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Recent reviews of available energy sources t o  meet our rapidly escalating 
needs for e lec t r ic  power over the next 2-3 decades conclude that foss i l  fuel  
must supply a major portipn. Furthermore, these r e ~ e w e r s  s t ress  that coal 
m u s t  be the major source. However, government res t r ic t ioqs on stack emissions 
(particulates, sulfur and N%) severely tax present day approaches. As these 
restr ic t ions become m r e  binding, it becomes obvious that some new approach 
t o  generating electr ic  power by the w e  sf coal must be found. One such approach 
involves cycles employing coal gasification. Basically two types of cycles 
have been proposed as near term solutions. The simplest of these employs a 
conveqtional steam cycle as i l lustrated schematically by Figure 1. The second 
involves operation under pressure using a combination of steam and gas turbines. 

Inherent in cycles of these types are: 

1. 
2. 

3. 

Smaller gas quantities to  cleanup. 
Conversion of the sulfur t o  HzS, a more reactive and readily removable 
form. 
Two-stage combustion which results i n  reduced N4, production. 

The combined turbine cycle (Figure 2) also has the potential of improved efficiency 
over the conventional steam cycle. 
find acceptance in  the power industry it must, in addition t o  meeting l imits  on 
stack emissions, also have: 

However, i f  e i ther  of these approaches is to 

1. Good thermal efficiency 
2.  Reliability 
3. Favorable economics 

The key to the success of these cycles i s  most l ikely the coal gas i f ie r  
with gas cleaning running a close second. The ab i l i ty  t o  accurately predict 
gasif ier  performance i s  essential t o  designing and locating the various heat absorbers 
for maintaining a high cycle efficiency. 
leads to  the conclusion that  the gasif ier  must be a i r  blown (oxygen would be 
prohibitively expensive). Not quite as obvious is the lower cycle efficiency 
attained when steam is used as the gasifying medium. 
because this medium enters as water g t  ambient temperature and ex i t s  as steam 
at stack temperature. 

boqtom of the diagram are assumed to  be relat ively constant then the relationship 
between the chemical heating value of the gas (expressed as Btv/scf) and the 
sensible heat in the gas (expressed as gas temperature) can be calculated based 

A simple analysis of e i ther  cycle 

In this case heat is lo s t  

Figure 3 diagrams the perfonnance of a gasif ier .  If the three outputs a t  the 
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on a given se t  of inputs. 
set of assumptions as given in  the figwe. 
Figure 4 the heating value of the product g a s  can be calculated as a function 
of the fuel heat input per unit of a i r  fed t o  the gasif ier ,  
Figure 5, where the fuel t o  air r a t io  is expressed as Btu input from the fuel per l b  
of a i r ,  and gas  heating value is expressed as Btulscf. 

coal analysis, the preheated a i r  t w e r a t u r e .  the amount of heat l o s s  to  the 
enclosure, the unconsumed fuel (solids) heating value and the sensible heat in  
the discharge residue, the gasif ier  performance can be reasonably well defined i f  
the heating value of the product gas is known. However, here is where the 
diff icul ty  exists.  Although the concept of air-blown coal gasification is 
quite old a good theoretical treatment was presented by G u m z l  in  1950 - no 
experimental da ta  i s  given. 
review of gas generators conduct d by Bitminous Coal Research, Inc., on an 
Office of Coal Research project.? However, t h i s  data is very sketchy, incomplete, 
and i n  most cases involves the use o f  saturated air a t  about 140'F (0.15 lb.  steam 
per l b  of dry a i r ) .  

witn the General Electric Company conducted an intensive t e s t  program to develop 
a combined cycle concept involving coal gasification.4 Th i s  work covered limited 
testing of 1 - f t  diameter suspension and 3 f t  x 4 f t  fixed bed gasifiers and 
very extensive testing of a larger 5-f t  diameter suspension involving many major 
mdifications of the gasification chamber. 
using preheated a i r  and a l l  were operated at  atmospheric pressure. However, due 
to limitations of gas cleaning equipment complete gasification was not attained. 
Essentially complete gasification is considered necessary for the two cycle 
concepts described ea r l i e r ,  
on Figure 6 with the equipment arrangement for the larger t e s t  unit shown on 
Figure 7. 

gasif ier  into separately water-cooled sections for assessment of heat losses. 
Gas cleanup for solids was accomplished by twin single stage cyclone separators 
which permitted some carbon carryover with the product gas. 
was reasonably complete permitting extrapolation t o  obtain an estimate of the 
product gas a t  complete gasification. Also, i n  an actual process, complete 
gasification implies t o t a l  recycling, for a practical  gas cleanup system some s o l i d  
carbon w i l l  be entrained i n  the product gas. 

1 

This relationship is shown in Figure 4 for a specific 
Using the ccial anaiysis specified in  

This is i l lustrated in 

From an analysis of Fipures 4 and 5 it becomes anparent that  given a specific 

Limited data has been presented by Lowry2 and in a 

During the period 1960-1963 the Rahrnck $- %kcx C:r---- y-i, ;-A . CGupCldLLul l  

A l l  three gasifiers were air-blown 

The gasifier arrangement tested is shown schematically 

Some of the pertinent features of this  t e s t  unit were the division of the 

However, solids removal 
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Based on the results of the above t e s t  program it was concluded that  the 
most important factor i n  determining high quality product gas was the heat 
available for promoting gasification and that th i s  heat available (ha) can 
be calculated as follows: 

ha (btu/lb a i r )  = heat of combustion of fuel a t  stoichiometric conditions + 
sensible heat i n  the air and fuel stream above 80°F mph the heat losses t o  
the gasification zone. 

One problem arises i n  defining w h a t  portion of the gasification zone should be 
included in defining heat losses. 
t o  be very rapid, it is believed that only the surface up to  or shortly a f te r  the 
s t a r t  of the gasification zone should be included. 
obtained on the 5 f t  diameter gasif ier  and Figure 8 shows the gasif ier  configuration. 
pertaining to  the tes t  points. 

Since gasification reactions are believed 

Table I lists typical data 
' 

Figure 9 ,  similar to  Figure 5 ,  shows the heat available (ha) l ines  based 
on a correlation of about 150 data points obtained on various gasif ier  configurations. 
This data is directly applicable t o  an air-blown suspension type gasif ier  only. 
However, with the proper definition of terms, it should be useful for  predicting 
the performance of fluidized o r  fixed bed gasif iers ,  but actual experimental data 
is lacking to  verify th i s .  

Figure 9 serves t o  define operational limits of an air-blown suspension 
gasif ier .  
on figure 4, preheated air  temperature of 1000°F, a char recycle rate  equal t o  
50% of coal input heating value, and designed to  hold heat losses t o  10% of 
input. Then: 

For example, assume a gasif ier  operating with the coal analysis indicated 

Chemical heat @stoichiometric is (1) 
Sensible heat in air  (1000OF) 

1270 Btu/lb air 
230 Btu/lb air 

1500 

Less 10% heat loss 

(2)  Gasifier fuel input is 
Predicted product gas HHV (2 )  

150 
1350 
3750 

94 Btu/scf 

(1) based on coal e1320 Btu/# air and char (C8H) a t  1220 Btu/# air 
(2)  point located on Figure 9. 

Based on these operating conditions the coal feed rate t o  the gasif ier  i s  fixed 
for  a 100% gasification. I f  the coal feed ra te  drops then the gas quality drops, 
or  i f  the coal feed r a t e  is increased then excess char is produced. 
sample ci ted the exi t  gas temperature without heat removal would be 3500'F. 
Hence, s t e m  generating surface m u s t  be incorporated in the gas i f ie r  and gasifier 
exi t  zone t o  cool the gases t o  the desired temperature for  gas cleanup and 
sulfur remval. 

For the 
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The case shown has been that somewhat simplified with regard to  char 
recycle rate. Figure 9 indicated that  a higher recycle ra te  -vould increase 
product gas quality. 
decreases ha and also imposes a greater heat loss  on the gasification zone, 
since the char has been cooled before collection and recycle. 
recycle rates th i s  loss has a major effect  on product gas quality but i f  very 
high recycle rates are used gas quality w i l l  drop. 

controlled, a t  least  for  t h i s  gasification process. 

However, i n  actual practice a high excess of char recycle 

A t  moderate 

Figure 9 implies tha t  product gas quality is  kinetically and not equilibrium 
I f  the basic reaction is  

Coal + air  product gas heating value 4) 
then 

- d'b)= k (coal) (a i r )  
d t  

-E/RT where K is the apparent rate constant of the form to  Ae 

"hiz i n A i r Q + e ? c  +I,,+ +ha ---* :--------* _ - _ _ _  ____ _.._ .l-Jc ulyurcaLc ~ L ~ U L  LI increasing proauct gas heating 
value is temperature (T) . 
the above relationship also indicates that high char recycle rate or  the use of 
steam addition t o  the gasification zone w i l l  lower T and hence lower product gas 
quality. 

Figure 10  shows the basic components of a combined cycle including both the 
steam turbine and gas turbine. 
for  the turbine compressor then the same basic configuration applies to  the 
conventional steam cycle. Although the overall cycle efficiency is not affected 
by the gasif ier  product gas quality provided the same boundary conditions are 
maintained, the location of the various heat traps does have considerable bearing 
on the gas qual i t ies ,  and it i s  essential that  the detai ls  of such a cycle enable 
accurate prediction of t h i s  value. 

pollution limits may have considerable merit, it also creates problems. 
two of these: 

1. 

Actually ha is  very closely related to T. However, 

Limi ted  data obtained during th i s  test program verified this prediction, 

However, i f  a forced draf t  fan were substituted 

Although electr ic  power generation from coal gasification to  meet atmospheric 
To cite 

Because there are  few heat sinks where low level heat can be economically 
recovered, gas cleanup and sulfur removal should be accomplished a t  the 
highest feasible temperature leading t o  the needs for  developing a high 
temperature gas cleaning system. 

'Lo obtain the low level heat sinks, regenerative feed-water heating 
which i s  essential  t o  high steam cycle efficiency may have t o  be 
sacrificed t o  some degree. 
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FIGURE 7 .  ALUANCE LARGE SCALE GASIFIER 

FIGURE 8. GASIFIER ARRANGEMENTS 
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