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We s h a l l  not  cease from explorat ion 

and t h e  end of a l l  our exploring 

W i l l  be t o  a r r i v e  where we s t a r t e d  

and know the  place f o r  t h e  f i r s t  t h e .  

- T. S. E l i o t  
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ABSTRACT 

The 1973 o i l  embargo has  heightened our n a t i o n ' s  need t o  
place  g rea t e r  r e l i ance  on our indigenous coa l  resources.  A t  t he  
same time, changing environmental s tandards and rap id ly  increas-  
ing mining c o s t s  have heightened i n t e r e s t  i n  our v a s t ,  low s u l f u r  
western coa l  reserves .  The P re s iden t ' s  National Energy Plan c a l l s  
for  an increase  i n  coa l  use from 681 mi l l i on  tons  i n  1976 t o  1,066 
mi l l i on  tons  i n  1985. These f a c t o r s  a r e  expected t o  r e s u l t  i n  re-  
g iona l  coa l  production, t r anspor t a t i on  and demand p a t t e r n s  r a d i c a l l y  
d i f f e r e n t  from h i s t o r i c a l  t rends .  

Growing energy requirements beyond 1985 w i l l  r equ i r e  continued 
expansion of coa l  use and w i l l  impose a  considerable s t r a i n  on t h e  
mining and t r anspor t a t i on  indus t r i e s .  National p ro jec t ions  tend 
t o  obscure t he  r e a l i t y  t h a t  t h e  impacts of  t h i s  expansion w i l l  not  
be borne equal ly  throughout t h e  nat ion,  bu t  w i l l  f a l l  heav i ly  on 
t h e  coa l  producing regions,  p a r t i c u l a r l y  on those  i n  t h e  west. 
The Federal government's po l icy  t o  develop a  commercial syn the t i c  
f u e l s  indus t ry  may r e s u l t  i n  a  new and growing coa l  market during 
t h i s  period,  a s  wel l .  

To examine these  f a c t o r s , r e g i o n a l  suppl ies  and demands f o r  
coa l ,  o i l ,  and na tu ra l  gas were est imated f o r  1985 and 2000 .  
National coa l  suppl ies  of 1018 mi l l ion  tons  i n  1985 (cons i s ten t  
with F E A ' s  1 9 7 6  Naticnal  Energy Outlook) and 1836 mi l l ion  tons  
i n  2 0 0 0  were employed i n  our ana lys i s .  

In order t o  es t imate  t r anspor t a t i on  and consumption p a t t e r n s  
fo r  these  suppl ies  a  s u b s t a n t i a l  da ta  base was assembled es t imat ing 
in t e r r eg iona l  energy t r anspor t a t i on  cos t s .  Delivered energy cos t s  
were then est imated reg iona l ly  by combining the  wellhead o r  mine- 
mouth c o s t s  o f  t h e  f u e l  resource wi th  t hese  t ranspor ta t ion  charges. 
Coal t r anspor t a t i on , and  use p a t t e r n s  fo r  e l e c t r i c  u t i l i t i e s ,  in- 
d u s t r i a l  steam, and syn the t i c  f u e l  producers were determined by 
l i nk ing  t h e  supply, demand, and c o s t  es t imates  and solving t h e  re-  
s u l t i n g  network through a  cost-minimizing l i n e a r  program formula- 
t i on .  BY maintaining consistency a t  t h e  regional  l e v e l ,  t h i s  
formulation allowed t h e  determination of t h e  most l i k e l y  markets 
for  western coa l  and an inves t iga t ion  of t h e  regional  development 
of syn the t i c  gas and l i q u i d s  production. 

The coa l  use pa t t e rns  generated through this formulation con- 
s t i t u t e d  t h e  b a s i s  of an inves t iga t ion  of c o n s t r a i n t s  which might 
preclude t h i s  development. Major f indings  of t h i s  s tudy include:  



1. Under ex i s t ing  environmental regulations,  western coal 
w i l l  be competitive i n  u t i l i t y  markets well  eas t  of Chicago. with 
t h e  passage of the  Best Available Control Technology (BAcT) pro- 
posal i n  the amendments t o  the Clean A i r  Act, requiring f lue  gas 
desul fur iza t ion  for  a l l  new coal-burning power plants ,  t h i s  east-  
ward penetration w i l l  be subs tant ia l ly  reduced; the  prospects for  
nuclear power a re  improved by passage of BACT. 

2. ~ o u g h l y  215 mil l ion tons of subbituminous coal were 
a l loca ted  t o  regions e a s t  of the  Rocky Mountains i n  1985; i n  2000 
t h i s  flow increased t o  415 mil l ion tons. While, with track upgrad- 
ing and local ized expansion, it appears t h a t  the  r a i l roads  can 
physical ly  accommodate t h i s  increased t r a f f i c ,  ser ious doubts ex- 
i s t  a s  t o  whether the  impacts of t h i s  intensive t r a f f i c  would be 
acceptable t o  communities located along western rail corr idors .  
Granting eminent domain pr iv i leges  for  s l u r r y  pipel ines  i s  a viable  
option fo r  re l iev ing  some of t h i s  s t r a i n  and a means of introducing 
a degree of competition t o  western coal t ransport .  These estimates 
of western coal flow may be reduced because of the  passage of BACT 
l e g i s l a t i o n ,  but the re  i s  s t i l l  much uncertainty regarding techno- 
log ica l  control  cos t s  and possible emission standards t o  be imposed 
by EPA. 

3 .  cos t  considerations imply t h a t  synthet ic  crude pro- 
ducers would loca te  near low-cost western coal f i e l d s  and pipe 
t h e i r  product t o  midwestern markets. Higher gas t ranspor t  cos ts  
coupled with u t i l i t y  competition for low-sulfur western coal in- 
d ica te  t h a t  SNG producers would be more l i k e l y  t o  tap  high su l fur  
Appalachian and midwestern coal f i e l d s .  The high t ransport  cos t s  
for  l o w - ~ t u  gas r e s t r i c t s  the  use of t h i s  coal  der iva t ive  t o  areas  
such as  the  ohio River, which a r e  c lose  t o  coal  f i e l d s  and t o  heavy 
i n d u s t r i a l  consumers. 



EXECUTIVE SUMMARY 

Background 

The 1973 oil embargo served notice to the United States that 

we could no longer depend on reliable, inexpensive imported energy 

as a cornerstone of our industrialized society. The embargo brought 

into focus the realization that our energy resources, while vast, 

are nevertheless finite. It also demonstrated that the' preserva- ' 

tlon of our standard of living in the future would require a con- 

certed effort to minimize our waste of energy and aggressive de- 

velopment of our untapped energy resources. ~ t t h e  same time, a 

growing recognition of the damage to our health and environment re- 

sulting from environmental pollution has led to the conviction that 

sudl degradation can no longer be permitted. Caught between these 

apparently conflicting social goals is coal, our.most plentiful but 

potentially most polluting fossil energy resource. '~esource and 

supply considerations dictate that our coal fields be developed 
. 

and substituted as rapidly as possible for our dwindling reserves 
, . of oil and natural gas.* 

At the turn of this century, coal supplied 90% of"bur.nationts 

energy consumption; by 1972, coal supplied only 18%, while oil and 

gas supplied 77%. Conversely, our coal resource base is estimated 

to be 15 times as great as our combined oil and gas resources. 

men if it were possible to return to our turn-of-the century 

conswiption patterns, few would advocate such draconian measures. 

Nevertheless, it is apparent that coal's share of our national en- 

ergy consumption will increase dramatically during the next 25 

* A key strategy .of the $resident's National Energy Policy (mP) 
is to force utilities and. large industrie~ to convert to coal 
by taxing their use of oil and natural gas. 

- v i i  - 



yea r s ,  and continue i n t o  t h e  twenty- f i r s t  century. ~nvi ronmenta l  

cons idera t ions  w i l l  demand t h a t  t he  impacts of increasing coa l  use 

be  minimized; t h e  most l i k e l y  rou tes  fo r  achieving these  twin goals  

w i l l  be through increasing coal-steam e l e c t r i c  generation and through 

t h e  increased use  o f  syn the t i c  f u e l s  derived from coal .  

~ o l l o w i n g  t h e  second world war, increasing a v a i l a b i l i t i e s  of 

inexpensive o i l  and na tu ra l  gas,  and more recen t ly ,  t h e  growth of 

t h e  nuclear power indus t ry  have eroded c o a l ' s  market shares  of  in- 

d u s t r i a l  and e l e c t r i c  u t i l i t y  energy consumption. This t rend  ac- 

celerated i n  t& 1960's  through increas ing  environmental concerns, 

most notably by t h e  passage of t h e  Clean A i r  Act i n  1963. 

While t h i s  period was one of unprecedented growth and pros- 

p e r i t y  f o r  t h e  na t ion  a s  a whole, t h e  coa l  indus t ry  experienced a 

per iod of  p ro t r ac t ed  s tagnat ion.  Coal p r i c e s  hovered between 

$4.50-5.00/ton i n  c u r r e n t  d o l l a r s  between 1950 and 1968, i n  s p i t e  

of  increas ing  labor  and equipment cos t s .  The depressed s t a t e  of 

t h e  coa l  indus t ry  c a r r i e d  over t o  t h e  r a i l r o a d  indus t ry ,  where t h e  

dec l ine  i n  coa l  shipments undoubtedly played a p a r t  i n  t he  finan- 

c i a l  problems of  many Northeastern r a i l r o a d s .  

Events s ince  t h e  1973 embargo have profoundly a l t e r e d  t h i s  

a i t i~a t . ion .  B y  1975, t h e  average mined p r i c e  of coa l  had r i s e n  t o  

$1-8-75 per ton. Increasing uncer ta in ty  over t h e  f u t u r e  of nuclear 

power, both through c i t i z e n  in te rven t ion  and through increasing 

r egu la to ry  delay and roadblocks, has soured many u t i l i t i e s  on 

t h i s  a l t e r n a t i v e .  Curtailments o f  n a t u r a l  gas suppl ies  t o  " in te r -  

r u p t i b l e "  customers and t h e  uncer ta in ty  of  imported o i l  sources 

a r e  making many i n d u s t r i a l  u se r s  t ake  a f r e sh  look a t  coal .  A s  

a  r e s u l t  of  t he se  and o ther  favorable  ind ica t ions ,  t h e  coa l  and 

r a i l  i n d u s t r i e s  have begun massive c a p i t a l  expansion and renova- 

t i o n  programs i n  a n t i c i p a t i o n  of  a r ap id  growth i n  coal.demand. 



Analytical Methodology 

The environment in which the coal industry will'grow and de- 

velop during the coming decades will be radically different from 

the industry's historical experience. Three factors are largely 

responsible for this. First, the economic impact of environmental 

regulations is expected to lead to a willingness among-coal consum- 

ers in the electric utility and industrial sectors to pay substan- 

tial premiums for. low sulfur doal. Secondly, coal users have re- 

cently begun looking to more distant coal supply regions to avoid 

some of the dramatic increase in coal mining costs. Finally, if 

expectations of an expanding synthetic fuels industry in the 1980's 

and 1990's are borne out, a new and aggressive competitor will en- 

ter the coal market. 

All the primary actors in this "new environment" will be fi- 

nancially sophisticated, and the capital intensive coal-using 

facilities will force market participants to aggressively seek out 

their least costly alternatives. As a result, a growing competi- 

tion may be expected to develop for the most desirable coal supplies. 

The basis of this competition will be the delivered cost of coal 

energy, constrained by coal availability, environmental regulations, 

and the particular characteristics and requirements of each coal 

user. 

Perhaps the most visible example of these changes is the tre- 

mendous interest displayed by eastern and midwestern utilities in 

low sulfur western coal, particularly in the vast Powder River Basin 

coal field. Coal production in Montana and Wyoming jumped from 

roughly 20 million tons in 1970 to 80 million in 1975 and, if FEA 

projections are borne out, will be roughly 250 million tons by 1985. 

More generally, FEA projects that western coal, which accounted 

for 15% of 1974 production, will account for 38% by 1985. 



In order t o  examine the  impacts of t h i s  accelerat ion i n  coal  

use, regional supplies and demands for  f o s s i l  fue ls  were estimated 

for  1985 and 2000. These estimates were made on the  bas i s  of the  

nine census regions for f o s s i l  f u e l  demands, including separate 

estimates for e l e c t r i c  power generation and indus t r i a l  steam coal 

demands. Coal supply estimates for  1985 were adopted from FEA1s 

1976 National Energy Outlook for  e ight  Supply Regions, and were 

extrapolated t o  the  year 2000 using the  regional growth r a t e s  es- 

timated i n  the  Project Independence Report (see Figure S-1 for  

supply and demand regions) .  

The bulk of the  ana ly t i ca l  e f f o r t  was d i rec ted  a t  examining 

t h e  options avai lab le  t o  ut.i-lity, indus t r i a l ,  and synthet ic  fue l  

coa l  users  i n  each region for  sa t i s fy ing  t h e i r  requirements. The 

"value" of each option was measured by i t s  delivered cos t  t o  each 

user type i n  each of the  nine demand regions. The delivered cos t  

was determined by summing the  s a l e  p r i ce  of coal a t  the  mine, the  

estimated t ranspor ta t ion  cos t ,  and the  cos t  of any anc i l l a ry  en- 

vironmental control  required (SO2 removal for  high su l fur  c o a l ) .  

Similar ly,  o i l  and gas supplies from t h e  Gulf Coast, Alaska, re- 

gional  producing d i s t r i c t s ,  the  outer continental  shelves (OCS), 

and from import sources of o i l  and 1-iquefied na tura l  g a s  were es- 

timated and included i n  the  analysis .  The quan t i t i e s  and mincmouth 

o r  wellhead pr ices  used i n  t h i s  study a re  displayed i n  Table S-1. 

An e f f o r t  was made t o  develop consis tent  and r e a l i s t i c  es- 

t imates.  The bas i s  of the  t ransportat ion charges were the   estimate^ 

developed by Bechtel for  t h e i r  RESPONS model, modified where neces- 

sa ry  fo r  t h e  spec i f i c  requirements of t h i s  study. For exampl P, 

while e l e c t r i c  u t i l i t y  r a i l  shipments were assessed a t  u n i t  t r a i n  

r a t e s ,  indus t r i a l  shipments were charged a t  highcr spot r a i l  r a t e s ,  

r e f l e c t i n g  the be l i e f  t h a t  individual indus t r i a l  steam coal users  



Figure.S-1. Coal supply and demand regions 
and centroids.  



Table S-1 

Quantities and Raw Fuel Costs 
of Fossil Fuels 

(1012 Btu; 1975 $/lo6 Btu) 

2000 
Sulfur 1985l 4.5 Quad Syn. 9 Quad Syn. 
Content Supply Price Supply Price Supply Price 

Coal (Non-Coking) 
North Appalachia 

South Appalachia 

Midwest 

Gulf 

East North Great 
Plains 

West North Great 
Plains 

Rocky Mountain 

Southwest 

Low 
High 

Low 
High 

Low 
High 

Low 
High 

Low 
High 

Low 
High 

Low 
High 

Low 
High 

Total U.S. Low 9854 .61 18984 .68 21831 .68 
High 9613 .49 13808 .60 15879 .60 

Oil 
Lower 48 
North Slope 2 

Atlantic OCS 3 

Imports 4 

6300 2.54 11 300 2. ~7 aann 2.87 

0 -- 590 2.87 590 2.87 

-- 2.31 -- 2.97 -- 2.97 

Natural Gas 
Lower 48 

North Slope 5 

Atlantic OCS 3 

lmpor t o (LNG) 4 

'1985 coal supply adopted from FEA's 1976 National Energy Outlook. 

'Delivered to West Coast. 

3~elivered to East Coast. 

4~elivered to East Coast. Supplies were unbounded, but only permitted to enter 
after all other sources (including syntheticsj had been exhausted. 

5~elivered to Chicago. 

- x i i  - 



would seldom requi re  t h e  volumes of  coa l  t h a t  would j u s t i f y  u n i t  

t r a i n  operat ions  (general ly  one mi l l i on  tons  per y e a r ) .  Similar ly ,  

where a syn the t i c  o i l  o r  high Btu g a s i f i c a t i o n  p l an t  was loca ted  

adjacent  t o  t h e  e x i s t i n g  p ipe l ine  network, t he  t r anspor t a t i on  

charges t o  de l ive r  i t s  product t o  t h e  regional  markets were as- 

sumed somewhat lower than i f  new p ipe l ine  was required,  r e f l e c t i n g  

a higher c a p i t a l  charge assigned t o  new l i n e  construct ion.  

Once these  c o s t s  had been est imated,  i n t e r r eg iona l  f o s s i l  

f u e l  d i s t r i b u t i o n  pa t t e rns  were generated v i a  a l i n e a r  programming 

formulation. The ob jec t ive  function se l ec t ed  was t h a t  o f  minimiz- . 

ing t h e  c o s t  of a l l  f o s s i l  f u e l s  t o  a l l  users .  This was f e l t  t o  

provide a reasonable f i r s t -o rde r  es t imate  of t h e  p a t t e r n  t h a t  a 

p e r f e c t l y  functioning market might s e l e c t .  

The pa t t e rns  generated were not  intended t o  be p red ic t i ve ;  

they  ignore t h e  dynamic nature  of  energy investments, and, of 

course,  t h e  r e a l i t y  t h a t  much of t he  energy indus t ry  i s  regula ted  

i n  ways t h a t  might s u b s t a n t i a l l y  b i a s  a f r e e  market so lu t ion .  

Hcwever, t h e  pa t t e rns  provide a reasonable b a s i s  fo r  examining t h e  

reg iona l  impacts of  acce le ra t ing  coa l  consumption. They a l s o  ex- 

pose some of  t h e  major c o s t  elements underlying t h e  competition 

for  d i f f e r e n t  coa l  sources and between regions and markets. These 

p a t t e r n s  a r e  displayed i n  Tables S-2, S-3, and S-4. ' 

Conclusions. 

Under e x i s t i n g  SO2 regula t ions  fo r  t h e  e l e c t r i c  u t i l i t y  in- 

dus t ry ,  t he  c o s t  es t imates  generated i n  t h i s  study show t h a t  low 

s u l f u r  western subbituminous coa l  i s  competitive wi th  ea s t e rn  

coa l  (except a t  t he  minemouth) a s  f a r  e a s t  a s  Indiana. The cur- 

r e n t  EPA i n i t i a t i v e  (Best Available Control Technology (BACT))  

of i n s t a l l i n g  f l u e  gas desu l fu r i za t ion  a t  a l l  new coa l - f i red  p l a n t s  

- x i i i  - 



Table S-2 
1985 Regional Allocation of Coal . 

to Various End Uses 
(1.1 mad Synthetics; htries are lo6 mns) 

Fraction East East West West 

supply Sulfur Supply End to End New Middle South North South . North South Rocky 

Region Content (106~ons) Use Use ($1  England Atlantic Atlantic Central Central Central Central Mountain Pacific 

North Low 15.2 Utility 100 3.6 11.6 
Appalachia Industrial 

High 147.1 .Utility. . 57 83.3 
Inaustrial 18 1.4 24.4 
Low Btu 18 27.0 
High Btu 7 , 11.0 
Liquids 

South 
ADDalaChia LOW 149.6 Utilitv 100 

~ndustrial 
~ i g h  61.1 .utility, 7 

Industrial 45 
Lovr Btu 
High Btu 

Midwest . Low 14.2 

High 150.9 

Utility 
Industrial 
Utility 
Industrial 
Low Btu 
nigh BLU 
Liquids 

Utility 
Industrial 
High Btu 
Liquids 

Utility 
Snbustrial 
High Btu 
Liquids 
Utility 
Industrial 
Hieh Btr~ 
Liquids 

Gulf High 20.6 

East North Low 25.2 
Great 
Plains 

~ i g h  6.1 

West North Low 251.2 
Great 
Plains 

utility 
Industrial 
Migh Btu 
Liquids 
Utility. 
Inclustrinl 
Hinh Btu 

~ i g h  6.1 

Rocky Low 12.7 
M ~ . ~ ~ a v ~ l . n l i ,  

Utility 
lndu$ti'ihl 
High Btu 
Liquids 

Southwcot Low 7.7 Utility 100 
Industrial 
Hlrrh Btl.1 

~iquids 
High 12.9 Utility . 

Industrial 39 
~ i n h  Btu 61 



Table S-3 

2000 Regional Coal Allocation 

(4.5, Quad Synthetics: Entries are lo6 Tons) 

Fraction East East West West 
Sulfur Supply End to End New Middle South North South North South Rocky 

Region Content ( 1 0 ~ ~ o n s )  Use Use (%) England Atlantic Atlantic Central Central Central Central Mountain Pacific 

North 20.6 Utility' 100 20.6 
Appalachia Industrial 

High 198.7 Uitlity 43 85.5 
Industrial 19 2.1 35.6 
Low Btu 32 27.0 
High Btu 6 11.0 
Liquida 

South Low 245.1 Utility 100 5.2 40.0 129.3 70.6 
Appalachia Industrial 

High 100.1 Utility 
Industrial 83 36.1 23.7 19.2 3.9 
Low Btu 
High Btu 
Liquids 

Midwest Low 19.0 Utility 
Industrial 

High 192.4 Utility 
Industrial 43 
Low Btu 10 
High Btu 43 
Liquids 4 

G I I ~  f High 87.2 U.ti1i.t~ 
Industrial 62 
High Btu 
Liquids 

East North 39.3 Utility 
Great Industrial 
Plains High Btu 45 

Liquids 
High 9.5 Utility 

Industrial 
High Btu 100 
Liquids 

West North Low 601.9 Utility 87 
Great Industrial 
Plains High Btu 5 

Liquids 8 
High 14.7 .Utility 

Industrial 80 
High Btu 20 
Liquids 

Rocky Low 15.2 Utility 34 
Mountain Industrial 66 

IIigh Dtu 
Liquids 

Southwest Low 19.8 Utility 
Industrial 
High Btu 
Liquids 

High 33.1 Utility 
Industrial 
High Btu 24 
Liquids 76 



T a b l e  S-4 

2000 Regional '  C o a l  D i s t r i b u t i o n  

6  
( 9  Quad S y n f u e l  P r o d u c t i o n ;  E n t r i e s  a r e  1 0  Tons) 

F r a c t i o n  E a s t  E a s t  West West 
s u p p l y  S u l f u r  End t o  End New Middle  ' S o u t h  Nor th  S o u t h  Nor th  S o u t h  Rocky 
Region  c o n t e n t  ( l o 6  Tons)  u s e  Use (%) England A t l a n t i c  A t l a n t i c  C e n t r a l  C e n t r a l  C e n t r a l  C e n t r a l  Mountain P a c i f i c  

Nor th  Low 24.7 U t i l i t y  100 24.7 
A p p a l a c h i a  I n d u s t r i a l  

High 238.5 U t i l i t y  36 84.7 
I n d u s t r i a l  1 6  2 . 1  35.6 
MW BtU 4  3  47 .6  57.4 
High Btu  5  11.1 
L i q u i d s  

S o u t h  Low 294.1  U t i l i t y  9 0  5 . 2  3 6 . 8  1 2 5 . 8  25.7 70.6 
A p p a l a c h i a  I n d u s t r i a l  

High 1 2 0 . 1  U t ~ l ~ t y  
I n d u s t r i a l  6 5  3 6 . 1  23.7 19 .2  
Mw B t u  1 5  17 .5  
High B t u  20  23.6 
L i q u i d s  

n l u w v s ~  Eiuw 22.0 U L i l i b y  
X n d u s f ~ L A l  

High 230.9 U t i l i t y  
I n d u s t r i a l  36 
LOW n t u  1 4  
High B t u  5 0  
L i q u i d s  

High 104.6  U t i l i t y  6  
I n d u s t r i a l  58  
High Ytu 
L i q u i d s  

Gulf  

E a s t  Nor th  Low 4 7 . 1  U t i l i t y  
G r e a t  I n d u s t r i a l  
P l a i n s  High Btu  8 3  

L i q u i d s  17  
High  11 .4  U t i l i t y  

l n a u s t r i a l  
High Btu  8 3  
L i q u i d s  17  

West Nor th  Low 722.3 U t i l i t y  6  5 
G~:t?a C ~ n d u s t r i a l  
P l a i n s  High B t u  1 6  

Liyuicl .  1 3  
High 17.6 U t i l i t y  

I n d u s t r i a l  67 
High Btu  
L i q u i d s  3 3  

Rocky LOW 18.3  U t i l i t y  4 5  
Mounta in  I n d u s t r i a l  55 

High B t u  
L i q u i d s  

S o u t h w e s t  Low 23.7 u t i l i t y  5 5 
I n d u s t r i a l  
High Btu  25 
L i q u i d o  

High 39.3 U t i l i t y  
I l l l I ~ r n L i i b l  
High B t u  84  
L i q u i d s  1 6  
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may inva l ida t e  t h i s  conclusion t o  some ex ten t ;  unce r t a in t i e s  con- 

cerning t h e  r e l a t i v e  cos t s  of scrubbing high and low s u l f u r  coa ls  

make t h e  impact of such a po l icy  d i f f i c u l t  t o  gauge a t  t h i s  time. 

The cost-minimizing d i s t r i b u t i o n  pa t t e rns  obtained i n d i c a t e  

t h a t  western coa l  may generate  a s  much a s  29% of East Centra l  coal- 

derived e l e c t r i c i t y  by 1985 and 65% by 2000. This w i l l  r e s u l t  i n  

very s u b s t a n t i a l  impacts t o  t h e  r e l a t i v e l y  undeveloped western coa l  

regions ,  and it seems l i k e l y  t h a t  the  s t a t e s  of  Montana and Wyoming 

w i l l  seek t o  p ro t ec t  these  a reas .  Uncertainty concerning f ede ra l  

and s t a t e  i n i t i a t i v e s ,  then,  w i l l  both tend t o  r e t a r d  western coa l  

development, so these  r e s u l t s  should proper ly  be thought of a s  un- 

constra ined development cases .  

~ n c r e a s i n g  coa l  production w i l l  r epresen t  a st imulus t o  t h e  

t rdnspor t a t i on  industry  and fo r  t h e  beleaguered r a i l r o a d  indus t ry  

i n  p a r t i c u l a r .  Average d i s tances  fo r  u t i l i t y  coa l  shipments a r e  

estimated t o  increase  from 325 miles  a t  p resen t  t o  a s  much a s  250 

miles  by t h e  year 2000. Coupled with the  increase  i n  u t i l i t y  coa l  

use ,  t h i s  represen ts  a fourfold  increase  i n  ton-miles shipped. 

coa l  c u r r e n t l y  accounts fo r  roughly 15% of t o t a l  r a i l  ton-mileage. 

These shipments i nd i ca t e  t h a t  coa l  might account fo r  almost 30% 

of f r e i g h t  ton-miles by 1985 and 37% by 2000. 

No group s tands  t o  gain 'more from t h i s  boom than t h e  western 

r a i l r aods .  Rai l  revenues r e s u l t i n g  from western coa l  shipments i n  

1975 amounted t o  roughly h a l f  a b i l l i o n  d o l l a r s .  The 1985 d i s t r i -  

but ion increases  t h i s  f i gu re  t o  $ 3 , b i l l i o n ,  and by 2000 t o  $7.5 b i l -  

l i o n ,  a l l  expressed i n  1975 d o l l a r s .  It was est imated t h a t  u t i l i t y  

coa l  shipments o r ig ina t ing  west of  t h e  Miss i ss ipp i  River would in- 

c rease  tenfo ld  by the  year 2000. Although it appears t h a t  t h e  west- 

e r n  r a i l r a o d s  could accommodate t h i s  t r a f f i c  .through t r ack  upgrading, 

adding bypass s id ings  and bui lding add i t i ona l  t r ack  near t h e  coa l  . 
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f i e l d s ,  an increase  of  t h i s  magnitude w i l l  r e s u l t  i n  s u b s t a n t i a l  

impacts t o  the  communities along the  major east-west r a i l  cor r idors .  

The pos tu la ted  1985 shipments, for  example, would r equ i r e  t h a t  an 

east-bound, 110-car u n i t  t r a i n  leave t h e  Powder River Basin every 

24 minutes. BY 2000, t h i s  frequency would be increased t o  one 

t r a i n  every 1 2  minutes. In  l i g h t  of these  an t i c ipa t ed  volumes and 

t h e  lack of competition f o r  shipping western coa l ,  t h e  continuing 

d e n i a l  of eminent domain p r i v i l e g e s  t o  t h e  s l u r r y  p ipe l ine  industry  

seems a  counter-productive pol icy.  

The emergence of  a  commercial syn the t i c  f u e l s  industry  was 

fniind t.n depend s n  extremely high p r i ce s  of n a t u r a l l y  occurring 

o i l  and gas (well  i n  excessl of $3.00 per ~ ~ i i l l i u l l  BLu), 011 govern 

mental guarantees o r  on some combination of t he  two. The low con- 

vers ion  e f f i c i ency  of these  processes (60-70%) should cause t h e  

syn the t i c  fue l  indus t ry  t o  seek t h e  l e a s t  c o s t l y  sources of coa l ,  

s i nce  they w i l l  be forced t o  buy t h r e e  Btu ' s  of coa l  for  every 

two Btu ' s  they produce. Most of t he se  sources a r e  located i n  t h e  

West, where l imi t ed  water a v a i l a b i l i t y  coupled with s u b s t a n t i a l  

t r anspor t a t i on  c o s t s  t o  pipe t h e  products t o  ea s t e rn  markets 

w i l l  tend t o  r e s t r i c t  t h e i r  developinent . A prel iminary cxarninakion 

of water resources i nd i ca t e s  t h a t  water a v a i l a b i l i t y  w i l l  not  be 

a  c o n s t r a i n t  up t o  2000; however, p o l i t i c a l  in te rven t ion  may pose 

a  cons t r a in t .  The high t r anspor t a t i on  c o s t s  of building p ipe l ines  

t o  sh ip  syn the t i c  high-Btu gas eastward, coupled with  u t i l i t y  com- 

p e t i t i o n  for  t h e  genera l ly  low su l fu r  coa l ,  were found t o  roughly 

n u l l i f y  t he  c o s t  advantage of using western coal .  In  a l l  t h r e e  

s c ~ n a r i o s ,  roughly equal syn the t i c  high-Btu gas capaci ty  was s i t e d  

e a s t  and west of t h e  Miss i ss ipp i  River. 

This was not t r u e ,  however, of syncrude production, where t h e  

very low cos t  of  shipping crude o i l  and petroleum products was 

found t o  r e s u l t  i n  a  s t rong cos t  preference fo r  western production. 
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It seems l i k e l y  t h a t  a  s y n t h e t i c  gas  i ndus t ry  would favor 

h igh-sul fur  e a s t e rn  f i e l d s ,  while syncrude developers would p r e f e r  

western loca t ions .  Without a  c l e a r l y  a r t i c u l a t e d  f ede ra l  po l i cy  

on synfuels  development it is impossible t o  extend t h e s e  f ind ings .  

However, should t h e  P r e s i d e n t i a l  National Energy Plan be  imple- 

mented a s  proposed, 'wi th  t a x  incen t ives  fo r  c o a l  conversion and 

p e n a l t i e s  on n a t u r a l  gas use  by indus t ry ,  a  powerful spur i s  pro- 

vided fo r  use  of low Btu gas by indus t ry .  This  i s  shown i n  Table 

S-5, where small  decen t ra l i zed  low Btu gas p l a n t s  can produce gas  

(150 ~ t u / c u - f t )  i n  var ious  demand regions  i n  t h e  range of $2.02 t o  
6 

$2.71/10 Btu i n  1985, and $2.44 t o  $3.03/106 Btu i n  2000. These 

would be competi t ive with gas  t o  i ndus t ry  p r i ced  a t  about $3.65 

and $4. 25/106 Btu i n  1985 and 2000, r e spec t i ve ly ,  under t h e  National 

Energy Plan. 

Figure S-2 p r e sen t s  a  reg iona l  c o s t  comparison of coal -  and 

nuclear-generated e l e c t r i c i t y ,  under New Source Performance Stan- 

dards  (NSPS) and probable Best Avai lable  Control  S t ra tegy  (BACT) 

s tandards  .. 

Under NSPS s tandards ,  coa l  was found t o  be t h e  l e a s t  c o s t  

technology through t h e  West, approximately t h e  same c o s t  a s  nuclear  

genera t ion i n  t h e  ~ a k t  Cen t ra l  regions  and gene ra l l y  more expen- 

s i v e  than nuclear  power along t h e  A t l a n t i c  coas t .  

With t h e  adoption o f  BACT s tandards ,  coal-f i r e d  e l e c t r i c i t y  

w i l l  become more expensive than  nuclear  throughout t h e  country,  

except  a t  t h e  minemouth. 

- xix - 



TABLE S-5 

LOW BTU GAS PXODUCTION COSTS* 

To ta l  Low Btu Gas c o s t  
Demand Region Average ~ e l i - ~ e r e d  Coal P r i c e  (Coal P r i c e  and .conversion Cost)  

1985 2900 
6 

($,/lo Bt.2 ($/lo6 Btu 
Coal) Coal) Gas) Gas) 

New England 

Middle A t l a n t i c  

South A t l a n t i c  

East  North Centra l  

East  Souxh Centra l  

West L\loc:h Centra l  

West SouZh Cen t ra l  

Rocky Monntain 

Paei f  i c  

9 *For small capac i ty  p l a n t s ,  150 Btu/cu-ft, 6x10 ~ t u / d a y ,  based on MOPPS study 
pre l iminary  da ta  : 

Tot31 c a p i t a l  c o s t  : $ 1 2 . 7 ~ 1 0 ~  
Plant  l i f e :  20 y r  
0 & M cost: $0.29/106 Btu o u t p ~ t  
Plant  f a c t o r :  0.9 
Conversion e f f i c i e n c y :  0.76 
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I. INTRODUCTION 

� his r epo r t  i s  t he  t h i r d  i n  a  s e r i e s  of i n t e r f u e l  s u b s t i t u t i o n  

s tud ie s  i n  progress i n  t h e  Energy ~echno logy  Assessment Group of 

t h e  National Center fo r  ~ n a l y s i s  of .Energy Systems. The f i r s t  

s tudy assessed t h e  p o t e n t i a l  of e l e c t r i c  energy s u b s t i t u t i o n  fo r  . 

nonelec t r ic  energy forms. The second evaluated s p e c i f i c  conserva- 

t i o n  demand opt ions  competing with  conventional energy forms for.  

end-use appl ica t ions .   his t h i r d  study examines t h e  p o t e n t i a l  r o l e  

of coa l  i n  meeting conventional demands i n  a l l  consuming sec to r s .  

Addi t ional ly ,  t h e  p o t e n t i a l  fo r  producing syn the t i c  f u e l s  i s  evalu- 

a ted  i n  terms of coa l .p roduc t ion  capac i ty ,  mate r ia l ,  manpower and . 
water requirements and cons t r a in t s ,  and reg iona l  f ac to r s .  

Events of  t h e  . l a s t  10 years  have l e d  t o  a  complete r eve r sa l  

i n  t he  prospects fo r  coa l  use  during t h e  f i n a l  quar te r  o f s t h e  20th 

century.  In t h e  e a r l y  1960 's  t h e  i n t roduc t ion ,o f  nuclear power 

coupled with t h e  abundance of low-cost o i l  from imported sources 

made c o a l ' s  fu tu re  fo r  uses o ther  than meta l lu rg ica l  purposes 

highly  uncer ta in .  Investment i n  t h e  indus t ry  was low, innovation . 

almost nonexis tent ,  and with i n d u s t r i a l ,  r e s i d e n t i a l ,  and even 

u t i l i t y  consumers on t h e  e a s t  coas t  convert ing t o  o i l  following 

t h e  removal of import quotas t h e  indus t ry  appeared t o  have entered 

an extended period of dec l ine .  The passage of  t h e  Clean A i r  Act 

i n  1963 and i t s  subsequent amendment i n  1967 and 1970 acce le ra ted  

t h i s  t rend.  Declining domestic reserves  of o i l  and n a t u r a l  gas 

tended t o  go unnoticed due t o  t h e  a v a i l a b i l i t y  of inexpensive o i l  

imports and a convict ion t h a t  nuclear power would provide an in-  

c reas ing  share  of our e l e c t r i c a l  generation.  The dec l ine  i n  coa l  

usage and t h e  prospect  fo r  t he  i n d u s t r y ' s  u l t imate  demise was 

viewed with  l i t t l e  concern i n  most qua r t e r s ,  and with  a g r e a t  dea l  

of s a t i s f a c t i o n  among environmentalists .  



The rap id  t u r n  i n  events s ince  the  1973 o i l  embargo has forced 

a r eappra i sa l  of  c o a l ' s  con t r ibu t ion  t o  domestic energy production. 

Growing environmental concerns over t h e  s a f e t y  of LWR operat ions ,  

problems with long-term rad ioac t ive  waste d i sposa l  and s to rage ,  

and t h e  nebulous f u t u r e  of  t he  breeder program have c a s t  a  p a l l  of 

unce r t a in ty  over t h e  nuclear industry .  These f a c t o r s ,  coupled with 

our v a s t  domestic coa l  rese rves  may lead t o  pa t t e rns  of  coa l  use  

s u b s t a n t i a l l y  d i f f e r e n t  than those  r ecen t ly  envisioned. His tor i -  

c a l l y ,  coa l  became a s i g n i f i c a n t  energy source during t h e  i n d u s t r i a l  

revo lu t ion  and by 1910 supplied almost 80% of t h e  t o t a l  energy de- 

mand. Today, it suppl ies  l e s s  than 20%. Coal production has a l s o  

been r e l a t i v e l y  constant  s ince  1910, varying between 500 and 600 

m i l l i o n  tons  per  year (640 mi l l i on  tons were produced i n  1975). 

Now, a s  a r e s u l t  of  ex t e rna l  fo rces  such a s  t h e  o i l  embargo of 1973, 

t h e  r i s e  i n  uranium p r i c e s  and o ther  problems facing t h e  nuclear 

i ndus t ry  and awareness of  p o t e n t i a l  impending dep le t ion  of  gas and 

o i l  resources ,  t h e  coa l  industry  is  faced with t h e  task  of increas-  

ing  production t o  approximately one b i l l i o n  tons  i n  1985 and two 

b i l l i o n  tons  by 2000. 

The resource  base t o  meet t he se  goa ls  e x i s t s .  The U.S. Bureau 

o f  Mines es t imates  t h a t  219 b i l l i o n  tons  of coa l  i s  economically 

recoverable  from a demonstrated coa l  rese rve  of twice that amount. 

Cumulative production a t  t h e  projected 4.6% annual growth r a t e  

w i l l  be 57 b i l l i o n  tons  by 2000, o r  roughly 21% of cu r r en t  economic 

reserves .  I t  i s  i n t e r e s t i n g  t o  note  t h a t  i f  t h i s  growth r a t e  was 

maintained beyond ZUUU, these  reserves  Would be exhausted by 2035, 

and t h e  t o t a l  rese rves  would be consumed by 2050. I f  production 

was maintained a t  ZOO0 l c v c l s ,  cu r r en t  ecur iu~~~ ic  Iesel ves would Ise 

exhausted i n  2080 and t o t a l  rese rves  i n  2190. It i s  h igh ly  un- 

l i k e l y ,  t hc re fo re ,  t h a t  resource c o n s t r a i n t s  w i l l  en t e r  coa l  plan- 

ning de l ibe ra t ions  wi thin  t he  next  50 years, 



New environmental regula t ions  coupled with t he  an t i c ipa t ed  

emergence of  new markets fo r  coa l  ( syn the t i c  f u e l s )  a r e  r ap id ly  

changing t h e  economics of coa l  use. Perhaps t h e  most v i s i b l e  ex- 

ample of t h i s  has been the  rap id  increase  i n  demand for  western 

coal .  Five years  ago, t he  depressed condi t ion and outlook of t h e  

indus t ry  were such t h a t  bearing t h e  r i s k  assoc ia ted  with opening 

a western mine and then paying t h e  s u b s t a n t i a l  shipping cos t s  t o  

b r ing  t h i s  e a s i l y  mined, low s u l f u r  f u e l  t o  ea s t e rn  and midwestern 

markets provided no f i n a n c i a l  incent ive .  Recently, however, u t i l i -  

t i e s  a s  f a r  west a s  New York S t a t e  have begun planning new gener- 

a t i n g  capac i ty  designed for  western coal .  A b r i e f  examination of 

t he  t rends  behind t h i s  switch i s  i n s t r u c t i v e .  

Coal p r i c e  t rends  s ince  1950 a r e  displayed i n  Figure 1. While 

t h e  rap id  p r i c e  increase  s ince  1970 has provided t h e  coa l  industry  

revenues desperate ly  needed t o  modernize operat ions  and t o  a t t r a c t  

investment c a p i t a l  f o r  fu tu re  expansion, it has added roughly $9 

b i l l i o n  t o  our annual coa l  b i l l .  Escala t ing wage demands, t h e  gen- 

e r a l l y  low produc t iv i ty  of underground mining operat ions  and ris- 

ing c o s t s  assoc ia ted  with meeting the  requirements of increas ing ly  

s t r i n g e n t  underground mining h e a l t h  and s a f e t y  regula t ions  a r e  cer-  

t a i n  t o  put continuing upward pressures  on t h e  c o s t  of ea s t e rn  

coal .  

The genera l ly  high cos t  of po l lu t ion  con t ro l ,  e s p e c i a l l y  - fo r  

s u l f u r  removal technology, i s  an add i t i ona l  d i s incen t ive  t o  poten- 

t i a l  u se r s  of  ea s t e rn  coal .  The FEA has  est imated t h a t  f l u e  gas 

desu l fu r i za t ion  will add roughly 50C: per mi l l i on  Btu t o  t h e  effec-  

t i v e  c o s t  of high s u l f u r  coa l  energy t o  e l e c t r i c  u t i l i t i e s  by 1985. 

Eastern coa l  rese rves  genera l ly  have 1.5-4% s u l f u r ;  most low su l fu r  

' reserves  a r c  cap t ive  t o  the caking iiidustry. For these  reasons,  

and because of t h e  tremendous jump i n  o i l  p r i ce s ,  t h e  high c o s t s  
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Figure 1. Average U . S .  coal prices (FOB Mine) 
1950-1975. 



of  t ranspor t ing  low s u l f u r ,  low energy western coa l  t o  midwestern 

and eas t e rn  market areas a r e  no longer p roh ib i t i ve ,  and a  boom i n  

western coa l  development is  underway. 

S imi la r ly ,  t he  expecta t ion that'DOE1s s y n t h e t i c - f u e l s  pro- 

grSm'will r e s u l t  i n  a  commercial coa l  conversion industry  w i l l  

open t h i s  new market fo r  coa l .  This market may be expected t o  ex- 

pand r a p i d l y  i n  t he  face  of dwindling o i l  and na tu ra l  gas suppl ies ,  

i f  cu r r en t  p ro jec t ions  .are borne ou t .  These evolutionary t rends  

a l l  suggest t h a t  fu tu re  regional  coa l  use pa t t e rns  w i l l  be rad i -  

c a l l y  d i f f e r e n t  from h i s t o r i c a l  t rends .  

Coal i s  o f t e n  viewed a s  being "end use l imi ted."  This per- 

spec t ive  a r i s e s  from t h e  f a c t  t h a t  t h e r e  a r e  few technica l  con- 

s t r a i n t s  on our a b i l i t y  t o  e x t r a c t  coal  and t o  move it over l a rge  

d i s tances .  ~ i f f i c u l t i e s  do a r i s e  i n  p a r t i c u l a r  uses  of coa l  i n  

t h e  var ious  end-use s ec to r s .  The following i s  a  matr ix  of technolo- 

g i e s  a t  var ious  s tages  of  development t h a t  may remove t h e  cu r r en t  

end-use cons t r a in t s .  

End Use 
Current Constra int  Key 
on U s e  of Coal Technologies 

Base load e l e c t r i c  Environmental ( s u l f u r  Stack gas scrubbing, 
and p a r t i c u l a t e s )  f l u i d  bed combustion, 

f u e l  c e l l  

Peak e l e c t r i c  Need c lean f u e l  o r  Low Btu g a s i f i c a t i o n ,  
t u rb ine  o r  f u c l  c c l l  c lean  combust ion 

Space  eating Sol id  f u e l  i s  
inconvenient 

High Btu 
Gas i f ica t ion  

Process H e a t  Environmental Fluid  bed combustor 
Need c lean f u e l  fo r  Low Btu g a s i f i c a t i o n  
d i r e c t  f i r i n g  

Transportat ion Sol id  f u e l  i s  
inconvenient 

Liquefaction 

Petrochemicals Feedstock requirements Liquefaction 



~t i s  apparent t h a t  t h e  number of f e a s i b l e  a l t e r n a t i v e s  fo r  

s a t i s f y i n g  each r eg ion ' s  demands f o r  s o l i d ,  l i q u i d ,  and gaseous 

fo s s . i l  f u e l s  w i l l  i nc rease  even a s  t he  o v e r a l l  a v a i l a b i l i t y  of  

t h e s e  f u e l s  t igh tens .  Consequently, i n t e r r eg iona l  competition fo r  

low c o s t  f o s s i l  f u e l s  w i l l  be expected t o  i n t e n s i f y  during t h e  com- 

ing  twenty-five years ,  and a  c a r e f u l  i nves t iga t ion  of t h e  opt ions  

each region w i l l  have i n  s a t i s f y i n g  i t s  energy needs w i l l  shed 

s u b s t a n t i a l  l i g h t  on t h e  regional  c h a r a c t e r i s t i c s  and impacts of 

an acce l e ra t i ng  r a t e  of  coal usage d u r i r ~ y  Lhis period. 

A number of  reg iona l  models f o r  energy supply and consumption 

p a t t e r n s  a r e  ava i l ab l e  o r  a r e  c u r r e n t l y  under development. The 

b e s t  known of t hese  a r e  F m ' s  PIES model and the BecllLel C l e a i i  Coal 

Energy (RESPONS) Model. While each of  these  models o f f e r s  valu- 

a b l e ' i n s i g h t  i n t o  reg iona l  e f f e c t s  (and elements of both are in- 

corporated i n t o  t h e  model developed fo r  t h i s  s tudy ) ,  both were f e l t  

t o  be t o o  global  t o  cap ture  t h e  s p e c i f i c  economic a l t e r n a t i v e s  t h a t  

we be l i eve  w i l l  under l ie  t h i s  evolution.  Accordingly, .a  much nar- 

rower, more c o s t  s p e c i f i c  model was developed. Although t h e  prob- 

lem was formulated a s  a  l i n e a r  programming exercise ,  emphasis was 

placed on developinq route-specif ic  c o s t s  and a l t e r n a t i v e s ,  r a t h e r  

than  generat ing supply and demarid curves i n  a much l a r g c r  and a 

more general  package. The a l l oca t ions  generated suggest  where s ig-  

n i f i c a n t  new coa l  flows might a r i s e ;  more importantly they expose 

c r i t i c a l  a r ea s  where po l icy  changes might be expected t o  inf luence 

these  flows. This . formulat ion a l s o  provides i n s i g h t  i n t o  t h e  re-  

g iona l  nature  of  a  developing syn the t i c  f u e l s  industry .  

Three 'I-i lnR wcxc g ~ n ~ r a t ~ d ;  a s i n q l e  r1j.n. ,for 1.985 and two for 

t h e  year 2000, corresponding t o  two pos tu la ted  l e v e l s  of synfuels  

development. The major quest ion in .apply ing  coa l  t o ' p roduc t ion  of 

s y n t h e t i c  l i q u i d s  and gases i s  economic. Given pas t  and f u t u r e  



an t i c ipa t ed  increases  i n  f u e l  p r i c e s ,  can coa l  conversion processes 

achieve e~conomic competitiveness with conventional gas and l i q u i d  

resources?  The answer is  yes--eventually. Most u se r s  of f o s s i l  

f u e l s  t h e o r e t i c a l l y  have t h e  capac i ty  ' ( in  t he  long term) t o  sub- 

s t i t u t e  other  f o s s i l '  f u e l s  o r  e l e c t r i c i t y .  To do so  w i l l  involve 

considerat ion of a number of f i n a n c i a l ,  environmental, and u l t imate ly ,  

resource cons t r a in t s .  There i s  l i t t l e  doubt t h a t  gas and petroleum, 

whether domestic o; imported, w i l l  be depleted long before  our coa l  

resource  base. 

There i s  a l s o  an important noneconomic f ac to r  t o  be considered 

i n  dea l ing  with t h e  energy problems. A t  p resen t  approximately 40% 

of our crude o i l  needs a r e  being s a t i s f i e d  by imports and t h e  t rend  

i s  towards higher o i l  and gas  imports i n ' t h e  sho r t  and intermediate 

term. Such heavy dependence on imports makes us very vulnerable 

t o  embargoes, such a s  t h e  one experienced by t h i s  country i n  1973. 

Assuming it is  des i r ab l e  t o  achieve some l e v e l  of energy s e l f -  

suf f ic iency ,  t h e  United S t a t e s  must e i t h e r  change i t s  demand pat- 

term so t h a t  it corresponds more c l o s e l y  t o  t h e  domestic energy 

supply o r  modify domestic energy supply t o  more c l o s e l y  correspond 

t o  t h e  demand pa t t e rn .  While modification of t he  demand pa t t e rn  

is  poss ib le  through conservation and f u e l  switching, t h e r e  a r e  some 

c o n s t r a i n t s  l im i t i ng  t h e  r a t e  o f  change. The major l i m i t a t i o n  is 

due t o  t h e  f a c t  t h a t ,  u n t i l  r ecen t ly ,  major investment decis ions  

were predicated upon inexpensive l i q u i d  and gaseous fue l s .  This 

has l e f t  t h e  country wi th  enormous c a p i t a l  investments t h a t  r e l y  

heav i ly  upon the  inexpensive a v a i l a b i l i t y  of o i l  and gas.  The 

c a p i t a l  investment needed t o  make major changes i n  'homes, industry ,  

and t r anspor t a t i on  is l a r g e  and would mean major d i s rup t ions  i f  

an over ly  rap id  t r a n s i t i o n  were sought. one of t h e  a l t e r n a t i v e s  
. . 

f o r  t h e  modification of t he  energy supply is  through conversion of 
. 

coa l  i n t o  l i q u i d  and gaseous fue l s .  



The important remaining quest ion i s  whether a l t e r n a t i v e  tech- 

nologies  such a s  nuclear fus ion and/or s o l a r  w i l l  become economi- 

c a l l y  competi t ive before r e l a t i v e l y  low cos t  o i l  and gas resources 

a r e  depleted.  I f  so,  t h e  long-run prospects fo r  coa l  w i l l  be 

l imi ted .  I f  no t ,  coa l  w i l l  occupy an increas ing ly  c r i t i c a l  r o l e  

i n  support ing our economy. 

The breeder question w i l l  not  be addressed i n  t h i s  study,  

s i n c e  a  v a r i e t y  of soc io log ica l ,  p o l i t i c a l ,  and environmental fac- 

t o r s  have obscured t h e  i s s u e  of  p o t e n t i a l  economic v i a b i l i t y ,  

However, s ince  t h i s  study cpvers t h e  1985 t o  2000 time frame, and 

any s i g n i f i c a n t  l e v e l  of breeder r eac to r  penetra t ion i n t o  t h e  

economy w i l l  no t  occur before 2000, t h e  breeder i s sue  need not  af-  

f e c t  t h e  conclusions r e su l t i ng ,  from t h i s  ana lys i s .  Addit ionally,  

although breeder and so l a r  energy have l a r g e  p o t e n t i a l  impacts on 

d i r e c t  consumption of thermal energy (space and process h e a t ) ,  

l i q u i d s  and gases w i l l  s t i l l  be required for  t h e  t r anspor t a t i on  

and petrochemical feedstock s e c t o r s ,  bar r ing  an unant ic ipated revo- 

l u t i o n  i n  t r a n s i t  pa t t e rns .  

Regardless ok the  pene t ra t ion  o t  o ther  technologies,  coa l  

w i l l  be a  v i t a l  f ac to r  i n  t he  U.S. energy system i n  t he  time frame 

of  t h e  present  t o  t h e  year 2000 and beyond. 

Coal mining produc t iv i ty  has been decl ining,  however, and 

l a r g e  c a p i t a l  ou t lays  and s i g n i f i c a n t  l ead  time w i l l  be required 

t o  b r ing  new mines i n t o  production. Mine operators  w i l l  r equ i re  

assurances ,  poss ib ly  i n  t he  form of long-term con t r ac t s ,  t h a t  in- 

vestments made t o  increase  production w i l l  provide adequate re turns .  

Environmental f a c t o r s ,  both i n  mining and combustion of coa l ,  a l s o  

r e q u i r e  considerat ion i n  view of p o t e n t i a l  h e a l t h  e f f e c t s ,  publ ic  

awareness, and mandated environmental emission l e v e l s .  It i s  as- 

sumed t h a t  the  urgency of maintaining dependable energy suppl ies  



w i l l  l ead  t o  a reso lu t ion  of these  unce r t a in t i e s  which w i l l  be 

environmentally acceptable,  and provide the  economic incen t ives  

required t o  increase  production t o  t h e  required l eve l s .  

The ana lys i s  t o  be described assumes a prescr ibed l e v e l  of 

coa l  production i n  1985 of roughly one b i l l i o n  tons ,  based on FEA (1 

est imates .  This i s  broken down by c o s t s ,  production es t imates ,  ' 

spec i a l  app l ica t ion  coal  ( i . e . ,  coking) ,  h e a t  content ,  and two 

ranges of s u l f u r  content  (high and low) as  a function of producing 

region.  Low s u l f u r  coa l  i s  defined here  a s  coa l  which can be 

burned i n  u t i l i t y  b o i l e r s  without s tack  gas scrubbers t o  meet cur- 

r e n t  Federal New Source Performance Standards (NSPS). 

Eight producing regions were chosen, of which two produce 

only  high o r  low s u l f u r  coal .  Thus, fourteen p o t e n t i a l  coa l  sup- 

p ly  types a r e  possib1.e (exclusive  of meta l lu rg ica l  coa l )  from the  

e igh t  producing regions.  Cha rac t e r i s t i c  energy contents  were as- 

signed t o  each coa l  type,  a s  wel l  a s  a c o s t  i n  1975 d o l l a r s  adopted 

from FEA est imates .  These production r a t e s  and c o s t s  were extrapo- 

l a t e d  t o  t h e  year 2000 a t  est imated r e a l  c o s t  increases  and pro- 

duction growth r a t e s .  The nine  census regions were se lec ted  fo r  

disaggregating regional  energy demands. 

Thus, t he  ana lys i s  cons i s t s  of obta ining the  l e a s t  c o s t  solu- 

t i o n  fo r  t r anspor t a t i on  of coa l  from e igh t  supply t o  nine  demand 

regions.  I t  should be noted t h a t ,  although meta l lu rg ica l  grade,  

or "c -ok i l~y"  cod1 f s included i n  the  supply es t imates ,  it i s  not  

considered i n  t h e  ana lys i s ,  but  i s  subtracted from t h e  t o t a l  sup- 

p ly ;  there fore ,  t h e  remaining coa l  i s  ava i l ab l e  fo r  burninq by 

u t i l i t i e s  and indus t ry ,  o r  fo r  conversion t o  syn the t i c  fue l s .  The 

r e s u l t i n g  ana lys i s  considers  not  only t h e  regional  nature  of  sup- 

p l i e s ,  with c h a r a c t e r i s t i c  (and d i f f e r e n t )  energy cnntent  and d i f  

f c r e n t  c o s t s ,  bu t  a l s o  accounts fo r  regional  demands by f u e l  type. 

Thus, t h i s  study contains  a degree of  regional  r e so lu t ion  which is  

not  captured by conventional na t iona l  l e v e l  analyses of energy sup- 

ply  and demand re1ationshi.p.s. 

- 9 -  



11. DEVELOPMENT OF FUTURE REGIONAL ENERGY SUPPLIES AND DEMANDS 

A. In t roduct ion 

Domestic energy supply es t imates  were prepared reg iona l ly  fo r  

each f o s s i l  f u e l  f o r  t h e  years  1985 and 2000. Regional coa l  pro- 

duct ion fo recas t s  were adopted from recen t  FEA da ta  fo r  1985 ( * )  and 

were est imated for  2000 by ex t rapola t ing  regional  growth r a t e s  fo r  

t h e  1985-1990 period developed i n  t h e  Pro jec t  Independence Report. ( 3  

A l l  o ther  supply and demand es t imates  w e r e  based upon work performed 

a t  BNL(4 )  under a program for  t h e  ~ l e c t r i c  Power Research I n s t i t u t e  

(EPRI) , 

Under t h i s  program, a s e r i e s  of Reference Energy Syatemc (RES) 

was developed fo r  1980, 1985, and 2000 fo r  each of t he  nine census 

regions ,  a s  wel l  a s  fo r  t h e  U,S. summarizing t h e  reg iona l  est imates.  

An RES is  a network represen ta t ion  of t h e  technica l  a c t i v i t i e s  re-  

quired t o  supply var ious  forms of energy t o  end-use a c t i v i t i e s ,  

Technologies a r e  def ined for  a l l  operat ions  involving s p e c i f i c  f u e l s  

including t h e i r  ex t r ac t ion ,  r e f in ing ,  conversion, t r anspor t ,  d i s -  

t r i b u t i o n ,  and u t i l i z a t i o n .  Each a c t i v i t y  i s  spec i f i ed  by a l i n k  

i n  t h e  network containing an assoc ia ted  el- t iciency.  TZlc RES's w e r e  -. 

formulaced wlL11 i h i l ' l i ~ n a l  i11Lr-oduation of nrw t , ~ ~ h n ~ 1 ~ ) g i e ~ ,  and pro- 

j ec t ions  fo r  f u t u r e  years  were derived from da t a  ava i l ab l e  i n  t h e  

var ious  s ec to r s .  The na t iona l  RES'S summarizing t h e  regional  da t a  

a r e  shown i n  Figures 2 and 3 fo r  1985 and 2000. 

The r a t i o n a l e  fo r  adopting a d i f f e r e n t  source fo r  t h e  coa l  

s e c t o r  was t h a t  FEA's p ro jec t ions  were aggregated from t h e  Bureau 

u1 Mines svpply d i c t r i s t s  w h i c h  1 ink coal type t o  t h e i r  geographic 

l oca t ions .  Addi t ional ly ,  s i nce  t h e  PIES model was developed t o  

de r ive  reg iona l  market-clearing p r i ce s ,  these  es t imates  formed a 

good bas i s  f o r  exposing energy t r anspor t a t i on  and technology . 
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al te rna t ives .  This approach allowed a famil iar  and cons is ten t  s e t  

of coal pr ices  t o  be used as  the  bas i s  for  exposing t ransportat ion 

a l te rna t ives .  Accordingly, the  output of t h i s  model should not be 

thought of a s  an absolute regional a c t i v i t y  projection for  coal  

u t i l i z a t i o n  (although these a r e  generated),  but r a the r  a s  a means 

of understanding how fundamental cos t  var ia t ions  i n  the  supply and 

t ransportat ion of d i f f e ren t  energy forms can be expected t o  in- 

fluence what these regional markets w i l l  look l ike .  This approach, 

while perhaps l e s s  elegant than others ,  was f e l t  t o  be more valu- 

able  from the  perspective of exposing those options where federa l  

and/or regional and s t a t e  policy could be expected t o  have the  

g rea tes t  leverage on a f fec t ing  the  pa t te rn  and l eve l  of coal  

u t i l i z a t i o n .  

B. Coal Supply 

The U.S. coal  f i e l d s  were aggregated i n t o  e igh t  coal  supply 

regions, a s  shown i n  Figure 4, Within each of these regions, t h e  

coal  is  of s imilar  rank and heating value, although more s p e c i f i c  

cha rac te r i s t i c s  vary broadly. Following t h e  FEA PIES formulation, 

fu ture  coal  supplies were divided i n t o  metal lurgical ,  low sul fur  
6 (5 0.6 l b s  s/10 Btu ) and high su l fur  f ract ions.  A s  s t a t e d  pre- 

viously, metal lurgical  coal was not  modeled due t o  t h e  special ized 

nature of the  coking/steel industry. 

~ r o a d l y  speaking, the  two ~ p p a l a c h i a n  regions a r e  made up of 

high rank bituminous and authrac i te  reserves,  The North Appalachian 

region coals  general ly  have su l fur  contents ranging between 1.5-3 

weight percent, while the  Southern f i e l d s  typ ica l ly  run between 

0.5-2% sul fur ,  including most of the  na t ion ' s  coking reserves.  

Roughly 65% of Appalachian production was from underqround agera- 

t i o n s  i n  1973, (5' and t h i s  percentage i s  expected t o  increase a s  

t h e  s t r ippable  reserves a r e  depleted. The Appalachian f i e l d s  a re  



Figure 4 .  Coal supply regions. 



charac te r ized  by t h i n  seams (genera l ly  3-7 f e e t  t h i c k )  and have 

been mined mainly-by t r a d i t i o n a l  room and p i l l a r  techniques,  a l -  

though continuous mining operat ions  a r e  becoming more common. 

Mining c o s t s  a r e  t y p i c a l l y  among t h e  h ighes t  i n  t he  country i n  

Appalachian mines. 

The Midwestern and Gulf regions  a r e  charac te r ized  by coa l s  of 

r e l a t i v e l y  high (2-4%) s u l f u r  content .  Of t h e  two, t h e  Midwestern 

f i e l d  i s  by f a r  t h e  more important,  producing roughly 150 mi l l i on  

tons  i n  1973.- This c o a i  is' a low rank bituminous coa l ,  t y p i c a l l y  

i n  3-6 f t .  seams, with heat ing values between 10-15 percent  lower .than 

Appalachian bituminous coa ls .  These seams a r e  genera l ly  c lo se r  t o  

t h e  sur face  than Appalachian seams and 60% of 1973 production was 

s t r i p  mined. 

The Western coa l  region i s  made up o f  f i e l d s  of a broad var i -  

e t y  of coa l  types ranging from low energy l i g n i t e  of t h e  Fo r t  

Union (N.D.)  region t o  high rank bituminous reserves  i n  western 

Colorado, s imi l a r  t o  Southern Appalachian coa ls .  Most of t h i s  'coal 

i s  low i n  su l fu r  and occurs i n  t h i ck ,  e a s i l y  access ib le  seams. 

with .the exception of  c e r t a i n  bituminous reserves  i n  Colorado and 

Utah, western coa l  i s  noncaking. These c h a r a c t e r i s t i c s  make western 

coa l  p a r t i c u l a r l y  a t t r a c t i v e  t o  e l e c t r i c  u t i l i t i e s ,  and u t i l i t y  

consumption of western coa l  more than t r i p l e d  between. 1970-1975, 
. 

r i s i n g  from roughly 25 t o  78 mi l l i on  tons  during t h i s  period.  

U t i l i t i e s  a s  f a r  e a s t  as ups t a t e  New York a r e  cu r r cn t ly  plann'ing 

coa l - f i red  b o i l e r s  designed fo r  western coal .  Recognizing t h a t  

t h e r e  a r e  a hos t  of unresolved i s sues  of publ ic  and environmental 

pol icy,  it is  never the less  almost inconceivable t h a t  western coa l  

rese rves  w i l l  not  continue t o  be developed a t  a very i ' ap id  pace 

during the  next  10-15 years.  

The East North Great P la ins  (ENGP) region c o n s i s t s  of low-" 

Btu, extremely low (0.4-0.8%) s u l f u r  l i g n i t e .  While ENGP reserves  



gene ra l ly  range between 5 t o  20 f e e t  th ick  and w i l l  u l t ima te ly  be 

mined mainly by'underground methods, almost 13 b i l l i o n  tons  of s t r i p  

minable reserves  c u r r e n t l y  e x i s t ,  and these  w i l l  undoubtedly be 

developed f i r s t .  While t he  low su l fu r  and ash c h a r a c t e r i s t i c s  of 

ENGP coa l  make it an a t t r a c t i v e  b o i l e r  fue l ,  i t s  low hea t ing  value 

and high moisture content  w i l l  i nc rease  i t s  de l ivered  c o s t  t o  d i s -  

t a n t  markets r e l a t i v e  t o  other  Western coa ls ,  thereby l i m i t i n g  i t s  

p o t e n t i a l  geographic d i s t r i b u t i o n .  

The West North Great Plans (WNGP) and'sout'hwest regions  con- 

t a i n  subbituminous coa l  rese rves  ranging between 8000 t o  9500 ~ t u /  

l b .  The WNGP region contains  vas t  rese rves  of low su l fu r  coa l  i n  

beds ranging from 10 t o  almost 100 f e e t  t h i ck .  Most of t he se  re-  

se rves  a r e  s t r i p  minable and ex t r ac t ion  c o s t s  a r e  expected t o  be 

among t h e  lowest i n  t h e  country. These f a c t o r s  encourage large- 

s c a l e  mining opera t ions ;  mines i n  Montana and wyoming a r e  among 

t h e  n a t i o n ' s  l a r g e s t .  For example, t he  Decker mine, loca ted  i n  

Southeastern Montana, i s  c u r r e n t l y  t h e  l a r g e s t  coa l  mine i n  t h e  

country;  producing nea r ly  10 mi l l i on  tons  i n  1975, t he  mine i s  ex- 

pected t o  expand t o  a r a t e  of roughly 14 mi l l i on  tons  by 1978. (6 

F i n a l l y ,  t h e  Rocky Mountain region,  located i n  western Colorado 

and e a s t e r n  Utah, con ta ins  s u b s t a n t i a l  rese rves  of low s u l f u r  bi-  

tuminous and me ta l lu rg i ca l  q u a l i t y  coa l .  Seams t y p i c a l l y  range 

between 2 t o  5 f e e t  t h i c k  and a r e  heav i ly  f au l t ed  and folded. 

~ o s t  of  these  reserves  w i l l  r equ i r e  underground mining, so  it i s  

expected t h a t  me ta l lu rg i ca l  production w i l l  expand much more r a p i d l y  

than t h a t  of nonspec ia l i ty  coa l  due t o  i t s  s u b s t a n t i a l l y  higher 

market value i n  expanding domestic and export  coking markets. 

FEA 1985 supply pro jec t ions  for  t he se  coa l  regions  a r e  pre- 

sented i n  Table 1 and BN-L supply es t imates  f o r  2000 a r e  shown i n  

Table 2 .  A s  w i l l  be discussed l a t e r ,  i n  developing t h e  acce le ra ted  



1985 Coal Supply 1 

Cost (FOB Mine) 4 supply Average Heat Production 

Region ~~~e~ Content (Btu/lb. ) (10 Tons) ($/Ton) ($/lo6 ~ t u )  6 

Northern MET 13,600 
Appalachia LS 12,300 

FI s 12,300 

Southern MET 14,100 
Appalachia LS 12,400 

HS 12,400 

Midwest LS 

H S 

Gulf HS 7,000 20.6 4.80, .34 

East North LS 7,000 
Great Plains HS 7., 000 

West North LS 
Great Plains HS 

~ o c k ~  MET 13,000 
Mountain LS 12,000 

Southwest LS 8,900 

HS 8,900 

U.S. TOTAL MET 

LS 

H S 

- 
'Adopted from 1976 Federal Energy ~utldok, Tables TV-28 and IV-37. 

'MET: Metallurgical quality coking coal. 

LS: Complies with current NSPS for Sulfur (. 6 l b .  s/lo6 ~ t u )  . 
6 

HS: High sulfur coal; i-e., S> -6 lb/10 Btu. 

3~dopted from "Project Independence Blueprint: Coal Task Force ~eport' , 
Table 2. 

4 ~ 1 1  costs are in 1975 dollars. 

5 ~ o r  non-metallurgical coal. 



. -  . TABLE 2  

2000 Coa l .  S u p p l y  

S u p p l y  
Reg ion  

1 
Type 

N o r t h e r n  MET 
A p p a l a c h i a  LS 

H S 

S o u t h e r n  MET 
A p p a l a c h i a  LS 

H S  

Mldwes t LS 

H S 

G u l f  H S  

East N o r t h  
G r e a t  P l a i n s  LS 

H S  

W e s t  N o r t h  LS 
G r e a t p l a i n s  HS 

A v e r a g e  Heat 

C o n t e n t  ( B t u / l b .  ) ' 
1 3 , 6 0 0  

. 1 2 , 3 0 0  

1 2 , 3 0 0  

ii, 606 

1 1 , 0 0 0  

Rocky MET 1 3 , 0 0 0  
Moun ta in  LS 1 2 , 0 0 0  

P r o d u c t i o n  
6 (10  T o n s )  

27.4 

20.6 

198.7 

C o s t  (FOB Mine)  4  

($/Ton) ($ / lo6 ,  B t u )  

6 u u  k l l w c s t  1.85 8 , 9 0 0  . 1 9 . 8  10. 00 

U.S. TOTAL MET 239.5  
LS . 9 , 8 8 0  960.9 1 3 . 4 8  
H S 1 0 , 8 6 0  635.7 12 .94  

10, 2705 1 8 3 6 . 1  

1 
MET: M e t a l l u r g i c a l  q u a l i t y  c o k i n g  coal. 

b LS: C o m p l i e s  w i t h  c u r r e n t  NSPS f o r ' s u ' l f u r  (0 .6  lb. s /10  ~ t u )  
6  HS: High  s u l f u r  coal ;  i . e . ,  S> .6 l b / 1 0  B tu .  

3 ~ d o p t e d  f r o m  " P r o j e c t  I n d e p e n d e n c e  B l u e p r i n t :  C o a l  Task  F o r c e  R e p o r t " ,  
. . 

4 ~ 1 1  c o s t s  a r e  i n  1 9 7 5  d o l l a r s .  

5 ~ o r  n o n - m e t a l l u r g i c a l  coal. 



synfuels case (9  quads t o t a l ) ,  it was necessary t o  increase  coal  

suppl ies  by roughly 15% i n  each producing region.  

C. O i l  and Natural Gas Supply 

The loca t ion  and suppl ies  of  domestic o i l  and n a t u r a l  gas w i l l  

have an increasing impact on coa l  consumption pa t t e rns  during t h e  

coming 25 years .  While t h e r e  e x i s t s  considerable uncer ta in ty  (and 

s p i r i t e d  debate)  about what s t imula t ive  impact, i f  any, a relaxa- 

t i o n  of f ede ra l  regu la tory  po l icy  might have on production, t h e  

f a c t  remains t h a t  domestic production of these  f u e l s  has  decl ined 

i n  recen t  years  i n  t h e  face  of s t e a d i l y  r i s i n g  demand and p r i ce s .  

The r e s u l t  of t h i s  has  been increasing cur ta i lment  of n a t u r a l  gas 

supplied t o  " i n t e r r u p t i b l e "  customers and a s t e a d i l y  increasing 

r e l i a n c e  on imported o i l .  I f  t he se  t rends  continue ( a s  they  a r e  

expected t o ) ,  t h e  s h o r t f a l l  of  t he se  sources w i l l  have t o  be met . 

by some combination of  conservation measures, f u e l  switching t o  

coa l ,  development of an expanding' syn the t i c  f u e l s  indus t ry ,  new 

Alaskan o i l  and gas production, t h e  discovery and development of  

new f i e l d s  (such a s  an At l an t i c  OCS f i n d ) ,  and/or increasing imports 

of  o i l  and LNG. 

m i l e  most regions  of t he  country produce small q u a n t i t i e s  of 

o i l  and gas,  t h e  bulk of our domestic production cu r r en t ly  o r i g i -  

na t e s  i n  t h e  f i e l d s  ind ica ted  i n  Figure 5, and i s  d i s t r i b u t e d  t o  

other  regions eiLller through o i l  tankers  o r  th'rough tlie . p r i n c i p a l  

o i l  and gas p iep l ine  a r t e r i e s  indicated.  

Current production and supply pro jec t ions  fo r  1985 and 2000 

a r e  presented i n  Table 3 .  



Figure 5. Lawer 46 o i l  and gas f i e l d s  and 
principal pipeline ar ter i e s .  



TABLE 3 

OIL SUPPLIES 

Current Regional Production 

and Future Supply Projections 

for ~omestic Oil and Natural Gas 

(1012 Btu/yr) 

New England 

Mid Atlantic 

South Atlantic 

East North Central 

East South Central 

West North Central 

West South Central 

Rocky Mountain 

Pacific 

North Slope 

Atlantic OCS* 

Total 

NATURAL GAS SUPPLIES 

New England 

Mid Atlantic 

South Atlantic 

East North Central 

East South Central 

West North Central 

West South Central 

Rocky lrlountain 

Pacific 

North Slope 

Atlantic OCS 

Total 

* Potential supply - no proven resource. 



111. FUTURE COAL MARKETS 

Figure 6 d i sp l ays  t h e  v a s t  change i n  markets t h a t  t h e  coa l  in- 

d u s t r y  has  experienced foliowing t h e  Second World War. The elec- 

t r i c  u t i l i t y  indus t ry  has become t h e  dominant market f o r  domestic 

coa l  and is expected t o  maintain t h i s  pos i t i on  throughout t h e  fore- 

seeab le  fu ture .  On t h e  o ther  hand, regional  demands fo r  energy i n  

genera l  and coa l  i n  p a r t i c u l a r ' w i l l  inf luence fu tu re  coa l  consump- 

t i o n  pa t t e rns .  All  u~~dei - s tanding  of  t h c  coa l  requir&ents  fo r  each 

type  of  coa l  market i n  a na t iona l  aggregate sense and dl1 illvesLiy.j~.- 

t i o n  of  t h e  a l t e r n a t i v e s  fo r  s a t i s f y i n g  these  gener ic  requirements 

a t  a  reg iona l  l e v e l  IS an e s s t ? ~ ~ L i d l  p ie i -cquis i te  Tor cotimatincf t h e  

impacts of  an acce le ra ted  coa l  use program. 

The advantage of  addressing t h i s  type of ana lys i s  from a re -  

g iona l  and market d i f f e r e n t i a t e d  approach stems from t h e  na ture  of 

t h e  coa l  industry .  On t h e  supply s i d e ,  t h e r e  e x i s t  c e r t a i n  charac- 

t e r i s t i c s  of d i f f e r e n t  coa l s  which make ,than s u i t a b l e  fo r  c e r t a i n  

uses  while unacceptable f o r  o the r s .  c e r t a i n  mineral  and rank char- 

a c t e r i s t i c s ,  f o r  example, a r e  e s s e n t i a l  fo r  coke manufacture; a t  

t h e  same time, a number of t h e  developiny syrlLl~eLic f u e l s  p roce33~3  

w i l l  r equ i r e  expensive pretreatment processes t o  des t roy  any caking 

p rope r t i e s  of t h e i r  coa l  feed. . . 

Regional v a r i a t i o n s  i n  t r anspor t a t i on  ava i l ab i l i t y .make  par- 

t. i m l a r  coa l  sources e i t h e r  more or l e s s  a ' t t r a c t i v e  than t h e i r  

geographical  separa t ion  alone would suggest.  The New York u t i l i -  

t i e s  (Niagara Mohawk and Rochester Gas & E l e c t r i c )  planning t o  burn 

w e s t e r n  coa l  both in tend t o  c a p i t a l i z e  on t h e i r  proximity t o  t h e  

Great Lakes fo r  t ranspor t ing  t h e  coa l ,  thereby reducing t h e i r  ship- 

ping c o s t s  r e l a t i v e  t o  t h e  a l l - r a i l  a l t e r n a t i v e .  

On t h e  demand s i d e  d i f f e r i n q  environmental regula t ions  for  

d i f f e r e n t  c l a s s e s  of u s e r s  c r e a t e  preferences pecu l ia r  t o  each 
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use r  type.  The most obvious example of t h i s  i s  t h e  d i f f e r ence  i n  

s tandards  for  al lowable SO2 emissions from u t i l i t y  and small in- 

d u s t r i a l  b o i l e r s .  A l l  of  t he se  f a c t o r s  recommend segmentation of 

coa l  markets a s  f i n e l y  a s  poss ible ,  both geographically and by user  

c l a s s i f i c a t i o n .  

The other  s i d e  o f  t h e  coin ,  of course, i s  t h e  considerable 

unce r t a in ty  assoc ia ted  wi th  pro jec t ing  t h e  fu tu re  behavior of any 

complex system. The energy f u t u r e  of  t h e  U.S .  i s  f raught  with 

p o l i t i c a l ,  economic, l e g a l ,  technological ,  and environmental un- 

c e r t a i n t y ,  and increasing disaggregation increases  these  uneertafn- 

t i e s  exponential ly.  The approach taken i n  t h i s  s tudy was t o  ad- 

d r e s s  t h e  problem a t  a reg iona l  s c a l e  which would allow gross  d i s -  

t i n c t i o n s  t o  be made i n  supply, t r a n s p o r t  and demand opt ions ,  and 

t o  segment coa l  demand.into markets which could be dis t inguished  

based on genera l iza t ions  concerning chemical p rope r t i e s  demanded, 

consumer tonnage requirements ( t o  determining ava i l ab l e  t ranspor ta -  

t i o n  o p t i o n s ) ,  and d i s t inguish ing  environmental regula t ions .  

Havinq made these  d i s t i n c t i o n s ,  an e f f o r t  was made t o  es t imate  

t h e  r e l a t i v e  c o s t s  of  supplying each user  c l a s s  i n  each region.  

The coa l ,  o i l ,  and gas  supply was formulated a s  a c o s t  minimizing 

t r anspor t a t i on  problem, constra ined by projected reg iona l  suppl ies  

and demands. This formulation is  c l e a r l y  s i m p l i s t i c  t o  the ex ten t  

t h a t  it assumes t h e  exis tence of p e r f e c t  competi t ive markets, giv- 

inq  a11 p a r t i e s  f r e e  access  and equal baryairl i i~g p o w e r  i n  t h e  m a r -  

k e t ;  i t s  s t rength ,  a s  previously  mentioned, l i e s  i n  i t s  a b i l i t y  t o  

expose t h e  competi t ive process,  and t o  i d e n t i f y  t h e  equil ibrium 

towards which t h e  ( imperfect )  market miqht be expected t o  i d e a l l y  

d r i f t .  

The remainder of  t h i s  s ec t ion  descr ibes  t h c  d i f f e r e n t i a t i o n  

of  the  se l ec t ed  reg iona l  demand s e c t o r s  ( i - e . ,  t h e  var ious  reg iona l  



markets fo r  s o l i d ,  l i q u i d ,  and gaseous f o s s i l  energy) and presents  

t h e i r  projected demands for  1985 and 2000. The next  chapter  de- . 

velops t h e  t r anspor t a t i on  l i n k s  (and c o s t s )  connecting each of 

t hese  demands t o  i t s  f e a s i b l e  supply opt ions ,  and Chapter V t i e s  

t h e  bas i c  energy ex t r ac t ion  cos t s ,  t h e  t r anspor t a t i on  c o s t s ,  and 

any environmental con t ro l  c o s t s  together ,  developing c o s t  est imates.  

fo r  each supply/demand l i n k  and present ing t h e  r e s u l t i n g  cost -  

minimizing consumption pa t t e rns  fo r  each of t h e  t h r e e  scenar ios .  

Four types of consumers can be expected t o  dominate domestic 

coa l  markets: e l e c t r i c  u t i l i t i e s ,  i n d u s t r i a l  p l an t s ,  coa l  con- 

vers ion p l an t s ,  and coking p l an t s .  A s  mentioned previously , .cok-  

ing requirements a r e  so spec ia l ized  t h a t  coa l  meeting coking 

spec i f i ca t ions  is  e i t h e r  cap t ive  t o  t he  s t e e l  indus t ry  or  so ld  a t  

such high premiums t h a t  it i s  un l ike ly  t h a t  s u b s t a n t i a l  amounts of 

t h i s  coa l  could be d iver ted  t o  o ther  markets. 

The u t i l i t y  indus t ry  operates  under increas ing ly  s t r i n g e n t  

environmental s tandards,  but  each p l an t  h a s , l a r g e  enough annual re-  

requirements t h a t  u t i l i t i e s  can t ake  advantage of s u b s t a n t i a l  t rans -  

po r t a t i on  economics of  s ca l e ,  allowing u t i l i t i e s  t o  s h i p  high 

q u a l i t y  coa l  from d i s t a n t  mines a t  low c o s t  by u n i t  t r a i n s ,  barges, 

and . coas t a1  c o l l i e r s .  

I n d u s t r i a l  u se r s  tend t o  have lower volume requirements, thus  

reducing t h e i r  t r anspor t a t i on  opt ions ,  but  opera te  under l e s s  s t r i n -  

gent  environmental c o n s t r a i n t s  which allow them g r e a t e r  l a t i t u d e  

i n  obta ining acceptable c o a l . ,  F ina l ly ,  t h e  coa l  conversion indus- 

t r y  can be expected t o  have volume requirements s imi l a r  t o  those  

of  e l e c t r i c  u t i l i t i e s .  Coal r e t o r t i n g  tends t o  convert  feed su l fu r  

t o  H ~ S ,  fo r  which well-developed cont ro l  technologies e x i s t .  Ac- 

cordingly,  t h e  coal  conversion indus t ry  should not  have a s t rong  

preference fo r  low s u l f u r  coal .  



While these requirements are quite general, they allow certain 

decision rules to be formulated which are not unreasonable at a 

regional level of aggregation. 

First, in regions where there is little low-sulfur coal, (i.e., 

the Midwest and Appalachian regions) electric utilities will bid 

up the"price of available supplies to just under their estimated 

cost of flue gas desulfurization (FGD). ~ndustrial users and coal 

conversion plants will be largely indifferent between coals of dif- 

ferent sulfur content, responding solely to the supply price. 

A major force behind the increased lnterest In low sultur 

western coal has been the EPA's sulfur dioxide emission standards 

for large fossil-fired boilers. For new coal-fired power plants, 

and prior to the passage of the Clean Air Act amendments, this stan- 

dard limited allowable SO2 emissions to 1.2 lbs. SO per million 
2 

Btu heat input. A number of promising synfuel and advanced com- 

bustion technologies are currently under development. A discussion 

of these options and their current status are presented.in Appendix 

A. 

Thus, utilities usually had only two alternatives: stack.gas 

scrubbing or the use of low sulfur coal. A third uptiori, mechanical 

c ~ a l  washinq may be used in a limited number of instances, but was 

not considered at the regional level of aggregation.we are con- 

sidering here. 

Flue gas.desulfurization involves the reaction of SO -bearing 2 
stack gasses with a sulfur sorbent, inducing a series of chemical 

reactions to remove the sulfur from the stack gas and either con- 

vertinq the sulfur to some marketable commodity or disposing of 

the sulfur-bearing sludge in a landfill operation. The process 

is. costly, and, a& present, tends. to be quite unreliable, particu- 

larly when higher concentrations of SO are involved. The most 2 



serious problems center around the erosion and plugging of the - 

scrubbers' mechanical parts, and also in consolidating the slurry 

into an acceptable landfill material.* Scrubbers contribute to 

increased capital and O M  expenses, and their downtime lowers the 

availability of the entire plant. 

There is no dispute that FGD increases the cost of coal-fired 

power generation, but there is a wide diversity of opinion as to 

how much of an increase it actually is. Specific plant operating 

experiences have ranged between 3 and 13 mills/kWh. (7) It further 

appears likely that further development work on scrubbers will tend 

to lower the cost somewhat, but, once again, it is impossible to 

be definitive and individual plants will undoubtedly vary widely. 

In their 1976 National Energy Outlook, the.FEA placed a 50C/ 

million Btu scrubbing surcharge on high sulfur coal. To check this 

estimate, we assigned a $100/k~ construction fee for scrubber in- 

stallation, estimated a 2 mill/kWh cost for scrubber maintenance, 

materials and landfill costs, assumed that the scrubber would in- 

crease the net plant heat rate by 400 ~tu/kWh and assumed that the 

scrubber would lower the plants' capacity factor by 5%. Our es- 

timate, thus prepared, checked out within 10% of the FEA estimate. 

We concluded that the charge FEA used was quite reasonable and in- 

corporated it into our own estimates as a premium paid to producers 

of low-sulfur coal, exactly as FFA did in their PIES methodology. 

The second "rule" applied is that the large volume require- 

ments of utility and conversion plants will allow these consumers 

to take advantage of the most efficient (i.e., least costly) 

* See, for example, W. G. .Starer, "Operational Status and Perfor- 
mance of the Commonwealth ~dison Will County ~imestone Scrubber," 
in EPA "Proceedings : " Symposium on Flue Gas Desulfurization, New 
Orleans, March, 1976. 



t r anspor t a t i on  modes. Cost considerat ions  w i l l  d i c t a t e  t h a t  coa l  

conversion be done a t  o r  near t h e  minemouth t o  t ake  advantage of 

t h e  s u b s t a n t i a l l y  lower u n i t  c o s t s  o f . t r a n s p o r t i n g  t h e i r  f in i shed  

products.  Noncoking i n d u s t r i a l  u se r s  a s  a  group w i l l  be forced t o  

r e l y  on more c o s t l y  modes such a s  spot  r a i l  o r  t ruck shipments. 

The regional  disaggregation se lec ted  for  a l l  energy demands 

a r e  t h e  nine  census regions shown i n  Figure 7.  For t h e  purposes 

of  es t imat ing t r anspor t a t i on  c o s t s ,  a l l  f u e l s  except low-Btu gas 

were assumed t o  be consumed a t  t h e  cen t ro ida l  c i t i e s  ind ica ted  i n  

t h e  Figure. Low-Btu gas was assumed t o  be consumed near t h e  mine- 

mouth, due t o  t h e  high c o s t s  of t ranspor t ing  t h i s  f u e l  s u b s t a n t i a l  

d i s t ances  i n  p ipe l ines .  

Current consumption and reg iona l  demand es t imates  fo r  t h e  d i f -  

f e r e n t  f o s s i l  f u e l  types a r e  presented i n  Table 4 fo r  1972, 1985, 

and 2000. Each r e g i o n ' s  energy consumption i n  a l l  consuming sec- 

t o r s  was adopted from a  BNL study performed for  t h e  E l e c t r i c  Power 

Research I n s t i t u t e  (EPRI), with energy demand and supply projec- 

t i o n s  made for  various years  t o  2000. 

With the  demand es t imates  now i n  hand, t h e  next  Chapter iden- 

t i f i e s  t h e  ava i l ab l e  supply a l t e r n a t i v e s  and descr ibes  t he  method- 

ology by which t r anspor t a t i on  c o s t s  were est imated.  



Figure 7. Census regions and demand centroids. 



Table 4 

Regior.al Fossil Fuel ~ e m a n d h  
(1012 Btu/yr) 

. - 

Coal Coal 
IJti 1 i L y Industrial' Oil Gas I J t i l i t y  Industrial+ Oil Gas 

New England . 31 10 2912 300 8 8 3 4 3545 253 
M i d  Atlantic 972 4 9 3 6554 2097 2343 602 7630 1910 

South Atlanzic 1638 351 5565 1751 2684 512 6924 . 1552 
. , 

I East North 2986 9 7 7 5669 11660 . . 3858 I218 7833 4554 
w Central 
0 
I East South 1312 5 4 1578 1363 1539 343 . 2169 I486 

Central 

West North . 6 2 2 1.82 2492 2247 1631 276 . 3113 1846 
Central 

West South 5 3 34 3194 6543 77 2 284 ' '4658 7099 
Central 

Rocky Mountain 4 6 3 6 3 1391 1273 7.4 5 9 7 1946 1291 

Pacific 6 51 - 3394 2384 . 212 9 0 5513 2857 

U.S. TOTAL 8083 2215 33348 23218 : 3872 34'56 43331 22473 

Utility Industrial' Oil Gas 

128 5 2 3942 237 

3609 877 9029 1755 

,. 3207 895 9033 1422 

4200 1840 9621 437'4 

*All energy quantities ere raw fuel egui\slent.. 

+Excludes coke consumptiom. 



I V .  ESTIMATING ENERGY TRANSPORTATION COSTS 

A s  t h e  mined cos t  of coa l  has r i s e n  i n  recen t  years ,  l a rge  

coa l  u se r s  have begun looking t o  more d i s t a n t  supp l i e r s  fo r  t h e i r  

requirements. Their u l t imate  ob jec t ive  c l e a r l y  i s  t o  s a t i s f y  

t h e i r  energy requirements a t  the  lowest poss ib le  cos t .  These cos t s  

w i l l  have th ree  components: t h e  c o s t  of ex t r ac t ing  t h e  coa l ,  t he  

c o s t  of t ranspor t ing  it, and f i n a l l y ,  any extraordinary c o s t s  as- 

soc ia ted  wi th  u t i l i z i n g  it (e.g. ,  t h e  c o s t  of po l lu t ion  c o n t r o l ) .  

The previous chapter  l a i d  ou t  t he  cons t r a in t s  and t r anspor t a t i on  

requirements d i s t inguish ing  t h e  e l e c t r i c  u t i l i t i e s ,  i n d u s t r i a l  

coa l  u se r s ,  and t h e  emerging syn the t i c  f u e l  industry .  This chap- 

t e r  w i l l  examine t h e  t r anspor t a t i on  a l t e r n a t i v e s  ava i l ab l e  wi thin  

each region fo r  each user  type and w i l l  develop rou te -spec i f ic  

c o s t s  f o r  each f e a s i b l e  t r anspor t a t i on  l i n k  i n  an attempt t o  c o s t  

ou t  each opt ion a s  r e a l i s t i c a l l y  a s  poss ible .  

A .  E l e c t r i c  U t i l i t y  Coal Transport 

Coal-fired e l e c t r i c  u t i l i t y  p l an t s  may be thought of a s  po in t  

demands f o r  coa l  t y p i c a l l y  consuming between 2 t o  5 mi l l i on  tons  

annually. A s  u t i l i t y  b o i l e r  design technology has become more 

sophis t ica ted ,  it has become increas ing ly  d i f f i c u l t  f o r  u t i l i t i e s  

t o  switch t h e i r  operat ion between d i f f e r e n t  fue l s .  P lan ts  t y p i c a l l y  
. . 

have se rv i ce  l i v e s  of 30 t o  40 years ,  and the  c o s t  of having a  

p l an t  shut  down due t o  t h e  use of an inappropr ia te  feedstock or  

simply t h e  i n a b i l i t y  t o  purchase coa l  provides a  powerful incent ive  

for  u t i l i t i e s  t o  en t e r  i n t o  lonq-term con t r ac t s  with suppl ie rs .  

Several.. l a rge  u t i l i t i e s  own and operate  coal  mines t o  minimize. .  . . 

t h e i r  cos t s .  

From t h e  coa l  producer ' s  s t andpo in t , . a  long-term supply con-.  
" ,  

t r a c t  wi th  a  u t i l i t y  provides h i s  revenues w i th . a  s t a b i l i t y  t h a t  . . . 



allows him t o  en t e r  c r e d i t  markets e a s i l y  fo r  c a p i t a l  expansion or  

renovation funds necessary t o  t h e  continued operat ion of h i s  firm. 

Needless t o  say,  t h e r e  a r e  both u t i l i t i e s  and mine operators  who 

d e a l  s t r i c t l y  i n  t h e  spot  market, but  t he  major i ty  on both s ides  

d e a l  mainly i n  t he  con t r ac t  market, en te r ing  t h e  spot  market only  

i f  an unusual opportuni ty  presents  i t s e l f  o r  i f  unforeseen.circum- 

s tances  force  them t o .  (8) 

~f t h e  power p l an t  i s  not  loca ted  a t  t he  minemouth, t h e  ava i l -  

a b i l i t y  of low-cost and r e l i a b l e  t r anspor t a t i on  connecting the- two 

is e s s e n t i a l .  The one.modc ava i l ab l e  almost everywhere is  by r a i l -  

road shipment; depending on the  rou te ,  r i v e r  barges o r  t h e  Great 

Lakes v i a  c o a s t a l  c o l l i e r s  may provide a f e a s i b l e  opt ion fo r  p a r t  

o r  a l l  of a $shipment. 

Most major domestic r a i l r o a d s  der ive  s u b s t a n t i a l  por t ions  of 

t h e i r  revenues from coa l  and w i l l  custom t a i l o r  u n i t  t r a i n  r a t e s  

f o r  each shipment, based on such f a c t o r s  a s  t h e  annual tonnage, 

d i s t ance  of  t h e  haul ,  t h e  amount of r a i l  congestion t h e  u n i t  t r a i n  

w i l l  c r e a t e ,  and on t h e  a v a i l a b i l i t y  of a l t e r n a t e  modes and/or coa l  

sources.  Contracts  a r e  w r i t t e n  from one extreme of t he  r a i l r o a d  

owning and operat ing t h e  t r a i n  t o  t he  o the r ,  where t h e  r a i l r o a d  

simply l ea ses  t h e  use  o f ' i t s  t r a c k ,  with the  u t i l i t y  o r  coa l  sup- 

p l i e r  bearing a l l  o ther  expenses. A l l  of t he se  elements en t e r  i n t o  

t h e  bargaining process along with t h e  ca re fu l  app ra i sa l  by each 

p a r t y  of how much t h e  o ther  is w i l l i n g  or  ab l e  t o  concede. 

The cos t  funct ions  used fo r  1985 a r e  presented i n  Figure 8. 

The r e l a t i v e  competi t ive pos i t ions  of t h e  var ious  modes a r e  not  

expected t o  change so  these  cos t s  were esca la ted  uniformly a t  an 

e f f e c t i v e  r a t e  of 2.5% annually t o  generate  es t imates  .for 2000. 

Regional coal  c o s t s  were esca la ted  a t  a  lower 1.5% r a t e ,  r e f l e c t i n g  

t h e  b e l i e f  t h a t  abundant suppl ies  of e a s i l y  mined western reserves  

w i l l  r e s t r a i n  coa l  p r i c e  esca la t ion .  

. . 
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Figure 8. Estimated 1985 coal transport costs (1975 $) .  



In order to estimate the costs of transporting regional coal 

supplies, supply centroids were selected for each region: 

Coal Supply Region Centroid 

North Appalachia Pittsburgh, Pa. 

South Alpalachia Huntington, W. Va. 

Midwest Springfield, Ill. 

Gul f Houston, Tex. 

East North Gr. Plains Bismark, N.D. : 

W e s t  North Gt. Plains Casper, Wyo. 

Rocky Mountain Grand Junction, Colo . 
Southwest Gallup, N.M. 

Rail haul distances were estimated from the Rand McNally Rail- 

road Atlas and waterways distances from the Inland Waterways 

Mileage Guide. (10) 
, a 

Similar uncertainties exist in attempting to estimate spot 

rai1,'river barge, and coastal collier rates. As a general rule, 

transportation costs are likely to be lowest where intermodal com- 

petition is present and highest where a single carrier has the mar- 

ket "in his hip pocket. " 

The transportation cost estimates used in this study were de- 
(1.n) 

veloped by the Bechtel Corporation in its RESPONS model. Sev- 

eral adaptations were made to more accurately model real world 

costs. Coastal colliers once supplied a substantial portion of the 

Atlantic Coast's coal needs so several routes were investigated for 

shipping coal in unit trains from the Appalachian fields to docks 

at philadelphian Baltimore and Hampton Roads, and Virginia for 

transshipment to coastal carriers bound for New England. The South- 

ern Appalachia to Hampton Roads to New England route turned out to 

be slightly less costly than an all unit train shipment, and also 

bypassed the deteriorating track of the Northeastern Railroads. 



A l l  coal   transshipment.^ were assessed a  50CYton f e e  fo r  1985 and 

a  60C/ton f ee  fo r  2000. F ina l ly  deep-water c o l l i e r s  ,were allowed 

t o  run from Houston t o  t h e  A t l an t i c  Coast, and were assumed t o  be 

h a l f  as  c o s t l y  a s  coas t a l  c o l l i e r s  on a  ton-mile bas i s .  A l l  deep- 

water shipments were assessed twice t h e  normal transshipment han- 

d l ing  charge a t  t he  des t ina t ion  i n  an attempt t o  r e f l e c t  t h e  f a c t  

t h a t  t he re  a r e  few po r t s  capable of receiving these  c o l l i e r s .  and 

t h i s  would tend t o  increase  t h e  c o s t  of f i n a l  .dist . r ibution.  .The 

r e s u l t i n g  t r anspor t a t i on  c o s t  es t imates  fo r  u t i l i t y  coa l  users  a r e  

present  i n  Appendix B, Tables 1 and 2 .  

. . .  . . 
B. I n d u s t r i a l  Coal Transport 

The use  of coa l  i n  small r e t a i l  l o t s  fo r  space hea t ing  has  

decl ined i n  t he  pas t  25  years  ( see  Figure 4)  and i n d u s t r i a l  coal  

use  (exclusive  of ,  coking) has been concentra t ing i n  a  few heavy 

i n d u s t r i a l  ca tegor ies ,  such a s  Stone,, Glass, and Clay products. 

This t r end  i s  expected t o  continue;  however, while each such user  

has s u b s t a n t i a l  coa l  requirements fo r  process energy, e t c . ,  they 
, . 

a r e  very c l e a r l y  not  l a r g e  enough t o  apply the  leverage t h a t  u t i l i -  . - .  
t i e s  have i n  negot ia t ing  for  t r anspor t a t i on .  I n d u s t r i a l  p l an t s  of 

th'is, type tend t o  l oca t e  on r i v e r s  and waterways and take advan- . . 

t age  of barge shipments where poss ible ,  but .  f u e l  c o s t s  , c o n s t i t u t e  

a  much smaller  p o r t i o n , o f  t h e i r  t o t a l  operat ing c o s t s  than do those  . * P . , ... 
. . 

of e l e c t r i c  u t i l i t i e s .  Por t h i s  reason, t he  as-sumption was made, : ,  
. .  . . ,  

t h a t  t h e  c o s t  of  a l l  i n d u s t r i a l  shipments would be comparable t o  . 
. . ., 

s p o t - r a i l  r a t e s .  The r e s u l t i n g  t r anspor t a t i on  c o s t s  a r e  presented 
. . 

i n  Appendix B, Tables 3 and 4 fo r  1985 and 2000, respec t ive ly .  

C. S lu r ry  p ipe l ines  and the  Railroad.  Industry  ' 

Considerable i n t e r e s t  has a r i s e n  among u t i l i t i e s  i n  using 

s l u r r y  p ipe l ines  for  t ranspor t ing  t h e i r  .coal  requirements. The 



economics of s l u r r y  p ipe l ines  a r e  t i e d  t o  t he  annual volume through- 

pu t ,  t o  t h e  topography of each proposed p ipe l ine  rou te ,  t o  t h e  

a v a i l a b i l i t y  of adequate water suppl ies  and t o  a  h o s t  of environ- 

mental and p o l i t i c a l  unce r t a in t i e s .  Accordingly, while a  discus- 

s i o n  of  t h e  economics and postula ted operat ing c h a r a c t e r i s t i c s  of 

a  s l u r r y  l i n e  i s  presented here, s l u r r y  p ipe l ines  were not introduced 

i n t o  t h e  model. Our coa l  s l u r r y  p ipe l ine  ana lys i s  was adopted from 

Bechtel da ta  (12) and from a  more recen t  study by the  Universi ty of 

1 l l i n o i s  Center fo r  Advanced computation (CAC). (13) 

Two commercial s l u r r y  p ipe l ines  have been b u i l t  i n  t h e  United 

S t a t e s ,  one of which i s  c u r r e n t l y  operat ing.  The f i r s t  of these ,  

a  10" diameter l i n e ,  was constructed ii i  U h i d  by the CurisuPldd.Liul~ 

Coal Company i n  1957. This 108 mile p ipe l ine  supplied 1 . 2  m i l l i on  

tons  of coa l  annually t o  t h e  Eastlake Power S t a t i on  of t h e  Cleveland 

I l lumina t ing  Company u n t i l  1963, when increasing c o s t  competition 

from t h e  r a i l r o a d s  caused t h e  l i n e  ' t o  be put  on a  "stand-by" bas i s .  

The other  l i n e ,  t h e  273-mile Black Mesa coa l  p ipe l ine ,  cur- 

r e n t l y  suppl ies  roughly f i v e  m i l l i o n  tons of coa l  annually t o  t he  

Mohave Power S t a t i on  near Bullhead Ci ty ,  Nevada. This 18" l i n e  i s  

owned and operated by a subs id ia ry  of  t h e  Southern Pac i f i c  #Trans- 

p o r t a t i o n  Company, t h e  n a t i o n ' s  second l a r g e s t  r a i l r o a d .  The Black 

Mesa coa l  mine i n  Arizona i s  loca ted  more than 100 miles  from the  

nea re s t  r a i l  l i n e s ,  and had connecting t r ack  been b u i l t ,  t h e  r a i l  

d i s t ance  would have been roughly 400 miles ,  54% g rea t e r  than t h e  

s l u r r y  distance. 

Operating experience from these  two l i n e s  has  demonstrated 

t h a t  coa l  p ipe l ines  can be a f e a s i b l e  a l t e r n a t i v e  t o  r a i l  ship- 

ments, and has s e t  t h e  s tage  f o r  an ongoing b a t t l e  between t h e  

r a i l r o a d s  and the  s l u r r y  p ipe l ine  industry  over t h e  i s sue  of emi- 

nent  domain f o r  s l u r r y  l i n e s .  



.1n 1962, a  b i l l  was introduced i n  Congress t o  g ran t  s i u r r y  

l i n e s  nationwide t h e  r i g h t  of eminent domain. The b i l l  has y e t  t o  

be passed, and i s  an ongoing i s sue  i n  Congress. The r a i l r o a d s ,  

f e a r f u l  over t h e  enormous p o t e n t i a l  l o s s  of coa l  revenues t o  t h e  

s l u r r y  l i n e s ,  have denied s l u r r y  companies t he  r i g h t  t o  c ros s  t h e i r  

rights-of-way, which for  a l l  i n t e n t s  and purposes e l iminates  t he  

p o s s i b i l i t y  of bui lding any new lengthy p ipe l ines .  A key i s sue  i n  

t h e  eminent domain d i spu te ,  y e t  t o  be determined a t  t he  Federal 

l e v e l ,  i s  whether coa l  s l u r r i e s  serve a  l eg i t ima te  publ ic  i n t e r e s t  

o r  a r e  a  purely  p r i v a t e  en t e rp r i s e .  

The cu r r en t  d i spu te  cen te r s  around a  proposed 1040-mile l i n e  

s t r e t c h i n g  from G i l l e t t e ,  Wyoming t o  a  consortium of u t i l i t i e s  i n  

Arkansas. Energy Transportat ion Systems, Inc. ( E T s I ) ,  t h e  l i n e ' s  

sponsor, has  attempted t o  circumvent t he  Federal s ta lemate  by ob- 

t a i n i n g  eminent domain r i g h t s  from t h e  individual  s t a t e s  through 

which t h e i r  l i n e  would pass. The Kansas l e g i s l a t u r e  r e c e n t l y  

denied ETSI's request ,  and ETSI i s  c u r r e n t l y  exploring a l t e r n a t i v e  

rou tes  which would circumvent Kansas. 

One key quest ion which has ye t  t o  be answered i s  t h e  ex t en t  

t o  which t h e  grant ing of eminent domain t o  coa l  s l u r r i e s  might af-  

f e c t  t h e  f i n a n c i a l  solvency of western rai lways.  The dec l ine  of 

r a i l  systems i n  t h e  Northeast s tands  a s  a  reminder of how c o s t l y  

maintaining an insolvent  r a i l  system can be; t h e  Federal  response 

s igna l s  a  commitment t o  maintaining a  v iab le  r a i l r o a d  system nation- 

wide. One of t he  primary f a c t o r s  i n  t h i s  dec l ine  was t h e  l o s s  of 

many "bread-and-butter" r a i l r o a d  commodities, including coa l ,  

e i t h e r  t o  competing modes o r  t o  l e s s  r a i l - i n t ens ive  commodity mixes. 

Clear ly ,  i f  allowing coa l  t o  be s l u r r i e d  u l t ima te ly  leads  t o  an 

increase  i n  the 'aggxegate  cos t  s f  shipping a l l  commodities,, t he  

coa l  s l u r r y  concept makes l i t t l e  sense from a  publ ic  po l icy  s tandpoint .  



The other  s i d e  of t h i s  i s sue ,  however, i s  t h a t  a s  l a t e  a s  1970, 

t o t a l  coa l  produdtion west of t h e  Miss i ss ipp i  River amounted t o  

s l i g h t l y  l e s s  than 44 mi l l i on  tons .  (14) I f  a l l  of t h i s  production 

were shipped 1000 miles  a t  8 mills/ton-mile, r a i l r o a d  revenues 

would t o t a l  roughly $350 mi l l i on ,  o r  roughly 20% of Union P a c i f i c ' s  

1975 operat ing revenues. (15) While t h i s  t e l l s  only  p a r t  of t h e  

s t o r y ,  it suggests  t h a t  t h e  Western rai lways may be looking a t  coa l  

more a s  a growth market than a s  a su rv iva l  i ssue.  An ana lys i s  of 

t h i s  sub jec t  'is beyond t h e  scope of  t he  present  study.* 

Another important i s sue  i n  t h i s  regard is  whether ex i s t i ng  

r a i l  c a p a c i t y ' w i l l  be adequate t o  handle the  increased t ranspor ta-  

t i o n  demand t h a t  expanding coa l  production w i l l  p lace  on it. I f  

new r a i l  capac i ty  o r  r a i l  upgrading is  requi red ,  how w i l l  t h i s  af-  

f e c t  t h e  o v e r a l l  cos t  of shipping coa l  and o ther  r a i l -hau l  com- 

modi t ies?  A r ecen t  study by Manalytics, Inc. fo r  t h e  ~ l e c t r i c  

Power Research I n s t i t u t e  sheds some l i g h t . o n  t h i s  extremely com- 

p lex  i s sue .  (I6) Using t h e  Federal  Railroad Administration r a i l r o a d  

network model, Manalytics simula,ted t h e  behavior of  t h e  r a i L  net-  

work i n  t r anspor t i ng  a l l  commodities i n  1985 under two acce le ra ted  

coa l  production scenar ios .  They f o c u s e d ' t h e i r ' a t t e n t i o n  on s ix-  

t een  key b a r r i e r s  between ~ e g i o n s , ~ c o r r e ~ s p o n d i n g  t o  mountains, 

r i v e r s ,  and other  n a t u r a l  obs t ruc t ions  t o  easy capacity 'expansion.  

While t h e i r  r e s u l t s  must be examined with extreme caut ion,  t h e i r  ' 

conclusions a r e  very suggestive:  

"The combination of these  t r a f f i c  demands on r a i l -  

road capac i ty  would overload many of t he  network 

* A thorough' d iscuss ion o f . t h e . i n s t i t u t i o n a 1  c o n s t r a i n t s  on s l u r r y  
development i s . con ta ined  i n  Alex Sa rgen t ' s ,  "Western Coal Trans-. 
p o r t :  u n i t  ~ r a ' i n s  o r  S lur ry  Pipel ines .  " U.S. Department of 
Transportation;DOT-0s-30104, August 1976. 



l i n k s  on the  s h o r t e s t  path from o r i g i n  t o  d e s t i -  

nat ion.  Of t h e  s ix teen i* . .bar r ie r s  defined,  eleven " 

b a r r i e r s  have one or  more overloaded l i n k  .... 
. . .  

T r a f f i c  would have t o  dev ia te  'up t o  hundreds of . .. 

miles  t o  use a l t e r n a t i v e  rou tes  un less  major changes 

i n  r a i l  l i n e s  o r  r a i l  operat ions  a r e  undertaken ....- . . 

Expansion of t r a f f i c  on i s l and  waterways i s  seve re ly .  , - 

- l im i t ed  by congestion ' a t .  certain key. loca t ions  on . 

. . 
t h e  waterways network..: T h e - . f a c i l i t i e s  'for producing 

the  ( r a i l . )  'equipment needed a r e  r ead i ly  ava i lab le . .  :. 
.- 'Clearly, as ide  from t h e  , f i r iancia l  .aspects ,  ' the  ih- . .. 

dus t ry  can ob ta in  t he  equipment necessary t o  nee* 

' '  t h e  expanded traffi.c.demands. ' The cons t r a in t s  im- . ' 

posed by bot t lenecks  on t h e  r a i l  and'wate'rway"linki 
1, (17) 'are of  ,much g rea t e r  concern. 

. . ... . . 

A p r inc ipa l  ob jec t ive  of t h e  Manalytics study was t o  determine 
. . . . . .  I . : . . < .  . . 

t h e  l e v e l  of coa l  t r a f f i c  i t  which the  e x i s t i n g  r a i l  nethbrk would 
' 

. .  . ' 2  

begin t o  overl.oad, and t h e i r  scenar ios  were designed, i n  p a r t ,  t o  
. . ' , _ ' %  

3 : 
c r e a t e  over loads  a t  t h e  ba r t i e r ;  'ihihich they i d e n t i f i e d .  ' ~ o t h  of 

. . . . , . , . .. . .  
t h e i r  scenar ios  fdr  1985 somewhat l a rgk r  volumes of coa l  

. .. . . 
. 8 .  . 

t r a f f i c  than d i d  e i t h e r  of our 2000 scenar ios '  ( these  w i l l  be d i s -  
. . ,  . . .  ' .. . . . . . . 

cussed. in'somk d e t a i l  l a t e r  ' i n  th-is  r e p o r t ) .  It speaks wel l  f o r  
. . ' j .  . . ' .  .. . " .  - . . . . 

&. . 
t he  fundamental s t r eng th  of our .  r a i l r o a d  industry  t h a t  s e r i o u s  

. . . .. . . .  , . 
bot t lenecks  f o r  t h e  e x i s t i n g  network. could only be i d e n t i f i e d  by 

. . . . . . . .  . 

inCreesing &on-coal t r a f f i c b y  30% and a l s o '  increasing c o a l  t r a f -  
. .. . . 

f i c  an aver'age of.  f ive-foid  over s e l ec t ed  or ig in /des t ina t ion  l i nks .  
. . - .  

~ d d i t i o n a l l ~ ,  'si-nce' u t i l i t i e s  t y p i c a l l y  negot ia te  'coal  supply 
' .  , . . 

c o n t r a c t s ' d u i i n g  t h e  e a r l y  s tages  of planning new capaci ty ,  t h e  
- . ; . .  . . , .  . . . . . .  . 

r a i l r o a d s  should have adequate oppdrt'un'ity &d a reasonably sound 
- .  . . . . . 

guarantee' d f4 revenue i  with which t o  plan and' f inance any needed 

t r ack  upgradings or  add i t ions .  



~t is  very easy t o  f a l l  i n t o  t h e  t r a p  of over-generalizing 

when r e f l e c t i n g  on a complicated problem from a f a r .  Nevertheless, 

based on t h e  evidence ava i l ab l e  t h e  r a i l r o a d s  appear t o  have t h e  

physical  resources t o  absorb t h e  increase  i n  f r e i g h t  t r a f f i c  i m -  

p l i e d  by t h e  coa l  supply pro jec t ions .  The r a i l r o a d  indus t ry  makes 

a compelling argument i n  maintaining t h a t  many of i t s  cu r r en t  d i f -  

f i c u l t i e s  stem predominently from unde ru t i l i za t i on  of i t s  f a c i l i t i e s .  

Legitimate publ ic  and p r i v a t e  i n t e r e s t  s tand on both s ides  of 

t h e  s l u r r y  p ipe l ine  dispute .  There i s  every reason t o  be l ieve  

t h a t  a s  t he  u t i l i z a t i o n  f ac to r  of r a i l r o a d s '  t rackage increases  

t h e i r  c a p i t a l  charges should decrease.  Conve r s~ ly ,  increasing t r a f -  

f i c  would force  the  r a i l r o a d s  t o  rep lace  t h e i r  e x i s t i n g  trackage 

much more r a p i d l y  than otherwise;  t h e  impact of f inancing t h i s  up- 

grading a t  t oday ' s  higher i n t e r e s t  r a t e s  and i n f l a t e d  d o l l a r s  is 

l i k e l y  t o  put  upward pressure  on r a i l  t a r i f f s .  No acceptable 

method has been found t o  equi tab ly  ass ign maintenance charges t o  

d i f f e r e n t  types of t r a i n s  passing over a sec t ion  of  t rack .  Unit 

t r a i n s  requi re  t h e  heav ie s t ,  most powerful locomotives and a loaded 

coa l  hopper is  c e r t a i n l y  more punishing t o  t h e  t rack  than a box- 

c a r  f i l l e d  wi th  t i s s u e  paper. I f  a r a i l r o a d  were t o  i n s t a l l  ex t r a  

heavy t r a c k  t o  accommodate u n i t  t r a i n  shipments and r a t e s  rose  t o  

cover t hese  c o s t s ,  then t h e  other  commodities would i n  e f f e c t  be 

subs id iz ing  coa l  t ranspor ta t ion .  F ina l ly ,  a s  t r ack  congestion in- 

c r eases  and shipments begin experiencing delays ,  t h e  e f f e c t i v e  

u t i l i z a t i o n  of t he  r o l l i n g  stock w i l l  dec l ine  and inventory charges 

assinged t o  goods i n  t r a n s i t  w i l l  r i s e ,  f u r the r  increasing cos t s .  

To sum up, Llle~l, L l ~ e  L ~ l p d ~ t  of increasing coa l  t r a t t i c  on 

any given r a i l  l i n k  is extremely d i f f i c u l t  t o  assess  i n  terms of 

formulating publ ic  pol icy.  Benef i ts  of  increasing the  l eve l  of 

t r a c k  u t i l i z a t i o n ,  i f  any, must be weighed aga ins t  t he  c o s t s  of  



increasing track. maintenance expenses and t h e  c o s t s  r e s u l t i n g  from 

increasing delays i n  t r a n s i t  f o r  a l l  o ther  commodities. Obviously, 

s u f f i c i e n t  data  do not  e x i s t  t o  attempt t o  q u a n t i t a t i v e l y  solve 

t h i s  problem. 

~f t h e  premise i s  accepted t h a t  the  r a i l  network i s  c u r r e n t l y  

underu t i l i zed  and t h a t  maintaining a heal thy,  s e l f - s u f f i c i e n t  r a i l -  

road indus t ry  i s  i n  t he  na t iona l  i n t e r e s t ,  then a po l icy  t o  en- 

courage r a i l  shipment, perhaps even t o  t h e  ex ten t  of denying market 

e n t r y  t o  competi t ive modes may be j u s t i f i e d .  The Federal govern- 

ment ' s  takeover of t h e  bankrupt nor theastern  l i n e s  and t h e  forma- 

t i o n  of Conrail  s i gna l  a f irm commitment t o  preserving our r a i l  

system. 

The s l u r r y  p ipe l ine  question,  seen i n  t h i s  l i g h t ,  b o i l s  down 

t o  t h e  quest ion of whether s l u r r i e s  pose ,a th rea , t  t o  t h e  r .a i l roads  ' 

continuing a b i l i t y  t o  serve t h e  na t iona l  i n t e r e s t .  I f  they do not ,  

then the  quest ion a r i s e s  of  whether they represen t  a g a i n , o r  a l o s s  

i n  s o c i a l  well-being. I f  they.a . re  found t o  o f f e r  an improvement, 

then it should be incumbent on Congress t o  g ran t  eminent domain 

r i g h t s  without fu r the r  ado. The convers,e, of course, .  a l s o  appl ies .  

This study does not  pretend t o  address t h e  p o l i t i c a l  and in-, 

s t i t u t i o n a l  i s sues  involved i n  evaluat ing the  mer i t s  of s l u r r y  

p ipe l ines ;  r a t h e r ,  we w i l l  focus on t h e  narrow.economic i s sues  

t h a t  t he  cu r r en t  l i t e r a t u r e  permits  and o f f e r  a perspect ive  based 

on t h e  ana lys i s  we have performed. 

The engineering economics of coal  s l u r r y  p ipe l ines  a r e  domi- 

nated by immense economies of sca le .  Bechtel has est imated coa l  

t r anspor t  cos t s  of roughly 10.2, 6.8, and 4.8 m i l l s  per ton-mile 

fo r  a 1000 mile  p ipe l ine  of 5, 10, and 20 mi l l i on  ton per year 

(MMTPY) annual throughput, r e spec t ive ly  i n  1374. (18' ny comparison, 

t h c i r  corrcspanding es t imate  fo r  a u n i t  t r a i n  shipment of t h i s  



l eng th  is  approximately 8 .1  mills/ton-mile. Both c a p i t a l  and op- 

e r a t i n g  c o s t  cons idera t ions  con t r ibu te  t o  t hese  economies. The 

right-of-way requi red  for  t he  l a rge r  s i z e s  a r e  s u b s t a n t i a l l y  t h e  

same a s  f o r  smaller  l i n e s ;  a 25 MMTPY, 3.5 miles-per hour l i n e  w i l l  

be 38" i n  diameter. 

Also, t h e  r e l a t i v e  amount of  s t e e l  p ip s  and construct ion labor  

requi red  per annual ton of  throughput decreases with increasing 

p ipe  s i z e .  Operating c o s t s  of t h e  l a rge r  l i n e s  should dec l ine  due 

t o  decreasing f r i c t i o n  lo s se s  of t h e  viscous s l u r r y  t o  t h e  pipe 

wa l l s  and t o  economies of s c a l e  i n  purchasing l a rge r  s i zed  equip- 

ment which may emerqe a s  more l i n e s  a r e  b u i l t .  

I t  should be noted t h a t  a 25 MMTPY l i n e  w i l l  r equ i re  severa l  

enormous s t r i p  mines t o  supply i t s  coa l  requirements, 6.4 b i l l i o n  

ga l lons  o f  water annually (a  volume of one square mi le  by 31 f e e t  

deep) and w i l l  supply t h e  coa l  energy required t o  f i r e  7,500 MW of 

base  loaded coa l - f i red  capaci ty .  This generat ion would supply t h e  

n a t i o n ' s  e n t i r e  e l e c t r i c a l  requirements fo r  roughly e i g h t  days a t  

1976 generat ion l e v e l s .  It i s  an enormous p ro j ec t .  

The following discuss ion w i l l  focus on a Univers i ty  of I l l i n o i s  

(CAT) ana lys i s  (19) of t h e  1040-mile, -25 MMTPY ETSI  p ipe l ine  pro- 

posed t o  run between G i l l e t t e ,  Wyoming, and White Bluff ,  Arkansas. 

It should be noted t h a t  CAC has been an e x t r e ~ e l y  vocal c r i t i c  of 

t h e  coa l  s l u r r y  concept, s o  t h a t  t h e i r  ana lys i s ,  given t h e  very 

l imi t ed  da ta  ava i l ab l e ,  might be considered a conservative es t imate .  

The p ipe l ine  system has  four major components: (1) crushing/ 

s l u r r y  preparat ion p l a n t s  i n  Wyoming; ( 2 )  receiving/dewatering 

te rmina l  (s)  i n  Arkansas; ( 3 )  t h e  p ipe l ine  i t s e l f ;  and ( 4 )  per iod ic  

pumping s t a t i o n s  loca ted  a t  approximately 100-mile i n t e r v a l s  along 

t h e  rou te .  

The s l u r r y  has  been described a s  a "black toothpaste ,  " and 

under ETSI spec i f i ca t ions  would contain  roughly 48 volume porcent 



of f i n e l y  ground coa l  i n  an aqueous s l u r r y .  The design v e l o c i t y  : 

of  t h i s  l i n e  i s  3.5 mph which corresponds t o  a 12.5 day t r a n s i t  

time fo r  t h e  coal .  Under emergency condi t ions  it i s  poss ib le  t o  

vary t h e  throughput by a l t e r i n g  t h e  coal/water r a t i o  o r  t h e  s l u r r y  

v e l o c i t y  o r  both. CAC has est imated t h a t  throughput can be reduced 

t o  65% of design (16.25 MMTPY) by reducing the  coa l  content  t o  38%. 

and reducing l i n e  speed t o  3 mph. Below 3 mph t h e r e  i s  some danger 

of t h e  coa l  s e t t l i n g  i n  t he  l i n e ,  leading t o  a "plug" which would 

force  an emergency shutdown and purging t h e  s l u r r y  i n t o  holding 

ponds- located a t  each pumping s t a t i on . .  There appears t o  be no 

t echn ica l  reason why the  coa l . con ten t  could not  be reduced below 

38%. .C lea r ly ,  t o  do s o  would increase  t h e  dewatering c o s t s  a t  t h e  

l i n e 8 s . t e r m i n u s .  Increasing t h e  v e l o c i t y  of t h e  . s lu r ry  would allow 

throughput t o  be r a i s e d  somewhat; however, t h i s  incurs  a penalty 

of increasing pumping cos t s  and increases  t h e  maximum hydraul ic  

pressures  experienced i n  t h e  l i n e .  The economics of  s l u r r y  pipe- 

l i n e s  s t rong ly  favor s i z i n g  components t o  t h e  design capac i ty  and . 
operat ing a s  near t o  t h a t  capac i ty  a s  f e a s i b l e  on a continuous bas i s .  

Once a l i n e  such a s  t h i s  i s  i n  operat ion,  any unexpected de- 

v i a t i o n  has t he  p o t e n t i a l  fo r  d i s a s t e r .  The p ipe l ine  would contain  

about 1.7 mi l l i on  tons  of s l u r r y  during normal, operat ions ,  of which 

800,000 tons  i s  f i n e l y  ground coal .  A blockage or  break i n  t h e  

p ipe l ine  o r  t h e  f a i l u r e  of one o r  more of t h e  pumping s t a t i o n s  may 

r equ i r e  t h a t  t h e  s l u r r y  be purged i n t o  cmcrgency holding tanks a t  

each of t h e  pumping s t a t i o n s ,  while f lush ing  a s  much of  t h e  pipe 

a s  poss ib le  with water t o  prevent coa l  deposi t ion wi thin  t h e  l i n e .  

Since complete f lushing of t h e  l i n e  may take  12.5 days, t h i s  rep- - 
r e s e n t s  a very s u b s t a n t i a l  i n t e r rup t ion  of supply, even before  time 

fo r  t h e  a c t u a l  r e p a i r s  i s  added. S lur ry  purged i n t o  s t a t i o n a r y  

holding tanks  w i l l  begin s e t t l i n g  immediately and no genera l ly  ac- 

cepted method has been demonstrated fo r  s a t i s f a c t o r i l y  re int roducing 



t h i s  t o  t h e  p ipe l ine .  Furthermore, d i sposa l  of t h e  f lush ing  water, 

which w i l l  conta in  varying concentra t ions  of f i n e  coa l  p a r t i c l e s ,  

may pose a s u b s t a n t i a l  environmental problem. 

what i s  most uncer ta in ,  however, i s  t h e  r e l i a b i l i t y  with 

which a p ipe l ine  of t h i s  magnitude w i l l  operate .  P ipe l ine  spon- 

s o r s  and supporters  exude optimism, maintaining t h a t  experience 

gained from t h e  ,Consolidation and Black Mesa p ipe l ines  has  taught  

them t h e  important lessons  about coa l  s l u r r y  technology, and t h a t  

s l u r r i e s  have t h e  p o t e n t i a l  fo r  saving energy consumers b i l l i o n s  

of  d o l l a r s .  Detractors  maintain t h a t  problems of  sca l ing  t h e  tech- 

nology up too  quickly,  coupled with unforeseen environmental prob- 

lems r e s u l t i n g  from en te r ing  colder  c l imates ,  w i l l  t u rn  t h e  s l u r r y  

p i p e l i n e  concept i n t o  an economic and environmental nightmare. 

There seem t o  be no n e u t r a l  a c t o r s  i n  t h e  s l u r r y  p ipe l ine  

b a t t l e  being fought before  Congress. Exis t ing c a p i t a l  c o s t  da ta  

on s l u r r y  p ipe l ines  have been prepared from ~ e c h t e l / ~ ~ ~ ~  data .  

These a r e  t he  ch ie f  sponsors of  coa l  s l u r r i e s .  Detractors  (in- 

c luding CAC) have charged t h a t  these  es t imates  a r e  misleading, and 

t h a t  t h e  most se r ious  impacts and r i s k s  of t h e  technology have been 

concealed r a the r  than exposed by thei?r ana lys i s ;  i n  sho r t ,  i f  t h e  

whole s t o r y  were -presented i n  an unbiased fashion,  t h e  r e l a t i v e  

economics of t h e  competing modes would look e n t i r e l y  d i f f e r e n t  

than those  suggested by t h e  p re sen t ly  ava i l ab l e  information. 

In t h e  CAC study,  an at tempt was rnade t o  independently e s t i -  

mate t h e  c a p i t a l  and operat ing c o s t s  of t he  25  MMTPY ETSI p ipe l ine  

from ava i l ab l e  information on t h e  Black Mesa p ipe l ine .  They pre- 

faced t h i s  work with t h i s  caveat:  

"men a p r i v a t e  l i n e  is b u i l t  it is  o f t en  impossible 

t o  say how much of t he  c a p i t a l  cos t  ( i f  any) has 

h ~ p n  a h s ~ r h p d  h y  the c ~ m p a n i p g  a t  either ppd and. not 



debi ted t o  t h e  p ipe l ine .  S imi la r ly ,  shipment c o s t s  

become akin t o  t r a n s f e r  p r ices .  ,, (20) 

using a l i n e a r  ex t rapola t ion  of c a p i t a l  c o s t  f i gu re s  from t h e  

Black Mesa p ipe l ine  CAC estimated the  1975 c a p i t a l  c o s t  of  t h e  

wyoming-Arkansas l i n e  t o  be $1.034 b i l l i o n .  They est imated major 

o m  expenses a t  $19.2 mi l l i on  annually,  and, adopting t h e i r  annual 

labor  requirements a t  our est imated average labor c o s t  per manyear 

of $34,400, we est imated annual labor expenses of  $7;3 mi l l ion .  

~ s t i m a t i n g  a cos t  of  c a p i t a l  f o r  ETSI of 16% y i e l d s  an annual reve- 

nue requirement of $192 mi l l ion ,  which corresponds t o  a charge of 

$7.67/ton of coa l  de l ivered ,  o r  7.4 mills/ton-mile. CAC used a 

lower f ixed  charge r a t e  (13.27%) s o  t h e i r  c o s t  es t imate  fo r  t h i s  

l i n e  (which they d i d n ' t  c a l cu l a t e )  would be somewhat lower, roughly 

$6.55/ton and 6.3 mills/ton-mile, 

Middle South u t i l i t i e s  has  repor ted the  est imated de l ive ry  

c o s t  through t h e  ETSI l i n e  t o  be $7.90/ton, corresponding t o  7.6 

mills/ton-mile. (21) Whether t h i s  number r e f e r s  t o  1974 $ o r  1975 

$ and i t s  b a s i s  a r e  unclear ,  s o  it is  included a s  a re fe rence  r a t h e r  

than a s  an absolute  benchmark, 

A summary of  t h e  ava i l ab l e  s l u r r y  p ipe l ine  es t imates  i s  pre- 

sented i n  Figure 9. Bechtel da ta  were esca la ted  5% from t h e i r  1974 

es t imates  t o  ob ta in  1975 charges. The Middle South U t i l i t i e s  es- 

t imate ,  although repor ted i n  l a t e  1956 was not  scaled due t o  i t s  

uncer ta in  bas i s .  

It i s  most important t o  recognize t h a t  t he  numbers presented 

from d i f f e r e n t  sources a r e  not  comparable on an abso lu te  basis , .  

but they provi.de a bas i s  for examining t h e  l i k e l y  range- Bechtel 

acknowledges (**I  t h a t  a number of items a r e  ignored i n  t h e i r  

es t imates .  Nevertheless, .it appears t h a t  t h e i r  es t imates  a r e  

roughly 4 0 %  below those  of o ther  sources. I t  i s  conceivable 

t h a t  they a r e  imputing a s u b s t a n t i a l  bene f i t  t o  t he  s l u r r y  p ipe l ine  
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Figure 9. Comparative cost estimates for coal 
slurry pipelines (1975 in 1975 $). 



through c a p i t a l i z i n g  (thereby.. "locking . i n "  ) most of t h e i r  fu tu re  

shipping cos t s ,  thus  i n su l a t i ng  them from f u t u r e  e sca l a t i on  and in- 

f l a t i o n  of o ther  modes. .This was not  mentioned i n  t h e  r epo r t .  

. . 
D. EHV ~ r a n s m i s s i o n  of  ~ o a i  Derived Enerqy ' 

. - 
A f i n a l  a l t e r n a t i v e  ava i l ab l e  t o  u t i l i t i e s  i s  t o  generate  

power.at  t he  minemouth and t ransmit  t h e  e l e c t r i c i t y  t o  d i s t a n t  de- 

mand cen te r s  v i a  ex t r a  high vol tage transmission (EHV) l i n e s .  Per- 

haps t he  most widely-known proposal of  t h i s  type was . t h e  . r ecen t ly  . . 

abandoned Kaiparowits p ro j ec t ,  sponsored j o i n t l y  by t h e  Southern 
. . 

Cal i forn ia  Edison Co., t he  San Diego E l e c t r i c  and Gas Co., and t h e  
. . . . 

Arizona Public Service Co. This p ro j ec t  would have involved t h e  

coordinated development of four mines i n  southwestern Utah, pro- 

ducing 1 2  mi l l i on  tons  o f , , coa l  annually feeding a  c e n t r a l  3000 MW 
. . 

power p l an t  and a  500 KV transmission system t o  d e l i v e r  t h e  power 

t o  t h e  companies8 respec t ive  s e rv i ce  areas .  ' 

. . 

EHV transmission,  a s  t h e  ana lys i s  i n  t h i s  s ec t ion  w i l l  demon- 
. . 

s t r a t e ,  i s  normally q u i t e  a  b i t  more expensive than o ther  modes fo r  

long d i s tance  shipment of coa l  o r  coa l  derived energy. Transmission 
. . . . 

may be j u s t i f i e d  i n  ins tances  where o ther  modes a r e  unavai lable  o r  

i n  s i tua t i0n . s  where economic and/or environmental c o n s t r a i n t s  pro- 
. . 

h i b i t  l oca t ing  t h e  power p l an t  c lo se r  t o  t he  demand cen te r .  
. . , . . . . , . . 

Most long-distance EHV l i n k s  in,  t h i s  country .. .. have been b u i l t  
.. . 

e i t h e r  t o  improve t ransmiss ion system s t a b i l i t y  o r  t o  t ransmit  power 

between systems having d i f f e r e n t  seasonal  peaking c h a r a c t e r i s t i c s .  

I t  should be emphasized t h a t  the  transmission l i n e s  being discussed 

i n  t h i s  sec t ion  a r e  intended fo r  i n t e r r eg iona l ,  one-way transmis- 
, . 

s ion  of e l e c t r i c i t y  from 4 minek6kth power p l an t  t d .  a  d i ; t&nt ,  skr-  
. . ' ,  ' 1  

v i c e  a rea .  -An en t - i r e ly  d i f f e r e n t  type of  ana lys i s  would be'..required 

t o  i nves t iga t e  t h e  economics o f  bui lding a  c e n t r a l l y  l6cBted p6w:er 
. . 

p l a n t  with transmission f a c i l i t i e s  serving a  number of d ispersed 

load cen te rs .  



Two types of l i n e s  were. examined for  t h i s  study--76 KV AC 

and 600 KV DC. The bas i c  f a c i l i t i e s  cos t s  fo r  these  systems were - 

adopted fr'om t h e  Univers i ty  of I l l i n o i s  study,  ( 2 3 )  which were found 

t o  be i n  rough agreement with data  presented i n  t h e  1970 ~ a t i o n a l  , 

Power Survey. ( 2 4 )  We disagreed 'with severa l  of t h e i r  opera t ing  

assumptions, s o  these  were modified i n  accordance with our own es- 

t imated.* Both l i n e s  were .assumed t o  t ransmit  3000 MW a t  capaci ty ,  

which i s  i n  l i n e  with cur ren t  design es t imates  of maximum p r a c t i c a l  

t ransmiss ion loadings.  

The cos t s  of t he se  systems include c a p i t a l i z i n g  the  sending 

and receiving subs ta t ions  and transmission l i n e s ,  operat ion,  main- 

tenance and ma te r i a l s  required t o  operate  t h e  f a c i l i t i e s ,  and the  

c o s t s  of l o s t  p l an t  capaci ty  and energy due t o  t h e  impedence of 

t h e  systems. These c o s t s  a r e  compared ' t o  those  f o r '  "equivalent" 

u n i t  t r a i n  operat ions  i n  Figure 10. .It  should again be emphasized 

t h a t  t he se  c o s t s  a r e  crude es t imates  and. should be viewed i n  a  

r e l a t i v e ,  r a the r  than an absolute  sense. 

The data  show a  c l e a r  cos t  advantage for  long-distance dc 

t ransmiss ion (over a c ) .  AC i s  more economical a t  d i s tances  below 

500 miles  due t o  t he  much lower cos t s  of AC sendinq and receivinq 

subs t a t i ons .  For longer d i s tances ,  however, t he  lower l i n e  l o s se s  

of  t h e  DC l i n e  more than compensate fo r  the  higher UC subs ta t ion  

c o s t s  and the  dc advantage broadens a s  t h e  transmission d i s tance  

increases .  

* ~ o s t  notably,  a s  follows: CAC estimated t h e  l i n e  would operate  
a t  90% capaci ty  f a c t o r ,  with coal-burning capaci ty  valued a t  
$180/kw. We f e l t  t h a t  70% and $ 4 6 0 / k ~  were more i n  l i n e  with 
cu r r en t  experience. We a l s o  f e l t  a  15.5% f ixed charge r a t e  was 
morc appropriate than CAC' 3 13.2736. 
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Figure 10. Comparative cost for unit train and 
EHV transmission (subbituminous coal, 1975 $).  



E.   ran sport at ion of  O i l  and Gas 

The o i l  and n a t u r a l  gas i n d u s t r i e s  opera te  i n  modes completely 

d i f f e r e n t . f r o m  those  05 t h e  'coal  indus t ry  (and q u i t e  d i f f e r e n t l y  

from each o t h e r ) .  The market fo r  synfue l s  i s  cont ingent  on t h e  

cont inuing dec l i ne  i n  domestic o i l  and gas production coupled with 

economic and/or p o l i t i c a l  d i s i ncen t ive s  t o  importing t he se  f u e l s .  

Many of t he se  f a c t o r s  a r e  only co inc iden t a l l y  r e l a t e d  t o  energy mar- 

k e t  p ressures ;  accordingly ,  t h e  growth r a t e  of a  synfuels  indus t ry  

i s  a h igh ly  specu l a t i ve  ma t t e r .  

Making assumptions concerning t h e  s i z e  of t h e  n a t i o n a l  market 

f o r  t he se  f u e l s ,  market f o r ce s  r e l a t i n g  t o  t h e  c o s t  of coa l  and 

t h e  p i p e l i n e  c o s t  of  t r anspo r t i ng  t he se  f u e l s  t o  consumers can g ive  

some i n d i c a t i o n  of where t h e s e  i n d u s t r i e s  a r e  most l i k e l y  t o  de- 

velop. Since synfue l  p l a n t s  w i l l  be l i k e l y  t o  l o c a t e  a t  t h e  mine- 

mouth (due t o  t h e  h igher  c o s t  of shipping coa l  than of p iping t h e  

products  t o  d i s t a n t  markets)  t h e  western c o a l s  a r e  c l e a r l y  t h e  pre- 

f e r r e d  feedstodk f o r  minimizing t h e  produced c o s t  of energy. 

However, t h e  western s t a t e s  a r e  c u r r e n t l y  producing more o i l  

and gas than they a r e  consuming and once Alaskan suppl ies  begin 

flowing t h e r e  w i l l  l i k e l y  be a  s u b s t a n t i a l  ,energy g l u t  w e s t  of  t h e  

Mis s i s s ipp i  River.  ,The'markets f o r  s y n t h e t i c  oil. and gas (assum- 

ing t hey  e x i s t )  w i l l  l i k e l y  be i n  t h e  nor theas te rn  s t a t e s ,  and - 
t h e r e  c u r r e n t l y  e x i s t s  almost no p i p e l i n e  capac i ty  between t h e  

Rocky Mountains and t h i s  region.  New and i nc r ea s ing ly  expensive 

p i p e l i n e s  w i l l  have t o  be const ructed a s . a  Rocky Mountain synfue l s  

i ndus t ry  expands. 

Conversely, t h e  e a s t e r n  and midwestern coa l  f i e l d s  l i e  square ly  

on t h e  e x i s t i n g  p i p e l i n e  a r t e r i e s  which w i l l  be i nc r ea s ing ly  under- 

u t i l i z e d  a s  Gulf Coast production dwindles (Figure 3 ) .  Simi la r ly ,  

s i n c e  most western production meets cu r r en t  u t i l i t y  NSPS fo r  s u l f u r ,  



synfuel  producers w i l l  be competing with an equal ly  c a p i t a l -  

in tens ive  e l e c t r i c  u t i l i t y  indus t ry  w i l l i ng  t o  pay a premium for  ' . 

t h i s  coal .  Appalachian and Midwestern high su l fu r  coa l  i s  facing 

competition from low su l fu r  suppl ies  and w i l l  probably supply a 

dwindling share  of i t s . c u r r e n t  market. Gaseous e f f l u e n t s  of sul -  

fu r  i n  synfuel  r eac to r s  occur predominently.as H2S., fo r  whieh wel l  ' 

developed removal technologies e x i s t .  Synfuels manufac'turers, 

then,  should h a v e . l i t t l e  incent ive  t o  seek low-sulfur feedstocks; .  . . 

because acid-gas removal systems a r e  i n t e g r a l  t o . t h e  p roces ses , .  

and w i l l  be i n s t a l l e d  regard less  of  ' the feedstock su l fu r  content .  

The quest ion which must be addressed is  whether t h e  combina- 

t i o n  of higher t ranspor ta t ion  c o s t s  ; envigonrnental considerat ions  

and competition for  low-sulfur coa l  w i l l  be s t rong enough t o  d r ive  

t he  synfuels  indus t ry  from t h e  Western region.  

Transportat ion cos t s  fo r  high-Btu Gas and syncrude were formu- 

l a t e d  i n  two p a r t s ;  t he  c o s t  of using ex i s t i ng  p i p e l h e  networks 

where ava i l ab l e ,  and ' - t he ' cos t  of  us ing new construct ion t o  shi'p 

synfuels  products. East'ern coa l s  were assumed t o  use only - t h e  

p ipe l ine  rou tes  passing through t h e i r  loca t ion  and'western reg ions  .. 

(except t h e  Southwest, which could use  t h e  western a r t e r y  t o  sup- 

p ly  t he  Pac i f i c  region) r equ i r e  new p ipe l ine  construct ion.  Where 

combination of new and ex i s t i ng  capac i ty  could be used, t h e  j o i n t  

cost was es t imated .  

Bechtel data  were used t o  es t imate  t h e  c o s t s  of t ranspor t ing  

these  fue l s .  (25 )  A review of n a t u r a l  gas and crude p ipe l ine  maps 

suggested t h a t  t he  networks consis ted,  on t h e  average, of 30" and 

18" p ipe l ines ,  respec t ive ly .  P ipe l ine  capac i ty  es t imates  (26)  in- 

dica ted  t h a t  t h e  synfuels  industry  would attempt t o  t ake  advantage 

of economies of s c a l e  t o  pump t h e  products of severa l  p l an t s  i n  a 

common l i n e .  Accordingly, t he  i n i t i a l  model runs were made assuming 



t r anspor t a t i on  c o s t s  corresponding t o  t h e  network average; where 

a synfuels  flow was i n s u f f i c i e n t  t o  support t h i s  s i z e  p ipe l ine  the  

smal ler  p ipe l ine  was used. 

~ o t h  c a p i t a l  and operation/maintenance cos t s  were assumed t o  

e s c a l a t e  a t  2.5% annually. Once a p ipe l ine  was i n  place,  however, 

i t s  c a p i t a l  charge was he ld  constant  and only OM cos t s  esca la ted .  

A summary of t h e  t r anspor t a t i on  charges which might be incurred i n  

shipping o i l  and high-Btu gas a r e  presented i n  Table 5, along with 

comparable cos t s  of  shipping WNGP subbituminous coa l  and e l e c t r i c i t y .  

Tables B-5 and B-6 i n  Appendix B present  the  synfuels  t rans -  

po r t a t i on  charges adopted for  syn the t i c  high-Btu gas and l i qu ids .  

These were est imated by adapting p ipe l ine  s i z e  t o  t h e  capac i ty  of 

synfue ls  u l t ima te ly  shipped, a s  described above. 

LOW-~tu  g a s i f i c a t i o n  was assumed t o  s u b s t i t u t e  for  o i l  and 

gas  a s  process energy for  heavy manufacturing appl ica t ions .  These 

i n d u s t r i e s  a r e  concentrated along t h e  Ohio River so  only Appalachian 

and Midwestern high s u l f u r  coa l  were permitted fo r  t h i s  purpose, 

and t r anspor t a t i on  charges were assumed t o  be neg l ig ib l e ,  s i nce  t h e  

Ohio River System b i s e c t s  these  t h r e e  supply regions.  



TABLE 5 

Comparat ive  C o s t s  o f  T r a n s p o r t i n g  l o 6  Btu 1000 M i l e s  

(1975 $1 

GAS PIPELINE 

30" P i p e l i n e  

C o n s t r u c t e d  p r i o r  t o  19.75 

On-Line i n  1985 

On-Line 2000 

1 8 "  P i p e l i n e  

On-Line i n  1985 

On-Line i n  2000 

OIL PIPELINE 

C o n s t r u c t e d  p r i o r  t o  1975 

On-Line i n  1985 

On-Line i n  2000 

9" P i p e l i n e  

On-Line i n  1985 

On-Line i n  2000 

EHV ELECTRICAL TRANSMISSION 

WEST & NORTH GREAT PLAINS COAL 

S p o t  Ra.i.1 

U n i t  R a i l  

Coal  S l u r r y  P i p e  (On-Line 1985) 
6  

5x10 Ton P e r  Year  
6 

lox10  TPY 
6 

20x10 TPY 

R i v e r  Barge 

C o a s t a l  C o l l i e r  



V. DETERMINATION OF COAL ALLOCATIONS 

The final step in estimating the cost of each region's energy 

options is to sum the extraction, transportation, and any unusual 

environmental control costs. This section presents the allocations 

resulting from this analysis for each consuming sector. 
. . 

A. Utility Coal Combustion 

Tables B-7 and B-8 in Appendix B present the costs of'deliver- 

ing coal energy to utilities in the nine census regions for 1985 

and 2000. me costs were derived by adding the coal prices in 

Tah1.e~ 1 and 2 to the transportation costs in Tables B-1 and B-2. 

A scrubbing surcharge of 50C/million But in 1985 and 62C/million 

~ t u  in 2000 was added to utility consumption of high sulfur coal, 

as discussed in Chapter 1I.B. 

B. Industrial Coal Consumption 

Tables B-9 and B-10 in Appendix B present regional coal cost 

estimates for industrial users in 1985 and 2000, respectively. 

These costs are sums of the coal costs in Tables 1 and 2 plus the 

industrial transportation costs presented in 'llables b-3 and B-4. 

No penalties were assessed for environmental control. 

C. Gas Supplies 

~t was assumed that the wellhead price of ~ia.L;ural gas will be 

deregulated for al1,markets. Wellhead prices for 1985 and 2000 

were assumed to be $1.93 and $2.19 per million Btu, respectively. ( 2  7 ) 

The shipping costs developed in Table b-5 were added to d r r i v t !  a.t 

the delivered cost to the different regions. 

Substitute natural gas prices were derived by using process 

costs (capital plus operation/maintenance) of $2.95 per million 



~ t u  of gas.  Feed coa l  cos t s  were ca lcu la ted  by mult iplying khe 

coa l  p r i ce s  i n  Tables 1 and 2 by a f ac to r  of 1.61, corresponding 

t o  a p lan t  conversion e f f i c i ency  of 62% and t h e  del ivered cos t  of 

SNG was computed by adding t h e  appropr ia te  t r anspor t a t i on  charges. 

Low-Btu gas c o s t s  were developed by adding a processing c o s t  

of $2.13 per mi l l i on  Btu t o  t h e  raw coa l  c o s t  mul t ip l ied  by a fac- 

t o r  of 1.33 ( thd f ac to r  corresponds t o  a p l an t  conversion e f f i -  

ciency of 75%) . 
Alaskan gas suppl ies  of 1.00 quad were assumed for  1985 and 

2000. The del ivered cos t  of  t h i s  gas was est imated t o  be $3.22 

and $3.79 t o  t h e  East North Centra l  and $3.49 and $4.12 t o  t h e  

pac i f i c  Coast fo r  1985 and 2000, respec t ive ly .  

A t l an t i c  Outer Continental  Shelf (OCS) Gas Supplies of 0.7 

Quads were assumed for  2000 only. These were assumed de l ive rab le  

t o  t h e  A t l an t i c  Coast a t  a ' c o s t  of $2.25 per mi l l i on  Btu. 

The r e s u l t i n g  c o s t s  a r e  presented i n  Tables B-11 and B-12. 

, . 
D. O i l  Supplies 

world o i l  ' p r ices  of $2.24 and $2.87 per mil l ion '  ~ t i i  were as- 

sumed for  1985 and 2000. (28)  Shipping c o s t s  of 7 and. l O C  per m i l -  

l i o n  Btu were added t o  these  c o s t s  fo r  de l ivery  t o  Atlantkc and 

Pac i f i c  po r t s .  The t ranspor ta t ion. .  c o s t s  ind ica ted  i n  Table B-6 

. . were added t o  these  cos t s .  . .  

Synthet ic  crude. .costs  were estimated i n  a manncr s imi l a r  to. 

t h a t  used for  SNG. Processing cos t s -were  assumed. t o  be $2.83 per 

mi l l i on  Btu of product; conversion e f f i c i e n c y  was assumed t o . b e  67%, 

so  feed coa l  p r i c e s  were mul t ip l ied  by a f ac to r  of 1.49. . Finally.,  

t he  appropr ia te  t r anspor t a t i on  charges from Table B-6 were added. 

t o  a r r i v e  a t  t h e  de l ivered  p r i ce s .  

Alaskan o i l  suppl ies  of  4.3 quads were de l ivered  t o  t h e  

Pac i f i c  Coast fo r  both per iods ,  and p ipe l ine  charges were added 



t o  move them eastward. A t l a n t i c  OCS o i l  supp l ies  of  0.59 quads 

were assumed f o r  t h e  year 2000 only .  The r e s u l t i n g  c o s t  op t ions  

a r e  presented i n  Appendix B, Tables B-13 and B-14. 

E. D i s t r i b u t i o n  Scenarios 

Three scenar ios  f o r  coa l  d i s t r i b u t i o n  and consumption were 

genera ted:  one scenar io  including 1.1 quads of  synfuel  production 

i n  1985, and two ca se s  fo r  2000; one with 4.5 quads o f  synfue l s  

production and an acce l e r a t ed  case  wi th  9 quads. It i s  important 

t o  no t e  t h a t  t h e s e  supp l i e s  were "forced" i n t o  t h e  so lu t i on ,  and 

t h a t  some of  t h e  p l a n t s  would no t  be b u i l t  without  t h i s  i n t e r -  

ven t ion .  This i s  p a r t i c u l a r l y  t r u e  of  t h e  coal-derived l i q u i d s ,  

where none could con~pete wi th  t h e  assumed world o i l  p r i c e  i n  1985 

o r  2000. 

The 1985 s cena r io  incorporated t h e  production of t h e  following 

synfue l s :  
Approximate 

1 0 l 2  Btu Produced No. of P l an t s  

LOW ~ t . 1 1   as 500 

High Btu Gas 500 

Syncrude 100 

Low ~ t u  gas  production,  as discussed in Seetion I V ,  ~ a c  

l i m i t e d  t o  t h e  Appalachian reg ions  and t h e  Midwest. Since only  

a s i n g l e  syncrude p l a n t  would be on l i n e  by 1985, it was decided 

t o  a r b i t r a r i l y  p lace  t h i s  p l an t  i n . t h e  Midwest, s i n c e  it w i l l  be, 

i n  l a r g e  p a r t ,  a research  f a c i l i t y .  Illhe lucaLion of s u b s t i t u t e  

g a s  production and a l l  coa l  shi-pments were cons t ra ined  on ly  by t h e  

a v a i l a b i l i t y  of adequate coa l  supp l ies .  

The d i s t r i b u t i o n  of  coa l  f o r  t h i s  run i s  presented i n  Tables 

6 and 7 fo r  d i r e c t  combustion and coa l  conversion,  r e spec t i ve ly .  



TABLE 6 

1985 D i s t r i b u t i o n  o f  Coal f o r  D i r e c t  Consumption 

(1012 Btu)  

Demand Reg i o n  

East , East West West 
Coal Supply S u l f u r  New Midd le  South Nor th  South Nor th  South Rocky 
Reg ion  Content A p p l i c a t i o n  England A t l a n t i c  A t l a n t i c  Cent ra l  Cent ra l  Cent ra l  Cen t ra l  Mountain P a c i f i c  

Nor th  Low U t i l i t y  8  8  286 
Appalachia I n d u s t r i a l  

High U t i l i t y  2057 
I n d u s t r i a l  34 602 

South Low U t i l i t y  
Appalachia I n d u s t r i a l  

High U t i l i t y  
l n d u s t r i a l  

I 

VI M i  dwes t Low U t i l i t y  
l n d u s t r i a l  

I H igh U t i l i t y  
l n d u s t r i a l  

Gul f  H igh U t i l i t y  
l n d u s t r i a l  

East North. Low U t i l i t y  
Great P l a i n s  I n d u s t r i a l  

High Uti.1 i t y  
l n d u s t r i a l  

West Nor th  Low U t i l i t y  
Great P l a i n s  I n d u s t r i a l  

High U t i l i t y  
l n d u s t r i a l  

Rocky Mountain Low U t i l  i t y  
I n d u s t r i a l  

Southwest Low U t i l i t y  
l n d u s t r i a l  

H igh U t i l i t y  
l n d u s t r i a l  



TABLE 7 

1985 Consumption o f  Coal f o r  Synfue ls  P rocuc t i on  

(Synfue ls  Froduced i n  1012 Btu) 

S y ~ f u e l  Consumption R e g i o ~  

Reg i o n  o f  Coal Feed Type o f  East E3st West West 
Synfuei  S u l f u r  Synfuel  New Midd le  South Nor th  S ~ t h  Nor th  South Rocky 
Product io f i  Content Produced Englanc A t l a n t i c  A t l a n t i c  Cen t ra l  Czn t ra l  Cen t ra l  Cen t ra l  Mountain P a c i f i c  

Nor th  . H igh Low Btc  Gas 500 (6) 
Appalachia High Btc Gas 170(2) 

L iqu ids  

South High LOW u t u  cias 
Appalachia High Btu  lGas 

L i q u i d s  

M i  dwes t High LOW ucu -bas 
I H i g h B t u  Gas 
cn L i q u i d s  
03 

I - G u l f  High High Btu  Gas 
L i q u i d s  

East Nor th  Low Hligh Btu  tias 
Great 'Pla i ns L i q u i d s  

H igh  High Btu  Gas 
L i q u i d s  

West Nor th  Low H i g h B t u  Gas 
Great P l a i n s  - i q u i d s  

H igh E i g h B t u  Gas 
L iqu ids  

Rocky Low E i g h B t u  Gas 
Mountain, L i q u i d s  

Sou tnwest Low High B t u  Gas 
L i q u i d s  

H igh High B tu  Gas 
L i q u i d s  



For t h e  2-year 2000 runs ,  a l l  synfuels  p l a n t s  were allowed 

t o  l o c a t e  i n  any region,  except  f o r  Low-Btu gas p l a n t s ,  a s  above. 

P l an t s  generated by t h e  1985 run were "forced" t o  remain. Syn- 

f u e l s  production fo r  t h e  two cases  were assumed t o  be a s  fol lows:  

4.5 Quad 9 ~ u a d  
"Most Likely"  Case "Accelerated" Case 

lo12 ~ t u  P l an t s  lo12 ~ t u  P l an t s  

. . 
High-Btu Gas 2000 25 4000 50 

LOW-~ tu  Gas 1500 19 3000 38 

Syncrude 1000 10 2000 20 

The demand by i n d u s t r i a l  and u t i l i t y  coa l  consumers was he.ld 

cons tan t  f o r  t h e  two c a s e s ; . t h e  add i t i ona l  synfue l s  produced i n  

t h e  acce l e r a t ed  case  reduced t h e  importa t ion of  LNG and fo re ign  

o i l .  This h igher  l e v e l  of  synfue l s  requ i red  15% more coa l  than 

nominal supp l ies .  Each reg iona l  supply was e sca l a t ed  by t h i s  fac- 

t o r  t o  accommodate t h e  increased demand. This  inc reases  t h e  na- 

t i o n a l  coa l  production i n  2000 t o  s l i g h t l y  more than 2 . 1  b i l l i o n  

tons ,  which is  wel l  wi th in  t h e  realm of  p o s s i b i l i t y ,  r epresen t ing  

a 4.9% annual growth r a t e  between 1975-2000. 

The model d i s t r i b u t i o n s  generated by t h e s e  two . runs  a r e  pre- 

sented i n  Tables 8 through 11. 



Table 8 

2000 Direct Coal Consumption - 4.5 Quad Synfuel Production 

(1012 Btu) 
. . 

Demand ' ~ e ~  i'bn 

East East West West 
Coal Supply Sulfu- New qiddle South North South North South Rocky 
Reg ion Contect App;ication England 4tiantiz Atlantic Central Central Central Central Mountain Pacific 

North Low Utility 507 
Appalachia Industrial 

Hig- U t ~ l ~ t y  21 10 
Industrial cf  R77 

South Low Utility 128 ' 992 
Appalachia Industrial 

High Utility 
lndustrial 

I M i  dwes t Low U t i r ~ r y  
m 
0 

lndustrial 

I 
High Utility 

lndustrial 

High Utility 
lndustrial 

East North, Low Utility 
Sreat Plains Industrial 

High Utility 
lndustrial 

West N.orth Loh Utility 
Great Plains Industrial 

High Utility 
lndustrial 

Rocky Mountaln Low Utility 
Industrial 

Southwest Low Utility 
lndustrial 

H1c.i Ut i 1 i ty 
lndustrial 



TABLE 9 

2000 Coal Consumption f o r  Synfuels - 4.5 Quads Produced 

1012 Btu  Synfue ls  ( 4  o f  P lan ts )  

Reg i o n  o f  Coal Feed Type o f  East  East West West 
Synfue l  Sul f u r  Synfuel  New M idd le  South Nor th  South Nor th  South Rocky 
P roduc t i on  Content Produced England A t l a n t i c  A t l a n t i c  Cen t ra l  Cen t ra l  Cen t ra l  Cen t ra l  Mountain P a c i f i c  

N o r t h  H igh Low Btu  Gas 5OC.(6) 693 (8) 
Appalach iz  H igh B tu  Gas 170(2) 

L i a u i d s .  

South High 
Appalach ia  

Midwest H igh  

Gul f  High 

East Nor th  Low 
Great Pla i ns 

Higk 

West Nor th  Low 
Great Pla.ins 

High 

Rocky Low 
Mountain 

. Southwest Low 

High 

LOW u t u  Gas 
High B tu  Gas 
L i q u i d s  

Low B t u  Gas 
High B tu  Gas 
L i q u i d s  

High'Btu tias 
L i q u i d s  

H igh B tu  Gas 
L i q u i d s  

High B tu  Gas 
L i a u i d s  

H igh u t u  bas 
L i q u i d s  

High Btu  Gas 
L i q u i d s  

H igh Btu  bas 
L i q u i d s  

High B tu  Gas 
L i q u i d s  

High B tu  Gas 
L i q u i d s  



TABLE 10 

2000 Diyect Coal Combustion - 9 Quad Synfuels Production 
(1012 Btu) 

Demand ' . k g  ion 

East East West West 
Coal Supply Sulfur N e w  Middle South North South North South Rocky 
Reg ion Ccntent Application Ertgl.snd Atlantic Atlantic Central Central Central Central Mountain Pacific 

North L o w  Utility 608 
Appalachia Industrial 

High Utility 2 0 f 8  
industrial 52 877 

south L o w  Utility 128 9 1'3 3119 6 3 7  1751 
Appalachia Industrial 

I High Utility 
m 
I\: Industrial 8 9 5  . 588 477 
I Midwest L o w  Utility 

lndustrial 
High Utility 

lndustrial 

Gulf High Utility 
lndustrial 

East North L o w  Utility 
Great Plains Industrial 

!High Uti1 ity 
lndustrial 

West North L o w  Utility 
Great Plains Industrial 

!High Ut i 1 i ty 
lndustrial 

Rocky Mountain Low Utility 
lndustrial 

'Southwest Low Utility 
lndustrial 

H i g h  Utility 
lndustrial 



TABLE 11 

2000 - Synfue ls  Product ion  - 9 Quad T o t a l  Product ion  

Synfue ls  i n  1012 Btu  ( #  o f  P lan ts  Required) 

Reg i o n  o f  Coal Feed Type o f  East East West West 
Synfuel S u l f u r  Synfuel  New M idd le  South Nor th  South Nor th  South Rocky 
P roduc t i on  Content Produced England ~ t l a n t i c  A t l a n t i c  Cen t ra l  Cen t ra l  Cen t ra l  Cen t ra l  Mountain P a c i f i c  

Nor th  H igh Low B tu  Gas 880 ( 1 0 )  1063 ( 1 3 )  
Appa lach ia  H i g h B t u  Gas 170 ( 2 )  

L i q u i d s  

South High Low B tu  Gas 
Appalachia H igh Btu  Gas 

I L i q u i d s  
m 
,W 

Midwest H igh Low B t u  Gas 

. I 
High B tu  Gas 
L i q u i d s  

G u l f  H igh High B tu  Ges 
L i q u i d s  

East N o r t h  Low High B tu  bas 
Great Pla i ns L i q u i d s  

~ i g h  High B tu  Gas 
L i q u i d s  

West Nor th  Low High Btu  Gas 
Great P l a i n s  L.i qu ids  

H igh  High B tu  Gas 
L i q u i d s  

Rocky Low High B tu  Gas 
Mountain L i a u i d s  

Southwest Low High t l t u  Eas 
L i q u i d s  

H igh High B tu  Gas 
L i q u i d s  



VI. POTENTIAL NATIONAL MARKET PENETRATION OF COAL-BASED SYNTHETICS 

~t i s  observed i n  t h e  ana lys i s  t o  t h i s  point  t h a t  the  conver- 

s ion  of  coa l  t o  syn the t i c  l i q u i d s  and gases i s  not  v iab le  i n  com- 

par ison t o  t he  assumed p r i c e s  of competi t ive natural ly-occurr ing 

o i l  and gas.  However, t h e  ana lys i s  i s  use fu l  i n  a  r e l a t i v e  sense,  

s i n c e  it provides t h e  optimal reg iona l  a l l o c a t i o n s  of resources i n  

t h e  face  of poss ib le  changing supply curves for  conventional fue l s .  

~t is  a l s o  i n s t r u c t i v e  t o  determine t h e  economic boundaries where 

s y n t h e t i c  f u e l s  become competi t ive.  

This i s sue  is  addressed using t h e  Brookllaven Energy System 

Optimization Model (BESOM). The model has been used ex tens ive ly  

i n  addressing na t iona l  po l icy  and technological  i s sues  i n  support 

of  var ious  ERDA programs. Br ie f ly ,  BESOM is  a  linear-programming 

opt imizat ion model which a l l o c a t e s  resources  ( suppl ies )  t o  meet 

exogenously spec i f i ed  demands i n  a l l  consuming sec to r s .  Technolo- 

g i e s  a r e  defined f o r  a l l  opera t ions  involving s p e c i f i c  f u e l s  in- 

c luding t h e i r  ex t r ac t ion ,  refinement, conversion, t r a n s p o r t ,  d i s -  

t r i b u t i o n ,  and u t i l i z a t i o n .  Considerable technological  d e t a i l  i s  

a l s o  included i n  comsuning sec to r s ,  containing d e t a i l e d  end-use 

device  c o s t s  and e f f i c i e n c i e s .  

The model encompasses t he  e f l t i re  energy system and r e f l e c t s  

t h e  f u l l  f e a s i b l e  range of i n t e r f u e l  s u b s t i t u t a b i l i t y .  It includes 

both e l e c t r i c  and none lec t r i c  energy forms and focuses on t h e  tech- 

n l c a l ,  economic, and environmental c h a r a c t e r i s t i c s  of t he  energy 

conversion, de l ivery ,  and u t i l i z a t i o n  devices t h a t  make up the  en- 

ergy system. The a n a l y t i c a l  approach, i n  i L s  cjerleral form, con- 

s i d e r s  n  a l t e r n a t i v e  supply ca tegor ies ,  and a  s e t  of m demand 

ca t ego r i e s ,  providing n  x  m poss ib le  supply-demand combi~lativns 

ur paths.  The so lu t ions  obtained ind ica t e  t h e  optimal supply- 

demand conf igurat ion of  t h e  energy system within  t h e  cons t r a in t s  



on resources,  demands, and environmental impacts t h a t  a r e  spec i f i ed  

exogenously. The model may be formulated on a regional  o r  na t iona l  

l e v e l  fo r  some fu tu re  planning year by specifying,  along with t h e  

appropr ia te  cons t r a in t s ,  a  c o s t  c o e f f i c i e n t ,  supply e f f i c i ency ,  

u t i l i z a t i o n  e f f i c i ency ,  and s e t  of environmental impacts fo r  each 

f e a s i b l e  supply-demand combination. The load-duration character-  

i s t i c s  of  e l e c t r i c a l  demands a r e  a l s o  incorporated i n  t he  model. 

The optimization may be performed with respec t  t o  c o s t ,  o r  a l t e r -  

na t ive ly ,  with respec t  t o  an environmental e f f e c t  o r  some a r b i t r a r y  

combination of such e f f e c t s .  Other ob jec t ives  and po l icy  i s sues  

may be incorporated i n  t he  model through c o n s t r a i n t  equations.  

BESOM a l s o  provides economic i n s i g h t s  regarding t h e  values of 

var ious  f u e l s  i n  meeting demands. The model generates t h e  marginal 

value  of fue l s  which a r e  f u l l y  u t i l i z e d  a t  t he  l e v e l  ' to  which t h e y .  

a r e  constra ined,  thus  ind ica t ing  the  value t o  t h e  energy system of 

incremental (marginal) suppl ies  of t h a t  fue l .  

The model was used i n  the  following mode. A group of  poten- 

t i a l  coal-based suppl ies  cons i s t i ng  of low and high Btu gas ,  coal  

l i q u i d s ,  methanol and hydrogen were assumed t o  be ava i l ab l e  t o  

compete with conventional o i l  and gas i n  t h e  year 2000. The p r i c e  

schedule for  f u e l s  used was: 

6 
Crude O i l :  $2.87/10 Btu 

Natural Gas: 
6 

2-19/10 Btu 

coa l  : 0.65/106 Btu 

These a r e  wellhead and minemouth f u e l  p r ice .  The coa l  p r i c e  

i s  t h e  average minemouth p r i c e  of a l l  t h e  coa l  used i n  t h e  regional  

analyses ,  The opt imizat ion model adds t r anspor t a t i on ,  r e f i n i n g  

and markup charges t o  t h e  producer p r i ce s ,  r e s u l t i n g  i n  a de l ivered  

c o s t  t o  t h e  consuming sec to r  which i s  appropr ia te  fo r  t h a t  part. 

o f  t h e  market. 



The syn the t i c  coal-based f u e l  cons t r a in t s  i n  t h e  year 2000 

were assumed below: 

coa l  Liquids: 2.0 x B t u  

High Btu Gas : 2.0 1015 B t u  

LOW ~ t u  Gas : 3.0 x lo15 Btu 

Hydrogen: 2.0 Btu 

The bas i c  f u e l  p r i ce s  assumed above were r a i s ed  incrementally 

a t . c o n s t a n t  r a t e s  t o  a s c e r t a i n  t h e  competi t ive p r i c e s  of  o i l  and 

gas  a t  which t h e  syn the t i c  f u e l s  entered t h e  so lu t ion .  The re-  

s u l t s  a r e  shown i n  Figure 1 L .  Thus, fo r  example, coa l  l i q u i d s  

a r e  t h e  f i r s t  syn the t i c  fuel ente r ing  the  market, a t  a production 
6 

c o s t  of  $ ?  .70/106 Btu based on a coa l  c o s t  of  $P.79/10 ~ t u .  Then, 

i n  succession low Btu gas,  hydrogen, and f i n a l l y  syn the t i c  n a t u r a l  

gas (SNG) en t e r  t h e  market, but  the  SNG i s  competi t ive only  when 

n a t u r a l  gas is  about $4.56/106 Btu, and a t  a coa l  p r i c e  of $1.28/ 
6 

10 Btu ($27.50 per t o n ) .  It should be noted t h a t  c a p i t a l  and O&M 

charges for  syn the t i c  f u e l s  were he ld  constant  i n  t h e  ana lys i s  bu t  

the coal cast was r a i s e d  a t  t h e  same percentage r a t e  as  o i l  and 

gas .  Table 1 2  summarizes t h e  marginal values of t h e  syn the t i c  

fuels i n  meeting demands; i. e., the po.Leri.Lia1 savings t o  t h e  energy 

system of an add i t i ona l  u n i t  of  supply from t h a t  source,  i f  it be- 

comes ava i lab le .  It is  apparent t h a t  a s  conventional o i l  and gas  

p r i c e s  r i s e ,  t h e  syn the t i c  f u e l s  become of increasing value t o  t h e  

energy system, even a s . c o a 1  p r i c e s  r i s e .  
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Figure 11. Synthetic fuel costs vs. coal cost. 



TABLE 1 2  

MAFLGINAL VAWES OF COAL SYNTHETICS 
(Al.1 i n  $ / l o 6  Btu) 

Crude oil 
z o s t  

N a t u r a l  Gas 
Cos t  

Coa l  
Cos t  

Coal  Liquid:  
Cos t  
Marg ina l  i a l u e  

SNG 
C o s t  
Marg ina l  i r a l u e  

Low Btu Gas 
C o s t  
Marg ina l  Value  

Hydrogen 
Cos t  
M z r g i n a l  i7alue  

Note:  Where no entry- e x i s t s ,  s y n t h e t i c  f u e l  was nor -compet i t ive  and n o t  u s e d .  



V I I .  IMPLICATIONS AND CONCLUSIONS I N  THIS STUDY 

The preceding ana lys i s  has provided a da ta  base and method- 

ology from which t h e  impl icat ions  of c o a l ' s  " r e b i r t h "  may be ad- 

dressed.  While regional  d i s t r i b u t i o n  pa t t e rns  have been developed 

within  t he  confines o f  our supply, demand, and c o s t  assumptions f o r  

1985 and 2000, t h e  l i m i t a t i o n s  of t h e  methodology preclude the  con- 

s i d e r a t i o n  of these  pa t t e rns  a s  " forecas t s"  o r  "project ions ."  

These l imi t a t i ons  deserve reemphasis a t  t h i s  time t o  provide 

an adequate foundation for  d iscuss ion which w i l l  follow. F i r s t ,  

it was assumed t h a t  coa l  d i s t r i b u t i o n  i n  t hese  years  would take  

place  i n  such a way a s  t o  minimize the  t o t a l  c o s t  of coa l  energy 

t o  a l l  users  based on " today 's"  c o s t  p ro jec t ions .  This ignores t he  

r e a l i t y  t h a t  much of t he  cur ren t  coa l  d i s t r i b u t i o n  i s  based on t h e  

perceived cos t s  of 5 t o  30 o r  more years  ago, and t h a t  coa l  users  

have s u b s t a n t i a l  c a p i t a l  and cont rac tua l  incen t ive  t o  maintain these  

shipments fo r  t h e  l i f e t i m e s  of these  f a c i l i t i e s .  

Another l i m i t a t i o n  is  t h a t  we have assumed t h a t  coa l  supp l i e r s ,  

shippers ,  and consumers w i l l  a c t  a s  independent bargaining u n i t s  

l im i t ed  by t h e  energy opt ions  permitted by the  model. An example 

of the  shortcomings of t h i s  approach is  t h a t  it ignores t h e  incen- 

t i v e s  of i n t eg ra t ing  operat ions  a s  American E l e c t r i c  Power i s  doing 

by preparing an i n t e g r a l  u n i t  t r a i n b a r g e  network for  shipping west- 

e r n  coa l  t o  their O h i o  River Valley service area .  

BY shipping coa l  from supply t o  demand cen t ro ids ,  t h e  wide 

va r i a t i on  i n  c o s t s  introduced by t h e  geographically dispersed na- 

t u r e  of both has  been ignored. This precludes,  fo r  example, t h e  

opt ion of bui lding minemouth generat ing p l an t s  fo r  serving l o c a l  

e l e c t r i c i t y  requirements, thus  avoiding intermediate coa l  t rans -  

po r t a t i on  charges e n t i r e l y .  The Rocky Mountain demand region,  fo r  

example, encompasses 850 thousand square miles ,  t h e  West North Gr.eat 



Pla ins ,  Rocky Mountain, Southwest, and p a r t  of t h e  East North Great 

P l a in s  supply regions ,  bu t  i s  represented i n  t h e  model a s  a point  

demand a t  S a l t  Lake City.  This introduces a b i a s  away from l o c a l  

consumption of some o f  t h i s  coa l  and leads  t o  an overest imation of 

t h e  aggregate coa l  t r anspor t a t i on  charges which w i l l . a c t u a l l y  be 

borne .by c o a l  u se r s .  

wi th in  these  cons t r a in t s ,  however, t h e  pa t t e rns  from a reason- 

a b l e  b a s i s  fo r  explor ing t h e  supply, t r anspor t a t i on ,  and demand 

i s s u e s  which w i l l  inf luence t h e  expansion of coa l  use i n  t he  U.S. 

dur ing t h e  f i n a l  quar te r  of  t h i s  century.  By reg iona l iz ing  t h e  

supply and demand components, i s sues  which w i l l  bear heav i ly  on 

t h e s e  regions  may be examined more c lo se ly .  This i s  e spec i a l l y  im- 

po r t an t  f o r  t he  r e l a t i v e l y  undeveloped supply regions i n  the Rocky 

Mountains which w i l l  bear t h e  brunt  of  t h e  environmental impacts 

should cu r r en t  fo recas t s  of  expansion of t h e i r  production be borne 

ou t .    he l i n e a r  programming format allows f i r s t -o rde r  es t imates  

t o  be made of t h e  impacts of such p o l i c i e s  a s  an increase  i n  reg ions '  

severence taxes  and t h e  i n s t i t u t i o n  of a na t iona l  po l icy  t o  scrub 

a l l  coa l - f i red  power p l an t s .  

This chapter  w i l l  undertake t o  explore some of  these  i s sues  

by f ~ c u s i n g  on coa l  supply., t rar~spcrr ta t ion,  and demand in .  t u r n ,  

and, wi th in  each of t hese  t h ree  a reas ,  by examining those  r ey iu l i s  

which have the  g r e a t e s t  s t ake  or  which have t h e  l a r g e s t  number of 

op t ions .  

The model formulation and t h e  d i s t r i b u t i o n  pa t t e rns  generated 

bo th  suggest  t h a t  t h e  g r e a t e s t  number of  opt ions  and t h e  l a r y e s t  

impacts w i l l  r e s u l t  in t h e  e l e c t r i c  u t i l i t y  sector of coa l  use. 

Subs t an t i a l  supply impacts may be expected i n  the  w c s k r n  s t a t e 9  

from t h e  expansion of u t i l i t y  coa l  use and from expansion of a 

s y n t h e t i c  f u e l s  indus t ry ,  both through a rap id  increase  i n  mining 

employment and through an expansion of consumptive water .use fo r  



syn the t i c  f u e l s  production. This l a t t e r  impact, w i l l  be minimal 

i n  1985 but  could become c r i t i c a l  by 2000, p a r t i c u l a r l y  i f  an ac- 

ce l e r a t ed  synfuels  po l icy  i s  pursued. 

A t  t he  reg iona l  l e v e l  of aggregation we have spec i f i ed  t h e  

non-u t i l i t y  i n d u s t r i a l . s e c t o r  i s  seen t o  have t h e  fewest opt ions  

and w i l l  be minimally impacted by var ious  coa l  po l icy  opt ions .  

This i s  t r u e  because.of t h e  model requirement of r e l a t i v e l y  expen- 

s i v e  spo t - r a i l  coa l  t r anspor t a t i on ,  fo r  indus t ry  thus  e f f e c t i v e l y  

reducing t h e  geographic "radius"  from which coa l  could be economi- 

c a l l y  t ranspor ted ;  it is  a l s o  reasonably due t o  each i n d u s t r i a l  

consumer's r e l a t i v e l y  low coa l  requirements and t o  t h e  small f rac-  

t i o n  of t o t a l  manufacturing c o s t s  a t t r i b u t a b l e  t o  energy cos t s .  

The s t e e l  industry ,  which was no t  modeled, has loca ted  wi thin  

c lo se  proximity t o  t h e i r  coking coa l  and i ron  o r e  reserves  and 

many s i m i l a r . 1 ~  be expected t o  be l a r g e l y  unaffected by national. 

and/or reg iona l  coa l  po l i c i e s .  

. . 
A.  Coal Supply 

Tables B-7 and B-8 subs t an t i a t e  t h e  economic i n t e r e s t  shown by 
, .  . 

midwestern u t i l i t i e s  i n  western coal .  Eastern u t i l i t i e s  a r e  s een .  . . .  

t o  demand almost s i x  quads more coa l  energy than w i l l  be ava i l -  

ab le  from eas t e rn  low s u l f u r  coa l  production i n  1985 and 2000. 

Nowhere is t h i s  shortage more c r i t i c a l  than i n  t h e  East  North Cen- 

t r a l  region,  where u t i l i t y  demand w i l l  o u t s t r i p  midwestern low sul-  
. . 

f u r  production by more than 10 t o  1. The s h o r t f a l l  w i l l  have t o  

be met by using some combination.of high s u l f u r  ea s t e rn  coa l  wi th  
. . 

f l u e  gas desu l fu r i za t ion  and importing low s u l f u r  western coal .  

Tl~e c o s t  es t imates  in these  Tables po in t  ou t  t h a t  importing coa l  

from t h e  West North Great P la ins  regions  is  more than 20C per m i l -  

l i o n  ~ t u  cheaper than using high s u l f u r  ea s t e rn  coa l  with scrubbers,  



~t t h e  same t i m e ,  t h e se  c o s t s  po in t  ou t  t h e  quandary t h a t  

u t i l i t y  execut ives  f i n d  themselves i n .  Current  Federal  environ- 

mental po l i cy  makes scrubbing mandatory i n  a l l  new coa l - f i r ed  power 

p l a n t s ;  a scrubbing surcharge w i l l  have t o  be added t o  t h e i r  c o s t s  

a s  we l l ,  which almost d i c t a t e s  t h e  use of  midwestern high s u l f u r  

c o a l  wi th  scrubbers .  

North and Merkhofer es t imated damage c o s t  of 18 and 46Q per 

pound of  s u l f u r  emit ted  by r u r a l  and urban power p l a n t s  i n  1975; (29) 

such g r e a t  unce r t a in ty  a t tended t h e i r  e s t imates ,  however, t h a t  con- 

f idence  limits placed on t he se  average es t imates  ranged from a low 

of 8C per pound fo r  t h e  r u r a l  p l a n t  t o  a  h igh of  $2.00 f o r  t h e  

urban p l a n t .  Using t h e s e  average es t imates  a s  t h e  b a s i s  f o r  an 

emissions t a x ,  and wi th  a choice  of burning e i t h e r  3.0 l b s  s u l f u r /  

m i l l i o n  Btu midwestern coa l  o r  0.65 l b s .  su l fu r /mi l l ion  ~ t u  west- 

e r n  c o a l  with o r  without  an 80% e f f e c t i v e  scrubber assumed t o  be 

a v a i l a b l e  f o r  90% of  t h e  p l a n t ' s  normal opera t ion ,  a  u t i l i t y  might 

be confronted by supplementary environmental charges a s  shown i n  

Table 13.  

While t h e  supplementary c o s t s  presented i n  Table 13  a r e  hypo- 

t h e t i c a l ,  they suggest  t h a t  i n  most circurostarices of acce l e r a t ed  

environmental c o n t r o l  u t i l i t i e s  w i l l  s t i l l  have d suLsLaiiL.ia1 incen- 

t i v e  t o  use  low s u l f u r  coa l ,  al though t h a t  i ncen t i ve  w i l l  probably 

be lower than under New Source Performance Standards. It is  worth 

no t ing  t h a t  i n  most urban A i r  Qual i ty  Control key iv l~s  Ll~e o i ~ l y  

p l a n t  which could  be b u i l t  today i s  t h e  low s u l f u r  pldr~L wiL1.1 FGD 

and t h a t  t h e  scrubbed high-sul fur  p l a n t  would have t o  shu t  down 

wi th  each scrubber outage tu 11tee.l: Llle NSPS. 

Two s i g n i f i c a n t  conclusions emerge from t h e  preceding discus-  

s i on .  F i r s t ,  it is  l i k e l y  t h a t  a s u b s t a n t i a l  market f o x  western 

c o a l  w i l l  e x i s t  i n  midwestern dud e a s l e r n  u t i l i t y  markets; i t s  



TABLE 1 3  

SUPPLEMENTARY ENVIRONMENTAL CHARGES 

TO A HYPOTHETICAL UTILITY 

6 
(1985 i n  1975 C/10 Btu) 

AVERAGE 
FGD EMISSIONS 

C ~ E  (Ibs S/ l06s tu )  

(4) (6) 
(=2+4) 

URBAN PLANT 
EMISSIONS TAX TOTAL CHARGE 

(@46 C/1063';tu) 

(7) (8). 
(=2+7) 

RURAL PLANT 
EMISSIONS TAX TOTAL CHARGE 

(@18 C / 1 0 6 ~ t u )  



r a t e  of pene t ra t ion  w i l l  be a funct ion of t h e  combination of  tech- 

no log ica l  and/or emission t a x  f i x e s  decided on by f ede ra l  and s t a t e  

environmental agencies. Secondly, it i s  apparent t h a t  markets fo r  

h igh s u l f u r  coa l  w i l l  become increas ing ly  depressed by any fu r the r  

t igh ten ing  of emission standards.  

On t h e , b a s i s  of our cos t  assumptions, t he  model a l l oca t ed  

roughly 2.1 quads of  western coa l  t o  u t i l i t y  markets e a s t  of t h e  

Miss i ss ipp i  ~ i v e r  i n  1985 and twice t h a t  amount i n  2000. The bulk 

o f  t h i s  quan t i t y  i s  luw s u l f u r  subbituminous coa l  o r ig ina t ing  i n  

Montana and Wyoming b m ~ n d  for  u t i l i t i c c  i n  t h e  Chicagu drea, where 

t h i s  coa l  accounts fo r  41% of t h e  coa l - f i red  generat ion i n  1985 

and averaged 92% fo r  t h e  two 2000 cases.  These a l l oca t ions  were 

f e l t  t o  be unreasonably concentrated a s  a r e s u l t  of t h e  l i n e a r  pro- 

gramming formulation--a more r e a l i s t i c  conclusion is  t h a t  West 

North Great P la ins  coa l  would account fo r  29% of t he  coa l - f i red  

e l e c t r i c  generation i n  t h e  East Centra l  region i n  1985 and 65% i n  

2000. This amounts t o  89 mi l l i on  tons  i n  1985 and 236 mi l l i on  tons  

i n  2000. In 1975, East Centra l  u t i l i t y  coa l   demand^ from the  NcrrLh- 

e r n  Great P la ins  region t o t a l e d  roughly 20 mi l l i on  tons ,  (30) so 

these  l e v e l s  do not  seem unreasonable. 

~ o t a l  WNGP coa l  p r o d ~ ~ c t i o n  i n  1985 wao estimated Lu be 274 
. ,  

mi l l i on  tons  of which some 230 mi l l i on  tons  w i l l  be d i s t r i b u t e d  t o  

regions  ou ts ide  t h e  Rocky Mountains. E s t  h a t i n g  mining praduc L i v  i ty 

a t  1.25 .toris per man-day i n  t h i s  region I eads t o  an es t imate  of  7600 

add i t i ona l  mine personnel i n  t h i s  region by 1985, o r  a t o t a l  popu- 

l a t i o n  in f lux  o f  some 38,000 people between 1975 and.1985, includ- 

ing fami l ies  and t h e  ancil.1ary support  recpiscd to mainLairl a number 

of  new mining towns. Between 1985 and 2000 an add i t i ona l  10,000 

miners would be required,  so' t h a t  these  production fo recas t s  imply 

an in f lux  of  roughly 90,000 penpIe i n t o  t h e  coutheasterli  ~ u n t a n a /  

nor theas te rn  Wyoming a rea  during t h e  coming 25 years .  



~ s t i m a t i n g  average seam thickness  a t  40 f e e t ,  commulative 

land dis turbance d u r i n g , t h i s  period w i l l  be roughly 220 square 

mi les ,  assuming 90% coa l  recovery, wi th  a commulative coa l  produc-. 

t i o n  of roughly 9 b i l l i o n  tons  from t h i s  region. This production 

i s ' e q u i v a l e n t  t o  15% of the  s t r i ppab le  coa l  reserves  of Montana 

and Wyoming, t o  4.5% of t h e i r  t o t a l  rese rves  and 2.6% of t h e i r  com- 

bined resources.  (31) Very c l e a r l y ,  then,  environmental and i n s t i -  

t u t i o n a l  problems assoc ia ted  with r a p i d l y  expanding t h e  Western 

coa l  indus t ry  w i l l  form the  crux of  any problems i n  a t t a i n i n g  these  

supply l e v e l s ;  t h e  coa l  resource base w i l l  hardly  be touched dur- 

ing t h i s  period.  

B. Coal Transportat ion 

The rap id  expansion an t i c ipa t ed  i n  coa l  production, e spec i a l l y  

i n  t he  western regions ,  w i l l  demand an even g rea t e r  increase  i n  t he  

capac i ty  of t h e  t r anspor t a t i on  indus t ry  t o  s h i p  coa l .  The d i s t r i -  

but ion pa t t e rns  generated fo r  1985 and 2000 suggest  t h a t  average 

coa l  t r anspor t  d i s tances  w i l l  i nc rease  a s  u t i l i t i e s  t a p  d i s t a n t  

sources of low-sulfur coal .  Since most "new" sources of low-sulfur 

suppl ies  a r e  located i n  t he  Rocky Mountains it is  apparent t h a t  the  

r a i l r o a d s  w i l l  c a r r y  t h e  bulk of t h i s  increased t r a f f i c .  

While t h e  geographic aggregation employed i n  our methodology 

tends t o  overest imate t h e  d i s tances  of a c t u a l  coa l  shipments we 

f e l t  t h a t  i t w u l d  be u se fu l  t o  apply a crude " f ix"  on these  ship- 

ments t o  ob ta in  a f i r s t -o rde r  es t imate  of  t he  magnitude of t hese  

increased se rv ice  requirements. Accordingly, a c t u a l  1975 u t i l i t y  

coa l  shipments a s  repor ted by t h e  F'ederal Power Commission ( 3 2 )  were 

aggregated 0x1 t h e  b a s i s  of our supply and demand regions  and t h e  

"average" shipping d i s tance  was computed. This es t imate  was then 

compared with  t he  a c t u a l  1975 averaged d i s tance ;  our est imated 

d i s tance  was 460 miles  while t he  a c t u a l  average d i s tance  for  1975 



was roughly 325 miles .  ( 3 3 )  This discrepancy was a t t r i b u t e d  both 

t o  the  presence of minemouth power generation,  which we d id  not 

model, and t o  our assumption t h a t  i n t e r r eg iona l  coa l  shipments 

would be more l i k e l y  t o  terminate  a t  loca t ions  wi thin  each demand 

region c l o s e s t  t o  i t s  coa l  source, a s  discussed a t  t h e  beginning 

of t h i s  Chapter. 

We were unable t o  ob ta in  ac tua l  shipping d i s tance  a t  t h e  

reg iona l  l e v e l  of our ana lys i s ;  it i s  unclear whether reg iona l  

v a r i a t i o n s  e x i s t  which might b i a s  our f i x  a s  t h e  proport ion of 

u t i l i t y  suppl ies  o r i g i n a t i n g  i n  t h e  western f i e l d s  increases .  The 

western demand regions  a r e  geographically l a rge r  than the  ea s t e rn  

reg ions ;  t h i s  would suggest  t h a t  t h e  b i a s  introduced i n  rou t ing  

a l l  shipments t o  t h e  demand cen t ro ids  would tend t o  overest imate 

t h e  average d i s tance  of i n t e r r eg iona l  shipments. On t he  o ther  hand, 

t h e  remote l oca t ion  of t h e  Northern Great P la ins  coa l  f i e l d s  would 

suggest  t h a t  a  s u b s t a n t i a l l y  smaller  f r a c t i o n  of i n t e r r eg iona l  gen- 

e r a t i o n  w i l l  t ake  p lace  a t  the  minemouth i n  t hese  regions  than i n  

t h e  East.  Without c l e a r  evidence a s  t o  e i t h e r  t h e  magnitude o r  t h e  

d i r e c t i o n  of  any b i a s  s o  introduced it was decided t o  supply a cor- 

r e c t i o n  of 135 miles  ( t he  d i f fe rence  between a c t u a l  and ca lcu la ted  

1975 average d i s t ances )  t o  a l l  coa l  shipments generated by t h e  11iuclel 

f o r  t h e  purpose of es t imat ing t h e  aggregate increase  i n  coa l  t rans -  

po r t a t i on  'demands. 

Table 14 d i sp lays  our es t imates  of t he  demands placed on t h e  

t r anspor t a t i on  system for  s a t i s f y i n g  u t i l i t y  coa l  reyuireinerlts i n  

1975, and fo r  t h e  d i s t r i b u t i o n  pa t t e rns  generated for  1985 and 2000. 

The es t imates  were disaggregated i n t o  shiprrlents o r i g i n a l i n g  e a s t  

and west of  t h e  Miss i ss ipp i  River t o  capture  t h e  p a r t i c u l a r l y  heavy 

t r anspor t a t i on  requirements which w i l l  be placed on Western r a i l roads .  

I t  i s  apparent from t h i s  Table t h a t  the  average lenyth of 

u t i l i t y  coa l  shipments may be expected increase  s u b s t a n t i a l l y  during 



TABLE 14 

ESTIMATED TRANSPORTATION DEMANDS 
FOR U T I L I T Y  COAL SHIPMENT: 1 9 7 5 ,  1985, AND . 2 0 0 0  

AVERAGE 
SHIPMENT TON-MILES OF 

U T I L I T Y  DEMAND DISTANCE COAL SHIPMENT 
REGION YEAR ( ~ O ~ T O N S / X : ;  (MILES) ( ~ 1 0 9 )  

EASTERN* 1 9 7 5  3 3 2 . 4  2 8 0  9 3 

TOTAL U.S. 1975 4 2 0 . 2  3 2 5  1 3  7 

* " Z a s t e r n U  includes the A p p a l a c h i a n  and M i d w e s t e r n  Fields. 

" W e s t e r n "  includes the G u l f ,  N o r t h e r n  G r e a t  p la ins ,  
R o c k y  M o u n t a i n  and S o u t h w e s t e r n  F i e l d s .  

'LOW synfuel  P r o d u c t i o n  C a s e  ( 4 . 5  Q u a d s  T o t a l ) .  

2 ~ i g h  Synfuel  P r o d u c t i o n  C a s e  ( 9 . 0  Q u a d s  T o t a l )  . 



t h e  coming 25 years .  This  is a reasonable  conclusion,  given t h e  

r a p i d  inc rease  i n  u t i l i t y  demand f o r  western coa l .  

~ o s t  noteworthy i s  t h e  me.teoric inc rease  i n  western coa l  t r a f -  

f i c ,  where our supply es t imates  show a 4-fold inc rease  i n  t ons  

shipped t o  u t i l i t i e s  by 1985 and n e a r l y  a 7-fold inc rease  by 2000. 

I n  t e r m s  o f  ton-miles of  coa l  t r a f f i c ,  t h e , i n c r e a s e  i s  even g r e a t e r :  

6- fold  by 1985 and 10-fold by 2000. Assuming a l l  shipments o r i g i -  

n a t i n g  i n  t h e  west move exc lu s ive ly  v i a  r a i l ,  u t i l i t y  coa l  shipments 

i n  1975, 1985, and 2000 were es t imated t o  genera te .$0 .5 ,  $3.5, and 

$7.5 b i l l i o n  i n  revenues, r e spec t i ve ly ,  a l l  i n  1975 d o l l a r s .  

Most of t h i s  i nc r ea se ,  again,  i s  due t o  t h e  W e s t  North Great 

P l a i n s  supply region,  where shipments t o  East  and west Cen t ra l  

u t i l i t i e s  account f o r  63% of  western t ons  shipped t o  u t i l i t i e s  and 

71% of  western ton-miles i n  1985, and 17% o f  t h e  tonnage and 82% o f  

u t i l i t y  ton-miles i n  2000. These es t imates  imply t h a t  u n i t  t r a i n s  

ca r ry ing  10,000 tons  each must depar t  from t h e  Powder River Basin 

every  24 minutes i n  1985 and every 12 minutes i n  2000 t o  supply 

t h e s e  demands alone.  To. supply t he se  coa l  requirements-  i n  1985 

u n i t  t r a i n s  would have t o  depa r t  f o r  t h e  East  Cen t ra l  and W e s t  North 

Cen t r a l  Regions hourly,  and t o  t h e  W e s t  South Cent ra l  every two and 

a h a l f  hours.  For 2000, t he se  demands would r e q u i r e  u n i t  t r a i n s  t o  

depa r t  a t  25, 35, and 90 minute , i n t e r v a l s ,  r e spec t i ve ly .  Were each 

o f  t h e s e  shipments t o  t a k e  p l ace , a long  i t s  own dedicated t r a c k  an 

i nd iv idua l  l i v i n g  along t h e  ' 'east  c e n t r a l  r ou t e "  would s ee  48 u n i t  

t r a i n s  per day by 1985 and 119 per day i n  2000. Someone l i v i n g  

along t h e  "west nor th  c e n t r a l  r ou t e "  would s e e  51 t r a i n s  d a i l y  i n  

1985 and 8 3  i n  2000, and our t h i r d  c i t i z e n ,  l i v i n g  near t h e  " w e s t  

south  c e n t r a l  rou te ' '  would s ee  20 t r a i n s  d a i l y  i n  1985 and 32 d a i l y  

i n  2000. obviously,  t h e r e  a r e  numerous r o u t e  op t ions  f o r ' s h i p p i n g  

c o a l  t o  each of  t he se  reg ions ,  but  t h e  delay,  t h e  v i s u a l  and r u r a l  



impacts, and the  physical  hazards of an increasing number of  u n i t  

t r a i n  passages w i l l  impose very s u b s t a n t i a l  ex t e rna l  cos t s  t o  r e s i -  

dents  along these  rou tes .  .This i s  p a r t i c u l a r l y  t r u e  because many 

western towns and c i t i e s  have b u i l t  up around r a i l r o a d  l i n e s  fo r  

t h e  same reasons many eas t e rn  c i t i e s  developed around harbors ;  t h e  . 

r a i l r o a d s  provide them with a c r i t i c a l  commercial l i n k  t o  t h e  r e s t  

of t he  country. 

In t h i s  context ,  consider t he  na ture  of t h e  s l u r r y  p i p e l i n e ' s  

challenge t o  t he  r a i l roads ,  fo r  western coal .  The $7.5 b i l l i o n  i n  

2000 coa l  revenues i s  roughly equal t o  t he  combined revenues of 

t h e  Union Pac i f i c ,  Burlington Northern, Southern Pac i f i c ,  and Santa 

Fe r a i l roads .  Between 1960 and 1970 r a i l  ton-miles of  a l l  commodi- 

t i e s  increased 1.1% annually,  (36) with coa l  accounting for  rqughly 

15% of t o t a l  ton-mileage. Were t h i s  1.1% growth r a t e  fo r  a l l  o ther  

ra i l -hauled commodities t o  remain constant  between now and 2000, 

t h e  coa l  shipment growth est imated he re  would more than double t h i s  

r a t e ,  and coa l  would account fo r  .approximately 30% o f . r a i l  shipment 

by 1985, . and 40% by 2000.. 

These f i gu re s  should not  be taken a s  more than order of magni- 

tude es t imates ;  however, they suggest t h a t  even i f  coa l  shipments . 

expanded only ha l f  a s  r ap id ly  a s  projected here ,  coa l  would s t i l l  

represen t  a tremendous growth opportuni ty  fo r  t h e  r a i l r o a d  industry ,  

and for  t h e  ,western. companies, i n  p a r t i c u l a r .  

In  l i g h t , o f  t h e s e  considerat ions ,  it is  d i f f i c u l t  t o  understand 

t h e  r a t i o n a l e  for  precluding f r e e  competition for  c o a l . t r a n s p o r t a t i o n  

by other  modes, s p e c i f i c a l l y ,  by t h e  s l u r r y  p ipe l ine  industry .  . The 

economics of s ca l e  fo r  s l u r r i e s  a r e  such t h a t  r a i l r o a d s  c a n . r e a d i l y  

compete with any bu t  t he  longest ,  l a r g e s t  capac i ty  l i n e s ;  i f  t he  - 
. !  

pipe l ines  should t u r n  ou t  t o  be a s  c o s t l y  and problem-ridden a s  

t h e i r  d e t r a c t o r s  claim, opera t ing  experience i n  t he  market w i l l  bear 



them out .  I f  s l u r r y  proponents a r e  c o r r e c t ,  a hea l thy  intermodal 

competi t ion w i l l  emerge, from which energy use r s  can only  bene f i t .  

A r e l a t e d  quest ion i s  t h a t  of t h e  adequacy of t h e  t ranspor ta-  

t i o n  system t o  handle t h e  increased demands placed on it by a pro- 

gram of acce le ra ted  coa l  supply. This i s  a d i f f i c u l t  question t o  

answer d e f i n i t i v e l y  because "adequate" i s  not  an absolute  term but 

r e f e r s  t o  some, nebulous l e v e l  of  diseconomy beyond which a c a p i t a l  

investment i n  say,  t r ack  upgrading o r  increasing waterway lock ca- 

p a c i t y  i s  more than f u l l y  compensated by reduced system cos t s  t o  

a l l  shippers .  While a thorough ana lys i s  o f  t h i s  quest ion was not 

undertaken, t he  Manalytics s tudy (34) discussed i n  Section IV-C ap- 

p l i e d  two widely divergent  coa l  supply scenar ios  t o  determine t h e  

response t o  p o t e n t i a l  r a i l   bottleneck^.^^ Although our supply es- 

t imates  were t o o  d i f f e r e n t  from t h e  scenar ios  developed i n  t he  

Manalytics r epo r t  fo r  a d i r e c t  comparison with t h e i r  r e s u l t s ,  a 

comparison of i n t e r r eg iona l  flows was made with  t h e  ava i l ab l e  ca- 

p a c i t i e s  across  t h e i r  b a r r i e r s .  The flows across  these  b a r r i e r s  

approached.50% of  t h e  ind ica ted  ava i l ab l e  capac i ty  fo r  t h e  Missouri 

and ~ i s s i s s i p p i  Rivers fo r  t h e  2000 low synfuels  scenar io ,  and were 

wel l  below t h a t  f i gu re  elsewhere. This provides t e n t a t i v e  support 

fo r  t h e  conclusion t h a t  t he  "macro" r a i l  system would not  be taxed 

unduly by t h e  coa l  d i s t r i b u t i o n  pa t t e rns  generated for  1985 and 

2000. On the  o ther  hand, i n  order t o  mine t h e  q u a n t i t i e s  of coa l  

ind ica ted  i n  t h e  supply fo recas t s  fo r  t h e  West North Great P la ins  

region,  add i t iona l  r a i l  w i l l  undoubtedly have t o  be added near t he  

Powder ~ i v e r ;  t h e  companies' p e t i t i o n  t o  add t h i s  t r ack  i s  cu r r en t ly  

under environmental review. 

C. ' Coal Demand 

 his sec t ion  examines the  impact an expanding syn the t i c  f u e l  

i ndus t ry  may e x e r t  on coa l  consumption pa t t e rns  during t h e  coming 



25 years and will examine the implications that the regional varia- 

tions in low sulfur coal availability may have in altering the pat- 

tern of future coal distribution. 

The most notable feature of the regional synfuel production 

patterns displayed in Table 15 is the voracious "appetite" this 

industry displays for low cost coal. This is especially true of 

the synthetic liquids industry, and true to a lesser extent for 

the synthetic pipeline gas industry, where proximity of the coal 

field to the existing pipeline network seems to be equally important. 

Two factors explain this behavior and point out fundamental economic 

factors which will certainly influence the regional development of 

the "real" industry. First, the synthetic fuels industry needs to 

purchase substantially more than a million Btu of coal to produce a 

million Btu of synthetic fuels. Thus, the synthetic fuels'industry 

will perceive a "multiplier effect" on their production costs 

equivalent to the reciprocal of their plant's thermal efficiency; 

these multiplier factors will be roughly 1.33 for low-Btu gas 

producers, 1.5 for the synthetic liquids industry, and 1.61 for 

high-Btu gas plants. Where a utility or industrial coal user 

would see a 10C per million Btu difference in two coal sources, 

the synthetic fuels industry would see a 13 to 16C difference 

and might be expected'to bid more aggressively. Interestingly 

enough, the industrial sector, rather than the utility sector is 

the chief victim of this competition; their less stringent sulfur' 

requirement places them in head-to-head competition with the syn- 

fuels producers for the less costly high sulfur supplies. Even in 

the 2000 synthetics scenario industrial coal' users in the Western 

. Central regions imported roughly 45% of their requirements from 

Southern Appalachia, since the synfuels industry "captured" 

all more convenient sources. 



TABLE 15 

1985 and 2000 Regional Synfue l s  

~ r o d u c t i o n - 1 0 1 2  B t c  Produced (% of  Synfue l  ' T o t a l )  

1985 2000: LOW SYNFUELS 2000: HIGH SYNFUELS 
S u l f u r  Lcw H i c h  Low High Low High 
Con t e n t  Btu* ~ t c  LIQUIDS Btu* Btu . . LIQUIDS Btu* Btu LIQUIDS 

North 5 00 17.C 1193 170 1943 170 
Appalachia  H I  GH " (100) (34) (80) (8)  .. (65) .  ( 4 )  : 
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W e s t  
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(97 . . 
HIGH g (38p 767 (a? 

TOTAL 500 SO0 100 1500 2000 1000 3000 4000 . 2000 
(100) (LOO) (100) (100) ( l oo :  (100) (100) (100) (100) 

*Low Btu gas  p roduc t ion  was c o n s t r a i n s d  t o  t h e  o h l o  River  Va l l ey ,  as d e s c r i b e d  i n  c h a p t e r  111. 

1 
T h i s  p l a n t ,  assumed t o  b e  a t es t  f a c i l i t y  was p laced  i n  t h e  Midwest exogenously.  



m e  second s i g n i f i c a n t  f ac to r  which w i l l  inf luence the  re -  

g ional  development of t h e  synfuels  industry  i s  t h e  widely d i f f e r -  

ing c o s t s  they w i l l  bear i n  t ranspor t ing  t h e i r  products t o  d i s t a n t  

markets. While t he  production c o s t s  c l e a r l y  favor loca t ing  synfuel  

p l an t s  i n  t he  west,  t he  exis tence of s u b s t a n t i a l  production capaci ty  

f o r  na tu ra l  gas and o i l  i n  t he  Rocky Mountain and West Centra l  re-  

gions,  coupled with t h e  an t i c ipa t ed  completion of Alaskan t rans-  

po r t a t i on  networks, leads  t o  t he  conclusion t h a t  t he re  w i l l  continue 

t o  be a  g l u t  of f o s s i l  f ue l s  i n  these  regions.  Ei ther  t he  synfuels  

o r  t he  conv'entional production they d i sp lace  w i l l  have t o  be shipped 

Eastward to .energy  d e f i c i e n t  demand regions.  Since l i t t l e  p ipe l ine  

capac i ty  e x i s t s  between these  regions it seems l i k e l y  t h a t  new pipe- 

l i n e  capaci ty  would need t o  be b u i l t  even a s  t h e  ex i s t i ng  p ipe l ine  

a r t e r i e s  u t i l i z a t i o n  dropped due t o  decl ining-Gulf  Coast production. 

A consortium of syn the t ic  high-Btu gas producers considering t h e  

i n s t a l l a t i o n  of 1 b i l l i o n  SCFD of capac i ty  and a  1000 mil'e 30" pipe- 

l i n e  t o  Chicago by 2000 would f a c t  supplemental t r anspor t a t i on  

charges of 65C per mi l l i on  Btu, a s  seen i n  Table 5 .  A s imi la r  con- 

sortium i n  t h e  Gulf supply region,  using the  c u r r e n t l y  in-place net-  

work would face  i n t e r r eg iona l  t r anspor t  c o s t s  .of 39C per mi l l i on  

~ t u  and a  consortium i n  t h e  midwest might ' f ace .e f fec t ive1 .y  no t rans-  

po r t  charges, assess ing only d i s t r i b u t i o n  charges. t o  t h e i r  produc- ' 

tion.costs,   his means t h a t  mTdwestern coal would be "worth" 

roughly 40C per mi l l i on  Btu more than West North Great .Plains coa l ,  

and 24C more than Gulf l i g n i t e ,  o ther  cos t s  being equal ,  f o r  t h i s  

p a r t i c u l a r  app l ica t ion .  

coa l  l iquefac t ion  consor t ia  i n  these  t h r e e  regions  contemplat- 

ing bui lding s i m i l a r l y  s ized  l i que fac t ion  f a c i l i t i e s  W O U ? . ~ ~ .  face  

i n t e r r eg iona l  t r anspor t a t i on  charges ( t o  Chicago). of 15C, 9C, and, 

of course,  0C for  t h e  midwestern loca t ion .  For t h i s  purpose, 



midwestern coa l  could command no more than 6 C  per mi l l i on  Btu over 

~ u l f  coa l  and roughly a 9 C  premium over t h e  Powder River coal .  

This reasoning leads  t o  t he  conclusion t h a t  a  coa l  l iquefac-  

t i o n  indus t ry  would loca t e  heav i ly  i n  t h e  low-cost Western coa l  

supply regions  and t h a t  a  high-Btu gas industry  would be expected 

t o  d i spe r se  more geographically,  based on both t h e  reg ions '  economic 

d i s t ance  from'natural  gas suppl ie rs  and on t h e  b a s i s  of i t s  coa l  

e x t r a c t i o n  cos t s .  In f a c t ,  t h i s  occured i n  t h e  t h r e e  d i s t r i b u t i o n s  

analyzed. Table 15 d i sp lays  t he  regional  f r a c t i o n  of each syn the t i c  

f u e l  type for 1985 and t h e  two synfuels  production l e v e l s  for  2000. 

In  a l l  t he se  cases  it can be seen t h a t  100% of t h e  coa l  l iquefac-  

t i o n  capaci ty ,  with t h e  exception of t h e  s ing le  p l an t  exogenously 

loca ted  i n  t h e  midwest, was loca ted  west of t h e  Miss i ss ipp i  River. 

Conversely, high-Btu g a s i f i c a t i o n  was s p l i t  evenly between t h e  e a s t  

and west with low-Btu g a s i f i c a t i o n  constra ined t o  heavy i n d u s t r i a l  

use  along the  Ohio River. 

~t is  important t o  note  t h a t  these  synfuel  production l e v e l s  

were "forced" i n t o  t h e  solut ions-- thei r  est imated c o s t s  of $3.50- 

$4.00 per mi l l i on  Btu were s u b s t a n t i a l l y  above a l l  o ther  suppl ies  

o f  t he se  f u e l s  wi th  t he  s o l e  exception of imported l i que f i ed  natu- 

r a l  gas (LNG)  from overseas. While Alaskan gas and A t l a n t i c  Outer 

con t inen ta l  Shelf  gas suppl ies  were assumed t o  supply 1.75 quads 

during t h i s  period,  o ther  p o t e n t i a l  suppl ies  e x i s t  which could 

r a d i c a l l y  a l t e r  t he se  synfuel  d i s t r i b u t i o n s  and dramat ical ly  dim 

t h e  short-term prospects for  a coa l  g a s i f i c a t i o n  industry .  Some 

exper t s  be l ieve  t h a t  enormous n a t u r a l  gas reserves  a r e  trapped i n  

" t i g h t "  format iom,  and t h a t  t h i a  gaa could bc p r o f i t a b l y  ex t rac ted  

a t  about $3.00 per mi l l i on  Btu--well below t h e  l e a s t  expensive syn- 

t h e t i c  high-Btu source. Appendix A of t h i s  r epo r t  i nves t iga t e s  

t h e  emerging synfuel  technologies cu r r en t ly  under development which 



may enter the commercial realm in the next 25 years, with special 

emphasis on the status of the various coal synthetic processes. 

Tables 16 and 17 display the average delivered cost of coal 

to utilities and industrial coal users in each region calculated 

from the model allocations. The utility estimates were compared 

with actual 1975 data computed by the FPC, (35) but a similar base- 

line could not be established from which to judge industrial es- 

timates. These costs represent an average annual increase in the 

real cost of coal of roughly 1.6% annually for both sectors between 

1985 and 2000. The higher 3.0% annual rate of increase in utility 

coal prices between 1975 and 1985 was felt to represent the costs 

of bringing coal-fired utilities into compliance with Federal New 

Source Performance Standards, so this high cost increase was not 

felt to be significant. 

Figure 12 displays our estimate of the costs of base-load 

electric generation using coal or nuclear power in the nine demand 

regions for 1985 and 2000. coal-fired generation costs were de- 

veloped on the basis of $445 per kilowatt, $0.76 per kilowatt-hour 

O W  expenses, a 70% capacity factor and the average coal costs to 

each region generated by the model allocations. Environmental con- 

trol costs were estimated at 50C per million Btu of high-sulfur 

coal entering the boiler. Thermal efficiency was assumed to be 

34%. 

Nuclear costs were estimated on the basis of $585 per kilo- 

watt, $0.35 per kilowatt-hour O W ,  $0.65 per million Btu fired 

charges, and 33% thermal efficiency. A fixed charge rate of 15% 

was assumed for both plant types. There has been a great deal of 

concern about the reliability of nuclear power plants. Accordingly, 

l~uclear power costs were estimated at the current average capacity 

factor of 55% and also at a 70% factor, reflecting benefits from 

learning phenomena and design standardization which may improve 

nuclear reliability in the future. 



TABLE. 16 

NEW ENGLAND 

MIDDLE ATLANTIC 
I 

03 SOUTH ATLANTIC 
m 
I EAST NORTH CENTFAL 

EAST SOUTH CENTFAL 

WEST NORTH CENTFAL 

AI'EkAGE 3 E L I V E R D  COST OF COAL TO U T I L I T I E S  

BY REGION. 1 9 7 5 ,  1985 and 2 0 0 0  

( 1 9 7 3  $ / lo6 BTU) 

2 0 0 0  

1 2  
LOW 

1 9 7 5 '  1 0 ' ~ B t u  1985 10 B t u  Synthet ics  

1 . 2 4  3 8  1 .35 88 1 . 7 5  

2 0 0 0  
A c c e l e r a t e d  
S y n t h e t i c s  

1 . 7 5  

1 2  I 
10 B t u  : 

1 2 8  ~ 

WEST SOUTH CENTFAL . 2 3  120 . 9 7  7 7 2  1 . 2 4  1 . 2 4  1196 

ROCKY iNKIUNTAIN - 3 2  6 2 8  . 6 2  7 4 5  - .80 .80 965 I 

P A C I F I C  - 5 6  68 .96 2 1 2  1 .30  1.30 600 

! 
NATIONAL A V E R A G ~ F ~ T A L  .. 81 9 3 2 9  1-11 1 3 8 7 2  1 . 3 7  1 .38  18088 

I 

I 

'FPC C o s t  a n d  q u a l i t y  f f o s s i l  f u e l s  de l ive rd  t o  s t e a m  e lec t r i c  p o w e r  p l a n t s .  1 9 7 5  ~ 



TABLE 1 7  

AVERAGE DELIVERED COST O F  COAL TO NON-COKING 

INDUSTRIAL CONSUMERS-BY CENSUS REGION, 1 9 8 5  and 2 0 0 0  

( 1 9 7 5  $ / lo6 B t u )  \ 
I 

2 0 0 0  ~ O O O *  - , 

1 2  
LOW 

1 2  
H i g h  

. 1985 1 0  B t w  S y n t h e t i c s  . 10  B t u  S y n t h e t i c s  

NEW ENGLAND 9 2 3 4 . 1 2 0  5 2 1 2  0 

MIDDLE ATLANTIC 83  6 0 2  108 8 7 7  108 

SOUTH ATLANTIC ., 86 . 5 1 2 -  111 895 111 

EAST NORTH CENTRAL 7 5 -  1 2 1 8  9 6 1840 9 6 
. * 

EAST SOUTH CENTRAL 83 . 8 34 3 1 0 7  588 1 0 7  

WEST NORTH CENTRAL 8 7 2 7 6 116 4 7 7  116 

WEST SOUTII CENTRAL 5 3 2 8 4  91 8 5 4  , 8 5 

ROCKY MOUNTAIN 64 9 7 8 5 2 1 0  8 5 

P A C I F I C  106 90 130 2 4 0  130 

NATIONAL AVERAGE/TOTAL 7 9  3456 1 0 2  6033 1 0 2  

* 
S u p p l i e s  .£ram a l l  coal r eg ions  w e r e :  increased 1 5 %  t o  a c c o m m o d a t e  
these d e m a n d s  .. . . . . 



Figure 12 suggests that, under previous SO standards, coal 2 
(except at the minemouth) will only be marginally cost competitive 

with nuclear power in the Atlantic regions. In the East Central 

regions, coal generation is seen to be less costly than nuclear 

generation at the current nuclear reliability level, but more costly 

should new nuclear plants improve substantially in reliability. 

Finally, throughout the West, coal-fired generation is seen to be 

substantially less costly than current nuclear operations, and 

cost-competitive with nuclear even at a 70% capacity factor. 

These regional costs all refer to coal satisfying New Source Per- 

formance Standards for sulfur dioxide (1.2 lbs SO /lo6 Btu) . 
2 

Legislation was recently enacted to require that the best 

available control technology (BACT) be installed on all new coal- 

fired power plants. In order to investigate the impact of BACT 

on the utility industry the utility distribution patterns were re- 

generated assuming that FGD would be required on all plants. The 

premium assigned by PIES to eastern low-sulfur coal was eliminated, 

and reduced.supplies of these coals were estimated fr.om the PIES 

coal supply curves. Utility distribution patterns were recomputed 

as shown in Tables B-15 and B-1'1, unconstrained by competition from 

other modes.   he regions' incremental costs tor coal-tired elec- 

tric generation under this environmental scenario are displayed by 

the shaded'areas in Figure 12. These increments should be thought 

of as minima since competition from industrial and synfuel coal 

users could only drive the average price up. 

In examining these increments it may readily be seen that 

adopting BACT would have essentially no impact on the cvst uf cud- 

fired generation in the Atlantic regions (since the premium on 

eastern low-s'ulfur coal effectively discounts the FGD charge), a 

moderate increase in East Central regions, and a heavy impdct i r l  



0 REGIONAL COAL - FIRED GENERATION COSTS; 
EXISTING ENVIRONMENTAL REGULATIONS. 

EzZ IFICREMENTAL COST RESULTING FROM 
BEST AVAILABLE CONTROL TECHNOLOGY . . 

-NUCLEAR POWER COST; 55% CAPACITY FACTOR 
---- NUCLEAR POWER COST; -70% CAPACITY FACTOR 

Figure 12. Comparioon of cool fired and nuclear 
powcr cos t s  under ex i s t ing  and.proposed rl~viron- 
mental regulations.  



t h e  west,  which, under e x i s t i n g  s tandards ,  would burn low-sulfur 

western coa l  exclusively .  

Looking a t  t he  i n t e r f u e l  e f f e c t s ,  t h e  impact of  BACT i s  seen 

t o  e l imina te  c o a l ' s  cos t  advantage over nuclear power i n  t h e  west,  

and t o  induce a b i a s  toward nuclear p l an t  construct ion nationwide. 

One c l e a r  advantage of  BACT is  t h a t  it would tend t o  reduce 

s u l f u r  emissions from coa l - f i red  power p l an t s .  'To examine t h i s  ef-  

f e c t ,  uncontrol led and scrubbed s u l f u r  emissions were estimated 

r e g i o n a l l y  from t h e  BACT scenar ios ,  and o r i g i n a l  emissions under 

e x i s t i n g  regula t ions  were computed from t h e  model runs. For t h i s  

purpose, a l l  low s u l f u r  coa l  was assumed t o  have a su l fu r  content  
6 

of  0.6 lb/10 Btu. High s u l f u r  coa l  contained su l fu r  t y p i c a l  of 

i t s  supply region. 

The o v e r a l l  impact o f  adopting BACT is  seen t o  have t h r e e  

p a r t s .  F i r s t ,  it may be expected t o  induce a b i a s  among u t i l i t i e s  

away from tapping d i s t a n t  sources of  low-sulfur coa l  i n  favor of 

l o c a l l y  ava i l ab l e  resources.  Secondly, it has  t he  tendency t o  r a i s e  

t h e  c o s t  o f  coa l - f i red  e l e c t r i c i t y ,  thereby inducing an economic 

b i a s  among u t i l i t i e s  toward nuclear generation.  F ina l ly ,  it has 

t h e  b e n e f i t  (as intended) of reducing su l fu r  emissions from power 

p l a n t s .  

Figure 1 2  d e m ~ n s t r a t e s  t h a t  t he  c o s t s  of adopting BACT w i l l  

tend t o  f a l l  most heav i ly  on western u t i l i t i e s .  An obvious ques- 

t i o n  a r i s e s  a s  t o  whether the  benefits of reduued s u l f u r  eiitissions 

j u s t i f y  these  cos t s .  

To examine t h i s  question,  optimal u t i l i t y  coa l  d i s t r i b u t i o n  

scenar ibs  were generated fu r  NSPS envirolme'ntal. regu la t ions  and 

BACT regula t ions  looking ' so lk ly  a t  u t i l i t y  requirements i n  t h e  nine  

demand regions .  These a r e  shown i n  Tables B-16 t o  B-19 .  The re-  

g iona l  cos t s  and average enlissiur~s ol: .the NSPS and BACT d i s t r i b u -  

t i o n  pa t t e rns  were computed from these  pa t t e rns ,  and compared with 



those  r e s u l t i n g  from a "No Control" s t r a t e g y  t o  es t imate  t h e  region- 

s p e c i f i c  cos t s  of  obta ining lower emissions. The No-Control sce- 

na r io  i s  i d e n t i c a l  t o  t h e  BACT scenar io ,  except t h a t  t he  c o s t s  and 

s u l f u r  emission reduct ions  of t he  FGD systems were el iminated.  The 

r e s u l t i n g  comparisons a r e  displayed i n  Tables 18 and 19. 

~ o o k i n g  f i r s t  a t  t h e  na t iona l  t o t a l s  t h e  su rp r i s ing  conclusion 

i s  seen t h a t  i n s t i t u t i n g  BACT would add an average of only 14C t o  

t h e  u t i l i t i e s '  c o s t  of coa l  and environmental con t ro l  i n  1985 and 

20C i n  2000. However, t h e  incremental c o s t s  of 56 and 69C per pound 

s u l f u r  removed a r e  above the  North and Merkhofer damage es t imate  of 

46C per pound s u l f u r  emitted f o r  an urban power p l an t ,  but  wel l  

wi th in  i t s  confidence i n t e r v a l .  This low incremental coa l  cos t  re-  

s u l t s  from the  s h i f t  of  u t i l i t y  expenditures from coa l  shippers  t o  

post-combustion environmental con t ro l  systems a s  a r e s u l t  of switch- . 

ing t o  l o c a l  high s u l f u r  coal  resources .  

~ o o k i n g  a t  t h e  var ious  regions ,  however, it becomes abundantly 

c l e a r  t h a t  these  emission cont ro l  c o s t s  would not  be borne uniformly, 

but  would f a l l  heav i ly  on t h e  western s t a t e s ,  which tend t o  be more 

r u r a l  and which have minimal s u l f u r  dioxide problems. The At l an t i c  

Coast region is seen t o  bene f i t  s l i g h t l y  from BACT, with an e s t i -  

mated 1 2 %  reduction i n  emissions ava i l ab l e  " a t  no cos t "  r e l a t i v e  

t o  e x i s t i n g  environmental s tandards.  

The n a t i o n ' s  most se r ious  su l fu r - r e l a t ed  a i r  q u a l i t y  problems 

occur i n  t he  heav i ly  i ndus t r i a l i zed  Ohio River Vdlley, most c lo se ly  

assoc ia ted  with t he  East North Centra l  region.  Here, BACT is  seen 

t o  r e s u l t  i n  only a 5 t o  7% reduct ion i n  emissions a t  incremental 

c o s t s  of $2.00 t o  $6.67 per pound removed, f a r  i n  excess of cu r r en t  

damage cos t  es t imates .  This i s  a d i r e c t  r e s u l t  of t he  extremely 

high s u l f u r  content  of l o c a l  (miswestern) coa l  reserves .  

This discuss ion should not  be taken a s  p red ic t i ve  i n  any ab- 

s o l u t e  sense of t h e  word. Tremendous uncer ta in ty  e x i s t s  a s  t o  t h e  



. . Table 18 

Average Utility Costs and Emissions Resulting 
from Various Environmental Control Strategies: 1985l 

Utility Average' 
Coal Emission Sulfur Removal Cost 
Demands Control (lb s/106 (S/lb) 

. .(1012gtu) Strategy Cost Average Increments (6) . .. 

New England ' 

Middle Atlantic 

South Atlantic 

East North 
Central 

East South 
Central 

West North 
Central 

WrsL 3Au~l l  
Central 

Rocky Mountain 

Pacific 

U.S. Total 

N.c.~ 
NSPS~ 
BACT~ 

N.C. 
NSPS 
BACT 

N.C. 
wrn 
DACT 

N.C. 
NSPS 
BACT 

N.C. 
NSPS 
BACT 

N.C. 
NSPS 
BACT 

E I I C I  
NSPS 
BACT 
N.C. 
NSPS 
6ACT 

N.C. 
NSPS 
BACT 

N.C. 
NSPS 
BACT 

 asis is: ' Tables B-15 and B-16. 

2T.ncltldes the delivered cost of coal and SO2 removal costs (at 5O~/million Btu) 
where required. Costs are in 1975 dollars-per million Btu. 

3 ~ o  controls. 
'I Existing New Source Performance Standards. 
5 Proposed Best Available Control Technology. 

61ncrement is cost - NSPS cost 
BACT mission - NSPS emission 



.Table 19 

Average Utility Costs and Emissions Resulting 
from Various ~nvironmental Control Strategies: 2000' 

Utility Average 
Coal Emission Sulfur Removal Cost 
Demands (lb s/106 ($/lb) 
( 1 0 1 2 ~ ~ ~ )  Strategy cost Average Increments (6) 

New England 128 

Middle Atlantic 3609 

South Atlantic 3207 

East North 4200 
Central 

East South 1751 
Central 

West North 2432 
Central 

West South 1196 
Central. 

Rocky Mountain , 965 

Pacific 600 

U.S. Total 18088 

N.c.~ 
NSPS~ 
BACT~ 

N.C. 
NSPS 
BACT 

N.C. 
NSPS 
BACT. 

N.C. 
NSPS 
BACT 

N.C. 
NSPS 
BACT 

N.C.. 
NSPS. 
BACT 

N.C. 
NSPS 
B ACT 

N.C. 
NSPS 
BACT 

N.C. 
NSPS 

. BACT 

N.C. 
NSPS 
BACT 

'gasis: Tables B-18 and B-19. 

2~ncl~~des the  delivered cost of coal and SO2 removal costs whcre nppronimtc. 
Costs are in 1975 $ per million Btu. 

3 ~ n  SO2 controls. 

4~xisting New Source Performance Standards. 

5~roposed Best Available Control Technology. 

'6~ncrement is BACT cost - NSPS cost 
BACT emission - NSPS emission 



a c t u a l  c o s t s  o f  SO removal, and t h e r e  i s  a growing body of ex- 
2 

perimental  data  which suggests  t h a t  c o s t s  of SO removal a r e  posi- 
2 

t i v e l y  co r r e l a t ed  with t he  coa l  s u l f u r  content .  Addit ionally,  a s  

before ,  these  d i s t r i b u t i o n  pa t t e rns  ignore t h e  commitments fo r  coa l  

supply made by e x i s t i n g  p l an t s .  Nevertheless, they present  a per- 

spec t ive  on t h e  reg iona l  c o s t s  and b e n e f i t s  of adopting BACT which 

suggest  t h a t  : 

1. The west would receive s u b s t a n t i a l  emission reduct ions ,  

bu t  a t  a  c o s t  between 2 t o  6 times higher  than cu r r en t  damage 

( b e n e f i t )  es t imates .  

2.  The ~ a s t  North Centra l ,  cu r r en t ly  experiencing the 

n a t i o n ' s  most s e r ious  su l fu r - r e l a t ed  a i r  q u a l i t y  problems, would 

reduce i t s  emissions 1 t o  4% more than under e x i s t i n g  New Source 

Standards,  but  a t  a  c o s t  5 t o  15 times g rea t e r  than est imated 

b e n e f i t s .  

3 .  The remainder o f  t h e  e a s t  would reduce emissions between 

1 t o  55% a t  c o s t s  s u b s t a n t i a l l y  lower than cu r r en t ly  est imated 

b e n e f i t s  of  doing so. 

This ana lys i s  i s ,  admittedly,  q u i t e  s u p e r f i c i a l .  The apparent 

b e n e f i t s  t o  c e r t a i n  ea s t e rn  a reas  r e s u l t i n g  from BACT implementa- 

t i o n ,  however, suggest  t h a t  room for  improvement e x i s t s  i n  the 

New Source Performance Standard system. 

BACT w i l l  spur t h e  use  of  midwestern coa l ,  w i l l  depress t he  

prospects  fo r  western coa l  development, and may s t imula te  t h e  ou t - .  

look fo r  nuciear power, de sp i t e  t he  problems presen t ly  assoc ia ted  

with it. 

D. Synthe t ics  Market ~ene. t ra t i0n.s  

The bulk of t h i s  work preceded the  r e l e a s e  of t h e  P re s iden t ' s  

Energy Proqram i n  Apr i l  1977. One of t h e  major po in t s  of t he  pro- 

gram is t h e  phaseout of n a t u r a l  gas and petroleum i n  t h e  i n d u s t r i a l  



and u t i l i t y  s e c t o r s  by added taxes  t o  those  s ec to r s ,  and t ax . c r ed -  

i t s  fo r  conversion of equipment t o  coa l  use.  

This w i l l  prove very c r i t i c a l ,  should Congress l e g i s l a t e  t h i s  

program i n t o  exis tence,  as  a st imulus fo r  a coa l  conversion syn- 

t h e t i c  fue l s  program. Instead of syn the t i c  f u e l  economic competi- 

t iveness  being l inked t o  ex t e rna l  market p r i c e  mechanisms, t h i s  

energy pol icy immediately speeds up t h e  process,  compressing the  

time periods ant- ic ipated for  market penetration,.  Ins tead of  2000 

a s  a t a r g e t  year ,  1985 could see  low Btu gas che'aper than na tu ra l  

gas and o i l  t o  industry ,  with syn the t i c  n a t u r a l  gas and coa l  l i q u i d s  

approaching r ap id ly  t h e  area o f  competitiveness. O f  course,  t h i s  

program could a l s o  increase  coa l  demand and p r i ce s  a.ccordingly, but  

with a l l  o ther  , . things being equal i  t h i s  should have much l e s s  of an 

e f f e c t  than t h e  energy taxes  on gas and l i q u i d  f u e l s  from n a t u r a l  

sources.  . . 
. .  . 
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APPENDIX A 

CHARACTERIZATION O F  COAL TECHNOLOG.IES 

AND STATUS O F  DEVELOPMENT 



INTRODUCTION 

The u s e  o f  coa l  i n  t h e  p a s t  decades has  been dec l i n ing  r e l a -  

t i v e  t o  o the r  f u e l s  i n  almost every a rea  of  f u e l  consumption. The 

reason f o r  t h i s  t r end  i s  understandable.  Beca.use it i s  s o l i d  and 

con t a in s  s u b s t a n t i a l  amounts o f  waste,  c o a l  use  involves d i f f i c u l t y  

a t  every  sta.ge. It i s  much more d i f f i c u l t  t o  t r a n s p o r t  and handle 

than  e i t h e r  o i l  o r  gas ,  r e l e a s e s  p o l l u t a n t s  t o  t h e  atmosphere a t  

t h e  t ime o f  combustion, and a l s o  l eaves  r e s idue  i n  t h e  form o f  ash  

a f t e r  combustion t h a t  c r e a t e s  d i sposa l  problems.. In  add i t i on ,  coa l  

i n  i t s  n a t u r a l  form i s  c l e a r l y  t h e  l e a s t  f l e x i b l e  o f  a l l  f o s s i l  

f u e l s .  

Now t h a t  t h e  demand f o r  l i q u i d  and gaseous f u e l s  has  surpassed 

our  supply  c a p a b i l i t y  wi thout  excess ive  imports ,  w e  must make g r e a t e r  

u s e  of  coal--our l a r g e s t  s i n g l e  f o s s i l  f u e l  resource .  The p o t e n t i a l  

f o r  c o a l  development i s  v i r t u a l l y  unl imi ted  provided c o n s t r a i n t s  

t o  i t s  t r a n s p o r t a t i o n  and use  can be mi t i ga t ed  t o  accep tab le  socio-  

economic l i m i t s .  However, i t s  expanded use  i s  s u b j e c t ,  l i k e  any 

o t h e r  f u e l ,  t o  a v a i l a b l e  technology and r e a l  economic c o s t  r e l a t i v e  

t o  o the r  f u e l s .  I n  t h i s  Appendix some o f  t h e  technologies ,  pres-  

e n t l y  a v a i l a b l e  and/or looming a t  t h e  hor izon,  a r e  d iscussed and 

major c a p i t a l ,  l abor  and m a t e r i a l  c o n s t r a i n t s ,  i f  any, a f f e c t i n g  

t h e  implementation of t h e s e  technologies  a r e  ou t l i ned .  These tech- 

no log ies  can be d iv ided  i n t o  two categories--one r e l a t e d  t o  energy 

supp ly  and t h e  o the r  t o  end use.  In  t h e  supply ca tegory  technolo- 

g i e s  such as coa l  g a s i f i c a t i o n ,  l i q u e f a c t i o n ,  e t c .  a r e  included 

whi le  f l u i d i z e d  bed, f u e l  c e l l ,  e t c .  a r e  c l a s s i f i e d  under end use  

ca tegory .  



I .  SUPPLY TECHNOLOGIES 

Synthet ic  Fuels From Coal 

Processes f o r  making gaseous and l i q u i d  syn the t i c  f u e l s  from 

coa l  have been ava i l ab l e  f o r  many years .  While some of these  pro- 

cesses  have been proven t o  be t echn ica l ly  f e a s i b l e ,  none has y e t  

been ab le  t o  produce products t h a t  compete favorably with the  pro- 

duction cos t s  of conventional o i l  and gas. The p o l i t i c a l  and eco- 

nomic ramif icat ions  of 1973 have s t imulated i n t e r e s t  i n  synfuel  

conversion bu t  t he re  remain major unce r t a in t i e s  t o  be  overcome be- 

fo re  a se l f - sus ta in ing  indus t ry  can be es tab l i shed .  Although the re  
. . 

a r e  a number of syn the t i c  f u e l s  p ro j ec t s  being planned, none has 

a c t u a l l y  proceeded t o  construct ion.  S u f f i c i e n t  operat ing experi-  

ence has not  been gained a t  t he  p i l o t  p l an t  s c a l e  t o  insure  the  

technological  v i a b i l i t y  of a commercial p l an t .  With t he  cu r r en t  

uncer ta in ty  of these  technologies,  t he re  i s  l i t t l e  chance t h a t  a  

commercial p l an t  w i l l  b e  constructed without f ede ra l  subs id iza t ion .  

Overview of Technologies 

a .  ~ o w / ~ e d i u m  B t u  Gas: 

~ow/medium Btu gas/ is  a  promising method f o r  using high su l -  

f u r  coa l  a s  a u t i l i t y  and/or i n d u s t r i a l  f u e l  i n  an environmentally 

acceptable manner. I t  has p o t e n t i a l  f o r  use i n  e x i s t i n g  o i l  and 

gas f i r e d  b o i l e r s  v i a  r e t r o f i t t i n g  and i n  fue l ing  gas-f i red b o i l e r s  

v i a  r e t r o f i t t i n g  and i n  fue l ing  gas-f i red combined cycle  power 

p l an t s .  ~t can a l s o  be  used as  fumace/oven f u e l  f o r  process hea t  

as  well  as  f o r  i n d u s t r i a l  nonfuel app l ica t ions  such as  o r e  reduc- 

t i o n ,  as a reducing agent f o r  process metallurgy,  and a s  a syn- 

t h e s i s  gas f o r  chemical f e e l  s tock and methanol production. 

The technology f o r  production of low/medium Btu gas is  well  . .  
developed and i s  cu r r en t ly  applied i n  many commercial p l a n t s  out- 

s i d e  t he  uni ted S t a t e s .  Of a l l  t h e  synfuel  processes low/medium 



~ t u  gas production involves t he  l e a s t  t echnica l  r i s k  and can be 

inplemented i n  t h e  s h o r t e s t  period of time. 

The b a s i c  g a s i f i c a t i o n  process involves the  pyro lys i s  of coa l  

i n  a  steam environment. During i n i t i a l  hea t ing  t h e  coa l  devola- 

t i l i z e s  and t h e  char  thus  produced r e a c t s  endothermically with 

steam t o  produce carbon monoxide and hydrogen. The hea t  required 

f o r  maintaining t h e  thermal balance is  provided by combustion of a  

por t ion  of t he  carbon u t i l i z i n g  e i t h e r  a i r  o r  commercial oxygen as  

an oxidant .  An advantage of gas i fy ing  high s u l f u r  coa l  i s  t h a t  

approximately 90% of t h e  s u l f u r  r e a c t s  with hydrogen t o  form hy- 

drogen s u l f i d e  which can be e f f e c t i v e l y  scrubbed from t h e  f l u e  gas 

by a  number of commercially proven processes.  

The gaseous product from an air-blown g a s i f i e r  has a  hea t ing  

value of about 150 ~ t u / s c f  and is  commonly r e f e r r ed  t o  as  low-Btu 

gas.  The hea t ing  value of t h i s  gas i s  low because of t he  presence 

of about 5% elemental n i t rogen which was introduced with t h e  a i r .  

LOW B t u  gas i s  s u i t a b l e  f o r  use a s  an energy source near  i t s  po in t  

of production because i t s  low hea t  content  makes it  uneconomical 

t o  t ransmi t  long d i s tances .  

The gaseous product from an oxygen-steam blown g a s i f i e r  has a  

hea t ing  value of about 300 ~ t u / s c f  and i s  commonly re fe red  t o  as  

medium Btu gas o r  syn thes i s  gas. This gas can be piped economi- 

c a l l y  f o r  use wi thin  about 2 5  miles of the  g a s i f i c a t i o n  p l an t .  

Since t h e  gas is  prac t ica l ly .  n i t rogen f r e e  and can be r ead i ly  

p u r i f i e d  t o , y i e l d  a  gas containing hydrogen and carbon monoxide it 

can be .used  a s  a  syn thes i s  gas f o r  t h e  production of chemicals 

such. as ammonia and methanol. 

Three processes considered p r a c t i c a l  f o r  s i g n i f i c a n t  produc- 

t i o n  of low/medium B t u  gases by 1985 are :  



Lurgi Process: 

This is the.most extensively developed fixed bed type coal 

gasification process. In. the basic Lurgi process a relatively 

coarse coal feed is introduced at the top of the reactor and gravi- 

tates through the reactor in the presence of a slow-moving counter 

current flow of reaction gases. The unit operates.with an increas- 

ing temperature profile between the top devolatilization zone to. 

the bottom combustion zone. As the devolatilized coal gravitates 

through the bed, it is'.gasified and -the resultant ash is withdrawn 

from the bottom of the reactor. The performance of the gasifier 

is characterized by solids-residence time in excess of one hour 

and by the presence of tars in the.product gas due to the rela- 

tively low temperature at the top of the unit. As in any fixed 

bed gasifiers, caking coals pose agglomeration problems, although 

significant progress has been made in overcoming this. It is 

hoped that the problem will have been solved to permit the use of 

caking coals in fixed bed-type gasifiers in,the 1980-1985 period. 

Winkler Process: 

This is the only fluidized bed gasifier process commercially 

available at present. The process involves feeding crushed coal 

(less than %")  into a fluidized bed,reactor counter current to the 

upward flow.of the gasifying.medium. The velocity of this f-low is 

maintained slightly above that required to mere.1~. support the coal, 

1 particles. At this velocity, and because of the good gas-solids 

' contact associated with the free movementof solids ,in the bed, 

heat is readily ,transferred and isothermal, uniform c.onditions . . . 

exist. Gasification in the Winkler generator takes place at 
0 

I temperatures of 1500 to 1850 F and atmospheric pressure.  he ' 

. . 
high temperature provides for a tar-free gas. ~ 1 s o ; : b ~  

operating at higher temperatures and smaller coal feed sizes, this 

gasifier has a higher gasification capacity per unit of reactor 

volume than that of fixed bed units. Subbituminous or lignite 

coal is preferred due to its higher carbon conversion. 



Koppers-Totzek Process: 

This process uses en t ra ined  bed g a s i f i c a t i o n  and i s  the  only 

one with t h i s  bed type t o  be  presen t ly  commercially ava i lab le .  I n  

t h i s  case ,  pulverized coa l  o f . any  type (screened t o  #200 mesh) and 

a  steam/oxygen mixture a r e  introduced a t  opposi te  ends of the  re- 

f r a c t o r y  l i ned  g a s i f i e r  i n  such a  manner t h a t  t h e  s o l i d s  a r e  en- 

t r a i n e d  and swept along with t he  gas.  The small p a r t i c l e  s i z e  

provides f o r  ease  of entrainment and f a c i l i t a t e s  high r a t e s  of 

reac t ion .  Since t h e  raw coa l  fed i n t o  t h e  u n i t  i s  c a r r i e d  along 

a t  t h e  ve loc i ty  of t h e  gas and because t h e  p a r t i c l e s  a r e  heated 

very rap id ly  through t h e  p l a s t i c  range, con tac t  between p a r t i c l e s  

i s  l imi t ed  t o  occasional  c o l l i s i o n s .  This minimizes the  poss ib i l -  

i t y  of agglomeration and permits  t h e  use of caking coa ls .  The 

high v e l o c i t i e s  involved r e s u l t  i n  extremely sho r t  s o l i d  residence 

time of l e s s  than 10 seconds. Complete g a s i f i c a t i o n  i n  t h i s  sho r t  

per iod of  time requi res  operat ing temperatures between 2700 and 

3 3 0 0 ~ ~ .  Considerable combustion of coa l  i s  required t o  achieve 

t h i s  high temperature throughout t he  e n t i r e  gaseous product stream. 

To minimize hea t  l o s se s  a s  s ens ib l e  h e a t  i n  t he  product gas,  com- 

mercial  oxygen, r a t h e r  than a i r  with i t s  i n e r t  n i t rogen,  i s  used 

a s  t h e  oxidant.  The Koppers-'l'otzek process has che highest cuLll 

gas i , f ica t ion capac i ty  per  u n i t  volume of t h e  t h r e e  processes con- 

s i de red  here  and has t h e  addi t iona l  advantage of being ab le  t o  

use caking coa ls .  I n  t he  present  form, th.e process tdkes place  

a t  atmospheric pressure  but  K~ppe r~ - ' l ' ~ tZe 'k  i n  cvr~ ju~~cLio l l  with 

S h e l l  i s  commercially ava i l ab l e  f o r  operat ion a t  pressures  up t o  

450 p s i  i n  the  1980-1'985 period.  

Future  Development: 

The t h r u s t  of low-Btu g a s i f i c a t i o n  research a t  present  i s  
' 



concentrated in the following areas: 

. Development of capability to operate with wider ranges of 

coals, specifically caking coals. 

. Increasing gasification efficiency. 

. Decreasing capital and operating costs.of coal conversion 

processes in comparison with the existing technology. 

The advanced gasifier concepts involve multiple stages, pres- 

sure operation, special ash agglomeration, or slagging techniques 

to facilitate ash removal and low carbon losses. 

b. Hiqh Btu Gas: 

Pipeline quality synthetic gas produced from coal has a wide 

range of potential applications as a replacement for fuel oil and 

natural gas for consumption in the industrial, residential, com- 

mercial, and electricity generation sectors. Even though no corn-$ . $  

mercial sized plant is currently in operation, high Btu gas can 

be produced 'from coal by incorporating shift conversion and metha- . , 

nation steps into medium'Btu gasification processes. Lurgi,. 

Winkler, and Koppers-Totzek processes .(discussed earlier) have .- . 

been demonstrated commercially and could be used as the front end' 

of the process to produce high Btu gas. " Although methanation has* 

not been used continuously on a commercial scare, it is predicted, 

based on commercial practices employed for the production of other 

end-products via shift conversion and methanation, that the process 

will pose no insurmountable technical problems. Following is a 

brief description of. the presently available processes:. 

Lurgi Process: 

In terms of process characteristics, Lurgi has the advantage 

of operating at high gasification pressures, because a significant 
, . 

amount of methane is produced in the gasifier reducing the level 

of methanation that must be conducted downstream. 

' .The Lurgi gasifier was discussed in the previous section and 

1 . .  



w i l l  no t  be  described here .  Synthesis  gas e x i t s  from the  g a s i f i e r  
0 

a t  a temperature of .850  t o  950 F and a pressure  of 300 t o  400 p s i .  

This gas,  cons i s t i ng  of 11% methane, en t e r s  a quenching scrubber 

where a water spray i s  used t o ,  remove dus t  and cool  t he  gas.  

Thereaf te r ,  roughly ha l f  of t he  gas i s  routed through a s h i f t  re- 

a c t o r  whre carbon monoxide i s  c a t a l y t i c a l l y  s h i f t e d  with steam t o  

y i e l d  carbon dioxide and hydrogen. The s h i f t e d  gas i s  then recom- 

bined with t he  raw gas stream and i s  cooled i n  a waste h e a t  re- 

covery u n i t  where r e s idua l  heavy hydrocarbons and unreacted steam 

a r e  condensed. Pu r i f i ca t ion  of t h e  gas i s  e s s e n t i a l  a t  t h i s  s tage  

t o  p ro t ec t  t h e  c a t a l y s t s  used i n  methanation. I n  t he  methanation 

s t ep ,  t h e  r e l a t i v e l y  pure gas i s  passed over a nickel-based ca ta -  

l y s t ;  carbon monoxide and carbon dioxide combine with hydrogen 

t o  form methane and water. F ina l ly  hea t  i s  recovered from t h e  gas 

product ,  r e s idua l  carbon dioxide removed and t h e  gas i s  dr ied .  

This gas has a methane content  of 95 t o  97% and r e s idua l  q u a n t i t i e s  

of carbon,dioxide,  carbon monoxide, hydrogen, n i t rogen and argon. 

The Lurgi  g a s i f i e r s  cu r r en t ly  a r e  t h e  sub jec t  of development 

work t o  allow the  use of caking coa l s  and run-of-mine feeds ,  and 

t o  incr.ease ind iv idua l  u n i t  capaci ty .  

~ i n k l e r  Process: 

Here again,  t h e  f i r s t  s t e p  i s  t o  produce syn thes i s  gas from 

coa l ,  which i s  t h e  same a s  t h e  one described e a r l i e r .  The gas 

e x i t s  t h e  g a s ~ t l e r  a t  approx~mately  1 8 ~ 0 ~ ~  and a t  atmospheric 

p ressure  and has  r e l a t i v e l y  small ( % 2%) methane content .  The 

s h i f t  and methanation s t e p s  a r e  e s s e n t i a l l y  s i m i l a r  t o  ones 

described i n  t h e  Lurgi process except t h a t  here ,  p r i o r  t o  . 

s h i f t  conversion, t he  gas requi res  precompression t o  300-450 psig .  

Koopers-Totzek Process: 

Coal g a s i f i c a t i o n  t o  syn thes i s  gas,  which i s  the  f i rs t  s t e p ,  

i s  again t h e  same a s  discussed previously.  The gas e x i t s  from 



0 
t h e  g a s i f i e r  a t  2700 F and a t  atmospheric pressure ,  and has  prac- 

t i c a l l y  no.methane. Af te r  cooling and scrubbing t h e  syn thes i s  gas 

of en t ra ined  s o l i d s ,  it i s  compressed t o  300-450 ps ig  p r i o r  t o  

shift/methanation. I n  t h i s  case., unl ike  the  Lurgi and Winkler 

processes, the  s h i f t  conversion s t e p  i s  combined with t he  metha- 

na t ion  s tep .  The gas i s  humidified, p a r t i a l l y  s h i f t e d  t o  ad jus t  

t he  H /CO r a t i o  and then sen t  through a three-s tage shift/metha- 
2 

nat ion s tep .  This combined s t e p  uses a spec i a l  n i cke l  c a t a l y s t  

which simultaneously promotes both t h e  s h i f t  and methanation re- 

ac t ions .  Pa r t  of t he  steam required by t h e  s h i f t  reac t ion  i s  pro- 

vided by t h e  methanation reac t ion ,  thus reducing the  o v e r a l l  steam 

requirement. 

An advantage of t h i s  process over t h e . o t h e r  two i s  the  f a c t  

t h a t  t he  Koppers-Totzek g a s i f i e r  i s  capable of handling any rank 

o r  s i z e  coa l ,  caking o r  non-caking, high ash,  char  o r  coke, with- 

our pretreatment.  

Second generation coa l  g a s i f i c a t i o n  processes a r e  under devel- 

opment by DOE and by severa l  i n d u s t r i a l  f irms.  These processes 

a r e  expected t o  have a higher  thermal e f f i c i ency  and lower c a p i t a l  

cos t s  t h a t  f i r s t -genera t ion  designs both of which.wi.11 he lp  t o  re- 

duce the  c o s t  of commercial manufacture of syn the t i c  n a t u r a l  gas. 

I t  is  poss ib le ,  though not probable, t h a t  those  developments may 

prooeed rap id ly  enol.~qh tha.t .  s o m e  con t r ibu t i sn  t o  commercial supply 

may be  made by 1985. These processes include Hygas, Synthane, 

Bi-Gas and CO acceptor,  and have been developed t o  the  p i l o t  p l an t  
2 

s tage.  A l l  these  processes a r e  based on t h e  t h r e e  bas i c  coa l  gas i -  

f i e r  designs discussed above b u t  incorporate  v a r i a t i o n s  t o  improve 

t h e  process e f f i c i ency  and t o  achieve c o s t  reductions.  The main 

c h a r a c t e r i s t i c s  of two of these processes a r e  discussed below. 



Hygas : 

The i n t e n t  of  t h e  Hygas process  i s  t o  maximize t h e  product ion  

o f  methane d i r e c t l y  from c o a l ,  t h e r e f o r e  minimizing both  t h e  h e a t  

r e q u i r e d  i n  t h e  g a s i f i e r  and t h e  volume of gases  t h a t  m u s t  b e  

c l eaned  and methanated. This  i s  done with two c o a l  hydro-gas i f i -  

c a t i o n  s t a g e s .  I n  t h e  f i r s t  s t a g e  of t h e  h y d r o g a s i f i e r ,  d r i e d  

c o a l  i s  heated  r a p i d l y  by h o t  r e a c t i o n  gases  r i s i n g  from t h e  sec- 

ond s t a g e  r e a c t o r  and recyc led  h o t  c h a r .  Approximately 200b of  t h e  

c o a l  i s  converted t o  methane i n  t h e  low tempera ture  environment of 

t h e  f i r s t  s t a g e .  The second g a s i f i c a t i o n  s t a g e  i s  a high tempera- 

t u r e  f l u i d i z e d  bed r e a c t o r  where an a d d i t i o n a l  2@/0 of t h e  i n i t i a l ,  

c o a l  i s  converted t o  methane i n  t h e  hydrogen-rich environment. Of 

major  t e c h n i c a l  and economic importance i n  t h i s  process  i s  t h e  pro- 

duc t ion  of t h e  hydrogen r i c h  gas r equ i red  f o r  h y d r o g a s i f i c a t i o n .  

Three techniques  f o r  producing t h i s  gas a r e  be ing  i n v e s t i g a t e d :  

steam-oxygen, e l e c t r o t h e r m a l ,  and steam-iron. Resu l t s  of  pre-  

l i m i n a r y  economic s t u d i e s  sugges t  t h a t  t h e  most economical source  

o f  supplemental  hydrogen w i l l  b e  t h e  steam-oxygen p rocess ,  f o l -  

lowed by t h e  steam-iron process ,  then  t h e  e l e c t r o t h e r m a l  technique .  

e his process  i s  be ing  developed by t h e  I n s t i t u t e  of Gas Technology 

(PGT)  a s  p a r t  of t h e  j o i n t  program of DOE and AGA. 

Synthane: 

The Synthane p rocess  was developed by t h e  Bureau of Mines. 

A key f e a t u r e  of t h e  Synthane process  i s  t h a t  p re t rea tment  of  

caking c o a l s  i s  i n t e g r a t e d  with t h e  g a s i f i c a t i o n  process .  Pre- 

t r e a t m e n t  provides  a mi ld  ox ida t ion  of t h e  c o a l  p a r t i c l e  s u r f a c e  

s o  t h e  caking c o a l s  w i l l  n o t  agglomerate i n  t h e  g a s i f i e r .  The 

hydrocarbon r e l e a s e d  dur ing  p re t rea tment  i s  u t i l i z e d  i n t e g r a l l y  

i n  t h e  system, thereby maximizing t h e  e f f i c i e r i cy  of c o a l  conver- 

sion. Another f e a t u r e  of t h i s  process  i s  t h a t  more than h a l f  of 

t h e  methane i s  produced d i r e c t l y  i n  t h e  g a s i f i e r .  By maximizing 



methane production i n  t he  g a s i f i e r ,  t he  s i z e s  of a l l  downstream 

process ves se l s  a r e  reduced by 30  t o  50% compared t o  processes i n  

which the  raw gas from the  g a s i f i e r  contains  l i t t l e  o r  no methane. 

Cost es t imates  of production of high Btu gas and resource 

requirements and cons t r a in t s  t o  meet t h e  implementation l e v e l s  i n  

t he  years  1985 and 2000 a r e  discussed l a t e r  i n  t h e  Appendix. 

c .  Syncrude and Refined Coal Products: 

The ob jec t ive  of these  processes i s  t o  convert  coa l  i n t o  a 

c lean l i q u i d  f u e l  f o r  use as  a mu'ltipurpose f u e l  . o i l ,  and as  a ;feed 

s tock f o r  r e f i n e r i e s  and t h e  petrochemical industry .  An advantage 

of coa l  l i que fac t ion  i s  t h a t  t h e  e n t i r e  range of l i q u i d  products,  

including f u e l  o i l ,  gasol ine ,  j e t  f u e l ,  and d i e s e l  o i l  may u l t i -  

mately be  produced from coa l  by varying t h e  type of c a t a l y s t s  and 

o the r  operat ing condi t ions .  Current emphasis, however, i s  being 

placed on the  development of low s u l f u r ,  low ash f u e l  o i l  s u i t a b l e  

f o r  f i r i n g  i n d u s t r i a l  and e l e c t r i c  u t i l i t y  b o i l e r s  and gas tu rb ines .  

A t  p resen t ,  t he  Fischer-Tropsch process is  the  only commer- 

c i a l l y  ava i l ab l e  technology and it i s  envisioned t h a t  t he  f i r s t  

coa l  l i que fac t ion  p l a n t s  w i l l  be based on t h i s  technology. How- 

ever  t h i s  process has l i m i t a t i o n s  because of i t s  lower conversion 

e f f i c i ency  ( 40%) and i n a b i l i t y  t o  use caking coa l s .  To develop 

the  most e f f i c i e n t  u t i l i z a t i o n  of coa l  resources,  DOE i s  sponsor- 

ing the  development of severa l  advanced coa l  l i que fac t ion  processes,  

which a r e  cu r r en t ly  i n  d i f f e r e n t  s tages  of development. Some of 

these ,  such as  Solvent Refined Coal (SRC), t he  H-Coal and Char-Oil 

Energy Development (COED) processes,  a r e  i n  t h e  p i l o t  p l an t  s tage .  

These processes a r e  capable of accepting midwestern and eas t e rn  

caking coa l s ,  and o f f e r  t he  advantage of hi'gher o v e r a i l  energy 

e f f i c i ency .  Commercial s ized  p l a n t s  based on advanced l i que fac t ion  

technology can be onstream by e a r l y  1980's .  
- 



A l l  l i que fac t ion  processes work on t h e  same b a s i c  p r inc ip l e ,  

namely, t he  addi t ion of hydrogen t o  coa l  i n  some quant i ty  t o  pro- 

duce a  des i red  l i q u i d  product.  The g r e a t e r  t h e  amount of hydrogen 

t h e  l i g h t e r  t h e  product o i l .  Fisher-Tropsch process involves in- 

d i r e c t  l i que fac t ion  as  t he  coa l  i s  f i r s t  g a s i f i e d  t o  produce a  

syn thes i s  gas which i s  then c a t a l y t i c a l l y  converted t o  l i q u i d  pro- 

duc ts .  The processes cu r r en t ly  being developed a r e  based on d i r e c t  

l i que fac t ion  and pr imar i ly  involve: (1) solvent  ex t r ac t ion  (SRC 

p r o c e s s ) ,  ( 2 )  d i r e c t  c a t a l y t i c  hydrogenation (H-Coal process)  o r  

(3)  pyro lys i s  (COED p roces s ) ,  as  t h e  mechanism f o r  l iquefac t ion .  

Followinq i s  a  b r i e f  descr ip t ion  of each of these  processes.  

Frscher-Tropsch : 

A t  p resen t ,  t h i s  i s  t he  only commercially ava i l ab l e  technology. 

F i r s t  s t e p  i n  t h i s  process involves coa l  g a s i f i c a t i o n  with steam 

and oxygen in  a  Lurgi  g a s i f i e r  t o  ob ta in  syngas. Af te r  pu r i f i ca -  

t i o n  (e.g.  by Rec t i so l  process)  of t he  gas,  f i xed  bed (Arge) o r  

f l u i d i z e d  bed (Kellogg) process can be used t o  c a t a l y t i c a l l y  convert 

t h e  syngas i n t o  l i q u i d  products. Both processes use c a t a l y s t s  
0 

t h a t  opera te  i n  t h e  temperature range of 430 t o  750 F with gas 

p ressures  ranging between 250 t o  400 p s i .  The l i que fac t ion  s t e p  

i s  v i r t u a l l y  t h e  same a s  t h a t  employed i n  numerous commercial 

opera t ions  t h a t  s t a r t  with p a r t i a l  oxidat ion of methane. A wide 

v a r i e t y  of products a r e  produced by t h i s  process -- t he  major ones 

being gasol ine ,  o i l s ,  p a r a f f i n  waxes, and chemical products.  A s  

mentioned e a r l i e r  t h i s  process has low conversion e f f i c i ency  

( 4%) and can use only noncaking coa l  although t h e  l a t t e r  de- 

f i c i ency  can be  overcome by using an a l t e r n a t i v e  g a s i f i e r  such a s  

t h e  Koppers-Totzek u n i t .  

Future  technological  improvements should r e s u l t  i n  b e t t e r  

gas p u r i f i c a t i o n  and c a t a l y t i c  l i que fac t ion  techniques leading 



t o  higher  than cu r r en t  40"b e f f i c i ency .  Gas i f ica t ion  performance , 

w i l l  improve as  experience i s  gained with higher  pressure  Lurgi 

u n i t s .  There i s  a l s o  some room f o r  improvement i n  developing , .  

longer l a s t i n g ,  ,cheaper and a t  t h e  same t ime,  more t o l e r a n t  t o  

s u l f u r  poisoning-type ca t a ly s t s . .  

SRC Process: 

The SRC process i s  presen t ly  developed t o  th.e , p i l o t  p l an t  , . . . 

s tage .  This process involves r e f i n i n g  of coa l  i n  a se l f -generated 

solvent  (generated i n  t he  l i que fac t ion  process). i n  t he  presence 

of hydrogen. . The l i q u i d  is  f i l t e r e d  t o  remove organic mater ia l  

and ash, and f r ac t iona t ed  t o  recover t h e  solvent .  This .process i s  

capable of u ~ i n g  mldwestern and .  ea s t e rn  caking coa ls .  

Raw.co,al' i s  pulverized and mixed with a coa l  derived s o l v e n t .  

t o  form s l u r r y  i n  a s l u r r y  mix tank.  The r e s u l t i n g  s l u r r y  i s  mixed 

with hydrogen, produced i n  o the r  s t e p s  of t h e  process,  and i s  pumped 

through a f i r e d  prehea te r  on t h e  way t o  be ing  passed i n t o  a d i s -  

so lve r  where about 90% of t h e  moisture and.ash-free  coa l  i s  d i s -  

solved. Also i n  t he  dissolver , .  t he  coa l  i s  depolymerized and 

hydrogenated r e s u l t i n g  i n  an . ove ra l l  reduction i n  product .mole-. 

c u l a r  weight, ,and.  t h e  solvent  i s  hydrocracked t o  form lower-mole- . 

c u l a r  -weight hydrocarbons . t h a t  range from l i g h t  o i l . t o  methane. 

From t h e  d i s so lve r ,  t h e  mixture i s  passed through a high p r e s s u r e .  . 
0 

f l a ~ h  ves se l ,  operat ing a t  625 F and 995 ps ig ,  t o  separa te  t h e ,  , 

gases from the  s l u r r y  of undissolved s o l i d s  and coa l  so lu t ion .  

The raw gas i s  s en t  t o  a hydrogen recovery and gas desu l fu r i za t ion  

u n i t .  The hydrogen recovered i s  recycled with t h e  s l u r r y  coming : 

from t h e  s l u r r y  mix tank. The s l u r r y  from t h e  f l a s h  ves se l  goes 

t o  a ro t a ry  f i l t e r  where t h e  undissolved coa l  s o l i d s  a r e  removed.,. 

I n  khe ~ommercial-sca1,e process,  t h e  so1.ids can be sen t  t 0 . a  

gas i f ie r -conver te r  where on being' . reacted with supplemental coal ,  ' 



steam;and oxygen, they produce hydrogen f o r  use i n  t h e . p r o c e s s .  

The so l id s - f r ee  coa l  so lu t ion  from the  f i l t e r  goes t o  the  solvent  

recovery a rea  where t h e  so lven t  f o r  recycle  i s  removed by vacuum 

f l a s h  d i s t i l 1 , a t i on .  The bottom f r a c t i o n  (SRC) i s  a ho t  l i q u i d  
0 

with a s o l i d i f i c a t i o n  po in t  of a t  l e a s t  300 F.  The l i q u i d  product 

can be  t ranspor ted  ho t  a s  a l i q u i d  f u e l  o r  allowed t o  cool ,  s o l i d i f y  

and produce r e l a t i v e l y  c lean s o l i d  f u e l .  

Based on pi ' lot p l an t  operat ions ,  it i s  found t h a t  coa l  conver- 

s ion  r a t e s  genera l ly  range from 85 t o  95%, and y i e l d s  of s o l i d  SRC . 

product  from 50 t o  70"A of t he  moisture and ash-free coa l  charge. 

S u l f u r  i n  the  SRC product i s  0.6-0.%, depending on operat in7 con- 

d i t i o n s  and coa l  type,  and ash content  i s  0.6-0.16%. The SRC pro- 

duc t  i s  b r i t t l e  and has a g ross  hea t ing  value of about 16,000 ~ t u / l b  

regard less  of coa l  type.  

H-Coal Process: 

This i s  t h e  only advanced technology t h a t  o f f e r s  two modes 

of opera t ion  whereby e i t h e r  an environmentally acceptable f u e l  o i l  

production i s  maximized o r  a l i q u i d  feedstock accep tab le . t o  a petro- 

chemical r e f ine ry  i s  produced a s  a ch ie f  product.  This process in- 

volves t h e  d i r e c t  hydrogenation of coa l  i n  t h e  presence of a c a t a l y s t  

under three-phase, e b u l l i e n t  bed condi t ions .  The H-Coal process. is 

e f f e c t i v e  with a l l  types of coa l  and would be  p a r t i c u l a r l y  usefuel  

on highly  v o l a t i l e  ea s t e rn  coa l s  with high s u l f u r .  
0 

I n  t he  ac tua l  process coa l  i s  d r i ed  t o  150-200 F, pulverized 

t o  minus 60 mesh, s l u r r i e d  with coa l  derived so lven t  o i l ,  and 

pumped t o  a pressure  of about 200 atm. The s l u r r y  i s  mixed with 

compressed hydrogen and'  fed t o  the preheater  and ebu l l i a t ed  bed re -  
0 

ac to r ,  which i s  t y p i c a l l y  a t  3000 ps ig .and  850 F. The h e a r t  of t h e  

process i s  the  ebu l l i a t ed .bed  r eac to r  containirig c a t a l y s t .  The.bed 

i s  kept  ebul l ia ted- .by i n t e r n a l l y  recycled o i l .  . ,  



In the reactor the coal is catalytically hydrogenated as ,.the 

dissolution occurs. The vapor product leaving'the top of the re- 

actor is cooled to separate the heavier components as a liquid. 

Light hydrocarbons, ammonia, and hydrogen sulfide are absorbed from 

the gas stream and the remaining hydrogen-rich gas is recycled. 

The liquid from the condenser is fed to an atmospheric distillation 

unit. The liquid-solid product from the reactor, containing un- 

converted coal, ash, and oil is fed into a flash separator. The 

material that boils off is passed to the atmospheric distillation 

unit that yields light and heavy distillate products. 

The bottom product from the flash separator (solids and heavy 

ill is further processed in hydroclone and filtration 

units to remove solid residue. The filtrate is stripped 

and fractionated further. Heavy distillate is recycled as 

a slurry medium. 

The composition oftthe end product for a given coal type is 

determined by the operating conditions in the reactor. High pres- 

sure, high temperature and high coal residence are required in the 

reactor to produce syncrude as' the major product. On the.other hand, 

pressure, temperature and residence time must-be'low if residual 

fuel oil is the desired product. 

Expected areas of improvements in the application of this tech- 

nology include higher sol:l.d/liquid separation efficiency,.longe.r 

catalyst Life, higher coal throughout. and decrease in consumption 
. . 

of hydrogen. 

coal. conversion .rates'.in- this process range from 90 to 95% of 

moisture and ash-free. coai. . The overall thermal .efficiency of coal 

to syncrude~conversion in a commercial sized plant is.expected to 

be in the 65-7Wh .range. 



COED Process: 

This process involves pyrolysis  o f . c o a 1  t o  produce syn the t i c  

crude o i l ,  gas and char.  .The gas can be used as  a  f u e l  o r  pro- 

cessed f u r t h e r  f o r  conversion t o  hydrogen. The char  can a l s o  be 

burned a s  a  f u e l ,  o r  .with t h e  appl ica t ion  of add i t i ona l  technology, 

g a s i f i e d .  Use of h igh-sulfur ,  agglomerating eas t e rn  coa l s  f o r  con- 

vers ion  has been demonstrated i n  t h e  p i l o t  p l an t  based on t h i s  

technology. Pyrolysis  involves s t r i p p i n g  l i q u i d s  from coa l  without 

going t o  high pressures.  and i s  not  p r imar i ly  aimed a t  removing s u l -  

u r .  I t  leaves  a  l a r g e  amount of c h q r , w ~ t h  a 9ulJ;'ur content  

equ iva len t  t o  t h a t  i n  t he  feed coa l .  The products of pyrolysis  
a r e  t r e a t e d  i n  a  second s t e p  t o  remove s u l i u r .  

The COED process i s  based on t h e  mul t is tage,  fluidized-bed 

py ro lys i s  of coa l .  The coa l  i s  crushed, p a r t i a l l y  d r i ed ,  and then 

f ed  t o  a s e r i e s  of fou r  f luidized-bed pyrolyzers.  Each pyrolyzer 

i s  operated a t  a  success ively  higher  temperature maintained j u s t  

below t h e  po in t  a t  which the  coa l  would. agglomerate. The s tag ing  

temperatures and t h e  number of s tages  ac tua l ly  required depend on 

t h e  agglomerating p rope r t i e s  of t h e  coa l .  Heat f o r  the  process i s  

generated by burning a  por t ion  of t he  char  i n  t he  l a s t  py ro l i ze r  

and then flowing t h e  off-gases countercurrent ly  t o  t he  forward 

char  flow. 

Pyrolysis  product gas ,  containing the  v o l a t i l e  mat ter  re- 

l eased  from t h e  coa l  i n  t he  pyrolyzers ,  passes i n t o  a  cyclone 

which removes t h e  f i n e s .  The vapors leaving t h e  cyclone a r e  then 

quenched d i r e c t l y  with water i n  a  scrubber t o  condense t h e  o i l ,  

and t h e . g a s e s  and o i l s  a r e  separated i n  a decanter .  The o i l  from, 

t h e  decanter  i s  dehydrated and f i l t e r e d . .  The so l id s - f r ee  o i l  i s  

then pressur ized and mixed with hydrogen i n  a  fixed-bed c a t a l y t i c  

r eac to r  t o  remove n i t rogen ,  s u l f u r  and oxygen. The gas and char  



can also be desulfurized and converted to the desired form or com- 

position. 

Production cost estimates and resource requirements for imple- 

mentation of syncrude production scenarios for the years 1985 and 

2000 will be discussed later in this appendix. 

d. Hydrogen: 

The principal uses of industrial hydrogen are in petroleum 

refining and for production of ammonia, methanol, and other organic 

chemicals. Because of its clean burning characteristics, additional 

demands for hydrogen as a natural gas supplement, electric utility 

fuel for peak shaving applications, air transport fuel and as a 

special purpose vehicle fuel in limited urban transportation 

applications may materialize between 1985 and 2000. Presently, 

essentially all hydrogen is produced by the catalytic reforming 

of natural gas in the presence of steam. Substantial quantities 

of hydrocarbon feed stock are used in producing this industrial 

hydrogen. By 1980 feed stock requirements are projected to be 

equivalent to 0.7 million B/D of crude oil and this will increase 

to 1.6 million B/D by the year 2000 (considering only the present 

day uses of hydrogen) if alternative.feed stocks are not,used. 

Reduction of the consumption of natural gas and/or light hydro- 

carbon feed stocks for the production of industrial hydrogen can 

best be achieved during the 1980-2000 period by using coal as 

an alternative feed stock. 

Hydrogen can he produced from coal by using processes basi- 

cally similar to the ones discussed under coal conversion.to sub- 

situte natural gas (SNG) . When hydrogen is the desired product, 

coal is gasified at a higher temperature compared to that required 

for SNG production. A lower overall thermal efficiency occurs in 

the hydrogen operation. The Koppers-Totzek (K-T) process is cur- 

rently used commercially to produce hydrogen from coal in foreign 



coun t r i e s .  I n  t he  K-T process,  f i n e l y  ground coa l  i s  g a s i f i e d  a t  
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about 2700 F and atmospheric pressure  t o  produce syn thes i s  gas, a 

mixture of H CO, C02, H 0 ,  H2S ,  and SO2. The sulfur-containing 2 ' 2 
components a r e  removed, and t h e  remaining gases a r e  compressed t o  

about 300 ps ig  and a r e  then processed f o r  CO s h i f t  conversion t o  

H2 and C02 removal. This process i n  i t s  present  form does not  

seem t o  be  economically a t t r a c t i v e  f o r  U . S .  operat ions .  A s  i n  t he  

case  of coal-syngas conversion, t h e  investment and operat ing cos t s  

f o r  K-T g a s i f i c a t i o n  could be reduced by operat ing the  g a s i f i e r  a t  

450 ps iq .  This would reduce the  physica-1 s i z e  of t he  g a s i f i e r  

ves se l s ,  would reduce t h e  c o s t s  of gas compression, and would 

reduce t h e  size of t h e  gas processing f a c i i i t i e s  downstrean1 01 

t he  reac tor .  Pressurized operat ion of the  g a s i f i e r  would, however, 

r equ i r e  f a c i l i t i e s  f o r  forcing the  pulverized coa l  feed i n t o  

t he  4 5 0  ps ig  g a s i f i e r  vesse l  and removing t h e  ash from t h i s  vesse l .  

These a r eas  p resen t ly  a r e  sub jec t s  of extensive  study i n  coa l  

g a s i f i c i a t i o n  p i l o t  p l an t s .  

 noth her process being developed by I G T ,  DOE, and AGA f o r  the  

production of hydrogen from coa l  i s  the  steam-iron process.  h e  

steam-iron process i s  a r e l a t i v e l y  complex system f o r  producing 

hydrogen. I n  t h i s  process,  t h r e e  major ves se l s  a r e  used: producer, 
' I  

reducer,  and oxidizer ,  Char is  fed  i n t o  t h e  producer ves se l  Nhefe 

it r e a c t s  with a i r  and steam t o  generate ho t  reducing gas. .  A tern- 
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pe ra tu re  of 2000 F i n  t h e  producer permits generation of a good 

reducing gas containing four  times as much hydrogen and carbon . 

monoxide as water  and carbon dioxide.  Hot producer gas e n t e r s a t h e  

reducer and i s  mixed with a r e c i r c u l a t i n g  stream .of i ron  oxide : 

s o l i d s .  In  t h i s  reducing .stage,  o-xygen i s  removed from the  i ron  

oxide s o l i d s  t o  produce me ta l l i c  i ron .  These reduced i ron  s o l i d s  

a r e  fed. t o  t h e  o x i d i z e r  and a r e  mixed with steam. The i ron  i s  



oxidized t o  i t s  oxide, and a  hydrogen-steam mixture i s  produced. 

The advantages of t h i s  system include e l iminat ion of the  need f o r  a  

l a rge  oxygen o r  power p l an t  and reduction i n  t h e  amount of carbon 

dioxide scrubbing. These may compensate f o r  t h e  addi t iona l  c o s t s  

of t h e  high-pressure steam-iron reac tor .  A t  t he  present  time, how- 

ever ,  the  pressur ized coa l  g a s i f i c a t i o n  process appears t o  provide 

a t t r a c t i v e  economic advantages f o r  i ndus , t r i a l  hydrogen manufacture. 

e .  Methanol: 

Methanol i s  a  l i g h t  l i q u i d  presen t ly  manufactured i n  s i g n i f i -  

can t  q u a n t i t i e s  f o r  use i n  chemical app l ica t ions .  Methanol i s  a  

clean-burning f u e l  t h a t  can be r ead i ly  t ranspor ted by p ipe l ine ,  

t ruck ,  r a i l ,  o r  barge. Po ten t i a l  app l ica t ions  where methanol can 

replace  o i l  and n a t u r a l  gas include e l e c t r i c a l  power generation,  

i n d u s t r i a l  f u e l s ,  motor veh ic le  t r anspor t a t i on ,  and i n d u s t r i a l  feed 

s tock appl ica t ions .  

~ s s e n t i a l l y  a l l  methanol manufactured i n  t h e  U.S. (about 3.8 

mi l l ion   ye year) i s  produced by steam reforming of l i g h t  hydro- 

carbons. However, one l a rge  p l an t  recen t ly  announced f o r  t h e  

Houston a rea  w i l l  employ r e s i d  p a r t i a l  oxidat ion.  Future shortages 

of ligl-k hydrocarbon feed s tocks  s u i t a b l e  f o r  steam reforming w i l l  

encourage t h e  considerat ion of r e s i d  &d coa l  as. a l t e r n a t i v e  feed 

s tocks .  

The technoloqy f o r  producinq methanol from coa l  i s  well  es- 

t ab l i shed ,  and t h e r e  a r e  severa l  commercial-scale p l a n t s  i n  oper- 

a t i on  ou ts ide  of t he  un i ted  S t a t e s .  . A s  with coa l  g a s i f i c a t i o n ,  

t h e r e  a r e  b a s i c a l l y  t h ree  proven ga . s i f i ca t ion  design concepts: 

f ixed ,  f l u id i zed ,  and en t ra ined  beds. A l l  of these  methods can be 

used t o  gas i fy  coa l  using steam and oxygen t o  produce syn thes i s  

gas. From a process s tandpoint  t h e  pressure  and the  bed type in- 

inf luence the  composition of t he  syn thes i s  gas produced. #lahe co r r ec t  

r a t i o  of hydrogen t o  carbon monoxide ( 2 : l )  with l imi ted  o ther  ingre- 

d i e n t s  i s  des i red  fo r  methanol synthesis .  The following reac t ion  



takes place between hydrogen and carbon monoxide at 750-1500 

psi and at 400-600~~ over a catalyst. 
2H2 + CO + CH30H 

The ratio of H to CO is below 2 in the synthesis gas pro- 
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duced by coal gasification. This can be adjusted by shifting a 

portion of raw synthesis gas, passing it through a catalytic 

shift converter where it reacts with steam to produce additional 

hydrogen and then combining it with the remaining portion of the 

synthesis gas. 

The research being conducted in conneation with coal gasifi- 

cation would also facilitate the design and construction of large 

scale commercial tacllltles utllizlng coal to produce methanol in 

an economic and environmentally acceptable fashion in the 1980 - 
2000 time period. The new technology, presently at pilot plant 

stage, will allow high-pressure gasification (thus reducing the 

investment cost), capability to operate on wider ranges of coal 

(specifically caking coals), and purification of raw gases at higher 

temperatures resu1tin.g in higher thermal.efficiencies. , 

Synfuel Cost Comparison 

The following capital and O&M costs refer to improved coal 

conversion technologies presently in the developmental stage. 

These technologies should necome available for commercial use by 

the early 1980's. Because of the lack of experience with actual 

plants, there is s.ome uncertainty associated with these cost data. 

Unit rate, in terms of thermal output, of all the plants considered 

here is approximately 250x10~ ~tu/day. 



TABLE ~ - 1  " 

ESTIMATED SYNFUELS PRODUCTION COSTS* 

S p e c i f i c  Prod. Cost 
Inves t -  Cap i t a l  S p e c i f i c  ~f  f  iciencyl (W/O Coal 
nen t  cost1 c o s t  . O&M Cost of Coal 

Product u n i t  S ize  l o 6  $ $/lo6 Btu- $ / lo6  Btu Conversion '""'b $ / lo  ~ t u  

I 

C1 
1. Low Btu. Gas 1 . 5 ~ 1 0 '  ft3/day 675 1 . 2 7 .  , .50 

C1 
\O 

I 
2 .  ~ i ~ h  Btc Ga's 2 . 6 3 ~ 1 0 ~ .  f t3/day 

3. Syncrude 

4. Methanol 

5. Hydrogen . 

Assumptions: a .  .Stream f a c t o r  = 9@/0 
. b. Annual f  ixe-3 charge r a t e  = 15.5% 

*The c o s t s  a r e  i n  1 9 7 4  d o l l a r s .  

'Adopted from "Sourceboos Lor Energy Assessment", BNL 504.8 3, December 197 5. 



11. SYNFUEL PRODUCTION CONSTRAINTS 

Construction and operation of coa.1 synfuel plants impose a 

steep demand on various resources. In this section, resources re- 

quired to meet the implementation levels of synfuel production in 

the years 1985 and 2000, assumed in the model, are presented. Spe- 

cifically, the following quantities were estimated for representa- 

tive synfuel processes: plant investment, construction materials, 

equipment and manpower, and operating manpower and water require- 

ments. Because of lack of strong correlation between the avaik- 

ability of the first three resources and regiorializdtion, the data 

on investment, materials, and manpower are presented at an ag- 

gregated national level. On the other hand, in the case of water 

requirements, the data is disaggregated at the regional level. The 

question of availability of these resources is a difficult one and 

has been examined only in a broad sense; potential constraints, if 

any, are flagged. The availability of input coal requirements at 

the regional level, not considered here, has been ensured by in- 

corporating the regional supply constraints in the model. 

capital 

Synthetic fuel production is a very capital intensive under- 

taking. .A single project may typically cost in excess of $1 billion. 

cost estimation of synfuel plants is a 'hazardous venture in view of 

the following uncerta.iities: - (i) ' ~okercial. ayn.fi-lel plants have 

never been constructed in the United States--some technologies are 

operating in other countries, but with outputs s m a S . l e , r  than those 

considered commercial by U.S. standards, (ii) Construction costs, 

which traditionally have increased at a rate of 4 to 6 percent per 

year, soa,red,' nearly 30% in 19.74. ' This 'also reslllt.ed i.n drastically 

reducing t-he'economic viability 6f all synfuel projects. 



Cumulative c a p i t a l  requirement es t imates  fo r  t h e  years  .I985 

and 2000 a r e  shown i n  Table A-2. These requirements r e f e r  t o  t he  

synfuel  production scenar ios  discussed i n  Chapters I11 and I V .  

Annual c a p i t a l  requirement i s  dependent on ac tua l  construct ion 

schedule of these  p l an t s ,  and can be computed from t h i s  t ab l e .  

TABLE A-2. 

Cumulative Synfuels Capital 
Requirements: 1975-2000 

Unit Capital 
Cost (1974 Dollars 
in Millions 

High Btu Gas 

2. Coal Liquids 1 770 

3. Low Btu G.as I 675 
- 

Total 1 

Unit Size 
(lo9 ~ t u /  
day) 

250 

250 

250 

Cumulative Capital Requirement* 
(Billion Dollars) 

Year 1985 Year 2000 

22.88 L 5 ;  76 

18.80 

4.12 12.36 24.72 

*Plant factor has been assumed' to be 0.9. 

Extremely l a rge  c a p i t a l  c o s t s  and unproven technologies have 

l a r g e l y  i nh ib i t ed  pas t  commercialization e f f o r t s .  Recent l a rge  in- 

c reases  i n  world energy p r i ce s  have improved o v e r a l l  economics, but  

t he  p o s s i b i l i t y  of u n i l a t e r a l  lower world energy p r i ce s  has added a 

new element of r i s k .  In view of these  unce r t a in t i e s  and r i s k s ,  govern- 

ment incen t ives ,  i n  form of guaranteed loans,  cons t ruc t ion  subsidy, 

t a x  c r e d i t ,  e t c . ,  seem l i k e l y  i f  t h e  des i red  production l e v e l s  a r e  

t o  be achieved. These incen t ives  w i l l  h e lp  t h e  pla.nt p ro j ec t s  t o  

g e t  good c r e d i t  r a t i n g s  which is. e s s e n t i a l  t o  a t t r a c t  massive amounts 

of c a p i t a l  required s ince  the  bulk of United S t a t e s  investment money 

flows only toward r e l a t i v e l y  Low r i sk  ventures.  

1 Adopted from "Sourcebook fo r  Energy Assessment," BNL 50483, 
December 1975. 



Mater ia l s  and Equipment 

These requirements vary not  only wi th  respec t  t o  t h e  process 

being used but  a l s o  depend on loca t ion  and coa l  c h a r a c t e r i s t i c s .  

For example, p l a n t s  constructed i n  water-rich a r eas  have some ad- 

vantage i n  t h a t  t he re  i s  l e s s  need t o  provide for  reuse  of cooling 

water;  a s  a r e s u l t ,  extensive  use of cooling towers i s  not  gen- 

e r a l l y  required.  S imi la r ly ,  pla.nts  based upon lower h e a t  value 

coa l s  w i l l  r equ i r e  l a rge r  and more extensive  mater ia l s  handling 

equipment for processing t h e  l a rge r  q u a n t i t i e s  of  feed coa l  i n  or- 

der t o  maintain a given feed h e a t  content .  Table A - 3  shows t y p i c a l  

requirements of c r i t i c a l  ma te r i a l s  and equipment on t h e  cumulative 

b a s i s  fo r  the  years  1985 and 2000. 

 ater rial and equipment requirements i n  a given year w i l l  de- 

pend on t h e  cons t ruc t ion  schedule of  t h e  synfuel  p lan ts .  The fo l -  

lowing c o n s t r a i n t s  i n  connection with mater ia l s  and equipment have 

been i d e n t i f i e d  i n  t he  Project  Independence r epo r t  fo r  t h e  time 

( a )  There i s  a s e r ious  shortage of s t e e l  fo r  t he  fabr ica-  

t i o n  of e x i s t i n g  energy-related construct ion.  S t e e l  resources a t  . . 

presen t  a r e  being taxed t o  v i r t u a l l y  t h e i r  l i m i t  by e x i s t i n g  de- 

mands. Although t h e  cumulative demand of  s t e e l  (-400 thousand tons )  

fo r  t h e  construct ion of synfuel  p l an t s  by 1985 i s  small compared 

with  t h e  approximately 150 mi l l i on  tons  of raw s t e e l  being produced 

i n  t h e  u.S. annually,  t h e  imposition of add i t i ona l ly  requirements 

may n e c e s s i t a t e  t h e  establishment of na t iona l  p r i o r i t i e s .  . . 

(b)  The d e ~ i g n  paramctcrc, i . c . ,  diamctcr, length,  operat-  

ing  pressure ,  and operat ing temperature, fo r  some synfuel  p l an t s  

r equ i r e  t h e  f ab r i ca t ion  of reac tor  ves se l s  which may be beyond t h e  

e x i s t i n g  technology. 

( c )  Presen t ly  t h e  l a rge  heavy-walled pressure vesse l s  a r e  

f ab r i ca t ed  a t  t h e  shops and then t ranspor ted t o  t h e  construct ion 



TABLE A-3 

Materials and Equipment Requirements 

F3r Synfuels ~roduction': 1 9 8 5 - 2 0 0 0  

Y e a r  2000 

TFD =. Tons .per 'day,  TPH = Tons per hour ;  NA = Not a v a i l a b l e  

~ a t e r i a l s l  
Equipment 

S t e e l  
3 Thick P l a t e  (10 tons:  

S t r u c t u r a l  (10: tons )  
Reinforcing (10' tons )  

3 P ipe  (10 tons )  
3 

T o t a l  (10 tons )  

High Pressure  Vessels 
( q u a n t i t y )  

Coapressors (quan t i ty -  
over 750 HP) 

Pumps ( q u a n t i t y )  

Oxygen P l a n t s  (quan t i ty  
a t  TPD) 

Copper ( lo3  tons )  - 
3 Al-minum (10 tons )  

C r ~ s h e r s / ~ r i n d e r s  
( q u a n t i t y  a t  100 TPH) 

l ~ a s e d  cqn ucit material requirement data in FEA Project '~ndependence 
Blueprint, "Synthetic Fuels from Coal", U.S. Department of Interior, 
November 1974. 

.,. . 

Year 1985 

High 
Btu Gas 

98 
32 

9 .8  
62 

201.8 

790 

6 0 

7 00 

18 @ 
1200 

2.1 

.26 

36 @ 
100 

- - - - - - . - 

Coal 
Liquids 

21.7 
23 
4 .6  
6.9 

56.2 

215 

3C 

18G 

3 @ 
1200 

NA 

NA 

NA 

Bus 

High 
Btu Gas 

393 
127 
3 9 

246 
805 

3,170 

2 45 

2,805 

73 @ 
1200 

8 . 5  

102 

. 145 @ 
100 

High 
BaGas 

786 
254 

78 
'192 

1,610 

6,340 

490 

5,610 

14€@ 
1200 

17 

2 04 

290@ 
100 

Low - 
Btu Gas 

7 7 
11.8 
2.8 

23.6 
115.2 

--- 

--- 
375 

--- 

0.35 

. --- 

--- 

Accelera ted 

Coal 
Liquids 

434 
460 

92 
138 

1,124 

3,948 

592 

3,620 

52@ 
1200 

NA 

N A 

' N A  

T o t a l  

64 1 
392.4 

93.3 
385.8 

1,712.5 

5 ,144 

54 1 

5,740 

99 @ 
1200 

NA 

NA 

NA 

T o t a l  

196.7 
66.8 
17.2 
92.5 

373.2 

1 ,005 

9 0 

1,255 

21 @ 
1200 

NA 

N A 

NA 

iness-As-Usual 

Coal 
Liquids 

217 
230 
4 6 
6 9 

562 

1,974 

296 

1,810 

26 @ 
1200 

NA 

NA 

NA 

Low 
Btu Gas 

231 
35.4 

8 .3  
70.8 

345.5 

- - -  

--- 
1,125 

--- 

1.04 

--- 

--- 

Low . 
Btu Gas 

462 
70.8 
16.6 

1,416 
691 

--- 

--- 
2,250 

---  

2.08 

. --- 

--- 

Tota l  

1,682 
784.8 
186.6 
771.6 

3,425 

10,288 

1,082 

11,480 

198 @ 
1200 

NA 

N A 

N A 



s i t e .  � ran sport at ion r e s t r i c t i o n s  on t h e  movement of very l a rge  

heavy-walled pressure  vesse l s  r equ i r e  f i e l d  e rec t ion  and fabr ica-  

t i o n  of these  vesse l s .  The necessary f i e l d  e rec t ion / fabr ica t ion  

technology i s  not  proven for  t h e  vesse l s  under considerat ion.  

(d)  considerat ion w i l l  have t o  be given t o  t h e  a l l oca t ion  

of c r i t i c a l  a l loy ing  elements, such a s  n icke l , .  chromium, molybdenum, 

e t c . ,  t o  meet t h e  needs of many of t h e  vesse l  requirements fo r  a l l o y  

and s t a i n l e s s  s t e e l .  Copper and aluminum requirements a r e  small 

compared t o  1974 U.S. production of 1.6 'and 4 mi l l i on  tons ,  respec- 

t i v e l y  and should pose no problem. 

Manpower 

The manpower requirements include both operat ing and con- 

s t r u c t i o n  labor .  These requirements a r e  summarized i n  Table A-4.  

The construct ion manpower is presented on a cumulative bas i s  while 

t h e  operat ing labor  corresponds t o  t h e  requirement during the  year 

denoted. These values a r e  expected t o  be i d e n t i c a l  fo r  a l l  p l an t s  

(+5%) - regard less  of . location,  year of construct ion,  region o r  s t a t e  

Clear ly  maximum requirement of construct ion manpower would occur 

around the  mid-nineties and it is  l i k e l y  t h a t  some of t h e  construc- 

t i o n  workers would remain t o  he lp  opera te  t h e  p lan ts .  Peak require-  

ments fo r  operat ing personnel w i l l  be reached i n  2000. 

In  t h e  case  of t he  low syn the t i c s  production scenar io ,  t he  

rnanpow.er does not  appear t o  be a constra ining f ac to r  on a na t iona l  

b a s i s ,  although pockets of shortages i n  some regions,  e.g., Mid- 

western and Western coa l  regions,  cannot be ru led  ou t .  However, 

a v a i l a b i l i t y  of .construction manpower i n  cases  of  acce le ra ted  

syn the t i c s  production scenar io  i n  conjunction with expansion i n  

o ther  energy-related a r eas  ( r e f i n e r i e s ,  e l e c t r i c  u t i l i t i e s ,  e t c . )  

might be expected t o  pose a s u b s t a n t i a l  cons t r a in t .  



TABLE A-4 
1 Manpower Requirements . for  synfue l s  

P l a n t  Construct ion and Operation (1975-2000) 
(Units : l o3  Man-Years) 

. .- 

'~assd 03 unit manpower requirement data cited in FEA Project Independence 
Bluspri?t, "Synthetic Fuels from Coal",.rJ.S. Department of Interior, 
Novsmber.. 1974. 

. . 

Type of 
anpower  Reauirements 

Construct  ion 
( C u m u u -  

I. Construct ion Lator  

2 .  Engineering 
Requirements 

Product ion ( h r r e n t  1 
3 .  Operating Labor 

. Ma i n t  enanc e 

5.  Se rv ices  
Administratior-  

Year 2000 Year 1985 

High 
Btu Gas 

13.7 

1 .5  

- 0.9 

2.6 

1.1 

Business-as-usual - 
High 
Btu Gas 

54.9 

6 . 1  

3.4 

10.4 

4 .3  

High 
Btu Gas 

110 

12.1 

6.8 

20.8 

8.6 

Coal 
Liquids  

2 .1  

0.6 

0.2 

0.4 

0 . 1  

Coal 
Liquids 

21.3 

6.2 

1.7 

3.9 

1 .3  

Accelerated 
Coal 
Liquids 

42.6 

12.4 

3.4 

7.8 

2.6 

Low 
Btu Gas 

3.2 

0 .3  

0.3 

0.8 

0 .3  

To ta l  

1.9 

2.4 

1.4 

3.8 

1.5 

Low 
Btu Gas 

9.7 

0.9 

0.9 

2 .5  

1.0 

Low 
Btu Gas 

19.5 

1 .8  

1 . 8  

5 .0  

2.0 

T o t a l  

85.9 

13.2 

6 .0  

16.8 

6 .6  

T o t a l  

172 

26.3 

12.0 

33.6 

13.2 



Water 

Since there  a r e  no modern-design synfuel plants  of commercial 

sca le  i n  the  United S ta tes ,  estimates of water demand a re  based upon 

research operations,  foreign experience, and design data  for pro- 

jected pla.nts. In general  synthet ic  p lants  a re  l i b e r a l  users  of 

water, both as  a raw mater ial  i n  the  process and as  a process cool- 

ing and scrubbing f lu id .  Actual water requirements depend on a 

multi tude of fac tors  such as  the  kind of synthet ic  product being 

produced, process used, design parameters, and coal cha rac te r i s t i c s .  

On the  average, water requirements for low Btu gas a re  l e s s  than 

those for  high Btu gas because l e s s  hydrogen i s  needed and because 

t h e  low Btu processes operate a t  higher temperatures resul t ing  in  

grea ter  heat-tra.nsfer eff ic iency.  Coal l iquefact ion requires  l e s s  

water than gas i f i ca t ion  because i n  coal l iquids  the molar r a t i o  ,of 

carbon-to-hydrogen is not changed much from coal i t s e l f .  Design 

pa.rameters such a s  type of cooling influence 'the water requirement, 

and t h e  use of a i r  cooling, ra ther  than evapora.tive cooling, cu t s  

down the  t o t a l  water requirement. The moisture content of' coal a l so  

a f f e c t s  the  t o t a l  requirement. Due t o  i t s  higher moisture content, 

western coal requires  l e s s  water as  some water can be recovered 

from the  feed coal.  Cooling water requirements i n  western plants  

can b'e expected t o  be approximately 50% l e s s  than eastern plant  

requirements because of greater  use of a i r  cooling and t h e  recovery 

of water from feed coal i n  the  west. 

Unit water requirements ( 2  and regional water requirements 

a r e  presented i n  Tables A-5 and A-6. A range of values is  given i n  

the  case sf un i t  water requirements because o t  var ia t ions  discussed 

above, and average values a re  presented for  t o t a l  regional water 

requirements. 

In order t o  ensure t h a t  the  above water requirements do not 

v i o l a t e  the a v a i l a b i l i t y  cons t ra in ts ,  we have t o  estimate the  quantity 



of water available on regional basis for synfuel production. There 

are some substantial problems, associated'with assigning water avail- 

ability limits for a particular use. For example, synthetics proces- 

sing requires large quantities of fresh water whereas power plants 

can use fresh water or saline water. There is no mechanism for dif- 

ferentiating among water qualities, and use of fresh water avail- 

ability a.lone places an undue constraint on this estimate. 

, . \ 
TABLE A-5 : 

Unit water Requirements ' for ' Synfuel Production 
L 

There is also a real problem in estimating the future size of 
. . 

Product  

1. High Btu Gas 

2 .  Coal L iqu ids  

3 .  Low Btu Gas 

competing nonenergy uses--irrigation, industrial, drinking water, 

recreation, etc.--since these have many social determinants. 

Unit  Water Requirement (Galrons/lO" Btu o u t p u t )  

In order to try to get s.ome perspective on the problem, use 

Kang e . 

72 - 158 

3 1  - 200 

67 - 153 

was made of a study of water needs conducted for the FEA'S Project 

Independence Blueprint . ( 2  ) This report provides projections for 

Average 

115 , 

9 2 

110 

1985 of regional consumptive'nonenergy'use of fresh and saline water 

(combined) as well as values for total current water supply. The 

regional breakdown used in this report does not correspond with coal 

regions being used in our study, but combining these data with some 

from state 'sources allowed a reasonable disaggregation to be made. 

A number of sources suggest that a reasonable assumption to make 

is that roughly half the water available for energy use could be 

used for coal system activities. Thus, values for water availability 

constraints were calculated by taking half the difference between 



TABLE A-6 

Regional Wzter R-quirements (10' g a l l o n s )  f c r  Synfuel Product ions 
1 

'~hese watlr requirements corros~ond tc synfuel plant locations 
as shown in Tables 11, 13, an3 15. 

REGIONS 

Middle A t  l a n t  i c  

East  North 
Cen t ra l  

North Appalachia 

South Appalachia 

Midwest 

Kast North 
Grea t .  P la  ins  

West North 
Great P l a i n s  

Rockies 

sou th  West 

Year 1985 Year 0000 

H igt. 
Btu Gas 

0.3 

0.3 

18 -4 

Coal 
L i q - ~ i d s  

0.0  

0 .0  

0 .0  

Bus i ~ s s - A s - U s u a l  

Low 
Btu Gas 
55.0 

0.0 

0.0 

Accelera ted 

1.15 

0:o 

5.75 

21.85 

0.0  

10.35 

3 t a l  
55.C 

O.C 

18.4 

1.15 

234.2 

56.58 

311.9 

0.0 . 

55.84 

0.0 

9.2 

0 . 0  

0 .0  

0 .0  

0.0 

To-a1 

0.0 

9.2 

0 .0  

0 .0  0 .0  

Tota l  
213.4 
82.5 

18-4 

0.0 

34.1 
0.0  

0 .0  

0 .0  

0 . 0  

1 1.15 

190.9 

48.3 

151.8 

0-0 

49.4 

Low 
Btu Gas 

High 
Btu Gas 

Low 
Btu Gas 
213.4 

82.5 

0 . 0 .  

0.0 

9.2 

5.28 

160.1 

0.0 

6.44 

High 
Btu Gas 

0.0  

0 .0  

18.4 

Coal 
Liquids  

0.0  

0.0 

Coal 
Liquids 

0.0  

0 .0  

0.0 

0 . 0  

0 . 0  

18.4 

1.1 

140.3 

0.0  

0.0 

0 .0  

130.9 
34.1 

0.0  

130.9 
3k.1 

18.4 

0.0  

0.0 

0 . 0 
0.0  

1 2f..4 

9X.7 

C.0 

38.0 



t o t a l  r eg iona l  supply and t h e  1985 p ro jec ted  nonenergy demands. 

C lea r ly ,  t h e s e  values  a r e  only  a  rough upper bound a t  b e s t .  In  

Table A-7, water supp l i e s  o f  only  t h e  western regions  have been in- 

cluded a s  it is  genera l ly  agreed t h e r e  is abundant water f o r  energy 

r e l a t e d  a c t i v i t i e s  i n  o the r  p a r t s  o f  t h e  country.  I t  is  t o  be 

noted t h a t  t he  water supply i s  t o  be sh:.red by a l l  c o a l  energy ac- 

t i v i t i e s  such a s  coa l  mining, c o a l  power p l a n t s ,  synfuel  p l a n t s ,  

e t c .  Because of  t h e  expected low l e v e l  of  synfue l  production by 

t h e  year 1985, water should pose no problem dur ing t h i s  t ime per iod.  

Even i n  t h e  year  2000, i f  t h e  nonenergy use  of  water were t o  r i s e  

a t  h i s t o r i c a l  growth r a t e s  (-2%) and t hus  cu-t i n t o  t h e  water a v a i l -  

a b l e  f o r  c o a l  energy use ,  it seems q u i t e  l i k e l y  t h a t  enough water 

would be  a v a i l a b l e  f o r  synfue l  conversion.  One no te  o f  c au t i on  t o  

be sounded here  i s  t h a t  t h e  reg ions  considered i n  t h i s  s tudy do no t  

co inc ide  wi th  t h e  water resource  regions  o r  ba s in s  and t h e r e f o r e ,  

pockets  o f  water shor tage ,  r equ i r i ng  i n t e r b a s i n  t r a n s f e r  o f  water ,  
. . 

may remain undetected under t h e  p resen t  r e g i o n a l i z a t i o n  scheme. 

Furthermore, t h e  reason fo r  t h e  shor tage  problem i n  c e r t a i n . a . r e a s  

is  l e g a l  r a t h e r  than physica l .  Western s t a t e s  g r an t  water r i g h t s  

according t o  a  p r i n c i p l e  o f  a l l o c a t i o n ,  r a t h e r  than  t h e  a l t e r n a t e  

r i p a r i a n  system used i n  t h e  e a s t .  Under a l l o c a t i o n ,  a  sha re  of t h e  

water  ,flowing i n  a  stream can be granted  t o  whomever needs it, 

whether t h a t  person holds ad jacen t  pzoperty or no t .  The problem i s  

e s p e c i a l l y  acu te  i n  Colorado where water supp l i e s  have been exhausted 

i n  t h e  l e g a l ,  a l though no t  t h e  phys ica l  sense.  



TABLE A-7 

P r o j e c t e d  Western Water Supp l i e s  Ava i l ab l e  f o r  Energy Use 

. . . 

W e s t  North Grea t  P l a i n s  

Rockies  

Ava i l ab l e  Water f o r  Energy Use 
. i n  Year 1985 

Reg i o n  

Eas t  ~ o r t h  Grea t  p l a i n s  

South wese I 1,705 

9 
(10 g a l l o n s )  

600 



111. END USE TECHNOLOGIES 

A .  F l u i d i z e d  Bed Combustion (FBC) 

FBC p rov ides  a  d i r e c t  combustion p r o c e s s  f o r  c o a l  w i t h  accep t -  

a b l e  envi ronmenta l  impact and t h e  p o t e n t i a l  f o r  improved the rma l  

conve r s ion  e f f i c i e n c y  and reduced c o s t s .  S p e c i f i c a l l y , '  t h e  FBC 

concept  promises  low l e v e l s  of s u l f u r - d i o x i d e  and n i t rogen-ox ide  

emis s ions  coupled w i t h  h i g h e r  h e a t  t r a n s f e r  r a t e s  r e s u l t i n g  i n  

h i g h e r  power c y c l e  e f f i c i e n c i e s .  I n  a d d i t i o n ,  FBC d e s i g n s  a l l ow 

combustion of  a l l  g r a d e s  of  c o a l  and p r e s s u r i z e d  FBC o f f e r s  t h e  

b e n e f i t s  o f  reduced b o i l e r  s i z e .  FBC can b e  used i n  many energy  

s e c t o r s ,  such a s  e l e c t r i c i t y  g e n e r a t i o n  by  u t i l i t i e s ,  i n d u s t r i a l  

p r o c e s s  h e a t ,  and s team g e n e r a t i o n  by i n s t i t u t i o n s  f o r  space  h e a t i n g .  

Development of  t h e  f l u i d i z e d  bed h a s  proceeded s lowly  u n t i l  

r e c e n t l y .  I n  t h e  1 9 6 0 ' s  and e a r l y  1 9 7 0 1 s ,  p r o g r e s s  i n  deve lop ing  

t h e  main concepts  of FBC h a s  been noteworthy b o t h  h e r e  and i n  t h e  

United Kingdom. Atmospheric FBC could b e  commercial ly  a v a i l a b l e  

by e a r l y  1980. A t e s t  i n s t a l l a t i o n  of  a  30 MWe a tmospheric-  

p r e s s u r e  u n i t ,  sponsored by D O E  should  go i n t o  o p e r a t i o n  i n  t h e  

ve ry  n e a r  f u t u r e .  P r e s s u r i z e d  FBC, s u i t a b l e  f o r  combined c y c l e  

o p e r a t i o n  f o r  e l e c t r i c i t y  g e n e r a t i o n ,  s t i l l  h a s  some unreso lved  

t echn ica l '  problems, s u g g e s t i n g  t h a t  t h e r e  w i l l  b e  a  l a g  i n  com- 

m e r c i a l i z a t i o n  of  such b o i l e r s  a s  compared w i t h  a tmospher ic  t y p e s .  

D O E  i s  sponsor ing  a  program w i t h  t h e  aim of deve lop ing  FBC 

c a p a b i l i t y  f o r  bu rn ing  1 quad o f  c o a l  by  1985, and between 6  - 8 

quads b y  t h e  yea r  2000. 

The FBC i n v o l v e s  bu rn ing  c o a l  w i t h i n  a  bed o f  g r a n u l a r ,  non- 

combus t ib le  m a t e r i a l  such a s  l imes tone  o r  do lomi te .  The t empera tu re  

of  combustion t y p i c a l l y  ranges  between 1400 and 1800 '~ .  The granu-  

l a r  m a t e r i a l  can  b e  i n j e c t e d  i n t o  t h e  combustor a long  w i t h  c o a l  



p a r t i c l e s ,  c rushed  t o  a  maximum s i z e  of  &-%". ' T h e  bed i s  suppor ted  

by  a  d i s t r i b u t o r  p l a t e .  F l u i d i z a t i o n  of  t h e  bed i s  achieved by 

d r i v i n g  combustion a i r  up th rough t h e  d i s t r i b u t o r  p l a t e ,  caus ing  t h e  

g r a n u l a r  bed p a r t i c l e s  t o  become suspended and a c t  l i k e  a  v i s c o u s  

b o i l i n g  f l u i d .  The h e a t  gene ra t ed  i n  t h e  bed i s  removed by a  series 

of  v e r t i c a l  o r  h o r i z o n t a l  t u b e s  h o l d i n g  h e a t  t r a n s f e r  f l u i d .  The 

bed s o l i d s  t r . ans fe r  h e a t  t o  t h e  f l u i d  more r e a d i l y  t h a n  does  gas  

a lone .  Combustion e f f i c i e n c y  of  t h e  FBC system i s  de te rmined  p r i -  

m a r i l y  by t h e  e l u t r i a t i o n  of unburned carbon from t h e ' b e d  a s  t h e  

carbon  l o s s  i n  t h e  bed and i n  t h e  unburned g a s e s  i s  q u i t e  n e g l i g i b l e .  

Carbon l o s s  h a s  been shown t o  d e c r e a s e  w i t h  t empera tu re  and i n c r e a s e  

w i t h  g a s  v e l o c i t y .  T y p i c a l l y ,  t h e  combustion e f f i c i e n c y  i n  one 

s t a g e  FBC i s  about  90% b u t  can go a s  h i g h  a s  98.5% w i t h  second 

s t a g e  combustion.  

Atmospheric v s .  P r e s s u r i z e d  FBC 

FBC can  b e  des igned  f o r  combustion t o  occur  e i t h e r  a t  atmos- 

p h e r i c  p r e s s u r e  o r  a t  l e v e l s  a s  h i g h  a s  1 0  atmospheres .  The former - 

and more developed - v a r i a n t  l ooks  a p p r o p r i a t e  f o r  b o t h  u t i l i t y  and 

i n d u s t r i a l  h e a t i n g  a p p l i c a t i o n s .  The l a t t e r  aims s p e c i f i c a l l y  a t  

b i g g e r ,  200 M W e  p l u s  modular u n i t s ,  and can use  combined c y c l e  power 

g e n e r a t i o n .  The p r e s s u r i z e d  FBC u s i n g  combined c y c l e  h a s  h i g h e r  

o v e r a l l  e f f i c i e n c y  '') ( ~ 3 5 % )  . However, p r e s s u r i z e d  FBC h a s  t h e  

f o l l o w i n g  problems t o  overcome b e f o r e  commerc ia l iza t ion :  ( a )  The 

e f f l u e n t  g a s  from combustion u n i t s  c o n t a i n s  s m a l l  s o l i d  p a r t i c l e s  

which t e n d  t o  e r o d e  and c o r r o d e  th'e g a s  t u r b i n e  b l a d e s .  T h i s  pro-  

blem can  b e  minimized by  use  o f  f i l t e r s  and cyc lone  s t a g e s ,  e t c .  

(b )  Because of h i g h  p r e s s u r e  o p e r a t i o n ,  hand l ing  of  c o a l ,  s o r b e n t  
. ,  

m a t e r i a l s  and s o l i d  was t e s  becomes d i f f i c u l t  and r e q u i r e s  a  s p e c i a l  

h a n d l i n g  system. ( c )  Regenera t ion  o f  l imes tone  from p r e s s u r i z e d  

FBC proceeds  a t  a  s lower  r a t e  t h a n  f o r  a tmospher ic  FBC system. 



T h i s  may b e  due t o  t h e  r e s u l t  of impervious  l a y e r s  o f  s u l f a t e s  

f o r m e d ' i n s i d e  t h e  l imes tone  i n t e r s t i c e s  because  of g r e a t e r  p r e s s u r e  

and t empera tu re  of h o t  g a s e s .  

C a p i t a l  Cos t  

It i s  p o s s i b l e  t o  bu rn  about  1 0  t i m e s  more f u e l  p e r  u n i t  volume 

i n  an FBC b o i l e r  t h a n  i n  a  c o n v e n t i o n a l  one and 75% less h e a t  t r a n s -  

f e r  s u r f a c e  i s  needed ,  t h u s ,  a l l o w i n g  s a v i n g s  i n  v e s s e l  s i z i n g .  

However, because  of  a n c i l l a r y  equipment such  a s  t h e  s o l i d  f eed  sys tem 

and g r a n u l a r  bed f i l t e r s  r e q u i r e d  f o r  i t s  o p e r a t i o n ,  t h e  o v e r a l l  

d imens ions  o f  a ' p r e s s u r i z e d ' F B C  i n s t a l l a t . i o n  may no t  b e  a s  compact 

a s  may be sugges t ed  by  b o i l e r  comparisons  a l o n e .  Due t o  economies 

of  shop ra ' fher  t h a n '  f i e l d  f a b r i c a t i o n ,  s m a l l  b o i l e r  u n i t s  can  b e  

f a b r i c a t e d  i n  a  f a c t o r y  more economica l ly  a n d - t h e n  assembled a t  t h e  

s i t e  t o  c o n s t r u c t  a  l a r g e  system. I n  a d d i t i o n ,  FBC does  away w i t h  
. . 

t h e  need f o r . s t a c k  g a s  s c r u b b e r s  because  of i n , s i t u  a b s o r p t i o n  of  
. . 

s u l f u r - d i o x i d e .  It i s  e s t i m a t e d  t h a t  t h e  combina t ion  of t h e s e  

f a c t o r s  p e r m i t s  a  1 0 - 2 W . c a p i t a l  c o s t  r e d u c t i o n  of FBC i n s t a l l a t i o n  - .. 

ove r  c o n v e n t i o n a l  u n i t s .  A breakdown o f  c a p i t a l . c o s t s  fo , r  a  600 

MWe power p l a n t  u s i n g  p r e s s u r i z e d  FBC and combined , cyc l e  . . o p e r a t i o n  

i s  shown i n  Tab le  A-8. 

Envi ronmenta l  E f f e c t s  
. . 

SOx emis s ion :  - . . - .  . 
U s e  o f  SO - c o n t r o l  s o r b e n t  ( l imes tone /do lomi t e )  as , t h e  bed - 

X 

m a t e r i a l  p r o v i d e s  a  means of  removing s u l f u r  o x i d e s  g e n e r a t e d  d u r i n g  

combustion.  I n  t h e  a c t u a l  ,pr ,ocess. ,  l i m e s t o n e  i s  c a l c i n e d  t o  ca l c ium . .  

ox ide  which r e a c t s  w i t h  SO and 0  i n  t h e  f l u e  g a s  to .  form CaSO 
2 ,. 2 4 -  . 

The -most impor t an t  o p e r a t i n g  . . parameters .  which a f f e c t  s u l f u r .  r e -  ., 

t e n t i o n  i n  FBC.are  t e m p e r a t u r e ,  ~ a / ~ . . r a t i o  and g a s  v e l o c i t y .  Ex- 

p e r i m e n t a l  ev idence  s u g g e s t s  an optimum range,(5) . o f .  . 'l40;-160.OuF . $ .  f o r  

s u l f u r  r e t e n t - i o n .  .Sulf .ur.  r e t e n t i o n  , . , d e c r e a s e s ,  a s  t h e  g a s  v e l o c i t y  



i n c r e a s e s  and C ~ / S  r a t i o  dec reases .  A t  atmospheric p ressure .  SOx 

removal (4' t y p i c a l l y  exceeds 90% v i a  once-through use of l imestone, 

dolomite and. a  C ~ / S  mole r a t i o n  of 204:l. With such a  removal r a t e ,  

FBC can r e a d i l y  meet EPA's  new source  s tandard  f o r  l a r g e  c o a l - f i r e d  
6 

b o i l e r s  of 1 . 2  l b  soZ/10 Btu of c o a l .  

NOx emissions:  . . 

The low o p e r a t i n g  temperature (1400-18000~) of FBC holds  down 

emiss ions  of n i t r o g e n  oxides (NO ) .  W e l l  e s t a b l i s h e d  r e l a t i o n s h i p s  
x 

show t h a t  product ion  of NOx der ived from combusion a i r  r a t h e r  than  

f u e l  n i t rogen  rises wi th  temperature.  Also. t h e  presence of l ime- ,  

s t o n e  h e l p s  t o  reduce NO formation der ived from f u e l  n i t r o g e n .  
X 

A s  wi th  SO FBC u n i t s  can meet EPA's new source  emission c e i l i n g  
2 ' 6 

o f  0.7 lb.. NO /10 B t u  of c 'oal.  
X 

P a r t i c u l a t e s :  

FBC does produce more p a r t j . c u l a t e s  i n  t h e  e f f l u e n t  gas than  a  

convent ional  system s i n c e  t h e r e  i s  no s l a g  t o  c a r r y  t h e s e  o f f .  

However, . t h e  flyas?: s i z e  i s  course ,  e a s i n g  c o l l e c t i o n  and a l s o  

l e s s e n i n g  r e s p i r a t o r y  r i s k s .  

Data on t y p i c a l ' p o l l u t a n t  r e l e a s e s  have been inc luded i n  Table 

Sorbent  Regeneration: 

Approximately one t o n  of s o r b e n t  (6 )  ( l imestone/dolomite)  i s  

s u l f a t e d  f o r  t h e  combustion of f i v e  t o n s  of  c o a l  under t h e  assump- 

t i o n s  of t y p i c a l  C ~ / S  mole r a t i o n  of 2 ,  and 3% by weight s u l f u r  

c o n t e n t  of c o a l .  A t  t h i s  r a t e ,  l a r g e  amounts of s u l f a t e d  so rben t  

w i l l  be produced and m u s t  b e  d isposed of  i n  an economically/envi- 

ronmental ly sound manner. Two o p t i o n s  e x i s t .  F i r s t ,  t h e  FBC may 

b e  opera ted  with once-through so rben t ,  and with l imestone/dolomite,  

b o t h  abundant and r e l a t i v e l y  cheap,  t h e  spen t  so rben t  can b e  d i s -  

carded.  Calcium s u l f a t e  produced i n  t h e  b o i l e r  may b e  i n  a  



Table A-8 

COSTS AND TECHNICAL PARAMETERS ASSOCIATED WITH FBC POWER PLANT, 

1. Plant Type: Pressurized Fluidized Boiler Combined Cycle Regenerative, 

Limestone-Dolomite System, 600 MWe 

2. Capital Cost ($/Kl?e) : 
a 

(i) Boiler Plant Equipment 

Boiler 18.00 

Related Equipment 
. , 

48 , O O  

(Coal Handling & Feeding, particulate 

Removal, piping/Ducts, etc.) 
. .  . 

Total' '66,OO 

(ii) Two Step Limestone-Dolomite 
b 

Regenerative 'System 46.00 
C 

(iii) Other (Turbines, Generators, Land, 164.00 

Structures, etc.) 

SUBTOTAL 276; 00 

TOTAL (Including escalation';. interest ' % 400 

during construction, etc. % 45%'). 
6 3. Energy. Costs ($110 Btu(e)): 

Fixed Charges d 
. 2.87 

O&M coste . 0. 35 - 
TOTAL (excluding coal cost) 3.22 

For the sake of comparison, co,nventional coal-steam electric (excluding 

coal cost) costs 3.95$/106 Btu(e) 

. . 

a. Adopted from reference 7 ,  p. 25 and escalated to 1974 dollars. Escalation 
factor (1.27) was obtained by comparing bur 1974 $ cost estimates with those of 
r ~ f ~ r ~ n c ~ .  7... (p .  10) for conventional coal-steam electric p l g n t  with scrubber. 

b. Reference 8 , p. 500. 

c. Reference 7, p. 25. 

d. Annual fired charge rate of 15% and plant fact'or equal to 70% has been used 
in computing this cost. 

e. This cost is derived by escalating the value on p. VI-7 of reference 9 by 
25% to convert 1972 dollars to 1974 dollars. This value includes cost of 
limestone at $5/ton. The regenerative system cuts down the requirement of 
limestone from 0.2 tonlton of coal to .05 ton/ton of coal. Good agreement 
is found between this figure and the one given on p. 10 of reference 8 after 
escalation, if adjustment is made for regenerative limestone system in the 
latter figure. 



TABLE A - 8  (continued) 

4. Efficiency : 

Coal combustion efficiency = 0.90 - 0.98 
Overall Coal-to-Electric efficiency - 

Pressurized FBC 
f 

= 0.41 

Atmospheric FBC 
f 

= 0.35 

5. Emissions : 

(i) Nitrogen Oxides 
. , 

Pressurized FBC - 
6 Nox ranges between 0.30 to 0.73 lb/10 Btu (e) 

Atmospheric FBC - 
Nn ranges hetween U . 7 1  to 1.71 1b/106 BLU ( e )  
Y 

(ii) Sulfur Oxides h 

It varies with sulfur content of coal. 

High Sulfur Coal - 
6 SOx = 2.15 lbs/lO Btu (e) 

Low Sulfur Coal - 
sox = .35 1bs/1o6 B ~ U  (e) 

(iii) Particulates i 

Partir~ilat~ emiccian depends on ~ulfur content of coal, 

High Sulfur Coal - 
G Particulates = 0.05 3hs/10 ' Btu(e) 

Low Suliur Coal - 
i, Particulates = 0.04 lbs/lO ~tu(e) 

g. Reference 4, p. 70. 

h. Derived from table on p. VI-7 of reference 9. Variation with respect to 
pressurized and atmospheric FBC is small.' The value in the table cor- 
responds to the larger of the two. 

i. Derived 'from table dn p .  VI-7, of reference 9. 



form s u i t a b l e  f o r  d i s p o s a l  wi thout  f u r t h e r  process ing .  EPA and 

D 0 E a r e  sponsoring work on t h e  p o s s i b i l i t y  of us ing  so rben t  f o r  

f e r t i l i z e r .  A l t e r n a t i v e l y ,  t h e  spen t  so rben t  may b e  regenera ted  

and recycled  t o  t h e  d e s u l f u r i z e r .  The process  uses a f l u i d i z e d -  

bed r e a c t i o n  v e s s e l  i n  which s u l f a t e d  so rben t  i s  reac ted  wi th  a 

H /CO reducing gas t o  produce CaO and CaCO The s t ream of SO 
2 3 ' 2 

and H S produced i n  t h e  process  i s  s e n t  t o  t h e  s u l f u r  recovery 
2 

p l a n t .  The regenera ted  s o r b e n t  i s  re tu rned  t o  FBC wi th  t h e  re- 

qu i red  amount of f r e s h  so rben t  t o  supplement t h e  regenera ted  

so rben t s  ' reduced a c t i v i t y  and so rben t  l o s s e s .  This  reduces t h e  

so rben t  requirement of from 28/, t o  5% of t h e  c o a l  t o  achieve t h e  

same s u l f u r  removal a s  a once-through system. The c a p i t a l  c o s t  

of  a two-step regenera t ive  system has been inc luded i n  t h e  power 

p l a n t  c o s t  cons idered  i n  Table A-8. 



B .  Fuel Ce l l s  

The f u e l  c e l l  o f f e r s  t he  p o t e n t i a l  of h ighly  e f f i c i e n t ,  

v i r t u a l l y  po l lu t ion- f ree  and q u i e t  e l e c t r i c i t y  generation regard- 

l e s s  of t h e  p l an t  s i z e .  ~t can operate  on any of a v a r i e t y  of 

f u e l s  derived from coa l ,  e .g . ,  syn thes i s  'gas, hydrogen, SNG, 

syncrude and methanol. 

I n  t h e  f u e l  c e l l  energy conversion process,  a hydrogen r i ch  

f u e l  .is e lect rochemical ly  combined d i r e c t l y  with oxygen from the  

a i r  t o  produce e l e c t r i c i t y  and water. Waste hea t  produced by t h e  

reac t ion  i s  removed with t he  exhausted a i r .  Commercial f u e l  c e l l  

power p l an t s  w i l l  general ly-have th ree  main components: f u e l  

reformer, f u e l  c e l l  s ec t ion ,  and t h e  i n v e r t e r .  The reformer con- 

v e r t s  t h e  syn the t i c  f u e l s  i n t o  a more r eac t ive  form, normally a 

gaseous mixture of hydrogen with some carbon dioxide.  Use of 

syn thes i s  gas o r  impure hydrogen with t h e  cu r r en t  f u e l  c e l l  

technology, i . e .  ac id  f u e l  c e l l s ,  does not  need a f u e l  reformer. 

The reformer i s  based on processes which a r e  commercially .developed 

and a r e  i n  general  use by t h e  chemical industry .  The f u e l  c e l l s  

of t h e  fu tu re ,  e .g .  molten carbonate and s o l i d  oxide types,  e t c . ,  

which would allow operat ion on most of the  coa l  derived f u e l s ,  could 

e i t h e r  e l imina te  t h e  reformer a l t oge the r  o r  allow s imp l i f i ca t ion  of 

t h e  f u e l  reformer. The f u e l  c e l l  s ec t ion  c o n s i s t s  of a number of 

ind iv idua l  c e l l s  which promote t he  eictrochemicai  combination of 

t h e  processed f u e l  with oxygen from t h e  a i r  t o  produce d i r e c t  

cu r r en t  (d .c . )  e l e c t r i c i t y  a t  -'0.78 v o l t s  each. I n  a f u e l  c e l l  

s t ack ,  a  number of such c e l l s  a r e  connected e l e c t r i c a l l y  i n  s e r i e s  

t o  permit generation a t  hundreds o r  thousands of v o l t s  (d.c, ) . 
connecting a number of c e l l  s tack assemblies i n  p a r a l l e l  permits 

generat ion of any power l e v e l  from k i lowa t t s  t o  multi-megawatts. 

  he i n v e r t e r  converts  d.c. from t h e  c e i i  sec t ion  i n t o  a .c .  s u i t a b l e  



f o r  commercial a p p l i c a t i o n s .  S ta te -o f - the -a r t  i n v e r t e r s  a r e  n e a r l y  

96Sb e f f i c i e n t  i n  conver t ing  l a r g e  amounts of d .c .  power t o  a . c ;  

The development o f  i n v e r t e r s  f o r  f u e l  c e l l  p l a n t s  has  been d i r e c t e d  

toward reduct ion  i n  u n i t  c o s t  and s i z e .  

C h a r a c t e r i s t i c s  of Fuel  C e l l  Systems 

A f u e l  c e l l  i s  a d i r e c t  conversion dev ice ,  conver t ing  chemical 

energy d i r e c t l y  i n t o  e l e c t r i c i t y  through an e lec t rochemica l  process .  

The d i r e c t  energy conversion process  i n  t h e  f u e l  c e l l  i s  capable  of 

much h i g h e r  t h e o r e t i c a l  e f f i c i e n c y  than  a h e a t  engine because it i s  

n o t  l i m i t e d  by t h e  Carnot c y c l e .  -Moreover, .  f u e l  c e l l  systems need 

n o t  be b i g  t o  b e  e f f i c i e n t  because s i n g l e  f u e l  c e l l s  can be assembled 

i n  s t a c k s  of varying s i z e s  t o  produce a wide range of ou tpu t  l e v e l s .  

This  f a c t o r  a l s o  accounts  f o r  h igh  e f f i c i e n c i e s  both  a t  f u l l  a s  

we l l  a s  p a r t i a l  loads .  Because t h e  f u e l  r e a c t s  e l ec t rochemica l ly ,  

r a t h e r  than  by burning i n  a i r ,  t h e r e  a r e  no environmental ly unaccept- 

a b l e  emissions of NO o r  unburned and p a r t l y  burned gaseous and 
X 

p a r t i c u l a t e  products .  I n  a d d i t i o n ,  t h e  on ly  moving p a r t s  i n  f u e l  

b a t t e r i e s  a r e  f u e l  pumps and, perhaps,  e l e c t r o l y t e  pumps, s o  t h e  

opera t ion  i s  i n h e r e n t l y  ve ry  q u i e t .  There i s  r e l a t i v e l y  l i t t l e  

thermal  p o l l u t i o n ,  because l e s s  energy i s  ' l o s t  a s  h e a t .  The n a t u r e  

of t h e  f u e l  c e l l  process  and t h e  system o p e r a t i n g  tempera ture  l e v e l s  

permi t  t h e  power p l a n t  waste h e a t  t o  b e  r e j e c t e d  t o  ambient a i r  o r  

he  recovered f o r  use  i n  a v a r i e t y  of  thermal  energy a p p l i c a t i o n s  

i n c l u d i n g  i n d u s t r i a l  process  o r  space h e a t i n g .  No e x t e r n a l  source  

of water  i s  requ i red  f o r  coo l ing  of t h e  conversion process .  Another 

advantage of a f u e l  c e l l  system l ies  i n  modular c o n s t r u c t i o n  t h a t  

permi ts  f a c t o r y  assembly and checkout,  r e s u l t i n g  i n  v a s t l y  reduced 

i - n s t a l l a t i o n  l e a d  t . i m e s .  



Applications: 

The u s e s , t o  which f u e l  c e l l s  may most p ro f i t ab ly  be applied 

a r e  t h e  e l c t - r i c p o w e r  generation and t r anspor t a t i ons  s ec to r s .  

E l e c t r i c  generation v i a  f u e l  c e l l s  .provides u t i l i t i e s  w i t h  

new opt ions  f o r  meeting both t h e  .growing energy demands and the  

i nc reas ing  conservation and environmental c o n s t r a i n t s  t h a t  t h e i r  

systems must meet. These expanded options,  stemming from the  

~ h ~ a r a c t e r i s t i c s  of t he  f u e l  c e l l s ,  a r e  discussed below: 

Dis,persed Generation: - 

Eff ic iency of f u e l  c e l l  systems i s  independent of t he  u n i t  

s i z e .  This c h a r a c t e r i s t i c  coupled with low exhaust emissions and 

low noise  l e v e l s  permits  f u e l  c e l l  systems t o  be  s i t e d  almost 

anywhere from .a c e n t r a l  s t a t i o n  t o  t he  basement of an individual  

home. S i n c e . t h e  power p l an t  does not  requi re  an ex te rna l  water 
4 

supply f o r  cooling o r  energy processing,  s i t i n g  i s  not  l imi ted  by 

water . a v a i l a b i l i t y  o r  cooling water thermal r e s t r i c t i o n s .  

Load ~ o l l o w i n g :  

The modular na ture  of t h e  f u e l  c e l l  system' provides t he  f l e x i -  

b i l i t y  f o r  adding p o w e r i n  small blocks a t  t he  time and point  i n  

t h e  system where it i s  needed. '  This r e s u l t s  i n  generation capaci ty  

which can c lo se ly  follow the  demand curve f o r  e l e c t r i c  power a t  a  

nea r ly  constant  hea t  r a t e .  

Waste Heat Recovery: 

Because f u e l  c e l l  powerplants can be loca ted  c lo se  t o  t h e  load,  

t h e  recovered waste h e a t  can be  e a s i l y  put  t o  p r a c t i c a l  use i n  

appl ica t ions  such a s  i n d u s t r i a l  process hea t ,  absorption a i r  con- 

d i t i o n i n g  and space o r  water hea t ing .  



Economic Enerqy Production: 

Based on e s t i m a t e s  of  c a p i t a l  and O&M c o s t s  f o r  f u e l  c e l l s ,  

t h e  energy conversion c o s t s  ($/kwh) have been shown i n  Table A-9. 

These f i g u r e s  show c o s t  savings  i n  comparison with convent ional  

. . .  e l e c t r i c  genera t ion  systems. I n  a p p l i c a t i o n s  where t h e  f u e l  c e l l ' s  

waste h e a t  can b e  u t i l i z e d ,  a d d i t i o n a l  sav ings  can b e  made p o s s i b l e .  

S i t i n g  of f u e l  c e l l  systems c l o s e  t o  demand c e n t e r s  can provide  

f u r t h e r  savings  due t o  r educ t ion  i n  t ransmiss ion  and d i s t r i b u t i o n  

c o s t s .  

Emissions Reduction: 

Fuel  ce l l  systems r e l e a s e  v a s t l y  reduced emissions r e l a t i v e  

t o  t h e  convent ional  systems. Emissions,* based on tests  on exper i -  

mental f u e l  c e l l s  a re :  

  mission Type 
6 

Amount (lbs/lO Btu ( e ) )  

No x  
0.032 - 0.045 

P a r t i c u l a t e s  

Smoke N e g l i g i b l e  

I n  t h e  t r a n s p o r t a t i o n  s e c t o r ,  t h e  same v i r t u e s  of  e f f i c i e n c y  

and low p o l l u t i o n  make t h e  f u e l  ce l l  a t t r a c t i v e  b u t  t h e  a d d i t i o n a l  

major requirement of l a r g e  power/weight r a t i o  (power d e n s i t y )  m u s t  

b e  met. With p r e s e n t  technology, t h i s  i s  d i f f i c u l t  t o  meet f o r  

smal l  personal  v e h i c l e s .  However, because o f  l e s s  s t r i n g e n t  power 

d e n s i t y  requirements  f o r  l a r g e  buses ,  t r u c k s ,  t r a i n s ,  and s h i p s ,  

f u e l  c e l l  systems of adequate performance can probably b e  b u i l t  

with e x i s t i n g  technology, a t  l e a s t  a s  f a r  a s  c e l l s  themselves a r e  

concerned. The d e t a i l e d  engineer ing  a n a l y s i s  necessary  t o  a c t u a l l y  

b u i l d  t h e  powerplant and t o  ensure  r e l i a b i l i t y  and c o n t r o l  i s  

*Taken from Reference 10 and converted t o  u n i t s  based on ou tpu t  
e l e c t r i c  energy by us ing  system eff iciencyw40% 



Table A-9 

Developmental Status and 2ost Estimates 
for Various Fuel Cell Technologies 

P r i m a r y  F u e l  
 conversion S e c o n d a r y  F ~ e l  Power  G e n e r a -  F u e l  C e l l  F r ~ h ~ i b l r !  C a p ~ t a l  C o s t n  (C/k!V) Power  G e n e r a -  
i n  C e n t r a l  C o n v e r s i o n  jn  t i o n  S y s t e m  F u e l  Cel!. T e c h n o l o q y  Commcr(:ial , iza- Heat: b t e  t i o n  C o s t e  
F a c i l i t y  P r o c e s s o r  Type  ' w e  S t a t u s  t i o n  ual:aa Fuel. c e l l b  ~ r o c c s s o r ~  T o t a l  ( n t ~ ~ / k W I i )  ( m i l l s / k W I ~ )  

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

C o a l  - 
s y n g a s  None C e n t r a J .  M o l t e n  S e c o n d  1 9 0 5  

C a r b o n e - e  G e n e r a t i p l l  

C e n t r a l  A c i J i c  F i . r s t  
G e n e r a t i o n  1.980 

Coal-Hz None - C e n t r a l  

C o a l  - E l e t h a n o l  - D i s p e r s e d  
m e t h a n o l  i m p u r e  H 

2  
& P e a k  - 

( c a t a l y t i c  S h a v l n g  
c ~ n v c r s i o n )  

M e t h a n o l  - D i s p e r s e d  
!I2 ( p a r t i a l  & Peak-  

o x i d a h i z n )  S h a v i n g  

C o a l  - SN6 SNG - i m p u r z  D i s p e r s e d  
H2 ( r e f o r m i r g )  

C o a l  

I n - s i t u  m e t f a n e :  D i s p ~ r s e d  
r e f o m i n g  w i t h  
f u e l  c e l l  

A c i d i c  F i r s t  
C ; e n c r a t i . ~ n  1 9 8 0  

Al .k :a l i~~e  S e c o n d  
G e ~ ~ e r a t i o n  1985-1.990 140 6 0  2 0 0  6 , 5 0 0  6 . 0 0  

AcFclic F i r s t  
6 e n e r a t i : o n  1.900 

M o l t e n  S e c o n d  
S a r b o n i t e  G e n e r a t i o n  1 9 0 5  

F u e l  C e l l  
i n c o r p o r a t e d  
i n  c o a l  s o l . i d f  T h i r d  
g a s i f i e r  C e n t r a l  O x i d e  G e n e r a t i o n  1 9 9 0  



FOOTNOTES FOR TABLE A-9 

a. Estimates based on references 11 and 12. 

b. The fuel cell costs include cost of inverter for conversion of 
d.c. to a.c. These costs, with the exception of alkaline fuel 
cells, are based on estimates as reported in Table 4-13 of 
ref. 13. 

c. The costs of fuel processors, used for secondary fuel conver- 
sion to fuel cell fuel, refer to second generation technology 
and are extracted from Table 4-12, of ref. 13. 

d. These are unintegrated heat rates, i.e., they are based on 
fuel to fuel cells. Integrated heat rates are based on raw 
or primarj fuel. These fizures are adopted from Tables 4-5 
and 4-11 of ref. 13. 

e. Annual fixed charge rate of 15% and plant factors of 8000 hrs/year 
(under the assumpt.ion of base load system) have been used in 

' computing these costs. Also, O&M costs equal to 1.30 and 2.25 
mills/kWh (from p. 39 of ref. 10) have been included for central 
and dispersed generating systems respectively. It is to be 
noted that these costs refer to conversion of secondary fuel 
to electricity, i.e., primary fuel and their conversion costs 
are not included . 

f. Reference 12. 

g. All the costs are in 1974 dollars. An inflator of 5%/year 
has been used for this conversion. 



another  mat ter .  Also, d e t a i l e d  economic ana lys i s  has y e t . t o  be 

performed t o  prove t h e  economic v i a b i l i t y  of such a  system. 

C .  Use of Coal Derived Fuels 

Use of coa l  a s  a  primary f u e l  f o r  fue l  c e l l s  seems t o  be  an 

a t t r a c t i v e  option because of t h e  s i g n i f i c a n t  opportunity t h a t  it. 

presen ts  f o r  i n t eg ra t ion  with a  coa l  g a s i f i e r  i n  c e n t r a l  ,power 

p l a n t s .  The exhaust hea t  of a  f u e l  c e l l  can 'be u s e d ' f o r  coa l  

g a s i f i c a t i o n  t o  achieve hiqh ove ra l l  (coa l  t o  a .c .  power) system 

e f f i c i e n c y  (, 45%" with second generation technology).  Although 

var ious  coa l  der ived f u e l s  can be used i n  f u e l  c e l l s ,  the  economics 

~f  us ing thes,e f u e l s  v a r i e s  because of c o s t s  associa ted with con- 

vers ion  t r anspor t a t i on  and s to rage .  With t h e  present  f u e l  c e l l  

technology (ac id  e l e c t r o l y t e ) ,  production of syn thes i s  gas from 

coa l  provides t h e  b e s t  a l t e r n a t i v e  f o r  cen t r a l i zed  e l e c t r i c  gener- 

a t i o n .  Such a  system does away with t h e  need of a  f u e l  reformer 

a s  t h e  syn the t i c  gas can be used d i r e c t l y  i n  t he  f u e l  c e l l .  However, 

second generation f u e l  c e l l s  can a l t e r , t h e  economics i n  favor of 

o t h e r  f u e l s .  For example, a l k a l i n e  f u e l  c e l l s  o f f e r  t he  p o t e n t i a l  

of high eff ic iency, low c o s t  and high power dens i ty ,  but  can only 

be  used with pure hydrogen as  t h e  f u e l .  ~ i k e w i s e ,  i n  s i t u  SNG re-  

forming with a  molten carbonate c e l l  could o f f e r  t h e  advantage of 

c o s t  reduction.  Third generation technology involves t h e  devel- 

opment of a  high temperature s o l i d  oxide f u e l  c e l l ,  which has t he  

p o t e n t i a l  of being incorporated d i r e c t l y  i n  t h e  coa l  g a s i f i e r  

r e s u l t i n g  i n  much higher  e f f i c i ency  and s i g n i f i c a n t  cos t  reduction.  

Because of t h e  gaseous form and r i ch  hydrogen content  of f u e l s  

used by f u e l  c e l l s ,  products of coa l  l i que fac t ion  would requi re  

considerable  downstream processing t o  be upgraded t o  f u e l  c e l l  

q u a l i t y .  This puts  coa l  l i que fac t ion  a t  a  s u b s t a n t i a l  disadvantage 

*p. .  3  of Reference 13 



compared t o  c o a l  g a s i f i c a t i o n ,  and, t h e r e f o r e ,  does n o t  s e e m  t o  b e  , 

a v i a b l e  a l t e r n a t i v e .  Even though it i s  a l i q u i d  and involves  

h i g h e r  c o s t  t o  produce from c o a l ,  methanol, ob ta ined  v i a  t h e  g a s i f i -  

c a t i o n  r o u t e ,  has  been inc luded a s  one of  t h e  f u e l  o p t i o n s  f b r  d i s -  

persed  e l e c t r i c  genera t ion  because o f  i t s  e a s e  of  reforming f o r  

f u e l  c e l l  uses  and economic s t o r a g e  and t r a n s p o r t a t i o n  c h a r a c t e r -  

i s t i c s .  Costs  and h e a t  r a t e s  corresponding t o  a t t r a c t i v e  c o a l  

de r ived  f u e l  - f u e l  c e l l  combinations a r e  shown i n  Table A-9. 

The f i r s t  genera t ion  f u e l  c e l l  technology i s  c l o s e  t o  meeting 

t h e  l i f e , ' h e a t  r a t e ,  and c o s t  requirements  t o  compete as. a u t i l i t y  

genera to r .  Never the less ,  a s  with a l l  advanced technology concepts ,  

t h e  f u e l  c e l l  i s  p r e s e n t l y  a h igh  r i s k  ven tu re  and i s  n o t  expected 

t o  become a commercial r e a l i t y  u n t i l  ,1980. Furthermore, second and 
, . 

t h i r d  genera t ion  technology w i l l  extend i n t o  the mid t o  l a t e  8 0 ' s  

and e a r l y  9 0 ' s  r e s p e c t i v e l y .  With advanced c o a l  g a s i f i c a t i o n  a l s o  

coming i n t o  p r a c t i c e  a t  about t h e  same t ime,  f u e l  c e l l s  appear  t o  

provide  an a t t r a c t i v e  long term energy o p t i o n  because of  t h e i r  

b a s i c  c o m p a t i b i l i t y  with c o a l  de r ived  f u e l s .  
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TABLE 8 -  1 

1985 U t i  1 i t y  Coal Transpor t  Costs" 

$/Ton (c/106 Btu) 

East East West West 
Mid  South Nor th  South Nor th  South Rocky 

=!Enq~;kd A t l a n t i c  A t l a n t i c  Cent ra l  Cen t ra l  Cent ra l  Cen t ra l  Mountain P a c i f i c  

Midwest 12.72 10.93 8.56 4.55 6.30 7.02 9 - 77 / (58) (50) (39) (21) (29) (32) (44) 

N o r t h  
Appa lach ia  

South 
Appa 1 act1 1 a 

8.28 6.02 8.78 6.32 ('I 4.52") 11.76 12.24 

(34) (24) (36) (26) (18) (48) (50) 

9 . 7 ~ ( ~ )  7.40 7.02 5.52 ( ' I  4.13(') 10 .22 '~ )  11.20 (3 

(39) (30) (28) (22) (1 7) (41 (45) 

West N o r t h  1.32 19.60 16.17 12.72 14.28 8.84 11.93 6.02 12.99 
Great P l a i n  

(120) 1 (110) (91) (71) (80) (50) (67) (34) (73) 

G u l f  

East  N o r t h  
Great P l a i n  

R O C ~ Y  41.95 20.89 '~)  17.15(~)14.28 15.25 10.62 11-93 3.83 12.42 
Mounta in  

l(84) (80) (71) (60)' (64) (44) (50) (16) (52) 

8.5r3(11) 7.48(1') 4.12"') 5.85") 6 -44" )  1 1  -20  5.49 

( 6 1  ( 5 3 )  ( 2 9 )  (42) ( 4 6 )  (5) (808  ( 3 9 )  
17.64 16.42 13.93 10.62 9.93 7. 7 12.99 

(126) (117) (100) (76) (71) (56) (93) (78) 

Southwest ' 20.99 (4) 19.97(4) 17 .15(4)15.0~ 15.35 11.66 10.93 8.05 12.72 

I ( l l 8 )  (112) (96) (84) (86) (66) (61 1 (45) (71) 

A l l  shipments a r e  u n i t  r a i l ,  except  as noted. 
Regional demand cen t ro ids  a re  i nd i ca ted  i n  F igure  5. 
Adopted from Rcf. 11. 

(1) R i v e r  shipment 

(2) Barge t o  S t .  Louis,  u n i t  r a i l  t o  Omaha 

(3) Barge t o  Vicksburg,  Miss., u n i t  r a i l  t o  D a l l a s  

(4) U n i t  r a i  1 (as needed) t o  Houston, Deepwater C o l l  i e r ,  U n i t  r a i  1 (as needed) t o  c e n t r o i d .  

(5) U n i t  r a i l  t o  S t .  Lou is ,  barge to 

(6) U n l t  r a i l  t 6  Hampton Boads, Coastal t o l l  i e r  t o  Boston. 



TABLE 8-2 . 

2000 U t i l i t y  Coal Transpor t  Costs* 
6  

$/Ton ( ~ / 1 0  ~ t u )  

East East West C!est 

South 1 13.15 

\Demand 
~ u ~ ~ d ~ n g l a n d  - 
Nor th  

Appalachia ( (53) 

New Mid  South Nor t l i  South Nor th  South Rocky 
A t l a n t i c  A t l a n t i c  Cent ra l  Cen t ra l  Cent ra l  Cent ra l  Mountain P a c i f i c  

I 
11.18 8.13 11.85 8.53 ' 6.10 . 15.88 16.52 

Midwest 17.17 1 (18) 

Appalachia ( 4 6 )  ( 3 2 ) -  ( 4 9 )  (3  5 ( 2 4 )  ( 6 5 )  (.681 
I 

G u l f  

West ~ o r t h l  
Great P l  a' 28.78 

I ( l 6 1 )  

~ o c k y  . 
Mountain 

* A l l  shipments a re  u n i t  r a i l ,  except  as noted. 
Regional derlland cen t ro ids  a re  i nd i ca ted  i n  F lguro  5. Adoptcd from ncf .  11. 
(1) R iver  Shipment 
(2) Un i t  r a i l  t o  Hampton Roads, Coastal C o l l i e r  to ~ ~ ~ t ~ ~ .  

1 3 )  Barge t o  S t . L o u i s ,  b n i t  r a i l  t o  Om~ha 

29.58 

(1 13) 

Southwest 

(4)  Barge t o  Vicksburg,  Miss. ,  u n i t  r a i l  t o  D a l l a s  

28.34 5 

(1 59) 

( 5 )  U n i t  r a i l  (as needed) t o  Houston, Deepwater C o l l i e r ,  U n i t  r a i l  (as needed) t o  c e n t r o i d .  

( 6 )  U n i t  r a i l  t o  S t .  Lou is ,  barge t o  d e s t i n a t i o n .  



North 
Appalachia 

TABLE 8-3 

1985 Industrial Coal Transport Costs* 
6 $/Ton ( ~ 1 1 0  Btu) 

East East West I.!e s t 
h'ew , Mid South North South North South Rocky 

England Atlantic Atlantic Central Central Central Central Ffountain Pacific 

9.84 7.67 10.34 9.00 10.06 13.44 15.08 

(40) (31 . (42) (37) (41 (55) (61 

South 
.Appalachia 

Midwest 

Rocky 26.95 24.48 19.25 15.82 16.78 12.42 13.55 6.06 14.08 
Mount a in 

(102) (80) (66) (70) (52) (56) (25) (58) 

11.52 9.00 8.46 8.46 7.67 12.73 13.75 
(46). (36) ( 3 4 )  (34) (31) (51) (55) 

14 ..40 12.73 10.06 5.76 7.54 8.46 11.32 
(65) (58) (46) (26) (34) (38) (51) 

East North 
Great Plain 

West North 
great Plain 

19.80 18.43 16.78 12.42 14.75 9.41 14.58 12.73 

(141) (132) (120) (89) (105) (67) (104) (91) 

23.93 22.00 18.15 14.40 15.82 10.53 13.55 7.67 14.57 

(134) (124) (102) (81) (89) (59) (76) (43) (82) 

* All shipments are assumed to be spot rail. 

Regional demand centroids are indicated in Figure 5. 

Adopted from Ref. 11. 

Southwest 28.33 25.50 19.25 16.50 17.05 13.44 12.73 9.60 14.40 

(159) (143) (1081 (93) (96) (76) (72) (54) (81) 



TABLE 8-4 

2000 I n d u s t r i a l  Coal  T ranspor t  Costs* 
6 

$/Ton ( ~ / 1 0  Btu) 

South 16 .68  13.03 12.25 12.25 11.11 18.44 
Appalachia  1 (67) (52) (49) (49) (45) (74) 

crand & 
North 
Appalachia 

E a s t  E a s t  West 
I:ew Mid South  North South North 

En t l and  A t l a n t i c  A t l a n t i c  C e n t r a l  C e n t r a l  C e n t r a l  

14.25 11.11 14.98 13.03 14.57 19.47 

(58) (45) (61) (54) (59 ) (80) 

Gulf 

E a s t  North 
Grea tp la in  

31.07 23.90 17.61 20.49 17.37 18.97 

(142) (109) (80) (93) (79) (87) 

28.68 26.69 24.30 17.99 21.36 13.63 
(204) (191) (174) (129) (152) (97) 

West North 
g r e a t  P l a i n  

34.66 31.86 26.29 20.86 22.91 15.25 

(1941 (180) (148) (117) (129) (85) 

Rocky 
Mountain 

Res t  
South . Rocky ' . . 

C e n t r a l  Nounta in  P a c i f i c  

39.03 35.45 27.88 22.91 24.30 17.99 

(162) (148) (116) (96) (101) ( 7 5 )  

Southwest 

+ A l l  sh ipments  a r e  assumed t o  be s p o t  r a i l .  

Regional  demand c e n t r o i d s  a r e  i n d i c a t e d  i n  F i g u r e  5. 

.Adopted from Ref.  11. 

41-03  36.93 27.88 23.90 24.69 19.47 

(230) (207) (156) (135) (139) (110) 



T a b l e  B-5 

C o s t s  o f  Gas T r a n s p o r t a t i o n *  
c/106 B t u  

(1975 $1 

East East West West 
Demand New H i d  South North South Nor th  South Rocky 

Supp1.y -4 Year England A t l a n t l c  A t l a n t i c  Cent ra l  Central  Central  Central  Mountain P a c i f i c  

East South 
Cent ra l  I 

Vest l :or th 
Cent ra l  

;est South 
Cent ra l  

Rocky 
Uouncain 

Slj f iSTI  TUTE 
;:ATUR.&L GAS 1 

t lo r th  
Appalachia I 

South 
Appalachia 

Midwest I 

East l l o r t h  
Great P l a i n s  

Yest r!orth 
Great P la ins  

'csky 
Hountain 

Southwest 

15 0 

It '  0 

28 

40 ( I )  

2 2 ( 3 )  

3 1  

47 
63 (2' 

'Shipments use existing networks except es noted. 

(1) All new In" pipe. 

(2) New 18" pipe connectlog to existing network. 

( 3 )  A 1 1  nev 36" pipe. 



Table B-6 

Costs of 0il.Transportation 
(1975 $; c/106 Btu) . 

East €as t West West 
New Mid South North SOIJ t h  North South Rocky 

Year England A t l a n t i c  A t l a n t i c  Central  Central  Central  Central  Mountain P a c i f i c  

CRUDE PRODUCTION - .  

WestSouth 1985 12 10 4 6 6 3 7 12 
Central  

2000 1 11 I 1  4 7 7 . 3  8 1 4  

P a c i f i c  1985 12 13 ( I )  

2000 1 4  17 (1) 

SYNCRUOE 

North 1985 4 2 
Appalachia 

2000 5 3 

South 1985 6 3 
Appalachia 

2000 6 4 

t l idwcst 1985 2 

2000 2 . .I 

~ u l f  1985 12 10 1 I 6 .  

2000 14 1 1  4 7 .  

East North 1985 
Great P la ins  

2000 

West Nor th  1985 
Great P la ins  2000 

~ o c k y  1385 
I.lounta i n 

2000 

Southwest 1985 

2000 

(1)  New 9" pipe l ine .  

(2)  N w  9" p ipe l ine  connecting t o  e x i e t i n g  system. 

(3 )  New 18" p ipe l ine  connecting t o  e x i s t i n g  system. 

(4 )  A l l  new 36" p ipe l ine .  



Table B-7 

1985 U t i l i t y  C o a l  C o s t s  
(1975 ~ 1 1 0 ~  Btu Delivered) 

Demand Regions 

East East West West 
supply Su l f u r  Ilw 3 ldd l c  Sou t I? Elor t h  South Nor th  South Rocky 

Suppl i es 

%ion Content Ergland A t l a n t i c  A t l anz i c  Ccntral  Central  Ccdt ta l  Central  Yountaln P e c i F I c  ( l c 1 2  rjtu) 

Mor t h  LOW 175 125 137 127 119 149 155 
128 120 

374 
Appalochla H lgh*  1 36 126 138 150 156 3618 

South Low 133 128 126 120 115 139 
Appalachle l l lgh*  

143 
141 132 130 1 211 119 1113 147 

I Gulf  HI gh 13:. . 125 101 119 118 152 1 1 1  453 

East l4orth LOW * 171 162 1'15 128 116 101 130 123 353 
Crcat P la lnH igh  202 198 181 157 152 87 174 159 8 5 

WestNor th  Low . IU 138 119 99 107 88 9 5 . 62 101 4471 
Great P l a l n  High I g i  18 1 162 142 150 121 138 105 144 402 

Rocky Low 1% 122 1 I 3  102 103 86 9 2 78 . 96 338 
l lounteln 

Sou thrrcs t LOW 1 63 132 1 4 1  139 14 1 12 1 126 90 116 137 
t i lgh* 1 93 187 131 159 161 141 146 120 !36 230 

. . * ~ o c l u d e i  a 5 0 ~ 1 1 ~ ~  Btu charge for f l e  gas desu l fur l ra t ion .  



Table B-8 

2000 U t i l i t y  Coal Costs 
(1975 ~ 1 1 0 ~  Btu Delivered) 

Demand 'Region 

Esst  East  West Vest  - .. 
Midd lo  South 11.3 r t h South t i o r t h  South , Rocky 

Suppl  i e s  
c u p p l y  S u l f c r  tiew 
n c g l o n  Content  England A t l a n t i c  A t l a n t l c  Cen t ra l  C e n t r a l  C e d t t a l  C e n t r a l  Hounta ln P a c i f l c  (10'' O t u )  

N o r t h  Low 173 159 176 162 151 192 195 507 
Appa lach le  High* 174 160 177 163 152 193 196 4888 

South Low I75  163 160 152 145 177 183 6078 
Appalachia I i lgh*  180 168 165 157 150 187 188 21102 

1 1:1dwcst Low , 208 198 183 -1 58 

P ~ l c h  201 191 176 151 , 
VI 

G u l f  

, 
East N o r t h  Low , 226 21 4 191 159 152 132 .. 182 161 

Great P l a l n  H lgh  271 259 236 204 197 177 227 206 

Wcst N o r t h  'Low 195 182 
Great  P l a l n  Hlgli ' 250 237 

'. 165 160 Rocky , LOW 
l i o u n t a l n  

'Includes s 6 2 ~ 1 1 0 ~  Bt. penalty for flue gse desulfurirstion 



T a b l e  B-9 

1985 I n J u s t r i a l  C o a l  C o s t s  
( 1 9 7 5 ' ' < / 1 ~ 8 ~  B t u  D e l i v e r e d )  

Demand Reg ions  

East East Wcs t West 
:trppl y . Sul fu r  New Hldd lc  Sou tll , North South North South Rocky, Suppl l e s  
nTq ion Content England A t l a n t i c  f ~ t l a n t i c  Centrzl Central  Ccr l t td l  Centtal  Hovntaln ~ a c l f l c  ( 1 0 ' ~  O t u )  --- 

Nor-th LOW 
Appalachia High 

r n t ~ t h  LOW 
/ ~ p ~ . ~ I a c h l a  High 

I 

I-' 1t i r ih .est  LOW 
LJl 
Q\ High 

I G I I I  f LOW 

West t lor th Lo\*. 
C r c a t  P l a i n  High 

Pocky LOW 

l lountaln 

Southwest Low 
High 

Demands 

0 tu)  



T a b l e  B-10 

2 0 0 0  I n d u s t r i a l  C o a l  C o s t s  
(1975  c / 1 0 6  B c u  D e l i v e r e d )  

Demand R e g i o n s  

East  East  W-:s t West 
Supply S u l f u r  ' New H l d d i c .  Sou t 11 l l o r t h  South N o r t h  South Rocky 

Suppl  i e s  

Rcqlon Content En i land  A t l a n t i c  A t l a n t i c  Cen t ra l  t c n t r a l  C c l l t t a l  C e n t t a l  Houn ta ln  P a c l f l c  (1012 lltu) - 
t l o r t h  Low . 181 169 184 177 152 

;,i:palachla High 120 108 123 116 121 

South LOW 184 170 168 160 I611 
I Appa lach ia  , H igh  127 113 I I I 111 107 

.I; 
u Hldwest  LOW 217 208 192 165 176 

H lgb .  148 139 123 96 107 

G u l f  H igh  

East N o r t h  Low 2\16 234 2 18 176 197 
Great  P l a l n  H i g h  229 2 17 201 159 180 

Wcst E l o r t l ~  Low 214 201 171 143 1 518 
Great  P l a l n ,  H i g h  207 194 I 6 4  .. 136 1/17 

Rocky Cow 203 160 141 146 109 ., 
I4ounta l n 

Southwest Low , ,270 2118 201 181 155 
H!gh 1 . 245 ' :*' .. 223 , 176 '1 56 . I 6 0  

Demands 5 2. 8 77 095 1840 588 

(1012 ~ t u )  



Table B-11 

1985 Supply of Natural Gas 
(Delivered Cost In 1975 c/1CI6 Btu) 

Demand Regions 
,, i 

. .  . . . 
I ,  : Eant East blest : West ' 

Supply Su l fu r  New Middle %ou t h  N o l t h  Soutll t lo r lh  South llocky 'Suppl les  

Reglon Content England A r l a n s  A t l e o ~ t l c  Cer.tr.31 Central  Central  Central  l lountain P a c l f l c  (1012 Btu) - 
1 .  

. 1Icw 
England 

South 
A t l a n t i c  

East N o r t l ~  
Central  

East South 
Central  

West tlor t h  
Ccnt ra l  

Vest South 2'17 236 2  DO 
Ccnt ra l  

Rocky 
Mountaln 

A t l o c t l c  OCS 

1125 Unl In11 ted 

South H l g ' ~  
~ l p p a l a c t ~ l a  

I! l  drres t LOW 
I I I$h  

C u l f  11 1911 

East l lo r th  LOU 

Crcat T I a I t i  1 1 1 ~ 1 ~  

West North LOU 

t r e a t  P l n l i  11l9h 

Rocky Low 
Hountaln 

Southwest LOW 
l l l g h  



Table B-12 

2000 Supply of Natural Gas 
(Delivered Cost In 1975 ~ 1 1 0 ~  Btu) 

Demand Regions 

East Eas t  Ucst  Ues t 
Supply S u l f u r  Ilew H ldd le  Soult l  N o r ~ l i  S n u t l ~  Hor t h  Soutl l  nocky Suppl les  

neclion Content England L t l a n t l c  A t l a n t l c  Ccn_Lral Cen t ra l  Centra l  Cen t ra l  l t oun ta ln  P a c l f l c  ( 1 0 ' ~ B t u )  
L 

Ilcw 
England 

Wlddle 2  19 g 8 ,  
A t l a n t l c  

South 2  19  15'1 

. - A t l a n t l c  , 

. East : lor th 219  92 
C c n t r a l  

East 50~1 th  247  2111 219  123 
Cent ra l  

WCS.; Nor th  
Cen t ra l  

West South 
, Cent ra l  

P a c l f l c  

. Alaskq 

A t l a n t l c  OCS 

475 I175 '1 7  5 '175 U n l  In11 t c d  . ' lmporred LNG 

Lou  Otu Gas 

Sou t  tl H!gh 
n p p ~ l l a c l l l  L 

East Nor th  LOW 
Great P l a l n  , H i g h  

Vest  l lorth. '  L o r .  
Great P l a l n  H l 6 h  

Rocky LOW 
lioun t a  111 

! : L l l e t  Low 
I I I g h  



Table B-13 

1985 Supply of O i l *  
(Delivered: Cost In 1975 c/106 Btu) 

Lest  Eas-. East WCS t 
k i t h  Rocky 

S U ~ ~ I  l es  
Supply S u l f u r  New H ldc le  S w t h  Nor.:h South ,. North 
Regton Conten: Englard A t l a n t l c  A t l a n t l c  Cen:ral Cent ra l  Central  Ceyt ra l  l lovnta ln  ~ a c l f l c  ( 1 0 ' ~ ~ t u )  

New 98 
Eng 1 and, . 224 

U idd le  , 115 
A: lant lc  2:4 

S o ~ t h  200 
A t l a n t l c  

East North 324 
Cznt ra l  

East South 409 
Cznt ra l  

West I l o r t h  631 
Ctn t r a  1 

We;t South 2 3'6 15409 
Czn t ra l  

R O L ~ ~  1910 
H ~ u n t a l n  

Pact f i c  224 5400 

Alaska 254 4300 

A t l a n t i c  OCS 0 

I npo r t s  231 Unl lmf ted 

SYNCRUDE 

N , ~ r t h  LO* 
-4ppalachla ~ l g h  , 365 

South L o r  

qppalachlp ~ ~ g h  367 

l'ildrrest ~ l ~ h  

tul F H i g h  328  

East Nor th  Lob  
Great P l e l a  H l g h  

West North Low 
Great P l a l n  H l g b  

Focky Low 
l lounta ln  

Southwest Low 
H l g h  

Demands 35'45 

3tu) 

Demand Regions 

*Assumed wellhead pric?: 2224/10~ Bzu. 



Table B-14 

2000 Supply of O i l *  
(Delivered Cost In 1975 c/106 Btu) 

Demand Regions 

East East West West 
Supply Sulfur New Hldjle South North South North South Rocky Suppl 1er 

Reglon Content England Atlantlc Atlantlc Central Central Central Central Mountaln Paclflc ( 1 0 ' ~ B t u )  

New 192 
England , 

Middle 
Atlantlc 

South 
Atlantlc 

East Nort5 
Central 

East South 
Central 

West North 
Central 

West South 206 203 196 
Central 

Rocky 
flountaln 

Paci f lc 

Alaska 

Atlantlc OCS 287 287 287 

Imports. 

8XYFRuDE 
hpl~alacila 

South 
Ap~>alachla 

. ,  Hlciwcst 

Gulf 

East N o ~ t h  
Greet Plaln 

West North 
treat Plaln 

Rocky 
th~~nta'n 

LO*] 
ll i gl~ 

Low 
lligl~ ' 

n I g~, 
. . 

Hlgh 
Low . 
Hlgh 

Cow 
Hlgh 

Low 

Unl lml ted 

f "!ltll..l~fl Low 
Rlgh . . . . .  380 377 236 

. .  . . , .  
343 340 395 

D:..:~ands 3942 ': 9029 9033 ' . 9621 2748 - 3828 6h29 2593 7288 
( 1 0 ' ~  Bto) 

*Aesumed vcllhead p-ice: $ 2 . 8 7 1 1 0 ~  Bru. 



YAverage 
( $ / l o 6  Btu) 

North 
4ppala:hia 

Sou t i  0. $5 
4ppal.azhia 

Gulf 1 . 5  
Eas t  

Nor t : ~  0.6 
Great 
P1.aJ.n~ 1 . 5  
Ides t 

North 0. 6 
Great 
P1.ai .n~ 0 .3  

Rocky 
Pfountains 0.5 

Table B-15 

P r i c e s  and q u a n t i t i e s  of Coal D i s t r i b u t e d  t o  U t i l i t i e s  
Assuring Eest  Avai lable  Control  Technology* 

(1985 i n  1975 $) 

East  I 
East  West ' West 

New M i d d l e  South ~ o r t l i  South North i South Rocky S u ~ ~ 1 . y  
Englanc A t l a n t i c  A t l a t i c  Cen t ra l  Cen t ra l  a Cen t ra l  :Cen t ra l  Mcuntain P a c i f i c  (1012 Btu: 1 

5 143 - 148 
1361 1261 g 1281 1201 1501 1521 

8 3 2200 538 798 3619 
1411 1321 1241 1191 1431 147( 

1095 591 1686 
1411 1241 l a  1471 

1589 1589 
g 3 1201 1281 1311 a 

207 207 
157 1 149 1 138 1 120 1 128 1 131 1 843 1 

*Assuming no i n d u s t r i a l  o r  synfue l  c o a l  consumption. 



Table  B-16 

P r i c e s  and Q u a n t i t i e s  of Coal  D i s t r i b u t e d  t o  U t i l i t i e s  
Assuming Cur ren t  New Source Performance Standards*  

*Assuming no i n d u s t r i a l  o r  synf t ie l  c o a l  consumption. 

Nor t11 
Appalachia  

South 
Appalachia  

Midwest 

Gulf 
E a s t  

North 
Grea t  
PI  a i r l s  

West 
North 
Grea t  
P l a i n s  

Rocky 
Eiountajns 

Southwest  

Demand 
(1012 I j tu)  
P ~ v e r a g e  

( $ / I  o6 ULU) 1.36 1 .26  1.22 1.12 1 .18  .88 .95 .62 .96 

S u l f u r  
l b  5 1 1 0 ~  

Btu 
New 

England 

0. 6 

2.0 

0.6 

1 . 5  

0.6 

3.0 

1 . 5  

q i d d l e  
A t l a n t i c  

E a s t  Eas t  West West 
South North South North South supp ly  

A t l a n t i c  C e n t r a l  C e n t r a l  C e n t r a l  

14  
-1 

7 4 
1371 

& 

1571 
1521 
1331 

360 

0 .6  

1 . 5  

0 .6  

0.9 

0.6 

0.6 

~1 
1983 

1281 
132( 

1541 

1491 
1251 
1621 

I 
1981 

1381 
- 1811 

1221 
1321 
4871 

2343 

- 2021 

1481 

1911 
126) 

1631 

120; 1561 
272 

1261 1201 1391 1431 
1901 1989 ?' 

d 1241 11 I 
330 345 

143j 1361 

1381 
1011 1181 1 5 a  

453 453 

0 .8  ip 

88 

1451 128j 116; 

1811 871 174 1 
8 5 

1191 

1621 
1131 

, 

991 
1524 

1421 
1021 

107! 

1501 
I 

- 103 1 

1411 139( 

1611 1311 
I 

2684 1 3858 1 1539 

881 
1546 

1211 
861 

1591 

1 2 1  1 

3 

1631 

951 
656 

- 138 1 

I 

- 921 
116 

1261 
146 1 

772 

621 
745 

105) 

78j 
- 

901 
1201 

, 745 

loll 
1441 

4471 

116) 

136] 
137 

1 
1 

212 1 

230 

-7 212 

402 

- 338 



Table B-17 

P r i c e s  anc Q u a n t i t i e s  of Coal D i s t r i b u t e d  t o  U t i l i t i e s  
Asscming Best Avai lable  Control  Technology* 

"Assuming no i n d ~ s t r i a l  o r  synfue l  c o a l  c o ~ s u m p t i o n .  

South 
AppaLachiz 

Midwest 

Gulf 
Eas t  

North 
Gres t  
P l a i n s  
West 

North 
Gres t  
P l a i n s  

Ro2ky 
Mountains 

Sout 7wes t 

Demand 
(1012 B t u )  
P ~ v e r a g e  

0.6 

1 . 5  

0 . 6  

3.0 

1801 
1801 

2011 

2011 

1681 
1681 

1911 
1911 

1.5  

0-6 

1- 5 

0-6 

0.9 

0 -6  

0.6 

0.8 

145 
1221 

241( 

2361 

206J 
I 
% 

4 
1361 

L23( 

3207 

165( 
1400 

1651 
586 

1751 

1751 

$2641 
I 

2711 12591 
2451 

2451 

g 
265( 

2521 

128 

1J71 
1571 
1511 - 

264 
151 1 
- 3936 ' 
162 1 

2321 

232] 

- 210 1 

257 1 

3 

3609 

2111 

130) 
965 

1301 

1301 
1541 
lJll 

965 

- 

2091 

204J 

1811 

lg 

2171 
2041 

4201) 

1501 
1234 

150) 
517 

- 

1621 

1821 
235 

1821 
y 

365 

2031 

1 3  

600 

2021 

1971 
1901 

1901 

2211 

3 

1751 

1821 
1821 
166 

1661 

1221 

550 

133 

10714 

262 

365 

352 

589 

l.82J 

1771 
1521 

2432 

3 
1941 
1811 

2432 

1881 

1881 
182 1 - 

1821 

2321 

- 227 [ 

3 
1196 

1741 
1691 
4 
1761 

1196 

4888 

2634 

2482 

264 

4233 



Table  B-18 

F r i c e s  and Q u a n t i t i e s  of  Coal D i s t r i b u t e d  t o  U t i l i t i e s  
Assuming Cur ren t  New Source Performance Standards*  

*Assuming no  i n d u s t r i a l  o r  synfuel .  c o a l  consumption. 

North 
Appalachi; 

South  
Appalachia  

Midwest 

Gulf 
E a s t  

North 
Grea t  
P l a i r l s  . 

West 
North 
Grea t  
P l a i n s  

Rocky 
Mountains 

Southwest  

Demand 
(1013 Btg)  
P ~ v e r a g e  

( $ / l o 6  Btu) 1.7$ 1 .60  1.54 1 . 3 1  1 .40  1.02 1.24 .80 1 .25  

S u l f u r  
l b  s/lo6 

Rtu 

0.6 

2.0 

0 .6  

1 . 5  

0.6 

3 .0  

1 . 5  

0.6 

1 . 5  

- 0.6 

0.9 

O S 6  

. 0'6 

0 . 8  

New 
England 

1731 
17  

1741 
111 

1751 
1801 
2081 
9 
187 1 

2261 
2711 
1951 
2501 
1651 
2l5J 

2521 
------ 

123 

Middle 
A t l a n t i c  

A 
490 

1601 
3119 

1631 
1681 

3' 

1911 
177 1 

1221 

2141 

2 
1821 
237J 

p601 207J 
244J 

3609 

South 
A t l a n t i c  

1761 
1771 
l6oJ 

1986 
165( 

1831 
1761 
144 1 

1911 
236) 

1561 
2111 
1481 
1861 

223J 

3207 

( 2 0 0 0  i n  
E a s t  

North 
C e n t r a l  

,1621 
1631 
1521 
1571 
1581 
1511 
162 1 

lSsl 
2041 
1 3 1  1 
4 2 0 0  

1861 
1311 
,1671 
2041 

4200 

1 9 7 5  $ )  

E a s t  
South 

C e n t r a l  

l5lJ 

1521 
1451 
1501 
1691 
1621 
167 1 

1521 
6 5 

1971 
140 1 - 1686 

1951 
1361 
1711 
9 

supp ly  

(1012 Btu) 

507 - 

4888 

6078 

- 2432 
- 

West 
North 

C e n t r a l  

1921 
1931 
1771 
1821 

l73J 

1661 
213 1 

1321 
3 
102 1 
2 4 3 2  

1571 
1111 
& 

151( 

1196 
I- 

West 
South 

C e n t r a l  - 
1951 

1961 
183( 

1821 
158 1 

1821 
227J 

124 1 
1 1 9 6  

1791 
1191 
1391 
1761 

965 

Rocky 
Mountain 

600 

P a c i f i c  - 

1611 

206J 

80 1 - 965 

1351 
3 

1141 
1511 

lXJ 
235 

1211 
365 

1w 

418 

4233 

1221 

550 

133  

10714 

262 

365 

352 

589 




