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This i s  a r e p o r t  o f  a f e a s i b i l i t y  study aimed a t  determin ing  
whether an adequate conceptual framework and s u f f i c i e n t l y  re1 i a b l e  cost  
da ta  e x i s t  t o  h e l p  guide coal research and development (R&D) a l l o c a t i o n  
dec i s ions .  The c e n t r a l  o b j e c t i v e  of t h i s  e f f o r t  was t o  determine the 
v i a b i l i t y  of a major d e t a i l e d  study t o  develop a q u a n t i t a t i v e  procedure 
f o r  informed coal  R&D a l l o c a t i o n  dec is ions ,  and t o  make a recommenda- 
t i o n  on whether such a study should be undertaken. Hope fu l l y  i n  the 
best  t r a d i t i o n  of research, we found the  data took us s u b s t a n t i a l l y  
beyond the  i n i t i a l  scope o f  the study. 

I t  should be emphasized t h a t  the f i n d i n g s  repor ted  here are based 
on t h e  q u a l i t a t i v e  judgments of t h e  authors.  This  r e p o r t  i s  not ,  and 
does not  p u r p o r t  t o  he, a s c i e n t i f i c  study which presents f i n d i n g s  t h a t  
an independent i n v e s t i g a t o r  cou ld  r e p l i c a t e .  The p o r t i o n  o f  the r e p o r t  
beg inn ing  on page 15 i s  in tended s o l e l y  t o  p rov ide  background t o  put our 
f i n d i  ngs i n  con tex t .  The data do no t  p r o v i  de i ncon t  r o v e r t  i b l  e support 
f o r  our recommendations. 

I n  t h e  Conclusions and Recommendations sec t i on ,  we r e p o r t  our 
f i n d i n g s  on bo th  t h e  i n i t i a l  quest ions posed, p l u s  a more general se t  o f  
f i n d i n g s .  The remaining p o r t i o n  o f  the r e p o r t  cons i s t s  o f  the:  

1. I n t r o d u c t i o n ,  which summarizes how the f e a s i b i l i t y  study was 
c a r r i e d  ou t ;  

2. Coal Technology Desc r ip t i ons ,  Cost Data, and R&D Options which 
supported our conclusions and recommendations ; 

. . . . . . . 

3. Two Appendices, an o u t l i n e  o f  what would be i nc luded  
i n  a major d e t a i l e d  study, and a d e s c r i p t i o n  o f  how our cost  
c a l  c u l  a t  i ons were made. 

v i  i 





CONCLUSIONS AN0 RECQMMENDATIONS 

Concl u s i  on I : 

Data on t h e  costs  of coal  techno log ies  and on t h e  c o s t  reduc t ions  
-I_L-_ - -- _ l ~ l _ - l l  

- t h a t  would r e s u l t  f rom s p e c i f i c  RAD successes are t o o  u n r e l i a b l e  t o  
__I____----- _I---IIIIc-.- 

p r o v i d e  a u s e f u l  bas is  
-_l_ll 

f o r  a l l o c a t i n g  R&D 
__111__. -._ funds . -- 

R e l i a b l e  cos t  data are a v a i l a b l e  f o r  commercial, o f f - t h e - s h e l f ,  

techno log ies  such as mechanical coal  c lean ing ,  i n d u s t r i a l  b o i l e r s ,  and 

p u l v e r i z e d  coal  stearn-el e c t  r i c  p l  ants.  For t h e  non-commercial 

techno log ies ,  c o s t  da ta  a re  much less r e l i a b l e .  I n  those instances 

where t e s t  p l a n t s  have been b u i l t  and run, da ta  r e l i a b i l i t y  v a r i e s  w i t h  

t h e  s i z e  o f  t h e  t e s t  p l a n t  r e l a t i v e  t o  a p l a n t  o f  cornmercial s ize.  

S o l v i n g  t h e  problems of sca le  up t o  commercial s i z e  i s  p r i m a r i l y  a t r i a l  

and e r r o r  process. E s t i m a t i n g  t h e  cos t  o f  commercial sca le  p l a n t s  from 

s m a l l e r  sca le  p l a n t s  i s  i n h e r e n t l y  u n r e l i a b l e .  E s t i m a t i n g  cos ts  f o r  

commercial s c a l e  p l a n t s  froin l a b o r a t o r y  experi inents i s ,  o f  course, even 

more d i f f i c u l t  and u n r e l i a b l e .  

I n  f a c t ,  many c o s t  est imates for non-commerci a1 techno1 o g i  es are 

not based on what i s  thought  t o  be t e c h n i c a l l y  poss ib le ,  bu t  on what i s  

deemed necessary f o r  a technology t o  be commercial ly compet i t i ve .  Thus 

c o s t  est imates f o r  non-commercial coal  techno log ies  are f r e q u e n t l y  

des ign goals.  Such est imates,  o f  course, r e f l e c t  t h e  assumption t h a t  

t h e  g o a l s  can be achieved. I n  some cases, however, t h e r e  are 

s u b s t a n t i a l  t e c h n i c a l  b a r r i e r s  t o  commercial v i a b i l i t y ,  and i t  i s  

u n c e r t a i n  how l o n g  i t  w i l l  t a k e  and how much i t  w i l l  c o s t  t o  overcome 

them. Under these circumstances cos t  p r o j e c t i o n s  must be regarded w i t h  

s k e p t i c i  srn. 

1 
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I n  t h e  coal  i n d u s t r y ,  e f f o r t s  t o  compare t h e  cos ts  o f  commercial 

techno1 og i  es w i t h  non-commerci a1 tcchno log i  es must deal w i t h  another 

f a c t o r .  Th is  i s  t h e  grea t  emphasis p laced on performance r e l i a b i l i t y  by 

those who operate c o m e r c i a 1  sca le  coal f a c i l i t i e s .  

These p l a n t s  are, w i t h  a few except ions,  l a r g e  f a c i l i t i e s  which 

must handle l a r g e  volumes of s o l i d s  over 20 t o  40 yea r  l i f e t i m e s .  

Noth ing i s  of grea te r  importance t o  those who run  c lean ing ,  u t i l i z a t i o n ,  

o r  convers ion p l a n t s  than t h a t  they  operate r e l i a b l y  over l ong  per iods  

o f  t ime,  t h a t  i s ,  they  have h igh  and p r e d i c t a b l e  capac i t y  fac to rs .  

Confidence i n  a techno logy 's  r e l i a b i l i t y  i s  es tab l i shed  an ly  a f t e r  

i t  has performed over  a number o f  years, Since coal f a c i l i t i e s  i n v o l v e  

l a r g e  c a p i t a l  cos ts ,  s i g n i f i c a n t  per iods  o f  unexpected down t ime  can 

have l a r g e  impacts on t h e  cos t  o f  end use energy. 

o f  Technology Assessment (OTA) est imates t h a t  a synfuel  s p l a n t  ope ra t i ng  

a t  a 50% on-stream f a c t o r  r a t h e r  than a 90% f a c t o r  increases the  cos t  

o f  produced f u e l  s by 60 t o  70% (OTA, Increased Automobi l e  Fuel E f f i c i e n c y  

and Syn the t i c  Fuels ,  p .  174) .  

For example, O f f i c e  

Since R&D i s  i n h e r e n t l y  r i s k y ,  est imates o f  end use energy cos t  

reduc t ions  t h a t  would r e s u l t  from successfu l  R&D must be seen as s o f t .  

In  some cases i t  i s  no t  c l e a r  t h a t  t he re  are any bases f o r  making 

re1 i a b l e  c a l c u l a t i o n s .  

Even f o r  commercial techno log ies  e s t i m a t i n g  p o t e n t i a l  R & D  b e n e f i t s  

i s  d i f f i c u l t .  Most proposals  f o r  improvement i n v o l v e  complex i n t e r d e -  

pendent system-wide m o d i f i c a t i o n s .  I n  such cases a cos t  reduc t i on  i n  

one p a r t  o f  the  system may mean a cos t  increase i n  another, For example, 
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it may r e q u i r e  increased cos ts  w i t h i n  a F lue  Gas D e s u l f u r i z a t i o n  (FGD) 

u n i t  t o  

a t t r a c t  

general  

on most 

l i a b l e .  

As 

reduce d isposa l  cos ts  f o r  i t s  waste products.  Also, t h e  most 

ve mix o f  cos ts  may vary from one l o c a t i o n  t o  another.  R e l i a b l e  

zed est imates o f  p o t e n t i a l  cos t  reduc t ions  f rom successfu l  R&D 

commerci a1 techno1 o g i  es are d i  f f i c u l  t t o  make and h i  g h l y  unre- 

suggested p r e v i o u s l y ,  f o r  some non-commercial techno log ies  addi -  

t i o n a l  R&U i s  an assumption b u i l t  i n t o  t h e  cos t  est imates.  Assessing 

t h e  a c t u a l  s t a t e  of technology compared t o  t h e  des ign goals, and then 

p u t t i n g  r e l i a b l e  cos t  r e d u c t i o n  numbers on t h e  RAD t h a t  must be done t o  

achieve t h e  goals i s ,  a t  best ,  d i f f i c u l t  and more l i k e l y  impossib le .  

For those techno log ies ,  such as b i o l o g i c a l  coal  c leaning,  which are  con- 

ceptua l  p o s s i b i l i t i e s  e x t r a p o l a t e d  from work i n  bas ic  science, r e l i a b l e  

c o s t  est imates are s imply  no t  poss ib le .  

Recommendation I :  

No f u l l  sca le  d e t a i l e d  study cos t  reduc t ions  froin - - 
coal  R&D should be undertaken. 

Concl u s i  on I I : 

The framework adapted from Energy A l t e r n a t i v e s  ( E A )  o f f e r s  a s imple 
-1_1_ 

and u s e f u l  bas is  for a q u a l i t a t i v e  comparison o f  t h e  range o f  coal  tech-  

no loav and R&D oDtions. 

As shown i n  F ig .  1 (see page 17)  s t a r t i n g  w i t h  j u s t  t h r e e  coal  

types t h e r e  are  p o t e n t i a l l y  w e l l  over 200 t r a j e c t o r i e s  ( r o u t e s )  t o  f i v e  
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end-use energy forms. The vast  m a j o r i t y  o f  t h e  techno log ies  which make 

up these a l t e r n a t i v e  t r a d e c t o r i e s  are no t  commercial and r e q u i r e  RAD i f  

they  are ever t o  become cornmercial. Each o f  t h e  techno log ies  has been 

proposed o r  developed, however, because i t  i s  be l i eved  t o  have p o t e n t i a l  

advantages over  e x i s t i n g  technologies.  

We were unable t o  f i n d  i n  our survey o f  t h e  l i t e r a t u r e  any s i n g l e  

up- to-date document whi ch p rov i  des, i n  terms i n t e l l  i g i  b l  e t o  a 

layperson, t h e  range o f  coal technology op t ions  and t h e i r  stages o f  

devel opment . The use fu l  ness o f  such a document appears s i  gn i  f i cant. 

F i r s t ,  f o r  those invo lved  i n  t h e  coal R&D d e c i s i o n  making process who 

are  p a r t - t i m e  p a r t i c i p a n t s ,  an e a s i l y  i n t e l l i g i b l e  re fe rence document 

would be use fu l .  Second, such a document would p rov ide  a bas is  f o r  more 

e f f e c t i v e  communication between t h e  exper t  and non-expert members o f  t he  

dec i  s i  on maki ng conirnuni ty.  

p o l i c y  it would serve as a use fu l  i n t r o d u c t i o n .  

Thi r d  f o r  people newly concerned w i t h  coal 

Our conc lus ion  concern ing t h e  u t i l i t y  o f  a t e c h n i c a l l y  accurate 

s tudy understandable t o  non-experts was h e a v i l y  i n f l u e n c e d  by i n t e r v i e w s  

w i t h  Congressional s t a f f .  It was repeated ly  noted t h a t  t h e  l a c k  o f  a 

r e a d i l y  a v a i l a b l e  overview o f  t he  op t ions  had become ev ident  as the  

Congress i n v e s t  i gated a proposed $750 m i  11 i o n  program aimed a t  coal 

c lean up. Confusion over t h e  op t i ons  and t h e i r  p o t e n t i a l  b e n e f i t s  had 

been, arid cont inues t o  be, a problem i n  t h e  minds o f  those we i n t e r -  

viewed. 

Our rev iew o f  t he  coal research l i t e r a t u r e  suggests the  f o l l o w i n g  

1) t h e  q u a n t i t y  o f  l i t e r a t u r e  i s  l a rge ;  2 )  s tud ies  are g e n e r a l l y  
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technology o r  process s p e c i f i c  and h i g h l y  d e t a i l e d ;  and 3 )  s t u d i e s  are 

no rma l l y  aimed a t  t h e  exper t  community. 

Recommendation 11: 

A d e s c r i p t i v e  q u a l i t a t i v e  study of coal technology and R&D op t ions  

should be c a r r i e d  out.  I I t  should be organized around the  adapted EA 

framework and should be t e c h n i c a l l y  accurate and understandable t o  t h e  - 

i n t e r e s t e d  nan-expert - . 
This study should p rov ide  i t s  users w i t h  a map o f  t h e  a l t e r n a t i v e  

ways o f  c lean ing ,  u t i l i z i n g  or conver t i ng  coal. It should b r i e f l y  

desc r ibe  t h e  technology opt ions  and c h a r a c t e r i z e  t h e i r  stage of 

development. F i n a l l y ,  i t  should i n d i c a t e  t h e  major areas where R&D i s  

needed o r  cou ld  make s i g n i f i c a n t  c o n t r i b u t i o n s  t o  a techno logy 's  

performance. 

An impor tan t  focus o f  t h e  study could be t o  assess t h e  ac tua l  

s t a t e s  o f  development of non-comrnerci a1 techno1 og i  es , and the  na ture  o f  

t h e  techn i  c a l  b a r r i e r s  t o  t h e i  1" commerci a1 i z a t i  on. 

Conclusion 111: 

Coal R&D a l l o c a t i o n  dec is ions  should aim a t  ach iev ing  maximum 

f l e x i b i l i t y  and responsiveness t o  a range o f  f u t u r e  energy cond i t i ons .  -- 
This conc lus ion  addresses issues t h a t  go f a r  beyond the  i n i t i a l  

scope o f  t h e  f e a s i b i l i t y  study. I n  rev iewing  t h e  l i t e r a t u r e  and 

conduct ing  i n t e r v i e w s  on coal  techno log ies ,  c e r t a i n  data and f i n d i n g s  



repeated ly  appeared. 

c luded t h a t  a set  o f  broader f i n d i n g s  should be i nc luded  i n  t h i s  

r e p o r t .  

l h e i  r imp1 i c a t i  ons were so compel 1 i ng, we con- 

C o a l ' s  f u t u r e  r o l e  i n  the  n a t i o n ' s  energy system w i l l  be h e a v i l y  

i nf 1 uenced by two c e r t a i  n t  i es and t h r e e  unce r ta i  n t i  es e 

The c e r t a i n t i e s  are:  1) U.S. coa l  reserves and resources are  huge 

and geograph ica l l y  w ide l y  d i s t r i b u t e d .  Therefore, coal  has no 

fo reseeab le  supply c o n s t r a i n t s .  2)  Coal u t i l i z a t i o n  and/or convers ion 

w i l l  have t o  be c a r r i e d  ou t  i n  an ev i ron inenta l l y  acceptable manner. 

Coal use w i l l ,  a t  a minimum, have t o  meet environmental standards t h a t  

a re  as s t r i n g e n t  as those p r e s e n t l y  i n  p lace;  t h e  p r o b a b i l i t y  i s  g rea t  

t h a t  those standards w i l l  become even more s t r i n g e n t .  

The t h r e e  u n c e r t a i n t i e s  r e s u l t  from t h e  unpred ic tab i  l i t y  o f  f u t u r e  

demand f o r  coa l  i n  meeting t h e  n a t i o n s ' s  needs f o r :  e l e c t r i c i t y ,  

s y n t h e t i c  n a t u r a l  gas, and s y n t h e t i c  l i q u i d s .  Coal w i l l  p l ay  t h e  key 

role i n  meeting t h e  n a t i o n ' s  f u t u r e  e l e c t r i c i t y  needs. Once t h e  

p r e s e n t l y  committed nuc lear  power p l a n t s  come on l i n e ,  i t  i s  no t  l i k e l y  

t h a t  nuc lear  power w i l l  be a v i a b l e  near term a l t e r n a t i v e  t o  coal  i n  the  

c o n s t r u c t i o n  o f  new e l e c t r i c i t y  genera t ion  f a c i l i t i e s .  S i m i l a r l y ,  o i l  

f i r e d  power p l a n t s  w i l l  o f f e r  no compet i t ion .  Natura l  gas f i r e d  

e l e c t r i c  power p l a n t s  are p r e s e n t l y  no t  compet i to rs  because o f  t h e  ban 

iiiandated by t h e  Power P lan t  and Fuel Use Act. Thus, u n t i l  t h a t  

l e g i s l a t i o n  i s  mod i f ied ,  n a t u r a l  gas w i l l  no t  be a compe t i t i ve  f u e l  f o r  

use i n  new e l e c t r i c  genera t ion  f a c i l i t i e s .  
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The u n c e r t a i n t y  concern ing t h e  f u t u r e  q u a n t i t y  o f  coal  needed t o  

generate e l e c t r i c i t y  f7ows from u n c e r t a i n t y  about t h e  r a t e  o f  growth i n  

e l e c t r i c i t y  demand. Two elements cause t h i s  u n c e r t a i n t y .  F i r s t ,  pro-  

j e c t i o n s  o f  f u t u r e  demand p o s i t  d i f f e r e n t  r e l a t i o n s h i p s  between growth 

i n  e l e c t r i c i t y  demand and growth i n  Gross Nat iona l  Product (GMP) . 
Dur ing  1983 and 1984, e l e c t r i c i t y  consumption grew a t  between 85 and 

90 % o f  GNP growth. Experts disagree, however, on whether t h a t  r e f l e c t s  

a l o n g  term r e l a t i o n s h i p  between GNP and e l e c t r i c i t y  growth. 

The second element causing u n c e r t a i n t y  about f u t u r e  growth i n  e lec-  

t r i c i t y  demand r e s u l t s  from t h e  u n p r e d i c t a b i l i t y  o f  GNP growth i t s e l f .  

Recent h i s t o r y  suggests t h a t  t h e  a b i l i t y  of economic f o r e c a s t e r s  t o  pro-  

j e c t  GNP growth i s  u n r e l i a b l e  even over t h e  s h o r t  term, Given t h e  abso- 

l u t e  s i z e  o f  t h e  e l e c t r i c  power system, even r e l a t i v e l y  small  percentage 

f l u c t u a t i o n s  r e s u l t  i n  l a r g e  abso lu te  v a r i a t i o n s  i n  e l e c t r i c i t y  demand 

over  a very few years. 

U n l i k e  t h e  u n c e r t a i n t y  assoc iated w i t h  e l e c t r i c i t y ,  t h a t  assoc iated 

w i t h  o i l  and gas r e s u l t s  from supply, n o t  demand u n p r e d i c t a b i l i t y .  A l l  

p r o j e c t i o n s  show domestic p roduc t ion  of  o i l  d e c l i n i n g  between now and 

t h e  year  2000. Pess imists  p r o j e c t  domestic p roduc t ion  a t  4 mmbd and 

o p t i m i s t s  p r o j e c t  a l e v e l  of 9.2 mmbd (OTA, O i l  and Gas Technologies, 

p .  24) . 
a t  between 15 and 16 m i l l i o n  b a r r e l s  per  day. Thus, t h e  U.S. must 

e i t h e r  inc rease impor ts  o r  produce s y n t h e t i c  l i q u i d s .  A f u t u r e  

t i g h t e n i n g  o f  wor ld  o i l  supply, o r  a sudden d i s r u p t i o n  o f  impor ts  could 

Most  p r o j e c t i o n s  assume consumpti on w i  11 reinai n roughly  stab1 e 
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d r i v e  p r i c e s  up t o  a p o i n t  where s y n t h e t i c  l i q u i d s  become a t t r a c t i v e .  

Predl ic t ing i f  and when t h i s  w i l l  occur i s  f raught  w i t h  u n c e r t a i n t y .  

Al though t h e  f u t u r e  supply o f  domestic n a t u r a l  gas i s  l e s s  uncer- 

t a i n  than o i l ,  est imates o f  the n a t i o n ' s  u l t i m a t e l y  recaverable gas 

resources vary g r e a t l y .  A recent  OTA (U.S, Natura l  Gas A v a i l a b i l i t y )  

r e p o r t  suggests a range f o r  convent ional  gas reserves o f  between 430 

TCF t o  900 TCF (p. 20). The same r e p o r t  i n d i c a t e s  convent ional  n a t u r a l  

gas produc t ion  i n  t h e  year  2000 c o u l d  vary between 9 and 19 TCF (p. 1 4 ) .  

Some es t imators  are p r o j e c t i n g  the  end o f  the  present  gas bubble by 

1990. A t i g h t e n i n g  o f  supply w i l l  most l i k e l y  b r i n g  an increase i n  

p r i c e s .  A t  some p o i n t ,  s y n t h e t i c  n a t u r a l  gas from coal  may become an 

a t t r a c t i v e  op t ion .  When and i f  t h a t  w i l l  occur i s  h i g h l y  uncer ta in .  

I n  sum, t h e  c e n t r a l  quest ion must be, what are t h e  prudent o r  

a p p r o p r i a t e  coal  R&D choices g iven an u n c e r t a i n  energy f u t u r e ?  

Recommendation 111: 

The pr imary KlGO p r i o r i t y  should be in te rmed ia te  Btu coal  

g a s i f i c a t i o n  and i t s  assoc iated techno log ies :  combined c y c l e  

e l  e c t  r i  c i t y  , i n d i  r e c t  1 i quefact  i on , and -- - h i  gh B t . a s  upgradi  - ~ -  ny. 

---l-__l___ _ _ _ _ _ _ _ _ ~  --.l_l_-_ 

-_..~̂ -_- __--.l_l.- ________ll-_l_------ 

_l-l__ ---I --- 

Faced w i t h  t h e  m i x  o f  c e r t a i n t i e s  and u n c e r t a i n t i e s  presented 

above, prudence suggests t h a t  pr imary emphasis should be given t o  those 

coal R A D  opt ions  t h a t  o f f e r  maximum f u t u r e  f l e x i b i l i t y .  In te rmed ia te  

R t u  syngas technology o f f e r s  t h a t  f l e x i b i l i t y .  F i r s t ,  it can 

p o t e n t i a l l y  produce end-use energy i n  an env i ronmenta l l y  acceptable 

manner. Second, it o f f e r s  a r o u t e  t o  meeting f u t u r e  energy demand i n  



any o f  f o u r  end-use forms: e l e c t r i c i t y ,  l i q u i d s ,  h i g h  Btu gas, and 

chemical feedstocks.  Thi rd ,  i n  t h e  form of the  Texaco g a s i f i e r ,  a 

number o f  p l a n t s  have been b u i l t  and run a t  near commercial scale. 

Every e f f o r t  s h o u l d  be made t o  f a c i l i t a t e  and a c c e l e r a t e  R&D which 

w i l l  i nc rease t h e  r e l i a b i l i t y  and reduce t h e  cos t  of i n t e r m e d i a t e  Btu 

gas p l a n t s .  

o n l y  be developed by demonstrat ing t h e  c a p a c i t y  of these p l a n t s  t o  

operate p r e d i c t a b l y  and e f f i c i e n t l y  over a number o f  years.  Since 

i n t e r m e d i a t e  Btu g a s i f i c a t i o n  i s  r e l a t i v e l y  advanced, i t  o f f e r s  the  

n a t i o n  i t s  bes t  o p p o r t u n i t y  f o r  a commercial ly r e l i a b l e  backup i n  each 

major end-use energy form. 

As p r e v i o u s l y  noted, conf idence i n  new techno log ies  can 

P a r t i c u l a r  RAD suppor t  should be given t o  e f f o r t s  t o  develop and 

debug t h e  combined c y c l e  g a s i f i c a t i o n  e l e c t r i c i t y  op t ion .  F u l l  advan- 

t a g e  should be taken o f  t h e  apparent t e c h n i c a l  success o f  t h e  Cool Mater 

p l a n t .  The Cool Water p l a n t  appears t o  have a t t r a c t e d  much favorab le  

i n d u s t r y  i n t e r e s t .  Every e f f o r t  should be made t o  demonstrate t h i s  

techno logy 's  r e l i a b i l i t y  and improve i t s  c o s t  performance. 

Re1 i ab1 e, c o s t  compet i t i ve, env i  ronmental l y  acceptabl  e combi ned 

c y c l e  g a s i f i c a t i o n  p l a n t s  o f f e r  an a d d i t i o n a l  a t t r a c t i o n .  Given t h e  

u n p r e d i c t a b i l i t y  o f  f u t u r e  growth i n  e l e c t r i c i t y  demand, i t  i s  

impor tan t  t o  develop a f l e x i b l e  supply  response. 

may take t e n  years t o  b r i n g  on l i n e ,  c r e a t e  c o n d i t i o n s  which may lead t o  

e i t h e r  surp lus  o r  shortage i n  generat ing capac i ty .  The a b i l i t y  t o  meet 

f u t u r e  e l e c t r i c i t y  demand would be enhanced i f  the  i n d u s t r y  were ab le  t o  

Large p l a n t s ,  which 
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add genera t ing  capac i ty  i n  re1 a t i v e l y  smal 1 increments over s h o r t  

per iods  o f  t ime. One t o  two hundred megawatt p l a n t s  w i t h  c o n s t r u c t i o n  

l e a d  t imes o f  a few years would be i d e a l .  Combined c y c l e  g a s i f i c a t i o n  

p l a n t s  f a l l  i n  t h e  one t o  two hundred megawatt range and h o p e f u l l y  can 

be cons t ruc ted  over r e l a t i v e l y  s h o r t  per iods.  A d d i t i o n a l l y ,  t h e i r  

performance o f f e r s  t h e  prospect of meet ing s t r i n g e n t  envi  ronmental s tan-  

dards and, thus,  may t r i g g e r  l e s s  envi  ronmental oppos i t ion .  

The i n t e r m e d i a t e  Rtu g a s i f i c a t i o n  t o  l i q u e f a c t i o n  o p t i o n  o f f e r s  a 

means o f  reduci  ng t h e  u n c e r t a i  n t  i es associated w i t h  decl  i n i  ng domest i c 

o i l  product ion.  C l e a r l y  t h e  most l i k e l y  f u t u r e  d i f f i c u l t y  will be i n  

t h e  area o f  t r a n s p o r t a t i o n  l i q u i d s .  I n  t h i s  area the p o s s i b i l i t y  e x i s t s  

o f  l i n k i n g  an in te rmed ia te  Btu coal  g a s i f i c a t i o n  system w i t h  a gas-to- 

methanol i n d i  r e c t  l i q u e f a c t i o n  system and then a Mobi l  methanol - t o -  

g a s o l i n e  (MTG) system t o  produce t r a n s p o r t a t i o n  l i q u i d s .  MTG i s  now 

being t e s t e d  i n  New Zealand, and t h e  commercial -sca le  exper ience t h e r e  

can prov ide  a bas is  f o r  t h e  f u t u r e  development of f u l l - s c a l e  coa l - to -  

l i q u i d s  i n d i r e c t  l i q u e f a c t i o n  systems. 

F i n a l l y ,  in te rmed ia te  Btu coal  g a s i f i c a t i o n  o f f e r s  a r o u t e  t o  

be needed. s y n t h e t i c  n a t u r a l  gas should t h a t  

Recommendation I V : 

The second R&D p r i o r i t y  .- shou 

c leaning.  

The prospect o f  s u b s t i t u t i n g  

d be pre-combustion chemical coa - -  

lower cos t  pre-combustion c l e a n i n g  f o r  

post-combust ion c lean ing  i s  obv ious ly  a t t r a c t i v e .  Removal o f  both 
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p y r i t i c  and organ ic  s u l f u r  as w a l l  as ash r e q u i r e s  some t ype  o f  chemical 

p rocess ing  i n  a d d i t i o n  t o  p h y s i c a l  c leaning.  

deal  o f  u n c e r t a i n t y  i n  the r e s u l t s  of R&D on chemical coal c leaning,  

t h e r e  i s  a wide range o f  p o t e n t i a l  benef i t s .  The a b i l i t y  t o  produce 

c o s t  c o m p e t i t i v e  c lean coal  not  o n l y  o f f e r s  a s u b s t i t u t e  f o r  FGDs, b u t  

a l s o  a way t o  improve t h e  environmental  performance o f  p r e s e n t l y  unregu- 

Al though t h e r e  i s  a g rea t  

l a t e d  i n d u s t r i a l  and u t i l i t y  combustion f a c i l i t i e s .  Again, t h e  major 

a t t r a c t i o n  of  pre-combustion chemical c l e a n i n g  i s  t h a t  t h e  c lean coal  

can be used i n  a wide range o f  energy conversion technologies.  

Recommendation V :  

The t h i r d  R&D p r i o r i t y  should be bas ic  work i n  coal  science, -- 
p a r t i c u l a r l y  coal  chemistry.  ----- 

Two observat ions appear and reappear as l i t a n y  about coal  science. 

Coal has an exceedingly  complex chemist ry ,  and t h e  present  understanding 

o f  t h a t  chemis t ry  i s  l i m i t e d .  The value o f  i n c r e a s i n g  understanding 

o f  coal  chemist ry  i s  so l a r g e  t h a t  i t  warrants a major and susta ined R&D 

e f f o r t .  

s t a b l e ,  sus ta ined research program. B e t t e r  understanding comes o n l y  

P a r t i c u l a r  emphasis needs t o  be g iven t o  t h e  importance o f  a 

from programs which a t t r a c t  e f f o r t s  by h igh  q u a l i t y  researchers.  

i n  t u r n ,  w i l l  work o n l y  i n  areas w i t h  s tab le ,  long- term funding. 

They, 

Reconimendat i on V I  : 

RAD on u t i l i z a t i o n  or conversion techno log ies  should focus on t h r e e  

gener ic  areas : 1) coal  feed i n t o  ho t  and/or p ressur ized  env i  ronments; 
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- 2 )  t h e  development o f  m a t e r i a l s  t h a t  per form w e l l  when sub jec ted  t o  h igh  

- temperatures I_- and/or c o r r o s i o n  I-- and eros ion ;  and 3) cleanup o f  ho t  

e f f l u e n t  gases from g a s i f i e r s  . .- o r  combustion chambers. Whenever -- 
le 

p o s s i b l e ,  __I__L_I______-- t h i s  gener ic  R&D should be t e s t e d  on -- i n te rmed ia te  Btu 

g a s i f i c a t i o n  and i t s  e l e c t r i c i t y ,  ..I_ h igh  Btu gas, and i n d i r e c t  l i q u e f a c -  __ 

t i o n  opt ions.  

The above t h r e e  gener ic  p rob l  em areas 1 i m i  t t h e  re1 i abi  1 i t y  

and e f f i c i e n c y  o f  severa l  coal technology op t ions .  So lu t i ons  t o  these 

gener ic  problems would, t he re fo re ,  p o t e n t i a l l y  enhance the  performance 

o f  a wide range o f  technologies.  

Whenever poss ib le ,  R&0 e f f o r t s  aimed a t  understanding and overcoming 

these gener ic  problems should be t e s t e d  on i n te rmed ia te  g a s i f i c a t i o n  and 

i t s  t h r e e  p o t e n t i  a1 end-use energy outputs  : 

l i q u i d s .  

p o s s i b l e  f u t u r e  uses of coal .  

coa l  techno log ies  t o  the  p o i n t  o f  commercial compet i t iveness.  Another 

major  leverage goal should be t o  push commercial sca le  development which 

o f f e r s  i n u l t i p l e  end-use energy opt ions.  

o f f e r s  bo th  p o t e n t i a l  b e n e f i t s  p lus  an oppor tun i t y  t o  so lve  gener ic  

problems a p p l i c a b l e  t o  a number of o the r  coal u t i l i z a t i o n  o r  convers ion 

e l e c t r i c i t y  , gas, and 

In t h i s  way, coal  R&D w i l l  ga in  maximum leverage v i s -a -v i s  the  

One major leverage goal should be t o  move 

In te rmed ia te  B tu  g a s i f i c a t i o n  

techno1 og i  es . 
Conclusion I V :  

I_ The present  DOE coa l  ._ R&D program supports work on a l l  t h e  

s i g n i f i c a n t  -_ R&D needs and problems we i d e n t i f i e d .  Given t h e  a v a i l a b l e  



funds f o r  R&D, t h i s  coverage of a l l  areas o f  need-oppor tun i ty  may spread 

t h e  resources t o o  t h i n  f o r  r a p i d  progress t o  be made. 

~- __I--_ ---- 

-- - 

Our prev ious  conclus ions and recommendations i n d i c a t e  where we 

b e l i e v e  t h e  major a r m s  fo r  h igh  coal  RAD payof f  t o  be. 

f o r  t h i s  s tudy was not c a r r i e d  ou t  i n  s u f f i c i e n t  d e t a i l  t o  g i v e  us a 

bas is  f o r  recommending s p e c i f i c  r e a l l o c a t i o n s  o f  R&D resources. 

however, develop t h r e e  s o l i d l y  h e l d  observat ions.  F i r s t ,  t h e r e  i s  a 

d i s p r o p o r t i o n a t e  emphasis on e l e c t r i c i t y  generat ion w i t h i n  DOE'S energy 

R&D budget ( r o u g h l y  80% o f  t h e  o v e r a l l  energy r e l a t e d  fund ing  and 50% 

of t h e  coal  fund ing) .  The e x i s t i n g  t e c h n i c a l  c a p a b i l i t y  t o  produce 

e l e c t r i c i t y  from coal ,  and t h e  abundance of coal  make the  issue o f  

e l e c t r i c i t y  genera t ion  a l e s s  than compel l ing t e c h n i c a l  issue.  C e a r l y ,  

management, regu la to ry ,  funding, cos t  and f u t u r e  demand prob l  ems are 

major. The t e c h n i c a l  c a p a b i l i t y  t o  generate e l e c t r i c i t y  from coa i n  an 

env i ronmenta l l y  acceptable manner i s  no t  a major problem. 

The research 

We did,  

--- 

Second, t h e  p o t e n t i a l  b e n e f i t s  o f  u t i l i t y  sca le  f l u i d i z e d  bed com- 

bus tors  a re  l i m i t e d .  P o t e n t i a l  e f f i c i e n c y  improvements over p u l v e r i z e d  

coa l  b o i l e r s  appear so l i m i t e d  t h a t  they  may no t  compensate f o r  t h e  

problems assoc ia ted  w i t h  increased complex i ty .  

advantage i s  t h e  a b i l i t y  o f  f l u i d i z e d  bed combustors t o  use lower  

q u a l i t y ,  lower cost ,  coal .  Given l i m i t e d  R&D funds, however, t h i s  advan- 

tage does no t  appear t o  be s u f f i c i e n t  t o  warrant  d i r e c t i n g  much e f f o r t  

t o  t h e  development o f  u t i l i t y  sca le  f l u i d i z e d  bed b o i l e r s .  

The  one seemingly c l e a r  
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Third, the focus on developing coal technologies aimed a t  backing 

oi l  out  o f  the e lec t r ic  u t i l i t y  sector appears unwarranted. The reason 

f o r  t h i s  observation i s  t h a t  o i l  i s  already being backed out .  Over the 

l a s t  several years, t he  quantity of oil used in th i s  sector has dropped 

from nearly 2 million barrels per day t o  s l ight ly  more t h a n  0.5 million 

barrels per day. 

has already been achieved appears hard t o  just i fy .  

Focusing R&D on technologies aimed a t  achieving what  



T h i s  paper r e p o r t s  t h e  f i n d i n g s  o f  a f e a s i b i l i t y  study aimed a t  

answering two quest ions.  

cleanup, u t i l i z a t i o n ,  and convers ion techno log ies ,  and on t h e  cos t  

r e d u c t i o n  p o t e n t i a l  of var ious  R&D o p t i o n s  t o  p r o v i d e  u s e f u l  ass is tance 

t o  d e c i s i o n  makers in a l l o c a t i n g  R&D funds? Second, does the  framework 

used i n  Energy A l t e r n a t i v e s  p r o v i d e  a useful  bas is  f o r  making coal  R&D 

a l l o c a t i o n  d e c i s i o n s ?  

F i r s t ,  do adequate c o s t  da ta  e x i s t  on coa l  

The c e n t r a l  goal o f  t h i s  f e a s i b i l i t y  study was t o  determine whether 

a major d e t a i l e d  s tudy of coal  technology costs  and p o t e n t i a l  R&D 

p a y o f f s  should be c a r r i e d  out. C e r t a i n  assumptions about d e c i s i o n  

making guided t h i s  e f f o r t .  F i r s t ,  the  study assumed t h a t  coal  R&D 

a l l o c a t i o n  dec is ions  would b e n e f i t  from r e l i a b l e  i n f o r m a t i o n  on the  

p o t e n t i a l  b e n e f i t s  of successful R&D. Second, R&D d e c i s i o n  making i s  

t h e  r e s u l t  o f  a process t h a t  inc ludes  exper ts  on coa l  techno log ies  and a 

v a r i e t y  o f  non-experts. I n  t h e  case of f e d e r a l l y  funded coal  R&D d e c i -  

s i o n  making, p a r t i c i p a n t s  range from designers,  b u i l d e r s  and users o f  

coa l  techno log ies  through those doing R&D th rough a v a r i e t y  o f  execut ive  

branch p a r t i c i p a n t s  t o  Congressmen and members o f  Congressional s t a f f s .  

Maximum u t i l i t y  from a major study of p o t e n t i a l  R&O p a y o f f s  would 

r e s u l t  i f  i t  cou ld  p r o v i d e  noncont rovers ia l  cos t  data, and a bas is  f o r  

comparing those data, t h a t  was c r e d i b l e  t o  exper ts  y e t  e a s i l y  understood 

b y  non-experts. We emphasize t h a t  if such an o p t i m i s t i c  goal was 

achieved, i t  would s u r e l y  no t  e l i m i n a t e  cont roversy  and t h e  need f o r  

15 
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judgement i n  coal  R&D a1 l o c a t i o n  dec is ions.  I n e v i t a b l y  these choices 

i n v o l v e  many noncost var iab les .  Our focus, however, was on t h e  s i n g l e  

v a r i a b l e :  cos t .  

I n  des ign ing t h f s  f e a s i b i l i t y  study we found i t  necessary t o  l a y  

o u t  t h e  bas ic  design f o r  a f u l l  sca le  study. The f i r s t  s tep  i n  t h i s  

process was t o  i d e n t i f y  each of the  major coal  technology op t ions ,  and 

develop a technology c o n f i g u r a t i o n  t h a t  i l l u s t r a t e s  t h e  means o f  

p roduc t ion  o f  f i v e  end-use energy forins: 

chemcial feedstock,  4 )  h i g h  Btu gas, and 5 )  l i q u i d s .  The framework used 

(see F ig.  1) was adapted from I-- E n e w A l t e r n a t i v e s .  __-_I__ 

Note t h a t  t h e  s imple f l o w  diagram i n  F ig.  1 o f f e r s  a s t r a i g h t -  

1) steam, 2 )  e l e c t r i c i t y ,  3)  

forward way t o  c a l c u l a t e  end-use energy costs  d e l i v e r e d  through more 

than two hundred t r a j e c t o r i e s .  (Any p a r t i c u l a r  coal  t y p e  moving through 

any combinat ion o f  technologies i s  r e f e r r e d  t o  as a " t r a j e c t o r y . " )  

f a c t ,  o f  course, t h e  number o f  r e a l  o r  even p o t e n t i a l  t r a j e c t o r i e s  i s  

much smal le r  than two hundred s ince  many o f  t h e  techno log ies  prov ide  

cleanup as an i n t e g r a l  p a r t  o f  u t i l i z a t i o n - c o n v e r s i o n .  S i m i l a r l y ,  t h e  

products  o f  some o f  t h e  cleaning-enhancement processes may be u n s u i t a b l e  

f o r  s p e c i f i c  u t i l i z a t i o n - c o n v e r s i o n  processes. 

I n  

The second step i n  des ign ing a major study was t o  d e f i n e  t h e  data 

requ i  rements necessary f o r  meaningful  cos t  comparisons. For each tech-  

nology i t  was judged necessary o r  use fu l  t o :  

technology; 2) c a l c u l a t e  t h e  d e l i v e r e d  cost  o f  i t s  energy; 3) determine 

1) d e f i n e  and descr ibe t h e  
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F i g .  1. The coal delivery system 
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i t s  s u l f u r  removal, NOx emissions, and/or ash removal; 4 )  i d e n t i f y  and 

descr ibe  i t s  RAD needs or o p p o r t u n i t i e s  ; 5) c a l  c u l  a t e  cos t  reduc t ions  

t h a t  would r e s u l t  from successful  R&D; and 6)  where poss ib le ,  p rov ide  

est imated R&D costs ,  

I n  Appendix A we have prov ided an o u t l i n e  o f  t h e  d e s c r i p t i v e  

m a t e r i a l  and data t h a t  would be needed f o r  a major study. 

p rov ides  our d e f i n i t i o n s  and parameters f o r  c a l c u l a t i n g  end-use energy 

costs .  It i s  e s s e n t i a l  t o  c a l c u l a t e  costs  i n  a u n i f o r m  manner i f  they 

a r e  t o  be u s e f u l  i n  t h e  a l l o c a t i o n  of K&D support .  

d e f i n i t i o n s  and parameters f o r  c a l c u l a t i n g  cos ts  we chose t o  represent  

end-use costs  i n  t h e  u n i t s  normal ly  used: 1) Btus o f  steam; 2) kWhs 

e l e c t r i c i t y ;  3) MMCF o f  s y n t h e t i c  n a t u r a l  gas; o r  4 )  b a r r e l s  o f  o i l .  

The d e c i s i o n  t o  c a l c u l a t e  costs  i n  each o f  t h e  commonly used end-use 

energy u n i t s  represents  our judgment t h a t  R&D a1 l o c a t i o n s  dec is ions  are 

made i n  t h e  contex t  of these u n i t s ,  and t h a t  these are  more i n t e l l i g i b l e  

t o  non- technica l  p a r t i c i p a n t s  than are Btus, c a l o r i e s ,  quads, e tc .  

Having adapted t h e  EA framework, d e f i n e d  t h e  data needs, and 

Appendix 6 

I n  s e l e c t i n g  

s e l e c t e d  t h e  parameters f o r  cos t  c a l c u l a t i o n s ,  we c a r r i e d  out  a broad 

survey o f  t h e  t e c h n i c a l  community t o  c o l l e c t  data and gather  op in ions  on 

t h e  c u r r e n t  s t a t e  o f  t h e  technologies,  Our goal was t o  assess t h e  

avai  1 ab i  1 i t y  and re1 i ab i  1 i t y  (hardness) o f  two bodi es o f  data. 

c o s t  data on e x i s t i n g  o r  proposed technologies.  Second, data on the  

needed o r  p o s s i b l e  technology improvements which would a l l o w  fo r  ca lcu-  

l a t i n g  cos t  reduc t ions  t h a t  would r e s u l t  from successfu l  R&D. 

F i  r s t  , 
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Our data survey i n v o l v e d  two components. A rev iew o f  a l a r g e  body 

o f  r e p o r t s  and o t h e r  l i t e r a t u r e  a v a i l a b l e  i n  t h e  ORNL L i b r a r y  p l u s  

i n t e r v i e w s  w i t h  ORNL s t a f f ,  DOE s t a f f ,  OTA s t a f f ,  p l u s  te lephone 

conversat ions w i t h  severa l  exper ts .  I n  a d d i t i o n ,  da ta  and o p i n i o n  were 

c o l l e c t e d  d u r i n g  i n t e r v i e w s  i n  t h e  U n i t e d  Kingdom w i t h  s t a f f  a t  t h e  

I n t e r n a t i o n a l  Energy Agency's Coal Serv ice,  t h e  Sci  enee Pol  i c y  Research 

U n i t  a t  t h e  U n i v e r s i t y  of Sussex, t h e  Nat iona l  Coal Board, and t h e  Coal 

Research Establ  i shment . 
I n  t h e  f o l l o w i n g  s e c t i o n  of t h e  r e p o r t  we summarize t h e  i n f o r m a t i o n  

we rece ived and c o l l e c t e d .  For most of the  major techno log ies  shown on 

F i  9. 1, we prov ide  very b r i e f  c h a r a c t e r i  z a t i o n s  o f  t h e  techno1 ogy , e s t i  - 
mates of end-use energy cos ts  a t  t h e  p l a n t  ou tpu t ,  and c h a r a c t e r i z a t i o n s  

o f  t h e  pr imary  RAD needs and o p p o r t u n i t i e s .  End-use energy cos ts  are 

u n i f o r m l y  c a l c u l a t e d  us ing  t h e  d e f i n i t i o n s  and parameters descr ibed i n  

Appendix €3. 

Recal l  t h a t  one o f  our o b j e c t i v e s  was t o  determine t h e  l e v e l  o f  

r e l i a b i l i t y  o f  c o s t  est imates,  

da ta  f rom m u l t i p l e  sources and making t h e  cos t  c a l c u l a t i o n s  us ing  our 

d e f i n i t i o n s  and parameters. Our assumption was t h a t  when t h e  cos t  

numbers showed rough agreement, it would i n d i c a t e  a consensus w i t h i n  t h e  

I n i t i a l l y ,  we sought t o  do t h i s  by us ing  

t e c h n i c a l  community, and, there fore  re1 i a b i l  i t y .  Th is  assumption proved 

t o  be s t r i k i n g l y  naive.  

Consensus cos t  numbers may r e s u l t  f rom a t  l e a s t  t h r e e  c i  rcurnstances, 

o n l y  one o f  which  would meet any coinmori sense standard o f  r e l i a b i l i t y .  
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F i r s t ,  a consensus on costs  may r e s u l t  from broad exper ience w i t h  o f f -  

t h e - s h e l f  techno log ies  (e.y. , p u l v e r i z e d  coal  s team-e lec t r i c  p l a n t s ) .  

Second, consensus numbers may r e s u l t  from shared design goals ,  t h a t  i s ,  

views o f  what would be necessary f o r  a new technology t o  be compe t i t i ve  

(e,g., f l u i d i z e d  bed s team-e lec t r i c  power p l a n t s ) .  

sensus r e f l e c t s  common goals t o  which developers asp i re ,  bu t  h a r d l y  

r e f l e c t s  r e l i a b l e  cos t  est imates. Th i rd ,  consensus may r e f l e c t  the  

m u l t i p l e  and cumula t ive  use o f  an i n i t i a l  es t imate  from a w ide ly  

respected source. It appears t h a t  E l e c t r i c  Power Research I n s t i t u t e  

( E P K I )  has such a repu ta t i on ,  and t h e  E P R I  c o s t  est imates are  w ide ly  

c i t e d  i n  t h e  coal  l i t e r a t u r e ,  We do not  ques t ion  t h e  q u a l i t y  o f  t h e  

work done a t  E P R I ,  bu t  i t  i s  c l e a r  t h a t  t h i s  process can r e s u l t  i n  per-  

p e t u a t i o n  o f  any ques t ionab le  assumptions and c a l c u l a t i o n s .  We f i n d  it 

hard  t o  a t t r i b u t e  r e l i a b i l i t y  t o  such estimates. 

I n  t h i s  case, a con- 

We suspect t h a t  i n  many o f  t h e  ins tances  where t h e  t e c h n i c a l  com- 

mun i ty  seems t o  have developed a consensus ora cos ts  f o r  non-commercial 

techno log ies ,  it i s  t h e  r e s u l t  o f  both shared agreement on performance 

goa l s ,  and t h e  cumulat ive use o f  i n i t i a l  est imates from an a u t h o r i t a t i v e  

source. 

For t h e  above reasons, we concluded t h a t  t he re  was l i t t l e  va lue i n  

c o l l e c t i n g  cos t  c a l c u l a t i o n s  from an exhaust ive  set  o f  sources. We have 

i n c l  uded here i 11 u s t r a t i v e  samples o f  cos ts  d e r i  ved from what appear t o  

be repu tab le  sources. 

The nex t  stage o f  t h i s  i n v e s t i g a t i o n  i n v o l v e d  a survey o f  t he  

exper t  community t o  determi ne where R&D o p p o r t u n i t i e s  and needs e x i s t .  
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Our goal was t o  determine whether conf ident  est imates cou ld  be made o f  

t h e  c a s t  reduc t ions  t h a t  would follow from successful R&D. It q u i c k l y  

became e v i d e n t  t h a t  t h i s  was not  p o s s i b l e  for most s p e c i f i c  R A D  areas. 

Thus, we have prov ided o n l y  b r i e f  n a r r a t i v e  c h a r a c t e r i z a t i o n s  o f  t h e  R&D 

o p t i o n s  i n  t h e  f o l l o w i n g  sect ion.  

Finally, a small  number of the  techno log ies  inc luded on Fig. 1 

r e c e i v e  no t rea tment  i n  t h e  f o l l o w i n g  sect ion.  Given t h e  l i m i t e d  t ime 

a v a i l a b l e ,  we chose n o t  t o  focus a t t e n t i o n  on technologies which are a t  

t h e  e a r l y  research stage (e.g., b i o l o g i c a l  coal  c leanup) or are con- 

cerned w i t h  coal r e t r o f i t  o f  o i l  f u e l e d  f a c i l i t i e s  (e"g., c a a l - f i r e d  

d i e s e l s )  . 
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COAL TECHNOLOGY DESCRIPTIONS, COST DATA, AND R&D OPTIONS 

The technology d e s c r i p t i o n s  and cos t  c a l c u l a t i o n s  i nc luded  i n  t h i s  

s e c t i o n  are se l f -con ta ined.  They are l a b e l e d  and numbered i n  accordance 

w i t h  t h e  boxes shown on Fig.  1. A l l  d o l l a r  values are scaled t o  

December 1984 p r i c e  l e v e l s .  

2.1 Phys ica l  Cleaning and Enhancement 

For c e r t a i n  users, it i s  advantageous t o  purchase coal t h a t  has been 

through some se t  of pre-combustion phys i ca l  p r e p a r a t i o n  processes, 

These u s u a l l y  t ake  p lace  a t  t h e  mine-mouth and can c o n s i s t  of s i z e  re -  

d u c t i o n  and c l a s s i f i c a t i o n ,  b lend ing ,  c lean ing ,  and d ry ing .  

tages o f  us ing  prepared coal  i nc lude  reduced t r a n s p o r t a t i o n  and hand1 i ng  

cos ts ,  lower  p l a n t  ope ra t i on  and maintenance costs,  increased e f f i c i e n c y ,  

and reduced ash disposal and s u l f u r  emissions. All o f  these advantages 

accrue p r i m a r i l y  fram t h e  reduc t i on  of minera l  ma t te r  t h a t ,  when burned, 

forms ash and produces s u l f u r  emissions. 

The advan- 

The f i r s t  gener ic  category o f  coal p r e p a r a t i o n  opera t ions  i s  s i z e  

reduc t i on .  Equipment f o r  t h i s  i nc ludes  r o l l  crushers,  r o t a r y  breakers 

and hammer m i l l s .  Size reduc t i on  makes removal o f  s u l f u r  and ash con- 

siderably eas ie r .  However, energy consumption increases s u b s t a n t i a l l y  

as the  coal  i s  reduced t o  f i n e r  s izes.  There are severa l  ways t o  

separate t h e  crushed coal  i n t o  un i fo rm s i z e  ca tegor ies .  These i n c l  ude 

se ts  of screens o f  i n c r e a s i n g l y  f i n e  mesh and wet concen t ra t i ng  t a b l e s  

t h a t  separate by v i b r a t i n g  the  coal on a s l i g h t l y  t i l t e d  p la t fo rm.  In 

a d d i t i o n ,  coal can be separated according t o  d e n s i t y  by j i g g i n g ,  a pro- 

cess i n  which a p u l s a t i n g  f low o f  f l u i d  through a bed o f  p a r t i c l e s  

causes t h e  p a r t i c l e s  t o  s t r a t i f y  i n  l a y e r s  o f  i n c r e a s i n g  dens i t y .  
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Another impor tan t  p repara t i on  area i s  coal washing. Dense medium 

washers are used t o  separate i m p u r i t i e s  w i t h  d i f f e r e n t  s p e c i f i c  g r a v i -  

t i e s .  Cyclones use s w i r l i n g  vor texes  of dense media o r  water t o  

separate re fuse from f i n e l y  ground coal .  F i n a l l y ,  f r o t h  f l o t a t i o n  

c leans f i n e l y  ground coal  i n  a chernical/water s l u r r y  by s e l e c t i v e l y  

a t t a c h i n g  a i r  bubbles t o  t h e  organ ic  components causing them t o  f l o a t ,  

b u t  l e a v i n g  t h e  ash. 

The l a s t  major class  o f  opera t ions  i s  d r y i n g  and dewatering. The 

water conten t  o f  s l u r r i e s  can be reduced c e n t r i f u g a l l y .  Thermal d rye rs  

and vacuum f i l t e r s  a re  used f o r  t h e  more complex task  o f  reducing 

mois tu re  w i t h i n  the  coal .  Th is  i s  b e n e f i c i a l  because remain ing water 

lowers t h e  hea t ing  va lue o f  t he  coal ,  and increases t r a n s p o r t a t i o n  cas ts  

which are based on tonnage. 

The technology f o r  phys i ca l  coal  c lean ing  i s  mature and o f f e r s  

known b e n e f i t s  w i t h  l i t t l e  r i s k .  I n  recent  years,  however, t he re  has 

been a decrease i n  c lean coal  p roduc t ion  a t t r i b u t e d  t o  two fac to rs ,  the  

b e n e f i t  from savings i n  

c lean  coa l ,  and t h e  

growth i n  mine-mouth u t i l i t y  p l a n t s  which do no t  

t r a n s p o r t a t i o n  cos ts  r e a l i z e d  when sh ipp ing  

inc reased use o f  Western coal  which i s  genera 

prepara t ion .  

Phys ica l  Cleaning and Enhancement ___-.- - R&D ----.I_-____- 

l y  no t  s u i t e d  f o r  coa 

Phys ica l  coal  p repara t i on  i nvo l ves  a se t  o f  w e l l  es tab l i shed  pro-  

cesses. They cou ld  be impraved, however, through increased automation 

o f  t he  process c o n t r o l  systems. Cur ren t l y ,  most coal c lean ing  p l a n t s  
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r e l y  p r i m a r i l y  on manual methods o f  c o n t r o l  which r e s u l t  i n  wide f l u c -  

t u a t i o n s  i n  ou tpu t  parameters and s i g n i f i c a n t  losses o f  coal. 

Automatic c o n t r o l  systems, u t i l i z i n g  small sca le  computers and 

r e a l  - t ime Sensors throughout the  process, cou ld  c l o s e l y  mon i to r  and 

c o r r e c t  f l u c t u a t i o n s  as they occur, improving the cons is tency  o f  the 

product,  

For t h e  most p a r t ,  c u r r e n t  coal  c l e a n i n g  techno log ies  focus on 

d i f f e rences  i n  t h e  s p e c i f i c  g r a v i t y  between t h e  organ ic  and ino rgan ic  

p o r t i o n s  o f  t h e  coal .  

ferences i n  magnetic a r  e l e c t r o s t a t i c  p r o p e r t i e s  may o f f e r  o p p o r t u n i t i e s  

f o r  improved phys i ca l  c leaning, 

R&D aimed a t  developing processes t h a t  use d i f -  
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Techno1 ogy : 2.1 C1 eani ng - Enhancement/Coarse Mechanical 

I .  Physica l  C h a r a c t e r i s t i c s  

1. P l a n t  s i r e  - 2.9 x 106 tons/year  (nominal o u t p u t )  

2, Capaci ty Factor  - 45% 

3, E f f i c i e n c y  - 95.2% 

4.  Coal Type - 111. no. 6 

5. 

Cost Assumptians Dec. 1980 $s 

1. 

Annual Q u a n t i t y  I n p u t  - 3.05 x lo6 tons /year  

11. 

Overnight C a p i t a l  Cost - $21.6 x IO6 

2. 

3. Annual Operat ing Costs 

Annual C a p i t a l  Charge - $2.67 x lo6 

A. F ixed  

B. V a r i a b l e  
1 $3.4 x 106 

4. Annual Coal - $5412 x IO6 

5. 

6. 

Coal P r i c e  - $1.65/106 B t u  

Output Cost - $.217/106 B t u  coal  cleaned 

111. Cleanup 

Before A f t e r  % Removed 

1. S u l f u r  3.4% 3.3% 2.9% 

2. NO, 

3. Ash 16.5% 12% 27.3% 

Data Source: EPRI  TAG Appendix B-27 



Technology: 2.1 Cleaning - Enhancement l Intensive Mechanical 

I .  Physical C h a r a c t e r i s t i c s  

1. 

2. Capaci ty  Fac tor  - 42% 

3. E f f i c i e n c y  - 95,2% 

P l a n t  s i z e  - 2.8 x 106 tonslyear (nominal o u t p u t )  

4, Coal Type - I l l  I no. 6 

5. Annual Quan t i ty  Input - 2.94 x 106 t o n s l y e a r  

11. Cost Assumptions Dec. 1980 $s 

1. Overn ight  C a p i t a l  Cost - $38.4 x 106 

2. 

3. Annual Operat ing Costs 

Annual C a p i t a l  Charge - $4.7 x i o 6  

A. F ixed  

B. V a r i a b l e  
$4.7 x 106 

4. Annual Coal Loss - $4.93 x 106 

5. Coal P r i c e  - $i.65/106 Btu 

6. Output Cost - $.290/106 B t u  coal cleaned 

111. Cleanup 

A f t e r  X Removed --- Before 

1. S u l f u r  3.4% 3.2% 5.9% 

2. NO, 

3. Ash 16.4% 9.2% 44% 

I- 

Data Source: EPRI TAG Appendix B-28 
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2.2 Physical /Chemical Cleaning and Enhancement -- 

New chemical coal cleaning processes can potential Ily make greater 

reductions i n  ash and sulfur content t h a n  are possible with even the 

most advanced physical coal cleaning methods. Preliminary d a t a  from 

laboratory t e s t s  indicate t h a t  90% sulfur removal and 1 t o  2% final ash 

content may be practical using chemical techniques. The principal 

interest  in t h i s  type of cleaning has been t o  enable coal t o  be used as 

an oil  replacement fuel in existing s i1  designed boilers. I f  the costs 

of chemical coal cleaning were sufficiently low, however, i t  could also 

replace such techniques as flue gas desulfurization ( F G D )  as a means of 

lowering sulfur emissions to  environmentally acceptable levels in coal 

f i red plants. 

Gravimelt i s  a chemical coal cleaning process that has been suc- 

cessfully tested in the laboratory. Gravimelt uses a molten alkali s a l t  

t o  remove high percentages of both pyri t ic  and organic sulfur. In 

general, physical processes cannot remove the sulfur t h a t  i s  organically 

baund t o  the coal, hence they are inherently more limited i n  their  

cleaning potential. What is not clear i s  if chemical coal cleaning will 

be able t o  compete economically with physical cleaning methods and flue 

gas desulfurization. Current studies indicate t h a t  chemical cleaning 

will more t h a n  double the cost o f  delivered coal. This makes i t  

unattractive compared t o  FGD systems. Chemical coal cleaning technology 

i s  in a very early stage of development, however, and any cost estimates 

must he regarded as extremely s o f t .  
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Physical  /Chemical C 1  eaning and Enhancement - R&D 
Chemical coal  c lean ing  i s  a r e l a t i v e l y  d i f f i c u l t  and h i g h  r i s k  

Current processes are not  we1 1 developed and research undertaking, 

s u b s t a n t i a l  work is needed t o  determine if they can be made economical ly 

v i a b l e .  The p o t e n t i a l  payoffs are, however, q u i t e  large.  Chemical coal  

c l e a n i n g  cou ld  make coal  a usable o i l  s u b s t i t u t e  i n  many s i t u a t i o n s .  It 

could v i r t u a l l y  e l i m i n a t e  the  need f o r  c o s t l y  FGD i n  coal burn ing  

p l a n t s ,  and i t  cou ld  a l l o w  the  use o f  h igh  s u l f u r  coals  t h a t  can be 

mined a t  low cost .  

Fundamental research on coal  and i t s  chemical p r o p e r t i e s  would 

c l e a r l y  be b e n e f i c i a l .  I n  p a r a l l e l ,  a program of e m p i r i c a l  experimen- 

t a t i o n  cou ld  l e a d  t o  cos t  compe t i t i ve  processes. 

area o f  r e l a t i v e l y  modest cost  R&D which cou ld  have h igh  payoff.  

Th is  appears t o  be an 
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Technology: 2.2 Physical lChemical  Cleaning and Enhancement 

I .  Physica l  C h a r a c t e r i s t i c s  

I .  P l a n t  size - 2.5 x 106 tons/year  (nominal o u t p u t )  

2. Capaci ty F a c t o r  - 90% 

3. E f f i c i e n c y  - 93.5% 

4. Coal Type - Ill. no. 6 

5. 

Cost Assumptions Dec. 1980 $s 

1. 

Annual Q u a n t i t y  I n p u t  - 2.75 x l o 6  tons/year  

11. 

Overnight C a p i t a l  Cost - $215 - 295 x l o 6  

2. 

3.  

Annual C a p i t a l  Charge - $26.5 - 36.4 x lo6  

Annual Operat ing Costs - ( inc rementa l )  

A. F ixed  

E. Var iab le  

Annual Coal Loss - $6.26 x lo6 

f $57 - 79 x 106 

4. 

5. Coal P r i c e  - $1.65/106 Btu 

6. 

111. Cleanup 

Output Cost - $1.99 - 2.69/106 Btu  coal  cleaned 

Before A f t e r  %Removed - 
1. S u l f u r  3.4% 1.8% 47% 

2. NOx 

3. Ash 16.5% 7.6% 54% 

___...__I 
D a t a  Source: E P K I  TAG Appendix B-29 
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2 . 3  C1 eani  ny & E n ~ a n c ~ ~ n e ~ ~ / C o ~ ~  -Mater SI u r r y  

The purpose of t h e  Coal-Water S l u r r y  (CWS) process i s  t o  c r e a t e  a 

l i q u i d  s u b s t i t u t e  f o r  heavy fuel  o i l  t h a t  can be used i n  modi f ied,  

e x i s t i n g  i n d u s t r i a l  and e l e c t r i c  b o i l e r s .  CWS systems may be a t t r a c t i v e  

i n  r e t r o f i t  s i t u a t i o n s  f o r  t h e  f o l l o w i n g  reasons: 

l̂ lllll 

- 
- t h e  f u e l  supply system i s  s imp ler  since t h e  f u e l  i s  l i q u i d  and 

no s to rage space o r  hand l ing  equipment f o r  coal  i s  requi red;  

pumpabl e ; 

- t h e  c o s t  of b o i l e r  r e t r o f i t  can be cons iderab ly  less .  

There are  a number of i n c e n t i v e s  f o r  p o t e n t i a l  users o f  CWS fuels. 

F i r s t ,  CWS o f f e r s  an assured supply o f  domestic f u e l .  Second, CWS i s  

a v a i l a b l e  i n  t h e  near term; t h e r e  are no s u b s t a n t i a l  advances i n  tech-  

no logy needed t o  p rov ide  CWS commercial ly.  Th i rd ,  CWS convers ion cos ts  

a r e  l o w  compared t o  t h e  cos t  Qf o t h e r  types o f  r e t r o f i t s  t o  coal .  

There are  fundamenta l ly  two groups o f  o i l  f i r e d  b o i l e r s  i n  which 

CWS c o u l d  be used. The f i r s t  cons is ts  o f  b o i l e r s  o r i g i n a l l y  designed t o  

burn  o i l ;  t h e  second, those designed t o  f i r e  coal  t h a t  have been sub- 

sequent ly  conver ted t o  o i l ,  The l a t t e r  group i s  g e n e r a l l y  more amenable 

t o  CWS r e t r o f i t  as t h e  designs can more r e a d i l y  accommodate t h e  h igher  

l e v e l s  o f  ash produced by coal .  It should be emphasized, however, t h a t  

each r e t r o f i t  i s  unique. I n  general,  o n l y  high-grade, low ash coa ls  can 

be used i n  CWS r e t r o f i t  b o i l e r s .  

A major  f a c t o r  i n  t h e  economic a n a l y s i s  o f  CWS convers ion i s  the  

cho ice  o f  o n s i t e  o r  o f f s i t e  CWS product ion.  T y p i c a l l y ,  smal le r  users 
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( i .e .  i n d u s t r i a l )  w i l l  f i n d  i t  more a t t r a c t i v e  t o  purchase t h e  f i n i s h e d  

s l u r r y ,  while l a r g e r  u t i l i t i e s  w i l l  f i n d  i t  wor thwh i le  t o  buy r a w  or 

cleaned coal  and s l u r r y  ons i te .  Th is  chaice depends, o f  course, on 

p l a n t  l o c a t i o n  and the  fuel  s p e c i f i c a t i o n s .  

O f  equal s i g n i f i c a n c e  i n  t h e  economic ana lys i s  are t h e  costs  o f  the 

p l a n t  r e t r o f i t .  These may i nc lude  any o f  t he  f o l l o w i n g :  

- CWS r e c e i v i n g  - tanksp  pumps, p i p i n g  

- f u e l  d i s t r i b u t i o n  - pumps, l i n e s ,  burners 

- b o i l e r  - bottom m o d i f i c a t i o n ,  soot blowers, a i r  p reheater  

- s tack  - baghouse/prec ip i ta to rs ,  ash hand1 ing,  s u l f u r  removal. 

F i n a l l y ,  t he  conversion t o  CWS o f t e n  r e s u l t s  i n  b o i l e r  de ra t i ng .  This  

decreased capac i t y  can be e s p e c i a l l y  s i g n i f i c a n t  f o r  l a r g e ,  baseload 

p l a n t s .  

The f i r s t  step i n  the  produc t ion  o f  CWS i n v o l v e s  g r i n d i n g  t h e  coal 

so t h a t  t he  coal  p a r t i c l e s  have the requ i red  s i z e  d i s t r i b u t i o n  w i t h  t h e  

l a r g e s t  p a r t i c l e s  being about 200 microns. The m i l l e d  coal  can then be 

cleaned; f r o t h  f l o t a t i o n  has proven e f f e c t i v e  and economical wi th the  

f o l  1 owing ranges repor ted  : 

feed coal  ash l e v e l s  6 - 15% 

product ash l e v e l s  1 - 4% 

energy recovery 90 - 99% 

py r i  ti c su 1 f u r  removal 40 - 90% 

Fro th  f l o t a t i o n  produces ou tpu t  streams o f  10 t o  25% s o l i d s .  

then th ickened and f i l t e r e d  t o  a f i n a l  s l u r r y  c o n s i s t i n g  o f  approximately 

70% m a l  by weight. 

These are 
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R e a l i s t i c a l l y ,  t h e  conversion t o  CWS i s  i m p l i c i t l y  l i n k e d  t o  b o i l e r  

r e t r o f i t .  The f o l l o w i n g  CWS p l a n t  c05L c a l c u l a t i o n s  do not  i nc lude  

b o i l e r  conversion costs, Fu r the r  d e t a i l  on t he  b o i l e r  r e t r o f i t  can be 

found i n  Sect. 3.4.2. 

CWS - R&D 
CWS technology i s  c u r r e n t l y  i n  t h e  commercial development stage. 

Several small  " p i l o t "  p l a n t s  (10-100 k t o n s l y r )  a re  i n  ope ra t i on  and 

o the rs  i n  the  100-250 k L o n l y r  range are under cons t ruc t i on .  

l a r g e  u t i l i t y  however, 1-2 m i l l i o n  t o n l y r  o f  coal  would have t o  be 

To serve a 

s l u r r i e d .  

improvements i n  t h e  CWS p r o p e r t i e s .  

The main R&D areas are assoc ia ted  w i t h  sca le  up problems and 

For example, s t a b i l i t y  { t h e  degree 

t o  which coal  p a r t i c l e s  remain suspended i n  t h e  s l u r r y )  i s  a d e s i r a b l e  

c h a r a c t e r i s t i c  t h a t  o f ten  must be s a c r i f i c e d  when pumping CWS over l ong  

d is tances .  D i f f e r e n t  a d d i t i v e s  are being t r i e d  t o  c o r r e c t  t h i s  ten-  

dency. 

o f  s u i t a b l e  coa ls  towards those of lower q u a l i t y  (and c o s t )  w i t h o u t  

In a d d i t i o n ,  development work i s  i n  progress t o  widen t h e  scope 

i n c r e a s i n g  t h e  need f o r  expensive emissions c o n t r o l  measures. 
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Technology: 2.3 Cleaning-Enhancernent/Coal-Water S l u r r y  

I .  Physica l  C h a r a c t e r i s t i c s  

1. P l a n t  s i z e  - 150 tons c o a l / h r  = 20,000 b b l  cws/day 
( w i l l  serve a 420 MW b o i l e r )  

2. Capaci ty Factor  - 80% 

3. E f f i c i e n c y  

4. 

5. 

Coal Type - Eastern ( ~ 6 %  ash / <.8% s u l f u r ,  13,200 B t u / l b )  

Annual Q u a n t i t y  Used - 1.05 x lo6 t o n s / y r  

11. Cost Assumptions - 1983$'s, 15 year  l i f e ,  6% i n f l a t i o n  

1. 

2. 

Overnight C a p i t a l  Cost - $71.8 x IO6 ( i n c l u d e s  b o i l e r  r e t r o f i t )  

Annual C a p i t a l  Charge - $8.9 x 1D6 

3. Annual Operat ing Costs 

A .  Fixed 

B .  Var iab le  
1 $23.6 x l o 6  

4. 

5. 

Annual Coal Cost - $52 x l o 6  

Coal P r i c e  - $1.88/106 Btu ( i n c l u d e s  d e l i v e r y )  

6. 

111. Cleanup 

Output Cost = $3.36 - 3.50/106 Btu = $20.8 - 23.9/bbl 

1. S u l f u r  

2. NO, 

3.  Ash 

-__I_. 

D a t a  Source: Occidenta l  Research Appendix D .  Page 12 
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Techno1 ogy : 2.3 Cleanlng-Eiihancement/Coa? -Water S1 u r r y  

I ,  Physica l  C h a r a c t e r i s t i c s  

1, 

2. Capaci ty  Factor - 80% 

3 .  E f f i c i e n c y  

P l a n t  size - 400 tons  c o a l l h r  ( w i l l  serve 1200 MW p l a n t )  

4. Coal Type - Eastern ( ( 6 %  ash / <.8% s u l f u r )  

5. Annual Q u a n t i t y  Used 

11. Cost Assumptions - Mid 1983$'s, 15 y e a r  l i f e ,  6% i n f l a t i o n  

1. 

2. 

Overn ight  C a p i t a l  Cost - $120 x IO6 ( i n c l u d e s  b o i l e r  r e t r o f i t )  

Annual C a p i t a l  Charge - $14.8 x lo6 

3. Annual Opera t ing  Costs 

A, F ixed  

B. V a r i a b l e  

Annual Coal Cost - $139 x 106 

Coal P r i c e  - $1.88/1Q6 Btu ( i n c l u d e s  d e l i v e r y )  

Output Cost - $3.08/106 Btu = $20.l/bbl 

1 $54 x 106 

4, 

5. 

6. 

111. Cleanup 

1. S u l f u r  

2. NO, 

3.  Ash 

-111 

Data Source: "Eva lua t ion  o f  Coal Water M i x  Economics" Occidenta l  
Research Appendix D. page 16 
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Techno1 ogy : 2.3 Cleani  ng-Enhancement/Coal -Water S1 u r r y  

I .  Physica l  C h a r a c t e r i s t i c s  

1. P l a n t  S ize - 2.5 M t o n s / y r  

2. Capaci ty Fac tor  - 84% 

3. E f f i c i e n c y  - 93% 

4. Coal Type - Eastern 

5. Annual Quant, i ty Used - 2.69 tons/yr 

11. Cost Assumptions - Mid 1983 $s 

1. Overnight C a p i t a l  Cost - $108.1 x lo6 

2. Annual C a p i t a l  Charge - $13.3 x lo6 

3. Annual Operat ing Costs 

A. Fixed 

B ,  V a r i a b l e  

Annual Coal Cost - $143.8 x lo6 

I $40.9 x IO6 

4.  

5. 

6. 

Coal P r i c e  - $1.88/106 Btu 

Output Cost - $2.96/106 Btu 

111. Cleanup 
Before A f t e r  

1. S u l f u r  1.41% .7% 

2. NO, 

3. Ash 

by weight 

10.33% 3.23% 

Data Source: Economic Assessment D r a f t  Report I C E A S / E 8 ,  January 1985, 
pp.  26-31 
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- 2.4 Low Temperature P y r o l y s i s  

Uhen heated under c o n d i t i o n s  where incomplete combustion occurs 

( p y r o l y s i  s )  , coa l  w i  11 produce 1 i q u i d  and gaseous products.  Oependi ny 

on t h e  temperature and coal  type,  t h e  amaunt and q u a l i t y  o f  products  

v a r i e s .  By s e l e c t i n g  the  a p p r o p r i a t e  temperature, i t  i s  p o s s i b l e  t o  pro-  

cess coal i n  t h i s  manner t o  produce a l i g h t  l i q u i d  t h a t  w i t h  m i l d  t r e a t -  

ment. i s  s u i t a b l e  as a t r a n s p o r t a t i o n  fue l  o r  f o r  use i n  an i n d u s t r i a ? ,  

commercial, or  r e s i d e n t i a l  furnace, The char which i s  a l s o  produced can 

be used as a b o i l e r  f u e l  o r  as a feedstock f o r  a g a s i f i e r .  Some f e e l  

t h a t  t h i s  i s  one o f  t h e  most e f f i c i e n t  techniques t o  produce l i q u i d  pro-  

duc t  s from coal  , because, compared t o  d i  r e c t  o r  i n d i  r e c t  1 i quef a c t  i on, 

t h e  process ing r e q u i r e d  i s  cons iderab ly  less .  The disadvantage i s  t h a t  

t h e  economic p o t e n t i a l  depends on e s t a b l i s h i n g  a dedicated market f o r  

t h e  char product.  

There are many coal  p y r o l y s i s  processes. While t h e  B r i t i s h  have 

commercial p y r o l y s i s  processes t o  make "smokeless coal  , I '  t h e r e  are no 

c o m e r c i  a1 processes p r e s e n t l y  opesat i  ng i n  t h e  hi t e d  States.  The 

cos ts  presented here are, then, s t r i c t l y  conceptual  and should be con- 

s i d e r e d  very s o f t .  

Low Temperature P y r o l y s i s  - R&D -_ 
L~ 

Only smal l  sca le  t e s t s  o f  coal  p y r o l y s i s  have been c a r r i e d  ou t  i n  

the U.S. Therefore t h e  problems o f  sca le  up are not  w e l l  understood. 

I n  a d d i t i o n ,  t h e r e  are  c l e a r l y  problems associated wi th p y r o l y z i n g  t h e  

cak ing  coa ls  common i n  t h i s  country.  R&D needs, then, f a l l  i n  t h e  areas 

o f  sca le  up and h a n d l i n g  cak ing  coals.  
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- 3.1.1 I n d u s t r i a l  Steam-Conventional 

I n d u s t r y  has been burn ing coal  t o  produce steam f o r  we l l  over a 

century .  The bas ic  technology improvements have come from improvements 

i n  t h e  f i r i n g  system. I n d u s t r i a l  coal  f i r e d  b o i l e r s  are t y p i c a l l y  one 

o f  two types. They e i t h e r  p u l v e r i z e  t h e  coal  and blow i t  w i t h  a i r  i n t o  

t h e  b o i l e r ,  o r  t h e  coal  i s  s imply  crushed and fed  mechanica l ly  w i t h  a 

d r i v e r  c a l l e d  a s toker .  The s toker  f i r e d  b o i l e r  can burn t h e  coal  i n  a 

mass on a moving gra te ,  o r  p a r t l y  i n  suspension by th rowing  t h e  coal  

i n t o  t h e  b o i l e r  and onto t h e  moving grates w i t h  a spreader s toker .  The 

t r a d e - o f f  between t h e  two bas ic  f i r i n g  systems i s  h i g h  c a p i t a l  costs  and 

h i  yh combustion e f f i c i e n c y  (99%)  f o r  p u l  v e r i  zed coa l  b o i  1 e r s  versus 

lower  c a p i t a l  c o s t s  and lower e f f i c i e n c y  (90 - 98%) f o r  s toker  fed  

b o i l e r s .  The s t o k e r  system has much lower f l y  ash emissions because a t  

l e a s t  h a l f  t h e  ash s tays w i t h  t h e  burn ing  mass on t h e  grate,  w h i l e  

n e a r l y  a l l  t h e  ash i n  a p u l v e r i z e d  system goes up t h e  stack.  I n  e i t h e r  

case where Federal A i r  Emission Standards must be met, a c o n t r o l  dev ice 

must be i n s t a l l e d  t o  remove t h e  ash from t h e  f l u e  gas. This  can be 

e i t h e r  a f a b r i c  f i l t e r  o r  an e l e c t r o s t a t i c  p r e c i p i t a t o r .  Because t h e  

s u l f u r - d i o x i d e  emission r e g u l a t i o n s  va ry  f o r  i n d u s t r i a l  b o i l e r s  they can 

be met i n  severa l  ways. E i t h e r  coal  w i t h  low s u l f u r  content  can be 

burned o r  a F lue  gas d e s u l f u r i z a t i o n  system can be i n s t a l l e d .  These 

techno log ies  are commercial and r e l i a b l e  cos t  data are a v a i l a b l e .  Costs 

do, however, vary  cons iderab ly  depending on t h e  s i z e  o f  t h e  b o i l e r ,  t h e  

l o c a t i o n ,  and t h e  p a r t i c u l a r  vendor. The cos ts  presented here are f o r  

one s i z e  and are gener ic  i n  nature.  
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I ndus t  r i  a1 Stearn-Convent i o n a l  - R&D 

The coal  combustion technology fo r  i n d u s t r i a l  steam a p p l i c a t i o n s  

i s  we l l  developed. The improvements des i red  are lower c a p i t a l  cos t  and 

h i g h e r  e f f i c i e n c y .  These goals probab ly  w i l l  no t  be met w i t h  convent iona l  

systems bu t  w i l l  r e q u i r e  development o f  an advanced concept system. The 

pr imary  R&D i s sues  i n v o l v e  c o n t r o l  o f  NO,, SO, and p a r t i c u l a t e  emissions. 

There are techno log ies  t o  remove SO, and p a r t i c u l a t e s  but  they  are very 

expensive. There are no commercial NO, removal systems, and c o n t r o l  i s  

accomplished through c o n t r o l  o f  combustion. Development o f  lower cost  

SO, removal systems appears t o  be t h e  pr imary  R8D concern f o r  conven- 

t i  onal  i ndust r i  a1 b o i  1 ers.  
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Technology: 3 . 1 . 1  I n d u s t r i a l  Steam - Conventional 

I .  Physica l  C h a r a c t e r i s t i c s  

1. 

2. Capaci ty  Fac tor  - 50% 

P l a n t  S ize  - 250 x l o 6  B tu /h r  (steam ou t )  

3. E f f i c i e n c y  - 81.9% 

4. Coal Type - Eastern 

5. Annual Q u a n t i t y  Used - 6.6 x lo4  tons  

11. Cost Assumptions Jan. 81 $s 

1. 

2. 

Overn ight  Cap i ta l  Cost - $29 x 106 

Annual C a p i t a l  Charge - $3.6 x 106 

3 .  Annual Opera t ing  Costs 

B o i l e r  - Scrubber 

A. F ixed  $1.335 x 106 6.475 x 106 

B. Va r iab le  $.0565 x l o 6  $.427 x 106 

Annual Coal Cost - $2.46 x 106 

Coal P r i c e  - $1.65/106 Btu  

Output Cost - $9.19/106 Btu 

4. 

5. 

6. 

111. Cleanup 

1. S u l f u r  94% 

2. NOx - Meets NSPS 

3. Ash 

Data Source: ORNL/TM-8144 pp. 183-207 
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Technology: 3.1.1 I n d u s t r i a l  Steam - Convent ional  

I .  Phys ica l  C h a r a c t e r i s t i c s  

1. 

2. Capaci ty  F a c t o r  - 50% 

3.  E f f i c i e n c y  - 77.4% 

4. Coal Type - Western 

5. 

11. Cost Assumptions Jan. 81 $s 

1. 

2. 

3 .  Annual Operat ing Costs 

P l a n t  S ize - 250 x lo6 Btu /hr  (steam out )  

Annual Q u a n t i t y  Used - 8.82 x lo4  tons  

Overn ight  C a p i t a l  Cost - $32 x 106 

Annual C a p i t a l  Charge - $4 x lo6 

Boi l e r  Scrubber -- 
A. F ixed $1.443 x 106 s.467 x 106 

6 .  V a r i a b l e  $.06 x 106 $.1125 x 106 

Annual Coal Cost - $1.84 x lo6 

Coal P r i c e  - $1.30/106 Btu 

4. 

5. 

6. Output Cost - $8.72/106 Btu  

111. Cleanup 

1. S u l f u r  94% 

2. NO, - Meets NSPS 

3. Ash 

Data Source: ORNL/TM-8144 pp. 183-207 
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-- 3.1.2. I n d u s t r i a l  Steam -.I_ - F l u i d i z e d  Bed 

F1 u i d i  zed bed combustion (FBC) i s an a1 t e r n a t i  ve f i  r i  ng system t o  con- 

v e n t i o n a l  coal burning. Combustion occurs i n  a bed o f  crushed m a t e r i a l ,  

u s u a l l y  sand o r  l imestone. This  bed o f  m a t e r i a l  i s  f l u i d i z e d  by passing 

a stream o f  a i r  up through t h e  bed a t  a h i g h  enough v e l o c i t y  t o  cause 

t h e  bed t o  behave l i k e  a f l u i d .  When t h e  bed o f  m a t e r i a l  i s  hot,  coal 

i s  i n j e c t e d  and burns, p a r t i a l l y  i n  t h e  bed and p a r t i a l l y  i n  t h e  f r e e -  

board above t h e  bed. 

I f  the  feed system and bed are designed appropr ia te ly ,  t h e  FBC can 

f i r e  n e a r l y  any f u e l .  Fur ther ,  when l imestone i s  used as the  bed 

m a t e r i a l ,  i t  reac ts  w i t h  t h e  s u l f u r  p r o v i d i n g  environmental c o n t r o l  

which may e l i m i n a t e  t h e  need f o r  a f l u e  gas d e s u l f u r i z a t i o n  system. 

There have been many d i f f e r e n t  i n d u s t r i a l  sca le  f l u i d i z e d  bed 

systems s o l d  and operated. Thei r performance i s  f a i r l y  we1 1 understood 

and t h i s  exper ience prov ides a moderate amount o f  conf idence i n  the  cost  

est imates.  

FBC - K & U  

Although t h e  commercial v i a b i l i t y  o f  i n d u s t r i a l  FBC systems has 

been demonst ra ted,  techn i  c a l  p rob l  erns remai n. Desi gni ng a coal  feed 

system t h a t  handles a wide v a r i e t y  o f  f u e l  and i s  r e l i a b l e  remains a 

chal lenge. S i m i l a r l y ,  e ros ion  and c o r r o s i o n  o f  feed systems and bed 

i n t e r n a l s  remains a problem. R&D aiined a t  improving t h e  combustion and 

s u l f u r  capture o f  i n d u s t r i a l  FBCs appears t o  be a c o n t i n u i n g  need. 
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Technology: 3.1.2 Industrial Steam - Fluidized Bed 

I .  Physical Characterist ics 

1. 

2. Capacity Factor - 50% 

3 .  Efficiency - 85.9% 

4. Coal Type - Eastern 

5. 

Cost Assumptions Jan. 81 $s  

1. 

2. 

3. Annual Operating Costs 

Plant Size - 250 x lo6  B t u / h r  (steam o u t )  

Annual Quantity Used - 6 . 3  x lo4  tons  

11. 

Overnight Capital Cost - $32.7 x lo6 

Annual Capital Charge - $4.1 x lo6 

A. Fixed $1.752 x lo6 

B. Variable $.472 x lo6 

Annual Coal Cost - $2,1 x lo6 

Coal Price - $1.65/106 B t u  

O u t p u t  Cost - $9.24/106 B t u  

4. 

5 .  

6. 

111. Cleanup 

1, S u l f u r  94% 

2. NOx - NSPS 

3. Ash 

Data Source: ORNL/TM-8144 pp .  183-207 
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Technology: 3.1.2 I n d u s t r i a l  Steam - F l u i d i z e d  Bed 

I .  Physica l  C h a r a c t e r i s t i c s  

1. 

2. Capaci ty  Fac tor  - 50% 

3. E f f i c i e n c y  - 82.8% 

4. Coal Type - Western 

5. 

P lan t  S ize .- 250 x lo6 Btu/hr (steam ou t )  

Annual Q u a n t i t y  Used - 8.25 x l o 4  tons  

11. Cost Assumptions Jan. 81 

1. 

2. 

3. Annual Opera t ing  Costs 

Overn ight  Cap i ta l  Cost - $32.2 x lo6  

Annual Cap i ta l  Charge - $4.0 x lo6  

A.  Fixed $1.881 x lo6 

B. Var iab le  $.0925 x l o 6  
Annual Coal Cost - $1.72 x lo6 

Coal P r i c e  - $1.30/106 Btu 

Output Cost - $8.48/106 Btu  steam 

4. 

5. 

6. 

111. Cleanup 

1. S u l f u r  70% 

2. NO, - NSPS 

3. Ash 

Data Source: ORNL/TM-8144 pp. 183-207 
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3.2 Convent ional  E l e c t r i c  Power P l a n t s  

P u l v e r i z e d  coa l  combustion f o r  u t i l i t y  s c a l e  e l e c t r i c  power produc- 

t i o n  has been commercial f o r  roughly  h a l f  a century.  Most modern 

systems blow p u l v e r i z e d  coal i n t o  a l a r g e  combustion chamber l i n e d  w i t h  

b o i l e r  tubes where steam i s  generated. The exhaust gas i s  then cooled 

by pass ing through a s e r i e s  o f  heat exchangers t h a t  v a r i o u s l y  reheat and 

super heat t h e  steam, and preheat t h e  feed water and t h e  combustion a i r .  

The steam i s  then sent t o  a s e r i e s  o f  steam t u r b i n e s  t h a t  produce 

e l e c t r i c i t y .  I n  those p l a n t s  s u b j e c t  t o  a i r  emission r e g u l a t i o n s  t h e  

exhaust gases a r e  cleaned. The f l y  ash i s  removed by e i t h e r  an 

e l e c t r o s t a t i c  p r e c i p i t a t o r  o r  a f a b r i c  fi I t e r .  The s u l f u r  d i o x i d e  con- 

t e n t  i s  reduced by a f l u e  gas d e s u l f u r i z a t i o n  (FGD) system. The FGD 

systems can be any o f  a v a r i e t y  o f  designs b u t  most c u r r e n t  systems are 

towers t h a t  spray a l i m e  o r  l imestone water s l u r r y  i n t o  t h e  f l u e  gas 

t h a t  reac ts  w i t h  t h e  S02. Because t h e  technology i s  commercial f o r  both 

p u l v e r i z e d  coal  b o i l e r s  and FGDs, t h e r e  i s  a weal th  o f  cos t  i n f o r m a t i o n  

a v a i l a b l e .  The c o s t s  f o r  t h e  convent ional  system are  f e l t  t o  be 

re1  i a b l e .  

Convent ional  E l e c t r i c  Power - RAD 

The o p p o r t u n i t i e s  f o r  l o w e r i n g  t h e  c o s t  o f  e l e c t r i c i t y  f rom 

p u l v e r i z e d - c o a l - f i r e d  b o i l e r s  t h a t  meet c u r r e n t  emission standards l i e  

p r i m a r i l y  i n  two areas. F i r s t  i s  t h e  development of advanced FGO 

systems t h a t  have lower  c a p i t a l  and o p e r a t i n g  costs.  Second i s  t h e  

development o f  advanced supercr i  t i c a l  steam systems t h a t  cou ld  increase 

thermal e f f i c i e n c y  from t h e  c u r r e n t  maximum a f  about 37% t o  41  o r  42%. 
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In the  case of FGO systems, poss ib le  cast  reduc t ions  cou ld  r e s u l t  

f rom improvements i n  one o r  some combinat ion o f  t h e  f o l l o w i n g :  lower  

c o s t  sorbents,  more e f f i c i e n t  use of sorbents,  regenera t ion  o f  sorbents,  

reduced maintenance cos ts ,  and lower  cos t  waste d isposa l  . A1 t e r n a -  

t i  v e l y  , improved super c r i t i c a l  steam systems requ i  r e  development o r  use 

o f  new a l l o y s  and t h e  a b i l i t y  t o  f a b r i c a t e  those a l l o y s  f o r  use i n  

b o i  l e r s  and t u r b i n e s  which can hand1 e h igher  temperatures and pressures. 

I n  both cases t h e  chal lenges i n v o l v e  complex h i g h  cos t  systern-wide modi- 

f i c a t i o n s  and w i l l  c o n t r i b u t e  o n l y  incremental  improvements. There i s  

1 i t t l e  evidence t h a t  t h e  t e c h n i c a l  community sees o p p o r t u n i t i e s  f o r  

niajor c o s t  sav ing breakthroughs i n  p u l v e r i z e d  coal  p l a n t s ,  b u t  even 

small improvements can have a very  l a r g e  payback i n  these l a r g e  

systems. 
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Technology: 3.2 Convent ional  E l e c t r i c  - Wet FGD 

I. Physica l  C h a r a c t e r i s t i c s  

1. P lan t  S i z e  - 1069 MW 

2. Capaci ty  Factor  - 70% 

3 ,  E f f i c i e n c y  - 35.3% 

4. Coal Type - Eastern 

5. 

Cost Assumptions Jan. 1980 $s 

1. 

2. 

3. Annual Operat ing Costs 

Annual Q u a n t i t y  Used - 3.13 x 106 tons  

11. 

Overn ight  Cap i ta l  Cost - $833 x 106 

Annual C a p i t a l  Charge - $102.8 x lo6 

A. F ixed $34.7 x 106 

B. Va r iab le  $28.2 x IO6 

4. Annual Coal Cost - $104.2 x lo6 

5. Coal P r i c e  - $1.65/106 B t u  

6. Output Cost - $.0557/kWh 

111. Cleanup 

1. S u l f u r  90% 

2. NO, 

3. Ash 

Data Source: A l t e r n a t i v e  AFBC Systems, EPRI  CS 2275 
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Technology: 3.2 Conventional E l e c t r i c  - Wet FGD 

I. Physica l  C h a r a c t e r i s t i c s  

1. P lan t  S ize  - 1078 MW 

2. Capaci ty  Fac to r  - 70% 

3. E f f i c i e n c y  - 35.1% 

4. Coal Type - Mestern 

5. Annual Q u a n t i t y  Used - 4.0 x l o 6  tons  

11. Cost Assumptions Jan. 1980 $s 

1. 

2. 

3. Annual Opera t ing  Costs 

Overn ight  Cap i ta l  Cost - $807 x lo6  

Annual C a p i t a l  Charge - $99.6 x lo6  

A. F ixed  $28.4 x lo6 

B. Va r iab le  $12.6 x 106 

4. 

5. 

Annual Coal Cost - $84.0 x lo6 

Coal P r i c e  - $1.30/106 B tu  

6. Output Cost - $.0460/kWh 

111. Cleanup 

1. S u l f u r  70% 

2. NOx 

3. Ash 

--_I 

Data Source: A l t e r n a t i v e  AFBC Systems, E P R I  CS 2275 
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Technology: 3.2 Convent ional  Steam E l e c t r i c  - Wet FGD 

I. Physica l  C h a r a c t e r i s t i c s  

1. P l a n t  S ize  - 1000 MW 

2. Capaci ty  Fac tor  - 65% 
3. E f f i c i e n c y  - 36.1% 
4. Coal Type - Ill. No. 6 

5. Annual Q u a n t i t y  Used - 2.66 x lo6 tons  

11. Cost Assumptions Dec. 1980 $s 

1, Overn ight  C a p i t a l  Cost - $950 x lo6 

2. Annual C a p i t a l  Charge - $117.3 x 106 

3. Annual Operat ing Costs 

A, Fixed $15.3 x lo6 

B, V a r i a b l e  $23.9 x lo6 

Annual Coal Cost - $88.8 x lo6 4. 

5. Coal P r i c e  - $1.65/lO6 
6 .  Output Cost - $.0526/kWh 

111. Cleanup 

1. S u l f u r  

2. NOx 

3. Ash 

Data Source: EPHI TAG Appendix p. 54 
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Technology: 3.2 Advanced Pu lver ized  Coal Steam E l e c t r i c  

I .  Physica l  C h a r a c t e r i s t i c s  

1. P l a n t  S i z e  - 725 MW 

2. Capaci ty Fac tor  - 69.3% 
3. E f f i c i e n c y  - 38.4% 

4 .  Coal Type 

5. Annual Q u a n t i t y  Used 

Cost Assumptions 1978 $s, 6% i n f l .  

1. 

2. 

3. Annual Operat ing Costs 

11. 

Overnight C a p i t a l  Cost - $628 x lo6 

Annual C a p i t a l  Charge - $77.6 x lo6 

A. F ixed $14.5 x lo6 

B. V a r i a b l e  $7 x 106 

4.  

5 .  

Annual Coal Cost - $54.1 x lo6 

Coal P r i c e  - $1.38/106 Btu 

6. Output Cost - $.0541/kWh 

111. Cleanup 

1. S u l f u r  

2. NO, 

3. Ash 

Data Source: E P R I  - CS-2555 Assessment o f  Advanced P.C. P l a n t  (G.E.)  



51  

Techno1 ogy : 3.2 Advanced Pul v e r i  zed Coal Steam €1 e c t r i  c 

I. Phys ica l  C h a r a c t e r i s t i c s  

1. P lan t  Size - 773 MW 

2. Capaci ty Fac tor  - 69.3% 

3. E f f i c i e n c y  - 40.9% 

4. Coal Type - Eastern bi tuminous 

5. Annual Q u a n t i t y  Used 

11. Cost Assumptions 1978 $s ,  6% i n f f  ., 10% i n t .  ra te ,  5 yr. 

c o n s t r u c t i o n  

1. 

2. 

Overn ight  Cap i ta l  Cost - $398 x 106 

Annual C a p i t a l  Charge - $49 x lo6 

3 .  Annual Operat ing Costs 

A. F ixed  

B. Var iab le  
1 $34 x 1Q6 

4. 

5. 

Annual Coal Cost - $54 x 106 

Coal P r i c e  - $1.38/106 Btu 

6. Output Cost - $.0454/kWh 

1 1 1 ,  Cleanup 

1. S u l f u r  

2.  NO, 

3. Ash 

Data Source: E P R I  - CS-2223, Assessment o f  Advanced P.C. P lan t  
(West i nghouse) 
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3.3.1 Atmospheric I- F l u i d i z e d  Bed E l e c t r i c  Power P l a n t s  

Atmospheric F l u i d i z e d  Bed (AFB) b o i l e r s  d i f f e r  f rom convent ional  

p u l v e r i z e d  b o i l e r s  i n  the character  of t h e i r  combustion. I n  AFBs, 

combustion occurs a t  atmospheric pressures i n  a mass o r  "bed'# o f  small 

p a r t i c l e s  through WhiGh f l o w  l a r g e  volumes o f  gases. The incoming 

cornbustion a i r  moving through t h e  beds cause t h e  mass o f  p a r t i c l e s  t o  

behave l i k e  a f l u i d .  

I n  t h e  most w e l l  developed form o f  AFB, crushed coal  and a 

chemica l l y  a c t i v e  sorbent such as l imestone are f e d  i n t o  t h e  bed o f  hot 

p a r t i c l e s .  

generat ion i s  t h a t  t h e  sorbent captures s u l f u r  i n  t h e  coal  d u r i n g  

The most a t t r a c t i v e  f e a t u r e  o f  t h e  AFB f o r  e l e c t r i c  power 

combustion. The e f f i c i e n c y  o f  t h i s  capture i s  such t h a t  i t  reduces o r  

e l i m i n a t e s  t h e  need f o r  add-on s u l f u r  removal equipment. 

Al though t h e r e  are  several  vers ions o f  the  AFB combustor, the  most 

developed f o r  commercial e l e c t r i c  power use i s  t h e  bubb l ing  bed design. 

F o l l o w i n g  are performance and c o s t  da ta  est imates f o r  two d i f f e r e n t  new 

(grass r o o t s )  AFB p lan ts .  The smal ler ,  163 MWe p l a n t ,  i s  s i m i l a r  t o  a 

demonstrat ion p l a n t  be i  ny bu i  1 t a t  Paducah, Kentucky. A1 though p e r f o r -  

mance and cos t  est imates f o r  bo th  p l a n t s  must be considered s o f t  s ince  

n e i t h e r  has been used commercial ly f o r  e l e c t r i c  power, est imates f o r  the  

l a r g e r  1000 MWe p l a n t ,  are t o  be viewed w i t h  p a r t i c u l a r  skept ic ism s ince  

t h e y  are d e r i v e d  s o l e l y  from paper e x t r a p o l a t i o n .  

AFH-R&D 
lll_ 

The commercial cornpeti t i  veness o f  AFB s team-e lec t r i c  power p l a n t s  

must s t i l l  be demonstrated. Successful commercial use o f  the  AFB 
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r e q u i r e s  t h e  s o l u t i o n  o f  two process problems. 

unresolved problem concerns t h e  des ign o f  a r e l i a b l e  coal  feed mechanism 

t h a t  adequately d i s t r i b u t e s  coal  t o  t h e  bed. This  problem becomes 

p r o g r e s s i v e l y  more d i f f i c u l t  as t h e  bed i s  enlarged. 

des ign i s  requ i red ;  and t h e  s i z e  and mois tu re  content  o f  t h e  coal  must 

be c a r e f u l l y  c o n t r o l l e d .  Without adequate d i s t r i b u t i o n  t h e  coal  i s  no t  

e f f i c i e n t l y  burned and p l a n t  e f f i c i e n c y  d e c l i n e s  and f u e l  cos ts  r i s e .  

The most impor tant  

An e l a b o r a t e  feed 

The second major problem which nay s tand i n  the  way o f  HFB commer- 

c i a l i z a t i o n  i s  e ros ion  and c o r r o s i o n  o f  m a t e r i a l s  which are i n  contac t  

w i t h  the  bed o r  p a r t i c u l a t e  laden yases. 

problems and t h e  associ  a ted  opera t ions  and mai ntenance costs  may make 

t h e  AFB uneconomic. They are, t h e r e f o r e ,  a pr imary focus o f  R&D. 

These p o t e n t i a l  m a t e r i a l s  

The above two AFB problem areas r e q u i r e  cont inued development work 

b e f o r e  t h i s  technology can become commercial, t h a t  i s ,  have costs  com- 

parab le  t o  o r  lower than a convent ional  p u l v e r i z e d  coal  b o i l e r  w i t h  FGD. 
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Technology: 3.3.1 Atm. F l u i d i z e d  Bed Steam E l e c t r i c  

I .  Physica l  C h a r a c t e r i s t i c s  

1. P lan t  S ize - 163 MW 

2. Capaci ty  Fac tor  - 65% 

3. E f f i c i e n c y  - 35% 

4. Coal Type 

5. Annual Q u a n t i t y  Used 

11. Cost Assumptions 1983 $s 

1. 

2.  

Overn ight  Cap i ta l  Cost - $205-258 x 106 

Annual C a p i t a l  Charge - $25.3 - 31.8 x l o 6  
3. Annual Opera t ing  Costs 

A. F ixed  

B. Va r iab le  
1 $7.1 x l o 6  

4. Coal Cost Annual - $16.1 x l o 6  
5. Coal P r i c e  - $1.78/106 Btu 

6. Output Cost - $,0545 $.0617/kWh 

111. Cleanup 

1. S u l f u r  90% 

2. NO, - Meet NSPS 

3. Ash 

11_____1-- 

Data Source: In formal  communication from O f f i c e  of Technology Assessment 
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Technology: 3.3.1 Atm. F l u i d i z e d  Red Steam E l e c t r i c  

I .  Physical C h a r a c t e r i s t i c s  

1. P l a n t  Size - 1000 MW 

2. Capaci ty  Fac tor  - 65% 

3. E f f i c i e n c y  - 35,4% 
4. Coal Type: 111. Mo. 6 

5. Annual Q u a n t i t y  Used - 2.7 x lo6 tons  

11. Cost Assumptions Dec. 1980 $s 

1. 

2. 

3. Annual Operat ing Costs 

Overn ight  C a p i t a l  Cost - $780 x lo6 

Annual C a p i t a l  Charge - $96 x lo6 

A.  Fixed $8.5 x 106 

B. V a r i a b l e  $24.5 x lo6 

Coal Cost Annual - $90.5 x I D s  

Coal Price - $1.65/106 Btu 

4.  

5. 

6. Output Cost - $.050O/kWh 

111. Cleanup 

1. S u l f u r  90% 

2. - Meet NSFS 

3. Ash 

Data Source: EPRI  TAG Appendix B-60 



3.3.2 Pressur ized  F l u i d i z e d  Bed E l e c t r i c  Power P l a n t s  

As i n  t h e i r  atmospheric counterpar t ,  combustion i n  Pressur ized 

F l u i d i z e d  Bed (PFB) b o i l e r s  occurs i n  beds of crushed stone and coal  

f l u i d i z e d  by t h e  combustion a i r .  In t h e  PFB, however, combustion a i r  i s  

p r e s s u r i z e d  t o  severa l  t imes atmospheric pressure. Most designs o f  PFB 

b o i l e r s  i n v o l v e  a combined c y c l e  system. Power i s  produced by both a 

gas t u r b i n e  and a steam t u r b i n e .  The gas t u r b i n e  i s  u s u a l l y  d r i v e n  by 

t h e  P F B ' s  hot  exhaust gases and t h e  steam i s  generated both i n  b o i l e r  

tubes i n  t h e  bed and down stream from t h e  gas t u r b i n e .  

PFB combined c y c l e  systems have p o t e n t i a l l y  s i g n i f i c a n t  advantages 

over t h e  AFB because they  o f f e r  a h igher  thermal e f f i c i e n c y .  Since i t  

i s  pressur ized,  t h e  bed o f  hot  p a r t i c l e s  can be much deeper, a f f o r d i n g  

more complete combustion and s u l f u r  capture p l u s  b e t t e r  load  c o n t r o l .  

F u r t h e r ,  because i t  i s  p ressur ized  the  b o i l e r  i s  p h y s i c a l l y  smal le r  and 

can perhaps be shop f a b r i c a t e d ,  reducing t h e  c a p i t a l  costs.  

There are  no PFB systems near commerc ia l izat ion i n  t h e  U n i t e d  States.  

A 13 MW(e) Cur t i s -Wr igh t  p i l o t  p l a n t  has been b u i l t  under c o n t r a c t  t o  

DOE bu t  t h e r e  are  no funds f o r  opera t ing  t h e  system and i t s  fu tu re  i s  

uncer ta in .  

Since t h e r e  i s  no exper ience w i t h  commercial c o n s t r u c t i o n  o r  opera- 

t i o n  o f  a PF5 b o i l e r ,  t h e  cos t  est imates must be viewed as conceptual. 

--- PFB-R&D 

I t  i s  w i d e l y  b e l i e v e d  w i t h i n  t h e  t e c h n i c a l  community t h a t  t h e  

technology c u r r e n t l y  e x i s t s  t o  b u i l d  a PF5 t h a t  uses a gas t u r b i n e  
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t u r b o  charger o p e r a t i n g  on r e l a t i v e l y  low temperature exhaust gas. This  

would be used t o  p r e s s u r i z e  t h e  PFB system and t h e r e f o r e  demonstrate 

i t s  s i z e  r e d u c t i o n  and combustion performance advantages. Considerable 

development work i s  s t i l l  needed t o  b r i n g  even t h i s  moderate performance 

system t o  operat ion.  

Substant i a1 t e c h n i c a l  chal  1 enges must be overcome b e f o r e  a h i  gh 

e f f i c i e n c y  system can be developed. These chal lenges l i e  i n  f o u r  p r i n -  

c i p a l  areas: 

Eros ion /cor ros ion  o f  the  gas t u r b i n e  blades 

Fuel  and sorbent feeding aga ins t  h i g h  pressure 

Load c o n t r o l  

Eros ion o f  bed i n t e r n a l s  

The f i r s t  two are  t h e  most s i g n i f i c a n t  problems. As t h e  tem- 

p e r a t u r e  and pressure o f  t h e  exhaust gas i s  increased t h e  e l e c t r i c a l  

e f f i c i e n c y  increases.  However t h e  damage t o  t h e  t u r b i n e  blades through 

eros ion  by t h e  h o t  suspended ash p a r t i c l e s  and c o r r o s i o n  a1 so increases. 

There a r e  two p o s s i b l e  s o l u t i o n s :  e i t h e r  t h e  development o f  ho t  

gas cleanup systems, o r  s t ronger  and more durable t u r b i n e  components. 

Feeding s o l i d s  i n t o  a h i g h  pressure environment i s  a t e c h n i c a l  problem 

PFB's share w i t h  severa l  o t h e r  coal  technologies.  
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Technology: 3.3.2 Pressur ized F l u i d i z e d  Bed - Combined Cycle 

I .  Physica l  C h a r a c t e r i s t i c s  

1. P l a n t  S ize - ti50 MW 

2. Capaci ty Factor - 65% 
3. E f f i c i e n c y  - 40.3% 

4. Coal Type - Eastern 

5. 

Cost Assumptions December 1980 $s 

1. 

2. 

3. Annual Operat ing Costs 

Annual Q u a n t i t y  Used - 1.55 x lo6 t o n s / y r  

11. 

Overnight Cap i ta l  Cost - $539.5 x lo6 

Annual C a p i t a l  Charge - $66.6 x 106 

A. F i x e d  $7.4 x 106 

5. V a r i a b l e  $14.4 x 106 

4. 

5. 

6. 

111. Cleanup 

Annual Coal Cost - $51.8 x lo6 

Coal P r i c e  - $1.65/106 Btu 

Output Cost - $.0463/106 Btu 

1. Sul fu r  

2. NOx 

3. Ash 

Data Source: EPRI TAG, Appendix B-63 
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3.4.1 R e t r o f i t  Steam E l e c t r i c  - P u l v e r i z e d  Coal 
_1_-- ~- - - ~ -  

The r e t r o f i t  op t ions  descr ibed here i n v o l v e  t h e  convers ion o f  o i l -  

b u r n i n g  p l a n t s  t o  c o a l - f i r i n g .  

t h a t  are candidates fear such a conversion. 

There are  b a s i c a l l y  two types o f  p l a n t s  

Those o r i g i n a l l y  designed t o  

burn  coal  and subsequent ly conver ted t o  o i l ,  and those in tended t o  burn 

o n l y  o i l .  R e t r o f i t  cos ts  a re  g e n e r a l l y  lower  f o r  p l a n t s  o r i g i n a l l y  

designed t o  burn coal ,  but  they  can d i f f e r  w ide ly  even w i t h i n  each 

ca tegory  dependi ng upon t h e  pl  a n t  under consi  desat i on. 

For  those u n i t s  o r i g i n a l l y  designed t o  burn coal ,  reconvers ion can 

i nvo l  ve changes i n  severa l  areas. Boi 1 e r  modi f i c a t  i ons general l y  w i  11 

be smal l ,  e s p e c i a l l y  i f  t h e  new coal  t y p e  i s  s i m i l a r  t o  t h a t  used o r i g i -  

n a l l y ,  and t h e  b o i l e r  d e r a t i n g  u s u a l l y  w i l l  be small  t o  moderate. 

P o l l u t i o n  c o n t r o l  t y p i c a l l y  requ i res ,  a t  minimum, a new o r  upgraded 

e l e c t r o s t a t i c  p r e c i p i t a t o r .  A f l u e  gas d e s u l f u r i z a t i o n  (FGD) system may 

a1 so be requ i  red  dependi ng upon t h e  appl i c a b l  e SO, r e g u l  a t  i ons. S1 udge 

and ash d isposa l  systems may have t o  be added o r  renovated. And f i n a l l y ,  

coa l  hand l ing  and s torage f a c i l i t i e s  can prove t o  be c o s t l y  i f  t h e  pre-  

v ious  coal  hand l ing  system has been demolished o r  i s  i n  poor r e p a i r .  

The convers ion of p l a n t s  designed t o  burn o i l  i s  nor ina l ly  more 

complex. The design o f  an o i l - f i r e d  b o i l e r  i s  s i g n i f i c a n t l y  d i f f e r e n t  

than a c o a l - f i r e d  b o i l e r  w i t h  regard t o  furnace volume, heat re lease 

r a t e s ,  e x i t  gas temperatures, gas v e l o c i t i e s ,  and so f o r t h .  Even exten- 

s i v e  m o d i f i c a t i o n s  cannot i n s u r e  t h a t  t h e  convers ion t o  coal  can be 

accomplished w i t h o u t  a s i g n i f i c a n t  b o i l e r  dera t ing .  I n  a d d i t i o n ,  coal  
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s i l o s  and ash d isposa l  equipment must be cons t ruc ted  i n  a s s o c i a t i o n  

w i t h  t h e  m o d i f i e d  b o i l e r .  A major  c a n s t r a i n t  i n  t h i s  type o f  conversion 

may be space. 

As w i t h  the  C K  r e t r o f i t ,  i t i s  d i f f i c u l t  t o  show a comprehensive 

s e t  o f  cos t  c a l c u l a t i o n s ,  hence t h e  samples here are meant t o  be repre-  

sent a t  i ve. 

PC R e t r o f i t  - R&D 

The technology f o r  t h e  r e t r o f i t  o f  o i l - f i r e d  p l a n t s  t o  coal  i s  

c u r r e n t .  The main areas f o r  R&D i n c l u d e  less c o s t l y  FGD systems and 

improvements i n  b o i l e r  e f f i c i e n c i e s  v i a  h igher  temperatures and c leaner  

coal  s.  
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Technology: 3.4.1 R e t r o f i t  Steam E l e c t r i c  - P u l v e r i z e d  Coal 

I Physica l  C h a r a c t e r i s t i c s  

1. P l a n t  s i z e  - 518 MW 

2. Capaci ty  Fac tor  - 65% 

3. E f f i c i e n c y  - 35%* 

4. Coal Type - low s u l f u r  

5. 

Cost Assumptions Mid 1982 $s 

1. 

2. 

Annual Q u a n t i t y  I n p u t  - .97 x lo6 tons  

11. 

Overn ight  C a p i t a l  Cost - $113.9 x lo6  

Annual C a p i t a l  Charge - $14.1 x lo6 

3. Annual Operat ing Costs 

A .  Fixed 

B. V a r i a b l e  
1 $4.7 x 106 

4. 

5. 

Annual Coal Cost - $74.9 x 106 

Coal P r i c e  - $2.6 $/lo6 Btu 

6 .  Output Cost - $.0345/kWh 

111. Cleanup 

1. S u l f u r  

2. NOx 

3. Ash 

Data Source: Kimel , Kur tz rock  Conference 830483, Vol. 2. 

Coal t o  e l e c t r i c i t y  e f f i c i e n c y  no t  p rov ided - 35% e f f i c i e n c y  assumed * 
f o r  t h i s  c a l c u l a t i o n .  
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3.4.2 R e t r o f i t  Steam E l e c t r i c  - Coal-Water __Î ___ S l u r r y  __. ______ ..__._._._l____l __- 

The e x t e n t  t o  which a convent ional  b o i l e r  system must be m o d i f i e d  

t o  burn coal -water  s l u r r y  (CWS) c l e a r l y  depends upon t h e  f u e l  hand l ing  

and burn ing  c a p a b i l i t y  of t h e  e x i s t i n g  f a c i l i t i e s .  Changing an o i l -  

designed b o i l e r  t o  CWS i s ,  w i t h  respect  t o  combustion c h a r a c t e r i s t i c s  

and ash e f f e c t s ,  e s s e n t i a l l y  a conversion t o  coal .  However, the  f u e l  

s torage and d i s t r i b u t i o n  requirements f o r  CWS are  s i m i l a r  t o  those f o r  

o i l .  It i s  p o s s i b l e  t h a t  e x i s t i n g  a i  1 s torage tanks can be used f o r  CWS 

w i t h  on ly  minor changes; f o r  example, a g i t a t o r s  may be needed f o r  long- 

te rm CWS storage. CWS has a lower energy d e n s i t y  than o i l ,  however, so 

a d d i t i o n a l  tanks may be r e q u i r e d  t o  m a i n t a i n  an e q u i v a l e n t  number o f  

days supply o f  f u e l .  I f  t h e  p l a n t  c u r r e n t l y  rece ives  coal ,  then, o f  

course, l i q u i d  s torage and hand l ing  c a p a b i l i t y  must be b u i l t .  

A b o i l e r  designed t o  burn coal  will possess many o f  t h e  necessary 

c h a r a c t e r i s t i c s  t o  burn CWS. Nevertheless,  some o f  t h e  f o l l o w i n g  

c hanges may be needed : 

- i n s t a l l a t i o n  o f  f u e l  p i p i n g  and pumping equipment; 

- i n s t a l l a t i o n  o f  CWS burners;  

- m o d i f y i n g  secondary a i r  p reheat ing  arrangements; 

- upgrading t h e  wa l l  de-slaggers and soot blowers; 

- upgrading t h e  ash hand l ing  system. 
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An o i l - f i r i n g  b o i l e r  will r e q u i r e  more ex tens ive  m o d i f i c a t i o n  

i n c l  udi ng : 

- rearrangement o f  gas r e c i r c u l a t i o n  ductwork; 

- i n s t a l l a t i o n  o f  w a l l  de-slaggers and soot blowers;  

- p r o v i s i o n  o f  ash hand l ing  and s torage systems; 

- improved s tack gas c l e a n i n g  f a c i l i t i e s ;  

- 
- i n s t a l l a t i o n  o f  CWS feed system. 

m o d i f y i n g  t h e  secondary a i r  preheater ;  

I n  bo th  t h e  o i l  and coal  cases, t h e  e x t e n t  o f  t h e  m o d i f i c a t i o n s  

depends upon t h e  t o l e r a b l e  d e r a t i n g  of t h e  b o i l e r .  I n  general,  t h e  

d e r a t i n g  caused by CWS convers ion i s  h igh,  and t h i s  can be counteracted 

o n l y  by making major changes i n  t h e  b o i l e r  c o n f i g u r a t i o n .  CWS r e t r o f i t  

thus  inc ludes  a wide v a r i e t y  o f  p o s s i b l e  a l t e r n a t i v e s .  An exhaust ive 

s e t  o f  c o s t  c a l c u l a t i o n s  would be p r o h i b i t i v e l y  l a r g e ,  hence we have 

shown here o n l y  some r e p r e s e n t a t i v e  samples. 

CWS R e t r o f i t  - R&D 
The technology f o r  CWS r e t r o f i t  i s  p r e s e n t l y  a v a i l a b l e ,  bu t  i s  not  

y e t  i n  commercial use. An impor tant  reason f o r  t h i s  i s  t h a t  t h e  s l u r r y  

i t s e l f  i s  not  y e t  commercial ly a v a i l a b l e .  CWS r e t r o f i t  R&D needs thus 

focus on t h e  f u e l  p roduc t ion  and use, For more i n f o r m a t i o n  on t h i s ,  see 

Sect. 2.3 (CWS Product ion) .  
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Technology: 3.4.2 R e t r o f i t  Steam E l e c t r i c  - CWS 

I. Physica l  C h a r a c t e r i s t i c s  

1. Plan t  s i z e  - 518 MW 

2. Capacity Fac tor  - 65% 
3. E f f i c i e n c y  - 35%" 

4. Coal Type 

5. Annual Q u a n t i t y  I npu t  - 1.35 t o n s l y e a r  

11. Cost Assumptions Mid 1982 $s 

1. 

2. 

Overn ight  Cap i ta l  Cost - $78.4 x lo6 

Annual C a p i t a l  Charge - $9.7 x lo6 

3. Annual Operat ing Costs - ( incrementa l  ) 

A. F ixed  

B. Var iab le  
1 $3.6 x lo6 

4. 

5. 

Annual S l u r r y  Cost - $100.6 x lo6 

CWS P r i c e  - $3.50 /lo6 Btu  

6. Output Cost - $.0419/kWh 

111. Cleanup 

1. S u l f u r  

2. NO, 

3. Ash 
I-- 

Data Source: Kimel, Kur tz rock ,  CONF 830483 Val.  2. 

Coal t o  e l e c t r i c i t y  e f f i c i e n c y  no t  p rov ided - 35% e f f i c i e n c y  assumed * 
f o r  t h i s  c a l c u l a t i o n .  
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3.5.1 In te rmed ia te  Btu G a s i f i c a t i o n  

Coal can be g a s i f i e d  i n t o  low, in te rmed ia te ,  o r  h i g h  Btu gas; t h e  

processes f o r  s y n t h e s i z i n g  low and i n t e r m e d i a t e  Btu gases are,  however, 

l e s s  c o s t l y ,  more e f f i c i e n t ,  and c l o s e r  t o  be ing c o m p e t i t i v e  w i t h  o t h e r  

f u e l s .  In te rmed ia te  B tu  gas i s  a very f l e x i b l e  form o f  energy. I t s  

uses i n c l u d e :  combined c y c l e  e l e c t r i c a l  generat ion,  f u e l  c e l l s ,  i n d i r e c t  

l i q u e f a c t i o n ,  and upgrading t o  a h i g h  Btu s u b s t i t u t e  f o r  n a t u r a l  gas. 

I n t e r m e d i a t e  B t u  gas (250-350 Btu/Scf) i s  composed c h i e f l y  o f  car -  

bon monoxide ( C O ) ,  and hydrogen ( H ) .  Low B t u  gas (90-170 Btu/Scf )  i s  

s i m i l a r  but  a l s o  conta ins  s i g n i f i c a n t  q u a n t i t i e s  o f  n i t r o g e n  (N2). 

S y n t h e t i c  gas i s  produced when coal  i s  reacted w i t h  steam and an ox idant  

(oxygen i n  t h e  case of i n t e r m e d i a t e  B t u  gas and a i r  i n  t h e  case o f  low 

Btu  gas) t o  produce a ho t ,  raw gas. The raw gas must be cleaned o f  par-  

t i c u l a t e s ,  o i l s ,  ammonia, ac ids,  and water t o  meet environmental  and 

o p e r a t i o n a l  c o n s t r a i n t s  a 

G a s i f i e r s  are u s u a l l y  on; o f  t h r e e  types, f i x e d  bed, f l u i d i z e d  bed, 

o r  e n t r a i n e d  bed, and each of these may i n v o l v e  q u i t e  d i f f e r e n t  designs 

depending on t h e  performance c r i t e r i a  of concern t o  t h e  designers.  The 

commercial ly used designs i n c l u d e  t h e  Wink ler  f l u i d i z e d  bed, and t h e  

L u r g i  process. More r e c e n t l y ,  Texaco and Kellog-Rust-Westinghouse (KRW) 

have begun o f f e r i n g  h i g h  pressure g a s i f i e r s  t h a t  have t h e  advantages o f  

smal le r  s i z e  and a more usable end product .  There are  however, many 

areas i n  which commerc ia l ly  a v a i l a b l e  g a s i f i e r  technology i s  inadequate. 

Inadequacies are  r e f l e c t e d  i n  process complex i ty ,  environmental  

performance, c a p i t a l  cos ts ,  c o n s t r u c t i o n  l e a d  t imes,  o p e r a t i n g  cos ts  and 
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e f f i c i e n c i e s  , and problems w i t h  t h e  hand1 i ng o f  c e r t a i  n read i  l y  

a v a i l a b l e  coals .  G a s i f i c a t i o n  technology on a widespread commercial 

1 eve1 must s t  i 11 be considered developmental . The cos t  est imates shown 

here are based upon l a r g e  p l a n t s  w i t h  h i g h  c a p a c i t y  f a c t o r s  beyond what 

can be c u r r e n t l y  achieved, hence they  should n o t  be regarded as 

p r o j e c t  i ons . 
Intermed ia te  Btu G a s i f i c a t i o n  --__ - R&D 
____I 

The s c i e n t i f i c  bas is  For coal g a s i f i c a t i o n  i s  we l l  understood. It 

has been p o s s i b l e  t o  c o n s t r u c t  workable g a s i f i e r s  f o r  w e l l  over a cen- 

t u r y ,  What i s  needed are improvements i n  c o n s t r u c t i o n  cos ts ,  t h e  costs  

o f  opera t ion  ( i n c l u d i n g  emission c o n t r o l ) ,  and t h e  c a p a b i l i t y  t o  use 

more o f  t h e  coals  a v a i l a b l e  i n  t h e  U n i t e d  States.  These problems are 

s u f f i c i e n t l y  ser ious  t o  prec lude the  commercial compet i t iveness o f  coal 

g a s i f i c a t i o n  a t  present  n a t u r a l  gas p r i c e s  unless s i g n i f i c a n t  advances are 

made. 

The most p ress ing  problem i s  t h e  cont inuous feeding o f  t h e  s o l i d  

f u e l  i n t o  t h e  g a s i f i c a t i o n  chamber. This  i s  e s p e c i a l l y  troublesome i n  

t h e  pressur ized  g a s i f i e r s .  These systems are much smal le r  than t h e i r  

atmospheric counterpar ts  o f  equal capaci ty ,  hence t h e  c a p i t a l  cos t  i s  

lower. I n  a d d i t i o n ,  they  are more e f f i c i e n t ;  t h e  ou tpu t  gas i s  a l ready 

coinpressed so i t  needs no c o s t l y  p r e s s u r i z a t i o n  b e f o r e  i t  can be 

u t i l i z e d .  These b e n e f i t s  cannot be r e a l i z e d  i n  l a r g e  sca le  f a c i l i t i e s  

however u n t i l  t h e  coal  feed problem i s  solved. Towards t h i s  end, 

Texaco has t r i e d ,  w i t h  moderate success, t o  i n j e c t  the  f u e l  as a c o a l -  

water mix ture.  
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Another impor tan t  task  i n v o l v e s  improv ing t h e  f l e x i b i l i t y  o f  t h e  

g a s i f i e r s  w i t h  regard t o  t h e  type  o f  coal  t h a t  can be used. G a s i f i e r s  

can be b u i l t  t o  conver t  n e a r l y  every t y p e  o f  coal  t o  gas, however, most 

o f  those b u i l t  t o  date a r e  l i m i t e d  t o  coa ls  w i t h  a f a i r l y  narrow range 

o f  such c h a r a c t e r i s t i c s  as mo is tu re  content ,  ash f u s i o n  temperature,  and 

coa l  type. I f ,  i n  t h e  f u t u r e ,  t h e  U n i t e d  States i s  fo rced t o  r e l y  more 

h e a v i l y  upon domestic coal  as a bas ic  energy resource, g a s i f i e r s  t h a t  

can t o l e r a t e  changes i n  t h e  supply of  s p e c i f i c  v a r i e t i e s  o f  coal  w i l l  be 

ext remely impor tant .  

F i n a l l y ,  R&D e f f o r t s  are needed t o  improve t h e  cos t  e f f e c t i v e n e s s  

of  environmental  p r o t e c t i o n  technologies.  These i n c l u d e  t h e  separa t ion  

and removal o f  a c i d  gas, removal o f  p a r t i c u l a t e s  a t  h i g h  temperatures, 

and t h e  c o n t r o l  o f  e f f l u e n t s .  
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Technology: 3.5.1 In te rmed ia te  Btu G a s i f i c a t i o n  - Texaco 

I. Physica l  C h a r a c t e r i s t i c s  

1. P l a n t  s i z e  - 168 x lo9 Btu/Day 

2. Capaci ty Fac tor  - 90% 

3. E f f i c i e n c y  - 68% 

4. Coal Type - Ill. no. 6 

5. Annual Q u a n t i t y  I n p u t  - 2.73 x lo6 t o n s  

11. Cost Assumptions Dec. 1980 $s 

1. 

2, 

Overnight C a p i t a l  Cost - $637 x lo6 

Annual C a p i t d l  Charge - $78.6 x lo6 

3. Annual Operat ing Costs 

A. F ixed  

B. Var iab le  
$21.46 x lo6 

4. 

5. 

6. 

Annual Coal Cost - $149 x 106 

Coal P r i c e  - $1.65/106 Btu 

Output Cast - $4.96/106 Btu  gas 

111. Cleanup 

1. S u l f u r  

Data Source: E P R I  TAG Appendix 8-36 
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3,5.2 Combi ned-Cycl e Coal G a s i f i c a t i o n  
-lll_---------ll I __ -~  

Combined-cycle systems are a combinat ion and adap ta t i on  o f  two 

techno log ies :  gas t u r b i n e s  and steam tu rb ines .  Combined-cycle systems 

were o r i g i n a l l y  developed as h igh  e f f i c i e n c y  power u n i t s  u t i l i z i n g  

e i t h e r  d i s t i l l a t e  o i l  o r  n a t u r a l  gas as t h e  fuel .  The combined-cycle 

concept discussed here c o n s i s t s  o f  a coal  g a s i f i e r  which feeds a h igh  

temperature gas t u r b i n e  fo l l owed  by a heat d r i v e n  steam t u r b i n e  

bo t toming cyc le .  Coal g a s i f i c a t i o n  combined c y c l e  p l a n t s  o f f e r  two 

p o t e n t i a l  advantages: e f f e c t i v e - e f f i c i e n t  c o n t r o l  o f  a i r  p o l l u t a n t s  and 

h i g h  energy e f f i c i e n c i e s .  

While t h e r e  are no coinmercial coal  fue led  u n i t s  i n  ope ra t i on  i n  t h e  

Un i ted  Sta tes ,  t h e r e  i s  a demonstrat ion p l a n t  b u i l t  by E P R I  and Southern 

C a l i f o r n i a  Edison a t  t h e  Cool Water Power S ta t i on .  This  p r o j e c t ,  w ide l y  

c h a r a c t e r i z e d  as a t e c h n i c a l  success, serves as t h e  bas is  f o r  t h e  cost  

es t imates  used i n  t h i s  repo r t .  

Combined-Cvcle Coal G a s i f i c a t i o n  - R&D 

For combined c y c l e  coal  g a s i f i c a t i o n  systems t o  be compe t i t i ve  

e l e c t r i c i t y  genera t ion  op t ions ,  t h e i r  r e l i a b i l i t y  must be demonstrated 

and t h e i r  e f f i c i e n c y  improved. The major focus o f  K&0 a t t e n t i o n  t a  date 

has been t h e  ou tpu t  stream from t h e  g a s i f i e r .  Th is  stream inc ludes  

energy i n  two forms: heat and in te rmed ia te  Btu gas which i s  then com- 

busted i n  t h e  gas t u r b i n e .  

With c u r r e n t  technology, energy i s  l o s t  because t h e  i n te rmed ia te  

B t u  gas must be cooled p r i o r  t o  i n t r o d u c t i o n  i n t o  the  gas tu rb ine .  

Coa l ing  i s  r e q u i r e d  f o r  two reasons: (1) e f f l u e n t  streams c o n t a i n  both 
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s u l f u r  and ash p a r t i c l e s  t h a t  must be removed p r i o r  t o  e n t r y  i n t o  the  

gas t u r b i n e .  S u l f u r  removal i s  necessary f o r  environmental  reasons, 

and p a r t i c l e  removal i s  necessary t o  p r o t e c t  the  t u r b i n e  from damage. 

Present cleanup technology requ i res  t h a t  the  e f f l u e n t   as be cooled p r i o r  t o  

c leaning.  ( 2 )  Present m a t e r i a l  c a p a b i l i t i e s  l i m i t  t h e  t u r b i n e  i n l e t  

temperatures o f  t h e  gas t o  2000°F. Were i t  p o s s i b l e  through R&D t o  

c lean ho t  gases and/or develop m a t e r i a l s  which are r e s i s t a n t  t o  e ras ion  

and c o r r o s i o n  w h i l e  m a i n t a i n i n g  t h e  necessary s t r u c t u r a l  p r o p e r t i e s  a t  

temperatures o f  2400°F o r  more, s u b s t a n t i a l  e f f i c i e n c i e s  cou ld  r e s u l t .  

I n  t h e  most o p t i m i s t i c  case, a 252 thermal e f f i c i e n c y  improvement may 

be poss ib le .  For t h e  o v e r d l l  system t h i s  would increase t h e  conversion 

e f f i c i e n c y  from coal  t o  e l e c t r i c i t y  from 35 t o  41%. 

I n c r e a s i n g  t h e  gas t u r b i n e  i n l e t  temperature may have two e f f e c t s .  

F i r s t ,  t h e  h igher  temperature makes t h e  gas t u r b i n e  i t s e l f  more e f f i -  

c i e n t .  Second, because t h e  exhaust would be a t  a h i g h e r  temperature, 

t h e  steam c o n d i t i o n s  i n  t h e  heat recovery steam bot toming c y c l e  would 

c o n t r i b u t e  t o  g r e a t e r  o v e r a l l  system e f f i c i e n c y .  

G a s i f i e r  e f f i c i e n c y  improvements may a l s o  be p o s s i b l e  w i t h  develop- 

ment o f  b e t t e r  coal  feed systems. For example, t h e  Texaco g a s i f i e r  

system uses a coal -water  s l u r r y  feed t h a t  i s  t y p i c a l l y  50 t o  70% coal  

s o l i d s  and 30 t o  50% water. M a i n t a i n i n g  a h i g h  s o l i d s  concent ra t ion  i s  

bo th  t e c h n i c a l l y  d i f f i c u l t  and an impor tant  c o n t r i b u t o r  t o  e f f i c i e n c y .  

For instance,  a system feeding s o l i d s  a t  50% concent ra t ion  w i l l  be 

2.5 percentage p o i n t s  lower i n  e f f i c i e n c y  than one w i t h  67% s o l i d s  



concent ra t ion .  From an e f f i c i e n c y  s tandpo in t ,  i t  i s  as impor tant  t o  

develop r e l i a b l e  h i g h  concen t ra t i on  s l u r r y  pumping systems as i t  i s  

t o  develop advanced gas t u r b i  ne techno1 ogy , a1 though most devel oprnent 

has been d i r e c t e d  toward t u r b i n e  technology. For f u r t h e r  d iscuss ion  see 

the g a s i f i c a t i o n  sec t i on  (3.5.1). 

I n  t h e  i d e a l  case b e t t e r  coal  feed t o  t h e  g a s i f i e r  p lus  t h e  a b i l -  

i t y  t o  use h ighe r  temperature e f f l u e n t  streams from the  g a s i f i e r  could 

g i v e  coal  t o  e l e c t r i c i t y  e f f i c i e n c i e s  o f  about 43%. 
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Technolagy: 3.5.2 Combined Cycle-Texaco Gasifierl24OO"F Turb ine 

I .  Physica l  C h a r a c t e r i s t i c s  

1. P lan t  S i z e  - 1157 MW 

2. Capaci ty  Fac tor  - 70% 

3. E f f i c i e n c y  - 39% 

4.  Coal Type - Eastern 

5. Annual Q u a n t i t y  Used 

11. Cost Assumptions 1978 $s 

1. 

2. 

3. Annual Opera t ing  Costs 

Overn ight  Cap i ta l  Cost - $866 x 106 

Annual Cap i ta l  Charge - $107 x 106 

A. Fixed $23.9 x l o 6  
5. Va r iab le  $2.7 x l o 6  
Annual Coal Cast - $102.9 x l o 6  
Coal P r i c e  - $1.65/106 Btu 

4. 

5. 

6. Output Cost - $.0519/kWh 

111. Cleanup 

1. S u l f u r  

2. NO, 

3. Ash 

Data Source: E P R I  AP 1725 
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Technology: 3.5.2 Combined Cycle-Lurgi  Gasi f ierJ2400"F Gas Turb ine 

I .  Physica l  C h a r a c t e r i s t i c s  

1. P l a n t  S ize - 988 MW 

2. Capaci ty  Fac tor  - 70% 

3. E f f i c i e n c y  - 35% 

4. Coal Type - Eastern 

5. Annual Q u a n t i t y  Used 

11. Cost Assumptions 1978 $s 

1. 

2. 

3. Annual Operat ing Costs 

Overn ight  C a p i t a l  Cost - $817.6 x lo6  

Annual C a p i t a l  Charge - $100.9 x lo6 

A. F ixed $26.7 x lo6 

B. V a r i a b l e  $6.1 x lo6 

Annual Coal Cost - $97.5 x lo6 

Coal P r i c e  - $1.65/106 Btu  

4. 

5. 

6. Output Cost - $.0594/kWh 

111. Cleanup 

1. S u l f u r  

2. NO, 

3.  Ash 

Data Source: E P K I  AP 1725 
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Techno1 ogy : 3.5.2 

I .  Physica l  C h a r a c t e r i s t i c s  

1. P lan t  S ize  - 1000 MW 

2. Capaci ty  F a c t o r  - 65% 

3. E f f i c i e n c y  - 36.1% 

4 .  Coal Type - Ill. No. 6 

5. 

Combi ned Cycl e - Texaco Gasi f i e r  

Annual Q u a n t i t y  Used - 2.67 x 106 t o n s  

11. Cost Assumptions Dec, 1980 $s 

1. 

2. 

3. Annual Opera t ing  Costs 

Overn ight  Cap i ta l  Cost - $995 x lo6 

Annual C a p i t a l  Charge - $122.8 x lo6 

A. F ixed  $17.7 x IO6 

8. Va r iab le  $12.5 x 106 

4. 

5. 

Annual Coal Cost - $88.8 x lo6 

Coal P r i c e  - $1.65/106 Btu  

6. Output Cost - $.0518/kWh 

111. Cleanup 

1. S u l f u r  

2. NO, 

3 .  Ash 

Data Source: EPRI TAG Appendix B-64 
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3.5.3 Fuel C e l l s  

D i r e c t  convers ion  o f  chemical energy i n t o  e l e c t r i c i t y  through a 

f u e l  c e l l  bypasses t h e  mechanical s tep i n  s team-e lec t r i c  p l a n t s  and i s  

t hus  not l i m i t e d  t o  t h e  Carnot e f f i c i e n c y .  Thermal e f f i c i e n c i e s  g rea te r  

t han  50% a re  t h e o r e t i c a l l y  p o s s i b l e  and have been demonstrated on a 

l a b o r a t o r y  scale. Fuel c e l l  technology is n e a r l y  as o l d  as we t -ce l l  

b a t t e r i e s .  As i n  convent iona l  b a t t e r i e s ,  a f u e l  c e l l  employs a p a i r  o f  

e lec t rodes  separated by an e l e c t r o l y t e .  The e l e c t r o l y t e  i s  a medium f o r  

i o n  t r a n s p o r t  from one e l e c t r o d e  t o  t h e  other.  Fuel u s u a l l y  i n  the  form 

of hydrogen, al though carbon monoxide and methane can be used i n  some 

designs, i s  fed i n t o  t h e  e l e c t r o l y t e .  The hydrogen e l e c t r o c h e m i c a l l y  

combines w i t h  oxygen, which i s  f ed  i n  t h e  forin of a i r ,  t o  form water 

r e l e a s i n g  heat and e l e c t r i c i t y .  To gain maximum e f f i c i e n c y  t h e  heat i s  

u s u a l l y  env is ioned as powering a steam bottoming cyc le .  There are 

severa l  f u e l  c e l l  concepts t h a t  have been developed i n c l u d i n g  a l k a l i n e ,  

phosphor ic ac id ,  mol t e n  carbonate, sol i d  ox ide  and sol i d  polymer f u e l  

c e l l s .  For t h e  purpose o f  t h i s  study o n l y  phosphoric a c i d  and molten 

carbonate f u e l  c e l l s  a r e  considered. The phosphoric a c i d  c e l l  repre- 

sents commercial technology and the  molten carbonate f u e l  c e l l  repre-  

sents an advanced system. 

Un i ted  Technologies has b u i l t  65 12.5 kW phosphoric a c i d  f u e l  c e l l s  

and completed a 4.8 MW demonstrat ion p lan t .  The costs  presented here 

a re  conceptual and no t  backed by ac tua l  experience. 
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Fuel C e l l  -R&D I 

The o v e r a l l  thermal e f f i c i e n c y  o f  a f u e l  c e l l  power p l a n t  depends 

h e a v i l y  on t h e  temperature a t  which i t  operates. There a r e  two 

reasons f o r  t h i s .  F i r s t ,  a t  a h igher  temperature, t h e  e lect rochemical  

r e a c t i o n s  occur more r a p i d l y  than they  do a t  lower temperature and 

t h e  i n t e r n a l  losses are  less.  Second, a t  h igher  temperatures, the  

r e j e c t e d  heat makes t h e  bottoming c y c l e  more e f f i c i e n t .  Th is ,  then, i s  

t h e  impetus t o  develop t h e  h igher  temperature molten carbonate system. 

However, even t h e  more w e l l  developed phosphor ic a c i d  f u e l  c e f l  

presents  d i f f i c u l t  t e c h n i c a l  problems. The shortness o f  a c t i v e  c e l l  

l i f e  i s  probably  t h e  most c r i t i c a l  t e c h n i c a l ,  and, t h e r e f o r e ,  economic 

problem s ince  i t  r e q u i r e s  f requent  replacement o f  the  f u e l  c e l l  stack.  

The eng ineer ing  compromises i n v o l v e d  i n  b u i l d i n g  f u e l  c e l l  s tacks l e a d  

t o  a host  o f  problems such as g l a t e  warping, i n t e r n a l  s h o r t s ,  e l e c t r o -  

l y t e  leakage, and increases i n  contac t  r e s i s t a n c e  between elements o f  

t h e  c e l l  stack. A v a i l a b l e  data on c e l l  l i f e  i n d i c a t e  o p e r a t i n g  t imes o f  

500 t o  2000 hours. Th is  i s  about 10 t imes l e s s  than t h e  10,000-20,000 

hours t h a t  are considered necessary f o r  commercial operat ion.  

Programs aimed a t  improving t h e  c e l l  l i f e  o f  phosphor ic a c i d  

systems and o v e r a l l  development o f  t h e  h i  gher temperature mol t e n  

carbonate f u e l  c e l l s  have p o t e n t i a l  f o r  improv ing t h e  economics o f  t h e  

fuel c e l l  system. 
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Technology: 3.5.3. Fuel C e l l s  (Mol ten Carbonate) - Texaco G a s i f i c a t i o n  

I .  Physica l  C h a r a c t e r i s t i c s  

1. P l a n t  S ize - 1430 MW 

2. Capaci ty  Fac tor  - 70% 

3 .  E f f i c i e n c y  - 48% 

4. Coal Type - Eastern 

5. Annual Q u a n t i t y  Used 

11. Cost Assumptions 1978 $s 

1. 

2.  Annual C a p i t a l  Charge - $128 x 106 

3 .  Annual Operat ing Costs 

Overn ight  C a p i t a l  Cost - $1038 x 106 

A. Fixed $26.4 x lo6 

B. V a r i a b l e  $2.6 x lo6 

Annual Coal Cost - $103.5 x lo6 

Coal P r i c e  - $1.65/106 Btu 

4. 

5. 

6. Output Cost - $.0462/kWh 

111. Cleanup 

1. S u l f u r  

2. NO, 

3. Ash 

Data Source: E P R I  AP 1725 
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Technology: 3.5.3. Fuel C e l l  (d ispersed)  - Texaco G a s i f i c a t i o n  (no t  

i n c l  uded) 

I. Physica l  C h a r a c t e r i s t i c s  

1. P l a n t  S i z e  - 30 MW 

2, Capaci ty Fac to r  - 65% 

3. E f f i c i e n c y  - 41% 

4. Gas Type - I n t .  Rtu from Texaco Process 

5. Annual Q u a n t i t y  Used 

Cost Assumptions Dec. 1980 $s 

1. 

2. 

3. Annual Operat ing Costs 

11. 

Overnight C a p i t a l  Cast - $18 x lo6 

Annual C a p i t a l  Charge - $2.2 x lo6 

A. F ixed $.068 x lo6  

B. V a r i a b l e  $.512 x 106 

4. 

5. 

Annual Gas Cost - $5.5 x lo6 

Gas P r i c e  - $3.88/106 Btu 

6. Output Cost - $.0597/kWh 

111. Cleanup 

1. S u l f u r  

2. NOx 

3. Ash 
..- _ _ _ _ _ _ _ _ ~ -  

Data Source: E P K I  TAG Appendix B-87 
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Technology: 3.5.3 Fuel C e l l s  (Phosphor ic Ac id )  - Texaco G a s i f i c a t i o n  

( i n c l u d e d )  

I .  Physica l  C h a r a c t e r i s t i c s  

1. P l a n t  Size - 1500 MW 

2. Capaci ty  Fac tor  - 65% 
3. E f f i c i e n c y  - 32.2% 
4. Coal Type - I l l .  No. 6 

5. Annual Q u a n t i t y  Used - 4.5 x 106 t o n s  

11. Cost Assumptions Dec. 1980 $s 

1. Overn ight  C a p i t a l  Cost - $1448 x lo6 

2. 

3. Annual Operat ing Costs 

Annual C a p i t a l  Charge - $178 x 106 

A. F ixed  $24.8 x 106 

B. V a r i a b l e  $85.4 x lo6 

4. Annual Coal Cost - $149'5 x IO6 

5. Coal P r i c e  - $1.65/106 & t u  

6. Output Cost - $.0626/kWh 
111. Cleanup 

1. S u l f u r  

2. NO, 

3. Ash 
----I--- 

Data Source: EPRI  TAG Appendix 8-69 (CEKL IR E 85/94 pp. 64.) 



80 

I-..--- I n d i r e c t  L i q u e f a c t i o n  - D e s c r i p t i o n  3.5.5 

I n d i r e c t  L i q u e f a c t i o n  r e f e r s  t o  a s e t  o f  processes t h a t  conver t  a 

feedstock gas t o  usable l i q u i d  fue ls .  Feedstock gas can come from an 

i n t e r m e d i a t e  Btu coal g a s i f i c a t i o n  process o r  more d i r e c t l y  from n a t u r a l  

gas. Al though many d i f f e r e n t  process designs e x i s t  and have been exper i -  

mented w i th ,  t h e  two which have exper ienced t h e  most development are 

F i  scher-Tropsch (FT)  and Mobi 1 methanol - to-gasol  i n e  (MTG) . These two 

are  t h e  focus o f  t h i s  d iscuss ion.  The Fischer-Tropsch process can con- 

v e r t  feedstock gas i n t o  gasol ine,  d i e s e l  f u e l ,  f u e l  o i l ,  and alcohols. 

A l t e r n a t i v e l y  feedstock gas may be converted i n t o  methanol v i a  methanol 

syn thes is ,  and then t o  gaso l ine  by t h e  (MTG) process. 

The F-T process was invented  p r i o r  t o  W W I I  and has been operated 

on a commercial sca le.  C u r r e n t l y  t h e  o n l y  commercial sca le  F-T i n d i r e c t  

1 i q u e f a c t i o n  opera t ion  i s  SASOL i n  South A f r i c a  where t h e  j u s t i f i c a t i o n  

for  t h e  c o n s t r u c t i o n  was n a t i o n a l  s e c u r i t y ,  no t  economic compet i t iveness. 

Under most f u t u r e  petroleum p r i c e  scenar ios,  the  h i g h  cos t  o f  commercial 

sca le  F-T l i q u i d  p roduc t ion  makes i t  economical ly u n a t t r a c t i v e .  

The MTG process i s  r e l a t i v e l y  new. The f i r s t  commercial sca le  

p l a n t  i s  c u r r e n t l y  be ing b u i l t  i n  New Zealand t o  produce 13,000 bb l /day  

o f  gaso l ine  from n a t u r a l  gas v i a  methanol. New Zealands's l a c k  o f  

n a t u r a l  l i q u i d s  combined w i t h  i t s  p l e n t i f u l  supply o f  n a t u r a l  gas g ives 

i t  t h e  i d e a l  economic c h a r a c t e r i s t s  for  commercial i n d i r e c t  l i q u e f a c t i o n .  

The much l a r g e r  c a p i t a l  investment r e q u i r e d  f o r  coal  -based feedstock gas 

produc t ion  makes i n d i r e c t  l i q u e f a c t i o n  i n  t h e  Un i ted  States u n a t t r a c t i v e  

a t  present  wor ld  o i l  p r i c e s .  
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I n d i r e c t  L i q u e f a c t i o n  - R&D - _I_I_ 

A1 though i n d i  r e c t  1 i quef a c t i  on techno1 og ies  are  near t h e  commerci a1 

development stage, t h e r e  are  many areas where cont inued R&D i s  needed. 

O f  pr ime importance i n  t h e  14.5. i s  e f f i c i e n c y  improvements and cost  

reduc t ions  i n  t h e  coal  g a s i f i c a t i o n  process. For  more i n f o r m a t i o n  on 

t h i s  t o p i c  see Sect. 3.5.1, In te rmed ia te  Btu G a s i f i c a t i o n .  

F i n a l l y ,  t h e r e  a r e  areas f a r  t e c h n i c a l  improvement i n  t h e  l i q u e f a c -  

t i o n  process i t s e l f .  Increased thermal e f f i c i e n c i e s  and improvements i n  

c a t a l y s t  a c t i v i t y  r a t e s  and more s e l e c t i v e  c a t a l y s t s  can inc rease system 

o u t p u t  and lower  costs .  S i g n i f i c a n t  improvements a re  needed be fore  

i n d i r e c t  l i q u e f a c t i o n  becomes commercial. 
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Technology: 3.5.5 I n d i r e c t  L i q u e f a c t i o n  (Methanol from Coal )  

Texaco G a s i f i c a t i o n  

I. Phys ica l  C h a r a c t e r i s t i c s  

1. 

2. Capaci ty  Fac tor  - 90% 

Plan t  s i z e  - 210 x lo9 Btu lday  

3. E f f i c i e n c y  - 57.8% 

4. Coal Type - Ill. no 6 

5. Annual Q u a n t i t y  Used - 3.42 x lo6  tons  

11. Cost Assumptions Dec, 1980 $s 

1. 

2. 

Overn ight  Cap i ta l  Cost - $1.415 x 109 

Annual C a p i t a l  Charge - $175 x lo6 

3. Annual Opera t ing  Costs 

A. F ixed  

B. Va r iab le  

Annual Coal Cost - $196.7 x lo6 

Coal P r i c e  - $1.65/106 Bter 

Output Cost - $7.92/106 Btu  = $20.8/bbl 

1 $75.9 x 106 

4. 

5. 

6. 

111. Cleanup 

1. S u l f u r  

2. NO, 

3. Ash 

Data Source: EPRI  TAG Appendix €3-34 
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3.6 D i  r e c t  L 3 u e f a c t i o n  
cI_ --_1 

D i r e c t  coal  l i q u e f a c t i o n  prov ides  a means of producing u s e f u l  

l i q u i d  f u e l s  f rom coa l  w i t h o u t  going through t h e  g a s i f i c a t i o n  stage. 

Several d i  r e c t  1 i quefac t  i o n  processes have been bu i  1 t and t e s t e d  a t  

small sca le  [e.g., H-coal, Exxon Donor Solvent  (EDS)], b u t  l a r g e  scale 

development o f  these techno log ies  has no t  looked economical ly  a t t r a c t i v e .  

The major p o t e n t i a l  advantages of d i r e c t  l i q u e f a c t i o n  are h i g h  thermal 

e f f i c i e n c i e s ,  and h i g h  y i e l d  o f  h i g h  q u a l i t y  l i q u i d  products  ( e . g . ,  

gasal i n e ) .  The p r i n c i p a l  problems stem from t h e  severe o p e r a t i n g  con- 

d i t i o n s  i n v o l v i n g  coa l  s l u r r i e s ,  t h e  h i g h  degree of i n t e g r a t i o n  found 

among process steps, and t h e  h i g h  c a p i t a l  and o p e r a t i n g  costs .  

The H-Coal process i s  a d i r e c t  c a t a l y t i c  hydro1 i q u e f a c t i o n  process. 

A heated s l u r r y  (33% c o a l )  i s  forced i n t o  a pressur ized  r e a c t o r  and 

moves through 3 c a t a l y s t  bed causing t h e  bed t o  f l u i d i z e .  Because t h e  

c a t a l y s t  i s  i n  a cons tan t  s t a t e  o f  f l u i d i z a t i o n ,  f r e s h  c a t a l y s t  can be 

added as necessary t o  m a i n t a i n  t h e  d e s i r e d  reac t ions .  The H-Coal pro- 

cess can produce a broad spectrum o f  hydrocarbon l i q u i d s  ranging from 

1 ow-sul f u r  f u e l  o i  1 t o  an a1 1 -di s t i  11 a t e  syn-crude. 

The EDS process uses a feed o f  coal  i n  a so lvent  t h a t  has been 

c a t a l y t i c a l l y  hydrogenated t o  improve i t s  hydrogen donor p r o p e r t i e s .  

The EDS process has t h e  advantage t h a t  i t  does no t  r e q u i r e  a separate 

c a t a l y s t .  The r e a c t o r  e f f l u e n t  i s  d i s t i l l e d  t o  recover  t h e  so lvent  

which i s  rehydrogenated and recyc led  back t o  t h e  main reac tor .  The 

l i q u i d  products  i n c l u d e  naphtha, l o w - s u l f u r  f u e l  o i l  and C 3  - Cq LPG. 
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Small sca le  d i r e c t  l i q u e f a c t i o n  p l a n t  t e s t s  i n d i c a t e  t h a t  l i q u i d  

f u e l s  f rom commercial sca le  operat ions would cos t  about 50% more than 

t h e  c u r r e n t  p r i c e  o f  crude o i l .  It must be emphasized, however, t h a t  

t h e  inherent  u n c e r t a i n t i e s  associated w i t h  sca le  up t o  commercial s i z e  

make these cost  est imates s o f t .  

D i r e c t  L i q u e f a c t i o n  - ". RAD .- .. .- 
-_I 

Some argue t h a t  t h e  H-Coal process i s  t e c h n i c a l l y  ready for conmer- 

c i a l i z a t i o n  b u t  R&D i s  c l e a r l y  needed t o  make i t  economical ly com- 

p e t i t i v e .  One area of need i n v o l v e s  improving t h e  range o f  t h e  ou tpu t  

products.  The goal i s  t o  increase t h e  percentage o f  h i g h  q u a l i t y  

t r a n s p o r t a t i o n  f u e l s  produced. 

Another area f o r  improvement i n  l i q u e f a c t i o n  i n v o l v e s  the  more 

e f f i c i e n t  use o f  hydrogen. Cur ren t ly ,  up t o  25% o f  t h e  t o t a l  hydrogen 

i s  consumed i n  t h e  produc t ion  o f  complex hydrocarbons. Reduction i n  

process hydrogen consumption would lower product cost .  

Studies o f  coal  l i q u e f a c t i o n  i n d i c a t e  t h a t  t h e  process takes p lace 

i n  a s e r i e s  o f  sequent ia l  reac t ions  t h a t  may have very d i f f e r e n t  optimum 

r e a c t i o n  c o n d i t i o n s ,  Th is  suggests t h a t  i t  would be advantageous t o  

c a r r y  out  t h e  process i n  separate stages, Most work i n  t h e  U n i t e d  Sta tes  

has focused on s i n g l e  stage o r  r e a c t o r  processes. What seems c l e a r  i s  

t h a t  t h e r e  are  m u l t i p l e  op t ions  a v a i l a b l e  f o r  d i r e c t  l i q u e f a c t i o n  and 

much R&Q i s  necessary be fore  t h e  opt imal  approach i s  i d e n t i f i e d .  
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Techno1 ogy : 3.6 D i  r e c t  L i q u e f a c t i o n  - H-Coal 

1. Phys ica l  C h a r a c t e r i s t i c s  

1. 

2. Capaci ty Fac tor  - 90% 

3.  E f f i c i e n c y  - 68.4% 

4. Coal Type - Eastern 

5. 

P l a n t  s i z e  - 250 x l o 9  Btu lday  

Annual Q u a n t i t y  Used - 4.06 x l o 6  t o n s  

11. Cost Assumptions Dec. 1980 $s 

1. 

2. 

Overn ight  C a p i t a l  Cost - $1.415 x lo9 

Annual C a p i t a l  Charge - $175 x 106 

3. Annual Operat ing Costs 

A.  Fixed 

5. V a r i a b l e  
1 $96.1 x l o 6  

4. Annual Coal Cost - $197 x 106 

5. Coal P r i c e  - $1.65 Btu 

6. Output Cost - $6.97/106 Btu = $45.7/bbl L i q u i d  

Products 
naphtha 
t u r b i n e  f u e l  
d i s t i l l a t e  b o i l e r  f u e l  

-- 

111. Cleanup 

1. S u l f u r  

2. NOx 

3. Ash 

Data Source: E P K I  TAG Appendix B-30 
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Technology: 3.6 D i r e c t  L i q u e f a c t i a n  - H-Coal 

I .  Physica l  C h a r a c t e r i s t i c s  

1. P l a n t  s i z e  - 250 x lo9 Rtulday 

2. Capaci ty Factor  - 90% 

3. E f f i c i e n c y  - 61% 

4. Coal Type - Western 

5 .  Annual Q u a n t i t y  Used - 5.11 x l o 6  tons 

11. Cost Assumptions Dec. 1980 $s 

1. 

2. 

Overnight C a p i t a l  Cost - $1.6 x l o 9  

Annual C a p i t a l  Charge - $197.5 x lo6  

3. Annual Operat ing Costs 

A. F ixed  

B. Var iab le  

Annual Coal Cost - $174 x lo6 

Coal P r i c e  - $1.30/106 Btu 

Output Cost - $7.33/106 Btu = $42/106 b b l  

1 $119 x 106 

4. 

5. 

6. 

Products 
naphtha 
t u r b i n e  fue l  
d i s t i l l a t e  b o i l e r  f u e l  

111. Cleanup 

1. Sul fu r  

2. NO, 

3. Ash 

Data Source: E P R I  TAG Appendix 8-30 
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OUTLINE UF PROPOSED COAL TECHNOLOGY AND 
R&D COST STUDY 

I .  I n t r o d u c t i a n  

1. Statement o f  Purpose 
2. D e s c r i p t i o n  o f  Approach 

11. Technology and R&D Options 

1. Coal Types 
1.1. I l l i n o i s  No. 6 

Bituminous 
A. Cost 
B. S u l f u r  Content 
C. Ash Cantent 

Subbituminous 
A. Cost 
B. S u l f u r  Content 
C. Ash Content 

1.3. East Texas 

A. Cost 
B. S u l f u r  Content 
C. Ash Content 

1.2. Western 

L i g n i t e  

2. Cleaning - Enhancement 

2.1.1. Descr ibe 
A. Cost 
B. S u l f u r  Removal 
C. Ash Removal 

A. Descr ibe 
B. Estimated Cost Reduction 
C.  Estimated R&D Cost 

2.2. Phys ica l  /Chemi ca l  
2.2.1. Descr ibe 

A. Cost 
B.  S u l f u r  Removal 
C. Ash Removal 

A. Descr ibe 
B. Est imated Cost Reduction 
C. Estimated RAD Cost 

2.1. Phys ica l  

2.1.2. R&D Options 

2.2.2. K&D Options 

2.3. Coal/Water S l u r r y  
2.3.1. Descr ibe 

A.  Cost 
B. S u l f u r  Removal 
C.  Ash Removal 
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2.3.2. R&D Options 
A .  Descr ibe 
B. Est imated Cost Reduct ion 
C. Est imated R&D Cost 

2.4. Low Temp P y r o l y s i s  
2.4.1. Descr ibe 

A. c o s t  
B. S u l f u r  Removal 
C. Ash Removal 

A. Descr ibe 
€3. Est imated Cost Reduction 
C. Est imated RbD Cost 

2.4.2. R&D Options 

2.5. B i o l o g i c a l  
2.5.1. Descr ibe 

A. c o s t  
B. S u l f u r  Removal 
C. Ash Removal 

A. Describe 
5. Est imated Cost Reduction 
6. Est imated RAD Cost 

2.5.2. R&D Opt ions 

111. U t i l i z a t i o n  - Conversion 
3.1. I n d u s t r i a l  Process Steam 

( B o i l e r  S ize  250 m i l l i o n  Btus per  hr. heat i n p u t )  
3.1.1. Conventional B o i l e r  

3.1.1 ,l. Describe 
A.  cos t  
8. S u l f u r  Removal 
C. NO, Emissions 

A. Descr ibe 
B. Est imated Cost Reduct ion 
C. Est imated R&D Cost 

3.1.1.2. R&D Opt ions 

3.1.2. F l u i d i z e d  Bed B o i l e r  
3.1.2.1. Descr ibe 

A. Cost 
B. S u l f u r  Removal 
C. NO, Emissions 

A. Oescribe 
B. Est imated Cost Reduction 
C. Est imated R&D Cost 

3.1 - 3 . 1 .  Descr i  be 
A ,  Cost 
B. S u l f u r  Removal 
6 .  NO, Emissions 

A. Descr ibe 
B. Est imated Cost Reduction 
C. Est imated R&D Cost 

3.1.2.2. R&D Options 

3.1.3. Cogeneration 

3.1.3.2. R&D Options 
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3.2. Convent ional  Steam-Elect r ic  
3.2.1. Descr ibe (Base Load) 

A. Cost 
B. S u l f u r  Removal 
C. NO, Emissions 

A. Descr ibe 
8. Est imated Cost Reduction 
C. Est imated R&D Cost 

A .  Cost  
B. S u l f u r  Removal 
C. NO, Emissions 

A .  Descr ibe 
5. Est imated Cost Reduct ion 
C. Est imated R&D Cost 

3.2.2. R&D Options 

3.2.3. Descr ibe FGD (Dry, Wet) 

3.2.4. R&D Options 

3.3. F l u i d i z e d  Bed Steam E l e c t r i c  
3.3.1 Atmospheric 

3.3.1 e 1. Descr ibe 
A. cos t  
B. S u l f u r  Removal 
C. NO, Emissions 

A. Descr ibe 
5. Est imated Cost Reduction 
C. Est imated K&D Cost 

3.3.1.2. R&D Options 

3.3.2. Bressur i  zed 
3.3.2.1 Descr ibe 

A. Cost 
B. S u l f u r  Removal 
C. NO, Emissions 

A. Descr ibe 
B.  Est imated Cost Reductions 
C. Est imated RED Cost 

3.3.2.2. R&D Options 

3.4. R e t r o f i t  Conventional Steam E l e c t r i c  
[ ( l )  F l u i d i z e d  Bed; ( 2 )  Coal Water S l u r r y ;  ( 3 )  Lime 
I n j e c t i o n  (LIMB); ( 4 )  M u l t i s t a g e  Burners; ( 5 )  Two-Stage 
S1 aggi  ng Burner; ( 6 )  M i  c r o n i  zed Coal Cornbusti on ; ( 7 )  FGD] 
3.4.1. Descr ibe A l l  Above 

A. Cost 
B. S u l f u r  Removal 
C. NO, Emissions 
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3.4.2, R&D Options 
A .  Descr ibe 
B ,  Est imated Cost Reduct ion 
C. Est imated R&O Cost 

3.5.1.1. A .  Cost 

3.5.1.2. R&D Options 

3.5. I n t e r m e d i a t e  BTU G a s i f i c a t i o n  
3.5.1. Descr ibe 

5. S u l f u r  Removal 
C. PiO, Emissions 

A. Descr ibe 
6 .  Est imated Cost Reduct ion 
C. Estimated R&D Cost 

3.5.2. Combined Cycle - Coolwater 
3.5.2.1. Descr ibe 

A. Cost 
B. S u l f u r  Removal 
C, NO, Emissions 

A. Descr ibe 
B. Est imated Cost Reduct ion 
C. Est imated R&D Cost 

3.5.2.2. R&D Options 

3.5.3. Fuel  C e l l s  (UTC, Westinghouse) 
( Phosphoric Ac id)  
3.5.3.1. Descr ibe 

A. Cost 
B. S u l f u r  Removal 
C. NO, Emissions 

A. Descr ibe 
B. Est imated Cost Reduct ion 
C. Estimated R&D Cost 

Upgrading - High Btu G a s i f i c a t i o n  - 
1) L u r g i  (Great P l a i n s ) ;  2)  KRW; 3)  Texaco 
3.5.4.1. Descr ibe 

A. Cost 
8. S u l f u r  Removal 
6. NO, Emissions 

A. Descr ibe 
B. Est imated Cost Reduction 
C. Est imated R&D Cost 

3.5.3.2. R&D Options (Mol ten Carbonate) 

3.5.4. 

3.5.4.2. R&D Options 

3.5.5. I n d i r e c t  L i q u e f a c t i o n  - 1) Mobil ; 2) Fischer-Tropsch 
3.5.5.1. Descr ibe 

A. Cost 
B. S u l f u r  Removal 
C. NO, Emissions 
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3.5.5.2. R&D Options 
A .  Descr ibe 
5, Est imated Cost Reduction 
C. Est imated R&D Costs 

3.6. D i r e c t  L i q u e f a c t i o n  
3.6.1. Descr ibe 

A .  Cost 
B. S u l f u r  Removal 
C. NO, Emissions 

A .  Descr ibe 
B. Est imated Cost Reduct ion 
C. Est imated R&D Cost 

3.6.2. R&D Options 

3.7. Gas Turb i  ne/Di esel 
3.7.1. Descr ibe 

A. Cost 
B. S u l f u r  Removal 
C. NO, Emissions 

A.  Descr ibe 
B e  Est imated Cost Reduct ion 
C. Est imated R&D Cost 

3.7.2. R&D Options 

111. Summary and Canclusians 

I V .  Recommendations 
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COST DEFINITIONS AND PARAMETERS 

Costs. A l l  costs  have been c a l c u l a t e d  i n  Bec. 1984 d o l l a r s .  I n  

c o n v e r t i n g  cos ts  t o  Dec. 1984 $ s ,  i t  was assumed t h a t  a l l  cos ts  

esca la ted  a t  t h e  same ra te .  

c a l c u l a t e d  i n  t h e  var ious  $s  i n  which they  were presented. Next, the  

ou tpu t  cost  was converted t o  December 1984 $s us ing  t h e  Consumer P r i c e  

Index f o r  a l l  goods and serv ices.  

Thus, energy ou tpu t  cos ts  were f i r s t  

RAW COAL 

Because var ious technologies and processes may be a p p r o p r i a t e  t o  

one coal  and not  t o  another,  we se lec ted  t h r e e  r e p r e s e n t a t i v e  coal  types. 

Each o f  these coa ls  was assigned a d e l i v e r e d  cos t  per  m i l l i o n  Btus. 

These p r i c e s  were taken from t h e  E P R I  Technical Assessment Guide (TAG) 

(Appendix B-8) and are:  

1. Ill. No.6 $2.01/106 Btus 

( D e l i v e r e d  t o  I l l i n o i s - W i s c o n s i n  area) 

2. Western Bi tuminous $1.59/ 106 Btus 

( D e l i v e r e d  t o  I l l i n o i s - W i s c o n s i n  area) 

3. East Texas L i g n i t e  $1.04/ lo6 Btus 

(Mi nemouth P1 a n t )  

This  i n v e s t i g a t i o n  assumes t h e  above coal costs  t o  be those p a i d  a t  

t h e  entrance t o  t h e  coal  c leaning,  enhancing, u t i l i z a t i o n  o r  conversion 

f a c i l i t i e s .  
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CALCULATING CLEANING, UTILIZATION, OR CONVERSION COSTS 

P l a n t  costs .  P l a n t  cos ts  are o f  two  k i n d s :  C a p i t a l  and Operat ing.  

I n  t h i s  study c a p i t a l  cos ts  r e f e r  t o  overn igh t  o r  instantaneous 

costs .  The overn igh t  c a p i t a l  cos ts  are t h e  cos ts  t h a t  would be i n c u r r e d  

i f  the  p l a n t  cou ld  be b u i l t  ins tantaneously .  

t h a t  overn igh t  c a p i t a l  c o s t s  do no t  i n c l u d e  t h e  cos t  o f  f i n a n c i n g  t h e  

c o n s t r u c t i o n .  I n  extreme cases l o n g  c o n s t r u c t i o n  t imes have r e s u l t e d  i n  

r e a l  c a p i t a l  cos ts  t h a t  are m u l t i p l e s  o f  overn igh t  c a p i t a l  costs.) 

Annual c a p i t a l  cos ts  were c a l c u l a t e d  assuming a 30 y e a r  p l a n t  l i f e  and a 

12% c o s t  o f  c a p i t a l .  The 12% c o s t  o f  c a p i t a l  assumes no i n f l a t i o n  bu t  

( I t  should be emphasized 

does assume such cos ts  as taxes and insurance. I n d i v i d u a l  users o f  the  

r e p o r t  may wish t o  use d i f f e r e n t  a m o r t i z a t i o n  per iods  o r  costs  o f  c a p i t a l .  

Th is  may be done by s u b s t i t u t i n g  t h e  a p p r o p r i a t e  numbers i n  t h e  

f o l l o w i n g  formula. 

a = (1 c i ) n  - 1 
i (1 -t i ) n  

a = c a p i t a l  charge f a c t o r  

i = c o s t  o f  c a p i t a l  

n = a m o r t i z a t i o n  p e r i o d  

I n  t h i s  r e p o r t  t h e  annual c a p i t a l  charge r a t e  f o r  each technology 

i s  determined by d i v i d i n g  t h e  overn igh t  c a p i t a l  cos t  by a c a p i t a l  charge 

f a c t o r  o f  8.1. (For example, a p l a n t  w i t h  an o v e r n i g h t  c a p i t a l  cos t  o f  

$1 b i l l i o n  would have an annual c a p i t a l  charge r a t e  o f  $1 

$123.5 m i l l i o n . )  

= 
8.1 

Operat ing cos ts  i n c l u d e  t h e  cos t  of t h e  raw coal  p l u s  labor ,  

mal  ntenance, and overhead costs .  End-use energy costs  are c a l c u l a t e d  by 
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adding annual c a p i t a l ,  opera t ing  and f u e l  costs ,  and d i v i d i n g  t h e  sum 

by t h e  annual energy output .  Th is  g ives t h e  cos t  i n  terms o f :  (1) $s 

per  m i l l i o n  Btus o f  cleaned coal  o r  enhanced s o l i d s ;  ( 2 )  8s per  m i l l i o n  

B tus  o f  steam; ( 3 )  p e r  kNh $s  o f  e l e c t r i c i t y ;  ( 4 )  $s per thousand 

cub ic  f e e t  o f  gas; o r  (5 )  Bs per  b a r r e l  o f  l i q u i d s .  

The q u a n t i t y  o f  i n p u t  r a w  coal ,  i s  c a l c u l a t e d  i n  t h r e e  steps. 

F i r s t ,  we assume t h e  p l a n t  operates a t  100% o f  capac i ty  when runn ing  

Second, t h e  ac tua l  annual energy ou tpu t  i s  c a l c u l a t e d  by m u l t i p l y i n g  

100% o f  output  c a p a c i t y  by t h e  capac i ty  f a c t a r  (percentage o f  t h e  year  

i t  i s  i n  o p e r a t i o n ) .  T h i r d ,  t h e  q u a n t i t y  o f  i n p u t  coal  i s  c a l c u l a t e d  by 

d i  v i  d i  ng t h e  p l  a n t  ' s e f f i c i e n c y  i n t o  t h e  pl  a n t  I s  annual energy output.  

The c a l c u l a t i o n  of annual coal  cos t  then i n v o l v e s  m u l t i p l y i n g  t h e  

c o s t  o f  each 106 Btus o f  coal  t imes annual q u a n t i t y  of  106 Btus o f  coal  

i n p u t  
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