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ABSTRACT r 

Should the  world demand f o r  energy inc rease  s i x f o l d  wi th in  t h e  next  

50 years ,  l a r g e l y  because t h e  underdeveloped coun t r i e s  

i f  h a l f  t h i s  demand i s  met by coa l ,  then t h e  es t imated 

resource  o f  coal  o f  4 x 10” met r ic  tons  would las t  a t  

i n d u s t r i a l i z e ,  and 

world recoverable  

t h i s  asymptotic 

l e v e l  about 140 yea r s .  The carbon dioxide concent ra t ion  i n  t h e  atmo- 

sphere i s  then  est imated t l o  i nc rease  about t h ree fo ld .  These two eventu- 

a l i t i e s  may p lace  l i m i t s  o:n our u l t ima te  use o f  coa l .  

accumulation inherent  i n  t h e  widespread use of  coa l  i s  i n  a sense 

The r i s k  of a C02 

analogous t o  t h e  r i s k  o f  nuc lear  p r o l i f e r a t i o n :  both problems are g loba l ,  

uncer ta in ,  and could pose profound chal lenges t o  man’s f u t u r e .  

iii 



SOME LONG-RANGE SPECULATIONS ABOUT COAL* 

I 

I TABLE 1. U.S. AND WORLD COAL RESOURCES 

U.S. World 

Metric Tons Kilojoules  Metric Tons Kilojoules  
B i  1 1 j. on B i l l i o n  

Resources 3,600 86,300 15,074 360,000 

Ult imately ava i l a -  
b l e  resource  94 1 22,600 3,940 95,000 

Reserve base 39 4 10,300 1,650 43,000 

Reserves 197 5,150 824 21,500 

We s h a l l  specu la t e  on t h e  r o l e  of coal  i n  t h e  in te rmedia te  f u t u r e ,  

say t o  2010; and i n  the  very d i s t a n t  f u t u r e ,  beyond 2010 when replacements 

f o r  f o s s i l  f u e l s  may have t o  be used on a l a rge  scale. 

- Do We Have Enough Coal? - 

When w i l l  our  coal  reserve  be s e r i o u s l y  depleted? In Table 1 we 

summarize our coa l  reserve  based on es t imates  given by P. Aver i t t  i n  

1975. 

Note t h a t  t h e  U.S. reserves  of coa l ,  def ined as 50 percent  of t h e  coa l  1 1 t h a t  has  been accura te ly  idlent i f ied and i s  c u r r e n t l y  economic t o  recover ,  

1 amounts t o  but  5 percent  of t h e  t o t a l  U.S. resource - t h e  l a t t e r  being 

defined as a l l  coal  i n  seams no th inne r  than 14  inches (35 cm) nor  deeper 

*Presented by Alvin M. Weinberg a t  t h e  National Academy of S k e n c e s  Forum 
on "Coal as an Energy Resource", Washington, D .  C .  (April  6, 1977). 
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Some Long-Range Speculat ions About Coal 2 

than 6,000 f e e t  (1,800 m). 

of p o s s i b i l i t i e s  between what i s  now judged t o  be economically recover- 

a b l e  and what t h e  t o t a l  resource  is. Since coal  i n  seams as t h i n  as 14  

inches (35 cm) is mined i n  some p laces ,  and i n  mines as deep as 3,500 

f e e t  (1,100 m) i n  o the r s ,  one simply cannot assert t h a t  we s h a l l  never 

e x p l o i t  a g r e a t  p a r t  of t h e  resource.  The second e n t r y  f o r  t h e  United 

S t a t e s ,  designated "u l t imate ly  a v a i l a b l e  resourcef1 ,  r ep resen t s  A v e r i t t  Is 

es t imate  of how much coal  t h e r e  is a t  3,000 feet (900 m) depth o r  l e s s  

i n  seams 28 inches (70 cm) t h i c k  o r  t h i c k e r ;  and he regards  50 pe rcen t  

of t h i s  as "u l t imate ly  ava i lab le" .  

f r a c t i o n  of "resources" as  A v e r i t t  es t imated f o r  t h e  United S t a t e s .  

We a r e  thus  confronted with an immense range 

For the  world we show t h e  same 

Let us now examine p o s s i b l e  bounds on t h e  amount of coa l  t h a t  i s  

a c t u a l l y  used. These bounds may a r i s e  from l i m i t a t i o n  o f  o v e r a l l  energy 

demand, from environmental e f f e c t s ,  o r  from competit ion from a l t e r n a t i v e  

sources  of  energy. 

Most r ecen t  e s t ima tes  of t h e  f u t u r e  demand f o r  energy have been 

lower than  they  were say, a half-dozen years  ago. 

energy p o l i c y  i n  t h e  United S t a t e s  w a s  formulated when we took a s  a l a w  

Much of our basic 

of na ture ,  more o r  less, t h a t  energy demand would inc rease  a t  t h e  h i s -  

t o r i c  r a t e  of 4 . 5  percent  p e r  year  ad in f in i tum.  

Ford energy pro  j ect , 

accustomed t o  much lower p r o j e c t i o n s  of  energy growth. 

But beginning with t h e  

and now wi th  inc reas ing  frequency, we a r e  g e t t i n g  

Thus t h e  ORAU 

I n s t i t u t e  f o r  Energy Analysis ,  i n  i t s  s tudy3 "Economic and Environmental 

Implicat ions of a U.S. Nuclear Moratorium, 1985-2O1Ott (abbreviated USNM), 
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p r o j e c t s  a high aggregate  U.S. energy demand i n  2000 of 126 quads 

(133 x lo1’ k i l o j o u l e s ) ,  EL low of 101 quads (106 x lo1’ k i l o j o u l e s ) .  

The low f i g u r e  agrees  with t h e  Ford zero energy growth e s t ima te .  

A t  t h e  time Ford zero energy growth was promulgated, much of the  

establ ishment  r eac t ed  v i o l e n t l y  - y e t  only 3 years  la ter  such low pro- 

j e c t i o n s  r e c e i v e  nods of approval,  and seem t o  be incorporated i n t o  our  

na t iona l  energy po l i cy .  

a f e e l  o f  p l a u s i b i l i t y :  (1) a lower f e r t i l i t y  r a t e  (1.8 p e r  woman) and 

t h e r e f o r e  a populat ion around 250 x lo6  i n s t e a d  of 350 x 10 

of t h e  century;  (2) a t r end  toward conservat ion induced both by govern- 

ment f i a t  and by r i s i n g  energy p r i c e s ;  and (3 )  a lower r a t e  o f  i nc rease  

of labor  p r o d u c t i v i t y  and , therefore of gross  n a t i o n a l  product (GNP). 

Though t h e r e  i s  no cons tan t  r e l a t i o n  between GNP and energy, t h e  slower 

r i s e  i n  GNP would lead t o  i X  more moderate r i s e  i n  t h e  use  of  energy. 

Three major f a c t o r s  g ive  t o  such lower es t imates  

6 by t h e  t u r n  

Nevertheless ,  even with t h e s e  more modest r a t e s  of energy growth, 

t h e  p e r  c a p i t a  demand i n  t h e  United S t a t e s  i s ,  according t o  our  e s t i -  

mates a t  the I n s t i t u t e  fo r  Energy Analysis ,  going t o  r i s e  - from 

340 x 10 

pe r  person p e r  yea r  i n  t h e  low scena r io ,  480 x 10 

p e r  year  i n  t h e  high scenar io .  

f r a c t i o n  of energy t h a t  goes through e l e c t r i c i t y  w i l l  a l s o  inc rease  - 

from 28 percent  a t  p re sen t  t o  about 50 pe rcen t .  This  amounts t o  about 

200 x 10 

6 k i l o j o u l e s  p e r  person p e r  year  t o  around 400 x lo6  k i l o j o u l e s  

6 k i l o j o u l e s  p e r  person 

Moreover, we be l i eve  it l i k e l y  t h a t  t h e  

6 ki loj‘oules  p e r  person p e r  year  going i n t o  e l e c t r i c i t y .  

Let us  s e t  a s ide  f o r  t h e  moment t h e  ques t ion  of whether t h i s  

e l e c t r i c i t y  w i l l  be generated p r imar i ly  by nuc lear  energy o r  by c o a l ,  

3 



........... . . . . .  ........ . . . . . . -. 

a- 
ir 

sa 

D 

D 

II 

Some Long-Range Speculat ions About Coal 

and specula te  on t h e  p re s su re  put  on our  coa l  resources  if a l l  of t h i s  

e l e c t r i c i t y  were produced from coa l .  

k i l o j o u l e s  p e r  year  from coa l ,  which corresponds t o  about 2 x 10 

of coa l  pe r  year .  

we would use  our  r e se rves  i n  100 years  and our  u l t i m a t e l y  a v a i l a b l e  

15 This  amounts t o ,  say  50 x 10 
9 t ons  

Now re tu rn ing  t o  Table 1, w e  s ee  t h a t  a t  t h i s  r a t e  

4 

resource  i n  about 500 years .  

f a c t o r s  t h a t  o t h e r  energy sources  w i l l  supplement coa l  f o r  e l e c t r i c  

generat ion and t h a t  some coa l  w i l l  be used t o  make l i q u i d  and gaseous 

f u e l s .  

source of  i n d u s t r i a l  h e a t ,  a s h i f t  t h a t  would be encouraged i f  a r e l i a -  

b l e  f lu id ized-bed  b o i l e r  i s  developed. 

These times do no t  consider  t h e  opposing 

Nor do we t ake  intlo account a l i k e l y  s h i f t  toward coa l  as a 

These est imated times t o  dep le t ion  a r e  r eas su r ing ly  long but  we 

cannot be complacent. 

l e v e l s  o f f  a t  400 x 10 

l a t i o n  f o r  a t o t a l  of 100 x lo1’ k i l o j o u l e s .  

could consider  t h e  demand t.o l e v e l  o f f  a t  180 x lo1’ k i l o j o u l e s  - say 

600 x 10 k i l o j o u l e s  p e r  person p e r  year  and 300 x 10 populat ion.  In 

t h a t  case w e  might imagine coa l  supplying 90 x lo1’ k i l o j o u l e s  p e r  year ,  

and our  reserves  and u l t ima te ly  a v a i l a b l e  resource  would las t ,  s a y  55 

and 240 yea r s  r e spec t ive ly .  

We have assumed t h a t  our asymptotic energy system 

6 6 kilLojoules p e r  person pe r  year  and 250 x 10 popu- 

With equal p l a u s i b i l i t y  we 

6 6 

- Wo:rld Demand f o r  Coal - 

These f i g u r e s  take l i t t l e  account of t h e  rest of  t h e  world. R .  M. 

Rot ty  has p ro jec t ed  what t he  f u t u r e  demand f o r  energy i n  a developing 

world might come t o . 4  

the  energy growth o f  each independently,  wi th  t h e  p r e s e n t l y  underdeveloped 

He d iv ides  t h e  world i n t o  6 regions and p r o j e c t s  
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coun t r i e s  expanding both , t h e i r  populat ions and t h e i r  p e r  c a p i t a  energy 

expenditures much fas ter  than t h e  United S t a t e s .  

p e r  c a p i t a  growth ra te  i n  t h e s e  couiitr ies of  about 3.5 percent  p e r  year  

and a populat ion growth of 2 pe rcen t ,  which gives  an o v e r a l l  energy 

growth of 5.5 percent  p e r  year  (compared with 8 percent  during t h e  p a s t  

He assumes a yea r ly  

decade). 

coun t r i e s  about one-sixth t h a t  of  t h e  p re sen t  U.S. - say 50 x 10 

j o u l e s  p e r  person p e r  year  by t h e  yea r  2025. 

world energy demand reaches about 1,300 x lo1' k i l o j o u l e s  by 2025, 

d i s t r i b u t e d  among coun t r i e s  as shown i n  Figure 1. If we assume 50 

percent  of  t h i s  i s  suppl ied by coa l ,  t h e  world r e se rve  and u l t i m a t e l y  

a v a i l a b l e  resource would then last  roughly 30 years  and 140 years .  

But t h i s  i s  by no means an upper l i m i t .  F. Niehaus has proposed a 

scena r io  based on l o l o  people us ing  an average of  200 x 10 

p e r  person p e r  year  f o r  a world t o t a l  of 2,000 x lo1' k i l o j o u l e s  p e r  

yea r .5  If 50 percent  of t h i s  i s  met by coa l ,  t h e  dep le t ion  times are, 

r e spec t ive ly ,  20 years  and 90 years .  Moreover, s i n c e  t h e  world's  coal 

seems t o  be confined l a r g e l y  t o  t h e  United S t a t e s ,  t h e  USSR, and China, 

such world scenarios  would undoubtedly put  much more p re s su re  on U.S. 

coa l  r e se rves  than we would estimate simply from t h e  p ro jec t ions  of U.S. 

demand alone. 

This  l eads  t o  an average p e r  c a p i t a  expenditure i n  these  

6 k i l o -  

Rot ty 's  es t imated t o t a l  

6 k i l o j o u l e s  

Indeed, t h e r e  may be an inconsis tency i n  much of our 

Y- 
energy futurology:  we u s u a l l y  assume t h a t  even tua l ly  t h e  underdeveloped 

coun t r i e s  w i l l  use  energy a t  some f a i r  f r a c t i o n  o f  t h e  p e r  c a p i t a  energy 

demand of  t h e  developed world, y e t  we don ' t  r e a l l y  face squarely t h e  

quest ion of  where they w i l l  g e t  t h e i r  f o s s i l  f u e l .  Should, say,  one- 
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fou r th  of t h e  wor ld ' s  energy be der ived from U.S. coal  - t h i s  proport ion 

i s  t h e  same as t h e  U.S. coa l  r e se rve  compared t o  t h e  world r e se rve  - 

and i f  t h e  world 's  energy demand reaches 1,300 x 1015 k i l o j o u l e s ,  t h e  

United S t a t e s  would have t o  supply some 13  x lo9  tons  o f  coa l  p e r  year .  

This seems l i k e  an astronomical amount of coa l .  

Obviously such numerology cannot be taken f u l l y  s e r i o u s l y .  Never- 

1 2  t h e l e s s ,  we would claim t h a t  t h e  world 's  coal  resource of 15 x 10 

tons ,  which seems so enormous compared t o  t h e  p re sen t  use  of coa l  a t  

t h e  rate of 3 x 10 tons  p e r  year  (1973), may be a far smal le r  usable  

resource  than t h e  raw es t ima tes  suggest .  

9 

-Ul t ima te  Climatic  L i m i t s  on t h e  Use of  Coal - 

9 The atmosphere conta ins  about 710 x 10  tons  of carbon i n  t h e  form 

of C 0 2 .  

(ppm). 

t h e  atmosphere by t h e  burning of f o s s i l  f u e l  remains t h e r e .  In Table 2 

we give t h e  concent ra t ion  of C 0 2  i n  t h e  atmosphere i f  each of t h e  coa l  

r e s e r v o i r s  as wel l  as t h e  world 's  o i l  and gas a r e  burned and one-half  

This  corresponds t o  a concent ra t ion  of  330 p a r t s  p e r  mi l l i on  

There i s  some evidence t h a t  about one-half  t h e  C02 i n j e c t e d  i n t o  

t h e  r e l eased  C02 remains i n  t h e  atmosphere. 

The carbon dioxide burden i n  t h e  atmosphere 

a r a t e  of about 1 ppm p e r  year ,  a t  l e a s t  f o r  t he  

monitoring of C02 began (Figure 2 ) .  To be sure, 

t r o p i c a l  f o r e s t s  have been c l ea red ,  a n d , t h e r e  i s  

has been inc reas ing  a t  

20 years  s ince  accura te  

dur ing  t h i s  per iod 

controversy as t o  t h e  

ex ten t  t o  which t h e  decay and burning of t h i s  wood have cont r ibu ted  t o  

the  p re sen t  C 0 2  burden. A t  t h e  r ecen t  ERDA-sponsored workshop on t h e  
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TABLE 2. PROJECTED ATMOSPHERIC C02 CONCENTRATION FROM 
FOSSIL FUEL CONSUMPTION I F  HALF OF THE RELEASED 
CARBON REMAINS I N  THE ATMOSPHERE 

Atmospheric 
Carbon Retained i n  Concentration Years at 

c02 Asymptotic t h e  Atmosphere 
a 

Fuel Burned (10” tons)  (ppm) Level 

Present  concentrat ion 710 

Re se rve  285 

Reserve base 570 

Ult imately a v a i l a b l e  1 , 365 

World resources  5,225 

O i  1 125 

Natural gas 95 

330 

460 30 

600 60 

960 140 

3 , 760 550 

390 

370 

global  e f f e c t s  of  C 0 2  i n  t h e  atmosphere,6 it was concluded t h a t  we do not  

r e a l l y  know whether t he  biosphere is  a n e t  source o r  a n e t  s ink  of  C 0 2 .  

On t h e  o t h e r  hand, W. Broecker presented evidence t h a t  if c l e a r i n g  of  

t h e  biosphere is  a source of  COZY t h e  amount of  C 0 2  thereby added t o  t h e  

atmosphere must be small compared t o  t h a t  con t r ibu ted  by burning f o s s i l  

f u e l .  

carbon as does t h e  world’s coa l  resource,  even i f  t h e  e n t i r e  biosphere 

were removed (an e n t i r e l y  implausible  event)  it could u l t i m a t e l y  con- 

Moreover, s i n c e  t h e  biosphere con ta ins  only one-tenth as much 

t r i b u t e  only 10 pe rcen t  as much C02 as would t h e  burning of a l l  our 

f o s s i l  f u e l .  

l a t e d  t o  t h e  burning of f o s s i l  f u e l ,  and t h a t  i n  t h e  long run w e  may 

encounter extremely l a r g e  i n c r e a s e s  of  C 0 2  as a r e s u l t  of our  u se  of 

f o s s i l  f u e l .  

We would conclude t h a t  t h e  C02 i nc rease  i s  probably re- 
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Carbon dioxidc absorbs encrgy i n  the i n f r a r c d .  S o l a r  energy i n c i -  

on t h e  e a r t h ' s  su r f ace  i s  r e r a d i a t e d  a t  wave lengths  t h a t  can be 

trapped by C02.  

i nc reases  t h e  energy put  i n t o  t h e  climate system by about 1 .6  terrawatts. 

H. Flohn' es t imates  t h a t  t h e  p re sen t  yea r ly  r i se  of  C 0 2  

If t h e  use  of f o s s i l  f u e l  i nc reases  along Rotty 's  p r o j e c t i o n s ,  t h e  

C02 concentrat ion would double within t h e  next  50 t o  75 'yea r s .  We do 

no t  r e a l l y  know how t h e  climate would change if C02 concentrat ion doubled. 

Manabe and Wetherald,* with t h e i r  e l a b o r a t e  climate model, p r e d i c t  a 

global  average temperature inc rease  on t h e  o rde r  of  2°C and an 8-10°C 

i n c r e  as e 

be s u r e ,  

clouds . 

i n  temperature 

t h e  models are 

What estimates 

o f  t h e  po le  f o r  a twofold incr2zse o f  C 0 2 .  

crude, and they do not include t h e  effect  o f  

have been made o f  t h e  effect  of  c louds,  by 

To 

Ramanathang and by Schneider e t  a l . ,  l o  however, suggest t h a t  clouds may 

no t  be t h e  po ten t  source of nega t ive  feedback w e  had o r i g i n a l l y  hoped for. 

The concentrat ion of  C02 i n  t h e  atmosphere i s  more s t r o n g l y  t i e d  t o  

t h e  u t i l i z a t i o n  of coal  than t o  t h a t  o f  o i l  and n a t u r a l  gas simply be- 

cause the coal resource is s o  much l a rger  than the o i l  and gas resource. 

The t o t a l  carbon content  of the  world's  o i l  and gas reserve (not counting 

9 o i l  sha l e )  i s  about 440 .x  10 tons;  t h i s  is  but  40 percent  of t h e  r e se rve  

base o f  coa l .  Thus even i f  a l l  t h e  o i l  and gas  were burned, t h e  C 0 2  

concentrat ion would be increased only by 30 pe rcen t ;  whereas i f  coa l  

equivalent  t o  t h e  r e se rve  base is  burned, t h e  C02 concentrat ion would 

inc rease  by 80 percent .  

from o i l  s h a l e . )  

could be r e l eased  by t h e  burning of o i l  and gas) might be dangerous, t h e  

(These f i g u r e s  do no t  include any con t r ibu t ion  

Although an inc rease  of  15 pe rcen t ,  i . e . ,  70 ppm (which 
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p o t e n t i a l  con t r ibu t ion  from coal  i s  5 t o  10 t imes g r e a t e r .  T h i s  suggcs t s  

t h a t  although COZY if it i s  indeed a problem, w i l l  be exacerbated by our 

use of  o i l  and gas ,  it i s  t h e  burning of  t h e  much l a r g e r  r e s e r v o i r  of 

carbon i n  coal  t h a t  must be our  primary worry. 

can burn i ts  o i l  and gas without worrying t o o  much about C02; it can eat 

i n t o  i t s  much l a r g e r  r e s e r v o i r  of coa l  only a t  t h e  r i s k  of e l eva t ing  t h e  

C02 i n  t h e  atmosphere t o  what may be se r ious ,  o r  even c a t a s t r o p h i c ,  l e v e l s .  

So t o  speak, t h e  world 

-The Choices Before U s  - 

Let us set  a s i d e  f o r  t h e  moment t h e  p o s s i b i l i t y  of  l i m i t s  on our  

use of coa l  imposed by t h e  C02 problem, o r  indeed, by o t h e r  environmental 

c o n s t r a i n t s ,  and i n s t e a d  ask whether coa l  w i l l  be chosen on s t r i c t l y  

economic grounds over o t h e r  p o s s i b l e  sources of energy. As a f u e l  f o r  

generat ing e l e c t r i c i t y ,  coa l  i s  now i n  d i r e c t  competit ion with nuc lea r  

energy. 

t h e  r e l a t i v e  c o s t  of  e l e c t r i c i t y  from coal  and from l i g h t  water r e a c t o r s  

(LWR's), and h i s  r e s u l t s ,  taken from USNM, are presented i n  Table 3 .  The 

r e l a t i v e  p r i c e s  of nuclear-  and coal-generated e l e c t r i c i t y  are s e n s i t i v e  

t o  perceived rates of i n f l a t i o n  and t o  assumed i n t e r e s t  rates.  

D. Phung of t h e  I n s t i t u t e  f o r  Energy Analysis has estimated 

Roughly 

speaking, s i n c e  f u e l  c o s t s  f o r  coa l  b o i l e r s  are r e l a t i v e l y  more important 

than f o r  nuc lea r  r e a c t o r s ,  whereas t h e  s i t u a t i o n  i s  reversed with r e s p e c t  

t o  c a p i t a l  c o s t s ,  one would expect coa l  t o  s u f f e r  r e l a t i v e  t o  nuc lea r  

energy i f  i n f l a t i o n  is  high, and t o  show up b e t t e r  i f  i n f l a t i o n  i s  low. 

Phung's a n a l y s i s  bears  t h i s  out ;  on t h e  o t h e r  hand, it i s  clear t h a t  

nuc lea r  energy enjoys a d i s t i n c t  advantage only where low-sulfur coa l  i s  

unavai lable .  In t h e  Mountain S t a t e s ,  coa l  i s  cheaper than nuc lea r  energy. 
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TABLE 3. EFFECT OF FUEL ESCALATION RATES ABOVE INFLATION 
RATE ON DIFFERENCES BETWEEN COST OF NUCLEAR- AND 
COAL-GENERATED ELECTRICITY 

Percent Electricity Cost Advantage 
(Disadvantage) of Nuclear Over Coal 

Assumptions on Net Fuel Nuclear Over Coal Nuclear Over Coal 
Cost Increase (per year) Without Scrubbers With Scrubbers 

Coal 0%, Nuclear 0% 9 18 
Coal 0%, Nuclear 2% -1 8 
Coal 0%, Nuclear 4% -12 - 4  

Coal 2%, Nuclear 2% 

Coal 2%, Nuclear 4% 

Coal 2%, Nuclear 6% 

Coal 4%, Nuclear 4% 

17 
4 

-11 

26 

24 

10 

-5 

31 

Coal Cost - Nuclear Cost 
Nuclear Cost Note: Percent Difference = 

Base Case assumes 5 percent inflation and 11 percent operating 
discount rate (6 percent net discount rate). 

~ ~~ ~- ~- 

The relative cost of nuclear- and coal-generated electricity is 

sufficiently uncertain that one would be hard put to insist that, over 

the next 30 years, nuclear energy enjoys as large an advantage as our 

analysis suggests. Nevertheless, if one takes our results at face value 

and projects the demand for coal and nuclear energy out to 2010, we come 

up with the figures shown in Table 4 .  Should a nuclear moratorium be 

imposed that allows no new reactor starts after 1985 but allows reactors 

already on line to continue operation to 2010, then the total amount of 

coal required in 2010 is  about twice that required in the absence of a 
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t 
TABLE 4. ESTIMATES OF FUTURE U.S. COAL REQUIREMENTS (FROM USNM) I 

( l o 9  metric tons)  

Low Demand 
1985 2000 2010 

Nuclear op t ion  0.64 0.71 1.04 
Coal opt ion 0.64 1.36 2.39* 

' Annual percent  i nc rease  (coal opt ion)  5.1 5.8 

1 High Demand 

Nuclear opt ion 0.66 1.74 2.28 
Coal opt ion 0.66 2.40" 4.36* 
Annual pe rcen t  i nc rease  (coal  opt ion)  9.0 6 .1  

*Average tonnages f o r  2000 and 2010 have been increased 17 percent  
t o  account for  Western coa l  having about t h ree - fou r ths  t h e  h e a t  
content  of  Eastern coa l  [26.5 x l o6  k i l o j o u l e s / t o n  (22.8 x l o6  
Btu/short  ton)  i s  t h e  average hea t  value used up t o  annual pro- 
duc t ion  of 2.0 x lo9 tons ] .  

moratorium. Thus i n  t h e  case of  a nuc lea r  moratorium and a high demand, 

we would estimate t h e  coa l  r equ i r ed  t o  be almost 5 x l o9  tons  - and t h i s  

does n o t  do j u s t i c e  t o  t h e  demand t h a t  may ar ise  among t h e  lesser de- 

veloped coun t r i e s  (LDC's) . 
A t  t h e  moment we are unc lea r  as t o  when breeder  r e a c t o r s  w i l l  be 

introduced i n  t h e  United S t a t e s .  Under t h e  circumstances t h e  t o t a l  energy 

t h a t  w e  can e x t r a c t  from LWR's is  l imi t ed  by t h e  uranium supply; bu t  s i n c e  

t h e  l a t t e r  i s  r e a l l y  no t  known, we can do l i t t l e  more than speculate  as t o  

how l a r g e  t h e i r  con t r ibu t ion  t o  our  energy system can be. Since a 1,000 

megawatt-electric LWR without r e c y c l e  r e q u i r e s  about 200 s h o r t  t ons  (180 

15 metric tons )  of uranium p e r  year ,  and i t s  h e a t  equivalent  is  .06 x 10 

k i l o j o u l e s  p e r  year ,  we can compute t h e  amount of coa l  we can d i s p l a c e  
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with uranium in LWR's for various assumed uranium supplies. 

given in Table 5. 

would displace about 20 billion tons of coal --.e., about 10 percent of 

what Averitt estimates to be the U.S. coal reserve. If the highest uranium 

estimate proves correct, then some 82 billion tons, i.e., almost one-half 

of Averitt's reserve, could be used for purposes other than generating 

electricity. 

These are 

We see that even with the low uranium supply, LWR's 

TABLE 5. DISPLACEMENT OF COAL BY LIGHT WATER REACTOR (FROM USNM) 

Tons Tot a1 No. of 
Uranium 1,000 MW(e) 1015 kJ kJ (X of Coal 

(short tons) LWR's per Year (30 years) Displaced I 
300 18 540 20 109 I 
600 36 1,080 41 lo9 

6 

6 

6 

1.8 x 10 
3.6 x 10 
7 . 2  x 10 9 1,200 72 2,160 82 x 10 

No one can say whether such displacement will occur. Although, as 
I we see the situation now, nuclear energy appears cheaper than coal in 

most parts of the country, it would be imprudent to decide that economic 

forces will cause the large displacement of coal suggested in our Table 5. 

If we look at the matter in broadest terms, we find ourselves beset 

with a profound dilemma. 

have been delineated often and in detail. 

nuclear weapons probably poses the greatest risk, though-one must always 

The difficulties and risks of the nuclear path 

Of these, proliferation of 
r 

remember that power reactors and chemical plants provide a sufficient, 
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no t  necessary,  t echn ica l  b a s i s  f o r  p r o l i f e r a t i o n .  The major r i s k  i n  the  

coal path i s  t h e  poss ib l e  CO ca ta s t rophc .  In  ;I way t h i s  is the con1 

analogue o f  nuc lea r  p r o l i f e r a t i o n :  i t  i s  g loba l ,  unce r t a in ,  poss ib ly  

2 

c a t a s t r o p h i c .  Thus w e  see the  dimensions o f  t h e  dilemma: t h e  two energy 

systems upon which we are expect ing t o  depend, a t  least  over  t h e  medium 

term, are flawed t o  a degree t h a t  i s  a t  p re sen t  e s s e n t i a l l y  impossible 

t o  f u l l y  estimate, and t h a t  indeed may never be f u l l y  p o s s i b l e  t o  es t i -  

mate. To those  who embrace coal  as a f i s s i o n - f r e e  br idge t o  a s o l a r  

fu tu re ,  t h e  CO ques t ion  should i n j e c t  a no te  o f  prudent concern: we 

can t u r n  t h e  phrase around and ask whether f i s s i o n  based on r e a c t o r s  of  

cu r ren t  design perhaps w i l l  have t o  se rve  as a c o a l - f r e e  b r idge  t o  a 

fusion,  breeder ,  o r  so la r  f u t u r e .  We must a l s o  consider  t h e  p o s s i b i l i t y  

t h a t  both n u c l e a r  energy and coa l  w i l l  be judged by f u t u r e  generat ions 

2 

t o  be f a t a l l y  flawed and t h e  quest ion,  "Can we make it on s o l a r  energy 

alone?" w i l l  have t o  be rephrased: 

alone?" 

"How can we make i t  on s o l a r  energy 

\fiat can w e  do under the  circumstances? The most obvious f i rs t  

course i s  t o  expend much more e f f o r t  i n  t r y i n g  t o  understand the  C 0 2  

quest ion:  does i t  o r  does i t  no t  pose a real  t h r e a t ?  I t  i s  g r a t i f y i n g  

t h a t  ERDA as well as o t h e r  energy r e sea rch  agencies  throughout t h e  world 

are f i n a l l y  addressing t h e  ques t ion  s e r i o u s l y .  In t h e  meantime we can 

do no b e t t e r  than t o  keep our op t ions  open -meaning nuc lea r ,  geothermal, 

s o l a r ,  and c o a l ,  and t o  t r y  t o  c l a r i f y  j u s t  what we can do should t h e  twin 

Swords o f  Damocles, one c a l l e d  C02, t h e  o t h e r  c a l l e d  p r o l i f e r a t i o n ,  begin 

t o  f a l l  upon us.  
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