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INTRODUCTION 

The syn the t i c  f u e l s  eva lua t i on  a t  M i s s i s s i p p i  Power Company's P lan t  Sweatt i s  
j u s t  one o f  a number o f  t e s t s ,  sponsored by the E l e c t r i c  Power Research I n s t i t u t e  
(EPRI) under p r o j e c t  RP 2112. t o  assess the  p o t e n t i a l  o f  coa l  derived. l i q u i d  syn- 
t h e t i c  f u e l s  as an a l t e r n a t i v e  o r  s u b s t i t u t e  f o r  l i q u i d  petroleum fue l s .  Speci f -  
i c a l l y .  t h e  work done a t  P l a n t  Sweatt examined the a p p l i c a b i l i t y  o f  s i x  l i q u i d  
syn the t i c  f u e l s  t o  a f u l l  scale, w a l l  f i r e d  u t i l i t y  b o i l e r .  E P R I  sponsored 
t e s t i n g  w i t h  syn the t i c  f u e l s  a t  o the r  s i t e s  inc luded small  sca le combustors, a 
Combustion Engineering w a l l - f i r e d  u t i l i t y  b o i l e r ,  a Combustion Engineering tan- 
g e n t i a l l y - f i r e d  u t i l i t y  b o i l e r ,  a combustion t u r b i n e  and d i e s e l  p i s t o n  engines 
w i t h  genera l l y  favorable r e s u l t s .  

(MPC) and Southern Company Services, Inc.(SCS). EPRI a l s o  con t r i bu ted  t h e  27,700 
b a r r e l s  o f  syn the t i c  f u e l  t o  t h e  t e s t  e f f o r t .  

OBJECTIVES 

The t e s t i n g  a t  P lan t  Sweatt was sponsored by EPRI, M iss i ss ipp i  Power Company 

The ob jec t i ves  o f  t he  t e s t  were t o :  

o Demonstrate the  use o f  coa l  de r i ved  l i q u i d s  as p o t e n t i a l  s u b s t i t u t e s  f o r  

o 

o 

petroleum f u e l  o i l  i n  a f u l l  scale, w a l l  f i r e d  u t i l i t y  b o i l e r .  
Assess the  p o t e n t i a l  f o r  m in im iz ing  n i t rogen  ox ide (NO,) emissions from 
t h e  s i x ,  h igh  fuel-bound n i t r o g e n  l i q u i d s .  
Obtain data on t h e  q u a n t i t y  and composit ion o f  o the r  emissions f rom t h e  
combustion o f  t he  syn the t i c  f u e l s  such as p a r t i c u l a t e  loading,  p a r t i c -  
u l a t e  morphology, hydrocarbons, ch lo r i des  and f l u e  gas a c i d  dew p o i n t  
temperature. 

replacement f u e l  f o r  o the r  e x i s t i n g  b o i l e r s  o r  as a design bas i s  f o r  new 
b o i l e r s .  
Compare and c o n t r a s t  t h e  cornbustion c h a r a c t e r i s t i c s  o f  t h e  two base l i ne  
f u e l s  and the  s i x  s y n t h e t i c  f u e l s  i n  terms o f  cornbustion e f f i c i e n c y ,  reg- 
u la ted  emissions and f u e l  handl ing.  

o Assess the  f u t u r e  u t i l i z a t i o n  o f  coal  der ived l i q u i d s  as a poss ib le  

o 

A t  the o r i g i n a l  w r i t i n g  o f  t h i s  paper, a l a rge  p o r t i o n  o f  t he  data r e q u i r e  
a d d i t i o n a l  reduc t i on  and ana lys i s .  Therefore, t he  r e s u l t s  and conclusions t h a t  
f o l l o w  have not  y e t  been sub jec t  t o  t h e  thorough i n v e s t i g a t i o n  t h a t  remains t o  be 
done as p a r t  o f  t he  E P R I  con t rac t .  

FACILITIES 

M iss i ss ipp i  Power Company's P lan t  Sweatt I s  located on Va l l ey  Road, 
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approximately f i v e  m i les  south o f  Meridian, M iss i ss ipp i .  i n  Lauderdale County. 
This s t a t i o n  has two i d e n t i c a l  steam u n i t s  l abe led  1 and 2 which were placed i n  
serv ice i n  1951 and 1953, respec t i ve l y .  Although ra ted  a t  40 MW, each u n i t  i s  
capable o f  genera t i ng  49 MW and w i t h  the  ons i te  39.4 MW combustion tu rb ine ,  rep- 
resent 4.5% o f  M i s s i s s i p p i  Power's generat ing capac i t y .  
Wilcox (BW),  balanced d r a f t ,  f r o n t  w a l l  f i r e d  ( 2  v e r t i c a l  x 3 h o r i z o n t a l  burner 
ma t r i x )  u n i t s  w i t h  welded cases. 
steam per  hour a t  E50 p s i g  and 900°F. 
gas or No. 6 o i l  and have no environmental c o n t r o l s  o f  any type. While t h i s  p lan t  
i s  normally r e s t r i c t e d  t o  p rov id ing  peaking c a p a b i l i t y  d u r i n g  t h e  summer, arrange- 
ments were made t o  i s o l a t e  U n i t  1, t h e  t e s t  u n i t ,  from economic d ispatch and t o  
se t  load based on t e s t i n g  requirements from September 1963 through December 1983 
t o  acconodate t h e  p r o j e c t  schedule. 

The b o i l e r s  are Eabcock & 

Each i s  designed t o  produce 425,000 pounds of  
Both are c u r r e n t l y  f i r e d  on e i t h e r  na tu ra l  

PROJECT ORGANIZATION 

The p r o j e c t  a t  P lan t  Sweatt was organized w i t h  Southern Company Serv ices as 
EPRI's prime c o n t r a c t o r  responsib le  f o r  p r o j e c t  management, p r o j e c t  d i r e c t i o n  and 
subcontractor performance. 
Eabcock 8 Wilcox(E&W) and KVE. E W  prov ided techn ica l  c o n s u l t a t i o n  and b o i l e r  
performance evaluat ions,  KVE prov ided combustion gas emission cha rac te r i za t i ons  
and supplementary techn ica l  consu l ta t i on .  Although no t  d i r e c t l y  subcontracted t o  
SCS, Radian, I nc .  prov ided f u e l  l o g i s t i c s  support and Contro l  Data Hea l th  Care 
Services ass i s ted  wi th  the  i n d u s t r i a l  hygiene program as p a r t  o f  the m u l t i - s i t e  
E P R I  work w i t h  s y n t h e t i c  f ue l s ,  RP 2112. 

Subcontracted t o  Southern Company Services were 

PLANT MODIFICATIONS 

Before t e s t i n g  could begin i n  September o f  1983. minor  mod i f i ca t i ons  t o  Plant  
Sweatt were requ i red  t o  accommodate t h e  ob jec t i ves  o f  t h e  work. 
addressed: 

F i ve  areas were 

(1)  Fuel f o rward ing  system 
(2 )  R a i l  t r a n s l o a d i n g  s i t e  
(3)  Burner a i r  r e g i s t e r s  
(4)  E x t e r i o r  ductwork 
( 5 )  I n d u s t r i a l  hygiene program 

The w e l l  documented aggressiveness o f  t he  syn the t i c  f u e l s  toward rubber-based 
gasketing m a t e r i a l  d i c t a t e d  the  design o f  a redundant f u e l  forward ing system of  
predominantly welded j o i n t s .  The few j o i n t s  t h a t  were gasketed were done so w i t h  
F l e x i t a l i c  gaskets(asbestosheta1)  which are r e s i s t a n t  t o  d e t e r i o r a t i o n  from syn- 
t h e t i c  f ue l s .  Th i s  redundant f u e l  system a l lowed U n i t  1 t o  operate concur ren t l y  
on na tu ra l  gas and a l i q u i d  f u e l  i n  any con f igu ra t i on .  I t  a l s o  prov ided t h e  f l e x -  
i b i l i t y  t o  t r a n s i t i o n  on l i ne  f rom l i q u i d  syn the t i c  f u e l  t o  e i t h e r  basel ine f u p l  a t  
t h e  burner f r o n t  should P lan t  Sweatt have been needed f o r  a p roduc t i on  type 
emergency. This redundant f u e l  system was designed t o  p rov ide  t h e  same l i q u i d  
pressures and f l o w  ra tes  t o  t h e  e x i s t i n g  Racer burner  components a t  t h e  b o i l e r  
f r o n t  as i n  normal No. 6 f u e l  o i l  operat ion.  

t h e  use of four ,  7600 g a l l o n  commercial f u e l  hau l i ng  t r a i l e r s  which were man- 
i f o l d e d  i n t o  the syn the t i c  f u e l  forward ing system. 
p u l l e d  ou t  f o r  r e f i l l i n g  a t  t he  r a i l  t r ans load ing  s i t e .  

The o n s i t e  surge capac i t y  f o r  s t o r i n g  syn the t i c  f u e l s  was accomplished through 

When emptied, each t r a i l e r  was 

The s i x  s y n t h e t i c  f ue l s  were de l i ve red  t o  P l a n t  Sweatt i n  23.500 g a l l o n  
' I  



"jumbo" r a i l c a r s  from t h e i r  var ious o r i g i n s .  
I l l i n o i s  Central & Gulf Railways Okatibbee s i d i n g  approximately 1/4 m l l e  f rom the  
p l a n t .  Th is  r a i l s i d i n g  was the  l o c a t i o n  f o r  t he  second set  o f  mod i f i ca t i ons .  An 
area approximately 200'x20' was graded and paved t o  support t he  t rans load ing  
opera t i on  from r a i l c a r  t o  mobile t r a i l e r .  
inc luded t o  prevent any ground water contarnination. 
w i t h  the  f u e l  t r a n s p o r t e r ' s  t r a c t o r  power-take-off pump, g r a v i t y  f ed  f rom t h e  
r a i l c a r ' s  bottom discharge. 
t e s t i n g  over 25 HW due t o  syn the t i c  f u e l  consumption ra tes .  

Although B&W had 
reworked the  burners on U n l t  1 i n  1974, moderate t o  severe warpage and mis- 
al ignment were noted du r ing  t h e  B W  F i e l d  Serv ice Engineer's i nspec t i on  i n  
November o f  1982. Consequently, t he  a i r  r e g i s t e r  vanes i n  a l l  s i x  burners were 
replaced and i n d i v i d u a l l y  a l i gned  f o r  r e l i a b l e  a i r  f l o w  con t ro l .  P a r t i a l  shrouds 
were a l s o  added around each burner t o  augment the  c o n t r o l  o f  combustion a i r f l o w .  

Corrosion penetrat ions i n  t h e  f l u e  gas ductwork downstream o f  the a i r  pre-  
heater  caused the  replacement o f  some ductwork t o  be the  f o u r t h  m o d i f i c a t i o n .  
Although a i r  inleakage on t he  suc t i on  s ide  o f  t he  I D  f an  was n o t  o p e r a t i o n a l l y  
troublesome, any d i l u t i o n  o f  t he  f l u e  gas upstream o f  t h e  proposed emission 
e x t r a c t i o n  g r i d  would d i s c r e d i t  t he  a n a l y t i c a l  procedures f o r  measuring combustion 
emissions. When t h i s  ductwork was replaced, an access p l a t f o r m  f o r  t h e  sampling 
crews was added around the  f l u e  gas e x t r a c t i o n  po r t s .  

The l a s t  area of  m o d i f i c a t i o n  a c t u a l l y  took p lace I n  several l oca t i ons  around 
t h e  p l a n t  t o  support the i n d u s t r i a l  hygiene program. F i r s t ,  t he  p l a n t  employee 
locke r  room area was subdivided i n t o  a c lean s i d e / d i r t y  s ide  concept s i m i l a r  t o  
t h a t  found a t  nuc lear  i n s t a l l a t i o n s .  A l l  equipment o r  personnel i nvo l ved  i n  syn- 
t h e t i c  f u e l  handl ing were segregated on the  d i r t y  side. 
c lean s ide  where s t r e e t  c l o t h i n g  was stored, personnel were requ i red  t o  take  a 
shower a t  t he  end of  t h e i r  s h i f t .  A d a i l y  change o f  c o v e r a l l s  and laundry se rv i ce  
were a l s o  mandatory f o r  syn the t i c  f u e l  handlers. Personnel n o t  i nvo l ved  i n  
handl ing the  syn the t i c  f u e l s  were denied access t o  those areas where s p i l l s  and 
contamination were most probable; t he  redundant f u e l  sys tem/ t ra i l e r  pad, t h e  
b o i l e r  f r o n t ,  the r a i l  t r ans load ing  area and the  d i r t y  s ide  l o c k e r  room. 
Barr icade tape and signs were approp r ia te l y  placed as a reminder. 
con ta ln  any l a rge  sp l l l age ,  t h e  s t a t i o n a r y  t r a i l e r  pad and t h e  r a i l  t r ans load ing  
area were paved and curbed. 
eye p ro tec t i on ,  face masks w i t h  organic vapor f i l t e r s ,  cove ra l l s ,  a b i b  r a i n s u i t .  
and elbow-length gloves. 
contaminated a t  t h e  p r o j e c t  end. Personnel invo lved i n  the t e s t i n g  were g i ven  
basel ine medical examinations and classes on personal hygiene as a p a r t  o f  t he  
i n d u s t r i a l  hygiene phi losophy o f  "no con tac t "  w i t h  the  syn the t i c  f u e l s .  
For tunate ly .  no s p i l l s  o r  gross contamination occurred du r ing  the  f o u r  months o f  
t e s t 1  ng. 

These cars were tempora r i l y  s i t e d  on 

Curbing and a drainage sump were 
The t rans loading was done 

Fuel t rans load ing  was a continuous process d u r i n g  any 

The t h i r d  area o f  mod i f i ca t i on  was i n  the  b o i l e r  windbox. 

In order  t o  pass t o  the  

I n  o rde r  t o  

Fuel handl ing personnel were equipped w i t h  hard hats. 

They were reimbursed f o r  t h e i r  work boots  i f  

TEST PLAN 

S ix  syn the t i c  f u e l s  from th ree  major research f i rms  were prov ided by EPRI  f o r  
t e s t i n g  a t  P lan t  Sweatt: 

1 

Gul f  Research/Tacoma, Washington 
Solvent Refined Coal-I1 ( F u l l  Range Mixture)  
Solvent Refined Coal-I1 (Middle D i s t i l l a t e  F rac t i on )  

Ashland O i l /Ca t le t t sbu rg ,  Kentucky 

185 



H-Coal ( L i g h t  F rac t i on )  
H-Coal (Heavy F rac t i on )  
H-Coal (Blended Mixture)  

Exxon Research/Baytown. Texas 
Exxon Donor So lven t  

M iss i ss ipp i  Power Company prov ided the  basel ine fue l s :  
Natura l  Gas 
NO. 6 Fuel  O i l  

I n  s a t i s f y i n g  the  t e s t  ob jec t i ves ,  it was necessary t o  " t e s t "  the s i n g l e  
gaseous f u e l  and seven l i q u i d  fue l s  on as comnon a bas is  as poss ib le  f o r  a mean- 
i ng fu l  comparison. General ly, the areas o f  I n v e s t i g a t i o n  were: 

(1)  L i m i t s  o f  o p e r a b i l i t y ,  
( 2 )  o p e r a b i l i t y  a t  repeatable condi t ions,  and 
( 3 )  a d a p t a b i l i t y  f o r  combustion opt imizat ion.  

The t e s t  p o i n t s  contemplated were based on each f u e l ' s  "smoke p o i n t "  as the 
boundary between complete and incomplete combustion. 
a l l y  de f i ned  as t h e  f l u e  gas excess oxygen l e v e l  measurement a t  which d r a s t i c  
upswings i n  carbon monoxide and opac i t y  occurred on B&W and KVBs Instantaneous 
monitors. Th is  l e v e l  i s  a func t i on  o f  each f u e l ' s  molecular  composit ion and i s  
somewhat dependent on a b o i l e r ' s  p a r t i c u l a r  combustion dynamics. 
be in f luenced by burner  type,  t i p  placement. combustion a i r  d i s t r i b u t i o n ,  f u e l  
a tomizat ion and o t h e r  phys i ca l  f ac to rs .  By operat ing j u s t  above t h e  smoke po in t ,  
t h e  combustion l o s s  due t o  excess a i r  i s  minimized, which r e s u l t s  i n  h ighe r  b o i l e r  
e f f i c i e n c i e s .  Three t e s t  p o i n t s  f o r  each l i q u i d  f u e l  were o r i g i n a l l y  estab l ished 
based on a f u e l ' s  smoke p o i n t :  

Smoke p o i n t  was operation- 

This  l e v e l  may 

(1) Low Excess A i r  - "LEA" 
Smoke p o i n t  p lus  0.5% excess oxygen i n  the  f l u e  gas 

( 2 )  Normal Excess A i r  - "NEA" 
Smoke p o i n t  p l u s  1.0% excess oxygen i n  t h e  f l u e  gas 

( 3 )  Hiqh Excess A i r  - "HEA' 
Smoke p o i n t  p lus  2.0% excess oxygen i n  the  f l u e  gas 

A f i f t h  t e s t  p o i n t  was a l s o  establ ished l a t e r  t o  g i ve  t h e  t e s t  r e s u l t s  comnon- 
a l i t y  a t  one excess oxygen l e v e l .  Th i s  t e s t  p o i n t  was t o  be a t  a comparable 
excess oxygen l e v e l  found f o r  t he  basel ine l i q u i d  f u e l  (No. 6 f u e l  o i l )  known as 
the  O i l  Comparable (OC)  t e s t  po in t .  These f i v e  p o i n t s  were es tab l i shed  w i t h  
normal burners i n  se rv i ce  a t  t h ree  loads; 40 megawatts. 25 megawatts and 15 mega- 
watts and again w i t h  burners o u t  o f  serv ice.  Th is  s a t i s f i e d  the  th ree  areas of  
i n v e s t i g a t i o n  o u t l i n e d  e a r l i e r .  I n  some cases, however, t e s t i n g  was l i m i t e d  by 
unstable combustion o r  combustion a i r  a v a i l a b i l i t y  ( f a n  l i m i t e d ) .  
e a r l y  te rm ina t ion  o f  some t e s t s .  

Coal l i q u e f a c t i o n  processes are designed t o  chemical ly  c lean coal  by removing 
ash, s u l f u r  and t o  a l e s s e r  extent, n i t r o g e n  from the  feed coal .  
d i f ferences between t h e  f u e l s  tes ted  at. P lan t  Sweatt and t h e i r  petroleum counter- 
Par ts  are t h a t  s y n t h e t i c  f u e l s  have a h'igher carbon/hydrogen r a t i o  and h igher  
fuel-bound n i t r o g e n  content .  A h igh  C/H r a t i o  i s  sometimes an i n d i c a t i o n  o f  
increased soot  format ion.  This ,  however, was n o t  found i n  t h e  P lan t  Sweatt 

Th i s  caused the  

The p r i n c i p a l  



t es t i ng .  Increased fuel-bound n i t r o g e n  i n  coa l  de r i ved  f u e l s  can serve as t h e  
precursor  f o r  another c u r r e n t l y  regulated emission, n i t r o g e n  oxides (NOx). 
of t he  ob jec t i ves  o f  t h e  P l a n t  Sweatt t e s t i n g  was t o  measure and reduce NOx 
emissions through cornbustion mod i f i ca t i ons .  
changes i n  t h e  combustion process w i t h i n  the  b o i l e r .  No equipment such as selec- 
t i v e  c a t a l y t i c  reduc t i on  devices was added. 
f e a s i b i l i t y  o f  "no cost '  op t i ons  f o r  NOx reduc t i on  i n  e x i s t i n g  l i q u i d  fue led  
b o i l e r s .  

One 

These mod i f i ca t i ons  were l i m i t e d  t o  

This  was done t o  demonstrate t h e  

The conversion o f  n i t r o g e n  t o  NOx i s  predominantly a conversion o f  f u e l  n i t -  
rogen as opposed t o  t h e  conversion o f  combustion a i r  n i t rogen .  This  conversion 
(combustion) i s  s t o i c h i o m e t r i c a l l y  l i m i t e d  by the  presence o f  a v a i l a b l e  oxygen. 
The work a t  P lan t  Sweatt r e l i e d  main ly  on "burners o u t  o f  se rv i ce "  (BOOS) as the  
combustion m o d i f i c a t i o n  t o  reduce NOx emissions. 
combination w i t h  operat ion a t  minimum excess oxygen l e v e l s .  
u r a t i o n  t h a t  gave the  l e a s t  NOx emission on each f u e l  and each load  was sub- 
j e c t e d  t o  t h e  f u l l  t e s t i n g  m a t r i x  o f  excess oxygen l e v e l s .  

BOOS owes i t s  success t o  the  r e s u l t i n g  segregat ion o f  t h e  b o i l e r  i n t o  two 
zones: oxygen r i c h  and oxygen lean.  The BOOS concept o b j e c t i v e  i s  t o  f o r c e  the 
combustion r e a c t i o n  t o  occur i n  t h e  oxygen lean  zone. By op t im iz ing  each burner 
flame w i t h  a i r  r e g i s t e r  adjustments and then s imply  c l o s i n g  the  f u e l  va lve on 
se lected burners, t he  BOOS technique i s  accomplished. Burners w i t h o u t  f u e l  ( t he  
BOOS) are producing f u e l  lean/oxygen r i c h  zones by s t i l l  c o n t r i b u t i n g  combustion 
a i r .  The burners remaining i n  se rv i ce  become f u e l  r ich/oxygen lean  i n  two ways: 

(1) The aggregate f u e l  f l o w  t o  ma in ta in  load remains constant  b u t  Increases 
p ropor t i ona te l y  t o  those burners remaining i n  se rv i ce  w i t h  no increase i n  
a v a i l a b l e  combustion a i r .  This causes the  burners remaining i n  se rv i ce  
t o  be l ess  s t o i c h i o m e t r i c a l l y  excessive i n  oxygen. 

It i s  a l s o  theo r i zed  t h a t  a i r  f l o w  increases s l i g h t l y  i n  t h e  BOOS as 
the re  i s  no flame back pressure a t  these burners. This  makes t h e  burners 
s t i l l  i n  se rv i ce  even less  s t o i c h i o m e t r i c a l l y  excessive i n  oxygen. 

Th is  was done, o f  course, i n  
The BOOS con f ig -  

( 2 )  

Of course, i t  i s  s t i l l  necessary t o  ma in ta in  an excess oxygen l e v e l  s u f f i c i e n t  
t o  complete combustion by ma in ta in ing  a i r  vane s e t t i n g s  i n  t h e  BOOS. It i s  a l so  
des i rab le  t h a t  p a r t i c u l a t e  emissions (measured as opac i t y )  and carbon monoxide 
l e v e l s  be he ld  w i t h i n  acceptable l i m i t s  r a t h e r  than op t im iz ing  t h e  NOx reduc t i on  
a t  the expense o f  o the r  considerat ions.  

DATA ACQUISITION 

The data a c q u i s i t i o n  r o l e  a t  P l a n t  Sweatt was performed by Babcock & Wi lcox 
and KVB. 
i n t o  a Hewlett-Packard po r tab le  computer i n  ga the r ing  and c a l c u l a t i n g  b o i l e r  
operat ing data. 
l i s t  approach f o r  non-automated c o n t r o l  room in fo rma t ion .  The CBDS recorded 
approximately 200 data p o i n t s  every s i x t y  seconds f o r  ref inement i n t o  t e n  minute 
averages f o r  each t e s t .  Data measurement devices inc luded extens ive thermocouple 
g r i d s ,  d i f f e r e n t i a l  pressure t r a n s m i t t e r s  and e x t r a c t i v e  f l u e  gas ana lys i s  both 
before and a f t e r  the a i r  preheater .  Instantaneous scan values could be read on a 
CRT Screen wh i l e  data values and averages were s to red  on a non-vo la t i l e ,  magnetic 
d i sk .  These averages were combined l a t e r  t o  p rov ide  a s i n g l e ,  b o i l e r  e f f i c i e n c y  
va lue f o r  each t e s t .  BW a l s o  c a l i b r a t e d  the  p l a n t ' s  combustion a i r  f l o w  o r i f i c e  

B W  used t h e i r  Computerized B o i l e r  Diagnost ic  System (CBDS) programed 

This  automated system was complemented by t h e  t r a d i t i o n a l  check- 
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readings w i t h  t h e i r  Veloc i ty /Pressure Averaging System (VPAS) p r i o r  t o  t e s t i n g .  

l a t e r  ana lys i s .  
monoxide, carbon d iox ide ,  excess oxygen, n i t rogen  oxides and s u l f u r  d iox ide .  Gas 
sampling f o r  s u l f u r  t r i o x i d e s  and ch lo r i des  was done i n t e r m i t t e n t l y  as was 
measurement o f  a c i d  dew po in t ,  p a r t i c u l a t e  loading,  p a r t i c u l a t e  morphology and 
p a r t i c u l a t e  s i z e  d i s t r i b u t i o n s .  

data r e q u i r e  a d d i t i o n a l  reduc t i on  and ana lys i s .  Therefore, t h e  r e s u l t s  and con- 
c lus ions t h a t  f o l l o w  have n o t  y e t  been sub jec t  t o  t h e  thorough i n v e s t i g a t i o n  t h a t  
remains t o  be done as p a r t  o f  t h e  E P R I  con t rac t .  

RESULTS AND CONCLUSIONS 

KV8 acqui red r e a l  t ime  data on severa l  emissions and gathered many samples f o r  
Inc luded i n  t h e i r  m a t r i x  were the continuous mon i to r i ng  of  carbon 

A t  t he  o r i g i n a l  w r i t i n g  of t h i s  paper, a l a r g e  p o r t i o n  o f  both B&W and KVBs 

The t e s t i n g  o f  t h e  s i x  syn the t i c  f u e l s  a t  P lan t  Sweatt was very successful.  
Results on the  f i r s t  t h r e e  syn the t i c  fuels(SRC-II(Ful1 range mixture) .  
H-Coal(Heavy f r a c t i o n )  and H-Coal(8lended m ix tu re ) )  i n d i c a t e  t h a t  a l l  t h ree  have 
higher b o i l e r  e f f i c i e n c i e s  and produced fewer emissions than t h e  basel ine No. 6 
f u e l  o i l .  Resul ts  o f  t e s t i n g  on the l a s t  t h r e e  syn the t i c  fuels(SRC-II(Hidd1e 
d i s t i l l a t e  f r a c t i o n ) ,  H-Coal(Light f r a c t i o n )  and Exxon Donor Solvent)  i n d i c a t e  
comparable f i n d i n g s  b u t  l ack  t h e  depth o f  data taken on the  f i r s t  t h ree  f u e l s .  
The burners o u t  o f  se rv i ce  technique i n  combination w i t h  reduced excess combustion 
oxygen was a l s o  ve ry  successfu l ,  p rov id ing  as much as a 50% reduc t i on  i n  NOx 
l eve l s .  These coa l  de r i ved  l i q u i d  f u e l s  appear t o  be q u i t e  adequate f o r  petroleum 
l i q u i d  replacement i n  e x i s t i n g  u n i t s  and should c e r t a i n l y  be considered i n  the  
design bas is  f o r  l i q u i d  f u e l  b o i l e r s  of t he  fu tu re .  The on ly  drawbacks t o  the  use 
o f  these f u e l s  a r e  i n  t h e i r  ma te r ia l  aggressiveness toward standard gasket ing 
ma te r ia l s  and t h e i r  i m p l i e d  human t o x i c i t y .  
through simple design accommodations. 

Combustion e f f i c i e n c y  f o r  t h e  f u e l s  ranged from a low o f  83.6% f o r  na tu ra l  gas 
a t  1 5  HW t o  a h i g h  o f  91.2% f o r  SRC-I1 a t  25 HW (F igures 2 and 3). The e f f i -  
c ienc ies c a l c u l a t e d  f o r  SRC-11, H-Coal(Heavy) and H-Coal(B1end) are on the  order  
o f  one t o  two percentage p o i n t s  h ighe r  than No. 6 f u e l  o i l  and f i v e  t o  seven per-  
centage po in ts  h ighe r  than  n a t u r a l  gas. This  i s  s t r o n g l y  associated w i t h  the 
higher amount o f  excess combustion oxygen requ i red  f o r  n a t u r a l  gas and No. 6 f u e l  
o i l  t o  operate above t h e i r  smoke po in ts .  

Both problems should be surmountable 

Table I i l l u s t r a t e s  t h i s  p o i n t .  

Table I 
Rankinq O f  Low Excess A i r  (LEA) Levels (40 HW. 6 burners) 

(1) 2.7% H-Coal(Heavy) (5) 3.0% H-Coal(8lend) 
(2) 2.7% H-Coal(Light) ( 6 )  3.5% SRC-II(t4iddle D i s t i l l a t e )  
(3 )  2.7% EDS ( 7 )  4.0% Natura l  Gas 
( 4 )  2.9% SRC-II(Ful1 Range) (8) 5.8% No. 6 Fuel O i l  

As a n t i c i p a t e d ,  t h e  n i t r o g e n  oxide emissions from the  coal der ived l i q u i d s  
were h igher  than t h a t  o f  No. 6 f u e l  o i l  o r  n a t u r a l  gas (F igu re  1). 
combination o f  BOOS and LEA reduced NOx emissions as much as 50% i n  some cases 
(Figures 4 and 5 ) .  Table I1 l i s t s  some t y p i c a l  r e s u l t s .  

However, t h e  
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TABLE I1 
Selected NO, Reduction Results 

I 

- Fuel - Load 

Range) 
SRC-II(FU11 25HW 

H-Coal(B1end) 40HW 

No. 6 Fuel Oil 40HW 

Excess % 
Burners 07 Level !K!x Reduction 

no BOOS HEA 403ppm ................. e 5% I 
no BOOS LEA 301 ppm.. .I. 53% 

2 BOOS LEA 191 ppm. .. ! ............. 
no BOOS HEA 39Bppm ................. 

I 
no BOOS LEA 31 6ppm.. . P I X  :. 51% 

1 BOOS LEA ................. 
no BOOS HEA 275ppm 

I 37% 

195ppm fO% I 
................ 

i 21% 
no BOOS LEA 217ppm ...!. 33% 

I i 5% 
1 BOOS LEA lB5ppm.. . ! ............. 

It i s  interesting to note that NO, emissions from the synthetic fuels could 
be lowered to a level approximating the NOx emission from optimized No. 6 fuel 
oil combustion. From another perspective. optimized synthetic fuel combustion 
resulted in considerably less NOx than unoptimized No. 6 fuel oil operation 
(HEA. no BOOS) . 

0.01 lb per million Btu. This i s  approximately one order of magnitude less than 
particulate emissions from No. 6 fuel oil. Also, LEA and BOOS operation did not 
significantly contribute added particulate emissions. 
phology and submicron particle size distributions are still undergoing analysis. 

The difficulty in fuel handling was somewhat self-imposed by the project phil- 
osophy of, "no human contact" with the synthetic fuels. 
requirements (clothing changes, mandatory raingear/facemask/gloves. and restricted 
areas) were more burdensome than problematic. At a plant designed specifically to 
use synthetic fuels, the potential for contact with the fuel could be minimized 
through bulk liquid storage. welded pipe joints, dry disconnect couplings and 
backflushing filters. This would limit potential spillage (and human contact) t o  
infrequent fuel transfer operations and emergencies. 

Overall, the consensus of the participants i s  that any o f  the s i x  coal derived 
liquids could be used as a replacement for liquid petroleum fuel in this utility 
boiler with no equipment modifications. equipment additions or environmental var- 
iances. The relatively small modifications required at Plant Sweatt indicate that 
few design criteria would be affected if these synthetic fuels were to be included 
in the fuel specifications of future design criteria. 

work at Plant Sweatt(RP 2112-02) will be published. Further specific inquiries 
will be welcomed pending the distribution of this final report. 

Particulate emissions from the synthetic fuels were very low, on the order of 

Data on particulate mor- 

The personal hygiene 

When all the data have been reduced and analyzed, a final EPRI report on the 

t 
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