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(54)  Method  and  installation  for  gasifying  solid  fuel 

(57)  The  invention  relates  to  a  method  for  gasifying 
solid  fuel  such  as  carbon  and  heavy  petroleum  residue, 
comprising  of: 

i)  adding  dry  solid  fuel  to  a  gasifying  unit; 
ii)  gasifying  the  solid  fuel  at  high  temperature  and 
pressure  in  the  gasifying  unit; 
iii)  cooling  a  gas  flow  leaving  the  gasifying  unit  and 
containing  gasified  fuel  with  a  watery  slurry  of  the 
solid  fuel; 
iv)  separating  dry  solid  fuel  from  the  gas  flow;  and 
v)  feeding  back  the  separated  dry  solid  fuel  to  the 
gasifying  unit,  ( 

and  to 
a  gasification  installation  for  gasifying  solid  fuel 

such  as  carbon  and  heavy  petroleum  residue,  compris- 
ing: 

a  gasifying  unit  provided  with  an  inlet  for  dry  solid 
fuel  and  a  gas  flow  outlet; 

a  cooling  unit  connecting  onto  the  gasifying  unit 
for  cooling  the  gas  flow  with  a  watery  slurry  of  the  solid 
fuel; 

a  separating  unit  for  separating  dry  solid  fuel  from 
the  cooled  gas  flow;  and 

a  feedback  unit  for  feeding  back  to  the  gasifying 
unit  the  dry  solid  fuel  separated  out  of  the  gas  flow. 

FIG.1  A  

5)  f  (W/wfaM/&////AVW, 

Printed  by  Rank  Xerox  (UK)  Business  Services 
2.11.2/3.4 



1 EP  0  708  168  A1 2 

Description 

The  present  invention  relates  to  a  method  and  to  an 
installation  for  gasifying  solid  fuel  such  as  carbon  and 
heavy  petroleum  residue.  s 

Gasification  of  solid  fuel  is  a  very  attractive  method 
of  generating  electricity  from  carbon  due  to  the  high  effi- 
ciency,  the  low  emission  of  harmful  substances  and  the 
modular  construction  of  the  installation.  Gasification  of 
carbon  or  heavy  petroleum  residues  is  also  an  attractive  u 
method  of  producing  raw  materials  for  the  chemical 
industry.  However,  the  cost  of  a  gasification  installation 
are  unacceptably  high.  Costly  components  of  a  gasifica- 
tion  installation  are  the  unit  for  grinding,  drying,  pressu- 
rizing  and  feeding  in  the  fuel  for  gasifying  and  (in  the  case  n 
of  a  KV  steg)  the  synthesis  gas  cooler  for  generating  cur- 
rent  via  the  sensible  heat. 

While  the  use  of  a  wet  carbon  mass  instead  of  dry 
solid  fuel  has  the  advantage  of  simplicity  and  lower  cost 
for  the  fuel  supply  unit,  it  results  inherently  in  a  substan-  2t 
tial  increase  in  the  consumption  of  fuel  and  oxygen. 

The  gas  leaving  the  gasif  ier  must  be  cooled  in  order 
to  cause  the  slag  material  present  therein  to  solidify 
before  the  gas  flow  comes  into  contact  with  a  cold  sur- 
face.  The  slag  material  can  adhere  thereto  and  thus  foul  21 
the  "heat-exchanging"  surfaces.  Use  can  be  made  for 
cooling  purposes  of  for  instance  a  radiation  cooler,  a 
cooled  recirculated  gas  or  sprayed  water.  This  latter  is 
less  complicated  but  the  heat  required  to  evaporate  the 
water  must  be  considered  lost,  whereby  the  installation  3< 
efficiency  is  lower  than  in  the  case  of  recirculation  with 
clean  synthesis  gas  or  cooling  in  a  radiation  cooler. 

The  invention  has  for  its  object  to  change  the  method 
and  the  installation  for  gasifying  solid  fuel  such  that  the 
advantages  of  the  use  of  a  watery  fuel  flow  are  retained  31 
but  the  drawbacks  associated  therewith  are  avoided  to 
the  greatest  possible  extent. 

This  is  achieved  according  to  the  invention  with  a 
method  for  gasifying  solid  fuel  which  comprises  of: 

41 
i) 
adding  dry  solid  fuel  to  a  gasifying  unit; 
ii) 
gasifying  the  solid  fuel  at  high  temperature  and  pres- 
sure  in  the  gasifying  unit;  « 
ill) 
cooling  a  gas  flow  leaving  the  gasifying  unit  and  con- 
taining  gasified  fuel  with  a  watery  slurry  of  the  fuel; 
iv) 
separating  dry  solid  fuel  from  the  gas  flow;  and  st 
v) 
feeding  back  the  separated  dry  solid  fuel  to  the  gas- 
ifying  unit. 

Using  a  fuel  slurry  as  cooling  agent  provides  the  st 
advantage  that  a  unit  for  preheating  and  drying  the  car- 
bon  and  pressurizing  it  via  lock  hoppers  is  no  longer 
required.  Once  the  watery  fuel  slurry  has  been  carried 
in  simple  manner  via  for  instance  plunger  pumps  or  other 

pumps  into  the  system  operating  at  high  temperature 
and  pressure  the  fuel  particles  can,  after  separation  from 
the  gas  flow,  be  supplied  dry  and  in  simple  manner  to 
the  gasifier  as  dry  solid  fuel.  The  heat  of  the  synthesis 
gas  will  dry  the  carbon  particles  and  cause  the  excess 
water  to  evaporate. 

The  watery  slurry  of  solid  fuel  generally  contains  90- 
10%  water,  preferably  75-25%,  more  preferably  65-30% 
water.  In  a  practical  embodiment  the  watery  slurry  con- 
tains  about  40%  water. 

The  gas  flow  leaving  the  gasifier  must  be  cooled  to 
below  500°C  in  order  to  avoid  so-called  alkali  transfer.  In 
addition,  the  temperature  of  the  gas  flow  must  lie  above 
about  250°C  to  avoid  the  forming  of  solid  ammonium 
chloride.  When  the  gas  flow  is  cooled  with  the  fuel  slurry 
the  problem  may  occur  that  tacky  fuel  particles  and  tar 
form  on  the  carbon  particles,  whereby  the  separating  unit 
located  downstream  for  separating  solids  may  be  fouled. 
Tar  formation  in  particular  can  be  avoided  by  pre-cooling 
the  gas  flow  with  an  (inert)  gas  such  as  nitrogen  (or  syn- 
thesis  gas).  Pre-cooling  can  take  place  for  instance  to  a 
temperature  wherein  the  fuel  particles  present  in  the  fuel 
slurry  do  not  become  hotter  than  300-350°C. 

If  separation  of  the  dry  solid  fuel  from  the  gas  flow 
takes  place  at  a  level  higher  than  the  level  of  the  gasifying 
unit,  the  fuel  particles  for  feeding  back  will  be  under  a 
slightly  higher  pressure  in  the  standpipe  than  the  pres- 
sure  prevailing  in  the  gasifier.  This  simplifies  supply  to 
the  (dry)  burners. 

If  fly  ash  is  separated  from  the  gas  flow  with  the  dry 
solid  fuel  and  fed  back  to  the  gasifying  unit,  whereafter 
liquid  slag  is  discharged  from  the  gasifying  unit,  all  fly 
ash  is  recirculated  to  the  gasifier  in  this  way  and  can 
there  be  agglomerated  to  glazed  slags  which  are  dis- 
charged  from  the  gasifier.  Thus  is  created  a  substantially 
fully  scorifying  process. 

If  gasifying  is  carried  out  in  a  gasifying  unit  compris- 
ing  two  successive  gasifiers,  not  only  is  a  considerably 
lower  fuel  and  oxygen  consumption  achieved  but  tar  and 
moisture  forming  is  substantially  absent,  while  there  are 
substantially  no  limitations  to  the  particle  size  distribution 
and  the  cake-forming  properties  of  the  fuel.  The  supply 
to  the  second  gasifier  can  consist  of  extra  fuel  and/or 
partly  converted  fuel. 

Another  aspect  of  the  present  invention  relates  to  a 
gasification  installation  for  gasifying  solid  fuel  such  as 
carbon  and  heavy  petroleum  residue,  comprising: 

a  gasifying  unit  provided  with  an  inlet  for  dry  solid 
fuel  and  a  gas  flow  outlet; 

a  cooling  unit  connecting  onto  the  gasifying  unit 
for  cooling  the  gas  flow  with  a  watery  slurry  of  the  solid 
fuel; 

a  separating  unit  for  separating  dry  solid  fuel  from 
the  cooled  gas  flow;  and 

a  feedback  unit  for  feeding  back  to  the  gasifying 
unit  the  dry  solid  fuel  separated  out  of  the  gas  flow. 

Use  of  the  method  and  installation  according  to  the 
invention  for  gasifying  solid  fuel  not  only  provides  a  con- 
siderably  cheaper  installation  but  also  increases  the  total 
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efficiency  to  about  50%,  while  the  oxygen  consumption 
falls  by  about  a  third. 

Mentioned  and  other  features  of  the  method  and 
gasification  installation  according  to  the  invention  will  be 
further  elucidated  hereinafter  in  the  light  of  two  embodi- 
ments  which  are  only  given  by  way  of  example  while  ref- 
erence  is  made  to  the  annexed  drawing. 

In  the  drawing: 

figure  1  shows  schematically  a  gasification  installa- 
tion  according  to  the  invention;  and 
figure  2  shows  a  flow  diagram  of  another  gasification 
installation  according  to  the  invention  in  which  two 
gasifiers  are  applied. 

Figure  1  shows  a  gasification  installation  1  accord- 
ing  to  the  invention.  The  installation  1  comprises  a  gas- 
ifying  unit  3  with  a  gasifier  4  which  is  provided  with  an 
inlet  5  for  dry  solid  fuel  and  an  outlet  6  for  a  gas  flow 
containing  gasified  fuel.  This  gas  flow  is  pre-cooled  using 
an  (inert)  gas  (for  example  nitrogen)  which  is  supplied 
via  pipe  7.  The  gas  coming  from  gasifier  4  is  hereby 
cooled  from  about  1500°C  to  about  700°C.  The  pre- 
cooled  gas  subsequently  enters  a  cooling  unit  8  which 
comprises  a  spray  unit  9  for  spraying  a  watery  slurry  of 
solid  fuel  which  is  supplied  via  pipe  1  0.  The  watery  slurry 
used  consisted  of  60%  carbon  and  40%  water  and  had 
a  temperature  of  20°C. 

Via  the  outlet  1  1  a  two-phase  flow  leaves  cooling  unit 
8  consisting  of  gas  (about  500-600°C  and  1  5-20%  water 
vapour)  and  carbon/fly  ash  particles  with  a  temperature 
of  about  250-350°C. 

Coarser  carbon  and  fly  ash  particles  are  separated 
in  the  cyclone  1  2  following  on  from  outlet  1  1  .  On  the  gas 
flow  side  a  ceramic  filter  unit  1  3  for  separating  fine  carbon 
and  ash  particles  follows  the  cyclone  12.  Via  the  stand- 
pipes  14,  15  respectively  the  collected  dry  solid  fuel  is 
carried  into  a  feedback  unit  1  6,  for  instance  a  worm  con- 
veyor  comprising  a  rotatably  mounted  worm  17  which 
can  be  driven  by  a  motor  1  8.  Dry  solid  fuel  is  thus  fed  via 
inlet  5  to  the  gasifier  4  at  250-300°C,  dosed  at  the  pres- 
sure  prevailing  in  the  system  (30-40  bar). 

Supply  of  fuel  can  take  place  via  pipe  1  9  with  nitro- 
gen/steam,  whereby  the  level  of  the  fuel  in  standpipes 
14  and  15  can  also  be  controlled. 

The  recirculated  fly  ash  and  the  slags  formed  during 
gasification  are  cooled  in  a  water  bath  20,  whereafter  the 
slags  are  discharged  via  outlet  21  . 

The  gas  leaving  the  ceramic  filter  unit  (synthesis 
gas;  temperature  500°C)  is  finally  supplied  to  the  gas  tur- 
bine  after  cleaning. 

Figure  2  shows  another  gasification  installation  2 
according  to  the  invention.  In  this  case  the  gasifying  unit 
3  consists  of  a  first  gasifier  23  and  a  second  gasifier  24. 
A  carbon  slurry  25  is  supplied  via  the  metering  pump  26 
to  the  cooling  unit  27  in  which  is  cooled  the  gas  flow  from 
the  gasifier  24  which  is  pre-cooled  with  nitrogen  28  in  the 
pre-cooling  unit  29.  The  flow  30  of  gas  and  dry  fuel  par- 

ticles  is  separated  in  the  separating  unit  31  and  the  dry 
solid  fuel  is  fed  to  the  first  gasifier  23  via  the  pipe  32. 

In  the  air  separation  unit  33  air  34  is  separated  into 
nitrogen  28  which  is  supplied  to  the  pre-cooling  unit  29 

5  and  oxygen  34  which  is  supplied  to  the  gasifier  23. 
Slags  coming  from  the  gasifier  23  are  cooled  in  the 

boiling  water  bath  35  and  discharged  via  pipe  36. 
Formed  steam  37  is  added  to  the  second  gasifier  24  to 
which  steam  38  which  may  be  released  from  the  instal- 

10  lation  is  likewise  supplied. 
The  synthesis  gas  39  is  then  fed  to  the  processing 

unit  40  and  finally  to  the  gas  turbine. 

Claims 
15 

1  .  Method  for  gasifying  solid  fuel  such  as  carbon  and 
heavy  petroleum  residue,  comprising  of: 

i) 
20  adding  dry  solid  fuel  to  a  gasifying  unit; 

ii) 
gasifying  the  solid  fuel  at  high  temperature  and 
pressure  in  the  gasifying  unit; 
ill) 

25  cooling  a  gas  flow  leaving  the  gasifying  unit  and 
containing  gasified  fuel  with  a  watery  slurry  of 
the  solid  fuel; 
iv) 
separating  dry  solid  fuel  from  the  gas  flow;  and 

30  V) 
feeding  back  the  separated  dry  solid  fuel  to  the 
gasifying  unit. 

2.  Method  as  claimed  in  claim  1  ,  wherein  the  watery 
35  slurry  of  solid  fuel  contains  90-10%,  preferably  75- 

25%,  more  preferably  65-30%  water. 

3.  Method  as  claimed  in  claim  1  or  2,  wherein  cooling 
takes  place  to  a  gas  flow  temperature  of  250-500°C, 

40  preferably  300-400°C,  more  preferably  300-350°C. 

4.  Method  as  claimed  in  claims  1  -3,  wherein  pre-cool- 
ing  with  an  inert  gas  takes  place  prior  to  cooling  with 
the  watery  slurry  of  solid  fuel. 

45 
5.  Method  as  claimed  in  claims  1  -4,  wherein  separation 

of  the  dry  solid  fuel  from  the  gas  flow  takes  place  at 
a  level  higher  than  the  level  of  the  gasifying  unit. 

so  6.  Method  as  claimed  in  claims  1  -5,  wherein  fly  ash  is 
separated  from  the  gas  flow  with  the  dry  solid  fuel 
and  fed  back  to  the  gasifying  unit  and  fly  ash  slags 
are  discharged  from  the  gasifying  unit. 

55  7.  Method  as  claimed  in  claims  1  -6,  wherein  gasifica- 
tion  is  carried  out  in  a  gasifying  unit  comprising  two 
successive  gasifiers. 

3 
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8.  Gasification  installation  for  gasifying  solid  fuel  such 
as  carbon  and  heavy  petroleum  residue,  compris- 
ing: 

a  gasifying  unit  provided  with  an  inlet  for  dry 
solid  fuel  and  a  gas  flow  outlet;  5 

a  cooling  unit  connecting  onto  the  gasifying 
unit  for  cooling  the  gas  flow  with  a  watery  slurry  of 
the  solid  fuel; 

a  separating  unit  for  separating  dry  solid  fuel 
from  the  cooled  gas  flow;  and  ro 

a  feedback  unit  for  feeding  back  to  the  gasi- 
fying  unit  the  dry  solid  fuel  separated  out  of  the  gas 
flow. 

9.  Installation  as  claimed  in  claim  8,  wherein  the  cool-  is 
ing  unit  comprises  a  pre-cooling  unit  for  cooling  the 
gas  flow  with  an  inert  gas. 

1  0.  Installation  as  claimed  in  claim  8  or  9,  wherein  a  sep- 
aration  unit  for  separating  dry  solid  fuel  from  the  gas  20 
flow  is  located  at  a  higher  level  than  the  gasifying 
unit. 

11.  Installation  as  claimed  in  claims  8-10,  wherein  the 
gasifying  unit  comprises  two  successive  gasifiers.  25 
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