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A .  Summary 

Gas i f i ca t ion  of c o a l   o f f e r s  a method  of producing  clean 

f o s s i l   f u e l   d e r i v a t i v e s   i n  commercial q u a n t i t i e s .  High 

B.T.U. gas (900-1000 B.T.U. per  cubic  foot),  comparable 

to  natural   gas  values,   can  be  produced  from  coal on a 

very large s c a l e   u t i l i z i n g   p r o c e s s e s  which  have  been 

partially  proven  commercially and fu l ly   p roven  on a p i l o t  

p l an t   s ca l e .  These  processes  are  the  Lurgi  Process and 

the  Koppers-Totzek  Process,  each  of  which  have  been i n  

commercial  operation  for a considerable  t ime  to  produce 

low R.T.U.  gas.  The add i t ion  of a ca ta ly t ic   methaniza-  

t i on   s t age   a l lows  low B.T.U. gas   to   be  converted  to   high 

B.T.U. gas   and   th i s   convers ion   has   been   sa t i s fac tor i ly  

demonstrated a t  t h e   p i l o t   p l a n t   s t a g e .  These  processes 

a r e   i d e n t i f i e d  as f i r s t   g e n e r a t i o n   g a s i f i e r s .  

The c a p i t a l   c o s t  of t h e   g a s i f i c a t i o n   p l a n t s   u s i n g   e i t h e r  

the   Lurg i  or the  Koppers-Totzek  process is high.  For a 

plant  producing 200 mi l l ion   cu . f t . /day  of high B.T.U. gas 

the   e s t ima ted   cos t   i n  1974 d o l l a r s  would  be i n   t h e   o r d e r  

of $350 mi l l i on .  200 mi l l ion   cu . f t . /day  would  meet t h e  

f u l l   f u e l   r e q u i r e m e n t s  of the 900 MW Burrard  Thermal 

Generat ing  Stat ion.  Based on a c a p i t a l   c o s t  of $350 

mil l ion,   together   with  operat ing and  maintenance  costs 

and a cos t  of mining  coal  equivalent  to  $5.00/ton,  the 

u n i t   c o s t  of the   h igh  B.T.U. gas  would b e   i n   t h e   o r d e r  

of $1.75/1000 cu . f t .  -. -4 

There a re   o the r   coa l   gas i f i ca t ion   p rocesses   be ing  

developed  which are s i g n i f i c a n t l y   d i f f e r e n t  from t h e  
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A .  Summary - (Cont'd) 

Lurgi  and  Koppers-Totzek  processes  and  which  offer more 

e f f i c i en t   conve r s ion  of t h e   c o a l   t o   h i g h  B.T.U.  gas a t  

reduced   cap i ta l   cons t ruc t ion   cos ts .  Two of these 

processes ,   the  Hygas Process,  and t h e  C02 Acceptor 

Process  have  reached  the  demonstration  stage and p i l o t  

p l a n t s   a r e   i n   o p e r a t i o n .   P i l o t   p l a n t s   f o r   t h e  Bi-Gas 

P lan t  and the  Synthane  Process   are   present ly   under  con- 

s t r u c t i o n .  These p lan ts   a re   cons idered   to   be   second 

g e n e r a t i o n   c o a l   g a s i f i c a t i o n   p l a n t s .  

Thi rd   genera t ion   coa l   gas i f ica t ion   p lan ts   a re   represented  

by a number of a s so r t ed   t echn iques   p re sen t ly   a t   t he  

laboratory-bench  stage of  development.  These  involve 

p rocesses   r ad ica l ly   d i f f e ren t  from those   used   in   ex is t ing  

comnercial   plants  and would p rov ide   h igh   u t i l i za t ion  of 

coal  carbon and high  thermal  conversion of coa l   t o   u sab le  

f u e l s  and equivalent  petroleum  by-products. 

Hat  Creek coa l  would be   su i t ab le   fo r   gas i f i ca t ion   u s ing ,  

f o r  example, the  Lurgi  Process.  High B.T.U. gas  could  be 

produced a t  Hat  Creek  and  transported  to Vancouver through 

e x i s t i n g  t ransmission  gas   pipel ines   and  addi t ional   pipe-  

l i nes   cons t ruc t ed  on exis t ing  pipel ine  r ights-of-way and 

cou ld   subs t i t u t e   comple t e ly   fo r   na tu ra l   gas   i n  B.C .  Hydro 

gas  pipeline  networks.   This  high B.T.U. (950 B.T.U./cu. 

f t . )   coa l   gas   cou ld   subs t i t u t e   fo r   na tu ra l   gas  a t  Burrard 

Thermal  Generating  Station  without any modi f ica t ion   to  

t h e   b o i l e r .  
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B .  In t roduct ion  

Coal was the foundation of the gas   industry.   Ear ly  

manufactured  gas was produced by r eac t ing   coa l  coke a t  

a tmospheric   pressure and high  temperature   with  s team  to  

form water   gas ,   o r   wi th  air  and steam t o  make producer 

gas. These gases were low i n  B.T.U. value and q u i t e  

expensive,   but  they d i d  burn. 

The development  of  the  petroleum  industry  resulted i n  a 

la rge   supply  of na tu ra l   gas  and s ince  i t  was low cos t  and 

clean,  i t  became a h ighly   des i rab le   fue l .   Together   wi th  

o i l ,   na tura l   gas   p resent ly   accounts   for   two- th i rds  of 

Canada's t o t a l   ene rgy  consumption  but  the demand f o r  

na tu ra l   gas   e spec ia l ly ,   has  now r e s u l t e d   i n  a most tenuous 

s u p p l y   s i t u a t i o n  and  knowledgeable  people i n   t h e   i n d u s t r y  

cons ide r   t ha t   t he   na tu ra l   gas   supp ly  w i l l  never  again 

equal   the  demand. Eas i ly   access ib le ,   convent iona l  and low 

cos t   sources  of o i l  and g a s   i n  North  America are   running 

out  and  there is a c l ea r   need   t o   conse rve   o i l  and gas 

reserves  and t o  upgrade   the i r  use  t o  premium marke ts   in  

the  petro-chemical   industry.  The bulk of t he   fu tu re  

d i f f e r e n c e  between demand and the   ava i l ab le   na tu ra l   gas  

supply w i l l  most l i k e l y  come from the   gas i f i ca t ion  of 
coa l  and i t  may w e l l  be   t ha t   h igh  B.T.U.  gas  from coal  may 

s u p p l a n t   e n t i r e l y   t h e   u t i l i z a t i o n  of na tu ra l   gas   a s  a f u e l .  

Coal is the  neglected  mater ia l   in   Canada 's   inventory of 

resources .  An est imated 200 b i l l i on   t ons   ( equa l   t o   abou t  

750 b i l l i o n   b a r r e l s  of c rude   o i l )  l i e  beneath  the  ground 

m o s t l y   i n   B r i t i s h  Columbia, Alberta ,  and  Saskatchewan w i t h  
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B. In t roduc t ion  - (Cont'd) 

add i t iona l   depos i t s  i n  the  northwest  and the   Arc t i c   i s l ands .  

Coal,  which  once  accounted for   half   our   energy  needs,  now 

provides   only 11 percent  of them.  Because  coal i s  more 

d i f f i c u l t   t o   o b t a i n ,  and more d i f f i c u l t   t o   u s e ,  i t  has 

f a l l e n   i n t o   d i s f a v o u r .  A chal lenge and opportunity  today 

is  t o  develop  processes t o  u t i l i z e   o u r   c o a l   r e s o u r c e s   i n  

t h e  most e f f i c i e n t  and cleanest manner poss ib l e ,   cons i s t en t  

w i t h  environmental   protect ion  s tandards and economic  market 

pr ices   for   energy .  A s ign i f i can t   p rocess  among these  i s  

c o a l   g a s i f i c a t i o n .  This would produce  both low B.T.U. and 

high B.T.U. gases   tha t   can   be   used   e f f ic ien t ly  and econ- 

omically by i n d u s t r i a l  and r e s i d e n t i a l   u s e r s .  

Today t h e r e   a r e  no  operating  commercial   coal  gasification 

p l a n t s  of  any s ign i f i cance  i n  Canada o r  t h e  United  States  

and t h e  advanced  technology  that a modern gas-from-coal 

indus t ry  w i l l  r equ i r e  is just now being  developed. I t  i s  

conf iden t ly   p ro j ec t ed   t ha t   w i th   t he   r e sea rch  and  develop- 

ment now underway i n  North  America  and  Europe, t h a t  by 1980 

c o a l   g a s i f i c a t i o n  w i l l  provide a s ign i f i can t   con t r ibu t ion  

to   the  gas   supply  for   energy  purposes .  The product w i l l  

not be  cheap  but  the  supply w i l l  be  one of abundancy. It 

is es t imated   tha t  a coa l   gas i f ica t ion   p lan t   to   p roduce  

200 m i l l i o n   c u b i c   f e e t  of high B.T.U. gas   per  day w i l l  c o s t  

approximately $350 mi l l i on   ( expres sed   i n  1974 d o l l a r s ) .  

Such a p l a n t  would meet t h e   f u l l   f u e l   r e q u i r e m e n t  of the  

900 MW Burrard  Thermal  Plant. Ten such  plants  could  produce 

as much gas a t  comparable   pr ices   as   the  projected Mackenzie 

Val ley  Pipel ine.  
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B.  In t roduct ion  - (Cont'd) 

On a world s c a l e  known reserves  of coa l  amount to   about  

6 t r i l l i on   me t r i c   t ons   c rude   o i l   equ iva len t ,   a cco rd ing   t o  

United  Nations  survey,  but even considering  North America 

alone  or  even Canada a lone ,   coa l   reserves   a re   c lear ly  

enormous; but  the  problems  associated  with i ts  use and 

pr imari ly   concerning  environmental   considerat ion  are   a lso 

of   s ign i f icant   magni tude .   Coal   gas i f ica t ion   of fe rs  a 

process  which  can  provide a gaseous   fue l   acceptab le   for  

most   environmental   res t ra ints  and wherein  the  process of 

gas iL ica t ion  can  be  carr ied  out   under   r igidly  control led 

condi t ions s o  as t o  minimize  ecological ly   detr imental  

e f f e c t s .  

The use  of   coal   converted  to  a gaseous  form  cannot  be 

achieved  without some loss of thermal   e f f ic iency   in  terms 

of t h e   u t i l i z a t i o n  of coa l   thermal   energy   conten t   and ,   in  

t u r n ,   i f   t h e   c o a l   g a s  is used  to   produce  s team  to   dr ive 

steam t u r b i n e   a l t e r n a t o r   u n i t s ,   a d d i t i o n a l   i n e f f i c i e n c y  is 

added t o  an a l r eady   i ne f f i c i en t   cha in  of production. 

Energy i s  consumed i n   c o n v e r t i n g  one f u e l  raw m a t e r i a l   t o  

another  form  and  although th i s  is not   completely  logical  

from an energy  conservat ion  point  of view, i t  does  enable 

us   to   have a f u e l  which i s  more readi ly   usable  and t rans-  

p o r t a b l e   t o   t h e   p l a c e  of  need. An i l l u s t r a t i o n  of these  

the rma l   i ne f f i c i enc ie s  is given by the  comparison  that i t  

requires   about  93% more na tu ra l   gas   t o   conve r t   wa te r  from 

32'F t o  212'F i n  a ho t   water   hea te r  by u s i n g   e l e c t r i c a l  

immersion hea ters   than  by a d i r ec t   gas   bu rne r   hea t   t r ans fe r .  
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B .  In t roduct ion  - (Cont'd) 

Clearly  energy form coa l   v i a   t he   gas i f i ca t ion   rou te   migh t  

b e s t   b e   u t i l i z e d  by i t s  s u b s t i t u t i o n   f o r   n a t u r a l   g a s   i n  

the   gas   indus t r ies '   p ipe l ine   ne tworks .  

C. Descr ipt ion of Coal Gas i f i ca t ion  

The major   const i tuents  of coals   comprise   water ,   ash,  

f ixed  carbons,  and v o l a t i l e   m a t t e r  and  smaller amounts of 

elements  such  as  sulphur and n i t rogen .  

Exis t ing  commercial   gasif icat ion  techniques  involve  not  

only  heat ing  the  coal ,   as  i n  d i s t i l l a t i o n   t o   r e l e a s e   t h e  

vo la t i l e s ,   bu t   a l so   t he   subsequen t   r eac t ion  of t h e   s o l i d  

res idue   wi th  a i r ,  oxygen, steam or   var ious   mix tures  of 

them. The d i s t i l l a t i o n   s t e p   r e l e a s e s  from t h e   v o l a t i l e  

cons t i t uen t  a c e r t a i n  amount of gas tha t   has  a f a i r l y  

high B.T.U. content   but   the   subsequent   gasif icat ion  s tep 

produces a gas   t ha t  is mainly a mixture of hydrogen and 

carbon-monoxide  with a much lower  heating  value.  

The amount of t h e  d i s t i l l e d  gas from t h e   v o l a t i l e s   i n   t h e  

f i n a l   m i x t u r e   v a r i e s   w i t h   t h e   p a r t i c u l a r   g a s i f i c a t i o n  

process ,   bu t   the  main po r t ion  of the  mixture i s  made  up of 

hydrogen  and  carbon-monoxide  and  the B.T.U. value of the  

mixture i s  gene ra l ly   qu i t e  low. 

Commercial production of high B.T.U. gas  has  not  yet   been 

a t t a ined   bu t  on a p i lo t   sca le   the   t echniques   have   been  

developed. 
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C. Descr ipt ion  of   Coal   Gasif icat ion - (Cont'd) 

To produce  high B.T.U. g a s ,   t h e   c o r r e c t   r a t i o  of  hydrogen 

t o  carbon-monoxide is prepared.  The gas  is then   pu r i f i ed  

t o  remove the   su lphur  compounds t h a t  may be  present .  

This i s  necessary in t h a t   c a t a l y s t s   t h a t  have been  tes ted 

f o r   t h e   c r u c i a l   s t e p  of  methanation  are a l l  nickel-based 

and are h ighly   sens i t ive   to   su lphur   po isoning .  The gas is 

then   de l ivered   to   the   methanat ion   un i t   where ,   in   the  

presence of t h e   c a t a l y s t ,  methane of 97% p u r i t y  is 
produced. 

D. Problems i n  Using  Coal 

I t  has   been   s ta ted   tha t  the e f f o r t   t o  make s y n t h e t i c  

na tu ra l   gas  from coa l   r ep resen t s  one of t h e  most d i f f i c u l t  

chemical  engineering  problems in several   decades.  The 

major p a r t  of t h i s  problem is  the   coa l  i t s e l f .  I t  is  a 

s o l i d  and, a s  a r e su l t ,   c anno t   be  pumped. This   g rea t ly  

complicates  handling. When hea ted ,  many coals  'coke'  and 

such  behaviour in one   type   o f   gas i f ie r   s tops   the   gas i f ica-  

t ion  process .   Coal   a lso  contains  many elements  and 

compounds unnecessary  to   the  product ion  of   synthet ic  

na tura l   gas   such   as   n i t rogen  and su lphur .  These elements 

and o the r s  can  poison the reactions  needed  to  produce 

syn the t i c   na tu ra l   gas  and r e n d e r   c a t a l y s t s   i n e f f e c t i v e   i n  

a s h o r t  time. P u r i f i c a t i o n  of t h e   p a r t i a l l y   p r o c e s s e d  

gas  is, t he re fo re ,  a time-consuming  and cos t ly   necess i ty .  

A prob lem  r e l a t ed   t o   t he   f ac t   t ha t   t he   fue l  is i n   s o l i d  

form  develops when charging a g a s i f i e r .  The g a s i f i c a t i o n  

chamber is under a h igh   pressure  (400 p s i  and  up) and 
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D. Problems i n  Using Coal - (Cont'd) 

introducing  the  coal   without   losing  the  pressure  required 

f o r  the r e a c t i o n  is an  engineering  problem of major  pro- 

por t ions .  

The two existing  commercially  proven  processes  are  the 

Lurgi   Process  and t h e  Koppers-Totzek  Process. 

The L u r g i   P r o c e s s   i n   p a r t i c u l a r   r e q u i r e s  a s ized   coa l   wi th  

a l l  f i n e s  removed and it i s  this p rocess   t ha t  can  be  halted 

by a coking  coal  which  would  form a s o l i d ,  impermeable mass 

i n   t h e   g a s i f i e r .  

The r a t i o  of  carbon  to  hydrogen i s  much h ighe r   i n   coa l   t han  

i n   o i l .  This f a c t  makes t h e  steps of sh i f t   conve r s ion  and 

methanation  necessary when producing a p i p e l i n e   q u a l i t y  

synthe t ic   na tura l   gas   f rom  coa l .  It is  s a i d   t h a t   c o a l  i s  

hydrogen-poor and syn the t i c   na tu ra l   gas  is hydrogen-rich. 

Therefore,  making s y n t h e t i c   n a t u r a l   g a s  from gas i f i ed   coa l  

involves   the   addi t ion  of  hydrogen. The hydrogen comes 

o r i g i n a l l y  from the  react ion  between  coal  and steam. I t  

t a k e s   h e a t   t o   d r i v e   t h i s   r e a c t i o n  and th i s  heat  is obtained 

from a second major r eac t ion  between  oxygen and coa l .  The 

hea t  from this oxygen-coal r e a c t i o n  must   be  careful ly  

cont ro l led   to   main ta in  a proper  heat-balance  under 

equi l ibr ium  condi t ions and dr ive   the   coa l -s team  reac t ion .  

Control of hea t  loss i s  c r i t i c a l   i n   t h e   p r o c e s s  of gas- 

i f i c a t i o n .  The product   of   the   gasif ier  h a s  too l i t t l e  

methane i n  i t  and to   i nc rease   t he  amount of  methane a s h i f t  

reac t ion   to   increase   the   hydrogen   concent ra t ion  and a f i n a l  

methanat ion  s tep,   a long with p u r i f i c a t i o n ,  i s  performed. 
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D. Problems i n  Using  Coal - (Cont'd) 

North  America  changed  from  coal t o   o i l   b e c a u s e  of o i l ' s  

r e l a t ive ly   c l ean -burn ing   cha rac t e r i s t i c s  and  easy  handling 

aspec ts  compared t o   t h e   h i g h   c o s t  and the   a t t endan t   f l y  

ash  and  sulphur  dioxide  pollution  problems. However, f o r  

coa l   burn ing   p lan ts  new stack  scrubbing  devices  may provide 

an interim s o l u t i o n  for the  pollution  problems. These 

s t ack   s c rubbe r  u n i t s  a r e  showing  promise in   r ecen t   app l i ca -  

t i o n s   t o  power p l an t s   bu t   cos t s  are much higher  than 

a n t i c i p a t e d  for two reasons:-   the   large volume  of gas 

t h a t  must  be t r ea t ed ;  and the   d i sposa l  of the  entrapped,  

s o l i d  wastes i n  an  acceptable  manner. 

A big  investment   in   coal   technology,  i ts  mining,  handling 

and treatment,  is n e c e s s a r y   i f   t h e  problems of using  coal 

a r e  t o  be   so lved .   Ind ica t ions   a re   tha t   such  a program is 

underway i n  North  America. The downward t r end  of coa l  

product ion   mus t   a l so   be   reversed   to   p rovide   the   an t ic ipa ted  

requirements of the  next  ten yea r s .  

E. Basic Operations of Gas i f i ca t ion  

Making gas from coal   involves   f ive   bas ic   opera t ions   as  

i l l u s t r a t e d   i n   F i g u r e  1. These  include:- 

- Coal  preparation;  which  usually  involves  grinding 

the   coa l  t o  a powder or   c rush ing  i t  to   the   des i red  

top   s i ze   wh i l e  removing f i n e s  and extraneous  mater ia l .  

- Feeding   the   reac tor ;   ge t t ing   the   coa l   in to   the   h igh  

p r e s s u r e   r e a c t o r   e i t h e r  by use of lock  chambers or 

p m p a b l e   s l u r r i e s .  
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E. Basic  Operations of Gas i f i ca t ion  - (Cont'd) 

- G a s i f i c a t i o n ;   d e v o l a t i l i z i n g  o r  d i s t i l l i n g   o f   t h e  

c o a l  by use of var ious   p rocesses .  

- Gas t r ea t ing :  removal  of  sulphur,  dust, C02,  water  

and o the r   impur i t i e s  from the   gas i f i e r   gas .  

- Methanat ion;   the   f ina l   s tep  of r a i s ing   t he   hea t ing  

value of t he   gas   t o   t ha t   r equ i r ed  by  modern  gas- 

fueled  equipment. 

A 209 MM scf /day   gas i f ica t ion   p lan t   p roducing   h igh  B.T.U. 

gas  (950 B.T.U/ft ) would  have the   capac i ty   t o  meet the  

f u e l  needs of the  Burrard Thermal P lan t   for   the   purposes  

of  comparing r e l a t i v e   s i z e .  However, such a commercial 

g a s i f i c a t i o n   p l a n t   d e l i v e r i n g   p i p e l i n e   q u a l i t y   g a s  does 

not   exis t   today  a l though  several   larger   commercial   uni ts  

of 250 MM sc f /day   capac i ty   a r e  i n  the   des ign   s tage  and 

one is i n   t h e   c o n s t r u c t i o n   s t a g e   w i t h  a scheduled commercia:! 

p roduct ion   da te   in  1977. Features  known about  the  design of: 

t h i s   l a t t e r   p l a n t  are used t o   g i v e  a hypothetical   view of a 

s y n t h e t i c   n a t u r a l   g a s   p l a n t  with 200 MM scf lday  capaci ty  

and the  f low  diagram  for  such a p l an t  i s  shown in   F igu re  2 .  

From t h i s  diagram  the  option of ob ta in ing  a low B.T.U.  

producer  gas is c l ea r .  In addi t ion ,   the   p roduct ion  of 

sulphur,   naphtha and  phenol  chemicals i n  economic quantitie:; 

as by-products of the  process  are indica ted .  

3 

F. Design  and  Operating  Data 

The p l a n t  would process  20,000 tons  per  day of c o a l   i n   t h e  

production of 200 MM scf /day  of s y n t h e t i c   n a t u r a l   g a s .  Of 
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F. Design  and  Operating  Data - (Cont'd) 

t h i s  20,000 tons,   about  17,400  tons  or 87 percent  would 

go d i r e c t l y   t o   t h e   g a s i f i e r s ,  and  the  remaining  13  percent 

would f e e d   t h e   u t i l i t y   p l a n t   f o r  steam genera t ion .  

The oxygen p l an t  would have a capaci ty  of grea te r   than  

4.500.tons  per  day.  Water  requirements would t o t a l  1400 

gpm for   the   comple te   p lan t .  

This p l a n t  would r e q u i r e  24 gas i f i e r s   t o   p roduce  200 MM 

s c f / d a y  of s y n t h e t i c   n a t u r a l  gas .  Ash from t h e s e   g a s i f i e r s  

would  be  quenched and r e tu rned   fo r   d i sposa l   w i th in   t he  

mining  area. The quan t i ty  of ash  re turned would approach 

4,700  tons  (dry  weight) of ash  per  day.  Steam usage w i t h i n  

t he   p l an t  would  approach 1.5 mil l ion  pounds per  hour  and 

i t  is es t imated   tha t  140 tons  per  day  of sulphur  would be 

recovered  using  the  Claus  process. 

The p r o p e r t i e s  of t he   coa l   ava i l ab le   t o   t he   p roposed   p l an t  

is shown below and bes ide  i t  is given  the  approximate 

ana lys i s  of 24 samples of Hat Creek l i g n i t e : -  

New Mexico  Coal  Hat  Creek L ign i t e  

Moisture 12 .4% by weight 16.6% by weight 

Ash 25.6% 30.4% 

Fixed Carbon 33.8% 32.1% 

Volat i le   Matter  28.2% 20.8% 

Sulphur  Content 0.91% n/a  

H.H.V. 8310  B.T.U./lb. 7706 B.T.U./lb. 
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F. Design  and  Operating  Data - (Cont'd) 

The s i m i l a r i t y  is noteworthy  and  indicates   that  a study 

of a g a s i f i c a t i o n   p l a n t   t o   p r o c e s s  Hat  Creek coal  could 

i n d i c a t e  a good chance of success .  

I t  i s  expected  that   the   overal l   thermal   eff ic iency of 

t he   p l an t  would  exceed 70 percent .  A mater ia l   ba lance  

based on 200 MM scf /day  of product  pas i s  as  follows:- 

Short  Tons/Day 

Inpurs:  

Sized  Coal 17,400 

Steam  and  Water 20,000 

Oxygen 4,500 

Tot a1 41,900 

outputs:  

Product Gas 

Phenols 

Ash 

Rinse  Water 

By-product  Water 

Tars, Oils & Naphtha 

O f f  Gas 

C02 Gas 

NH3 + Water 

Total  

- 1 4  - 

4,250 

80 

4,700 

14,200 

3,000 

1,200 

6 30 

13,200 

640 

41,900 

Weight, % 

41.48 

47.74 

10.78 

100.00 

10.32  

0 .2  

11.15 

33.87 

7.08 

2.80 

1.50 

31.56 

1.52 

100.00 



F. Design  and  Operating  Data - (Cont'd) 

Such a p l a n t  is es t ima ted   t o   cos t  $350 m i l l i o n   ( i n  1974 

dol lars)   and  the  completed  plant  would  employ 600 people 

represent ing   an   annual   payro l l   cos t   in   excess  of $15 

m i l l i o n   d o l l a r s .  

G. Gas i f i ca t ion  Methods 

A l l  the   p rocesses   under   inves t iga t ion   can   be   c lass i f ied  

i n   v a r i o u s  ways:- 

- by the  method of supp ly ing   hea t   fo r   t he   gas i f i ca t ion  

r e a c t i o n   ( i n t e r n a l   o r   e x t e r n a l ) .  

- by the  method of making contact   between  the  reactants  

( f ixed   bed ,   f lu id ized   bed ,   o r   en t ra inment   in   the  

gaseous medium). 

- by the  f low of reac tan ts   (wi th   the   cur ren t ,   o r  

counter-current)  . 
- by the   gas i fy ing  medium (hydrogen  or'steam p l u s  

oxygen, air o r  enriched  oxygen). 

- by the  condi t ion of t he   r e s idue  removed (s lagging 

with a l iquid  ash  res idue  or   non-slagging w i t h  a 

dry  ash).  

Nearly a l l  the  combinations  of  methods  to  gasify  coal 

represented by these   c lass i f ica t ions   have   been   inves t iga ted .  

The two processes  employed success fu l ly   t o   da t e  are the  

Lurg i   f ixed   bed ,   p ressur ized   gas i f ie r  and t h e  Koppers-Totzek 
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G .  Gas i f i ca t ion  Methods - (Cont'd) 

fu l ly   en t ra ined   a tmospher ic   gas i f ie r .  Both types,  whose 

f low  d i ag rams   a r e   i l l u s t r a t ed   i n   F igu re  3 and Figure 4 ,  

respectively,   have  been  used  to make synthes is   gas   for  

the  manufacture of ammonia and o the r   syn the t i c   p roduc t s ,  

and i n  some cases   Lurgi   plants   have made a gas   d i s t r ibu ted  

as ci ty   gas .   Nei ther   process   meets  a l l  the  requirements  

of a n   i d e a l   g a s i f i c a t i o n  scheme. An idea l   p rocess  would 

be a s ingle   s tage ,   cont inuous   opera t ion   employing   a i r  as 

the   ox id iz ing  medium; i t  would convert  any type of coa l  

i n t o  a combustible  gas  or a synthes is   gas  low i n   i n e r t  

cons t i t uen t s .  

Although  both  the  Lurgi  Process  and  the  Koppers-Totzek 

Process   a re   s ing le-s tage  and  continuous,  they  both  rely 

on  oxygen ra ther   than  air  as   the  oxidizing medium. The 

Lurg i   gas i f i e r  i s  p res su r i zed ,  which f o r  most anp l i ca t ions  

of synthes is  gas  is an  economic  advantage  over  processes 

opera t ing  a t  atmospheric  pressure.  On the  other   hand,   the  

Lurgi   Process   requires  a s ized   coa l   wi th   f ines  removed and 

a non-coking coal  or  weakly  coking  coal.   These  provisions 

a re   necessa ry   t o   avo id   t he   fo rma t ion   du r ing   gas i f i ca t ion  

of a s o l i d  mass t h a t  would  prevent  the  passage of gas 

through  the  coal  bed  and  bring  gasification  to a h a l t .  

The Koppers-Totzek  Process  functions with any type of coa l .  

Renewed i n t e r e s t   i n   c o a l   g a s i f i c a t i o n   t o   p r o d u c e  a sub- 

s t i t u t e   f o r   n a t u r a l   g a s  has l ed   t o   s e r ious   cons ide ra t ion  

i n   i n s t a l l i n g   L u r g i  or Koppers-Totzek p l a n t s .  The gas 

r e s u l t i n g  from each  process is b a s i c a l l y  a mixture  of 
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G. Gas i f i ca t ion  Methods - (Cont'd) 

carbon-monoxide,  hydrogen  and d i s t i l l e d  methane  with 

hea t ing   va lues  of between 300 and 400 B.T.U. per  cubic 

f o o t ;   f a r  below t h a t  of na tura l   gas .   Thus ,   ne i ther  

process  by themselves  can  yield a gas which  can s u b s t i t u t e  

fo r   na tu ra l   gas .  However, both  processes  can make a raw 

syn thes i s   gas   t ha t ,  after p u r i f i c a t i o n ,  can be  methanated 

t o   y i e l d  a gas   su i t ab le   a s  a syn the t i c   na tu ra l   gas .  

Methanation  involves  passing  the  gas  over a s p e c i a l  

n i c k e l   c a t a l y s t   t o   c o n v e r t  i t  into  almost  pure  methane, 

t he   cons t i t uen t  of na tura l   gas .   This   s tep   has   no t   been  

performed i n  a commercial  system  as  yet  but  large-scale, 

long-term tests i n d i c a t e  i t s  f e a s i b i l i t y   w i t h   c e r t a i n  

coa ls .  

(i) Lurgi   Process  

A s  mentioned  above, a l l  phases of the  Lurgi   Process  

have  been  proved i n  operat ing  plants   except   the 

methanat ion  s tep.  A Lurgi   gasif ier   normally 

produces a g a s  w i t h  about  one-third the hea t ing  

value of n a t u r a l   g a s ;   t h e   i n g r e d i e n t   i n   s h o r t  

supply i s  methane,  the main  component of n a t u r a l  

gas.   Continental  O i l  Company has   joined  with  the 

Lurgi Company, the Brit ish Gas Corporation, and 

the  American Gas Assoc ia t ion   i n   f i nanc ing   t he  

development of a commercial s c a l e   t e s t   p l a n t   t o  

produce  high B.T.U. coa l   gas .  In add i t ion ,  Conoco 

have   des igned   and   bu i l t   methanat ion   fac i l i t i es  

ad jacen t   t o   t he   Sco t t i sh  Gas Board's  Westfield 
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G. Gas i f i ca t ion  Methods - (Cont'd) 

( i )   Lurg i   P rocess  - (Cont'd) 

Lurg i   P rocess   gas i f i ca t ion   p l an t  and fo r   t he  

S c o t t i s h   p l a n t ,   u n o f f i c i a l   r e p o r t s   i n d i c a t e   t h a t  

a long  run was successfu l   us ing  Montana  'Rosebud' 

coa l  and syn the t i c   na tu ra l   gas  was  produced. 

Other   coa ls   a re   be ing   inves t iga ted .  

Three  major  energy  companies,  Texas  Eastern  Trans- 

mission Company, Utah I n t e r n a t i o n a l   I n c . ,  and 

Pac i f ic   L ight ing   Corpora t ion ,   have   s ta r ted  

t echn ica l  and  economic f e a s i b i l i t y   s t u d i e s   f o r   t h e  

cons t ruc t ion  of a gas i f i ca t ion   p l an t   t o   p roduce  

high B.T.U. gas   in   nor thwes tern  New Mexico. They 

hope to   begin   opera t ing  a 250 mi l l i on   s c f /day   p l an t  

by 1976. 

E l  Paso  Natural  Gas Company has announced p l ans   t o  

b u i l d  a 250 mi l l i on   s c f /day   gas i f i ca t ion   p l an t  

based on the  Lurgi  technology w i t h  a methanation 

s t e p   a d d e d .   I n i t i a l   p l a n s  cal l  for s t a r t - u p   i n  

1976 wi th   fu l l   p roduct ion   scheduled   for  1977.  The 

p l a n t  i s  being  designed  to  produce a gas   with a 

hea t ing   va lue  of 950 B . T . U . / f t  . 3 

Figure 3 outl ines   the  basic   Lurgi   Process   to   produce 

low B.T.U. syn thes i s   gas .  
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G. Gas i f i ca t ion  Methods - (Cont'd) 

( i i )  Koppers-Totzek  Process 

Koppers Company has   t he   so l e   gene ra l   l i cense  i L l  

the   United  States  and Canada t o   d e s i g n  and b u i l d  

Koppers-Totzek c o a l   g a s i f i c a t i o n   p l a n t s  from 

Heinrich Koppers GmbH, Germany. This   process  is 

ou t l ined  in Figure 4 which a l s o  shows a methaniza- 

t i o n   s t a g e   t o   c o n v e r t   t h e  low B.T.U. gas   to   high 

B.T.U. syn the t i c   na tu ra l   gas .  

I n  the   p rocess ,   coa l  is reacted  with  steam  and 

oxygen in a p a t e n t e d   g a s i f i e r   t o  form a raw 

syn thes i s   gas .  The gas  i s  cooled and a l l  

p a r t i c u l a t e   m a t t e r  i s  removed.  Upgrading to   na tu ra l  

pas q u a l i t v  would involve  chemically removing t h e  

acid  gases  produced  and  then  employing a s h i f t -  

conversion  and a methanat ion  s tep.  The process is 

claimed t o  be f r e e  of condensable  organic compounds 

because of the  high,  2700°F tempera ture   reac t ion   in  

the   gas i f i e r .   Po ten t i a l   gaseous  and l i qu id   po l lu t -  

ants  such  as  phenol  chemicals  are  not  produced  as 

a result. 

Koppers  designed  and b u i l t   t h e   f i r s t   d e m o n s t r a t i o n  

un i t   fo r   gas i fy ing   coa l   i n   suspens ion   based  on t h e  

Koppers-Totzek  Process i n  1948 f o r   t h e  U.S. Bureau 

of Mines. The f i r s t  commercial u n i t  was designed 

and b u i l t  by the   pa ren t   f i rm   in  1952 in   Finland.  

Since  then,  15 p lan t s   have   been   bu i l t   f o r   t he  
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G. Gas i f i ca t ion  Methods - (Cont'd) 

( i i )  Koppers-Totzek  Process - (Cont'd) 

chemica l   indus t ry   a l though  th i s   exper ience  is not 

considered  comparable  to  producing  pipeline gas .  

( i i i )  New Methods 

Four new methods f o r   c o a l   g a s i f i c a t i o n   a r e   b e i n g  

inves t iga t ed  and two have  reached  the  demonstra- 

t i on   s t age .  These a r e   t h e  Hygas Process;  

Acceptor  Process;  Synthane  Process;  and Bi-Gas 

Process;  and t h e   f i r s t  two of these  have  reached 

the  demonstrat ion  plant   s tage.  

c02 

Each  of t h e  Hygas,  Bi-Gas, and  Synthane  processes 

r equ i r e   suhs id i a ry  oxygen p l an t s   t o   ope ra t e   wh i l e  

t h e  C02 Acceptor  plant  does  not. However, t h e  

l a t t e r  is l imi t ed  by the  type of coal  i t  can  gasify.  

These a re   descr ibed  in more d e t a i l   i n   S e c t i o n  J - 
Research  Project .  

Since most research  has  been  directed  toward  pro- 

ducing a s u b s t i t u t e   f o r   n a t u r a l   g a s ,   a l l   t h e  

processes  have  attempted  to retain in the   product  

a s  much a s   p o s s i b l e  of the  methane  that is released 

du r ing   t he   ea r ly   pa r t  of the   p rocess  when the   coa l  

i s  be ing   hea ted .   In   th i s  way, t h e   o v e r a l l   c a p i t a l  

cos t  and the   mater ia l s   requi rements   per   un i t  of 

methane are  reduced. 
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H. Commercial P r o j e c t s  

A s  of March 1974, t he re  were i n  t h e  Uni ted   S ta tes ,  1 4  

proposed  commercial   coal   gasif icat ion  projects .  Some of 

these are   f i rm  under tak ings  with work present ly   going 

ahead t o   b r i n g  them t o   f r u i t i o n  and the  balance  have  not 

yet   progressed beyond the   s tudy   s t age .  

Three  projects  are  planned  around  the  Lurgi  pressure 

gas i f i ca t ion   p rocess .  The planned  output  of  each  plant 

is 250 m i l l i o n   c u b i c   f e e t   p e r  day  of syn the t i c   na tu ra l   gas  

using 26,000 tons  per  day of non-coking coa l .  The 

es t imated   cos t  of  each  plant i s  i n   e x c e s s  of $350 mi l l i on  

' d o l l a r s .  The owners  and loca t ions  of t h e s e   p l a n t s  are a s  

follows:- 

- E l  Paso  Natural  Gas Company, Northwest 
Burnham Complex. New Mexico 

- Transwestern  Coal  Gasification,  Northwest 
P a c i f i c  Coal Gas i f i ca t ion ,  and New Mexico 
Western  Gasification. 

- Panhandle Eastern P i p e l i n e  
Company and  Peabody  Coal Company. 

Eastern Wyoming 

A f o u r t h   p r o j e c t  using the  Koppers-Totzek  gasification 

process  i s  b e i n g   i n s t a l l e d   a t  a p l a n t   a t  Verona,  Pennsylvania. 

This will use  a l l  types of coa l   t o   p rov ide  low B.T.U. gas 

su i t ab le   fo r   me thana t ing   t o   g ive  950 B.T.U./scf p ipe l ine   gas .  

This u n i t  is i n   t h e   n a t u r e  of a p i l o t   p l a n t .  

Ten o the r  commercial p ro jec ts ,   represent ing   the   ba lance  of 

t he   fou r t een   p l an t s ,  are in   t he   ea r ly   p l ann ing   s t ages   w i th  

few de ta i l s   excep t  some information on the   coa l  reserves 
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H .  Commercial P r o j e c t s  - (Cont'd) 

t h a t   a r e   a v a i l a b l e .  The owners  and loca t ions  of these  

p l an t s   a r e   a s   fo l lows : -  

- Michigan  Wisconsin  Pipe  Line 
Company and North  American  Coal 
Corporation. 

- Northern  Natural  Gas Company and 
Cities Serv ice  Gas Company. 

- Natural  Gas P ipe l ine  Company of 
America. 

- Colorado I n t e r s t a t e  Gas Company 
and  Westmorland  Resources. 

- Columbia Gas System. 

- Texas Gas Transmission  Corpora- 
t i o n  and Consolidation  Coal 
Company. 

- Texas Eastern  Transmission Cor- 
pora t ion  and Fas te rn  Gas and 
Fuel   Associat ion.  

- Transcont inental  Gas P i p e l i n e  
Corporation. 

- Consolidated  Natural  Gas Company. 

- I s l and  Creek  Coal Company and 
Assoc. 

I .  Research  Prolects  

North  Dakota 
( l i g n i t e )  

Powder River 
Basin,  Montana 

Dunn County, 
North  Dakota 
( l i g n i t e )  

Southeast  
Montana 

West Virg in ia  

I l l i n o i s   B a s i n  

Northwestern 
New Mexico 

Power River 
Basin, Wyoming 

Southwest 
Pennsylvania 

Kentucky 

Work on four  new major ways of gas i fy ing   coa l  t o  s y n t h e t i c  

n a t u r a l   g a s  i s  b e i n g   f u n d e d   t o t a l l y   o r   i n   p a r t  by t h e  U . S .  
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I. Research  Projects  - (Cont'd) 

government.  These  schemes a r e   a t   t h e   p i l o t - p l a n t   s t a g e  

wi th  two opera t ing   p l an t s  and two under  construction, and 

range   in   coa l   p rocess ing   capac i ty  from 40 t o  120 tons  per  

day. None can ye t   p roduce   syn the t i c   na tu ra l  gas  on a 

cont inuous  basis .  

The two p i l o t   p l a n t s  now opera t ing  are the Hygas p l a n t   i n  

Chicago,  which  operates a t   h i g h   p r e s s u r e  and with a 

f lu id ized   bed  of coal,  and the CO Acceptor  plant  in  Rapid 

C i t y ,  South  Dakota,  which a l so   u ses  a f l u i d i z e d  bed bu t ,  

i n  t h i s  case, of l i g n i t e   c h a r .  The two p i l o t   p l a n t s  under 

cons t ruc t ion   a r e   t he  Bureau  of  Mines  Synthane p l a n t   i n  

Bruceton,  Pennsylvania  and the Bi-Gas  p l a n t   i n  Homer C i ty ,  

Pennsylvania.  Three of t hese   p l an t s   r equ i r e   subs id i a ry  

oxygen p l a n t s ;   t h e  Hygas, B i - G a s ,  and  Synthane  processes. 

The CO Acceptor  plant  does  not  require oxygen but  cannot 

accept  a l l  types of coal.. 

2 

2 

The Hygas p l an t ,   t he  C02 Acceptor  plant and the  Synthane 

plant  diagrams  are shown on Figures  5 ,  6, and 7 
respec t ive ly .  

Data on 20 research  and  development p r o j e c t s   c u r r e n t l y   i n  

progress   inc luding   the  Hygas, C02 Acceptor,  Synthane and 

t h e  Bi-Gas p l a n t s ,   a r e   i d e n t i f i e d  below  according  to  the 

type of process  each  employees. The owner, l oca t ion  and 

type  of  coal  ised is  presented  with  the  data .  
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I. Research  Projects  - (Cont'd) 

L u r g i   P i l o t  Plants 

- E l  Paso  Natural  Gas Company. Four  Corners, New 
Mexico (non-coking  coal) 

- Conoco Methanation Company Westfield, Scotland 
and S c o t t i s h  Coal  Board. 

- South  African  Coal, O i l  and Sasolburg,  South  Africa 
Gas Corporation  and  Lurgi. 

COGAS Process  

- COGAS Development Corporation.  Princeton, N . J .  

bituminous) 
(bituminous & semi- 

KYGAS Process  

- I n s t i t u t e  of Gas Technology.  Chicago, I l l i n o i s  
( a l l   t y p e s  of  coal) 

CO, Acceptor  Process 

- Consolidation Coal  Corpora-  Rapid  City,  South 
t i o n .  Dakota ( l i g n i t e  and 

sub-bituminous) 

BI-GAS Process  

- Bituminous  Coal  Research  Inc. Homer City,  Pennsylvania 
( a l l  types of coa l )  

Synthane  Process 

- U.S. Bureau of Mines  Bruceton,  Pennsylvania 
( a l l   t y p e s  of coal)  
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I. Research  Proiects - (Cont’d) 

In   add i t ion ,   t he re  are a number of c o a l   g a s i f i c a t i o n  

processes   under   s tudy   in   the   l abora tory   s tage  and these 

a r e   l i s t e d  below. 

Assorted New Techniques 

- Steam-Iron  Process - I n s t i t u t e  of Gas Technology - 
Chicago, I l l i n o i s .  

- Kellogg  Molten  Salt   Process - M. W .  Kellogg Company 
( a l l   t y p e s  of coa l ) .  

- Union Carbide  Process - Chemical  Construction  Corpora- 
t i o n .  

- Nuclear  Coal  Gasification  Process - General Atomic and 
Stone & Webster. 

- Atgas  Process - Applied  Technology  Corp. ( a l l   t y p e s  of 
coa l ) .  

- Hydrane - U.S. Bureau  of Mines (all types of coa l ) .  

- Unk - Exon  Corporat ion - Baytown, Texas. 

- Union Carbide/Battelle  Agglomerating Ash Process - 
Battelle Columbus Labs, West Je f f e r son ,  Ohio. 

- I n d u s t r i a l   F l u e  Gas Process  - Woodall-Duckham Ltd.  

- Low B.T.U. Gas/Combined Cycle E l e c t r i c  Power Process  - 
Westinghouse E l e c t r i c  Corp..  Waltz Mill, Pennsylvania. 

TWO exper imenta l   p ro jec ts   as   ye t  unnamed a r e  under  study 

by Garrett  Research  and Development  Corp. a t  La Verne, 

Cal i forn ia ,  and the   Genera l   E lec t r ic  Company in   Schenectady,  

New York. 
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I. Research  Projects - (Cont'd) 

The improved  technology  represented by these   research  

programs w i l l  be   necessary   in   face  of r is ing  coal   mining 

cos ts .  One of these  bench  scale   research  projects  

p rov ides   fo r  the l i q u i f i c a t i o n  of coa l   as  a f i rs t  s t e p  

and,  subsequently,   to  obtain  high  carbon and  \ydrogen 

conversion  without   the  need  for   methanizat ion.  The h e a t  

source   for   such  a process  would be  provided by nuclear  

r eac to r .   P ro jec t ed   cap i t a l   cos t s   fo r  a plant  producing 

710 b i l l i o n  B.T.U./day of p ipe l ine   gas   a re   about  $800 

mill . ion  ( in  1974 do l l a r s )   i nc lud ing   t he   nuc lea r   hea t  

reactor   source.   Current   es t imated  cost   for   an  equivalent  

s ized   p lan t   us ing   processes  now being  developed would  be 

about $1,100 mi l l i on .  Hovrever, in   the   absence  of f u l l  

s c a l e  commercial p l a n t s ,   t h e   c o s t  of coa l   gas i f i ca t ion   can  

only  be  roughly  estimated and these  estimates  must  be 

viewed with  caut ion.  
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