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INTRODUCTION 

Although much has been w i t t e n  about t h e  current  energy c r i s i s ,  most 
r epor t s  have focused on t h e  nat ional  and in te rna t iona l  s i t u a t i o n s .  The purpose 
here i s  t o  examine t h e  fu.els and energy s i t u a t i o n  i n  the  Midwest Region, with 
spec ia l  emphasis on t h e  i n d u s t r i a l  sec to r .  The  idwe west ~ e g i o n "  i s  defined as  
t h e  nine-state a rea  t h a t  includes I l l i n o i s  and surrounding s t a t e s ,  as shown i n  
f igure  1. Coke usage by t h e  i ron  and s t e e l  indust ry  i s  not covered i n  t h i s  
paper, and developments i n  t h e  e l e c t r i c  u t i l i t y  indust ry  a r e  discussed only i n  
so  f a r  a s  they a f f e c t  t h e  f u e l s  and energy s i%uat ion i n  t h e  Midwest i n d u s t r i a l  
market. 

TRENDS I N  ENERGY CONSUMPTION 

The United S ta tes  

The i n d u s t r i a l  sec to r  of t h e  economy has t r a d i t i o n a l l y  been t h e  
l a r g e s t  s ing le  consumer of d i r e c t  energy i n  t h e  United S t a t e s ,  using 28.8 per- 
cent of t h e  t o t a l  energy i n  1972. I n  t e r n s  of t h e  current  energy c r i s i s ,  t h e  
period since 1967 i s  t h e  most important,  because it was during t h i s  time t h a t  
two previously unrelated t rends  converged t o  compound t h e  problems of increas-  
ing  shortages of fue l s .  F i r s t ,  t h e  domestic reserves of o i l  and n a t u r a l  gas 

* Adapted from a paper presented a t  t he  Indus t r i a l  Fuel Conference, Purdue Universi ty ,  
West Lafayet te ,  Indiana, October 4, 1973. 



began t o  be depleted a t  a  r a t e  f a s t e r  
than new discoveries were being made. 
Second, t h e  imposition of new envi- 
ronmental protec t ion laws placed re-  
s t r i c t i o n s  on t h e  amount of s u l f u r  
oxides t h a t  might be emitted from, 
s t a t ionary  sources. A s  most of t h e  
cur ren t ly  avai lable  coals  and many of 
t h e  o i l s  contain s i g n i f i c a n t  amounts 
of s u l f u r ,  and as  t h e r e  has been no 
way ava i l ab le  t o  remove t h e  r e s u l t a n t  
s u l f u r  oxides from t h e  f l u e  gases,  
t h e r e  was a rush t o  convert t o  
"clean" f u e l s  such as na tu ra l  gas and 
low-sulfur f u e l  o i l .  The already de- 
veloping f u e l s  shortages were conse- 
quently i n t e n s i f i e d .  

Between 1967 and 1972, t h e  t o t a l  
consumption of energy i n  t h e  United 
S t a t e s  increased 23 .7 percent ,  from 
58.3 quadr i l l ion  Btu t o  72.1 quadril- 
l i o n  Btu. During t h i s  period,  house- 

Fig. 1 - Boundaries of Midwest Region. 

hold and commercialconsumption rose by 13.0 percent ,  e l e c t r i c  u t i l i t i e s  consump- 
t i o n  by 45.4 percent ,  t r anspor ta t ion  sec to r  consumption by 27.5 percent ,  and 
i n d u s t r i a l  sec to r  consumption by 14.5 percent .  As a r e s u l t ,  indus t ry ' s  share 
of t o t a l  d i r e c t  energy consumption declined from 31.1percent  i n  1967 t o  28.8 
percent i n  1972. On t h e  o ther  hand, d i r e c t  consumption of energy i n  t h e  elec-  
t r i c  u t i l i t i e s  sec to r  increased from 21.8 percent i n  1967 t o  25.6 percent of 
t h e  t o t a l  gross  energy i n  1972 (u.s. Bur. Mines, 197313, p. 23; U.S. Bur. Mines, 
1 9 7 3 ~ 9  p*  4 ) .  

E l e c t r i c i t y  i s ,  of course,  u l t ima te ly  consumed by other  sec to r s  of 
t h e  economy i n  t h e  production of goods and services .  Between 1967 and 1972, 
purchases of e l e c t r i c i t y  by t h e  t r anspor ta t ion  sec to r  increased by 5.9 percent ,  
those  by t h e  household and commercial sec to r  by 52.8 percent ,  and those by t h e  
i n d u s t r i a l  sec to r  by 32.0 percent.  Despite t h i s  s h i f t  by t h e  i n d u s t r i a l  sec- 
t o r  toward g rea te r  use of i n d i r e c t  energy i n  t h e  form of e l e c t r i c i t y ,  t h e  over- 
a l l  growth i n  i n d u s t r i a l  use of t o t a l  energy was only 16.1 percent-lower than 
t h e  18.9 percent increase i n  t h e  household and commercial sec to r  and t h e  27.4 
percent increase i n  t h e  t r anspor ta t ion  sec to r  (u.s. Bur. Mines, 197313, p. 23; 
U.S. Bur. Mines, l973c, p. 4). Par t  of t h i s  slower increase i n  t h e  growth of 
t o t a l  energy use by indust ry  probably r e f l e c t s  indus t ry ' s  more e f f i c i e n t  use 
of energy and i t s  g rea te r  s e n s i t i v i t y  t o  p r i c e  changes. 

The Midwest Region 

Trends i n  energy use (on a heat  content b a s i s )  i n  t h e  i n d u s t r i a l  
sec tor  of t h e  Midwest Region a re  i l l u s t r a t e d  i n  f igure  2.  Although t h e  t o t a l  
use of energy i n  the  Midwest i n d u s t r i a l  market increased by 38 percent between 
1960 and 1971, t h e  use of coal  declined by 22 percent and t h e  use of r es idua l  
o i l s  declined by 52 percent ,  These declines were o f f s e t  by increases i n  t h e  
use of n a t u r a l  gas (up 127 pe rcen t ) ,  d i s t i l l a t e  f u e l  o i l s  (up 37 pe rcen t ) ,  and 
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* ~ e s i d u a l  fuel oil, distillate fuel oil, and LPG. 

Fig. 2 - Indus t r i a l  Use of energy i n  
t he  Midwest Region, 1960-1971, by 
source. (Source: U.S. 'Bureau of 
Mines, Minerals Yearbooks, 1960- 

1971. ) 
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l i q u e f i e d  petroleum gases (up 4 1  per- 
cen t ) .  Although t h e  share of t o t a l  
energy supplied by a l l  f o s s i l  f u e l s  
has remained r e l a t i v e l y  constant a t  
about two-thirds, t h e  r e l a t i v e  shares 
supplied by individual  f u e l s  have 
changed considerably, Coal ' s share 
declined from 51 percent i n  1960 t o  
only 31  percent i n  1 while t h e  
contr ibut ion of n a t u r a l  gas increased 
from 36 percent t o  63 percent i n  t h e  
same period. While d i s t i l l a t e  f u e l  
o i l  and LPG merely held  t h e i r  own, 
r es idua l  f u e l  o i l %  share declined 
from 9.4 percent t o  3.4 percent .  

I n d u s t r i a l  use of various f o s s i l  
f u e l s  as a  percentage of t h e  t o t a l  
U.S. consumption of t h a t  f u e l  from 
1960 through 1971 i s  indica ted  i n  
f i g u r e  3, Natural gas i s  t h e  only 
f u e l  f o r  which t h e  i n d u s t r i a l  sec to r  
increased i t s  share of t h e  t o t a l  mar- 
k e t ,  from 28 percent i n  1960 t o  36 
percent i n  1971. I n d u s t r i a l  use of 
coal  and res idua l  f u e l  o i l s  declined 
sharply,  while i n d u s t r i a l  use of d is -  
t i l l a t e s  remained e s s e n t i a l l y  un- 
changed. 

Figure 4 indica tes  t h e  percent- 
age of t h e  t o t a l  i n d u s t r i a l  use of 
various f o s s i l  f u e l s  consumed by in-  
dus t ry  i n  t h e  Midwest Region from 
1960 through 1971. Only coal  showed 
an increase ,  and t h a t  increase  merely 
r e f l e c t s  t h e  f a c t  t h a t  i n d u s t r i a l  use 
of coal  has been phased out f a s t e r  i n  
non-Midwest areas  than i n  t h e  Mid- 
west. Therefore, although t h e  t o t a l  
coal  market declined,  t h e  l a r g e r  
share of t h e  remaining market l i e s  i n  
t h e  Midwest Region, 

Coal 

Figure 5 ind ica tes  t h e  t rends  i n  

Fig. 3 - Indus t r i a l  use of various f u e l s  

as  a percentage of the  t o t a l  consump- 
t i o n  of t h a t  f u e l  by a l l  sec tors  i n  t he  
United S t a t e s ,  1960- 1971. (Compiled 
from U.S. Bureau of Mines and American 

Petroleum I n s t i t u t e  data .  ) 

t h e  i n d u s t r i a l  use of coa l  by s t a t e s  
of t h e  Midwest Region f o r  1960-1972. 
The use of coa l  by indust ry  i s  con- 
c e n t r a t  ed mainly i n  I l l i n o i s  , Indi- 
ana, Ohio, Michigan, and Wisconsin, 
t h e  western end of t h e  so-called 
"manufacturing b e l t .  " I n d u s t r i a l  use 
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Fig. 4 - Fuel consumption by industry in 
the Midwest Region as a percentage of 
the total U.S. consumption of that fuel 
by all industry, 1960-1971, Curves for 
NOS. 5 and 6 residual heating oils also 
reflect large commercial use. (Compiled 
from U.S. Bureau of Mines and American 
Petroleum Institute data. ) 
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Fig, 5 - Cumulative coal consumption by 
industry in the Midwest Region, 1960- 
1972, by state (Source: U. S. Bureau 
of Mines Bituminous Coal and Lignite 
Distribution reports. ) 

of coal  i n  these  s t a t e s  showed steady 
growth from 1961 through 1966, fo l -  
lowed by a sharp decl ine  through 
1971. For t h e  Midwest Region as  a 
whole, i n d u s t r i a l  use of coal  in- 
creased by 13 percent from 1960 
through 1966; from 1966 through 1972, 
consumption declined 28 percent.  

These over-al l  averages conceal 
widely varying r a t e s  of change i n  t h e  
individual  s t a t e s .  From 1960 t o  1966, 
a l l  t h e  s t a t e s  of t h e  region except 
Minnesota and Missouri increased 
t h e i r  consumption; s ince 1966 a l l  
s t a t e s  i n  t h e  region have shown a de- 
c l i n e  i n  i n d u s t r i a l  coal  use,  ranging 
from a high of 52 percent i n  I l l i n o i s  
t o  a low of 8 percent i n  Indiana. I n  
terms of tonnage, i n d u s t r i a l  coal  
consumption i n  t h e  Midwest Region has 
declined from a recent  peak of 54.4 
mi l l ion  tons  i n  1966 t o  39.2 mi l l ion  
tons  i n  1972. 

I r o n i c a l l y ,  t h e  Midwest Region 
i s  b lessed with an abundance of coal  
resources.  I n  recent  years t h e  re- 
g ion ' s  mines have accounted f o r  40 t o  
45 percent of t h e  t o t a l  coal produc- 
t i o n  i n  t h e  United S t a t e s ,  and pro- 
duction increased from 166.3 mi l l ion  
tons  i n  1960 t o  269 .O mi l l ion  tons i n  
1972. Most of t h e  growth resu l t ed  
from t h e  increased demand f o r  coal  by 
t h e  e l e c t r i c  u t i l i t y  industry.  Al- 
though t h e  region i s  both an exporter  
and importer of coa l ,  it i s  essen- 
t i a l l y  se l f - su f f i c ien t  i n  coal.  Be- 
tween 1960 and 1968, it was a net  im-  
p o r t e r ,  although imports declined 
from 21,7 mi l l ion  tons i n  1960 t o  2.0 
mi l l ion  tons i n  1968. I n  1969, t h e  
region became a net  exporter  of coal  
and has remained so  s ince  then. Fig- 
u re  6 ind ica tes  these  t rends  i n  t h e  
coal  pos i t ion  i n  t h e  Midwest Region 
between 1960 and 1972. 

Whereas, t r a d i t i o n a l l y ,  t h e  re- 
gion has received most of i t s  coa l  
imports from t h e  Appalachian areas of 
West Virginia,  Virginia,  and Tennes- 
see  ( ~ i s t r i c t  8),  i n  recent  years 
there has been a s u b s t a n t i a l  increase  
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Fig. 6 - Trends in coal production and in to- 
tal and industrial consumption in Midwest 

Region. (Source: U.S. Bureau of Mines Min- 
erals Yearbooks and Coal Distribution Re- 
ports. ) 

i n  imports of coal  from t h e  West, es- 
p e c i a l l y  from Montana and Wyoming. 
Between 1967 and 1972, imports of 
western coal  ( ~ i s t r i c t s  16-23) in-  
creased by 15-fold from 875,000 tons  
t o  12.7 mi l l ion  tons.  Despite t h i s  
l a r g e  increase ,  western coal  s t  ill 
accounted f o r  only 4.8 percent of t h e  
region 's  1972 coal  consumption, and 
e s s e n t i a l l y  a l l  of it was used by 
e l e c t r i c  u t i l i t i e s .  

Natural Gas 

Figure 7 shows t h e  t rends  i n  
na tu ra l  gas consumption by indust ry  
i n  t h e  Midwest Region between 1960 
and 1972. During t h a t  period t h e  use 
of gas increased s u b s t a n t i a l l y ,  main- 
l y  a t  t h e  expense of coa l ,  because of 
t h e  superior  handling and burning 
q u a l i t i e s  and low p r i c e  of gas. Since 

1970, compliance with a i r  po l lu t ion  regula t ions  has accelerated t h e  demand f o r  
clean-burning gas ,  although recent  shortages have almost stopped any f u r t h e r  
increases  i n  gas consumption by industry.  

While i n d u s t r i a l  use of gas i n  t h e  Midwest Region grew a t  an aver- 
age r a t e  of 10.8 percent per year between 1960 and 1966, t h e  natZona1 growth 
i n  i n d u s t r i a l  gas usage was only 9.2 percent per year .  Between 1966 and 1971, 
gas consumption by indust ry  i n  t h e  Midwest increased a t  a slower average r a t e  
than t h e  nat ional  r a t e  f o r  t h e  industry-7.6 percent versus 9.6 percent per 
year.  However, during both periods,  t h e  i n d u s t r i a l  consumption of gas i n  t h e  
Midwest Region increased f a s t e r  than 
t h e  t o t a l  consumption of gas i n  t h e  
region. 

I n  1972, because of a nat ional  
gas shortage,  t o t a l  gas consumption 
i n  t h e  United S t a t e s  increased by 
only 1.2 percent-a much lower annual 
r a t e  than had prevailed during t h e  
preceding decade. Consumption by 
" e l e c t r i c  u t i l i t i e s "  and "other con- 
sumers" declined by 0.4 percent and 
4.4 percent ,  respect ively .  I n d u s t r i a l  
use of gas i n  1972 was e s s e n t i a l l y  
unchanged from 1971 (up 0.4  pe rcen t ) ;  
only r e s i d e n t i a l  and commercial use 
of gas showed s u b s t a n t i a l  increases.  

Figure 8 shows t h e  t rends  i n  t h e  
production and consumption of na tu ra l  
gas i n  t h e  Midwest Region between 
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Fig. 7 - Cumulative natural gas consumption 
by industry in the Midwest Region, 1960- 

1972, by state. (Source: U.S. Bureau of 
Mines Minerals Yearbooks, 1960- 197 1, and 

Natural Gas Annual, 1973.1 



1960 and 1972. Although t h e r e  was a 
steady growth i n  t o t a l  gas consump- 
t i o n  i n  t h e  Midwest through 1971, t h e  
amount of gas produced ( t h e  marketed 
production) from s t a t e s  within t h e  
region remained a t  a low level-144 
t o  189 b i l l i o n  cubic f e e t  per  year.  
A s  t h i s  represents  l e s s  than 5 per- 
cent  of t h e  region 's  t o t a l  annual de- 
mand, imports from s t a t e s  outs ide  t h e  
region and from Canada supply most of 
t h e  na tu ra l  gas consumed, 

The impact of t h e  gas shortage 
was a l s o  f e l t  i n  t h e  Midwest f o r  t h e  
f i r s t  t ime i n  1972. Although over-al l  
consumption increased s l i g h t l y  (0.8 
pe rcen t ) ,  consumption of gas by elec- 
t r i c  u t i l i t i e s  declined 22.5 percent ,  
and t h e  use of gas by indust ry  and 
"other consumers'' was e s s e n t i a l l y  un- 
changed from 1971. Only t h e  commer- 
c i a l  and r e s i d e n t i a l  sec to r s  showed 
s ign i f i can t  increases  i n  consumption, 
On a s t a t e  b a s i s ,  t o t a l  gas consump- 
t i o n  i n  1972 declined 1.8 percent i n  

2 
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Marketed production 

Fig. 8 - Marketed production and i ndus t r i a l  
and t o t a l  consumption of na tura l  gas i n  
Midwest Region, 1960-1972. (u.S. Bureau 
of Mines Minerals Yearbooks, 1960- 197 1, 

and Natural Gas Annual, 1973. ) 

I l l i n o i s ,  0.9 percent i n  Missouri, 7.8 percent i n  Wisconsin, 0.03 percent i n  
Iowa, and 0.01 percent i n  Minnesota. During 1972, i n d u s t r i a l  gas consumption 
declined i n  f i v e  of t h e  nine s t a t e s  of t h e  Midwest Region-Illinois (-2.0 per- 
c e n t ) ,  Michigan (-0.3 percent ) , Wisconsin (-11.4 pe rcen t ) ,  Minnesota (-0.8 
pe rcen t ) ,  and Missouri (-8.4 percent) .  

Refined O i l  Products 

Refined petroleum products contributed only a small and declining 
share of t h e  f o s s i l  f u e l  needs of indust ry  i n  the  Midwest Region during t h e  
decade of the  1 9 6 0 s ~  f a l l i n g  from 12.5 percent i n  1960 t o  6.3 percent i n  1970. 
Use of d i s t i l l a t e  o i l s  genera l ly  ranged between 10 and 12 mi l l ion  b a r r e l s  per  
year.  However, beginning i n  1 9 7 1 t h e r e  was a sudden upsurge i n  consumption 
a s  o ther  "clean" fue l s  became scarce i n  r e l a t i o n  t o  t h e  increased demand. Con- 
sumption of d i s t i l l a t e  o i l s  increased by 24.6 percent i n  1971 and by 1 4 . 1  per- 
cent  i n  1972, reaching 15 .5  mi l l ion  b a r r e l s  i n  the  l a t t e r  year.  Major in-  
creases were reported i n  Iowa, Ohio, Indiana, and Kentucky, 

Use of r e s i d u a l  f u e l  o i l  by indust ry  i n  t h e  Midwest Region declined 
between 1960 and 1971, f a l l i n g  from 35.8 mi l l ion  b a r r e l s  t o  l 7 . l m i l l i o n  bar- 
r e l s ,  Par t  of t h i s  decl ine  was probably a t t r i b u t a b l e  t o  t h e  increasing com- 
p e t i t i o n  fo r  r e s i d u a l  o i l  by e l e c t r i c  u t i l i t i e s ,  t h e  high su l fu r  content of 
t h e  avai lable  o i l s ,  and t h e  f a c t  t h a t  combustion of r es idua l  o i l s  r equ i res  pre- 
heating and spec ia l  handling techniques. The downward t r end  i n  i n d u s t r i a l  use 
was reversed i n  1972 as consumption increased by 11.1 percent ,  The upsurge 
probably resu l t ed  from increased demand from customers who found themselves 
shor t  of gas and i n  need of addi t ional  fue l s .  



Although t h e  Midwest Region has been a producer of crude petroleum 
f o r  over 100 years ,  current  production i s  low and declining.  Between 1960 
and 1972, t h e  region 's  over-al l  production f e l l  by 45 percent ,  from 131.9 m i l -  
l i o n  b a r r e l s  t o  72,O mil l ion  b a r r e l s ,  The estimated demand8 f o r  o i l  products 
i n  t h e  Midwest Region i n  1960 was about 875 mil l ion  b a r r e l s ,  but  by 1972 it 
had increased by 60 percent t o  an estimated 1 . 4  b i l l i o n  b a r r e l s .  Because 
l o c a l  production was decreasing, dependence on o i l s  imported from outs ide  t h e  
region increased from 85 percent i n  1960 t o  95 percent i n  1972. However, be- 
cause United S ta tes  crude o i l  production has e s s e n t i a l l y  peaked, f u t u r e  addi- 
t i o n s  t o  supply w i l l  increas ingly  have t o  be imported from fore ign sources. 

For s t a t i s t i c a l  purposes, t h e  U , S ,  Bureau of Mines has divided 
t h e  country i n t o  f i v e  Petroleum Administration f o r  Defense (PAD) D i s t r i c t s .  
PAD D i s t r i c t  11 includes t h e  Midwest Region and North Dakota, South Dakota, 
Nebraska, Kansas, Oklahoma, and Tennessee. P r io r  t o  1972, a l l  fore ign crude 
o i l  imports i n t o  PAD I1 came from Canada, However, s ince  1972 t h e  demand has 
increased so rap id ly  t h a t  imports from Canada have not been s u f f i c i e n t ,  and 
o i l  from more d i s t a n t  sources has been imported i n t o  t h e  Midwest. While crude 
o i l  imports from Canada during t h e  f i r s t  s i x  months of 1973 surpassed by 48.2 
percent the  imports f o r  t h e  same months i n  1972 (79,582,000 bb l  versus 
117,907,000 b b l )  , imports from other  overseas areas  increased by 782 percent ,  
from 1.72 mi l l ion  b a r r e l s  t o  15.17 mi l l ion  b a r r e l s ,  The Arab countr ies  of 
North Africa and t h e  Middle East accounted f a r  62 percent of these  non-Cana- 
dian imports (u.s. Bur. Mines, 1973e). As a r e s u l t ,  t h e  Midwest Region was 
rap id ly  becoming d i r e c t l y  dependent on Arab o i l ,  and no diminishing of t h i s  
t r end  was indicated  u n t i l  t h e  recent  o i l  embargo on t h e  p a r t  of t h e  Arab o i l -  
producing countries.  Only time w i l l  t e l l  how ser ious  t h e  shortages created 
by t h e  recen t ly  imposed embargo r e a l l y  w i l l  be ,  

E l e c t r i c i t y  

Energy may be used e i t h e r  d i r e c t l y  o r  ind i rec t ly .  I n  t h e  p a s t ,  
d i r e c t  use of energy i n  t h e  form of f o s s i l  f u e l s  dominated i n d u s t r i a l  use ,  
but  it now appears t h a t  t h e  t r end  i n  indust ry  i s  t o  use more e l e c t r i c i t y  than 
it has done i n  t h e  pas t .  Consumption of e l e c t r i c  energy by indust ry  i n  t h e  
Midwest Region increased from 112 b i l l i o n  kilowatt-hours i n  1960 t o  1-76 b i l -  
l i o n  kilowatt-hours i n  1971, an increase  of 56.4 percent.  This growth r a t e  
was f a s t e r  than t h a t  f o r  f o s s i l  f u e l s  a s  a  whole (4-30.9 percent) ,  with t h e  re-  
s u l t  t h a t  e l e c t r i c i t y P s  share of the  t o t a l  energy consumed by indust ry  in-  
creased from 33.6 percent i n  1960 t o  37.1 percent i n  1971 ( ~ e d e r a l  Power Comm., 
1960-1971)~ 

PRICE TRENDS 

I n  t h e  p a s t ,  energy has been one of t h e  g r e a t e s t  bargains avai lable ,  
I n d u s t r i a l  consumers have been even more fo r tuna te  than other  consumers, f o r  
most of them were large-volume use r s  and thus  qua l i f i ed  f o r  discount r a t e s .  
For na tu ra l  gas consumers t h e r e  were " in te r rup t ib le"  r a t e s ,  which, combined 

* Estimated demand equals gasoline s a l e s  + d i s t i l l a t e  o i l  s a l e s  + res idua l  o i l  s a l e s  + LPG and 
ethane sa l e s  + 15 percent t o  allow f o r  wax, lubr icants ,  e t c , ,  which a r e  not reported on a 
s t a t e  bas i s .  
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Fig.  9 - Average U.S. f u e l  p r i c e  a t  t he  po in t  

of' production f o r  each major f u e l ,  1960- 
1972. (Source: U.S. Bureau of Mines Miner- 
a l s  Yearbooks, 1960-1971; Minerals Industry 
Survey, 1972; pers .  corns.  from L .  W. Wes- 

ters t rom and Jacob Van Den Berg. ) 

Fig. 10 - Average del ivered p r i c e  f o r  var- 

ious f u e l s  3 1960-1971. 

( a )  Average p r i c e  f o r  No. 2 d i s -  

t i l l a t e  o i l  del ivered a t  New 
York harbor (U.S. Bureau of 
Mines Minerals Yearbooks, 

1960- 1971 1. 

( b )  Average p r i c e  of na tu r a l  gas 

a t  point  of consumption, a l l  
uses (U.S. Bureau of Mines 
Minerals Yearbooks, 1960- 

1971 1. 

( c  ) Average p r i c e  f o r  No. 5 m- 
s idua l  o i l  del ivered a t  New 
York harbor (U.S. Bureau of 
Mines Minerals Yearbooks, 

1960-1971 ) . 
(dl Average del ivered p r i c e  f o r  

u t i l i t y  coal  (Nat ional  Coal 
Association, Steam-Electric 
P lan t  Fac tors ,  annual i s sues  ) . 



increase i n  gas p r i ces  has been almost negligible-reflect ing t h e  "hold down" 
e f f e c t s  of t h e  Federal Power Commission regula t ions ,  Even wi th in  t h e  confines 
of the  present  p r i ce  con t ro l s ,  however, t h e  Federal Power Commission has a l -  
lowed subs tan t i a l  increases i n  t h e  p r i ces  f o r  new gas from c e r t a i n  f i e l d s  (wa l l  
S t ree t  Jour. , 1973b). 

However, t h e  cost  of f u e l s  a t  t h e  point  of production i s  not r e a l l y  
t h e  c r u c i a l  f ac to r .  More important i s  t h e  r e l a t i v e  cost  of these  f u e l s  del iv-  
ered a t  t h e  market. Figure 10 ind ica tes  t h e  t rends  i n  delivered p r ices  f o r  
various f o s s i l  f u e l s .  On a delivered b a s i s ,  coal  has a decided p r i c e  advantage 
compared with o i l  and gas ,  even despi te  t h e  sharp increases i n  recent  years.  
Coal f o r  t h e  i n d u s t r i a l  market probably w i l l  have a higher del ivered p r i c e  
than t h e  average p r ice  f o r  coal  del ivered t o  t h e  u t i l i t y  market, The average 
small i n d u s t r i a l  consumer of ten  i s  not i n  a pos i t ion  t o  take  advantage of t h e  
discounts offered by u n i t  t r a i n s  and long-term, large-tonnage contrac ts .  How- 
ever, even allowing f o r  addi t ional  t r anspor ta t ion  charges and other expenses, 
coal  s t i l l  should be competitive with other f u e l s  i n  t h e  Midwest i n d u s t r i a l  
market on a s t r i c t l y  p r i ce  b a s i s .  

As can be seen from f igure  11, t h e  average p r i c e ,  f  ,o.b. t h e  mine, 
f o r  coals  mined i n  t h e  Midwest Region has consis tent ly  been l e s s  than t h e  av- 
erage f o r  a l l  bituminous coal  and l i g n i t e  mined i n  t h e  United S t a t e s .  Because 
of t h e i r  r e l a t i v e l y  high Btu content and favorable loca t ion  with regard t o  
market, coals  of t h e  Midwest Region can absorb considerable t r anspor ta t ion  and 
handling charges and s t i l l  remain competitive with ref ined petroleum products 
and na tu ra l  gas. 

Range for Midwest  coal producers * I 

*Illinois, Indiana,  Ohio,  Kentucky, Iowa, and Missouri. 

F i g .  11 - Average U.S. c o a l  p r i c e ,  f . o ,b .  
mine, compared wi th  range of average  
p r i c e  f o r  c o a l  produced i n  Midwest Re- 
g ion ,  1960-1972. (Source:  U.S. Bureau 
of Mines Minerals Yearbooks, 1960-1971; 
Minerals I n d u s t r y  Survey,  1972; pe r s .  
comrns. from L .  W, Westerstrom and Jacob 

Van Den Berg, ) 

The average 1972 p r i c e  f o r  coals  
produced i n  t h e  Midwest Region ( f i g  . 
11) ranged from a low of $4.86 per 
ton  i n  Iowa t o  a high of $6.81 per 
ton  i n  Kentucky. I f  we assume t h a t  
t h e  maximum t ranspor t  cos t s  f o r  mov- 
ing  such coals  t o  markets wi th in  t h e  
Midwest Region i s  $2.00 per ton ,  then 
the  upper l i m i t  on delivered cos t s  
should be around $8.80 per ton .  If 
t h e  coal  has a hea t  value of between 
10,000 and 11,000 Btu per pound, t h e  
maximum del ivered cost  f o r  Midwest 
coals  should be around 40 t o  44 cents  
per mi l l ion  Btu, This would be a max- 
imum upper l i m i t ;  many "local" coals  
are  del ivered f o r  considerably l e s s ,  
Since t h e  average 1972 p r ice  f o r  nat- 
u r a l  gas del ivered t o  i n d u s t r i a l  con- 
sumers i n  t h e  Midwest Region was 59.1 
cents  per mi l l ion  Btu and t h e  del iv-  
ered p r ices  f o r  r e f ined  petroleum 
products were even higher ,  it i s  ob- 
vious t h a t  midwestern coals  a r e  
priced competitively . 

Western coals  i n  comparison with 
other f u e l s  del ivered t o  t h e  Midwest 



i n d u s t r i a l  market do not compete so favorably. The average values ,  f ,o .b .  
t h e  mine, f o r  coals  produced i n  Wyoming and Montana-the leading suppl iers  
of western coal  t o  midwestern consumers--were $3.74 and $2.03 per ton ,  re-  
spec t ive ly ,  i n  1972 (personal  communication from L. W. Westerstrom, Foss i l  
Fuels Dvn., U.S. Bur. Mines, Oct. 30, 1973). However, although t h e  mine 
p r ices  a re  lower than midwestern coal  p r i c e s ,  t h e  combination of longer ship- 
ping distances-up t o  four times a s  long as  midwestern l o c a l  hauls-and a 
heat  content 10 t o  20 percent lower than t h a t  of midwestern coals  makes t h e  
cost  of western coals  del ivered t o  I l l i n o i s  and Indiana almost double t h a t  
f o r  l o c a l  coals ,  According t o  t h e  Federal Power Commission, e l e c t r i c  u t i l -  
i t i e s  i n  I l l i n o i s  and Indiana during December, 1972, paid 62.76 and 59.83 
cents  per mi l l ion  Btu, respect ively ,  f o r  low-sulfur western coals .  The 
p r ices  f o r  t h e  higher s u l f u r  l o c a l  coals  ranged from 31.38 t o  36.33 cents  
per mi l l ion  Btu, del ivered t o  t h e  same u t i l i t i e s ,  The d i f f e r e n t i a l  i n  Iowa, 
Minnesota, and Missouri was much l e s s  ( ~ e d e r a l  Power Comm. , 1973) . 

Despite recent  p r i ce  increases ,  na tu ra l  gas i s  s t i l l  competitively 
pr iced,  but grojec ted  curtai lments make it un l ike ly  t h a t  gas w i l l  be avai l -  
able t o  meet a l l  current  and projected demands f o r  it, The a l t e r n a t i v e  i s  
o i l ,  but t h e  p r i ces  f o r  most o i l  products are  cur ren t ly  higher on a cents-per- 
mi l l ion  Btu bas i s  than even western coals  and a re  expected t o  r i s e  higher a s  
t h e  f u e l s  shortage i n t e n s i f i e s .  

Whereas p r i ce  was a key f a c t o r  i n  determining t h e  f u e l  used by in- 
dus t ry  i n  t h e  p a s t ,  p r i ce  i n  t h e  fu tu re  w i l l  be secondary t o  o ther  considera- 
t i o n s ,  such as  f u e l s  a v a i l a b i l i t y  and environmental considerat ions,  These 
l a t t e r  two considerat ions a r e  in te r - re la ted  t o  varying degrees, 

AVAILABILITY OF FUELS I N  THE UNITED STATES 

The fue l s  s i t u a t i o n  i n  t h e  United S t a t e s  can be summed up i n  t h r e e  
b r i e f  statements, F i r s t ,  most of t h e  coal  cu r ren t ly  being mined has a su l fu r  
content too  high t o  meet proposed a i r  qua l i ty  standards,  and no technology i s  
cu r ren t ly  avai lable  t o  remove t h i s  sul fur  economically from t h e  coa l  i t s e l f  
o r  from t h e  gases produced during combustion. Second, domestic reserves of 
o i l  and na tu ra l  gas a r e  inadequate t o  sus ta in  s u f f i c i e n t  production t o  meet 
a l l  of t h e  rap id ly  increasing demand f o r  these  f u e l s ,  including t h e  demands 
f o r  "clean" fue l s  being made by former coal  users.  Third,  imports of crude 
o i l  and ref ined petroleum products o f fe r  t h e  only short-term option f o r  a l -  
l e v i a t i n g  our energy c r i s i s  because "new" sources of energy such as  l iquef ied  
na tu ra l  gas ( L N G ) ,  synthet ic  na tu ra l  gas (SNG) made from petroleum feedstocks 
and/or coa l ,  s o l a r  energy, and geothermal power w i l l  not be ready t o  make any 
s ign i f i can t  contr ibut ion t o  t h e  over-al l  energy supply f o r  a t  l e a s t  a decade. 

Coal 

Coal and l i g n i t e  a re  the  most abundant f o s s i l  f u e l s ,  accounting f o r  
about 90 percent of t h e  world's known recoverable energy ( ~ u b b e r t ,  1971, 
p. 66) .  Current est imates of the  known reserves ( " iden t i f i ed  resources") of coal  
remaining i n  t h e  ground i n  t h e  United S ta tes  amount t o  some 1 - 5 9  t r i l l i o n  t o n s ,  
of which 390 b i l l i o n  tons  i s  considered t o  be recoverable with current  tech- 



nology ( ~ h e o b a l d ,  Schweinfurth , and Duncan, 1972, p. 3 ) .  Unfortunately, t h e  
continued and expanded use of t h i s  resource i s  being threatened by new a i r  
po l lu t ion  regulat ions.  

P r a c t i c a l l y  a l l  f o s s i l  f u e l s  n a t u r a l l y  contain su l fu r  i n  various 
amounts, During combustion, most of t h i s  su l fu r  i s  converted i n t o  su l fu r  ox- 
i d e s ,  which a re  discharged out t h e  stack with o ther  combustion gases. I f  t h e  
ground-level concentrations of these  oxides exceed a c e r t a i n  l e v e l ,  p l a n t s ,  
animals, and human beings subjected t o  prolonged exposure t o  t h e  oxides can 
be adversely af fec ted .  Because no stack-gas cleaning device has y e t  proved 
e f f e c t i v e ,  t h e  Federal Environmental Protec t ion Agency, a s  a  means of reduc- 
ing  t h e  su l fu r  oxides l e v e l  i n  t h e  ambient a i r  t o  a des i red  lower l e v e l ,  has 
s e t  maximum l e v e l s  of su l fu r  content f o r  f u e l s  burned by s t a t i o n a r y  sources. 
The Federal and I l l i n o i s  regula t ions  ( ~ l l i n o i s  EPA, 1973) cur ren t ly  s e t  a  max- 
imum l i m i t  f o r  a l l  new solid-fuel-f ired u n i t s  of 1.2 pounds of s u l f u r  dioxide 
emissions per mi l l ion  B t u  of heat  input .  This mount i s  equivalent  t o  only 
0.6 percent s u l f u r  i n  a coal  with a heat  content of 10,000 Btu per pound. Any 
u n i t  t h a t  has been s i g n i f i c a n t l y  modified s ince  t h e  law became e f f e c t i v e  i s  
c l a s s i f i e d  as  a new source, The standards f o r  ex i s t ing  p lan t s  are  a l s o  being 
made more r e s t r i c t i v e .  After  May 30, 1975, o ld  p lan t s  located  i n  t h e  Chicago, 
St .  Louis, and Peoria metropolitan areas of I l l i n o i s  may not emit more than 
1.8 pounds of s u l f u r  dioxide per mi l l ion  Btu of heat  input .  This i s  equiva- 
l e n t  t o  only 0.9 - 1.1 percent s u l f u r  i n  t y p i c a l  midwestern coals  (assuming 
10,000 t o  12,000 ~ t u / ~ o u n d ) .  Old u n i t s  located  outs ide  of t h e  above-mentioned 
metropolitan areas  may not emit more than 6.0 pounds of su l fu r  oxides per m i l -  
l i o n  Btu of heat  input a f t e r  May 30, 1975. For a coal  with a heat  value of 
10,000 Btu per pound, t h e  6-pound l i m i t  would be equivalent t o  3 percent s u l f u r  
i n  a coal.  

The problems i n  meeting these  standards a r e  t h a t  very few of t h e  
coals  cur ren t ly  being mined contain such a low percentage of s u l f u r .  Essen- 
t i a l l y  a l l  of t h e  coals  occurring i n  t h e  s t a t e s  ly ing  e a s t  of t h e  Mississippi  
River, where 90 percent of t h e  current  production occurs (u.s. Bur. Mines, 
1973b, p. 330-334), a r e  of t h e  bituminous v a r i e t y ,  and, unfor tunate ly ,  only 
8 percent of them contain 0.7 percent or l e s s  su l fu r .  Moreover, 97 percent 
of t h e  coals  t h a t  a r e  very low i n  su l fu r  a r e  located  i n  eas te rn  Kentucky, West 
Virginia ,  and Virginia ( ~ e d e r a l  Power Comm., 1971, p. 1-4-9). Because of 
t h e i r  favorable combination of low ash,  low s u l f u r ,  and s t rong coking charac- 
t e r i s t i c s ,  these  coals  a r e  p a r t i c u l a r l y  su i t ed  f o r  coking and f o r  use i n  blends 
f o r  t h e  manufacture of coke, A s  a  r e s u l t ,  many of t h e  bes t  reserves  of these  
coking coals  a r e  t i e d  up by s t e e l  companies f o r  t h e i r  own (cap t ive )  use. 
Others a r e  reserved by t h e  mining companies f o r  s a l e  under long-term contrac t  
t o  s t e e l  companies i n  both t h e  U.S.  and overseas. These a re  premium coals  
and t r a d i t i o n a l l y  have commanded higher than average p r ices .  Although these  
low-sulfur coals  could be a poss ib le  source of "clean" f u e l  f o r  i n d u s t r i a l  
consumers i n  t h e  Midwest who seek t o  replace  t h e i r  high-sulfur coa l s ,  the re  
i s  l i t t l e  surplus mine capacity i n  t h e  low-sulfur a rea  t o  supply them, and 
t h e  cos t  of using these  premium coals  may be p roh ib i t ive ,  

Even t h e  more l e n i e n t  standards f o r  ex i s t ing  p l a n t s  i n  nonmetropol- 
i t a n  areas  would el iminate a l a r g e  p a r t  of t h e  coal  cu r ren t ly  being mined i n  
t h e  Midwest Region. I f  3,O percent i s  assumed t o  be t h e  maximum s u l f u r  allow- 
ab le ,  8 1  percent of t h e  coal  reserves i n  I l l i n o i s  would be d i s q u a l i f i e d ,  as  
would 54 percent of Indiana 's  c o a l ,  85 percent of t h e  coal  i n  western Kentucky, 



69 percent of t h e  coal  i n  Ohio, and a l l  of t h e  coal  i n  t h e  s t a t e s  of Michigan, 
Iowa, and Missouri. On a na t iona l  b a s i s ,  43 percent of a l l  bituminous coals  
have s u l f u r  contents  i n  excess of 3.0 percent ( ~ e ~ a r l o ,  Sheridan, and Murphy, 
1966, p. 1 9 ) .  

While approximately 70 percent of t h e  coal  reserves of t h e  United 
S t a t e s  l i e s  i n  s t a t e s  west of the  Mississippi  River (u.s. Bur. Mines, 1973b, 
p. 3 3 0 ) ~  western coals  t h u s  f a r  have been developed only marginally because 
they were f a r  from t h e  major markets and genera l ly  lower i n  grade than t h e  
more favorably located  eas te rn  and midwestern coals ,  However, i n  t h e  l i g h t  
of t h e  current  energy shortage and t h e  c r i t i c a l  need f o r  low-sulfur f u e l s ,  
many producers and consumers have begun t o  re-evaluate these  westernresources ,  
and a number of l a r g e  new mines have already been developed i n  t h e  West. 

Estimates show t h a t  i n  s t a t e s  west of t h e  Mississippi  River 26 
percent of t h e  bituminous coa l s ,  66 percent of t h e  subbituminous coa l s ,  and 
77 percent of t h e  l i g n i t e s  contain 0.7 percent s u l f u r  o r  l e s s  ( ~ e d e r a l  Power 
Comm., 1971, pm 1-4-9). Although these  low-sulfur coal  resources seem a 
promising source of energy, severa l  problems a r e  associated with t h e i r  use 
and with any attempt a t  r ap id  large-scale switching from cur ren t ly  avai lable  
high-sulfur f u e l s  t o  low-sulfur western coals .  

F i r s t ,  t h e  heat  contents  of t h e  l i g n i t e s  a r e  so  low t h a t  they must 
be burned a t  o r  very near t h e  mine because t r anspor t  c o s t s  per mi l l ion  Btu of 
heat  energy i s  prohibi t ive .  Even t h e  abundant higher Btu subbituminous coals  
may have heat  contents  a s  low as  8300 Btu per pound. Although most western 
coals  have a low su l fu r  content ,  they a l s o  have low heat  values t h a t  may s t i l l  
make it impossible f o r  them t o  meet a 1 .2  pound su l fu r  oxides l i m i t .  It i s  
d i f f i c u l t  t o  determine jus t  how much of these  coals  would be  eliminated from 
use without flue-gas desul fur iza t ion f a c i l i t i e s .  Risser (1973, p. 41) has 
indicated  t h a t  a preliminary examination of avai lable  d a t a  from t h e  North Cen- 
t r a l  Power Study reveals  a s u b s t a n t i a l  por t ion  of t h e  coals  reported on could 
not meet t h e  standard. 

Second, t h e  ash fus ion c h a r a c t e r i s t i c s  of many of t h e  western coals  
a r e  q u i t e  d i f f e r e n t  from those of t h e  coals  now being used by Midwest consum- 
e r s .  These d i f ferences  can cause clogging and ash discharging problems i n  t h e  
b o i l e r s  (wall  S t r e e t  Jour . ,  1970). 

Third, t h e  d is tance  from t h e  western coal  f i e l d s  t o  t h e  Midwest in- 
d u s t r i a l  markets i s  700 t o  1000 miles. As a r e s u l t ,  t r anspor ta t ion  cos t s  can 
double or  t r i p l e  t h e  cos t  of t h e  coal  f.0.b. t h e  mine. The cos t  of western 
coa l s  del ivered t o  t h e  Chicago a rea  i s  repor tedly  twice as  much as  t h e  deliv-  
ered cos t  of t h e  l o c a l  ( ~ l l i n o i s ) ,  higher su l fu r  coals  formerly used ( ~ i f a k e s ,  
19719 p. 1 3 ) .  

Fourth, t h e r e  i s  a t  present  no surplus mine capacity i n  t h e  western 
coal  f i e l d s ,  Any customer wishing t o  use western coals  must f i r s t  make a con- 
t r a c t  with a mining company t o  develop a new mine o r  expand capaci ty  a t  an ex- 
i s t i n g  mine, The time required between i n i t i a l  commitment and f i r s t  d e l i v e r i e s  
i s  l i k e l y  t o  run from a minimum of 1 year f o r  expansion of an o ld  mine t o  as  
much as  2 o r  3 years f o r  development of a new mine. 

Las t ,  t h e r e  i s  t h e  question of environmental regula t ions .  Most of 
t h e  projected output of western coal  i s  scheduled t o  be s t r i p  mined, both be- 



cause of cheaper production c o s t s  and because many of t h e  coals  l i e  too  c lose  
t o  t h e  surface  f o r  underground mining t o  be f e a s i b l e  o r  sa fe ,  Consequently, 
questions a r i s e  about s t r i p  mine reclamation and p o t e n t i a l  a i r  and water pol- 
l u t i o n  from such mining operat ions.  Environmentalists argue t h a t  proper rec-  
lamation of much of t h e  s t r i p  mined land i n  t h e  more a r i d  areas would be ex- 
tremely d i f f i c u l t ,  The conclusions of a study by a spec ia l  panel of t h e  
National Academy of Sciences would seem t o  agree with t h i s  assessment ( ~ i l l e t t e ,  
1973). I f  new laws banning o r  severely c u r t a i l i n g  s t r i p  mining a r e  passed 
(sc ience ,  1973),  l a r g e  quan t i t i e s  of low-sulfur coal  from t h e  West w i l l  be es- 
s e n t i a l l y  unavailable,  A i r  po l lu t ion  i s  not normally a major problem f o r  s t r i p  
coal  mines located  i n  humid cl imates because t h e r e  i s  adequate water t o  keep 
dust  under control ;  however, i n  t h e  a r i d  areas of t h e  West such a problem can 
be severe. A new mine near Rock Springs,  Wyoming, was repor tedly  abandoned 
l a s t  year by i t s  developers when it became apparent t h a t  t h e r e  was no economic 
way t o  solve t h e  problems of dust created i n  t h e  loading and s t o r i n g  of coal  
a t  t h e  mine (wal l  S t r e e t  Jour . ,  1972b). 

Another approach t o  solving t h e  su l fu r  problem i s  t o  continue t o  
burn high-sulfur coals  but  clean t h e  s u l f u r  oxides from t h e  combustion gases 
before discharging them i n t o  t h e  outs ide  a i r ,  Several d i f f e r e n t  approaches 
t o  t h e  problem have been t r i e d ,  bofuh here and overseas. Many of t h e  proposed 
systems have been designed primari ly with t h e  e l e c t r i c  u t i l i t y  market i n  mind, 
and t h e i r  economics and t echn ica l  c h a r a c t e r i s t i c s  may l i m i t  o r  prohibi t  t h e i r  
use on small i n d u s t r i a l  un i t s .  Although a number of systems a r e  cur ren t ly  be- 
ing  i n s t a l l e d  i n  i n d u s t r i a l  p lan t s  i n  t h i s  country f o r  t e s t i n g  purposes, only 
a few have been operated i n  a p lan t  long enough f o r . t h e i r  success t o  be ade- 
quately judged, 

One notable success has been t h e  " ~ o u b l e  Alkali" system, developed 
by t h e  General Motors Corporation. I n  t h i s  system, a so lu t ion  of caus t i c  soda 
i s  used t o  remove t h e  su l fu r  from t h e  f l u e  gases. The system was i n s t a l l e d  a t  
t h e i r  p lan t  i n  S t .  Louis, Missouri, i n  t h e  f a l l  of 1972 and has operated suc- 
c e s s f u l l y  f o r  more than a yea r ,  achieving 90 percent removal of t h e  s u l f u r  di-  
oxide (so2). However, t h e  system as  used i n  S t .  Louis had one drawback. The 
waste s u l f i t e  l iquor  i n  t h e  scrubber e f f luen t  was being disposed of by d i s -  
charging it, with approval of l o c a l  a u t h o r i t i e s ,  i n t o  t h e  c i t y  sewer system, 
Since such an option i s  not l i k e l y  t o  be widely avai lable  elsewhere, General 
Motors has s ince  modified t h e  system t o  el iminate t h e  p o t e n t i a l  water po l lu t ion  
problem by t r e a t i n g  t h e  s u l f i t e  l iquor  with lime. The lime causes t h e  su l fu r  
t o  p r e c i p i t a t e  a s  a s o l i d ,  and a c l e a r  caus t i c  soda solut ion r e s u l t s .  This 
so lu t ion  can then be re-cycled i n  the  system. The p r e c i p i t a t e s  can be co l l ec ted  
a s  a s o l i d  waste cake and disposed of i n  a l a n d f i l l  ( ~ e n e r a l  Motors Corp., 
1973) * 

Several o ther  systems, such as  t h e  v '~ahco"  and t h e   itra rate" proces- 
s e s ,  a r e  cur ren t ly  being i n s t a l l e d  on indust r ia l -s ized u n i t s  a t  various places 
i n  t h e  country, and t h e  developers a r e  opt imis t ic  about t h e i r  chances f o r  suc- 
cess.  Even if these  and other  systems prove successful ,  it w i l l  t ake  severa l  
years t o  equip a l l  p lan t s  t h a t  a r e  cur ren t ly  burning high-sulfur f u e l s .  

Natural Gas 

Natural gas i s  an i d e a l  f u e l ;  it burns c leanly ,  i s  easy t o  handle and 
t r a n s p o r t ,  and i s  cheap* I n  a normal market s i t u a t i o n ,  it would be considered 



a premium f u e l  and would ca r ry  a premium p r i c e ,  However, t h e  wellhead p r ices  
of n a t u r a l  gas have been control led  by t h e  Federal Power Commission s ince  1954, 
under the  assumption t h a t  reserves were more than ample and t h a t  t h e  pub l ic ' s  
i n t e r e s t  would be bes t  served by keeping t h e  p r i ces  low. The a r t i f i c i a l l y  low 
p r i c e  of gas ac ted  t o  keep a l i d  on coal  and o i l  p r i ces  as  we l l ,  s ince  t h e r e  
i s  much in te r - fue l  competition i n  most sec to r s  of t h e  economy, espec ia l ly  t h e  
i n d u s t r i a l .  This d i s t o r t i o n  of t h e  market caused many customers t o  switch t o  
gas when another more abundant f u e l ,  such as  coa l ,  would have suff iced t o  meet 
t h e i r  needs. 

The e f f e c t s  of regulated low pr ices  f o r  gas were two-fold. F i r s t ,  it 
st imulated t h e  r a t e  of consumption of na tu ra l  gas ,  and, second, it decreased 
t h e  incent ive  t o  d r i l l  f o r  new gas reserves .  D r i l l i n g  a c t i v i t y  declined sharply,  
and new addi t ions  t o  reserves  f e l l .  Although some observers ( ~ i s s e r  , 1960, 
p. 13; Carrico,  1963) warned t h a t  such a pol icy  would l e a d  t o  gas shortages 
i n  t h e  1 9 7 0 ~ ~  t h e  country continued t o  consume gas as  though supplies were un- 
l imi ted .  Only i n  1967, when gas consumption a c t u a l l y  exceeded new gas discov- 
e r i e s  and caused t o t a l  reserves  t o  decl ine ,  d id  some people begin t o  t ake  t h e  
s i t u a t i o n  ser ious ly ,  Each year since then,  with t h e  exception of 1970, more 
gas has been consumed than has been found, The huge reserves of gas i n  t h e  
Prudhoe Bay area  on t h e  North Slope of Alaska, which were f i r s t  discovered i n  
1968, were evaluated and added t o  t h e  t o t a l  reserves i n  1970, causing a s ig-  
n i f i c a n t  upsurge i n  reserves f o r  t h a t  year. The following two years have 
shewn a continuation of t h e  downward t rend i n  discoveries and i n  t o t a l  reserves ,  

The eurrent  shortages i n  na tu ra l  gas probably would have shown up 
e a r l i e r  except f o r  t h e  f a c t  t h a t  t h e  United S ta tes  has been able  t o  import in-  
creas ing amounts of gas, To d a t e ,  these  imports have been mostly by pipel ine  
from Canada and, t o  a much l e s s e r  degree, from Mexico (Federal  Power Cornrn. , 
1972, p. 39-41). Despite a rapid  r a t e  of growth i n  recent  yea rs ,  only i n  1972 
did  imports a c t u a l l y  exceed 1 t r i l l i o n  cubic f e e t  (u.S. Bur. Mines, 1 9 7 3 ~ ~  p.  
6 ) .  Although these  imports a r e  qu i t e  necessary t o  c e r t a i n  p a r t s  of t h e  coun- 
t r y ,  t h e i r  t o t a l  contr ibut ion i s  s t i l l  l e s s  than 5 percent of t h e  United S t a t e s  
t o t a l  gas needs, Because of increasing demands i n  Canada and a slowing i n  t h e  
f inding r a t e  of new Canadian discover ies ,  a l eve l ing  o f f  or  even a decl ine  i n  
na tu ra l  gas imports from Canada i s  l i k e l y ,  unless gas from Arctic regions be- 
comes ava i l ab le  soon ( o i l  and Gas Jour. , 1973c) . 

Petroleum and Petroleum Products 

The United S t a t e s  i s  t h e  world's l a r g e s t  producer of petroleum, cur- 
r e n t l y  accounting f o r  some 20 percent of t h e  t o t a l .  I n  l 9 7 l t h e  United S t a t e s  
produced 3.45 b i l l i o n  b a r r e l s ,  whereas t h e  Soviet Union, t h e  second l a r g e s t  
producer, produced 2.78 b i l l i o n  barrels ' .  The gap, however, i s  closing quickly 
(u.s. Bur. Mines, 1973b, p. 855, 969). It has been predicted t h a t  by l a t e  1974 
t h e  Soviets  w i l l  t ake  t h e  l ead  i n  world o i l  production ( o i l  andGas Jour . ,  1973d, 
p. 73) .  

Unfortunately, despi te  our huge domestic production, t h e  United S t a t e s  
must import s i zab le  mounts of crude petroleum and re f ined  products. In  f a c t ,  
t h e  United S ta tes  has been a net importer s ince 19-48. U.S. dependence* on for-  
eign o i l s  has grown from 8 .I percent i n  1950 t o  16.5 percent i n  1960 t o  28.3 

* Net imports as a percentage of total new supply. 



percent i n  1972 ( ~ m .  Petroleum I n s t . ,  
1971, p. 284; 1973, p. 1 ) .  It has 
been projected t h a t ,  under t h e  most 
unfavorable assumptions, t h e  United 
S ta tes  might be importing as  much a s  
66 percent of its t o t a l  o i l  needs by 
1980  a at. Petroleum Council, 1972, 
Po 17,  24).  

O i l  has many advantages over gas 
and coal .  It can be moved by barge,  
p ipe l ine ,  ocean tanker ,  o r  t ruck.  It 
i s  a l i q u i d  a t  room temperature, and, 
the re fo re ,  unl ike  l iquef ied  na tu ra l  
gas ,  requires  no spec ia l  containers.  
O i l  i s  an e s s e n t i a l  f u e l  because it 
can be used i n  i t s  various ref ined 
forms a s  a source of energy i n  more 
d i f f e r e n t  sec to r s  and markets than 
e i t h e r  of t h e  o ther  f o s s i l  f u e l s .  Not 
only i s  it important i n  t h e  u t i l i -  
t i e s ,  household, commercial, and in-  
d u s t r i a l  sec to r s ,  it i s  t h e  dominant 
f u e l  i n  t h e  t r anspor ta t ion  sec to r ,  In  
essence, o i l  "moves" t h e  country. 

Figure 12  shows t h e  United S ta tes  
production, consumption, r e se rves ,  
and imports of petroleum and petro- 
leum products from 1946 through 1972. 
While reserves increased a t  a modest 
r a t e  between 1946 and 1958, t h e r e  was 
years.  I n  1970 a s i g n i f i c a n t  Jump i n  

Production ' 

Crude oil imports 

I t  
I ~ ~ . l ~ . ' I . " l " r I ~ . m I g  
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Fig.  12 - Trends i n  U.S. o i l  supply and de- 
mand, 1946-1972. (Source: American Pet- 
roleum I n s t i t u t e .  ) 

no s ign i f i can t  change during t h e  next 11 
t h e i r  l e v e l  was accounted f o r  by t h e  ad- 

d i t i o n  of t h e  reserves  a t  Prudhoe Bay, Alaska. Since 1946, production has in-  
creased s t e a d i l y ,  but  not f a s t  enough t o  keep pace with domestic demand. The 
d e f i c i t  was f i l l e d  by imports,  which grew a t  a very rap id  r a t e ;  imports of r e -  
f ined products increased even more rap id ly  than imports of crude petroleum. 

Because domestic production has exceeded new addi t ions  t o  reserves  
(excluding Alaska) f o r  every year since 1967, t o t a l  proved reserves  i n  t h e  
United S ta tes  a r e  beginning t o  decl ine .  The average maximum susta inable  pro- 
ductive l e v e l  f o r  a l l  o i l  f i e l d s  i s  about one-eighth of t h e  amount of t h e  to -  
t a l  reserves.  Therefore, when t h e  r a t i o  of reserves  t o  production reaches 8 
t o  1, an increase  i n  production can occur only when reserves  a r e  increased.  
I f  reserves  decl ine  and t h e  R/P r a t i o  approaches 8 t o  1, production must 
l e v e l  off  o r  even decline.  An ind ica t ion  of t h e  seriousness of t h e  U.S. 
o i l  production s i t u a t i o n  i s  t h e  1972 R/P r a t i o  f o r  o i l  (excluding Alaska),  
which f e l l  t o  8.17 t o  1. 

Domestic production of crude o i l  peaked i n  1970 with an output of 
3.32 b i l l i o n  b a r r e l s  (~m. Gas Assoc. e t  a l . ,  1973, p. 24). Although 1972 pro- 
duction was s l i g h t l y  more than the  1971 t o t a l ,  it did  not equal t h e  record 
s e t  i n  1970. Only e igh t  s t a t e s  a c t u a l l y  showed any gain  i n  output over 1971, 
and t h a t  was more than o f f s e t  by subs tan t i a l  decl ines  i n  b i g  producing s t a t e s  



such a s  Louisiana, New Mexico, Oklahoma, Wyoming, and Cal i fornia  (Am. Gas Assoc. 
e t  a l e  , 1973, p. 22-23). The estimated 90-day productive capacity f o r  crude 
o i l  and na tu ra l  gas l i q u i d s  a t t a i n a b l e  on March 31, 1970, was 14,788,000 bar- 
r e l s  per  day; t h r e e  years l a t e r ,  t h e  productive capacity a t t a i n a b l e  on March 
31, 1973, had declined by 11 percent t o  13,l68,000 b a r r e l s  per  day ( ~ m .  Gas 
Assoc. e t  a l . ,  1970, p. 1; 1973, p. 1). 

The supply/demand s i t u a t i o n  i n  t h e  United S ta tes  has continued t o  de- 
t e r i o r a t e .  During t h e  f i r s t  s i x  months of 1973, domestic crude o i l  production 
was 2.5 percent lower than i n  t h e  same period i n  1972, I n  t h e  face of a  declin-  
ing  supply, demand f o r  a l l  o i l  products increased by 6.0 percent.  To overcome 
t h i s  d e f i c i t ,  crude o i l  imports were increased by 45.9 percent and imports of 
r e f ined  products by 16.5 percent .  

The demand f o r  r es idua l  f u e l  o i l s  increased by 11.2 percent during 
t h i s  period,  Even though production of r e s i d u a l  increased 21,7 percent and i m -  
por t s  rose  by 6.2 percent ,  stocks were 7.7 percent lower i n  June 1973 than a t  
t h e  same time a y e a r e a r l i e r ,  The propane s i t u a t i o n  a l s o  has de te r io ra ted ,  Pro- 
duction increased by only 1.0 percent i n  t h e  face  of a  6.5 percent increase i n  
demand f o r  propane. To overcome t h i s  d e f i c i t ,  imports soared by 73.6 percent and 
stocks were drawn down by 17.9 percent ,  I n  an t i c ipa t ion  of winter f u e l  needs, 
imports of d i s t i l l a t e  f u e l  o i l s  during t h e  f i r s t  s i x  months of 1973 increased by 
113.3 percent overimports i n  t h e  same period i n  1972 (u.s. Bur. Mines, 1973e). 

Why t h e  Energy C r i s i s ?  

Although t h e  effects of t h e  current  energy c r i s i s  have made them- 
se lves  widely f e l t  only recen t ly ,  various experts  had predic ted  as  much as  15 
o r  more years ago t h a t  shortages i n  na tu ra l  gas and petroleum were l i k e l y  t o  
occur i n  t h e  1 9 7 0 ~ ~  Unfortunately, t h e i r  predic t ions  were not heeded when 
they were made, and no cor rec t ive  measures were taken,  The precise  timing of 
t h e  current  shortages was accelera ted  by r a t e s  of growth i n  energy demand t h a t  
were g rea te r  than projec ted ,  by t h e  imposition of environmental regula t ions  
t h a t  caused a widespread switchover t o  clean ftaels t h a t  a l ready were i n  shor t  
supply, and by t h e  recent  Arab o i l  embargo t h a t  has c u r t a i l e d  our t o t a l  o i l  
supply by from 11 t o  18 percent .  However, examination of t h e  long-term t rends  
i n  reserves  and t h e  f inding r a t e s  f o r  new reserves ind ica te  t h a t  our f u e l s  
pos i t ion  has been decl in ing f o r  a  number of years ,  

The adequacy of reserves  of a  p a r t i c u l a r  mineral commodity may be 
judged by severa l  use fu l  ind ica to r s  or  r a t i o s .  One of these  i s  t h e  F/P r a t i o ,  
or  t h e  finding-to-production r a t i o ,  t h e  r a t i o  of t h e  quant i ty  of new addi t ions  
t o  remaining reserves  found i n  any given year compared with t h e  quant i ty  of 
production during t h e  same year.  As long a s  t h e  F/'P r a t i o  i s  1 t o  1 or  h igher ,  
new reserves  a r e  being found a t  a  r a t e  s u f f i c i e n t  t o  replace those  depleted by 
current  production, If t h e  r a t i o  f a l l s  below 1 t o  1, s u f f i c i e n t  reserves are  
not being maintained t o  accommodate t h e  current  production r a t e .  

Figure 13 ind ica tes  t h e  t r end  i n  t h e  F/P r a t i o  f o r  crude o i l  i n  t h e  
United S t a t e s  from 1946 t o  1972. The r a t i o  has been t rending downward f o r  most 
of t h e  period;  i n  f a c t ,  it dropped below 1 t o  1 a s  e a r l y  as  1957 and again i n  
1960, 1962, and 1963. Since 1966 t h e  F/P r a t i o  has been cons i s t en t ly  below t h e  
replacement l e v e l .  The f igure  a l s o  shows s imi la r  da ta  f o r  na tu ra l  gas.  Again 
t h e  downward t r end  i s  evident ,  o r  even more pronounced. Although t h e  F/P r a t i o  



f o r  na tu ra l  gas never f e l l  below 1 t o  1 p r i o r  t o  1968, it came very c lose  t o  
i t  i n  1954 and 1960. The addi t ion  of t h e  Alaskan North Slope reserves  i n  1970 
reversed t h e  t r end  f o r  one year ,  but t h e  r a t i o  f e l l  again i n  1971 and 1972. 

The R/P r a t i o  a l s o  ind ica tes  t h e  adequacy of reserves .  It compares 
t o t a l  reserves  i n  any given year t o  t h e  production i n  t h a t  year ,  As long as  
production i s  below t h e  maximum producible l e v e l ,  t h i s  r a t i o  may or  may not 
be important. It has been argued t h a t  t h e  reserves f i g u r e  i s  not a s i g n i f i -  
cant ind ica to r  of maximum productive capacity because only enough reserves  a r e  
proved up i n  advance of production t o  allow f o r  proper planning i n  production, 
and t h a t  t h e  cost  of proving up add i t iona l  reserves  i s  uneconomic, I f  t h i s  
argument i s  co r rec t ,  it may wel l  explain t h e  r a t h e r  l e v e l  and narrow range i n  
which t h e  R/P r a t i o  f o r  o i l  l a y  from 1946 through 1965 (fig. 1 4 ) .  A s i g n i f i -  
cant decline i n  t h e  r a t i o  began i n  1966 and, except f o r  t h e  r i s e  i n  1970 caused 
by t h e  addi t ion  of t h e  Alaskan North Slope reserves ,  t h e  decl ine  has continued. 
Even more important,  however, i s  t h e  f a c t  t h e  R/P r a t i o  i s  approaching t h e  
l e v e l  of maximum susta inable  output ,  which i s  about 8 t o  1. 

The R/P r a t i o  f o r  na tu ra l  gas has been f a l l i n g  s t e a d i l y  f o r  almost 
t h e  e n t i r e  26 yearsbetween 1946 and 1972. In  t h e  period from 1946 through 
1962 when t h e  R/P r a t i o  was above 20 t o  1, there  was l i t t l e  reason t o  be con- 
cerned about a gas shortage because a 20-year supply was s u f f i c i e n t  t o  jus- 
t i f y  a p ipe l ine  and t o  a l l o c a t e  suppl ies  f o r  long-term contrac ts .  However, 
when t h e  R/P r a t i o  began t o  drop below t h e  20 t o  1 l e v e l  t h e r e  was room f o r  
concern, but a s  l a t e  a s  1966 t h e  then chairman of t h e  Federal Power Commission 
was quoted as  s t a t i n g  t h a t  t h e r e  were ample reserves  of na tu ra l  gas and t h a t  a 

d . .  - - 

decl in ing R/P r a t i o  was "not a cause f o r  alarm" ( O i l  and Gas Jour . ,  1966). 

Fig.  13 - Trend i n  the finding-to-production ratio (F/P)  for oil and natural gas ,  1946-1972. 
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Fig. 14 - Trends in reserves-to-production ratio (R/P) for oil and natural gas, 1946-1972. 

Unfortunately, he and t h e  o ther  opt imis ts  have been proved wrong-a 
gas shortage i s  a l ready upon us. Last winter many i n d u s t r i a l  customers, es- 
p e c i a l l y  i n  t h e  Midwest, who were on i n t e r r u p t i b l e  contrac ts  had t h e i r  gas sup- 
p l i e s  cur ta i l ed  during periods of peak demand ( ~ n d u s t r y  Week, 1973a). As a  
r e s u l t ,  p lan t s  closed i n  severa l  s t a t e s  and workers were l a i d  o f f .  Fortunately,  
most of these  c los ings  were of short  dura t ion,  but  t h e  impact was severe f o r  
those involved. Some of t h e  u t i l i t i e s  i n  t h e  Midwest have announced t h a t  gas 
curtai lments t o  i n d u s t r i a l  customers w i l l  t ake  place during t h e  winter of 
1973-1974 and t h a t  no new l a r g e  customers w i l l  be added t o  t h e i r  systems i n  
t h e  immediate fu tu re  (wal l  S t ree t  Jour . ,  1973a, 1973e). The Federal Power Com- 
mission has estimated t h a t  t o t a l  gas curtai lments from April  through October 
1973 amounted t o  966.3 b i l l i o n  cubic f e e t  , an increase  of 74 percent over 1972. 
For t h e  winter of 1973-1974, 1 4  i n t e r s t a t e  p ipe l ine  companies have indicated  
t h a t  together they expect t o  c u r t a i l  gas d e l i v e r i e s  by 679.7 b i l l i o n  cubic f e e t ,  
20 percent more than l a s t  year ( o i l  and Gas Jour . , 1973~)  . 

SHORT-RUN OPTIONS 

I n  l i g h t  of t h e  evidence t h a t  most f u e l s  w i l l  l i k e l y  be i n  shor t  
supply f o r  a t  l e a s t  t h e  next few years ,  indust ry  i n  t h e  Midwest i s  faced with 
t h e  problem of f ind ing  stop-gap measures. 

The American Gas Association has projected na tu ra l  gas s a l e s  by 
census regions through t h e  year 1990. It has predicted t h a t  between 1971 



and 1976 gas s a l e s  t o  indus t ry  i n  t h e  East North Cent ra l  Region ( ~ h i o ,  Indi -  
ana, I l l i n o i s ,  Michigan, and  isc cons in) w i l l  dec l ine  10.8 pe rcen t ;  i n  t h e  
West North Cent ra l  Region ( inc luding  Minnesota, Iowa, and Missouri) gas s a l e s  
t o  indus t ry  w i l l  dec l ine  20.2 percent .  For t h e  East  South Cent ra l  Region 
( inc lud ing   ent tuck^), i n d u s t r i a l  gas s a l e s  a r e  p red ic t ed  t o  remain e s s e n t i a l l y  
unchanged (-0.4 percent )  dur ing  t h e  1971-1976 period.  The r e p o r t  (Am. Gas 
Assoc., 1973, p. S-12, 5-13) p r e d i c t s :  

The 1976 i n d u s t r i a l  gas s a l e s  i n  t h i s  [East North Cen t r a l ]  region w i l l  not 

only be 2 9  percent l e s s  than t h e i r  po t en t i a l ,  but  w i l l  a l s o  show an ac tua l  
dec l ine  i n  volume due t o  supply def ic ienc ies .  Normal growth pa t te rns  w i l l  r e -  
emerge, however, i n  the  next decade. 

Total  gas s a l e s  [ i n  the  West North Central  Region] from 1971 t o  1976 a r e  
expected t o  show a  volumetric decrease of about one percent ,  although t h i s  i s  

concentrated i n  the  i n d u s t r i a l  s ec to r ,  [ ~ e d u c e d ]  gas s a l e s  f o r  e l e c t r i c  power 
generat ion ( a  component of i n d u s t r i a l  s a l e s )  a r e  pr imari ly  responsible  f o r  
t h i s  dec l ine  . 

If n a t u r a l  gas w i l l  no$ be a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t i e s  t o  
meet new i n d u s t r i a l  demands and probably w i l l  not be a v a i l a b l e  f o r  even a l l  
o l d  customers,  what a r e  t h e  p o s s i b i l i t i e s  of u s ing  coa l?  The answer t o  t h i s  
ques t ion  i s  p a r t l y  c o n t r o l l e d  by t h e  p o l i c i e s  of t h e  United S t a t e s  Environ- 
mental P ro tec t ion  Agency. Unless proved f lue-gas d e s u l f u r i z a t i o n  techniques 
o r  systems can be widely i n s t a l l e d  i n  e x i s t i n g  p l a n t s ,  i n d u s t r i a l  conswners 
i n  t h e  Midwest who wish t o  continue t o  burn c o a l  must e i t h e r  o b t a i n  a v a r i -  
ance t o  burn high-sulfur  coa l  o r  switch t o  coa l s  t h a t  a r e  e i t h e r  n a t u r a l l y  
low enough i n  s u l f u r  t o  comply wi th  t h e  s tandards o r  can be  cleaned by con- 
ven t iona l  prepara t ion  methods t o  meet such s tandards ,  

Recently,  t h e  Federal  Environmental P ro tec t ion  Agency proposed an 
al lowable change i n  s t a t e  implementation p lans  t h a t  accepts  t h e  s e l e c t i v e  
use  of "supplementary c o n t r o l  procedures" f o r  c e r t a i n  f o s s i l - f u e l  burning 
s t a t i o n a r y  sources.  These procedures would involve continuous monitoring of 
s t a c k  gas emissions,  meteorological  cond i t ions ,  and ambient a i r  q u a l i t y  i n  
t h e  v i c i n i t y  of  t h e  source.  By us ing  t h e s e  d a t a  i n  computer d i f f u s i o n  models 
f o r  p r e d i c t i n g  concent ra t ions  of p o l l u t a n t s  , emissions can be cu t  back during 
per iods  when a i r  q u a l i t y  i s  poor by a reduct ion  i n  t h e  r a t e  of p l a n t  opera- 
t i o n s ,  The EPA's acceptance of supplementary c o n t r o l  procedures was based 
on a r ecogn i t ion  t h a t  adequate technology f o r  con t ro l  of s u l f u r  o x i d e s i s  not  
a v a i l a b l e  now a t  many l o c a t i o n s .  However, t h e  EPAVs a c t i o n  i s  only  a de l ay  
i n  t h e  implementation of secondary s tandards i n  some a r e a s ,  not  an abandonment 
of t h e s e  s tandards ,  P l a n t s  u s ing  t h e s e  s t r a t e g i e s  a r e  r equ i red  t o  be working 
towards a permanent so lu t ion  t o  t h e i r  emissions problems, The use  of t a l l  
s t acks  a s  an a i r  p o l l u t i o n  c o n t r o l  s t r a t e g y  was r e j e c t e d  ( ~ n ~ i n e e r i n ~  and 
Mining Jour  . , 1973, p . 1 3  ) ., 

The problems involved i n  us ing  western c o a l s  have a l r eady  been d i s -  
cussed. I n  l i g h t  of t h e s e  problems and of t h e  de lays  involved i n  developing 
and implementing new coa l  supply systems, it i s  u n l i k e l y  t h a t  any customer 
who has not  a l r eady  committed himself t o  us ing  western c o a l s  w i l l  be a b l e  t o  
convert h i s  p l an t  t o  burn such c o a l  o r  t o  secure needed supp l i e s  i n  l e s s  than  
two o r  t h r e e  years .  Therefore,  f o r  many i n d u s t r i a l  consumers i n  t h e  Midwest 
Region, switching t o  low-sulfur coa l  from t h e  west i s  not a v i a b l e  short-term 
s o l u t i o n  t o  t h e i r  f u e l  supply problems, 



Because it i s  u n l i k e l y  t h a t  n a t u r a l  gas w i l l  be a v a i l a b l e  i n  suf-  
f i c i e n t  q u a n t i t i e s  t o  meet a l l  demands, because midwestern coa l s  a r e  gener- 
a l l y  unacceptable on environmental grounds , and because t h e  short-term ava i l -  
a b i l i t y  of  v a s t  q u a n t i t i e s  of low-sulfur western coa l s  i s  h igh ly  ques t ionable ,  
it had been assumed t h a t  r e f i n e d  petroleum products  could be counted on t o  
f i l l  t h e  increas ing  d e f i c i t s .  However, a s  was pointed out  e a r l i e r ,  domestic 
product ion of crude o i l  has dec l ined .  Not only i s  product ion inadequate t o  
meet cu r ren t  demands, but  it w i l l  no t  be ab le  t o  meet t h e  a d d i t i o n a l  demands 
being made because of shortages i n  o the r  f u e l s ,  Therefore,  any increased  use  
of petroleum products  must involve increased  o i l  imports ,  Even p r i o r  t o  t h e  
r ecen t  Arab o i l  embargo, t h e  shortage of o i l  was growing because a number of 
problems were peaking a t  t h e  same time ( o i l  and Gas Jour . ,  1973a, p. 27) :  

... booming demand, decl ining domestic production, a  worldwide shortage of 
sweet ( low-su l fur )  crude o i l ,  and t i g h t  suppl ies  even of sour  (h igh-su l fur )  
crude, too l i t t l e  U.S. r e f i n ing  capab i l i t y ,  and inadequate f a c i l i t i e s  t o  
d i s t r i b u t e  surging imports of crude and products throughout the  country. 

Because imported r e f i n e d  products  a r e  more expensive than  imports 
of crude o i l ,  it would have been p re fe rab le  t o  import crude o i l  and then  re-  
f i n e  it he re  i n  t h e  United S t a t e s ,  Domestic ou tpu t ,  however, has been l i m i t e d  
by a shor tage  of r e f i n i n g  capac i ty ,  and, consequently,  imports of r e f i n e d  
products  have increased  s u b s t a n t i a l l y  i n  r ecen t  y e a r s ,  During t h e  f i r s t  s i x  
months of 1973, imports accounted f o r  66.0 percent  of our r e s i d u a l  f u e l  o i l  
supply,  17.7 percent  of j e t  f u e l ,  11.9 percent  of d i s t i l l a t e  f u e l  o i l ,  8.6 
percent  of  propane, a n d l . 4  percent  of  gaso l ine  (u.s. B u r .  Mines, 1973e) .  

The l a c k  of adequate r e f i n e r y  capac i ty  i s  p a r t l y  t h e  r e s u l t  of 
economic condi t ions  t h a t  have p reva i l ed  i n  t h i s  country f o r  t h e  l a s t  6 t o  8 
y e a r s ,  dur ing  which low p r i c e s  f o r  petroleum products have made t h e  r a t e  of 
r e t u r n  on such investments u n s a t i s f a c t o r y  ( s h e l l  O i l  Co. , 1973, p.  10-11) . 
Opposition t o  proposed new r e f i n e r i e s  f o r  environmental reasons a l s o  has  
caused de lay  o r  cance l l a t ion  of s eve ra l  p r o j e c t s  ( o i l  and Gas J o u r . ,  1973f,  
p*  47 ) .  

Between January 1, 1961, and January 1, 1973, t h e  ope ra t ing  capac- 
i t y  f o r  a l l  r e f i n e r i e s  i n  t h e  United S t a t e s  increased by 39.7 pe rcen t ,  from 
9.63 m i l l i o n  b a r r e l s  per  day t o  13.45 m i l l i o n  b a r r e l s  per  day. However, s ince  
t h e  demand f o r  o i l  products was inc reas ing  even f a s t e r ,  t h e  gap between de- 
mand and domestic r e f i n e r y  capac i ty  increased from 168,000 b a r r e l s  per  day a t  
t h e  end of 1960 t o  2,900,000 b a r r e l s  per  day a t  t h e  end of 1972. I n  o the r  
words, t h e  se l f - su f f i c i ency  of t h e  United S t a t e s  dec l ined  from 98.3 percent  
t o  82.3 percent  over t h e  12-year per iod .  Even i f  t h e  United S t a t e s  wished t o  
r e s t r i c t  i t s  imports t o  crude o i l  only and r e f i n e  t h e  products  h e r e ,  it would 
l a c k  s u f f i c i e n t  capac i ty  t o  do so (u.s. Bur. Mines, 1963, p.  3 ;  1973a, p.  3; 
Am. Petroleum I n s t .  , 1973, p. 4 ) . 

Because of i n s u f f i c i e n t  r e f i n i n g  capac i ty  i n  t h e  United S t a t e s ,  
many domestic companies and consumers had been counting on increased  imports 
of r e f ined  products  t o  meet t h e i r  f u t u r e  needs. A l i k e l y  source of such i m -  
p o r t s  i s  Western Europe, where t h e r e  was thought t o  be a su rp lus  of r e f i n i n g  
capaci ty .  However, even p r i o r  t o  t h e  cur ta i lment  of Arab o i l  shipments t o  
Europe, some observers  f e l t  t h a t  t h e  a b i l i t y  of t h e s e  r e f i n e r i e s  t o  supply 
t h e  United S t a t e s  with t h e  needed volumes of products  was overra ted  ( O i l  and 



Gas Jour . ,  1973b). I n  l i g h t  of t h e  cutback on Arab o i l  shipments t o  Europe, 
t h i s  source may dry up completely. It has been estimated t h a t  a s  much as  
300,000 b a r r e l s  per day of product imports t o  t h e  United S t a t e s  o r ig ina te  i n  
Western Europe (industry Week, 197% ) . What products a r e  ava i l ab le  on t h e  
world market a re  i n  very t i g h t  supply, with severe competition dr iv ing p r i c e s  
up rapidly .  I n  any case ,  increased imports of products was considered only 
a short-term solut ion.  Over t h e  longer run,  it i s  f e l t  t h a t  it i s  e s s e n t i a l  
t h a t  t h e  United S t a t e s  increase i t s  domestic r e f i n e r y  capacity,  

Since t h e  announcement l a s t  spring of a revised o i l  import program, 
United S ta tes  r e f i n e r s  have made f i r m  commitments of more than $1 b i l l i o n  t o  
expand ex i s t ing  p lan t s  by 1.13 mi l l ion  b a r r e l s  per  day (west ,  1973, p. 32) 
I n  addi t ion ,  s i x  other companies have made firm commitments t o  bu i ld  new re-  
f i n e r i e s  ( o i l  and Gas Jour . ,  1973f, p. 46) .  It has been estimated t h a t  a l l  
of t h e  proposed p ro jec t s  combined w i l l  cos t  between $2 and $3 b i l l i o n  and 
could eventually increase U , S .  r e f i n e r y  capacity by approximately 2.5 m i l -  
l i o n  b a r r e l s  per day (industry Week, 1973b, p. 25). However, although these  
announcements a r e  a good s ign,  problems s t i l l  must be overcome. Many of t h e  
planned r e f i n e r i e s  may not be b u i l t  because of opposition on environmental 
grounds from s t a t e  and l o c a l  a u t h o r i t i e s .  The Department of t h e  I n t e r i o r  pre- 
d i c t s  no s ign i f i can t  r e l i e f  i n  t h e  t i g h t  supply s i t u a t i o n  w i l l  occur u n t i l  
1975, when t h e  f i r s t  b ig  re f ine ry  expansions a r e  completed ( o i l  and Gas J o u r . ,  
1973f, p. 46 ) .  Even i f  a l l  t h e  planned'projects are  completed-and t h i s  w i l l  
t ake  years-these addi t ions  w i l l  not be s u f f i c i e n t  t o  el iminate completely 
t h e  r e f i n i n g  capacity d e f i c i t .  It i s  estimated t h a t  by 1980 t h e  United S ta tesq  
w i l l  need t h e  equivalent of 58 new r e f i n e r i e s ,  each with an average through- 
put capacity of 160,000 b a r r e l s  per day; they w i l l  cost  a s  much as  $30 b i l l i o n  
(industry Week, 1973b, p. 26)-  

To make matters  worse, t h e  sudden curtai lment of Arab o i l  ha? caused 
many companiesthathad previously announced plans f o r  new or  expanded re f in -  
ery f a c i l i t i e s  t o  re-evaluate those p lans ,  because many of t h e  proposed p lan t s  
were expected t o  run on imported Arab o i l .  Fearing a lack of assured crude 
o i l ,  some of t h e  proposed r e f i n e r i e s  w i l l  be delayed o r  even canceled, Both 
ac t ions  w i l l  aggravate and prolong t h e  f u e l s  shortages (wal l  S t r e e t  Jour . ,  
1973f) 

A l a s t  point  t o  be considered with regard t o  o i l  a v a i l a b i l i t y  i s  t h e  
question of su l fu rcon ten t .  Manyof t h e  o i l s  being imported from fore ign sources 
a re  sour (h igh-sul fur)  crude o i l s  t h a t  must be desulfurized before they can 
meet current  and proposed su l fu r  standards t h a t  general ly l i m i t  t h e  s u l f u r  con- 
t e n t  t o  1.0 percent o r  l e s s .  Some metropolitan areas have even more r e s t r i c -  
t i v e  standards of 0.3 percent or  l e s s  su l fu r  (~nv i ronmenta l  Science & Tech- 
nology, 1973 , p. 495). 

Although t h e  technology f o r  desul fur iz ing o i l  i s  a v a i l a b l e ,  it has 
been used on only a l imi ted  sca le  because t h e  process adds considerably t o  
t h e  cost  of t h e  f i n a l  products, I n  t h e  past  few years ,  domestic r e f i n e r i e s  
have increased t h e i r  output of low-sulfur f u e l  o i l s  and, a t  p resen t ,  many re-  
f i n e r i e s  i n  t h e  United S ta tes  have some capacity f o r  removing su l fu r  from t h e  
more c o s t l y  l i g h t  and d i s t i l l a t e  o i l s ,  although they have l i t t l e  capacity f o r  
t h e  production of low-sulfur r es idua l  f u e l  o i l  from sour crudes. Suf f i c ien t  
amounts of low-sulfur r es idua l  w i l l  not be ava i l ab le  i n  time f o r  a l l  customers 
t o  be able  t o  comply with t h e  1975 deadline s e t  by t h e  EPA, because it takes  



2 years o r  longer t o  complete a r e f i n e r y  (~nvironmenta l  Science and Technology, 
1973). Only p lan t s  t h a t  e i t h e r  have been announced o r  a re  under construction 
w i l l  be able  t o  porduce a low-sulfur r es idua l  f u e l  o i l  by 1976, 

During t h e  f i r s t  6 months of 1973, only 50.8 percent of t h e  res idua l  
f u e l  o i l  produced could meet a 1 . 0  percent s u l f u r  standard. The supply s i t u -  
a t i o n  f o r  t h e  o i l s  even lower i n  su l fu r  content (0.5 percent or  l e s s )  was even 
worse. Only 27.5 percent of t h e  res idua l  and 63.9 percent of t h e  No. 4 f u e l  
o i l  produced between January and June 1973 could meet t h e  lower standard (u.s. 
Bur. Mines, 1973d, p. 4 ) .  

Because more of t h e  d i s t i l l a t e  f i e 1  o i l s  can meet t h e  low-sulfur 
s tandards,  some customers have t r i e d  t o  switch t o  d i s t i l l a t e  or  e l s e  t o  buy 
low-sulfur d i s t i l l a t e  o i l  f o r  blending with high-sulfur r es idua l .  Unfortunately, 
such a move has only compounded t h e  supply problems by taking f u e l  o i l  away 
from t h e  r e s i d e n t i a l  and commercial heating maxkets a t  t h e  very time when sup- 
p l i e s  of these  f u e l s  a re  already short  ( o i l  and Gas Jour . ,  1973e). Because of 
t h e  t h r e a t  of fu r the r  switching, t h e  Federal Government has proposed regula- 
t i o n s  t h a t  would place a ban on f u r t h e r  conversion from higher su l fu r  coals  
and res idua l  o i l s  t o  lower su l fu r  d i s t i l l a t e  f u e l  o i l s  (wal l  S t r e e t  Jour . ,  
1973f) 0 

NEW ENERGY SOURCES 

The main focus of t h i s  paper has been on conventional f o s s i l  f u e l s  
t h a t  a r e  cur ren t ly  ava i l ab le .  However, over t h e  longer run t h e  United S t a t e s  
must increas ingly  t u r n  t o  other sources of energy t o  meet i t s  growing demands. 
Although much has been wr i t t en  about t h e  p o t e n t i a l  f o r  such new sources as  
so la r  energy, geothermal power, nuclear fus ion ,  MHD (magnetohydrodynamics), 
and o i l  shales ,  most of those sources a re  s t i l l  many years away from widespread 
commercial use ,  and many w i l l  have l i t t l e  d i r e c t  impact on t h e  energy supply 
of t h e  Midwest Region. The p o t e n t i a l  magnitude of t h e  supply of energy from 
various new sources and t h e  types of problems t h a t  must be resolved before 
such p o t e n t i a l  can be achieved have been discussed a t  some length  i n  a recent  
Survey publ ica t ion by Risser  (1973). No attempt i s  made i n  t h i s  r epor t  t o  
cover thebroader  aspects  of t h e  long-range energy supply problem, but  f i v e  of 
t h e  new sources with spec ia l  s igni f icance  f o r  t h e  Midwest Region w i l l  be d i s -  
cussed b r i e f l y .  

Tar Sands 

Since t h e  l a t e  1 9 6 0 s ~  a prototype plant  has been producing o i l  from 
t h e  t a r  sands of t h e  Athabasca region of Alber ta ,  Canada, and small quan t i t i e s  
of these  " ~ t h a b a s c a  hydroearbons" have been exported i n t o  t h e  Midwest (PAD 11) 
s ince  March of 1968 (u. S. Bur. Mines, 1968, p. 1 6 ) .  Although add i t iona l  p lan t s  
a r e  planned t h a t  would increase t h e  output of Canadian t a r  sand o i l  t o  from 
275,000 t o  500,000 b a r r e l s  per day by 1980   at. Petroleum Council, 1971, p. 
1 8 0 ) ~  t h e  impact of such o i l  on the  t o t a l  energy supply of t h e  United S ta tes  
i s  d i f f i c u l t  t o  p red ic t  a t  t h i s  time. If a l l  of these  p lan t s  a r e  b u i l t ,  t h e i r  
output i n  1980 would be equivalent t o  1 . 3  t o  2.4 percent of t h e  predicted con- 
sumption of 20.8 mi l l ion  b a r r e l s  of o i l  per day i n  t h e  United S t a t e s  a t  t h a t  
time ( ~ u p r e e  and West, 1972, p. 31).  



Although t h e  Midwest Region would l i k e l y  be a major consumer of such 
o i l ,  severa l  problems a r e  involved, F i r s t ,  t h e  growing o i l  shortages i n  Can- 
ada make it problematical how much of t h e  t a r  sand o i l  w i l l  be avai lable  f o r  
export and whether t h e  government w i l l  allow it t o  be exported. Second, t h e  
decis ion as  t o  whether t o  go ahead with t h e  next tar sand plant  ( t h e  Syncrude 
p r o j e c t )  has been delayed pending reso lu t ion  of d i f ferences  between t h e  A l -  
b e r t a  government and t h e  o i l  companies regarding t a x  and roya l ty  provisions 
(wal l  S t r e e t  Jour . ,  l973e, p. 4) a 

Although t h e  United S ta tes  possesses l a r g e  reserves  of t a r  sands i n  
Utah and other s t a t e s  , it has previously been considered uneconomic t o  u t i l i z e  
them. However, i n  l i g h t  of t h e  recent  subs tan t i a l  increases i n  t h e  p r i c e  of 
crude o i l  and t h e  shortages of o i l  from other sources,  i n t e r e s t  i n  our domes- 
t i c  t a r  sand resources may increase ,  Although t h e  technologyfor ex t rac t ing  
o i l  from t h e  Canadian t a r  sands i s  considered as perfec ted ,  it may not be 
d i r e c t l y  t r ans fe rab le  t o  our domestic deposi ts  (Nat. Petroleum Council, 1972, 
p. 226). 

Liquefied Natural Gas 

A promising new source of n a t u r a l  gas i s  l i q u e f i e d  n a t u r a l  gas ,  o r  
LNG. I n  severa l  areas  of t h e  world, surplus gas i s  avai lable  because t h e  
l o c a l  market i s  too  l imi ted  t o  consume a l l  of t h e  p o t e n t i a l l y  producible gas 
from l o c a l  f i e l d s  ( ~ e d e r a l  Power Cornm., 1972, p.  59-83). Some of t h i s  gas i s  
"f lared" (burned o f f )  so t h a t  the  associated o i l  can be produced, but  more of- 
t e n  it i s  put back i n t o  t h e  ground f o r  f u t u r e  use ,  

As many of t h e  areas where surplus gas i s  located  a re  too  remote 
from p o t e n t i a l  markets and/or a re  located  i n  areas  where l a r g e  expanses of 
ocean separate them from t h e  markets, normal p ipel ine  t r anspor t  of t h i s  gas 
i s  not f e a s i b l e .  However, i f  na tu ra l  gas i s  cooled t o  -259' F a t  atmospheric 
pressure ,  it w i l l  become l i q u i d ,  In  l i q u i d  form it can be moved by spec ia l  
tankers  insula ted  t o  keep t h e  gas l i q u i d .  I n  t h e  process of l iquefac t ion ,  
t h e  volume of t h e  gas i s  reduced t o  1/600th of i t s  volume as  a gas a t  room 
temperature. 

Although a s i zab le  number of LNG p ro jec t s  a r e  e i t h e r  under develop- 
ment o r  on t h e  drawing boards, only a few a re  i n  ac tua l  operat ion a t  t h i s  
time. I r o n i c a l l y ,  one of t h e  f i r s t  of t h e  p ro jec t s  t o  be placed i n  operat ion 
involves LNG exports from Alaska t o  Japan ( ~ a r d n e r ,  1972). This p ro jec t  was 
conceived i n  t h e  mid-1960s before t h e  current  energy c r i s i s .  A t  t h a t  t ime,  
s e l l i n g  t o  Japan appeared t o  be t h e  only way Alaskan producers i n  t h e  Kenai 
Peninsula could market t h e i r  product because no pipel ine  t o  t h e  United S t a t e s  
was avai lable  and Alaskan domestic d i s t r i b u t i o n  companies had shown no i n t e r -  
e s t  i n  t h i s  more expensive source of gas. During 1972, 47.9 b i l l i o n  cubic 
f e e t  of LNG was shipped from Port Nikiski ,  Alaska, t o  Yokohama, Japan, a t  an 
average p r i c e  of 55.75 cents  per  thousand cubic f e e t .  LNG imports i n t o  t h e  
United S ta tes  during t h a t  year amounted t o  2 .3  b i l l i o n  cubic f e e t ,  of which 
2.03 b i l l i o n  cubic f e e t  came i n  by tanker from Algeria a t  a cost  of $1.25 
per thousand cubic f e e t .  The r e s t  of t h e  imported gas-230 mi l l ion  cubic fee t -  
was trucked i n  from Canada a t  a cost  of $2.48 per thousand cubic f e e t  ( ~ n t e r -  
n a t l  . Gas Technology Highlight s , 1 9 7 3 ~  ) . 



General ly speaking, most of t h e  e a r l y  p r o j e c t s  have been d i r e c t e d  a t  
serv ing  c o a s t a l  r a t h e r  t han  in land  markets.  However, wi th  t h e  increas ing  se- 
v e r i t y  of t h e  domestic gas shor tage ,  a t  l e a s t  one midwestern gas company i s  
a c t i v e l y  involved i n  an LNG import p r o j e c t  designed t o  b r ing  such gas i n t o  t h e  
upper Midwest markets,  Peoples Gas Company of Chicago has cont rac ted  wi th  Stan- 
dard  O i l  Company of Indiana t o  b r i n g  n a t u r a l  gas from Trinidad by LNG tanker  t o  
Louisiana,  where it w i l l  be r e g a s i f i e d  and i n j e c t e d  i n t o  t h e  company's p i p e l i n e  
d i s t r i b u t i o n  system, I f  a l l  goes according t o  schedule,  t h e  f i r s t  of t h i s  gas 
w i l l  e n t e r  t h e  Chicago market i n  1976 a t  t h e  r a t e  of 200 m i l l i o n  cubic f e e t  per  
day. T o t a l  investment i n  t h e  p r o j e c t  w i l l  be $1.5 t o  $2.0 b i l l i o n  (wa l l  S t r e e t  
Jour  . , 1972a) . 

According t o  t h e  Federal  Power Commission, LNG imports a r e  expected 
t o  reach  0.3 t r i l l i o n  cubic f e e t  per  yeay. i n  1975, o r  about 1,l percent  of t h e  
est imated domestic consumption of gas i n  t h a t  year .  By 1980, LNG imports a r e  
expected t o  inc rease  t o  2,O t r i l l i o n  cubic f e e t ,  bu t  t h i s  w i l l  be equiva lent  t o  
on ly  8 percent  of t h e  t o t a l  consumption i n  1980 ( ~ e d e r a l  Power Cornm., 1972, 
p -  3 ) .  

Synthe t ic  Natural  Gas 

Another new energy source wi th  intermediate-  t o  long-range importance 
i s  syn the t i c  n a t u r a l  gas ( S N G ) ,  which i s  made from crude o i l ,  naphtha, and o the r  
petroleum-based feeds tocks ,  most of  them imported. Whether fo re ign  naphtha w i l l  
be  a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t i e s  (750,000 b a r r e l s  per day by 1980) i s  ques- 
t i o n a b l e .  Only one SNG p l a n t  was a c t u a l l y  i n  opera t ion  by mid-1973, bu t  35 
o t h e r  p l a n t s  a r e  e i t h e r  under cons t ruc t ion  o r  i n  t h e  planning o r  engineering 
s t age .  I f  a l l  of  t h e  p l a n t s  on t h e  drawing boards a r e  completed, t h e i r  combined 
capac i ty  w i l l  be 5.5 b i l l i o n  cubic f e e t  per day ( ~ e t t ,  1973).  This would be  
equiva lent  t o  more than  2,O t r i l l i o n  cubic f e e t  pe r  y e a r ,  o r  t o  about 9 percent  
of t h e  n a t u r a l  gas consumptionin t h e  United S t a t e s  i n  1972. 

The Midwest Region w i l l  b e n e f i t  d i r e c t l y  from t h i s  program, f o r  e i g h t  
of  t h e  proposed p l a n t s  a r e  t o  be loca ted  t h e r e .  Five of them a r e  planned f o r  
I l l i n o i s  and one each f o r  Missouri ,  Michigan, and Ohio, The combined i n i t i a l  
planned capac i ty  of t h e s e  p l a n t s  i s  1,216 m i l l i o n  cubic f e e t  per  day ( ~ e t t ,  
1973) ,  which would be  equivalent  t o  about 8 percent  of t h e  r e g i o n ' s  1972 t o t a l  
gas consumption. The f i r s t  of t h e s e  p l a n t s ,  a t  Marysvi l le ,  Michigan, came on 
stream i n  October,  1973 ( o i l  and Gas J o u r . ,  197311)~ and most of t h e  o the r  p l a n t s  
should be ope ra t ing  by 1976. Prel iminary es t imates  f o r  t h e  cos t  of  SNG from 
t h e s e  p l a n t s  a r e  between $1.00 and $1.50 per  thousand cubic f e e t .  However, r e -  
cent  i nc reases  i n  t h e  p r i c e  of feeds tocks ,  such a s  propane and naphtha, p lus  in-  
f l a t i o n  of cons t ruc t ion  c o s t s  have caused p r i c e s  t o  e s c a l a t e  sharp ly ,  For ex- 
ample, Algonquin SPJG, Inc ,  , i s  bu i ld ing  a p l an t  a t  Freetown, Massachusetts. I n  
1971, de l ive red  p r i c e s  were p ro jec t ed  a t  $1.80 pe r  m i l l i o n  Btu, but  i n  1973 they  
f i l e d  a r e v i s e d  schedule wi th  t h e  Federal  Power Commission i n d i c a t i n g  t h a t  t h e  
p ro jec t ed  p r i c e s  f o r  SNG from t h e i r  Freetown p l a n t  were now $2.78 per  m i l l i o n  
Btu. The reasons f o r  t h e  p r i c e  e s c a l a t i o n  were t h a t  t h e  p r i c e  of propane had 
t r i p l e d  (from 10 t o  30 c e n t s  per  g a l l o n )  and t h e  p r i c e  of  naphtha had increased  
52 percent  (from 10 5 t o  16 . O  cen t s  per  g a l l o n ) .  Investment c o s t s  f o r  t h e  
p l a n t  had increased  from $39.5 m i l l i o n  t o  $60.0 m i l l i o n  during t h e  two-year 
per iod  ( ~ n t e r n a t l .  Gas Technology High l igh t s ,  1973e).  



I n  l i g h t  of such c o s t  e s c a l a t i o n s  and t h e  fo recas t  shor tages  i n  raw 
m a t e r i a l  feeds tocks ,  some of t h e  contemplated SNG p l a n t s  may not be  b u i l t .  I n  
f a c t ,  t h e  completion of two proposed SNG p l a n t s  i n  New J e r s e y  and Oregon has  
beendelayedbecause t h e  requi red  feedstocks f o r  t h e  p l a n t s  have not  been se- 
cured ( ~ n t e r n a t l .  Gas Technology Highl ights ,  1973a; 197313). 

Synthe t ic  n a t u r a l  gas der ived  from petroleum-based feeds tocks  should 
be considered only  a s  a stop-gap, short-term source of energy, f o r  coa l  gas i -  
f i c a t i o n  and l i q u e f a c t i o n  w i l l  be super ior  methods of obta in ing  energy, both 
from t h e  viewpoint of cos t  and t h e  wise use  of resources .  

Coal Gas i f i ca t ion  and Liquefact ion 

Coal g a s i f i c a t i o n  and l i q u e f a c t i o n  o f f e r  tremendous p o t e n t i a l  i n  t h e  
f u t u r e  because t h e  coa l  resource  base of t h e  United S t a t e s  completely dwarfs 
our resources  of o i l  and n a t u r a l  gas .  The Midwest i s  favorably  s i t u a t e d  f o r  
t h e  development of such an indus t ry ,  a s  has  been previous ly  d iscussed  by R i s se r  
(1968) . The Panhandle Eas tern  Pipe Line Company, i n  conjunct i on  wi th  Peabody 
Coal Company, had planned t o  b u i l d  a coa l  g a s i f i c a t i o n  p l a n t  i n  I l l i n o i s ,  bu t  
r e c e n t l y  announced t h a t  t h e  p r o j e c t  would be temporar i ly  shelved and a p l a n t  
i n  e a s t  e rn  Wyoming s u b s t i t u t e d  ( ~ n t e r n a t l .  Gas Technology Highl ights  , 1g73d). 
This represented  a temporary setback f o r  t h e  Midwest, bu t  u l t i m a t e l y  such 
p l a n t s  w i l l  be b u i l t  he re  t o  t a k e  advantage of t h e  r e g i o n ' s  v a s t  coa l  r e se rves  
and c l o s e  proximity t o  major markets.  The f i r s t  commercial coal-to-gas p l a n t s ,  
which a r e  planned f o r  completion i n  t h e  mid-1970s i n  New Mexico, w i l l  use t h e  
L ~ ~ r g i  process.  

Despi te  much e f f o r t  f o r  many decades, commercial coa l  g a s i f i c a t i o n  
on a l a r g e  s c a l e  i s  s t i l l  considered by many t o  be seve ra l  yea r s  away. D i -  
r e c t o r  H. Guyford Stever  of t h e  National  Science Foundation, i n  r ecen t  t e s t i -  
mony before  t h e  House of Representat ives Science & Astronaut ics  Energy Sub- 
committee, noted t h a t ,  while  1 2  coa l  g a s i f i c a t i o n  p l a n t s  c o u l d  be i n  opera t ion  
by 1985, ". ..it i s  i m p o r t a n t  t o  r e a l i z e  t h a t  it w i l l  be i n  the 1990s  b e f o r e  
c o a l  g a s i f i c a t i o n  can  s u b s t a n t i a l l y  supp lemen t  o u r  n a t u r a l  gas  s u p p l y  . " ( Coal 
Age, 1973.) 

The technology t o  produce syn the t i c  l i q u i d  f u e l s  from c o a l  i s  even 
l e s s  advanced than  t h e  g a s i f i c a t i o n  technology ( ~ a t l .  Petroleum Council ,  1971, 
p. 126) .  A s  a r e s u l t ,  it appears t h a t  coa l  l i q u e f a c t i o n  w i l l  not h e l p  t o  meet 
our energy needs u n t i l  sometime a f t e r  1985. 

Solvent-Ref ined Coal 

Because of t h e  expense and problems involved i n  us ing  western coa l s  
and t h e  u n a v a i l a b i l i t y  of flue-gas d e s u l f u r i z a t i o n  technology,  much i n t e r e s t  
has a r i s e n  i n  f ind ing  a way t o  c l ean  up high-sulfur  coa l s .  Conventional wash- 
i n g ,  f r o t h  f l o t a t i o n ,  and g r a v i t y  sepa ra t ion  methods a r e  incapable of c leaning  
most high-sulfur  coa l s  s u f f i c i e n t l y  t o  meet some cu r ren t  s tandards .  Therefore,  
r e sea rch  i s  being c a r r i e d  out  t o  develop a chemical method of " ref in ing"  t h e  
coa l  t o  remove t h e  bulk  of t h e  su l fu r  and non-combustible m a t e r i a l  occurr ing  
i n  t h e  raw coa l .  



An 18-million-dollar p i l o t  p lant  with a capacity of producing 50 
tons  of solvent-refined coa l  ( S R C )  per day i s  now under construction a t  Fort 
Lewis, Washington. The p ro jec t  i s  being financed by t h e  Office of Coal Re- 
search ( O C R ) ,  U.S. Department of t h e  I n t e r i o r .  The P i t t sburg  & Midway Coal 
Mining Company ( P  & M ) ,  a subsidiary of Gulf O i l  Co., developed the  process 
being used a t  t h e  p lant  and w i l l  operate t h e  u n i t  f o r  OCR, The process i s  
reported capable of converting coals  ( except a n t h r a c i t e s )  of any su l fu r  con- 
t e n t  i n t o  a s o l i d  f u e l  with a heat  value of 16,000 Btu per pound (near ly  one- 
t h i r d  higher than t h e  heat  value of a t y p i c a l  bituminous c o a l ) ,  a su l fu r  con- 
t e n t  of l e s s  than  1.0 percent ,  and 0 , 1  percent ash, The cost  of solvent-re- 
f ined  c o a l ,  based on small-scale t e s t s ,  has been estimated as  being equal t o  
t h e  cos t  of t h e  raw coal  ( i n  cents  per  mi l l ion  Btu) plus 35 cents  per mi l l ion  
Btu f o r  processing ( o i l  and Gas Jour . ,  1972). 

The long-range contr ibut ion of solvent-refined coal  i s  hard t o  pre- 
d i c t .  Although t h e  process has much p o t e n t i a l ,  i t s  u l t imate  success w i l l  de- 
pend on perfec t ing t h e  method and on i t s  cos t  r e l a t i v e  t o  synthet ic  l i q u i d  
and gaseous f u e l s  produced from coal  by other  processes. SRC i s  not l i k e l y  
t o  have much of an impact u n t i l  t h e  1980s a t  t h e  e a r l i e s t .  

ENERGY CONSERVATION 

The question has been ra i sed  as  t o  what extent  conservation and more 
e f f i c i e n t  use of energy might allow t h e  United S t a t e s  t o  reduce a s i g n i f i c a n t  
p a r t  of i t s  f u t u r e  demand f o r  energy. The Office of Emergency Preparedness 
(1972, p. ii) issued a repor t  i n  October 1972 i n  which t h e  p o s s i b i l i t y  of s ig-  
n i f i c a n t l y  reducing energy demand i n  t h e  United S t a t e s  by 1980 was indicated .  
Measures needed t o  achieve adequate conservation include:  (1) improvement of 
insu la t ion  i n  homes; ( 2 )  adoption of more e f f i c i e n t  a i r  conditioning systems; 
( 3 )  s h i f t i n g  of i n t e r c i t y  f r e i g h t  from t ruck  t o  r a i l ,  i n t e r c i t y  passenger 
t r a f f i c  from ai rp lanes  t o  s u r f a c e m e a n ~ ~ a n d  urban passenger t r a f f i c  from pr i -  
va te  automobile t o  mass t r a n s i t  ; ( 4 )  consolidat ing shipments of urban f r e i g h t  ; 
and ( 5 )  introduction of more e f f i c i e n t  i n d u s t r i a l  processes and equipment. 

The estimated savings i n  energy consumption shown i n  t h e  r e p a r t  vere 
based on t h e  assumption t h a t  the  conservation measures suggested can a c t u a l l y  
be implemented. No in-depth analys is  of t h e  f e a s i b i l i t y  of implementation, 
of consumer acceptance, o r  of impact on t h e  economy was undertaken. However, 
t o t a l  annual energy savings as t h e  r e s u l t  of t h e  implementation of such meas- 
u res  would be only 4.3 quadr i l l ion  Btu by 1975 ( o f f i c e  of Emergency Prepared- 
ness ,  1972, p. v i i - i x ) ,  which represents  a reduction of 5.4 percent of t h e  
projected energy consumption (80.27 quadr i l l ion  Btu) f o r  1975 (Dupree and West, 
1972, p. 1 7 ) .  The estimated annual savings on energy by 1980 would be equiv- 
a len t  t o  7.3 mi l l ion  b a r r e l s  per  day. This amounts t o  2.66 b i l l i o n  b a r r e l s  or  
1 4  97 quadr i l l ion  Btu per year. Energy conservation measures, if they can be 
implemented, could reduce estimated energy consumption i n  1980 (96.02 quad- 
r i l l i o n  ~ t u )  by 15.6 percent .  Despite t h i s  reduction,  t h e  energy demand f o r  
1980 would s t i l l  be 12.4 percent higher than it was i n  1972. Proposed energy 
conservation measures w i l l  help slow down t h e  r a t e  of growth i n  energy use ,  
but they w i l l  not solve t h e  problems of energy shortages. 



CONCLUSIONS 

1) The energy c r i s i s  t h a t  cu r ren t ly  faces  t h e  United S t a t e s  i s  not a  
short-term phenomenon. It i s  l i k e l y  t h a t  it w i l l  be with us f o r  a t  l e a s t  t h e  
next decade. 

2 )  Although t h e  recent  emergence of environmental act ivism and l e g i s -  
l a t i o n  has compounded t h e  current  energy c r i s i s ,  it i s  not t h e  cause of t h e  
shortages. 

3 )  The current  shortages of o i l  and na tu ra l  gas do not r e s u l t  from ex- 
haust ion of reserves  and p o t e n t i a l  resources i n  t h e  United S t a t e s ,  but  r a t h e r  
from t h e  f a c t  t h a t  we have used up the  r e a d i l y  avai lable  reserves t o  t h e  l i m i t  
of t h e i r  maximum e f f i c i e n t  product iv i ty ,  

4 )  The Federal Power Comrnissionvs regula t ion of wellhead p r i c e s  f o r  
na tu ra l  gas has d i s t o r t e d  t h e  normal market operations so t h a t  we have, i n  
e f f e c t ,  encouraged t h e  consumption of gas-the f u e l  i n  shor tes t  supply-for 
uses f o r  which o the r ,  more abundant f u e l s  could s u f f i c e .  The other  e f f e c t  of 
t h e  hold-down on p r ices  has been t o  discourage t h e  d r i l l i n g  f o r  new gas re-  
serves ,  which, i n  t u r n ,  has contributed t o  t h e  decline i n  ava i l ab le  na tu ra l  
gas. 

5 )  I n  t h e  p a s t ,  t h e  i n d u s t r i a l  market i n  t h e  Midwest Region has depended 
on coal  and na tu ra l  gas t o  supply 85 t o  90 percent of i t s  f o s s i l  f u e l  needs. 
Unt i l  t h e  recent  gas shortages,  the  t r end  was from coal  t o  gas.  Although t h e  
region i s  e s s e n t i a l l y  se l f - su f f i c ien t  i n  coa l ,  it must import more than 90 per- 
cent  of i t s  o i l  and na tu ra l  gas requirements. 

6 )  Although t h e  Midwest Region i s  abundantly endowed with coal  resources ,  
p r a c t i c a l l y  a l l  of them have a  su l fu r  content too  high f o r  compliance with cur- 
r e n t  o r  proposed a i r -qua l i ty  standards f o r  su l fu r  oxides emissions. Approxi- 
mately 76 percent of t h e  reserves  contain 3.0 percent o r  more s u l f u r ,  and only 
3.8 percent of t h e  r e g i o n v s  coals  contain 0.7 percent or  l e s s  s u l f u r .  

7 )  Continued use of coal  by industry (and other  consumers) i n  t h e  Mid- 
west Region a f t e r  the  mid-1975 EPA deadline w i l l  be poss ib le  only i f  one or  
more of t h e  following schemes can be implemented: 

a )  Perfec t ion of t echn ica l ly  f e a s i b l e  and economically 
compet it ive  flue-gas desu l fu r iza t ion  devices and 
t h e i r  i n s t a l l a t i o n  on b o i l e r  u n i t s .  

b )  Conversion of b o i l e r s  t o  enable them t o  burn western low- 
su l fu r  coa l s ,  provided supplies of such coals  can be pro- 
cured. 

c )  Blending of low-sulfur coals  with high-sulfur coals  i n  such 
a  r a t i o  t h a t  t h e  standard of 1 .2  pounds of s u l f u r  oxides 
per mi l l ion  Btu of heat  input can be met. 

d) Conversion t o  a  dual-fuel system i n  which low-sulfur o i l  
or na tu ra l  gas i s  burned j o i n t l y  with high-sulfur coals  
i n  such a  r a t i o  t h a t  t h e  1 . 2  pound l i m i t  i s  met. 



e )  Use of supplementary control  systems t h a t  involve 
c lose  monitoring of t h e  ambient a i r  and reduction i n  
operat ing loads  during periods of atmospheric inver- 
s ions t o  maintain primary standards . 

8) Over t h e  longer run,  continued use of coal  i s  l i k e l y  t o  depend upon 
t h e  eventual perfec t ion of t h e  solvent  r e f i n i n g  process f o r  cleaning up coals  
and/or on t h e  conversion of coal  i n t o  synthet ic  gas and o i l .  However, t h e  
widespread use of such processes w i l l  not occur u n t i l  t h e  1980s or  l a t e r .  

9 )  Because na tu ra l  gas i s  not l i k e l y  t o  be avai lable  i n  s u f f i c i e n t  
amounts t o  meet a l l  of t h e  expected demands f o r  it, a l l o c a t i o n  of avai lable  
suppl ies  w i l l  r e s u l t  i n  curtai lments t o  c e r t a i n  u s e r s ,  p a r t i c u l a r l y  t h e  in- 
d u s t r i a l  and u t i l i t y  consumers on i n t e r r u p t i b l e  con t rac t s ,  although some con- 
sumers on f i rm con t rac t s  a l s o  w i l l  be cut  of f  f o r  varying lengths  of time. 

10) For many i n d u s t r i a l  consumers of coa l  i n  t h e  Midwest Region, t h e  
only r e a l  options open i n  t h e  immediate fu tu re  a r e  t o  switch t o  ( o r  increase  
use o f )  r e f ined  petroleum products or  t o  obta in  a variance t o  continue burn- 
ing  high-sulfur coals .  However, d i s t i l l a t e  f u e l  o i l s  a re  expected t o  be i n  
very shor t  supply t h i s  winter ,  and how quickly domestic coal  supplies can 
be increased t o  meet new demands i s  problematical.  It i s  the re fo re  l i k e l y  
t h a t  t h e r e  w i l l  be p lant  c los ings  t h i s  winter during periods of peak demand. 

11) Although conservation of energy through u t i l i z a t i o n  of more e f f i c i e n t  
processes,  improved insu la t ion ,  and other measures can help t o  s t r e t c h  t h e  avai l -  
able  suppl ies ,  it cannot solve our energy c r i s i s  i n  t h e  immediate fu tu re .  

12) Mandatory f u e l  a l l o c a t i o n  programs i n s t i t u t e d  by t h e  Federal Govern- 
ment on November 1, 1973, may be ab le  t o  increase  t h e  e f f e c t i v e  supply by 
s h i f t i n g  surpluses i n  one area  t o  regions where d e f i c i t s  e x i s t .  However, such 
programs cannot increase  t h e  ac tua l  amount of f u e l  ava i l ab le  f o r  use. 
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