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WATER SYSTEMS 

i t  prov ides  coo l ing  water for  proces s  heat  r e j e c t i o n ,  condensat ion  of  

steam from the stem, t '~rblnes,  and c o o l i n g  o f  mechanical eguipment. Two 

water  systems are provided.  The f i r s t  system, c o n s i s t i u g  o f  mechanical  

owers and three low-head pumps, serves  only  the  surface  condenser for the 

urbogenerator and h igh-pressure  bo~ler  fee"'~ater pump steam turbine 

The second system invo lve s  one tower and two h igher-head pumps. This 

ion of systems allows the use of the low-head surface condenser water sup- 

ps by keeping the runs of cooling water lines to a minimum. A further 

cant advantage is the confinement of contaminants to one cooling tower in 

nt of a process fluid ieak to cooling water. 

I, 

water for  the surface condenser c o o l l n g  water system i s  raw waker. The 

n from t h i s  system i s  t r e a t e d  for  calcium hardness in  a s o f t e n e r  by c o l d  

da a d d i t i o n  and i s  used subsequent ly  as makeup for  the process  co o l in g  

ystem.  Other makeup flows for  the  process  c o o l i n g  water system inc lude  

b!owdo~m and treated  e f f l u e n t  from the o i l y  water qystem. Blowdown from 

t e s s  cool ing ,  tower i s  an e f f l u e n t  for  d i s p o s a l .  

/ 

c acid is in~eeted into the cooling water system £or pH control. & pre- 

y organic phosphate (nonchromate) solution is in~ected for corrosion 

~ion, scale control, and sludge dispersion. Biocide agents compatible with 

m ions are injected to malntain clean heat transfer surfaces. 

.. .., 

~ENERATION 

I Flow Diagrams EXT-SS-50/51-1 and EXT-SH-50/51-1 describe the steam and 

[eneration systems for the saturated and superheated steam base cases 

:ively. .... 

rer generat ion  system inc ludes  two p a r a l l e l  t ra ins  o f  f u e l  gas expanders 

:X-l)  wi th  generators (50-1-G-1)  one high-pressure/intermediate-pressure/ 

.pressure steam turbine (51~T-I&~B and 51-T-2) with generator  51-0-1 and 

• ed hea ter  (51-FH-1) in  the s a t u r a t e d  steam case on ly .  A power block per-  -;.-:. 
:e summary for all cases is part of Appendix D, which also includes 

:d performance information on the power block components, i.e., fuel gas 

:rs, fired heaters and steam turbines. 
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EXT-SS. Reheated fuel'gas from 20-1-E-3 at 600°F is expanded to 50 psia in two 

fuel gas expanders 50-I-EX-1, producing 62 MW total net power in two generators. 

S0-I-G-I, while a portion of the expanded gas (3.37 x 106 SCFH) is used in fired 

heater 50-FH-1, and remainder constitutes product gas for export. 

In the fired heater high-pressure saturated steam from gasifier waste heat boil- 

ers is superheated to 900°F befo1"e flowing to the high-pressure end of hack- 

pressure turbine 51-T-1A. Exhaust steam from 51-T-1A is combined with saturated 

intermediate-pressure steam from the sulfur plant, and is then reheated to 900°F 

in the fired heater. This reheated steam is then used in intermediate-pressure 

power turbine 51-T-1B, a back-pressure machine. There exists a net demand for 

medium-pressure steam in the process area. Part of exhaust from 51-T-1B is 

desuperheated and diverted to the process area. The remainder of 51-T-1B exhaust 

steam is used to drive the medium-pressure'powe r turbine 51-T-2 and the high- 
pressure boiler feedwater pump driver turbine 51-T-3. These two turbines exhaust 

at 2-1/2 inches Hg absolute. Total steam turbine generator 51-G-1 output is 

259 NW. 

The turbine surface condenser 51-E-I, a single-sh~ll single-pass unit with 

divided water boxes, handles flow from both condensing turbines. The tubes are 

90/10 copper/nlckel, 7/8 inch 0D, 22 BWGwall thickness. The noncondensab!e gas 

removal and priming equipment includ@ two positive displacement rotary vacuum 

pumps and a reclrculating.ball-type condenser tube cleaning system. FoUr motor- 

driven condensate pumps 51-P-3A-D (two spare) transport the condensate to con- 

densate storage tank 30-TK-3, which is sized for 3D-minute capacity atldesign 

flow rate. 

Deaerating steam is provided to deai~rator 51-DA-1 by "letting'down" medium-pres- 

sure steam from header. Medium-pressure feedwater to the process is;:supplied by 

pump 51-P-IA&B. The other boiler feedwater users are supplied by 'high-pressure 

boiler feedwater pump 51-P-2A&B. High-pressure boiler feedwater is heated in 

gas cooling boiler feedwater heaters 21-I-E-I and fired heater 51-FH-I. At which 

point it is split and one set of streams i~s fed to the sulfur plant wasteheat 

boilers and the other is further heateS'in raw gas cooling boiler feedwater heat- 

ers 20-I-E-4, to hlgh-pressure steam sitturation temperature. It is then for- 

warded to gaslfler waste heat boilers 29-1-E-IB. i: 
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EXT-SH. Reheated f u e l  gas a t  600°F i s  s i m i l a r l y  expanded as in  the saturated 

steam base case generat ing  a l s o  62 MW net power. However, the ent ire  f u e l  gas 

exhaust ing the expander c o n s t i t u t e s  product gas for  export.  

High-pressure superheated steam generated in  g a s i f i e r  waste heat  b o i l e r s  at  

1000°P f lows  to the h igh-pressure  end of  back-preszure turbine 51-T-1A. Exhaust 

steam from 51-T-1A i s  combined with saturated intermediate -pressure  steam from 

the su l fur  p lant .  I t  i s  then reheated to 1000°F in  the g a s i f i e r  waste heat  b o i l -  

ers .  This reheated steam i s  then used in a s imi lar  fash ion  as in  the SS base 

case  in  the power turbine and in  the high-pressure  b o i l e r  feedwater pump driver  

turbine,  and some i s  desuparheated to provide process  steam. The steam turbine 

generator 51-G-1 output i s  167 MW. 

The turbine  surface condenser 51-E-1 i s  s imi lar  to  the sa turated  steam base case .  

The condensate i s  transported and s tored  in s torage  tank30-TK-3 as in  the satu-  

rated s ,~ambase  case .  

Deaeratlng steam is provided to deaerator 51-DR-I by "letting down" medium-pres- 

sure steam from header. Medium-pressure feedwater users are supplied by high- 

pressure boiler feedwater pump 51-P-IA~B. The other boiler feedwater users are 

supplied by medium-pressure boiler feedwater pump 51-P-2A~B. Hiqh-pressure 

boiler feedwate ~ is heated in a series of exchangers involving gas cooling boiler 

£eedwater heaters 21-1-E-4, at which point it is split and one set of streams 

,fed to the sulfur plant waste heat boilers and the other further heated in raw 

gas c o o l i n g  b o i l e r  feedw~ter heaters  20-1-E-4,  to  h igh-pressure  steam sa tura t ion  

temperature. It is then forwarded to gasifier waste heat boiler 20-1-E-l: 

Equipment Notes 
,,, 

With the except ion  o f  the high temperature gas c o o l e r s ,  a l l  the equipment i s  com- 

m e r c i a l l y  available. 
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GENEREL ,~&CILZTIES 

The v a r i o u s  support  systems and serv'~ces required to produce an operable  grass ~ 

root• facility are divided into  the. following units. 

• Plant and instrument air 

m~ Potable and utility water 

• ~ Fuel system 

a Nitrogen  systen~ . .  

• Effluent water treating 

• Flare system 

• Fire water system 

• Buildings 

• Railroad loading 

• Electrlcal'systen 

Plant and In•trument Air 

One motor-dr iven  compressor, rated f o r  3150 SCFM, i s  in normal o p e r a t i o n  supply-  

ing p lant  a i r  and air  to  instrmnent a i r  dryer packages, kuother motor-driven 

compressor s u p p l i e s  a i r  on demand, w i t h • a  t h i r d  steam t u r b i n e - d r i v e n  compressor 

on s t a n ~ y  ~'.~r emergency. Two dryer packages  are provided; each i s  des igned to  

supply 1500 SCPM instrument a i r .  Each • dryer p a c k a ~  i s  a du~l - tower  molecular-  

s i e v e  adsorbent  system with a ir  p r e f i l t e r s ,  a i r  a f t e r - f i l t e r s ,  and an adsorbent 

regenerat ion  system. " 

Potable and Utility Water 

The potable water system includes two motur-driven i00 gpm pumps. ~ith in-line 

c h l o r i n a t i o n .  Water i s  pumped from ra~ w~'cer storage tank 30-TK-1 to  an a i r -  

pr e s sur i z e d  supply drum. Plant water i s  suppl i ed  by two motor-dr iven  pumps, each 

rated for  200 gpm, operating on demand. 

Fuel system 

Fuel o i l  i s  used  as s tartup fue l  f o r  the  f i r e d  heater in the s a t u r a t e d  steam Case 

only .  The f u e l  system has two 33 ,000 bb l  tanks ,  two motor-driven pumps and suc- 

t i o n  hea ters  ( f o r  v i s c o s i t y  reduc~ion) .  This  fue l  o i l  c a p a c i t y  i s  s u f f i c i e n t  to 
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u p p o r t  f u l l  operat ion  of  the f i r e d  heater  for  two weeks. 

tam all,~ws the  use o f  more than one type  o f  f u e l  o i l .  

.!; • 

• f . ' , ' l  : 

The ~.~itiple tank sys -  

: ." . i~ 

~ i t r o g e n  System 

Nitrogen g a s  i s  required for  b l a n k e t i n g  f u e l  o i l  s torage tanks and for  purging 

proces s  equipment pr ior  to maintenance.  Liquid nitrogen obta ined  from the a ir  

s epara t ion  p l a n t  i s  stored in  a double -wal l ed  7200 bbl cryogen ic  v e s s e l ,  from 

which n i t r o g e n  gas i s  supplied upon demand by vapor izat ion  o f  the  l i q u i d  in  a i r -  

f i n  h e a t e r s .  

Effluent Water Treatinq 

The water streams treated are: 

• Storm water : '  

s Utility wastewater 

• Cool ing  tower blowdown 

A pr o c e s s  condensate blowdown rate  o f  170 gpm from the . g a s i f i c a t i o n  and ash han- 

d l i n g  s e c t i o n  was se l ec ted  as the s i z i n g  b a s i s  for the process  condensate treat -  ....: ~ ,. • .  

£ng u n i t .  This  ' s i z ing  bas i s  was der ived  from the o v e r a l l  water balance for the 

enriched a i r  cases .  Process condensate composit ion data are not  adequate to 

f i n a l i z e  the  f low which must be t r e a t e d  in  a f u l l - s c a l e  commercial GCC plant .  

Therefore ,  the s i z e  of  the process  condensate  t reat ing  u n i t  i s  assumed to  be con- 

s t a n t  f o r  a l l  p lant s  designed and c o s t e d  in  t h i s  study. The p r o c e s s  i t s e l f  i s  

des igned to  remove formates, s u l f i d e s ,  u l t r a f i n e  ash p a r t i c l e s ,  and:'ammonia from 

the water us ing  the fo l lowin~ ~ s teps :  

• Chemical addition with precipitation 

• Settling 

• Filtration . 

s A m m o n i a  stripping with steam 

• Biotreatment 

The effluent water from the process condensate treating unit is sultable for dis- 

posal in  a navigable  body o f  water.  By-products are a p r e c i p i t a t e  cake and a 

b i o t r e a t e r  s ludge  both o f  which may he  combined with the ash cake for  d i sposa l .  

ii' 
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The ammonia str ipped from the  water i s  routed to  the  s u l f u r  p lant  (Unit 2~) fur -  

nace The 'quantity o£ ammonia has been ~udged i n s u f f i c i e n t  to  consider i t s  

recovery  for  sa l e .  

Storm water and u t i l i t y  waste  waters  are d i r e c t e d  ~ underground sewers: to  the 

forebay o f  the storm water pond. Contaminated water  from t h i s  pond i s  t rea ted  f o r  

o i l  removal in a CPZ separator ,  processed in  a deep-bed f i l t r a t i o n  un i t ,  and then 

used as  makeup water for  the p r o c e s s  cool ing tower. 

The c o o l i n g  water system i n c l u d e s  one process  and %wo v t i l i t y  mechanical dra f t  

c o o l i n g  towers for  the  s a t u r a t e d  steam case.  The superheat?d steam case c o o l i n g  

water system inc ludes  one proces s  and one u t i l i t y  c o o l i n g  tower~. " Slowdown from 

the u t i l i t y  coo l ing  towers i s  so f tened  by c o l d  l ime-soda  treat ing '  before b e r g  

added t o  the process  c o o l i n g  water system. Blowdo~n from the process:'T.,.~ol~ng 

tower i s  combined with  the  t r e a t e d  process  condensate p r i o r  to  d i sposa l .  "~i.: '~ 

Sani tary  sewage streams are s e n t  to  the c i t~  sewer out s ide  p l a n t  boundary l i m i t s .  

F lare  System 

In conformance with accepted  p r a c t i c e  0 a r e l i e f  system ~s Provided to pro tec t  the 

p r o c e s s  equipment from overpressure .  I n  the event  o£ pressure  re l ease ,  r e l i e f  

l i n e s  w i l l  carr.y away the  vented  gases  from the a f f e c t e d  proces s ing  areas to two 

e l e v a t e d  f lare  s tacks  where i ~ n i t i o n  w i l l  occur.  A cont inuous  f lare  system p i l o t  

flame i s  maintained by a packs.go LPG system comprised o f  an LPG tank, pumps, and a 

v a p o r i z e r .  Separator drums are provided at  the  base o f  each f lare  s tack  to  

capture condensate which may be carr ied  in  the vented  proces s  gases .  : S e a l ~ g  

systems are provided i n  each f l a r e  stack to prevent  a i r  i n t r u s i o n  back Into  the 

r e l i e f  system. 

. . "." '  ,'..~.'~.,',~:.~!~i 

!'i 

C, 

Fire  Water System 

A f i r e  water loop encompassing the ent ire  p lant  i s  prov ided .  & motor-driven 

jockey  pump keeps the  system under pressure.  A l l  equiF,~-nt and storage temks are 

w i th in  range o f  hydrants and monitors  in accordance wi th  accepted p r a c t i c e .  A 

t o t a l  capaci ty  o f  SO00 9Pro is" provided by two f i r e  water pomps, one o f  which i s  

motor-driven while the  o t h e r  i s  powered by a d i e s e l  eng ine .  These ptunps take 

s u c t i o n  e i ther  from a 3 0 , 0 0 0  bbl  f i r e  water s t o r a g e  tank or  d i r e c t l y  from the  

municipal  water supply.  The pumps are designed t o  s t a r t  automat ica l ly  when f i r e  

water:: l o o p  pressure drops apprec iably .  The pumps are a l s o  designed to  d e l i v e r  

water ,  at  the des ign flees r a t e ,  to  the h~drants a t  a pressure  o f  125 ps ig .  ~ 

2 - 6 3  
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The f o l l o w i n g  i s  a l i s t  o f  the  b u i l d i n g s  inc luded In the  c a p i t a l ' e s t ~ e t e :  

Substat ions  ,~.:. 
Contro l  HoUses 
Operators S h e l t e r s  
Administration 
Laboratory 
Cafe ter ia  
Change House and Guard House 
Fire House 
First Aid 
Haintenance 
Warehouse 

4 ,  
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S e c t i o n  3 

PROCESS DISCUSSION !{ 

The two base c a s e s ,  i n v o l v i n g  the g e n e r a t i o n  o f  h i g h - p r e s s u r e  s a t u r a t e d  steam 

(E~T'-SS) and the  g e n e r a t i o n  o£ h i g h - p r e s s u r e  s ~ e r h e a t e d  steam (EXT-SH) in  h igh  

temperature gas  c o o l i n g ,  are  d i s c u s s e d  h e r e .  

OVERALL SYSTEM PERFOP, HkNC~ 

Table 3 - 1  sunu, a r i z e s  t h e  o v e r a l l  system performance  for  the  base  c a s e  d e s i g n s .  

The t a b l e  i s  o r g a n i z e d  i n t o  g a s i f i c a t i o n ,  power system, and o v e r a l l  p l a n t  

c a t e g o r i e s .  : ' ~ ,  

. . . . . . . . . . . . . .  Both case~ .  ~ d ~ _ _ 9 . . g ~ i ~ ! e F  9 f~ l~en~ .  ~_V'_~n.g . 9 _ ~ g h . . ~ - h e ~ t i n g  .Y~-lu~. 0 f ~ 7 5 , 8  .................................... 

Btu/SCF {dry) .  A f t e r  the  gas i s  c l eaned  t o  r e m o v e p a r t i c u l a t e s  and s u l f u r  com- 

pounds, the h igher  h e a t i n g  value  o f  gas  a v a i l a b l e  f o r  export  corresponds  t o  

282.3 Btu/SCF ( d r y ) .  The gas, i s  a v a i l a b l e  f o r  export  £rom the  p l a n t  boundary 

l i m i t s  a ~  a p r e s s u r e  o f  50 p s i a .  I f  the  gas  i s  t o  be t ranspor ted  over  l onge  r 

d i s t a n c e s ,  £ue l  gas  r e h e a t  as  w e l l  as  gas  e x p a n s i o n  would be e l i m i n a t e d ,  and gas  

would be a v a i l a b l e  a t  the  p l a n t  boundary l i m i t s  a t  a p r e s s u r e  o f  536 p s i a .  The ,. 

high pres sure  steam g e n e r a t i o n  rate  would be i n c r e a s e d  due t o  the  e l i m i n a t i o n  o f"  

f u e l  gas r e h e a t e r .  However, the net  e f f e c t ,  as  expected ,  would be a r e d u c t i o n  in  

the  o v e r a l l  p l a n t  e f f i c i e n c y .  

For the s a t u r a t e d  steam case ,  6664 x 10 s B tu /hr  o f  f u e l  gas and 142 .4  ~ o f  

e l e c t r i c a l  power are  a v a i l a b l e  for  expor t .  For the  superheated steam c a s e ,  more:<~ 

f u e l  gas ,  7637 x 1 0  6 B t u / h r ,  and l e s s  e l e c t r i c a l  power,  53.3  NW, are a v a i l a b l e  f o r  

export .  The energy r e c o v e r y  e f f i c i e n c y  f o r  the  s a t u r a t e d  and superheated  steam 

cases  i s  77 .11 p e r c e n t  and 78.77 percent  r e s p e c t i v e l y .  

• " . .  

. ~ . •  
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Table 3-1 

sumg~ o~  s ~ n m  n u o ~ u ~ c n  ~ s x a c o  ~ s z ~ z c ~ o ~  
. .  : m ~ . ~ s s F L a m ~ - ~ s s c ~ s ~ s  I s )  

Steam C~ele, paigl°F/°F 1450/900/900 1450/1000/1000 
Steam Generated ~n Gas Coolers Satm.ated Superheated 
(;as Temperature Entering Heat Recovery, °F 2400 2400 
Sulfu~ ~amoval, ~; • 94.6 94.6 
O~.tdamt Plane Compressor Dr~vers Hetors Hecors 
NomJJnal Gapac~t¥ o£ Gaaifders ST/day 1375 ; ,  1375 

! 
r.~s,~ ~ s z ~ m ~ o ,  m-- . .  s s  i ~-~ 
G£SIFIC~TION 

Coal Yeed Rate, l b / h r  (dry) 806°646 806,666 
~ * / C o a l  Ratio, l b / l b  In.~. 0.0921 0.8921 
Oxidant T e ~ e r a t u r e .  oF 300 BOO 
Sltwry Feed S o l i ~  Content, ~e ig h t  ~ r~6.5 66.5 
O s s i f i c a t i o n  Sect*on &verage Pressure, p s i g  600 600 
Rnv Oasi£2er e~£luent .Temperature. °F 2.400 2,400 
RaY Oss i~ ier  E£~luent ~HV (dr~ bse~s ) .  Bee/aCt ~ *  275.8 275.6 
Cold Gas B.EE:Lc:Lenc~ (ray gas 

IWV/cosl £eed ~ x 100) ,  74,84 74.64 

PoP.It SYST~ 
Temperature o~ Fuel Gas to Gas h'spander, °F 6C0 600 
Gas Expander Sx i t  T e ~ e r a t u r e .  °F 195 lg5 
Condenser Pressure ,  Inches Hg abe 2.5 2 .5  

............................... = ! r l d  . ~ - ~ "  e ~ ' C . ~  . ~ ' ~ ' ~ " * , "  s o  . . . . . . . . . . . . . . . . . . . . . . .  400 ":::': .': "::'-~'~ . . . . . .  "~"~"~÷. :  . . . .  ."=' "' ' . '  . . . .  

GaS Eup~der Poverll, lf~ 61.75 61.75 
Steam Turbine Yowr~, ~ " " 258.g7 166.85 
Oxygen Plant Po~er~,  l/W 1.81 1.81 
Po~er Consumed, ~/~ 180.14 177.11 
Net System Power, tt~ 142.40 53.30 

OV~hlLL SYSTEH 
• dmeral-Faci)£t.tes Water Cons~p~Lon, ~ 150 
Land, acres  ~ 190 
Ash D~pdsal Rate. Dry ST/D 1023 
SulEur By-~rnduct. ST/D 354 
process and Deaerator Hekeup Water, 01~ 467 
Coollng Tover Hakeup Hater, 01~ A,370. 

"Cooling Water Circulat ion Rate§|, :10 s 6PH 227 
Cooling ~over Hea~ Rejec t ion |§ ,  96 oil coal ~ 22.11 
Air Cooler Heat Reject.tons, ~, o f  c o a l  I9ff 2.10 
Cleon l ~ . e l  G a s  [ t f i c * a n e y  (exported 

clean gas ~ x 100/coal £eed ~iV), q 64.67 
Energy Recovery Sf~lciencyl]  ( e ~ o r t e d  

pover + exported clean gas lgTf)/ 
coal feed I.DIV z 100, ~ 77.11 

Clean Fuel Gas ~tV (dry basis) ,  Btu/SCF 282.3 
Net Clean Fuel Go- Product, 10 s 3 ~  566.53 

).0 s SCF/ton D/W coal 65.03 
10 8 Btu/hr 6664 

150 
175 

1023 
354 
45O 

~,. • 3,212 
+'+ 167 

16.26 
3.04 

..... : 74.11 

78.77 
282.3 
649.25 

74.52 
7637 

• i s  table t8 ident ical  to Table S - l .  page S-3 
* Dry basis, 100 percent orjgan 

* *  Zzclud/ng the ~ of  HzS0 COS and lal s 
it At generator teminale  

From Foyer recovery espan4er 1 1 - ~ - 1  
§§ Includes process and pover plant port, Lone 
9 ~ o r t .  pover credi ted  at  9,000 Btu/k~h. 
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C~SIFIER MATERLEL BEL~NCE ':.: 

A gaslfier material balance for full capacity operation is given in Table 3-2. 

The coal quantity and composition, the oxidant composition, the slurry concen- 

tratlon and reaction temperature were taken from EPRI report &P-1624. ¥1uor has 

estimated both the quantity of oxidant required and the effluent gas composition. 

The coal feed is 11,000 tons/day of Illinols No. 6, introduced to the gasifler in 

a 65.5 weight percent slurry. Texac~ has indicated that for this particular coal, 

slurry concentrations in the range of 60 to possibly 70 percent solids could be 

achieved. It is important to bear in mind that slurrying characteristics of coals 

vary greatly and that it is not valid to extrapolate performance estimates 

presented in this report ~o other coals possessing different slurrying 

characteristics. Per-pass carbon conversion in the gaslfier is assumed to be 

95 percent.  ' 

Some nitrogen from the coal  i s  converted to ammonia, but the extent  of  conversion 

cannot be predicted with prec is ion  at  th is  time. This study has assumed that  

25 percent of the coa l t s  nitrogen forms ammonia. Downstream of  the g a s i f i e r ,  

ammonia has been assumed to be rapidly complexed as ammonium s a l t s  in the process 

condensate streams. These anunonia-bearing waters, with the exception of  a 

blowdown stream, are eventual ly  recycled to the g a s i f i e r s  by way of  the coal  

s lurry,  a t  g a s i f i c a t i o n  temperatures, the g a s i f i e r s  are assumed capable of 

destroying recycled anlnonia. The presence of  ammonia in the process condensate 

has the b e n e f i c i a l  e f f ec t  o f  neutra l i z ing  dissolved carbon dioxide.  . 

HIGH TEMPERATb~E GaS COOLING/STFaH GENERATION 

In both base cases the high temperature heat recovery equipment cons i s t s  of  a 

radiant bo i l er  fol lowed b~ convective heat recovery equipment. The temperature 

assumed for the gas ex i t in g  the radiant bo i l er  i s  1500°F. This temperature was 

chosen based on the assumption that the entrained ash in the gas w i l l  be s u f f i c i -  

ent ly  coo l  at  1500°F that  i t  w i l l  minimize fou l ing  in the convective exchangers. 

The quanti ty  of e l e c t r i c  power generated by the steam raised in the hot gas coo l -  

ing sec t ion  of  the plant  depends on the type o f  service  assumed for the high 

temperature gas coo lers .  For Case EEf-SS in which only saturated steam i s  raised 

in these coolers ,  a l l  of the sens ib le  heat in  the fue l  gas down to 640oF i s  used 

for steam rais ing .  For Case EXT-SH, where superheating/~eheating i s  assumed, the 
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t o t a l  q u a n t i t y  o f  steam r a i s e d  i s  l e s s  than t h a t ' i n  Case EXT-SS due to  the  add/-  
t i o n a l  duty required  i n  the s u p e r h e a t e r / r e h e a t e r .  Therefore the  t o t a l  q u a n t i t y  o f  

e l e c t r i c  power generated  in  the s a t u r a t e d  steam case  (EXT-SS) i s  g r e a t e r  than that  

for  the  case  where s u p e r h e a t i n g / r e h e a t i n g  ~ a p a b i l i t y  i s  assumed (EXT-SH). This 

grea ter  power p r o d u c t i o n  c a p a b i l i t y  f o r  C~se EXT-SS i s  o f f s e t  by a sma l l er  ne t  

f u e l  gas~make d~e~'t0•the consumption o f  approximate ly  13 percent  o f  the  c l e a n £ u e l  

gas i n  t3e  f i r e d  s u p e r h e a t e r / r e h e a t e r .  

POWER CONSUMPTION SUMMERY 

Table 3-3  summarizes a u x i l i a r y  power consumptions  f o r  the major p l a n t  s e c t i o n s  

under c o n d i t i o n s  o f  normal o p e r a t i o n  a t  100 percent  capac i ty  f a c t o r .  

unit I0, requires 9176 kW of power at full design capacity. The coal grinding ~/ 

equipment (IO-ME-4). consume~ the greatest proportion of this power to the coal ~; 

handling equipment. Since the power for grinding is very sensitive to both the : 

type of equipment used and the coal properties, this estimate of power required ~ : .: 

for coal handling is preliminary, pending grinding tests. 

Unit 11 power requirements  represent  by far  the most  s u b s t a n t i a l  power consumption 

in  the  des igns  and are due s o l e l y  t o  the  a i r  and oxygen compressor  d r i v e l s  

( l l - C - I - M  and 11-C-2-N) which are synchronous ,  Type II  i n d u c t i o n  motors .  &l l  

i n t e r c o o l e r s  are w a t e r - c o o l e d  and the c o o l i n g  tower pump power i s  i n c l u d e d  e l s e -  
wnereo ~. 

M i s c e l l a n e o u s  pumps use most o f  the  power f o r  Uni t s  20 and 21. 

In Unit 22, the Selexol® fluorocarbon refrigeration units (22-ME-I) and lean sol- 

vent pumps (22-P-I) consume most of the power. It should be noted that the 

hydraulic turbines (22-HT-I) recover approximately 40 percent of the power 

required by the  l ean  s o l v e n t  pumps. 

In the sulfur recovery unit, the Claus .pia.~,~ air blowers (23-BL-I), the Stratford 

plant air blowers (24-BL-1), and the Stratford solution circulation pumps are the 

large power consumers. 

The major power consumer in  Unit  30 i s  the condensate  t r a n s f e r  pump ( 3 0 - P - 4 ) .  

3 -5  
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Table 3-3 

POWER CONSUMPTION Sbq~RY (kW at Full Design Capacity) 

TEXACO GRSIFICATION FUEL GAS PLANTS -. B~E C~SES 

Steam Cycle ,  p s i g / ° F / ° F  
Steam Generated in Gas Coolers 
Gas Temperature Entering Heat 
Recovery,  °F 
Sulfur Removal, 
Oxidant Plant Compressor Drivers 
Nominal Capacitl- of Gasifiers, ST/day 

1450/900/900 
Saturated. 

i45O/lOOO/iOOO 
Superheated 

2,400 2,400 
94.6  94 .6  

Motors Motors 
1375 1375 

Case Designation EXT-SS EXT-SH 

Process Unit Number & Description Power Consumption, kW Power Consumption~ kW 
10 Coal Handling* 9,176 9,176 
11 Oxidant Feed 143,439 143,439 
20 Gasification 1,710 1,710 
21 Gas Cool ing 941 941 
22 Acid Gas Removal ' 5,963 5,963 
23 Sulfur Recovery 584 584 
24 Tail Gas Treating 2,610 2,610 
30 Raw Water Treating 323 222 
32-45 General Facilities** 14,860 12,377 
50 Fuel Gas Expander 0 0 
51 SteumSystem 513 70 
51 Surface Condenser# 16 10 

TOTAL PLANT POWER, kW 180,135 177,111 

Power Produced, kW 322,530 2300410 
Net Power Output, kW 142,400 53,300 

*This power requirement is largely derived from the coal pulverizing system 
and is, therefore, preliminary pending grinding tests on Illinois No. 6 coal. 

**About 70 percent of this power demand is attributable to the cooling water 
system pumps and fans. 

#For mechanical  vacuum pump. 
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I n  the  g e n e r a l  £ a c i l i t i e s  s e c t i o n ,  the  c o o l i n g  water  c i r c u l a t i o n  plumps and the  

c o o l i n g  tower fans  r e q u i r e  the  most power. The e n t i r e  c o o l i n g  wate r  system i s  

r e s p o n s i b l e  f o r  6 0 t o  70 p e r c e n t  o f  the  t o t a l  power demand o f  the  g e n e r a l  

f a c i l i t i e s  (Uni ts  32 through 45) .  

Pumps consume the  bu lk  of  the  power s u p p l i e d  to  Uni ts  50 and 51. 
' i  

PROC~S ENERGY BKIANCES 

T a b l e s  3-4 and 3-5 r e p r e s e n t  the  o v e r a l l  p r o c e s s  energy b a l a n c e s  a t  100 p e r c e n t  

c a p a c i t y  o p e r a t i o n  f o r  the  two base  c a s e s .  The e n t i r e  p l a n t ,  e x c l u s i v e  o f  the 

c o o l i n g  tower b u t  i n c l u d i n g  the  power demand o f  the  pumps and f a n s ,  i s  encompassed 

by the  boundary f o r  each b a l a n c e .  Energy c o n t e n t s  of  s t reams  c r o s s i n g  the  bound- 

a r y  a r e  e x p r e s s e d  as  the  sum o f  the  z t r e a m ' s  h i g h e r  h e a t i n g  v a l u e  (HHV), s e n s i b l e  

h e a t  above 60OF, and the l a t e n t  h e a t  o f  wate r  a t  60°F. E l e c t r i c  power i s  con- 

v e r t e d  to  e q u i v a l e n t  hea t  energy a t  3413 Btu/kWh. The energy b a l a n c e s  c l o s e  

w i t h i n  t h r e e - t e n t h s  of  a p e r c e n t .  D i s c r e p a n c i e s  r e s u l t  from approx ima t ions  

a p p l i e d  i n  c a l c u l a t i n g  e n t h a l p i e s  f o r  some p r o c e s s  s t r eams .  

Energy b a l a n c e s  as a p e r c e n t  o f  c o a l  HHV, d e p i c t e d  in  Table  3-6 ,  a r e  d e r i v e d  from 

the  p r e v i o u s  t a b l e s .  Coal charged  a t  11,000 s h o r t  t o n s / d a y  i s  e q u i v a l e n t  t o  

10,304 x 106 Btu /h r  HHV. The s i g n i f i c a n t  d i f f e r e n c e s  among the  c a s e s  l i e  i n  the  

"Net Power," "Net Fue l  Gas,"  and "Steam Turbine Condensers" c a t e g o r i e s .  ~s noted  

p r e v i o u s l y ,  d i f f e r e n c e s  in  the  gas  c o o l i n g  p r o c e s s  and the steam system have a 

s u b s t a n t i a l  impact  on the  n e t  power g e n e r a t i o n  and ~Je l  gas a v a i l a b l e  f o r  expor t .  

? 
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Table 3-0 

ENEROY BALANCE AS PERCENT OF COAL HHV 

TEXACO GASIFICATION FUEL GAS PLANT - BASE CASES 

S~eam Cycle, psig/OF/°P 1450/900/900 1450/900J900 
Stem Generated ln Oss Coolers Saturated Supeflleated 
Gas Temperature Snter~ng Heat Recovery. OF 2,400 2,400 

Su l fu r  Removal, % 94.6 94.6 
Oxidant Plant Compressor Drivers Hotors Hotors 
N~ lna i  Capacity og GasifierSo sT/day 1375 1375 

case DZSXG~TZOH SXT-SS EXT-SH 
10 ° a tu /h r  ~ 10 u Stu~hr 

IN 
Coa~ FD.IV 10,304 100.00 10o304  100.00 

OUT 
Oxidant Compressors Inter/A£ter 

Cooling 468 4 .54 468 4.54 
&ir Separation Plant  Vent Gas, 

Sensible  and Latent 42 0.41 42 0.41 
Oa s l f i e r  and tQ~Heat  Losses 123 1.19 113 1.10 
&shCake 71 0.69 71 0.69 
SelexolO and T a i l  Gas Treating 

Cooling 112 1.08 112 1.08 
Sulfur By-product 117 1.13 117 1.13 
Sul£urPlant  Vent Gas, HHV, 

Sensible and Latent 8 0.07 8 0.07 
Net Power 486 4.72 182 1.77 
Fired Heater Flue Gases, Sensible 

and L a t e n t  150 1.46 0 0 
Fired Heater Racliat£on Losses 18 0.18 0 0 
Steam Turbine Condensers 1,632 15.84 1,034 10.04 
Pover Block Losses 22 0.21 16 0.16 
Hotor Losses 116 1.13 105 1.02 
Other (net) Sensible Losses 234 2.2? 284 2.76 
Other (net) Latent Losses <32> <0.31> 19 0.18 
Net Fuel Gas Export, ~ and 
Sens ib le  6,724 65.26 7.O08 74.8_.__~0 

TOTAL 10,291 99.87 10,279 99.76 

3~al"ues ind ica ted  w i t h i n  < • are negative numbers 

• t .  

• j' 

, . . .  . : . . . . . . . ,  , . . . . . . . . . . . . .  . • . 
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Section 4 

C£PITAL AND OPERATING COST ESTIMATES 

PLANT FACILITIES INVESTMENT 

A breakdown of the plant facilities investment for the major units of the base 

case designs, including initial catulysts and chemicals, is glv~n in Tables 4-1 

and 4-2. The estimates in these tables contain allowances for both project and 

process contingencies. The project contingency allowance is intended to cover 

a~ditional or improved equipment that would result from a more detailed design 

of a definitive project at an actual site. An allowance of 15 percent of the 

sum of Process Plant Investment and the General Facilities Cost has been used 

for  both  base cases .  The proces s  cont ingency  allowance, a p p l i e d  separate ly  to 

each major p lant  s e c t i o n ,  i s  an attempt to  account for  unproven technology j~ an 

e f f o r t  to  quant$gy the uncer ta in ty  in  the desigu0 performance and c o s t  o f  the 

commercial sca le  equipment. The d i f f e r e n t  process  cont ingency  a l lowances  used 
for each major subsection of the plant designs are shown in Table 4-3. These 
allowances were supplle~ by EPRI. 

!I 

The absolute accuracy of the plant investment estimates is judged to be ~25 per- 

cent. Comparisons between 'cases should be much more accurate, perhaps ±S per- 
/ 

cent, since the same inaccuracies are likely to occur in each case. 

As anticipated, the cost of  the gas cooling section Varies widely for the two 

cases  due to  the d i f f e r e n t  waste heat  b o i l e r  opt ions .  Also  showing s i g n i f i c a n t  

v a r i a t i o n  are the sec t ions  a s s o c i a t e d  with  power generat ion such as the  turbo- 
generator and the fired heater. 

EPRI incremented bl, 27 percent  the mid-1978 p lant  f a c i l i t i e s  investments  for the 

two c a s e s  in  order to e s c a l a t e  the investment  est imate to  mid-1980 d o l l a r s  as 
shown i n  Table 4 -4 .  
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Table 4-3 

PROCESS CONTINGENCIES 
TRF.ACO-BASED. GkSIFICkTZON FIF-L GAS PLANT 

BASE c i a , s  

'..'., 

Steam CyCle. pstg/OF/OF 1450/900/9OO 
Steam Generated £11 Gas Coolers Saturated 
Gas Temperature Entering " 

Heat Recover'~. oF 2,400 

Sulfur Re,oval, ~ 94.6 

0xidsnt Plant Compressor Drivers Hotors 

1450/1000/1000 

Superheated 

2,400 

94.6 

Hotor; 

~ i n a l  . - r e c - .  _.., " . . . .  / y 1,375 1,375 ~ - -  ; tu  oF Gas~fiers ST ,da . . . . . . .  . .  ~. : .  , . .~:. .~ . :., ..,:. . . . . .  ., ~ . . . .  . . ,  

CASE DESIGNATI0~I E}{T-SS EXT-SH 

PROCZSS UNIT 

Coal HandlLng 0 0 
oxidant Feed " '. O 0 
Gesit i©ation IS 15 
Ash Handling S 5 

Gas CoolJ~ng 

Radiant k'rIB 20 20 

Convective kqlB 25 NIA 

Convective Superheater or iteheater N/A 40 

Acid Gas Removal ~: 0 0 

Sulfur Recovery (Claus) 0 0 

Tail Gas Treating 15 15 

Process Condensate Treating 0 0 

Steam, Condensate. and BFW 0 0 

Fuel Gas Expansion 0 0 
Steam Superheater/Reheater 0 N/a 
Steam Turbine-Generator 0 0 
General F a c i l i t i e s  O 0 

. 0  

. . .  , ,  , . . .  ~ . . ,  . . . . . .  . . , . . ~ , . . : , ' ~ . , : , . . . . • . . .  , ' . ' , ' . . : .  . . . . .  ,, . , : : . ,  _ . . . , , . . ~ , .  , . . . . , , .  . . . . . . .  ~ . ' ~ . ' , . . . , . ,  , . . . , . - . : , ~ . ~ : . , .  , . . : ,  ,. 

• ! ' i "  
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Table 4-4 

PIJ~T ¥RCILITIES INVESTMENT - TEXACO B~SED FUEL GAS 
BASE CASES 

Mid-19B0 Dollars 

""'::-..StemCycle, psig/°F/°F 
Steam Generated i n  Gas Coolers 

Gas Temperature Entering Heat 
Recovery, °F 

Sulfur Removal, % 

Oxidant Plant Compressor Drivers 

Size of  Gaslfiers, ST/d 

PuelGas Production, i0 e Btu/hr* 

Net By-Product Power, MW* 

~4501900/900 
Sa tu ra t ed  

2,400 

94.6 

Motors 

1,375 

6 ,664  
142.40 

z4so/looo/looo 

Superheated • 

2,400 

94.6 

Motors 

1,375 

7,637 

53.30 

. ~ 

CASE DESIGNATION 

Plant F a c i l i t i e s  Investment: t 
Hid-Zg~8 ($Z,OO0) 

Plant F a c i l i t i e s  Investment 
Mid-1980 ($1.000) 

EXT-SS 

647,723 

822,608 

/.i" 
C 

/ 

• EXT-SH 

639,135 

811,701 

m 

*Production a t  design capaci ty 
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General Facilities 

As expected, the cost for the general facilities is higher for the saturated 

steam base case. Since more power is generated in this case, the cooling water 

demand increases, and since the cooling tower represents the major cost of the 

general facilities, the overall cost of this unit is substantially increased 

r e l a t i v e  to the  superheated steam base c a s e .  

TOTAL CAPITEL REQUIREMENT 

The Tota l  Cap i ta l  Requirement for  each case  i s  de f ined  as  the sum o f  p lan t  f a c -  
i l i t i e s  inves tment ,  prepaid  r o y a l t i e s ,  o r g a n i z a t i o n  and s tar tup  c o s t s ,  working 

capital, allowance for funds during construction and land costs. The plant 

facilities investment estimates (in mld-1978 dollars) for both. cases studied 

have already been detailed in Table 4-1 and 4-2. The basis for estimating 

allowances for all of the other capital charges specified above is outlined in 

Table 4-5. . . . . .  

The mid-1980 T o t a l  Capi ta l  Requirements as  de f ined  above are shown i n  Table 4 -6 .  

The actual cost estimates were prepared in mid-1978 dollars. Hid-1980 dollar 

plant cost estimates were determined by increasing the mid-1978 dollar estimates 

by 27 percent. (The 27 percent represents experience with the escalation of 

installed costs for similar types of equipment in the two year period, from 

mid-1978 to mid-1980). 

The cons tant  d o l l a r  mid-1980 a l lowances  f o r  funds during c o n s t r u c t i o n  (AFDC) 

were calculated as follows: 

Assuming c o n s t r u c t i o n  to  commence in  January 1986 and end i n  
December 1989 (a four  year p e r i o d ) ,  and assuming annual c o n s t r u c -  
t i o n  expendi tures  t o  be 15 p e r c e n t ,  25 p e r c e n t ,  35 p e r c e n t ,  and 
25 percent  o f  the  t o t a l  funds required  for  the  four  years  r e s p e c t -  
ively, ~ the actual current dollar capital outlays for each of the 
four years were calculated assuming an annual inflation rate of 
i0 percent. 

Interest charges on the current dollar capital outlays for each 
of the four years were calculated to December 1989 based on an 
interest rate of 12.25 percent per annum. 

The t o t a l  current  d o l l a r  inves tment ,  which i n c l u d e s  e s c a l a t e d  
amounts f o r  prepaid  r o y a l t i e s ,  o r g a n i z a t i o n  and s tar tup  c o s t s ,  
working c a p i t a l ,  land and the AFDC charges ,  wos d e - e s c a l a t e d  from 
December 1989 to  j u l y  1980 a t  the genera l  i n f l a t i o n  ra te  o f  10 
p e r c e n t / y e a r  t o  generate  the  c o n s t a n t  d o l l a r ,  mid-1980 Tota l  
Cap i ta l  Requirement shown i n  Table 4u6. 
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BASIS FOR 

Table 4-5 
I 

ESTIMATING CAPITAL C~U~RGES 

Item 

Prepaid R o y a l t i e s  

Organization and 
Startup Costs 

Working Capital 

Allowance £ c r F ~ . d s  Durin 9 
Construction (APDC) 

Land 

Basis  

0.5 percent of the Plant Facilities Investment. 

The organ iza t ion  and s tartup c o s t s  are intended 
to cover  operator t ra in ing ,  equipment check-out ,  
major changes in  p lant  equipment, 'extra mainte- 
nance, and i n e f f i c i e n t  use o£ coa l  and other  
mater ia l s  during p l a n t  s tartup.  

An al lowance of  3 percent  o f  the p lant  f a c i l i t i e s  
investment  should be made to cover  organizat ion  
and s tartup  c o s t s .  

Working capital is the sum of the following: 

• Cost o f  a one month supply o f  coa l  at  
.... £u l l  capac i ty  operat ion .  

• Three months o f  labor c o s t s .  

One month of  a l l  other  operat ing ~os t s  
(exc luding  coa l )  at  f u l l  capac i ty  
operat ion .  

& cont ingency of  25 percent  o f  the 
t o t a l  o f  the above three i tems.  

For a regulated utility company, the interest 
rate on debt (assumed to be 12.25 percent/annum 
for this study) is used to compute APDC. For 
nonregulated companies, return on equity (assumed 
to be 20.00 percent/annum for this study) is used 
to calculate &FDC. 

Land costs have been estimated at $5,000/ncre in 
told-1980 dollars. 
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Table 4-6 

TOT&L C&PIT~L REQUIRNENT 
FOR INVESTOR OWNED UTILITY PRODUCTION OF 

ZZX~CO-SASED FUEL GAS 
HID-Z980 ($1000) 

Steam Cycle, psig/°F/°F 

Steam Generated in  Gas Coolers  

Gas Temperature Entering 
Heat Recovery, °F 

Sulfur Removal. % 

Oxidant Plant Compressor Drivers  

S ize  o f  Gasi f ierso  ST/day 

Fuel Gas Production,  10 s Etu/hr* 

Net By-Products Power, MW* 

CASE DESIGNATION 

Plant Facilities Investment 

Prepaid Ro~alities 
Organization ~nd:Startup Costs 

Working Capital 

Land . '. 

AFDC *~ 

Total Capital Requirement 

($Z,O00) ~ J 

Total Capital Regui~ement 
($Z,O00/FOEB/D)# 

14501900/900 

Saturated 

2,400 

94.6 

Hotors 

1';375 

6,664 

242.4o 

1450/1000/1000 

Superheated 

2,400 

94.6 

Motors 

1,375 

7,637 

53.30 

EXT-SS EXT-SH 

822,608 811,701 

4,113 4,059 
24,678 24,351 
19,577 19,523 

950 875 
31,044 30,625 

902,970 891,132 

27.70 26.76 

* Production at  design capac i ty .  
** The mid-1980 AFDC was determined by the method descr ibed in the t e x t ,  

page 4-6 and 4-7 .  

# 

Note: 

This value was derived by d iv id ing  Total  Capita l  Requirement ( in $1,000) 
by the Fuel Oil  Equivalent  Barrel  p lant  output  per day, us ing  a convers ion 
factor  o f  5 .85 x 10 s Btu/FOEB, for  f u e l  gas.  s i m i l a r l y ,  e l e c t r i c i t y  
production was converted to a FOEB/da¥ equ iva lent  assuming an energy 
value o f  9,000 Btu/kWh. 

There w i l l  be some d i f f e r e n c e s  in Working Capi ta l  and AFDC for 

j'.., 
,~',: 

• i 
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• The mid-1980 AFDC a l l o w a n c e  was t h e n  determined  by  s u b t r a c t i n g  the  
e s t i m a t e d  c o n s t e n t  d o l l a r  mid-1980 e s t i m a t e s  for  a l l  o t h e r  capital , . .  
requirements from the Total Capital Regulrement. (i .~' ':' 

\~x 

It is interesting to note that this procedure provides a rather low estimate I for 

the oo tant doUar AFDC aUo ance, i e., percen  the plant fac liti   
, . • , ,L' 

investment. If the current dollar AFDC charges are examined, it can be seen :i' 

t h a t  t h e y  r e p r e s e n t  approxL~ate ly  1 7 . 6  p e r c e n t  o f  the  e s c a l a t e d  p l a n t  f a c i l ~ t i e s  

inve  s t m e n t .  ~ 

The r e a s o n  f o r  t h i s  apparent  d i s c r e p a n c y  i s  t h e / f o l l o w i n g :  As c o n s t r u c t i o n  

costs are paid, they are no longer subject to inflation. However, all construc- 

tion ~osts are de-escalated from December 1989./to mid-1980, thereby creating th~ 

illuslon that Inflation is tending to reduce the constant mid-1980 plant facil- 

ities investment, i.e., Table 4-6 shows tha~ for Case EXT-SS0 the constant dollar 
/.' 

mid-1980 plant facillties investment is $822.608 x 106. 
., 

However, if the escalated December 1989 investment of $1,721.440 x 106 is de- 

escalated at i0 percent/year for 9-1/2 years, an apparent mid-1980 investment of 

$696.084 x 106 results. This would appear to indicate that inflation is helping 

to reduce the constant dollar plant facilities investment. Lenders understand 

this problem and. therefore index interest rates to inflation to handle this 

problem and offset the constant dollar principal loss. Therefore, the bulk of 

the current dollar APDC charges is being employed to offset principal loss due 

to inflation. The APDC allowance shown in Table 4-6, therefore, represents the' 

"real" or "inflation free" interest required by the loan institution which, for 
r 

this study, has been set at 2.045 percent/year. 

OPERA.TING AND HkINTENANCE (O&M) COSTS 

Operating and maintenance costs have been divided into two categories: Fixed 

Operating Costs (including operating labor, maintenance labor and materials, and 

administrative and support labor) and Variable Operating Costs (including raw 

water, catalyst and chemicals and ash disposal). The basis for calculat~g both 

fixed and variable O&M charges is delineated in Tables 4-7. Table 4-8 enumer .... 

ares the factors applied to each plant section in order to assess the total 

plant maintenance cost. A summary of mid-1980 operating costs for both cases is 

shown in Table 4-9, 

4 - 9  ': .: 

; ' . . '  . ~ . . . .  " ~ , - ' .  , . , ~  . . . . . . . . . . . . .  • . . . .  ' . , ; , .  . . ,  : . ~ , ,  . . . . .  . . . . : ,  , , ,  

i 
I 
! 



" I 

.q 

• b 

. .I. •4 

~- ~W o 

Table 4-7 

BASIS FOR C~LCUI~TING OPERATING AND MRINTEN~NCE COSTS 

Item 

Fixed Operating Costs 

,~ 

OperatingLabor 

Maintenance Costs 

.,~ ' ,  
i, . . -  

Overhead Charges 

Variable Operating Costs 

Basi___.ss 

The f i x e d  c o s t s  are e s s e n t i a l l y  independent of 
the p lant  capac i t~  fac tor  and are composed o f t  he 
fo l lowing  charges:  

• Operating Labor 

• Maintenance cos ts  

• Overhead charges 

These items are discussed below: 

The operat ing  labor  charge i s  computed us ing  an 
average labor  ra te  o f  $20 .00/person hour 
(mid-19805).  This labor rate inc ludes  a 35 per-  
cent  payroll burden. 

Annual maintenance c o s t s  are est imated as  a per-  
centage o f  the p l a n t  f a c i l i t i e s  investment (PFI),  
est imated on a s e c t i o n  by s e c t i o n  b a s i s .  The 
percentage o f  PFI to  be used for  each p l a n t  s e c -  
t i on  i s  shown in  Table 4-8 .  

The maintenance c o s t s  are ~ iv ided  i n t o  maintenance 
labor and maintenance mater ia l s .  ~ maintenance 
labor /mater ia l s  r a t i o  o f  40/60 i s  used.  

The on ly  overhead charge to  be inc luded in  the 
f i x e d  c o s t s  for  regulated  u t i l i t y  producers i s  a 
charge for administrative and support ( ~ & S) 
labor. This overhead charge is 30 percent of the 
sum of the operating and maintenance labor. 

For nonre~lated company producers, an additional 
charge of 0.7 percent o£ the plant £acilities 
investment should be included in the overhead. 
This additional cost is associated with general 
and a~ninistrative expenses. 

The var iab le  operat ing  c o s t s  are dependent upon 
the p l a n t  c a p a c i t y  fac tor  (CF) and are composed 
o f  the f o l l o w i n g  charges:  

• Raw water 

s Cata lys t s  and ~ m ~ c a l s  and other  con- 
sumables 

• &sh and other waste disposal 

These items are discussed on the follow~g page. 
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Table 4-7 

BASIS FORCALCUL~TING OPER~TING~'DI~NTEN~CECOSTS 
(Continued) 

Item 

Raw Water 

Catalysts and Chemicals 
and  Other  Consumables 

Esh and Other  Waste 
Disposal 

Basis 

The first year raw water acquisition cost is 50¢~ 
1,000 gallons (mid-19805). Treating costs and 
pumping c o s t s  a r e  i n c l u d e d  i n  the  o p e r a t i n g  and 
m a i n t e n a n c e  cha rges .  

The first year catalysts, chemicals and other 
c o n s t a b l e  c o s t s  are t o  be determined by t h e  
c o n t r a c t o r .  

S o l i d s  d i s p o s a l  c o s t s  a re  t o  be  e s t i m a t e d  a t  
65.00/dry ton (mid-19805). This charge  is to be 
applied to nonhazardous wastes only. 

I-" f. 
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Table 4-8  

H~IHTENANCE FACTORS 

Process Unit  

Coal Handling 

Oxidant Feed 
Gtsif icetJ .on and ~sh Handl~h~g 
Ray Gas Cooling 
COS J~. d r o l y s i s  
&ctd Gas Remov~l. 
S u l £ u r a e c o v e r y a n d  T a i l  Gas TreatJ~g 
?.nO Trea t ing  

Fuel Gas Expansion 

Stean.  Condensate, and BFW 

Steam SuperheatlReheet  

Steam TurbLne-Generator ,, 

General F a c i l i t i e s  

Ha~ tenance  

o f  I n s t a l l e d  

P lan t  Sect ion Cost/Yr 

3.0 

2.0 
4 .5  

3.0 
2.0 
2.0 
2.0 

3.0 

3.0  

1.5 

2.0 

1.5 

1.5 
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Table 4-9  

AI~qUAL OPER/LTING AND HAZIffENANCE COSTS - TEXkCO-BASED FUEL GAS 

INVESTOR OWNED UTILITY - MID-1980 ($1,000)  

Steam Cy©le, psiglOF/°F 1450/900/900 1450/1000/1000 
Steam Generated ~n Gas Coolers Saturated  Superheated 
OasTenperatureEnter~ng  

Heat RecoVery, °F 2 ,400  2,400 
Sulfur Removal, ~ 94 .6  94.6 
Ox£dant P lant  Compressor Drivers Hotor8 :Motors 
size ~£Gesif£ers. ST/day 1.375 1,B?5 
Fuel Gas Production. 10 s Btu/hr* 6,664 7,637 
NaC By-Products Power, ~ 142.40 53.30 

CASE DESIGNATION EXT-SS EXT-SH 

FIXED OPERATING COSTS 

Operating Labor 5,431 5,256 
Maintenance Labor 8.277 8,420 
Kaintenance HaCerials 12.415 12,630 
A d ~ L a t r a t i v e  and Support Labor 4 1 1 2  4 1 0 3  
Total F4~ed Costs 30.235 30,408 

~II~r~OpEP ~TING COSTS (100~ Capacity Factor ) 

Raw Water 1,311 
Catalysts and Chemicals 1,464 
Ash D/~posal  1.867 
Total Variable Costs 

;~:-o~uction a t  des ign ~ p a c i t y .  
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Operat ing  l a b o r  r e q u i r e m e n t s  are  a f u n c t i o n  o f  th e  number o f  t r a i n s .  R e q u i r e -  

ments for the two plants under consideration are shown below on a per shift 
basis. : '  !.:/ 

Control Boom Operators 

Fie ld  Operators 

Foremen 

Lab and Ins trument  T e c h n i c i a n s  

Saturated Superheated 
Steam Base Steam Base 

Case EXT-SS Case EXT-SH 
5 5 

20 19 

2 2 

--4 .. __4 

31 30 

In  d e t e r m i n i n g  l a b o r  req u iremen t s ,  modern computer  a s s i s t a n c e  ( ca thode  ray  tube 

c o n s o l e s )  i s  assumed t o  be a v a i l a b l e .  

The i n i t i a l  and annual ca ta lys t  and chemicals are presented in Table 4-10.  The 

i n i t i a l  costs  for the saturated steam base case (EXT-SS) are about 80 percent" 

higher than those for  the superheated s t e ~  ba~e case.  This is  primarily due to 

the fuel o i l  requirement for the saturated steam case,  a requirement which also  

J-ncreases th e  annua l  c a t a l y s t  and c h e m i c a l s  c o s t s  by about  17 p e r c e n t .  I n  the  

s a t u r a t e d  steam c a s e  f u e l  o i l  i s  r e q u i r e d  f o r  s t a r t u p  o f  the  f i r e d  steam s u p e r -  

h e a t e r / r e h e a t e r ,  an a v e r a g e  o f  four  t imes  y e a r l y .  For each s t a r t u p ,  e i g h t  hours  

i s  the  a l l o c a t e d  t ime  o f  z ~ e l  o i l  f i r i n g ,  o t h e r  major  c o s t s  f or  t h e  two c a s e s  

e re  a s s o c i a t e d w i t h  t h e  c o r r o s i o n  i n h i b i t o r  and t h e  s u r f a c t a n t  used  e x c l u s i v e l y  

i n  p l a n t  c o o l i n g  w a t e r ,  and the  c h e m i c a l s  r e q u i r e d  i n  the  Texaco was te  water  

t rea tment .  
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S e c t i o n  5 

FINANCIAL ANELYSIS 

Using the cap i ta l  and operating expenses developed in the previous sec t ion ,  the 

cost  of  fue l  gas from the two base case plant  designs was determined. Cost e s t i -  

mating was performed by Fluor. The cos t  estimates thus derived were escalated by 
27 percent in order to reach their equivalent value in=told-1980 dollars. This 

factor of 2? percent was chosen based on Fluor's experience with the escalation 

of similar equipment during the two year period between told-19?8 and mid-1980. 

All cost estimates are intended to represent those for mature technol~gy plant 

designs. Because certain financial and technical parameters such as inflatlon 

rate, investment tax credits and overall plant efficiency are difficult to pre- 

dict, a further objective of thissection will be to analyze the sensitivity of 

the cost of fuel gas to changes in these parameters. 

All  e v a l u a t i o n s  in  th i s  s e c t i o n  w i l l  be for  the two base case  p l a n t  des igns ,  

EXT-SS and EXT-SH. These designs have been described in  prev ious  s e c t i o n s .  

Briefly, the fundamental difference between these two designs is located in the 

high temperature gas cooling section in which saturated steam is generated in 

Case EXT-SS whereas superheated steam is generated in Case EXT-SH. 

COST OF FUEL GAS 

Calculations of the cost of fuel gas are based on the financial criteria given 

in Table 5-1. Costs are developed for two types of plant ownership, that of an 

investor owned utility and that of a nonregulated company. Those financial 

parameters which differ in these two cases of ownership are noted in Table 5-1. 

The high capacity factor used for the fuel gas plant designs reflects the high 

anticipated availability of the plants and the expectation that the fuel gas 

produced would be used to the limits that availability would allow. 

The c o s t  o f  f u e l  gas from the two base  case  p lants  i s  presented  in  Table 5-2.  

Costs are listed in both current dollars and mid-1980 dollars. The current 

Y 
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Table 5-1 

FINANCIAL CRITERIA 

FOR REVENUE PE~U!REIIEffr C&LCULATIONS ( t ) 

P l an t  Loca t ion  

Post-1980 G e n e r a l  I n f l a t i o n  Ra te  

Year o~ Plant Startup 

Design and C o n s t r u c t i o n  P e r i o d  

P r o j e c t  Book L i f e  

P r o j e c t  Tax Ll£e  

Tax D e p r e c i a t i o n  Hethod 

Net P l an t  S a l v a g e  Value 
De l i ve r ed  Coal Cost (Hid-lgR0S) 

Real Coal Price Escalation 
(Above General ~nFlatlon) 

Property Tax Rate 

Insurance  Rate  

Federa l  Income Tax Rate  

S t a t e  Income Tax Rate  

Inves tmen t  Tax C r e d i t  

Project Financing 

I n v e s t o r  Owned Utility 

Common Equity 

Preferred Stock 

Debt 

Nonregulated Company 
Common Equity 

PreEarred,St~ck 

Debt 

Capacity Factor 

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

• Southern l U i n o i s  

a 10~/Vear 

• 1990 

• 4 ~e~rs 

a 30 Years ~or an Investor Ouned 
utility 

• 20 Years For a Nonre~lated 
Company 

• 13 years Eor SynEuels Plants 
• Su~-oF-the-Year-Dlglts 
• 10~  o f  P F I  ; 

• $1.30 / lO ° Utu 

• l~/Year 

• 296/Year o f  Escalated PFI 

• l~/Year DE Escalated PFl 
a 46~ 

• 6~ 

• 10~o~ Escalated PFI. Normalized 
Over Period o f  Commercial Operation 
for  U t i l L t y  O~nership. Credited 
durLng construction perLod fo r  non- 
regulated company ownership. 

• 35~ at 16~/Year AFter-Tax Return 

• lS~ at 12.TEa/Tear Dividend 

• B0~ at 12.2596/Year Interest 

• 1o0~ at 20~/~ear After-Tax Return 

• Ol 

• 90~ 

• 50 m i l l s  /kWh in Hid-1980fi 

The Cost of  E l e c t r i c i t y  is Allo~ad 

to Escalate at the General InFla- 

t ion Rate 

! 

( I )  This table is  ident ica l  to Table 5-Zi paBe S-5. 
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' '  ............. dollar"amounts represent the  cost of  fue l  gas in the given year dol lars ,  while 
the mid-1980 dollar amom~ts reflect the cost of fuel gas in the current year 

de-escalated at the general inflation rate of 10 percent to mld-1980. The fuel 

gas Costs listed for nonregulated company ownership are based on a fixed 

requirement of 20 percent a f ter  tax return on equity. 

Deta i led  calculat ions of the cost o f  fue l  gas can be found in  Appendices B and C. 

The eight tables in each appendix include a Capl~l 0utlay Schedule, an Annual 

Capital Recovery Schedule, an Annual Revenue ReqUirements Schedule and an Annual 

Cash Flow Schedule for both investor owned utility ownership and nonregulated 

company ow.ership of the fuel gas plant designs E~-SS and EXT-SH. For easy 

reference, a su,~ary of the results from Table 5-2 Tollows: 

Case EXT-SS 
Levelized 
Cost of Fuel Gas, $/106 Btu 

Case EXT-SH 
Levelized 
Cost of Fuel Gas, $/10 s Btu 

Investor Owned Nonregulated 
Utility Company 

Mid-1980 Current Mid-1980 Current 
Dollars Dollars Dollars Dollars 

3.27 19.11 5.32 24.51 

3.39 19.81 5.15 23.74 

Three important conclusions can be drawn from the~e results: 

i 

i 

..| 

Texaco-based fuel gas produced by a regulated utility company has the 
potential to be considerably "lower in cost than the selling price of 
No. 2 fuel oil. 

• Utility produced fuel gas will be significantly less expensive than non- 
regulated company production. 

There appears to be no incentive for the development of  high temperature 
heat recovery equipment capable of  generating superheated steam for 
Texaco-based £uel gas p lants .  

& major utility application for fuel gas would be as a replacement for No. 2 fuel 

oil. Based on information from the Department of Energy publication, "Cost and 

Quality of Fuel for Electric Utility Plants:" the mld-1980 cost of No. 2 fuel 

o11 was $6.77/I0 s Btu. Although there has been some softening in crude oil and 
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derived product prices from their mld-1980 values, the financial estimates pre-' 

sented in Table 5-2 indicate substantial potential for fuel cost savings based 

on utility ownership of mature technolocw Texaco-based fuel gas plants. Zt is 

critical to remember, however, that before such savi...~;: can be realized, Te~aco~s 

coal gasification technology must be demonstrated at the scale assumed as the ~ 

basis for this study, ft.:is also important to realize that the first few com- 

mercial scale Texaco-based fuel gas plants can be anticipated to cost appreciably 

more than the estimates presented for mature plants in this report. Therefore', 

it is not unreauonable to anticipate that the differential price between utility 

generated fuel gas and No. 2 fuel oil estimated in this study is substantially 

greater than that to be expected from the first few commercial fuel gas plants 

to be built. 

The results of Table 5-2 clearly indicate that a substantial savings will be 

realized "ira utility is producing its own fuel gas rather than buying the gas 

from nonregulated company producer. Because nonregulated companies require a 

higher return on equ i ty  and because a greater  proport ion o f  the nonregulatcd .... 

company capital, relative to that of an investor owned utility, is in the form 

of equity capital, it follows that the fuel gas cost is higher when produced by 

a nonregulated company. 

However, unlike utillties..which are limited to a certain msx~num return on 

equity, nonregulated c'ompanles can and do maximize their returns by selling at 

the market price. Pot this reason the expected selling price of fuel gas from 

a nonregulated company would be the selling price, for No.,2 fuel oil ($6.77 in 

mid-1980 dollars).. When sold at this market price, the discounted cash flow rate 

of return for the nonregulated producer is ~ound to he the following: 

Case 
Discounted Cash Flow 

Rate of Return on Common Equity 

EXT-S5 30.41% 

EXT-SH 32.55% 

In order to understand why there i s  no economic incent ive  for  superheating in  

the high temperature gas c o o l e r s ,  one must f i r s t  know the method employed for  

crediting the by-product power generated by these fuel gas plants. The total 
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revenue required is based on capital and operating costs. Revenue from the by- 

product electricity is then subtracted from the total •revenue required to obtain 

a net revenue requirement. This net revenue must be recovered through the sale 

of the prld~ipal product, in this case, fuel gas. The by-product electricity " 

revenue used to derive the net revenue is determined by multiplying the power 

generated by the electricity credit• For the results of Table 5-2 the electricity 

credit was assumed to be 50 mills/kWh {in mid-1980). However, when the sensiti- 

vity of the cost of fuel gas to the electricity credit is measured, an interesting 

phenomenon results. Figure 5-1 shows the derived cost of fuel gas when the by- 

product electricity is credited at rates between 20 mills/kWh and 80 mills/k~. 

since the saturated steam case (EXT-SS) generates almost three times as much 

e l e c t r i c i t y  as does the superheated steam case (EXT-SH). i t s  consequent c o s t  o f  

fuel gas is more sensitive to electricity crediting than is the fuel Gas cost ' 

for the superheated case. As a result the slopes of the lines in Figure 5-1 for 

Case EXT-SS~ ~oth re'fated and nonrequlated ownership, are more negative than 

the slopes of the lines for Case EXT-SH. Ultimately, as the:electricity credit 

increases for a given type of plant ownership, the lines for EXT-SS and ERT-SH 

intersect. The electricity credit at the point of intersectS.on of these lines 

will be henceforth referred to as the "limiting by-product credit." 

Figure 5-I reveals that, for an investor owned',i~.~lity, when electricity is 

credited at a rate greater than or equal to 4?.'/milis"/kWh (the limiting by-product 

c r e d i t ) ,  fue l  gas produced by des ign EXT-SS":is l e s s  expensive than that  by des ign 

EXT-SH. However, for a nonregulated company with a rate o f  return f i x e d  at  20 

percent, electricity credits must be greater than or equal to 63 mills/kWh 

before fuel gas from design EXT-BS is less costly than that from design ERT-SH. 

Because u t i l i t i e s  would be expected t o  c r e d i t  the by-product e l e c t r i c i t y  a t  a 

marginal rate above 41 mills/kWh in 1980, the EXT-SS design produces less costly 

fuel gas than the superheating case. Similarly, since a nonregulated company 

would probably be able to sell its by-product electricity at an avoided cost 

greater than 63 mills/kwh, again the saturated steam design would produce less 

expensive fuel gas than the superheated steam case. In conclusion, whether fuel 

gas is produced by an investor owned utility or a nonregulated company (allowing 

only  a 20 percent  return on e q u i t y ) ,  there appears to  be no incent ive  for  develop-  

ing  the  high temperature heat recovery equipment capable o f  generating,  superheated 
steam • 
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FIGURE 5--1 

LEVELIZED COST OF FUEL GAS A T  V A R Y I N G  
RATE S OF ELECTRICITY CREDIT  
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Because  a non~egu lared  company would  be e x p e c t e d  to s t r i v e  f o r  the  h i g h e s t  d i s -  

counted cash f~ow (DCF) rate of '~eturn, it will be informative to consider the 

relative DCF returns ~t the various rates of by-product electricity crediting. 

Since the expected market price of fuel gas is h~gher than the cost of fuel gas 

derived loathe case where the rate of rettu-n is fixed at 20 percent, the rel- 

ative value of fuel gas to electric power increases when the nonregulated com- 

pany sells fuel gas at the market. Accordingly, when this gas is sold at the 

market price, the electricity credit rate, above which plant design EXT-SS is 

more economical than EXT-SH, would be higher. This occurs because the saturated 

steanl case generates more electricity and less fuel gas than dues the superheated 

steam case. Figure 5-1 indicates that, at or above the electricity credit of 63 

mills/kWh, saturated steam production is the best design alternative for a non- 

regulated company with a fixed 20 percent return on equity. However, Figure 5-2 

shows that, at the same coal real escalation rate of I percent above inflation, an 
.."i 

electricity credit of 98 mills/kWh is the by-product credit rate above which the 

saturated steam design yields th~"highest DCF return for a nonregulated producer 

selling fuel gas at the market pric~'. Thus the results confirm the expectation 

that selling fuel gas at the market price increases the l~miti~g by-product 

credit. Above this limiting by-product credit the most economic design choice 

is that of saturated steam generation in the high temperature gas coolers. 

Figure 5-2 also shows the impact of different real escalation rates for fuel, 

both coal and fuel gas. In this analysis, electricity escalation is fixed at 

the general inflation rate and coal and fuel gas escalate at/.rates e~al to or 

~reater than the inflation rate. This diagram makes eviden~ ' the conclusion that 

the limiting by-product credit varies in the same direction as the rate of fuel 

escalation. Higher rates of escalation result in higher limiting by-product 

credits. At the high escalation rate of 3 percent real, or 13.3 percent includ- 

ing inflation, the limiting by-product credit for nonregulated company ownership 

is 128 mills/kWh. Although it is possible that the nonregulated producer could 

obtain as much as 128 mills/k~h for its net by-product power, even if this were 

not to be the case, the small expected gain in DCF return for chosing design 

EXT-SH over EXT-SS at electricity credit rates below the limiting by-product 

credit may not offset the technical risks and costs associated with thehighly 

developmental high temperature gas coolers which can superheat steam. 
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FIGI.~RE 5- -2  

DISCOUNTED CASH FLOW RATE OF RETURN AS A FUNCTION 
OF THE ELECTRICITY CREDIT RATE GIVEN F IXED REAL 

RATES OF FUEL ESCALATION 
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In summary, there appears to be no economic advantage to superheating steam in 

the gas coolers in the case of investor owned utility production of fuel gas. 

best, under certain economic conditions ~here might be a marginal advantage to 

Superheating in the case of nonregulated company ownership. 

At 

Finally, results from these Texaco fuel gas cost estimates are compared in 

Table 5-3 with updated cost estimates for oxygen-blown, Lurgi-based fuel gas pro- 

duction from Illinois No. 6 coal. The Lurgi cost estimates were first detailed 

in EPRI report AF-244. These costs were updated to mid-1978 dollars in report 

EP-1725. With these estimates the current financial analysis of a Lurgi-based 

fuel gas plant was performed in the .same manner as the estimates for the present 

Texaco-based designs. Mid-1978 dolTars were updated to mid-1980 dollars using 

a 27 percent escalation f~tctor and the r~ainder of the analysis is based on the 

financial factors given in %"able 5-~:. The ammonia by-product credit assumed is 

$120.00/short ton and the liquid hydrocarbons are credited both at $3.00 /106 Btu 

and at $0/i0 e Btu. It is important to realize that the original Lurgi fuel gas 

plant cost estimates were prepared ,Dyer four years ago. It is therefore likely 

that these Lurgi estimates are::not strictly consistent with the Texaco estimates 
.'/ 

as they do noz incorporate any advances in Lurgi gasification technology that 

have probably resulted from the ext!~.nsive experience gained at SASOL within 

recent years. These older Lu~gi estimates have been included simply to provide 

a frame of reference for the.newer Texaco projections. From Table 5-3 it appears 

that even when all three by-products of the Lurgi process (electricity, ammonia, 

and liquid hydrocarbons) are credltei~ , fuel gas from a Lurgl-based plant utilizing 

Illinois No. 6 coal will be mo~e costly than that from a Texaco-based plant. 

ECONOMIC SENSITIVITY ANALYSIS : : • 

Because certain financial and technical parameters are difficult;~to project for 

a 1990 plant startup date, knowledge of the sensitivity of fuel gas cost to 

changes in certain key parameters is critical. Tables 5-4 and 5-5 illustrate 

the sensitivity to design and financial factors of first year and levelized fuel 

gas costs, respectively. 

Considering the first year fuel gas cost sensitivities of Table 5-4, several 

interesting observations can he made: 

• & r e d u c t i o n  i n  the  o p e r a t i n g  c a p a c i t y  f a c t o r  from 90 t o  70 p e r c e n t  c a u s e s  
m~ 18 to 21 percent increase in the first year cost of fuel gas. 
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A r e a l  c o a l  p r i c e  e s c a l a t i o n  o f  3 p e r c e n t  c a u s e s  a 9 to  17 p e r c e n t  
i n c r e a s e  i n  t h e  f i r s t  y e a r  c o s t  o f  f u e l  gas r e l a t i v e  to  t h a t  when t h e '  
real coal escalation rate is taken to be I percent. The more substantial 
cost increases are associated with nonregulated company ownership. 

35 percent increase in the plant facilities investment causes a 17 to 
21 percent increase in the cost of fuel gas. 

lower (5%) annual inflation rate significantly reduces the first year 
cost of fuel gas produced by an investor owned utility, but it has little 
impact on the cost of nonregulated company produced gas. It is important 
to note that the impact of inflation on the constant dollar levelized gas 
cost for an investor owned utility is negligibly small. 

10 percent decrease in  clean fue l  gas e f f i c i en cy  resul ts  in  more expen- 
s ive f u e l  gas  by  up to  14 p e r c e n t  w h i l e  a 10 p e r c e n t  i n c r e a s e  i n  t h i s  
e f f i c i e n c y  can y i e l d  a s a v i n g s  o f  up to  11 p e r c e n t .  

Governmenta l  a s s i s t a n c e  i n  t h e  form o f  a 25 p e r c e n t  I n v e s t m e n t  Tax C r e d i t  
a c h i e v e s  a p p r o x i m a t e l y  an 11 p e r c e n t  s a v i n g s  i n  the  c o s t  o f  f u e l  g a s .  
& s s i s t a n c e  i n  the  form o f  a 75 p e r c e n t  l o a n  guarantee  y i e l d s  a s a v i n g s  
o f  b e t w e e n  28 and 3 1 p e r c e n t .  

When the electricity credit is fixed at 50 mills/kWh and when a 30 per- 
cent return on common equity is required for a nonregulated owner, the 
most dramatic impact on fuel gas cost is attained. 

With the exception of  th i s  l a s t  change which has been analyzed in  greater 
de ta i l  in  previous discuss ions ,  a l l  the changes in f inanc ia l  and techni-  
cal  parameters l i s t e d  in Table 5-4 r e s u l t  in f i r s t  year fue l  gas costs  
which remain competitive with the cos t s  of No. 2 fuel  o i l .  
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Table 5 - 6  

NOTES FOR TABLES 5-4 ~ 5-5 

*The Base Case f inancia l  parameters used are given in Table 5-1. 

5A 3 percent inflation free coal price escalation rate is equivalent to a 13.3 

percent actual escalation rate when the general inflation rate is i0 percent/ 

year. 

~For this 5 percent annual inflation rate case, the following financial para- 

meters were used: 

Investor Owned Utilit 7 Nonrequlated Company 

Annual Return on common Equity 

Annual Preferred Stock Dividends 

Annual Interest on Debt 

~umual Coal Price Escalation 

10.73% 14.55% 

7.63% -- 

7.15% -- 

6.05% 6.05% 

#The clean fuel gas efficiencies used were the following: 

CIe~L~ Fuel Gas Efficiency When 

Increased by 10% 

Case EXT-SS Case EXT-SH 

71.14% el.S3% 

Clean Fuel Gas Efficiency When 

Decreased by 10% 58.20% 66.71% 

(Clean Fuel Gas Efficiency is the exported clean gas HHV x 100/coal feed HHV) 
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Section 6 

DESIGN SENSITIVITY STUDIES 

GENERAL 

The primary o b j e c t i v e  o f  t h i s  s tudy  has been both t o  a s s e s s  the c o s t  of  in terme-  

d i a t e - B t u  f u e l  gas Produced by a Texaco-based c o a l  g a s i f i c a t i o n  p lant  and to  

determine  whether a s av ings  i n  the  c o s t  of  f u e l  gas c o u l d  be r e a l i z e d  by a d e s i g n  

which p r o v i d e s  for  s u perhea t ing  o f  steam in the raw gas c o o l i n g  s e c t i o n .  How- 

e v e r ,  four  secondary o b j e c t i v e s  have been addressed i n  t h i s  s tudy ,  and some 

i n t e r e s t i n g  conc lus ions  can be drawn from the r e s u l t s .  

Each s e n s i t i v i t y  study i s  composed o f  the e v a l u a t i o n  o f  p l a n t  des igns  which proc -  

e s s  the same quantity  o f  c o a l ,  but  which d i f f e r  from the  base  case  des igns  in  one 

or  more ways.  Each was performed wi th  the same degree  o f  accuracy  as were the 

base  c a s e s .  Resul ts  from t h e s e  a n a l y s e s  are t a b u l a t e d  a t  the end o f  t h i s  s e c t i o n .  

The t a b l e s  include summaries o f  opera t ing  r e s u l t s ,  summaries o f  power consump- 

t i o n s ,  energy balances ,  and l i s t s  o f  p lant  f a c i l i t i e s  i n v e s t m e n t s .  Also,  

i n c l u d e d  a t  the end o f  t h i s  s e c t i o n  are summaries o f  t o t a l  c a p i t a l  requirements ,  

annual operat ing  and maintenance c o s t s ,  c a t a l y s t  and c h e m i c a l  c o s t s ,  and o v e r a l l  

b l o c k  f l o w  diagrams. Two base  c a s e s  and twelve substudy c a s e s ,  or fourteen c a s e s  

i n  t o t a l ,  were eva luated  w i t h  the  o b j e c t i v e  o f  a s s e s s i n g  the  impact of  the four  

d e s i g n  changes on major performance parameters and on the  c o s t  o f  f u e l  gas .  

The des ign  s e n s i t i v i t i e s  a n a l y z e d  are:  

• The use of  a gas r e c y c l e  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  o f  
the use of  a r a d i a n t  gas  c o o l e r  

• Var ia t ions  an the degree  o f  su l fur  removal ~ . . . .  : 

• The use o f  l a r g e r  c a p a c i t y  g a s i f i e r s  

• Var ia t ions  in  steam c y c l e  temperature and p r e s s u r e  
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The r a t iona le  behind each o f  these  design changes, eKcept t h a t  regarding the 
extent of sulfur removal, is that because of their association with expensive 

equipment items, their optimization has potential for reducing the cost of fuel 

gas produced by the resultlng modified plant desi~s. The studies evaluating 

variations in the depth of sulfur removal allow for an understanding of the costs 

associated with meeting different levels of environmental control requirements. 

Tables 6-1 and 6-2 summarize the r e s u l t s  of  these subs tudy cases f o r  both i nves -  

t o r  owned u t i l i t y  and nonregu la ted  company ownership o f  the fue l  gas p l a n t s .  The 

base cases which have been d i scussed  throughout t h i s  r e p o r t  have been inc luded  

f o r  comparison purposes .  The tab le  headings for  each o f  the four teen designs 

i n d i c a t e  the major des ign  changes assoc ia ted  with each p l a n t  s tudy.  The reader  

may f ind  these t ab l e s  a convenient  reference for  d i s t i n g u i s h i n g  the major cha r -  

a c t e r i s t i c s  o f  each des ign .  

GkS RECYLE DESIGN OPTION 

The raw gas leaves the gasifier at a temperature in the neighborhood of 2400°F. 

It is difficult to recover heat from such high temperature, ash laden gas in con- 

vective type heat trans[er equipment due to the "stickiness" ard fouling char- 

acteristics of the ash at these temperatures. In the base case designs con- 

sidered for this study, the hot gas is first cooled in radiant type heat 

exchangers to a temperature of approximately 15000F, at which point it is pos- 

s/ble to continue cooling the gas in convective type equipment. This radiant/ 

convective heat transfer design represents the system that is currently belng 

tested at the 150 ton/day scale in the Ruhrchemie plant as well as the design 

that has been chosen for the 1000 ton/day Cool Water plant. The radiant boiler 

used in these designs is an extremely large and costly vessel. It is therefore 

possible that if the radiant boiler could be eliminated, the plant capital cost 

could be reduced which would in turn lead to a reduction in the cost of fuel 

gas. One way to eliminate the radiant unit would be to recycle cold fuel gas 

from the particulate scrubber to quendh the high temperature gasifier effluent 

gas to 1500°F. The mixed gases could then be further cooled in convective type 

heat transfer equipment. 

The saturated steam base case (EXT-SS) and the saturated steam case with gas 

recycle (EXT-SS1), shown schematically in the overall block flow.diagrams EXT-SS 

and EXT-SSI, represent the two alternative approaches to gas cooling. Both 
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cases  p rocess  11,000 tons /day  of  I l l i n o i s  No. 6 coa l .  They have i d e n t i c a l  steam 

cyc l e s ,  and the degree o f  s u l f u r  r'emoval i s  94.6 pe rcen t  in each case.  

The option of using a gas recycle to quench the gasifler effluent reduces not 

only the q~ality but also the quantity of thermal energy recovered. ~ith no 

quench gas rec~,cle, Case ERT-SS has thermal energy available for recovery a~a 

higher temperatures (the gas enters the heat recovery section at 2400°F) and pro- 

duces 24 MW more power than the corresponding recycle Case EXT-SSI, in which gas 

enters the heat recovery section at the lower temperature of 1500°F. ~In the 

recycle case, steam generation is reduced to avoid the lower fuel gas reheater 

approach temperatures  t h a t  woui~ be requ i red  in  order  to  t r a n s f e r  the same 

q u a n t i t y  o f  heat  as i s  t r a n s f e r r e d  in  the nonrecycle  design.  Thus less  hea t  i s  

recovered,  and the r e j e c t i o n  o f  more heat  to an a i r - c o o l e d  exchanger i s  a neces-  

sary consequence. Table 6-1 indicates that the fuel gas production in the EKT-SS 

case is 6654 x 10 s Stu/hr and is slightly lower than the 6802 x 10 e Btu/hr for 

the EXT-SS1 case. This result follows from the fact that EXT-SS produces more 

high-pressure steam and, therefore, more fuel gas is required in the fired heater 

for superheating and reheating. The energy recovery efficiency for the EXT-SS 

and EXT-SSI cases is'77.11 and 75.27 percent respectively. As shown in Table 6-4, 

the power consumption summary, the major difference in power requirements is in 

the gas cooling section. For the EXT-SS case it is 941 kW, whereas for the 

EXT-SS1 case it is 6592 kW. This is due to the power requirements of the recycle 

gas compressors.  

Tables 6-1 and 6-2 give a sun~ary o f  the economic r e s u l t s  f o r  the gas r ecyc le  

design op t ion .  By e l imina t ing  the r ad i an t  hea t  recovery  u n i t ,  mid-1980 c a p i t a l  

cos t  sav ings  of  43 m i l l i o n  d o l l a r s  would be r e a l i z e d  by an i n v e s t o r  owned 

u t i l i t y .  However, the reduc t ion  in  c a p i t a l  c o s t  and the s l i g h t  increase  in  ne t  

fue l  gas output  toge ther  do not  o f f s e t  the c o s t  a s soc i a t ed  with both the r e d u c -  

t ion  in  e f f i c i e n c y  and the inc reased  power consumption of  the quench gas r e cyc l e  

design.  Consequently,  the net  impact on the mid-1980 l e v e l i z e d  cos t  o f  f u e l  gas 

from an i n v e s t o r  owned u t i l i t y  i s  a $0.12/10 e Btu increase  when the r ecyc l e  

opt ion i s  employed. /:This inc rease  i s  l e s s  than 4 pe rcen t  o f  the f u e l  gas c o s t ,  

and given the accuracy of the study, this differential is very small. This is a 

most encouraging result as it indicates the existence of an alternate approach 

to  high ~ p ~ r a t u r e  gas coo l ing  t o  the r a d i a n t / c o n v e c t i v e  c o n f i g u r a t i o n  cu r -  

r e n t l y  be ing  cons idered .  I f  s ca l e -up  of  t h i s  approach i s  not  s u c c e s s f u l ,  the 

a l t e r n a t e  r ecyc l e  c o n f i g u r a t i o n  would be appl ied  a t  e s s e n t i a l l y  no cos t  p e n a l t y .  
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SULFUR RENOVJ~L DESIGN OPTIONS 

In a Texaco-based 6CC system, the cost of ~e acid gas removal, sulfur recovery 

and tail gas treating units is a relatively small fraction (approximately four 

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

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

fuel gas plant. The impact of increased sulfur removal standards o~i fuel gas 

plant economics could be significant in terms of final product cost. Hence, sub- 

studies evaluating the impact of the depth of sulfur r~,oval were performed. 

The b~ock flow diagrams EXT-SS and EXT-SS5 depict schematically the hlgh-pressure 

saturated steam cases with 94.6 percent and +99.9 percent* sulfur removal respec- 

tively. The block flow diagrams EXT-SH, EKT-SH4, and EXT.-SH5 represent the sche- 

matic block flow diagrams for the high-pressure superheated steam cases, with 

94.6 percent, 83.6 percent, and +99.9 percent* sulfur removal respectively. The 

deep sulfur removal cases corresponding to l;'ppm total sulfur on a volume basis 

in the fuel qas require a C0S hydrolysis step and zinc oxide treatment. 

COS Hydrolysis. The substudy cases EXT-SS5 and EXT-SH5 are the only cases that 

include a COS hydrolysis step. The following overall reaction occurs in the 

presence of Haldor Topsoe, Inc. catalyst Type CKA: 

COS + H~O = CO 2 + H2S {6-I) 

S h i f t i n g  the r e a c t i o n  e q u i l i b r i a  to  the r i g h t  i s  favored  by low temperatures  and 

a high r a t i o  o f  steam to  dry gas .  The operat ing  temperature i s  maintained 50°F 

above the dew point of the gas to avoid pore condensation. This is accomplished 

by reheating the saturated gas leaving the particulate scrubber from 320°F to 

370°F. COS concentration is reduced to 6.5 ppmv in the gas leaving the catalyst 

bed.  

Acid Gas Removal. A l l  c a s e s  u t i l i z e  the S e l e x o l @ p r o c e s s  for  ac id  gas removal .  

In  Cases EXT-SS5 and EXT-SH5 where su l fur  i s  removed to  the  e x t e n t  tha t  on ly  

5 ppmv sulfur on a mole basis ren,ain in the gas leaving the acid gas removal 

unit, use of the Selexol® unit without the COS hydrolysis step would only be 

•,~.~' 

*Corresponding to  1 ppm t o t a l  s u l f u r  in  the product f u e l  gas 
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p o s s i b l e  through  the  usa  o f  uneconomica l  h=igh s o l v e n t  c i r c u l a t i o n  and s team 

rates. In these cases, one ppm (mole basis) specification on the clean gas is 
"~.. 

made possible by passing reheated gas at 600°F through ZnO be~s. 

'i.. 

In general, acid gas removal processes tend to absorb both the hydrogen sul f ide  

(H~S) and the carbon dioxide (COz) present in the feed gas. Absorption of a l l  

of' the C0~ would increase the required solvent circulation rates, equipment,.sizes 

and energy demands. The design and size of the downstream sulfur recovery units 

are affected adversely due to the decrease in HaS concentration in the acid gas. 

However, the Selexol@ process removes HaS in preference to C02~ The process has 

been selected for use "in these cases because it accompli{~hes selective HaS 

removal end its economios compare favorably with other ~.~ilar processes. In 

the Selexol® process applied• here, the HaS concentration~..is over 20 percent in 

the acid gas feed to the Sulfur" recovery unit. At HaS concentrations in this 

range, a "split-flow" sulfur plant design is employed to av61d the use of fuel 

gas in the sulfur furnace. In the "spilt-flow" design, the flame in the sulfur 

furnace can be sustained by burning only acid gas. 

Zinc Oxide Treatment .  The Deep S u l f u r  Remova-i--Cases (EX~-SS5 and EXT-SHS) w i t h  

one ppm s u l f u r  i n  t h e  f u e l  gas  are  the  o n l y  c a s e s  t h a t  i n c l u d e  a Zno t r e a t i n g  

unit. This involves passing the reheated fuel gas at 600°F from. which most of 

the sulfur is removed through beds of ZnO (Type HTZ-3 by Haldor Topsoe, Inc. ). 

Both COS and HzS are removed forming ZnS. Sizing of the units provides a one- 

year bed life, after which the spent bed is replaced with fresh ZnO. 
.: 

The increased CO e absorption with greater depths of sulfur remove]?:results in 

sl'ightly reduced gas flow to the gas expander. Table 6-3, Summary o£'~Operat~g 

Results, shows that less power production in the e~pander is a consequence. The 

C0S hydrolysis process and the Zn0 unit together produce additional pressure 

drops which further contribute to the reduced power generation by way of deer:eas- 

ing the inlet working pressure at the gas expander. Greater depths of sul~ur 

removal are also associated with increased steam demands in the Selexol8 unit, 

and as a result, less power is generated in the turbogenerator. Net system pow- 

ers for the Eh~-SS end HXT-SS5 cases are 142 and 137 MW respectively and for 

the Eh"~-SH, EXT-SH4 and EXT-SH5 cases are 53, 55 and 47 MW respectively. 

The fuel gas production rates for the EXT-SS and E~T-SS5 cases are 666& x 1.0 s 

Btu/hr and 6626 x 106 Btu/hr respectively with ~he energy recovery effici~hcies 
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at 77.11 and 7 6 ~ 2 4  percent f o r  the two respective cases. For the EXT-SH, EXT-SH4, 

and EXT-SH5 cases, the fuel gas production rates are 7637 x I0 e Btu/hr, 

7668 x 10 s Btu/hr and 7621 x I0 s Btu/hr respectively with energy efficiencies 

~f ~0 77, 79 .20,  and 78 .08  percent  for  the three  r e s p e c t i v e  cases .  As the  depth 

o f  su l fur  removal i s  increased ,  the fue l  gas a v a i l a b l e  for  export i s  decreased 

s l i g h t l y  due to :increased gas absorption in the Selexol@ uni t .  

The initial and annual catalyst and chemicals for Cases EXT-SSS, EEf-SH4, aud 

EXT-SH5 are presented /n Table 6-34. Comparing these to the costs presented in 

Table 4-10 for the base cases, it may be seen that the costs associated with the 

Selexol@ unit, Claus Sulfur Plant, and Stretford Plant increase as the level of 
sulfur removal is increased. 

The mid-1980 c a p i t a l  c o s t  a s s o c i a t e d  with increas ing  su l fur  removal from 94 .6  

percent  to  greater  than 99 .9  percent  i s  20 .5  m i l l i o n  do l l ar s  in cases  where sa tu-  

rated steam i s  generated in  the raw gas c o o l e r s .  & smal ler  cos t  o f  11 .5  m i l l i o n  

i s  a s soc ia t ed  with the same change in extent  o f  su l fur  removal in  the cases  where 

superheated steam i s  generated in  the gas c o o l e r s .  The net  /mpact o f  increased  

c a p i t a l  c o s t s  and decreased product and by-product  output i s  an increase  in  

i n v e s t o r  owned u t i l i t y  constant  do l lar  l e v e l i z e d  c o s t  o f  f u e l  gas from $3.27/106 

Btu (EXT-SS) to  $3 .39/106 Btu (EXT-SSS).~ Table .6 -1  revea l s  that  a s im i lar  

increase  in  depth o f  su l fur  removal r e s u l t s  in  an increased  constant  d o l l a r  l e v -  

e l i z e d  c o s t  o f  f u e l  gas as produced from a superheat des ign by $ .08 /10  s Btu. 

Figure 6-1 d i s p l a y s ,  in  graphical  form, the l e v e l i z e d  c o s t  o f  fue l  gas as  a func-  

t i o n  o f  the depth o f  s u l f u r  removal. D i s c o n t i n u i t i e s  are shown in the p l o t  s ince  

the COS hydro lys i s  s tep i s  included at  the +99.9 percent  l e v e l  and not  a t  the 
94 .6  percent  l e v e l .  

Es a percent o f  gas c o s t ,  almost  complete s u l f u r  removal c o s t s  on ly  3 .7  percent  
more than does 94.6 percent  su l fur  removal. 

GASIFIER CAPACITY DESIGN OPTION 

The most expensive s e c t i o n s  /n  a f u e l  gas p l a n t  apart from the oxidant  f e e d  s y s -  

tem ere the . g a s i f i c a t i o n / g a s  c o o l i n g  systems.  Decreases in  c a p i t a l  requirement 

and cos t  o f  f u e l  gas may be r e a l i z e d  through des ign  changes in  these  two ~ulits .  

One o f  the opt ions  a v a i l a b l e  i s  to  increase  the i n d i v i d u a l  c a p a c i t i e s  o f  traL~s 

(reducing the number o f  t r a i n s )  and to thus r e a l i z e  economies o f  s c a l e .  

6-8  
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FIGURE 6 - - 1  

SENSITIVITY OF FUEL GAS COSTS TO PERCENTAGE OF 
SULFUR REMOVAL 
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PERCENTAGE SULFUR REMOVAL 

INVESTOR OWNED UTILITY PRODUCTION 
:~ SATURATEO STEAM FUEL GAS PLANT DESIGN WITH A 

1450 PSIG/900°F/900°F STEAM CYCLE, NO GAS 
RECYCLE AND 1375 TON/DAY CAPACITY GASIFIE.R~ 
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O SUPERHEATED STEAM FUEL GAS PLANT DESIGN WITH 
A 1450 PSIG/1000°W1000°F STEAM CYCLE. NO GAS 
RECYCLE AND 1375 TON/DAY CAPACITY GASIFIER~ 
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Two g a s i f i e r  s i z e s  Were s tudied ,  one having a nominal coa l  proces s ing  capac i ty  
of 1375 tons/day and the other with a nominal oapaclty of 2200 tons/day. The 

smaller capacity gasifier used for the base case designs and cost estimates 

presented in this report is representative of the..first generation commercial- 

scale Texaco gasifiers to be employed in the Cool Water demonstration plant. The 

larger, 2200 ton/day gasifiers represent  a potential future ex tens ion  of the 

Texaco technology after the smaller first generation systems have been success- 

fully demonstrated. The objective of this substudy was to estimate the economic 

• incent ives to be associated with development of larger  capacity Texaco gasifiers. 

With the larger gasifiers, the number of gasification and gas cooling trains were 

reduced from sight operating and two spare to five operating and one spare, or 

from 25 to 20 percent spare capacity. Table 6-3 shows that the system perform- 

ance remains essentially the same when larger gasifiers are used. However, the 

overall system availability would be somewhat reduced due to the reduction in 

spare capacity. 

The total capital requirement for the four cases (EXT-SS, EXT-SS*, EXT-SH, and 

EXT-SH*) are presented in Table 6-1. As expected, the gasification and gas cool- 

ingunit mid-1980 costs are lower for the 2200 ton/day capacity gasifier cases. 

The effect of the larger gasifiers on the Total Plant Facilities Investment is a 

decrease of 7 to 8 percent. Detailed Capital Requirements and Operating and 

Maintenance Costs are shown in Tables 6-32 and 6-33. The 30-year levelized costs 

of fuel gas in mid-1980 dollars are $3.27/106 Btu and $3.39/10 e Btu for the base 

cases EXT-SS and EXT-SH. These costs for the corresponding cases with the larger 

gasifiers are $3.12/I0 s Btu and $3.25/106 Btu respectively. Therefore, a small 

but significant savings could be realized through the development of these larger 

scale gasifiers. 

STE~H CYCLE DESIGN OPTIONS 

The ozygen-blown Texaco coal gasification process,has significant ste~,i raising 

capability in the raw gas cooling section. This allo~ for the development of 

Texaco-based clean fuel gas plant designs w ch can i s 0  Hw o f  

by-product e l e c t r i c  power. Choices of  ste=m circle operating conditions can sig-  

n i f i c a n t l y  impact the quantity of th~s by-product power gent.ration which, 

together with an associated change in fuel gas output, has the potential for 

reducing the cost of gas produced. 

• i : . "  
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Steam Pressure.  The two steam cyc l e  pressure o p t i o n s  s tudied here include the 

base case  des ign pressure  o f  1450 ps ig  and an a l t e r n a t e  design of  a pressure o f  

736 p s i g .  The low-pressure  des igns  produce l e s s  by-product  power and more f u e l  

gas.  As there  i s  no reheat  in  the low-pressure c a s e ,  power production w i l l  be 

reduced, r e l a t i v e  to the  h igh-pressure  reheat de s ign .  Futhermore, the absence 

o f  a reheat  r e s u l t s  in  l e s s  i n t e r n a l  consumption o f  the product fue l  gas.  Mate- 

r i a l  c o s t s  are a l so  reduced when equipment operates  a t  lower pressure.  There- 

fore ,  three major changes r e s u l t  from reducing the steam cyc le  pressure from the 

base case condition (1450 psig) to 735 psig. By-product power generation is 

reduced; fuel gas production is increased; and material costs are lowered. 

Results from two sets of designs allow us to evaluate the net impact of these 

changes on the costs of fuel gas. (Flow diagrams for these designs can be found 

under the appropriate names at the end of this section.) Table 6-1 shows that 

designs EXT-SS1 and EXT-SS2 are identical in all operating parameters except 

steam cycle conditions. While Case EXT-SS! has a cycle which operates at 1450 

psig and superheats and reheats the steam to 900°¥, Case EXT-3S2 operate s a steam 

cycle at 736 psig and superheats to 900°F but does not reheat. As anticipated, 

the low-pressure, non-reheat case generates less power by 47.58 HW, and more fuel 

gas, by 361 x 106 Btu/hr. The low-pressure design requires a total capital out- 

lay that is almost 30 million (told-1980) dollars less than that for the high- 

pressure case .  

Cases EXT-SH1 and EXT-SH2 allow for the evaluation of a low-pressure steam cycle 

in designs which superheat in the raw gas cooling section. Again, Table 6-1 

shows that all operating parameters, except steam cycle pressure, are identical. 

Just as in the previous comparison, the low-pressure design, EXT-SH2, results in 

reduced by-product power, increased  fue l  gas product ion  and a decreased t o t a l  

c a p i t a l  requirement. 

Once again assessment o f  the economic i n c e n t i v e s  t o  des ign Texaco-based fuel gas 

p lants  with high-pressure',  reheat  steam c y c l e s  i s  complicated by the assignment 

o f  a value to  the by-product  e l e c t r i c  power. A l l  f i n a n c i a l  r e s u l t s  shown in  

Table 6-1 for  f u e l  gas c o s t s  generated by regu la ted  u t i l i t i e s  have been c a l c u -  

la ted  on the  bas i s  o f  an e l e c t r i c i t y  value o f  50 mil ls /kWh in  mid-1980 d o l l a r s .  

The f o l l o w i n g  table  summarizes per t inent  f u e l  gas c o s t s  from Table 6-1 and pre-  

sents  equiva lent  f u e l  gas c o s t s  assuming e l e c t r i c i t y  were to  be cred i ted  a t  100 

mills/kWh in  mid-1980 d o l l a r s .  
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Fuel ~as ?roduction Costs  For An 
I n v e s t o r  Owned ~14.1ity, Constant Mid-1980 Dol lars  

Case Designation EXT-SSI EXT-SS2 EXT-SH1 EXT-SH2 

Steam Generated in  
Gas Coolers Saturated 

Steam Cycle, ps ig / °F / °F  1450/900/900 

Fuel Gas Production,  
10 s Btu/hr 6802. 

Net By-product Power, MW 105.96 

Leve l i zed  Fuel Gas Cost .  $10 6 BTU 
Electricity Credited at 

50 mills/kWh 

Saturated Superheated Superheated 

736/900 1450/900/900 736/900 

E l e c t r i c i t y  Credited at  
100 mills/kWh 

7163 7402 7637 

58.28 46.82 15.84 

3.39 3.49 3.39 3.49 

2.64 3.10 3.09 3.39 

I t  i s  ev ident  from the above resu l t s  that  a t  an e l e c t r i c i t y  cred i t  o f  50 m i l l s /  

kWh, the choice  o f  steam c y c l e  condit ions  has minor impact (~ 3~) on the c o s t  o f  

f u e l  gas.  However, i f  the e l e c t r i c i t y  c r e d i t  i s  increased  to 100 mills/kWh, 

going to the high-pressure, reheat steam cycle will have major impact (I0 to 17~) 

on the cost of fuel gas produced. 

Steam Superheat/Reheat Temperature. Three superheat  and reheat temperatures wi th  

1450 ps ig  steam c y c l e  des igns  are evaluated here .  Higher steam temperatures 

increase  "the thermodynamic e f f i c i e n c y  o f  the c y c l e .  They a l so  n e c e s s i t a t e  

increased fue l  gas consumption in the f i r e d  heater  where superheating and reheat -  

ing  of  steam occurs in  des igns  with saturated  steam production in the raw gas 

coo lers .  In summary, i n c r e a s i n g  steam cyc l e  temperature y i e l d s  increased power 

production and decreased ne t  fue l  gas output .  Increas ing  temperature a l s o  

increases  demands on mater ia l s ,  and therefore  t o t a l  c a p i t a l  requirement changes 

in  the same d i r e c t i o n  as the temperature. 

" ' :  i, '. 
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The t h r e e  t empera tu res  eva lua t ed  in  t h i s  s tudy are 800°F, %00°F, and 1000°F. 

Designs EXT-SS3, EXT-SS1 and ~XT-SS4 a l low f o r  the comparis ion o f  t he se  d i f f e r e n t  

steam c y c l e  t empera tu res  s i nce ,  in  a l l  o t h e r  r e s p e c t s ,  t h e i r  o p e r a t i n g  condi t ion 

are the  same. That  i s ,  they a l l  g e n e r a t e  only  s a t u r a t e d  steam i n  the gas  coo le r s ;  

they a l l  employ a quench gas r e c y c l e ;  and t h e i r  depth of  s u l f u r  removal  i s  94.6 

percent. As with ~Ii these sensitivity studies, the performance parameters, proc- 

ess flow diagrams, and detailed cost estimates are tabulated at the end of this 

section. Table 6-1 provides a summary of this informaton. 

As in  t he  p r e v i o u s  case of  steam c y c l e  p r e s s u r e ,  the impact o f  s team superhea t /  

reheat temperatures on the cost of fuel gas is critically impacted b I, the value 

assigned to the by-product electric power. The financial results presented in 

Table 6-1 for fuel gas generated by a regulated utility have been calculated on 

the basis of an electricity value of 50 mills/kWh in mid-1980 dollars. Th~ fol- 

lowing table summarizes pertinent fuel gas costs from Table 6-1 and presents 

equivalent fuel gas costs assuming an electricity credit of 100 mills/kWh in 

mid-1980 dollars. 

Fuel Gas Production Costs Forth 
Investor Owned Utility, Constant Mid-1980 Dollars 

Case D e s i g n a t i o n  

Steam Genera ted  i u G a s  Coolers  

Steam Cycle ,  p s i g / ° F / ° F  

Fuel Gas P roduc t ion ,  106 Btu /h r  

Net By-product Power, MW 

LevelizedFuel Gas Cost, $/i0 e BTU 

Electricity Credi ted  a t  
50 mills/kWh 

Electricity Credited at 
I00 mills/kWh 

EXT-SS3 EXT-SS1 EXT-SS4 

Saturated Saturated Saturated 

1450/800/800 1450/900/900 1450/1000/1000 

6942 6802 6658 

88.92 105.96 125.32 

3.41 3.39 3.36 

2 . 8 0  2.6.~ 2 .46  

ks w i th  t he  p r e v i o u s  case ,  i t  can be seen  t h a t  a t  an e l e c t r i c i t y  c r e d i t  o f  50 

mil ls /kWh,  the  impact  o f  s t eam s u p e r h e a t / r e h e a t  t empera tu res  on the  c o s t  of  fue l  

gas in negligible (I~). However, at an electricity value of i00 mills/kWh, 

i n c r e a s i n g  s u p e r h e a t / r e h e a t  t e m p e r a t u r e s  from 800OF to 1000°F w i l l  reduce ,the 

cos t  o f  f u e l  gas  by 12 p e r c e n t .  
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