
THE MARKET FOR COAL AS AN ENERGY SOURCE IN INDUSTRY* 

E. C. Fox 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

r p w o n d b y t h r U n i t e d ~ ~ t N a t m o r i h e  
Udled .%lea n a  thr w States oopaImmf of 
Pocay, nor My ofhctrrmployeeI,~.ny oftbctr 
rmtn*M, Iubamctm. or hctr om#owa, mkm 
~Y-W.=pe*orbopliad.or-mylyJ 
MiUw cf mpmdbMfy for th. wcmcy, s r m p l c ~ a  
or usfqlles of my hfofonntion. qmaus, pICdw1 or 
V I l  dirbrd, 01 v b  th.1 itr UU would wt 
inftbw vIhal.alY owmd arha. 

. *Research sponsored by the Fossil Energy Division,'U.S. 
Department of Energy ' under contract W-7405-eng-26 with 
the Union Carbide Corporation. - 2 : L m 

$2 r' 

By acceptance of this article, the publisher or recipient 
acknowledges the U.S. ~overnment's right to retain a non- 
exclusive, royalty-free license in and to any copyright 
covering the article. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



THE MARKET FOR COAL AS AN ENERGY SOURCE I N  INDUSTRY 

E. C. Fox 

The National  Energy Plan 

The second n a t i o n a l  energy p lan ,  l i k e  t h e  f i r s t ,  views the  i n d u s t r i a l  

s e c t o r  a s  an  a r e a  i n  which coa l  can make a s u b s t a n t i a l  inroad i n t o  t h e  

energy market. The p lan  fo re sees  a continued growth i n  i ndus t r i a1 , ene rgy  

use. and p r o j e c t s  t h a t  much of t h a t  growth is  t o  be provided by coal .  and 

e l e c t r i c i t y  (Fig. 1 )  . l  Unlike t h e  f i r s t  plan,  t h i s  e d i t i o n  takes  a much 

more conserva t ive  approach t o  t he  a b i l i t y  of coa l  t o  d i s p l a c e  t h e  use 'of  

o i l  and gas. I n  t h i s  paper we w i l l  i n v e s t i g a t e  t h e  i n d u s t r i a l  energy 

market and t r y  t o  b r ing  the  use of coa l  i n  t h i s  s e c t o r  i n t o  perspec t ive .  

I n d u s t r i a l  Energy Market 

Indus t ry  i n  t h e  United S t a t e s  uses  about 40% of t h e  t o t a l  i npu t  of 

primary energy (Fig. 2) . It f s n o t  only t h e  major energy consuming 

s e c t o r ,  bu t  i t  i s  a l s o  the  l a r g e s t  u se r  of n a t u r a l  gas and a l a r g e  user  

of o i l .  While t he  types of processes  t h a t  use t h i s  energy a r e  thousands 

i n  number, t h e  market can be  charac te r ized  by two genera l  types: steam 

genera t ion  and nonsteam process  hea t .  These two broad ca t egor i e s  account 

f o r  about 80% of t h e  i n d u s t r i a l  energy use. I n  t h i s  paper the  d i scuss ion  

w i l l  be focused on i n d u s t r i a l  steam r a i s i n g ,  bu t  most of t he  r e s u l t s  can 

be appl ied  t o  process  h e a t e r s  a s  wel l .  

H i s t o r i c a l  I n d u s t r i a l  Energy Use 
\ 

Six ty  yea r s  ago coa l  w a s  t h e  primary purchased f u e l  i n  t he  United 

S t a t e s ,  and i t  accounted f o r  about 93 percent  of t h e  purchased f u e l s  i n  

indus t ry .  A t  t h i s  time gas was beginning t o  make inroads  i n t o  t h e  c o a l  

market, but  i n t e r e s t i n g l y  enough about two-thirds of t h e  gas used a t  t h i s  

time w a s  der ived from coal .  A s  o i l  came i n t o  t h e  market p lace ,  i t  began 

t o  d i sp l ace  the  use of coa l .  Unlike today where t h e  o i l  p r i c e  more c l o s e l y  

represents  i ts  value,  i n  t he  p a s t  i t s  p r i c e  r e f l e c t e d  the  production c o s t .  

For t h i s  reason, economic fo rces  pushed o i l  onto the  i n d u s t r i a l  market. 



Figure 1. 
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Figure 2. Use of energy by consuming s e c t o r .  



Although n a t u r a l  gas was being discovered along wi th  o i l ,  i t  wasn't  u n t i l  

about WorldWar I1 t h a t  a t r a n s p o r t a t i o n  network was constructed which 

could b r ing  t h e  cheap gas from the  Texas and Louisiana gas f i e l d s  t o  t h e  

i n d u s t r i e s  i n  t h e  North and East .  Gas proved t o  be t h e  p e r f e c t  f u e l  f o r  

industry. .  It was clean,  requi red  much smal le r  combustion systems than  

o i l  o r  coa l ,  and most of a l l  i t  was cheap. 

From 1947 t o  t he  present ,  n a t u r a l  gas increased  i ts  r o l e  i n  t h e  

i n d u s t r i a l  energy market,and by 1972 it' represented  50%.1 of t h e  t o t a l  

purchased energy used i n  t h e  s e c t o r  (FTg. 33 . This  of course was no 

acc ident .  The wellhead p r i c e  of gas throughout t h i s  per iod  w a s  substan- 

t i a l l y  lower than coa l  o r  o i l  (Fig. 4 ) .  A s  a r e s u l t ,  a very l a r g e  

i n d u s t r i a l  base grew up around t h e  gas f i e l d s  and even wi th  t h e  added 

c o s t  of p i p e l i n e  t r anspor t a t ion ,  gas became t h e  choice f o r  i n d u s t r i e s  

elsewhere. 

An event  t h a t  took p l ace  i n  t h e  l a t e  s i x t i e s  a l s o  a f f e c t e d  t h e  use 

of c o a l  i n  industry. .  'The Clean Air Act, which requi red  state p lans  t o  

reduce i n d u s t r i a l  a i r  emissions, prompted many i n d u s t r t e s  t o  s h i f t  from 

coa l  and convert  t h e i r  equipment t o  f i r e , , g a s .  and o i l . .  This: combi'tion 

of economic and environmental f o r c e s  w a s  so  e f f e c t i v e  t h a t  i n  t h e  span of 

25 years ,  t h e  i n d u s t r i a l  coa l  market had shrunk from 55% t o  l e s s  than  

20% i n  1977. 

Present  I n d u s t r i a l  Enerpy Options 

Considering the  s i z e  of t he  market and t h e  p re sen t  makeup of f u e l s ,  

it i s  c l e a r  t h a t  t he  i n d u s t s i a l  s e c t o r  i s  a prime t a r g e t  i f  t h e  goa l  is 

t o  subs . t i t u t e  c o a 1 , f o r  premium f u e l s .  But t h e  dec i s ion  t o  convert  t o  

c o a l  i s  l a r g e l y  i n . t h e  hands of t h e  i n d u s t r i a l  energy user .  For example, 

t he re  a r e  no r egu la t ions  t h a t  would f o r c e  an  i n d u s t r i a l  energy use r ,  who 

is present ly  burning gas o r  o i l  and does not  have coa l  burning c a p a b i l i t i e s ,  

t o  convert t o  coal .  The p re sen t  Fuel  Use Act r e l a t e s  pr imar i ly  t o  new 

i n s t a l l a t i o n s .  A u se r  might wish t o  bu i ld  a new i n s t a l l a t i o n  e i t h e r  t o  

r ep l ace  e x i s t i n g  o i l -  o r  gas-f i red b o i l e r  capac i ty  o r  t o  expand capac i ty .  

A s  i l l u s t r a t e d  i n  Fig. 5 ,  t h e  major opportuni ty f o r  i nc reas ing  t h e  use  of 

coa l  is i n  rep lac ing  e x i s t i n g  o i l -  and gas-f i red capaci ty.  One impl ica t ion  
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of this is that the market potential for industrial coal is relatively 

insensitive to the growth rate of industrial energy demand. But a more 

important implication is that the conversion to coal will take place 

only if coal has merits relative to alternatives as judged by the user. 

Since the major market is in replacement- not in expansion - and replace- 
ment of existing oil and gas equipment by coal is not generally covered 

by government mandate, the potential user has some options. And one 

option is to continue to use existing equipment and fuels; in general, 

this is what is happening at the present 'time. However, future fuel ' 

price increases and government fuel restrictions may broaden the energy 

op.tions considered to include synthetic liquids and gases. 

Direct Coal Combustion As An Option 

For much of industry, direct coal combustion is an unfamiliar, com- 

plicated and perplexing energy option. Unlike buying another oil or gas- 

fired boiler or process heater, the decision to switch to coal is immersed 

in a number of important and complicated issues: 

Environmental constraints 

Financing constraints 

Economic feasibility. 

Environmental Constraints 

The environmental issues are extremely important because they affect 

not only the legal aspects of conversion, but the costs as well. While 

it may not be illegal under the present energy legislation to continue 

burning oil and gas, in many instances converting to direct coal combustion 

will be illegal. This is a result of a number of environmental laws that 

govern the ambient air quality and restrict the emissions from industrial 

sources. Many regulations concerning coal combustion have been promulgated 

at every level of government. However, federal regulations, for the most 

part, are reflected in most state statutes and are the easiest to examine. 

Table 1 summarizes the present federal air quality standards and the new 

source emission standards which are required for new coal sources. 



Table 1. Environmental Protection-Agency 
regulations for solid fuels 

Ambient air quality standards 

a Secondary b Primar 

so2 80 pg/m:C 1300 pg/m3 

New Source Emission Standards 

SOX 0.52 eg/joule (1.2 lb/106 ~tu) 

NOx 0.3 pg/joule (0.7 lb/1o6 Btu) 

Particulates 0.043 pg/ j oule (0.10 lb/106 Btu) 

a 
Defines level of air quality necessary to protect public health. 

b~evines level' of air quality necessary to protect public from any 
known or anticipated adverse effects. 

C Annual geometric mean. 

d~hree-hr maximum. 
e Annual arithmetic mean. 



Although t h e  new source s tandards  a r e  considered by some t o  be 

s t r i n g e n t ,  a large-scale  conversion from o i l  and gas t o  coa l  t h a t  meets 

t hese  s tandards  w i l l  s t i l l  tend t o  degrade the  l o c a l  a i r  q u a l i t y .  To 

compound t h e  problem, a r e a s  t h a t  a r e  h ighly  i n d u s t r i a l i z e d  and prime 

t a r g e t s  f o r  conversion t o  coa l  a r e  a l s o  a r e a s  wi th  poor a i r  q u a l i t y  and 

have unique problems when considering switching t o  coal .  For example, 

Southeastern Texas i s  a h ighly  i n d u s t r i a l i z e d  a r e a  t h a t  accounts f o r  a 

l a r g e  po r t ion  of t h e  n a t i o n ' s  i n d u s t r i a l  n a t u r a l  gas  consumption. I f  

t he  gas-and o i l - f i r e d  b o i l e r s  i n  t h a t  reg ion  were replaced wi th  u n i t s  

f i r i n g  coa l ,  which m e e t  t h e  present  emission s tandards ,  t h e  e f f e c t  on t h e  

l o c a l  ambient a i r  q u a l i t y  would be  approximated by t h a t  shown i n  Fig. 6. 

This  e f f e c t  w a s  c a l cu la t ed  using emission d a t a  from t h e  National  

Emissions Data System and s c a l i n g  t h e  emissions t o  those  t h a t  meet t he  

new source s tandards.  The change i n  ambient air  q u a l i t y  w a s  based on Air 

Q u a l i t y  Data S t a t i s t i c s  and ad jus ted  f o r  t h e  inc rease  i n   emission^.^ 
This example shows a s u b s t a n t i a l  i nc rease  i n  a l l  t h r e e  po l lu t an t s .  

While t h e  inc rease  i n  s u l f u r  and n i t r o u s  oxides appears t o  be  wi th in  t h e  

l e g a l  limits, the  inc rease  i n  p a r t i c u l a t e s  would no t  b e  acceptable .  This ,  

of course,  would be  t r u e  no mat te r  how much of i ndus t ry  i n  t h i s  a r e a  

changed t o  c o a l  because they a r e  a l ready  a t  t h e  maximum l i m i t  f o r  par t icu-  

lates. Most o the r  heavi ly  i n d u s t r i a l i z e d  reg ions  of t h e  country are i n  

t h e  same p o s i t i o n  i n  t h a t  they a l s o  meet o r  exceed t h e  ambient limits f o r  

one o r  more po l lu t an t s .  Areas such a s  these ,  which a r e  i n  noncompliance, 

must o f f s e t  any new source wi th  an equal  o r  g r e a t e r  decrease i n  another  

source wi th in  t h a t  region.  The prospect  of dea l ing  wi th  such complicated 

l e g a l  maneuvers, e spec i a l ly  i n  an  a p p l i c a t i o n  t h a t  is  a p a r t  from a 

company's primary product,  discourages d i r e c t  c o a l  use. This  is par t icu-  

l a r l y  severe  f o r  small i n d u s t r i e s  who do no t  have l a r g e  l e g a l  and 

t echn ica l  s t a f f s .  

I f  one assumes t h a t  environmental r egu la t ions  a r e  t o  some degree 

r e f l e c t i v e  of pub l i c  va lues  and p a s t  emission p r a c t i c e s ,  then  wide-scale 

conversion t o  coa l  combustion would l o g i c a l l y  r e s u l t  i n  s t r i c t e r  emission 

s tandards.  However, even without la rge-sca le  conversion, t h e  U.S. 

Environmental P ro t ec t ion  Agency is  p re sen t ly  considering s t r i c t e r  s tandards.  
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The prospect  of inc luding  " the  b e s t  a v a i l a b l e  techndlogy" i n  t h e  s tandards  

has added one more component of unce r t a in ty  t o  t h e  dec i s ion  process .  

Financing Constraints :  

When considering t h e  prospect  of convert ing gas-or o i l - f i r e d  steam 

supply systems t o  coal ,  t he  ques t ion  of economics is t h e  most r e l evan t  

and e a s i e s t  t o  quant i fy .  The c a p i t a l  resources  needed t o  complete a con- 

vers ion  t o  d i r e c t  c o a l  f i r i n g  c r e a t e  ques t ions  of f inanc ing  t h a t  a r e  much 

g r e a t e r  than with o i l  o r  gas systems. Secondly, because of t h e  economy 

of s c a l e ,  t h e  add i t i on  of c o a l  b o i l e r  capac i ty  a l i t t l e  a t  a time is  no t  

economically a t t r a c t i v e .  Thus, i n  c o n t r a s t  t o  t h e  p a s t  p r a c t i c e  wi th  

package o i l  and gas u n i t s  t h a t  could be added i n  increments t o  accommodate 

growth and r ep lace  obso le t e  u n i t s ,  t h e  dec i s ion  t o  switch t o  c o a l  u sua l ly  

involves t h e  replacement of a major po r t ion  of t h e  steam capac i ty  a t  one 

time. 

Most companies, and e s p e c i a l l y  t h e  l a r g e r  ones f o r  which c o a l  would 

be economically f e a s i b l e ,  would not  f i n d  i t  d i f f i c u l t  t o  r a i s e  t h e  c a p i t a l  

requi red  f o r  new c o a l  f a c i l i t i e s .  But f o r  a l l  o rganiza t ions ,  c a p i r a l  

resources are l imi ted .  For example, because of i n t e r n a l  p o l i c i e s  o r  

c o n s t r a i n t s  imposed by agreements wi th  l ende r s  i n  previous f inanc ing  

arrangements, a company may be requi red  t o  maintain a given debt-to-equity 

r a t i o .  Thus, t h e  po r t ion  of t h e  p r o j e c t  t h a t  can be  debt-financed may be  

l imi t ed  . 
The f inanc ing  ques t ion  is not  whether t h e  money can be  r a i s e d ,  bu t  

r a t h e r ,  how b e s t  t o  u t i l i z e  f i n i t e  c a p i t a l  resources from an  o v e r a l l  

business  viewpoint. I f  one f i rm  spends t h e i r  money on c o a l  f a c i l i t i e s  

i n  hopes of a long-term opera t ing  c o s t  advantage, whi le  a competitor 

spends t h e i r  money on modernization and expansion of product ion capac i ty ,  

does t h e  competitor ga in  a market sha re  advantage t h a t  may be  d i f f i c u l t  

t o  overcome? Investment dec is ions  involving i s s u e s  of t h i s  na tu re  a r e ,  

of course,  commonplace i n  i ndus t ry ;  what is  new is  t h a t  t h e  dec is ions  be  

a s soc i a t ed  wi th  r a i s i n g  steam and process  h e a t  - an  a c t i v i t y  t h a t  w a s  once 

f a r  l e s s  demanding. 



Economic F e a s i b i l i t y  Re la t ive  t o  t he  A l t e r n a t i v r  

For an  indus t ry  who is eva lua t ing  t h e  dec is ion  of whether o r  no t  t o  

switch t o  coa l ,  t he  most important determinant is whether t h a t  op t ion  is 

a good economic choice r e l a t i v e  t o  t h e  o the r  op t ions  ava i l ab l e .  For most, 

t h e  opt ions  a v a i l a b l e  a r e  coa l ,  o i l ,  and i n  some cases  n a t u r a l  gas.  While 

t h e  diminished product ion of n a t u r a l  gas has  dissuaded i t s  use  as a b o i l e r  

f u e l ,  f o r  most u se r s  o i l  is s t i l l  genera l ly  ava i l ab l e .  

The primary motivat ion f o r  a company t o  convert  t h e i r  steam supply 

system t o  coa l  i s  e i t h e r  because they a r e  forced  t o  through l e g a l  o rde r s ,  

o r  because they perce ive  t h a t  t h e  ope ra t iona l  savings a f forded  by t h e  

conversion w i l l  o f f s e t  t h e  investment i n  c a p i t a l .  A t  p resent ,  t he re  i s  

no l e g i s l a t i o n  t h a t  would f o r c e  an  i n d u s t r i a l  u se r  who i s  burning o i l  

and does no t  have c o a l  burning c a p a b i l i t y  t o  convert  t o  coa l ,  and it is  

no t  evident  t h a t  any l e g i s l a t i o n  wi th  t h i s  purpose is forthcoming. 

Therefore,  most dec i s ion  makers a r e  l e f t  t o  decide,  based on t h e  economic 

m e r i t s .  To make an eva lua t ion  of c o a l  combustion r e l a t i v e  t o  f u e l  o i l ,  

a p o t e n t i a l  user  can make a simple comparison. By knowing t h e  c a p i t a l  

requi red  f o r  t h e  c o a l  system, the r e l a t i v e  opera t ing  c o s t s  f o r  bo th  

options,and the  p r i c e  of o i l ,  he can c a l c u l a t e  what can b e  afforded t o  

pay f o r  c o a l  t o  break even wi th  the  burning of o i l .  Then, by comparing 

what he es t imates  t h e  expected de l ive red  c o s t  of c o a l  t o  be, h e  can make 

a decis ion.  

Economic Market f o r  Di rec t  Combustion 

To i l l u s t r a t e  t he  economics of t h e  d i r e c t  combustion opt ion  o,ne 

simple example i s  used. Although t h e  f u e l  c o s t s  a r e  r ep re sen ta t ive  of 

p r i c e s  i n  1978, t he  comparison i s  s t i l l  va l id .  Figure 7 i l l u s t r a t e s  

t h e  cos t  t h a t  can be afforded f o r  c o a l  t o  break-even wi th  o i l  a t  14$/bbl.  

The v a r i a t i o n s  i n  break-even c o s t s  r ep re sen t  the  unce r t a in ty  i n  coal- 

f i r e d  b o i l e r  c o s t s  and the  v a r i a t i o n s  t h a t  can occur from various.  changes 

i n  design pr imar i ly  t o  accommodate d i f f e r e n t  f u e l  types.  It is  c l e a r  

from t h i s  t h a t  f o r  i n d u s t r i a l  steam i n s t a l l a t i o n  s i z e s  much l e s s  than 

one m i l l i o n  pounds per  hour , the  economic incent ives  t o  convert  t o  c o a l  a r e  
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Figure 7. Comparison of break-even and delivered cost of coal for 
Illinois coal burned in Houston, Texas. 
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lacking a t  t he  present  time. While t h i s  comparison is  f o r  a s i t e  i n  

Houston, o ther  regions o f . t h e  country y i e l d  s i m i l a r  r e s u l t s .  

A rough es t imate  of the  aggregate market f o r  d i r e c t  combustion can 

be made by est imating what . the  voluntary market would be i f  a l l  b o i l e r  

i n s t a l l a t i o n s  which could economically j u s t i f y  sh i f . t ing  t o  coa l  d id  so. 

The economic market p o t e n t i a l  f o r  coa l  was judged r e l a t i v e  t o  the  c o s t  

of o i l . i n  i n d u s t r i a l  bo i l e r s .  Unlike o i l -  o r  gas-fired b o i l e r s ,  coa l  

equipment is very c a p i t a l  in tens ive .  For t h i s  reason, the  t o t a l  product 

cos t  of steam is a s t rong  funct ion  of t h e  s i z e  of the  i n s t a l l a t i o n  and 

the use o r  capaci ty  f ac to r .  Since coa l  type, qua l i ty ,  and p r i c e  vary 
. . throughout the  country, t h e  ana lys i s  was performed regional ly  t o  take  

some of these  v a r i a t i o n s  i n t o  account (Table 2) .  . ... 

Ten f e d e r a l  d i s t r i c t s  were chosen t o  be t y p i c a l  regions,and wi th in  

each region a reference c i t y  was se l ec ted  t o  be r ep resen ta t ive  f o r  the' 

purpose of est imating del ivered coa l  cos ts .  A t  each s i t e :  t h e  p r i c e  of 

o i l  was ca lcula ted  t h a t  would provide t h e  same t o t a l  steam c o s t s  a s  

f i r i n g  o i l  i n  a new f a c i l i t y .  The c a p i t a l  and nonfuel operat ing c o s t s  

used a r e  shown i n  Table 3 and the  f i n a n c i a l  assumptions i n  Table 4. 

For each region, th ree  t y p i c a l  coa l s  were evaluated and t h e  lowest 

steam cos t  se lec ted .  The s i z e  of t h e  coa l  shipment and commensurate coa l  

handling f a c i l i t y  was op.timized. The tradeoff  is  c a p i t a l  cos t  (coal  

handling equipment) aga ins t  l a r g e r  shipments a t  lower t r anspor t  cos t s .  

For each region the  d i s t r i b u t i o n  of steam i n s t a l l a t i o n  s i z e s  was 

examined a s  a funct ion of the  p lan t  capaci ty f ac to r .  These r e l a t ionsh ips  

were then combined t o  g ive  a perspect ive  of the  market f o r  coa l  combus- 

t i o n  i n  regard t o  meeting simple economic acceptance a s  a funct ion  of 

o i l  p r i c e  (Fig. 8). 

Synthet ic  Fuels A.s An Option 

One a l t e r n a t i v e  t o  converting an  i n d u s t r i a l  f a c i l i t y  t o  coa l  f i r i n g  

is t o  continue t o , f i r e  o i l  o r  n a t u r a l  gas. I n  the  event t h a t  gas o r  o i l  

is not ava i l ab le  o r  t h e i r  p r i ces  rise t o  a high enough l eve l ,  s u b s t i t u t e  

syn the t i c  f u e l s  could begin t o  capture  p a r t  of t h e  i n d u s t r i a l  energy 
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Table 2. coal specifications, price, and costs. 

'- - - . _ ___.________.._l___ . *- -- 
-- - ~ 

'Rail transportation costs ($It) 
FEA Region Coal Source HllV Wt X Mine Houth 

(~tullb) , . Sulfur Price ($It) Single car 25 cars Unit trains 

Central PA 12,300 2.0 25.5 13.0 9.5 8.5 
1: Boston Central PA 12,500 1 .o 29 .0 ! . 13.0 9.5 8.5 

SE, WV 12,000 0.7 31.5 15.0 12.0 . .10.0 

Central PA 12,300 2;0 25.5, 9.5 6.5 . . 5.5 
2. New York Central PA 12,500 1 .O 29.0 9.5 6.5 5.5 

SE. GN 12,000 ' 0.7 31.5 12.5 9.5 8.0 . . . . 
N. WV 12,300 3.0 23.0 10.5 8.0, 6.5 

3. Pl~iladelpl~ia N. WV 13,000 2.5 28.5 10.5 8.0 6.5 
SE. VA 12,000 0.7 , ' 31.5 11.5 8.5 7.0 

E. KY, N. TN 12,200 1.6 25 .O 8.0 5.5 4.5 
4. Knoxville TN E. KY, N. TN 13,000 0.7 34.5 ' 8.0 , 5.5 4.5 

AL, S. TN 12,000 1.6 26 .0 7;5 . 5 ..O .. 4.0 

IL 10,500 3.5 21.0 30.0 7.5 6.0 
5. Chicago IL 11,700 . 2.5 '27.5 10.0 7.5 6.0 

WY 10,500 0.6 16.5 18.5 15.5 13.0 

AL.S.TN . 12,000 1.6 26.0 14.5 , 11.5 9.5 
6. lloueton AL, S. TN 12.500 0.8 31 .O 'i4.5 11.5 9.5 

CO, NE. NM 11,600 . 0.5 19 .O 18.5 15.5 1.3.0 

KS, MO 11,500 3.5 17.0 7.5 5.0' 4.0 
7. Kansas City KS, MO 12,000 2 ;5 24.0 7.5 5.0 4.0 

UY 10,500 0.6 . 16.5 15.0 12 .O 10.0 

CO, NE. NM 10,700 0.5 ' . 17.5' . 7 .O 4.5 3.5 
8. Denver CO, NE. NM 11,600 0.5 19 .O 7.0 4.5 3.5 

UY 8,100 0.5 7.0 10.0 8.5 6.0 ' 

CO, NE. NM 10,700 0.5 17.5 23.5 ' 20.0 17.0 
9. Los Angeles CO, NE. NM 11,600 0.5 19.0 23.5 20.0 17.0 

IJY 10,500 0.5 16.5 21.0 17.5 15.0 

MT 8.600 0.7 8.5 . 19.5 16.5 13.5 
10. Seattle klT 9.300 0.4 10.0 19.5 16.5 13.5 

WY 1'0.500 0.6 16.5 24.5 2 1 .  17.5 



Table 3. I n d u s t r i a l  convent ional  b o i l e r  wi th  scrubber  
c a p i t a l  and O&M cos ts*  

Cap i t a l  c o s t s  
Bo i l e r  s i z e  (hea t  input )  

175 mm Btu/hr  325 mm Btu/hr 

Bo i l e r  equipment 9.95 x lo6  $ 15.90 x l o 6  $ 
Coal & l imestone handling 2.51 x .lo6 $ '5.27 x l o 6  $ 
SO equipment 2.64 x lo6  $ 4.10 x l o 6  $ 

T o t a l  d i r e c t  c o s t  15.10 x lo6  $ 25.27 x lo6  $. 

Contingency 
Engineering 

To ta l  d i r e c t  and i n d i r e c t  c a p i t a l  
c o s t s  

Working c a p i t a l  
Start-up 
I n t e r e s t  during cons t ruc t ion  

~ o t a l  cos t  

Nonfuel Operacing and Maintenance Costs 

Fixed .89 x. lo6  '$ /yr  1.44 x lo6  $/yr  
Variable  (multiply by capac i ty  f a c t o r )  1.11 x 10.~ $/yr  1.89 x lo6 $ / ~ r  
Fuel e f f i c i e n c y  82% 82% 

* 
A l l  c o s t s  1979 



ì able 4. F inancia l  assumptions . 

Depreciat ion (.tax purposes) Syn of Years Dig i t s  

Depreciation l i f e  16 years  
. - 

Economic l i f e  20 years.  

Return on investment 15% 
(no i n f l a t i o n )  

(Equivalent with i n f l a t i o n )  21% 

I n f l a t i o n  6 % 

Debtlequity r a t i o  01100 

Tax r a t e  50% 
I 

Investment t a x  c r e d i t  10% 





market. The p r i c e  and a v a i l a b i l i t y  of f u e l s  a r e  i n t e r r e l a t e d ,  as t h e  

supply decreases  and t h e  demand grows, t h e  p r i c e  rises. However, 

throughout r ecen t  h i s t o r y  t h e  U.S. government, i n  an  at tempt  t o  i n s t i t u t e  

c e r t a i n  domestic p o l i c i e s ,  has  t o  some ex ten t  regula ted  both t h e  p r i c e  

and supply of o i l  and n a t u r a l  gas.  Therefore t h e  market f o r  s y n t h e t i c  

f u e l s  can be evaluated based on one of two scenar ios .  

Market w i th  f u e l s  unregulated 

. I n  a narrow sense,  t h e  market f o r  s y n t h e t i c  f u e l s  w i l l  be  t h e  same 

as they are f o r  o i l  and gas. Synthe.tic products t h a t  can t echn ica l ly  

be s u b s t i t u t e d  d i r e c t l y  f o r  gas and o i l  must be pr iced  t h e  same as gas 

o r  o i l  t o  achieve market pene t ra t ion .  Synthe t ic  f u e l s  which a r e  no t  

d i r e c t l y  s u b s t i t u t a b l e  and r e q u i r e .  equipment modif icat ion,  must be pr iced  

lower t o  achieve penet ra t ion .  Fuels  t h a t  f a l l  i n t o  t h i s  category a r e  

low Btu gases  ( ~ 2 5 0  ~ t u / f t ~ ) ,  heavy s y n t h e t i c  o i l s , a n d  r e f ined  coa ls .  

Since present  e s t ima te s  of s y n t h e t i c  f u e l  p r i ce s  a r e  i n  t h e  range of 

50 t o  100% higher  than present  n a t u r a l  f u e l  p r i ce s ,  t h e  p re sen t  market 

i s  small. However, f u t u r e  p r i c e s  of o i l  and gas should inc rease  a t  a 

f a s t e r  r a t e  than  p r i c e s  of s y n t h e t i c  f u e l s .  As a r e s u l t , a t  sometime i n  

t h e  f u t u r e  t hese  f u e l s  w i l l  p e n e t r a t e  t h e  market. A t  what time and wi th  

which f u e l s  is  uncertain.  

Market wi th  f u e l s  regula ted  

I n  the  l i k e l y  event  t h a t  t h e r e  is l e g i s l a t i o n  e i t h e r  ba r r ing  t h e  us: 

of o i l  and gas i n  i ndus t ry  o r  r e s t r i c t i n g  t h e  cons t ruc t ion  of new gas and 

oil-burning equipment, t h e  market f o r  s y n t h e t i c  f u e l s  becomes much 

d i f f e r e n t .  I f  gas and o i l  a r e  unavai lab le ,  t h e  i n d u s t r i a l  energy opt ions  

become l imi t ed .  I n  f a c t ,  f o r  t h e  near  term, most i n d u s t r i e s  would l i m i t  

t h e i r  choices.between d i r e c t  coa l  combustion and burning s y n t h e t i c  f u e l s .  

Assuming t h a t  a n  indus t ry  would make a choice and not  merely postpone 

t h e i r  investment dec is ion ,  the  choice would be between inves t ing  i n  new 

coa l  combustion equipment and buying s y n t h e t i c  f u e l s  f o r  new o r  r e t r o f i t  

app l i ca t ions .  The market. can then  be  represented by t h e  p r i c e ' o f  

s y n t h e t i c  f u e l  t h a t  would compete wi th  t h e  investment i n  combustion 



equipment, as shown in Fig. 9. This example illustrates the market for 

existing boilers. It can be inferred from this that in the absence of 

oil and gas and with synthetic fuel prices consistent with current 

estimates of synthetic fuel costs (25 to 50 $/bbl), there is technically 

a large market for these fuels. 

Conclusions 

For the near term, a large conversion of industry from gas and.oil to 

coal does not appear to be forthcoming.. The lack of substantial economic 

incentives,. large- investments,, and uncertain environmental policies lead 

many industries to postpone their decisions related to coal. '~eeting 

ambient air quality regulations is viewed as one of the most important 

issues and one that seriously restricts the market for direct.coa1 combus- 

tion. 

Synthetic fuels from coal must compete directly with oil and gas. 

At the present time, the price that would be required for these synthetics 

to cover their cost would not compete with their natural counterparts. 

However, in an environment where oil and gas is banned to industry, either 

by supply or government decree, the market for synthetic fuels is sub- 

stantial. With synthetic fuel prices at an equivalent of 50$/bbl (1979), 

about 40% of the existing industrial boiler capacity could justify burning 

synthetic fuels rather than building new coal facilities. Although this 

analysis was derived for industrial boilers, similar conclusions can be 

drawn for the process heat market. 
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