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This  report '  s w m a r i z e $ t h e  r e s u l t s  of technical and economic evaluations of 
s ix  commercially a v a i l a b l e  fixed bed c o a l  g a s i f i c a t i o n  processes  f o r  t h e  
product ion of i n d u s t r i a l  f u e l  gas.  
intended t o  assist  i n d u s t r i a l  companies i n  explor ing  t h e  f e a s i b i l i t y  of producing 
gaseous f u e l s  f o r  both r e t r o f i t  and new i n d u s t r i a l  p l a n t  s i t u a t i o n s .  

The s tudy  was performed f o r  DOE and is  

Scope 

This  r e p o r t  i nc ludes  a technical a n a l y s i s  of t h e  phys ica l  conf igu ra t ion ,  
performance c a p a b i l i t i e s ,  and commercial experience to-date for both air-  
blown and oxygen-blown f ixed  bed g a s i f i e r s .  

The product gas  from t h e s e  g a s i f i e r s  is analyzed economically f o r  t h r e e  d i f f e r e n t  
degrees  of c l e a n l i n e s s :  
(3) dust-, tar-, o i l - f r e e  and-desul fur ized  gas. 
consumer can c a l c u l a t e :  

(1) ho t  r a w  gas,  (2)  dust-, tar-, and o i l - f r e e  gas ,  and 
From t h e s e  ana lyses ,  a c o a l  

0- Coal c o s t  that  w i l l  y i e l d  a des i r ed  product gas c o s t .  

o Cost d i f f e r e n c e s  between low and high s u l f u r  c o a l s  t o  y i e l d  a des i r ed  
product gas  cos t .  

A t y p i c a l  p r o j e c t  schedule  f o r  i n s t a l l a t i o n  of a commercially a v a i l a b l e  f ixed  
bed g a s i f i e r  is  also included. 

Results and Conclusions 

General 

The eva lua t ions  i n d i c a t e  t h a t  low-Btu gases  produced from f ixed  bed g a s i f i e r s  
c o n s t i t u t e  one of t h e  most l o g i c a l  short-term s o l u t i o n s  f o r  he lp ing  ease t h e  
sho r t age  of n a t u r a l  gas  for i n d u s t r i a l  f u e l  a p p l i c a t i o n s  because: 

o The technology is well-proven and has been u t i l i z e d  on a commercial 
scale for several decades both i n  t h i s  country and overseas .  

o T i m e  from i n i t i a t i o n  of des ign  t o  commercial ope ra t ion  i s  about two 
years .  ~ 

o The technology is not  complicated t o  c o n s t r u c t ,  ope ra t e ,  OK maintain.  

o A r e l i a b l e  supply of product gas  can b e  generated on-s i te ,  
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o Low-Btu and medium-Btu gas can be substituted for natural gas in many 
industrial applications (Hw's: low-Btu gas from bituminous coal 
150-180 Btu/scf; low-Btu gas from anthracite coal 125-156 Btu/scf; 
medium-Btu gas from bituminous 280-310 Btu/scf; medium-Btu gas from 
anthracite 240-280 Btu/scf). 

Technical 

The fixed bed gasification technology has many desirable features for industrial 
users because of physical configuration as well as performance capabilities. 
The major features are: 

o The simple mechanical design results in relatively easy'operation 
of the gasifier. 

o Installation of a mechanical stirrer enables the single-stage gasifiers 
to handle highly caking coals. 

o The simple start-up and shutdown procedures provide for ease of 
operation. 

o Turndown capability is excellent (14-25% of maximum capacity). 

o Steam required for the gasification can be generated in the gasifier 
water-jacket . 

o The countercurrent mode of operation provides good thermal efficiency 
(88 to 94% for hot raw gas and 75-85% for desulfurized gas). 

o The long residence time results in high carbon conversion. 

o Solids carryover is low. 

o Oxygen/air consumption is low. 

Some less desirable features of the fixed bed gasification processes are: 

o Two-stage gasifiers can only  handle weakly caking coals. 

o Coal must be sized and fines minimized. 

o Tar, tar oil, MI3, and phenols are produced due to the low product 
gas temperature. 

o The l o w  temperature and the presence of tars in the product gas 
restricts waste heat recovery. 
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Economic 

The c a p i t a l  and o p e r a t i n g  c o s t s  f o r  t h e  f ixed  bed g a s i f i c a t i o n  are l o w  compared 
with the high-Btu g a s i f i c a t i o n  because t h e  system can be opera ted  a t  low 
p r e s s u r e  and without  the sh i f t - and-me thana t ion  units. 
c a p i t a l  c o s t  based on mid-1977 p r i c i n g  f o r  a 2.5 x lo9  Btu/day (2.5 MM SCFD 
n a t u r a l  gas equ iva len t )  capac i ty  air-blown f i x e d  bed g a s i f i c a t i o n  p l a n t  is 
es t imated  t o  be  $2.210 MM f o r  producing ho t  r a w  gas ,  $3.145 MM f o r  dust- ,  
tar-, and o i l - f r e e  gas, and $4.585 MM f o r  producing co ld ,  dus t - t a r -o i l - f r ee  
and desu l fu r i zed  gas. Fuel  c o s t s  f o r  low-Btu gas product ion  were generated 
for varying coal c o s t s  a t  8%, lo%, and 12% discounted cash  flow (DCF) rates. 

The average d i r e c t  

An example is shown a t  one of the DCF rates: 

Coal Cost:' Low-Btu G a s  Cost a t  10% DCF Rate (Without Investment C r e d i t ) ,  $/MM Btu 
$/Ton 50% Equity C a p i t a l  100% Equity Capi ta l  

Del ivered  (1) (2) (3)  (1) (2) (3)  

- - 2.63 - - 2.91 

2.25 2.69 3.19 2.40 2.90 3.48 

2.69 3.11 3.76 2.84 3.32 4.06 

20 

30 

40 

50 3.12 3.75 - 3.28 3.96 - 

(1) Hot Raw Gas 
(2) Dust-, Tar-, and Oil-Free G a s  
(3) Dust-Tar-Oil-Free and Desul fur ized  Gas 

The ho t  r a w  gas  and t h e  dust-, tar-, and o i l - f r e e  gas were obta ined  from 
105 TPD and 126 TPD, r e s p e c t i v e l y ,  of low s u l f u r  Stockton,  WV c o a l  
(HHV = 13,084 Btu/l.b). 
h igh  sulfur Belmont, OH coal (HW = .12,473 B t d l b )  . The desu l fu r i zed  gas  was obta ined  from 135 TPD of 

The major f i n a n c i a l  parameters  used i n  gene ra t ing  t h e  f u e l  c o s t  were 25 y e a r s  
p l a n t  l i f e ,  90% capac i ty  f a c t o r ,  16 yea r s  sum-oT-the-years d e p r e c i a t i o n ,  and 
f e d e r a l  income tax rate of 48%. 
c a l c u l a t i n g  interest dur ing  cons t ruc t ion .  
used f o r  t h e  debt  p o r t i o n  of t h e  c a p i t a l . .  

A payable  per iod  of 12 months was used f o r  
An i n t e r e s t  rate of 8.5% w a s  

The c a p i t a l  charge represented  approximately 14-18% of the ho t  r a w  gas c o s t  
and 22-29X of the desu l fu r i zed  gas  c o s t .  
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The gas cost based on 50% equity capital decreased the hot raw gas cost by 
$O.l5/MMBtu and the desulfurized gas cost by $0.3O/MMBtu compared with that 
based on 100% equity capital. With the investment tax credits such as 20% 
applied.to the capital for the desulfurization unit and 10% for the rest of 
the plant, a further reduction of approximately $O.O6/MMBtu in the desulfurized 
gas cost can be realized. 
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1.0 INTRODUCTION 

Among the  var ious energy consuming s e c t o r s ,  the i n d u s t r i a l  s e c t o r  is 
t h e  most energy in t ens ive ,  accounting f o r  more than 30% of t o t a l  U.S. 
energy consumption i n  the  form of n a t u r a l  gas and petroleum o i l .  
i n d u s t r i a l  p l a n t s  today are faced with t h e  predicament of ever-dwindling 
supp l i e s  of n a t u r a l  gas which i n  the  winter months may be completely 
cut-of f . 

Yet, 

Coal g a s i f i c a t i o n  is one of the prime candidate processes f o r  supplying 
t h e  alternate f u e l s  f o r  var ious i n d u s t r i a l  s e c t o r s .  Among the coal  
g a s i f i c a t i o n  processes e i t h e r  being developed o r  commercially a v a i l a b l e ,  
t h e  f-ked-bed g a s i f i e r  is one of t he  most f l e x i b l e  short-term s o l u t i o n s  
f o r  providing a r e l i a b l e  supply of a gaseous f u e l  f o r  i n d u s t r i a l  
appl icat ions.  

1.1 PURPOSE OF THE STUDY 

The ob jec t ive  of the study was to perform t echn ica l  and economic 
e v a l a t i o n s  of six commercially a v a i l a b l e  f ixed bed g a s i f i e r s  f o r  t h e  
production of i n d u s t r i a l  gaseous f u e l s .  Three single-stage g a s i f i e r s  
(McDowell-Wellman, Riley-Morgan, Wilputte) and th ree  two-stage g a s i f i e r s  
(Woodall-Duckham, Wellman-Incandescent, Foster  Wheeler Energy Corporation's 
FW-Stoic) were included i n  the  evaluat ion.  The study is intended t o  
assist i n d u s t r i a l  companies i n  exploring t h e  f e a s i b i l i t y  of producing 
gaseous f u e l s  from f ixed bed g a s i f i e r s  f o r  both r e t r o f i t  and new 
i n d u s t r i a l  p l an t  appl icat ions.  

This s tudy includes a technical evaluat ion of physical  configurat ions 
of both air- and oxygen-blown g a s i f i e r s  as w e l l  as t h e i r  performance 
c a p a b i l i t i e s  and commercial experience to-date. 
evaluat ion,  a s i n g l e  averaged capital  cos t  w a s  appl ied t o  a l l  g a s i f i e r s .  
A c l a r i f i c a t i o n  was made, however, t o  i n d i c a t e  the scope of the system 
covered by t he  cost  estimates. The cos t  da t a  were then used t o  make, 
an evaluat ion of u t i l i z i n g  low s u l f u r  coa l  t o  produce a hot raw gas o r  
a cold gas f r e e  of dus t ,  t a r ,  and o i l ,  and u t i l i z i n g  high s u l f u r  coa l  
t o  produce a dust-, tar-, o i l - f r e e  and desulfur ized gas. 

I n  the  economic 

1.2 APPROACH TAKEN TO PERFORM STUDY 

Considerable in-house da t a  on t h e  performance and c o s t s  of commercial 
f i xed  bed g a s i f i e r s ,  which were compiled from both l i t e r a t u r e  and 
g a s i f i e r  vendor con tac t s  i n  conjunction d - th  G i l b e r t ' s  previous i n d u s t r i a l  
p ro j ec t s ,  w e r e  reviewed. Additional da t a  were obtained from organizat ions 
engaged i n  the t e s t i n g  of t h e  f ixed bed g a s i f i e r s ,  such as the  Morgantown 
Energy Research Center (MERC). 

From reviewing the  a v a i l a b l e  da t a ,  a d d i t i o n a l  data  needs were i d e n t i f i e d ,  
and g a s i f i e r  vendors were contacted t o  ob ta in  t h e  necessary information. 
Many of t he  missing da ta  were obtained via these g a s i f i e r  vendor 
contacts .  I n  a very few ins t ances ,  however, some of t he  vendors were 

1- 1 



unable t o  provide a l l  the da t a  Gi lbe r t  requested,  and the missing da ta  
were e i t h e r  ca l cu la t ed  on a t h e o r e t i c a l  bas i s  o r  estimated by exe rc i s ing  
engineering judgment based on G i l b e r t ' s  previous experience with 
i n d u s t r i a l  g a s i f i c a t i o n  p ro jec t s .  

The r epor t  prepared by Gi lbe r t  was reviewed by both ERDA and the  
g a s i f i e r  vendors. 
G i lbe r t  presented f o r  h i s  p a r t i c u l a r  g a s i f i e r  was necessary t o  in su re  
aga ins t  divulging of proprietary information. 

The review by each g a s i f i e r  vendor of the da t a  

1.3 ORGANIZATION OF THE REPORT 

The r epor t  cons i s t s  of f i v e  sec t ions  and th ree  appendices. 

After  t he  b r i e f  desc r ip t ion  of t h e  purpose, scope, and study approach 
taken in Section 1.0, Section 2 gives a h i s t o r i c a l  o u t l i n e  of t h e  
development of f ixed  bed g a s i f i e r s .  
t h e  chemistry of f ixed bed coal  g a s i f i c a t i o n  are a l s o  discussed i n  
t h i s  sect ion.  

Pe r t inen t  background materials on 

Sectibn 3.0 p resen t s  a compilation and ana lys i s  of physical  configurat ion,  
performance c a p a b i l i t i e s ,  operation, and commercial experience of t he  
six g a s i f i e r s .  
and two-stage g a s i f i e r s  are discussed. Advantages, disadvantages, 
problems, and p o t e n t i a l  for improvements in utilizing f ixed  bed g a s i f i e r s  
are a lso  summarized. 

Technical similarities and d i f f e rences  between s ingle-  

Section 4.0 contains the r e s u l t s  of t he  economic ana lys i s  including a 
d e t a i l e d  breakdown of c a p i t a l  and operat ing cost elements. 
"averaged" c a p i t a l  cost  was applied t o  a l l  g a s i f i e r s  i n  generating the 
cos t  data. Fuel c o s t s  were generated using 8%, 10% and 12%,discounted 
cash flow rates f o r  three varying degree of gas c l ean l ines s .  
p ro j ec t  schedule is a l s o  presented in t h i s  sect ion.  

A s i n g l e  

A t y p i c a l  

Sect ion 5.0 summarizes and discusses  the r e s u l t s  of both t echn ica l  and' 
economic evaluat ions of the six f ixed bed g a s i f i e r s .  

Appendix A presents  a discussion of coa l  a v a i l a b i l i t y  and c h a r a c t e r i s t i c s  
p e r t i n e n t  t o  the chemistry of f ixed bed coa l  g a s i f i c a t i o n .  

In Appendix B,  the  r e s u l t s  of c o r r e l a t i o n s  made t o  relate the g a s i f i c a t i o n  
rate and the  higher heating value of product gas t o  the f ixed carbon 
content of coa l  feed are presented. 

F ina l ly ,  Appendix C discusses  the combustion c h a r a c t e r i s t i c s  of low- 
and medium-Btu gases and compares them with those .of n a t u r a l  gas. 
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2.0 BACKGROUND 

The term "fixed bed" is used i n  g a s i f i c a t i o n  t o  s i g n i f y  a f u e l  bed 
supported by a g r a t e  o r  by o the r  means and maintained a t  a constant  
depth above the support. 
bed are f ixed i n  space, but within the bed f u e l  moves slowly from the 
top down through the  g a s i f i c a t i o n  zone, and residue is discharged a t  
t h e  bottom. 

Thus, the upper and lower extremities of t h e  

2.1 EVOLUTION OF TECHNOLOGY 

The bas i c  science on which f ixed bed coa l  g a s i f i c a t i o n  technology w a s  
f i r s t  b u i l t  da t e s  back t o  1670, when Reverend' John Clayton, a Yorkshire 
clergyman, reported the generation of a luminous gas when coa l  w a s  
heated i n  a chemical r e t o r t .  
century because i t  was not u n t i l  1792 t h a t  W i l l i a m  Murdoch, a Scotsman, 
l i g h t e d  h i s  home with gas obtained by d i s t i l l i n g  coa l  i n  an i r o n  
r e t o r t .  Thus w a s  born the  gas indus t ry ,  more s p e c i f i c a l l y ,  the 
producer-gas industry,  the ini t ia l  ob jec t ive  of which was t o  produce a 
i l luminat ing g p s  and t o  sel l  the  r e t o r t  coke t o  domestic and o t h e r  
users .  

' c o a l  and discharging coke; gas w a s  s to red  i n  holders  t o  take ca re  o f  
the v a r i a t i o n  i n  demand from day t o  night .  

The f i r s t  practical gas producer t o  serve the heat ing market w a s  b u i l t  
by Bischof i n  Germany in 1839, followed by Ebelman i n  France i n  1840, 
and Ekman of Sweden i n  1845. The invent ion of t he  atmospheric gas 
burner by Bunsen i n  1855 strengthened the  indus t ry ' s  p o t e n t i a l  f o r  
growth i n  the  heat ing market. In 1861, the  f i r s t  l a r g e  i n d u s t r i a l  
development in  the use of gas producers was made when the two Siemens 
bo r the r s  of Germany patented t h e i r  combined gas producer and regenerat ive 
furnace,  thus opening up t h e  f i e l d  f o r  the we of raw producer gas i n  
heavy furnace work. 

Technology lagged science by more than a 

The gas r e t o r t  method operated continuously except f o r  charging 

The gas industry f u r t h e r  took advantage of the technological  advance 
made by Lowe i n  1875 when he developed the  cyc l i c  carbureted water gas 
process.  I n  t h i s  process, hot coke is  reacted with steam t o  produce 
water gas, a mix tu re  of carbon monoxide and hydrogen. This gas is  
enriched by cracking- oil i n  a downstream vessel f i l l e d  with checker 
brick.  
period and blowing a i r  through the coke bed. The in t roduc t ion  of t h i s  
process enabled gas producers t o  be put  on-stream and shut-down 
comparatively e a s i l y  and w e r e  thus i d e a l l y  s u i t e d  f o r  serving app l i ca t ions  
with va r i ab le  loads. Also, t he re  w a s  no s o l i d  co-product t o  dispose 
o f .  The introduct ion of t h i s  process gave the industry an opportunity 
t o  optimize i t s  physical p l a n t  through i n p l a n t  use of r e t o r t  coke t o  
make water gas. 

I n  the  years 1879-1881 J. E .  Downson, of England developed a producer 
gas  cooling and cleaning p l an t ,  which extended the  scope of a p p l i c a t i o n  
of producer gas t o  make poss ib l e  i t s  use i n  s m a l l  furnaces and gas 
engines. 

Heat f o r  the process is obtained by i n t e r r u p t i n g  the gas-making 
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In  1889, D r .  Ludwig Mond showed how i t  had been poss ib l e  during some 
preceding years t o  generate producer gas while simultaneously recovering 
by-products from the  f u e l  i n  a chemical works i n  Cheshire, England, 
thereby pointing out during t h i s  e a r l y  period t h a t  producer. gas should 
not be considered only f o r  i t s  heat  content,  but a l s o  f o r  its p rope r t i e s  
i n  regard t o  the recovery of c e r t a i n  products required i n  the chemical 
and a g r i c u l t u r a l  i ndus t r i e s .  

The real innovations i n  coal  g a s i f i c a t i o n  technology s t a r t e d  around 
1920 i n  Europe, where coal was the p r i n c i p a l  source of energy and 
where the re  w a s  an i ncen t ive  t o  develop process f o r  making low-cost 
synthesis  gas from coal  f o r  use i n  the  production of ammonia and 
syn the t i c  l i q u i d  fue l s .  During World War 11, the German chemical 
industry succeeded i n  producing 4,500,000 tons per  year of l i q u i d  
f u e l s  from coal.  
n a t u r a l  gas i n  Europe helped promote the  i n s t a l l a t i o n  and use of coa l  
g a s i f i c a t i o n  p l a n t s  f o r  t h e  production of ammonia v i a  oxygen-blown 
g a s i f i c a t i o n  of coa l  and subsequent c a t a l y s t  syn thes i s .  

A t  t h e  conclusion of World War 11, the l ack  of 

In  the United S t a t e s ,  t he  e a r l y  g a s i f i e r s  were usual ly  known by the 
name of t h e i r  developers such as the  Galusha, Wellman, Morgan, Chapman, 
Smythe, Wood, etc. 
popular i ty  i n  the 1920's. I n  1926, t he re  were about 12,000 gas producers 
i n  operat ion f o r  production of low- and medium-Btu gases from coal.  
More than half  of these f ixed bed gasifiers were used f o r  such 
me ta l lu rg ica l  processes as annealing, b i l l e t  heat ing,  soaking pits and 
SO fo r th .  
diminish due t o  t he  competition from n a t u r a l  gas and o i l  which became 
increasingly ava i l ab le  i n  the 1930's. It should be recognized nevertheless  
t h a t  during its long period of evolution, the producer-gas industry 
has been r e f in ing  its technology and developing new technology t o  
improve i ts  day-to-day operat ions.  

The use of producer gas reached the  height  of i t s  

From this peak period on, however, producer gas began t o  

2.2 CHARACTERISTICS OF FIXED BED GASIFICATION 

Fixed beds have seve ra l  inherent  c h a r a c t e r i s t i c s  t h a t  are advantageous 
i n  g a s i f i c a t i o n  processes. Flow of coal  and residue is countercurrent 
t o  t h e  g a s i f i c a t i o n  medium and products of g a s i f i c a t i o n ,  and t h i s  
leads t o  maximum heat  economics. .The countercurrent contacting permits 
both the  coal  and gaseous r eac t an t s  t o  be preheated p r i o r  t o  g a s i f i c a t i o n ,  
thus increasing the  o v e r a l l  e f f i c i ency  of these r eac t ions  and u l t ima te ly  
the  e f f i c i ency  of the process. Also, increasing e f f i c i ency  is  the 
f a c t  t h a t  t h i s  preheat can be supplied from the  process i t s e l f  r a t h e r  
than an ex te rna l  source which would r equ i r e  an add i t iona l  expenditure 
of energy. Relat ively long residence t i m e  of t he  f u e l  i n  the  r eac t ion  
vesse l  p e r m i t s  high carbon conversion. The long residence time reduces 
g a s i f i c a t i o n  rates but because of high carbon conversions, thermal 
e f f i c i e n c i e s  a r e  high. Low gas e x i t  tempera:ures r e s u l t  i n  lower 
oxygen o r  a i r  consumption i n  the  combustion zone. 
not  contaminated with s o l i d s  t o  any g rea t  ex ten t ,  and plug f l o w  of 
s o l i d s  minimizes l o s s  of ungasified f u e l  i n  the residue. 

The product gas i s  

2- 2 



2.3 

The f u e l  bed i s  character ized by zones of d i f f e r e n t  temperature and 
the  processes taking place i n  them. These may be designated as: 

1. Drying Zone - This zone i s  a t  the top of t h e  g a s i f i e r  where raw 
coa l  is dr i ed  and preheated by the  hot gases flowing from below. 

2. Devo la t i l i za t ion  Zone - Here the coal  is d i s t i l l e d  t o  remove 
v o l a t i l e  matter i n  the feed t o  render a caking coa l  noncaking and 
recover t h e  methane, o i l  and tars i n  the  coal .  

3. Gas i f i ca t ion  Zone - Here the  coa l  is contacted with steam and 
carbon dioxide t o  form hydrogen and carbon monoxide. 

Combustion Zone - Here t h e  remaining carbon i n  the coal  is burned 
with oxygen t o  supply the heat  required i n  the upper zones. 

4 .  

Figure 2.2-1 shows the t y p i c a l  arrangement of t he  four  zones i n  a 
f i x e d  bed g a s i f i e r .  
s ingle-s tage g a s i f i e r  and the  two-stage g a s i f i e r .  I n  s ingle-s tage 
g a s i f i e r s ,  d ry ing fdevo la t i l i za t ion  of v o l a t i l e  matter and 
gasificationlcombustion of coa l  take p l ace  i n  the same o v e r a l l  bed 
with comingling of t he  d i s t i l l e d  gas with the producer gas. I n  the 
two-stage g a s i f i e r ,  t h e r e  is  a separat ion of the processes with t h e  
gases coming off  more o r  less sepa ra t e ly .  

It a l s o  dep ic t s  the bas i c  d i f f e rence  between t h e  

CHEMISTRY OF FIXED BED GASIFICATION 

I n  normal operat ions of a f ixed bed g a s i f i e r ,  the four  zones described 
above o f t en  overlap and n o . d i s c r e t e  s epa ra t ion  exists. However, t he  
chemical r eac t ions  and temperature ranges which can occur i n  each zone 
a r e  presented below, ind iv idua l ly :  

- Drying Zone - I n  t h i s  zone the  raw coal  comes i n  contact  with hot 
product gas t o  dry and preheat it. Depending on the  coa l  and g a s i f i e r  - 
se l ec t ed ,  the temperature i n  t h i s  zone can run from 200-4000F f o r  two- 
s t a g e  and 700-1100°F f o r  s ingle-s tage g a s i f i e r s .  
w i l l  operate  a t  the  lower temperature range t o  p e r m i t  gradual con t ro l l ed  
drying and d e v o l a t i l i z a t i o n  and thus prevent cracking of t he  tar and 
oils. Since the removal of moisture absorbs hea t ,  a coa l  with a high 
moisture content would r e q u i r e  longer residence t i m e  i n  t h i s  zone. 
Similar ly ,  the added moisture would lower the  f i n a l  hot product gas 
heat ing value and decrease o v e r a l l  thermal e f f i c i ency .  

Two-stage g a s i f i e r s  

- Devo la t i l i za t ion  Zone - Drying and d e v o l a t i l i z a t i o n  general ly  occur 
simultaneously depending on the  temperature. 
removed as the coal  hea t s  up, but low molecular weight gases,  o i l s  and 
tars  a l s o  begin d i s t i l l i n g  out.  

Additional moisture is 

Coal contains c e r t a i n  occluded gases such as carbon dioxide and methane 
and inherent  moisture. When the coa l  i s  heated the occluded carbon 
dioxide and methane are f i r s t  dr iven o f f ,  t h e i r  removal being more o r  
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less complete a t  about 400°F. 
of i n t e r n a l  condensation occurs i n  the  molecules comprising the  essential 
coa l  substance; t h i s  is accomplished by the  evolu t ion  of carbon dioxide 
and water vapor. The ex ten t  of these r eac t ions  increases  with decreasing 
coa l  rank. 

Above t h i s  temperature a certain amount 

In t he  temperature range 400°-9000F the  organic s u l f u r  compounds of 
coa l  decompose t o  hydrogen s u l f i d e  and o ther  organic  s u l f u r  compounds. 
Decomposition of t he  nitrogenous compomdsbegins with the  evolu t ion  
of n i t rogen  and ammonia. 
t h e  essential coa l  substance begins,  r e s u l t i n g  i n  the  evolut ion of 
methane and its higher o l e f i n s ;  the  bulk, but not all, of the  combined 
oxygen is  also re leased and appears i n  the evolved gases mainly as 
water and oxides of carbon. 

The expulsion of o i l s  from coal  begins a t  about 550° t o  750°F, t h e  
y i e l d  of tar usua l ly  increas ing  t o  a maximum a t  9000 t o  1000°F. 
l i g h t  o i l  and tar the re  is usua l ly  an increase  in aromatici ty  with 
increas ing  temperature. 
lower temperatures cons i s t  mainly of cyc l i c  hydroaromatic compounds 
and smaller q u a n t i t i e s  of higher o l e f i n s  and p a r a f f i n  hydrocarbons 
with very l i t t l e  aromatic compounds of the  benzene series, while 
higher  temperature tars contain q u i t e  high proport ions of aromatic 
hydrocarbons. 

The q u a l i t y  and composition of gases and tars produced from coal  vary 
wi th  the  type of coal  and the  temperature. 
increases  with temperature and decreasing coa l  rank. The composition 
of t h e  gas a l s o  changes, t he  carbon dioxide and methane content increas ing  
and the  hydrogen content  decreasing with decreasing rank. 

I n  t h i s  temperature range, decomposition of 

With 

Thus, the  l i q u i d s  produced from coal  a t  t h e  

The y i e l d  of tar and gas 

Gas i f i ca t ion  Zone - The devo la t i l i zed  coa l  (now r e fe r r ed  t o  as char) 
from above contac ts  steam and combustion gases r i s i n g  up from the  
combustion zone and they r eac t  t o  form the  bulk of the  f u e l  gas  produced 
i n  a f ixed  bed g a s i f i e r .  
which can occur. 
dependent on the temperature i n  the bed. 

Figure 2.2-1 shows th ree  carbon r eac t ions  
The degree to  which each reaches equi l ibr ium i s  

The carbon dioxide r i s i n g  from the combustion zone r eac t s  with carbon 
resul t in  i n  the  production of carbon monoxide via the  endothermic 
r eac t ion  b : 

C + CO 2 CO - 74,197 Btu/lb-mole C 
2 7  

The ex ten t  t o  which the r eac t ion  occurs depends on the  temperature and 
on the  s o l i d  res idence time. 
r equ i r e  a long residence time, depending on the  rate of reac t ion .  
Since the  r a t e  of reac t ions  increases  with temperature, these equi l ibr ium 
values  a r e  d i f f i c u l t  t o  obtain a t  lower temperatures. 

To set up equi l ibr ium condi t ions may 

2-5 



The steam introduced a l s o  reacts with carbon i n  the gas i f i ca t ion  zone 
v i a  the  two endothermic react ions:  

C + H20 e CO + H2 - 56,488 Btu/lb-mole C 

C + 2 H 2 0 S C 0 2  + 2 H2 - 38,779 Btu/lb-mole C 

The f i r s t  react ion occurs almost exclusively a t  and above 1800°F and 
t h e  second react ion a t  llOO°F. 
react ions occur t o  reach some equilibrium concentration. A high 
g a s i f i c a t i o n  temperature i s  desirable  t o  avoid the  production of 
carbon dioxide. 

Between these two temperatures both 

The rate of t he  steam-carbon react ions is  a l s o  influenced by the 
quant i ty  of steam present. 
as possible  be converted i n t o  carbon monoxide and hydrogen. 

It is important t h a t  as much of t he  steam 

The endothermic carbon-steam react ions which occur during gas i f i ca t ion  
are highly temperature dependent. 
steam equilibrium conversion t o  produce more f u e l  gas. 
endothermic heat of react ion t o  promote the  carbon-steam react ion is  
provided wholly by the  exothermic combustion of carbon and oxygen. In  
add i t ion  t o  the steam/carbon dioxide/carbon react ions,  the s u l f u r  w i l l  
a l s o  react endothermically with hydrogen and carbon monoxide and w i l l  
be reduced t o  hydrogen s u l f i d e  and trace quan t i t i e s  of carbon d i s u l f i d e  
and carbonyl s u l f i d e .  Approximately 90% of the  s u l f u r  i n  the  coa l  
w i l l  appear as hydrogen s u l f i d e  (2 )  . 

High temperatures favor carbon and 
The necessary 

Combustion Zone - This zone cons i s t s  of a layer  of gas i f i ed  char 
supported by a layer  of dry ash. The remaining carbon i n  the char is 
reacted with oxygen to  generate heat required f o r  t h e  subsequent 
endothermic gas i f i ca t ion  react ions and f o r  t he  d i s t i l l a t i o n  and dryin 
zones. The combustion proceeds v i a  the  following exothermic react ion : 

- 

$1) 

C02 + 169,293 Btu/lb-mole C c + 0 2 c  

The ash layer  i n  the combustion zone serves two purposes. The f i r s t  
i s  to  d i s t r i b u t e  the oxygen and steam feed evenly across the f u e l  bed 
and the second, and more importantly, is to  recover sensible  heat i n  
the  hot ash f o r  improved eff ic iency and react ion rate i n  the  gas i f i ca t ion  
zone by preheating the oxygen and steam mixture. 
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3.0 

3.1 

3 . 1 . 1  

TECHNICAL ANALYSIS OF GASIFIERS 

Technical da t a  compiled f o r  physical  configurat ion,  performance 
c a p a b i l i t i e s ,  operat ion and maintenance, and commercial experience of 
t h e  s i x  f ixed  bed g a s i f i e r s  are discussed i n  t h i s  s ec t ion .  

PHYSICAL SYSTEM 

Single-stage and two-stage f ixed  bed g a s i f i e r s  are designed t o  ope ra t e  
a t  atmospheric pressure.  
from t h e  top and the  a i r  b l a s t  (or oxygen b l a s t )  s a tu ra t ed  with moisture 
e n t e r s  a t  t he  bottom. Ash is removed from the bottom. Coal is charged 
by g rav i ty  flow using e i t h e r  drum feeders  o r  lock hoppers. 

I n  both types of g a s i f i e r s  coa l  is charged 

The single-stage g a s i f i e r  and the  two-stage g a s i f i e r  d i f f e r  i n  t h e i r  
gas  off-take configurations.  I n  a s ingle-s tage g a s i f i e r  t h e  producer 
gas is taken from one point ,  whereas i n  a two-stage g a s i f i e r  p a r t  of 
t h e  gas i s  taken from the top ( d i s t i l l a t i o n  zone) and the  remaining 
gas from a loca t ion  below t h e  top of the g a s i f i e r  ( g a s i f i c a t i o n  zone). 
A s ingle-s tage g a s i f i e r  can be equipped with an a g i t a t o r ,  whereas a 
two-stage g a s i f i e r  is  unavai lable  commercially with an a g i t a t o r .  
height  of a single-stage g a s i f i e r  i s  5 t o  6 f t  while a two-stage 
g a s i f i e r  can be 1 7  t o  18 f t  deep. 
f o r  both types. 
brick-lined o r  water-jacketed. 
i n  the  r e t o r t  sect ion.  

Bed 

The g a s i f i c a t i o n  s h e l l  is c y l i n d r i c a l  

A two-stage g a s i f i e r  i s  always brick-lined 
For a single-stage g a s i f i e r ,  t he  s h e l l  can be e i t h e r  

Generally, both types of g a s i f i e r  have a f ixed  s h e l l  and a r o t a t i n g  
g r a t e .  
g a s i f i e r  which has a revolving s h e l l  and no g ra t e .  

This is not so in the case of Riley-Morgan (single-stage) 

Single-Stage Gas i f i e r s  

The single-stage f ixed  bed g a s i f i e r s  cons i s t  of a c y l i n d r i c a l  s h e l l  
provided with a system f o r  feeding coa l  from t h e  top,  air-steam o r  
oxygen-steam b l a s t  from the bottom, and an ash removal system a t  the  
bottom. Thus, t he  coa l  is fed downward and t h e  moist a i r  (or  oxygen) 
flows upward through an ash zone t o  the combustion zone. 

I n  some single-stage g a s i f i e r s  such as Wilputte,  t he  ash plow is  
s t a t i o n a r y  and the  g r a t e  and ash pan rotate. I n  such a g a s i f i e r  ash 
removal is intermittent,  and t h r e e  o r  four  inches of ash are removed 
each revolution. Riley-Morgan (R-M) has a r o t a t i n g  s h e l l  but no 
g r a t e ,  and t he  ash bed performs t h e  funct ion of a g ra t e .  I n  t h e  
McDowell-Wellman (M-W), the  s h e l l  i s  s t a t i o n a r y  and the  g r a t e  r o t a t e s  
t o  discharge ash continuously i n t o  a con ica l  hopper, from wnich i t  is  
removed pe r iod ica l ly .  

The g a s i f i e r  s h e l l  can be brick-lined (R-13, Wilputte) o r  water-jacketed 
(M-W). I n  t he  former type, steam has t o  be r a i sed  e i t h e r  i n  a waste 
h e a t  b o i l e r  o r  obtained from an e x t e r n a l  source.  Water-jacketed 
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g a s i f i e r s  are se l f - su f f i c i en t  i n  t h e i r  steam requirements. 
M-W g a s i f i e r  a i r  i s  blown over the  jacke t  water, where it  picks up the  
required moisture before  en ter ing  the  g a s i f i e r .  The amount of steam 
going i n t o  the  g a s i f i e r  i s  cont ro l led  by regula t ing  the supply of 
j acke t  water. 
a i r  b l a s t  before  i t  enters the  g a s i f i e r .  
adapted t o  e i t h e r  mode of operation. 

I n  t h e  

I n  the R-M g a s i f i e r ,  metered steam is mixed with the  
The Wilputte g a s i f i e r  can be 

A l l  the  single-stage g a s i f i e r s  are f i t t e d  with a g i t a t o r s  which p e r m i t  
g a s i f i c a t i o n  of highly caking coa ls  and increase  the  gas production. 

There are several va r i a t ions  i n  the  mode of feeding the  s ingle-s tage 
g a s i f i e r s .  The Wilputte g a s i f i e r  uses a Chapman drum feeder;  t he  
Riley-Morgan g a s i f i e r  uses a drum feeder  coupled with lock hopper; and 
t h e  McDowell-Wellman g a s i f i e t  uses a two-compartment coal  feed b i n  
which continuously feeds t h e  g a s i f i e r  by g rav i ty  through two pipes  
connecting the  b in  and the  g a s i f i e r .  

(1) (2) (3) 3.1.1.1 McDowell-Wellman Gas i f i e r  

Standard Gas i f ie r  

The g a s i f i e r  has a continuous automatic grav i ty  coa l  feeding system, a 
revolving g ra t e ,  and an elevated ash p i t .  
s tandard McDowell-Wellman (M-W) g a s i f i e r  is shown i n  Figure 3.1-1. 

A two-compartment coa l  bin forms the  top of the  g a s i f i e r .  
s ec t ion  serves  as a s torage  bin,  fed by any s u i t a b l e  device (such as a 
bucket e leva tor )  f o r  coal  handling. The lower compartment i s  separated 
from the  upper sec t ion  by d i s c  valves through which coal  is  fed.  
Similar valves  cover the entrance t o  each of the feed pipes  connecting 
t h e  lower b i n  with the f i r e  chamber. Coal from the lower b in  flows 
continuously through these feed pipes  t o  f i l l  t he  f i r e  chamber, and 
revolving g ra t e s  discharge the  ash from below the  f i r e  a t  t he  same 
rate a t  which i t  is formed. 

The schematic diagram of a 

The upper 

The coa l  feed pipe valves are normally open, but f o r  b r i e f  i n t e r v a l s  
they are closed, during which time the  upper valves  i n  the  lower 
compartment are opened t o  f i l l  t he  feeding compartment with coal .  A 
simple in te r locking  mechanism prevents t he  opening of t he  upper valves  
unless  a l l  lower valves  are t i g h t l y  closed. 
any lower valves  while  any top valve i s  open. 
device i s  ava i l ab le  t o  open and c lose  the coa l  feed valves .  

It  a l s o  prevents  opening 
An opt iona l  power 

The gas-making chamber i s  completely water-jacketed. The inner  w a l l  
is made of one-inch th ick  s teel  p l a t e  and requi res  no b r i ck  l i n ing .  
Waste heat  i n  the  water jacke t  generates the required steam. 
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Coal bin 

Figure 3.1-1 McDowell-Nellnan Standard Type Gasifier 
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A direct-driven f an  suppl ies  a i r  t o  the g a s i f i e r .  This a i r  acquires  
moisture on its way t o  the f i r e  bed by passing over the steaming water 
a t  the top of t he  jacket. Sa tu ra t ion  i s  automatically control led by 
regulat ing the  rate of supply of j acke t  water t o  maintain the desired 
s a t u r a t i o n  temperature. 

In t e r sec t ing  g i r d e r s  a t  the f i r s t  f l o o r  l e v e l  of the M-W g a s i f i c a t i o n  
p l an  support a cast steel g r a t e  bearing. The g r a t e s  are made of 
c i r c u l a r  heavy steel p l a t e  r i n g s  t h a t  are f l a t  and without pe r fo ra t ions .  
They are set on top of each o the r ,  with edges overlapping so t h a t  t he  
ash cannot escape unless pushed ho r i zon ta l ly  through the  v e r t i c a l  
space between the stepped p l a t e s .  

The g r a t e s  are eccentric with the center  support ,  and the e n t i r e  
assembly is ro t a t ed  very slowly. Due t o  t h i s  e c c e n t r i c i t y ,  t he  space 
between the  g r a t e  p l a t e s  and the  s h e l l  of t he  g a s i f i e r  varies cons t an t ly  
as t h e  g r a t e s  revolve. A s  t he  space inc reases ,  it f i l l s  with ash; as 
the space decreases,  the ash i s  forced over the inner  edge of t h e  
g r a t e  platforms. I n  the  area of least space, the ash i s  crushed and 
is thoroughly broken up. T h i s  a c t ion  occurs progressively throughout 
t h e ' e n t i r e  g r a t e  area, de l ive r ing  a constant stream of loose,  r e a d i l y  
flowing ash t o  the  hopper below. 
through which coa l  can be l o s t .  The el iminat ion of water seals makes 
i t  poss ib l e  t o  ca r ry  higher pressures .  

The cone-shaped ash hopper is s u f f i c i e n t l y  e levated t o  allow a t ruck,  
r a i l r o a d  car o r  conveyor t o  be placed under the discharge gate.  
free flowing ash can be quickly and conveniently discharged f o r  disposal .  
No i n t e r r u p t i o n  of operation is involved. 

The g r a t e s  have no pe r fo ra t ions  

The 

M-W u n i t s  are a v a i l a b l e  with water j acke t  o r  with b r i c k  l i n i n g .  
l i n e d  g a s i f i e r s  range from 1-1/2 f t  t o  5 f t  i n  diameter. 
series covers the diameter range from 3-1/2 f t  t o  10 f t .  

Brick- 
Water-jacketed 

With Agitator  

The physical  configurat ion of the 14-W g a s i f i e r  with an a g i t a t o r  is t he  
same as t h a t  of a standard type g a s i f i e r .  As shown in Figure 3.1-2 a 
slowly revolving horizontal-arm, which a l s o  s p i r a l s  v e r t i c a l l y  below 
t h e  su r face  of t he  coa l  bed, i s  i n s t a l l e d  i n  the s t i r r e d  M-W g a s i f i e r  
t o  r e t a r d  channeling and t o  maintain a uniform coa l  bed f o r  t he  maximum 
gas production. The a g i t a t o r  arm and its v e r t i c a l  d r ive  s h a f t  are 
made of heavy, water-cooled s teel  tubing, with the wearing par ts  
protected by heat and wear r e s i s t a n t  cast ings.  
a t  varying speeds, and its pos i t i on  within the coa l  bed may be changed 
as desired f o r  d i f f e r e n t  coals  and operating conditions.  The a g i t a t e d  
g a s i f i e r  can gas i fy  about 25% more a n t h r a c i t e  o r  coke of the same s i z e  
than the  standard un i t .  

The arm can be revolved 
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3.1.1.2 

A l l  14-W g a s i f i e r s  equipped with stirrers are water-jacketed. 
s i z e s  of 6-1/2 and 10 f t  are a v a i l a b l e  f o r  the s t i r r e d  g a s i f i e r .  

A summary of t he  physical  system f o r  t h e  M-W g a s i f i e r  and its advantages, 
disadvantages, maintenance areas, and p o t e n t i a l  f o r  improvement is 
presented i n  Table 3.1-1. 

Standard 

(4) (5) Wilputte G a s i f i e r  

The Wilputte g a s i f i e r ,  as shown i n  Figure 3.1-3, is used f o r  t h e  
g a s i f i c a t i o n  of var ious types of coa l  by p a r t i a l  combustion with a i r  
o r  oxygen a t  atmospheric pressure.  For t he  g a s i f i c a t i o n  of bituminous 
coal ,  t he  g a s i f i e r  s h e l l  is brick-lined and is  equipped with a Chapman 
drum feeder  and a g i t a t o r  assembly. 

Supported under the s h e l l ,  r i d i n g  on th ree  sets of r o l l e r s  and guided 
by r o l l e r s ,  is t h e  Koller-type revolving g r a t e  and ash pan. The g r a t e  
and ash pan are constructed of cast i r o n  with s p i r a l  r i b s  i n  the  g r a t e  
t o  shear  t he  bottom of the  f u e l  bed and fo rce  the  ashes i n t o  the ash 
pan. 

The tuyere and ash t a b l e  are mounted i n  a pan which is  f i l l e d  with 
water t o  form a seal with the  seal r ing  at tached t o  the g a s i f i e r  
s h e l l .  The whole assembly i s  mounted on a heavy gear r i n g ,  a t tached 
t o  a c i r c u l a r  r a i l  track which, i n  turn,  rides on the  supporting 
r o l l e r s .  The g r a t e  is driven by a va r i ab le  speed d r ive ,  A s t a t i o n a r y  
ash plow removes t h e  ash from the revolving pan so as t o  discharge t h e  
ash i n t o  the  ash hopper. 

For gasifying coke o r  a n t h r a c i t e  coal ,  the  Chapman feeder  and a g i t a t o r  
assembly is replaced by a c y c l i c  batch feeder .  

~ 

a l s o  water-jacketed and equipped with a steam drum and b o i l e r  accesso r i e s  
designed f o r  production of 15 ps ig  steam. This steam is used as 
process steam t o  s a t u r a t e  t h e  a i r  going t o  the  g a s i f i e r .  

S team from the water j acke t  o r  from an ou t s ide  source is admitted t o  
s a t u r a t e  the a i r  going t o  the g a s i f i e r .  The amount of steam is con t ro l l ed  
by the  s a t u r a t i o n  temperature, and the amount of a i r  is control led by 
t h e  gas demand. 

The g a s i f i e r  s h e l l  is 

The Wilputte g a s i f i e r  is a v a i l a b l e  i n  two s tandard sizes: 
and 10 ft-4 i n  diameter. The height of both u n i t s  is 16 f t -5  i n .  

9 f t -2  i n  

A summary of t he  physical system f o r  t he  Wilputte g a s i f i e r  and its 
advantages, disadvantages, maintenance areas, and p o t e n t i a l  f o r  
improvements i s  presented i n  Table 3.1-2. 
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Table- 3.1- 1 

Summary of Physical Systems of McDowell-Wellman G a s i f i e r  

Physical  Components 

Coal Feeding System 

G a s i f i e r  

o 
o Two compartment f u e l  bin 

Continuous automatic g rav i ty  coal feeding 

o Coal feed from top 
o Ash discharged t o  bottom 
o Stirrer a v a i l a b l e  t o  handle caking coa l s  
o Conpletely water-jacketed 
o 1" thick inner wall steel plate 

Ash Withdrawal System 

AirIOxygen Feeding System 

Steam Feeding System 

Ins ide  Diameter 

Advantages 

Coal Feeding System 

G a s i f i e r  

A i r / O Z  Feeding System 

Disadvantages 

Maintenance Areas 

P o t e n t i a l  f o r  Improvement 

o Rotating g r a t e s  
o Continuous discharge 
o Elevated ash p i t  

o Direct driven fan b l a s t  
o Saturated with steam from j acke t  

o Steam generation with waste hea t  i n  water 
jacket 

o Brick-lined: 1'-6", 1'-10", 2 ' ,  3 ' ,  4 ' ,  5' 
o Jacketed: 6'-6", 8 ' ,  10' 

o 
o Simple design and operat ion 

No moving p a r t s  - minimum abrasive e f f e c t s  

o No br i ck  l i n e d  inner  w a l l  f o r  some g a s i f i e r  
provide low maintenance cos t  

o S t i r r e r  can handle caking coa l s  of high FSI 

o A i r / O q  s a t u r a t i o n  temperature con t ro l l ed  
e a s i l y  by con t ro l l i ng  jacket  w a t e r  supply 

o Gas leakage from the  feed system 
o 
o Poking required t o  determine ash level 

Unsuitable feed system a t  elevated pressure 

o 
o Disc valves  i n  coa l  feeding system 

W e a r  b a r s  on a g i t a t o r  blade 

o 

o Elimination of poking 
0 .  Automatic con t ro l  of ash withdrawal rate 

Elimination of gas leakage problems by 
a d d i t i o n  of a i r  lock i n  the feed system 
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Table 3.1-2  

Summary of Physical Systems of Wilputte Gasifier 

Physical Components 

Coal Feeding System 

Gasifier 

Ash Withdrawal System 

Air/Oxygen Feeding System 

Steam Feeding System 

Inside Diameter 

0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

0 

0 

0 

Height 0 

Advantages 

Coal Feeding System 0 
Gasif ier 0 

Air/O Feeding System 2 

Disadvantages 

Maintenance Areas ' 

. .  

0 

0 

0 

0 

Potential for Improvement 0 

0 
0 

Chapman drum feeder for bituminous coal 
Magazine for anthracite and coke 

Coal from top and ash from bottom 
Chapman agitator 
Coal distribution 
Water-filled ash pan forms seal 
Water-jacketed shell for anthracite coal 
Brick-lined shell for bituminous coal 

Rotating grate, stationary ash plow and 
rotating ash pan 

F. D. blast mixed with steam from the 
jacket or external source 

For coke and anthracite: 15 psig steam 
from water jacket for use with air 
saturation 
For bituminous coals: steam from waste 
heat boiler or outside source 

16'-5", 16'-5" 

No gas leakage from the coal feed system 
For anthracite and coke: self sufficient 
steam 

Control of air feeding rate by air saturation 
temperature 

No steam generation for bituminous coal 
gasifier 

Possible increase !in maintenance. for brick- 
lined gasifier . 
Gradual erosion of agitator blade and grate 

Adaption of anthracite gasifier for 
bituminous coal 
Elimination of poking 
Automatic control of ash withdrawal rate 
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3.1.1.3 Riley-Morgan Gas i f i e r  (7)  

Figure 3.1-4-shows a sketch of t he  Riley-Morgan (R-M) gas producer and 
Figure 3.1-5 a schematic of t he  R-M g a s i f i c a t i o n  system. A t y p i c a l  
commercial s i z e  g a s i f i e r  is housed i n  a 72-foot t a l l  building. The 
top half  of the bui lding houses a 60-ton coa l  bunker and the lower 
half  contains  the g a s i f i e r .  A con t ro l  room is  a t  t h e  rear of the 
building, and an enclosed f l a r e  s t a c k  is mounted above the roof .  

Coal is  unloaded i n t o  the t ruck hopper, then elevated t o  the bunker 
from which it flows t o  a standard Riley-Stoker D r u m  Feeder. This 
volumetric device feeds coal  t o  a lock hopper system. The metered 
coa l  then drops i n t o  a twin lock hopper arrangement designed s o  t h a t  
t h e  coa l  gates  do not c lose  aga ins t  a head of coal .  The discharge of 
t h e  lock hopper is  governed by a count from t h e  feeder.  Coal e n t e r s  
t he  f ixed top port ion of the R-M g a s i f i e r  and is spread evenly on top 
of t h e  bed by the  r o t a t i n g  b a r r e l  and pivot ing leveller arms. 
is  consumed by the g a s i f i c a t i o n  process,  the l e v e l  a t  the top of t h e  
bed is  automatically r e s to red  by coa l  feed. 

As coa l  

Air e n t e r s  the system v ia  the forced d r a f t  f an  as shown i n  t h e  lower 
r i g h t  of Figure 3.1-5. Metered steam is added downstream of the  a i r  
flow meter, and the mixture e n t e r s  the bottom of the r o t a t i n g  ash pan 
through a b l a s t  hood. There is  no g r a t e  i n  the  system -- the  ash bed 
funct ions as a grate .  The a i r - s t e a m  mixture moves countercurrent t o  
t h e  descending coal ,  f i r s t  through the oxidizing zone, and then through 
t h e  reducing and d e v o l a t i l i z a t i o n  zones. 

The producer gas e x i t s  the bui lding through a 36 inch I . D .  refractory- l ined 
duct t o  a cyclone dust drop, and then t o  consumption o r  f u r t h e r  processing, 
as shown i n  Figure 3.1-5. 

Ash is removed by means of a h e l i c a l  plow located i n  the ash pan. As 
c o a l  is  consumed, t he  remainihg ash bu i lds  up. 
ash is  removed according t o  a calculated schedule i n  conjunction with 
leveller arm posi t ion.  Ash is  moved r a d i a l l y  outward and over t he  t i p  
of t he  pan where the plow is  engaged. 
through a water seal and conveyed t o  disposal .  

To maintain a level,  

From the re  i t  is discharged 

The R-M g a s i f i e r  has not been commercialized. However, the development 
g a s i f i e r  is  10.5 f t  i n  diameter which can be used as a commercial 
scale g a s i f i e r .  
are a v a i l a b l e  t o  f a b r i c a t e  a 18-ft diameter unit .  

R-M claims that technology and f a b r i c a t i o n  techniques 

A summary of physical  system f o r  the R-M g a s i f i e r  and i ts  advantages, 
disadvantages, maintenance areas, and p o t e n t i a l  f o r  improvement is  
presented i n  Table 3.1-3. 
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GAS OUTLET 

Figure 3.1-4 Riley-Norgan Gas i f i e r  
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Table 3.1-3 

Summary of Physical Systems of Riley Morgan G a s i f i e r  

Physical  Components 

Coal Feeding System 

Gasifier 

Ash Withdrawal System 

Air/Oxygen Feeding System 

Steam Feeding System 

I n s i d e  Diameter 

Advantages 

Coal Feeding System 

G a s i f i e r  

Air/02 Feeding System 

Disadvantages 

%intenance Areas: 

I 

P o t e n t i a l  of Improvement 

0 

0 
0 

0 

0 
0 

0 

0 

- 0  

0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
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Continuous automatic drum feeder  
and lock hopper 

Coal from top ash from bottom 
Leveler arm t o  ensure uniform coa l  
d i s t r i b u t i o n  ac ross  g a s i f i e r  
Water-cooled r o t a t i n g  c y l i n d r i c a l  
g a s i f i e r  s h e l l  
Water cooled a g i t a t o r s  
Refractory l i n i n g  

I n t e r m i t t e n t  removal by means of ash 

Ash plow s t a t i o n a r y ,  g a s i f i e r  s h e l l  
revolving 
No g r a t e  

plow 

F. D .  fan b l a s t  
Blast hood t o  ensure uniform d i s t r i b u t i o n  
Air and steam both metered 

Metered steam from e x t e r n a l  source 

No gas leakage from the  feed, system 

Rotating c y l i n d r i c a l  s h e l l  surrounded 
by s t a t i o n a r y  dust  hood f o r  c lean 
deashing 

Air and steam streams metere& 

Steam from an ou t s ide  source 

High maintenance requirement due t o  
r o t a t i n g  pan, b a r r e l  and charge. 

Elimination o r  automation of poking 
Relating ash withdrawal rate with 
coa l  feed rate 



3.1.2 Two-Stage G a s i f i e r s  

The p r i n c i p l e  of t he  two-stage coa l  g a s i f i c a t i o n  process was o r i g i n a l l y  
developed by 11 Gas I n t e g r a l e  of Milan, I t a l y ,  and has been success fu l ly  
applied t o  the production of i n d u s t r i a l  f u e l  gases f o r  over 30 years.  
(13) (14) (15) (16) The term "two-stage" r e f e r s  t o  independent con t ro l  
of t he  d i s t i l l a t i o n  of the v o l a t i l e  matter and t h e  g a s i f i c a t i o n  of t h e  
carbon i n  the  coal. The two-stage g a s i f i e r s  cu r ren t ly  marketed i n  t h e  
United States by Woodall-Duckham (WD/GI g a s i f i e r ) ,  Applied Technology 
Corporation (ATC/ Wellman-Incandescent g a s i f i e r ) ,  and Foster Wheeler 
Energy Corporation (FW-Stoic g a s i f i e r )  are designed on the same p r i n c i p l e  
and, therefore ,  share  many common mechanical f ea tu re s .  

The two-stage g a s i f i e r  is of the counterflow type pr imari ly  'designed 
f o r  low temperature d i s t i l l a t i o n  and g a s i f i c a t i o n  of high-volati le,  
weakly caking coals .  
and c o n s i s t s  of two d i s t i n c t  s ec t ions :  (1) the refractory-  

~ l i ned ,  d r y i n g / d i s t i l l a t i o n  r e t o r t ,  and (2) the water-jacketed, 
g a s i f i c a t i o n  sect ion.  

The g a s i f i e r  is  of v e r t i c a l  c y l i n d r i c a l  cons t ruc t ion  

D i s t i l l a t i o n  Retor t  

As shown schematically in Figure 3.1-6, the d i s t i l l a t i o n  r e t o r t  s tands 
above the r e l a t i v e l y  sho r t  g a s i f i c a t i o n  sec t ion ,  and i s  near ly  f i l l e d  
with coal.  In  con t r a s t  t o  s ingle-s tage g a s i f i e r s ,  the gas produced i n  
a two-stage g a s i f i e r  is withdrawn a t  two l e v e l s ,  one a t  the top of the 
r e t o r t  and one a t  a lower level of t he  g a s i f i e r  s h e l l  proper. A 
por t ion  of t he  gas formed i n  t h e  g a s i f i c a t i o n  sec t ion  flows through 
the  annular passage i n  the  r e f r ac to ry  w a l l  and is  withdrawn from the  
lower o u t l e t .  This gas stream is c a l l e d  the  bottom gas (ATC/WI and 
FW-Stoic) o r  the clear gas (WD/GI) , and is normally withdrawn a t  about 
1100 t o  1200OF. The remainder of the gas passes through the  r e t o r t  
s ec t ion  and is withdrawn from the upper o u t l e t ( s ) .  This gas is termed 
t h e  top gas,  and it  is a mixture of the gas formed i n  the g a s i f i c a t i o n  
zone and the  d i s t i l l a t i o n  products of coal .  
hence the  amount of heat  applied t o  drying and d i s t i l l i n g ,  is  regulated 
by con t ro l l i ng  the flow of gas leaving the bottom gas o u t l e t .  
bottom gas flow is reduced by closing a b u t t e r f l y  valve,  the hot gas 
is  forced t o  flow up through the r e t o r t  s e c t i o n ,  thereby increasing 
t h e  top gas temperature. 

I 

The flow of top gas, and 

A s  t he  

Since no mechanical s t i r rereis  used i n  two-stage g a s i f i e r s ,  the inne r  
r e f r a c t o r y  w a l l  of the r e t o r t  s e c t i o n  is designed t o  have a s l i g h t  
t ape r  toward the top t o  prevent bridging of d i f f i c u l t  caking coal.  

* a smaller g a s i f i e r  ( t h e  smallest a v a i l a b l e  s i z e  i s  4.5 f t  I .D.),  the  
b r i c k  l i n i n g  forms a simple c i r c u l a r  shape. 
( t he  l a r g e s t  ava i l ab le  s i z e  i s  12.5 f t  I.D.), however, the cross  
sec t ion  of the r e t o r t  i s  divided i n t o  four  compartments by means of 
v e r t i c a l  walls which j o i n  a t  the center  t o  form a cruciform. 
(17) This arrangement prevents channelling and br ings about b e t t e r  
d i s t r i b u t i o n  of the gas passing upward. 

In 

In  l a r g e r  diameter u n i t s  

(14) 
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The c i r c u l a r  wall as w e l l  as the  v e r t i c a l  p a r t i t i o n s  a r e  made of 
hollow re f r ac to ry  br icks  t h a t  allow passage of the bottom gas. Heat 

- can  thus be ex t rac ted  from the  bottom gas and imparted t o  the coal  by 
means of conduction. The descending coal  i s  therefore  heated i n  two 
ways: f i r s t ,  by the  hot gas t h a t  i s  r i s i n g  through the  bed and second, 
by i n d i r e c t  heat  conduction. 

An advantage of surmounting a t a l l  r e t o r t  above the main s h e l l  of t he  
g a s i f i e r  i s  t h a t  the  raw coal  is  not exposed suddenly t o  a high gas 
o f f t ake  temperature. When the coa l  i s  fed over t h e  top of t he  r e t o r t  
s ec t ion  v i a  a drum feeder  (ATC/WI, W D / G I ,  and FW-Stoic) o r  lock hopper 
(WDJGI) i t  meets the  depart ing top gas a t  a temperature no higher  than 
300°F. 
content ,  then evolves gases. Since a piece of coal  takes as long as 
4 t o  8 hours (18) (19) t o  pass through the  r e t o r t ,  o i l s  and tars a r e  
progressively d i s t i l l e d  off  a t  moderate temperatures long before the  
coa l  is converted t o  semi-coke o r  char a t  the  bottom of the r e t o r t .  
The released tars and o i l s  are thus not  subjected t o  high temperature 
r ad ia t ion  and, consequently, cracking and polymerization t o  p i t c h  o r  
soot  are l a rge ly  avoided. 

As the  coa l  begins i t s  slow descent,  i t  f i r s t  l o ses  the  water 

Gasrf i c a t i o n  Section 

The g a s i f i c a t i o n  sec t ion  a t  the  lower half  of the  g a s i f i e r  i s  a 
water-jacketed cy l ind r i ca l  reactor f i t t e d  with a ro t a t ing  g r a t e  a t  t he  
open bottom. The g r a t e  i s  composed of a series of c i r c u l a r  s t ee l  
r ings  used t o  remove ash as w e l l  as t o  d i s t r i b u t e  the incoming s t eada i r  
(or  steam/oxygen) mixture. 
generate  the  l o w  pressure steam (or water vapor) required for t he  
g a s i f i c a t i o n  reac t ion  and a t  the  same time t o  cool the r eac to r  s h e l l .  
The ash can be withdrawn e i t h e r  by use of lock hoppers (WD) o r  through 
a water-sealed ash pan (WI, WD, and EW-Stoic). 

The purpose of water-jacketing i s  t o  

A i r  s a tu ra t ed  with steam i s  introduced from the bottom of the g r a t e .  
The steam-air mixture i s  preheated when i t  passes through the  hot bed 
of ash which is  proport ionately cooled p r i o r  to  i t s  removal. The 
steam-air mixture then ascends t o  the  f i r e  o r  combustion zone where it 
meets the  remains of semi-coke o r  char t ha t  has descended from the  
r e t o r t .  Here, p a r t i a l  oxidat ion reac t ions  take place a t  temperatures 
c lose  t o  (but below) the  ash fus ion  po in t ,  producing COY some CO and 
the  heat  required f o r  the  balance of the g a s i f i c a t i o n  reac t ions  $: 
take place above the  f i r e  zone. 
decomposed with t h i s  heat  t o  y i e ld  hydrogen, and more CO i s  produced 
by the accompanying reac t ions .  
zone i s  u l t imate ly  withdrawn i n  two streams (top gas stream and bottom 
gas stream) i n  the  manner described ear l ier .  
leaves the  g a s i f i c a t i o n  sec t ion  d i r e c t l y  through the hollow annular 

I n  the  g a s i f i c a t i o n  zone, steam i s  

The gas generated i n  the g a s i f i c a t i o n  

Since the bottom gas 
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3.1.2.1 

space i n  t h e  r e f r a c t o r y  w a l l ,  it i s  r e l a t i v e l y  f r e e  of tar but dust-laden. 
The top gas stream, on the o the r  hand, is forced t o  pass through t h e  
bed of c o a l  in the  r e t o r t  s e c t i o n  which acts as a f i l t e r .  
t h e r e  is minimal f r e e  f a l l i n g  coal  a t  t h e  top of t h e  r e t o r t .  
gas is the re fo re  o i l / t a r - l aden  but  r e l a t i v e l y  f r e e  of dust .  

Furthermore, 
The top 

The d i f f e rence  in the  na tu re  of t h e  two gas streams n e c e s s i t a t e s  two 
sepa ra t e  t r a i n s  of gas cleanup equipment. 
t h e  top gas leaving t h e  g a s i f i e r  is passed through a tar cyclone which 
operates  above the  dew point  of the gas. 
i n  a sepa ra t e  cyclone. 
form a product gas c a l l e d  t h e  "hot raw" gas. Other more e l abora t e  
arrangements involving 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 s ,  spray coolers ,  
and/ o r  i n d i r e c t  hea t  exchangers y i e l d  two o the r  types of product-gas  
commonly termed t h e  "hot detarred" gas and t h e  "cold, clean" gas,  p lus  
tar  and o i l  as by-products. These w i l l  be described i n  more d e t a i l  i n  
a later s e c t i o n  (Sec. 3.2.2.). 

I n  t h e  s implest  arrangement, 

The bottom gas is dedusted 
The two streams of gas are then combined t o  

A l l  two-stage g a s i f i e r s  marketed i n  the  United S t a t e s  today sha re  t h e  
b a s i c  physical  f e a t u r e s  described above (see Table 3.1-4 f o r  a sunrmary). 
To t h e  ex ten t  information is disclosed,  some d i f f e rences  can be found 
i n  coa l  feeding and ash removal systems, a v a i l a b l e  standard s i z e s ,  and 
t h e  degree of automation i n  con t ro l  and instrumentation. The more 
no tab le  d i f f e rences  are discussed below f o r  each of the g a s i f i e r s .  

Woodall-Duckham Two-Stage Gas i f i e r  

The WD two-stage g a s i f i e r  (see Figure 3.1-7) is e s s e n t i a l l y  the  Gas 
I n t e g r a l e  g a s i f i e r  o r i g i n a l l y  developed f o r  producing water gas by 
c y c l i c  b l a s t i n g  of a i r  and superheated steam. 
as a continuous air-blown f u e l  gas generator s i n c e  1942. 
t he  WD g a s i f i e r  is a v a i l a b l e  i n  two standard s i z e s :  
g a s i f i e r  and a 12-ft diameter g a s i f i e r .  (16) The empty weight of t he  
10-ft g a s i f i e r  is approximately 100 tons,  and the  operat ing weight 
approximately 140 tons. The empty weight of t he  12-ft g a s i f i e r  is 
approximately 150 tons,  and the  operat ing weight i s  approximately 
200 tons. I n  a 10-ft diameter uni t ,  t h e  height  of t he  r e t o r t  s ec t ion  
and tha t  of the water-jacketed sec t ion  are approximately 17 f t  and 
8 f t ,  respect ively.  

(14) It has been used 

a 10-ft diameter 
Currently,  

Sized coa l  is t y p i c a l l y  t ransported from a s to rage  t o  t h e  top of the 
g a s i f i e r  by a bucket e l eva to r .  
g a s i f i e r  cons i s t s  of a lock hopper, a feed bu f fe r  hopper, and a 

t o  t h e  upper hopper and its release (20) is '% n t r o l l e d  by the l e v e l  of the 
flooded-feed coa l  d i s t r i b u t o r .  

coa l  i n s i d e  the  d i s t i l l a t i o n  r e t o r t .  

The coa l  feeding system used i n  the  WD 

e coa l  is charged automatical ly  

For a sh  removal, e i t h e r  a dry g r a t e  o r  a w e t  g r a t e  can be used. 
However, the dry g r a t e  g a s i f i e r  is  normally considered t o  be the  more 
v i a b l e  op,tion f o r  l a r g e r  p l a n t  s i z e s .  (16) I n  dry removal, g r i t t y  
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Table 3.1-4 

Summary of Physical Systems of Two-Stage Gasifier 

Physical Components 

Coal Feeding System 

Gasifier 

Ash Withdrawal System 

Air/02 Feeding System 

Steam Generating System 

Inside Diameter 

Advantages 

Coal Feeding System 

Gasifier 

Air/02 Feeding System 

Steam Generating System 

Disadvantages 

Bintenance Areas 

Potential for Improvements 

o 
o 

o 
o Refractory-lined distillation retort 

Lock hopper, buffer hopper (WD) 
Drum feeder (WI, WD, and FW-Stoic) 

Coal from top, ash discharged to bottom 

surmounts water-jacketed gasification 
section 

o No stirrer 
o Two levels of gas withdrawal 
o Retort may be compartmentized 

o Rotating grate 
o 
o 

Dry ash removal - ash hoppers (WD) 
Wet ash removal - water-sealed ash pan (WI, 
WD, and FW-Stoic) 

o Air saturated with steam introduced 
from the base of grate 

Gasification steam generated in gasifier 
jacket 

o 

o 4'-6" to 12'-6" 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

M i n i m u m  free-falling of coal 
No dust carry-over (top gas) 

Gradual heating of coal 
Separate control of distillation and 
gasification (consistent gas quality) 
High quality by-product tars 
Efficient oil and tar recovery systems 

Blast saturation temperature control 

Self-sufficient steam generation by 
water- j acke t ing 

No stirrer - can not handle high FSI coals 

Possible gas leak from coal feeder or 
poke holes 

Addition of stirrer for handling higher 
swelling coals 
Increased slope at the retort wall f o r  
handling high FSI coals 
Automated poking 
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Figure 3 . 1 - 7  W / G I  Tvo-Stage Gasifier 
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ash  (c l inker )  is  released t o  two ash hoppers d iamet r ica l ly  opposed and 
located a t  t he  bottom of the  g a s i f i e r .  

3.1.2.2 Wellman-Incandescent Two-S tage Gas i f ie r  . 

The W I  two-stage g a s i f i e r  i s  marketed i n  the  United S ta t e s  by Applied 
Technology Corp. of Houston under exclusive l i c e n s e  from Wellman- 
Incandescent , Ltd. of England. Mechanically , the  W I  g a s i f i e r  i s  
near ly  i d e n t i c a l  t o  the IFE two-stage g a s i f i e r  t h a t  w a s  commercially 
ava i l ab le  u n t i l  the  l a t e  1950's from the  In t e rna t iona l  Furnace Equipment 
Co. , Ltd. (13) ( 1 9 )  The W I  g a s i f i e r s  are cu r ren t ly  ava i l ab le  i n  seven 
s tandard s izes :  4.50, 5.50, 6.50, 8.50, 10.00, 10.75, and 12.00 f t  
I . D .  These units can furn ish  f u e l  gas i n  amounts from 2 mil l ion  t o  
100 mil l ion  Btu/hr; f o r  l a r g e r  needs, mul t ip le  .unit systems are used. 

Figure 3.1-8 is the schematic diagram of the  W I  two-stage g a s i f i e r .  
(21 )  
bucket e l eva to r .  
ro t a ry  feeder  driven by a gear motor and i s  automatical ly  ac t iva t ed  by 
a d i p s t i c k  mechanism which monitors t he  level of coal  i n  the r e t o r t .  
When the  charged drum r o t a t e s  t o  discharge the  coal  through i ts  open 
po r t ,  i t  seals of f  t he  g a s i f i e r  a t  t he  same time so t h a t  t he  top gas 
does not  escape during coal, charging. The drum then resets t o  take 
another charge from the  coal  bunker located above, and advances a 
revolut ion counter which, together  with the  known capaci ty  of the  
drum, gives  a measurement of the coal feed rate. 

Coal supply t o  the  bunker above the  g a s i f i e r  i s  typ ica l ly  by a 
Coal feed t o  the r e t o r t  is  done by a drum type 

I n  the  WI g a s i f i e r ,  t he  ash i s  removed w e t .  A s k i r t  a t tached  t o  the  
lower edge of the  water jacke t  is extended down i n t o  a water seal 
r e t a ined  by an ash pan which r o t a t e s  with the  g ra t e .  Ash is removed 
by s t a t i o n a r y  ploughs which extend down i n t o  the  pan a t  an angle  t o  
scoop up the ash and l e t  it run over and drop i n t o  ash hoppers a t  t h e  
s i d e  of t he  pan. The in tegra ted  ash pan and g r a t e  is usua l ly  ro t a t ed  
by a hydraul ic  dr ive  and rachet  mechanism. 

3.1.2.3 FW-Stoic Two-Stage Gas i f ie r  

The FW-Stoic two-stage g a s i f i e r  is designed by Sto ic  Combustion Pty 
Ltd. of Johannesburg, South Africa and i s  marketed i n  the United 
States by Fos te r  Vheeler Energy Corporation. (18) Current ly ,  t h e  
g a s i f i e r  i s  ava i l ab le  i n  four  s i zes :  6.50, 8.50, 10.00, and 12.50 ft: 
I . D .  The 6.50-ft diameter u n i t  handles approximately 1.3 tons per  
hour of coa l  and the 12.50-ft  diameter unit approximately 4.5 tons per  
hour. A t yp ica l  10-ft diameter g a s i f i e r  module with i t s  assoc ia ted  
equipments (from coal  feeding t o  ash removal systems) can be e rec ted  
on a platform 25 f t  wide by 30 f t  long f o r  a s t r u c t u r e  about 80 f t  
high. Figure 3.1-9 shows the  s c a l e  model of such a g a s i f i c a t i o n  p lan t  
o r  module. Coal supply to the  bunker above the  g a s i f i e r  i s  by a 
bucket e leva tor .  
l eve l .  

Fines are removed by a v ib ra t ing  screen a t  ground 
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3.2 
f 

3.2.1 

3.2.1.1 

I n t e r n a l s  of t he  v - S t o i c  g a s i f i e r  are shown i n  Figure 3.1-10. 
c o a l  feeder  is of t he  ro t a ry  drum type. 
of both the  bunker and the  r e t o r t  are maintained automatical ly .  

The 
The l e v e l s  of coal  i n  the top 

The ash i n  the  S t o i c  g a s i f i e r  is removed damp. 
removal f a c i l i t i e s  r o t a t e  t o  d r i v e  the  ash through the  water seal on 
t o  t he  ash conveyors. 

The water seal and ash 

PERFORMANCE CAPABILITIES 

The performance c a p a b i l i t i e s  of s ingle-  and two-stage g a s i f i e r s  are 
similar in some aspec ts  and d i f f e r e n t  i n  o thers .  
two-stage g a s i f i e r s  are capable of producing two or three d i f f e r e n t  
types of product gas. 
gas o r  a cold c lean  gas. I n  a two-stage, air-blown unit, a t h i r d  type 
of product gas, Le. ,  the hot de ta r red  gas, can be  obtained. 
product gas, however, has a comparable composition, heat ing  value,  and 
thennal e f f i c i ency  wi th in  i ts  type whether i t  i s  produced i n  a 
s ingle-s tage or a two-stage unit. Operating pressure  i n  both types of 
g a s i f i e r  is e s s e n t i a l l y  atmospheric. 

Both s ingle-  and 

A s ingle-s tage g a s i f i e r  can produce a hot r a w  

The 

However, t h e r e  are bas i c  d i f f e rences  i n  the  method of d i s t i l l a t i o n  of 
the coa l  and the  p rope r t i e s  of t h e  d i s t i l l a t i o n  product. 
unit ,  t he  d i s t i l l a t i o n  gas is  obtained by slow and s teady inc rease  i n  
temperature of t he  coa l  i n  the t a l l  r e t o r t  sec t ion .  
and o i l s  can the re fo re  be removed from the  gas as high q u a l i t y  by-products. 

I n  a two-stage 

The re leased  tars 

On t he  o ther  hand, none of t he  two-stage g a s i f i e r s  are equipped w i t h  
mechanical stirrers. As a consequence, a two-stage g a s i f i e r  can 
handle only non-caking or weakly caking coa ls ,  whereas a s ingle-s tage 
g a s i f i e r  can handle a l l  types of s t rongly  caking coa l  as w e l l  as 
non-caking coals .  
a l s o  not  s u i t a b l e  t o  be gas i f i ed  i n  a two-stage unit because the 
advantage of i ts d i s t i l l a t i o n  process is g r e a t l y  reduced. 

A coa l  that is low i n  v o l a t i l e  matter content  is 

Single-Stage Gas i f i e r  

I n  t h i s  s ec t ion ,  the  performance c a p a b i l i t i e s  of t he  th ree  s ingle-s tage 
g a s i f i e r s  are discussed i n  terms of coa l  feed,  product gas c h a r a c t e r i s t i c s ,  
and operat ing condi t ions.  

(1) (2) (3) (12) McDowell-Wellman Gas i f i e r  

Coal Feed 

The McDowell-Wellman (M-W) g a s i f i e r  can be used for the g a s i f i c a t i o n  
of bituminous o r  a n t h r a c i t e  coa l ,  and coke. Graded feed of uniform 
s i z e  with f i n e s  up t o  30% is acceptable .  Typical s i z e s  of coa l  feed 
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Figure 3.1-10 FW-Stoic Two-Stage Gasif ier  
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are 1-1/4 t o  2 inches for bituminous, 3/16 t o  9/16 inch for  anthracite, 
and 1 / 4  t o  5/8 inch f o r  coke. The 1.1-W u n i t  has handled success fu l ly  
c o a l  wiih  FSI 59 i n  t h e  a g i t a t e d  un i t s .  Minimum ash fusion temperature 
i s  2100 F. 

M-W makes b o t h b r i & - l i n e d ( s i z e s  1-1/2 t o  5 f t  I.D.) as w e l l  as water- 
jacketed u n i t s  ( s i z e s  6-1/2 t o  10 f t  I.D.). Water-jacketed g a s i f i e r s  
can be with o r  without an a g i t a t o r .  Throughputs f o r  varying g a s i f i e r  
diameters are presented i n  Table 3.2-1 f o r  bituminous, a n t h r a c i t e  and 
coke feeds. A t y p i c a l  coa l  feed rate t o  a 10-ft diameter g a s i f i e r  
with a g i t a t o r s  is 84 tons per day bituminous coa l  o r  27.6 tons/day 
an th rac i t e .  Typical proximate analyses of var ious coa l s  which can be 
used i n  t h e  M-W g a s i f i e r  are a l s o  presented in Table 3.2-1. 

Product Gas 

Gas generated from a M-W g a s i f i e r  can be u t i l i z e d  i n  any one of t h e  
th ree  forms: 
desu l fu r i za t ion .  
from a 14-W g a s i f i e r  is  shown i n  Figure 3.2-1. 

The kas leaving the  M-W g a s i f i e r  a t  about 900-1200°F is f i r s t  passed 
through a refractory- l ined cyclone t o  remove most of t he  p a r t i c u l a t e s .  
Gas leaving t h e  cyclone is hot r a w  gas and can be used d i r e c t l y .  The 
heat ing value of t h i s  gas ranges from 160-210 Btu/SCF with a thermal 
e f f i c i e n c y  of about 93%. 

hot  r a w  gas and cold clean gas with o r  without 
The process diagram f o r  producing these forms of gas 

After t h e  cyclone, t he  gas exchanges hea t  with cold,  desulfur ized gas 
and is  then quenched with water i n  a quench d m  t o  condense the  tar 
and o i l  vapor present i n  the ho t  raw gas. The gas from the quench 
drum passes through 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  t o  remove traces of 
p a r t i c u l a t e s  and a gas cooler t o  remove traces of o i l .  The gas leaving 
t h e  cooler is cold clean gas. The tar,  o i l  and water containing 
ammonia and other  traces of impuri t ies  is s e n t  t o  a t a r / o i l  g rav i ty  
sepa ra to r .  The heavy tars and s o l i d s  se t t le  t o  the  bottom and a r e  
s e n t  t o  a t a r / o i l  s to rage  tank. "he aqueous l a y e r  containing o i l  i s  
taken t o  a second s e t t l i n g  tank and the oil l a y e r  is decanted t o  the  
t a r / o i l  s to rage  tank. 
phenol is steam s t r ipped ,  and t h e  p u r i f i e d  water is  recycled for use 
i n  t h e  g a s i f i e r  jacket, t he  quench, and cooling units. Cold clean gas 
leaves t h e  gas cooler  a t  about l2O0F having a heat ing value of 
146-170 Btu/SCF. Thermal e f f i c i e n c y  ranges from 71.6 t o  85 .6%,  
depending upon the type of c o a l  used. The cold clean gas can be used 
as is o r  can be desulfur ized i n  a S t r e t f o r d  u n i t  i f  s u l f u r  content i s  
too high. 

The aqueous e f f l u e n t  containing ammonia and 

The process scheme shown in Figure 3.2-1 uses cold desulfur ized gas 
leaving the  S t r e t f o r d  unit  as a cooling medium i n  a hea t  exchanger f o r  
recovering heat  from the  hot  r a w  gas. A waste heat  b o i l e r  can be used 
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Table 3.2-1 

e Typical Coal Feed Characteristics for Single-S tage IlcDaJell-Wellman Gasifier 

. 3/16" to 9/16!' for anthracite Size I - 

. 

. 

. 

1-1/4" to 2" for bituminous coal 

1/4" to 5/8"  for coke charcoal 

Fines not more than 30% 

FSI 

Ash Fusion Temp. 

Typical Coals 

- 

Proximate Analysis, % 

Mo is t ur e 
Volatile 'Matter 
Fixed Carbon 
Ash 

Total 

Sulfur Content, wt % 

HHV, Btu/lb 

Feed Rate (Air-blown), TPD 

Diameter, ft 

3.5 Standard 
6 . 5  Standard 
6.5 Agitator 
8.0 Standard 

10.0 Standard 
10.0 Agitator 

Anthracite 

4.2 , 

4.4 
80.7 
10.7 

100.0 

0.6 

12,700 ' .  

2.6 
9.2 

11.5 
13.8 
22.1 
27.6 

c. 
3-26 

' Coke - 
5 . 0  ' - 

83.1 
11.9 

100.0 

0.6 

16,000 

- 

2.9 
10.0 
12.4 
15.0 
24.0 
30.0 

Bituminous 

1.4 
30.1 

.. 58.5 
10.0 

100.0 

3.2 

13,400 

- 

- 
-84.0  

e 
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3.2.1.2 

i n  place of the  heat  exchanger t o  produce steam f o r  use in  the p lan t .  
In  addi t ion  t o  low-Btu gas, the M-W can a l s o  produce medium-Btu gas by 
using oxygen instead of air.  
obta inable  from the 3-W g a s i f i e r  are given i n  Table 3.2-2.  

Operatinp Conditions 

Typical product gas c h a r a c t e r i s t i c s  

I n  a t y p i c a l  air-blown, M-W g a s i f i e r ,  3.12 l b  of a i r / l b  of coal  and 
0.5 l b  of steam/lb of coa l  are u t i l i z e d .  
s a t u r a t i o n  temperature of 141°F f o r  the air-steam mixture en ter ing  the  
g a s i f i e r .  Depending upon the  ash fusion temperature of coal ,  the  
air-steam r a t i o  i s  regulated t o  avoid formation of c l inke r s  ( in su f f i c i en t  
steam) o r  dry  powdery ash bed (too much steam). The gas leaves the 
g a s i f i e r  a t  800-1200°F depending upon t h e  coa l  type and is a t  a pressure  
of 5 t o  6 inches of water. 
100% throughput t o  about 8% without a f f e c t i n g  i t s  e f f i c i ency  adversely.  

This corresponds to a blast  

The 1.i-W g a s i f i e r  can be turned down from 

A summary of operat ing condi t ions of the M-W g a s i f i e r  i s  presented 
below: 

. Oxidant, l b / l b  coa l  3.21 f o r  a i r  and 0.8 f o r  
oxygen 

. Steam, l b / l b  coa l  0.5 

2400 0 . Combustion zone temperature, F 

. Pressure a t  gas o u t l e t ,  inches W.G. 5- 6 

. Turndown capab i l i t y  13 t o  1 

( 4 )  (5 )  ( 6 )  Wilputte Gas i f ie r  

Coal Feed 

Bituminous coal ,  subbituminous coa l ,  an th rac i t e ,  and coke have been 
g a s i f i e d  i n  the Wilputte g a s i f i e r .  Typical coa l  s i z e  is  3-4 inches 
f o r  a l l  coa l  types,  but 1-3/8 to  4 inches can a l s o  be used with up t o  
10% f ines .  
must be g rea t e r  than 2300OF. 
g a s i f i e r  are summarized i n  Table 3.2-3 along with the  t y p i c a l  
c h a r a c t e r i s t i c s  of bituminous coa l  used i n  the Wilputte un i t .  
10 f t -4  i n  air-blown Wilputte u n i t  can gas i fy  60 TPD of bituminous 
coa l .  

The highest  FSI of coal  used is  6 and ash fusion temperatures 
Coal feed requirements f o r  Wilputte 

A 

- Product Gas 

Figure 3.2-2 shows a schematic of the  Wilputte gas i f i ca t ion  system t o  
produce three  d i f f e r e n t  product streams of hot  r a w  gas; dus t ,  tar-, 
and o i l - f r ee  gas; and dust-, tar-, o i l - f r ee  and desulfur ized gas. The 
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Table 3.2-2 

Typical Product Gas Characteristics Available from Single-Stage 
McDowell-Wellman Gasifier 

Composition, Vol. % 

H 
c6 
CO2 
CH4 
*2 Others 

Total 

HHV, BtufSCF 

Hot raw gas 
Cold clean g 

Temperature, OF 

Hot raw gas 

S 

Cold clean gas 

Thermal efficiency , % 

Hot raw gas 
Cold clean gas 

Gas product rate, SCFflb Coal 

By-product rate 

tartoil, lbllb coal 

Low-B tu 
Gas 

18.7 
2 4 . 9 .  

6.2 
0.6 

49.3 
0.3 

100.0 

- 

160-210 
146-170 

800-1200 
120 

93 
7 1.6-85.6 

50-75 

0.06 

Med ium-B tu 
Gas 

36.25 
47.05 
13.90 

0.65 
2.05 
0.10 

100.00 

- 

258-270 

- 
120 
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Table 3.2-3 

Typical Coal Feed Characteristics for Single-Stage Wilputte Gasifier 

Size - 

FSI 

Ash Fusion Temp., F 

- 
0 

Typical Coal 

Proximate Analysis, % 

Moisture 
Volatile Matter 
Fixed Carbon 
Ash 

Total 

Sulfur, wt % 

HHV, Btu/lb 

Feed Rate, TPD 

3"-4" 

Fines up to 10% acceptable 

up to 6 

. >a300 

Bituminous 

3.28 
35.31 
55.87 
5.54 

100.00 

0.47 

13,200 

60 for 10'-4" dia. air-blown gasifier 

3-30 

a 



3-31 



gas from t h e  g a s i f i e r  i s  passed through a dust  co l l ec to r  t o  produce 
hot  raw gas. The gas has a higher heat ing value of 207 Btu/SCF and a 
thermal e f f i c i ency  of 90% including t h e  sens ib l e  hea t  and the hea t ing  
values  of t a r  and o i l .  
t o  a waste hea t  b o i l e r .  The dust-free gas is sen t  t o  water scrubbing 
t o  condense tar  and o i l .  The tar is  separated from the  scrubbing 
l i quor  i n  a decanter which is  provided with a slow moving rake t o  
remove s e t t l e d  so l id s .  The product t a r  i s  continuously removed from 
the  decanter as pumpable t a r  and used as a fue l .  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  i s  used t o  remove traces of t a r  and o i l  from the scrubbed 
gas. The scrubbing l iquor  is  continuously recycled through s p i r a l  
exchange coolers  t o  con t ro l  t he  temperature. 
pass  the  gas through the  s u l f u r  removal equipment. 

The hot  r a w  gas from the  dust  co l l ec to r  goes 

An exhauster i s  used t o  

The gas leaving t h e  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  i s  dust-, tar-, and 
o i l - f ree .  
thermal e f f i c i ency  of 80%. 
desul fur ized  i n  a Holmes-Stretford process,  as shown i n  Figure 3.2-2. 

This gas has  a hea t ing  value of 170 Btu/SCF and y i e l d s  a 
If necessary,  the de ta r red  gas can be 

Typical product gas c h a r a c t e r i s t i c s  obtained from a Wilputte g a s i f i e r  
are given i n  T a b l e  3 .2 -4 . .  

Operating Conditions 

For an air-blown, Wilputte g a s i f i e r ,  the  amount of a i r  required va r i e s  
from 3.31 t o  3.67 l b / l b  coal, and the amount of  steam is  0.53 l b / l b  
coal .  The a i r  and steam rates  a r e  cont ro l led  t o  provide a b l a s t  
s a t u r a t i o n  temperature of 138 t o  141°F. 
is  a t  1200°F and a t  a pressure of 2 t o  4 inches water when a bituminous 
coa l  i s  used. 
based on maximum capaci ty .  

The gas leaving the  g a s i f i e r  

The turndown capab i l i t y  of W i l p u t t e  g a s i f i e r  is 1O:l 

A summary of operat ing condi t ions of the  Wilputte g a s i f i e r  i s  given 
below: 

. A i r ,  I b / l b  coa l  3.31-3.67 

. Steam, l b / l b  coa l  0 . 5 3  

. Temperature p r o f i l e ,  F 0 

Devo la t i l i za t ion  12 00- 15 00 

Gasi f ica t ion  15 00- 1850 

Combustion 22 00-2 3 00 

. Pressure a t  gas o u t l e t ,  
inches water 10-20 

. Turndown capab i l i t y  10 t o  1 
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H 
Cb 
co2 
c*4 
*2 
Others 

Total 

HEV, Btu/SCF 

Hot raw gas 
Cold clean gas 

0 
Temperature, F 

Hot raw gas 
Cold clean gas 

Thermal efficiency , % 

Hot raw gas 
Cold clean gas 

Gas product rate,  SCF/lb coal 

By-product rate,  l b / l b  coal 

Tar 
Oil 

3-33 

Low Btu Gas 

16 .6  
22.7 

5 . 9  
3 . 6  

50.9 
0 . 3  - 

100.0 

207 
170 

1200 
120 

90 
80 

57 .3  

0.1 
0 . 2  



3.2.1.3 Riley-Morgan Gas i f i e r  (7) (8) ( 9 )  (10) (11) 

Operating Conditions ' 

Coal Feed 

The t y p i c a l  cod. feed sizes used i n  a Pdley-Morgan g a s i f i e r  are 3/8 t o  
5 / 8  inches f o r  an th rac i t e ,  1-114 t o  2 inches f o r  bituminous coa l ,  and 
3/4 t o  1-1/2 inches f o r  coke. Fines up t o  10% are acceptable.  Riley- 
Morgan s p e c i f i e s  t h a t  t h e  ash fusion temperature should no t  be less than 
27000F f o r  a n t h r a c i t e  and 24000F f o r  bituminous coal.  R-Mcan handle  c o a l  
of FSI28-1/2, Typical  coa l  feed c h a r a c t e r i s t i c s  f o r  R-M g a s i f i e r s  are 

* summarized in Table 3.2-5. 

The typ ica l  coa l  feed rates t o  a 10-1/2 f t  diameter R-M g a s i f i e r  are 
90 and 156 TPD, respec t ive ly ,  f o r  air-blown and oxygen-blown un i t s .  

- Product Gas 

The process  schematic diagram of the  Riley-Morgan g a s i f i c a t i o n  system 
is sh6wn i n  Figure.3.2-3 t o  produce th ree  product streams of hot raw 
gas; dust-, tar-, and o i l - f r ee  gas; and dust-, tar- ,  o i l - f r ee  and 
desul fur ized  gas. The gas leaving the  R-M g a s i f i e r  passes  through a 
dus t  c o l l e c t o r  where p a r t i c u l a t e s  are removed. 
dust  c o l l e c t o r  (hot r a w  gas)  is a t  a temperature of llOO°F and a t  
40 inches of water pressure.  It  has a heat ing value of 185-201 Btu/SCF 
f o r  air-blown and 262-305 Btu/SCF f o r  oxygen-blown g a s i f i e r s .  
e f f i c i ency  of 88-90% i s  obtained f o r  air-blown g a s i f i e r .  
of hea t ing  value of product gas and thermal e f f i c i e n c i e s  a r e  due t o  
t h e  use of var ious  coa l  types. 

The gas leaving the  

Thermal 
Wide ranges 

The hot  r a w  gas is then cleaned and cooled t o  remove heavy tars i n  the  
d i r e c t  quench and the  l i g h t e r  tars  i n  the  i n d i r e c t  cooler .  This i s  
followed by t h e  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  t o  remove the  l a s t  t r a c e  of 
tar a rople t s .  
de ta r red  gas y i e l d s  a hea t ing  value of 138-163 Btu/SCF and a thermal 
e f f i c i ency  of 70.5 t o  78.32, depending upon coa l  types used. 

The l i g h t  o i l s  are removed i n  l i g h t  o i l  absorber.  The 

Gas leaving the  l i g h t  o i l  absorber is fed t o  a S t r e t f o r d  desu l fu r i za t ion  
u n i t  f o r  removal of H2S and f o r  production of dust-, t a r - ,  o i l - f r e e  
and desulfur ized gas. 

Typical product gas c h a r a c t e r i s t i c s  obtained from the  R-M g a s i f i e r  a r e  
summarized i n  Table 3.2-6. 

For air-blown, R-M g a s i f i e r ,  t h e  a i r  requirement ranges from 2 . 9 8  t o  
3.44 l b / l b  coa l ,  and the steam requirement i s  0.56 l b / l b  coa l ,  giving 
a b l a s t  s a t u r a t i o n  temperature of 142-147OF f o r  the  air-steam mixture 
en te r ing  the g a s i f i e r .  The hot raw gas leaves  t h e  g a s i f i e r  a t  1080-1100°F 
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Typical Coal Feed Characteristics for Single-Stage 
Riley-Morgan Gasifier 

Size - 

FSI 

Ash Fusion Temp., F 

- 
0 

Typical Coals 

Proximate Analysis, % 

Moisture 
Volatile Matter 
Fixed Carbon 
Ash 

To tal 

Sulfur, wt % 

m, Btu/lb 

Air-blown 

Oxygen-blown 

318" to 518" for anthracite 

1-1/419 to 2" for bituminous coal 

314" to 1-1/2" for coke 

up to 10% fines acceptable 

up to 8-112 

Bituminous - 2400 

Anthracite - 2700 

Anthracite 

3.95 
4 . 4 5  
81.70 
9.90 - 

100.00 

0.7 

12,700 

36-48 

61-82 

Coke - 
9.2 
1.0 

8 1 . 2  
8.6 - 

100.0 

1.0 

16,000 

Bituminous 

3.43 
30 .93  
5 3 . 8 1  
11.83 

100.00 

- 
0.9 

13,400 

5 0 . 4  90 

8 5 . 2  156 

3-35 



0
 

-
2

 
N

c
n

 
N

 
- 

u
 I 

I 

3
 

I 
N
 
.
3
 

3-36 



Table 3.2-6 

Typical Product Gas Characteristics Available from 
Single-Stage Riley-Morgan Gasifier 

Composition, Vol. % 

H 
C6 
c02 
CH4 N 
&hers 

HHV, Btu/SCF 

Hot raw gas 
Hot detarred 
Cold clean gas 

Temperature, OF 

Hot raw gas 
Cold clean gas 

S 

Thermal efficiency, % 

Hot raw gas 
Cold clean gas 

Total 

Gas product rate, SCF/lb coal 

By-product rate, lb/lb coal 

Tar 
Oil 

. 

Low-BtU 
Gas 

18.7 
24.9 
6.2 
0.6 
49.3 
0.3 - 

100.0 

185-201 
165-179 
138-163 

1080- 1100 
120 

88-89.9 
70.6-78.3 

58-63 

.078 

.009 

3-37 

Med ium-B tu 
Gas 

39.2 
41.3 
17.5 
1.4 
0,6 

100.0 

262-305 

1100 
120 

75.0 

28 

0.078 
0,009 



3.2.2 

- 

and under a pressure of about 40 inches of water. Turndown capab i l i t y  
is 1 O : l  based on maximum capacity.  Data on operat ing condi t ions f o r  a 
10-1/2 f t  diameter R-M g a s i f i e r  are summarized below: 

Low-Btu Gas (Air) Medium-Btu Gas ( 0 7 )  

A i r  Or 02, l b / l b  coa l  

Steam, l b / l b  coa l  0.56 

Temperature p r o f i l e ,  F 

2.98-3.44 

0 

Devola t i l i za t ion  12 00- 1500 

0.6-0.7 

1.3-1.5 

1200- 1500 

Gas i f ica t ion  

Combustion 

16 00- 18 00 1600-1800 

2000-2100 2000-2 100 

Pressure  a t  gas o u t l e t ,  
inches i n  water 40 40 

Turndown capab i l i t y  10 t o  1 10 t o  1 

Two-Stage Gasifier 

Performance c a p a b i l i t i e s  of a l l  two-stage g a s i f i e r s  are very similar.  
All can opera te  only with a weak-caking coa l  because the re  i s  no 
stirrer i n  two-stage g a s i f i e r s  t o  break up agglomerations. 
s i zed  feed coal  and removal of f i n e s ,  as f i n e s  may plug the  deep coa l  
bed i n  the  t a l l  r e t o r t  s ec t ion  and severe ly  hinder  uniform flow of 
ascending gas. I n  air-blown operat ion,  the  two-stage systems can 
produce two o r  th ree  d i f f e r e n t  types of product gas (hot raw gas,  hot  
de ta r red  gas o r  cold c lean  gas)  having comparable hea t ing  values  and 
thermal conversion e f f i c i e n c i e s .  Operating temperature and pressure 
are near ly  I d e n t i c a l  i n  a l l  g a s i f i e r s .  
and o i l s ,  a l l  u t i l i z e  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 s  and coolers .  

A l l  r equ i r e  

For recovery of byproduct t a r  

However, t he re  are some d i f f e rences  i n  the  process configurat ions f o r  
producing the  f i n a l  pr0duct.ga.s. Only WD o f f e r s  an  oxygen-blown 
system f o r  producing medium-Btu gas. Considerations a s  t o  which coal 
type o r  types a r e  s u i t a b l e  f o r  use i n  the  two-stage g a s i f i c a t i o n  
process  a l s o  appear t o  d i f f e r  among manufacturers. 
discussion,  performance c a p a b i l i t i e s  of Woodall-Duckham, 
Wellman-Incandescent, and S to i c  two-stage g a s i f i e r s  are de ta i l ed  i n  
t h r e e  ca tegor ies  -- coal  feed, product gas,  and operat ing condi t ions,  

I n  the  following 

. 
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3.2.2.1 Woodall-Duckham Two-Stage G a s i f i e r  

Coal Feed 

The WD two-stage g a s i f i e r  can be operated with a range of coa l  feed 
from lignite through subbituminous t o  bituminous coal.  
can a l s o  operate  on an anthracite coal ;  however, an a n t h r a c i t e  feed i s  
not  normally considered t o  be an economical alternative because of its 
r e l a t i v e l y  low v o l a t i l e  content. (16) 
should have an FSI of less than 2-1/2 o r  3 and should be graded i n  t h e  
t y p i c a l  s i z e  range of 3 / 8  t o  1 inch, 1/2 t o  1-1/2 inches o r  3 /4  t o  
2 a c h e s  (16) f o r  s a t i s f a c t o r y  operat ion of t h e  g a s i f i e r .  
removed by double screenlug. However, predrying of feed coa l  is 
normally not required.  
ideagly be g r e a t e r  than 22000F but  a coa l  with an ash fusion as low as 
2050 F may be used. 
temperature i n  t h e  g a s i f i c a t i o n / f i r e  zone i s  va r i ed  by varying t h e  
s t eada i r  r a t i o  so as t o  maintain the  proper g r i t t y  ash condi t ion f o r  
easy dry removal. 

The g a s i f i e r  

I n  general ,  t he  feed coa l  

Fines m u s t  be 

The asp fusion temperature of coa l  should 

With a change i n  the ash fusion po in t ,  t he  

The coa l  feed rate t o  a 10-ft diameter WD g a s i f i e r  is  approximately 3 
t o  3.5 tons per hour ( 7 2  to  84 TPD); and the  capaci ty  f o r  a 12-ft 
uni t  is approximately 3.5 t o  4 . 5  tons p e r  hour (84 t o  108 TPD). 
Table 3.2-7 summarizes t h e  requirements f o r  coa l  feed, along with t h e  
proximate ana lys i s  of a t y p i c a l  bituminous coa l  that can be used i n  
t h e  WD g a s i f i e r .  

Product Gas 

Two bas i c  types of product gas are obtained with air-blown operat ion 
i n  the  WD g a s i f i c a t i o n  plant .  To produce a hot r a w  gas,  the top gas 
(250OF) is passed through a tar cyclone t o  remove lagge d r o p l e t s  of 
tar ,  and the clear gas .(i.e., t he  bottom gas a t  1200 F) flows through 
a dust  cyclone t o  remove entrained dust  (Figure 3.2-4). 
then combined, and the  heat  i n  the  clear gas revaporizes t h e  tar  and 
o i l  mist i n  t h e  top gas. The r e s u l t a n t  gas is c a l l e d  t h e  hot  raw gas 
and, because of i ts  r e l a t i v e l y  high temperature (600 t o  700°F), it  can 
be d i s t r i b u t e d  i n  in su la t ed  mains without deposi t ion over d i s t ances  up 
t o  1500 f t .  (12) The thermal conversion efficiency is approximately 88 
t o  92%. 
when the  s e n s i b l e  hea t  as well as the  heat ing values of tar and oil 
are included. 

To produce a cold clean gas, t h e  top gas is passed through a tar 
p r e c i p i t a t o r  without cooling, as shown i n  Figure 3.2-5. The p r e c i p i t a t o r  
operates  above the  gas dewpoint, and consequently, no more than 1% 
water is contained i n  t h e  recovered tar. 
because of the g e n t l e  d i s t i l l a t i o n  process used, as described i n  
Sect ion 3.1.2. 
and passed through a second p r e c i p i t a t o r  t o  remove both o i l  and water 

The gases are 

The e f f e c t i v e  heat ing value of hot r a w  gas is 200 t o  210 Btu/SCF 

The tar is f l u i d  '(pumpable) 

The de ta r r ed  gas is then cooled i n  a hea t  exchanger 
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Size - 

FS I - 

Ash Fusion Point  

Typical Bituminous Coals 

Proximate Analysis,  % 

Mo is t ur e 
Vo la t i l e  Matter 
Fixed Carbon 
Ash 

Tota l  

Sul fur  content  (dry,  w t  %) 

HHV, Btu/SCF 

Feed Rate, TPD 

(10-ft d i a .  u n i t )  

Table 3.2-7 

Coal Feed Charac te r i s t i c s  f o r  WD Two-Stage Gas i f ie r  

. l4ust be f a i r l y  uniform; typ ica l  s i z e  
range: 3/8" t o  l", 1/2"  t o  1-1/2",  o r  
3/4" t o  2" 

Can accept  only a l imi ted  quant i ty  of f i n e s  

<1-1/2 i d e a l l y ,  but could use coa ls  with 
FSI up t o  2-1/2 o r  3 

>2200°F i dea l ly ,  but may be as low as 
2 05 OOF 

. 

. t 

. 

3.02 
31.96 
56.64 

8 . 3 8  

100.00 

3.89 

13,000 

7 2  - 84 
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1 

e 
drople ts .  
by-product. The clear gas- leaving t m g a s i f i e r ,  on the o ther  hand, is 
dedusted in a cyclone, cooled i n  a hea t  exchanger, and f i n a l l y  mixed 
w i t h  t h e  cleaned top gas. The r e s u l t a n t  product gas is the cold clean 
gas (120°F), having a heat ing va lue  of approximately 176 Btu/SCF. The 
thermal e f f i c i ency  is about 7 4  t o  7 6 % .  
feeding t o  a low temperature desu l fu r i za t ion  process (e.g., S t r e t f o r d )  
i f  t he  s u l f u r  content  is too high. 

The o i l ,  however, is e a s i l y  separated from water as a 

This gas is  s u i t a b l e  f o r  

I n  addi t ion  t o  the above two types of low-Btu gas,  the  WD g a s i f i e r  has 
a l s o  been used t o  produce medium-Btu gases by s u b s t i t u t i n g  
air ,  o r  by c y c l i c  opera t ion  wi th  air  and superheated s t e a m .  
Typical product gas compositions obtainable  from WD g a s i f i e r s . a r e  
given i n  Table 3r$a7(B)flj5tlso summarizes o the r  pe r t inen t  performance 
characteristics. 

?g7?76for  

Operating Conditions 

In  a t y p i c a l  air-blown operation, t he  a i r  requirement is approximately 
2.3 lk[3? coa l  and t h e  steam requirement approximately 0.25 l b / l b  
coal .  
about 128'F f o r  t h e  steam-air mixture en ter ing  the g a s i f i e r  from the  
bottom. With a change i n  the  ash fus ion  poin t  of coa l ,  however, t he  
a c t u a l  steam/air r a t i o  may be modulated t o  vary the  gasif  i c a t i o d f i r e  
zone temperature i n  t h e  range of 2000 t o  2500°F.o The top gas temperature 
is normally regulated i n  the  range of 220 t o  250 Fowhile the clear gas 
may leave the  g a s i f i e r  i n  the  range of 900 t o  1500 F. 

This r e s u l t s  i n  a normal b l a s t  s a t u r a t i o n  temperature of 

The pressure  in the  g a s i f i e r  is e s s e n t i a l l y  atmospheric. 
g r a t e  g a s i f i e r ,  the  inlet pressure  is 40 t o  60 inch w.g. and the  
o u t l e t  p ressure  is about 30 t o  40 inch  w.g. I n  a w e t  g r a t e  g a s i f i e r ,  
t h e  inlet and t h e  o u t l e t  pressures  are, respec t ive ly ,  20-30 inch w.g. 
and 15-20 inch  w.g. 

I n  a dry 

A s i n g l e  WD g a s i f i e r  can be turned down t o  about 30% of design capaci ty .  
On pfants()fYolving mul t ip le  units i t  is  poss ib le  t o  achieve a f u r t h e r  

during t h e  per iod the g a s i f i c a t i o n  p lan t  i s  turned down. 
turndown. The product gas heat ing value will be red yfgy s l i g h t l y  

A summary of opera t ing  condi t ions described above and o the r  pertinent 
data relative t o  the  operat ion of t h e  WD g a s i f i e r ( l 2 ) ( 1 6 )  is presented 
below: 
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Table 3.2-8 

Product Gas Types Available from WD Two-Stage Process 

Med. -Btu Gas 
Cyclic 07-biown 

Composition, male X 
‘(moisture, tar, .tar o i l  

free) 

. H2 52.2 38.4 

co2 8.0 18.0 
co 28.5 37.5 

m4 6.5 3.5 
N2 4.2 2.2 
Others (H2S, COS, 

m3) - 0.6 - 0.4 

100.0 . 100.0 

Tar and Tar O i l ,  
lbllb coal 

Temperature, F 

Sp. gr. (Air = 1) 

Wobbe No. 

0 

Therraal efficiency, % 

Gas prod. rate, 
SCF/lb coal 

Not Not 
Available Available 

0.52 0.73 

465 334 . 

89-93 - 

Law-Btu Gas 
Hot raw Cold clean 

17.0 17.0 
28.2 28.2 

2.7 2.7 
47.1 47.1 

0.5 

4.5 4.5 

- c. 5 - 
100.0 100.0 

0.075-0.12 - 
120 600- 700 

0.83 - 
193 - 

88-92 74-76 

50-53 - 
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3.2.2.2 

0 Temperature, F 

Gas i f i ca t ion  Zone 2000-25 00 

Bottom Gas Offtake 900-1500 

Top Gas Offtake 220-250 

Pressure,  inch w. g. Dry Grate Wet Grate 

G a s i f i e r  Inlet 40-60 20-30 

G a s i f i e r  Outlet  30-40 15-20 

Air/Steam Requirements 

Air, l b / l b  coa l  2.3 

Steam, l b / l b  coa l  0.25 

Turndown Capabi l i ty  25-30X 

Wellman-Incandescent Two-Stage Gas i f i e r  

- Coal Feed 

The W I  two-stage g a s i f i e r  has been operated on a wide range of brown 
and bituminous coals.  I n  general ,  the  feed c o a l  m u s t  be fairly 
uniformly graded i n  the  s i z e  range of 2 t o  3 inches;  however, up t o  10% 
by weight of undersize (smaller than 2 inch but l a r g e r  than 5/16 inch 
and up t o  15% of f i n e s  less than 5/16 inch are considered acceptable.  
A l t e rna te  s i z e  ranges are 1-1/2 t o  2-1/2 inches and 3/4 t o  1-1/2 inches. 
The coa l  should have an FSI of 1 t o  3, and the  ash fusion temperature 
must be a t  least g r e a t e r  than 22OO0F f o r  s a t i s f a c t o r y  operat ion of t he  
two-stage g a s i f i e r .  Other d e s i r a b l e  coa l  p r o p e r t i e s  are summarized i n  
Table 3.2-9 along with the  proximate a n a l y s i s  of a t y p i c a l  bituminous 
coa l  t h a t  can be used i n  the WI g a s i f i e r .  Nominal c o a l  consumption 
rates for various standard s i z e  W I  g a s i f i e r s  are given i n  Table 3.2-10. 
The nominal thermal output from an ind iv idua l  unit ranges from 0.25 t o  
2.2 b i l l i o n  Btulday. 

121) 

(23) 

Product Gas 

Depending on t h e  process app l i ca t ion  th ree  d i f f e r e n t  types of product 
gas  can be manufactured i n  t h e  same bas i c  WT g a s i f i e r .  
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Table 3.2-9 

Desirable Feed Coal Properties for W I  Gasifier 

Free Swelling Index 1 to 3 

Ash Fusion Temperature 

Coal S i z e  

Allowable Undersize 

Max. 10% by w t .  

ihx. 15% by wt. 
i 

llax. I4oisture Content 

Hardgrove Index 

Typical  Bituminous Coal 

Mo i s t ur e 
Volatile Matter 
Fixed Carbon 
Ash 

HHV 

Sulfur  content  3.87% 

3-46 

greater than 2200'F 

5/16!' to 2" 

fines 'less than 5/16!' 

15 w t  % 

40 to 70 

4.65 % 
34.24 
52.33 

8.78 

100.00% 

12,470 Btu/ lb 



Table 3.2-10 

Coal Feed Rate, Thermal Output Rate and Efficiency on 
WI Two-S tage Gas i f ie rs  

Gas i f ie r  D i a m e t e r ,  Coal Feed 
Feet Rate, TPD 

4.50 13.92 

5.50 20.40 

6.50 29.40 
* .  

8.50 51.90 

10.00 71.40 

u 
I 
P 
U 

10.75 82.56 

12.00 103.20 

9 Thermal Output, 10 Btu/day 

Hot Raw G a s  

0.30 

0.44 

0.64 

1.12 

1.54 

1.79 

2.23 

Hot Detarred Cold Clean 
Gas 

0.28 

0.41 

0.59 

1.05 

1.45 

1.67 

2.08 

Gas 

0.25 

0.37 

0.54 

0.95 

1.30 

1.51 

1.88 

Hot 
Raw Gas 

89.8 

90.2 

90.1 

90.2 

90.1 

90.5 

90.1 

Gas 

83.3 

83.8 

84.0 

84.0 

84.9 

84.3 

84.0 

Thermal Efficiency, g (a) 
Cold Hot Detarred 

Clean Gas 

76.2 

76.0 

75.9 

75.9' 

76.1 

76.3 

76.0 

(a) Based on 1 2 , O O  Btu/lb coal. 



As shown i n  Figure 3.2-6, a hot raw gas is produced with minor cleanup 
s t e p s  on t h e  top gas and the bottom gas streams. 
tar  i n  the  top gas (240OF) are removed i n  a tar cyclone without 
cooling. The bottom gas (11700F) is dedusted i n  a sepa ra t e  cyclone. 
When two streams are combined, t a r  and o i l  m i s t  remaining i n  the top 
gas i s  revaporized by the  sens ib l e  heat of the hot,  tar-free bottom 
gas. The r e s u l t i n g  hot r a w  gas (6900F) has a heat ing value of 
approximately 200 Btu/SCF, when the heating values of tar and o i l  as 
w e l l  as sens ib l e  heat are included. The thermal e f f i c i ency  is  about 
90 t o  93%. 

Large d rop le t s  of 

To produce a hot detarred gas, the  top gas from the tar  cyclone passes 
through an e l e c t r o s t a t i c  d e t a r r e r  which removes a l l  tar m i s t  (Figure 3.2-7). 
The gas temperature i n  the p r e c i p i t a t o r  i s  maintained high enough so 
t h a t  moisture-free tar i s  recoverable as high q u a l i t y  l i q u i d  fue l .  
Because of the absence of dust  and because of the gen t l e  d i s t i l l a t i o n  
process described e a r l i e r ,  t he  tar flows f r e e l y  from t h e  co l l ec t ing  
e l ec t rodes ,  allowing low power consumption of the p r e c i p i t a t o r .  The 
de ta r r ed  gas i s  then mixed with the sepa ra t e ly  dedusted bottom gas t o  
y i e l d  the f i n a l  hot detarred gas. 
process is  about 84% and the heating value of gas is  approximately 
185 Btu/SCF. 

The thermal e f f i c i ency  of t h i s  

To produce a cold clean gas, the top gas is first  passed through a 
hydraulic seal vessel (F igu re  3 . 2 - 8 ) .  It then flows t o  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  where i t  is detarred a t  a temperature above the dewpoint 
of t he  gas. 
d i r e c t l y  i n  a spray column. 
i n  an i n d i r e c t  tubular  cooler from which the mixture flows t o  a second 
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  f o r  recovery of o i l s  f r e e  of the tars 
removed ear l ier .  Beyond the  second p r e c i p i t a t o r ,  the cold clean gas 
(100-120°F) can be compressed i n  a normal manner f o r  d i s t r i b u t i o n .  
The thermal e f f i c i ency  of t h i s  configuration is about 76% f o r  bituminous 
coal .  Heating value of gas i s  approximately 172-175 Btu/SCF s ince  
both t h e  sens ib l e  heat  of gas and the heating values of the t a r / o i l  
cons t i t uen t s  are l o s t .  

The bottom gas from the lower gas o f f t a k e  is  quenched . 
Both gas streams are subsequently mixed 

Table 3.2-11 shows the gas conditions found i n  produc 
from a t y p i c a l  bituminous coal containing 2% s u l f u r .  (’” It can be 
seen t h a t  t he  methane content i s  much higher i n  the top gas than t h a t  
i n  the  bottom gas. 
l a r g e l y  a product of t he  d i s t i l l a t i o n  process,  not the g a s i f i c a t i o n  
process. 

a hot raw gas 

Thus, the methane found i n  the mixed gas is 

Charac te r i s t i c s  of by-products ( t a r  and o i l s )  obtainable from the cold 
clean gas process are given i n  Table 3.2-12 and Table 3.2-13.(19)(21) 
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Table 3.2-11 

Typical Gas Conditions f o r  
Hot Raw Gas Arrangement* ( W I )  

H2% 

cox 

CH4% 

C2H4% 

C02% 

02% 

N2% 

*H S ppmv 

T a r  #/SCF 

Oil #/SCF 

2 

Dust #/SCF 

Temp. F 0 

Top Bottom Combined 

19.50 12.25 16.0 

30.00 29.50 29.75 

4.80 0.85 2.89 

0.40 

2.45 

0.35 

42.50 

- 
0.00398 

0.0012 

- 
2 40 

0.25 

4.20 

0.55 

52.40 

- 
- 
- 

0.33 

3.30 

0.45 

47.28 

3200 

0.0012 

0.00036 

Traces 

1200 

Traces 

912. 

0.30 0.70 1 .o Relat ive Flow 

* Based on a bituminous coa l  containing 2 w t ' %  su l fu r .  
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S p e c i f i c  Gravity 

Ash 

Insoluble 

Flash (AFNOR) 

Pitch softening point 

Dis t i l la t ion  data 

C 0 - 
O / l f O  

170/270 

2 70/ 300 

300/360 

Residue 

Carbon 

Hydrogen 

Gross heat value 

Moisture 

Table 3.2-12 

roduct Tar Characteristics* (WI) 

1.070 @ 15' C 

0.25% 

0.87% 

145' C 

55O c 

% of Total 

5 

18 

14 

22 

41 

79.5 

9.2 

Characteristic of Fraction 

- 
70% phenols 

15% paraffins 

- 
5 5 ' ~  softening point 

8600 Kcal./gm. 

0.6 

*Tar characteristics are affected by p l a n t  operation and coal.  T h e  data 
presented are at best typical. 
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Speci f ic  g rav i ty  

D i s t i l l a t i o n  da ta  

C 0 - 
01188 

1881195 

1951206 

2061224 

224/271 

2711335 

335 & over 

Phenol content 

Ammonia content  

Carbon 

Hydrogen 

Heat value 

Mo i s  t ure 

Table 3.2-13 

By-product O i l  Cha rac t e r i s t i c s  ( W I )  

0.980 @ 15OC 

% of Tota l  

5 

5 

20 

20 

20 

10 

20 

15 grams/litre 

7 g r a m s l l i t r e  

76.5% 

11.5% 

8900 Kcallgm. 

3.1% 
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- Operating Conditions 

steam per  l b  of coa l  are used f o r  continuous air-blown operat ion.  
(Note: 
system.) The steam-air mixture fed t o  the g a s i f i e r  has therefore  a 
steam-to-air r a t i o  of 0.b275, and t h i s  corresponds t o  a b l a s t  s a t u r a t i o n  
temperature of about 134 F. 
is measured a t  the  entrance t o  the  g a s i f i e r  base and is used t o  r egu la t e  
t h e  steam-air r a t i o  and t o  con t ro l  t he  q u a l i t y  of ash. 

In  WI g a s i f i e r s ,  approximately 33 SCF (2.5 l b s )  of a i r  and 0.32 1 P149f 

A t  t h i s  time ATC does not  o f f e r  an  oxygen-blown WI g a s i f i c a t i o n  

In p r a c t i c e ,  t he  b l a s t  s a t u r a t i o n  temperature c 

The pressure  in t h e g a s i f i e r  is  e s s e n t i a l l y  atmospheric. 
t he  g a s i f i e r  a t  a pressure  of approximately 14 inch w.g. 
drop through the  g a s i f i e r  bed is of the  order  of 2 t o  10 inch w.g. 
depending on t he  gas flow rate. 

G a s  leaves 
The pressure  

The WI g a s i f i e r  can be turned down t o  about 25% of i t s  design capac i ty ,  
and it can be boosted t o  full production i n  15 t o  20 minutes. 
u n i t  can u t i l i z e  n a t u r a l  d r a f t  t o  remain i n  a warm standby condi t ion 
and then be returned t o  f u l l  capac i ty  i n  about one hour. 
it can be operated above its i a t e d  capaci ty  f o r  s h o r t  periods. 

An estimate of u t i l i t y  requirements f o r  t h ree  g a s i f i e r  s i z e s  with cold 
c l ean  gas production given below: (21) 

The 

I f  necessary, 

INSIDE DIAMETER 

10' - 0" 
E l e c t r i c a l *  135 KW 90 I(w 25 KW 

Instrument Air 15-20 SCFM 15-20 SCFM 15-20 SCFM 

Cooling Water 500 gpm 335 gpm 265 gpm 

Process Water 
(Boiler  Feed) 4 gPm 3 gpm 2 gpm 

25 psig steam 450 l b / h r  none none 

* Gas booster  and coa l  handling up t o  g a s i f i e r  feed hoppers 
are excluded. 
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3.2.2.3 FW-Stoic Two-Stage Gasifier 

Coal Feed 

The FW-Stoic two-stage g a s i f i e r  has operated on bituminous coa l  and 
has been descr ibed a s  s u i t a b l e  f o r  opera t ion  on y y ~ i j e r n  subbituminous 
coa l  and l i g n i t e  i n  add i t ion  t o  an th rac i t e  coal .  Although no 
deta’ils are ava i l ab le  on the  caking p rope r t i e s  of feed coa l ,  t h e  
allowable value of FSI i s  l i k e l y  t o  be l imi ted  t o  about 3. The coa l  
is normally graded i n  the  s i z e  range of 1/2 t o  1-1/2 inches o r  1-1/2 t o  
3 inches,  and i f  necessary f i n e s  are removed by a f i n a l  screening p r i o r  
t o  i t s  t ranspor t  t o  t he  top of t he  g a s i f i e r .  When the  g a s i f i e r  i s  
operat ing a t  capaci ty ,  i t s  coa l  holdup is  8 hours. The nominal coa l  
feed rates f o r  the  four  ava i l ab le  s i z e s  of FW-Stoic g a s i f i e r  are given 
below: 

App roxima t e 9 10 B t d d a y ,  Coal Rate* 6 Gas i f  ier 
Diameter , 10 Btu/hr, 

Ft  Maximum Maximum TPD 

6.50 22.5 0.54 31.2 

8.50 40 0.96 52.8 

10.00 60 1.44 72.0 

12.50 90 2.16 108.0 

*Based on a coa l  having a HHV of about 12,000 Btu/lb with the  
g a s i f i e r  producing hot  de ta r red  gas. 

Product Gas 

Three types of low-Btu gas can be produced with air-blown opera t ion  i n  
t h e  FW-Stoic g a s i f i c a t i o n  p lan t .  I n  the  f i r s t  opt ion,  l a r g e  d rop le t s  
of t a r - o i l  i n  t he  top gas (25O0F) are removed i n  a cyclone without 
cooling. The bottom gas (1200°F) is dedusted i n  a separa te  cyclone, 
a f t e r  which it  is combined with the  top gas. The r e s u l t i n g  mixture i s  
the  hot  r a w  gas having the  highest  Btu content f o r  product gas 
(186-207 Btu/SCF). I n  the  second opt iona l  mode which produces the  hot  
de t a r r ed  gas (175-195 Btu/SCF), add i t iona l  t a r - o i l  i s  removed by the  
use of 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  i n  p lace  of t he  t a r  cyclone (see 
Figure 3.2-9). The t h i r d  mode o f  opera t ion  produces the  cold c lean  
gas  having the  lowest Btu content (160-175 Btu/SCF) among the three .  
I n  t h i s  mode, t he  bottom and the  top gas streams are water cooled t o  
remove condensibles. Most of t he  condensibles are recovered as l i q u i d  
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3 . 3 .  

f u e l  and the  balance a r e  inc inera ted .  
of var ious product gases ,  and the  o v e r a l l  thermal e f f i c i ency  f o r  each 
process is shown below: 

A summary of HHV, temperature 

Approximate 
Temperature of b / S C F  of Thermal Conversion 0 

Gas Type Product G a s ,  F Product Gas Eff ic iency 

Hot Raw Gas 750 186-207 85-93% 

Hot Detarred Gas 750 175-195 7 7 4 7 %  * 
Cold Clean Gas 100 160-175 69-76% 

* Excluding t a r -o i l  production. 

Table 3.2-14 shows the  typ ica l  range-of  gas compositions f o r  a hot 
de ta r red  gas and the  p rope r t i e s  of a t y p i c a l  t a r -o i l .  The by-product 
t a r - o i l  recovered by the  cyclone o r  t h e  p r e c i p i t a t o r  i s  descr ibed t o  
be similar t o  No. 6 f c e l  o i l .  

Operating Conditions 

Each ind iv idua l  g a s i f i e r  has a turndown r a t i o  of about 5 t o  1, i.e., the 
a c t u a l  production r a t e . c a n  be reduced t o  207; of i t s  design capac i ty ,  
Turndown r a t i o  can be s u b s t a n t i a l l y  increased i n  the case of manifolded 
g a s i f i e r s .  

The normal a i r  and steam requirements are not known. However, a 
10-ft g a s i f i e r  operat ing a t  capac i ty  and making hot de ta r red  gas is  
descr ibed t o  consume about 300 ga l /h r  of water. (18) 
steam t o  a i r  is apparent ly  var ied  from coa l  t o  coal  t o  con t ro l  t he  
q u a l i t y  of t he  ash. 
a i r  f o r  maintaining the  l a r g e  mass of g a s i f i e r  r e f r ac to ry  and carbonaceous 
contents  a t  a minimum temperature i s  furnished by n a t u r a l  d r a f t .  

The r a t i o  of 

When a g a s i f i e r  is put  on standby, the  necessary 

FIXED BED GASIFIER OPERATIONS 

Operation of a s ingle-  o r  two-stage g a s i f i e r  i s  i n  genera l  simple and 
automatic. Typical ly ,  an operat ing s t a f f  of two is  s u f f i c i e n t  t o  
handle a g a s i f i c a t i o n  p lan t  with two o r  three  g a s i f i e r s ,  whether they 
be single-or two-stage u n i t s ,  l a r g e  o r  s m a l l .  A s  descr ibed i n  Sect ion 
3 . 2 ,  both g a s i f i e r  types use s i m i  Lar coal- t ransport  devices ,  and coa l  
feed systems. Ash is  typ ica l ly  withdrawn through the  use of a revolving 
g r a t e ,  with the exception of  the  Riley-Morgan g a s i f i e r .  
of g a s i f i e r ,  coa l  is always f i l l e d  t o  the  top of t he  g a s i f i e r  regard less  
of the  load change i n  the product gas demand. However, the  output of 
gas  i s  regulated by a pressure c o n t r o l l e r  i n  the  gas d i s t r i b u t i o n  * 
main, which increases  the  supply of a i r  t o  the  base of g a s i f i e r  as the  
pressure  f a l l s ,  and vice versa. 

In  both types 

I 

i 
1 .  
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Table 3.2-14 

Analysis of Hot Detarred Gas and 
Typical  T a r d i l  (FW-Stoic) 

Analysis of Detarred G a s  

component 

H 

co ct4 

c02 
N2 

Analysis of T a r a i l  

Physical  P rope r t i e s  

Spec i f i c  Gravity 
Viscos i ty ,  Centistokes,  122:F 
Viscosi ty ,  Centistokes,  0 210 F 
Pour Poin t ,  F 
F lash  Poin t ,  C.O.C., OF 
Higher Heating Value, Btu/gal  

14.0-16.0 
2.6-3 .O 
29 .O-30.0 

3.0-4.0 
47.6-51.4 

1.0855 
555.4 
21.35 
80 
315 

148,265 

Chemical Composition 

Component 

Carbon 
Hydro g en 
Oxygen 
Nitrogen 
Sul fur  
Ash 
MO i s t u r e  . .  

85.92 
7.92 
4.18 
1.05 
0.22 
0.11 
0.60 

Tot a1 100.00 

- 
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In  some single-stage and two-stage g a s i f i e r s ,  the steam-to-air ratio 
is control led by the b l a s t  s a t u r a t i o n  temperature (BST) of the  steam-air 
mixture. 
r egu la t e  t he  r e l a t i v e  flow of top gas and bottom gas so that the  top 
gas  temperature is maintained a t  a r e l a t i v e l y  low temperature of 
250°F. 

Additional con t ro l  is  required i n  two-stage g a s i f i e r s  t o  

The maintenance schedules f o r  s ingle-  and two-stage g a s i f i e r s  are 
comparable. Normally, both types of p l an t  have scheduled annual 
shutdown t o  m e e t  b o i l e r  code requirements. I t e m s  such as g r a t e ,  
feeder ,  and r e f r ac to ry  are inspected a t  the  same t i m e .  
s t a g e  g a s i f i e r s ,  a g i t a t o r  wear ba r s  are a l s o  checked o r  replaced. 

For s ingle-  

3.3.1 S ing le  Stage Gas i f i e r s  

All single-stage,  f ixed bed g a s i f i e r s  ope ra t e  a t  e s s e n t i a l l y  atmospheric 
pressure.  
another ,  i .e . ,  5 t o  6 inches of water f o r  M-W, 40 inches of water f o r  
R-M, and 2 t o  4 inches of water f o r  Wilputte. 

Gas exit  pressure varies s l i g h t l y  from one g a s i f i e r  t o  

During the  period of normal operat ion,  the following v a r i a b l e s  are 
e i t h e r  recorded o r  control led:  

- 

. The b l a s t  s a t u r a t i o n  temperature (BST) 

. Airloxygen pressure at  the g a s i f i e r  i n l e t .  

. G a s  pressure a t  the g a s i f i e r  o u t l e t .  

. Depth of ash and combustion zone. 

Blast s a t u r a t i o n  temperature i s  control led t o  r egu la t e  the amount of 
air/oxygen and steam going i n t o  t h e  g a s i f i e r .  
t h e  BST is  held a t  the desired l e v e l  by con t ro l l i ng  the water supply 
valve. I n  the Wilputte g a s i f i e r ,  the BST con t ro l l i ng  valve is on the  
steam l i n e  and r egu la t e s  the steam supply. Riley-Morgan a l s o  con t ro l s  
the steam flow r a t e  t o  a t t a i n  a des i r ed  BST. 

I n  the  McDowell Wellman 

As the demand f o r  product gas r a t e  a t  the o u t l e t  of a single-stage 
g a s i f i e r  increases ,  the pressure con t ro l  valve allows more a i r  and 
steam t o  flow t o  the g a s i f i e r  and increase the g a s i f i c a t i o n  rate. 

Depths of ash and combustion zone i n  a l l  t he  single-stage g a s i f i e r s  
are determined by poking. 
constant ,  t h e  rate of ash withdrawal i s  adjusted by changing the  g r a t e  
speed f o r  the Wilputte and M-W g a s i f i e r s .  
ash removal is  in t e rmi t t en t  -- ash is released a f t e r  one complete 
revolut ion of the g a s i f i e r  s h e l l  through a s t a t i o n a r y  ash plow, 

I n  order  t o  keep the  depth of ash l a y e r  

I n  the R-M g a s i f i e r ,  the 
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The above operat ion and maintenance items apply general ly  t o  a l l  
s ingle-s tage g a s i f i e r s .  
requirements is presented below f o r  each of t he  th ree  s ingle-s tage 
g a s i f i e r s  evaluated. 

A de t a i l ed  desc r ip t ion  of'  con t ro l  and maintenance 
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&j o r  pieces  of equipment i n  single-s tage gasifiers which require 
regular  maintenance are : 

Grate - g r a t e s  made of cast i r o n  are exposed t o  severe erosion.  
They last for me t o  two years  of continuous opera t ion  a f t e r  
which they need replacemeat .  
i n d e f i n i t e l y .  

Grate made of steel  p l a t e  may last 

. Gas i f i e r  - r e f r ac to ry  l i n i n g  i n  the  g a s i f i e r  lasts f i v e  t o  ten 
years.  It may requi re  patching a f t e r  one t o  two years .  

Agitator  - Agi ta tors  i n  s ingle-s tage f ixed  bed g a s i f i e r s  are 
exposed t o  high temperature and dusty atmosphere. 
e ros ion  of the  a g i t a t o r  wear ba r s  on each arm and damage t o  t h e  
bearfngs and s t u f f i n g  box of the  a g i t a t o r .  

C o a l  feeders  - drum feeders  or valves  need adjustment a t  least  
once a year.  

. 
This causes 

The s t a r t u p  procedure for single-s tage f ixed  bed g a s i f i e r  is as follows: 

. F i l l  t he  g a s i f i e r  with ash  c lose  t o  a g i t a t o r  bar  

. 'Add about two f e e t  of wood ch ips  

. F i l l  most of the  way t o  top 'with coke 

. Soak with kerosene and i g n i t e  ca re fu l ly  

. Bring coa l  in slowly. 

The ent i re  operat ion requi res  about 24 hours. 
f l a r e  during s t a r t u p .  

Gas is  vented t o  a 

Shutdown procedure cons i s t s  of the following s t eps :  

. Shut of f  the gas o u t l e t  

. Turn of f  the a i r  supply 

. Vent all the  gas to flare 

. Turn of f  the  moving p a r t s ,  e.g., g r a t e s ,  a g i t a t o r s ,  etc. 

. Turn on the banking d r a f t  t o  des i red  banked f i r e  s e t t i n g  



3.3.1.1 (1) (2) (3)  McDowell-Wellman Gas i f i e r  

The following va r i ab le s  are control led and recorded: 

. Blast s a t u r a t i o n  temperature 

. Gas pressure 

The following v a r i b l e s  are recorded.: 

. Agitator  water pressure 

. Gas temperature 

High and low levels i n  the coa l  feed bin. The normal operat ion of one 
McDowell-Wellman g a s i f i e r s  r equ i r e s  1/3  man per  s h i f t .  Due t o  continuous 
operat ion,  l i t t l e  a c t i v i t y  by t h e  operator  is  required a f t e r  a steady- 
state gas-qualzty- is reached. 
normal operation !include : 

. 

Operator 's  t y p i c a l  act ivi t ies  during 

Poking - once a s h i f t  

F i r e  test - once a s h i f t  

O i l  and grease check - once a s h i f t  

Flushing water j acke t  - twice a day. 

. 

. 
A summary of t y p i c a l  operating conditions and maintenance schedules 
p rac t i ced  f o r  single-stage g a s i f i c a t i o n  p l a n t s  is presented i n  Table 
3.3-1. 

McDowell-Wellmen g a s i f i e r s  have i n  some cases been run 24 hours per  
day, 365 days per  year f o r  over four  years  without shutdown. 
manufacturer does not  have any s p e c i f i c  recommendations f o r  the 
maintenance of a g i t a t o r ,  a g i t a t o r  bearing, g r a t e s ,  and g r a t e  holders.  
The following procedence i s  recommended by the manufacturers f o r  
general  overhaul of the equipment: 

The 

The en t i re  gas equipment should be overhauled and thoroughly 
checked every 12 months. 
o r i g i n a l  maximirm 0.005 inch clearance l i m i t .  The f u e l  b in  i n t e r i o r  
should be repainted wherever rus ty  o r  bare. Elevator buckets and 
chain checked, a l s o  e l eva to r  casing. The 10-inch vent and 4-inch 
vent and o f f t a k e  pipe checked f o r  deposi t .  
l i n e s  blown out with steam, gas piping around pump taken apa r t ,  
and cleaned. 
t o  spec i f i ca t ions .  Water j acke t  checked and sediment cleaned 

Fuel valves should be re-scraped t o  

All 1/4-inch guage 

Producer g r a t e s ,  etc. inspected and b u i l t  up according 

3-6 2 



Table 3.3-1 

-~ 
t a t i o n a l  

L ime  

Summary of Operating Conditions and Maintenance 
Schedule f o r  Single-Stage Gas Production P l a n t s  a 

Dhio, USA 

COmPaaY 

G a s i f i e r s  

1945 

Location 

McDowell- 
rellman 
:Air-Blown) 

I n i t i a l  Year of Operation 

. Clean gas 
amin every 2 mo: 

. Check a g i t a t o r  
and a g i t a t o r  
bearing 

valve 
. Check c o a l  feed 

Diameter, f t  

1 

Cdpacity, TPD/Gasi'f ier 

Number 

Operations 

Coal 
S i z e  
Fines  
FSI 
Ash 
Softening 

Major 09. Variables 

Manpower 
(per  s h i f t )  

Maintenance 

Scheduled Shutdown 

Maintenance Items 

10 

75 

2 

L-1/4 t o  2" 
Jp t o  30% 
Llp t o  9 

Hin 2200°F 

. A i r  s a t u r a t i o n  
temp. 

. Poking/ash and 
f i r e  depth 

1 operator  

None 

I 
, Is ton 
?f ense 

mnessee,  USA 

1945 

10-1/3 

60 

12 

lilpu t t e 
A i r  -Blown) 

Jp t o  4" 
Jp t o  10-15% 
Jp t o  6 

2300°F 

. A i r  
' s a t u r a t i o n  
temp . . Poking/ash 
and f i r e  
depth 

2 head 
operators  

2 foremen 
1 basement a 
2 l a b o r e r s  -, 

day s h i f t  

4 t imes/year 

. Clean gas 
main every 
3 months 

CAW 
eta1 

u t h  Africa 

,963 

.o 

18 

1 

zllman- 
lcandescent 
A i r / O Z  - Blown) 

-1/4 t o  3" 

4;  i d e a l l y  <2 

552'F 

pokingiash and 
f i re  depth 
a i r  pressure 
under g ra t e  

1 foreman 

3 opera to r s  

once/year 

. Clean gas coole: . Adjust c o a l  feel . Steam clean ta r  
precipitater ev 
3 mos. 



out .  A l l  gas valves taken apa r t  and cleaned. A l l  o the r  water 
and steam valves checked. 
f o r  corrosion, e t c .  A l l  mechanical p a r t s  and bushings checked 

I n t e r i o r  of ' a l l  tanks ca re fu l ly  checked 

for wear, etc,  

The following s t a r t u p ,  shutdown, emergency shutdown and turndowdbankinn - 
procedures are recommended by the  M-W-gasif i e r  vendor : I 
Sta r tup  

1. 

2.  

4. 

5 .  

6 .  

7. 

8. 

9 .  

Shutdown 

1. 

2.  

3.  

4. 

F i l l  the  water j acke t  with water. 

Cover the g r a t e  with ash up t o  16 inches i n  depth. 

Place the  boxes i n  the  f i r e  box, f i l l  them with charcoal o r  
coke and cover the top with burlap.  

Pour kerosene o i l  down each of t he  boxes. 

Fill the  g a s i f i e r ,  the  coal  feed b in  and the top bin with 
coke o r  a n t h r a c i t e  coal .  

Light the f i r e  i n  the boxes and shut  t he  a s h p i t  door. 

Start  the a i r  blower and t h r o t t l e  the vent valve. 

After a few hours, open the gas valve t o  discharge raw hot 
gas i n t o  the fue l ing  supply l i n e  and a t  the s a m e  t i m e ,  close 
vent  valve. 
c o n t r o l l e r  and the g a s i f i e r  starts producing the gas required 
i n  the factory.  

The a i r  b l a s t  i s  then put under the pressure 

Proceed as p e r  regular  operation. 

Shut-off the hot gas supply valve and, a t  the same t i m e ,  
open the vent valve. 

Shutdown the a i r  blower. 

Open the vent valve wide open. 

Shutdown the pressure c o n t r o l l e r .  

Stop the grates .  

Shut off  o i l  to  the main bearing. 6 .  
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7. Close the  air b l a s t  va lve  t i g h t .  

8. Open the  banking d r a f t  d i s c  t o  the  des i red  banked f i r e  
s e t t i n g  . 

- Emergency Shutdown 

The following procedure is used i f  an emergency shut  down is reqr t red :  

1. I f  power f a i l s  or the  air  blower stops IMMEDIATELY t r y  t o  
start it. 
t o  fac tory  valve as f a s t  as poss ib l e  t o  prevent gas from 
o the r  producers backing i n t o  the  a s h p i t  t o  cause an explosion 
and t o  prevent poison gas from coming back through the air 
blower out  i n t o  the  room. 

If you cannot start it at  once shu t  t i g h t  t h e  gas  

2. Open the vent  valve wide open. 

3. Now proceed as with  a r egu la r  shutdown. 

4. I f  desired,  start up can be made i n  the  usua l  way as soon as 
power is  a v a i l a b l e  again o r  the cause of the shutdown has 
been overcome. 

To Put In Operation a Banked Gas Producer 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

B e  Sure that the  water j acke t  is f u l l  of c lean  water up t o  
the  overflow o u t l e t .  Shut of f  completely the  water supply 
t o  the water jacke t .  

Shut the  banking air d i s c  t i g h t .  

S t a r t  the  a i r  blower with the a i r  o u t l e t  damper shut  t i g h t ;  
make su re  the  a i r  b l a s t  damper is shut  t i g h t  and the  vent 
va lve  wide open. 

Open the  a i r  damper a t  the  blower o u t l e t  wide open. 

Count the turns and open the angle valve enough to give the 
r egu la r  amount of load. 

S t a r t  t he  g r a t e s  a t  the  usua l  speed. 

Star t  the  o i l  feed t o  the  g ra t e s .  

In about half-an-hour take  a f i r e  test. 

Poke any holes  t h a t  t he  f i r e  test shows need poking. 
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10. Gradually increase  the  sa tu ra t ion  t o  the  regular  temperature. 

11. When up t o  des i red  s a t u r a t i o n  temperature,  open the  water a valves  t o  the  s a t u r a t i o n  con t ro l  instrument and have t h e  
instrument con t ro l  the  sa tu ra t ion .  

12. Thro t t l e  t h e  vent  valve enough so the  p i l o t  gas flame can be 
l igh ted .  

13. When the  co lor  of t h e  gas flame shows the  gas i s  good, t he  
producer can be thrown onto the  f ac to ry  supply l i n e .  

_ _  review of operat ion and maintenance schedule f o r  M-W g a s i f i e r s  
d i sc losed  the  following advantage, disadvantages,  and p o t e n t i a l  f o r  
improvement : 

Advantages i 

Coal Feed System: 

There are no moving p a r t s  i n  the  coa l  feeding system f o r  
t h i s  g a s i f i e r ,  thus minimizing the  maintenance cos t s  common 
t o  g a s i f i e r s  where mechanical devices are used on abras ive  
materials l i k e  coal.  Moreover, s ince  coa l  i s  fed continuously,  
t he  bed height  remains constant  and thus cont r ibu tes  towards 
producing gas of uniform qua l i ty .  

G a s i f i e r  : - 

Since the  inner  w a l l  of t he  g a s i f i e r  i s  not  br ick- l ined,  
t h i s  construct ion minimizes the  i n i t i a l  cos t  of l i n i n g s  and 
reduces the  maintenance cos ts .  The g a s i f i e r  is water jacketed 
and steam required i n  the  g a s i f i e r  i s  ra i sed  i n  the  j acke t .  

Grate: 

The design of the  g r a t e  i s  such t h a t  ash i s  removed continuously 
and the  ra te  of ash removed can be adjusted by changing t h e  
g r a t e  speed. This does not  d i s tu rb  the  bed and gives  gas of 
uniform qual i ty .  Moreover, e l imina t ion  of water seals makes 
i t  poss ib le  t o  operate  a t  higher  pressures .  

- Disadvantages 

Gas Leakage: 

Gas may escape i n t o  the feeding compartments when dumping 
coa l  t o  lower bins .  
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Potent-ial f o r  Improvement .. . 

3.3.1.2 

. Gas leakage can be minimized by using an a i r  locking device i n  
the  feed system and the ash removal hopper. 

. Like any o the r  single-stage,  f ixed bed g a s i f i e r ,  t he  M-W g a s i f i e r  
a l s o  needs poking the ob jec t  of which is  t o  determine the  depths 
of the combustion zone and the ash l aye r .  The poking operat ion 
can be eliminated by using thermocouples. 

. Again, as with o the r  single-stage,  f i xed  bed g a s i f i e r s ,  i f  t he  
rate of ash removal can be automatically con t ro l l ed  by r e l a t i n g  
t o  the  rate of coal  feed, improved-uniformity of product gas 
heat ing value and flow rate can be achieved at the design rate 
and a t  turndown conditions.  

( 4 )  ( 5 )  ( 6 )  Wilputte Gas i f i e r  

The Wilputte g a s i f i e r  is provided with a b l a s t  s a t u r a t i o n  temperature 
c o n t r o l l e r  f o r  r egu la t ing  the air-steam r a t i o  and a gas pressure 
c o n t r o l l e r  f o r  regulat ing the  amount of air/steam mixture in response 
t o  a change i n  the demand of product gas. I n  add i t ion ,  t he  following 
instruments are a l s o  provided t o  e i t h e r  record o r  con t ro l  var ious 
process va r i ab le s  : 

Temperature recorders  f o r  

- Blast temperature - Gas temperature 
- Steam temperature 

Pressure i n d i c a t o r s  f o r  

- Blast pressure 
- Gas pressure a t  the g a s i f i e r  o u t l e t  
- Steam pressure 

Flow ind ica to r s  f o r  

- Air flow rate 
- G a s  f l o w  rate 
- Steam flow rate 

Flow recorder t o  measure t h e  gas product. 

The g a s i f i c a t i o n  plant  a t  Holston Defense Corporation, Kingsport, 
Tenn. w a s  b u i l t  by Semet Solvay Engineering Corporation (now Wilputte 
Corporation) i n  the 1 9 4 0 ' s .  The p l a n t  has 12 g a s i f i e r s  with a gas 
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c lean  up system t o  produce dust-, tar-, and o i l - f r e e  gas from low 
s u l f u r  coal.  The operat ing personnel on t h i s  p l a n t  are: 

. 1 Head operator  pe r  s h i f t  f o r  each 6 g a s i f i e r s  

. 1 Foreman per s h i f t  f o r  each 6 g a s i f i e r s  

. 1 Basement man per  s h i f t  f o r  12 g a s i f i e r s  

. 
S t a r t u p  Procedure 

2 l abo re r s  f o r  day s h i f t  for coa l  handling 

. 

Shutdown Procedure 

. Close down exhauster 

. Cut back a i r  t o  the g a s i f i e r  

F i l l  t h e  g a s i f i e r  with dry ashes t o  a point  one inch below a g i t a t o r  
bar. 

Spread over t he  ash a l aye r  of kindl ings 18 inches above a g i t a t o r  b a r  . t o  a depth of 6 inches with dry wood. 

Pour 8 gal lons of kerosene over the kindl ing and spread o i l y  rags 
over t he  bed. 

Turn on the  cooling water and then l i g h t  t he  f i r e .  

After the  kindl ing has gotten started turn on the air and increase 
t h e  a i r  pressure gradually as the f i r e  begins t o  burn b r i g h t l y ,  

Charge the  f i r e  bed with coal as r ap id ly  as the  f i re  burns through 
u n t i l  the f u e l  bed reaches the  a g i t a t o r .  

While the f i r e  bed is being b u i l t ,  open a l l  t he  poke holes ,  c lean 
ou t  openings and the  vent p i p e .  
be required t o  bui ld  up the bed. 
w i l l  be required afterwards: 

Put water i n  c i r c u l a t i o n  

Close vent l i n e  

S t a r t  exhauster and open i t  gradually 

Add a i r  gradually u n t i l  the g a s i f i e r  is on l i n e  

Approximately 1 t o  4 hours w i l l  
The following a d d i t i o n a l  s t e p s  
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. Open up vent l i n e  

. Cut steam off  completely 

3 . 3 . 1 . 3  

A review of the operat ion and maintenance schedule f o r  t h e  Wilputte 
g a s i f i e r  disclosed the following advantages, disadvantages and p o t e n t i a l  
f o r  improvement: 

Advantages 

. For a n t h r a c i t e  coa l  and coke the  g a s i f i e r  is s e l f - s u f f i c i e n t  i n  
steam. 

Disadvantages 

. Brick-lining is l i a b l e  t o  high maintenance cos t .  

. An ex te rna l  source of steam is required f o r  g a s i f i c a t i o n  of 
bituminous coal.  

P o t e n t i a l  For Improvement 

. The g a s i f i e r  used f o r  a n t h r a c i t e  and coke ( i .e. ,  one equipped 
with water j a c k e t )  could be adapted f o r  the g a s i f i c a t i o n  of 
bituminous coal.  

. Ash withdrawal rate should be automatical ly  control led.  

(7)(8)(9)(10)(11) Riley-Morgan Gas i f i e r  

Instrumentation on the Riley-Morgan g a s i f i e r  is provided i n  accordance 
with the  soph i s t i ca t ion  required by t h e  ind iv idua l  customer. Though 
t h e  Riley-Morgan g a s i f i e r  has been used extensively as the  Morgan 
producer, t he  manufacturer does not have any s p e c i f i c  recommendation 
i n  the  maintenance requirements of t he  present  g a s i f i e r .  

The following s t a r t u p  procedure can be used f o r  the R-M g a s i f i e r :  

. .  . F i l l  g a s i f i e r  with a s h . t o  18 inches above the  b l a s t  hood. 

. Add 1 f t  of charcoal. 

. I g n i t e  with MAPP gas i g n i t e r .  

. Bring coa l  i n  slowly. 

The e n t i r e  operat ion r equ i r e s  2 s h i f t s  and t h e  gas I s  vented and 
f l a r e d  during t h e  s t a r t u p .  
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A b r i e f  review of operation and maintenance schedule f o r  the R-M 
g a s i f i e r  disclosed the following: 

Advantages 

; The use of drum feeder and lock hopper as the  coal  feeding system 
does prevent gas leakage. 

Disadvantages 

. Steam f o r  g a s i f i c a t i o n  is not produced i n t e g r a l  with the g a s i f i e r .  

. Brick-lining is  l i a b l e  t o  high maintenance cos t .  

. The pan, b a r r e l  and charge a l l  r o t a t e  and may r equ i r e  maintenance. 

P o t e n t i a l  f o r  Improvement 

. Elimination of poking. 

. Ash withdrawal rate should be automatically control led and be 
r e l a t e d  t o  the coa l  feed rate. 

3 . 3 . 2  Two-Stage Gas i f i e r  

South African industry has had many years  of operat ing experience with 
WD, W I ,  and Sto ic  two-sta e a s i f i e r s .  Available 
information (16) (18) (21) (2g) (57 )  i nd ica t e s  t h a t  operat ions and con t ro l  
of t hese  g a s i f i e r s  are general ly  similar t o  each o the r .  
a r e ,  therefore ,  discussed j o i n t l y  i n  the following general  desc r ip t ion .  
Operator a c t i v i t y ,  manpower requirements, and maihtenance are discussed 
sepa ra t e ly  i n  subsequent sub-sections. 

These a spec t s  

Operations and Control 

To s t a r t u p  a two-stage g a s i f i e r  from cold,  thy2#?llowing t y p i c a l  
sequence i s  used a t  a South African gas p l an t  

. F i l l  the  g a s i f i e r  with 12  t o  18 inches of ash t o  the bottom of 

: 

r e t o r t .  

. Add 3 f t  of wood chips. 

. 

. 
F i l l  t he  rest of way t o  the  top with coke. 

Soak with kerosene and i g n i t e  ca re fu l ly .  

. Bring the  coa l  on slowly t o  maintain b r i c k  temperature. 
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The entire operation r equ i r e s  approximately 24 hours. 
during s ta r t -up  is vented. 

The gas generated 

The bas i c  con t ro l s  f o r  maintaining s teady-s ta te  opera t ion  are as 
follows : 

C o a l  Feed (Level Control) 
maintain a constant  level i n  the  retort s e c t i o n  r ega rd le s s  of load 

The c o a l  t o  the  g a s i f i e r  is cont ro l led  to  

change in product gas demand. 
feeder ,  the l e v e l  is measured by a paddle which r$sts on t he  top of 
coal .  As g a s i f i c a t i o n  causes the c o a l  bed t o  descend, t he  downward 
movement of the paddle actuates the  drumofeeder d r i v e  motor. The 
drum, vhich is f u l l  of c o d ,  rotates 180 
t h e  r e t o r t .  t u r n  and is r e f i l l e d .  
While the  drum is revolving, a cam raises the  paddle clear of t he  
coa l ,  and a t  the  ?&of the  cyc le  she paddle is once again lowered t o  
rest on the  coal. 

I n  the case of a drum-type ro t a ry  

p d  discharges the  coa l  i n t o  
The drum then completes a 360 

Gas i f i ca t ion  Rate (Pressure Control) The output  of two-stage g a s i f i e r s  
is regulated by a pressure  c o n t r o l l e r  i n  the  product gas d i s t r i b u t i o n  
main. As product gas demand increases and line pressure  f a l l s ,  t h e  
v a r i a t i o n  i n  pressure  resets a con t ro l  valve i n  the  air  blower discharge.  
More a i r  (and steam) flow t o  the  bottom of the g a s i f i e r  thereby increas ing  
gas production rate. 
instantaneous,  t he  o v e r a l l  system response t o  load change is a l s o  
r e l a t i v e l y  f a s t .  
use  an intermediate  gas holder. 

Since the  response t o  pressure  change is nea r ly  

In a c t u a l  opetqifons,  i t  has not  been necessary t o  

Steam/Air  Rat io  (Temperature Control) The steam-to-air r a t i o  is 
typically cont ro l led  by the  b l a s t  s a t u r a t i o n  temperature (BST) of t he  
s;kam/ai; mixture. 
t h e  g a s i f i e r  and, assuming pe r fec t  s a t u r a t i o n  is  achieved, i t  is 
r e l a t e d  t o  the  amount of steam c a r r i e d  by the  a i r  i n  the  following 
r a t i o  : 

The BST is measured j u s t  before  the  mixture e n t e r s  

l b  s teamllb d r y  air 0 BST, F 

122 0.086 

131 0.115 

140 - 0.15'3 

149 O.'ZOS 

The BST is usual lyoset  i n  the  130 t o  14'doF region, and from a t h e o r e t i c a l  
considerat ion,  135 F is an opttimum value 
value of product gas (see' Figure 3.3-13. 
r e l a t e d  t o  the  condi t ion of ash i n  the  p o d u c e r -  A low BST produces a 
high bed temperature with the  assoc ia ted  melting of the  ash TO form 

h maximizes the  hea t ing  
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large clinkers. On the o the r  hand, a high BST cools  t he  bed and 
produces f i n e l y  divided ash which, once it becomes w e t ,  t u rns  i n t o  a 
mud. In  prac t i ce ,  t he  BST (and hence the  steam-to-air r a t i o )  is 
slightly v a r i e d - d t h  a change i n  the  ash fus ion  po in t  of feed c o a l  i n  
order  to  produce a g r i t t y  ash condi t ion as required t o  f a c i l i t a t e  ease 
of ash removal. 

Top Gas Temperature (Temperature/Flow Control) The temperatureoof the  
top gas leaving the g a s i f i e r  is con t ro l l ed  a t  about 240 t o  260 
con t ro l l i ng  the amount of gas passing up through the r e t o r t .  
done by opening o r  c los ing  a b u t t e r f l y  valve loca ted  in the  bottom gas 
line, since the  gas generated in the  g a s i f i c a t i o n  zone w i l l  p r e f e r e n t i a l l y  
flow out  through the bottom gas of f t ake .  The b u t t e r f l y  va lve  i s  reset 
by a temperature c o n t r o l l e r  i n  t h e  top gas off - take  t o  provide smooth 
operation. 
influence the  q u a l i t y  of by-product tar  and o i l  which may represent  10 
t o  15% of the  t o t a l  thermal output. 

F by 
This is 

Top gas temperature con t ro l  is important because it w i l l  

Ash/Fire Bed (Speed Control)  The speed of grate, which r o t a t e s  slowly 
wi th  i n t e r m i t t e n t  ac t ion ,  is regula ted  t o  maintain a proper ash withdrawal 
rate. Normally, approximately 12 t o  18 inches of ash bed depth is 
requi red  for protecting t he  g r a t e  from hea t .  

The ash and f i r e  bed depths are usua l ly  determined by hand poking wi th  
rods. This is done by inserting a rod o r  poker down through a poke 
ho le  (a set of 8 or  16 poke holes  are loca ted  on the  lower circumference 
of t h e  r e t o r t  j u s t  above the  water j acke t )  u n t i l  the  grate l e v e l  is 
reached. The rod remains i n s e r t e d  f o r  2 minutes and, on withdrawal, 
t h e  ash bed depth as w e l l  as the  thickness  and the condi t ion  of the  
fire zone are determined. 
hour. 

Bed depths are usua l ly  checked once p e r  

The poke hole  is normally provided with a steam c u r t a i n  (25-45 ps ig)  
which minimizes gas leakage during poking. The steam c u r t a i n  is 
provided by admitt ing steam through a r ing  of holes  i n  the  poke ho le  
body. The steam valve is l inked mechanically t o  the  poke ho le  cover 
so that steam is ,used only when the  poke hole  is opened. Wif9gyt t he  
steam cur t a in ,  the  l o s s  of g a s  during poking could reach 2%. 

I n  addit$- t o  i t s  normal func t lon  of measuring depths, poking is a l s o  
'used in place of a permanent mechanical stirrer (which a two-stage 
gasif- is not equipped with)  to break 'tq, the agglomerating tendency 
$of 'beds. 
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The important operating parameters described above are summarized 
below: 

Parameter 
Normal Normal Alarm (a) 
Value Range Levels 

250 240-260 210-280 0 Top gas temperature, F 

Blast s a t u r a t i o n  temperature, 
OF 134 131-140 127-144 

Ash $ev$l, inches 15 12-18 11-25 

kness, inches 8 6-10 4-16 

(a) The alarm levels are an ind ica t ion  of where help must be 
obtained i f  t h e  normal co r rec t ive  a c t i o n  has not brought t he  
reading back i n t o  normal working range. 

TurndowdBanking 
I 

As described i n  Section 3.2.2. ,  an ind iv idua l  two-stage g a s i f i e r  
can be turned down t o  about 20-30% of i t s  design capaci ty  without 
s i g n i f i c a n t l y  a f f e c t i n g  the gas q u a l i t y .  To tu rn  down a g a s i f i e r ,  
t he  air  and steam introduced t o  the bottom of the  g a s i f i e r  are 
reduced. The lower limit is  reached when the b u t t e r f l y  valve i n  
the  bottom gas l i n e  w i l l  have t o  be nea r ly  closed i n  order  t o  
maintain the  top gas temperature. A turned-down g a s i f i e r  can be 
brought back t o  f u l l  capaci ty  i n  15 t o  20 minutes. 

I 

G a s i f i e r s  can be placed on a banked o r  warm-standby b a s i s  f o r  
several days. I n  t h i s  case the  necessary a i r  f o r  maintaining the 
r e f r a c t o r y  and the carbonaceous contents  i n  the g a s i f i c a t i o n  zone 
a t  a minimum temperature i s  furnished by n a t u r a l  d r a f t .  During 
t h i s  period, t he  g a s i f i e r  i s  vented. Normally, a banked g a s i f i e r  
can be brought onstream within one hour. 

Maintenance/Problem Areas 

Generally, t h e r e  are no s i g n i f i c a n t  maintenance problems with 
e i t h e r  the g a s i f i e r  o r  cleanup. systems, including tar and o i l  
p r e c i p i t a t o r s  and gas coolers.  
o r  may not  have c scheduled annual shutdown f o r  maintenance -- 
equipment l i f e  v a r i e s  g r e a t l y  from p lan t  t o  plant .  
l i f e  may be as s h o r t  as 5 years  o r  as long as 18 years .  
Grate l i f e  also! var5es widely, depending on the ex ten t  of erosion 
caused by the abrasive q u a l i t y  of the coa l  ash. 
g r a t e  components may r equ i r e  replacement ever four years, 

A gas p l an t  i n  South Afr ica  may 

Ref f%SOV 

On the average, 

. 
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Minor nuisances may be encountered i n  opera t ing  a two-stage 
g a s i f i e r .  
hot  gas  may permeate i n t o  the  bunker above t o  cause premature 
d i s t i l l a t i o n  of the coal .  Gas leakage during poking may s t i l l  
occur i n  s p i t e  of the use of t he  steam cur t a in .  Grate erosion 
may be excessive.  
is  flamable and s ince  i t  contains  carbon monoxide it is toxic .  
Therefore, bu i ld ings  should be w e l l  ven t i l a t ed  and equipment and 
piping should be purged with steam or i n e r t  gas p r i o r  t o  performing 
m a  i n  t enanc e. 

For example, with s l i d i n g  valves  or star type feeders ,  

F ina l ly ,  i t  should be noted t h a t  low-Btu gas  

(16) 3 . 3 . 2 . 1  Woodall-Duckham Two-Stage Gas i f ie r  

Operations and Control 

The genera l  desc r ip t ion  presented in Sect ion 3 . 3 . 2 .  app l i e s  t o  
t h e  Woodall-Duckham two-stage g a s i f i e r s .  It should be noted, 
however, t h a t  t h e  alternate WD coal  feeding system cons is t ing  of 
a lock hopper, feed buf fer  hopper, and flooded feed coa l  d i s t r i b u t o r  
may be used. The ash may be removed e i t h e r  wet o r  dry.  

Operators 

For a p lan t  with two operat ing g a s i f i e r s ,  dus t ,  t a r  and o i l  
removal equipments as w e l l  as a desu l fu r i za t ion  u n i t ,  two opera tors  
are normally s u f f i c i e n t  t o  opera te  the  plant .  
be based i n  the  con t ro l  room, the  o ther  would be respons ib le  f o r  
ou t s ide  dut ies .  These would include t r an fe r r ing  t h e  coa l  from 
t h e  s tockp i l e  t o  t he  g a s i f i e r ,  checking t h e  opera t ion  of t h e  coal  
feeding mechanism, and checking the  ash depth and f i r e  zone i n  
t h e  g a s i f i e r  by hand-poking with rods.  
check the  ash discharge mechanism, take  a reading of t he  f i e l d  
instruments,  and monitor the  gas p u r i f i c a t i o n  equipment. 

One operator  would 

The operator  would a l s o  

Maintenance 

The g a s i f i e r  would normally be shut  down annually f o r  maintenance. 
This  shutdown i s  pr imar i ly  f o r  b o i l e r  inspec t ion ,  which i s  required 
by . the  Boiler  Inspect ion Code. 
g r a t e  are inspected a t  t h i s  time. 
been found t h a t  t he  r e f r ac to ry  usua l ly  lasts over 10 years  without 
major rebui ld ing .  
on erosion caused by trace elements i n  t h e  ash; i t  can vary 
between 3 years  t o  over 10 years.  
segments and, therefore ,  only ind iv idua l  segments need be replaced 
as they become, worn. 

The gasifier refractory and the  
I n  a c t u a l  opera t ions ,  i t  has 

The g r a t e  l i f e  has been found t o  be dependent 

The g r a t e  is  constructed of 
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3 .3 .2 .2 .  Wellman-Incandescent Two-Stage Gas i f ie r  

Operations and Control 

The general  descr ip t ion  presented i n  Section 3 . 3 . 2 .  appl ies  t o  
the  Wellman-Incandescent two-stage g a s i f i e r s .  
summary of the  operat ing exaqrfence with W I  two-stage u n i t s  i n  
th ree  South African p lan ts .  

Table 3.3-3 i s  a 

Operators 

For a very small g a s i f i c a t i o n  p lan t  (one 4.5 ft-diameter u n i t ) ,  
two operators ,  one sen ior  and one t r a in ing ,  may be needed i n  the  
i n i t i a l  period a f t e r  e rec t ion .  
considered s u f f i c i e n t  t o  handle a l l  operat ing requirements. 

For a much l a r g e r  gas p l an t  involving mul t ip le  units of g a s i f i e r s  
more than one operator  (but not  necessar i ly  propor t iona l  t o  the  
number of g a s i f i e r s )  is needed. A s  can be seen i n  Table 3.3-3, 
one forman o r  supervisor ,  two t o  three  opera tors ,  plus  th ree  t o  
nine laborers  are required t o  run a South African gas p l an t  with 
two t o  f i v e  large-diameter g a s i f i e r s .  

1% 1 After  t h a t  per iod,  one man 

Maintenance 

Table 3.3-2 a l s o  gives the frequency of scheduled shutdown, 
maintenance i t e m s ,  and equipment l i f e  experienced a t  the  th ree  W I  
gas p l an t s  i n  South Africa.  
scheduled shutdown of once a year  f o r  g a s i f i e r  jacke t  and steam 
drum inspect ion t o  meet b o i l e r  code requirements. 
are cleaned a t  the  same time. 
including three  days t o  empty the  g a s i f i e r ,  one week t o  cool 
down, and one week t o  complete maintenance f o r  b o i l e r  inspect ion.  

SCAW Metals Co. a l s o  schedules a p l an t  shutdown f o r  maintenance 
once a year.  

A t  Highveld S tee l  Co., there  is  a 

The p r e c i p i t a t o r s  
Total  down time is four  weeks, 

The following maintenance schedule is typ ica l :  

. 

. 
Replace g ra t e  once a year 

Replace g ra t e  holder every t h r e e , y e a r s  

. 

. 

. 

Clean gas cooler once a year  

Adjust coal  feeder once a year  

Patch r e f r ac to ry  once a year;  rebr ick  every ten o r  f i f t e e n  
years 

. The ta r  p r e c i p i t a t o r  i s  steam cleaned every three  months 
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T-able 3.3-2 

Summary of Operating Experience with W I  
Two-Stage Gas i f i e r s  i n  South Afr ica  

Company 

Gasifiers 

Year 

1 iame t e r 
{umber & Type 

9 h t p u t ,  10 Btulday 

3perat  ions  

Coal 

Major Op. Variables  

Poking 

Manpower 
(per  s h i f t )  

Maintenance 

Scheduled Shutdown 

Average Downt h e /  year 

Maintenance 
item and 
equip. l i f e  

Union S t e e l  

1965 

10' 

4 ope ra t iona l  
2 spare  
4 cold c lean  

4 . 8  

Size 1"-3" 
FSI,  1-112 t o  

2-112 
AFT, >2460°F 

=BST, 130°F.o 
.Top gas 230 F 
.Bottom gas 

1020- 1200°F 
.Ash and f i r e  

bed depths 

Clinker poking - o n c e l s h i f t  
- F i r e  depth 

checking - oncelhr  
1 daytime 

2 opera tors  
4 l abore r s  

supervisor  

None 

10 days 

Refractory,  
5-18 yrs .  
g r a t e  comp. 
1-1/2 t o  2 y r s  

Highveld Steel  

1968 

10' 

4 opera t iona l  

4 cold c lean  

5.0 

Bituminous 

BST . Top gas temp. 
Bottom gas temp. 

Grate Speed 
8 A i r  flow 

Undergrate press .  

(Note: gas sample 
co l l ec t ed  oncelday) 

Clinker poking - once l sh i f t  
F i r e  depth checking 
- oncelhr 

1 daytime supervisor  
2 opera tors  
2 laborers  

oncelyr  

4 weeks 

Inspec t  g a s i f i e r  
j acke t ,  steam drum; 
c lean  p r e c i p i t a t o r s  

SCAW Metals 

1970, 1975 

10 ' -9l' 

3 opera t iona l  
1 under cons t .  
1 cold c lean  
2 hot  de t a r r ed  

4.1 

Size ,  1-112 t o  3" 
FSI, <4 
AFT, >2550°F 

b BST 
.Top gas temp. . Bottom gas temp. 
, Undergrate a i r  

pressure  
Ash 6 f i r e  
bed depths  

Half of t he  
holes  poked ever); 
2 h rs .  

1 foreman 
3 operators  
9 laborers  

oncelyr 

unknown 

Clean gas coo le r  
ad jus t  coa l  
feeder  
Refractory,  
10-15 y r s .  
(patched oncefyr 
g r a t e  2-3 y r s .  
g r a t e  holder  
3 y r s .  
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It should be mentioned that SCAW has replaced their original cast 
iron grates with cast steel, and now expect the grate life to be 
two or three years. 

(18) 3 . 3 . 2 . 3 .  FW-Stoic Two-Stage Gasifier 

Operations and Control 

The general description presented in Section 3 . 3 . 2  applies to the 
FW-Stoic two-stage gasifiers, with the exception of poking procedure. 
Automated poking is under development but no detail is available. 
Figure 3.2-9 also shows the instrumentation schematic for producxng 
hot raw or hot detarred gas. 
valve that controls the top gas temperature is located downstream 
of the dust cyclone, and the control valve in the air blower 
discharge side is reset by the pneumatic signal from the product 
gas main. 

It can be seen that the butterfly 

Operators 

-. No number has been quoted but an operating staff of two for a 
plant with two gasifiers should be sufficient. 

Maintenance 

To insure reliability of plant operation, Foster Wheeler has 
recommended the use of spare air blowers'. 

3 . 4  , COMMERCIAL EXPERIENCE 

3.4.1 Single-Stage Gasifiers 

3.4.1.1 McDowell-Wellman Gasifier (1) ( 2 ) ( 3 )  

Gas produced by' McDowell-Wellman gasifiers has been used in the following 
industrial plants: 

o Chemicals and Allied Products 

- Synthesis fertilizer manufacturer - Synthesis gas for various petrochemical feedstocks 

o Primary Hetals Products 

- Steel mills for normalizing, annealing 
- Zinc smelting - Magnesium and aluminum manufacture 

o Stone, Clay and Glasses 

- Fuel gas 
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3.4.1.2 

A 25-year l i s t i n g  of commercial i n s t a l l a t i o n s  i n  North America u t i l i z i n g  
t h e  McDowell-Wellman g a s i f i e r s  is given i n  Table 3.4-1. The t a b l e  
does not include a l l  the McDowell-Wellman i n s t a l l a t i o n s .  There are 
mul t ip l e  M-W g a s i f i e r  u n i t s  i n s t a l l e d  i n  Cuba, Eastern Europe, and 
Taiwan f o r  which current data are not available. 

( 4 )  ( 5 )  ( 6 )  Wilputte G a s i f i e r  

Wilputte Corporation has experience i n  the  engine 
of over 250 f u e l  gas manufacturing i n s t a l l a t i o n s .  
have been i n s t a l l e d  throughout the United States, Europe, t he  Far East 
and A u s t r a l i a .  Some of the i n d u s t r i e s  served by Wilputte g a s i f i e r s  
are given below: 

o Chemical Indus t r i e s  

- hea t  f o r  d i f f e r e n t  types of furnaces - hea t  f o r  d i s t i l l a t i o n  of d i f f e r e n t  products 
- hea t  f o r  r eac t ion  of d i f f e r e n t  products - h e a t  f o r  drying products and sludges 

o Metal I n d u s t r i e s  

- heat  f o r  annealing 
- a reducing atmosphere f o r  c e r t a i n  heat  t r e a t i n g  processes 

o Cement and g l a s s  i n d u s t r i e s  

A p a r t i a l  l i s t i n g  of Wilputte g a s i f i e r  users is  presented i n  Table 
3.4-2. 

3.4.1.3 

3.4.2 

Bas ica l ly  the Riley-Morgan g a s i f i e r  is  successor t o  Morgan Gas producer 
which has served steel  and o the r  heavy i n d u s t r i e s .  Some 9000 Morgan 
gas producers were sold through the 1940's. Exist ing units cu r ren t ly  
include s i x  a t  ISCOR melting p l an t ,  Pretorea,  South Afr ica  i n s t a l l e d  
i n  1933, one a t  t h e i r  forge p lan t  i n s t a l l e d  i n  1941 and two a t  Tolana 
Glassworks, Dundee, South Africa installed i n  1949. 

A commercial s i z e  demonstration unit has been constructed at  t h e  Riley 
Research Center i n  Worcester, Massachusetts. I t  has been operated 
s i n c e  1975 t o  test t h e  new Riley-Morgan Producer. 

Two-Stage G a s i f i e r  

The two-stage g a s i f i c a t i o n  process has been used f o r  over 30 yea r s  t o  
produce various coa l  gases f o r  i n d u s t r i a l  and u t i l i t y  s e c t o r s  i n  
Europe, South Africa,  Austral ia ,  and Japan. Although t h e  steel industry 
is  a major user of two-stage g a s i f i e r s ,  o the r  i n d u s t r i e s  such as g l a s s  
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Table 3.4-1 

Commercial Experience for McDowell-Wellman Gasifier 

Coal 
Type 

Company/ No. of 
Location Units 

Gasifier 
Diameter, ft 

Scope of 
System Ap p 1 ic a t ion Status 

Gypsum Lime Ltd. 
Beechville, Ont. 

10 
with agitator 

Bituminous LOW- B tu Inoperative 
since 1965 

Lime Kiln 

Stelco Limited 
Beechville, Ont. 

10 
with agitator 

Bituminous LOW-Btu Heat Treating Inoperative 
Furnace since 1963 

Mississippi Lime, 
St. Genevieve, MO 

10 
with agitator 

Bituminous Low-Btu Lime Kiln Inopera rive 
since 1964. 
In place 

Union Carbide, 
Nopco Chemical Div. 
Linden, NJ 

3.5 Coke 

Coke 

Med-Btu 

Med-Btu 

Chemical Inoperative 
Feed Stock In place 

w 
I 
03 
0 

2 NL Industries 
National Lead Div. 
South Amboy, NJ 

Chemical Inoperative 
Feed Stock Since 1966 

In place 

Allied Chemical, 
Ltd. Corunna, Ont. 

3 Bituminous Low-B tu 

Coke bled- B t u 

Fuel Gas Inoperative 

New Jersey Zinc 
Ashtabula, Ohio 

6.5 
with agitator 

Chemical Operating 
Feedstock- 
Production of 
Titanium 
Dioxide (Ti02) 

Experimental Operating 
with 300 psi 
pressure 

U.S .  Bureau of Mines 
Morgantown, West 
Virginia 

3.5 Bituminous/ 
Lignite 

Low/Med-Btu 



Table 3.4-1 (Continued) 

Commercial Expereince f o r  McDowell-Wellman Gas i f i e r  

Company / No. of Gasifier Coal 
Location Units Diameter, f t  Type 

U.S. Bureau of Mines 1 
Twin C i t i e s ,  
Minnesota 

10 

Olin - Mathieson 1 5 
Ashtabula, Ohio 

1 W 
03 I Riley-Stoker 
P Worcester, Mass 

2 

Scope of 
System 

Bituminous / Low-B t u 
L i t n i t e  

P e t  r o  1 eum 
Coke 

Med-Btu 

Bituminous Low-Btu 
a n t h r a c i t e  
coke, l i g n i t e  

Glen-Gary Corp. 12 10 Anthraci te  L ow-B t u 
Reading, PA w i t h  ag i t a to r  

Bituminous Low-Btu Nat ional  L i m e  & 2 10 
Stone Co. w i t h  ag i t a to r  
Carey ,  Ohio 

P i k e v i l l e  Energy 2 6.5 Bituminous Low-Btu 
Center w i t h  ag i t a to r  
P ikev i l l e ,  Ky. 

Can Do, Inc.  2 
Hazelton, PA 

6.5 Anthracite Low-Btu 

Med-Btu Tiwan F e r t i l i z e r ,  Co 7 10 Korean 
Formosa w i t h  ag i t a to r  Anthraci te  

Nickel Processing 14 
Corp. 

10 Bituminous Low-Btu 

Appl ica t ion  S ta tus  

I r o n  Ore Operating 
Pe 1 l e t  Kilns 
( Indurat ion 
of  I ron  O r e )  

Feedstock i n  Operating 
Producing 
Phosgene 

Performing Operating 
w i t h  var ious  
c o a l s  

Operating Brick Ki ln  
F i r i n g  

Lime Ki ln  Operating 

Commercial 1979 Operation 
Fuel  Gas 

1979 Operation I n d u s t r i a l  
Fuel GAS 

150 TPD Operating 
NH Prod. 

3 

I n d u s t r i a l  Opera t ing  
Fuel  Gas 



Table 3.4-2 

(a )  
P a r t i a l  L i s t ing  of Typical 

Commercial Experience f o r  Wilputte Gas i f i e r  

Capacity 
No. of Gas i f i e r  Heat Rate Coal 
Units  Diameter, f t  l o9  Btu/Day Type -- 

Company/ 
Location 

Date & 
Comments - Ap p 1 i ca t ion 

- Per th  Amboy, N.H.  1 6.6 
Municipali ty 

1918 

Pennsylvania 
Gas and Water 

- 1 - Converted 
Water Gas 
Machine 

High Btu (1,000 Btu/cf)  
O i l  Gas Machines 

Paccal (Aus t r i a l i a )  2 

Semet Solvay 2 

W 
I 
00 
N 

Ironton,  OH 

High Btu (1,000 Btu/cf)  
O i l  Gas Machines 

- 

0.8 Total  Coke 9.3 Underfiring B.P. Coke 
Ovens 

1930 

1912 Sta ten  I s land  1 
Ship bu i l d  ing  1 
S ta t en  I s land ,  N.Y.  

6 
9 

Tennessee Eastman 2 
Kingspor t , TN 

9.2 - Bituminous Chemical Operations 36 tons 1933 /day 

of coa l  

Virginia  Carolina 1 
Chemicals 
Charleston, S.C. 

9.2 Coke Furnaces 1933 
1,600 l b s . /  
hr .  of coke  

Eastern Roll ing M i l l s  1 
Baltimore, MD 2 

5.5 
9.2 

Anthracite 
ill Buckwheat 
Anthracite 

Heating Rol l s  
Normalizing Furnace 

1917 
1925 

- 
0.2 Each 

Je f f e rey  Mfg. Co. 1 10.5 
Columbus, OH 

0.4 Bituminous Heating Treat ing Gas 
Engines 

1929 



e 
Table 3.4-2 (Continued) 

P a r t i a l  L i s t i n g  of Typical (a) 
Commercial Experience f o r  Wilputte Gas i f i e r  

Company / 
Locat i on  

A l l i s  Chalmers 
of Canada 

A.O. Smith 
Milwaukee, W I  

C i t i zens  Light 
Heat C Power 
Cangy, Minn. 

W 
I 
00 
W 

Capacity 
No. of Gasif ier  H e a t  Rate Coal 
Units Diameter, ft 109 Btu/Day 2 Y E  

4 1-4.5 
2-5.0 
1-5.5 

Anthraci te  

.. - - 1 9 

1 9 

Dupont 3 
Carney's P t . ,  N.J. 

Ford Motor Company of 3 
Canada 
Walkersvi l le ,  Ontario 

General Electric 
E r i e ,  PA 

Holston Defense 
Corporation 
Kingsport, TN 

In t e rna t iona l  
Harvester 

1 

12 

3 

Johns Hopkin Univ. 1 
Baltimore, MD 

9.2 

9.2 

5.5 

9.1 

3.5 
4.0 
5.0 

3.5 

- Buckwheat 
Anthracite 

0.3 each 

- 

/I 1-Buckwheat 
Anthraci te  

Bituminous 

Bituminous 

- 

Date li 
Application Comments 

- 1913 t o  1917 

- 1912 

U t i l i t y  S ta t ion  1917 

Chemical Operations 1927 t o  1930 

Heat Treat ing 1926 
1,500 lbs . /  
hr .  coa l  each 

- 1917 

Furnaces 1945 
4 operat ing 

T e s t  use 1910 t o  1911 

T e s t  use 1915 



W 
I 
m 

I 

Table 3.4-2 (Continued) 

P a r t i a l  L i s t ing  of Typical 
Commercial Experience f o r  Wilputte G a s i f i e r  (4 

Company / 
Location 

Cap ac it  y 
No. of Gasi f ie r  H e a t  Rate Coa 1 

xYE!S Units Diameter, f t  lo9  Btu/Day -- 

Kellog Company 2 9; 5 0.2-0.3 IC1, u2, #3 
Batt lecreek,  M I  (plus 7 other  each Anthxac i te 

9' 0" s i z e )  buckwheat 

Long Is land 
Lighting Co. 

1 

(a) Data f o r  p l a n t s  sold from 1934 t o  1944 are not f u l l y  avai lable .  

Date & 
Application Comments - 

Roasting Food 1927 t o  1930 
Products 

High B t u  (1 ,000  
Btu/cf) O i l  
gas machines 



and ceramics are also represented, and there are a range 02 miscellaneous 
users incl ygapf2R7per mills, coke-oven underfiring, and metallurgical 
operation. 

Each type of gas produced in the two-stage process by air-blown operation, 
i.e., hot raw, hot-detarred, cold clean, and cyclic gases, has its 
advantages for specific applications. 
in heating value but least clean, is typically applied to firing open- 
hearth steel furnaces, heat treatment furnaces, cement k i l n s ,  tunnel 
kilns for the heavy clay industry, and glass melting tanks. 
distribution mains are relatively short, firing in these applications 
can be carried on continuously and there is no need to burn out the 
mains. 

The hot raw gas, being highest 

If 

Hot detarred gas is moderately clean and still retains the sensible 
heat (approximately 5% of the fuel heating value). 
typically, for glass works retorts and any other process requiring a 
partially cleaned gas. 

It is applied, 

Cold clean gas is used with small diameter burners and where fine 
control is essential. Kilns for ceramic ware, coke ovens, and heat- 
treatment furnaces are examples of uses for this type of gas. It can 
also be considered for use as a fuel in gas turbines to generate 
electricity. 

Oxygen-blown gas o r  cyclic gas (WD/GI) has a much higher heating value 
and is very low in nitrogen content. 
in public utility and synthesis gas plants. 

This 8~8,is traditionally used 

Descriptions of commercial experience with two-stage gasifiers (as 
provided by Woodall-Duckham Ltd., Applied Technology Corp., and Foster 
Wheeler Energy Corporation) are given in the following sections. To 
the extent available, information detailing plant location/company, 
initial year of operation, capacity (or gasifier diameter), number of 
units, coal and/or gas type, and application is included. 

3 . 4 . 2 . 1  Woodall-Duckham Two-Stage Gasifier 

The WD/GI two-stage gasifier has been in commercial use as a cyclic 
medium-Btu gas generator since the 1920's and as a continuous air- 

s estimated that over 100 blown fuel gas generator since 1942. 
units have been built in Europe alone. 1 f 6 f  

A. Industrial Fuel Gas Plants 

The tabulation of plants given in Table 3.4-3 is a partial listing 
of industrial fuel gas plants built since 1 9 4 6 .  
employ a continuous air-steam blast as a gasification agent. 
each plant, different numbers of standard size gasifiers are used 
to obtain the required output. As indicated in the table, a 
variety of coal types, including mixtures, is used. Gas purification 

disclosed. 

These units all 
A t  

'is said to be included in some plants but no further detail was 
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Table 3.4-3 

Commercial Experience for Woodall-Duckham Gasifier 
(Industrial Fuel Gas Plants) 

No. of Gas if ier 
Company/Loca tion Units Diameter, ft Type 
Weldless Steel Tube Co. 2 
Wedensfield, England 

Ziar Aluminum Works 7 
Czechoslovakia 

Chomutov Tube Works 14 
Czechoslovakia 

Istanbul Gas Utility 1 
Turkey 

Australian Consolidated 4 
Industries, Ltd., 
Sydney, Australia 

Melbourne Gas Works 2 
Melbourne, Australia 

Elgin Fireclay Ltd. 1 
Springs, South Africa 

Vaal Potteries Ltd. 1 
Meyerton, South Africa 

I 
J 

Union Steel Corp. 2 
Johannesburg, South 
Africa 

Stewarts & Lloyds 3 
Steelworks, 
South Africa 

Masonite, Escault 3 
South Africa 

SAAPI, Mandini, 
South .Africa 

2 

Rand Water Board, 1 
Vereeniging, South 
Africa 

10 Bituminous 

10 B i t d n o  us 

10 Lignite 

8 . 5  Lignite 

10 Bituminous 

10 Bituminous 
Brown 

8.5 Bituminous 

8.5  Bituminous 

10 Bituminous 

10 Bituminous 

10 

10 

8.5 

Bituminous 

Bituminous 

Bituminous 

Status 

Non-Operational 

Non-Operational 

Operational 

Operational 

Non-Operational 

Non-Operational 

Operational 

Operational 

Operational 

Operational 

Operational 

Operational 

Operational 
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Company/Location 

Drief ontein, 
Carltonville, 
South Africa 

Vereeniging 
Refractories 
South Africa 

Commercial Experience for Woodall-Duckham 'Gasifier 
(Industrial Fuel Gas Plants) 

No. of Gas if ier - Units Diameter, ft Type 

2 10 B i d n o u s  

2 10 

1 General Refractow 
Hitchins, Ky. 

.., . 

I 

Status - 
Operational 

B i t d o u s  Operational 

10 Bituminous 
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B. Publ ic  U t i l i t y  Gas P lan t s  

Publ ic  u t i l i t y  gas p l an t s  employ the  same type of two-stage 
g a s i f i e r s ,  including coa l  and ash handling systems, but operate  
i n  a c y c l i c  mode ( a l t e r n a t e  b l a s t i n g  of steam and air se 
so as t o  produce a gas with a very low n i t rogen  content .  The 
hea t ing  value of t h e  product gas i s  from 330 t o  500 Btu/SCF, 
depending on the  ex ten t  of carburat ion with d i s t i l l a t e  o r  r e s i d u a l  
o i l ,  o r  by enrichment with LPG. Information per ta in ing  t o  a few 
of t he  more than 30 u t i l i t y  gas p l an t s  b u i l t  s ince  1946 i n  presented 
on Table 3.4-4. None of these  p l an t s  are cu r ren t ly  i n  operat ion.  

B?zQtely) 

C. Synthesis  Gas and Water Gas P lan t s  

Synthesis  gas,  s u i t a b l e  f o r  manufacture of ammonia o r  methanol, 
requi res  a low level of methane content.  
WD/GI two-stage g a s i f i e r s  by c y c l i c  opera t ion  o r  by continuous 
b l a s t i n g  wi th  oxygen o r  an oxygen/air  mixture. 
as the  feed, t he  f i r s t  s t age  ( d i s t i l l a t i o n  r e t o r t )  of t h e  g a s i f i e r  
i s  omitted. 
s i n c e  1946 i s  given on Table 3.4-5.  
cur ren t ly  i n  operation. 

Such gas is produced i n  

I f  coke is  used 

A p a r t i a l  l i s t i n g  of Synthesis  gas p l an t s  b u i l t  
None of these  p l an t s  are 

3 .4 .2 .2  Wellman-Incandescent Two-Stage Gas i f i e r  

Commercial app l i ca t ion  of t h e  Wellman-Incandescent two-stage g a s i f i e r  
is l a r g e l y  confined t o  South Afr ica .  Table +J56 i s  a l i s t  of WI gas 
p l a n t s  i n s t a l l e d  i n  South Afr ica  s ince  1964.  These p l an t s  a l l  
employ continuous air-steam b l a s t i n g  t o  produce f u e l  gases f o r  var ious 
i n d u s t r i a l  appl ica t ions .  A t  Highveld Steel Company, each of t he  four  
10 ft-diameter u n i t s  de l ive r s  300 ,000  SCF/hr of cold clean gas (1 .26 x 
lo9 Btu/day) f o r  use pr imar i ly  i n  t h e  hot  r o l l i n g  m i l l .  
generated is  mixe$,yth of f  gas from Highveld's e lec t r ic  arc furnaces 
and then burned. A t  SCAW Metals Ltd. ,  hot  de ta r red  gas is used 
f o r  miscellaneous l a r g e  f u r  ~ ~ 7 7  app l i ca t ions  and cold clean gas f o r  
hea t  t r e a t i n g  appl ica t ions .  SCAW has both gas and e lectr ic  hea t  
t r e a t i n g  furnaces ,  tyf i ) f inds producer gas more economical f o r  most of 
t h e i r  appl ica t ions .  Union Steel Corp. of South Afr ica  (USCO) has 
s i x  two-stage u n i t s  of which fou r  are kept i n  opera t ion  with two as 
spares .  There are four  gas clean-up t r a i n s ,  one system f o r  each 
operat ing producer. The cold clean gas generated is  used f o r  drying 
ovens, annealing furnaces,  and miscellaneous hea t  t r e a t i n g  furnaces.  

The gas 

( 2 7 )  

I n  t he  United S ta tes ,  two 10-ft 21 two-stage g a s i f i e r s  are being 
i n s t a l l e d  a t  the  York, PA,, Plant  of the  C a t e r p i l l a r  Tractor  Co.; 
Gi lbe r t  Associates i s  serving as A/E on t h i s  p ro jec t .  
( 2 . 5  x lo9 Btu/day) i s  scheduled t o  be on-stream by Oct., 1 9 7 8 ,  producing 
desulfur ized cold clean gas f o r  heat  t r e a t i n g  appl ica t ions .  

The gas p l an t  
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Table 3.4-4 

Commercial Experience f o r  Wkdall-Duckham Gas i f i e r  
(Public U t i l i t y  G a s  P l an t s )  

Company /Location 

S t .  Poelten,  Aus t r i a  

Rome, I t a l y  

Trieste, I t a l y  

Como, I t a l y  

Genoa, I t a l y  

Vierzon, France 

Kensal Green, England 

U l m ,  West Germany 

Zagabria, Yugoslavia 

Prague, Czechoslovakia 

Warsaw, Poland 

Posen, Poland 

mom, Poland 

Tokyo, Japan 

No. of 
u n i t s  

G a s i f i e r  
D i a m e t e r ,  f t  

2 

5 

2 

1 

4 

2 

6 

3 

3 

2 

5 

6 

8.5 

10 

6 

12 

8.5 

10 

8.5 

6 

8.5 

12 

10 

6 

12 

3-89 



Table 3.4-5 I 
Commercial Experience f o r  Woodall-Duckham Gas i f i e r  

(Synthesis and Water Gas P lan t s )  

Gas i f i e r  Coal No. of 
Diameter, f t .  Type Scope of System CornpanylLocation Units 

OSW F e r t i l i z e r  P l an t  4 ' 8.5 Unknown Med-Btu Gas Linz, Aus t r ia  

Vetrocoke, Porto 
Marghera, I t a l y  

Montecatini ,  
Crotone, I t a l y  

Montecatini, 
S t .  Giuseppe d i  
Cairo,  1 , ta ly  

I .M.A.D. ,  
Naples, I t a l y  

S t a t e  Works, Semtin, 
C z echo s l o  vakia  

D. Swarovski Co., 
Wattens, Aus t r ia  

Edison S.P.A., 
Milan, I t a l y  

Marconi S.P.A., 
Aquila, I t a l y  

Publ ic  U t i l i t y ,  
P a r i s ,  France 

Publ ic  U t i l i t y ,  
Fuerth,  West Germany 

2 

4 

2 

1 

1 

3 

1 

6 

8 . 5  

10 

6 

6 

6 

10 

6 

14 

6 

Bituminous Med-Btu Cyclic 
Gas (a) 

Unknown Med-Btu gas 

Unknown Med-Btu gas 

Bituminous Med-Btu Cyclic 

Coke (b) Med-Btu Cyclic 

Coke (b 1 Med-Btu Cyclic 

Coke (b 1 Med-Btu Cyclic 

Coke (b) Med-Btu Cyclic 

Coke (b 1 Med-Btu Cyclic 

Coke (b) Med-Btu Cyclic 

Gas 

Gas 

G a s  

Gas 

Gas 

Gas 

Gas 

(a) Cyclic gas by a l t e r n a t e  b l a s t ing  of superheated steam and a i r  separa te ly .  

(b) m e n  coke is used as feed, the  top r e t o r t  zone is  not  required and the g a s i f i e r  
i n  r e a l i t y  becomes a s ingle-s tage system. 
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SCAW Metals, Ltd. 

Stewarts & Lloyd6 

Cullinan Refractories 

Cullinan Refractories 

Union Steel Corp. 

Southern Cross Steel 

Table 3.4-6 

Commercial Experience for Wellman-Incandescent Gasifier 

No. of Gas if ier 
(c 1 Scope of Operating Diameter, Heat Rate, Coal 

Gasifiers (Feet) lo9 Btu/Day Type System (b)  Application Status 

0.7 Bituminous Single Stage Rolling Mill and 1963 1 10.00 
Miscellaneous 

1 8.50 1 .o 

2 6.50 0.6 

.1 8.50 1.0 

- 
4 10.00 4.8 

1 10.00 1.2 

Consolidated Glass 2 10.00 

Union Steel Corp. 1 10.00 

2.7 

0.7 

SCAW Metals, Ltd. 

Highveld Steel 

2 10.75 2.6 

4 10.00 5.4 

1964 Bituminous Two-Stage Hot Raw Miscellaneous 
Furnaces 

1964 Bituminous Two-Stage Hot Raw Tunnel Kilns 

Bituminous Two-Stage Hot Raw Basic Refractory 1965 
Kilns 

Bituminous Two-Stage (Three Steel Making 1965 
Hot Raw) (One Furnaces and 
Cold Clean) Miscellaneous 

Bituminous Two-Stage Cold Stainless Steel 1966 
Clean Reheating and 

Heat Treatment 
Furnaces 

Bituminous Two-Stage Hot Raw Glass Making 
Furnace 

Steel Making Anthracite Single Stage 
Furnaces and 
Miscellaneous 

1967 

1968 

Bituminous Two-Stage (One Rolling Mill and 1968 
Cold Clean) (One Miscellaneous 
Hot Detarred) 

Bituminous Two-Stage Cold Rolling Mill 1968 
Clean Furnaces 



Table 3 .4 -6  (Continued) 

Commercial Experience for Wellman-Incandescent Gasifier 

(a) Plant Owner 

Lurgi', Groolf ontein 

SCAW Metals, Ltd. 

Cullinan Refractories 

SAlCCOR w 
I 
\o 
h, 

Johannesburg 
Consolidated Inv. Co. 

SCAW Metals, Ltd. 

Southern Cross Steel 

Highveld Steel 

Caterpillar Tractor 
Co., York, PA 

No. of Gasifier 
Scope of 

( C )  
Operating Diameter, Heat Rate, Coal 
Gasifiers (Feet) lo9 Btu/Day Type sys tem (b) Application Status 

1 6.50 0.6 Bituminous Two-Stage Hot Raw Rotary Zinc Kiln 1970 

1 10.75 1.5 Bituminous Two-Stage Hot Rolling Mill and 1970 
Detarred Miscellaneous 

1 8.50 1.0 Bituminous Two-Stage Hot Raw Refractory Brick 1973 
Kilns 

1 10.00 1.2 Bituminous Two-Stage Cold Pulp and Paper 1973 
Clean Drying 

1- 6.50 0.66 Bituminous Two-Stage Hot Raw Antimony 1975 
Concentrate 

1 10.75 1.5 Bituminous Two-Stage Hot Steelworks, Reheat 1975 
Detarred Annealing Furnaces, 

etc. 

1 10.00 1.2 Bituminous Two-Stage Cold Stainless Steel 1976 
Clean Reheat Furnaces, 

etc. 

2 10.00 

1 10.00 

2.3 

2.5 

Bituminous Two-Stage Cold Steel Mill Reheat 1976 
Clean Furnaces 

Bituminous Two-Stage Cold Heat Treating 1978 
Clean 



Table 3.4-6 (Continued) 

Commercial Experience f o r  Wellman-Incandescent Gas i f i e r  

No. of Gas i f ie r  

( C )  
Scope of Operating Diameter, H e a t  R a t e ,  Coal (a)  Gas i f i e r s  (Feet) lo9 Btu/Day Type System (b) Application- S t a t  us Pla,nt Owner 

Land O'Lakes, 1 1.3 Bituminous Two-Stage Hot Raw Boilers  and Whey 1979 10.00 Minnesota Drying 

(a) All p l a n t s  are located i n  South Africa, except Caterpillar Tractor  Co. and Land O'Lakes. 

W 
I 

rD 
W 

(b) All products are low-Btu gas. 

(') Year completed. 



(18) 3.4.2.3 FW-Stoic Two-Stage Gas i f i e r  

There are two S to ic  g a s i f i e r s  cu r ren t ly  i n  opera t ion  i n  South Afr ica ,  
a s  shown i n  Table 3.4-7. A 10-ft diameter g a s i f i e r  located a t  Driefonte  
w a s  s t a r t e d  up i n  1973, using a bituminous coa l  t o  produce hot  de t a r r ed  
gas  f o r  service i n  a b r i ck  k i ln .  The o the r ,  a 8.5 f t  g a s i f i e r  located 
a t  Lydenberg, w a s  s t a r t e d  up i n  1976, a l s o  using a bituminous coa l  as 
feed. This  p l an t ,  however, produces cold c lean  gas  f o r  metal drying 
operat ions.  

I n  t h e  United States ,  Foster  Wheeler Energy Corporation i s  cu r ren t ly  
furn ish ing  a 10-ft diameter FW-Stoic g a s i f i e r  t o  provide a low-Btu 
f u e l  gas  f o r  f i r i n g  two e x i s t i n g  25,000 l b  steam/hr b o i l e r s  designed 
wi th  dua l  o i l  n a t u r a l  gas  f i r i n g  capab i l i t y .  The b o i l e r s  are located 
on t h e  Duluth campus of t he  Universi ty  of Minnesota. 
u n i t  w i l l  g a s i f y  a western subbituminous coa l  t o  produce hot  de ta r red  
gas. Under a con t r ac t  with ERCA, t h e  p l an t  i s  scheduled t o  s t a r t u p  i n  
Apr i l ,  1978. 

This FW-Stoic 
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Location 

Drief on te in ,  
South Afr ica  

Lydenberg, 
South Afr ica  

Universi ty  of 
w Minnesota 
u2 I Duluth, Minn. 
VI 

Table 3.4-7 

Commercial Experience f o r  FW-Stoic Gas i f ie r  

Capacity 
H e  t Rate Coal Scope of 

9 Type System 
No. of Size,  
Units  Diameter, F t  10 Btu/day Application 

1 

1 

1 

10 1.44 Bituminous Low Btu gas - Brick Kiln 
Hot D e  t a r r ed  

8.5 0.96 Bituminous Low-Btu gas - Metal Drying 
Cold Clean 

10 1.44 Subbituminous Low-Btu gas Boi le r  Fuel 
Ligni te  Hot Detarred 

S ta tus  

1973 

1976 

1978 

4 
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4.0 ECONOMIC ANALYSIS OF GASIFICATION 

Th i s  s e c t i o n  provides  t h e  b a s i c  economic information on commercially 
a v a i l a b l e  f ixed  bed g a s i f i c a t i o n  systems. With t h i s  information,  
i n d u s t r i a l  o rgan iza t ions  can explore  t h e  f e a s i b i l i t y  of producing 
low-Btu gaseous f u e l  f o r  r e t r o f i t  and/or  new i n d u s t r i a l  p l a n t  a p p l i c a t i o n s .  

Much previous ly  developed c o s t  d a t a  obta ined  from c o n t a c t s  wi th  g a s i f i e r  
vendors f o r  G i l b e r t ' s  i n d u s t r i a l  p r o j e c t s  were reviewed. 
c a p i t a l  c o s t  d a t a  were a v a i l a b l e  f o r  a l l  s ing le-s tage  g a s i f i e r s  and 
two of t h e  two-stage g a s i f i e r s .  The f i v e  d i r e c t  c a p i t a l  c o s t s  were 
averaged t o  determine an average c a p i t a l  c o s t ,  and t h i s  average c o s t  
w a s  assumed t o  be a p p l i c a b l e  t o  a l l  fixed-bed g a s i f i e r s  eva lua ted .  

Operating and f u e l  c o s t s  were generated us ing  t h e  average c a p i t a l  c o s t  
f o r  producing low-Btu gases  of t h e  fol lowing t h r e e  l e v e l s  of gas  
q u a l i t y  ( c l e a n l i n e s s ) :  

Direct 

Gas 1: Hot raw gas 

Gas 2:  Dust-, tar-, and o i l - f r e e  gas  

Gas 3:  Dust-, tar-, o i l - f r e e  and desu l fu r i zed  gas  

For producing Gases 1 and 2 ,  a t y p i c a l  low-sulfur bituminous c o a l  of 
Stockton,  WV ( see  Tables  4.1-1 and A-3 i n  Appep.dix A f o r  c h a r a c t e r i s t i c s )  
was used f o r  t h e  economic eva lua t ion .  A t y p i c a l  h igh-su l fur  bituminous 
c o a l  of Belmont, Ohio (see Tables 4.1-1 and A-3 i n  Appendix A f o r  
c h a r a c t e r i s t i c s )  w a s  used f o r  product ion of Gas 3.  

Depending on end-use a p p l i c a t i o n ,  c o a l  gas  produced from fixed-bed 
g a s i f i e r s  can be cleaned t o  one of t h e  t h r e e  degrees  of c l e a n l i n e s s  
descr ibed  below: 

. Hot Raw Gas is  s u i t a b l e  i n  cases  where t h e  gas  i s  u t i l i z e d  i n  
very  c l o s e  proximity t o  t h e  g a s i f i e r  and tar condensation wi th  
a s soc ia t ed  p a r t i c u l a t e  depos i t i on  is  not a problem. Add i t iona l ly ,  
t o  p e r m i t , t h e  d i r e c t  u se  of h o t  raw gas r e q u i r e s  low s u l f u r  c o a l  
i n  o rde r  t o  minimize environmental  problems. 

Dust-, Tar-, and Oil-Free G a s  i s  s u i t a b l e  i f  a low s u l f u r  c o a l  is 
fed  t o  t h e  g a s i f i e r  and i f  t h e  gas  must be boosted i n  p re s su re  t o  
p e r m i t  d i s t r i b u t i o n  t o  p o i n t  of consumption. 

Dust-, Tar-, Oil-Free and Desulfur ized Gas is an environmental ly  
accep tab le  f u e l  gas  if high  s u l f u r  c o a l  is fed t o  t h e  g a s i f i e r .  
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I '  

The f u e l  c o s t s  were c a l c u l a t e d  f o r  each of t h e  t h r e e  degrees  of 
c l e a n l i n e s s  using 8%, lo%, 12% Discounted Cash Flow (DCF) r e t u r n s  on 
100% equity capi ta l ,  
c o a l  c o s t  between low s u l f u r  c o a l  f o r  producing Gases 1 and 2 a g a i n s t  
high-sulfur  c o a l  f o r  producing Gas 3. 
gas  a t  $3.0/MM Btu t h e  c o s t  d i f f e r e n c e  between low-sulfur coa l  t o  
y i e l d  G a s  2 and high-sulfur  c o a l  f o r  G a s  3 is $12.0/ton a t  12% DCF 
r e t u r n  rate. Likewise, t h e  c o s t  d i f f e r e n c e  between low-sulfur c o a l  t o  
produce Gas 1 and high-sulfur  coa l  t o  produce G a s  3 i s  $23.0/ton. 
Therefore ,  t h e  d e s u l f u r i z a t i o n  c o s t  i s  equiva len t  t o  $12.0/ton, t h e  
c o s t  of s u l f u r ,  d u s t ,  tar  and o i l  removal $23.0/ton and t h e  c o s t  of 
d u s t ,  tar and o i l  removal $ll.O/ton. 
wi th  varying f u e l  c o s t s  and DCF rates as shown below: 

Figure 4.0-1 shows the sensitivity of differential 

In orde r  t o  produce a low-Btu 

Similar procedures  can be appl ied  

D i f f e r e n t i a l  Coal Cost (Low Su l fu r  
DCF Return Rate Fuel  Cost, $/MM Btu Coal-High Su l fu r  Coal) ,  $/Ton 

Dust-, Tar- ,  
Hot Raw Gas Oil-Free Gas 

8% 

10% 

12% 

2.5 
3.5 

2.5 
3.5 

2.5 
3.5 

18.3 
23.8 

19.5 
24.5 

20.5 
25.5 

10.0 
11.0 

11.3 
12.5 

12.0 
13.0  

Figure  4.0-2 shows t h e  s e n s i t i v i t y  of d i f f e r e n t i a l  f u e l  c o s t  f o r  
producing Gases 3 and 1 o r  Gases 3 and 2 f o r  vary ing  de l ive red  c o a l  
c o s t .  A t  12% DCF r e t u r n  f o r  a $30/ton of coa l ,  t h e  c o s t  of s u l f u r  
removal i n  terms of f u e l  c o s t  is $0.60/MM Btu, and t h e  c o s t  of s u l f u r ,  
d u s t ,  tar, and o i l  removal i s  $1.20/MM Btu. Therefore ,  t h e  c o s t  of 
d u s t ,  tar, and o i l  removal i s  $0.60/MM Btu. 

S i m i l a r  procedures  can be appl ied  wi th  vary ing  c o a l  c o s t s  and DCF 
rates. In gene ra l ,  t h e  d i f f e r e n t i a l  f u e l  c o s t  c a l c u l a t e d  a t  a given 
DCF rate  i n c r e a s e s  wi th  inc reas ing  coa l  c o s t ,  as summarized below: 
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4.1 

4.2 

DCF Return Rate Delivered Coal Cost, $/Ton D i f f .  Fue l  Cost ,  $/MM Btu 
G a s  3-Gas 2 Gas 3-Gas 1 

8% 20 0.56 0.86 

10% 

12% 

40 

20 
40 

20 
40 

0.64 1.14 

0.60 0.98 
0.70 1.25 

0.68 1.20 
0.75 1.33 

BASIS OF ECONOMIC ANALYSIS 

Figures  4.1-1 and 4.1-2 show t h e  genera l ized  process  c o n f i g u r a t i o n  
u t i l i z i n g ,  r e s p e c t i v e l y ,  s ing le -  and two-stage g a s i f i e r s  t o  produce a 
low-Btu gas. Each process  con ta ins  t h r e e  main s e c t i o n s :  

. Coal handl ing and g a s i f i c a t i o n  sect ion--for  producing ho t  r a w  
gas  , 

. T a r / o i l  recovery sect ion--for  producing dus t - ,  tar-, and o i l -  
f r e e  gas ,  and 

Desu l fu r i za t ion  sect ion--for  producing dus t - ,  tar-, o i l - f r e e  and 
desu l fu r i zed  gas. 

The process  des ign  cond i t ions  used i n  t h e  economic a n a l y s i s  are summarized 
i n  Table 4.1-1. C h a r a c t e r i s t i c s  of low- and h igh-su l fur  c o a l s  used 
are a l s o  presented  i n  t h i s  t a b l e  toge the r  w i th  t h e  performance d a t a  
necessary  t o  determine thermal e f f i c i e n c i e s ,  c o a l  throughputs  r e q u i r e d ,  
and by-products produced f o r  t h e  t h r e e  degrees  of gas  c l e a n l i n e s s  
considered.  

Discounted Cash Flow (DCF) equat ions  us ing  8%, lo%, and 12% r e t u r n  
rates were der ived  and t h e  r e s u l t s  are presented  i n  T 
a long wi th  t h e  s i g n i f i c a n t  f i n a n c i a l  parameters  used. 
r e t u r n  rate of 12% w a s  used by Synthetic Gas-Coal Task F o r c e  of ERDA 
t o  estimate t h e  c o s t  of manufacturing SNG from c o a l  on a p r i v a t e  
i n v e s t o r  f inanc ing  b a s i s .  However, f i x e d  bed g a s i f i c a t i o n  involved 
proven technologies  and is t h e r e f o r e  much less r i s k y  than  product ion 
of SNG from coal. Thus, f u e l  c o s t s  w e r e  a l s o  c a l c u l a t e d  a t  lower than 
12% DCF r e t u r n  rates, i . e . ,  a t  8% and 10%. 

?p$?29 ‘A2DCF 
(2)  

CAPITAL COST 

Table 4.2-1 summarizes t h e  c a p i t a l  c o s t s  i n  mid-1977 d o l l a r s  f o r  
producing 2.5 x lo9 Btu/day of h o t ~ r a w  gas ;  dust- ,  tar-, and o i l - f r e e  
gas;  and dust- ,  tar-, o i l - f r e e  and d e s u l f u r i z e d  gas .  The c o s t s  cover 
major equipment included i n  F igures  4.1-1 f o r  s ing le - s t age  and 4.1-2 
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Table 4.1-1 

Process  Design Conditions f o r  
Fixed Bed Gasifier P lan t  

Process  Design Conditions 

P l a n t  Capacity,  MMBtu/day 

Coal Type 

Sul fur ,  W t .  % 

HW, Btu/Lb 

Su l fu r  Emissions, Direct 
Combustion, l b  S02/MMBtu 

Degree of Cleanl iness  Hot Rai 

Thermal Ef f ic iency ,  % 

Coal Throughput, TPD 

By-product 

Tar, GPD 

Su l fu r ,  GPD 

Su l fu r  Emission, Fuel 
Gas Combustion, l b  
S02/MMBtu (b) 

Desu l fu r i za t ion  process  

Ga - 
91.8 

104.8 

1.0 

- 

S tockton , W. V a  , 

LOW Sul fur  

0.60 

13 , 084 

2 , 500 

Belmont, Ohio 

High Su l fu r  

3.33 

12  , 473 

0.92 

Dust-Tar-& . 

Oil-Free Gas 

76.0 

125.7 

5.29 

Dust, Tar, O i l -  
Free,  and Desulf.  Gas 

74.0 

135.4 

2,152.9 

3.45 

1 . 2  

S t r e t f o r d  

(a) Two-stage f ixed  bed g a s i f i e r  produces some tar  i n  i ts  hot  raw gas product ion 
whereas a s ingle-s tage  g a s i f i e r  does not .  
bed g a s i f i e r  is  around 90% i n  hot raw gas product ion,  compared with 93% from a 
s ingle-s tage  g a s i f i e r .  
considered,  t he  t a r  produced i n  the  two-stage g a s i f i e r  is c red i t ed  t o  t h e  improvement 
of e f f i c i e n c y .  

Thermal e f f i c i e n c y  of two-stage f ixed  

Since an average e f f i c i e n c y  of 91.8% is  used f o r  a l l  g a s i f i e r s  

(b) Sul fur  emissions are based on SO formed as a result of combusting t h e  f u e l  gas ;  
i n  t h e  cas8 of Dust-, Tar-, Oil-&ee gas a po r t ion  of t he  coa l  s u l f u r  remains 
wi th  the  tar. 
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Table 4.1-2 

Calcu la t ion  of Fuel Cost by 

For Fixed Bed G a s i f i e r  System 
Discotm-Cash Flow Analysis 

F i n a n c i a l  Parameters 

P l a n t  L i f e ,  Years 
Capaci ty  Fac to r ,  % 
Deprec ia t ion  
By-product Cred i t  

Tar, C/Gallon 
Su l fu r ,  $/Ton 

Federa l  Income Tax Rate, % 
DCF Return,  % 
Equi ty  C a p i t a l ,  % 
I n t e r e s t  During Cons t ruc t ion  

25 
90 
16 yea r s  "sum-of -the-years ' I '  d i g i t s  

10 
25 
48 
12, 10, 8 
100 

(IDC) Payable w i t h i n  12 months 

Ca lcu la t ion  of,'. Fuel  Cost 

Fue l  Cost ($/MMBtu) = aN + bI + CS + dW 
G 

a = is a dimensionless  parameter desc r ib ing  e s c a l a t i o n  of ope ra t ing  c o s t  dur ing  
the p r o j e c t  l i f e .  
no escalation from s t a r t -up  through p r o j e c t  completion da te .  

I n  t h e  p re sen t  c a l c u l a t i o n ,  a =I 1.0 assuming t h e r e  is 

b = 0.2095 a t  12% DCF r e t u r n ,  0.1719 a t  10% DCF r e t u r n ,  0.1377 a t  8% DCF r e t u r n .  

c = 0.1275 a t  12% DCF r e t u r n ,  0.1102 a t  10% DCF r e t u r n ,  0.0937 a t  8% DCF r e t u r n .  

d = 0.2308 a t  12% DCF r e t u r n ,  0,1922 at  10% DCF r e t u r n ,  0.1538 a t  8% DCF r e t u r n .  

N = T o t a l  N e t  Operating Cost i nc lud ing  Coal Feed Cost i n  t h e  f i r s t  yea r ,  
m$/Year .  

I = T o t a l  P l a n t  Investment, MM$ 

S = Star t -up Cost, MM$; 20% of T o t a l  Annual Gross Operat ing Cost i nc lud ing  
Coal Feed Cost. 

W = Working C a p i t a l ,  MM$; 60 Days C o a l  Inventory p l u s  1% of T o t a l  P l a n t  
Investment. 

G = Annual Fuel  Product ion,  T r i l l i on  Btu/Year. 

The va lues  of I ,  S, W and N above m & t  be ad jus t ed  t o  r e f l e c t  t h e  a c t u a l  
c o s t s  f o r  t he  s t a r t -up  completion da te .  
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O 
I- 

Coal 6 As11 Ilandlliig 
CasLf lcrs 
Cyc loncs 
S l ~ e  Hiilldlihg 6 I n e t a l l a t i o n  
[ h V  h I b l f 4 J l d  

SUbtoLa 1 

E l e c t .  Power U l s t r l b u t i o n  
Coollng Water P i p i n g  
I i isLrii iHent A l r  6 Dryer 
Steasi System f o r  S ter tup/Sbutdown 
A 1 r  Cooler 

'Fable 4.2-1 

C a p l t u l  Cost f o r  Fixed Ued G a s i f i e r  o f  2.5 x 10 9 Utu/day C a p a c l t y  

(Based on nld-1977 P r i c l r r s )  

Subtoca 1 

0.950 I 
E N $  0.950 

k N $  

0.093 
0.002 
0.005 
0.020 
0.021 

0.141 

' t o t a l  Direct C a p i t a l  
C o s t  f o r  Hot I a w  Cas 

Gas Cleclnup 

Tar, O i l  Removal 6 H a t e r  Trea tment  

T o t a l  D i r e c t  Ci lp l ta l  Cost for  Dust,  MM$ 
Tar 6 011-Free Cae 

D e s u l f u r l r a t  W$ 

T o t a l  Dlrect C o p l t a l  Cost for  
Dust. T a r  6 Oil -Free  and Desul f .  
G a s  M$ 

1.091 

0.747 - 
1.838 

1.375 

3.213 

n 

2.175 

- 
2.175 

I 
0.093 
0.002 
0.005 
0.020 
0.021 

0.141 

2.316 

0.747 - 
3.063 

1.357 - 
4.438 

C 

1.663 

0.093' 
0.002 
0.005 
0.020 
0.021 

0.141 

1.804 

1.707 - 
3.511 

1.246 

4.757 

D 

2.438 

7 
1 

2.438 

0.093 
0.002 
0.005 
0.020 
0.021 

0.141 

2.579 

0.650 - 
3.229 

1.375 

4.604 

e 

1 3.082 
3.082 

- 

0.118 
0.003 
0.006 
0.025 
0.027 

0.179 

3.261 

0.822 - 
4.083 

1.828 - 
5.911 

Average 

2.061 1 
2.061 

0.149 

0.149 

2.210 

0.935 

3.145 

1.440 -- 

4.585 

(a)  Desulfurization costs are based on S t r e t f o r d  p r o c e s s .  



4.3 

f o r  two-stage g a s i f i e r  systems. 
f a c i l i t i e s ,  s i te  and bu i ld ing  were a l s o  included.  However, such 
i n d i r e c t  c o s t  elements as engineer ing,  p r o j e c t  contingency, cons t ruc t ion  
management, and e s c a l a t i o n  were not  included i n  t h e  c o s t  e s t ima tes .  

The c o s t s  a s soc ia t ed  wi th  g a s i f i c a t i o n  

The c a p i t a l  c o s t s  are based on quo ta t ' ons  rece ived  from v ndors  f o r  
two d i f f e r e n t  s i z e d  plants: 2.5 x 10 Btu/day and 6 x 10 Btu/day. A 

a d j u s t  t h e  c a p i t a l  c o s t  f o r  t h e  6 x 10 
t h e  capac i ty  used for t h e  present s tudy.  

b 5 
capac i ty  exponent of 0.7 on t h e  p l a n t  5apac i ty  r a t i o  w a s  used t o  9 

Btu/day plant  t o  2.5 x 10 Btu/day, 

The c a p i t a l  c o s t s  ranged from $1.09 MM t o  3.26 MM f o r  t h e  hot  r a w  gas  
(Gas 1); $1.84 MM t o  $4.08 MM f o r  co ld ,  dus t - ,  tar-, o i l - f r e e  gas  
(Gas 2 ) ;  and $3.21 MM t o  5.91 MM f o r  cold dust- ,  tar-, o i l - f r e e  and 
d e s u l f u r i z e d  gas  (Gas 3) .  
cases  of t h e  gas  c l e a n l i n e s s  were $2.21 MM, $3.15 MM, and $4.59 MM, 
r e s p e c t i v e l y ,  f o r  product ion of Gases 1, 2 and 3.- 

The average c a p i t a l  c o s t s  f o r  t h e  t h r e e  

OPERATING AND FUEL COSTS 

Table  4.3-1 presents t h e  annual  ope ra t ing  c o s t  excluding c o a l  c o s t  and 
s e p a r a t e l y ,  t h e  product f u e l  gas  c o s t s  c a l c u l a t e d  a t  8%, lo%, and 12% 
DCF rate on 100% equ i ty  f o r  varying de l ive red  c o a l  c o s t s  f o r  each of 
t h e  t h r e e  degrees  of gas  c l e a n l i n e s s  eva lua ted .  The gas  c o s t s  based 
on less than  100% e q u i t y  w i l l  be lower because t h e  interest  on t h e  
deb t  p o r t i o n  of t h e  c a p i t a l  is expendable f o r  tax purposes.  
example, based on 50% deb t ,  50% equ i ty  wi th  8.5% bond i n t e r e s t  and 10% 
r e t u r n  on equ i ty ,  t h e  gas  c o s t  w i l l  decrease  by approximately $0.15/MM Btu 
f o r  t h e  hot  raw gas  and $0.30/MM Btu f o r  t h e  desu l fu r i zed  gas .  With 
t h e  investment tax c r e d i t  such as 20% app l i ed  t o  t h e  c a p i t a l  f o r  t h e  
d e s u l f u r i z a t i o n  u n i t  and 10% f o r  t h e  rest of t h e  p l a n t ,  a f u r t h e r  
r educ t ion  of $O.O6/MM Btu can be r e a l i z e d .  

For 

S e n s i t i v i t y  of f u e l  c o s t  t o  v a r i a t i o n  i n  de l ive red  c o a l  c o s t  f o r  t h e  
t h r e e  product  gases  i s  dep ic t ed  on Figures  4.3-1, 2 and 3 f o r  DCF 
rates of 12, 10 and 8% r e spec t ive ly .  

4 . 4  TYPICAL PROJECT SCHEDULE 

A t y p i c a l  p r o j e c t  schedule  f o r  engineer ing  and cons t ruc t ion  of commercially 
a v a i l a b l e  f ixed  bed g a s i f i c a t i o n  p l a n t  is  presented  i n  Figure 4.4-1. 
The average p r o j e c t  schedule  is 24 months from t h e  time of c o n t r a c t  
i n i t i a t i o n  t o  t h e  completion of t h e  performance tests. The schedule  
does no t  i nc lude  t h e  r e t r o f i t  work. 
work is  needed, i t  w i l l  be accomplished i n  p a r a l l e l  wi th  t h e  g a s i f i c a t i o n  
p l a n t  cons t ruc t ion  and t h e  o v e r a l l  schedule  w i l l  no t  be a f f e c t e d .  

It i s  a n t i c i p a t e d  t h a t  i f  r e t r o f i t  

4.5 REFERENCES 

1. EPRI, "Evaluation of Coal Conversion Processes  t o  Provide Clean 
Fuels ,"  Par t  11, NTIS PB-234203 (February,  1974). 

2 .  Federa l  Power Commission, "National Gas Survey, Vol. 2 ,  Supply 
Task Force Reports"' (1973). 
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TabZe 4.3-1 

Fuel  Cost l'or Fixed-Bed G a s i f i e r  Syetenr - 

P l a n t  Illvrstnlt?nt CI)St, Ml$(") 

Operating Cost .  MM$/Yr 

Utl l i t ies  6 Elaterials (3% of P l a n t  Inves tment )  

G e n e r a l  Overhead (1.67% of  P l a n t  Lnvestmeni) 

I.ahor C o s t ,  Ml$/Yr. 

P r n c e s s  (1,) 

Malnienance ( 1.5% of P l a n t  Inves tment )  

S u p e r v i s t o n  (15X of Sum of P r o c e s s  L Maintenance Labor) 

l 'axes 6 I n s u r a n c e  (2.7% of P l a n t  Investment) .  MM$/Yr. 

CROSS 01'EKA'ClNC. COS'L', MM$/Yr. 

By-l'roduc t C r e d i t ,  MI$/Yr. 

Ta r 

Si11 fur 

llob Haw Cos 

2.210 

0.066 

0.037 

0.248 

0.033 

0.045 

0.060 

0.489 

Dust ,  T a r  6 
Oil -Free  Cas 

3.145 

0.094 

0.053 

0.248 

0.047 

0.049 

0.085 

0 3 7 6  

- 

0.066' 

- 

N I X  OPEIVL'CINC COST (Excludlng  Coal  Cos t ) .  hM$/Yr. 

[)el lvered Coal C o s t ,  $/Ton 

Fuel C o s t .  $/MMlltu ( a i  12% DCF Return)  
( a t  10% DCP Return)  
( a t  8% DCP Return)  

- 

0.489 

- - -  30 4 0  50  

2.52 2.96 3.41 

2.29 2.73 3.17 
2.40 2.84 3.28 

0.066 

0.510 

- - -  30 40 50 

3.06 3.49 4 .13  
2.90 3.32 3.96 
2.75 3.17  3.80 

D u s t ,  T a r ,  Oil-Free 
and Desul f .  Gas 

4.585 

0.138 

0.077 

0.248 

0.069 

0.054 

0.124 

0.710 

0.071 

0.028 

0.099 

0.61 1 

20 30 4 0  

3.14 3.72 4.29 

2.70 3.27 3-84  

- - -  

2.91 3.48 4.06 

(a )  Average of  all f ixed-bed gasifiers c o n s i d e r e d  (Table  5.2-1). 

(b)  P r o c e s s  labor C o s t  (4 Me1dSlllft) (8304 manliours/year) ($!i.Z/mdnhour) (1.433) where 1.433 is a n  e s c a l a t i o n  f a c t o r  t o  mid-1977 from 
mld- 19 7 3. 
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Figure 4.3-1 Low-Btu Gas Cost vs. Delivered Coal Cost 
for 12% DCF Return 
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Figure 4 . 3 - 2  Low-3tu Gas Cost vs. Delivdire'd Coal Cost 
for  10% DCC Return 
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Figure 4.3-3 Low-Btu Gas Cost vs .  Delivered Coal Cost 
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5.0 SUMMARY OF RESULTS 

5.1 TECHNICAL ANALYSIS 

The t e c h n i c a l  ana lyses  of six f ixed  bed g a s i f i e r s  were performed by 
cons ide ra t ion  of t h e i r  phys i ca l  conf igu ra t ions ,  performance c a p a b i l i t i e s ,  
ope ra t ing  condi t ions  and maintenance schedule ,  and commercial experience.  

5.1.1 Phys ica l  System 

Table 5.1-1 summarizes the  phys ica l  conf igu ra t ions  of t h e  s ing le-s tage  
and two-stage g a s i f i e r s .  
phys i ca l  components such as t h e  coa l  feed system, g a s i f i e r ,  ash  withdrawal 
system, oxygenlair  feed system, steam feeding system, and phys ica l  
dimensions. 
f o r  improvements are a l s o  summarized i n  t h e  t a b l e .  
t h a t  t h e  characteristics and conf igu ra t ions  of t he  t h r e e  two-stage 
g a s i f i e r s  evaluated are very  similar. 
and a p a r t  of a sh  withdrawal systems vary s l i g h t l y .  

Included i n  the  t a b l e  a r e  d e s c r i p t i o n s  of 

Advantages, disadvantages,  maintenance areas, and p o t e n t i a l  
The t a b l e  i n d i c a t e s  

Only the c o a l  feeding system 

5.1.2 Performance Capab i l i t y  

Table 5.1-2 presen t s  t h e  g a s i f i e r  performance da ta .  
s i z e s  and a c c e p t a b i l i t y  of f i n e s  are presented  as w e l l  as t h e  c a p a b i l i t y  
of gas i fy ing  caking coa l s .  The two-stage g a s i f i e r s  can not  handle  
h ighly  agglomerating coa l s  wi th  a FSI higher than  3, whereas a l l  t h r e e  
s ingle-s tage g a s i f i e r s  can g a s i f y  high FSI ( g r e a t e r  than 5) c o a l s  by 
use  of t h e  stirrer i n s t a l l e d  in t h e  g a s i f i e r .  Both s i n g l e  and two- 
s t a g e  g a s i f i e r  types r e q u i r e  c o a l s  wi th  an a sh  fus ion  temperature of 
a t  least 2100-2200°F. 

Typical  coa l  feed  

Coal throughputs vary considerably,  depending on t h e  type of c o a l s  
being g a s i f i e d .  However, f o r  a given coa l  type,  t h e  throughputs are 
n e a r l y  independent of t h e  type of g a s i f i e r  evaluated.  The type  of 
ox id iz ing  medium used -- a i r  or oxygen - does in f luence  t h e  coa l  
throughputs.  When bituminous coa l s  are g a s i f i e d ,  t h e  coa l  throughputs  
ranged from about 60 t o  89 lb/hti-ftZ f o r  air-blown, s ing le-s tage  
g a s i f i e r s  and 62 to  76 lb/hr-f t  f o r  air-blown, two-stage gas i f ie rs .  
For t h e  s ing le-s tage  g a s i f i e r s ,  using oxygen i n s t e a d  of a i r  r e s u l t s  i n  
an increased  coa l  throughput by 33-60%, 11-43%, and 72% f o r  a n t h r a c i t e ,  
coke, and bituminous coa l  feeds ,  r e spec t ive ly .  Coal throughput d a t a  
are not  a v a i l a b l e  f o r  oxygen-blown, two-stage g a s i f i e r s .  

Analysis  of t h e  product gas i n d i c a t e s  t h a t ,  f o r  a given g a s i f i e r  type,  
t h e  characteristics (composition and hea t ing  va lue)  of product gas 
vary only s l i g h t l y  wi th  the  type of c o a l  feed. 
Table 5.1-2 are t h e  t y p i c a l  characteristics of low- and medium-Btu 
gas  which can be produced from t h e  six f ixed  bed g a s i f i e r s .  

, 

The d a t a  presented  i n  

5- 1 



Table 5.1-1 

Suunnary of Physical System fo r  Collrmercially Available Fixed Bed Gasifjers 

SINGLE -STAGE GASIFIERS 
Riley-Morgan Wilput t e Woodal 1-Duckham McDowell-Wellman TWO-STAGE GASIFIERS 

Wellman-Incandescent iw-Stoic 
Physical Components 

Coal Feeding System . Continuous automatic gravity 

. Two-compartment feed bin 

. Coal fed from top . Ash discharged from bottom . S t i r r e r  ava i lab le  to  handle 

. Completely water-jacketed . 1" th ick  inner-wall s t e e l  

coal feeding 

caking coals 

p l a t e  

. Continuous automatic drum . Chapman drum feeder . Fuel magazine feeder and lock hopper 
. Lock hoppers . Coal d i s t r ibu to r  

. Autanatic drum feedera . Automatic drum feeders 

Gasifier . Coal fed fran top, ash 
discharged from bottom . Leveller arms t o  ensure mi- 
form coal d i s t r ibu t ion  
across gas i f ie r  . Water-cooled ro ta t ing  cylin- 
d r i ca l  shaped gas i f i e r  she l l  . Water-cooled stationary 
ag i t a to r s  . Uses refractory l in ing  

I 

. Coal from top and ash from 

. Chapman agi ta tors  , . C o a l  d i s t r ibu tor  . Water f i l l e d  ash pan forms 

. For an thrac i te  and coke, 

. For bituminous, she l l  is 

bottom 

sea l  

s h e l l  is jacketed 

b r  ick-lined 

. Coal from top, ash t o  botton 

. Two l eve l s  of gas withdrawal 
top gas from upper offtake 
and c l ea r  gas from lower 
ou t l e t  . No s t i r r e r  . Retort section divided in to  
four compartments; refractoi 
l ined 

. Coal from top, ash t o  bottom . Two gas of f takes  - top and 

. No ag i t a to r  . Four compartments i n  r e to r t  
section; refractory-lined . Water-jacketed gas i f ica t ion  
section 

bottom 

. Coal from top, ash t o  bottom . Two gas offtakes . No agi ta tor  . Refractory-lined r e t o r t  . Water-jacketed gas i f ica t ion  
section 

Ash Withdraw System . Rotating gra tes  . Continuous discharge . Elevated. ash p i t  

. Intermittent removal by means 

. Ash plow is stationary,  re- 

? Rotating gra te ,  stationary . Rotating gra te  . Dry or w e t  ash ranoval o f  ash plow! 

lease  ash a f t e r  one complete 
revolution dy gas i f i e r  she l l  

ash plow and rotating ash pan 

. NO g r a t e  

. P.D. fan b l a s t  . Blast hood do ensure uniform 

. A i r  and a t e &  both metered 

. Metered steam from external 

I . F.D. b l a s t  is mixed with steam . A i r  saturated with steam 
from the  jacket or external introduced from under the  

d i s t r ibu t ion  source g ra t e  

. For coke and anthracite,  15 . Gasification steam generated 
source p s i g  steam is  raised in water 

jacket 6 used to  sa tura te  a i r  . For bituminous coal, steam is 
taken from waste heat bo i le r  
o r  outside source 

in  the  gas i f i e r  jacket 

. 10'; 12 '  . 10'4''; 18' . 91-2"; 1 0 ' 4 "  

. Rotating g r s t e  . Water-sealed ash pan . W e t  ash removal 

. Rotating g ra t e  . Damp ash removal through 
water-sealed ash pan 

AirfOxygen Peeding 
system 

. Direct-driven fan b l a s t  . Saturated with steam from 
jacket 

. A i r  saturated with steam 
introduced from under the 
g r a t e  

. Airfeteam mixture fed from 
under the g ra t e  

Steam Feeding System . Waste heat in w a t e r  jacket 
generates steam . Gasi f ica t ion  steam generated 

i n  the g a s i f i e r  jacket 
. Gasification steam gener..ted 

i n  the  water jacket 

'. 'Brick-lined -.1'4''; l i - l O " ;  

. Jacketed - 6'-6"; 8';  10' 
2' ;  3'; 6'; 5 '  

Inside Diameter . 6'-6"; 8'-6"; 10' and 12'-6" 

Advantages 

Coal Feeding System . No moving pa r t s  - minimum 
. Simple design 6 operation 

. Inner w a l l  i s  not brick- 
l ined; l o w  maintenance cost  . S t i r r e r  permits u se  of coats . No limit on FSL 

abrasive e f f ec t s  
. No gas leakage from the feed 

system 
. No gas leakage from the feed 

system 
. Minimum f ree- fa l l ing  of coal . Gradual heating of coal 

. Minimum f ree- fa l l ing  of coal . Gradual heating of coal 
. Mnimum f ree- fa l l ing  of coal 

Gasifier . Rotating cylinder surrounded 
by stationary dust hood for 
clean de-ashing 

. For an thrac i te  and coke, the  
g a s i f i e r  i s  se l f - suf f ic ien t  
in steam 

. No dust carryover (top gas) . Negligible cracking of tarfc . Separate control of d i s t a l l r  
t i on  and gas i f ica t ion  

. CyclLc mode with a i r  and 
superheated steam . A i r  sa tura t ion  temp. control 

. Limited t o  weak-caking coal 
(PSI < 3) 

. Separate control of d i s t i l -  
l a t i o n  and gas i f ica t ion  . N o  dust carryover (top gas) . High qual i ty  byproduct t a r  

. A i r  sa tura t ion  temp. control 

. No dust carryover (top gas) . Separate control of d i s t i l -  

. Autometed poking operation 

. A i r  saturation temp. control 

' l a t ion  and gas i f i ca t ion  

.. A i r f O Z  Feeding System . A i r / O Z  sa tura t ion  temperature 
controlled by controll ing 
j acke t l r a t e r  supply 

. A i r / O Z  and steam streams 
metered 

. A i r  sa tura t ion  temperature 
controlled in air saturatox 

. Gas leakage from the  feed 
system . Feed system not su i t ab le  for  
operation a t  pressure . Needs poking fo r  ash leve l  
indfcation i n  c d u s t i o n  zone 

. Wear bars on ag i t a to r  blade 
D i s c  va lves  i n  coal feeding 
system 

. Steam i s  not produced . Needs poking 
. It does not produce its own 

steam fo r  bituminous coal 
g a s i f i e r  ' . Needs poking 

Disadvantages . Limited t o  weak-caking coal 
(FSI< 3) 

. L h i t e d  (FSI < 3) t o  weak-caking coal 

. The pan, bar re l  and charge 
a11 ro ta t e ;  t h i s  may need mre 
maintenance 

. Bituminous coal gas i f i e r  i s  
brick-lined and is l i a b l e  t o  
increased maintenance require- 
ment 

. Adaption o f  an thrac i te  gasi-  
f i e r  f o r  bituminous coals . Automation o r  elimination of 

. Ash vithdrawal r a t e  should be 
re la ted  t o  the coal feed rate 

poking 

Maintenance Areas . Possible gas leakage from 
coal feeder o r  poke holes 

. Possible gas  leakage from 
coal  feed or poke holes 

. Possible gas leakage during 
coal feeding 

- Elimination of poking 
, Autaumtic control of ash 

witPrdrawa1 r a t e  

Po ten t i a l  fo r  Improvements . Addition o f  air  Iock fa t he  
feed system wiLL remeye gas 
leakage . Elimination of poking . Automatic cont ro l  of ask 
vith&awal rate 

. Addition of stirrer fo r  hand 
l i ng  higher swelling coal . Increased slope at  the  re to i  
wall t o  handle h igh  s w e l l i q  
Coal . Automated poking 

. Addition o f  s t i r r e r  for hand- 
l i n g  higher swelling coal . Increased s lope  a t  t he  r e to r t  
w a l l  to  handle coals with 
high PSI . Automated poking 

. Addition of stirrer t o  handle 
strong caking coa ls  . Increased slope a t  t he  r e t o r t  
wall for  handling coa ls  with 
high FSI 
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Table 5.1-2 

Sundry  of Perfownce Capabilities For Camercially Available Fixed Bed Gasifiers 
' 

'0-STAGE FIXED-BED GASIFIERS 
RT-Stoic Wellman-Incandescent 

SINGLE-STAGE pzxED-BED GASIFIERS 
Mc-Well -We1 lman Biley*rqan Uilputte Woodall-Duckham 

Coal Feed 

Size . 3/16'' to 9/16'' for anthracite . 3/8@' to 5/8" for anthracite . 1-718" to 4" or . Wst be fairly uniform; 
3- to 4" 3/8 to 1". 112 to 1-1IF. or 

314" to 2" 

. 1-1/4" to 2" for bitminous . Can of fines accept . a limited quantity 

3/4" to 1-1/2" for coke 

Must be fairly uniformly sized; 
2" to 3". 1-1/2" to 2-1/2", or 
3/4" to 1-112" 

15% max. of fines 

. . )fuse 3/68' be to 1-1/21' fairly uniforq or 1-1/iW to 3" 

. 1-114" to 2" for bituminous coal 
I 

. Can accept a limited quantity 
of fines. 

. 114" t o  518" for coke-charcoal 

1-3 . Approximately up to 3 Ree Swelling Index 

Ash Fusion Temp. 

. Canyse up to 9 with stirrer . Can handle up to 6 . Can handle up . <1-1/2 ideally, but could use 
to 6 coals with PSI up to 2-1/2 or 3 

>2200' F . ninfmrrm 22000 P . Uinimum 2200O F . Bituminous 2400-2600' F 

. Anthracite 2700. F 

. 2300' F . >2200° F ideally, but u~ll u8e 
as 1018 as 2050' F 

. bituminous Subbituminous, lignite, . I Bituminous, brown coal 
I 

I I 

~ Typical Bituminous Coal 

4.65 

34.24 

52.33 

8.78 - 
100.0 

3.87 

-12,470 

. All type coals . All type coals . All axcept anthracite . All type coals 

Proximate Analysis, vt. X 

Mofature 

Volatile Matter 

Fixed Carbon 

Ash 

Total 

Sulfur, vt. X 

BHV. Btu/lb. 

Typical Bituminous Coal 

9.20 

36.70 

43.80 

10.30 - 
100.0 

3.2 

12,000 

ical Bituminous Typical Bituminous Coal Anthracite Coke Bituminous TYP 
~. 
3.95 9.2 3.43 3.28 3.02 

Anthracite Coke 

4.2 5.0 

4.4 - 
80.7 83.1 

10.7 - 11.9 - 
100.0 100.0 

0.6 0.6 

12.700 16,000 

Bituminous 

1.4 

30.1 

58.5 

10.0 

100.0 

2.5-3.9 

13,400 

- 

35.31 

55.81 

5.54 - 
100.0 

0.47 

13,200 

31.96 

56.64 

8.38 

100.0 

3.89 

13,000 

4.45 1.0 30.93 

81.70 81.2 53.81 

9.90 - 8.6 11.83 

100.0 100.0 100.0 

0.7 - 2.5 

12,700 16,000 13.400 

02 Air 07 Air 02 Air 

Feed Rate (TPDL 

Diameter, ft. 

3.5 

4.5 

6.5 

8.5 

10.0 

10.5 

12.0 

12.5 
2 Throughput, lbhr-ft 

Air - 
- 

Air - 
- 

13.92 

29.40 

51.90 

71.40 

82.56* 

103.20 

- 
63-76 

07 Air 07 Air 07 Air Air - 
2.5 2.9 

- - 
10.7* 12.4* 

- - 
31.1 25.8 30.0 30.0* 

- - 
- - 
- - 

33 27 32 32 

With agitator 

31.2 

52.8 

72.0 

- 
- 

108.0 

73-78 

- 
72-84 

- 

53-71 

or 10'-9" I.D. gasifier 

I 
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Table 5.1-2 (Continued) 

SING?.E-STAGE FIXED-BED GASIFIERS TWO-=AGE FIXED-BED GASIFIERS 

Product Gas, Typical 

Temperature, O F  . Top . Bottom . Hot Raw . Cold Clean 
Heating Value, Btu/SCF 
Low-Btu . Hot Raw . Hot Detarred . Cold Clean 

Before Desulfurization 

Med im-B t u . Cyclic Gas . O2 Blown 
Plow Rate . SCP/lb Coal 
Typical Composition, mole % 

H2 

a 2  
a 4  
N2 
E20 

co 

H2S + COS 
Others 

Total 
. 

By-product, lb/lb Coal 

Tar 
Oil 
w 

Typical Operating Conditions 

Oxidant Rate . lb air/lb coal 

- 
800-1.200 - 
120 

- 
1.080-1.100 

- 
1,200 

120 
- 

250 
1,200 
600 -7 00 
120 

240 
1,170 
690 - 

250 
1,200 
750 
100 

- 
120 

160-210 
155-200 

146-170 

185-201 
165-179 

138-163 

207 
185 

17 0 

207 - 200 
185 

170 

186-207 
175-195 

160-175 176 

- 
258-270 

335 
285 

- 
262-305 

- 
290 

50-56 58-63 57.3 

Low-Btu 

16.6 
22.7 
5.9 
3.6 
50.9 

0.3 

- 

(dry) 

50-53 50-51 

lov-Btu 

16.0 
29.8 
3.3 
2.9 
47.3 - - 
0.7 

100.0 

- 

Wd-Btu 

36.52 
47 -05 
13.90 
0.65 
2.05 
(dry) 

0.1 

100.0 

(desulfurized) 
- 

Md-Btu Lov-Btu 

14.7 
28.1 
3.5 
2.7 
50.0 
(dry) 
1.0 

Low-Btu 

18.7 
24.9 
6.2 
0.6 
49.3 
(dry) 
0.3 - 

Wd-Btu 
Cyclic Steam/02 
52.2 38.4 
28.5 37.5 

Low-Btu 

14.0-16.0 
29.0-30.0 
3.0- 4.0 
47.6-5 2.6- 3.0 1.4 

- 

Low-Btu 

17.0 
28.3 
4.5 
2.7 
47.2 - - 
0.3 

100.0 

- 

39.2 
41.3 
17.5 
1.4 
0.6 

(desulfurized) 
(dry) 

- 

8.0 18.0 
6.5 3.5 
4.2 2.2 - 

- - 
100.0 100.0 100.0 100.0 100.0 100.0 

0.06 

0.0014 

0.078 
0.009 - 

0.1 
0.02 - 

0.0750 0.0173 
0.0281 - 

3.5 2.98 - 3.44 3.31 - 3.67 2.3 ( A i r  rate controlled by 
monitoring the product gas 
pressure in the downstream main) 

(Air rate controlled by 
itoring the product gas 
ssure in the downstream main) 

A i r  rate controlled by monitoring 
the product gam pressure in the 
downstream main. 

. lb 02/lb coal 
Steam Rate, lb/lb coal . Air Blown 

0.8 0.6 - 0.7 

0.4 0.56 

! 
1.4 

I 

0.53 0.25 0.32 Steam/air ratio is varied to 
control the quality of the ash. 

. Oxygen Blown 
Temperature Profile, O F  . Devolatilization Zone 800-1000 for anthracike 

1100-1200 for bituminous 

- 
2400 

1100-1500 1200-1500 

. Gasification Zone 

. Combustion Zone 
Pressures, "w.g. at gas 
outlet 

1500-2000 

2100 

1500-1850 

2200-2300 

2000-2500 

- 
5-6 40 2-4 30-40 (for dry grates) 

40-60 (at inlet) 
.g. pressure drop 14 (2"-4" w 

ough coal bed) 

Thermal Efficiency, X 

93 for bituminous 

85 for anthracite 
71-75 for bituminous 

- 88-90 for bituminous 

78 for anthracite 
70-71 for bituminous 

- 90 for bituminous 

80 for bituminous 
- 85-93 for bituminous 

77-87 for bituminous 
63-76 for bituminous / 

88-92 for bituminous 

74-76 for bituminous 
- 93 for bituminous 

for bituminous 
for bituminous 

. Rot Raw Gas . Hot Detarred Gas . Cold Gas 

Turndown Capability 

. X of maximum capacity 14 8 10 25 25 20 
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The gas  compositions and hea t ing  va lues  of co ld ,  c l ean  low-Btu gas  
produced from a given type  of c o a l  vary only s l i g h t l y  among a l l  f ixed  
bed g a s i f i e r s  considered. When bituminous c o a l s  are g a s i f i e d ,  t h e  
hydrogen, carbon monoxide, carbon d ioxide ,  and methane concen t r a t ions  
were 13.3 - 18.7%, 22.7 - 28.3%, 3.5 - 6.2X, and 0.6 - 3.6%, r e s p e c t i v e l y ,  
and t h e  hea t ing  va lues  ranged from 138 t o  176 Btu/scf f o r  a l l  g a s i f i e r s  
evaluated.  

For t h e  medium-Btu gas,  t h e  v a r i a t i o n s  in gas composition and hea t ing  
va lues  were small f o r  a l l  f i xed  bed g a s i f i e r s  eva lua ted  i f  the  steam/ 
oxygen mode of ope ra t ion  were used, However, when t h e  two-stage 
g a s i f i e r  is operated in a c y c l i c  mode of ope ra t ion  wi th  a i r  and superheated 
steam, t h e  gas  compositions va r i ed  appreciably and t h e  hea t ing  va lue  
increased  from 285 t o  335 Btu/scf .  

In t h e  two-stage g a s i f i e r s ,  t h e  a i r  feed rate is  con t ro l l ed  by t h e  
product gas  p re s su re  in t h e  downstream main and ranges from 2 t o  3 
l b / l b  coal.  
3.5 l b  a i r  pe r  lb: c o a l  f o r  air-blown and 0.6 t o  0.8 lb oxygen p e r  l b  
c o a l  f o r  oxygen- blown cases. The steam rate is con t ro l l ed  t o  maintain 
a b l a s t  s a t u r a t i o n  t empera tu re ' i n  t he  range of 131 - 140°F i n  t h e  
two-stage g a s i f i e r s  and t h e  requirement is  about 0.25 t o  0.3 l b  s team/ lb  
coa l .  The steam rate v a r i e s  from 0.4 t o  0.5 l b / l b  c o a l  f o r  t he  
s ing le-s tage  g a s i f i e r s .  

The s ingle-s tage  g a s i f i e r s  use approximately 3.0  t o  

Thermal e f f i c i e n c i e s  of ho t  r a w  gas produced from a l l  fixed-bed g a s i f i e r s  
range from 88-94X. 
t h e  product gas  thermal va lues  of t h e  ho t  r a w  gas, t h e  hot  raw gas 
e f f i c i e n c y  does not  vary apprec iab ly  among the  g a s i f i e r s  and types  of 
c o a l s  fed  t o  t h e  g a s i f i e r s .  The cold gas  e f f i c i e n c y ,  on t h e  o t h e r  
hand, depends on t h e  type of coa l  used because the  amount of tar  
produced varies wi th  t h e  v o l a t i l e  matter content  of t h e  c o a l  feed.  
When a n t h r a c i t e  coa l ,  which con ta ins  l i t t l e  v o l a t i l e  matter, is  g a s i f i e d ,  
very  l i t t l e  tar is formed, and t h e  d i f f e r e n c e  between t h e  hot  and cold 
gas  e f f i c i e n c i e s  is usua l ly  accounted f o r  by t h e  d i f f e r e n c e  i n  t h e  
s e n s i b l e  hea t  of t h e  product gas. The high v o l a t i l e  bituminous c o a l ,  
on t h e  o t h e r  hand, y i e l d s  an apprec iab le  amount of t a r  which is removed 
from the product gas upon cooling and reduces the thermal efficiency 
based on t h e  cold gas product.  Table 5.1-2 i n d i c a t e s  t h a t ,  when tar 
is  no t  included i n  t h e  cold gas  e f f i c i e n c y  c a l c u l a t i o n ,  a n t h r a c i t e  
c o a l  provides  cold gas  e f f i c i e n c y  of 78 t o  85%, whereas h igh  v o l a t i l e  
bituminous c o a l  y i e l d s  a cold gas  e f f i c i e n c y  of only 70 t o  75%. 

Since both  s e n s i b l e  hea t  and tar  are included i n  

The two-stage g a s i f i e r  a l s o  ope ra t e s  on a "hot de t a r r ed"  mode wherein 
t h e  tar is removed but  t h e  s e n s i b l e  h e a t  of t h e  product gas  is p a r t i a l l y  
r e t a ined .  
approximately 85% when high v o l a t i l e  bituminous c o a l  i s  used. 

The thermal e f f i c i e n c y  of t h e  "hot de ta r red"  product gas is 
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Turndown c a p a b i l i t y  is 14-20% of maximum throughput f o r  the s ing le -  
s t a g e  g a s i f i e r s  and 25% of maximum throughput f o r  t h e  two-stage g a s i f i e r s .  
Product gas  hea t ing  va lue  is  reduced s l i g h t l y  as t h e  g a s i f i c a t i o n  
p l a n t  is turned down. 

5.1.3 Operation and Maintenance 

The two-stage g a s i f i e r s  are normally operated by c o n t r o l l i n g  t h e  b l a s t  
s a t u r a t i o n  temperature a t  approximately 135OF t o  maximize t h e  hea t ing  
va lue  of t h e  product gas. 
manual poking i n  both t h e  s ing le -  and two-stage g a s i f i e r s .  

Manpower requirements f o r  opera t ing  g a s i f i e r s  i n  t h e  U.S. average 

Ash and f i re-bed depths  are determines by 

I 

about one operator per two g a s i f i e r s  per s h i f t .  

The major maintenance items i d e n t i f i e d  f o r  both s ingle-  and two-stage 
g a s i f i e r s  i nc lude  cleaning t h e  gas cooler ,  checking and a d j u s t i n g  t h e  
c o a l  feeder  t o  avoid gas  leakage, and c leaning  tar p r e c i p i t a t e d  i n  t h e  
gas  main. Th'e s ingle-s tage  g a s i f i e r s  wi th  stirrer experience e ros ion  
o f ' a g i t a t o r  wear bars .  I n  add i t ion ,  t h e  h igh  temperature and dusty 
atmosphere of t h e  g a s i f i e r  may damage t h e  a g i t a t o r  bear ings.  Checking 
and ad jus t ing  t h e  a g i t a t o r  bear ings  and wear ba r s  are t h e r e f o r e  r equ i r ed  
t o  avoid mechanical problems. 

5.1.4 Commercial Experience 

There are s e v e r a l  s ingle-s tage McDowell-Wellman (M-W) g a s i f i e r s  i n  
opera t ion ,  ranging in s izes  from 2 t o  10 f t  diameter  both wi th  and 
without  a stirrer. Nat iona l  Lime and Stone Co., wi th  two 10-ft  diameter 
g a s i f i e r s  wi th  stirrers, using bituminous coa l  wi th  FSI as h igh  as 9, 
and Glen-Gery Corporation, wi th  n ine  10-ft  diameter g a s i f i e r s  using 
a n t h r a c i t e  coa l ,  are t h e  two l a r g e s t  p l a n t s  u t i l i z i n g  t h e  M-W g a s i f i e r s  
i n  t h e  U.S. Two smaller M-W g a s i f i e r s  (5  and 6 .5  f t )  are being 
operated a t  Ashtabula, Ohio, using coke as feed. The Holston Def,ense 
Corporat ion i n s t a l l e d  twelve 9 f t -2  i n  Wilput te  g a s i f i e r s  at  Kingsport ,  
Tennessee, in 1945, and 4 are s t i l l  opera t ing .  Two primary metal 
process ing  p l a n t s  in South Africa use 10-f t  diameter  M-W g a s i f i e r s .  

Most of two-stage g a s i f i e r s  are i n s t a l l e d  i n  f o r e i g n  coun t r i e s  i n  both 
i n d u s t r i a l  and u t i l i t y  app l i ca t ions .  
l o c a t e d  i n  South Afr ica  - more than t h i r t y  units are being operated t o  
produce hot  r aw gas,  cold c l ean  gas,  and hot  de t a r r ed  gas.  Three 
10-f t  two-st&e g a s i f i e r s  are planned t o  start up i n  the  U.S. i n  1978. 

The most publ ic ized  p l a n t s  are 

5.2 ECONOMIC ANALYSIS 

The d i r e c t  c a p i t a l  c o s t s  f o r  producing hot  r a w  gas;  dust- ,  tar-, and 
o i l - f r e e  gas; and co ld ,  dus t - ta r -o i l - f ree  and desu l fu r i zed  gas are 
t abu la t ed  i n  Table 5.2-1. The c a p i t a l  c o s t s  inc lude  g a s i f i c a t i o n  
system f a c i l i t i e s  (such /as a i r  blowers, feed b i n s ,  e t c . ) ,  s i te ,  and 
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Table 5.2-1 

Average Capital Cost for-Fixed-Bed G a s i f i e r  
of  2.5 x 109 Btu/day Capacity 

(Based on Mid-1977 P r i c ing )  

Ave r a g  e 

G a s i f i c a t i o n  

Coal & Ash Handling 
G a s i f i e r s  
Cyclones 
S i t e  Bui lding & I n s t a l l a t i o n  
G a s  Manifold 

Sub t o t a l  

F a c i l i t i e s  

Electrical Power D i s t r i b u t i o n  
Cooling Water Pip ing  
Instrument  A i r  & Dryer 
Steam System f o r  StartuplShutdown 
A i r  Cooler 

Subto t a l  

T o t a l  Direct C a p i t a l  
Cost f o r  Hot Raw Gas 

Gas Cleanup 

2.061 I 
~~ 

2.061 

0.149 1 
0.149 

2.210 

Tar, O i l  Removal & Water Treatment 0.935 

T o t a l  Direct Cap i t a l  Cost 

Tar & Oil-Free Gas 
f o r  Dust, MMS 

3.145 

Desu l fu r i za t ion  ( a>  MMS 1.440 

T o t a l  Direct Cap i t a l  Cost 
f o r  Dust,  Tar 6 Oil-Free 
and Desu l fu r i za t ion  Gas MMS 4.585 

(a) Desu l fu r i za t ion  c o s t s  are based on S t r e t f o r d  process .  
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9 
bu i ld ing .  
Btu/day capac i ty  from bituminous c o a l  and w a s  p r i ced  on mid-1977 
d o l l a r s .  The average c a p i t a l  c o s t s  f o r  the three cases of the gas 
c l e a n l i n e s s  were $2.20 MM, $3.15 MM and $4.58 MM, r e s p e c t i v e l y ,  f o r  
h o t  r a w  gas ,  t a r - f r e e  gas ,  and t a r - f r e e  and desu l fu r i zed  gas. 

The estimate w a s  based on a low-Btu gas p l a n t  of 2.5 x 10 

The low-Btu gas c o s t s  were c a l c u l a t e d  f o r  each of the t h r e e  degrees of 
gas  q u a l i t y  by u t i l i z i n g  8%, 10% and 12% discounted cash flow (DCF) 
a n a l y s i s .  Since f ixed  bed g a s i f i c a t i o n  is a proven technology which 
involves  minimum r i s k  f a c t o r s ,  lower DCF rates of 8% and 10% w e r e  
included i n  the  a n a l y s i s  (u sua l ly  12% f o r  developing technologies ) .  A 
p l a n t  l i f e  of 25 yea r s  and a p l a n t  capac i ty  f a c t o r  of 90% were assumed. 
By-product c r e d i t s  were 10C/gal f o r  tar and $25/ton f o r  s u l f u r .  
Representa t ive  low s u l f u r  (Stockton, WV) and h igh  s u l f u r  (Belmont, OH) 
bituminous c o a l s  were used t o  estimate thermal e f f i c i e n c i e s  and c o a l  
throughputs.  t o  $50 p e r  ton de l ivered .  
The v a r i a t i o n  of f u e l  c o s t  ( ca l cu la t ed  a t  t h e  t h r e e  DCF r a t e s )  vs. 
de l ive red  c o a l  c o s t s  is depic ted  i n  F igure  5.2-3 f o r  t h e  t h r e e  product 
gas  streams considered.  

Coal c o s t  w a s  va r i ed  from $20 

The d i f f e r e n t i a l  c o a l  c o s t s  between low s u l f u r  c o a l  f c r  product ion of 
ho t  r a w  gas o r  t a r - f r e e  gas and h igh  s u l f u r  c o a l  f o r  product ion of 
co ld  clean gas are shown i n  F igure  2.2-4. F igure  2.2-5 p re sen t s  a 
similar c h a r t  f o r  d i f f e r e n t i a l  f u e l  c o s t s  f o r  producing the  t h r e e  
product  streams from a given coa l  cos t .  

A t y p i c a l  p r o j e c t  schedule is  approximately 24 months f o r  any of the 
f i x e d  bed g a s i f i e r s  considered. 
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APPENDIX A 

Coal A v a i l a b i l i t y  and Charac te r i s t i c s  

The v a s t  coa l  resources  of t h e  United States are loca ted  i n  many areas of the  
country as shown i n  Figure A-1. 
i d e n t i f i e d  coa l  resources  as being 1,600 b i l l i o n  tons.  Another 1,600 b i l l i o n  
tons  of un iden t i f i ed  resources  are postulated.  
and exported a t o t a l  of 0.6 b i l l i o n  tons.  The reserves are summarized i n  Tables 
A-1 and A-2. (1) 

The U.S. Geological Survey estimates the  t o t a l  

By comparison, in 1974 we consumed 

Of the  t o t a l  resource,  however, only some 434 b i l l i o n  tons are in depos i t s  of 
t he  type considered amenable t o  mining, given today's economics and mining 
technology. About two-thirds of t h i s  demonstrated coa l  r e se rve  base is i n  
depos i t s  of t h e  type that would normally be mined by underground methods; t h e  
remainder, is i n  depos i t s  so c l o s e  t o  t h e  sur face  that lower c o s t  sur face  recovery 
methods can be employed. 

Large as our c o a l  resources  and reserves are, the re  is some geographic d i s loca t ion .  
Most of our c o a l  is found west of the  Miss i ss ippi  River,  f a r  from concentrated 
i n d u s t r i a l  areas of the East and Far West. Moreover, much of t h e  western coa l  
i s  in a r i d  or, semi-arid areas. 
production and consequent c o a l  use  in these  areas. 

The s c a r c i t y  of water could cons t r a in  coa l  

A por t ion  of t h e  demonstrated reserve base that is a v a i l a b l e  f o r  use  depends on 
whether t h e  coa1 ,depos i t  can l e g a l l y  be mined; and, if i t  can, whether it is  
s u i t e d  f o r  underground o r  sur face  mining. 
t h e  c o a l  may be recovered i n  an underground m i n e  with t r a d i t i o n a l  room and 
p i l l a r  mining methods, whereas up t o  90 percent of t h e  c o a l  may be recovered i n  
a given sur face  mine. Long-wall mining, while holding promise f o r  g r e a t e r  c o a l  
recovery i n  underground mining, i s  not widely prac t iced  i n  t h i s  country.  With 
r e spec t  t o  t h e  t o t a l  reserve base, average recovery would be about 50 percent 
with present  mining methods because of t h e  necess i ty  f o r  leaving support  p i l l a r s  
i n  underground mines and the  i n a c c e s s i b i l i t y  of much coa l  f o r  one reason o r  
another.  
a national program for conservat ion and e f f i c i e n t  energy u t i l i z a t i o n .  

--thirds of the country 's  coa l  resources  conta in  1% o r  less sulfur by weight, 
and almost ha l f  conta in  0.7% or less s u l f u r .  
aga in  are loca ted  in t h e  W e s t .  
and much of what is r e a d i l y  minable is reserved f o r  t he  me ta l lu rg ica lhand  export  
markets. 
energy conversion t o  l i q u i d s  o r  low Btu gas  f o r  use in indus t ry  o r  dec t r ica l  
power generat ion as economics d i c t a t e .  

The "effect ive" reserves  of lower rank coa l  (subbituminous and lignite) are 
f u r t h e r  reduced because of t h e i r  lower hea t ing  values .  For example, reserves of 
lignite on a weight b a s i s  represent  6.5 percent of t he  t o t a l  demonstrated reserve 

For example, only 50 t o  60 percent  of 

Development of higher recovery mining methods i s  indica ted  as p a r t  of 

Most of these coa ls ,  however, 
Lo&sulfur eastern c o a l s  are not  as abundant, 

The high s u l f u r  coa l  of the East appears more and more app l i cab le  f o r  
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Figure A-1. Coal F i e l d s  of the United States 



Table A-1 

Summary of Demonstrated Coal Reserve 
Base of the United States 

(Bill ion Tons) 

Underground Surf ace Estimated 
Total H e a t  Value Mining m n g  

Rank of Coal Reserve Reserve Total (Quadrillion Btu) 

Bituminous 192 4 1  233 6,100 

Subbituminous 98 67 165 2,800 

Lignite 0 28 28 4 0 0  

- 7 200 Anthracite - - - 7 

Tot a1 29 7 137 434 9,500 

(Note: This table does not include deposits not amenable to mining 
given today' s economics and mining technology. ) 
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Table A-2 

Coal Reserves of the United S ta tes .  By S t a t e  

Alabama ......... 
Alaska .......... 
Arkansas ........ 
Colorado ........ 
Georgia ......... 
I l l l n o i s  ........ 
Indlana ......... 
Iowa ............ 
Kansas .......... 
Kentirc ky ........ 
Maryland ........ 
Mlclilgan ........ 
Missour I ........ 
Montane ......... 
Nru  Mexico ...... 
North Caro l tna  .. 
North Dakota .... 
O l l l O  ............ 
Ok l.4ioiiia ........ 
Orego II .......... 
Pennuylvallia .... 
South DakoLa .... 
Tennetisre ....... 
Texas ........... 
Utah ............ 
V 1 ry I n  La ........ 
Washlilgton ...... 
West Virgin la  ... 
Wyoinlng ......... 
Other S t a t e s  .... 

9 
E- 

'I'otnl 

(Mi l l ion  of Tone) 

Hesources determined by mapping and explosion 

Bitumlnouu 
coa l  . 

13. 518 
19. 415 

1. 640 
62. 389 

18 

139.756 
34.779 
6.519 

18. 686 
65. 952 

1.172 
205 

23.359 
2.299 

10. 760 

110 
0 

41.864 
3.299 

48 

57.533 
0 

2.652 
6.048 

32. 100 

9. 710 
1. 867 

102.034 
12.699 

628 

671.049 
-- 

Sub- 
bituminous 

c o a l  

0 
110.675 

0 
18. 248 

0 

0 
0 
0 
0 
0 

0 
0 
0 

131.877 
50.715 

0 
0 
0 
0 

284 

0 
0 
0 
0 

150 

0 
4. 194 

0 
108. 011 

0 

428,.210 

L i g n i t e  

20 

350 
0 
0 

0 
0 
0 

0 

0 
0 
0 

87.  525 
0 

0 
350. 680 

0 

0 

0 
2. 031 

0 
6.876 

0 

0 
1 1 7  

0 

46 

447. 647 

.... 

.... 

.... 

.... 

Anthrac i te  
and seoll- 
a n t h r a c i t e  

0 

4 30 
78 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
4 

0 
0 
0 
0 
0 

1 2 .  1 1 7  
0 
0 
0 
0 

335 
5 
0 
0 
0 

1 2 .  969 

.... 

T o t a l  

13. 538 
130.089 

2.420 
80.715 

18 

139.850 

6.519 
18. 686 
65. 952 

1. 172 
'205 

23.359 
221.701 

61.479 

110 
350. 680 

41. 864 
3. 299 

332 

69. 650 
2.031 
2. 652 

12.  928 
32.250 

10.045 
6. 183 

102. 034 
120. 710 

4.721 

1,559.875 

34. 779 

E s t  . a d d t l  . 
r e sources  i n  
unmapped 
and unex- 

p lo red  a r e a s  

20.000 
130.000 

4. 000 
146.000 

60 

100.000 
22. 000 
14.000 

4.000 
52.000 

4 00 
500 

0 
157. 000 

27.000 

20 
180.000 

2. 000 
20. 000 

100 

10.000 
1. 000 
2.000 

14.000 
48.000 

3 .  000 
30. 000 

0 
325.000 

1.000 
.. 
1,313, 000 

E s t  . t o t a l  
rem 1 n ing  

r e sources  i n  
t h e  ground 

0 . 3,000f t . '  
overburden 

33.538 
260. 089 

6.420 
226. 715 

78 

239. 756 
56.779 
20. 519 
22. 686 

117.952 

1. 572 
705 

23.359 
378.701 

88. 479 

130 
530.680 
43.864 
23.249 

432 

79.650 
3. 031 
4.652 

26. 926 
80. 250 

13.045 
36. 183 

102. 034 
445. 710 

5.721 

2.072. 955 

E s t  . resources  
i n  deeper 
s t r u c t u r a l  

b a s i n s  3.000- 
6.000 E t  . 

overburden 

6. 000 
5 .  000 

0 
145.000 

0 

0 
0 
0 
0 

21.000 

5 
0 
0 

10. 000 
0 

0 
0 
0 
0 

35. 000 

100 
15.000 

0 
100. 000 

0 

337. 105 

E s t  . t o t a l  
remaining 

reyources i n  
t h e  ground 

0 . 4.000 f t  . 
overburden 

39 * 538 
265.089 

6. 420 
371. 725 

76 

. 239. 756 
56.779 
20. 519 
22 .  686 

117.952 

1.572 
705 

23. 359 
378. 701 
109. 479 

158 
530.686 
43. 864 
33. 299 

432 

79.650 
3. 031 
4.652 

26.926 
115.250 

13. 145 
51. 183 

102. 034 
545.710 

5 .  7 2 1  

3.210. 060 



base,  bu t  on a Btu b a s i s  they r e p r e s e n t  only 4.2 percent  of t h e  t o t a l .  
numbers f o r  subbituminous are 38 and 29.5 percent .  

Equivalent  

Heating va lues  a l s o  a f f e c t  t h e  amount of c o a l s  that can meet s u l f u r  limits 
c a l l e d  f o r  under t h e  Clean Air Act. For example, a 12,000 Btu / lb  c o a l  cannot 
con ta in  more than 0.7% s u l f u r  by weight as consumed, and an  8,500 B t u l l b  c o a l  
cannot con ta in  more than about 0.5X s u l f u r .  This f a c t o r  f u r t h e r  reduces t h e  
apparent  low-sulfur reserves, p a r t i c u l a r l y  in t h e  West, that can meet p resen t  
s u l f u r  s tandards .  
p o t e n t i a l  f o r  conversion by high Btu g a s i f i c a t i o n  t o  p i p e l i n e  gas where ex tens ive  
c leaning  of a l l  gas  a d u l t e r a n t s  i s  requi red .  

However, western c o a l  that is  high i n  s u l f u r  appears  t o  have 

It should be noted that n e a r l y  a l l  of t h e  c o a l  l ands  and reserves in t h e  East 
are p r i v a t e l y  owned, whereas c o a l  l ands  and reserves i n  t h e  West a r e  owned 
p r i n c i p a l l y  by t h e  Federa l  government. 

In gene ra l ,  t h e r e  is  no fo re seeab le  set of c i rcumstances that would cause t h e  
a v a i l a b i l i t y  of our reserves t o  be a c o n s t r a i n t  on s i g n i f i c a n t l y  acce le ra t ed  
product ion by 1985. There are, however, p o t e n t i a l  a c t i o n s  on t h e  Federal  and 
state l e v e l s  that can cause s e r i o u s  d i s r u p t i o n  i n  t h e  development and e x t r a c t i o n  
of c e r t a i n  s p e c i f i c  reserves. 
c a r e f u l  cons ide ra t ion  of r eg iona l  and n a t i o n a l  needs by those  agencies  i n  a 
p o s i t i o n  t o  in f luence  product ion.  

These p o t e n t i a l  d i s r u p t i o n s  can be avoided through 

The p r o p e r t i e s  of c o a l  and subsequent ly  t h e i r  behavior dur ing  g a s i f i c a t i o n ,  va ry  
from rank t o  rank and wi th in  a rank. Therefore ,  i n  t h e  s e l e c t i o n  of a c o a l  f o r  
g a s i f i c a t i o n ,  i t  is d e s i r a b l e  t o  understand w h a t  r e l a t i o n s h i p s  e x i s t  between t h e  
c h a r a c t e r i s t i c s  of c o a l  and its performance. Table A-3 p r e s e n t s  t y p i c a l  v a l u e s  
f o r  s e v e r a l  p r o p e r t i e s  of c o a l  as they exist in  t h e  d i f f e r e n t  ranks.  

The Hardgrove g r i n d a b i l i t y  index (HGI) is a relative measure of t h e  ease  of 
pu lve r i z ing  coa l .  
and d i s t r i b u t i o n  i n  t h e  feed w i l l  a f f e c t  t h e  r a t e  of g a s i f i c a t i o n .  
f i n e  particles is t o  be prevented s i n c e  these  p a r t i c l e s  can be c a r r i e d  out  of 
t h e  r e a c t o r  w i th  t h e  e x i t i n g  gas  stream. 

The crushing  of t h e  r a w  c o a l  is  important s i n c e  p a r t i c l e  s i z e  
An excess  of 

One two-stage g a s i f i e r  manufacturer s p e c i f i e s  a c o a l  feed of 2-3 inch  p a r t i c l e s  
bu t  w i l l  a l l ow smaller p a r t i c l e s  of no t  more than  10% of the feed i n  the 5/16 
to  2 t g f h  range and not more than 15% of t h e  feed i n  t h e  less than 5/16 i nch  
s i z e .  S i m i l a r l y  s ing le - s t age  g a s i f i e r  manufacturer limits f i n e s  concen t r a t ions  
t o  30% of t h e  feed. "' A homogeneous feed s i z e  is  d e s i r a b l e  t o  promote uniform 
gas d i s t r i b u t i o n  and maximum so l id-gas  con tac t ing  time. Uniform temperature  
p r o f i l e s  and s t a b l e  r e a c t i o n  zones are more e a s i l y  maintained wi th  proper  gas  
d i s t r i b u t i o n .  

The mois ture  conten t  of c o a l  v a r i e s  widely among ranks.  
c o a l s  con ta in  more inhe ren t  mois ture  than do h igh  rank bituminous or a n t h r a c i t e s .  
The presence of moisture  has no e f f e c t  on t h e  f i n a l  char  product t o  be g a s i f i e d  
i n  t h e  lower r eg ions  of t h e  g a s i f i e r .  A l l  t h e  mois ture  is vaporized during 
dry ing  and d e v o l a t i l i z a t i o n  of t h e  feed near t h e  top  of t h e  u n i t .  Therefore,  

General ly ,  lower rank 

A-5 



W
 g #. k .." c
 E k W
 

I
 

V
I m
 

I-
 

O
 

W
 

W
 

W
 

I-
 

N
 

I-
 

U
 

0
 z Y N
 

m
 * I- m
 

I-
 Y N
 

$
 

W
 

m
 

E
 

U
 * m
 

m
 

0
 

N
 

I-
 

C
 

N
 

m
 ;
 

H
 

I-
 

I-
 

1
 d 5 m
 I
 

W
 

U
 

I-
 

I-
 

I-
 

W
 

0
 

I-
 

C
 

N
 

N
 

0
 z 5 V

I 

W
 

V
I 

W
 

U
 

W
 

a
 

m
 

E
 

N
 

N
 

I-
 

I-
 

V
I Y W
' 

m
 

W
 i. I-
 * I-
 

-
0

 

m
a

 
r,

s 
c
 

m
 

v
u

 e i
 

f PI
 m I-
 -
:
 

a
 

U
 

W
 

W
 

N
 

a
 

m
 

W
 

W
 

I-
 

0
 

m
 

0
 

U
 

0
 

I-
 

N
 

U
 

I-
 

0
 

N
 

$
 

N
 

E
 

U
 

W
 

N
 

0
 

W
 

U
 

U
 

U
 

m
 

m
 

I-
 

U
I 

W
 ?
 

?
 

U
 

(D
 

P
 e 2 0" 2 m
 

m
 

"I
 m
 

m
 

N
 

W
 

m
 

N
 

N
 

U
 

N
 

N
 

U
 

I-
 

W
 

I-
 

O
 

I-
 

V
I 

N
 

U
 

0
 

m
 

W
 

W
 

I-
 

N
 

N
 

W
 

W
 

W
 

V
I 

U
 

cn
 

m
 * E
 

U
 

U
 Y m
 

I-
 

W
 

E
 

1
 25 8 % 0
 

PI
 
U
 

a w 0, 3
 z a
 

W
 

I-
 

t- m
 

W
 

0
 

W
 

N
 

N
 

0
 

I-
 

I-
 

0
 

W
 

0
 

I-
 

W
 

W
 $
 

?
 

m
 

W
 

W
 

m
 

W
 

U
 

N
 

E
 

U
 

m
 

m
 

W
 

Y N
 

m
 

m
 

0
 

?
 

W
 

c
)
 

P
 

E
 2 F s z n n I

 

N
 

m
 

m
 

N
 

I-
 

m
 

I-
 

W
 

V
I 

0
 

m
 

I-
 * W
 * m
 

N
 

V
I a
 * N
 

W
 

W
 Y 5 N
 

m
 

U
 

cn
 

cn
 

U
 

W
 

N
 

I-
 * 

z
 

P
 s c P
 i % 3 m
 

0
 

W
 

m
 

W
 

m
 

I-
 

O
 

I-
 

?
 

U
 

I-
 

N
 

0
 

0
 

I
-
 * U
 

0
 

m
 

m
 

cn
 

U
 

m
 * 0
 

W
 

W
 

m
 

f 0
 

I-
 

O
 

U
 

cn
 

N
 

m
 

W
 * I-
 

U
 

rA
 
E
 Fi c 5 L

I 
0
 3 0
 

"I
 

I-
 

m
 m n m
 a
 

U
 

W
 

W
 

I-
 

I-
 

0
 

I-
 

W
 

E
 

0
 

m
 

I-
 

O
 ki
 

0
 

I-
 

W
 

W
 

I-
 

I-
 

I-
 

cn
 

m
 

I-
 

O
 

U
 

W
 

u
 

m
 

E: W
 

V
I 

W
 

F
 

0
 p m
 

!-
 

N
 

N
 

z
 

P
 

1
 

P
 9 m m
 

c
 

I-
 
o
 

3:
 E n L
 

I
 

W
 

U
 

I
-
 

O
 

W
 

N
 

0
 

I-
 

W
 

W
 

0
 

I-
 

11
1 

W
 

U
 

W
 

N
 

W
 

0
 

I-
 

W
 

W
 

W
 

I-
 ?
 

V
I 

U
 

cn
 

W
 

I-
 

V
I 

N
 

U
 

V
I 

W
 

I-
 

W
 

m
 

A
m

 
Z

k
 

a
-

 

'?
 P F 

m
c

l 
c
 

n
 

(0
 

k
 

n
 m "I c
 :: "I
 m
 

I-
 

0
 

m
 a
 

U
 

W
 

W
 

m W
 

W
 

m
 

m
 

m
 

0
 

U
 

U
 

N
 

0
 

0
 

I-
 

N
 

I-
 * 0 I-
 

W
 

W
 

W
 

.
a
 

I-
 

N
 

W
 

U
 

W
 
0
 

0
 

m
 * m
 

U
 * N N
 

0
 

W
 

0
 ? cl
 2 N
 a
 

n
 

a $
 

0
 

"I
 

I-
 m n m a
 

U
 

W
 

W
 

N
 

U
 

N
 * m
 

0
 

V
I 

U
 

m
 

m
 

0
 

I-
 

I-
 

0
 

I-
 m
 

I-
 

W
 

0
 

N
 

U
 

cn
 

W
 

U
 

Y N
 

m
 

m
 

I-
 

0
 

0
 

m
 

0
 s I-
 

O
 

U
 

G
.=

 
5
%
 

2
s
 

1
1

 
U
 

I- ;? 0
 

W
 

U
 c
)
 

-3
 0.
 6 I-
 

I-
 

;$
? 
:
 a.1

" 
-
m
a
 

a
1

 
O

k
 

v
 

I
 

W
 

I-
 

I-
 

m
 * 0
 

m
 

m
 

0
 

I-
 

N
 

g U
 

I-
 * W N
 

W
 

cn
 

W
 

0
 

I-
 

W
 

W
 

W
 

m
 

U
 

U
 

W
 

i% U
 

I-
 

I-
 

W
 

cn
 
P
 e 4
 

m
 

m 2 B is 4 s u" W
 

N
 

0
 

I-
 

N
 

N
 

0
 

W
 

I-
 

W
 

I
-
 

N
 

0
 

I-
 

V
I 

W
 
0
 

0
 

I-
 

W
 

U
 

I-
 

W
 

N
 

I-
 

m
 

m
 

N
 

0
 

I-
 
0
 

0
 * U
 

U
 

U
 

I-
 

I-
 

U
 

c
)
 

P
 

r:
 5 !
 

P g cn
 

n
 

0
 k
 

n
 B I-
 

0
 

W
 

N
 

cn
 

U
 

W
 

0
 

U
 

I-
 

W
 

m
 

0
 

I-
 

V
I 

0
 

W
 

m
 

I-
 !? W
 

0
 5= W
 

U
 * W
 

U
 

m
 

V
I 

N
 

U
 

V
I 

E
 

I-
 

0
 

s
 

c
 5 i? P I-
 

I-
 

C
 P n W

 r
 

PI
 

m
 

m
 

m
 
0
 

P
 * I-
 

I- W
 

0
 

U
 

I-
 

N
 

W
 

0
 

I-
 

U
 

W
 

0
 

m
 

m
 

I-
 

O
 

m
 

W
 

cn
 

N
 

I-
 

U
 

m
 

m
 

W
 

a
 

U
 

U
 

0
 

U
 

W
 

a
 

I-
 

U
 

M
 

H
 

I-
 

I-
 

-4
 E z k
 

I-
 z
 

cn
 * * m
 

m
 

N
 

-9
 

N
 

I-
 

0
 

I-
 

I-
 

W
 

0
 

I-
 * o
 E 0
 

I- m
 

m
 

m
 

W
 

W
 

W
 

U
 

P
 

V
I 

m
 

\o
 

U
 

V
I 

W
 

m
 

U
 

0
 

I-
 

U
 

I
 

P
 s c
 

C
 E 0
 

111
 n
 

0
 

U
 

m
 

N
 

I-
 

m
 

W
 

I-
 

O
 

I-
 

W
 

W
 

W
 

0
 

I-
 

V
I 

V
I 

U
 

0
 

I-
 

E
 

a
 

N
 

N
 

I-
 

U
 

W
 

U
 

N
 

0
 

m
 

U
 

P
 

cn
 

m
 
0
 

N
 

I-
 * 

U
 

U
 

W
 

W
 

I-
 

O
 

N
 

m
 

W
 

0
 

U
 

I-
 

I-
 

W
 

U
 

0
 

I-
 * E 

I-
 .
w

P
 

o
m

 

N
W

 

m
m

 

I-
 

N
 

W
 

I
-
.
 

I-
 

I-
 

W
 

U
 

Y * U E
 

I-
 

I
-

W
 

I
-

N
 

w
w

 

U
U

 
F

F
 

I
-

I
-

 
-

0
 

m
w

 

L
"

Y
 

m
c

n
 

11
1 m

?
 

U
W

 

r
r

 
w

o
 

W
 

N
 

I-
 

0
 

1
 

I
 

I
?

 

0
 

I-
 

Q
N

O
 

I
 

O
.

 
0
 

1
.

 

0 
I-
 

1
 

I 
I
 

I
 

I
 

I 
I
 

I
 

I 

I-
 

I-
 

m
 

o
 

p
 

.W 
p
 

.* 
m

 
*

o
u

u
o

m
u

 
U

 

m
 

m
 

In
 

N
 

N
 

W
 

0
 

m
 

N
N

N
N

N
N

N
 

N
N

N
W

~
W

~
 

N
\

D
O

N
~

C
O

 
w

o
*

o
o

o
o

 

C
 

I-
 

m
o

l
t

-
u

a
u

I
-

 
N

 
m

 
o

 
.U
 

o
 

p
 

p
 

\
o

E
O

*
I

-
U

O
 

cn
 

0
 

0
 

0
 

U
 

I
 

N
 

U
 

C
W

I
-

 
U

N
F

 
I

-
u

o
 

a
w

m
 

m
 

m
 

m U
 

U
 



t h e  only e f f e c t  moisture  has  is t o  i nc rease  t h e  amount of hea t  requi red  f o r  
vapor iza t ion .  
t h e  product gas. I f  t h e  mois ture  conten t  is high and t h e  hea t  requi red  f o r  

drying is necessary.  This w i l l  r e s u l t  i n  lower g a s i f i e r  capac i ty  and lower 
o v e r a l l  g a s i f i c a t i o n  e f f i c i e n c y .  

The increased mois ture  a l s o  lowers t h e  o v e r a l l  hea t ing  va lue  of 

vapor i za t ion  is abundant, an inc rease  i n  res idence  time of t h e  c o a l  during 

The v o l a t i l e  matter content  of coa l  i g  def ined a s  t h e  matter which can be r e l eased  
from c o a l  by hea t ing  t h e  c o a l  t o  1740 F f o r  7 minutes. During hea t ing  
( d e v o l a t i l i z a t i o n ) ,  l i g h t  weight gases ,  oils and tars evolve from t h e  coa l .  The 
rate of hea t ing  has  a d i r e c t  e f f e c t  on t h e  d e v o l a t i l i z a t i o n  process  and f i n a l  
char  produced. During hea t ing ,  many bituminous c o a l s  swel l -and become s t i c k y .  
To c l a s s i f y  c o a l s  t h a t  behave i n  t h i s  manner, t h e  f r e e  swel l ing  index number w a s  
developed. The FSI is a r e l a t i v e  measure of a c o a l s  agglomerating tendency 
during d e v o l a t i l i z a t i o n .  Some manufacturers r e p o r t  t h a t  v o l a t i l e  bituminous 
c o a l s  with FSI's a s  high as 9 have been success fu l ly  g a s i f i e d  i n  f ixed  beds. 
To g a s i f y  these  coa l s ,  adequate a g i t a t i o n  of t h e  bed must be suppl ied  t o  break 
up any fused material present .  A s  noted earlier, t h e  rate of hea t ing  w i l l  
a f f e c t  d e v o l a t i l i z a t i o n  and t h e  agglomerating tendency of t h e  coa l .  Slow hea t ing  
al lows t h e  c o a l . t o  d e v o l a t i l i z e  w i t h  less caking. Coal p a r t i c l e  s i z e  can also 
i n f luence  caking. Small p a r t i c l e s  of caking coa l  e a s i l y  agglomerate, whereas 
l a r g e r  p a r t i c l e s  show l i t t l e  swel l ing  and s t i c k i n g  but  r a t h e r  form b l i s t e r s  of 
fused material on t h e i r  su r f aces  which prevent  o t h e r  p a r t i c l e s  from fus ing  t o  
them. 

( 5 )  

The firred carbon i n  coa l  s u p p l i e s  t h e  f u e l  f o r  g a s i f i c a t i o n  and combustion. 
P a r t  o f  t h i s  carbon i s  g a s i f i e d  with steam t o  form oxides  of carbon. 
carbon is burned w i t h  oxygen t o  supply a l l  t h e  hea t  necessary f o r  t h e  o t h e r  
endothermic r eac t ions .  
ranks.  
y i e l d  higher  percentages of carbon monoxide and hydrogen i n  t h e  f u e l  gas  produced. 
With t h e  increased  f u e l  supply t o  these  lower zones, temperatures  run h o t t e r  and 
thus  i n c r e a s e  t h e  rate of g a s i f i c a t i o n  throughout. 

Su l fu r  appears  i n  t h r e e  forms i n  coal :  As p y r i t e s  (FeS ); as organics ;  o r  
s u l f a t e s .  
on coal type. D e e p  mine coals gene ra l ly  con ta in  higher  amounts of s u l f u r .  
During g a s i f i c a t i o n ,  t h e  organic  s u l f u r  and a p o r t i o n  of t h e  p y r i t i c  s u l f u r  i n  t h e  
coal is reduced t o  hydrogen s u l f i d e  and carbonyl  s u l f i d e  by r e a c t i o n  wi th  hydrogen 
and carbon monoxide. 
reduces s l i g h t l y  t h e  g a s i f i e r s  o v e r a l l  e f f i c i e n c y  as t h e  s u l f u r  conten t  i nc reases .  

The remaining 

High ranking c o a l s  conta in  more f ixed  carbon than lower 
Therefore ,  more oxygen and steam are requi red  t o  g a s i f y  these  c o a l s  and 

2 The amount present  w i l l  vary  from 0.5% to  as high as 8.0%, depending 

The resultant lowering t h e  product gas  hea t ing  va lue  

Oxygen has  n found t o  occur in l o w e r  ranked c o a l s  in t h e  form of phenol ic  
hydroxides. "' As t h e  carbon content  o r  c o a l  rank increases, t h e  oxygen content  
decreases ,  but a l s o  t h e  oxygen as hydroxyl decreases .  
c o a l  decreases ,  t h e  c o a l  r e a c t i v i t y  decreases .  
g a s i f i e d  a t  r e l a t i v e l y  lower temperature's than c o a l s  of low oxygen content .  
low g a s i f i e r  temperature r e q u i r e s  less carbon combustion and inc reases  thermal 
e f f i c i ency .  
d e v o l a t i l i z a t i o n  as water. 

As t h e  oxygen content  i n  
Highly r e a c t i v e  c o a l s  can be 

The 

A t  one time it w a s  thought t h a t  a l l  t h e  oxygen evolved during 
Researchers have found t h a t ' a l l  t h e  oxygen cannot be 
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accounted f o r  as water. '7) 
r e l eased  i n  t h e  form of carbon oxides  and phenols present  i n  t h e  tars. 
ca rbon iza t ion  of t h e  coa l ,  t h e  hydroxyl oxygen appears  i n  t h e  phenols. I n  
theory  then, t h e  phenol product ion could be g r e a t l y  increased by fo rc ing  phenol 
product ion.  I n  p r a c t i c e ,  t h e s e  y i e l d s  are never a t t a i n e d ,  bu t  work cont inues  
toward t h i s  end. 

It  has thus  been suggested t h a t  t h e  oxygen is  a l s o  
During 

e 
Ash is  t h e  inorganic  material i n  c o a l  which remains a f t e r  t o t a l  combustion. 
General ly ,  low ranking c o a l s  con ta in  higher  percentages of a s h  than  do h igh  
ranking coa l s .  
a t  which mel t ing  occurs .  A t  t h e s e  h igh  temperatures ,  t h e  a sh  w i l l  m e l t  and 
depending on cond i t ions  i n  t h e  g a s i f i e r  a t  t h e  t i m e ,  c l i n k e r s  may form. For 
t h i s  reason,  t h e  ash-softening temperature w a s  developed t o  determine a c o a l ' s  
p o t e n t i a l  f o r  c l inke r ing .  I n  non-slagging g a s i f i c a t i o n  opera t ions ,  t h e  ash- 
so f t en ing  temperature  w i l l  set maximum temperature l i m i t s  i n  t h e  combustion 
zone. Since t h e  a s h  is considered i n e r t  during g a s i f i c a t i o n ,  i t s  presence 
limits t h e  c a p a c i t y  and e f f i c i e n c y  of t h e  g a s i f i e r  by r equ i r ing  more energy t o  
be expended i n  t h e  c o a l  p repa ra t ion  s e c t i o n  f o r  dry ing  and crushing.  
t h e  energy l o s s e s  i n  t h e  g a s i f i e r  system a l s o  increase wi th  inc reas ing  a s h  
conten t  because of t h e  increased power requi red  t o  feed t h e  c o a l  and because of 
t h e  loss of some s e n s i b l e  h e a t  wi th  a s h  leaving  t h e  g a s i f i e r .  

The composition of t h e  a s h  i n  a c o a l  w i l l  determine t h e  temperature  

Addi t iona l ly ,  

Western c o a l s ,  i n  genera l ,  con ta in  more and lower so f t en ing  temperature a s h  then 
e a s t e r n  coals. With these coals, l o w e r  temperatures m u s t  be used f o r  gasification. 
For tuna te ly ,  t h e  western c o a l s  are gene ra l ly  higher  i n  oxygen content  and thus  
are very  reactive and can be adequate ly  g a s i f i e d  a t  l o w e r  temperatures than can 
t h e  e a s t e r n  coa l s .  

The r e a c t i v i t y  of a c o a l  t o  g a s i f i c a t i o n  v a r i e s  w i th  v o l a t i l e  conten t ,  rate of 
d e v o l a t i l i z a t i o n ,  oxygen content  and a s h  composition. High v o l a t i l e  c o a l s  
e x h i b i t  high r e a c t i v i t y  due t o  t h e  r ap id  evolu t ion  of v o l a t i l e s .  It has  a l s o  
been observed that t h e  char  remaining a f t e r  d e v o l a t i  a t i o n  is  more reactive 
f o r  h igh  volat i le  c o a l s  than  f o r  low v o l a t i l e  coa l s .  High v o l a t i l e  conten t  
western c o a l s  f i t  i n t o  t h i s  c l a s s i f i c a t i o n .  Rapid d e v o l a t i l i z a t i o n  a l s o  produces 
more reactive cha r s  when g a s i f i e d .  encing r e a c t i v i t y  are not  
w e l l  known, bu t  p a r t i c l e  s t r u c t u r e  is under study. f'Y Porous c o a l  p a r t i c l e s  
have increased  s u r f a c e  area a v a i l a b l e  f o r  gas  con tac t  and would be expected t o  
r e s u l t  i n  more r ap id  g a s i f i c a t i o n .  
bed g a s i f i e r s  t o  minimize res idence  time and thus  inc rease  r e a c t o r  capac i ty .  

The f a c t o r s  i n  

A h igh  r e a c t i v i t y  c o a l  is  p re fe r r ed  i n  f ixed  
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APPENDIX B 

Corre la t ion  of HHV and Gas i f ica t ion  Rate 
vs. 

Fixed Carbon Content of Coal Feed 

In preparing t h i s  repor t ,  at tempts were made t o  c o r r e l a t e  HHV of product gas and 
g a s i f i c a t i o n  rate aga ins t  f ixed carbon content  of coa l  feed. Both air-blown and 
oxygen-blown g a s i f i c a t i o n  systems were considered. Data o b t a i n e d  from vendors 
were supplemented with data ava i l ab le  i n  the l i t e r a t u r e  and experimental da t a  
suppl ied by the  brgantown Energy Research Center (MERC) based on low pressure  
operat ion of t h e i r  42 inch I.D. f ixed bed g a s i f i e r .  

Figure B-1 shows a graphical  representa t ion  of a c o r r e l a t i o n  developed f o r  HHV 
of low-Btu gas vs. f ixed  carbon content  of coal  feed. 
f ixed  carban content  increases from bituminous t o  an th rac i t e .  
g a s i f i c a t i o n  va r i ab le s  (e.g., air-to-coal r a t i o ,  steam-to-coal r a t i o ,  pressure,  
e t c . )  a l s o  a f f e c t  the  HEN of the  product gas, a band of lower and upper values  
of t h e  H T  is ind ica ted  ins tead  of a s ing le  regress ion  l i ne .  

Figure B-2 shows t h e  v a r i a t i o n  of g a s i f i c a t i o n  rate vs. f ixed carbon content  of 
c o a l  i n  air-blown g a s i f i c a t i o n  systems. 
were obtained approximately a t  2-10 inch  w.g. pressure.  
decrease with an increase i n  f ixed carbon content  of the  coa l  feed. 

The HHV decreases as 
Because o ther  

Vendor da t a  on t h e  g a s i f i c a t i o n  rates 
Gas i f ica t ion  rates 

As fixed carbon content increases ,  the  oxygen content  and r e a c t i v i t y  of t he  coa l  
decreases and consequently the  residence time in t h e  g a s i f i e r  increases  r e s u l t i n g  
i n  a decrease i n  the  g a s i f i c a t i o n  rate and product gas hea t ing  value. 

Much less data were ava i l ab le  from vendor and l i t e r a t u r e  on t h e  oxpgen-blown, 
f ixed bed g a s i f i e r  than on t he  air-blown, f ixed bed g a s i f i e r .  Figures B-3 and 
B-4 present  t h e  EMV and g a s i f i c a t i o n  rates, respec t ive ly ,  f o r  the  oxygen-blown 
g a s i f i c a t i o n  process. 
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APPENDIX C 

Combustion Charac t e r i s t i c s  of Coal Derived Gas 

Most exper t s  now agree t h a t  low-and medium-Btu gas from coa l  have g rea t  p o t e n t i a l  
as a c lean  energy source f o r  t he  U.S. 
a f u e l  i n  u t i l i t i e s ,  i n d u s t r i a l  b o i l e r s ,  and i n d u s t r i a l  processes ,  it is important 
t o  consider t he  combustion c h a r a c t e r i s t i c s  of low-and medium-Btu gases in p o t e n t i a l  
app l i ca t ions  involving replacement of n a t u r a l  gas.  
c h a r a c t e r i s t i c s  may a l s o  be considered, s i n c e  many processes have capab i l i t y  f o r  
f i r i n g  e i t h e r  n a t u r a l  gas o r  o i l .  I n  the  following discussion,  combustion 
c h a r a c t e r i s t i c s  such as gas volume, f l a h e  temperature, flame length ,  flame 
s t a b i l i t y ,  hea t ing  value and i g n i t a b i l i t y  are considered. 

Since n a t u r a l  gas has been widely used as 

Fuel o i l  combustion 

Gas Volume V s .  Heating Value 

In  comparing low- or medium-Btu coa l  gas t o  n a t u r a l  gas, one c h a r a c t e r i s t i c  t h a t  
i s  o f t e n  mis in te rpre ted  is t he  hea t ing  value of f u e l  on a volume bas i s .  When 
t h e  higher  hea t ing  value (HHV) is expressed i n  Btu per  SCF of f u e l  gas, n a t u r a l  
gas(@s a value of about 1,006 versus  about 282 f o r  a t y p i c a l  medi t u  coa l  
gas  
Table C-1). 

and about 168 f o r  a t y p i c a l  low-Btu gas from bituminous coa?2g (see 

The l a r g e  d i f f e rence  i n  hea t ing  values  as represented by these  f i g u r e s  would 
undoubtedly e x e r t  a psychological e f f e c t  on those consider ing r e t r o f i t t i n g  a 
combustion process but  who have previously been accustomed t o  n a t u r a l  gas. 
These f i g u r e s  i n d i c a t e  t h a t  t he  low- and medium-Btu gases  m u s t  be de l ivered  t o  
the  poin t  of combustion a t  5.99 and 3.57 times the  flow rate of n a t u r a l  gas, 
respec t ive ly ,  t o  achieve the  s a m e  hea t  input .  
coa l  gases is obviously uneconomical s i n c e  the  pressure  drop through e x i s t i n g  
mains is roughly propor t iona l  t o  the  square of t he  flow rate. 
pumping c o s t  a lone would be p roh ib i t i ve ly  high. 

For in-plant  app l i ca t ions ,  however,>t is more appropr ia te  t o  examine the  hea t ing  
values  i n  terms of the  volume of s to ich iometr ic  a i r - f u e l  mixture, e spec ia l ly  
when the burner is of the premix type where air and fuel gas are mixed prior t o  
being burned. In any combustion process  it is no t  t he  pure f u e l  gas that is 
being burned bu t  r a t h e r  t h e  air -plus-fuel  gas mixture. 
the hea t ing  value of n a t u r a l  gas, oxygen-blown gas and air-blown gas are, 
respec t ive ly ,  96.1, 89.5, and 73.1 Btu per  SCF of a i r - fue l  mix. The hea t ing  
c a p a c i t i e s  of a l l  th ree  gases a t  the  burner are the re fo re  not so widely d i f f e r e n t  
as genera l ly  supposed. 
even c l o s e r  due t o  the  high a i r - fue l  ratio f o r  n a t u r a l  gas. In  terms of r e l a t i v e  
flow f o r  a given hea t  input ,  t he  r a t i o  of f u e l  gas t o  n a t u r a l  gas is' 1.07 f o r  
t he  oxygen-blown gas and 1.31 f o r  t he  air-blown gas produced from a bituminous 

Long d i s t ance  t r anspor t  of these  

The inc rease  i n  

As can-be--se<tn/Table C-1, 

In normal f i r i n g  wi th  10% excess air  these values  become 
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Analysis % 

co 

H2 

CH4 

C2H6 

C2H4s 'gH6 

c02 

O2 

N2 
TOTAL 

Volume 

scf Airlscf Fuel 
Fuel Mix, scf/MM gtu 

Flue Gas, scf/MM Btu 

HHV -- 
Btulscf Fuel Gas 

Btu/scf Air-Fuel Mix 

Btu/scf Flue Gas 

Table C-1 

Comparison of Gas Combustion Characteristics 
'\ 

\ 

\ 
Natural Coke Oven 

Gas \ Gas 
\ 

\ 
- \\ 

1 

- \ 

99.0 

0.2 

- 
0.2 

- 
0.6 

100.0 

9.47 
10406 
10482 

1006 
96.1 

95.4 

6.3 

46.5 

32.1 

- 
4.0 

2.2 

0.8 

18.1 
~ 

100.0 

4.99 
104 7 1 
10101 

572 
95.5 

99.0 

Med-B tu 

Cyclic (Oxygen- 
GaS Blown) 

Two-S tage Gas 

28.5 37.9 

52.2 38.4 

6.5 3.5 

0.6 - 
8.0 18.0 

4.2 2.2 

100.0 100.0 

- 2.15 

- 11173 
- 9823 

335 282 
- 89.5 

- 101.8 

Low-Btu Gas 
Water (Air-Blown, 
Gas Bituminous 

(Coke) Coal) 

37.0 28.6 

47.3 15.0 

1.3 2.7 

5.4 3.4 

0.7 - 
8.3 50.3 

100.0 100.0 

2.10 1.30 
10834 13680 

9479 12500 

286 168 
92.3 73.1 

105.5 80.0 

Producer Gas 
(Anthracite) 

27.1 

16.6 

0.5 

- 
- 
5.0 

- 
50.8 

100.0 

1.09 
14285 
12920 

146 
70.0 

77.4 

Blast 
Furnace 
Gas 

23.4 

1.6 

0.1 

- 
- 

15.6 

- 
59.3 

100.0 

- 
- 
- 

81 
- 
- 
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Table C-1 (Continued) 

Comparison of Gas Combustion Characteristics 

Med-Btu Low-Btu Gas 
Two-Stage Gas Water (Air-Blown, B'lasr 

Natural Coke Oven Cyclic (Oxygen- Gas Bituminous Producer Gas Furnace 
Gas Gas Gas Blown) (Coke) Coal) (Anthracite) Gas -- 

3670 3200 3100 - 3560 3610 - 3600 

Fuel Gas 1.0 

Air-Fuel Mix 1 :oo 

Flue Gas 1.00 

1.76 

1.01 

0.96 

3.57 3.52 5.99 

1.07 1.04 1.31 

0.94 0.90 1.19 

6.89 - 
1.37 - 
1.23 - 



coa l .  The increased  volume of gases  (7 and 31%) can be a p o s i t i v e  b e n e f i t  
because i t  g ives  f a s t e r  c i r c u l a t i o n  of t h e  combustion products  and, hence, 
b e t t e r  h e a t  d i s t r i b u t i o n  throughout t h e  furnace.  The p res su re  drops a t  t h e  
burner would s t i l l  be higher  than  t h e  case  wi th  n a t u r a l  gas ,  however. 

In terms of f l u e  gas  volume t h e  d i f f e r e n c e s  are even less pronounced. As shown 
i n  Table C-1, t h e  f l u e  gas  volume pe r  MM Btu i s  12,500 scf  f o r  low-Btu gas  and 
9,823 scf  f o r  medium-Btu gas  which is a c t u a l l y  s l i g h t l y  lower than t h e  va lue  of 
10,482 f o r  n a t u r a l  gas. In a r e t r o f i t  s i t u a t i o n  wi th  medium-Btu gas ,  equipment 
downstream of t h e  combustion zone (e.g. ,  a f lue-gas  heat-recovery system) may 
thus  r e q u i r e  l i t t l e  o r  no modif icat ion.  In t h e  case  of low-Btu gas  which inc reases  
t h e  volume of f l u e  by 19%, removal of some tubes  of t h e  h e a t  exchanger wi th  some 
l o s s  i n  hea t  recovery capac i ty  appears  t o  be t h e  s imples t  approach i f  i t  is  
d e s i r e d  t o  main ta in  cons tan t  f a n  duty.  

a 

Flame Temperature V s .  Heating Value 

The a d i a b a t i c  flame temperatures of va r ious  gases  are a l s o  presented i n  Table C-1. 
The flame temperature  of medium-Btu gas ,  approximately 3,600 F, i s  somewhat 
higher  than  t h a t  of n a t u r a l  gas  which is  3,560°F. The flame temperature of 
low-Btu gas ,  3,200°F, is  lower because of i t s  high n i t rogen  conten t  i n  t h e  f u e l .  
The lower flame temperature air-blown gas  w i l l  s i g n i f i c a n t l y  reduce t h e  rate of 
r a d i a t i v e  hea t  t r a n s f e r  i n ,  f o r  example, furnace app l i ca t ions .  To raise t h e  
flame temperature t o  a d e s i r a b l e  level t h e  f u e l  and t h e  combustion a i r ,  o r  t h e  
a i r  alone,  may be preheated.  Figure C-1 shows t h e  e f f e c t  of feed prehea t ing  on 
t h e  flame temperature  of t h e  t h r e e  gases .  As can be seen, t h e  low-Btu gas  can 
g i v e  a flame temperature  of 3,560°F i f  both t h e  s to i ch iomet r i c  a i r  and t h e  f u e l  
are preheated to  about 650°F. 

0 

The flame temperature,  however, i s  not  t h e  s o l e  f a c t o r  t h a t  a f f e c t s  t h e  o v e r a l l  
r a d i a t i v e  h e a t  t r a n s f e r  i n  a furnace.  
combustion products  vary  wi th  each d i f f e r e n t  f u e l ,  and consequently t h e  r a d i a t i o n  
from ho t  gases  could be less o r  more than t h a t  from n a t u r a l  gas  even i f  t h e  
flame temperatures  are i d e n t i c a l .  
medi,um-Btu gas ,  and low-Btu gas  con ta in  varying amounts of n i t rogen ,  carbon 
d ioxide ,  and water vapor. Nitrogen r a d i a t e s  no heat  and is  p e r f e c t l y  t r anspa ren t  
t o  f o r e i g n  r a d i a t i o n ;  however, carbon d ioxide  and w a t e r  vapor are good r a d i a t o r s  
having d i f f e r e n t  emission c h a r a c t e r i s t i c s .  The ind iv idua l  emis s iv i ty  of t hese  
two r a d i a t i n g  spec ie s  v a r i e s  no t  only with t h e  concent ra t ion  (o r  p a r t i a l  pressure)  
bu t  a l s o  t h e  temperature  l e v e l  and t h e  l eng th  of r a d i a t i o n  pa th  as w e l l .  
Furthermore, t h e  i n d i v i d u a l  emissivities i n t e r a c  n a complex manner t o  a f f e c t  
t h e  t o t a l  emis s iv i ty  f o r  CO and H 0 as a whole. "' For t h e  purpose of comparing 
t h e  r e l a t i v e  r a d i a n t  f l u x  from t h e  t h r e e  combusted gases ,  t h e  emissivities a t  
3,600°F, 1 a t m ,  and f o r  1 f t  of r a d i a t i o n  path are c a l c u l a t e d  and summarized i n  
Table C-2. As can be seen, t h e  combustion products  from t h e  medium-Btu gas  w i l l  
r a d i a t e  2% more than  would t h e  combusted n a t u r a l  gas  under i d e n t i c a l  condi t ions .  
I n  c o n t r a s t ,  t h e  combusted low-Btu gas  w i l l  r a d i a t e  10% less even i f  t h e  feed is 
preheated t o  produce a 3,600°F flame. 
t h e  r e l a t i v e l y  h igh  iner t  n i t rogen  content  i n  i t s  combusted gas ,  which suppresses  
t h e  t o t a l  concent ra t ion  of C02 and H 0. 2 

The thermal r a d i a t i o n  p r o p e r t i e s  of t h e  

As shown i n  Table C-2, combusted n a t u r a l  gas ,  

2 2 

Again, t h i s  can p a r t l y  be a t t r i b u t e d  t o  

c-4 



4000 

3500 

3000 

2000 

0 
I I I I I I I 

Preheat Temperature, O F  

Figure C - 1  F1 ame Temperature vs, Feed Preheat Temperature 

C- 5 



Table C-2 

Comparison of Combustion Products 0 
Natural Gas Medium-Btu Gas Low-Btu Gas 

(Oxygen-Blown) (Air-Blown) 
Composition 
(Vol. X )  

c02 

H2° 

N2 

m a t m ,  and 
1 ft. path) 

‘C02 + H2 

Relative Radiant 
Flux From 

- Combusted Gas 
(Nat. Gas = 1) 

0.0952 

0.1898 

0.7150 

0.025 

0.031 

0.051 

1.00 

0.2145 

0.1640 

0.6215 

0.038 

0.026 

0.052 

1.02 

0.1671 

0.0982 

0.7347 

0.035 

0.015 

0.046 

0.90 
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that the  real condi t ion in a furnace may be 
- q u i t e  d i f f e r e n t  from what w a s  i m p l i c i t l y  assumed i n  a r r i v i n g  a t  the  above f igu res .  
The combusted gases may not be w e l l  mixed, and l a r g e  gradien ts  in t he  water and 
carbon dioxide concentrat ions may e x i s t  in various areas. 
increased volume of combusted low-Btu gas may a c t u a l l y  change the  combustion 
p a t t e r n  which will  a f f e c t  convective as w e l l  as r a d i a t i v e  hea t  t r ans fe r .  
Furthermore, t h e  o v e r a l l  r a d i a t i v e  heat t r a n s f e r  cons i s t s  of flame rad ia t ion  as 
w e l l  as gas rad ia t ion .  
luminosity of flame by i n j e c t i n g  a small amount of oil or  pulver ized coal ,  can 
be used appropr ia te ly  t o  at least p a r t i a l l y  o f f s e t  t he  change i n  the  gas r a d i a t i w .  

As noted earlier, the  

P o t e n t i a l  cont ro ls  on flame rad ia t ion ,  such as on t he  

(4) 

- Flame Length V s .  Heating Value 

Consideration of t he  change i n  flame length  as a funct ion of f u e l  heating value 
is a l s o  important in evaluat ing the  performance within a furnace,  because the  
s i z e  and shape of t he  flame a f f e c t  the  rate of r a d i a t i v e  hea t  t r a n s f e r  (flame 
rad ia t ion ) .  When changing f u e l  gas, it has been observed experimentally t h a t  
t h e  flame length  genera l ly  decreases as the higher heat ing value (expressed i n  
Btu/scf of pure f u e l  gas) decreases.  As can be seen in Figure C-2, when the  
r a t i o  of flame length  (L) t o  nozzle d h e t e r  (d) is p l o t t e d  aga ins t  the  higher 
hea t ing  v d u e  (HHV), the  r e l a t i o n f t f p  is near ly  l i n e a r  f o r  a number of f u e l  
gases ,  including the  low-Btu gas. 
gas w i l l  give a flame only one-f i f th  o r  one-sfxth i n  length compared t o  t h a t  of 
n a t u r a l  gas. 
decrease t o  about one-third o r  one-fourth. 

For a given burner,  therefore ,  the  low-Btu 

The oxygen-Blown medium-Btu gas can be expected t o  show a proport ionate  

The flame length  can be increased by enlarging the  burner diameter; however, 
t h i s  is a c o s t l y  procedure and may encourage flame i n s t a b i l i t y  due t o  f l a s h  back 
(see below). A simpler procedure could be t o  vary the  amount of air  swirl if 
t h e  burner is of t h e  type that uses swir l ing  ( t angen t i a l )  a i r  flow and r a d i a l  
gas  in j ec t ion .  
air ,  i.e., by increas ing  the  momentum of air-and-fuel gas mixture i n  the  r a d i a l  
d i r ec t ion ,  t h e  flame length increases .  
o r  b a f f l e s  t o  decrease-the amount of air swirl (but not  t h e  t o t a l  amount of 
combustion a i r )  i t  may be poss ib l e  t o  hold a f ixed  flame l e  T e f v 7 p n  switching 
from n a t u r a l  gas t o  coa l  gases having lower heat ing values.  

Flame S t a b i l i t y  Vs. Heating Value 

The flame ins tak3) i ty  is of t en  charac te r ized  in terms of its flashback and 
blowoff limits. 
the  po r t  through which a fue l -a i r  mixture flows, occurs when t h e  stream v e l o c i t y  
is reduced t o  a c e r t a i n  critical value. 
occurs when the  ve loc i ty  is increased about a certain l imi t .  These c h a r a c t e r i s t i c  
l i m i t i n g  values  vary from f u e l  t o  f u e l ,  and can be summarized i n  a flame s t a b i l i t y  
diagram f o r  a range of fuel-to-air  r a t i o .  

Figure C-3 i 
n a t u r a l  gas. "' Plo t t ed  on the  absc issa  is t h e  f u e l  gas concentrat ion expressed 
in f r a c t i o n  of s to ich iometr ic ,  so t h a t  a r i c h  mixture wil l  have a value g rea t e r  
than uni ty  while a lean mixture a value less than one. The ord ina te  represents  

By reducing the  tangent ia l - to-radial  flow components of combustion 

Thus, by changing the  a i r  r e g i s t e r  vanes 

The phenomenon of flashback, o r  t he  passing of flame i n t o  

S imi la r ly ,  t he  phenomenon of blowoff 

uch a diagram f o r  100% methane which may be taken t o  represent  

c-7 
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t h e  q u a n t i t y  termed c r i t i ca l  boundary v e l o c i t y  g rad ien t  def ined  as t h e  rate of 
change of stream v e l o c i t y  a t  the  edge of t h e  exist p lane  of t h e  burner  p o r t  when 
f lashback  o r  blowoff occur.  This q u a n t i t y  is roughly-propor n a l  t o  t h e  average 
flow v e l o c i t y  divided by t h e  c h a r a c t e r i s t i c  burner  diameter.  " 7  Thus, f o r  a 
given burner ,  t h e  cr i t ical  v e l o c i t y  g rad ien t  a t  f lashback  is  c l o s e l y  r e l a t e d  t o  
t h e  burning v e l o c i t y  of t h e  flame. 
i g n i t i o n  de lay  time and t h e  peak frequency of t h e  combustion r o a r  spectrum. 

It is a l s o  considered t o  be r e l a t e d  t o  t h e  

A s  can be seen i n  F igure  C-3, t h e  two cr i t ical  curves d e f i n e  a reg ion  i n  which 
t h e  n a t u r a l  gas  (methane) can be burned t o  produce a s t a b l e  flame. For comparison, 
t h e  flame s t a b i l i t y  diagram f o r  a f u e l  conta in ing  83.3% of CO and 16.7% of H 
shown i n  Figure C-4. 
d i f f e r e n t  from t h a t  f o r  n a t u r a l  gas mainly because H2 burns much f a s t e r  than 
n a t u r a l  gas. Note a l s o  that, in t he  case of n a t u r a l  gas ,  t h e  f lashback  curve 
nea r ly  reaches t h e  maximum value  when t h e  f u e l  a i r  mix is s to i ch iomet r i c .  I n  
t h e  case of CO-Hz f u e l ,  t he  maximum occurs  a t  a fue l - r i ch  composition. 

i s  
Clear ly ,  t h e  s t a b i l i t y  region f o r  t h i s  f u e l  i s  subs t an&al ly  

Since coa l  gases  con ta in  mostly CO, H2, and very  l i t t l e  methane (N2 and C02 
are considered as d i l u t i n g  i n e r t  gases ) ,  t h e  c h a r a c t e r i s t i c s  of coa l  gases  
should behave much like t h a t  of t h e  CO-H2 f u e l  j u s t  shown. 
s t a b i l i t y  diagrams f o r  t h e  low- and medium-Btu gases  under cons ide ra t ion ,  a 
procedure developed by Grumer e t  al (5 )  f o r  multicomponent systems w a s  used. 
c o a l  gas is f i r s t  t r e a t e d  as a mixture  of a CO-H2 hybrid (of appropr i a t e  composition) 
and a small quantity of methane, which is then d i l u t e d  with N 2  and C02 t o  give 
t h e  f u e l  composition presented i n  Table C-1. The l i m i t i n g  curves obta ined  by 
t h i s  procedure f o r  t h e  medium- and low-Btu gases  are p l o t t e d  i n  F igure  C-5 and 
Figure  C-6, r e s p e c t i v e l y ,  where t h e  curves f o r  n a t u r a l  gas  (broken l i n e s )  are 
a l s o  superimposed f o r  d i r e c t  comparison. As can be seen,  both c o a l  gases  ( s o l i d  
l i n e s )  would burn much f a s t e r  than n a t u r a l  gas because of t h e  presence of hydrogen 
which is known f o r  i ts  very  h igh  burning ve loc i ty .  For a given burner ,  t h e r e f o r e ,  
i t  is necessary t o  supply c o a l  gas a i r  mixture  a t  much h igher  stream v e l o c i t y  
and r i c h e r  i n  f u e l  than t h e  case wi th  n a t u r a l  gas  t o  prevent  f lashback  and 
maintain a s t a b l e  flame. The dev ia t ion  from n a t u r a l  gas is s l i g h t l y  less pronounced 
wi th  low-Btu gas  p a r t l y  due t o  i t s  lower hydrogen content  and p a r t l y  due t o  its 
high  n i t rogen  conten t  which tends t o  suppress  t h e  curves.  

To c m s t r u c t  flame 

The 

I g n i  t a b i l i  t y  

The much wider f lammabil i ty  limits of hydrogen than n a t u r a l  gas f a c i l i t a t e  
i g n i t i o n  of low-Btu and medium-Btu gas.  
spark  i g n i t i o n  of very  l ean  f u e l  a i r  mixtures  of low-Btu gas during experimental  
tests sponsored by a G i l b e r t  i n d u s t r i a l  c l i e n t .  

L i t t l e  d i f f i c u l t y  w a s  encountered i n  
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