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ABSTRACT 

This s tudy  consist's  of  an economic eva lua t ion  of  oxygen-blown,  Texaco-based g a s i -  

f i c a t i o n  o f  110000 tons /day o f  I l l i n o i s  No. 6 coal  for  the  product ion  of  c lean,  

in termedia te -Btu  fue l  'gas.  

, ' , . .  . . . . . : . . .  

t I , 
" : . .  

' ' . ;  

.' ' . ' . .  

AS the  h igh  temperature .gas c o o l e r s  required in  t h i s  type o f  p l a n t  represent the  

h i g h e s t  r i s k  developmental ~equipment components, two b a s e - c a s e  gas coo l in g  con- ... 
figurations wer~ investigated.' The first, invo!ving saturated high-pressure 

steam generation, is representative of designs currently operating at the .,.'.. ;. 

150 ton/day Ruhrchemie plant and'.being designed f oi.- the I000 ton/day Cool Water 

Demonstration plant. The second base case configuration involved the higher rlsk 

and undemonstrated design which incorporates steam superheating capability in 

the gas cooling section. Results of the evaluation indicated no economic incen- 

tives to develop superheating capability in the Texaco high temperature gas 

coolers. 
,. ... 

The plant design employing only saturated high-pressure steam generating capa- 

bllity in the hot gas coolers produced 6664 x 106 Btu/hr of clean fuel gas 

(94.6% sulfur removal) and 142.4 MW ~of export power. Assuming mature technology, 

a plant startup date of 1990, a i0 percent annual inflation, a minimum after-tax 

return on equity of 20 percent/year for nonregulated company ownership, and a 

1980 dollar by-product power credit of 50 mills/kWh, the estimated first year 

f u e l  gas cos t s  would be: 

Fuel Gas Plant Ownership 

Inves tor  Owned U t i l i t y  

Nonregulated C~pany 

Constant 
Current Dollars (1990) 1980 Dollars 

$11.63/106 Btu $4~'27/106 Btu 
i; . . : "  ' " 6 $14.48/106 Btu $ 5 ' ~ : 3 2 t 1 0  Btu 

These r e s u l t s  ind ica te  t h a t  c l e a n  f u e l  gas produced from c o a l  i n  mature T ~ a c o  

g a s i f i c a t i o n  p lan t s  has the p o t e n t i a l  t o  be compet i t ive  w i th  petroleum derived 

f u e l s .  ~ '  

. ° : :  

1 t l  
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Inc lhded in  the  eva luat ion  were substudies  which a s s e s s e d  the  ~npacts o f  the use 

' o f  a gas recyc le ,  ~a change i n  the extent  o f  sulfur removal,  c e r t a i n  economies o f  

S c a l e ,  end changes in  steam c y c l e  cond i t i ons .  The impacts o f  these  changes on 

the  es t imated  cos ts  o f  f u e l  gas  were minor. 
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PRO~ECT DESCRIPTION 

EPRI PERSPECTIVE 

.:" ~i 

,7 

This f i n a l  r e p o r t ,  Economics o f  the Texaco G a s i f i c a t i o n  ProceSs for  Fuel  Gas 

Product ion,  'present s  a deta41ed eng ineer ing  and economic . , eva lua t ion  o f  Texaco-  

based g a s i f i c a t i o n  o£ I l l i n o i s  No. 6' c o a l  f o r  the  produc' t ion o£ clean~ interme-'i' : 

d ia te -Btu  f u e l  gas .  P r e v i o u s  e v a l u a t i o n s ,  conducted  'by F;~uor. Engineers  and Con- "; 

" s t r u c t o r s ,  I n c . ,  under RP 239-2,  have i n d i c a t e d  tha't Te~ac0-based c o a l  ~ a s i £ i c a -  

t i o n - c o m b i n e d - c y c l e  "power p l a n t s  employing c u r r e n c y  ava41able (~000°¥)  gas  t u r -  

b ines  have the p o t e n t i a l  to  be cos t  c o m p e t i t i v e  w~th convent iona l  c 0 a l - f i r e d  

steam p l a n t s  de s igned  to  comply with the 1979 Federa l  New Source Performance  .. 

Standards" '~ 

T e x a c o ' s  c o a l  g a s i f i c a t i o n  technology i s  c u r r e n t l y  ~n the £ ina l  s t a g e s  o f  commer- 

c i a l  development,. The 150 ton/da~ Ruhrchemie p l a n t  i ~  Ob, erhausen,  West Germany 

has been o p e r a t i n g  f o r  over  three  y e a r s ,  c o n s t r u c t i o n  o£ a. 1000 ton /day  Texaco ~. 

g a s i f ~ c a t i o n  f a c i l i t y  a t  Tennessee Easman~s  Kin, g sPor t  i , .... " ' ,, • . p l a n t  for  t h e , p r o d u c t i o n  : / :  

o f  methanol and o~her  chemica l s  i s  w e l l  Underway'. F i n a l l y ,  c o n s t r u c t i o n  of ,  t h e  

1000 ten /day  Texaco g a s i f i c a t i o n - c o m b i n e d - c y c i e ~  demonstrat ion  p l a n t  ;'at Southern  

CalSfornia  Edison Company' s c o o l  ~a ter  ~ £ a c ~ i i t y  ' s tar ted  at  the end o f  :1981. 

EPRI ~s a ma~or p a r t i c i p a n t  i n  t h i s  l a t t e r  p r o j e c t  scheduled  for  p l a n t  sta .rtup i n  

l i d - 1 9 8 4 . .  

This study,  t h e r e f o r e ,  was designed to  i n v e s t i g a t e  the  p o t e n t i a l  economics  o f  

producing c l e a n  ~ntermedia te -Btu  f u e l  gas from l a r g e ,  Texaco-based,  co~:l g a s i -  

f i c a t i o n  p l a n t s .  

, . . ."....:;., 

, ,,: .. :.:,~,~. 

,, 

i I 

(. 

. .  • 
'. ! ,'f 

" , l  ~ , ' .  .i f : 

• PROJECT OBJECTIVES ,. 

The s p e c i f i c  o b j e c t i v e s  o f  t h i s  e n g ~ e e r i n g  s tudy  were to :  

• Determine t h e  c o s t  o f  producing c l e a n ,  in t ermed ia te -Btu  f u e l  gas  from 
Texaco-based g a s i f i c a t i o n  sys t ems ,  u s i n g  t h e  most current  c o s t  and p e r -  

,~ f o r m a n c e ,  i n f o r m a t i o n  a v a i l a b l e .  ~ 

,.. ~. 

~7 
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Evaluate  t.he p o t e n t i a l  economic i n c e n t i v e s  for  the development o f  steam 
superheat ing  c a p a b i l i t y  in .the high temperature gas c o o l e r s  o f  Texaco- 
based :fuel gas plants .  

Determine  the ' ~ "  ' "  JJupac¢-~!'.of v a r i o u s  process  des ign  m o d i f i c a t i o n s  on the  
e f f i c i e n c y  and cos t  o f  f u e l  gas. p r o d u c t i o n .  

PROJECT RESULTS ' " 

It is Important. to realize at the outset that this study of Texaco gasification 

dlffers f~damentally from a11 previous EPRI studies of Texaco-based systems. 

Cost estimates for the:gasificatio, and gas cooling sections of the plant have 

been d a ~  to  r e f l e c t  current information from Ruhrchemie's 150 ton/day p lant  
as'well as :certein~':'de'S'~gn-~:~fb~atio~'--fr~'"th~ ~ Cool Water plant. Prior Fluor 

evaluations for 'EPRI of Texaco-based systems (see EPRI Report Numbers AF-64~-, 

AF-753, ~,F,-916, ~F-1288, AP-1543, AP-1624, AP-1725 and EP-2212) prese"nted gasifi- 

cation sec t ion  cos t s  based only on data from 'the 15 ton/day Montebello p i i o t  

plant and did not  have the benefit  of  the more recent experience. TherefOre, 

cost e s t h e t e s  appearing in this  report for  the Texaco gas i '~cat ion  s e c ~ n n  w i l l  

di~£~r  from d~ta  p u b l i s h e d  i n  prev ious ~PRI r e p o r t s .  " ' .... ,: 

• ' "  .. , 

To satisfy the first objective o£ the study, a fuei gas plant processing II,000 

tons/day of Illinois No. 6 coal was designed. This plant raised high-pressure 

saturated steam in  the ho t  gas.;coolers ( rad iant  and convect ive)  configur.,ed in  a 
. , . - ,  

manner similar to  those in  the Ruhrchemie p la n t  and t~e Cool Water d e s i ~ .  This ,';:~. 
, ~ t  ' 

plant which removes 94.6 percent:of  the su l fur  in  the coal ,  prqduces 6664 x l0  s ~: 

B¢u/hr of c lean fu e l  gas and 142.4 MW of  export power at  an overal l  thermal e f f i -  

ciency of 77.1 percent .  Capital and operating cos t s  for  t h i s  p l a n t  s t a r t i n g  ~p. 

Investor  Owned 
ut . i l i tyOwnership  . 
Current Mid-1980 
Dollars  Dollars  

in:1990 are presented be low:  

t ' 

Total Capital Requirement, $10 s 2,233 903 

F i r s t  Year (1990)  F u e l  Gas 1 1 . 6 3  4 . 2 7  
Cost, $ /10  a Btu 

/ 

,, &, 

~onregula~ed 
Company ownership 

:"Current Hid-1980 
Dollar__.~s . 'Dollars 

2 , 2 2 9  . 902 

14.48 5.32 

24 .51  5 . 3 2  Levelized Fuel Gas Cost, $/106 Btu 19.11 3.27 

(Financial c r i t e r i a  used to generate the above est imates can be:found in  Che Sum- 
mary, Table S-2 .  ) 

m :i 
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The above r e s u l t s  i n d i c a t e  t h a t  f u e l  gas produ~edbx a u t i l i t y  owned T~xac O- 
based ~ a s l f l c a t i o n  p l a n t  has t h e  p o t e n t i a l ,  to  be lower i n  c o s t  than equiva lent  
crude o i l  derived"products .  For nonregula te~  cdmpany ownership the  current eco-  

nomic p o t e n t i a l  i s  n o t  as c l e a r .  The $5 .32/106  Btu product ion  c o s t  est lmate  i s  

based on an a f t e r - t a x  annual re turn  on e ~ i t y  of  20 percent  (assuming 10 percent /  

year g e n e r a l  i n f l a t i o n ) .  This l e v e l  o f  return i s  considered marginal  for  a high: 

r i sk  ven ture  such as the product ion  o f  a:new product from an as y e t  unproven 

t echn~ iogy .  ~ f  ~ e  a f t e r - t a x  re turn  on e q u i t y  requirement i s  increased  to ~ 

~30 p e r c e n t ,  ithe nonregulated compahy f u e l  gas product ion c o s t  would he .$8 .80 /106  

Btu in  cons tan t  1980 d o l l a r s .  Such a f u e l  :gas pr i ce  could o n l y  achieve  p a r i t y  

with f u e l  o i l  in  the mid-1990*s i f  f u e l  o i l  were to  experience  an average annual 

rea l  p r i c e  growth (ab'ovegeneral  i n f l a t i o n )  o f  3 percent .  

.It  i s  important to r e a l i z e  that  the  c a p i t a l  and operat ing  c o s t  e s t imates  pre-  

sented in  t h i s r e p o r t  are r e p r e s e n t a t i v e  o f  those  .tO he a n t i c i p a t e d  for  m atur___. S . 
t echno logy  p l a n t s .  I t  i s  there fore  to  be expected t~at  c o s t s  experienced for  

th~ first few Texaco-based fuel gas plants would be significantly higher than 

those  presented  here.  I t  must a l s o  be r e a l i z e d  that  u n t i l  the  Texaco t e c ~ o l o g y  

has been proven at  fu l l ,  commercial s c a l e  in the COol Water Demonstration Projec t ,  

the process still:poses significant risk. 

In order to~..assess the potential economic incentives for developing superheating 

capability i~ the hot gas:.coolers, a second plant was designed with both super- 

heating end reheatin~ of steam in these coole~rs. This eliminated the.require- 

ment to burn product gas for superheating and reheatL~g S'te~/ thereby increas- 

ing the  ne t  f u e l  gas product ion bY 15 percent .  On the o ther  hand, the export  

power generated  decreased by 63 p e r c e n t .  ¥or<a u t i l i t y  owned p l a n t ,  i f  the 

export  power i s  cred i ted  at  41 mills/kWh or more, no i n c e n t i v e  was found to  

develop superheat ing  c a p a b i l i t y  i n  the  hot  gas c o o l e r s .  This: f i n d i n g  i s  

e x t r e m e l y  u s e f u l  as i t  can save s u b s t a n t i a l  development c o s t s  for  high r i sk  

equipment tha t  o f f er s  no e c o n ~ i c  i n c e n t i v e s  for development.  

C ~ 

. L . '  

F i n a l l y ,  many s e n s i t i v i t y  s t u d i e s  to  both design and f i n a n c i a l  parameters were 

conducted.  Me,or conc lus ions  from these' s e n s i t i v i t y  s t u d i e s  are:  . . :  

I f  the su l fur  removal requirement i s  increased  from 94 .6  percent  to  
e s s e n t i a l l y  complete removal ( i . e . ,  1 ppm s u l f u r  i n  the  product gas ) ,  
r~e cos t  o f  f u e l  gas would increase  b~ l e s s  than 4 percen t .  

v i i  

. . . . .  . . . . .  • . . .  . . . . . . . . . . . . . . . . . . . .  : • : . . . . . . . . . . . . .  ° . ,  

j .  
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o &t a by-product  e l e c t r ~ c £ t y  c r e d i = ~ ' f ~ $ ~ m ~ l l s / k W h ,  the c o s t  o ~ £ u e l  
gas  ~s  ~asens~t~ve  to  steam c y c l e  c o n d i t i o n s .  However, a t  a b _ ~ . ~ -  
u c t  power c r e d i t  o£ 100 m~lla/kWh~ an e £ f i ~ £ e n t  reheat  steam c y c l e  
c o u l d  reduce f u e l  gas  c o z t s  by as  much as  20 pe rcent .  

~£ the Fap~ta~ ~ve~t~aent  required  for  the f u e l  gas p l a n t  were ~o 
i n c r e a s e  by 35 p e r c e n t ,  the  l e v e l i z e d  f u e l  ~as  p r o d u c t i o n  c o s t  would 
~ n c r e a s e b ¥  13 percent .  

°.., 

In c o n c l u s i o n ,  i t  must be po inted . lout  t h a t  n e i t h e r  the new ACRS t a x  ru l e s  nor 

r e c e n t l y  promulgated energy tax  c r e d i t s  ~ e r e : : ~ l i e d ~ n  any o f  the  f~nanc~a~ 

a n a l y s e s  p r e s e n t e d  in  t h i s  repor t .  ~ p p l i c a t i o n  o f  these  f a v o r a b l e  tax  r u l e s  

would tend to  somewhat reduce the f u e l  gas  product ion  c o s t  e s t i m a t e s  presen ted .  

.{, 

Engineering and ~conomtc Eva lua t ions  
&dvanced Po~er-.Sys~ems D~v~s~on 
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Previous EPRI s tud ies  have identif. ied integrated  coa l  gasi f icat ion-combined-cycle  
• , .  . ,  

power generation as an at tract ive  option for new base load power~:~lants. Coal 
gas i f i cat ion  for power generation, however, i s  not  l imited to such new integrated  

f a c i l i t i e s ,  but can be considered as a means o f  producing an u l trac lean  i n t e r -  

medlate-Btu gas (IBG) from coal for replacing oil or natural gas in existing 

fired equipment. There is a need, therefore, to develop the economics of 

stand-alone clean fuel gas from coal plants. 

EPRI has i d e n t i f i e d  the Te~.aco coal g a s i f i c a t i o n  process as one of  the more 

interes t ing  second generation gas i f i ca t ion  schemes for future appl icat ion  to 

u t i l i t y  power production.  Recently EPRI became a major part ic ipant  in  the Cool 

water Demonstration Project  through which the Texaco process w i l l  he demon- 
strated on a commercial scale in an integrated gasiflcatlon-comblned-cycle (GCC) 

power plant at Southern California Edisonas Cool Water Station. 

Prior Fluor evaluations performed for EPRI assessed the costs of Texaco-based 

gasification systems based on performance information from the 15 ton/day Hontebello 

pilot plant. Consequently, an enormous scale-up was required in order to esti- 

mete the cost  of  mature technology, commercial-scale gas i f i ers .  More recent  data 

from Ruhrchemie's 150 ton/day Texaco g a s i f i c a t i o n  plant  as well  as d e t a i l e d  

designs for the Cool Water plant allow bet ter  est imates  of connerc ia l - sca le  sys -  

tems to he made. Thereforef cost estimates appearing in this  report for  the 

Texaco ~ a s i f i c a t i o n  s ec t i o n  wi l l  d i f f er  from data published in prior EPRI 

r e p o r t s .  

The primary objec t ives  of  th i s  study were to evaluate  the following: 

• Using the most current cost and performance information available, 
determine the cost of producing clean, intermediate-Btu fuel gas from 
Texaco-based g a s i f i ca t i o n  p lants .  

• Evaluate the p o ten t ia l  economic i n c e n t i v e s  for the development o f  super- 
heat ing c a p a b i l i t y  in the high temperature gas coolers of  Texaco-based 
fue l  gas p l a n t s .  
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Determine the impacts o~ var4ous 'process design' modifications on the 
efficiency and cost of fuel gas p r o d u o t 4 o n . .  

DISCUSSION OF BASE CASF RESULTS 

The oxygeh~blown Texaco coal  gas i f i ca t ion  process  has s.ignt~icant steam ra i s ing  

capabil i ty  in  the ~aw gas cool ing sec t ion .  Depending on the design choices  made 

in  this  sect ion o f  the p l ~ t ~  l a r g e  quant i t i e s  of  by-product power c a n b e  ~ .... 

exported by a Texaco-based fuel  gas plant  pr0cess ing 11,000 ton/day o f  I l l i n o i s  . . . .  

No. 6 coal.  The magnitude and economics o f  by-pr0duct p0wer generation re ly  in  

part upon the design choices  adopted for the superheating" and reheating o f  h igh-  

pressure steam, current practice in the 150 ton/day Ruhrchemie p lant  and t h e  Cool  

Water design i s  to  produce only saturated, high-pressure steam in  the raw gas ~ . . . . . .  

coolers because t h i s  mode of  operat4'on minimizes metal temperatures in  these  h igh 

temperature heat transfer  devices.  Such a design has very l i t t l e  impact on a 

GCC plant because saturated steam produced in  the raw gas coolers can be s :~er-  

heated and reheated in  the combined cycle  heat  recoverysteam generator. In a 

fuel  gas plant ,  however, th i s  option does not  ex4st .  The~fore '~, :~upe~heating : - ...... I~ 

and reheating in  t h i s  type o f  configuration :would have to ~ be e fre t ted  by burning 

some fraction o f  the clean fue l  gas product in  an external  f ired heater.  Such an 

internal consumption would reduce ,the net  production o f  clean fuel  gas. ] 

However, superheating and reheating in  the raw gas coo l ing  sect ion increases  

equipment costs  and r i sks  for  this  sect ion of  the system. Therefore, a need 

ex is ts  for the eva luat ion  of  the overal l  impact on fue l  gas ~bs~ o f  superheating 

and reheating design opt ions  in Texaco-based p l a n t s .  Two base case designs have 

been developed: one (Case EXT-SS) which generates high-pressure saturated steam 

the raw gas coo lers ,  and the other (Case EXT-SH) which generates and reheats  

high-pressure superheated steam in t h e  r~aw gaS•:~C~bling sect ion.  This second case 

incorporates h iqhly  developmental heat transfer  e~uipment for superheating and 

reheatinq steam and represents a s i g n i f i c a n t  ex tens ion  of  the technology both 

currently being employed by Ruhrchemin and now being designed for Cool Water. 

The Performance Summary, Table S-1, shows that  both plants  produce a gas with a 
higher heating value  of  282.3 Btu/SCF (dry) .  However, the saturated steam case 
produces 6664 x 10 e Btu/hr of  clean fuel  gas whereas tb~ superheated steam case 

produces 7634 x 10 s Btu/hr o f  clash fuel  gas.  The net  by-product power gener- 

ated in the saturated and superheated steam cases  i s  142.40 MW and 53.30 MW 
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Stasa  C ~ l e ,  p s i g p # / e l  
steam, Generated ~n Gee Coolers 
Oan ~l'enpermture interLng Nta~ ~ ,  ,.OF 
su)A~r N ~ a l ,  
.Oxidant Plant  Ceapremsor Drtvem 
H ~ l  Capacit~ of  t~mslfler, t o ~ l d a y  

C/t.qE HSIGN&TION 

Table 0-1 : 

m'L'EXACO GESXFX*'a~ON Ir~GIM~ I ~  - B/~K CASKS (1) 

z4~o~gbo140o, ........ llso/looo/zooo 
Saturated ,. super,~=ated.... 

2400 2400 "'~ ... . .  
9 4 . 6  9 4 . 6  

~OtOiS Notorq::'~::~:. 
1375 1375 

~ - S S  ~ - ~  

~ X F Z ~ T Z ~  
Coax Feed Rate, Ib /h r  (dry)  
~ * / C O a l  l~t.:Le, ~ / ~  n.£. 
~ l l t  ~ r a ~ ,  eF 
82~'ry Fe~4 8o1~48 content, v e ~ t  
~ati£LcetLon SecUo~ &~g Pressu re .  ps~g 
~ v  ~onifLer Zf~L~ent Temperature. °P 
h v  OuL~Aer Zfflu~1: ~ (dzlr b a s i s ) .  

8 t , / s c r ~  . . . .  
' Cold Gem K £ £ A c i i ~  ( r ~  gas l ~ f / c o a l  

foed ~ • lO0), • 

~ m u m  
~ r a t u ~ e  o f  ~ 2  ~ s  to  ~ 8  

~]q~ader, oF 
Oas ~ r  r~ad.t Tap~ra tu re ,  °F 
Condenser Pressure, Inches llg adds 
Fi red  Heater Stack Tenperature,  OF 
Gas Expander Pmmrt, lt,d 
Steam Turbine Po~er~, 

Net S y s t a  Pover, ltM 

o v ~ u ~  s ~ ' ~ m ,  . 
General ~'c11;~'.tea Mater 

Consumption,.' :O~1~ 
L i n d ,  e n t r e ;  

Sulfur  ly - l r~duc t ,  S~/D 
Process amd Oeaera~or Makeup Mater, 
Coo].ing Tovet II~keup V~t~r, 
Co4~.Lug ~ t e r  C £ t ~  i l l ~ | § ,  lee 
~ l i n g  ~ . ~ r  Heat ~Jec~on§§ ,  

of  co~1 lot7 ". 
Xtr Cooler Beat ~ ; J e c ~ o n . ,  qi o f  coa l  
Clean Fuel ~s Nf~iciancy (e~orted 

c].emn gas ~ V  x lO01coal f eed  10ff), • 
~nerg~ Nec~very tf~icLenc~ ( a p o r t e d  

pover + exported clean ~ ~ ) /  
coal feed ~ z" 100, ~ I ....... ~''-.~-~ ~. ~ ...... 

Clean ~ 1  ~ s  ~ v  (dry ~s)~ Btu/SCF 
Net Clean ~ 1  Gas l~roduct, 10 ~ SCFD 

10 s S ~ l ~  ~ coa l  
20 • B~s/hr 

11~6,646 8 0 6 , 6 8 6  
!: 0 .8921  0 .8921  

3OO 3OO 
6&.S 6 0 . 5  

iO0 OOO 
2,460 2 , 4 0 0  

275.8 275.8 , , '  . . , , 
,' : v .  . .  

~. 74.64 74.64 

600 
195 

2.5 

.~' (,1.75 
:~ 2S~.g7 
4 it.~t 

1~.1.14 
142 . ~  

150 
190 

1023 
3S~ 
467 

~,370 
22? 

22.11; 

t/ 
64.57 

"S66.63 
65.03 

X 

( I )  ~ s  ~ e  is  4 ~ c ~  ~ T ~ e  3-1, ~ 3-2 
* D ~  bu~8,  100 p e r c ~ t  
** I~ : lud : l~  the ~ oZ HaS, COS, aml In  a 

: I i t .  generator  t e n d r i l s  
40 From powr  re©o~ry ez~nder  1 1 - ~ - 1  
15 includes  process  and pover p l e a t  por~Lons 
1 ~ t  pmmr c red i tad  a t  9000 Btu/Jd/h 

600 
' 195 

1.5 
m m  

61.75 
: 16G.85 

i, i . a l  
".~ 177.11 
,'~:, 53.30 

17S 
1023 
354 

..: 4S0 
3,212 

167 
C 

16.2§ 
3 . ~  

74.11 

78.77 
202.3 
649.25 

74.52 
7637 

, , .  . , ;  
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r e s p e c t i v e l y .  More h igh -pres sure  s a t u r a t e d  steam i s  produced in  the  raw gas 
c o o l i n g  s e c t i o n  o f  Case EKT-SS than h i g h - p r e s s u r e  superheated steam i s  generated 

i n  Case EXT-SH. As' a consequence,  the  s a t u r a t e d  steam case  g e n e r a t e s  more e l e c -  

t r i c  power. However, due to  the i n t e r n a l  consumption o f  the f u e l  gas for  super-  

h e a t i n g  and r e h e a t i n g  the s t e a m  in  Case EXT-SS, l e s s  f u e l  i s  a v a i l a b l e  for  

export .  The energY recovery  e f f i c i e n c i e s  are 77.11 percent  and 78.7'7 percent  

f o r  the s a t u r a t e d  and superheated steam cases  r e s p e c t i v e l y .  These r e s u l t s  i n d i -  
Pl 

/ /  o care  tha t  t h e r e  i s  very  l i t t l e  performance i n c e n t i v e  for  d e v e l o p i n g  suuerheat~ng - ~: 
c a p a b i l i t y  i n  t h e  raw gas c o o l e r s .  P ~.~....~:'~ 

Based on the  f i n a n c i a l  c r i t e r i a  in  Table S-2o an economic a n a l y s i s  o f  the Cost 
o f  £uel  gas was performed. .h summary o f  product ion  c o s t s  and o£ s e l l i n g  p r i c e  

e s t i m a t e s  f o r  Texaco-based f u e l  gas i s  shown J~i Table S-3 .  This  t a b l e  p r e s e n t s  

f u e l  gas produc t ion  c o s t  and s e l l i n g  p r i c e  e s t ' ~ a t e s  for  "~both i n v e s t o r  owned 

u t i l i t y  and nonregulated  company ownership .  I t  i s  ~nportan't to  r e a l i z e  that  the 

f u e l  gas c o s t  e s t h e t e s  p r e s e n t e d  i n  t h i s  report  do not  inc lude  c o n s i d e r a t i o n  o f  

the new kCRS tax  r u l e s .  Nor do they  i n c l u d e  any a d d i t i o n a l  tax c r e d i t s  beyond 

the 10 percent  .sho'~m in Table S-2.  k p p l i c a t i o n  o£ these  l a t e s t  tax  i n c e n t i v e s  

w i l l  tend to  reduce the £~e l  gas c o s t s  shown in  t h i  s r e p o r t .  

From Table S -3 ,  i t  can be seen  that  the  c o n f i g u r a t i o n  g e n e r a t i n g  s a t u r a t e d  steam 
in the raw gas C o o l e r s  (Case EXT-SS), i f  owned by an i n v e s t o r  owned u t i l i t y ,  
cou ld  produce c l e a n ' f u e l  gas a t  a f i r s t  Fear c o s t  o f  $4 .27 /10  s Btu in  c o n s t a n t ,  

mid-~980 d o l l a r s  ($11.63/106 Btu in  1990 d o l l a r s ) .  The des ign  prsduc ing  super-  

hea ted  steam in  the raw gas c o o l e r s  (Case EA~I'~SH), a l s o  owned by a u t i l i t y  com- 

pany, would produce c l ean  f u e l  gas at  approximate ly  the  Same c o s t .  The reason 

tha t  f u e l  gas  from the s a t u r a t e d  steam des ign  i s  c o s t  c o m p e t i t i v e  w i th  that  from 

the  superheated  s t e m  case  i s  that  the  s a t u r a t e d  case  g e n e r a t e s  s u b s t a n t i a l l y  

more steam. At a by-product  e l e c t r i c i t y  c r e d i t  ra te  o f  50 mil ls /kWh used in  

t h e s e  economic e v a l u a t i o n s ,  the r e s u l t s  o f  Table S-3 i n d i c a t e  tha t  there  would 

be no advantage to  employing the superheated  steam o p t i o n  over  u s i n g  the reduced 

r i s k  s a t u r a t e d  steam des ign  i n  the gas c o o l e r s .  The e l e c t r i c i t y  c r e d i t  would 
have to  drop below 41 mil ls /kWh be fore  the  superheat ing  o p t i o n  would become 
marg ina l ly  a t t r a c t i v e .  

This  ~ o ~ c l u s i o n  concerning  the  l ack  o f  any economic i n c e n t i v e  to  deve lop  super-  

heat /ng'~:capabi l i ty  in  Lhe raw gas c o o l e r s  a p p l i e s  e q u a l l y  when the  f u e i  gas p l a n t  

i s  owned b y  a nonregulated  company. For t h i s  case  the f u e l  gas product  could  be 
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~able S-2 

FINKHCIIL ~qlTI~XA FOR ~ RE~UIRE~Wf C~J~ULATIONS 
(s) 

Flnnt  Local=Lo. 

IPoat-1980 General : [nf laU~n Rate 

Tear o f  p lan t  Startlqp 

Design and Co~.~st~uctLon ~er~od 

Pro ject  Book Li-~e 

P~o:Ject Tax Life 
Tm~ l~.prec/ation Nethod ..... 

net  Plant ~ e l ~ e  value 

neLtvered C ~ l  Cost (~td-1980V) 

Real Coa lPr ice  b c s l a t ~ o n  
(1boys General Znt"~ati~n) 

Property Tax Rate 

Insurance Rate 

Federal Income Tax Rate 

State  Income Taz Rate 

lnvestaent  Tax CTed~t 

i .  ¸. 

Project  Financing 

Inves tor  Owned Ut~t£ty 

c u m ~  zqu~t~ 
Prefer red  stock 

Debt 

Nemregulatod Company 

c m m n  r ~ t t y  

Pre£arred Stock 

Debt 

Cepact~ Factor 

By-Product E l e c t r i c i t y  Credi t  

o 

' ' • 

O 

o 

o 

o 

o 

e 

o 

o 

o 

Southern X11inoin 

lO~year  

1990 

4 years 

30 7ears fo r  an Inves tor  Owned 

20 years £or a Ho~eQttlated Company 

23 1~urs £or S ~ e l x  I~l~nts 
Sun-o$- the~Tear-Dlgits 

10~ o~ PFZ 

$1 .30  /10  a atu 

lqb/~rear 

2qs/yeer o£ Escalated PFI . . 

lqs/yenr of Escalated P n  

461 
6~ 

101 o f  Escalated PF~. aornaLized 
over per iod  of  coaxercial  opereUon 
£or uci l icT oentrs l~p.  Credited 
dur~mg construct ion period for  
nonregulatod coapany ovnersh~p. 

• 3SI a t  16VTear a f t e r  trot re turn 

• 1el st 12.?Sq~ynsr div idend  
• S096 a t  12 . iSVyesr  4-Rarest 

• 10'0~ a t  20"~/lmtr a f t e r  tax return 

• Zero I 

• Zero q 

• g ~  

• 50 uLllslkSrn ~m -4d-19805. 
The cost o f  e l e c t r i c i t y  4e 
allowed to escala te  a t  the 
gtnera l  l~dFlat~m r a t e .  

~-* ~l~Ls tab le  i s  £dent~c~ to T~,;le 5-1 o Page S-2 
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~old at a first year price of $5.32/lO6'~Btu in constant, ,Lid-1980 dollars 

($14.48/108 Btu in 1990 dollars). / 

The conclusion that there 'is no apparent incentive to develop superheating capa- 

bility in the raw gas coolers is extremely important as this knowledge can save 

substantial development costs for high risk equipme'nt that Offers no economic 

incentives for further develop~..ent. ..... ;.:, 

,,,.,, 

It is most ~ortant to realize that the capital, and operating cost estimates 

presented , in  this report are representatlve of those to be anticipated for mature 

technoloqy plants, fJ~at is, the fourth or fifth commercial scale plant to be 

built. It is therefore'~to be.expected that costs experiended for the first few 

Texaco-based fuel gas plants could be significantly higher than those presented 

here. I~ must also be realized that until the Texaco technology has been proven 

at full commercial scale in ~he Cool Water Demonstration Project, the process 

will still pose significant risk. -'~ , . ,  

The e s t i m a t e d  f u e l  gas c o s t s  p r e s e n t e d  requir~ assumptions  t o  be made concerning  

both design and financial factors. Therefore,':: the sensitivities of fuel gas 

"costs to various changes in many of these par~eters have been estimated and are 

presented in Table S-4. The major conclusion to be derived ~rom the sensitivi- 

ties presented in this table is that even if the capital cost estimates presented 

in this report increase by 35 percent, the first ye~.)..cost of fuel gas produced 

by a 'utility owned plant would remain attractive.at $5.12/i0 s Btu in constant, 

mid-1980 dollars ($13.95/I0 s Btu in 1990 dollars')/":. , 
~'.' :, :•~ . ...'. 

COHPARISONS WITH PREVIOUS EPRI STUDIES" ~' 

• In 1975 and 1976, Fluor conducted evaluations of fuel gas production from a num- 

ber of current and advan~ed.'c~al gasification syst-.ms (reported in EPRI report 

numbers 3F-244 and ~F-782). These earlier results generally are not comparable 

with the "results presented in this report for the following reasons: 

a Host  o f  the  t e c h n o l o g i e s  e v a l u a t e d  were a t  an e a r l y  s t a g e  o f  deve lop-  
ment.  Subsequent evaluations have • generally shown that less optimistic 
performance and capital cost estimates accompany greater definition of 
such technologies. 

Different financial criteria were employed in the earlier ~tudie~. 
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The on ly  commercial  t echno logy  e v a l u a t e d  i n  ~ e s e  e a r l i e r  s t u d i e s  was the  dry  

ash Lurgi process. Therefore, to provide a, brldge between the earlier studies 

and this work, EPRI updated the cost estimates for an oxygen-blownLurgi fuel 

gas plant to 1980 dollars end evaluated t~e fuel gas production costs on the same 
'. / 

flnanclalbssises was used in this:report. The results are shown in Table S-5. 

Extreme ca re  must be t aken  i n  making any comparisons between the e s t i m a t e s  p r e -  

s e n t e d  i n  Table S-5 f o r  the  f o l l o w i n g  reasons :  i 

• Preliminary data on the performance of caking bituminous coal (,Illinois 
No. 6) in the Lurgi gasifier were used as the basis for the early Lurg i 
study. 

• The Lurg i  p l a n t  was des igned  i n  1975 and t h e r e f o r e  does not  r e f l e c t  the  
b e n e f i t  of  e x t e n s i v e  d a t a  developed from the SASOL I I  expe r i ence .  

• The design basis for the Lurgi plant was somewhat different than that 
specified for these later Texaco studies, and this has resulted in an 
inconsistent basis for comparison. 

DISCUSSION OF DESIGN SENSITIVITY STUDIES 

The gas c o o l i n g  s e c t i o n  o f  a Texaco f u e l  gas p l a n t  i s  developmenta l  and c o s t l y .  

Decreases inthe capital requirement and the cost of ~uel gas could possibly be 

realized through design changes in the gas cooling configuration. Table S-6 sum- 

mar izes  the  economic r e s u l t s  from the base  cases  and subs tudy cases  f o r  i n v e s t o r  

owned u t i l i t y  p r oduc t i on  o f  f u e l  gas .  The d e s i g n  changes c ons i de r ed  i n c l u d e :  

a The use o f  a c o l d  gas r e c y c l e  from the  p a r t i c u l a t e  sc rubber  to  quench 
the hot  g a s i f i e r  e f f l u e n t . i n s t e a d  of  the  use of  a r a d i a n t  gas c o o l e r .  

• V a r i a t i o n s  i n  t he  degree  o f  s u l f u r  removal .  

• The use of larger (2200 ton/day instead of 1375 ton/day) capacity 
gasifiers. 

• Variations in steam cycle temperature and pressure. 

The major  conc lus ions  t o  be d e r i v e d  from these  system des ign  s u b s t u d i e s  a re  sum- 

mar ized  below: 

• The .use of  a c o l d  gas r e c y c l e  p roduc ing  a 1500°F feed  gas to  the  con- 
v e c t i v e  hea t  exchangers  would i n c r e a s e  the  c o s t  o f  p roduc t  f u e l  gas on ly  
m a r g i n a l l y .  This  impor t an t  r e s u l t  must be t r e a t e d  w i th  c a u t i o n .  I t  i s  
most encouraging  to  the  e x t e n t  t h a t  i t  i n d i c a t e s  a ~ p o s s i b l e  a l t e r n a t i v e  
to  the  c u r r e n t  d e s i g n  concept  o f  r a d i a n t / c o n v e c t i o n  gas c o o l i n g  t h a t  
will not significantly impact the cost of gas. However, it must be 
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Table S-5 

FUEL GAS COST ESTIMATES FROM 
OXYGEN-BLOWN LURGI-BASED PLANTS 
EMPLOYING ILLINOIS NO. 6 COAL 

INVESTOR OWNED b~fILITY OWNERSHIP 

Case Designation 

Texaco-Based 
Plant (This Study) 

EXT-SS 

Oxygen-BlownLurgi 
Fuel Gas Plant 

NX MX 

Steam Generated in  
Gas Coolers 

Net Fuel Gas Production, 
108 Btu/hr* 

Saturated N/A N/A 

6664 5495 5495 

Net By-Product Power, 
MW* 

By-Products Credited** 
142.40 

E l e c t r i c i t y  

Total Capital 
Requirement For ~tartup 

1990, $/FOEB /Day 

Total Capital 

Current 
Dollars 

68,503 

Requirement ($1 ,000)  2 ,233 ,078  

cost  o f  Fuel Gas ~ ,  
$Ii0 e Btu 

63.70 63.70 
Electricity Electricity 

~onia '~ ~ u o n i a  
Hydrocarbons : 

Hid-1980 Current Mid-1980 Current Mid-1980 
Doll____ars Dollar____ss Dollars Dollars Dollars  

27,700 76,639 30,990 88,164 35,650 

902,970 2 ,194 ,887  887,527 2 ,194,887 887,527 

Firs t  Year (1990) 11.63 4.27 14.36 5.28 15.66 5.76 
Tenth Year (1999) 20.67 3.22 25.80 4 .02  28.86 4 . 5 0  
Twentieth Year (2009) 43.50 2.61 54.88 3.30 62.81 3.78 

Leve l i zed  §' 19.11 3 .27 23.85 4 .08  26 .64  4 . 5 6  

~ - - ~ o d u c t i o n  at 100 percent of  design capacity .  
** By-product ammonia credi ted at $120.O0/short ton.  Liquid hydrocarbons, 

when credited, were va lued  at  $3.00/106 Btu (1980 d o l l a r s ) .  
# Barrels o f  d i s t i l l a t e  fue l  o i l  (5.85 x 10 s Btu/BBL) with higher heating value 

equivalent to fue l  gas produced. E l e c t r i c i t y  credi ted  at  9000 Btu/kWh. 
Hydrocarbons credited where noted. 

§ & l eve l i z ed  price i s  one which, i f  held constant ,  w i l l  y i e l d  the same return 
on common equity as the varying year-by-year va lues .  

~# End-of-year cost .  

. . , . . ' . .  • . . .  , . . . , . . 
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remembered t h a t  t h i s  r e c y c l e  gas  quench concept  has no t  been  demon- 
s t r a t e d  at any scale. If the assumption that 1500°¥ gas is acceptable 
in the convection gas coolers is not found to be technically feasible, 
this conclusion might not be valid. 

. . . .  • , ' ?',• 

, /  

• Sulfur Removal 

When the  s u l f u r  removal s p e c i f i c a t i o n  i s  inc reased  from 83.6 p e r cen t  to  
94.6 percent, the cost of fuel gas increases insignificantly (1.2 per- 
cent f o r  the  h igh -p r~s su re ,  s u p e r h e a t e d  s team case ) .  , , .  

When s u l f u r  removal  i s  i n c r e a s e d  from 94.6 pe rcen t  to  e s s e n t i a l l y  com- 
p l e t e  s u l f u r  removal  ( co r r e spond ing  to one ppm t o t a l  s u l f u r  i n  the  prod-  
uc t  gas on a mole b a s i s ) ,  the  c o s t  o f  f u e l  gas produced by  an i n v e s t o r  
owned u t i l i t y  i n c r e a s e s  l e s s  t h a n  4 p e r c e n t .  

O Since  on ly  r e l a t i v e l y  moderate c o s t s  e re  a s s o c i a t e d  wi th  deep  s u l f u r  
removal, Texaco-based fuel gas plants appear to be capable of producing 
ultraclean fuel economically even in nonattaiument regions. 

The devel~pmont and use of  a l a r g e r  c a p a c i t y  (2200 ton]day)  Texaco g a s i -  
f i e f  has  the  p o t e n t i a l  o f  r e d u c i n g  the c o s t  o f  f u e l  gas  by  5 p e r c e n t .  
Some of  the  sav ings  a s s o c i a t e d  w i t h  t h i s  economy o f  s c a l e  i n  Cases 
EXT-SS and EXT-SH w i l l  be  o f f s e t  by  the impact  on o v e r a l l  p l a n t  a v a i l -  
a b i l i t y  o f  the  s l i g h t l y  reduced f r a c t i o n  o f  spare  o p e r a t i n g  t r a i n s  in  
t h e s e  de s i gns .  

The f u e l  gas  c o s t  i s  r e l a t i v e l y  i n s e n s i t i v e  to  steam c y c l e  c o n d i t i o n s  
a t  a 1980 d o l l a r  e l e c t r i c i t y  c r e d i t  o£ 50 mills/kWh. However, a t  h igher  
by-product electricity credits the more efficient steam cycles result 
in significant reductions in fuel gas costs (i.e., at an electricity 
credit of i00 mills/kWh, changing from a 900°P non-reheat cycle to a 
IO00°F/IOOO°F reheat steam cycle will reduce the cost of fuel gas by up 
to 20 percent). 
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Section 1 

INTRODUCTION 

PURPOSE OF THE STUDY 

The o~ygen-blown Texaco coal gasification process shows promise for utilization 

in gaslflcation-based clean fuel gas plants. This coal gasification technology 

is derived from Texaco Development Corporation's established commercial process 

for partial oxidation of heavy petroleum fractions. 

Previous Fluor evaluations of the oxygen-blown Texaco coal gasification process 

for EPRI have focused on the use of this technology in a gas!fication/c0mbined- 

cycle (GCC) power plant. EPRI's interest in this process includes continued 

funding of pilot plant studies at Texaco's Montebello facility and work with 

coals in Germany. More recently, EPRI has executed a contract to  become a major 

participant in the Cool Water Project along with Texaco and Southern Callfornia 

Edison (SCE) and others. The goal of this project is the design, construction, 

and successful operation of an integrated, Texaco-based, IO0 MW GCC demon-. 

stratlon plant at SCEas Cool Water Station near Barstow, California. This 

demonstration plant will be the first operating GCC system in the U.S. to use a 

commercial-scale Texaco gasifier. 

Previous Fluor evaluations (for EPRI) of coal gasification for clean fuel gas 

production concentrated on gasification systems that were in a very early stage 

of development with the exception of the dry ash Lurgi technology (see EPRI 

reports AF-244 and ~F-782). Recently, much interest has been shown in the use 

of Texaco's coal gasification technology for clean fuel gas production. There- 

fore, the overall objective of this study was to assess the cost of fuel gas 

produced in a Texaco-based gasification plant. 

It is important to realize tl~at Fluor has been assessing the costs of Texaco- 

based gasification systems under contract to EPRI for the past three years. All 

cost estimates generated in past studies (see EPRI reports &F-642, AF-753° 

AF-916, AF-1288° AP-1543, AP-1624, EP-1725 and AP-2212) •were based on limited 
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data for the Texaco portion of the system is. well as a massive scale up from the 

IS ton/day Nontebello pilot plant to an estimated mature commercial capacity of 

2200 ton/day gaeifler. Within the last year, information relemsed from 

Ruhrchemie's 150 ton/day Texaco gasification plant in Oberhausen, West Germany, 

have indicated that the initial cost projections for the Texaco gasification 

technologywere low. Therefore, another ma~or objective of this projectwas to 

.update cost estimates for the TeHaco coal gasification process to reflect recent 

data from both the Oherhausen plant as well as the Cool water design effort. 

The oxygen-blownTexaco coal  g a s i f i c a t i o n  process has s i g n i f i c a n t  steam rais ing  
c a p a b i l i t y  i~ the raw gas Cooling sect ion .  This allows for the development of  
Texaco-based clean fuel gas plants which, depending on the design choices made, 

can export large quantities of by-product electric power. The relative quantity 

and economics of by-product power generation will depend in part upon the de~ign 
~.;'7" .,.": 

choices  adopted for the superheating and reheating of  the hlgh-pressure "s~m.  

Superheating/reheating in a gas f i r ed  heater reduces net  production of the :~'lean 

f u e l  gas since a fract ion of the gross production i s  used i n t e r n a l l y .  On the 

other hand, superheating/reheating in  the raw gas  coo l ing  s ec t i o n  increases 

equipment costs  and risks for t h i s  sec t ion  of  the p lant .  Therefore, th is  engi-  

neering and economic evaluation of Texaco-based clean fuel gas plant designs con- 
tains substudies of options for steam superheat~g/reheating for by-product power 

generation. 

The most expensive sections in a fuel gas plant apart from the oxidant feed sys- 

tem are the gaslflcatlon/gas cooling systems. Decreases in"capital requirement 

and cost of fuel gas may he realized through design changes in these two units. 

One of the options available is to increase the individual train capacities 

(i.e., to reduce the number of trains) and to thus realize economies of scale. 

In a Texaco-based GCC system, the cost  of  the acid gas removal, sulfur recovery 

and tail gas tr~"atlng units is a relatively small fraction (approxlmately four 

percent) of the total plant investment. These same units constitute a much 

larger fraction (six to nine percent) of the total plant investment for a clean 

fuel gas plant. The impact of increased sulfur removal standards on fuel'gas 

plant economics was therefore also studied. 

.......... i .... . . . , .. • 
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In su~aary, the two p r i n c i p a l  objec t ives  o f  t h i s  s tudy  were te- 

e 

e ,  

determine the  c o s t  o f  producing in termediate  Btu gas In a Texaco-b&~ed 
g a s i f i c a t i o n  p l a n t  using high temperature gas cool ing  e~uipment p r o -  
ducing s a t u r a t e d  steam. 

eva luate  the  p o t e n t i a l  economic i n c e n t i v e s  for  developing superheat ing  
c a p a b i l i t y  in  h igh temperature gas c o o l e r s .  

Secondary 

fications 

object ives  were to assess the impacts o f  certain process design modi- 

on the overall system efficiency and on the cost of fuel gas. 

DESCRIPTION OF THE BASE CASES 

The two base cases  des igned to  achieve the  p r i n c i p a l  ob jec t ive s  of'  t h i s  s tudy 

were Base Case EXT-SS for  high-pressure sa tura ted  steam generati:on, and Base Case 

EXT-SH for  h igh-pres sure  superheated steam g e n e r a t i o n .  

These cases  employ Chicago summer des ign c o n d i t i o n s  and cons i s t  o f  an oxygen- 

blown Texaco g a s i f i c a t i o n  system. The g a s i f i c a t i o n  system operates at  600 p s i g  

using 98 mole percent  oxygen as the oxidant .  This  oxidant  i s  produced in  an a i r  

separation plant and supplied to the gasifier at 720 psig and 300°F as in the 

AP-1624 report .  +'. 

BASE CASE EXT-SS (Hi ,h-Pressure  Saturated Steam Generat ion) .  Gas e x i t / n g  from 

the g e s i f i e r s  (at  2400°F) i s  used to  produce saturated+ high-pressure steam at  

1505 p s i g  in  the f i r s t  energy recovery un i t  o f  the  raw gas coo l ing  system.  &l l  

subsequent superheat ing  and reheating of+ t h i s  steam i s  done in a heater  f i r e d  

with part  o f  the c l e a n  f u e l  gas produced. The h e a t  t rans fer  s erv i ce  f o r  each o f  

the remain~,ng exchangers in  the raw g a s  c c o l i u g  system has been chosen to  maxi-  

mize the o v e r a l l  thermal e f f i c i e n c y  and minimize i n t e r n a l  consumption o f  f u e l  

gas. 

The steam cyc le  c o n s i s t s  o f  1450 ps ig ,  900°F superheated steam and a 900°F 

reheat temperature. Fuel  gas expanders recover  power by expanding the c l e a n  f u e l  

gas to 50 p s i a .  

( 

16+ 

BASE CASE SXT-SH (Hi~h-Pressure Superheated Steam Generation).  This base  case  

d i f f e r s  from Base Case EXT-SS primarily in  the d e s i g n  o f  the raw gas c o o l i n g  s y s -  

tem and the steam c y c l e .  The energy recovery  u n i t  i n  the raw gas c o o l i n g  system. ,• 

produces superheated,  high-pressure steam and a l s o  performs reheat ing o f  steam 
• .+  

' •  . . . . . . .  + . . . .  i - 3  
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exhausted from the HP s'octio~.~i~ the power turbine. The heat trans£er serv£ca 

for each o f  the remairtin~l exchangers in  the raw gas coo l ing  system ha~ bean 
chosen to maximize the. o v e r a l l  thermal e f f i c i e n c y  o f  the ent ire  p l a n t .  There i s  

no in terna l  comsumption o~  the product f u e l  ! .  ~ ' .  , ..... 

The steam c y c l e  c o n s i s t s  O ~  1 4 5 0  Psig ,  IO00°F superheated steam and a IO00°F 

reheat temperature. i .... : ., 

:.-. 

S ~ s t u d v  Cases .:. 

Other •process des igns  were evaluated and w i l l  be d~scussed in the sec t£on  t i t l e d  
,:'. ". !iDeslgn sensitivity Studies." 
" . .  ? . . . :  .~'. :~. 

Included in  the substudiee  i s  a sca le -up  o f  both base case des igns  with  the use  

of 2200 ton/day gaslfiers in place of the 1375 ton/day gasifiers employed in the 

base cases and all other substudies. The smaller gasifier is representitive of 

the scale  planned for  demonstration p lant s  l i k e  Cool Water and the larger  g a s i -  

f i e f  represents  an assessment of  the c a p a c i t y  o f  future  mature systems when the 

technology has " " "  been.. ~ ' - l  e s tab l i shed .  

TECHNICAL CRITERIA 

Plant designs are based on technical criteria established by the Electric Power 

Research I n s t i t u t e  (EPRI). These c r i t e r i a  inc lude  water and" coal  a n a l y s e s ,  s i t e  

locat ion ,  and genera l  p lant  requir~aents .  

Fluor developed the p l a n t  designs for  a l l  c a s e s .  Some of  the information needed 

to design the g a s i f i c a t i o n  systems was provided  to  Fluor from prev ious  s t u d i e s  

performed by the Texaco Development Corporation.  . :  

The a n a l y s i s  o f  the I l l i n o i s  S, fL. 6 c o a l  which was used in a l l  the study cases  i s  

given in Table 1-1 .  The coal/~was assumed to  be de l i vered  to the s i t e  iwnshed and 

s i zed .  I f  exper ience  were to  demonstrate that  t h i s  assumption i s  not  ~ v a l i d ,  then 

each of  the c a s e s  presented  here would require  add i t i ona l  coal  handl ing equip-  

ment. This change would a f f e c t  the o v e r a l l  p l a n t  investment e s t i m a t e s ,  but would 

not a l t er  the comparisons between cases .  

The s i t e  for  each o f  the plants  i s  the Chicago area; Table 1-2 shows p e r t i n e n t  " 

condit ions  for  the s i t e .  Raw water makeup to  the p l a n t  i s  assumed to  be C h i c a g o  

1 -4  
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c i t y  water .  The Chicago Department o f  Publ ic  Works provided an a~'mlymis of  f i n -  

iahed water  from the South D i s t r i c t  f i l t r a t i o n  p l an t ,  Table ~ , . : ~ ! ~ e s e  data have 

been used in  recent  EPRI cos l  g a s i f i c a t i o n  r epor t s  and were e x t r a c t e d  from EPRI 

Report AF-244. '" 
. . . . . . . . . . .  . . . . . . .  . . . . .  ; . .  

The only  ne t  p l an t  products  are  c l ean  fue l  gas,  e l e c t r i c i t y ,  and recovered• su l -  

fu r .  To ta l  gaseous s u l f u r  emiss ions  ( inc lud ing  t h a t  p r e sen t  in  product  fue l  gas) 

from the base case p l an t  designs are  r e s t r i c t e d  to 0.32 lb SO 2 equivalent  per  

106 Btu (HHV) of  coal  fed to the g a s i f i e r s .  

E l e c t r i c  power i s  assumed to be a v a i l a b l e  to each p l an t ,  f o r  s t a r t u p  and emer- 

gency s i t u a t i o n s .  Each p lan t  i s  a g ras s  roo t s  i n s t a l l a t i o n ,  and fue l  o i l  s torage  

i s  p rov ided  fo r  f i r e d  hea ter  s t a r t u p  in s a tu ra t ed  ste~n cases  where a f i r e d  ~ 

h e a t e r  i s  used. This allows steam produc t ion  to  g radua l ly  b r i n g  the p l a n t  

o n - l i n e .  In  add i t ion  to the major o n s i t e  u n i t s ,  the p l a n t  inc ludes  the fo l low-  

ing facilities in the cost estimate for each case: 

• Cooling water systems (process plant and power block) ,: 

• P lan t  and instrument  a i r  

I , t 

/' 

• Potable and utility water 

• - Fu~_l system ............. 

The p roces s  equipment used in  each p l a n t  design c o n s i s t s  p r i m a r i l y  o f  c 6 ~ e r -  

c i a l l y  a v a i l a b l e  u n i t s .  • Advanced d e s i g n s  were inco rpora t ed  f o r  the  fo l lowing :" 

items o f  equipment: ' 

• The gasifier high-temperature heat recovery equipment designs used in 
the raw gas coo l ing  systems are  a l l  extens ions  o f  the cu r r en t  s t a t e  o f  
the a r t  fo r  such equipment.  Considerable development and t e s t i n g  work 
w i l l  be requi red  be fo re  these  designs reach commercial s t a t u s .  

a The 2200 ton/day g a s i f i e r s  represent  a p o t e n t i a l  s ca l e -up  o f  the com- 
merc ia l  size, I000 ton/day. gasif$~r which will be demonstrated by the ~ 
Cool Water P r o j e c t .  

The p r e s e n t  es t imates  represen t  those  fo r  mature t echno log ies .  

l:S 
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Table 1-1 

COAL kI4ELYSIS 

Type 

PROXIMATE ANALYSIS (Wt %) 

Moisture 
Ash 
Fixed Carbon 
Vola t i l e  Matter 

ULTIMATE ~h~LYSIS ' DAF COAL (Wt %) 

Carbon :' 
Hydrogen 
Oxygen 
N i t rogen  
Sulfur ,. 
Other 

liF.3TI](O VALUE - AS ~CEIVED 

Higher Heating Value (HHV) (Btu/ib) 
Net Heating Value (LHV) (Btu/lb) 

, I I 

t~ 
t 

1 - 6  

¢ 

Z1Lino£s No. 6 

12.0 
8 .8  

47.8 
31.4 

100.0 

77.26 
5 . 9 2  

1 1 . 1 4  
1 . 3 9  
4 . 2 9  

'.:,: I 0 0 .  O0 ":... 

11,241 
10,758 

'.,'.: ,. 
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Table 1-2 

DESIGN SITE CONDITIONS I::' 

Chicago ,  I l l i n o i s  
, '  . . 

6~0 feet 

" AMBIENT PRESSURE, p s i a  

..:: AMBIENT TEMPERATURES 0 OF 

Dry Bulb 
Wet Bulb 

WINTER DRY BUI,B, OF 

Summer Des iqn  ,,Cases 

1 4 . 4  

88 
"/5 

'i. 

... 
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Table 1-3 

WATER :ANALYSIS 

• .,/' 

Si l i ca  (SiOz) 

I ron (Fe) 

Manganese ( M n )  

C~lcium (Ca) 

. a ~ a = i ~  ? (Mg) 

Sodium (Na) 

Potassium (K) 

Carbonate (CO s ) 

Bicarbonate (HC0s) 

Sul£ate (SO4) 

Chloride (Cl)  

Fluoride (F) . '  

• C° 

Nitrate (NOs) 

Hardness as CaC03 equ iva l en t s  

Total  
Noncarbonate 

: . : , :  ; , .  ' 

1.8 

0.09 ::::: 

. { 'z 1.; o 

39 

10 

3 .3  

0.7 

0 

132 

23 

7 .2  / '  

0.1 

~ m  

zeS 
• 30 

/: 
./ 

/ 

/ 

/ 
/ 
! 

/ 

t 
:!. 

:'l ! 

,i 
I '  

",1 

)' 
/ . "  

Color 

px 

Turbidi ty  

S p e c i f i c  Conductance @ 25°C 

i unit 

7.9 

0 

275 microhoms 

" .  t 
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PLANT DESCRIPTIONS OF BASE CASES 

. , . . . ,  • : .  

t~ , it" - ',t 
{ i  .,:::' :' ' 
.!i " t 

" .  , 

Two grass: ~b~ts plants  for  f,uel gas production based on oxygen-blown Texaco gas i -  ', 

fiefs with nominal:, cspacities of 1375 .short tons per day coal each are shown , , .  
' 

schema alll ',on block flow diagrams EXT-SS-I-I and EXT-SH-I-1. These plants con- ii 
,. .' 

sume 11,O00 short tons per day of Zllinois No..6 coal, fed to the gasifiers in a 

water-slurry conta~ing 66.5 weight percent soiids. The differences between the 
two cases are primarily in sections of Unit 20, High-~amperature Gas Cooling and 

Scrubbing; Unit 21,"Low-Temperature Gas Cooling; and Unit 51, power Generation, 

which includes a steam turbogenerator, and also a fired .heater. ~'/C~se EXT-SS. 

The first block flow diagram (EXT-SS-I-1) represents the plant flow scheme "~n' 

which the hot crude gas containing molten slag from the gasifier is used in a 

radlant/convectlon configuration, without recycle gas cooling, as a source of 

hlgh-level heat for the generation of saturated steam (SS)at 1505 psig. All 

subsequent superheating and reheating of the steam take place in the fired heater. 

: , : ' .  :: 
C 

Block f low diagram EXT-SH-I-1 represents  the plant flow scheme in  which hot crude 

~" heat.,or-'"the'g~eration of gas is used, without recycle gas cooling, as a source 'of. ,~ 

high-pressure superheated steam (SH) at 1450 psig, 1000°F, as well as for the.. 

subsequent reheating of steam to 1000°F. This scheme does not require a fired 

heater. 

In each case, the main pl~nt consists of coal handling, grind/ng and slurry charg- 

ing, oxidant feed, gasification, gas cooling, acid gas removal, and power genera- 

tion systems. Coal receiving, storage, and conveying are done in a single train 

to minimize space and operating labor requirements. Coal grinding requires five '::' 

parallel operating trains and one spare train. The oxidant feed unit has five 

parallel operating trains. There are eight parallel operating and two spare 

.i 

I 
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gasification/high temperature, heat recovery trains. A two-train ash handling 

carbon recovery system (without spare) serves all of the gasification units. The 

gas cooling and acid gas removal units each consist of two operating parallel 

trains, while the power generation system has two parallel gas~egpanders, a single 

hlgh-pressure steam turbogenerator, and a single fired heater in the saturated 

s t e a m  c a s e  only. 

In add£tion to the main processing trains, the plants include necessary environ- 
..:. 

mental, utility, and support facilities. Environmental safeguards have been 

i.considered by recovering elemental sulfur from the hydrogen sulfide in the acid 

gas. Besides the two 50 percent operating trains, the sulfur recovery and tail 

gas, treating units (each) have one 50 percent spare train to protect the environ- 

m e n t  i n  t h e  e v e n t  o f  e q u i p m e n t  f a i l u r e .  M o s t  o f  t h e  p r o c e s s  c o n d e n s a t e  i s  

recycled to slurry preparation, while a small purge stream is treated before 

dlsposal. The plant stom water and utility waste water are collected and 

treated. 'The utility systems SUpporting the' plant operation consist of a raw 

water treating unit, cooling towers, and a condensate collection and deaeration 

system1. Additional support facilities provided are plant and instrument air, 

potable water, fuel gas, flare, fire water, buildings, loading docks, and 

electrical distribution. 

Table 2-1 shows the number of operating and spare trains for major sections of 

e a c h  p l a n t .  
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Table  2-1 

TRAINS OF E Q U I P ~ T  IHI4A~OR PLANT SECTIORS 
BASE CASES EXT-SSANDEXT-SH 

, . . ; : , *  , . .  

F 

. . . . . .  , , . ,  . . . .  ]'- 
p 

'£1 

.,, ,, 
I', '% 

% 
t:. 

Uni t  ~ 
~o__~. N~__~e ~ Spare 

3.0 Coal' Handling 1 0 
10 Coa~, 0 r~ndLtng 5 1 
10 Slurr~t .Charging B 2 

11 Oxi.dant Feed 5 0 

20 Gas:" E'J,~ation 8 2 
20 H i g h - ~ m p e r a t u r e  Gas Cool ing  and 

Gas Scrubbing B 2 
20 Ash Handling and Carbon Recovery  2 0 

21 Gas Cooling 2 0 

22 Acid Oas ,'Removal 2 0 
!: 

Z~ S u l f u r  'Recovery 2 Z 
¢ " ! ,  . 

2q T a ~  Gus.:TreaCzng 2 1 
'* , : 'u  

30 Stee~ ,  .~'o~ler Feedwater0 and 
Conden'sate System 

• Condensate  Col lect ion and 
', DeaeralLton 1 0 

• Water T r e a t i n g  1 0., " 

32 Cooling Hater System 1" 0 
. .  : ; . .  

40 Proces '~  C~ndensete  T r e a t i n g  1 0 
40 E f f l u e n t  Hater  T r e a t i n g  • 1 0 

~xi:~tc:~ ~ ) r /Gone r a t  or  2 • 0 50 Gas 

51 Fired Sup~rhQater/Reheater * *  0 
51 Steam Turb=b~e/Generator 1 0':: 

v, 

~ e  cool ing tower dedicated to  the process p lan t  sect ions is  
separate from the towers dedicated to the steam turbogenerstor 
condenser  

* *  O n e  i n  Case BXT-SS and none i n  Case EXT-Sit 

2 - 3  
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;RINDZNG/PULV~R~TZON, ~ D  SLURRY PRBPL~.~TZON 

E~T-SS-10-1 d e p i c t s  the arrangement o£ eqt t ipaent ,  which 

' s in  o f  coa l  uuloading,~ J t e c k i n g ,  r ec l ama t ion ,  and conveying,  

berat ing and one spare  t r a i n s  o f  g r ind ing .  

by zero  I l l i n o i s  No. 6 c o a l ~ i s  r e ce ived  a t  the  p l a n t  s i t e  by ' :  ' ' • . ~ i :  

,el i s  unloaded from 100-ton bottom dump c a r s  i n t o  unloading 

ch p rov ides  about  fou r  minutes o£ s t o r a g e  ba sed  on the capac-  

I system a t  4125 tons  p a r  hour.  Four v i b r a t i n g  £eeders ,  

w coa l  £rom the hopper  end p l ace  i t  on r e c e i v i n g  conveyor 
a 10-St-1  measures  the  a c t u a l  conveyor t r a n s p o r t  r a t e .  &£ter  

s e p a r a t o r  10-HS-1, £or p r o t e c t i o n  og downstream equipment £rom 

£ragments,  the  c o a l  t r a v e l s  on sample tower  conveyor  10-CV-2, 

l i n g  system i0 -S&- l .  From 10-CV-2, s t o r a g e  conveyor  10-CV-3 

. to ~ r ippe r  10-TR-1, ~hich supp l i e s  double beam s t a c k e r  

er  t r a v e l s  on t r a c k s  and forms up ~o 3 -1 /2  day (38,500 tons)  

on e i t h e r  s i d e .  T o t a l  l i v e  s t o r a g e  i s  l ~ i t e d  t o  seven days 

b i l i t y  of  spontaneous  i g n i t i o n .  The un load ing  and s t a c k i n g  

~o handle a t h r e e  day supply  in  e igh t  hours .  

dead p i l e  o f  up to  60 deye s t o r age  i e  p r o v i d e d  ad j acen t  t o  
s t a t i o n .  The normal  dead p i l e  s4-e  i s  asstnued to  be 2B days .  

:ement p r e s e n t e d  in  t h i s  r e p o r t  i s  based  on 30 days o f  coa l  

[ve and 23 days dead) .  The dead p i l e  i s  sodded to  minimize 

r a i n  wa te r .  N e v e r t h e l e s s ,  r a i n  water  r u n o f f  from t h i s  coa l  

~d used in  s l u r r y  p r e p a r a t i o n .  

• ore the  s t o r age  p i l e s  by a b r i d g e - t y p e  bucke t  wheel r e c l a J ~ e r  

i0 tons  pe r  hour .  This  machine i s  moved between l i v e  s t o r a g e  

~y t r a n s £ e r  ca r  10-TC-1. The wheel moves ~across the gate  o f  

angle  o£ repose  c u t  a c ro s s  the  many l a y e r s  o f  c o a l ,  t he reby  

~d to  the  g a s i £ i c a t i o n  p l a n t .  This  b l end ing  p r o v i d e s  more 

~ration. The r e c l e i m e r  con t inuous ly  moves ahead,  recla4me~ ':'., ~ 

,n the bucke t  wheel conveyor  to  one o£ the  two r e c l a i m  con- 

Cross conveyor  10-CV-5 i s  employed when lO-CV-4k i s  in  s e r v -  

to  conveyor 10-CV-6, which i s  l o c a t e d  n e a r  10-CV-4B. Coal 

i v e r s  the c o a l  t o  s t o r a g e  b in s  10-BN-2, which p r o v i ~  a t o t a l  



j~ 

', ° f 
'~' !I 

, . ° ,  

t l  

about 4-1 /2  hours o£ downstrem throughput.  " Vibrat ing feeders  10-1~-2 s ~ p l y  

grinding m i l l s ,  which gr£nd the coa l  wet with recTc le ,process  water and 

>lids . . . .  . . . . . .  " ~  

~e coal slurry i s  transferred to holding tanks from the mill discharge tanks 

nd f i n a l l y  s t o r e d  in two tanks o f  12 hours capac i ty .  The 66.5  percent  s o l i d s  

lurry i s  than pumped by e i g h t  p a r a l l e l  charge pumps to the e ight  operat ing  

a s i f i e r s  o f  nominal 1375 ton/day coa l  c a p a c i t y .  

11 unloading and conveying systems are equipped with a dust suppress ion system 
o n s i s t ~ g  o£ water sprays a ided by a w e t t ~ g  agent.  Local  environmental  regu- 

a t ions  may s e r i o u s l y  impact t h i s  area o£ des ign.  

quipment Notes 

l l  the equipment i s  commercially a v a i l a b l e .  

;. 
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OXIDANT FEED ... 

Process Flow Diagram EXT-SS-11-1 shows the o ~ d a n t  feed system design. The ~ystem 

has five parallel operating trains, each contalnlnganair compression system, an 

air separatlonunit, and an oxygen compression system. . 

., : .  ":......:. 
- c . ~ ' .  

&tmospheric air at 14,4 psia 88°F is compressed to 95 psia in a two-stage, axial- 

centrifugal machine 11-1-C-1. The first-stage and second-stage heats of compres- 

sion are rejected to cooling water. The wafer'condensed from the feed air in11-1- 

E-I is withdrawn from ~e bottom of the shell, while the water that condensed in 

II'-1-E-2 is collected in .knockout drum 11-1-V~1. This collected condensate is 

ds~d as makeup water for the power p~ant cooling tower system. 
.!:~ 

The compressed air at 90 psia 100°F is processed in a cryogenic air separation 

.unit 11-I-ME-I, to produce 98 mole percent oxygen at a rate of 1727 tons of o~ygen 

(I00 percent basis) per train per day. The air separation unit operating 

parameters are typical of those for reversing exchanger plant design, which uses 

turboexpanders for refrigeration. These turboexpanders produce 1.81MW"of power 

which is available for plant export. ~ 

The 98 mole percent  oxygen i s  discharged f~om the a i r  separat ion  un i t  at  16,~4 ps ia  

and 90°F. This oxidant  stream i s  compresse~ to  734 p s i a ,  p r i o r  to  be ing  fed to the 

gasiflers. Oxygen compression is accomplished in a centrifugal compressor 

consisting of two cases in series, with a speed-lncreas'~ng, gear between them. & 

total of four water intercooled stages, two in the first ~cas~/.and .two in the 

second, are used in this design. The .final discharge t empera~ture ~s 300°F, which 
' : ' . ~ . , , . c : .  " "  . , . ~ .  

i s ,  ~udged to be within the d e s i g n  limits of commercial equipment2 "~ 

,J 
All 6f the air and oxygen compressors are electric motor driven. The startup of 

the coa l  g a s i f i c a t i o n  fuel gas plant is greatly simplified.::i.by us ing  electric 

motors rather than steam turbines as drivers in the oxidant feed system . ad~- 

tionally, the steam distribution and condensate collection systgms are simplified 

by concentrating the higher pressure steam usages in the power generation section 

of the plant. 

Equipment Notes 

The compressors and cryogenic air separation, plant are commercially available 

u n i t s .  The use o f  water -coo led  oxygen compressor ~ t e r c o o l e r s  to  obta in  a:9~°F 

: 2-3.3 ' 

:~ . . . . . . . . . . . . . .  • . . . . . .  : . . . . .  ; /  :'.. . . . . . . . . . . . . . . .  

• ...7 :. 

: 'It ~" 

t 



i: ̧  , 

", i//i 

i}. ,; i: 

.a_; 

I 

' i  

• : ' i  

- ~ . : ,  

/ 

k 

, . , . .  

F , 

, . i i 

', ,% 

'• "'i'. ' 

/ , 

iuterstage  temperature lowers the re'quired compression horsepover. Previous 

oxidant feed system designs in EPRI s tudies  used a ir-cooled exchangers for th i s  

service ~ , l~iz . ing po~er de~ands i s  an ~nportant consideration s ince t h e  ox i -  

dant feed system i s  the largest  internal  consumer of e l ec tr i c  power in the GCC 

plant .  Power requirements may be reduced further through process optimization 

by air separation Plant . suppliers .  For example, lowering the product oxygen con- 

centration to 95 mole percent may l ~ e r  the to ta l  oxidant feed system power 
demand by an add/tional 5' MW. 

. . , - .  

%;.; 

2-14 

I , 
L 
I 



H~O", 

IJI#IIR 

I131., IT, 

t I - I - F ? -  I 

F ],'r(___~R 

I I - I  - C - I  
AI- -T  

Fo~Pn~sso~ 
IIII,130 

I I " l'C'l "51 
co~PP~SsoR 

SVlIOINIlI0~I 

A I R  - -AIR K . O .  DRUI~ A IR  ~.EPARAT|OI/ 
| ~ E ~ L E R  AFT£RCO~ER IIIP'I,0. x t o ' -  I- I n  UNIT  

o(stGm los PSlO • F m i 

1141 III IN+I4R 413 1 ITUI~III ¢~P, i  1,131 ?PO 
ql,lll lO, FT, I Itll~ llOOI II I III~IIII II,III IQ, FT, 

IllltlJl. & IUI l l~I  C.5, ~ & 'llilD(~l C,$I, 

: . :?:  , :  i :! 

+. ; ' i  ' ' ' ,',..,;i : 
. " , " '  . . . :+ 

• . . :  . 

l l . l l O  i f  

i,-i:c.~., 
c c ~ s s ~  

nP II¢~IJCTKN 

TO 

" 1111,11,15 

,.'-... : 

,AHCr 
• rm~cl~l s ' t m ~  ~0, 

@ I @ 
AIR 0II0,UI? 

I$,ITI.4 , 1 0 : 4 1  II,410+I IUI,I~ 
II,UI,I ?d.O? 314.I I~10 
hlll.!5 13,;11 III,? II.I0 
I,I~I.I l.l? 

Ill,ll?lh0 I00~00 ll,lll,l II~O.00 

3,3411,IIlI" ~ 131,1311 

ll,l| 31.li 

, - , - E  -..........~2 

c. ~ l  -i-~-___.~l 

2? 131 LBS~W C~I~NSATI~ • 

: 

, = h. I0 Pill. 

? .'~. 

I v I 

I I - I - C - 2 - U  

! I - I - E - 3  

i+ 

:1 

,,.... L'-" .'f.. ,, 1 ,tr 
I lll~l 140111: II 

, 

I I -I -C-2 

2-15 
• ...~. :..... : . ..' • 

', " I 

I L, 
+. 

?.. 

L 

.- " 

'i 

• il 



{ 

qF 

., . .°;: 

i i l 'h l / t l l l  
I * l l l  ~ r ' r ,  
I t U i l l l I  C * l *  • 

R.Q* DRUM 
IlO'hO* X I0 '-  I "  I'/I' 

~ l g l 4 I  I ~  P i l l  I I1~1 s t  
|1ILL 

I I - I  - I~ . -  I 
AIR $EPARATi ON 

u_~ 
¢~lp,I h i l l  I ~  
I 1 ~  0 ! ~ l l l  

I0, II0 

I I - I " C ' 2  -M 

• ~tD_._.~R 
f~P[ ¢¢ INOIICTI~N 

I I - I - ( - 3  I I - I - E * 4  I - ~  
N O ,  I NO._....I~2 NO, 3 

:I~.TJI uu G M  : l l ,S I  uu 0lUCre 10*14 i i~/ l i~ l  
t l*O?l Ig,  FT* I I , O l l  I~* IrT, l l *O f l  IO* FT* 

M I I  C*|* TUKSI C*|* WUSEIII C,l* 

I I " I  - E - J 2  

i ,-I-v-___..~, 

...L..m..w.. m 

IlIE N~I¢ ~) 

I I "1 -1~ -4  I I ~1 -E-S 

,, - i-c-~ 

, , - , -= -~  

I'mCtLLk% 
TR~I~I - ,,~ 

3 ~ * F  

I O~IIOIlIT FI aILllr I Ill ; 

EZT'34 

~ H S 4 1 [  

IqOYL'Sl 

I .  l~ lS FLgI O lJ 'N l l  a ¢ ~  ~ ¢* FlVl P/~UUJ~ P i l l  ; i 
| ,  JILl, iq.gql IUy.$, ~ IWllqM[Ifl Mt[¢IFICITIOIIS ~UI[ 1 

~:' BA~I|S A1 FIrJ. ¢.4PACIT~f DC1JPT &S liO1[O. 
'.~,~:,:/...""...;; 7.:. ~*.*J'TI~ ~ I'mKR 01PItieD FIQI II~£ 

' .* ItKCOVl[Rf I[ZPJ.q0¢~. 

FLUOF 
T IIIVlI,~L IFOmll A 

~ r  ~ PROCESS FLOW D 
~ I D A N T  F ~ £ D  

T £ X A C ~ P R O C E S S - O X ~  
A L L  CASES EXCE 

I I . - - . n  
448334-EX 

y , , . -  

,.-,' 

I 



' t 

"i! 
. .  , , , "  

~SZFIC&TZON ,> : 

Process Flow Diagrams EEE-SS-20-1andE)~T-SH-20-1 show the gasification, raw gas 

cooling, and partlculaEe removal steps for the base case oxygen-blown Texaco fuel 

gas plants which employ the 1375 ton/day coal gaslfimrs and the following two 

a l t e r n a t e  energ~ recovery  schemes: 

Sa tu r a t ed  s t e ~  (1505 ps ig)  g e n e r a t i o n  by recovery o f  h i g h - l e v e l  s ens i -  
b l e  heat  from the  g a s i f i e r  e f f l u e n t  gas (Case EXT-SS) 

Superheated steam (1450 p s i g  1000°F) genera t ion  by recovery  of  h igh-  
l e v e l  s ens ib l e  hea t  from the g a s i f i e r  e f f l u e n t  gas (Case EXT-SH) 

Eight operating and two spare gasification trains are provided, along with two 

trains of ash handllng/carbon recovery equipment. The 20-ME-2 and 20-I-ME-4 

"boxes" on the flow diagrams represent proprietary sections of the Texaco coal 

gasification process that contain many equipment items. 

The coal  s l u r r y  and oxygen combine a t  the  g a s i f i e r  burners ,  which a re  o r i en t ed  

downward from the  top head o f  the g a s i f i e r .  The burners  conta in  c o o l i n g  c o i l s  

through which tempered water  i s  c i r c u l a t e d .  The gasSf i e r  20- l -R-1 opera tes  a t  a 

pressure  o f  600 p s i g  and temperatures i n  the  range o f  2300°¥ to  2600°F. These 

temperatures are  s u f f i c i e n t l y  above the ash flow p o i n t  to ensure f r e e  f lowing 

molten s l ag .  & p o r t i o n  o f  the coal  .feed burns ,  p rov id ing  heat  got  the  endother £ 

mic g a s i f i c a t i o n  r e a c t i o n s .  The c o a l ' s  hydrogen and carbon t h e r e f o r e  r eac t  to  

form C0, CO~, Hz, and very little CH 4, while the sulfur is converted to H2S and 

COS. Nitrogen in the coal is converted to free nitrogen (N2) and a small quan- 

tity of am~on/a. Fluor has assumed that ammonia entering with recycled slurry 

water is effectively elimlnated by dissociation and combustion reactions in the 

gaslfier. 

Enerqy Recovery 

EXT-SS. In  the  s a t u r a t e d  steam base case ,  hot  crude gas with molten ash a t  

2400°F e n t e r s  the r a d i a n t  waste heat  b o i l e r  20- l -E-1  where h i g h - p r e s s u r e  sa tu -  

ra ted  steam i s  genera ted  by recovery o f  h i g h - l e v e l  sens ib le  h e a t .  This  waste 

heat  b o i l e r  i s  o f  v e r t i c a l  downflow des ign  with tubes  around the  w a l l s  o f  the 

vesse l .  The second hea t  recovery  un i t  20-1-E-2 i s  a v e r t i c a l  c o n v e c t i v e  b o i l e r  

un i t  with water  tubes .  Due to the u n c e r t a i n  nature  o f  these des igns ,  a process  

cont ingency o f  20 pe rcen t  i s  appl ied to the es t imated  t o t a l  c o s t  o f  the  r ad ian t  

b o i l e r  and a p rocess  cont ingency of  25 p e r c e n t  to  the est imated t o t a l  convect ive  

bo i l e r  c o s t .  
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Raw gas leaving the convective hlgh-pressure saturated steam generator is further 

cooled by heat exchange to reheat ~ . ulean fuelgas and to heat boiler feed 

water in exchangers 20-I-E-3, 20-1-E-4, and 20-1-E-5. In the first exchanger 

20-1-E-3, clean fuel gas that has been reheated to 400°F in exchanger 20-1-E-5 

is further reheated to 600°F, prior to being sent to the gas expanders. Boiler 

feedwater at 349°F flows from the fired heater to be heated to 598°F in exchanger 

20-I-E-4. 

EXT-SH. Hot crude gas with molten ash' a t  2400°F i s  used for energy recovery  in 

th i s  superheated steam base case a l s o .  The conf igurat ion  o f  the energy recovery 

equipment for  high-pressure  superheated steam generation (1450 p s i g  IO00°F) i s  

as f o l l o w s :  

• A vertical radiant boiler (20-I-E-I), 

• Followed by a convective reheater with steam in the shell (20-I-E-2~), 
and .~i 

• A convective superheater with steam in the shell (20-I-E-2B). 

"~. ¥. 

i ~" 

A 20 percent process contingency is applied to the total cost of the radim~t 

boiler, and a 40 percent process contingency is applied to the total cost ~f the 

c~nvective steam superheater and reheater due to the highly uncertain nature of 

these designs. 

Raw gas leaving the superheated steam generation and reheating equipment is 

cooled further in two heat e~changers that provide for clean fuel gas reheating 

and boiler feedwater heating in exchangers 20-1-E-3 and 20-1-E-4. Clean fuel 

gas that has been reheated to 2800F in downstream exchanger (21-1-E-2) is further 

reheated to 600OF in exchanger 20-1-E-4. Boiler feedwater heated up to 290°F in 

downstream exchanger (21-1-E-1) is heated to 598°F in exchanger 20-1-E-3. 

Particulate Removal 

The cooled particulate-bearlng raw gas enters Gas Scrubbing Unit 20-1-ME-4, where 

contact with recycled process condensate results in virtually complete removal 

of solids. This solids-free raw gas flows to Unit 21, Gas Cooling. 

2-18 
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ash  Handl ing and Carbon Recovery .J 

For bo th  base  cases ,  r e g a r d l e 6 ~  o f  the  energy recovery  p r o c e s s ,  most of  the coa l  

ash i s  conve r t ed  to  mol ten s l a g  which f a l l s  in to  a wa t e r  quench a t  the bottom o f  

the  r a d i a n t  b o i l e r  v e s s e l .  S o l i d s  e n t r a i n e d  in  the  e x i t  gas a re  captured  in  gas  

s c rubb ing  u n i t  20-1-HE-4. T w o p a r a l l e l  ash dewa te r ing / ca rbon  recovery  systems 

s e r v e  a l l  the  ope ra t ing  g a s i f i e r s .  The r e s u l t i n g  ash  cake ,  assumed to  con ta in  

3 0  we igh t  pe rcen t  wate r ,  i s  t r a n s p o r t e d  to  l a n d f i l l  d i s p o s a l  by r a i l  c a r s .  P a r t  

of the reclaimed process water is recycled to the slag quench and coal slurry 

areas. A slipstream of 170 gpm reclaimed process water is purged to !a proprie- 

tary Texaco water treating process, in order to  avoid chloride buildup, and for 

the removal of slag and soot particles, dissolved metals, formates, .sulfides, 

and ammonia. This water treating unit is included in the general facilities sec- 

tion of these fuel gas plants. The remainder of.the reclaimed process water 

along with the carbon rich solids is recycled to coal grinding. 

,: .";i :. ¸: 

5 

°! . 

.! 

.i 

Equipment Notes 

The Texaco g a s i f i e r  i s  commerc ia l ly  Proven fo r  the  g a s i f i c a t i o n  o f  l i qu id  hydro-  

ca rbons .  Commercial e x p e r i e n c e  wi th  coa l  g a s i f i c a t i o n  i s  l i m i t e d .  One Texaco 

coa l  g a s i f i e r  has been o p e r a t i n g  f o r  over  three  y e a r s  in  Germany a t  about 560 p s i g .  

This  g a s i f i e r  handles on ly  150 t o n s / d a y  o f  coa l ,  a much lower  throughput  than 

t h a t  o f  the  g a s i f i e r s  used  i n  t h i s  s tudy .  The Texaco c o a l  g a s i f i c a t i o n  r e sea rch  

facility at Montebello, California, is presently testing coals in a gasifier 

which operates at over I000 psig. ":: 

The s l a g  dewater ing system i s  composed of  commercial ly  p roven  equipment.  

The gas scrubbing  u n i t  equipment i s  commercial ly a v a i l a b l e .  

The key f e a t u r e s  in  t he se  d e s i g n s  c e n t e r  on the h e a t  t r a n s f e r  equipment used f o r  

h i g h - l e v e l  s ens i b l e  h e a t  r e c o v e r y  in  the  two base  c a s e s .  I n  Case EEf-SS, 

1505 p s i g  s a t u r a t e d  steam i s  g e n e r a t e d  in  unconvent ional  r a d i a n t  and convec t ive  

b o i l e r s .  Such i n s t a l l a t i o n s  have been t e s t e d  in  the  150 ton  p e r  day German 

p l a n t .  The superhea ted  s team base  case  design employs a 1505 p s i g  steam super -  

h e a t e r  and a 445 p s i g  s team r e h e a t e r  c o n f i g u r a t i o n  (bo th  s u p e r h e a t e d  and r e h e a t e d  

steam tempera tu res  of  1000°¥) which i s  wholly concep tua l  a t  t h i s  p o i n t .  & g a s i -  

f i c a t i o n  p rocess  which o p e r a t e s  a t  temperatures  s i m i l a r  t o  t h o s e  i n  the Texaco 

p r o c e s s  has repor ted  s u p e r h e a t i n g  750 p s i g  steam f o r  a v e r y  l i m i t e d  time in  a 

' i  
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p i l o t  p l a n t  u n i t .  The d e s i g n s  and c o s t  e s t i m a t e s ,  adopted i n  t h i s  study,  were• 

based  on those  developed by major waste  heat  b o i l e r  manufac turers .  

The g a s i g i e r  and dry-gas equipment m e t a l l u r g i e s  are w e l l  d e f i n e d  based on the 

l i q u i d  hydrocarbon p a r t i a l  o x i d a t i o n  exper ience .  M a t e r i a l s  o f  c o n s t r u c t i o n  ~or 

equipment in  contac t  wi th  r e c o v e r e d  p r o c e s s  condensate  are  d i f f i c u l t  to  s p e c i f y  

at this stage of development. Actual materials for commercial ua~its will likely 

be highly specific to :.the feed Coal. The purge rate of process condensate to 

treating is one parameter which will affect the choice of metallurgies in com- 

merclal systems. A detailed study of the cost/benefit relatlonshlp between purge 

rate and materials costs is beyond the scope of the present work. 

•'%. 
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GaS COOLING 

Process Flow Diagrams EXT-SS-21-1 and EXT-SH-21-1 show one of two parallel trains 

i n  t h i s  s e c t i o n  fo r  the  s a t u r a t e d  steam and superheated steam base cases ,  respec-  

t i v e l y .  No spare  t r a i n  i s  provided fo r  e i t h e r  case .  

S o l i d s - f r e e  raw gas f rom the p a r t i c u l a t e  scrubbing s e c t i o n  i s  cooled to I6~°F o f f  

the tube s ide  o f  a s e r i e s  o£ exchangers.  Ammonia i s  then removed in  an ammonia 

scrubber .  

' " t l  , '  " " . . ~ . , " , ' ~ .  

EXT-SS. In the saturated steam case diagram EXT-SS-21-1, saturated sollds-free 

gas at 320°F is cooled to 304°F on the tube side of the boiler feedwater 

heater I, 21-I-E-1, where hlgh-pressure boiler feedwater from the deaerator is 

heated from 251°F to 290°F. The raw gas is next cooled in fuel gas reheater .I, 

21-I-E'20 by reheating clean fuel gas leaving the acid gas removal unit, from 

80°F to 2620F. Further cooling of the raw gas down to 140°F is accomplished in 

a vacuum condensate and makeup heater, 21-I-E-3. 

Process  condensate from the exchangers i s  c o l l e c t e d  in  c o l l e c t i o n  v e s s e l  

21-1-V-3. This hot  condensate a long with makeup water  flows under p ressure  to  

the part iculate scrubbing section 20-HE-4. 

The overhead gases from the condensate c o l l e c t i o n  v e s s e l  are f u r t h e r  cooled by 

coo l ing  water  to  105°F in  t r im coo le r  21-1-E-4,.  be fo re  en t e r ing  a~monia absorber  

21-I -V-2,  which con ta ins  s ix  s i eve - type  t r a y s .  Ammonia i s  removed down to one 

ppm by con t ac t i ng  the gas c o u n t e r c u r r e n t l y  with raw water  a t  70°F. Absorber 

overhead gas a t  100°F flows to  the ac id  gas removal u n i t  f o r  removal o f  H2S and 

COS. The l i q u i d  flow, from the bottom of  the ammonia scrubber ,  i s  combined wi th  

some o f  the ho t  process  condensate from 21-l-V-1 and makeup in  c o l l e c t i o n  drum 

21-1-V-3 be fore  the t o t a l  stream en te r s  p a r t i c u l a t e  scrubbing s e c t i o n  20-ME-4. 

EXT-SH. In  the superheated steam case diagram EXT-SH-21-1, s a t u r a t e d  s o l i d s -  

f r ee  gas a t  320°¥ i s  cooled  to  310°F on the tube s ide  o f  h igh-p ressu re  b o i l e r  

feedwater  b e a t e r  Z, 21-1-E-1,  while hea t ing  the b o i l e r  feedwater  f ro~ the deaera-  

t o r  from 253°F to  290°F. The raw gas i s  f u r t h e r  cooled  to  281°F in  f u e l  gas 

r ehea t e r  I ,  21-1-E-2,  wherein c lean  fue l  gas l eav ing  the  ac id  gas removal UrLtt 

iS heated from 80°F to  280°F. The raw gas along wi th  the  condensate l eav ing  the 

exchanger a t  281°F i s  cooled  to  226°F in a vacuum condensate and makeup hea t e r ,  

21.'~1-E-3. Next, the raw gas i s  cooled down to 140°F in  an a i r  coo l e r .  An a i r  

2-25 

, - .  



~' ;~.. ~., '.' 

:! 

c o o l e r  was used  b e c a u s e  t h i s  l o w - l e v e l  thermal  energy  cannot  be e f f e c t i v e l y  u t i l -  

i z e d  in  the  hea t  i n t e g r a t i o n  scheme.  P r o c e s s  c o n d e n s a t e  from the e x c h a n g e r s  and 

overhead gas from c o n d e n s a t e  c o l l e c t i o n  v e s s e l  are  handled  in  the same manner as  

in the saturated steam case. 

Equipment Notes 

All equipment is co~ercially available. 
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ACID GAS REHOVEL 

Process Flow Diagram EXT-SS-22-1 depicts one of the two parallel acid gas removal 

trains. This same design is used for both the saturated and superheated steam 

base cases. No spare train is provided. 

The ac id  gas removal  sys tem employs the  Se l exo l8  p roces s  fo r  s e l e c t i v e  removal o f  

hydrogen s u l f i d e  (H2S) . This  p rocess  i n v o l v e s  the absorp t ion  o f  99.0 p e r c e n t  o f  

the  e n t e r i n g  hydrogen s u l f i d e  and 34.6 p e r c e n t  o f  the  en te r ing  oa rbony l  s u l f i d e  

(COS) from the p l a n t .  

The IO0°F gas from the ammonia sc rubber  i s  cooled  by hea t  exchange w i th  t r e a t e d  

fuel gas in feed/fuel gas exchanger 22-1-E-1. The cooled gas then flows through 

acid gas absorber 22-1-V-1, where it contacts Selexol~ solvent countercurrently 

over a packed bed. The treated gas from the absorber flows through }~nockout drum 

22-1-V-5 for recovery of solvent mist, and is warmed to 80°F against incoming 

feed gas in 22-I-E-1. Further reheating of the clean fuel gas to 600°F occurs 

in Units 20 and 21. 

The rich solvent from the absorber is reduced in pressure through a hydraulic 

turbine 22-1-HT-1, which supplies about half of the power required by lean solu- 

tion pump 22-1-P-1. ~'his solvent stream then enters flash drum 22-1-V-2 where 

90 percent of the sulfur-free combustible gases disengage from the loaded sol- 

vent. This flash gas is used as a reducing gas in the tail gas treating unit. 

However, approximately 98 percent of the HaS and COS are retained in the loaded 

solvent because of their selective absorption. 

The loaded or rich solvent from the flash drum is heated by exchange with regen-  

e r a t e d  lean solvent in plate exchanger 22-I-E-2 and flows to the top of regene- 

rator 22-1-V-3. Absorbed H2S , COS, CO 2, H20, and minor amounts of other compo- 

nents are stripped from the solution by application of heat, supplied hi' condens- 

ing I00 psig steam in the regenerator re.boiler 22-I-E-4. The regenerated solvent 

is cooled in lean/rich solvent exchanger 22-1-E-2, then is pumped back to 

absorber 22-1-V-I through lean solvent cooler 22-1-E-3. Solvent cooling in 

22-1-E-3 is provided by the fluorocarbon refrigeration unit 22-1-NE-1. Acid gas 

from the regenerator overhead is cooled to 120°F in regenerator overhead con- 

denser 22-1-E-5. The condensate resultin~ from this cooling step is separated 

in knockout drum 22-I-V-4 and is refluxed to the regenerator. The acid gas 
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ultJJnately sent to sulfur recovery contains about 38 volume percent HzS. Tem- 

perature in the overhead receiver, expected to be 120°F, will be adjusted to 

maintain the unit water balance. 

Refrigeration System 

The refrigeration system employed is a typical packaged fluorocarbon tmit'~ 

compressor, receiver, and condensing equipment are fabricated on skids and 

installed near lean solvent cooler 22-1-E-3. 

The 

Equipment Notes 

The majority of equipment in this section is ca',.'~on steel. This equipment has 

been used in similar service for several years. Plate-type exchangers for the 

lean/rich solvent exchanger service are less costly than conventional shell-and- 

tube exchangers for this service, 
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SULYUR PLANT 

Process  Flow Diagram EXT-SS-23-1 descr ibes  the  b a s i c  s u l f u r  p lant  des ign  used  

f o r  both the  base  c a s e s .  The en t i re  s u l f u r  p l a n t  sys tem c o n s i s t s  o f  two 50 p e r -  

c e n t  p a r a l l e l  o p e r a t i n g  t r a i n s  and one 50 p e r c e n t  spare  t ra in .  T o t a l  s u l f u r  

recovery in  t h i s  sys tem i s  27,039 lb /hr  (324 .5  ST/D) or  87 percent  o f  the  s u l f u r  

fed  in the c o a l .  Another  2,451 lb /hr  (29 .4  ST/D) o f  s u l f u r  i s  recovered  in  

Beavon /Stre t ford  Uni t  24 .  This a d d i t i o n a l  r e c o v e r y  b o o s t s  the t o t a l  r e c o v e r e d  

su l fur  to  approx imate ly  95 percent  o f  t h a t  c o n t a i n e d  i n  the coa l  f eed .  

The sulfur plant is a two-stage, acid' gas bypass-type Claus unit. &bout one- 

t h i r d  o f  the  120°F a c i d  gas  from the Se lexo l® u n i t  i s  burned in a s u l f u r  f u r n a c e ,  

23-1-H-1,  thereby  c o n v e r t i n g  HzS to  HzO and SO a.  A ir  f o r  the combustion i n  the  

furnace i s  s u p p l i e d  by b lower  23-1-BL-1. Heat from t h e  combustion products  i s  

recovered by g e n e r a t i n g  455 p s i g  steam in  was te  h e a t  b o i l e r  23-1-E-1 .  The 900°F 

e ~ a u s t  gas from t h e  s u l f u r  furnace i s  mixed w i t h  the  f l ow  o f  ac id  gas which 

by-passes  the furnace  and the  r e s u l t a n t  597°F gas mixture  i s  fed to  s u l f u r  con-  

v e r t e r  No. 1o 23-1 -R-1 .  The amount o f  a c i d  gas  b y p a s s i n g  the furnace i s  con-  

trolled to maintain a ratio of HzS to SO 2 in the m/xture which is slightly 

grea ter  than 2:1 to  f o r c e  the  converter  r e a c t i o n  toward complet ion .  

H~S end SO 2 r e a c t  i n  t h e  c o n v e r t e r  to produce e l e m e n t a l  sulft~r and water  a c c o r d -  
i n g  to  the r e a c t i o n -  

• 2HzS + 1 So 2 ¢ 3  S + 2HzO (z-l) 

This  exothermic r e a c t i o n  i s  c a t a l y z e d  by a bed o f  K a i s e r  s-501 alumina c a t a l y s t  

conta ined  w i t h i n  the  c o n v e r t e r  and produces a 181°F gas  temperature r i s e .  S i n c e  

the  converter  r e a c t i o n  i s  l i m i t e d  by thermodynamic equ i l ibr ium,  complete  c o n v e r -  

s i o n  of the HzS and SO a to elemental sulfur as not achieved. 

The gaseous s u l f u r  produced in  the f i r s t  c o n v e r t e r  i s  condensed end r e c o v e r e d  by 

c o o l i n g  the e f f l u e n t  gas  t o  400°F in 23-1-E-2 .  Steam a t  100 p s i g  i s  g e n e r a t e d  

by t h i s  c o o l i n g  p r o c e s s .  The s u l f u r  (17,058 l b / h r )  condenses  in  the  tubes  and 

f l o w s  by g r a v i t y  t o  one o f  two concrete  sumps, 23-S- l~&B. Sul fur ,  a s o l i d  a t  

ambient temperatures ,  i s  kept  molten by condens ing  100 p s i g  steam in  p ipe  c o i l s  

t h a t  cover the bottom o f  t h e  sumps. 
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from 23-1-E-2 react fur ther  in  su l fur  converter No. 2,  23-1-R-2,  

L°F,gas temperature r i se .  Sulfur (9,981 lb/hr) in the exhaust 

t ~ cooled to 285°F in 23-1-E-3 by heat transfer t o  medium- 

feedwaCer. The condensed su l fur  then flows to one of  the sumps. 

'F, still containing about 1,776 Ib/hr sulfur (mainly as H2S, with 

of S02, COS, and elemental sulfur), flows through ooalescer 

~n enters Beavon/Stretford Unit 24 for final sulfur recovery to 
Laity. 

' proces s  i s  e s tab l i shed  commercial ly  and, consequent ly ,  the 

'ements are..well known. 
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TAIL GAS TREATING 

Process  Flow Diagram EXT-SS-24-1 d e s c r i b e s  the Beavon /S tre t ford  system des ign  

used f o r  both the base  c a s e s .  &s in  the  s u l f u r  recovery  u n i t ,  two 50 percent  

parallel operating trains and a third identical spare train ere provided. 

The 285°F tail gas from c o a l e s c e r  23-1-V-1 in the s u l f u r  recovery  unit c o n t a i n s  

unreacted  HaS, SOt, COS, and the  e l e m e n t a l  s u l f u r  s p e c i e s  Ss and a s .  To meet 

s t r i c t  env ironmenta l  l i m i t s ,  the  gas i s  p r o c e s s e d  f u r t h e r  to  remove these  s u l f u r  

compounds. 

The t a i l  gas t r e a t i n g  u n i t  employs a p r o p r i e t a r y  p r o c e s s  c a l l e d  Bea~on /S tre t ford ,  

which i s  a m o d i f i c a t i o n  o f  the  wel l -known S t r e t f o r d  p r o c e s s .  The S t r a t f o r d  proc -  

e s s  iS des igned  to  both remove HaS from atmospheric  pres sure  e f f l u e n t  gas 

s treams,  and conver t  t h i s  H2S to  e l e m e n t a l  s u l f u r .  The S t r e t f o r d  proces s  i s  no t  

s u i t a b l e  f o r  handl ing  gas s treams which c o n t a i n  s u b s t a n t i a l  amounts o f  SOt0 COS, 

S s and S 8. The Beavon u n i t  i n  t h i s  p r o c e s s  i s  added t o  c a t a l y t i c a l l y  reduce (or  

h y d r o l y z e ,  in  the case  o f  COS) these  compounds to  H2S. 

The r e a c t i o n s  occurr ing  over the  c o b a l t  molybdate c a t a l y s t  in  the  Beavon u n i t  

are:  

SO a + 3 H z ~ HaS + 2 HzO ( 2 - 2 )  

C0S + HzO ~ CO z + HaS ( 2 - 3 )  

Ss + 6 e 2 ÷ 6 Has ( 2 -4 )  

S s + 8 e z -~ 8 Has ( 2 - 5 )  

The above r e a c t i o n s  require  hydrogen,  k feed  gas hydrogen c o n t e n t  1 .5  p e r c e n t  

i n  e x c e s s  o f  the s t o i c h i o m e t r i c  demand i s  s u f f i c i e n t  to  convert  e s s e n t i a l l y  a l l  

s u l f u r  compounds t o  HaS with  the e x c e p t i o n  o f  a s m a l l  r e s i d u a l  (perhaps 50 ppmv) 

o f  COS. The t a i l  gas stream i t s e l f  does  not  c o n t a i n  enough hydrogen, or  enough 

carbon monoxide (which can be hydro lyzed  t o  hydrogen) to  reac t  w i t h  the v a r i o u s  

s u l f u r  compounds. Ins tead ,  f l a s h  gas from the a c i d  gas  removal u n i t  s u p p l i e s  

the n e c e s s a r y  hydrogen and carbon monoxide.  The f l a s h  gas i s  p a r t i a l l y  combusted 

in  reducing gas genera tor  24-1-H-1,  and then mixed w i t h  the  t a i l  gas  stream. 

The r e s u l t i n g  i n l e t  temperature to  the Beavon hydrogenat ion  r e a c t o r  24-1-V-7 i s  
" ,  
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650°F. The su l fur  convers ion reac t ions  l i s t e d  above, as we l l  
"shift' ,  r eac t ion ,  take p lace  in 2 4 - 1 - V - 7 :  

as the fo l l owing  . :  + 

CO + Ha0 ...t,. CO z ÷ Hz 
(2-6)  

The e f f l u e n t  from 24-1-V-7 i s  c o o l e d  t o  400OF through genera t ion  o f  100 p s i g  

steam. Further c o o l i n g  t o  120oF takes  p l a c e  by d i r e c t  c o n t a c t  wi th  water  in  the  

bottom p o r t i o n  o f  desuperheater /absorber  24-1-T-1 .  Warm water from the  bottom 

o f  th i s  v e s s e l  i s  coo led  in  the f i n - f a n  exchanges 24-1-E-3.  Desuperheater/  

absorber 24-1-T-1 houses two in terna l  heads,  in which the water-conta in ing  desu- 

perheat ing s e c t i o n  and the S tre t ford  packed-bed absorber s ec t i on  are separated.  

Stretford solution is pumped from filtrate tank 24-I-TK-1 to the top of the 

packed-bed ubsorber, where 99.4 percent or more of the HzS is reacted with sodium 

carbonate. 0~idation of the sulfur to the elemental form is facilitated by 

sodium metavanadate. The absorption and oxidation reactions which occur are as 
follows: 

2 NazCO s + 2 HeS + 2 NaHCO 3 + 2 Naris 

2 Naris + 2 NaHC;0 s + 4 NaY0 s -~ 2 Na2CO s + He 0 ÷ S~ ÷ Na=V409 + 2 NaOH (2-a) 

The absorber prov ides  s u f f i c i e n t  r e t e n t i o n  time to  a l l ow  the r e a c t i o n s  t o  go 

e s s e n t i a l l y  to comple t ion .  Treated gas ,  c o n t a i n i n g  much l e s s  than 100 ppm t o t a l  

s u l f u r ,  and t r a c e s  o f  CH 4 and CO, i s  then vented  to  the  atmosphere.  The s u l f u r  

produced is of high purity, comparable to that produced in the Claus-type sulfur 
plant. 

The reac ted  S t r e t f o r d  s o l u t i o n  f lows  to  s o a k e r / o x i d i z e r  24-1-V-1,  where the  

reduced vanadate (Na2V409) i s  o x i d i z e d  to  i t s  o r i g i n a l  form by anthraquinone 

d i s u l £ o n i ¢  a c i d  (ADA) in  the s o l u t i o n .  The seduced ADA i s  subsequent ly  regen-  

era ted  by a i r  sparged i n t o  the  tank by blower  24-1-BL-1.  The a i r  a l s o  prov ides  

a medium o f  f l o t a t i o n  for  the su l fur  which, upon reaching the top o f  24-1-V-1o 

overf lows in to  f r o t h  tank 24-1-V-2.  The underflow from the s o a k e r / o x i d i z e r  i s  

pumped to  f i l t r a t e  tank 24-1-TK-1, v i a  S t r e t f o r d  s o l u t i o n  c o o l i n g  tower 

24-1-CT-1° where the  heat  o f  o x i d a t i o n  i s  r e j e c t e d  to  the atmosphere.  
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Sulfur from the froth tank is pumped to the prlmar~ centrifuge 24-1-ME-10 which 

produces a wet sulfur cake that is reslurried ~n 24-x-V-3 and sent to secondary 

centrifuge 24-I-HE-2. The filtrate streams from t~ centrifuges are combined 

with the soaker/oxidizer underflow. 1 / 
,! 

The sulfur from the secondary centrifuge is reslu~cried in 24-I-V-4 and pumped 

• through an ejector mixer 24-I-EJ-I, where sulfurous melted by direct injection 

of I00 psig steam. Molten sulfur (2,451 ib/hr) !i$: separated from the slurry 

medium (primarily water) in sulfur separator 24-I-V-5~ from 24-1-v-5, it flows 

by gravity into one of the two sumps located in unit 23. The decanted water 

flows to flash drum 24-1-V-6 and then back to the secondary reslurry tank. 

Because certain side reactions degrade the Stretgord solution, a small stream of 

liquid is continuously discarde~ from the system. 

EquiPment Notes  

The marriage o f  the  Beavon and S t r e t f o r d  p r o c e s s e s  i s  a ~ f a i r l y  r e c e n t  deve lo  p- 

ment,  but  i t  has  been demonstrated commercia l ly ,  on a much s m a l l e r  s c a l e  than i s  

proposed here .  This s p e c i f i c  equipment has  been operat ing  s u c c e s s f u l l y  in  many 

p l a n t s .  Most o f  the p l a n t  i s  c o n s t r u c t e d  o f  carbon s t e e l .  C e r t a ~  s e c t i o n s  o f  

the  S t r a t f o r d  u n i t  are u s u a l l y  c o a t e d  wi th  coa l  tar  epoxy t o  p r e v e n t  c o r r o s i o n  

by d e p o s i t e d  su l£ur .  The s u l f u r  m e l t e r  i s  f a b r i c a t e d  o f  s t a i n l e s s  s t e e l .  

: :  .. 

/ 
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STEAM, BOILER FEEDWATER, AND CONDENSATE 

Process Flow Diagrams EXT-SS-30-1 and EXT-SH-30-1 schematically represent the 

steam; boiler feedwater, end condensate systems Eor the base case plants. Since 

the diagrams encompass ali parallel trains of equlpmentw~hin the plant, refer- 

ence to the train number which normally appears directly after the unit number 

has been omitted. 

Entire generation of steam is accomplished in process plant by sensible and 

latent heat recovery and operates at three levels for each case: 

High-Pressure (HP) - ld.50 psig, 900°F in EXT-SS case and lO00°F in 
EXT-SH case, at the 51-T-1A turbine inlet 

Intermediate-Pressure (!P) - 385 psig, 900°F in EET-SS case and lO00°F in 
EXT-SH case, at the 51-T-1B turbine inlet 

Me~%um-Pressure (MP) - !00 psig in both cases for process users 

SXT-SS 

High-pressure steum generation is carried ~J:zt in t/ze ,gasifier waste heat boilers 

20-E-I and 20-E-2. Superheating of th}s high-pressure ste~, 6o 900°F. occurs in 

the convection and radiation sections o:" the3 fired heater 5i-PH-~. All of the 

superheated high-pressure steam is used to drive back-pressure power ttlrblne 

51-T-1A, whick ~xhausts at 445 ~ig. 
': 

Saturated intermediate-pressure steam obtained from t~e sulfur plant waste heat 

boilers 23-E-1 is combined with high-pressure" turbine exhaust steam. The final 

steam mixture at 619OF is reheated to 900°F in the convection and radiation sec- 

tions of the fired heater 51-PH-I. This reheated steam is .th~.n sent to back- 

pressure turbine 51-T-1B, which exhausts at 115 psig. 

Part of turbine 51-~-1B ez.haust is desuperheated in dasuperheater 51-DS-I and 

exhausted to the medium-pressure header at 100 psig. Other sources of medium- 

pressure steam are the three steam generators in the sulfur plant and tail gas 

treating units. The medium-pressure steam is consumed i~% sulfur melter 24-EJ-1, 

the Selexol reboiler 22-E-4, in the deaerator to .maintain ~he deaerator water in 

a saturated condition at 14 psig, and in other mi~cellaneous plant equipment. 

The remainder of steam exhausted from turbine 51-T-1B is used to drive the 

medlum-pressure power turbine 51-T-2 and the high-pressure boiler feedwater pump 

driver turbine 51-T-3. Each of these two .'~m'bines are condensing' machines 
C " 
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exhaus t ing  a t  2-1 /2  inches  Hg a b s o l u t e  (108.7°F).  The main s u r f a c e  condenser 

51-E-1 a c c e p t s  c o o l i n g  water  a t  80°F and d i scharges  i t  a t  100°F. 

Raw water is treated in an automatic ion exchange demineralizer 30-ME-1 consist- 

ing of three strong-acld cation columns, one degasifier (with 10-minute holdup 

vessel) and three strong-base anion columns. Two-of the three cation and anion 

coltanns can handle the design flow of raw water, either for the two-hour period 

required for resin regeneration or for the li0nger time period required for resin 

ohangeout. Treated water, suitable for generation of 1505 psig steam, is stored 

in a tank 30-TK-2, ~ which has a 24-hour capacity. Demlneralized water is pumped 

to condensate surge tank 30-TK-3 (30-minute holdup), where it combines with the 

vacuum condensate from condenser 51-E-I. 

Condensate polishing unit 30-RE-2 affords further protection to the steam gen- 

eration units, by treating the combined stream of demineralized water and cotl- 

densate ~ith strong acid and base in four vessels. Regeneration of the Iolishing 

unit resin is accomplished an three separate vessels. Polished water at 109°F 

is then heated to 225oF, in the condensate heaters 21-E-3 before entering deaer- 

ator 51-DA-I. Also entering the deaerator are the condensate streams from 

medium-pressure steam users. The deaerator, providing 10-minute storage, is a 

horizontal tray unit operating at 14 psig. 

Boiler feedwater for steam generation i s  supplied at two pressures: High-pres- 

sure~ by the steam-turbine-driven pump 51-P-2A (the spare 51-P-2B i s  motor 

driven~; and medium-pressure, by the motor-driven 51-P-I~&B. Medium-pressure 

boiler feedwater pump SI-P-1 provides the relatively small amount of feedwater 

needed in the steam generators 23-E-2, 23-E-3, 24-E-1 ~nd the desuperheater 

51-DS-1. 

High-pressure boiler feedwater is first heated in gas cooling boiler feedwater 

heaters 21-E-I to 290°F. The boiler feedwater is heated in the convection sec- 

tion of the fired heater 51-FH-I to 349°F. Part of this water is "let down" and 

fed to the sulfur plant waste heat boilers 23-E-1 and remainder of this water is 

further heated to 598°F in raw gas cooling boiler feedwater heaters 20-E-3, 

before it enters the gasifier waste heat boilers 20-E-1. 

, . . . .  " ,  . .  . 
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EXT-SH 

Both h igh-pressure  steam generat ion and superheat ing  ( to  IO00°F) are c a r r i e d  out 

in the gasifier waste heat bo~ler and superheater 20-E-lh and 20-E-2B. ~ll of 

the superheated high-pressu~e  steam i s  used to  dr ive  back-pressure power turbine 

51-T-IAo which exhausts at 445 pslg. 

Saturated ~ntermed~a~e-pressure steam obta ined  from the su l fur  p lant  waste  heat  

b o i l e r s  2 3 - 1 - 1  i s  combined with h igh-pressure  turbine exhaust steam. The f i n a l  

steam mixture a t  707°F i s  reheated in the  g a s i f ~ e r  waste heat reheater  20-E-2A 

to  IO00°F. The reheated steam i s  then sent  to  back-pressure turbine 51-T- lB,  

which exhausts  at  l l 5 p s i g .  

Par~ o f  ~urbine 51-T-1B exhaust i s  desuperheated and exhausted to  the medium- 

pressure steam header at 100 ps ig  and the remainder i s  used to dr ive  power tur-  

bine 51-T-2 and h igh-pressure  b o i l e r  feedwater pump driver  turbine 51-T-3 ,  j u s t  

as in the EXT-SS c a s e .  The other sources  and users  of  the medium-pressure steam 

are a l so  the  same as those in  the EXT-SS c a s e .  

Raw water treatment,  condensate p o l i s h i n g  and reheat ing ,  and b o i l e r  feedwater  

supply are s i m i l a r l y  accomplished as in  the EXT-SS case .  

The high-pressure  b o i l e r  feedwater a f t e r  b e i n g  heated to  290°F in  gas c o o l i n g  

b o i l e r  £eedwater heaters  21-E-1 ~s s p l i ~  and d i r e c t l y  sent to  the s u l f u r  p l a n t  

waste heat  b o i l e r s  23-E-1, a f t er  " l e t t i n g  down" and raw gas coo l ing  b o i l e r  feed-  

water heaters  20-E-3.  
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