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THE ECONOMICS O F  COAL SUPPLY 

By Abraham Gerber 

American E l e c t r i c  Power Se rv ice  Corporat ion 

Rapid changes i n  bituminous c o a l  markets s i n c e  t h e  end of 
World War 11, e s p e c i a l l y  t h e  l o s s  of i t s  two l a r g e s t  markets--space 
hea t ing  and r a i l r o a d  fue l - -have  compelled s u b s t a n t i a l  adjustments  i n  
t h e  indus t ry .  I n  1947, t he  yea r  of peak bituminous coa l  product ion 
i n  the United S t a t e s ,  r a i l r o a d  consumption and r e t a i l  d e l i v e r i e s ,  
r ep resen t ing  p r imar i ly  r e s i d e n t i a l  and commercial space hea t ing ,  had 
a l r e a d y  f a l l e n  we l l  below t h e i r  e a r l i e r  peaks; neve r the l e s s ,  t oge the r  
t hey  s t i l l  accounted f o r  206 m i l l i o n  t o n s  o r  a lmost  40% of t o t a l  b i t u -  
minous coa l  consumption. The l o s s  of t h e  r a i l r o a d  market t o  d i e s e l  
o i l  was e s p e c i a l l y  r a p i d  and by 1960 t o t a l  r a i l r o a d  consumption of coa l  
had dec l ined  t o  about 2 m i l l i o n  t o n s  and was by then  s o  small  t h a t  
s e p a r a t e  s t a t i s t i c a l  t a b u l a t i o n  was d iscont inued .  Between 1947 and 
1963 t h e s e  two markets combined--rai l roads and r e t a i l  d e l i v e r i e s - -  
r ep resen ted  a loss of over  180 m i l l i o n  tons  and dropped t o  l e s s  than 
6$ of a t o t a l  bituminous coa l  consumption t h a t  had dec l ined  by 25%. 
Luring t h i s  same pe r iod  s i g n i f i c a n t ,  a l though m o r e  moderate, l o s s e s  
were s u s t a i n e d  i n  t h e  i n d u s t r i a l  and coke markets.  

The coa l  i n d u s t r y  responded t o  t h i s  cha l l enge  t o  i t s  su r -  
v i v a l  w i t h  the r ap id  i n t r o d u c t i o n  of  mechanizat ion and improved 
technology t h a t  has helped t o  main ta in  i t s  r e l a t i v e  p o s i t i o n  a s  the  
dominant source  o f  pr imary energy i n  t h e  h i g h l y  compet i t ive  and 
r a p i d l y  expanding e l e c t r i c  energy market. Since 1947 t h e  growth i n  
coa l  consumption by e l e c t r i c  u t i l i t i e s  of 123 m i l l i o n  tons  has  
exceeded t h e  l o s s  i n  t h e  r a i l r o a d  market. An inc reas ing ,  a l though 
small ,  sha re  of t h i s  growth i n  the e l e c t r i c  energy market a c t u a l l y  
r e p r e s e n t s  the i n d i r e c t  r e -en t ry  of coa l  i n t o  t h e  space hea t ing  market. 

Progress  i n  c o a l  mining technology began t o  a c c e l e r a t e  i n  
1950 and between t h a t  y e a r  and 1963 has  achieved an i n c r e a s e  i n  produc- 
t i v i t y  of a lmost  125% from 6.77 t o n s  t o  15.19 t o n s  per  man-day. 
i n  t u r n ,  has  made p o s s i b l e  i n  t h i s  pe r iod  a r educ t ion  of over  9$ i n  
t h e  mine p r i c e  of coa l  d e s p i t e  a n  I n c r e a s e  of 62% i n  coa l  miners '  wages 
and a 33$ r i s e  i n  t he  g e n e r a l  p r i c e  l e v e l  a s  measured by t h e  Gross 
Nat iona l  Product p r i c e  d e f l a t o r s .  But improved technology and reduced 
p r i c e s  a t  t h e  mine  have n o t  been s u f f i c i e n t  t o  main ta in  c o a l ' s  competi- 
t i v e  p o s i t i o n .  Lower t r a n s p o r t a t i o n  c o s t s  were a l s o  necessary.  

Fo r  coa l ,  more than  for any o t h e r  f u e l ,  the c o s t  of t r a n s -  
p o r t a t i o n  r ep resen t s  a major element of d e l i v e r e d  c o s t ,  i n  many cases  
amounting t o  more than  half  t h e  t o t a l  c o s t t o  t h e  consumer. Un t i l  
about  f i v e  y e a r s  ago t h e  c o s t  of r a i l  t r a n s p o r t a t i o n ,  which accounts  
f o r  over  70% of a l l  coa l  shipments,  tended t o  i n c r e a s e  and t o  Offse t  
r educ t ions  i n  the  mine p r i c e  u f  c o a l .  However, dur ing  t h e  p a s t  f i v e  
yea r s  growing r ecogn i t ion  by t h e  r a i l r o a d s  t h a t  u n l e s s  they  succeeded 
i n  reducing t h e  c o s t  of c o a l  t r a n s p o r t a t i o n  they  were th rea t ened  w i t h  
t h e  l o s s  of t h e i r  most impor tan t  s i n g l e  source  of f r e i g h t  revenue, 
has r e s u l t e d  i n  s i g n i f i c a n t  r educ t ions  i n  coa l  t r a n s p o r t a t i o n  Costs.  
T h i s  r e c o g n i t i o n  was he lped  cons iderably  by the  advent of t h e  coa l  

T h i s ,  
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p i p e l i n e  and, a l though only one such p i p e l i n e  was a c t u a l l y  b u i l t  and 
even t h i s  one was f i n a l l y  s h u t  down i n  response t o  a very l a r g e  reduc- 
t i o n  I n  r a i l r o a d  f r e i g h t  r a t e s ,  i t s  a v a i l a b i l i t y  as  a p o t e n t i a l  
compet i tor  t o  r a i l  t r a n s p o r t a t i o n  has  had i t s  e f f ec t  on coa l  f r e i g h t  
r a t e s .  

I n  t h e  p a s t  th ree  y e a r s  p a r t i c u l a r l y ,  r a i l r o a d  r a t e  reduc- 
t i o n s  have accounted f o r  some important  r e d u c t i o n s  i n  d e l i v e r e d  coa l  
c o s t s .  These ra te  reduct ions  have been a s s o c i a t e d  w i t h  l a r g e  volwne 
movements and have been t h e  r e s u l t  i n  t h e  main of changes i n  r a i l r o a d  
management techniques  and i n  rate-makin& t h a t -  has  g iven  recogni t ion  t o  
t n e  economies of s c a l e  and t h e  technologica l  o p p o r t u n i t i e s  i n  t r a i n -  
load versus  car load  d e l i v e r i e s ,  a l though t n e  c o n t r i b u t i o n  of 
tcchnolol;;ical changes has  u n t i l  now been by f a r  t h e  s m a l l e r  element. 
The f u l l  b e n e f i t s  of techno1o:;ical improvement i n  r a i l  t r a n s p o r t a t i c n  
remain t o  be r e a l i z e d  and o f f e r  t h e  prospec t  of f u r t h e r  s u b s t a n t i a l  
reduct ions  i n  r a i l  t r a n s p o r t a t i o n  c o s t .  

The ZTowin:,; importance of t h e  e l e c t r i c  u t i l i t y  market t o  
where i t  now accounts  f o r  over h a l f  of t o t a l  bitumLnous c o a l  conmmp- 
t i o n  i n  the United S t a t e s  has  s i s n i f i c a n t l y  a f f e c t e d  t h e  coa l  i n d u s t r y ' s  
c o n p e t i t i v e  enviromienl;. On t h e  one hand c o a l  must compete more i n t e n -  
s i v e l y  on a d e l i v e r e d  c o s t  p e r  m i l l i o n  Btu b a s i s  w i t h  a l t e r n a t i v e  
sources  of enerxy. On tlie o t h e r  hand, however, t h i s  has  reduced ths 

. v u l n e r a b i l i t y  of c o a l  t o  s h i f t s  i n  consuner p r e f e r e n c e  and t h e  e f f e c t  
of the  convenience f a c t o r  i n  t h e  choice o f  f u e l ,  and i t  has also made 
p o s s i b l e  more e x t e n s i v e  e x p l o i t a t i o n  of the economies of s c a l e  both  
l i ?  coa l  minln" and i n  t r a n s p o r t a t i o n .  . \  
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I n  tile c a s e - o f  f u e l s ,  perhaps more s o  t h a n  f o r  any o t h e r  
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n a t u r a l  resources ,  t he  o p p o r t u n i t i e s  f o r  s u b s t i t u t i o n  among a l t e r n a -  
t i v e s ,  e s p e c i a l l y  f o r  1ar:;e-scale u t i l i z a t i o i i  of primary energy, a r e  
very h i ch .  Tie consumer of primary energy i s  n o t  r e a l l y  i n t e r e s t e d  
i n  t o n s  o f  c o a l ,  b a r r e l s  of o i l  o r  cubic  f e e t  of gas .  Ult imately t h e  
1ar;e consumer i s  concerned w i t h  purehas ins  the energy value r e p r e -  
sen ted  by these p a r t i c u l a r  forms of ener;;y. The broader  t h e  range of 
o p p o r t u n i t i e s  f o r  s u b s t i t u t i o n  among a l t e r n a t i v e s  t h e  s t r o n g e r  are t h e  
compet i t ive  f o r c e s  a f f e c t i n g  the  market. While there  may be some 
aurposes  f o r  which i t  i s  not  t e c h n o l o s i c a l l y  f e a s i b l e  t o  s u b s t i t u t e  
one energy source  f o r  another ,  s e v e r a l  OF a l l  a r e  e f f e c t i v e  s u b s t i t u t e s  
f o r  most purposes.  I n  t h e  two major a r e a s  of energy u s e  where s u b s t i -  
t u t e s  a r e  not  now e n t i r e l y  f e a s i b l e  technica l ly- -coke  i n  t h e  s t e e l -  
maicing process  and motor fue l - - they  may both  be v u l n e r a b l e  over t h e  
lonl; run.  The use of coke p e r  t o n  of s t e e l  h a s  been d e c l i n i n g  as a 
r e s u l t  of the  u s e  of techniques such a s  f u e l  i n j e c t i o n ,  and d i r e c t  
s t ee l  reduct ion ,  if it should become f e a s i b l e ,  would v i r t u a l l y  e l l m i -  
n a t e  t h e  use  of coke. The development of t h e  e l e c t r i c  automobile of 
course would have a major e f f e c t  on the  u s e  of motor f u e l  and, indeed, 
would provide a means f o r  coa l  t o  e n t e r  t h i s  market i n d i r e c t l y .  If 
one a l lows  f o r  conversion of primary energy t o  secondary forms, almost 
a l l  energy use  is  vulnerable  t o  compet i t ive  s u b s t i t u t i o n .  
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I n  the e l e c t r i c  energy market c o a l  must compete wi th  the  
o t h e r  f o s s i l  f u e l s ,  a l l  of which can be  converted t o  e l e c t r i c  energy, 
and w i t h  n u c l e a r  power now emerging a s  a vigorous competi tor  f o r  t h i s  
market.  Therefore,  t o  main ta in  i t s  compet i t ive  p o s i t i o n ,  t h e  coa l  
i n d u s t r y  must cont inue i t s  e f f o r t s  t o  provide t h e  lowest  d e l i v e r e d  
c o s t .  While t h i s  imposes on t h e  c o a l  and t r a n s p o r t a t i o n  i n d u s t r i e s  
t h e  need t o  e x p l o i t  t o  t h e  f u l l e s t  imaginat ive technology and market- 
ing ,  i t  o f f e r s  a t  t h e  same time t h e  oppor tuni ty  t o  e x p l o i t  economies 
of s c a l e .  

s u b s t a n t i a l  i n c r e a s e s  i n  the s i z e  of g e n e r a t i n g  u n i t s  and p l a n t s  and 
t h u s  t o  a corresponding growth i n  the  l e v e l  of f u e l  consumption a t  a 
s i n g l e  l o c a t i o n .  A one m i l l i o n  lcilo’watt genera t ing  p l a n t ,  f o r  example, 
consumes approximately 2-1/2 m i l l i o n  t o n s  of coa l  a year .  
toward g r e a t e r  c o n c e n t r a t i o n  i n  the s i z e  of i n d i v i d u a l  consuming u n i t s  
has  been p a r a l l e l e d  by a t r e n d  toward g r e a t e r  concent ra t ion  of coa l  
r e s e r v e s  and product ion i n  l a r g e r  s i z e  u n i t s .  Since 1950 the 3 r o p o r -  
t i o n  of t o t a l  c o a l  product ion  accounted f o r  by mines producing over 
500,000 toils p e r  y e a r  h a s  r i s e n  from about  40$ t o  almost 535 i n  1963. 
This  i n c r e a s e d  c o n c e n t r a t i o n  of product ion i s  making p o s s i b l e  more 
r a t i o n a l  mining development and e x p l o i t a t i o n  of t h e  more advanced 
technology and mechanizat ion tha t  i s  a v a i l a b l e  t o  y i e l d  h i g h e r  produc- 
t i v i t y  and lower p r i c e .  S i m i l a r l y ,  i n  t r a n s p o r t a t i o n ,  r a i l r o a d  
shipments of coal  can be organized t o  t a k e  advantage of t r a i n l o a d  
movements a t  high speed and t o  u t i l i x e  r a i l r o a d  c a p i t a l  equipment 
much more i n t e n s i v e l y .  T h i s  has  provided important o p p o r t u n i t i e s  f o r  
f u r t h e r  c o s t  reduct ion .  

The growth i n  t h e  e l e c t r i c  u t i l i t y  i n d u s t r y  has  l e d  t o  very  

T h i s  t r e n d  

Despi te  t h e  e f f o r t s  of both t h e  coa l  and t r a n s p o r t a t i o n  
i n d u s t r i e s  t o  reduce t h e  d e l i v e r e d  c o s t  of c o a l  and t o  main ta in  c o a l ’ s  
compet i t iveness  i n  f u e l  markets,  t h e r e  a r e  i n s t i t u t i o n a l  f a c t o r s  t h a t  
may i n h i b i t  t h e  a b i l i t y  of c o a l  t o  compete e i t h e r  by a b s o l u t e  res t r ic-  
t i o n s  on c o a l  use o r  b y  t h e  impos i t ion  of c o s t  i n c r e a s e s  t h a t  would 
s e r i o u s l y  impai r  c o a l ’ s  compet i t ive  c a p a b i l i t i e s .  One of t h e s e  t h a t  
may be of p a r t i c u l a r  in terest  and o f f e r  a s p e c i a l  cha l lenge  t o  chemists 
and chemical engineers  i s  t h e  i n c r e a s i n g l y  widespread p u b l i c  concern 
over  t h e  problems of a i r  p o l l u t i o n  c o n t r o l .  

p o s s i b l y  prevent ,  o r  a t  l e a s t  l i m i t ,  t h e  use  of c o a l  and d i s t o r t  t h e  
s t r u c t u r e  of f u e l  markets.  Unfortunately,  o u r  knowledge of t h e  effects  
of t h e  products  of combustion on l i v i n g  organisms i s  meager and regu- 
l a t i o n ,  i n  the  absence of s o l i d l y  based information,  t h e r e f o r e ,  may 
tend t o  be excess ive ly  s t r i n g e n t .  A well-known i l l u s t r a t i o n  of the  
e f f ec t  of a i r  p o l l u t i o n  on f u e l  u s e  i s  the s i t u a t i o n  i n  southern  
C a l i f o r a i a .  Despite i n d i c a t i o n s  t h a t  i t  would b e  p o s s i b l e  t o  d e l i v e r  
c o a l  i n  lar l ;e  q u a n t i t i e s  for e l e c t r i c  genera t ion  i n  t h i s  a r e a  a t  a 
lower c o s t  than p r e s e n t l y  p r e v a i l i n g  f u e l  p r i c e s ,  a i r  p o l l u t i o n  c o n t r o l  
r e g u l a t i o n s  p’revent c o a l  from e n t e r i n g  t h i s  market a t  the  p r e s e n t  t ime. 

Governmental r e g u l a t i o n s  t o  a l l e v i a t e  a i r  p o l l u t i o n  could 
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Among t h e  cha l lenges  c o n f r o n t i n g  the  c o a l  i n d u s t r y ,  and the 
o t h e r  f u e l  i n d u s t r i e s  a s  w e l l ,  i s  t h e  need, f i r s t  t o  determine the  
e f fec ts  of t h e  products  of combustion on the environment, and t h e n  t o  
f i n d  an economical means t o  e l i m i n a t e  t h o s e  e f f ec t s  t h a t  are  found t o  
be harmful.  There have been some e f f o r t s  i n  t h i s  d i r e c t i o n ,  i n c l u d i n g  
some technologica l  developments t o  make p o s s i b l e  the removal o f  
su lphur  p r i o r  t o  combustion. However, t h e s e  have a l l  involved proc- 
esses t h a t  r e s u l t  i n  s u b s t a n t i a l l y  h i g h e r  c o s t s  f o r  t h e  h e a t  conten t  
of t h e  coa l .  Keeping i n  mind t h a t  c o a l ,  more s o  t h a n  any o t h e r  f o s s i l  
fue l ,  needs t o  compete i n  markets w i t h  very  h igh  s u b s t i t u t i o n  p o s s i -  
b i l i t i e s  and t h e r e f o r e  must g i v e  p a r t i c u l a r l y  s t r o n g  emphasis t o  c o s t ,  
it i s  c l e a r  t h a t  t h e  s e a r c h  f o r  techniques t o  c o n t r o l  p o l l u t i o n ,  
inc ludind  the removal of p o l l u t a n t s  p r i o r  t o  combustion, must be  
d i r e c t e d  toward achiev ing  t h i s  r e s u l t  wi thout  i n c r e a s i n g  t h e  c o s t  of  
i t s  h e a t  conten t .  There a r e  c l e a r  i n d i c a t i o n s  t h a t  f o r  a long t i m e  
t h e  problem of c o n t r o l l i n g  the  e f f e c t s  of su lphur  o r  i t s  oxides  a t  
t he  l e v e l  of vegetable ,  anirnal and human l i f e  can be adequate ly  and 
economically taken  c a r e  of ~y d i f f u s i o n  i n t o  t h e  upper  atmosphere, and 
by r e s o r t i n g  f o r  t h i s  purpose t o  h i g h  s t a c k s  c u r r e n t l y  i n  t h e  800-900 
f o o t  range,  but  e v e n t u a l l y  r i s i n g  t o  1,200 f e e t  or even higher .  
Nevertheless ,  a s  a m a t t e r  of chal lenge,  r e s e a r c h  e f f o r t s  d i r e c t e d  
toward removal of su lphur  or  o t h e r  p o l l u t a n t s  p r i o r  t o  combustion need 
t o  be  continued, keeping i n  mind t h a t  i n c r e a s e s  i n  t h e  c o s t  of us ing  
coa l  would adverse ly  a f f e c t  c o a l ' s  compet i t ive  p o s i t i o n .  

t o r  i n  c o a l ' s  l a r g e s t  growth market l e n d s  added empnasis t o  t h e . n e e d  
f o r  cont inued reduct ions  i n  d e l i v e r e d  c o a l  c o s t s .  Nuclear e l e c t r i c  
g e n e r a t i o n  has  made s u b s t a n t i a l  p rogress  toward achiev ing  competi t ive-  
ness i n  t h e  e l e c t r i c  u t i l i t y  market and can be  expected t o  e x e r t  
i n c r e a s i n g l y  i n t e n s i v e  downward p r e s s u r e  on compet i t ive  f u e l  p r ices  
i n  t h i s  market over  t he  next s e v e r a l  y e a r s .  This  i s  e s p e c i a l l y  
s ign i . f ican t  f o r  c o a l ,  b u t  f a r  less important  a t  t h e  n r e s e n t  time t o  
t h e  c t n e r  f o s s i l  f u e l s  because e l ec t r i c  g e n e r a t i o n  r e p r e s e n t s  a 
r e l a t l v e l y  small  s h a r e  of t h e i r  t o t a l  markets.  Never the less ,  f t  w i l l  
al .so become i n c r e a s i n g l y  s i z n i f i c a n t  f o r  t h e  f o s s i l  f u e l s  o t h e r  than  
c o a l  over the I.onger run  a s  e l e c t r i c  energy cont inues  t o  make w i d e r  
in roads  over t he  e n t i r e  range o f  energy use .  Indeed, the  competi t ive 
b a t t l e  between c o a l  and nuc lear  power can be expected t o  h e l p  make 
p o s s i b l e  t h e  lower e l e c t r i c  energy c o s t s  which would s t i m u l a t e  those  
-inroads. 

The emergence of nuc lear  power a s  t he  most s e r i o u s  competi- 

The out look-  f o r  a keen compet i t ive  s t r u g g l e  between c o a l  and 
n u c l e a r  power would i n d i c a t e  t h a t ,  looki i l s  ahead for a number of y e a r s ,  
we can expect  l i t t l e  ugward Gressure on c o a l  :_3rices, and i n  many p a r t s  
of t h e  country where c o a l  c o s t s  have been e s p e c i a l l y  h igh  f u r t h e r  
c o s t  reduct ions  can be a n t i c i p a t e d .  Current  t r e n d s  toward reducing 
those  c o s t s  through lower costs  of  c o a l  a t  t h e  mine, and e s p e c i a l l y  
thro;l;;!l lower t r a n s p o r t a t i o n  c o s t s ,  can be expected t o  .cont inue  SO 
t h a t  r e , ; i o n a l  d i f f e r e n c e s  i n  c o a l  c o s t s  a r e  l i k e l y  t o  be narrowed. 
The e f f e c t i v e n e s s  of t h e  coal i n d Q s t r y ' s  e f f o r t s  t o  reduce i t s  c o s t s  
and t h e  concomitant e f f o r t s  of  t h e  t r a n s p o r t a t i o n  i n d u s t r y ,  e s p e c i a l l y  
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t h e  r a i l r o a d s ,  t o  reduce i t s  c o s t s  w i l l ,  i n  t u rn ,  e x e r t  s t rong  com- 
p e t i t i v e  p r e s s u r e  on n u c l e a r  power and s t i m u l a t e  i t s  technologica l  
p rog res s  toward lower c o s t s ,  t h u s  imposing a descending c e i l i n g  on 
c o a l  p r i c e s .  

s e v e r a l  sou rces  o f  energy, and most impor t an t ly  t h e  advent of nuc lea r  
power a s  a compet i t ive  sou rce  of energy i n  c o a l ' s  l a r g e s t  market, can  
be expec ted  t o  e l i c i t  t h e  t e c h n i c a l  and economic responses f r o m  b o t h  
t h e  coa l  and t r a n s p o r t a t i o n  i n d u s t r i e s  tha t  w i l l  make p o s s i b l e  a 
r i s i n g  l e v e l  of coal  u se  wi thou t  s i g n i f i c a n t  i n c r e a s e s  i n  r e a l  c o s t s .  

The w i d e  range  of s u b s t i t u t i o n  c a p a b i l i t i e s  among t h e  


