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ABSTRACT 

Long-term trends and f a c t o r s  inf luence the s e l ec t i on  of fue l s  
for fu ture  i n d u s t r i a l  use, It appears t h a t  the f ac to r s  t h a t  re tarded 
the growth i n  i n d u s t r i a l  use of coal, while use of o ther  f u e l s  was ris- 
i ng ,  a r e  changing and t h a t  coal  will have a p o t e n t i a l l y  g r ea t e r  fu ture  
growth. I n  recent  decades, na tu r a l  gas has been the  f a s t e s t  growing of 
the major f u e l s  i n  res ident ia l ,  commercial, and industrial uses. New 
discoveries  of na tura l  gas, however, have not been s u f f i c i e n t  t o  sus- 
t a i n  fu ture  growth of na tu ra l  gas use a t  i t s  present r a t e .  A s  a result, 
gas suppl ie rs  a re  f inding i t  necessary t o  rev ise  t h e i r  expansion plans. 
Evidence indicates t h a t  the fu ture  growth i n  the use of na tura l  gas ,  
e spec i a l l y  for i n d u s t r i a l  and e l e c t r i c  u t i l i t y  purposes, may be re- 
s t r i c t e d .  Such r e s t r i c t i o n s  are unlikely t o  a f f e c t  current use but may 
have considerable impact on the choice of f u e l s  f o r  f u tu r e  use. 

At this Industrial Coal Conference and ever since the  f i r s t  conference 
was held  in 1928, numerous papers have been devoted t o  the many aspects of f u e l  
evaluation. During t h i s  time methods and procedures f o r  evaluating p a r t i c u l a r  
fuels and f o r  comparing the various f u e l s  and their sources  have been well devel- 
oped. For an economist and mining engineer like me to attempt to d i scuss  the 
evaluation or selection of a fuel for a given plant o r  installation would be 
inappropriate, a t  b e s t .  But there are c e r t a i n  long-term factors and considera- 
tions aside from day-to-day use tha t  have had a tremendous impact on the pa t t e rns  
of fuel u t i l i z a t i o n  i n  the p a s t ,  and new factors are emerging that will very 
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l i k e l y  have an equal  o r  even greater impact i n  the f u t u r e ,  It i s  these t rends  
and some of their impl ica t ions  that I wish t o  discuss t h i s  af ternoon.  

One of the major f a c t o r s  i n  the progress  of our nation i n  t h e  p a s t  
s e v e r a l  decades has been t h e  growth i n  energy use. I n  only 10 years-from 1957 
t~ 1967-the t o t a l  annual consumption of energy i n  t h e  United S t a t e s  increased  
51.4 percent ,  growing from 38,897 t r i l l i o n  ~tu's t o  58,873 t r i l l i o n  B ~ U ' S .  Of 
t h i s  t o t a l ,  95.9 percent  was provided by t h e  f o s s i l  fuels (coal, anthracf te,  
n a t u r a l  gas, and petroleum),with t h e  remainder coming from hydro-power and 
nuclear  energy, 1W.I.e we a l l  recognize,  by the number of automobiles on our 
s t r e e t s  and highways and the a i r p l a n e s  i n  t h e  skies overhead, t h a t  the use of 
energy i n  t r a n s p o r t a t i o n  has increased  immensely, energy consumption fo r  other 
less obvious uses  has risen even more, From 1957 t o  1967, while use of f u e l  i n  
t r a n s p o r t a t i o n  increased 41.5 percent, f u e l  use f o r  o t h e r  purposes increased 
about 58 percent .  

The g r e a t e s t  growth i n  non- t ranspor ta t ion  use  of fuel, 124 pe rcen t ,  
took p lace  i n  genera t ion  of e l e c t r f c  power, which was used f o r  a mul t i tude  of 
purposes, ba th  i n d u s t r i a l  and non-industr ial .  The d i rec t  i n d u s t r i a l  consumption 
of fuels, excluding that f o r  coke manufacture and t h a t  used by u t i l i t i e s  i n  gen- 
e ra t ing  electr ic power, rose 51.7 percent, 

The growth i n  f u e l  use has been accompanied by a marked s h i f t  i n  t h e  
r e l a t i v e  percentages of t o t a l  energy provided by each of t h e  fuels. Coal pro- 
vided the l a r g e s t  sha re  of t o t a l  energy u n t i l  1950, when petroleum took t h e  
lead .  More r ecen t ly ,  n a t u r a l  gas has been displacing coal i n  many of t h e  non- 
t r a n s p o r t a t i o n  uses  of energy, 

The s p e c i a l  s u i t a b i l i t y  of l i q u i d  f u e l  for use i n  automotive v e h i c l e s ,  
railroad locomotives, and aircraft has enabled petroleum, wi th  v i r t u a l l y  no 
competition, t o  take over the t r a n s p o r t a t i o n  market, which c u r r e n t l y  consumes 
almost 24 percent  of a l l  f u e l  energy used. 

I n  most non-transportat ion uses the var ious  fuels a r e ,  t o  a large 
degree, equa l ly  a b l e  t o  provide energy and a r e  o f t e n  interchangeable.  Of course, 
only coal can be used f o r  the manufacture of coke,and n a t u r a l  gas is  supe r io r  
i n  c e r t a i n  i n d u s t r i a l  app l i ca t ions  where c l e a n l i n e s s  and precise temperature 
c o n t r o l  are e s p e c i a l l y  important.  In  r e s f d e n t f a l  h e a t h &  c l e a n l i n e s s  and 
convenience are important  f a c t o r s .  

Trends i n  the use of t h e  major f u e l s  f o r  non-transportat ion uses a r e  
shown i n  Figure 1. While the use  of bituminous coa l ,  n a t u r a l  gas,  and petroleum 
a11 have increased ,  t h e  i n c r e a s e  i n  use  of n a t u r a l  gas is particularly notable .  
The expansion of the network of p i p e l i n e s ,  e s p e c i a l l y  s i n c e  World War 11, has 
made natural  gas a v a i l a b l e  throughout much of t h e  na t ion ,  I n  addi t ion ,  well- 
head prices have been held a t  a n  a r t i f i c i a l l y  low l e v e l  by governmental regula- 
t i o n  and d i f f e r e n t i a l  p r i c i n g  f o r  gas s o l d  f o r  va r ious  uses  has been taking 
place a t  the  po in t  of d e s t i n a t i o n ,  a combination t h a t  has made gas a v a i l a b l e  
i n  many l oca t ions  a t  prices t h a t  are s i g n i f i c a n t l y  lower than those  of o t h e r  
fuels , 

The same f a c t o r s  are r e f l e c t e d  i n  Figure  2 ,  which shows i n d u s t r i a l  
use of fue l s ,  exc lus ive  of e l e c t r i c  power and coke production. Here, again ,  
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the p r i n c i p a l  growth has been in the use of n a t u r a l  gas. Because na tu ra l  gas 
general ly has a lower s u l f u r  content than coal  and much of the  petroleum, the 
pos i t ion  of n a t u r a l  gas has been f u r t h e r  improved during recent months by 
restrictions placed  on sulfur dioxide emission from fuel-burning plants. Sulfur 
r e s t r i c t i o n s  and the  procedures being developed t o  con t ro l  s u l f u r  d ioxide  emis- 
sion from coal-burning plants  w i l l  be discussed i n  a number of papers during 
this conference. 

In  t h e  light of pas t  experiente,I.t seems logical to ask whether the 
trends t h a t  have carried natural  gas from a pos i t ion  of providing only 47.0 per- 
cent  of to ta l  i n d u s t r i a l  fuel energy i n  1957 t o  58.0 percent  i n  1967 ( f i g .  2) 
wflf continue unabated, Is coal as an industrial  f u e l  to become a thing of t h e  
pas t?  Factors t h a t  first became evident  about 1960 now polnt increasingly to 
a d e f i n i t e  "no" as the answer t o  both of these questions. 

GEOGRAPHIC LOCATTON 

Geographic loca t ion  is one f a c t o r  that significantly affects the  
competitive pos i t ions  of the  s p e c i f i c  fuels,and within the conttguous s t a t e s  
of the nat ion none of the three major f u e l s  is likely t o  be completely displaced 
by the others .  I n  the southwestern part of the  nation, where most of the known 
gas and oil reserves occur, the  consumption of coal i s  almost negl ig ib le .  In 
the areas east of the Mississ ippi  River a more favorable situation exists  for 
coal ,  since gas and o i l  from the  Southwest must move long dis tances  t o  reach 
the  region. About 95 percent of the coal production, 90 percent  of the  utility 
coal  consumption,and 9 1  percent of the general i n d u s t r i a l  consumption of coal 
occur i n  these areas. 

More than a third of the indus tr ia l  coal is consumed i n  fou r  s t a tes -  
I l l i n o i s ,  Indiana, Michfgan,and Wisconsin. A recen t  study by the U. S o  Bureau 
of Mines showed t h a t  from 1960 to 1965 the  total industrial use of coal (other 
than for coke and u t i l i t i e s )  in these four states increased 22.8 percent ,  corn- 
pared t o  an average gain of 16.0 percent f o r  the entire area e a s t  of the 
Miss i s s ipp i  River. The national increase, however, w a s  reduced t o  only 10.7 
percent by losses  i n  consumption west of t h e  Miss iss ippi .  

It i s  unl ikely  that coal w i l l  attain much significance i n  the South- 
west f o r  a long time t o  come. The four  s t a t e s  composing the  West South-Central 
Region (Texas, Oklahoma, Louisiana, and Arkansas) possess about 80 percent of 
the n a t u r a l  gas reserves and provide 79 percent  of its annual production. One- 
t h i r d  of the general industrial use of natural gas for fuel occurs in these 
states, and, if the fleld and raw material uses of natural gas by industry are 
added, 46.8 percent of the total i n d u s t r i a l  consumption occurs there. 

PRICE TRENDS 

Another factor t h a t  
of f u e l  use is  p r i c e  trends. 

has in£ luenced and w i l l  continue t o  affect  patterns 
These w i l l  have an especially important impact  on 



f u t u r e  p a t t e r n s  of i n d u s t r i a l  fuel consumption. F igure  3 shows the  r epo r t ed  
n a t i o n a l  average value of petroleum, coa l ,  and natural gas a t  the point of 
production. A convergence i n  t h e  cost  of c o a l  and n a t u r a l  gas during t h e  
decade is apparent. With t h e  decline i n  the cos t  of coal and the i n c r e a s e  i n  
the c o s t  of gas, t h e  ind ica t ed  values of these  two fuels do n o t  d i f f e r  greatly 
a t  the source. Both are considerably cheaper in value per Btu than  petroleum. 

The average repor ted  c o s t s  of gas shown i n  Figure 3 are lower than 
those  at which new s u p p l i e s  c u r r e n t l y  a r e  being cont rac ted .  T o t a l  purchases 
of n a t u r a l  gas,  which e s t a b l i s h  the average p r i c e  f o r  any given y e a r ,  i nc lude  
q u a n t i t i e s  of gas bought under c o n t r a c t s  dated a s  much as 20 years e a r l i e r ,  
when c o s t s  were much lower. A s  these lower-price c o n t r a c t s  are replaced ,  aver- 
age  c o s t s  will automat ica l ly  increase .  Thus, n a t u r a l  gas p r i c e s  w i l l  cont inue 
t o  rise i n  the f u t u r e ,  even i f  r e g u l a t i o n  of new purchase prices continues. 
As a ma t t e r  of f a c t ,  however, i t  is apparent  t h a t  some r e l a x a t i o n  of regulation 
must occur if the nation is not soon to be faced with shor tages  of gas.  

Improved technology i n  p i p e l i n e  t ransmiss ion  and gas s t o r a g e  may con- 
t i n u e  f o r  a time t o  hold de l ive red  costs of gas near t h e i r  p re sen t  l e v e l .  In- 
creased field p r i c e s ,  hawever, will i n e v i t a b l y  be r e f l e c t e d  i n  t h e  p r i c e  charged 
t o  d i s t r i b u t i o n  u t i l i t i e s  by p i p e l i n e  transmission companies and, i n  turn ,  i n  
the p r i c e  the consumer must pay the d i s t r i b u t o r .  

RESOURCES 

A t  l e a s t  equal ly  as important  t o  the i n d u s t r i a l  f u e l  consumer as t h e  
pr ice  of gas w i l l  be the a v a i l a b i l i t y  and assured  supply of fuel. Figure 4 
shows the r e l a t i o n  of annual consumption of natural gas t o  known reserves. 
U n t i l  1968, the known reserves were i nc reas ing ,  bu t  t h e  r a t i o  of r e se rves  t o  
product ion (R/P) was s t e a d i l y  decreasing.  From 20 i n  1960, the R/P ratio had 
declined t o  18 i n  1965 and t o  16 in 1967 (fig. 4 ) ,  as more and more gas was 
used without  o f f s e t t i n g  increases i n  reserves. 

I n  1968, the t o t a l  reserves decl ined  by 5.56 t r i l l i o n  cubic  f e e t  when, 
f o r  t h e  f i r s t  t i m e  i n  h i s t o r y ,  annual product ion exceeded new add i t ions  t o  the  
reserves. Recent es t imates  i n d i c a t e  t h a t  the  p resen t  B/P ratio %s only 1 4 . 5 .  

There i s  no way of determining a t  t h e  p resen t  time how low t h e  R/P 
can be permit ted t o  f a l l  without  r e s t r i c t i n g  t h e  industry's ability t o  supply 
the gas needed t o  meet new demands. Severa l  studies have indicated, however, 
that without  a significant improvement i n  tbe rate of new discoveries produc- 
tive c a p a b i l i t y  is l ikely t o  peak i n  the mi.d-1970s at a l e v e l  of about 25 
t r i l l i o n  cubic  f e e t  p e r  year. I n  1968, 19.4 trillion cubic feet of gas was 
produced . 

The e f f e c t s  of these r e se rve  trends are a l ready becoming apparent  i n  
the  cur ta i lment  o r  postponement of expansion plans by gas u t i l i t i e s .  A r ecen t  
newspaper a r t i c l e  discussed the problems of a Chicago-based gas utility i n  
acqui r ing  a d d i t i o n a l  gas supp l i e s  f o r  planned expansion of i t s  operat ion.* 

8 Chicago Daily News, December 1968. 



More r ecen t ly  a magazine a r t i c l e  pointed o u t  t h e  i n a b i l i t y  of other d i s t r i b u t o r s  
8 t o  ob ta in  a d d i t i o n a l  gas,  even f o r  t h e i r  near - fu ture  needs. Transmission l ines  

a r e  unable t o  f i l l  r eques t s  from distributors because they themselves cannot 
ob ta in  t h e  necessary a d d i t i o n a l  s u p p l i e s ,  

FUTURE OF FUEL CONSUMPTION 

I n  the face of inc reas ing  demand and dec l in ing  a v a i l a b i l i t y ,  what i s  
l i ke ly  t o  happen t o  gas consumption? The patterns in Figure 4 can, perhaps, 
provide a clue. The uses f o r  n a t u r a l  gas are arranged,  from upper t o  lower i n  
t h e  order  i n  which s a t i s f a c t o r y  s u b s t i t u t i o n  of o t h e r  fuels probably can most 
r e a d i l y  be made. I n  the upper p a r t  of t h e  figure are e l e c t r i c  utility and 
i n d ~ s t r i a l u s e s ~ w h i c h  together account f o r  about 60 percent  of the t o t a l  nar- 
u r a l  gas consumption i n  t h e  United States. I n  the event  a£ an i n s u f f i c i e n t  
supply of gas ,  the  cur ta i lment  is l i ke ly  t o  be f e l t  here first. However, i n  
general, t hese  are also the uses in which s u b s t i t u t i o n  of other fuels would 
normally involve t he  l e a s t  l o s s  of efficiency. The l e a s t  l i k e l y  t a r g e t s  f o r  
s u b s t i t u t i o n ,  shown a t  t h e  bottom of the f i g u r e ,  are o i l  and gas i ndus t ry  field 
uses  and r e s i d e n t i a l  use. 

Government agencies  have, f o r  years, exerc ised  a u t h o r i t y  over gas 
p r i c e s  and rates from the w e l l  head t o  t h e  burner .  O f  l a t e  there i s  evidence 
t h a t  both f e d e r a l  and s t a t e  agencies w i l l  attempt t o  in f luence ,  if no t  t o  
d i r e c t l y  con t ro l ,  t h e  end uses to which gas may be pu t .  

The Pub l i c  Serv ice  Commission of New York has in te rvened i n  a number 
of cases involv ing  applications f o r  approval  of a d d i t i o n a l  s u p p l i e s  of n a t u r a l  
gas f o r  i n d u s t r i a l  and e l e c t r i c  u t i l i t y  use.  The  omm mission's p o s i t i o n  i s  
t h a t  i f ,  indeed, there is a shor tage  of gas as has been claimed, i t  should not 
be used f o r  "inferior" purposes but, r a t h e r ,  for higher uses ,  e s p e c i a l l y  
r e s i d e n t i a l .  

The Federa l  Power Commission has continued t o  cons ider  each case  in-  
d iv idua l ly ,  approving some app l i ca t ions  for gas fo r  b o i l e r  o r  i n d u s t r i a l  use  
and denying o the r s .  It does no t  concede t h a t  i t  is  y e t  appropr i a t e  t o  begin 
r a t i o n i n g  gas t o  the various consuming sectors of the market. The Commission 
recognizes,  however, t h a t  t h e  uses  of the a v a i l a b l e  gas supp l i e s  must be  
examined i f  c o n t r o l  over t h e  end use is t o  be avoided. 

A i r  p o l l u t i o n  c o n t r o l  r egu la t ions ,  which l i m i t  the use  of o t h e r  fuels, 
make t h e  dec i s ions  of gas regula tory  agencies even more d i f f i c u l t .  The burning 
of gas beneath b o i l e r s  conceivably may b e  shifted from the category of a "low 
order" use to a p r i o r i t y  use s o  that a i r  p o l l u t i o n  restrictions can be met. 

A temporary postponement of the impending gas supply shortage appears 
poss ib l e  through some relaxation of well-head p r i c e  res t r ic t ions .  Increased 
prices would have an  effect on both t h e  supply and demand of natural  gas .  

* Oil and Gas Journal, ~ u l y  21, 1969, page 30.  

I b i d .  , page 31. 



Presumably, such an increase would provide greater incent ive  t o  search f o r  and 
discover new s u p p l i e s  of gas. It would, a t  the same time, make gas prices less 
at tract ive t o  marginal consumers or potent ia l  consumers and thus reduce the 
demand, Some u t i l i t y  and i n d u s t r i a l  plants would be led to cons ider  other fuels  
to f i l l  t he i r  energy requirements. It is  obvious, however, that while such an 
approach might speed up t h e  rate of gas discovery, the  ultimate amount of gas 
ava i l ab le  t o  be discovered would not be increased, 

SUMMARY 

D e s p i t e  the  dec l ine  in its relative position, coal continues to supply 
an important share of the  demand f o r  i n d u s t r i a l  energy. Furthermore, increasing 
evidence indicates t h a t ,  as the result of trends i n  prices and f u e l  ava i l ab i l i t y ,  
coal's position will l i ke ly  be strengthened in the future. While these t rends  
may n o t  be of concern in terms of current programs, they will be of v i t a l  sig- 
nificance i n  the consideration and design of fu tu re  plants  and fac i l i t i e s .  






