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FLUIDIZED-BED COMBUSTION PROCESS. EVALUATION AND PROGRAM SUPPORT 
QUARTERLY RE PORT 

. October-December 1979 

I r v i n g  Johnson, W. I?. Podolski ,  R. F. Henry, J. E. Hanway," 
K. E. Griggs,**. E. L. Carls, and A. A. Jonke 

Argonne National  Laboratory i s ' u n d e r t a k i n g  s e v e r a l  t a s k s  
p r i m a r i l y  i n  suppor t  of t h e  p re s su r i zed  f luidized-bed combustion 
(PFBC) p r o j e c t  management team a t  ~ o r ~ a n t o w n  Energy Technology Center 
(METC) . 

. f i e  Experimental Program ~ i r e c t o r  of t h e  ~ n t e r n a t i o n a l  ~ n e r g j r  
Agency p re s su r i zed  f luidized-bed combus t i o n  p r o j e c t  was s e l e c t e d .  

Work i s  ' ihder  way t o  provide  f luidized-bed combustion process  
eva lua t ion  and program suppor t  t o  METC,-including development of 
a planning methodology f o r  PFBC technology development, de te rmina t ion  
of  t he  s t a t e  of  t h e  ' a r t  of i n s t r m k n t a t i o n  f o r  FBC a p p l i c a t i o n s ,  
and eva lua t ion  of t h e  performance c a p a b i l i t y  of cyclones f o r  ho t -  

. gas c l ean ing  i n  PFBC systems. 
. . 

INTRODUCTION 

This  r e p o r t  is  t h e  f i r s t  i n  a series of r e p o r t s  d e s c r i b i n g  s e v e r a l  t a s k s  
which ' ~ r g o n n e  National  Laboratory (ANL) i s  performing, p r imar i ly  i n  suppo'rt  of 
t h e  DOE p re s su r i zed  f luidized-bed combustion (PFBC) p r o j e c t  management team 
a t  Morgantown Energy Technology Center (METC).   his a c t i v i t y  is ,  an outgrowth 
of t h e  PFBC.Coinponent Tes t  and I n t e g r a t i o n  Unit  p r o j e c t  a t  A N L . " ~ f t e r  t h e '  
completibn of t h e  pre l iminary  des ign  and a p o r t i o n  of t h e  subsequent d e t a i l e d  
des ign  i n  August .l978,-DOE decided n o t  t o . comple t e  t he  d e t a i l e d  deqign.and 
cons t ruc t ion  phases of t h e  f a c i l i t y .  The t e c h n i c a l  d i r e c t o r  of t h e  CTIU 
p r o j e c t ,  E. L. Ca r l s ,  was subsequent ly  s e l e c t e d  a s  t h e  Experimental Program 
Di rec to r  f o r  t h e  I n t e r n a t i o n a l  Energy Agency (IEA) PFBC experimental  f a c i l i t y  
under c o n s t r u c t i o n  a t  Grimethorpe, U.K. METC, which ' h a s  been ass igned  p r o j e c t  
management r e s p o n g l b i l i t y  f o r  s e v e r a l  DOE-sponsored PFBC p r o j e c t s ,  a l s o  
reques ted  ANL a s s i s f a n c e  i n  reviewing (1) t h e  Curtis,s-Wright PFBC p s l o t  p l a n t  
program and '  (2) t h e  experimental  program and r e sea rch  in s t rumen ta t ion  proposed 
f o r  t h e  TEA f a c i l i t y .  

I n  t h e  c u r r e n t  program, support  cont inues  f o r  t h e  Experimental Program 
D i r e c t o r  a t  t h e  Grimethorpe p r o j e c t  and f o r  s e v e r a l  add i t i -ona l  t a s k s  i n  
a s s i s t a n c e  t o  METC. These t a s k s  i nc lude  t h e  development of a p lanning  
m e t h o d o l o g y , f o ~ . , ~ ~ C  technology development, de te rmina t ion  of t h e  s t a t e  of  

* 
consul  tkt , JeCun Engineers ,  Tnc. , Napervl l le ,  IL . 
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I n d u s t r i a l  p a r t i c i p a n t ,  F luor  Power Se rv i ces ,  Inc . ,  Chicago, IL . .  



t h e  a r t  of ins t rumenta t ion  f o r  FBC app l i ca t ions ,  and evaluat ion  of the  
performance c a p a b i l i t y  of cyclones f o r  hot-gas cleaning 9n PFBC systems. 

I. EXPERIMENTAL. PROGRAM' DIRECTION FOR INTERNATIONAI;.. 'ENERGY 
AGENCY PRESSURIZED FLUIDIZED-BED COMBUSTION PROJECT 

E. L. Car l s  was appointed Experimental Program Direc tor  f o r  t h e  
I n t e r n a t i o n a l  Energy Agency (IEA) pressur ized  fluidized-bed combustion (PFBC) 
p r o j e c t  a t  Grimethorpe, U.K. i n  December, 1978. I n  t h i s  capaci ty ,  M r .  Carls  
funct ions  a s  a member of t h e  s t a f f  of Argonne National  ~ a b o r a t o r y  on s p e c i a l  
assignment, secondment t o  IEA. H e  i s  i n  residence a t  the  p r o j e c t  s i t e .  P r i o r  
t o  th i s ' a s s ignment ,  M r .  Car ls  was Technical Direc tor  of  t h e  PFBC Component 
Tes t  and ~ n t e ~ r ' a t i o n  Unit p r o j e c t  a t  Argonne. 

In h i s  cu r ren t  assignment, M r .  Car ls  i s  responsib le  f o r  preparing the  
experimental prograni p lans ,  analyzing d a t a  and r e s u l t s  from experimental 
campaigns, and prepar ing  and dissemi.na t i n g  repor t s  and o t h e r  docmeiatiitioll . 
conce~ming Lhe experimental program a t  , t h e  Grimethorpe experimental f a c i l i t y .  
Cqnstruct ion of the  f a c i l i t y  is  near ing  completion. 

11. DEVELOPMENT OF *METHODOLOGY FOR' PRESSURIZED 
FLUIDIZED.-BED COMBUSTION TECHNOLOGY 

A repor t  on development methodology f o r  accomplishing commercialization 
of PFBC technology i n  a timely'manner has been prepared i n  d r a f t  form and has 
been t r ansmi t t ed  t o  Morgantown Energy Technology Center (METC) f o r  review and 
comment. This methodology at tempts t o  c o r r e l a t e  and systematize p a s t  and 
ongoing developmental worK i n  PFBC; t o  def ine  the  remaining s i g n i f i c a n t  
problems i n  PFBC t h a t  adversely impact commercial usage; to evolve r e a ~ o n a b l e  
and p r a c t i c a b l e  engineering approaches f o r  s o l u t i o n  of these  p rob lem i n  
e x i s t i n g ,  modified, o r  new experimental facilities of s u f f i c i e n t  E ~ X P .  and 
appropriate c a a f ~ g u r a t i o n  f o r  r e l i a b l e  ex t rapo la t ion  t o  commercial u n i t s ;  
and l a s t l y ,  t o  provide rap id  t r a n s f e r  of performance d a t a  t o  prospect ive  users  
of PFBC technology. The methodology i s  designed t o  fu rn i sh  t h e  g r e a t e r  
degree of program i n t e g r a t i o n  and coordinat ion necessary during f u t u r e  func- 
t i o n a l l y  o r i en ted  commercialization effnrts .  

The proposed methodology f o r  cont inuat ion ,  i n t e g r a t i o n ,  and coordinat ion  
of  t h e  PFBC development program i s  ou t l ined  i n  Fig. 1. A s  shown, i t  cons i s t se  
of e i g h t  major elements. 

L 
(I) Def in i t ion  of s i g n i f i c a n t ,  problems a s  b a r r i e r s  t o  commercial 

u t i l i z a t i o n  by comparing PFBC program ob jec t ives  wi th  present  
performance experience and da ta  bases. 

(2) Charac te r i za t ion  of existing PFBC developmental f a c i l i t i e s  ' a d  
. , t h e i r  relevance t o  t h e  requirements of p,rogram ob jec t ives  and/or 

problem so lv ing  needs. 

(3)  c o r r e l a t i o n  of program ob jec t ives  and problem-solving needs with 
e x i s t i n g  PFBC - f a c i l i t y  c a p a b i l i t i e s  (o r  c a p a b i l i t i e s  of f u t u r e  . 
f a c i l i t i e s  i f  requi red) .  



b 
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(4) Planning of  i n t e r r e l a t e d  p r o g r h s  t o  accomplish prograin o b j e c t i v e s  
and t h e '  s o l u t i o n  of b a r r i e r  problems, each 'program designed f o r  
s p e c i f i c  and a p p r o p r i a t e  experimental  f a c i l i t i e s .  Planning . 

, a c t i v i t i e s  would i n c l u d e  t h e  s p e c i f i c a t i o n  of  (1)  equipment and 
, ,  eng inee r ing  requirements ,  (2)  . t e s t i n g  procedure,  and (3)  d a t a  

a c q u i s i t i o n  c a p a b i l i t i e s  f o r  each developmental s tudy .  

(5) Implementation of exper imenta l  programs (by o t h e r s )  i n  t h e  
' 

des igna ted  f a c i l i t i e s  on a dedica ted  o r  add-on b a s i s ,  a s  app ropr i a t e .  

(6) Monitor ing of  exper imenta l  programs t o  provide  d e t a i l e d  knowledge 
of performance response,  t o  permit  i d e n t i f i c a t i o n  of short- term 
o p e r a t i o n a l  problems, and t o  expedi te  necessary  program r e v i s i o n s .  

(7) Evalua t ion  of  d a t a  and performance f a c t o r s  derived Irom developmental 
programs i n  r e l a t i o n  t o  commercial PFBC usage. 

. . 
(8) Conception and d e t a i l i n g  o f  commercial adap ta t ion  methodo and t r a n s f e r  

, of  tcchnolbgy to prospecr ive  u s e r s  f o r  commercialization. 
. . 

. . " .  

1x1. . TNSTRTIMENTATXOM REVIEW AND DBVELOPPIEIJT 

A combined e f f o r t  o f '  t h e  Chemical ~ n ~ i n e e r i n ~  ~ i v i s i o n  (CEN) and t h e  
Applied Phys ics  Div is ion  (AP) a t  ANL is  under way t o ' a s s e s s  t h e  state of t h e  
a r t  o f  i n s t rumen ta t ion  f o r  FBC a p p l i c a t i o n s .  The. purposes of  t h i s  s tudy  a r e :  

1. Tu update and extend t h e  f luidized-bed p o r t i o n  of t h e  r e p o r t  "A 
Study of t h e  State-of-the-Art of In s t rumen ta t ion  f o r  Process  Control  
and S a f e t y  i n  Large-Scale Coal G a s i f i c a t i o n ,  Liquefac t ion ,  and 
Fluidized-Bed Combustion Systems," Argonne Nat iona l  Lahnratnry Report, 
January 1 9  / t i  (Am-96-11) . 

, . 
2 .  To i d e n t i f y  i n s t rumen ta t ion  needs and t o  s e r v e  a s  a d a t a  base  f o r  

p r o j e c t s  t o  develop in s t rumen ta t ion .  

Information f o r  t h i s  s tudy  i s  being ga thered  i11 a survey  of government 
r e p o r t s ,  conference  papers ,  and jou rna l  a r t i c l e s .  ~ e r s n n n e l  a t  i n d i v i d u a l  
p r o j e c t s  a r e  be ing  con tac t ed  d i r e c t l y ,  w i t h  each b e i n g  supp l i ed  one form t o  . 
d e s c r i b e  d e t a i l s  of t h e i r  design and a sesond form ( s i m i l a r  LIJ LllirL used i n  
ANL-76-4) t o  d e s c r i b e  any in s t rumen ta t ion  problems o r  neegs encountered. The 
des ign  d e t a i l s  o f  t h e s e  p r o j e c t s  w i l l  d e f i n e  t h e  expccted condi t ions  uf senrice 
f o r  i n s t rumen ta t ion  i n  FBC a p p l i c a t i o n s .  

A t  t h i s  t ime,  approximately 38% of  t h e  27 domestic p r o j e c t s  asked t o  
p a r t i c i p a t e  have responded. Follow-up telephone c a l l s  and, i n  .a .few cases ,  
v i s i t s  a r e  be ing  made t o  nonresponding o rgan iza t ions  t o  ensure  maximum inpu t  

' o f  i n f o r q a t i o n  f o r  t h i s  survey.  

~ t t e k p t s  a r e  a l s o  be ing  made t o  i nc lude  fo re ign  p r o j e c t s  i n  t h i s '  s tudy .  
A review of t h e  l i t e r a t u r e  concerning t h e s e  p r o j e c t s  i s  under way, and 
i n i t i a l  c o n t a c t s  have been .  made. 



computer l i t e r a t u r e  searches  "a re .  b e i n g  done . p e r i o d i c a l l y  t o  dis.cover 
a d d i t i o n a l  p r o j e c t s  n o t  y ~ t  i d e n t i f e d .  It is an t i c ipa t ed .  t h a t  t h e  s t a t e - o f -  
t he -a r t  survey  w i l l .  be  ~ s e d  a s  a  b a s i s  f o r  more c r i t i c a l  in-depth assessments  
of s e l e c t e d  ins t ruments  and instrument  requirements .  

, . 

I V .  EVALUATION OF CYCLONES FOR HOT-GAS CLEANUP 

..For p re s su r i zed  f luidized-bed combustion (PFBC) systems t o  be economical ly 
compet i t ive , .  t h e  h o t ,  dus ty  f l u e  gas from combustors must be cleaned and . , 

expanded through a  energy-recovery gas turb ine . .  Cleanup of t h i s  h o t  gas is  
n e c e s s i t a t e d  .by t h e  1 i d t e d . t o l e r a n c e  of  t u r b i n e  b lade  m a t e r i a l s  t o  p a r t i c u l a t e  
e ros ion ,  co r ros ion ,  and depos i t i on  caused by ,car ryover  of p a r t i c u l a t e  ma t t e r  
and -condensed s p e c i e s  from f luidized-bed combustors. T h e  r equ i r ed  e f f i c i e n c y  
of gas s t r e a m . p a r t i c u l a t e  cleanup systems has  no t  been f i rmly  e s t a b l i s h e d .  
Conventional wisdom, based on previous a t t e m p t s ' t o  couple g a s , t u r b i n e s  t o  coa l -  
f i r e d .  bo ' i l e r s ,  i s  t h a t  cyclones a lone  would n o t  provide t h e  cleanup e f f i c i e n c y  
requi.red ' t o ' e n s u r e  adequate  t u r b i n e  l i f e t i m e .  

Seve ra l  a l t e r n a t i v e s .  a r e  c u r r e n t l y , b e i n g  s t u d i e d  and eva lua ted  f o r  t h i s  
purpose--including cyclones of g r e a t e r  e f f i c i e n c y ,  p r e c i p i t a t o r s ,  agglomerators ,  
and f i l t e r s .  Of t hese ,  t h e  c y c 1 o n e . i ~  ,by f a r  t h e  l e a s t  expensive and most .. 

r e l i a b l e ,  i f  on ly  f o r  pre t rea tment  upstream from one of t h e  o t h e r  types  of 
s e p a r a t o r s .  . 

Recent d a t a  from t h e  Exxon minip lan t  i n d i c a t e  promising performance wi th  
t h r e e  cyc2ones i n  s e r i e s .  P a r t i c u l a t e  removals averaged nea r  90% f o r  . the ' 

t h i r d  cyclone and 50% c u t  p o i n t s  of  2.0 pm o r  l e s s  were observed w h i l e '  
p a r t i c u l a t e  l e v e l s . i n  tshe e x i t  stream from t h e  t h i r d  cyclone were l e s s  than  
0.3 g/m3. This  exper ience  imp l i e s  t h a t  a s e r i e s  of well-designed cyclones -' 
might provide adequate  p a r t i c u l a t e  removal f o r . s o m e , t u r b i n e  a p p l i c a t i o n s .  

A review h a s  been undertaken of t h e s e  ahd o t h e r  d a t a  and of suppor t ing  
l i t e r a t u r e .  A pre l iminary  o u t l i n e  has  been prepared f o r  a t o p i c a l  r e p o r t  on 
cyclone u l t i m a t e  performance e s t ima te s .  This  r e p o r t  w i l l  provide a  framework 
f o r  (1) d i scuss ions  wi th  knowledgable i n d i v i d u a l s  and o r g a n i z a t i o n s  and . . .  

(2). eva lua t ion  of t h e  d a t a  and l i t e r a t u r e  be ing  ga thered .  This  r e p o r t  w i ' l l  
focus on t h e  b e s t  p a r t i c u l a t e  s e p a r a t i o n  a t t a , i nab le  w i th  given equipment 
(such as a  cyclone) and i n l e t  gas p a r t i c u l a t e  s i z e  i n  PFBC h o t  f l u e  gas s e r v i c e .  
Q u a l i t a t i v e  e s t i m a t e s  of a l t e r n a t i v e s  t o  s imple cyclones a r e  a l s o  .planned: 
This  sunmiary and eva lua t ion  w i l l  a l low l e v e l s  a t t a i n a b l e  f o r  f u l l - s i z e  .cyclones 

. t o  be es t imated  and w i l l  i n d i c a t e  whi ther  a l t e r n a t i v e  o r  iuppleme'ntal cleanup 
s t e p s  w i l l  be requi red  s o  t h a t  p a r t i c u l a t e  loading  i n  t h e  i n l e t  gas t o  gas 
t u rb ines  w i l l  be a t  l e v e l s  c u r r e n t l y  p ro j ec t ed  t o  g ive  adequate  t u r b i n e  . 

. . 
l i f e t i m e s .  . . . . 

* .  

. . . . 
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