta te /Loca l  governments can reasonably be  expected t o  e f f e c t i v e l y  
manage such s i t u a t i o n s  because such e n t i t i e s  cannot  r e f l e c t  n a t i o n s 1  
needs.  Consequently, any o v e r a l l  d e c i s i o n s  a t  t h e s e  l e v e l s  cannot  
poss ib ly  s e r v e  t h e  b e s t  i n t e r e s t  of t h e  Nation. For example, i f  
a n  e l e c t r i c a l  system i s  s e r i o u s l y  damaged, many a r e a s  served by 
t h a t  system could be wi thout  f u l l  s e r v i c e  f o r  extended p e r i o d s .  
The u t i l i t y  which owns t h a t  system may be a b l e  t o  s e r v e  only  
l i m i t e d  customers and provide  i n t e r r u p t i b l e  s e r v i c e .  A t  t.hzt p o i n t ,  
d e c i s i o n s  would have t o  be  made rega rd ing  who would g e t  power and 
which elements  of  t h e  system should be r e p a i r e d  f i r s t .  T h e  implica-  
t i o n s  o f  t h e s e  d e c i s i o n s  could have widespread soc ia l ' ,  economic, 
l e g a l ,  and defense- re la ted  consequences i f  t h e  a f f e c t e d  a r e a  c r o s s e s  
j u r i s d i c t i o n a l  boundaries  and t h e  system damage was e x t e n s i v e .  Con- 
sequen t ly ,  t h e  Federa l  Government because o f  i t s  o v e r a l l  i n t e r e s t s  
and r e s o u r c e s  i s  i n  t h e  b e s t  p o s i t i o n  t o  p r e p a r e  f o r  and manage 
such d i s r u p t i o n s .  



emergencies .  We l i m i t e d  o u r  a n a l y s i s  t o  e l e c t r i c  emergencies which 
would r e s u l t  from war ,  s abo tage ,  and t e r r o r i s m .  O i l  d i s r u p t i o n s  
which could  r e s u l t  i n  e l e c t r i c a l  emergencies are being addres sed  
a s  p a r t  o f  ano the r  GAO review.  

For purposes  o f  a s s e s s i n g  Federa l  prepa, redness  we d e f i n e d  an  
e l e c t r i c a l  emergency a s  a  major  power d i s r u p t i o n  which would 

--have major n a t i o n a l / r e g i o n a l  impac t ;  

--be beyond t h e  u t i l i t y  i n d u s t r y ' s  c a p a b i l i t y  t o  
sanage  on i t s  own; 

-, 
--be sudden, unusual ,  unexpected,  and (most  l i k e l y )  . 

prolonged; and 5 - 
--be t h e  s u b j e c t  o f  a  d e c l a r a t i o n  o f  n a t i o n a l  emergency. 

Ac t s  o f  s abo tage ,  war ,  o r  t e r r o r i s m  would most l i k e l y  r e s u l t  i n  
such  e l e c t r i c a l  power d i s r u p t i o n s .  Because t h e  u t i l i t y  i n d u s t r y  
d o e s  n o t  r e g u l a r l y  p l a n  f o r  t h e s e  e v e n t s  and cannot  de te rmine  
n a t i o n a l  needs,  i t  cannot adequa te ly  d e a l  w i t h  such  emergencies .  
While  t h e  u t i l i t y  i n d u s t r y  h a s  demonstra ted t h e  c a p a b i l i t y  t o  
manage and r e s t o r e  s e r v i c e  i n  most i n s t a n c e s  o f  power o u t a g e s  
caused  by a c c i d e n t s ,  wea ther ,  equipment f a i l u r e s ,  and human e r r o r ,  
u t i l i t y  o f f i c i a l s  w e  con tac t ed  agreed  t h e y  wculd have s e v z r e  prob- 
lems d e a l i n g  wi th  long-term power d i s r u p t i o n s  on t h e i r  own. 

S ince  t h e r e  i s  no d e f i n i t i o n  a s  t o  what c o n s t i t u t e s  a  long- 
t e r n  d i s r u p t i o n ,  w e  assumed f o r  o u r  s t u d y  t h a t  such  a  d i s r u p t i o n  
would l a s t  f o r  s e v e r a l  weeks o r  l onge r .  While it i s  p o s s i b l e  t h a t  
a  s h o r t e r  t e rm d i s r u p t i o n  could  r e q u i r e  F e d e r a l  involvement  i n  an  
emergency, we d i d  n o t  c o n s i d e r  t h i s  i s s u e .  

S ince  t h e   atio ion h a s  never  exper ienced  a n  e l e c t r i c a l  emer- 
j ency ,  a s  de f ined ,  we looked a t  one  s p e c i f i c  r e g i o n  t o  g a i n  a  pe r -  
s p e c t i v e  of  what c o u l d  happen. We met w i t h  Government and i n d u s t r y  
o f f i c i a l s  t o  d i s c u s s  t h e  r e g i o n a l  power s y s t e m ' s  v u l n e r a b i l i t i e s  
and how i t  could  b e  d i s r u p t e d ,  and a s s e s s e d  t h e  p o t e n t i a l  conse- 
quences .  From t h i s  i n fo rma t ion ,  w e  developed a  s c e n a r i o  which 
h i g h l i g h t s -  a  p o s s i b l e  emergency s i t u a t i o n  i n  one r e g i o n .  Because 
o f  t h e  s e n s i t i v e  n a t u r e  o f  such  in fo rma t ion ,  t he  s p e c i f i c  r e g i o n  
and  t h e  e l e c t r i c  f a c i l i t i e s  w i t h i n  t h e  r e g i o n  a r e  n o t  c i t e d .  



We a l s o  i d e n t i f i e d  agencies  having programs i n  e l e c t r i c i t y  manage- 
- 

ment and determined how t h e y  viewed t h s i r  r e s p e c t i v e  r o l e s .  This 
e f f o r t  inc luded  bo th  t h e  Fede ra l  and e l e c t r i c  u t i l i t y  s e c t o r .  

With r e s p e c t  t o  t h e  Federa l  r o l e ,  we f o c u s e d  on  t h e  adequacy 
of  t h e  Department o f  Ene rgy ' s  (DOE) and t h e  F e d e r a l  Emergency 
Management Agency's (FEMR) e f f o r t s  and t h e i r  a b i l i t y  t o  e f f e c t i v e l y  
manage and r e s t o r e  e l e c t r i c  power i n  t h e  e v e n t  o f  prolonged and 
widespread power ou tages .  We a l s o  looked a t  e f f o r t s  t o  m i t i g a t e  
e l e c t r i c a l  emergencies a s  p a r t  o f  F e d e r a l  p repa redness  f o r  such  
emergencies .  T o  p rov ide  a  ba lanced  p e r s p e c t i v e ,  we d i s c u s s e d  Fed- 
e r a l  p reparedness  f o r  e l e c t r i c a l  emergencies  w i t h  b o t h  Government 
and p r i v a t e  u t i l i t y  i n d u s t r y  o f f i c i a l s .  

I We i d e n t i f i e d  and ob ta ined  e x i s t i n g  F e d e r a l  p l a n s  f o r  emer- 
gency  e l e c t r i c  p reparedness  and e v a l u a t e d  t h e  adequacy o f  e x i s t i n g  
p l a n s .  I n  doing t h i s ,  we looked a t  p l a n s  t o  s e e  i f  o b j e c t i v e s ,  
p r i o r i t i e s ,  a u t h o r i t y ,  and r e s p o n s i b i l i t i e s  were  c l e a r l y  d e l i n e a t e d  
and de f ined .  Also,  we d i scussed  emergency p l a n n i n g  w i t h  b o t h  Gov- 
ernment and i n d u s t r y  o f f i c i a l s  to i d e n t i f y  b a s i c  e lements  o f  sound 
e l e c t r i c a l  emergency p l ann ing .  

We d i d  n o t  a d d r e s s  t h e  q u e s t i o n  o f  whe the r  damage from a c t s  
o f  war ,  szbotage ,  cr  t e r r o r i s m  c o u l d  b e  p r e v e n t e d  o r  minimized. 
I n  o u r  view t h e r e  i s  no gua ran tee  such damage c a n  be preven ted ,  
and any de t e rmina t ion  on what c a n  b e  done t o  p r o t e c t  t h e  power 
system would r e q u i r e  e x t e n s i v e  r e s o u r c e s  t o  a n a l y z e  each  t h r e a t ,  
a s s e s s  p o t e n t i a l  damages, and c o n s i d e r  p o s s i b l e  and a v a i l a b l e  
p r e v e n t i v e  measures coupled w i t h  a  d e t a i l e d  c o s t  b e n e f i t  a n a l y s i s .  
F u r t h e r ,  a c t i o n s  t o  p r e v e n t  damage from t h e s e  a c t s  would b e  c o s t l y  
t o  implement, and it i s  n o t  l i k e l y  such e f f o r t s  would b e  under taken  
Consequent ly ,  we focused  o u r  r ev i ew e f f o r t  o n  >what cou ld  b e  done 
t o  manage and r e s t o r e  power i f  s u c h  e v e n t s  o c c u r r e d .  



ELECTRIC POWER SYSTEM 

The growth of our  Nation has  been a ided  by t h e  e l e c t r i c  power 
system--one o f  t h e  most complex systems e v e r  b u i l t  by man. Because 
t h e  e l e c t r i c  power system i s  v i s i b l e  and ex tens ive ,  it i s  h i g h l y  
v u l n e r a b l e  t o  long-term major  d i s r u p t i o n s  r e s u l t i n g  from war, sabo- 
t a g e ,  o r  t e r ro r i sm.  The consequences ' o f  such d i s r u p t i o n s  t o  p o r t i o n s  
o f  o u r  e l e c t r i c  power system could be s e r i o u s .  

ECONOMIC IIWORTLVCE 

The e l e c t r i c  power which t h e  u t i l i t y  i n d u s t r y  provides  i s  t h e  
mainspring o f  our  i n d u s t r i a l  economy. P?e a s  a Nation demand acd 
expect  t h i s  commodity t o  be  cont inuously a v a i l a b l e .  We do n o t ,  
however, f u l l y  apprec ia te  t h i s  energy source  u n t i l  " t h e  l i g h t s  go 
o u t . "  Without power everyth ing  i n  our  modern s o c i e t y  n a t u r a l l y  
g r i n d s  t o  a h a l t ,  For example, e l e c t r i c i t y  i s  an i n t e g r a l  compo- 
nent  o f  o u r  t r a n s p o r t a t i o n ,  communication, and d i s t r i b u t i o n  systems. 
Manufacturing and food product ion  r e l y  h e a v i l y  on e l e c t r i c i t y ,  and 
t h e  b e r i c a n  s tandard of l i v i n g  i s  t i e d  t o  t h e  use o f  e l e c t r i c a l  
energy. E l e c t r i c  power i s  indispensable  t o  mainta in ing  o u r  Na t ion ' s  
m i l i t a r y  readiness  and running our  

--defense indus t ry ;  

--gasoline r e f i n e r i e s  and s t a t i o n s ;  

--manufacturing p l a n t s ;  

--computer systems; 

- -hospi ta l s ,  o f f i c e  b u i l d i n g s ,  and a i r p o r t s ;  

--water and sewage t rea tment  p l a n t s ;  

--mass t r a n s i t  and t r a f f i c  c o n t r o l  systems; and 

--home hea t ing ,  l i g h t i n g ,  and cooking. 



FIGURE 1 

SALES O F  ELECTRlClTY BY END-USE SECTOR 

s o u r c e :  DOE 
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A n  i nadequa te  o r  u n r e l i a b l e  s o u r c e  o f  power c a n  have  many 
a d v e r s e  e f f e c t s .  For most  i n d u s t r i e s ,  a r e l i a b l e  s o u r c e  o f  
power i s  e s s e n t i a l  because a  power i n t e r r u p t i o n  would s t o p  pro- 
d u c t i o n .  I n  many i n d u s t r i e s ,  overhead and l a b o r  c o s t s  con t inue  
t o  a c c r u e  d u r i n g  o u t a g e s  Major l o s s e s  can  r e s o l t  from r e s t a r t  
c o s t s ,  c l eanup  c o s t s ,  damage t o  machinery and equipment ,  and t h e  
r e n d e r i n g  o f  a p o r t i o n  o f  t h e  p r o d u c t  u n m a r k e t a b l e  Power ou tages  
c o u l d  b e  p a r t i c u l a r l y  c r i p p l i n g  t o  commercial o p e r a t i o n s .  Comer- 
c i a 1  u s e r s  who can  be  expec ted  t o  s u f f e r  immediate and t o t a l  d i s -  
r u p t i o n  of t h e i r  o p e r a t i o n  i n c l u d e  depar tment  s t o r e s ,  r e s t a u r a n t s ,  

2,500 
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- - i n c r e a s e  i n  w a t e r  p o l l u t i o n  d u e  t o  d i s r u p t i o n  o f  
sewage  t r e a t m e n t  f a c i l i t i e s ;  

- - i n c o n v e n i e n c e  and  h e a l t h  h a z a r d  o f  t h e  r e s i d e n t i a l  
c u s t o m e r  c a u s e d  by  i n t e r r u p t i o n  o f  e l e c t r i c i t y ; ,  

- - a c c i d e n t s  c a u s e d  by u n e x p e c t e d  d a r k n e s s  o r  by i n -  
t e r r u p t i o n  o f  l i f e - s u p p o r t  s y s t e m s  a t  h o s p i t a l s ,  
a l t h o u g h  some f a c i l i t i e s  h a v e  s t a n d b y  g e n e r a t o r s ;  
and  

\ 

- - p s y c h o l o g i c a l  t r a u m a s  f rom t h e  e f f e c t s  o f  sudden  
i n t e r r u p t i o n  o f  e l e c t r i c i t y  ( s u c h  a s  b e i n g  t r a p p e d  
i n  a n  e l e v a t o r  o r  a  w indowles s  room) .  

T9E E L E C T R I C  POWER S Y S T E H  

The N a t i o n ' s  e x i s t i n g  b u l k  e l e c t r i c  power s u p p l y  s y s t e m  i s  
v e r y  complex .  A t  a n  e l e m e n t a l  l e v e l ,  t h e  s u p p l y  o f  e l e c t r i c i t y  
t o  t h e  u l t i m a t e  consumer i n v o l v e s  t h r e e  s t e p s :  g e n e r a t i o n ,  t r a n s -  
m i s s i o n  f rom t h e  g e n e r a t o r  t o  t h e  s e r v i c e  a r e a  o v e r  h i g h - v o l t a g e  
t r a n s m i s s i o n  l i n e s ,  and d i s t r i b u t i o n  t o  i n d i v i d u a l  e n d - u s e r s  o v e r  
l o w - v o l t a g e  d i s t r i b u t i o n  l i n e s  a s  shown i n  f i g u r e  2 .  I n  t o t a l  
a b o u t  3 ,500  U . S .  e l e c t r i c  u t i l i t y  compan ie s  e x i s t  w i t h  a b o u t  
5 5 7 , 0 0 0  m e g a w a t t s  o f  i n s t a l l e d  g e n e r a t i n g  c a p a c i t y .  About 365,000 
c i r c u i t  m i l e s  o f  o v e r h e a d  e l e c t r i c  l i n e s  o f  66 ,000  v o l t s  o r  inore 
t r a n s m i t  e l e c t r i c i t y  f r o n  g e n e r a t i o n  s o u r c e s  t o  u t i l i t y  s e r v i c e  
a r e a s .  I n  a d d i t i o n ,  c o u n t l e s s  m i l e s  o f  l o w e r  v o l t a g e  d i s t r i b u t i o n  
l i n e s  s e r v i c e  7 4  m i l l i o n  r e s i d e n t i a l ,  8 m i l l i o n  s m a l l  l i g h t  and  

- p o w e r ,  a n d  700 ,000  l a r g e  c o m n e r c i a l  and  i n d u s t r i a l  c u s t o m e r s .  

G e n e r a l l y ,  a  s i n g l e  e l e c t r i c  u t i l i t y  p r o v i d e s  power t o  a  s p e c -  
i f i e d  g e o g r a p h i c a l  a r e a .  Whi le  many u t i l i t i e s  p e r f o r m  a l l  t h r e e  
s t e p s  i n  s u p p l y i n g  e l e c t r i c  power ,  many o t h e r s  d o  n o t .  Some u t i l -  
. i t i e s  o n l y  d i s t r i b u t e  e l e c t r i c i t y  by  p u r c h a s i n g  g e n e r a t i o n  f rom 
J t h e r  u t i l i t i e s ,  some r e n t  t h e  u s e  o f  h i g h - v o l t a g e  t r a n s m i s s i o n  
l i n e s  f r o m  o t h e r  u t i l i t i e s  i n  o r d e r  t o  h a v e  e l e c t r i c i t y  whee led  
f r o n  t h e  s o u r c e  'of g e n e r a t i o n  t o  t h e i r  s e r v i c e  a r e a ,  and  o t h e r s  
a r e  o n l y  i n  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  b u s i n e s s .  

Today ,  n e a r l y  e v e r y  m a j o r  e l e c t r i c  u t i l i t y  s y s t e m  is c o n n e c t e d  
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E l e c t r i c  power systems a r e  very dependable,  b u t  a r e  vulner-  
a b l e  t o  damage from a c t s  o f  war, sabotage,  and t e r r o r i s m .  While 
t h e  sys tems a r e  designed and operated t o  p rov ide  f o r  a  r e l i a b l e  
energy source ,  and under most condi t ions do ,  Government and in-  
d u s t r y  o f f i c i a l s  we contacted concerning t h i s  i s s u e  acknowledged 
t h i s  v u l n e r a b i l i t y .  P r i n c i p a l  t h r e a t s  c i t e d  were damage r e s u l t -  
ing from w a r  and sabotage.  Recent s t u d i e s  prepared f o r  t h e  Army 
Corps of  Engineers ,  DOE, and FEMA a l l  n o t e  t h a t  e l e c t r i c a l  power 
systems a r e  h i g h l y  vu lne rab le .  O f f i c i a l s  a t  t h e s e  agencies  con- 
f i rmed t h i s  f i n d i n g  and an i n v e s t i g a t i o n  by a j o i n t  congressional  
committee fol lowing the  1977 New York b l a c k o u t ,  caused by l i g h t n i n g ,  
concluded e l e c t r i c  u t i l i t i e s  a r e  h ighly  complex and very vulnerable .  

.?&I ELECTRICAL 
EKE3GENCY SCENARIO 

F o r t u n a t e l y ,  t h e  United S t a t e s  has  never  encountered an a t t a c k  
on i t s  e l e c t r i c a l  system. But t o  p lace  i n  p e r s p e c t i v e  how such 
an e v e n t  could  occur and i t s  poss ib le  r e s u l t s ,  we looked a t  one 
s p e c i f i c  geographic region o f  the  United S t a t e s .  1/ The r e g i o n ' s  
power system we se lec ted  provides power t o  t r a n s p o r t a t i o n ,  a i r c r a f t ,  
s h i p ,  chemical ,  and primary metal  i n d u s t r i e s ,  and s e r v i c e s  s e v e r a l  
major m i l i t a r y  f a c i l i t i e s .  The system i s  composed of  numerous e l ec -  
t r i c  d i s t r i b u t o r s ,  thousands of  miles o f  b u l k  t ransmiss ion  l i n e s ,  
and hundreds of  s u b s t a t i o n s  and genera t ing  p l a n t s .  

I n  looking  a t  t h i s  one  region DOE o f f i c i a l s ,  r eg iona l  o f f i -  
c i a l s ,  and p r i v a t e  sources s t a t e d  t h a t  coord ina ted  a t t a c k s  d i r e c t -  
ed by s a b o t e u r s  o r  t e r r o r i s t s  could d i s r u p t  t h e  r e g i o n ' s  power sys- 
t e n .  Most o f  t h e  power system i s  h igh ly  v u l n e r a b l e  because i t s  com- 
ponents  a r e  widely d i spe r sed ,  operated i n  a low manpower environ- 
ment, have  minimal s e c u r i t y ,  and a r e  h i g h l y  in terdependent .  S ince  
m p s ,  power system p u b l i c a t i o n s ,  explos ives ,  t iming devices ,  and 
o t h e r  equipment a r e  r e a d i l y  ava i l ab le ,  i t  would be  ve ry  easy f o r  
s a b o t e u r s  t o  damage t h e  s u b s t a t i o n s  by s e t t i n g  o f f  explos ives  i n  
a coord ina ted  a t t a c k .  An a t t a c k  on j u s t  e i g h t  s u b s t a t i o n s  could 
r e s u l t  i n  widespread power outages,  with cascad ing  blackouts  
throughout  t h e  e l e c t r i c a l  g r i d .  In  a d d i t i o n ,  major met ropol i tan  



.mission l i n e s  and towers a r e  numerous, widely  C.Lspersed, and remote- 
ly l oca t ed .  While damage t o  one l i n e  may n o t  have an  extended i m -  
p a c t  on t h e  r e g i o n ' s  power systems, a t t a c k s  d i r e c t e d  a t  s e v e r a l  
major t r ansmiss ion  l i n e s  and a s s o c i a t e d  towers  would cause 
l a r g e  s c a l e  d i s r u p t i o n s .  T h e  r e c e n t  Utah b lackou t  i l l u s t r a t e s  
what can  happen. I n  t h i s  case ,  two t r ansmiss ion  l i n e s  were shor ted  
o u t  as  a  r e s u l t  of  a f i r e .  This  unexpected cont ingency,  coupled 
wi th  o t h e r  system problems, caused a  l o s s  o f  l o a d ,  s h u t  down gen- 
e r a t i n g  p l a n t s ,  and r e s u l t e d  i n  a cascading b lackout  throughout t h e  
S t a t e  and parts of  two o t h e r  S t a t e s .  I t  r e q u i r e d  about 1 2  hours 
t o  r e t u r n  the  power system t o  normal even though no s i g n i f i c a n t  
p h y s i c a l  damage t o  t h e  system occurred .  

Outside o f  some old  p u b l i c a t i o n s  and s t u d i e s  on t h e  e f f e c t s  
o f  damage t o  t h e  power system a s  a r e s u l t  o f  n u c l e a r  war, s t u d i e s  
a s s e s s i n g  and analyzing t h e  consequences o f  p h y s i c a l  damage t o  a  ' 
r e g i o n a l  power system o r  the Nation have n o t  been done. Based on 
our  d i s c u s s i o n  wi th  u t i l i t y  i n d u s t r y  and Government o f f i c i a l s ,  re-  
view o f  a v a i l a b l e  l i t e r a t u r e  on e l e c t r i c  power systems and our  own 
o b s e r v a t i o n s ,  we a r e  ab le  t o  make some judgments on  reg iona l  and 
n a t i o n a l  consequences. 

Consequences t o  t h e  Dower system 

The e f f e c t  o f  any power d i s rup t io r?  t o  t h e  r e g i o n  would depend 
on what f a c i l i t i e s  were damaged, t o  what e x t e n t ,  and o t h e r  circurn- 
s t a n c e s .  If s u b s t a t i o n s  a r e  s e v e r e l y  damaged, it could t ake  a  long 
t ime t o  r e p a i r  and r e s t o r e  power t o  normal l e v e l s .  While s p e c i f i c  
r e p a i r  t imes  cannot be p red ic ted ,  a p e r s p e c t i v e  o f  the t i n e  i t  w i l l  
t a k e  c a n  be gained by looking a t  a c t u a l  c o n s t r u c t i o n  t imes.  Substa- 
t i o n  expansions and small  size s u b s t a t i o n s  normally t a k e  3 t o  6 
months t o  c o n s t r u c t .  Large s u b s t a t i o n s  can t a k e  up t o  1 2  months. 
Damage o r  d e s t r u c t i o n  t o  many s u b s t a t i o n s  would t a k e  much longer  
t o  r e s t o r e .  Transformers, a key component o f  s u b s t a t i o n s ,  a r e  v i t a l  
t o  t h e  o p e r a t i o n s  o f  e l e c t r i c  power systems.  These components most 
l i k e l y  would be damaged from sabotage o r  t e r r o r i s t  a t t a c k s  on substa-  
t i o n s .  Lengthy power d i s r u p t i o n s  could r e s u l t  because u t i l i t y  com- 
p a n i e s  d o  n o t ,  i n  view of  t h e i r  expense,  inven to ry  o r  s t o c k p i l e  
many l a r g e  t ransformers .  

o f  bu lk  t ransmiss ion  l i n e s  a r e  damaged i n  remote loca- 



- .  
I.. 7.-+A-and -, c A L 5 1 L ~ = ~  d i s r i ip t ion  of power woiild affect t h e  o p e r a t i o n s  o f  

--major m i l i t a r y  f a c i l i t i e s ,  

--ship and a i r c r a f t  i n d u s t r i e s ,  

-- the t r a n s p o r t a t i o n  indus t ry ,  

--the e l e c t r i c a l  equipment and s u p p l i e s  i n d u s t r y ,  and 

--chemicals, primary meta l s ,  and wood product i n d u s t r i e s .  

Fur the r ,  t h e  h e a l t h ,  s a f e t y ,  and socio-economic s e c u r i t y  o f  - t h e  r e g i o n ' s  popula t ion  would be a f f e c t e d  by a shor tage  o f  power t o  
. opera te  homes, h o s p i t a l s ,  and b u s i n e s s e s .  Excess power which nor- 

mally could be exported may n o t  be a v a i l a b l e  and, consequent ly,  
could a f f e c t  o t h e r  reg ions .  Power from o t h e r  reg ions  may have t o  
be imported even though s u f f i c i e n t  excess  power nay n o t  b e  a v a i l -  
a b l e .  

Regardless o f  whether a  long- tern  power shor tage  occurs  
because power resources  a r e  inadequate  o r  demands a r e  excess ive ,  
supply would be  inadequate t o  meet demand. Such a  c o n d i t i o n  goes 
beyond norinal p lanning  and would provoke power c u r t a i l m e n t  r e s t r i c -  
t i o n s .  Absent from but  c r u c i a l  t o  t h e  invoca t ion  o f  power c u r t a i l -  
ments~would  be  a g e n e r a l l y  accepted  r e g i o n a l  agreement on how t o  
take  such d r a s t i c  s t e p s  t o  handle t h e  s i t u a t i o n .  I n  t h e  r e g i o n  we 
looked a t ,  t h e  120 u t i l i t i e s  by themselves a r e  no t  i n  a  p o s i t i o n  
t o  d e a l  w i t h  t h e  equ i t ab le  a l l o c a t i o n  o f  power due t o  t h e i r  f r a g -  
mented n a t u r e .  Fur ther ,  u t i l i t i e s  have l e g a l  and f i n a n c i a l  r e -  
s p o n s i b i l i t i e s  t o  provide power t o  customers .  S t a t e s  i n  t h e  r eg ion  
have s t a t u t e s  provid ing  f o r  some t y p e  of  power c u r t a i l m e n t .  How- 
ever ,  because power supply and d i s t r i b u t i o n  become an  i n t e r s t a t e  
- 2 a t t e r ,  d i f f i c u l t i e s  and c o n f l i c t s  wi th  r e s p e c t  t o  e q u i t a b l e  d i s -  
t r i b u t i o n  would most l i k e l y  occur .  

n e c e s s a r i  



n a t i o n w i d e  b l a c k o u t  may p o s s i b l y  b e  a v o i d e d  by p l a c i n g  t h e  power 
s y s t e m  into a more r e c u r e  s t a t e .  For  e x a m p l e ,  b e c a u s e  o f  t h e  
e f f e c t s  o f  a  n u c l e a r  war ,  t h e  power s y s t e m  would b r e a k  up  i n t o  
i n d i v i d u a l  i s l a n d s .  Because t h e s e  i s l a n d s  may n o t  have  w i t h i n  
t h e i r  a r e a  s u f f i c i e n t  g e n e r a t i o n  a v a i l a b l e  t o  p i c k  up t h e  l o a d  
( s p i n n i n g  r e s e r v e ) ,  t h e  a r e a  c o u l d  b e  d i s r u p t e d  w i t h o u t  any  a c t u a l  
p h y s i c a l  damage. B e f o r e  a n  a t t a c k ,  t h i s  p o s s i b i l i t y  m i g h t  b e  m i n i -  
mized by  b r i n g i n g  e x t r a  g e n e r a t i o n  u n i t s - o n  l i n e  t o  i n c r e a s e  s p i n n i n g  
r e s e r v e  and  t h u s  i n c r e a s e  power s y s t e m  s t a b i l i t y .  I n  t h e  r e m a i n i n g  
c h a p t e r s  o f  t h i s  r e p o r t ,  we d i s c u s s  w h a t  t h e  F e d e r a l  Government  h a s  
done  t o  p r e p a r e  f o r  t h e s e  e m e r g e n c i e s  a n d  w h a t  i t  s h o u l d  b e  d o i n g .  



CHAPTER 3 

THE FEDERAL GOVERNMENT I S  NOT PREPARED TO DEAL 

WITH ELECTRICAL EMERGENCIES 

~ A 1  t h o u g h  t h e  F e d e r a l  Government i s  r e s p o n s i b l e  f o r  n a t i o n a l  
I e l e c t r i c  emergency  p l a n n i n g ,  i t  is n o t  p r e p a r e d  t o  d e a l  w i t h  e l e c -  ' t r i c a l  e m e r g e n c i e s  a f f e c t i n g  o u r  n a t i o n a l  s e c u r i t y .  F e d e r a l  p l a n s  i and p;ograms f o r  managing e l e c t r i c a l  e m e r g e n c i e s  which may a r i s e  ' f rom w a r ,  s a b o t a g e ,  o r  t e r r o r i s m  a r e  i n a d e q u a t e  o r  n o n e x i s t e n t .  

F u r t h e r ,  F e d e r a l  g u i d a n c e  and c o o r d i n a t i o n  w i t h  r e s p e c t  t o  s u c h  
e l e c t r i c a l  emergency  p r e p a r e d n e s s  is l a c k i n g .  

FEDEXAL RESPONSIBILITY FOR 
ELECTRICAL EMERGENCIES 

F e d e r a l  r e s p o n s i b i l i t y  f o r  e l e c t r i c a l  emergency p r e p a r e d n e s s  
i n v o l v e s  b o t h  D O E  and FEMA. DOE h a s  s p e c i f i c  r e s p o n s i b i l i t y  f o r  
p r e p a r i n g  n a t i o n a l  emergency p l a n s  and d e v e l o p i n g  programs c o v e r -  
i n g  e l e c t r i c a l  power e m e r g e n c i e s  r e s u l t i n g  f rom w a r ,  s a b o t a g e ,  o r  
t e r r o r i s m ,  FEl% h a s  r e s p o n s i b i l i t y  f o r  c o o r d i n a t i n g  o v e r a l l  Fed- 
e r a l  emergency  p r e p a r e d n e s s  i n c l u d i n g  p o l i c y ,  p l a n n i n g ,  and p ro -  
g rams .  

D O E ,  u n d e r  E x e c u t i v e  Orde r  11490,  O c t o b e r  28 ,  1969 ,  a s  amended, 
i s  r e q u i r e d  t o  p r e p a r e . n a t i o n a 9  emergency p l a n s  and t o  d e v e l o p  p r e -  
~ a r e d n e s s  p r o g r a m s  c o v e r i n g  e l e c t r i c a l  power  g e n e r a t i o n ,  t r a n s m i s s i o n ,  
2 i s t r i b u t i o n ,  and u t i l i z a t i o n .  T h i s  E x e c u t i v e  Orde r  i s ,  i n  p a r t ,  
b a s e d  on  t h e  N a t i o n a l  S e c u r i t y  A c t  o f  1 9 4 7 ,  t h e  Defense  P r o d u c t i o n  
A c t  03 1 9 5 0 ;  a n d  t h e  F e d e r a l  C i v i l  D e f e n s e  A c t  o f  1 9 5 0 ,  a s  amended, 
I t  g e n e r a l l y  c o n c e r n s  F e d e r a l  p r e p a r e d n e s s  i n  n a t i o n a l  emergency 
t y p e  s i t u a t i ' o n s  t h a t  may i n v o l v e  U.S. n a t i o n a l  s e c u r i t y .  I n  o u r  
v i e w ,  t h e  E x e c u t i v e  O r d e r  c o v e r s  s a b o t a g e  a n d  t e r r o r i s m .  W i t h i n  
D O E ,  t h e  Economic R e g u l a t o r y  A d m i n i s t r a t i o n  i s  r e s p o n s i b l e  f o r  
e l e c t r i c  emergency  p l a n n i n g .  L/ 

FEIVLB, c r e a t e d  by r e o r g a n i z a t i o n  p l a n  number 3 o f  1978 and 
a s s i g n e d  f u n c t i o n s  by  E x e c u t i v e  Order  1 2 1 4 8 ,  J u l y  2 0 ,  1979 ,  r e p l a c e d  
s e v e r a l  a g e n c i e s .  2/ I t  is  r e s p o n s i b l e  f o r  e s t a b l i s h i n g  F e d e r a l  
p o l i c i e s  f o r ,  and  c o o r d i n a t i n g  a l l  c i v i l  d e f e n s e  and  c i v i l  emer- 
g e n c y  p l a n n i n g ,  m i t i g a t i o n ,  and a s s i s t a n c e  f u n c t i o n s  o f  e x e c u t i v e  
a g e n c i e s .  I n  a d d i t i o n ,  under  E x e c u t i v e  O r d e r  1 2 1 4 8 ,  FEMA i s  
r e q u i r e d  t o  p e r i o d i c a l l y  r e v i e w  and e v a l u a t e  c i v i l  d e f e n s e  and  
emergency  f u n c t i o n s  o f  t h e  e x e c u t i v e  a g e n c i e s ,  r e p o r t  a n n u a l l y  t o  



t h e  P r e s i d e n t  o n  t h e s e  f u n c t i o n s ,  and recommend improvements i n  
p l ann ing ,  management, a s s i s t a n c e ,  and r e l i e f  a t  a l l  l e v e l s  o f  
Government. 

N a t i o n a l  e l e c t r i c a l  emergencies migh t  n o t  always l e a d  t o  
Fede ra l  involvement .  From a  n a t i o n a l  e l e c t r i c a l  p e r s p e c t i v e ,  what 
c o ~ s t i t u t e s  an  emergency h a s  n o t  been d e f i n e d .  I t  i s  i m p o r t a n t  t o  
unde r s t and  t h a t  such  emergencies c o u l d  o c c u r  a s  a  r e s u l t  o f  a  v a r i e t y  
of  c i r cums tances  and v a r y  i n  d u r a t i o n .  Sabotage ,  l i m i t e d  war,  nu- 
c l e a r  war a n d / o r  i n t e r n a t i o n a l  c r i s e s ,  a s  w e l l  a s  a major n a t u r a l  
d i s a s t e r ,  c a n  c r e a t e  s e v e r e  e l e c t r i c a l  zmergencies which can  l a s t  
from a  few h o u r s  t o  y e a r s .  However, t h e  major  v e h i c l e  f o r  i n -  
volvement a t  t h e  Federa l  l e v e l  f o r  any  emergency u s u a l l y  o c c u r s  
o n l y  i f  t h e  P r e s i d e n t  d e c l a r e s  a n a t i o n a l  emergency. I /  I t  i s  most 
l i k e l y  t h a t  such a  d e c l a r a t i o n  would o n l y  b e  i n i t i a t e 2  i f  c o n d i t i o n s  
wer-e s e v e r e  and expected t o  c o n t i n u e  f o r  some t ime .  Under such  
c i r cums tances  DOE would take  f r o n t  l i n e  d u t y  i n  d e a l i n g  w i t h  t h e  
emergency. A s  p o i n t s d  o u t  i n  t h e  r ema in ing  s e c t i o n s  o f  t h i s  c h a p t e r ,  
DOE,  however,  i s  n o t  prepared f o r  h a n d l i n g  emergencies.  Consequent ly ,  
i f  an emergency should  a r i s e  F e d e r a l  a c t i o n s  may be  de layed  o r  be  
l e s s  t h a n  e f f e c t i v e .  

E L E C T R I C I G  EbIIRGEXCY PREPARED- 
NESS PRC;,P,LY I S  INADEQUATE 

W E ' s  c u r r e n t  program cannot  f u l f i l l  i t s  e l e c t r i c a l  emergency 
p repa redness  f u n c t i o n  a s  r e q u i r e d  by E x e c u t i v e  o r d e r .  Before t h e  
c r e a t i o n  o f  DOE, r e s p o n s i b i l i t y  f o r  d e a l i n g  w i t h  e l e c t r i c  power 
emergencies  r e s t e d  w i t h  t h e  Department o f  t h e  I n t e r i o r '  s Defense 
E l e c t r i c  Power Adminis t ra t ion  and t h e  F e d e r a l  Power Corn- iss ion.  
In  1977 t h e s e  r e s p o n s i b i l i t i e s  were t r a n s f e r r e d  t o  D O E ' S  Economic 
Regu la to ry  Admin i s t r a t i on  t o  improve a n d  c o n s o l i d a t e  e l e c t r i c a l  
emergency p l a n n i n g .  While DOE h a s  f o c u s e d  on e l e c t r i c  power s u p p l y  
and r e l i a b i l i t y  and conducted power g r i d  and r e l i a b i l i t y  s t u d i e s ,  
it h a s  not.  a d e q u a t e l y  addressed  t h ~  emergency e l e c t r i c  ? r epa redness  
i s s u e .  

The Emergency E l e c t r i c  Power A d m i n i s t r a t i o n  ( E E P A )  2 /  i l l u s -  
t r a t e s  t h i s  p o i n t .  EEPR c o n s i s t s  o f  a smal l  DOE h e a d q u a r t e r s  g roup  
and a w i d e l y  d e c e n t r a l i z e d  f i e l d  o r g a n i z a t i o n  composed o f  u t i l i t y  
company p e r s o n n e l .  I n  a d e c l a r e d  n a t i o n a l .  emergency, E E P A  i s  t h e  
Federa l  r e s o u r c e  manager f o r  e l e c t r i c  power a n d  i s  r e s p o n s i b l e  f o r  
e l e c t r i c  power p repa redness  p l a n n i n g ,  a l l o c a t i o n ,  s e t t i n g  p r i o r i -  
t i e s  f o r  d i s t r i b u t i o n ,  and r e s t o r a t i o n .  I n  a  December 1979 metno, 



A t  t h a t  t ime  and even today .  EEPA o n l y  h a s  two headqua r t e r s  s t a f f  
members a s s igned  t o  t h i s  e f f o r t  on l e s s  t h a n  a  f u l l - t i n e  b a s i s .  

The backbone o f  EEPA i s  made up o f  u t i l i t y  i n d u s t r y  r e p r e s e n t -  
a t i v e s  who a r e  a c t u a l l y  c a r r i e d  on t h e  r o l l s  a s  s p e c i a l  Government 
employees ( w i t h o u t  compensation) . I n  t h e  e v e n t  o f  an emergency, 
t h e s e  employees, under  t h e  d i r e c t i o n  and  gu idance  o f  E E P A  head- 
q u a r t e r s ,  would manage o u r  e l e c t r i c  power system. ~ u r i n g  o u r  r e -  
v iew w e  i n t e rv i ewed  a  number o f  E E P A  r e p r e s e n t a t i v e s  and found them 
f o r  t h e  most p a r t  

--unsure o f  t h e i r  s t a t u s ,  r o l e s ,  and r e s p o n s i b i l i t i e s ;  

- -unce r t a in  o f  EEPA's a u t h o r i t y  and r e s p o n s i b i l i t i e s ;  
and 

- -doubtful  t h a t  t h e  o r g a n i z a t i o n  c o u l d  o p e r a t e  du r ing  
an  emergency. 

I n  a d d i t i o n ,  some people  l i s t e d  i n  EEPA's r o s t e r  a s  a c t i v e  r e p r e -  
s e n t a t i v e s  d i d  n o t  know t h e y  were EEPA r e p r e s e n t a t i v e s  o r  were no 
longe r  employed w i t h  t h e  u t i l i t y  company. We a l s o  faund t h a t  o t h e r  
t h a n  t h e  r e g u l a r  t e l e p h o n e  system,  no a l t e r n a t e  emergency means o f  
comiunica t ion  ( i . e . ,  r a d i o )  e x i s t s  between EEPA headqua r t e r s  and 
u t i l i t y  f i e l d  r e p r e s e n t a t i v e s .  We were a l s o  advised  t h a t  p l a n n i n g ,  
t r a i n i n g ,  and t e s t  e x e r c i s e s  have n o t  been  conducted and even E E P A ' s  
19W annua l  meet ing was n o t  h e l d .  F u r t h e r ,  many o f  t h e  EEPA f i e l d  
r e p r e s e n t a t i v e s  i n d i c a t e d  t o  u s  t h a t  DOE needs  t o  p rov ide  c l e a r  
d i r e c t i o n  and guidance.  

The l a c k  o f  a s e r i o u s  commitment t o  e l e c t r i c  emergency p re -  
pa redness  i s  n o t  new. I n  August 1977 t h e  J o i n t  Committee o n  De- 
f e n s e  Produc t ion  h e l d  h e a r i n g s  on  emergency preparedness  i n  t h e  
e l e c t r i c  power i n d u s t r y  I /  and found t h a t  Fede ra l  p rog r sns  t o  g r e -  
. . --A- o r  c ~ ~ e  w i t h  e l e c t r z c a l  power emergenc ies  were fragmented,  
uncoord ina ted ,  and scmetimes c o n f l i c t i n g .  Fede ra l  o f f i c i a l s  f e l t  
t h a t  c o n s o l i d a t i o n  of  v a r i o u s  o r g a n i z a t i o n s  and f u n c t i o n s  i n t o  DOE 
would b r i n g  o r d e r  and would r e s u l t  i n  a  comprehensive p o l i c y .  
However, about  a  year l a t e r ,  DOE 'S  I n s p e c t o r  General  found t h a t  t h e  

scont inued  ope 



W E  response t o  t h e  need f o r  n a t i o n a l  e l e c t r i c a l  emergency p lanning  
and preparedness  was d e f i c i e n t  and d e t e r i o r a t i n g .  

In  response t o  a congress iona l  inqu i ry  regarding  this m a t t e r ,  
DOE, i n  a September 1978 l e t t e r ,  i nd ica ted  it was tak ing  s t e p s  t o  
improve i t s  o v e r a l l  emergency preparedness .  With one p o s s i b l e  ex-  
cep t ion  we d i d  n o t ,  howeuer, note  a n y  new DOE commitment wi th  re-  
spec t  t o  e l e c t r i c  emergency preparedness.  On October 2 7 ,  1980,  DOE 
n o t i f i e d  t h e  Nat ional  E l e c t r i c  R e l i a b i l i t y  Council 1/ t h a t  a n  EEPA 
admin i s t r a to r  had been des igna ted  and t h a t  t h e  would be 
r e v i t a l i z e d  and cont inued.  P r i o r  t o  t h e  l e t t e r ,  t h e  E E P A  admini- 
s t r a t o r ' s  p o s i t i o n  was vacan t  f o r  about 7 months and t h i s  i s  t h e  
t h i r d  a d m i n i s t r a t o r  i n  3 y e a r s .  If DOE does no t  fol low up on t h e  
l e t t e r ' s  r e v i t a l i z a t i o n  p l e d g e ,  and our d i s c u s s i o n s  with DOE 
o f f i c i a l s  i n d i c a t e  no s i g n i f i c a n t  changes have occurred,  we doubt 

\ whether any s e r i o u s  inprovenents  w i l l  m a t e r i a l i z e -  

XO COMPREHENSIVE ELECTRICAL 
E'YERGENCY PLANS 

In  t h e  even t  o f  an e l e c t r i c a l  emergency, DOE does no t  have ade- 
quate  and comprehensive p l a n s  f o r  m i t i g a t i n g  and managing e l e c t r i c  
power d i s r u p t i o n s .  More s p e c i f i c a l l y ,  DOE h a s  n o t  e s t a b l i s h e d  plans 
to  

- - a l l o c a t e  a n d  c u r t a i l  power on the  b a s i s  o f  n a t i o n a l  
needs,  and 

--provide f o r  t h e  r e s t o r a t i o n  o f  our  e l e c t r i c  system. 

From t h e  p lanning  p e r s p e c t i v e ,  t h e  o n l y  e x i s t i n g  docunents a r e  DOE'S 
e l e c t r i c  emergency handbook which r e l a t e s  t o  nuc lea r  war, and a  d r a f .  
e l e c t r i c  emergency response  p l a n  t o  o i l  shor tages  which DOE has n o t  
made a v a i l a b l e  t o  u s .  

The handbook was i n h e r i t e d  from t h e  Gepartrnent of  t h e  I n t e r i o r  
and o n l y  r e c e n t l y  updated. This  document, however, i s  on ly  a  " d r a f t  
and i s  v e r y  g e n e r a l *  For example, i t  s t a t e s  t h a t  i n  t h e  emergency 
pe r iod  EEPA should:  

". . . a l l o c a t e  power, o r d e r  wheeling and interconnec-  
t i o n  a s  r equ i red  . . . E s t a b l i s h  p r i o r i t i e s  f o r  cur -  
t a i l m e n t ,  a l l o c a t i c s r ~ ,  and r e s t o r a t i o n  o f  e l e c t r i c  power." 

e  Xat ional  Ele 
ormed i n  1968 wi 



. .  
wxiie t h e  document i n c l u d e s  some g e n e r a i  gu idance  on n a t i o n a l  
p r i o r i t i e s  and e l e c t r i c  power c u r t a i l m e n t ,  i t  does  n o t  s e t  s p e c i f i c  
and f i r m  d e t a i l e d  requi rements .  For  example, it does  n o t  r e q u i r e  
t h a t  b u s i n e s s  "show windowu l i g h t i n g  be  e l i m i n a t e d .  Rather ,  i t  
j u s t  s u g g e s t s  a v e r y  g e n e r a l  c u r t a i l m e n t  approach.  

With r e s p e c t  t o ' deve lop ing  s p e c i f i c  s t u d i e s  o r  p l a n s  f o r  
managing major  e l e c t r i c  power d i s r u p t i o n s ,  r e s t o r i n g  power, and 
m i t i g a t i n g  damage, DOE was unable  t o  p rov ide  any documentation.  
One DOE o f f i c i a l  s t a t e d  t h a t  d e t a i l e d  p l a n n i n g  i s  n o t  needed and 
t h a t  expe r i ence  i n  emergency s i t u a t i o n s  i s  more important  t h a n  
w r i t t e n  p l a n s  because i n  a n  emergency t h e r e  i s  n o t  enough t i m e  t o  
r e f e r  t o  w r i t t e n  p l a n s  on what t o  do.  I n  c o n t r a s t  t o  t h i s  view, 
we w e r e  adv i sed  by EEPA u t i l i t y  r e p r e s e n t a t i v e s  t h a t  p lanning  and 
g u i d a n c e  from t h e  Federa l  i e v e i  i s  needed a n d ,  consequent iy ,  t h e y  
would have  t o  manage such emergencies on an  ad  hoc b a s i s .  

EMERGENCY PLANS NEEDED 

P l ann ing  i s  t h e  f i r s t  and most e s s e n t i a l  s t e p  i n  p r e p a r i n g  
f o r  e l e c t r i c a l  emergencies.  Without Fede ra l  p l a n s  t o  m i t i g a t e  t h e  
e f f e c t s  o f  a n a t i o n a l  o r  r e g i o n a l  e l e c t r i c  emergency, t h e  Govern- 
ment will b e  i l l - equ ipped  t o  d e a l  wi th  t h e  s i t u a t i o n *  The burden 
o f  r e spond ing  t o  t h e  N a t i o n ' s  needs and requi rements  would f a l l  
s o l e l y  on t h e  u t i l i t y  i n d u s t r y .  While t h e  u t i l i t y  i n d u s t r y  h a s  
had a  g o d  r eco rd  i n  p lanning  f o r  and managing power d i s r u p t i o n s  
f rom expec t ed  con t ingenc ie s  such a s  l i g h t n i n g ,  f i r e ,  o r  wind, it 
i s  n o t  p repa red  t o  d e a l  w i th  long- te rn  emergencies  hav ing  a n a t i o n a l  
impac t .  

The F e d e r a l  Government should be  deve lop ing  n a t i o n a l / r e g i o n a l  
e l e c t r i c  p w e r  cont ingency  p l a n s  which c o u l d  b e  a c t i v a t e d  i f  such  an 
emergency developed.  These p l a n s  should a d d r e s s ,  a t  a minimum, how 
power d i s r u p t i o n s  a r e  t o  b e  managed, and how t h e  e l e c t r i c  power 
sys tem w i l l  b e  r e s t o r e d .  I n  t h e  fo l lowing  s e c t i o n s  o f  t h i s  c h a p t e r  
we d i s c u s s  some e s s e n t i a l  e lements  which c o u l d  b e  inc luded  i n  each 
o f  t h e s e  p l a n s .  

P l a n s  t o  manage d i s r u p t i o n s  

To  b e  p repa red  t o  manage and d i s t r i b u t e  a v a i l a b l e  e l e c t r i c  
r e s t ,  t h e  Government must 

ound and workable  p l a n s .  
o n d i t i o n s  which w i l l  



I n  o u r  view, a d d r e s s i n g  sucn i s s u e s  b e f o r e  haiid i s  a much mcre- 
r e a l i s t i c  approach because  it 

--permits  t h e  c o n s i d e r a t i o n  o f  d i v e r s e  i n p u t ,  

--allows s u f f i c i e n t  t ime f o r  e s t a b l i s h i n g  c r i t e r i a  
f o r  de te rmin ing  p r i o r i t i e s ,  and 

- -provides  a  b l u e  p r i n t  on which everyone can  r e l y  
i n  t h e  e v e n t  o f  a n  emergency. 

. While  we r ecogn ize  t h a t  p lanning  cannot  a n t i c i p a t e  e v e r y  p o s s i b l e  
c o n d i t i o n  it w i l l  b e  much e a s i e r  and more e f f i c i e n t  t o  modify e x i s t -  
i n g  p l a n s  f o r  t h e  a c t u a l  c o n d i t i o n s  t h a n  t o  make on-the-spot p l a n s  
f o r  a s p e c i f i c  emergency. ' , 

Plans  f o r  a l l o c a t i n g  a v a i l a b l e  e l e c t r i c  power and making cur -  
t a i l m e n t  d e c i s i o n s  shou ld  b e  developed b y  DOE from a  r e g i o n a l  per-  
s p e c t i v e  w i t h  t h e  N a t i o n ' s  o v e r a l l  p r i o r i t i e s  i n  t h e  f o r e f r o n t .  
Such p l a n s  cannot  be  developed by DOE i n  a  vacuum. To b e  e f f e c t i v e  
a n d ,  comprehensive,  t h e  p l a n s  must c o n s i d e r  t h e  d i v e r s e  needs  o f  
o u r  s o c i e t y ,  a v a i l a b l e  r e s o u r c e s - - e s p e c i a l l y  f u e l ,  and i n c l u d e  in-  
p u t  from Fede ra l ,  S t a t e ,  and l o c a l  gover rments ,  and key  i n d u s t r i e s  
i n c l u d i n g  e x t e n s i v e  p a r t i c i p a t i o n  b y  t h e  u t i l i t y  i n d u s t r y  i n  par-  
t i c u l a r .  Because t h e s e  d e t a i l e d  p l a n s  and  t h e  means t o  impleqent  
them have  n o t  been e s t a b l i s h e d  by D O E ,  u l t i m a t e l y  t h e  u t i l i t i e s  
w i l l  be fo rced  t o  make emergency a l l o c a t i o n  and c a r t a i l m e n t  dec i -  
s i o n s  w i t h o u t  t h e  b e n e f i t  o f  knowing n a t i o n a l  p r i o r i t i e s .  

P l a n s  t o  r e s t o r e  
t h e  power system 

DOE needs  t o  deve lop  p l a n s  'concerning t h e  r e R s r a t i o n  o f  t h e  
e l e c t r i c  power system. U t i l i t y  i n d u s t r y  and Government o f f i c i a l s  
b e l i e v e  t h e  most p r a c t i c a l  means of  p r e v e n t i n g  s e r i o u s  supp ly  d i s -  
r u p t i o n s  i s  b e i n g  c a p a b l e  o f  q u i c k l y  r e p a i r i n g  damage r e g a r d l e s s  
o f  c a u s e .  I n d u s t r y  o f f i c i a l s  b e l i e v e  t h e y  h a v e  w e l l  demonstra ted 
t h e i r  a b i l t y  t o  q u i c k l y  r e p a i r  damage due  t o  normal o p e r a t i o n s  and 



r s l v e r e  emergency t h e  u t i l i t y  i n d u s t r y  will look t o  COE for a s s i s t -  
- - - - - 2  i n  o b t a i n i n g  v i t a l  and s c a r c e  r e s o u r c e s  t o  r e p a i r  and m a i n t a i n  
--a -- t l e c t r i c  power system. No f i r m  Federa l  p l a n s  e x i s t  f o r  a s s i s t -  
- - -  -- - i n  r e s t o r i n g  t h e  N a t i o n ' s  power systems.  

The q u e s t i o n  o f  whether t r ans fo rmers  should b e  s t o c k p i l e d  i s  
r , i s e  i n  p o i n t .  P r e s e n t  on-hand s p a r e  component p o l i c y  i s  based - - .  
-_ n l s t o r i c a l  u s e ,  c o s t ,  and r e l i a b i l i t y  c r i t e r i a .  They a r e  n o t  
--=Xed t o  a s s u r e  a n  added increment  o f  r e l i a b i l i t y  deemed t o  be  -- - - - l en t  i n  t h e  i n t e r e s t  o f  n a t i o n a l  s e c u r i t y ,  p u b l i c  h e a l t h ,  s a f e t y ,  - 
x-- - w e l f a r e .  The p o s s i b i l i t y  o f  component damage caused  by sabo- 
-- --a --- - o r  war i s  n o t  p a r t  o f  t h e  r e l i a b i l i t y  c r i t e r i a .  S t o c k p i l i n g  -- - s ~ z i n d a r d i z a t i o n  o f  companents o r  c a n n i b a l i z i n g  p a r t s  from o t h e r  
===tr;ls - a r e  a l t e r n a t i v e s .  . . These q u e s t i o n s  need t o  b e  s t u d i e d  and 
-=-3l-~ed p r i o r  t o  a n  emergency. 

I n  a d d i t i o n  t o  i n s u f f i c i e n t  s p a r e  components, r e s t o r a t i o n  
7-- --kility - i s  a l s o  h i n d e r e d  by t h e  l a c k  o f  a  c e n t r a l  Fede ra l  e f f o r t  -- - =.,?age t h e  r e s t o r a t i o n  p r o c e s s .  Even i f  EEPA was a  v i a b l e  oper -  
=-- --, -- zgency,  i t  h a s  n o t  developed t h e  r e s t o r a t i o n  p l a n s  needed -- - s - e r v i s e  such a c t i v i t i e s  a s  a s s e s s i n g  damage, l o c a t i n g  ma te r i -  
K s  2nd manpower, and de t e rmin ing  p r i o r i t y  r e s t o r a t i o n  needs .  This  
- - -- - = l r s  - t o  b e  l e f t  t o  t h e  u t i l i t i e s .  A s  a  r e s u l t  o f  t h e s e  two weak- 
s ( l a c k  o f  p l a n s  and components) ,  t h e  Nation does  n o t  have an 
e ? q u z t e  emergency r e s t o r a t i o n  c a s a b i l i t y  . 

- - X e s t o r a t i o n  p l a n s  shou ld  e s t a b l i s h  p r i o r i t i e s  o f  a c t i o n  con- 
~ ~ z s r i n g  na t io f ia l  s e c u r i t y ,  h e a l t h ,  and s a f e t y  needs .  Procedures  -- L4- c o o r d i n a t i o n  and communication w i t h  t h e  u t i l i t y  i n d u s t r y ,  'non- - -- 7 ---ity i n d u s t r i e s ,  and government a g e n c i e s  must b e  prov ided  i f  - - -  Z= S a t i o n  i s  t o  r e c o v e r .  S p e c i f i c  r e s t o r a t i o n  p l a n s  should  ' rec-  
-&ze c r i t i c a l  l o a d s  and g i v e  s p e c i a l  a t t e n t i o n  t o  i n s t a l l a t i o n s  
- - - -  -I z c t i v i t i e s  n e c e s s a r y  f o r  n a t i o n a l  d e f e n s e  an6 s u r v i v a l .  Pro- 
C-=- .- - - Z ~ e s  cou ld  be e s t a b l i s h e d  t o  p rov ide  f o r  damage assessment  and 
" - 
- s se? l ina t ion  o f  i n f o r m a t i o n  t o  r e s t o r e  o u r  e l e c t r i c  p o w e r  sys tems .  

--.- - --A OF FSDEFSL COORDINATION - 1- --a- C-LID-wCE 

O v k r a l l ,  we found problems i n  Fede ra l  c o o r d i n a t i o n  w i t h  r e -  



We were advised by both  DOE and FEY& o f f i c i a l s - ,  t h a t  FEMA h a s  
n o t  conducted any a u d i t s  o r  reviews o f  D O E ' S  emergency e l e c t r i c a l  
preparedness activities nor has  it  reqi i i red  any d e t a i l e d  e l e c t r i c  
preparedness r e p o r t s .  F u r t h e r ,  we found t h a t  both  t h e  Department 
o f  Commerce and FEMA had con t rac ted  f o r  s t u d i e s  dea l ing  wi th  t h e  
v u l n e r a b i l i t y  o f  o u r  e l e c t r i c  power system t o  t e r ro r i sm and sabo- 
tacje. The s t u d i e s ,  we were advised,  were undertaken because e l e c -  
t r i c i t y  i s  v i t a l  t o  t h e  Na t ion ' s  economy, and t h e  agencies f e l t  
they had an i n t e r e s t  i n  t h e  a r e a .  DOE,  however, was not  a c t i v e l y  
involved i n  t h e  p r o j e c t s .  Although t h e  i n d i v i d u a l  c o n t r a c t o r s  d i d  
consu l t  DOE e x p e r t s  i n  t h e  e l e c t r i c  a r e a ,  DOE should be t a k i n g  t h e  
l ead  i n  these  s t u d i e s .  . 

!Ve a l s o  found t h a t  a  c o n f l i c t  which e x i s t e d  between t h e  
Department of Defense ( D o D )  and DOE had n o t  been s a t i s f a c t o r i l y  
resolved.  The c o n f l i c t  centered  on i d e n t i f y i n g  u t i l i t y  f a c i l i t i e s  
v i t a l  t o  t h e  n a t i o n a l  defense.  DOE, w i t h i n  i t s  Defense I n d u s t r i a l  
F a c i l i t i e s  P ro tec t ion  Program, maintained and conducted s e c u r i t y  
surveys of key u t i l i t y  f a c i l i t i e s .  A t  t h e  i n s i s t a n c e  and p e r s i s -  
tence  of DOE,  DOD f i l l a l l y  agreed i n  t h e  s p r i n g  o f  1380, a f t e r  some 
d i scuss ion ,  t o  d i s c o n t i n u e  t h e  u t i l i t y  l i s t  and t o  stop r e l a t e d  
s e c u r i t y  surveys.  DOE objec ted  and mainta ined ,  t h a t  cons ide r ing  
t h e  complexity of  t h e  power system and t h a t  s e l e c t i o n  of key i n e i -  
v idual  e l e c t r i c  f a c i l i t i e s  was a r b i t r a r y ,  t h e  l i s t i n g  d i d  n o t  g i v e  
a complete p i c t u r e  of  what i s  necessa ry  f o r  supplying end u s e r s  
w i t h  r e l i a b l e  power. 

. 



CONCLUSIONS AND R E C 0 ; W N D B T I O N S  

The Federa l  Government, because of  t h e  s e v e r e  consequences 
o f  e l e c t r i c  power d i s r u p t i o n s ,  m u s t  be  concerned wi th  t h e  manage- 
ment and recovery o f  t h e  Na t ion ' s  , e l e c t r i c  power system during 
major  emergencies r e s u l t i n g  from w a r ,  sabotage ,  o r  te r ror i sm.  
The N a t i o n ' s  power system plays  a v i t a l  r o l e  i n  o u r  economic and 
s o c i a l  w e l l  be ing  and i s  e s s e n t i a l  t o  our  n a t i o n a l  defense.  The 
power system, however, i s  h i g h l y  vulnerable  t o  damage caused by I 

war ,  sabotage ,  o r  t e r r o r i s m .  Damage t o  t h e  e l e c t r i c a l  system I 

from such a c t s  could r e s u l t  i ~ p o w e r  d i s r u p t i o n s  wi th  severe  i 
1 

consequences. A s u s t a i n e d  major p x e r  d is . rupt i3n  could cause o r  ! 

- e s u l t  i n  unemployment, c r i p p l e d  product ion,  i n i ~ a i r e d  n a t i o n a l  de- i 
e n s e ,  food shor tages ,  and cause extreme h a r d s h i p  f o r  t h e  pub l i e .  I 

To d e a l  wi th  such emergencies, DOE i s  charged wi th  developing 
n a t i o n a l  p l a n s  and programs covering e l e c t r i c  power genera t ion ,  
t r ansmiss ion ,  d i s t r i b u t i o n ,  and u t i l i z a t i o n .  D O E ,  however, has  
n o t  developed an adequate program o r  p lans  t o  d e a l  with such emer- 
genc ies  and, consequent ly,  it i s  n o t    re pared t o  e f f e c t i v e l y  cope 
w i t h .  major power d i s r u p t i o n s .  

CONCLUSIONS 

m i l e  t h e  Nation h a s  never experienced an ex tens ive  o r  pro- 
longed e l e c t r i c a l  emergency, t h e r e  i s  no assu rance  t h a t  such an 
event  w i l l  n o t  occur .  We found t h a t  t h e  Na t ion ' s  e l e c t r i c  power 
systems a r e  h i g h l y  vu lne rab le .  A s  pointed o u t  i n  chap te r  2 ,  it 
would be r e l a t i v e l y  easy  t o  c r e a t e ,  by sabotage ,  extended power 
d i s r u p t i o n s .  The 1977 New York blackout  i n i t i a t e d  by l i g h t n i n g  
and t h e  more r e c e n t  1980 Utah blackout  i n i t i a t e d  by a f i r e  i l l u s -  - 
t r a t e  how minor d i s tu rbances  can d i s r u p t  an  electr ical=wer -- .- sys-  

2m. Acts designed t o  damage key f a c i l i t i e s  and equip?iYt-which 
d r e  v i t a l  t o  t h e  o p e r a t i o n  o f  t h e  power system would have more 
s e v e r e  consequences and t a k e  much longer  t o  r e p a i r  o r  r ep lace .  
I n  t h e  c a s e  we examined, such a  d i s r u p t i o n  tiould impair t h e  opera- 
t i o n s  o f  key m i l i t a r y  f a c i l i t i e s  a n d  major i n d u s t r i e s ,  and a f f e c t  
t h e  h e a l t h  and s a f e t y  o f  t h e  r e g i o n ' s  popula t ion .  Attacks i n  o t h e r  
r e g i o n s  o r  damage from war could r e s u l t  i n  even more severe  r epe r -  
c u s s i o n s .  I 



t o  r e p a i r  t h e  system would be h a r d  t o  o b t a i n ,  and d e c i s i o n s  o n  how 
t o  a l l o c a t e  and d i s t r i b u t e  power would b e  d i f f i c u l t  t o  make. This  
would most l i k e l y  r e q u i r e  F e d e r a l  a s s i s t a n c e  and  involvement.  

While t h e  p a r t i c i p a t i o n  o f  b o t h  u t i l i t y  companies and S t a t e  
governments would b e  neces sa ry  and v i t a l  i n  cop ing  w i t h  t h e  e l e c -  
t r i c a l  emergency, t h e  u l t i m a t e  a u t h o r i t y  and r e s p n s i b i l i t y  f o r  
managing t h e  emergency would have  t o  r e s t  w i t h  t h e  Fede ra l  Govern- 
ment. Ne i the r  t h e  u t i l i t y  i n d u s t r y  no r  S t a t e s  c a n  de te rmine  what 
i s  i n  t h e  N a t i o n ' s  b e s t  o v e r a l l  i n t e r e s t .  I n  a d d i t i o n ,  u t i l i t i e s  
have  o b l i g a t i o n s  t o  p rov ide  t h e i r  customers  w i t h  power and cou ld  
f a c e  adverse  l e g a l  and f i n a n c i a l  consequences b y  c u r t a i l i n g  cus- 
tomers on t h e i r  own. Even S t a t e  governments,  which g e n e r a l l y  have  
j u r i s d i c t i o n  ove r  u t i l i t i e s ,  c anno t  b e  expec ted  t o  hand le  t h i s  s i t -  
u a t i o n .  An a c t i o n  by one S t a t e  may a d v e r s e l y  a f f e c t  ano the r  S t a t e  
because t h e  e l e c t r i c a l  power system i s  n o t  t i e d  t o  S t a t e  j u r i s i d i c -  
t i o n a l  boundar ies .  Consequently,  t h e  Fede ra l  Government i s  i n  t h e  
b e s t  p o s i t i o n  t o  make d e c i s i o n s  which c o n s i d e r  a l l  i n t e r e s t s .  

I n  o u r  view, D O E ,  h a s  n o t  f u l f i l l e d  i t s  e l e c t r i c  emergency 
preparedness  r o l e ,  h a s  n o t  developed a  meaningfu l  program t o  ad- 
d r e s s  t h i s  s p e c i f i c  r e s p o n s i b i l i t y ,  and h a s  n o t  developed adequa te  
p l a n s  t o  d e a l  w i th  e l e c t r i c  emergencies .  DOE h a s  n o t  suppor ted  i t s  
m e r g e n c y  E l e c t r i c  Power Admin i s t r a t i on  and had  j u s t  two employees 
devot ing  l e s s  t han  f u l l  t ime  t o  t h i s  enormous r e s p o n s i b i l i t y .  Con- 
s e q u e n t l y ,  it h a s  n o t  been a b l e  t o  deve lop  and conduc t  p lanning ,  
t r a i n i n g ,  and t e s t  e x e r c i s e s  o r  h o l d  r e g u l a r  a n n u a l  meet ings .  DOE, 
however, i s  c r e a t i n g  an i l l u s i o n  o f  p repa redness  b y  a l lowing  t h i s  
program t o  con t inue  f o r  a l l  p r a c t i c a l  pur-poses i n  " n m e "  o n l y .  I n  
a d d i t i o n ;  FEMA which h a s  o v e r a l l  r e s p o n s i b i l i t y  f o r  Fede ra l  emer- 
gency preparedness  and i s  r e q u i r e d  t o  deve lop  p o l i c i e s  f o r  and coor -  
d i n a t e  s p e c i f i c  emergency p l ann ing ,  h a s  n o t  a d e q u a t e l y  suppor t ed  
and encouraged t h i s  e f f o r t  b y  p r o v i d i n g  e f f e c t i v e  gu idazce ,  coor-  
d i n a t i o n ,  and a s s i s t a n c e .  



FECOEFEENDATIONS T O  THE SECRETARY' O F  ENERGY 

W e  t h e r e f o r e  recornend t h a t  t h e  Sec re ta ry  of  Energy c a r r y  o u t  
h i s  r e s p o n s i b i l i t y  f o r  e l e c t r i c a l  emergency preparedness  and pro- 
v i d e  adequate  resources t o  t h e  E l e c t r i c  Emergency Power Administra- , 

t i o n .  I n  t h i s  regard COE should develop a  program t o  dea l  w i t h  
major power d i s rup t ions  which may a r i s e  from a c t s  o f  war, sabotage,  
o r  t e r r o r i s m .  I n  developing a c r e d i b l e  and e f f e c t i v e  program, w e  
do n o t  envis ion  t h a t  DOE would need t o  d e d i c a t e  ex tens ive  re-  
sources  t o  t h i s  e f f o r t ,  and, i n  f a c t ,  should f i r s t  eva lua te  whether 
e x i s t i n g  resources  wi th in  t h e  Department could be  r e a l l o c a t e d  t o  
c a r r y  o u t  t h i s  funct ion .  DOE'S r o l e  should be  t h a t  o f  l eader  i n  
working wi th  t h e  u t i l i t y  i n d u s t r y ,  o the r  Federal  Government agenc ies ,  
and S t a t e  and regional  e n t i t i e s  t o  h e l p  develop and maintain d e t a i l e d  
e l e c t r i c a l  emergency p l a n s .  Because e l e c t r i c  power systems cover  
wide a r e a s  and impact on many and various a s p e c t s  o f  o u r  s o c i e t y ,  
t h e  p a r t i c i p a t i o n  and a s s i s t a n c e  o f  t h e s e  groups should be emphasized 
t o  a s s u r e  t h a t  e f f e c t i v e  and r e a l i s t i c  p lans  a r e  developed. 

To d o  t h i s ,  w e  reco,mend t h a t  t h e  Sec re ta ry  o f  Energy work 
c l o s e l y  wi th  t h e  groups i d e n t i f i e d  above t o  h e l p  develop n a t i o n a l /  
r e g i o n a l  p lans  f o r  such e l e c t r i c a l  emergencies which w i l l  

--enable power d i s r u p t i o n s  t o  be managed by t h e '  
u t i l i t y  indus t ry  through e s t a b l i s h e d  p r i o r i t i e s  
f o r  c u r t a i l i n g  power by u s e  and type o f  customer 
and 

t 
1 

- - a s s i s t  t h e  u t i l i t y  i n d u s t r y  i n  r e s t o r i n g  power i n  
t h e  event  of  severe  damage t o  t h e  e l e c t r i c  p w e i  
system. 

A s  p a r t  o f  i t s  emergency planning e f f o r t s ,  DOE should (1 ) ex-  
&mine how e l e c t r i c  p w e r  w i l l  be maintained and managec7,; ( 2 )  es tab-  
l i s h  p r i o r i t i e s  f o r  uses ,  c u r t a i l m e n t ,  and r e s t o r a t i o n ;  and ( 3 ) 
main ta in  c o n t i n u i t y  and coord ina t ion  with o t h e r  Government agen- 
c i e s  and i n d u s t r y .  Because p r i o r i t i e s  and needs a r e  n o t  necessar -  
ily t h e  same from region t o  r e g i o n ,  planning should b e  done on a  
r e g i o n a l  l e v e l  and d i r e c t e d  toward the  n a t i o n a l  i n t e r e s t .  F u r t h e r ,  
DOE should 

I 

- - iden t i fy  e l e c t r i c  f a c i l i t i e s  which a r e  impor tant  t o  
t h e  n a t i o n a l  defense,  



RZcOi+MENDATIONS TO DIRECTOR OF THE 

FEDERAL EMERGENCY MANAGEMENT AGENCY 

To f o s t e r  improvement  i n  t h i s  a r e a ,  w e  recommend t h a t  t h e  
D i r e c t o r  o f  t h e  F e d e r a l  Emergency Management Agency 

- - a c t i v e l y  m o n i t o r  D O E ' s  e f f o r t s  t o  v i t a l i z e  i t s  
emergency e l e c t r i c  power p rog ram and  d e v e l o p  
a s s o c i a t e d  p l a n s ,  

- - r e q u i r e  p r o g r e s s  r e p o r t s  f rom DOE and  r e v i e w  
D O E ' s  p r o g r e s s ,  and  

- - a c t i v e l y  a s s i s t ,  s u p p o r t ,  and  c o o r d i n a t e  D O E ' S  
e f f o r t s  e s p e c i a l l y  w i t h  r e s p e c t  t o  o t h e r  F e d e r a l  
a g e n c i e s .  

RECOMMENDATIONS TO THE CONGRESS 

The  C o n g r e s s ,  f o l l o w i n g  t h e  1977 New York b l a c k o u t ,  c o n d u c t e d  
a n  i n v e s t i g a t i o n  and f o u n d  F e d e r a l  e l e c t r i c  emergency  p r e p a r e d -  
n e s s  t o  b e  i n a d e q u a t e .  A f t e r  some 3 y e a r s ,  n o t h i n g  h a s  s i g n i f i -  
c a n t l y  changed .  I n  commenting on a  d r a f t  o f  t h i s  r e p o r t ,  FEMA 
and  NERC s t a f f  r e c o g n i z e d  b o t h  t h e  need  t o  improve a n d  t h e  i m -  
p o r t a n c e  o f  n a t i o n a l  e l e c t r i c  emergency  p l a n n i n g .  D O E P  s comments 
o n  t h e  d r a f t  d i d  n o t  i n d i c a t e  t h a t  i t  would t a k e  a n y  p o s i t i v e  s t e p s  
t o  make a n y  improvements .  I f  D O E ' s  comments on  t h i s  r e p o r t  i n d i c a t e  
t h a t  i t  w i l l  n o t  d e v e l o p  n a t i o n a l / r e g i o n a l  p l a n s  f o r  e l e c t r i c a l  e n e r -  
g o n c i e s ,  t h e n  GAO recommends t h a t  t h e  C o n g r e s s  e n a c t  l e g i s l a t i o n  
r e q u i r i n g  t h a t  a p p r o p r i a t e  p l a n s  b e  d e v e l o p e d  by a  s p e c i f i e d  d a t e ,  

AGENCY COMMENTS AND OUR EVALUATION 

A d r a f t  copy  o f  t h i s  r e p o r t  was p r o v i d e d  t o  t h e  ~ a t i o n a l  Elec- 
t r  i c  Re1 i a b i l i t y  C o u n c i l  ( N E R C )  , F e d e r a l  Emergency Management Agency 
(FEMA) , and  Departixent o f  Energy ( D O E )  f o r  comment.   heir comments 
a r e  c o n t a i n e d  i n  a p p e n d i x e s  I ,  11, and  111 r e s p e c t i v e l y .  The fo l low-  
i n g  s e c t i o n s  summarize t h e  comments and o u r  e v a l u a t i o n ,  



of  management  and  o p e r a t i o n  t o  t h e  . . u t i l i t y  i n d u s t r y .  We a g r e e  
w i t h  t h e  NERC' s comments .  

F e d e r a l  Emergency Management Aqency 

FEHA a g r e e d  w i t h  o d r  recommendat ion t o  them t o  f o s t e r  i m -  , 

p r o v e d  p l a n n i n g  f o r  r e s p o n d i n g  t o  major  power d i s r u p t i o n s  and 
a g r e e d  t h a t  DOE s h o u l d  p r o v i d e  t h e  r e s o u r c e s  n e c e s s a r y  t o  d e v e l o p  
c o m p r e h e n s i v e  p l a n s .  F u r t h e r ,  FEMA i n d i c a t e d  i t  w i l l  p r o v i d e  
a p p r o p r i a t e  g u i d a n c e  t o  DOE and  work c l o s e l y  w i t h  them t o  expand  
e l e c t r i c  emergency  p l a n n i n g  t o  c o v e r  a  w i d e  r a n g e  o f  e m e r g e n c i e s  
i n c l u d i n g  m a j o r  d i s r u p t i o n s .  FELYA s t a t e d ,  however ,  t h a t  t h e  r e p o r t  
d i s t o r t s  t h e  s t a t u s  of  c u r r e n t  p l a n n i n g  e f f o r t s  ~ y  p r e s e n t i n g  
g e n e r a l i z a t i o n s  and i g n o r i n g  s i g n i f i c a n t  e l e m e n t s  o f  t h e  power 
i n d u s t r y .  

W e  d o  n o t  b e l i e v e  t h a t  o u r  r e p o r t  d i s t o r t s  t h e  s t a t u s  o f  
c u r r e n t  p l a n n i n g  e f f o r t s  a n d ,  i n  f a c t ,  NERC b e l i e v e s  t h e  r e p o r t  
p r e s e n t s  a  f a i r  a s s e s s m e n t  o f  c u r r e n t  p l a n n i n g .  Whi le  we d o  n o t  
d i s y u t e  t h a t  u t i l i t i e s  c a n  a d d r e s s  most  i n t e r r u p t i o n s  and t h a t  
l o c a l  j u r i s d i c a t i o n a l  and m e t r o p o l i t a n  p l a n s  a r e  g e n e r a l l y  i n  
p l a c e ,  s u c h  p l a n s  c a n n o t  e f f e c t i v e l y  d e a l  w i t h  a n  e l e c t r i c a l  emer- 
g e n c y  h a v i n g  n a t i o n a l / r e g i o n a l  imp1 i c a t i o n s .  Even t h e  u t i l i t y  
i n d u s t r y  w h i c h  h a s  e x t e n s i v e  p l a n s  and e x p e r i e n c e  i n  d e a l i n g  w i t h  
power o u t a g e s  c a u s e d  by a c c i d e n t ,  w e a t h e r ,  and  e q u i p m e n t  f a i l u r e  
c a n n o t  a d e q u a t e l y  d e a l  w i t h  e l e c t r i c a l  e m e r g e n c i e s  h a v i n g  l o n g  
t e r m  and  n a t i o n a l / r e g i o n a l  impac t .  A s  p o i n t e d  o u t  i n  o u r  e l e c -  
t - r i c a l  emergency  s c e n a r i o  on page  8 ,  damage t o  j u s t  a  few key  
f a c i l i t i e s  c a n  r e s u l t  i n  w i d e s p r e a d  and l o n g  l a s t i n g  power d i s -  
r u p t i o n s  h a v i n g  r e g i o n a l  and n a t i o n a l  c o n s e q u e n c e s .  Aga in ,  w e  
n o t e  t h a t  NERC i n  commenting on  o u r  r e p o r t  d i d  n o t  q u e s t i o n  t h e s e  
p o i n t s ,  b u t  r e c o g n i z e d  t h a t  t h e  p r e s e n t  F e d e r a l  mechanism f o r  d e a l -  
i ng  w i t h  n a t i o n a l  e m e r g e n c i e s  i s  i n a d e q u a t e ,  

W e  d o  n o t  a g r e e  t h a t  o u r  r e p o r t  i g n o r e s  i m p ~ r t a n t  e l e m e n t  
o f  t h e  power s y s t e m  o r  makes g e n e r a l i z a t i o n s ,  On t h e  c o n t r a r y ,  
we b e l i e v e  F E i d A ' s  s t a t e n e n t  t h a t  p o w e r p l a n t s  s e r v i c e  a  community 
o r  a r e a  i n  a  manner comparab le  t o  a  l o c a l  w a t e r  u t i l i t y ,  b u s  s y s t e m ,  
and f i r e  d e p a r t m e n t  is n o t  o n l y  a  g e n e r a l i z a t i o n  i t s e l f ,  b u t  o n e  
which i s  i n v a l i d .  To i l l u s t r a t e ,  i n d i v i d u a l  e l e c t r i c  u t i l i t y  
s y s t e m s  a r e  i n t e r c o n n e c t e d  and e l e c t r i c i t y  f rom power p l a n t s  i n  
one g e o g r a p h i c a l  a r e a  i s  i n s t a n t a n e o u s l y  t r a n s m i t t e d  t o  o t h e r  

e o g r a p h i c a l  a r e a s  f o r  e x t  
h l o c a l  w 



i s  tasked wi th  defense r e s p o n s i b i l i t i e s  and recognizes  t h a t  t h i s  
a r e a  i s  d e f i c i e n t .  DOE,  however, impl ie s  t h a t  more i s  being done 
with r e s p e c t  t o  e l e c t r i c  emergency preparedness  by s t a t i n g  i t s  
Divis ion  o f  Power Supply and R e l i a b i l i t y  has  e s t a b l i s h e d  a compre- 
hens ive  e l e c t r i c  emergency response a c t i v i t y .  DOE i n d i c a t e s  t h a t  
s p e c i f i c  e l e c t r i c  u t i l i t y  r e p o r t i n g  requirements have been es tab -  
l i s h e d  and t h a t  i t s  r o l e  i s  t o  monitor and coord ina te  Federal  
r e sources  a v a i l a b l e  t o  m i t i g a t e  t h e  impact of  such d i s r u p t i o n s .  

We d o  n o t  d i s p u t e  t h a t  t h e  Divis ion  of  Power Supply and ~ e l i -  
a b i l i t y  c a r r i e s  o u t  such a c t i v i t i e s .  These a c t i v i t i e s  however, a r e  
not  s u f f i c i e n t  t o  address  t h e  concerns o f  our  r e p o r t .  Conducting 
i n v e s t i g a t i o n s  o f  i c e  storm power ou tages ,  c o l l e c t i n g  d a t a  on power 
o p e r a t i o n s  and monitoring e l e c t r i c  power system d i s r u p t i o n s  ,do  n o t  
provide  any c a p a b i l i t y  f o r  d e a l i n g  wi th  major e l e c t r i c a l  emergencies. 
Only a  preparedness  program wi th  a  v i a b l e  emergency o p e r a t i n g  organ- 
i z a t i o n  and p l a n s  can d e a l  wi th  such  emergencies. The Emergency 
E l e c t r i c  Power Administrat ion which i s  under t h e  Divis ion  o f  Power 
Supply and R e l i a b i l i t y  i s  n o t  a  v i a b l e  o r g a n i z a t i o n a l  e n t i t y  nor  
does it have adequate emergency p l a n s .  Fur the r ,  such  p l a n s  do n o t  
e x i s t  any where wi th in  t h e  Div i s ion  o f  Power Supply and X e l i a b i l i t y .  
In  o u r  i n q u i r e s  along t h e s e  l i n e s ,  we were t o l d  t h a t  t h e  Divis ion 
o n l y  c o l l e c t s  information,  monitors  o i l  back-outs,  conducts s t u d i e s ,  
and does n o t  engage i n  p lanning  f o r  emergencies,  A s  noted i n  t h e  
r e p o r t ,  one DOE o f f i c i a l  even s t a t e d  t h a t  d e t a i l e d  p lanning  i s  not  
needed and t h a t  experience i n  emergency s i t u a t i o n s  i s  more impor tant .  

DOE, i n  a l a t e r  s e c t i o n  o f  i t s  comments, s t a t e s  it has  organ- 
i z a t i o n a l  p lans  t o  a s s i s t  t h e  e l e ~ t ~ r i c  u t i l i t y  i n d u s t r y  i n  r e s t o r i n g  
power and t h a t  t h e s e  p lans  focus  on DOE a s  a  c o o r d i n a t o r .  Despi te  
our i n q u i r i e s ,  DOE did no t  provide  us wi th  any documentation on 
such e f f o r t s  and we note t h a t  i t  provides  no s p e c i f i c  information 
on t h i s  s u b j e c t  i n  i t s  comments. F u r t h e r ,  i n  a t t e m p t s  t o  c l a r i f y  
some o f  t h e s e  i s s u e s ,  DOE canceled  a scheduled. rii3eting t o  r e s o l v e  
such problems. 

While t h e  Executive o r d e r  e s t a b l i s h i n g  preparedness  respons i -  
b i l i t i e s  does no t  s p e c i f i c a l l y  address  sabotage and t e r r o r i s m ,  w e  
have been o r a l l y  advised by F E & U  t h a t  i t  cons ide r s  t h e  Execut ive 
o r d e r  t o  cover  s i t u a t i o n s  invo lv ing  sabotage and t e r r o r i s m .  This 
p o s i t i o n  i s  c o n t r a r y  t o  t h e  one followed by DOE i n  i t s  comments 



W-E comments t h a t  emergency p lanning  i s  t h e  r e s p o n s i b i i t y  o f  
i n d i v i d u a l  e l e c t r i c  u t i l i t i e s  and t h a t  o t h e r  than  under cond i t ions  
of dec la red  n a t i o n a l  emergencies no Federa l  s t a t u t o r y  a u t h o r i t i e s  
a r e  a v a i l a b l e  f o r  e s t a b l i s h i n g  p r i o r i t i e s  o f  e l e c t r i c  s e r v i c e  o r  
c u r t a i l m e n t .  A s  noted i n  our  r e p o r t ,  DOE i s  respons ib le  f o r  e l ec -  
t r i c a l  emergency planning and t h e  Federa l  Government would only  
have a  r o l e  i f  a n a t i o n a l  emergency was dec la red .  We do n o t  d i s p u t e  
t h a t  e l e c t r i c  u t i l i t i e s  a r e  r e spons ib le  f o r  and do plan f o r  e lec-  
t r i c a l  emergencies of a  no-ma1 and expected n a t u r e  ( f i r e ,  f l o o d s ,  
s torms,  and s o  f o r t h ) .  They do n o t ,  however, p lan  f o r  major long- 
term emergencies which would have n a t i o n a l  impact. This i s  t h e  
i s s u e  our  r e p o r t  addresses  and even NERC recognizes  t h e  p o i n t  and 
the.  need f o r  Federa l  d i r e c t i o n  and involvement. As discussed e a r -  
l i e r ,  DOE h a s  n o t  developed an adequate  e l e c t r i c  emergency prepar-  
edness program o r  p lans .  

I n  t h e  con tex t  of t h e  r e p o r t  we q u e s t i o n  t h e  v a l i d i t y  o f  
DOE'S s ta tements  t h a t  i t  i s  not  aware o f  any s i g n i f i c a n t  prob- 
lems with coord ina t ion  i n  t h e  e l e c t r i c  power emergency prepared- 
ness  a r e a  and t h a t  i t  mainta ins  c o n t a c t  wi th  FEMA, t h e  National 
E l e c t r i c  R e l i a b i l i t y  Council ,  t h e  e l e c t r i c  u t i l i t i e s ,  and o t h e r  
o rgan iza t ions .  While we recognize t h a t  DOE maintains  con tac t s  
with o t h e r  agencies  and o r g a n i z a t i o n s ,  t h i s  does n o t  prove t h a t  
t h e r e  a r e  no problems i n  coord ina t ion  o f  e l e c t r i c  emergency pre- 
paredness.  We iote t h a t  DOE d id  no t  even conduct i t s  1980 EEPA 
annual meeting. Such annual meetings a r e  in tended t o  br ing  both  
indus t ry  and Government toge the r  on a  r e g u l a r  b a s i s  f o r  t h e  pur- 
pose o f  mainta in ing  and improving e l e c t r i c  emergency preparedness 
and p lanning .  We a l s o  p o i n t  o u t  bo th  FEHA and NERC d id  not  d i s -  
pu te  t h e s e  p o i n t s  and suppor t  o u r  r ecornenda t ions  t o  improve 
planning f o r  major power d i s r u p t i o n s .  F u r t h e r ,  FEW even s a i d  
t h a t  i t  w i l l  work c l o s e l y  with DOE t o  expand emergency e l e c t r i c  
planning. 

Also,-  DOE'S coil~rent regarding t h e  t iming o f  our  i ~ t e r v i e w s  
i s  i n c o r r e c t .  Assignment in te rv iews  were conducted i n t o  Dec- 
ember 1980, and c o n t a c t s  were maintained u n t i l  February 1981 
with both DOE,  FEMA, and i n d u s t r y  o f f i c i a l s .  Our subsequent 
c o n t a c t s  d i d  not  r e v e a l  any new a c t i v i t i e s  which would a f f e c t  
our  f i n d i n g s  o r  conclus ions .  

DOE recognizes  t h a t  tile EEPA program i s  d e f i c i e n t  and incii- 



, 
In o u r  view, DOE seems t o  be  miss ing  a  b a s i c  message o f  t h e  

re-port. The r e p o r t  p o i n t s  o u t  t h a t  u t i l i t i e s  have performed we l l  
i n  meeting power i n t e r r u p t i o n s  o f  a  l o c a l i z e d  and short- term n a t u r e  
and t h e  power system i s  ve ry  dependable.  Should an e l e c t r i c a l  
emergency o f  a  long-term n a t u r e  cover ing  a  l a r g e  geographica l  a r e a  
occur ,  u t i l i t i e s  could s t i l l  o p e r a t e  t h e  power system. T o  r e f l e c t  
n a t i o n a l  s e c u r i t y  i n t e r e s t s ,  however, Federa l  p l a n s  need t o  b e  i n  
p l a c e  t o  g i v e  t h e  u t i l i t y  i n d u s t r y  guidance and a s s i s t a n c e  i n  
s e t t i n g  p r i o r i t i e s  f o r  power use and r e s t o r a t i o n .  This  i s  t h e  
essence  o f  o u r  recommendations t o  DOE and we note  t h a t  comments 
from NERC s t a f f  support  t h i s  view. 

I 

With r e s p e c t  t o  DOE'S concerns regarding  t h e  accuracy o f  t h e  
informat ion ,  i t  s t a t e s  (1) we d o  n o t  d e f i n e  what a  long-term power 
d i s r u p t i o n  i s ,  ( 2 )  we should r e a l i z e  t h a t  planning f o r  such e v e n t s  
i s  n o t  a l l  encompassing, ( 3  ) an i n c r e a s e  i n  s e c u r i t y  o r  manpower i n  
these  a r e a s  would no t  enhance r e l i a b i l i t y  o r  s u r v i v a b i l t y  o f  t h e  , 

power system, and ( 4 )  ou r  s t a t ement  t h a t  ".  . . s t u d i e s  a s s e s s i n g  and 
analyzing t h e  consequences of p h y s i c a l  damage t o  r e g i o n a l  power 
system o r  t h e  Nation have n o t  been done" i s  misleading.  

Af te r  cons ider ing  DOE'S comments, we cont inue  t o  b e l i e v e  t h a t  
t h e  inforination contained i n  t h e  r e p o r t  i s  both  f a i r l y  p resen ted  
and a c c u r a t e .  We note  t h a t  t h e  Nat ional  E l e c t r i c  R e l i a b i l i t y  
Council ,  a u t h o r i t i e s  i n  t h e  u t i l i t y  f i e l d ,  d i d  n o t  cha l l enge  our  
knowledge o r  understznding of  t h e  e l e c t r i c  power system. F u r t h e r ,  
t h e i r  comments commend us f o r  o u r  p ruden t  use  o f  t h e  word " long-  
t e r n .  '' 

In  o u r  view DOE'S concerns regarding  a l l  encompassing p l a n s  ' 

and s e c u r i t y  a r e  taken  o u t  o f  t h e  r e p o r t ' s  c o n t e x t .  W e  do  no t  
s t a t e  t h a t  p lans  have t o  be a l l  enccmpassing. Rather ,  t h e  r e p o r t  
recognizes  and s t a t e s  on page 1 7  t h a t  p lanning  cannot  a n t i c i p a t e  
every p o s s i b l e  cond i t ion .  Nor do  we s t a J e  o r  sugges t  i n c r e a s e d  
s e c u r i t y  o r  manpower would h p r o v e  power system r e l i a b i l i t y  o r  
s u r v i v a b i l i t y .  To t h e  c o n t r a r y  c n  page 3 o?  t h e  r e p o r t  we p o i n t  
o u t  i t  may n o t  be p o s s i b l e  t o  p r o t e c t  t h e  e l e c t r i c  power system. 

With r e s p e c t  t o  DOE'S o b j e c t i o n  t o  our  charge  t h a t  i t  h a s  
no t  s t u d i e d  t h e  p o s s i b l e  consequences o f  major power d i s r u p t i o n s ,  
we no te  t h a t  a  s tudy done f o r  FEMA h a s  recognized t h e  same p o i n t .  
To s u p p o r t  i t s  p o s i t i o n  DOE c i t e s  t h a t  i t  h a s  conducted i n v e s t i g a -  
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March 10, 1981 

Hr. J .  Dexter Peach, D i  r ec tor  
Energy and Minerals Division 
Un i ted S t a t e s  Genera 1 Account i ng Office 
Uashi ngton, D . C .  20548 

Dear Mr. Peach: 

Thank you for  t he  opportuni ty t o  c o m e n t  on the  GAO d r a f t  r epo r t  t o  
t he  Congress t i t  1 ed : "Federal E l ec t r i c a l  Emergency Preparedness i s  Inadequate". 

A s  requested i n  your February 10, 1981 l e t t e r ,  I have r e s t r i c t e d  t h e  
d i s t r i b u t i c n  of t he  subjec t  d r a f t  report  t o  guard aga in s t  any improper d i s -  
c losure .  

The at tached c m e n t s  were submitted by members of the  NERC o f f i c e  
in Pr ince ton ,  New Jersey  who have e x p e r t i s e  in t he  Planning and Operation of 
interconnected power s y s t m s .  I f  you decide t o  incorpora te  these  c m e n t s ,  i n  
whole o r  i n  p a r t ,  in your f i n a l  r epo r t ,  i t  should be noted t ha t  they cannot be 
s t r i c t l y  i n t e rp re t ed  as  a statement by the e l e c t r i c  u t i l i t y  industry s i n c e  t he  
GAO d r a f t  report  was not reviewed by t he  N E R C  b a r d  of Trustees o r  t h e  N E R C  
Reg iona 1 Hanagers . 

?le hope t he  a t tached  c m e n t s  a r e  he lpfu l  in developing your f i n a l  
repor t  t o  :he Congress. P lease  ca l l  i f  there  i s  any need f o r  f u r t h e r  c l a r i f i -  
c a t i on  o r  help. 

S i n c e r e l y ,  



S E R C  Staff  Comments 3 n  
G-40 Draf t  Report 

Titled: 

"Federal Electrical Emergency Preparedness is Inadequate" 

Summarv 

The NERC staff  supports the view of G A O  tha t  preparedness for einergency 
disruptions is most desirable errd that  the   resent federal, mechanisms for dealing wit!, 
national emergencies is inadequate.   ow ever, the federal  role  should be focused on 
establishing "before the fect" policies and guidelines, such a s  the  prioritization of the 
electric l m d s  served by the industry with the agreement and approval of t he  state 
governrn ents  affecred. 

Once provided w i t h  priority guidelines, thase industry personnel responsible (and 
accountable) fo r  t he  operation of the 130 Control Are& of t h e  interconnected power 
systems in the con t ipous  United S ta tes  can develop, or modify, operating instructions to 
be consistent with the mandated priorities. Many of these "industry personnel" would 
automatically b e o r n e  federal personnel in the event of a national emergency s ince they 
presently serve  e s  directors or major util i ty representatives of the Emergency Electr ic  
Power -4, dministre tion (EEPA). 

A secondary, but important, federal  role involves the  possible need for  providing 
fuel, manpower, and equipment in the restoration process a f t e r  the impact  of a major 

osources disruption has been assessed by the  industry and found to be beyond the r, 
avaiIable. The  f e d e r d  action required before the f a c t  t o  address this concern would be 
the establishment of the cornmunieations path and the appropriate federal  arid industry 
contacts. 

When a generat i rg imit or a major transmission line is rendered unavailable, 
whether by planned enemy action or natural phenonemon, t h e  relationship between 
electric demands and available supply changes. i leserve generating capabili ty and 
transmission network design have been incorporated into the overall power system plan 
to assure an adequate supply of electric power under reasonably anticipated 
contingencies. 



The NERC staff supports t h r  view of GAO that  prepaiednes5 for ernergerlcy 
disruptions of electric power is most a?rirable and that the mechanisms far dealing with 
national emergencies is inadequate. \Ye emphasize national, since this is a key word 
that may change priorities presently incorporated in emergency procedures employed by 
the Control  Areas of the interconnected power systems. Another key word, prudently 
emphasized in the GAO draft  report, is nlong-term". A l o n r t e r m  electrical disruptioil 
may also change priorities of the loads served. 

NERC steff suggests that existing industry remedies to an electrical power 
deficiency resolve most of the concerns addressed in the GAO draf t  report. Federal and 
S ta t e  e f for t s  can be more effective if focused on the  establishment of priorities fo r  tl?e 
electric leads to be served versus concern over proper industry ections. Once provided 
with mandated priorities, industry personnel responsible for  the management of t h e  130 
C o n t r ~ !  Areas ir? b e  United States  c m  review and modify existing emergency operating 
procedures to conform to such a mandate. 

Since the laws of physics govern, the  response t o  a major l o n g t e r m  electr ical  
disr-qt ion would best be managed by those most familiar with the laws, and the facili t ies 
on which they will be enfcrced. The industry engineers who have planned and operate  the  
existing highly complex interconnected power system network a re  in the best position t o  
manaee the proper response to any major disruption. All  they need are the priorities and 
objectives deiined. 

I t  is highly unlikely that federal agencies can establish national priorities without 
the p a r t i ~ i ~ a t r o n  and approval of s t a t e  governments. However, this should not present 
any insurmountable problem once it is addressed. The New Englond state5 have 
demonstrated cooperative att i tudes in pursuing Regional objectives a s  they re la te  to  a 
reliable and economic bulk power supply. Such cooperative effor ts  by these s t a t e s  have 
permitted their combined generation and transmission facili t ies to  be controlled from 
one Cent ra l  Dispatch Office. Similar arrangements are in place elsewhere. 

In summery, the above comments a r e  consistent with the  discussion and 
recommendations set forth in the GAO draf t  report.  The  major theme of the NERC staff 
comments is that the Industry would provide t h e  most effect ive management of 
activities required to achieve thz objectives established by the  Federal government. 
However, as a first order of business, the Federal  government must define what those 
objectives are. I t  is in this area, thet t he  "Federal Electr ical  Emergency Preparedness is 
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M r .  Henry Fschvege  
D i r e c t o r  
Connuniey and Economic Development D i v i s i o n  
G e n e r a l  A c c o u n t i n g  O f f i c e  
Washington ,  .D.C. 20548 

Dear X r .  Eschwege: 

Thank you  f o r  t h e  o p p o r t u n i t y  t o  congen t  on  y o u r  d r a f t  r e p o r t  " F e d e r a l  
E l e c r r i c a l  Emergency P r e p a r e d n e s s  i s  I n a d e q u a t e , "  EX)-81-50. 

Ye have  no  p rob lem v i t h  t h e  proposed  GAO r e c o m n e n d a t i o n  t o  t h e  D i r e c t o r  
of  t h e  F e d e r a l  Emergency Management Agency t o  f o s t e r  i n p r o v e n e n t  i n  
p l a n n i n g  f o r  r e s p o n s e  t o  n a j o r  power d i s r u p t i o n s .  We a g r e e ,  a l s o ,  w i t h  
t h e  r e c o n m e n d a t i o n  t h a t  t h e  D e p a r t n e n t  of  E n e r g y  s h o u l d  p r o v i d e  t h e  
r e s o u r c e s  n e c e s s a r y  t o  deve lop  comprehens ive  p l a n s  f o r  c o p i n g  w i t h  m a j o r  
power d i s r u p t i o n s  r e s u l t i n g  from n a t u r a l  o r  nan-made d i s a s t e r s  i n c l u d i n g  
war. The  r e p o r t ,  however ,  d i s t o r t s  t h e  s t a t u s  o f  c u r r e n t  p l a n n i n g  e f f o r t  
i n  s e v e r a l  ways. C h a p t e r s  2 and 3 c o n t a i n  a s e r i e s  of  g e n e r a l i z a t i o n s ,  a  
vague  d e f i n i t i o n  o f  a n  " e l e c t r i c a l  e n e r g e n c y "  t h a t  i n c l u d e s  a w i d e  r a n g e  
of u n r e l a e e d  and d i s s i m i l a r  e l e c t r i c a l  d i s r u p t i o n s  a n d  i g n o r e s  s i g n i f i c a n t  
e l e m e n t s  o f  t h e  power  indus t ry :  

The e l e c t r i c a l  power  i n d u s t r y  i s ,  i n  f a c r ,  one  o f  t h e  most  d i v e r s e  i n -  
d u s t r i e s  i n  t h e  U n i t e d  S t a t e s .  The GAO r e p o r t  c i t e s  t h e  i n d u s t r y  a s  
c o n p r i s e d  o f  3500 e l e c t r i c  u t i l i t y  companies  b u t  i t  d o e s  n o t  m e n t i o n  t h a t  
t h o s e  compan ies  o p e r a t e  a l m o s t  1 1 , 0 0 0  power g e n e r a t i ~ g  f a c i l i t i e s .  Many 
of t h o s e  power p l a n t s  s e r v i c e  a  community o r  area i n  a  n a n n e r  c o n p a r a b l e  
t o  t h e  l o c a l  w a t e r  u t i l i t y ,  bus s y s t e m  a n d  f i r e  d e p a r t n e n t .  P l a n s  a r e  
g e n e r a l l y  i n  p l a c e  f o r  mu tua l  s u p p o r t  of  u t i l i t i e s  by c o n t i g u o u s  j u r i s -  
d i c t i o n s .  ?fa j o r  m e t r o p o l i t a n  a r e a s ,  v h e t h e r  s e r v i c e d  by Large  r e n o t e  
power g e n e r a t i n g  p l a n t s ,  a  number of  s a a l l e r  g e n e r a t i n g  p l a n t s  o r  a  c o n b i -  
n a t i o n  of  t h e s e  s o u r c e s ,  have  ene rgency  p l a n s  f o r  a l t e r n a t e  s o u r c e s  a n d  
a l t e r n a t e  r o u t i n g  o f  e l e c t r i c  power t o  n e e t  t h e i r  n e e d s  i n  a n  e n e r g e n c y .  



I n  a s i t u a t i o n  where a s i n g l e  u n i t  o f  un ique  d e s i g n  o r  where l a r g e  
q u a n t i t i e s  of g e n e r a t i n g  and t ransmiss ion  e q u i p ~ i e n t  a r c  i n c a p a c i t a t e d ,  

, t h e  l o n g  l e a d  t i m e  f o r  producing such equipment cou ld  e a s i l y  be t h e .  
d e t e r m i n i n g  f a c t o r  i n  r e e s t a b l i s h i n g  power a v a i l a b i l i t y .  T h i s  

. c o n d i t i o n  cou ld  b e  aggrava ted  by t h e  f a c t  t h a t  a c o n s i d e r a b l e  amount o f  
power g e n e r a t i n g  and t r a n s m i s s i o n  equipment i s  i r n p ~ r t e d  because  of lower  
f o r e i g n  p r i c e s .  

The e l e c t r i c  power sysrems i n  t h e  United S t a t e s  comprise  a d i v e r s e  and 
complex i n f r a s t r u c t u r e .  Simple g e n e r a l i z a t i o n s  a b o u t  any a s p e c t  of t h a t  
s t r u c t u r e  cannot  p r o v i d e  d i r e c t i o n  f o r  comprehensive  emergency p lann ing .  
FEMA w i l l  p r o v i d e  a p p r o p r i a t e  guidance t o  DOE and work c l o s e l y  w i t h  t h a t  
Department t o  expand emergency f o r  e l e c t r i c  power t o  cover  a 
wide r a n g e  o f  emergencies  i n c l u d i n g  major d i s r u p t i o n s .  

S i n c e r e l y  y o u r s ,  

-& /- ,%,d. , 
- Bernard  T. G a l l a g h e r  

'7 
A c t i n g  D i r e c t o r  

Enc losures  



Department of Energy 
Washington, D.C. 20461 

M r .  J. Dexter Peach 
Energy and Minerals  Divis ion 
U .  S.  General  Accounting Off ice  
Washington, D. C.  20548 

Dear M r .  Peach: 

The Department o f  Ener9y ( D O E )  a p p r e c i a t e s  t h e  o p p o r t u n i t y  
t o  rev iew and comment on the  GAO d r a f t  r e p o r t  e n t i t l e d  
" F e d e r a l  E l e c t r i c a l  lrnergency P repa redness  i s  Inadequa te .  " 

The W E  has s e v e r a l  cancerns r e g a r d i n g  t h e  accuracy o f  t h e  
i n fo rma t ion  contained i n  t h i s  d r a f t  r e p o r t .  These a r e  
summarized i n  t h e  enc losure  t o  t h i s  l e t t e r .  The b a s i c  
premise  o f  t h e  GAO d r a f t  r e p o r t  causes  it t o .  be mi s l ead ing  
s i n c e  no  d i f f e r e n t i a t i o n  i s  made k t w e e n  non-defense and 
de fense  r e l a t e d  emergencies. 

More s p e c i f i c a l l y  t h e  GAO d r a f t  r e p o r t  s t a t e s  : 

1.--"DOE has  an inadequa te  program f o r  d e a l i n g  w i t h  major  
e l e c t r i c a l  d i s r u p t i o n s .  I n  f a c t ,  i t s  Zmergency E l e c t r i c  
Power Adminis t ra t ion  ( E E P A ) ,  t a s k e d  w i t h  t h e s e  r e spons i -  
b i l i t i e s ,  i s  h a r d l y  a l i v e .  " ( S e e  p .  ii. ) 

This  s t a t e m e n t  i s  mis leading a s  i t  i n p i i e s  t h a t  EEPA 
i s  t a s k e d  wi th  t h e s e  r e s p o n s i b i l i t i e s ,  when i n  f a c t  EEPA 
i s  r e s p o n s i b l e  f o r  on ly  d e f e n s e - r e l a t e d  emergencies  ( e  . g . ,  
m o b i l i z a t i o n ,  l i m i t e d  o r  g e n e r a l  w a r ) .  DOE' s D i v i s i o n  of 
Power Supply and Re l i a b i l i t y  h a s  e s t z b l i s h e d  a  comprehensive 
e l e c t r i c  emergency response a c t i v i t y .  s p e c i f i c  e l e c t r i c  
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Tnestl s tate:cer, ts  a r e  n i s l ead ing  because t h e  devsloi;n~ent of 
c ~ i r h  o n o r n o n r y  n l d n c  i c: primarily the rPSpOnSibility O f  
---.A Y ---- r ----- --  
t h e  i n d i v i d u a l  e l e c t r i c  u t i l i t y  and n o t  t h a t  o f  DOE o r  any  
o t h e r  F e d e r a l  Government Agency. S t a t e  Government h a s  
a more d i r e c t  r e s p o n s i b i l i t y .  The r o l e  o f  DOE i n  non-defense 
e l e c t r i c  power emergencies i s  t o  moni tor  and coordinate  t h e  
F e d e r a l  r e s o u r c e s  a v a i l a b l e  t o  m i t i g a t e  t h e  impact of  such 
d i s r u p t i o n s .  S e v e r a l  i c e  storm r e l a t e d  power outages  have 
keen i n v e s t i g a t e d ,  a long with c a b l e  f a i l u r e  and o t h e r  
s i g n i f i c a n t  e l e c t r i c  power ou tages  f o r  t h e  purpose of 
i d e n t i f y i n g  any weaknesses i n  u t i l i t y  p l a n s  and procedures .  
The r e p o r t s  of  such i n v e s t i g a t i o n s  c o n t a i n  s p e c i f i c  recom- 
mendations t o  p reven t  f u t u r e  re -occur rence  and t o  mit ic ja te  
t h e  impac ts .  Sec t ions  2 0 2  ( c )  , and 2 0 2  (d) o f  t h e  Fede ra l  
Power Act provicie t h e  ~ 0 ~ ' w i t h  a u t h o r i t y  t o  o r d e r  t h e  
i n t e r c o n n e c t i o n ,  gene ra t ion  o r  t r a n s m i s s i o n  o f  e l e c t r i c  
energy t o  a l l e v i a t e  emergencies. Rules  have been i s sued  
t o  implement t h i s  s t a t u t o r y  a u t h o r i t y .  These have been 
u t i l i z e d  s e v e r a l  t i n e s  i n  t h e  p a s t  few y e a r s .  

3 .  --"Problems e x i s t  i n  Fede ra l  c o o r d i n a t i o n  wi th  r e spec t  
t o  e l e c t r i c  emergency preparedness .  " ( S e e  p .  ii.) 

Again, t h e  non-defenseldefense d i f f e r e n t i a t i o n  i s  no t  made. 
However, t h e  DOE s t a f f  i s  n o t  aware o f  any  s i g n i f i c a n t  
prbblems i n  t h e  e l e c t r i c  power emergency preparedness  a r e a .  
DOE m a i n t a i n s  r e g u l a r  communication w i t h  FEYA, t h e  Nationa l 
E l e c t r i c  R e l i a b i l i t y  Council ,  t h e  e l e c t r i c  u t i l i t i e s  and 
many o t h e r  a p p r o p r i a t e  o r g a n i z a t i o n s  w i t h  r e s p o n s i b i l i t i e s  
i n  t h i s  a r e a .  I t  should be noted t h a t  a companion GAO 
r e p o r t  on f u e l  d i s r u p t i o n s  f o r  e l e c t r i c  u t i l i t i e s  was 
i n i t i a t e d  a long  wi th  t h i s  GAO r e p o r t  and t h a t  t h e  l a s t  i n t e r -  
views f o r  both  r e p o r t s  were conducted s e v e r a l  months ago. A 
c o n s i d e r a b l e  number of  a c t i v i t i e s  have  keen i n i t i a t e d  s i n c e  
t h a t  t ime  which a f f e c t  t h e  f i n d i n g s  and conc lus ions  of  
t h i s  r e p o r t  and which have n o t  been c o n s i d e r e d  by GXO. 

With r e s p e c t  t o  t h e  GAO recommendations, DOE o f f e r s  t h e  
fo l lowing  comments : 



SECTION 1 

ENERGY AND VULNERABILITY 



ENERGY ANC WJLNERABILITY (1.0) 

Introduction and Overview (1.1) 

T h e  f a c t  t h a t  t h e  Uni ted S t a t e s  depends  on impor ted  pet roleum t o  m e e t  a lmos t  
half of its d e m a n d  has  become widely recognized.  The numerous ,  economical ,  
poli t ical ,  socia l ,  and environmental  repercussions t h a t  could resul t  f r o m  this  
dependence,  however ,  a r e  not y e t  ful!y realized.  As Joseph Nye says,  "Oil is t h e  
h e a r t  of t h e  e n e r g y  s e c u r i t y  problem and will r emain  so f o r  a t  l e a s t  t h e  n e x t  
decade ."I 

Because  t h e  energy  s e c t o r  is v i ta l  t o  t h e  industrial ,  agr icul tura l ,  
communicat ions ,  and  o t h e r  s e c t o r s  of a socie ty ,  a f a i l u r e  in t h e  abil i ty t o  produce 
and dis t r ibute  e n e r g y  throughout  t h e  United S t a t e s  would l e a v e  t h e  c o u n t r y  unable 
t o  support  or  d e f e n d  i t se l f .  In shor t ,  t h e  present  energy  s i tua t ion  makes  t h e  Uni ted 
S t a t e s  vulnerable.  O u r  nat ional  secur i ty  is at risk. 

Vulnerabil i ty refers  t o  t h e  degree  t o  which an  energy  supply 
and  d i s t r ibu t ion  sys tem is unable t o  m e e t  end-use demand  a s  a 
resu l t  of an unant ic ipated even t  which disables  components  o f  
t h e  sys tem.  The  kinds of events  r e f e r r e d  t o  a r e  sudden shocks, 
r a r e ,  a n d  of l a r g e  magnitude.:! 

There  a r e  t w o  major  fo rms  of vulnerabil i ty agains t  which t h e  Uni ted S t a t e s  
m u s t  p r o t e c t  i t se l f .  The  f i r s t  is t h e  insecure  availabil i ty of impor ted  energy  
supplies and s t r a t e g i c  mate r ia l s  necessary  f o r  a d e q u a t e  leveis of defense ,  economic  
growth,  and s tab i l i ty .  

The s e c o n d  f o r m  of vulnerabil i ty is t h e  c e n t r a l i z e d  n a t u r e  of t h e  American 
energy s y s t e m .  Because  energy is vital  fo r  mainta ining t h e  U.S. economy,  a n  
adversa ry  would en joy  a s t rong s t r a t e g i c  advan tage  by crippling t h a t  e n e r g y  system. 
Cen t ra l i zed  e n e r g y  fac i l i t i e s  add t o  t h e  d e g r e e  of vulnerabi l i ty  of t h e  U.S. energy  
sys tems  because ,  as e n e m y  Targets, t h e y  arc: l a rger  w,d t h e r e  a r e  f e w e r  of t h e m .  

A s t r a t e g y  of t a rge t ing  centra l ized energy faci l i t ies ,  fo r  e x a m p l e  was  
successfully used aga ins t  Germany  during World War 11. Today, t h e  e x i s t e n c e  of 
cen t ra l i zed  e n e r g y  faci l i t ies  is recognized as a pr imary  source  of na t iona l  
vulnerabil i ty.  S tud ies  have demons t ra ted  t h e  likelihood of t a r g e t i n g  re f ine r ies  in 
t h e  adven t  of m o d e r n  war, and various o t h e r  fac i l i t i e s  including nuc lea r  power  
plants. 



The s t o r y  of how cheap ,  eas i ly  avai lable  pe t ro leum f e d  t h e  industrial ized 
nation's  insat iable  a p p e t i t e  f o r  increasingly l a r g e  shares  of energy  is by now wel l  
knculn; what is not as widely published nor unders tood is why Americans re fused  t o  

r 
r e c o g n i z e  t h e  peril t h a t  dependence  upon a f e w  uns tab le  nations,  inexperienced in 
playing a c e n t r a l  ro le  in in te rna t iona l  politics, brought  t o  t h e  e n t i r e  U.S. economy.  
Even t h e  "oil crisis" in 1 9 7 F 7 4  t h a t  resul ted in quadrupled prices in oil didn't r e v e r s e  

r 
t h e  t r e n d  of continually g r e a t e r  dependence on impor t s  f r o m  a very  small number o f  
suppl iers .  T h e  industrial  economies  g rew a t  an a v e r a g e  annual r a t e  of 3.4 p e r c e n t  
dur ing  1970-783, and t h e  real  pr ice  of oil ac tua l ly  - fel l  in 1974-78.4 I 

T h e  e v e n t s  of 1973-74 w e r e  considered a unique and isola ted experience.  
A m e r i c a n  l i fe ,  considerably dependen t  of fore ign supplies of oil, continued wi th  only  
s l i g h t  acknowledgement  t h a t  c h e a p  and  abundan t  o i l  would never b e  available again. 

I 
Evidence  o f  this l ack  of concern  was d e m o n s t r a t e d  by the  init ial  r e luc tance  of 
Congress  t o  pass Pres ident  C a r t e r ' s  proposed "moral  equivalent  of war." Ins tead,  a 
weakened  National Energy Policy A c t  passed in 1978. In o rder  t o  lessen dependence  

_ of fo re ign  supplies,  t h e  Ac t  cal led  f o r  heightened product ion and consumption of 
d o m e s t i c  sources ,  consist ing chief ly  of coal  and nuc lea r  fuel .  The production o f  5 
t h e s e  energy  resources,  however,  enta i ls  a number  o f  economical ,  social  and  
e n v i r o n m e n t a l  concerns ,  which have  g rea t ly  hindered t h e i r  a c c e l e r a t e d  usage. 

< ,t 
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Not  unt i l  t h e  Iranian Revolut ion of February ,  1979, did t h e  Amercian public 
begin t o  acknowledge  how se r ious  a t h r e a t  this excess ive  dependence on impor ted  

I 
p e t r o l e u m  represented.  "The oil  los t  in t h e  f i r s t  half o f  1979 amounted  t o  only o n e  
p e r c e n t  of t h e -  world t o t a l ,  y e t  inadequate  p repara t ions  and panic responses  
produced gasoline l ines  and a 120 percen t  pr ice  increase.1 '5 

Al though mos t  OPEC count r i es  "produced above the i r  announced ceil ings in 
e a r l y  1979 t o  help consumers  c o p e  wi th  t h e  Iranian s h o r t f a l l ,  "many of the  world's 
l ead ing  oi l  producers  recognize  t h e  exhaust ib i l i ty  of the i r  resources and h a v e  
r e d u c e d  production levels. "OPEC e x p o r t s  a r e  e x p e c t e d  t o  decline f rom 28.3 million 
b a r r e l s  pe r  d a y  in 1979 t o  22 million in 1985 and t o  17.29 million by 1990 ."~  I- 

Our dependence  on a smal l  g roup  of unstable,  unpred ic tab le  nat ians  resul ts  in a 
seriocls S U ~ P ! ~  vnln.erability. 'The l a r g e s t  oil producing country ,  Saudi Arabia, is no 
l o n g e r  a b l e  t o  m o d e r a t e  t h e  m o r e  e x t r e m e  m e m b e r s  o f  OPEC who wish t o  c u t  b a c k  
p roduc t ion  and ra i se  prices t o  t h e  l imi ts  t h a t  t h e  m a r k e t  will support .  In addi t ion,  

t 
t h e  Uni ted  S t a t e s  has  b e c o m e  increas ingly  dependent  on nations t h a t ,  t o  one d e g r e e  
o r  a n o t h e r ,  regard t h e  West a n  an  enemy and show l i t t l e  compunction in 
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subord ina t ing  oil  supply t o  o t h e r  considerations.  



In s p i t e  of t h e  f a c t  t h a t  t h e  U.S. is t h e  s e c o n d  -largest  producer of oil, 
c n n t r i h u t i n g  8.5 mbd t o  t h e  world's supply, we are simultaneously t h e  l a r g e s t  
i m p o r t e r ,  requiring over 6.4 rnbd.5 Proved d o m e s t i c  c r u d e  oii reserves h a v e  
dec l ined  sharply,  following t h e  discovery of Alaskan rese rves  in 1970. The r a t e  of 
product ion has  declined with t h e  decrease  in rese rves ,  resul t ing in a decreased  
product ion r a t e  of s ix teen percen t  from 1970 t o  1975.9 As t h e  r a t e  of growth in 
e n e r g y  demand continues to  cl imb, it becomes v e r y  unlikely t h a t  t h e  U.S. c a n  
depend  solely on domes t ic  resources  t o  m e e t  i t s  oil demand .  

Na tura l  gas trends have been very simi!ar t o  t h o s e  o f  d o m e s t i c  oil reserves  and  
production.  Proved reserves  also declined a f t e r  1970 and decreased r a t e s  of 
product ion followed, having peaked in  1973.10 As w i t h  oil,  t h e  U.S. is not only o n e  
of t h e  l a rges t  natural  gas producers,  but is a lso  o n e  of t h e  largest  importers.  
Impor t s  compr i se  about  f ive  p e r c e n t  of t o t a l  na tu ra l  g a s  consumption,  as c o m p a r e d  
t o  o v e r  36 percen t  of t o t a l  pe t ro leum consumption. l l  

i 

U.S. coal  reserves,  on t h e  o t h e r  hand, a r e  plentiful .  Over  600 million ions  of 
c o a l  a r e  produced in t h e  U.S. every  year.  There  a r e  a number  of well-known 
env i ronmenta l  liabilities inherent  in t h e  mining, t r anspor ta t ion  and burning of coal ,  
however .  

Nuclear power has been considered a major solut ion t o  energy  needs for  t h e  l a s t  
f e w  decades.  However, i t  has  become one of t h e  mos t  controvers ia l  issues in 
A m e r i c a  today. The lack of a viable nuclear w a s t e  disposal  program, t h e  f e a r  of 
nuc lea r  accidents ,  and t h e  t h r e a t  o f  proliferation a l l  add  t o  t h e  public's growing 
r e s i s t a n c e  t o  a t o m i c  power providing more t h a n  i t s  c u r r e n t  eleven p e r c e n t  g 

contr ibut ion t o  e l e c t r i c  generation.  

Additionally, the re  is no place  to  s t o r e  the  r a d i o a c t i v e  mate r ia I s  without r isking 
radia t ion ex?osure of some kind; Waste is being t e m p o r a r i l y  s to red  until f ac i l i t i e s  
and  handling methods  can be developed t h a t  will a l l e v i a t e  t h e  dangers  of r ad ioac t ive  
con tamina t ion .  

Likewise,  t h e  possibilities fo r  accidents  in nuc lea r  power plants e i the r  e l i c i t  
a b s o l u t e  opposition or .re unequivocally defended by technologis ts  who contend t h a t  
t h e  c h a n c e s  of a l ife-threatening acc iden t  a r e  miniscule.  As long a s  even t s  s u c h  a s  
t h e  near-meltdown a t  Three Mile island provide suppor t  fo r  t h e  opposition's 
v iewpoint ,  t h e  deba te  will continue.  



Uranium-234 and 97 ercent  uranium-238) which i s  useless for  bombs. . . without P f u r t h e r  enrichment." National policy prohibits t he  export  of enr ichment  
f 

iechnology from t h e  United S ta tes  due to  proliferation concerns. I - 
A conventional assumption has been t h a t  spen t  fuels would be  reprocessed t o  1 

produce  f r e sh  fissionable fuels for  reuse. Eventually LWR's would be  replaced with 
"breeder" reactors  t h a t  breed additional fuel  (Plutonium-239) in t h e  fission process, 
t hus  alieviating dependence on dwindling supplies of Uranium-235. However, t h e  
breeder  reac tor  nuclear fuel  cycle can produce weapons-grade plutonium more  

i 
readi ly  t han  conventional nuclear fuel cycles. Both breeder reac tor  development 
and fue l  reprocessing from LWR's have been delayed by the  U.S. government 
because  plutonium might  be exposed to  potent ia l  misuse through proliferation. The 
d e b a t e  now centers  around whether we should maintain our policy of breeder reac tor  

I 
technology prohibition and continued dependence on diminshing uranium supplies or  
deve lop  breeder reactors .  Active development of breeder  reac tors  is underway by 
seve ra l  European nations, but even with ful l  development,  several  decades will be  
required t o  reach maturi ty  in such programs. The Harvard Business School's Energy 
P ro j ec t  summarized t h e  breeder issue as follows in t he i r  report ,  Energy Future: < I 

Cont ra ry  t o  a widespread impression, even  t h e  worid's most 
technically advanced breeder reac tor  development program (in 
France) is decades from making any significant addition to  
t h a t  country's nuclear power supply. . . Events beyond t h e  
ear ly  1990's are ,  of course, anyone's guess, but t he  history of 
t h e  light-water-reactor development e f f o r t  cautions against 

C 

expect ing too  much t ~ o  soon f rom a new and highly complex 
technology. Certainly for  the  indefini te  fu tu re  t he re  would 
seem to  be l i t t le  or no real is t ic  possibility t h a t  breeder  
reac tors  could have any pract ical  e f f e c t  on t h e  waste  disposal 
problem.13 I 

L 
This study considers t he  use of dispersed, decentralized, and 

renewable energy resources as a long-range s t r a t eg i c  energy option. 
Numerous reports exist  today tha t  discuss t h e  likely contribution 
renewables  can o f f e r  in t he  near and dis-can~: future .  There is 
considerable  divergence among the  resulting projections and forecasts ,  

1 
however ,  due in pa r t  to t he  variable and conflicting assumptions 
employed. 

CF L 

The realization tha t  greater  energy eff ic iency,  conservation and 



Strategic Materials and Vulnerability (i.2) 

T h e  resources  required ro produce ----. I I I ~ I J  L V L L 1 p V I L e n t s  of a ncmher of 
c o n v e n t i o n a l  and a l t e rna t ive  technologies a r e  r e f e r r e d  t o  as "s t ra teg ic  materials." 
T h e s e  minera l s  and meta l s  a r e  necessa ry  t o  a number  of key U.S. industries, 
incfuding aerospace,  e lec t r i ca l  equipment ,  nuclear  power,  and  communications.  

T h e  issue U.S. policymakers f a c e  today  regarding s t r a t e g i c  mate r ia l s  is our 
r e l i a n c e  on imports. The United S t a t e s  cur ren t ly  i m p o r t s  b e t w e e n  90 and 100 
p e r c e n t  of mos t  of these  elements.  "It is sca rce ly  a n  exaggera t ion  t o  suggest t h a t  
t h e  W e s t  is every  bi t  a s  vulnerable t o  chaos  f r o m  a cu to f f  of s t r a t e g i c  minerals a s  i t  
is t o  an oil cutoff."14 Table 1.2-1 i l lus t ra tes  U.S. dependence  on s o m e  of these  
s t r a t e g i c  mater ia ls .  

!Many of  these  mater ia ls  exist  in present ly  or  potent ia l ly  unstable  regions of t h e  

I > 
world,  s u c h  a s  South Africa,  Cuba,  Brazil,  Zaire ,  Morocco,  J a m a i c a ,  and Zambia. In 

- 
add i t ion ,  t h e  Russians have been establishing c o n t a c t s  and  power bases in or around 
m a n y  of t h e s e  regions, causing concern a b o u t  t h e  f u t u r e  avai labi l i ty  of supplies. 
T h e  problem is not only the  uncer ta in ty  genera ted  by dependence  upon unstable 
regions,  bu t  also t h e  t h r e a t  t o  national secur i ty  t h a t  th i s  s i tua t ion  poses since many 

. of t h e s e  mate r ia l s  a r e  crucial fo r  advanced mil i tary  h a r d w a r e  in addit ion to  power 
genera t ion .  Table 1.2-1 shows some of t h e  e x t e n t  of th is  re l iance.  

A number  of cr i t ica l  and s t r a t e g i c  mate r ia l s  a r e  used in t h e  const ruct ion and 
m a i n t e n a n c e  of a wide range of energy faci l i t ies ,  power plants ,  and h e a t  engines of 
var ious  kinds. As a genral rule, higher technology equ ipment  and equipment  which 
m u s t  o p e r a t e  at high heat  ranges,  require  t h e  use of specia l ized,  exo t ic  and . 
s t r a t e g i c  m a t e r i a l s  t o  a g rea te r  d e g r e e  than s impler ,  s o m e w h a t  lower technologies. 
T h e  N u c l e a r  Regulatory  Commission (NRC) has s tudied t h e  requ i rements  of nuclear 
power plants ,  which use mater ia ls  such a s  aluminum, an t imony ,  asbestos ,  her yllium, 
c a d m i u m ,  chromium, cobalt,  copper,  lead,  manganese ,  m e r c u r y ,  nickel ,  plat inum, 
s i lver ,  t i n ,  tungsten,  and zinc. Tab le  1.2-2 l ists  the  m a t e r i a l s  needed for reac to r  
c o r e s  based  on U.S. exper ience in  t h e  const ruct ion of l a r g e  nuc lea r  power plants. 

Unl ike  o ther  energy technoiogies,  m a n y  of the  c r i t i c a l  m a t e r i a l s  utl!ized fo r  
r e a c t o r  cores  cannot  be recycled in t h e  f u t u r e  d u e  t o  excess ive  radioact ive  
con tamina t ion .  This unique f e a t u r e  of nuclear  power adds  s ignif icance t o  policies 
which c o m m i t  l a rge  quanti t ies of s c a r c e ,  s t r a t e g i c  m a t e r i a l s  t o  th is  sec to r  of t h e  
e n e r g y  economy.  Other  energy technologies,  such as new synf ueis processes, a r e  
a lso  h e a v y  users of cr i t ica l  mater ia ls .  Vast increases  in s y n t h e t i c  fuels  production 
or  t h e  const ruct ion of 1ar ge,  modern power fac i l i t i e s  will require  subst  a n t  ial 
a m o u n t s  of t h e s e  th rea tened  and dwindling mater ia ls .  



Table 1.2-1 

U.S. RELIANCE ON STRATEGIC MATERIALS f 
Percentage  of U.S. Consumption 

Mater ia l  f r o m  Imported Materials 

T i tan ium (rutile) 100 
r 

Colum bium 100 

Tin 100 

b, c - 
Ber ylli um 100 (approx.) 

Germanium 100 (approx.) 

P la t inum 100 (approx.) 

Manganese 98 

Tanta lum 96 " 

Aluminum 93 a 

Chromium 90 

C o h l t  90 

Nickel 77 

Tungs ten  5 9 

- Copper n.a. I -- 

Molybdenum n.a. e k  
-L 



Systems regulations; Ti t le  3 enables  the  government to  underwrite the  expansion of 
domes t i c  production of s t ra teg ic  mater ia l s  and raw mater ials  fo r  which the  U.S. has 
a high degree of import dependence; and Titie 7 lists administrative regulations 
which implement  the  r e s t  of t h e  Act. 

Table 1.2-217 

ESTIMATED QUANTITIES OF MATERIALS USED I N  REACTOR CORE 
REPT A T C A R T  F r n M P n N F N T S  OF WATER-COOLED NUCLEAR POWER PLANTS 

World U.S. U.S. Strategic Quantity 
~ r o d u c t l o n , ~  Consumptior """vP~ & Critical Used in 

Material plantla kg metr ic  tons metric tons - 
. --, 

m e t r ~ c  tons - &4aterialc 

- . - a  - 7  o n n  I O O , O O O ~  Yes 
- ~ I I L I I I I U I I ~  - - 

288 308 72,700 Yes Bery Ilium 2.8 

2 1 7,000e 79,000e 33 x lo6 No Boron 3,363 

17,000 6,800 86,000 Yes Cadrnlurn 206 

1,590,000 398,000 2 x  LO 61 Yes Chrom~urn  109,000 

20,200 6,980 2 5 , 0 0 0 ~  Yes 6 1 Cobalt  

8f 14,9208 No Cadol in~uni  2,650 

Iron 443,000 574 x 106 

Nlckel 55,000 480,0001 129,000i 18 1 , 0 0 0 ~  Yes 
314,000 

Tin 24,000 248,000 89,000 5 7 , 0 0 0 ~  Yes 

Tungsten 9.3 35,000 7,300 79,000 Yes 

Z i r c o n ~ u n  1,1.06,000 224.000e 71,000 51 x lo6 No 

a Quantities used are  modified from the f inal  ER f o r  Hope Creek Ceneratlng Station, Table 10.1, D a k e t  Nos. 
50-354 and 50-355. 

Production, consumption, and reserves were compiled, except as  noted, from the U.S. Bureau of Mines ' 

publications "Llineral Fac t s  and Problems'' (1970 ed. Bur. Mlnes Bull. 650) and the  "1969 Minerals Yearbook." 

Designated by G. A. Lincoln, "List o f  S-trategic and Crittcal ~ a r e r i a l s :  o f f  i ce  of Emergency Preparedness; 
Fed. R e g ~ s t .  37(29):4123 (Feb. 26, 1972). 



The S t r a t e g i c  and  Cr i t i ca l  Mate r ia l s  Stockpiling A c t  resulted in  a na t iona l  
s t o c k p i l e  of vital  minerals.  P resen t ly ,  t h e  t o t a l  value of t h e  s tockpi le  inven tory  is  
about $13 billion, L..~ U U L  'LA.... L L ~ C L ~  =e s h c r t a g e s  a d  imha!ances in several  k e y  c a t e g o r i e s  

t h a t  would require  a n  e s t i m a t e d  $6 billion t o  bring t h e  inventory t o  s t a t e d  goals. 
T h e  1981 f i sca l  budget a l loca tes  $170 million f o r  addit ions t o  t h e  s tockpi le ,  and i t  i s  
l ike ly  t h a t  a larger  reques t  will b e  submi t t ed  nex t  year.18 

i 
r 

T h e  Nat ional  S t r a t e g i c  Informat ion C e n t e r  (NSIC) recen t ly  re leased  a Whi te  
P a p e r  u rg ing  increased e f f o r t s  to "beef up American stockpiles" by adher ing t o  

I 
f f r e s o u r c e  war" tac t ics .  The r e p o r t  suggests  t h a t  t h e  U.S. should design new 
a l l i a n c e s  and  b e  prepared t o  i n t e r v e n e  mili tari ly,  t o  be guaran teed  access t o  Mideast  
o i l  and  s o u t h e r n  Afr ican minerals. T h e  repor t  discusses U.S. dependence on fore ign 
supplies.  Even though t h e r e  a r e  present ly  su f f i c ien t  supplies t o  m e e t  industry 's  

I 
demands ,  t h e  repor t  s t a t e s  t h a t  t h e  "U.S., and i t s  allies, a r e  increasingly unable  t o  
e x e r t  su f f i c ien t  influence on t h e  world scene  t o  guaran tee  a cont inued flow of raw 
m a t e r i a l s  f r o m  t h e  Third World-and i m m e d i a t e  ac t ion  needs  t o  be taken."19 

In addi t ion,  se t -as ide  quotas  have  been established which m a n d a t e  a month ly  
li 

p e r c e n t a g e  of t h e  mate r ia l s  production t o  de fense- ra ted  orders;  t h e  remain ing  
m a t e r i a l s  a r e  f r e e  f o r  m a r k e t  consumption.  Z 

O n e  w a y  t o  a l l ev ia te  impor ted  mater ia ls-dependent  vulnerabil i ty i s  t o  s t i m u l a t e  
- I 

U.S. D o m e s t i c  production. T h e  issue of increas ing Amer ican  mining of t h e s e  c ruc ia l  
- m i n e r a l s  is being addressed in  t h e  Congress.  Senator  J a m e s  A. McClure  (R-Idaho), 
R e p r e s e n t a t i v e  J a m e s  Santini  (D-Nevada) and Senator  Harrison S c h m i t t  (R-New 
Mexico)  h a v e  warned of t h r e a t s  t o  nat ional  s e c u r i t y  due  t o  re l i ance  on fo re ign  
m i n e r a l  resources.  20 

The  Uni ted S t a t e s  has vas t  resources  of i t s  own, but thus  f a r  i t  has  been 
i 

"uneconomical" t o  subs t i tu te  t h e  m o r e  expensive domes t ic  resources  f o r  c h e a p e r  
f o r e i g n  resources.  The proponents of increased domes t ic  production hope t o  pass 
l eg i s la t ion  revamping t a x  codes,  an t i - t rus t  laws and environmental  regula t ions ,  in 
add i t ion  to opening federa l  lands  t o  mineral  exploration.  

I 
i 

R e p r e s e n t a r i v e  Santini ,  Chairma:: of a House mining s u b c o m m i t t e e ,  in a r e c e n t  , I 
hear ing  o n  t h e  "International Resource  W a r :  Minerals i l e l d  Hostage," r e c o m m e n d e d  
a policy t o  s t e e r  t h e  U.S. away  f r o m  our growing dependence on i m p o r t e d  minerals .  
A t  t h e  San t in i  hearings,  f o r m e r  NATO Commaner-in-Chief Alexander  Ha ig  said: E a 
"Should f u t u r e  trends, especially in sou thern  Afr ica  resul t  in a l ignment  wi th  Moscow 



produc t ion  and distribufion industry  is  dependent  on s t r a t eg i c  mater ia ls  which 
f i i i t he i  deepens our vulnersbi!ity. In the p y t ,  economic considerations based on  t h e  
p r i ce  of a desired mater ia l  were  t h e  maln c r i t e r i a  used t o  determine amounts  of 
d o m e s t i c  production vs. importation. Now, policymakers a r e  learning t o  weigh 
na t i ona l  secur i ty  against  price. In some  cases ,  i t  is becoming expedient t o  pay a 
h igher  p r i ce  in dollars t o  s t imu la t e  domest ic  production of a vital resource t h a n  t o  
i m p a r t  cheaper  mater ia ls  and pay t h e  price of energy and mater ia ls  supply 
vulnerabili ty.  



C e n t r a l i z a t i o n  of Energy Systems and Vulnerabil i ty 0.3) 

Vulnerabil i ty is apparen t  in t h e  evolut ion of t h e  U.S. energy network.  Wirh t h e  
. - - e p ? d  indus t r i a l i za t ion  of t h e  United S t a t e s  dur ing  t h e  l a t e  1800s, it b e c a m e  evident  

t h a t  t h e  in t roduc t ion  of larger  fac i l i t i e s  l e d  t o  prof i table  economies  of scale.  
Marginal  c o s t s  decreased  as g r e a t e r  numbers  of goods w e r e  produced. 
C e n t r a l i z a t i o n  l ikewise  applied t o  t h e  A m e r i c a n  energy production and distr ibution 
s y s t e m ,  and  t o d a y  t h e  concentra t ion of fac i l i t i e s  has become an in tegral  
c h a r a c t e r i s t i c  of t h e  economy's energy s e c t o r .  (See Sect ion 2.7, "Energy Systems 

i 
a n d  Economies  of Scale"  f o r  fu r the r  discussion.) I 

The t r e n d  t o w a r d  centra l iza t ion is i l lus t ra ted  by t h e  e l e c t r i c  power industry.  I 
Ini t ial ly,  e l e c t r i c i t y  was produced in smal l ,  local ized plants. The numerous 
smal l - sca le  electrici ty-producing s ta t ions  g radua l ly  consolidated as improved 
technologies  a l lowed increased production and  m o r e  e f f i c ien t  distr ibution faci l i t ies .  
Demand  f o r  e l e c t r i c  power doubled e v e r y  t e n  years  on t h e  average,  while t h e  price 

I 
of e l e c t r i c i t y  in c e n t s  per kilowatt  hour dropped, in rea l  terms.  

Amer ican  s o c i e t y  depends  on large-scale  power plants for t h e  operat ion of food < i 
product ion and  distr ibution,  t ranspor ta t ion,  communica t ion ,  and f o r  t h e  abi l i ty  t o  
de fend  i t se l f .  In s h o r t ,  i t  depends on energy f o r  survival .  Because t h e  l i f e  blood of 
a modern ,  highly industrial ized economy is i t s  e n e r g y  sources,  t h e  larger  and  more  
c o n c e n t r a t e d  t h e s e  sources  are, t h e  more  vulnerable  t h e  economic  sys tem and 
a r m a m e n t s  product ion a r e  t o  to ta l  disruption if t h e  energy  sources  a r e  a t t a c k e d  or  
i n t e r r u p t e d  by o t h e r  means.  I 

Pe t ro leum and  Vulnerability (1.3-1) 

T h e  pe t ro leum industry, for  example ,  is ve ry  vulnerable. From t h e  t i m e  
pe t ro leum is pumped f rom wells until i t  is d i s t r ibu ted  a s  ref ined products,  i t  follows 
an increas ingly  cen t ra l i zed  production chain. The cen t ra l i za t ion  of pet roleum 
opera t ions  and  t h e  development of soph is t i ca ted  equ ipment  f o r  opera t ing  and 
communica t ions  m a k e  i t  highly vulnerable  t o  an a t t a c k e r ' s  disruption. 

I 
I 

D o m e s t i c  product ion of n u d e  pet roleum is probably t h e  l eas t  vulnerable s r e p  in I 
t h e  oil chain.  Oil f i e lds  a r e  dispersed over  wide areas of t h e  coun t ry ,  increasing t h e  
l ikelihood t h a t  at l e a s t  some production will b e  main ta ined  if a portion of t h e  
nation's  oil f i e lds  is  damaged or des t royed by d i sas te r ,  sabo tage  or  nuclear  a t t a c k .  
However ,  a p p r o x i m a t e l y  50 percen t  of U.S. c r u d e  oil production is dependent  on 
e l e c t r i c  power i n  o n e  way or  another ,  adding t o  i t s  ~ u l n e r a b i l i t ~ . ~ 3  I 



of crude-oi l  produced in the U.S. is t ransported 600 t o  800 miles (965.4 t o  1,287.2 
ki lnmeters)  before  i ts  final use.25 Only about one-fourth of American crude oil 
does no t  move  by pipeline. The ships, t rucks and railroads used t o  transporr rhis oii 
a r e  also vulnerable to either d i rec t  or secondary damage;  for  instance, t rucks  
surviving an a t t a c k  may not be ab l e  t o  move over damaged  roads. 

The nex t  s t ep ,  refining of crude oil is considered t h e  most vulnerable point in 
the petroleum system and probably the  most  vulnerable component of the  energy 
industry. Nearly all a u d e  oil is converted t o  gasoline and  other  products before use, 
and loss of ref iner ies  t o  perform this conversion would devas ta te  t h e  American 
economy. Large refineries a r e  considered t o  be a pr ime t a rge t  in a nuclear a t t a c k  
because of the i r  crucial role in t h e  economy and because they  a r e  t he  most  
concen t r a t ed  segment  of the petroleum chain. 

Ove r  38 percent  of domestic crude production was ref ined in t h e  Gulf region of 
the  U.S. in  1974. These refineries are concentrated in a relatively small Gulf Coas t  
area of Texas and Louisiana, which in 1979 had 61 of t h e  country's 311 petroleum 
refineries.  Another 42 refineries a r e  in California and o the r  concentrated a reas  a r e  
Det ro i t ,  Chicago, Philadelphia and New York. The California,  G r e a t  Lakes, Middle 
At lan t ic  and Gulf region refineries together  account fo r  about  71 percent of t he  U.S. 
refining capaci ty .  2 6 

The  petroleum industry's reliance on e lec t r ic  power fo r  many of i ts  operations 
compl ica tes  t h e  vulnerability picture  s ince e lec t r ic  uti l i t ies also a r e  vulnerable t o  
nuclear a t t a c k .  "Auxiliary power is avaiiable in some  (refining) plants but the  lack  
of power will shut  down most  operations," s t a t e s  one  study of t h e  petroleum 
system's vulnerability.27 

Some of the  federal research on energy vulnerabili ty has suggested industry 
changes t h a t  would reduce damage  done in a nuclear  a t tack.  However, t he se  
solutions, such a s  building petroleum refineries underground, maintaining sepa ra t e  
e l ec t r i c  power sources for e a c h  refinery and building refineries with fal lout  
protections,  a r e  generally acknowledged t o  be uneconomical in an industry in which 
mxke t  considerations, transportation and crude oil supply a r e  major f a c t o r s  
determining s i t e  location for plants.28 

Natura l  Gas and Vulnerability (1.3-2) 



is roughly comparable  t o  refining in the  petroleum industry, but  is is less 
complicated.  In 1974, t he re  were 763 such plants in  t h e  country.30 

Ove r  260,000 miles ('418.340 kilometers) of transmission lines ca r ry  t h e  gas  f rom 
t h e  processing plant t o  s torage tanks. Transmission pipelines a r e  considered 
vulnerable t o  sabotage  and to  ground shock waves f rom a nuciear a t tack .  The 
g r e a t e s t  vulnerabili ty in transmission is t h e  f a c t  t ha t  pipelines and corn pressor 
s ta t ions  a r e  run by au tomated  systems. Complex communications equipment  is vital  
t o  th i s  operation, and few people a r e  skilled in repairing it. Thus, even lightly 
damaged equipment  could be rendered .unusable if no one  with t he  exper t i se  survived 
t o  m a k e  repairs.  

Coal ,  E lec t r ic  Power and Vulnerability (1.3-3) 

Most energy vulnerability analyses have concent ra ted  on petroleum, natural  gas 
and e l e c t r i c  power. Coal is a less complicated industry,  but i t  remains vulnerable 

I 
because of i t s  g r ea t  dependence on two other  resources: e l ec t r i c  power and 
t ransportat ion.  c 

The coal  industry is dependent on e l ec t r i c  power fo r  both s t r ip  mining and deep  
mining. Transportat ion of coal is done by railroad (about half the  coal mined in t h e  
U.S. moves by rail), barge,, and rruck, and these  modes of transportation ul t imately 
depend on oil  f o r  t h e  diesel fuel t hey  need t o  opera te .  Damage to  t h e  t ransportat ion 
systern,  o r  t h e  presence of fa l lout  in in a r ea s  t h a t  mus t  be crossed t o  t ransport  coal,  
would also reduce t he  availability of this f u e ~ . ~ l  

E l ec t r i c  power generation depends on fossil  fuels,  fall ing water  or uranium, 
which a r e  converted into e lec t r ic  current .  In 1979, 48 percent of the nation's i 
e l ec t r i c i t y  was generated by coal, f i f t een  percent  by natural  gas, th i r teen  percent  
by petroleum, twelve percent by hydropower and eleven percent by nuclear  
energy.32 i 

However,  those s ta t i s t i cs  vary considerably in d i f fe ren t  areas  of t h e  country.  
New England, f o r  instance, relied on coal for  only seven percent of i t s  e lec t r ic i ty ,  
while petroleum provided 6Q percent.  B u t  nationwide, e l ec t r i c  uti l i t ies a r e  the  
country's biggest coal consumers, burning about  70 percent  of the  coal produced in 
t he  1970s, compared with f i f teen  of t he  nation's natural  gas consumption and ten  
percent  of i t s  petroleum. In sum, t h e  e l ec t r i c  power industry is vulnerable t o  t h e  45 1 
avai labi l i ty  of resource supplies as well a s  t he  t h r e a t  of nuclear a t tack .  

Nuclear  Power and Vulnerability (1.3-4) I 
Increasing a t ten t ion  is being paid t o  the  possibility of an enemy a t t a c k  upon 

n ts  cons t i t u t e  les  



- Othe r  reasons nuclear power plants m a y  be chosen a r e  outlined by Bennet t  
R a m  berg: - 

They might  be atacked because t h e y  a r e  a guise for a nuclear 
weapons program. They might b e  t h r ea t ened  or destroyed 
because t h e y  represent one of t h e  g r e a t e s t  concentrations of 
cap i ta l  inves tment  a country is l ikely t o  possess. A par ty  with 
a s t a k e  in  an ongoing confl ic t  be tween  t w o  countries might 
consider sabotaging a fac i l i ty  as a means t o  esca la te  t h e  
confl ic t .  Finally, Iarge numbers of people in  many .countries 
have become  acutely concerned abou t  possible releases of 
radionuclides f rom power plants. Taking advantage of this 
f e a r ,  a bell igerent could use t h e  t h r e a t  of radioactive 
contamina t ion  resulting f rom a successful  a t t a c k  as  a means 
of coer  cion.33 

Several  s tudies  also hypothesize recovery  t imes  necessary for resumption of a 
s table ,  product ive economy. Again, t h e  e s t i m a t e s  all  depend upon t h e  assumptions 
made  f o r  t h e  respec t ive  scenario. A cen t ra l ized  energy system t h a t  depends on 
re la t ively f e w  power plants as compared t o  a dispersed network of small-scale 
power s ta t ions ,  however ,  would require a longer recovery period t o  rebuild huge 
power genera t ing  fac i l i t i es  and replace t h e  o the r  components of t h e  complex energy 
system.  

The overal l  dependence of t he  Amer ican  economy on la rge  
quant i t ies  of e lectr ical  power and f ossil-f ueled transportation 
systems,  combined with t h e  vulnerabi l i ty  of petroleum refining 
faci l i t ies  and  significant dependence on foreign petroleum, 
suggests t h a t  t he  magnitude of t h e  dif f icul ty  in meet ing 
energy  needs  may be one of t h e  m o s t  c r i t i ca l  deterrninantk)  of 
t h e  nation's long-term abili ty t o  recover  economically ... 34 

T h e  likelihood of an assault  upon domes t ic  nuclear  power plants must also be 
t aken  i n to  account  when a t tempt ing  t o  measu re  t h e  degree of U.S. vulnerability. 
Nor on ly  does t h e  possibility o t  an e x t e r n r l  bomb a t t a c k  exist ,  but recent ly  t h e  
t h r e a t  of damage  t o  nuclear plants has expanded due t o  an increasing number of 
s abo t age  and te r ror i s t  a t tacks .  



Terrorism and Vulnerabil i ty (1.4) 

T e r r o r i s m ,  accord ing  t o  t h e  U.S. D e p a r t m e n t  of J u s t i c e  is " the  c a i c t ~ i a ? e d  use 
of v io lence  t o  obta in  poli t ical  goals through ins t i l l ing f e a r ,  in t imidat ion or  coercion. 
I t  usually involves a cr iminal  act, o f t e n  symbol ic  in n a t u r e  and in tended t o  influence 
an aud ience  beyond t h e  immedia te  victims."35 

f 
H 

Dur ing  1977 t h e r e  were  106 a c t s  of d o m e s t i c  ter ror ism.36 Terror ism cannot  B 
be c o m p a r e d  with usual criminal a c t s  - i t  is an act d i r e c t e d  agains t  a l l  of socie ty ,  
d e l i b e r a t e l y  designed t o  shock, dismay and enrage .  

T h e  m o t i v e  f o r  s a b o t a g e  may be equa l ly  poli t ical ,  but  the goal  is largely  
func t iona l ,  t h a t  is, t o  des t roy a capac i ty  o r  d i s rup t  a process typical ly  re la t ing t o  
m a t e r i a l  production a n d  o f t e n  f o r  t h e  purpose of hampering a nation's war e f f o r t  or  
de fens ive  capabi l i ty .  The s t r a t e g y  may  involve an i n t e n t  t o  unse t t l e  governmental  
o r  m i l i t a r y  au thor i t i e s ,  or even undermine public conf idence  in  t h o s e  insti tutions,  
but  t h e  principal  t h r u s t  is political. Re la t ive ly  t r iv ia l  incidents  of sabo tage  a r e  
occasional ly  assoc ia ted  with labor disputes o r  t h e  e f f o r t  of an aggr ieved  par ty  t o  
e x t r a c t  r evenge ,  or e v e n  s imple  extor t ion,  b u t  t h e  p r i m a r y  concern  remains  in  t h e  
a r e a  of d e f e n s e  production and capability. 

T h e r e  i s  l i t t l e  doubt  t h a t  e lect r ica l  power and - fue l s  t r anspor ted  over  long 
d i s tances  by complex rou tes  make  them vulnerable  t o  t e r r o r i s t  a t t a c k  a n d  sabotage.  
Virtually t h e  e n t i r e  e l e c t r i c  grid in this c o u n t r y  consis ts  of overhead  transmission 
lines. Pipel ines  c a r r y  mos t  of our natura l  gas  and pipelines (some 260,000 miles 
(918,340 ki iomete rs )  of trunktines and g a t h e r i n g  ne tworks )  a r e  major  ca r r i e r s  of 
pe t ro leum products. These e lements  of t h e  s y s t e m  (especia l ly  t h e i r  funct ion 
components ,  such  as substa t ions  and switching c e n t e r s  in t h e  case of e l e c t r i c  power 
t ransmiss ion,  and  aboveground valve, cutoff  and  p ressure  r e g r ~ l a t o r  s i t e s  for gas and  
oil pipelines) a r e  essent ia l ly  unguarded, vu lnerab le  t o  a v a r i e t y  of weapons, and  
d i f f i cu l t  t o  repair.37 Nevertheless,  r e f ine r ies ,  process in0 plants and power 
fac i l i t i e s  m u s t  be considered pr ime t a r g e t s  f o r  in te rna l  a t t a c k .  38 

Similar ly ,  t h e  high degree  of in te rconnec t ions  in  t h e  e l e c t r i c  power s y s t e m  
m i t i g a t e  t h e  consequences  associa ted wi th  t h e  loss of a n y  s ing le  power s t a t ion .  This 
l a s t  point  is a lso  t r w  of such centra l  f ac i l i t i e s  as ref iner ies :  "One should not  
u n d e r e s t i m a t e  t h e  cos t ly  damage  t h a t  is possible t o  an  oil r e f ine ry ,  b u t  t h e  
t e m p o r a r y  loss of t h e  products,  f r o m  o n e  o r  s e v e r a l  p lants  would be g rea t ly  
d e t r i m e n t a l  to to ta l  energy  flow, excep t  i n  t h e  loca l  

On  . the  o ther  hand, the re  a re  energy s y s t e m s  which a lmos t  s e e m  t o  inv i t e  

- 



To da t e ,  t h e  major terror is t  groups have shown no inclination t o  a t t a c k  U.S. 
energy faci l i t ies  elsewhere.* As shown i n  Table 1.4-1, energy related a t tacks  in t h e  
United S t a t e s  (ail bombings) have h e n  vziy minor in  scale ,  h s ~ e  resulted in l i t t l e  
damage,  and have caused almost no interruption of service. By and large, they  have 
been mot iva ted  by t h e  ra ther  mundane grievances of domest ic  groups. 

I t  may  be, however, t h a t  increased a t ten t ion  t o  t h e  energy crisis and t h e  
heightened public perception of vulnerability in  energy supply may soon a t t r a c t  t h e  
a t ten t ion  of more  dangerous groups. Certainly t h e  ongoing controversy over nuclear  
power will make  nuclear power plants increasingly a t t r ac t i ve  targets.  I t  seems 
unlikely t h a t  any but t he  best financed and most  technologically sophisticated 
terror is t  groups would be ab le  to  cause more than isolated damage. 



1 
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28:4 creek t o  nearby 

community; t h r ee  

i 
injuries 1 

lnery owned 
iurnble 011 
~ n d e n ,  NJ 

l s fo r rne r  in 
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e 
- Natural Disas te r s  and Vulnerability (1.5) 

S e v e r e  w e a t h e r  condit ions and o ther  n a t u r a l  d isas ters ,  such a s  ear thquakes ,  can 
c r e a t e  paralyzing condit ions convent ional  energy  facil i t ies,  grids, and'  
transportation/distribution systems. 

S e v e r e  winter  w e a t h e r ,  such as  t h a t  exper ienced  in 1976-77, c r e a t e s  such 
condit ions.  During t h a t  winter,  barge t r a f f i c  was  blocked by iced-over canal  
condi t ions ,  power l ines  f r o z e  and toppled, t r u c k  movements  carrying fuel ,  food and 
v i t a l  commodi t i es  s lowed t o  a virtual s tandst i l l ,  These conditions a f f e c t e d  t h e  
e n t i r e  n o r t h e a s t e r n  U.S. and t emporar i ly  cr ippled vi ta l  energy t ranspor ta t ion 
sys tems .  O t h e r  n a t u r a l  d isas ters  such a s  f loods,  droughts,  tornadoes, and hurr icanes  
h a v e  c a u s e d  havoc  t o  energy  and uti l i ty sys tems.  

O t h e r  m o r e  far- reaching disasters,  s u c h  as major earthquakes,  a re  highly 
,!' dis rup t ive  e v e n t s  which can cause  long-lasting d a m a g e  t o  energy systems. A r e c e n t  

Nat ional  S e c u r i t y  Council  (NSC) c o m m i t t e e  s t u d y  on ear thquake vulnerabil i ty 
e s t i m a t e s  t h e  probabil i ty of a massive C a l i f o r n i a  ea r thquake  t o  be 50 percen t  or  
higher wi th in  t h e  n e x t  30 years. Such an e a r t h q u a k e  could have a magnitude in 
excess  of 7.0 on t h e  Rich te r  scale,  

The NSC s tudy e s t i m a t e s  t h a t  a major  e a r t h q u a k e  would cause  between $15 t o  
$70 billion in d a m a g e  depending on which a r e a  of t h e  s t a t e  was a f fec ted  and o t h e r  
condi t ions  such  a s  t i m e  of day. For an  e a r t h q u a k e  of 7.5 magnitude str iking t h e  
New ort-Inglewood f a u l t  in  t h e  immedia te  i o s  Angeles a r e a ,  darna e would be in 
t h e  f 70 billion range  and  fa ta l i t i e s  would range  f r o m  4,000 t o  23,000. 45  

According t o  t h e  NSC study, I1mosr s y s t e m s  f o r  communications,  t ranspor t2t ion 
and  w a t e r  and  power generat ion and dis t r ibut ion a r e  a s  a whole res is tant  t o  fa i lure ,  
desp i t e  potent ia l ly  s e v e r e  local  damage ,  b e c a u s e  of the i r  network-like charac te r .  
These  s y s t e m s  would suf fe r  serious l o c a l  ou tages ,  par t icular ly  in t h e  f irsr  severa l  
days  a f t e r  t h e  e v e n t ,  but  would resume s e r v i c e  o v e r  a f e w  weeks t o  months. T h e  

. principal  d i f f icul ty  will be t h e  need f o r  t h e s e  s y s t e m s  in t h e  f i r s t  f e w  days a f t e r  t h e  
e v e n t  when life-saving act iv i t ies  will be paramount .  1143 

Region IX of t h e  Federal  Emergency  Managaement  Agency ( F E I A )  has 
p repared  a d r a f t  Ear thquake  Response Plan f o r  t h e  San Francisco a rea ,  and is now 

obi l iza t ion of 



4 
ra i l roads ,  a i rpor t s ,  pipelines and o c e a n  terminals .  T h e r e  will, 
however ,  b e  major  variances in losses  a m o n g  t h e  modes. From 
a pureiy  s t r u c t u r a i  s tandpoint  the m o r e  rigid a i d j ~ i  elevated 
s y s t e m s  such  as railroads and pipelines which c r o q  major 
f a u l t s  o n  an eas t -west  axis will incur  t h e  m o s t  e x t r e m e  
d a m a g e  wi th  init ial  losses approach ing  100 percent .  Other  

! - 
major  s y s t e m s  such a s  highways, a i r p o r t s  and  pile-supported 
piers at w a t e r  terminals  w i t h  b e t t e r  survivabil i ty 
c h a r a c t e r i s t i c s  will f a r e  much b e t t e r  w i t h  d a m a g e  general ly  in 

f 
t h e  m o d e r a t e  range of 15-30 percen t .  During t h e  1971 San 
Fernando  ea r thquake ,  numerous f r e e w a y  overpasses  collapsed. d 
Improvements  in design f o r  new overpasses  and  a program of 

4- 

r e t r o f i t t i n g  f o r  older overpasses h a v e  m o d e r a t e d  this problem, 
but s ign i f i can t  d a m a g e  mus t  k a n t i c i p a t e d  t o  unmodified I 

s t r u c t u r e s .  These  t ranspor ta t ion f a c i l i t y  loss e s t i m a t e s  a r e  
s t a t e d  i n  t e r m s  of immedia te  post-quake e f f e c t s .  They  do not 
r e f l e c t  t h e  i m p a c t  of priori ty e m e r g e n c y  recovery  e f f o r t s  or % 
t h e  i n h e r e n t l y  significant degree  of redundancy and flexibil i ty 
in  t h e  t r anspor ta t ion  system. Consequen t ly ,  t h e r e  will remain 
an unquant i f ied  but significant m o v e m e n t  capabil i ty.  Finally, 
t h e s e  loss e s t i m a t e s  do not t a k e  i n t o  a c c o u n t  t h e  questions of 
avai labi l i ty  of essential  suppor t ing resources ,  par t icular ly  
pe t ro leum fuels ,  e i ec t r i c i ty  and communica t ions .  In t h e  init ial  
response phase,  these  could prove t o  b e  t h e  mos t  l imiting 
f a c t o r s  i n  t h e  capabi l i ty  of t h e  t r a n s p o r t a t i o n  sys tem.45 

Cer ta in ly ,  t h e  po ten t i a l  fo r  widespread d i s a s t e r  is considerably  less in t h e  c a s e  
o f  a major  e a r t h q u a k e  t h a n  with a nuclear a t t a c k  o r  major  s a b o t a g e  event  a f f e c t i n g  
nat ional  energy  sys tems .  However, as this  n e w  NSC s t u d y  conf i rms,  disruption is  
h e i g h t e n e d  because  of t h e  increasing c e n t r a l i z a t i o n  and  complex i ty  of key energy  
and t r a n s p o r t a t i o n  sys tems.  In t h e  c a s e  of Cal i fornia ,  an addit ional  level  of 
p recau t ion  m a y  b e  ca l l ed  fo r  because  of t h e  l o c a t i o n  of f i v e  c o a s t a l  nuclear power 
plants. (Only o n e  is  l icensed,  but four  plants a r e  e i t h e r  under const ruct ion or r e a d y  

t 
f o r  l icensing.)  Even if t h e s e  plants a r e  n o t  d i r e c t l y  a f f e c t e d  by an ea r thquake ,  f ir 
disrupt ion in  t h e  g r i p  m a y  prevenr rhem f r o m  del iver ing crucial power t o  a f f e c t e d  s- 
a r e a s  f o r  l eng thy  periods. 

t- L 



Energy and War: Historical Lessons (1.6) 

- C t  ine concept  of t a r g e t i n g  e ~ e r g y  faci l i t ies  during t i m e s  of war is not new. 
E n e m y  energy  s o u r c e s  h a v e  been a t t a c k e d  in recen t  con i l i c t s  including World War 11, 
Korea, Vietnam,  the 1973 Middle East  conf l ic t  and  t h e  1980 Persian Gulf war. T h e  
World War I1 e x a m p l e s  of G e r m a n y  and Japan o f f e r  a c lea r -cu t  demonstra t ion of t h e  
s t r a t e g i c  d i sadvan tages  of c e n t r a l i z e d  vs. decen t ra l i zed  energy  systems. 

The G e r m a n  Exam ple: Cen t ra l i za t ion  (1.6-1) 

E l e c t r i c  power  was ,  t o g e t h e r  with coal ,  t h e  m o s t  v i ta l  par t  of t h e  G e r m a n  
energy  s y s t e m ,  a n d  f o r  a number  of reasons i t  was even  more  vulnerable t o  a t t ack .  

In 1933 t h e  ins ta l led  capac i ty  of e l e c t r i c  motors  represen ted  
73.2 p e r c e n t  of al l  indust r ia l  mot ive  power  in Germany.  By 

;.- 1944 probably 80 p e r c e n t  of the  m o t i v e  power was  derived 
f r o m  e l e c t r i c a l  sources .  Although mos t  of t h e  e l e c t r i c i t y  
consumed by G e r m a n  indust ry  was used t o  produce mechanical  
power ,  i.e., t o  run e l e c t r i c  motors ,  a s ignif icant  proportion 
was  used in  i n d u s t r i d  e l e c t r i c  ovens and in industrial 
e l e c t r o l y t i c  processes ,  the principle end  products of which 
w e r e  a luminum,  magnesium,  chlorine, and  c a u s t i c  soda and 
potash.  Finally,  e l e c t r i c i t y  was indispensable f o r  t h e  syn the t i c  
product ion of oil, rubber  and n i t r 0 ~ e n . ~ 6  . 

Coal  was  t h e  p r imary  s o u r c e  of e lec t r i c  power genera t ion  in Germany.  !n 1941, 
80.2 percen t  of t h e  e l e c t r i c i t y  produced by t h e  public power plants was ob ta ined  
f r o m  coal, and  t h e  remainin! 19.8 percent  f r o m  w a t e r  power, with about  t w e l v e  
p e r c e n t  coming  f r o m  run-of-river or  low-head hydroe lec t r i c  plants and e igh t  p e r c e n t  
f r o m  high-head hydro plants. For  t h e  pr ivate ,  indust r ia l  e l e c t r i c  power plants ,  
w a t e r  was  e v e n  less  impor tan t .  C o a l  again ran a b o u t  80 percen t  of t h e  plants, gas  
abou t  t e n  t o  f i f t e e n  percen t  and  w a t e r  about  f i v e  percent.47 

t Of t h e  80.2 percen t  of public plant e l e c t r i c i t y  genera ted  f r o m  
coa l ,  44.4 percenr  was  f r o m  brown coal  and 35.8 percen t  f rom 
bi tuminous coal .  Because  brown coal  has a low heat ing value, 
and hence  would m a k e  t ranspor ta t ion c o s t s  uneconomic,  brown 
coal  s t a t i o n s  tend t o  b e  located e i t h e r  d i r e c t l y  on or  close t o  
t h e  c o a l  f i e lds  f rorn which they a r e  supplied. Such s ta t ions  a r e  



In 1939 the re  were  8,257 e l ec t r i c  generat ing s ta t ions in 
Grea te r  Germany,  including both public and pr ivate  plants. 
Although most  of the statioiis  ere srii&l, +L- L L I G  51 ---&+A- =arc, m - r +  pa' L of 

f 
t he  capaci ty  was derived from a relatively small number of 
large stations. For example,  79.6 percent  of all t h e  stations 
had capacities of 1,000 kv-a or less, but t h e  113 stations 

I 
(representing only 1.4 percent of the  to ta l )  having over 50,000 
kv-a capacity produced 56.3 percent of all the current 
generated, and accounted for 51.0 percent  of the  e lec t r ic  

I 
power capacity. The  416 stations having over  10,000 kv-a 
capacity,  though represent ing only 5.0 percent  of all t he  public I 
and private s ta t ions,  accounted f o r  four-fif t h s  (81.9 percent) of f 
the  power generated,  and constituted 75.8 percent  of the 
capacity. 4 8 

Although this concentrat ion of e lec t r ic  power production was much smal le r  
t han  t h e  notable plant concentrat ions in orher industrial  f ields,  i t  was nevertheless a 
s ignif icant  concentration fo r  an industry a s  widely dispersed as  e lec t r ic  power and 
m a d e  t h e  industry vulnerable t o  wart ime at tack.  Following t h e  s t a r t  of t h e  war,  
t h e r e  was a substantial  increase in t he  number of giant pr ivate  generating plants 
which were  constructed in connection with t he  expanding synthe t ic  oil and syn the t i c  
rubber  industries which were  large consumers of e l ec t r i c  power. a 

Of t he  8,257 generating s ta t ions in Germany,  only about 
one-fourth (23.8 percent)  were public s ta t ions.  However, 
t he se  1,964 station2 accounted for  slightly m o r e  than half (55.8 
percent) of the to ta l  power production, as well as  slightly 
more  than half (57.9 percent)  of t he  generator  capacity. 

4 
Private  generating plants, though numerous, we re  for t h e  most 

; 
part ,  small, while t h e  public plants, though f ewer  in number, 
tended to  be larger.  The public power s ta t ions  having the  
largest  capaci t i t ies  produced t h e  overwhelming bulk of t h e  
public power. For example,  t h e  192 public s ta t ions having 

h 
more  than 10,000 kv-a capaci ty  produced 91.1 percent  of t h e  
power generated by all public plants and accounted  for 88.7 
percent of t h e  public capacity.  Although t h e  private plants 

C 
followed the  s a m e  pa t te rn ,  t hey  did so  t o  a lesser  ex ten t ,  since 
only 70.3 percent  of the private power was produced by 
s ta t ions fall ing in t he  s a m e  capac i ty  s ize  group.49 

Geographical  concentrat ion also existed, and whiie e l ec t r i c  generating s ta t ions  
w e r e  l oca t ed  throughout Germany,  there  were f i v e  main concentrations of - 

eans  of t h e  v 



m a i n  substa t ions ,  in order  t o  supply a r e a s  i n  an ever  widening c i rc le .  The ex i s tence  
of t h e  national grid caused t h e  Allies t o  quest ion t h e  vulnerabi l i ty  of t h e  .e lect r ic  
p.Gs 5ve+om. ,,. "The mobill t y  of e l e c t r i c  power,  e x c e p t  under l imi ted conditions ... 
would p e r m i t  t h e  G e r m a n s  t o  s p r e a d  t h e  loss at any- point  throughout t h e  region 
a t t a c k e d ,  and  probably throughout  ~ e r m a n . " S O  

In con t ras t  t o  th i s  assumption,  however,  was t h e  c o n c e r n  of German  off ic ia ls  
t h a t  the lAl l i es  would recognize  t h e  s t r a t e g i c  vulnerabil i ty of Germany's centra l ized 
p o w e r  sys tem.  Dr. Roser ,  Chief E l e c t r i c a l  Engineer f o r  RWE, Germany's l a rges t  
u t i l i t y ,  expressed th is  concern when h e  s t a t e d ,  "The w a r  would have finished t w o  
y e a r s  sooner  if you ( t h e  Allies) had c o n c e n t r a t e d  on t h e  bombing of our power plants 
earl ier . .  . . Your a t t a c k s  on our power  plants c a m e  t o o  l a te .  This job should have 
b e e n  done in  1942. Without our  public u t i l i ty  power plants  w e  could not have run our 
f a c t o r i e s  and  produced war mate r ia l s .  You would have won t h e  war  then and wouid 
n o t  have had t o  des t roy  our towns. There fore ,  w e  would now be in a much b e t t e r  
cond i t ion  t o  support  ourselves. I know t h e  n e x t  t i m e  you will do better."51 - 

Underscor ing t h e  surpr ise  of G e r m a n  o f f i c i a l s  t h a t  t h e  Allies did not t a r g e t  and 
d e s t r o y  power plants was Re ichmin i s te r  Albert  Speer's (Minister  for  Armament  and 
W a r  Production) comments ,  "I th ink t h a t  a t t a c k s  on power  s t a t ions ,  if concen t ra ted ,  
wiil undoubtedly have  t h e  s w i f t e s t  e f f e c t ;  ce r ta in ly  m o r e  quickly than  a t t a c k s  
a g a i n s t  s t e e l  works, f o r  t h e  high qua l i ty  s t e e l  industry,  especia l ly  e lect ro-s teel ,  as 
wel l  as t h e  whole production of f in ished goods and public l i fe ,  a r e  dependent upon 
t h e  supply of e l e c t r i c  power ... . The  des t ruc t ion  of all indus t ry  c a n  be achieved with 
l e s s  e f f o r t  via power piants."52 Agreeing wi th  Speer ,  Reichrnarschall  Hermann 
Goer ing,  Commander  of G e r m a n  Air  Forces ,  e labora ted ,  "We w e r e  very much a f ra id  
of an a t t a c h  on G e r m a n  power plants.  We had ourselves  con templa ted  such an  
a t t a c k  in  which we w e r e  t o  d e s t r o y  power plants in ~ u s s i a . " ~ 3  Figure 1.6-1 shows 
t h e  e f f e c t s  on production f r o m  des t ruc t ion  of G e r m a n  e l e c t r i c a l  plants in Allied 
raids. 

The German Example: S y n t h e t i c  Fuels  (1.6-2) 

Not  only did coal  provide t h e  major  fue l  r esource  f o r  t h e  production of 
e iecz r ic i ty ,  but  i t  was also t h e  basis upon which t h e  s y n t h e t i c  fuel  industry 
developed. Germany  developed a number  of technologies t o  ut i l ize  syn the t i c  fue l s  
f r o m  fossil and biomass sources  f o r  au tomot ive  and o t h e r  uses. Before war broke 
o u t ,  t h e  Germans had pioneered a number  of techniques  t o  use liquefied gas 
(propane,  butane)  f r o m  t h e  s y n t h e t i c  f u e l s  plants. By 1941, over 150,000 vehicles 
w e r e  running on producer gas  in t h e  Re ich  and occupied ter r i tor ies .  The  fuel  supply 
fo r  th i s  gas was a combinat ion of coke ,  a n t h r a c i t e ,  c h a r c o a l ,  coal ,  pea t  and o t h e r  
sources .  





e i g h t e e n  hydrogenation plants and  nine Fischer-Tropsch plants went  in to  
production.* Synthet ic  oil production expanded rapidly during t h e  war,  and  an  
el?ormol;s. amcunt of money ar?d resources  w e r e  devoted t o  th is  expansion. Annual 
product ion amounted  t o  1.6 million tons  (1.5 billion kg) in 1938, 2.3 (2.1 billion kg) in 
S e p t e m b e r  1939, 3.3 (3  billion kg) in 1940, 4.1 (3.7 billion kg) in  1941, 4.9 (4.4 billion 
kg) i n  1942, 5.7 (2.6 billion kg) in 1943, and had reached 6.0 million tons (2.7 billion 
kg)  annual ly  by t h e  end of 1943. By e a r l y  1944, s y n t h e t i c  oil production accounted  
f o r  m o r e  t h a n  half of t h e  G e r m a n  oil supply. 

T h e  t h r e e  major oil products of t h e  s y n t h e t i c  process w e r e  aviation gasoline, 
m o t o r  gasoline and diesel  oil. The hydrogenation process produced mainly aviation 
gasol ine ,  wi th  l a rge  amounts  of motor  gasoline and diesel fuel .  About 90 p e r c e n t  of - 
all Germany 's  aviation gasoline was  produced by t h e  hydrogenation process. 
Hydrogenat ion and Fischer-Tropsch produced 32 percent  of t h e  motor  gasoline,  36 
p e r c e n t  of t h e  diesel oil,  and a to ta l  of 39 percen t  of all pet roleum products. 

A t  t h e  midpoint of t h e  war ,  the  German  goal of equipping a quar ter  of a million 
vehic les  to use a l t e r n a t i v e  f u e l s  was apparen t ly  reached. By March 1944, m o r e  than 
80 p e r c e n t  of large  vehicles had been equipped t o  use a l t e r n a t i v e  gaseous, liquid and 
solid fuels .  German  filling s ta t ions  w e r e  established t o  dispense wood chips and 
a l t e r n a t i v e  fuels;  specia l  spa re  par ts  inventor ies  were  developed a s  well. Special 
" Imber t"  gas units w e r e  ut i l ized on automobi les  and trucks.  T o  maximize usage,  t h e  
R e i c h  g r a n t e d  a subsidy for vehicle conversion,  ranging f rom RM ( ~ e i s c h s r n a r k )  400 
t o  RM 1,000 per vehicle.55 

. T h e  s y n t h e t i c  fue l  indust ry  was c o n c e n t r a t e d  near  t h e  major  coal  mines in  t h e  
R u h r  Valley, and thus w e r e  suscept ible  t o  e n e m y  a t t ack .  Because t h e  Allies' prime 
t a r g e t s  w e r e  initiali y s t r a t e g i c  mi l i t a ry  fac i l i t i e s ,  t h e y  fa i l ed  t o  t a k e  advan tage  of 
Germany 's  energy vulnerabil i ty until very  l a t e  in t h e  war. When t h e  Allies did 
d e s t r o y  Germany 's  m a i n  s y n t h e t i c  fue l  and e l e c t r i c i t y  producing plants, t h e  German  
war e c o n o m y  was essent ia l ly  incapaci ta ted.  Figure  1.6-2 i l lus t ra tes  t h e  d r a m a t i c  
e f f e c t  of Allied bombing on synfuel  production i n  Germany  in 1944. 

T h e  his tory  of t h e  Allied bombing a t t a c k s  upon G e r m a n y  in World War I1 
d e m o n s t r a t e s  t h a t  wi th  t h e  growing Interdependence of energy  intensive economies ,  
t h e  m o r e  concen t ra ted  and cen t ra l i zed  t h e  e n e r g y  sources ,  t h e  more  vulnerable t h e  
e c o n o m y  t o  a war t ime  a t t a c k .  The  ins t igat ion of a t t a c k s  upon t h e  energy 
p roduc t ion  and t ranspor ta t ion sys tems  brought rapid and excessively damaging 
resul ts ,  par t icular ly  wi th  t h e  a t t a c k s  upon t h e  means  t o  t ranspor t  coal and  produce 
s y n t h e t i c  fuels.  
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Figure 1.6-256 

AIR RAID DAMAGE TO GERMAN SYNTHETIC FUEL PRODUCTION I 
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The Japanese  Example: Decentralization (1.6-3) 

Japan, on t h e  other hand, had a very decentral ized energy network during World 
W zr 11, making her power-generating s ta t ions a very low-priority fa r  get. According 
t o  t h e  U.S. S t ra teg ic  Bombing Survey (Pacific), "the e l e c t r i c  power system of Japan 
was never  a primary s t r a t eg i c  target"" because mos t  of t h e  power requirements 
of J a p a n  w e r e  "so numerous, small and inaccessible t h a t  the i r  destruction would 
have been  impract ical ,  if not irnpossible.1f58 



Table 1.6-160 

- - - a .  " 7 -  m y -  n n ,* A pr -,-A p 
I u I nL nlrc nlu unlvinclc. I v uENERATII".JG FAC!L!T!ES 

OF THE JAPANESE UTILITY SYSTEM 

Loss of 
capacity Pe rcen t  

Generating because of t o t a l  Amount 
s ta t ions  of a i r  loss of of damage  Percent of 

Name of Company  Hydro or  Steam damaged damage (kw) capac i ty  in yen to ta l  damage  

Nippon H a s s d e n  Hydro 
Steam 

Total 

Kan to  Haiden S team 1 9,503 - 690,067 .74 .85 - - 

Chugoku Haiden S team 

Shikoku Haiden S team 

Kyushu Haiden 

Hokkaido Haiden 

Hydro 
S team 

Total 4 3,000 - .23 152,000 .19 - - 

Hydro 2 
S team - 2 

Toral 4 0 - 0 19,000 .03 - - 

Total  Hydro 
S team 



Figure 1.6-361 

MAJOR SOURCES OF JAPANESE ELECTRICITY GENERATiON 

Figure 1.6-4G2 i 4 

PERCENT AIR RAID DAMAGE TO JAPANESE 
SMALL HYDRO A N D  STEAM ELECTRICITY PRODUCTION 



In 1944, t h e  t o t a l  generat ing c a p a c i t y  on  t h e  home islands was 10,120,000 
k i lowat t s  (10,120 MW). Genera t ion  in  t h e  p e a k  w a r  year,  1943, was 38.4 billion 
kdnulatt-hours f r o m  dl sources  including u t i l i ty ,  rai lway and  industrial  facil i t ies.  
W a t e r  power  f r o m  small  hydro plants provided 78 percen t  of t h e  t o t a l  e l e c t r i c i t y  in  
t h e  s y s t e m ,  w i t h  t h e  remainder  of use  supplied by s t e a m  plants (most ly  an t iqua ted  
coa l  plants). During t h e  w a r  t h e  l a r g e s t  h y d r o e l e c t r i c  plant i n  J a p a n  was  165 MW 
plant  on t h e  Shinanogawa River.  This p lant  supplied only 2.7 pe rcen t  of annual 
e l e c t r i c a l  consumption.  5 9 

Japan  w a s  never a b l e  t o  i n c r e a s e  t h e  overal l  level  of e l e c t r i c a l  sys tem 
expansion dur ing t h e  war. However ,  t h e  U.S. e lec t r i ca l  war economy grew at sn 
annual  r a t e  of 33 percent  (compared t o  t h e  J a p a n e s e  e lec t r i ca l  sys tem growth  of 
only t h r e e  p e r c e n t  per year). The  S t r a t e g i c  Bombing Survey points o u t  t h a t  "Japan 
could,  wi th  r e l a t i v e  ease ,  h a v e  inc reased  her  production of k i lowat t  hours over t h e  
1943 level-so f a r  as t h e  capabi l i ty  of he r  predominant ly  water-dr iven generat ion 
s y s t e m  was  concerned."63 However ,  supplies of necessary  m a t e r i d s  were  
d i v e r t e d  t o  w a r  e f f o r t ,  r a t h e r  t h a n  inc reas ing  t h e  s i z e  of t h e  e l e c t r i c a l  sys tem.  

In i t s  f o r m a l  conclusions, t h e  Allied Bombing Survey s ta ted :  

Most  of t h e  power requ i rements  of J a p a n ,  however, c o m e  f r o m  
hydro generat ing plants, which are s o  numerous, smal l  and 
inaccess ib le  t h a t  t h e i r  des t ruc t ion  would b e  imprac t i ca l ,  if no t  
impossible. If the i r  supply could  be el iminated or  d ras t i ca l ly  
c u r t a i l e d  by some o ther  m e a n s ,  e l e c t r i c  power supply could be  
reduced  t o  a point where  t h e  s h o r t a g e  would assume e c o n o m i c  
impor tance .  I t  has been shown t h a t  ne i the r  the t ransmiss ion 
nor t h e  distr ibution sys tem is, of i t se l f ,  

Vulnerabil i ty of Faci l i t ies  Since World War  I1 (1.6-4) 

Since World War 11, power plants and e l e c t r i c a l  fac i l i t ies  have  become pr ime 
targets.* During t h e  Korean war ,  t h e  Uni ted  S t a t e s  made  an  e a r l y  decision no t  t o  
b o m b  l a r g e  hydroe lec t r i c  dams  a long t h e  Ya lu  River ,  but  reversed t h e  decision t w o  
y e a r s  l a t e r  in  1952, As Bennet t  R a m b e r g  points out ,  " the  decision was  
reversed... when negotiat ions deadlocked and  des t ruc t ion  of t h e  plants s e e m e d  
necessa ry  t o  h a s t e n  t h e  war's conclusion and  t o  m a k e  more  di f f icul t  t h e  repair  work 
t h e  Communis t s  were  doing in smal l  indust r ia l  es tabl ishments  and railway 
t unne l s .~65  

During t h e  Vietnam war,  t h e  U n i t e d  S t a t e s  des t royed s o m e  e l e c t r i c a l  fac i l i t ies ,  
but th i s  was  never  a major  s t r a t e g i c  c o m m i t m e n t .  As wi th  J a p a n  dur ing World 



War 11, m o s t  power plants in Vietnam w e r e  t o o  smal l  and s c a t t e r e d  to-be  p r imary  
t r r g e t s .  Decen t ra l i za t ion  of t h e  e l e c t r i c a l  s y s t e m  prese rved  substant ia l  capaci ty .  

In t h e  Middle East ,  during t h e  1973 war, Israeli  warplanes bombed power 
s t a t i o n s  at Damascus and Horns, Syria,  " t o  subdue  Syr ian mil i tary  ac t iv i ty  and  t o  
d e t e r  o t h e r  countries f r o m  en te r ing  t h e  conflict.1f67 

Power  plants and oil ref iner ies  have b e e n  t a r g e t e d ,  most  recent ly  during t h e  
1980 w a r  between Iran and Iraq. The Abadan  oil r e f ine ry  complex a t  Kharg Island 
was  bombed. This lesson in vulnerabil i ty a f f e c t s  t h e  e n t i r e  industrial world, a s  
c r i t i c a l  oil supplies mus t  pass through t h e  na r row S t ra i t s  of Hormuz cur ren t ly  
t h r e a t e n e d  by mil i tary  actions.  

Figure  1.6-568 

THE EXTENT O F  THE FIGHTING 
1 



In f a c t ,  t h e  Persian Gulf war may prove t o  be a threatening-indicator to t h e  
fu tu re ,  as most  primary energy ta rge ts ,  ranging f rom refineries t o  key oil f ields t o  
.sL ,-. -. .... r 

L I ~  1' acl; IIUL!ear researcfl center ,  T=saitha, Were selected for bombing forays. The 
September  30, 1980 a t t ack  on t h e  French-built Osirak and Isis research reactors  of 
the Tuwaitha faci l i ty  raised t h e  spec t r e  of radioactive fallout f rom conventional 
bombing. Although officials of t h e  Nuclear Regulatory Commission contend " tha t  
t he re  (is) very  l i t t l e  risk t ha t  bombing a research  reactor  would ever cause  a 
significant fa l lout  problem" a worst-case scenario allows for  radioactive pollution t o  
spread at l ea s t  a mile or two f rom t h e  reactor.69 

"Bombs, presumably delivered by Iranian pilots, hit the  research  s i te  about  t e n  
miles f rom t h e  center  of Baghdad. They damaged an auxiliary building and forced  
t h e  F rench  technicians working on t h e  project  t o  leave. The a t t a c k  did not damage  
t h e  r eac to r s ,  bu t  i t  did shut t h e  program down indefinitely."70 

The  only missing element  in this Middle East  duel was t he  presence of 
nuclear-tipped warheads. 



Nudear Weapons and Their Effects  (1.7) - 

With t h e  advent  of the  b m b i n g  of Hiroshima, t he  scope of modern w a r f a r e  
changed radically.  A f t e r  World War 11, t h e  subsequent  development of t h e  hydrogen 
bomb and t h e  spread  of nuclear weapons technology t o  o the r  superpowers has 
expanded t h e  modern batt lefield t o  t h e  e n t i r e  industrial world. Improved missile 

f 
technology m a k e s  i t  possible t o  deliver nuclear  warheads launched f rom submarines  
t o  t a rge t s  in a f e w  minutes '  time. Table  1.7-1 i l lustrates t h e  cur ren t  inventory of 
s t r a t e g i c  nuclear  weapons in the  arsenals of t h e  Soviet  Union and t h e  United S ta tes .  

I 
These arsenals  a r e  divided into categories  which include Intercont inental  Ballist ic 
Missiles (ICBMs), Submarine-Launched Ballist ic Missiles (SLBMs), Long-range 
Bombers, and nuclear ,  missle-equipped submarines.  

Table 1.7-171 

U.S. A N D  SOVIET STRATEGIC NUCLEAR FORCES (1980 TOTALS) c1 
Sys tem 

ICBMs 

SLBMs 

U.S. - 

1054 

U.S.S.R. 

1398 

Long-range bombers  348 156 I 
Nuclear-powered, ball ist ic 
missile-equipped submarines  

Total  long-range bombers 
and missiles 

Total warheads on bombers 
and missiles, o f f ic ia l  
U.S. e s t i m a t e s  

* 1 January,  1980 



But even this last  American advantage is rapidly disappearing 
as t h e  Russians deploy large numbers of independently 
t a rge t ab l e  reentry vehicles on their  big new missiles. The r aw  
warhead t o t a s  do not  te l l  t h e  whole t a l e  anyway. A much 
higher percentage of America's warheads a r e  carr ied by 
manner  bombers and submarine launched missiles. The  
bombers have a much smaller chance of get t ing through than  
missiles do, and t h e  submarine missiles a r e  not only much less  
a c c u r a t e  than the land-based ones-not accu ra t e  enough t o  
destroy t h e  other side's missile silos-but also less readily 
usable  (only about half the American missile submarine f l e e t  is  
at s e a  and ready for  act ion a t  any given time).  72 

A n u d e a r  a t t a c k  on one of our highly concent ra ted  industrial ,  mil i tary or  
population cen te rs  would c r e a t e  massive damage,  both in t he  short-run and 
long-run. The  first  two  effects of a nuclear detonation would, occur  within seconds 
(and minutes)  following the  explosion. These e f f ec t s  a r e  blast and thermeal radiation. 

Blast  is overpressure which crushes buildings and other s t ructures;  i t  follows a 
sca l e  law, proportional t o  t he  cube root of the  yield of the  nuclear weapon. The 
blast  pressure wave is a function of t h e  s ize  of t h e  bomb, height of t h e  burst, 
a tmospher ic  conditions, and distance f rom t h e  cen t e r  of the  burst. Figure 1.7-1 
i l lustrates t h e  e f f ec t  of a one-megaton nuclear explosion over t h e  c i t y  of Det ro i t  at 
a detonat ion al t i tude of 6,000 f ee t .  

A detonat ion of this magnitude (one megaton explosion at &8,000 f e e t )  would 
c r e a t e  ex tens ive  blast  damage between ground ze ro  to  six miles. The  e f f e c t s  
summarized i n  Table 1.7-2. 

Thermal  radiation or t h e  hea t  f rom the  nuclear explosion accounts  for  
approximately one-third of t h e  energy released by t h e  explosion. The hea t  wave 
f rom t h e  explosion precedes the  blast wave by a f ew  seconds; a one-magaton 
explosion would cause  flash-blindness up t o  53 miles on a clear night. Such an 
explosion c a n  cause first-degree burns a t  distances up t o  seven miles, second-degree 
burns (serious blisters and permanent  scars)  up t o  s ix  miles away, and third-degree 
burns (which destroy skin tissue) up t o  f ive  miles away. According to the  
Congressional Off ice  of Technology Assessment: "Third-degree burns over  24 
percent of t h e  body, or second-degree burns over 30 percent  of the body, will resul t  
in serious shock,  and will probably prove f a t a l  unless prompt,  specialized medical  
ca re  if available. The en t i re  United S ta tes  has faci l i t ies  t o  t r e a t  1,000 or  2,000 
seve re  burn cases;  a single nuclear weapon could produce more  than 1 0 , 0 0 0 . " ~ ~  

Thermal  radiation, in addition t o  seriously wounding people in t he  c r i t i ca l  
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Table  1.7-274 

BLAST EFFECTS O F  A 1 MT EXPLOSION 8,O-00 FT. ABOVE THE EARTH'S SURFACE 

Dzllance from grwnd zero Peak 
(stat. rn t l~s)  lk~lomcters) over p r e r ~ u r r  

.a I .I 20 PSI 

Pvak W i n d  
veloctrv lrnohl 

470 Relnforccd c a r r e t e  srrucrurrr are 
leveled. 

clasr IPC~OIIC~ and commercial 
buoldtnxs are collaored. Small 
wood-framed and kick reradencel 
destroyed and dtrtrtbutcd as 
debria. 

Lightly constructed comrncrclal 
h> ld lngs and typtcal reltd~nces 
are destrovcd: Ecarter Consrruc- 
rzm 8 1  reverly damaxcd. 

Wall, 01 tvp~cal  steel-frame 
hutldtnqs a rc  blown a-av: rcverr 
bamace to rcradencer. 'Lands 
sufflc!cnt ro *tII leople ~n me 
open. 

11.6 11.6 I 9- 1 Damaxe to rrructurer: oeoolc rn- 
dln lerrd  5" !Iring xlarl  and 
debr,~. 

higher e l e c t r i c  f ield s t r e n g t h  than an ordinary r a d i o  wave and disappears in a 
f r a c t i o n  of a second. Although EMP is not necessa r i ly  dangerous t o  human l i fe ,  it is 
c a p a b l e  of destroying (or render ing inoperative) sens i t ive  e lec t ron ic  equ ipment  and 
components  of e lec t r i ca l  energy  systems. EMP c a n  disrupt e l e c t r i c d  grids by 
disrupt ing enough corn ponent parts  and c i rcu i t ry  t o  cause  t h e  immedia te  fa i lu re  of 
e n t i r e  e l e c t r i c a l  grid sys tems.  

The thi rd ,  and  m o s t  long-lasting e f f e c t  of a nuc lea r  detonation,  is radioact ive  
fa l lou t .  Fal lout ,  or t h e  radioact ive  part icles caused by i r radia t ion of rnater:  :I swept  
up i n t o  t h e  nuclear cloud, immediate ly  falls near  t h e  explosion within a radius  of t en  
miles  a n d  is carr ied  i n t o  t h e  a tmosphere  within t h e  mushroom cloud. Figure  1.7-2 
i l l u s t r a t e s  t h e  fa l lou t  "foctpr int"  f rom t h e  hypothe t i ca l  De t ro i t  (one-megaton) 
expiosion. This i l lustrat ion shows t h e  e f f e c t s  a c c u m u l a t e d  over  a one-week period. 
High rad ia t ion  levels, c a p a b l e  of causing d e a t h  a n d  ser ious  injury, ex tend  up  t o  200 
miles  f r o m  t h e  blast center .  Since radioact ive  m a t e r i a l s  have  varying "decay" ra tes ,  
s o m e  of t h e  more  t o x i c  m a t e r i a l s  will be s o m e w h a t  neutra l ized within a period of 
days and  weeks. However,  m a n y  of t h e  rad ioac t ive  mate r ia l s  will r emain  t o x i c  f o r  
l eng thy  periods, increasing t h e  incidence of c a n c e r  f o r  generations.  
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Assessment ,  working wi th  DCPA, presented a n  analysis of a "limitedt'  bombing 
a t t a c k  by t h e  Soviet  Union on s e l e c t e d  U.S. indust r ia l  t a rge t s .  OTA l imited t h e  
a t ~ a e k i i i g  fa-ce t o  t e n  S ~ v i e t  ICBMs (SS-18 missi!es carrying mul t ip le  independent ly  
t a r g e t a b l e  r e e n t r y  vehicles (MIRVS) with e igh t  one-megaton warheads on  e a c h  
missile). Pe t ro leum ref iner ies  were  se lec ted  f o r  th is  reason: 

Given  t h e  l imi ta t ion of t e n  ICBMs, t h e  most  vulnerable 
e l e m e n t  of t h e  U.S. economy was judged t o  be t h e  energy 
supply sys tem.  The  number of components  i n  t h e  U.S. energy 
s y s t e m  f o r c e s  t h e  se lect ion of a s y s t e m  subset  t h a t  is cr i t ica l ,  
vulnerable  t o  a small  a t t a c k ,  and would requ i re  a long t ime  t o  
r e p a i r  or replace .  OTA and t h e  c o n t r a c t o r  jointly de te rmined  
t h a t  petroleum refining faci l i t ies  m o s t  near ly  m e t  these  
c r i t e r i a .  The United S t a t e s  has  a b o u t  300 major  refineries.  
Moreover ,  ref iner ies  a r e  re la t ively  vulnerable  t o  d a m a g e  f rom 
nuc lea r  blasts. The key production components  a r e  t h e  
dis t i l la t ion units, cracking units, cooling towers .  ,. . Storage 
t a n k s  can be l i f t ed  from thei r  founda t ions  by s imilar  e f fec t s ,  
su f fe r ing  s e v e r e  damage  and loss of c o n t e n t s  and  raising t h e  
probabil i t ies of secondary f i res  and  

In th i s  a t t a c k  scenar io ,  t h e  e igh ty  one-mega ton  weapons carr ied on t h e  t e n  
55-18 miss i les  a r e  used t o  des t roy 77 U.S. r e f ine r ies  having t h e  largest  c a p a c i t y  
(with t h e  e x t r a  t h r e e  warheads used t o  des t roy  t h e  l a rges t  refineries within t h e  
original  a t t a c k  "footprints"). If all of t h e  weapons a r e  a i r  burst ,  and given t h e  
proximity  of ref iner ies  t o  large  c i t ies ,  over  f i v e  million people a r e  killed 
immedia te ly .  If the  weapons a r e  ground burs t ,  just over  t h r e e  million a r e  kiliea. 

In add i t ion  to  des t ruct ion of t h e  ref iner ies ,  many  por ts  would be heavi!y 
damaged ,  t h u s  crippling U.S. abi l i ty  t o  impor t  oil t o  m a k e  up for t h e  loss >f 
d o m e s t i c  capac i ty .  Fur the r ,  o the r  indust r ies  l o c a t e d  near  refineries would be  
d a m a g e d  o r  des t royed such as  the  p e t r o c h e m i c a l  industry which is loca ted  n e a r  
re f ine r ies  and  uses oil f o r  feedstock.  

T h e  OTA study concludes t h a t  even though a third of the  nation's ref in ing 
c a p a c i t y  would survive  this a t t a c k ,  "this does no t  m e a n s  t h a t  everyone would g e t  a 
third of t h e  pet roleum they  did before  t h e  war." Severe  ra t ioning would be  imposed,  
l imi t ing m o s t  fuel  t o  mili tary,  agr icul tura l ,  rai lroad,  police, and local government  
se rv ice  use. "The demise  of the  pet roleum indus t ry  would s h a t t e r  t h e  Amer ican  
economy," t h e  s tudy  emphasizes.  7 8 

T a b l e  1.7-3 summar izes  four potentiai  war scenar ios  between t h e  U.S. and 



Table  1.7-379 

SUMMARY O F  POPULATION AND TARGET DAMAGE 
RESULTING FROM DIFFERENT CLASSES OF NUCLEAR ATTACKS 

Main cause  of 
Descr ip t ion clvllian dam- Immediate deaths  Middle-term e f fec t s  Long-term e f f e c t s  

t t a c k  on single c i ty  Blast, f ire,  & loss of 200,000 Many deaths from in- Realtlvely minor. 
e t r o i t  and Leningrad; infras t ructure ;  fall-  2,000,000 juries; cen te r  of c i ty  
weapon o r  10 small  o u t  is e lsewhere  difficult  t o  rebuild. 
e a p n s .  

t 
t t a c k  on oil  refiner- Blast, f ire,  secondary 1,000,000 - - Many deaths from in- Cancer deaths  in mil- 
.s, lir-'*ed t o  10 fires,  fallout.  Ex- 5,000,000 juries; g rea t  economic lions only l f  a t t a c k  
iissl tensrve economlc prob- hardship fo r  some years. involves surface  

lems f rom loss of re- particular problems bursts. 

I 
fined petroleum. for  Soviet agriculture 

and for  U.S. socio- 
economic organ~zat ion.  < I  

o u n t e r f o r c e  a t t ack ;  Some blast  damage  i i  1,000,000 - Economic impac? of Cancer deaths  and 
tcludes a t t a c k  only bomber and m ~ s s l e  sub- 20,000,000 deaths  possible large generic e f f e c t s  in mil- 
7 ICBM silos a s  a m a r ~ n e  bases a t racked.  psychological impact.  lions: furrher millions 

of e f f ec t s  outside a t -  

fi 
x i a n t .  

tacked countries. 

:rack on range of Blast and fa!lout; 20,000,000 - 
i i l i ta ry  and economic subsequent economlc 160,000,000 
i r g e t s  usmg large  disruption; posslble 
.ac.rlon of exlstlng lack of resources  to 
-send t. suppor t  surviving 

population or econo- 
m i c  recovery. Possible 
breakdown of social  
order.  Posslble incapa- 
c i t a t ing  psychological 

/ t rauma.  

Enormous economic de- Cancer deaths  and 
s t ruct ion and disrup- gene::c damage  in t h e  
tion. If immediate m~llions: relatively 
dea ths  a re  in low 1nsign;flcant in a t -  
range, more tens of tacked areas,  but  qu i t e  
millions may die sub- significant e lsewhere  
sequently because in the  world. Possi- 
economy 1s unable t o  bility of e c o l o g ~ c a l  
suppor t  them. Major damaqe. 

I - 
question about  whether 
economic viabiilty can 
be restored-key var- 
iables may be those of 
polit ical  and economic 
organization. Unpre- 

I 
dic table  psycholog~cal 
ef fects .  



Dcf ense Preparedness and Vulnerability (1.8) 

Most national d e f e n s e  measures  subscribe t o  t h e  i d e a  that  the  best  defense  is a 
g o d  offense.  Many countr ies ,  including t h e  U.S. and  t h e  Soviet  Union have a l so  
addressed nat ional  d e f e n s e  concerns  with m o r e  passive measures .  Civil de fense  
(CD) is one way t o  p r e p a r e  f o r  nuclear  a t t a c k  by providing populations wi th  s h e l t e r  
and basic human n e e d s  in  order  t o  reduce t h e  loss of human life. Civil defense  could 
also con t r ibu te  t o  t h e  d e t e r r e n t  posture of a s t a t e  by convincing i t s  enemy t h a t  
u n a c c e p t a b l e  d a m a g e  would not resul t  f rom a f i r s t  s t r ike .  On t h e  o ther  hand, C D  
m i g h t  a lso  encourage  provocat ion by decreasing vulnerabil i ty,  t h e  premise  on which 
t h e  Mutually Assured Des t ruc t ion  (MAD) Doctr ine  is based. 

In recen t  ye,ars, t h e  c ivi l  defense  capabil i t ies of t h e  U.S. and  t h e  U.S.S.R. h a v e  
rece ived  considerable  a t t en t ion .  Studies show t h a t  during t h e  l a t e  1970s, t h e  
U.S.S.R. s p e n t  abou t  t w e n t y  t i m e s  as  much a s  t h e  U.S. f o r  an  ambi t ious  civil de fense  
p rogram of she l t e r  upgrading,  evacuation planning and  public education.  I t  is 
e s t i m a t e d  t h a t  in t h e  e v e n t  of a large-scale nuc lea r  exchange,  wi th  a one-week 
per icd  for population evacuat ion,  t h e  surviving population of t h e  U.S.S.R. would 
t o t a l  90 p e r c e n t  c o m p a r e d  t o  a 40 percent  survival  r a t e  f o r  U.S. ci t izens ,  based on 
c u r r e n t  levels of civil  d e f e n s e  preparedness.80 

Modern proponents  of CD believe t h a t  improved C D  se rved  t h e  s a m e  goal a s  
t h a t  s e t  for  U.S. s t r a t e g i c  offensive fo rces ,  which is t o  "preclude e n e m y  
dominiation" and  t o  m a x i m i z e  t h e  "political, e c o n o m i c  and mi l i t a ry  power of t h e  
U.S. r e la t ive  t o  t h e  e n e m y  in a postwar period.t181 Opponents f e e l  t h a t  t h e  value  
of C D  is negligibie f o r  b o t h  purposes. The d i f f e r e n c e  be tween  t h e s e  viewpoints i s  
based in d i f fe rences  i n  assumptions.  

The  f i r s t  s e t  of views s t a r t s  with a convict ion t h a t  nuclear  warheads a r e  
weapons of to ta l  des t ruc t ion ,  t h e  use  of which, o n c e  in i t ia ted,  could  no t  possibly be  
Limited o r  control led  and  would m a k e  survival of nuclear  conf l ic t  impossible and t h e  
c o n c e p t s  of f ight ing and winning irrelevant.82 Those ascr ibing t o  this view follow 
t h e  doc t r ine  of Mutually Assured Destruction,  assuming t h a t  nuc lea r  war fa re  able  t o  
c o m p l e t e l y  des t roy  t h e  adversary's  socie ty  would never  t a k e  place. 

The  second view acknowledges a nuclear revolut ion in w a r f a r e  but  sees  t h e  
b a s i c  laws of w a r f a r e  as unchanged. Civil de fense ,  t h e r e f o r e ,  r a t h e r  than being 
hopeless and i r re levan t ,  m a y  help t h e  nation t o  survive  and  recover .  This viewpoint 
pe rce ives  t h e  U.S. need f o r  a national policy t h a t  r e in forces  de te r rence .  One such  
d e f e n s e  s t r a t e g y  would be t h e  implementat ion of a n  ex tens ive  CD program. 



s t a t e  t o  launch a f i r s t  strike. This view presumes t h a t  economic, social and polit ical  
recovery a f t e r  a nuclear  exchange is likely, and t h a t  unacceptable  damage would no t  

f 
resu l t  f rom a t tack .  If nuclear war is aiways perceived as f ~ t i i e  for both sides, CE is 
a wasted e f fo r t  toward  s t r a t eg i c  equation. 

2. C D  and t h e  Credibil i ty of Dete r rence .  C D  may  increase de t e r r en t  
credibil i ty if one s t a t e  is convinced t h a t  t h e  population of another  is re la t ively 
invulnerable to  harm.  Hence, asymmetr ical  C D  gives an advantage to t he  state 
b e t t e r  prepared t o  p ro t ec t  populations by providing an  added de te r ren t  t o  enemy  

t 
a t t a c k  under t h e  t h r e a t  of counterat tack.  On t h e  o ther  hand, opponents argue t h a t  
C D  does not play a significant role toward de t e r r en t  credibil i ty due t o  t he  minimal 
contribution C D  makes  toward actual ly  protect ing nations f rom the  d r ama t i c  
e f f e c t s  of nuclear way. s 

3. CD and Crisis Coercion. CD advoca tes  posit t h a t  s t a t e s  a r e  in be t t e r  1 
bargaining positions during a crisis if populations a r e  a b l e  t o  relocate. Hence,  
wi thout  re locat ion capabili t ies,  one s t a t e  may be  "held hostage1' by enemy weapons. 
Opponents believe C D  capabili t ies would not en t e r  i n to  t h e  negotiating process s ince 
unacceptable  damage  t o  both sides would occur  should war break out. 

4. C D  and Cris is  Stability. If one s t a t e  begins an extensive evacuation of i t s  
population f rom risk a reas ,  another may perceive such ac t ion  as preparation for an  . . 
a t t a c k  and respond with  i ts  own preempt ive  s t r ike .  Conversely,  evacuation may  
allow t i m e  for  negot ia t ion and become a "side issue" under crisis conditions. 

5. American Risk-Taking. Some CD opponents  point out  t h a t  a fa lse  sense  
of secur i ty  provided by high levels of C D  could lead  t o  American adverturism, and 
result ing disaster .  Opponents counter t h a t  CD is inef f icac ious  and therefore  cannot  
provide-a real ,  l e t  a ione false,  sense of security.  The role  civil defense could, o r  
shouid, play is c lea r ly  beset  with controversy a s  well a s  a ple thora  of uncertainties. I 

5 
"In assessing t h e  debate  over CD vis-a-vis t h e  s t r a t e g i c  balance,  i t  is essent ia l  

t o  keep  in mind t h t  judgements cannot be made  w i th  ce r t a in ty  or even a t  a high 
level of confidence, as t o  the  fac tors  or  preceptions t h t  could en t e r  into  i h e  calculus 
of decision-makers during a fu ture  crisis, and might  t end  s i t he r  to  de t e r  or  
encourage escalation."83 

I 
Civil Defense: The Soviet Example (1.8-1) 

t I 
According t o  t h e  Cent ra l  Inteil igence Agency's (CIA) 1978 report ,  t he  goals of 

Soviet  civil defense  a r e  to: "protect t h e  leadership,  essent ia l  workers, and o thers  in 



desire)  to help maintain t he  logistics base for  continuing a war e f for t  following the  
nuc lear  a t tack ,  (the desire) t o  save  people and resources, and ( the  desire) t o  promote 
pastattack recovery. 1184 

According to  a Civil Defense Preparedness Agency study, t he  Soviet CD 
capabi l i ty  is characterized by t h e  following factors :  

1. Soviet CD is a nationwide program under mil i tary control. The C D  
organization consists of over  100,000 ful l - t ime personnel a t  all levels of  
t he  Soviet government and economy. 

2. The Soviets have made  a sustained e f f o r t  t o  provide blast shelrers fo r  
their  leadership and  essential  personnel. Blast protection is available for  
virtually all of t h e  leadership a t  all levels, and for  a t  l e a s t  ten to  twenty  
percent of the urban population including essent ia l  workers. 

3. Evacuation during a crisis would be  t h e  predominant means for reducing 
urban casualties. I t  would t ake  a week  or more  t o  evacua te  urban a reas  
and to  develop fa l lou t  shel ters  in rural areas which would then provide a 
high level of protection fo r  the evacuees.  

4. Performance of Soviet CD would depend primarily on t h e  time available 
for evacuation and other  preparations: 

a. With several hours t o  make  final preparations,  a large percentage of 
leaders and communications faci l i t ies  would probably survive. 

b. A large percent  (75 to  90 percent)  of t h e  essential  work fo rce  in 
blast shelters would survive an a t t a c h  designed t o  maximize damage 
to  economic facil i t ies.  

c. Given a week or more  t o  comple te  urban evacuation, nuclear e f f e c t s  
and fallout could b e  reduced t o  t h e  low tens of millions, about haif 
of which would be fatali t ies.  (This suggests fa ta l i t i es  of five,  t en ,  
or perhaps f i I teen  million, or around f ive percent  of t he  Soviet 
population.) 

5. Soviet measures t o  protect  the economy could not prevent massive 
industrial damage. Some improvements a r e  expec ted  in ability t o  pro tec t  
the economy, but a substantial  decrease  in  vulnerabili ty is unlikely. 



Civil Defense: The U.S. Example  (1.8-2) 

During t h e  pre-detente  per iod of t h e  1950s, U.S. civii de fense  poiicy w a s  
c h a r a c t e r i z e d  by evacua t ion  plans based o n  t a c t i c a l  warning a n d  bomber f l igh t  
t imes .  These  plans w e r e  abandoned,  however ,  as t h e  f e a r  of nuclear  w a r f a r e  
diminished. "The Uni ted  S t a t e s  had a n  overwhelming s t r a t e g i c  super ior i t  over t h e  
Sov ie t  Union s o  t h a t  a n y  a t t a c k  cou ld  be  m e t  wi th  devas ta t ing  re ta l i a t ion .  tli6 

A f t e r  t h e  Cuban  Missile Cr i s i s  of 1962, Pres ident  Kennedy  vigorously promoted 
an e x p m d e d  C D  program under t h e  r a t i o n a l e  of "insurance" in an uncer ta in  world in 
case of an e n e m y  miscalculation.  (I t  had been discovered during t h e  Cuban Crisis  
t h a t  Miami and  o t h e r  c i t ies  i n  Florida could not  have been e v a c u a t e d  in a n y  
practical. m a n n e r  s i n c e  no a p p r o p r i a t e  plans had been made.) 

The  heightened concern w i t h  civil d e f e n s e  enabled Kennedy t o  push t h e  civil 
d e f e n s e  budget t o  i tr  al l- t ime high in  1962  when Congress  appropr ia ted $207.6 

- I 
mill ion for t h e  new of f i ce  of Civil  D e f e n s e  plans fo r  group f a l l o u t  shel ters .  By t h e  
l a t e  1960s, however ,  annual appropr ia t ions  f o r  al l  Civil de fense  operations had < B 
dropped t o  less  t h a n  half of t h e  1962 appropr ia t ions .  \ 

* 
During t h e  1 9 6 0 ~ ~  Soviet  m i l i t a r y  s t r e n g t h  grew. T h e  r a c e  b e t w e e n  t h e  U.S. and ?; 

3 U.S.S.R. t o  develop nuclear a r m s  in tens i f i ed ,  resul t ing in  t h e  f i r s t  S t r a t e g i c  Arms  
Limi ta t ions  Talks (SALT) in 1969. A full-scale n u d e a r  w a r  s e e m e d  unimaginable 
dur ing an  e r a  of m u t w l l y  assured des t ruc t ion  and d e t e n t e ,  a n d  concern  for civil 
d e f e n s e  dwindled. 

With t h e  subrnission of a r e p o r t  t o  Congress  in 1976, however ,  Defense  
S e c r e t a r y  Donald Rumsfield w a r n e d  t h a t  the growing a s y m m e n t r y  of Soviet and 
A m e r i c a n  c i v ~ l  d e f e n s e  preparedness  was  weakening the  credibi l i ty  of U.S. 

i 
d e t e r r e n ~ e . ~ ~  Thus, f rom 1976 t o  1978, t h e  C a r t e r  Adminis t ra t ion conducted 
s e v e r a l  s tud ies  on t h e  U.S. civil d e f e n s e  preparedness  programs. 4 

El 
T h e  f i r s t  was an inte l l igence c o m m u n i t y  assessment  of Soviet  CD. The second 

was a D e p a r t m e n t  of Defense  s t u d y  on  t h e  feasibil i ty,  cos ts ,  and  preformance of 
a l t e r n a t i v e  U.S. civil  defense  programs.  The th i rd  w a s  an in te ragency  s tudy  
s t e m m i n g  f r o m  t h e  o ther  two  s tudies .  T h e  th i rd  s t u d y  also cons idered  t h e  s t r a t e g i c  
e l e m e n t s  of civii defense .  These  s tud ies  w e r e  t h e  m o s t  exhaus t ive  examinat ions  of 
civil  d e f e n s e  t h a t  had ever  been done  and  l e d  t o  Pres ident ia l  Decision (PD) 41. e f 

P D  41 of Sep tember  1978 d i r e c t e d  a n e w  CD policy a long  t h e  following lines: 4 

1. CD shorlld enhance survivabi l i ty  a n d  improve  t h e  basis f o r  recovery f r o m  
f 



4. The Crisis Relocation Planning program was t o  be ab l e  t o  function during 
t imes  of internat ional  crisis and also during peace t ime  em ergency.88 

As a policy s t a t emen t ,  PD 41 did not include any program details nor budget 
requirements .  I t  simply l isted civil defense options and suggested associated 
requirements .  One  opt ion was crisis relocation planning (CRP). 

The federa l  implementing agency for CD programs, t h e  Federal Emergency 
Management  Agency (FEMA), has determined t h a t  between blast  shel ter  systems 
and crisis relocation planning, t he  l a t t e r  is "the only moderate-cost  approach which 
has  high potential  for  survival!'89 

While a blast she l te r  system would provide residents  with more immedia te  
pro tec t ion ,  FEMA es t imates  t ha t  developing sue-#ystem' would cost over $60 
billion in an age  of l'fiscal restraint.1i90 While evacuat ion requires  more lead t i m e  
and b e t t e r  organization,. t he  Agency s t a t e s  t h a t  relocation can  be ef fec t ive  "given 
the  requis i te  planning and development of supporting sys t ems  and capabilities and 
given about  a week f o r  moving and protect ing t h e  bulk of our population a t  
risk.l891* 

Despi te  t h e  emphasis oil CRP,  i t  should be noted t h a t  in-place protection of the  
population is maintained as a fall-back plan in case  " t ime or circumstances don't 
pe rmi t  crisis r e l ~ c a t i o n . " ~ ~  Perhaps one third of t he  Unites  S ta tes '  population has 
ava i lab le  shel ters  in nearby large buildings. Others have a basement  available t h a t  
would k a sui table  shel ter .  The present plan for in-place protect ion rests  on using 
buildings and mater ia ls  already in place rather  t han  on construct ing new blast  
shelters.94 Essentially, t he  plan provides for  fa l lout  protect ion s ince very f e w  
blast-resistant s t ruc tures  exist. 

Cris is  ReIocation Planning: Current  S ta tus  (1.8-3) 

The cur ren t  emphasis of t h e  U.S. civil defense program continues t o  remain on 
Cris is  Relocat ion Planning. It "is an e f for t  t o  develop plans and re la ted  systems and 
capabi l i t ies  t o  re loca te  people f rom la rge  U.S. cit ies and o the r  possible risk areas ,  I 

*The best-financed civil defense system in the Western World is Switzerland's 
sy s t em,  which by 1980 had provided pro tec ted  fal lout  she l t e r  spaces  fo r  over six 
million people, 90 percent  of t he  Swiss population. According ta the  Swiss Off ice  of 
Civil Defense,  mass evacuation approaches were excluded f rom federa l  planning a t  
an e a r l y  point. Reasons given include: "Transportation of t h e  people into t h e  
receiving areas  and an adequate  supply could no t  be guaranteed under war  



dur ing  a crisis  t h a t  could e s c a l a t e  t o  a nuclear a t t a c k  o n  th i s  C u r r e n t  
p lanning is being done by a b o u t  140 professional planners. Most  of them a r e  hi red - r:i I 

hnder  c o n t r a c t  be tween  t h e  states and t h e  federa i  government .  The iatte: provides I 
a l l  of t h e  funding. Init ial  plans a r e  t o  be comple ted  i n  t h e  l a t e  1980s o r  shor t ly  
t h e r a f t e r .  Plans mus t  be developed for 400 risk a r e a s  and  over  1,500 host  a r e a s  t h a t  
would r e c e i v e  evacuees  if t h e  plans were  implemented.96 

7 ' 

The basic  plans a s s u m e  t h a t  two-thirds of t h e  population l ive  in high risk a r e a s  
in  case of a nuclear war  d u e  t o  closeness t o  key m i l i t a r y  and  e c o n o m i c  t a rge t s .  

L .  
Most  of t h e  population in  r isk  a r e a s  is t o  be moved t o  host  areas f a r  enough a w a y  t o  
be safe f r o m  nuclear blast.9' In order  t o  keep  t h e  e c o n o m y  going, t h e  m o s t  
e s s e n t i a l  ac t iv i t i e s  a r e  t o  be k e p t  in operat ion in t h e  r isk  a r e a s  throughout  t h e  
r e l o c a t i o n  period. Serv ices  such  as fire and  police p ro tec t ion  f o r  e v a c u a t e d  c i t i e s ,  
m a i n t e n a n c e  of food product ion and  distribution, and keeping re f ine r ies  and c e r t a i n  
o t h e r  c r i t i c a l  indust r ies  o p e r a t i o n a l  will be  essential .  

T h e  plans will provide  f o r  t h e  "key workers1' t o  m o v e  wi th  t h e i r  f a m i l i e s  t o  
r e l a t i v e l y  nearby host  areas and t o  commute  into t h e  risk a r e a s  on  a s h i f t  basis. For 
e x a m p l e ,  t h e  "key workers" in a n  oil ref inery  would not  be  t h e  e n t i r e  work i o r c e ,  but 
on ly  enough t o  keep  t h e  f a c i l i t y  i n  operation.  < 

In t h e  host a reas ,  all e c o n o m i c  act iv i t ies  would be k e p t  in f u l l  opera t ion ,  insofar  i .  
a s  pussible.98 The plans call  fo r  mos t  of t h e  e v a c u a t e d  population t o  be 
c o n d u c t e d  in pr ivate ly  owned v e h i d e s  al though s o m e  of t h e  e v a c u a t e d  population 
will move  by o ther  means .  A public opinion s a m p l e  d o n e - b y  t h e  Defense  Civil 
P r e p a r e d n e s s  Agency (DCPA) In October  and November  of 1978  revea led  t h a t  88 
p e r c e n t  of t h e  people quest ioned had a vehicle of the i r  own t o  use. Two-thirds of 
t h o s e  l ack ing  a c a r  w e r e  c e r t a i n  neighbors, fr iends,  a n d  re la t ives  would g ive  them a 
ride.99 People  wi thou t  t h e i r  own t ranspor ta t ion will be bused t o  host  a reas .  In 
dense ly  populated a r e a s ,  rai l  o r  a i r  m a y  a lso  be used f o r  t r a n ~ p o r t a t i o n . ~ ~ ~  

I: 
However ,  m o s t  f ami l i es  will be e x p e c t e d  t o  move themse lves  t o  t h e  host areas.  1. 

Init ial  recept ion of t h e  e v a c u e e s  is t o  be much l ike  t h a t  f o r  o t h e r  d isas ter  
v i c t i m s  s u c h  as t h o s e  f l ee ing  floods or hurricanes. T h e  f e d e r a l  government  is 
c o n d u c t i n g  "Host A r e a  She l te r  Surveys" t o  iden t i fy  buildings such a s  schools  and  
c h u r c h e s  which a r e  s u i t a b l e  t o  use  as t emporary  s h e l t e r s  f o r  evacuees . lo l  As y e t ,  

t 
no plans e x i s t  f o r  involuntary  billeting of evacuees  in p r i v a t e  homes. However ,  
m a n y  peop le  have ind ica ted  a willingness t o  a c c e p t  e v a c u e e s  in t h e i r  homes. lo2 e e 

Host  a r e a  res idents  and  evacuees  a r e  t o  improve  ex i s t ing  s t r u c t u r e s  f o r  
p r o t e c t i o n  f rom fa l lout .  Re loca t ion  plans a r e  t o  be  provided f o r  mobi l iza t ion of all 



o n  t h e i r  own. Several day's m o r e  supply of f w d  is expec ted  t o  be i n  t h e  store: i n  
t h e  host  areas .  Food dis t r ibutors  a r e  e x p e c t e d  t o  change delivery pa t t e rns  t o  s t o c k  
h~st-;rreas,l03 

I t  should  be noted t h a t  s o m e  a reas  of t h e  country  present  specia l  planning 
problems.  In t h e  Northeast ,  nearly four-f i f ths  of t h e  t h e  people l ive  in possible r i sk  
areas, a n d  t h e  percentage is  even higher in  California.  The f e d e r a l  government  has  
c o n d u c t e d  specia l  feas ibi l i ty  s tudies  of crisis  relocation f o r  t h e  Northeast  and  
Ca l i fo rn ia . "  These  s tudies  suggest  t h a t  crisis  relocation wou.ld ?x feas ible ,  but t h a t  
t r a f f i c  control ,  movement ,  and problems s u c h  as food distr ibution and  s h e l t e r  
c o n s t r u c t i o n  would requ i re  a g rea t  deal  of deta i led  work by planning 
professionals.104 

P r e s e n t  C R P  plans r e s t  on t h r e e  assumptions.  One is  t h a t  a l a rge  pa r t  of t h e  
populat ion will coopera te  wi th  evacuat ion orders  and instructions.  Another  is t h a t  
k e y  personnel will act in  a re la t ively  s t a b l e  and support ive  manner.  The l a s t  

. a s s u m p t i o n  is t h a t  suff ic ient  warning t i m e  will be available t o  implement  CRP.  

Severa l  conditions need t o  be  m e t  in  order  for t h e  federa l  plans t o  be 
success fu l .  T h e  f i r s t  is t h a t  s t a t e  and local  governments  m u s t  c o o p e r a t e  before  t h e  
e m e r g e n c y  in preparing t h e  implementa t ion  of the i r  planned respec t ive  roles. The 
s e c o n d  is t h a t  s t a t e  and local  governments  have adequate  plans f o r  t h e  emergency.  
T h e  th i rd  is  t h a t  pr ivate  business will be  responsible f o r  keeping t h e  economy 
runn ing  dur ing t h e  emergency.  Any one of t h e s e  f a c t o r s  could a f f e c t  CRP's 
e f f e c t i v e n e s s .  

Cr i s i s  Relcxat ion Planning is predicated on  t h e  assumption t h a t  t h e  z i f e c r e d  
populat ion will coopera te  with evacua t ion  orders and instructions.  Based on 
w a r t i m e  exper ience  wi th  C D  in Britain and G e r m a n y  and p e a c e t i m e  exper ience  wi th  
h u r r i c a n e s  in t h e  Uni ted S t a t e s ,  80 percen t  of t h e  population in r isk a reas  is 
e x p e c t e d  t o  coopera te  w i t h  re locat ion orders.  .Ten, twen ty ,  or  possibly t h i r t y  
p e r c e n t  a r e  expec ted  t o  not cooperate.  Some people m a y  e v a c u a t e  on the i r  own 
in i t i a t ive .  Looting and  o t h e r  f o r m s  of ant isocia l  behavior a r e  not  expec ted  t o  b e  
major problems due  t o  t h e  assumption t h a t  "in a t h r e a t  s i tuat ion,  human beings 
r e a l i z e  a lmos t  instinctively t h a t  cooperat ive  behavior is much m o r e  t o  t h e i r  benef i t  
t h a n  c o n f l i c t  or struggle."lo5 In support  of th i s  content ion,  DCPA c i t e s  t h e  c a s e  
of H u r r i c a n e  C a r l a  in 1961. Over  one-half million people w e r e  e v a c u a t e d  f r o m  t h e  
Gulf C o a s t  wi th  no f a t a l i t i e s  or  major accidents .  Although t h e  New York  C i t y  
b l a c k o u t  was  accompanied by considerable looting,  DCPA argues  t h a t  many  people 
he lped  e a c h  o ther  and t h a t  t h e  perceived danger  was not g r e a t  enough t o  m a k e  a l l  
act i n  a coopera t ive  manner as would t h r e a t  of nuclear  a t tack. lo6 



In order  fo r  the  federal  plans t o  work, s t a t e  and locaf governments must 
c o o p e r a t e  t o  c a r r y  ou t  t h e  role Washington expec t s  of them. DCPA admits t h a t  if a 
loca l  government  is reiucrant or rejects t he  p!az, the  CD prngramts implementation 
mus t  wait  until local authorit ies change t h e i r  minds.lo9 

S t a t e  plans a r e  expected t o  provide f o r  supplying food and other essentials t o  
. t h e  population and for supporting local  government operations (for example,  s t a t e  
police a r e  t o  ass is t  local t r a f f i c  control effor ts) .  Local governments of host areas  
a r e  t o  provide t r a f f i c  control and parking, t emporary  lodging and food, and fallout 
she l te rs .  Plans by local governments within risk areas  a r e  t o  provide for  t h e  initial 
re locat ion move,  commuting of evacua ted  essent ia l  workers t o  the i r  jobs in risk 
a reas ,  and blast  protection f o r  those still in  those areas. Maps and evacuation 
instruct ions a r e  t o  be  prepared for risk a r e a  residents and ready for .  publication in 

- l oca l  newspapers  in case evacuation becomes necessary. 

The food redistribution plan depends almost  ent i re ly  on present means of 
commerc ia l  distribution. The costs f o r  aus t e r e  emergency rations and other supplies 
f o r  evacuees  (for prestocking) a t  today's prices would be approximately a half billion 
dollars. Thus, i t  is considered more cost  e f f e c t i v e  t o  rely on adjusting the  existing 
food  distribution system.l l o  

In 1978, t h e  Department  of Defense al located $230 million a year fo r  FY1s 
1980-84 t o  fund a CD program adequate  t o  insure a two-thirds survival r a t e  with one 
week  not ice  of an a t t a c k a l l l  The cur ren t  projected CD budget is $100-110 
million a year. Funds a r e  not avai lable  t o  rehearse evacuation plans "or f o r  
improving cu r r en t  marginal capabili t ies in  such a reas  as Direction and Control ,  
iVarning, Communications,  Radiological Defense,  Emergency Public information, 
and Training. "112 '!Paper plans only" insure no more than a 50 percent,  survival 
ra te .  DCPA has indicated t ha t  a SO percent  survival r a t e  does not a f f e c t  t h e  
s t r a t e g i c  balance and does not enhance U.S. abi l i ty  t o  resist  coercion.l l 3  

War Emergency Plan: The Cal i forn ia  Example (1.8-4) 1- 
The basis of California's CD pl2nning is the  War Emergency Plan, which was 

published in 1970 and is currentiy being revised to cover crisis relocation. It  is 
based on t h e  assumption t h a t  adequate  planning and warning can limit civilian 
casua l t ies . lL4  The plan elaborates  a S t a t e  War Emergency Organization and 
assigns tasks  to each element.  Provisions a r e  made  fo r  a Direction and Control 
Group, Staff Sections, Emergency Resources Management,  and Emergency 

e 
t 

~ e r v i c e s . l l ~  Also provided for  are sub-state level regional organizations for 
wart ime.  S t a t e  Mutual Aid Regions consist  of several counties. Within each Region 

f 



The provisions of California's War Emergency Plan a r e  being expanded under a 
Nudear Cjvi l  Protection Planning con t r ac t  ~ with t h e  Federal  Emergency 
Management  Agency (FEMA). In addition t o  t h e  1970 version plan with  provisions 
f o r  F i r e  and  Rescue, Law Enforcement ,  Medical and Health,  and Reception and 
C a r e / E m e r  gency Welfare, t h e  1980 plan increases  t he se  emergency  services to  
include Movement  Operations and She1 ter  Development/Engineering plans.1 

P a r t s  of t h e  plan delineate spec i f ic  t ime  er iods  such a s  Preparedness Period 
(Increased Readiness and Crisis Re loca t ion) l l$  and At tack  and Early Post-Attack 
~ e r i o d s . ~ ~ ~  Another part of t he  plan includes System and Support Annexes. 
These annexes  include Direction and Control,  Movement  Operations, Reception and 
C a r e ,  Law and  Order,  Fire and Rescue, Medical and  Health,  Shelter Development, 
Economic  C o n s i d ~ a t i o n s  and Controls ,  and Resources  Management. The  Resources 
Management  Annex has completed appendices en t i t l ed  ~onstructionlEngineering, 
Heal th ,  Housing, Industrial Production, Manpower, Supply/Procurement, 
Telecommunicat ions ,  and uti l i t ies.121 

As of May  1980, parts of t he  Cal i fornia  plan r ema in  incomplete. These a r e  the 
Food, Fuel,  and  Transportation Appendices. Their impac t  on other  par ts  of t he  plan 
is appa ren t  when i t  is remembered t h a t  t h e  purpose of t he  Resources Management 
Annex is t o  I1(o)versee ... distribution and/or redistribution of food and other  essential 
supplies." and  t o  (a)rrange fo r  t ransporta t ion t o  m e e t  essential  needs."122 The 
impor t ance  of t h e  missing appendices is underscored when i t  is recalled t ha t  the  
sho r t age  of mater ia ls  fo r  fallout shel ters  in host a r ea s  i s  assumed t o  be  solvable by 
divers ion of mater ia ls  from other  areas.123 The missing appendix for food 
resources  management  is especially cr i t ical  s ince  the feae ra i  government expec ts  
th i s  responsibil i ty t o  be assumed by t h e  s t a t e  governments.  

T h e  Rivers ide County Operat ional  Area Genera l  Plan fo r  Nuclear Civil 
P ro t ec t i on  basically follows t h e  guidelines of t h e  Cal i fornia  S t a t e  NCP. Specific 
plans have been elaborated fo r  various kinds o f  operat ions  (i-e. Increased Readiness, 
Cris is  Relocat ion,  and A t t ack  Operations). Systems or functional plans are 
w g a n i z e d  as annexes (i.e. Direct ion and Control,  Law and Order ,  Medical and 
Hea l th ,  Recept ion  and Care,  and Resources and 5upport) . lZ4 

Essent ia l  to t h e  workings of t h e  plan a r e  s eve ra l  supporting documents. The 
Rivers ide Coun ty  Operational D a t a  Manual "provides essential  information regarding 
t h e  resources  available within t h e  county; as well as those t h a t  would have t o  be 



f 
as hos t  areas.128 The degree  of r i sk  of nuclear  a t i a c k  t o  t h e  loca l  a r e a  has  been 
the deciding factor iii deteimifi ing whether or  n e t  a c i ty  is tn be e v a c u a t e d  or t o  

I 
s e r v e  as a host  a rea .  h 

An e x a m i n a t i o n  of s t a t e ,  coun ty ,  and c i t y  plans revea l s  c e r t a i n  problems in  
t h e i r  p repara t ion .  These  include: 

1. T h e r e  is a lack  of planning i n  t h e  key  a r e a s  of fobd,  f u e l ,  and @ 
t r anspor ta t ion .  

' 2. Pre l iminary  s tudies  ind ica te  c e r t a i n  communicat ions  weaknesses.  

3, Cris i s  Relocat ion Planning mus t  conf ron t  problems inheren t  in dealing 
w i t h  unknown quanti t ies.  

4. Planning is based on t h e  assumption t h a t  enough t i m e  will b e  avai lable  
dur ing a crisis  t o  a l l ev ia te  def ic iencies  in preparation.  

T h e  ommission in  s t a t e  planning f o r  food,  fclel, and t ranspor ta t ion  seriously 
a f f e c t  R ivers ide  County's  CD preparat ions .  C o u n t y  emergency  planners  e x p e c t  d 
loca l  government  emergency  planners t o  s tockp i le  food in s h e l t e r s  fo r  i m m e d i a t e  a 

3 
needs;  t h e  state is e x p e c t e d  t o  r e d i r e c t  food  supplies c o m m e n s u r a t e  w i t h  local  
needs.129 T h e  county 's  Movement  Cont ro l  Plan cal ls  fo r  vehicles t o  be re fue led  - 
by gas  truck.  Al though t h e  refueling point i s  iden t i f i ed  in  t h e  plan, i t  is not c lea r  

C 

who is  responsible  f o r  providing t h e  gas trucks.  According t o  t h e  state officials ,  i 
Cali fornia ' s  War Emergency  Plan is in  i t s  th i rd  y e a r  of development  and i t  is hoped 
t h a t  t h e  key problem a r e a s  noted above will be addressed by t h e  end  of F i sca l  Year  

" 

I 

It  is e s t i m a t e d  t h a t  Rivers ide  C o u n t y  will need  shel ters  fo r  1,197,000 people 
who will b e  r e l o c a t e d  f r o m  Los Angeles and  San Diego Counties.  R ivers ide  County  3 

3- 
l a c k s  su f f i c ien t  resources  f o r  s h e l t e r  cons t ruc t ion  and mus t  g e t  t h e m  from 
e v a c u a t e d  areas.130 These  requ i rements  f o r  resources  cannot  be m e t  unti l  s t a t e  
pi ans  a r e  com pl e ted.  

* 
C 

L 
C o m m u n i c a t i o n s  problems could adversely  a f f e c t  execut ion of t h e  plans f o r  

o rder ly  evacua t ion ,  l a w  e n f o r c e m e n t ,  and t r a f f i c  control .  Many of t h e  coun ty  police 
d e p a r t m e n t s '  r a d i o  s e t s  l ack  f requenc ies  compat ib le  wi th  o t h e r  depar tments .  

C 
C u r r e n t  lans cal l  f o r  using police units  frorn e v a c u a t e d  a reas  in  o t h e r  p a r t s  of t h e  

r 
county.  lY2 Unti l  t h e  problem of compat ib le  r a d i o  f requenc ies  is solved,  police 
o p e r a t i o n s  in  s u p p o r t  of evacua t ion  will be  hindered. j 

- 



Some crit ical tasks may not be accomplished until i t  is too late.  Many act ions 
necessary t o  carry out  CD plans a r e  not scheduled to  be  accomplished until 
increased readiness is ziiiiioiinced. This inc!~~des p r e p r a t i ~ n s  f w  the  stockpiling of 
s h e 1 t e r s 1 3 ~  and preparation of signs needed t o  control crisis t r a f f i c  
rnovernent.l35 None of the mentioned local plans have any specific t i m e  for  
review and update before announcement of increaseed readiness. U.S. "high-risk" 
a reas ,  e.g., those likely t o  be bombed in nuclear war,  a r e  shown in Figure 1.8-1. 
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Conclusions (1.9) - 

T h e  e m e r g e n c y  issue -of vulnerabil i ty of energy  s y s t e m s  is recognized by t h e  
I 

U.S. O f f i c e  of Technology Assessment of t h e  f o r m e r  Defense  Civil P reparedness  
Agency (now t h e  F e d e r a l  Emergency Management  Agency). The "industrial a t t a c k "  
opt ion in a U.S. -Soviet Union nuclear  exchange  is a ssumed  t o  be t h a t  p e t r o l e u m  
fac i l i t i e s  will b e  targeted."  

A t  th is  point in  U.S. history,  understanding t h e  problem of energy vulnerabi l i ty  
is a t  a genera l  state. Most  s tudies  and off ic ia l  r e p o r t s  consider t h e  primary e f f e c t s  
of nuclear  t a r g e t i n g  o n  s o m e  faci l i t ies ,  bu t  l i t t l e  w o r k  has addressed sub-system 
components  and  o t h e r  scenar ios  f o r  widespread d a m a g e  f o r  t h e  U.S. e c o n o m y  
through massive  dis t rupt ions  i n  conventional supplies of e l e c t r i c i t y  and fuels. In t h i s  
f i r s t  sect ion.  w e  have  outl ined his tor ic  lessons in e n e r g y  target ing,  provided a n  
over  view of c e n t r a l i z e d  systems,  focused on vulnerabi l i ty  of these  s y s t e m s  t o  
s a b o t a g e  and  disruption,  i n d  discussed civil de fense  planning f o r  contingencies.  

d 
B 

In t h e  following s e c t i o n ,  a more  deta i led  survey  a n d  discussion of c e n t r a l i z e d  c 
U.S. energy  s y s t e m s  is given,  including f u t u r e  courses  f o r  e lec t r i c i ty  and s y n t h e t i c  
fue l s  development .  
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ENERGY: EXISTING SYSTEMS AND TRENDS (2.0) 

Introduction and Overview (2.1) 

T h e  energy  sys tem in t h e  United S t a t e s  today is highly cen t ra l i zed .  Production 
of e l e c t r i c i t y  fo r  consumer  use depends  on an  increasingly cen t ra l i zed  sys tem of 
large  genera t ing  plants,  which in t u r n  depend on o ther  centra l ized systems of fue l  
product ion,  t ranspor ta t ion,  refining, and storage.  Fuel deliveries t o  t h e  consumer  
re ly  on s imilar ly  cen t ra l i zed  sys tems  of production,  t ranspor ta t ion,  and s torage.  

T h e  t e r m s  "centralized" and "decentra l ized"  a r e  no t  readily quant i f iable  t e rms ,  
nor a r e  t h e  re la ted  concepts  of "iarge-scale" and "small-scale." Generally,  
c e n t r a l i z e d  power  is t h e  dependence of an energy system on a relat ively smal l  
number  of large  components.  This definition c a n  be applied accura te ly  t o  e a c h  of 

i 

\ -- t h e  various subsystems such as t ranspor ta t ion which make up t h e  U.S. energy 
sys tem.  As e l e c t r i c a l  generat in  p lan t  sizes and the i r  service  a r e a s  increase ,  a 
c e n t r a l i z e d  dependency emerges.  k 

A second impor tan t  c h a r a c t e r i s t i c  of our energy sys tem is i ts  energy- 
in tensi ty .  In every s t a g e  of i t s  opera t ion ,  today's energy system requires substant ia l  
energy  t o  mainta in  i t se l f .  For example ,  four pe rcen t  o f  each  bar re l  of oil produced 
is consumed i n  t h e  re f ine ry  operation.  2 

Conver t ing  energy f rom one f o r m  into ano ther  involves not  only i r revers ible  
e n t r o p i c  losses but o f t e n  is accompained by rejecrion of large ainoilnts of w a s t e  h e a t  
t o  e i t h e r  a tmospher ic  or  wa te r  coo lan t  systems. For example ,  conver t ing oil in to  
e l e c t r i c i t y  by f i r s t  burning i t  in a boiler  t o  h e a t  w a t e r  t o  make s t e a m  to  r o t a t e  a 
tu rb ine  usually resul ts  in a loss of a b o u t  two-thirds of t h e  in t i t a l  energy introduced 
i n t o  t h e  sys tem.  Most conventional e l e c t r i c  uti l i ty power plants  require  abou t  
10,000 Btus of fue l  energy  t o  produce one kilowatt-hour of e lec t r i c i ty ,  whereas  if 
t h e  p rocess  where  100 p e r c e n t  e f f i c ien t ,  i t  would require only 3,413 Btus. 

These  l imi ta t ions  on thermodynamic eff ic iency a r e  especia l ly  s ignif icant  
b e c a u s e  approximately  30 percen t  of a l l  basic energy inputs in t h e  U.S. a r e  used for  
t h e  genera t ion  of e lec t r i c i ty .  The equivalent  o f  abou t  1.6 million bar re l s  of oil pe r  
day a r e  used fo r  e l e c t r i c i t y  generat ion.  1.1 million a r e  i r re t r ievably  lost due t o  
t h e r m o d y n a m i c  ineff ic iencies ,  energy  conversion processes and  was te  h e a t  
re ject ion.  This loss is an  arnount e q u a l  i o  abou t  seven teen  p e r c e n t  of a l l  oil impor t s  
t o  th is  country.3 



The introduction of coa l  into t h e  American economy in t h e  19th C e n t u r y  was 
n o t  t h e  f i r s t  t i m e  th is  energy source  had been used on t h e  cont inent .  The Hopi 
Indian t r ibe  mined c o a l  in wha t  is now Arizona in 1000 A.D. By t h e  t i m e  t h e  

I 
Spaniards  reached t h e  a r e a ,  more  than 100,000 tons (90.7 million kg) had  been 
mined. The European pioneers had a n  abundance o f  wood avai lable  t o  t h e m  and  coa l  
was  unnecessary  until they  had dec imated  t h e  f o r e s t s  in t h e  mid-19th Century.  

r 
B e t w e e n  1850 and 1861, as t h e  new iron and  s t e e l  industries g rew and c o a l  replaced 
wood f o r  boiler fuel, t h e  consumption o f  coa l  tr ipled.  By 1885, coal  surpassed wood 
in overa l l  fue l  use in t h e  U.S. Coa l  supplied 6 5  p e r c e n t  of U.S. energy needs  in  1895, 

r 
and  remained  t h e  dominant  fue l  well in to  t h e  20th  t 

Liquid fuels  such as kerosene and petroleum w e r e  an  impor tan t  addit ion t o  t h e  I 

U.S. energy  supply. Both were  developed a s  c h e a p  subs t i tu tes  fo r  whale  oil ,  a 
c o m m o n  lamp fuel  grown increasingly sca rce .  Coa l  oil,  or  kerosene,  w a s  a liquid . 
fue l  m a d e  f rom coal by processes invented in England. By t h e  1850s t h e r e  w e r e  50 
t o  60 kerosene  plants making l amp fuel  on t h e  e a s t  coas t .  

I 
r 

Edwin Drake drilled America 's  f i rs t  oil well  in 1859, in Pennsylvania;  wells  
produced more  than 500,000 gallons (109 million l i ters)  of th is  "kerosine" ( t h e  
spell ing was  changed t o  d i f f e r e n t i a t e  i t  f rom c o a l  oil) t h e  nex t  year .  The production 
of oil quadrupled within a decade.  

By t h e  beginning of t h e  20th  Cen tury ,  energy  consumption in A m e r i c a  had 
increased substantial ly,  following t h e  changing c h a r a c t e r  o f  t h e  U.S. economy. 
Smal l  towns  and villages grew into  ci t ies.  Industries f r o m  food processing to railway 
c a r  manufac tu r ing  became mechanized.  The most  d r a m a t i c  change  in t h e  American 

1. 
e c o n o m y  c a m e  with t h e  invention o f  t h e  automboi le ,  which a l t e red  rhe  e n t i r e  
p a t t e r n  of land use a s  well a s  fuel  consumption in America .  The f i r s t  workable  
gasol ine  engine,  fueled by wha t  was then considered a "useless" by-product of 
ke ros ine  refining, was developed in Germany in 1877 by Nikolaus O t t o .  His engine 

I 
b e c a m e  t h e  model for production of a l l  in ternal  combust ion engines,  and  was f i rs t  
used a d e c a d e  l a te r  in t h e  Benz automobile.  In 1903, Henry Ford in t roduced t h e  
gasoline-powered automobile,  and s e t  up t h e  f i r s t  assembly lines of the  Ford Motor 

L 
Company.  In t h e  s a m e  y e a r  t h e  Wright brothers ,  using a gasoline engine,  fulfi l led a n  
age-old d r e a m  of flying. I 

T h e r e  were  8,000 automobi les  in t h e  U.S. in 1900; by 1908 this number  had 
inc reased  t o  194,000. Within t h r e e  years,  Americans  purchased 600,000 of t h e  new 
machines .  By 1930, t h e r e  were  more  than  23  million vehicles reg i s te red  in t h e  
u.s .6 



In t h e  20th  Century,  energy-consu-ming technology has become integral  t o  t h e  
o p e r a t i o n  of households, fac tor ies ,  and f a r m s .  E lec t r i ca l  use by t h e  American public 
-. 6- .-. 
3;lLt; World War !! has  mere thar! sextupled;  and  e lec t r i c i ty  now accounts  for  about 
one-four th  of t h e  nation's energy use. F r o m  1940 t o  197 1, annual  consumption more 
t h a n  tripled-and while the  u.S: expor ted  36 million barrels of oil in 1940, i t  had t o  
i m p o r t  m o r e  t h a n  64 t imes  t h a t  a m o u n t  (2.3 billion barrels) 39 years  la ter .  In th is  
s a m e  per iod,  natura l  gas  consumption rose  f r o m  2.6 trillion cubic  f e e t  (73 billion 
c u b i c  m e t e r s )  per  year  to  more  t h a n  19 tr i l l ion cub ic  f e e t  (A03  trillion cubic meters)  
and liquid n a t u r a l  gas (LNG) consumption s o a r e d  f r o m  2.2 billion gallons (8.3 billion 
l i t e r s )  to 24.8 billion gallons (93.9 billion ~ i t e r s ) . ~  

T h e  f e d e r a l  government has  been very  involved in energy and mineral  resource 
issues. As ea r ly  as t h e  Mining A c t  of 1866, which declared public lands to  be "free 
and  open" f o r  mining, national legislat ion h a s  encouraged t h e  exploitat ion (mining 
and dr i l l ing)  of minerals and energy resources ,  including oil, coal ,  and uranium. The 
Mineral  Leasing Act of 1920 es tabl ished t h e  contemporary policies of issuing 

.. prospec t ing  permi t s  and leases fo r  exploi ta t ion of energy and minerals on public 
lands. 

In 1913 t h e  f i rs t  f edera l  income t a x  law p e r m i t t e d  "extract ive  industries" such 
a s  t h e  oi l  industry,  an  exemption of f ive  p e r c e n t  of their  gross income taxes  t o  
c o m p e n s a t e  fo r  t h e  depletion of t h e  resources .  Until quite recen t ly ,  th is  "depletion 
a l lowance"  policy remained unquesti.oned. 

T h e  f e d e r a l  government  has  regula ted t h e  pr ice  of e lec t r i c i ty  and  natural  gas  
s i n c e  t h e  es tabl ishment  of t h e  Federa l  Power Commission in 1920. In t h e  1930s t h e  
g o v e r n m e n t  established t h e  Tennessee  Valley Author i ty  (TVA) and t n e  Bonneville 
Power  Adminis t ra t ion (BPA), agenc ies  charged  with building e lec t r i ca l  generat ion 
f a c i l i t i e s  in addition t o  providing e lec t r i c i ty .  The Rural  Electrif ication 
Admin is t ra t ion  (REA), was responsible for  providing e lec t r i ca l  se rv ice  t o  t h e  rural 
regions  of t h e  United Sta tes .  

T h e  f e d e r a l  government  has  regula ted t h e  energy industries t o  some e x t e n t  
through the J u s t i c e  Depar tment  and t h e  Secur i t i e s  and  Exchange Commission. Due 
t o  viola t ions  of Anti-trust laws, t h e  major  o i l  companies  (especially Standard Oil 
Company  of New Jersey)  were  divided in to  c o m p e t i n g  companies.  

T h e  his tory  of America  in th is  c e n t u r y  could b e  told largely in t e r m s  of t h e  
increas ing u s e  of energy,  mineral ,  and  o t h e r  m a t e r i a l  resources. The l a rges t  jump in 
consumption was made  with t h e  Second World War. T h e  United S t a t e s  was a major 



T h e  e c o n o m i c  boom following t h e  war  coupled with t h e  country's new 
technological  base ,  expanded U.S. energy use tremendously.  Energy-consuming 
8 , -  , L - - I - -  r r leuldru~dl ' '  hes t ing  a d  coo:iiig techno!ogies became s tandard  equipment  fcr  
h o m e s  and buildings. The post-war development  of t h e  i n t e r s t a t e  highway 
system-history's  larges t  public works project--and t h e  populari ty of t h e  p r iva te  
au tomobi le  helped de te rmine  a t ranspor ta t ion f u t u r e  linked t o  pet roleum.  Every use 
a c c e l e r a t e d  as t h e  nation turned f rom rail t r a n s p o r t  t o  highway t ranspor t .  t o  move 
f re igh t .  Be tween  1946 and 1968, t h e  U.S. population increased 43 percen t ,  y e t  
e l e c t r i c  power consumption increased 276 p e r c e n t ,  and motor  f u e l  consumption 
i n c r e a s e d  100 percent .  In t h e  past  30 years,  changes  in t ranspor ta t ion,  industry, 
agr icu l tu re ,  and  housing have led to  ve ry  high energy   demand^.^ 



Conventional Energy Systems (2.2) 

The development  of cen t ra l i zed  energy s y s t e m s  in t h e  U.S. economy occur red  " 
during a period when less-central ized e n e r g y  sources  such as hj~dio-pots;zr, 
windmills, and wood,fired processes w e r e  n o t  c a p a b l e  of  providing t h e  v a s t  a m o u n t  
of ene rgy  required by a rapidly indust r ia l iz ing soc ie ty .  The lack of precision in 
p r i m e  movers  and ea r ly  power mach inery  favored  u s e  of large amounts  of fossil f u e l  
f o r  t r anspor ta t ion  and power processes.  The  e n e r g y  could not be  readily supplied by 
locally-available hydropower and biomass  fuels .  

This sec t ion  descr ibes  in s o m e  d e t a i l  t h e  c o m p o n e n t s  of modern liquid and  solid 
f u e l  sys tems ,  as well a s  e l e c t r i c  u t i l i ty  sys tems .  Conventional  energy sys tems  f o r  
pe t ro leum,  na tu ra l  gas,  coal, nuc lea r ,  and e l e c t r i c  p lan t s  a r e  summar ized  and f u t u r e  
p a t h s  a r e  indicated,  illustrating t h e  d e g r e e  of d i spe r sa l  and decentra l iza t ion in t h e s e  
s y s t e m s  (synfuels, fu tu re  power p lants ,  etc.). 

F rom a s t r a t e g i c  energy pe r spec t ive ,  understanding the  possibilities fo r  
d ispersa l  within t h e  larger s y s t e m s  is a s i g n i f i c a n t  f i r s t  s tep  towards  designing 
a l t e r n a t i v e  approaches  and for downsizing un i t s  f o r  use  in community-based sys tems .  

Pe t ro leum (2.2-1) 

Almost  74 pe rcen t  of the e n e r g y  supply in t h e  United S ta tes  in 1979 c a m e  f r o m  
oi l  and na tu ra l  gas.10 U.S. dependence  on p e t r o l e u m  and gas has  grown on t h e  
s t r e n g t h  of t h r e e  basic quali t ies of t h e s e  fuels: (1)  a s  resources they  have been  
readily available;  (2) they a r e  ve ry  c o n c e n t r a t e d  energy  sources;  and  ( 3 )  they a r e  
eas i ly  t ranspor ted .  

Pe t ro leum is America 's  p r e m i e r  fuel .  I t  f u e l s  t ranspor ta t ion,  conver t s  t o  
e l e c t r i c i t y ,  hea t s  homes, powers indust ry  and is a l s o  a n  important  raw m a t e r i a l  in 
pet rochemicals .  A host  of e s sen t i a l  p roduc t s  a r e  m a d e  f rom pe t ro leum,  including 
fe r t i l i ze r s ,  pest icides,  medicines, indust r ia l  c h e m i c a l s ,  and lubricants. 

The technology for  all fossil f u e l s  begins  w i t h  exploration,  a n  expensive  and 
t ime-consuming p'rocess based on t r i a l  and e r r o r .  Suspected reserves of oil,  g a s ,  o r  
c o a l  c a n  be  conf i rmed only by a c t u a l  drilling.  more than one-four th  of t h e  e n t i r e  
land a r e a  of t h e  United S ta tes  is now under lease f o r  oil  and gas exploration.11 

The s i t e s  f o r  energy consumption tend t o  r e m a i n  constant  because  they a r e  
based on f a c t o r s  such a s  population,  w e a t h e r ,  indust r ia l  ac t iv i ty ,  and location of 
o t h e r  resources.  The s i tes  for e n e r g y  supply h o w e v e r ,  may change o v e r  a period a s  
s h o r t  a s  severa l  years.  America ' s  c u r r e n t  ma jor  energy  supply region,  t h e  Gulf 
C o a s t  a r e a ,  has  apparent ly  reached i t s  peak a s  a suppl ier  of oil and n a t u r a l  gas ,  a n d  



Extraction of petroleum is complicated by g r e a t  variations in t h e  configuration 
of deposits and the surrounding geology. Early oil  wells were easily tapped by 
drilling t o  a pool relatively near t he  surface.  Today secondary and te r t ia ry  recovery 
methods  a r e  being appiied to oii fieids which have been ciriiied a first t h e .  These 
methods  include injection of water  o r  gas  under  high pressure into additional wells 
to f o r c e  the  oil  toward the producing holes, o r  t h e  use of detergents,  solvents, or 

C 
underground combustion to loosen t h e  oil  f rom rock. C 

$ 
American oi l  wells pump about 8.5 million barrels  of oil per day which supplies 

approximately 48 percent of what t h e  U.S. needs. U.S. domestic production has 
. f a l l en  9.6 percent  f rom its peak in t he  ear ly  1970s. In 1979, U.S. domest ic  

production of crude oil  totaled 3.1 billion barrels ;  imports were up to  2.3 billion 
bar re l s  t h a t  s a m e  year, equalling a to ta l  consumption of  6.4 billion 5arrels.13 
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Estimates  of future  availability of oil vary  widely. Figures used by geologists 
a r e  reserve  figures. The U.S. Geological Survey def ines  a reserve as  " tha t  portion of 

!! 
t h e  identified resource from which a usable mineral  and energy commcdity can  be 
economically and legally extracted a t  t h e  t i m e  of determination."14 The United 
S t a t e s  is known to have 35.3 billion barrels  o f  e t roleum reserves, or about five t, 
pe rcen t  of t he  known to ta l  world reserve of oilafi  In addition, geologists es t imate  
t h e  quant i ty  of undiscovered resources which may exist .  An undiscovered resource 
is defined a s  an  'knspecified body of mineral-bearing mater ia l  surmised to  exist  on ! 
the  basis of broad geologic knowledge and theory;  in other  words, a guess a t  
probable supplies based on geological data."16 Estimates of U.S undiscovered 
recoverable  petroleum resources range from 55 billion barrels to  456 billion barrels. 
At t h e  cur ren t  (and constant) ra tes  of consumption of six billion barrels per year,  

t 
t h e  U.S. d o r ~ e s t i c  oil supply is predicted to  las t  be tween  one and seven decades. i 

As can  be  seen in Table 2.2-1, Texas remains  t h e  nation's largest producer of C 
c rude  petroleum with more than a billion bar re l s  in 1979. Alaska produced about 
half as much t h a t  same year, with Louisiana running third in te rms  of production. 
Cal i fornia ,  Wyoming, and New Mexico a r e  major  oil  producers.17 Table 2.2-1 also 
evidences the decline in American production. Production steadily decreased 

i 
t h r o ~ g h  1977, bu t  began to  rise in 1978. f 

- 
The United States  now imports 6.4 million barrels  of oil daily (36 percent) to 

help m e e t  national consumption of 17.8 million barrels per day.18 The U.S. 
Depar tment  of Energy expects this trend to cont inue until  Alaskan oil makes a more 

C 
subs tan t ia l  contribution to  U.S. supply. The to t a l - amoun t  of Alaskan oi l  t h a t  we can 

r- L 

expec t  t o  recover has been est imated by t h e  U.S. Geological Survey to  be eleven 
billion barrels.19 If Alaska were our sole sou rce  o f  oil, and we used it  a t  cur ren t  
consumption rates--without allowing fo r  increases--the U.S. would deplete  the 

d 
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Table  2.2- 121 

U.S. CRUDE OIL PRODUCTION 

1973 1979 I 

I Alaska 77,323 5 11,538 
I 

California 336,075 352,465 

Louisiana 8 3  1,529 494,962 

New hlexicz 100,986 79,379 

Texas 1,294,67 1 1,013,255 

Wyoming 

Other  575,405 538,90 1 

TOTAL 3,360,903 3,l  14,553 

The  in ternat ional  sources of oil  will a s sume even g r e a t e r  importance a s  
domes t ic  sources  a r e  depleted in coming years .  A t  present ,  U.S. 011 rese rves  
represent  a b o u t  7.2 percent  of t h e  world's r ecoverab le  reserves. The Soviet Union's 
oil r e se rves  represent  14.3 p e r c e n t  of t h e  world's pet roleum reserves.22 More 
than one-half of t h e  recoverable oi l  in t h e  world is concen t ra ted  in t h e  region of t h e  
Persian ~ u l f  .23 

i 

Contr ibut ions  of foreign pet roleum to  t h e  U.S. energy system c o m e  f r o m  many 
sources,  and e n t e r  t h e  s y s t e m  through por t s  throughout t h e  coun t ry  where it is 
d is t r ibuted t o  t h e  industrial Northeast  by pipeline. The  U.S. imports  a major portion 
from t h e  Middle East ,  including Iraq, Saudi Arabia,  t h e  Arab Emirates ,  Kuwait ,  
Q a t a r ,  O m a n ,  Bahrain, Turkey and Yemen.  

T h e  U.S. also receives substant ia l  impor t s  f r o m  South America ,  principally f rom 



As a hedge agains t  t h e  vagaries of world oil  poli t ics,  U.S. energy planners a r e  
determining ways t o  increase  domest ic  production.  Aside f rom the  production of o i l  
f r o m  known reserves ,  a number of exist ing methods  (and some proposed methods)  
have been advoca ted  for  producing 011 f r o m  deposi ts  not  here tofore  considered 
economical ly  recoverable .  

I ~ Techniques  known as- "secondary" and " ter t iary"  recovery methods recover  

I addit ional o i l  f r o m  old, near-depleted wells. In t h e  ea r ly  days of o i l  drilling, gas a n d  
wate r  pressure  a lone  forced oil t o  t h e  su r face .  In t h e  1930s oil producers  began t o  
use a secondary recovery process called w a t e r  f looding,  which pumped w a t e r  i n t o  
one wel l  t o  f o r c e  oil out  of adjacent  wells. This t echn ique  enabled a recovery r a t e  
in excess  of t h e  usual twenty percent .  Today, a b o u t  half of t h e  nation's oil i s  
produced using secondary techniques,  and t h e  a v e r a g e  yield has  risen t o  34 p e r c e n t  
of an oil  field's resource  to ta l .  

T h e  oil indust ry  f i rs t  a t t e m p t e d  t e r i t a ry  process ing in 1952. Ter t i a ry  processes  
a r e  a var ia t ion on t h e  w a t e r  flooding techniques,  subst i tu t ing various chemicals  f o r  
water .  The techniques  have  never proven economica l  and today only a few thousand 
barrels per day a r e  produced in pilot plants. 

Several  new techniques  for t e r i t a r y  oil r ecovery  h a v e  been developed, including 
t h e  injection of various gases,  s t eam,  ca rbon  dioxide,  and exo t ic  chemica l s .  
Successful  t e r t i a r y  techniques  could add b e t w e e n  30 and 60 billion barre ls  t o  
potent ia l  US. reserves ,  assuming t h a t  today's recovery r a t e s  can b e  raised seven t o  
th i r t een  percent .26 A bas ic  l imitation of a l l  s c h e m e s  t o  increase oil recovery by 
these  techniques  is t h e  energy required t o  recover  t h e  oil. Lf t h e  addi t ional  
investment  in energy and mater ia ls  necessary  fo r  t e r t i a r y  recovery is higher t h a n  
t h e  energy  re tu rn  f rom t h e  oil or  gas  recovered,  t h e n  t h e r e  will be a net  energy  loss. 

Almost  a l l  of t h e  pet roleum used in t h e  United S t a t e s  requires t ranspor ta t ion at 

e 
one t i m e  o r  a n o t h e r .  Of t h e  4.43 billion barre ls  of c r u d e  oil  consumed by t h e  U.S. in 
1974, a l l  b u t  45 million barre ls  were  moved through t h e  national energy  
t ranspor ta t ion sys tem.  

Whether f r o m  s i t es  of domest ic  production o r  points  of importation,  c r u d e  o i l  is \ ,  - 
t ranspor ted t o  ref iner ies  as t h e  next  s t e p  in t h e  p e t r o l e u m  f u e l  cyc!e. Once  ref ined,  
i t  is t r anspor ted  t o  marke t s  in much t h e  s a m e  manner  by pipeline, w a t e r  c a r r i e r s  
( tankers) ,  motor  c a r r i e r s  ( trucks),  o r  rai lroad t ank  c a r s .  

L 
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Crude  oi l  is rare ly  used in i t s  original f o r m ;  i t  is a lmos t  always refined t o  s o m e  
ex ten t .  Like o i l  production,  oil  refining is c e n t e r e d  in t h e  Gulf C a s t  region. In 
1979, abou t  38 p e r c e n t  of t h e  U.S.'s 5.6 billion bar re l s  of petroleum products w e r e  
re f i f id  t h e r e ,  mnstly ir! Texas (1.463 billion barre ls) .  The Great  Lakes and Middle 
At lant ic  regions  a c c o u n t  for another  n ine teen  percen t .  Most o ther  s t a t e s  do at l e a s t  
some refining.30 

I ~ Table 2.2-2 shows the typical  range of p roduc t s  ref ined f rom one barre l  of oil. 
I Refineries do vary t h e  composit ion of p roduc t s  seasonally to some extent :  f o r  

example  g r e a t e r  concen t ra t ions  of gasoline a r e  re f ined  in t h e  summer for  vaca t ion  
trave1.31 

Table  2.2-232 

WHAT A REFINERY DOES. WITH AN AVERAGE BARREL 
O F  CRUDE PETROLEUM 

Gaso line 
Disti l late o i ls  (diesel  fuel  & heating oil) 
Residual f u e l  oil ( for  industry & power plants)  
Lubricating oil ,  asphal t ,  pet rochemicals  
Propane,  butane,  and o ther  g a s  products  
J e t  fuel  
Consumed in ref inery  operation 

Percentage of Oil 

The distr ibution of refined petroleum produc t s  f rom the  Gulf S t a t e s  to  t h e  
Southeastern  and North Cen t ra l  S ta tes  is by pipeline,  t o  New England by w a t e r ,  t o  
Florida by water ,  t o  California by pipeline, and within Califomia by t ruck.  
In te r s ta te  and regional movement  of pe t ro leum produc t s  is principally by truck.33 

The basic  movement  of a l l  pet roleum is north and  eas t  from t h e  Gulf region 
toward industrial  and population centers .  Pe t ro leum contributed 47 percen t  of t h e  
t o t a l  U.S. energy supply in 1979, including impor t s  and domestic production.34 
Imported pe t ro leum is part icularly important  t o  t h e  Northeast ,  because of i t s  lack 
of indigenous resources,  and t h e  Gulf region, where  i t  is substi tuted for declining 
domest ic  supplies. 

Within t h e  United S ta tes ,  California and New York a r e  t h e  two g r e a t e s t  







Natura l  Gas  (2.2-2) - 

Clean-burning n a t u r a l  g.25, o n c e  regarded a s  a- nuisance by-product of oil wells, 
is now a n  important  r e s i d e n t ~ a l ,  commerc ia l ,  and  indust r ia l  fuel ,  a s  well a s  a favored 
fuel  fo r  e lec t r i ca l  generation.  Since  1900, consumption of natura l  g a s  has grown 
steadily (see Figure  2.2-2) outdistancing coa l  and  fa l l ing just short  of petroleum. 
Na tura l  gas  now supplies near ly  25 percen t  of overa l l  energy demand in t h e  
u . s . ~ ~  A major  reason for  i t s  popularity may be  its re la t ive  lack of polluting 
emissions when burned.37 

T h e  e s t i m a t e s  of undiscovered domest ic  n a t u r a l  g a s  resources a r e  a s  d isparate  
a s  t h e  e s t i m a t e s  of oil resources. Est imates  range f r o m  a maximum of 2,000 trillion 
cub ic  f e e t  (52.5 trillion cubic  m e t e r s )  of gas  t o  a minimum of 374 trillion cubic f e e t  
(10 trillion cubic  mete r s ) .  T h e  to ta l  natura l  g a s  rese rves  in t h e  U.S. in 1978, 
according to  t h e  Energy Information Administrat ion (EIA) of t h e  DOE, were  200 
trillion cubic f e e t  (5.5 trillion cub ic  meters). According t o  t h e  EIA, current  annual  
consumption is over  19 trillion cub ic  f e e t  of g a s  per  y e a r ,  which leaves less t h a n  
e leven years  of proven gas reserves. j8 I t  is e s t i m a t e d  t h a t  26.2 percent  of t h e  
world's to ta l  remaining natural  g a s  r e s e r v e s s a r e  l o c a t e d  in t h e  Persian Gulf. Only 
t h e  Soviet  Union has more  e s t i m a t e d  f u t u r e  g a s  rese rves  wi th  31.8 percent  of t h e  
world's to ta l .  Domes t ic  natura l  g a s  equals only 9.3 p e r c e n t  of t h e  world's total. 

The  1976 D e p a r t m e n t  of Energy e s t i m a t e s  suggest  t h a t  Alaskan gas might 
supply somewhat  m o r e  than one trillion cubic  f e e t  (30 billion cubic meters)  be fore  
1985, and imports  of g a s  (shipped t o  t h e  U.S. in l iquified,  cryogenic  container-ships) 
might supply t w o  trillion cubic f e e t  by t h a t  year .  This p ro jec ted  suppl comprises  
t h i r t e e n  p e r c e n t  of c u r r e n t  U.S. consumption of na tu ra l  g a s  in one  year. 3 J 

ti 

Natura l  depressur izat ion of a n  underground reservoir  fo rces  gas  upward through 
producing wells. Because of n a t u r a l  underpressurization o r  gradual  loss of na tu ra l  

L 
pressure ,  a large  f r a c t i o n  of t h e  available gas  a t  mos t  wells  must be used to pump 
t h e  remainder  o u t  of t h e  ground.40 t 

Texas  and Louisiana supply most of t h e  n a t u r a l  g a s  t o  t h e  r e s t  of t h e  United Y 

Sta tes .  Together  t h e  two  s t a t e s  produced 70 p e r c e n t  of t h e  to ta i  national marke ted  4- 

production in 1978. Texas  and Louisiana a r e  also f i r s t  and  second, respectively,  in - 
consumption of na tu ra l  gas. Oklahoma, Kansas a n d  New Mexico contr ibuted 
n ine teen  p e r c e n t  of t o t a l  nat ional  gas  supply in 1978. These  f ive  s t a t e s  continue t o  
produce abou t  90  p e r c e n t  and consume 40 p e r c e n t  6f na t iona l  supply.41 
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t h a t  one tank  o f  LNG contains  about  600 t imes  t h e  a m o u n t  of energy contained in a 
t a n k  of regular na tu ra l  gas. This t remendous concen t ra t ion ,  plus t h e  f a c t  tha t  LNG 
vapor izes  on c o n t a c t  with a i r ,  means  t h a t  is mus t  b e  shipped wi th  e x t r e m e  
caut ion.43 

Most LNG c o m e s  t o  t h e  U.S. in super tankers  f r o m  Algeria, t h e  principal 
e x p o r t e r  of L N G  Libya and Indonesia a r e  a lso  major exporters.44 Tankers 

- c a r r y i n g  LNG a r e  of highly specialized design. Spher ical  t anks  o r  "membrane" t anks  
c a r r y  t h e  LNG within t h e  hull of t h e  ship. Because o f  economies  of sca le ,  t h e  s i z e  
of t h e s e  tankers  has  grown over t h e  years ,  unti l  t h e y  a r e  now up to  1,000 f e e t  (304.8 
m e t t e r s )  long with c a r g o  tanks up t o  100 f e e t  (30.5 m e t e r s )  tall.  Such tankers  cos t  
approx imate ly  $200 million apiece. The  world f l e e t  of t h e s e  ships is e s t imated  at  79  
vessels.  Their  s tandard ca rgo  capac i ty  is 125-130,000 c u b i c  meters ;  ships with a 
c a p a c i t y  of 200,000 cubic  meters  a r e  now on t h e  drawing board. The standard c a r g o  
c a p a c i t y  is enough t o  h e a t  2.5 million homes on a 2 2 0 F  (-5.60C.) day o r  t o  
provide e lec t r i c i ty  for a c i ty  of 85,000 people for  one  year.45 

\ 
T h e  United S t a t e s  has one e x p o r t  terminal  a t  Kenai ,  Alaska where  LNG is 

d i s t r ibu ted  t o  t h e  lower 48 s ta tes .  Two o ther  Alaskan terminals  a r e  planned, a t  
Cook Inlet  and Point  Gravina. Various gas  companies  mainta in  import terminals a t  
Elba  Island, Georgia;  Cove  Point, Maryland; and E v e r e t t ,  Massachusetts .  There a r e  
proposals  for  more  impor t  terminals a t  Point  Concept ion,  California;  Lake Charles,  
Louisana; West Deptford,  New Jersey;  S t a t e n  Island, New York; Newport, Oregon; 
Providence,  Rhode Island; and Por t  OtConner  and Ingleside,  exa as.^^ 

Once  imported,  LNG is stored a t  e i t h e r  large  "peak-shaving" s ta t ions  or smal l  
s a ~ e l l i t e  s ~ a t i o n s .  Peak-shaving plants  s t o r e  LNG t h a t  gas  companies buy at  low 
s u m m e r  ra tes  and t h e n  resell a t  t i m e s  of peak w i n t e r  demand.  There a r e  now 6 3  
such  plants  in t h e  United ~ t a t e s . ~ 7  Peak- shaving p lan t s  in turn supply LNG t o  
s m a l l e r  sa te l l i t e  faci l i t ies  in more  r e m o t e  a reas .  T h e r e  a r e  about 60 of t h e s e  
fac i l i t i e s  in t h e  u . s . ~ ~  

Both types  of faci l i t ies  employ double-walled, insula ted t anks  t o  keep t h e  LNG 
a t  i t s  required low temperature .  T h e  tanks  rely on  insulation t o  maintain t h e  
t e m p e r a t u r e ,  r a t h e r  t h a n  on power refrigeration.  (Most t a n k s  a r e  made of specially 
a l loyed m e t a l ;  o the rs  a r e  const ructed wi th  pre-s t ressed concre te .  Some tanks hold 
as much a s  50,000 c u b i c  mete r s  of LNG. A f e w  hold more  than 100,000 cub ic  
m e t e r s .  Tanks a r e  large  because of economies  of s c a l e ,  because  they t a k e  up less 
s p a c e  in urban a r e a s  and because the re  is less loss f r o m  bailing-off LNG rever t ing 

'4 9 t o  gas  and dispersing. 



In 1979, the  United S ta tes  consumed 19.5 t r i l l ion cub ic  f e e t  (.4 trillion cub ic  
m e t e r s )  of natural  gas.52 Fif ty  billion cub ic  f e e t  (1.3 billion cubic  meters)  of i t  
moved around the  U.S. in pipelines owned by 34 i n t e r s t a t e  natura l  gas  pipeline 

f 
companies.  As of i979, rhere' were  341,247 (549,066 'Kmj miies of naturai  g a s  
transmission pipelines, field and a ther ing lines, a n d  a n  addit ional  688,480 (1,107,764 
k m )  miles of distribution rnainstS3 The U.S. n a t u r a l  g a s  pipeline network is shown 
in Figure  2.2-2. 

I 
I 

The typical  natura l  gas pipeline is 30 inches  (.76 mete r s )  in d iamete r  and abou t  1 

1,000 miles (1,609.3 km)  in length.  Some a r e  a s  wide  as 48 inches (1.2 meters). 
Pipelines a r e  buried and a r e  invisible above ground e x c e p t  f o r  right-of-way markers  
a n d  occasional compressor stat ions.  

The  natural  gas  "grid" consis ts  of t h e  l ines and in terconnect ions  between 
cross-country pipelines. I t  is formal ized a m o n g  companies  by proprietary 
a g r e e m e n t s  and f raught  with insti tutional barriers.  T h e  nation's  na tu ra l  gas supplies 
a r e  managed by many small, independent gas  companies  who would have to  fo r fe i t  

I 
s o m e  control  of their  operations if  a grid were  t o  e x i s t ,  and t h e y  a r e  re luctant  t o  d o  
this.  The interconnections t h a t  exis t  now a r e  m e a n t  t o  be  used for  only a short  t i m e  
f o r  ins tance,  in emergencies  or  fo r  sa les  or  exchanges  be tween  companies.  

c1 
r 

Underground s to rage  facil i t ies which a r e  t h e  p r e f e r r e d  method of storage,  a r e  f 
usually natura l  format ions  such a s  s a l t  mines, aqu i fe r s ,  or  fully deple ted oil and g a s  
wells. The average capaci ty  of underground s t o r a g e  pools is about  nineteen billion 
c u b i c  fee t .  In 1978, the re  were  388 such s t o r a g e  fac i l i t i e s  in t h e  U.S. There a r e  
a l so  5 3  underground s torage aquifiers,  with a n  a v e r a g e  capac i ty  of 30 billion cubic 
f e e t  ( -8 billion cubic  meters) .  Approximately half ef  t h e  s t a t e s  in t h e  U.S. use 

d 
underground pools, and  about t e n  s t a t e s  use aquif iers .  S t a t e s  in t h e  East North 
C e n t r a l ,  West South Centra l ,  and (Middle At lan t i c  regions m a k e  t h e  most use of 
underground na tu ra l  g a s  s torage. j4  

# 

G a s  companies t r y  t o  s to re  thei r  peak-shaving supplies n e a r  t h e  a reas  where 
t h e y  will be consumed. MOST s to rage  a reas  a r e  a f e w  miles away  f rom t h e  towns 

i 
t h a t  use  them.  Companies use t h e  smal ler  d is t r ibut ion main pipelines to  t ranspor t  
n a t u r a l  gas  f rom s to rage  a reas  in to  t h e  homes and businesses of the i r  customers.  L 

Twenty  percen t  of the  energy t h e  U.S consumed in 1979 was in t h e  form of 
n a t u r a l  gas. Per  c a p i t a  consumptian of natura l  g a s  began to  decl ine  in 1972, b u t  
inc reased  slightly in 1978 by 1.7 percent .  Small inc reases  in t h e  residential  and 

k 
L 

c o m m e r c i a l  sec to rs  were  o f f se t  by a larger decrease  in  t h e  industrial  sector .55 - 

S t a t e s  rely on natural  gas t o  varying degrees -  In s o m e  s t a t e s  gas  is used 
principally for heating homes and domes t ic  w a t e r ,  and  for  cooking; in o thers  i t  is 
used f o r  e lec t r i ca l  generation or h igh- temperature  indust r ia l  processes.  

t 



C o a l  (2.2-3) 
- 

C o m m e r c i a l  coal mining in t h e  U.S. began abou t  1750 n e a r  Richmond, Virginia. 
. . .  T h e  f i r s t  expansion o i  coai mining begaii wi th  t h e  r s e  ::: lr*. 2nd s t e e l  production 

dur ing t h e  Civil War. By 1885, r a i l roads  were  t h e  g r e a t e s t  consumers  of coal. When 
t h e  ra i l roads  conver ted t o  diesel  e l e c t r i c  locomotives,  t h e  e l e c t r i c  power generat ing 
c o m p a n i e s  s tepped in as t h e  major  consumers of coal .  Decline in t h e  use of 
a n t h r a c i t e  coa l  for space hea t ing  and  cooking was o f f s e t  by a n  increased use  of 
b i tuminous coa l  by t h e  iron and  s t e e l  industries. However ,  overal l  coal  use  has  
dwindled rapidly since 1910 f r o m  a b o u t  70 percent  of U.S. energy use to abou t  18 
p e r c e n t  in 1979, having been displaced fo r  most uses by oil  and gas.58 

Pressures  t o  reduce dependence  on foreign oil and  uncer ta in t i es  about nuclear 
power 's  abil i ty t o  provide a f rac t ion  o f  U.S. e lec t r i c  demand  a r e  again  bringing c o a l  
t o  na t iona l  a t tent ion.  

Ut i l i t i e s  and energy planners (principally t h e  U.S. D e p a r t m e n t  of Energy) a r e  
looking t o  t h e  nation's t remendous domes t ic  reserves  of coal  t o  be  t h e  pr imary 
s o u r c e  of energy for t h e  nation's  e l e c t r i c  power plants--for new plants, and 
replacing oil in some oil plants. This increased use of c o a l  will not  be wi thout  a 
number  of a t t e n d a n t  environmental  problems. 

Never theless ,  t h e  U.S. government ,  through severa l  impor tan t  pieces of 
legis la t ion,  is encouraging ut i l i t ies  and  private industry t o  conver t  f rom t h e  use of 
oil  and  g a s  to  coal .  The Power P lan t  and Industrial Fue l  Use A c t  requires u t i l i t ies  to  
use f u e l s  o t h e r  than oil or  gas  in new ut i l i ty  boilers a f t e r  1990. 59 

T h e  U.S. Geological Survey and  t h e  U.S. Bureau of Mines e s t i m a t e  t h a t  t h e  U.S. 
holds 1.5 trillion tons (1,360.8 tr i l l ion kg) of coa l  a t  dep ths  t o  3,000 f e e t  (914.4 
m e t e r s )  a n d  in seams a t  l eas t  f o u r t e e n  inches thick. T h e  Bureau of Mines consideres  
136.7 billion tons  (124,012 billion kg) economically r e c o v e r a b e l e  with cur ren t  mining 
technology. The  remainder could only be mined using sophist icated deep-mining 
techniques ,  s ince  the  deposi ts  a r e  e i t h e r  too deep f o r  s u r f a c e  mining o r  t h e  s e a m s  
t o o  t h i n  t o  b e  effect ively  surface-minded. 

Coal is t h e  most p lent i ful  fossil fue l  in t h e  Uni ted S ta tes .  I t  represents  a b o u t  
88 p e r c e n t  of t h e  proven reserves  of a l l  U.S. fuels. Extensive  deposits  of c o a l  a r e  
found in t h e  eas tern ,  c e n t r a l  and wes te rn  United S t a t e s ,  including high-grade c o a l  
r esources  in Alaska. The s t a t e s  wi th  t h e  g r e a t e s t  known resources  of minable c o a l  

resources .  
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O f  t h e  various types of coal, a n t h r a c i t e  is of t h e  highest  energy quali ty,  
fo l lowed by bituminous, subbituminous, and lignite. Anthrac i t e  is found largely in 

1 
Pennsylvania  (although the re  a r e  substant ia l  Alaskan deposits)  and has a n  energy 
va lue  of 14,OOQ Btus per pound. Subbituminous c o a l  conta ins  an  energy value  of - 
9,500 Btus  per pound and lignite yields 6,100 Btus per  pound. 

Ownership o f  coal  reserves is spli t  among  t h r e e  in teres ts :  energy companies;  
t h e  ra i l road industry;  and coal  consumin industries which include e lec t r i c ,  s t ee l ,  
o t h e r  m e t a l s ,  and chemical  industries.& T h e  locations of most coa l  beds is 

C 
known. F a c t o r s  such a s  rank, ash c o n t e n t ,  cont inui ty ,  thickness,  and dep th  remain 
t o  b e  discovered.  

T h e  major  questions surrounding coa l  r ese rves  a r e  where  and how coa i  will be 
e x t r a c t e d  and used. A 1973 study by t h e  Library  of Congress  indicated t h a t  30 
billion t o n s  (27,215.5 billion kg) of low-sulfur (one p e r c e n t  or  less) s t r ippable  
rese rves  ex i s t  in t h e  West, compared to  only 1.8 billion tons (1,632.9 billion kg) in 
t h e  East .  However,  the re  a r e  a n  addit ional  82 billion tons  (74,389.1 billion kg) of 
low-sulfur reserves in t h e  East ,  half of which a r e  recoverable  wi th  c u r r e n t  deep 
mine  techniques.61 Coal  in t h e  West is pr imari ly  recoverable-  by str ipmining 
techniques .  Energy planners a r e  looking with i n t e r e s t  at  western  coal ,  and severa l  
convers ion technologies have been proposed for  exploit ing these  deposits. 
Deve lopment  plans for using western coa l  involve str ipmining and  t ranspor t ing coal  
by uni t - t ra ins  (specially designed long f re ights ,  carrying only coal)  t o  consuming 
a r e a s ,  o r  mixing pulverized coal  with wa te r  and  transporting t h e  resulting "slurry" 
v ia  pipeline to consuming areas.  

S t r i p  mining is the  least  expensive and mos t  e f f i c ien t  means  of mining coal .  I t  
is done  by str ipping overlying mate r ia l  away  f r o m  a minable coa l  seam with large 
e l e c t r i c  shovels,  and blasting t h e  coal  into chunks with explosives. Most s t r ip  mines 
a r e  less t h a n  two  hundred f e e t  deep. St r ip  mines  produce a s  much as 15,000 tons 
(13,607,77 1.1 kg) of coal  a day and employ a s  many  a s  700 men in a single mine.62 

Underground mining is t h e  tradit ional  method  of mining coal .  Historically mine 
e . 

s h a f t s  w e r e  dug t o  in te r sec t  coa l  seams ,  and miners  would dri l l  o r  blast in to  t h e  c o a l  
s e a m  a n d  then  load c a r t s  full of broken coal  and  push t h e m  t o  t h e  surface .  Now , - 
much of this operat ion has been mechanized.  Continuous mining machines  c u t  
r a t h e r  t h a n  blast  t h e  coal ,  break i t  and move i t  continuously in to  wait ing cars .  Most 
underground coal  mines a r e  less than 3,000 f e e t  deep.  p roduce  f rom t w o  t o  t h r e e  

c-- 
tons  t o  10,000 tons ,  and employ one t o  two  thousand men  per  mine.63 

t 



C o a l  is s t i l l  a p lent i ful  domes t ic  resource;  in 1979, t h e  U.S. exported 59,874 
million kg of c o a l  and imported only 1,814 million kg.66 Australia and South 

<-;-- - - ~ - I ; A P A  7 3  n a r r e n t  ~f tnt=I IT C rml j m n n r t ~  in 1978. Other suppliers a r e  ALr ILo yt vr.u,u , y , ,  ., .-. - i-i ,,-- 
' - -  67 Canada ,  Poland, West Germany,  and t h e  Netherlands. 

Most u s e  of c o a l  involves significant t ranspor ta t ion,  which a f f e c t s  i t s  delivered 
1 pr ice  m o r e  t h a n  o ther  fuels. This, in tu rn  a f f e c t s  t h e  need fo r  d i f ferent  va r ie t i e s  of 

coa l ,  t h e  working of t h e  spot  and long-term delivery marke t s ,  private ownership of 
s o m e  product ion and transportation capac i ty ,  and perhaps  seasonal f luctuat ions  of 
supply in 

C o a l  is t r anspor ted  mainly by railroads,  w a t e r  ca r r i e r s ,  and trucks.  Coal  s lurry  
pipelines (carrying coa l  suspended in w a t e r )  a r e  becoming an  important a l t e rna t ive .  
Severa l  s lurry  pipelines a r e  planned and one  is now operat ing.  About half of U.S. 
c o a l  product ion moves by rail, a q u a r t e r  by w a t e r ,  and a b o u t  t en  percent  by t ruck.  
The r e s t  is consumed at the  m i n e - m ~ u t h - ~ g  Figure 2.2-3 shows t o t a l  c o a l  
movement  in t h e  U.S. . 

I t  is s ignif icant  t h a t  al l  of these  t ranspor ta t ion modes,  with t h e  except ion o f  
t h e  pipelines,  depend on diesel fuel .  According to  t h e  Congressional Research  
Service ,  "...our dependence on overseas  sources  for half of t h e  oil we use may 
t h r e a t e n  our  supply lines for coal  a s  well."70 

T h e  s ingle  largest  movement of coa l  in t h e  U.S. is t ranspor t  of metal lurgical  
c o a l  by ra i l  f r o m  t h e  Appalachian region t o  Virginia f o r  export ,  followed by 
t ranspor t  of s t e a m  c o a l  from t h a t  region to North Carolina.  Large amounts  a lso  
move f r o m  Appalachia to  Ohio and Michigan, and t o  New York and New England 
f rom Pennsylvania ,  and  in te r s ta te  in Pennsylvania, Illinois, Indiana, Kentucky, Ohio, 
and West Virginia. Long shipments  c o m e  f r o m  Wyoming and Montana t o  t h e  
Midwest. 

Trucks  move  coa l  in smal ler  amounts  and over  s h o r t e r  distances. Trucks a r e  
used s imilar ly  f o r  i n t e r s t a t e  t ranspor ta t ion in such  s t a t e s  as Pennsylvania and Ohio. 
The  pr incipal  route  fo r  barge t r a f f i c  is t h e  Ohio r iver ,  and t h e  At lant ic  coas t  is t h e  
shipping point  f o r  exports.  

C o a l  is n o t  ac tual ly  refined,  b u t  more  t h a n  half of t h e  coa l  used in t h e  U.S. is 
c leaned b e f o r e  it is burned or  processed in order  to  remove ash and inorganic sulfur.  
Sulfur ox ides  a r e  a serious pollutant ,  and c lean  c o a l  is b e s t  fo r  gasification.  

Coa l  technology is changing a s  i t s  p lace  in t h e  U.S. energy pic ture  changes.  In 
t h e  l a s t  c e n t r u y ,  when oil replaced c o a l  as a n  industrial  fuel ,  coa l  was re legated t o  
use by power  plants,  which burned i t  directly.  Now recen t ly  devised technologies  
such as fluidized-bed burning have improved t h e  eff ic iency of c o a l  use,  and 
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Water is needed no t  only t o  provide cooling f o r  conversion and power processes, 
b u t  a l so  t o  rehab i l i t i a t e  str ipmined a reas .  T h e  NAS study points out: "At any 
d i s t r ibu ted  s i t e  in t h e  dese r t  West, t h e  reestablished vegeta t ion should not  be  
expec?PA ?c) h e  g r e l t e r  thzn  the original  cover ,  because t h e  nat ive  plants have 
developed through t h e  processes of na tu ra l  ecological  succession. Experience has  
shown t h a t  t h e  process requires f rom twenty  t o  f i f ty  y e a r s  o r  more  even when a 
s e e d  source  is close by and  t h e  distrubed a r e a s  a r e  no t  extensive .  Consequently, t h e  
probabil i ty for successfully rehabi l i ta t ing such a r e a s  is ex t remely  low."73 The 
r e p o r t  suggests t h a t  many western  a r e a s  might  have  t o  be classif ied "national 
s a c r i f i c e  areas," since t h e y  could be  re juvenated only par t ia l ly  once  s t r ip  mined.74 

Nuclear Power (2.2-4) 

Tremendous power f r o m  a t o m i c  energy was theor ized a s  ea r ly  a s  1905 when 
Alber t  Einstein mathemat ical ly  demons t ra ted  t h a t  t h e  nuclear  energy con ten t  of a 
s u b s t a n c e  depends on i t s  mass (E = mc2). I t  w a s  no t  unt i l  1942, when a group of 
sc ien t i s t s  led by Dr. Enrico F e r m i  buil t  t h e  f i r s t  a t o m i c  r e a c t o r  a t  t h e  University of 
Chicago  t h a t  t h e  nuclear  react ion was  harnessed.  

Commerc ia l  nuclear reac to rs  opera t ing  in t h e  U.S. today produce e lect r ic i ty  by 
using t h e  energy of t h e  fission react ion t o  h e a t  w a t e r  t o  g e n e r a t e  s t e a m  for  turning 
turbines.  Fission is an  energy conversion process  in which neutrons subatomic 
par t i c les  bombard and spli t  t h e  heavy a t o m i c  nuclei  of e l e m e n t s  such a s  uranium. 
T h e  neutrons which spli t  uranium a t o m s  must b e  re leased at  a controlled r a t e  t o  
sus ta in  a chain  reaction.  The thin rods of uranium f u e l  within t h e  reac to r  a r e  
surrounded by control  rods made  of mate r ia l s  which absorb  neutrons. Water is 
c i rcu la ted  through t h e  r e a c t o r  core  t o  remove  and use t h e  genera ted  heat .  

Nuclear s t e a m  generat ion is t h e  newes t  type of e l e c t r i c  generat ing technology. Q. 

Nuclear  power now supplies about  e leven  p e r c e n t  of a l l  U.S. e lec t r i c i ty .  As of July, 
1980 t h e r e  a r e  74 nuclear power plants in t h e  U.S. in opera t ion  o r  start-up test ing,  
wi th  const ruct ion permi t s  granted for 85 more. Cons t ruc t ion  permi t s  a r e  pending 
f o r  f o u r t e e n  nuclear  power p~an ts .75  

Some s t a t e s  rely more heavily on nuclear-generated e l e c t r i c i t y  than others.  f 
, Illinois, New york, Connect icut ,  Pennsylvania, South  Carol ina ,  Virginia, Florida, and  a, 

Alabama a l l  received substant ia l  port ions of thei r  e l e c t r i c i t y  f rom nuclear plants in 
1975.76 

Nuclear plants a r e  s i t ed  c lose  t o  w h e r e  the i r  power  will be  used, instead of near  
t h e i r  fuel  sources,  like c o a l  plants. The  main considerat ions  in si t ing nuclear p lants  

% 
a r e  s a f e t y  and environmental  e f f e c t s ,  a s  well a s  t h e  avai labi l i ty  of cooling water .  
Because  of t h e  transmission cos t s  of e lec t r i c i ty ,  p lan t s  a r e  built a s  close t o  



Fur ther  cen t ra l i za t ion  of nuclear  facil i t ies--reactors,  reprocessing and fue l  
f abr ica t ion  facil i t ies-into nuclear energy  "parks" has  been suggested a s  a means of 
e l iminat ing long t ranspor ta t ion hauls of n u c l e a < ~ a t e r i a l s  and thus thei r  exposure t o  
hi jackers ,  t e r ro r i s t s ,  and inadver tant  accidents. '  

Re l i ance  on nuclear  fission power p lan t s  a s  a source of United S t a t e s  e lect r ic i ty  
will be  l imi ted by s e v e r a l  fac tors .  Two important  issues a r e  t h e  availability of 
uranium a n d  o t h e r  fuels ,  and t h e  s a f e  and e f f i c i e n t  opera t ion  o f  various reac to r  
types .  

The  m a j o r  l imiting f a c t o r  in nuc lea r  power growth is t h e  na tu ra l  limit of t h e  
availabil i ty o r  uranium fuel. According to new e s t i m a t e s  by t h  U.S. Geological 
Survey, t h e  d o m e s t i c  reserves  of uranium t h a t  t h e  U.S. now has could supply only 
f i f t een  p e r c e n t  of t h e  uranium t h a t  t h e  U.5 plans to use be tween  now and 2000. 
According to U.S.G.S. F rank  C. Armst rong ,  t h e  U.S. will need be tween  1.6 and t w o  
million tons  (1,451.5 and  1,814.4 million kg) of uranium o r e  o v e r  t h e  next  25 years ,  
but  U.S. product ion could only supply 315,000 tons (285.8 million kg). Current  U.S. 
uranium rese rves  t o t a l  about  600,000 tons (544.3 million kg), with another  o n e  
million t o n s  (907.2 million kg) in t h e  "undiscovered bu t  probable" category.  Another 
two  million tons  (1,8 14.4 million kg) a r e  considered "speculative" and "possible" by 
t h e  u.s.G.s.'~ 

According t o  Warren Finch, Chief of t h e  U.S.G.S. Branch of Uranium and  
Thorium Resources ,  "The uranium found thus f a r  was easy. It was a t  or near t h e  
su r face .  T h e  new ore  f o r  t h e  f u t u r e  will have to be found in deeper  horizons and be  
of lower  grade."gO He  points o u t  t h a t  no new uranium mining dis t r ic ts  have been 
found in t h e  U.S. in t h e  last e ighteen yezrs,  bu t  t h r e e  t o  f ive  t imes  t h e  uranium 
found in t h e  l a s t  q u a r t e r  cen tury  will have t o  be located before  2000. Uranium 
p r c c e s s i m  and  mining operat ions  have used some new technologies such a s  solution 
mining to  expand t h e  available resource .  At lant ic  Richfield Company has  drilled 
wells i n  Texas  and pumped alkalifie l eachan ts  in to  t h e m  to  re lease  liquid containing 
uranium oxide.  The  liquid is f i l t e red ,  dried, and shipped to  processing plants. 
However promising th is  technology, e x p e r t s  in t h e  nuclear industry predict  t h a t  
solution mining will be capab le  o f  supplying only 7,000 tons (6.4 million kg) of raw 
m a t e r i a l  t o  t h e  industry in 1 9 8 5 . 8 ~  

An addi t ional  Jimit to  t h e  nuclear  industry is t h e  nuclear  fuel  cycle's 
t remendous demand  fo r  mater ia ls  and  energy.  Various e s t i m a t e s  of t h e  energy  
required t o  produce e lec t r i c i ty  f r o m  t h e  a t o m  indicate  t h a t  it will t ake  f rom 25 
months t o  t h i r t e e n  years  to "pay back" t h e  cos t s  of energy t o  build and o p e r a t e  t h e  
plant.82 O t h e r  procedures,  including t h e  decommissioning of nuclear plants,  
require addi t ional  energy  expendi tures  n o t  included in t h e  convent ional  analysis of 



Figure  2.2-4 is a d iagram of t h e  various s t e p s  in t h e  nuclear fue l  cycle ,  not  a l l  
o f  which have been ac t iva ted  a s  of th is  writing. 

There  a r e  seven basic  s t e p s  t o  t h e  nuclear  fue l  cycle:  

1. Uranium o r e  is shipped f rom t h e  mine to a milling faci l i ty  where  i t  is 
r e f ined  t o  uranium oxide, o r  yellowcake. Uranium presents  problems similar t o  
t h o s e  encountered in coa l  mining; t h a t  is, t h e r e  a r e  conf l i c t s  in w a t e r  and land use  
and  physical  dangers t o  miners  in t h e  fo rm of rad ioac t ive  dust and mine hazards. 
O n e  kilogram of uranium o r e  yields t h e  s a m e  t h e r m a l  energy as  abou t  50 kilograms 
of bituminous New Mexico, Wyoming, and Utah  a r e  t h e  major domes t ic  
s o u r c e s  of uranium ore. Canada ,  Australia;  South A f r i c a ,  Zaire and Gabon a r e  major  
fo re ign  sources.  There a r e  now 32 s e p a r a t e  fac i l i t i e s  in t h e  U.S e i the r  operating o r  
planning t o  produce yellowcake.  These mills a r e  capab le  of processing a b o u t  
800,000 tons (725.7 million kg) of uranium ore  e a c h  month,  yielding about  1,320 t o n s  
(1.2 million kg) of yellowcake 

2. Trucks carry  a n  average  o f .  44,000 pounds (39.9 million kg) of uranium 
c o n c e n t r a t e  to  a conversion faci l i ty ,  where  uranium hexafluoride (UF6) is 
produced.  There a r e  two  uranium hexafluoride convers ion plants in t h e  U.S. One 
p lan t  is located in Metropolis, Illinois, and one is Sall isaw, Oklahoma. Between t h e m  
t h e y  c a n  produce about 1,380 m e t r i c  tons of UFg p e r  month.  

3. Uranium hexafIuoride is shipped to  a n  enr ichment  plant ,  which produces 
t w o  d i f f e r e n t  types of uranium hexafluroide. In one ,  t h e  preperation of fissionable 
Uranium-235 is increased; in t h e  o t h e r ,  i t  is dep le ted .  Lightwater  reac to rs  (LWRs), 
t h e  t y p e  now used in t h e  U.S., require uranium fue l  :hat is about t h r e e  pe rcen t  
U-235 and  more  than 99 p e r c e n t  U-238, which does  n o t  fission easily. The deple ted 
u ran ium l e f t  with be tween  1.2 pe rcen t  and 1.4 p e r c e n t  of t h e  originally present  
U-235, is s tored a t  t h e  e n r i c h m e n t  s i t e  a s  a po ten t i a l  f u e l  f o r  t h e  advanced breeder 
r e a c t o r s ,  which a r e  s t i l l  in development .  

Uranium enr ichment  faci l i t ies ,  called "gaseous diffusion plants," use about  
one-third of t h e  energy t h a t  goes in to  producing re f ined  uranium fuel. There  a r e  f 
t h r e e  such  facil i t ies,  a l l  owned by t h e  federa l  g o v e r n m e n t ,  a t  Portsmouth,  Ohio; Oak 
Ridge,  Tennessee;  and Paducah,  Kentucky. The p lan t  in Kentucky performs only a n  

i 
in i t ia l  s t e p  in light e n r i c h m e n t  and ships a l l  m a t e r i a l  t o  one  of t h e  o ther  two  plants. 
The  Tennessee  plant now produces t h e  bulk of t h e  low enriched U F g  used in 

C 
c o m m e r c i a l  reactor  fuei.86 

f 
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The  U.S. is planning a prototype f a c i l i t y  f o r  t h e  Liquid Metal Fas t  Breeder  
R e a c t o r  (LMFBR) near  Oak Ridge, Tennessee.  However ,  t h e  original production 
schedules  h a v e  fallen far  behind and t h e  f i r s t  tes t ,  is no t  expected before  t h e  
mid-1950s. I t  will t a k e  a t ' l eas t  a decade to  build and  o p e r a t e  the  f i r s t  commerc ia l  
b reeder  p lan t s  in t h e  U S . ,  placing t h e  energy con t r ibu t ion  f rom this technology into 
t h e  nex t  c e n t u r y .  

4. Enriched U F g  is shipped t o  a fuel  a ssembly  fabr icator ,  where  it is made  
into p e l l e t s  t h a t  a r e  inserted into fuel tubes,  or  fuel  rods. The first s t e p  to produce 
fuel p e l l e t s  is converting t h e  U F g  to u ran ium dioxide,  o r  U02. Somet imes  this 
process  m u s t  be done a t  a separa te  f.acility, b u t  o f t e n  th is  work is pe r fo rmed  in t h e  
s a m e  p l a n t  o r  a n  a d j a c e n t  one. 



5. Nuclear  fue l  assemblies a r e  gradually s p e n t  in t h e  production of h e a t  t o  
- m a k e  s t e a m  f o r  e l e c t r i c a l  generation. The Uranium-235 and plutonium contained in 

t h e  fuel  assemblies  in t h e  core  of f h e  nuclear  r e a c t o r  disintegrate t o  p roduce  

9- 
high-velocity par t ic les  with a g rea t  deal  of k i n e t i c  energy.  These e n e r g e t i c  
pa r t i c les  col l ide  with o n e  ano ther  and t h e  s t r u c t u r a l  e l e m e n t s  of t h e  core ,  and  s o  
c o n v e r t  much of the i r  kinetic energy into hea t .  This h e a t  transfers to  a fluid 

r 
coolan t  t h a t  c i rcu la tes  through t h e  reac to r  core.89 I' 

0, 

Types of fission reac to rs  a r e  designated by t h e  t y p e  o f  coolant  they use. In t h e  
boil ing-water r e a c t o r ,  wa te r  is t h e  coolant.  When t h e  s t e a m  produced by t h e  h e a t  
has  done  i t s  job of turning one or  more s team turbines,  i t  is condensed and re turns  t o  
t h e  r e a c t o r  c o r e  a s  h o t  water .  

O t h e r  t y p e s  of nuclear power plants  use spec ia l  c o o l a n t s  ra the r  than wate r .  F o r  
example ,  heavy wate r ,  a n  organic liquid, a liquid m e t a l ,  o r  a gas  such as  a i r ,  c a r b o n  

r; 
k ! 

dioxide,  or helium may be used a s  t h e  cooling medium. In these plants, t h e  h e a t  
f r o m  t h e  coo lan t  is transferred by means  of a h e a t  exchanger t o  a c 

water-steam-turbine-generator system. Waste h e a t  f r o m  t h e  plant is recycled t o  
t h e  coolant  wa te r .  

The nuc lea r  react ion which consumes t h e  fue l  is a chain reaction,  which 
requires a l a rge  inventory of fuel. However, only a smal l  f ract ion of t h e  fue l  is 
expended o r  burned in a day. To produce 1,000 megawatss  (MW), a reactor  need only 
fission one  kilogram of Uranium-235 a day,  or  about  800 pounds (362.9 kg) a year.90 

6. Spen t  fuel  is e i ther  stored a t  t h e  r e a c t o r  s i t e  or  shipped to  a fue l  
repository.  Two of rhese  repositories a r e  at s i t e s  in tended for ftiel reprocessing 
faci l i t ies ,  a l though no fuel  reprocessing is now being done.  t 

Three  c o m m e r c i a l  nuclear fuel reprocessing p lan t s  have been built in t h e  U.S. 
These  t h r e e  plants,  Nuclear Fuel Services, l o c a t e d  in West Valley, New York; 
Genera l  E l e c t r i c  a t  Morris, Illinois; and Allied Genera l  Nuc lea r  Services a t  Barnwell ,  
South Carol ina  a r e  no t  current ly  in 0 ~ e r a t i o n . ~ 1  

f .  

Spent fue l  mus t  b e  removed from t h e  reac to r  c o r e  at a r a t e  of about one-third t. 
of t h e  f u e l  pe r  year.  T h e  spent  fuel waste  is f i r s t  s t o r e d  at t h e  reac to r  s i t e  so  t h a t  
in tense ,  short-l ived radioactivity can decay.  With f e w  repositories available, w a s t e s  
a r e  now being s to red  at temporary facil i t ies and t h e  over f low has become a se r ious  

C, 
disposal problem.92 

L 



T h e  g e n e r a l  p a t t e r n  of nuclear  f u e l  t r a n s p o r t a t i o n  in i h e  U.S. is p redominan t ly  
f r o m  w e s t  t o  east. Uranium yel lowcake  s h i p m e n t s  t r a v e l  f r o m  Colorado,  Wyoming,  
and  New Mexico  t o  e a s t e r n  Ok lahoma  a n d  Illinois. F r o m  h e r e ,  t h e  u ran ium 
L X I . . - - .  - r ~ t - n ~ ~ ~ u v r  ide  moves f u r t h e r  east tc t h e  t h r e e  e n r i c h r ? ~ n . t  r e n t e r s  ir! Puducah,  
K e n t u c k y ,  P o r t s m o u t h ,  Ohio; and O a k  R i d g e ,  Tennessee .  S o m e  of t h e  e n r i c h e d  
m a t e r i a l  r e t u r n s  w e s t  t o  t h e  powder-pe l le t  f a c i l i t y  a t  Oklahoma C i t y  o r  t h e  
f a b r i c a t i o n  p l a n t  a t  Richland,  Washington. H o w e v e r ,  t h e  m a j o r  p a r t  of t h e  e n r i c h e d  
u ran ium flows f u r t h e r  east pr imar i ly  t o  f u e l  f a b r i c a t o r s  in South  Carol ina  a n d  Nor th  
Carol ina .  T h e  c o n c e n t r a t e d ,  and c r u c i a l  i n t e r m e d i a r y  s t e p s  of t h e  fue l  c y c l e  c e n t e r  
on  t h e  lower  mid-At lant ic  and Appa lach ian  regions. T h e  major  nuc lea r  f u e l  
consuming  s t a t e s  a r e  Illinois, New York ,  C o n n e c t i c u t ,  Pennsylvania,  South Caro l ina ,  
Virginia, F lor ida ,  a n d  Alabama.  Fig. 2.2-5 s h o w s  t o t a l  nuc lea r  f u e i  movemen t s .  

This  f l ow p a t t e r n  is in c o n t r a s t  t o  a l l  o t h e r  e n e r g y  t r anspor t a t ion  f lows  which  
fo l low t h e  t r a d i t i o n a l  p a t h  of e a s t  t o  wes?. With d e v e l o p m e n t  of wes tern  c o a l  a n d  
t h e  e a s t e r n  m o v e m e n t  of Alaskan oi l  and  g a s ,  h o w e v e r ,  t h e  wes t  t o  e a s t  f low cou ld  
r e s e r v e  t h e  t r a d i t i o n a l  p a t t e r n .  

R e l a t i v e  t o  o t h e r  commodi t i e s ,  t r u c k  t r a n s p o r t  o f  nuc lea r  ma te r i a l s  is l ight .  
The  h e a v i e s t  r e c o r d e d  flow b e t w e e n  t w o  p o i n t s  of t h e  nuclear  cyc le  a m o u n t e d  t o  
l i t t l e  m o r e  t h a n  a n  a v e r a g e  of one  t r u c k  p e r  day  in 1975. One  of t h e  bus i e s t  
c ros s roads  in r iuclear  t r a f f i c  occurs  a long i n t e r s t a t e  highway 40 f r o m  Nashvil le  t o  
Knoxvil le ,  Tennessee .  By way of compar i son ,  a l m o s t  a l l  of t h e  uranium ye l lowcake  
t r a n s p o r t e d  in 1975 t o  hexaf luor ide  c o n v e r t e r s  cou ld  h a v e  been  loaded in a s ing le  
uni t  ( coa l )  t r a i n  of  10,000 tons.  

When o n e  m e a s u r e s  t h e  energy  c o n t e n t  p e r  t r u c k l o a d ,  i t  t a k e s  ove r  3,000 un i t  
(coal)  t r a in s  t o  m a t c h  t h e  ene rgy  c a r r i e d  by o n e  u n i t  nuc lea r  t ra in .  

H y d r o e l e c t r i c  P o w e r  (2.2-5) 

O n e  of t h e  m o s t  e f f i c i e n t  of g e n e r a t i n g  e l e c t r i c i t y  is by powering tu rb ines  a n d  
g e n e r a t o r s  w i t h  t h e  f o r c e  of  fal l ing w a t e r .  This  conve r s ion  of  k ine t i c  t o  e l e c t r i c  
e n e r g y  is a b o u t  95 p e r c e n t  e f f i c i en t .  

Flowing o r  d a m m e d  w a t e r  was  o n e  o f  t h e  f i r s t  p o w e r  sou rces  tapped t o  p r o d u c e  
e l e c t r i c i r y .  T h e  waxe r  wheel ,  invenred f o r  g inding  g r a i n  and  pumping w a t e r ,  w a s  
c o n v e r t e d  t o  a s y s t e m  to  d r ive  e l e c t r i c a l  g e n e r a t o r s .  Within a mon th  of t h  opening  
of t h e  f i r s t  c e n t r a l  e l e c t r i c  gene ra t ing  s t a t i o n  i n  1892,  water -wheels  on t h e  Fox  
R ive r  in Apple ton ,  Wisconsin began g e n e r a t i n g  t h e  na t ion ' s  f i r s t  hydroe lec t r i c ty .94  

T h e  w a t e r  w h e e l  proved to b e  i n e f f i c i e n t ,  a n d  was  replaced  by m o d e r n  
t u r b o - g e n e r a t o r s  which  could  wi ths tand high w a t e r  p re s su re .  L a r g e  d a m s  w e r e  bu i l t  
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T h e  e lec t r i ca l  generat ing faci l i t ies  in many old  dams  were ret ired when 
rep laced  by cheaper ,  cen t ra l ly  genera ted  e lec t r i c i ty ,  and  much of t h e  r e c e n t  
i n c r e a s e  in hydroelect r ic  c a p a c i t y  is ac tual ly  in s t o r a g e  faci l i t ies  a t  existing l a r g e  

w a ~ c t  i3 hybroeiec-tric piants. Duciiig t i m e s  of o i i -peak electrical dei~iafid, t h e  ' 

re leased  t o  supply energy. I 
Hydroe lec t r i c  capac i ty  in t h e  U.S. c a n  be divided b e t w e e n  "small" or "low-head" 

hydro faci l i t ies  and big faci l t i t ies .  "Small" hydro h a s  been defined by t h e  U.S. 
D e p a r t m e n t  of Energy a s  a d a m  generat ing less t h a n  f i f t e e n  megawat ts ,  and 
"low-head" d a m s  ( the  head being t h e  dis tance b e t w e e n  t h e  su r face  of t h e  w a t e r  
behind t h e  d a m  and t h e  foot of t h e  dam)  as being less t h a n  s ixteen f e e t  high. 

In 1973, t h e  U.S. produced 271,634 billion kilowatt-hours (271.6 billion MW) of 
hydroe lec t r i c i ty ,  or about 3.4 quads. In 1977, t h e  U.S. used 2.4 quads of 
hydroe lec t r i c i ty  o r  about  four  p e r c e n t  o i  t o t a l  U.S. energy consumption.97 T h e  
U.S. h a s  a to ta l  instal led hydro-generating c a p a c i t y  of 63,648 megawat ts .  
According t o  a repor t  by t h e  Army Corps of Engineers,  "Including t h e  expec ted  

f 
outpu t  of faci l i t ies  current ly  under const ruct ion,  t h e  annual  average e lec t r i c i ty  f 
product ion f rom conventional hydropower plants is 287.8 billion kwh. compared t o  a < 
t o t a l  U.S. e lec t r i c i ty  production of about  2,000 billion kwh in 1 9 7 6 . ~ 9 ~  

I 

T h e  s t a t e  of Washington is t h e  largest  p roducer  o f  hydroelectrici ty wi th  
71,429,000,000 kwh (71.4 million MW) in 1971, 26.8 p e r c e n t  of t h e  nation's t o t a l  

1 
hydroe lec t r i c  production. Cal i fornia ,  t h e  next  l a rges t ,  produces about half t h a t  
amount ,  and Oregon about  t h e  s a m e  a s  California.  N e w  York also has a substant ia l  
a m o u n t  of hydroelect r ic  production.99 

T h e  po ten t i a l  for expanding hydroelect r ic  genera t ion  is l imited by t h e  fact t h a t  
env i ronmenta l  and  resource-conservation priori t ies s t a n d  in t h e  way of fu r the r  
damming  of t h e  nation's  wild and scen ic  rivers. T h e  most  productive s i t e s  fo r  
hydroe lec t r i c  dams  a r e  a l ready  in use today, and f e d e r a l  energy studies do n o t  
ind ica te  t h a t  increased large-scale hydrolect r ic  power  will  b e  a major contr ibutor  t o  
t h e  nation's  e,nergy future .  

t 
In 1977, Pres ident  C a r t e r  asked t h e  U.S. Army C o r p s  o f  Engineers to  study t h e  

p o t e n t i a l  fo r  addit ional  hydropower f rom existing dams.  In a report  released in July  
o f  t h a t  year ,  t h e  Corps repor ted  t h a t  an addi t ional  54.6 megawat ts  could b e  
achieved by "upgrading and expanding exist ing hydropower facil i t ies to a l l  exist ing C 
large  and  smal l  dams in t h e  U.S." The Corps e s t i m a t e d  t h a t  t h e  r a t e  of production t 
a t  t h e  l eve l  of development  would be  a n  addit ional  159.3 billion kwh (159.3 million 
MW) p e r  year.lOO 



Hydropower  is, in t h e  long run,  a r e l a t i v e l y  inexpens ive  way to  p roduce  
e l e c t r i c i t y ,  bu t  high in i t i a l  c a p i t a l  i n v e s t m e n t s  a r e  requi red  to  c o n s t r u c t  dams, 
t u r b i n e s ,  g e n e r a t o r s ,  a n d  o t h e r  equ ipmen t .  T h e  e l e c t r i c i t y  produced by hydro g rows  
c h e a p e r  as t h e  capital i rsestaen: is paid c f f ,  wi th  !cw maintenance casts and zero 
o u t l a y  f o r  fuels .  



Energy D-ibution Systems (2.3) I 
Because e lec t r i c i ty  moves by wire and  cannot  be  s t o r e d  in large  quanti t ies,  i t  

_ must  move d i rec t ly  f rom t h e  genera t ing  plant  to  t h e  c u s t o m e r ,  through e lec t r i ca l  
t ransmiss ion and distribution systems.  Transmission has  been  defined a s  e lec t r i ca l  

r 
m o v e m e n t  through power lines of c a p a c i t y  g r e a t e r  t h a n  69 kilovolts (kv), and  

I ,  
dis t r ibut ion usually over s h o r t e r  d is tances ,  has  been def ined as movement through 
l ines of less than  69 kv c a p a c i t  "Bulk power  supply" moves  e lect r ic i ty  through 
l ines  carrying more  than 230 kv. l h  

Transmission (2.3-1) 

Energy f r o m  generating plants  is fed into t h e  transmission system at ful l  
v o l t a g e ,  t h e n  transformed at  substa t ions  in to  lower vo l tages  f o r  residential, 
c o m m e r c i a l ,  and industrial uses, usually 110 and  220 volts. Utilities use 
soph is t i ca ted  equipment such a s  switching gear ,  t r ans formers ,  and lightening 

i i 
a r r e s t o r s  t o  handle high vol tage e l e c t r i c  a r c s  and power surges.  103  

As of 1978, t h e  e lect r ica l  transmission sys tem f o r  p r iva te ly  owned uti l i t ies in < 
t h e  U.S consisted of 331,807 s t ructure-miles  (533,991.6 km)  of transmission lines, 
including lines of al l  vol tages  f rom 0 t o  765 kv.lo4 In addit ion t o  transmission 
wi thin  t h e  US., inter-t ies wi th  Canada and  Mexico move a g r e a t  deal  of e lect r ic i ty  
in to  t h e  U.S. e lect r ica l  sys tem.  Four new interconnect ions  between the  U.S. and 
C a n a d a  a r e  expected to  be  completed by 1984.105 O n e  o f  these  interconnections 
b e t w e e n  J a m e s  Bay and New York C i t y  will be  t h e  highest  vol tage international 
transmission line in t h e  world, using 765 kv lines. 

Ef f i c ienc ies  in e lect r ica l  transmission improved aiong with efficiencies in 3 
genera t ion .  Between 1900 and 1960, t h e  maximum a l t e rna t ing  cur ren t  vol tages  

3 
=L 

inc reased  f r o m  less than 50 kv to a lmost  500 kv. Increased loading of lines incurred 
inc reased  losses of e lec t r i c i ty ,  bu t  these  were  o f f s e t  by g r e a t e r  capaci ty  with t h e  
n e t  r esu l t  t h a t  uti l i t ies were  a b l e  t o  t r ansmi t  e iec t r i c i ty  longer distances a t  lower  B a 
c o s t s .  Line capac i ty  has more  than  doubled s ince  t h e  1950s, f rom 345 t o  765  
kv. lo6 

T a b l e  2.3-1 shows the  transmission vol t  mileages o f  var ious  kilovolt levels in 
f '  L I  

r h e  Unired S t a t e s  at  ten-year in tervals  s ince  1940. I t  i l lus t ra tes  t h e  increasing use  
of high vo l tage  wires.lo7 c.7 

In 1975, t h e  Federal  Power  Commission repor ted t h a t  i t  expec ted  t h e  U.S. t o  
t 

add 61,000 miles to t h e  p resen t  major supply transmission network by 1984, wi th  
two-thirds df  this addition at  230 and 345 kv levels. ' I t  r epor ted  proposals of 1,500 
addi t ional  miles of the  highest operat ing a1 ternat ing c u r r e n t  transrn ission, 765 kv,  

t 
and  an t i c ipa ted  another  1,844 miles of d i r e c t  cur ren t  line in s e r v i c e  by 1984.108 



Overhead  transmission is t h e  most economica l  and e f f i c i e n t  method of  moving 
e l e c t r i c i t y .  Because it requires f i f t een  t o  t w e n t y  ac res  of land per  mile of 
transmission line,- overhead transmission becomes  a n o t h e r  facTor in ceiitraliza:ion ~f 
transmission.  Util i t ies use higher vo l tage  lines t o  minimize the i r  use  of land. 

Table  2.3-1 11° 

MILES OF TRANSMISSION IN USE AT 230 KV OR ABOVE 
(THOUSANDS OF MILES) 

2 30kv 287kv 345kv 500kv 765kv Total  

High vo l tage  lines of up to  230 kv a r e  found in a lmost  every s t a t e .  
Concen t ra t ions  of 345 k v  lines (up t o  four  p e r  route)  move large  quan t i t i e s  of 
r l ~ t r i c i t y  t o  population cen te r s  in t h e  e a s t e r n  s t a t e s :  and f rom Washington down 
t h e  l eng th  of Oregon to  ~ a l i f o r n i a . 1 1 1  To f u r t h e r  c u t  transmission costs,  the  
u t i l i ty  indust ry  has inter-t ied regions larger t h a n  single company f ranchise  a reas ,  
and c r e a t e d  power pools. These organizat ions  regula te  t h e  generat ion and 
dispatching of e lect r ic i ty  to a l l  pool members  so as to ach ieve  t h e  lowest  c o s t  f o r  
t h e  pool as a whole.l12 

Dis t r ibut ion (2.3-2) 

O n c e  t h e  e lec t r i c i ty  has  been t ransmi t t ed  t o  t h e  local  service  a r e a ,  t h e  high 
vo l tages  m u s t  b e  reduced by line t ransformers .  These  t ransformers  and secondary 
line t r a n s f o r m e r s  reduce t h e  vol tage t o  t h e  120-240 vol ts  used in homes  o r  increase 
t h e  v o l t a g e  t o  2,400 volts used in industry. This f inal  s t a g e  of t h e  e lec t r i c i ty  
de l ive ry  p rocess  is called t h e  "distribution system1'. A t  present ,  the re  a r e  o v e r  four  
million po le  miles  (6,437.3 million km) of lower vo l tage  distr ibution Lines t h a t  
s e r v i c e  res iden t ia l ,  commercia l  and industrial  cus tomers .  



Farbrs Influencing Centra l iza t ion (2.4) 

Overv iew (2.4-1) 

With t h e  adven t  of t h e  e lec t r i ca l  generat ing plant ,  i t  was logical t o  loca te  a s  
c lose  as possibl'e to  t h e  prospective customers.  The opt imum si tes  fo r  power plants  
were  t h e r e f o r e  initially in or  near  t h e  i n d u s t ~ i a l  sector .  Proximity t o  end-use 
requ i rements  saved on transmission cos t s  and access  to  w a t e r  and fuel  
t r anspor ta t ion  faci l i t ies  was already established. O n c e  t h e  prime s i t e s  were  t aken ,  
however ,  i t  was necessary t o  loca te  e lec t r i ca l  power  plants  in t h e  suburbs, away  
f r o m  t h e  industrial  centers .  

As t h e  e lec t r i ca l  industry expanded, it b e c a m e  a t rend for  t h e  smal le r  
companies  t o  merge  in order to  enjoy g r e a t e r  economies  of scale.  A larger  p lant  
could p roduce  more  e lect r ic i ty  and deliver i t  f u r t h e r  d is tances  a t  a reduced unit 
cos t .  A t  t h e  s a m e  t i m e ,  technological advances  in design, engineering and  industrial  
cons t ruc t ion  sustained rapid growth in e lec t r i c i ty  demand and improvements  in 
t h e r m a l  e f f i c ienc ies  o f  cen t ra l  s ta t ion power genera t ion  and e l e c t r i c  transmission 
made  such economies  feasible.113 

World War I great ly  acce le ra ted  t h e  t rend toward  in terconnect ions  between 
ut i l i t ies  b e c a u s e  of t h e  d r a m a t i c  increase  in e l e c t r i c a l  demand. As a m a t t e r  of 
national secur i ty ,  e lec t r i c i ty  supplies had t o  m e e t  c r i t i ca l  war  industry demands. 
The b e n e f i t s  of i w r e a s e d  e f f i c ienc ies  due to consolidation were  recognized and 
implemented  which solidified t h e  t rend toward cen t ra l i zed  e lec t r i c i ty  sys tems.  

Rapid progress  in t h e  development o f  higher maximum vol tage transmission 
lines, l a r g e r  generat ing capabil i t ies and improved distr ibution fac i l i t i e s  required 
g ~ e a  t e r  c a p i t a l  investment  and provided another  reason for  ownership consolidation 
of t h e  numerous  small  scale  power plants. P r iva te  ownership by individuals was 
imprac t i ca l  and soon g a v e  way to  t h e  investor-owned ut i l i t ies  tha t  domina ted  t h e  
marke t .  i 

T h e  need  for  larger  amounts  of cap i ta l  required di f ferent  f inancia l  and 
ins t i tu t iona l  a r rangements .  Thus, "standard mortgages  w e r e  replaced by open-ended 
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mor tgages ,  gradually creat ing a n  incent ive  for t r ans fe r  of investor-owned sys tems  
t o  l a r g e r  holding companies."l14 These public u t i l i ty  holding companies  acquired 
c o n t r o l  o v e r  many regional companies by purchasing suff ic ient  s tock in e a c h  t o  C 
d i r e c t  i t s  operation.  By 1932, e ight  holding companies  produced 75 p e r c e n t  of t h e  t 
e l e c t r i c i t y  consumed in t h e  U.S. The t rend toward consolidation within t h e  e l e c t r i c  
power  indust ry  continued,  eventually resulting in a re la t ively  smal ler  number  of 
p roducers  genera t ing  a larger pe rcen tage  o f  t h e  nation's e lect r ic i ty .  t 

low-interes t  loans for cooperat ives  and  non- 
high c o s t s  of central-stat ion e lec t r i c i ty  



4 

f 
b 

Over  half of t h e  fa rms  were  served by t h e  r u r a l  e l e c t r i c  cooperatives a t  t h a t  t i m e  
i I 

and  t h e  remainder  were  su lied by investor-owned companies, public u t i l i ty  - 
dis t r i c t s  and municipal  plants. !!6 

The e l e c t r i c  u t i l i ty  industry continued i t s  t r end  toward centra l iza t ion fo r  t h e  
next  t h r e e  d e c a d e s  by means of technological  advances,  improved economies of 
s c a l e  with l a r g e r  power plants and consis tent  g rowth  r a t e s  fo r  demand. During t h e  
1930s and  1940s, much larger power plants w e r e  buil t  a s  a result of t h e  use  o f  
hydrogen-cooled generators.  By t h e  ear ly  1950s, higher s t e a m  pressures and  
t e m p e r a t u r e s  b e c a m e  possible due t o  technological  advances,  although sc ien t i s t s  
d iscovered t h a t  lower s t e a m  pressures of around 2400 psi were  more des i rable  f o r  
t h e  e f f i c iency  of t h e  overal l  operation of a power  plant . l17 

- i 
When i t  was  not  feas ible  to m a k e  a s ingle  power plant  larger ,  t h e r e  w e r e  

incent ives  t o  build addit ional  units upon a previously existing power plant  s i t e .  
tul t iple un i t s  pe r  s i t e  resulted in lower cos t s  o f  production due t o  t h e  exclsuion of 

c o s t s  of land acquisi t ion,  transporation fac i l i t i e s ,  and licensing obstacles.  Thermal  
- eff ic iencies  were  also improved bu t  p la teaued  by t h e  1960s due t o  inheren t  

the rmodynamic  l imitations.  

In addit ion t o  improvments  in genera t ing  capabi l i t ies ,  progress was made  in  
transmission facil i t ies.  As Lines were  devised t o  c a r r y  higher vol tages ,  t h e  
maximum vol tage  capac i ty  increased f r o m  50 kilovolts  in 1900 to c u r r e n t  capac i t i e s  
of 7 6 5  kv. 

In e v e r y  c a s e ,  t h e  costs  of r esea rch  and development ,  production and  
ins ta l la t ion were o f f s e t  by :he abil i ty to  produce and dis t r ibute  e lect r ic i ty  a t  overa l l  
lower costs .  F o r  example.  

O t h e r  things equal, t h e  p e r  unit c o s t s  of t ransmit t ing large  
amounts  of e lec t r i c  energy over s ignif icant  distances a r e  
g r e a t l y  reduced by utilizing t h e  highest  vo l t age  line available. 
Power  transmission lines a r e  genera l ly  ca tegor ized  a s  
"high-voltage", 69 t o  300 kolovolts;  "extra-high-voltage," 
(EHV), 300 t o  1000 kilovolts; and "ultra-high-voltage (UHV), 
1000 kilovoits and above.118 

As more  e f f i c i e n t  means  of production w e r e  developed, t h e  ut i l i t ies  enjoyed 
cont inued economies of scale.  Elect r ic i ty  was consis tent ly  delivered t o  t h e  
consumer  a t  lower  marginal  costs  of power  production.  



Municipal and public u t i l i t ies  have also par t ic ipated in t h e  t rend toward 
cen t ra l i za t ion .  Messing argues tha t :  

...p ublic power systems--which theore t i ca l ly  provide a n  
appror ia te  mechanism f o r  t h e  design and  implementation of 
decen t ra l i zed  energy systems--have in t h e  pas t  provided a n  
extensive  marke t  and an  ins t i tu t ional  incent ive  f o r  t h e  

, deve lopment  of centra l ized power.  Although they give  t h e  
a p p e a r a n c e  of heterogenei ty ,  d ivers i ty ,  and public ownership 
to  t h e  e l e c t r i c  uti l i ty industry, f r o m  t h e  s tandpoint  of s y s t e m  
deve lopment  they h a v e  se rved  t o  support  increased 
cen t ra l i za t ion  through t h e  provision o f  a n  extensive  
distr ibution and market ing network,  and t h e  absence of a 
c o m p e t i t i v e  in te res t  e i t h e r  in owning and operat ing generat ing 
systems,  o r  in providing in tegra ted  energy planning in loca l  
planning decisions.121 

T h e  Bonneville Power  Administrat ion established in 1936, is a major  broker of 
power  resources  ra the r  than a major producer of e l e c t r i c  power. The Southwestern 
Power  Administrat ion established in 1944, t h e  Southeastern  Power Administrat ion 
es tabl ished in 1950, t h e  Alaska Power Administrat ion established in 1956 and t h e  
Western Area Power Administrat ion established in 1977 produce hydroelect r ic  power 
f o r  federa l  wa te r  projects  and function a s  market ing agents.  The Tennessee Valley 
Author i ty  (TVA) established in 1935, is t h e  only federally-owned power corporation.  
It is t h e  only one of t h e  six federa l  energy agencies  t o  own and o p e r a t e  the rmal  
e l e c t r i c  generat ing facil i t ies.  In 1970, t h e  TVA had become t h e  single largest  
e l e c t r i c  u t i i i ty  in t h e  country ,  producing f ive  p e r c e n t  o i  rhe  nation's t o t a l  
genera t ing  capac i ty .  Al together ,  t h e  six f e d e r a l  agency uti l i t ies a c c o u n t  for  about  
t w e l v e  p e r c e n t  of t h e  t o t a l  U.S. generat ing capacity.122 

t 
Uti iity Regulation (2.4-2) 

In exchange  fo r  government  granting of p r o t e c t e d  service  a r e a s  to  single 
ut i l i t ies ,  a complex  sys tem of federa l ,  s t a t e ,  and local  regulation developed. The  
e l e c t r i c  power industry is one of t h e  mos t  highly regula ted industries in t h e  i 
country .  Ra tes ,  p lan t  si t ing,  environmental  considerat ions ,  pooling, transmisson and 
distr ibution lines, fue l s ,  ut i l i ty s t r u c t u r e  and financing a r e  a i l  regula ted in s o m e  
measure  by a t  leas t  one  of a number of regulating bodies. 

C 
C 

T h e  init ial  shi f t  f r o m  local and municipal  t o  s t a t e  control  developed a s  u t i l i ty  
se rv ice  a r e a s  spread from limlted urban areas .  Federal  regulation deve!oped 



' 
Numerous  o t h e r  laws and agenc ies  which h a v e  been  established t o  p r o t e c t  t h e  

qua l i ty  of our  environment also a f f e c t  u t i l i t ies .  T h e  Nat ional  Environmental  Policy 
A c t  r e q u i r e s  submission of a n  Environmental  I m p a c t  S t a t e m e n t  whenever var ious  
a c t i v i t i e s  a f f e c t  t h e  environment and  t h e  Environmental  Protect ion Agency requires  
u t i l i t i e s  t o  conform t o  pollution a b a t e m e n t  regula t ions .  The  federa l  Public Ut i l i ty  
R e g u l a t o r y  Policy Ac t  of 1978 (PURPA), r equ i res  state ut i l i ty  regula tory  
commiss ions  t o  scrut in ize  investor-owned ut i l i t ies '  a c t i v i t i e s  in a number  of a r e a s .  
T h e  t h r e e  object ives  of PURPA a r e  to  s e e  t h a t  u t i l i t ies :  (1) increase  e l e c t r i c i t y  
conse rva t ion ;  (2) increase t h e  ef f ic iency of e l e c t r i c  genera t ing fac i l i t ies  and 
resources ;  a n d  (3) s e t  equitable r e ta i l  r a t e s  fo r  e l e c w i c  consumers.  

T h e r e  a r e  six r a t e  possibilities provided by P U R P A  t o  establish equi table  r a t e  
s t r u c t u r e s .  These r a t e s  include: (1) cos t -of-service  ( se t  according to  ac tual  cos t s ) ;  
(2) t h e  exclusion of block (declining) r a tes ;  (3) t ime-of-day; (4) seasonal; ( 5 )  
in te r rup t ib le ;  and ( 6 )  load management  techniques.  T h e  s t a t e s  a r e  not forced t o  
i m p l e m e n t  t h e  various ra tes  if they  c a n  prove t h e  r a t e s  a r e  ir,appropriate.123 

, The a m o u n t  of regulatory control  t h e  f e d e r a l  government  exerc ises  is v e r y  
con t rovers ia l .  The debate s t e m s  f o r m  one view which supports  max imum 
c e n t r a l i z e d  con t ro l  by government  regulation ve r sus  ano the r  view which suppor t s  
d e c e ~ t r a l i z e d  uti l i ty management .  Typifying t h e  f o r m e r  viewpoint was  the  proposed 
Nat ional  Elect r ica l  Energy Reliability and Conversa t ion  Act  of 1977. If  passed,  5.  
1991 would h a v e  provided: 

... a nat ional  bulk power  sys tem consist ing of power genera t ing 
fac i l i t ies  and a sys tem of very-high-voltage transmission lines 
owned and operated by a federa :  c o r p o r a t i o n ,  the  National  
Power  Grid Corporation.  The Na i tona l  Power Grid 
Corporat ion wou Id also establish o n e  f e d e r a l  regional bulk 
power  supply corporation in each  of t h e  nat ion 's  power supply 
regions,  t o  blanket t h e  country .  T h e  reg iona l  corporat ions  
would have authori ty t o  acquire  and o p e r a t e  transmission ( b u t  
n o t  genera t ing)  facil i t ies.  The  nat ional  co rpora t ion  would t a k e  
over  all federal  e l e c t r i c  power g e n e r a t i n g  ad transmission 
fac i l i t i e s  ... except  f o r  t h e  Tennessee  Valley Author i ty  which 
would be able,  i f  i t  wished, t o  t r a n s f e r  f e d e r a l  transmission 
fac i l i t ies  t o  the  regional  corporations.124 



Originally, t h e  more electr ic i ty  customers used, t h e  less  i t-cost t h e  utility. t o  
produce e lec t r ic i ty  per unit. Thus a "sliding scale  ra te"  or  "block rate" evolved t h a t  
accointed for  an ziitzlrna:lc-rate c i e c r e a ~  2 5  2 rustc?mer1s e l ~ t r i c i t y  cgnsnmntion r 

increased. Af t e r  nearly a century of s table  ra tes  using the  above guidelines, t h e  
shock of t h e  Arab oil embargo and resultant quadrupling of oil prices in 1973-74 
caused a n  eventual  reversal in t he  electr ic  industry's r a t e  s t ructure .  

Additional factors  contributing to  this reversal  in declining real  ra tes  fo r  
e lectr ic i ty  a r e  t he  high inflation rates of t he  las t  decade,  strict  environmental 

I ,  
requirements,  increases in other fuel prices, high main tenance  and operating costs ,  
rising cos t s  of capi ta l  and the peaking of most economies of scale. Phillip Hiil 
predicted in 1979 that  t h e  costs of electrical ower  generation will increase by a 
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f a c to r  of four  o r  five between 1970 and 1985. 

4 '  



Cent raEzed  Alternatives:  Synthet ic  Fuels (2.5) 

Cherview (2->-!I 

Easily e x t r a c t a b l e  sources  of relat ively c l e a n  energy a r e  rapidly dwindling 
worldwide and becoming increasingly'  expensive.  Their  sca rc i ty  t h r e a t e n s  U.S. 
national secur i ty .  Development  of new energy resources  has  become both a n  u rgen t  
national priori ty and  a n  increasingly compet i t ive  c o m m e r c i a l  venture.  

One promising s o u r c e  of new energy is t h e  manufac tu re  of s y n t h e t i c  fuels  
(synfuels) f rom c o a l  a n d  oil shale.  Syn the t i c  fue l s  a r e  obtained by conver t ing a 
carbonaceous  m a t e r i a l  t o  another  form.  Synfuels include low-, medium-, and 
high-Btu gas ,  liquid f u e l s  such a s  fuel  oil,  diesel, gasoline,  methanol,  and c lean  solid 
fuels. 

Since t h e  resource  base f o r  synfuels is coal  and oil  shale,  i t  is impor tan t  t o  
quantify th is  resource  base.  With coal ,  qual i ty  is a l so  important .  Coa l  qual i ty  and  
h e a t  con ten t  v a r y  g rea t ly .  The  f ract ion o f  carbon in t h e  coal increases  and t h e  
moisture con ten t  d e c r e a s e s  f r o m  lignite t o  anthraci te , l26 The U.S. c o a l  f ields,  
excluding Alaska, and t y p e s  of c o a l  found in these  f ie lds  a r e  shown in Figure 2-5-1. 

Regional distr ibution of t h e  demons t ra ted  c o a l  reserves  is shown on Tab le  
2.5-1. This reserve r e f e r s  only to  identif ied resources  sui table  for mining by p r e s e n t  
methods,  where  50 p e r c e n t  of t h e  rese rve  is recoverable .  Almost half of t h e  
nation's c o a l  is found in t h e  Northern G r e a t  Plains and t h e  Rocky Mountain region 
where more  t h a n  40 p e r c e n t  of t h e  coa l  c a n  b e  s u r f a c e  mined. Sur face  o r  s t r i p  
mining can  b e  done more  economically and wi th  a much higher proportion of t h e  
cml recovered.  I t  is e s t i m a t e d  t h a t  t h e  nation's coa l  reserves  a r e  su f f i c ien t  t o  
sa t i s fy  t h e  U.S. needs  f o r  200 years  at c u r r e n t  r a t e s  of consumption.127, 128 

Oil sha le  is sed imenta ry  rock containing organic  m a t t e r  which when h e a t e d  t o  
i t s  pyrolysis t e m p e r a t u r e  yields lkerogen." The s p e n t  residue, or  tai l ings,  a r e  
composed mainly of inorganic mat te r .  Shale wi th  a b o u t  seven p e r c e n t  by weight  of 
organic m a t t e r  yields approximately t e n  gallons of oil  per  ton (.04 l i ters lkg)  of 
shale. High g r a d e  oi l  s h a l e  is considered to  be  s h a l e  wi th  an  organic  c o n t e n t  g r e a t e r  
than  f o u r t e e n  p e r c e n t  t h a t  yields 25 gallons (.l i i ters /kg)  or  more  of oil p e r  ton of 
shale and  is found in seams at leas t  t e n  feet th ick  (3 m). In general ,  oil s h a l e  
deposits  tend t o  b e  s i  n i f icant ly  th icker  t h a n  c o a l  s e a m s  and sha le  is considerably 
harder  t h a n  coal .  129, I%,  131 

Significant quan t i t i e s  of lower g rade  oil  s h a l e  a r e  found in many a r e a s  of t h e  
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Synthe t i c  Fuels f rom Coal  (2.5-2) 

Coal is a flexible primary fue l  whick c a n  be  used in i t s  solid form to  fue l  a 
conven t iona l  boiler, a fluidized bed, or  a magne  tohydrodynamic faci l i ty .  
Al te rna te ly ,  i t  can  b e  conver ted t o  liquid o r  gaseous  s y n t h e t i c  fuels and used in 
conven t iona l  systems, or  in advanced sys tems  specifically designed to  m a t c h  
s y n t h e t i c  fue l  properties.  

Tab le  2.5-2 lists t h e  various technology op t ions  fo r  conver t ing coal  t o  s y n t h e t i c  
fuels.  Also included a r e  es t imated  dates  for c o m m e r c i a l  availabilities along wi th  
e s t i m a t e d  c o s t s  in 1980 dollars. I t  is significant t h a t  c o a l  gas i f ica t ion is t h e  in i t ia l  
s t e p  in producing several  of t h e  listed syn the t i c  fuels.  The gas  produced f rom c o a l  
m a y  b e  burned di rect ly  t o  genera te  process h e a t  o r  e l e c t r i c i t y  o r  it may be f u r t h e r  
p rocessed  t o  produce synthet ic  natura l  gas  (SNG) o r  methanol .  SNG and methano l  
c a n  also be  used t o  produce process h e a t  and e l e c t r i c i t y  and,  in t h e  c a s e  of 
methano l ,  can  b e  used in t r a n ~ ~ o r t a t i o n . 1 ~ ~ ~  135 

Low-and Medium-Btu Coal Gasification (2.5-3) 

C o a l  c a n  b e  gasified to  produce e i the r  a low- o r  a medium-Btu gas. Low-Btu 
g a s  is produced by using a i r  to supply oxygen to a gas i f ier .  It has  a heating value  > f  
100 t o  250 Btu per standard cubic foot  (scf)  (320-800 Btu per  s tandard cubic mete r ) .  
Low-Btu gas  c a n  be burned di rect ly  to produce p rocess  h e a t  or e lect r ic i ty .  I t  is no t  
used,  however ,  a s  a feedstock for SNG or  methano l  production. Medium-Btu g a s  is 
produced by supplying pure oxygen to  the  gas i f ier .  I t  has  a heat ing value of 250 to  
450 Btu p e r  scf (800-1,440 Btu per  standard cub ic  m e t e r ) .  Medium-Btu gas  h a s  t h e  
p o t e n t i a l  for  fu r the r  processing in to  SNG or methanol .  Figure 2.5-3 i l lus t ra tes  
convers ion of c o a l  and low- and medium-Beu gas. 

The production processes fo r  both low- and medium-Btu gas  a r e  similar and ,  
t h e r e f o r e ,  only t h e  medium-Btu g a s  process will b e  discussed. It should be no ted  
t h a t  severa l  of the  principal c c a l  gas i f ica t ion technologies can  b e  used for e i t h e r  
low- or medium-Btu g a s  production including Lurgi, Koppers-Totzek, and Texaco  
s y s t e m s .  

Many processes for producing medium-Btu g a s  f r o m  cca l  have been  
invess igated.  Ir! general ,  they s t a r t  with the  p a r t i a l  oxidation of coa l  in t h e  
p r e s e n c e  of s t e a m  and oxygen. The gas  produced c o n t a i n s  combust ib le  components  
including ca rbon  monoxide, hydrogren, and m e t h a n e ,  a s  well  a s  noncombustible gases  
such  a s  carbon dioxide and sulfur compounds.i36~ 1379 138 

Before  it c a n  he  used, t h e  gas  must be  c leaned  t o  remove impurit ies such as 
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Proposed o r  planned coa l  gasification products  in t h e  U.S. include a var ie ty  of 
f i r s t  and second generat ion rnediurn-Btu gas  processes.  Fi rs t  generation processes  
a r e  in commercia l  operation in varlous pa r t s  of t h e  world, but not in t h e  U.S. 
Second generat ion processes a r e  being developed to improve eff ic iency and  
opera t ion  flexibility. A se lected list of c c a l  gas i f ica t ion processes including those  
receiving the  most a t t en t ion  in t h e  United S t a t e s  is provided in Table 2.5-3. 



In summary ,  medium-Bt_u coal  gas i f ica t ion processes  a re  commerc ia l ly  available 
at reasonable  costs .  The technology has  been  commercia l ly  demons t ra ted  abroad. 
The  appl icabi l i ty  of this exper ience t o  t h e  U.S. is uncertain because  of d i f ferences  
in economic  condit ions a n d  environmental  regulations. I t  is a l so  significant t h a t  
e c o n o m i e s  of s c a l e  a r e  impor tan t  with medium-Btu g a s  production. Economies of 
s c a l e  d i c t a t e  t h a t  c o m m e r c i a l  facil i t ies be  re la t ively  large ,  or  equivalent  t o  500 M W 
power  generat ion stat ions.  On t h e  o t h e r  hand low-Btu g a s  production is no t  
especia l ly  dependent  on economies  of scale.144, 145) 

Coal-Derived Synthet ic  Natural  Gas (2.5-4) 

S y n t h e t i c  na tu ra l  g a s  (SNG) is a po ten t i a l  subs t i tu te  fo r  n a t u r a l  g a s  and may be  
used in  conventional sys tems.  SNG is a methane-r ich,  high-Btu gas  which has had 
many  of t h e  impuri t ies  removed. I ts  heat ing value  is approximately  1000 Btu per  
s t andard  cubic  f o o t  (3,200 Btu per s tandard c u b i c  meter) .  I t  c a n  be  produced f r o m  
coa l ,  ag r icu l tu ra l  and lumber  residues, municipal  solid was te  and  many o ther  organic  
mate r ia l s .  The principal method of producing SNG is f rom t h e  gas i f ica t ion of coal .  
Gasi f ica t ion and processing c a n  occur  at  t h e  mine mouth w h e r e  t h e  SNG can  be  
in t roduced  in to  t h e  natural  gas  pipeline sys tem.  

There  a r e  severa l  major  s teps  in t h e  p rocess  f o r  producing SNG f r o m  coal. The  
c o a l  is f i rs t  gas i f ied  to produce medium-Btu gas. The  medium-Btu g a s  must then  
undergo a shift-conversion process t o  increase  i t s  hydrogen concen t ra t ion  in order t o  
a c h i e v e  t h e  appropr ia te  hydrogen-carbon r a t i o  for  producing m e t h a n e  (CH4), t h e  
p r imary  cons t i tuen t  of SNG. In t h e  final  methana t ion  s tep ,  t h e  gas  is r eac ted  
ca ta ly t i ca l ly  t o  f o r m  methane  f r o m  carbon monoxide and hydogen. A f t e r  drying, 
t h e  result ing high-Btu SNG is ready fo r  on-si te use or  f o r  transmission by pipeline. 
Pilot  demons t ra t ions  of c a t a l y t i c  methanat ion t o  obta in  SNG f r o m  medium-Btu g a s  
f r o m  c o a l  have been per fo rmed  in Scotland,  South Afr ica ,  and Austr ia .  

T h e  D e p a r t m e n t  of Energy (DOE) n o t e s  t h a t  a l l  of t h e  individual process units  
required for a SNG-from-coal production fac i l i ty  using f i r s t  genera t ion  gasifiers 
h a v e  opera ted  commerc ia l ly  a t  numerous p lan t s  f o r  purposes of producing SNG f r o m  
f e e d s t o c k s  o t h e r  than coal .  There  is, however ,  some technical  risk in integrating 
c o a l  gas i f ica t ion and SNG production components  into a working commerc ia l  s c a l e  
sys rem.  

L a r g e  SNG plants previously proposed in t h e  U.S., for example ,  t h e  El Paso,  
Wesco and  Mercer  projects ,  have been based  on f i r s t  genera t ion  Lurgi c o a l  
gas i f ica t ion processes. T h e  Mercer County ,  North Dakota ,  p r o j e c t  may be t h e  
nation's  f i rs t  SNG c o m m e r c i a l  demonstra t ion plant.  I t  would p roduce  125 million 
c u b i c  f e e t  of SNG daily.14' 



Table 2.5-3146 

SELECTED MEDIUM-BTU C O A L  GASIFICATION PROCESSES 

Examples  of Prcposed Uses 
P rocess  Descr ipt ion - Sta tus  In t h e  Uni ted S t a t e d  

F i r s t  Gene ra t ion  

L w g i  Fixed bed process  Approximately  2 0  Merce r  Co., N.D., planned 
operating a t  350- plants  in c o m m e r -  S N C  fac l l l t y ,  15,000 tpd, 
450 psi p re s su re  c la l  ope ra t ion  1953 s r a r r  date .  
which favors  t h e  ours lde  US., t h e  
formarlon of me th -  largest  being t h e  
a n e  in rhe  g a s ~ f i w  SASOL 1 p lant  i n  
and reduces  p roduc t  South Africa. 
transmissions c o s t s  
(gas 1s a l r eady  
pressurized).  Dis- 
advan tzges  inc lude  
t h e  product ion of 
liquid hydrocarbon 
by-producrs t h a t  
mus t  be  s e p a r a t e d  
and d i f f ~ c u l r y  in 
handling U.S. e a s t e r n  
bituminous coal .  

Koppers-  
T o t z e k  

Winkler 

Second  Generat ion 

Stagging-  
Lurg i  

Entrained f low gasi- 
f ier  ope ra t lng  a r  
a tmosphe r i c  pressure .  
Dces  no t  g e n e r a t e  
hydrocarbon by- 
producrs. 

Low-pressure 
fluidized bed 
process. 

Adapticm of t h e  
f i r s r  gene ra t ion  
Lurgi p roces s  l r n -  
proved to  include 
g r e a t e r  coa l  t h rough-  
put and recycl ing 
of hydrocarbon by- 
products.  

Sixteen plants  In 
commerc ia l  ope ra -  
t lon outs ide  U.S. 
primarily for  am-  
monia  productlon: 
a lso  used ~n a 
jmal l -scale  3 9 t h -  
nol-from coa l  p l a n t  
in South Africa. 

Existing c o m m e r l c a l  
insra l la t lons  in- 
c lude  seven  p l a n t s  
in Germany.  

W.R. G r a c e  & Co., for a 
p-oposed merhanol-f rom 
coa l  facl l i ty  ~n Colo- 
rado, 10,000 tpd ,  feasl- 
b i l ~ t y  s tudy planned 
fo r  nea r  fu tu re .  

None ident i f ied .  

Pilot plant o p e r a r e d  None i d e n t ~ f i e d .  
in u'estfield, Scor-  
land. 



Various f a c t o r s  such  a s  inflat ion and const ruct ion lead t imes  a f f e c t  t h e  
e s t i m a t e d  c o s t  of f u t u r e  c o a l  gas i f ica t icn  plants. R e c e n t  e s t i m a t e s  p ro jec t  a c o s t  

I 
1 

f o r  SNG be tween  $5 and $8 per  million Btu in 1979 dollars. The c u r r e n t  cos t  of 
C a n a d i a n  natura l  gas  is $4.65 per  million Btu. The p r i ce  of natura l  g a s  will con t inue  [ to inc rease  t o  approximate ly  $6 per  million Btu. DOE project ions  f o r  SNG conclude 
t h a t  SNG will be marginal ly  c o m p e t i t v e  wi th  na tu ra l  gas  under a n  assumed high 
n a t u r a l  g a s  price. Ar thur  Seler ,  Jr. ,  Cha i rman  of American Natura l  Resources  
C o m p a n y  which leads  t h e  consor t ium building t h e  Merce r  County  Project ,  f o r e c a s t  a 
de l ive red  p r i ce  f r o m  t h a t  p l a n t  of approximate ly  $7.25 pe r  million Btu in 1983. He 
be l i eves  this  will prove c o m p e t i t i v e  a s  t h e  c o s t s  ,of o the r  energy sources  

I 
escalate.149, 150, 151, 152 

T h e  lack of c o m m e r c i a l  demonstra t ion,  var ia t ion and uncer ta in ty  in cos t  
e s t i m a t e s  f o r  SNG f rom c o a l  gas and  uncer ta in ty  a b o u t  fu tu re  cos t s  of compet ing  
f u e l s  c a u s e  a corresponding uncer ta in ty  in t h e  c o m m e r c i a l  availabil i ty of SNG. 1 

Compar ing  t h e  e s t i m a t e d  cos t  of SNG with  t h e  rising prices of pe t ro leum 
p r o d u c t s  suggests  t h a t  coal-derived SNG could b e  used in ce r t a in  conventional  
app l i ca t ions ,  such a power p lants ,  a t  a reasonable  cos t .  Overal l ,  however,  i t  appears  
t h a t  a commerc ia l  demons t ra t ion  may b e  needed t o  eva lua te  t h e  economic  

6 1 
feasibi l i ry  of  SNG production.  The po ten t i a l  problems in in tegra t ing  t h e  
medium-Btu gas i f ica t ion and methana t ion  processes  into a commerc ia l  p lant  and t h e  
poss ible  impac t s  on rel iabil i ty and o t h e r  pe r fomance  charac te r i s t i c s  m u s t  be  

S 
def ined.  A comrnercia l  demons t ra t ion  would help t o  r educe  t h e  uncer ta in ty  of 
producing SNG from c o a l  and  may b e  a necessary  s t e p  t o  establish SNG f rom c o a l  a s  
a v iab le  energy a l t e r n a t i v e .  Finally,  a s  with medium-Btu gas i f ica t ion,  SNG 
fac i l i t i e s  wili be  sub jec t  to  economies  of sca le  which d i c t a t e  t h a t  fac i l i t ies  b e  
r e l a t i v e l y  l a rge  and central ized.153 

Methanol  f rom Coa l  (2.5-5) 

t 
Methanol ,  a  liquid fuel  derived f r o m  coa l  and o t h e r  organic  mate r i a l s  such a s  

wood a n d  pe t ro leum,  could b e  used a s  a fuel  in convent ional  u t i l i ty  and industrial  
e 

s y s t e m s  as well  a s  in t h e  t r anspor ta t ion  sec to r .  Methanol (CH30H), like SNG, c a n  
be syn thes ized  by c a t a l y t i c a l l y  r eac t ing  medium-Btu gas  produced by a n y  coa l  
gas i f i ca t ion  process  which p roduces  C O / H 2  mixtures. 

L 
T h e  synthesizing of methanol  f r o m  medium-Btu g a s  is a well proven 

C 
t echno logy .  At  l eas t  t w o  companies  (Imperial  C h e m i c a l  Industries and Lurgi) o f f e r  t 
p r o p r i e t a r y  processes wi th  g u a r a n t e e s  backed by mul t ip le  commercia l -scale  p lant  
o p e r a t i n g  exper ience .  ! 



No commercia l -s ize  methanol-f rom-coal p lan t s  current ly  exist .  Based on t h e  
s i z e  of a number  of proposed p ro jec t s ,  however,  i t  is reasonable to e x p e c t  t h a t  a 
commerc ia l - s i ze  p lan t  would probably use at  l eas t  5,000 tons (4.5 million kg) of c o a l  
p e r  day.  Methanol production, however ,  is in commerc ia l  operat ion using feedstoci<s 
s u c h  as n a t u r a l  g a s  and naptha.  T h e  use o f  c o a l  c r e a t e s  addit ional  technical  
r equ i rements ,  such  a s  a need for  cont inuous  and reliable hi h-efficiency g a s  
c lean-up t o  avoid poisoning t h e  methano l  synthesis ca ta lys t .  155, 15C 

Severa l  commerc ia l  projects  to  produce methanol  f r o m  c o a l  a r e  now being 
pursued in t h e  U.S. which could lead t o  commerc ia l  demonstra t ion by 1986. This 
t i m e  f r a m e  requires t h a t  c o m m i t m e n t s  t o  c o n s t r u c t  must begin soon since t h e  
pe rmi t t ing  process  and const ruct ion will require  a t  l eas t  f ive  years. Wentworth 
Brothers ,  I n c .  h a v e  completed t h e  preliminary engineering and economic evaluations 
f o r  t h r e e  po ten t i a l  projects;  they  s e l e c t e d  t h e  Texaco process fo r  coa l  gasification.  

W.R. G r a c e  and Company plans M do a feasibil i ty s tudy for  a plant  in 
nor thwes te rn  Colorado fo r  producing 5,000 tons  (4.5 million kg) of methanol  pe r  day 
f r o m  coa l .  The  study is expec ted  to  t a k e  six months and a decision to proceed wi th  
t h e  p ro jec t  is expected within a year .  G r a c e  plans to  use t h e  Kopper-Totzek 
gasifiers.  As a l so  noted in Table  2.5-3, G r a c e  is beginning design analysis fo r  a 
methanol-f rom-coal  p lant ,  using Texaco  gasi f iers ,  where  t h e  methanol  would t h e n  b e  
c o n v e r t e d  to gasoline. Two o t h e r  major  coal-to-methanol projects  a r e  under  
considerat ion in t h e  U.S. by Conoco and Texas  Eastern .  They plan t o  use t h e  Lurgi 
gas i f ier .  

Methanol f r o m  coal  is on t h e  v e r g e  of being a n  economically c o m p e t i t i v e  
a l t e r n a t i v e  to  c o a l  for power producrion o r  a s  a transportatioii  fuel. However,  c o s t  
e s t i m a t e s  will cont inue t o  b e  sub jec t  t o  uncer ta in t i es  until more  exper ience  is 
gained.  

T h e  commerc ia l  availabil i ty of coal-derived met lano1  is uncer ta in  f o r  reasons  
s imilar  to those  f o r  coal-derived SNG. The  demonstra t ion of a n  in tegra ted  >sys tem is 
i m p o r t a n t  t o  es tabl ish  t h e  technology fo r  g a s  clean-up,  t o  avoid methanol-synthesis 
~ a t a l y s t  poisoning, to d e t e r m i n e  opera t ing  requirements ,  and  t o  study process  
economics .  As with SNG production,  methanol  production f r o m  coal  is sub jec t  t o  
economies  of scaie.157 

Synthe t i c  Oil f rom Coal  ( 2 . 5 - 6 )  



The  DOE h a s  noted t h a t  t h e  H-Coal, Donor Solvent and Solvent  Refined Coal 
- (SRC) processes  have received s ignif icant  a t tent ior!  in t h e  U.S. A small  

five-ton-per-day SRC plant  has been opera t ing  s i n c e  1975; a s ingle  module of a 
- - - - - - - : - I  - - - I -  - I - - +  6,- each =f t h e  SP\C p r x e S s e s  i~ the design phase; a - CUII I I  I I T I  C la l ->Laic  ylaiic ~ v i  4. 

600-ton-per-day H-Coal plant  is under cons t ruc t ion ;  and a 250-ton-per-day Exxon 
Donor  Solvent  plant  is under const ruct ion.  Some of these  processes  could be 
c ~ m m e r c i a l l y  avai lable  by 1990. Cur ren t ly ,  however ,  the re  a r e  no suppliers in 
e x i s t e n c e  t o  commercia l ly  produce s y n t h e t i c  oil  f r o m  coal. Es t imated  production 
c o s t s  f o r  s y n t h e t i c  oil a r e  in t h e  range  of $5 t o  $7 p e r  million B ~ L I . ~ ~ O  

T h e r e  a r e  significant technical  d i f f e r e n c e s  b e t w e e n  synthet ic  o i l~produc t ion  and 
t h e  gas i f i ca t ion  process which lead t o  quest ions  regarding t h e  long- term desirability 
of developing t h e  liquefaction technologies.  Since dried c o a l  is required for  t h e  
hydro l iquefac ton  processes, use of western  coals  wi th  higher mois ture  con ten t  may 
s e v e r e l y  r e d u c e  t h e  the rmal  e f f i c iency .  F u r t h e r ,  t h e  coal  l iquefaction process does 
n o t  func t ion  wel l  with western  coals  d u e  t o  the i r  high oxyg& con ten t ,  high a :  
a lka l in i ty  a n d  low sulfur levels,  and because  t h e  high oxygen c o n t e n t  results In . . 
m a s s i v e  consumpt,ion of process gas. T h e  high alkalinity i n t e r f e r e s  with ca ta ly t i c  
reac t ions ,  a n d  t h e  low sulfur levels inhibit t h e  dissolution of t h e  c o a l  in the  solvent. 
T h e s e  sugges t  t h a t  t h e  cos t  of liquefying many wes te rn  coals would likely be higher 

< * 
t h a n  f o r  e a s t e r n  coals.16 - 

b 
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Synthe t i c  Fuels  f rom Oil Shale (2.5-7) 

L'nlike c o a l  which c a n  be  readily used in i t s  solid form o r  conver ted  t o  several  
s y n t h e t i c  fuels ,  syn the t i c  fuels f rom oil sha le  will consist pr imari ly  of synthet ic  1- 
c r u d e  oil. While it is technically feas ible  t o  gasify shale oi l ,  t h e  economics 'and 
usefulness  of such act ion a r e  not justified. On t h e  o t h e r  hand, t h e  a t t r ac t iveness  of 
oil s h a l e  deve lopment  is t h a t  t h e  end p roduc t ,  syncr ide ,  is readily adap tab le  to t h e  

i '  
?L. 

ex i s t ing  p e t r o l e u m  infras t ructure  f r o m  refining to t h e  use in u t i l i ty ,  indusz i s l  and 
t r a n s p o r t a t i o n  sectors.162 .T 

7 
2 
9,. 

Figure  2.5-4 is a block diagram f o r  oil s h a l e  development.  t h e  conversion of oil 
s h a l e  t o  f in ished fuels or o ther  p roduc t s  such a s  chemical  f eeds tocks  requires a 
s e r i e s  of process ing steps.  Numerous s p e c i f i c  processes  can b e  generically grouped 1 4 '  

' as follows: 1 

1. T r u e  in-situ (TIS) processes  in which t h e  o i l  shale is l e f t  underground and 
is h e a t e d  by injecting h o t  fluids; 

C 
L 

2. Modified in-situ (MIS) processes  in which a portion of t h e  shale  deposit is 
mined  and t h e  rest  is f r a c t u r e d  with explosives to c r e a t e  a highly i 

r, - 
permeable zone through which h o t  f luids c a n  be c i rcu la ted ;  



True  In-Situ Processing (TIS) (2.5-8) 

Numerous  t y p e s  of T1S processes have  been  proposed and di f ferences  be tween  
tne  processes  reials varying ze:Cds for preparing and hest ing the  ei! shale 
deposit.  All processes  use a sys tem of injection and production wells drilled 
according t o  a prescribed pa t t e rn ;  All processes can be  generally described by t h e  
following s teps :  

1. Dewater ing,  if t h e  deposit  occurs  in a ground w a t e r  a r e a ;  

2. F rac tu r ing  o r  rubbling, if t h e  deposi t  is not  a l ready permeable  t o  fluid 
f low; 

3. Injection of a ho t  f luid or  ignition of a portion of t h e  bed t o  provide h e a t  
f o r  pyrolysis; and 

4. Recovery  of t h e  oil and gases  through production wells. 

Figure 2 ~ 5 - 4 1 ~ ~  
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In a l l  cases ,  the  permeabil i ty of t h e  sha le  t o  h o t  f luids is a cr i t ica l  variable, and i: 8 L 

t h a t  permeabi l i ty  is primarily responsible f o r  t h e  low o i l  recover ies  of ten  associa ted ... :+h R C  ,-.r,~,ee.,r. 7 h q +  t c  
W I L l l  1 1 2  y L V L G J J ; l 1 5 .  ,=, large impermeab!e b!=cks cf sha le  ir! t h e  f rac tu red  
fo rmat ion  c a n n o t  be  fully re to r ted  in a reasonab le  length  of t ime ,  or in s o m e  
ins tances  i r re  u la r  f rac tu res  c a n  cause  t h e  h e a t  c a r r i e r  t o  bypass large  sect ions  of 

165, 166 
F 

t h e  deposit .  

Research regarding TIS processes is s t i l l  required.  T h e r e  a r e  current ly  no 
commercia l -scale  plants operat ing,  although t h e  DOE and Geokinetics plan t o  

Ti 
develop a commercia l -scale  operation with a product ion c a p a c i t y  of 2,000 barre ls  
per  day by 1982.167, 168 

Modified In-Situ Processing (MIS) (2.5-9) 

In t h e  MIS process,  some shale  is mined f r o m  t h e  deposi t  and then explosives 
a r e  de tona ted  in t h e  remaining deposit  to inc rease  t h e  pe rmeabi l i ty  of t h e  oil shale.  

C 

This procedure c r e a t e s  a chimney-shaped underground r e t o r t  filled with broken 
shale.  Access tunnels a r e  sealed and an in ject ion ho le  is dri l led f rom t h e  surface  t o  
t h e  top of t h e  f rac tu red  shale. The shale is igni ted a t  t h e  top  by injecting a i r  and 

C ' 
burning fuel  g a s ,  and h e a t  from the  combus t ion  of t h e  top layers is ca r r i ed  
downward in t h e  gas  s t ream.  The bot tom of t h e  oil  s h a I e  is pyrolyzed and oil vapors i : 
a r e  swept  down t h e  re to r t  to a sump from which t h e y  are pumped to  the  surface .  

3 

The burning z o n e  moves down t h e  r e t o r t  fueled by res idual  carbon in t h e  re to r ted  
layers. When t h e  zone reaches t h e  bot tom of t h e  r e t o r t ,  t h e  f low of a i r  is stopped 
and combustion stops. 

I 
xr  

Occiden ta l  Oil Shale, Inc., a subsidiary o f  O c c i d e n t a l  Pet roleum Company, h a s  
demons t ra ted  t h e  MIS process on a nearly c o m m e r c i a l  s c a l e .  Numerous o ther  
companies  a r e  also conducting research and d e v e l o p m e n t  programs with LiIS. If 

t : 
present  plans a r e  followed, Occidental 's  technology could  b e  used to produce 57,000 
barre ls  per d a y  by 1 9 ~ 5 . ~ ~ ~ 9  170 t l 

The MIS processes a r e  more  advanced t h a n  TIS methods.  The principal . , 
advantages  of MIS a r e  tha t  large  deposits c a n  b e  r e t o r t e d ,  oil  recovery ratios a r e  ' high, and re la t ively  few sur face  faci l i t ies  a r e  required.  However ,  some mining and 
disposal of solid wastes  on the  s u r f a c e  a r e  required and  t h e  oil  recovery per uni t  o f  
ore processed is low re la t ive  to  above ground r e t o r t i n g  methods .  In addition, t h e  
burned-out ,l;lIS r e t o r t s  have t h e  potent ia l  f o r  ground w a t e r  pollution. 171, 172 

C 
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Above Ground Retort ing (AGR) (2.5- 10) 
1 '  

Above Ground Retort ing d i f fe r s  f r o m  t h e  in-situ p rocesses  in t h a t  a l l  t h e  shale  L 

feeds tock  is mined. The principal advantage of AGR is t h e  oil  recovery efficiency. 





Finally, t h e  c r u d e  sha le  oil properties d i f f e r  significantly be tween  t h e  AGR and  - 
in-situ processing methods.  Specifically, AGR c r u d e  s h a l e  oil  is b e t t e r  sui ted  f o r  l i 
d i s t i l l a t e  fuel product ion,  whereas  in-situ processed sha le  oil  is b e t t e r  suited t o  

- gasol ine  production. In addition, i t  is c e r t a i n  t h a t  new ref iner ies  and ref inery 
r e t r o f i t s  will be  required t o  process crude s h a l e  oi1.177, 179 

Current  analysis indicates  t h a t  domes t ic  oil s h a l e  resources conta in  near ly  
1,800 billion barre ls  of oil. About 84 p e r c e n t  of U.S. oil shale  d e  osits  l ie  in 
Colorado,  ten  p e r c e n t  a r e  in Utah,  and six p e r c e n t  a r e  in Wyoming.18p Companies  
developing oil s h a l e  a r e  concentra t ing in Colorado because  of i ts  v a s t  reserves and  
high quali ty deposits .  h : 

Shale oil is ve ry  expensive in t e rms  of resources .  I t  t a k e s  a g r e a t  d e a l  of 
e n e r g y  and c a p i t a l  to mine  t h e  shale,  h e a t  i t ,  p rocess  i t ,  and t r e a t  t h e  enormous 
quan t i t i e s  of r esu l t an t  was te .  Both t h e  convent ional  and in-situ methods  use p rocess  
h e a t  and mechanical  energy.  (It has been sugges ted  t h a t  t h e  in-situ recovery 

h : 
methods  use nuclear  explosives t o  break down and  h e a t  t h e  f r a c t u r e d  rock.)181 

/ 

Oil shale precessing also uses large quan t i t i e s  of w a t e r ,  approximately 39 B 
gal lons  (147.6 l i t e r s )  p e r  barre l  of shale  oil. T h e  U.S. Environmmental  P ro tec t ion  
Agency e s t i m a t e s  t h a t  two  to  five gallons pe r  ton (.02 l i ters pe r  kg) of shale  will b e  
con tamina ted  by t o x i c  chemicals ,  minerals,  and t r a c e  e l e m e n t s  a s  a resu l t  of  
processing.  182 T h e  Colorado Water Conservat ion Board e s t i m a t e s  t h a t  a o n e  
billion barre l  pe r  day  o i l  shale industry would c o n s u m e  120,000 t o  190,000 a c r e  f e e t  
of wa te r  per year.  According t o  t h e  Western  S t a t e s  Water  Council ,  t h e  production 
of shale  oil could c o m p e t e  disastrously wi th  agr icul tura l  w a t e r  demands,  a s  could  
o t h e r  western energy  conservation indusrries. T h e  Councii  points out  tha t ,  "To 
a l low t h e  energy indust ry  to acquire  water  r igh t s  a t  t h e  m a r k e t  p lace  could result  in 
t h e  new allocation of l imited waters  t o  energy  while reshaping established 
economies  with perhaps  Iccally the  g r e a t e s t  i m p a c t  being on i r r iga ted  
agr icul ture .  11183 

Oil shale ven tures  have so f a r  been s t y m i e d  by economic  a s  well as 
env i romenta l  problems. The e s t i m a t e d  c o s t  of a b a r r e l  o f  sha le  oil  is $25 to $30 in 
1979 dollars. T h e  oil s h a l e  industry is current ly  an t i c ipa t ing  t h a t  hikes in t h e  landed f ' 
p r i c e  of OPEC c r u d e  a n d  federal  subsidies o r  t a x  c r e d i t s  will improve t h e  economic 
viabil i ty of thei r  products.  Morton M. Winston, Pres ident  of Tosco Corp., a 
diversif ied refining and  coal  company, envisions t h e  kickoff of t h e  shale  oil 

C 
industry: "The f i r s t  c o u p l e  of shale  ventures  inherent ly  will b e  ve ry  risky f r o m  a n  

C 
economic  standpoint ,  b u t  we're opt imis t ic  t h a t  a n  energy program t h a t  c lea r s  up 
uncer ta in t i es  abou t  env i ronmenta l  requirements  and helps  s t ab i l i ze  m a r k e t s  t h a t  a r e  



R e m o t e  Natural  G a s  (2.5-1 1) 

Natura l  g a s  is a high quality conventional f u e l  which generally requires l i t t l e  
upgrading t o  end use. However, being a gas ,  t h e  maximum dls tance it c a n  b e  
economical ly  t r anspor ted  is somewhat  l imited,  T h e r e f o r e ,  in order  t o  develop these  
rese rves  t h e  gas  must  b e  compressed,  liquefied (LNG), o r  conver ted  to  another fue l  
such  as methanol.  T h e  technologies for  L N G  and methanol  production a r e  
commerc ia l ly  available today and "off-the-shelf" packaged  plants a r e  readily 
ava i l ab le  f r o m  numerous suppliers, particularly f o r  methano l  synthesis from na tu ra l  
gas. The  major barr ier  to developing these  resources  t c d a y  is economic. LNG and  
methano l  a r e  s t i l l  no t  economically compet i t ive  wi th  convet ional  fuels. In addit ion,  
w i t h  LNG, t h e r e  a r e  technical  and sa fe ty  issues y e t  to b e  resolved. 

The remote-natural-gas-to-synthetic-fuels c o n c e p t  is part icularly interesting in 
a s t r a t e g i c  sense given t h e  current  commercia l  s t a t u s  of conversion technologies 
a n d  required const ruct ion lead t imes.  

Fu ture  of Synthet ic  Fuels (2.5- 12) 

Aside f rom s ignif icant  synthet ic  fuels deve lopment  e f f o r t s  undertaken by a 
number  of major U.S. energy corporations,  t h e  U.S. g o v e r n m e n t  launched a massive 
$88 billion synfuels development  program in June 1980 w h e n  President C a r t e r  signed 
legislat ion (S. 932) establishing the  US. S y n t h e t i c  Fuels Corporation. The 
Corporat ion is a n  independent federal  en t i ty  c h a r g e d  wi th  providing incentives t o  
p r i v a t e  companies  to  cons t ruc t  synfuels plants. T h e  Corporat ion 's  goal is a national 
synfue l s  capabi l i ty  of 500,000 barrels per day by 1987 and t w o  million barrels per 
day  by 1992--ail f rom domes t ic  fuel resources. 

Under t h e  new Energy Security Act (PL  96-294j, t h e  Corporation is charged 
w i t h  pr imary national responsibility fo r  developing synfuels  plants.  "Because of t h e  
n a t u r e  of i t s  ac t iv i t i e s ,  which a r e  principally t o  provide financial  assistance t o  t h e  
p r i v a t e  s e c t o r ,  t h e  Corporation is expected t o  func t ion  much like a p r i v a t e  
corporat ion e n t i t y  such a s  a bank o r  o ther  f inancial  ins t i tu t ion.  11186 

Phase  1 of t h e  national program is expec ted  to b e  a "sifting" process in t h e  
s y n t h e t i c  fuels e f f o r t  in which a diversity of p rocesses  and technologies will be  
encouraged  in order t o  de te rmine  the  best po ten t i a l  f o r  e a c h  hydro-carbon feedstock 
(biomass  is also included in t h e  effor t ) .  Prior t o  t h e  expira t ion of this phase,  a 
d e t a i l e d  repor t  f rom t h e  Corporation will be  s u b m i t t e d  t o  Congress.  The report  will 
include: 

1. The economic  and technical  feasibil i ty of e a c h  facil i ty,  including 
informat ion on product quality, quant i ty  a n d  c o s t  of production. 



In following this s t ra tegy ,  t h e  Corporation will look a t  o t h e r  federa l  programs 
s u c h  as PL 96-126, t h e  Defense Production Act ( P a r t  A), and  o ther  -DOE synfuels 
programs.  Under t h e  Energy Security Ac t ,  t h e  Pres ident  is g iven expanded author i ty  
wi th in  t h e  Defense Production Act  t o  in i t i a te  a " fas t  s t a r t "  Interim synfueis 
p r o g r a m  which will c a t a l y z e  t h e  nat ional  e f f o r t  in t h e  n e x t  f e w  years. T h e  
comprehens ive  s t ra tegy  to  be given t o  t h e  Congress  mus t  b e  approved by a J o i n t  
Resolution in order  t o  in i t ia te  t h e  pr imary funding phase  of t h e  national ef for t ,  a 
$68 billion "set aside" t o  fund Phase 11. 

T h e  Corporation will  give p re fe rence  t o  t h e  following, in order  of decreasing 
priori ty:  I )  Purchase  agreements ,  priced guarantees ,  and  loan guarantees ;  2) Loans; 
and 3) Jo in t  Ventures. Subject t o  appropriation,  t h e  Corporat ion is author ized t o  
a s s u m e  obligations up to  $20 billion under PL 96-126 and  up to  $3 billion under  
D e f e n s e  Production A c t  authorit ies.  The Corpora tion is scheduled t o  t e r m i n a t e  on 
S e p t e m b e r  30, 1997. 

Under t h e  t e r m s  of Tit le 11 of t h e  Energy Secur i ty  A c t ,  up t o  $1.5 billion is 
au thor ized  for  biomass energy projects  wi th  an emphas i s  on alcohol fue l  plants and  
waste-to-energy facil i t ies.  Ti t le  I11 requires  t h e  se t t ing  of annual  energy production 
and  cornsumption t a r g e t s  by t h e  Depar tment  of Energy in order  to provide a working 
mechan ism f o r  energy policy cooperation be tween  t h e  Congress  and th-e execu t ive  
b ranch  o f  government .  Tit le IV provides for  increased funding of a range of energy 
conservat ion e f f o r t s  and  small  technology deve lopment  in various solar and 
renewable  energy technologies. Of special  in te res t ,  f r o m  a s t r a t e g i c  energy 
perspec t ive ,  is a modest  program for  $10 million t o  "demonstra te  energy 

' sel f -suff ic iency through the  use of renewable energy resources  in one or more  
s t a t e s "  over  a t h r e e  y e a r  period. 

Specif ic  technologies c i ted  in Ti t le  IV f o r  deve lopment  on a local  scale  a r e  
smal l  hydro resources and photovoltaic solar p rograms  in f e d e r a l  facil i t ies.  The 
S e c r e t a r y  of Energy is given author i ty  t o  uti l ize a s e v e n  p e r c e n t  discount r a t e  and 
marg ina i  fuel  cos t s  in determining and calcula t ing a l t e r n a t i v e  energy and  
conservat ion improvements  t o  federa l  buildings. T i t l e  V es tabl ishes  a Solar and 
Conserva t ion  Bank within the  Depar tment  of Housing and  Urban Development,  
which will fund a var ie ty  of household and c o m m e r c i a l  so la r  and conservation 
e f f o r t s .  

Addit ional sect ions  of t h e  l aw s e t  up p rograms  f o r  industrial  energy 
conserva t ion ,  geo thermal  energy development  ($85 million on FY 1981-851, a n d  
env i ronmenta l  assessments  of "acid rain" and ca rbon  dioxide problems s temming  
f r o m  synfuel  combustion.  Tit le VIII o rders  t h e  adminis t ra t ion to  resume filling t h e  
S t r a t e g i c  Petroleum Reserve  a t  a r a t e  of a t  least  100,000 bar re l s  pe r  day.18' 
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economy expanded, t h e  e lec t r i ca l  sys tem doubled in s i ze  e a c h  decade .  This process  
w a s  hal ted,  perhaps permanent ly ,  by t h e  1973-74 oil  boycot t .  Since  t h a t  winter ,  
demand  uncer ta int ies  have a f f e c t e d  most of t h e  nation's u t i l i t ies ,  and his tor ic  
g r o w t h  r a t e s  have  n o t  prevailed. 

Forecas t s  a re  impor tan t  s ince  lead t i m e s  f o r  t h e  const ruct ion of new power  
p l a n t s  can range f r o m  ten t o  f i f t e e n  years  (e.g. in t h e  c a s e  of large  c o a l  and nuclear 
plants) ,  and uti l i t ies must  h a v e  a n  idea of f u t u r e  demand t o  m a k e  such large  c a p i t a l  
investments .  One analysis summar izes  t h e  issues as follows: "Forecasting is m a d e  
m o r e  complicated by uncer ta inty  over t h e  consumer  response t o  recen t  p r i c e  
inc reases  and uncer'ainty over t h e  e f f e c t  of chan  es in rate design and changes in 

i 

t h e  pr ice  and availabil i ty of o i l  and na tu ra l  gas."18 P 
Despite cur ren t  uncer ta int ies  in demand f o r  e l e c t r i c a l  power  which a f f e c t s  

decisions regarding const ruct ion o f  new power  plants ,  a number of major energy 
s tud ies  predic t  a major  shift  to e lec t r i c i ty  wi thin  t h e  next  two  decades.  The 
following fo recas t s  in Table 2.6-1, compiled f r o m  r e c e n t  r e p o r t s  by nat ional  
government  and indusiry studies, indicate  t h e  p red ic ted  supply af e lec t r i c i ty  in t h e  
y e a r  2000 (or a s  o therwise  n o t e d )  a s  a p e r c e n t a g e  o f  national energy  consumption 
f r o m  all sources. 

Table 2.6-1 189 

ELECTRICITY AS A PERCENTAGE O F  U.S. ENERGY IN THE YEAR 2000 
(unless o therwise  no ted)  

Resources for t h e  Future  40 % 

IEA (Insti tute f o r  Energy Analysis) 50% 

CONAES ( C o m m i t t e e  on Nuclear and 
Al te rna t ive  Energy Systems) 3 6 8  (2b 10) 

MOPPS (Market Oriented Program 
Planning Study) 40% 

EIA (Energy Information Administrat ion) 

Edison Elect r ic  Insti tute 42% 

e r e  is consider  



Energy Systems and Economies of Scale  (2.7) 

As w e  h a v e  seen,  t h e  e l e c t r i c  uti l i ty industry began in t h e  Iate 19th century a s  
a highiy decentra i ized enterpr ise .  Smaii  power  i ac i i i t i e s  se rved  neighborhoods and  I , were  fueled largely by c c a l  and hydroe lec t r i c  power.  In t h e  e a r l y  years  of e l e c t r i c  
power ,  high c o s t s  to  consumers  were  a result  of high cons t ruc t ion  costs and fuel  
costs.  Transmission l ines and distr ibution c e n t e r s ,  t h e  essent ia l  infras t ructure  of 
t h e  indust ry ,  w e r e  expensive to build and mainta in .  As t h e  industry grew,  c o s t s  
w e r e  reduced by building larger,  more  e f f i c i e n t  power p lan t s  and transmission 

f :  
fac i l i t i e s .  By 1975, p 

OWel9t 
l an t s  over 500 M W  c a p a c i t y  had increased t o  222 

f a c i l i t i e s  f rom 155 in 1950. 

The  trend towards  large  e l e t r i c a i  power  plants  and re la ted  sys tems  was caused 
by t h e  des i re  t o  improve eff ic iency by gaining economies  of s c a l e  in equipment and  
fue l  usage.  Smal l  individual e l e c t r i c  u t i l i t ies  w e r e  consoi idated into larger  systems. 

The concep t  of s ize  versus e f f i c iency  is impor tan t  in considering any  
i n v e s t m e n t  p ro jec t  such as a power plant.  I t  is of course  n o t  t h e  only eff ic iency 
considerat ion.  One  cr i ter ion which is used t o  a s c e r t a i n  t h e  o p t i m a l  s i ze  is know a s  I '  
"economies  of scale." The concep t  technical ly  involves t h e  use of t h e  "long-run 
average  (or unit)  cos t ,"  or  LAC. Average c o s t  is ob ta ined  by dividing to ta l  cos t s  by 3 

t h e  level  of ou tpu t  (or ac t iv i ty) .  The reason f o r  t h e  dis t inct ion be tween  long-run 
4 

and short-run is t h a t  during t h e  shor t  period,  c e r t a i n  f a c t o r s  in production processes  
(such as the  s c a l e  of t h e  plant) may b e  fixed. As t h e  r e l e v a n t  t i m e  f r a m e  is 

7 

, expanded ,  however ,  these  initially fixed f a c t o r s  a r e  va r iab le  and  can  be changed in i 
5 

re la t ion t o  o t h e r  f a c t o r s  of production. Inves tment  p ro jec t s  a r e  analyzed in t e r m s  
of the i r  e f f i c iency  over a t i m e  period t h a t  is c o m m e n s u r a t e  wi th  t h e  useful life of 
the i r  m o s t  inflexible ('!fixed") f a c t o r  of production. 8 : 

XI 

Figure  2.7-1 dep ic t s  t h e  long-run average  c o s t  c u r v e  ( somet imes  referred to as 
t h e  "planning curve"). The  concep t  of economies  of s c a l e  is s e e n  by noting t h a t  t h e  !: 
L A C  dec l ines  be tween  ac t iv i ty  s i z e  0 and a c t i v i t y  s i z e  X I ,  s t a y s  t h e  s a m e  unt i l  %: 
X2 is r eached ,  and t h e n  tu rns  upward a s  t h e  diseconomies of s c a l e  segment  of t h e  
c u r v e  is reached. I '  

C 
When economies  of sca!e ex i s t ,  !ong-run a v e r a g e  c o s t s  fa l l  as act iv i ty  s i z e  

increases .  This may  be  due to: &- 
1. Advantages  of division and specia l iza t ion of labor and machinery which fS 

a r e  positively cor re la ted  with increased size;  
s 



5 .  The availability of necessary maintenance c rews  and spare parts,  in case 
of breakdown, only at large scales of operation. 



It is d i f f icul t  t o  usefully apply t h e  c o n c e p t  of "economies.of scale"  in a s t a t i c  
env i ronment  (i.e., for a "snapshot" in t i m e  in which technology and o ther  
considerat ions  a r e  held constant) .  To m a k e  t h e  analysis more  realist ic,  one 
i m p ~ r t a n t  cnnzlderatlon is that act ivi t ies  typically c a n n o t  b e  expanded 
continuously.  Movement along t h e  LAC c u r v e  is ac tual ly  made  discreetly,  in 
"step-like" jumps. During t h e  pericd b e t w e e n  t h e  in i t ia l  inves tment  and t h e  nex t  
added i n c r e m e n t  of investment ,  excess  c a p a c i t y  will exist .  An op t imal  s i z e  must b e  

f 
reached to  gain  t h e  full economies of s c a l e  avai lable  f o r  this level  of investment.  

Research  by Manne and Er lenkot ter  h a s  indicated t h a t  it is important  t o  
consider  is t h e  relationships o f  uncer ta in t  f a c t o r s  ( incorporated analytically by 
economists  using t h e  "discount rate"). 19J For example ,  if unstable  financial 
condi t ions  or s o m e  other  significant c a u s e  o f  uncer ta in ty  as t o  the  profi tabil i ty of a 
given a c t i v i t y  ex i s t ,  t h e  discount r a t e  (which r e f l e c t s  t h e  uncer ta in ty  of fu ture  
re turn)  will b e  concomitant ly  high. This may  c a u s e  a planner t o  curtai l  a n  
inves tment  s h o r t  of t h e  point of fu l l  a c t u a l  economies  of s c a l e  a s  a means of 
reducing t h e  magni tude of potent ia l  loss if t h e  investment ,  f o r  whatever  reason, 
d o e s  no t  m e e t  "expected" performance.  

The m a r k e t  s t ruc tu re  in which a c e r t a i n  a c t i v i t y  t a k e s  p l a c e  is another  
considerat ion re levant  to  a discussion of economies of scale .  If, fo r  example,  a n  
industry is a "natural  monopoly," i.e., if economies  of s c a l e  al low a single f i rm t o  i 'A 

se rve  t h e  m a r k e t  at  lower unit  cos t  t h a n  w i t h  two or more  f i rms ,  then t h e  ex ten t  t o  
which t h e  s ingle  f i rm is allowed t o  grow t o  i t s  full c o s t  a d v a n t a g e  will a f f e c t  t h e  
e x t e n t  to which t h e  available economies of s c a l e  can b e  realized.  

The e l e c t r i c  uti l i ty industry is a "natural  monopoly." Average  production costs ,  
for ins tance ,  h a v e  declined for coal-fired s team- turb ine  genera t ing  plants up t o  
designed p lan t  s i z e s  of a t  leas t  750 megawat t s .  R e c e n t  studies,  however,  have  
reduced t h e  conf idence in continuing advan tages  of increased sca le  in the  e lec t r i c  , 

h 
ut i l i ty  industry as financial, e l ec t r i ca l  demand  and per fo rmance  uncer ta inry  h a s  

~ 

increased.  1 9 3  

In a paper  presented a t  t h e  American Power  C o n f e r e n c e  in 1968, R.R. Bennett  
of Ebasco Services ,  Inc. predicted t h a t  l a r g e  e l e c w i c  power genera t ing  stat ions in 
t h e  1980s would include individual uni ts  o f  3000 M W  and a g g r e g a t e  generating 
capac i ty  of 12,000 MW. He predic ted t h a t ,  a s  a consequence  of this i r c rease  in 
s c a l e  s i ze ,  mos t  of t h e  small  power s t a t i o n s  in se rv ice  at t h a t  t i m e  would become 
obso le te  and b e  re t i red before  1990. 

C 
C 



Figure 2.7-2195 

AVERAGE AND MAXIMUM STEAM UNIT SIZE, 1947-1967, IN MEGAWATTS 
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Table  2.7-1 197 

INCREASE IN THE SIZE OF NUCLEAR UNITS 

Y e a r  of Largest  Nuclear  Average  Nuclear 
Init ial  Unit Installed Unit  Installed 

Opera  tion in Year ,  i t iW in Year ,  M W  

T h e  design fac to rs  used in the  above  ment ioned  engineering-feasibility studies 
included assessments  of fu ture  supplies of cooling w a t e r  and fuel availabil i ty,  
env i ronmenta l  l imitations,  e lect r ic  s y s t e m  l imi ta t ions ,  l imi ta t ions  on t h e  design, 
manufac tu re  and shipment of major p lan t  components ,  and land requirements .  Ye t ,  
desp i t e  t h e  f a c t  t h a t  these engineering analyses  were  p e r f o r m e d  by t h e  most skilled 
t echn ica l  people  of t h e  t ime  and a t  considerable  expense ,  they were  wrong. The  
reason is t h a t  o t h e r  (uncertainty) f a c t o r s  assumed  to b e  "constant" in these  studies 
were  ac tua l ly  variable.  

In a r e c e n t  a r t i c l e  published by t h e  Internat ional  Ins t i tu te  f o r  Applied Systems 
Analysis, such non-economic fac to rs  (uncer ta in ty  fac to rs )  r e levan t  to cho ice  of 
s c a l e  (i.e., pol i t ica l ,  social, economic, technological ,  organizat ional ,  managerial ,  and 
f inancia l )  were  examined. I t  was found t h a t  t h e  re la t ive  "discount" significance of 
these  f a c t o r s  va r ies  not  only f rom c a s e  t o  c a s e ,  b u t  a l so  with t h e  level  of s c a l e  (size 

C 
of  inves tment )  decision considered. 198 

f: 

f 
R r e e  major  sources of "diseconomies of sca le"  found above  were: k 



The more  intense demands on m a t e r i a l s  and components  (e.g. t h e  g r e a t e r  
t h e  !ength of boiler tubing), t h e  g r e a t e r  t h e  probabi!ity of breakdowns of 
equipment ,  thereby reducing e f f e c t i v e  avai lable  capaci ty  in a c t u a l  
n n ~ r a t i n n  
' y L L  U C A W .  .. - 

The g r e a t e r  t i m e  lags required in t h e  planning of l a rge  plants '  
const ruct ion mean t h a t  fo recas t s  h a v e  t o  be  made  fur ther  ahead,  wi th  
correspondingly g r e a t e r  uncer ta inty .  Therefore ,  t h e  level of r ese rve  
capac i ty  to be instal led t o  achieve a spec i f i ed  level  of security of supply 
must  also increase.199 





The Trend to Small Power Plants  (2.8) r 
In a r e c e n t  study conducted by Andrew Ford of t h e  Los Alamos Sc ien t i f i c  

Laboratory  ( L A S L ~  and Irving Yabroff of S R i , - i n r e r n a ~ i o n a i ,  smaii-scaie cmi-fired 
power p lan t s  were  compared t o  l a rge  plants.200 The study s t e m s  f r o m  t h e  $3 
billion proposed p ro jec t  a t  Kaiparowits, Utah,  in which a 5,000 M W  coal-fired power  
plant  w a s  abandoned before completion a f t e r  th i r t een  years  of a n  unresolved 
const roversy o v e r  polluting t h e  a i r  of surrounding national parks.201 Several  o t h e r  
power p lan t  s i t e s  have  been abandoned lending c r e d e n c e  t o  t h e  theory  t h a t  p e r h a p s  
i t  is n o t  necessar i ly  t r u e  t h a t  t h e  %bigger" p lan t s  a r e  "better ,"  as it o n c e  seemed .  
The s tudy concludes  t h a t  decentralization is necessa ry  for  t h e  following reasons: 

Although t h e  small plants have a higher capi ta l  c o s t  p e r  
k i lowat t  of installed capac i ty  and  the i r  dispersed s i t ing 
requ i res  a g rea te r  investment  in rai lroad and transmission 
lines, they  still enjoy e leven p e r c e n t  c a p i t a l  cost  advan tage  
o v e r  t h e  l a rge  plant because less c a p a c i t y  must b e  built.* For  
t h e  s a m e  reason, lower annual opera t ing  and maintenance 
c o s t s  for  t h e  generating faci l i t ies  more  t h a n  o f f se t  t h e  smal l  
p lants '  higher fuel c o s t  to g ive  t h e m  a two  p e r c e n t  annual c o s t  
advantage.*02 (See Table 2.8-1). 

Having e s t a b l i s h 4  t h e  c o s t b e n e f i t  t r ade-of f s  available by use of t h e  
small-scale p lan t ,  Ford next considered "system reliability." Every genera t ing  u n i t  
is periodically shut  down for repairs f o r  a c e r t a i n  number  of hours every  y e a r .  To 
also account  for  possible accidents t h a t  would temporar i ly  c u t  off e l e c t r i c i t y  supply, 
all genera t ing  sys tems  have a "reserve margin." Ideally t h e  rese rve  margin  ranges  
from f i f t een  p e r c e n t  to  25 percent  above peak  load demands. 'In p r a c t i c e ,  l a rger  
units r equ i re  l a rger  reserve margins because  t h e y  h a v e  a higher "forced o u t a g e  ra  te1* 
(necessary repair  and maintenance t ime) ,  and because  they must b e  ab le  to r e p l a c e  a 
large  p e r c e n t a g e  o f  total  capaci ty  ( re f l ec t ing  t h e  large share  of e l e c t r i c i t y  
generat ion they  have in the f i r s t  place). Using several  d i f fe ren t  e s t i m a t e s  of c a p i t a l  
costs,  f o r c e d  o u t a g e  ra tes ,  and fuel  cos t s ,  Ford concluded t h a t  smal l  p lan t s  provided 
a g r e a t e r  d e g r e e  of reliability, and t h a t  overall  they  proved t o  b e  more  economica l  
than l a r g e  plants.  

*Note: Ford 's  s tudy is based on a rea l i s t i c  comparison of a large-scale  plant  
scenar io  and a small-scale plant  scenar io .  Each power  plant  produced 3,000 .VW o f  

t- 
coal-fired e lec t r i c i ty ;  t h e  large  plant's e lec t r i c i ty  c a m e  from four  750 MW uni t s  

C 



Table 2.8-i204 

PRESENT VALUE OF CAPITAL AND OPERATING COST, SMALL UNIT 
AND LARGE UNIT PLANS (IN - MILLIONS OF 1977 DOLLARS) , 

SMALL STATLON PLAN LARGE STATION PLAN 
(Nine 250 M W  Units) (Four 750 M W  Units) 

I Present Value of Capital  Cost 

Generation $ 609.7 $ 829.3 

Transmission '256.2 

Coal Transportation 105.2 84.0 

Total Presen t  Value Capital  Cost $ 971.1 

Present Value of Operating Cost 

Genera tion $2,369.4 $2,4 15.7 

Transmission 69.1 69.1 

Coal Transportation 50.5 35.6 

Total Presen t  Value Operating Cost $2,489.0 $2,520.4 

Total Presen t  Value Cost 

Similar t o  Ford's reliability measure,  another  method of measuring system 
reliability, indicating t h e  disparity between "availability" ra tes  of small- and 
large-scale power plants, was undertaken by Ansan in  1977 Electric Power Research 
Institute study. Anson reported t ha t  "the availabili ty of baselcad units averaged 8 3  
percent f o r  uni ts  smaller than 380 MW,  77 percent  fo r  units between 390 M W  and 
599 MW, and 7 3  percent for units larger than 600 , M W . ' ' ~ ~ ~  



The LASL group points ou t  t h a t  t h e  prevail ing high level of uncer ta inty  makes  
t h e  accuracy of fu tu re  projections di f f icuir  to achieve.  This c a n  cause  s e v e r e  t r 
c a p i t a l  losses t o  a uti l i ty t h a t  overbuilds i t s  p lan t  capaci ty  based on inaccura te  

L i  l r :  forecasts .  The advantage tha t  cons t ruc t ion  of -smaii piants offers k +h- 

substant ia l ly  shor te r  lead t imes  compared t o  l a r g e r  plants. A typical  large  plant  
requires t h r e e  t o  four years  fo r  Licensing and seven  t o  nine years  t o  cons t ruc t .  A 
smal l  p lan t  only requires  two t o  th ree  y e a r s  f o r  pe rmi t  approval and four t o  f i v e  

f 
y e a r s  to cons t ruc t .  

The d e g r e e  of uncer ta inty  in fo recas t ing  is the re fore  somewhat  diminished 
when t h e  lead t i m e  is not  a s  long, which improves  t h e  accuracy of e lec t r i c i ty  supply 
a n d  demand projections.  Thus, t h e  likelihood of overbuilding o r  underbuilding p lan t  
capac i ty  is lessened. Another benef i t  derived f r o m  a shor ter  f o r ~ a s t i n g  t i m e  f r a m e  
is t h a t  "it also makes  t h e  utilities'  a r g u m e n t s  f o r  power  needs more  convincing 
before  s t a t e  commissions. 11208 

Another a d v a n t a g e  of small  plants r e l a t e s  t o  t h e  levels of w a t e r  usage. Smaller  
power plants  use  less wa te r  than larger p lants ,  and  environmental  impacts will n o t  
be  a s  s ignif icant  a s  with a single, large  unit. Thus, t h e  number of possible s i t e  
locations is expanded and t h e  likelihood of p e r m i t  approval  improves. 

s 

A study conducted by Leonard of t h e  Radian Corporation and Miller of t h e  
Universi ty o f  Oklahoma indicated t h a t  "the cons t ruc t ion  of .dispersed,  smal l  un i t s  
could allow g r e a t e r  exploitation o f  resources  wi thout  a n  increase  in problems 

h 
associa ted with a i r  pollution."209 Additionally,  a Clark University study 
concluded t h a t  "coal plants of 400 MW o r  less and  nuclear plants of 800 MW o r  less 
have  disrinctly b e t t e r  performance records  t h a n  l a r g e  p lan t s  of both types. 1'210 

P 
- 

A f u r t h e r  indication of the  trend toward smal l  power  plants can b e  seen f r o m  
. severa l  developmental  e f fo r t s  by ut i l i t ies  and t h e  nuc lea r  industry t o  sca le  down 

fusion and t h e r m a l  nuclear plants. Recognizing t h a t ,  "Huge (fusion) facil i t ies h a v e  
n o t  proved t o  be a n  e f fec t ive  focus  f o r  deve lopment  programs to g e t  new 
c o m m e r c i a l  en te rpr i ses  started," C.P. Ashworth,  a mechanical  engineer wi th  
California 's  Pac i f i c  Gas  & Electr ic  Company,  p resen ted  a cogen t  a rgument  f o r  
"small fusion" at a 1980 American Association of t h e  Advancement of Science 

- 2 1 1  symposium. 

Based on t h e  exper ience of t h e  sc ien t i f i c  communi ty ,  t h e  nuclear  industry and 
uti l i t ies wi th  fission reactors,  Ashworth a rgued  agains t  t h e  a s s u ~ n p t i o n  t h a t  

t- 
huge-scale faci l i t ies  must b e  developed t o  bring fusion technology "on-line." The  

L 
massive a m o u n t s  of cap i ta l  and mater ia l s  required h a v e  tended to focus  the  research 
and deve lopment  e f f o r t s  on one or  two  la rge  p ro jec t s .  



of delays.  Eventually, program t i m e  becomes  extended t o  t h e  
point  where  a favorable ou tcome is n c  longer assured no 
m a t t e r  how important  and well  just if ied t h e  concept .  Thinking 
%ig has affct& the pace,  - - A  -..:A- ----:hl', ;- ern-" m c a c  t h o  

a i u  ~ U I L G  ~ . ) U J J L U I J  1 1 1  . ; * c l t l a ~  

o u t c o m e ,  in many energy deve lopment  at tempts--notably 
b reeders ,  g a s  reactors,  coa l  gas i f ica t ion,  uranium enr ichment  
and MHD. It  c a n  b e  argued t h a t  in t h e s e  cases t h e r e  was  no 
cho ice .  But in fusion, t h e r e  appear  to b e  choices  t h a t  could 
speed  up development.212 

Large-scale  faci l i t ies  not  only set t h e  p a c e  of development ,  they also s e t  t h e  
course.  This tends  t o  preclude a l t e rna t ive  designs and concep t s  from deve lopment  
budgets  and t o  c r e a t e  a dampening e f f e c t  on risky b u t  necessary  innovation. "With 
t h e  smal l  f a c i l i t y  focus,  many inputs g e t  i n t o  t h e  a c t ,  including rivalry and  
compet i t ion  b e t w e e n  insti tutions pursuing d i f f e r e n t  projects--the smal l  f ac i l i t i e s  
rou te  c a n  l ead  us t o  a t t r a c t i v e  commerc ia l  fusion energy sooner.  112 13 

T h e  use  of large-scale nuclear fac i l i t i e s  f o r  e l e c t r i c  power production has  
become m o r e  and more  questionable in t e r m s  of t h e  expense and s a f e t y  f a c t o r s  
involved. A t o m i c  Energy of Canada,  Ltd. (AEC),  a g o v e r n m e n t a w n e d  nuclear 
company,  r e c e n t l y  announced plans t o  develop t h e  Slotvpoke, (Safe low-power 
c r i t i c a l  exper iment ) ,  "the cheapest  and s m a l l e s t  r eac to r  ever designed f o r  
commerc ia l  use. 112 14 

R a t h e r  t h a n  provide superheated s t e a m  t o  run e lec t r i ca l  turbines, Slowpoke 
would p roduce  h o t  wa te r  to hea t  buildings. Small-scale reactors  for  d i rec t  h e a t  ' 
appl icat ions  a r e  being researched in France,  Scandinavia and  t h e  Soviet Union. AEC 
e s t i m a t e s  t h a t  Slowpoke can be built f o r  as l i t t l e  a s  $850,000. The c o s t  f o r  a 
the rmal  k i l o w a t t  f r o m  Slowpoke would be  $425 compared  t o  $400 t o  $465 f o r  
equivalent  power  genera ted  by conventional nuc lea r  reactors .  2 15 

The advan tages  o f  t h e  small-scale approach to- nuclear reactors  a r e  in t h e  s h e e r  
simplicity of design. 

i The r e a c t o r  is modeled a f t e r  smal l ,  pool-type research 
r e a c t o r s  used at many universities. I t s  vesse l  is a 25 foot-deep 
concrete- l ined pool dug in t h e  ground. T h e  smal l  fuel  core  is 
immersed  di rect ly  in t h e  water-fi l led pool. The nuclear 
r e a c t i o n  h e a t s  t h e  wa te r  in t h e  pool t o  190°F and t h e  h e a t  is 
removed through a double loop of h e a t  exchan  e r s  t h a t  isolate 
t h e  h e a t e d  w a t e r  f rom t h e  rad ioac t ive  core .  2 2  



- Officials a t  Canada's AEC point ou t  t h a t  Slowpoke ... does not 
require t h e  e labora te  core-cooling safeguards of the  large 
reactors i  and i t  e l iminates  t h e  need fo r  dis t r ic t  distribution 
sys tems  required for  French and Soviet approaches ... Slowpoke 
will o f f se t  t h e  economies of sca le  of t h e  bigger projects ... (and 
may be  used) in many par ts  of the  world where petroleum is 
expensive and d is t r ic t  heating systems a r e  no t  practical.2 l7 I 

All of t h e  above studies lead to  the conclusion tha t  long lead t imes,  high cap i ta l  I 

costs ,  shrinking economies of scale,  and operation reliabilit problems with large 
units could be lessened with smaller ,  dispersed power plants. 2 1% i 

f 
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SECTION 3 

DISPERSED AND RENEWABLE ENERGY SYSTEMS 



DISPERSEDIRENEVABLE ENERGY SYSTEMS (3.0) 

Introduction and Overview (3.1) 

In this section,  a range of a l t e rna t ives  t o  cen t ra l i zed  energy systems a r e  
ca tegor ized  and discussed. The rapid escala t ion of fossil fue l  use and t h e  
development  of materials-intensive energy  technologies favored  t h e  development of 
economics  of sca le  f o r  centralized energy  facil i t ies.  Today and in t h e  fu tu re ,  
growing energy demands and national vulnerabil i ty considerations point to  a new 
po ten t ia l  f o r  exploiting dispersed and renewable  energy sources  and technologies. 

Tradit ionally,  energy needs have been m e t  by adding new capaci ty  t o  t h e  
e l e c t r i c a l  sys tem,  drilling new oil wells, building new energy facil i t ies,  importing 
fo re ign  resources and extending t h e  cen t ra l i zed  production and distribution 
sys tems .  The challenge of developing less  centra l ized energy sys tems  is one which 

> -  - a f f e c t s  al l  e l ements  of t h e  society,  f rom economic  planners in t h e  private sector  t o  
government  regulators. A recent  confe rence  of leading government  and industry 
off ic ia ls  noted t h a t  decentralized e l e c t r i c  generat ion sys tems  conferred benefits  
such  as  shor t  lead t imes  in const ruct ion,  reduced cap i ta l  requirements,  g r e a t e r  
e f f i c iency ,  and reduced vulnerability t o  f u e l  shortages.  Conversely,  disadvantages 
w e r e  seen as difficult ies with system integrat ion,  need f o r  back-up power, and a 
Limited but  continued dependence of fossil fuels. The  confe rence  proceedings 
concluded: 

The potent ia l  for decentra l ized technologies a s  fuel  savers  or 
displacers in t h e  e lect r ica l  s e c t o r  in t h e  nex t  twenty  t o  th i r ty  
y e a r s  is high-up' t o  20-25 percen t  of f u t u r e  generat ing 
capacity.  These technologies inc lude  principally t h e  solar ones  
( thermal ,  photoovaltaic, wind machines,  hydro); conservation 
technologies such a s  heat  pumps, new appliances, and 
insulation; and cogneration and  fue l  ce l ls  using fossil fuels. 
These technologies, especially t h e  solar ones, a r e  highly . . 

l 
capi ta l ,  ma te r ia l s  and energy intensive during t h e  build-up 

-... t i m e  of the i r  deplayment and so the i r  benef i ts  need to b e  
discounted at leas t  over 20- t o  30-year t i m e  periods. Also, a 
production base for  decentra l ized technologies needs t o  be  
established and their  equi table  t r e a t m e n t  in t h e  r a t e  s t r u c t u r e  
needs t o  b e  formulated.  



range  of t rue  economic alternatives f rom which they can 
se l ec t  t he  technologies of g rea tes t  uti l i ty t o  t hem,  s u b j e c t  t o  
governmental policies and regulations on rates ,  the 
e.n.vironme.n.t, fuel  use, and the  health and s a f e t y  of t h e  public. 
The process of choice among these technologies, and of their  
demonstration, is the  determinate  question, ra ther  than the  
establishment of specific end resuits on an - a priori  basis.l 

From a strategic  perspective, t he  technologies considered in Section 3 are all 
- 

capable  of contributing to  national, regional, and lcca l  energy needs. They range 
f rom conservation strategies,  which will play a major role in reducing oil 

. dependence and vulnerability, t o  future  incorporation of solar,  small  hydro, wind and 
o ther  renewable technologies into t he  nation's energy system. 

I 
l 

Within a relatively short t ime, combinations of t he se  al ternat ive technologies t 
can  be  integrated with existing systems. Over a longer t i m e  f r a m e  many of these 
technologies may replace conventional systems and usher in a less dependent, more 
s ecu re  energy future  for  t h e  United States. < 



b 

Energy Conservat ion (3.2) - 

Int roduct ion (3.2-1) 

A t  p resen t  and for t h e  fo reseeab le  fu tu re ,  a t t e m p s  t o  i n c r e a s e  national energy 
conserva t ion  and improve t h e  e f f i c iency  of energy use  will b e  our major s t r a t e g i c  
e n e r g y  "source." Unlike new energy faci l i t ies  which t a k e  years  t o  const ruct  and 
o f t e n  e n t a i l  substant ia l  capi ta l  investments ,  most conservat ion and e f f i c iency  
op t ions  a r e  availabie t o  the  U.S. now, at costs below those  of impor ted  fuels  and 
new fac i l i t i e s .  

R o b e r t  Stobaugh a ~ d  Daniel Y ergin recent ly  summar ized  t h e  significance of 
moving boldly and rapidly t o  implement  energy conservation: 

T h e  telescoping of the  energy emergency in 1979 has  g r e a t l y  
increased t h e  urgency of ea r ly  action.  As things s tood in 1978, 

--, 
and given the  decision now made  t o  decontrol  oil prices,  we 
migh t  have hoped t o  cont inue wi th  'business a s  usual'  on energy  
conservation,  ,allowing higher prices t o  work through t h e  
economy and gradually cause  us t o  inc rease  energy  
eff ic iency .... 
In current  c i rcumstance,  however,  such a course  will no t  be 
adequate .  The gap be tween  energy resources and energy  
demand would be closed by "unproductive conservation" - t h e  
shu t t ing  down of fac to r ies ,  higher unemployment,  h igher  
inflat ion,  off ices  too warm in the  summer f o r  e f f i c ien t  work, 
colder  houses, a choice f o r  s o m e  between food and  fuel... . 
F a r  more desirable is t h e  a l t e rna t ive  of a c c e l e r a t e d  energy  
efficiency.  Our whole industrial  system is like a vehicle built 
t o  opera te  on $3 oil, puffing along with an ineff ic ient  engine 
and  with a body leaking vast  amount  of energy.  Each drop 
was ted  drives higher t h e  pr ice  of fu tu re  oil purchases...2 

L 
-- E f f o r t s  t o  acce le ra te  conservation can  have a number  of s t r a t e g i c  e f f e c t s .  In 

addi t ion t o  reducing imported energy sources,  the  following is possible: 

Reduced energy demand decreases  pressure on c e n t r a l i z e d  systems and 
reduces  t h e  need for cos t ly  new construction of t h e s e  facil i t ies.  

. Reduced energy demand c a n  also reduce s t r a t e g i c  m a t e r i a l  demand. 



The director  of the Joint Economic Commit tee 's  energy subcommit tee  has 
s ta ted:  

By the  end ~f the  decade, conservation savings have the 
potential of wiping out t h e  majority of our oil imports, while 
synfuels will be producing no more than  a million barrels a 
day ... Why then, has  so l i t t le  been done? For  one thing, today's 
energy supplies a r e  heavily subsidized while conservation is 
not. Conservation w U  yield enormous rewards and can  do so 

I :  
fair ly  quickly, but only in modest and multiple increments,  
a f t e r  hard decisions frequently best m a d e  without fanfare ,  i 
wi th  political pressure against insti tutional lethargy and with 
thousands of public and private  investment^.^ 

I I 

Energy Conservation Targets (3.2-2) t l  

Residences 

Residential  use of energy accounts for twenty  percent of energy consumption in k 
t h e  United ~ t a t e s . ~  Increasing energy cost and uncertain fu ture  energy supplies 
have spurred a reassessment of t he  energy intensive building designs of t h e  1960s 
and 1970s. A combination of re t rof i t ,  technology change, c rea t ive  design, and 
economic incentives will all contr ibute  t o  t he  construction of more  energy-efficient 
buildings. Table 3.2-1 provides a percentage breakdown by use of average U.S. 
residential  energy consumption. 

Table  3-2-15 

RESIDENTIAL ENERGY CONSUMPTION, BY USE 

Use - Percent  

Space Heating 53  

Hot Water 14 

Cooling 5 

Air Conditioning 7 



p e r p e t u a t e  t h e  use of existing energy in tensive  technologies and diminish the  level 
of inves tment  in energy-efficient sys tems  a n d  approaches. T h e  mos t  e f f e c t i v e  
e n e r g y  poli'cy would encourage rapid tu rnover  of ineff ic ient  machinery and 
r e p l a c e m e n t  of high energy c o n s w i n g  buadings  and  equipment, 6 

Shor t  of s t ruc tu re  replacement,  many buildings c a n  be "t ightened up" or re t ro f i t  
t o  ensure  more  efficient  e n e r g l  utilization. R e t r o f i t  a l t e rna t ives  include ceiling 
a n d  wall insulation, storm windows and doors, h e a t  pumps, weatherstr ipping,  
caulking,  day-night thermosta ts ,  and pilotless na tu ra l  gas furnaces.  New buildings 
incorporat ing these  features  as well as passive solar designs, natura l  cooling 
capabi l i ty ,  more  efficient  space conditioning s y s t e m s  and more  e f f i c i e n t  use of mass 
a n d  mate r ia l s  o f fe r  even g rea te r  conservation opportunit ies.  

Additional conservation opportunit ies a lso  exis t  in t h e  res iden t ia l  sec to r  by t h e  
u s e  of more  eff ic ient  appliances and mach inery  including refr igera tors ,  w a t e r  
heaters, ,  and o ther  large energy-consuming devices. Energy savings  from such 
equ ipment  will be realized chiefly through b e t t e r  engineering and  construction 
s t a n d a r d s  promoted by regulation, al though m a r k e t  f o r c e s  will cont inue t o  be  a 
f a c t o r  a s  consumer preferences respond t o  increas ing energy costs.  

Indust ry  

Industry accounts  for 39.5 percent  of t o t a l  U.S. energy c o n ~ u m ~ t i o n . ~  The 
indust r ia l  s e c t o r  has made t h e  g r e a t e s t  progress in energy conservation.  Decreased 
p rof i t s  t end  t o  generate  in teres t  in sea rch ing  f o r  cost -effect ive  methods  t o  save 
e n e r g y  through improved maintenance procedures ,  recycling, w a s t e  h e a t  recovery, 
and  energy-eff ic ient  machinery. 

Lndustriai conservation programs have demons t ra ted  a s ignif icant  degree  of 
success  f o r  major  U.S. companies such  as Lockheed, which reduce  59 percent  of i t s  
energy  demand between 1972-77 in i t s  Los Angeles f a c t o r y  c o m p l e x  at l i t t l e  or  no 
c a p i t a l  expense.  In its U.S. refineries,  Exxon reduced energy use  21 percent  during 
th is  s a m e  period-80 percent of this saving was  developed with l i t t l e  or no cap i ta l  
invested.  The savings a re  equivalent f o r  th is  o n e  corporation of 11.3 million barrels 
of oil  per year.8 



Notwithstanding disincentives, industrial conservat ion e f f o r t s  con t inue  - t o  
provide a m a j o r  "source" of energy supply, reducing overal l  demand  and  t h e  need f o r  

a 
impor ted  energy.  

Transpor ta t ion  

Transpor ta t ion  accounts  f o r  26 perceW,t of the ' t o t a l  Uni ted S t a t e s  energy 
consumption,  wi th  t h e  automobile accr..,lting f o r  over  half t h a t  amount .  T h e  
dispersed s e t t l e m e n t  pat terns  charac te r i s t i c  o f  t h e  U.S. ind ica te  t h a t  t h e  
automobi le  will remain a focal  point  for  conservat ion e f f o r t s  f o r  some t ime .  T h e  
mos t  viable conservation t a r g e t s  can b e  m e t  wi th  reduced driving speeds  and 
increased automobi le  efficiency.  Some conservat ion might b e  a t t a i n e d  through t h e  

8' 
dev eloprnen t of e f f i c ien t ,  flexible mass t r ans i t  s y s t e m s  and lesser,  r e l a t e d  e f f o r t s  
such as ride-sharing and variable work schedules. 

T h e  major  gains in,  automobile eff ic iency h a s  been t h e  resu l t  of weight  
reduction a n d  t h e  importation of foreign technology. Yergin po in t s  ou t  t h a t  , I 

"substantial  technological  innovation is needed in mater ia ls ,  eng ine  and  design; and 
th is  kind of innovation,  as opposed t o  styling, has no t  been a major  pr ior i ty  fo r  t h e  

k 

industry or i t s  suppliers. Massive c a p i t a l  inves tment  is needed over  a d e c a d e  fo r  t h e  T 
four  U.S. a u t o m o t i v e  companies, which will increase  vehic le  costs."1° 4 

3 

Such inves tment  might b e .  d i rec ted  toward t h e  development  of radically 
d i f fe ren t  s m a l l e r  c a r s  including two  passenger vehicles, S ta t i s t i c s  show t h e s e  wou Id 
su f f i ce  f o r  three-four ths  of a l l  trips. The redesign of exis t ing l a rge  c a r s  f o r  
f ive-year production runs, to  hand on t o  ~ rapidly dwindling marke t s ,  is ex t remely  
costly c o n p a r e d  t o  t h e  one-step introduction of e x t r e m e l y  e f f i c i e n t  c a r s . l l  The  
technology t o  build a n  80  rnpg a u t o  f l e e t  is nearly ready f o r  c o m m e r c i a ~ i z a t i o n . ~ ~  
Table 3.2-2 represen t s  fu ture  f l e e t  possibilities avai lable  in t h e  n e a r  fu tu re ,  wi th  
appropr ia te  investment .  I 

Table 3.2-2 l 3  

FUTURE FLEET POSSIBILInES I 
--. 

Veh~cle Claw Veh~cle Test Cruile hp Extra hp. I5 mph, Accerlatton Averaqe Enqlnc Prolccted 
'Scqht (!?,I 5 5  -91 5 %  g r a k  p w c r  (ho)  hp cyltndcr "'Pg 



O t h e r  possibilities in this a r e a  include driver e f f i c iency  t ra ining programs, 
automobi le  regis t ra t ion fees  b a s e d  on ef f i c iency  ar,d weight ,  regulation of f u e l  
prices, and increased fuel  taxes. 

Conservat ion Incentives (3.2-3) 

The f e d e r a l  government's response t o  t h e  1973-1974 oil embargo  was t o  s e t  an 
ob jec t ive  ,of achieving energy independence by decreas ing oil imports  while 
expanding t h e  development of d o m e s t i c  fuels. National incent ives  for  energy  
conservat ion a r e  represented by passage of t h e  following legis la t ive  measures:  

Energy Policy and Conservat ion Act  (1 975) 

a. s e t  automobile f u e l  economy s tandards  which established a v e r a g e  
f l e e t  mileage requ i rements  

b. s e t  efficiency t a r g e t s  f o r  l a rge  appliances 
c. s e t  t a rge t s  for industrial-ener gy conservation 
d. provided ass is tance t o  s t a t e s  f o r  development  of s t a t e  energy plans 

Energy Conservation m d  Production A c t  .(I 976) 

a. s e t  energy conservat ion s tandards  for  new buildings, Building 
Efficiency Per fo rmance  Standards  (BEPS) 

b. establish a low-income wea ther iza t ion  programs 

National Energy Extension Service  A c t  (1977) 

Each s t a t e  is responsible fo r  developing and implement ing a 
comprehensive program f o r  d i rec t ,  local ,  and personal ized ass is tance t o  
encourage small energy consumers  t o  adopt  techniques a n d  technologies 
t h a t  save energy. d 

a. ten  pilot s t a l e s  were  funded init ial ly f o r  1978-79 t o  del iver  
programs through exis t ing agencies. 

b. all 50 s t a t e s  and t r u s t  t e r r i to r i es  implement  programs i n  1980-82 

National Energy Conservat ion Policy A c t  (1 978) 

a. established ' t h e  Resident ia l  Conservat ion Service  (RCS) through 

measures.  



Public Utility Regulatory Policies Act (1 978) r: 
a ,  reqGrec! that  retai! regulatory po!icies for  e lectr ic  uti l i t ies be  

reviewed by s t a t e  regulatory commissions t o  consider and de te rmine  
ratemaking standards (including lifeline rates)  tha t  would encourage 
conservation 

b. allowed for more equitable ra tes  of re turn  for small cogeneration 
and small hydroelectric facil i t iest  sales  t o  utilities 

c. encouraged conservation of energy supplied by gas utilities, t h e  
r : 

optimization of t h e  efficiency of use of facil i t ies and resources by 
gas utility systems,, and provided for  equitable ra tes  t o  gas 
consumers of natural  gas 

i :  
Windfall Profit Tax Act  (1980) 

a. continued price decontrols (which has  t he  e f f ec t  of increasing 
conservation as t h e  marke t  adjusts t o  ac tua l  energy costs) 

b. expanded the categories  eligible for f ede ra l  t a x  credi t  
c. established the  Energy Investment Tax Credit  t o  encourge 

< 
commercial conservation investment 

Energy Security Act (Title V) (1 980) 

a. established a Federal Solar and Conservation Bank through which 
approximately 80 percent  of t he  funds al located were earmarked by 
increasing incentives for t he  purchase and installation o f  

t 
conservation equipment through: 

1. principal reduction on loans 

b. removed the  ban, inst i tuted by previous legislation, on direct  ut i l i ty  
financing of energy conversation measures  and al ternat ive energy  
equipment 



OPPORTUNITIES FOR TECHNOLOGICAL RESEARCH 
AND DEVELOPMENT FOR ENERGY CONSERVATION 

auildinns and A~pl iances  Transpor ta t ion  

Basic srudles P r o p e r t ~ e s  of matercals f l a r e r i a l s  propertces, e.5. 
A u t o m a r ~ c  control technology s l rengrh- to  w e ~ g h t  

Thermodvnamrcs  of ln te rna l l  
e x t e r n a l  combust  Ion 
englnes 

C h e m ~ c a l  energy  s torage  
A ~ t o m a r l c  conrro l  technology 

Near- te rm energy-use 4 u t o m a t 1 c  set-back thermosta ts  S p e c ~ f i c  d a t a  o n  fac tors  r h a t  
p a t t e r n s  P ~ l o t l b u r n e r  r e t r o f ~ t  ~ n f  luence  f.:el economy 

af e x ~ s t ~ n g  c a r s  

Intermediate-term R e i n s u l a t ~ o n  methodo!og~es 
re r rof l r  %lar w a t e r  hearlng and passtve 

d e s ~ g n  

Ueter ing  for time-dependent 
uri l iry pricing ' 

Automat ic  ventilatron control  
f o r  buildlng and a p p l ~ a n c e s  
(e.g., clothes dryers) 

Long-term 
technologies 

High-performance elecrric a n d  
heat-driven heat pumps 

Solar s p a c e  cooling 
k p h i s t i c a t e d  appliance cont ro ls  

a n d  inregrared appliance 
design 

Store sophisticated design o f  
buildings to  provide 
desired amenities a t  low 
energy  demand 

Improved power-to-we~qht 
rarlos, a s  well a s  In- 
re r lor  volume-to-uecght 
r a t l o  

I n s r r u m e n t a r ~ o n  t o  provrde 
d r ~ v e r  v ~ r h  r e a l - t ~ m e  
d a t a  o n  fuel e f f ~ c ~ e n c y  

Improved lnrermodal f r e ~ g h r  
and-ssenger terminals 

Improved r r a f f ~ c  control  

.Sew m o t o r s  
Improved aerodynarnlc d e s ~ g n  

for  cars. trucks 
S e w  prlrnary energy  sources 

(Icqu~d. e lecr r tc )  
Improved ~ n r e r m o d a l  t ransfer  

technology 
Technoloqv for ~ m p r o v e d  

ef f rc iencv  cn a t r  
t ranspor t  

Industry 

U a t e r ~ a l s  prooerrles a r  hcgh 
tempera tures  

C h a r a c t e r ~ s t l c s  of l n d u s t r ~ a l  
combusrlon 

Heat t ransfer  and recoverv 
methods  

A u r o m a t ~ c  cont ro l  t e c h n o l o ~ y  
Improved methods  for energv 

monltorlng and house- 
keeplnn 

Process re r rof l t  t echnoloq~es  
Improved methods  for scruhblng 
C o g e n e r a t ~ o n  of hear and e lec t -  

tr lclrv 
Automated  monlrorlng of energy 

per formance  

LOW-tempera ture  t lon hea t  u t ~ l i z a -  

&SIC new processes tha t  reduce 
overall  requrrements for 
enerRv and o ther  resources 
fe.5.. recycling, dur- 
a b ~ l ~ r v )  per unlt ou tput  

hfod~f lca t ron  of matercal oro- 
perrles t o  eqahle rep lace-  
ment  of energv-lntenstve 
m a t e r ~ a l r  u ~ t h  less 
energy- ln tens~ve  m a t e r ~ a l  
In s p e c ~ f  IC a p p l l c a t ~ o n s  

The automobi le  efficiency s tandards  es tabl ished a f t e r  t h e  oil embargo a r e  a 
good e x a m p l e  of a major regulatory program. The Ford Foundation repor t  suggests 
"...that t h e  s tandard may  reduce long-run gasoline consumption by abou t  26 percen t  
f rom what  i t  would have been otherwise.  New car  eff ic iency is projected t o  
increase  by 47 percen t ,  and vehicle miles  by 8.8 percent.r t15 in this case  rhe  
regulations spearheaded  market changes t h a t  had been zraditionally resisted. Since 
the re  is a .  tendency for regulations t o  become en t renched  and solidified a f t e r  
adoption, mainta ining flexibility mer i t s  c lose  a t t en t ion  by policymakers. Energy 
eff ic iency regulations may be bes t  approached incremental ly  and be  modified as 
technologies and  methodologies change. 



general ly  unenthusiastic about  " re tu rned  merchandise." If a 
u t i l i ty  se l ls  a billion kilowatt hours this year ,  and t e n  years Z " ,  1.. , 

f r o m  now is sti l l  selling a billion k i lowat t  hours, i t s  .-:, 

dividend-conscious  stockholder,^ will t a k e  l i t t l e  sa t is fact ion in  
t h e  g r e a t e r  ef f ic iency and benef i t s  of t h e  f u t u r e  billion. 
Cor  p r a t e  o f f i ce r s  caanot relish t h e  p rospec t  of informing I .  1 ;  
s tockholders  and  lending ins t i tu t ions  t h a t  t h e i r  company has . . 
c o m p l e t e d  a successful t ransi t ion in to  a non-growth 
economy. l  7 I : 

National  conserva t ion  programs were  r e c e n t l y  eva lua ted  by the  Of f ice  of 
Technology Assessment ,  which suggests t h a t  t h e y  a r e  f r a u g h t  with prcblems at a 
t ime  of increas ing n e e d  and e ~ ~ e c t a t i o n . 1 8  The r e p o r t  ca l ls  for  rigorously def ined 
conservation goals  t o  supplement  t h e  C o m m i t t e e  on Nuc lea r  and Al ternat ive  Energy 
System's (CONAES) scenar ios  t h a t  are cur ren t ly  used t o  s e t  energy-saving levels: j :  

L 

I t  is n e c e s s a r y  t o  define what  ac tua l ly  has  t o  happen fo r  t h e  
nat ion t o  m e e t  t h e  goals and wha t  DOE'S r o l e  must be t o  
ensure  success .  National s e c u r i t y  considerat ions  m a y  
m a k e  ... conservat ion implementat ion even  m c r e  imperat ive  6. 

\ 
t h a n  i t  a p p e a r e d  at t h e  t i m e  t h a t  goals  w e r e  set .19 I 

The nation's conservat ion programs could f u r t h e r  d e t a i l  goals and object ives  by 
identifying: 

m a t e r i a l s  necessa ry  t o  achieve t h e  des i red r e s u l t s  . a n t i c i p a t e d  technological  changes 
r e s o u r c e  project ion and location . e s t i m a t e d  t i m e  requirements fo r  remova l  of m a r k e t  barriers . a n t i c i p a t e d  t i m e  requirements fo r  tu rnover  of c a p i t a l  s tock,  and  . n e c e s s a r y  c a p i t a l  investment 

I!! 



Long-term object ives  a r e  also necessary  f o r  bo th  program implementat ion and  
p rogram evaluation.  Evaluation of energy conservat ion programs allows f o r  
continuous assessment  of s t ra teg ies  and the i r  d e g r e e  of coordination re la t ive  t o  
national objectives.  

S t a t e  programs v a r y  in scope and intensity.  Energy demand growth has  been  
reduced in Cal i fornia  by means of a var ie ty  of conservat ion actions. Cal i fornia  
ut i l i ty  demand f o r e c a s t s  predicted t h a t  t h e  e l e c t r i c a l  peak  demand would b e  in 
excess  of 41,000 M W  in 1979; t h e  a c t u a l  1979 demand  was 6,000 JAW l e s ~ . ~ O  
Cal i fornia  has s e t  state conservation s tandards  f o r  appliance efficiency,  n e w  
res ident ia l  and non-residential buildings, au tomobi le  eff ic iency,  and uti l i ty load 
management .  Cal i fornia  is carefully moni tor ing f e d e r a l  policy fo rmat ion  t o  e n s u r e  
t h a t  t h e  s t a n d a r d s  adopted at t h e  nat ional  l eve l  do n o t  conf l ic t  with more  s t r ingen t  
s t a t e   standard^.^^ 

Project ions  (3.2-5) 

Project ions  can be i l lustrat ive of potent ia l  t r e n d s  and relationships within t h e  
t o t a l  energy  system.  The C o m m i t t e e  of Nuclear  and  Al ternat ive  Energy Sys tems  
(CONAES) repor t  is based upon assumptions of energy  price,  GNP growth, population 
growth,  conservat ion,  energy resource/power production,  and policy/regulatory 
conditions. Tab le  3.2-4 and Figure 3.2-1 represen t  energy  demand projections under 
f ive  energy  conservat ion policy.22 These  show valuable  indicators of t h e  possible 
range  in energy-consumption, by sec to r ,  a s  a resu l t  of spec i f i c  policy d i r e c t i 0 n . ~ 3  
Table 3.2-5 summar izes  U.S. energy consumption and  indicates  potential  savings 
across  res ident ia l ,  commercial ,  industrial  and t ranspor ta t ion  sectors.  





Figure 3.2-125 

DEMAND AND CONSERVATION FANEL PROJECTIONS 
OF TOTAL PRIMARY ENERGY USE TO THE YEAR 2010 (QUADS) 

I r -and scenario p r o j e c t i m  
/ 

1 8 0  . . . . .. . . Historic growth of energy consumption i ,. 1 --- Projected energy c m s m p t i ~  based 
cxl continuation of 1950-1 973 growth / 
;ate (3.5% per year) / 

160  i- / Scenario 3 



.& .; 0 

Table 3 . ~ - 5 ~ 6  

u.5. ENERGY CONSUMPTION (QUADS) 

Residential/ 
Commercial  Industrial Transportation Total  

4 

1979 Consumption 29.5 28.9 19.8 78.2 
h ' 

1990 No Change Pa th  23.6 69.5 26.9 120 
(Scenario C) 

1990 Possible 18.4 58.6 23.0 100 
(Scenario B) 

r 
% Savings 15.7% 14.5% 20 95 , , 22% 

1 9 90 Possible 14.1 43.6 16.5 8 0 
(Scenario A) 

% Savings 40.3% 37.3% . 38.2% 40 5% 
3 'a 

The Depar tment  of Energy has adopted t h e  projections of t he  CONAES repor t  
a s  the basis fo r  national energy conservation objectives.  The energy savings 
depicted in Scenario A have essentially become t h e  conservation goals for  t h e  

a 
United States.  There is, however, no direct  correlat ion between the goals and t h e  5 
current pro rams identified in DOE'S Energy Conservation Program Summary 2 

2 8  Document. 

End-use es t imates  of potential energy reduction, costs ,  and time requirements 
a r e  difficult t o  obtain. The historical record does not  give insight into ways t o  
reduce energy demand. There is no repository of information on the technological 
advancements,  methodologies, and achievement levels necessary t o  reduce energy  

\ consumption although cer ta in  local effor ts  have produced remarkable results. 
Energy conservation is a new front ier  for which t h e  record is just now being 
established. 



As t h e  marginal  cos t s  of energy  rise in t h e  c o m i n g  years ,  i t  will become m o r e  
~ ? d  m o r e  prof i table  t o  m a k e  a n  inves tment  " to  s a v e  a Btu than  t o  produce a n  
add i t iona l  0 n e . " ~ 9  The CONAES repor t  p r o j e c t e d  del ivered energy prices t o  t h e  
y e a r  2010. The  resul ts  ind ica te  a wide range of e n e r g y  prices,  which in turn  have a 
wide  range  of e f f e c t s  on consumption levels. T h e  r e p o r t  s t r esses  t h e  importance of 
a l lowing suff ic ient  market-adjus tment  t i m e  a f t e r  in t roduc t ion  of increased energy  
p r i c e s  or  decreased  supplies i n  order  t o  avoid m a j o r  e c o n o m i c  disruption.30 

T i m e  Requirements  (3 .2-6)  

Est imates  of t h e  t i m e  required t o  reach  c e r t a i n  levels  of energy eff ic iency 
vary,  yet  t h e y  s h a r e  as a common s t r a t e g y  t h e  need f o r  long-term energy 
conservat ion planning. The CONAES repor t  p r o j e c t s  t h a t  following approximations 
of t i m e  required fo r  r e p l a c e m e n t  of non-energy e f f i c i e n t  cap i ta l  stock: 

Housing 
Industrial  plants 
Automobi le  

50+ years  
20-50 years  
10 years  

I t  is ant ic ipated t h a t  t h e  r a t e  of turnover  wili be  exped i ted  by increasing energy 
prices.  

Conciusions: Conservation (3.2-7) 

AS t h e  a rguments  and d a t a  presented f a r  conserva t ion  indicate ,  s t r a teg ies  fo r  
e n e r g y  conservation have b o t h  a n  immedia te  ga in  in reduced imports,  economic 
savings,  and reduced vulnerabil i ty,  and a long-range gain,  in laying t h e  foundation 
f o r  dispersed and decen t ra l i zed  supply development .  

Conservat ion is a l e g i t i m a t e  energy s o u r c e ,  in  s o m e  ways superior t o  t h e  
product ion technologies. Never theless ,  anything m o r e  t h a n  quickfix e f fo r t s  will 
d e m a n d  a significant c o m m i t m e n t  of research a n d  deve lopment  resources .  As with 
t h e  production technologies,  meaningful e n e r g y  conservat ion,  t h a t  is, energy 

? 
m a n a g e m e n t ,  will enta i l  a good deal  of sophis t ica t ion and  innovation. 

In l ine wi th  t h e  need f o r  innovative a p p r o a c h e s  t o  t h e  energy problem is t h e  
r e s e a r c h  of Roger San t  at t h e  Mellon Ins t i tu te .  Recognizing t h a t  a d i f fe ren t  
pe rspec t ive  on t h e  s i tuat ion is needed, he a n d  his colleagues at t h e  Energy 
Produc t iv i ty  C e n t e r  have developed t h e  " leas t -cost  s t r a tegy ,"  a perspective which 
c o n c e n t r a t e s  on t h e  end  resul t  of energy use a n d  how bes t  t o  provide individual 
consumers  wi th  those  benef i ts  at t h e  l eas t  possible c o s t .  H e  explains: 



in the summer,  etc. But production and conservation of a 
given number of barrels of oil or o the r  quant i t ies  of enerov 

d 
0 J 

only partially addresses t h e  function of energy in our economy 5 and lives. A thriving economy and a mater ia l ly  rewarding l i fe  
a r e  dependent not on t he  given quant i ty  of energy consumed, I 
but on t h e  services or benefits t h a t  a r e  derived from t h a t  

T consumption. 

The least-cost energy s t ra tegy assumes a t rad i t iona l  f r e e  marke t  system in 
which traditional and al ternat ive energy technologies f a c e  s t i f f  competition t o  be  
t h e  most energy-efficient technologies. Those t h a t  provide t he  s ame  or be t t e r  

d 
B 

t fservicetf  a t  t h e  least  cost  would prevail. To test th i s  assumption, several analyses 
were  performed t o  determine the kind of energy "savings" t ha t  -- could have taken  
p lace  prior t o  1978. The results indicated t h a t  t h e  cost  of energy services during 
1968-1978 could have been reduced by seventeen percent  with no curtailment of 
services .  3 2 

- 1 
The study concluded: < 

Although the  least-cost s t ra tegy might  not resul t  in t h e  60 
percent  improvement is energy e f f ic iency  by 2010 t h a t  t h e  
CONAES study indicated is technically possible, or even the  32 
percent  t ha t  our analysis indicates is economical ly  achievable 
in  a much shorter  period, the  evidence we  have provided 
demonstrates  t ha t  t he re  is ample  compet i t ion  t o  hold 
consumer costs  to  manageable levels fo r  t h e  required level of 
energy services,  

... A wave of optimism-and commitment--is beginning t o  
emerge  from many quarters: these  changes a r e  possible, i 
desirable and necessary. Perspectives have  and will continue 
t o  change rapidly. When coupled wi th  ingenuity, new 
technology and improved management ,  t h e s e  changes can be 
powerful enough t o  mas te r  the energy problem. In f a c t ,  seen 
in this perspective, the problem is t ransformed into an 
opportunity-increased employment,  new marke ts ,  an ehanced 
environment, a more secure energy f u t u r e  and mos t  important ,  
less onerous levels of energy service -costs.  W e  a r e  definitely 

C- 
not s tuck with our old at t i tudes about  energy and energy 
conservation. Our analysis to d a t e  shows we can  move t o  



Load  M a n a g e m e n t  and Energy S torage  (3.3) 

A t  present ,  t h e  demand  fo r  ins tantaneous  energy  is m e t  by fue l  reserves,  t h e  - 
m o s t  conven ien t  f o r m  of large-scale energy storage.  As po in ted  ou t  by t h e  E l e c t r i c  
Power  R e s e a r c h  Ins t i tu te  (EPRI), "oil and  gas s t a n d  o u t  as t h e  preferred fuels f o r  
s t o r a g e  because  of the i r  high energy  density and the i r  ease of t ranspor t  and  
combustion.  Ut i l i t ies ,  in par t icular ,  have c o m e  t o  re ly  o n  t h e m  t o  run t h e  power 
p lan t s  t h a t  a r e  s t a r t e d  up and s h u t  down e a c h  d a y  t o  m e e t  peaks of demand f o r  
electricity."34 

This re l iance on fossil fuels  is l ikely  to change  as f u e l  s c a r c i t i e s  prevent t h e  use  
of k e y  fuels ,  and as t h e  high cap i ta l  cos ts  of building "peaking" power plants a r e  
ou tweigh ted  by more  convenient  and less cost ly  options t o  uti l i t ies.  These options 
include conservat ion,  load  m a n a g e m e n t  pract ices ,  f u e l  s t o r a g e  and energy s t o r a g e  
technologies  and o t h e r  measures  t o  reduce cost ly  peak  demands.  As the  EPRI 
Journa l  explains: 

S ta r t ing  w i t h  t h e  supply s ide  (of t h e  i n t e g r a t e d  energy 
sys tem) ,  d i r e c t  and indirect  s to rage  of e l e c t r i c i t y  f r o m  coal 
and  nuclear  baseload plants can displace t h e  consumption of 
oil and gas  in peaking and i n t e r m e d i a t e  (cycling) power plants. 
P resen t  e s t i m a t e s  a r e  t h a t  fu l ly  implemented  u t i l i ty  s t o r a g e  
s y s t e m s  could supply 1.5-2.5 pe rcen t  of U.S. e l e c t r i c  energy by 
t h e  year 2000, providing up t o  15 percent  of p e a k  Load demand 
f rom s to red  coal  and nuclear  in some regions. For e a c h  
g igawat t  (1,000 m e g a w a t t s  is equivalent t o  t h e  nuc lea r  or coa l  
power plant)  of energy s t o r a g e  plant  in opera t ion ,  t w o  t o  t h r e e  
million bar re l s  a year of pet roleum could b e  saved .  The t o t a l  
savings f o r  t h e  United S t a t e s  at  t h e  turn  of t h e  c e n t u r y  could 
be  as high as 1 5 0 - 3 0  million barre ls  a year."35 

Load Management  (3.3-1) 

S o m e  e s t i m a t e s  of the  overall  potent ia l  energy  sav ings  f ~ r  load management  
and e n e r g y  s to rage  a r e  considerably higher t h a n  t h a t  r e f e r r e d  t o  by EPRI. I t  is 
t h e o r e t i c a l l y  possible t o  rep lace  one-four th  o r  more  of t h e  exis t ing power plants in 
t h e  U.S. wi th  "a l t e rna t ive  power" in t h e  f o r m  of s t o r e d  energy,  and properly 
m a n a g e d  loads. Although quant i f ied  e s t i m a t e s  a r e  no t  avai lable ,  t h e  theore t i ca l  
possibil i t ies i n d i c a t e  t h a t  millions of k i lowat ts  of p o t e n t i a l  ins ta l led  capac i ty  can b e  
d e f e r r e d ,  and  billions of dollars of investment  in e l e c t r i c a l  and other  energy 
fac i l i t i e s  c a n  be  channeled in to  o t h e r  potent ia l  e c o n o m i c  a reas .  



2. Declining block r a t e s  a r e  discouraged, e.g. r a t e s  t h a t  encourage excessive 
use by minimidng uci t  costs to l x g e  c o r i u m e r s  i n  "declining blocks." 

I 
3. "Time of Day" r a t e s  a r e  encouraged, e.g. r a t e s  t h a t  discourage 

consumption during peak demand periods. 

4. Seasonal ra tes  are encouraged, t o  r e f l ec t  t h e  "costs of providing service 
' 

t o  such class of consumers at d i f fe ren t  seasons of t h e  year t o  t he  ex ten t  
t ha t  such costs vary seasonally for  such utility." 

I 
I 

5. Interruptible rates, e.g. discounted r a t e s  fo r  industrial  and commercial  
customers t h a t  can be in te r rup ted  during peak  load periods, a r e  required. 

a 

6 .  Load management techniques t o  reduce peak  demands (under t he  review 
of  s t a t e  regulatory commissions) a r e  required,  with t h e  determination 
t h a t  they be: 

I 
I 

a. practicable and cost-effect ive C' 
b. &liable 
c. provide management advantages t o  t h e  utility.36 

The hallmark federal law additionally requires  t h a t  load management 
techniques shall be determined by state regulatory commissions or unregulated 
public uti l i t ies,  in accordance with t he se  guidelines: 1 

1. The technique must be likely t o  reduce t h e  utility's maximum kilowatt 
demand. I 

2. The long-run cost savings t o  t h e  uti l i ty must  be likely t o  be more with 
load management,  than without  t h e  application of load management.37 I 

At  present  much is known about  t h e  peak demand periods of the  nation's 
uti l i t ies,  but  l i t t l e  is known about  load management  approaches in a "real world" 
sense.  How t h e  various technologies fo r  controlling consumer's loads and integration 
of t h e s e  techniques with utility management  prac t ices  remains t o  be determined. I 

Time-of-day rates  and load management  p rac t i ce s  a r e  f requent ly  directed 
t owards  residential  consumers of e lec t r ic i ty  in- o r d e r  t o  reduce t h e  use of cer ta in  

C 
1 



Trans la ted  into power plant t e rms ,  one household appliance represents  about 4.5 
k i lowat t s  of inferred capacity.  Or in system te rms ,  when twenty percent  of these 
units are operating during peak periods, the  capac i ty  value of each  unit  is a b u t  one 
kilowatt .  If t h e  uti l i ty were  t o  build new peaking power plants t o  m e e t  the demand 

e n e r a t e d  by water heaters ,  the  cost  per house would be t h e  equivalent of $500 t o  
$1,000 (installed costs,  not counting fuel). However,  by using comrn ercially 
ava i lab le  thermal  s torage  technologies in  conjunction wi th  load management  devices 
t o  r educe  t h e  use of these  appliances during peak periods, t h e  ut i l i ty  w o d d  save  t h e  
cap i t a l  cost  of building a new power plant. In f a c t ,  t h e  conservation al ternat ive is 
only $200 per house, which re f lec t s  t h e  to ta l  cos t  of reducing t h e  load and paying 
fo r  additional heat s torage.  Translated i n  t e r m s  of thousands of consumers, the  
savings a r e  potentially enormous. However, in order  t o  credi t  t h e  customer with a 
peak-reduction r a t e  (in conjunction with using a t i m e r  on a water  heater),  t h e  utility 
m u s t  b e  ab le  t o  verify t h a t  t h e  applicance is not capable  of being used during a peak 
period. The central  issue then becomes t h e  ac tua l  control  over energy use within 

- thehousehold .  

According t o  two officials of the  Wisconsin Public Service Commission, the 
- answer may  be  time-of-day rates: 

An appropriate time-to-use r a t e  a l te rna t ive  should be a 
temperature-sensit ive rate. Then, e a c h  potential  load 
management  customer could achieve t h e  s a m e  or regular 
savings under a time-of-use ra te  he should achieve under load 
management  (LM) during peak demands. Moreover, he  could 
install  s to rage  devices and timers. H e  would not t r y  t o  c h e a t  
himself, s ince t h e  conservation s t r a t egy  would not reside with 
his imagination, not in  some dis tant  ut i l i ty  boardroom. The 
answer. ... lies in who owns and ac t iva t e s  t he  LM controls. If 
t he  controls a r e  ac t iva ted  by t h e  ut i l i ty ,  t h e r e  is a built-in 
incentive for  the  customer t o  t a k e  t h e  benefi ts  and avoid t h e  
e f fec t s ,  if t h a t  is possible. If t he  cus tomer  ac t iva tes  t h e  
controls, t h e  incentive is t o  maximize his benefi ts  through t h e  
control of his appliances. The customer 's  pa t t e rn  will depend 
on t h e  tirne-diff erent iared price of electricity.39 

A f i r s t  s t e p  t o  load  management  is load research  t o  de te rmine  a more  prcise 
understanding of demand. This is now being conducted by the  nation's utilities. The 
voluminous da ta  developed by uti l i t ies can be  used t o  shape  load management  



communicat ions systems,  offer  utilities significant load control information, and 
porentiaily,  ioad managemenr options. New technologies fo r  load n a n a g e q e n t  

I 
include r e m o t e  monitoring and control of water  heaters ,  a i r  conditioners, and a 
var ie ty  of thermal  s torage  devices t o  allow fo r  cyclic operat ion of key appliances, 
including cooling devices. f 

Examples of innovative load management  programs a r e  actively being pursued 
by t h e  Southern California Edison Company, a major pr ivate  uti l i ty which serves  Los 
Angeles and Southern California. One program, called "Demand Subscription 
Service' '  incorporates e lements  of load cycling and time-of-day rates. A 
demand-limiting device is installed a t  t h e  residence (connected t o  t he  meter) ,  which 
is s e t  to disconnect e lectr ical  service if t h e  demand for  power is exceeded during a 
sys tem peak or other period of capac i ty  shortage.  Once disconnected, t he  customer 

B 
can reduce  t h e  residential e lectr ical  ioad under t h e  present  l imit  f o r  service,  then  
manual ly  switch on t h e  device. The system can  be opera ted  automatical ly  by t h e  
utility's load controllers t o  reduce peak demands. The ut i l i ty  will place 2,000 of 

I 
these  units on residences during 1980 and 198 1.41 

Southern California Edison (SCE) has also established a new energy co-operative 
concep t  for  load management fo r  larger  commercial  customers  (with an  average of 
f ive  megawa t t s  of demand). I 

The  f i r s t  modern co-op was formed in 1979 in Orange County in Southern 
California.  The Irvine Company, Fluor, Pacif ic  Mutual Life  Insurance and t h e  South 
Coas t  Shopping Plaza formed t h e  Orange County Energy Cooperat ive Association. 
For a monthly reba te  of $120,000 (i.e., approximately $1.5 million per year) t h e  

i 
co-op ag rees  t o  shave four M W  off peak load whenever SCE requests i t  t o  do so. In 
p r a c t i c e  t h e  co-op has 30 minutes t o  reduce load t o  a fou r t een  M W  maximum. 

The  init ial  capi ta l  investment saving t o  SCE under this arrangement  is 
approximately $4 million (based on an es t imated  $1,000 per installed capacity). In 
addi t ion,  s ince peak load power is most o f t en  generated f rom standby reserves of oil 

f 
5. 

and gas, t h e  operat ing savings a r e  also substantial  and becoming more  so as  fuel  
costs  escalate .  

O the r  co-ops a r e  in t he  formation s t a g e  b y  California's Pacif ic  Gas  and Elec t r ic  
i 



Thermal  energy required for  s to rage  can  be  derived from various sources,  such 
as s o l x  heat ,  winter cold, power plant waste  heat ,  and industrial s team.  In the  case 
of solar hea t ,  heat  can be captured by col lectors  in t h e  summer and stored. It can - 
then be ex t r ac t ed  fo r  winter use when the demand f o r  space  heat  peaks. The hot 
s t e a m  t h a t  is usually dissipated t o  t he  environment by electr ical  generation 
faci l i t ies  can be used for  dis t r ic t  heating. This winter heating capac i ty  can be 
increased by storing the  heat  energy from summer generation. In addition, this 
would reduce t h e  thermal  pollution generated by power plants and reduce  t h e  need 
for  peaking units t o  m e e t  exceptional winter heating d e m a n d ~ . ~ 3  

Aquifers a re  being considered for  thermal  energy storage. The ground water  
s to red  in aquifers is subject t o  geothermal radiation t h a t  usually maintains the 
aquifers '  t empera ture  about equal t o  t he  average  annual sur face  temperature .  This 
na tura l  warming act ion provides a positive t empera tu re  differential  fo r  heating in 

1 t h e  winter  when ambient air temperatures  a r e  cooler and for  cooling in  t h e  summer 
when the  sur face  tempera tures  a r e  warmer.44 

This underground s torage resource can be  exploited by the  use of a simple heat  
pump or hea t  exchanger. The basis mechanical concept  for  either heat ing or  cooling 
is t h e  same.  A gaseous fluid with a low boiling t empera tu re  like ammonia  or freon 
is cooled by lower pressures t o  a gaseous s t a t e  and pumped in to  a higher 
t empera tu re  aquifer. This cool low pressure fluid absorbs t he  hea t  f rom t h e  
environment  and then upon condensation i t  is c i rculated t o  warm a cooler 
environment.  To remove t h e  cooler t empera tures  f rom the  aquifers  during the  
summer ,  t h e  process is reversed. 45 

The potential  for  using a hea t  exchange sys tem t o  t ap  t h e  energy  s torage 
capac i ty  of aquifers is  large. Hea t  pumps installed in aquifers a re  opera t ing  with a 
performance co-efficient greater  than 4.0. I t  is e s t ima ted  by Dr. J a y  H. Lehr, of 
t h e  Nat ional  Water Well Association, t h a t  with a consumption r a t e  of t e n  gallons per 
m i n u t e  for  domest ic  energy demands, t ha t  a t  l e a s t  70 percent  of t h e  sur face  of the 
country can  be developed while commercial  systems with an ou tput  of over  ten 
million Btus can be located over 25 percent of t he  United States.  Studies a r e  now 

i 
being conducted to  determine t h e  ac tua l  performance potentials of aquifers  and t h e  
concept  of man-made aquifers. 4 6 

Energy can also be chemically s tores  in  an e lec t r ica l  system. New ba t te ry  
development  offers a non-polluting, compact,  and modular unit t h a t  can  f i t  t h e  
needs of most energy s torage interests.  Conventional lead-acid ba t t e r i e s  cannot 
withstand t h e  constant  cycling between being f uily charged and discharged t h a t  is 
essent ia l  in either utility or automobile use. The price of heavy-duty design, 



use a molten sal t ,  such a s  a lithium chloride-potassium chloride e u t e c t i c  mixture  as 
the i r  e lectrolyte .  The lithium-sulfur ba t t e ry  fufictio_r;s a t  a t empera tu re  range of 
357OC t o  400°C and theoret ical ly  has a g rea t e r  performance potential than 
sodium-sulfur cells. In both ba t te r ies  t he re  a r e  problems with containment  of t h e  
e lec t rodes ,  the  location of inexpensive and corrosion-resistant construction 
mater ia l s ,  and sealing a t  high temperatures.47 Until these  difficulties a r e  
mi t iga ted ,  sodium-sulfur and lithium-sulfur ba t te r ies  will not be  commercial .  

Recent ly ,  NASA Lewis Research Cen te r  in  Cleveland, Ohio, conducted a joint 
D e p a r t m e n t  of Energy and NASA funded project  t o  develop reduction-oxidation 
b a t t e r y  technology. This ba t t e ry  sys tem,  cal led Redox, promises t o  provide an 
inexpensive, long-term, and reliable method of s tor ing electr ic i ty .  Redox bat ter ies  
a r e  cu r r en t ly  being developed for  use in t h e  kilowatt  range,  but they  could 
eventua l ly  be  s c d e d  up f o r  use in ut i l i ty  load leveling. 

T h e  Redox system consists of a "stack" or combination of cells t h a t  t akes  
advantage  of the  valence change in t h e  reduction-oxidation process. Chromium 
chlor ide and iron chloride ( reac tan t  fluids) a r e  pumped through t h e  ser ies  of cells. 

The re  a r e  numerous advantages t o  t h e  Redox ba t te ry ,  These include t h e  basic 
s impl ic i ty  of the  system tha t  allows for extended l i f e  and reliability. Also, low 
ope ra t i on  pressures (ten psi) and i t s  functioning at ambient  t empera tures ,  enable t h e  
b a t t e r y  t o  use inexpensive carbon e lec t rodes  and other  low cost construction 
mater ia l s .  NASA also notes t ha t  an important  advantage  of t h e  Redox system is in 
t h e  f lexibi l i ty  in sizing the  s t ack  and r eac t an t  fluid s torage  tanks  independently t o  
ach ieve  t h e  most  efficient system  characteristic^.^^ 

Companies  like Gulf, Western, and General  Motors a r e  quickly approaching a 
point whe re  they  and commercially produce a b a t t e r y  t ha t  economically fac i l i t a tes  
demand load-leveling and will even power e l ec t r i c  vehicles in t h e  near  future .  

E lec t r ica l  energy can be s tored  by means o ther  than bat ter ies ,  for example, 
superconduct ing magnets. In a typical e lec t romagnet ,  t h e  resis tance of t h e  
magne t ' s  winding causes power losses and power mus t  be constant ly  applied in order 
t o  ma in t a in  t h e  field. If this winding lacks res i s tance  (superconducting), then once 
t h e  des i red  magnet ic  field is established, no fu r the r  energy input is needed and the  
original energy input is s tored in t h e  magnet ic  f ie ld .  Up t o  95 e rcen t  of t h e  
or iginal  e lec t r ica l  energy can  be drawn off the  magne t  when needed. 48  



Compressed-air  s to rage  is also promising. In a conventional gas turbine, 
compressed a i r  is mixed with fuel  t o  gene ra t e  mechanicai power. About 60 pereeni: 

a 
of t he  energy  produced by t h e  turbine is heeded to run the air compressor. To s to re  
compressed air, t h e  compressor and turbine can be alternately connected and 
disconnected from t h e  generator.  During off-peak periods, only t he  compressor 
could b e  ope ra t ed  t o  compress air t o  be s to re s  for  use during t imes of exceptional 
demand. This compressed a i r  can then ope ra t e  a turbine during peak demand 
per iods.56 

Figure 3.3-1 compares  t h e  cost of t h r ee  a l te rna t ive  utility s torage  technologies, 
advanced ba t te r ies ,  underground pumped s torage ,  and compressed-air storage. 
These sys t ems  look increasingly promising when long periods of discharge (from 
storage)  a t  ful l  power levels a r e  required. Many utilities look for discharge 

3pability of e ight  t o  t en  hours or more; for discharge periods of less than eight 
~ m u r s  duration, ba t t e ry  sys tems  look promising. 

I :  

Figure 3.3-157 
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Curren t ly  a combination of load management  and thermal  s torage  is widely 
used in Europe. Load management  in Germany was originally pract iced during t h e  

X e c o n d  World War, when au tomat ic  sys tems  were developed t o  turn off night 
lighting during air  raids. After  t h e  war, similar techniques were  used to  manage  
util i ty loads, and automatically tu rn  off appliances during system p e a h .  In some 
parts  of Germany today, as  much as 25 percent  of t h e  to ta l  demand for  e lectr ic i ty  is 
me t  by e l e c t r i c  s to rage  heaters.j8 

The outstanding success of German util i t ies in perfect ing load management  
technoiogies, combined with eff ic ient  energy-storing appliances, is shown in Figure 
3.3-2. 

Figure 3.3-259 
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C o g e n e r a t i o n  (3.4) 

C o g e n e r a t i o n  is the genera t ion  of e l e c t r i c a l  o r  mechanical  power and  useful  
h e a t  f r o m  t h e  s a m e  primary s o u r c e  of fuel.61 This c a n  be accomplished by using 
convent ional  s t e a m  turbines,  combust ion tu rb ines ,  diesel engines, or  o t h e r  
g e n e r a t i o n  s y s t e m s  in  what  i s  known as "topping c cle,I1 or  as in t h e  c a s e  of 
indust r ia l  w a s t e  heat, in a "bot toming cycle." Figure  3.4-1 c o m p a r e s  
convent ional  e lec t r i ca l ,  process s t e a m  s y s t e m  , a n d  congenerat ion s y s t e m s  and  
i l l u s t r a t e s  how e a c h  operates.  

T h e  "topping cycle" uses various boiler-turbine configurations t o  g e n e r a t e  
e l e c t r i c i t y  and t h e n  makes  use of t h e  valuable w a s t e  h e a t  f r o m  s t e a m  f o r  o t h e r  
processes. 63 Figure 3.4-2 i l lus t ra tes  th is  " topping cycle" in a cogenera t ion  
sys tem.  Tab le  3.4-1 describes the various c h a r a c t e r i s t i c s  of "topping cycle"  

, c o g e n e r a t i o n  s y s t e m s  f o r  gas turbines ,  d iesel  engines ,  a n d  s t e a m  turbines. 

O n e  basic  cogeneration sys tem uses t h e  back-pressure  s t e a m  turbine. In a 
conven t iona l  s t e a m  turbine g e n e r a t o r  s t e a m  is e x h a u s t e d  f rom t h e  tu rb ine  i n t o  a 
condenser  at a very low t e m p e r a t u r e  (about  100°F o r  37.g°C) and at a pressure  

c 
of a round  f i f t e e n  pounds per s q u a r e  inch gauged (psig). T h e  was te  h e a t  f r o m  
condensa t ion  is released t o  t h e  environment  at near  a m b i e n t  t empera tu res .  
Approximately  30 t o  40 percen t  of t h e  p r imary  fue l  can b e  conver ted  t o  e l e c t r i c i t y .  
Unfor tuna te ly ,  t h e  was te  h e a t  t h a t  i s  discharged f r o m  this sys tem is not  of useful 

t 
qua l i ty  f o r  industrial  processes.64 

T h e  back  pressure turbine ,  however ,  f a c i l i t a t e s  t h e  generat ion 01 e l e c t r i c i t y  
t 

and use fu l  s t e a m  from t h e  s a m e  unit. In th i s  boiler conf igurat ion fuel  is burned t o  4 

c r e a t e  s t e a m  in  a high pressure boiler. The  s t e a m ,  typ ica l ly - in  t h e  850 t o  1,450 psig 3 
2 

range,  is used t o  drive a tu rb ine  t h a t  in t u r n  p roduces  e lec t r i c i ty .  Low pressure  
s t e a m  is exhaus ted  f rom the  tu rb ine  a: a t e m p e r a t u r e  and pressure s u i t a b l e  f o r  
indust r ia l  app1ications.65 ! 

T h e  f u e l  savings derived f rom t h e  combina t ion  f a c i l i t y  a r e  s ignif icant .  The  
: amount  of p r imary  fuel  consumed beyond w h a t  is u s e d  t o  produce s t e a m  f o r  t h e  

process use  would be an e s t i m a t e d  4,500 Btu/kwh, o r  less  than  half t h e  10,000 
Btulkwh h e a t  rate tha t  is typical  of cen t ra l  power  faci l i t ies .  Only t e n  t o  f i f t e e n  
percen t  of t h e  fuel  consumed by a back pressure  s t e a m  congenerat ion unit  is 
c o n v e r t e d  in to  e lect r ic i ty .  Thus, th i s  cogenerat ion a r r a n g e m e n t  can  on1 produce a 

C 
r e l a t i v e l y  smal l  amount  of by-product e l e c t r i c i t y  f o r  a given s t e a m  load. ?6 

t 



Figure 3.4-168 

CONVENTIONAL ELECTRICAL AND PROCESS STEAM SYSTEMS 
COMPARED TO A COGENERATION SYSTEM . 
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Figure 3.4-269 

DIAGRAM ILLUSTRATIONS OF TOPPING 
CYCLE COGENERATION SYSTEMS 
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t h e  g a s  turbine  c a n  be  f i t t e d  with a back pressure  s t e a m  tu rb ine  t o  m a k e  additional 
e l e c t r i c i t y  and t o  provide relat ively low pressure  s team.  The  gas  turbine  sys tem can  
p roduce  an e f f e c t i v e  h e a t  r a t e  of 5,000 t o  6,000 Btu/kwh and prodace  four ?o six 
t i m e s  t h e  average  e lec t r i c i ty  ou tpu t  of a back  pressure  s t e a m  turbine.  The 
e f f i c i e n c y  of g a s  turbine,  or g a s  turbine  wi th  a was te  s t e a m  boiler compare  
favorab ly  t o  c e n t r a l  power plants a s  e l e c t r i c a l  generators .  This cogeneration 
s y s t e m  ut i l izes  25 t o  35 percent of i t s  fuel ,  which is well wi thin  t h e  range  of single 
m o d e  power  plants. The e f f i c iency  is even  m o r e  impressive when t h e  was te  h e a t  
r e c o v e r y  benef i t  is included.70 

T h e r e  a r e  a number of variat ions possiple, such a s  liquid m e t a l  turbines. These 
t u r b i n e s  subs t i tu te  liquid m e t a l  in p lace  of w a t e r  t o  produce t h e  s t e a m  t o  propel a 
turbine .  Figure 3.4-3 shows a potassium-turbine topping c y c l e  coupled with a gas 
and  s t e a m  turbine  fueled f rom coal. Conventional pr imary fue l s  such  as coal,  a r e  
burned t o  boil a liquid m e t a l  l ike  potassium and conver t  i t  t o  vapor through a 
turbine .  This hot m e t a l  vapor, a f t e r  leaving t h e  turbine,  boils w a t e r  and  superheats 
s t e a m  t o  dr ive  a conventional turbine.  I t  is e s t imated  t h a t  this liquid metal  
congenera t ion  sys tem could reach e f f i c ienc ies  near  47 percent.7i  

New cogenerat ion approaches,  using fluidized-bed and  combined-cycle 
technology,  will b e  commercia l ly  avai lable  in t h e  1980s. With fluidized-bed 
technology,  crushed coa l  or o the r  fuels a r e  f e d  in to  a ho t  bed of dolomite o r  
Limestone t h a t  is kep t  suspended o r  "fluidized" by a s t r e a m  of ho t  air f rom below. 
W a t e r  piped through coils immersed in t h e  bed  is conver ted t o  s t e a m  f o r  subsequent 
e l e c t r i c i t y  production. Fluidized-bed technology holds promise  for  being a 
clean-burning process  f o r  conver t ing coal, a s  well a s  o t h e r  low-grade fuels .  The 
clean-burning n a t u r e  of fluidized-bed technology will f a c i l i t a t e  i t s  a c c e p t a n c e .  

Combined-cycle configurations join in o n e  the rmodynamic  sys tem a gas  turbine 
which genera ted  elec-tr'icity, a s t e a m  generator ,  which produces  s t e a m  from t h e  
w a s t e  h e a t  remaining in t h e  gas tu rb ine  exhaus t ,  and s t e a m  tu rb ine  which uses this 
s t e a m  ' t o  g e n e r a t e  addit ional  electri 'c  power. Figure 3.4-4 i l lus t ra tes  a 
combined-cycle  topping system u t i l i z ing ,gas  and s t e a m  turbines. This cogenerat ion 
s y s t e m  is l imi ted by i t s  need f o r  high qual i ty  f u e l  su i t ab le  f o r  gas  turbine 
consumption,  e i t h e r  natura l  .gas or  a light d is t i l la te .  However ,  gas  turbines  can be  I 

eas i ly  r e t r o f i t t e d  t o  exist ing genrat ing faci l i t ies .  Before  t h e  end  of t h e  century 
c losed  cyc le  (external  combustion) gas turbines ,  s t i r l ing engines,  and o ther  

7 3 technologies  a r e  l ikely t o  approach c o m m e r c i a l  status.. 

. , 
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DISTINGUISHING FEATURES OF TOPPING CYCLE 
COGENERATION SYSTEMS % 

c: 
System 

Distinquishing f ea tu re s  Gas turbine Diesel e n ~ i n e  
Steam r u r b ~ n e  I r 

I. Type of fuei used //2 light distil late Oil or gas All types of fuel 
! 

oil or natural gas  including coal 

Advantage 
Supporrs NEA conver- 
sion to coal oblectlve 

Conflicts w ~ t h  NEA 

< [  

Disadvantage Conflicrs with NEA 
conversion t o  coal  conversion to coal 
objective objective 

2. C a p ~ t a l  investment $500 per kw $550 per kw 
S1,ZSO'per kw for coal 

t 
875 per  kw for  oil 

required 11 

Advantage LOW cost  Low cost  

~ i g h  cosr 
D~sadvan tage  

i 
3. Eff ic iency in conver t -  

ing fuel  t o  e lect r l -  
5,500 Bru's per  kwh 7,000 Btu's per kwh &,SO0 Bru's per kwh 

c l t  y2/ 

3 
L 

Advanrage2/ 

Oisadvantage?/ 

200 kwh per million bOO kwh per million 50 kwh per million 
4. Elecrrkcity produced 

Btu's of s t eam Btu's of s t eam Rtu's of s team 
pe r  unit of t e a m  

I 
generated?f . 

Advantage?/ L 

~ i s a d v a n t a ~ e f f l  fl 

5. Environmental e f f ec r s  Gas produces l l t t le  High nitrogen oxide High sulfur 

pol lur~on and carbon monoxide dioxide and par-  
C ~ ~ ~ C I O ~ F  t iculare pollution - .-- - - 

w ~ t h  some coals  



Figure 3.4-374 

ALTERNATIVE TOPPING CYCLES: POTASSIUM TURBINES 
- 

.. 

Pressurized Fluidized-bed Furnace 

Industrial  machinery and processes c r e a t e  la rge  amounts of excess he t t .  This 
s t e a m  is  usually dis ensed indirectly t o  t h e  environment or processed by expensive 
cooling equipment.f6 The hea t  can be ex t r ac t ed  from industrial processes, such 
as c e m e n t  kiins, blast furnaces,  and glass manufacturing, t o  c rea te  s team t h a t  can 
be harnessed  for additional use. There a r e  a number of industries which require 





I 

I - 
wastes  into biogas. Various methods for  t he  fermentat ion and distillation of 
vegetable  m a t t e r  in to  alcohoi provide anof her diverse fuel source fo r  t h e  TOT-M I ~ 

, system. On t h e  f a rm this energy system can be used for drying, irrigation, powering 
f a r m  machinery, and a host of other applications.82 

T h e  TOTEM system's benefit go beyond energy efficiency and flexibility. The 
Fiat  Corporat ion es t imates  that a TOTEM will provide energy a t  a retai l  price of 
$500 t o  $600 per kilowatt.83 This is more  than  competit ive with the price of 
providing energy with a fossil fue l  plant costing nearly $1,000 per kilowatt of 
installed capacity.g4 

The Thermo Electron Corporation of Massachusetts has developed a to ta l  
energy system concept  similar t o  Fiat's TOTEM. Thermo Electron's system would 
use' mass-produced Chevrolet automotive engines of the  454, 350, and 305 cubic-inch 
V-8 d a s s .  'These engines a re  derated t o  ope ra t e  at 75 percent t h ro t t l e  and 1,800 
rpms. They provide continuous generator  ratings of 60 kw, 47 kw, and 40 kw - f 

respectively. 

?he Thermo Electron module can provide a minimum of 2,000 hours of service 
at an operat ion speed  nearly 40 percent  lower than  Fiat's TOTEM, and will achieve 
an overall  e f f ic iency  of 86 percent and a theoret ical  36 percent in t h e  conversion of 
hea t  energy t o  work. 

The major advantage of such a proposed system over TOTEM is t h a t  i t  utilizes a 
larger  engine, which operates a t  a lower  speed  thus allowing f o r  less service 
problems. The sys tem prime mover contr ibutes  only about $15 per kilowatt. This 
low cost  makes i t  possible t o  reduce f ie ld maintenance expenses t o  a 

Cogenerat ion systems offer grea t  potential  in terms of efficiency and 
conservation. The  United States Department  of Energy determined in 1978 t h a t  
cogeneration could provide as much as 6.15 quadrillion Btu per year of energy by t h e  
year 2000. This significant energy savings takes into account beneficial t a x  
t r e a t m e n t  and additional government act ion beyond the  National Energy ~ c t . ~ ~  
Dow Chemical  Com pany forecasts t h a t  with com plete  relaxation of governmental 
and institutional constraints,  industrial cogeneration could genera te  as much as 
71,105 megawat t s  of power by 1985. This amount  is 1.45 quadrillion Btu annually, or  
roughly the  equivalent  of 680,000 barrels per day  of oil. These figures include only 
t h e  byproduct power f ea tu re  of cogeneration and not the  incremental  condensing 
power f w  e lec t r ica l  gene~ation.87 Table 3.4-2 gives the to ta l  potential  energy 
savings f rorn cogeneration with an e s t i m a t e  of marke t  penetration. 



- 
Table  3 . b ~ ~ ~  

TOTAL POTENTIAL ENERGY SAVING FROM COGENERATION 
AND ESTIMATED MARKET PENETRATION (QUADS) 

19x2 19x5 1990 - ScenulO Year - - 
r ~ r h o u l  aWtt- Energy Ert~maced Marker E n e r n  Gnrnated Marker Erxrgy Gr~mrred  Market Enern Est~rnared U i r k e t  

R n t r z t l m  h v l q  Rncrrartcn k r l n g  Rnetratlon ~ ~ t t x  Rnerrarron lenil govern- Sarlng 
.R .31 .7H .60 1.53 1.03 1-58 mmral  acrrm .I I 

i Vtrt, Nrtraul 
.I2 .IJ .la. .I! .79 .I* 1.33 Energy Acr .OJ 

.a4 .60 l . X l  1.33 1.63 7.2% 6.1 1 TOTAL .I91 

Large  petrochemical  complexes i n  Texas are also utilizing sophis t icated 
cogenera t ion  systems. American Oil Company, Monsanto Chemical  and Union 
Carb ine  have  tes ted  cogeneration sys tems  linked t o  utiliites. Their par t icular  
cogenera t ion  design uses coal-fired boilers and back-pressure s t eam turbines. The 
boilers gene ra t e  t h r ee  million pounds per hour s t e a m  a t  10.3 MPa and 51G°C, and 
the turbines  deliver s team a t  varying pressures and tempera tures  fo r  process,  
f e e d w a t e r ,  daerat ion,  and heating appliances. This system has t o t a l  e lec t r ica l  
genera t ion  capac i t y  of 220 megawatts.- 



plant emi ts  55 percent more  waste  hea t  per unit of e lec t r ic i ty  than a f ive  megawat t  
diesei faci l i ty  equipped with a bottoming cycle, Further ,  i t  has been determined 
t h a t  a nuclear power plant emits  130 percent  m o r e  excess heat  per unit then t h e  
diesel congenerator. Air pollution per unit of energy produces decreases with 
cogenerat ion because recycling waste  s t eam t o  produce electr ic i ty  reduces the need 
f o r  additional use of t h e  primary f eeds t0ck .9~  

Bottoming cycle plants have other  environmental advantages because of the i r  
relat'ively small  size. Conventional power plants cannot  match  the  over 45 percent  
eff ic iency projected fo r  diesel generators  coupled with various bottoming cycles. 
The small s ize  of these  plants allows them t o  be loca ted  near the  s i t e  where the  
power is  needed, reducing the  environmental impac ts  of transmission systems.91 

The economics of cogeneration vary considerably. The U,S. Department  of 
Energy has s t a t ed  t h a t  "in general ( the)  cost  of e lectr ic i ty  production from 
cogeneration corn pares favorably with t h e  projected cost  of purchased electricity." 
DOE also considers various cogeneration technologies t o  be more efficient measn of 
uti l izing capital  for power generation when compared to  conventional plants. But 
industry notes  tha t  this fa i ls  t o  recognize t h a t  companies use a different set of 
c r i t e r i a  for  investing capi ta l  t o  genera te  e lec t r ic i ty  than  do utilities. The 
generat ion of power is mere ly  a sideline; i t  does no t  represent  an expansion of their  
normal product line.92 

A Dow Chemical Study prepared several  years  ago compared four cogeneration 
combinations t o  conventional- systems of power and s team generation. These 
indepth case studies and their  results can be summarized here  as: (1) Industrial 
generat ion of power f o r  internal use only; (2) Industry/util i ty joint venture dual 
purpose power facility; (3) Industrial generation f o r  internal  use and for t he  s ca l e  of 
excess  power t o  the  public, and (4) both industrial  power generation facil i t ies and 
dual-purpose central  power stations.  Cogeneration's major economic and financial 
impac ts ,  according t o  t h e  Dow Study, a r e  (a) general  savings in labor, capital, and 
fue l  used; (b) reductions in t h e  amount of cap i ta l  t h a t  uti l i t ies must solicit f rom 
financial  markets;  and (c) decreased cost  of e l ec t r i c i t y  t o  consumers. The study 
noted t h a t  t h e  need t o  genera te  capital  for  t h e  e l ec t r i c i t y  sector  over t he  1976 t o  
1985 period varied f rom $2 billion per year  in Case I t o  $5 billion per year in C a s e  
4. According t o  t he  study, t he  net savings fo r  t h e  period would be $20 t o  $50 billion, 
consumption of e lec t r ic i ty  could remain constant ,  and t h e  cost of constructing 
energy  faci l i t ies  would decrease. The s tudy concluded t h a t  t h e  cogeneration 
a l te rna t ive  would f r e e  a sizable piece of t h e  nation's energy resources for  other  
pursuits.93 



r e p l a c e m e n t  of exist ing non-cogenerat ion instal lat ions wi th  
technology t h a t  cm deliver both  e l e c t r i c i t y  and useable 

r 
s t e a m .  t h e s e  f i r m s  consider a 50 p e r c e n t  investment  t a x  
c r e d i t  coupled with f irst-year deprec ia t ion  as t h e  minimum 
incen t ive  needed t o  produce a r a t e  of r e t u r n  higher than 20 

f 
percen t ,  a benchmark t h a t  companies  typical ly  use f o r  
d iscre t ionary i n ~ e s t m e n t s . 9 ~  

The  cos t  of s tandby power is  an add i t iona l  constraint  re tarding t h e  
implementa t ion  of cogeneration. Standby power  is  t h e  r a t e  t h a t  uti l i t ies c h a r g e  
cogenera to rs  t h a t  mus t  occasionally purchase  power  t o  supplement t h e i r  own 
genera t ion  capaci ty .  High s tandby ra tes  r e d u c e  t h e  projects '  compet i t iveness  as a 

f 
c a p i t a l  investment .  Ut i l i t ies  commonly r e g a r d  indus t r i a l  cogenerators  as potent ia l  
compet i to r s  or energy  l iabil i t ies t h a t  t h e y  m u s t  h a v e  t h e  capac i ty  t o  service.95 

This is changing with uti l i t ies '  increas ing d i f f i cu l t i e s  i n  si t t ing new e l e c t r i c a l  
genera t ion  plants and raising large  amounts  of c a p i t a l  within inf la ted f inancia l  
marke t s .  Ut i l i t ies  have begun t o  view cogenera t ion  p lan t s  as a source  of energy  f o r  
t h e i r  sys tem or  as a means  t o  reduce t h e i r  need  f o r  inc reased  generation capac i ty .  
Ut i l i t ies  a r e  c u r r e n t l y  negot ia t ing reduced s t a n d b y  r a t e s  o r  credit ing cogenera to rs  
for the i r  contr ibut ions  t o  t h e  conventional sys tem.  U t i l i t i e s  a r e  also a t t e m p t i n g  t o  
encourage  cogenerat ion with various r a t e  s t r u c t u r e s  s u c h  as reduced s tandby r a t e s  

I 
f o r  off -peak demand.96 I 

The  r a t e s  t h a t  uti l i t ies have been will ing t o  pay for t h e  e l e c t r i c i t y  
t 

suppiem e n t e d  t o  the i r  grids by industrial  c o g e n e r a t o r s  have been an addi t ional  
h indrance t o  cogenerat ion.  The reason o f t e n  c i t e d  by uti l i t ies fo r  not  paying 
reasonable  r a t e s  i s  t h a t  cogenerators  a r e  no t  p r e d i c t a b l e  and t h e y  cannot  be 
depended upon f o r  smal l  addit ions t o  t h e  conven t iona l  energy  system. Some ut i l i ty  

I 
regula tory  commissions a r e  now manda t ing  t h a t  u t i l i t i e s  establish equ i tab le  r a t e s  
f o r  t h e  purchase  of excess e lec t r i c i ty  g e n e r a t e d  by t h e i r  customers.  For example ,  
Sou thern  Ca l i fo rn ia  Edison developed a f o r m u l a  t h a t  pays t h e  cogenera to r  a 

I 
time-of-use pr ice  as a funct ion of the  a v e r a g e  s y s t e m  energy  cost. This p r ice  i s  
ad jus ted  semi-annually t o  r e f l e c t  t h e  p reva len t  e n e r g y  c o s t  fo r  t h e  cogenerator .  

‘ f L 
Similarly,  P a c i f i c  Gas  and E l e c t r i c  Company  has  des igned  a r a t e  s t r u c t u r e  f o r  t h e  
purchase  of cogenera ted  e lec t r i c i ty  t h a t  r e f l e c t s  on-and off-peak period and 
par t ia l -peak period purchaes of energy. The r a t e s  of t h e s e  Cal i fornia  ut i l i t ies  
r e f l e c t  t h e  Publ ic  Ut i l i ty  Regulatory  Pol ic ies  A c t  mandages. As addi t ional  

C- 
c o n t r a c t s  are equ i tab ly  nego t ia ted  for t h e  purchase  o f  cogenera ted  power, indust r ia l  

L 
f i r m s  wi th  high-grade excess  s t e a m  will t a k e  a d v a n t a g e  of t h i s  incent ive  a n d  r e d u c e  
the i r  demand  f r o m  conventional power plants.97 



This sec t ion  'also exempts cogenerators f rom s t a t e  regulation of utility r a t e s  
and f inancial  organization, as well as from restrictions mandated under PURPA a n d  
t h e  Federa l  Power Act.  Further,  PURPA enables cogenerators to  t ake  advantage of  
inves tment  t a x  credits.  These credi ts ,  however, cannot be  applied t o  oil or gas-fired 
systems.  

The  Federal  Economic Regulatory Commission (FERC) (within the  Depar tment  
of Energy) is proposing t h e  elimination of f uel-use restrictions for  bottoming c y d e  
cogenerators  t h a t  produce predominately therm d energy. Po ten t id  i ndus t r i d  
cogenerators  have been wary of cogeneration f o r  f e a r  t h a t  t h e  federal  government  
might prohibit t h e  burning of oil and gas in new facili t ies.  J e r ry  Davis, Gene ra l  
Manager of t h e  Energy Systems Division of Thermo Electron Corporation noted t h a t ,  
"The F E R C  rules move a lot  of cogeneration projects f rom (being) marginal t o  
econornic."gg 

There  a r e  sti l l  a number of regulatory and insti tutional barriers t o  cogeneration 
which must be overcome. It is unclear whether  s team and e lec t r ic  sales fall  under 
federa l ,  s t a t e  or joint regulation. Potential  cogenerators have indicated they do n o t  
want to g e t  involved with Federal  Power Commission regulatory requirements. 
These include authori ty  t o  prohibit the issuance of securit ies for  exchange, s tab i l i ty  
or depreciat ion schedules, and various regulations reporting and permit processes 
which which already overwhelm many companies. 9 9' 

Clar i f icat ion is . needed as t o  whether .waste-heat utilization projects wi th  
severa l  par tners  a r e  covered by t h e  Public Uti l i ty  Holding Act  of 1935. The Ac t  was  
designed t o  control  abuses believed implicit in holding company structures.  Various 
methods  of cogeneration ownership such as having the  cogeneration unit of t h e  
company as a subsidiary selling t he  excess power, could fail under this law.loO 
This A c t  and other  anti-trust  legal tangles a r e  slowing t h e  full-sacle developme'nt of 
cogenerat ion as an al ternat ive energy resource. 

Cogenera t ion  technologies o f f e r  a number of advantages over conventional 
power plant technologies, in addition t o  the i r  reduced use of primary fuels. Since 
t hey  can  be  mass-produced in modular components, t h e y  have distinctive economics 
of scale in  costs  of individual sub-systems. For a s t r a t e g i c  energy perspective, t he i r  



A fuel  cell is an electrochemical  device t h a t  chemically combines hydrogen and 
oxygen t o  produce e lec t r ic i ty  and water. When combined with a fuel processor and 
power processor t o  form a fuel  cell power plant, f ue l  cells a r e  a clean, eff ic ient ,  and 
flexible means of producing electricity.  r- 

Fuel cells so f a r  developed use hydrogen fuel  made  from fossil fuels, though i t  1 
is possible t o  convert  biomass into hydrogen fuel  as well. Fuel cell power plants 
work by react ing hydrocarbon fuel (such a s  nap tha  or natural gas) in t h e  fuel  
processor t o  obtain a hydrogen-rich gas. In t h e  fue l  cel l  itself, t he  hydrogen reac ts  
in t h e  presence of an electrolyte  t o  produce d i r ec t  current  power. The power 
processor then converts t h e  direct  current  t o  a l t e rna t ing  current. I 

Fuel cells a r e  distinguished from regular ba t t e r i e s  by t h e  f a c t  t ha t  the i r  a 
.' e lec t rodes  a r e  invariable and catalytically act ive.  Reaction on t h e  e lec t rode  

sur faces  which a r e  in c o n t a c t  with t h e  electrolyte  produces current.  Generally, fuel 
and oxidant a re  not an integral  part of the  cell; t h e  cur ren t  load supplies them as 
needed, and react ion products a re  continually removed. lOl  

<I 
i 

Though t h e  e lec t ro ly te  may be aci'd or alkaline,  solid or liquid, phosphoric acid 
fue l  cel ls  a r e  considered f i rs t  generation. Phosphoric acid fuel  cells a r e  designed t o  

I 
use naptha or natural gas as their  primary fuel. O t h e r  possible fuel sources include 
dis t i l la te  fue l  oil, clean coal fuels, methanol, and hydorgen. Another possibility is 
connection t o  a wind generator ,  in which t h e  wind generation system electrolyzes 
wa te r  into hydrogen and oxygen, and s tores  t h e  hydrogen for  la ter  conversion t o  
e l ec t r i c i t y  in t h e  fuel  cell. 

Generally,  t h e  refining process for  fossil fue l s  is s o  complex tha t  i t  seems t o  
l imi t  f ue l  cell  applications t o  those on a large scale .  Anhydrous ammonia, methanol,  
and synthe t ic  fuels such as gasified coal a r e  m o r e  easily processed into a 
hydrogen-rich s team.lo2 It is possible that  fuel  cells will be used in c o n j ~ n c t i o n  

yith coal gasifiers. This second-generation technology would use molten carbonate  
s a l t  as t h e  e l e c t r o 1 ~ t e . ~ ~ 3  

Several different  processes are  now available fo r  converting hydrocarbon fue l  
to hydrogen-rich fuel,  including s team reforming, par t ia l  oxidation, and thermal  
cracking. The process used most is s t eam reforming wi th  a nickel catalyst .  



Figure 3.5-11°6 

HYDROGEN-AIR FUEL CELL SCHEMATIC 

Hydrogen 

A hydrogen-air cell consists of a pair of porous catalyzed electrodes with an 
acid e lec t ro ly te  separa t ing  them. Reaction on t h e  anode is t h e  oxidation of 
hydrogen to  hydrated protons with the  release of electrons; on the  cathode i t  is t h e  
reaction of oxygen with protons t o  form water  vapor with t he  consumption of 
electrons. Electrons flow from the  anode through t h e  external  ioad t o  the cathode;  
ionic current  t ranspor t  through the  electrolyte  closes the circuit .  In an acid cell ,  
protons ca r ry  t h e  current.1°7 

An advantage of this type of cell is t ha t  reac tan ts  need not be pure. Hydrogen 
may come f rom fuel  mixtures and oxygen from air. Oxygen-depleted air removes 
product moisture  f rom t h e  cathode, faci l i ta ted by t h e  cell's operation a t  sufficiently 
high tempera ture  t o  vaporize t h e  water  t ha t  is formed.  

The e lec t ro ly te  is the  center  of the  fuel cell's operation. In i ts  catalyzed layer ,  
i t  o f f e n  'many places where gases and electrolyte  can react.  Its porosity makes 
possible fas t  r e a c t a n t  transport  and removal of inert mater ia l  and product 
moisture. The e l ec t rode  also serves as  t he  . , path for  current  fiowing t o  t he  terminals  
and often contains  the  electrolyte.  The electrolyte,  besides providing ionic 
conduction, assures t h a t  reactants  remain separate.  108 

According t o  Earl  Cook, fuel cells should be  theoretically able  t o  achieve 
conversion eff i 



Fuel cel ls  a r e  built in re la t ively small modules (40 kw t o  26 kw) tha t  may b e  
connected t o  f o r m  a larger unit, or o p e r a t e  as equaliy eff ect iveiy as discrete units. 

r 
The  U.S. Depar tment  of Energy considers 4.8 M W  t o  be t h e  "optimum rating fo r  a 
power plant budding block," and believes t h a t  one t o  two 4.8 M W  units could provide 
t h e  "full requirements of dispersed load centers."l12 

T 
Among t h e  many possible combinations of e lectrolyte ,  fuel,  e lec t rode  

configuration, and operating tempera tures ,  several  have emerged as the best  
candidates  fo r  power plant building blocks. These i n d u d e  cells with aqueous 

I 
e lec t ro ly te ,  wi th  fused sal t  e lectrolyte ,  and cells which opera te  a t  very high 
tempera tures ,  in which oxygen ion mobility in t h e  solid s t a t e  provide ionic  
conduction. The most advanced of these  a r e  phosphoric acid fuel  cells which 

I 
ope ra t e  below 175OC using aqueous or quasi-aqueous electrolyte.  f 

Aqueous electrolyte  cells a r e  favored now because of t h e  high specif ic  
I 

conduct ivi ty  of t he  electrolyte,  higher cell performance at ambient  t empera tures ,  
and mater ia l  stabili ty.  They can be  different ia ted by t h e  mode of e lec t ro ly te  I 
containment .  . C - 

Some manufacturers  use free-flowing e lec t ro ly te  contained by t h e  electrodes or  
porous membranes adjacent t o  t h e  electrode. Others  render t he  e lec t rode  
hydrophobic, enabling the  cell t o  ope ra t e  at atmospheric  pressure. Matrix-type cel ls  

I 
which a r e  compact ,  and inexpensive t o  manufac ture  re ta in  t h e  electrolyte  in a 
microporous mix such as  asbesros by auxiliary forces.  These cells use hydrophobic 
e lectrodes,  which can be  thinner and m o r e  porous than  f r e e  e lec t ro ly te  cells because 
t hey  don't need t o  contain the electrolyte .  

I 
I 

A vital  a spec t  of fuel cell technology is continuous supply of reactants  and I 
removal of react ion products and hea t  generated by conversion losses. A cell's 
design, par t icular ly  for  aqueous e lec t ro ly te  cells, depends a g rea t  deal on methods 
of maintaining t h e  mass and energy balance. Some manufacturers  achieve this 
? d a n c e  by recirculating the  electrolyte .  In matrix-type cells the  e lec t ro ly te  is 

L 
,ixed, and t h e r e  is less of i t  t han  in  f ree-electrolyte  cells. Balance is maintained by 
circulat ing t h e  hydrogen since r eac t an t s  need not be recirculated in this t ype  of 
ceil.113 L 

Fuel ce l l s  have many advantages and few drawbacks as an energy generat ing 
technology. Being a low-temperature conversion device, the i r  emmissions of sulfur  

C 
oxides, ni t rogen oxides, and par t iculates  a r e  f a r  below t h e  s t r i c t e s t  governmental  

r 



The one-major l imitation of fuel  cells is the i r  reliance on noble metals  (usually 
plat inum) fo r  t he  e lec t ro ly te  catalyst . l15 Fuel cells compete  with t h e  
environmentally beneficiai  ca ta ly t ic  converter,  used t o  reduce exhaust emissions in 
m a n y  new cars ,  for this expensive imported metal.  

Like another relatively new energy technology, photovoltaics, fuel cells a r e  a 
product  of t h e  space program. The National Aeronautics and Space Administration 
adopted  t h e  fuel cell  principle in t h e  ear ly  1960s as a highly eff ic ient  and reliable 
e l ec t r i ca l  generator of high energy density, and used i t  in spacecraf t .  Soon t h e r e  
w e r e  about  50 U.S. companies researching and developing fuel  cells. After severa l  
years  of e f for t ,  i t  was apparent  t h a t  t he  f i r s t  important  breakthroughs could no t  
sustain commercialization and t h a t  t h e  success of t h e  fuel  cell would depend on 
long-term research and development efforts.  By 1975, all but a few companies had  
abandoned fuel  cell research, and only United Technologies Corporation was doing 
significant work. 

Now the  Department  of Energy has become int'erested in the fuel cell ,  
par t icular ly  t he  4.8 MW size. In cooperation with t h e  Electr ic  Power Research 
Insitutue (EPRI) and United Technologies Corporation, t he  DOE is building a 
demonstrat ion plant fo r  Consolidated Edison of New York, t o  be  completed this  
year. Unfortunately,  i ts  performance will not approach t h a t  of a commercial  power 
plant;  t h e  demonstration is designed t o  ope ra t e  f o r  "no more  than 10,000 hours;" t o  
be ful ly  comrnerciai such a plant must lbst 40,000 hours.116 The Electric Power 
Resea rch  Institute's $9.6 million (FY 1980) Fuel Cell and Chemical Energy 
Conversion Program is now concentrat ing on commercializing fuel cell power plants 
"for dispersed applications in t h e  near-term.'' EPRI is also constructing a twenty kw 
"breadboard" molten carbonate  fue l  cell power plant,  t o  be completed this year.  
The  Inst i tute  also plans t o  t e s t  integrat ion of a molten carbonate  fuel cell with a 
coa l  gasifier.117 

EPRI expects  first-generation (phosphoric acid) fuel  cells t o  be commercially 
feas ib le  by.  t h e  mid-1990s. Second-generation technolo y (molton carbonate) is 

q l 8  expec t ed  t o  be commercially feasible  sometime a f t e r  1990. 

Deployment of fuel  cells hinges a t  present on fue l  availability and cost. As 
no ted  ear l ier ,  fuel cells a r e  current ly  designed to use ei ther  natural gas or naptha, 
both fossil fuels. Coal-derived. syn the t ic  fuels not  yet on t h e  market ,  and methanol  
f rom biomass, a r e  other  fuel  possibilities.l19 , According t o  Rich L a n g  of t h e  



I 
small Hyciroelectric power (3.6) I 

Small hydroelectr ic  power sys tems  a r e  water-electr ic  power systems up t o  
30,000 kilowatts (30 MW) in  size. The hydraulic "head" is comparable  in most cases  
t o  t h a t  found in larger hydro installations, but a smaller  water  flow res t r ic t s  
e lec t r ica l  capacity.  Conventional, but smaller turbines, generators,  governors, and 
control  equipment ate used in  small  hydroelectric plants. B 

Small hydro power faci l i t ies  a r e  used in many par ts  of t h e  world with extensive 
installations in  Europe. The People's Republic of China is t he  world's leader  in small  
and micro hydro power with over  90,000 installations providing more  than 5,400 
MW. Tk Chinese small hydro plants a r e  quite decentral ized in nature ,  and  a r e  
e i t h e r  not grid-connected or  f eed  power t o  local grids f o r  small  industries associated 

4 
w i t h  rural  communies.* I 

Interest  in t h e  development of small  hydro power has been rekindled in t h e  U.S. 
in recent  years; small hydro was identified as a key source in t h e  National Energy 
Plan, and major e f for t s  by t h e  Depar tment  of Energy (through t h e  Federal Energy 
Regulatory Commission (FERC)) have placed small hydro development as a high 
government  priority. 

In 1975 t h e  U.S. Army Corps of En ineers published a f ive volume study, A 
National Program of Inspection of D a r n s j 2 ~  This s tudy provided the  base d a t a  05 

I 
exis t ing hydropower facil i t ies.  It contains  geographic, physical and ownership d a t a  a 

3 
on  approximately 50,000 dams in t h e  U.S. Much m o r e  l imited da t a  has been a 
avai lable  on undeveloped sites. Only about 5,000 s i tes  had been identified or  
previously studied by the  Corps and o ther  local, s t a t e  and f ede ra l  water  resource 
agencies.  In addition, in t h e  1975 inventory, pumped s torage  s i tes  and conduit hydro 
projects ,  as distinct f rom dams, were  not surveyed. 

The d a t a  f rom this  inventory is current ly  being reviewed by t h e  Corps and is t h e  
basis for  an extensive s tudy of existing and potential  hydropower capacity.  A 
Prel iminary Inventory of Hydropower ~ e s o u r c e s , ~ ~ ~  was publised in  July, 197x  
This s tudy indicates  t ha t  current ly  existing hydroelectric power faci l i t ies  gene ra t e  
63,702 MW. Of this total ,  2,957 MW are produced at small-scale s i tes  (05-15 MW); 
1,517 M W  a r e  produced at i n t e rmed ia t e  sites (15-25 MW); and 59,230 MW a r e  
produced a t  faci l i t ies  larger  than 25 MW. Table 3.6-1 outlines t h e  number of s i tes ,  
c apac i ty  and energy produced f o r  t o t a l  U.S. small, in te rmedia te  and large-scale 

C 
hydroe lec t r ic  facilities. 

I 
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Table 3.6-1124 . 

PRELIMINARY INVENTORY OF HYDROELECTRIC POWER RESOURCES 
NATIONAL TOTAL 

E x l s t ~ n g ,  I P o t e n r ~ a l  lncremental2 and ~ n d e v e l o ~ d 3  C a p a c ~ t y  Ranges 

lnterrnediate (I 5-25 't'l') S m a l l - k a l e  (0.5-1 5 VW) 

Exist Tncre U I J  - Total  - Exlst lncre - U t J  - Total 

81 166 387 67'4 NUMBER OF SITES 842 4,313 2,642 8,297 

CAPACITY (MU') 2,9 57 5,455 8,010 16,422 1,517 3,320 7.722 12.599 

ENERGY (GWH) 15,048 17,267 28.843 61,158 6,717 7,819 23.103 18,079 

Large-Scale (Greater Than 25 MW) All Sizes 

Exlst Incre U I J  Total - Exlsr - lncre l* - - 
NUMBER OF SITES 238 94 5 1,503 2,276 1.251 J,Q2(1 L.532 

CAPACITY (MW) 59,230 85.859 338.217 483,306 63.702 9P,636 353,9&8 

ENERGY (GWH) 258,239 198,087 883,519 1,339,845 280,004 223,2l 4 93 5.367 

1Exlstrng h y d r o e l e c t r ~ c  power f a c i l ~ t ~ e s  currently generating power. 

2Ex1strng dams andlcr other water resource prolects w ~ t h  the  potentla1 for new and/or a d d ~ t ~ o n a l  h y d r o e l e c r r ~ c  capacity. 

Toral - 
11,207 

: no dam or o ther  engineering s t ruc ture  presently exlsrs. 

As this table  shows, t he re  a r e  over 5,600 small-scale dams in t h e  U.S. e i ther  -. 

genera t ing  power or with t he  potential for incremental  development t o  add 
generat ing capacity. Annual energy generation at existing small-scale facil i t ies is 
e s t ima ted  t o  exceed 15,000 gigawatt-hours. These value fo r  small-scale capaci ty  



- 
The dis t r ibut ion of exist ing s m a l l  power production fac i l i t i e s  i s  ex t remely  

variab!e and near ly  all regions of t h e  c o u n t r y  have t h e  potent ia l  f o r  incremental  
e n e r g y  deve lopment .  Current ly  t h e  g r e a t e s t  number and d e n s i t y  of small  sca ie  
hydropower  instal lat ions a r e  in t h e  Nor theas t  and Lake C e n t r a l  regions of t h e  
coun t ry .  The undeveloped hydroe lec t r i c  potent ia l  a t  small-scale s i t e s  is widely 
d i s t r ibu ted ,  but  appears  t o  be g r e a t e s t  in  t h e  Pac i f i c  Northwest ,  L a k e  Cent ra l ,  and 
t h e  N o r t h e a s t  regions.i26 

C o r p s  e s t i m a t e s  of f u t u r e  potent ia l  a r e  only approx imate  and  do not t a k e  in to  
a c c o u n t  classes of hydro projects  s u c h  as  those  associa ted wi th  canal drops, 
pipelines,  p ressure  breaks, and  o t h e r  f ac i i i  t i e s  which are p a r t  of municipal and  
d i s t r i c t  w a t e r  supply systems. These  s i t e s  a r e  becoming increas ingly  a t t r a c t i v e  as 
t h e  e c o n o m i c s  of energy production change  dramat ical ly ,  and  m a n y  such projects 
a r e  under  s tudy.  The federa l  government  has recognized t h e  i m p o r t a n t  of such  
p ro jec t s  and  has  wri t ten  regulations g ran t ing  exempt ion  f r o m  t h e  Federal  Energy 
R e g u l a t o r y  Commission licensing p rocedures  f o r  manmade  condui ts  generating 
h y d r o e l e c t r i c  power. For projects up t o  f i f t e e n  M W ,  exemptions  have been given 
under  m o s t  c i rcumstances .  In s t a t e s  s u c h  as Cal i iornia ,  with e x t e n s i v e  wate r  supply 
a n d  i r r iga t ion  systems,  t h e  potent ia l  for  smal l -scale  hydro power is considerable. 
For  e x a m p l e ,  t h e  Cali iornia D e p a r t m e n t  of Wate r  Resources  has recen t ly  se lec ted  
28 s i t e s  f o r  preliminary feasibil i ty s tudies .  Of t h e s e  28, s ix teen are s i t e d  at canals, 
tunnels ,  or  pipelines; twelve projects  have  been s i t ed  a t  exis t ing dams. The  f i r s t  
estimate of th is  one round of s tudies  ind ica tes  a c a p a c i t y  of 6,615 kw (6.6 MW) a t  an  
a v e r a g e  of a l i t t l e  over 400 kw (.4 MW) f o r - t h e  s ix teen conduits. P ro jec t s  a r e  also 
being inves t iga ted  for hydroe lec t r i c  production at pressure  breaks in t h e  
Met ropo l i t an  W a t e r  Dis t r ic t  of Southern Cal i fornia  and by t h e  w a t e r  depar tments  of 
an inc reas ing  number  of municipali t ies.  The development  potent ia l  of t h e s e  small  
and  m i c r o  hydro resources has not  b e e n  surveyed. It can  be e x p e c t e d ,  however, snat  
such  condui t  r a t e d  projects will m a k e  an increas ing contr ibut ion t o  capac i ty  and 
e n e r g y  production.  



H y d r o e l e c t r i c  technology, on  any  s c a l e ,  i s  designed t o  exploit  t h e  k ine t i c  energy  
of f a l l i n g  w a t e r .  The  equipment  designed t o  t r a n s l a t e  t h e  energy  of fa l l ing w a t e r  
i n t o  a u s e a b l e  f o r m  is t h e  turbine.  A w a t e r  rurbine is  t h e  device  t h a t  conver t s  the  - 
e n e r g y  i n  fa l l ing  w a t e r  into ro ta t ing  mechanical  energy.  This energy,  avai lable  in a 
r o t a t i n g  s h a f t ,  m a y  e i the r  be used d i r e c t l y  t o  o p e r a t e  equipment  or  connec ted  t o  a 
g e n e r a t o r  t o  produce e lect r ic i ty .  

Impulse  units  a r e  generally t h e  s imples t  of all common turbine  designs and  a r e  
widely s u e d  i n  micro-hydro applications.  Impulse turbines  use t h e  veloci ty  of t h e  
w a t e r  to m o v e  t h e  runner ra the r  than  pressure  as i s  t h e  case w i t h  reac t ion  designs. 
In g e n e r a l  t h e  tu rb ine  is a disc with paddles or buckets  or  somet imes  blades a t t a c h e d  
t o  t h e  o u t s i d e  edge.  

The  w a t e r  passes  through a nozz le  and s t r ikes  t h e  buckets ,  blades o r  paddles, o n e  a t  
a t i m e ,  caus ing  t h e  wheel t o  spin.12' In a c o m m o n  t y p e  of impulse  turbine ,  t h e  
P e l t o n  Wheel ,  buckets  a r e  used f o r  g r e a t e s t  ef f ic iency.  Each bucke t  is spl i t  in two  
so  t h a t  t h e  w a t e r  s t r e a m  is spl i t  in  half and  caused t o  change di rect ion,  heading in 
t h e  o p p o s i t e  d i rec t ion  t o  t h e  original w a t e r  s t ream.  Because t h e  power developed 
by a P e l t o n  Wheel is largely dependent  on t h e  veloci ty  of t h e  w a t e r ,  i t  i s  well su i t ed  
f o r  high head  and  low flow installat ions.  Opera t ing  eff ic iencies  in t h e  80 percen t  
r ange  a r e  common,  and very smal l  units  using t h e  Pe l ton  Wheel a r e  produced by 
s e v e r a l  f i r m s  i n  North America. 

A var ia t ion  on t h e  Pelton Wheel uses blades w i t h  an ou te r  r im enclosing t h e  fan  
shape.  The w a t e r  s t r e a m  is applied t o  o n e  side, runs  across  t h e  blades and e x i t s  on 
t h e  o t h e r  side.  Like t h e  Pel ton,  i t  is possible t o  use  m o r e  than  one  w a t e r  jet on a 
s ingle  w h e e l  In s i tuat ions  where  re la t ively  lower head  and high flow a r e  present.  As 
w i t h  t h e  P e l t o n ,  t h e  wheel i tself  is made  in re la t ive ly  f e w  s izes  and  d i f fe ren t  nozzle  
s i zes  a r e  used t o  m a t c h  t h e  equ ipment  t o  t h e  s i t e  conditions. This t y p e  of unit,  
c a l l e d  t h e  T u r b o  Impulse Wheel, is m a d e  exclusiveiy by Gilkes of England. 

T h e  Cross f low turbine,  ano ther  t y p e  of impulse  turbine,  is cons t ruc ted  with a 
drum-shaped runner ,  t h e  drum having blades f ixed radially a long t h e  ou te r  edge. 

, W a t e r  f lows  in  one  side and a f t e r  having e x e r t e d  f o r c e  on one par t  of t h e  drum, 
f lows a c r o s s  and  exi ts  f rom t h e  o ther  side,  having appl ied f o r c e  t o  t h e  blades again  
as t h e  drum turns.  Because of i t s  design, t h e  Cross f low is sa id  t o  be l a rge ly  
se l f -c leaning,  and i t  is well sui ted  t o  low head  applications.  The major  
m a n u f a c t u r e r  of t h e s e  turbines, Ossberger  of Wes t  Germany ,  has ins ta l led  t h e m  

widely  around t h e  world, a l though none have y e t  been ins ta l led  in  t h e  Uni ted 



3 r 
Othe r  reac t ion  turbines a r e  generally variations on the  propeller design. Some 

of t h e s e  turbines  ope ra t e  in a t u b e  with f ixed propeller blades. If t h e  unit is 
i n t eg ra t ed  wi th  a generatgor,  and the  whole unit is in a case submerged in t h e  
s t r e a m  flow, t h e  mechanism is called a bulb unit. Figure 3.6-1 i l lusrrares a bulb 

- 

turbine. If t h e  conduit bends just before or a f t e r  t h e  turbine, then t h e  turbine can 
be connec t ed  t o  a generator  s i t t ing outside t h e  flow itself. A variation of propeller 
turbines ,  t h e  Kaplan, allows for  g rea te r  flexibili ty in use, with variation in t h e  flow 
and pressure of t h e  water.  Figure 3.6-2 describes a Rim-generator turbine and 
Figure 3.6-3 describes a Tubular-type turbine. k 

Figure 3.6-1129 

RIM - GENERATOR TURBINE 

I 

The energy efficiencies of turbines run generally between 75 and 95 percent.  
Franc is  turbines  have very high eff ic iencies  of up t o  95 percent when operat ing at 
designed pressures, but they a r e  generally more  expensive than other  types and 
quickly become inefficient as pressure and flows vary f rom design specifications. 
Impulse turbines  have f l a t t e r  eff ic iency curves and  generally a r e  less expensive. 

Figure 3.6-2130 

BULB - TYPE TURBINE 



Transmission of power from the turbine t o  fhe generator entails power losses. 
Belt drives a re  95 to  97 percent efficient for  each belt. Gear boxes a r e  generally 95 
percent  efficient. Generators themseives are usually about 80 percent efficient. 
Thus, overall efficiencies for electrical generation systems can vary from 50 t o  75 
percent ,  with the  higher overall ratings in the  high head, high speed impulse turbines. 

Figure 3.6-3131 

TUBULAR-TYPE TURBINE 

The tubular-type turbine uses a conventional horizontal propeller turbine 
and an attached generator located outside the water passage. 

There are  basically two types of generators, the synchronous and induction. 
The induction generator obtains its excitation from the power grid. The general 
method of getting an induction power plant on line is to- s t a r t  the generator as a 
motor with the  turbine runner spinning "dry" and then opening the  wicket gages of 
the  turbine t o  load the  unit. The generator then begins t o  operate as a generator. 
By comparison, a synchronous generator is synchronized t o  the  grid system voltage 
a?d frequency before the  breaker device (which connects the  generator t o  the 
system) is dosed. When connected, the  generator continues t o  operate a 
synchronous speed. The voltage is determined by the strength of the fieid; 
therefore, a voltage regulator is required fo r  a synchronous generator. Because 
synchronous generator frequency is determined by speed, a governor is required for 
e x a c t  control and a synchronizer is needed t o  compare the  magnitude and 
displacement of alternative current waves with paralleling generators. 



- 

A d i r ec t  current  (DC) generator  is  another way of generating e lec t r ic i ty  which 
will allow f o r  independence f rom t h e  power grid. This system has severa l  

I advantages,  especiaiiy in very smal l  systems (e.g., less than five kilowatts). The 
excess  power generatged by a DC system can be  s tored in batteries,  t he reby  ~ extending t h e  system's peak capaci ty .  DC generators a re  not speed-sensitive and no 
governor is needed. Battery s to rage  systems with hydro generation generally 
compare  m o r e  favorably than wind power systems because the  hydro generator  
general ly  cont inues t o  replenish t h e  ba t t e ry  set .  This means t h a t  a deep discharge 
condition common  with wind sys t ems  is very rare.  Deep discharge is  a common 
cause  of b a t t e r y  failure. However, t h e  s torage  function l imits  t h e  size of a DC 
sys tem as ba t t e r i e s  become unwieldly and very costly in systems over s ix  kilowatts. 

In t imes  of emergency, par t icular ly  if t h e  emergency is short-lived, t h e  ' 

avai labi l i ty  of DC system equipment could be crit ical .  DC power generation would 
g rea t ly  e x t e n d  t h e  useability of t h e  equipment.  

The ab i l i ty  of a cbmmunity t o  use t h e  surviving electr ical  generating potent ia l  
of small  hydro projects depends upon t h e  type of generating equipment and i t s  
independence f rom the grid, according t o  t h e  technical conditions described in this 
section. P 

! 

i 
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Solar Heating and Cooling (3.7) 

Introduction and Overview (3.7-1) 

Solar radiation is an abundant yet diffuse source of energy. In its diffuse fokm 
i t  can be used for  space and water heating; al ternat ively i t  can be concentrated t o  
provide industrial process heat or t o  generate electr icty.  It has been estimated t h a t  
solar energy technologies may contribute up t o  twenty ~ u a d s 1 3 3  or twenty 
percent t o  the  national energy budget by the year 2000. (1 Quad = 1015 Btu) 

The following four major solar conversion technologies are  considered here: 

. Solar Heating and Cooling 

Solar Thermal Electricity 

. Ocean Thermal Energy Conversion (OTEC) 

Solar Photovoltaics 

The first  technology, solar heating and cooling applied t o  space heating and 
water heating, includes very simple systems as well as some of the  most advanced 
technology in the  solar field. These low-tem perature applications of solar energy 
are practical for  both residential and industrial use. Solar energy can be used t o  
heat s tructures simply by architectural design t h a t  enhances the solar gain of the  
structure. The efficiency of solar heating can b e  increased as conservation and 
other heat  retention methods (e.g., insulation) a r e  incorporated into the design. 

Another way t o  absorb diffuse solar energy is t o  heat  air or water in a flat plate 
collector. This collector is basically an absorbing surface  in contact with channels 
that  circulate the  air and water t o  be heated. These components are usually placed 
in a glazed, insulated box t o  maximize heat gain. 

To generate temperatures greater than 1800F (82.2O~), solar energy must 
generally be concentrated. This is achieved by focusing t h e  solar radiation tha t  falls 
on a large collector surface onto a smaller receiving area. Collectors with a 
reflective surface shaped into a trough can produce temperatures up t o  500°F 



I 
Photovol ta ic  (PV) cells genera te  an e l e c t r i c  cur ren t  by using t h e  sun's energy 

direct ly  t o  in i t i a te  a flow of e lectrons within t h e  mater ia ls  t h a t  comprise t h e  solar 
cell. They can  be  grouped in f l a t  plate  modules or placed a t  t he  focus  of 
concentrators  wi th  parabolic troughs or Fresnel lenses. 

The abundance of solar energy makes i t  an ideal energy source for  
decentralized energy systems. Storage methods can  extend i ts  use t o  non-sunny 
periods. I t  is a resource  t h a t  can be  "mined" everywhere.  Every country has  s o m e  
access  to  this resource,  although not every country has equal access  t o  t h e  
technology required to use it. f 

Solar energy-can be  used at many levels,  f rom individual remote applications t o  c 
centralized power stations.  The overall  abi l i ty  t o  mix and in tegra te  these levels  
gives solar energy i ts  flexibility. 

i The following discussion of solar heat ing and cooling, solar thermal  e lectr ic i ty ,  
- ocean thermal  energy  conversion, and solar photovoltaics includes a description of 

the  theoret ical  basis of t h e  technology, i ts  p rac t ica l  applications, an assessment of 
i t s  current  s t a t e  of development, cur ren t  o r  projected costs  and energy potential ,  
s t ra tegies  t h a t  will speed commercialization and zr~ malysis  of i ts  appropriateness 
for  centralized or decentral ized applications. I 

From t h e  viewpoint of community self-sufficiency a major advantage of passive 
solar applications (and of t h e  simpler kinds of ac t i ve  systems) is t ha t  they can  be 
implemented in mos t  cases  with readily avai lable  mater ia ls  and local manufacturing 
resources and personnel. In an emergency,  such a s  a prolonged breakdown of t h e  

f 
national e lec t r ica l  power grid, this local  fabr ica t ion  capabili ty could contr ibute  
significantly t o  survival. Materials like wood, glass, shee t  me ta l  and 'black plastic 
tubing a r e  easi ly  obtained in most communities,  or salvageable from o ther  
applications, along with such cr i t ical  components  of ac t ive  systems as  motors,  

I 
pumps and valves. The  skills t o  install and maintain these systems a r e  present  in 
local manpower pools (electricians,  plumbers, ca rpenters ,  glaziers, etc.). 

On t h e  o ther  hand, solar photovoltaics also of fe r  cer ta in  advantages for  
\ community se!f sufficiency. PV power is instant ly  available once t he  modules a r e  

deployed. They require  virtually no maintenance. The stockpiling of solar PV ar rays  
as a source of emergency  power fo r  c r i t i ca l  needs (along with the  requisite s to rage  
ba t te r jes  if 24-hour power in required) could b e  valuable insurance for  many 

C 
community agencies  (e.g. f ire,  police, heal th  care ,  local  government). c 

Space Heat ing and Cooling Applications (3.7-2) 



Solar space heating is based on t h e  f a c t  t h a t  glass transmits light, but  re f lec ts  
heat. While the  shortwave "Light" component of solar radiation is t ransmi t ted  
through glass, the  longer wave infrared "heat" component  is absorbed by t h e  glass or 
ref lected to  t he  exter ior ,  When t h e  t ransmi t ted  light hits an interior object,  t h e  
l ight is absorbed by t h e  object  and converted into heat.  This heat is radiated from 
t h e  object  t o  the  a i r  in t h e  s t ruc ture  and glass  prevents  the  rapid loss of heat.  On 
cloudy days or a t  night, interior heat is absorbed by the  glass and conducted t o  t h e  
exterior.  Heat  loss can  be  minimized by using conservation techniques such a s  
insulating shut ters  inside or outside t h e  glass. 

Heat  retention within the  s t ructure can  b e  increased by the use of "thermal 
massu or mater ials  with high sensible h e a t  capac i ty  such as rocks, water ,  t i le,  
masonry, adobe, or mater ials  which s to re  la tent .  heat such as  eu t ec t i c  salts. 
Thermal mass heats  up and cools off more slowly than  air. Its presence modera tes  - 
t he  a i r  temperature changes in t he  s t ruc ture  by absorbing excess heat during t h e  day 
and gradually releasing i t  when the air  t empera tu re  drops below tha t  of t he  thermal  
mass. 

There a r e  three  basic approaches to  sofar space  heating and cooling and water  
heating design. They a r e  referred to  a s  passive, ac t ive ,  and hybrid.135 

Passive approaches rely on both the  natural  upward flow of hot a ir  or hot water  
t o  distribute heat  f rom t h e  point of collection t o  t h e  point of use or s torage  and on 
the  conduction of hea t  f rom exterior t o  inter ior  through walls with subsequent 
re-radiation t o  inter ior  objects. 

Active systems use fans or pumps t o  move  hot and cold air  or water  in 
directions other t han  those they  would go if l e f t  undisturbed. Thus an ac t ive  water  
heating system's s to rage  tank can be  below t h e  col lector  because a pump forces  t h e  
hot water  down, overpowing i t s  natural upward convect ive motion. 

The hybrid approach, uses a mix of t h e  above technologies. Usually t h e  
distinction between a hybrid system and an a c t i v e  system is t ha t  they  hybrid 
systems use a passive collection technique wi th  an  ac t ive  distribution system. 

Passive Solar Heat ing  

In t h e  passive approach t o  solar heating and cooling, the  size and configuration 
of standard a rch i tec tura l  e lements  a r e  modified so  they  significantly contr ibute  t o  
the  collection, distribution, and s torage of solar ener  in cool weather  and  t h e  
rejection and ventilation of hea t  in warm weather .  136, 1 9  



Good ventilation is especially important in passive s t ruc tures  s ince they usually 
- 

rely or, natural  air  flow for  cooling. By t he  appropriate  choice of t h e  number, s ize ,  
1 

and location of windows, vents, doors, and chimneys, cool n igh t t ime  breezes can b e  
pulled in a s  t h e  inter ior  hot a i r  is exhausted by convection. While passive cooling 
works well in hot, dry cl imates  because they  become cool at night, it is no t  
e f f ec t i ve  in hot, humid ones t h a t  s tay hot a l l  night. However, new techniques in 

I 
passive cooling a r e  being evolved rapidly to  deal  with this problem. 

The or ientat ion of t h e  s t ruc ture  on i ts  s i t e  is also ex t remely  important. The 
idea l  location is one t ha t  receives t h e  grea tes t  amount  of sunlight between 9:00 AM 
and 3:00 PM during t h e  winter months. If t h e  s t ruc tu re  is loca ted  a t  the  northern Q 
e d g e  of t h e  sunny a r ea  on the  s i te ,  outdoor shading will be minimized. Generally a n  

5 
east-west  long axis takes  advantage of solar gain in  t he  winter  and minimizes h e a t  
gain Prom t h e  hot western sun in summer afternoons. However, t h e  optimal building 
geomet ry  does vary significantly in  t he  country's four  major c l ima t i c  regions. t 

A s t ruc tu re  can be  warm-ed or  cooled by i t s  relationship t o  local topography, sun 
angles, t rees  and other plants, ground water ,  precipi ta t ion pat terns ,  and o the r  
aspec ts  of loca l  c l imate  and geography. 

The simplest  passive solar design is d i rec t  gain. The sun directIy enters  t h e  
living space  through large double-paned south-facing windows or roof t op  
clerestories.  The roof angle and overhang a r e  designed t o  maximize en t ry  of 

t 
low-angled winter  sun and minimize entry of high-angled summer  sun. The enter ing 
sunlight direct ly  hits t h e  s torage  materials,  such as walls and floors, and t ransfers  
its energy t o  them. 

I 
I 

Overall ,  d i rec t  gain design lends itself t o  successful operat ion in cool a reas  with 
cold but  relatively clear  winters and hot-dry summers.  Cloudy days usually require  

1 
back-up heat .  Increased mass can offer  longer s torage ,  but increased mass in very  
cloudy and foggy cl imates  is not advised because t h e  mass t akes  longer t o  hea t  and 
adequate  s to rage  may rarely be achieved, resulting in underheating. e 

With indirect  gain systems, t h e  thermal  mass is s i tua ted  between the  sun and 
t h e  living area.  The thermal  mass is warmed and t ransfers  i t s  hea t  t o  t he  living 
a r ea s  by e i t he r  d i rec t  radiation or through convect ion cur ren ts  of warm air. The re  



- 
Figure 3.7-1141 - 

LIQUID FLAT PLATE SPACE HEATING SYSTEM 



fo r  space  heating, o r  combined space  and domes t ic  water  heating, is due south. 
Ideally, collectors should be  t i l ted up from t h e  horizontal a t  an angle equal t o  t h e  
site 's  la t i tude plus f i f t een  t o  twenty  degrees fo r  space  heating and at an angle equal 
t o  l a t i t ude  for  wa te r  heating. If t h e  angles d i f fe r  somewhat  f rom optimum, t h e  
sys tem will still function, hut  may require a larger  col lector  area.  

Liquid-type solar collectors commonly use wa te r  as t h e  heat-transfer medium. 
Antifreeze, and corrosion inhibitors are common additives. The t rea ted  water  
car r ies  hea t  f rom t h e  collectors t o  a n  insulated s to rage  tank. When heat  is needed 
in t h e  s t ruc ture ,  i t  flows from s torage  through radiators ,  or a i r  ducts, if a hea t  
exchanger  is used. 

Air-type col lectors  a r e  used in conjunction wi th  rockbeds, water  or eu t ec t i c  
salt storage. Warm a i r  f rom t h e  collectors flows direct ly  i n to  t h e  building's a i r  
circulation system or indirectly into storage. When t h e  rooms are sufficiently warm 
or when t h e  building is unoccupied, the  heated a i r  is diver ted t o  t h e  s torage bed, 

t: 
where  more hea t  is  s tored with each pass through the  collector.  Rockbed 
tempera tures  a r e  stratified: 140°F (6OoC) on t h e  t o p  and 70°F (21°C) at 
t h e  bottom. During t h e  night or d o u d y  days, hea t  is removed from storage by 

cC 
circulating cool room air  through a warm rockbed. F - 

P 
Air systems a r e  relatively easy t o  i n t eg ra t e  with a conventional forced  air  I 

heat ing system found in most homes. Freezing, damaging leaks and corrosion t h a t  
can occur with liquid systems a r e  eliminated. However,  duc t  length should be 
minimized t o  prevent  excessive hea t  loss, and leaks a r e  harder t o  detect .  

In e i ther  kind of system, a back-up system is needed when s torage  tempera ture  
drops below room temperature .  The back-up m a y  be a gas, oil, or e lec t r ic  ho t  
water  boiler, f o r ced  air  furnace or an e lec t r ic  hea t  pump. The back-up sys tem 
should be large enough t o  ca r ry  t h e  total  heating load during extended periods of 

I 
cold d o u d y  weather.  Figure 3.7-2 shows types of a i r  and liquid collectors. 
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The average  household requires 250 square feet of collector -for an ac t ive  
heat ing system. Installed costs average $40-$60 per square foot  f o r  the  en t i r e  
sys t em wi th  a to ta l  average cost of $10-$15,000. Self-installed systems- are one half 
t o  twc-thirds t h e  price. Costs a r e  somewhat less in new housing. 

Solar Cooling Systems 
r 

Act ive  solar cooling is a developing technology for which the re  is a potentially 
l a rge  demand, especially in hot-humid climates where nocturnal cooling techniques 

i 
a r e  only marginally successful. DOE est imates  for 1985 t h a t  75 percent of all 
residential  and commercial s t ructures  will have air conditionin units tha t  will 
requi re  as much e lec t r ic i ty  annually a s  electr ic  heating systems. 1 4 3  144 f 

Genera l  Electr ic  Company's Solar Heating and Cooling Program Manager, 
William Terrill, predicts that new construction and re t rof i t s  will c r e a t e  a demand 
f o r  over  t h r e e  million conventional air conditioning units in t h e  residential marke t  
by t h e  rn id - l980s .~~5  In the  commercial market,  sales  of over t h r e e  million tons 
of cooling capaci ty a r e  predicted (with units ranging up t o  twenty  tons).lQ6 

There  a r e  t h ree  basic cooling technologies: absorptior, chillers, vapor 
compression chillers, and adsorption or dessicant chillers. Solar energy can be used 
t o  to ta l ly  or partially power any of these systems. 

Traditionally absorption chillers have been f i red  with pressurized hot water  or  
s t eam.  However, solar heated water can be utilized. Regardless of the energy 
source ,  absorption chillers have two working fluids, a refr igerant  and  an absorbent 
which a r e  circulated in a closed system. The refr igerant  is usually water; t h e  
absorbent ,  lithium bromide. An ammonia/water-refrigerantlabsorbent combination 
can also be used.147 

An evaporator  containing t h e  refrigerant is loca ted  in t h e  space  t o  be cooled. 
The h e a t  f rom the  room vaporizes t he  refrigerant. The vapor goes t o  t h e  absorber 
which contains  the absorbent solution. The absorbent solution with t h e  refr igerant  
is pumped t o  t h e  regenerator,  where the  heat source is used t o  vaporize the  w a t e r  . 

f r o m  t h e  absorbent. The vapor is condensed and circulated t o  the room where t h e  
e n t i r e  c y d e  is repeated. 



The typical air conditioning unit used today is the  vapor compression type. 
Vapor compression m i t s  have a liquid refrigerant tha t  is vaporized by the heat  in  
the  space  t o  be  cooled. A compressor condenses the  evaporated refrigerant into a 
liquid, discharging heat  to the  environment in the  process. Air conditioning units 
using an organic Rankine cycle engine a re  being developed. An organic Rankine 
cycle engine is a type of turbine tha t  can operate with organic fluids (such as  
toluene) t h a t  are solar heated to  temperatures below 550°F (287.S°C). 
According to Lennox Company, Rankine cycle solar cooling will b e  cost-effective 
for commercial  and industrial users by the mid-1980s.I49 

Adsorption coolers blow room air over a drying wheel which contains a - 

dessicant such as silica gel, slat crystals or zeolite. The air is dried and heated t o  
180°F (82.Z°C). I t  is then cooled to  near room temperature as it passes through 
a h e a t  exchange wheel. Then t h e  air is evaporatively cooled to  55O to 60 F 
(12.X0C to  15.60C). Solar Energy is used to dry the dessicant. Dessicant 
systems have received lit t le commercial attention primarily because they consume a 
large quantity of energy t o  operate the  pumps and fans. Also, the system is large in 
comparison t o  the area  it  can ~ 0 0 1 . 1 5 ~  Figure 3.7-3 illustrates an adsorption 
chiller run on gas or solar heat. 

Figure 3.7-3151 
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In summary,  passive cooling will work in a lmost-al l  c l imates  in  most  new 
.bus ing  as well as some re t rof i t  applications. Active air  conditioning systems fo r  
r e t ro f i t  residential  use may be in tegra ted  into a to ta l  space cooling, heating, and 

f 
wate r  heat ing package by t h e  mid-1980s. Act ive  solar commercial  a i r  conditioning 
will be cost-effect ive before residential  systems because commercial  buildings pay 
tw ice  as much for  cooling energy and have la rge  roof areas. Residential  systems 

I 
will probably never use t h e  organic  Rankine cycle  vapor compression systems while 
commerc ia l  systems will tend t o  use absorption chiller units. 

Water Heating and So l i r jHea t  Pump  Applications (3.7-3) 
f 

Solar water  heating is a m a t u r e  technology. Current  research  e f for t s  a r e  It 
d i r ec t ed  towards developing new designs and mater ia ls  t ha t  can - r educe  costs. As 
with s p a c e  heating, water  heating can k accomplished with passive or ac t ive  
techniques.  Passive designs circulate  wa te r  without t h e  aid of pumps by using ei ther  
therrnosiphon action or t h e  water  pressure f rom municipal supplies. Act ive  methods . - 
c i r cu l a t e  t h e  water  throughout t he  col lector  and t o  s torage  with t h e  a id  of pumps. 

f 
Passive solar water  heating is very cost-effect ive and will be used extensively by 
t h e  mid-1980s. 

The  hea t  pump, of ten  viewed as an energy conservation device,  makes  use of 
ambient  solar-heated air  in t h e  natural  environment t o  heat  a i r  o r  water.  The 
e lec t r ica l  hea t  pump operates  on t h e  s a m e  principle as a "reversed" refr igerator .  
The compressor-driven evaporation and condensation of a refr igerant  (such as freon) 
takes  hea t  f rom air  (or water )  and pumps i t  in to  living space or ho t  water .  Unlike 
t h e  re f r igera tor  in which hea t  is pumped f rom t h e  interior of t h e  insulated space  (to 
chill food), a home or building hea t  pump draws heat from the  environment  into 

I 
space  or  wa te r  for  heating. In addition to. t h e  electr ical  heat pump, heat-actuated 
hea t  pumps have been developed which a r e  f i red  by fossil fuels, such as na tura l  gas. 



Heat pump technology c a n . b e  readily combined with solar passive designs, t o  
heat  air or water. Solar collectors can be used t o  boost performance in northern 
areas. As one recent analysis stated: "All the  solarfheat pump concepts thar  we 
have identified have break-even solar collection costs considerably lower than the  
break-even solar collection costs of (solar heating combined with resistance 
heating). 11 152 

The use of solar energy for pool heating is among the most cost competitive 
solar energy applications. Installed systems cost $15-20 per square foot. Collector 
a r e a  should be  a t  least 50 percent of the pool a rea  or larger if the pool is used in the  
fal l  and winter. Pool system collectors are  usually a simple unglazed absorber made 
of black plastic or rubber. Heat storage is provided by the water in the  pool. The 
pool's pump and distribution system circulate t h e  solar heated water. 



Solar t he rma l  power systems use concentrat ing collectors t o  focus solar energy 
on a receiver.  T h e  sunlight can be concentrated s o  intensely t h a t  i t  is capable of 
producing t empera tu re s  t o  15000F (815.6%). Water in t he  receiver may be 
boiled t o  produce s t eam f o r  t h e  generation of e lec t r ic i ty  or used fo r  industrial 

h : 
process heat .  h: 

There  a r e  t h r e e  basic  approaches used in t he  design of solar thermal  systems: 

I) The cen t r a l  receiver concept separates  t h e  collectors f rom t h e  receiver. 
Solar energy t h a t  is collected by double-axis t racking heliostats (flat  mirrored 
tracking sur faces)  is directed t o  a foca l  point on a cen t ra l  receiving tower. Figure 

f l 
3.8-1 i l lust ra tes  a solar central  receiver  system. 

i 
I\ Figure 3. 8-11j3 

CENTRAL RECEIVER SYSTEM 
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Central  receiver systems vary in s ize  from the  100 kwt unit a t  the University 

of Genoa in It+ly, the  400 kwt system at  the  Georgia Institute of Technology, the '  
five MWt a t  Sandia Labs in Albuquerque, New Mexico, to the  ten MWe system 
under construction near Barstow, calif ornia.154 

In all of these  systems a field of heliostats ref lect  sunlight t o  the central  
receiver on t o p  of a tower. Water or liquid sodium pumped t o  the receiver is 
converted to  s team and returned t o  the  ground to drive a turbine generator. 

Design parameters  such a s  heliostat size, tower height, and area of land 
covered depend on the  amount of electr ici ty desired. The Barstow system covers 
130 acres, with 1,8!X heliostats.l55 Heliostats can range in s ize  from four to  ten 
square meters  and the  diameter of t h e  field in which they are distributed is . 
generally two t o  three times the height of the tower.156 Generally three t o  six 
acres are  required t o  produce one megawatt of electricity. 

The installation a t  Barstow a t  a cost of $140 million has dominated the federal 
solar energy research budget for the  past few years. The cost of electricity 
produced will be $10,000/kw installed capacity, or 5.60 to  5.90 per kilowatt 
h 0 u r . l 5 ~  However, the  system a t  the  Georgia Institute of Technology costs only 
one tenth  of t h a t  amount ($1000 per kw installed ~ a ~ a c i t ~ ) . l 5 ~  

Frank Duquette, Manager for McDonnell Douglas Energy Pro ram Development, 
s ta tes  t h a t  t h e  price per kilowatt hour will drop t o  2.08 - 3 10 per kwh when 
heliostats can be  installed a t  $6 to $7 per square foat.1 9 About 75 to  85 percent 
of the  system cos t  is attributable to the  heliostats.160 

Current research a t  Sandia Labs and the  Georgia Institute of Technology is 
exploring the  use of different working fluids such as molten sal ts  for use in receivers 
to work in con'unction with organic Rankine cycle engines a s  generators to  improve 
efficiencies. 161 

Power towers are  a more efficient way of using solar energy to produce 
electricity than a re  "farms" of concentrating collectors because the  energy is 
transported a s  light rather than heat. Parabolic troughs focus sunlight in a line 
concentrating i t  up to 30 to 50 times.162 The receiver contains a fluid in a 
glass-lined tube with a selectively absorbent surface tha t  is located on the  line of 
focus. It  can reach temperatures of 572OF (3000C). Effective day-round 
performance requires that  the collector track t h e  sun on at least one axis. A 
variant of the parabolic trough collector uses tracking Fresnel lenses which a r e  less 
sensitive to  tracking errors than mirrored systems. 



Annual efficiencies in existing demonstration projects  a r e  only eight t o  th i r ty  'i 
i 

Nine percent  of t h e  U.S. end-use energy d e m w d  is for low 
t empera tu re  industrial process hea t  (less than 5500F (or 287.80~).164 This is J 

an ideal  marke t  for  trough or o ther  collectors. Parabol ic  trough col lectors  will i probably be  able t o  satisfy a good portion of this demand as production cos t s  
decrease  and techniques for  integrat ing t h e  sys tems  into industrial processes 
improve. Efficiencies of 40 percent  can be expec t ed  by the early t o  mid-1980s. % 
Other  demonstration projects use linear concent ra tors  t o  power irrigation and well , j  

pumps. Energy f a rms  using hundreds of parabolic trough collectors a r e  in t h e  
conceptual  phase now. 4 

d 
Double-axis t racking parabolic dish col lectors  focus  solar radiation t o  a specif ic  

point and a r e  capable  of concentrating t h e  l ight  up t o  1000 t imes,  producing 
t empera tu re s  of 1500°/17000F (816.60 - 926.70C). Because of exact ing 

I st ructural  requirements these collectors a r e  t h e  leas t  commercialized of t h e  
- concentrat ing collectors.l65 

1 
I 

Applications include the  production of process s t e a m  and generation of 
e!ectricity via a traditional s team generator  or an organic  Rankine cycle engine. 

c 
4 

General  Electr ic  Company is providing a t o t a l  solar energy system for a 
knitwear company in Shenandoah, Georgia which consists of 100 collectors t ha t  will 

i 
power a 400 kw Rankine s t eam engine and produce was te  hea t  t ha t  will b e  used for  
350°F (176.7OC) process s team. J e t  Propulsion Laboratory is designing a one 
megawat t  solar a r ray  for  use a t  t h e  community 1 e ~ e l . l ~ ~  

I 
? 

Omnium G, loca ted  in Anaheim, California, is t h e  only company in the U.S. 3 
o f fe r ing  a commercially available parabolic dish collector.  It is six meters  in U 

diameter  and concentrates  1000 times. I t  produces 7.5 kw of e lectr ic i ty  and waste  
hea t  can b e  used t o  produce 80 gallons (302.8 l i t e r s )  of 1800F (82.Z°C) water  per - 9 
hour. A ! 

Central ized systems can produce large amounts  of energy in a r ea s  t h a t  receive 
I 

high solar radiation and where other  land use options a r e  limited. However, 
1 

decentral ized collection systems have greater  flexibili ty because they  can opera te  
,i 

in a modular fashion, adding or deleting units according -to demand. Energy use at 
t he  s i t e  of production reduces transmission l o s s e s  when electr ic i ty  is distributed 
over long distances. I t  enables t h e  use of was te  h e a t  t h a t  cannot be  economically 

C 
I 

t ransported over long distances. Use a t  t h e  s i t e  of production reduces t he  
ecological impact  of energy production. Decent ra l ized  systems also reduce t h e  
vulnerability to  large-scale energy shortages. 1 



s t ab l e  under conditions of environmental s t ress ,  require  relatively short lead t i m e s  
f o r  constructing, can  start up power generation on only a f ew  minutes' notice, a r e  
modular by nature ,  use a low-maintenance, proven technology to  gene ra t e  
e lectr ic i ty ,  and present  very limited environmental problems. 

Solar ponds contain water in th ree  layers of d i f fe ren t  densities.168 The  t o p  
layer  contains  t h e  leas t  salinity and density. The bot tom layer is very saline and 
dense. Solar radiation penetrates  t h e  water  where t h e  light is converted t o  hea t ;  
t h e  heat  is then  trapped in t h e  bottom saline layer. It does not rise and escape  fo r  
two  reasons: f i r s t ,  i t  is trapped in t h e  denser s a l t y  water ;  and second, the middle 
boundary layer  ( the density gradient or salinity gradient)  ac t s  as  an insulating 
blanket. Consequently, t h e  pond is - both t h e  solar col lector  and the  s torage medium. 
Figure 3.8-2 i l lustrates how solar ponds can gene ra t e  e lectr ic i ty .  
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- 
The sa l ine  gradient boundary is the crucial l ayer  in t h e  pond since i t  is t h e  only 

o n e  t ha t  d m s  not provide c o n v e ~ t i o n . 1 7 ~  The t o p  layer ,  exposed t o  air  and wind, 
is a f f ec t ed  by f luctuat ions in temperature  and by t h e  wind. Thus i t  loses energy - 
because of convection. The bottom layer loses some  hea t  t o  the  ground by 
conduction at night and t h e  temperature  d i f fe rence  c r ea t ed  in t h e  saline layer  
in i t i a tes  a small  pa t te rn  of convection within t h e  layer.  The bottom-layer 

I 
conduction losses a re  no t  large, but they  do occur. g4 

'1. 
The sa l ine  gradient will form naturally if a pond is constructed of two layers ,  

t h e  lower o n e  saline and  the  upper one fresh water .  However, experimenters  have 
found i t  m o r e  expedient t o  build the gradient i n to  ponds by injecting layers  of 
progressively less sal ine water  over t h e  top  of a sal ine bottom layer.  Layers t h a t  
a r e  disturbed tend t o  reform although the  pond will lose some energy during t h e  - < 

process. 

The h e a t  s to red  in t he  pond can be tapped in t w o  ways. First, a hea t  exchanger 
can be  run through t h e  bottom layer of t h e  pond and t h e  heat used direct ly  t o  
condition space  or water .  This application requires  minimal maintenance and is  
su i tab le  f o r  small  ponds such as t h e  180-foot (54.9 m e t e r )  by 120-foot (36.6 m e t e r )  
pond built by the  C i t y  of Miamisburg, 0 h i 0 . l ~ ~  That  pond is used t o  hea t  an 
outdoor  swimming pool in t h e  summer and an ad jacent  recreat ional  building in t h e  
winter.  Even a t  t he  end of February 1978, t h e  pond (with ice  on i ts  sur face)  was  
83OF (28.3OC) a t  t h e  bottom. It is the la rges t  d i rec t  heat  application in t h e  
U.S. and cos t  Miamisburg $70,000 t o  build. The  liner and 1100 tons of sa l t  required 
t h e  biggest share  of t he  capital  expenditures. The to t a l  cost  was $3.20 per squa re  
foo t .  

Using solar  ponds fo r  thermal  energy can be cost-effect ive for  applications on '$ 
small  t o  medium scales. Such ponds might provide some  of the  heat  required f o r  

I- 

multi-f amil y dwellings, collections of single-f amil y dwellings, or for large buildings 
such  as commercial  greenhouses or industries t h a t  use low - t o  medium - 
t e m p e r a t u r e  heat.  There  is also a possibility t h a t  such ponds could run absorption 
chillers in t h e  ~ u r n r n e r . 1 7 ~  

h 
The second way to t a p  the hea t  in a pond is tz pipe t h e  saline layer through an 

ex te rna l  h e a t  exchan er,  using t h e  heated water  in organic  Rankine c y d e  engines t o  
gene ra t e  e l e c t r i ~ i t ~ . ~ 3  This requires maintenance by t ra ined  personnel. 

L 
C; r- 

The Israelis we re  t h e  f i r s t  t o  experiment with solar  ponds and began operat ing a t 
150 kw pilot solar e lectr ical  power station in  1979 a t  Ein Bokek on t h e  Dead Sea. 
The plant col lects  hea t  in a rubber-lined, 70,000 squa re  f o o t  pond. 



The s tud ies  aye looking a t  several  s i t e s  in  t h e  U.S. including the Grea t  Sal t  - t ake  
in U tah  and t h e  Salton Sea in t h e  Imperial Valley in southern California. The  Sea 
was  c r ea t ed  accidental ly  between 1905 and 1907 when heavy rains caused water  f rom 
t h e  Colorado River t o  flood t h e  headgates  of an aqueduct  and fill t he  Salton Sink. 
By t h e  t i m e  t h e  flow was diver ted years la te r ,  t h e  Salton Sea had formed.175 
Over  t h e  years  t h e  Sea has become a wildlife refuge, popular sport  fishing area, and  
sink fo r  drained agricultural water .  There is also a Naval base nearby. 

The f i r s t  pond t o  be built at t h e  Salton Sea would cover about 250 acres  and 
would genera te  f ive  M W  of e lectr ic i ty .  

While t h e  f i ve  M W  plant was being built, feasibil i ty studies would be done on 
building a 600 MW plant in twenty  MW modules. The larger  plant would require  
f i f teen  percent  of t h e  Sea's surface,  or 50 square miles, (129.5 square kilometers) 
and would provide power for  500,000 to  1,000,000 people. Figure 3.8-3 il lustrates 
how t h e  Salton Sea solar pond would use a series of dikes t o  develop the necessary 

I salinity and density gradients fo r  e lec t r ic i ty  generation. 
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SALTON SEL4 SOLAR POND CONCEPT 

Solar ponds show a great  deal  of promise, but l ike  any other  technology, t he re  
are  trade-offs. Some of their l imitations include: 

1) The energy  t h e  ponds produce f luc tua tes  seasonally and is subject to wind 



3) Since the re  have k e n  few demonstrations of solar ponds, there  will probably 
be many unaniicipated problems. They a r e  not likely t o  be serious enough t o  
prohibit construction or prevent e f fec t ive  operat ion,  but they could raise  costs. For 

i 
example, a t  t h e  Miamisburg pool there  has been some problem with corrosion of t h e  
copper heat exchangers i n  t he  p o l ,  with se t t l ing  of the sand used as foundation 
mater ial ,  and wi th  consequent leakage through t h e  s t rained plastic liners.178 

I 
Sofar ponds have several advantages as means of producing energy, however, 

including: 

1) They produce no pollutants, no wastes,  and use very l i t t l e  makeup water.  
The only obyious environmental hazard they  present  is t h e  possibility of saline water  

s 
ri 

leaking into underground water  supplies. 

2) The s tored  heat  is available for  e lectr ical  production a t  any t i m e  and on a 
f e w  minutes' notice. This character is t ic  could be va1uabl.e for  backup electr ical  

1 
capacity.  

r' I 
3) Because t h e  s torage  is so accessible, solar ponds can deliver peak power t e n  c - 

or more  t imes t h e  power they  provide in continuous operation, a f ea tu re  t h a t  could 
be significant f ot peak power production. 

4) The turbines used in  saline ponds, specifically the Ormat  models have 
demonstrated over. some 30 million engine-hours (in applications t h a t  i n d u d e  
f ossil-fuel use) t h a t  they  a r e  extremely reliable and require very low maintenance. 
Forced outages a t  solar ponds have been at an average  r a t e  of two percent.179 

I 
i 

5 )  Construct ion of saline ponds uses conventional earthworks techniques, 
without specialized personnel. This is important  both for developing countries and 4 
for  r emote  locations. 

6 

6 )  The ponds a r e  most cost-effective in s izes  f rom twelve t o  s ixty IMW, s o  large I .  

facili t ies would be built most economically in clusters  of ponds. This modularity 
permits additions t o  capaci ty in small increments,  as required. r 

k 

7) Although t h e  sizes of twelve t o  sixty MW are most cost-effective, ponds a s  
small as f ive M W  can be built with only small  cos t  penalties. Consequently, t he  
ponds can be constructed in many sizes depending on t h e  application. 

8) In case of a t tack ,  t h e  ponds would have t o  sustain a direct hit before they  
were incapaci tated.  The modularity of t h e  f ac i l i t y  would allow partial operation of I 



Ocean Thermal Energy Conversion (3.9) 

The oceans a r e  massive natural s to rage  basins for  solar energy. The difference 
in  tempera ture  betweeii t h e  sun-warmed sur face  of tropical seas, and the  colder 
d e e p  water ,  chilled by polar currents,  represents a potentially enormous energy 
resource.  Tapping this energy, however, requires complex and costly equipment of 
t remendous size. OTEC (Ocean Thermal Energy Conversion) is a concept  fo r  using 
oceanic  temperature  differentials t o  release s tored  solar energy t o  drive a turbine. 
In principle, this is no different f rom any other  h e a t  engine t ha t  ex t rac t s  usable 
energy from a temperature  difference. In prac t ice ,  OTEC presents challenging 
engineering, economic and institutional problems. 

In t h e  1920s French chemist,  Georges Claude built a 22 kw generating plant a t  
Ma tanzas  Bay, Cuba. This pilot plant required abou t  80 kw of e lectr ic i ty  to run its 
machinery. The existing technology of t h e  t i m e  was simply too crude to  permit 
Claude's daring design to  produce net  energy. l 8 0  

A t  present,  the  most promising potential  OTEC technology is a closed cycle,  
using a working fluid such as ammonia, freon or propane, which varporizes when 
warm ocean water  is pumped into an evaporator.  The vaporized working fluid 
expands through a turbine, which drives an e lec t r ica l  generator.  The vapor is then 
condensed by pumping cold water through a h e a t  exchanger (condenser), and 
re turned  t o  t h e  evaporator t o  begin a new cycle. 

The plant would be moored t o  t h e  ocean f loor ,  and connected by underwater 
transmission cables t o  a power grid ashore. Some concepts  envision floating 
industrial  complexes, where OTEC electr ical  power would be  used to  produce 
ammonia ,  aluminum, hydrogen, or other  energy-intensive products. 

OTEC of fe rs  several c l ea r  advantages. Power could be  generated 24 hours a 
day, in contrast  to  other  solar technologies. Hence, OTEC could provide a constant  
source  of baseload power, without t h e  need fo r  massive s torage of electricity.  
OTEC plants would probably have minimal adverse environmental impacts. Figure 
3.9.1 il lustrates a conceptual OTEC system. 

There a r e  four  major constraints on t h e  locqtion of an OTEC plant: 

1. There must be  a minimum t empera tu re  difference of about 38OF 
between t h e  sur face  water  t empera tu re  and t h e  colder deep water.  
Moreover, this difference must exist within about  2500 - 3000 f e e t  of t he  
sur face  (otherwise t h e  energy required to pump t h e  heavier cold water  t o  
t he  sur face  becomes prohibitively great). On t h e  other  hand, t he  depth 
cannot  be  grea te r  than about 6000 feet, due  t o  t h e  l imitations of present 



DIAGRAM OF AN OCEAN THERMAL ENERGY CONVERSION SYSTEM 

3. There must be a minimal risk of s t o rms  (wind and wave action tha t  would 
impose excessive s t resses  on t h e  s t ructure) .  

4. There must  be d o s e  proximity t o  t h e  m a r k e t  fo r  t h e  energy produced. At  
present,  t h e  maximum feasible  length  of the  underwater power 
transmission cable  is about  180 miles. 

I 

In general ,  t h e  requisite t empera ture  d i f f e r e n t i d s  a r e  t o  be  found within about 
26 deg rees  of la t i tude north or south of t he  Equator.  In U.S. t e r r i to r ia l  waters,  t h e  " 

t 
only  v iab le  s i tes  are the  Gulf of Mexico and ~ a w a i i . 1 8 2  It  should be noted t h a t  
t h e s e  a r e  regions t h a t  already enjoy abundant solar energy  t h a t  could be tapped with C 
s impler ,  more  decentralized technologies. b t  

e, and the  constr  



There a r e  several  problems associated with the  design of the  "riser" cable t h a t  
would connect t h e  OTEC platform with t h e  submarine power cable on the  ocean 
floor. I t  would be subject t o  grea t  s t resses  due t o  platform motion and the chafing 
act ion of t h e  seabed. ~ i t h  the Fjresent s t a t e  of t h  a r t ,  t h e  cost of underwater 
transmission lines exceeds $1 miillon per mile. For an OTEC s i t e  distant from the  
shore,  t h e  cost of a single cable could equal the capital  cost  of the  plant 
itself.183 In addition, there  is no known method t o  disconnect or reconnect t h e  
OTEC t o  t h e  cable  if t h e  need should arise due t o  severe  weather  conditions. 

Another major technical challenge is t h e  cold water  pipe. A 400 M W  OTEC 
plant, fo r  example, would require a volume of cooling water  seven times the  flow 
ra t e  of the Po tomac  River. This would necessi ta te  a pipe with a diameter greater  
than 100 fee t .  No pipe of this  dimension has ever been constructed for  use in a s e a  
environment. The magnitude of the engineering f e a t  has been described as "20 t o  30 
Baltimore Harbor Tunnel tubes,  hanging vertically in t he  deep 0 c e a n . " l 8 ~  Along 
with these  specific problems associated with the  deployment of an  operating OTEC 
system, there  a r e  t he  traditional difficulties of working in a hostile marine 
environment: corrosion, maintenance and dependence on shore-based support 
facili t ies.  A 400 MW OTEC plant would require pumps, motors and turbines larger  
than a n y  now in existence. Experience with ship machinery indicates tha t  major 
pieces of equipment require,  a periodic overhaul, typically lasting one t o  three  
months every two years or ~0 .185  

In order t o  gain operating experience with a baseline OTEC design, the DOE has 
modified a WWII tanker  as a f loat ing t e s t  bed, t h e  SS Ocean Energy Converter,  
which is now operat ing off Hawaii. (See Fig. 3.9.2) 
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Major components of this pro to type  system include hea t  exchangers with over 
44 miles of one-inch titanium tubing packed into a 13-foot d iameter  55-foot long 
shell. The  costly t i tanium is resis tant  t o  corrosion and strong enough t o  withstand 
f requent  cleaning. Another c ruc ia l  component  being tested is t h e  2,100 foot long 
cold w a t e r  pipe, consisting of t h r e e  polyethylene tubes, each  four  f e e t  in diameter ,  
and weighted a t  the  bottom. The $41 miliion prototype will be  used to  evaluate h e a t  
exchanger technology, long-term biofouiing and corrosion ef fec ts ,  cleaning 
techniques and environmental impacts  on t h e  marine ecosystem. With this da ta ,  
DOE will have a basis for predicting fu ture  cost  and per formance  parameters  of 

T 
full-scale OTEC systems.lg7 

The  economics of commercial  OTEC systems a r e  highly uncertain.  Est imates  
of the  cos t  of generating OTEC power very widely, depending on the  assumptions 
made  by t h e  est imator ,  the  s i ze  and lccat ion of  t he  proposed system, and assumed 
ra tes  of inflation. Estimated capi ta l  cos ts  of an OTEC plant have ranged from 
$1000 t o  $3700 per  kw. A repor t  on OTEC by t h e  Office of Technology Assessment 

- I 
notes,  however, tha t  early commerc ia l  nuclear powerplants actual ly  cos t  two to 
three  t imes  t h e  amounts  originally es t imated . lg8  c 

QTEC systems a re ,  by nature, highly centralized and capital-intensive units. 
Because they opera te  on such a narrow temperature differential ,  they must move 
enormous volumes of water  to  gene ra t e  useful amounts of power. As a result, they 
must  be  very large, and correspondingly vulnerable t o  enemy act ion,  as well a s  t h e  
perils of t h e  sea. As high-value symbolic targets,  they  might invite destruction, 
even in a confl ic t  short  of general  war. For  t h e  cost  o f  a single OTEC installation, a 
large number of dispersed, decent ra l ized  shore-base solar energy systems, using 

h 
various technologies of grea te r  ma tu r i t y  could be deployed fa r  more quickly. DOE 
does not  ant ic ipate  commercial izat ion of OTEC before t h e  1990s, and o ther  
e s t ima te s  have  pushed this t ime  f r a m e  well into t h e  21st century. These systems 
will require considerable fur ther  research and demonstration programs to prove 
their  viability. e 



Solar Photovoltaics (3.10) 

The photovoltaic effect ,  whereby an electr ic  current is produced when light 
strikes certain materials, was first reported by the  French physicist E. Beecjiieiel in 
1839.189 In 1905 it  was dxplained in a classic paper by Albert Einstein. For many 
years t h e  photoelectric ef fec t  was merely a scientific curiosity. The first  practical 
application was the selenium photocell used in light meters. 

Photovoltaic technology demonstrated t o  be reliable and effective; its biggest 
drawback today is i t s  expense. It currently costs about $7 t o  $10 per peak watt  (Wp) 
for  modular systems, and $15 t o  $20 f o r  installed systems. Today's cells are already 
economical to  use in some remote locations such as  isolated pueblos or channel 
buoys. By 1983, PV will be competitive with remote diesel generators. If . 

. . manufacturers continue to  meet  the  Department of Energy's schedule of price goals, 
solar cells may be economical to use on residences and in intermediate load-center 
applications such as schools and businesses by 1986, and in utilities' centralized 

I systems by 1990.190 In fact ,  i t  is est imated t h a t  central  s tat ion PV systems will 
be  cost-competitive for  ~ i l ~ f i r e d ,  sunbelt municipal utilities a s  early as 1986. Table 
3.10-1 gives the  estimated costs of PV arrays to  the  year 1990 of the DOE National 
PV Conversion Program, as recently updated by Energy and Defense Project. 

Table 3.10-1 191 

KEY MILESTONES FOR NATIONAL PHOTOVOLTAIC CONVERSION PROGRAM 

Array price in 1980 Production, ra te  peak 
dollars per week wat t  megawatts  per year 

End of FY 1977 11.0 - 
End of FY 1978 7.0 
End of FY 1982 1.4 - 2.8 20 
End of FY 1986 .70 500 
End of N 1990 .14 - -42 50,000 

During the  1954-58 National Space Progr+m effort ,  t h e  United States needed 
electr ical  supplies for its orbiting satellites. Solar cells t h a t  powered nearly all U.S. 
satel l i tes  were produced using the  Czochralski method of growing crystals tha t  had 
been perfected in the 1940s and 1950s. These cells were pure silicon, reliable and 
ef fec t ive  a t  more than ten percent eff icienc but cost around $200 per peak watt. 
By 1961, costs went down to  $175 per watt.  1 93' 



e 
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To lower costs,  experimenters  today a r e  working to improve manufacturing 
techniques and t o  find new mater ials  and designs t h a t  a r e  more eff ic ient  or  
PC eno mica!. 

f 
O n c e  fully developed, photovoltaics will be flexible and diverse enough to use a t  

d i f f e r e n t  levels of centralization and  could replace one Quad per year  of primary 
I- 

fue l  by t h e  year  2 0 0 0 . ~ ~ 4  Budget-conscious homeowners may want simple 
f l a t -p l a t e  arrays of silicon panels t h a t  collect only t h e  incident sunlight. Large 
businesses might choose a r rays  of gallium-arsenide cells t h a t  concentrate  t h e  
sunl ight  t o  500 t imes  the  intensity of the incident light (500 suns), t ha t  track the  
sun's pa th ,  and t h a t  use a special  fluid to  cool t h e  solar cells and col lect  hea t  for  
s p a c e  conditioning or for industriai  prKesses.  Utilities, on the  o ther  hand, might 
combine  t h e  two and use large a r r a y s  of flat-plate collectors for  simple electr ical  
genera t ion  along wth a few ar rays  of concentrating col lectors  to  provide hea t  for. 
the i r  own operations. 

I Whatever  kind of cell  is used, i t  will produce d i r ec t  current .  The  cur ren t  can  b e  
inver ted  t o  t he  60-cycle a l te rna t ing  current  t ha t  util i t ies require, and then 
t r ansmi t t ed  throughout a n  existing grid. If t h e  e lec t r ic i ty  is not needed when i t  is 
produced, it can b e  stored in various devices ranging f rom ba t te r ies  to pumped 
w a t e r  r e  servoits. 

During t h e  day when e lec t r ica l  demand is highest and when production f rom 
photovoltaics  is also highest, ut i l i t ies  may buy the power from dispersed producers 
and simply t ransmit  it t o  where i t  is needed. At night, when both demand and PV 
product ion a r e  dcwn, the  ut i l i t ies  may sell power from other  sources, such a s  
hydroe lec t r ic  plants. I 

When sunlight s t r ikes  silicon, photons t h a t  a r e  moving with more energy than  
1.1 eV (electron volts) knock e lec t rons  out of the valence bonds t h a t  connect  t hem 
t o  t h e  neighboring atoms. T h e  negatively-charged (n) e lec t rons  leave behind 
positively-charged (p) "holes" t h a t  neighboring electrons may move into. They in 
turn  l e a v e  "h01es" and if t h e  flow c a n  be made t o  move  in a given direction, t he  

!ectrons will flow in one d i rec t ion  and the  "holes" in t h e  other.  Figure 3.10-1 
illustrates a typical photovoltaic device. 

A d i f f e rence  in potential  is maintained between top  and, bo t tom halves of t h e  
ceil .  The  boundary where the  positively (p) and negatively (n)  charged mater ial  

C 
m e e t  is called t h e  p-n junction, Junctions in silicon a r e  made by introducing 

E 
chemica l  impurities, or "dopants", in to  the material. One half is doped to have more 
e l ec t rons  than  can  be bonded t o  t h e  silicon, producing a p-type silicon, and t h e  o ther  
half is doped to have fewer electrons.  1 
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measured in "sunstf (i.e., multiples of the normal incident sunlight). Some 
experimental  systems produce 10,000 suns of concentration. Figure 3.10-2 
i l lustrates  several  concentrator  designs. 

a 
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simply produces h e a t  in t h e  cell. Therefore,  t he  more energet ic  t h e  photon, the 
more likely i t s  energy is to be  wasted. In 1972, Dr. Joseph Lindmayer developed t h e  
"violet cell1' t h a t  can  convert more of t h e  high-frequency ultraviolet waves into - 
electr ic i ty .  Newer research applications combine different  materials,  each  with a 
d i f fe ren t  energy threshold. 

When PV systems are  assembled, they contain several components. The  
individual cells,  o f t en  round and about  th ree  inches in diameter ,  a r e  packaged in ~ groups of  twe lve  t o  for ty in f la t  p ro tec t ive  boxes called panels by t h e  industry and 
modules by t h e  government.  The panels a r e  grouped into an array, which may be'  of 
any size,  f rom t h e  a rea  covered by two o r  th ree  panels to  the s ize of a football field 
or larger.  

To maintain their angle toward t h e  sun, t he  arrays a re  supported by mounting 
racks. The racks may be stationary, or they  may pivot so that  t h e  array can  t rack 
the  sun and c a t c h  t h e  maximum light available. 

The e lec t r ic i ty  generated must b e  transported by wires to a storage or 
distribution system. Storage may t a k e  many forms, from pumped-water reservoirs 
to  a r rangements  of bat ter ies  or fuel cells. 

When t h e  PV system is connected t o  a n  established electr ical  grid, it requires a 
cur ren t  inverter  which changes the d i r ec t  cur ren t  to  60-cycle al ternat ing current.  

The baseline technology is s t i l l  very expensive but has nearly reached i t s  
theoret ical  l imits  of efficiency. Research is now directed a t  reducing the  cos t  of 
t h e  silicon, finding less expensive manufacturing methods for  silicon crystals,  
finding new useful forms of silicon, finding new materials,  and trying new designs 
t h a t  reduce  t h e  amoun t  of silicon needed. 

The Depar tment  of Energy expec ts  t h e  next  order of magnitude cos t  
improvement fo r  PV1s to occur in manufacturing technique. Paul Maycock, Director 
of DOE'S Photovoltaic Program has  s ta ted  t h a t  costs  'can b e  halved just by 
automation once  production volume warran ts  t h e  capi ta l  investment. 197 

Current  explorations into m d n u f a c ~ u r i n ~  focus on improving the  growth of 
silicon cyrstals.  The baseline technology in t h e  Czcchralski method (or CZ method) 
in which a seed crys ta l  is suspended in a quar tz  crucible of  molten silicon and is 
slowly drawn upwards, then allowed t o  cool. The crystal,  which would otherwise 
grow with its g ra in  at angles, grows s traight  because the forming cylinder is ro ta ted  

. . 



r : 
Other  investigators Are exploring ways of making rectangular crystals t h a t  can  

be grown in ribbons continously instead of relying on batches.  Rectangular c rys ta l s  
F 

would pack toge55er more eff ic ient ly than circu!ar ones, and weuld gain more 
electr ic i ty  pe r  un i t  module area. 

1 In addition t o  silicon there a r e  o ther  mater ials  t h a t  will work in solar cells if 
the cells a r e  in concentrating arrays.  Varian Associates in Palo Alto achieved in 
1978 a 28 percent  efficiency, t h e  highest ever  reported for solar cells, in a n  
experimental  arrangement  tha t  combined gallium arsenide and silicon cel ls  to  
respond to d i f fe ren t  wave lengths in t h e  spectrum. Variants usual efficiency for  i t s  
gallium arsenide concentrating cel ls  is about seventeen percent.  The advantage of 
gallium arsenide is t h a t  i t s  performance is not  as seriously a f fec ted  a s  si1icon"s at 
higher temperatures .  

Another new combination is cadmium sulfide and copper indium selenide. 
~ o e i n g  produced a cell  using these  mater ials  with a n  eff ic iency of 9.4 percent.  This 

' is no t  f a r  f r o m  DOE'S goal of t e n  percent  efficiency for  thin-film devices. It  is also 
a g o d  example of the ra te  of progress being made  in photovoltaics; the efficiency 
increased f rom 6.7 percent to  9.4 percent  in less t han  a year.  

Researchers  a r e  also developing new designs, such a s  concentrating arrays of 
thermophotovoltaic  cells. These a r e  more energy-intensive than t h e  usual f la t -plat  
systems because they require ac t ive  cooling and somet imes  tracking mechanisms to 
follow t h e  sun. Thermophotovoltaic systems also sacr i f ice  maximum efficiency a t  
e i ther  the i r  heating or generating tasks in order t o  achieve abcut  a 30 percent  
overall eff ic iency a t  both. 

Other  new designs provide a photovoltaic roof shingle for homes (from ARCO), 
a multilayered sandwich of silicon wafers  t ha t  a r e  illuminated from the edge 
(expected t o  reach an  efficiency of up t o  30 percent),  and cells of pure silicon t h a t  
a r e  not  doped, but  instead have the  n a n  p mater ia l  pr inted on the  back in a pa t t e rn  
like interlocking fingers. This design is expected t o  reach twenty percent efficiency 
a f t e r  some improvements a r e  made; i t  h a s  already reached f i f teen percent.198 

While researchers work on making photovoltaics more economical, t h e  
Depar tment  of Energy is building demonstration pro jec ts  using baseline technology 

- to show t h a t  photovoltaics work today. In 1979, t he  DOE spent $27.5 million over 
three years  t o  build systems under t h e  Federal Photovoltaic Utilization Program 
(FPUP). The f i r s t  53 installments cos t  $500,000 and  were built for the  Forest 
Service, t h e  Navy's Material Command, t he  Indian Health Service, and t h e  
Tennessee Valley Authority, all at r emote  locations. 199 



One PV insta l la t ion t h a t  has received widespread notice is a 283 kw unit at t h e  
Phoenix Sky Harbor Internat ional  Airport. At  peak  enerat ion i t  will provide enough 
e l ec t r i c i t y  t o  power 40 average  homes i n  Phoen ix501  It is being built  by a t eam 
composed of Arizona Public Service Company, Motorola's Government  Electronics  
Division, t h e  C i t y  of Phoenix, and t h e  Arizona Solar Energy Commission. I t  will use 
7200 concent ra tor  modules on 30 large arrays. The  t o t a l  a r ray  will require  t e n  acres  
a t  t h e  a i rpor t  and will power half of t h e  south concourse  of a new a i rpor t  terminal .  

There  a r e  severa l  major obstacles at presen t  t o  t h e  rapid commercial izat ion of 
photovoltaics. These include a projected shor t fa l l  in t he  production of high-purity 
silicon crysta l ,  t h e  l a c k  of ready capital  f o r  expansion of t h e  industry, t h e  t h r e a t  of 
foreign compet i t ion f o r  marke ts  (Japan, France,  Germany and ~ t a l y  all  have ac t i ve  
PV research and development programs) and unresolved questions about  t h e  
socioeconomic and environmental  impac ts  of t h e  rapid development _ of new 
technology. 

A shortfall  of silicon is t h e  most immedia te  problem. New processes now being 
developed may not be  ready in t i m e  t o  re l ieve t h e  shortage. No governmental  
solutions have been o f f e r ed  t o  date ,  and silicon producers a r e  re luc tan t  t o  invest  the  
massive amounts of cap i ta l  required t o  assure  production until t h e y  have a more 
solid indication of demand. O 

One of the  bes t  hopes of solving t he  silicon supply problem will be  using a 
metal lurgical  g rade  instead of semiconductor grade. This approach has been 
incorporated into  severa l  research programs including Crystal  Systems which has 
achieved a cost  production r a t e  of $3 per kilogram. A R C 0  Solar has also proposed 
t h a t  silicon manufac ture rs  produce a "solar grade" of silicon, which would b e  more  
pure t han  metal lurgical  g rade  silicon and less t h a n  semiconductor silicon. 

Another major problem for photovoltaics is t h a t  producers won't s ca l e  up their  
manufactur ing e f fo r t s  until demand has been demonstrated; demand, however, 
depends on t he  low pr ices  t h a t  mass production would bring. This natural  pa t t e rn  of 
development may  be  t o o  slow t o  m e e t  DOE'S t imetable .  To change t h e  pa t t e rn ,  one 
side o r  t h e  other  mus t  be deliberately st imulated.  Most observers suggest  massive 
purchases by government ,  f a r  in excess of what  is currently planned.202 For 
1980, t h e  Depar tment  of Energy is spending over  $4.5 millicn on new PV sys t ems  for  
federa l  building and facil i t ies.  Industry spokespeople a r e  calling for  $1.5 billion, 
ten-year20~hotovoltaic "Manhattan Project" as a way  of developing t h e  industry 



I While photovoltaics appear t o  b e  an  environmentally benign technology, 
especially in comparison to t he  massive combustion of fossil fuels, there a r e  possible 

I adverse e f f e c t s  involved in t h e  mining, refining, manufacture and ultimate disposal 
of  photovoltaic cel l  materials.  I 

I Silica dust ,  for  example has been associated with a chronic occupational lung 
disease, silicosis. The manufacture of silicon devices involves possible exposure t o  a 

I 

number of hazardous chemicals ( hosphine, boron trichlo'ride, hydrochloric acid and 
hydrogen cyanide, among others). TO 4 

f 
Arsenic and cadmium a r e  two of t h e  e l emen t s  used in some advanced PV ce l l  

designs, and both  a r e  well known a s  toxic environmental pollutants. Fortunately,  
only small quant i t ies  of these metals a r e  required, even fo r  a massive expansion of 

E 
PV technology. To ingest a toxic dose of gallium arsenide for  example, a person 
would have t o  eat about  200 square f e e t  of f la t -plate  arrays.*05 The long serv ice  
life (up to  twenty  years) and encapsulation of PV cells would tend to l imit t h e  

I 
release of t ox ic  substances into t h e  environment,  although there  might be risks of 
occupationai exposure in manufacturing. 

The manufacture of PV cells is, i tself ,  a highly energy intensive process. Under 
existing technology ( the  CZ m e t h d )  approximate!y 7000 kwh is required t o  
manufacture a cell  with peak output  of one  kw. This means t h e  device must 

i 
P_ 

operate  for  abou t  four years  t o  "pay backi1 t h e  energy consumed in making it.Z06 
I 

Although cheaper ,  less energy intensive methcds for p;oducing PV devices a r e  
being developed, a massive expansion of t h e  industry is Likely t o  require major inputs 

I 
of energy f rom other  sources. In t h e  long te rm,  of course,  t he  goal should b e  to  
power t h e  solar  industry with renewable energy sources exclusively. t 

In addition to being energy Intensive, t h e  solar photovoltaic industry is 
presently labor intensive. Expansion of this  technology is therefore likely t o  c r e a t e  
jobs, many of them in trades and geographic areas  now suffering from high 
unemployment. Although production of t h e  devices may become increasingly 

t 
automated, installation in onsite app lications will probably remain a semi-skilled 
occupation allied t o  t h e  conventional building t r ades  (electrician, carpenter ,  i 

- sheet-metal worker,  etc.). The PV industry must,  however compete with t h e  
semiconductor industry for  top research and engineering ta lent ,  and shortfalls of 

i 
some c r i t i ca l  skills might  develop if t he  industry expands very rapidly. C 

E 
Other  bar r ie rs  t o  ,photovoltaic development a r e  institutional in nature and 

include such problems a s  restrictive building codes  (although this seems less of a 
~ r o b l e m  with PV than  with solar thermal  systems), and uncoordinated util i ty 



Photovoltaics a re  ideally suited t o  residential or other  on-site applications. A 
major question is storage. Remote locations will certainly require storage making - 
t h e  system more expensive but stil l  competitive with diesel or other generators by 
1982. The development of advanced bat ter ies  may bring down storage costs. Thh is 
a major goal of current  DOE research. On-site locations t h a t  cculd be connected to 
the utility grid can take  advantage of buy-back arrangements and use utilities' 
production power a t  night. 

Other dispersed or small-scale applications might be private citizens1 combining 
arrays for clusters  of homes, utilities1 using PV arrays on a neighborhood or district 
scale a s  load levelers, or using PV arrays for  remote mechanical tasks, such a s  
r u ~ i n g  irrigation systems. Over 90 percent of  the  harvested cropland in California 
is irrigated, and 98 percent of t h e  irrigation pumps are electrically powered. A 
major disruption of the  electrical power grid would be catastrophic for agriculture. 
The modular nature of PV systems makes them well-adapted to Irrigation pumping. 
At the University of Nebraska, a 25 kw PV system has been used to irrigate 80 acres 
of corn and soybeans since 1977. The system operates ten hcurs per day, pumping up 
to 1,800 gallons per minute. During the  winter, the  electricity is used for crop 
drying. At present, research on direct  current  pump motors is being carried out at 
the Nebraska tes t  facility. DC pumps would avoid the small but inevitable losses 
involved in inverting PV output t o  the  AC required by conventional pumps.207 



Bioinais is a form of solar energy and is t he re fo re  a renewab!e energy source, 
Biomass may be defined as any form of plant ma t t e r ,  Iiving or dead. T h e  
phatosynthet ic  process allows plants to  convert solar  energy into chemically s to red  
energy in t h e  form of polymeric hydrocarbons (carbonhydrates). 

r 
In comparison t o  other  energy technologies biomass has a relatively low 

conversion efficiency (approximately one t o  two  percent).  Table 3.11-1 gives a rough 
a 

comparison of energy eff ic iency ratings for biomass with o ther  solar technologies. 

Table 3.11-1208 

ENERGY EFFICIENCY RATINGS 

B iom ass 1% - 2% 
Solar Heating 40% - 90% 
Photovoltaics 6% - 35% 
Wind Electr ic  30% - 47% 
Solar Thermal Electr ic  4% - 20% 

However, biomass is somcwhat unique because  i t  is t h e  only form of solar  
energy which directly converts and stores energy as a hydrocarbon. Coal, petroleum 

t 
and natural  gas a r e  fossil forms of biomass c r e a t e d  over  long periods of t ime.  
Biomass, because of i t s  low efficiency, requires l a rge  amounts of land t o  cap tu re  
suff ic ient  quantit ies of solar energy. Its unique s to rage  and conversion properties,  
however, make  i t  very a t t r ac t ive  from an energy management  point of view. I 

Because t h e  U.S. has vast areas  of land avai lable  f o r  t h e  growth of biomass and  L 

because many cur ren t  agricultural and foresting prac t ices  produce high quantit ies of 
was te  and  residue materials, biomass appears t o  be  a very significant source of 
energy. Various studies have est imated the  biomass potent ial  for the year 2000 t o  
be  between seven and twenty ~ u a d s . 2 0 9  



t o  be  slightly less than two Quads (2x1015 Btu per  year), or just under one million 
barrels of oil per day. Nearly all of this energy is produced by the  forest  products  
industry. 

Because of t he  high cost  of fuel  oil energy production from biomass has  been 
expanding. The contribution of biomass is expec t ed  t o  expand t o  between four  and  
eleven Quads over t h e  next t en  years.210 

Residues f rom crops and forestry harvesting, although a t t rac t ive  because of 
the i r  large volume, have not been widely used t o  date. High transporation and  
collection costs  of these materials have m a d e  them non-cost-effective when 
compared with t h e  cost  of conventional fuels. These  residues, however, have  in t h e  
past two years become quite a t t rac t ive  t o  exis t ing consumers of woody biomass. A 

. case  in point is t h e  Eugene, Oregon Water and E lec t r i c  Board (EWEB), a city-owned, 
pilblic ut i l i ty  which has expanded its existing wood-fired electrical genera t ing  
facility. Wood waste  supply for  t he  plant is based on locally available sawmill  
residues. Current ly  t h e  EWEB is seeking fue l  suppliers t o  guarantee supplies of 
fo re s t  slash in order t o  ensure additional fuel  supplies f o r  expansion of t h e  power 
facil i t ies at t h e  lowest cost  t o  their custbmers. 

The concept  of sustained yield energy fa rming ,  in which crops a r e  grown 
exclusively for conversion t o  energy, is one which has received increasingly m o r e  
attention. The economics of this type of biomass production/utilization a r e  much 
more  tenuous given t h e  general low cost of compet ing energy supplies. In energy 
farming? t h e  end product of energy produced m u s t  compete  with the  average cost  of 
conventional energy. The current cost of compet ing fuels, however, has not  proven 
high enough t o  justify a commercial venture a t  t h i s  t ime. 

An example  of cost-effective energy f a rming  i s ,  t ha t  of growing grain to 
produce alcohol. The by-product of alcohol production is a high protein c a t t l e  feed.  
The c a t t l e  genera te  food for human consumption and their  waste manure provides 
energy (when converted t o  methane gas) for  process heat t o  fuel the  disti l lery.  
Further,  d i rec t  combustion of nonfermentable c r o p  residues such as  corn s ta lks  is  
possible. 

In addition t o  vast  quantities of fores t ry  res idues  and agricultural waste ,  t h e r e  
is a substant ia l  amount  of urban waste available f o r  conversion t o  energy. These 
wastes  a r e  re fe r red  t o  as  municipal solid waste (MSW) and sewage. 



percent  of the  heating value of natural  gas. Anaerobic digestion-is a biological 
fe rmenta t ion  process in which methane-forming bac te r ia  decompose solid organic  
m a t t e r  which release a gas (biogas) composed of carbon dioxide and methane. This 
gas  is typically burned in a boiler o r  internal combustion engine with a generator.  In 
mos t  cases  there  is more  gas available than required, but mos t  of t h e  excess  is 
e i t he r  used on-site or, more  commonly, flared. While this  is a very small  quantity of 

f 
energy (about 0.02 Quads), i t  is a reliable source t h a t  could play an important  ro le  in 
an emergency situa-tion. This resource is current ly  underutilized, realizing only 
about  60 percent  of i t s  potential. 

Beyond these  land-based biomass resources f rom the  forest ,  agricultural lands, 
energy farms,  MSW and MWT, t h e r e  a r e  also aqua t ic  biomass resources which have 
potentially much higher yields than  t h e  terrestr ia l  resources. Aquat ic  resources fa l l  

f 
i n to  two very broad categories: 1) Fresh Water Systems, and 2) Oceanic  Systems. 
Fresh water  species such as algae,  duckweed, and water  hyacinths promise t o  
approach photosynthetic ra tes  of land-based crops l ike sugar cane,  which exceed  
silviculture (forestry) production by a s  much. as a f ac to r  of two  t o  three.  Ocean  
f a rming  of species of giant kelp along t h e  coast of California shows some promise, 
but  cur ren t  experiments have yielded limited results. 

The  most formidable barr ier  t o  t h e  extensive use of the  various biomass I 
resources  is the  availability of reliable economic, off-the-shelf hardware to  harvest ,  I[. 
process, load, convert  and ut i l ize  t h e  energy. The energy type  required or desired 
will o f ten  dominate t h e  choice of conversion technology since different  processes 
a r e  required t o  deliver t h e  desired energy type. 

Figure 3.11-1 gives an overall perspective on t h e  var ie ty  of feedstocks (biomass 
resources), conversion technologies (bioconversion processes), and energy and 
by-product end uses (bioconversion products) t ha t  a r e  potentially available t o  t h e  
soc ie ty  f rom t h e  uti l ization of biomass. 



Figure 3.11-1212 

BIOCONVERSION PROCESSES AND PRODUCTS 

There a r e  five basic technologies which fall into t w o  basic conversion methods, 
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h e a t  (400°F-20000~) (204.40C-1,093.3°C), s t eam and e l ec t r i c i t y  via s team.  
The  applications range f rom simple box stoves f o r  residential  heat ing to  complex 
mul t i s tage  s t eam turbine generators  for  e lectr ical  production. The economics of 

5- 
e lec t r ica l  generation by this method generally d i c t a t e  t h a t  sys tems  be  larger t han  
200 kw installed capaci ty .  The s team requirement for  such  power production is 
typical ly  4 x 1 0 ~  Btu per hour or  greater  depending on t h e  ou t l e t  pressure from t h e  

r 
turbine. lr 

Di rec t  combustion of biomass can also be done in conjunction with coal. Coal  
u 

typical ly  has f ive  t o  t e n  t imes  as much ash  content  as biomass but  t h e  hea t  contents  
of t h e  two  resources a r e  reasonably close (8,000 Btujlb. o r  17,637 Btujkg wood vs. 
12,000 Btu/lb. or 26,455.5 Btu/kg coal). They a r e  a lso similar in the i r  solid fue l  
corn bustion ch'aracteristics. 

r 
The !imitation of di;ect combustion is t ha t  i t  cannot  be easi ly  adapted to  many 

cu r r en t  energy uses such  as internal  combustion engines (ICE), gas turbines, or 
gaseous and liquid fuel combustion equipment. To adapt  woody or dry  biomass t o  
o p e r a t e  such devices i t  is necessary t o  convert t h e  solid fue l  t o  gaseous state.  This 
is accomplished through a thermochemical process known as pyrolysis which is 
defined as t h e  thermal  decomposition of t h e  solid fue l  in  t h e  absence  of oxygen., 

C' 
I 

Pyrolysis is a na tura l  par t  of t h e  solid fuel combustion process and in a typical 1 
f i r e  t h e  long orange f lames  a r e  t h e  combustion of the pyrolysis gases when they  
c o n t a c t  air. These combust ible  gases a r e  principally carbon monoxide and hydrogen 
with t races  of me thane  and o ther  hydrocarbons. Typically sys tems  use a l imited 
supply of a i r  t o  assist  in t h e  par t ia l  combustion of t h e  fuels. 

h 
These units which use air  a r e  typically referred t o  as  air-fed gasifiers or simply 

gasifiers.  These gasifiers produce a gas with a heat ing value typical ly  ranging from 
100 t o  200 Btu per s tandard cubic  foo t  (scf) (147.9-295.9 Btu per standard cubic  
m e t e r )  or about  t en  to twen ty  percent  t he  heating value of natural  gas which is 
principally methane  gas. 

Variations on this basic  principal range f rom pure oxygen-fed pyrolysis units 
producing 300-500 B t u l s d  (443.8-739.6 Btu per s tandard cubic  meter )  gas t o  
s team-fed  gasii iers which require  internal  heating e lements  t o  sustain the  process. 
The producer gases f rom these  systems can b e  fu r the r  processed through a 
re forming  ca t a ly t i c  conversion. 

C 
I: 
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these technologies are not expected t o  have a substantial 
impact on U.S. energy supplies for  t en  t o  twenty years. 
Biomass gasification technologies can be divided into 
processes which produce a low Btu gas and those which 
produce a medium Btu gas. 

Low Btu gasification technology is commercially available for 
most types of biomass feedstocks. Many of these commercial 
processes a r e  based on low Btu coal gasification technologies 
and the  gas produced can best be used as fuel for  supplying 
process heat ,  process steam or for electrical power 
generation .... The versatility of low Btu gas is limited and i t s  
use is subject t o  the  following limitations: 

1. The low heating value of the  gas usually requires t h a t  i t  
be consumed op or near the  production si te  in a d o s e  
coupled process. 

2. Substitution of low Btu gas for natural gas as a boiler 
fuel usually requires boiler derating and/or extensive 
retrofir modifications. 

3. The high nitrogen content of low Btu gas predudes i t s  
use as snythesis gas for  most chemical commodities 
which can be produced from snythesis gas. 

Medium Btu gas (MBG) offers the following advantages over 
low Btu gas: 

1. Boiler derating is usually less severe when substituting 
MBG for  natural gas than when substituting low Btu gas 
for natural gas. 

. 2. MBG can be transported moderate distances by pipeline 
at a resonable cost. 

3. MBG is required for the synthesis of derived fuels and 
most chemical feedstocks and commodities which can be 
produced from synthesis gas. 



2. Thermochemical biomass conversion must have an 
impact on t h e  availabili ty of liquid fuels and chemical 
feedstock supplies a s  well a s  supplementing gas fo r  

r 
- 

heating purposes. 

Biomass has two poten t ia l  advantages over coal. First, 
biomass is a renewable resource and coal is not. Second, and 
more important f rom a thermo chemical conversion stand 
point, biomass is more  reac t ive  than coal. I t  has t h e  potential  
for  gasification at lower  temperatures,  without t h e  addition of 

I 
oxygen, to produce MBG. There a r e  act ivi t ies  also directed 
toward improving t h e  competit iveness of biomass gasification 
through the use  of ca t a lys t s  and unique gasification reactors  

I 
t o  produce direct ly  spec i f ic  synthesis gases for  t he  production 
of ammonia, methanol,  hydrogen, a n d  SNG. Success in these 
efforts could el iminate  t h e  necessity for  external  water  gas 
shift  or methanat ion  reactors when producing these 
comrnodities.213 

The California Energy Commission and the  University of California, Davis, have 
successfully demonstrated t h a t  LBG can effect ively be  used in existing boilers using 
na tura l  gas.214 

a 
! 

Figure 3.11-2 shows the  versat i l i ty  of a MBG process. The drawback for such a 
process is p r i m ~ i l y  t h e  large quant i t ies  of biomass required t o  justify such an  
ooerat ion and the additional requirements  fo r  pure oxygen and/or s team as opposed 

1 

t o  a i r  f o r  oxidation. 

Figure 3.11-2215 
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A typical MBG facility would require an input of about 1,000 tons per day (tpd) 
(907,184.7 kg/day) biomass. This could be supplied by a city of 1,000,000 population 
and would produce about 50,000 gailons (189,270.5 liters) of methano! per day (about 
25,000 gallons or 94,635.3 liters gasoline equivalent). Assuming a yield of six dry 
tons per acre-year with a ten  year crop rotation, a 1,000 tpd (907,194.7 kg/day) plant 
would require about 1,000 square miles (2,590 square kilometers) of forest t o  sustain 
such a facility. This would require an a rea  with a minimum transportation radius of 
about  30 miles (48.3 kilometers) and more  than likely 50 miles (80.5 kilometers) 
would be necessary. The 1,000 tpd feedstock requirement is dominated by the 
economy of scale for equipment, especially compressors which are  required t o  
opera te  a t  about 30 atmospheres. 

Many schemes have been suggested for conversion of biomass t o  other . 
products. These range from methane gas, commonly referred t o  as SNG (synthetic 
natural gas) crude oil, gasoline, c t l a r c ~ a l  and many combinations of these 

217 Typically, a higher reaction temperature maximizes the  producer 
gas output from a given biomass feedstock. The lower the reaction temperature, 
the  more pyrolytic or crude oil generated from the  process. 

From an e ~ o n o m i c  viewpoint both direct combustion and low Btu gasification 
appear .  t o  be competitive even with regulated natural gas prices. Medium Btil 
gasification and its numerous by-product capgibilities do not appear to  be 
competitive with the  current cost of imported oil or with the  projected cost for 
MBG from coal. 

Current  successful applications of direct combustion and t o  a more limited 
e x t e n t  LBG, are confined to  operations in which the  feedstock is a part of a 
forestry,  agricultural or municipal processing facility. In this case, the feedstock is 
ei ther  a waste or a residue which must be disposed of or removed from the  facility. 
This results in a fuel which is either f r ee  or for  which a credit can be taken because 
of cost  incurred fo r  hauling the  waste to  a dump or transporting the residue to a 
land disposal site. 

Biochemical conversion of biomass refers in general to biological processes 
which rely on microorganisms. The primary and most widely used biological 
processes for energy conversion of biomasss a r e  anaerobic (in the absence of air) . 
fermentat ion processes which rely on specialized microorganisms. I t  is, however, 
possible t o  produce hydrogen gas from water  and sunlight by photosynthetic 
microorganisms. A system has been reported which uses a nitrogen-fixing, 
blue-green algae. 21 8 

This process has. ved from the 



There a r e  two types of fe rmenta t ion  processes useful for conversion of biomass 
t o  energy. These are  methane fe rmenta t ion  (also known as anaerobic digestion) and 

- alcohol fermentation. r 
Methane f errnentation (anaerobic digestion) has  been widely used a s  a part  of I - . -  - 

municipal sewage t reatment .  Microorganisms decompose organic  matter .  The 
resulting gas from this decomposition is referred t o  as biogas and is a MBG of 
500-700 Btu/scf (739.6-1,035.5 Btulsquare cubic meter).  T k  biological production 
of methane  is a very complex process wherein cellulose and o ther  complex organic 

f 
mater ia l s  (proteins, cabohydrates, f a t s ,  etc.) f i rs t  go through an enzymatic  
transformation. The solubilized organics a r e  then converted by other  bac ter ia  into 
organic acids which in turn form hydrogen and carbon monoxide as a part of their 
metabol ic  process forming methane and carbon dioxide. The methane  bacter ia  a r e  
s t r i c t  anaerobe (oxygen is toxic) and require carfeul tempera ture  control for  
reliable,  sustained yields. Figure 3.11-3 shows this process. 

Figure 3.11-3220 

METHANE FERMENTATION (ANAEROBIC DIGESTION) 
-. 

A THREE STAGE PROCESS t 

L 

The bac ter ia  a r e  s t r ic t  anaerobe and prefer mammilian body tempera tures  
although they  a r e  adaptable in a range of 10°C t o  60°C. Typical large tanks 
have been used t o  insure ideal conditions in  sewage t rea tment  plants. L 
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Typically two columns a r e  used t o  produce a 95 percent alcohol water.  A 
specialized third column is used t o  produce 99.9 percent ethanol. Ethanol has about 
two-thirds t h e  heating value of gamliiie on a ga!!~n-f~r-ga!lon basis. Ethanol can b e  
burned in a solution of water  as low as  50 percent,  but 80 t o  90 percent  a r e  
preferred f o r  combustion purposes. 

Ethanol bas about twenty  percent grea te r  heat value than methanol. 
Ninety-nine percent  solutions can  b e  blended with gasoline a s  a fue l  s t re tcher  and 
c c t a n e  enhancer.  Ethanol can achieve higher efficiency than gasoline when used in 
a modified ICE since i t  can  be used at higher compression ratios without t h e  knock 
problems associated with gasoline. Fermentation has distinct advantages a s  well a s  
disadvantages over the thermochemical conversions. Table 3.11-2 gives a 
compara t ive  analysis of fermentat ion versus thermochemical conversion 
technologies. 

Table 3.11-2221 

FERMENTATION COMPARED TO THERMOCHEMICAL CONVERSION 

Fermentation (F) T'hermochemical (TC) 

Conversion efficiency Depends on biodegrad- Conversion to  hea t  
biomass t o  energy able mater ial  and e lec t r ic i ty  a r e  superior 

t o  F process 

Qual i ty  of energy Very high, alcohol More expensive t o  dupli- 
produced and methane gas c a t e  alcohol, but e lectr ic i ty  

is bes t  quality f o r  cost 

Biomass feedstocks Accepts wet biomass Must b e  @ 50% moisture 
readily but poor in or  severely a f f ec t s  

- cellulose and ligno- Btu/lb. but will burn 
ceUulosic rnater ials lignin readily -. 

By-products Ferti l izer and/or Ash and charcoal 
livestock feed, fiber,  
et c. 

Environmental Water pollution Air pollution, car-  I 

concerns potential ,  .odor, cenogenic mater ials  f rom 
solid waste disposal ash and creosote,  solid 



- pure methane. This rocess has been demonstrated and is commercially available a t  22z 223 Typically t he  biogas which is methane-rich MBG can  b e  seve ra l  locations. 
used on s i te  in very slightly modified equipment  whidh has been operated on natural  
gas. The  biogas is composed of 50-70 percent  methane  and 50-80 percent  carbon 
dioxide with a t r a c e  of hydrogen sulfide and o ther  gases. 

Methane fermentat ion works best with w e t  biomass feedstocks of high cellulose 
content .  I t  does not work well with hard t o  degrade materials like woody biomass 
which contain high percentages of lignin or lignin-bound cellulose. These hard t o  
degrade  mater ials  generally require some form of pre t rea tment  including 
combinations of heat,  grinding acid or alkaline hydrolysis. r 

Methane fermentat ion can contr ibute  t o  both energy production and provide 
useful by-products like animal feed  and fibers. Typically this process has been 
appl ied to  municipal sewage t r ea tmen t  (MST) a s  a stabilizatior, process fo r  t he  
heavy solids (sludge) found in urban wastewater .  

i $ 

Methane fermentat ion has been widely researched, domonstrated and romoted 
f o r  ex t rac t ing  energy from livestock manures in  confined 0 ~ e r a t i o n s . ~ ~ ~ 3 ~ 5  This 
process  has also been widely applied t o  municipal solid waste  through t h e  extract ion 
of t h e  gas  from old landfill sites. 1 

I 
Alcohol fermentat ion or ethanol production is an age old process t h a t  has 

rece ived  a high degree of engineering development f o r  the production of beverage 
alcohol. Although the  engineering for  beverage alcohol and t h e  economics of i ts  
opera t ion  have been increasingly refined over t h e  years and t h e  level of 
sophistication is very high, the  process f o r  making alcohol for  fuel use needs some 
addi t ionai  development t o  improve energy efficiencies and t o  lower cost  fo r  
compet i t ion  with other fuels. 

Curren t ly  available technologies for  e thanol  production rely heavily on s t a r ch  
or suga r  crops as a feedstock. These feedstocks fa l l  in to  several categories.  These 
include t h e  following list: 

e 
1, Energy Crops: These crops a r e  grown specifically for  

conversion t o  energy. This is not widely practiced now, 
t 

but  i t  appears t o  be  on t h e  increase on a small sca le  for 
fa rm production and use. 

C c 
2. Excess Agricultural Crops. These a re  t h e  grain 

stockpiles of the  Midwest whicb current ly provide t h e  I 
bulk 6f feedstocks fo r  fue l  alcohol production. 



4. . Agricultural Process Waste: These are the waste and 
residues from processing facilit ies such as canneries, 
fruit  packing houses, creameries, milling operations, 
etc. There are  a variety of feedstocks from these 
facilities ranging from easily fermentable resources like 
fruit-packing waste to  more difficult substrates like 
cheese whey and finally t o  cellulosic and lignocellulosic 
materials like cotton gin trash and stalks. 

5. Municipal Solid Waste: These a r e  urban wastes which 
are  for the most part cellulosic and lignocellulosic 
materials. The hetrogeneous nature of this feedstock 
has made it  one of the  most difficult to  convert. 

6 .  Wood: - This resource is a lignocellulosic ma te r id  which 
is subject to  the  same restraints discussed under 
"Agricultural Residues." 

Because of the chemical similarity in the fuels, methanol (wood alcohol) is 
frequently compared with ethanol (grain alcohol). Methanol can be synthesized 
through the thermochemical gasification of biomass, coal, natural gas or other 
hydrocarbon fuels. Ethanol can also be synthesized from hydrocarbons via a 
thermochemical process utilizing ethlyene either as  a by-product in petroleum 
distillation or from the  synthesis of natural gas. 

Ethanol via fermentation of biomass and methanol via MBG gas synthesis from 
biomass will compete for the  same resources if one assumes tha t  cellulosic 
hydrolysis technology is a near term option. There is considerable professional 
disagreement whether biomass methanol will be cheaper than biomass ethanol f rorn 
t h e  cellulosic feedstocks. 

Table 3.11-3 gives DOE projections for  alcohol production from biomass 
resources in t h e  U.S. Table 3.11-4 describes a number of feedstocks immediately 
available for ethanol production, and Table 3.11-5 gives those feedstocks tha t  a re  
potentially available for  ethanol production. 



Biomass Feedstock 

wood 

\q r~cu l tu ra l  residues 

C m  

Corn 

wheat 

Gram sorghum 

Total C r a l m  

Table 3.11-3226 

PROJECTED MAXIMUM ALCOHOL PRODUCTION 
FROM U.S. BIOMASS RESOURCES 

(Billion gallons per year) 

1985 1990 2000 1910 - - 7 

Ethanol +!crhanol - Ethanol Methanol Ethanol Methanol Ethanol \{ethanol 

c ' 
- 

80.2 20.2 74.2 25.8 95.0 23.5 86.3 21.8 

- 0.7 - 0.7 - 
Cane -- - 0.2 

- 3.0 - 8.3 - 
Sweet sorghum -- - 0.2 

- 3.7 - 9.0 - 
Total Sugars - - 0.1 

9.2 2.5 9.9 7.9 11.6 2.2 X.6 2.3, MSW - 
Food procelstnx WasteS: 

- 0.3 - 0.4 - 
Cirrus 0.2 -- 0.2 

- 0. I . - 0.7 - 
C h c e v  0.1 - 0.1 

- 0.3 - 0.9 - 
A l l  Other 0.2 -- 0.3 

C 
- '3.7 - 0.9 -- 

t 
Total  processing WaltcS '3. 5 -- '3.6 

127.5 U1.2 175.6 56.0 I l h . 7  
Total 39.2 121.3 39.2 



Table 3.11-4227 

BIOMASS FEEDSTOCKS IMMEDIATELY AVAILABLE 
FGR ETHANOL FUEL PRODUCTION 

Biomass Ftedstock 

Cheese whey 

Citrus waste 

Other food waste3 

c o r n  

Grain sorghum 

Total 

Percent of to ta l  
tha t  is available 
to  be cmver ted  
to ethanol 

Quantity available Net feedstock cost1 
(including co-prod- 

Million Million uct credits) wr 
dry tom  bushel^ _gallon of ethanol 

Million 
gallom 
per year 
ethanol - 

Notes: Thir table shows t h e  quanti ty of ethanol that could k produced from currently available biomass without (i) diverting to  
the woductioo of energy crops, oc (ii) necessitating any change in USDA land set-aside or diversion p l i q  to take  accwnt  of grains 
r a i s k  foc ethanol prfductim. 

The tab le  ~ndtca tes  immediate feedstock ava~labil i ty for  p r h c t ~ o n  of 660 mill~on g a l l m  of ethanol annually, at  a wetghted 
average feedstock cost  of 30.60 per g a l l m  ethanol. The gram feedstoclo represent only J t o  7 percmt of  exlattng corn and graln 
sorghum stocks, and csnslst p r i ~ ~ p a l l y  of  distrewd and substandard maicrlzl. Thus, all the feedsrocks shown In the table can  be 
regarded rr "waste" mater~als.  

Table 3.1 1 - 5 ~ ~ ~  

BIOMASS FEEDSTOCKS POTENTIALLY AVAILABLE 
FOR ETHANOL FUEL PRODUCTION 

Mater ld  potentially 
a ~ l l a b l e  f a  etharnl  prodoct~on 

Product~on 
Net feedstock potmttal. mtl- 

M ~ l l i m  M~llton cost1 per gallon lien gallens per 
dry t o m  b e  of ethanol year ethanol Biomass Feedstock 

0.9 - 50.22 90 C h e w  whey 

1.9 - 0.10 210 Citrus was te  

1.7 - a 5 0  150 Other f c d  w a J t t l  

16.0 640 1-10 1,660 Corn 

2.30 C r a m  sorghum 



There  is considerable compet i t ion and disagreement over which biomass 
resource should be  used with which technology t o  give which type of energy. To th i s  
a l ready complex mat r ix  of choices  t he r e  a r e  t w o  o ther  fac tors  t o  impose: The  f i r s t  
of these  is economics,  and in conjunction with economics is t h e  competing use of 
these  resources  t o  produce chemical  feedstocks r a t h e r  than energy. 

Figure  3.11-4 provides a graphic  overview of biomass resource bases, 
technologies, products and marke ts ,  and Table 3.11-6 compares and cont ras t s  t h e  
various biomass conversion processes. 

Figure 3.11-4229 

FUELS FROM BIOMASS I 

RESOURCES B A S E S  TECHNOtOGlEf  P R O O U C f S  MAAKFTS 

Llquid Fuels 
Terristrlai Trtnsprtrtlan 

Blochamlui 

Saclor 

r 
I Aqualle C 3 r m i a l  S m  

Blornas~ 

watu 





Table 3.11-6230 

BIOMASS CONVERSION PROCESSES 

Overall 
Efficiency 

Process - Biomass Inputs Output (%) 

Direct combustion ~r~~ 

Cogeneration Dryb 

Gasification, with 
oxygen Dr yb 

i 
., 

Gasification, with 
a i i  

Pyrolysis 

Steam, . 
electr ici ty 

Steam and 
electr ici ty 

Medium-Btu gas 40-60 

Methanol 35-50 

Low-Btu gas, 
StearnC 

Electricity 

Pyrolytic oil, 
char, low-Btu gas 

~ n a e r b i c  digestion High moisture Medium-Btu 35- 50 
(sewage sludge, methane gas 
aquatic  biomass, 
etc.) 

i Electricity 5-1 0 
(\ -. 

Ethanol fermentat ion Sugars (sugarcane Ethanol 30 

(followed by distil- juice, molasses, 
lation) hydrolyzed cellulose, 

etc). 



The following general s t a t emen t s  can be  made  regarding the cur ren t  
s t a tu s  of t h e  technologies discussed thus far :  

I 

I 
1. Direct  Combustion (Dc) is cur ren t ly  economic with some  

limits on t h e  amount  one mus t  pay for  fuel.  It is very 
clear given t h e  current  instabili ty in the  price of oil t h a t  
long term cont rac t s  for biomass fuels at higher than  
average  petroleum fuel cost  is probably a good 
investment.  The conversion technology is well 
established. The next  technological breakthrough for  

1 
this particular a r e a  would be  in t h e  harvesting, 
transportation and marketing of fuels  l ike forest  slash 
and agricultural residues which have heretofore  not been 

1 
marketable  a s  fuel. As t h e  pr ice  of imported oil and 
synthet ics  a f f e c t  t h e  petroleum markets ,  marginal fuels  
like slash will become a t t r ac t i ve ;  but t he re  is a g r e a t  

i 
need f o r  reliable harvesting equipment  and techniques. r 

t- 
2. Low Btu Gas (LBG) air-blown gasifiers a r e  a reborn a 

technology which have in t h e  pas t  achieved modera te  
levels of sophisticatior! capable  of sustaining 
petroleum-starved countries during wartime. Although 

1 
B 

competit ive in price with conventional fuel (even 
regulated natural gas), gasifiers a r e  not typically 
competi t ive with DC systems. They also suffer  g rea t ly  
from a lack of longterm operat ion and subsequent proof 
of reliability. Their small  scale ,  versati l i ty and 

B 
portability suggest a successful fu ture  beyond t h e  
capabili ty of DC systems. This appears  t o  be especially 
t rue  in applications like off-road vehicles, fo r  fa rm use 

h 
and for  t h e  portable  generation of e lectr ic i ty .  

3. Medium Btu Gas (MBG) oxygen/steam-injection gasifiers 
h 

are  l imited because of t he i r  l a rge  through-put 
requirements, i.e., 1,000 tpd  (907,184.7 kg per day) or  
g rea te r ,  Like t he  LBG air-blown systems they suffer  
f rom lack of reliability testing. These will probably no t  

L 
be  competi t ive in t h e  near t e r m  (1985) with conventional C- 
fuels and will not necessarily compe te  with their  likeness t 
in t h e  coal synthet ics  arena. Clearly,  if they  cannot be  
downsized from t h e  1,000 tpd  (907,184.7 kg per day), t hey  
will not  be  able  t o  compete  for  t h e  s a m e  resource which 

s tems  some of 



75 percent  of the  animal popuIations in confinement a r e  
on f a r m s  with less  than 1,000 head, t h e r e  is a cr i t ical  
need to commercial ize  a low-cost nonconventional 
system. l l i s  appears  t o  !.x occurring in t h e  dairy 
industry where payback periods of seven t o  ten years a r e  
acceptable .  Covering of anaerobic  lagoons also appears 
a t t r a c t i v e  since these  s t ruc tures  re lease  biogas t o  t he  
atmosphere.  The rebirth of th i s  technology from i ts  
abandonment  a f t e r  WWII in Germany and France has 
yielded new applications of reliable, low-cost systems to  
t h e  f a rm.  In agricultural canning and packing operations 
t he se  systems could compete  with ethanol facilities. 
These systems can also complement  e thanol  facilities. 
Their near te rm application on fa rms  is imminent. Of 
c ruc ia l  concern here a r e  t h e  on-farm energy use pat terns  
which a r e  a s  ye t  poorly understood. The use 09 

i ICE/generator s e t s  will prevail in t h e  small- sca.le (1,000 
head) situations. 

5. Alcohol Fermentat ion (AF)  Although not economic 
without  subsidy, t he  cur ren t  subsidy makes these 
faci l i t ies  very -economic with returns  on investments 
running in excess  of twenty  percent.  C u r r e n t  reliance is 
on grain and t o  a limited ex t en t  sugar feedstocks. The 
production of this high grade  rnotor fuel  can play a 
s ignif icant  role in stabilization of  agricultural production 
as well  as providing an exclusive fue l  t o  support t h a t  
production. This new industry will see the  greatest  
ecorlomic growth in t h e  coming near t e r m  because of i t s  
popularity. The promise of cellulosic conversion 
technologies is essential  t o  avoid both food versus fuel  
issues and ne t  energy concerns. Cellulosic technologies 
appear  t o  have a chance' of success  in t he  near term. 
Their production costs, however, will probably need an 

! ini t ia l  subsidy. The small  sca le  na ture  of this technology 
gives i t  a distinct advantage over  methanol  synthesis via 
MBG f rom t h e  s a m e  or similar cellulosic feedstocks. 



Geothermal Energy (3.12) 

Geothermal  energy occurs as a resultr of radioact ive decay deep within t h e  
e a r t h  and internal t ec ton ic  activity. Geothermal  "hot spotsu capable of yielding t h e  r 
energy equivalent of 1.2 trillion barrels of oil l i e  untapped in t he  western U.S. and 1 
par t s  of the Gulf Coas t  according t o  t h e  U.S. Geological Survey (USGS). In i t s  
second national assessment of geothermal resources,  t h e  USGS est imated t h a t  t h e  
upper portion of t h e  earth's crust contains 32 sextil l ion Btus of hea t  energy, 6.4 
sextillion of which are harnessable "under reasonable assumptions of improvements 

I 
in  technology and e c o n 0 m i c s . " ~ 3 ~  i- 

Three different types of geothermal resources  in te res t  electrical energy 
I 

developers. The most extensive geothermal resource in t h e  U.S. is in t he  form of 
hot dry rock. According to  the Department  of Energy, hot  dry rock resources a r e  
"geologic formations at accessible depths which have abnormally high hea t  conten t  
but  contain l i t t l e  or no water." Extraction of usable energy from these formations 
would require a hea t  t ransfer  fluid such as water  t o  b e  circulated through t h e  rock. 
Though the  ex ten t  of usable hot dry rock resources i n  t h e  U.S. is very large (possibly 

I 
as la rge  as  32 million Quads, with thir teen million Quads at temperatures  higher 

a 
than 150°C) DOE doubts t ha t  i t  will contribute substantially t o  domestic energy 
supplies fo r  some  t i m e  t o  come. 232 

The next  most plentiful a r e  geopressured hydrothermal  resources which a r e  hot 

1 
water  aquifers containing dissolved methane. These aquifers  a r e  trapped under high 
pressure in deep sedimentary formations along t h e  Gulf Coas t  of t h e  United States .  
Three  forms  of energy a r e  derivable f rom these  resources: thermal,  kinetic, and 

L 
dissolved methane. Da ta  on geopressured hydrothermal  aquifers comes from nearby 
petroleum operations, and points t o  large reserves  particularly in a wide be l t  
s t re tch ing  along t h e  Gulf of Mexico from Mexico t o  Mississippi, and in two a r e a s  
be tween  northeastern Texas and Florida. More information on t h e  number, location, 

8 
size ,  permeability, and methane content  of t he  aquifers  is necessary t o  know 
whether  such reserves a r e  economically exploitable. This information is current ly  
being gathered. 

L 
Least  plentiful, bu t  already in use in many pa r t s  of t h e  world, a r e  convect ive 

hydrothermal resources. These a r e  systems of hot wa te r  and s team, heated by 
I 

relat ively shallow masses of hot rock, and t rapped in f rac tured  rocks or porous 
sediments  overlain by impermeable surf ace layers. These systems a re  classified 
according to whether t hey  produce s t eam or  liquid. Rare ,  "vapor-dominated" (dry 



2. The Gulf Coas t  Region is an a r e a  of geopresured ,  
moderate  temperature,  low-to-moderate salinity 

- 
hydrothermal resources containing large amounts of 
dissolved methane. 

3. The Northwestern Region is an  a rea  of moderate 
temperature,  low-to-moderate salinity, liquid-dominated 
hydrothermal resources. 

4. The Southwestern Region is an a rea  of high-temperature, 
low-to-moderate salinity, liquid-dominated hydrothermal 
resources and moderate- temperature resources. 

5. The Midwestern and Eastern Region is an a rea  of 
low-to-moderate temperature,  low-salinity hydrothermal 
resources, in  localized areas  of shallow igneous 

I 

intrusives heated in part by t races  of naturally 
radioactive elements.  

Figure 3.12-1 indicates Known Geothermal Resources Areas (KGRA's) for t h e  
cont inental  U.S. Note too, t h e  variety of proposed and on-line projects which range  
f ram e lec t r ic i ty  generation t o  commercial district h e a t  applications. 



REPRESENTATIVE U.S. GEOTHERMAL PROJECTS 

East Mew, Eiectrtcity, Binary cycle 1 I 1974 .Magma Power Co. 

Calrfornra prlot 

Raft River, Uectr~crty,  Elnary cycle 5 19x0 DOE 
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The different  types of geothermal resources have  necessitated three different  
t ypes  of generating technology: t h e  dry-steam process, t h e  flashsteam process, and  
t h e  binary process. The only dry-steam reservoir now in production in the  United 

- 

S t a t e s  is at The Geysers in Northern California. Dry s t e m  from deep wells is 
brought  directly to  electr ical  generating turbines at about 100 psi pressure. Cool 
w a t e r  f rom previously condensed steam condenses t h e  s team from the  turbine 
exhaus t  in  cooling towers. The several planrs a t  The  Geyers, ranging in s ize up t o  
135 MW,  have been opera ted  since 1960 by Pacif ic  Gas and Electric Company, a 
Cal ifornia  utility. There are now 660 MW of capac i ty  on-line a t  The Geysers, with 
1,400 additional M W  expected by 1987.234 

The main problem associated with dry-steam geothermal  generation is hydrogen 
sulf ide (H2S) emissions. The s team at The Geysers contains H2S a t  varying 
levels ;  average concentration is around 200 parts per Emissions the re  
o f t e n  exceed Cai i iornia  air  quality ~ t a n d a r d s . ~ 3 6  The condenser and the cooling 

/ 

i 
t ower  a r e  t h e  main points at which H2S is released. A supplemental ca ta lys t  
process  and t h e  S t re t ford  process, a widely used industrial pollutant control  
technology, a r e  now being tes ted  for  removing H2S f rom the  noncondensible gases. 

The dry s team process using surface condensers and the  dry steam cycle  
processes a r e  provided schematically in Figures 3.12-2 and 3.12-3 respectively. Note 
t h a t  t h e  various emission points fo r  hydrogen sulfide a r e  illustrated in Figure 3.12-3. 

Figure 3.12-2237 

DRY - STEAM PROCESS USING SURFACE CONDENSERS 
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Figure 3.12-3238 

GEOTHERMAL DRY STEAM CYCLE AND EMISSIONS POINTS lr 

The flash-steam process is used for liquid-dominated geothermal reservoirs. 
None a r e  currently in production, but two plants a r e  planned. One plant is in 
California's Imperial Valley, and one is in New Mexico. 

e 
- 

Liquid-dominated geothermal conversion begins by bringing h ~ t  brine to  the 
surface  by means of wells. Depending on the  depth of i t s  origin, the  brine may be a t  
pressures of hundreds of pounds per square inch. The flash process vaporizes 
(flashes) some of the brine's water  t o  steam and directs it  through a conventional 
s team turbine. 

Chevron Resources Company and Southern California Edison Company have 
contrac ted  t o  build a 50 MW double-flash plant near Heber, California. The plant 

L-- 
will provide electr ici ty for about 45,000 people, and is scheduled for completion in 

t 
1982. 



Figure 3.12-4239 - 
7- T I  I \ ~ G  STAGE, FLASHED STEAM POWER GENERATION PROCESS 

'._ 
The binary process is less developed than the  flash-steam process. For 

example, the  large turbines tha t  will be used in conjunction with the  hydrocarbon 
working fluid have not been operated in the  sizes being considered for use in 
commercial binary plants. 



Figure 3.12-5240 

BINARY POWER GENERATION PROCESS 

TURBINE-GENERATOR COOLING - TOWER 

Recent ly  the Department of Energy granted funds t o  t h e  California Department  
of Water  Resources t o  study t h e  feasibili t  of a geothermal-wood was te  
cogenerat ion plant near Susanville, California.A2 The DOE is testing wellhead 
generators  in  ~ a w a i i . * ~ 3  In addition, DOE funds general  research in resource 
exploration and assessment, drilling and utilization technology, and environmental 
control. I t  now costs about  t h ree  t imes  as much to  drill a geothermal well as i t  does 
a petroleum well. The technology is t h e  same as t h a t  f o r  oil wells, but much higher 
t empera tu re s  and harder rock surround geothermal deposits. An impediment t o  
geothermal  development is t h e  difficulty in assessing resources. According t o  DOE, 
"Early s ta t i s t ics  indicate t h a t  only one of every ten t o  f i f teen  s i tes  identified a s  
prospects may  ultimately be confirmed as an economic reservoir. 11244 



In addition to  the "indirect" applications of geothermal energy (conversion t o  
e l ec t r i c i t y  via steam turbines), t h e r e  a r e  a variety of direct  uses. Di rec t  util ization 
of geothermal  energy for  space  and process k a t i n g ,  for t h e  most  par t ,  uses lcrnown 
technology. The utilization of geethermal  energy requires only conventional 
engineering techniques rather  than  revolutionary advances or  major scient i f ic  
discoveries. The technology, reliability, economics and environmental acceptabi l i ty  
have  been demonstrated throughout t h e  world. 

Each geothermal resource has unique physical character is t ics  and conversion 
sys t ems  must  be designed accordingly. There can be some problems with corrosion 
a n d  scaling (generally confined t o  higher tempera ture  resources), but most  of t hese  
problems can be surmounted by proper mater ials  selection and engineering designs. 
Fo r  some  resources, standard mater ia l s  can be used if particular -at tent ion is given 
t o  t h e  removal of a tmospheric  and geothermally-generated gases. For others,  

. sys t em designs are  possible which limit geothermal water t o  a small portion of t h e  
overal l  system by utilizing highly e f f i c i e ~ t  hea t  exchangers and corrosion resis tent  
mater ia l s  in t h e  primary side of t h e  system. 

- 
Today, t he  equivalent of over 7,000 megawatts  thermal  (MWt) of geothermal 

resources a r e  utilized worldwide f o r  space  $heating and cooling (space conditioning), 
agricul ture  and aquaculture production and for  industrial processes.24 Table 
3.12-1 indicates the variety of potential  direct  heat end-uses and t h e  required 
t empera tu re s  for  each application, 

Generally,  the agriculturally-related applications util ize t h e  lowest 
tempera tures ,  with typical values from SO0-180°F (27O-82OC). The amount  
and  types of chemicals and dissolved gases i n  the  resource such as boron, arsenic and 
hydrogen sulfide, can be a major problem. However, use of hea t  exchangers and 
proper  venting of gases can solve this problem. Almost all o i  t h e  
agriculturally-related energy util ization is in  t he  Soviet Union where over 5,000 
MW t a r e  reportedly being used. 

Space heating generally util izes temperatures  in t h e  range of 150°-2120F 
(66°-1000C), with 100°F ( 3 8 O ~ )  being used in s o m e  cases. Use of 
groundwater  heat pumps can extend this range down t o  55OF (13OC). The 
leading user of geothermal energy f o r  space heating is Iceland, where over 50 

-- pe rcen t  of the country is provided with geothermal heat,  The only g e o t h e r m d  
cooling application currently on-line is Rotorua, New Zealand, at t h e  International 
Hotel.  However, many other cooling and refrigeration applications a r e  presently 
being considered.248 



Tab le  3.12-1247 - 
TEMPERATURES REQUIRED FOR COMMERCIAL, INDUSTRIAL, - 

AND AGRICULTURAL PROCESS HEAT FROM GEOTHERMAL SOURCES 

190 

180 Evaporation of highly concentrated solutions 
Refr igerat ion by ammonia absorption 
Digestion in paper pulp, K r a f t  1 

170 Heavy water  via hydrogen sulphide process t- Temp. range of 
Drying of diatomaceous e a r t h  conventional 

' power production 

160 Drying of fish meal 
Drying of t imber 

1 130 Alumina via Bayers process 

Drying f s r rn  products at high r a t e s  
Canning of food 

Evaporation in sugar refining 
Extract ion of sa l t s  by evaporation and crystal izat ion 

Fresh water  by distillation 
Most multiple e f f e c t  evaporations,  concentrat ions of saline solution 
Refrigeration by medium tempera tures  

Drying and curing of l ight  aggregate  cemen t  slabs 

4 
80 Space  heating 

Greenhouses by space heat ing 

m 
W 
w 
0: 
' 7  

100 Drying of organic mater ia ls ,  seaweeds, grass, vegetables,  etc. 
Washing and drying of wool 

90 Drying of stock fish 
I 

Intense de-icing operations Ci 





Reservoir characteristics dominate geothermal energy costs because they 
determine the  cost  of t h e  equipment required t o  produce and reinject-  the 
geothermal fluid- used, and this equipment is by fa r  the most costly factor  in a 
geothermal ~ ~ s r e m . ~ 5 2  f i 

The degree t o  which available geothermal energy is utilized by a commercial, 
industrial, or agricultural process is the  most important element in determining the  
cost of energy in tha t  process. Under conditions of high energy utilization, 
geothermal energy is a t  present competitive with fossil energy, and this competitive 
position is likely t o  i1n~rove.253 



1 W i n d b e r g y ( 3 . 1 3 ) -  
- 

i in troducrion i3.i 3 - i j  

Wind power is a renewable energy technology with the potential  t o  con t r ibu te  
substantial ly in t h e  near  term t o  reducing our dependence on nonrenewable energy  
resources. Thousands of years ago  in Pers ia  windmills were used t o  grind grain. 
Hundreds of years  ago in Europe windmills were  used t o  pump water.  In r e c e n t  
t imes windmills were  used on American f a r m s  t o  pump water  and t o  produce smal l  
amounts  of e lect r ic i ty .  Today new designs involving t h e  la tes t  advances in 
mater ia ls ,  aerodynamics,  electronics,  s t r u c t u r a l  engineering, and control  theory a r e  
k i n g  developed both by government funded  programs and by t h e  private sector.  

Wind energy systems a r e  cur ren t ly  under development in t h e  United S ta tes  and  
in a number of o the r  countries inciuding Sweden, West Germany, Denmark, t h e  
Netherlands, G r e a t  Britain, Japan,  and t h e  Peoples' Republic of China. Through th i s  

! diversi ty of development,  many new c o n c e p t s  and designs are  evolving. 

System Description (3.1 3-2) 

Modern windmills are  more  appropr ia te ly  described as wind energy conversion 
sys tems  or "WECS." Those WECS which conver t  wind energy t o  e lect r ic i ty  a r e  
called wind turbine generators,  s ince  t h e  wind is actually powering a turbine  
consisting of a s e t  of rotating propellers o r  blades which in turn a re  connected t o  a n  
e lec t r i ca l  generator  by means of a shaf t .  As Figure 3.13-1 i l lustrates,  the  b a s i c  
components of a wind turbine genera to r  a r e  relat ively simple. The blades which 
co l l ec t  t h e  wind turbine generator are re la t ive ly  simple. The blades which c o l l e c t  
the  wind's energy a r e  usually connec ted  t o  t h e  e lec t r i ca l  generator via a s e t  of g e a r s  
or  speed increasers  which conver t  t h e  speed  of t h e  s h a f t  ro ta t ing at 30 to  120 r p m  
to  1,800 rpm on t h e  generator side of t h e  g e a r  box. The  wind system depicted h e r e  
is t h e  2.5 M W  MOD-2 horizontal axis , s y s t e m  developed by Boeing f o r  DOE and 
NASA in which a two o r  th ree  bladed propel ler  ro ta tes  .on a n  axis which is horizontal  
to  t h e  wind direction. The rotor  is mounted  on t o p  of a tal l  tower  t o  t a k e  advan tage  . 

of t h e  f a c t  t h a t  wind speed generally i n c r e a s e s  with height above ground. 
, 

The  horizontal  axis wind s y s t e m  dep ic ted  in Figure 3.13-1 is the  m o s t  
thoroughly developed system cur ren t ly  being used t o  produce e lect r ic i ty ,  a l though 
ver t ica l  axis sys tems  are d m  being developed and tested.  The mos t  s u c c e s s f u ~  
ver t ica l  axis  design developed t o  d a t e  is t h e  Darrieus concept,  in which two  o r  t h r e e  

bot tom of a v e r t i c a l  



Figure 3.13-1 254 
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MOD-2 WIND TURBINE CONFIGURATION 
DIAMETER: 91m, RATED POWER: 2.5 M W  
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T h e  Alcoa ver t ica l  axis sys tems  range in  s i z e  f rom eight k i lowat ts  t o  500 f - 
kilowatts. The  Canadian National Research  Council  and DAF-Indal have developed \ 
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"POSEIDON L-180" TYPE D a I G  N 
DIAMETER: 180m, RATED POWER: 20 MW 

Large-Scale Systems 

Large-scale wind turbine systems in the megawat t  class sited in clusters of 25 
i or more  units (wind fa rms)  appear t o  offer  t h e  g rea t e s t  promise for  producing large 

quantities of e lec t r ic i ty  a t  the iowest cost. Total  system costs per installed 
kilowatt of capaci ty  tend to  decrease with increasing capaci ty  up t o  a cer-tain . 



I 
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COST OF WIND GENERATORS f 

Large-scale wind sys tems  a re  being developed in this country  by t h e  federa l  
government wind program under t h e  management  of t h e  Depar tment  of Energy 
(DOE) and t h e  NASA Lewis Research Cente r .  The DOEINASA program goal is t o  
develop re l iable  and economical  sys tems which u l t imate ly  can  be commercia l ized.  
The f i r s t  genera t ion  machines  developed by NASA and i t s  con t rac to rs  were  
primarily resea rch  tools f r o m  which engineering and  operat ional  exper ience could be. 
gained. Machines of various sizes operat ing under d i f ferent  loads, environments,  
and i n  d i f f e r e n t  u t i l i ty  grids were  tes ted.  

In 
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DOE goal for 500-1500 kw wind turbines 

NOTE: . Estimated costs i n  1977 dollars, but a l l  units are not commercially available 
- . Larger NASA designs reach rated output at lower wind velocities that smaller 

commercial units. 
. Figure shows trends. Data are widely scattered. 
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Another  f i r s t  generation machine,  t h e  MOD-1, is basically a scaled-up vers ion  
of t h e  MOD-0 series.  This system is designed t o  produce two megawat ts  of p o w e r  
a t  a r a t e d  wind speed of 32.6 miles per hour (52.3 iciiometers per hour) i i i e a s ~ r e d  a t  
140 f o o t  (42.7 m e t e r )  hub height. The rotor is m a d e  f r o m  welded s teel  and has  a 
d i a m e t e r  of 200 f e e t  (61 meters). This machine was developed by the G e n e r a l  
E l e c t r i c  Company and was dedicated in July  1979. The unit  is located a top  Howard's  
Knob a t  B w n e ,  North Carolina. According to  r e c e n t  resul ts  reported by NASA t h e  
unit's measured performance d a t a  is very close t o  t h e  ant ic ipated design 0 u t ~ u t . ~ 5 ~  

A second  generat ion design being developed f o r  NASA by Boeing, is t h e  MOD-2 
which is designed t o  produce 2.5 megawat t s  a t  27.7 miles per hour (44.6 k i lomete rs  
pe r  hour) measured at 200 f o o t  (61 m e t e r )  hub height. T h e  welded s tee l  rotor is 300 

- f e e t  (91.4 mete r s )  in diameter.  This sys tem has  been developed specifically f o r  t h e  
e l e c t r i c  u t i l i ty  m a r k e t  with a 100th unit  cos t  goal  of f o u r  cents  per kilowatt  h o u r  
(1977 dollars) when located at a s i t e  wi th  moderate  wind speed (fourteen mi les  pe r  
hour or 22.5 ki lometers  per hour average measured a t  30 f e e t  or  9.1 meters) .  A 
c lus te r  of t h r e e  MOD-2 units will b e  const ructed at Goodnoe Hills near Goldendale,  
washington.  Start-up of the  f i r s t  machine is planned f o r  December  1980. 

Advanced sys tems  planned fo r  development under NASA sponsorship a r e  t h e  
MOD-5 and MOD-6 systems. MOD-S will be an  advanced mul t imegawat t  s c a l e  
design under parallel  development c o n t r a c t s  t o  Boeing and  General  Electric. MOD-6 
will be a second generation design in t h e  100 ki lowat t  c iass  with parallel c o n t r a c t s  
for  horizontal  axis and ver t i ca l  axis designs. Start-up of both of these  p r o t o t y p e  
sys tems  will no t  begin until t h e  end of 1983. 

In addit ion t o  t h e i e  government-funded development  programs, a number  of 
privately-funded large  wind turbine  programs a r e  being developed. T h e  
Hamilton-Standard Division of United Technologies Corporation is working under  a 
joint a r rangement  wi th  a Swedish shipbuilding concern t o  develop a th ree  m e g a w a t t ,  
255 f o o t  (77.7 m e t e r )  d iamete r  horizontal  axis sys tem for  the  Swedish Nat iona l  
Board f o r  Energy Resource Development.  The WT.5-3 design incorporates m a n y  
advanced concepts  including t h e  use of a t e e t e r e d  rotor  t o  reduce loads, a "soft" 
tower  t o  provide accep tab le  s t ruc tu ra l  resonance charac te r i s t i c s  at minimum cos t ,  
f iberglass  blades f o r  improved fa t igue  l ife,  and t h e  use  of "free" or uncontrol led  
yaw, which e l imina tes  t h e  need f o r  power t o  drive t h e  ro to r  t o  f a c e  t h e  wind. 

- - 

The prototype-  WTS-3 unit will begin t es t ing  in Sweden in l a t e  1981. An 
uprated,  f o u r  m e g a w a t t  sys tem ver i f ica t ion unit, t h e  WTS-4 has been ordered by t h e  
U.S. D e p a r t m e n t  of t h e  Interior for  t e s t s  at Medicine Bow, Wyoming s ta r t ing  in l a t e  
1981. I£ successful ,  quant i t ies  of large-scale units will b e  ordered by t h e  I n t e r i o r  
D e p a r t m e n t  f o r  wind f a r m  operation.  



Small-Scale Systems 
r : 

Small-scale systems a r e  being developed, tes ted,  and sold by a developing 
industry which currently numben about 40 companies. The federal government is 
f ~ n d i n g  the  d e v e l ~ p m e n t  am! testing of small-se!e prototype systems in t h e  range 

- 

of 1-40 kilowatts, as well as testing commercially available systems developed by 
the  industry. These systems would be used in a variety of applications f o r  farm,  
residential, and rural applications. The DOE operates  a national test cen t e r  a t  
Rocky Flats,  Colorado fo r  small wind energy conversion systems (SWECS) under 
cont rac t  t o  Rockwell International. f i 

The SWECS under development by the  DOE a r e  summarized in Table 3.13-1. 
The one t o  two kilowaft high-reliability systems a r e  for  remote locations where 
conventional power costs a r e  high. The four t o  e ight  kilowatt systems a re  for  home 
or fa rm use. The fifteen to  eighteen kilowatt  systems a r e  fo r  small community, 
industry, or f a r m  applications. The 40 kilowatt systems a re  for deep well irrigation, 
f arm/ranch application, and f o r  small isolated commm. i t i e  or industries, Some of - , 

these sys tems  a r e  shown in Figure 3.13-4. 
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SPECIFICATIONS O F  SWECS'UNDER DEVELOPMENT BY DOE/ROCKY FLATS 
g . 

Rated  Power. 8. ' 
Contractor  kw (a 20 mph. 

1-2 kw (High Reliability) Systems 

Rotor Size*, feet 

Enertech 2.3 16.4 
Northwind 2.0 16.4 
Aerospace Systems, Inc. (VA) 1.0 15 x 8 

4-6 kw Systems 

Northwind 4.0 32.8 
Structural  Cornposit 5.7 31.2 
Tumac (VA) 6.2 21 x 32 I ' 

1- 

8 kw Systems 

Windworks 8 .O 3 1 
United Technologies Research Center 9.0 3 1 
Grumrnan 11.0 33.25 



Figure 3.13-4 Z6O 

ADVANCED SWECS UNDER DEVELOPMENT - 
(i-2 kw and 8 kw) 

Aerospace Systems, Inc. 
i kw - High Reliability 

Enertech 
I kw - High Reliabili ty 

United Technolcgies 
Grurnrnan Research Center  

8 kw 8 kw 



A number of pr ivate ly  developed, commercia l ly  avai lable  machines- a r e  
current ly  being eva lua ted  a t  Rocky Flats. These sys tems  include t h e  one ki lowat t  - 
systems manufac tu red  by Sencenbaugh and Aefopower,  t h e  t e n  kilowatt  Millville 

r 
unit, t h e  25 ki lowat t  J a y  C a r t e r  Enterprises sys tem,  and t h e  40 ki lowat t  sys tem of 
Mehrkam Energy Development Company. The  J a y  C a r t e r  machine,  capable of 
producing 25 ki lowat ts  at 25 miles per hour (40.2 ki lometers  per  hour), is i l lustrat ive 

r: 
of w h a t  can  be  accomplished by t h e  private sector .  The C a r t e r  design, which is 
highly innovative,  incorporates  molded fiberglass blades, passive aerodynamic 
overspeed control ,  and flexible blades for  load reduction during operat ion in high 

C i 
wind speeds. Cur ren t ly  t h e  unit is selling f o r  $16,000 with s i t e  prepart ion,  delivery, 
and instal lat ion cos t s  dependent  of t h e  specifics of t h e  site. Tota l  turnkey installed 
cos t  of around $25,000 a r e  typical  fo r  this model. 

l i 
Since production _lines have not yet  been established f o r  t h e  DOE-developed - 

machines,  a c t u a l  production costs  a re  not y e t  available; however, DOE-sponsored 
f ie ld  evaluation tests using privately-developed systems a r e  being conducted during 

i i 
1980 and 1981 t o  l ea rn  m o r e  about  actual  costs and t o  gain operat ional  experience.  

Wind Energy Po ten t ia l  (3.1 3-3) t 

Wind Energy p o t e n t i d  Involves both t h e  power available in t h e  wind and t h e  
e f f i c iency  of a WECS t o  conver t  this power t o  useful e lec t r i ca l  o r  mechanical  
energy. The t h e o r e t i c a l  maximum efficiency of a horizontal  axis wind turbine is 
59.3 percent.  P rac t i ca l ly  speaking, a well designed wind turbine  should have a 
overall  e f f i c iency  around 40 t o  45 percent a t  r a ted  wind speed and lower for o the r  
wind speeds  below or above  t h e  ra ted wind speed. 

1 
Since t h e  power ou tpu t  is so sensitive t o  t h e  wind speed,  and s i n c e  t h e  average  

wind speed at a s i t e  is generally considerably less than  t h e  r a t e d  wind speed, t h e  
I 

a v e r a g e  power produced by a turbine will always b e  less than t h e  r a t e d  output. For 
example ,  f o r  a tu rb ine  ra ted at 32 miles per hour (51.5 ki lometers  per  hour) wind 
speed,  t h e  power at s ixteen miles per hour (25.7 kilometers per hour) will be one 
e ighth  of t h e  r a t e d  output.  The average power produced by a wind turbine at a 

e 
given s i t e  is perhaps  more  indicative of performance.  The c a p a c i t y  fac to r  is a 
measure  of t h e  a v e r a g e  power of t h e  wind turbine. A unit t h a t  runs at 100 percen t  it - 
of its ra ted  power over  a year's t ime  has a capac i ty  f a c t o r  equal  t o  100 percent.  I 

Depending on site locat ion and wind turbine generator  charac te r i s t i c s ,  t h e  capac i ty  
f a c t o r  can v a r y  f r o m  2 5  percent  t o  as high a s  45 percent  f o r  a typ ica l  moderate ly  ' 

c 
windy si te,  a l though higher capaci ty  factors  a r e  possible f o r  c e r t a i n  v e r y  windy s i t e s  

t 
such as t h e  Hawaiian Islands. 

Resource  Base 
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~ l t h o ' u ~ h  average wind speed is an  unreliable indicator of t h e  s t reng th  of a 
given s i t e ,  i t  is a commonly used indicator.  Generally speaking, a s i t e  wi th  a n  
annual average  wind speed  of f o u r t e e n  miles  per hour measured at a 30 f o o t  or t e n  

i m e t e r  height  is considered a "moderate ly  windy" site. Si tes  wi th  mean  wind speed  
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counted as firm. The .actual amount of wind capaci ty t ha l  can be integrated with a 
given util i ty system and the capacity credit which can be attributed t o  these  sytems 
depends on t h e  particulai demand profile of the  network, the  mix of conventional 
generat ion systems, the  local, site-specific wind characteristics, and the  wind 
turbine operational characteristics. A utility-specific simulation using hourly wind 
da t a  is required to  analyze the  situation in order t o  est imate t h e  maximum amount 
of wind energy penetration tha t  can be sustained. 

Development and Production Issues (3.13-5) 

The constraints t o  wind system deployment a r e  economic rather  than s t r ic t ly  
technical issues. The development and test  programs of t he  past several years 
sponsored by the federal government and by private industry have proven the  
technical  viability of t h e  basic design concepts f o r  wind turbines as large as 200 f e e t  
(61 me te r s )  in  diameter. The key issue is t h a t  of cost to generate electricity. This 
cost is a function of system performance, reliability, and service life. The  

1 

i, experience gained t o  date with the  NASA MOD-OA 200 kilowatt prototype wind 
system which has been operating a t  Clayton, New Mexico since November 1977, has 
been very useful in delineating all three of these major pote'ntiai problem areas. 
While t h e  predicted power levels have actually been achieved, the  annual energy 
production during the first year was about haif of the predicted value.263 

Improvement in performance is being examined by studies tha t  compare various 
design choices on the basis of improved energy capture for a given cost. Both the  - 
MOD-2 and t h e  WTS-3 were designed af ter  very detailed trade-off studies. Various 
new design concepts will be employed in the design and development of advanced 
second generation designs such as the  Westinghouse MOD-OW 500 t o  900 kw system 
and t h e  NASA MOD-5 multirnegawatt systems t o  be developed in parallel by Bcleing 
and General  Electric. Use of variable speed rotors and advanced high performance 
airfoils of fe r  the means to  increase energy NASA is a t tempting 
to  obtain approximately 25 percent im rovement in cost of e lectr ic i ty  for  t h e  
MOD-3 compared to the MOD-2 d e ~ i ~ n . ~ 6 6  The cost of e lectr ic i ty  f o r  t he  100th 
unit would be  three cents per kilowatt hour (1977 dollars) or approximately four  
cents  per kilowatt hour (current 1980 dollars). Even if this goal is not achieved, t he  
f a c t  t h a t  cur ren t  fuel oil costs a r e  in excess of five cents per kilowatt  hour, and 
increasing more  rapidly than the  general r a t e  of iriflation, indicates t h a t  by the  
mid-1980s t h e  cost of electricity from mass-produced large wind turbines could be  
well below t h e  cost of oil-fired electricity.  



Resource Issues 

There appears t o  be  a very large resource base capable of supplying perhaps as 
much as 2 x 1 0 ~ ~  kwh per year. This would be equal to  6.82 Quads of primary 
energy displacement or about twenty percent  of t h e  total  U.S. energy requirement  
projected for t he  1990s. Achievement of a ta rge t  of ten t o  twenty percent  of the  
U.S. e lectr ic i ty  production, an equivalent of 50,OO t o  100,000 megawatts  of installed 
wind system capac i ty  and two to  four  Quads of primary energy displacement, would 

B' 
i l .  

require t he  locat ion and verification of 5,000 to  10,000 square miles (25,899.9 square 
kilometers) of s i t es  swept  by winds of fourteen miles per hour or g rea te r  mean 
annual wind speed. A massive s i te  prospecting and verification program will be 
required t o  loca te  and verify this many sites. Owing t o  the  f ac t  t ha t  many sites will 
not prove viable due t o  poor quality resource or si t ing difficulties, perhaps 50 t imes  
as many s i tes  will have t o  be surveyed as are  ult imately developed. The cost  t o  - 1: 
survey and validate 100,000 megawatts  of wind resource would be between one and .. 
th ree  billion dollars. This is based on an es t imate  made by ~ i n o s a r ~ ~ 7  of t he  cost  
t o  develop s i tes  f o r  approximately 100 la rge  wind f a r m s  in California totalin 10,000 

26 megawatts  of installed capaci ty  and an es t imate  by Lindley and Melton of the  
costs t o  validate a 450 M W  wind f a rm fo r  Hawaii. 

< 
There a re  s o m e  unresolved questions concerning how much wind measurement  is 

ult imately required t o  validate a s i te  prior t o  erect ing a large number of wind 
turbines. A case in point is an 80 megawatt  wind farm project planned for  t h e  

! ' 
Hawaiian Elec t r ic  Com pany under t h e  direction of Windf arms, Ltd.,. a 
California-based wind f a rm developed. Although a number of s i t e  surveys and 
measurements have already been performed over t h e  past five years on t h e  island of 

I ' 

Oahu, and a g r e a t  deal of useful wind d a t a  h'ave been collected, more  detai led 
site-specific measurements  costing about $600,000 will be required prior t d  sit ing 
approximately 20 t o  32 large turbines. Tall meteorological towers for  collecting one  

I 
minute averages of wind speed at several  heights will be installed in order t o  
accurately predict  the  turbines' performance. Similar measurement programs a r e  1 L 
already underway in California at candidate  wind f a r m  sites under t h e  sponsorship of 
the  California Energy Commission and the  two largest investor-owned util i ty 
companies, Southern California Edison and Pacif ic  Gas and Electr ic  Company. 
These pioneering resource validation programs and subsequent wind turbine tests at 
t h e  Hawaii and California sites will resolve most  of t h e  technical uncertainties. 

Fortunately,  in t h e  case of large wind .farms, the  cost of wind resource 
validation is only about one percent of t h e  to ta l  cost  of installing a wind fa rm.  The 



di f fe rence  between a marginally economic  instal lat ion and an uneconomic one.  T h e  
reasons f o r  th is  a r e  primarily t h a t  t h e  SWECS unit instal led cost per r a t e d  kw t e n d  
t o  b e  higher than for tse medium s ~ l e  or large s c a l e  systems, thus site wind e n e r g y  
availabil i ty is even m o r e  impor tan t  f o r  success. Compounding this is t h e  f a c t  t h a t  a 
SiVECS unit will probably be installed at t h e  user's sire, ra the r  dhan a t  s o m e  r e m o t e ,  
more  e n e r g e t i c  si te.  The  user  then,  mus t  have a c c u r a t e  information on his site wind 
resource.  D a t a  f r o m  nearby measurement  s ta t ions  a r e  generally not ind ica t ive  of 
t h e  loca l  s i t e  wind resource;  thus onsi te  wind measurements  a r e  required. T h e  c o s t  
of performing t h e s e  measurements  is going t o  be a much grea te r  f r a c t i o n  of t h e  
to ta l  c o s t  t h a n  f o r  t h e  larger  machines. The site analysis work f o r  e x a m p l e ' m i g h t  
cos t  on t h e  order  of t e n  t o  f i f t e e n  percent  of t h e  t o t a l  cost  of installing a smal l  
wind system.  For example ,  f o r  si t ing an eight  kw sys tem costing $15,000 ins ta l led ,  a 
one year  meteor logical  onsi te  measurement  program might cost  on t h e  o r d e r  of 
$1,500 f o r  equipment  leasing, d a t a  collection, d a t a  analysis, and economica l  
analysis. This problem has not been adequate ly  addressed by t h e  DOE. T h e  
recent1 -issued revised SWECS sit ing handbook by Wegley, e t  a1 addresses t h e  m a j o r  
issues. r 6 9  

Environmental  Issues 

Although a number  of potential  environmental  issues have been ident i f ied  which 
could possibly l imit  t h e  development of t h e  technology, most of these  po ten t i a l  
problems can be  mit igated by ca re fu l  si te-specific evaluation prior t o  si t ing.  T h e  
major  issues a r e  e lec t romagne t ic  in terference,  noise, construction impac t s ,  b i rd  
s t r ikes ,  land use, a e s t h e t i c s  or  public acceptance,  and safe ty .  

E lec t romagne t ic  in te r fe rence  of radio, TV, and  microwave signals does  no t  
appear  t o  be a significant problem. The abil i ty of a wind turbine  t o  s c a t t e r  

. e lec t ron ic  signals depends on  t h e  rotor  swept  a rea  and  on t h e  blade mate r ia l .  L a r g e  
wind turbines  with a l l -metal  blades offer  t h e  g r e a t e s t  potential  for  s c a t t e r i n g  
signals but r e m o t e  si t ing will a l l ev ia te  most problems. Nan-metallic b lades  will 
f u r t h e r  reduce  t h e  s e v e r i t y  of t h e  problem. TV and  microwave i n t e r f e r e n c e  could  
be a problem in rura l  areas  where recept ion ' i s  weak,  if t h e  turbine  is  l o c a t e d  in 
c lose  proximity  t o  a TV receiver  or a microwave link. The TV i n t e r f e r e n c e  c a n  be  
sokved by instal l ing c a b l e  TV, and t h e  microwave in te r fe rence  problem can  b e  solved 
by instal l ing t h e  wind turbine  outside t h e  narrow zone where signals will be a f f e c t e d .  

Noise in  t h e  audible range and infrasound do not  appear  t o  be a problem, e x c e p t  
perhaps f o r  c e r t a i n  types  of large-scale sys tems l o c a t e d  near populated a r e a s  o r  f o r  
small  s c a l e  sys tems  loca ted  in urban and suburban areas. Exper imenta l  
measurements  of sound levels near t h e  125 f o o t  (38.1 mete r )  d iamete r ,  100 k i lowat t  



wake caused by t h e  wind fiow around t h e  tower  legs,  and t h e  result ing i n t e r f e r e n c e  
produces sound pressure  fluctuations. These  disturbances a r e  focused  and amplified 
b3 the terrain with  t h e  result  tha t  s o m e  of t h e  nearby inhabitants a r e  disturbed. 
NASA has cur ta i l ed  operations and is instal l ing a lower-speed generator.  The  
problem can be c o r r e c t e d  by design changes  (changing t h e  tower  shape,  changing t h e  

B r . 
rotor rpm,  or  mount ing t h e  rotor in .an upwind configuration) or by si t ing wind f a r m s  
using l a rge  machines  a sufficient  d is tance f r o m  populated areas. 

Construct ion i m p a c t s  associated wi th  land leveling and tower  foundation appear  
B ' 

1 t o  be minimal,  al though siting in f o r e s t  a r e a s  o r  f ragi le  ecological  a reas  could 
I produce some problems. 
I 

Bird s t r ikes  do n o t  appear t o  be a problem. Observation with t h e  MOD-0 
indicated t h a t  birds t e n d  t o  t ake  evasive ac t ion  t o  avoid hit t ing t h e  blades. Fur ther  
t e s t  exper ience will provide more  informat ion f o r  th is  question. 

Land use could be a problem in t h e  e v e n t  t h a t  t h e  potential  s i t e  conflicts  with 
I 

other  uses. Resident ia l  wind systems i n  densely populated urban and suburban a r e a s  
appear  t o  o f f e r  substant ia l  problems owing t o  t h e  relat ively l a r g e  blades and ta l l  t 
towers,  al though this  m a y  lx more a question of s a f e t y  and aes thet ics .  In t h e  c a s e  
of remotely  s i t e d  wind farms,  t h e  wind machines  and associated roads and service  i 
facil i t ies would occupy a very small  pe rcen tage  of the  land a r e a  (less than f ive  d 
percent)  so t h a t  wind fa rms  could coexis t  with o ther  land uses such a s  c a t t l e  
grazing. Only in t h e  case of .conflict wi th  a wilderness area ,  park,  or  o the r  scenic  o r  
valuable resource  would the re  be a potent ia l  problem. Wind f a r m s  may be excluded 
f rom these  areas and f rom sites in d o s e  proximity  t o  densely populated residential  

S 
areas. 5 

fi. 
A la rge  portion of the U.S. wind resource  is  located on  federa l  lands wi th  

wilderness potent ia l .  Many of t h e s e  lands administered by t h e  Bureau of Land 
Management (BLM) and t h e  U.S. Forest  Service  will soon be classif ied by Congress 
according t o  land use designation. If deta i led  wind resource assessment  surveys a r e  
not conducted prior to this land use designation, vas t  wind resources  could be 

L 
inadver tant ly  ' locked up  and forever  precluded f r o m  development. Congress should 
appropr ia te  a d e q u a t e  funding t o  make  a preliminary resource assesslnent on federa l  
lands. T h e  t&k would cos t  about $100 million over  a period of t w o  t o  t h r e e  years  " 

: el 
and could r e s u l t  i n  t h e  discoverj; of vast  wind resources. Informed decisions could 
then be m a d e  regarding t h e  ul t imate  designation of t h e s e  federa l  lands. The  . 
California Energy  Commission is cur ren t ly  working cooperatively with t h e  BLM t o  



S a f e t y  is of concern owing chief ly  t o  t h e  possibility of accidental  s t r u c t u r a l  
f a i l u r e  of blade or tower e lements .  Large wind turbines a r e  being designed t o  
stirvive 125 mile  per heur (201.2 ki!nmeter per b u r ) :  hurr icane fo rce  winds. In t h e  
e v e n  of a tower collapse a d i s tance  equal t o  t h e  tower  height plus rotor d i a m e t e r  
would be a f fec ted ,  hence public access  should be res t r i c ted  f rom this area .  Blade 
f a i l u r e  result ing in a thrown blade could thrus t  a la rge  blade approximately 550 f e e t  
(167.6 m e t e r s )  according t o  NASA analysis.270 Rigorous design requirements ,  
t e s t ing ,  and preventive main tenance  could reduce t h e  fa i lu re  r a t e  so as t o  pose a 
v e r y  smal l  risk t o  human life. R e m o t e  si t ing and t h e  f a c t  t h a t  these  fa i lures  would 
l ikely  occur  during e x t r e m e  environmental  conditions would fu r the r  reduce  t h e  
likelihood of any risk. Some ce r t i f i ca t ion  and licensing of systems should be 
required t o  prevent unsafe designs f r o m  being sold. T h e  DOE Rocky F la t s  SWECS 
test c e n t e r  in Colorado is  an excel lent  locat ion t o  t e s t  survival of smal l  wind 
s y s t e m s  owing t o  the  annual occur rence  of 100 plus mile per hour (160.9 plus 
k i lomete r  per hour) winds during win te r  storms. 

Legal  and Institutional Issues 

T h e r e  a r e  a variety of legal  and ins t i tu t ional  issues confronting full-scale 
deve lopment  of wind energy, and  t h e  problems vary f o r  l a rge  and small s c a l e  wind 
systems.  A question arises over  The issue of "wind rights." Upwind obstructions,  
s u c h  as buildings or other wind turbines,  could seriously impede t h e  airflow and l imi t  
t h e  amount  of energy available.  Existing s t a t u t e s  do not cover this a r e a ,  and  as 
m a t t e r s  now stand, potent ia l  wind system owners would have t o  purchase  
preclus ionary in teres t  or "easements" in the  surrounding land t o  assure a d e q u a t e  
avai labi l i ty  of wind energy f o r  the i r  turbine(s). This impediment will be of pr imary 
concern  in  urban or suburban areas .  For the  wind f a r m  application and t h e  land 
requ i rement  f o r  adequate spacing be tween  turbines f o r c e s  t h e  wind fa rm developers 
t o  ob ta in  wind rights f o r  l a rge  parcels  of land, al though t h e  ownership and  use of t h e  
l and  a r e  between t h e  turbines could remain a s  i t  was prior t o  t h e  wind f a r m  
development .  

. . 

For t h e  small-scale sys fems  t h e r e  are a number of insti tutional issues t h a t  m a y  
s e v e r e l y  l imit  system implementation.  Zoning res t r ic t ions  s u c h  a s  l imi ta t ions  on  
height ,  se tback ,  use, and a e s t h e t i c s  could sever ly  r e s t r i c t  residential  and 
c o m m e r c i a l  wind systems i n  u r b a n  and suburban a r e a ~ . ~ ~ l  Building, s a f e t y ,  and  
housing codes,  although not  l ikely t o  to ta l ly  preclude wind turbine  use, could impose 
subs tan t i a l  burdens on t h e  u ~ e r . ~ 7 *  I t  is unlikely t h a t  u t i l i ty  applications a rk  
s u b j e c t  t o  these  regulations and codes,  since t h e  uti l i t ies a r e  regulated by s t a t e  
publ ic  se rv ice  or utility commissions or  are covered by s t a t e  power plant  s i t ing 
s t a t u t e s .  



burden on the- SWECS user. As more  experience is gained, these requirements  will 
be  less costly and cumbersome. The issue of buyback ra tes  is another  ;cry 
Important consideration for  interconnected systems. The Federal Public Util i t ies 
Regular tory Policies Act  of 1978 (PURPA) requires utilities to  purchase power f rom 
small  producers unless the purchase would result  in  a net  loss t o  t he  utility. Each 
state public uti l i ty commission must  issue regulations regarding these  rates. The 
producer is to be guaranteed a r a t e  equal t o  the utility's avoided cost  which 
t ranslates  t o  t h e  marginal cost t o  generate  an additional ki lowatt  hour of 
e lectr ic i ty .  The utility will be required t o  revise the buyback r a t e  e a c h  quarter  t o  
r e f l ec t  changes in  t he  marginal cost of energy. 

Another issue t ha t  could have a s t rong influence on the economic viability of 
SWECS is t he  cost  of insurance premiums t o  cover destructive loss of t h e  wind 
turbine by ac t s  by God, vandalism, or misuse. The annual cost t o  obtain this 
coverage could be a significant f a c t o r  contributing t o  the  cost of t h e  e lec t r ic i ty  
produced. 

Finally, t he  lack of a well developed, sophisticated, and adequately financed 
manufacturing, distribution, installation, and servicing infrastructure f o r  t h e  wind C 
industry is a very serious impediment t o  t he  expansion of this technology. I 

Trends (3.13-6) 

A t  the  present t ime  the  price t h a t  either a utility or a residential owner could 
pay f o r  wind systems and break even over the  system lifetime, a r e  off by 
approximately a fac tor  of 1.5 t o  2.0.273 Under the  present economic sit.uation 
and assuming t h a t  oil prices esca la te  at t h r ee  percent above t h e  r a t e  of. inflation, 
t h e  marke t  for both uti l i ty and residential wind systems should emerge  by t h e  mid 
1980s. Assuming tha t  t h e  technical performance and reliability of t h e s e  systems is 
demonstrated,  t h e  value of e lectr ic i ty  produced from these systems will be equal t o  
or less  than  the  value or cost  of t h e  fuel  oil displaced. The marke t  is not ye t  
developing owing t o  currently high capi ta l  cost  of these systems and t h e  uncertainty 
of .  t h e  potential  buyer about system performance and reliability. Potent ia l  buyers of 
t h e s e  systems a r e  waiting until the  cost  comes down and performance is proven, 
while t h e  manufacturers  are not tooling up f o r  mass production because t h e  orders 
are not yet sufficient t o  warrant it. Various incentive measures can he lp  t o  remove 

;. . : this barr ier  by reducing t h e  risks 'to both t h e  buyer and t h e  manufacturer.  

Curren t ly  there  are several federal  incentive measures recent ly  passed in  t h e  



The Act  specifies subsidies init ially equal  t o  50 percent of t he  capi ta l  co s t  for  
large-scale wind systems and low-interest  loans fo r  320 megawatts  of wind f a r m  
projects. Ti-* Act  c2.::5 fcii a prcgram tc procure m d  irstall  wind systems at federa l  
facil i t ies,  and establishes a th r ee  year wind resource program funded a t  t en  million 
dollars during t h e  first  year. The Ac t  authorizes $100 million; however, Congress 
has not yet appropriated this level of funding fo r  Fiscal Year  1981. The d i r ec t  
federa l  purchase of wind systems could be very helpful in st imulating an ea r ly  
marke t ,  particularly demonstrations of l a rge  wind systems by t h e  Water and Power 
Resources Service (formerly t h e  Bureau of Reclamation) and t h e  federal  power 
market ing agencies such as t h e  Bonneville Power Administration. 

Various regulatory actions such a s  PURPA are  ' also a stimulus t o  
commercialization. PURPA is a vehicle by which small power producers can deliver 
up t o  80 M W  of power t o  a uti l i ty and avoid regulation by s t a t e  public uti l i ty 
commissiom while at t h e  s a m e  t ime  receiving the utility's avoided cost  f o r  t h e  
energy delivered. S ta te  utility commissions can  do a great deal more t o  s t imula te  
ut i l i ty  investment  in wind systems by allowing an increased r a t e  of re turn on 
investment  for  wind farm systems or by artif icially increasing the  cost  of oil f i red  
generation and plowing t h e  increased revenues into wind fa rm deployment. The 
California Public Utilities Commission offers  f o r  example, an ex t r a  one half percent  
t o  one percent return on investment  f o r  renewable energy syste,iis. This t rend  
should be increased in t h e  fu tu r e  by a s  much a s  f ive  t o  seven percent t o  s t imu la t e  
more  rapid investment by utilities. The  ratepayers would benef i t  from secu re  
e lec t r ic i ty  prices from wind systems. 

Accelerated depreciation i s  another incentive t h a t  is  beneficial t o  uti l i t ies and 
businesses t h a t  invest  in wind energy property. The t rend will probably be t o  allow 
for  much fas te r  t a x  write-offs, fo r  example,  t h r ee  years as opposed t o  seven years  
t o  depreciate  an  i tem of wind energy property,  although the  ac tua l  system l i fe t ime  
is ant ic ipated t o  be 20 t o  30 years. Recent ly  California enacted a law which ailows 
a twelve t o  sixty month amort izat ion f o r  a l ternat ive energy equipment,  i ndud ing  
wind energy systems (Chapter 1327, Revenue and Taxation Code, 1980 Statutes).  

Sizing (3.13-7) 
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, - Table 3.13-2 274 f 

Unit Rating Rotor Diameter  Number of 
Model Kilowatts (feet)  Farm Area* Units 

Hamilton- 4000 225 4.7 2 0 
Standard 
WTS - 4 

W estinghouse 50 0 125 7.3 160 
MOD-OW a 

J a y  Ca r t e r  125 64 9.4 64 0 
125 

Jay  C a r t e r  25 
25 

+assumes t en  diameter spacing between units 

Table  3.13-2 also illustrates t he  f a c t  t h a t  increasing the  rotor diameter  not only 
decreases  t he  number of machines required for a given number of megawatts of 
to ta l  capaci ty ,  but decreases t h e  land a r e a  required. For these reasom the  large 
units appear t o  be more a t t rac t ive  assuming t h e  cost per installed kilowatt is 
approximately equal for all these  systems. Since the  wind farm covers a much 
larger  land a rea  than a conventional power plant of comparable size, or alternately,  
t h e  s a m e  land area as a conventional plant of ten times the  capacity,  this 
"centralized" application can be considered less centralized than conventional large 
cen t ra l  s ta t ion fossil or nuclear plants. 

Another way t o  explain this distinction is the  following example: Consider two  
e 

a l te rna t ive  means t o  satisfy the  to ta l  U.S. e lectr ical  demand of 2 x 1 0 ~ ~  kwh (two 
trillion kwh). Alternative 1 specifies 1,000 megawatt  coal or nuclear s ta t ions f L ' operat ing at an average capacity f ac to r  of .60. Alternative 2 calls fo r  80 megawatt  
wind f a r m s  operating a t  an average capac i ty  f ac to r  of 2 5 .  Table 3.13-3 illustrates 
t h e  f a c t  t h a t  over 30 times as many wind f a r m s  would be required t o  sat isfy t he  US; & 
e lec t r ica l  demand as compared to  large central ized fossil or nudea r  plants. e 



I 
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NUMBER OF PLANTS REQUIRED TO SATISFY U.S. ELECTRICAL DEMAND 

I Capac i ty  Number Land Area 
I 

I A l ternat ive PlantSize,MW Factor  of Plants Square Miles 
I 

Alternative I: 
Central ized 
Conventional 

Alternative 2: 
l tCentralized" 80 M W  .2 5 11,428 53,712 (1) 
Windfarm 3,571'(2) 

Notes: 
(1) Total  Farm Area assuming four MW units, t e n  diameter spacing 
(2) Land dedicated exdusiveiy t o  wind machines,  roads, and facil i t ies assuming 

t en  ac re s  per four 'MW unit 

In t e r m s  of wlnerabili ty,  wind f a r m s  would be less winerable  t o  a t tack  or 
sabotage owing t o  t h e  f a c t  t h a t  t h e r e  would be  30 times as many plants and t h e  

. individual units would be dispersed over a larger  area.  Since t he  individual wind 
turbines would be  separated by about  one-half mile, each  of these would represent a 
separa te  target .  Thus, for a conventional (non-nudex)  a t tack,  t h e  wind f a rms  
would pose over 228,000 individual t a rge t s  as opposed t o  t h e  380 ta rge ts  offered by 
the  conventional plants. As t he  individual unit s ize  decreases, t h e  number of 
individual t a rge ts  increases. This is summarized in  Table 3.13-4. At  some point i t  
no longer becomes llcost-effective" fo r  a potential  aggressor or saboteur t o  destroy 
this many targets.  
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WIND SYSTEMS AS POTENTIAL TARGETS 

Unit Size, M W Number of Individual 
Targe ts  

Alternative 1 1000 MW 380 

Alternat ive 2 4 MW 228,560 



resource may nut be as energetic,  and t h e  insti tutional barriers may  b e  m o r e  
prohibitive. For a scenario in which wind systems capture  fifteen percent  of U.S. 
e l e c t r i a l  demand (1.02 Q ~ m d s  primary energy displacement,  300 billion kilowatt  
hours per year) t he  contribution f rom "decentralized" wind systems will be at mos t  
a b u t  t en  percent of this amount or 1.5 percent of U.S. electrical energy demand (.1 
Quads, 30 billion kwh per year). This amount of energy could be supplied by 600,000 

I 
machines ra ted  at 25 kw each, or 1,500,000 units r a t e d  a t  ten kw each. Assuming a 
total  year 2000 U.S. energy demand of 100 Quads, "centralized" wind applications 
would supply for this scenario about 2.4 percent,  while "decentralized" wind would 
supply less than  .3 percent  of t h e  total  energy. 

B 
h 

Potent ia l  for Decentralization and Community Self-Suff iciency (3.13-8) 

There a r e  numerous non-grid applications of wind systems for t h e  r emote  or 
isolated energy consumers. Since many of these isolated users current ly  pay more  
than ten cen ts  per kilowatt  hour for  e lectr ical  energy, this is a ready marke t  fo r  
WECS. Non-grid-interconnected applications include telecommunications, isolated 
uti l i t ies,  offshore oil and gas platforms, onshore oil and gas pipelines, defense 
installations, navigational aids, rural residences, and farms-all total ing perhaps 
more than t w o  million wind systems of various sizes.277 However, e ach  

and the i r  associated energy s torage costs a r e  not well defined. 



solar or renewable resource, t aken  alone, cannot  provide self-sufficiency; however, 
a hybrid combination of two or th ree  renewables does of fe r  this possibility. A 
community must f i r s t  identify i ts  renewable energy resource potential, then 
consider scaling and compatibility of various renewable technologies, examine 
engineering feasibility, consider load management ,  costs,  financing, institutional and 
legal fac tors ,  and community access and acceptance.  Wind energy used in 
conjunction with hydro, biomass, geothermal,  and possibly solar photovoltaic (when 
this a l te rna t ive  becomes less expensive) o f f e r s  some promise for  community 
self -sufficiency. 

In New Hampshire, a feasibil i ty study is underway t o  investigate the  use of wind 
in conjunction with an upgraded 750 kw hydro s i t e  t o  provide for  reliable year-round. 
cost-effective operation. In t h e  absence of wind, t h e  hydro facil i ty can operate  only 
for  about  e igh t  months of t he  year,  The wind turbine would probably be used in t h e  
pumped s to rage  mode t o  stabilize peak energy requirements needed during the  

( winter nights. The wind turbine will be in te r faced  with t he  utility for  backup in t h e  
event of a dras t ic  lack of water  or wind availability. Even for a "self-sufficient" 
application such as this, there  is still a need t o  inter-face with the utility both t o  
assure re l iable  power at all t imes and t o  provide f o r  a means t o  sell unused power. 
There a re  approximately 9,600 potential small hydro sites in New England with an 
est imated to t a l  capaci ty  of nearly 1,800 M W  where windhydro integration could 
possibly be  undertaken. Other regions in t h e  U.S. a r e  similarly endowed. 

Another example of community self-sufficiency is Cuttyhunk Island, 
Massachusetts where a 200 kw wind turbine prototype developed by WTG Energy 
Systems, Inc., is operating in conjunction with t h e  island's independent uti l i ty grid 
system. The island's municipal utility is diesel-electric with an installed capac i ty  of 
465 kw. Current ly  the  island consumes 330,000 kwh per year. The wind turbine will 
provide mos t  of t he  electr ic i ty  except  during t h e  summer months when the  diesel 
will be required t o  mee t  demand. WTG Energy Systems estimates t ha t  500 small  
diesel uti l i t ies in t he  U.S. a r e  located in high wind areas.28o 

Other  examples of island installations of single large wind turbines a r e  t h e  
DOE/NASA MOD-OA 200 kw systems loca ted  at Block Island, Rhode Island; Culebra, 

I 

Puerto Rico; and Oahu', Hawaii. 
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Wave Energy (3.14) .' I- - 

Ocean waves possess tremendous energy, and finding ways t o  capture  this 
energy f o r  man's benefit have occupied inventors for  many years. Numerous B 

tf 
concepts have been designed and t e s t ed  but only recently has significant technical  
progress resulted. Unfortunately, t h e  f e w  operat ing devises tha t  have been built 
have provided only about  a kilowatt of power. 

It has been est imated tha t  t h e  t o t a l  wave energy contained in t h e  oceans equals 
about 300 trillion k i lowat t -hour~ .~81  Because of its diffuse nature,  i ts  low or 
highly variable magnitude and i t s  r emote  locations,  only a f ract ion of t ha t  energy is 
available for  conversion. For these reasons,  large-scale wave energy power plants 

C 
do not currently exist. However, in those  countries where wave energy potential 
exists, there  has beer? some e f fo r t  t o  develop large-scale converters. The most 
ambitious programs t o  date have been undertaken by the  British and Japanese. 
Other countries such as the United S ta tes ,  France, Germany and Canada have 
programs but these are not as extensive. 2 82 c *  

The extract ion of energy from ocean  waves is not a new concept. Many designs 
have been proposed, built and tesred ranging in s ize  and complexity from so-called 
wave motors t ha t  power buoys, t o  la rge  installations t ha t  a r e  intended t o  power 

I a 
cities. In a recent  British study, i t  was reported t ha t  t he  development of wave 
power is technically feasible and could be achieved by the use of existing 
technology.*83 

Wave energy converters can be divided into f ive categories: wave pumps, 
pneumatic devices, motion devices, underwater pressure field devices, and facil i t ies 
operated by the  mass transport of water  f rom breaking waves. 

The wave pump is a simple device designed a t  Scripps Insti tute in L a  Jolla, 
California. Figure 3.14-1 illustrates this device. 
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SCRIPPS WAVE GENERATOR 
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It  consists of a long tube  a t tached  vertically t o  a float.  The tube and f loa t  s i nk  
with passing wave troughs, causing water  t o  be  fo rced  upward into t h e  tube. A 
m e w a y  check valve prevents water from flowing back on t h e  crest  of the  wave. 

I After  repeated wave cycles,  t h e  water  is raised t o  a level where the pressure is  
suitable for  power generation. Models of t he  device have yielded an e s t ima ted  
p w e r  of 60 wa t t s  a t  an efficiency of f i f teen  p r ~ e n t . ~ 8 5  

I 
I 

The most notable e f f o r t  in pneumatic conversion devices has been made by t h e  
Japanese with t h e  Masuda design. It is presently employed in  over 300 navigation 
buoys and lighthouses in  Japan. The British Oscillating Water Column (OWC) is a 
slight modification of t h e  Japanese model. Basically it is an upturned cannister w i t h  
an air  bubble above t h e  water  line and a hole in t h e  side or on t h e  top. As t h e  waves  
rise and fall, a i r  inside t he  canister is plshed ou t  and  sucked in through t h e  hole. 
This drives an air  turbine which is linked t o  a generator.  The overall efficiency is 
est imated a t  about 50 percent.286 The U.S. Coas t  Guard has t e s t ed  t h e  
wave-powered buoys and found tha t  they would be  sui table  f o r  the  use of C o a s t  

, Guard floating a id  devices. 

With t h e  development of the Salter Nodding Duck and the  Cockerell R a f t ,  
England may some day util ize i ts  hugh wave energy resources. The Nodding Duck 
design is so-cailed 'because the beaks h b  up and d--7 W J , ,  - with t he  waves, I t  consists of 
a row of cone-shaped vanes strung sequentially in a line. This axis displaces very  
i i t t i e  water and is thus very efficient. It is able  t o  e x t r a c t  as much as 90 percent  of 
the  available ener gy.287 

The Cockerell R a f t  utilizes a chain of f loa t s  or raf ts ,  hinged together (Figure 
3.14-2). 
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Wave energy devices utilizing the mass transportation of water were among t h e  
-earliest wave power schemes developed. Figure 3.14-3 illustrates a design for a 
system in the Indian Ocean. 

Figure 3.14-3 

A WAVE ENERGY SYSTEM 
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Key: 
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Onrushing water  from breaking and shoaling waves is  channeled into storage basins. 
The head of water  thus developed is used to  operate a low head turbine a s  i t  returns 
t o  the  level of the sea. At present, only one faci l i ty has been proposed. This 
facility would be located on the  island of Mauritius, where swells arrive uniformly 

\ 
throughout the year. The design of this facility, however, is slightly different. The 
head developed in the  storage basin is only a few f e e t  and a hydraulic ram is used in 
place of a turbine. Water from the ram is pumped t o  a higher reservoir. There a 
turbine utilizes the higher head to  generate power and returns the  water  to  t h e  
ocean.291 



In te rms  of wave energy potential, Britain is much more  fortunate,  wi th  a - s t r e t c h  of ocean between 600 t o  1,400 miies (965.6-2,253.1 kilometers) long capable  
of providing almost half of i t s t o t a l  energy requirements.293 - 

I 

The slow development of wave energy technology s tems  from technical and 
economic problems. A major technical problem re l a t e s  t o  the difficulties of 
mooring tbe devices. Wave power facil i t ies mus t  be very large and durable enough 
t o  withstand the  constant pounding of the  waves. Experience with offshore oil 
platforms may be helpful in designing a sui table  t ype  and s ize  mooring, but t he  cos t s  
of a suitable mooring system may still be prohibitive for some time. Only when a 
safe ,  reliable and cheap method fo r  moorin is developed will wave power be ab le  t o  
compete  with conventional energy sources. 6 4  

Underwater transmission lines also contr ibute  t o  t h e  high costs of wave power 
faci l i t ies ,  although must  es t imates  place a plant only-four or five miles (6.4 o r  8 
kilometers) from shore and therefor  transmission cos t s  may  pose iess of a problem 

i then mooring. 

A lack of funding has impeded development of a wave energy program in  t h e  
United States. For t h e  f i rs t  time, t h e  funding for  government-sponsored research is 
zbove $1 million, If i t  is t o  be a part  of the  national energy program, wave power 
mus t  receive a substantial  increase in government funding.295 

In the  United States ,  a wave power program exis ts  under t h e  Division of t h e  
Ocean Energy Systems of the Department of Energy and  is administered by the  Solar 
Energy Research Insti tute (SERI). Tbe program consists of providing technical  
expert ise  and cooperation with Japan, Britain and other  countries for  t h e  
advancement of wave power. Development of wave focusing devices and an a i r  
turbine for the Oscillating Water Column is also s l a t ed  under the United S t a t e s  
program. At present, funding f o r  1980 stands at about  $1.1 million; this may double 
by 1985. A working model generating between one  and f ive  megawatts is a lso 
planned t o  be put in to  operation by 1985. Beyond this,  however, there  a re  no l a rge  
sca le  development plans for t h e  future.296 

There are  environmental issues that  must  be addressed with wave energy  
production. The altering of local wave conditions could reduce wave action on t h e  
shore although i t  is difficult t o  assess the  e f f e c t s  this might have since l i t t l e  
research has been done in t h e  area. Also, with increased commercialization, t h e  
oceans and thus the shorelines would be subject t o  increased industrialization. The 
e f f e c t s  of these impacts must be examined before  any development is 
undert aken.2 97 



Increasing t - k  nation's energy security through acce ie ra ted  conservation e f for t s  
and approaches designed Po increase seif-sufficiency through the  use sf  a i ternaf ive 
energy  technologies has been outiined in Section 3. Solar and renewable energy 
technologies cannot be expec ted  t o  mee t  national needs immediately, but through a 
phased program, the  nation's national security can be  enhanced and goals for energy 
self-sufficiency reached. h 

Moving towards a less centralized energy and resource system would require  
both a national will t o  do so (expressed politically and economically), and a 
mechanism for funding. The Battelle Memorial Inst i tute  has conducted a substantial  
research  effor t  fo r  t h e  Department  of Energy aimed at understanding the  present  
U.S. system and the  history of providing incentives t o  s t imulate  energy production 
f rom conventional sources. Table 3.15-1 summarizes this research, which has 
tabuiated $252 billion i n  subsidies and incentives for  coal, oii, hydro, nuciear, gas  
and electricity.  The s tudy  concludes: 

... That a precedent exists for utilizing Federal  incentives t o  
increase energy production. Design of national energy policy 
which considers the results of Federal investment in  incentives 
t o  increase energy production could be an eff ic ient  basis upon 
which t o  in tegra te  current and impending technology, existing 
energy stocks, and consumer requirements and preferences. 
The conclusion of micro-economic solar energy feasibility 
studies could be inconsequential without a comprehensive 
understanding of the  costs - and results of incentives t o  increase 
energy production. This is so because of the disparity in 
rationale between t h e  Federal Government and t h e  private 
sector. The Federal Government need not predicate  national 
policy on short-term micro-economic analysis, As confirmed 
by this study, Federal  justification is predicated on long-term 
goals me t  wi th  t he  aid of new technoiogy and supported by 
social values of t h e  nation. If i t  is socially desirable and 
technologically- feasible  t o  increase solar ener  gyts share  in t h e  
national energy budget, t h e  paramount policy question is one  
of selecting an incentive s t ra tegy and determining t h e  
government's level of investment i n  it.298 



Table 3.1 5-1299 

AN ESTIMATE OF THE COST INCENTIVES USED TO 
STIMULATE ENERGY PRODUCTION (IN BILLIONS OF 1978 DOLLARS) 

Taxa t im  

Requiremmts  

Traditional Services 

Nonrradi t~onal  Services 

Marker A c t ~ v ~ t y  

I 

Totals 

Percent  of Total 
Incentives 

Nuclear 

- 
Hydra Coal O i l  Gas 

2.0 4.74 55.48 14.92 

- - 1.30 - 
0.04 0.80 57.69 -0.80 

- 2.57 6.92 - 
- 3.55 1.88 0.30 

- 0.50 0.02 - 1 4 . 8 6 ( ~ )  - - 

Percent  of 
Total Total Incentives - 

(a)This Value based on incentive d e f i n i t ~ m  I (Federal money ourstand~ng). 

As has been noted in prior sections of this report, numerous studies have 
suggested varying levels  of funding for a l ternat ive energy sources,  conservation, 
dispersed power plants, etc. Former Joint Economic Commit tee  Energy Director ,  
J e r r y  Brady, suggests a modest beginning: 

If we  t o o k  one-half (of t h e  national $20 billion per year in 
various conventional energy subsidies), or $10 billlion, and 
redirected i t  f o r  just ten years a t  a to ta l  cost of $100 billion, 
w e  could provide interest-free loans sufficient t o  insuiate  half 
the homes in  America. According t o  Rosenfeld, (of t h e  
Lawrence Berkeley Laboratory) t h e  savings would amount  t o  
approximately-10 Quads a year, or roughly 75 percent of t h e  
heat  conten t  of oil now imported t o  t h e  U.S. This should be 
compared t o  the  $88 billion synfuels program, which will 
produce no more than 15 percent of t he  oil we now import  by 
t he  year 1 9 9 0 . ~ ~ ~  



of dispersed and renewable energy sources  with increasing decentralization of 
e l ec t r i ca l  grids and fue l  t ransportat ion systems. Some methods to increase this 
process and utilize dvid defense and emergency planning programs a r e  discussed 
l a t e r  i n  this section. 

2. The Long-range S t ra tegy  ( twenty t o  seventy  years) if- 
The activit ies and programs undertaken by communities in  t h e  short-range t o  3 

increase  community self-reliance and acce l e r a t e  t he  use of renewable and dispersed 
energy sources can pave t h e  way towards a more  comprehensive re-orientation of 
t h e  society's energy organization over a longer time-frame. Whereas during t h e  
short-range implementation period t h e  grea tes t  gains a r e  in  replacing and 

h 
subst i tut ing conventional and central ized resource supplies, t h e  long-range s t ra tegy  
allows fo r  the development of major new systems which can ope ra t e  largely on ' 

renewable  sources of energy (solar, wind, hydro, biomass, etc,!, 
t 

One recent  study conducted by t h e  Union of Concerned Sc i en t i sb  addressed this 
question and the  results of the i r  scenario fo r  energy supply and demand in the  year 
2050 (70 years hence) a r e  provided in Table 3.15-2. 

c 
Tabie 3.15-2301 

ENERGY SUPPLY AND DEMAND IN THE YEAR 2050 " I 
ENERGY a 
- -- - .  

ENERGY-L'SE ENERGY SOURCE APPROPRIATE ENERGY REOUTRE\iENT5 (in ouadsf 
FO R.'J TECHNOLOGY ENERGY SUPPLY PERCENT HIGH EFilCIENCYIHICH POPUL~\TION'SCENARI~S  

Low-temperature 
thermal  energy 
( lGO°C) 

Intermediate  to 
high-temperature 
thermal  energy 
( IOOOCl 

Passive and act ive  
solar heating and 
cooling, d is t r ic t  

Direct heating systems 
solar 
energy f l a t -p l a t e  collect- 

ors stationary and 
tracking solar con- 
cen t r a to r s  

Direct Photovoltaic, solar- 
solar thermal,  and cogen- 
energy eration systems 

U'ind Wind generators 

Current 
Standard of 

Living 

Inrermediare 
Standard of 

Livinx 

High 
Standard of 

Living 

Subtotal 16-21 20-27 32 t 



Table 3.15-3302 

A PROPOSED LONG-TERM SOLAR ENERGY ECONOMY 

DE.UAND END-USE APPLICATION PERCENTAGE O F  APPROPRIATE ENERGY SUPPLv 
SECTOR ENERGY FORM OVERALL ENERGY USE TECHNOLOGY 

Low-temperature Space heating, water  20-2596 Passive and active solar 
thermal energy heating. a i r  condi- system, district heating 
( IOOOC) t iming  systems 

Intermediate- temp 
perature  energy Cooking and drying 

Residential (1 00-30O0C) 
and 

Commercia l  Hydrogen 

5% Active solar heating with 
concentrattng solar col- 
lectors 

Solar thermal, thermochem- 
ical, or electrolytic gen- 
eration 

Methane @ionass  

E l e c t r ~ c l t y  Lighting, aopliances, 10% Photovoltaic, wtnd, solar 
refrigeration thermal, total energy 

systems 

Subtotal 3 5 8  

Intermediate-temp- Industrial and agricul- 7.5% Active solar heating wtth 
erarure  thermal tural process heat and flat-plate collectors, and 
energy ( 300°C) s t eam tracking solar concentrator 

High-temperature Industrial p r o c e u  
thermal energy heat  and s t eam 
( 3OO0C) 

Hydrogen 
Industrial 

Elecrricity 

Feedstocks 

Cogeneration; e lect r ic  10% 
drtve, electrolyttc,  
and e l ~ t r o c h e m l c a l  
process 

Supply carbon sources 5% 
to  chemical tndustries 

Tracking, concentrating 
solar collector systems 

Solar thermal, thermochem- 
ical, o r  electrolytic gen- 
era t ion 

Solar thermal, photovoltaic, 
cogeneration, wind systems 

Biomass residues and wastes 
o r  plantattons 

Subtotal 40% 

Elecrricity Elect r ic  ueh~cles ,  10-20% Photovoltaic. wind and solar 
e l u r r i c  rat1 thermal-electric 



?he UCS study condudes  t ha t  t h e  U.S. could complete  a transit ion t o  a solar 
economy by 2050 and with proper incentives,  could gain t h e  equivalent of 12-28 
Q u d s  of energy by the year 2000. By 2050, renewable sources, ranging from passive 

I 
- 

ZQC! ac t ive  so!x heating, dis t r ic t  heating, thermochemical,  biomass, photovoltaic, 
wind and to t a l  energy systems would supply all energy needs in t h e  residential, 

I- 
P 

commercial ,  and industrial sectors .  The end-use demands a r e  shown in  Table 3.15-3. 
r' 

Given the  dispersed na ture  of many renewable resources, t he  UCS study 
discounts t h e  possibility of to ta l  system decentralization: 

1 

(S)ome degree of transmission will be  absolutely necessary t o  
provide energy for  cer ta in  urban and industrial concentrations 
(such as Manhattan) where t h e  density of energy use exceeds 
locally available solar and wind power. Furthermore t h e  
establishment of an integrated,  nationwide e lec t r ic i ty  grid 
system could provide substantive benefits for  a solar energy 

f 
fu tu re  by contributing t o  grea te r  overall system reliability, 
minimizing requisite peakin ower capacity,  and reducing 1 
energy s torage requirements.  ~ o P  L. 

This study is an example  of a complete  synthesis of known renewable 
technologies, with a fa i r  expiication of rheir  fu tu re  potential. An essential f ea tu re  
of t he  study is an a t t e m p t  t o  set a ra t ional  t i m e  f r a m e  for  implementation of t he  

a 
system-wide changes t o  implement a fully renewable energy economy. Many 
cur ren t  effor ts  assume t h a t  a renewable energy economy can be developed within a 
f e w  y e a n .  These e f for t s  do not t a k e  into account t h e  substantial  industrial, 
economic infrastructure,  and social  changes required. 1 

The  final section of this document  is concerned with t h e  important  f i r s t  s teps  
'L 

t o  be taken to  categorize t he  s t r a t eg i c  energy technologies and resources required 
to increase  energy securi ty  on a regional and local level. t 
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DISPERSED ENERGY SOURCES AND COMMUNITY SURVIVAL 

Infroduc t ion and Overview (4.1) 

Reduct ion of national vulnerabil i ty through s h o r t  and long range programs t o  
encourage  t h e  uti l ization of dispersed and renewable  sources  of energy has n o t  b e e n  
tradit ionally considered an e lement  of e m e r g e n c y  and  civil defense  planning. 
However,  as prior sect ions  of this s tudy note ,  decen t ra l i zed  energy and resource  
options a r e  by their  very  na tu re  less vulnerable t o  sys tem disruption. There fore ,  
they  c o n s t i t u t e  prime t a r g e t s  f o r  cont ingency planning. With t h e  a d d i t i o n a l .  
a d v a n t a g e  of renewable fuel  capabil i ty,  decen t ra l i zed  energy sources o f f e r  long 
range s t r a t e g i c  advantages,  including t h e  reduct ion of dependence on impor ted  
resources  and fuels. 

Reduct ion of fue l  dependence and improvement  of energy system in tegr i ty  a r e  
both e l e m e n t s  o i  s t r a teg ic  counter-war planning. The  pressures toward war  
f requen t ly  a r e  re la ted t o  c r i t i ca l  dependence on and compet i t ion fo r  s c a r c e  fuels;  
theref  ore,  reduction in th is  dependence helps t o  r e d u c e  t h e  liklihood of war. 

Past civil defense programs have emphasized potent ia l  measures  t o  reduce  
casual t ies ,  preserve essential  resources (food, wa te r ,  energy,  etc.) and  min imize  
industrial  and economic damage. However,  t h e  major  thrus t  of all past  programs 
has b e e n  t o  (a) minimize fa ta l i t i e s  and industrial  d a m a g e  in a reas  a f f e c t e d  by 
nuclear a t t a c k ,  and (b) t o  re loca te  l a rge  numbers of people f rom potent ia l  Parget  
areas. Given the cur ren t  budgetary cons t ra in t s  ($loo+ million per year  f o r  a l l  
programs), i t  i s  very difficult  t o  adequa te ly  plan f o r  major contingencies s u c h  as 
continued supplies of food, wa te r  and energy f o r  cen t ra l i zed  systems. 

- -  - . 

As a r e s d t  of U.S. inat tent ion t o  civil de fense  ac t iv i t i e s  on a l a r g e  sca le ,  t h e  
vulnerabil i ty of t h e  U.S. t o  nuclear crisis  and nuclear war has inc reased  
substantial ly.  The minimally funded programs f o r  cr is is  relocation,  if Cal i fornia  is 
an e x a m p l e  (and, in theory,  th is  s t a t e  is said t o  b e  f a r  a h e a d  of others), a r e  only just  
beginning t o  t a k e  into account  c r i t i ca l  resource  planning (food, wa te r  and energy)  
tha t  m u s t  necessari ly accompany population evacuat ion.  A t  present ,  t h e  F e d e r a l  
Emergency Management  Agency (FEMA) is empowered  t o  deal  with a wide v a r i e t y  
of emergenc ies ,  crises and civil defense  act iv i t ies .  Preliminary research e f f o r t s  
indicate  t h a t  contingency planning can be in tegra ted ,  so  t h a t  resource  plans f o r  a 
number of cr ises  and emergencies  can  b e  e f f e c t i v e l y  m e r g e d  t o  reduce vulnerabil i ty.  



By their  words and actions, t he  Soviets have shown t h a t  they 
believe civil defense t o  be a cr i t ical  e l emen t  in deterrence. 
Given their belief, whether warranted o r  not, in t he  efficacy 
of civil  defense, they can only perceive t he  United Stares  as  
being weaker for absence of such a program. Given the  
importance they a t t ach  t o  damage  limitation as a necessary 
e lement  in a deterrent  posture, they  cannot  assign a high level 

I of credibility t o  a de te r ren t  policy which does not  a t t empt  t o  
l imit  damage to  U.S. society if t h a t  policy had to  be 

I implemented. A substantial  asymetry in survivability between 
Soviet and American societ ies  i n  t h e  event  of nuclear war can 
only encourage the Soviets t o  question t h e  seriousness of U.S. 
purpose and hence also encourage them to  follow a more 
adventurous policy. 

... In the  event  of a confrontat ion with the Soviet Union in 
t which American society was considerably more  vulnerable 

than Soviet society, t h e  credibili ty of the  U.S. nuclear 
de te r ren t  with respect t o  Soviet mil i tary and diplomatic 
pressure on Western Europe mil i tary and diplomatic pressure 
on Wesrern Europe would be  grea t ly  reduced in the  eyes of 
both the Soviets and the  Western Europeans. This does not 
imply tha t  this U.S. disadvantage would lead t h e  Soviets t o  

i ' 
risk lightly nuclear war ... (However,) in an age  of s t ra teg ic  
parity, the greater  t h e  vulnerability of American society, the  
less the  credibility of t he  U.S. s t r a t eg i c  forces  as a deterrent  

e 
t o  Soviet mili tary action in Europe or e1sewhere.l L. 

There is considerable controversy over  t h e  e f f i c a c y  of civil defense programs, 
t o  "save" a substantial  number of people in t he  event  of nuclear war. Obviously, in 
an all-out exchange such as t ha t  described in Section 1 of this report, in which 20 
million t o  160 million Americans would be  killed immediately,  even the best-funded 
CD programs would be hard-pressed t o  o f f e r  much in t h e  way of survival options. 
Residual radioactivity alone would render most of North America uninhabitable and 
deaths on an  unprecedented scale would follow for  generations. C 

However, in the case  of a more l imited exchange of weaponry or isolated 
terrorist  events  using nuclear weapons or even conventional bombs which could 
c r ea t e  serious disruptions to  centralized 'ener 



nuclear weapons t o  prevent destruction by enemy targeting of weapons in  
centralized locations has historically been a key f a c t o r  in military planning: The 
newest nuclear missile system, the  MX, planned for use by t h e  U.S. in the 1980s, is 
designed t o  be hotised in multiple and movable she l te rs  in order to disperse potent ia l  
t a rge ts  and reduce "first strike" destruction. This concept  is based on the abi l i ty  t o  
hide any one of the  proposed 200 missiles in one of 23 shelters. This forces enemy  
target ing of all 4,600 missile shel ters  in the  MX system to  assure destruction of all 
t h e  missiles during an at tack.  Taking the  decentral is t  approach to  nuclear weapons 
protection another step, defense consultant Richard Garwin has proposed a wa te r  
based submarine version of t h e  MX system. This proposal would involve the building 
of a f l ee t  of mini-submarines (called SUM - Shallow Underwater Submarines), e a c h  
capable of carrying two M X  missiles. According t o  his analysis, the planned 
land-based MX system is too  centralized, and a 1980s f lee t  of 77 submarines would 
be  more  decentralized, less expensive, and could "protect" t h e  weapons equally as 
w e ~ . * 2  

There has  been l i t t l e  a t tent ion to  similar issues .of dispersal and 
decentralization in planning fo r  population survival, especially in areas of resource 
contingency planning. Prior U.S. research has concent ra ted  on the  protection of 
weapons, mili tary installations, major ta rge t  areas  and t h e  like. 

in a s t r a t eg i c  sense, t he  population dispersal issue has been raised by physicist 
Theodore Taylor, who would use modern technology t o  disperse and decent ra l ize  
major cities, "so t ha t  there  aren't  t a rge ts  like Tokyo and London and Leningrad any  
more.'13 On this  point, Nigel Calder,  author of a recent  analysis of nuclear war  
prospects, counters: 

The snag is t ha t  t o  ta rge t  villages is just a mat te r  of 
subdividing the  payloads of missiles i n to  more and more 
independently ta rge tab le  warheads, or e l se  relying upon 
radioactive fallout t o  kill people over huge areas. A village 
and even a c i ty  would be safer  f rom a t t a c k  or  th rea t  of a t tack  
if i t  were not part  of a nation-state itself m a y  disappear in t he  
nuclear age. It could conveivably give way t o  a world empire 
run by one power with a monopoly on nuclear  weapons, or a 
global police s t a t e  engineered by fr ightened consensus, or a 
benign and nonbureaucratic world government  ministering to  
Taylor's "globe of villages.lt4 



However valid Calder's pqints may be on the overall impacts of such a massive 
population dispersal, he fails t o  address the  salient points of decentralization as a 
s t ra tegic  energy/vulnerability option. In Sections 1, 2, and 3, the overwhelming - 
vdiierability of the  'J.S. t~ s e r i c ~ s  resource shortages is addressed, Such C 
vulnerability exists whether cc not nuclear war occurs. Enhancing the overall 3 A a r 

security of the  U.S. by decentralizing and dispersing energy resources t o  be t ter  
serve local populations may well serve as a primary deterrent t o  nuclear war. 
Policies of conservation, dispersion and accelerated reliance on renewable, local and 
more efficient fuel and power options would accomplish the  following: 

Reduce reliance on imported fuels, thereby decreasing chances of 
international war (over scarce fuels) 

Reduce reliance on strategic materials, through reduction in imports and 
lessened demand, thereby decreasing chances of international war (over 
scarce materials) 

Reduce vulnerability and dependence on centralized energy and resource 
systems, thereby reducing likelihood of a t tack  (or sabotage) on central 
systems 

Reduce &pendence on centralized systems, thereby increasing iocai $ 
self-sufficiency, thereby protecting population in case of crisis, disruption 
or at tack 9 

1 . Increase reliability of local energy and resource systems, thereby insuring 
a more rapid and higher rate of community recovery from disruption in ;I 

central systems Y 1. 



Community Survival and Recovery: Background (4.2) 

In the 1960s and t h e  1970s, a number of studies were completed for US. civil 
defense a g e n c i s  on suppiying emergency power t o  coiiimunities a f fec ted  by 
central ized power disruptions. In t he  field of e lectr ical  power and natural  gas, t h e  
key studies were performed for  t h e  Off ice  of Civil Defense by URS . 
cor  pration.5,6~7 

The studies addressed t h e  problem of emergency power requirements ranging 
f rom needs fo r  public shelters,  energy facil i t ies,  public services, industrial faci l i t ies  
and other  key needs. Damage from a nuclear a t t a c k  would result in serious fai lures  
of e lec t r ic  equipment,  including t h e  e f f ec t s  of e lectromagnet ic  pulse (EMPI, and 
destruction of faci l i t ies  and grids. Three scenarios indicating t h e  need f o r  
emergency power a r e  summarized below: 

EXAMPLE 1: Providing Ventilation fo r  a i a r g e  Sheiter 
A shel ter  occupied by 5,000 persons receives minimal blast  
damage but  modera te  fallout. Shortly a f te r  the  a t t ack ,  
commercial  power is not available. Battery-powered lighting 
is immediately ac t iva ted  and, since t h e  shelter if a t  full 
capacity,  standby manual ventilation equipment is put in to  
immediate  operation. After several  hours t he  
bat tery-operated lighting units begin t o  fa i l  and the  effect ive 
tempera ture  in t h e  shel ter  rises dangerously d o s e  t o  85O, 
despite the utilization of all available means of ventilation. 
The shel ter  manager is now faced with the  possibility of 
evacuating some or all of the  occupants through an unsafe 
(e.g., radioactive) environment or s taying and risking serious 
overheating problems. If this shel ter  had been provided with 
an engine generator  s e t  (or i ts  equivalent) suff ic ient  in s ize  t o  
maintain a ventilation r a t e  of 15 d m  per person and a lighting 
level of 5 f m t  candles (a 75-kw generator  would suffice), t h e  
problem would not have arisen. 

EXAMPLE 2: Emergency Power for  Shutdown Operations 
The  superintendent of an oil ref inery (100,000 barrel/day 
capacit;), recognizing the  value of a rapid shutdown procedure - - 

in t h e  event  of natural or nuclear disaster,  had made necessary 
plans for  such  a shutdown. Since t h e  power-generating s ta t ion  



t o  t h e  shutdown operat ion)  was rapidly used up, and cooling 
w a t e r  pumps stopped. Serious t h e r m a l  d a m a g e  occurred in 
severa l  of t h e  large  units ,  products solidified in pipelines, and 
o n e  isolated unit caiight f i r e  and btirned. Sti l l ,  t h e  p!ant 
super intendent  considered himself v e r y  f o r t u n a t e  t h a t  
explosions and f i res  did not occur  through t h e  plant. If 
suff ic ient  emergency power (approximately 4,800 kw), had 
been provided t o  run essential  controls, boilers, and cooling 
pumps, damage  would have  been minimal ins tead  of extensive. C 
EXAMPLE 3: Maintaining Production Q u o t a s  
Some weeks  a f t e r  t h e  a t t a c k ,  when r e c o v e r y  operat ions  had 
begun, t h e  super intendent  of a "hot" mill w a s  asked t o  begin 
t h e  production of can  s t o c k  for  t h e  upcoming canning season. 
Since  t h e  fac i l i ty  was  undamaged and r a w  mate r ia l s  were  
avail abie,  producrion s e e m e d  ass wed .  However,  as production 
resumed,  it was found t h a t  t h e  avai labi l i ty  of commercia l  
power presented a m ajor  constraint .  Because  t h e  commercia l  
power sys tem was s t i l l  being repaired and  demands w e r e  
numerous, t h e  sys tem was overloaded, wi th  consequent 
f requen t  outages.  I t  f inally became necessa ry  t o  e n f o r c e  
quotas  f o r  consumers. The result  in t h e  mill was t h a t  t h e  
production of can s t o c k  was sharp ly  reduced and, 
concomitant ly ,  t h e  r e j e c t  r a t e  sored,  due  primarily t o  
ins tabi l i ty  in  t h e  hot processes. T o  i n c r e a s e  t h e  amount  of 
power available and t o  improve t h e  re l iabi l i ty ,  t h e  plant 
adopted the concept of providing supp lementa ry  power by 
"underdriving" a portion of i ts  l a rge  motors .  This required 
connect ing diesel p r ime  movers,  with a p p r o p r i a t e  controls,  t o  
e igh t  of the large  m o t o r s  in t h e  plant. T h e s e  p r ime  movers 
w e r e  t h e n  routinely r u n  t o  provide approx imate ly  15 percen t  
of t h e  t o t a l  operational load. Fur ther ,  t h e y  w e r e  s o  connected 
t h a t  when power o u t a g e s  occured t h e y  could se rve  as 
emergency  generators  t o  mainta in  con t ro l  over  t h e  hot 
processes. Under this sys tem,  product ion a p  roached 
an t i c ipa ted  levels and t h e  re jec t  r a t e  decl ined sharply.  ! 



The URS study on induction motors found t h a t  10-150 horsepower motors a r e  
common in many industries and commercial facilities. Components t o  construct - 
induction generators are commercially available; they  include induction motors, 
power capacitors, motor controllers, engines, equipment t o  connect drive shafts of 
engines t o  motor shafts ,  and fuel and coolant sources. Figure 4.2-1 and 4.2-2 
i l lustrate  t he  connection of a t ruck engine t o  an  induction motor for  induction 
generation, and a schemat ic  of t he  load connection. 

Figure 4.2-ll0 

CONVERSION OF TRUCK ENGINE TO INDUCTION MOTOR 





rental engine generator  set-is very likely unsuitable. A 
stand-by power plant t h a t  is permanently installed and with- a 
transfer switcfi will be necessary t o  meet s t r ingent  - 
requirements. It must alsc, be tested r egda i ly  t o  rmintain 
operability. 

An induction generator i s  the  preferred source of improvised 
electr ic  power when: 

. All of the major or expensive parts a r e  available . Time and resources can be made available t o  s e t  up and 
tes t  i t  . Equipment t o  be served can function adequately with t h e  
power developed by t h e  machine 
An interval without power, while assembling the  
induction generators,  is acceprable . Renting or leasing an engine generator s e t  is e i ther  
unat t ract ive or  impractical . Maintaining engine generator sets  is either too expensive - 

or impractical 

Despite the  practicality and convenience of using induction 
motors a s  induction generators,  t h e  idea probably would not 
occur t o  most of those who could benefit from i t  e i ther  during 
pte-disaster planning or during a prolonged power outage. 12 

Electromagnetic Pulse Protection 

One of t he  key issues in planning for  protection of electrical facili t ies and grids 
in  t h e  event of n u d e a r  a t t a c k  is E M P  (electromagnetic pulse) e f fec ts .  High al t i tude , 
detonations of nuclear weapons c r e a t e  EMP, an electromagnetic burst of extremely 
shor t  duration (a fract ion of a second). Similar t o  lightning, EMP exhibits a rise in  
voltage a hundred t imes q fast ;  thus, conventional equipment designed t o  protect  
e lec t r ic  equipment against lightning cannot be e f fec t ive  against EMP, because i t  
works too slowly. High alti tude nuclear bursts produce extremely high EMP, which . ' ' 

can af fec t  communications and e1ectric.d systems f o r  thousands of miles. When the  
U.S. tes ted a hydrogen bomb in space above Johnson Island in t h e  Pacif ic  in 1962, . 

EMP &used havoc in Honolulu, resulting in fai lure  of s t reet l ights  and various 
electronic  circuits (including burglar alarms). l 3  



EMP can  &use actual physical damage  t o  e lectr ical  system components, a s  well as 
c r e a t e  instabil i t ies in grids which cause sys temat ic  failui-es. Disturbances i n  
e l e c t r i c  systems may be  categorized in  these six major areas: 

C 
1. Faul ts  on overhead lines: Voltages induced on overhead lines 

can  cause numerous f au l t s  in  distribution, including substations. 

2 Lock out of reclosers and redos ing  circuit  breakers: These 
protection systems on distribution lines can in te rpre t  EMP a s  
'lpermanent - f a d  tsl' and lock  ou t  t h e  system, result ing in 
sudden load loss. 

3. Destruction and malfunct ion of relays: Solid state e lec t ron ic  
- relays in e lec t r ic  sys tems  can  fa i l  in "unsaie mode," causing 

the line t o  t r ip  out. 

4. Generator  t r ip  out:  Generators  can be tr ipped ou t  in two 
ways. First, E M P  m a y  induce voltages and cur ren ts  i n  
generator control c i rcui ts  causing generator t r ip  out. Second, 
disturbances in the power system can cause t r ip  ou t  by 
crear ing overspeed/underspeed in  t h e  generator. ! I 

5. Monitor and control in terference:  Damage t o  monitor/control 
circuits by EMP c a n  be d i rec t ,  or can cause transmission t i e  
lines to  be servered by EMP-induced power flows. 

6 .   ama age t o  computer control and dispatch centers:  Computer  
memory can be erased by EMP; therefore ,  cen t ra l  computer  
centers  for dispatching and load control can  malfunction, 
causing loss of system control. l5 

The m a p  of the  U.5. shown in  Figure  4.2-3 shows t h e  vast  ex t en t  of possible 
EMP damage  from a 400 k i lometer  (248 mile) air burst, and a 100 kilometer (62 
mile)  a i r  burst. As a recent  Depar tment  of Energy study noted, t h e  EMP "covers a 
l a rge  percen tage  of t h e  nation's ower  system a t  essentially t h e  s a m e  instant,  r a the r  

£ 
P t 

than a s ingle  line or substation." 

t 



Figure 4.2-317 

AREA OF COVERAGE O F  EMP FROM HIGH ALTITUDE DETONATIONS * 



and weapon yields t o  de te rmine  t he  percentages of power 
components t h a t  would be dknaged.  Depending upon t h e  

r 
number of weapons, i t  is conceivable t h a t  a s izable  portion of 
t h e  nation's power system would escape  damage f rom t h e  
blast, unless targeted,  but  would be subjected t o  damage  by 
EM P. 

i 
r 

One could envision t h e  p s i b i l i t y  t h a t  t h e  combined e f f e c t s  of l 
fau l t s  caused by lines broken or knocked down by blast  e f f e c t s  
and faults induced by EMP could lead  t o  a nationwide 
blackout. Li t t le  can be done t o  a l leviate  t h e  e f f e c t s  of t h e  
blast. However, the  combined e f f ec t  of moving s o m e  of t h e  
vulnerable equipment off-line (thus reducing t h e  number of 

f 
EMP-induced faults) and placing t he  power system in to  a m o r e  - 

secure  s t a t e  could avoid a nationwide blackout.18 

Because of t h e  unique damage which would be  imparted t o  highly sophisticated 
I c en t ra l ized  uti l i ty systems by nuclear weapons e f fec t s  (especially EMP), the  DOE 

repor t  suggests a policy which may be  likened to  emergency dispersion and 
decentralization: I a. 

Depending upon whether t h e  nation's power system remains  in  
synchronism or not, t h e  post-attack recovery could be f rom 
one of two states.  The worst  case  would be from a completely  
shut  down system. In this  case,  one would be recovering f rom 
a nation-wide blackout similar t o  t h e  1965 Northeast  blackout 
and the 1977 New York blackout with t h e  following 
complications: 

1. Lack of help f rom neighboring uti l i t ies who a r e  
busy experiencing t h e  s ame  problems. 

2. Loss of some  system facil i t ies,  permanent ly  
damaged by hea t  and overpressure. 

3. P m r  communications due t o  possible damage  t o  
t h e  telephone system. 

4. Impending t h r e a t  of radioactive f d l o u t .  
t 

The best  s t a t e  f rom which t o  recover would be one  in which 
t h e  generation had remained in synchronism, in  sp i t e  of fau l t s  
caused by heat ,  overpressure and EMP-induced e f f e c t s  on 



companies t o  break into islands. Comparisons between these  
two divergent philosophies require very complex analysis. 

- 
I Uti l i ty personnel are  generally in favor of maintaining 

synkhrenism: if a t  all possible. Maintaining syn-chronism seems 
I t o  be something of an all or nothing philosophy.19 

Many components of systems can be protected against weapons e f fec t s ,  
including EMP, but drawbacks a r e  primarily t h e  added costs of such equipment. 
P ro t ec t ed  measures and policies suggested in  recent  studies include: 

"Hardening" and burying key components and distribution 
lines 
Stockpile vulnerable parts, for  replacements  
Em ploy "surge arresters" and specialized equipment t o  
protect  distribution/transmission systems 
Pro tec t  zrd hzrden vulnerable solid-state components 
Provide back-up communications systems 
Improve trainin and emergency shut-down 
procedures. 20,& 

The DOE study notes tha t  other key problem areas  involve protection of nuclear 
power plants which may experience "ioss of reac tor  control due t o  EMF'." A uf ility 
represen ta t ive  referred t o  in the study "suggested t ha t  they might consider shut t ing 
down the i r  nudea r  units upon notice of an at tack.  ... Officials of one la rge  uti l i ty 
expressed doubts t ha t  i t  would be possible t o  bring one of their  large units down 
f rom near ra ted  load t o  auxiliary load level and s t o p  there."22 

Obviously, these effects  a f f e c t  small systems as well as large systems and many 
components of decentralized grids would be damaged by EMP and o ther  weapons 
e f f e c t s  even if t h e  components were  loca ted  hundreds, and perhaps thousands of 
miles f rom a i r  detonation. 

A special  interest  in dispersed systems i s  t h e  protection of complex control 
sys tems  util ized in modern wind-electric generators,  solar photovoltaic systems,  and 
o ther  modern alternative energy systems. Photovoltaic systems may be vulnerable 
t o  EMP, but no specialized studies have been conducted on this problem.' 

Ear ly  civil defense studies ark significant precursors t o  a more  comprehensive 
approach t o  community energy management  and s t ra teg ic  dispersal. The  ear ly  
Studies p i n t  out  t h e  following energy trends: 



. Protection can be provided t o  many components of central  
systems, but reliability cannot be  guaranteed. 

- . Eocai gnergy approaches can be deveiopeci KO greatiy assist  in  h 
emergency situations. 

t 

. Training programs and knowledge of local  power sources, t o  be 
effect ive,  mus t  be developed in advance. 

. Available power systems in communit ies  can be tapped in 
t imes of emergency, if adequate  training and stockpiles of key 
parts a r e  available. 

r 



Selection - of Alternative Fuels and Electric Power Sources (4.3) 

Increasing the energy self-sufficiency of communities and regions can be  
accompiished by integrating a iombiiiati;n of available dispersed and renewable 
energy technologies. The Energy and Defense Project  has developed cr i ter ia  for 
ra t ing  t h e  available technologies* (fuels and electricity). The two matrices  
following this introduction il lustrate the properties of the major technologies 
discussed in Section 3. 

Categories  in  t h e  matrices are judged from a s t ra teg ic  perspective, based on 
cr i te r ia  of available (local and regional), current  and projected costs, and overall 
flexibility. The rank is from 10 (best) t o  0 (worst). The categories are expressed 
p r i m ~ i l y  as Y (yes) or  N (no, not applicable). Alternat ive categories a r e  L (low), M 
(medium), H (high); in some cases, a range is expressed (L-H), or dual flexibility 
(Y /N). 





NOTES: FUEL5 MATRIX 

1. Gasoline 

Gasoline is a premium fuel which can be used in s ta t ionary or mobile 
I 

applications. However, in current  refining practices,  lower quality heavy crude oil 
will not produce as much gasoline as lighter crudes (previously in  grea te r  
abundance). I t  can be produced from methanol (via Mobil Oil Company process), 
however, allowing significant resource flexibility (bimoass, coal, natural gas, shale,  
heavy crudes,  t a r  sands, etc.) 

I 
2 Diesel 

I 

I Diesel oil is a middle distillate. This catkgory (on t h e  matrix) includes all 
middle disti l lates,  from aviation fue l  t o  kerosene. I t  is a more d i f f i c d t  fuel  t o  - 

produce from feedstocks other than crude oil, and is  not as versati le a fuel,  f rom a 
s t r a t eg i c  standpoint. 

3. Crude  Oil 

Crude oil is a natural oil (as is shale  oil), and can  be made  from coal, t a r  sands, 
wood and other  carbonaceous feedstocks. The lower rat ing (3) r d a t e s  to coal 
production, and the higher ra t ing (9) relates  t o  production from new domest ic  oil 
resources. Shale  oii is a more a t t r ac t i ve  feedstock than heavy crude oil. 

4. Methanol 

Methanol can be made from all hydrocarbon feedstocks through partial  
oxidation (gasification). This is an extremely versati le fuel,  but catalysts  a r e  
required t o  convert  producer gas t o  methanol. This l imits production flexibility, and 
reduces local  production capabilities. To insure continuous production, an inventory 
of ca t a ly t i c  mater ia ls  would be required. 

5. Ethanol 

Ethanol can be made from non-renewable resources, but is  typically made  f rom 
biomass-derived sugars and starches.  This is an immediately available premium 
fuel, which can be used as an independent fuel or blended with other products such  

\ 

as gasoline. The conversion technology is commercially available with locally 
available components. 

6.  Low Btu Gas (LBG) 



Medium Btu  Gas  (MBG) 

MBG is a par t ia l ly  cornbusted hydrocarbon gas  with a heat  value of 200-500 
~ t u l f t ) .  I t  requires pure oxygen in t h e  gas i f ica t ion process, which increases  costs  
and requires addit ional  equipment. This gas c a n  be used as a feeds tock  f o r  s y n t h e t i c  
fuels (methanol,  SNG, gasolines, etc.) and  as a f u e l  in gas turbines and  o ther  h e a t  
engines (boiler, etc.). 

8, Biogas 

This is a methane-rich ( C H ~ )  gas wi th  a h e a t  value of 500-700 ~ t u / f t ~ ,  and  
c a n  b e  used as a boiler  fuel  in gas turbines and  o t h e r  heat  engines. I t  is a subs t i tu te  
f o r  natura l  gas. I t  i s  typically produced by decomposing organic  m a t e r i a l  which a r e  
locally available. 

9. Syn the t i c  Natural  G a s  (SNG) 
,' 

SNG is a high-heat value gas (1,000 ~ t u / f t ~ ) ,  which is a d i rec t  subs t i tu te  fo r  
natura l  gas  in essent ia l ly  all applications. I t  is m a d e  through c a t a y t i c  conversion of 

c - 
MBG. Feedstocks  include oil, coal ,  sha le  oil and  biomass. SNG can a l so  be m a d e  by 
pnrif ying biogas, 

10. Hydrogen (H2) 

Hydrogen can  be e x t r a c t e d  from coal  v ia  gasification processes, or  i t  can  be 
* I 

m a d e  by t h e  e l e c t r o l y t i c  decomposition of water .  I t  is a volatile, high quali ty fue l  
which can s u b s t i t u t e  for na tu ra l  gas. However,  conversion processes a r e  highly 
energy-intensive, and significant in f ras t ruc tu re  problems stand in t h e  way  of 

! 
i. 

widespread ut i l iza t ion (storage,  distribution, et c.). 

11. Biomass Oi ls  and Lubricants  





NOTES: DISPERSED ELECTRICIT'Y MATRlX 

1. Cogeneration 

fl Cogeneration is the  generation of electrical ot- mechanical power and t h e  
production of useful hea t  from t h e  same primary source of fuel. A typical  
configuration is the use of s team from a fossil-fired boiler t o  drive a 
turbine-generator, and t h e  subsequent use of t h e  exhaust s team fo r  space or wa te r  ' h 
heating: 

2. Small Fossil Plants 

Small fossil plants are defined as any fossil-fired e l ec t r i c  generating plant with 
an output capaci ty of less than 250 megawatts. These a r e  primarily steam-driven 
tur bine-generators. 

3. Small Hydro 

Small hydro is an electr ical  generating system with an output capacity of less  
than 30 megawat t s  powered by falling or moving water. This source may represent  
the most thoroughly developed technology included in this  discussion; plants of 
virtually any size a r e  readily available from commercial vendors. 

7 

4. Wind 
P 

Any one of numerous Wind Energy Conversion Systems (wECS) use  
wind-powered propellers or blades t o  drive an e lec t r ic  generator. Small systems a r e  
commercially available at this t ime; however, systems in t h e  megawatt range are 
still in t h e  development and test ing state. The s ize range given here  is f o r  
individual towers,  much larger outputs might be obtained from wind "farms" of 25 o r  
more units. 

5. Photovol taics 
I 

Photovoltaic power involves the direct transformation of sunlight i n to  k 
electr ic i ty  through the  exci tat ion of various semiconductor materials. Very small  

< systems are currently in use, but  t h e  high.cost of high-grade photovoltaic mater ia l s  
currently l imits an otherwise wide range of applications. 

6 .  Biomass Steam I 



8. Geothermal  

Geothermal-electric power may  be produced by utilizing the  hea t  within t h e  
earth r e sd t in -  b from ei ther  tectonic  ac t iv i ty  or radioactive decay. The mos t  
developed technology uses naturally c rea ted  s team.  These systems, however, a r e  
l imited by relatively f e w  sites and problems associated with t h e  chemistry of 
geothermal s team. The U.S. enjoys extensive "hot dry rock" resources-requiring 
t h e  injection of water  t o  produce steam-but t h e  required technology is still i n  the 
ear ly  s tages  of development. 

9. Fue l  Cells 

A fuel cell  is an electrochemical device which chemically combines hydrogen 
and oxygen to produce electr ic i ty  and water.  The system has been util ized in 
specialized applications such as space vehicles but large-scale applications a r e  in.  
t h e  ear ly  development stages. 

10. Waves 

The energy of waves may be converted in to  electricity by the  use of wave  
pumps, pneumatic  devices, motion devices, underwater pressure field devices, and 
facil i t ies powered by the mass transport of water  from breaking waves. Very srnald 
systems a re  currently being developed; however, technologicd o b s t a d e s  have  
inibited full-scale development of this source. 

11. Ocean  Thermal Energy Conversion (OTEC) 

OTEC produces power from the thermal  layer differences between warm 
sur face  water  and cold- deep ocean water .  Serious engineering obs t ades  and a 
limited number of s i tes  have inhibited development of this source. 

12. Low Temperature  Solar Thermal 

The .mos t  common low tempera ture  solar technology is the solar pond which 
uses salinity layers  in a body of water  t o  absorb and t rap  so l a r ene rgy  and convert. 
t ha t  heat into electr ic i ty  through a Rankine-cycle turbine. The technology is i n  
commercial  use in several  countries and in  t h e  tes t ing  s tage  in t h e  U.S. 

13. High Temperature  Solar Thermal 



NOTES: CHARACTERISTICS OF DISPERSED FUEL5 AND ELECTRIC 
POWER TECHNOLOGIES 

1 
A. Rm.k P 

I 
Rank is evaluation on a sca le  of 1-10, with 10 having the  highest value, judged 

f rom a s t r a t eg i c  perspective. In fuels,  high ranks designate  t h e  suitability of a fue l  
f rom a local and regional production and use basis. Flexibility, renewability, ease i n  
production, and other key characteristics a f f e c t  t h e  ranking. In electricity,  t h e  
s a m e  s t r a t eg i c  evaluation applies, with some technolo ies which a r e  inherently 
dispersed and commercially available, having high rank ? cogeneration, small fossil 
plants, etc.). Technologies such as photovoltaics and wind power a r e  renewable and  
available,  but a r e  ranked lower because of cur ren t  low production and high costs; 
however, from a community/regional perspective, t he se  a r e  important technologies 
t o  in tegra te  in emergency and energy planning, I 

2. Dispersed 

This describes t he  local and regional production possibilities for  fuels and t 
e l ec t r i c  power. For example,  gasoline, diesel fuel,  c rude  oil and synthet ic  natural  
gas  a r e  all fuels that  require considerable capi ta l  investment in high technology 
production facil i t ies and a re  most economically made  in large bulk quantities (i.e., 
production runs greater  than 3,000 tons or 2.7 million kilograms per day). These 
fuels  a r e  therefore  best produced in large central ized faci l i t ies  (i.e., not  dispersed) 
and require distribution networks t o  reach their  u l t imate  consumers. Methanol, 
ethanol, biogas and t h e  other fue ls  listed in t h e  fue ls  matr ix  a r e  more easily 
produced and a r e  thus evaluated as  being good potential  candidates for  dispersed or  
decentral ized supply systems. I t  is also economical t o  produce them i n  smaller l o t  
quantit ies (i.e., less than 1,000 tons or .9 million kilograms per day). On the  matr ix ,  
all of t h e  technologies fo r  e lectr ic i ty  a re  capable of dispersion with t h e  exception of 

e 
geothermal  and waves, which are site-specific. 

3. Cent ra l  

In addition t o  dispersed fuels  (or systems) and electrical technologies, 
' 

central ized technologies may also apply t o  many of t h e  same categories. Fo r  
L 

example,  cogeneration systems may occur in central  as well as dispersed locations; 
methanol  and ethanol fuels can be  ei ther  dispersed or centralized. 

- 4. Renewable (Renewable Feedstocks) 
f 



5. FeedstocklFuel Flexibility 

In fuels, high flexibility refers to  use of a variety of feedstocks (biomass and 
fossil origin). In electr ic i ty ,  flexibility is high if different  fuel sources can be used 
for  each  category of e lectr ical  technology. 

6 .  Grid-Connected and Grid-Independent 

Some fuels and electr ical  technologies may  be ei ther  grid-connected or local,  
and not connected. Ii a fuel is normally distributed through central systems 
(pipelines and distribution), i t  is rated (Y) f a  grid-connected. In electrical systems, 
all t h e  technologies can  be grid-connected, but f o r  grid independence, some a r e  
ra ted  (E) for  ea se  in isolated operation. Some systems are more difficult to  ope ra t e  
outside the  grid. However, all electrical systems can be designed for  local  
operation, independent of central grids. 

7. Local Fuels and Feedstocks 

These fue ls  and sources for  electrical power are r a t ed  (YIN) far  electricity,  
based on local availability. For fuels, use of locally available feedstocks is ra ted 
(L-H) low-high. 

8. Site Limited and Site Dependent 

Si te  dependent fuels  require large fue l  s tocks and capital  investment, a s  
opposed t o  non-site dependent sources such a s  Low Btu gas, which can be made in a 
mobile gasifier transported to  dispersed locations. Si te  dependent electrical 
technologies such as geothermal or wind a r e  not flexible, like cogeneration systems. 

9. Local and Regional Components 

This refers t o  the  availability of key components and spare parts of 
technologies which may  be found ei ther  locally or within t h e  region where t h e  
fuelfelectr ical  pFocess is located. As an example, t he  production of methanol 
requires a catalyst  mater ial  usually not available locally. Likewise, small fossil 
plants require sophisticated components and spare  parts  t ha t  would not be available 
locally. 

10. Local Maintenance 



12. Short Lead Time 

In general, this re fe rs  t o  fuel  processes and technologies which can be ordered 
and delivered fw energy.produktion within t h r ee  years. Gasoline and SNG faci l i t ies  
require  many years t o  l lcense and construct,  as opposed t o  Low Btu gas faci l i t ies  

r 
I 

which can be built quickly. Likewise, micro-cogeneration systems can be built 
quickly, unlike geothermal or solar thermal  facil i t i&, which require years. r 

13. Mobility 

This refers t o  fuels  in  cases where the  production faci l i ty  can be located at t h e  
source  of t h e  fuel. In electricity,  mobility re fe rs  t o  t h e  flexibility of t he  power 
plant's location. Some technologies, such as small hydro, a r e  definitely not  

i 
t ransferable  f rom specif ic  sites. 

14. O p r a t i o n  and Maintenance Costs 

These 'costs a re  r a t ed  H-L. Maintenance is self-explanatory; operations cos t s  
t 

also include labor, cap i ta l  depreciation, feedstocks and costs of transportation. c 
15. Storage (Fuels) 

Storage capabili ty is ra ted high if s torage faci l i t ies  a r e  locally available, and if 
i t  makes  sense t o  s to re  t h e  fuel. Hydrogen, f o r  example,  is ra ted low because it is 
diff icul t  and expensive t o  s tore  for an appreciable length of time. t 

16. End Use Flexibility (Fuels) 1 
t 

A fuel is considered t o  have a high flexibili ty if many different converters can 
be adapted t o  use of t h e  fuel (boilers, turbines,  internal combustion engines). 
Obviously, fuels such as gasoline have high flexibility. 

17. Scale (Fuels) 
I 

The scale  of production for  fue ls  is ra ted  L (large) for  production processes 
which a r e  greater  than 3,000 tons/day (2.7 million kg) equivalent, M (medium) f o r  

1 
processes operating at 1,000-3,000 tonslday (.9-2.7 million kg) equivalent, and  S 
(small) for processes less than 1,000 tonsiday (.9 .million kg) equivalent. 

C 
t 

- 18. Size Range (Electricity) I 



19. Intermittent (Electricity) 

This refers to  technologies which may be seasonal in nature, such as small 
hydro, or operate only during s m l g h t  (solar systems), thereby requiring energy 
storage for baseload operation. 

Fuel costs are expressed in current dollars/million Btus for fuels a t  the refinery 
gate  or production site. These casts indude amortization of capital investments. 
Electricity costs are expressed in capital costs per installed kilowatt of capacity 
($/kw). These costs represent current costs, not estimates of future costs of t h e  
technologies. 



These mat r i ces  are designed t o  be used by local ,  regional and  national planners 
concerned  with t h e  local  and regional implem-entation of decentra l ized,  dispersed 
a n d  renewable  fuels  and  e l e c t r i c  technologies. Prior civil defense  studies of t h e  
e n e r g y  sys tem a i d  loca l  r ecovery  character is t ics  encourage t h e  development of 
t r a in ing  programs and e a r l y  implementat ion of measures which will l a t e r  become 
i m p o r t a n t  in a n  emergency  si tuation.  We concur in  this gener ic  observation found in 
prior studies.  T 

I - 
, The Federa l  Emergency  Management  Agency (FEMA) is  empowered t o  consider 

a n  a t t e m p t  t o  m i t i g a t e  t h e  potent ia l  e f f e c t s  of a number of crisis  si tuations ranging 
f r o m  hurricanes,  ear thquakes ,  and  nuclear power emergencies  t o  nuclear war. In 
a l m o s t  al l  cases,  an e f f e c t i v e  local  and regional approach t o  dispersal and 
decen t ra l i za t ion  of energy sources  will serve i6mediately and  in  the  long range  t o  
m i t i g a t e  e f f e c t s  of disruptions of cen t ra l  resource supply sys tems.  

In addit ion t o  FEMA's responsibiiities in t h e  energy a r e a ,  t h e r e  a r e  s imilar  
charges  t o  o ther  f e d e r a l  agencies ,  indud ing  t h e  Depar tment  of Energy (DOE) and  

I - t h e  D e p a r t m e n t  of Transpor ta t ion  (DOT). The Emergency Energy Conservation A c t  , 
(EECA) e n a c t e d  in November 1979 c r e a t e d  a f ramework  f o r  a national response t o  
f u t u r e  energy supply interruptions.  Ti t le  I establishes t h e  basis f o r  standby gasoline 
rat ioning t o  be  impiemented in  t h e  even t  of a t w e n t y  percen t  shor tage  of gasoline. 
T i t l e  I1 c r e a t e s  a f e d e r a l - s t a t e  sys tem for  dealing wi th  severe ,  but  lesser ,  shor tages  
through volurltary and  manda tory  demand res t ra in t  or emergency  conservat ion 

1 
measures .  I 

T i t l e  I1 of EECA author izes  t h e  President t o  de te rmine  t h a t  t h e  nation i s  f a c e d  
wi th  a s e v e r e  energy supply in terrupt ion or t h a t  a s e v e r e  in te r rup t ion  is  imminent.  
In t h e  e v e n t  of such a finding,  t h e  President m a y  es tabl ish  national and 
s ta te -by-s ta te  monthly  emergency  conservation t a r g e t s  f o r  any  fue l s  or energy  
sources  a f f e c t e d  by t h e  in terrupt ion,  Within 45 days a f t e r  t h e  es tabl ishment  of 
e m e r g e n c y  t a rge t s ,  t h e  s t a t e  governors a re  required t o  submit  plans t o  t h e  
S e c r e t a r y  of Energy indicat ing t h e  approach t h e  s t a t e s  will t a k e  in mee t ing  t h e s e  
t a r g e t s .  

I As long as a s t a t e  m e e t s  i t s  t a rge t s ,  i t  would cont inue t o  implement  its plan. 
I However ,  if t h e  Pres ident  f inds  t h a t  a s t a t e  is no t  substant ia l ly  m e e t i n g  i t s  t a rge t s ,  

and  i t  is unlikely t h a t  t h e y  swill be m e t ,  he  may ,  a f t e r  consultat ion wi th  t h e  
governor ,  invoke any or  all pa r t s  of a standby federa l  plan within t h e  state. A s t a t e  
plan m a y  incorporate  virtually a n y  measures which t h e  governor f inds sui table ,  
s u b j e c t  t o  t h e  approval of t h e  S e c r e t a r y  of Energy,  and m a y  include measures  
con ta ined  in  t h e  s t andby  federa l  plan. 

In order  t o  f d l y  implement  th is  federal  conservation plan, DOE is considering 



Conclusions and Recommendations (4.4) - 

The Energy and Defense  Pro jec t  has ident i f ied  and  ranked available dispersed,  
decentra l ized and renewable  energy resources and technologies t h a t  can be uti i ized 
o n  a loca l  and regional basis t o  enhance secur i ty  and  m e e t  community  needs in  t i m e  
of crisis. In order  t o  in i t i a te  local ,  regional and nat ional  programs, a process f o r  
implementat ion should be ident i f ied  and  established wi thin  FEMA (act ing in concer t  

I with o t h e r  federa l  agencies). 

Al ternat ive  energy technologies exis t ,  and a r e  commercia l ly  available f o r  a 
wide var ie ty  of local  and  regional uses. However,  no comprehensive programs ex i s t  
t o  encourage the i r  use for purposes of reducing nat ional  vulnerability, increas ing 
self-rel iance,  and providing a locai  resource  base in t i m e  of crisis. 

Table 4.4-1 summar izes  t h e  recommendat ions  of t h e  Energy and Defense  
Project .  This t ab le  is based on developing local  and regional programs t o  (a) 
inven tory  energy resources within regions, and (b) implement  available dispersed,  
decentra l ized and renewable technologies.  

T o  in i t i a te  such programs on a local  level ,  w e  suggest  t h e  c rea t ion  of 
local/regional en t i t i e s  called "Defense Energy Dis t r ic ts"  (DEDs), which would b e  
adminis t ra t ively  responsible fo r  categorizing,  inventorying,  and  coordinating t h e  
implementat ion of dispersed, decentra l ized and renewable  energy resources  
technologies. 

A t  present,  t h e  au thor i ty  for emergency  energy  planning is  spli t  k t w e e n  a 
number  o f . f e d e r a l  agencies (FEMA, DOE, DOT, etc.) on  t h e  national level  and a 
wide var ie ty  of s t a t e  and local  agencies.  As prior civil defense  s tudies  have shown, 
an essential ,  need in emergency  planning is developing d a t a  and workable plans well 
ahead  of ant ic ipated crises. .The Uni ted S t a t e s  is f a c i n g  a ser ies  of potential  cr ises  
in  supply of imported energy and mate r ia i s  a t  t h e  p resen t  t ime ,  yet  no coord ina ted  
e f f o r t  has been developed t o  implement  local  and regiorial technologies and plans t o  
coun te r  this vulnerability." In f a c t ,  t h e  ex i s tence  of many  uncoordinated f e d e r a l  
programs m a y  hinder t h e  development  of local  self-sufficiency,  r a t h e r  than  assist it.  

I 

Funding of DEDs need not be centra l ized in any  o n e  federa l ,  s t a t e  o r  local  
agency. Already established programs under a number  of s t a t e  and federa l  laws 'are 
in ex i s tence  and provide funding f o r  a range of conservat ion and a l t e rna t ive  energy  
technologies and  programs. 



NATIONAL ACTIONS AND POLICIES TO 
ENHANCE REGIONAL ENERGY SECURITY 

C o n d u c t  a national inventory of 5. 
reg iona l  dispersed energy  sources,  
f u e l s  and  technologies. 

I n t e g r a t e  th is  inventory and 
conso l ida te  energy planning into 
ex i s t ing  civil defense policies 
a n d  plans. 

4 .  
Ident i fy  priori ty needs f o r  
e n e r g y  supplies and technologies 
wi thin  regions (such pr ior i t ies  
should  be coordinated wi th  needs 
f o r  food,  communication,  o the r  
resources) .  

Iden t i fy  and establish "Defense 
Energy Districts" within regions, 
b a s e d  on energy inventory and 
p r io r i ty  energy needs c r i t e r i a .  

Within DEDs, a c c e l e r a t e  implemen- 
t a t ion  of federa l ,  local, and  
s t a t e  act ions  t o  increase energy 

f 
conservat ion ( to  reduce overall 
demand)  and promote  widespread 
use of dispersed, renewable 

C , 
energy sources  and technologies. 

Establish regional demonstra t ion 
programs fo r  community  energy 

< I .  
systems. Establish s tockpi le  and 
purchase program within regions 
f o r  high-ranked, commercia l ly  

I 
available,  dispersed energy 
technologies. 

Acce le ra te  R&D for all dispersed 
technologies and in tegra te  pur- 
chase  programs with ongoing gov- 
e r n m e n t  commercia l iza t ion effor ts .  

h 
I 

A c t  on  init ial  studies a n d  dem- 
o n s t r a t i o n  programs t o  made  programs 
a v a i l a b l e  t o  all DEDs, including 
s tockp i les  and available technologies. 

A c s e l e r a t e  demonstra t ion programs t o  
include a l l  regions. 

Bring more  dispersed energy  rech- 
nologies into mass production; a s  th is  

a. Provide addit ional  incentives and L 
policies t o  fund DEDs fo r  energy 
ass is tance ef iorrs .  Such incent-  
ives and policies would include 
acce le ra t ion  of DOD purchase pro- 
g ram for  photovoltaics t o  local 

'r 
governments  (and extension of 
program t o  include o ther  dis- 
persed energy sources). 

t 



2. Identify priority uses in event of crisis or central system disruption and 
conduct local training programs for use of existing alternate facilities and - e q u i p a t .  

3. Coordinate available funding and develop stockpiles of key energy 
components, fuel storages, parts and alternate equipment which would be  
needed in an emergency. 

4. Serve as a local coordinating agency for federal emergency energy 
contingency programs. This would help eliminate wasteful, redundant 
current programs, and would improve local capability of response t o  a 
crisis (petroleum shortages, system disruptions, etc.). 



Already, many available a l ternat ive technologies a r e  available which a n  be 3 

immedia te ly  implemented on t h e  community level to provide dependable a l t e rna t e  
fue l  and power in t i m e  of crisis. In t he  f ie ld  of emergency communications alone, 
photovoltaic technology provides a range of dependable power back-up fo r  voice and 

I 
I 

d a t a  telecommunications equipment, emergency t ransmit ters ,  f ie ld  r,adios, 
distribution system equipment and various signal devices. This equipment can be  
purchased now by local and regional organizations concerned with emergency energy 
contingency planning. A new study fo r  t h e  Depar tment  of Energy, performed by 
Science Applications, Inc., points out t h a t  photovoltaic, wind and solar thermal  
sys t ems  will be available on a full  commercial  basis f o r  t h e  insti tutional marke t  
within f ive years. Table 4.4-2 compares t h e  commercial  readiness of these 
a l t e rna t ive  energy technologies, 

I 
.r 
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Many o ther  technologies identified in this study a r e  commercially available 
today and of fer  grea t  potential in energy contingency planning. An example is load 
management  technology, which can mee t  both t h e  needs of energy conservation on a 
dispersed basis and also meet  the needs of emergency communication. Remore  
devices connected t o  residences, commercial enterprises, public agencies and 
industries can  accomplish load control as well as two-way communications. Such 
equipment is available today and t e s t s  a r e  being performed by a number of e lec t r ic  
utilities. An immediate use fo r  such technologies is coordination of FEMA n u d e a r  
plant s a f e t y  evacuation planning with remote  load management devices designed for  
emergency communications. Thus, energy demand can be reduced simultaneously 
with t h e  development of modern contingency communications technology. 

Use  of available alternative technologies by local and regional organizations is 
an important  tool in energy emergency planning. The evaluation methodology (i.e., 
t h e  f ue!s and electricity matrices) developed can be adapted for  use by local and 
regional organizations. 

Summary 

The Energy and Defense Project  has evaluated a number of dispersed, 
decenrraiized and renewable energy sources which of fer  a potential fo r  reducing of 
national vulnerability (energy, resources, materials, war), increasing t h e  
self-sufficiency of l o c d  communities, and strengthening national security. 

Recognition of the s t ra teg ic  value of policies to implement local and regional 
energy decentralization and increase deployment of renewable sources is a primary 
consideration and conclusion of this study. In summary, the  major findings are: 

. Current  U.S. energy systems (fuels and electricity) a r e  highly 
vulnerable, due to  requirements f o r  imported resources and 
due to  the  centralized na ture  of the systems themselves. 

. Dispersed, decentralized and renewable energy sources 'can 
reduce national vulnerability and t h e  likiihood of war by 
substituting for vulnerable centralized resources. 

National policies and goals need t o  be developed t o  s t rengthen 
current  inadequate energy emergency contingency planning 
and incorporate decentralized and renewable energy sources in 
planning. 



I- 
. National energy self-sufficiency programs (including synfuel 

development and t h e  Strategic  Petroleum Reserve) are highly 
r 

centralized, thus highly vulnerable. A bet ter  s t ra teg ic  
opportunity is t h e  development of dispersed local and regional 
approaches. 

l- 
. Curren t  funding levels (both pr ivate  and public) for  

decentralized and renewable energy a r e  inadequate. National 
priorities should re f lec t  t he  s t r a t e g i c  value and importance of 

f :  
t h e  decentralist /renewable energy oppor;tunity. 
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