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ABSTRACT 

A large number of fos s i l  energy processes a re  now in various s tages  of research 
and development around the world to  produce subs t i t u t e  fue ls  f o r  conventional o i l  
and gas. 
of the development process t o  guide R&D t o  the most promising processes and t o  place 
experimental emphasis on technical problems o f  g rea tes t  p r ior i ty .  Types of design 
and cost estimation a re  described as  well as  the  uncertainties involved in the re- 
su l t ing  estimates as they depend on data qua l i ty  and the level of estimate d e t a i l .  
Project and process contingencies a r e  given which have been found to  be appropriate 
t o  account for  the expected underestimation. 

Cost evaluations are described fo r  coal gas i f ica t ion  processes taken from the 
recent C.F.  Braun & Co. repor t  which compares new process developments with commer- 
c ia l  Lurgi coal gas i f ica t ion .  Costs of approximately $5 per mill ion B t u  a r e  i n d i -  
cated.  
of development a re  discussed. L i q u i d  product costs a re  indicated between about 
$3.50 and $5.00 per mill ion B t u .  
term new and r e t r o f i t t e d  plants as  well as  the longer range potential  of combined 
cycle technology. 

Process design and cos t  estimation of new processes i s  an invaluable part  

Coal l iquefaction costs for processes cur ren t ly  a t  the p i l o t  plant stage 

Power generation i s  examined on the  bas i s  of near- 

INTRODUCTION 

Preliminary design and cost  estimating of  fo s s i l  energy processes i s  the prin- 
cipal mans of determining the prac t ica l  advantages and disadvantages t h a t  a given 
process has compared with others which produce s imi la r  products. The r e su l t s  of 
such comparisons a re  of par t icu lar  importance t o  research and development. They 
not only indicate those processes which o f fe r  promise of technical and economic 
f eas ib i l i t y  in a fu ture  market, but a l so  those sections of a process flow scheme 
which should receive the g rea t e s t  a t t en t ion  during fur ther  development. I t  becomes 
quickly apparent t h a t  cer ta in  u n i t  operations c rea te  the heaviest economic burdens 
on plant investment and product s e l l i ng  price.  These areas then become prime tar- 
gets for innovative engineering. 

Successful process-related companies re ly  grea t ly  on such process analysis t o  
guide the i r  development e f fo r t s  and t o  point t o  new research projects.  
pay close a t ten t ion  as well s ince  the  royalty they will  receive on a new patent will 
be negotiated as a portion of the savings created r e l a t ive  to  the next best  a l t e r -  
native.  

U.S. Government research and development a c t i v i t i e s  in fos s i l  energy have 
grown beyond $500 mill ion annually and decisions about program and pro jec t  direction 
a re  strongly influenced by process analyses. 

Inventors 
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PROCESS DEVELOPMENT AND ANALYSIS 

New heavy- indust ry  process development i s  an expensive and r i s k y  e n t e r p r i s e  
u s u a l l y  conducted by l a r g e  companies and governments, sometimes i n  j o i n t  venture. 
The 15 t o  20 y e a r  development t ime  t o  f i r s t  c o m e r c i a l i z a t i o n  which has been e s t i -  
mated fo r  new coa l  convers ion processes, f o r  example, p r a c t i c a l l y  mandates govern- 
ment- indust ry  c o s t  sha r ing .  

development o f  new coa l  convers ion processes i s  i l l u s t r a t e d  by F igu re  1. It repre-  
sents  a l o g i c a l  developmental sequence f o r  a h y p o t h e t i c a l  case. A l though no speci -  
f i c  case would n e c e s s a r i l y  f o l l o w  t h i s  example c l o s e l y ,  perhaps t h e  composite o f  
a number o f  cases would be reasonably c lose .  

The example i n d i c a t e s  t h a t  a f t e r  conceptual work, e x p l o r a t o r y  research f o l l o w s  
t o  t e s t  s c i e n t i f i c  f e a s i b i l i t y  i n  a u n i t  capable o f  about one t o n  o f  d a i l y  coa l  
throughput .  Over a p e r i o d  o f  one t o  f o u r  yea rs  f o r  t h i s  phase, $10 m i l l i o n  o r  more 
may be consumed. Next, a process development u n i t  (PDU) i s  shown t o  ga the r  t h e  
necessary phys i ca l ,  chemical and engineer ing data.  About f i v e  years and $20 t o  $30 
m i l l i o n  i s  r e q u i r e d  f o r  t h i s  phase. 
phase o f  development and r e q u i r e s  about  seven years t o  complete. 
a 100 ton  per  day p l a n t  may approach $100 m i l l i o n .  F i n a l l y ,  t he  l a s t  two stages 
shown by F igure 1 r e p r e s e n t  success i ve l y  l a r g e r  commercial p ro to type  p l a n t s  i n  f i n -  
a l  p repara t i on  f o r  a f u l l - s i z e d  50,000 b a r r e l  p e r  day p l a n t  ( o r  i t s  thermal equiva- 
l e n t  i f  the product  i s  o t h e r  than o i l ) .  Th i s  development scheme i s  admi t ted l y  con- 
s e r v a t i v e  and perhaps f o r  some cases t h e  e x p l o r a t o r y  research and PDU phases cou ld  
be combined. L i kew ise  t h e  p i l o t  p l a n t  and demonstrat ion p l a n t  phases might  be 
accomplished j o i n t l y  by a p l a n t  s i z e  o f  severa l  hundred tons pe r  day capaci ty .  
Nevertheless, t h e  t ime  t o  reach comnerc ia l i za t i on  would s t i l l  be a lmost  1 5 y e a r s .  

Guiding process development by des ign and c o s t  engineer ing ana lys i s  i s  ve ry  
impor tan t ,  b u t  compl icated by t h e  need t o  compare es t ima tes  taken f rom va r ious  
sources. Engineering des ign  and c o s t  e s t i m a t i n g  procedures and da ta  w i l l  d i f f e r  
somewhat when d i f f e r e n t  process groups have been invo lved .  Any s i g n i f i c a n t  d i f f e r -  
ences u s u a l l y  can be r e s o l v e d  when t h e ' m a t e r i a l  i s  w e l l  documented. However, two 
o t h e r  f a c t o r s  must be considered when two o r  more es t ima tes  a r e  t o  be compared. 
The f i r s t  concerns t h e  degree o f  engineer ing e f f o r t  expended i n  t h e  des ign and 
c o s t i n g  o f  each est imate.  
r a t e  than t h a t  t aken  from sma l le r  u n i t s  such as PDU-sized e q u i m e n t .  The second 
concerns the q u a l i t y  o r  r e l i a b i l i t y  o f  the data be ing used f o r  t h e  des ign.  
from t h e  demonstrat ion o r  commercial development phase i s  obv ious l y  more accurate 
than t h a t  taken f rom s m a l l e r  u n i t s  such as PDU-sized equipment. 

p r o j e c t  and process cont ingencies.  These a re  al lowances t o  account f o r  d i f f e r e n c e s  
i n  t h e  l e v e l  o f  eng inee r ing  e f f o r t  and i n  data r e l i a b i l i t y ,  respec t i ve l y .  Appl ica-  
t i o n  of these con t ingenc ies  ad jus ts  an est imate t o  a va lue  e q u i v a l e n t  t o  t h e  com- 
p l e t i o n  of development when f u l l  da ta  i s  a v a i l a b l e  f o r  a l l  sec t i ons  o f  t h e  p l a n t  
and an accurate d e t a i l e d  es t ima te  can be made. 

process est imates i n  t h e  F o s s i l  Energy Procyam, U.S. Department o f  Energy, a r e  
shown i n  F igure 2. The process cont ingency i s  c a l c u l a t e d  as a percentage o f  t h e  
o n s i t e  p o r t i o n  of  t h e  p l a n t  and represents  t h e  a d d i t i o n a l  investment necessary t o  
improve o r  expand process equipment t o  reach des ign c o n d i t i o n s ,  s i n c e  data taken 
w h i l e  developing a process tend t o  be o o t i m i s t i c .  P r o j e c t  cont ingency i s  ca lcu-  
l a t e d  as a percentage of  t h e  t o t a l  o n s i t e  ( i n c l u d i n g  process cont ingency)  and o f f -  
s i t e  investment and i s  t hen  added t o  o b t a i n  t h e  f i n a l  investment. It al lows f o r  
e r r o r s  i n  cost  e s t i m a t i n g  due t o  des ign assumptions, l a b o r  p r o d u c t i v i t y  and r a t e  
assumptions, l a t e  d e l i v e r y  o f  c o n s t r u c t i o n  m a t e r i a l s ,  and t h e  l i k e .  Therefore, i t  

An example of  l i b e r a l  government cos t  sha r ing  w i t h  i n d u s t r y  t o  induce s teady 

A l a r g e  p i l o t  p l a n t  i s  t y p i c a l l y  t h e  nex t  
P r o j e c t  cos t  for  

Greater  engineer ing e f f o r t  g e n e r a l l y  produces more accu- 

Data 

These t w o  sources o f  i ncons is tenc ies  i n  es t ima tes  can be reso lved  by means o f  

P r o j e c t  and process con t ingenc ies  which a r e  be ing  used t o  compare and r e s o l v e  
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r e f l e c t s  o n l y  t h e  u n c e r t a i n t y  o f  c o n s t r u c t i n g  a g i ven  p l a n t  f o r  a g i v e n  c o s t  and 
does n o t  depend on the  u n c e r t a i n t y  o f  t h e  t e c h n i c a l  data. I t  does depend on t h e  
type O f  es t ima te  made as shown i n  t h e  f i g u r e .  
i n g  these est imates f o r  a 50,000 b a r r e l  pe r  day coa l  convers ion o l a n t  a r e  g i ven  i n  
parentheses. 

U.S. process ing f i r m s  over t h e  l a s t  two years and a r e  based on t h e i r  process develop- 
ment and p l a n t  c o n s t r u c t i o n  experience. 
Corporat ion.  

A b e t t e r  understanding o f  va r ious  l e v e l s  o f  c o s t  est imates and the  accuracy 
which can be expected from them can be gained by cons ide r ing  F igures 3, 4 and 5. 
Together these f i g u r e s  desc r ibe  t h e  bas i c  d i f f e r e n c e s  between p r e l i m i n a r y ,  d e f i n i -  
t i v e  and d e t a i l e d  est imates.  

Typ ica l  engineer ing cos ts  of produc- 

The cont ingency f i g u r e s  shown i n  F igu re  2 r e s u l t e d  from discuss ions w i t h  l a r g e  

Major  c o n t r i b u t i o n  was rece ived  from Exxon 

The f i r s t  s t e p  i n  developing an es t ima te  i s  s e t t i n g  t h e  des ign bas i s .  
t h ree  est imate types r e q u i r e  t h e  same t yoe  o f  des ign bas i s  i n fo rma t ion ,  w i t h  t h e  
except ion t h a t  t he  s i t e  s p e c i f i c a t i o n  f o r  t h e  t h r e e  d i f f e r s .  For example, a de- 
t a i l e d  des ign i n c l u d i n g  d e t a i l e d  mechanical drawings r e q u i r e s  s p e c i f i c a t i o n  o f  an 
ac tua l  s i t e  and co re  d r i l l i n g s  may be necessary t o  determine founda t ion  design. 

The next  s tep  i n  process e s t i m a t i n g  i s  t h e  process des ign i t s e l f  (F iqu re  4) .  
D i f ferences i n  es t ima te  accuracy a r e  most obvious from c o n s i d e r a t i o n  o f  t h e  va ry ing  
e f f o r t s  expended i n  t h i s  s tep.  
equipment l i s t ,  w h i l e  i n  a d e f i n i t i v e  des ign d e t a i l e d  s p e c i f i c a t i o n s  a re  prepared, 
i n c l u d i n g  p i p i n g  and ins t rumen ta t i on  s p e c i f i c a t i o n s .  Th is  a d d i t i o n a l  i n fo rma t ion  
requ i res  a g r e a t  deal more engineer ing e f f o r t  t o  develop, b u t  i t  i s  impor tan t  t o  
accuracy s ince  process p l a n t s  c o n t a i n  p i p i n g  and ins t rumen ta t i on  t h a t  may represent  
up t o  40 percent  o f  t h e  p l a n t  c a p i t a l  investment. A d e t a i l e d  des ign i nc ludes  t h e  
l a t t e r  elements p lus  d e t a i l e d  engineer ing drawings and p lans  which may r e q u i r e  
hundreds o f  thousands o f  man-hours t o  produce, O f  course, t h i s  e f f o r t  i s  app rop r i -  
a t e  on l y  when a c t u a l  c o n s t r u c t i o n  i s  planned. 

For  p r e l i m i n a r y  estimates, 
cos t  curves, experience f a c t o r s ,  and r u l e s  o f  thumb a r e  used, whereas f o r  a d e f i n i -  
t i v e  estimate, a more d e t a i l e d  e s t i m a t i n g  procedure i s  requ i red .  
s p e c i f i c  cos t  indexes, and p r o j e c t e d  f i n a n c i a l  c o n d i t i o n s  a r e  approp r ia te .  
d e t a i l e d  study, one seeks vendor b ids ,  f inances under a c t u a l  cond i t i ons ,  and 
s tud ies ac tua l  l a b o r  r a t e s  and p r o d u c t i v i t y  f o r  t h e  area i n  ques t i on .  Actual  l abo r  
costs  and p r o d u c t i v i t y  a r e  ext remely impor tan t  f a c t o r s  which a r e  g e n e r a l l y  over- 
looked. 
i n  d i f f e r e n t  p a r t s  o f  t h e  Un i ted  States and can have a l a r g e  e f f e c t  on t h e  f i n a l  
p l a n t  cost .  

Reconsidering F igu re  2, i t  i s  c l e a r  t h a t  a f i n a l  investment es t ima te  v a r i e s  a 
g rea t  deal as a r e s u l t  o f  t h e  cont ingencies aDDlied t o  i t .  Consider, f o r  example, 
a coal l i q u e f a c t i o n  p l a n t  producing 50,000 b a r r e l s  o f  product  o i l  d a i l y .  
investment might  be rough ly  $750 m i l l i o n  and o f f s i t e  investment  about  $250 m i l l i o n .  
If these investments had been c a l c u l a t e d  u s i n g  data o f  POU q u a l i t y  by a p r e l i m i n a r y  
type o f  est imate,  process and p r o j e c t  con t ingenc ies  would be taken as 25 and 20 per- 
cent, r e s p e c t i v e l y .  Apply ing these cont ingencies r e s u l t s  i n  a t o t a l  investment 
est imate o f  $1,425 m i l l i o n  o r  an increase o f  about 43 pe rcen t  above t h e  investment  
base o f  $1,000 m i l l i o n  w i t h o u t  cont ingencies.  

COAL GASIFICATION ESTIMATES 

A l l  

I n  a p r e l i m i n a r y  des ign the  e f f o r t  ends w i t h  an 

The l a s t  s tep  i s  t h e  cos t  e s t i m a t i n g  process i t s e l f .  

Vendor quotes, 
For  a 

The a v a i l a b i l i t y  o f  s k i l l e d  craf tsmen and t h e  s p e c i f i c s  o f  un ion r u l e s  vary 

Onsi te  

Consis tent  cos t  est imates f o r  coal g a s i f i c a t i o n  processes which a re  now under 
development have been made by C.F. Braun & Co. us ing  western U.S. subbituminous 
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coal with 250 mi l l ion  standard cubic f e e t  per day of subs t i t u t e  natural gas pro- 
duction assumed as the  standard p l a n t  s i ze .  The study examines the investments, 
operating cos t s ,  and the resu l t ing  prices of the  HYGAS, BI-GAS, C02 Acceptor and 
Synthane processes compared with s imi la r  f igures  f o r  the presently-commercial Lurgi 
gas i f ica t ion  technology. 
l i shed  examines the same processes using eas te rn  U.S. coals.  

Braun f o r  western coa l ,  assuming 100 percent equity financing, 1 2  percent discount- 
ed cash flow (DCF) r a t e  of re turn ,  and 1976 constant do l l a r s .  Braun used a 15 per- 
cent project contingency f o r  a l l  of these cases,  but included no process contingen- 
c i e s  i n  the ons i te  investments. Note t h a t  product costs can be plotted as  s t r a igh t  
l i n e s  when annual operating cos ts  a r e  plotted against  t o t a l  cap i ta l  requirement. 

Another phase of the same study which will  soon be pub- 

Figure 6 i s  a p lo t  of product cos ts  f o r  the  various processes calculated by 

From the  f igu re  one sees tha t  the HYGAS case with the residual char gas i f ied  
using a steam-oxygen g a s i f i e r  appears to  be the most a t t r a c t i v e  process a t  approxi- 
mately $4.25 per mill ion B t u  of product cos t .  The  Lurgi process i s  about $5.50 per 
mi l l ion  B t u  as i s  the  case f o r  Synthane where excess char i s  sold outside the 
p lan t  and s lu r ry  coal feeding t o  the gas i f i e r s  i s  used. 
approach the low-cost HYGAS case.  However, the  HYGAS case w i t h  residual char 
gas i f ied  using a steam-iron g a s i f i e r  i s  l e s s  a t t r a c t i v e  t h a n  LURGI, as are two 
Synthane cases which export e l ec t r i ca l  power f o r  s a l e  ou ts ide  the p lan t .  

liminary study and the  15  percent project contingency used i s  reasonable. 
no process contingencies were used t o  r e f l e c t  the  d i f fe r ing  data qua l i ty  ava i lab le  
f o r  the  individual estimates.  
data except Lurgi, process contingencies of 15 t o  25 percent a r e  indicated.  
value of f ive  percent is  su i t ab le  f o r  the Lurgi  estimate.  Application of these 
additional fac tors  t o  L u r g i  and the three  estimates on the  f igure  which a re  lower 
cos t  t h a n  Lurgi  narrows t h e i r  cos t  advantage over L u r g i  by about 50 cents per 
mill ion B t u .  T h i s  has the  r e s u l t  t h a t  only the HYGAS process re ta ins  an apparent 
advantage over Lurgi  technology. 
compared w i t h  Lurgi technology. 

BI-GAS and CO2 Acceptor 

The type of cos t  estimate performed by the  Braun study i s  equivalent to  a pre- 
However, 

Given the P D U  and p i l o t  data quali ty of a l l  of the 
A 

Other processes appear marginal o r  higher cos t  

COAL LIQUEFACTION ESTIMATES 

A t  present several coal 1 iquefaction processes a re  under development. These 
include such processes a s  Exxon Donor Solvent (EDS) ,  H-Coal, and Solvent Refined 
Coal (SRC). Each of these processes makes l iqu id  fue ls  w i t h  d i f fe ren t  physical 
properties.  However, each of the  processes has some f l e x i b i l i t y  t o  operate over 
a range between a heavier bo i le r  fuel type o f  primary product and a l i gh te r  syn- 
t h e t i c  crude primary product, depending on l iquefaction reac tor  space velocity.  

A recent paper by Gulf ( 2 )  concerning the SRC process operated t o  produce a 
synthe t ic  crude (although they view i t s  best use as  fuel t o  a bo i l e r )  ind ica tes  
a pr ice  of $3.21 per mill ion B t u  assuming 100 percent equity financing, 1 2  percent 
DCF and 1976 constant do l la rs .  
no process contingency was applied.  Including a 20 percent process contingency 
increases the  cos t  t o  about $3.60 per mill ion B t u .  This i s  equivalent t o  about 
$22 per barrel .  

Preliminary estimates of other l iquefaction processes w i t h i n  Fossil Energy 
ind ica te  prices of $30 per barrel  and grea te r  when using this same economic basis 
t o  produce a synthe t ic  crude. 
mates have been made by d i f f e ren t  concerns, i t  i s  not c l ea r  whether these cos t  
differences are due to  t rue  process differences o r  merely to  design philosophy 
differences among the  various firms involved. 
study. 

A 20 percent pro jec t  contingency i s  included, b u t  

However, since the  various designs and cos t  e s t i -  

T h i s  matter i s  cur ren t ly  under 
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POWER GENERATION ESTIMATES 

New e l e c t r i c  generation f a c i l i t i e s  can be based on a number of l iqu id  and 
solid a l te rna t ive  fos s i l  fue l s .  Figures 7 and 8 contrast  var ious  base load a l t e r -  
natives,  showing the cap i t a l ,  operation and maintenance ( O & M ) ,  and fuel components 
Of to ta l  cost expressed as mills per kilowatt-hour of power generated. 
Power costs were derived from recent work done by Gilbert  Associates ( 3 )  which 
determined capi ta l  and O&M costs f o r  various a l te rna t ives .  The fue l  component was 
added t o  these by choosing recent cost ranges f o r  the basic fue ls  used (Table I ) .  
An 800 megawatt e l e c t r i c  plant s i z e  operating a t  70 percent capacity fac tor  i s  
assumed and the basis i s  u t i l i t y  economics equivalent t o  a 10 percent DCF r a t e  of 
return i n  1975 constant do l la rs .  A 15 percent project continqency was used i n  a l l  
cases w i t h  no process contingency. 

I n  Figure 7 ,  the No. 6 fuel o i l  case shows a var ia t ion  i n  power cost  of 28 t o  
33 mills per kilowatt-hour ( t h e  variation in the fuel component of t h i s  and a l l  
other cases represents the range shown i n  Table I ) .  The natural gas case i s  l e s s ,  
b u t  t h i s  fuel i s  now i n  scarce supply in the United S ta tes .  SRC hot l iquid r e fe r s  
to  the Solvent Refined Coal l iquefaction process operated so as  t o  make a heavy 
liquid product which would so l id i fy  i f  cooled. 
t he t i c  coal l iquid both indicate a s ign i f icant  cost  increase compared to No. 6 
fuel o i l .  The dashed area i s  added to  emphasize the r e l a t ive  uncertainty of these 
estimates. Finally,  medium B t u  gas made off s i t e  and bought by the  power plant a t  
the range shown by Table I is a l so  r e l a t ive ly  expensive. 
and O&M components f o r  a l l  of these l iquid cases a re  subs tan t ia l ly  the  same a n d  only 
the fuel components vary. 

The so l id  fuel cases shown i n  Figure 8 show some in te res t ing  var ia t ions .  Low 
su l fur  coal without f l u e  gas desulfurization (FGD) i s  very a t t r a c t i v e  and compares 
favorably w i t h  the use of n a t u r a l  gas on the previous figure.  The high su l fu r  coal 
case with FGD i l l u s t r a t e s  the f a c t  tha t  the additional cap i ta l  and O&M components 
due t o  the FGO equipment a re  no to f f se t  by the lower fuel cos t  of high su l fur  coal.  
Similarly,  i n s t a l l a t ion  and operation of an on s i t e  low B t u  gas p l an t  using h i g h  
su l fur  coal is  n o t  o f f s e t  by the cheaper fue l .  

These 

This case and tha t  f o r  heavy syn- 

Note t h a t  the capi ta l  

The so l id  SRC case without FGD has the same low capital  and O&M components a s  
the low su l fur  coal case but the expensive fuel prices this a l t e rna t ive  well above 
the others. 
low su l fur  coal.  F ina l ly ,  the two high su l fu r  coal cases u s i n g  f lu id ized  bed com- 
bustion and a low B t u  gas, combined cycle system b o t h  look very competitive. 

Retrofit  of base load e l e c t r i c  u t i l i t i e s  i s  i l l u s t r a t ed  by Figure 9 using the 
same economic basis as before. Here the incremental cost of modifying so l id  and 
l iquid fuel plants i s  shown by the three cost  components. FGD adds only about 10 
mills per kilowatt-hour b u t  so l id  SRC adds over 20 mills. Among a l t e rna t ives  f o r  
r e t ro f i t t i ng  so l id  fuel p lan ts ,  cleaned h i g h  su l fu r  coal adds the l e a s t  o r  about 
five mills.  For l iqu id  p lan ts ,  the  heavy synthetic coal l iqu id  and the medium B t u  
gas off s i t e  cases add about 10 mills per kilowatt-hour o r  more. The  low B t u  gas 
on s i t e  case adds nothing because the savings in fuel cos t  by using h i g h  su l fu r  coal 
to  Generate the gas  o f f se t s  the  capital  a n d  O&M components. 
case indicates a reduction, since the needed capi ta l  and O&M a re  not large and the 
savings i n  No. 6 fuel o i l  substi tuted by l e s s  expensive low su l fu r  coal more t h a n  
o f fse t s  them. 

The economics of steam generation by fluidized bed combustion (FBC) have 
recently been studied (4 ) .  
for both high and low su l fu r  coa l ;  conventional f i r i ng  w i t h  low s u l f u r  fuel o i l  i s  
shown f o r  comparison. These cos ts  show cap i t a l ,  Q&M and fue l  components (see 
Table I )  calculated i n  1975 constant do l la rs  a t  a 10 percent DCF r a t e  of return for  

Next, cleaned high su l fur  coal without FGD appears competitive w i t h  

The coal oil  s lur ry  

Figure 10 cont ras t s  FBC with conventional f i r i ng  (CF) 
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a 100,000 pound per hour boiler;. 
cent project contingency was used. 

f i r i ng  with FGD. 
ever. 
o i l  i s  much less  than the  o the r  cases. 
r e l a t ive ly  higher cost  of t h e  fuel o i l .  

No process contingency was assumed, b u t  a 20 per- 

For  high su l fu r  coa l ,  t h e  FBC case i s  de f in i t e ly  lower cos t  than conventional 

Note that the cap i t a l  and O&M costs f o r  a bo i le r  based on low su l fu r  fuel 
There i s  no r e l a t ive  improvement when u s i n g  low su l fu r  coa l ,  how- 

Of course, this i s  f u l l y  of fse t  by the 

SUMMARY 

Consistent process design and cos t  estimating procedures play an important ro l e  
in guiding research and development. Application of proper process and pro jec t  
contingencies i s  a key element in obtaining r e a l i s t i c  and comparable estimates.  

power generation a l t e rna t ives  now under development in the  United S ta tes .  Coal 
gas i f ica t ion  and power aeneration economics a r e  presently the most f u l l y  developed, 
b u t  a number o f  s tud ies  a r e  planned t o  be t te r  define the prospects f o r  coal 
l iquefaction. 

Preliminary estimates have been made for  many of t he  coal conversion and 
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TABLE I 

FUEL COST TO POWER GENERATION 

Dollars per Million BTU 

Liquid Fuels 

No. 6 Fuel Oil 

Natural Gas 

SRC Hot Liquid 

Heavy Synthet ic  Coal Liquid 

Medium BTU Gas 

Sol id  Fuels 

Low Sulfur  Coal 

H i g h  Sulfur  Coal 

Sol id  SRC 

7 

2.12 - 2.86 

0.52 - 2.00 

3.00 - 5.00 

3.00 - 5.00 

3.00 - 4.00 

1.00 - 1.25 

0.75 - 1.00 

3.00 - 5.00 



Purpose, Size, Cost of Individual Coal Conversion Units 
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PRELIMINARY ($0.2-0.5 X 10') DEFINITIVE ($2-5 X 10'1 DETAILED ($20-50 X 10') 

PRODUCT SPECS 0 00 00 

FEED SPECS 0 00 DO 

DESIGN ASSUMPTIONS DO 00 

PROCESS D,ESCRlPTlON 00 DO 

UTILITY SPECS 00 DO 

GENERAL SITE HYPOTHETICAL SITE ACTUALSITE 

PRELlMlNAl iY 150.2-0 5x 1oq 

FLOW D I A G R A M  

MATERIAL BALANCE 

ENERGY BALANCE 

OPERATING CONDITIONS 

PLOT P L A N  

ENVIRONMENTAL ASSESSMENT 

PROCESS DESIGN 
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EQUIPMENT LIST 
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00 
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DO 

00 

00 
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DETAILED 1$20 50 X10.I 
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00 

00 

DO 

00 ." 
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PROCESS ECBNOMIICS 
PRELIMINARY f$0.2-0 5 X 10') 

COST CURVES 0 DO VENDOR BIDS 

DEFINITIVE 1$2-5X 10') DETAILED f $ 2 0 - 5 0 ~  10') 
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ON MAJOR ITEMS AND PRODUCTIYITY 
2 
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DETAILED DRAWINGS 
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NEW ELECTWlC UTILITIES 
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