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Section 1 

INTRODUCTION 

In India, coal plays a very important role for power generation. Essentially, 
all the power generated from coal is based on the PC (pulverized coal) plant. 
As both the economy and power demand in India have grown rapidly in recent 
years, the Government of India is looking for alternatives to the PC plant to 
use coal more efficiently and cleanly. The Integrated Gasification Combined 
Cycle (IGCC) plant has been identified as one of these alternatives. 

In early 1987, the Ministry of Energy of the Government of India formed an 
Expert Group to review various coal gasification processes available globally 
and to identify a technology for setting up an IGCC demonstration plant in 
India. The Expert Group visited various coal gasification plants in India and 
abroad in July 1987 and submitted a finding report in January 1988. 

A major finding of the Export Group was that all the gasification plants 
abroad were processing coal or lignite with substantially lower ash content 
than the Indian coal. The Indian coal typically has an ash content in the 40% 
range. Most of the process licensors had very little experience or test data 
with coal in this ash content range. 

As recommended by the Expert Group, funding was acquired from the United 
States Government (mainly through the U.S. Agency of International Development 
and Trade and Development Program) for a program to estimate the gasifier 
performance for the high ash Indian coal and perform a techno-economic 
evaluation of the IGCC technology based on the estimated performance. The 
Council of Scientific & Industrial Research (CSIR) of the Government of India 
undertook the overall project responsibility. Bechtel Corporation in San 
Francisco was chosen as the U.S. engineering consultant and M/s. Projects & 
Development India Ltd., Sindri, was chosen as the Indian engineering agency. 
Many technical experts from both the government and private sectors in India 
also participated and contributed to this study. 

In the following subsections, the major objectives of this study are 
described; related background information such as the coal resources, power 
generation, incentives to use IGCC, and current gasification development in 
India are provided; and a brief discussion on the organization of this report 
i s  a l s o  provided. 

1.1 STUDY OBJECTIVES 

The Expert Group has identified five gasification processes which are in an 
advanced stage of development and might be applicable for the high ash Indian 
coal. These processes include the Shell, Texaco, KRW, Dow, and BGL gasifiers. 
An initial screening study reduced the group to the first three gasifiers. A 
self-developed moving bed gasifier in India similar to the Lurgi process was 
later added as the fourth study case. 

The major objectives of this study are to evaluate and rank these four 
gasification processes, compare their economics with the PC plant, and to 
establish an overall commercialization program for the IGCC technology in 
India. 

The economics are to be established through a conceptual design of the IGCC 
plant. The technology evaluation will also address risk factors associated 
with each process. 



Based on t h e  processes se l ec t ed ,  a  prel iminary design and c o s t  e s t ima te  f o r  an 
IGCC demonstration p r o j e c t  w i l l  be prepared f o r  p r o j e c t  approval and fund 
appropr ia t ion  by t h e  Government of Ind ia .  

1 . 2  BACKGROUND 

1 .2 .1  Coal Res-J  

India  has a  s u b s t a n t i a l  coa l  reserve,  a t  a  t o t a l  of 176 b i l l i o n  tonnes 
excluding l i g n i t e .  Annual coa l  production i s  about 192 mi l l i on  tonnes.  About 
60% of t h e  coa l  produced i s  f o r  power generat ion.  

Bulk of t h e  reserve  c o n s i s t s  of low grade coa l  with high ash content .  With 
increased  mechanization and open c a s t  mining, t h e  coa l  ash content  i s  expected 
t o  continue t o  inc rease .  Coal f o r  f u t u r e  power genera t ion  i n  India  w i l l  have 
35-45% ash a s  compared t o  10-15% i n  t h e  United S t a t e s  o r  Europe. 

The ash i n  Indian coa l  i s  gene ra l ly  r e f r a c t o r y  i n  na tu re  and i s  cha rac te r i zed  
a s  long s l a g .  I t  c o n s i s t s  mainly of s i l i c a ,  alumina, and i r o n  and has a  very 
low content  of calcium, magnesium, sodium, and potassium. Therefore, t h e  ash 
i s  very abras ive  and has a  very high fus ion  temperature. 

1 .2.2 E w e r  Generation i n  India 

T h e  t o t a l  cu r ren t  power genera t ion  capaci ty  i n  India  i s  60,000 MW. The 
requi red  capaci ty  by 1995 i s  p ro jec t ed  t o  be 100,000 MW. About 65% of t h e  
cu r ren t  power genera t ion  i s  coal  based. I t  i s  expected t o  continue a t  t h i s  
percentage l e v e l  i n  t h e  f u t u r e .  Therefore, coa l  occupies a  p i v o t a l  p o s i t i o n  i n  
t h e  na t iona l  power supply. 

Essen t i a l ly ,  a l l  coa l  power p l a n t s  i n  India  a r e  PC p l a n t s .  The high ash 
content  and abras ive  na tu re  of ash found i n  Indian coa l  has l e d  t o  severe  
equipment e ros ion  and low a v a i l a b i l i t y  of t hese  p l a n t s .  I t  a l s o  meant a  higher  
performance requirement f o r  t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r  f o r  p a r t i c u l a t e  
removal. 

1 .2 .3  Incen t ives  t o  Use IGCC 

PC p l a n t s ,  a f t e r  decades of development and opera t ion  i n  India ,  have reached 
t h e  peak e f f i c i e n c y  a t t a i n a b l e  with l i t t l e  improvement p o t e n t i a l .  Current ly,  
t hese  p l a n t s  a r e  operated without s u l f u r  and NOx emission c o n t r o l .  Whereas 
e f f o r t s  t o  e f f e c t i v e l y  con t ro l  dus t  emission have begun, technologies  f o r  
reducing s u l f u r  and NOx a r e  ye t  t o  be introduced.  I f  they  a r e  implemented, t h e  
PC p l a n t  cos t  w i l l  be increased  s i g n i f i c a n t l y .  

IGCC p l an t s ,  i n  comparison with PC p l an t s ,  a r e  known t o  have t h e  fol lowing 
advantages: 

o  Higher e f f i c i e n c y  
o  Lower water consumption 
o  L e s s  p r o j e c t  g e s t a t i o n  time 
o  F l e x i b i l i t i e s  f o r  small module cons t ruc t ion  and phased cons t ruc t ion  
o  Lower emissions even i f  t h e  PC p l a n t  i s  equipped with FGD 

While t h e  PC p l a n t  has reached i t s  peak e f f i c i e n c y ,  t h e  IGCC p l a n t  can f u r t h e r  
improve i t s  e f f i c i e n c y  i f  more advanced ma te r i a l s  a r e  developed f o r  t h e  gas 
tu rb ine  t o  opera te  a t  a  higher  f i r i n g  temperature. The lower water  consumption 
i s  a  very important f a c t o r  a s  water resources a r e  sca rce  i n  Ind ia .  



For Indian coal, the IGCC plant has an added advantage of being less 
susceptible to performance deterioration caused by the ash. IGCC will become 
increasingly more attractive in India as the ash content in Indian coal 
continues to increase in the future. 

1.2.4 W t u s  of Coal Gaslflcatian in India . . 

India has long been interested in coal gasification. Two commercial K-T 
gasification plants have been in operation in the 900 t/d fertilizer plants at 
Ramagundam and Talcher. They are the first two four-headed K-T gasifiers set 
up in the world. A unit based on the Winkler fluid bed gasification system was 
in operation in Neyveli, processing lignite for the production of urea. 

Interest in coal gasification continues today. The CSIR laboratories have been 
engaged in developmental work on gasification for three decades. Central Fuel 
Research Institute, Jealgora, installed a down-draft gasifier, a cross-draft 
producer, and a powdered coal gasification unit (about 25 kg/h) and a 110 kg/h 
K-T entrained bed gasifier. In 1962, a 0.8 m diameter moving bed pressure 
gasifier (19 t/d) was set up and gasification characteristics of eight coals 
were studied. A moving bed pressure gasifier of 1.3 m diameter (24 t/d) has 
been in operation at the Indian Institute of Technology of Chemical 
Technology, Hyderabad, since 1983. 

The 24 t/d PDU (Process Development Unit) can be operated either as an oxygen- 
blown or air-blown unit. Extensive tests have been done in this PDU with coals 
having an ash content ranging from 15 to 35%. To determine the impact of ash 
content and to provide a design basis for the moving bed case for the present 
study, tests were carried out at this PDU with 1,200 t of the design coal, 
using oxygen-steam and air-steam as the gasification media. Effects of the 
operating pressure and steam-oxidant ratio on the performance of the process 
were studied. 

Studies on reactivity of char towards carbon dioxide and steam were also 
conducted using the char obtained from this coal. It was clearly established 
from the PDU tests and the reactivity tests that the high ash coal is an 
acceptable feedstock for the moving bed gasification process. The tests showed 
that a reasonable carbon conversion can be achieved in the process; the ash 
content does not have significant impact on the gas composition; and the 
residual carbon in ash is within an acceptable range. 

Bharat Heavy Electricals Limited (BHEL) has a 150 t/d IGCC demonstration plant 
at Trichy based on a self-developed air-blown moving bed gasifier similar to 
the Lurgi gasifier. This plant can produce a total of 6.2 MW and has been in 
operation since 1988. BHEL has also a 18 t/d PDU at Hyderabad based on 
fluidised bed gasification. 

1 .3 REPORT ORGAN1 ZATION 

This report is composed of nine sections; this section, Introduction, is the 
first. 

In Section 2, a summary of the report is provided. 

In Section 3, the design bases for the IGCC plant such as plant location, 
plant capacity, coal composition, ambient conditions, emission standards, etc 
are presented. 



I n  Sec t ion  4 ,  t h e  r a t i o n a l e  behind t h e  s e l e c t i o n  of processes  o r  process  
schemes i n  both t h e  f u e l  gas and power generat ion blocks of t h e  IGCC p l a n t  a r e  
d iscussed .  

Sec t ions  5 and 6 present  t h e  design, o v e r a l l  performance, and c o s t  e s t ima te  
f o r  t h e  IGCC and PC p l a n t s ,  r e spec t ive ly .  The o v e r a l l  performance inc ludes  
p l a n t  e f f i c i e n c y  and a  summary of t h e  p l a n t  resource requirements,  byproducts 
produced, and emission inventory.  The c o s t  e s t ima te  inc ludes  c a p i t a l  
requirements and c o s t s  of genera t ion .  Other information provided inc ludes  
p r o j e c t  cons t ruc t ion  schedule and p l a n t  layout  requirements.  I n  Sec t ion  5, 
r i s k  f a c t o r s  a s soc ia t ed  with IGCC p l a n t  a r e  a l s o  i d e n t i f i e d  and d iscussed .  

In Sec t ion  7, t h e  IGCC and PC p l a n t  e f f i c i e n c y  and c o s t  d a t a  presented  i n  
Sec t ions  5 and 6 a r e  compared. A r e l a t i v e  ranking of t h e  g a s i f i c a t i o n  
technologies  based on both t echn ica l  and economic cons idera t ions  i s  provided. 
Conclusions a r e  drawn a s  t o  whether IGCC is  a  v i a b l e  power genera t ion  opt ion  
f o r  t h e  high ash Indian coa l  and which g a s i f i c a t i o n  processes a r e  t o  be 
recommended. 

Sec t ion  8 p r e s e n t s  t h e  prel iminary design and c o s t  e s t ima te  of t h e  IGCC 
demonstration p l a n t .  

Sect ion 9 d i scusses  t h e  necessary commercialization s t e p s  and s t r a t e g y  f o r  
IGCC p l a n t s  i n  Ind ia .  

Included a t  t h e  end of t h e  repor t  a r e  a  l i s t  of t h e  re ferences  used, and 
appendices conta in ing  equipment l i s ts  and s p e c i f i c a t i o n s  f o r  t h e  four  IGCC 
s tudy cases  and t h e  demonstration p l a n t .  



Section 2 

SUMMARY 

Coal is a major energy source for power generation in India. Most coal 
in India has a very high ash content (in the 40% range). A feasibility 
study was conducted jointly by an Indian team and Bechtel under USAID 
(U.S. Agency of International Development) funding to evaluate the use 
of this high ash coal for IGCC (Integrated Gasification Combined Cycle) 
power generation. The Indian study team consists of technical experts 
from both the government and private sectors. The major objectives of 
this study were to screen and rank various gasification processes, 
compare the economics with a PC plant, and to establish an overall 
demonstration and commercialization program for the IGCC technology in 
India. 

2.1 IGCC PLANT DESIGN 

A conceptual design was prepared for a mine mouth IGCC plant located at 
the North Karanpura coal field of Bihar State in eastern India. 

The fuel gas production is sized to fully load two GE 9F gas turbines at 
the 29.5 C average ambient temperature with 5% excess capacity. The 
total net power produced from this IGCC plant is approximately 600 MW. 

The design coal is a non-caking, unwashed, run-of-mine coal from the 
Dakra seam. The coal, on as-received basis, has 38.8% mineral matter, 
18% moisture, a higher heating value of 3332 Kcal/kg, and an ash fusion 
temperature (fluid, under reducing atmosphere) of more than 1500 C. It 
represents the typical coal feedstock which would be available for 
future power generation in India. 

The plant is designed with a minimum 70% sulfur removal. The NOx 
emission is based on 75 ppmv corrected for 15% oxygen. 

There are four study cases, corresponding to the use of Shell, Texaco, 
KRW, and the moving bed gasifiers. The gasifiers are oxygen blown in the 
first two cases and air blown in the other two cases. 

Shell, Texaco, and KRW provided the necessary gasification process 
packages and cost data for the first three cases. The moving bed is a 
self-developed technology similar to the Lurgi process. The design data 
were derived from the 24 t/d PDU test conducted by the Council of 
Scientific & Industrial Research (CSIR) at Hyderabad, India. 

The major design features of each case are described below. 

A block flow diagram of this case is shown in Figure 2-1. 

Due to the high ash fusion temperature of the coal, limestone is added 
to the gasifier as a fluxing agent. The coal and limestone are dried to 
2% moisture and milled to -88 p before feeding to the gasifier. 
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Four g a s i f i e r s  with no spa re  a r e  used. Each g a s i f i e r  has a capac i ty  of 
2500 t / d .  A s  t h e  c o a l  has a high ash content  and t h e  ash i s  h ighly  
ab ra s ive ,  t h e  coa l  m i l l i n g  u n i t  has four  ope ra t ing  and two spa re  t r a i n s  
and uses  b a l l  m i l l s .  Four a i r  s epa ra t ion  t r a i n s ,  each producing 1320 t / d  
oxygen a t  98% p u r i t y ,  provide t h e  necessary oxidant  f o r  t h e  g a s i f i c a t i o n  
process .  

The raw gas  produced i s  cooled t o  genera te  high p re s su re  superheated 
steam, w e t  scrubbed t o  remove p a r t i c u l a t e s ,  and s e n t  f o r  s u l f u r  removal 
and recovery by a combined use of Sulfinol-M and Claus processes .  The 
c lean  gas  i s  then  f e d  t o  t h e  combined cyc le  p l a n t .  

The combined cyc le  p l a n t  has two t r a i n s .  Each t r a i n  c o n s i s t s  of one gas  
t u r b i n e ,  one HRSG (hea t  recovery steam g e n e r a t o r ) ,  and one steam 
t u r b i n e .  The GE 9F gas t u r b i n e  used i s  a 50 cyc le  ve r s ion  of t h e  7F gas 
t u r b i n e .  This advanced gas t u r b i n e  i s  s e l e c t e d  t o  t a k e  advantage of t h e  
recent  t u r b i n e  e f f i c i e n c y  improvement and t o  demonstrate t h e  f u l l  
p o t e n t i a l  of IGCC p l a n t .  

Steam i n j e c t i o n  i s  requi red  i n  t h e  gas  t u r b i n e  t o  c o n t r o l  NOx emission.  
A s  IGCC p l a n t  i s  most l i k e l y  t o  ope ra t e  a s  a base load  p l a n t ;  no bypass 
damper i s  provided t o  allow s i n g l e  cyc l e  opera t ion .  The HRSG uses a dua l  
p re s su re  des ign  with maximum steam i n t e g r a t i o n  with t h e  g a s i f i c a t i o n  
p l a n t .  The steam t u r b i n e  i s  a rehea t  t u r b i n e  opera ted  under 103 kg/cm2 
a/538 C/538 C steam condi t ion .  

F a c i l i t i e s  a r e  a l s o  provided f o r  coa l  r ece iv ing  and handl ing,  d i sposa l  
of t h e  g a s i f i e r  s l a g ,  raw and cool ing  water supply, waste water  
t rea tment ,  e l e c t r i c a l  d i s t r i b u t i o n ,  and o t h e r  suppor t ing  f a c i l i t i e s .  

A block flow diagram of t h i s  ca se  i s  shown i n  Figure 2-2. 

The coa l  is  w e t  ground i n t o  -420 p t o  form a s l u r r y  f eed  requi red  f o r  
t h e  g a s i f i e r .  The s l u r r y  formed has a 68% s o l i d  concent ra t ion .  Texaco 
e l e c t e d  t o  ope ra t e  t h e  g a s i f i e r  a t  a h igher  temperature without 
l imestone i n j e c t i o n  a s  t h e  f lux ing  agent .  This i s  t o  avoid f u r t h e r  
a d d i t i o n  of mineral  mat te r  and minimize t h e  amount of s l u r r y  water  t o  be 
evaporated i n  the gasifier. 

Due t o  t h e  high ash content  of t h e  design coa l  and l i m i t e d  capac i ty  of 
s l a g  lockhopper va lve  c u r r e n t l y  ava i l ab l e ,  Texaco chose t o  use seven 
g a s i f i e r s  without spa re  and l i m i t  t h e  capac i ty  of each g a s i f i e r  t o  1800 
t / d .  Because of t h e  l a r g e  number of g a s i f i e r s  used, Texaco f u r t h e r  
decided t o  use t h e  quench i n s t e a d  of t h e  waste hea t  b o i l e r  mode of 
opera t ion  i n  o rde r  t o  minimize t h e  c a p i t a l  requirement.  

The coa l  g r ind ing  and s l u r r y i n g  u n i t  has seven ope ra t ing  t r a i n s  without 
spa re .  Four a i r  s epa ra t ion  t r a i n s ,  each producing 1860 t / d  oxygen a t  98% 
p u r i t y ,  provide t h e  necessary oxidant  f o r  t h e  g a s i f i c a t i o n  process .  

The quenched raw gas is  cooled t o  genera te  low p res su re  steam, w e t  
scrubbed t o  remove p a r t i c u l a t e s ,  and s e n t  f o r  s u l f u r  removal and 
recovery. The Texaco gas con ta ins  a s i g n i f i c a n t  amount of C02. A h ighly  
s e l e c t i v e  process  l i c e n s e d  by Dow (Gas/SPEC SS-2) i s  used f o r  t h e  s u l f u r  
removal t o  minimize t h e  C02 capture .  A s  t h e  a c i d  gas  produced i s  low i n  
s u l f u r  concent ra t ion ,  Parson ' s  Se lec tox  process  i s  used i n s t e a d  of Claus 
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f o r  t h e  s u l f u r  recovery.  The c l e a n  gas i s  then  f e d  t o  t h e  combined c y c l e  
p l a n t .  

The combined c y c l e  des ign  i s  very  s i m i l a r  t o  t h a t  de sc r ibed  above f o r  
t h e  S h e l l  c a se  except  no steam i n j e c t i o n  o r  f u e l  gas  s a t u r a t i o n  i s  
r equ i r ed  f o r  NOx c o n t r o l .  The l a r g e  amount of C02 i n  t h e  f u e l  gas  a c t s  
a s  a d i l u e n t  i n  t h e  t u r b i n e  combustor t o  suppress  t h e  flame temperature  
and t h u s  reduce t h e  NOx formation.  

A block flow diagram of t h i s  ca se  i s  shown i n  F igure  2-3. 

The c o a l  i s  d r i e d  t o  5% mois ture  and crushed t o  -6 mm be fo re  feed ing  t o  
t h e  g a s i f i e r .  A i r  e x t r a c t e d  from t h e  gas t u r b i n e  i s  boost  compressed t o  
provide t h e  necessary oxidant  f o r  t h e  g a s i f i c a t i o n  process .  S i x  
g a s i f i e r s  without  spare ,  each of 1500 t / d  capac i ty ,  a r e  used. The c o a l  
c rush ing  u n i t  has  two t r a i n s ,  one ope ra t i ng  and one s p a r e .  

Limestone i s  i n j e c t e d  t o  t h e  g a s i f i e r  f o r  in-bed s u l f u r  cap tu re .  The raw 
gas  produced i s  cooled down t o  538 C by gene ra t i ng  high p re s su re  
s a t u r a t e d  steam. Hot gas  cleanup based on ceramic f i l t e r s  i s  used t o  
remove p a r t i c u l a t e s  be fo re  t h i s  f u e l  gas  i s  f e d  t o  t h e  gas  t u r b i n e s .  Ash 
removed from t h e  g a s i f i e r  con ta in s  calcium s u l f i t e  (CaS) which i s  
oxid ized  i n t o  d i sposab le  calcium s u l f a t e  i n  an ash  s u l f a t i o n  u n i t .  

The combined cyc l e  des ign  i s  very s i m i l a r  t o  t h a t  de sc r ibed  above f o r  
t h e  S h e l l  c a se  except  no steam i n j e c t i o n  i s  r equ i r ed  f o r  NOx c o n t r o l .  
The l a r g e  amount of N2 i n  t h e  f u e l  gas  a c t s  a s  a d i l u e n t  i n  t h e  t u r b i n e  
combustor t o  suppress  t h e  flame temperature  and t h u s  reduce t h e  NOx 
formation.  

2 .1 .4  lQying Red U 

A block flow diagram of t h i s  case  i s  shown i n  F igure  2-4. 

A s  t h e  moving bed g a s i f i e r  has  l i m i t e d  c a p a b i l i t y  t o  consume c o a l  f i n e s ,  
s i z e d  c o a l  (6  t o  50 mm) i s  assumed t o  be a v a i l a b l e  a t  a premium p r i c e  
and can be f e d  t o  t h e  g a s i f i e r  without f u r t h e r  p r epa ra t i on .  A i r  i s  
e x t r a c t e d  from t h e  g a s  turbine and t h e  balance i s  drawn from a separate  
compressor. Both t h e s e  s t reams a r e  boosted t o  t h e  r equ i r ed  p r e s s u r e  and 
f e d  t o  t h e  g a s i f i e r s .  Process steam requi red  f o r  t h e  g a s i f i c a t i o n  i s  
drawn from t h e  steam t u r b i n e  and f e d  t o  t h e  g a s i f i e r s  a long wi th  t h e  
steam genera ted  i n  t h e  jacket  of t h e  g a s i f i e r s .  Fourteen g a s i f i e r s  
without  spare ,  each of 770 t / d  capac i ty ,  a r e  used. 

The raw gas  produced i s  cooled and scrubbed t o  remove p a r t i c u l a t e s .  Gas 
l i q u o r  condensed out  dur ing  t h e  coo l ing  process  i s  removed of t a r  and 
o i l  be fo re  it i s  s e n t  f o r  a d d i t i o n a l  t rea tment .  The t a r  and o i l  
s epa ra t ed  a r e  used a s  f u e l  i n  a b o i l e r  t o  gene ra t e  h igh  p r e s s u r e  
superheated steam f o r  power genera t ion .  

S imi l a r  t o  t h e  Texaco case ,  t h e  moving bed gas  con ta in s  a s i g n i f i c a n t  
amount of C02. Therefore ,  t h e  same s u l f u r  removal and recovery processes  
used i n  t h e  Texaco ca se  a r e  adopted f o r  t h i s  ca se .  The c l e a n  gas  i s  then  
f e d  t o  t h e  combined cyc l e  p l a n t .  



LIMESTONE 
280 MTPD 1 I GRID 

GASIFI- HOT FUEL GAS COMBINEC 
COAL-) -.-. - - - -  
8 8 9 0  & DRYING 
MTPD 

u 
( ASH 

SULFATED ASH 
ASH SULFATION 

3378 MTPD 2 

Figure 2-3 BLOCK FLOW DIAGRAM - 

IGCC PLANT (KRW CASE) 



BOOST AIR 
COMPRES- 4 

586 MW POWER 
SlON r======== 

I 
+ TO 

I GRID 
I 
I 
I 
I 

w I 

GASIFI- 
GAS AGR & COMBINED 

b 
FLUE 

CATION ) COOLING & SULFUR CYCLE 
SCRUBBING 

' GAS 
1 0 7 6 8  REMOVAL 
MTPD 

I 
2 L 

1 GAS LIQUOR 

1 

I + + I 
ASH 

GAS SULFUR 
3924 MTPD 

LIQUOR 32 MTPD BOILER 
SEPARATION 

.c 

TAR & OIL 
WASTE WATER 4 
TO TREATMENT 

Fiaure 2-4 BLOCK FLOW DIAGRAM 
IGCC PLANT (MOVING BED CASE) 



The combined c y c l e  des ign  i s  very s i m i l a r  t o  t h a t  de sc r ibed  above f o r  
t h e  S h e l l  c a se .  A s  i n  t h e  Texaco case ,  t h e  high C02 conten t  of t h e  f u e l  
gas  r e q u i r e s  no steam i n j e c t i o n  o r  s a t u r a t i o n  f o r  NOx c o n t r o l .  

2 .1 .5  S t g t u s  of Different  Gaslflcation Te- . , 

Of t h e  f o u r  g a s i f i c a t i o n  processes  cons idered  i n  t h e  p re sen t  s tudy,  a  
250 t / d  p l a n t  based on S h e l l  p roces s  has  been i n  ope ra t i on  i n  D e e r  Park 
(near  Houston i n  t h e  United S t a t e s ) ,  and a  250 MW IGCC p l a n t  i s  be ing  
i n s t a l l e d  i n  t h e  Nether lands.  A number of g a s i f i c a t i o n  p l a n t s  based on 
Texaco p roces s  have been i n  ope ra t i on  f o r  t h e  product ion  of f e r t i l i z e r s ,  
methanol, and 0x0-chemicals i n  t h e  United S t a t e s ,  Germany, and Japan. 
The 100 MW IGCC p l a n t  i n  Cool Water, C a l i f o r n i a  i s  a l s o  based on t h i s  
p rocess .  No l a r g e  s c a l e  p l a n t s  have been set up based on KRW process .  A 
PDU was set up a t  Waltz M i l l  (near  P i t t sbu rgh  i n  t h e  United S t a t e s )  bu t  
it has now been dismantled.  Commercial s c a l e  moving bed g a s i f i e r s  a r e  i n  
ope ra t i on  i n  many c o u n t r i e s  f o r  t h e  product ion of f u e l  ga s  and s y n t h e s i s  
gas .  Around 200 g a s i f i e r s  have been set up based on t h e  moving bed 
process ,  and t h e  170 MW IGCC p l a n t  opera ted  a t  Luenen, Germany, du r ing  
1972-1977 was t h e  f i r s t  IGCC demonstrat ion p l a n t  i n  t h e  world.  

2 .2  COMPARISON OF IGCC AND PC PLANTS 

2.2 .1  Performance C- 

Summarized i n  Table 2-1 a r e  t h e  p l a n t  resource  requirements ,  power 
ou tputs ,  h e a t  r a t e s ,  and e f f i c i e n c i e s  f o r  t h e  fou r  IGCC ca se s  i n  
comparison with a  PC p l a n t  both wi th  and without  FGD (Flue Gas 
D e s u l f u r i z a t i o n ) .  Data f o r  t h e  PC p l a n t  were e x t r a c t e d  from a  r ecen t  
2x500 MW des ign  conducted by Nat ional  Thermal Power Corporat ion,  Ltd 
(NTPC) f o r  t h e  same coa l  feeds tock  and p l a n t  l o c a t i o n .  

F igure  2-5 shows t h e  r e l a t i v e  hea t  r a t e s  among a l l  t h e  ca se s  with PC 
p l u s  FGD a s  t h e  base .  

IGCC Te- 

Table 2-1 i n d i c a t e s  t h a t  t h e  Texaco ca se  consumes s u b s t a n t i a l l y  more c o a l  and 
has  a  h ighe r  hea t  r a t e  t han  o t h e r  t h r e e  IGCC ca se s .  This  i s  because t h e  s l u r r y  
f eed  system of t h e  Texaco g a s i f i e r  s u f f e r s  severe  thermal  pena l ty  when a  high 
ash  coa l  i s  used. Another reason i s  t h a t  Texaco chose t o  use t h e  quench 
ope ra t i ng  mode f o r  t h e  g a s i f i e r  a s  d i s cus sed  above. I t  i s  e s t ima ted  t h a t  i f  
t h e  waste hea t  b o i l e r  mode i s  used, t h e  hea t  r a t e  can be improved by 20%. 

I n  f u t u r e  s t u d i e s ,  coa l  washing should be cons idered  f o r  t h e  Texaco g a s i f i e r .  
The washing d i r e c t l y  i n c r e a s e s  t h e  g a s i f i e r  thermal  e f f i c i e n c y .  I t  a l s o  
removes t h e  capac i ty  bo t t l eneck  caused by t h e  ash  lockhopper va lve .  Only with 
washed c o a l ,  can Texaco be  compet i t ive  wi th  o t h e r  g a s i f i e r s .  

The moving bed ca se  has  a  b e t t e r  hea t  r a t e  t han  t h e  Texaco ca se .  But t h i s  hea t  
r a t e  i s  h igher  t han  those  of t h e  S h e l l  and KRW c a s e s .  This  i s  because t h e  
moving bed c a s e  r e q u i r e s  a  l a r g e  q u a n t i t y  of steam i n j e c t e d  t o  t h e  g a s i f i e r  t o  
avoid  ash c l i n k e r i n g .  

The KRW case  has  t h e  b e s t  hea t  r a t e  among a l l  c a se s .  The major reasons a r e :  

o  The g a s i f i e r  i s  opera ted  a t  low temperature  and t h u s  has  a  r e l a t i v e l y  
high c o l d  gas  e f f i c i e n c y  
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o The g a s i f i e r  u s e s  i n - s i t u  s u l f u r  c a p t u r e  
o  The g a s i f i e r  u s e s  h o t  g a s  c l e a n u p  f o r  p a r t i c u l a t e s  removal 
o  There  i s  a i r  i n t e g r a t i o n  between t h e  g a s i f i e r  and g a s  t u r b i n e .  

F i g u r e  2-5 shows a l l  t h e  IGCC t e c h n o l o g i e s  e x c e p t  t h e  Texaco c a s e  have 
b e t t e r  h e a t  r a t e s  t h a n  t h e  PC p l a n t .  The d i f f e r e n c e  between t h e  KRW c a s e  
and PC p l a n t  i s  q u i t e  s u b s t a n t i a l .  

A l l  t h e  IGCC p l a n t s  u s e  less w a t e r  t h a n  t h e  PC p l a n t  a s  shown i n  Tab le  
2-1. 

2.2.2 Cos t  ComDarison 

Summarized i n  Tab le  2-2 a r e  t h e  c a p i t a l  r equ i rements  and c o s t s  o f  
g e n e r a t i o n  f o r  t h e  f o u r  IGCC c a s e s  i n  comparison w i t h  a  PC p l a n t  b o t h  
w i t h  and w i t h o u t  FGD. The c a p i t a l  r equ i rements  i n c l u d e  p l a n t  c o s t ,  
e n g i n e e r i n g  and  f e e s ,  and  owner ' s  c o s t .  

F i g u r e  2-6 shows t h e  r e l a t i v e  c a p i t a l  r equ i rements  w i t h  PC p l u s  FGD a s  
t h e  b a s e .  A s i m i l a r  c h a r t  f o r  t h e  c o s t s  of  g e n e r a t i o n  a t  5500 h / y  
o p e r a t i o n  i s  shown i n  F i g u r e  2-7. 

B e c h t e l  deve loped  t h e  c o s t s  under  U.S. c o n d i t i o n s  f o r  t h e  f i r s t  t h r e e  
IGCC c a s e s ,  and t h e  I n d i a n  s t u d y  team t r a n s l a t e d  them i n t o  I n d i a  
c o n d i t i o n s  by a d j u s t i n g  t h e  l a b o r  r a t e  and  p r o d u c t i v i t y  and  a p p l y i n g  t h e  
n e c e s s a r y  s a l e s  t a x e s ,  custom f e e s ,  and s h i p p i n g  c o s t s .  The I n d i a n  team 
deve loped  d i r e c t l y  t h e  c o s t  f o r  t h e  moving bed c a s e .  C o s t s  f o r  t h e  PC 
p l a n t  w e r e  e s t i m a t e d  b a s e d  on t h e  same NTPC d e s i g n  mentioned above b u t  
s c a l e d  down t o  a  600 MW c a p a c i t y  l e v e l  i n  o r d e r  t o  b e  c o n s i s t e n t  w i t h  
t h e  IGCC c a s e s .  

The c o s t  of  power g e n e r a t i o n  was c a l c u l a t e d  b a s e d  on a  s t a n d a r d  
o p e r a t i n g  c o s t  e s t i m a t e  p rocedure  and  p r o j e c t  f i n a n c i n g  s t r u c t u r e  used 
i n  I n d i a .  

C Te- 

The S h e l l  c a s e  has a  v e r y  h igh  c a p i t a l  r equ i rement .  T h i s  i s  because  it 
h a s  a  v e r y  h i g h  o p e r a t i n g  t e m p e r a t u r e  and r e q u i r e s  v e r y  l a r g e  and  
e x p e n s i v e  was te  h e a t  b o i l e r s .  The Texaco c a s e ,  even though it r e q u i r e s  
no syngas  c o o l e r  a s  a  r e s u l t  of  t h e  quench o p e r a t i o n ,  h a s  abou t  t h e  same 
c a p i t a l  r equ i rement  a s  t h e  S h e l l  c a s e  because  i t s  lower  p l a n t  e f f i c i e n c y  
r e q u i r e s  s u b s t a n t i a l l y  more c o a l  t o  b e  p r o c e s s e d .  

The moving bed  c a s e  h a s  a  lower  c a p i t a l  r equ i rement  t h a n  t h e  S h e l l  and  
Texaco c a s e s  because  (1) it i s  a i r  blown w i t h o u t  t h e  requ i rement  of  a n  
e x p e n s i v e  a i r  s e p a r a t i o n  p l a n t  and ( 2 )  t h e  low p r o d u c t  g a s  t e m p e r a t u r e  
f rom t h e  g a s i f i e r  r e s u l t i n g  from t h e  c o u n t e r c u r r e n t  f low r e a c t o r  used  
minimizes  t h e  was te  h e a t  r ecovery  requ i rement .  The KRW c a s e  h a s  t h e  
l o w e s t  c a p i t a l  r equ i rement  because  it o p e r a t e s  a t  low t e m p e r a t u r e ,  u s e s  
in-bed s u l f u r  c a p t u r e  and  h o t  g a s  c leanup ,  and h a s  no a i r  s e p a r a t i o n  
p l a n t .  

F i g u r e s  2-6 and 7  i n d i c a t e  t h a t  a l l  t h e  IGCC c a s e s  a r e  more c a p i t a l  
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Figure 2-6 RELATIVE CAPITAL COST 



NOllW3N39 dO IS03 3AIlV13tl L-Z a~n6!d 



intensive and have higher costs of generation than the PC plant without 
FGD. The KRW and moving bed cases are, however, cost competitive with 
the PC plant with FGD. 

In Table 2-2, the costs of generation are compared at four levels of 
plant operation hours. As most of the IGCC cases are thermally more 
efficient than the PC plant, the differences in cost of generation 
between IGCC and PC reduce as plant operation hours increase. 

As IGCC plant usually consists of multiple trains in both the process 
and power blocks, it is expected to have a higher plant availability 
than the PC plant. A preliminary availability analysis conducted in this 
study indicates the present IGCC plant design can achieve 85% 
availability or about 7400 h/y plant operation. At this operating level, 
the cost of generation in the KRW case is actually lower than that of 
the PC plant without FGD if the PC plant is operated less than 6000 h/y. 

This study shows IGCC is a viable power generation option for the high 
ash Indian coal. In comparison with PC plant, it has superior heat rate 
at comparable cost of generation. In addition to the better heat rate, 
IGCC also offers lower emissions, less water consumption, higher plant 
availability, and flexibilities for modular construction and phased 
construction. Therefore, IGCC can be an attractive power generation 
alternative in the future for India. 

Among the four IGCC technologies, the KRW gasifier or similar fluidized 
bed gasification processes, such as U-Gas, is most attractive to use for 
the high ash Indian coal. 

The KRW gasifier, however, has several technical uncertainties. This 
gasifier has been proven only on a pilot scale. The in-bed sulfur 
capture and hot gas particulates removal have been tested but only with 
limited experience. The ability to achieve a high CaS conversion in the 
ash sulfation unit has not been demonstrated. 

The moving bed gasifier, on the other hand, is commercially proven and 
has been tested for Indian coal. Even though it is less efficient and 
more costly than the fluidized bed technology, it is considered equally 
attractive to use for the high ash Indian coal. 

The Shell technology has an attractive heat rate and is very close to 
commercialization. But as it has a very high capital requirement, it 
probably does not warrant further consideration. 

Because of the severe penalties imposed by its slurry feed system on 
both the heat rate and capital cost, the Texaco technology is not 
recommended. 

The first step in India's commercialization plan of IGCC is to build a 
demonstration plant. The target date to fully demonstrate the technology 
is currently set for 1995. The Government of India has a budget 
provision in the 8th Five Year Plan for the demonstration plant. 



Severa l  p o t e n t i a l  s i tes f o r  t h e  demonstrat ion p l a n t  have been screened  
and eva lua t ed .  The f i n a l  s i t e  s e l e c t e d  i s  t h e  Delhi  E l e c t r i c  Supply 
Undertaking (DESU) Indrapras tha  Power S t a t i o n .  This power s t a t i o n  
c u r r e n t l y  has s i x  n a t u r a l  gas  f i r e d  GE 6 B  gas  t u r b i n e s  (30  MW each)  i n  
s imple cyc l e  ope ra t i on .  A p l an  has  been i n i t i a t e d  t o  conver t  them t o  
combined c y c l e  ope ra t i on  by adding HRSG and steam t u r b i n e  f a c i l i t i e s .  
For t h e  demonstrat ion p r o j e c t ,  one of t h e  gas  t u r b i n e s  w i l l  be 
r e t r o f i t t e d  wi th  c o a l  gas  from an ash agglomerating f l u i d  bed g a s i f i e r .  

I n  a d d i t i o n  t o  t h e  gas  t u r b i n e  u n i t s ,  t h e  Indrapras tha  Power S t a t i o n  
a l s o  has  s e v e r a l  PC u n i t s  producing 278 MW power i n  t o t a l .  The e x i s t i n g  
c o a l  r ece iv ing ,  handl ing,  s t o r age ,  and primary c rush ing  f a c i l i t i e s  can 
be used f o r  t h e  g a s i f i e r .  The demonstrat ion p l a n t  can a l s o  t a k e  
advantage of e x i s t i n g  i n f r a s t r u c t u r e s  i n  t h e  power s t a t i o n  t o  minimize 
t h e  c a p i t a l  requirements .  The t o t a l  c a p i t a l  r equ i r ed  was e s t ima ted  t o  be 
89 R s  c r o r e s .  

P o t e n t i a l  u s e r s  of IGCC i n  I n d i a  i nc lude  NTPC, va r ious  s t a t e  e l e c t r i c i t y  
boards,  c a p t i v e  power p l a n t s ,  and small  power gene ra t i on  u n i t s  i n  
p r i v a t e  s e c t o r s .  The f i r s t  few a p p l i c a t i o n s  probably w i l l  be i n  t h e  
p r i v a t e  s e c t o r ,  p a r t i c u l a r l y  t hose  p l a n t s  burning high c o s t  f u e l s .  
Therefore ,  t h e  i n i t i a l  market would be f o r  r e t r o f i t t i n g .  



Section 3 

STUDY BASES 

This section presents the plant design bases. The cost estimate bases and 
economic analysis criteria are discussed in Sections 5 and 6. 

3.1 SITE DATA 

The plant is at a mine mouth site in the Piparwar block of North Karanpura 
coal field (Figure 3-1). It is situated in the Hazaribag District of Bihar 
State in eastern India. The Damodar River flows through the southeastern 
boundary of the Piparwar block. 

3.1.2 Elevation 

The site is generally flat. The average elevation is 457.2 m above MSL (409 m 
minimum and 464 m maximum). 

The site is in seismic zone 2. 

The maximum temperature in the summer is 50 C. The minimum temperature in 
winter is 1C. The average temperature is 29.5 C and will be used as the design 
dry bulb temperature. The design wet bulb temperatures is 27 C. The 
corresponding relative humidity is 80%. 

The ambient pressure is 720 mm Hg. 

3.1.5 Pr- 

The wind pressure as a function of height is as follows: 

There is no land availability problem at the proposed plant site. 

3.1.7 Rainfall 

Average monthly rainfall during the monsoon (June to October) is 198.87 nun. 
The daily rainfall in the wettest month (August) is 19.55 mm. The maximum 
daily rainfall recorded is 249.2 mm on June 24, 1911. 



NORTH KARANPURA C. F. SHOWING OUTCROP OF DAKRA 
SEAM. 

Figure 3-1 Plant Location Map 



The s o i l  c o n s i s t s  of  h a r d  moorurn and weathered rock up t o  17-20 m u n d e r l a i n  by 
h a r d  rock.  P i l i n g  i s  normal ly  n o t  r e q u i r e d .  

The s i t e  i s  connec ted  by a m e t a l l e d  road  w i t h  Hazar ibag.  The Barkakana- 
Barwadih l i n e  o f  t h e  E a s t e r n  Railway i s  15-20 km from t h e  s i te .  

Raw w a t e r  i s  a v a i l a b l e  from t h e  Damodar River .  The w a t e r  q u a l i t y  i s  a s  
f o l l o w s :  

PH 
TSS, mg/ l  
TDS, mg/ l  
BOD5 a t  20 C, mg/l  
COD, mg/ l  
C h l o r i d e ,  mg/ l  
N i t r a t e  ( a s  N)  , mg/l  
S u l p h a t e  ( a s  S 0 4 ) ,  mg/ l  
F l o u r i d e  ( a s  F), mg/l  

Limestone i s  a v a i l a b l e  l o c a l l y  f o r  t h e  power p l a n t  u s e  and  w i l l  be  d e l i v e r e d  
t o  t h e  p l a n t  by t r u c k .  The l i m e s t o n e  h a s  t h e  f o l l o w i n g  compos i t ion  ( a f t e r  
c a l c i n a t i o n )  : 

CaO 
MgO 
SiO2 
A1203 

3 . 2  COAL RESOURCE DATA 

The d e s i g n  c o a l  i s  a h i g h  a s h ,  noncaking,  unwashed, run-of-mine c o a l  from open 
c a s t  mining o f  t h e  Dakra seam i n  North Karanpura c o a l  f i e l d .  I t  i s  d e l i v e r e d  
t o  t h e  power p l a n t  th rough  a merry-go-round r a i l  sys tem.  The d e l i v e r e d  c o a l  
h a s  t h e  f o l l o w i n g  p r o p e r t i e s .  

Mois tu re  ( a )  
Minera l  M a t t e r  

Ash 
C r y s t a l  Water 
C02 i n  Carbona tes  

V o l a t i l e  Mat te r  
F i x e d  Carbon 

T o t a l  

Received.  wt% Drv R&. w t &  D r v .  Free .  wt$ 
18 .0  - - - - 



Calorific Value, Kcal/kg 
HHV 3 332 
LHV 3 168 

(a) The residual moisture after air drying is 5.8 wt% measured at 60% 
relative humidity and 40 C. 

Moisture 
Mineral Matter 

Ash 
Crystal Water 
C02 in Carbonates 

C 
H 
N 
S 
0 
C1 

Total 

34.8 
3.5 
0.5 
35.8 
2.1 
0.8 
0.3 
4.2 

trace 
100.0 

42.5 
4.3 
0.6 
43.6 
2.5 
0.9 
0.4 
5.2 

trace 
100.0 

82.9 
4.8 
1.8 
0.7 
9.8 

trace 
100.0 

The coal has a swelling index of 0 and its LTGK coke is classified as type A. 

The Hardgrove grindability is 45. 

The coal received has a 200 nun top size. The fines (less than 6 nun) content is 
25-35%. 

The Gray King low temperature carbonization at 600 C produces the following 
assay: 

Coke, kg/tonne dry coal 788.8 
Tar, litre/tonne dry coal 70.6 
Liquor, litre/tonne dry coal 75.9 
Ammonia, kg/tonne dry coal 1.2 
Gas, ~rn~/tonne dry coal 72.8 
Oil Point, C 4 0 0 
Gas Point, C 3 8 0 

The coal has very high ash fusion temperatures. Under mildly reducing 
atmosphere, the initial deformation temperature is 1400 C. The hemispherical 
and flow temperatures are above the 1500 C measuring limit. Under oxidizing 
atmosphere, all the three ash fusion temperatures are above 1500 C. 



Si02 
A1203 
Fez03 
Ti02 
p205 
so3  
Cao 
MgO 
Na20 
K20 
Unaccounted 

Total  

3 . 3  PLANT OPERATION REQUIREMENTS 

Both t h e  IGCC p l a n t  and PC p l a n t  a r e  t o  be designed f o r  approximately 600 MW 
n e t  power output .  I n  t h e  IGCC case,  t h i s  i s  equiva len t  t o  us ing  two General 
E l e c t r i c  MS9001F (9F) gas t u rb ines .  The g a s i f i c a t i o n  u n i t  i s  t o  be s i z e d  t o  
f u l l y  l oad  t h e  gas  t u rb ines  a t  t h e  29.5 C average ambient temperature with an 
a d d i t i o n a l  5% margin on throughput.  

The p l a n t  ope ra t ing  l i f e  requirement i s  25 yea r s .  

3 .3.2 &azhg Re- 

The p l a n t  w i l l  be spared t o  achieve an o v e r a l l  p l a n t  a v a i l a b i l i t y  of 85%. 

Since t h e  p l a n t  i s  a t  mine mouth, dead s to rage  of coa l  i s  not  necessary.  The 
l i v e  s to rage  requirement i s  15 days of coa l  consumption. 

Any s u l f u r  byproduct w i l l  be produced, s to red ,  and t rucked  out  i n  s o l i d  form 
(block) for sale. 

No n a t u r a l  gas  o r  f u e l  o i l  i s  t o  be used a s  a l t e r n a t e  f u e l  f o r  t h e  IGCC p l a n t .  
However, f u e l  o i l  i s  a v a i l a b l e  a s  s t a r t u p  f u e l .  

Due t o  t h e  si te high ambient temperature,  a i r  cool ing  i s  not  c o s t  e f f e c t i v e .  
Water cool ing  based on mechanically induced d r a f t  cool ing  tower w i l l  be used. 
The des ign  cool ing  water supply temperature i s  33 C. The cool ing  tower w i l l  
use 5 cyc l e s  of concent ra t ion .  

E l e c t r i c a l  power i s  t o  be genera ted  a t  16-17 kV a t  50 Hz with a  t o l e r a n c e  of 
-5% t o  +3% on frequency. For d i s t r i b u t i o n ,  t h e  vol tage  i s  t o  be s tepped up t o  



220 kV. On-plot power consumption w i l l  be 0.4 kV f o r  d r i v e r s  less than  150 kW, 
6 .6  kV f o r  d r i v e r s  over  150 kW. 

3.3.7 X a c k  Heiaht Other S t r u c t u r e  7,- . . 

The s t a c k  he igh t  i s  t o  be 32 m o r  1 .25  t i m e s  t h e  he igh t  of t h e  t a l l e s t  
s t r u c t u r e  i n  t h e  p l a n t ,  whichever i s  g r e a t e r .  

3 .4  ENVIRONMENTAL REQUIREMENTS 

Current  a i r  emission s t anda rds  i n  Ind i a  ( i n  micrograms/~m3 ambient a i r  a t  a  
d i s t a n c e  of 20 t i m e s  t h e  he ight  of s t a c k )  a r e :  

Industrial Area SexxuLave zmx~ . . 
so2 12 0 8 0 3 0  
NOx 12 0 8 0 3 0  
P a r t i c u l a t e s  500 2 0 0 100 

These s t anda rds  can not  be app l i ed  without an ex t ens ive  d i s p e r s i o n  model l ing 
e f f o r t  which i s  beyond t h e  c u r r e n t  s tudy scope. Therefore ,  t h e  fo l lowing  po in t  
of source  emission limits a r e  adopted f o r  t h i s  s tudy:  

P a r t i c u l a t e s  
NOx 
S u l f u r  

150  r n g / ~ r n 3  a t  s t a c k  d i s cha rge  
75 ppmv a t  15% oxygen 
minimum 70% removal 

The water  d i s cha rge  limits a r e :  

PH 
TSS, mg/l 
BOD, mg/l 
COD, mg/l 
O i l  and Grease, mg/l 
Phenol ic ,  mg/l 
Cyanide, mg/l 
S u l f i d e ,  mg/l 

3 .4 .3  &lids Waste D- 

No o n - s i t e  s o l i d s  waste d i s p o s a l  i s  t o  be provided. A l l  t h e  wastes  a r e  t o  be 
s l u r r i e d  o r  t rucked  t o  an o f f - s i t e  d i s p o s a l  a r e a .  

The n o i s e  l i m i t s  a r e  85 dbA a t  1 m from equipment and maximum 90 d b A  i n  very 
s p e c i a l  c a se s .  



S e c t i o n  4  

TECHNOLOGY SELECTION CRITERIA 

T h i s  s e c t i o n  p r e s e n t s  t h e  technology s e l e c t i o n  r a t i o n a l e  and d e s i g n  
c o n s i d e r a t i o n s  f o r  bo th  t h e  p r o c e s s  and power g e n e r a t i o n  f a c i l i t i e s  of t h e  
IGCC p l a n t .  

4 . 1  PROCESS AREA 

4 . 1 . 1  Gaslfler S e l e c t i o n  9 # 

To s e l e c t  t h e  p r o p e r  g a s i f i e r s  f o r  s tudy ,  Bech te l  h  
g a s i f i c a t i o n  p r o c e s s e s  a s  shown i n  Table  4 - 1 .  

a s  s c r e e n e d  f i v e  

These f i v e  p r o c e s s e s  r e p r e s e n t  t h e  s t a t e  of t h e  a r t  of g a s i f i c a t i o n  
t echnology .  They have been demonstra ted e i t h e r  on a  commercial s c a l e  o r  l a r g e  
p i l o t  p l a n t  s c a l e .  

For  each  p r o c e s s ,  Bech te l  h a s  i n q u i r e d  of  t h e  r e s p e c t i v e  p r o c e s s  d e v e l o p e r  
t h e i r  w i l l i n g n e s s  t o  p r o v i d e  a  p r o c e s s  package f o r  t h i s  s t u d y ,  whether t h e y  
r e q u i r e  c o a l  samples f o r  c h a r a c t e r i z a t i o n  and c o a l  test ,  t h e i r  e x p e r i e n c e s  
wi th  I n d i a n  c o a l ,  s e c r e c y  agreement requ i rements ,  and w i l l i n g n e s s  t o  
p a r t i c i p a t e  i n  t h e  IGCC demons t ra t ion  p l a n t  i n  I n d i a .  

Dow i n d i c a t e d  t h e y  would p a r t i c i p a t e  i n  t h i s  s t u d y  o n l y  i f  washed c o a l  i s  
used.  The m i n e r a l  m a t t e r  i n  I n d i a n  c o a l  i s  i n t r i n s i c a l l y  mixed w i t h  
carbonaceous  m a t t e r  and i s  v e r y  d i f f i c u l t  t o  b e  removed by washing. A s  t h i s  
s t u d y  i s  mainly  i n t e r e s t e d  i n  u s i n g  raw c o a l ,  t h e  Dow g a s i f i e r  was n o t  f u r t h e r  
c o n s i d e r e d .  

B r i t i s h  Gas and Lurgi  i n d i c a t e d  t h a t  t h e  h igh  a s h  c o n t e n t  i n  I n d i a n  c o a l  was 
n o t  a c c e p t a b l e  f o r  t h e  BGL g a s i f i e r .  They recommended t o  c o n s i d e r  t h e i r  d r y  
bottom Lurg i  o r  CFB ( c i r c u l a t i n g  f l u i d  bed)  g a s i f i e r .  

The CFB g a s i f i e r  i s  s t i l l  i n  t h e  e a r l y  deve lop ing  s t a g e  and was n o t  f u r t h e r  
c o n s i d e r e d .  The d r y  bottom Lurgi  g a s i f i e r  i s  a  v i a b l e  c a n d i d a t e .  But a s  I n d i a  
i s  deve lop ing  t h e i r  own Lurgi- type moving bed g a s i f i e r ,  it was d e c i d e d  t h e  
I n d i a n  team w i l l  p r o v i d e  t h e  d e s i g n  and c o s t  estimate f o r  t h i s  g a s i f i e r .  

The remaining t h r e e  g a s i f i e r  d e v e l o p e r s  (Texaco, S h e l l ,  and KRW) a l l  showed 
i n t e r e s t s  t o  p a r t i c i p a t e .  These t h r e e  g a s i f i e r s  and t h e  moving bed g a s i f i e r  
c o n s t i t u t e  t h e  f o u r  IGCC s t u d y  c a s e s .  

Due t o  t h e  h igh  a s h  c o n t e n t  of  I n d i a n  c o a l  and a b r a s i v e n e s s  of  t h e  ash ,  t h e  
c h o i c e  of c o a l  g r i n d i n g  m i l l  i s  a  major d e s i g n  c o n s i d e r a t i o n  f o r  t h e  S h e l l  
g a s i f i e r .  

A r o l l e r  m i l l  o r  a  bowl m i l l  can n o t  s u r v i v e  t h i s  v e r y  a b r a s i v e  s e r v i c e .  A r o d  
m i l l  i s  n o t  a p p l i c a b l e  because  i t  g i v e s  a  c o a r s e r  p a r t i c l e s  t h a n  what i s  
r e q u i r e d .  A b a l l  m i l l  was s e l e c t e d  f o r  t h i s  s t u d y .  



CONTACT 

WILLING TO PROVIDE 
PROCESS PACKAGE 

PROCESS PACKAGE 
DELIVERY SCHEDULE 

REQUIRE COAL TEST 

10 
I 
I\) 

REQUIRE COAL SAMPLE 

EXPERIENCE WlTH 
INDIAN COAL 

REQUIRE SECRECY 
AGREEMENT WlTH INDIA 

REQUIRE SECRECY 
AGREEMENT WlTH BECHTEL 

WILLING TO PARTICIPATE 
DEMONSTRATION PLANT 

COMMENTS 

TEXACQ 

BILL PRESTON 

YES 

4-6 WEEKS 

NO 

NO 

YES (30% 
ASH) 

NO 

NO 

FEEL NOT 
NECESSARY 

Table 4-1 

GASIFIER SELECTION 

SHELL  

F. SCHRIJVERS 

YES 

6-12 WEEKS 

FEEL NOT 
NECESSARY 

KRW 

M. BLlNN 

YES 

6 WEEKS 

NO 

NO 

NO 

NO 

NO 

YES 

AIR BLOWN, 
HOT GAS 
CLEANUP 

DOW 

D. SUNSTROM 

NO 

- - 

- - 

- - 

- - 

- - 

- - 

- - 

WILING TO 
DO FOR 
WASHED 
COAL 

B. THOMPSON 
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The Texaco g a s i f i e r  can be ope ra t ed  e i t h e r  under a  waste  h e a t  b o i l e r  mode o r  a  
quench mode. The waste  h e a t  b o i l e r  mode r e q u i r e s  more c a p i t a l  and i s  less 
r e l i a b l e  t o  o p e r a t e  bu t  it prov ides  a  b e t t e r  h e a t  r a t e  f o r  t h e  IGCC p l a n t .  

With t h e  h igh  a sh  con t en t  of Ind ian  c o a l  and l i m i t e d  c a p a c i t y  of  t h e  s l a g  
lockhopper  va lve  c u r r e n t l y  a v a i l a b l e ,  a  l a r g e  number of  g a s i f i e r s  i s  r e q u i r e d  
(7 u n i t s  i n  t o t a l ) .  Due t o  t h e  l o s s  of economy of s c a l e ,  t h e  c o s t  p e n a l t y  of 
u s i n g  waste  h e a t  b o i l e r  i s  f u r t h e r  compounded. Based on t h i s  c o n s i d e r a t i o n ,  
Texaco ha s  chosen t o  use  t h e  quench mode. 

Th i s  cho ice ,  however, l e a d s  t o  a  ve ry  poor  h e a t  r a t e  f o r  t h e  Texaco ca se .  Th is  
i s  d i s c u s s e d  i n  d e t a i l  i n  Sec t i on  5 .2 .1 .  

The Texaco g a s i f i e r  i s  p e n a l i z e d  t he rma l ly  by t h e  c o a l  h igh  a s h  c o n t e n t  more 
t han  o t h e r  g a s i f i e r s  due t o  t h e  s l u r r y  f e e d  system used.  To avo id  f u r t h e r  
i n c r e a s e  of m ine ra l  f e e d  t o  t h e  g a s i f i e r ,  Texaco ha s  e l e c t e d  t o  o p e r a t e  t h e  
g a s i f i e r  a t  a  ve ry  high tempera ture  wi thout  l imes tone  a d d i t i o n  a s  a  f l u x i n g  
agen t .  

Even wi thout  l imes tone  a d d i t i o n ,  t h e  thermal  p e n a l t y  remains t o  be  very  
s eve re .  A s  concluded i n  Sec t i on  5 .2 .1 ,  t h e  Texaco g a s i f i e r  can become 
compe t i t i ve  on ly  when t h e  c o a l  i s  washed f i r s t  t o  reduce a sh  c o n t e n t .  

The KRW g a s i f i e r  used i n  t h i s  s tudy  i s  an air-blown g a s i f i e r  w i th  l imes tone  
i n j e c t i o n  f o r  in-bed s u l f u r  c ap tu r e .  The a i r  i s  e x t r a c t e d  from t h e  compressor 
of t h e  g a s  t u r b i n e .  Hot g a s  c leanup based on ceramic f i l t e r  i s  used f o r  
p a r t i c u l a t e s  removal from t h e  p roduc t  gas .  The ga s  i s  d e l i v e r e d  t o  t h e  g a s  
t u r b i n e  a t  538 C.  

Th i s  p roce s s  scheme was chosen because it g i v e s  t h e  b e s t  performance and 
lowest  c o s t  based on KRW's p a s t  exper ience .  Many of t h e  p roce s s  concep ts  
i nvo lved  i n  t h i s  scheme, however, a r e  no t  commercially proven and f a c e  many 
t e c h n i c a l  u n c e r t a i n t i e s .  They a r e  d i s cus sed  i n  more d e t a i l s  i n  S e c t i o n  5 .4 .2 .  

4 .1 .5  m a n  Considerations of Mov- , . 
The moving bed g a s i f i e r  used i n  t h i s  s t udy  i s  an air-blown g a s i f i e r  hav ing  
3.7 m I D  w i t h  a  g a s  gene ra t i on  c a p a c i t y  of about  60,000 ~ m ~ / h .  S i zed  c o a l  
(6-50mm) d e l i v e r e d  from t h e  mines i s  t h e  f e e d  t o  t h e  g a s i f i e r s .  Around 83% 
of  t h e  a i r  requirement  i s  m e t  by t h e  a i r  e x t r a c t e d  from t h e  g a s  t u r b i n e  and 
t h e  rest from an a u x i l i a r y  compressor.  About 42% of  t h e  p roce s s  s team i s  
e x t r a c t e d  from t h e  HP-stage of t h e  s team t u r b i n e  and i s  mixed w i th  t h e  MP 
s team gene ra t ed  i n  t h e  j acke t  of t h e  g a s i f i e r .  

P r ehea t i ng  of t h e  c l e a n  f u e l  g a s  from t h e  a c i d  g a s  removal u n i t  t o  145 C i s  
done i n  a  gas-gas h e a t  exchanger by coo l i ng  t h e  c rude  ga s  t o  146.5 C from 
155 C .  

Tar  and o i l  produced d u r i n g  t h e  g a s i f i c a t i o n  a r e  used  t o  r a i s e  s team i n  
a u x i l i a r y  b o i l e r s ,  which is ,  i n  t u r n ,  used t o  produce a d d i t i o n a l  power i n  
s team t u r b i n e s .  

Excess ga s - l i quo r  s e p a r a t e d  from t h e  condensate  s t reams  i s  s u b j e c t e d  t o  
a i r - s t r i p p i n g  f o r  removal of ammonia fol lowed by b i o l o g i c a l  t r e a tmen t  f o r  



removal of phenols .  The s t r i p p e d  ammonia i s  absorbed i n  d i l u t e  s u l p h u r i c  
a c i d  producing ammonium su lpha t e  a s  a u s e f u l  by-product.  

The Texaco gas  con ta in s  a s i g n i f i c a n t  amount of C02. A s  a r e s u l t ,  a h igh ly  
s e l e c t i v e  a c i d  gas  removal p rocess  l i c e n s e d  by Dow (Gas/SPEC SS-2 process )  was 
chosen t o  minimize t h e  C02 removal and maximize t h e  gas  t u r b i n e  gas  flow. 

The S h e l l  gas ,  i n  comparison, has  a very  low C02 con ten t .  A less s e l e c t i v e  
process  (Sulfinol-M process )  was chosen f o r  t h e  a c i d  gas  removal. 

I n  t h e  S h e l l  case ,  t h e  a c i d  gas  produced has  s u f f i c i e n t  s u l f u r  concen t r a t i on  
t o  use  a Claus u n i t  f o r  s u l f u r  recovery.  I n  t h e  Texaco case ,  t h e  s u l f u r  
concen t r a t i on  i s  t o o  low t o  s u s t a i n  s u l f u r  combustion i n  t h e  Claus u n i t  and 
t h e  Se lec tox  process  l i c e n s e d  by Parson was s e l e c t e d  f o r  t h e  s u l f u r  recovery.  
The Se lec tox  process  conducts s u l f u r  combustion c a t a l y t i c a l l y  a t  reduced 
temperature  t o  permit  t h e  use  of d i l u t e d  feed .  

The KRW g a s i f i e r  uses  in-bed s u l f u r  cap tu re .  There a r e  no a c i d  gas  removal and 
s u l f u r  recovery f a c i l i t i e s  r equ i r ed  f o r  t h i s  ca se .  

For t h e  moving bed case,  t h e  s u l f u r  concen t r a t i on  i n  t h e  g a s i f i e r  gas  i s  very 
low a s  a r e s u l t  of n i t rogen  d i l u t i o n  from t h e  air-blown ope ra t i on .  S imi l a r  t o  
t h e  T e x a c o  case, t h e  Dow G a s / S P E C  S S - 2  process and S e l e c t o x  process w e r e  
chosen f o r  t h e  a c i d  gas  removal and s u l f u r  recovery, r e s p e c t i v e l y .  

4 .2  POWER GENERATION AREA 

4 .2 .1  Gas Tu- Sel- 

A l i s t  of t h e  major i n d u s t r i a l  gas  t u r b i n e s  supp l i ed  by va r ious  t u r b i n e  
manufactures i s  shown i n  Table 4-2. It inc ludes  bo th  50 and 60 c y c l e s  gas  
t u r b i n e s  and convent iona l  and advanced gas  t u r b i n e s .  

A s  t h e  e l e c t r i c a l  system i n  Ind i a  i s  50 cyc l e s ,  t h e  gas  t u r b i n e  s e l e c t i o n  i s  
l i m i t e d  t o  t h e  machines of t h i s  cyc l e .  Furthermore, it was dec ided  t o  use an 
advanced gas  t u r b i n e  (1260 C f i r i n g  temperature)  t o  t a k e  advantage of recent  
t u r b i n e  e f f i c i e n c y  improvement and t o  demonstrate  t h e  f u l l  p o t e n t i a l  of IGCC 
p l a n t .  

Based on t h e s e  s e l e c t i o n  c r i t e r i a ,  G E ' s  9F gas  t u r b i n e  was chosen f o r  t h i s  
s tudy .  The 9F t u r b i n e  i s  a 50 cyc l e s  ve r s ion  of G E 1 s  7F machine. It i s  
c u r r e n t l y  be ing  developed and t e s t e d  j o i n t l y  by GE and Alsthom i n  France. This  
t u r b i n e  w i l l  be commercially a v a i l a b l e  i n  1991. Severa l  u n i t s  of t h i s  machine 
have a l r eady  been ordered  by Japanese u t i l i t i e s .  

The S h e l l  g a s i f i e r  has  very l i m i t e d  low grade  hea t  a v a i l a b l e  f o r  f u e l  ga s  
s a t u r a t i o n .  Therefore ,  steam i n j e c t i o n  i s  u s u a l l y  t h e  scheme f o r  NOx c o n t r o l .  

The Texaco g a s i f i e r ,  on t h e  o t h e r  hand, has  abundant low grade  hea t  and f u e l  
ga s  s a t u r a t i o n  i s  u s u a l l y  t h e  recommended scheme f o r  NOx c o n t r o l .  However, t h e  
h igh  ash  con ten t  of Ind ian  coa l  and t h e  s l u r r y  f e e d  used i n  t h i s  g a s i f i e r  have 
r e s u l t e d  i n  a very  high C02 conten t  i n  t h e  gas .  This  e l i m i n a t e s  t h e  need f o r  



Table 4-2 

GAS TURBINE SELECTION 

VENDOR 

G E  
6B 
7F 
9 E  
9F 

WHIMHI 
W501 F 
MW 701 

K W U  

V64.3 
V84.2 
V84.3 
V94.2 
v94.3 

UTC 

FT8 
TP 8 

B B C  

TYPE 8 
TYPE 11N 
TYPE 13 
TYPE 13E 
GT15 

CYCLE FIRING. C - MW HEAT RATE' 
YEAR 

AVAILABLE 

COMMERCIAL 
COMMERCIAL 
COMMERCIAL 
1991 

1990 
COMMERCIAL 

COMMERCIAL 
COMMERCIAL 

? 
COMMERCIAL 
COMMERCIAL 

COMMERCIAL 
COMMERCIAL 

COMMERCIAL 
COMMERCIAL 
COMMERCIAL 
COMMERCIAL 

? 

COMMENTS 

JOINTLY WITH ALSTHOM 

BASED ON LHV (KCAUKWH), NATURAL GAS FIRING WITHOUT NOX STEAM INJECTION 



f u e l  g a s  s a t u r a t i o n  because  C02 a c t s  a s  a  d i l u e n t  i n  t h e  g a s  t u r b i n e  t o  
s u p p r e s s  t h e  combustion f l ame  t e m p e r a t u r e  and reduce  t h e  NOx e m i s s i o n .  

The KRW and moving bed g a s i f i e r s  r e q u i r e  n e i t h e r  f u e l  g a s  s a t u r a t i o n  n o r  s team 
i n j e c t i o n  f o r  NOx c o n t r o l .  Th i s  i s  because  t h e s e  g a s i f i e r s  a r e  a i r  blown. The 
h i g h  n i t r o g e n  c o n t e n t  i n  p roduc t  g a s  h a s  t h e  same e f f e c t  a s  C02 f o r  NOx 
s u p p r e s s i o n .  

I n  t h i s  s t u d y ,  it was d e c i d e d  n o t  t o  use  a  bypass  damper between t h e  g a s  
t u r b i n e  and HRSG. This  e l i m i n a t e s  t h e  damper g a s  l e a k a g e .  Thus, a  h i g h e r  p l a n t  
e f f i c i e n c y  can b e  ach ieved .  

However, w i t h o u t  t h e  bypass  damper, t h e  combined c y c l e  p l a n t  l o s e s  t h e  s imple  
c y c l e  o p e r a t i o n  c a p a b i l i t y .  The e f f e c t s  on o v e r a l l  p l a n t  a v a i l a b i l i t y  have 
been t a k e n  i n t o  account  i n  t h e  a v a i l a b i l i t y  a n a l y s i s  p r e s e n t e d  i n  S e c t i o n  
5 .4 .1 .  

4 .2 .4  BottQmiDu Cvcle  D e s i g ~  Co- 

The bot toming c y c l e  chosen f o r  t h i s  s t u d y  i s  a  d u a l  p r e s s u r e  r e h e a t  s team 
c y c l e  (102 kg/cm2 abs/538 C/538 C) . T h i s  c y c l e  h a s  been found from p r e v i o u s  
s t u d i e s  t o  b e  optimum i n  an IGCC p l a n t  s i z e  range  of t h i s  s t u d y .  



Sect ion 5 

I GCC PLANT EVALUATION 

This s e c t i o n  p re sen t s  t h e  p l a n t  design,  thermal e f f i c i e n c y ,  emission 
inventory,  c o s t  e s t ima te ,  p r o j e c t  l e a d  t i m e ,  and p l a n t  layout  of t h e  fou r  IGCC 
cases .  

5 . 1  PLANT DESCRIPTION 

An o v e r a l l  block flow diagram of t h e  IGCC p l a n t  us ing  t h e  S h e l l  g a s i f i e r  i s  
shown i n  Figure 5-1. The number of ope ra t ing  and spa re  t r a i n s  used i s  
i n d i c a t e d  f o r  each of t h e  major process  and power blocks i n  Figure 5-1. The 
major s t ream flows ( a t  t h e  29.5 C annual average ambient temperature)  a r e  
shown i n  Table 5-1. An o v e r a l l  u t i l i t y  summary based on t h e  same ambient 
temperature i s  shown i n  Table 5-2. Equipment l is ts  a r e  shown i n  Appendix A. A 
d e s c r i p t i o n  of t h e  p l a n t  f a c i l i t i e s  i s  a s  fol lows.  

The c o a l  s h a l l  be brought from open c a s t  mines of Magadh Block of North 
Karanpura coa l  f i e l d s  l oca t ed  a t  a  d i s t a n c e  of about 8 km from t h e  s i t e .  

I t  i s  proposed t o  adopt a  Merry-Go-Round (MGR) system of r a i l  t r a n s p o r t  f o r  
t r a n s p o r t i n g  coa l  t o  t h e  p l an t  from t h e  mine. Coal s h a l l  be loaded from t h e  
f a s t  loading  s t a t i o n  a t  t h e  mine te rmina l  and unloaded i n t o  t h e  underground 
RCC t r a c k  hooper a t  t h e  p l an t  end. Coal wagons f i t t e d  with pneumatical ly  
opera ted  bottom discharg ing  doors s h a l l  be employed. Both loading  and 
unloading of t h e  coa l  s h a l l  t a k e  p l ace  while t h e  rake moves a t  p re - se t  c reep  
speed. The p rov i s ions  inc lude  r a i l  l i n e s  of 20 km, 'wagons, s i g n a l l i n g  and 
telecommunication, in-motion weigh bridges,  etc. 

A flow diagram of t h i s  p l a n t  i s  shown i n  Figure 5-2. The p l a n t  i s  designed t o  
operate at 2 s h i f t s  a day and 5 days a  week i n  conformance with t h e  ope ra t ing  
schedule of coa l  mines. 

Raw coa l  of s i z e  200 nun x 0 is  de l ive red  from t h e  mine by a merry go round 
r a i l  system 'at an assumed r a t e  of 1000 tph .  The coa l  i s  crushed t o  t h e  50 nun x 
0 s i z e  requi red  f o r  f u r t h e r  m i l l i n g  and dry ing  i n  t h e  She l l  g a s i f i c a t i o n  
p l a n t .  The c rushing  uses  two s tandard  cone c rushe r s  which a r e  designed t o  
c rush  tough c o a l s  and rocks. Conventional coa l  c rushe r s  w e r e  r e j e c t e d  f o r  t h i s  
a p p l i c a t i o n  i n  view of t h e  extremely high coa l  a sh  content  and high ash s i l i c a  
content .  A sca lp ing  screen  i s  provided ahead of each crusher  t o  remove f i n e s  
from t h e  rece ived  coa l .  

The crushed c o a l  i s  de l ive red  t o  a  d i s t r i b u t i o n  b i n  from where t h e  coa l  i s  
d i r e c t e d ,  i n  t h e  d e s i r e d  proport ion,  t o  one o r  more of  t h e  fol lowing t h r e e  
d e s t i n a t i o n s :  

o  A l a r g e  s t o r a g e  yard 
o A small  day-storage p i l e  
o  D i r e c t l y  t o  downstream p l a n t s ,  t hus  avoiding mul t ip l e  handl ing 
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The t o t a l  c o a l  s t o r a g e  ( a l l  l i v e  s t o r a g e )  i s  15 days.  Consider ing t h a t  t h e  
IGCC p l a n t  i s  l o c a t e d  c l o s e  t o  t h e  mine and t h e  l i v e  s t o r a g e  is most l i k e l y  t o  
be  used only  f o r  r a r e  and unforeseen long-term i n t e r r u p t i o n s  of c o a l  supply, 
t h e  l i v e  s t o r a g e  has  been a l l o t t e d  t o  two s e p a r a t e  and independent s t o r a g e  and 
r ec l a im  systems.  These c o n s i s t  of a s i n g l e  c i r c u l a r  day p i l e  (10000 tonnes  
l i v e  and 35000 tonnes  t o t a l )  f o r  r e g u l a r  day-to-day use  and a l a r g e  c o a l  
s t o r a g e  ya rd  (11 days s t o r a g e )  with two c o a l  p i l e s  t o  provide  t h e  ba lance  of 
t h e  s t o r a g e  requirement .  The two independent s t a c k i n g  and r ec l a im  systems, 
combined with t h e  c a p a b i l i t y  t o  bypass t h e  s t o c k p i l e s ,  o f f e r  ve ry  high 
o p e r a t i n g  f l e x i b i l i t y  and r e l i a b i l i t y .  

Day S t w e  Pile. The day p i l e  is formed by a f i x e d  s t a c k i n g  conveyor and 
c o n s i s t s  of a c i r c u l a r  p i l e  80 meters i n  diameter  a t  t h e  base .  A conc re t e  
lowering tube  with s i d e  openings i s  used t o  reduce wind blown d u s t  dur ing  
s t a c k i n g .  

For reclaiming,  t h r e e  hoppers and v i b r a t i n g  f e e d e r s  a r e  provided below t h e  
p i l e  i n  a t u n n e l .  The reclaimed c o a l  is c o l l e c t e d  i n  a day s t o c k  r ec l a im  
conveyor which f eeds  t h e  t r a n s p o r t  conveyor t o  down s t ream equipment. The 
t r a n s p o r t  conveyor ope ra t e s  a l l  3 s h i f t s  of t h e  day and i s  provided with an 
i n s t a l l e d  s tandby.  

l3d.l St-. When des i r ed ,  crushed c o a l  from t h e  d i s t r i b u t i o n  b i n  may be 
s e n t  t o  t h e  s t o r a g e  yard  u s ing  t h e  s t o r a g e  yard  b e l t  conveyor. 

A r e v e r s i b l e  s t a c k e r  cum bucket wheel rec la imer  with a 270° s lewing c a p a b i l i t y  
i s  used t o  form two p i l e s  each up t o  320 meters i n  l eng th  on e i t h e r  s i d e  of 
t h e  ya rd  conveyor. The p i l e s  a r e  14.5 meters h igh .  The r a i s i n g  and lowering 
c a p a b i l i t y  of t h e  s t a c k i n g  boom prevents  exces s ive  d u s t i n g  du r ing  s t a c k i n g  and 
a l s o  pe rmi t s  l a y e r i n g  of t h e  c o a l  t o  f a c i l i t a t e  b lending  of t h e  c o a l  supp l i e s .  

When o p e r a t i n g  a s  a rec la imer ,  t h e  r o t a t i n g  bucket wheel p i c k s  up t h e  c o a l  
from t h e  p i l e  and p l aces  it on t h e  boom conveyor which now o p e r a t e s  i n  t h e  
r e v e r s e  d i r e c t i o n .  The yard  conveyor which is a l s o ' r e v e r s i b l e  r ece ives  t h e  
c o a l  from t h e  boom conveyor and d e p o s i t s  t h e  c o a l  over  t h e  t r a n s p o r t  conveyor 
mentioned p rev ious ly .  

a , .  -. The d i s t r i b u t i o n  b i n  is provided wi th  a ded ica t ed  o u t l e t  and 
a weigh f e e d e r  s o  t h a t  measured q u a n t i t i e s  of crushed c o a l  may be  f e d  t o  t h e  
t r a n s p o r t  conveyor and s e n t  d i r e c t l y  t o  P l an t  2, t he reby  bypassing t h e  s t o r a g e  
systems. Only q u a n t i t i e s  rece ived  i n  excess  of downstream demand a r e  s t o r e d .  
The t r a n s p o r t  conveyor and s t o r a g e  p i l e  r ec l a im  systems a r e  des igned  f o r  a 
c a p a c i t y  of 500 t ph .  

A l l  t r a n s f e r  p o i n t s  i n  t h e  p l a n t  a r e  provided with d u s t  e x t r a c t i o n  f a c i l i t i e s  
connected t o  bag houses and exhaus t e r s  f o r  t h e  c o n t r o l  of f u g i t i v e  d u s t .  

a (P lan t  7 )  

, This  p l a n t  conveys crushed c o a l  rece ived  from P l a n t  1 t o  t h e  c o a l  g a s i f i c a t i o n  
p l a n t  ( P l a n t  5 ) .  Also inc luded  a r e  f a c i l i t i e s  t o  r ece ive ,  s t o r e ,  and c rush  t h e  
l imes tone  r equ i r ed  a s  a f l u x i n g  agent f o r  t h e  g a s i f i e r .  A f low diagram of t h i s  
p l a n t  i s  shown i n  F igure  5-3. 

The c o a l  r ece ived  from P l a n t  1 i s  d e l i v e r e d  by t h e  s i l o  f eed  conveyor t o  t h e  
t o p  of t h e  day s i l o s  of t h e  c o a l  m i l l i n g  and d ry ing  u n i t  i n  P l a n t  5. A 
t r i p p e r  conveyor i s  used t o  d i s t r i b u t e  t h e  c o a l  among t h e  s i l o s .  
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Limestone r ece ived  i n  t r u c k s  i s  unloaded i n  t h e  s t o r a g e  a r e a  and reclaimed 
us ing  a  weigh f e e d e r .  I t  i s  then  crushed t o  a  nominal s i z e  of 25 mm x  0  u s ing  
a  hammer m i l l  type of c rushe r .  The crushed f l u x  i s  p l aced  on t h e  s i l o  f e e d  
conveyor mentioned above. 

A l l  equipment i tems i n  t h i s  p l a n t  a r e  provided with i d e n t i c a l  and i n s t a l l e d  
s p a r e  u n i t s  a s  t h e  equipment a r e  t o  be opera ted  a l l  3  s h i f t s  of t h e  day. The 
m a t e r i a l  t r a n s f e r  p o i n t s  a r e  provided with d u s t  e x t r a c t i o n  f a c i l i t i e s  f o r  dus t  
c o n t r o l .  

The a i r  s e p a r a t i o n  u n i t  p r i m a r i l y  provides  t h e  ox idant  f eed  r equ i r ed  f o r  
g a s i f y i n g  c o a l  i n  t h e  S h e l l  g a s i f i c a t i o n  u n i t .  I n  add i t i on ,  t h e  u n i t  provides  
h igh-pur i ty  n i t rogen  which i s  a l s o  needed i n  S h e l l ' s  u n i t .  

-. Four p a r a l l e l ,  25% c a p a c i t y  t r a i n s  a r e  used, each designed t o  
supply 1350 MTPD of conta ined  oxygen a t  a  p u r i t y  of 98 pe rcen t  (by volume). 

Product oxygen i s  d e l i v e r e d  from t h i s  p l a n t  a t  36.7 kg/cm2 abs  p re s su re .  
Coproduct h igh-pur i ty  n i t rogen  s t reams of 375 and 240 MTPD (pe r  t r a i n )  a r e  
supp l i ed  a t  63 kg/cm2 abs and a t  9  kg/cm2 abs,  r e s p e c t i v e l y .  

The des ign  inco rpo ra t e s  two backup systems f o r  oxygen and pure n i t rogen  
supply.  The oxygen backup system inc ludes  l i q u i d  oxygen s t o r a g e  equ iva l en t  t o  
a  one-day, f u l l - c a p a c i t y  product ion from one t r a i n  and gaseous oxygen s t o r a g e  
e q u i v a l e n t  t o  a  25-minute product ion from one t r a i n .  The n i t rogen  backup 
system provides  both gaseous and l i q u i d  n i t rogen  s t o r a g e  c a p a c i t i e s  s u f f i c i e n t  
t o  run one t r a i n  f o r  25 minutes and f o r  one day, r e s p e c t i v e l y .  

E l e c t r i c  motors a r e  used f o r  compressors, expansion t u r b i n e s ,  and a l l  o t h e r  
d r i v e s  i n  t h e  a i r  s e p a r a t i o n  u n i t .  

a .  -. Atmospheric a i r  is  drawn through an i n l e t  a i r  f i l t e r ,  compressed 
i n  a  two-stage a x i a l  c e n t r i f u g a l  compressor and then  cooled i n  t h e  a f t e r c o o l e r  
wi th  d i r e c t  c o n t a c t  with coo l ing  water .  

The compressed a i r  i s  processed i n  a  convent iona l  c ryogenic  s e p a r a t i o n  u n i t  
( a i r  s e p a r a t i o n  c o l d  box) ,  t y p i c a l l y  i nco rpo ra t i ng  r e v e r s i n g  h e a t  exchangers 
and turboexpanders  f o r  r e f r i g e r a t i o n ,  and r e f luxed  d i s t i l l a t i o n  columns f o r  
s e p a r a t i o n .  A i r  i s  sepa ra t ed  i n t o  a  98 pe rcen t  oxygen stream, a  h igh ly  pure 
n i t rogen  stream, and a  less pure  waste n i t rogen  s t ream. 

The oxygen d ischarged  from t h e  c o l d  box i s  compressed t o  i t s  d e l i v e r y  p re s su re  
i n  a  water - in te rcooled  c e n t r i f u g a l  compressor u s ing  f o u r  s t a g e s .  It i s  then  
prehea ted  t o  250 C u s ing  15.8 kg/cm2 abs  s a t u r a t e d  steam be fo re  it i s  f e d  t o  
t h e  g a s i f i e r .  

The h igh-pur i ty  n i t rogen  d ischarged  from t h e  c o l d  box i s  f i r s t  compressed t o  
11 kg/cm2 abs  i n  t h e  f i r s t  two s t a g e s  of a  f o u r  water-cooled s t a g e  c e n t r i f u g a l  
compressor. P a r t  of t h i s  compressed s t ream i s  supp l i ed  a s  low p r e s s u r e  
n i t rogen  t o  t h e  g a s i f i c a t i o n  u n i t ,  whi le  t h e  remaining p a r t  i s  compressed 
f u r t h e r  t o  63 kg/cm2 abs  i n  t h e  l a s t  two s t a g e s  of t h e  compressor t o  produce 
h igh  p r e s s u r e  n i t rogen  f o r  t h e  g a s i f i c a t i o n  u n i t .  

The waste n i t r o g e n  s t ream l eav ing  t h e  c o l d  box i s  vented  t o  t h e  atmosphere. 



The des ign  of t h i s  p l an t  un i t  i s  based on t h e  process  information furn ished  by 
S h e l l .  The major process  a r e a s  a r e  descr ibed  below. 

Drving. The coa l  and l imestone s t ream rece ived  from P lan t  2 
i s  ground t o  90 percent  minus 88 microns with a maximum of 1 0  percent  minus 5 
microns i n  a b a l l  m i l l  p r i o r  t o  feeding  t o  t h e  g a s i f i e r .  I n  t h e  m i l l ,  t h e  coa l  
is  simultaneously d r i e d  t o  2% moisture.  The coa l  m i l l i n g  and dry ing  f a c i l i t y  
has  f o u r  ope ra t ing  t r a i n s  and one spare  t r a i n  f o r  every two ope ra t ing  t r a i n s .  

The design c o a l  has a high ash content  and i s  very ab ras ive  due t o  i t s  high 
s i l i c a  content  i n  t h e  ash .  To maintain a high p l a n t  a v a i l a b i l i t y  under t h i s  
environment, t h e  choice of m i l l  i s  very c r i t i c a l .  A s  d i scussed  i n  Sect ion 
4.1.2,  b a l l  m i l l  is  s e l e c t e d  f o r  t h i s  design.  

Coal rece ived  from P lan t  2 is  s t o r e d  i n  s i x  c o a l  f eed  b ins ,  i .e.,  one pe r  
gr inding  m i l l .  A tramp i r o n  magnet i s  used t o  capture  s t r a y  metal  o b j e c t s  
before  t h e  m i l l i n g .  Each f eed  b i n  is  eguipped with a dus t  c o l l e c t i o n  system 
and one r ec ip roca t ing  f eede r .  

The r ec ip roca t ing  feeders  t r a n s f e r  c o a l  through a i r  s e a l  r o t a r y  f eed  va lves  
and i n t o  t h e  b a l l  m i l l s .  Hot gas  genera ted  from combustion of a po r t ion  of t h e  
c l ean  g a s i f i c a t i o n  product gas  is  used t o  dry, c l a s s i f y  and t r a n s p o r t  t h e  
ground c o a l  from t h e  m i l l .  A i r  r equi red  f o r  t h e  combustion is preheated by t h e  
low p res su re  steam from t h e  combined cyc le  p l a n t  (P l an t  9 ) .  The hot  gas  i s  
a t tempera ted  t o  538 C with t h e  co ld  recyc le  gas  from t h e  m i l l  exhaust  p r i o r  t o  
i t s  use .  

The mi l l ed  c o a l  i s  separa ted  from t h e  exhaust gas us ing  cyclones and f a b r i c  
f i l t e r  bag houses.  The exhaust gas  is p re s su r i zed  by a f an  f o r  vent ing  and f o r  
r ecyc l ing  back t o  t h e  m i l l .  The vent ing  is  t o  prevent  t h e  moisture bui ldup i n  
t h e  gas  recyc le  loop.  

Ground s o l i d s  from t h e  cyclones and baghouses a r e  c o l l e c t e d  i n  surge  b i n s  and 
f e d  by screw feede r s  t o  t h e  t r a n s p o r t  pumps. The t r a n s p o r t  n i t rogen  gas  
recyc led  from t h e  g a s i f i c a t i o n  u n i t  is  reused and compressed t o  about 
50 kg/cm2 abs by t h e  t r a n s p o r t  gas  compressor t o  pneumatically convey t h e  
ground c o a l  t o  t h e  c o a l  p r e s s u r i z a t i o n  and feeding  u n i t .  

Pr- F e u .  Milled and d r i e d  c o a l  is  p re s su r i zed  i n  t h i s  
u n i t  f o r  t r a n s p o r t i n g  and feeding  t o  t h e  g a s i f i e r  us ing  high p re s su re  
n i t rogen .  Each of t h e  four  t r a i n s  used b a s i c a l l y  c o n s i s t s  of a r ece iv ing  
ves se l ,  two lock hoppers and a f eed  hopper. 

The incoming ground c o a l  is  sepa ra t ed  from i t s  t r a n s p o r t  n i t rogen  i n  t h e  
r ece iv ing  ves se l .  The n i t rogen  i s  recyc led  t o  t h e  c o a l  m i l l i n g  and d ry ing  a rea  
through bag f i l t e r s  l oca t ed  i n s i d e  t h e  r ece iv ing  v e s s e l .  The c o a l  c o l l e c t e d  a t  
t h e  bottom of t h e  rece iv ing  ves se l  is  p e r i o d i c a l l y  t r a n s f e r r e d  t o  one of t h e  
two accompanying lock hoppers. 

The two lock hoppers a r e  operated on a t ime cyc le  (p rog ramab le  l o g i c  
c o n t r o l l e d )  such t h a t  one i s  f i l l e d  and p re s su r i zed  while t h e  o t h e r  is  emptied 
and depressur ized .  Once a lock hopper has  been f i l l e d  with c o a l  from t h e  
r ece iv ing  ves se l ,  t h e  lock hopper i s  p re s su r i zed  with high-pressure n i t rogen  
and i t s  con ten t s  a r e  subsequently discharged i n t o  t h e  f eed  hopper. A f t e r  
emptying, t h e  lock hopper is  depressur ized  and r ead ied  f o r  t h e  next  batch of 
c o a l  from t h e  rece iv ing  v e s s e l .  Nitrogen vented from t h e  lock hopper dur ing  



the depressurization step is filtered and discharged to the atmosphere. 
Pressurized coal is continuously withdrawn from the feed hopper and 
pneumatically conveyed with nitrogen to the gasifier's coal burners. 

. . Gaslflcation/Gas. Pressurized coal is 
metered to the gasifier through two opposed burners along with oxygen. The 
oxygen stream is preheated using 15.8 kglcm2 abs saturated steam prior to its 
feeding to the gasifier. Steam, if necessary, can be fed simultaneously to the 
gasifier. The gasifier is operated at 32 kglcm2 abs pressure in excess of 1540 
C. It consists of an outer pressure vessel and an inner, water-cooled membrane 
wall. The overall gasification process is exothermic and the gasifier wall 
temperature is controlled by circulating boiler feed water through the 
membrane wall to generate saturated steam for subsequent superheating in the 
syngas cooler. The membrane wall encloses the gasification zone from which two 
outlets are provided: one, at the bottom for the removal of slag; the other, 
at the top for the removal of the hot raw gas. 

The majority of ash contained in the feed coal leaves the gasification zone in 
the form of molten slag. The high gasification temperature ensures that the 
molten slag flows freely down the membrane wall into a water-filled 
compartment at the bottom of the gasifier. As the molten slag comes in contact 
with the water bath, the slag solidifies into dense, glassy granules which 
fall into a collecting vessel located beneath the slag bath. 

The temperature of  the  s l a g  bath i s  control led  by c i rcu la t ing  the  water 
through an external cooler. A portion of the circulating water is purged to 
the wet particulate removal unit to control the buildup of suspended solids. 

The hot raw product gas leaving the gasification zone is quenched with a 
recycle gas stream to solidify the entrained molten slag to ash-like solid 
material (flyslag) prior to entering the syngas cooler. The quenched gas 
passes from the gasifier to the syngas cooler through a connecting duct which 
is also lined with a water-cooled membrane wall for steam generation. 

The syngas cooler recovers high-level heat from the quenched raw gas by 
generating superheated high-pressure steam. Each syngas cooler consists of 
superheat, evaporative, and economizer sections. Four 25% trains are provided 
for the gasifier and syngas cooler. A steam drum and boiler feed water 
circulation pumps are provided for each gasifierlsyngas cooler train. 

-. Slag from the water-filled collection vessel at the bottom of 
each gasifier is transferred to a pair of lock hoppers, operating on a timed 
cycle. 

During filling, the slag is washed with clean makeup water to remove entrained 
gas and any surface impurities. The makeup water after wash flows from the 
lock hoppers to the slag bath system in the gasifier. After filling, a lock 
hopper is depressurized and the slag is fed to a dewatering vessel equipped 
with an inclined screw to lift the settled solids off the bottom and deposit 
them on a belt conveyor for delivery to a temporary storage bin in the solid 
waste disposal plant (Plant 30). 

Four 25% trains are used in this plant section. 

tn Removal. The cooled raw gas from the syngas cooler is directed to 
a cyclone to remove bulk of the entrained flyslag. The raw gas leaving the 
cyclone is sent for wet scrubbing to further reduce residual flyslag to a 



l e v e l  of l e s s  than  1 ppm. Other minor contaminants such a s  so lub le  a l k a l i  
s a l t s  a r e  a l s o  removed t o  low l e v e l s .  

To c o n t r o l  t h e  concent ra t ion  of contaminants i n  t h e  water a f t e r  scrubbing, 
makeup water i s  con t inua l ly  added from t h e  gas  t r e a t i n g  and cool ing  s e c t i o n  t o  
t h e  w e t  scrubbing system, and a blowdown stream i s  withdrawn t o  t h e  sour  water 
s t r i p p i n g  p l a n t  (P lant  8) . 

Four 25% t r a i n s  a r e  used i n  t h i s  p l an t  s e c t i o n .  

T-. The washed raw gas from w e t  scrubbing i s  routed t o  a 
c a t a l y t i c  hydrolyzer t o  convert t h e  minor n i t rogen contaminant (hydrogen 
cyanide) t o  ammonia, and carbonyl s u l f i d e  t o  hydrogen s u l f i d e .  The gas i s  
heated t o  t h e  d e s i r e d  r eac t ion  temperature by medium pres su re  (15.8 kg/cm 2 
abs)  steam before e n t e r i n g  t h e  hydrolyzer .  The hydrolyzer e f f l u e n t  is  
subsequently cooled t o  37 .8  C by consecutive hea t  exchange with f u e l  gas 
product ,  recycle  process condensate, steam t u r b i n e  condensate and cool ing  
water.  The product f u e l  gas is reheated t o  157.2 Cr 24 kg/cm2 abs i n  t h i s  
process before  being de l ive red  t o  t h e  gas  t u r b i n e s .  

P r i o r  t o  t h e  hea t  exchange with cool ing  water, a makeup water s t ream is  mixed 
with t h e  gas t o  remove ammonia. Af ter  cool ing,  t h e  two-phase mixture is  
separa ted  i n  a knockout drum from which condensate i s  sen t  t o  t h e  w e t  
scrubbing sec t ion  a s  scrubber makeup water and t h e  cooled scrubbed gas is 
d i r e c t e d  t o  t h e  a c i d  gas removal p l a n t  (P lant  6) f o r  s u l f u r  cleanup. 

Two 50% t r a i n s  a r e  used i n  t h i s  p l a n t  s e c t i o n .  

s. Flys lag  from t h e  cyclone i s  pneumatically 
conveyed t o  one of t h e  two f l y s l a g  lock hoppers which opera te  on a programmed 
t i m e  cyc le .  Af t e r  a lock hopper is  f i l l e d ,  t h e  f l y s l a g  i s  swept with high 
pressure  n i t rogen t o  purge en t r a ined  raw gas .  Af ter  purging, t h e  lock hopper 
is  depressur ized  and t h e  f l y s l a g  is  pneumatically conveyed t o  a s i l o  f o r  
in te rmedia te  s to rage .  A l l  vent gases from t h e  f l y s l a g  lock hoppers and t h e  
s to rage  s i l o  a r e  f i l t e r e d  of p a r t i c u l a t e s  and s e n t  t o  t h e  main f l a r e  t o  be 
inc ine ra t ed  before  being r e l eased  t o  t h e  atmosphere. 

The s i l o  i s  s i z e d  f o r  up t o  96 hours f l y s l a g  production; s u f f i c i e n t  t o  permit 
r e g u l a r l y  scheduled s i l o  unloading opera t ions .  During t h e  unloading operat ion,  
t h e  f l y s l a g  is discharged to a pug m i l l  and mixed with a d i l u t e d  s ludge stream 
from t h e  e f f l u e n t  water t r e a t i n g  p l a n t  (p l an t  4 0 ) .  The wetted f l y s l a g  is 
discharged from t h e  pug m i l l  is  conveyed t o  a temporary s to rage  b in  i n  t h e  
s o l i d  waste d i sposa l  p l an t  (P lant  3 0 ) .  Wetting of t h e  f l y s l a g  minimizes 
dus t ing  a s  t h e  ma te r i a l  i s  t ranspor ted .  

Four 25% t r a i n s  a r e  used i n  t h i s  p l a n t  s e c t i o n .  

The a c i d  gas  removal system employs S h e l l ' s  p ropr i e t a ry  Sulfinol-M process  t o  
remove hydrogen s u l f i d e  from t h e  raw gas.  The H2S absorbing so lven t  used i n  
t h e  Sulfinol-M process i s  a 25/50/25 s o l u t i o n  of water/MDEA/Sulfolane. Two 50% 
t r a i n s  a r e  used. S h e l l  provided t h e  design information.  

The raw gas e n t e r s  t h e  a c i d  gas absorber  where H2S i s  absorbed by counter  
cu r ren t  contac t  with t h e  so lven t .  The c l ean  product f u e l  gas conta ins  about 20 
ppm(v) H2S p lus  COS (carbonyl s u l f i d e )  and i s  de l ive red  from t h e  a c i d  gas  



abso rbe r  t o  t h e  product  r ehea t  exchanger i n  t h e  g a s i f i c a t i o n  p l a n t  ( P l a n t  5 ) .  
This  i s  equ iva l en t  t o  99% s u l f u r  removal and i s  s u b s t a n t i a l l y  h ighe r  t han  t h e  
removal requirement s p e c i f i e d  f o r  t h i s  s tudy .  S h e l l  chose t o  do s o  because 
t hey  f e l t  t h a t  t h e  Sulfinol-M process  can e a s i l y  achieve t h i s  l e v e l  of removal 
with on ly  a marginal  c o s t  i n c r e a s e .  

Rich s o l v e n t  from t h e  a c i d  gas  absorber  is  regenera ted  i n  t h e  s t r i p p e r  column 
by s t r i p p i n g  vapors  genera ted  by t h e  r e b o i l e r ,  which uses  i n t e rmed ia t e  
p r e s s u r e  (8 kg/cm2 abs)  steam a s  t h e  hea t  source .  

Lean regenera ted  s o l v e n t  is  withdrawn from t h e  s t r i p p e r  column and hea t  
exchanged with t h e  r i c h  so lven t  be fo re  it is  recyc led  t o  t h e  absorber .  
S t r i p p e r  overhead, r i c h  i n  H2S, is  cooled t o  condense water  and s e n t  f o r  
s u l f u r  recovery (P l an t  7)  . 

verv  

The s u l f u r  recovery p l a n t  uses  a two-stage Claus process  where a c i d  gases  a r e  
combusted and r e a c t e d  t o  produce e lementa l  s u l f u r  a s  a s a l a b l e  product .  The 
s u l f u r  recovery is  98.5%. This  combined with t h e  99% removal i n  t h e  a c i d  gas  
removal u n i t  p rovides  an o v e r a l l  s u l f u r  recovery of 98% f o r  t h e  IGCC p l a n t .  
Two 50% t r a i n s  a r e  used. The des ign  i s  based on t h e  process  in format ion  
provided by S h e l l .  

Feeds t o  t h e  Claus u n i t  inc lude  sour g a s  from t h e  sour water s t r i p p e r  (Plant  
8)  and a c i d  gas  from t h e  a c i d  gas  removal p l a n t  ( P l a n t  6 ) .  Acid gas  from t h e  
s o u r  water  s t r i p p e r  con ta in s  armonia and i s  combusted i n  t h e  f i r s t  of t h e  two 
chambers compris ing a r e a c t i o n  furnace  f o r  complete ox ida t ion  of ammonia. This  
ensu re s  t h e  prevent ion  of unwanted s i d e  r e a c t i o n s  which would o therwise  occur  
du r ing  t h e  H2S conversion s t e p .  I n  t h e  second combustion chamber, t h e  bulk of 
t h e  H2S r i c h  a c i d  gas  from P lan t  6 i s  combusted t o  consume approximately one- 
t h i r d  of t h e  t o t a l  f eed  H2S. 

The combined combustion product  from t h e  two combustion chambers con ta in s  t h e  
d e s i r e d  2 : l  s t o i c h i o m e t r i c  r a t i o  of H ~ S / S O ~  which r e a c t  t o  form s u l f u r  and 
water .  Over one-half of t h e  conversion t o  s u l f u r  ob t a ined  i n  t h e  Claus u n i t  
occu r s  i n  t h e  r e a c t i o n  furnace .  React ion products  a t  approximately 1371 C a r e  
cooled  consecu t ive ly  i n  a waste hea t  b o i l e r  and t h e  f i r s t  s u l f u r  condenser.  
Condensed s u l f u r  f lows from t h e  condenser t o  a covered underground hea ted  
s u l f u r  p i t .  

Gases from t h e  f i r s t  s u l f u r  condenser subsequent ly  pas s  through two c a t a l y t i c  
conversion s t a g e s  t o  ach ieve  t h e  d e s i r e d  recovery  of  s u l f u r .  Each s t a g e  
c o n s i s t s  of  an a u x i l i a r y  burner ,  c a t a l y t i c  conver te r ,  and condenser.  

I n  each  a u x i l i a r y  burner  a smal l  p o r t i o n  of t h e  a c i d  gas  from P l a n t  6 i s  
combusted a s  f u e l  t o  main ta in  t h e  r e a c t o r  f e e d  tempera ture  above t h e  s u l f u r  
dew p o i n t  and prevent  condensat ion i n  t h e  c a t a l y s t  bed. The same 2 : l  H2S/S02 
r a t i o  i s  maintained f o r  t h e  c a t a l y t i c  conversion t o  s u l f u r  and water .  T a i l  gas  
from t h e  f i n a l  condenser e n t e r s  a c o a l e s c e r  v e s s e l  where any e n t r a i n e d  l i q u i d  
s u l f u r  i s  sepa ra t ed .  The t a i l  g a s  t hen  f lows t o  mix wi th  t h e  g a s  t u r b i n e  
exhaus t  g a s  i n  t h e  combined c y c l e  p l a n t  (P l an t  9) where a l l  t h e  r e s i d u a l  
s u l f u r  compounds i n  t h e  t a i l  ga s  a r e  i n c i n e r a t e d  t o  s u l f u r  d iox ide  under t h e  
high tempera ture  of t h e  g a s  t u r b i n e  exhaus t .  

L iquid  s u l f u r  i s  pumped from t h e  s u l f u r  p i t  t o  aluminum pans f o r  coo l ing  and 
s o l i d i f i c a t i o n  i n t o  b locks  f o r  s a l e .  



Heat is recovered  i n  t h e  s u l f u r  recovery  u n i t  by g e n e r a t i o n  of s t eam a t  medium 
and low p r e s s u r e  l e v e l s .  Medium p r e s s u r e  (15.8 kg/cm2 a b s )  s a t u r a t e d  s team i s  
g e n e r a t e d  i n  t h e  waste  h e a t  b o i l e r  and t h e  f i r s t  s u l f u r  condenser .  Low 
p r e s s u r e  (3 .9  kg/cm2 a b s )  s a t u r a t e d  s team is g e n e r a t e d  i n  t h e  second s u l f u r  
condenser .  

P r o c e s s  purge wate r  from t h e  wet p a r t i c u l a t e  removal sys tem i n  t h e  
g a s i f i c a t i o n  p l a n t  ( P l a n t  5) i s  f e d  t o  a s o u r  w a t e r  s t r i p p e r  
f o r  removal of  ammonia and hydrogen s u l f i d e .  A f e e d  drum i s  prov ided  w i t h  
adequa te  holdup volume t o  a v o i d  s t r i p p e r  column u p s e t s  t h a t  c o u l d  occur  due t o  
v a r i a t i o n s  i n  t h e  f e e d  r a t e  and f e e d  compos i t ion .  One s i n g l e  t r a i n  i s  used i n  
t h i s  p l a n t  a r e a .  

I n t e r m e d i a t e  p r e s s u r e  steam ( 8  kg/cm2 a b s )  p r o v i d e s  t h e  n e c e s s a r y  h e a t  and 
s t r i p p i n g  medium i n  t h e  column t o  reduce t h e  ammonia l e v e l  i n  t h e  f e e d  water  
t o  less t h a n  50 ppm(w) and a t  t h e  same t ime  removes e s s e n t i a l l y  a l l  t h e  
hydrogen s u l f i d e  and d i s s o l v e d  raw g a s e s .  The a c i d  g a s  ( c o n t a i n i n g  ammonia) 
from t h e  s t r i p p e r  overhead accumulator  is  s e n t  t o  a Claus  u n i t  ( P l a n t  7 )  f o r  
s u l f u r  recovery .  The s t r i p p e r  bottom s t ream,  which s t i l l  c o n t a i n s  a minor 
amount of  suspended s o l i d s ,  i s  coo led  by exchange w i t h  c o o l i n g  wate r  and s e n t  
t o  waste  wa te r  t r e a t i n g  ( P l a n t  4 0 ) .  

The combined c y c l e  p l a n t  b a s i c a l l y  c o n s i s t s  of  two t r a i n s .  Each t r a i n  i n c l u d e s  
a GE MS9001F g a s  t u r b i n e ,  a s team t u r b i n e ,  a HRSG, and t h e  n e c e s s a r y  BFW and 
condensa te  sys tems.  A s  d i s c u s s e d  i n  S e c t i o n  4.2.3, no bypass  damper i s  p l a c e d  
between t h e  g a s  t u r b i n e  and HRSG i n  t h e  p r e s e n t  d e s i g n .  

The p l a n t  is  des igned  t o  have a c l o s e  i n t e g r a t i o n  w i t h  t h e  p r o c e s s  a r e a .  The 
combined c y c l e  c o n f i g u r a t i o n  and i t s  i n t e g r a t i o n  wi th  t h e  p r o c e s s  a r e a  a r e  
d e s c r i b e d  below. 

GasTurbine. Based on t h e  c l e a n  g a s  composi t ion s u p p l i e d  by S h e l l ,  
t h e  f o l l o w i n g  g a s  t u r b i n e  performance (one 9F g a s  t u r b i n e )  a t  b o t h  
and d e s i g n  ambient t empera tu res :  

F u e l  (LHV) , M i l l i o n  Kcal /h  4 93 520 
F u e l  Gas Temperature,  C 157.2 157.2 
R e l a t i v e  Humidity 8 0 60 
NOx Steam, 1000 kg/h 47.5 54.9 
Exhaust  Flow, 1000 kg/h 2075.3 2179.0 
Exhaust  Temperature,  C 601.7 590.6 
Power Output,  MW 196.1  214 .1  

GE prov ided  
t h e  normal 

The g a s  t u r b i n e  i n c l u d e s  t h e  g a s  t u r b i n e  eng ine ,  t h e  e l e c t r i c  g e n e r a t o r ,  and 
a u x i l i a r i e s  such a s  t h e  f u e l  system, l u b e  o i l  system, and c o n t r o l  sys tem.  The 
g a s  t u r b i n e  e n g i n e  i s  l o c a t e d  i n s i d e  t h e  t u r b i n e  b u i l d i n g  a t  t h e  mezzanine 
l e v e l  downstream of  t h e  i n l e t  a i r  d u c t s  and upst ream of  t h e  e x h a u s t  d u c t s .  The 
i n l e t  a i r  f i l t e r  equipment i s  l o c a t e d  on t h e  b u i l d i n g  r o o f .  



The gas  t u r b i n e  i s  cons t ruc t ed  i n  a s i n g l e  s h a f t  con f igu ra t i on  i n  which t h e  
t u r b i n e ,  compressor and gene ra to r  a r e  i n  tandem on a s i n g l e  s h a f t .  A i r  is  t h e  
pr imary working f l u i d .  The a i r  is  f i l t e r e d  be fo re  it e n t e r s  t h e  compressor 
where it i s  compressed t o  a p r e s s u r e  approximately 13.5 t i m e s  a tmospheric  
p r e s s u r e .  The a i r  e n t e r s  t h e  combustors where NOx emission c o n t r o l  steam and 
f u e l  a r e  mixed with t h e  a i r  and burned. The hot  combustion gas  t hen  expands 
through t h e  t u r b i n e  which produces power t o  d r i v e  t h e  compressor and t h e  
gene ra to r .  The combustion gas  exhaus ts  from t h e  t u r b i n e  and i s  d i r e c t e d  t o  t h e  
hea t  recovery steam gene ra to r  (HRSG) . 
The gas  t u rb ine -gene ra to r  system i s  designed and r a t e d  t o  ope ra t e  cont inuous ly  
i n  base  l o a d  gene ra t i on  s e r v i c e .  The gas  t u r b i n e  can s t a r t  and l o a d  qu ick ly  
and au toma t i ca l l y  with minimum s t a r t - u p  f u e l  and manpower. I t  a l s o  can fol low 
load  r e a d i l y .  The s i n g l e  s h a f t  gas  t u r b i n e  con f igu ra t i on  has  f a s t  governor 
response and h igh  i n e r t i a  s o  it enhances t h e  s t a b i l i t y  of e l e c t r i c  u t i l i t y  
systems.  

The g a s  t u r b i n e  ou tput  f l a n g e  is  l o c a t e d  a t  t h e  compressor end of t h e  r o t o r  
assembly t o  provide  "cold endn d r i v e .  This  f e a t u r e  s u b s t a n t i a l l y  improves 
alignment c o n t r o l  and provides  an a x i a l  exhaust  t o  opt imize t h e  p l a n t  
arrangement f o r  combined-cycle a p p l i c a t i o n s .  The gas  t u r b i n e  is  connected t o  
t h e  g e n e r a t o r  through a s o l i d  coupl ing .  

The g a s  t u r b i n e  has  an 18-stage a x i a l  f low compressor with modulated i n l e t  
gu ide  vanes.  I n t e r s t a g e  e x t r a c t i o n  i s  used f o r  t u r b i n e  nozz le  and wheelspace 
coo l ing  and can be  e x t e r n a l l y  c o n t r o l l e d .  Because t h e  b l ad ing  m a t e r i a l  i n  t h e  
compressor has  high co r ros ion  r e s i s t a n c e ,  a c o a t i n g  i s  not  r equ i r ed .  

A r e v e r s e  f low combustion system with m u l t i p l e  combustion chambers and f u e l  
nozz l e s  i s  used. Re t r ac t ab l e  spa rk  p lugs  and flame d e t e c t o r s  a r e  s t anda rd  
p a r t s  of t h e  combustion system. C r o s s f i r e  t ubes  connect each combustion 
chamber t o  ad j acen t  chambers on both s i d e s .  Steam i n j e c t i o n  i s  provided f o r  
NOx emiss ions  c o n t r o l .  

The g a s  t u r b i n e  has  t h r e e  t u r b i n e  s t a g e s .  The f i r s t  and second s t a g e  nozz les  
and bucke ts  a r e  a i r  cooled.  A l l  t u r b i n e  buckets  a r e  coa t ed  t o  provide  
co r ros ion  r e s i s t a n c e .  The t u r b i n e  s e c t i o n  i s  coupled t o  an a x i a l  d i f f u s e r  with 
optimum p r e s s u r e  recovery f o r  h ighe r  thermal  e f f i c i e n c y .  

The r o t o r  i s  a two-bearing s i n g l e  s h a f t  des ign  with h igh  to rque  c a p a b i l i t y .  It 
i n c o r p o r a t e s  i n t e r n a l  coo l ing  and thermal  response c o n t r o l  i n  t h e  t u r b i n e  
s e c t i o n .  Both t h e  compressor and t u r b i n e  s e c t i o n s  a r e  cons t ruc t ed  of 
i n d i v i d u a l l y  r a b b e t t e d  d i s c s  h e l d  wi th  through b o l t s .  For f i e l d  changeout, t h e  
u n i t  r o t o r  i s  handled a s  one p i ece .  

The t u r b i n e  and compressor ca s ings  a r e  h o r i z o n t a l l y  s p l i t  f o r  e a s e  of 
i n s p e c t i o n  and maintenance. For each combustion chamber, t h e  l i n e r s  and 
t r a n s i t i o n  p i e c e s  can be i n d i v i d u a l l y  changed o u t .  Borescope h o l e s  a r e  l o c a t e d  
i n  t h e  compressor, combustion, and t u r b i n e  s e c t i o n s  t o  f a c i l i t a t e  v i s u a l  
i n spec t ion .  The journa l  and t h r u s t  bea r ings  a r e  r e a d i l y  a c c e s s i b l e ,  and 
removal of t u r b i n e  o r  compressor c a s i n g ( s )  i s  no t  r e q u i r e d  f o r  bea r ing  
maintenance. 

The electric gene ra to r  f o r  t h e  gas  t u r b i n e  i s  a two-pole synchronous u n i t  t h a t  
o p e r a t e s  a t  3,000 rpm t o  produce 50 Hz, 240 MVA power a t  16500 v o l t s .  The 
gene ra to r  has  s t a t i c  e x c i t a t i o n .  A s t a r t i n g  motor i s  connected t o  t h e  
g e n e r a t o r - c o l l e c t o r  end through a t o rque  conve r t e r  f o r  s t a r t i n g  purposes .  The 
gene ra to r  i s  hydrogen-cooled. The hydrogen i s  i n  t u r n  cooled  by t h e  coo l ing  



w a t e r .  The g e n e r a t o r  i s  a l s o  p rov ided  wi th  a  hydrogen f e e d  system (from 
hydrogen s t o r e d  a t  p r e s s u r e  i n  c y l i n d e r s )  and a  carbon d i o x i d e  purge sys tem 
f o r  maintenance.  

A u x i l i a r i e s  t h a t  s u p p o r t  o p e r a t i o n  of t h e  g a s  t u r b i n e  and e l e c t r i c  g e n e r a t o r  
i n c l u d e  t h e  l u b e  o i l  system, t h e  f u e l  system, t h e  h y d r a u l i c  system, t h e  s t a r t  
system, t h e  e n g i n e  c l e a n i n g  system, t h e  f i r e  p r o t e c t i o n  system, and  t h e  
c o n t r o l  sys tem.  

A common l u b e  o i l  sys tem s e r v e s  b o t h  t h e  g a s  t u r b i n e  e n g i n e  and e l e c t r i c  
g e n e r a t o r .  The f u n c t i o n s  of t h e  l u b e  o i l  sys tem a r e  t o  s u p p l y  p r e s s u r i z e d  
l u b r i c a t i n g  o i l  t o  t h e  j o u r n a l  b e a r i n g s ,  p r e s s u r i z e d  o i l  f o r  t h e  t u r n i n g  g e a r  
h y d r a u l i c  motor, and j ack ing  o i l  f o r  j o u r n a l  b e a r i n g  breakaway, and t o  
c o l l e c t ,  c o o l ,  f i l t e r ,  and d e a e r a t e  t h e  l u b r i c a t i n g  o i l .  

The f u e l  sys tem f o r  t h e  g a s  t u r b i n e  i n c l u d e s  a  d u a l  f u e l  nozz le ,  v o r t e x  
g e n e r a t o r - t y p e  combustion chambers, a  f i r e  v a l v e  t o  p r o t e c t  a g a i n s t  l e a k s  i n  
t h e  f u e l  system, double  h y d r a u l i c a l l y  a c t u a t e d  s h u t o f f  and ven t  v a l v e s  f o r  
p o s i t i v e  f u e l  s h u t o f f ,  and a  f u e l  g a s  s t r a i n e r / f u e l  o i l  f i l t e r  t o  p r o t e c t  t h e  
v a l v e s  from p a r t i c l e s  i n  t h e  f u e l .  

A number of t h e  a u x i l i a r y  sys tem c o n t r o l s  t h a t  s u p p o r t  o p e r a t i o n  of  t h e  g a s  
t u r b i n e  have h igh- fo rce  h y d r a u l i c  a c t u a t o r s .  The f u n c t i o n  of t h e  h y d r a u l i c  
sys tem is  t o  supp ly  h y d r a u l i c  s e r v o  o i l  a t  h i g h  p r e s s u r e  t o  t h e  c o n t r o l s  f o r  
t h e  f u e l  s t o p  v a l v e s ,  f u e l  and s team modulat ing va lves ,  and compressor b l e e d  
c o n t r o l  v a l v e s .  

The Claus  t a i l  g a s  i n c i n e r a t i o n  u s i n g  g a s  t u r b i n e  exhaus t  h a s  r a i s e d  some 
concerns  and r e q u i r e s  s p e c i a l  d e s i g n  c a r e .  

A shu t -o f f  v a l v e  needs  t o  be  i n s t a l l e d  a t  t h e  t a i l  g a s  mixing p o i n t  wi th  t h e  
g a s  t u r b i n e  e x h a u s t  and needs  a l s o  t o  be  synchron ized  wi th  t h e  g e n e r a t o r  
b r e a k e r .  T h i s  would a s s u r e  t h a t  t h e  t a i l  g a s  is  mixed i n t o  t h e  exhaus t  g a s  
o n l y  when t h e  g a s  t u r b i n e  i s  running.  A s m a l l  f l a r e  h a s  been p r o v i d e d  a s  p a r t  
of  t h e  Claus  u n i t  t o  hand le  t h e  ven t  s t r e a m  d u r i n g  s t a r t u p ,  shutdown and  any 
o t h e r  unusual  p e r i o d s  of  o p e r a t i o n .  C l o s i n g  of t h e  t a i l  g a s  shu t -o f f  v a l v e  t o  
t h e  g a s  t u r b i n e  would cause  au tomat ic  d i v e r s i o n  o f  t h e  t a i l  g a s  t o  t h e  f l a r e .  

There is concern whether t h e  Claus  t a i l  g a s ,  which is  mixed i n t o  t h e  t u r b i n e  
exhaust, can  be comple te ly  i n c i n e r a t e d .  S h e l l  h a s  i n d i c a t e d  b a s e d  on t h e i r  
e x p e r i e n c e  wi th  Claus  t a i l  gas ,  H2S and  COS can be comple te ly  i n c i n e r a t e d  a t  

538 C .  A s  G E 1 s  g a s  t u r b i n e  m e e t s  t h i s  t empera tu re  requirement ,  t h e  Claus  t a i l  
g a s  i n c i n e r a t i o n  i s  expec ted  t o  b e  complete .  

~n the P r o c e s s .  A s team b a l a n c e  of t h e  
p r o c e s s  a r e a  is  shown i n  F i g u r e  5-4. The major  f lows  a r e  shown i n  Table  5-3. 
Steam is g e n e r a t e d  and  consumed i n  t h e  p r o c e s s  p l a n t  a t  f o u r  p r e s s u r e  and  
t e m p e r a t u r e  l e v e l s .  

The syngas  c o o l e r s  and g a s i f i e r  c o o l i n g  i n  t h e  S h e l l  g a s i f i c a t i o n  p l a n t  
produce s u p e r h e a t e d  h igh  p r e s s u r e  s team a t  110.6 kg/cm2 a b s  and 542 C which is  
s e n t  t o  t h e  s team t u r b i n e  i n  t h e  combined c y c l e  p l a n t .  The b o i l e r  f e e d  wate r  
r e q u i r e d  f o r  t h i s  s t eam p r o d u c t i o n  is  s u p p l i e d  a t  216 C .  

Medium p r e s s u r e  s a t u r a t e d  s team a t  15.8 kg/cm2 a b s  i s  produced i n  t h e  s u l f u r  
condenser  and  waste h e a t  b o i l e r  i n  t h e  s u l f u r  recovery  p l a n t .  It i s  consumed 
f o r  p r e h e a t i n g  oxygen from t h e  a i r  s e p a r a t i o n  p l a n t ,  f o r  f u e l  g a s  r e h e a t i n g  
p r i o r  t o  COS h y d r o l y s i s  i n  t h e  g a s i f i c a t i o n  p l a n t ,  and t o  p r o v i d e  a  s o u r c e  of 
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h e a t  f o r  t h e  c o a l  d ry ing  u n i t .  Overa l l ,  t h e r e  i s  a n e t  requirement  f o r  t h i s  
l e v e l  of p roces s  steam which i s  provided by desuperhea t ing  of an e x t r a c t i o n  
steam from t h e  steam t u r b i n e  i n  t h e  combined c y c l e  p l a n t .  

In te rmedia te  p r e s s u r e  s a t u r a t e d  steam a t  8 kg/cm2 abs  i s  r e q u i r e d  a s  s t r i p p i n g  
steam i n  t h e  sour  water  s t r i p p i n g  p l a n t  and f o r  so lven t  r egene ra t i on  i n  t h e  
a c i d  gas  removal p l a n t .  The sou r  water  s t r i p p e r  uses  l i v e  steam i n j e c t i o n .  
Therefore ,  t h e  steam is  l o s t  i n  t h e  s t r i p p i n g  process .  The t o t a l  requirement 
i s  provided by desuperhea t ing  of an e x t r a c t i o n  steam from t h e  steam t u r b i n e  i n  
t h e  combined c y c l e  p l a n t .  

Low p r e s s u r e  s a t u r a t e d  steam a t  3 .9  kg/cm2 abs  i s  produced from t h e  s u l f u r  
condenser i n  t h e  s u l f u r  recovery p l a n t  and i s  consumed f o r  s u l f u r  p i t  and l i n e  
h e a t i n g  i n  t h e  s u l f u r  recovery p l a n t .  I n  add i t i on ,  t h e  high p r e s s u r e  steam 
blowdown from t h e  g a s i f i e r  syngas c o o l e r s  i s  f l a shed ,  which gene ra t e s  an 
a d d i t i o n a l  amount of 3.9 kg/cm2 abs  s a t u r a t e d  steam. Overa l l ,  t h e r e  i s  a 
s u r p l u s  of t h i s  p r e s s u r e  l e v e l  steam which i s  used  a s  p a r t  of t h e  deae ra t i on  
steam f o r  t h e  d e a e r a t o r  i n  t h e  combined cyc l e  p l a n t .  

A l l  t h e  steam product ion  i n  t h e  process  p l a n t s  assumes a 2 pe rcen t  blowdown. 
The blowdown is  c o l l e c t e d  and s e n t  t o  t h e  coo l ing  tower b a s i n  f o r  r euse .  

Steam. The steam c y c l e  f o r  t h e  combined c y c l e  u n i t  employs a dua l  
p r e s s u r e  l e v e l  HRSG and a r ehea t  steam turb ine-genera tor .  The c y c l e  
c o n f i g u r a t i o n  is shown i n  F igure  5-5 and t h e  major s t r e a m  f lows a t  t h e  29 .5  C 

annual  average tempera ture  a r e  shown i n  Table 5-4. 

The gas  t u r b i n e  exhaus ts  t o  t h e  hea t  recovery steam genera tor ,  where hea t  
energy i s  t r a n s f e r r e d  from t h e  exhaust  ga s  t o  feedwater  t o  produce and r ehea t  
steam f o r  t h e  nominal 103 kg/cm2 abs/538 C/ 538 C steam bottoming c y c l e  of t h e  
combined-cycle power system. The gas  t u r b i n e  exhaust  e n t e r s  t h e  HRSG a t  602 C 
and e x i t s  t h e  HRSG a t  120 C.  

The arrangement of HRSG h e a t  recovery i n  t h e  d i r e c t i o n  of gas  flow is  a s  
fo l l ows  : 

supe rhea t e r  ( f i n a l  s t a g e )  
r e h e a t e r  
supe rhea t e r  ( i n i t i a l  s t a g e )  
evapora tor  
supe rhea t e r  and HP economizer ( f i n a l  s t a g e )  
evapora tor  
economizer ( i n i t i a l  s t a g e )  and IP economizer 

o I n t e g r a l  d e a e r a t o r  

I n  des ign ing  t h e  hea t  recovery su r f ace ,  a l l  t h e  evapora to r s  assume an 11.1 C 
p inch  p o i n t  and a l l  t h e  economizers assume an 11.1 C tempera ture  approach. 

Condensate i s  pumped from t h e  s u r f a c e  condenser ho twel l  by condensate  pumps t o  
t h e  i n t e g r a l  d e a e r a t o r .  P r i o r  t o  e n t e r i n g  t h e  deae ra to r ,  t h e  condensate  is 
p rehea t ed  i n  a condensate  p r e h e a t e r  l o c a t e d  i n  t h e  gas  t r e a t i n g  and coo l ing  
s e c t i o n  of t h e  g a s i f i c a t i o n  p l a n t  (P l an t  5 ) .  

The i n t e g r a l  d e a e r a t o r  d i r e c t l y  e x t r a c t s  h e a t  from t h e  HRSG f o r  d e a e r a t i o n  a t  
1 . 4 1  kg/cm2 abs  p re s su re .  A smal l  amount of IP s a t u r a t e d  steam is  used when 
necessary  a s  t h e  pegging steam t o  main ta in  t h e  d e a e r a t i o n  p r e s s u r e  and s t a c k  
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gas  temperature.  The s t a c k  gas temperature i s  c o n t r o l l e d  t o  be above t h e  a c i d  
dew po in t  of t h e  f u e l  combusted i n  t h e  combined cyc le  p l a n t .  

The deaera ted  condensate is  pumped by a t r a n s f e r  pump a s  b o i l e r  feedwater f o r  
HP steam (nominal 1 0 3  kg/cm2 abs)  and I P  steam (nominal 25 kg/cm2 abs )  
product ion and t o  provide t h e  low p res su re  BFW r equ i r ed  i n  t h e  process  a r ea .  A 
p o r t i o n  of t h e  BFW from HP economizer i s  withdrawn a s  t h e  HP BFW requ i r ed  f o r  
t h e  g a s i f i e r  syngas coo le r .  

Multi-element c o n t r o l  is  provided t o  r egu la t e  t h e  feedwater flow t o  t h e  HP 
steam drum. The feedwater has t h e  opt ion  t o  bypass t h e  HP economizer and t o  
c i r c u l a t e  through t h e  su r f ace  condenser.  This  i s  t o  keep t h e  feedwater 
temperature a t  a minimum of 9 . 4  C below t h e  evapora t ion  temperature t o  avoid 
steaming i n  t h e  HP economizer. 

The I P  s a t u r a t e d  steam from t h e  I P  steam drum is  superheated i n  t h e  I P  
superhea ter  t o  provide NOx c o n t r o l  steam f o r  t h e  gas  t u r b i n e .  The excess  
superheated I P  steam jo ins  t h e  co ld  rehea t  steam from t h e  steam t u r b i n e .  

The HP s a t u r a t e d  steam from t h e  HP steam drum i s  f u r t h e r  superheated i n  t h e  HP 
superhea ter  before  feeding  t o  t h e  steam t u r b i n e .  The steam t u r b i n e  has a HP 
s e c t i o n  and an IP-LP s e c t i o n .  The HP superheated steam i s  expanded t o  t h e  25 
kg/cm2 abs p re s su re  range i n  t h e  HP t u r b i n e  s e c t i o n .  The co ld  rehea t  combines 
with t h e  excess  superheated I P  steam a s  mentioned previous ly  f o r  r ehea t ing  i n  
t h e  HRSG. The rehea ted  steam is  expanded i n  t h e  I P  and LP t u r b i n e  s e c t i o n s  
be fo re  it is  exhausted t o  t h e  su r f ace  condenser.  

Steam i s  e x t r a c t e d  from t h e  steam t u r b i n e  IP-LP s e c t i o n  a t  15.8 kg/cm2 abs end 
8 kg/cm2 abs p re s su re  l e v e l s  f o r  use i n  t h e  process  a r ea .  

The steam temperature is usua l ly  not  c o n t r o l l e d  except  when t h e  gas  t u r b i n e  
exhaust  temperature is  increased  due t o  p a r t  load  opera t ion  o r  high ambient 
temperature opera t ion .  The high exhaust temperature may cause t h e  HRSG 
superhea ter  and r ehea t e r  temperatures  t o  i nc rease .  The HP superheated steam 
temperature i s  l i m i t e d  t o  566 C by an a t tempera tor  a t  an in te rmedia te  po in t  i n  
t h e  supe rhea t e r .  The IP rehea ted  steam temperature is  a l s o  limited t o  566 C by 
an a t tempera tor  a t  an in te rmedia te  po in t  i n  t h e  co ld  r ehea t  l i n e .  Water f o r  
t h e s e  two a t tempera tors  is  drawn from t h e  d ischarge  of HP economizer. 

The s u r f a c e  condenser ope ra t e s  a t  88 mm HgA vacuum us ing  cool ing  w a t e r  from 
t h e  cool ing  tower. The s u r f a c e  condenser a l s o  r ece ives  excess steam dumped 
from t h e  deae ra to r ,  steam re turned  from t u r b i n e  s e a l s  and o t h e r  miscel laneous 
uses,  and makeup b o i l e r  feedwater from t h e  raw water supply and t r e a t i n g  
p l a n t .  

The steam p res su re  is  c o n t r o l l e d  by t h e  steam t u r b i n e .  The p re s su re  s l i d e s  
over  most of t h e  ope ra t ing  range, varying with steam flow through t h e  t u r b i n e .  
The minimum pres su re  of approximately 42 kg/cm2 abs and t h e  maximum ope ra t ing  
p re s su re  of approximately 106 kg/cm2 abs a r e  c o n t r o l l e d  by t h e  steam t u r b i n e  
i n i t i a l  p re s su re  governor.  

v - St-. The HRSG is  cons t ruc t ed  i n  accordance with 
Sec t ion  I of t h e  ASME Boi l e r  Code and Indian Bo i l e r  Regulat ions ( I B R ) .  It is  
o u t f i t t e d  with t h e  normal compliment of ASME code s a f e t y  va lves  t o  minimize 
t h e  p o t e n t i a l  f o r  overpressure.  I n  add i t i on ,  t h e  steam t u r b i n e  bypass va lves  
a l s o  func t ion  a s  p re s su re  l i m i t i n g  va lves .  The steam i s  bypassed i f  t h e  
p re s su re  i nc reases  more than  5% of t h e  des ign  va lue .  



Heat t r a n s f e r  i n  t h e  HRSG t a k e s  p l a c e  i n  c ros scoun te r  f low i n  t h e  supe rhea t e r ,  
r e h e a t e r ,  and economizer s e c t i o n s .  Tubes a r e  suppor ted  from t h e  t o p  of t h e  
modules. 

The evapora to r s  c o n s i s t  of v e r t i c a l  t u b e  bundles suspended from t h e  steam 
drums. F in  t u b e s  a r e  welded t o  h o r i z o n t a l  headers  i n  removable r acks  of t h r e e  
rows. The steam drums a r e  equipped with a n i t rogen  b l anke t ing  system and an 
i n t e r n a l  steam p u r i f i c a t i o n  system. 

A l l  t ube  welds a r e  o u t s i d e  t h e  gas  f low pa th  i n  gas - t i gh t  s e c t i o n s  i n  which 
t h e  headers  a r e  mounted. 

The HRSG is i n t e r n a l l y  i n s u l a t e d  and i s  not  i n s u l a t e d  on t h e  o u t s i d e .  
Therefore ,  t h e  s h e l l  i s  r e l a t i v e l y  coo l  and has  low thermal  stress. The 
i n t e r n a l  s u r f a c e  of t h e  i n s u l a t i o n  m a t e r i a l  (gas  s i d e )  w i l l  be covered with 
s t a i n l e s s  steel s h e e t s  supported by s t u d s  and sh ing led  t o  permit  f r e e  
expansion.  

The HRSG is  s t a r t e d  with ho t  exhaust  from t h e  gas  t u r b i n e .  I f  t h e  HRSG is  
cold,  t h e  ven t s  a r e  opened t o  d i scharge  t h e  n i t rogen  and i n i t i a l  steam. The 
steam p r e s s u r e  rises a t  t h e  r a t e  c o n t r o l l e d  by t h e  gas  t u r b i n e  exhaust  gas  
tempera ture .  The steam temperature  i s  c o n t r o l l e d  du r ing  s t a r t i n g  by t h e  
t u r b i n e  exhaust  ga s  tempera ture .  The steam genera ted  is d ischarged  from t h e  
supe rhea t e r  d i s cha rge  t o  t h e  co ld  rehea t  l i n e  and from t h e  ho t  r ehea t  l i n e  t o  
t h e  condenser through t h e  bypass system. 

Once t h e  steam p r e s s u r e  i s  inc reased  t o  t h e  bypass va lve  p r e s s u r e  s e t t i n g ,  t h e  
steam t u r b i n e  i s  warmed-up, r o l l e d  and synchronized with steam from t h e  
r e h e a t e r .  The steam flow is inc reased  by f u r t h e r  i n c r e a s i n g  load  on t h e  gas  
t u r b i n e .  A t  approximately 30-40 pe rcen t  of t h e  steam t u r b i n e  load,  t h e  main 
steam is  admi t ted  t o  t h e  t h r o t t l e  and t h e  main steam bypass t o  c o l d  r ehea t  is 
s h u t  o f f .  The HRSG is  brought t o  f u l l  load  by i n c r e a s i n g  g a s  t u r b i n e  ou tput  t o  
r a t e d  l oad .  

During normal ope ra t i on ,  t h e  HRSG o p e r a t e s  i n  a fo l lowing  mode, gene ra t i ng  
steam a t  a r a t e  p r o p o r t i o n a l  t o  t h e  energy r ece ived  from t h e  g a s  t u r b i n e .  
Shutdown is  e f f e c t e d  by reducing gas  t u r b i n e  l oad  t o  reduce energy t o  t h e  
HRSG. A s  t h e  g a s  t u r b i n e  i s  unloaded, it is  recommended t h a t  l oad  be  h e l d  a t  
approximately 65 pe rcen t  l oad  on t h e  gas  t u r b i n e  while  t h e  steam t u r b i n e  i s  
unloaded by d i v e r t i n g  t h e  steam t o  t h e  bypass systems. This  l o a d  i s  s e l e c t e d  
because t h e  steam temperature  i s  nea r  r a t e d  s o  maximum hea t  w i l l  be  r e t a i n e d  
t o  minimize s t a r t i n g  t ime  f o r  a subsequent s t a r t .  To complete t h e  shutdown, 
t h e  energy i s  reduced by modulating t h e  gas  t u r b i n e  i n l e t  gu ide  vanes while  
main ta in ing  t h e  h ighes t  t empera ture .  The HRSG i s o l a t i o n  v a l v e s  a r e  c l o s e d  t o  
main ta in  p r e s s u r e  and maximum h e a t .  

I f  s a t i s f a c t o r y  water  chemistry is maintained, t h e  HRSG has  minimal 
maintenance requirements .  The f u e l s  used i n  t h e  gas  t u r b i n e  a r e  not  a s h  
forming s o  minimum o r  no e x t e r n a l  d e p o s i t s  would be  expec ted .  

The c lo th- type  expansion j o i n t s  r e q u i r e  replacement a t  approximately s i x  year  
i n t e r v a l s ,  co inc id ing  with t h e  major i n s p e c t i o n  on t h e  gas  t u r b i n e .  

I n t e r n a l  c l e a n i n g  w i l l  be r equ i r ed  wi th  i n t e r v a l s  depending on t h e  water  
q u a l i t y .  The i n t e g r a l  d e a e r a t o r  is des igned  t o  d e l i v e r  feedwater  wi th  oxygen 
concen t r a t i on  of 7 ppb o r  less and p rov i s ions  f o r  chemical t r ea tmen t  and 
checking of water  a r e  included,  s o  i n t e r n a l  co r ros ion  of t h e  p r e s s u r e  p a r t s  



w i l l  be minimal i f  t h e  equipment i s  operated i n  accordance with 
s p e c i f i c a t i o n s .  

The i n t e r n a l  inspec t ion  of t h e  pressure  p a r t s  w i l l  be requi red  a s  mandated by 
l o c a l  a u t h o r i t i e s .  

- Steam. The steam tu rb ine  is  comprised of a  HP sec t ion ,  an 
IP-LP sec t ion ,  and a u x i l i a r y  systems. The a u x i l i a r y  systems inc lude  t h e  s h a f t  
s e a l i n g  system, l u b r i c a t i n g  o i l  system and hydraul ic  system. The genera tor  is  
comprised of t h e  genera tor ,  e x c i t e r  and a u x i l i a r y  systems. The genera tor  
a u x i l i a r y  systems inc lude  t h e  s h a f t  s e a l i n g  system, hydrogen system and C02 
purge systems. Other a u x i l i a r y  systems include pumps, f i l t e r s ,  blowers, 
p re s su re  r egu la to r s ,  instruments  and con t ro l s  t o  form complete support systems 
f o r  t h e  main equipment. 

Ratings of t h e  major equipment i n  t h e  steam turbine-generator  system a r e :  

o  Turbine - 

o Generator 

o Exc i t e r  - 

The tu rb ine  is  r a t e d  f o r  approximately 160 MW, 3000 rpm, 
single-flow s t r a i g h t  condensing rehea t  steam t u r b i n e  with 76 
cm l a s t  s t age  buckets .  This u n i t  i s  designed f o r  i n l e t  
t h r o t t l e  steam condi t ions  of 103 kg/cm2 abs, 538 C with 538 C 
rehea t ;  and exhaust ing a t  88 mm HgA. The t u r b i n e  w i l l  a l s o  
be capable of opera t ing  a t  t h e  off-ambient, i n l e t  t h r o t t l e  
condi t ions  up t o  108 kg/cm2 abs and 542 C .  The t u r b i n e  i s  
assumed t o  have 85% e f f i c i e n c y  i n  t h e  HP s ec t ion  and 86% 
e f f i c i e n c y  i n  t h e  IP-LP sec t ion .  
- The genera tor  i s  r a t e d  approximately f o r  180 MVA, 3000 rpm, 
3-phase, 50 Hz, 16.5 kV, 0.85 p i ,  0.55 shor t  c i r c u i t  r a t i o ,  
hydrogen-cooled synchronous genera tor  with fou r  (4) corner- 
mounted coo le r s .  
The s t a t i c  e x c i t a t i o n  system w i l l  be r a t e d  560 kW, 400 v o l t s  
and 1500 DC amps. 

The steam t u r b i n e  expands steam received from t h e  HRSG t o  d r i v e  t h e  genera tor  
which conver ts  s h a f t  energy t o  e l e c t r i c a l  energy. Steam from t h e  HRSG 
superhea ter  passes through t h e  main steam s t o p  valve t o  t h e  high p res su re  
s e c t i o n .  The steam expands through t h e  high pressure  s e c t i o n  which exhausts  t o  
t h e  r ehea te r  i n  t h e  HRSG. Steam passes from t h e  r ehea te r  through t h e  rehea t  
i n t e r c e p t  valves t o  t h e  in termedia te  pressure  s e c t i o n .  The steam f u r t h e r  
expands through t h e  low pressure  s e c t i o n  and exhausts  downward t o  t h e  
condenser. 

The steam turbine-generator  system is  designed t o  opera te  a s  a  coordinated 
major component of t h e  combined-cycle system. I t  ope ra t e s  i n  a  fol lowing mode 
genera t ing  power a s  a  funct ion  of steam received from t h e  HRSG. 

. The a u x i l i a r y  steam system rece ives ,  condi t ions ,  and 
d i s t r i b u t e s  steam t o  secondary use r s  during t h e  var ious  modes of p l a n t  
opera t ion .  The system i s  designed t o  fu rn i sh  steam dur ing  a l l  s t eady- s t a t e  and 
t r a n s i e n t  load  condi t ions .  The a u x i l i a r y  steam dur ing  normal opera t ion  i s  
provided from t h e  main tu rb ine  co ld  reheat  p ip ing  (HP exhaus t ) .  Secondary and 
t e r t i a r y  a u x i l i a r y  steam sources a r e  t h e  main steam connection and an 
a u x i l i a r y  b o i l e r ,  r e spec t ive ly .  

The a u x i l i a r y  steam system inc ludes  t h e  a u x i l i a r y  b o i l e r ,  a  common steam 
d i s t r i b u t i o n  header, with var ious  branch l i n e s  f o r  r ece iv ing  and supplying 
steam. The a u x i l i a r y  b o i l e r ,  r a t e d  a t  11 000 kg/hr,  18.6 kg/cm2 abs sa tu ra t ed ,  



provides  s team f o r  s t a r t u p  and t h e  a u x i l i a r y  s team system. The a u x i l i a r y  
b o i l e r  can be  f i r e d  on No. 2 f u e l  o i l .  

30L. The bottom s l a g  and f l y  s l a g  d i scharged  
from t h e  g a s i f i c a t i o n  p l a n t  (P l an t  5 )  a r e  s t o r e d  s e p a r a t e l y  i n  two 
s t o r a g e  b ins ,  each s i z e d  f o r  3 days s t o r a g e .  From t h e  s t o r a g e  b ins ,  t h e  
s l a g  and f l y  s l a g  a r e  t r a n s p o r t e d  t o  t h e  d i s p o s a l  a r e a  i n  s l u r r y  form, 
through p i p e l i n e s  ex tending  t o  about 8 km long.  Pumps r equ i r ed  f o r  
pumping water  f o r  s l u r r y  making (10% s o l i d )  and f o r  pumping ash  s l u r r y  
a r e  l o c a t e d  i n  t h e  ash  water pump house and a s h  s l u r r y  pump house 
r e s p e c t i v e l y .  The p i p e l i n e s  run i n  an underground t r e n c h  wi th in  t h e  
p l a n t  and a r e  on over-ground RCC p e d e s t a l s  o u t s i d e  t h e  p l a n t  a r e a  and i n  
t h e  ash  d i s p o s a l  a r e a .  

An a r e a  of about 500 a c r e s  has  been provided f o r  ash  d i s p o s a l  which 
would be  adequate  f o r  25 yea r s  of p l a n t  l i f e .  The a s h  s l u r r y  is 
d i scha rged  i n t o  lagoons formed by c o n s t r u c t i n g  dykes where t h e  ash  
p a r t i c l e s  sett le and water i s  c o l l e c t e d  a t  t h e  t op .  This  water  and r a i n  
water  c o l l e c t e d  w i th in  t h e  pond is  d ischarged  through decent  water  
towers  and draw-off p i p e s  t o  t h e  c l a r i f i c a t i o n  pond where t h e  remaining 
a sh  p a r t i c l e s ,  i f  any, a r e  removed. The c l e a r  water is  pumped back t o  
t h e  p l a n t  f o r  re-use.  During t h e  r a i n y  season, t h e  exces s  water  i s  
d ischarged  t o  t h e  near-by r i v e r .  Out of t h e  t o t a l  flow of r e c i r c u l a t i n g  
water  system, about 30% would be l o s t  i n  ash  pond a r e a  through 
evapora t ion ,  seepage, e t c .  The remainder i s  passed  through rock f i l t e r s  
and c o l l e c t e d  back i n  t h e  ash  water sump. 

Svst- 33U. The purpose of t h e  r e l i e f  and 
blowdown systems is: 

o To burn any combust ibles  t h a t  may be vented  from t h e  p l a n t  du r ing  
s t a r t u p ,  shutdown, o r  under normal o p e r a t i n g  cond i t i ons  

o To burn combust ibles  r e l e a s e d  from t h e  p l a n t  du r ing  emergencies and 
p l a n t  upse t  cond i t i ons  

o To p r o t e c t  t h e  system equipment a g a i n s t  damages from o p e r a t i n g  
d i s t u r b a n c e s  

The r e l i e f  and blowdown systems b a s i c a l l y  c o n s i s t  of a main f l a r e  s t a c k  and 
t h e  a s s o c i a t e d  knockout drum. It has  a s i n g l e  t r a i n  and i s  des igned  t o  handle  
t h e  maximum raw g a s  flow r a t e  from t h e  g a s i f i c a t i o n  p l a n t .  

The p o s s i b l e  sou rces  of combust ibles  t o  be d isposed  of i n  t h e  f l a r e  s t a c k  a r e :  

o Vent g a s  r e l e a s e d  from t h e  s l a g  lockhoppers i n  t h e  g a s i f i c a t i o n  p l a n t  
o G a s i f i e r  s t a r t u p  gases  from t h e  g a s i f i c a t i o n  p l a n t  
o Any o t h e r  gases  f l a r e d  du r ing  s t a r t u p  o r  upse t  c o n d i t i o n s  

These gases  a r e  rou t ed  from i n d i v i d u a l  headers  t o  t h e  knockout drum b e f o r e  
e n t e r i n g  t h e  main f l a r e  s t a c k .  A c o n t r o l l e d  l i q u i d  l e v e l  i s  main ta ined  i n  t h e  
knockout drum by means of t h e  KO drum pump. The l i q u i d  which is  mainly water 
condensate  i s  pumped t o  t h e  ash  pond. The f l a r e  s t a c k  is equipped wi th  a f l a r e  
t i p  burner  and a p p r o p r i a t e  burner  c o n t r o l  and i g n i t i o n  system. 

During normal ope ra t i on ,  vent ga s  from t h e  s l a g  lockhoppers  i n  t h e  
g a s i f i c a t i o n  p l a n t  i s  cont inuous ly  i n c i n e r a t e d  i n  t h e  r e l i e f  and blowdown 



systems. Because of t h e  low hea t ing  va lue  of t h e s e  gases ,  LPG i s  r equ i r ed  a s  
supplemental f u e l  f o r  f l a r i n g .  

The Claus t a i l  gas  i s  s e n t  t o  t h e  gas t u rb ines  f o r  i n c i n e r a t i o n .  Vent gas  from 
t h e  Claus u n i t  dur ing  s t a r t u p  o r  upset  cond i t i ons  i s  i n c i n e r a t e d  i n  a  small  
f l a r e  system wi th in  t h e  Claus u n i t .  

( P m  32L. The purpose of t h i s  system is  t o  provide 
a l l  p ip ing  and pipeways requi red  f o r  t r a n s m i t t i n g  t h e  process ,  u t i l i t y ,  and 
waste f l u i d s  between t h e  var ious  process ,  power and u t i l i t y  a r eas ,  except f o r  
t h e  fol lowing p ip ing  systems which a r e  included i n  t h e i r  corresponding a reas :  

o  Main f l a r e  system p ip ing  
o Potable  water p ip ing  
o Fire water p ip ing  

The major i t e m s  i n  t h e  in te rconnect ing  p ip ing  system a r e :  

o  Fuel o i l  l i n e s  
o Pipe and pipeways f o r  raw water supply and BFW makeup water supply 
o Pipe and pipeways f o r  t r e a t e d  waste water and steam blowdown 
o Instrument and s e r v i c e  a i r  l i n e s  
o Oxygen and n i t rogen  supply from t h e  a i r  s epa ra t ion  p l a n t  t o  t h e  

g a s i f i c a t i o n  p l a n t  
o  Steam l i n e s  t o  t h e  l i q u i d  oxygen and l i q u i d  n i t rogen  vapor i ze r s  
o  Pipe and pipeways between process  a r e a s  
o D i s t r i b u t i o n  of cool ing  water and s e r v i c e  water from t h e  cool ing  tower 
o Coal gas ,  steam, feed  water, and condensate l i n e s  between t h e  process  

and power a r e a s  
o Miscellaneous process  and u t i l i t y  p ip ing  

S- 333L. This  system fu rn i shes  compressed a i r  f o r  
p l a n t  and instrument  a i r  uses .  

The c a p a c i t y  of compressed a i r  system is  8000 ~ m ~ / h .  Half of t h e  a i r  is f o r  
p l a n t  a i r  and t h e  o t h e r  ha l f  i s  f o r  instrument a i r .  The instrument  a i r  is 
d r i e d  t o  -40 C dew po in t  before  i t s  use .  This  compressed a i r  system has fou r  
ope ra t ing  t r a i n s .  

Each compressed a i r  t r a i n  has one nonlubricated,  c e n t r i f u g a l  a i r  compressor 
supplying 2000 Nm3/h c l ean  compressed o i l - f r e e  a i r .  The p re s su re  a t  t h e  
compressor o u t l e t s  is 8 kg/cm2 abs .  Each t r a i n  a l s o  has  one twin-tower cyc l ing  
t y p e  a i r  d r y e r  and one a i r  r ece ive r .  Half of t h e  compressed a i r  from t h e  a i r  
compressor is d r i e d  i n  t h e  a i r  d rye r  and used a s  instrument  a i r .  A l l  necessary 
instruments ,  va lves  and p ip ing  a r e  included, and maintenance s t a t i o n s  a r e  
l o c a t e d  throughout t h e  p l a n t .  

LPG Svstem ( P l a n t  34L. This  system main ta ins  and s u p p l i e s  
s u f f i c i e n t  q u a n t i t i e s  of No. 2 f u e l  o i l  and LPG f o r  t h e  fo l lowing  uses :  

o  G a s i f i e r  s t a r t u p  
o Gas t u r b i n e  s t a r t u p  
o Auxi l ia ry  b o i l e r  
o  Mobile equipment 

No. 2  f u e l  o i l  is  de l ive red  by t ruck  t o  a  s to rage  tank .  O i l  from t h e  tank  i s  
pumped by a  f u e l  o i l  pump t o  t h e  g a s i f i e r s  and t h e  a u x i l i a r y  b o i l e r .  



LPG is r ece ived  by t ank  t r u c k  t o  a  high p r e s s u r e  ( 1 4  kg/cm2 abs )  s t o r a g e  
b u l l e t .  From t h e  b u l l e t ,  LPG is d i s t r i b u t e d  t o  t h e  f l a r e  system through a  
p r e s s u r e  r e g u l a t o r .  

(P- 3 5 ) .  The purpose of t h e  e l e c t r i c a l  system is  t o  
c o n t r o l  and d e l i v e r  genera ted  power t o  t h e  220 KV d i s t r i b u t i o n  g r i d s  and t o  
provide  a u x i l i a r y  power f o r  in -p lan t  l oads .  

The b a t t e r y  l i m i t s  f o r  t h e  high vo l t age  p o r t i o n  of t h e  e l e c t r i c a l  de s ign  
t e rmina t e  a t  t h e  220 kV bus b a r s  a t  t h e  main s u b s t a t i o n .  The main s u b s t a t i o n  
i s  o u t s i d e  t h e  p r e s e n t  scope of work. A l l  i n t e r f a c i n g  high vo l t age  equipment 
is p a r t  of t h i s  des ign .  

The e l e c t r i c a l  system c o n s i s t s  of s tep-up t r ans fo rmer s  f o r  t h e  gas  t u r b i n e  and 
steam t u r b i n e  gene ra to r s .  I t  a l s o  i nc ludes  a  d i s t r i b u t i o n  t ransformer  and a  
s t a r t u p  t ransformer  f o r  6.6 kV a u x i l i a r y  l oad  s e r v i c e .  A s p a r e  s t a r t u p  
t ransformer  of 100% c a p a c i t y  is provided.  

Each of t h e  gas  and steam t u r b i n e  gene ra to r s  i s  r a t e d  f o r  16.5 kV. An 18 kV 
non-segregated phase bus connects  t h e  gene ra to r  ou tput  t o  a  16.5-220 kV power 
t ransformer  f o r  d e l i v e r y  t o  t h e  main s u b s t a t i o n .  

High vo l t age  connect ions t o  t h e  main s u b s t a t i o n  a r e  provided through a  c i r c u i t  
breaker-and-a-half scheme. Three 220 kV c i r c u i t  b r eake r s  and a s s o c i a t e d  
swi tches ,  c u r r e n t  t ransformers  and p o t e n t i a l  t r ans fo rmer s  a r e  fu rn i shed  i n  a  
switchyard.  

The 18 kV bus f o r  t h e  gas  t u r b i n e  is tapped t o  f e e d  a  16.5-6.6 KV d i s t r i b u t i o n  
t r ans fo rmer  which s e r v e s  a s  t h e  primary source  of a u x i l i a r y  power f o r  t h e  
p l a n t  a u x i l i a r i e s  except  t h e  a i r  s e p a r a t i o n  p l a n t  and coo l ing  system. A 6.6 kV 
double-ended load  c e n t e r  i s  provided t o  d i s t r i b u t e  power t o  a l l  medium vo l t age  
l oads .  A double-ended 400 V l oad  c e n t e r  p rovides  low vo l t age  power f o r  smal l  
motors and misce l laneous  p l a n t  l oads .  

The a i r  s e p a r a t i o n  p l a n t  i s  a  major power consumer i n  t h e  IGCC p l a n t .  The 
power r equ i r ed  i s  d e l i v e r e d  from t h e  220 kV d i s t r i b u t i o n  g r i d .  The power is 
s tepped  down t o  16.5 kV and d i s t r i b u t e d  t o  t h e  va r ious  uses  i n  t h e  a i r  
s e p a r a t i o n  p l a n t  through i t s  own s u b s t a t i o n s .  The b a t t e r y  limits f o r  t h e  
e l e c t r i c a l  system of t h e  a i r  s e p a r a t i o n  p l a n t  a r e  a t  t h e  16.5 kV switchgear  
f e e d e r  t e r m i n a l s  i n  t h e  a i r  s e p a r a t i o n  p l a n t ' s  main s u b s t a t i o n .  

A d u a l  breaker-and-a-half scheme is used t o  provide  220 kV power swi tch ing  f o r  
t h e  two s h o r t  t ransmiss ion  l i n e s  t o  t h e  a i r  s e p a r a t i o n  p l a n t .  Each 
t r ansmis s ion  l i n e  t e rmina t e s  a t  an HV swi tch  and 50/67 MVA power s t e p  down 
t r ans fo rmer  l o c a t e d  a t  t h e  a i r  s e p a r a t i o n  p l a n t ' s  main s u b s t a t i o n .  A double- 
ended 16 .5  kV swi tchgear  arrangement d i s t r i b u t e s  t h i s  power through 18 kV 
f e e d e r  c a b l e s  t o  t h e  va r ious  s u b s t a t i o n s  i n  t h e  a i r  s e p a r a t i o n  p l a n t .  

. The purpose of p l a n t  i n s t rumen ta t i on  
and c o n t r o l s  i s  t o  provide  automatic  c o n t r o l  and sequencing of  p l a n t  
ope ra t i ons ,  wi th  manual backup, and t o  provide  cond i t i on  monitor ing and 
d i a g n o s t i c  c a p a b i l i t i e s .  

A d i s t r i b u t e d  d i g i t a l  c o n t r o l  system (DDCS) provides  a  h igh  l e v e l  of c o n t r o l  
f l e x i b i l i t y  and r e l i a b i l i t y  u s ing  h ighly  redundant microprocessor-based 
c o n t r o l s .  The microprocessor  based c o n t r o l l e r s  a r e  f i e l d  mounted i n  l o c a l  
c o n t r o l  compartments i n  each major p l a n t  a r e a .  These microprocessor  
c o n t r o l l e r s  a r e  connected t o  a  c e n t r a l  c o n t r o l  room by a  d u a l  f i b e r - o p t i c  d a t a  



highway. They provide 8'stand-alone" c o n t r o l  even i f  communication v i a  t h e  d a t a  
highway has  f a i l e d .  

The c e n t r a l  c o n t r o l  room con ta in s  s t a t i o n  c o n t r o l  p rocessors ,  c o n t r o l  modules, 
C R T ' s  and keyboards, p r i n t e r s ,  and alarm consoles .  The C R T ' s  d i s p l a y  f o r  
ope ra to r  c o n t r o l  and monitor ing.  The c o n t r o l  room has  r e a l  t i m e  d i a g n o s t i c  and 
p rognos t i c  c a p a b i l i t i e s  on ope ra t i ona l  s t a t u s  and h e a l t h  of major components 
and provides  h i s t o r y  f i l e  s t o r age  of s e l e c t e d  c r i t i c a l  parameters .  

The c o n t r o l  system uses  redundant microprocessor c o n t r o l l e r s ,  power supp l i e s ,  
c o n t r o l  s enso r s ,  and d a t a  highways. The c o n t r o l  system a l s o  uses  s i g n i f i c a n t  
manual backup c a p a b i l i t y  and a f u l l  c r i t i c a l  p rocess  d i s p l a y  with auto-manual 
s t a t i o n  f o r  ope ra to r  i n t e r v e n t i o n .  On-line condi t ion  monitor ing with 
d i a g n o s t i c  and p rognos t i c  c a p a b i l i t y  is  included.  

Water Svstem IP- 371. A l l  t h e  cool ing  loads  i n  t h e  IGCC p l a n t  a r e  
provided by a mechanical d r a f t  cool ing  tower.  The r equ i r ed  water flow is  shown 
i n  t h e  o v e r a l l  water balance diagram (Figure 5-6) and t h e  s t ream flow t a b l e  
(Table 5-5) .  

The coo l ing  tower c o n s i s t s  of 29 cells (2500 m3/h p e r  ce l l )  and a s s o c i a t e d  
a u x i l i a r y  equipment, inc lud ing  f ans  with motors and gea r  d r i v e s ,  a water 
d i s t r i b u t i o n  system, a deluge f i r e  p r o t e c t i o n  system, p ip ing  and 
ins t rumenta t ion ,  and a l l  s t r u c t u r a l  components necessary f o r  complete tower 
i n s t a l l a t i o n .  The tower is  designed based on a summer d r y  bu lb  temperature  of 
35 C with 5 .6  C temperature  approach, 8.3 C temperature  range, and f i v e  cyc l e s  
of concen t r a t i on .  

From t h e  cool ing  tower, t h e  cool ing  water is  d iv ided  i n t o  a c i r c u l a t i n g  water 
system and a s e r v i c e  water systems. The c i r c u l a t i n g  water system s e r v i c e s  t h e  
combined cyc l e  power p l a n t ,  and t h e  s e r v i c e  water system provides  t h e  cool ing  
requirements  i n  t h e  g a s i f i c a t i o n  and a i r  s epa ra t i on  p l a n t s .  Makeup water from 
t h e  raw water supply and t rea tment  system (Plan t  38,) i s  in t roduced  t o  t h e  
coo l ing  water  system a t  t h e  cool ing  tower bas in .  

S i x  25 percent  c a p a c i t y  c i r c u l a t i n g  water pumps and two 50 percent  capac i ty  
s e r v i c e  water pumps of t h e  v e r t i c a l ,  wet-pit ,  mixed-flow type  t a k e  s u c t i o n  
from t h e  coo l ing  tower bas in  f o r  t h e  c i r c u l a t i n g  and s e r v i c e  water systems 
r e s p e c t i v e l y .  E l ec t rohydrau l i ca l l y  opera ted  b u t t e r f l y  va lves  are provided i n  
each pump d i scha rge  l i n e .  I n  t h e  c i r c u l a t i n g  water system, coo l ing  water is  
s e n t  t o  t h e  s u r f a c e  condenser, condenser vacuum pump coo le r s ,  t u r b i n e  lube o i l  
coo le r s ,  gene ra to r  H2 c o o l e r s  and an a u x i l i a r y  coo l ing  water  c losed-loop 
c i r c u i t .  

The a u x i l i a r y  coo l ing  water c i r c u i t  i s  a c losed-loop system t h a t  uses  
deminera l ized  water a s  t h e  cool ing  medium. This  c i r c u l a t i n g  water passes  t h e  
hea t  t o  t h e  c i r c u l a t i n g  water system through a u x i l i a r y  coo l ing  water hea t  
exchangers.  The coo l ing  loads  i n  t h i s  closed-loop c i r c u i t  a r e  c h a r a c t e r i z e d  by 
smal l  tubed  exchanger r e q u i r i n g  c l e a n  cool ing  water t o  avoid  plugging such a s  
t h e  t u r b i n e  c o n t r o l  f l u i d  coo le r s ,  BFW pump coo le r s ,  steam sample coo le r s .  

The a u x i l i a r y  cool ing  water c i r c u i t  c o n s i s t s  of t h r e e  50 percent  c a p a c i t y  
a u x i l i a r y  coo l ing  water  pumps, two 100 p e r c e n t ' c a p a c i t y  a u x i l i a r y  coo l ing  
water hea t  exchangers,  t h e  system head tank  t o  provide t h e  makeup 
demineral ized water,  and a closed-loop p ip ing  system, which s u p p l i e s  cool ing  
water t o  t h e  va r ious  a u x i l i a r y  loads .  The a u x i l i a r y  coo l ing  water head tank  i s  
l o c a t e d  above t h e  h ighes t  c i r c u i t  component. The tank  is s i z e d  t o  accommodate 
thermal  expansion and con t r ac t i on  of t h e  coolan t  and any surge  i n  t h e  c i r c u i t .  





Table 5-5 

Stream 
Number 

MAJOR STREAMS OF OVERALL WATER BALANCE 
IGCC PLANT (SHELL CASE) 

Stream Name Flow, m3/h 

Total River Water Intake 
Clarifier Feed Water 
Cooling Tower Makeup 
Gravity Filter Feed Water 
Cooling Tower Evaporation 8 Drift Loss 
Cooling Tower Blowdown 
Process Makeup Water 8 Misc. Use 
Demineralizer Feed 
Boiler Feed Water 
Neutralized Demineralizer Regenerants 
Water Discharge from Misc. Use 
Sour Water Stripper Bottom 
Treated Process Waste Water 
Boiler Blowdown 
Total Water Discharge to River 



Makeup of deminera l ized  water  with co r ros ion  i n h i b i t o r s  i s  added t o  t h e  system 
a t  t h i s  t a n k .  

Water SUD- Tr- ( P u t  3 8 1 .  The purpose of t h i s  system is  t o  
provide  p roces s  water ,  coo l ing  tower makeup water,  and b o i l e r  makeup water  f o r  
t h e  IGCC p l a n t .  The major process ing  blocks i n  t h i s  system a r e  shown i n  t h e  
o v e r a l l  water  ba lance  diagram, F igure  5-6. The major s t ream f lows a r e  shown i n  
Table  5-5. 

Raw water  i s  obta ined  from t h e  Damodar River .  Water t o  be  used a s  b o i l e r  
makeup water i s  pumped from t h e  raw water i n t a k e  t o  a c l a r i f i e r .  Potassium 
permanganate, sodium carbonate ,  and alum a r e  added t o  t h e  c l a r i f i e r  t o  remove 
i r o n  and manganese from t h e  water,  and t o  coagula te  suspended s o l i d s .  The 
suspended s o l i d s  settle t o  t h e  bottom of t h e  c l a r i f i e r  a s  s ludge .  The 
c l a r i f i e d  water  is pumped t o  two g r a v i t y  f i l t e r s  f o r  f u r t h e r  suspended s o l i d s  
removal. Sodium hypoch lo r i t e  i s  added t o  t h e  f i l t e r  i n f l u e n t  t o  c o n t r o l  
b a c t e r i a l  growth i n  t h e  f i l t e r  beds.  The f i l t e r s  a r e  backwashed once p e r  day. 

A p o r t i o n  of t h e  f i l t e r e d  water  is used a s  p roces s  makeup water f o r  t h e  
g a s i f i c a t i o n  p l a n t  and a s  p l a n t  p o t a b l e  water .  The remaining f i l t e r e d  water is 
pumped t o  two p a r a l l e l  c a t i o n  then  anion r e s i n  exchanger t r a i n s .  The e f f l u e n t  
from t h e  two anion exchanger v e s s e l s  goes t o  two p a r a l l e l  mixed bed p o l i s h i n g  
u n i t s .  The demineral ized water produced i s  s t o r e d  i n  a tank  with 4 hours  of 
b o i l e r  f e e d  water  s t o r a g e  capac i ty .  The expected deminera l ized  water q u a l i t y  
is : 

Tota l  Hardness a s  CaC03 
I ron  a s  Fe 
S i l i c a  a s  Si02 
TDS 

Max 10 ppbw 
Max 2 ppbw 
Max 5 ppbw 
Max 100 ppbw 

This  water  q u a l i t y  is s u i t a b l e  f o r  high p r e s s u r e  b o i l e r  systems. 

To s l u i c e  s l a g  from t h e  g a s i f i c a t i o n  p l a n t  t o  t h e  ash  pond, raw water  i s  
r e q u i r e d  t o  provide  t h e  high pressure ,  medium p re s su re ,  and low p r e s s u r e  
s l u i c e  water .  Two 100 pe rcen t  c a p a c i t y  supply pumps a r e  provided f o r  each of 
t h e s e  s l a g  s l u i c e  water  s t reams.  

Under normal cond i t i ons ,  t h e  makeup water t o  coo l ing  tower needs on ly  t o  be  
c l a r i f i e d  p r i o r  t o  i t s  use .  However, du r ing  a heavy r a i n  storm, t h e  r i v e r  
water  may become ve ry  t u r b i d  and f u r t h e r  f i l t r a t i o n  i n  t h e  g r a v i t y  f i l t e r s  is 
r equ i r ed .  

P r n t h c t h  ( P u t  3 9 ) .  The f i r e  p r o t e c t i o n  system inc ludes  t h e  fol lowing:  

o F i r e  p r o t e c t i o n  water  yard  mains, hydran ts ,  and va lves  
o Automatic w e t  p i p e  s p r i n k l e r  systems 
o Deluge s p r i n k l e r  systems 
o Pre-ac t ion  s p r i n k l e r  system 
o Water sp ray  systems 
o Carbon d iox ide  systems 
o Halon systems 
o Standpipes  and hose reels 
o P o r t a b l e  e x t i n g u i s h e r s  
o F i r e  and smoke monitors ,  d e t e c t o r s ,  and alarms 
o F i r e  b a r r i e r s  



F i r e  p ro tec t ion  water i s  provided by two supply water pumps t o  t h e  f i r e  loop 
a t  18.3 kg/cm2 abs .  The f i r e  p ro tec t ion  system s h a l l  comply with t h e  
requirements of t h e  Indian Ta r i f f  Advisory Committee. 

Water T r u a  (P lant  401. This system t r e a t s  waste water generated from 
t h e  g a s i f i c a t i o n  p l a n t ,  combined cycle  p l an t ,  and raw water supply and 
treatment  system. The major process blocks i n  t h i s  system a r e  shown i n  t h e  
o v e r a l l  water balance diagram, Figure 5-6. The major s t ream flows a r e  shown i n  
Table 5-5. 

Waste water from t h e  g a s i f i c a t i o n  p l an t  i s  t h e  sour water s t r i p p e r  bottom. 
Trea t ing  of t h i s  process waste water inc ludes  c l a r i f i c a t i o n  and s o l i d s  
concent ra t ion  followed by biotreatment  f o r  BOD reduct ion and n i t r i f i c a t i o n .  
The sour water s t r i p p e r  bottom, which conta ins  a minor amount of suspended 
s o l i d s ,  i s  f e d  t o  t h e  process water c l a r i f i e r .  The c l a r i f i e r  provides 
s u f f i c i e n t  residence time, with t h e  a i d  of f loccu lan t ,  f o r  t h e  bulk of t h e  
suspended s o l i d s  t o  s e t t l e .  C l a r i f i e r  underflow i s  c o l l e c t e d  i n  a holdup tank 
and, during f l y s l a g  s i l o  unloading periods,  i s  f u r t h e r  concentrated and 
dewatered by f i l t r a t i o n .  The concentrate  i s  then  mixed with t h e  biosludge from 
biotreatment  and d i l u t e d  with t r e a t e d  water t o  form a s l u r r y  stream. The 
s l u r r y  i s  sen t  t o  t h e  pug m i l l  i n  t h e  f l y s l a g  handling and s torage  system. The 
process water c l a r i f i e r  overflow i s  pumped t o  an equa l i za t ion / su rge  tank where 
it i s  mixed with contaminated storm water runoff c o l l e c t e d  from concrete  pads 
i n  t h e  process a r e a .  

From t h e  equa l i za t ion  tank, t h e  combined e f f l u e n t  i s  then  subjec ted  t o  f u r t h e r  
c l a r i f i c a t i o n  i n  a primary c l a r i f i e r .  The small q u a n t i t y  of underflow from t h e  
primary c l a r i f i e r  i s  recycled t o  t h e  process water c l a r i f i e r .  The overflow i s  
sen t  t o  a s e r i e s  of r o t a t i n g  b i o l o g i c a l  con tac to r s  t o  ensure  n i t r i f i c a t i o n  of 
t h e  r e s i d u a l  ammonia and any o the r  n i t rogen compounds present  i n  t h e  overflow 
stream. A small  amount of n u t r i e n t  phosphorus is  added t o  t h e  c l a r i f i e r  
overflow, a s  well  a s  sodium bicarbonate/sodium hydroxide t o  c o n t r o l  
a l k a l i n i t y .  

The e f f l u e n t  from t h e  b i o t r e a t e r s  conta ins  a small amount of suspended 
biosludge.  The biosludge i s  separa ted  i n  a secondary c l a r i f i e r  and mixed with 
concentrated s o l i d s  from process water c l a r i f i c a t i o n  a s  descr ibed  above. A 
po r t ion  of t h e  t r e a t e d  water from t h e  secondary c l a r i f i e r  i s  used f o r  f l y s l a g  
wet t ing  and t h e  remainder i s  pumped t o  d i sposa l .  

Backwash water from t h e  g r a v i t y  f i l t e r s  i n  t h e  raw water supply and treatment  
system is  pumped t o  a spent  backwash water s e t t l i n g  tank where suspended 
s o l i d s  a r e  allowed t o  s e t t l e .  The t o p  two-thirds of t h e  tank  contents  is  
recycled t o  t h e  c l a r i f i e r ,  and t h e  bottom t h i r d ,  which conta ins  t h e  s e t t l e d  
s o l i d s ,  i s  pumped t o  a th ickener .  Underflow from t h e  c l a r i f i e r  i n  t h e  raw 
water t rea tment  system is  a l s o  pumped t o  t h i s  t h i ckene r .  The th i ckene r  
concent ra tes  t h e  s ludge t o  approximately 6 percent  s o l i d s .  This s ludge is  then 
pumped t o  a f i l t e r  p re s s  f o r  f i n a l  dewatering t o  30% s o l i d s .  The th ickener  
overflow i s  recycled t o  t h e  c l a r i f i e r .  The f i l t r a t e  from t h e  f i l t e r  p re s s  is  
recycled t o  t h e  s e t t l i n g  tank.  The f i l t e r  cake i s  s e n t  t o  t h e  f l y s l a g  d i sposa l  
s i t e  f o r  f i n a l  d i sposa l .  

The ca t ion  and anion exchangers i n  t h e  raw water t reatment  system a r e  
regenerated once every day and t h e  mixed bed u n i t s  a r e  regenerated every 10 
days. The c a t i o n  beds a r e  f i r s t  backwashed with f i l t e r e d  water, then  
regenerated with a 2 percent  s o l u t i o n  of s u l f u r i c  ac id .  S ix ty-s ix  degrees 
Baume s u l f u r i c  a c i d  i s  d i l u t e d  t o  2 percent  concent ra t ion  i n  an i n l i n e  s t a t i c  
mixer. The anion beds a r e  regenerated with a 5 percent  s o l u t i o n  of sodium 



hydroxide. F i f t y  percent  sodium hydroxide i s  d i l u t e d  t o  5  pe rcen t  s o l u t i o n  i n  
a  mix t ank .  Regenerant b r i n e s  flow i n t o  an a g i t a t e d  b r i n e  n e u t r a l i z a t i o n  t ank .  
The r egene ra t ed  r e s i n  beds a r e  r i n s e d  wi th  demineral ized water  pumped from t h e  
b o i l e r  f eed  water  s t o r a g e  t ank .  The f i r s t  couple  of bed volumes of r i n s e  water  
a r e  s e n t  t o  t h e  n e u t r a l i z a t i o n  tank .  The combined b r i n e s  a r e  a l k a l i n e  and 
a d d i t i o n a l  s u l f u r i c  a c i d  i s  added t o  t h e  n e u t r a l i z a t i o n  tank  f o r  pH c o n t r o l  t o  
produce a  nea r  n e u t r a l  waste f o r  d i s cha rge .  

S a n i t a r y  waste from t h e  p l a n t  i s  c o l l e c t e d  and rou ted  t o  a  package s a n i t a r y  
waste t r ea tmen t  u n i t .  The t r e a t e d  waste water  i s  d ischarged  t o  r i v e r .  

Ser-e E- ( P l a n t  4 1 )  . The purpose of t h i s  u n i t  i s  
t o  provide  mobile equipment f o r  gene ra l  p l a n t  s e r v i c e s ,  and o t h e r  equipment 
r equ i r ed  f o r  t h e  l abo ra to ry ,  o f f i c e ,  shop, and warehouse a r e a s .  This  i nc ludes  
mobile equipment t h a t  i s  not  s p e c i f i c a l l y  ass igned  t o  any s i n g l e  process  o r  
power gene ra t i on  a r e a .  Examples inc lude :  f ront-end loade r s ,  f o r k l i f t s ,  mobile 
c ranes ,  e t c .  F u r n i t u r e  and f i x t u r e s  f o r  t h e  warehouse, c o n t r o l ,  and 
a d m i n i s t r a t i v e  bu i ld ings  a r e  a l s o  inc luded .  

Site PregzuaLion ~ r o v ~ .  This  a r e a  i n c l u d e s  t h e  s i te  
p repa ra t i on  and improvements necessary t o  accommodate t h e  IGCC p l a n t .  No 
p i l i n g  i s  r equ i r ed .  

43 ) .  This p l a n t  a r e a  i nc ludes  on ly  t h e  b u i l d i n g s  not  
s p e c i f i c a l l y  r e l a t e d  t o  any process  o r  power gene ra t i on  p l a n t s .  These 
b u i l d i n g s  a r e  t h e  c o n t r o l  bu i ld ing ,  a d m i n i s t r a t i v e  bu i ld ing ,  warehouse, 
l abo ra to ry ,  f i r ehouse ,  medical f a c i l i t y ,  machine shop and maintenance 
b u i l d i n g .  

A number of b u i l d i n g s  a r e  l o c a t e d  wi th in  t h e  IGCC p l a n t ,  bu t  a r e  inc luded  i n  
t h e i r  r e s p e c t i v e  a r e a  c o s t  e s t ima te s :  

o  Turbine-generator  b u i l d i n g  ( i n  P l an t  9)  
o  Aux i l i a ry  s e r v i c e  b u i l d i n g  ( i n  P l an t  9) 
o Raw water  t r ea tmen t  b u i l d i n g  ( i n  P l an t  38) 
o  Waste water  t r ea tmen t  bu i ld ing  ( i n  P l an t  4 0 )  
o  A i r  s e p a r a t i o n  p l a n t  compressor bu i ld ings ,  cryogenic  u n i t ,  and i t s  own 

c o n t r o l  b u i l d i n g  (P l an t  4 )  

An o v e r a l l  block flow diagram of t h e  IGCC p l a n t  u s ing  Texaco g a s i f i e r  is  
shown i n  F igure  5-7. The number of ope ra t i ng  and s p a r e  t r a i n s  used i s  
i n d i c a t e d  f o r  each of t h e  major process  and power b locks  i n  F igure  5-7. 
The major s t ream f lows ( a t  t h e  29.5 C annual  average ambient 
t empera ture)  a r e  shown i n  Table 5-6. An o v e r a l l  u t i l i t y  summary based on 
t h e  same ambient temperature  i s  shown i n  Table 5-7. Equipment l ists a r e  
shown i n  Appendix B. A d e s c r i p t i o n  of t h e  p l a n t  f a c i l i t i e s  is  a s  
fo l lows  . 

This  system i s  t h e  same a s  t h a t  de sc r ibed  f o r  t h e  S h e l l  case .  

A flow diagram of t h i s  p l a n t  is shown i n  F igure  5-8. 
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OVERALL BLOCK FLOW DIAGRAM 
IGCC PLANT (TEXACO CASE) 
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FIGURE 5-8 

FLOW DIAGRAM 
COAL RECEIVING, PRIMARY CRUSHING, & STORAGE (PLANT 1) 
(TEXACO CASE) 



The design and desc r ip t ion  of t h i s  p l an t  i s  i d e n t i c a l  t o  t h a t  i n  t h e  
She l l  ca se .  The only  exception i s  t h a t  t h e  feeders ,  conveyors, and 
rec la imers  a r e  designed f o r  a  coa l  throughput of 600 i n s t e a d  of 500 tph 
because t h e  Texaco g a s i f i e r  has a higher  c o a l  requirement.  

A flow diagram of t h i s  p l a n t  i s  shown i n  Figure 5-9. 

This p l a n t  crushes t h e  50 mm x  0 coa l  from Plant  1 t o  a  13  mm t o p  s i z e  
product .  The crushed c o a l  i s  then t r anspor t ed  t o  t h e  g a s i f i c a t i o n  p l a n t  
(P lant  5 ) .  The Texaco g a s i f i e r  does not  r equ i re  f l u x  and t h e r e f o r e  t h e r e  
a r e  no limestone rece iv ing  and handling f a c i l i t i e s .  

Coal from Plant  1 i s  received by t h e  crushing p lan t  feed  conveyor. A 
tramp i r o n  magnet removes any tramp i r o n  found i n  t h e  feed .  The conveyor 
d e l i v e r s  t h e  c o a l  t o  a  60-tonne surge b i n .  The surge b i n  serves  two 300 
tph  capac i ty  crushing t r a i n s .  Each t r a i n  inc ludes  a  sca lp ing  screen  and 
a  s h o r t  head cone crusher .  

Crushed coal  from t h e  crushers  i s  c o l l e c t e d  by t h e  c rusher  d ischarge  
conveyors t o  feed  t o  t h e  day b in  of t h e  coa l  s l u r r y  prepara t ion  u n i t  i n  
P lant  5 .  A t r i p p e r  conveyor d i s t r i b u t e s  t h e  c o a l  along t h e  length  of t h e  
day b in .  

The design r a t i n g  of t h e  crushing p l a n t  represents  a  40 percent  
redundancy i n  capac i ty .  The crushing p lan t  feed conveyor, t h e  day b in  
f eed  conveyor and t h e  t r i p p e r  conveyor a r e  provided with i d e n t i c a l  spa re  
u n i t s .  

The design and desc r ip t ion  of t h i s  p l an t  a r e  i d e n t i c a l  t o  t h a t  i n  t h e  She l l  
case .  The only d i f f e r e n c e s  a r e :  

o  The oxygen production r a t e  i s  h igher .  Four p a r a l l e l ,  25% capac i ty  
t r a i n s  a r e  used, each designed t o  supply 1820 MTPD of contained 
oxygen a t  42 kg/cm2 abs .  The Texaco g a s i f i e r  uses s l u r r y  f eed  
which r equ i re s  more oxygen t o  combust and evaporate  t h e  s l u r r y  
water in the gasifier. 

o  The s l u r r y  feed  a l s o  e l imina te s  t h e  high p u r i t y  n i t rogen product ion 
which i s  requi red  f o r  t h e  coa l  p re s su r i z ing  and feeding  t o  t h e  g a s i f i e r  
i n  t h e  S h e l l  case .  

The Texaco g a s i f i e r  can be operated with a  waste heat  b o i l e r  mode o r  a  quench 
mode. A s  d i scussed  i n  Sect ion 4.1.3, t h e  quench mode i s  s e l e c t e d  f o r  t h i s  
s tudy.  The design i s  based on t h e  process information provided by Texaco. Due 
t o  t h e  reason given i n  Sect ion 4.1.3, Texaco has e l e c t e d  t o  opera te  t h e  
g a s i f i e r  without a  f lux ing  agent .  

The Texaco g a s i f i c a t i o n  can be broken down i n t o  s e v e r a l  s e c t i o n s .  They a r e  
descr ibed  ind iv idua l ly  below. 

. The crushed coal  from P lan t  2 is  s t o r e d  i n  a  s to rage  b in .  From 
t h e  b in ,  c o a l  flows by v i b r a t i n g  feeders  and weight f eede r s  t o  t h e  coa l  m i l l s  
f o r  wet gr inding  i n t o  s l u r r y .  The m i l l s  a r e  of b a l l  m i l l  type .  Addit ives a r e  
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i n j e c t e d  t o  i n c r e a s e  t h e  s l u r r y  concent ra t ion .  Ammonia may a l s o  be i n j e c t e d  t o  
c o n t r o l  t h e  s l u r r y  pH va lue .  The s l u r r y  product  has a 68% s o l i d s  
concen t r a t i on .  

The s l u r r y  e x i t s  t h e  c o a l  m i l l s  through a trommel sc reen  i n t o  t h e  m i l l  
d i s cha rge  t a n k s .  The s l u r r y  is kept  i n  suspension i n  t h e  t anks  by a g i t a t o r s .  
Af t e r  pa s s ing  through t h e  s l u r r y  v i b r a t i n g  sc reen ,  t h e  s l u r r y  is pumped t o  two 
s l u r r y  s t o r a g e  t a n k s .  

a .  Fe*. The c o a l  s l u r r y  from t h e  
s t o r a g e  t anks  i s  f e d  t o  t h e  process  burner  of t h e  g a s i f i e r  by t h e  s l u r r y  
charge pumps. The s l u r r y  can be t r a n s f e r r e d  i f  necessary from one s t o r a g e  tank 
t o  t h e  o t h e r  by t h e  s l u r r y  t r a n s f e r  pumps. In  t h e  process  burner ,  t h e  s l u r r y  
mixes with oxygen d e l i v e r e d  from t h e  a i r  s epa ra t i on  p l a n t .  The process  burner  
i s  kept coo l  by a c lo sed  loop coo l ing  water c i r c u i t .  

The g a s i f i e r  i s  a r e f r ac to ry - l i ned  v e s s e l  i n  which t h e  c o a l  s l u r r y  and oxygen 
r e a c t  under high temperature  and p re s su re  t o  form s y n t h e s i s  gas .  Meanwhile, 
t h e  c o a l  ash i s  melted t o  form s l a g .  The s y n t h e s i s  gas  and molten s l a g  a r e  
water quenched i n  t h e  quench chamber of t h e  g a s i f i e r .  The quenched gas  i s  
scrubbed of p a r t i c u l a t e s  f i r s t  i n  t h e  nozzle  scrubber  and then  i n  t h e  syngas 
sc rubber .  Trays i n  t h e  syngas sc rubbers  a r e  i r r i g a t e d  by r e t u r n  process  
condensate from t h e  low temperature  cool ing  s e c t i o n  of t h e  g a s i f i c a t i o n  p l a n t .  
Water from t h e  bottom of t h e  syngas sc rubber  i s  recyc led  t o  t h e  nozz le  
sc rubber  and t h e  quench r i n g  of t h e  quench chamber. 

-. The s o l i d i f i e d  s l a g  formed i n  t h e  quench chamber i s  s e n t  t o  a 
lockhopper.  A r o t a r y  s l a g  c rushe r  i s  l o c a t e d  between t h e  quench chamber and 
t h e  lockhopper t o  break l a r g e  s l a g  p a r t i c l e s .  Normally water c i r c u l a t e s  
between t h e  quench chamber and lockhopper.  Every 20-30 minutes,  t h e  lockhopper 
i s  i s o l a t e d ,  depressur ized ,  and emptied i n t o  a s l a g  sump. The lockhopper f l u s h  
drum provides  t h e  necessary f l u s h  water f o r  emptying t h e  lockhopper.  

The s l a g  i s  removed and dewatered t o  50% moisture  by a d rag  conveyor i n  t h e  
s l a g  sump. The dewatered s l a g  i s  s e n t  f o r  d i s p o s a l .  Water i n  t h e  s l a g  sump i s  
water  cooled  and pumped t o  t h e  lockhopper f l u s h  drum. 

Char/Water. A water blowdown s t ream ( c a l l e d  b lack  water)  i s  drawn 
from t h e  quench chamber, cooled by hea t  exchange with t h e  makeup water t o  t h e  
syngas scrubber, and f l a s h e d  i n  a f l a s h  drum. The f l a s h e d  water  i s  water  
cooled and t h e n  flows t o  a g r a v i t y  settler. F loccu lan t s  may be added t o  t h e  
settler t o  enhance t h e  s e t t l i n g  of s o o t s .  C lea r  overhead from t h e  settler 
( c a l l e d  g ray  water)  flows t o  a s t o r a g e  drum. The soo t  s l u r r y  (20% s o l i d s  
concen t r a t i on )  drawn from t h e  settler bottom is s e n t  f o r  dewater ing t o  50% 
s o l i d s  cake i n  a vacuum f i l t e r  u n i t .  Water wash i s  used du r ing  t h e  f i l t r a t i o n  
t o  ensure  mois ture  conta ined  i n  t h e  cake i s  c l e a n  and s a f e  f o r  t r a n s p o r t .  The 
f i l t r a t e  i s  rou ted  back t o  t h e  g r a v i t y  settler. 

Overhead gas  from t h e  b lack  water f l a s h  drum is water cooled  t o  condense i ts  
water vapor be fo re  it is  s e n t  t o  t h e  s u l f u r  recovery p l a n t  (P l an t  7 ) .  

Grey water  from t h e  s t o r a g e  drum i s  s p l i t  i n t o  t h r e e  s t reams.  The f i r s t  
s t ream, combined with process  condensate from t h e  low temperature  coo l ing  and 
deae ra t ed  water  from t h e  combined cyc l e  p l a n t ,  becomes t h e  makeup water f o r  
t h e  syngas sc rubber .  The second s t ream i s  a purge s t ream s e n t  t o  sour  water 
s t r i p p i n g  (P l an t  8 ) .  This purge prevents  bu i ldup  of c h l o r i d e s ,  formates ,  and 
o t h e r  n o n v o l a t i l e  ma t t e r  i n  t h e  water c i r c u l a t i o n  loop i n  t h e  g a s i f i c a t i o n  
p l a n t .  The t h i r d  s t ream is  used a s  makeup water t o  t h e  lockhopper f l u s h  drum. 



LowtemDerature The gas leaving  t h e  syngas scrubber  i s  cooled  
s e q u e n t i a l l y  by f i r s t  p rehea t ing  t h e  c lean  f u e l  gas  from t h e  a c i d  gas  removal 
u n i t  t o  193 C, followed by genera t ing  2 .1  kg/cm2 abs s a t u r a t e d  steam, and then  
by coo l ing  water .  The f i n a l  gas  temperature i s  48 C before  t h e  gas  is f e d  t o  
t h e  a c i d  gas  removal p l a n t .  

The a c i d  gas  removal employs Dow's GASISPEC process .  Dow provided t h e  bas i c  
des ign  information f o r  t h i s  p l a n t .  

This  p l a n t  has  t h e  same process  arrangement a s  desc r ibed  f o r  t h e  Sulfinol-M 
process  i n  t h e  S h e l l  ca se  but  t h e  so lvent  used i s  a h igh ly  s e l e c t i v e  MDEA 
s o l u t i o n  ( c a l l e d  Gas/SPEC SS-2 s o l v e n t ) .  Texaco gas  has a  very  high C02 
con ten t .  A h ighly  s e l e c t i v e  so lvent  i s  r equ i r ed  t o  minimize t h e  C02 removal s o  
a s  t o  maximize t h e  gas  mass flow t o  t h e  gas  t u r b i n e .  

The des ign  s u l f u r  removal i s  98 %. The C02 removal i s  9 %, i . e .  91 % s l i ppage  
through t h e  removal system. Only one t r a i n  i s  used f o r  t h i s  p l a n t .  

The a c i d  gas  produced from t h e  a c i d  gas  removal p l a n t  has a  h ighe r  C02 content  
t han  t h a t  i n  t h e  S h e l l  ca se .  This d i l u t e d  feed can not  s u s t a i n  s u l f u r  
combustion i n  t h e  Claus u n i t .  A s  a  r e s u l t ,  t h e  Se lec tox  u n i t  l i c e n s e d  by 
Parson i s  used f o r  t h e  s u l f u r  recovery. 

The Se lec tox  process  i s  very  s i m i l a r  t o  t h e  Claus u n i t  except  t h e  s u l f u r  
combustion i s  c a r r i e d  out  c a t a l y t i c a l l y  a t  low temperature.  The lower 
combustion temperature reduces t h e  s u l f u r  concen t r a t ion  requirement i n  t h e  
f e e d  g a s .  

The s u l f u r  recovery i s  92%. This  recovery l e v e l  was chosen because beyond t h i s  
l e v e l  t h e r e  would be  a  s u b s t a n t i a l  c o s t  i n c r e a s e  f o r  t h e  recovery.  This  
recovery l e v e l  combined with t h e  98% removal i n  t h e  a c i d  gas  removal u n i t  
p rovides  an o v e r a l l  s u l f u r  recovery of 90% f o r  t h e  IGCC p l a n t .  

I n  t h i s  p l a n t ,  purge water from t h e  Texaco g a s i f i c a t i o n  (P lan t  5 )  is f i r s t  
s u b j e c t  t o  chemical p r e c i p i t a t i o n  and then  sou r  water s t r i p p i n g .  The chemical 
p r e c i p i t a t i o n  removes t o x i c  metals ,  cyanide, and s u l f a t e  t o  enhance t h e  
e f f e c t i v e n e s s  of subsequent b io t rea tment  i n  t h e  waste water t r ea tmen t  p l a n t  
(P l an t  40) . 
The chemical p r e c i p i t a t i o n  c o n s i s t s  of two s t a g e s .  I n  t h e  f i r s t  s t a g e ,  f e r r o u s  
s u l f a t e  is  added t o  p r e c i p i t a t e  s u l f i d e  and cyanide.  I n  t h e  second s t age ,  lime 
i s  added t o  p r e c i p i t a t e  i r o n  and o t h e r  meta ls .  The s ludge  produced i s  f i l t e r e d  
and s e n t  f o r  s o l i d  waste d i s p o s a l .  

The sou r  water  s t r i p p i n g  fol lowing t h e  chemical p r e c i p i t a t i o n  i s  i d e n t i c a l  t o  
t h a t  desc r ibed  f o r  t h e  S h e l l  ca se .  



The des ign  and d e s c r i p t i o n  of t h i s  p l a n t  i s  very  s i m i l a r  t o  t h a t  i n  t h e  S h e l l  
c a se .  Highl igh ted  below a r e  t h e  major d i f f e r e n c e s .  

Gas. Based on t h e  c l ean  gas  composition supp l i ed  by Texaco, GE 
provided t h e  fo l lowing  gas  t u r b i n e  performance (one 9F gas  t u r b i n e )  a t  both 
t h e  normal and des ign  ambient temperatures:  

Fuel  (LHV) , Mil l ion  Kcal/h 4 9 9 
Fuel  Gas Temperature, C 193.3 
Re la t i ve  Humidity 8 0 
NOx Steam, 1000 kg/h 0 
Exhaust Flow, 1000 kg/h 2185.7 
Exhaust Temperature, C 591.7 
Power Output, MW 198.3 

The Texaco gas  has  a very  high C02 con ten t .  C02 a c t s  a s  a d i l u e n t  t o  suppress  
t h e  flame temperature  i n  t h e  gas  t u r b i n e  combustor. A s  a r e s u l t ,  no NOx steam 
i n j e c t i o n  i s  requi red .  

Pr-. A steam balance of t h e  
process  a r e a  i s  shown i n  Figure 5-10. The major f lows a r e  shown i n  Table 5-8. 
Steam i s  genera ted  and consumed i n  t h e  process  p l a n t  a t  f o u r  p re s su re  and 
temperature  l e v e l s .  

High p re s su re  s a t u r a t e d  steam a t  43.2 kg/cm2 abs is  consumed f o r  gas  
p rehea t ing  i n  t h e  s u l f u r  recovery p l a n t .  This  i s  provided by desuperheat ing of 
an e x t r a c t i o n  steam from t h e  steam t u r b i n e  i n  t h e  combined cyc l e  p l a n t .  

Medium p re s su re  s a t u r a t e d  steam a t  8 . 1  kg/cm2 abs  i s  r equ i r ed  a s  s t r i p p i n g  
steam i n  t h e  sour  water s t r i p p i n g  p l a n t .  This  steam requirement is  provided by 
desuperhea t ing  of an e x t r a c t i o n  steam from t h e  stea'm t u r b i n e  i n  t h e  combined 
cyc l e  p l a n t .  

In te rmedia te  p re s su re  s a t u r a t e d  steam a t  3.9 kg/cm2 abs  i s  produced from t h e  
s u l f u r  condenser i n  t h e  s u l f u r  recovery p l a n t  and low temperature  hea t  
recovery i n  t h e  Texaco g a s i f i c a t i o n  p l a n t .  It is  consumed f o r  s u l f u r  p i t  and 
l i n e  hea t ing  i n  t h e  s u l f u r  recovery p l a n t  and so lven t  r egene ra t i on  i n  t h e  a c i d  
gas  removal p l a n t .  I n  add i t i on ,  t h e  high p re s su re  condensate from t h e  gas  
p rehea t e r  i n  t h e  s u l f u r  recovery p l a n t  is  f l a shed ,  which gene ra t e s  an 
a d d i t i o n a l  amount of 3 .9  kg/cm2 abs s a t u r a t e d  steam. Overa l l ,  t h e r e  i s  a 
s u r p l u s  of t h i s  p r e s su re  l e v e l  steam which i s  f e d  t o  t h e  steam t u r b i n e  i n  t h e  
combined cyc l e  p l a n t .  

Low p re s su re  s a t u r a t e d  steam a t  2 .1  kg/cm2 abs is  produced from t h e  s u l f u r  
condenser i n  t h e  s u l f u r  recovery p l a n t .  This  steam i s  routed  t o  t h e  deae ra to r  
i n  t h e  combined c y c l e  p l a n t .  

Steam. The steam c y c l e  con f igu ra t i on  is  shown i n  F igure  5-11 and t h e  
major stream flows a t  t h e  29.5 C annual average temperature  a r e  shown i n  Table 
5-9. 

The cyc l e  con f igu ra t i on  i s  i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  c a se .  The major 
d i f f e r e n c e s  a r e :  
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A s  t h e  Texaco g a s i f i e r  uses quench mode opera t ion ,  t h e r e  i s  no 110 
kg/cm2 abs  steam produced from t h e  g a s i f i c a t i o n  p l a n t  t o  f eed  t o  t h e  
steam t u r b i n e .  
Steam is  e x t r a c t e d  from t h e  steam t u r b i n e  a t  43 - 2  and 8.1 kg/cm2 abs  t o  
s a t i s f y  steam need i n  t h e  process a r e a .  
Excess 3.9 kg/cm2 abs steam from t h e  process  a rea  i s  f e d  t o  t h e  IP-LP 
s e c t i o n  of t h e  steam t u r b i n e .  
A po r t ion  of t h e  2 .1  kg/cm2 abs steam produced from t h e  process  a rea  i s  
f e d  t o  t h e  deae ra to r  and a  po r t ion  is  f e d  t o  t h e  IP-LP s e c t i o n  of t h e  
steam t u r b i n e .  
The HP b o i l e r  feed  water f o r  process use i s  no longer  necessary t o  be 
preheated  t o  216 C a s  requi red  by S h e l l  f o r  t h e i r  syngas coo le r .  
Therefore, t h i s  feed  water s t ream is  de l ive red  d i r e c t l y  from t h e  
deae ra to r .  

v  St-. The HRSG mechanical d e t a i l s  descr ibed  i n  t h e  
S h e l l  case  a l s o  apply t o  t h e  Texaco case .  

- SteamTurbine The steam t u r b i n e  has t h e  same bas i c  conf igura t ion  a s  
t h a t  i n  t h e  S h e l l  case  except f o r  t h e  r a t i n g .  The t u r b i n e  is  r a t e d  f o r  
approximately 130 MW. The genera tor  i s  r a t e d  f o r  approximately 150 MVA. 

s t e m  s v s t m .  The design and d e s c r i p t i o n  of t h i s  system i s  i d e n t i c a l  
t o  t h a t  i n  t h e  S h e l l  ca se .  

t e  D a a l  ( P l a n t  301. The s o l i d  waste t o  be disposed of ,  i n  
t h i s  case,  c o n s i s t s  of bottom s l a g  and f i l t e r  cake (dewatered s o o t )  from 
t h e  g a s i f i c a t i o n  p l a n t  and t h e  s ludge from t h e  t rea tment  of waste water 
p l a n t  and o t h e r  p l a n t .  The s o l i d  waste conta ins  50% moisture which is  
made i n t o  s l u r r y  form (10% s o l i d )  by add i t ion  of raw water f o r  
t r a n s p o r t a t i o n  t o  t h e  ash d i s p o s a l  a rea  through p i p e l i n e s .  Fur ther  
d e s c r i p t i o n  of t h i s  p l a n t  is s i m i l a r  t o  t h a t  i n  t h e  S h e l l  Case. 

Rlowbwn S-ms ( P l a n t  3131. The d e s c r i p t i o n  of t h i s  p l a n t  a rea  is  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case .  

37). The d e s c r i p t i o n  of t h i s  p l a n t  a rea  i s  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case .  

S- 3331. The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  i s  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case .  

t 341. The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  is  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case .  

t e m  (Plant. The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  is  i d e n t i c a l  
t o  t h a t  i n  t h e  S h e l l  ca se .  

(Plant  361. The d e s c r i p t i o n  of t h i s  p l a n t  a rea  is  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case .  

Svgtem - LPlant 3731. The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  i s  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case .  But a s  more h e a t  is  r e j e c t e d  i n  t h e  
Texaco case ,  t h e  cool ing  tower capac i ty  is  l a r g e r .  The coo l ing  tower has 48 
c e l l s  i n  t o t a l  a t  2600 m3/h c i r c u l a t i o n  r a t e  p e r  c e l l .  



t 381. The major process ing  b locks  i n  t h i s  
system a r e  shown i n  t h e  o v e r a l l  water balance diagram, Figure 5-12. The major 
s t ream flows a r e  shown i n  Table 5-10. The d e s c r i p t i o n  of t h i s  system i s  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case .  

39). The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  i s  i d e n t i c a l  t o  
t h a t  i n  t h e  S h e l l  c a se .  

Water Treat- ( P l a n t  4 0 1 .  The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  i s  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case  except  t h e  t rea tment  of sour  water  
s t r i p p i n g  bottom r e q u i r e s  no primary c l a r i f i c a t i o n .  S o l i d s  i n  t h e  sour  water 
have been removed dur ing  t h e  chemical p r e c i p i t a t i o n  i n  t h e  sour  water 
s t r i p p i n g  p l a n t  (P l an t  8) . 

S e r v i c e s e  F m - L p l a n t  41). The d e s c r i p t i o n  of t h i s  
p l a n t  a r ea  i s  i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case .  

n on and 4242). The d e s c r i p t i o n  of t h i s  p l a n t  
a r e a  i s  i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case .  

nt  4 3 ) .  The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  i s  i d e n t i c a l  t o  t h a t  
i n  t h e  S h e l l  case .  

An o v e r a l l  block flow diagram of t h e  IGCC p l a n t  us ing  t h e  KRW g a s i f i e r  i s  
shown i n  F igure  5-13. The number of ope ra t i ng  and spa re  t r a i n s  used i s  
i n d i c a t e d  f o r  each of t h e  major process  and power blocks i n  F igure  5-13. The 
major s t ream flows ( a t  t h e  29.5 C annual average ambient temperature)  a r e  
shown i n  Table 5-11. An o v e r a l l  u t i l i t y  summary based on t h e  same ambient 
temperature  i s  shown i n  Table 5-12. Equipment l ists a r e  shown i n  Appendix C.  A 
d e s c r i p t i o n  of t h e  p l a n t  f a c i l i t i e s  inc luded  i s  a s  .follows. 

This  system i s  t h e  same a s  t h a t  de sc r ibed  f o r  t h e  S h e l l  case .  

A flow diagram of t h i s  p l a n t  i s  shown i n  F igure  5-14. 

The des ign  and d e s c r i p t i o n  of t h i s  p l a n t  a r e  i d e n t i c a l  t o  t h a t  i n  t h e  
S h e l l  case .  The only except ion  i s  t h a t  t h e  coa l  i s  crushed t o  37 mm x  0  
s i z e  i n s t e a d  of 50 mm x  0  and t h e  crushed coa l  i s  d e l i v e r e d  t o  P l a n t  3  
f o r  d ry ing  p r i o r  t o  t h e  secondary c rush ing  i n  P l an t  2. 

A flow diagram of t h i s  p l a n t  i s  shown i n  F igure  5-15. 

This  p l a n t  c rushes  t h e  d r i e d  coa l  from P lan t  3 t o  a  6 mm t o p  s i z e  
product .  The crushed coa l  i s  then  t r a n s p o r t e d  t o  t h e  g a s i f i c a t i o n  p l a n t  
(P l an t  5 ) .  Also inc luded  a r e  f a c i l i t i e s  t o  rece ive ,  s t o r e ,  and c rush  t h e  
l imestone r equ i r ed  f o r  i n - s i t u  s u l f u r  removal i n  t h e  g a s i f i e r .  The p l a n t  
i s  designed t o  ope ra t e  a l l  3 s h i f t s  of t h e  day. 





Table 5-10 

MAJOR STREAMS OF OVERALL WATER BALANCE 
IGCC PLANT (TEXACO CASE) 

Stream 
Number Stream Name Flow, m3/h 

Total River Water Intake 
Clarifier Feed Water 
Cooling Tower Makeup 
Gravity Filter Feed Water 
Cooling Tower Evaporation & Drift Loss 
Cooling Tower Blowdown 
Process Makeup Water & Misc. Use 
Demineralizer Feed 
Boiler Feed Water 
Neutralized Demineralizer Regenerants 
Water Discharge from Misc. Use 
Sour Water Stripper Bottom 
Treated Process Waste Water 
Boiler Blowdown 
Total Water Discharge to River 
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IGCC PLANT (KRW CASE) 

154 MYW , TREATED WASTE 
WATER 

1 I m t t SrORMRUNOFF 
OTHER mml 

WATER USE 

W T  u 

WASTE WATER 
l?iEATkENT 

3.. TMI*  

LLYn .I 

COOUNOTOINERMUQVP. a%XW3 
WAlER SYSTEM 

9.. T I U  

I O I O M Y H  , 
RAW WATEfl 

nml w 

RAWWATER 
TRUTkENl 
(4 T W  



Tabla 6-1 1 

--- - -  _ - - - _ _ _ -  - 
STREAM NUMBER 1 2 3 4 6 8 7 8 0 10 11 12 

- - - - _ _ - - I _  -- 
STREAM RAW LIME- W F I O R  GASIFIER PRODUCT AIR URTO GAS STACK -BUR FLUE GAS FLUE GAS 

DE8CRlPlKm COAL BTONE FEED ASH 8mGA9 TO GAB TURBINE GAS TOASH TO TO 

FEE0 [USIFIER TUABlNE EXHAUST SULFA- COAL ATM. 
T m  m M Q  

L W I m :  H20 
kg/hr SULPHUR 

SOLIDS: H20 me?7 16.992 
kglhr COAL(UAF) 169,978 . 169.978 

LIMESTONE ll.ma 11,ma 
ASH 143.176 143.176 160,126 
BK) SLUWE 
SULPHUR ------ 

TOTAL: KOMR 370.- 11.664 331,403 160,126 807.146 

TEMPERATURE. C 29.4 29.4 29.4 316.8 637.8 343.3 29.4 01.7  143.3 29.4 871.1 71.1 

PRESSURE. kglcm2 ab 1.03 1.03 1.05 1.03 29.61 36.20 1.03 1.07 1 .03 1.03 1 .07 1.03 
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FLOW DIAGRAM 
COAL AND LIMESTONE HANDLING (PLANT 2) 
(KRW CASE) 



The d r i e d  c o a l  of 37 mm t o p  s i z e  from P l a n t  4 is  rece ived  by a s h u t t l e  
b e l t  conveyor t h a t  feeds  a surge  b i n .  Tramp i r o n  magnets s e p a r a t e  ou t  
harmful i r o n  lumps, i f  any, from t h e  c o a l .  From t h e  surge  b in ,  t h e  c o a l  
i s  d i s t r i b u t e d  t o  4 c rush ing  t r a i n s .  One of t h e  t r a i n s  r e p r e s e n t s  a 
spa re .  

Each c rush ing  t r a i n  c o n s i s t s  of a s ca lp ing  sc reen  and a s h o r t  head cone 
c rushe r .  The c o a l  i s  crushed t o  a 6 mm (nominal) t o p  s i z e  and i s  
c o l l e c t e d  by a c rushe r  d i scharge  conveyor which a l s o  r ece ives  t h e  
unders ize  from t h e  s ca lp ing  screen .  The crushed c o a l  from a l l  t h e  t r a i n s  
i s  c o l l e c t e d  by a day b in  f eed  conveyor which i n  t u r n  f eeds  a t r i p p e r  
conveyor. The t r i p p e r  conveyor f i l l s  t h e  day b i n s  i n  t h e  g a s i f i c a t i o n  
p l a n t .  I n s t a l l e d  spa re  u n i t s  a r e  inc luded  f o r  t h e  s h u t t l e  conveyor, day 
b i n  f e e d  conveyor and t h e  t r i p p e r  conveyor. 

Limestone of t o p  s i z e  50 mm i s  rece ived  i n  t r u c k s  and unloaded i n  t h e  
s t o r a g e  a r e a .  It i s  reclaimed by a weigh f eede r  a t  a c o n t r o l l e d  r a t e  and 
f e d  t o  a hammer m i l l  type  c rushe r  a t  a maximum r a t e  of 15 tph .  The f l u x  
i s  reduced t o  a t o p  s i z e  of 6 mm, t h e  r equ i r ed  f eed  s i z e  f o r  t h e  next 
s t a g e  of s i z e  reduc t ion  i n  a rod m i l l .  The rod m i l l  which ope ra t e s  i n  a 
d r y  open-c i rcu i t  mode is  designed t o  g r i n d  13.5 t ph  of f l u x  t o  a nominal 
s i z e  of 1 6  mesh and below. The ground product i s  conveyed by a bucket 
e l e v a t o r  t o  t h e  day b i n  f o r  f l u x  i n  t h e  g a s i f i c a t i o n  p l a n t .  This  
l imestone handl ing and p repa ra t i on  f a c i l i t y  has  a spa re  t r a i n .  

A flow diagram of t h i s  p l a n t  is  shown i n  F igure  5-16. 

The major purpose of t h i s  p l a n t  i s  t o  d r y  t h e  c o a l  from P l a n t  1. It 
reduces t h e  c o a l  moisture  from 18% t o  5% a s  r equ i r ed  f o r  t h e  KFW 
g a s i f i e r .  This  d ry ing  u n i t  is  p laced  ahead of t h e  secondary c o a l  
c rush ing  i n  P l an t  2 .  Pre-drying of t h e  c o a l  f a c i l i t a t e s  t h e  secondary 
c rush ing  and screening .  The dry ing  p l a n t  is  designea t o  ope ra t e  a l l  3 
s h i f t s  of t h e  day. 

The c o a l  from P l a n t  1 i s  rece ived  by t h e  f eed  conveyor which f eeds  a 
d r y e r  f eed  b i n .  The b i n  s e rves  two i d e n t i c a l  c o a l  d ry ing  t r a i n s  each 
designed f o r  a f eed  r a t e  of 220 tph .  Weigh f e e d e r s  a r e  provide  t o  
c o n t r o l  t h e  f eed  r a t e  t o  each d rye r .  

The d r y e r s  a r e  convent ional  f l u i d  bed d r y e r s  used e x t e n s i v e l y  i n  t h e  
bituminous c o a l  i ndus t ry .  Hot f l u e  gas  (870 C) from t h e  combustion of 
g a s i f i e r  ash  (P l an t  10) s u p p l i e s  t h e  hea t  necessary  t o  d r y  t h e  c o a l .  
This  gas  s t ream i s  tempered t o  a temperature  of 504 C u s ing  t h e  r ecyc l e  
gas  from t h e  d rye r  exhaus t .  

The exhaust  ga s  from t h e  bed is  passed through two cyclone d u s t  
c o l l e c t o r s  where most of t h e  coarse  d u s t  i n  t h e  gas  i s  sepa ra t ed  o u t .  A 
p a r t  of t h e  dedusted gas  i s  recyc led  t o  t h e  d r y e r .  U s e  of recyc led  gas  
r a t h e r  than  a i r  f o r  tempering t h e  ho t  gas  f o r  d ry ing  keeps t h e  oxygen 
con ten t  below 8 percent  t o  prevent  f i r e s  and d u s t  explos ions .  The n e t  
exhaust  ga s  is  vented t o  t h e  atmosphere through bag houses.  

The d r i e d  c o a l  a t  around 82 C is  c o l l e c t e d  on a d r y e r  d i s cha rge  conveyor 
t o  t r a n s p o r t  t o  P l a n t  2 f o r  secondary c rush ing .  Spare u n i t s  a r e  provided 
f o r  t h e  d ry ing  p l a n t  f eed  conveyor and d ischarge  conveyor. 
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FLOW DIAGRAM 
COAL DRYING (PLANT 3) 
(KRW CASE) 



No a i r  s e p a r a t i o n  p l a n t  i s  r equ i r ed  f o r  t h e  KRW case  because t h e  g a s i f i e r  is  
a i r  blown. 

Coal . . 

This  p l a n t  uses  air-blown KRW g a s i f i e r  with in-bed s u l f u r  removal by 
l imestone.  The g a s i f i c a t i o n  a i r  r equ i r ed  i s  e x t r a c t e d  from t h e  gas  t u r b i n e  
compressor i n  t h e  combined cyc le  p l a n t .  A p rocess  flow diagram of t h i s  p l a n t  
i s  shown i n  F igure  5-17. Except boost  a i r  compression, s i x  ope ra t i ng  t r a i n s  
with no s p a r e s  a r e  used. KRW Energy System, Inc .  provided t h e  process  
in format ion .  The fol lowing desc r ibes  a s i n g l e  g a s i f i c a t i o n  t r a i n .  

-. The boost  a i r  compression i n c r e a s e s  t h e  a i r  p r e s su re  
e x t r a c t e d  from t h e  gas  t u r b i n e  compressor t o  t h e  p re s su re  r equ i r ed  f o r  t h e  
g a s i f i c a t i o n .  Two 50% t r a i n s  a r e  used f o r  t h i s  subsystem. 

A i r  from t h e  gas  t u r b i n e  compressor d i scharge  has a r e l a t i v e l y  high- 
temperature  and i s  f i r s t  cooled i n  t h e  a i r  recupera tor  by hea t  exchange with 
t h e  boost  compressor d i scharge  a i r .  Af te r  t h e  i n i t i a l  cool ing ,  a second 
coo le r ,  t h e  BFW p rehea t e r ,  is  employed t o  prehea t  b o i l e r  f eed  water from t h e  
d e a e r a t o r  while  cool ing  t h e  a i r  t o  a lower temperature .  The a i r  i s  f i n a l l y  
cooled by coo l ing  water i n  t h e  trim coo le r  p r i o r  t o  e n t e r i n g  t h e  boos te r  a i r  
compressor v i a  a knockout drum which c o l l e c t s  water condensed i n  t h e  t r i m  
coo le r .  

. . -. This  a r e a  c o n s i s t s  of f i v e  f u n c t i o n a l  subsystems: 
lockhopper a i r  compression, coa l / so rben t  p r e s s u r i z a t i o n ,  g a s i f i c a t i o n  and 
f i n e s  removal, ash  removal, and hea t  recovery. The subsystems a r e  descr ibed  
s e p a r a t e l y  below: 

CAir A s e p a r a t e  a i r  compressor i s  provided f o r  
lockhopper p r e s s u r i z a t i o n .  The compressor is  s i z e d  f o r  t h e  average flow 
r equ i r ed  by t h e  lockhoppers.  To accommodate t h e  l a r g e  p e r i o d i c  flows t o  
t h e  lockhoppers,  a surge  ves se l  i s  included.  A common spa re  compressor 
is  provided f o r  every two g a s i f i c a t i o n  t r a i n s .  

. A convent iona l  lockhopper system i s  used t o  
p r e s s u r i z e  t h e  c o a l  and l imestone feed .  The two feeds tocks  a r e  rece ived  
s e p a r a t e l y  from P lan t  2 and a r e  mixed i n  a s i n g l e  surge  b i n .  This  b i n  
ope ra t e s  a t  atmospheric p re s su re  and s e r v e s  a s  a r e se rve  of raw m a t e r i a l  
f o r  t h e  p r e s s u r i z i n g  lockhoppers l o c a t e d  beneath t h e  b in .  

The lockhopper p e r i o d i c a l l y  r ece ives  c o a l  from t h e  surge  b i n .  Two va lves  
a r e  used between t h e  lockhopper and t h e  b in :  t h e  upper va lve  t o  i n i t i a t e  
o r  s t o p  s o l i d s  flow and t h e  lower t o  provide a gas  t i g h t  s e a l .  Af t e r  a 
ba tch  of c o a l  i s  received,  t h e  lockhopper i s  p r e s s u r i z e d  wi th  high- 
p r e s s u r e  a i r .  When t h e  p re s su re  i n  t h e  lockhopper i s  equa l i zed  with t h e  
f eed  hopper, a va lve  l o c a t e d  beneath t h e  lockhopper i s  opened t o  dump 
t h e  m a t e r i a l  i n t o  t h e  f eed  hopper. When t h e  lockhopper i s  empty, t h e  
valve i s  c lo sed  and the  lockhopper is  vented t o  atmospheric pressure t o  
r epea t  t h e  cyc l e .  







A vent filter is installed on the pressurizing/venting line to 
essentially eliminate particulate emissions when the pressurization 
hopper is vented. The lockhopper is pressurized through this same filter 
to provide an automatic "backwashing" of the filter media. 

The feed hopper is operated at a constant pressure sufficient to permit 
starwheel feed metering and pneumatic conveying of the coal/limestone 
mixture to the gasifier by an air stream. The relative proportions of 
coal and limestone sent to the feed surge bin will be established by 
set-point adjustments based on an analysis of the gasifier product gas 
obtained from an on-line sulfur analyzer. 

. . Gaslflcation. The KRW gasifier is a pressurized 
fluidized-bed gasifier. The gasifier is a refractory-lined carbon steel 
pressure vessel, divided into a number of functional zones, where coal 
devolatilization, combustion, gasification, desulfurization, and ash and 
spent-sorbent cooling occur. 

Coal and limestone are pneumatically fed to the gasifier through a 
central feed tube. Additional air is also fed through this same feed 
tube and the streams merge to form a central jet where the coal is 
quickly devolatilized. The char formed is further combusted in the jet 
to provide the heat necessary for endothermic devolatilization, 
gasification, calcination and desulfurization reactions. 

Within the bed a number of competing reactions occur. The principal 
reactions of interest are the gasification reactions: 

Carbon monoxide and hydrogen are the major constituents of the product 
gas. Methane and other hydrocarbons are produced in lesser quantities, 
primarily from the devolatilization process. The operating temperature 
of the gasifier is sufficiently high to crack any tars or oils that 
might be produced. 

The fluidized bed also presents a favorable environment for 
desulfurization of the gas. Hydrogen sulfide, produced from the sulfur 
in the coal, is removed from the gas phase by limestone according to the 
following reactions: 

CaC03 = CaO + C02 
CaO + H2S = CaS + H20 

The limestone calcination (the first reaction above) occurs very quickly 
due to the low C02 partial pressure in the gasifier. The design sulfur 
removal is 78%. 

As the carbon in the char is consumed, the particles become enriched in 
ash. The ash particles then tend to adhere to each other and agglomerate 
and, along with the dense calcium sulfide/oxide particles, separate from 
the char bed because of their different fluidization characteristics. 



This sepa ra t ion  occurs  pr imar i ly  i n  a region t h a t  surrounds t h e  c e n t r a l  
feed  tube  a t  t h e  bottom of t h e  g a s i f i e r  v e s s e l .  

Gas l eaves  t h e  g a s i f i e r  from t h e  t o p  and e n t e r s  a cyclone. The cyclone 
s e p a r a t e s  t h e  major i ty  of t h e  f i n e  p a r t i c u l a t e s  t h a t  escape t h e  g a s i f i e r  
bed and r e t u r n s  them t o  t h e  bed by a f l u i d i z e d  d ip- leg .  

A s t a r t u p  hea te r  is  included t o  provide hot  a i r  (538 C) necessary f o r  
t h e  i n i t i a l  heatup and i n i t i a t i o n  of r eac t ion  i n  t h e  g a s i f i e r .  I t  is a 
s tandard  gas- f i red  hea te r  using LPG f u e l .  Only one s t a r t u p  hea te r  is  
provided f o r  a l l  s i x  g a s i f i c a t i o n  t r a i n s .  

AshRemoval. Ash and spent sorbent  a r e  removed from t h e  g a s i f i e r  by t h e  
ash f eede r .  They a r e  then conveyed from t h e  g a s i f i e r  a r ea  t o  t h e  bottom , 

of t h e  gas f i l t e r  by a s l i p  stream of recycle  gas .  The ash/sorbent  
mixture is  mixed with t h e  f i n e s  c o l l e c t e d  by a f i l t e r .  

-. Heat recovery from t h e  product gas  i s  accomplished i n  a 
f i r e - tube  type  product gas cooler .  In  t h e  cooler ,  t h e  gas  i s  cooled t o  
538 C by genera t ing  high pressure  s a t u r a t e d  steam. The steam generated 
i s  s e n t  t o  t h e  HRSG i n  t h e  combined cycle  p l a n t  (P lant  9) f o r  
superheat ing.  

. .  . GasCondltlonlna. The cooled product gas from t h e  product gas  cooler  i s  
f u r t h e r  cleaned of t h e  remaining p a r t i c u l a t e s  through high e f f i c i e n c y  cyclones 
and a ceramic candle gas  f i l t e r  p r i o r  t o  i t s  d e l i v e r y  t o  t h e  combined cycle  
p l a n t .  The elements i n  t h e  gas f i l t e r  a r e  p e r i o d i c a l l y  blown back with high 
p res su re  r ecyc le  gas t o  c lean  t h e  f i l t e r  su r face  by d is lodging  t h e  t rapped 
s o l i d s  which a r e  c o l l e c t e d  and removed from t h e  bottom of t h e  f i l t e r  ves se l .  

The gas  condi t ioning  system addresses t h e  engineer izg  a spec t s  of cool ing  hot 
p a r t i c u l a t e s  from p a r t i c u l a t e  removal devices i n  a cos t  e f f e c t i v e  manner. The 
recovered s o l i d s  a r e  mixed with t h e  "LASHn (ash p lus  spent  l imestone sorbent  
from t h e  f l u i d  bed g a s i f i e r )  recovered from t h e  f i l t e r  i n  order  t o  cool  t h e  
f i n e s  t o  a s u f f i c i e n t l y  low temperature t o  p e d t  t h e  use of low c o s t ,  high 
r e l i a b i l i t y  lockhoppers, valving, and s o l i d s  handling equipment, and a l s o  t o  
help promote the flow of fine material (both small i n  s i z e  and low i n  
d e n s i t y ) .  The mixture temperature leaving  t h i s  opera t ion  would be near  t h e  
"LASH" temperature s i n c e  t h e  quan t i ty  of "LASHn i s  much g r e a t e r  than t h e  
q u a n t i t y  of f i n e s .  

The cooled s o l i d s  a r e  t r a n s f e r r e d  t o  a dep res su r i za t ion  lockhopper where t h e  
p res su re  is  reduced t o  atmospheric, and from which t h e  s o l i d s  a r e  sen t  t o  t h e  
ash s u l f a t i o n  p l a n t  (P lant  1 0 )  through an enclosed, water cooled conveyor. 
Lockhopper p r e s s u r i z a t i o n  i s  accomplished with gas from t h e  high pressure  
recycle  gas  compressor. When vented, t h i s  gas i s  routed through t h e  lockhopper 
f i l t e r  t o  t h e  s u l f a t o r  f o r  u l t ima te  d i sposa l  by combustion. 

- -. Two sepa ra t e  recycle  gas  compressors a r e  employed. 

The high p res su re  recycle  gas compressor supp l i e s  high-pressure (49 kg/cm 2 
abs)  r ecyc le  gas  t o  be used f o r  f i l t e r  blowback and lockhopper compression. A 

gas r ece ive r  i s  included t o  provide t h e  surge capac i ty  necessary t o  



accommodate the periodic gas flows to the depressurization hopper and the 
filter. A common spare compressor is provided for every two gasification 
trains. 

The gasifier recycle-gas compressor provides the recycle gas required for the 
gasifier use and for ash transport. A common spare compressor is provided for 
every two gasification trains. 

Prior to compression in these compressors, the recycle gas is cooled by 
preheating the boiler feedwater from the combined cycle plant. 

No acid gas removal plant is required for the KRW case because of the in-situ 
sulfur removal in the gasifier. 

Recoverv ( P l a n t  71 

No sulfur recovery plant is required for the KRW case because there is no acid 
gas removal plant. 

As a result of the hot gas cleanup used, no process waste water is produced in 
the KRW case and no sour water stripping plant is required. 

Cvcle ( P b n t  9 )  

The design and description of this plant is very similar to that in the Shell 
case. Highlighted below are the major differences. 

Gas Tuxhine. Based on the clean gas composition supplied by KRW, GE provided 
the following gas turbine performance (one 9F gas turbine) at both the normal 
and design ambient temperatures: 

Fuel (LHV) , Million Kcal/h 
Fuel Gas Temperature, C 
Relative Humidity 
NOx Steam, 1000 kg/h 
Exhaust Flow, 1000 kg/h 
Exhaust Temperature, C 
Power Output, MW 
Air Extracted, 1000 kg/h 
Extrac. Air Press., kg/cm2 
Extrac. Air Temp., C 

The KRW gas is a low-Btu gas, containing a significant amount of nitrogen. 
Nitrogen acts as a diluent to suppress the flame temperature in the gas 
turbine combustor. As a result, no NOx steam injection is required in this 
case. Air is extracted from the gas turbine compressor to provide gasification 
air. The flow and condition of this extracted air stream are also summarized 
above. 



Pro-. A steam ba lance  of t h e  
process  a r e a  i s  shown i n  F igure  5-18. The major flows a r e  shown i n  Table  5-13. 
Steam is  genera ted  and consumed i n  t h e  process  p l a n t  a t  two p r e s s u r e  and 
temperature  l e v e l s .  

High p r e s s u r e  s a t u r a t e d  steam a t  110.6 kg/cm2 abs  i s  produced by waste hea t  
recovery i n  t h e  g a s i f i c a t i o n  p l a n t  and ash s u l f a t i o n  p l a n t .  This  steam is  s e n t  
f o r  superhea t ing  i n  t h e  HRSG. 

Medium p re s su re  superheated steam a t  36.2 kg/cm2 abs,  538 C is  r equ i r ed  a s  t h e  
g a s i f i c a t i o n  steam. This  steam requirement i s  provided by p re s su re  reduc t ion  
of t h e  high p re s su re  superheated steam produced from t h e  HRSG of t h e  combined 
c y c l e  p l a n t .  

Steam. The steam c y c l e  con f igu ra t i on  is shown i n  F igure  5-19. The major 
s t ream flows a t  t h e  29.4 C annual average temperature  a r e  shown i n  Table 5-14. 

The c y c l e  con f igu ra t i on  i s  i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  c a se .  The major 
d i f f e r e n c e s  a r e :  

o A s  t h e  KRW g a s i f i e r  and ash  s u l f a t i o n  produce only s a t u r a t e d  high 
p re s su re  steam, t h i s  steam is superheated f i r s t  i n  t h e  HRSG be fo re  it is 
f e d  t o  t h e  steam t u r b i n e .  

o No steam is e x t r a c t e d  from t h e  steam t u r b i n e  t o  s a t i s f y  steam need i n  ' 
t h e  process  a r e a .  

o A p o r t i o n  of t h e  high p re s su re  superheated steam produced from t h e  HRSG 
is p r e s s u r e  letdown t o  36.2 kg/cm2 abs  a s  t h e  g a s i f i c a t i o n  steam. 

o A high temperature  b o i l e r  feedwater and a low temperature  b o i l e r  
feedwater  a r e  drawn from two s e p a r a t e  p o i n t s  of t h e  HRSG economizer f o r  
p roces s  use .  

r v  S t e a m .  The HRSG mechanical d e t a i l s  de sc r ibed  i n  t h e  
S h e l l  c a s e  a l s o  apply  f o r  t h e  KRW ca se .  However, t h e  KRW case  has  no s u l f u r  
recovery p l a n t .  Therefore,  t h e r e  i s  no s u l f u r  recovery t a i l  gas  f eed ing  
t o g e t h e r  with t h e  gas  t u r b i n e  exhaust  t o  t h e  HRSG. 

- Steam. The steam t u r b i n e  has t h e  same b a s i c  con f igu ra t i on  a s  
t h a t  i n  t h e  S h e l l  case,  except  f o r t h e  r a t i n g .  The t u r b i n e  is r a t e d  f o r  
approximately 140 MW. The gene ra to r  i s  r a t e d  f o r  approximately 165 MVA. 

Svstem. - The des ign  and d e s c r i p t i o n  of t h i s  system is  i d e n t i c a l  
t o  t h a t  i n  t h e  S h e l l  case.  

The g a s i f i e r  a sh  is r i c h  i n  unconverted carbon (about 9 % ) .  It a l s o  con ta in s  
CaS because of t h e  i n - s i t u  s u l f u r  removal i n  t h e  KFW g a s i f i e r  u s ing  l imestone 
i n j e c t i o n .  The major purposes of ash  s u l f a t i o n  p l a n t  a r e  t o  recover  energy 
from t h e  unconverted carbon and t o  convert  CaS i n t o  d i sposab le  CaSOq. 

The a sh  s u l f a t i o n  i s  b a s i c a l l y  an atmospheric f l u i d i z e d  bed combustor (AFBC) 
based on a bubbl ing bed design.  I n  t h e  combustor, carbon conversion i s  assumed 
t o  be 98% and CaS conversion i s  assumed t o  be 90%. 

The hot  f l u e  gas  from t h e  combustor i s  used f o r  coal dry ing .  The amount of a i r  
t o  t h e  combustor is determined by t h e  gas  flow and hea t  requirements  f o r  t h e  
c o a l  d ry ing .  The excess  a i r  l e v e l  under t h i s  cond i t i on  i s  23%. 
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Table 5-13 

STREAM FLOW FOR PROCESS STEAM 
(KRU USE) 

. . . . . . . . . . . . . . . . . . . .  - - - - - - - -  ----.--- 
Stream No. 1 2 
. . . . . . . . . . . . . . . . . . . .  - - - - - - - -  - - - - - - - -  
STREAM HP STEAM HP STEAM 
DESCRIPTIMI FROM FROM 

GASIFIER ASH 
SULFATION 

-------------.------ -----.-- -- - - - - - -  

Pressure, kg/& a b  112.52 112.52 110.55 55.09 

Temperature, C 318.3 318.3 318.3 304.4 

Flaw, 1000 kg/hr 421.55 72.18 493.72 355.35 

Enthalpy, kcal/kg 630.46 630.46 630.46 511.40 

CYCLE 
- - - - - - - -  

36.22 

537.8 

41.01 

828. % 

-- - - - - - - - -  
1. Enthalpy values are based on 0 kcal/kg 

for l iquid water a t  0 C 
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(KRW CASE) 
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ST- FLOW FOR COMBINED CYCLE 

WW-E) 

- _ _ _ _ _ _ - _ _ _ _ _ _ - - -  
GAB STAM BFW CONS -TO HP BFW BFWTO HP BFW STEAM HPSTEAM HPSTEAM HP STEAM LP BFW STEAM 

TURBINE OA9 U r n - U P  SATE PROCESS FROM -5.9 FROU FROMHP FROM FROM TO FROM FROMIP 
EXHAUST HP ECON 1 HPECON2 BOILER PROCESS HRSQ PROCESS IPECON BOlLER 

- - - - - - - - - - - -- - - 
& r r m  No. 18 17 18 10 20 21 P 23 24 25 20 27 28 29 - - - ---------  
STREAM NOX EXHAUST REHFATED EXHMIST cOOc lM COOLING AIR 8mGA9 IP STEAM REHEAT ATTEMP HP BFW DA DA 

DESCmPTW)N MJECTKM F#WI HP I P S T W  FROU LP WATER WATER T O W  T O W  TO ATTEMP WATER ECON 2 PEGGING STEAM 

STEAM TURBlNE TURBINE BUPPLY RETUFYJ TURBINE TURBINE REHEAT WATER FORHP ClRC STEAM DUMP 
STEAU 

_ _ - - _ _ . - - - - - -  

Prrrruro. kgl& dm 28.72 26.72 26.32 0.12 3.62 .2.48 0.08 23.01 26.72 110.66 110.65 110.65 27.43 1 .48 

Enthdpy. k&g 

IP STEAM 
FROM 
HRSG 

1. Enlhdpy vdurr ur b u d  on 0 k d k g  
la llquld walrr a1 0 C 



The combustion temperature  i s  871 C .  The excess  hea t  from t h e  combustor i s  
removed by gene ra t i ng  110.6 kg/cm2 abs  s a t u r a t e d  steam. 

The g a s i f i e r  ash  f e d  t o  t h e  combustor i s  a t  316 C and has  a  t o p  p a r t i c l e  s i z e  
of 6 mm. It c o n t a i n s  q u i t e  a  b i t  of f i n e s .  Whether a  c i r c u l a t i n g  f l u i d i z e d  bed 
combustor i s  a  b e t t e r  des ign  choice  w i l l  be s u b j e c t  t o  f u t u r e  s tudy .  

Spent ash l e a v i n g  t h e  combustor is  cooled  by a water  cooled  screw conveyor. 
The cooled  a sh  i s  then  d ischarged  f o r  d i s p o s a l .  

30L. The s o l i d  waste, i n  t h i s  ca se ,  mainly 
c o n s i s t s  of d i s p o s a l  of t h e  s u l f a t e d  ash produced from t h e  ash  s u l f a t i o n  p l a n t  
( P l a n t  10). The ash  from t h e  s u l f a t i o n  p l a n t  is  taken  t o  t h e  s l u r r y  making 
t ank  where a  10% s o l i d  con ta in ing  s l u r r y  is made with a d d i t i o n  of raw water 
f o r  t r a n s p o r t a t i o n  t o  t h e  ash d i s p o s a l  a r e a  through a  p i p e l i n e .  Fu r the r  
d e s c r i p t i o n  of t h i s  p l a n t  i s  same a s  t h a t  i n  t h e  S h e l l  c a s e .  

311. The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  is  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  c a se .  

. . 
IDW (P l an t  32). The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  i s  

i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  c a se .  

n t  33). The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  is 
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  c a se .  

O i l  iind LPG S v W  (P-. The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  i s  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  c a se .  

nt 35). The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  is i d e n t i c a l  
t o  t h a t  i n  t h e  S h e l l  c a se .  The only  d i f f e r e n c e  is  Chat t h e r e  i s  no a i r  
s e p a r a t i o n  p l a n t  and t h e r e f o r e  t h e r e  is  no power t o  be  d i s t r i b u t e d  t o  t h i s  
p l a n t .  

(Plant 3 6 ) .  The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  i s  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  c a se .  

Svstem ( P W  37L. The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  i s  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  c a se .  But a s  less h e a t  i s  r e j e c t e d  i n  t h e  KRW 
ca se ,  t h e  coo l ing  tower c a p a c i t y  is  sma l l e r .  The coo l ing  tower has  24 cells i n  
t o t a l  a t  2500 m3/h c i r c u l a t i o n  r a t e  p e r  cel l .  

Water S U D p l V t  Treatmentplant 38L. The major p roces s ing  b locks  i n  t h i s  
system a r e  shown i n  t h e  o v e r a l l  water  ba lance  diagram, F igure  5-20. The major 
s t ream f lows a r e  shown i n  Table 5-15. The d e s c r i p t i o n  of t h i s  system is 
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case .  

e P r o t n c t b  ( P l a n t  391. The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  is  i d e n t i c a l  t o  
t h a t  i n  t h e  S h e l l  c a se .  

t 40). The d e s c r i p t i o n  of t h i s  p l a n t  a r e a  i s  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case ,  except  t h a t  t h e r e  i s  no p roces s  waste 
water  t o  be t r e a t e d .  





Table 5-15 

MAJOR STREAMS OF OVERALL WATER BALANCE 
IGCC PLANT (KRW CASE) 

Stream 
Number Stream Name Flow, m3/h 

Total River Water Intake 
Clarifier Feed Water 
Cooling Tower Makeup 
Gravity Filter Feed Water 
Cooling Tower Evaporation & Drift Loss 
Cooling Tower Blowdown 
Process Makeup Water & Misc. Use 
Demineralizer Feed 
Boiler Feed Water 
Neutralized Demineralizer Regenerants 
Water Discharge from Misc. Use 
Boiler BD & Air Comp. Condensate 
Total Water Discharge to River 



es E n t  41). The d e s c r i p t i o n  of t h i s  
p l a n t  a r e a  i s  i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  ca se .  

S i t e  P p t s  (Plant 42). The d e s c r i p t i o n  of t h i s  p l a n t  
a r ea  i s  i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case .  

t 43L. The d e s c r i p t i o n  of t h i s  p l an t  a r ea  i s  i d e n t i c a l  t o  t h a t  
i n  t h e  S h e l l  case .  

An o v e r a l l  block diagram of t h e  IGCC p l an t  us ing  t h e  moving bed g a s i f i e r  is  
shown i n  Figure 5-21. The number of ope ra t ing  and spa re  t r a i n s  used a r e  
i n d i c a t e d  f o r  each of t h e  major process  and power blocks.  The major s t ream 
flows ( a t  t h e  29.5 C annual average ambient temperature)  a r e  shown i n  Table 
5-16. An o v e r a l l  u t i l i t y  summary f o r  t h e  same ambient temperature i s  shown i n  
Table 5-17. A d e s c r i p t i o n  of t h e  p l a n t  f a c i l i t i e s  fo l lows .  

Coal Svstem 

This system is  t h e  same a s  t h a t  descr ibed  f o r  t h e  S h e l l  case .  

A flow diagram of t h i s  p l a n t  is  shown i n  Figure 5-22. 

The f a c i l i t i e s  included and t h e  d e s c r i p t i o n  of t h i s  p l a n t  a r e  very s i m i l a r  t o  
those  of t h e  S h e l l  ca se .  The major d i f f e r e n c e s  a r e :  

o  Coal i s  d e l i v e r e d  from t h e  mine by a  merry go round r a i l  system i n s t e a d  
of a  d i r e c t  b e l t  conveying system. The c o a l  rece ived  i s  conveyed from 
t h e  c o a l  s t o r a g e  bunker of t h e  merry go round system t o  t h e  
d i s t r i b u t i o n  b in  a t  a  r a t e  of about 900 tph. .  

o  Sized c o a l  (+6-50 mm) a s  r equ i r ed  f o r  t h e  moving bed g a s i f i e r  is 
assumed t o  be a v a i l a b l e  a t  a  premium p r i c e .  Therefore,  t h e  c o a l  
rece ived  does not  r equ i r e  f u r t h e r  c rush ing .  

o  The c o a l  reclaimed from t h e  l a r g e  s to rage  p i l e  is  screened t o  remove 
any f i n e s  generated dur ing  t h e  s to rage  before  it is  conveyed t o  t h e  
g a s i f i c a t i o n  p l a n t .  The f i n e s  removed a r e  s e n t  f o r  d i s p o s a l .  

I n  t h i s  p l a n t ,  t a r  and o i l  produced i n  t h e  g a s i f i c a t i o n  p l a n t  i s  f i r e d  t o  
r a i s e  high pressure ,  superheated steam a t  110 kg/crn2 abs and 542 C t o  f eed  t h e  
steam t u r b i n e  i n  P l an t  9  f o r  power genera t ion .  Two b o i l e r s ,  each of 150 t / h  
steam genera t ion  capac i ty ,  a r e  i n s t a l l e d .  

The major process  a r e a s  i n  t h i s  p l a n t  a r e  descr ibed  below. 

. . -. Graded c o a l  of 6-50 mm s i z e  from P lan t  1 is  rece ived  a t  
t h e  overhead bunker l oca t ed  a t  t h e  t o p  of each g a s i f i e r .  Fourteen 
g a s i f i e r s  f o r  opera t ion  a t  a  p re s su re  of 24 kg/cm2 a r e  provided.  Coal from 
t h e  bunker i s  f e d  t o  t h e  g a s i f i e r  through t h e  lock hopper which i s  opera ted  
au tomat ica l ly  through a  hydraul ic  c o n t r o l l e r .  





Table 5-16 

MAJOR STREAMS FOR KXC RANT 
(MOVING BED CASE) 

Stream Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Stream Deecrlptlon CQ4L AIR AIR STEAM S T W  RECH;LE ASH GAS ACID PROOGAS FRW GAS GASTO STACK SUR-IUA 
Tt3 AICM TO RYM TO WATER SETTLED TO GAS EXIT PREHEAT TOHRSG GAS BY . - . . . - ~ . 

W f l E R  GT GASlF C.C. GASIF. AGR AGR PRODLET 
Gases: kg-mdh 

H2 
0 
ax 
CH4 

m4 
M + A R  12,865.0 15.557.5 

CQ 3.410.0 4.135.5 
tQS 
SOQ 3.4 3.4 
kt20 1,122.0 134.8 361.1 9,571.1 102.9 53.3 160.6 160.6 14,056.5 14.056.5 

TOTAL: Kg-moVhr 17,397.0 19.827.8 361.1 9.571.1 34.290.8 592.6 33.809.3 33,809.3 139.745.9 139.745.9 
-i 
w LlqulL: kghr 

W 80,757 
Sulphur 

WlL: kghr 
Cod (MAF) 103,897 

AshlSlag 174,077 163.500 
Sulphur 

Total: kghr 358,731 489.536 570.372 6,500 172.280 1,342.000 163.500 844.833 23,992 822.840 822.840 4.016.572 4,016,572 1.313 

Tempenaure. C 29.4 331.7 145.0 253.5 292.5 4 ~ 1 0  40.0 42.0 43.3 48.0 157.2 607.4 121.0 132.2 
Press, k d m 2  g 0 11.27 31 43.2 32  5 0 2 3 1 22.8 22.6 0.04 0 4.9 



Table 5-17 

UTILITY SUMMARY 
(MOVING BED CASE) 

Steam, kghr Blow- Conden- CM Coollng Raw 
Plant Power, i w  kdom2 45 kdcrn2 55 kdom2 27.5 kglcrn? 5.07 kglcm2 2.1 kglcn BFW, down, sate, Water, Water, Water. 
Na Plant Name - k w &t. 295 c 9.1. 8.1. 8.1. kalhr kglhr kalhr kqlhr m31hr m3lhr  = c  - 

162 Coal Roalvlng. 779 

Add OM Rrmovll a 
Sulfur Rocwrry 
Comblnd Cyc* 

OM Turblnr 
8 w m  Turblnr 
lmo 
BFW Pump 6 Aux Equlp 

Cooling Wahr Sphm 
Rrrr Wahr Supply/Trut. 
WMP Water 8yotrm 
Oonrr. F d l y  6 Lour 

TOTAL 
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The g a s i f i e r  i s  a s h a f t  t ype  jacke ted  v e s s e l  and has  an ash  g r a t e  a t  t h e  
bottom and a c o a l  d i s t r i b u t o r  a t  t h e  t o p .  The d i s t r i b u t o r  with r ak ing  arms 
h e l p s  t o  break up any agglomerated c o a l  and t o  ensure  a uniform flow of 
g a s .  This  i s  e s s e n t i a l  while  p roces s ing  cak ing  c o a l s .  For non-caking coa l ,  
a c y l i n d r i c a l  s k i r t  i s  adequate .  The g r a t e  a t  t h e  bottom r o t a t i n g  a t  very 
slow speed suppor t s  t h e  f u e l  bed and he lps  t o  withdraw t h e  a sh  from t h e  
g a s i f i e r .  The g a s i f y i n g  media, a i r  and steam, f e d  from t h e  bottom through 
p o r t s  i n  t h e  g r a t e  i s  evenly d i s t r i b u t e d  over  t h e  c r o s s  s e c t i o n  of t h e  
g a s i f i e r .  The downward flow of c o a l  counter  c u r r e n t  t o  t h e  g a s i f y i n g  media 
and gaseous products  r e s u l t s  i n  banging tempera ture  and concen t r a t i on  
p r o f i l e  over  t h e  l e n g t h  of t h e  r e a c t o r .  

A s  c o a l  moves down t h e  g a s i f i e r ,  it is  d r i e d ,  p rehea ted  and d e v o l a t i l i s e d  
i n t o  cha r .  Most of t h e  c h a r  i s  g a s i f i e d  and t h e  r e s i d u a l  char  i s  combusted 
with oxygen i n  t h e  a i r  t o  provide t h e  endothermic hea t  f o r  t h e  g a s i f i c a t i o n  
r e a c t i o n s .  The maximum tempera ture  t h a t  occurs  i n  t h e  combustion zone has 
t o  be less than  t h e  a sh  f u s i o n  po in t  f o r  f a c i l i t a t i n g  d r y  a sh  removal and 
i s  c o n t r o l l e d  by t h e  steam admit ted a long  wi th  t h e  ox idan t .  S a t u r a t e d  steam 
is  gene ra t ed  wi th in  t h e  jacke t  of t h e  r e a c t o r ,  t h u s  keeping t h e  o u t e r  wal l  
t empera ture  of t h e  g a s i f i e r  cool  and no r e f r a c t o r y  l i n i n g  i s  r equ i r ed .  

The l a r g e  f u e l  i nven to ry  i n  t h e  r e a c t o r  ensu re s  s a f e  and smooth ope ra t i on .  
Any unavoidable  f l u c t u a t i o n  i n  c o a l  p r o p e r t i e s  is  t h u s  taken  c a r e .  Because 
of t h i s  and i t s  e x c e l l e n t  dynamic response behaviour,  t h e  g a s i f i e r  can be 
brought t o  f u l l  l oad  very qu i ck ly  from a ho t  s tandby cond i t i on .  The 
a v a i l a b i l i t y  f a c t o r  i s  high.  

The product  gas ,  c o n s i s t i n g  of C02, CO, H2 , CHq, N2, t a r ,  o i l ,  and 
undecomposed steam, l eaves  t h e  g a s i f i e r  a t  about 355 C .  The a sh  r e s idue  
with about 5% combust ibles  i s  d ischarged  i n  d r y  cond i t i on  through a lock  
hopper system ope ra t ed  i n  a time cyc l e .  

A major p o r t i o n  of t h e  r equ i r ed  q u a n t i t y  of a i r  f o r  g a s i f i c a t i o n  i s  
e x t r a c t e d  from t h e  a i r  compressor of t h e  gas  t u r b i n e  and t h e  ba lance  from 
an a u x i l i a r y  compressor.  A i r  from t h e  gas  t u r b i n e  (471.2 t / h )  a t  12.3 
kg/cm2 and 381.7 C exchanges hea t  i n  a waste hea t  b o i l e r  t o  gene ra t e  
s a t u r a t e d  steam a t  3.87 kg/cm2 and i s  f u r t h e r  cooled  i n  a t r i m  c o o l e r  t o  
about 42 C.  The a d d i t i o n a l  q u a n t i t y  of a i r  r equ i r ed  f o r  g a s i f i c a t i o n  (96.7 
t / h )  is  drawn through t h e  a u x i l i a r y  compressor a t  12.3 kg/cm2 and f e d  t o  
t h e  b o o s t e r  compressor a long  with t h e  a i r  drawn from gas  t u r b i n e .  The t o t a l  
q u a n t i t y  of a i r  a t  32 kg/cm2 and 130 C i s  f e d  t o  t h e  g a s i f i e r s .  

Process  s team drawn from t h e  steam t u r b i n e  a t  33 kg/cm2 and t h e  s a t u r a t e d  
jacke t  steam from t h e  g a s i f i e r  p rovide  t h e  steam i n p u t  t o  g a s i f i c a t i o n .  

. The g a s  l e a v i n g  t h e  g a s i f i e r  a t  355 C is 
f i r s t  scrubbed i n  a quench v e s s e l  wi th  r e c i r c u l a t e d  g a s  l i q u o r  and cooled  
t o  165 C.  It t h e n  pas se s  t o  t h e  waste h e a t  b o i l e r  where low p r e s s u r e  steam 
a t  3.8 kg/cm2 i s  gene ra t ed  and t h e  gas  g e t s  cooled  t o  155 C.  The g a s  f lows 
t o  a gas  h e a t e r  t o  p rehea t  t h e  cooled  and p u r i f i e d  f u e l  gas ,  t h e n  i s  
f u r t h e r  cooled  i n  a pre -cooler  fol lowed by an a f t e r - c o o l e r .  I n  t h e  pre-  
coo le r ,  t h e  gas  i s  cooled  t o  1400 C while  p rehea t ing  b o i l e r  f e e d  water .  I n  
t h e  a f t e r - c o o l e r ,  it is cooled  t o  42 C by exchange of h e a t  wi th  coo l ing  
water .  The gas  t hen  goes t o  t h e  a c i d  gas  removal s e c t i o n .  The gas  used f o r  
p r e s s u r i s i n g  t h e  c o a l  lock  chamber f lows t o  a gas  ho lde r  which i s  
recompressed and mixed with t h e  main s t ream of raw gas  f e d  t o  t h e  a c i d  g a s  
removal system. The number of quench v e s s e l s ,  waste hea t  b o i l e r s ,  ga s  



nea te r s ,  pre-coolers ,  ana a f t e r - coo le r s  a r e  t h e  same a s  t h e  number of 
g a s i f i e r s  . 
The condensed l i q u i d s  from t h e  waste heat  b o i l e r ,  gas hea te r ,  pre-cooler  
and a f t e r - coo le r  a r e  depressur i sed  i n  two expansion vesse l s  f o r  o i l y  and 
t a r r y  gas l i q u o r  streams, r e spec t ive ly .  Tar, o i l ,  and gas l i q u o r  a r e  
sepa ra t ed  i n  g r a v i t y  sepa ra to r s .  The t a r  f r a c t i o n  c o l l e c t e d  a t  an 
appropr ia te  he ight  i n  t h e  primary secondary sepa ra to r s  flow t o  t a r  s to rage  
tanks .  The o i l  f r a c t i o n  drawn a s  overflow from t h e  primary/secondary t a r  
s epa ra to r s  along with t h e  o i l y  gas- l iquor streams a r e  f e d  t o  o i l - sepa ra to r .  
The o i l  s epa ra t ed  flows t o  o i l  s to rage  tanks.  The gas l i q u o r  separa ted  i n  
primary/secondary t a r  s epa ra to r s  and i n  o i l  s epa ra to r s  flows t o  t h e  gas 
l i q u o r  s to rage  tank .  The excess gas l i quor ,  a f t e r  meeting t h e  requirement 
of recycle  t o  t h e  quench vesse l ,  i s  pumped t o  t h e  waste water t reatment  
s e c t i o n .  Steam heat ing  i s  provided i n  t h e  primary and secondary sepa ra to r s  
and t a r  s to rage  tanks .  

This s ec t ion  has fou r  opera t ing  t r a i n s .  

-. The gas-l iquor conta ins  phenols, f i x e d  and f r e e  
ammonia, th iocyanates ,  o the r  he terocycl ic  compounds, and suspended s o l i d s .  
I t  r equ i re s  a  combined physico-chemical and b io log ica l  t reatment  before  it 
can be reused. The t reatment  c o n s i s t s  of primary t rea tment ,  b i o l o g i c a l  
t reatment  and po l i sh ing .  The primary t reatment  comprises o f :  (1) 
equa l i sa t ion  t o  a l t e r n a t e  t h e  flow and c h a r a c t e r i s t i c s  of t h e  gas l i quor ,  
( 2 )  t reatment  with l i m e  t o  a d j u s t  pH t o  11.6 and t o  remove o i l  and grease,  
and ( 3 )  a i r  s t r i p p i n g  of ammonia. The s t r i p p e d  ammonia is  absorbed i n  
d i l u t e  su lphur ic  a c i d  and t h e  ammonium su lpha te  thus  formed i s  recovered by 
subsequent evaporat ion and c r y s t a l l i s a t i o n .  Af ter  n e u t r a l i s a t i o n  with 
su lphur i c  a c i d  t o  a  pH of 8, t h e  gas  l i q u o r  is  subjec ted  t o  b i o l o g i c a l  
oxida t ion  w i t h  a  s p e c i a l  microbial  c u l t u r e  i n  two t r i c k l i n g  f i l t e r s .  The 
l i q u o r  i s  f i n a l l y  pol i shed  i n  ac tua ted  carbon f i l t e r s  and recycled t o  t h e  
ash handling p l a n t .  

The design of t h i s  u n i t  i s  t h e  same as  t h a t  adopted f o r  t h e  Texaco cases .  Two 
opera t ing  t r a i n s  without spare  a r e  required.  

The design of t h i s  u n i t  is  t h e  same a s  t h a t  adopted f o r  t h e  Texaco cases .  One 
t r a i n  is requi red .  

Cvcle (P- 

The design and desc r ip t ion  of t h i s  p l an t  i s  s i m i l a r  t o  t h a t  i n  t h e  S h e l l  case .  
Highlighted below a r e  t h e  major d i f f e rences .  

GasTurbine. Based on t h e  c lean  gas composition, GE provided t h e  fol lowing gas 
t u r b i n e  performance (one 9F gas tu rb ine )  a t  both t h e  normal and des ign  ambient 
temperatures:  

Fuel  (LHV) , Mil l ion  Kcal/h 491.5 
Fuel Gas Temperature, C 157.2 
Re la t ive  Humidity 8 0 



NOx Steam, 1000 kg/h 0 
Exhaust Flow, 1000 kg/h 2001.3 
Exhaust Temperature, C 610 
Power Output, MW 184 - 2  
A i r  Ex t r ac t i on ,  1000 kg/h 235.6 

The moving bed g a s i f i e r  gas  has very  h igh  C02 and N2 con ten t s .  C02 and N2 a c t s  
a s  d i l u e n t s  t o  suppress  t h e  flame temperature  i n  t h e  gas  t u r b i n e  combustor. A s  
a r e s u l t ,  no NOx steam i n j e c t i o n  is r equ i r ed .  

~n t h e  P r o c e s s .  A steam ba lance  of t h e  
p roces s  a r e a  i s  shown i n  F igure  5-23. The major flows a r e  shown i n  Table 5-18. 
Steam is  genera ted  and consumed i n  t h e  p roces s  p l a n t  a t  s i x  p r e s s u r e  and 
tempera ture  l e v e l s .  

High p r e s s u r e  superhea ted  steam a t  108 kg/cm2 abs  is genera ted  i n  t h e  t a r / o i l  
f i r e d  b o i l e r s .  It flows t o  t h e  steam t u r b i n e  f o r  power gene ra t i on .  High 
p r e s s u r e  s a t u r a t e d  steam a t  43.2 ~ g / c m 2  abs  is consumed f o r  c l e a n  f u e l  ga s  
p rehea t ing  and a l s o  i n  s u l f u r  recovery p l a n t .  This  is provided by 
desuperhea t ing  of an e x t r a c t i o n  steam from t h e  steam t u r b i n e .  Sa tu ra t ed  steam 
i s  produced a t  33 kg/cm2 abs  p re s su re  i n  t h e  g a s i f i e r  water  j acke t .  This  is 
f e d  back i n t o  g a s i f i e r  a s  p a r t  of t h e  g a s i f i c a t i o n  steam. Balance of  t h e  
g a s i f i c a t i o n  steam is provided by e x t r a c t i o n  of s team a t  35 kg/cm2 abs  from 
t h e  steam t u r b i n e .  

In t e rmed ia t e  p r e s s u r e  3.9 kg/cm2 abs  s a t u r a t e d  steam is produced i n  t h e  
g a s i f i e r  waste hea t  recovery, coo l ing  of t h e  gas  t u r b i n e  e x t r a c t i o n  a i r ,  t h e  
s u l f u r  recovery u n i t ,  and a l s o  by f l a s h i n g  of va r ious  b o i l e r  blowdown and 
steam condensate  s t reams.  Af t e r  meeting t h e  requirement of d e a e r a t o r  and o t h e r  
misce l laneous  uses,  t h e  ba lance  q u a n t i t y  of t h i s  i n t e rmed ia t e  p r e s s u r e  steam 
flows t o  t h e  steam t u r b i n e .  

Low p r e s s u r e  s a t u r a t e d  steam a t  2 . 1  kg/cm2 abs  i s  produced from t h e  s u l f u r  
condenser i n  t h e  s u l f u r  recovery p l a n t .  This  steam is  u t i l i z e d  i n  t h e  Se lec tox  
p r e h e a t e r .  

Steam Cv-. The steam c y c l e  con f igu ra t i on  i s  shown i n  F igure  5-24 and t h e  
major s t ream f lows a t  29.5 C annual  average temperature  a r e  shown i n  Table 5- 
19. Th i s  c y c l e  con f igu ra t i on  is  very s i m i l a r  t o  t h a t  i n  t h e  S h e l l  c a se .  The 
major d i f f e r e n c e s  a r e  : 

o HP superhea ted  steam genera ted  i n  t h e  t a r / o i l  f i r e d  b o i l e r  i s  f e d  t o  
t h e  steam t u r b i n e  a long  with HP superhea ted  steam gene ra t ed  from HRSG. 

o Steam is e x t r a c t e d  from t h e  steam t u r b i n e  a t  43.2 kg/& abs  and 35 -0 
kg/cm2 abs  t o  m e e t  t h e  steam demand i n  p roces s  a r e a .  

o Excess 3 .9  kg/cm2 abs  steam from t h e  p roces s  a r e a  i s  f e d  t o  t h e  IP-LP 
s e c t i o n  of t h e  steam t u r b i n e .  

o HP BFW f o r  p roces s  a r e a  i s  d e l i v e r e d  from t h e  d e a e r a t o r .  

v St-. The HRSG mechanical d e t a i l s  de sc r ibed  i n  t h e  
S h e l l  c a se  a l s o  apply  f o r  t h e  moving bed ca se .  

Steam. The steam t u r b i n e  has  t h e  same b a s i c  con f igu ra t i on  a s  
t h a t  i n  t h e  S h e l l  case ,  except  f o r  t h e  r a t i n g .  The t u r b i n e  is  r a t e d  f o r  
approximately 140 MW and gene ra to r  i s  r a t e d  f o r  160 MVA. 
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Table 5-18 

STREAM FLOW FOR PROCESSSTEAM 
(MOVING BED CASE) 

STREAM NO. 1 2 3 4 5 6 7 8 9 10 11 12 
STREAM STEAM STEAM STEAM hP STEAM STEAM STEAM STEAM STEAM STEAM STEAM STEAM 
DESCRPTlON m m m BFW m m m w s  m fBx TO m m 

H' JACKET H' RZXll ACID GAS AIR LINE Rf SUJuR GASIF. SWuR AGR RWd 
TURBME BOLEA NFmJE C.C. HEATER W-B C(rD W PIT UXN HEATER 

Pressure, kglcm2 abs 35.00 33.00 43.20 40.00 43.20 3.87 43.20 3.87 3.87 3.87 3.87 3.87 

Temperature, C 383.8 238.1 41 0.6 1 15.6 253.8 141.8 253.8 141.8 141.8 141.8 141.8 141.8 

Flow. 1000 kg/h 72.18 100.10 7.41 103.48 2.40 50.37 6.40 4.44 68.56 0.25 37.83 6.35 

Enthalpy. kcallkg 760.84 668.52 772.55 11 6.50 668.60 653.51 668.60 653.51 653.51 653.51 653.51 653.51 

Ul STREAM NO. 13 14 15 16 17 18 19 2 0 2 1 2 2 23 
I STREAM - STEAM STEAM STEAM STEAM LP C(rD U W  W H' LP LP w 
o DESCflPME( AIOM F R N  lu AIOM BRH TO Mlu STEAM BFW STEAM STEAMTO 

aON). SURlR S W R  BOFUSH RIOM DEAREATOA CooLNG TO fBx TO MsCEL 
FUSH aON). PRBml C.C. Kwm C.C. C.C. C.C. USES 

Pressure, kgIcm2 abs 3.87 2.10 2.10 2.10 3.87 2.10 2.10 1 10.00 130.00 3.87 3.87 

Temperature, C 141.8 121.2 121.2 121.2 11 6.2 121.2 121.2 541.7 11 5.6 141.8 141.8 

Flow, 1000 kglh 2.08 0.51 0.72 0.10 126.36 65.15 14.33 21 6.40 220.70 73.97 19.64 

Enthalpy, kcallkg 653.51 646.77 646.77 646.77 11.6.50 121.55 121.55 829.23 11 8.01 653.51 653.51 

1. Enthalpy values are based on 0 kcalkg for IlquM water at 0 C 
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Table 5-19 

STREAM FIDW FOR COMBINED CYCLE 
(MOVING BED CASE) 

STREAM NO. 1 2 3 4 5 6 7 8 9 10 11 12 
STREAM U(HAUST STACK TURBINE CON). IN HP BFW IP BMI EFW BFW STEAM H' wm. 
D E S C R m  TO OAS CON). FROM WATER lu GASIF RM R13M A13M STEAM STEAM 

Ha3 STEAM MAKE OL-FIRED JACKET W H' H' WM lu 
SYSTEM U' BOLER BOLW ECWl ECON-2 BOLER t-RSG PROCESS 

Pressure, kg/cm2 abs 1.02 0.98 0.12 2.10 4.00 130.00 40.00 130.00 130.00 130.00 109.00 43.20 

Temperature, C 607.0 121 .o 49.0 121.2 11 5.0 11 5.6 11 5.6 218.0 306.0 218.0 541.7 410.6 

Flow, 1000 kglh 401 7 4017 782.60 45.51 207.23 220.70 103.49 479.40 479.40 479.40 470.00 7.41 

Enthalpy. kcallkg 163.24 30.74 49.05 121.55 11 5.25 11 8.01 11 6.50 223.74 328.74 647.10 828.80 772.55 

STREAM NO. 13 14 15 16 17 18 19 20 2 1 22 2 3 2 4 
STREAM MTR. EFW STEAM IP Em4UST PIE PRaESS CaXNG aXXNG REHEAT H' DEAR. 

DESCRIPTION STEAM FROM RDM !mbM FROM HEATED STEAM WATER WATER ATEMP. STEAM RGGNG 
ul 
I TO IP IP FROM H' IP TO SUPPLY RmZPJ WATER AllEMP. STEAM 

m 
r~ PRDCeSS KOK1 83LW IP-SH TURBlNE STEAM LP-TURB WATER 

Pmsure, kg/cm2 abs 35.00 40.00 27.50 26.70 26.70 25.30 3.87 3.50 2.50 130.00 130.00 27.50 

Temperature, C 383.8 21 8.0 228.0 358.0 349.4 537.8 141.7 36.1 44.4 306.0 306.0 228.0 

Flow, 1000 kgth 72.18 105.06 103.00 103.00 606.60 709.60 73.00 52093 52093 0 0 0 

Enthalpy, kcallkg 760.84 223.20 669.40 749.00 745.40 847.1 0 653.58 36.10 44.40 328.74 328.74 669.40 

STREAM NO. 25 26 27 28 2 9 
STREAM CLEAN MTR. TAIL I-? LP 
DESCRIPTION CQN AIR GhS STEAM FRN 

OAS X) FROM lu 
UMAUST OllBOlLER PROCESS 

Pressure, kglcm2 abs 22.60 12.31 1 .06 11 0.00 3.87 

Temperature, C 157.2 381.7 137.8 541.7 116.2 

Flow, 1000 kglh 822840 471 325 26.93 21 6.40 126.36 

Enthalpy, kcallkg 1242.60 93.75 43.1 7 829.23 11 6.50 

1. Enthalpy values are based on 0 kcallkg for IlquM water at 0 C 



v S t e a m S v s t m .  The design and desc r ip t ion  of t h i s  system is  i d e n t i c a l  - 
t o  t h a t  i n  t h e  S h e l l  case .  

te disDosal 3 0 ) .  The ash from t h e  ash lock of i nd iv idua l  
g a s i f i e r  f a l l s  i n t o  t h e  ash s l u i c e  way. The ash is  c a r r i e d  t o  a  g r i z z l y  
sepa ra to r  t o  sepa ra t e  t h e  over s i z e  ma te r i a l  from t h e  f i n e s .  The f i n e s  a r e  
re turned  t o  t h e  s l u i c e  way and t h e  over s i z e  ma te r i a l  i s  crushed i n  a  r o l l  
c rusher  and f a l l s  i n t o  t h e  s l u i c e  way. The 10% s o l i d  conta in ing  ash s l u r r y  
i s  t r anspor t ed  t o  t h e  ash d i sposa l  a rea  through a  p i p e l i n e .  Necessary pumps 
f o r  c i r c u l a t i o n  of s l u i c e  water a r e  provided. Makeup water f o r  t h e  s l u i c e  
system i s  obtained from t h e  waste water t reatment  p l a n t .  The s l u i c e  ways 
a r e  t o t a l l y  enclosed and provided with suc t ion  f ans  and scrubbers .  While 
about 164 t / h  of ash i s  expected t o  be produced from a l l  t h e  four teen  
g a s i f i e r s ,  t h e  ash d i sposa l  p l an t  is designed f o r  a  capaci ty  of 180 t / h  t o  
t a k e  c a r e  of f l u c t u a t i o n  i n  t h e  q u a l i t y  of coa l .  

wn Svstems (Plant  31 ) .  The desc r ip t ion  of t h i s  p l a n t  a rea  is 
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case.  However, a s  t h e  g a s i f i e r s  a r e  a i r  blown, 
t h e r e  i s  no oxygen p ip ing  system. 

Svstem ( P m t  33L. The desc r ip t ion  of t h i s  p l a n t  a rea  i s  
i d e n t i c a l  t o  t h a t  i n  t h e  She l l  case .  

3 4 ) .  Fuel o i l  produced i n  t h e  g a s i f i c a t i o n  
p l a n t  i s  used f o r  gas tu rb ine  s t a r t u p  and a u x i l i a r y  b o i l e r .  Required s to rage  
i s  provided i n  d i f f e r e n t  p l an t  s e c t i o n s .  

The desc r ip t ion  of t h e  LPG system is i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case .  

(Plant 35). The desc r ip t ion  of t h i s  p l a n t  a rea  i s  i d e n t i c a l  
t o  t h a t  i n  t h e  S h e l l  ca se .  

36 ) .  The desc r ip t ion  of t h i s  p l a n t  a rea  i s  
i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  case.  

e m  (P lant  37 ) .  A l l  t h e  p l a n t  cool ing  loads  a r e  provided by a  
mechanical d r a f t  cool ing tower. The requi red  water flow i s  shown i n  t h e  
o v e r a l l  water balance diagram (Figure 5-25) and t h e  s t r e a m  f l o w  tab le  ( T a b l e  
5-20).  

The cool ing  tower c o n s i s t s  of 33 c e l l s  (2500 m3/h pe r  c e l l ) .  The desc r ip t ion  
of t h i s  system is  i d e n t i c a l  t o  t h a t  i n  t h e  S h e l l  Case. 

( P l a n t  38 ) .  The major process ing  blocks i n  t h i s  
system a r e  shown i n  t h e  o v e r a l l  water balance diagram, Figure 5-25. The major 
s t ream flows a r e  shown i n  Table 5-20. Descr ip t ion  of t h i s  system i s  i d e n t i c a l  
t o  t h a t  i n  t h e  S h e l l  case .  

P r o w  ( P l a n t  39) .  The desc r ip t ion  of t h i s  p l a n t  a rea  i s  i d e n t i c a l  t o  
t h a t  i n  t h e  S h e l l  case .  





Table 5-20 

MAJOR STREAMS OF OVERALL WATER BALANCE 
IGCC PLANT (MOVING BED CASE) 

Stream 
Number Stream Name Flow, m3lh 

Total River Water Intake 
Water to Water Treatment Plant 
Cooling Tower Makeup 
Demineralization Plant Feed 
Cooling Tower Evaporation 8 Drift Loss 
Cooling Tower Blowdown 
Process Makeup Water 8 Misc. Use 
Water Recovered from Bio-treatment 
Boiler Feed Water 
Neutralized Demineralizer Regenerants 
Water Discharge from Misc. Use 
Ash Slurry SettlingIClarification Disch. 
Boiler Blowdown 
Total Water Discharge to River 



e Water Tr- [ P U  40). The gasification plant waste water treatment 
has been described under Plant 5. 

Other plant waste water treatments required are identical to those described 
for the Shell cases. 

s ( P w  4 7 ) .  The description of this plant 
area is identical to that in the Shell case. 

. The description of this plant area is identical to that 
in the Shell case. 

5.2 PLANT PERFORMANCE SUMMARY 

Table 5-21 summarizes the plant resource requirements, power outputs, heat 
rates, and efficiencies for the four IGCC cases. A breakdown of the in-plant 
power consumption for all the four cases is shown in Table 5-22. The 
transformer losses shown in Table 5-22 are assumed to be 0.25% of the gross 
power generated. 

In Table 5-21, the Texaco case is seen to consume substantially more coal and 
has a higher heat rate than the other three cases. This is because the slurry 
feed system of the  Texaco g a s i f i e r  s u f f e r s  severe thermal penalty when a  high 
ash coal is used. Another reason is that Texaco chose to use quench operating 
mode for the gasifier as discussed in Section 4.1.3. It is estimated that if 
the waste heat boiler mode is used, the heat rate can be improved by 20%. 

In future studies, coal washing should be considered for the Texaco gasifier. 
The washing directly increases the gasifier thermal efficiency. It also 
removes the capacity bottleneck caused by the ash lockhopper valve and enables 
the gasifier to operate in the thermally more efficient waste heat boiler 
mode. Only with washed coal, Texaco can be competitive with other gasifiers. 

The moving bed case has a better heat rate than the Texaco case. But this heat 
rate is considerably higher than the Shell and KRW cases. This is because the 
moving bed case requires a large quantity of steam injected to the gasifier to 
avoid ash clinkering. 

The KRW case has the best heat rate among all cases. The major reasons are: 

o The gasifier is operated at low temperature and thus has a relatively 
high cold gas efficiency 

o The gasifier uses in-situ sulfur capture 
o The gasifier uses hot gas cleanup 
o There is air integration between the gasifier and gas turbine 

The last three process features are not commercially proven. The technical 
uncertainties are discussed in Section 5.4.2. 

Figures 5-26 to 29 show the overall plant heat flows of the four IGCC cases. 
All the heat flows are expressed as percentages of the total HHV content in 
the coal feed. 



Table 5-21 

IGCC PLANT PERFORMANCE 

P l a n t  Resources Requirements 

Coal ( a s  rece ived)  

MTPD 
HHV, m i l l i o n  Kcal/h ( a )  

LHV, m i l l i o n  Kcal/h 
Limestone, MTPD 

Raw Water, m3/h 

P l a n t  Output,  MW 
Gross Power Generated 

Gas Turbine 
Steam Turbine 

T o t a l  
In-Plant  Power Consumption 

N e t  Power t o  Grid 

Heat Rate, Kcal/kwh 
HHV Bas is  

LHV Bas i s  

Ove ra l l  Thermal E f f i c i ency ,  % 

HHV Bas is  
LHV Basis 

S u l f u r  Byproduct, MTPD 

Study Case 

Moving 

S h e l l  Texaco KRW Bed 

( a )  The c o a l  HHV i s  3332 kca l /kg  i n  t h e  f i r s t  t h r e e  c a s e s .  I t  is  3282 

kca l /kg  i n  t h e  moving bed ca se .  



Table 5-22 

IN-PLANT POWER CONSUMPTION 

(KW) 

Plant 

Study Case 
Moving 

Number Plant Name Shell Texaco KRW Bed 

Coal Receiving 6 Storage 418 
Coal and Limestone Handling 130 
Coal Drying/Oil Fired Boiler 
Air Separation 98,452 
Coal Gasification 20,428 
Acid Gas Removal w/above 
Sulfur Recovery w/above 
Sour Water St ripping 4 5 
Combined Cycle 5,860 
Ash Sulf ation 
Cooling Water Systems 7,525 
Raw Water Supply 6 Treating 67 4 
Waste Water Treatment 6 6 
General Facilities 8 4 0 
Transformer Losses 1,752 

Total 136,190 158,286 53,457 54,400 



Coal Energy Input 

Sulfur Byproduct 0.2% 

Fuel Gas Generation System 

r Carbon in Slag 2.4% 

Cooling 10.6% 
Auxiliary 

Power for 
Fuel Gas 

Generation 76.2% Fuel Gas eat Losses 1.5% 

8.0% 

L 
Power Generation System 

Auxiliary Power for Power Generation 0.5% 

Net Electric Power Output 35.1% 

Figure 5-26 OVERALL PLANT HEAT FLOW 
(SHELL CASE) 



Figure 5-27 OVERALL PLANT HEAT FLOW 
(TEXACO CASE) 

Coal Energy Input 
100% 

I 
Sulfur Byproduct 0.2% 

Fuel Gas Generation System 

rJ . 
-carbon in Slag 0.9% 

Auxiliary 
Power for 
Fuel Gas 

Generation 
7-4% 

Condenser Cooling 28.5% 

Auxiliary Power for Power Generation 0.4% 

Net Electric Power Output 24.4% 

73.9% Total 
Water Cooling 29.2% 

62.8% Fuel Gas 1 1 1.1% 
Steam 

Air Cooling 3.2% 

Power Generation System Stack Gas 13.2% 
Gross Power Generated 



Coal Energy Input 

~uxiliary 
Power for 
Fuel Gas 

Generation 
3.1% 

1 Carbon in Ash 0.1 % 

Fuel Gas Generation System 
Cooling 4.5% 

96.3% Total I 
89.0% Fuel Gas 7.3% Misc. Heat Losses 2.2% 

Steam 

Power Generation System 

1 Auxiliary Power for Power Generation 0.6% 

Net Electric Power Output 40.2% 

Figure 5-28 OVERALL PLANT HEAT FLOW 
(KRW CASE) 



Coal Energy Input 

Figure 5-29 OVERALL PLANT HEAT FLOW 
(MOVING BED CASE) 

100% 

Fuel Gas Generation System - 
D 

Carbon in Ash 3.86 

Water Cooling 6.33 

Process 
Steam 

91.41% Total 

VI a I Auxiliary ~j from 
76.63% Fuel Gas Misc. Heat Losses 5.07 

CC 3.73% 
N Power for \ 3.06% 

Fuel Gas IL, Power Generation System 
Stack Gas 20.93% 

Steam 

Generation 
2.94% Gross Power Generated 

Condenser Cooling 29.36 

Auxiliary Power for Power Generation 0.23% 

Net Electric Power Output 34.22% 



I n  e a c h  of t h e  h e a t  f low diagrams,  t h e  IGCC p l a n t  i s  broken down i n t o  a f u e l  
g a s  g e n e r a t i o n  b l o c k  and a power g e n e r a t i o n  b l o c k .  On t h e  r i g h t  s i d e  of e a c h  
diagram, v a r i o u s  h e a t  l o s s e s  from t h e s e  two major  p l a n t  b l o c k s  a r e  shown. The 
energy  l e a v i n g  t h e  f u e l  g a s  b l o c k  c o n s i s t s  ma in ly  of  f u e l  g a s  and s t eam which 
a r e  b o t h  s e n t  t o  t h e  power b lock  f o r  power g e n e r a t i o n .  The g r o s s  power 
produced,  a f t e r  s u b t r a c t i n g  a u x i l i a r y  power requ i rements  f o r  t h e  f u e l  g a s  and 
power b l o c k s ,  i s  t h e  n e t  power o u t p u t  of  t h e  IGCC p l a n t .  

The p e r c e n t a g e  of ene rgy  i n  c o a l  r e t a i n e d  a s  f u e l  gas ,  o r  t h e  s o - c a l l e d  c o l d  
g a s  e f f i c i e n c y ,  can  accoun t  f o r  most of t h e  p l a n t  e f f i c i e n c y  d i f f e r e n c e s  among 
t h e  f o u r  IGCC c a s e s .  T y p i c a l l y ,  t h e  p l a n t  e f f i c i e n c y  i s  h i g h e r  i f  t h e  c o l d  g a s  
e f f i c i e n c y  is h i g h e r .  For example, t h e  c o l d  g a s  e f f i c i e n c y  i s  t h e  h i g h e s t  i n  
t h e  KRW c a s e  and s o  i s  t h e  p l a n t  e f f i c i e n c y .  T h i s  i s  because  f u e l  g a s  energy  
i s  c o n v e r t e d  t o  power th rough  combined c y c l e  a t  a  c o n v e r s i o n  e f f i c i e n c y  i n  t h e  
50% range  w h i l e  s t eam is c o n v e r t e d  t o  power th rough  s t eam t u r b i n e  a t  30-35% 
e f f i c i e n c y  o n l y .  

A summary of  e m i s s i o n s  from t h e  IGCC p l a n t  i s  shown i n  Tab le  5-23. The 
e m i s s i o n s  i n c l u d e  NO,, CO, SO,, and p a r t i c u l a t e s  e m i s s i o n s  t o  a i r ,  wa te r  
d i s c h a r g e ,  and s o l i d  waste  d i s c h a r g e .  

The NO, emiss ion  is based  on 75 ppmv c o n c e n t r a t i o n  i n  t h e  HRSG e x h a u s t  g a s .  

The SOx e m i s s i o n  i s  based  on 98, 90, 78, and 92% s u l f u r  c a p t u r e  f o r  t h e  S h e l l ,  
Texaco, KRW, and moving bed c a s e s ,  r e s p e c t i v e l y .  I n  t h e  S h e l l ,  Texaco, and 
moving bed c a s e s ,  t h e  s u l f u r  r ecovery  r e p r e s e n t s  t h e  maximum c a p t u r e  l e v e l  
a c h i e v a b l e  wi thou t  s i g n i f i c a n t  c o s t  i n c r e a s e  of  t h e  a c i d  g a s  removal and 
s u l f u r  r e c o v e r y  p l a n t s .  I n  t h e  KRW c a s e ,  t h e  in-bed s u l f u r  c a p t u r e  c o s t  is 
lower  a t  lower  c a p t u r e  l e v e l .  There fo re ,  t h e  s u l f u r  c a p t u r e  l e v e l  is kep t  
lower  t h a n  t h e  o t h e r  t h r e e  c a s e s .  

5 . 3  COST ESTIMATE 

T h i s  s u b s e c t i o n  p r e s e n t s  estimates of t h e  c a p i t a l  r equ i rements ,  p r o j e c t  l e a d  
t ime ,  and c o s t  of  g e n e r a t i o n  f o r  t h e  IGCC p l a n t s  d e s c r i b e d  above.  The 
e s t i m a t i n g  approach,  i n c l u d i n g  t h e  d a t a  s o u r c e s  and  methodology, i s  a l s o  
d e s c r i b e d .  

A l l  t h e  estimates are  based  on t h e  f o u r t h  q u a r t e r  o f  1989 as t h e  p r i c i n g  d a t e .  

For  t h e  S h e l l ,  Texaco, and KRW c a s e s ,  B e c h t e l  deve loped  t h e  c a p i t a l  c o s t s  
based  on U.S. c o n d i t i o n s .  The I n d i a n  team t h e n  t r a n s l a t e d  them i n t o  I n d i a  
c o n d i t i o n s .  For  t h e  moving bed  c a s e ,  t h e  I n d i a n  team developed t h e  c o s t s  
d i r e c t l y  under  I n d i a  c o n d i t i o n s .  

The I n d i a n  team deve loped  t h e  c o s t s  of  g e n e r a t i o n  f o r  a l l  t h e  f o u r  c a s e s .  

The e s t i m a t i n g  approach used  by B e c h t e l  f o r  t h e  U.S. c o s t s  i n c l u d e d  maximum 
u s e  of  a c t u a l  c o s t  e x p e r i e n c e  on s i m i l a r  p r o j e c t s ,  w i t h  supp lementa l  u s e  of 
vendor d a t a .  R e p o r t s  of  s i m i l a r  type p r o j e c t s  and h i s t o r i c a l  d a t a  from 
c o n s t r u c t e d  f a c i l i t i e s  were a l s o  used .  E x t e n s i v e  u s e  was made of  e n g i n e e r i n g  
and c o s t  i n f o r m a t i o n  developed f o r  e a r l i e r  IGCC s t u d i e s .  

I n  t h e  S h e l l  c a s e ,  t h e  f o l l o w i n g  p l a n t  a r e a s  a r e  p r o p r i e t a r y  d e s i g n s  of  S h e l l :  



Table 5-23 

IGCC PLANT EMISSIONS 

A i r  Emissions 

NOx, kg/h 
From Combined Cycle 

From Main F l a r e  ( a )  
T o t a l  

CO, kg/h 
From Combined Cycle 
From Main F l a r e  ( a )  

T o t a l  
SOX, kg/h 

From Combined Cycle 

From Main F l a r e  (a )  
Coal Dring Flue Gas 

T o t a l  
P a r t i c u l a t e s ,  kg/h 

From Combined Cycle 
From Coal R e c .  & Prep .  

T o t a l  

Study Case 
Moving 

S h e l l  Texaco KRW Bed 

Water Discharge,  m3/h 
T rea t ed  Process  Waste Water 4 1 82 - - 
Cooling Tower Blowdown 160 264 12 6 189 

Neu t r a l i zed  Demin. Regenerants 2 1 22 9 33 
Ash S e t t l i n g / B i o t r e a t  Discharge - - - 112 

Discharge from Misc. Water Usage 11 11 11 - 
Trea t ed  S a n i t a r y  Waste 8 8 8 8 

Total  241 387 154 342 

S o l i d  Waste Discharge,  MTPD 
S h e l l  S l a g  (15% Moisture)  4,036 - - 
S h e l l  F l y s l a g  (20% mois ture)  522 - - 
Texaco S l a g  (50% moi s tu re )  - 8,358 - 
Texaco F i l t e r  Cake (50% mois ture)  1,475 
KRW Ash (0% moi s tu re )  - - 3,378 

Moving Bed Ash (0% mois ture)  - - - 3,924 
Raw Water Treatment Sludge 1 1 1 1 

T o t a l  4,559 9,834 3,379 3,925 

(a)  From i n c i n e r a t i o n  o f  ven t  g a s  r e l e a s e d  du r ing  S h e l l  f l y s l a g  removal 



o Coal Gas i f i ca t ion  (Plant  5) 
o Acid Gas Removal (P lant  6 )  
o Claus Su l fu r  Recovery (Plant  7) 
o Sour Water S t r ipp ing  (Plant  8) 
o Process Waste Water Treatment ( p a r t  of P lant  4 0 )  

For these  a reas ,  She l l  furn ished  t h e  equipment cos t  and i n s t a l l a t i o n  manhours. 

In t h e  Texaco case,  t h e  fol lowing p lan t  a reas  a r e  p ropr i e t a ry  designs of t h e  
s p e c i f i e d  process vendors: 

o Coal Gas i f i ca t ion  (Plant  5)-Texaco 
o Selectox Su l fu r  Recovery (Plant  7)-Parson 
o Process Waste Water Treatment ( p a r t  of P lant  40)-Texaco 

For these  a reas ,  t h e  respec t ive  vendors furn ished  t h e  necessary equipment 
c o s t s  and i n s t a l l a t i o n  manhours. 

In t h e  KRW case,  t h e  following p lan t  a reas  a r e  p ropr i e t a ry  design of KRW: 

o Coal Gas i f i ca t ion  (Plant  5)  
o Ash Su l fa t ion  (Plant  1 0 )  

For these  a reas ,  KRW furnished t h e  necessary equipment c o s t s  and i n s t a l l a t i o n  
manhours . 
General E l e c t r i c  provided equipment cos t  and i n s t a l l a t i o n  manhours f o r  t h e  gas 
t u r b i n e .  

For t h e  a i r  separa t ion  p l an t ,  a turnkey cos t  which inc ludes  ma te r i a l s  and 
labor  a s  a d i r e c t  subcontract  p r i c e  was es t imated  based on Bech te l l s  previous 
p r o j e c t  experiences.  

The remaining c o s t s  were developed based on equipment l is ts  contained i n  
Appendices A-C. 

5.3.2 !2ag&al Cost Estimate Under US C o n d l t l a n s  
. . 

Capi t a l  c o s t s  of t h e  She l l ,  Texaco, and KRW cases  under US condi t ions  a r e  
shown re spec t ive ly  i n  Tables 5-24 t o  26. A breakdown of t h e  owner's c o s t  i s  
shown i n  Table 5-27. 

The t o t a l  c a p i t a l  requirement c o n s i s t s  of p l an t  f a c i l i t i e s  investment and 
owner's c o s t s .  

The p l a n t  f a c i l i t i e s  investment is  t h e  sum of t h e  t o t a l  p l a n t  c o s t ,  
contingency, and i n i t i a l  c a t a l y s t  and chemicals.  

The t o t a l  p l a n t  c o s t  i s  t h e  t o t a l  cons t ruc ted  c o s t  of a l l  on-s i te  processing 
f a c i l i t i e s ,  power genera t ing  u n i t s ,  and genera l  f a c i l i t i e s  and is t h e  sum of 
t h e  fol lowing:  

o Direct f i e l d  ma te r i a l  
o Di rec t  f i e l d  labor  ( inc ludes  f r i n g e s  and b e n e f i t s )  
o Subcontracts  
o I n d i r e c t  f i e l d  c o s t s  and engineering 



Plant 
No. 

1 
2 
4 
5 
6 
7 
8 
9 

3 0 
3 1 
3 2 
3 3 
34  
3 5 
3 6 
3 7 
3 8 
3 9 
4 0  

4 1 
4 2 
4 3 

Table 5-24 

CAPITAL COST REQUIREMENTS UNDER US CONDITION 
$1,000 , 4th 0-1989 

(Shell Case) 

Direct Direct Direct Indirect 
Field Field Field Cost and Total 

Plant Name Material Labor Subcontract Engineering Cost 

Coal Rec., Crushing, Storage 
Coal and Limestone Handling 
Air Separation 
Shell Coal Gasification 
Acid Gas Removal 
Sulfur Recovery (Claus) 
Sour Water Stripping 
Combined Cycle 

Gas Turbine 
HRSG 8 Stack 
Steam Turbines 
CondWFW Systems 

Solid Waste Disposal 
Relief & Blowdown 
Interconnecting Piping 
Compressed Air System 
Fuel Oil and LPG System 
Electrical System 
Instrumentation and Controls 
Cooling Water System 
Raw Water Supply and Treatment 
Fire Protection 
Waste Water Treating 

Process Waste Water Treating 
Other Waste Water Treating 

General Ser. 8 Mobile Equipment 
Site Preparation and Improvement 
Buildings 

Total Plant Cost 
Contingency 
Initial Catalyst and Chemicals 

Plant Facilities Investment 
Owner's Cost 

Total Capital Requirements 



Table 5-25 

CAPITAL COST REQUIREMENTS UNDER US CONDITION 
$1,000 , 4th Q-1989 

(Texaco Case) 

Direct Direct Direct Indirect 
Plant Field Field Field Cost and Total 
No. - Plant Name Material Labor Subcontract Engineering Cost 

Coal Rec., Crushing, Storage 
Coal Secondary Crushing 
Air Separation 
Texaco Coal Gasification 
Acid Gas Removal 
Sulfur Recovery (Selectox) 
Sour Water Stripping 
Combined Cycle 

Gas Turbine 
HRSG 8 Stack 
Steam Turbines 
CondlBFW Systems 

Solid Waste Disposal 
Relief 8 Blowdown 
Interconnecting Piping 
Compressed Air System 
Fuel Oil and LPG System 
Electrical System 
Instrumentation and Controls 
Cooling Water System 
Raw Water Supply and Treatment 
Fire Protection 
Waste Water Treating 

Process Waste Water Treating 
Other Waste Water Treating 

General Ser. 8 Mobile Equipment 
Site Preparation and Improvement 
Buildings 

Total Plant Cost 
Contingency 
Initial Catalyst and Chemicals 

Plant Facilities Investment 
Owner's Cost 

Total Capital Requirements 



Table 5-26 

CAPITAL COST RMUIREMENTS UNDER US CONDITION 
$1,000 , 4th Q-1989 

(KRW Case) 

Direct Direct Direct Indirect 
Plant Field Field Field Cost and Total 
No. - Plant Name Material Labor Subcontract Engineering Cost 

Coal Rec.. Crushing, Storage 
Coal and Limestone Handling 
Coal Drying 
KRW Coal Gasification 
Combined Cycle 

Gas Turbine 
HRSG & Stack 
Steam Turbines 
CondlBFW Systems 

Ash Sulfation 
Solid Waste Disposal 
Relief 8 Blowdown 
Interconnecting Piping 
Compressed Air System 
Fuel Oil and LPG System 
Electrical System 
Instrumentation and Controls 
Cooling Water System 
Raw Water Supply and Treatment 
Fire Protection 
Waste Water Treating 
General Ser. 8 Mobile Equipment 
Site Preparation and Improvement 
Buildings 

Total Plant Cost 350,784 95,599 27.148 147.834 621,364 
Contingency 74.564 
Initial Catalyst and Chemicals 500 

Plant Facilities Investment 
Owner's Cost 

Total Capital Requirements 728,906 



Table 5-27 

BREAKDOWN OF OWNERS COST UNDER US CONDITION 

Study Case 

License FeeslRoyalities 
Spare Parts Inventory 
Organization and Startup Costs 

1 month fixed OBM 
1 month variable OBM 
1 week fuel 
2% of plant facilities investment 

Working Capital 
14 days fuel 
3 months labor 
2 months other consumables 
25% of above three items 

AFDC 
Land Costs (100 acres @ $30,00OIacre) 

Total Owner's Costs 

Shell Texaco KRW 
Excluded Excluded Excluded 

3,395 3,385 2,401 

1,969 2,486 1,757 
2,391 2,540 2,140 
5,946 5,656 3,820 
2,577 2,670 1,929 

Excluded Excluded Excluded 
3,000 3,000 3,000 



The va r ious  c o s t  i t e m s  above a r e  descr ibed  a s  fo l lows .  

The d i r e c t  f i e l d  m a t e r i a l  c o s t s  a r e  f o r  permanent phys i ca l  p l a n t  f a c i l i t i e s  
and inc lude  t h e  fo l lowing  elements:  

o Equipment - Equipment inc ludes  a l l  machinery used i n  t h e  completed 
f a c i l i t y  such a s  b o i l e r s ,  r o t a t i n g  machinery, h e a t  exchangers,  
t anks ,  ves se l s ,  e t c  . 

o Bulk Mate r i a l s  - These a r e  t h e  phys i ca l  m a t e r i a l s  used i n  c o n s t r u c t i n g  
t h e  completed p l a n t ,  such a s  concre te ,  steel, bu i ld ing  
m a t e r i a l s ,  p ipe  and f i t t i n g s ,  va lves ,  w i r e  and condui t ,  
instruments ,  i n s u l a t i o n ,  p a i n t ,  etc. 

o Sa l e s  Tax - Sa le s  t a x e s  included a r e  0 . 4  percent  of  t h e  d i r e c t  f i e l d  
m a t e r i a l  c o s t s .  

o F re igh t  - Fre igh t  inc luded  a r e  5 percent  of t h e  d i r e c t  f i e l d  m a t e r i a l  
c o s t s .  

The components of direct f i e l d  l a b o r  c o s t s  a r e  l a b o r  manhours and composite 
l a b o r  wage r a t e .  

The l a b o r  manhours a r e  es t imated  based on exper ience  f o r  t h e  cons t ruc t ion  of 
convent iona l  process  and combined c y c l e  power p l a n t s .  

The composite l a b o r  wage r a t e  r e f l e c t s  a c r a f t  mix de r ived  from s i m i l a r  type  
p r o j e c t s .  The wage r a t e  i nc ludes  p a y r o l l  a d d i t i v e s  .and c r a f t  b e n e f i t s .  
P a y r o l l  a d d i t i v e s  a r e  c o s t s  such a s  workman's compensation. C r a f t  b e n e f i t s  
i nc lude  h e a l t h  and wel fare ,  vaca t ion ,  pension fund, app ren t i ce  fund, and 
t r a v e l  and subs i s t ence  expense. The r e s u l t i n g  composite wage r a t e  used i n  t h i s  
s tudy  is  $25.75 p e r  hour f o r  d i r e c t  f i e l d  l abo r .  

The components of d i r e c t  subcont rac ts  a r e  equipment and m a t e r i a l s  fu rn i shed  by 
t h e  subcon t r ac to r s ,  i nc lud ing  i n s t a l l a t i o n  l a b o r  c o s t s  and i n d i r e c t  c o s t s  of 
t h e  subcon t r ac to r s .  

I n d i r e c t  f i e l d  c o s t s  a r e  t hose  c o s t s  which cannot be d i r e c t l y  i d e n t i f i e d  with 
any s p e c i f i c  cons t ruc t ion  ope ra t ion  f o r  t h e  permanent p l a n t  f a c i l i t i e s  and a r e  
i n  suppor t  of t h e  cons t ruc t ion  opera t ion .  The c o s t  f o r  i n d i r e c t  f i e l d  c o s t ,  
i nc lud ing  both  l a b o r  and m a t e r i a l s ,  i s  85 pe rcen t  of  t h e  t o t a l  direct f i e ld  
l a b o r  c o s t .  It  covers  t h e  fol lowing items: 

o Miscellaneous Cons t ruc t ion  Se rv i ces  (Labor) :  
General and F i n a l  Cleanup 
Maintenance of Tools and Equipment 
Ma te r i a l  Tes t ing  
Weldersf Tes t ing  
Watchmen and Guards 



Unallocated Services 
Assembly/disassembly of Major Construction Equipment 
Manual Survey 
Performance and Operation Testing 
Show-up and Voting Time 

o Temporary Construction 
o Materials: 

Temporary Buildings 
Construction and Haul Roads 
Construction Utilities 
Temporary Power 
Miscellaneous Temporary Construction 
Scaffolding 
Material Handling 
Maintenance of Tools and Equipment 
Weldersg Testing 
Weather/Storm Related 
Construction Equipment 
Tools 
Fuels 
Consumables 
Purchased Utilities 

Home office engineering manhours and other home office services are accounted 
for through the addition of 12 percent of the direct and indirect field costs. 
These costs are intended to cover the expenses of the following items: 

o Labor for engineering design, procurement, technical services, 
administrative support and project management services. 

o Office expenses such as materials, telephone, reproduction and computer 
costs, travel, etc. 

o Office overhead costs and fee. 

Contingency is applied to an estimate to denote the level of confidence in the 
values ascribed to the finite elements of the particular estimate. The amount 
of contingency is the estimatorgs judgment of the cost applied to the complete 
estimate to yield the most probable total cost or the cost at some specified 
probability of underrun/overrun. The addition of the contingency value does 
not improve the overall accuracy of the estimate, but rather reduces the 
probability of overrun to the desired level. 

Contingencies are assigned to each major plant area and an overall weighted 
average contingency was determined. The resulting overall contingency is 
12 percent. This contingency is based on achieving approximately a 50 percent 
probability of underrun. 

The initial catalyst and chemical include the initial charge of catalyst and 
chemicals contained within the process equipment. 

Ownergs costs are defined as the following: 

o Spare parts inventory 



o Organiza t ion  and s t a r t u p  c o s t s  
o  Owner's management c o s t s  
o  Working c a p i t a l  
o  Allowance f o r  funds dur ing  cons t ruc t ion  (AFDC) 
o Land c o s t s  

Spare p a r t s  inventory  i s  t h e  c o s t  of equipment spa re s  t o  be maintained i n  
s tock  a t  t h e  p l a n t .  For t h i s  s tudy,  t h e  c o s t  of t h i s  inventory  i s  e s t ima ted  a s  
t h r e e  months of maintenance m a t e r i a l s  c o s t .  

Organizat ion and s t a r t u p  c o s t s  a r e  t o  cover  a d m i n i s t r a t i v e  c o s t s  and ope ra to r  
t r a i n i n g ,  equipment checkout, changes i n  p l a n t  equipment, e x t r a  maintenance, 
and i n e f f i c i e n t  u se  of c o a l  o r  o t h e r  m a t e r i a l s  dur ing  p l a n t  s t a r t u p .  These 
c o s t s  a r e  e s t ima ted  a s  fol lows:  

o  One month of f i x e d  ope ra t ing  and maintenance c o s t s ,  which c o n s i s t  of 
ope ra t ing  and maintenance l abo r ,  maintenance ma te r i a l s ,  and 
a d m i n i s t r a t i v e  and support  l abor ;  insurance  and p rope r ty  t a x e s  a r e  not  
inc luded  ( they  a r e  p a r t  of t h e  f i x e d  c h a r g e s ) .  

o  One month of v a r i a b l e  ope ra t ing  c o s t s ,  excluding f u e l ,  a t  f u l l  (100 
pe rcen t )  capac i ty ;  t h e s e  c o s t s  c o n s i s t  of c a t a l y s t s ,  chemicals,  and 
s o l i d  waste d i s p o s a l .  

o  One week f u e l  c o s t  a t  f u l l  (100 pe rcen t )  capac i ty ;  t h i s  charge covers  
i n e f f i c i e n t  opera t ion  t h a t  occurs  dur ing  t h e  s t a r t u p  per iod .  

o  2.0 percent  of t h e  p l a n t  f a c i l i t i e s  investment ( i nc lud ing  cont ingency);  
t h i s  charge covers  expected changes and modi f ica t ions  t o  equipment t h a t  
w i l l  be  needed t o  b r i n g  t h e  p l a n t  up t o  f u l l  capac i ty .  

Owner's management c o s t s  a r e  t hose  c o s t s  necessary t o  manage t h e  p r o j e c t ' s  
engineer ing ,  cons t ruc t ion ,  l i cens ing ,  l e g a l ,  and f i n a n c i a l  c o n t r a c t o r s  and 
c o n s u l t a n t s .  These c o s t s  i nc lude  expenses f o r  owner's home o f f i c e  s t a f f  and 
expenses f o r  pe rmi t t i ng  and l i c e n s i n g  a c t i v i t i e s  necessary  t o  a l low 
cons t ruc t ion  and ope ra t ion  of t h e  p l a n t .  

Working c a p i t a l  is  t h e  va lue  of t h e  i n v e n t o r i e s  of raw m a t e r i a l s  and o t h e r  
consumables. This  va lue  i s  c a p i t a l i z e d  and inc luded  i n  t h e  working c a p i t a l  
account,  and i s  e s t ima ted  a s  fol lows:  

o  Fourteen days '  supply of c o a l  based on f u l l  capac i ty .  
o  Three months of l a b o r  c o s t s .  
o  Two months' supply of o t h e r  consumables (excluding f u e l )  based on f u l l  

c a p a c i t y  ope ra t ions .  
0 A contingency of 25 percent  of t h e  t o t a l  of t h e  above t h r e e  i tems.  

Allowance f o r  funds du r ing  cons t ruc t ion  (AFDC) i s  t h e  c o s t  due t o  i n t e r e s t  
charges  which a r e  accumulated between t h e  t ime money is  expended f o r  
cons t ruc t ion  and t h e  t ime t h a t  t h e  cons t ruc t ion  is  completed. 

Land c o s t s  i nc lude  t h e  c o s t s  of acqu i r ing  t h e  l a n d  r equ i r ed  f o r  t h e  p l a n t  and 
s l a g  and f l y s l a g  d i s p o s a l .  An allowance of 100 a c r e s  a t  $30,000 p e r  a c r e  i s  
assumed. 

C a p i t a l  c o s t s  of t h e  fou r  IGCC cases  under Ind ia  cond i t i ons  a r e  shown i n  
Tables 5-28 t o  31. 



Table 5-28 

CAPITAL COST REQUIREMENTS 
4th Q-1989 

(Sheli Case, lndia Condition) 

Rs. Lakhs 
S 1 Foreign India Total in 
No. - Plant Name Component Component Total $ Million 

Coal Transportation System 
Coal and Limestone Handling System 
Air Separation 
Shell Coal Gasification 
Acid Gas Removal 
Sulfur Recovery 
Sour Water Stripping 
Combined Cycle 
Solid Waste Disposal 
Relief & Blowdown 
Interconnecting Piping 
Compressed Air System 
Fuel Oil and LPG System 
Electrical System 
instrumentation and Controls 
Cooling Water System 
Raw Water Supply and Treatment 
Fire Protection 
Waste Water Treating 
General Ser. & Mobile Equipment 
Site Prep., Improvement & Buildings 

Total Field Cost 
Engineering Fee 
Total Plant Cost 
Contingency (5%) 
Initial Catalysts & Chemicals 
Plant Facilities Investment 
Owner's Cost 
Total Capital Requirements 
Duties & Taxes 
Total Capital w/Duties & Taxes 



Table 5-29 

CAPITAL COST REQUIREMENTS 
4th Q-1989 

vexaco Case, India Condition) 

Rs. Lakhs 
Foreign India Total in 

No. - Plant Name component Component Total $ Million 

Coal Transportation System 
Coal and Limestone Handling System 
Air Separation 
Texaco Coal Gasification 
Acid Gas Removal 
Sulfur Recovery 
Sour Water Stripping 
Combined Cycle 
Solid Waste Disposal 
Relief & Blowdown 
interconnecting Piping 
Compressed Air System 
Fuel Oil and LPG System 
Electrical System 
Instrumentation and Controls 
Cooling Water System 
Raw Water Supply and Treatment 
Fire Protection 
Waste Water Treating 
General Ser. 8 Mobile Equipment 
Site Prep., Improvement 8 Buildings 

Total Field Cost 
Engineering Fee 
Total Plant Cost 
Contingency (5%) 
initial Catalysts 8 Chemicals 
Plant Facilities Investment 
Owner's Cost 
Total Capital Requirements 
Duties 8 Taxes 
Total Capital w/Duties 8 Taxes 



Table 5-30 

CAPITAL COST REQUIREMENTS 
4th 0-1989 

(KRW Case, lndla Condltlon) 

Rs. Lakhs 
S 1 Foreign India Total in 
No. - Plant Name Component Component Total $ Million 

Coal Transportation 8 Limestone 
Coal Handling System and Drying 
KRW Coal Gasification 
Combined Cycle 
Ash Sulfation 
Solid Waste Disposal 
Relief 8 Blowdown 
Interconnecting Piping 
Compressed Air System 
Fuel Oil and LPG System 
Electrical System 
Instrumentation and Controls 
Cooling Water System 
Raw Water Supply and Treatment 
Fire Protection 
Waste Water Treating 
General Ser. 8 Mobile Equipment 
Site Prep., Improvement 8 Buildings 

Total Field Cost 
Engineering Fee 
Total Plant Cost 
Contingency (5%) 
Initial Catalysts 8 Chemicals 
Plant Facilities Investment 
Owner's Cost 
Total Capital Requirements 

Duties 8 Taxes 
Total Capital with Duties 8 Taxes 



I Table 5-31 

CAPITAL COST REQUIREMENTS 
4th Q-1989 

(Movlng Bed Case, India Condition) 

Rs. Lakhs 
S 1 Foreign India Total in 
No. - Plant Name Component Component Total $ Million 

Coal Transportation System 3,030 3,030 17.82 
Coal Handling System 2,200 2,200 12.94 
Gasification, Gas Cooling, & Gas Liquor Sep 6,977 25,214 32,191 189.36 
Acid Gas Removal 
Sulfur Recovery 
Tar and Oil Fired Boiler 
Combined Cycle 
Solid Waste Disposal 
Relief 8 Blowdown 
interconnecting Piping 
Compressed Air System 
Fuel Oil and LPG System 
Electrical System 
Instrumentation and Controls 
Cooling Water System 
Raw Water Supply and Treatment 
Fire Protection 
Waste Water Treating 
General Ser. & Mobile Equipment 
Site Prep., Improvement & Buildings 

Total Field Cost 
Engineering Fee 
Total Plant Cost 
Contingency (5%) 
Initial Catalysts 8 Chemicals 
Plant Facilities Investment 
owner's Cost 
Total Capital Requirements 
Duties & Taxes 
Total Capital with Duties & Taxes 



In  t h e  f i r s t  t h r e e  cases ,  c o s t s  f o r  t h e  c o a l  g a s i f i c a t i o n ,  a c i d  gas  removal, 
s u l f u r  recovery, sour  water s t r i p p i n g ,  combined cyc le ,  r e l i e f  and blowdown, 
i n t e rconnec t ing  piping,  f u e l  o i l  and LPG system, ins t rumenta t ion  and c o n t r o l s ,  
and waste water t r e a t i n g  u n i t s  w e r e  der ived  from t h e  U.S. c o s t s  presented  i n  
Tables 5-24 t o  26 above. Costs  of t h e  remaining p l a n t  u n i t s  and t h e  e n t i r e  
moving bed case  were d i r e c t l y  es t imated  under t h e  Indian cond i t i ons .  

I n  a l l  f ou r  cases ,  c o s t s  of t h e  o f f s i t e s  and suppor t ing  f a c i l i t i e s  such a s  
c o a l  t r a n s p o r t a t i o n  system, raw water supply and t rea tment ,  s o l i d  waste 
d i s p o s a l  system, and e l e c t r i c a l  system w e r e  f ac to red  from t h e  PC p l a n t  
presented  i n  Sec t ion  6. This  is  t o  e s t a b l i s h  a  c o n s i s t e n t  b a s i s  f o r  comparison 
between t h e  IGCC p l a n t  and PC p l a n t .  

The bases  used f o r  conver t ing  U.S. c o s t s  i n t o  India  c o s t s  and o t h e r  c o s t  
e s t ima te  bases  a r e  a s  fol lows:  

An exchange r a t e  of R s  17 per  US d o l l a r  i s  assumed. 

t F-. To convert  from t h e  U.S. d i r e c t  f i e l d  m a t e r i a l  c o s t  t o  
India ,  t h e  bulk m a t e r i a l  f o r  c i v i l  and s t r u c t u r a l  i s  taken out  f i r s t  because 
it can be procured i n  Ind ia .  

For a l l  p l a n t  u n i t s  except  t h e  a i r  separa t ion ,  combined cyc le ,  and f u e l  o i l  
and LPG u n i t s ,  it i s  assumed t h a t  30% of t h e  remaining d i r e c t  f i e l d  ma te r i a l  
w i l l  be imported and t h e  o t h e r  70% w i l l  be procured i n  Ind ia .  

For t h e  combined cyc le  u n i t ,  it i s  assumed t h a t  on ly  t h e  gas  t u r b i n e  w i l l  be 
imported and t h e  remaining equipment and m a t e r i a l  w i l l  be procured i n  Ind ia .  

For t h e  f u e l  o i l  and LPG u n i t ,  t h e  e n t i r e  u n i t  w i l l  be procured i n  Ind ia .  

For equipment and ma te r i a l  t o  be procured i n  India ,  it i s  assumed t h e  India  
c o s t s  w i l l  be 25% higher  than  t h e  U.S. c o s t s  (10% f o r  ocean f r e i g h t  and marine 
insurance and 15% f o r  o v e r a l l  higher  c o s t  markup i n  I n d i a ) .  

e c t  Field. To a d j u s t  t h e  l abo r  c o s t ,  t h e  l abo r  p roduc t iv i ty  i n  India  
i s  assumed t o  be 40% of t h a t  i n  US. The l abo r  r a t e  i n  Ind ia  i s  assumed t o  be 
R s  17/h. 

t F i e l d S u b c o n t r a c t .  The major i t e m  under t h i s  ca tegory  is  t h e  a i r  
s epa ra t ion  p l a n t .  For t h i s  p l an t  u n i t ,  it is  assumed t h a t  70% of i t s  c o s t  i s  
equipment and 30% is  l abo r .  A l l  t h e  equipment i s  t o  be imported a s  a  package 
u n i t  and a l l  t h e  l abo r  i s  t o  be indigenous supply. 

The subcont rac t  c o s t s  i n  o t h e r  p l a n t  u n i t s  a r e  assumed t o  be a l l  indigenous 
supply and a l s o  have a  70/30 s p l i t  between equipment and l a b o r .  The l abo r  
adjustments  a r e  t h e  same a s  those  descr ibed  above f o r  t h e  d i r e c t  f i e l d  l abo r .  

. This  c o s t  is  broken down t o  70% m a t e r i a l  and 30% l abor ,  a l l  
assumed t o  be indigenous supply.  The l abo r  adjustments  a r e  t h e  same a s  those  
descr ibed  above f o r  t h e  d i r e c t  f i e l d  l abo r .  

Serv ices .  It was assumed t h a t  t h e  b a s i c  des ign  package would be 
prepared by a  fo re ign  engineer ing  company and t h e  d e t a i l e d  engineer ing  would 
be performed by an Indian engineering company but  checked by t h e  former. The 
t o t a l  engineer ing  c o s t  i s  es t imated  t o  be 5% of t h e  t o t a l  f i e l d  c o s t  and t h e  
s p l i t  between t h e  fo re ign  and Indian engineer ing  companies i s  30 and 70%. The 



l i c e n s e  and know-how would be obta ined  from appropr i a t e  fo re ign  process 
l i c e n s o r s .  The t o t a l  l i c e n s i n g  f e e  i s  assumed t o  be $3.5 m i l l i o n s .  

-. This c o s t  was es t imated  based on t h e  fol lowing provis ions :  

o  Coal: 15  days 
o  Limestone: 60 days 
o  Consumables: 60 days 
o  Sa la ry  and wages: 60 days 

a e  P a r t s .  The cos t  t o  provide a  three-year  supply of both fo re ign  and 
Indian s p a r e  p a r t s  i s  es t imated  t o  be 5% of t h e  equipment c o s t .  

t D-. An equi ty /debt  r a t i o  of 1:l i s  used t o  c a l c u l a t e  
t h i s  c o s t .  It i s  a l s o  assumed t h a t  t h e  equ i ty  po r t ion  would be spent  f i r s t  
before  t h e  loan  po r t ion  i s  used. The t o t a l  p r o j e c t  du ra t ion  is  4 years .  The 
i n t e r e s t  r a t e  i s  assumed t o  be 15% pe r  year .  

-. This i s  c a l c u l a t e d  a t  5% of t h e  c a p i t a l  c o s t .  

The d u t i e s  and t a x e s  r a t e  assumed a r e  a s  fol lowing:  

o  Ocean f r e i g h t  and marine insurance:  10% of FOB c o s t  
o  Custom duty: 30% of CIF cos t  ( cos t  inc lude  ocean f r e i g h t )  
o  Sa le s  t a x :  4% of FOR c o s t  ( f r e i g h t  on r a i l )  
o  Excise duty: 15.75% of FOR and s a l e s  t a x  
o  In land  t r a n s p o r t :  4% of FOR 
o  Insurance: 1 .5% of FOR 
o  Income t a x  on fo re ign  l i c e n s e  and engineering:  30% 
o  R&D c e s s  on fo re ign  l i c e n s e  and engineering:  7% 

Land. The t o t a l  land  requirement i s  1505 a c r e s  (see Sect ion  5.5 f o r  more 
d e t a i l s ) .  The land  i s  assumed t o  be a v a i l a b l e  a t  no c o s t .  

The t o t a l  p r o j e c t  l ead  t i m e  from p r o j e c t  award t o  commercial opera t ion  i s  
es t ima ted  t o  be 4 yea r s .  This inc ludes  permi t t ing ,  engineering,  procurement, 
p l a n t  cons t ruc t ion ,  and s t a r t u p .  But it excludes p l a n t  l i c e n s i n g .  

5.3.5 c o s t  of Generation 

The c o s t s  of genera t ion  f o r  t h e  fou r  IGCC cases  a r e  presented  i n  Table 5-32. 
These c o s t s  a r e  shown f o r  5500, 6000, 7000, and 7400 hours p e r  year  of p l a n t  
ope ra t ion .  The bases  used t o  de r ive  t h e s e  c o s t s  a r e  desc r ibed  below. 

Labor. This c o s t  i s  es t imated  based on a t o t a l  p l a n t  s t a f f  of 
1400 a s  shown i n  Table 5-33. The average s a l a r y  and b e n e f i t  i s  assumed t o  be 
R s .  50,000 p e r  year .  

Maintenance. Tota l  annual maintenance m a t e r i a l s  e s t ima ted  t o  be 2% 
of t h e  t o t a l  p l a n t  c o s t  inc luding  contingency. 

. . -. This c o s t  is  c a l c u l a t e d  based on 3.6% of t h e  t o t a l  c a p i t a l  
excluding t h e  working c a p i t a l .  



Table 5-32 

COST OF GENERATION OF IGCC PLANT 
(Based On 10O/0 Pre Tax Return On Equity, 4th 01989 Pricing) 

Study Case 
Moving 

Shell Texaco KRW Bed 

Gross Power Produced, MW 700.6 654.5 630.6 640.1 
Net Power Produced, MW 564.4 496.2 577.2 585.7 
Aux. Power Consumption, % of Gross Power 19.4 24.2 8.5 8.5 

Project Capital Requirement 
Total Capital, Rs lakhs 
Rs/kw Gross Power Generated 

Annual (5500h/y) Coal Consumption, kg/kW gross 3,259 4,403 3.231 3,855 
Heat Rate (HHV basis), KcalkWh net power 2,451 3,519 2,138 2,611 
Specific Coal Consumption, kg/kWh net power 0.736 1.056 0.642 0.766 

Fixed Costs, Rs/y/kW gross power 
Labor and Overhead 99.91 
Maintenance Material 531 .50 
Chemicals & Catalysts 188.70 
Depreciation 1,050.39 
Interest on Long Term Loan 2,200.34 
Return on Equity 1,466.89 
Interest on Working Capital Loan 81.75 
Total Fixed Costs 5,619.49 

Variable Costs (5500 h/y), Rs/y/kw gross power 

Total 

Coal 
Limestone 
Raw Water 
Ammonium Sulfate Credit 
Sulfur Credit 
Total Variable Costs 

Fixed and Variable Costs, Rs/y/kW 6,466.86 7,098.02 5,223.65 5,813.41 

Electricity Cost, Paise/kWh 
@5500 hr/y operation 
@6000 hr/y operation 
@7000 hr/y operation 
@7400 hr/y operation 

net power 



Table 5-33 

IGCC PLANT STAFFING REQUIREMENT 

Operat ion 
Coal T ranspor t a t ion  
Coal Handling 
A i r  Sepa ra t ion  
Coal G a s i f i c a t i o n  
A c i d  Gas Removal, S u l f u r  R e c . ,  Sour Water S t r i p .  
Combined Cycle 
S o l i d  Waste Disposa l  
Re l i e f  and Blowdown 
Compressed A i r  
F u e l  O i l  and LPG 

E l e c t r i c a l  System 
Raw Water and Cooling Water System 
F i r e  P r o t e c t i o n  
Waste Water T r e a t i n g  

T o t a l  Operat ion 

Maintenance S t a f f  
Technica l  Se rv i ces  
M a t e r i a l s  Management 
Finance and Accounts 
Administ r a t i o n  
Personnel  and Tra in ing  Center  

1 Grand T o t a l  - 

N u m b e r  
of People 



on -. This is assessed at 15% of 50% of the total 
capital. 

Return. This is 10% on 50% of the total capital. 

f .  This is assessed at 17% of 75% of the 
working capital. 

ts -tts Credit. These costs and credit are as 
follows : 

Coal(Run of Mine) Rs 240/tonne (Shell, Texaco, KRW cases) 
Sized Coal Rs 280/tonne (Moving Bed case) 
Limestone Rs 374/tonne 
Fuel Oil RS 3,200/m3 
Water RS l/m3 
Sulfur Credit Rs 2,51O/tonne 
Ammoniun Sulfate Credit Rs 500/tonne 

5.4 ECONOMIC AND R I S K  COMPONENTS 

The IGCC plant is designed to achieve a target equivalent availability of 85%. 
Realization of this goal is confirmed by a unit-by-unit availability analysis. 
The equivalent availability is derived from a probability model based on the 
component availability and planned outage rate of the IGCC plant. 

The Shell case is chosen as the representative IGCC facility. The availability 
analysis is performed only for this case. 

Table 5-34 summarizes the component availability for each of the major plant 
systems. The component availability is defined as the probability that a plant 
component is in operating condition at any given time, i.e. the available 
hours divided by period hours when not on planned outage. 

The major plant systems (or components) and the source of the component 
availability are discussed below. 

a .  -. The use of ball mill in the Shell gasification plant 
provides a high availability for the coal milling and drying unit. A ball mill 
has typically 95% availability as compared to 70-80% availability of a roller 
mill or a bowl mill. This component availability is derived from Bechtel in- 
house data. 

ma1 
. . . The component availability of the gasification system, 

excluding the coal milling and drying unit, is provided by Shell. 

S e ~ a r a t i o n .  The two, nominal 50 percent parallel air separation 
trains each have a component availability of 98 percent. To ensure maximum 
oxygen availability, the plant is slightly oversized in order to provide both 
liquid and gaseous oxygen storage. The oxygen storage is equivalent to one 
spare train. The entire system has been modeled as three 50 percent trains. 
The estimate of component availability is based on vendor quotations. 



Table 5-34 

COMPONENT AVAILABILIPI 

Coal Milling & Drying 
Coal Gasification (1) 
Air Separation (2) 
Combined Cycle 
Single Train System 

Coal Receiving & Crushing (3) 
Waste Water Treatment 
Other Balance of Plant 

Availability 
No. of Trains per Train 

4+2 0.9500 
4+0 0.9300 
4+ 1 0.9800 
2+0 0.9500 

(1) Include coal pressurization & feeding, gasification & gas quench, 
high temp. gas cooling, particulate removal, gas treating & cooling, 
acid gas removal, sulfur removal, and flyslag & slag handling 

(2) The one day oxygen storage provided is equivalent to one spare train 
(3) The 15 days coal storage provided after coal crushing increases the 

availability to essentially 1.0 



C v c l e .  The two p a r a l l e l  combined cyc l e  u n i t s  a r e  bo th  designed 
f o r  combined c y c l e  ope ra t i on  only,  without HRSG bypass s t a c k s  f o r  s imple cyc l e  
gas  t u r b i n e  ope ra t i on .  The component a v a i l a b i l i t y  is  provided by GE.  

Svstemg. Severa l  p l a n t  systems have been grouped t o g e t h e r  i n  t h e  
a n a l y s i s  t o  l i m i t  t h e  number of low p r o b a b i l i t y  ope ra t i ng  s t a t e s  and t h e r e f o r e  
c l a r i f y  t h e  o v e r a l l  p r e s e n t a t i o n .  Each of t h e s e  systems has  been modeled a s  a 
s i n g l e  t r a i n ,  100 percent  u n i t .  Although they  may con ta in  redundant process ing  
equipment and can ope ra t e  a t  d e r a t e d  condi t ions ,  t h e  systems a s  a whole have 
been cons idered  t o  ope ra t e  i n  t h e  100 percent  o r  0 percent  mode. Each of t h e s e  
combined systems i s  desc r ibed  below: 

. . Coal. The 15  days c o a l  s t o r a g e  provided a f t e r  
t h e  c o a l  c rush ing  i n c r e a s e s  t h e  component a v a i l a b i l i t y  t o  be c l o s e  
t o  1. 

t e  Water Tr-. The S h e l l  waste water t r e a t i n g  u n i t  is  provided 
with f eed  s t o r a g e  capac i ty ,  g iv ing  it a high o v e r a l l  r e l i a b i l i t y .  

e of P U .  This ca tegory  i nc ludes  ba lance  of p l a n t  
systems not  inc luded  i n  t h e  o t h e r  c a t e g o r i e s  i nc lud ing  t h e  switchyard, 
coo l ing  water systems, a i r  and n i t rogen  supply, f i r e  water p ro t ec t i on ,  
and o t h e r  miscel laneous minor systems. Component a v a i l a b i l i t y  d a t a  has 
been taken  from NERC (North American E l e c t r i c  R e l i a b i l i t y  Counc i l ) .  

Table 5-35 con ta in s  a sununary of t h e  planned maintenance c y c l e  f o r  t h e  major 
equipment i nc lud ing  t h e  gas  t u rb ines ,  steam t u r b i n e ,  and g a s i f i e r s .  The 
average planned outage r a t e  over  t h e  maintenance c y c l e  is  4.28%. 

Table 5-36 provides  an equ iva l en t  a v a i l a b i l i t y  a n a l y s i s  of t h e  IGCC p l a n t .  

The a n a l y s i s  c a l c u l a t e s  t h e  p r o b a b i l i t y  and t h e  percentage  of p l a n t  ou tput  
l e v e l  a t  va r ious  p l a n t  ope ra t i ng  s t a t e s  a s  r ep re sen t ed  by t h e  number of t r a i n s  
ope ra t i ng  i n  t h e  i n d i v i d u a l  p l a n t  system. The equ iva l en t  a v a i l a b i l i t y  i s  t h e  
product  of p r o b a b i l i t y  and percentage of p l a n t  ou tput  l e v e l  a t  t h e  g iven  
operating state. 

The o v e r a l l  p l a n t  equ iva l en t  a v a i l a b i l i t y ,  which is t h e  sum of t h e  equ iva l en t  
a v a i l a b i l i t i e s  a t  t h e  var ious  ope ra t i ng  s t a t e s ,  i s  88.1% dur ing  t h e  pe r iod  
when t h e  p l a n t  is  not  on planned maintenance. By t a k i n g  i n t o  account t h e  
planned outage r a t e ,  t h e  o v e r a l l  equ iva l en t  a v a i l a b i l i t y  of t h e  IGCC p l a n t  is  
84.53% which i s  very c l o s e  t o  t h e  85% t a r g e t  va lue .  

The a n a l y s i s  above i n d i c a t e s  t h a t  a h igh  p l a n t  a v a i l a b i l i t y  can be achieved 
f o r  t h e  IGCC p l a n t  even with t h e  high ash  con ten t  and ve ry  a b r a s i v e  Ind ian  
c o a l .  It is  achieved by provid ing  s u f f i c i e n t  spa re  c a p a c i t i e s  a t  t h e  c r i t i c a l  
s e r v i c e  p o i n t s  of t h e  IGCC p l a n t  and by a proper  s e l e c t i o n  of c o a l  p r epa ra t i on  
equipment. 

A s  mentioned i n  Sec t ion  4.1.3, Texaco i n d i c a t e d  t h e  s l a g  lockhopper va lve  
c a p a c i t y  has  l i m i t e d  t h e i r  g a s i f i e r  throughput t o  1900 MTPD c o a l  (on a s  
rece ived  b a s i s ) .  She l l ,  on t h e  o t h e r  hand, has  assumed t h a t  a h ighe r  c a p a c i t y  



Table 5-35 

Year 

PLANNED MAINTENANCE CYCLE 

Planned Maintenance Duration, hrs 
1  2  3 4 5 6 

Gas Turbine Combustion Inspection 105 105 105 105 
Gas Turbine Hot Gas Path Inspection 24 0  
Gas Turbine Major Inspection 460 
Steam Turbine Major Inspection 84 0  
Gasifier Inspection/Maintenance 480 480 480 

Longest Duration, hrs 105 480 240 480 105 840 

Annual Average Days 15.6 
Planned Outage Rate, % 4.28 



Table 5-36 

ESTIMATE OF EQUIVALENT AVAILABILITY 

Number ol Trains Operating Equivalent 
Coal Milling Coal Air Combined Single Train Plant Availability. 
8 Drying Gasification Separation Cycle Systems Output, % YO - 

100 66.901 153 



Table 536  

ESTIMATE OF EQUIVALENT AVAILABILITY 

Number of Trains Operating Equivalent 
Coal Milling Coal Air Combined Single Train Plant Availability. 
8 Drying Gasification Separation Cycle Systems Output, X X 

2 2 5 0 0.002837 

Equivalent avaihbiliiy when not  of^ planned outage, % 
Planned outage rare. Y 
Overall equivalent availability. Y 



slag lockhopper valve can be developed and become available in the future. The 
gasifier throughput assumed by Shell for this study is 2600 MTPD coal. For 
comparison, the KRW gasifier throughput assumed for this study is 1600 MTPD 
coal. 

The Shell gasifier size above is substantially larger than that used in 
Shell's Deer Park demonstration plant. Similarly, the KRW gasifier size above 
is substantially larger than that tested in KRW's Waltz Mill pilot plant. 
There are scale-up risks in both cases. 

Both the Shell and KRW gasifiers have not tested coals with an ash content 
comparable to that of Indian coal. Texaco, on the other hand, has tested coals 
for an ash content up to 30% in their Montebello pilot plant. The moving bed 
gasifier is conunercially proven and has tested the high ash Indian coal with 
successful results. But it faces the problem of economically using the coal 
fines rejected and treatment of the water effluent. 

There are additional technical risks in the KRW case. The gasifier air 
extraction from gas turbine has not been demonstrated. The in-bed sulfur 
capture and hot gas particulate removal using ceramic filter have been tested 
but only with very limited experience. The carbon conversion achievable is not 
certain. There is a possibility that the ash may not agglomerate because it 
has a very high fusion temperature. 

In Indian coal, the mineral matter is intrinsically mixed with the 
carbonaceous matter. As a result, the ash produced during gasification is 
mostly fine particles (-40p). If the KRW gasifier fails to agglomerate them 
into large particles to drop out from the gasifier, these ash particles will 
be elutriated and become difficult to be retrieved. 

The largest technical uncertainty of the KRW gasifier, however, is the ash 
sulfation. During the sulfation process, the calcium sulfate (CaSOq) product 
formed has a tendency to block the particle pore and hinder further reaction 
because it is a larger molecule than calcium sulfide (CaS). Typically only 30- 
40% CaS conversion can be achieved in this process. This conversion level can 
be increased to 90% if 1-2% alkali salt is added. However, only limited tests 
have been carried out. 

Calcium sulfide is a reactive compound. It releases hydrogen sulfide to 
atmosphere once exposed to moisture during disposal. Incomplete conversion of 
this compound in the sulfation process presents an environmental problem. 

There are no technological risks involved with the moving bed gasifier because 
it is the most conunercially exploited process and its suitability for Indian 
high ash coals has been established. 

5 . 5  SITE LAYOUTS 

A preliminary plot plan of the IGCC plant is shown in Figure 5-30. The Shell 
case is used to represent the IGCC plant. The total plant area requirement is 
estimated as follows: 



Acre 
P l a n t  a r e a  300 
Township 200 
Ash d i s p o s a l  500 
Railway s i t i n g  f o r  merry go round system 140 
Makeup water  c o r r i d o r  140 
Approach road, ash  d i s p o s a l  c o r r i d o r  a 

Tota l  1505 

A d e s c r i p t i o n  of t h e  layout  arrangement fo l lows .  

The merry go round c o a l  d e l i v e r y  r a i l  l i n e  e n t e r s  t h e  northwest co rne r  of t h e  
p l a n t  b a t t e r y  l i m i t .  The c o a l  unloading and s t o r a g e  f a c i l i t i e s  a r e  l oca t ed  a t  
t h e  north-western/western s i d e  of t h e  p l a n t ,  l e av ing  adequate  space f o r  
temporary cons t ruc t ion  equipment. A s  t h e  p r e v a i l i n g  wing d i r e c t i o n  i s  from 
sou theas t  t o  northwest,  d u s t  genera t ion  dur ing  t h e  c o a l  handl ing and s t o r a g e  
would no t  normally a f f e c t  t h e  main p l a n t  a r e a .  

The g a s i f i c a t i o n  and gas  c l ean ing  u n i t s  a r e  l o c a t e d  i n  a  block by t h e  s i d e  of 
c o a l  s t o r a g e  a r e a  t o  minimize t h e  c o a l  handl ing c o s t .  Fu r the r  t o  t h e  e a s t  is  
t h e  combined cycle block including t h e  t ransformer  yard.  

These f a c i l i t i e s  a r e  l oca t ed  i n  a  s e p a r a t e  block d i r e c t l y  by t h e  e a s t e r n  s i d e  
of t h e  combined cyc le  block.  A s  t h e  major cool ing  water consumption i s  f o r  t h e  
combined c y c l e  p l a n t ,  t h e  c lo seness  of t h e s e  two blocks can r e s u l t  i n  sav ing  
of p ip ing  c o s t s .  

The outgoing t ransmiss ion  l i n e s  go towards south  and sou theas t .  Therefore,  t h e  
swi tch  ya rd  is  l o c a t e d  f a c i n g  south  i n  a  block south  of t h e  combined cyc le  
p l a n t .  

The p l o t  p lan  inc ludes  o t h e r  f a c i l i t i e s  such a s  workshop, warehouse, f i r e  
s t a t i o n ,  a d m i n i s t r a t i v e  bu i ld ing ,  etc.  Adequate space is  provided f o r  
c o n t r a c t o r s  o f f i c e s ,  s t o r e s ,  and f a b r i c a t i o n  f a c i l i t i e s  i n  t h e  western s i d e  of 
t h e  p l a n t  t o  avoid  i n t e r f e r e n c e  i n  t h e  cons t ruc t ion  a c t i v i t i e s .  





S e c t i o n  6  

PC PLANT EVALUATION 

This  s e c t i o n  p r e s e n t s  t h e  p l a n t  d e s i g n ,  the rmal  e f f i c i e n c y ,  c o s t  e s t i m a t e ,  and 
e m i s s i o n s  of  t h e  PC p l a n t .  

The PC p l a n t  u s e s  one u n i t  and h a s  a  d e s i g n  c a p a c i t y  of 600 MW s o  a s  t o  be  
c o n s i s t e n t  w i t h  t h a t  of t h e  IGCC p l a n t .  The d e s i g n  and c o s t  d a t a  were d e r i v e d  
b a s i c a l l y  by c a p a c i t y  ad jus tment  from t h e  2  x  500 MW PC p l a n t  f e a s i b i l i t y  
s t u d y  r e c e n t l y  conducted by t h e  N a t i o n a l  Thermal Power C o r p o r a t i o n  f o r  t h e  
North Karanpura Super Thermal Power P r ~ j e c t ( ~ , ~ ) .  No s i te  a d j u s t m e n t s  were 
n e c e s s a r y  a s  t h e  North Karanpura P r o j e c t  s i t e  i s  v e r y  c l o s e  t o  t h e  p ipa rwar  
s i t e  chosen f o r  t h e  p r e s e n t  s t u d y .  The c o a l  used  i n  t h e  North Karanpura 
P r o j e c t  i s  t h e  same a s  t h a t  i n  t h e  IGCC p l a n t  d e s i g n .  

6 . 1  PLANT DESCRIPTION 

6 . 1 . 1  P l a n t  & w a v e d  Auxlllarles , ,  , 

The s t eam g e n e r a t o r  i s  of p u l v e r i z e d  c o a l  f i r e d  s i n g l e  r e h e a t ,  s i n g l e  drum 
t y p e  and i s  d e s i g n e d  f o r  v a r i a b l e  p r e s s u r e  o p e r a t i o n .  

The main pa ramete r s  a t  100% BMCR ( b o i l e r  maximum c o n t i n u o u s  r a t i n g )  a r e  a s  
f o l l o w s  : 

P r e s s u r e  a t  s u p e r h e a t e r  o u t l e t :  
Temperature a t  s u p e r h e a t e r  o u t l e t :  
Steam p r e s s u r e  a t  r e h e a t e r  i n l e t :  
Steam t e m p e r a t u r e  a t  r e h e a t e r  i n l e t :  
Steam t e m p e r a t u r e  a t  r e h e a t e r  o u t l e t :  
Feed w a t e r  t e m p e r a t u r e  a t  economiser  i n l e t :  

Furnace. The f u r n a c e  of t h e  s t eam g e n e r a t o r  i s  of r a d i a n t ,  

179 kg/cm2 a  
540 C 
47 kg/cm2 a  
346 C 
540 C 
256 C 

d r y  bot tom t y p e  
w i t h  t a n g e n t i a l  f i r i n g  and e n c l o s e d  by wa te r  c o o l e d  and a l l  welded membrane 
w a l l s .  A wate r  impounded bot tom a s h  hopper i s  i n s t a l l e d  a t  t h e  f u r n a c e  bottom. 
A s p r a y  t y p e  a t t e m p e r a t o r  c o n t r o l s  t h e  s u p e r h e a t e r  o u t l e t  t e m p e r a t u r e  f o r  
varying loads. The superheater and reheater tubes are a combination of 

r a d i a t i o n  and convec t ion  t y p e .  The economizer i s  non-steaming t y p e .  

a m  G e n e m t o r  C i r u i o n  Svstem. Th i s  sys tem employs e i t h e r  c o n t r o l l e d  o r  
n a t u r a l  c i r c u l a t i o n .  The n a t u r a l  c i r c u l a t i o n  b o i l e r  employs r i b b e d  t u b i n g  f rom 
wate r  w a l l  i n  a l l  h i g h  h e a t  zones t o  a v o i d  o n s e t  of D e p a r t u r e  from N u c l e a t e  
B o i l i n g  ( D N B ) .  The c o n t r o l l e d  c i r c u l a t i o n  b o i l e r  employs i n t e r n a l l y  r i f l e d  
b o i l e r  t u b i n g  f o r  w a t e r  w a l l  i n  a l l  h igh  h e a t  zones t o  m a i n t a i n  a  minimum 
c i r c u l a t i o n  a t  p a r t  l o a d  and l i m i t  DNB. Three 50% c i r c u l a t i n g  pumps a r e  used .  

Air and F l u e  Gas Svst-. A ba lanced  d r a f t  sys tem i s  p r o v i d e d .  There  a r e  two 
a x i a l  F D  f a n s  and two r a d i a l  I D  f a n s  and two p a i r s  of r e g e n e r a t i v e  r o t a r y  t y p e  
a i r  p r e h e a t e r s ,  one p a i r  each  f o r  t h e  pr imary a i r  and secondary  a i r .  Steam 
c o i l  a i r  p r e h e a t e r s  a r e  p r o v i d e d  f o r  s t a r t u p ,  low l o a d  o p e r a t i o n ,  o r  abnormal 
c o n d i t i o n s .  

F u e l  Qil R u m b a  System. Heavy f u r n a c e  o i l  i s  f i r e d  i n  t h i s  sys tem f o r  b o i l e r  
s t a r t u p ,  warmup and low l o a d  o p e r a t i o n  up t o  30%.  Necessary  pumps, f i l t e r s ,  
and h e a t e r s  a r e  i n c l u d e d .  



R-a S v s t a .  T h i s  sys tem c o n s i s t s  of  c o a l  m i l l s .  Coal  from raw c o a l  
bunkers  i s  f e d  i n t o  t h e  m i l l s  by c o a l  f e e d e r s .  Pr imary a i r  f a n s  t r a n s p o r t  
p u l v e r i z e d  c o a l  from t h e  m i l l s  t o  b u r n e r s .  

S o o t  w i n a  S v s t a .  T h i s  sys tem u s e s  f u l l y  a u t o m a t i c ,  s e q u e n t i a l l y  
c o n t r o l l e d ,  m i c r o p r o c e s s o r  based  s t eam s o o t  b lowers .  I t  h a s  s h o r t  r e t r a c t a b l e  
r o t a r y  w a l l  b lowers  f o r  t h e  f u r n a c e  and l o n g  r e t r a c t a b l e  r o t a r y  b lowers  f o r  
t h e  s u p e r h e a t e r  and economiser .  

. To c o n t r o l  t h e  w a t e r  q u a l i t y  i n  t h e  s t e a m  g e n e r a t o r ,  
t r i - s o d i u m  phospha te  i s  dosed  i n  t h e  b o i l e r  drum. The d o s i n g  s y s t e m  r e q u i r e d  
i n c l u d e s  p r e p a r a t i o n  and m e t e r i n g  t a n k s ,  d o s i n g  pumps, c o n n e c t e d  p i p i n g ,  
v a l v e s ,  and f i t t i n g s .  

v  Steam S v s t m .  - There a r e  a  h i g h  c a p a c i t y  p r e s s u r e  r e d u c t i o n  s t a t i o n  
and a  low c a p a c i t y  p r e s s u r e  r e d u c t i o n  s t a t i o n  t a k i n g  t h e i r  s t e a m  t a p o f f s  from 
t h e  main s t r e a m  l i n e  and c o l d  r e h e a t  l i n e ,  r e s p e c t i v e l y .  The a u x i l i a r y  s t eam 
l e v e l  used  i s  16  kg/cm2 a  and 210 C. 

An a u x i l i a r y  s t eam g e n e r a t o r  i s  i n c l u d e d  t o  p r o v i d e  s t e a m  d u r i n g  s t a t i o n  
b l a c k o u t  and f o r  precommiss ioning a c t i v i t i e s .  

E l e c t r o s t a t i c  P r e w  
. , 

A high efficiency electrostatic precipitator is provided to limit the flue gas 

p a r t i c u l a t e s  e m i s s i o n  t o  100 mg/~m3. The p r e c i p i t a t o r  i n c l u d e s  a 
m i c r o p r o c e s s o r  based  programmable t y p e  r a p p e r  c o n t r o l  sys tem.  The t r a n s f o r m e r  
r e c t i f i e r  sets u s e  a  h i g h  f i r e  p o i n t  o i l  a s  t h e  c o o l i n g  medium. The d u s t  
c o l l e c t i o n  hoppers  a t  a l l  s t r a t e g i c  l o c a t i o n s  have a minimum s t o r a g e  c a p a c i t y  
of t w e l v e  h o u r s  and h e a t i n g  a r rangements  t o  p r e v e n t  a s h  s t i c k i n g  t o  t h e  
s l o p i n g  s i d e s  and down p i p e s .  

T h i s  u n i t  c o v e r s  t h e  t u r b i n e  and i t s  i n t e g r a l  sys tems  such  a s  t h e  c o n t r o l  o i l  
sys tem,  l u b e  o i l  sys tem,  a u t o m a t i c  t u r b i n e  run-up sys tem,  HP/LP bypass  sys tem,  
condense rs ,  condense r  a i r  e v a c u a t i o n  system, comple te  r e g e n e r a t i v e  f e e d  
h e a t i n g  sys tem,  condensa te  pumps w i t h  d r i v e s ,  b o i l e r  f e e d  pumps w i t h  d r i v e s ,  
LP chemica l  d o s i n g  sys tem,  a u x i l i a r y  equipment c o o l i n g  w a t e r  sys tem,  
i n s t r u m e n t a t i o n  and c o n t r o l  d e v i c e s ,  t u r b i n e  s u p e r v i s o r y  i n s t r u m e n t s ,  t u r b i n e  
p r o t e c t i o n  and i n t e r l o c k  sys tem,  a u t o m a t i c  t u r b i n e  t e s t i n g  sys tem,  and  
hydrogen g e n e r a t i o n  p l a n t .  

A f low d iagram of  t h e  s t e a m ,  condensa te ,  and f e e d  water sys tem a n d  t h e  
a s s o c i a t e d  h e a t  b a l a n c e  b a s e d  on a 500 MW u n i t  a re  shown i n  F i g u r e  6-1 and  2  
r e s p e c t i v e l y .  A s  t h e  d e s i g n  c a p a c i t y  f o r  t h i s  s t u d y  i s  600 MW, a l l  t h e  
f l o w r a t e s  shown i n  t h e s e  d iagrams s h a l l  be  i n c r e a s e d  by a 6 : s  r a t i o .  

Steam. The steam t u r b i n e  i s  of  tandem compound, s i n g l e  r e h e a t ,  
r e g e n e r a t i v e ,  condensing,  m u l t i - c y l i n d e r  d e s i g n  w i t h  s e p a r a t e  HP and  LP 
c a s i n g s .  The t u r b i n e  t h r o t t l e  steam i s  a t  170 kg/cm2 a and  537 C. The r e h e a t  
s t eam t e m p e r a t u r e  i s  537 C. The maximum t u r b i n e  e x h a u s t  p r e s s u r e  i s  89 mm Hga. 
The t u r b i n e  speed  i s  3000 rpm. 

Condenser. The condense r  u s e s  s t a i n l e s s  steel t u b e s  w i t h  an  i n t e g r a l  a i r  
c o o l i n g  s e c t i o n .  The h o t w e l l  i s  d e s i g n e d  f o r  5  m i n u t e s  s t o r a g e .  The LP h e a t e r  
No.1 i s  mounted i n  t h e  condense r  neck.  







. Two 100% m e c h a n i c a l  vacuum pumps a r e  p r o v i d e d  f o r  
c o n d e n s e r  a i r  e v a c u a t i o n .  

Lube. T h i s  s y s t e m  p r o v i d e s  l u b r i c a t i o n  f o r  t h e  b e a r i n g s  o f  t h e  
t u r b i n e  g e n e r a t o r  and  s u p p l i e s  o i l  t o  t h e  h y d r a u l i c  t u r b i n e  g e a r  d u r i n g  
s t a r t u p  a n d  shutdown.  I t  a l s o  p r o v i d e s  j a c k i n g  r e q u i r e m e n t s  d u r i n g  t u r n i n g  
g e a r  o p e r a t i o n  and  s u p p l i e s  o i l  t o  t h e  g e n e r a t o r  s e a l s  u n d e r  emergency  
c o n d i t i o n .  

The main o i l  pump i s  c e n t r i f u g a l  t y p e  d r i v e n  by t h e  t u r b i n e .  Two 100% AC 
d r i v e n  a u x i l i a r y  o i l  pumps p r o v i d e  t h e  t u r b i n e  o i l  r e q u i r e m e n t  d u r i n g  s t a r t u p  
and  s h u t  down. A DC d r i v e n  emergency l u b e  o i l  pump p r o v i d e s  b e a r i n g  
l u b r i c a t i o n  r e q u i r e m e n t s  u n d e r  low l u b e  o i l  p r e s s u r e .  

Two 100% moto r  d r i v e n ,  o u t  of  which one  DC mo to r  d r i v e n ,  j a c k i n g  o i l  pumps, 
a r e  p r o v i d e d  t o  l i f t  t h e  r o t o r  a t  t h e  b e a r i n g  d u r i n g  t h e  t u r n i n g  g e a r  
o p e r a t i o n .  These  pumps t a k e  s u c t i o n  f rom main o i l  t a n k .  

I n  c a s e  o f  p r o v i d i n g  h y d r a u l i c a l l y  d r i v e n  b a r r i n g  g e a r ,  two s e p a r a t e  100% 
c a p a c i t y  mo to r  d r i v e n  pumps, one  o f  which i s  DC moto r  d r i v e n ,  a r e  e x c l u s i v e l y  
p r o v i d e d  f o r  b a r r i n g  g e a r .  

The l u b r i c a t i o n  o i l  i s  c o o l e d  i n  two 100% o i l  c o o l e r s .  The c o o l i n g  medium i s  
d e m i n e r a l i z e d  w a t e r .  

Every  hour ,  20% of  t h e  t o t a l  o i l  c h a r g e  i n  t h e  t u r b i n e  s y s t e m  i s  r o u t e d  f o r  
p u r i f i c a t i o n .  The p u r i f i c a t i o n  s y s t e m  c o n s i s t s  o f  c e n t r i f u g e ,  p o l i s h i n g  
f i l t e r ,  e x p l o s i o n  p roo f  m o t o r s ,  mo to r  d r i v e n  f e e d  pumps, a n d  h e a t e r s .  

A main o i l  t a n k  o f  s u f f i c i e n t  c a p a c i t y  t o  a l l o w  e i g h t  o i l  c h a n g e s  p e r  h o u r  f o r  
l i b e r a t i n g  e n t r a i n e d  a i r  i s  i n c l u d e d .  I n  a d d i t i o n ,  t h e r e  i s  a  l u b e  o i l  s t o r a g e  
a n d  p u r i f i c a t i o n  s y s t e m .  T h i s  i s  f o r  s t o r i n g  a n d  p u r i f y i n g  o i l  f r o m  u n i t  o i l  
t a n k s  and  a l s o  t o  s u p p l y  new o i l  t o  t h e  u n i t  l u b e  o i l  t a n k s .  The c e n t r a l  
s y s t e m  i s  e q u i p p e d  w i t h  c l e a n  and  d i r t y  o i l  t a n k s ,  t r a n s f e r  pumps, and  a  
c o m p l e t e  s e l f - c o n t a i n e d  p u r i f i c a t i o n  u n i t  which  i s  i d e n t i c a l  i n  a l l  r e s p e c t s  
t o  t h e  u n i t  p u r i f i e r s .  

eam i&ab.ng Svstem.  The HP a n d  I P  t u r b i n e  s h a f t  g l a n d s  a r e  s e a l e d  t o  
p r e v e n t  e s c a p e  o f  s t e a m  i n t o  t h e  a tmosphe re .  The LP t u r b i n e  g l a n d s  a r e  s e a l e d  
f o r  p r e v e n t i n g  l e a k a g e  o f  a t m o s p h e r i c  a i r  i n t o  t h e  t u r b i n e .  S team i s  u s e d  f o r  
s e a l i n g  t h e s e  s p r i n g  backed l a b y r i n t h  g lands .  

Up t o  4 0 %  l o a d  on t h e  t u r b i n e ,  s e a l  s t e a m  i s  p r o v i d e d  by t h e  a u x i l i a r y  s t e a m  
h e a d e r  o r  c o l d  r e h e a t  l i n e  t h r o u g h  a  s e a l  s t e a m  r e g u l a t i n g  v a l v e .  Above 40% 
l o a d ,  t h e  s e a l  s t e a m  i s  c u t  o f f  a n d  t h e  l e a k - o f f  s t e a m  f rom t h e  HP a n d  I P  
s h a f t  g l a n d s  i s  u s e d  f o r  s e a l i n g  t h e  LP t u r b i n e  g l a n d s .  The e x c e s s  l e a k - o f f  
s t e a m  g o e s  t o  t h e  g l a n d  s t e a m  c o n d e n s e r .  A d e s u p e r h e a t i n g  t y p e  b y p a s s  i s  
p r o v i d e d  t o  c a t e r  d u r i n g  o u t a g e  o f  t h e  g l a n d  s t e a m  c o n d e n s e r .  Two f u l l  
c a p a c i t y  v a p o u r  e x h a u s t e r s  a r e  p r o v i d e d  t o  remove non-condensab le  g a s e s  f rom 
t h e  g l a n d  s t e a m  c o n d e n s e r .  

a / R e a U o r v  Svs tem.  The t u r b i n e  h a s  t h r o t t l e  o r  n o z z l e  c o n t r o l l e d  
t y p e  g o v e r n i n g .  The s t e a m  t u r b i n e  g e n e r a t o r  u n i t  i s  e q u i p p e d  w i t h  an  
e l e c t r o h y d r a u l i c  g o v e r n i n g  s y s t e m  backed  u p  by a  m e c h a n i c a l  h y d r a u l i c  c o n t r o l  
s y s t e m .  A l t e r n a t i v e l y  a  100% backup e l e c t r o n i c  c o n t r o l l e r  i s  p r o v i d e d .  The 
s y s t e m  a l s o  i n c l u d e s  pre-emergency  g o v e r n o r s ,  emergency g o v e r n o r ,  l o a d  l i m i t  
o r  s p e e d / l o a d  c h a n g e r ,  t r a c k i n g  d e v i c e s ,  a n d  i n i t i a l  s t e a m  p r e s s u r e  r e g u l a t o r .  

t fP /LP Byp-. The HP/LP b y p a s s  s t a t i o n s  p r o v i d e  t h e  f o l l o w i n g  r e q u i r e m e n t :  



o  Q u i c k  s t a r t u p  o f  t h e  s t e a m  g e n e r a t o r  f rom c o l d  a n d  warm c o n d i t i o n s  
o  Q u i c k  h o t  r e s t a r t  o f  t h e  t u r b i n e  
o  P a r a l l e l  o p e r a t i o n  o f  t h e  b y p a s s  w i t h  t u r b i n e  i n  t h e  e v e n t  o f  l a r g e  

l o a d  th row o f f  
o  House l o a d  o p e r a t i o n  f o l l o w e d  by l a r g e  l o a d  t h r o w  o f f  
o  To keep  t h e  s t e a m  g e n e r a t o r  i n  o p e r a t i o n  s o  a s  t o  a v o i d  a  f i r e  o u t  i n  

t h e  s t e a m  g e n e r a t o r  f o l l o w i n g  f u l l  l o a d  r e j e c t i o n .  

The HP b y p a s s  s y s t e m  i s  s i z e d  f o r  1000 t p h  o f  main  s t e a m  f l o w  a t  r a t e d  main  
s t e a m  c o n d i t i o n s .  The LP b y p a s s  i s  s i z e d  f o r  s t e a m  i n l e t  c o n d i t i o n s  ( p r e s s u r e  
a n d  t e m p e r a t u r e )  i n  h o t  r e h e a t  l i n e  a s  t h o s e  c o r r e s p o n d i n g  t o  60% MCR (maximum 
c o n t i n u o u s  r a t i n g )  . 

W L P  H e w .  T h e r e  a r e  t h r e e  LP h e a t e r s  a n d  two HP h e a t e r s .  B o i l e r  f e e d  
w a t e r  i s  h e a t e d  i n  t h e s e  h e a t e r s  b y  e x t r a c t i o n  s t e a m  f r o m  t u r b i n e  a n d  c o l d  
r e h e a t  s t e a m .  Condensed  s t e a m  i n  t h e  h e a t e r s  ( d r a i n )  i s  s e n t  t o  n e x t  l o w e r  
h e a t e r .  D r a i n  f r o m  t h e  HP h e a t e r s  f i n a l l y  e n d s  up i n  d e a e r a t o r .  D r a i n  f rom LP 
h e a t e r s  f i n a l l y  e n d s  i n  t h e  c o n d e n s e r .  

A l l  t h e s e  h e a t e r s  have  a  m a n u a l / m o t o r i z e d  b y p a s s  a r r a n g e m e n t  on t h e  c o n d e n s a t e  
f e e d  l i n e .  The h e a t e r s  a r e  o f  U-tube w i t h  a l l  s e a m l e s s  s t a i n l e s s  steel 
c o n s t r u c t i o n ,  s u r f a c e  t y p e ,  h o r i z o n t a l  w i t h  i n t e g r a l  c o n d e n s i n g  a n d  d r a i n  
c o o l i n g  z o n e s .  The HP h e a t e r s  have  a  d e s u p e r h e a t i n g  zone .  

Deaerator. The d e a e r a t o r  i s  o f  h o r i z o n t a l ,  d i rect  c o n t a c t  s p r a y  o r  s p r a y  cum 
t r a y  t y p e  w i t h  a  h o r i z o n t a l  f e e d  w a t e r  s t o r a g e  t a n k .  The s t o r a g e  t a n k  i s  s i z e d  
t o  h o l d  s u f f i c i e n t  f e e d  w a t e r  f o r  a b o u t  1 0  m i n u t e s  r u n n i n g  a t  f u l l  l o a d  a t  a  
f i l l i n g  f a c t i o n  o f  0 . 6 6 .  The maximum d i s s o l v e d  oxygen c o n t e n t  i s  0 .005  
m l / l i t e r  i n  t h e  d e a e r a t e d  c o n d e n s a t e .  

er  Feed  P m .  Two 50% t u r b i n e  d r i v e n  pumps a n d  two 30% e l e c t r i c  m o t o r  
d r i v e n  pumps w i t h  b o o s t e r  pumps mounted on t h e  common s h a f t  a r e  p r o v i d e d .  They 
a r e  o f  h o r i z o n t a l ,  c e n t r i f u g a l  t y p e  w i t h  a  s t i f f  s h a f t  d e s i g n .  The d e a e r a t e d  
b o i l e r  f e e d w a t e r  f rom t h e  d e a e r a t o r  i s  compres sed  t o  220 kg/cm2 a  i n  t h e s e  
Pumps - 
The pump o u t e r  c a s i n g  i s  o f  b a r r e l  t y p e  w i t h  e n d  r o t o r  r emova l .  The i n n e r  pump 
as sembly  composed o f  s h a f t ,  i m p e l l e r s ,  a n d  s t a g e  c a s i n g s  c a n  b e  removed a n d  
r e p l a c e d  a s  a  u n i t  w i t h o u t  d i s t u r b i n g  t h e  f e e d  p i p i n g .  Each f e e d  pump h a s  a  
m o d u l a t e d  r e c i r c u l a t i o n  c o n t r o l  v a l v e  t o  p r o t e c t  t h e  pump u n d e r  low f l o w  
c o n d i t i o n .  

Condensate P w .  These  pumps c o n s i s t  o f  t h r e e  50% c a p a c i t y  m o t o r  d r i v e n  
u n i t s .  They a r e  o f  v e r t i c a l  c a n i s t e r  t y p e ,  m u l t i - s t a g e ,  c e n t r i f u g a l  d i f f u s e r  
d e s i g n .  These  pumps t r a n s f e r  t h e  c o n d e n s a t e  f rom t h e  c o n d e n s e r  t o  t h e  
c o n d e n s a t e  p o l i s h i n g  u n i t .  

a r v  Coo-. The g a s  c o o l e r ,  o i l  c o o l e r s  o f  t h e  t u r b o - g e n e r a t o r ,  
b o i l e r  f e e d  pumps, o i l  c o o l e r s  e tc .  a r e  s u p p l i e d  w i t h  c o o l i n g  c o n d e n s a t e  i n  a  
c l o s e d  c y c l e .  The c y c l e  c o n s i s t s  o f  a  w a t e r - t o - w a t e r  h e a t  e x c h a n g e r ,  pumps, a n  
o v e r h e a d  t a n k  a r r a n g e m e n t  f o r  t h e  i n i t i a l  f i l l i n g  a n d  i t s  makeup r e q u i r e m e n t .  

f .  The p u r p o s e  o f  t h i s  d o s i n g  s y s t e m  i s  t o  m a i n t a i n  
t h e  pH o f  c o n d e n s a t e  a n d  f e e d  w a t e r  a n d  t o  e f f e c t i v e l y  d e a l  w i t h  r e s i d u a l  
d i s s o l v e d  oxygen i n  c o n d e n s a t e  a n d  f e e d  w a t e r .  The d o s i n g  c o n s i s t s  o f  
i n j e c t i n g  h y d r a z i n e  a n d  ammonia i n  t h e  b o i l e r  f e e d  pump s u c t i o n  l i n e  a n d  i n  
c o n d e n s a t e  l i n e  a f t e r  t h e  p o l i s h i n g  u n i t .  The d o s i n g  equ ipmen t  c o n s i s t s  o f  
s t o r a g e  a n d  p r e p a r a t i o n  t a n k s ,  m e t e r i n g  t a n k s ,  a n d  d o s i n g  pumps. 



r a t l o n  P m .  A hydrogen g e n e r a t i o n  p l a n t  of 1 4  ~ ~ 3 / h  c a p a c i t y  i s  
i n c l u d e d  t o  meet t h e  hydrogen r e q u i r e m e n t s .  I t  i n c l u d e s  a  b o t t l i n g  f a c i l i t y  of  
t h e  hydrogen g a s  g e n e r a t e d  and t h e  equipment t o  f e e d  t h e  makeup hydrogen t o  
t h e  g e n e r a t o r .  

The h e i g h t  of t h e  f l u e  g a s  emiss ion  p o i n t  i s  2 7 5  m above t h e  p l a n t  g r a d e  
l e v e l .  The chimney c o n s i s t s  of r e i n f o r c e d  c o n c r e t e  wind s h i e l d  w i t h  two 
i n s u l a t e d  s teel  l i n e r s  ( f l u e s ) .  The l i n e r s  a r e  made from m i l d  s t e e l  b u t  t h e  
p o r t i o n  of t h e  l i n e r s  p r o j e c t i n g  above t h e  wind s h i e l d  and a  few m e t e r s  below 
t h e  roof  a r e  made from s p e c i a l  a l l o y  s t e e l .  F a b r i c  ( n o n - m e t a l l i c )  expans ion  
compensators  a r e  p r o v i d e d  t o  c a t e r  f o r  the rmal  e l o n g a t i o n  of  t h e  l i n e r s .  

The chimney roof  s l a b  i s  of r e i n f o r c e d  c o n c r e t e  t r e a t e d  f o r  w a t e r  p r o o f i n g  and 
p r o t e c t e d  by a  l a y e r  of a c i d  r e s i s t a n t  t i l e s .  The g r a d e  l e v e l  s l a b  i s  of 
r e i n f o r c e d  c o n c r e t e  wi th  an  i r o n i t e  f l o o r  f i n i s h .  An e l e v a t o r  ( r a c k  and p i n i o n  
t y p e )  i s  p r o v i d e d  a l o n g  t h e  chimney f o r  t h e  f u l l  h e i g h t .  The t o p  few meters of 
t h e  e x t e r n a l  s u r f a c e  of t h e  w i n d s h i e l d  a r e  p a i n t e d  f o r  a c i d  and h e a t  
p r o t e c t i o n .  

The b o i l e r ,  t u r b i n e ,  and g e n e r a t o r ,  a l o n g  wi th  t h e i r  a s s o c i a t e d  a u x i l i a r i e s  
a r e  c o n t r o l l e d  and moni to red  from u n i t - w i s e  c e n t r a l i z e d  a i r  c o n d i t i o n e d  
c o n t r o l  room on t h e  o p e r a t i n g  f l o o r  of t h e  u n i t  c o n t r o l  tower .  

The c o n t r o l  ph i losophy  adop ted  i s  based  on u s i n g  d i s p l a y  d e v i c e s  l i k e  CRTs, 
t r e n d  r e c o r d e r s ,  and p r i n t e r s  of microprocessor-based D i s t r i b u t e d  D i g i t a l  
C o n t r o l ,  Moni to r ing  and I n f o r m a t i o n  System (DDCMIS). Adequate c o n v e n t i o n a l  
d i s p l a y  d e v i c e s  l i k e  i n d i c a t o r s ,  r e c o r d e r s  window a n n u n c i a t o r s ,  s t a t u s  
i n d i c a t o r s ,  and lamps a r e  p r o v i d e d  a s  back-up d i s p l a y  d e v i c e s .  A s e p a r a t e  
ha rdwi red  a n n u n c i a t i o n  sys tem i s  p rov ided  f o r  i m p o r t a n t  a l a r m s .  

and Info- Svs- - 

The modula t ing  c o n t r o l s  and open l o o p  c o n t r o l s  of t h e  r e l a t e d  and i n t e r a c t i v e  
g roups  a r e  i n t e g r a t e d  i n t o  one s e t  of hardware.  However, independen t  
m o n i t o r i n g  and i n f o r m a t i o n  sys tem hardware i s  a l s o  used  t o  c a r r y  o u t  t h e s e  
m o n i t o r i n g  and i n f o r m a t i o n  f u n c t i o n s  such a s  h i s t o r i c a l  d a t a  
s t o r a g e / r e t r i e v a l ,  performance c a l c u l a t i o n s ,  and l o g s  which a r e  n o t  d i r e c t l y  
r e l a t e d  t o  c o n t r o l  t a s k s .  A l l  t h e s e  sub-systems a r e  connec ted  t o g e t h e r  t h r o u g h  
redundant  sys tem b u s .  

Both s i n g l e  l o o p  c o n t r o l l e r  and m u l t i - l o o p  c o n t r o l l e r  a r e  used .  For  s i n g l e  
l o o p  c o n t r o l l e r s ,  no c o n t r o l l e r  redundancy i s  p r o v i d e d  e x c e p t  f o r  v e r y  few 
c r i t i c a l  c a s e s .  For m u l t i - l o o p  c o n t r o l l e r s  a l l  t h e  f u n c t i o n a l  c o n t r o l l e r s  have 
1 0 0 %  h o t  back-up. 

Due t o  t h e  d u s t  c o n d i t i o n s  i n  a  c o a l - f i r e d  power p l a n t ,  t h e  e l e c t r o n i c  
hardware of t h e  complete  DDCMIS sys tem i s  c o n t a i n e d  i n  a  c e n t r a l i z e d  a i r -  
c o n d i t i o n e d  room w i t h o u t  p h y s i c a l  d i s t r i b u t i o n  th rough  t h e  p l a n t .  



For single loop controllers, the signal conditioning, distribution and 
monitoring system is kept independent of the control and logic function 
modules/units. Thus, important process parameters can be available to the 
operator for manual control in the event of failure of the control and logic 
function modules/units, bus system, and control operation system. For multi- 
functions controllers, the signal conditioning and processing may be combined 
in the functional controllers because the redundant controllers are available. 
A separate, stand alone sequence of 'Event Monitoring Equipment' with its own 
printer is provided. However, the information of this equipment is also made 
available to information system of DDCMIS through suitable communication 
interface. 

Though the auto/manual operation for all devices is provided through 
C~~s/keyboards, the manual break up operation facility through dedicated push- 
button tiles (one for each drive) is also provided on the desk/panel for all 
fans and pumps associated with the boiler and turbine-generator auxiliaries 
and all the interlocked isolating valves and dampers. In addition, dedicated 
conventional hand/auto stations are provided for all the modulating control 
devices. All the non-interlocked isolating valves and dampers are operated 
from CATS only. Testing is carried out from the switch gear. 

sis Svstem - (SWAS) 

As the water chemistry is critical for power plant operation, a comprehensive 
steam and water analysis system is provided. This system includes sampling and 
on line analysis of parameters like conductivity, pH, dissolved oxygen, 
residual hydrazine, silica, phosphate, sodium etc. at all critical points in 
the condensate, feed water, and steam cycle. 

e Power W w l v  Svstem (UPS) 

This system supplies uninterrupted power to critical control and instrument 
loads. It consists of one 100% capacity battery, two 100% capacity chargers 
and two 100% capacity inverters. During normal operation, the UPS loads are 
supplied by both the inverters, each working at 50% load. In case of failure 
of one inverter, a static switch will automatically transfer all the UPS loads 
to the healthy inverter. In case both inverters fail, a standby AC source will 
feed the UPS loads. 

A furnace safeguard supervisory system (FSSS) is provided for furnace purging, 
automatic oil firing, flame monitoring, sequential startup and shut down of 
mills etc. 

An automatic turbine run-up system (ATRS) is provided to run the turbine 
automatically, up to block load level through cold, warm, and hot startup. 

This system treats river raw water to meet the plant requirements of cooling 
water, makeup water, demineralized water, clarified and filtered water, and 
potable water. 

The treatment uses separate clarifiers for the cooling water and demineralized 
water. Each consists of a stilling chamber, flash mixers, clariflocculators, a 
chlorination system, an alum, lime, and coagulant aid dosing system, and a 



s ludge  d i s p o s a l  system. An above-ground c l a r i f i e d  water  s t o r a g e  t ank  i s  
provided t o  meet t h e  requirements  of A/C and v e n t i l a t i o n  p l a n t  make-up and ash  
handl ing  p l a n t  s e a l  wa te r .  To meet t h e  po t ab l e  water  requirements ,  two f i l t e r s  
a r e  p rov ided .  

The c l a r i f i e d  water  i s  f u r t h e r  t r e a t e d  i n  g r a v i t y  f i l t e r s  be fo r e  it i s  s e n t  t o  
t h e  demine ra l i z e r .  

Sludge from c l a r i f l o c u l a t o r s  i s  c o l l e c t e d  i n  s l udge  p i t s  and s e n t  t o  a sh  
d i s p o s a l  a r e a .  Other waste  water  from raw water  t r e a tmen t  p l a n t  i s  s e n t  t o  
l i q u i d  e f f l u e n t  t r e a tmen t  p l a n t  f o r  d i s p o s a l .  

The demine ra l i z a t i on  c o n s i s t s  of a c t i v a t e d  carbon f i l t e r ,  c a t i o n  exchangers ,  
degas se r  system (composed of degas se r  tower,  degasser  water  t ank ,  degassed  
water  pumps, blowers f o r  degasser  e t c . ) ,  anion exchangers ,  and mixed bed 
exchanger .  The c a t i o n  r e s i n s  a r e  r egene ra t ed  with  hyd roch lo r i c  a c i d  and t h e  
anion r e s i n s  wi th  sodium hydroxide.  The r egene ra t i on  f a c i l i t i e s  c o n s i s t  of 
bulk a c i d / a l k a l i  s t o r a g e  t anks ,  s o l u t i o n  p r e p a r a t i o n  t a n k s ,  dos ing  pumps e t c .  
A i r  b lowers  a r e  provided f o r  mixing of t h e  r e s i n s  i n  t h e  mixed bed. S torage  i s  
provided f o r  t h e  deminera l ized  water  and condensate .  Waste wate r  from raw 
water  t r e a tmen t  p l a n t  i s  s e n t  t o  l i q u i d  e f f l u e n t  t r e a tmen t  p l a n t  f o r  d i s p o s a l .  

A f u l l  flow deep mixed bed condensate  p o l i s h e r  i s  employed. The r e s i n s  used 
a r e  of s t r o n g l y  a c i d i c  c a t i o n  and s t r o n g l y  b a s i c  anion t ype .  An e x t e r n a l  
r egene ra t i on  f a c i l i t y  i s  provided f o r  t h e  exhaus ted  r e s i n s .  The exhaus ted  
r e s i n s  from t h e  p o l i s h e r  a r e  h y d r a u l i c a l l y  t r a n s f e r r e d  t o  t h e  r e s i n  
s e p a r a t i o n / c a t i o n  r egene ra t i on  v e s s e l .  A s p a r e  charge of r e s i n  i s  kept  i n  t h e  
mixed r e s i n  s t o r a g e  tank  f o r  immediate exchange of r e s i n s  wi th  t h e  exhaus ted  
ones .  Waste water  from t h e  acid/alkali/demineralized water  s t o r a g e  i s  s e n t  t o  
l i q u i d  e f f l u e n t  t r e a tmen t  p l a n t  f o r  d i s p o s a l .  

Water S- 

The p l a n t  coo l i ng  i s  provided by t h e  use of induced d r a f t  o r  
coo l i ng  towers  a s  shown i n  F igure  6-3. Th is  diagram i s  based 
p l a n t .  For t h i s  s tudy  where on ly  1 x  6 0 0  MW u n i t  i s  used, on 
coo l i ng  t r a i n s  shown w i l l  be r e q u i r e d .  

n a t u r a l  d r a f t  
. on a  2 x  500 MW 
l y  one of t h e  two 

Makeup water  i s  pumped through two 100% c a p a c i t y  p ipe  l i n e s  t o  a  p l a n t  water  
r e s e r v o i r .  The makeup water  and f i r e  water  pump house has  p r o v i s i o n s  f o r  
f u t u r e  u n i t s  a l s o .  The r e s e r v o i r  has  two p o r t i o n s ,  one i n  o p e r a t i o n  and o t h e r  
f o r  maintenance.  A s e p a r a t e  s t o r a g e  pond i s  provided f o r  r e t u r n  wate r  from t h e  
ash  pond and e f f l u e n t  t r e a tmen t .  The water  from t h i s  pond i s  used f o r  ash  
handl ing  purpose on ly .  

A pump house i s  l o c a t e d  next  t o  t h e  r e s e r v o i r .  I t  houses makeup wate r  pumps. 
The makeup water  pumps send t h e  raw makeup water  f o r  c o o l i n g  towers  t o  
c l a r i f i e r s .  C l a r i f i e d  water  i s  conveyed t o  t h e  CW i n t a k e  channel  under g r a v i t y  
f low.  A CW pump house pumps t h e  CW water  t o  t h e  condenser  d u c t s  t h e n  back t o  
t h e  coo l i ng  tower .  The f i r e  water  pump house i s  l o c a t e d  on t h e  i n t a k e  channe l .  

A l l  pump houses a r e  provided w i t h  t r a s h  rack f o r  f i l t e r i n g  o u t  d e b r i s  and 
o t h e r  f l o a t i n g  m a t t e r .  The makeup water  pump house i s  a d d i t i o n a l l y  p rov ided  
wi th  t r a v e l l i n g  wate r  s c r een .  S top logs  a r e  provided f o r  pump bays f o r  
i s o l a t i o n  of any bay du r ing  maintenance pe r i od .  The m a t e r i a l  hand l i ng  
equipment a r e  p rov ided  i n  a l l  t h e  pump houses .  

Blowdown from t h e  coo l i ng  tower i s  s e n t  t o  t h e  ash  handl ing  system.  
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The c o o l i n g  t o w e r  h a s  f o u r  c e l l s .  C l o s e d  c i r c u i t  c o o l i n g  w a t e r  s y s t e m  i s  
a d o p t e d  f o r  a u x i l i a r y  c o o l i n g  o f  t h e  s t e a m  g e n e r a t o r  and  t u r b i n e  g e n e r a t o r .  
D e m i n e r a l i z e d  w a t e r  i s  u s e d  i n  t h e  c l o s e d  c i r c u i t  a s  t h e  c o o l i n g  medium which 
i n  t u r n  i s  c o o l e d  i n  p l a t e  h e a t  e x c h a n g e r s  by  w a t e r  f r o m  t h e  c o o l i n g  t o w e r .  
C h l o r i n e  i s  d o s e d  i n  t h e  c o o l i n g  w a t e r  s y s t e m  t o  p r e v e n t  g rowth  o f  a l g a e  a n d  
b a c t e r i a .  

Effluents. The b o t t o m  a s h  h a n d l i n g  s y s t e m  
e f f l u e n t  i s  c o l l e c t e d  i n  a n  unde rg round  c o l l e c t i o n  t a n k .  A f t e r  b e i n g  t r e a t e d  
f o r  d i s s o l v e d  s o l i d s  removal ,  it i s  r e c y c l e d  back  t o  t h e  a s h  h a n d l i n g  s y s t e m .  

Coa l  P-Runoff Watnr. T h i s  r u n o f f  w a t e r  i s  c o l l e c t e d  i n  open  a r o u n d  t h e  c o a l  
s t o c k p i l e  and  f l o w s  i n t o  a  s e t t l i n g  pond f rom which  t h e  d e c a n t e d  w a t e r  i s  s e n t  
t o  t h e  l i q u i d  e f f l u e n t  t r e a t m e n t  p l a n t .  

B o i l e r  Blowdoyn. B o i l e r  blowdown w a t e r  i s  s e n t  t o  t h e  l i q u i d  e f f l u e n t  
t r e a t m e n t  p l a n t  f o r  d i s p o s a l .  

r a t o r v .  Waste w a t e r  f rom t h e  c h e m i c a l  l a b o r a t o r y  i s  s e n t  t o  t h e  
l i q u i d  e f f l u e n t  t r e a t m e n t  p l a n t  f o r  d i s p o s a l .  

Waste w a t e r  f rom t h e  s a m p l i n g  r a c k  i s  s e n t  t o  t h e  l i q u i d  
e f f l u e n t  t r e a t m e n t  p l a n t  f o r  d i s p o s a l .  

O i l  S t e r a a e  Waste. Waste w a t e r  f rom o i l  s t o r a g e  i s  f i r s t  t r e a t e d  t o  remove o i l  
a n d  t h e n  s e n t  t o  t h e  l i q u i d  e f f l u e n t  t r e a t m e n t  p l a n t  f o r  d i s p o s a l .  Recove red  
o i l  i s  c o l l e c t e d  i n  an  o i l  r e c o v e r y  t a n k .  

C o a l  -st E x t x a c t i o n  Svs tem.  E f f l u e n t s  f rom a l l  d u s t  e x t r a c t i o n  
p o i n t s  i n  t h e  c o a l  h a n d l i n g  a r e a s  a r e  c o l l e c t e d  i n t o  a  common s e t t l i n g  pond.  
The d e c a n t e d  w a t e r  i s  conveyed  t o  t h e  l i q u i d  e f f l u e n t  t r e a t m e n t  p l a n t .  

S t a t i Q a P i g j g S .  A l l  t h e  s t a t i o n  d r a i n s  a r e  c o l l e c t e d  i n t o  a  s e t t l i n g  b a s i n  
e q u i p p e d  w i t h  o i l  sk immers .  The d e c a n t e d  w a t e r  i s  conveyed  t o  t h e  l i q u i d  
e f f l u e n t  t r e a t m e n t  p l a n t .  

l u e n t  T rea tmen t  P l m .  The t r e a t m e n t  p l a n t  p r i m a r i l y  c o n s i s t s  o f  
d i s s o l v e d  s o l i d s  removal  equ ipmen t ,  f i l t e r  b e d  p r e s s ,  w a s t e  w a t e r  pond,  w a s t e  
w a t e r  n e u t r a l i z a t i o n  equ ipmen t ,  e t c .  

M i s c e l l a n e o u s  pumps a r e  p r o v i d e d  t o  s u p p l y  w a t e r  t o  v a r i o u s  u t i l i t y  p o i n t s .  

TO m a i n t a i n  t h e  r e q u i r e d  c y c l e s  o f  c o n c e n t r a t i o n  i n  t h e  open r e c i r c u l a t i n g  
t y p e  CW sys t em,  t h e  s t a t i o n  i s  p r o v i d e d  w i t h  a  s i d e  s t r e a m  f i l t r a t i o n  and  a  
s c a l e / c o r r o s i o n  i n h i b i t o r  c h e m i c a l  d o s i n g  s y s t e m .  

The s y s t e m  r e c o v e r s  w a t e r  f rom a s h  d i s p o s a l  s y s t e m  a n d  p u t s  it back  i n t o  t h e  
a s h  w a t e r  sump. 



Chemical l a b o r a t o r y  equipment,  t e s t i n g  chemica l s  and r e a g e n t s ,  g l a s s  ware 
i t e m s ,  and s a f e t y  equipment a r e  p r o v i d e d  f o r  a n a l y s i s  of  c o a l ,  a s h ,  and w a t e r .  

6 .1 .4  Coal and Fue l  m a  Svstem 

Coal T r a n s g ? o n  

Run-of-mine c o a l  i s  t r a n s p o r t e d  t o  t h e  power s t a t i o n  by a  merry-go-round r a i l  
sys tem s i m i l a r  t o  t h a t  d e s c r i b e d  f o r  t h e  moving bed IGCC p l a n t .  

The c o a l  h a n d l i n g  p l a n t  b a s i c a l l y  c o n s i s t s  of two t r a i n s ,  one  working and one 
s t andby .  A schemat ic  of  t h i s  p l a n t  i s  shown i n  F i g u r e  6-4. 

Coal from t h e  underground t r a c k  hopper a t  t h e  end of t h e  merry-go-round sys tem 
i s  r e t r i e v e d  by r o t a r y  p a d d l e  f e e d e r s  and conveyed t o  a  c r u s h e r  house .  Crushed 
c o a l  (-20 mm) i s  conveyed t o  t h e  b o i l e r  bunkers  o r  s t a c k e d  i n t o  a  s t o c k y a r d  
th rough  s t acker -cum-rec la imer  (S/R) machines.  The s t o c k y a r d  p r o v i d e s  14 days  
c o a l  s t o r a g e .  Coal from t h e  s t o c k y a r d  i s  rec la imed  by t h e  S/R machines .  
T r a v e l l i n g  t r i p p e r s  a r e  used  t o  dump c o a l  i n t o  t h e  raw c o a l  bunkers  of t h e  
b o i l e r s .  

F u e l  O i l  System 

Fue l  o i l  i s  d e l i v e r e d  t o  t h e  power s t a t i o n  by r a i l  wagon. From t h e  r a i l  wagon, 
i t  i s  t r a n s f e r r e d  t o  s t o r a g e  t a n k s  t h r o u g h  a  set of p o s i t i v e  d i s p l a c e m e n t  
pumps. From t h e  s t o r a g e  t a n k s ,  t h e  f u e l  o i l  f lows  by g r a v i t y  t o  a  p r e s s u r i z i n g  
u n i t  t o  f e e d  t o  t h e  b o i l e r .  

A schemat ic  of  t h e  a s h  h a n d l i n g  sys tem i s  shown i n  F i g u r e  6-5. 

Bottom a s h  r e s u l t i n g  from combustion of  c o a l  i n  t h e  b o i l e r  f a l l s  i n t o  a  w-type 
wa te r  impounded a s h  s t o r a g e  hopper p r o v i d e d  under  t h e  f u r n a c e  bot tom.  Every 
f o u r  hours ,  t h e  bot tom a s h  hopper o u t l e t  g a t e s  a r e  opened and t h e  s t o r e d  a s h  
i s  c r u s h e d  w i t h  t h e  h e l p  of c l i n k e r  g r i n d e r s  and t r a n s p o r t e d  i n  s l u r r y  form by 
means o f  j e t  pumps t o  t h e  bot tom a s h  s l u r r y  sump i n  t h e  a s h  s l u r r y  pump house .  

F l y  a s h  e x t r a c t e d  from t h e  e l e c t r o s t a t i c  p r e c i p i t a t o r s  and a i r  p r e h e a t e r  
hoppers  i s  p n e u m a t i c a l l y  conveyed t o  b u f f e r / s u r g e  hoppers  and f u r t h e r  t o  t h e  
f l y  a s h  s t o r a g e  s i l o s .  

Ash from t h e s e  s i l o s  i s  mixed w i t h  wa te r  and t h e  r e s u l t a n t  a s h  s l u r r y  i s  
pumped t o  an  a s h  pond. P r o v i s i o n  i s  made f o r  d r y  d i s c h a r g e  of  a s h  from t h e s e  
s i l o s  f o r  s a l e  purpose .  

The bot tom a s h  and f l y  a s h  a r e  l e d  t o  s e p a r a t e  sumps i n  t h e  a s h  s l u r r y  pump 
house .  From t h e s e  sumps, t h e  s l u r r i e s  a r e  pumped t o  t h e  r e s p e c t i v e  a s h  ponds .  

High p r e s s u r e  and low p r e s s u r e  a s h  w a t e r  pumps a r e  p r o v i d e d  t o  s u p p l y  w a t e r  
f o r  e x t r a c t i o n  and conveying of t h e  bot tom and f l y  a s h .  

A dense  phase  pneumat ic  conveying sys tem i s  employed f o r  h a n d l i n g  of  t h e  m i l l  
r e j e c t s .  The r e j e c t s  accumulate  i n  a  v e s s e l  p r o v i d e d  a t  t h e  o u t l e t  of t h e  m i l l  
r e j e c t  c h u t e .  High p r e s s u r e  a i r  i s  made t o  e n t e r  t h e  v e s s e l  t o  convey t h e  
r e j e c t s  t o  a  s t o r a g e  s i l o .  From t h e  s i l o ,  t h e  r e j e c t s  a r e  c a r r i e d  away by 
t r u c k s .  







An area of about 500 acres has been identified for the ash disposal. 

Dikes are provided around and inside the disposal pond. Ash slurry discharged 
into the ponds is allowed to stagnate so that ash particles settle to the 
bottom and water is collected at the top. This clear water and rain water 
collected in the ponds during normal rains is allowed to flow over the weirs 
in the decant water tower and passes through draw off galleries to the 
clarification ponds. At the clarification ponds, remaining ash particles are 
removed and the clear water is pumped back to the plant for reuse for the ash 
slurry making. During heavy rainfall, the excess discharge coming out of the 
draw off culverts is directly discharged into the river. 

6.1.6 u r  Common F a c W  , . # 

Station and Instrument Air Compressors 

Two air compressors at 8 kg/cm2 g pressure are provided to meet the station 
air requirements. These compressors are of reciprocating, nonlubricated type 
complete with intercooler, after cooler, moisture separators, air receivers 
and drive motors. 

Three compressors of the same description above and three air drying units 
designed for -40 C dew point at atmospheric pressure are provided to deliver 
moisture and oil free air for plant controls and instrumentation. 

Fire Protectign Svstem 

The plant fire protection includes the following systems: 

o A hydrant system complete with piping, valves, instrumentation, hoses, 
nozzles etc, 

o An automatic/manual high velocity water spray system provided for all 
transformers in transformer yard, main and unit turbine oil tanks and 
purifier, turbine oil/lube oil piping, boiler burner fronts, lube oil 
system for turbine operated boiler feed pump etc, 

o An medium velocity water spray system with foam injection capability 
for fuel oil/diesel oil storage tanks, 

o A sprinkler protection system provided for coal conveyors, coal 
galleries, transfer points, crusher house, cable vaults and cable 
galleries, 

o Halon-1301 protection for control room, control equipment room, DAS, 
and inverter room, 

o A fire alarm system 
o Portable and mobile extinguishers at strategic locations of the plant 

For the above systems, a suitable number of electric motor and diesel engine 
driven pumps along with water storage sump tank are provided. 

The arrangements consist of: 

o Two passenger lifts in the service building 
o Two E.O.T. cranes of 95/15 tonnes in T.G. Hall 
o One E.O.T. crane of 30 tonnes capacity in CW pump house and monorails 

for lifting or placing trash racks 
o A frame type hoisting device for maintenance of travelling water 

screen, etc. 
o One elevator for stack maintenance. 



I n  t h i s  sys tem,  f a c i l i t i e s  a r e  p r o v i d e d  f o r  f i l t e r i n g ,  c o o l i n g ,  h e a t i n g ,  
humid i fy ing  t h e  a i r  s u p p l y  t o  m a i n t a i n  s p a c e  c o n d i t i o n s  w i t h i n  s p e c i f i e d  l i m i t  
and p r o v i d  f i l t e r e d  f r e s h  a i r  t o  s u i t  v e n t i l a t i o n  r e q u i r e m e n t .  The a r e a  
e n v i s a g e d  f o r  a i r  c o n d i t i o n i n g  a r e  c o n t r o l  tower ,  33 kV & 400 kV s w i t c h g e a r  
c o n t r o l  rooms, s e r v i c e  b u i l d i n g s ,  r e l a y  room, ESP c o n t r o l  room, w a t e r  
t r e a t m e n t  p l a n t  c o n t r o l  room, c o a l  h a n d l i n g  p l a n t  c o n t r o l  rooms, e t c .  

A v e n t i l a t i o n  sys tem i s  p r o v i d e d  t o  m a i n t a i n  t h e  i n s i d e  c o n d i t i o n  of  b u i l d i n g s  
w i t h i n  a  s t i p u l a t e d  maximum t e m p e r a t u r e .  A l l  e v a p o r a t i v e  c o o l i n g  s y s t e m  i s  
s e l e c t e d  i n  such  a  way t h a t  t h e  maximum t e m p e r a t u r e  w i t h i n  t h e  t r e a t e d  s p a c e  
does  n o t  exceed  a  t e m p e r a t u r e  of 5 C below ambient d u r i n g  summer o r  f i v e  a i r  
changes  r a t e  p e r  hour ,  whichever  i s  h i g h e r .  The a r e a s  t o  b e  covered  under  t h i s  
sys tem i n c l u d e  t h e  t u r b i n e  h a l l  and a l l  a u x i l i a r y  b u i l d i n g s .  A l l  m e c h a n i c a l l y  
v e n t i l a t e d  a r e a s  a r e  d e s i g n e d  t o  a  maximum t e m p e r a t u r e  of  2  C above ambient o r  
t e n  a i r  changes  r a t e ,  whichever  i s  h i g h e r .  A vacuum c l e a n i n g  sys tem i s  
p r o v i d e d  t o  c l e a n  t h e  d i f f e r e n t  d u s t - g e n e r a t i n g  a r e a s  of  t h e  power s t a t i o n .  

An e l e c t r i c a l  s i n g l e  l i n e  d iagram and an a u x i l i a r y  power s u p p l y  ar rangement  
d iagram a r e  shown i n  F i g u r e s  6-6 and 6-7,  r e s p e c t i v e l y .  A s  t h e s e  d iagrams  a r e  
based  on a  2  x  500 MW p l a n t ,  most of  t h e  equipment s i z e s  shown need t o  b e  
s c a l e d  down t o  t h e  1 x  600 MW c a p a c i t y  used  i n  t h i s  s t u d y .  

The main d e s i g n  s p e c i f i c a t i o n s  of  t h e  g e n e r a t o r  a r e  a s  f o l l o w s :  

Nominal r a t i n g  
Ra ted  o u t p u t  
Power f a c t o r  
Rated v o l t a g e  
Speed 
Frequency 
S h o r t  c i r c u i t  r a t i o  

600 MW 
706 MVA 
0 .85 l a g  
i n  r a n g e  o f  18  KV t o  24 KV 
3000 rpm 
50 Hz 
0 .5  

The s t a t o r  winding of  t h e  g e n e r a t o r  i s  c o o l e d  by means of  d e m i n e r a l i s e d  w a t e r ,  
p a s s i n g  th rough  t h e  hol low s t a t o r  c o n d u c t o r s .  The g e n e r a t o r  i n c l u d e s  a u x i l i a r y  
sys tems  such a s  t h e  s t a t o r  w a t e r  system, s e a l  o i l  system, and g a s  s y s t e m  
complex w i t h  a l l  a c c e s s o r i e s .  

The g e n e r a t o r  i s  connec ted  t o  t h e  g e n e r a t o r  t r a n s f o r m e r  t h r o u g h  i s o l a t e d  p h a s e  
bus  d u c t s  which a r e  of c o n t i n u o u s  e n c l o s u r e ,  s e l f - c o o l e d  t y p e  and  equ ipped  
w i t h  an  a i r  p r e s s u r i z a t i o n  sys tem.  Necessary  c u r r e n t  and  v o l t a g e  t r a n s f o r m e r s  
a r e  i n c l u d e d  i n  t h e  bus  d u c t  f o r  g e n e r a t o r  e x c i t a t i o n  c o n t r o l ,  performance 
t e s t i n g ,  m e t e r i n g ,  p r o t e c t i o n ,  and s y n c h r o n i z i n g .  Surge  p r o t e c t i o n  equipment 
and a  g e n e r a t o r  n e u t r a l  g round ing  c u b i c l e  w i t h  d i s t r i b u t i o n  t r a n s f o r m e r  and 
secondary  r e s i s t o r  a r e  a l s o  p r o v i d e d .  

Power g e n e r a t e d  from t h e  g e n e r a t o r  i s  s t e p p e d  up t o  400 KV by a  t r a n s f o r m e r  
f o r  e v a c u a t i o n  th rough  t r a n s m i s s i o n  l i n e s .  
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The g e n e r a t o r  h a s  t h r e e  s i n g l e  phase  t r a n s f o r m e r s .  They a r e  OFAF c o o l e d  w i t h  
on- load t a p  changer .  

The p l a n t  a u x i l i a r y  power requirement  d e r i v e s  from s t a t i o n  s u p p l i e s  v i a  two 
winding 33 /11 .6  kV 66 MVA s t a t i o n  t r a n s f o r m e r s  and from u n i t  s u p p l i e s  v i a  
21/11.6  KV, 48 MVA u n i t  t r a n s f o r m e r s .  These t r a n s f o r m e r s  f e e d  t o  11 kV s t a t i o n  
and u n i t  b o a r d s  which have a  f a u l t  r a t i n g  of  40 kA b r e a k  & 110 HA make. 
S t a t i o n  and u n i t  t r a n s f o r m e r s  a r e  ONAN/ONAF/OFAF c o o l e d  e f f e c t i v e l y  w i t h  o f f  
c i r c u i t  t a p  changer .  

I n t e r c o n n e c t i o n  th rough  busduct  between u n i t  and s t a t i o n  b u s e s  between 
d i f f e r e n t  s t a t i o n  b u s e s  i s  p r o v i d e d  t o  c a t e r  f o r  u n i t  o r  s t a t i o n  t r a n s f o r m e r  
ou tage .  

Two 7 . 5  MVA, 1 1 / 3 . 4 5  kV u n i t  a u x i l i a r y  t r a n s f o r m e r s  connec ted  t o  r e s p e c t i v e  
bus  s e c t i o n  by c a b l e s  a r e  p r o v i d e d  f o r  each  u n i t  w i t h  i n t e r c o n n e c t i o n  between 
t h e  two s e c t i o n s .  

3 . 3  kV s w i t c h g e a r s  connec ted  by c a b l e s  t o  1 1 / 3 . 4 5  kV s i z e d  f o r  two 100% 
t r a n s f o r m e r s  a r e  p rov ided  f o r  c o a l  h a n d l i n g  p l a n t ,  f l y  a s h  d i s p o s a l  sys tem,  
makeup wa te r  sys tem and a s h  wa te r  r e c i r c u l a t i o n  sys tem.  

The power f o r  a s h  r e c i r c u l a t i o n  wa te r  system, colony,  and c o n s t r u c t i o n  i s  f e d  
th rough  two 33/11.6  kV 1 2 . 5  MVA i s o l a t i n g  t r a n s f o r m e r s .  These i s o l a t i n g  
t r a n s f o r m e r s  a r e  connec ted  t o  33 KV s t a t i o n  board .  11 /3 .45 ,  11 /0 .433  o r  
3 . 3 / 0 . 4 3 3  kV t r a n s f o r m e r s  a r e  p r o v i d e d  t o  m e e t  t h e  l o c a l  l o a d s  of power p l a n t .  
These a r e  l o c a t e d  a t  r e s p e c t i v e  l o a d  c e n t e r s .  

High r e s i s t a n c e  n e u t r a l  grounding w i t h  d i s t r i b u t i o n  t r a n s f o r m e r  and secondary  
r e s i s t o r  i s  used  f o r  n e u t r a l  grounding t h e  g e n e r a t o r .  

Both t h e  11 kV and 3 . 3  kV systems a r e  low r e s i s t a n c e ,  n o n - e f f e c t i v e l y  e a r t h e d  
t o  l i m i t  t h e  e a r t h  f a u l t  c u r r e n t  t o  300 Amps. The 415 V sys tem h a s  s o l i d l y  
e a r t h e d  n e u t r a l .  

The 33  kV s w i t c h g e a r  i s  of indoor ,  metal c l a d ,  drawout t y p e  w i t h  vacuum/SF6 
c i r c u i t  b r e a k e r s .  

The 11 and 3 . 3  kV s w i t c h g e a r s  a r e  of i n d o o r ,  m e t a l  c l a d ,  drawout t y p e  w i t h  
vacuum/SF6 c i r c u i t  b r e a k e r s .  C o n t a c t o r s  a r e  used  f o r  3 . 3  kV a u x i l i a r i e s .  

The 415 V s w i t c h g e a r s  d i s t r i b u t e  power t o  t h e  v a r i o u s  motor c o n t r o l  c e n t e r s .  
These s w i t c h b o a r d s  a r e  of  indoor ,  drawout t y p e ,  me ta l  c l a d  w i t h  a i r  b r e a k  
c i r c u i t  b r e a k e r s .  

T h i s  sys tem c o n s i s t s  o f :  



Two 220 V b a t t e r i e s  and f l o a t  cum b o o s t  c h a r g e r s  t o  supp ly  DC power t o  
emergency pumps, emergency l i g h t i n g ,  p r o t e c t i o n ,  a n n u n c i a t i o n  c o n t r o l ,  
i n d i c a t i o n  e t c  
Two +24 V and two -24 V b a t t e r i e s  wi th  c h a r g e r s  f o r  t u r b i n e  c o n t r o l  and 
i n s t r u m e n t a t i o n  
Two 220 V b a t t e r i e s  and c h a r g e r s  f o r  t h e  complete  EHV s w i t c h y a r d s  
Two 50 V b a t t e r i e s  and c h a r g e r s  f o r  complete  PLCC 
Two 110 V b a t t e r i e s  and c h a r g e s  f o r  a s h  h a n d l i n g  sys tem 
Two 110 V b a t t e r i e s  and c h a r g e s  f o r  makeup wa te r  sys tem 
One 48 V and two 4 8  V b a t t e r i e s  and c h a r g e r s  f o r  s t a t i o n  even  S i r e n  and 
Telecommunication System (PAX) r e s p e c t i v e l y  
Two 10 V b a t t e r i e s  and c h a r g e r s  f o r  a s h  h a n d l i n g  sys tem 

P r o t e c t i v e  R e l a v i n w d  C o n t r o l s  

The p r o t e c t i v e  r e l a y i n g  sys tem i s  p r o v i d e d  f o r  s w i t c h y a r d s ,  l i n e s ,  g e n e r a t o r s ,  
t r a n s f o r m e r s ,  meters, a u x i l i a r y  sys tem,  e t c .  t o  minimize t h e  damage t o  
equipment i n  c a s e  of f a u l t  and abnormal c o n d i t i o n s .  Necessa ry  c o n t r o l  
f a c i l i t i e s  ( i n c l u d i n g  s y n c h r o n i s i n g  where a p p l i c a b l e )  a r e  p r o v i d e d  i n  t h e  e a c h  
u n i t  c o n t r o l  board  f o r  a l l  b r e a k e r s ,  d i e s e l  g e n e r a t o r ,  t r a n s f o r m e r s ,  OLTC, 
e t c .  t o g e t h e r  w i t h  i n t e r l o c k s  and p r o t e c t i o n s .  

Cables 

A l l  power and c o n t r o l  c a b l e s  r e q u i r e d  f o r  3 3  KV, 11 KV, 3.3 KV, and 415 V 
system, DC system are provided. 

v  Power S w l v  S v s t a  

One 750 KVA d i e s e l  g e n e r a t o r  i s  i n s t a l l e d  f o r  p r o v i d i n g  emergency power d u r i n g  
b l a c k o u t  f o r  c e r t a i n  e s s e n t i a l  a p p l i c a t i o n s  l i k e  b a t t e r y  c h a r g e r s ,  emergency 
l i g h t i n g ,  e s s e n t i a l  a i r  conditioning/ventilation and a l l  a u x i l i a r i e s  n e c e s s a r y  
f o r  b e a r i n g  o p e r a t i o n  of t h e  main s t eam t u r b i n e  and b o i l e r  f e e d w a t e r  pump 
t u r b i n e s .  

S t a t i o n  Gro- 

Bur ied  g round ing  mats  employing s u i t a b l e  d i a  MS r o d s  a r e  p r o v i d e d  f o r  EHV 
s w i t c h y a r d s ,  main p l a n t  a r e a ,  pump houses  e t c .  A l l  t h e  c o n n e c t i o n s  above t h e  
ground a r e  of  g a l v a n i z e d  steel.  

The l i g h t i n g  sys tem i n c l u d e s  t h e  n e c e s s a r y  t r a n s f o r m e r s ,  d i s t r i b u t i o n  b o a r d s  
and p a n e l s ,  HPMV, sodium vapour  f l u o r e s c e n t  and i n c a n d e s c e n t  l i g h t i n g  
f i x t u r e s ,  l i g h t i n g  mas t s ,  e t c .  Normal l i g h t i n g  of  t h e  p l a n t  i s  o p e r a t e d  w i t h  
t h e  s t a t i o n  AC power. About 20% of  t h e s e  f i x t u r e s  a l s o  h a s  ar rangement  f o r  
b e i n g  f e d  from d i e s e l  g e n e r a t o r s  on f a i l u r e  of s t a t i o n  AC s u p p l y .  Emergency DC 
l i g h t i n g  i s  p r o v i d e d  a t  a l l  s t r a t e g i c  l o c a t i o n s .  

The communication f a c i l i t i e s  i n c l u d e :  

o  A PABX t e l e p h o n e  sys tem 
o  A p u b l i c  a d d r e s s  sys tem w i t h  p a r t y  and pag ing  c h a n n e l  
o  Radio pag ing  sys tem f o r  key p e r s o n n e l s  and w a l k i e - t a l k i e  sets 



One 220 KV s i n g l e  c i r c u i t  l i n e  i s  prov ided  t o  import  p l a n t  s t a r t i n g  power i n  
c a s e  of s t a t i o n  b l ack  o u t .  

A maste r  c l ock  pane l  i s  provided i n  t h e  swi tchyard ,  c o n t r o l  room t o g e t h e r  w i th  
a  number of f o l l ower  c locks  l o c a t e d  a t  key p o i n t s  throughout  t h e  power p l a n t .  

A l l  necessa ry  e l e c t r i c a l  l a b o r a t o r y  t e s t i n g  equipment a r e  p rov ided .  

6 . 2  PLANT PERFORMANCE SUMMARY 

Table  6-1 summarizes t h e  p l a n t  r e sou rce  requirements ,  power o u t p u t s ,  hea t  
r a t e s ,  and o v e r a l l  e f f i c i e n c i e s  f o r  t h e  PC p l a n t  bo th  wi th  and wi thout  f l u e  
g a s  d e s u l f u r i z a t i o n  (FGD). The FGD i s  assumed t o  have a  70% s u l f u r  c a p t u r e  a s  
t h a t  s p e c i f i e d  f o r  t h e  IGCC p l a n t .  

6 . 3  COST ESTIMATE 

This  subsec t i on  p r e s e n t s  e s t i m a t e s  of t h e  c a p i t a l  r equ i rements ,  p r o j e c t  l e a d  
t i m e ,  and c o s t  of g e n e r a t i o n  f o r  t h e  PC p l a n t  d e s c r i b e d  above. 

A l l  t h e  e s t i m a t e s  a r e  based on f o u r t h  q u a r t e r  of 1 9 8 9  a s  t h e  p r i c i n g  d a t e .  A s  
mentioned p r ev ious ly ,  t h e  c o s t  d a t a  were mainly d e r i v e d  from a  PC p l a n t  
f e a s i b i l i t y  s t udy  f o r  t h e  North Karanpura Super Thermal Power P r o j e c t  ( 2 r  3, . 

6 . 3 . 1  m t a l  Cost Es- 

C a p i t a l  c o s t s  of t h e  PC p l a n t  wi th  and wi thout  FGD a r e  shown i n  Tab le  6-2. 
~ n c l u s i o n  of FGD i s  e s t i m a t e d  t o  i n c r e a s e  t h e  PC p l a n t  c a p i t a l  r equ i rements  by 
20%.  

The e s t i m a t e  p rocedure  and scope a r e  t h e  same a s  t h o s e  used f o r  t h e  North 
Karanpura Super Thermal Power P r o j e c t  ( 2  1 3, . 

6.3.2  P r o i e c t  1,ead 

The t o t a l  p r o j e c t  l e a d  t i m e  from placement of o r d e r  t o  commissioning i s  
e s t i m a t e d  t o  be 5  y e a r s .  

6 . 3 . 3  Cost of genera ti^ 

The c o s t s  of g e n e r a t i o n  f o r  t h e  PC p l a n t  wi th  and wi thout  FGD a r e  shown i n  
Table  6-3. These c o s t s  a r e  shown f o r  5500, 6000, 7000, and 7400 hours  p e r  y e a r  
of p l a n t  o p e r a t i o n .  The ba se s  used t o  d e r i v e  t h e s e  c o s t s  a r e  d e s c r i b e d  below. 

These c o s t s  i n c l u d e  l a b o r  and overheads  and maintenance m a t e r i a l s .  Based on 
a c t u a l  o p e r a t i n g  d a t a  from v a r i o u s  PC p l a n t s  i n  I n d i a ,  t h e s e  c o s t s  a r e  
e s t i m a t e d  t o  be 2% of t h e  t o t a l  p r o j e c t  c a p i t a l  r equ i rements .  



Table  6-1 

PC PLANT PERFORMANCE SUMMARY 

NO With 
FGD FGD 

P l a n t  Resources  Requirements  

Coa l  ( a s  r e c e i v e d )  
MTPD 
HHV, m i l l i o n  Kcal /h  

LHV, m i l l i o n  Kcal /h  

Limestone,  MTPD 
Raw Water, m3/h 

P l a n t  Outpu t ,  MW 

Gross Power Genera ted  
I n - P l a n t  Power Consumption 

N e t  Power t o  G r i d  

Heat Ra te ,  ~ c a l / k w h  
HHV Basis 
LHV Basis 

O v e r a l l  Thermal E f f i c i e n c y ,  % 

HHV B a s i s  

LHV Basis  

S u l f u r  Byproduct ,  MTPD 



Table 6-2 

CAPITAL COST REQUIREMENTS OF PC PLANT 
4th Q-1989 

S1 
No. Plant Name Rs. Lakhs $ Million 

Coal Transportation System 
Coal Handling System 
Steam Generator, Turbo Generator & Aux. 
Ash Handling System 
Fuel Oil System 
Compressed Air System 
Raw Water Supply and Treatment 
Cooling Water System 
Fire Protection 
Effluent Treating 
Electrical Work 
Instrumentation and Controls 
General Ser. & Mobile Equipment 
Site Prep., Improvement & Buildings 
Engineering & Establishment 

Total Plant Cost 
Contingency 
Owner's Cost 
Total PC Capital Requirements 
FGD Cost 

Total PC Capital Requirements with FGD 



Table 6-3 

COST OF GENERATION OF PC PLANT 
(Based On 10% Pre Tax Return On Equity, 4th Q-1989 Pricing) 

Gross Power Produced, MW 
Net Power Produced, MW 
Aux. Power Consumption, % of Gross Power 

Project Capital Requirement 
Total Capital, Rs lakhs 
Rslkw Gross Power Generated 

Annual (5500hly) Coal Consumption, kg/kw gross 
Heat Rate (HHV basis), KcaVkwh net power 
Specific Coal Consumption, kglkwh net power 

Annual (5500hly) Oil Consumption, kllkw gross 
Specific Oil Consumption, ml/kwh net power 

Fixed Costs, Rslylkw gross power 
O&M Charges 
Depreciation 
Interest on Long Term Loan 
Return on Equity 
Interest on Working Capital Loan 
Total Fixed Costs 

Variable Costs (5500 h/y), Rs/y/kw gross power 
Coal 
Limestone 
Fuel Oil 
Raw Water 
Total Variable Costs 

Total Fixed and Variable Costs, Rs/y/kw 

Electricity Cost, Paiselkwh net power 
@5500 hrly operation 
@6000 hrly operation 
@7000 hrly operation 
@7400 hrly operation 



This cost is calculated based on 3.6% of the total capital excluding the 
working capital. 

This is assessed at 15% of 50% of the total capital. 

urn on E w  

This is 10% on 50% of the total capital. 

Uterest on Workina C a s & a U a m  

This is assessed at 17% of 75% of the working capital. 

These costs are as following: 

Coal 
Limestone 
Fuel Oil 
Water 

6.4 ENVIRONMENTAL ASPECTS 

This subsection illustrates the regulatory requirements, the pollution control 
measures provided, and the gaseous emission, liquid discharges, and solid 
wastes generated from the PC plant. 

nt. Gove-t of In- 

A detailed environmental impact assessment has been conducted for the proposed 
project . 

Effluent standards formulated by the Board will be complied. 

The ambient air quality and emission of particulate matter will comply with 
the standards stipulated by CPCB vide their notification dated 16.12.1982 and 
Emission Regulations Part I (COINDS/17/1983-84) respectively. 

6.4.2 Pollution Control Meas- 

Adequate measures are undertaken to mitigate environmental pollution due to 
solid, liquid, and gaseous discharges from proposed power generating station. 

,%lid Waste 

Ash is the principal solid waste generated by the project. In addition, a 
small quantity of mill rejects is produced at the plant site. The fly ash is 



arrested in ESP and collected in dry. It is subsequently dumped pneumatically 
into a silo. Viability of commercial utilization is examined. The ash is 
conditioned with water, and sprinklers provided to control fugitive dust 
emissions during transportation and compaction. The unutilized portion of fly 
ash is disposed off in slurry from dump area. The disposal areas are 
landscaped and reclaimed in stages. 

The bottom ash is sluiced to the ash disposal area. The proposed location of 
the ash disposal area is in southern bank of Saphi river. The ash pond is 
properly designed so that escape of ash into the water body is prevented. An 
earthern dyke is constructed to retain the ash and sedimentation principle is 
strictly followed. It is envisaged that the final effluent will have a 
suspended solid concentration of less than 100 mg/l. 

Water Pollution 

The proposed power station utilizes an open type recirculating condenser 
cooling system using induced natural draft cooling towers. It is anticipated 
that no thermal pollution will occur. 

The liquid discharge as waste water from the plant is treated as necessary. 

The demineralized wastes, boiler blowdown, and boiler cleaning wastes are 
neutralized. The neutralized effluent along with clarifier wastes, plant 
drains, coal handling area waste and coal storage area runoff are directed to 
a settling tank. After sedimentation, the effluent are discharged into the 
main plant waste stream. ~ertiary treatment if found necessary shall be 
employed to minimize the pollutants. 

The sanitary wastes in the plant and township is separately treated 
biologically before discharge. 

Air Pollution 

Electrostatic precipitators (ESP) with high efficiency is installed to control 
particulates emissions from the plant. Anticipated efficiency of ESP is more 
than 99.9% to limit the particulate emissions below 150 mg/Nm3. 

Fugitive dust from coal stacking dust handling area is controlled by 
sprinkling water. A planned arboriculture is developed around the ash disposal 
area to reduce the fugitive dust emission. A tall stack of 275 m height is 
constructed for dispersion of sulphur dioxide over a large area. Space is 
provided for flue gas desulphurization. NOx is controlled through efficient 
design of boiler. Extensive plantation in and around the plant area and 
township will be undertaken which will act as sink for pollutants. 

Noise 

Adequate silencing equipments will be provided at appropriate locations to 
attenuate noise to acceptable levels. 

The salient data of the Environmental Impact Assessment of North Karanpura 
Super Thermal Power Plant (STPP) is furnished in Table 6-4 .  The emissions 
include NOx, CO, S02, and particulate matter into ambient air, water 
discharges and solid waste discharges. The Piparwar site where IGCC is located 
is very near to the site of North Karanpura STPP. Hence the meteorological 
conditions are the same in both cases. 



Table  6-4 

PC PLANT EMISSIONS 

A i r  Emiss ions  
NOx , kg/ h  
CO, kg/h  
S02, kg/  h  
P a r t i c u l a t e s ,  kg/h  

Water Discharge ,  m3/h 
T r e a t e d  P r o c e s s  Waste Water 
Cool ing  Tower Blowdown 
N e u t r a l i z e d  Demin. Regeneran t s  
Discharge  from Misc. Water Usage 
T r e a t e d  S a n i t a r y  Waste 

T o t a l  

S o l i d  Waste Discharge ,  t / d  
F l y  Ash 
Bottom Ash 

T o t a l  

( a )  Used i n  a s h  h a n d l i n g  p l a n t  

2 ,110 
N e g l i g i b l e  

2 ,970 
4 12 



6 . 5  PLANT AREA REQUIREMENT 

The total plant area requirement for the PC plant is estimated as following: 

AGLe 
Plant area 300 
Township 200 
Ash disposal 500 
Railway siting for merry go round system 1 4 0  
Makeup water corridor 1 4 0  
Approach road, ash disposal corridor a 

Total 1 5 0 5  

6 . 6  GENERAL LAYOUT 

The general layout covers the civil and architectural works for 
structures/facilities coming in the main plant area composed of main building, 
control tower block, air washer building, boiler elevation shaft, bunker 
building, compressor house, service building, DG set building, coal handling 
structures in boiler area, ESP control room building, transformer yard, 
auxiliary startup boiler, boiler area paving, miscellaneous foundation in 
transformer yard, boiler areas, foundation for cable and pipe supporting 
trestles, and condenser polishing plant and regenerative building complex. 
As among the above-mentioned buildings, ESP control room building, service 
building, startup boiler control room and condenser polishing plant building 
a r e  made o f  RCC f r a m e  s t r u c t u r e .  A l l  o t h e r  b u i l d i n g s  h a v e  s t r u c t u r a l  steel.  



S e c t i o n  7  

COMPARISON OF IGCC AND PC PLANTS 

I n  t h i s  s e c t i o n ,  t h e  p l a n t  e f f i c i e n c i e s  and c o s t s  of  t h e  f o u r  IGCC 
t e c h n o l o g i e s  d e s c r i b e d  i n  S e c t i o n  5  a r e  compared w i t h  t h o s e  of  t h e  PC p l a n t  
d e s c r i b e d  i n  S e c t i o n  6 .  

Based on t h i s  comparison and o t h e r  c o n s i d e r a t i o n s ,  an  o v e r a l l  r a n k i n g  among 
t h e s e  IGCC t e c h n o l o g i e s  i s  p r e s e n t e d  t o  s e l e c t  t h e  b e s t  t e c h n o l o g i e s  f o r  
f u t u r e  d e m o n s t r a t i o n  and commerc ia l i za t ion  i n  I n d i a .  

7 . 1  PLANT EFFICIENCY COMPARISON 

A comparison of  t h e  IGCC and PC p l a n t  e f f i c i e n c i e s  i s  shown i n  Tab le  7-1. The 
r e l a t i v e  h e a t  r a t e s  i n c l u d e d  i n  t h e  t a b l e  a r e  c a l c u l a t e d  u s i n g  t h e  PC p l a n t  
w i t h  FGD a s  t h e  b a s e .  

Tab le  7-1 i n d i c a t e s  t h a t  a l l  t h e  IGCC p l a n t s  e x c e p t  t h e  Texaco c a s e  have 
b e t t e r  h e a t  r a t e s  t h a n  t h e  PC p l a n t .  I n  t h e  KRW c a s e ,  t h e  d i f f e r e n c e  i s  v e r y  
s u b s t a n t i a l .  Reasons f o r  t h e  h e a t  r a t e  d i f f e r e n c e s  among t h e  IGCC t e c h n o l o g i e s  
have been d i s c u s s e d  p r e v i o u s l y  i n  S e c t i o n  5 . 2 .  

Compared w i t h  o t h e r  IGCC p l a n t s  o u t s i d e  I n d i a ,  t h e  h e a t  r a t e s  shown i n  t h i s  
s t u d y  a r e  a l l  s u b s t a n t i a l l y  h i g h e r .  For  example, t h e  t y p i c a l  h e a t  r a t e  f o r  a  
S h e l l - b a s e d  IGCC p l a n t  i n  U.S. o r  Europe i s  2050-2200 Kcal/kWh w h i l e  it  i s  
2451 Kcal/kWh i n  t h i s  s t u d y .  The major  r e a s o n  is ,  o f  c o u r s e ,  due  t o  t h e  h i g h  
a s h  c o n t e n t  of t h e  I n d i a  c o a l  used .  But t h e r e  a r e  s e v e r a l  o t h e r  r e a s o n s .  

One r e a s o n  i s  t h e  p l a n t  s i t e  h a s  a  v e r y  h igh  e l e v a t i o n  and ambient  
t e m p e r a t u r e .  A t  h i g h e r  e l e v a t i o n  and ambient t e m p e r a t u r e ,  t h e  g a s  t u r b i n e  
p roduces  less power and h a s  lower  e f f i c i e n c y .  

Another r e a s o n  i s  t h e  h igh  m o i s t u r e  c o n t e n t  (18 w t % )  assumed f o r  t h e  d e s i g n  
c o a l .  Th i s  i s  t o  t a k e  i n t o  account  t h e  h i g h  p r e c i p i t a t i o n  i n  t h e  r e g i o n ,  
p a r t i c u l a r l y  i n  t h e  monsoon s e a s o n .  The h i g h  m o i s t u r e  c o n t e n t  means e i t h e r  
more energy  i s  r e q u i r e d  f o r  c o a l  d r y i n g  o r  more w a t e r  i s  t o  b e  e v a p o r a t e d  i n  
t h e  g a s i f i e r .  I n  b o t h  c a s e s ,  t h e  o v e r a l l  p l a n t  e f f i c i e n c y  i s  p e n a l i z e d .  

Another  r e a s o n  a p p l i c a b l e  o n l y  t o  t h e  S h e l l  and Texaco g a s i f i e r s  i s  t h a t  t h e  
I n d i a n  c o a l  used  h a s  a  v e r y  h i g h  a s h  f u s i o n  t e m p e r a t u r e .  These two g a s i f i e r s  
which o p e r a t e  i n  s l a g g i n g  mode a r e  f o r c e d  t o  have a  v e r y  h i g h  o p e r a t i n g  
t e m p e r a t u r e .  A s  a  r e s u l t ,  t h e  c o l d  g a s  e f f i c i e n c y  d r o p s  and t h e  o v e r a l l  p l a n t  
h e a t  r a t e  i n c r e a s e s .  

I n  t h e  p r e s e n t  d e s i g n  f o r  t h e  S h e l l  c a s e ,  no a i r  i n t e g r a t i o n  between t h e  g a s  
t u r b i n e  and a i r  s e p a r a t i o n  p l a n t  a s  c u r r e n t l y  b e i n g  implemented i n  t h e  200 MW 
S h e l l  d e m o n s t r a t i o n  p r o j e c t  i n  Hol land h a s  been i n c o r p o r a t e d .  S h e l l  i n d i c a t e s  
t h a t  u s e  o f  t h i s  i n t e g r a t i o n  scheme can  improve t h e  p l a n t  h e a t  r a t e  by a b o u t  
50 Kcal/kWh. T h i s  i s  a n  a d d i t i o n a l  r e a s o n  f o r  t h e  h i g h e r  t h a n  e x p e c t e d  h e a t  
r a t e  f o r  t h e  S h e l l  c a s e .  

7 . 2  ECONOMIC COMPARISON 

A compar ison o f  t h e  c a p i t a l  r equ i rements  and c o s t s  of  g e n e r a t i o n  of  IGCC and 
PC p l a n t s  i s  shown i n  Tab le  7-2. The r e l a t i v e  u n i t  c a p i t a l s  and r e l a t i v e  c o s t s  
of  g e n e r a t i o n  shown a r e  c a l c u l a t e d  u s i n g  t h e  PC p l a n t  w i t h  FGD a s  t h e  b a s e .  
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Table 7-2 indicates that all the IGCC cases are more capital intensive and 
have higher costs of generation than the PC plant without FGD. The KRW and 
moving bed cases are, however, cost competitive with the PC plant with FGD. 

In Table 7-2, the costs of generation are compared at four levels of plant 
operation hours. As most of the IGCC cases are thermally more efficient than 
the PC plant, the differences in cost of generation between IGCC and PC reduce 
as plant operation hours increase. 

As IGCC plant usually consists of multiple trains in both the process and 
power blocks, it is expected to have a higher plant availability than the PC 
plant. A preliminary availability analysis presented in Section 5.4.1 
indicates the present IGCC plant design can achieve 85% availability or about 
7400 h/y plant operation. At this operating level, the cost of generation in 
the KRW case is actually lower than that in the PC plant without FGD if the PC 
plant is operated less than 6000 h/y. 

The Shell case has a very high capital requirement because it has a very high 
operating temperature and requires very large and expensive waste heat 
boilers. The Texaco case, even though it requires no waste heat boiler as a 
result of the quench operation, has about the same capital requirement as the 
Shell case because its lower plant efficiency requires substantially more coal 
to be processed. 

The moving bed case has a lower capital requirement than the Shell and Texaco 
cases because (1) it is air blown without requirement of an expensive air 
separation plant and (2) the low product gas temperature from the gasifier, as 
a result of the counter-current flow reactor used, minimizes the waste heat 
recovery requirement. The KRW case has the lowest capital requirement because 
it operates at low temperature, uses in-bed sulfur capture and hot gas 
cleanup, and has no air separation plant. 

7.3 OVERALL RANKING OF IGCC TECHNOLOGIES 

In addition to the plant efficiency and economics discussed above, there are 
other considerations for selecting the proper IGCC technologies for 
demonstration and commercialization in India. An overall ranking of the four 
IGCC technologies is shown in Table 7-3. In this table, the IGCC technologies 
are rated according to fifteen criteria grouped under three major categories: 
process, performance, and cost. 

The rating is based on a score from 1 to 10 for each of the fifteen criteria. 
A higher number means a better rating. Each criterion is in turn assigned a 
weighing factor, also from 1 to 10. A higher number means it is a more 
significant criterion. 

A weighted average of the score is derived for each major criteria category. 
Each category is also assigned a weighing factor from 1 to 10. Then a final 
score is derived based on the weighted average of the three categories. The 
weighted average is defined at the bottom of Table 7-3. 

7.3.2 Rationale for 

The rationale behind the scores given to each IGCC technology are described 
below for each of the fifteen selection criteria. 



Weight 
F a c t o r  

Process 

M a t u r i t y  
Scale-up Risk 
C a p a c i t y  p e r  G a s i f i e r  
S u i t a b i l i t y  f o r  High A s h  Coal 
Cope wi th  High Ash Fusion Temp. 
Cope wi th  High Coal Mois tu re  
Coal  S i z e  Requirement 
Need f o r  S p e c i a l  Equipment 
A u x i l i a r y  Power Consumption 
Load Fol lowing C a p a b i l i t y  

Weighted Average 

Table  7 - 3  

OVERALL RANKING OF IGCC TECHNOLOGIES 

Performance 

Moving 
S h e l l  Texaco KR W B e d  

Heat Ra te  7  2 10  5  
Raw Water Consumption 7  2 10  7  
Q u a n t i t y  of S o l i d  Waste 8 7  4 3  

Weighted Average 7 . 3  3 . 3  8 . 5  5 .0  

C a p i t a l  i n  $/kW 
Cost of Genera t ion  

Weighted Average 

7 P r o c e s s  
10 Performance 
7  Cost  

Weighted Average 

Weighted 
, s - , , - a v e r a g e  = F, ( r a t i n a  In 1 t h  c r i t e r i o n )  ( w e l w  f a c t o r  f o r  i t h  c r m n )  

C (weighing f a c t o r  f o r  i - t h  c r i t e r i o n )  



The s c o r e s  g i v e n  r e f l e c t  t h a t  t h e  Texaco and moving bed g a s i f i e r s  a r e  
commercia l ly  proven,  t h e  S h e l l  g a s i f i e r  i s  v e r y  c l o s e  t o  c o m m e r c i a l i z a t i o n ,  
and t h e  KRW g a s i f i e r  h a s  been demons t ra ted  on ly  on p i l o t  p l a n t  s c a l e .  

T h i s  i s  r a t e d  a c c o r d i n g  t o  t h e  g a s i f i e r  s c a l e - u p  r i s k s  d i s c u s s e d  i n  S e c t i o n  
5 .4 .2 .  

The moving bed g a s i f i e r  h a s  t h e  l o w e s t  th roughput  r a t e .  The S h e l l  and Texaco 
g a s i f i e r s  which u s e  e n t r a i n e d  f low r e a c t o r  have t h e  h i g h e s t  t h r o u g h p u t  r a t e .  
The KRW g a s i f i e r  which u s e s  f l u i d i z e d  bed r e a c t o r  h a s  a  th roughput  r a t e  i n  
between.  

S u i t a b l l l t v  f o r  H i ~ h  A- , , 

A s  d i s c u s s e d  i n  S e c t i o n  5 . 2 . 1 ,  t h e  Texaco g a s i f i e r  i s  s e v e r e l y  p e n a l i z e d  by 
t h e  a s h  c o n t e n t  due t o  t h e  s l u r r y  f e e d  sys tem used .  The l a r g e  amount of  ene rgy  
r e q u i r e d  t o  m e l t  a  huge q u a n t i t y  of  a s h  i n  t h i s  g a s i f i e r  a l s o  makes i t  
u n d e s i r a b l e  f o r  h i g h  a s h  c o a l .  A s  t h e  S h e l l  g a s i f i e r  a l s o  o p e r a t e s  under  
s l a g g i n g  c o n d i t i o n ,  t h i s  g a s i f i e r  i s  r a t e d  w i t h  a  lower  s c o r e  t h a n  t h e  KRW and 
m o v i n g  bed cases.  

The moving bed c a s e  i s  r a t e d  lower  t h a n  t h e  KRW c a s e  because  h i g h  a s h  c o a l  
means more a t t e m p e r a t i n g  s t eam i s  r e q u i r e d  f o r  t h i s  g a s i f i e r  t o  m a i n t a i n  i t s  
d r y  bot tom o p e r a t i o n .  

The h i g h  a s h  f u s i o n  t e m p e r a t u r e  p e n a l i z e s  most t o  t h e  s l a g g i n g  g a s i f i e r s  a s  i n  
t h e  S h e l l  and Texaco c a s e s .  I t  p e n a l i z e s  t h e  KRW c a s e  t o  less a  d e g r e e  because  
t h i s  g a s i f i e r  i s  o p e r a t e d  i n  a n  a s h  agg lomera t ion  mode. The h i g h  a s h  f u s i o n  
t e m p e r a t u r e  i s  a c t u a l l y  f a v o r e d  by t h e  moving bed g a s i f i e r  due  t o  i t s  d r y  
bot tom o p e r a t i o n .  

The Texaco c a s e  h a s  a  lower  s c o r e  t h a n  t h e  S h e l l  c a s e  because  t h e  a d d i t i o n  o f  
a  f l u x i n g  a g e n t  t o  r educe  t h e  a s h  f u s i o n  t e m p e r a t u r e  w i l l  i n c r e a s e  t h e  m i n e r a l  
f e e d  t o  t h e  g a s i f i e r  and f u r t h e r  compound t h e  problem of  i t s  s l u r r y  f e e d  
sys tem w i t h  t h e  h i g h  c o a l  a s h  c o n t e n t .  

Cope w i t h  Hiah  Coal W t u r e  

The s c o r e s  g i v e n  a r e  a  d i r e c t  r e f l e c t i o n  o f  t h e  c o a l  d r y i n g  r e q u i r e m e n t .  Coal 
i s  d r i e d  t o  2% and 5% i n  t h e  S h e l l  and KRW c a s e s ,  r e s p e c t i v e l y .  No c o a l  d r y i n g  
i s  r e q u i r e d  i n  t h e  Texaco and moving bed c a s e s .  

Coa l  S i z e  Reauirement 

The moving bed  c a s e  h a s  t h e  l o w e s t  s c o r e  because  i t  can  n o t  u s e  c o a l  f i n e s .  
Other  t h r e e  g a s i f i e r s  can a l l  a c c e p t  c o a l  f i n e s .  



I n  t h i s  e v a l u a t i o n ,  each  IGCC c a s e  i s  judged on i t s  r e q u i r e m e n t s  f o r  s p e c i a l  
equipment which can n o t  b e  manufactured i n  I n d i a  and h a s  t o  b e  impor ted  such 
a s  g r i n d i n g  m i l l ,  g a s i f i e r  r e f r a c t o r y ,  waste  h e a t  b o i l e r ,  ce ramic  f i l t e r ,  e t c .  

Th i s  i s  r a t e d  a c c o r d i n g  t o  t h e  i n - p l a n t  power consumption shown i n  Tab le  5-22. 

Load F o U w i n a  Cap- 
, . 

The e n t r a i n e d  f low r e a c t o r s  used  i n  t h e  S h e l l  and Texaco g a s i f i e r s  can  t u r n  
down o r  up v e r y  q u i c k l y  t o  respond t o  l o a d  changes .  The f l u i d i z e d  bed  r e a c t o r  
i n  t h e  KRW c a s e  i s  s l o w e r  i n  r espond ing .  The moving bed  r e a c t o r  i s  f u r t h e r  
s l o w e r .  

Th i s  i s  r a t e d  a c c o r d i n g  t o  t h e  p l a n t  e f f i c i e n c y  shown i n  Tab le  5-21. 

Faw Water R e a u i r e m e a  

T h i s  i s  r a t e d  a c c o r d i n g  t o  t h e  t o t a l  raw w a t e r  r equ i rement  shown i n  Tab le  5- 
21. 

~ t v  of S o l l d  Waste 

T h i s  i s  r a t e d  a c c o r d i n g  t o  t h e  amount of  s o l i d s  t o  b e  d i s p o s e d  of  from e a c h  
IGCC p l a n t  a s  shown i n  Tab le  5-21. 

T h i s  i s  r a t e d  a c c o r d i n g  t o  t h i s  c o s t  shown i n  Tab le  7-2. 

T h i s  i s  r a t e d  a c c o r d i n g  t o  t h i s  c o s t  shown i n  Tab le  7-2. 

7.4 CONCLUSIONS 

From t h e  p l a n t  e f f i c i e n c y  and economic comparison i n  S e c t i o n s  7 . 1  and 7 .2 ,  i t  
can be  concluded t h a t  an  IGCC p l a n t  can compete w i t h  a PC p l a n t .  

The r e l a t i v e  r a n k i n g  among t h e  f o u r  IGCC t e c h n o l o g i e s  a s  p r e s e n t e d  i n  S e c t i o n  
7 . 3  i n d i c a t e s  t h a t  t h e  KRW g a s i f i e r  o r  s i m i l a r  f l u i d i z e d  bed g a s i f i e r s  such a s  
U-Gas i s  most a t t r a c t i v e  t o  u s e .  

The moving bed g a s i f i e r ,  even though i s  less e f f i c i e n t  and more c o s t l y  t h a n  
t h e  f l u i d i z e d  bed g a s i f i e r ,  i s  a l s o  a t t r a c t i v e  because  it i s  a  s e l f - d e v e l o p e d  
t echno logy  and h a s  been proven f o r  u s i n g  h i g h  a s h  I n d i a n  c o a l .  

The S h e l l  t echno logy  h a s  an  a t t r a c t i v e  h e a t  r a t e  and i s  v e r y  c l o s e  t o  
c o m m e r c i a l i z a t i o n .  But i t  h a s  a  v e r y  h igh  c a p i t a l  r equ i rement .  Thus, i t  
p robab ly  does  n o t  war ran t  f u r t h e r  c o n s i d e r a t i o n .  

Due t o  t h e  s e v e r e  p e n a l t i e s  imposed by i t s  s l u r r y  f e e d  sys tem on b o t h  t h e  h e a t  
r a t e  and c a p i t a l  c o s t ,  t h e  Texaco t echno logy  i s  n o t  recommended. 



A s  any emerging t echno logy ,  t h e  u s e  of  IGCC p l a n t  has ,  i n e v i t a b l y ,  t e c h n i c a l  
u n c e r t a i n t i e s  and  economic r i s k s .  The p o s s i b l e  u n c e r t a i n t i e s  and  r i s k s  have 
been d i s c u s s e d  i n  d e t a i l  i n  S e c t i o n  5 . 4 . 2 .  



Section 8 

IGCC DEMONSTRATION PLANT 

After evaluating the IGCC mode of power generation for a 600 MW commercial 
plant with various coal gasification technologies and their economic 
comparability with a pulverized coal based thermal power plant of the same 
capacity, it was decided to set up an IGCC demonstration unit of about 50-60 
MW capacity based on fluidized bed gasification technology. The location of 
the demonstration plant was to be so chosen that it could offer maximum infra- 
structure facilities in order to minimize the capital investment for the 
demonstration plant. The availability of a gas turbine at the location could 
further reduce the capital expenditure of the demonstration unit. 

Keeping these facts in view, several locations such as Dadari, Talcher, 
Maithon, Badarpur, and Indraprastha were examined. After considering the 
merits and the demerits of each of the locations, it was decided to establish 
the IGCC demonstration unit at the Delhi Electric Supply Undertaking's (DESU) 
power complex at Indraprastha, New Delhi. DESU is having a pulverized coal 
based thermal power plant of 277.5 MW in total (1 x 30 MW, 3 x 62.5 MW and 
1 x 60 MW) at Indraprastha. By the side of the thermal power plant, DESU is 
also having six gas turbines (GE-MS6001B) of 30 MW capacity each, presently 
operating on simple cycle. Actions have already been initiated to convert them 
into combined cycle operation by installing six heat recovery steam generators 
(HRSG) and three steam turbo-generators of 34.2 MW capacity each. Natural gas 
is being used as main fuel and naphtha/HSD as a standby fuel. Initially, 
naphtha/HSD were used as main fuel but were changed over to natural gas after 
modification in the gas turbines. 

The proposed demonstration plant envisages to replace natural gas by coal gas 
in one of the gas turbines by installing a fluidized bed coal gasification 
unit of matching capacity. The advantage of locating the demonstration unit at 
the Indraprastha power complex would be the availability of a gas turbine as 
well as other facilities, such as coal handling, storage, and primary crushing 
units, water supply, power supply, and startup steam. There are two study 
cases related to the use of KRW and U-Gas gasification processes for the 
demonstration plant respectively. This section presents the plant description 
and design, cost estimate, and construction schedule. 

8.1 PLANT DESCRIPTION 

8.1.1 KRW Case 

An overall block flow diagram of the IGCC demonstration plant using KRW 
gasifier is shown in Figure 8-1. The number of operating and spare trains used 
is also indicated for each of the major process and power blocks in Figure 
8-1. The major stream flows (at 29.5 C ambient temperature) are shown in Table 
8-1. An overall utility summary based on the same ambient temperature is shown 
in Table 8-2. Equipment lists are shown in Appendix E. 

In the evaluation for 600 MW commercial design presented in Section 5, the KRW 
case uses six gasifiers. For the demonstration plant, only one gasifier of 
61.5% throughput rate is used. As the plant operating conditions are kept the 
same, all the process flows and utility requirement would be in direct 
proportion of (10.25%) to the 600 MW design. The gasification plant is sized 
for a normal and maximum fuel gas flow of 89.9 and 94.5 million Kcal/h (LHV) 





Table 8-1 

MAJOR STREAMS FOR IGCC DEMONSTRATION PLANT 
(KRW CASE) 

Stream Number 1 2 3 4 5 6 7 
Stream Description RAW LIMESTONE GASIFIER GASIFIER PRODUCT AIR TO FUEL 

COAL RED ASH SYN GAS GASIFIER OIL 
FEED 

Gases: kg-mollh 
H2 
a3 

ax! 
CH4 

C2H4 
N2+AR 

0 2  
H2S+COS 

NH3 
IQO 

TOTAL: Kg-mollhr 

Liquids: kglhr 
IQO 6,825 

Fuel Oil 

Solids: kglhr 
Coal (MAF) 16,375 16,375. 

AshISlag 14,717 14,717 15,384 
Limestone 1,208 1,208 

Total: kglhr 37,917 1,208 33,936 15,384 82,701 59,913 530 

Temperature, C 29.4 29.4 29.4 31 5.6 537.8 343.3 
Press, kglcm2 a 1 .03 1 .03 1.03 1 .03 23.4 36.2 





r e s p e c t i v e l y .  The normal f low c o r r e s p o n d s  t o  t h e  amount o f  f u e l  g a s  s p e c i f i e d  
by Genera l  E l e c t r i c a l  (GE) t o  f u l l y  l o a d  t h e  g a s  t u r b i n e .  The maximum f low 
p r o v i d e s  5% e x c e s s  c a p a c i t y .  

A d e s c r i p t i o n  of t h e  p l a n t  f a c i l i t i e s  i n c l u d e d  i s  a s  f o l l o w s .  

The DESU's I n d r a p r a s t h a  PC t h e r m a l  power p l a n t  r e c e i v e s  c o a l  by r a i l w a y  
wagons. I t  i s  un loaded  by wagon t i p p l e r s  and sometimes manual ly  a l s o .  The 
s t o r a g e  c a p a c i t y  a t  t h e  s i t e  i s  abou t  70,000 t o  80,000 t o n n e s .  I t  h a s  a  
p r imary  c r u s h e r  of  750 t / h  c a p a c i t y  ( a t  p r e s e n t  d e r a t e d  t o  450 t / h )  which 
c r u s h e s  ROM c o a l  (250-300 mm s i z e )  t o  18-25 mm s i z e .  A p r imary  c r u s h e r  o f  same 
c a p a c i t y  (750 t / h )  i s  b e i n g  i n s t a l l e d  p r e s e n t l y  a f t e r  which t h e  e x i s t i n g  one 
would b e  u s e d  a s  a  s t a n d b y  u n i t .  The e x i s t i n g  c o a l  h a n d l i n g ,  s t o r a g e  and 
p r imary  c r u s h i n g  f a c i l i t i e s  would be  u t i l i z e d  f o r  t h e  s u p p l y  o f  c r u s h e d  c o a l  
t o  d e m o n s t r a t i o n  p l a n t .  T h e r e f o r e ,  no s e p a r a t e  p r o v i s i o n  f o r  t h e s e  f a c i l i t i e s  
has  been made f o r  t h e  d e m o n s t r a t i o n  p l a n t .  

, , on o f  Cr-a1 t o  t h e  R a t t e r v  m d  t o  Coal  D r v m  - 

T r a n s p o r t a t i o n  o f  c r u s h e d  c o a l  from t h e  e x i s t i n g  PC p l a n t  o f  DESU t o  t h e  
b a t t e r y  l i m i t  of  t h e  d e m o n s t r a t i o n  p l a n t  would be  made by r a i l w a y  wagons. The 
e x i s t i n g  r a i l w a y  s i d i n g  o f  t h e  PC p l a n t  j u s t  p a s s e s  o u t s i d e  o f  t h e  n o r t h e r n  
boundary o f  t h e  p roposed  d e m o n s t r a t i o n  p l a n t  s i t e .  A t  p r e s e n t ,  t h e  s i d i n g  
c r o s s e s  t h e  r i n g  r o a d  j u s t  beyond t h e  boundary l i m i t  of  t h e  d e m o n s t r a t i o n  
s i te ,  c a u s i n g  f r e q u e n t  d i s r u p t i o n  t o  road  t r a f f i c .  There  i s  a  p l a n  t o  r e r o u t e  
t h e  e x i s t i n g  r a i l w a y  s i d i n g  i n  o r d e r  t o  a v o i d  t h e  r i n g  r o a d  c r o s s i n g  i n  2  t o  3  
y e a r s  t i m e .  I n  t h a t  e v e n t ,  t h e  e x i s t i n g  r a i l  y a r d  up t o  t h e  n o r t h e r n  boundary  
o f  t h e  d e m o n s t r a t i o n  p l a n t  ( b e f o r e  t h e  r i n g  r o a d  c r o s s i n g )  would b e  u t i l i z e d  
f o r  c r u s h e d  c o a l  t r a n s p o r t a t i o n  from t h e  PC p l a n t  t o  t h e  d e m o n s t r a t i o n  s i te .  
For  t h i s  purpose ,  one locomot ive  and an  a d e q u a t e  number o f  wagons have  been 
p r o v i d e d .  Coal  would be  l o a d e d  by r o t a r y  d i s c  l o a d e r  a t  t h e  PC p l a n t  a r e a .  

The ma jo r  p u r p o s e  of t h i s  p l a n t  i s  t o  d r y  t h e  p r imary  c r u s h e d  c o a l  f rom 18% 
m o i s t u r e  t o  5% a s  r e q u i r e d  f o r  t h e  KRW g a s i f i e r .  T h i s  d r y i n g  u n i t  i s  p l a c e d  
ahead  o f  t h e  secondary  c o a l  c r u s h i n g .  P re -d ry ing  o f  t h e  c o a l  f a c i l i t a t e s  t h e  
secondary  c r u s h i n g  and s c r e e n i n g .  The d r y i n g  p l a n t  i s  d e s i g n e d  t o  o p e r a t e  a l l  
t h e  t h r e e  s h i f t s .  

The p r imary  c r u s h e d  c o a l  r e c e i v e d  i n  r a i l w a y  wagons s h a l l  b e  un loaded  manual ly  
by t h e  s i d e  of  t r a c k  and  s t a c k  by d o z e r s .  Dozers  w i l l  a l s o  f e e d  s i d e  by s i d e  
t o  an underground r e c l a i m i n g  hopper  from where c o a l  w i l l  b e  f e d  t o  t h e  d r y i n g  
u n i t  by means o f  a  v i b r a t i n g  f e e d e r  and t u n n e l  conveyor .  

The d r y e r  i s  a  c o n v e n t i o n a l  f l u i d  bed d r y e r  u s e d  e x t e n s i v e l y  i n  t h e  c o a l  
i n d u s t r y .  Hot f l u e  g a s  g e n e r a t e d  from a  f u e l  o i l  f i r e d  f u r n a c e  s u p p l i e s  t h e  
h e a t  n e c e s s a r y  t o  d r y  t h e  c o a l  a s  t h e  a s h  s u l f a t i o n  p l a n t  h a s  n o t  been  
c o n s i d e r e d  p r e s e n t l y .  The f l u e  g a s  s t r e a m  i s  tempered t o  a  t e m p e r a t u r e  o f  504 
C u s i n g  t h e  r e c y c l e  g a s  from t h e  d r y e r  e x h a u s t .  

The e x h a u s t  g a s  from t h e  bed i s  p a s s e d  t h r o u g h  two c y c l o n e  d u s t  c o l l e c t o r s ,  
where most o f  t h e  c o a r s e  d u s t  i n  t h e  g a s  i s  s e p a r a t e d  o u t .  A p a r t  o f  t h e  
d e d u s t e d  g a s  i s  r e c y c l e d  t o  t h e  d r y e r .  U s e  o f  r e c y c l e d  g a s  r a t h e r  t h a n  a i r  f o r  
t e m p e r i n g  t h e  h o t  g a s  f o r  d r y i n g  keeps  t h e  oxygen c o n t e n t  below 8% t o  p r e v e n t  



fires and dust explosions. The net exhaust gas is vented to the atmosphere 
through bag houses. 

v Coal Cr-tone H a w  and Cr- - 

From the drying unit, coal will be fed to the coal crusher by a gravity chute 
for a secondary crushing to -6 nun. The secondary crusher house shall be 
provided with two coal crushers (one working plus one standby). 

Limestone shall be received in trucks at site and shall be unloaded manually 
and stacked by a dozer. A pay loader shall feed limestone into an over-ground 
bunker. A belt feeder installed beneath the bunker will convey limestone to a 
bucket elevator. The bucket elevator will feed limestone to a hammer mill for 
primary crushing. The primary crushed limestone shall be fed to a rod mill 
through a gravity chute for secondary crushing. 

Belt conveyor ET4, after taking feed from the secondary coal crusher house and 
from the limestone crusher house, shall feed to belt conveyor ET5. Bucket 
elevator ET6 shall take feed from belt conveyor ET5 through a fixed plough. 
Bucket Elevator ET6 shall feed coal and limestone to overhead belt conveyor 
ET7. Belt conveyor ET7 shall feed material into a set of over-ground storage 
bunkers by 5 nos. fixed plough. Storage bunkers in all shall have 1000 tonnes 
(one day storage) capacity. These storage bunkers shall be provided with 
vibrating feeders to feed material to belt conveyor ET5. Belt conveyor ET5 
s h a l l  f e e d  m a t e r i a l  i n t o  a  bucke t  e l e v a t o r  ET8 which, i n  t u r n ,  w i l l  f e e d  i n t o  
the feed bunker of the gasification unit. 

The description of this is identical to that in Section 5.1.3. The entire 
facilities consist of one train. 

For the demonstration plant, one of the six gas turbines at DESU would be 
suitably modified to use coal gas as fuel. The air required for gasification 
would be bled from the turbine at an intermediate pressure and after that it 
would be boosted by a booster compressor up to the gasification pressure. 

Gas Turbine 

Based on the clean gas composition of KRW process, GE provided the following 
gas turbine performance (one MS-6001B) at two fuel supply temperatures of 
176.7 C (350 F) and 537.8 C (1000 F) and for a normal ambient temperature of 
29.5 C. The 176.7 C fuel gas temperature is typical of the temperatures being 
considered for coal gasification applications with current control valve 
technology. The 537.8 C fuel gas temperature represents development levels of 
fuel temperature for control valves at this time. 

Ambient temperature, C 
Fuel temperature, C 

Output, kW 
Heat rate, Kcal/kWh (LHV Basis) 

Exhaust gas flow, lo3 kg/hr 



Exhaust  g a s  t empera tu re ,  C 

NOx, ppm v o l  @ 15% 02 

Gas Turbine  Exhaust  Gas A n a l y s i s  (Volume p e r c e n t )  : 

Nit rogen  73.41 

Argon 0 .88 

Oxygen 11.77 

Carbon d i o x i d e  7.04 
Water 6.90 

Compressed A i r  Bleed: 

Flow, Kg/h 

P r e s s u r e ,  Kg/cm2 a  

Temperature,  C 

Fue l  : 

Flow, Kg/h 

P r e s s u r e ,  Kg/cm2 a  

Temperature,  C 

LHV, K c a l / ~ g  

The KRW g a s  i s  low c a l o r i f i c  g a s ,  c o n t a i n i n g  a  s i g n i f i c a n t  amount of n i t r o g e n .  
Ni t rogen  a c t s  a s  a  d i l u e n t  t o  s u p p r e s s  t h e  f lame t e m p e r a t u r e  i n  t h e  g a s  
t u r b i n e  combustor.  A s  a  r e s u l t ,  no NO, s team i n j e c t i o n  i s  r e q u i r e d  i n  t h i s  
c a s e .  A i r  i s  e x t r a c t e d  from t h e  g a s  t u r b i n e  compressor t o  p r o v i d e  g a s i f i c a t i o n  
a i r .  The f low and c o n d i t i o n  of t h i s  e x t r a c t e d  a i r  s t r e a m  a r e  a l s o  summarized 
above.  

A t  p r e s e n t ,  t h e  demons t ra t ion  p l a n t  does  n o t  i n c l u d e  t h i s  s e c t i o n .  However, 
t h i s  would be  added l a t e r  on and t h e r e f o r e  p r o v i s i o n  i n  t h e  p l a n t  l a y o u t  h a s  
a l s o  been made f o r  t h i s  s e c t i o n .  

on and Co-lon I n  the Pro- 

High p r e s s u r e  (101 kg/cm2 a )  s a t u r a t e d  s team i s  g e n e r a t e d  i n  t h e  g a s i f i c a t i o n  
p l a n t .  KRW c u r r e n t l y  does  n o t  have e x p e r i e n c e  r e l a t e d  t o  t h e  s u p e r h e a t e d  s team 
g e n e r a t i o n  b u t  t h e y  do no t  a n t i c i p a t e  any t e c h n i c a l  d i f f i c u l t y  a s s o c i a t e d  w i t h  
s u p e r h e a t e d  s team p r o d u c t i o n .  The 36.2 kg/cm2 a,  510 C s u p e r h e a t e d  s team 
r e q u i r e d  f o r  t h e  g a s i f i e r  i s  prov ided  by d e p r e s s u r i z i n g  t h e  h i g h  p r e s s u r e  
steam. The b a l a n c e  e x c e s s  s team i s  e x p o r t e d  t o  HRSG and s team t u r b i n e  of t h e  
combined c y c l e  f o r  g e n e r a t i o n  of power. The requirement  of s t a r t u p  s team would 
be  m e t  from t h e  HRSG s e c t i o n  of  t h e  g a s  t u r b i n e s .  

t e  D i s u .  S o l i d  waste  c o n s i s t s  of  t h e  a s h  produced from t h e  
g a s i f i c a t i o n  p l a n t .  The a s h  from t h e  g a s i f i c a t i o n  p l a n t  i s  t a k e n  t o  t h e  s l u r r y  
making t a n k  where a  10% s o l i d  c o n t a i n i n g  s l u r r y  i s  made w i t h  a d d i t i o n  of  r i v e r  
w a t e r  f o r  t r a n s p o r t a t i o n  t o  t h e  a s h  d i s p o s a l  a r e a  t h r o u g h  a  p i p e l i n e .  T h i s  



arrangement is similar to the existing ash disposal system of the 
Indraprastha PC power plant. The water for this purpose would be drawn from 
the nearby Yamina River. Necessary provisions for pumps and pipes have been 
made for this purpose. 

ef and_B;lowdown Svsta. The purpose of the relief and blowdown system is: 

o To burn any combustibles that may be vented from the plant during 
startup, shutdown, or under normal operating conditions 

o To burn combustibles released from the plant during emergencies and 
plant upset conditions 

o To protect the system equipment against damages from operating 
disturbances 

The relief and blowdown system basically consists of a main flare stack and 
the associated knockout drum. It has a single train and is designed to handle 
the maximum raw gas flow rate from the gasification plant. 

Interconnectina P l p u  
, . . The major items in the interconnecting piping system 

are : 

o Product fuel gas from the gasification plant to the gas turbine 
o Air from the gas turbine to the gasification plant 
o Export steam from the gasification plant to the HRSG/steam turbine of 
the combined cycle plant 

o Start up steam from the HRSG to the gasification plant 
o Fuel oil/HSD from the gas turbine to the gasification plant 

res-r Svstm. This system provides compressed air for plant and 
instrument air use. The capacity of the compressed air system is 1200 ~ m ~ / h r .  
Half of the air is for plant air and the other half is for instrument air. 
The compressed air system has two operating trains. Each compressed air train 
supplies 600 ~ m ~ / h r  of compressed air at a pressure of 8 kg/cm2 a. The system 
is complete with air dryer and receiver for instrument air. 

Plater m. The requirement of cooling water circulation for the 
gasification plant is 210 m3/hr which will be supplied from the facilities of 
gas turbine station. The requirements of BFW for steam generation of the 
gasification plant would be 44.3 m3/hr. About 39 m3/hr of condensate would be 
available after condensing the export steam in steam turbine of combined 
cycle. Therefore, BFW makeup would be 5 m3/hr which will be supplied from the 
facilities of the gas turbine station. The requirement of 3 m3/hr of portable 
water will be met from the existing facilities of the gas turbine station. 

v - Powey. The requirement of 4 MW of auxiliary power would be met from 
the existing facilities of the gas turbine station. The necessary voltage 
step-down facilities have been included in the gasification plant. 

e Pratection. The fire protection system includes the following: 

o Fire protection water yard mains, hydrants', and valves 
o Automatic wet pipe sprinkler system 
o Deluge sprinkler system 
o Water spray system 
o Carbon dioxide system 
o Halon system 



o Stand pipes and hose reels 
o Portable extinguishers 
o Fire and smoke monitors, detectors, and alarms 
o Fire barriers 

Fire protection water is provided by two supply water pumps to the fire loop 
at 18.3 kg/cm2 a. 

Haste Water T r e a m .  No waste water is generated from the gasification plant 
as the hot gas cleanup system has been adopted. 

, , -. This includes only buildings not specifically related to any 
process plants. The provision includes the administrative building and 
warehouse. 

An overall block flow diagram of the IGCC demonstration plant using U-Gas 
gasifier is shown in Figure 8-2. The number of operating and spare trains used 
is indicated for each of the major process blocks in Figure 8-2. The major 
stream flows at 29.5 C ambient temperature are shown in Table 8-3. An overall 
utility summary based on the same ambient temperature is shown in Table 8-4. 

A description of the facilities in the demonstration plant is as follows: 

The description of this plant is identical to that in the KRW case. 

Coal to the Bat- to Coal Drvjgg Unit a .  

The description of this plant is identical to that in the KRW case. 

Coal Prying 

The description of this plant is identical to that in the KRW case, except 
that coal in this case would be dried to 2.5% moisture instead of 5.0% in the 
KRW case. 

The description is identical to that in the KRW case. 

The U-Gas process in the present application provides for gasification of 
crushed coal with air and steam in a fluidized bed, with addition of limestone 
to the fluid bed for bulk desulfurization. 

The solids enter the reaction section of the gasifier. Here the fluidized 
solids react with steam and air at a temperature of 982 C and a pressure of 
24.96 kg/cm2 a to produce a raw low-Btu fuel gas. The limestone captures the 
bulk of the sulfur in the coal as calcium sulfide. 





Table 8-3 

W R  STREAMS FOR lGCC DEMONSTRATION PLANT 
(U-Gas CASE) 

Stream Number 1 2 3 4 5 6 7 
Stream Description RAW LIMESTONE GASIFIER GASIFIER PROMX;T AIR TO FUEL 

COAL RED ASH SYN GAS GASIFIER OIL 
FEEL) 

Gases: kg-mollh 

WO 205.1 
TOTAL: Kg-mollhr 3,214.6 2,036.7 

Liquids: kglhr 
WO 6,427 

Fuel Oil 

Solids: kglhr 
Coal (MAF) 1 5,421 15,421 

AshlSlag 13,860 13,860 12,991 
Limestone 833 833 

Total: kglhr 35,708 833 30,865 12,991 58,817 560 

Temperature, C 29.4 29.4 29.4 81 6.0 537.8 343.3 
Press, kglcm2 a 1 .03 1 .03 1 .03 24.5 23.4 27.6 





The g a s  l e a v e s  t h e  g a s i f i e r  and p a s s e s  th rough  two s t a g e s  of cyc lone  i n  series 
t o  reduce t h e  e n t r a i n e d  s o l i d s  t o  around 5,000 ppmw. The s o l i d s  removed i n  t h e  
cyc lone  g r a v i t a t e  back t o  t h e  g a s i f i c a t i o n  zone i n  t h e  g a s i f i e r  v e s s e l .  

G a s i f i c a t i o n  s team i s  a d m i t t e d  t o  t h e  bottom of t h e  lower  g a s i f i c a t i o n  zone 
th rough  a n  i n c l i n e d  a n n u l a r  g r i d ,  whi le  t h e  g a s i f i c a t i o n  a i r  e n t e r s  th rough  a  
c e n t r a l l y  l o c a t e d  v e n t u r i .  A s  i n d i v i d u a l  p a r t i c l e s  of  c o a l  i n  t h e  f l u i d  bed 
become d e p l e t e d  i n  carbon,  t h e  a s h  c o n t a i n e d  t h e r e i n  s o f t e n s  and agg lomera tes .  
These agglomerates  i n c r e a s e  i n  s i z e  u n t i l  t h e y  a r e  l a r g e  enough t o  f a l l  
th rough  t h e  c e n t r a l  v e n t u r i ,  c o u n t e r - c u r r e n t  t o  t h e  incoming g a s i f i c a t i o n  a i r .  
I n  t h i s  way, t h e  a s h  i s  s e p a r a t e d  i n  a lmost  ca rbon- f ree  form from t h e  f l u i d  
bed i n  t h e  U-GAS p r o c e s s .  

I n  t h i s  a p p l i c a t i o n ,  however, t h e  r e s i d u e  c o n t a i n s  n o t  o n l y  t h e  a s h  
agg lomera tes  b u t  a l s o  s p e n t  l i m e s t o n e  c a r r y i n g  t h e  s u l f u r  i n  t h e  incoming c o a l  
i n  t h e  form of ca lc ium s u l f i d e .  For  t h i s  m a t e r i a l  t o  be dumped wi thou t  
r e s t r i c t i o n ,  it i s  n e c e s s a r y  t o  conver t  t h e  ca lc ium s u l f i d e  t o  t h e  s u l f a t e  
form. Th is  convers ion  i s  c a r r i e d  o u t  i n  a  s u b s i d i a r y  f l u i d  bed benea th  t h e  
v e n t u r i .  Agglomerates f a l l i n g  th rough  t h e  v e n t u r i  a r e  f u l l y  o x i d i z e d  a t  816 C  
(1500 F) by f l u i d i z a t i o n  w i t h  g a s i f i c a t i o n  a i r ,  g i v i n g  a  f u l l y  burned-out 
r e s i d u e  cor responding  i n  composi t ion t o  a  f l u i d  bed b o i l e r  a s h .  

The o x i d i z e d  r e s i d u e  a t  815 C, s t i l l  under p r e s s u r e ,  i s  c o o l e d  t o  93 C i n  t h e  
w a t e r  c o o l e d  c o o l i n g  screw, u s i n g  d e a e r a t e d  w a t e r  a s  t h e  c o o l a n t .  The s o l i d s  
a r e  t h e n  d e p r e s s u r i z e d  t o  a tmospher ic  p r e s s u r e  v i a  a  l o c k  hopper,  and 
pneumat ica l ly  conveyed t o  t h e  d i s c h a r g e  s i l o .  

Raw g a s  from t h e  g a s i f i c a t i o n  s e c t i o n  i s  c o o l e d  t o  538 C by g e n e r a t i o n  of 103 
kg/cm2 a  s a t u r a t e d  s team i n  a  waste h e a t  b o i l e r .  A p o r t i o n  of  t h i s  s team is  
used f o r  t h e  p r o c e s s .  The b a l a n c e  is a v a i l a b l e  f o r  e x p o r t  t o  t h e  s team 
t u r b i n e .  

The p r o c e s s  a i r  i s  a v a i l a b l e  from t u r b i n e  compressor a t  1 2 . 3  kg/cm2 a  and 
382 C.  Th i s  a i r  i s  c o o l e d  and compressed t o  28.13 kg/cm2 a .  A i r  i s  a l s o  
employed f o r  c o a l  and l i m e s t o n e  t r a n s p o r t  t o  t h e  g a s i f i e r .  

The p a r t i c u l a t e s  i n  t h e  raw f u e l  g a s  a r e  removed w i t h  ce ramic  f i l t e r s  
o p e r a t i n g  a t  538 C and 23.9 kg/cm2 a .  The f i l t e r s  r educe  t h e  e n t r a i n e d  s o l i d s  
t o  1 ppmw t o  p r o t e c t  t h e  t u r b i n e .  

The f i l t e r s  a r e  c l e a n e d  o n - l i n e  by back p u l s i n g  i n  s e c t i o n s  u s i n g  t h e  
p r e s s u r i z e d  f u e l  g a s  o r  s team a s  a p p l i c a b l e .  

The s o l i d s  c o l l e c t e d  from t h e  raw produc t  g a s  f i l t e r  a r e  r e c y c l e d  t o  t h e  
g a s i f i e r  f o r  d i s p o s a l  w i t h  t h e  a s h .  

The d e s c r i p t i o n s  o f  t h e  f o l l o w i n g  p l a n t s  a r e  i d e n t i c a l  t o  t h a t  i n  t h e  KRW 
c a s e .  

o  Gas t u r b i n e  



o Steam g e n e r a t i o n  and consumption 
o  S o l i d  was te  d i s p o s a l  
o  R e l i e f  and Blowdown sys tem 
o I n t e r c o n n e c t i n g  p i p i n g s  
o  Compressed a i r  sys tem 
o Water sys tem 
o A u x i l i a r y  power 
o  F i r e  P r o t e c t i o n  
o  B u i l d i n g s  

A p r e l i m i n a r y  p l o t  p l a n  of  t h e  IGCC demons t ra t ion  p l a n t  i s  shown i n  F i g u r e  
8-3. The s i t e  i s  i n  t h e  s o u t h e r n  s i d e  of  t h e  e x i s t i n g  g a s  t u r b i n e  s t a t i o n  of 
DESU s i t u a t e d  a t  a  d i s t a n c e  of  about  350 m.  The s i te  b e l o n g s  t o  PWD where a  
t a r - s t o n e  c h i p  mixing p l a n t  of  temporary  n a t u r e  i s  l o c a t e d .  The s i t e  w i l l  have 
t o  b e  a c q u i r e d  from t h e  D e l h i  PWD. The a r e a  measures t o  b e  abou t  4 a c r e s .  

The e x i s t i n g  r a i l w a y  s i d i n g  t o  t h e  I n d r a p r a s t h a  PC p l a n t  j u s t  p a s s e s  o u t s i d e  
i t s  n o r t h e r n  boundary a f t e r  c r o s s i n g  t h e  i n t e r  r i n g - r o a d .  T h i s  s i d i n g  would b e  
r e - r o u t e d  i n  2-3 y e a r s  t i m e  a f t e r  which t h e  e x i s t i n g  r a i l w a y  s i d i n g  would b e  
u t i l i z e d  f o r  t r a n s p o r t i n g  t h e  c r u s h e d  c o a l  from t h e  PC p l a n t .  

The c o a l  u n l o a d i n g  and  s t o r a g e  have been kep t  n e a r  t h e  n o r t h e r n  boundary t o  
make use of the railway lines. Coal drying and secondary crushing units have 
been s i t e d  i n  t h e  s o u t h e r n  s i d e  of  t h e  p l o t  t o  g a i n  d i s t a n c e  f o r  a c h i e v i n g  t h e  
conveyor h e i g h t  t o  t h e  g a s i f i c a t i o n  p l a n t  which h a s  been l o c a t e d  i n  t h e  
n o r t h e r n  s i d e  n e a r  t h e  wes te rn  boundary.  Ash s l u r r y  pond i s  l o c a t e d  n e a r  t h e  
e a s t e r n  s i d e  from where t h e  s l u r r y  p i p e  can  b e  r o u t e d  t o  t h e  d i s p o s a l  a r e a  
a l o n g  t h e  s i d e  of  e x i s t i n g  a s h  s l u r r y  p i p e s .  

8.2 COST ESTIMATE 

T h i s  s u b s e c t i o n  p r e s e n t s  e s t i m a t e s  o f  t h e  c a p i t a l  r e q u i r e m e n t s  and a n n u a l  
o p e r a t i n g  c o s t  f o r  t h e  demons t ra t ion  p l a n t .  The e s t i m a t i n g  approach,  i n c l u d i n g  
t h e  d a t a  s o u r c e s  and  methodology i s  a l s o  d e s c r i b e d .  

A l l  t h e  e s t i m a t e s  a r e  b a s e d  on t h e  f o u r t h  q u a r t e r  o f  1990 a s  t h e  p r i c i n g  
p e r i o d .  

A s  b o t h  t h e  p r o c e s s e s ,  KRW and U-Gas, have a lmos t  s i m i l a r  p r o c e s s  f e a t u r e s ,  
p a r t i c u l a r l y  a f t e r  t h e  removal of  t h e  a s h  s u l f a t i o n  s e c t i o n  f rom t h e  KRW 
p r o c e s s  f o r  t h e  p r e s e n t  t i m e ,  o n l y  one r e p r e s e n t a t i v e  c a p i t a l  c o s t  and  a n n u a l  
o p e r a t i n g  c o s t  f o r  b o t h  t h e  p r o c e s s e s  have been worked o u t .  

The e s t i m a t e s  f o r  t h e  c o a l  d r y i n g  and  c o a l  g a s i f i c a t i o n  u n i t s  of  t h e  KRW c a s e  
and t h e  c o a l  g a s i f i c a t i o n  u n i t  of t h e  U-Gas c a s e  w e r e  deve loped  by B e c h t e l  
under  U.S. c o n d i t i o n s .  KRW s e n t  t h e i r  e s t i m a t e s  o f  t h e  g a s i f i c a t i o n  p l a n t  
under  U.S. c o n d i t i o n s .  S i m i l a r l y  I G T  s e n t  equipment c o s t  of  t h e i r  U-Gas 
g a s i f i c a t i o n  p l a n t  under  U.S. c o n d i t i o n s .  

P D I L  c o n v e r t e d  t h e  U.S. c o s t  of  g a s i f i c a t i o n  and c o a l  d r y i n g  p l a n t s  i n t o  
I n d i a n  c o n d i t i o n  a s  w e l l  a s  e s t i m a t e d  t h e  c o s t  of  a l l  o t h e r  f a c i l i t i e s  
d i r e c t l y  under  I n d i a n  c o n d i t i o n s .  P D I L  a l s o  e s t i m a t e d  t h e  a n n u a l  o p e r a t i n g  
c o s t .  





The d e s c r i p t i o n  i s  i d e n t i c a l  t o  t h a t  a s  g i v e n  i n  5 . 3 . 1 .  

8 .2 .2  Cos t  E s u t e  under  U.S. C o n d l t l ~ a ~  . , 

The c o s t  e s t i m a t e  a s  g i v e n  by Bech te l  based  on i n p u t s  from KRW and I G T  i s  
p r e s e n t e d  i n  Tab le  8-5. 

Other  d e s c r i p t i o n s  a r e  i d e n t i c a l  t o  5 . 3 . 2 .  

8 . 2 . 3  CaDital Cost  E s E  
. . 

The one r e p r e s e n t a t i v e  c a p i t a l  c o s t  f o r  b o t h  t h e  p r o c e s s e s  under  I n d i a n  
c o n d i t i o n s  i s  shown i n  Tab le  8-6. The b a s e  c a p i t a l  c o s t  does  n o t  i n c l u d e  t h e  
p r o v i s i o n s  f o r  d u t y  and t a x e s ,  s t a r t u p  expenses  and i n t e r e s t  d u r i n g  
c o n s t r u c t i o n  a s  t h e  demons t ra t ion  p l a n t  has  been c o n s i d e r e d  a s  a  r e s e a r c h  and 
developmental  work. However, t h e s e  c o s t s  a r e  shown s e p a r a t e l y  i n  Tab le  8-7. 
The c o s t s  of c o a l  g a s i f i c a t i o n  and c o a l  d r y i n g  u n i t s  were d e r i v e d  from t h e  
U.S. c o s t s  of t h e  KRW c a s e  a s  g i v e n  i n  Table  8-5. The c o s t  of t h e  remain ing  
p l a n t  was d i r e c t l y  e s t i m a t e d  under I n d i a n  c o n d i t i o n s .  

An exchange r a t e  of R s .  18 p e r  U.S. d o l l a r  i s  assumed. 

D i r e c t  F i e l d  M a t e a  

For  c o a l  g a s i f i c a t i o n ,  t o  c o n v e r t  from d i r e c t  f i e l d  m a t e r i a l  c o s t  i n  U.S. t o  
I n d i a ,  t h e  bu lk  m a t e r i a l  f o r  c i v i l  and s t r u c t u r a l  has  been t a k e n  o u t  f i r s t  
because  it c o u l d  be  p r o c u r e d  i n  I n d i a .  

A f t e r  t h i s ,  it h a s  been assumed t h a t  70% of t h e  remain ing  d i r e c t  f i e l d  
m a t e r i a l  w i l l  be  impor ted  and o t h e r  30% w i l l  b e  p r o c u r e d  i n  I n d i a .  The 
component of f o r e i g n  supp ly  has  been kep t  h i g h e r  i n  t h i s  c a s e  a s  t h i s  i s  t h e  
f i r s t  p l a n t  and  a l s o  a  demons t ra t ion  p l a n t .  T h e r e f o r e  t h e  equipment a r e  
e n v i s a g e d  o f  p r o p r i e t a r y  d e s i g n  n a t u r e  and t o  b e  p r o c u r e d  from e x p e r i e n c e d  
f o r e i g n  s u p p l i e r s .  For  equipment and m a t e r i a l  t o  b e  p r o c u r e d  i n  I n d i a ,  it i s  
assumed t h a t  t h e  I n d i a  c o s t  w i l l  be 25% higher than t h e  U . S .  c o s t s  ( 1 0 %  f o r  
ocean f r e i g h t  and marine  i n s u r a n c e  and 15% f o r  o v e r a l l  h i g h e r  c o s t  markup i n  
I n d i a ) .  

To a d j u s t  t h e  l a b o r  c o s t ,  t h e  l a b o u r  p r o d u c t i v i t y  i n  I n d i a  i s  assumed t o  b e  
40% of t h a t  i n  t h e  Uni ted  S t a t e s .  The l a b o r  r a t e  i n  I n d i a  i s  assumed t o  be R s .  
2 7 / h .  

The d e s c r i p t i o n s  of  t h e  f o l l o w i n g  i t e m s  a r e  i d e n t i c a l  t o  t h o s e  g i v e n  i n  
S e c t i o n  5 . 3 . 3 .  

o  D i r e c t  f i e l d  s u b c o n t r a c t  
o  I n d i r e c t  c o s t  
o  Eng ineer ing  s e r v i c e s  
o  Working c a p i t a l  
o  Spare  p a r t s  
o  I n t e r e s t  d u r i n g  c o n s t r u c t i o n ,  e x c e p t  t h a t  p r o j e c t  d u r a t i o n  i s  3  y e a r s .  



Table 8-5 

GASIFICATION PLANT COST SUMMARY 
for IGCC DEMONSTRATION PROJECT 

(US $1,000, 4th Q, 1990) 

KRW Case U-Gas Case 
Capital Cost Requirement (US $) 

Coal Drying (1 train) 
Direct Field Material 
Direct Field Labor 
Direct Field Subcontract 
lndirect Cost 8 Engineering 

Subtotal 

Coal Gasification (1 train) 
Direct Field Material 
Direct Field Labor 
Direct Field Subcontract 
lndirect Cost 8 Engineering 

Subtotal 

Ash Sulfation (1 train) 
Direct Field Material 
Direct Field Labor 
Direct Field Subcontract 
lndirect Cost 8 Engineering 

Subtotal 

842 By Indian 
308 By Indian 

0 By Indian 
431 By Indian 

1,581 By Indian 



Table 8-6 

CAPITAL COST REQUIREMENTS 
IGCC DEMONSTRATION PLANT 

(4th Q - 1990) 

Rs. Lakhs 
S1 Foreign India Total in 
No. Plant Name Component Component Total $ Million 

Coal Handling System 
Coal Drying 
Coal Gasification 
Water System 
Solid Waste Disposal 
Relief & Blowdown 
Interconnecting Piping 
Compressed Air System 
Fire Protection 
Non-Plant Buildings 

Total Field Cost 
Software Fee 

Foreign (Basic Engineering) 
Indian 

Total Plant Cost 
Contingency 
Organisation Cost 
Spares 
Margin on Working Capital 
Total Capital Requirements 
Gas Turbine Modifications 
Total Capital with GT Modifications 



Table 8-7 

ESTIMATES FOR OTHER FACILITIES 
lGCC DEMONSTRATION PLANT 

(4th Q - 1990) 

Rs. Lakhs 
S1 Foreign India Total in 
No. Plant Name Component Component Total $ Million 

1 Duties & Taxes 

a Sales Tax & Excise Duty 
b. Customs Duty 
c. Income Tax/R&D Cess on 

Foreign Basic Engineering 

2 Startup Expenses 

3 Interest During Construction 

Total 



o Contingency 
o Duty and taxes 

The annual operating cost is presented in Table 8-8. This cost is based on 
6,000 hours per year of plant operation. This operating cost does not include 
provisions for depreciation, interest on long-term loan, return on equity and 
interest on working capital (short-term loan) as the demonstration plant has 
been considered as a research and development work. However, these are shown 
separately in Table 8-9. 

This cost is estimated based on a total additional plant employees of 60 as 
shown in Table 8-10. The average salary and benefit is assumed to be Rs. 
60,000 per year. 

Total annual maintenance material is estimated to be 2% of the total plant 
cost. 

This cost is calculated based on 3.6% of the total plant cost, excluding the 
margin on working capital. 

This is assessed at 15% of 50% of the total capital. 

This is 10% of 50% of the total capital 

est on War- Load 

This is assessed at 17% of 75% of the working capital. 

Raw Materials Bvv~roduct CredFt 

Coal 
Limestone 
Fuel oil 
D. M. water 
Filtered water 
Raw water 
Electricity 
High pressure steam 
Natural gas 

8.3 CONSTRUCTION SCHEDULE 

Rs. 645/tonne 
Rs. 374/tonne 
Rs. 4000/KL 
RS. 10/m3 
RS. 5/m3 
RS. 1/m3 
Rs. 1000/MWh 
Rs. 250/tonne 
Rs. 2456/1000 ~m~ 

The time schedule for the construction of the demonstration plant is given in 
Figure 8-4. 



Table 8-8 

Fixed Costs 
Labor and Overheads 
Maintenance Material 
Chemicals & Catalysts 
Total Fixed Costs 

Variable Costs 
Coal 
Limestone 
Fuel Oil 
Power 
Water 
High Pressure Steam 
Total Variable Costs 

Total Annual Operating Costs 

Saving in Natural Gas 

ANNUAL OPERATING COST 
IGCC DEMONSTRATION PLANT 

(4th 01990 Pricing) 

Rs. Lakhslyr 

Tonnes 
KL 

tvwh 

Tonnes 

1.000 Nm3 

Annual Unit 
Consumption Rate, 
@6000 hly RsIUnit 

Tonnes 227,500 645 

Net Saving 



Table 8-9 

OTHER ANNUAL FIXED COST 
IGCC DEMONSTRATION PLANT 

(4th Q-1990 Pricing) 

s1  
No. I tem 

1 Depreciation 

2 Interest on Long Term Loan 

3 Interest on Short Term Loan 

3 Return on Equity 

Total 

Rs. Lakhslyr 

3 9 8  

8 3 1  

1 6  

554 



T a b l e  8-10 

IGCC DEMONSTRATION PLANT STAFFING REQUIREMENT 

Number 
o f  P e o p l e  

Opera t  i o n  

S h i f t  E n g i n e e r  4 

Coa l  Hand l ing  & T r a n s p o r t a t i o n  1 8  
Coa l  Drying,  Secondary  Crush ing ,  Limestone  Hand l ing  8  
Coa l  G a s i f i c a t i o n  8  
O f f s i t e s  8 

T o t a l  O p e r a t i o n  4  6 

Maintenance  14 

Grand T o t a l  6 0 

I t  h a s  been  assumed t h a t  s e r v i c e s  o f  o v e r h e a d s  s u c h  a s  p e r s o n n e l ,  
a d m i n i s t r a t i o n ,  a n d  a c c o u n t s  would be p r o v i d e d  b y  t h e  e x i s t i n g  
s t a f f  o f  DESU f o r  t h e  IGCC d e m o n s t r a t i o n  p l a n t .  



ZERO DATE 

FINALIZATION OF PROCESS LICENSOR 

BENCH SCALUPILOT PLANT COAL TEST 

BASIC GASIFICATION DESIGN PACKAGE 

DETAIL ENGINEERING 

PROCUREMENT & EQUIPMENT DELIVERY 

CIVIL & CONSTRUCTION 

TESTING & COMMISSIONING 

FIGURE 8-4 IMPLEMENTATION PLAN 
IGCC DEMONSTRATION PLANT 



The construction of the plant includes several activities such as finalization 
of the process licensors, testing of the candidate coal in bench scale/pilot 
plant levels, preparation of the basic design package of gasification plant 
based on the test results, preparation of detailed engineering of gasification 
and other supporting and off-site facilities, and procurement, erection, 
testing, and commissioning of the plant. 

While preparing the time schedule, it has been assumed that activities like 
finalization of the foreign licensor and testing of coal are pre-project 
activities before the start of the zero date. The project activities start 
with the preparation of the basic design package. The total time schedule has 
been estimated at 36 months from the zero date, out of which 33 months will be 
for mechanical completion and 3 months for commissioning for the plant. 

Before zero-date, the following activities have been assumed to be completed: 

o Finalization of the process license and its approval by the Government 
o Approval of the project capital cost including foreign exchange 
o Bench scale/pilot plant testing of the candidate coal 

It has been assumed that the basic design package of gasification plant will 
be prepared by the process licensor in participation with the Indian team, and 
detailed engineering, procurement, erection and commissioning will be done by 
a consortium of Indian organizations. However, the checking/supervision of 
process licensor has been also envisaged during detailed engineering and 
erection and commissioning of the plant. 



Section 9 

IGCC COMMERCIALIZATION STEPS IN INDIA 

The first step in the commercialization plan of IGCC technology in India 
is to build a demonstration plant and fully demonstrate the technology 
by the year of 1995. The Department of Power of Government of India has 
a budget provision in the 8th Five Year Plan for the demonstration 
plant. 

The potential users of IGCC technology in India are: 

o National Thermal Power Corporation 
o Various State Electricity Boards 
o Captive power plants 
o Small power generation units in the private sectors 

The potential applications of IGCC are as: 

o Retrofit 
o Grass root 

A substantial number of coal fired thermal power plants in the range of 
20-100 MW capacity installed in the sixties and seventies are operating 
at efficiencies in the range of 18-26%. This is in comparison to the 
plants installed in the later part of seventies and eighties operating 
at efficiencies ranging from 30-37%. Some of these plants have been 
derated and operated at low plant load factor (PLF). In some plants, the 
boilers, auxiliaries, and control systems have outlived the safe 
operating life and became obsolete. However, some of the equipment like 
steam turbine, electric generator and transformers are in operating 
condition and could be utilized for many more years efficiently. 

Overhauling and revamping of these plants would be necessary to maintain 
them in running condition but the efficiency may not increase by any 
appreciable value. The environmental laws are stringent now compared to 
the situation existing when the plants were installed. Large investments 
are required for the installation of pollution control equipment, namely 
flue gas desulfurization (FGD) units to make these plants 
environmentally compatible, which increase the rehabilitation cost and 
consequently the cost of power generation. The equipment of these old 
plants which still have sufficient residual life could be utilized in 
the following manner. 

o In power plants where the boiler and steam turbine are not in 
working condition and have outlived their life but electric 
generators are in good condition and have sufficient residual 
life, gas turbine can be installed to serve as simple cycle power 
plant. 

o In power plants where steam turbines and electric generators both 
are in working condition having efficient residual life, gas 
turbine and waste heat boiler can be installed to operate the 
plant on combined cycle mode. 

In both cases, the existing facilities like coal handling, ash disposal 
and water available in the thermal power plant could be utilized and 



i n t e g r a t e d  with t h e  c o a l  g a s i f i c a t i o n  p l a n t  which reduces t h e  c a p i t a l  
investment .  

With t h e  environmental laws becoming more s t r i n g e n t ,  i n  t h e  c o a l  f i r e d  
power p l a n t  l o c a t e d  i n  t h e  met ropol i tan  c i t i e s ,  t h e  i n s t a l l a t i o n  of c o a l  
g a s i f i e r s  t o g e t h e r  wi th  gas  t u r b i n e s  a s  topping  c y c l e  could  minimise t h e  
p o l l u t i o n  and i n c r e a s e  t h e  ou tput  of t h e  p l a n t .  

The n a t u r a l  gas  based power p l a n t s  p r e s e n t l y  o p e r a t i n g  i n  t h e  count ry  
have e f f i c i e n c i e s  ranging from 30-33% f o r  s imple cyc l e  mode and 40-45% 
f o r  combined c y c l e  mode. I n  Ind ia ,  t h e  resources  of n a t u r a l  gas  a r e  
limited whereas t h e  count ry  has  abundant resources  of high ash non- 
coking c o a l s .  The n a t u r a l  gas  i s  needed f o r  s e v e r a l  p roduc t s /u se s  
(chemicals ,  f e r t i l i z e r s  and i n  steel p l a n t s )  be s ides  power gene ra t i on .  
Therefore  t h e  s h o r t  t e r m  s t r a t e g y  could  be t o  use n a t u r a l  gas  f o r  power 
gene ra t i on  through combined c y c l e  t o  m e e t  power demand and a c c e l e r a t e  
growth. The long  term s t r a t e g y  could  be t o  r ep l ace  n a t u r a l  gas  by c o a l  
gas  from high ash  c o a l s .  

Based on t h e  performance of t h e  demonstrat ion p l a n t  t o  be set up du r ing  
t h e  8 t h  Plan per iod ,  commercial s c a l e  a p p l i c a t i o n  of IGCC i s  proposed a s  
fo l lows  : 

o R e t r o f i t t i n g  of g a s i f i e r s  i n  t h e  o l d e r  power p l a n t s  of c a p a c i t i e s  
ranging from 20-100 MW dur ing  t h e  9 th  Plan p e r i o d  

o Replacement of n a t u r a l  gas  by coa l  gas  by i n s t a l l a t i o n  of c o a l  
g a s i f i e r s  i n  t h e  combined c y c l e  p l a n t s  du r ing  t h e  9 th  Plan p e r i o d  

o I n s t a l l a t i o n  of new IGCC based power p l a n t s  having module c a p a c i t y  
of 300 MW dur ing  t h e  10 th  Plan pe r iod  
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A p p e n d i x  A 

EQUIPMENT L I S T S  

IGCC PLANT 

(SHELL CASE) 



Table A-0 

EQUIPMENT LIST 
(SHELL CASE) 

CoALTRANSPORTATKN (MERRYGO ROUND) SYSTEM 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

1 Rail Track Length - 20 km 

2 Wagons 2 6  Bonom Discharge 

3 Locomotives 3 W D S - 6  

4 In Motion Weigh Bridge 2 90 tonnes 

5 Signalling 8 Telecommunication 

6 Coal Bunker for Receiving Raw Coal 1 100 m3 
(0-200 mm) from Meny-Go-Round 
System 



Table A-1 

MUIPMENT US1 
PLANT 1 (SHELL CASE) 

COAL RECEIVING. PRIMARY CRUSHING b STORAGE 

Hp Total 
Item No. T i t le  Qty. Description Each HP -- Remarks 

1 T- 1 Surge Bin 

1 T-2 Surge Bin Feeder 

1 T - 3 Scalping Screen 

1 T-4  Primary Crusher 

1 T-5 Crushed Coal Conveyor 

1 T-6 Crushed Coal Shuttle Conveyor 1 

1 T-7 Distribution Bin 

1 T-8 Distribution Bin Vib. Feeder 2 

Capacity- 120 tons 0 0 
Construction- Steel 
Plan Size- 5m x lh 
Liners: Conical portion CS 
Outlets: 2 

Type: Vibrating 20 40 
Capacity- 0 to 500 tph 
Width- 1200mm 

Type: Vibrating. Double deck 40 80 
Feed rate- 500 tph 
Size- 2.lm x 4.9m 
Top Deck- 75mm 
Bot Deck- 50mm 

Type: Symons Std. Cone or equal 350 700 
Size- 2.1 m(7 feet) 
Feed Size- 200mm 
Produd Size: 50 mm, nominal 

Type: Belt 
Capacity- 1000 tph 
Width- 1050mm 
Length- 75m ft. 
Lift- 18m 
Speed- 2.75 mps 

Type: Reversible Shuttle Belt 1 5+5 2 0 
Capaaty- 1000 tph 
Width - 1050mm 
Length - 7m 
Lift- nil 
Speed- 2.75 mps 

Capacity- 160 tons 
Construction- CS 
Plan- 12m x 4m 
Vetical side- 4m 
Conical side- 2.5m 
NO of outlets- 3 
Clearance from ground- 6m 

Type: Vibrating 30 60  
Capacity- 0 to 1000 tph 
Width- 1200mm 



Table A-1 

Item No. 

1 T -9  

1T-10 

I T - 1  1 

I T - 1 2  

1T-13 

EQUIPMENT LIST 
PLANT 1 (SHELL CASE) 

COAL RECEIVING, PRIMARY CRUSHING 8 STORAGE 

Hp Total 
T i t le  Qty. Description Each HP -- Remarks 

Dist. Bin. Weigh Feeder 

Storage Yard Belt Conveyor 

Reversible Stacker Reclaimer 

Cdshed Coal Storage Pile 

Day Store Stacking Conv. 

1 T - 1 4 Day Storage Pile 

1 T-  1 5 Redaim Hoppers 

1 T - 1 6 Redaim Feeders 

1 T - 1 7 Motorized gate 

Type: Weigh Belt 15  
Capacity- 0 to 500 tph 
Width- 1200 mm 

Type: Reversible Belt 
Capacity- 1000 tph 
Width- 1050mm 
Length- 360m 
Uft- 8M 
Speed- 2.75 mps 

Stacklng- 1000 tph 250 
Redaiming- 0 to 500 tph 
Boom Length- 35 m 
Boom Conveyor- Reversible 
Width- 1050 mm 

Type - Open Pile 
Capacity - 57.500 tons 

live-5.5 Days 
Pile Length- 320m 
Pile height- 14.5m 

Type: Belt 
Capadty- 1000 tph 
Width- 1050mm 
Length- 120m 
Lift- 23m 
Speed- 2.75 mps 

Diameter- 80m 0 
Height- 27.5m 
Capacity- 10.000 tons- live 

35,000 tons- total 
Accesory- Lowering tube 

Capaaty- 10 tons 0 
Consuuction- CS 
Location- Below ground-under 

day storage -in tunnel 

Type: Vibrating 2 0 
Capacity- 0 to 500 tph 
Width- 900mm 

Type- Two way 
FIOW- 5no tph 



Table A-1 

EQUIPMENT UST 
PLANT 1 (SHELL CASE) 

COAL RECEIVING, PRIMARY CRUSHING (L STORAGE 

Hp Total  
Itern No. T i t le  Qty. Description -- Each HP Remarks 

1 T-  1 8 Day stock Redaim Conveyor 1 +1 

1 T-19 Transport Conveyor 

1 T - 2 0 Dust Collectors 

1 T - 2 1 Belt Scale 

Type: Belt 50 100 
Capacity- 500 tph 
Width- 900 rnm 
Length- 15Om 0 0 
Lift- 9M 
Speed- 2.25 mps 

Type: Bell 
Capacity- 500 tph 
Width- 900 mm 
Length- 50m 
Lift- 3m 
Speed- 2.25 rnps 

Type - Bag House 
Area - 350 Sq m 
Fan: 
Flow - 10 cubic mps 

Belt Width- 900 rnm 
Capacity- 500 tph 



Table A-2 

Item No. 

2T- 1 

EQUIPMENT UST 
PLANT 2 ( SHELL CASE) 

COAL AND LIMESTONE HANDLING 

HP Total 
T i t le  Qty. Description Each HP -- 

Silo Feed conveyor 1 +1 

2T-2 Tripper Conveyor 

2T-3 Flux Reclaim Hopper 

2T-4 Redaim Weigh Feeders 

1+1 

1+1 

Flux Crusher Feed Conveyor 1+1 

2T-6 Tramp Iron Magnet 

2T-7 Flux Crusher 

Motorized gate 1+1 

Dust Collector - Crushing 1 

Dust Collector - Bunker top 1 

Type: Belt 7 5 
Capacity- 520 tph 
Width- 900 mm 
Length- 125m 
Llft- 25m 
Speed- 2.25 mps 

Type: Belt 20+5 
Capacity- 520 tph 
Width- 900 mm 
Length- 35m 
Llft- 4m 
Speed- 2.25 mps 
Auxiliary- Motorized tripper 

Capacity- 3 tons 0 
Volume- 2 cu m 
Construction- CS 
Plan- 1.2m x 1.2 m 
Side Slope- 50 deg 

Type:Weigh Belt 
Capacity- 30 tph 
Width- 400 mm 
Length- 3m 
Lift- nil 

Type: Belt 
Capacity- 30 tph 
Width- 450 mm 
Length- 9m 
Lift- 4m 
Speed- 2.25 mps 

B elt width- 450 mm 

Type: Hammer mill 
Capacity- 30 tph 
Feed- 50 mm 
Product- 25mm 

Flow- 30 tph 2 

Type - Bag House 20+3 
Area - 90 Sq m 
Flow - 2.5 cubic mps 

Type - Bag House 40+3 
Area - 180 Sq m 
Fan: Flow - 5 cubic mps 



Table A-3 

EQUIPMENT UST 
PUNT 4 (SHELL CASE) 

AIR SEPARATK)N 

Four trains, each has a design capacity of 1350 MTPD of contained oxygen at a purity of 98% by volume. 

Oxygen delivery pressure is 36.7 kg/an2 (a) and at 140 C. 

Each trains also produces 375 MTPD high purity nitrogen at 63 kg/an2 (a) pressure and 149 C. 

Each trains futther produces 240 MTPD high purity nitrogen at 9 kg/an2 (a) pressure and 149 C. 

This plant includes a liquid oxygen storage of 1350 tonnes. a gaseous oxygen storage of 25 tonnes. 

This plant indudes a liquid nitrogen storage of 615 tonnes, a gaseous nitrogen storage of 12 tonnes. 

All the air, oxygen, and nitrogen compressors are electric motor driven. 



Table A-4 

EQUIPMENT LIST 
PLANTS 5,6, 7,8 (SHELL CASE) 

COAL GASIFICATION, ACID GAS REMOVAL. SULFUR RECOVERY, SOUR WATER STRIPPING 

These four plants are proprietary design of Shell. No equipment list is available. The design is described 
in Section 5.1 .l. The specific design capacities are as following. 

Plant No. of 
No. Plant Name - Trains 

5 Coal Gasification 
Coal Milling 8 Drying 4+2 
Coal Press. 8 Feeding 4 
Gasification 8 Gas Quench 4 
High Temp. Gas Cooling 4 
Particulate Removal 4 
Gas Treating 8 Cooling 2 
Flyslag 8 Slag Handling 4 

6 Acid Gas Removal 2 

7 Sulfur Recovery 2 

8 Sour Water Stripping 1 

Design CapacityKrain 

2615 MTPD coal feed, 163 MTPD limestone feed 
2324 MTPD of combined dried coal (2% moist) and limestone 
2324 MTPD of combined dried coal (2% moist) and limestone 
64 million Kcallh duty 
106 000 Nm3lh gas flow 
212 000 Nm3lh gas flow 
1060 MTPD slag 8 137 MTPD flyslag 

212 000 Nm3lh gas flow 

15.2 MTPD sulfur production 

41 m3h  sour water feed 



Table A-5 

EQUIPMENT LlST 
PLANT 9 ( SHELL CASE) 

COMBINED CYCLE 

Item No. T i t le  Qty. DescriptionlUnit Remarks 

9C-1 Blowdown Flash Drum 

9C-2 Condensate Storage Tank 

9E-1 Heat Recovery Steam Generator 

9E-2 Surface Condenser 

9F-1 Startup Boiler 

9G- 1 Condensate Pump 

Vertical vessel, C.S. 
Design pressure: 4.2 Kglcm2 (g) 
Design temperature: 190 C 
Diameter:9l cm 
T-T:260 cm 

Vertical vessel, C.S. with epoxy lining 
Design pressure: 3.5 Kglcm2 (g) 
Design temperature: 51 C 
Diamet8r:B.S m 
T-T:12 m 

Duel pressure system, include the steam 
drums and deaerator, and a stack 
Heat transfer area (extended surface) is: 
HP superheater:11000 m2 
Reheater:12900 m2 
HP evaporator:37300 m2 
IP superheater:2200 m2 
HP economizer 1:26300 m2 
IP evaporator24500 m2 
HP economizer 11:50300 m2 
IP economizerS500 m2 
Integral deaerator:14600 m2 

Steam condition is: 
HP:103 kgtcm2 abs, 538 C 
IP 6 RH:25 kgtcm2 abs. 538 C 

Stack: 32m high, 7.5m diameter 

. Shell 6 tube, single shell, 2 passes 
Shell: C.S., tube: S.S. 
lndude vacuum pump package 
Duty 230 million Kcalh 
Surface area:12000 m2 

Rated at 11 000 kgh, 18.6 kglcm2 abs 
saturated steam 

2+2 Horizontal centrifugal 
Casing: cast iron, impeller: bronze 
Flow526 m31h 
Temp:49C 
Diff. pressure:2.11 kglcm2 
Power:66 BHP 



Table A-5 

EQUIPMENT UST 
PLANT 9 ( SHELL CASE) 

COMBINED CYCLE 

Item No. T i t l e  Oty. DescriptionlUnit Remarks 

9G-2 LP Boiler Feedwater Pump 2+2 

9G-3 HP Boiler Feedwater Pump 2+2 

9G-4 Condensate Transfer Pump 2+1 

2 9 K - 1 Gas Turbine-Generator 

9K-2 Steam Turbine-Generator 2 

9R- 1 Gas Turbine Building 

9 R-2 Steam Turbine Building 

Horizontal centrifugal, 1 1-1 3% Cr 
Flow:65 m31h 
Temp:l09C 
Diff. pressure:26.8 kglcm2 
Power:80 BHP 

Horizontal centrifugal, 1 1-1 3% Cr 
Flow:514 m31h 
Temp:l O9C 
Diff. pressure:119 kglcm2 
Power:2680 BHP 

Horizontal centrifugal, 316 S.S. 
Flow:514 m31h 
Temp:49C 
Diff. pressure:2 kglcm2 
Power: 66 BHP 

General Electric MS9001 F gas turbine, 
single shaft, with inlet filter 
and other auxiliary systems, rated 
212 MW at IS0 

Generator: hydrogen cooled. 50 Hz, 
3000 rpm, 16500 volts. 240 MVA 

Triple extraction, double flow condensing 
76 cm last stage bucket, steam flow: 
HP SH: 458000 kgh 
RH: 461000 kgh  
17.6 kglcm2 (a) extrac steam: 17000 kgh  
s kgIcm2 (a) extrac steam: 23000 k g h  

Generator: hydrogen cooled, 50 Hz, 
3000 rpm, 16500 volts, 180 MVA 

34m x 40m floor area, 16m high 
structure, lower part reinforced concret. 
upper part structure steel 

34m x 45m floor area, 16m high 
structure, lower part reinforced concret. 
upper part structure steel 



Table A-6 

EQUIPMENT LIST 
PLANT 30 ( SHELL CASE) 
SOLID WASTE DISPOSAL 

Item No. T i t le  Oty. DescriptionlUnit Remarks 

Designed tor 4559 MTPD slag flow. 



Table A-7 

EOUPMENT LIST 
PLANT 31 ( SHELL CASE) 

REUEF 6 BLOWOOWN 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

31 D-1 Knodc Out Drum 

31 G - 1 01 K.O. Drum Pump 

Horizontal Vessel, C.S. 
Design Temp: 66C 
Design Pressure: 1 kgJcm2 (g) 
Diameter: 3 m 
T-T: 1 l m  

Design gas flow: 335 000 kgh  
Design heat duty: 1000 million Kcah 
C.S. 
Diameter: 110 cm 
Height: 32 m 

Centrifugal, C.S. 
Liquid head: 20 m 
Flow: 34 m3/h 
BHP: 5 HP 



Table A-8 

EQUIPMENT LIST 
PLANT 32 ( SHELL CASE) 
INTERCONNECTING PIPING 

Major Items of this plant are: 

Fuel oil lines 
Pipe and pipeways for raw water supply and BFW makeup water supply 
Pipe and pipeways for treated waste water and steam blowdown 
Instrument and service air lines 
Oxygen and nitrogen supply from the air separation plant to the gasification plant 
Steam lines to the liquid oxygen and liquid nitrogen vaporizers 
Pipe and pipeways between process areas 
Distribution of cooling water and service water from the cooling tower 
Coal gas, steam, feedwater, and condensate lines between the process and power areas 
Miscellaneous process and utility piping 



Table A-9 

EQUIPMENT LIST 
PLANT 33 ( SHELL CASE) 
COMPRESSED AIR SYSTEM 

Item No. T i t le  Oty. DescriptionlUnit Remarks 

33C -1 Compressed Air Receiver 4 Vertical vessel, C.S. 
Design pressure: 10 kglcm2 (g) 
Design pressure: 65 C 
Diameter: 1.37 m 
T-T: 3.81m 

33K- 1 Air Compressor 

33T-1 Desiccant Air Dryer 

4 Design gas flow: 2 000 Nm3lh 
Pressure head: 6.9 kglcm2 
Cast iron casing, C.S. Impeller 
Centrifugal, motor drive 
300 BHP 

4 Twin tower, cycling type 
Design gas flow: 1000 Nm3lh 
Design pressure: 10 kglcm2 (g) 
Design temperature: 65 C 



Table A-10 

EQUIPMENT UST 
PLANT 34 ( SHELL CASE) 
N E L  OIL AND LPG SYSTEM 

Item No. Tit le Qty. DescriptionlUnit Remarks 

34C-1 Fuel Oil Tank 

34C -2 LPG Storage Tank 

34G-1 Fuel Oil Pump 

1 Vertical vessel, C.S. 
15 000 barrels storage 
Diameter: 16 m 
Height: 12 m 

1 Horizontal high pressure storage bullet 
Storage capacity: 240 barrels 

2+1 Centrifugal, C.S. 
Flow: 230 gpm or 52 m 3 h  
Pressure head: 40 m liquid 
15 BHP 



Table A-11 

EQUIPMENT LIST 
PUNT 35 ( SHELL CASE) 

ELECTRICAL SYSTEMS 

Item No. T i t le  Qty. DescriptionlUnit Remarks 

H.V. Circuit Breaker 

H.V. Disconnect Switches 

H.V. Disconnect Switches with 
Earthing Blade 

H.V. Lighting Arresters 

Step-up Transformer for 
Gas Turbines 

Step-up Transformer for 
Steam Turbines 

Step-down Transformer for 
Air Separation and Cooling Tower 

Step-down Transformer for 
Startup 

Step-down Transformer for Combinec 
Cyde Auxiliary Power 

Step-down Transformer for Process 
Plant Auxlllary Power 

Step-down Transformer for Combinec 
Cyde Auxiliary Power (L.V.) 

Step-down Transformer for Process 
Plant Auxiliary Power (L.V.) 

M.V. Swltchgear 

M.V. Motor Control Center 

L.V. bad  Center Buses 

LV. Motor Control Center 

235KV, 2000A, 63KA RMS system 

3-pole 235 KV, 'v" type center break 

&pole 235 KV, 2000A, vertical break 
with grounding blade 

184 KV 

18012401300 MVA, OAIFAIFOA, 
16.5-220 KV, Delta-Wye 

12011 601200 MVA, OAIFNFOA, 
16.5-220 KV, Delta-Wye 

50167 MVA, OAIFA. 
220-16.5 KV, Wye-Wye, core form type 

12 MVA. FOA. 
220-6.6 KV, Wye-Wye, core form type 

4215.25 MVA, ONFA, 
16.56.6 KV, Delta-Wye 

516.25 MVA, OAIFA, 
16.56.6 KV, Delta-Wye 

2/23 MVA, OAIFA, 
6.6 KV- 480 V, Delta-Wye 

1.5 MVA, OA 
16.5 KV- 480 V, Delta-Wye 

16.5 KV, 750MVA S.C., 3000A 

6.6 KV. 250MVA S.C., 2000A 

400 V, 42 KA S.C., 3000A 

lot 400 V, 800A 



Table A-12 

EQUIPMENT LIST 
PLANT 37 ( SHELL CASE) 
COOLING WATER SYSTEM 

Item No. T i t le  Qty. DescriptionlUnit Remarks 

Cooling Tower 

Auxiliary Cooling Water Heat Exchanger 

Circulating Water Pump 

37G-2 Service Water Pump 

37G-3 Auxiliary Cooling Water Pump 

37D- 1 Demineralized Water Head Tank 

Biocide Additive Package 

Scale Inhibitor Additive Package 

Corrosion lnhibitor Additive Package 

Chlorination Package 

29 cells. 2500 m3lh water circulation 
per cell. 5 cycles of concentration 

Shell and tube, C.S., 50 m2 bare tube 
surface area 

Centrifugal, case iron 
Design flow: 14300 m3lh 
Liquid head: 1 1 m 
720 BHP 

Centrifugal, case iron 
Design flow: 8200 m3lh 
Liquid head: 37m 
1400 BHP 

Centrifugal, case iron 
Design flow: 200 m31h 
Liquid head: 68m 
65 BHP 

Vertical vessel, C.S. with epoxy lining 
Design pressure: 3.5 kglcm2 (a) 
Design Temperature: 65 C 
Diameter: 1.2 m 
T-T: 2.6 m 

Include one tank with 2~100% 
metering pumps, sizing based on 
1200 m3/h CT makeup water rate 

Include one tank with 2~100% 
metering pumps, sizing based on 
1200 m3/h CT makeup water rate 

Include one tank with 2~100% 
metering pumps, sizing based on 
1200 m3lh CT makeup water rate 

Sizing based on 1200 m31h 
CT makeup water rate 



Table A-13 

EQUIPMENT UST 
PLANT 38 ( SHELL CASE) 

RAW WATER SUPPLY AND TREATMENT 

Item No. T l t le  Oty. DestriptionlUnit Remarks 

Clarifier Feed Pump 

38G-2 Alum Metering Pump 

38G-3 Soda Ash Metering Pump 

Potassium Permanganate Meteing Pump 

Filtered Water Pump 

Dmineralizer Feed Pump 

Sulfuric Add Metering Pump 

Water Pump for Acid Dilution 

Sodium Hydroxide Transfer Pump 

Sodium Hydroxide Feed Pump 

Centrifugal. Cast lron 
Design Flow: 700 m3h 
Liquid Head: 21 m 
70 BHP 

metering, Alloy 20 
Design Flow: 0.1 m3h 
Liquid Head: 70 m 
0.5 BHP 

metering, vendor spec material 
Design Flow: 0.1 m3h 
Liquid Head: 70 m 
0.5 BHP 

metering, vendor spec material 
Design Flow: 0.1 m3h 
Liquid Head: 70 m 
0.5 BHP 

Centrifugal, Cast lron 
Design Flow: 90 m3h 
Liquid Head: 15 m 
7 BHP 

Centrifugal. Cast lron 
Design Flow: 40 m3h 
Liquid Head: 21 m 
5 BHP 

metering, C.S. Teflon lining 
Design Flow: 0.7 m3h 
Liquid Head: 70 m 
0.5 BHP 

Centrifugal, Cast lron 
Design Flow: 32 m3h 
Liquid Head: 15 m 
3 BHP 

L 

Centrifugal. C.S. 
Design Flow: 4.5 m3h 
Liquid Head: 15 m 
2 BHP 

Centrifugal, C.S. 
Design Flow: 17 m3h 
Liquid Head: 15 m 
2 BHP 



Table A-1 3 

EQUIPMENT UST 
PLANT 38 ( SHELL CASE) 

RAW WATER SUPPLY AND TREATMENT 

Item No. T i t le  Qty. DoscriptionlUnit Remarks 

38G-16 Raw Water intake Pwnp 

38D-1 Alum Mix Tank 

380-2 Soda Ash Mix Tank 

38D-2 Soda Ash Mix Tank 

38G-11 Demineralizer Rinse Pump 1 +I  

38G-12 Boiler Feed Water Makeup Pump 4+ 1 

38G-13 Filter Feed Water Pump 2+ 1 

38G-14 Cooling Tower Makeup Water Pump 2+ 1 

38G-15 a i u m  Hypochlorite Metering Pump 1 

2+ 1 

1 

1 

380-3 Potardum Pwnanganate Mix Tank 1 

38D-1 Alum Mix Tank 1 

1 

Centrifugal, Cast lron 
Design Flow: 23 m3h 
Liquid Head: 15 m 
3 BHP 

Centrifugal. Cast lron 
Design Flow: 34 m3h 
Uquid Head: 21 m 
4 BHP 

Centrifugal, Cast lron 
Design Flow: 90 m3h 
Uquid Head: 15 m 
7 BHP 

Centrifugal, Cast lron 
Design Flow: 600 m3h 
Uquid Head: 70 m 
195 BHP 

Centrifugal. High Si 
Design Flow: 0.02 m3/h 
Uquid Head: 70 m 
0.25 BHP 

Centrifugal. Cast lron 
Design Flow: 700 rn3h 
Uquid Head: 35 m 
110 BHP 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel. FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel. FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 



Table A-13 

MUIPMENT LIST 
PLANT 38 ( SHELL CASE) 

RAW WATER SUPPLY AND TREATMENT 

Item No. T i t l e  Oty. DescriptionlUnit Remarks 

Potassium Permanganate Mix Tank 

Sodium Hypochlorite Mix Tank 

Filtered Water Tank 

Sulfuric Add Storage Tank 

Sodium Hydroxide Storage Tank 

Sodium Hydroxide Feed Tank 

Boiler Feed Water Storage Tank 

Filter Feed Tank 

Water Treatment Building 

Raw Water Clarlfler 

Gravity Filter 

Demineralizer Package 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel, C.S., epoxy lining 
Diameter: 4.27 m 
Height: 4.27 m 

Vertical vessel, C.S. 
Diameter: 4.27 m 
Height: 6.7 m 

Vertical. C.S., Neoprene-Latex coated 
Diameter: 5.49 m 
Height: 7.92 m 

Vertical, C.S., Neoprene-Latex coated 
Diameter: 1.52 m 
Height: 1.52 m 

Vedcal vessel, C.S., epoxy lining 
Diameter: 8 m 
Height: 8 m 

Vertical vessel. C.S., epoxy lining 
Diameter: 4.87 m 
Height: 4.27 m 

Preengineered metal building. 
18m x 55m with 7.3 m eave height 

Vertlcal vessel. C.S., epoxy lining 
Diameter: 14.63 m 
Height: 6.71 m 

Vedcal vessel, C.S., epoxy lining 
Diameter: 6.1 m 
Height: 4.57 m 

Include cation, anion, and mixed bed 
exchangers, 
Capaaty: 70 m3lh demineralized water 



Table A-14 

WIPMENT UST 
PLANT 39 ( SHELL CASE) 

t=lEPROTECTK)N 

Item No. Tit le Qty. DeacrlptlonlUnit Remark* 

LP Carbon Dioxide Storage Tank 1 

Fire Water Pump 2 

Halon System 

Carbon Dioxide System 

Hose Cart 

Hose Reel 

Fire and Smoke Detector 

Fire Hydrants 

Deluge 6 Sprinkler System 

Portable Extinguisher 

Yard Fire Water Piping 

Building Fire Water Piping 

8 tonnes 

Centrifugal, driven by diesel engine 
Design flow: 450 m3h 
Liquid head: 180 m 
400 BHP 

Installed in control rooms 

Installed in turbine building 

.2 m steel wheels, each with 80 m long 
6.35 an diameter hose 

30 m long, 3.81 an diameter 

Dry barrel type, 15 an Inlet with 
pump connection 

Located over rotating components that 
handle flammable h i d  plus transformers 



Table A-15 

EOUIPMEKT LIST 
PLANT 40 ( SHELL CASE) 
WASTE WATER TREATING 

Item No. T i t le  Oty. DescriptionlUnit Remarks 

40G-1 Clarifier Sludge Pump 

40G-2 Backwash Water Pump 

1 +I  Centrifugal, Cast lron with rubber 
lining, 
Design Flow: 2.3 m31h 
Liquid Head: 15 m 
0.5 BHP 

1+1 Centrifugal, Cast lron 
Design Flow: 13.8 m3/h 
Liquid Head: 15 m 
2 BHP 

40G-3 Backwash Settled Water Pump 1 +I Centrifugal, Cast Iron 
Design Flow: 13.8 m3/h 
Uquid Head: 15 m 
2 BHP 

40G-4 Thickener Underflow Pump 

40G-5 Regenerant Discharge Pump 

40G-6 Slop Oil Pump 

40G-7 Storm Runoff Water Pump 

40G-8 Oily Water Pump 

40G-9 Thickener Overflow Pump 

40D-1 Neutralization Tank 

1 + 1 Mayno, 304 S.S. 
Design Flow: 1 m3/h 
Uquld Head: 21 m 
0.5 BHP 

2+1 Centrifugal, Alloy 20 
Design Flow: 34 m3h 
Uquid Head: 30 m 
6 BHP 

1 Redp, Cast lron 
Design Flow: 1 .I m3/h 
Uquid Head: 21 m 
1 BHP 

1 Centrifugal. Cast lron 
Design Flow: 300 rn3h 
Uquid Head: 23 rn 
35 BHP 

1 Centrifugal. Cast lron 
Design Flow: 2.3 m3h  
Uquid Head: 15 m 
2 BHP 

1 + 1 Centrifugal, Cast lron 
Design Flow: 4 m3/h 
Uquid Head: 15 rn 
2 BHP 

1 Vertical vessel, C.S.. epoxy lining 
Diameter: 4.87 m 
Height: 5.49m 



Table A-1 5 

EQUIPMENT UST 
PLANT 40 ( SHELL CASE) 
W A m  WATER TREATING 

Itam No. T i t la  Qty. DascrlptionlUnit Ramarks 

Spent Backwash Tank 

Oily Water Sump 

Thickener Overflow Sump 

Process Waste Water Treating Package 

Sludge Thickener 

Filter Press 

Sanitary Waste Treatment Package 

Vertical vessel, C.S., epoxy lining 
Diameter: 5.12 m 
Height: 5.12 m 

Rectangular vessel, concrete, 
1.21 m x 1.21 m x 1.82 m 

Rectangular vessel, concrete. 
1.82 m x 1.82 m x 2.44 m 

Proprietary design of Shell, include 
clarification. biotreament, and 
dewatering of sludge; 41 m3m feed water 

Vertical vessel, C.S., epoxy lining 
Diameter: 5.8 rn 
Height: 6.7 m 

304 S.S., 120 m2 filter area 



Table A-1 6 

EQUIPMENT UST 
PLANT 43 ( SHELL CASE) 

W ILDlNGS 

Item No. T i t le  Qty. DescriptionlUnit Remarks 

43R - 1 Control Building 1 Three story, steel frame, 23m x 38m 

43R-2 Administration Building Including 1 Two story, concrete, 30m x 44m 
Laboratory CL Medical Facility 

43R-3 Warehouse 1 Pre-engineered metal building, 
45m x 6Chn with 6.7m eave height 
and cast in place reinforced slab 

43R-4 Machine Shop and Maint. Building 1 Pre-engineered metal building, 
12m x 3Chn with 6.7m eave height 
and cast in place reinforced slab 



Table A-17 

MUIPMENT LIST 
PLANT 36,41,42 ( SHELL CASE) 

INSTWMENT AND CONTKL GENERA SERVICES AND MOBILE EQUIPMENT, SITE PREPARATW 

These three plants have been defined and described in Sedion 5.1.1. 

No equipment lists were developed for these plants. 



Appendix B 

EQUIPMENT LISTS 

IGCC PLANT 

(TEXACO CASE) 



Table 8-0 

EQUIPMENT UST 
(lEx4CO CASE) 

COAL TRANS?ORTATDN (MERRYGO ROUND) SYSTEM 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

1 Rail Track Length - 20 km 

2 Wagons 26 Bottom Discharge 

3 Locomotives 3 WDS-6  

4 In Motion Weigh Bridge 2 90 tonnes 

5 Signalling 8 Telecommunication 

6 Coal Bunker for Receiving Raw Coal 1 100 m3 
(0-200 mm) from Merry-Go-Round 
System 

Note: The faalities described above are identical to those of the Shell case. 



Table 6-1 

ECUIPMENT LIST 
PLANT 1 (TEXACO CASE) 

COAL RECEIVING. PRIMARY CRUSHING 8 SrORAGE 

Item No. Tit le Oty. 

I T - 1  SurgeBin 1 

1 T-2 Surge Bin Feeder 

1 T - 3 Scalping Screen 

1 T-4 Primary Crusher 

1 T-5 Crushed Coal Conveyor 

1 T-6 Crushed Goal Shuttle Conveyor 1 

I T - 7  Distribution Bin 

1 T-8 Distribution Bin Vib. Feeder 2 

Hp Total 
Description Each HP -- 

Capacity- 120 tons 0 0 
Construction- Steel 
Plan Size- 5m x 1 Qn 
Liners: Conical pottion CS 
Outlets: 2 

Type: Vibrating 20 40 
Capacity- 0 to 500 tph 
Width- 1200mm 

Type: Vlbratlng, Double deck 40 80 
Feed rate- 500 tph 
Size- 2.lm x 4.9m 
Top Deck- 75mm 
Bot Deck- 50mm 

Type: Symons Std. Cone or equal 350 700 
Size- 2.lm(7 feet) 
Feed Size- 200mm . 
ProduU Size: 50 mm, nominal 

Type: Belt 
Capaaty- 1000 tph 
Width- 1 O5Omm 
Length- 75m ft. 
Lift- 18m 
Speed- 2.75 mps 

Type: Reversible Shuttle Bett 15+5 20 
Capacity- 1000 tph 
.Width - 1050mm 
Length - 7m 
Lift- nil 
Speed- 2.75 mps 

Capacity- 160 tons 
Construction- CS 
Plan- 12m x 4m 
Vetical side- 4m 
Conical side- 2.5m 
NO of outlets- 3 
Clearance from ground- 6m 

Type: Vibrating 30 60 
Capacity- 0 to 1000 tph 
Width- 1200mm 

Remarks 



Table 8-1 

Item No. 

1 T-Q 

I T - 1 0  

I T - 1  1 

I T - 1 2  

I T - 1 3  

EQUIPMENT UST 
PLANT 1 (TEXACO CASE) 

COAL RECEIVING. PRIMARY CRUSHING (L STORAGE 

T i t le  Oty. 

Dist. Bin. Weigh Feeder 

Storage Yard Belt Conveyor 

Reversible Stacker Reclaimer 

Crushed Coal Storage Pile 

Day Store Stacking Conv. 

1 T - 14 Day Storage Pile 

1 T - 1 6 Redaim Feeders 

1 T - 1 7' Motorized gate 

Hp Total 
Description Each HP -- Remarks 

Type: Weigh Belt 15 15  
Capacity- 0 to 600 tph 
Width- 1200 mm 

Type: Reversible Belt 
Capacity- 1000 tph 
Width- 1050mm 
Length- 360m 
Uft- 8M 
Speed- 2.75 mps 

Stacking- 1000 tph 250 250 
Reclaiming- 0 to 600 tph 
Boom Length- 35 m 
Boom Conveyor- Reversible 
Width- 1050 mm 

Type - Open Pile 
Capacity - 57,500 tons 

live-5.5 Days 
Pile Length- 320m 
Pile height- 14.5m 

Type: Belt 
Capacity- 1000 tph 
Width- 1050mm 
Length- 120m 
Lift- 23m 
Speed- 2.75 mps 

Diameter- 80m 0 0 
Height- 27.5m 
Capacity- 10.000 tons- live 

35,000 tons- totd 
Accesory- Lowering tube 

Capacity- 10 tons 0 0 
Construction- CS 
Location- Below ground-under 

day storage -in tunnel 

Type: Vibrating 20 60  
Capacity- 0 to 600 tph 
Width- 900mm 

Type- Two way 
Flow- 600 tph 



Table 6-1 

Item No. 

IT -18  

I T - 1 9  

I T - 2 0  

1 T-21 

WIPMENT LIST 
PLANT 1 (TEXACO CASE) 

CQAL RECEIVING, PRIMARY CRUSHING & STORAGE 

Hp Total  
T i t la  Oty. Dascription Each HP -- 

Day stock Redaim Conveyor 1 + 1 Type: Belt 
Capadty- 600 tph 
Width- 900 mm 
Length- 150m 
Uft- 9M 
Speed- 2.75 mps 

Transport Conveyor 1 + 1 Type: Beh 25 5 0  
Capacity- 600 tph 
Width- 900 mm 
Length- 5Om 
Lift- 3m 
Speed- 2.75 mps 

Remarks 

Dust Collectors 

Belt Scale 

Type - Bag Housa 
Area - 350 Sq m 
Fal: 
Flow - 10 cubic mps 

Belt Width- 900 mm 
Capadty- 600 tph 



Table 8-2 

KXllPMENT LIST 
PLANT 2 ( TEXACO CASE) 

SECONDARY COAL CRUSHING AND HANDLING 

Hp Total  
Item No. T i t le  Qty. Deacriptlon Each - HP 

2T- 1 Crushing Plant Feed Conv. 1+1 

2T-2 Surge Bin 

2T-3 Vibrating Feeder 

2T-4 Secondary Screens 

2T-5 Secondary Crusher 

2T-6 Crusher Discharge Conveyor 

2T-7 Day Bin Feed oonveyor 

2T-8 Tripper Conveyor 

2T-9 Motorized gate 

Type: Belt 
Capacity- 600 tph 
Width- 900 mm 
Length- 50m 
Lift- 18m 
Speed- 2.75 mps 

Capacity- 60 tons 
Construction- CS 
Plan- 3m x 6m 
Outlets-2 

Type:Vibrating 
Capacity- 300 tph 

Type: Vibrating, Double deck 
Feed rate- 300 tph 
Size- 2.4m x 6m 
Top Deck- 40mm 
Bot Deck- 13mm 

Type: Symons Std. Cone or equal 350 700 
Size- 2.lm(7 feet) 
Feed Size- 50mm 
Product Size:13 mm, nominal 

Type: Belt 
Capacity- 200 tph 
Wldth- 900 mm 
Length- 12m 
Litt- 3m 
Speed- 2 mps 

Type: Belt 
Capacity- 600 tph 
Width- 900 mm 
Length- 135111 
Lift- 25m 
Speed- 2.75 ITIPS 

Type: Belt 
Capacity- 600 tph 
Width- 800 mm 
Length- 35m 
Litt- 4m 
Speed- 2.75 mps 
Auxiliary- Motorized tripper 

Flow- 300 tph 



Table 8-2 

EQUIPMENT UST 
PLANT 2 ( TEXACO CASE) 

SEWDARY COAL CRUSHING AND HANDLING 

Hp Total  
Item No. T i t le  Qty. Description Elch HP 

2T- 1 0 Dust Collector - Crushing 2 Type-Bag Hwse 40+3 86 
Area - 180 Sq m 
Fan: Flow - 5 cubic mps 

2T- 1 1 Dust Collector - Bunker top 1 Type -Bag Hwse 
Area - 180 Sq m 
Fan: 
Flow - 5 cubic mps 

2T- 1 2 Tramp Iron Magnet 1+1 B elt width- 900 mm 5 10 



Table 6-3 

EQUIPMENT LlST 
PLANT 4 (TEXACO CASE) 

AIR SEPARATION 

Four trains, each has a design capacity of 1950 MTPD of contained oxygen at a purity of 98% by volume. 

Oxygen delivery pressure is 42 kglcm2 (a) and at 140 C. 

This plant includes a liquid oxygen storage of 1950 tonnes, a gaseous oxygen storage of 35 tonnes. 

All the air, oxygen, and nitrogen compressors are electric motor driven. 



Table 8-4 

EQUIPMENT UST 
PLANTS 5 AND 8 (TEXACO CASE) 

COAL GASIFICATION AND SOUR WATER STRIPPING 

These two plants are proprietary design of Texaco. No equipment list is available. The design is described 
in Section 5.1.2. The specific design capacities are as following. 

Plant No. of 
No. Plant Name - Trains Design CapacityKrain 

5 Coal Gasification 
Coal Grinding 8 Slurrying 7 2000 MTPD coal feed, 68% (bone dry coal basis) sluny 
Gasification 8 Ash Handling 7 2000 MTPD of coal 
Carbon Scrubbing 2 268 000 Nm3h gas flow 
Low Temp. Gas Coding 2 268 000 Nm3h gas flow 

8 Sour Water Stripping 1 82 m3Ih sour water feed 



Table B-5 

EQUIPMENT LIST 
PLANT 6 ( TEXACO CASE) 

ACID GAS REMOVAL 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

6C-1 Absorber 

6C-2 Stripper 

6C-3 Stripper Reflux Drum 

6C-4 Sdvent Surge Tank 

6D-1 Solvent Storage Tank 

1 Vertical vessel, C.S., indude mist 
eliminator, 10 trays, 4 passes 
Design pressure: 30 Kglcm2 (g) 
Design temperature: 150 C 
Diameter: 4.2 m 
T-T: 15 m 

1 Vertical vessel, C.S., include mist 
eliminator, 20 trays, 2 passes 
Design pressure: 10 Kglcm2 (g) 
Design temperature: 150 C 
Diameter: 3 m 
T-T: 20 m 

1 Horizontal cylindrical vessel, C.S. 
Design pressure: 10 Kglcm2 (g) 
Design temperature: 150 C 
Diameter: 1.5 m 
T-T: 5 m 

1 Horizontal cylindrical vessel, C.S. 
Design pressure: 32 Kglcm2 (g) 
Design temperature: 150 C 
Diameter: 3.5 m 
T-T: 10 m 

1 Cone roof, 316 SS 
Design pressure: Atmosphere 
Design temperature: 45 C 
Diameter: 6 m 
T-T: 8.5 m 

6E-1 Lean Solvent Trim Cooler 1 Shell 8 tube 
Duty: 13.6 million Kcalh 
Surface area: 1352 m2 
Shell material: C.S. 
Shell design pressure: 30 Kglcm2 (g) 
Shell design temperature: 90 C 
Tube material: C.S. 
Tube design pressure: 20 Kglcm2 (g) 
Tube design temperature: 150 C 



Table B-5 

EQUIPMENT LIST 
PLANT 6 ( TEXACO CASE) 

ACID GAS REMOVAL 

Item No. T i t le  Qty. DescriptionlUnit Remarks 

6E-2 Lean-Rich Solvent Exchanger 1 

1 6E-3 Stripper Reboiler 

6E-4 Stripper Overhead Condenser 1 

6G-1 Solvent Feed Pump 

6G-3 Stripper Reflux Pump 

1 +1 

6G-2 Lean Solvent Recyde Pump 1 +1 

1 +1 

Shell 8 tube 
Duty: 21.5 million Kcalh 
Surface area: 2440 m2 
Shell material: C.S. 
Shell design pressure: 11 Kglcm2 (g) 
Shell design temperature: 150 C 
Tube material: C.S. 
Tube design pressure: 30 Kglcm2 (g) 
Tube design temperature: 150 C 

Vertical thermosyphon 
Duty: 23.42 million Kcallh 
Surface area: 1430 m2 
Shell material: C.S. 
Shell design pressure: 10 Kglcm2 (g) 
Shell design temperature: 150 C 
Tube material: C.S. 
Tube design pressure: 10 KgIcm2 (g) 
Tube design temperature: 150 C 

Shell 8 tube 
Duty: 7.6 million Kcalh 
Surface area: 550 m2 
Shell material: C.S. 
Shell design pressure: 10 Kglcm2 (g) 
Shell design temperature: 150 C 
Tube material: C.S. 
Tube design pressure: 7 Kg/cm2 (g) 
Tube design temperature: 110 C 

Horizontal centrifugal 
Casing: C.S., impeller: ductile iron 
Flow30 m3lh 
Temp:30 C 
Liquid head35 m 
Powers BHP 

Horizontal centrifugal 
Casing: C.S., impeller: ductile iron 
Flow:550 m31h 
Temp:123 C 
Liquid head350 m 
PowerS80 BHP 

Horizontal centrifugal 
Casing: C.S., impeller: ductile iron 
Flow:45 m3lh 
Temp:& C 
Liquid head50 m 
Power:ll BHP 



Table 8-5 

EQUIPMENT UST 
PLANT 6 ( TEXACO CASE) 

ACID GAS REMOVAL 

Item No. Title Oty. DescriptionlUnit Remarks 

6T-4  Solvent Carbon Filter 1 +1 Vertical drum packed bed, C.S. 
Design pressure: 40 Kglcm2 (g) 
Design temperature: 150 C 
Diameter: 2 m 
T-T: 6 m 



Table B-6 

EQUIPMENT LIST 
PLANT 7 (TEXACO CASE) 

SULFUR RECOVERY 

This Selectox process used for this plant is a proprietary design of Parson. No equipment list is avajlable. 
The design id described in Section 5.1.2. 

One train is used. The design gas feed is 16400 Nm3h with 7.5% H2S. 

The sulfur recovery is 93%. 

Total sulfur produced is 37 MTPD in solid block. 



Table 6-7 

EQUIPMENT LIST 
PLANT 9 ( TEXACO CASE) 

COMBINED CYCLE 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

9C-1 Blowdown Flash Drum 

9C-2 Condensate Storage Tank 

9E-1 Heat Recovery Steam Generator 

9E-2 Surface Condenser 

9F-1 Startup Boiler 

9G-1 Condensate Pump 

Vertical vessel, C.S. 
Design pressure: 4.2 Kglcm2 (g) 
Design temperature: 190 C 
Diameter:gl cm 
T-T:260 cm 

Vertical vessel, C.S. with epoxy lining 
Design pressure: 3.5 Kglcm2 (g) 
Design temperature: 51 C 
DiameterB.3 m 
T-T:12 m 

Duel pressure system, include the steam 
drums and deaerator, and a stack 
Heat transfer area (extended surface) is: 
HP superheater:11650 m2 
Reheater:8170 m2 
HP evaporator:41100 m2 
IP superheater:2100 m2 
HP economizer 1:30450 m2 
IP evaporator:23950 m2 
HP economizer 11:18200 m2 
IP economizer:3900 m2 
Integral deaerato~27850 m2 

Steam condition is: 
HP:103 kglcm2 abs, 538 C 
IP 8 RH:25 kglcm2 abs, 538 C 

Stack: 32m high, 7.5m diameter 

. Shell 8 tube, single shell, 2 passes 
Shell: C.S., tube: S.S. 
lndude vacuum pump padcage 
Duty 255 million Kcallh 
Surface area:13300 m2 

Rated at 1 1000 kglh, 18.6 kglcm2 abs 
saturated steam 

2+2 Horizontal centrifugal 
Casing: cast iron, impeller: bronze 
Flow:470 m31h 
Temp:49C 
Diff. pressure:2.5 kglcm2 
Power53 BHP 



Table 8-7 

EQUIPMENT UST 
PLANT 9 ( TEXACO CASE) 

COMBINED CYCLE 

Item No. T i t l e  Oty. DescriptionlUnit Remarks 

LP Boiler Feedwater Pump 

HP Boiler Feedwater Pump 

Condensate Transfer Pump 

Process Makeup Water (BFW 
Quality) Transfer Pump 

Gas Turbine-Generator 

9 K-2 Steam Turbine-Generator 

9R-1 Gas Turbine Building 

9R-2 Steam Turbine Building 

Horizontal centrifugal, 1 1-13% Cr 
Flow:50 m3lh 
Temp:l16C 
Diff. pressure:26.4 kgkm2 
Power:6O BHP 

Horizontal centrifugal, 1 1-13% Cr 
Flow:300 m31h 
Temp:116C 
Diff. pressure:119 kglcm2 
Power:1185 BHP 

Horizontal centrifugal. 316 S.S. 
Flow:470 m31h 
Temp:49C 
Diff. pressure:2 kglcm2 
Power: 60 BHP 

Horizontal centrifugal, 1 1-13s Cr 
Flow:175 m31h 
Temp:116C 
Difl. pressure:5.3 kglcm2 
Power: 45 BHP 

General Electric MS9001F gas turbine, 
single shaft, with inlet filter 
and other auxiliary systems, rated 
212 MW at IS0 
Generator: hydrogen cooled. 50 Hz, 
3000 rpm. 16500 volts, 240 MVA 

Triple extraction, double flow condensing 
76 an last stage bucket, steam flow: 
HP SH: 265000 kglh 
RH: 316000 kglh 
43.2 kglcm2 (a) extrac steam: 1230 kglh 
8.1 kglcm2 (a) extrac steam: 6500 kgh 
3.9 kg/cm2 (a) inlet steam: 167000 kg/h 
Total Exhaust: 476000 kgm 

Generator: hydrogen cooled, 50 Hz, 
3000 rpm, 16500 volts, 150 MVA 

34m x 40m floor area, 16m high 
structure, lower part reinforced conaet. 
upper part structure steel 

34m x 45m floor area, 16m high 
structure, lower part reinforced concret. 
upper part structure steel 



Table B-8 

EQUIPMENT LIST 
PLANT 30 ( TEXACO CASE) 

SOLID WASTE DISPOSAL 

Item No. Tit le Qty. DescriptionlUnit Remarks 

Designed for 9834 MTPD slag flow. 



Table B-9 

EQUIPMENT LIST 
PLANT 31 ( TEXACO CASE) 

RELIEF 8 BLOWDOWN (NOTE 1) 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

31 D - 1 Knock Out Drum 

31 F- 1 Main Flare 

31 G-101 K.O. Drum Pump 

1 Horizontal Vessel, C.S. 
Design Temp: 66C 
Design Pressure: 1 kglcm2 (g) 
Diameter: 3 m 
T-T: I l m  

1 Design gas flow: 335 000 kgh  
Design heat duty: 1000 million Kcallh 
C.S. 
Diameter: 11 0 cm 
Height: 32 m 

1 + 1 Centrifugal, C.S. 
Liquid head: 20 m 
Flow: 34 m3h 
BHP: 5 HP 

Note 1: This plant is identical to that in the Shell case. 



Table 6-10 

EQUIPMENT LIST 
PLANT 32 ( TEXACO CASE) 
INERXNNECTING PIPING 

Major items of this plant are: 

Fuel oil lines 
Pipe and pipeways for raw water supply and BFW makeup weter supply 
Pipe and pipeways for treated waste water and steam blowdown 
Instrument and service air lines 
Oxygen and nitrogen supply from the air separation plant to the gasification plant 
Steam lines to the liquid oxygen and liquid nitrogen vaporizers 
Pipe and pipeways between process areas 
Distribution of cooling water and service water from the cooling tower 
Coal gas, steam, feedwater, and condensate lines between the process and power areas 
Miscellaneous process and utility piping 



Table 8-11 

EQUIPMENT LIST 
PLANT 33 ( TEXACO CASE) 

COMPRESSED AIR SYSTEM (NOTE 1) 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

33C - 1 Compressed Air Receiver 4 Vertical vessel, C.S. 
Design pressure: 10 kglcm2 (g) 
Design pressure: 65 C 
Diameter: 1.37 m 
T-T: 3.81m 

33K-1 Air Compressor 

33T-1 Desiccant Air Dryer 

4 Design gas flow: 2 000 Nm31h 
Pressure head: 6.9 kglcm2 
Cast iron casing, C.S. Impeller 
Centrifugal, motor drive 
300 BHP 

Note 1: This plant is identical to that in the Shell case. 

4 Twin tower, cycling type 
Design gas flow: 1000 Nm3lh 
Design pressure: 10 kglcm2 (g) 
Design temperature: 65 C 



Table 8-12 

EQUIPMENT LIST 
PLANT 34 ( TEXACO CASE) 

FUEL OIL AND LPG SYSTEM (NOTE 1) 

Item No. Tit le Oty. DescriptionlUnit Remarks 

34C-1 Fuel Oil Tank 

34C- 2 LPG Storage Tank 

34G-1 Fuel Oil Pump 

1 Vertical vessel, C.S. 
15 000 barrels storage 
Diameter: 16 m 
Height: 12 m 

1 Horizontal high pressure storage bullet 
Storage capacity: 240 barrels 

2+1 Centrifugal, C.S. 
Flow: 230 gpm or 52 m3lh 
Pressure head: 40 m liquid 
15 BHP 

Note 1: This plant is identical to that in the Shell case. 



Table 8-13 

EQUIPMENT LIST 
PLANT 35 ( TEXACO CASE) 

ELECTRICAL SYSTEMS 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

H.V. Circuit Breaker 2 1 

H.V. Disconnect Switches 4 2  

H.V. Disconnect Switches with 6 
Earthing Blade 

H.V. Lighting Arresters 11 

Step-up Transformer for 2 
Gas Turbines 

Step-up Transformer for 2 
Steam Turbines 

Step-down Transformer for 4 
Air Separation and Cooling Tower 

Step-down Transformer for 1 
Startup 

Step-down Transformer for Combinec 2 
Cycle Auxiliary Power 

Step-down Transformer for Process 6 
Plant Auxiliary Power 

Step-down Transformer for Combinec 4 
Cycle Auxiliary Power (L.V.) 

Step-down Transformer for Process 6 
Plant Auxiliary Power (L.V.) 

M.V. Switchgear 2 

M.V. Motor Control Center 8 

L.V. Load Center Buses 4 

L.V. Motor Control Center lot  

235KV, 2000A, 63KA RMS system 

3-pole 235 KV, 'v' type center break 

3-pole 235 KV, 2000A. vertical break 
with grounding blade 

184 KV 

18012401300 MVA, ONFAIFOA, 
16.5-220 KV. Delta-Wye 

1 0011 3011 60 MVA, ONFAIFOA. 
16.5-220 KV, Delta-Wye 

63/85 MVA, OAIFA, 
220-16.5 KV, Wye-Wye, core form type 

12 MVA, FOA, 
220-6.6 KV, Wye-Wye, core form type 

4215.25 MVA. ONFA, 
16.5-6.6 KV, Delta-Wye 

516.25 MVA. ONFA, 
16.5-6.6 KV, Delta-Wye 

212.3 MVA, ONFA. 
6.6 KV- 480 V, Delta-Wye 

1.5 MVA, OA 
16.5 KV- 480 V, Delta-Wye 

16.5 KV, 750MVA S.C., 3000A 

6.6 KV, 250MVA S.C., 2000A 

400 V. 42 KA S.C.. 3000A 

400 V, 800A 



Table 8-14 

EQUIPMENT LIST 
PLANT 37 ( TEXACO CASE) 
COOLING WATER SYSlEM 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

37E-1 Cooling Tower 1 48 cells, 2600 m3lh water circulation 
per cell, 5 cycles of concentration 

37E-2 Auxiliary Cooling Water Heat Exchanger 4 Shell and tube, C.S., 50 m2 bare tube 
surface area 

37G-1 Circulating Water Pump 

37G-2 Service Water Pump 

370-3 Auxiliary Cooling Water Pump 

4+2 Centrifugal, case iron 
Design flow: 15900 m3h  
Liquid head: 1 l m  
800 BHP 

4 Centrifugal, case iron 
Design flow: 16000 m31h 
Liquid head: 37m 
2750 BHP 

2+1 Centrifugal, case iron 
Design flow: 200 m3h 
Liquid head: 68m 
65 BHP 

37D-1 Demineralized Water Head Tank 1 Vertical vessel, C.S. with epoxy lining 
Design pressure: 3.5 kglcm2 (a) 
Design Temperature: 65 C 
Diameter: 1.2 m 
T-T: 2.6 m 

37V- 1 Biocide Additive Package 1 Include one tank with 2~100% 
metering pumps, sizing based on 
1950 m3/h CT makeup water rate 

37V-2 Scale Inhibitor Additive Package 1 Include one tank with 2x1 00% 
metering pumps, sizing based on 
1950 m3h  CT makeup water rate 

3 7V-3 Corrosion Inhibitor Additive Package 1 Include one tank with 2~100% 
metering pumps, sizing based on 
1950 m31h CT makeup water rate 

3 7V -4 Chlorination Package 1 Sizing based on 1950 m3h 
CT makeup water rate 



Table B-15 

EQUIPMENT UST 
PLANT 38 (TEXACO CASE) 

RAW WATER SUPPLY AND TREATMENT 

Item No. T i t l e  Oty. DescriptionlUnit Remarks 

Clarifier Feed Pump 

38G-2 Alum Metering Pump 

380-3 Soda Ash Metering Pump 

2+1 Centrifugal, Cast lron 
Design Flow: 1170 m3lh 
Liquid Head: 21 m 
115 BHP 

1 +1 metering. Alloy 20 
Design Flow: 0.1 m3lh 
Liquid Head: 70 m 
0.5 BHP 

1 +1 metering, vendor spec material 
Design Flow: 0.1 m3h 
Liquid Head: 70 m 
0.5 BHP 

Potassium Permanganate Meteing Pump 1 + I  metering, vendor spec material 
Design Flow: 0.1 m3h 
Liquid Head: 70 m 
0.5 BHP 

Filtered Water Pump 

Demineralizer Feed Pump 

2+1 Centrifugal, Cast lron 
Design Flow: 145 m3h 
Liquid Head: 15 m 
11 BHP 

4+1 Centrifugal, Cast lron 
Design Flow: 40 m3h 
Liquid Head: 21 m 
5 BHP 

Sulfuric Acid Metering Pump . 1 +1 metering, C.S. Teflon lining 
Design Flow: 0.7 m31h 
Liquid Head: 70 m 
0.5 BHP 

Water Pump for Acid Dilution 1 + 1 Centrifugal, Cast Iron 
Design Flow: 32 m3h 
Liquid Head: 15 m 
3 BHP 

Sodium Hydroxide Transfer Pump 1 + 1 Centrifugal, C.S. 
Design Flow: 4.5 m3h 
Liquid Head: 15 m 
2 BHP 

Sodium Hydroxide Feed Pump 1 + 1 Centrifugal. C.S. 
Design Flow: 17 m31h 
Liquid Head: 15 m 
2 BHP 



Table 6-15 

EQUIPMENT LIST 
PLANT 38 (TEXACO CASE) 

RAW WATER SUPPLY AND TREATMENT 

Item No. T i t l e  Oty. Descriptiontunit Remarks 

Demineralizer Rinse Pump 

Boiler Feed Water Makeup Pump 

Filter Feed Water Pump 

Cooling Tower Makeup Water Pump 

Sodium Hypochlorite Metering Pump 

38G-16 Raw Water Intake Pump 

Alum Mix Tank 

Soda Ash Mix Tank 

Potassium Permanganate Mix Tank 

Alum Mix Tank 

Soda Ash Mix Tank 

Centrifugal. Cast lron 
Design Flow: 23 m3th 
Liquid Head: 15 m 
3 BHP 

Centrifugal. Cast lron 
Design Flow: 35 1173th 
Liquid Head: 21 m 
4 BHP 

Centrifugal, Cast lron 
Design Flow: 150 m31h 
Liquid Head: 15 m 
12 BHP 

Centrifugal, Cast lron 
Design Flow: 1000 m3th 
Liquid Head: 70 m 
330 BHP 

Centrifugal, High Si 
Design Flow: 0.02 m3/h 
Liquid Head: 70 m 
0.25 BHP 

Centrifugal, Cast lron 
Design Flow: 1170 m3th 
Liquid Head: 35 m 
185 BHP 

Vertical vessel. FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel. FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 



Table 8-15 

EQUIPMENT LIST 
PLANT 38 (TEXACO CASE) 

RAW WATER SUPPLY AND TREATMENT 

Item No. T i t le  Qty. DescriptionlUnit Remarks 

Potassium Permanganate Mix Tank 

Sodium Hypochlorite Mix Tank 

Filtered Water Tank 

Sulfuric Acid Storage Tank 

Sodium Hydroxide Storage Tank 

Sodium Hydroxide Feed Tank 

Boiler Feed Water Storage Tank 

Filter Feed Tank 

Water Treatment Building 

Raw Water Clarifier 

Gravity Filter 

Demineralizer Package 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel, C.S.. epoxy lining 
Diameter: 5 m 
Height: 5 m 

Vertical vessel, C.S. 
Diameter: 4.27 m 
Height: 6.7 m 

Vertical, C.S., Neoprene-Latex coated 
Diameter: 5.49 m 
Height: 7.92 m 

Vertical, C.S., Neoprene-Latex coated 
Diameter: 1.52 m 
Height: 1.52 m 

Vertical vessel, C.S., epoxy lining 
Diameter: 8 m 
Height: 8 m 

Vertical vessel, C.S., epoxy lining 
Diameter: 5.7 m 
Height: 5 m 

Preengineered metal building, 
18m x 55m with 7.3 m eave height 

Vertical vessel, C.S., epoxy lining 
Diameter: 17.65 m 
Height: 8.16 m 

Vertical vessel, C.S., epoxy lining 
Diameter: 7.1 m 
Height: 5.3 m 

Include cation, anion, and mixed bed 
exchangers, 
Capacity: 80 m3lh demineralized water 



Table 8-16 

EQUIPMENT LIST 
PLANT 39 ( TEXACO CASE) 
FIRE PROTECTlON (NOTE 1) 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

39D-1 LP Carbon Dioxide Storage Tank 1 

39G-1 Fire Water Pump 2 

39 Y-1 Halon System 

39Y-2 Carbon Dioxide System 

39Y-3 Hose Cart 

39Y-4 HoseReel 

39Y - 5 ' Fire and Smoke Detector 

39Y-6 Fire Hydrants 

39Y-7 Deluge & Sprinkler System 

39Y -8 Portable Extinguisher 6 0 

39Y-9 Yard Fire Water Piping 1 

39Y-10 Building Fire Water Piping 1 

Note 1: This plant is the same as that in the Shell case. 

8 tonnes 

Centrifugal, driven by diesel engine 
Design flow: 450 m31h 
Liquid head: 180 m 
400 BHP 

Installed in control rooms 

lnstalled in turbine building 

1.2 m steel wheels, each with 80 m long 
6.35 cm diameter hose 

30 m long, 3.81 cm diameter 

Dry barrel type, 15 cm inlet with 
pump connection 

Located over rotating components that 
handle flammable fluid plus transformers 



Table B-17 

EQUIPMENT UST 
PLANT 40 ( TEXACO CASE) 
WASTE WATER TREATING 

Item No. T i t le  m y .  DescriptionlUnit Remarks 

1 +1 Centrifugal, Cast lron with rubber 
lining, 
Design Flow: 2.8 m3h 
Liquid Head: 15 m 
0.5 BHP 

Clarifier Sludge Pump 

1 +1 Centrifugal, Cast lron 
Design Flow: 16.8 W h  
Liquid Head: 15 m 
2 BHP 

40G-2 Backwash Water Pump 

Backwash Settled Water Pump 1 +1 Centrifugal. Cast Iron 
Design Flow: 16.8 m31h 
Liquid Head: 15 m 
2 BHP 

40G-4 Thickener Underflow Pump 1 + 1 Mayno. 304 S.S. 
Design Flow: 1 m31h 
Liquid Head: 21 m 
0.5 BHP 

Regenerant Discharge Pump 2+1 Centrifugal. Alloy 20 
Design Flow: 36 m3h 
Liquid Head: 30 m 
6 BHP 

Slop Oil Pump 1 Redp. Cast lron 
Design Flow: 1.1 m3h 
Liquid Head: 21 m 
1 BHP 

Storm Runoff Water Pump 1 Centrifugal. Cast lron 
Design Flow: 300 m3/h 
Liquid Head: 23 m 
35 BHP 

Oily Water Pump 1 Centrifugal, Cast lron 
Design Flow: 2.3 m3h 
Liquid Head: 15 m 
2 BHP 

40G-9 Thickener Overflow Pump 1 +1 Centrifugal, Cast lron 
Design Flow: 6 W h  
Liquid Head: 15 m 
3 BHP 

40D-1 Neutralization Tank 1 Vertical vessel, C.S., epoxy lining 
Diameter: 5 m 
Height: 5.6m 



Table 8-17 

EQUIPMENT UST 
PUNT 40 ( TEXACO CASE) 
WASTE WATER TREATING 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

Spent Backwash Tank 

Oily Water Sump 

Thickener Overflow Sump 

Process Waste Water Treating Package 

Sludge Thickener 

Filter Press 

Sanitary Waste Treatment Package 

Vertical vessel, C.S., epoxy lining 
Diameter: 5.2 m 
Height: 5.2 m 

Rectangular vessel, concrete, 
1.21 m x 1.21 m x 1.82 m 

Rectangular vessel, concrete, 
1.94 m x 1.94 m x 2.60 m 

Proprietary design of Texaco, include 
clarification, biotreament, and 
dewatering of sludge; 82 m3h feed water 

Vertical vessel, C.S., epoxy lining 
Diameter: 5.8 m 
Height: 6.7 m 

304 S.S.. 120 m2 filter area 

8 m3lh capacity 



Table B-18 

EQUIPMENT LIST 
PLANT 43 ( TEXACO CASE) 

BUILDINGS (NOTE 1) 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

43R-1 Control Building 1 Three story, steel frame, 23m x 38m 

43R-2 Administration Building Including 1 Two story, concrete, 30m x 44m 
Laboratory & Medical Facility 

43R-3 Warehouse 1 Pre-engineered metal building, 
45m x 60m with 6.7m eave height 
and cast in place reinforced slab 

43R-4 Machine Shop and Maint. Building 1 Pre-engineered metal building, 
12m x 30m with 6.7m eave height 
and cast in place reinforced slab 

Note 1: This plant is identical to that in the Shell case. 



Table 6-19 

EQUIPMENT UST 
PLANT 36,41,42 ( TEXACO CASE) 

INSIRUMENT AND COMROL GENERAL SERVICES AND MOBILE EQUIPMENT, SITE PREPARATION 

These three plants have been defined and described in Section 5.1.2. 

No equipment lists were developed for these plants. 



~ppendix C 

EQUIPMENT LISTS 

IGCC PLANT 

(KRW CASE) 



Table C-0 

EQUIPMENT UST 
(KRW CASE) 

CoAL TRANSPORTATDN (MERRYGO ROUND) SYSTEM 

Item No. T i t l e  Qty. Derc r l p t i on lUn i t  Remarks 

1 Rail Track Length - 20 km 

2 Wagons 2 6  Bottom Discharge 

3 Locomotives 3 W D S - 6  

4 In Motion Weigh Bridge 2 90 tonnes 

5 Signalling & Telecommunication 

6 Coal Bunker for Receiving Raw Coal 1 100 m3 
(0-200 mm) from Merry-Go-Round 
System 

Note: The faalities described above are identical to those of the Shell case. 



Table C-1 

MUIPMENT UST 
PUNT 1 (KRW CASE) 

COAL RECEIVING, PRIMARY CRUSHING 8 STORAGE 

Hp Total 
Item No. T i t le  Oty. Descrlption -- Ench HP Remarks 

1 T-  1 Surge Bin 

1 T-2  Surge Bin Feeder 

1 T-3 Scalping Screen 

1 T-4  Primary Crusher 

1 T-5 Crushed Coal Conveyor 

1 T-6 Crushed Coal Shuttle Conveyor 1 

1 T-7  Distribution Bln 

1 T-8 Distribution Bin Vib. Feeder 2 

Capaaty- 120 tons 0 0 
Construction- Steel 
Plan Size- 5m x 1 Om 
Liners: Conical portion CS 
Outlets: 2 

Type: Vibrating 20 40 
Capacity- 0 to 500 tph 
Width- 1200mm 

Type: Vibrating. Double deck 40 80  
Feed rate- 500 tph 
Slze- 2.4411 x 4.9m 
Top Deck- 75mm 
Bot Deck- 37mm 

Type: Syrnons Std. Cone or equal 350 700 
Size- 2.lm(7 feet) 
Feed Size- 200mm 
Produa Size: 37 mm, nominal 

Type: Belt 
Capaaty- 1000 tph 
Width- 1050mm 
Length- 75m ft. 
Lift- 18m 
Speed- 2.75 mps 

Type: Reversible Shuttle Belt 15+5 20 
Capacity- 1000 tph 
W i h  - 1050mm 
Length - 7m 
Lift- nil 
Speed- 2.75 mps 

Capaaty- 160 tons 
Construction- CS 
Plan- 12m x 4m 
Vetical side- 4m 
Conical side- 2.5m 
No of outlets- 3 
Clearance from ground- 6m 

Type: Vibrating 30  6 0  
Capacity- 0 to 1000 tph 
Width- 1200mm 



Table C-1 

KXllPMENT US1 
PLANT 1 (KRW CASE) 

COAL RECEIVING. PRIMARY CRUSHING 8 STORAGE 

Hp Total  
Item No. T i t l e  Qty. Description -- Each HP Remarks 

Dist. Bin. Weigh Feeder 

borage Yard Belt Conveyor 

Reversible Stacker Reclaimer 

Crirshed Coal Storage Pile 

Day Store Staddng Conv. 

1 T -  1 4 Day Storage Pile 

1 T - 1 6 Redaim Feeders 

1 T - 1 7 Motorized gate 

Type: Weigh Belt 15 
Capaaty- 0 to 600 tph 
Width- 1200 mm 

Type: Reversible Belt 125 
Capadty- 1000 tph 
Width- 1050mm 
Length- 360m 
Uft- 8M 
Speed- 2.75 mps 

Stacking- 1000 tph 250 
Redaiming- 0 to 600 tph 
Boom Length- 35 m 
Boom Conveyor- Reversible 
Width- 1050 mm 

Type - Open Pile 
Capaaty 57.500 tons 

live-5.5 Days 
Pile Length- 320m 
Pile height- 14.5m 

Type: Belt 
Capadty- 1000 tph 
Width- 1050mm 
Length- 120m 
Lift- 23m 
Speed- 2.75 mps 

Diameter- 80m 0 
Height- 27.5m 
Capacity- 10,000 tons- live 

35,000 tons- total 
Accesory- Lowering tube 

Capaaty- 10 tons 0 
Construction- CS 
Location- Below ground-under 

day storage -in tunnel 

Type: Vibrating 2 0 
Capacity- 0 to 600 tph 
Width- 900mm 

Type- Two way 
Flow- 600 tph 



Table C-2 

MUIPMENT'UST 
PLANT 2 ( KRW CASE) 

WAL AND LIMESTONE HANDLING 

Item No. Ti t la  Qty. Descrlptlo 

2T-1 Shuttle Belt Conv. 1 +1 

1 2T-2 Surge Bin 

2T-3 Vibrating Feeder 

2T-4 Secondary Screens 

2T-5 Secondary Crusher 3+1 

2T-6 Crusher Discharge Conveyor 3+1 

2T-7 Day Bin Feed conveya 

2T-8 Tripper Conveyor 

2T-Q Motorized gate 

Hp Total 
~n HP b h  - 

Type: Reversible Shuttle Belt 
Capacity- 500 tph 
Width- 900 mrn 
Length- 10m 
Lift- nil 
Speed- 2.25 mps 

Capacity- 100 tons 
Construction- CS 
Plan- 3rn x 16m 
Outlets-4 

Type:Vibrating 
Capacity- 125 tph 

Type: Vibrating. Double deck 
Feed rate- 300 tph 
Size- 2.4m x 6m 
TOP Dedc- 301Wn 
Bot Deck- 6mm 

Type: Symons Std. Cone or equal 
Size- 2.lm(7 feet) 
Feed Size- 37mm 
Produd Size- 6 mm, nominal 

Type: Belt 
Capecity- 125 tph 
Width- 900 mm 
Length- 12m 
Llft- 3m 
S p d -  2 mps 

Type: Belt 
Capacity- 500 tph 
Width- 900 mm 
Length- 135m 
Litt- 25m 
Speed- 2.25 mps 

Type: Belt 
Capacity- 500 tph 
Width- 900 mm 
Length- 35m 
Llft- 4m 
Speed- 2.25 mps 
Auxillary- Motorlzed tripper 



Table C-2 

EQUIPMENT LIST 
PLANT 2 ( KRW CASE) 

COAL AND LIMESTONE HANDLING 

Hp Total 
Item No. Tit le Oty. Deacription Each HP 

2T- 1 0 Dust Collector - Crushing 4 Type - Bag House 40+3 172 
Area - 180 Sq m 
Fan: Flow - 5 cubic mps 

2T-1 1 Dust Collector - Bunker top 2 Type - Bag House 
and flux Handling Area - 900 Sq m 

Fan: 
Flow 5 cubic mps 

2T- 1 2 Tramp Iron Magnet 2 B ett width- 900 mm 5 10  

2T - 1 3 Flux Redaim Hopper 1 +1 Capacity- 3 tons 
Volume- 2 cu m 
Construction- CS 
Plan- 1.2m x 1.2 m 
Side Slope- 50 deg 

2T- 1 4 Redaim Weigh Feeders 1 +1 Type: Weigh Beh 
Capadty- 15 tph 
Width- 400 mm 
Length- 3m 
Llft- nil 

2T-15 Crusher Feed Conveyor 1 +1 Type: Belt 
Capadty- 15 tph 
Wldth- 450 mm 
Length- Om 
Llft- 4m 
Speed- 0.5 mpr 

2T- 1 6 Tramp lron Magnet 

2T-17 Flux Crusher 

2T- 19 Bucket Elevator 

1 +1 Type: Hammer dl1 
Capadty- 15 tph 
Feed- 50 mm 
Product- 6mm 

1+1 Type- Dry Rod mill- Open circuit 100 200 
Feeed- 13.5 tph 
Feed Size 6 mm 
Product Size- 16 mesh 
Size- 1.8 m dla x 3m long 

1 + 1 Type- Spaced Bucket- Chain 
Capadty- 18 tph (Design) 
Uft- 15 m 



Table C-3 

I - 

EQUIPMENT LIST 
P l A M  3 ( KRW CASE) 

COAL DRYING 

HP Totml 
tem No. T l t le  Qty. Description Each HP 

Drying Plant Feed Conveyor 1 +1 

Dryer Feed Bin 1 

Weigh Feeder for Dryer 2 

Fluid Bed Drying System 2 

Inlet Fan 

Exi3aud Fm 

Dust Cdleaor 

Type: Belt 
Capacity- 500 tph 
Width- 900 mm 
Length- 40m 
Litt- 1 Om 
Speed- 2.25 mps 

Capacity- 100 tons 
Construction- CS 
Plan- 4.5m x 9m 
Outlets-2 

Type:Weigh Belt 
Capacity- 250 tph 
Width- 900 mm 
Length- 4m 
Lift- nil 

Bed Area-1 1 sq.m 
Wet Cod Feed Rats 220 tph 
Feed Moisture- 18 % 
Product Moisture- 5 % 
Evaporation-30.1 tph 
Below Bed Hot Gas Temp- 504' C 
Product Temp.- 82' C 
Stack GasTemperature- 82" C 
Stack Gas Dew Point- 72'C 
Flue G ~ E  For Drying: 
Flow- 3.616 ton-mole per hour@870° C 
Recyde Gases: 
Flow- 3.14 ton-mde per hour@72' C 
Auxiliaries: 
Cyclones 

Flow- 120 cubic mps 
SP- 525 mm Water 
Temp. 504' C 

Flow- 68 cubic mps 
SP- 525 rnm Water 
Temp. 82" C 

Type: Bag House 
Filtering Area- 860 8q.m 
Temperature- 90" C 



Table C-3 

EQUIPMENT LIST 
PLANT 3 ( KRW CASE) 

COAL DRYING 

HP Total 
Item No. Title Qty. Description Each HP 

Dryer Discharge Conveyor 2 Type: Belt 
Capacity- 250 tph 
Width- 900 mrn 
Length- 15m 
Lift- 3m 
Speed- 1.25 mps 
Materlal Temp- 80" C 

Motorized Gate 2 Type- Two way 
Flow- 250 tph 

Crushing Plant Feed Conv. 1 + I  Type: Belt 
Capacity- 500 tph 
Width- 900 mm 
Length- 50m 
Lift- 17m 
Speed- 2.25 mps 



Table C-4 

EQUIPMENT LIST 
PIANTS 5 AND 10 (KRW CASE) 

COAL GASIFICATDN AND ASH SULFATION 

These two plants are proprietary design of KRW. No equipment list is available. The design is described 
in Section 5.1.3. The specific design capacities are as following. 

Plant No. of 
No. Plant Name - Trains Design CapacityKrain 

5 Coal Gasification 
Boost Air Compression 6 80 000 Nm3h gas flow comp. from 12.4 to 36.2 kglcm2 (a' 
Gasification 6 1342 MTPD of coal (5% moisture) 8 50 MTPD limestone 
Ash Removal 6 630 MTPD of ash 
Heat Recovery 6 Producing 74 000 kglh saturated steam at 112.5 kglcm2 (a' 
Gas Conditioning 6 284 500 Nm3ll-1 gas flow 
Recyde Gas Compression 6+3 For ash transport and for filter operation 

10 Ash Sulfation 6 630 MTPD of ash feed. 18 million kcallh firing duty 



Table C-5 

EQUIPMENT LIST 
PLANT 9 ( KRW CASE) 

COMBINED CYCLE 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

9C-1 Condensate Storage Tank 1 Vertical vessel, C.S. with epoxy lining 
Design pressure: 3.5 Kglcm2 (g) 
Design temperature: 51 C 
Diarneter:8.3 m 
T-T:12 m 

9E-1 Heat Recovery Steam Generator 2 Duel pressure system, include the steam 
drums and deaerator, and a stack 
Heat transfer area (extended surface) is: 
HP superheater:22000 m2 
Reheater:12000 m2 
HP evaporator31 000 m2 
IP superheater:1050 m2 
HP economizer 1:40500 m2 
IP evaporator:18100 m2 
HP economizer 11:26100 m2 
IP economizer:29OO m2 
Integral deaerator:7500 m2 

Steam condition is: 
HP:109 kglcm2 abs, 542 C 
IP 8 RH:25 kglcm2 abs, 538 C 

Stack: 32m high, 7.5m diameter 

9E-2 Surface Condenser 

SF-1 Startup Boiler 

9G -1 Condensate Pump 

2 Shell 8 tube, single shell, 2 passes 
Shell: C.S., tube: S.S. 
lndude vacuum pump padcage 
Duty :216 million Kcallh 
Surface area:11300 m2 

1 . Rated at 11 000 kglh, 18.6 kgIcm2 abs 
saturated steam 

2+2 Horizontal centrifugal 
Casing: cast iron, impeller: bronze 
Flow:375 m3lh 
Temp:49C 
Diff. pressure:2.5 kglcm2 
Power:43 BHP 



Table C-5 

EQUIPMENT LIST 
PLANT 9 ( KRW CASE) 

COMBINED CYCLE 

Item No. T i t le  Qty. DescriptionlUnit Remarks 

9G-2 LP Boiler Feedwater Pump 2+2 

9G-3 HP Boiler Feedwater Pump 2+2 

9G-4 Condensate Transfer Pump 2+ 1 

2 9 K- 1 Gas Turbine-Generator 

9 K-2 Steam Turbine-Generator 2 

9R-1 Gas Turbine Building 

9R-2 Steam Turbine Building 

Horizontal centrifugal, 1 1-1 3% Cr 
Flow30 m31h 
Temp:l 1 OC 
Diff. pressure:26.8 kglcm2 
Power:36 BHP 

Horizontal centrifugal, 1 1-13% Cr 
Flow:365 m31h 
Temp:l 1 OC 
Diff. pressure:119 kglcm2 
Power:1960 BHP 

Horizontal centrifugal, 316 S.S. 
Flow:375 m31h 
Temp:49C 
Diff. pressure:2.1 kglcm2 
Power: 45 BHP 

General Electric MS9001F gas turbine, 
single shaft, with inlet filter 
and other auxiliary systems, rated 
212 MW at IS0 

Generator: hydrogen cooled, 50 Hz, 
3000 rpm, 16500 volts, 240 MVA 

Double flow condensing 
76 cm last stage bucket, steam flow: 
HP SH: 363400 kgh  
RH: 406100 kgh  

Generator: hydrogen cooled, 50 Hz, 
3000 rpm, 16500 volts, 165 MVA 

34m x 40m floor area. 16m high 
structure, lower part reinforced concret. 
upper part structure steel 

34m x 45m floor area, 16m high 
structure, lower part reinforced concret. 
upper part structure steel 



Table C-6 

EQUIPMENT LIST 
PUNT 30 (KRW CASE) 

SOLID WASTE DISPOSAL 

Item No. Tit le Qty. DescriptionlUnit Remarks 

Designed based on 3925 MTPD ash flow. 



Table C-7 

EQUIPMENT LIST 
PLANT 31 ( KRW CASE) 

RELIEF & BLOWDOWN (NOTE 1) 

Item No. T i t l e  Oty. Descriptiontunit Remarks 

31 D-1 Knock Out Drum 

31 F-1 Main Flare 

31 G-101 K.O. Drum Pump 

1 Horizontal Vessel, C.S. 
Design Temp: 66C 
Design Pressure: 1 kglcm2 (g) 
Diameter: 3 m 
T-T: 1 1 m 

1 Design gas flow: 335 000 kg/h 
Design heat duty: 1000 million Kcal/h 
C.S. 
Diameter: 110 cm 
Height: 32 m 

1 + 1 Centrifugal, C.S. 
Liquid head: 20 m 
Flow: 34 m3/h 
BHP: 5 HP 

Note 1: This plant is identical to that in the Shell case. 



Table C-8 

EQUIPMENT UST 
P l A M  32 ( KRW CASE) 

INlE!XONNECTING PIPING 

Major items of this plant are: 

Fuel oil lines 
Pipe and pipeways for raw water supply and BFW makeup water supply 
Pipe and pipeways for treated waste water and steam blowdown 
Instrument and service air lines 
Steam lines to the liquid oxygen and liquid nitrogen vaporizers 
Pipe and pipeways between process areas 
Distribution of cooling water and service water from the cooling tower 
Coal gas, steam, feedwater, and condensate lines between the process and power areas 
Miscellaneous process and utility piping 



Table C-9 

EQUIPMENT LIST 
PLANT 33 ( KRW CASE) 

COMPRESSED AIR SYSTEM (NOTE 1) 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

33C-1 Compressed Air Receiver 4 Vertical vessel, C.S. 
Design pressure: 10 kglcm2 (g) 
Design pressure: 65 C 
Diameter: 1.37 m 
T-T: 3.81m 

33K- 1 Air Compressor 

33T-1 Desiccant Air Dryer 

4 Design gas flow: 2 000 Nm3lh 
Pressure head: 6.9 kglcm2 
Cast iron casing, C.S. Impeller 
Centrifugal, motor drive 
300 BHP 

Note 1: This plant is identical to that in the Shell case. 

4 Twin tower, cycling type 
Design gas flow: 1000 Nm3lh 
Design pressure: 10 kglcm2 (g) 
Design temperature: 65 C 



Table C-10 

EQUIPMENT LIST 
PLANT 34 ( KRW CASE) 

FUEL OIL AND LPG SYSTEM (NOTE 1) 

Item No. T i t l e  Oty. Descr ipt ionlUni t  Remarks 

34C-1 Fuel Oil Tank 

34C-2 LPGStorageTank 

34G-1 Fuel Oil Pump 

1 Vertical vessel, C.S. 
15 000 barrels storage 
Diameter: 16 m 
Height: 12 m 

Note 1: This plant is identical to that in the Shell case. 

1 Horizontal high pressure storage bullet 
Storage capacity: 240 barrels 

2+1 Centrifugal. C.S. 
Flow: 230 gpm or 52 rn3Ih 
Pressure head: 40 rn liquid 
15 BHP 



Table C-11 

EQUIPMENT LIST 
PLANT 35 ( KRW CASE) 
ELECTRICAL SYSTEMS 

Item No. T i t l e  m y .  Descr ipt ionlUni t  Remarks 

H.V. Circuit Breaker 2 1 

H.V. Disconnect Switches 4 2 

H.V. Disconnect Switches with 6 
Earthing Blade 

H.V. Lighting Arresters 11  

Step-up Transformer for 2 
Gas Turbines 

Step-up Transformer for 2 
Steam Turbines 

Step-down Transformer for Process 6 
Auxi. Power 8 Cooling Tower 

Step-down Transformer for 1 
Startup 

Step-down Transformer for c o m b i n 4  2 
cy& Auxiliary Power 

Step-down Transformer for Combinec 
Cycle Auxiliary Power (L.V.) 

Step-down Transformer for Process 
Plant Auxiliary Power (L.V.) 

M.V. Switchgear 

M.V. Motor Control Center 

L.V. Load Center Buses 

L.V. Motor Control Center 

4 

6 

2 

8 

4 

lot  

235KV, 2000A, 63KA RMS system 

3-pole 235 KV, 'v' type center break 

3-pole 235 KV, 2000A, vertical break 
with grounding blade 

184 KV 

18012401300 MVA, OAIFAIFOA, 
16.5-220 KV, Delta-Wye 

11 011 451180 MVA. OAIFAIFOA, 
16.5-220 KV, Delta-Wye 

516.25 MVA, OAIFA, 
16.5-6.6 KV. Delta-Wye 

12 MVA. FOA. 
220-6.6 KV, Wye-Wye, core form type 

4215.25 MVA. OAIFA. 
16.5-6.6 KV, Delta-Wye 

212.3 MVA, OAIFA, 
6.6 KV- 480 V, Delta-Wye 

1.5 MVA. OA 
16.5 KV- 480 V, Delta-Wye 

16.5 KV, 750MVA S.C., 3000A 

6.6 KV, 250MVA S.C., 2000A 

400 V, 42 KA S.C., 3000A 

400 V, 800A 



Table C-12 

EQUIPMENT LIST 
PUNT 37 ( KRW CASE) 

COOLING WATER SYSTEM 

Item No. T i t l e  Oty. DescriptionlUnit Remarks 

Cooling Tower 1 24 cells, 2500 m31h water circulation 
per cell. 5 cycles of concentration 

Auxiliary Cooling Water Heat Exchanger 4 Shell and tube, C.S., 50 m2 bare tube 
surface area 

Circulating Water Pump 

37G-2 Service Water Pump 

37G-3 Auxiliary Cooling Water Pump 

4+2 Centrifugal, case iron 
Design flow: 14000 m3lh 
Liquid head: 1 1 m 
700 BHP 

2 Centrifugal, case iron 
Design flow: 3600 m3lh 
Liquid head: 37m 
600 BHP 

2+1 Centrifugal, case iron 
Design flow: 200 m31h 
Liquid head: 68m 
65 BHP 

Demineralized Water Head Tank 1 Vertical vessel, C.S. with epoxy lining 
Design pressure: 3.5 kglcrn2 (a) 
Design Temperature: 65 C 
Diameter: 1.2 m 
T-T: 2.6 m 

Biocide Additive Package 1 lnclude one tank with 2~100% 
metering pumps, sizing based on 
1000 m31h CT makeup water rate 

Scale Inhibitor Additive Package 1 Include one tank with 2~100% 
metering pumps, sizing based on 
1000 m3lh CT makeup water rate 

Corrosion Inhibitor Additive Package 1 Include one tank with 2~100% 
metering pumps, sizing based on 
1000 m3lh CT makeup water rate 

Chlorination Package 1 Sizing based on 1000 m31h 
CT makeup water rate 



Table C-13 

EQUIPMENT LIST 
PLANT 38 (KRW CASE) 

RAW WATER SUPPLY AND TREATMENT 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

Clarifier Feed Pump 

38G-2 Alum Metering Pump 

38G-3 Soda Ash Metering Pump 

Potassium Perrnanganate Meteing Pump 1 +1 

Filtered Water Pump 2+1 

Demineralizer Feed Pump 2+ 1 

Sulfuric Acid Metering Pump . I  + 1  

1 + 1  

1 +1 

1 +1 

38G-8 Water Pump for Acid Dilution 

38G-9 Sodium Hydroxide Transfer Pump 

38G-10 Sodium Hydroxide Feed Pump 

Centrifugal, Cast lron 
Design Flow: 500 m3h 
Liquid Head: 21 m 
50 BHP 

metering, Alloy 20 
Design Flow: 0.1 m3h 
Liquid Head: 70 m 
0.5 BHP 

metering, vendor spec material 
Design Flow: 0.1 m3h 
Liquid Head: 70 m 
0.5 BHP 

metering, vendor spec material 
Design Flow: 0.1 m3h 
Liquid Head: 70 m 
0.5 BHP 

Centrifugal, Cast lron 
Design Flow: 45 m3h 
Liquid Head: 15 m 
4 BHP 

Centrifugal, Cast lron 
Design Flow: 34 m3h 
Liquid Head: 21 m 
4 BHP 

metering, C.S. Teflon lining 
Design Flow: 0.7 m3h 
Liquid Head: 70 m 
0.5 BHP 

Centrifugal, Cast lron 
Design Flow: 32 m3h 
Liquid Head: 15 m 
3 BHP 

Centrifugal, C.S. 
Design Flow: 4.5 m3h 
Liquid Head: 15 m 
2 BHP 

Centrifugal, C.S. 
Design Flow: 17 m3h  
Liquid Head: 15 m 
2 BHP 



Table C-13 

EQUIPMENT LIST 
PLANT 38 (KRW CASE) 

RAW WATER SUPPLY AND TREATMENT 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

Demineralizer Rinse Pump 

Boiler Feed Water Makeup Pump 

Filter Feed Water Pump 

Cooling Tower Makeup Water Pump 

Sodium Hypochlorite Metering Pump 

386-1 6 Raw Water Intake Pump 

38D-1 Alum Mix Tank 

38D-2 Soda Ash Mix Tank 

Potassium Permanganate Mix Tank 

Alum Mix Tank 

Soda Ash Mix Tank 

Centrifugal, Cast lron 
Design Flow: 10 m31h 
Liquid Head: 15 m 
2 BHP 

Centrifugal, Cast lron 
Design Flow: 30 m31h 
Liquid Head: 21 m 
4 BHP 

Centrifugal, Cast lron 
Design Flow: 45 m3h 
Liquid Head: 15 m 
4 BHP 

Centrifugal, Cast lron 
Design Flow: 455 m3h 
Liquid Head: 70 m 
150 BHP 

Centrifugal, High Si 
Design Flow: 0.02 m3lh 
Liquid Head: 70 m 
0.25 BHP 

Centrifugal, Cast lron 
Design Flow: 500 m31h 
Liquid Head: 35 m 
80 BHP 

Vertical vessel. FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel. FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 



Table C-13 

EQUIPMENT UST 
PLANT 38 (KRW CASE) 

RAW WATER SUPPLY AND TREATMENT 

Item No. T i t l e  Oty. DescriptionlUnit Remarks 

38D-9 Boiler Feed Water Storage Tank 

38D-10 Filter Feed Tank 

38R-1 Water Treatment Building 

382-1 Raw Water Clarifier 

382-2 Gravity Filter 

382-3 Demineralizer Package 

Potassium Permanganate Mix Tank 1 

Sodium Hypochlorite Mix Tank 1 

Filtered Water Tank 2 

Sulfuric Acid Storage Tank 1 

Sodium Hydroxide Storage Tank 1 

Sodium Hydroxide Feed Tank 1 

1 

1 

1 

2 

2+1 

2 

Vertical vessel, FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel. FRP 
Diameter: 2.13 m 
Height: 2.28 m 

Vertical vessel, C.S., epoxy lining 
Diameter: 3.5 m 
Height: 3.5 m 

Vertical vessel, C.S. 
Diameter: 4.27 m 
Height: 6.7 m 

Vertical, C.S., Neoprene-Latex coated 
Diameter: 5.49 m 
Height: 7.92 m 

Vertical, C.S., Neoprene-Latex coated 
Diameter: 1.52 m 
Height: 1.52 m 

Vertical vessel. C.S., epoxy lining 
Diameter: 6.3 m 
Height: 6.3 m 

Vertical vessel, C.S.. epoxy lining 
Diameter: 3.8 m 
Height: 3.5 m 

Preengineered metal. building, 
18m x 55m with 7.3 m eave height 

Vertical vessel, C.S.. epoxy lining 
Diameter: 13.3 m 
Height: 6.2 m 

Vertical vessel. C.S., epoxy lining 
Diameter: 4.7 m 
Height: 3.5 m 

Include cation, anion, and mixed bed 
exchangers, 
Capacity: 30 m3lh demineralized water 



Table C-14 

EQUIPMENT LIST 
PLANT 39 (KRW CASE) 

FIRE PROTECTDN (NOTE 1) 

Item No. T i t l e  Qty. DescriptionlUnit Remarks 

LP Carbon Dioxide Storage Tank 1 

Fire Water Pump 2 

Halon System 

Carbon Dioxide System 

Hose Cart 

Hose Reel 

Fire and Smoke Detector 

Fire Hydrants 

Deluge 8 Sprinkler System 

Portable Extinguisher 

Yard Fire Water Piping 

Building Fire Water Piping 

Note 1: This plant is the same as that in the Shell case. 

8 tonnes 

Centrifugal, driven by diesel engine 
Design flow: 450 m3lh 
Liquid head: 180 m 
400 BHP 

Installed in control rooms 

Installed in turbine building 

1.2 m steel wheels, each with 80 m long 
6.35 cm diameter hose 

30 m long. 3.81 cm diameter 

Dry barrel type, 15 cm inlet with 
pump connection 

Located over rotating components that 
handle flammable fluid plus transformers 



Table C-15 

EQUIPMENT UST 
PLANT 40 ( KRW CASE) 

WASTE WATER TREATING 

Item No. T i t le  Qty. DescriptionlUnit Remarks 

40G-1 Clarifier Sludge Pump 1 +I 

40G-2 Backwash Water Pump 

40G-3 Backwash Settled Water Pump 

40G-4 Thickener Underflow Pump 

40G-5 Regenerant Discharge Pump 

40G-6 Slop Oil Pump 

40G-7 Storm Runoff Water Pump 

40G-8 Oily Water Pump 

40G-9 Thickener Overflow Pump 

4OD -1 Neutralization Tank 

Centrifugal, Cast lron with rubber 
lining, 
Design Flow: 1.7 m3h 
Liquid Head: 15 m 
0.5 BHP 

Centrifugal, Cast lron 
Design Flow: 5 m31h 
Liquid Head: 15 m 
1 BHP 

Centrifugal. Cast lron 
Design Flow: 5 m3/h 
Liquid Head: 15 m 
1 BHP 

Mayno. 304 S.S. 
Design Flow: 0.5 m3h 
Liquid Head: 21 m 
0.5 BHP 

Centrifugal, Alloy 20 
Design Flow: 10 m3h 
Liquid Head: 30 m 
3 BHP 

Recip. Cast lron 
Design Flow: 1.1 m3h  
Liquid Head: 21 m 
1 BHP 

Centrifugal, Cast lron 
Design Flow: 300 m3h 
Liquid Head: 23 m 
35 BHP 

Centrifugal, Cast lron 
Design Flow: 2.3 m3h 
Liquid Head: 15 m 
2 BHP 

Centrifugal, Cast lron 
Design Flow: 2 m31h 
Liquid Head: 15 m 
2 BHP 

Vertical vessel, C.S., epoxy lining 
Diameter: 3.75 m 
Height: 4.2m 



Table C-15 

EQUIPMENT LIST 
PLANT 40 ( KRW CASE) 

WASTE WATER TREATING 

Item No. T i t l e  Oty. DescriptionlUnit Remarks 

Spent Backwash Tank 

Oily Water Sump 

Thickener Overflow Sump 

Sludge Thickener 

1 Vertical vessel, C.S., epoxy lining 
Diameter: 3.5 m 
Height: 3.5 m 

1 Rectangular vessel, concrete, 
1.21 m x 1.21 m x 1.82m 

1 Rectangular vessel, concrete, 
1.3 m x 1.3 m x 1.75 m 

1 Vertical vessel, C.S., epoxy lining 
Diameter: 3.9 m 
Height: 4.5 m 

Filter Press 5 304 S.S., 40 m2 filter area 

Sanitary Waste Treatment Package 1 8 m3lh capacity 



Table C-16 

EWIPMENT LIST 
PLANT 43 (KRW CASE) 

BUILDINGS (NOTE 1) 

Item No. T i t le  Qty. DescriptionlUnit Remarks 

43R- 1 Control Building 1 Three story, steel frame, 23m x 38m 

43R-2 Administration Building Including 1 Two story, concrete. 30m x 44m 
Laboratory & Medical Facility 

43R-3 Warehouse 1 Pre-engineered metal building, 
45m x 60m with 6.7m eave height 
and cast in place reinforced slab 

43R-4 Machine Shop and Maint. Building 1 Pre-engineered metal building, 
12m x 30m with 6.7m eave height 
and cast in place reinforced slab 

Note 1: This plant is identical to that in the Shell case. 



Table C-17 

EQUIPMENT LIST 
PLANT 36, 41. 42 ( KRW CASE) 

INSTRUMENT AND CONTROL GENERAL SERVICES AND MOBILE EQUIPMENT, sm PREPARATION 

These three plants have been defined and described in Section 5.1.3. 

No equipment lists were developed for these plants. 



Appendix D 

EQUIPMENT LISTS 

IGCC PLANT 

(MOVING BED CASE) 



Table. D-0 

EQUIPMENT LIST (MOVING BED CASE) 

caAL TRANSPORTATION (MERRY GO ROUND) SYSTEM 

S1.No. T i t l e  G Y  Oescription 

1. Railway track - Length - 20 Km . 

2 Wagons 2 8  B o t t o m  discharge 

3. Locomotives 3 WDS - 6 
4. In motion weigh bridge 2 90 T e  

5. S i g n a l l i n g  & telecommunication 

6. Coal bunker for receiving 1 
s ized coal (6-50 mm) from 
Merry-Go-Round System and 
feeding to  IT-23 i n  Plant-2 



Table D-1 

EQUIPMENT =ST 

Plant-1 (Moving Bed case)  

COAL RECEIVING, STORAGE & HANDLING 

Item No, T i t l e  - Qty, Desc r ip t ionf ln i t  Remsrks - 
IT-1 S ized  Coal con- 1 

veyer 

D i s t r i b u t i o n  Bin 1 

S h u t t l e  Conveyo r 1 

D i s t r i b u t i o n   in' 2 
Vibra t ing  Feeder 

Day S t o r e  Stacking 1 
conveyor 

Day s t o r a g e  p i l e  1 

Types B e l t  
C a p g c i  t y  s 900 t p h  
Widths 1050 nm 
Length s 7 5m 

Capacitys 175 t o n s  
Materi a1  s CS 
Plans 13m X 4m 
V e r t i c a l  s i d e s  4m 
Conical s i d e s  2 . 5 ~ 1  
NO, of o u t l e t s s  3 
Clearance from 
grounds 6m 

Types Reversible  
s h u t t l e  b e l t ,  

Capacitys 900 t p h  
Widths 1050 mu 
Length r 7m 

Typer Vibrating, 
Capacitys 0 t o  900 t p h  
Widths 1200 ma 

Typer B e l t ,  
Capacityr 900 t p h  
Widths 1050 unn 
Lengths 12- 

D i a m e t e r s  8 h  
Heights 2 7 . h  
C a p d i t y s  10000 tons  - l i v e  

35000 tons - t o t a l  

Accesso-s Lowering tube 



Table D-1 

Item No, - T i t l e  

R e c l a i m  Hoppers 

Reclaim Feeders 

Day s tock  Reclaim 
co nv eyor 

D i s t ,  Bin Weigh 
b e l t  f eeder  

S torage  yard 
B e l t  conveyor 

S ized  coa l  sto- 
rage  p i l e  

Reversible stacker 
reclaimer 

Storage  yard b a t  
conveyor 

Surge Bin 

Vibra t ing  Feeder 

DescriptionAJnit  Remarks 

Capacityr 10 tons,  
C o n s t ~ c t i o n r  CS 
Locations Below ground 

under day 
s t o r a g e  i n  
tunnel  

Typer Vibrating, 
Capacityr 0-500 t p h  
Widthr 9OQmr 

Type r Belot, 
Capacityr 500 tph  
Widtht 900 mn 
Length : 1 5 h  

Type : weigh B e l t  
Capacityr 0-500 t p h  
Width: 1200 nun 

Reversible 
Typer /Belt, 
Capacityr 900 t p h  
Widthr 1050 mm 
Length r 36Om 

Typer Open Pile, 
Capacityr 62,000 tons  

l i v e -  5,s. days, 

Stockings 900 tph 
Reclaiming r 0-500 t p h  
Boom lengths 35m 
Boom conveyoerrReversible 
Width t lO5Olrm 

Typer B e l t  
Capacityt  900 t p h  
Widthr 1050 mn 
Lengths 36Om 

Capacityr 130 tons  
Constmct ionr  S t e e l  
P lan  s i z e  r 5x11 X l l m  
Liners  r Conical por t ion  CS 
Outl-r 2 

Type t Vibrating, 
Capacityr 0-500 t p h  
Widtht 1200mn 



I t e m  No,  

IT- 17 

T i t l e  - 
Scalping screen 

IT-18 Conveyoer 

Transport con- 
veyor 

Weigh s c a l e  

Dust Col lec tors  

Sized coa l  con- 
veyor. 

Table D-1 

Descrip t i o n n n i  t Remarks 

Type: Vibrating single 
deck. 

Feed ra te :  500 tph 
Sizes 2 . h  X 4.9m 
Deck size - 6 rn 

T p e s  Be l t  
Capacity; 500 tph  
Widths 900 nun 
Length; 360x11 

Type8 Be l t  
Capacitys 500 tph 
Widths 900 m 
Length: 360m 

Type: Belt 
Capaci t y r  500tph 
Width : 900mn 
Lengths 5&1 

Bel t  width 90Om 
Capacity: 500 tph  

Typet Bag House, 
Area: 350 Sq.m, 
Fan Flows 10 Cubic snps, 

Types B e l t ,  
Capacity: 900 tph 
Widths 1050 mm 
Lengths 75m 



Table D-2 

EUUIMENf LIST 
PUKT 4 (HOVXNG BED CASE) 
TAR AND OIL FIRED BOIUR 

Item No. T i t l e  Qty. Description/Unit Remarks 

1 T a r  & O i l  f i r ed  bo i ler  2 Capacity r 150 T e / h r  
of stem 

&em condition r 
Pressure 1 112 Kg/udg 
T q .  r 542.C 



TABLE D-3 
EQUIPHENT LIST 

PLAKT-5 (MOVIW BH) CASE) 
COAL GJSIFICLTION - 

s1,X Plant K a m e  X No. of X Design Ctipacity/~rain 
NO, X X t r a i n s  X 

01, Gasificztion 14 808 MTPD of coal (HHV-3282 K C ~ / K ~ )  

02, Gas washing 6( waste 1 4  Gas washins 58000 , Nm3/hr o t  raw 
heat boi ler  gas laden with t a r ,  o i l  & dust, 

Waste heat o i l e r ,  Heet load 
2.725  X 10' Kcal/hr. 

03, Tar & o i l  separa- 4 Tar separation - 417  Kg/hr(total) 
t ion O i l  sepkretion- 4433 Kg/hr ( t o t a l )  

04, Clein gas prehea- 
t i n g  & gas cooling 

Heat loads of gas Heater-1 

1.82 xlo6 ~ c a l ,  ~ r e c & r :  1.18 ~ 1 0  6 
h r  

K c a l  , After cooler: 7 . 0  X 1& K c a l  
h r  h r  

05, M d i t  ional & boost 2 Additional a i r  compressor capacity 
a i r  compressor 41,000 Nrn3/hr each from 0-98 t o  

12,3 kg/m2 abs, Boost a i r  compressor 
Sgpacity 245000 Nm3/hr each from 1 2  t o  

kg/cm2 &s, 
06, Ash handling 1 4120 MTPD of ash ( to ta l )  

07, Gas preheating by 2 Shell & tube type hekt exchanger, 
steam surf  ace area-.200.m2 (each) 



Table 0 1 4  

Equipment List 
P l a n t  6 ( ~ o v i n g  Bed case)  

Acid Gas Removal 

Item No. T i t l e  PtY. DescriptionfLTnit Remarks 

6C-2 S t r i p p e r  

6C-3 S t r i p p e r  Ref lux Drum 2 

6 6 4  Solvent  Surge Tank 2 

6 b 1  Solvent  S torage  Tank 2 

6E-1 ~ e a n  Solvent  Trim Cooler 2 

V e r t i c a l  Vessel,C,S, 
inc lude  mist el iminator ,  
10 t r ays ,  4 passes  
Design p ressu res  30 Kg/ 
an2 (g) 
Design temp. t 150 C 
D i a m e t e r  t 4.0 m 
T-T t 15 m 

V e r t i c a l  vesse l ,  C ,So, 
i n c l u d e  m i s t  e l imina tor ,  
20 t r ays ,  2 passes  
L)esign p ressu res  10 Kg/ 
an2 (g) 
Design temp, t 150 C 
D i a n e t e r  s 2 m 
T-T s 20 m 

Horizontal  c y l i n d r i c a l  
vesse l ,  C S , ,  Design 
p ressu res  10 ~g/cm2 (g) 
Design temp. s 150 C 
Dianeter  8 l . b  
T-T s 5 m 

H o r i w n t a l  c y l i n d r i c a l  
vesse l ,  C.S., Design 
p ressu res  32 ~g/cm2 (g ) 
Design temp, r 150 C 
Diameter s 3.5 m 
T-T 8.75 m 

Cone roof,  316 SS 
Design p r e s s u r e   atmosphere 
Design temp. $ 45 C 
Diane te r  r 5.75 m 
T-T s 8.2 m 

S h e l l  & t u b e  
Duty t 11.9 m i l l i o n  K c a l / h  
Surf ace  area r 1183 m2 
S h e l l  m a t e r i a l  & C.S. 
= h e l l  design p ressu res  
30 ~g/cm2 (g) 
S h e l l  design temp.$ 90C 
Tube material r C.S. 
Tube des ign  p r e s s u r e  s 
20 ~ g / a d  (g) 
Tube des ign  temp. t l5OC 



Table D-4 

EQUIPMENT LIST 
PLANT 6 (MOVING Bm C&E) 

ACID GAS REMOVAL 

I t e m  No. T i t l e  Y. D e s c r i p t i o d t l n i t  Remarks 

6E-2 Lean -Rich Solvent 2 S h e l l  & tube  
Exchanger k t y  8 18.8 Mil l ion  ~ c a l / h  

Surf ace areas2134 m2 
S h e l l  ma te r i a l  t C.S. 
S h e l l  design pressure$  
11 ~g/cm2 (Q) 
S h e l l  design temp. r lSOC 
Tube mate r i a l  r C.S. 
Tube design p ressu re  r 
30 ~ g / a d  (g) 
Tube design tmp.s  lSOC 

6E-3 S t r i p p e r  Reboiler 2 V e r t i c a l  t h e m s y p h o n  
Duty r 9.5 mi l l ion  Kcal /h  
Surf ace areas 580 m2 
S h e l l  matarial t C.S, 
& h e l l  design p r e s s u r e  8 
l o  K g / d  (g) 
S h e l l  design temp. r l5OC 
Tube mate r i a l  s C.S. 
Tube design p ressu re  8 
l o  Kg/anZ (g 
Tube design temp, r lSOC 

6E-4 S t r i p p e r  Overhead Condenser 2 S h e l l  & Tube 
h t y  s 3.1 m i l l i o n  Kcal /h  
=urf ace area r 225 m2 
S h e l l  material s C.S. 
S h e l l  design p r e s s u r e  r 
l o  Kg/cm2 (g) 
S h e l l  design temp, r 150C 
Skft Tube mate r i a l s  C,S, 
Tube design p ressu re  r 
7 ~g/cm2 (g) 
Tube design t q , s  l l O C  

6G-1 Solvent  Peed Pump 2+1 Hor i ron ta l  c e n t r i f u g a l  
Casings C,So,impellera 
d u c t i l e  i ron,  Flour26 m3/h 
Temp, s 30 C 
Liquid  head t 35 rn 



Table 0 - 4  

EGUIPMsNT LIST 
PLANT 6 (MOVING BED CASE) 

ACID GAS RENOVaL 

Item No. T i t l e  OtY Description/Unit Remarks 

6G-2 Lean Solvent Recycle Pump 241 

6G-3 Stripper Reflur Pump 24.1 

6T-4 Solvent Carbon F i l t e r  2 t 1  

Hori3ontal centr imgal  
Casing~C.S., impellers 
duct i l e  iron 
F l o w  t 480 m3/h 
Temp t 123 C 
Liquid Head t 3 5 h  

Horizontal centr i f igal  
Casing; C.S., impellers 
d u c t i l e  iron 
 low s 20 m3/h 
Temp t 44 C 
Liquid head t 50m 

V e r t i c a l  drum packed 
bed, C.S. 
Design pressure s 
40 ~ g / d  (g) 
llesign temperatures l5OC 
Diameter t 2 m 



Table D-5 

EGUIPIVIENT LIST 
PLANT 7 (MOVING BED CASE) 

SUWHUR RECOVERY 

This Selectox process used for this plant i s  a proprietary 
design of  Parson, No equipment list i s  available, 

One train i s  used, The normal gas feed i s  13937 -3/h with 705% H2So 

Total sul fur  produced i s  3 3 . 3  MTPD i n  s o l i d  block, 



Table  D& 

EQUIPMENT LIST 
PLANT 9 ( MOVING BE9 CASE) 

COMBINED , CYCLE 

I t e m  KO. T i t l e  Qtv, Desc r ip t ion lUn i t  Rem w k s  

9C-1 Blowdown Fl-  V e r t i c a l  vessel, C.S. 
ash  Drum 2 Design pressure: 4.2kg/cm2 (g) 

Design temperitwe: 190C 
Diameter: 1725mn 
T-T 4 1 0 0 ~ ~ 1  

9C-2 ConZenscte 1 Vertical vessel, C.S. wi th  epoxy l i n i n g  
S torage  Design pressure: 3.5 kg/an2(g) 
Tank Design temper~ture: 5lOC 

D i a m e t e r :  7,4 m 
T-T 1 0 . 7 ~ 1  

9C-3 Naptha 
t ank  (@or 

Capaci ty  : 100 m3 

st &rt up 
and s h u t  
down o f  GT) 

9E-1 H e &  Recow- 2 Duel pressure system, i nc lude  t h e  steam 
ry steam drums an? B e a e r z t ~ r ,  aad a s t e c k  
Gene ra to r  H e a t  t r a n s f e r  area (extended s u r f s c e )  is: 

HP ruperhea te r :  10860 m2 
Reheater: 9210m2 
HP evapors tor :  44200 m2 
IP s u p e r h e ~ t e r :  2100 m2 
HP economizer 1: 33150 m2 
IP evapor&or: 23820m2 
HP economizer XI: 17515m2 
I P  economizers a'650 m2 
Integral deaera tor :  25 4n0m2 

S t e m  cond i t i on  is: 
HP: 109 kg/& abs, 538 C 
I P  6 RH:25 kg/cm2 abs, 538 C 

Stack: 32m high, 7.3m d i a n e t e r  

9E-2 Sur fzce  Con- 2 S h e l l  tube,  s i n g l e  she81, 2 p a s s e s  
d e n s e r  . s h e l l :  C.S., tube:  S,S. 

I n c l u 5 e  vacuum pump package 
Duty: 202 m i l l i o n  Kcal /b  
Su r fece  area:  10600 m2 

9F-1 Startup 1 Rated at  11000 kg/h, 18.6 kg/cm2 abs 
B o l l e r  s e t u r s t e d  steam 

9G-1 Condensate 2+2 Hor i zon ta l  c e n t r i f u g a l  
-P Casing: C s s t  i r on ,  ir peller: bronze 

Flow: 390 m3/h 
T e ~ p :  49C 
Dif f .  p r e s s u r e  4.4 kg/cm2 

D-11 



Table D-6 
EWIPMEAT LIST 

PLAK'T 9 ( MOVING BED CASE ) 

I t e m  
No. - 
9G -2 

9G-3 

9G-4 

9G -5 

9G-6 

9 K-1 

9K-2 

T i t l e  

LP B o i l e r  
Feedwater 
-P 

HP B o i l e r  
Feedwster 
pump 

Con2 ens  a t e  
T r u l s f e r  
-P 

pty  , D e s c r i p t i o d U n i t  Remarks 

2+2 Hor izonta l  c e n t r i f u g a l ,  11-13% C r  
Flow: 130 m3/h 
Temp: 116OC 
Dif f  : pressure:  d 35 ~g/cm2 

2+2 h o r i z o n t a l  c e n t r i f u g a l ,  11,13X C r  
Flow: 440 m3/h, 
Temp: 116% 
Di f f ,  pressure:  148-3 kg/& 

2+1 Hor izonta l  c e n t r i f q a l ,  316 S, S, 
Flow: 390 m3/h 
Temp: 49C 
Dif f ,  p res su re  3,52 kg/crn2 

Process make Horizontal  cent r igugal ,  11-13%. C r  
up w a t e r  (BFW Flow: 100 rn3/hr 
q u a l i t y )  T r -  3+1 Temp: 4g°C 
ansf e r  pump D i f f ,  pressure:  3,52 Kg/& 

Naptha C s p ~ c i t y  : 4m3/hr 
pun? (For  Suction/Discharge (~g /c r r12g )  r 0/15 
start up 
a d  shut 
down of GT) 

GGS t u r b i -  2 General  Electric MS9001F gas t u r b i n e ,  
ne g e n e r a t o r  s i n g l e  s h a t t ,  with i n l e t  f i l t e r  

an2 o t h e r  a w l i a r y  systems, r a t e d  
212 MW at IS0 

Generctcrr  hyerogen cooled, 5 0  & 
3000 rpm, 16500 v o l t s ,  240 MVA 

Stem Turbi-  T r i f l e  e x t r a c t i o n  double flow con- 
ne Generc tor  dens ing  76 cm las t  stace bucket, 

steam flow: H P  SH: 360360 kQIh 
RH: 372,590 kQIh 
43.2 kg/cm2 (a) extrac stem: 3890 kg/h 

35 kg/- (a) extrac steam: 37900 k g / h  
3.9 ~ g / c m 2  (a 38325 Kg/h inlet steam 
Gener i tc r r  kyfrogen cooled, 50 Hz, 
3000 rpm, 16500 v o l t s ,  180 MVJ. 



Item T i t l e  Qty . D e s c r  i p t  i o o n i t  Remsrks 

9R-1 Gas Turbine 2 34m X 40m floor area, 16m high 
Build ing structure, lower part reinforced 

concrete upper part structure 
steel 

9R-2 Stem T- 
urbine Bu- 
i l d  ing 

34x1 X 45m f l o o r  area, 16m high 
structure, lower part reinforced 
concrete upper psrt structure 
steel. 



Table D-7 

E3UIPMEhT .LIST 
PLZXT 30 (MOVING BED CASE) 

SOLID WASTE DISPOSAL 

S1, T i t l e  %I' Descript ion 
No 0 - - 

Ash flow chsnnels  2 Service:  Flow of ssh s l u r r y  of &out 
10% ksh from g a s i f i c c t i o n  p l a t  t o  
ash p i t  

Flow: 2000 T e / h r  

Length of Chamel  t 2001x1 ( approx. 
width of channel- 
9 0 0 d  

Channels w i l l  l ea2  t o  a ash s l u r r y  
p i t  with purrping f a c i l i t y  and 
s h a l l  have &equate s lope  

ksh slur- pump 2+1 Cspacity: 1500 Te/h of ash slurry 
Disch, pressure: 7 Kg/m2g 

Mater ia l  t High chrome steel 

Ash s e t t l i n g  pond 2 Ash s l u r r y  (10% ash) quant i ty:  2000 te/ 
hr 

c lean  water  from t h e  pond should over- 
flow t o  a c lean  w a t e r  p o ~ ,  from 
where it w i l l  be pumped hick an2 
reused in t h e  system, m i l e  one of 
the s e t t l i n g  ponZ w i l l  be i n  l i n e ,  
another  w i l l  be un*er d r y i n d a s h  
removal ope r a t  ion. 

Clean water  pump 1+1 Cspaci ty t 1600 m3/hr 

Disch p ress  t 5kd-g 



T a b l e  D-8 

E S I P M E N T  L I S T  

PLANT 31 (MOVING BED CASE)  

RELIEF & BLOWDOWN ( NOTE 1 

I t e m  T i t l e  mY , D e s c r i p t i o n / U n i  t R e m a r k s  
NO - - 
31-1 K n o c k  O u t  1 H o r i z o n t a l  V e s s e l ,  C,S, 

Drum D e s i g n  Temp r 66C 2 D e s i g n  P r e s s u r e s  lkg/cm (g& 
D i a m e t e r s  3m 
T-TS l lm  

31F-1 M a i n  
Flare 

1 D e s i g n  gas f l o w s  80h500NM3/h 
D e s i g n  heat d u t y s  1146 m i l l i o n  

K c a l / h  
c.s, 
D i a m e t e r s  200 an 
H e i g h t s  32m 

31G-101 K.O.Drum 1+1 C e n t r i f u g a l ,  C,S, 
Pump L i q u i d  h e a d s  20m 

F l o w r  34 m3/h 

N o t e  1 s T h i s  plant i s  i d e n t i c a l  t o  t h a t  i n  t h e  Shel l  case, 



Table D-4 . 

EWIPMENT LIST 
PLANT 32 (MOVING BED CASE) 

INTERCONNECTING P I P I N G  

Major items of t h i s  p l an t  ares 

Fuel o i l  l i n e s  
Pipe and pipeways for raw water supply and BFW makeup water supply 

Pipe and pipeways f o r  t r e a t e d  waste.  water and steam blowbwn 

Instrument and se rv ice  air l i n e s  

Steam l i n e s  to t he  l i q u i d  oxygen and l i q u i d  nitrogen vaporizers 

Pipe and pipeways between process areas  
Dis t r ibu t ion  of cooling water and s e r v i c e  water from the  cooling 
tower 
Coal gas, steam, f e e d w a t e r ,  and condensate lines between t h e  
process and power areas 
Miscellaneous process and u t i l i t y  p ip ing 



Table  , D-ID 
EPUIPHENT LIST 

PLWJT 33 (MOVING BED CASE) 
COMPRESSED AIR SYSTEM 

Item No.  T i t l e  Remarks 

33C-1 Compressed S-ir 3 Vert iczl  vessel, C.S. 
Receiver Design pressure :  10kg/cm2 (g) 

Design Temperature 65C 
Diemeter: 1.37 m 
T-Ts 3.81m 

33K-1 Air Compressor 3 Design g a s  flaw: 2000 Nm3h 
Pressure  he&: 6.9 kg/& 
C a s t  i r o n  casing,  C.S. Impeller 
Cent r i fuga l ,  motc;r d r i v e  

33T-1 ~esic$at  AIr 3 Twin tower, cyc l ing  t y p e  
Dryer Design g a s  flows 1000 b 3 / h  

Design pressure:  lOkg/cm2 (g) 
Design pressure3 65C 



Table D-ll -- 
EQUIPMENT LIST 

P L m  34 (MOVIXG BED CASE) 
FUEL OIL HANDLIKG SYSTEN 

Item KO. T i t l e  XY Descript i o o n i t  - Remarks 

34C-1 Fuel O i l  Tank 2 Capacityt 400m 3 

34G-1 Fuel O i l  Pump 2 Centrifugal, C,S, 
Cqoc i ty :  40m3/h 

Fuel o i l  unloakhg from railwzy tankers & handling f 5 c i l i t i e s  
has been provided. 



T a b l e  D-12  
EQUIPMEKT L I S T  

P L ~  35 (MOVING BED CASE) 
ELECTRIC~L SYSTEMS - 

I t e m  KO. T i t l e  Pty, D e s c r i ~ t i o n / U n i t  Remarlcg 

H . V , C i r c u i t  B r e a k e r  

H . V . P i s c o n n e t t  S w i t c h e s  

H.V. D i s c o n n e c t  S w i t c h e s  
w i t r .  E a r t h i n g  B l a d e  

H .V.Light  ing Arresters 
Step-up T r a n s f o r m e r  f o r  
G a s  T u r b i n e s  

Step-up T r a s f  o r m e r  f o r  
stem T u r b i n e s  

S t e p - d o w n  T r a n s f o r m e r  
f o r  P r o c e s s  A u x i .  P o w e r  
& C o o l i n g  T o w e r  

S t e p d o w n  T r z n s f o r m e r  
f o r  Start up 

S t e p - d o w n  T r a n s  P fo r  combined Cy le 
A u x i l i a y  power 

S t e p d o w n  T r a n s f o r m e r  
fo r  c o m b i n e d  cycle h- 
s i l i z ry  P o w e r  (L.v.) 

235KV, 2000A,  6 3 U  
RMS system 

3-pole 2 3 5  KV,"Vm 
type center bre& 

3 - p ~ l e  2 3 5  W, 2 0 0 0 ~ .  
vert ical  break w i t h  
grounding bide. 

180/240/300  W A ,  OP/FP/FOX, 
16.5-220 KV, D e l t a - %  

1 lO/ l45 /180  MVA, OF/FP/FOP, 
16.5-220 KV, C e l t a - W e  

5/6.25 MlA, OMFA, 16.5-6.6 
KV, Cel t a -Wye  

4 ,215 .25  MVA, OF/FA 
16.5-6.6 KV, D e l t a - W y e  

35P-12 Stepdown T r a n s f o r m e r  f o r  
P r o c e s s  P l a n t  A u x i l i a x y  6 1.5 WA, GA 
P o w e r  (L.v.) 16.5 KV, 4 8 0  V, C e l t a - W y e  

35P-13 b!.V.&itchgear 2 16.5 KV, 750MVA S.C. 3000A 

35P-14 M,V,Motor C o n t r o l  C e n t e r  8 #.6 KV, 250MVA S.C., 2000A 

3 5 P - 1  L.V.Load C e n t e r  B u s e s  4 4 0 0  V, 4 2  KAS.C. 3 0 0 0 A  

35~-16 L.V.Hotor Control C e n t e r  d o t  400 V, 8 0 0 A  



Table 0-13 

EGUIPMENt LIST 

PLANT 37 WING BED CASE) 

COOLING WATER SYSTEM 

S1.No. T i t l e  a y e  Description 

1. Cooling Tower 1 33  cells, 2500 m3/h 
water c i r c u l a t i o n  &tv 
cell, 5 c y c l e s  6f 
concentration 

2. Circulat ing  water pumps 9+2 Centrifugal,  cest iron, 
Design flow- 9200 m3/hr 

pressure : 

3 . Chemical dosing unit 



TABLE 0-14 
MUIPMEh'T LIST 

PLmT 38 (MOVING BED CASE) 
RAW WATER SVPPLY Am TRE~.?pr!NT 

1 T i t l e   MY. f Desc r ip t ion  
NO. Y Y Y 

01, RGW water t r a n s f e r  pump 1+1 C e n t r i f  us al, cqst i r c n ,  
Flow- 2100 m3/hr 
Discharge p r e s s u r e  - 12kg/cm2g 

02, RGW water s t o r a g e  pond 1 Capcci ty  - 70,000 rn3 

03, R a w  w s t e r  t r a n s f e r  pump 1+1 Cen t r i fuga l ,  -st i ron ,  
from pond t o  w a t e r  tr- Flow- 2100 m3/'hr 
ectment p l a t  Discharge ~ressure-Skg/cm2g 

04, Weter Tre;trnent Plant 1 Capaci ty  - 2000 m3/hr 

(1) Sludge f i l t e r  arr- 
angement w i t L  recycle! 
of recovered water 

( i i )  ~ r o c e s s w a t e r p u m p  1+1 Capacity-2000 m3/hr 
Dischsrge pressure-5kg/cm2g 

( i i i )  S a i t a r y  w c t e r  pump 

05. DM w s t e r  P l a n t  1 Capaci ty  - 260 m3/hr 

(i) bM w a t e r  transfer , 1+1 C q a c i t y  - 260rn3br 
Pump Disch6-e pressum-5kg/cmlg 

( i i )  Condens e t e  p o l i s h i n g  1 C- a c i t y  - 900 m3/h of  
Uni t  po f i shed  condensste. 



Table  D-15 
EQUIPMEKT LIST 

PLANT 39 (MOVIKG BED CASE) 
FIRE PROTECTIGN (NOTES) 

Item KO. T i t l e  .3tv 'C D e s c r  i p t  ion/Uni t  Remarks 

39D-1 LP Carbon Dioxide 1 8 tonnes  
S torage  Tank 

39G-1 F i r e  Water Pump 2 Cen t r i fuga l ,  d r iven  by 
d i e s e l  engine  
Design flaw: 450 m3/h 
Liquid head: 180m 

39Y-1 Halon System 

39Y-2 Cerbon Dioxide 
System 

39Y-3 Hose C a r t  

39Y-4 Hose R e e l  

39Y3 F i r e  and Smoke De 
-tector 

39Y-6 F i r e  kiydrents 

39Y-7 Deluge & Sprin- 
k l e r  System 

39Y-8 P o r t a b l e  Extin- 
QU isiter 

39Y-9 Yard Fire Water 
P i p i n g  

39Y-10 Bo i l e ing  F i r e  
Water Piping 

I n s t a l l e d  i n  c o n t r o l  rooms 
I n s t a l l e d  i n  t u r b i n e  b u i l d i n g  

1.2m steel wheels, each wi th  
8 0 m  long 6.35 a n  dianeter hose 

30m long, 3.81 cm diameter  

Dry barrel type, 15 cm i n l e t  
w i th  pump connect ion 

Located over rot a t  ing  components 
t h a t  handle  f lamable f l u i d  
p l u s  t r s n s f o m r s .  

Note 1 s  T h i s  p l a n t  is t h e  same as t h a t  in t h e  &ell  case. 



Table D-16 
EXJIPbBXT LIST 

P L m  40 (MoVIKG BED CASE ) 
WASTE WATER TRE2.TIKG 

I t e m  X T i t l e  m y .  XDescript ion/Unit X ~emsrks- 
No.  X x x 

C l a r i f i e r  Sludge 1+1 Cen t r i fuga l ,  Cast  I ron  
m P  w i t h  rubber l i n i n g ,  

Design Flow: 2.5 m3/h 
LiquiZ Head: 1Sm 

Backwash Wcter 1+1 Cent r i fuga l ,  C a s t  I r o n  
m P  Design Flow: 15,3m3/h 

Liquid He&:  15m 

B ~ c h - a s h  S e t t l e d  1+1 Cen t r i fuga l ,  C c s t  I r o n  
water pump Des i  n  Flow: 15,3m3/h I-IpJ u : 15m, 2 B H P  
Thicksner  Under- 1+1 Mayno, 304 S.S. 
f low Pump Deisgn Flow: 1 ma/h 

Liquid H e d :  21m 

Regenerant Cisch- 2+1 Cen t r i fuga l ,  Alloy 20 
a rge  Pump Design Flow: 35m3/h 

Liquid Head: 30m 

Slop O i l  Pump 1 Recip, Cast  I r o n  
Design Flow: 1.1 m3/h 
Liquid Head: 21m 

Storm Runoff Water 1 Cent r i fuga l ,  C a s t  I r o n  
PUnP Pesign Flow: 300 m3/h 

Liquid Head: 23m 

O i l y  Water Pump 1 Cent r i fuga l ,  C a s t  Iron 
Design Flow: 2.3 m3/h 
Liau id  Head: 15m 

Thickener Overflow 1+1 Cen t r i fuga l ,  C a s t  I ron  
P m P  Design Flow: 5  m3/h 

Liquid Headr 15m 

40D-10 N e u t r a l i z a t i o n  1 Vertical vessel, C.S., epoxy l i n i n g  
T ank Diameter: 5m 

Height  : 5.6 m 



Table D-16 

EXIPMEKT LIST 
PLmT 40 ( K V l N G  BED CASE) 

WASTE WATER TREATING 

- 

Item No, T i t l e  Qty, DescriptiordUnit Remarks 

Spent Backwesh 
Tank 

~ i l y  Weter Sump 

Thickener Over- 
flow Sump 

Process waste 
water Treeting 
Psckage 

Sludge Thickener 1 

F i l t e r  Press 5 

Sanitsry Waste 1 
Treetnent Pack- 
age 

Vertical  vessel,  CS epox y l i n ing  
Diameter: 5.2m 
Height: 5.2m 

Rectsngul a r  vessel ,  concrete, 
1,21m X 1 - 2 1  rn X 1,82m 

Rectangulsr vessel ,  concrete, 
1,94m X 1,94m X 2 . 6 0 ~ 1  

Proprietary design of NEERI, include 
equal isa t  ion, 1 h e  t reetment, amnonia, 
s t r ipping by a i r  and i t s  recovery, 
neu t r a l i s a t  ion and biological  t r- 
eatment of phenol a d  cynides: waste 
water flow r z t e  180 n73/hr . 
V e r t i c a l  vessel,  C.S. ,  epoxy l i n ing  
D i a m e t e r :  5,8m 
Height; 6.7 m 

3@4 S.S., 120 m2 f i l t e r  area 

8 m3/h capacity 



Table D-17 
EQUIPMENT LIST 

PLANT 43 (MOVING BED CASE) 
B U I  LDI NGS 

ItemNo. T i t l e  

43R-1 Control  Building 

43R-2 Administration B- 
u i l d i n g  incluciing 
Laboratory & M e d i -  
c a l  F a c i l i t y .  

43R-3 Warehouse 

Descr ip t ion/Oni t  Remarks 

Three s to ry ,  s teel  
frame, 23m X 3&n 

Two s to ry ,  w n c r e t e ,  
3 h  X 44m 

1 Pre-engineered metal 
bui lding,  45m X 6Om 
with  6,7m eave he igh t  
and c a s t  i n  p l a c e  re- 
i n f o r c e d  slab 

43R-4 Machine Shop and 1 Pre-engineered metal 
Maint. Building bui lding,  1 2 m  X 30m with 

6,7m eave he igh t  and 
c a s t  i n  p l a c e  r e in fo rced  
s 1 ab 

Note I t  This p l a n t  i s  i d e n t i c a l  to  t h a t  i n  t h e  S h a l l  case. 



T a b l e  P.18 
EQUIPMENT LIST 

PLANT 36, 41, 42 (MOVING BED CASE) 
I NSTRUMEST AND CONTROL, GENERAL SERVICES AND MOBILE EQUIPMENT, 

SITE PREPARATION 

These three  p l a n t s  have been def ined  and described i n  
S e c t i o n  5 .1 .4  

No equipment lists were developed for t h e s e  p lan t s*  



Appendix E 

EQUIPMENT LISTS 

DEMONSTRATION PLANT 



E C I U I ~  L I S T  

Crushed C o d  Transportation from PC Plant to 
Demonstration Plant Battery Limit. 

= . T i  t 1 8  =Ye Description 
Nor 

1. Rotary Disc Ieade,r 
o r  Can s h e l l  

2. R d l w a y  

3. Railway Wagons 8 wheelers, 
Capacity - 50 Te 



Table E-2 

EWIPMEPJT LIST 
. . .  _ - .  

COAL UN'LOADING AND DRYING 

1. Coal Reclaiming hopper 1 R.C.O., Capacity r 40 Te  

2. ~ i b r a t b r y  feed-, 1 Capacity r 100 Te/hr , 

3. Reclaiming conveyor (FT 1) 1 Belt  width r 650 xnm 
Dapacity r 100 Te/hr  

4. Dozer 

5. Payloader 

2 Capacity r 90 HP 

6.Fluidbed drying systan 1 W e t  -a1 feed r a t e  8 100 tph 
Feed moisture - 18% 
Product moisture - S X / 2 ,  5% 
Evaporation - 13.7tpv16.3 tph 
Below bed hot gas temp. - 504% 
Product  temp. - 82% 
Stack gas - 82% 
Stack gas dew poin t  - 72.C 
A u x i l i a r i e s  - Cyclones 

7. Flue gas generator 1 
complete with gFr 
blower and auxi li arles 

8, I n l e t  fan 1 

9. Exhaust fan 

10. Dust collectoc 

Fuel o i l  f i red,  f u e l  o i l  
consumption - 530/560 kg/hr 

Flow - 55 cubic mps 
SP - 525 mn water 
Temp, .- 504.C 

F l o w  - 31 cubic mps 
SP - 525 mm water 
Temp. - 82% 

Type - Bag house 
F i l t e r i n g  area  - 390 Sq.m 
lamperature - 90.C 



Table E-3 
EWIFW8NT LIST 

Secondary cog1 ,crusher, limeatone handllng & crushing 

S 1 o T i t I e  No. Description 

Limestone reel aiming 
hopper 

B e l t  feeder (m 2)  

Bucket elevator 3) 

C o a l  crusher 

B e l t  conveyor 4) 

B e l t  conveyor (6T 5)  

Bucket Elevator @'J! 6)  

B e l t  conveyor @T 7 )  

Storage Bunkers 

Vibratory f eeder8 

Bucket elevator (El' 8) 

H a a m e r  Mill . 

Rod Mill 

1 

1 

1 

2 

1 

1 

1 

1 

1 set 
of 6 
ma. 

6 

1 

1 

1 

Capacity r 3.5 T e / h r  
Width t 400 mm 

Capaclty t 3.5 Te/hr 
Type 8 B e l t  bucket eleva-r 

Capacity t ,  100 Te/hr 

Capacity r 100' Te/hr  
Width r .  650 mm 

Capacity + 100 Tefhr 
width t 650 inir 

Capacity s 100 Te/hr  
Type t Chdn bucket elevator 

Capacity t 100 Te /h r  
width 8 650 nm 

Capacity t 170 Te (each) 
MOC t RCC ~ 

Capacity t 25 T e r n  

Capacity r 100 Te /h r  
Type 8 Chain Bucket elevator 

Capacity r 3.5 Te/hr 
Product s i z e  t (-) 6 mn 

cs&.ty t 3.5 ~ e / h r  
Product size s 16 mesh 



Table - 6-4 

Caal Gasification 

S1b T 1 . t  I a No.of Design capacity 
NO. t r a i n s  pe r  t r a i n  

& Coal Gasification ( KRW Case ) 

2, Gaaif lea t ion  

3. Ash Removal 

4. Heat Recovery 

;. 
5. Gas b n d i t h d n g  

6, Recycle gas bmpression 

Be Coal Gasification ( U=Gm ) 

1. ~ o o s t  a r  ~onprassor 

2. Gasification 

3@ m h  Removal 
4. Heat Recovery 

5. Gas Conditioning 

49200 m3/ht gas 
flow compressed 
fmm 12.4 t o  36.2 
~ g / a n  2a 

910 MTPD of Coal 
( 5% moiature ) 

Producing 43,199 
K g / h r  saturated 
steam a t  101 kg/cm2a 

174968 N1n3/h gas flow 

For ash t ransport  
and f o r  f i l t e r  
operation 

48300 Nn3/hr gas flow 
compressed from 12.4 
to 27.6 ~ g / a d a  
857 MTPD of coal 
( 2.5% moisture ) 

312 MTPD of Ash 

Producing 36834 kg/hr 
saturated steam a t  
101 k g / d a  

166747 Na3Jh gas flow 



Table - E-5 

EQUIPMENT LIST 

S O U P  WASTE DISPOSAL 

-- 

~ Y O  Description 

1. Ash Slurry P i t  1 ' Capacity : 750 ~3 

2+1 Capacity r 90 ~ 3 / h r  
Discharge pressure t 

9 k g / d a  

3. Slurry Discharge Mpe 1 Length r 6 Km 

Dia r 200 mn 

4. River Water Pump 

5. River Water Hpe 

1+1 Capacity s 160 ~ 3 / h r  
Discharge Pressure s 

9 kg/cm2a 

1 Length t 1 Km 

Dia s 200 mn 



. T a b l e  - l S 4  

INTER CONNECTING P I P I N G  

I t e m s Specification 
No. 

Major items of tNs plant are t 

la' ~ r o b c t  fuel  gas from H p e  Length s 400 M 
gasiff  cation plant to gas M a  s 500 nxn 
turbine Material r Alloy Stee l  

2. Air fmm gas turbine to Pipe Length t 400 M 
gasif ication Dla s 300 mn 

Material s Alloy Stee l  

3. Export stem from gasif ication Pipe Length s 400 M 
plant toHRSU/Stem turbine Dla s 200nm 

Material r CS 

4, Start up S t e m  f r o m  HRmJ Pipe Length s 400 M 
to gasif ication Ma s 150 am 

Ma*erial 8 Alloy Stee l  



Table - E-1 
WUIWKT LIST 

COMPRESSED A I R  SYSTEM 

T i t l e  
No, BtY. Description 

;J 1. dUr compressor along 
air receiver and air 
system 

Capacity i 600 I?rn3/hr 
Pressure t 7 kg/cm2 
Cast' i r o n  casing, 
CS impeller, 
centrifugal 




