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Introduct ion 

Gasif icat ion of coa l  with a i r  o r  oxygen t o  produce low Btu (80-180 
Btu/SCF) or  intermediate  Btu (200-350 Btu/SCF) g a s  represents  a technology 
that i s  being given close scru t iny  by the  e l e c t r i c  power u t i l i t y  industry.  
Recent l e g i s l a t i o n  has  precluded the  use of  n a t u r a l  gas  a s  f u e l  for  base- 
load power generation. Fuel o i l  i s  following c l o s e l y  on the  hee ls  of  na tura l  
gas  and w i l l  not  be ava i lab le  to t h e  e l e c t r i c  u t i l i t y  indus t ry  f o r  baseload 
appl icat ions i n  t h e  near  future .  Coal, therefore ,  represents  the  last re- 
maining f o s s i l  op t ion  avai lable  to  the  u t i l i t y  indus t ry  f o r  baseload power 
generation i n  the  l a s t  decade of t h e  twent ie th  century and on, i n t o  the  
twenty f i r s t  century. 

Coincident with the  f u e l  crunch, t h e  u t i l i t y  indus t ry  i s  being confronted by 
an equally ser ious  and d i f f i c u l t  t o  handle environmental crunch. C o a l  gasi- 
f i c a t i o n  o f f e r s  t h e  p o t e n t i a l  f o r  cont ro l l ing  SO , NO and p a r t i c u l a t e  emis- 
s ions i n  a f a r  more e f f i c i e n t  and less cos t ly  magner khan can be achieved 
i n  pulver ized coal  bo i le rs .  

There a re  a v a r i e t y  of d i f f e r e n t  ways i n  which t h e  u t i l i t y  industry can em- 
ploy t h e  concept of coa l  q a s i f i c a t i o n  f o r  e l e c t r i c  power generation. Some 
of the mre obvious opt ions a r e  shown i n  Table 1. I t  is  important t o  rea- 
l i z e  t h a t  m o s t  of t h e  c o s t  and performance f i g u r e s  presented i n  Table l re- 
present  es t imates  generated by t h e  authors .  Spec i f ic  engineer ing s t u d i e s  
addressing each opt ion i n  d e t a i l  a r e  cur ren t ly  underway o r  a r e  i n  the  pro- 
cess  o f  being i n i t i a t e d .  It must be pointed out ,  however, t h a t  the  E l e c t r i c  
Power Research I n s t i t u t e  (EPRI) has been funding engineer ing and economic 
s tudies  of  g a s i f i c a t i o n  and combined cycle  systems wi th  F luor  Engineers and 
Constructors, Inc., Stone and Webster Engineering Corporation, R. M. Parsons, 
the  Bechtel Corporation and C. F. Braun f o r  many years .  Therefore, t h e  es- 
t imates  presented i n  Table 1 a r e  based on a s u b s t a n t i a l  body of c o s t  and per- 
formance information (1) (2) (3)  (4 )  (5) (6) (7) .  

A cursory glance a t  Table 1 indica tes  t h a t  op t ion  7 (methanol production) 
is too expensive to  be considered f o r  baseload f u e l  production. Consider- 
ing t h e  o t h e r  s ix  a l t e r n a t i v e s  presented i n  T a b l e  1, EPRI has  i d e n t i f i e d  
opt ions 5 and 6 ( in tegra ted  gasification-combined cycle  p l a n t s  and in tegra ted  
gasif icat ion-gas turb ine  power systems) a s  the  m o s t  a t t r a c t i v e  opt ions for 
baseload p o w e r  generation. Table 2 presents  c o s t  and performance est imates  
f o r  a var ie ty  of gasification-combined cycle power p l a n t s ( 3 ) .  It can be 
seen from t h i s  t a b l e  t h a t ,  i n  general ,  in tegra ted  g a s i f i c a t i o n  based power 
systems have the p o t e n t i a l  f o r  m r e  e f f i c i e n t  operat ion and lower c o s t  of 
e l e c t r i c i t y  than conventional c o a l  f i r e d  power p l a n t s  with f l u e  gas desul- 
fur iza t ion .  Keeping i n  mind t h e  f a c t  t h a t  in tegra ted  g a s i f i c a t i o n  based 
power p l a n t s  have t h e  p o t e n t i a l  to meet more s t r i n g e n t  environmental control  
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requirements as  wel l  a s  consuming s u b s t a n t i a l l y  l e s s  water than conventional 
p l a n t s ,  it is evident  why such systems represent  a mst a t t r a c t i v e  opt ion  
f o r  intermediate term baseload power generation. 

I t  should be noted t h a t  gasification-combined cycle  power systems have not 
y e t  been developed t o  t h e  poin t  where a u t i l i t y  company can order  and in- 
s t a l l  one with confidence. Such systems need to  be demonstrated a t  s u f f i -  
c i e n t l y  large scale (100MW - ZOOMW) such t h a t  t h e  u t i l i t y  industry w i l l  
have confidence t h a t  these p l a n t s  can generate e l e c t r i c i t y  re l iab ly  a t  the 
costs projected by the engineering s tudies .  

Table 1 indica tes  t h a t  in tegra ted  baseload gasification-combined cycle power 
p l a n t s  w i l l  only be ava i lab le  f o r  u t i l i t y  use i n  the  1990's. A major ques- 
t i o n  t h a t  m u s t  be addressed is: "Can coa l  gas i f ica t ion  technology be u t i l i z e d  
to a l l e v i a t e  u t i l i t y  needs f o r  c lean f u e l  p r i o r  t o  the 199O's?" The answer 
to t h i s  question has to be supplied i n  two p a r t s  i . e .  a) an inves t iga t ion  
of  the  development s t a t u s  of  near  term coa l  g a s i f i c a t i o n  technology and, 
b )  i d e n t i f i c a t i o n  of t h e  technica l  p o s s i b i l i t i e s  and c o s t  p o t e n t i a l  f o r  
rapid introduct ion of g a s i f i c a t i o n  systems f o r  u t i l i t y  power generation. 

S ta tus  of Near Term Gas i f ie rs  

Table 3 presents  a summary of the development s t a t u s  o f  near term coal  gasi-  
f i c a t i o n  options. It can be seen from t h i s  t a b l e  t h a t  the s u i t a b i l i t y  of 
the  three commercially ava i lab le  g a s i f i e r s  for  combined cycle power genera- 
t i o n  i s  not  good. Reasons f o r  the lack of s u i t a b i l i t y  range from low pres- 
sure  operation to excessive by-product production - a l l  of which r e s u l t  i n  
an  unacceptably high c o s t  of e l e c t r i c i t y .  It is  the  judgement of  these 
authors  t h a t  the  g a s i f i e r s  of fe r ing  t h e  g r e a t e s t  near term potent ia l  for  
combined cycle power generat ion a t  t h i s  t i m e  a r e  the Texaco and Shell/Koppers 
p a r t i a l  oxidation u n i t s .  This judgement is based on the  extensive ex- 
perience of the p a r t i c u l a r  organizat ions i n  p a r t i a l  oxidation of o i l ,  the 
s impl ic i ty  of t h e  g a s i f i e r s ,  t h e i r  feedstock f l e x i b i l i t y  ( a b i l i t y  t o  handle 
any coal as wel l  a s  o i l ) ,  absence of  byproducts in  the make gas ,  capabi l i ty  
f o r  high pressure operat ion,  and the  r e s u l t s  of extensive engineering and 
economic s tudies .  Information concerning t h e  Shell/Koppers device i s  sparce. 
Texaco claims t h a t  based on successfu l  operat ion of the  150 ton/day g a s i f i e r  
t o  be operated i n  Germany i n  1978, they could scale-up t o  1,000 tons coal/day 
capaci ty  with confidence. Therefore, it appears t h a t  the Texaco gas i f ica t ion  
opt ion  could be avai lable  f o r  u t i l i t y  use i n  t h e  e a r l y  1980's. 

Technical P o s s i b i l i t i e s  f o r  Near Term Introduct ion 

I t  has  already been mentioned t h a t  in tegra ted  gasification-combined cycle  
systems have not  y e t  been demonstrated to  the  p o i n t  where they would repre- 
s e n t  viable  commercial options f o r  t h e  e l e c t r i c  u t i l i t y  industry.  Although 
a l l  o f  the subsystems (i.e. g a s i f i e r s ,  gas clean-up modules, and combined 
cycles)  have been operated a t  l a r g e  s c a l e  independently, they have never 
been operated i n  an in tegra ted  mode f o r  power production. 
ing the a b i l i t y  t o  cont ro l  such in tegra ted  systems i n  a power p l a n t  environ- 
ment can only be s a t i s f a c t o r i l y  answered by bui lding and operat ing an in te -  
gra ted  t e s t  f a c i l i t y .  
posed by in tegra t ing  the  rap id ly  responding gas turbine and steam system 
w i t h  the more sluggish f u e l  production p lan t .  

Questions concern- 

One of t h e  major cont ro l  problems f o r  these systems is 
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The influence of control  problems on the o p e r a b i l i t y  of  t h e  system can be 
deemphasized by decoupling the fue l  p l a n t  from the power equipment i . e .  
the  gas i f ica t ion  p l a n t  would operate  independently of  the power p l a n t  and 
would simply produce "over the fence" fue l  gas t o  be consumed by the  
power system. The major penal ty  t o  be pa id  due t o  system decoupling is  a 
s ign i f icant  decrease i n  power p l a n t  e f f ic iency  with a r e s u l t a n t  increase 
i n  the cost of e l e c t r i c i t y  (compare the  hea t  r a t e s  of options 1 and 4 as 
wel l  as opt ions 2 and 5 from T a b l e  1). The main advantage t o  be derived 
from decoupling the system i s  the  f a c t  t h a t  engineering for the  f i r s t  of 
such power p l a n t s  could be s t a r t e d  i n  1978. 

Non-integrated g a s i f i c a t i o n  based power systems of the type discussed above 
could m o s t  r ead i ly  be achieved by r e t r o f i t t i n g  e x i s t i n g  power p l a n t s  which 
i n  the near future  w i l l  have d i f f i c u l t y  securing adequate fuel  suppl ies  i . e .  
gas and o i l  f i r e d  b o i l e r s  as wel l  as conventional combined cycle power p l a n t s .  
Such r e t r o f i t t i n g  can be acccomplished i n  one of two d i f f e r e n t  ways. Cen- 
t r a l i z e d  gas i f ica t ion  p lan ts  can be constructed t o  produce intermediate Btu 
f u e l  gas f o r  l imited dis tance p i p e l i n e  d i s t r i b u t i o n  t o  one or more power p l a n t s .  
Alternat ively,  on-si te  r e t r o f i t t i n g  of  individual  power p lan ts  can be affected.  
The remainder of  this paper w i l l  address t h e  above two r e t r o f i t  opt ions and 
w i l l  attempt t o  h ighl ight  the advantages and disadvantages of each. 

Centralized Gasif icat ion P lan ts  

Large (10,000 tons/day coa l  - 30,000 tons/day coal)  cen t ra l ized  g a s i f i c a t i o n  
p lan ts  could be constructed t o  produce intermediate Btu gas f o r  transmission 
t o  a number of power p lan ts .  Such g a s i f i c a t i o n  p l a n t s  would have t o  produce 
250 Btu/SCF t o  300 Btu/SCF gas f o r  two major reasons. F i r s t ,  the  c o s t  of 
pipel ine d i s t r i b u t i o n  f o r  low Btu gas  is excessively high. A l s o ,  it has 
been shown by both Babcock and Wilcox (8) and Combustion Engineering (9) tha t  
r e t r o f i t t i n g  gas and o i l  f i r e d  b o i l e r s  with f u e l  gas having a heat ing value 
much below 250 Btu/SCF w i l l  resul t  i n  a ra ther  se r ious  derat ing of the 
ex is t ing  boi le rs .  

Some of t h e  major advantages and disadvantages o f  la rge  cent ra l ized  gas i f ica-  
t i o n  plants  are  shown i n  Table 4.  
t h e  p o l i t i c a l  and environmental problems associated w i t h  intermediate Btu gas 
transmission shown i n  Table 4 ,  t h e  opt ion of  la rge  cent ra l ized  g a s i f i c a t i o n  
p l a n t s  does not  appear t o  o f f e r  s u f f i c i e n t  economic incent ive t o  be 'g iven  
major consideration by the e l e c t r i c  u t i l i t y  industry a t  t h i s  t i m e .  

Based on the  high c o s t  of fue l  gas and 

Gasif icat ion Plants For On-Site Ret rof i t t ing  

There is an e n t i r e  category o f  gener ic  quest ions associated with on-si te  re- 
t r o f i t t i n g  of conventional steam e l e c t r i c  power p l a n t s  a s  w e l l  a s  combined 
cycle  f a c i l i t i e s  with g a s i f i c a t i o n  systems that are s i t e  s p e c i f i c  i .e.  space 
a v a i l a b i l i t y ,  r a i l  access, coal  supply, environmental requirements (non de- 
gradation s tandards) ,  e t c .  t h a t  need t o  be closely examined before any re- 
t r o f i t  decis ion can be made. The purpose of t h i s  paper i s  t o  poin t  o u t  
some of t h e  technical  oppor tuni t ies  and cons t ra in ts  associated with on-s i te  
r e t r o f i t t i n g  assuming t h a t  t h e  answers t o  the above mentioned generic  ques- 
t i o n s  a re  a l l  pos i t ive .  
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A. Retrof i t t ing  Exis t ing G a s  and O i l  Fi red Boilers  

In  order to  f i r e  coal  derived f u e l  gas i n  an  e x i s t i n g  b o i l e r  designed f o r  
natural  gas or o i l  f i r i n g ,  Combustion Engineering (9) and Babcock and 
Wilcox ( 8 )  both claim that the heat ing value of the  gas should be above 
250 Btu/SCF i n  order  no t  t o  dera te  the  steaming capaci ty  of the b o i l e r .  
Summary r e s u l t s  of the Combustion Engineering (9) study are  shown i n  
Table 5. The heat ing value requirement of the gas employed f o r  t h i s  
s i t u a t i o n  d i c t a t e s  t h a t  the  g a s i f i e r  be oxygen blown. As f u e l  gas f o r  t h i s  
appl icat ion i s  not  needed a t  high pressure,  an atmospheric pressure g a s i f i e r  
could be u t i l i z e d .  Therefore, f o r  b o i l e r  r e t r o f i t t i n g ,  e i t h e r  an oxygen 
blown Texaco g a s i f i e r  or an oxygen blown Combustion Engineering g a s i f i e r  
could be employed. EPRI has  re ta ined  the  Bechtel Power Corporation t o  
study t h e  cos t  of e l e c t r i c i t y  from t h i s  type of  r e t r o f i t .  

I t  i s  the opinion of these authors t h a t  t h e  e l e c t r i c i t y  generated by t h i s  
technique w i l l  be expensive due pr imari ly  t o  the  excessively high hea t  
r a t e s  an t ic ipa ted  f o r  such systems (see Table 1, opt ion 1). Such hea t  r a t e s  
a re  unavoidable f o r  decoupled systems as the e f f ic iency  of the conversion of 
coal  to intermediate Btu gas ranges from 65% t o  75%. These g a s i f i c a t i o n  
e f f i c i e n c i e s  a r e  somewhat lower than the much quoted cold gas e f f i c i e n c i e s  
as  theyinclude the f i r i n g  of up t o  10% o f  the clean f u e l  gas produced to 
supplement superheated steam requirements f o r  the  a i r  separat ion p l a n t  or 
t o  superheat steam generated i n  t h e  gas  coolers  following the g a s i f i e r .  
Dividing the  e x i s t i n g  steam p l a n t  hea t  rates (ranging from 9,500 Btq/kWh t o  
11,000 Btu/kWh) by the f u e l  production e f f i c i e n c i e s  (65% t o  75%) r e s u l t s  i n  
overal l  system heat  r a t e s  i n  the range 13,000 Btu/kWh t o  17,000 Btu/kWh. 
Not only a r e  these high hea t  rates c o s t l y  from a f u e l  consumption poin t  of 
view, they w i l l  a l s o  require  excessively high c a p i t a l  expenditures as the  
gas i f ica t ion  p l a n t  needed to produce 1000 MW a t  a heat  r a t e  of  17,000 Btu/ 
kWh w i l l  be twice the s i z e  of t h e  same capaci ty  system having a hea t  r a t e  of 
8,500 Btu/kwh ( i . e .  an in tegra ted  gasification-combined cycle  power p l a n t ) .  

Notwithstanding the  promise of s u b s t a n t i a l  t ax  incent ives  by the  cur ren t  
adminis t ra t ion f o r  t h i s  type of r e t r o f i t ,  the  f u e l  and c a p i t a l  u t i l i z a t i o n  
e f f i c i e n c i e s  a r e  s u f f i c i e n t l y  poor to  render t h i s  opt ion of low long term 
i n t e r e s t  t o  t h e  bulk of the e l e c t r i c  u t i l i t y  industry.  

8. Retrof i t t ing  Exis t ing O i l  Fired Combined Cycles 

Nost of the s ta tements  made concerning the r e t r o f i t  of e x i s t i n g  steam e l e c t r i c  
power p l a n t s  apply t o  lthe decoupled r e t r o f i t t i n g  of o i l  f i r e d  combined cycle  
equipment with three  d i f fe rences :  

(i) For t h i s  appl ica t ion ,  a pressurized g a s i f i e r  such as t h e  Texaco u n i t  
would be preferred as  fue l  gas  must be del ivered to the gas turbine 
combustor i n l e t  system a t  pressures  ranging from 230 p s i a  t o  280 ps ia .  

(ii) Air or oxygen blowing of the  g a s i f i e r  would be acceptable a s  gas turb ine  
combustors can be modified t o  f i r e  e i t h e r  low Btu gas o r  intermediate 
Btu gas. This statement must be t rea ted  with extreme caution. I f ,  f o r  
example, the g a s i f i e r  i s  a i r  blown and the a i r  i s  not  ex t rac ted  from t h e  
gas turbine a i r  compressor, the turbine would s u f f e r  a major dera t ing  
due t o  the  mismatch between compressor and expansion turb ine  sect ions 
r e s u l t i n g  from the high mass flow r a t e  of  low Btu f u e l  gas. Modification 
of an e x i s t i n g  gas turbine f o r  a i r  ex t rac t ion  i s  not simple and could 
r e s u l t  i n  a high c a p i t a l  c o s t .  
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( i i i ) T h e  overa l l  system hea t  r a t e  would be approximately 10% b e t t e r  than 
t h a t  f o r  the steam e l e c t r i c  power p l a n t  due t o  the higher e f f ic iency  
of the  combined cycle system (see  T a b l e  1, Option 2 ) .  

Although the  decoupled r e t r o f i t  o f  e x i s t i n g  combined cycle systems appears 
t o  be somewhat more a t t r a c t i v e  from a c o s t  and hea t  ra te  point  of view than 
t h e  r e t r o f i t  of e x i s t i n g  steam e l e c t r i c  power p l a n t s ,  the heat r a t e s  and 
c a p i t a l  requirement es t imates  shown i n  Table 1 a r e  s t i l l  too high t o  make 
t h i s  a high p r i o r i t y  opt ion f o r  the  e l e c t r i c  u t i l i t y  industry.  

To t h i s  point ,  the  e n t i r e  r e t r o f i t t i n g  discussion.has been based on the  pre- 
mise tha t  t h e  power production p l a n t  ( i . e .  the steam b o i l e r  o r  the combined 
cycle  system) has a l ready been constructed and operated a t  a s p e c i f i c  si te.  
Based on t h e  preceding discussions,  none of the r e t r o f i t  scenarios involving 
total decoupling of the g a s i f i c a t i o n  p l a n t  and the power system appears to 
o f f e r  an a t t r a c t i v e  baseload opt ion t o  the  e l e c t r i c  u t i l i t y  industry.  

There are ,  however, a t  l e a s t  two addi t iona l  p o s s i b i l i t i e s  for  r e t r o f i t t i n g  
combined cycle power p l a n t s  with g a s i f i c a t i o n  systems t h a t  o f f e r  the poten- 
t i a l  for  lower hea t  r a t e s  and lower c o s t s  than the  decoupled r e t r o f i t  d is-  
cussed previously. These new s i t u a t i o n s  w i l l  be termed in tegra ted  r e t r o f i t s .  

Poten t ia l  f o r  Integrated R e t r o f i t s  

Two types of in tegra ted  r e t r o f i t  p o s s i b i l i t i e s  w i l l  be discussed i . e .  
1) Constructing the g a s i f i c a t i o n  p l a n t  f i r s t  and f i r i n g  the clean f u e l  

gas i n  an e x i s t i n g  b o i l e r .  When the g a s i f i c a t i o n  p l a n t  has been demon- 
s t r a t e d  t o  operate  r e l i a b l y  and e f f i c i e n t l y ,  it can be r e t r o f i t  and in-  
tegrated w i t h  a combined cycle power p lan t .  
Constructing an o i l  f i r e d  combined cycle power p lan t  i n i t i a l l y  t o  be 
r e t r o f i t  and in tegra ted  with a g a s i f i c a t i o n  p l a n t  a t  some later date .  

2)  

A) Integrated R e t r o f i t  - Gasi f ica t ion  Plant  I n i t i a l l y  

The major a t t r a c t i o n  of t h i s  opt ion i s  t h a t  it provides f o r  the e a r l i e s t  
possible introduct ion of coa l  g a s i f i c a t i o n  as  a source of  clean fue l  for  the 
u t i l i t y  industry without the disadvantage of having t o  suf fer  major thermal 
inef f ic ienc ies  f o r  t h e  e n t i r e  l i f e  of  the g a s i f i c a t i o n  p l a n t .  

This could be achieved technica l ly  a t  an ear ly  t i m e  by construct ing a s e l f  
s u f f i c i e n t  oxygen blown Texaco g a s i f i c a t i o n  p l a n t  a t  a u t i l i t y  s i t e  having 
t h e  necessary space requirements a s  wel l  as an o i l  or gas f i r e d  steam elec-  
t r i c  power p lan t .  For the  i n i t i a l  design, steam t o  power the a i r  separat ion 
p l a n t  as w e l l  a s  the oxygen compressors would be generated i n  the g a s i f i e r  
gas coolers and could then be superheated i n  a furnace f i r e d  with clean fue l  
gas .  
e x i s t i n g  b o i l e r  f o r  power production ( a t  an o v e r a l l  system heat r a t e  of 
13,000 Btu/kWh t o  17,000 Btu/kWh). The purpose of t h i s  phase o f  the p r o j e c t  
would be t o  demonstrate the  o p e r a b i l i t y  of the g a s i f i c a t i o n  - gas clean-up 
system under u t i l i t y  operat ing condi t ions.  

The clean intermediate  Btu f u e l  gas produced could be f i r e d  i n  the 

The second phase of  the p r o j e c t  would involve r e t r o f i t t i n g  and in tegra t ing  
t h e  gas i f ica t ion  p l a n t  with a combined cycle system. Major in tegra t ion  
fea tures  would include : 

0 superheating steam produced i n  the  gas i f ica t ion  gas coolers  i n  the 
new heat  recovery steam generator  (HRSG) f o r  introduct ion i n t o  the  
new steam turbine.  
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0 ext rac t ion  of steam from the  new steam turbine o r  HRSG t o  power the  
air separat ion p l a n t ,  oxygen compressors and gas clean-up system. 

0 possibly reheating clean f u e l  gas i n  the new HRSG 

0 supplying hot  b o i l e r  feed water from the  new HRSG to  the  g a s i f i e r  
gas coolers .  

The major purpose of  t h i s  phase of the p r o j e c t  would be t o  demonstrate the  
operabi l i ty  of an in tegra ted  gasification-combined cycle  power p l a n t  ( the  
major incent ive f o r  coa l  gas i f ica t ion)  under u t i l i t y  operat ing condi t ions.  

Some of the advantages and disadvantages assoc ia ted  with t h i s  opt ion a re  shown 
i n  Table 6. In  summary, t h i s  form of r e t r o f i t  provides f o r  t h e  e a r l i e s t  low 
r i s k  introduct ion of  coa l  gas i f ica t ion  f o r  environmentally acceptable  e l e c t r i c  
power generation. The penal t ies  t o  be paid a r e  high cos t ,  l imi ted  capaci ty  
and a r e l a t i v e l y  shor t  p l a n t  l i f e .  

B. Integrated Ret rof i t  - Combined Cycle P lan t  F i r s t  

The major a t t r a c t i o n  of t h i s  opt ion is  t h a t  i t  provides f o r  extremely rapid 
introduct ion of new o i l  f i r e d  baseload capaci ty  without any i n i t i a l  r i s k  
being taken concerning the  i n t e g r a b i l i t y  and o p e r a b i l i t y  of  gas i f ica t ion-  
combined cycle power p lan ts .  

I n i t i a l l y ,  conventional o i l  f i r e d  combined cycle equipment would be i n s t a l l e d .  
Salable e l e c t r i c i t y  could be produced approximately three  years  a f t e r  i n i -  
t i a t i o n  of  p r o j e c t  engineering. A t  some l a t e r  da te ,  a f t e r  demonstration 
of the v i a b i l i t y  of in tegra ted  gasification-combined cycle  power p l a n t s ,  the  
ex is t ing  combined cycle f a c i l i t y  could be r e t r o f i t  and in tegra ted  with a coa l  
gas i f ica t ion  p lan t .  
on the f a c t  t h a t  knowing t h a t  the in tegra ted  r e t r o f i t  i s  t o  take  p lace  
some t i m e  i n  the fu ture ,  t h e  i n i t i a l l y  i n s t a l l e d  combined cycle p l a n t  could 
be designed t o  minimize the  cos t  o f  the  fu ture  r e t r o f i t .  Some key technica l  
quest ions concerning t h i s  type of r e t r o f i t  are:  

One of the major advantages of  t h i s  scenario is based 

0 can the  gas turbine combustor cans be designed f o r  dual  f u e l  
capabi l i ty  i . e .  f o r  f i r i n g  o i l  i n i t i a l l y  and switching t o  low 
Btu or intermediate  Btu gas a t  some l a t e r  time? Such combustors 
a r e  cur ren t ly  being designed by General E l e c t r i c .  

0 I f  the g a s i f i c a t i o n  p l a n t  i s  to be a i r  blown, can the  gas turbine 
wrapper be designed t o  accommodate a i r  e x t r a c t i o n  a t  some l a t e r  da te?  
I f  no t ,  what would be the  c o s t  of changing t h e  wrapper a t  the  time 
of  the r e t r o f i t ?  

0 I f  the g a s i f i c a t i o n  p lan t  i s  t o  be oxygen blown, w i l l  t h e  compressor/ 
turbine mismatch a f t e r  r e t r o f i t t i n g  r e s u l t  i n  a s i g n i f i c a n t  dera t ing  
of the  gas turbine? 

A conventional combined cycle HRSG is  balanced with respec t  to  
steam generation. 
ca t ion  p lan t ,  much interchange of b o i l e r  feed  water and steam must 
take place between the g a s i f i c a t i o n  p l a n t  and the  HRSG. Can the 
HRSG be designed i n i t i a l l y  t o  accommodate the  r e t r o f i t ?  I f  no t ,  
what type of modifications w i l l  have t o  be made t o  the  e x i s t i n g  
HRSG? W i l l  it be cheaper t o  modify the  e x i s t i n g  HRSG than t o  scrap 
i t  and cons t ruc t  a new HRSG? 

0 

For the  in tegra ted  r e t r o f i t  with a Texaco gas i f i -  
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what is the incremental cos t  of  i n i t i a l l y  s i z i n g  power p l a n t  
a u x i l i a r i e s  (i.e. deaerator ,  water treatment, cooling towers, e t c . )  
such t h a t  a t  the  time of the r e t r o f i t  only minor modifications 
would be required? 

Answers t o  these and o ther  technical  questions should be developed as  soon 
as possible  i f  t h i s  form of  r e t r o f i t t i n g  i s  t o  be given ser ious considera- 
t i o n  by the e l e c t r i c  u t i l i t y  industry.  

Some of the advantages and disadvantages of t h i s  type of r e t r o f i t  a re  shown 
i n  Table 7. In  summary, t h i s  opt ion provides the opportunity f o r  rapid in-  
s t a l l a t i o n  of  new o i l  f i r e d  baseload capaci ty  while awaiting the  demonstra- 
t ion  of the gasification-combined cycle power p l a n t  concept. The penal t ies  
t o  be paid a r e  higher than normal c o s t s  associated with the o r i g i n a l  combined 
cycle equipment (which might be more than o f f s e t  by the f a c t  t h a t  the p l a n t  
i s  being constructed a t  an ear ly  date ,  thereby el iminat ing i n f l a t i o n  and 
esca la t ion  cos ts  t h a t  would have been incurred i f  the e n t i r e  p l a n t  had been 
constructed a t  some l a t e r  date) a s  well as  the p o s s i b i l i t y  of owning a p lan t  
f o r  which a guaranteed fue l  supply cannot be assured i f  gasification-combined 
cycle power p l a n t s  do not emerge as  an economic opt ion f o r  e l e c t r i c  power 
generation ,- 

I n  conclusion, it can be s t a t e d  t h a t  the  information presented i n  Tables 6 
and 7 ind ica tes  t h a t  t h e  t w o  forms of in tegra ted  r e t r o f i t t i n g  discussed i n  
this paper have the p o t e n t i a l  f o r  providing a t t r a c t i v e  opt ions f o r  the  e l e c t r i c  
u t i l i t y  industry t o  replace o i l  and gas f i r i n g  with coal  gas i f ica t ion  i n  a 
low r i s k  and timely manner. A number of  unanswered technical  and economic 
questions have t o  be resolved before  these options can be given ser ious  con- 
s idera t ion .  During 1978, E P R I ,  i n  conjunction w i t h  a number o f  member u t i l i -  
t i e s ,  w i l l  attempt t o  f ind  answers t o  most of t h e  major unresolved i ssues .  
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