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FOREWORD 

I 

This f i n a l  report  i s  s u h l t t e d  t o  the George C. Marshall Space F l i gh t  

Center (MSFC), National Aeronautics and Space Administration, by The BDM 
Corporation, Suite 32, Holiday Off ice Center, 3322 Memorial Parkway SW, 
Huntsvi 1 le, Alabama, 35801, as f u l f i l lmen t  o f  the f i n a l  report requirement 

o f  Contract Number NAS8-33824, en t i  tl ed "Coal Gasif i cation System Engineer- 
i ng  and Analysis.I1 I 

Mr.  Thomas I rby  i s  the MSFC Contract Of f icer  Representative. This study I 

i s  t o  provide MSFC a basis f o r  t he i r  support of the Tennessee Val ley  Authority 
Coal Gasif icat ion Project, consisting o f  a four 5,000 ton/day module coal 

gasi f icat ion f a c i l i t y .  Major project  support f o r  t h i s  study i s  provided by 

the M i  t t e l  hauser Corporation act ing as a subcontractor. 
Dr .  Jerry V ,  Fox i s  The BDM Corporation program manager. Mr.  M. Dale Dowden 

i s  the M i  t t e l  hauser Corporation project  manager. 
The task leaders are Dr .  3. V. Fox and Dr. W. F, Mackey from The BDM 

Corporation and M r .  R. S. Bennett, Mr.  M. 0. Dowden, Nr. T. A. Matchak and 
Mr.  W. H. Seward from the M i  ttelhauser Corporation. i 

BDM Corporation technical s t a f f  are Dr .  R. M. Bass, Mr .  C. Carter, 
i 

Mr .  M. F. Funke, Mr. S. Majied, Dr .  B. S. Morgan, Mr .  J. R. Query and / ; 
D r .  J. M. Siegel. Mittelhauser Corporation technical s t a f f  are M r .  T. A. Atkins, 

Mr .  T. W. Barrs, Mr .  W. C. Chambers, M r .  S. E. Heffley, and Mr. S. H. McFeely. 

I 

Consultants were Mr .  M. R. Beychok and Mr.  Henry Ho. , 
The key administration s t a f f  contr ibuting t o  production of the documents 4 I 

are Mrs. 0. Blackburn, Mrs. L. Fanning, Mr.  K. Kyzer and Ms. E. Roy. 
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i I THE BDM CORPORATION 

CHAPTER I 
INTROWCTION 

A. BACKGROUND 

The purpose of t h i s  study was to support the f e a s i b i l i t y  analysis 
and systems engineering studies f o r  a 20,000 tons per day med-.urn BTU 
(MBG) coal gasif icat ion p lant  to be b u i l t  by TVA i n  Northern Alabama. . 

TVA plans t o  bu i ld  the plant  i n  four modules of 5000 tons per day each 
wi th the f i r s t  module on l i n e  i n  mid 1985. I n  th i s  study, The BDM Corpor- 

at ion and i t s  subcontractor, the M i  t t e l  hauser Corporation, have provided 
assistance t o  NASA Marshall Space F l ign t  Center f o r  i t s  feasi b i l  i t y  analyses 

and systems engineering studies i n  support o f  the TVA project. 
As par t  o f  i t s  f e a s i b i l i t y  analysis, TVA has contracted wi th  three 

engineering firms f o r  preliminary p lant  designs based on f i v e  d i f fe ren t  
gasif iers. These designs w i l l  be used t o  select a gas i f i e r  o r  gasif iers 
f o r  the plant. 

8. OBJECTIVES, ASSUMPTIONS, GUIDELINES AND LIMITING FACTORS 

The major objectives o f  the study were as follows: 

1 ) Provide design and cost data to  support the selection o f  a 
gasi f ier  technology and other aajor  plant design parameters. 

2) Provide design and cost data t o  support a1 ternate product 
evaluation (methane, methanol , gas01 ine, hydrogen). 

3)  Prepare a technology development plan t o  address areas o f  
high technical r isk .  

4 )  Develop schedules, PERT charts, and a work breakdown structure 

t o  a id i n  preliminary project  planning. 

Assumptions, guidel ines and 1 i m i  t i ng  factors are sumnarized b r i e f l y  
i n  Figure 1-8-1 . Detailed guidel ines were provided i n  a TVA pub1 ica- 

tion, "Design Cr i te r ia  for Conceptual Designs and Assessments of TVA's 

Coal Gasif icat ion Demonstration Plant," March 1980. 
Other Items specified i n  the .TVA document include the f o l  lowing: 
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Location: Murphy H i  11, Alabama 

Coal : Kentucky No. 9 
Coal cost: $1.25/mn Btu; 1/1/80 do l lars  

Product Gas: I '  
( 1 

600 psig minlmun 
!. ! 

Pressure: 
Temperature: 120 degrees F maximum i i 
Higher Heating Value: 285 BtulSCF minimum 

Total Sulfur: 200 ppm MX~IIIUII i i 

Total Moisture:' 7 lh/WSCF maximum 

Chemical Composition: Within the constraints described above, 
the composition of the gas a t  the plant  
fence may be established sole ly by the , I 1 \ 
coal gasi f icat ion and gas cleanup 
processes. l 

Design Capacity: 20,000 tons o f  coal per day, i n  .four modules of 5000 tons ''I ,I 

per day each 

On stream Factor: 90 percent 

Module l i f e :  20 years af ter  startup I 

I n i t i a l  Operation Schedule: F i r s t  module 6/1/85 I 

Second modu 1 e 6/ 1 / 86 \ 

Third module 1/1/87 

Fourth module 6/ 1/87 

Candidate Gasifiers: Koppers-Totzek 
Texaco 
Babcock and W i  lcox 
Lurgi 
BGC/Lurg i 

Figure 1.8.1, Major Gasification Plant Parameters 
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Si te  and Transportation Conditions 
Coal Receiving and Hand1 ing 
Bui ld ing and Support Structures 

Codes and Standards 
Coal and Water Characterization 

Byproduct Speci f 1 cations and Disposition 
Environmental Control Guide1 ines 

Oetai led Economic Assumptions 
Cost Power; Construction and Escalation rates f o r  Operations 
and Maintenance Labor 

C. STUDY APPROACH AND MAJOR RESULTS 

The investigative flow and major study resul ts are il lustrated i n  

Figure I-C-1. As a basel ine f o r  a1 1 tasks, the major design-related 

features o f  each generic plant system were characterized i n  a "catalog." 
A f a c i l i t y  requirements document providing plant swc i f i ca t ions  for 

destgn guidance was developed j o i n t l y  wi th NASA. Based on the catalog 
and requirements data, approximately 17 designs and cost estimates were 

developed f o r  MBG and a1 ternate products. Pddi t ional  ly ,  a series o f  
generfc trade studies was conducted t o  support a1 1 o f  the design studies. 

To supplement the designs, a set o f  cost and programnetic analyses 
were conducted. The cost methodology employed f o r  the design and sens i t i v i t y  
studies was documented and implemented i n  a computer program. Plant design 

and construction schedules were developed f o r  the K-T, Texaco and B6W MBG 

plant  designs. A generic Work Breakdown Structure was prepared, based on the 
K-T deslgn, t o  coincide wi th WA's planned management approach. An extensive 

set of cost sensi t i v i  t y  analyses was completed for the K-T, Texaco and B6W 

design. Product pr ice competitiveness was evaluated for MBG and the a1 ter -  
nate products. Final ly, a d ra f t  Management Pol i c y  and Procedures Manual 

developed by 7YA was eval ua ted and modifications were r e c m n d e d .  
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Several eval uatlon tasks were conducted. Eva1 u t i o n  c r i t e r i a  were 

developed f o r  assesslng the prel lmlnary gas1 f l e r  designs prepared fo r  
TVA by three englneerlng f lms .  An evaluation o f  the advantages and dls- 
advantages o f  the f i ve  candidate gaslf lers was prepared. Finally, NASA's 

own K-T and Texaco dcsfgns were compared to the BOM/Mlttalhauser designs. 
A supporting technology development plan was developed t o  address 

hlgh technology r i sk  Issues. The Issues were Ident i f led and ranked I n  

terms o f  Importance and t ractabl l l ty ,  and a plan developed f o r  obtaining 

data o r  developing technology requlred t o  m i  t igate the risk. 

ORGAN I ZATI ON OF THIS REPORT 

Each o f  the mador study results l i s ted  I n  Sectlon C I s  described I n  
the remainder o f  th is  report. The following outllnes the report by chapters. 

Chapter I I Gaslflcatlon System Characterizations 

Chapter I11 MBGFacllityDesIgns 

Chapter IV Trade Studies 

Chapter V' Cost Analyses and Methodology 
Chapter VI A1 ternate Product 6es i gns 

Chapter VII Schedule and Network Analysis 
Chdpter VI I I Product Campetl ti ve Evalbations 

Chapter IX Work Breakdown Structure 
Chapter X Management Polfcles and Procedures 

Chapter X I  Comncrclal Design Assessment 

Chapter XI I Assessment o f  C r l  t i ca l  Technology Needs 
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2 
I n  add1 tlon, complete msul t s  o f  each o f  the project tasks a n  Included i l 

as Appendices A through H. 
tl 

(1) AppendixA C ~ l G m s l f l c a t l o n S y s ~ C a t a l o g  
(2) Appmdlx 8 Mcdlun B t u  Gas Design 

1 (3) Appendlx C Alternate Product Designs 

Ll 
(4) Appendlx 0 Costs and Econanlc Studles 
(5) Appendlx E Methodology of Cost De~mlna t lon  
(6) Append1 x F C r l  t i ca l  Techno1 ogy Eva1 uatlon and Recofmtenda tions 
(7) Appendlx G Comerclal Design and Technology Evatuatlon 

U 
(8) Appendix H Wrk Breakdm Structure ' I ! I 
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CHAPTER 11 

GASI FICATION SYSTEM CHARACTERIZATIONS 

This chapter b r i e f l y  descrlbes the gasif ication technologies, major 
design and cost considerat!ons, and the other systems I n  the gasif lcatlon 

plant. Raw naterials requlred fo r  plant operation and byproduct markets 

are a1 so discussed br ie f ly .  These topics are treated In  more deta i l  I n  

Appertdix A. 

A, DESCRIPTION OF GASI FICA1 ION T ECHNOLOGIES 

1. Introducticn 

TVA selected f i v e  gaslf lcatton technologies for evaluation: 
Koppers-Totzek, Texaco, Lurgl Dry Ash, Slagging Lurgi , and Babcock and 
Wilcox. Each o f  these i s  described below. The Unit 0perat.Ions refer- 

enced i n  these descrtptions are dlscussed I n  Sectlon D below and i n  

Appendix A. Unit operatlon nurnbers referenced are from the systWuni  t 

operation correlation used i n  the catalog I n  Appendix A. 

2. Koppers-Totzek 

T he Koppers-Totzek gas1 f i e r  i s  a high temperature , cocurrent 
entralned f low gasi f ler  which accepts coal frm Coal Preparation along 

with oxygen and steam t o  produce Intermediate BTU gas. It I s  a proprietary 
unl t 1 icensed by Krupp-Koppers o f  Germany. $1 zed coal 1/4"x0 from Coal 

Preparation, Unl t Operation 1 1 , enters the pretreatment area of Gas1 f i- 
cation, Unl t Operation 20, where I t i s  crushed and ground t o  70% minus 

200 mesh, and dried t o  2% moisture, It I s  then fed t o  elght screw 

conveyors that feed four pairs of burners located 90' apart. There are 

four feed points on the four--headed gasi f ier  wlth 2 burner heads a t  
each point. Each burner projects a j e t  to  converge with the 1 lne of 
discharge o f  the other, Oxygen from A i r  Separation, Unl t Operation 80, 
and steam frun Steam Generatlon, Unl t Operation 84, carry the coal through 

the burners in to  the gaslfler. 
The oxygen, steam, and coal react to  gasify the carbon and 

vo la t i le  matter o f  the coal and t o  convert the coal ash in to  molten slag 
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whlch I s  sent to Sollds Trsataent, Unlt Operatlon 31. The gas exltSng 
each gasl f ler  I s  d i rect  mter quenched to ba lm the ash fuslon temperature, 
I n  order to so l ld l fy  entralned slag droplets. The remalnlng slag forms 
a layer on the refractory walls and flom down through a s e p a ~ t e  chute 
In to  quench tanks. 

Low pressure steam I s  produced I n  the water jackets o f  the 
gaslf lers fm waste heat that p8sses through the refractories. 

After the gas I s  quenched, gas and entralned ash part lcles 
pass through a waste heat bo l ler  where the gas I s  cooled t o  approxlmakly 
3d by n l s l n g  hlgh pressure stem. The gas I s  then scrubbed fo r  
particulate remval. The clean lntennedlate BTU product gas I s  then 
further cooled i n  Gas Coollng, Unlt Operatlon 21, before golng t o  Acld 
Gas Removal, Unl t Operatlon 22. 

UIth the K-T gaslfler, as with a l l  hlgh temperature entralned 
f l o w  gaslfier, no tars, phenols, oi ls,  etc., are produced so the gas 

i 
1 

requl res less cleanup that those systems that  produce hydrocarbons. 

I Because o f  the hlgh operating temperatures the gaslfer r q u l r e s  an 

1 appreciable amount of oxygen per pound o f  coal fed. The K-T gas l f ler  
requires about 0.9-1.0 l b  O2 per 1b coal fed. Stem consunption i s  
approximately 0.4 1 b per l b  o f  coal. The hlgher heating value o f  the 
dry gas produced fran the K-T gasl f ler  I s  i n  the range o f  285-300 BTU/SCF. 
The Koppers-Totzek gasl f ier  typical ly operates a t  a pressure o f  about 7 
psig. Maxlun temperatures can run as hlgh as 3 3 0 0 ~ ~ .  

T exaco 3, - 
The Texaco Coal Gaslflcatlon Process uses a coal s lurry feed, 

conslstlng of fresh ground coal together w l  th recycled f i ne  slag and 
carbon wlth a to ta l  solids content SO to 65% by welght. The slurry i s  
pumped from mix tanks I n  the grlndlng and slurry section t o  the gasi f ier  
s lurry tank. A circulating punp circulates the s lur ry  through th ls  tank 
and suppl les slurry t o  the suctlon o f  the high pressure charge pump. 

The coal-water s lurry I s  fed through a speclally developed 
burner In to a refractory-1 lned gaslf i e r  reactor. Part ia l  canbustlon 

wlth oxygen takes place a t  n pressure o f  600 pslg, o r  hlgher, and a 



temperature I n  the range of 2300 t o  2 8 0 0 ~ ~  t o  produce a gas consisting 

mainly o f  CO, H2, Cop, and steam. Most o f  the sul fur  i n  the coal i s  
cn:verted t o  H2S, and the balance converts t o  COS. Nttrogen and argon 
from the oxygen feed appear i n  the gas together wi th  most of the nitrogen 

from the coal. The gas contains a small -amount of methane, sane uncon- 

verted carbon and a l l  of the ash i n  the form o f  slag. The gas i s  essen- 
t i a l  l y  f ree o f  uncombined oxygen. 

The upper section of the g r s i f l e r  i s  the refractory-1 ined 

chamber i n  which the pa r t i a l  oxidation reaction takes place. In many 
conceptual designs, pa r t  o f  the gas i s  withdrawn and cooled t o  be1 ow the 

ash fusion point  by mixing wi th cooled recycle gas. Entrained .slay 
part icles, so l i d i f i ed  by coo: ing, are then removed from the gas. The 
gas i s  then cooled by ra ls iqg high-pressure steam i n  a specially-designed 

waste heat boi ler .  The ga: then passes t o  ti.s Gas Cooling System, Uni t  
Operation 21. To date, thesc high-pressure steam generators have not  
been comercia1 l y  proven i n  coal gasi f icat ion service,. 

A t  least  3 port ion of the gas from the gas generator reaction 
section passes s t ra ight  down i n t o  the quench section o f  the gasi f ier .  
This stream carr ies the bulk o f  the larger part ic les of slag, and i t  i s  

i d i a t e l y  quenched wi th water from the 2300 t o  2800'~ range t o  about 

400'~. The gas from the generator quench chamber jo ins the main stream 

o f  gas gof ng t o  the gas cool ing operation. 
Water from the gas i f ie r  quench chamber i s  cooled and combined 

wi th water from the carbon-scrubber lower section. Both streams contain 
f ine sldg and unconverted coal. The water steam from the lock hopper 

and water from the f ina l  product cooler separator j o i n  t h i s  steam, and 
the t o t a l  flows i n t o  the flash pot. 

I n  the c l a r i f i e r ,  the f ine slag and unconverted coal se t t l e  
out, leaving a c l a r i f i e d  water overflow that  i s  pumped back t o  the 

carbon scrubber v ia the gray water drum. Makeup water i s  added a t  t h i s  

point. 
The c l a r i f i e r  underflow i s  fed t o  a centrifuge for dewatering. 

The concentrated underflow i s  returned t o  the coal grinding and s lurry-  
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lng sectlon and mimed with coal-feed slurry. The f l l t r a t e  I s  returntd 
t o  the clarifier. 

Most o f  the ash I n  t?e coal feed agglomerates In to essentially 
carbon-free molten slag droplets, which are quenched and so l ld l f ied  i n  
the lower quench sectlon of the reactor, This slag I s  sett led through 
the quench water i n t s  the lock hopper. The lock hopper i s  perlodlcally 

dumped c9* a screen, from whlch the slag i s  conveyed t o  the solids 
treatment system. 

4. Lurqi 
The LurgC gaslfler, dry ash, gravltat ing bed type, i s  camner- 

c l a l l y  available from Lurgl Kohle and Mlneraloelkchnik. The gasi f ier  

i s  a water jacketed pressurlred unl t comprised of a series o f  ver t l ca l l y  
stacked vesseis. There are, from top t o  bottom, a coal hopper, coal 
lock, water jacketed gasifier, ash lock, and ash quench chamber. 

Coal I s  conveyed from Coal Preparation, Unl t Operation 11, t o  
the coal hopper from which It 1s fed by gravity t o  the depressurlrtd 
coal lock through a hydraulically operated valve. The lock I s  then iso- 
lated and pressurized with a $1 ipstream o f  i ne r t  gas (mainly N p )  and the I 
coal i s  tranfermd to  the gasif l e r  through another hydraul 1 cal l y  operated 
valve. The empty lock I s  isolated, depressur~zed through a bag f i l t e r  
and vented either t o  the atmosphere or  the Incinerator, Unit Operatlon 1 
41. The gas displaced from the coal and lock hoppers during loading i s  
routed slmilarly. Coal dust recovered l a  the f i l t e r  i s  returned t o  the ! 
coal hopper. 

The coal flowlng down through the gas produced represents a 
slowly moving bed whlch has several d i s t i ac t  zones. I n  the f i r s t  zone 
a t  the top o f  the gasifler, coal i s  preheated and dried by contact w l  th  
the hot crude gas leaving the ; d c t o r .  Rs the coal moves down and i s  
heated further, devolatl l  lzatr nc occurs an,: gasif ication conmcnces. The 

bottom o f  the bed i s  a cambustlon zone where carbon reacts with oxygen 
to form CO and COT The oxidatlon provider the overall heat f o i  the 
gasif ication and devolati l izatlon reactions whlch are endothermic. Only 
a negllglble amount o f  unburned carbon remains i n  the ash. 



THE BOM CORPORATION 

When M6G 1s t o  be made, oxygen from A i r  Separntlon and Oxidant 
Feeding, Unlt Operatlon 80, and steam enter the gasi f ier  near the bottom 
and are heated as they r l se  upward t o  the colnbustion zone by the hot ash 
movihg down f ran the  ist ti on zone. Oxygen f lon  rate I s  control led t o  
accmpllsh completd gasif lcatlon o f  coal. Steam rate I s  controlled to 
malntaln a speclfled gasi f ler  bottom temperature t o  prevent melting or 
clinkering o f  the ash. 

A portlon o f  the gasi f ier  proct,. steam I s  generated a t  abouj 
the operating process o f  the gasifier, I n  the gasi f ler  jacket. The 
balance I s  provided through waste heat recovery .or frm Steam Generation, 
Unit Operatlon 84. 

The crude gas leavlng the gasl f ier  contains appreclable quan- 
ti t ies o f  tars, oi ls, naptha, phenols, f q t t y  acids, anmonla, hydrogen 
sulfide, sul fur compounds, and a small amount o f  coal and ash dust. The 

crude gasl f ler  effluent t a p c r a t u n  ranges fram 575'~ t o  over 1 0 0 0 ~ ~ .  
The eff luent flows through a scrubbing cooler where I t  I s  washed with a 
stream o f  process condecsate. The washing process quenches the gas to 
about 350-400'~ and condenses the hlgh bol l lng ta r  fractions. Coal and 

ash dust are removed w i  t h  the condensed t a r  leaving the quenched effluent 
gas essential l y  free of part iculate matters. 

Ash from the process I s  continuuusly collected by a rotatlng 
ash grate and moved to the ash lock hopper. Ash coilccted i n  the lock 
i s  depressurized and discharged batchwise t o  an ash quench chamber where 
It i s  cooled I n  water. The ash lock I s  pressurized with stebn. 

The abrasive slurry fm each gasi f ler  t ra in  flows t o  a comnon 
transfer tank using water as the motive f lu id .  Ash grinders are prcvidcd 
to  prevent large chunks o f  slag from plugging transfer 1 ines, The ash 

slurry I s  then sent t o  Sol~ds Treatmnt, Unlt Operatlon 31. 
5. Babcock and U i  lcox 

The Babcock and Uilcax gasl f ler  i s  a hlgh temperature, cocurrent 
entralned f l o w  gasl f ler  which accepts coal from Coal Preparation along 
with oxygen and s t e ~  t o  produce medlum BTU gas. It I s  a proprletary 

uni t I 1 censed by Babcock and W 1 1 cox, 
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Sized coal 1/4"x0 from Coal Preparation, Un i t  Operation 11, 

enters the pretreatment area o f  Gasif icat ion, U n i t  Operation 20, where 

i t  i s  pulverized t o  70% minus 200 mesh and tangent ia l l y  in jec ted  through 

two rows o f  water cooled nozzles i n t o  the gas i f i e r .  Recycled char from 

the g a s i f i e r  o u t l e t  gas cyclones i s  a lso in jec ted  through water cooled 

nozzles i n  t o  the bottom row o f  burners. Both the coal and char are 

f i r e d  w i t h  oxygen from A i r  Separation, Un i t  Operation 80. The coal and 

char are p a r t i a l l y  combusted t o  form a ho t  reducing gas. A t  the high 

temperatures present i n  the gas i f ie r ,  the ash i n  the coal and t a r  becomes 

molten and continuously flows sown the wa l ls  o f  the gas i f i e r  t o  the s lag 

tap hole. From the tap hole, the s lag enters a water quench tank where 

i t  i s  cooled. From the quench tank i t  f lows t o  the Sol ids Treatment 

System, Un i t  Operation 31. 

I n  the gas i f i ca t ioa  section, there i s  an inner  she l l  o f  water 

cooled tubes (water wa l l )  where saturated steam i s  produced. I n  the ho t  

react ion zone, the tubes are covered w i t h  a dense ref ractory su i tab le  

for  contact w i th  molten f lowing slag. Above the react ion zone, the 

tubes are bare f o r  greater rad ia t i on  cool ing p r i o r  t o  entrance i n t o  the 

waste heat b o i l e r  section. 

The gas e x i t s  the g a s i f i e r  proper a t  about 1800'~ and enters 

the waste heat b o i l e r  sect ion where i t  i s  cooled t o  700'~. Fro.  the 

waste heat boi lers,  the gas enters a cyclone where 90-95% o f  the carry- 

over ash and char i s  removed. This char and ash stream, as mentioned 

previously, i s  in jec ted  back i n t o  the gas i f ie r .  The 700'~ gas i s  fur ther  

cooled and cleaned i n  Gas Cooling, Un i t  Operation 21, before going t o  

Acid Gas Removal, U n i t  Operation 22. 
6. Slagging 1.urqi 

This system i s  d iv ided i n t o  the fo l low ing four  subsystems: 

a Coal and Flux Feed 

Gasi f icat ion 

Raw Gas Treat ing 

8 Slag Hand1 ing. 
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a. Coal and.Flux Feed 
Flux i s  an agent which forms a eutectic mixture with the 

coal ash i n  the gasif ier ,  lowering i ts  melting point t o  make slag form- 
I 

I i ation easier. I t  i s  shipped to the f ac i l i t y  from outside sources. 
The coal and flux are mixed in Coal Preparation, Ur i t  

1 ,  Operation 11, and then fed t o  the coal bunkers by a bel t  conveyer system. 

The feed chutes a t  the bottom of the coal bunkers contrdl the flow of 

I 
coal into the coal locks. Each gasi f ier  has two coal locks that  operate 

I automatically on a cyclic basis. There, coal locks are pressurized w i t h  

mostly N2 and alternately feed the coal surge vessel. 
b. Gasification 

The design of the gasi f ier  i s  based on proprietary techno- 
logy held by Lurgi Kohle Mineraloel technik and the British Gas Corporation. 

I 
I t  i s  similar to the dry-ash Lurgi gas i f ier  described ea r l i e r ,  except I 

I that  in the bottom o f  the gasi f ier  the coal ash me1 t s  as a eutectic with 
I 

the added flux to  form slag. The molten slag collects  a t  the bottom and 
I 
I 

i s  removed intermittently from the gasi f ier  through a slag tap hole. 
I 
I 
I The coal and flux, entering the top of the Gasifier, 

descends i n  a moving bed in countercurrent flow to steam, oxygen and 
produced gas. While traveling from the top to  the bottom of the gasi f ier ,  
the coal i s  dried, devolatilized, and gasified. The heat required for  

these three steps is supplied by the exothermic reaction between the 
carbon in the coal and the oxygen in the bottom of the gasif ier .  

As the produced gas passes through the coal bed, i t s  
final composition i s  determined by the following: 

1 - Exothermic and endothermic reactions occurring simultaneously 
in the gasification zone. 

- Formation of hydrocarbons, phenols, fa t ty  acids, and minor 
organic compounds i n  the devolati 1 i zation zone. 

- Evaporation of coal moisture i n  the drying zone. 
c. Raw Gas Treatinq 

Raw gas is treated similarly to  that  from a dry-ash Lurgi 

. . gasi Fier, as described ear? ier .  

, . 

. , 
- 

. . 
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d. Slag System 
A f t e r  the coal ash me1 t s  as a eu tec t ic  w i th  the added 

I 

f l ux  t o  form slag, the molten s lag co l l ec t s  a t  the bottom of the gas i f i e r  
I 

l 

and i s  tapped i n t e r m i t t e n t l y  through a tap hole i n t o  the Quench Vessel. 

I n  the Quench Vessel, the s lag granulates imnediately upon contact w i th  

the quench water. The granulated s lag fa1 1s i n t o  the Slag Hopper and i s  

dumped once o r  twice an hour. The s lag and water mixture t h a t  i s  dumped 

goes t o  Sol i d s  Treatment, U n i t  Operation 31 . 

DESIGN AND COST DRIVERS 

Major design and cost  dr ivers,  developed foi* each major p lan t  

system, are presented i n  d e t a i l  i n  Appendix A. Design d r i ve rs  are the 

speci f icat ions o r  other  considera~ions t h a t  are major d e t e n i  nants of 

the r e s u l t i n g  design. Cost d r ivers  are the  major determinants o f  product 

cost. 

For the p lan t  as a whole, the major design dr ivers  are p lan t  capa- 

c i t y ;  coal charac ter is t i cs  (carbon, hydrogen, su l f u r ,  t race  elements, 

moisture) ; product speci f icat ions ( type o f  products, pressure, su l fu r  

leve i  ) ; and waste water e f f l u e n t  res t r i c t i ons .  Plant capacity esta- 

b l ishes the scale f o r  the design, and w i l l  have a major impact on so l ids  

hand1 ing, u t i  1 i t y  scaling, t r a i n  conf igurat ions, and sparing. Ttre coal 

charac ter is t i cs  w i l l  a f f e c t  the choice o f  g a s i f i e r  and w i l l  d r i v e  design 

o f  a1 1 cleanup systems. Product spec i f i ca t ion  w i l l  determine requirements 

f o r  compression and s u l f u r  removal. I f  the product i s  no t  MBG, product 

speci f icat ions may a f f e c t  the choice o f  g a s i f i e r  and w i l l  determine 

downstream processing requirements. Water e f f l u e n t  speci f icat ions w i  11 

have a major impact on design o f  the complex waste treatment systems. 

The major cost  d r ivers  are capacity , coal character is t i c s ,  product 

specif icat ions, and coal cost. The capacity w i l l  determine the app l i -  

cable scale economies. Coal charac ter is t i cs  and product speci f icat ions 

w i  11 determine the product y i e l d  and se lec t ion  o f  major cap i ta l  i tems 
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I] 
(gas i f ie r ,  gas cleanup, compression, conversion). The coal cost  i s  a I {  

I 
! major operat ing cost  independent var iable, wh i le  labor  and spare par ts  i 4 

I 1 I 
are determined p r imar i l y  by cap i ta l  costs. ( 4  

i 

I C. GASIFICATION FACILITY SYSTEMS 

1. In t roduct ion 
! 
I T i  z coal g a s i f i c a t i c ; ~  f a c i l i t y  comprises about 25 major systems 1 
i o r  types o f  u n i t  operations, l i s t e d  i n  Figure I1  .C.1. To provide an 

I overview o f  the f a c i l i t y ,  the nature and purpose o f  each system are 

described b r i e f l y  i n  t h i s  section. A de ta i led  descr ip t ion  o f  each 

process i s  provided i n  Appendix A. Figure II.C.2. characterizes the 

I 
major system components regarding cost, 1 ead time, and technical uncer- 

t a i  nty. 
1 

2. Coal Receiving, Storage, and Transfer 

Un i t  Operation Number 10 

The Coal Receiving, Storage, and Transfer System provides fo r  

the unloading o f  coal del ivered t o  the p lan t  e i t h e r  by barge o r  truck, 

I 1 

t ransport ing the coal t o  storage, rsclaiming the coal from storage, 

reducing the s i z e  o f  the coal, and t ransport ing the coal t o  Coal Pre- i 
1 

~ a r a t i o n ,  Un i t  Operation 11. , 
I 3. Coal Preparation ! 

Un i t  Operation Number 11 

This system receives raw coal from Coal Receiving, Storage, 

and Transfer, Un i t  Operation 10; reduces the coal t o  the proper size; I l 

I screens out  and ~ e c y c l e s  the oversize f rac t ion ;  and t ransfers the pro- 
> 

pe r ly  sized coal t o  Gasif icat ion, Un i t  Operation 20, f o r  d i r e c t  gas i f i -  

cat ion o r  fu r ther  treatment. 
I I n  some gas i f ie rs ,  such as Lurgi  , the Coal Preparation System 1 

i s  no t  p a r t  o f  the g a s i f i e r  1 icensor's propr ietary technology. I n  

others, such as Texaco, f i na l  crushing and s lu r r y ing  are pa r t  of the 
1 

propr ietary package, whi le  i n  the Koppers-Totzek process a l l  coal crush- 
l 

ing, dry ing and feeding are considered propr ietary by the 1 icensor. 

I 

t 11-9 
I 

, - 

j 
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NUMBER 

COAL RECEIVING, STORAGE AND TRANSFER 

COAL PREPARATION AND FEEDING 

GASIFICATION 

GAS COOLING 

ACID GAS ilEMOVAL 

COMPRESS I ON 

SOLIDS TREATMENT SYSTEM 

TAR-01 L SEPARATION 

PROCESS CONDENSATE TREATMENT 

PHENOL RECOVERY 

AMMONIA RECOVERY 

SULFUR RECOVERY 

BIOLOGICAL TREATMENT 

COOL1 NG WATER SYSTEM 

INCINERATION 

A I R  SEPARATION AND OXIDANT FEEDING 

F INAL  SOLIDS DISPOSAL 

BY-PRODUCT STORAGE AND LOADING 

SULFUR STOR4GE AND LOADING 

STEAM GENERATION 

RAW WATER TREATMENT 

FLUE GAS TREATMENT 

PLANT ELECTRICAL SYSTEM 

BUILDINGS AND SUPPORT F A C I L I T I E S  

CONTROL AND INSTRUMENTATION 

F i g u r e  I I .C.l . U n i t  O p e r a t i o n  C a t e g o r i e s  
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4. Gas i f i ca t ion  

Uni t Operation Number 20 

The gas i f i ca t i on  sect ion produces a ho t  raw gas which i s  fed 

t o  raw gas cooling, Un i t  Operation 21. The g a s i f i e r  i s  fed w i th  sized 

coal o r  coal s l u r r y  frwn Un i t  Operation 11. Other feeds are oxygen from 

U n i t  Operation 80 and i n  some cases steam from Un i t  Operation 84. Tb: 

g a s i f i e r  may produce ash and s lag which are sent t o  Sol i ds  Treatment, 

U n i t  Operation 31. 

The f i v e  gas i f i ca t i on  technologies evaluated i n  t h i s  study are 

Koppers-Totzek, Texaco, Lurgi  Dry Ash, S l  agging Lurgi  , and Babcock and 

Wilcox. These are described i n  Section A above. 

5. Raw Gas Cool i n s  

Un i t  Operation Number 21 

The purpose o f  t h i s  u n i t  i s  t o  cool the gas i f i e r  e f f luent  gas 

t o  more amenable processing temperatures i n  subsequent systems and t o  

separate ash and so l ids  from the gas. This system descr ipt ion i s  depen- 

dent upon g a s i f i e r  selection, as some gasi f iers include one o r  more 

stages o f  cool ing as an i n teg ra l  p a r t  of the g a s i f i e r  system. 

The por t ions o f  gas cool ing associated w i th  the g a s i f i e r  are 

propr ietary and are handled by the g a s i f i e r  1 icensor. The remaining 

port ions o f  gas cool i ng are non-proprietary. 

6. Acid Gas Removal 

U n i t  Operation Number 22 

The purpose o f  the Acid Gas Removal System i s  t o  remove H2S. 

other  s u l f u r  compounds, and C02 from Raw Gas Cooling, Un i t  Operation 21. 

Po ten t i a l l y  appl icable commercial processes include Selexol , Stretford, 

Benfield, and Rect isol  , 

The S t re t fo rd  Process i s  a propr ietary process 1 icensed by 

North West Gas Bod; J, Ltd. , and o f fe red  by Parsons and others i n  the 

U.S. 

Selexol i s  a propr ietary process developed and 1 icensed by 

A l  1 i e d  Chemical Corporation. 
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Rectisol  i s  a propr ietary technology l icensed by Lurgi  Kohle 1. and M i  neraloel techni k, GmbH. 

Benf ie ld i s  a p ropr ie ta ry  process developed and l icensed by 1 
Benf ie ld Corporation, a subsidiary o f  Union Carbide Corpora t ion.  

The processes vary i n  a t ta inab le  gas pur i ty ,  operat ing pressure 

and cost. 

7. Compression 

U n i t  Operation Number 23 
The purpose o f  t h i s  u n i t  i s  t o  compress and dry the gas pro- 

duced for  de l i very  t o  the pipe1 ine  a t  600 psig. The d ry  compressed gas 

i s  usual l y  metered before del i very t o  the p i  pel i ne. 

The compressors may be located a t  various posi t ions w i t h i n  the 

overa l l  processing sequence. Regardless o f  where the gas i s  compressed, 

the dry ing u n i t  must be the l a s t  u n i t  i n  the gas processing sequence, 

8. Sol ids  Treatment System 

Uni t Operation Number 31 

The purpose o f  t h i s  u n i t  i s  t o  c o l l e c t  and dewater the various 

sol ids s lu r r ies ,  or  sludges resu l tan t  from the Faci 1 i t y  Operation f o r  

economical, environmentally acceptable disposal. 

The processes involved i n  t h i s  system are non-proprietary and 

are supplied by vzrious US vendors. 

Typical ly,  ash and s lag from the g a s i f i e r  and gas cool ing 

system, b io log ica l  sludges, and so1 i d  wastes from process condensate 

treatment are treated i n  t h i s  un i t .  

9, Tar-Oil Separation 

Un i t  Operation Number 32 

This u n i t  i s  used i n  the Lurgi  and BGC-Slagging Lurgi  Processes 

t o  c o l l e c t  the condensate from Gasif icat ion, S h i f t  Conversion, Gas 

Cool ing, and Rectisol . The condensate, ca l led  gas 1 iquor, contains ta r ,  

o i l ,  dust, and other impur i t ies.  Gravi ty  s e t t l i n g  tanks are used t o  

separate the tar ,  o i  1, and dust from the gas 1 iquor. The t a r  and dust 

are recycled t o  Gasi f icat ion so there i s  no net  production. The o i l  i s  

recovered e i t h e r  ds a saleable product o r  fo r  p la2 t  ;'uel. 
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This design i s  based on propr ietary technology held by Lurgi 

Kohle and Mineraloel techni k t  GmbH. 

10. Process Condensate Treatment 

Un i t  Operation Number 33 

The purpose o f  t h i s  u n i t  i s  t o  c o l l e c t  and t r e a t  a l l  f a c i l i t y  

1 i q u i d  e f f l u e n t  streams. The f a c i l i t y  design i s  predicated on "zero 

discharge. " A wastewater treatment system permi t t ing recycle and reuse 

o f  t reated water would be required t o  meet t h i s  requirement. 

This system ccntains various non-proprietary processes t h a t  

can be supplied by several US vendors. 

The number, type, quant i ty,  and composition o f  1 i q u i d  ef f luents 

generated w i t h i n  the f a c i  1 i t y  are dependent on the gas i f i e r  technology 

selected and the process systems selected t o  produce the end product(s) . 
The fo l lowing l i s t  i d e n t i f i e s  the possible l i q u i d  e f f luents  t o  be t reated 

and, i n  some cases, may be mutually exclusive: 

O i l y  Water Sewers 

Coal F i l e  Run O f f  

Storm Water Run O f f  

Demineral i z e r  Regenerant Wastes and Rinse Water 

Cool i ng  Tower B l  owdown 

0 Boi 1 e r  (Steam Generator) B l  owdown 

h o n i a  Recovery System Blowdown 

Rect isol  Blowdown 

Sanitary Waste Water 

0 Flue Gas Treatment S lur ry  

0 Gas i f ie r  Slag Quench Drains 

Separated Water From Sol i ds  Treatment 

0 F i l t r a t e F r o m B i o l o g i c a l  Treatment. 

11. Phenol Recovery - Phenosol van 

Un i t  Operation Number 34 

The Phenosolvan process i s  used t o  t r e a t  phenol -containing 

water from Process Condensate Treatment, Un i t  Operation 33. Phenol i s  
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i 
I recovered f o r  sales, and dephenolized water i s  t ransferred t o  Amnonia 

I 1 .  Recovery, U n i t  Operation 35, f o r  f u r the r  processing. 
I 
I 

The Phenosolvan process i s  a propr ietary process 1 icensed by 

1 and offered by American Lurgi  Corporation (N. Y. ) . 
t 12. Amonla Recovery 

U n i t  Operation Number 35 

I I This u n i t  receives sour water from Phenol Recovery, Un i t  

Operation 34 ( i f  present), containing v o l a t i l e  components such as amnonia, 

carbon dioxide, hydrogen cyanide, and hydrogen su l f ide .  The feed enters 

a s t r ipper  where the v o l a t i l e  components are stripped. 

Anhydrous amnonia o f  comnercial p u r i t y  ( l e i s  than 10 ppm 

hydrogen su l f i de )  i s  produced and sent t o  By-Products Storage, Un i t  

Operation 82, f o r  sales. 

There are two processes o f  in te res t ,  the Phosam-W process i s  

1 icensed by USS Engineeiv, Inc. The CLC process i s  a p ropr ie ta ry  process 

1 icensed by the American Lurgi  Corporation. 

13, Sul fur  Recovery - Claus Su l fu r  

Un i t  Operation Number 36 
The purpose o f  t h i s  u n i t  i s  t o  recover elemental su l fu r  from 

ac id  gas from Acid Gas Removal, Un i t  Operation 22. Acid gas i s  fed t o  a 

Claus-type three-stage s u l f u r  recovery u n i t  u t i l i z i n g  a propr ietary 
process f o r  handling lean H2S ac id  gases. The chemistry of the process 

involvcs converting the H2S t o  elemental sulfur. A t a i l gas  waste stream 

i s  also produced. 

Several comnercial processes are avai l ab le  f o r  reducing the 

su l fu r  content o f  su:fur recovery u n i t  t a i l  gas t o  an envf ronmentally 

acceptable 1 eve1 . The Beavon s u l f u r  removal process i s  capable of re-  

ducing the s u l f u r  content i n  the t a i  1 gas t o  less than 100 ppm. It i s  a 

propr ietary process l i ~ e n s e d  by Ralptr M. Parsons Co. 

14. B io log ica l  Treatment - POAS Process 

Un i t  Operation Number 37 

The purpose o f  t h i s  u n i t  i s  t o  t r e a t  e f f luents  from sani tary 

waste treatment and the process condensate t rea t i ng  system, Un i t  Operation 
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33, t o  such an extent tha t  they can be recycled i n t o  the f a c i l i t y  water 

system. 
This i s  a proprietary process licensed by Union Carbide Cor- 

poration, 
15. Bioloqical Treatment - A i r  Activated Sludge Process 

Uni t  Operation Number 37 

The purpose o f  t h i s  uni t i s  t o  remove organic contaminants 
from plant  wastewater. I n  addit ion t o  organics, b io logical  oxidation 
removes some amounts o f  trace metais, and trace organics. It also 

removes phenols, cyanides, and amnonia that  are present i n  coal conver- 
s i on wastes . 

16. Coo! inq Water System 

Uni t  Operation Number 39 

The purpose o f  t h i s  u n i t  i s  t o  provide cooling water t o  the 

variocs process users i n  the f ac i l i t y .  
This i s  a non-proprietary system and i s  supplied by several US 

vendors. 
17. Incinerat ion 

Uni t  Operation Number 41 
This u n i t  combusts environmentally objectionable constituents 

i n  various vent gases and waste gases from f a c i l i t y  systems and renders 
these gases i n to  a form tha t  i s  acceptable f o r  release i n t o  the atmosphere. 

18. A i r  Separation and Oxidant Feedin3 

Uni t  Operation Number 80 

The purpose o f  t h i s  u n i t  i s  t o  supply oxygen t o  the gasif iers. 

The gaseous oxygen stream i s  usually between 95 and 98 percent pure by 

volume, and i t  i s  produced by d i s t i l l a t i o n  o f  l i q u i f i e d  a i r .  
This i s  a proprietary but non-licensed process offered by 

several designer/manufacturers i n  the US. 

19. Final So1ic.i Disposal 
Uni t  Operation Number 81 

The purpose o f  t h i s  u n i t  i s  t o  store sol i d  waste generated by 

faci l i t y  operation during the fac i l  i t y  1 i fe. 
This i s  a non-proprietary system. 
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1. 
20. By-Product Storage and Loadinp 

Uni t Opera t l o n  N~mber 82 

The purpose o f  t h i s  system i s  t o  recelve and store vdrious by- 

products from recovery un i ts ,  t rans fer  the by-products t o  a loading area 

and i n t o  the pvoper vehicles for  transportat ion. 

This system w1:l receive and store: (1)  ash residue from Coal 

Preparation and Feeding, Un i t  Operation 11 ; ( 2 )  o i  i s  and ta rs  from Tar- 

O i l  Separation, U n i t  Operation 32; ( 3 )  l i q u i d  anhydrous amnonia from 

Amnonia Recovery, U n i t  Operation 35; and (4) phenol from Phenol Recovery, 

Un i t  Operation 34, 

21. Sul fur  By-Product Storage 

Un i t  Operation Number 83 

The purpose o f  t h i s  u n i t  i s  t o  s to re  elemental s u l f u r  o f  high 

p u r i t y  from Su l fu r  Recovery and T a i l  Gas, Unit Operation 36, The su l fu r  

flows by g rav i t y  t o  s u l f u r  p i t s .  From the p i  tr i t  i s  pumped as a 280'~ 

l i q u i d  t o  storage tanks await ing loading on a barge o r  truck. This i s  a 

non-proprietary system avai lab le from a var ie ty  of U.S. vendors. 
A1 ternately,  s u l f u r  may be s o l i d i f i e d  by a technique such as p r i l  l i n g  L i *  

f lak ing .  

22. Steam Generation 

Un i t  Operation Number 84 

The purpose o f  the steam generation u n i t  i s  t o  provide high 

pressure super-heated steam t o  supplement the 5 team generated by waste 

heat recovery i n  the Gas i f ie r  Uni t 0peration:~l Cool i ng Systems, Un i t  

Operation 21. 

The steam generators are water tube bo i l e rs  f i r e d  e i t h e r  by 

raw coal , coal f ines o r  MBG. 
This i s  a non-proprietary process, and the equipment i s  sup- 

p 1 i ed by several U. S . vendors. 

23. Raw Water Treatment 

The Raw Water Treatment Un i t  i s  t y p i c a l l y  designed to  provide 

treated and untreated water f o r  the f o l  lowing fnci 1 i ty water sys terns : 

a f i r e w a t e r  

Service ka ter  
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e Potablewater  

e Cool i ng Water 

e Boi l e r  Feedwater 

The processes by which the raw water i s  t reated for  the above 

services are non-proprietary and are suppl fed by several US vendors. 

Raw water i s  usual ly  pumped from the r i v e r  t o  a F i r e  Water-Raw 

Water Storage tank ( o r  pond). 

The Raw Water-Fire Water Storage Tank provides surge capacity 

fo r  Water Treatment as wel l  as storage capacity for  f i r e  water. During 

an emergency, f i r e  water i s  pumped from the tank t o  the f i r e  water 

header system. 

24. Flue Gas Treatment 

Un i t  Operation Number 86 

The purpose o f  t h i s  system i s  t o  clean up ef f luent  gas contain- 

i ng  s u l f u r  dioxide and par t i cu la tes  from Steam Generation, Un i t  Operation 

84. The Wellman-Lord su l fu r  dioxide recovery process i s  a propr ietary 

p! scess 1 icer~sed by Oavy Powergas, 1-c., Houston, TX. 

The Double A l k a l i  process i s  offered by several US vendors 

inc luding Combustion Engineering Associates and FMC Corporation. 

25. Plant E lec t r i ca l  System 

Un i t  Operation Number 87 

This system i s  general ly designed t o  receive medium voltage 

e l e c t r i c a l  power (4.16 KV, 6.9 KV o r  13.8 KV) and provide the fo l lowing 

functions: 

e Develop the necessary voltage stepdown arrangement f o r  p lan t  

requirements 

Ois t r ibu te  the necessary power t o  the p l a n t  equipment. 

This i s  non-proprietary equipment and i s  supplied by ;everal 

US vendors. 

26. Bui ldirrqs and Support Faci 1 i t i e s  

Uni t Operation Number 88 
The purpose c f  t h i s  u n i t  i s  t o  provide equipment or  services 

t o  support the Gasi f icat ion F a c i l i t y  a t  the f a c i l i t y  level .  
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The equipment and services provided I n  t h i s  u n i t  are non- 

proprietary. 

This u n i t  i s  a general f a c i l i t y  category and would typlcal  l y  

provide the f o l  lowing equipment o r  service: 

Administration 84~llding 

a Laboratories 

0 Change Rooms 

0 Warehouses 

MaintenanceBulldings 

0 Operation Centers 

0 Security Offices 

a F i r s t A i d F a c i l i t y  

F i re  House 

VisltorReception 

PlantFencing 

0 Plant Lighting 

0 Roads, Bridges, and Sewers 

a Docking Facil i t i es  

a Interconnection Pipe Ways 

0 F i re  Protection Network 

Flare Stacks and Headers 

0 Plant Instrument A i r  Compressors 

0 Envi ronmental Monitoring 

0 S i te  Preparation. 

27, Control And I n5 trumenta t i on  

Uni t  Operation Number 89 
The purpose o f  t h i s  u n i t  i s  t o  provide operational .?ntr.ol o f  

the fac i  1 i t y  and supervisory master control o f  the f a c i l i t y  module 

opera ti on. 

This i tern has not been iden t i f i ed  as a discrete cost o r  opera- 

t iona l  center i n  the studies o r  evaluation presented i n  the 1 i terature. 
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A separate subcontract i s  o f ten  executed w i th  a suppl ier  o f  

computer data acqu is i t ion  systems, t o  provide a data acquis i t ions system 

f o r  a f a c i l i t y  and t o  in te r face  i t  wi th  the instrumentation and contro l  

loops w i  tft;;~ the f a c i l i t y .  

SYSTEM CHARAGTERIZATION 

The systems en,ploycd. the nature of t h e i r  interconnections, and 

stream character is t  2 depend on the g a s i f i e r  technology and the spec i f i c  

p l a n t  design. A repr es?n: 3 t i ve  exa:npl e o f  a system conf igurat ion f o r  

the Lurgi  g a s i f i e r  w i  Sh major streams iden t i f i ed ,  i s  shown i n  Figure 

$1 1 This conf igurat ion contains a l l  o f  the systems described i n  

Section C above. A de ta i led  descr ipt ion o f  a l l  t yp i ca l  stream components, 

pressure, and temperatures ranges are provided i n  Appendix A. Detai led 

f low sheets and stream charac ter is t i cs  are provide i n  Chapter I V  and 

Appendix 8. 

E. RAW MATERIALS ANALYSIS 

Most o f  the u n i t  operations i den t i f i ed  i n  t h i s  study requi re raw 

materials t o  support the process function. These raw materials are 

necessary f o r  u n i t  performance and represent a cost  of operation both 

annually and as an i n i t i a l  cost. 

This sect ion presents the resul ts ,  summarized i n  Figure I 1  .E.l . ,  o f  

t h i s  analysis. The approach taken i s  t o  present a l l  raw material  elements 

tha t  are required by a1 l the gas i f i ca t i on  faci  1 i ty systems. Therefore, 

dependent upon the f i na l  design conf igurat ion, only son? of the raw 

material  1 i s t e d  w i l l  be required t o  support the selected u n i t  operations 

f o r  the TVA Coal Gasi f icat ion F a c i l i t y .  

The data are presented i n  a matr ix  format. They include a 1 i s t  o f  

raw materials, the system(s) w i th  which they are associated, both the 

i n i t i a l  and replacement quant i t ies required, the ufi i  t cost, a comnercial 
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It should be noted t h a t  some items i n  the raw materials l i s t  (e.g., 

Strong Acid Cation Resin) represent a general c lass of mater ials and, o f  

necessity, the cost  l i s t e d  represents a spec i f i c  mater ial  i n  t h a t  cldss. 

The mater ia l  chosen fo r  such cases was the one t h a t  i s  often used i n  

appl icat ions such as t h i s  and has a representat ive cost. However, the 

spec i f i c  mater ial  se lect ion must await f i na l  system design. The i n i t i a l  

and replacement quant i t ies  are appr~ximate amounts based upon information 

from reference l i t e r a t u r e  and vendors and upon p r i c r  design experienc? 

arid engineering judgment. The exact quant i t ies  required w i  11 be obtained 

during f i n a l  system design. The u n i t  cost  and t ransportat ion information 

was obtained from the l i s t e d  commercial sources and represents current  

market condit ions. 

The data presented, whi le  no t  exact, are su f f i c i en t l y  accurate t o  be 

used as a basis f o r  determining the operat ing costs o f  reference f a c i l i t i e s .  

COAL GASIFICATION BY -PRODUCTS MARKET ANALYSIS 

This sect ion describes a market analysis o f  the by-products from 

the TVA Coal Gas i f i ca t ion  F a c i l i t y  located i n  Northern Alabama. The 

generic pr ice, use, and fu tu re  market expectations are shown i n  Figure 

II.F.1. f o r  the by-products considered i n  t h i s  analysis. Cxygen i s  a 

possible export  because a l l  modules w i l l  n o t  become operational a t  the 

same time and a l l  the oxygen produced w i l l  no t  be consumed u n t i l  the 

e n t i r e  f a c i l i t y  becomes operational. However, because o f  the short-term 

nature o f  t h i s  s i tuat ion,  oxygen from t h i s  p lan t  must be considered 

"merchant" oxygen ra ther  than t i e d  t o  a long-term contract.  Oxygen, 
nitrogen, argon, and carbon dioxide are t reated as gases, and transport-  

a t i o n  by p ipe l ine  o r  t ruck i s  not  considered. Tar, slag, and ash contents 

are no t  defined, therefore, they are t reated generical ly.  Su l fu r  i s  an 

excel 1 ent  by-product candidate f o r  marketing. 

TVA design c r i t e r i a  specify only t ruck and barge transportat ion, 

so r a i l  costs are no t  included, 
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Figure I I .  F. 1. By-Product Sumnary 
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Concf usions o f  by-product market analysis are: 

@ Gases w i l l  probably have t o  be p u r i f i e d  fo r  market sales. 

r Gases w i l l  have t o  1 iquef ied o r  transported by p ipe l i ne  over 

re1 a t i v e l y  shor t  distances (1  iquefact ion costs have no t  been 

determined) . 
Most o f  the by-products w i l l  probably be used by new indus t r ies  

loca t ing  near the Murphy H i l l  s i t e .  

r Slag and ash w i l l  be impounded unless environmental constra ints  

on u t i l i z a t i o n  are relaxed. 

r Tar can be converted by processing t o  fue l  for  indus t r ies  

during natura l  gas curtailment. ;nir may be expensive and may 

lower the p r i ce  t h a t  purchasers are w i l l i n g  t o  pay for  the 

ta r .  

a Sul fu r  i s  a prime by-product canaidate for  marketing. 
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CHAPTER Ii i 

TRADE STUDIES 

The Reference F a c i l i t y  Design con f igu ra t ions  were a r r i v e d  a t  by a  
process o f  a1 ternaze systems evaluat ions.  The systems considered a re  
d e t a i l e d  i n  "Coal Gasi f i c a t i o n  Systems Engineering and Analysis Task 5.0 - Coal Gas i f i ca t i on  Catalog". Se lect ion o f  the f i n a l  p l a n t  con f i gu ra t i on  
was accomplished by a  se r ies  o f  t r t d e  s tud ies i nvo l v i ng  the processes 
a v a i l a b l e  t o  s a t i s f y  each system requirement. Trade s tud ies invo lved 
q u a n t i t a t i v e  engineering studies, team experience, and engineer ing judgment. 

I n  add i t i on  t o  the p l a n t  system t rade studies, an eva lua t ion  o f  the 
e f f e c t s  o f  c lean ing coal was a lso  completed. Table 111.1 l i s t s  the major t rade 
s tud ies  performed. Table 111.2 l i s t s  the opt ions considered i n  each trade. 
8ased on these s tud ies i t  i s  concluded t h a t  a l t e rna te  choices i n  a l l  cases 
have less  than a 5 percent impact on product p r i c e  as long  as the choices 
a re  a1 1 t echn i ca l l y  v iab le .  These trades a re  discussed i n  the f o l l ow ing  
sections. 

Coal Va r i a t i on  Trade Study 

Coal v a r i a t i o n  was s tud ied i n  order t o  evaluate the po ten t i a l  value 
o f  c lean ing coal a t  the mine s i t e  p r i o r  t o  shipping t o  the g a s i f i c a t i o n  
p l a n t  s i t e .  For purposes o f  t h i s  study the p l a n t  s i t e  was taken as Murphy 
H i l l ,  Alabama. The study invo lved determining the cos t  e f f e c t s  o f  de l i ve red  
equiva lent  MAF coal  as a  f unc t i on  o f  degree o f  cleaning, p l a n t  c a p i t a l ,  
and operat ing cost.  Both conventional washing and deep c l e ~ n  f r o t h  f l o t a t i o n  
were considered. 

1  . Cost o f  Del i ve red  Coal 

Coal Proper t ies  

Three coals are o f  i n t e r e s t  t o  TVA f o r  use i n  t h e i r  g a s i f i c a t i o n  
project-Kentucky No. 9, I l l i n o i s  No. 6, and a nor thern Alabama coal .  
The A1 abama coal would be trucked t o  the s i t e ,  supply ing about 5% o f  the 
g a s i f i e r  feed. 

The p roper t ies  o f  these coals are shown i n  Tables I 1 1  .A.1, IIJ.A.2 and 
I I I .A.3.  Data f o r  the Kentucky No. 9  coal were taken from the TVA design 
spec i f i ca t i ons  (county u n i d e n t i f i e d ) .  Data f o r  the o ther  two coals are 
representat ive o f  I 1  1  i n o i s  No. 6, Ch r i s t i an  County, I 1  1  i n o i s  and Mary 
Lee Seam, Jef ferson County, A1 abama. 

The coal p roper t ies  are shown f o r  three l e v e l s  o f  preparat ion - 
Run-ot-mine (no preparat ion)  , washed, and deep cleaned. The washed coal 
p roper t ies  a re  representat ive o f  dense media c leaning o f  the +28 mesh 
coal ,  w i t h  the 28mx 0 cocl  bypassing the cleaning p l a n t  bu t  being mixed 
w i t h  the cleaned coal before shipment. The coal p roper t ies  f o r  t h i s  
l e v e l  o f  washing were estimated from TVA washab i l i t y  data (Ky. No. 9 
coal  on ly ) ,  U. S. Bureau o f  Mines pub1 i ca t ions ,  Keystone Coal Manual , and 
o ther  data ava i l ab l e  t o  t he  BOM/Mittelhauser team. 



TASLE 111.1 
MAJOR TRADES 

PROJECT TRADES 

COAL VARIATION TRADES 
ALTERNATE U T I L I T I E S  OPTIONS 

SYSTEM CONFIGURATION TRADES 

COMPRESSION 
COAL PREPARATION L HANDLING 

SYSTEM SC!_ECTION TRADES 

ACID GAS REMOVAL PHENOL RECOVERY 
COAL FEEDING (TEXACO) ~ I A  RECOVERY 
SULFUR RECOVERY TAR/OIL DISPOSITION 
WATER TREATMENT BIOLOGICAL OXIDATION 
A I R  SEPARATION 

CONCLUSIONS 

ALTERNATIVE CHOICE WOULD Y IELD LESS THAN 5% INCREASE 
I N  PRODUCT COST 

CHOSEN ALTERNATIVE I S  TECHNICALLY AND ECONOMICALLY VIABLE 
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TABLE 111.2 
TRADE OPTIONS 

TRADE TYPE ALTERNATIVES CONSIDERED 

COAL RECEIVING 6 STORAGE CONFIGIJRATION 4 x 5000  TPD MODULAR SYSTEMS 
1 x 20,000 TPD MODULAR SYSTEMS 

ACID GAS REMOVAL SELECTION SELEXOL 
RECTISOL 
BENFIELD 
SULFINOL 
STRETFORD 

GAS COMPRESSION CONFIGURATION AGR AFTER COMPRESSION 
AGR BEFORE COMPRESSION 
AGR BETWEEN COMPRESSIOPi STAGES 

BYPRODUCT STORAGE 8 TAR/OILDISPOSITION BURN INFIREDEQUIPMENT - LOADING (LURGI L BGC) 
H 

SELL AS BYPROWCT 
H 
I PHENOL RECOVERY 
W 

SELECTION NON-RECOVERY 
4 PHENOSOLVAN 

CHEM-PRO 

N H ~  RECOVERY SELECTION NON-RECOVERY 
CHEVRON-WWT 
PHOSAM-W 

SULFUR RECOVERY SELECTION CLAUS + SCOT 
CLAUS + BEAVON 
CLAUS + WELLMAN-LORD 

- 
&---- -A, .., --- - 



TABLE I I 1.2 (Con t i nued )  

TRADE - TYPE ALTERNATIVES CONSIDERED 
STEAM GENERATION BOILER SELECTION MAXIMIZE PURCHASED PWER, NO BOILERS 

EXCEPT STARTUP BOILER 
COAL-FIRED BOILER UITH FGD 
MBG-FIRED BOILER 

SUPERHEATER NO SUPERHEAT, USE SATURATED STEAM I N  
SELECTION OR I VERS 

COAL-FIRED SUPERHEATER UITH FGD 
MBG-FIRED SUPERHEATER 

A I R  SEPARATION 

b GENERAL FACILITY 

BIOLOGICAL OXIDATION 

WATER TREATMENT 

CONFIGURATlON MAXIHUH PURITY 02, GASEOUS PRODUCT 
M I N I M  PURITY 02. GASEOUS PRODUCT 
MAXIMUM PURITY 02. LIQUID PRODUCT 
MINIMUM PURITY 02, LIQUID PRODUCT 

PROJECT COAL VARIATION TRADES 

PROJECT ALTERNATE UT IL IT IES  OPTIONS 

SELECTION 

SELECTION 

0 AIR ACTIVATED SLUDGE 
PRESSURE OXYGEN ACTIVATED SLUDGE 

8 TREATMENT FOR RIVER DISCHARGE 
ZERO-LIQUID DISCHARGE TO RIVER 



The deep cleaned coal propert ies are representative o f  crushing the 
e n t i r e  ROM coal feed t o  28 mesh and cleaning t h i s  by two-stage f r o t h  
f l o ta t i on .  Current coal preparation prac t ice  i s  t o  clean the coal i n  a 
coarse a s ize as possible, so the deep cleaned coal propert ies should be 
considered a " theoret i  ca1 " 1 i m i  t, beyond what i s  cu r ren t l y  practiced. 

(This approach t o  coal cleaning has been suggested, however, as a 
p o s s i b i l i t y  f o r  fu tu re  coal preparation p lan ts ) .  Accordingly, data were 
not avai lab le f o r  deep cleaned propert ies o f  the subject coals, and 
these propert ies were therefore projected from typ ica l  f r o t h  f l o t a t i o n  
resu l ts .  Thus, the resu l t s  are more speculative than those shown for the 
washed coal case. 

I n  add i t ion  t o  these three leve ls  of preparation, a fourth leve l  i s  
shown i n  Table I I I . A . l  f o r  the Kentucky No. 9 coal, i d e n t i f i e d  as "Washed 
w i th  f ines  disposal." These propert ies would r e s u l t  from dense medium 
cleaning o f  the +28 mesh coal, w i th  disposal o f  the 28mx0 coal (82 o f  the 
ROM feed) a t  the preparation plant.  

Figures I I I . A . l  and I I I .A.2 show the s ize d i s t r i bu t i ons  fo r  the 3"xO 
washed and 28 mesh xO deep cleaned products. 

Coal Transport Costs 

The del ivered coal pr ices shown i n  Tables I I I .A .1  and I I I .A.2 for  the 
Kentucky No. 9 and I l l i n o i s  No. 6 coals include a cost o f  S4/ton f o r  
barge transportat ion. The transport cost f o r  the Mzry Lee coal (Table 
I I I .A .3) ,  being trucked in ,  i s  estimated a t  S25/ton. For a range of barge 
t ransport  costs o f  $2-6/ton, the del ivered costs o f  Kentucky and I l l i n o i s  
coals are: 

Del ibered coal cost 
$ / I0  Btu 

Kentucky No. 9, ROM 1.159 - 1.34: 
Kentucky No. 9, Washed 1.347 - 1.519 
Kentucky No. 9, Deep cleaned 1.688 - 1.851 
Kentucky No. 9, Washed w/fines disposal 1.448 - 1.616 
I l l i n o i s  No. 6, ROM 1.165 - 1.360 
I l l i n o i s  No. 6, Washed 1.438 - 1.619 
I l l i n o i s  No, 6, Deep cleaned 1.693 - 1.857 



COAL 

Table III.A.l 
Coal Properties - Ky. No. 9 

Ky .No.9  K y . N o . 9  K y . N o . 9  Ky. No. 9 
ROM Washed Dee? Cleaned Washed wiFi nes 

O i  sposal 

TPD 20000 19002 18039 18556 
TOTAL MOISTURE, % 9.564 10.0 10.0 9.0 
HHV, B tu / l b  (d ry  basis)  12141 12935 1 361 9 131 21 
HHV, Btu / l b  (as rec 'd )  10980 11642 12257 1 1 940 

ULTIMATE (d ry  basis)  
C 67.31 
ti 
N 
0 
S 
Ash 
C1 

PROXIMATE (dry basis) 
VM 37.54 39.70 41.82 40.21 
FC 46.63 49.32 51.95 49.95 
Ash 15.83 10.98 .6.23 9.84 

PYRITIC SULFUR 2.517 1,339 0.30 1.230 
ORG + SULFATE SUL 1 .583 1.601 1.70 1,630 

ASH SOFTENINGOTEMP 2031 1 981 1 981 1981 
(Reducing) F 

FS I 3.0-6.5 3.0-6.5 3.0-6.5 3.0-6.5 
SRINDABILITY INOEX 5 9 57 57 5 7 
SIZE 8"xO 3"xO 20111x0 3 " x28m 

W t .  Recovery 
Btu Recovery 

$/ton. FOB ( m o i s t )  23.45 29.37 39.37 32.59 
$/ton. del  i vered  (moist)  27.45 33.37 43.37 36.59 

$ 1 1 0 ~  Btu. FOB 1.068 1.261 1 ,606 1.365 
3/10 Btu, de l i vered  1.250 1.433 1,769 1 ,532 
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Table I I I .A.2 
Coal Propert les - 111. No. 6 

COAL Ill. No. 6 
ROM 

Ill. No. 6 
Washed 

Chri  s t l a n  
19943 
14.2 

1 291 9 
1 1 085 

111. No. 6 
Deep Cleaned 

Chr ls t fan  
18220 
10.0 

13590 
12231 

COUNTY Chri s t l an  
TPD t o  gas1 f l e r s  21 682 
TOTAL MOISTURE 14.35 
HHV, B tu / l b  (d ry  basls) 12000 
HHV, B tu / l b  (as rec'd) 10278 

ULTIMATE (dry  basis) 
C - 
H 
N 
0 
S 
Ash 
C1 

PROXIMATE (dry basis) 
VM .. . 
F C 
Ash 

PYRITIC SULFUR 
ORG + SULFATE SUL 

ASH SOFTENING TEMP 21 00 
( Reduci n g ) O ~  

FS I 2-5 
GRINDABILITY INDEX 56 
SIZE 8"xO 

W t .  Recovery 
Btu Recovery 

$/ton, FG3 (moist) 21 .95 
$/ton, del ivered (moist) 25.95 

$110; Stu. FOB 1 .068 
1 0  Btu, del ivered 1.262 
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COAL (NORTHERN ALABAMA) 

COUNTY 
TPD to gasif iers 
TOTAL MOISTURE 
HHV, 8tu/ lb (dry basis) 
HHV, Btu/lb (as rec'd)  

ULTIMATE (dry basis) 
C 
H 
N 
0 
S 
Ash 
c 1 

PROXIMATE (dry basis) 
VM 
FC 
Ash 

PYRITIC SULFUR 
ORG + SULFATE SUL 

ASH SOFTEN I NGoTEMP 
(2educiny) F 

FS I 
GRINDABILITY INDEX 
SIZE 

W t .  Recovery 
Btu Recovery 

$ / ton,  FOB (moist) 
$/ton, delivered (moist) 

~110: Btu.  FOB 
S/10 Btu, delivered 

Table  I I I . A . 3  
Coal Properties - Mary Lee 

Mary Lee Mary Lee Mary Lee 
ROM Washed Deep Cleaned 

Jef f e r s o ~  3ef f erson Jefferson 
191 43  17261 16295 

2 . 0  2 . 0  10.0 
1 2860 13780 14653 
12603 13334 13188 
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Figure III.A.2. Size' D is t r ibut ion  - 28 Mesh x 0 
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1 ' '  Deep Cleaning Option 

As described e a r l i e r ,  the coal p roper t ies  shown f o r  deep cleaned 
coal are  based on a hypothet ica l  f r o t h  f l o t a t i o n  p lan t .  I t  shouqd be 
poss ib le  t o  deep c lean these coals t o  an ash content of 3-5 percent, as i s  
c u r r e n t l y  p rac t i ced  a t  the  Homer City, Pennsylvania coal  preparat ion 
p lan t .  The Honer City p l a n t  produces two products - a deep cleaned 
coal  and a midd l ings f r a c t i o n  intermediate between the deep cleaned ar?d 
the r e j e c t  stream. The quan t i t y  o f  midd l ings produced i s  about 
tw ice t h a t  o f  the deep cleaned coal .  The ash and s u l f u r  contents o f  
the m idd l ing  f r a c t i o n  a re  on ly  s l i g h t l y  reduced compared t o  ROM coal .  

Deep cleaning coal i n  t h i s  fashion might be a v i a b l e  op t ion  for  the 
TVA g a s i f i e r s ,  provided t h a t  a 40,000 TPD market i s  ava i l ab l e  for  the 
middl i n g  f rac t ion .  

Fine Coal Hand1 i n p  

The del ivered costs f o r  deep cleaned coal shown i n  To51es I 11  .A. 1, 
I I I .A.2, and I I I .A.3 inc lude  the same t r anspo r t  costs ($4/to11 barge, 
$25/ton t r uck )  as fo r  ROM and washed coal t ranspor t .  C~rrr:t coal 
handl i ng  p rac t i ce ,  however, does no t  provide a means f o r  handl i ng  l a rge  
tonnages of 28 mesh x 0 coal .  While such coal might be transported i n  
covered barges, conventional coal handl i n g  equipment i s  no t  s u i t a b l e  f o r  
loading and unloading these c a r r i e r s  w i thou t  ser ious dust  losses. 

I n  addi t ion,  long term storage a t  the g a s i f i e r  s i t e  would have t o  
be enclosed. I n  order t o  provide 90 days of  dead storage, as requi red 
i n  the TVA spec i f ica t ions,  the cos t  o f  concrete s i l o s  alone would be 
approximately $230 mi 11 ion.  

A i  t e rna t i ve l y ,  a r ea l  i s t i c  comparison of de l i ve red  deep cleaned 
coal costs  t o  the ROM and washed coal cases can be made by adding the 
cos t  o f  coal  agglomeration t o  the cos t  o f  the deep cleaned coal .  The 
cos t  o f  agglomeration i s  estimated a t  $6.93/ton coal. 

The cos t  e f f e c t s  a t  the p l a n t  s i t e  are given i n  Tables II I .A.4 and 
III .A.5. 

Coal Prep P lan t  Bypass 

One p o s s i b i l i t y  o f  savings i s ,  t h a t  a f t e r  spec i f y ing  a maximum ash 
content from a coal suppl ier ,  a l l ow ing  the coal supp l ie r  t o  bypass 
c leaning o f  the coal t h a t  a l ready met the spec i f i ca t ion .  Using the 
Kentucky No. 9 coal as an example, w i t h  an 11% ash spec i f i ca t ion ,  5.9% 
of the ROM coal would meet the ash spec i f i ca t i on  w i thou t  cleaning. This 
amount of coal i s  no t  l a rge  enough t o  warrant the in tens ive  sampling 
t h a t  would be requi red t o  overcome the p r a c t i c a l  problem o f  i d e n t i f y i n g  
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Table I I I .A .4  
SYSTEM 1 1 

COAL RECEIVING & STORAGE 
CAPITAL COST, JAN. 1980 $ (MM$) 

DESCRIPTION K y . N o . 9  Ky .No .9  I l ; . N o . 6  111 .No .6  
ROM* Washed ROM Washed - 

1. Barge Unloading & 10.0 9.8 10.4 10.0 
Mater ia l  t rans-  
fer  equi w e n t  

2. Open coal storage 30.0 29.2 31,2 30.0 
p i l es ,  Stack- 
ing / rec l  aimi ng 

3. Rotary breakers 1 .O - 1 .O - 
4. Concrete s i l o s  6.0 5.7 6.5 6.0 

5. Truck dump hopper 0.2 0.2 0.2 0.2 

6. Conveyors no t  i n -  
c l  uded above 

a. Truck s t a t i o n  0.3 - 0.3 - 
t o  crusher 

. Crusher t o  s i l o s  0.6 - 0.6 - 
c. Truck s t a t i o n  ., 0.3 - 0.3 

t o  s i l o s  

SUBTOTAL 48.1 45.2 50.2 46.5 

INDIRECT COSTS - 16.1 15.2 - 17.1 - - 15.8 

TOTAL 64.2 60.4 67.3 62.3 

* Base Case 
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Table I I I .A.5 
SYSTEM 11 

OPERATING REQUIREMENTS 

K y . N o . 9  K y . N o . 9  I 1 1 . N o . 6  1 1 1 . N o . 6  
ROM* Washed ROM Washed 

I ,  ELECTRICAL - Mi 1 1 i o n  kwh/yr 
b - 

Barge un loadi  ng 1.64 1.56 1.78 1.64 

I 
I Rotary breakers 0.27 - 0.29 - 

Conveyor t o  s i l o s  1.19 1.13 1.29 1.19 
I 
I - '  Conveyor from t r u c k  un- - - - - 

1 oadi  ng** 

Stockpi  1 i ng conveyors - - - - 
& Stackerf* 

Other conveyors 

4.35 3.88 4.72 4.08 

OIL - 1000 g a l / y r  

Mobi l e  equi  pment 103.4 98.2 112.1 103.1 

I * Base case 

** Assumes dead storage p i l e  i s  i nac t i ve .  



and segregating the actual  coal t h a t  could be bypassed. We ccnclude 
t h a t  no savings a re  1 i k e l y  from tak ing  advantage o f  v a r i a b i l  i+y i n  coal  
ash content. 

2. P lan t  Cost Savings 

For a 20,000 TPD p l a n t  the use o f  washed vs. ROM Kentucky No. 9 coal  
impacts the annual coal  cos t  as fo l lows :  

ROM CASE WASHED CASE DELTA 

Annual coal  cos t  - MM$/YR 180.35 204.82 24.47 

The increase i n  annual coal  cos t  due t o  the use o f  washed coal  i s  
compensated somewhat by reduct ions i n  the c a p i t a l  investment f o r  the 
fo l l ow ing  systems: 

TOTAL FACILITY CAPITAL INVESTMENT - MM$ 
ROM CASE WASHED CASE DELTA 

Coal Hand1 i ng 7X-m 60.369 -3.845 
Fina l  Sol ids Disposal 85.976 69.840 -16.136 
Process Sol i ds  Treatment 3.440 2.868 -0.572 
Sul f u r  Recovery 65.928 51.315 -14.613 

7E-m 
These reduct ions are due t o  the decrease i n  the amounts o f  ash and 

s u l f u r  contained i n  the coal as a r e s u l t  o f  washing. L i t t l e  o r  no 
reduct ion i n  the c a p i t a l  investment f o r  the ac id  gas removal system i s  
expected. This i s  based on the assumption t h a t  the same so lvent  c i r c u l a t i o n  
r a t e  i s  maintained t o  prov ide the  same degree o f  C02 removal f o r  the two 
cases. 

Based on the computed changzs i n  costs o f  coal and c a p i t a l  investment 
and using a method which i s  based on f ac to r s  der ived from the de ta i l ed  
procedure of the ROM case, the 1980 cos t  o f  product i s  est imated t o  be as 
f o l l c  : 

ROM CASE WASHED CASE DEEP CLEAN 

S/MM Btu 4.82 5.00 5.34 

Operation and maintmance e f f e c t s  from cleaning coal have no t  been 
analyzed i n  d e t a i l .  However, based on percentage o f  c a p i t a l  cost  reduct ion 
the ef fect  would be small, no t  exceeding 10-15 cents per  MM Btu as shown by 
small changes i n  Table I I I .A.5.  



Therefore, i t  i s  concluded t h a t  mine mouth coal c leaning i s  no t  
j u s t i f i e d  on cost  alone. No cons iderat ion o f  the preference f o r  disposing 
o f  ash away from the p l a n t  has been considered here. 

For a design using water s l u r r y  feed, such as Texaco, add i t iona l  
savings are rea l i zed  i n  the oxygen p lan t .  This i s  due t o  the decrease i n  
heat requirement f o r  me1 t i n g  ash and vaporiz ing water. Associated c a p i t a l  
savings are estimated t o  be 6.48 MM d o l l a r s  on a p l a n t  basis.  

Coal Var iab i  1 i ty  Eva1 uat ions 

Coal cha rac te r i s t i c s  vary w i t h i n  a given seam and i f  seams are blended 
t h i s  v a r i a b i l i t y  may be appreciable. This design accomnodates up t o  2 
dev ia t ions from the  Kentucky No. 9 coal  design cha rac te r i s t i c s  f o r  s u l f u r  
and ash by: 

a Design contingencies t y p i c a l  t o  coal conversion systems 
a Higher frequency o f  i n t e r m i t t e n t  operat ions 
a Excess c a p a b i l i t y  i n  ac i d  gas removal 
a Ext ra  25% s u l f u r  recovery capaci ty  f o r  f a c i l i t y  

Switching t o  a coal  d i f f e r e n t  from the design coal presents add i t iona l  
problems. The use o f  on ly  I l l i n o i s  #6 ROM coal  may poss ib ly  requ i re  the  ad- 
d i t i o n  o f  minor design margins t o  accomnodate h igher  concentrat ions o f  ash and 
s u l f u r .  Bl2nding coal  requi res special  a t t e n t i o n  t o  v a r i a b i l i t y  i n  the blend 
as feed t o  the gas i f i e r s .  The d i f ferences i n  the ash and s u l f u r  o f  the North 
Alabama coal  are g rea t l y  d i l u t e d  i f  i t  comprises on ly  5 percent o f  the feed. 
It would have a minor ( 5  percent) reduct ion i n  t o t a l  su l fu r  and i t s  h igh ash 
fusion temperature may have a minor impact on ash overheat. 

8. A l te rna te  U t i l i t i e s  Options 

I n  the design o f  the coal g a s i f i c a t i o n  f a c i l i t y  considerable 
power i s  requi red espec ia l l y  i n  the A i r  Separation System and Product 
Compression System. Studies i nd i ca te  t h a t  where ava i l ab le  process 
der ived steam w i t h  appropr ia te  superheating should be used f o r  t h i s  
purpose. 

For power requirements over and above ava i l ab le  process steam 
there e x i s t s  an op t ion  o f  generat ing steam o r  purchasing e l e c t r i c i t y  
This t rad? study def ines the break-even cost  o f  e l e c t r i c i t y  as a 
subs t i t u te  f o r  f a c i l  i t y  generated steam and tu rb ine  power system. 
I n  t h i s  study both coal f i r e d  b o i l e r  and MBG fi:*ed b o i l e r  steam are 
considered. Basic assumptions used are given i n  Table 111.8.1, Table 
I I I .B .2  and Table I I I .B.3.  Steam ra tes  are given i n  Table I I I .B .4 ,  
111.8.5 and 111.8.6. F igure 111.9.1 gives c a p i t a l  costs f o r  the var ious 
motors and turb ines as a f unc t i on  n f  horsepower. 
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Annual operat ing costs are given by: 

Annual Operating Costs ( e l e c t r i c i t y )  = CAE a 

where HP = Horsepower 

KW = K i lowat ts  

Ce 
= Cost o f  e l e c t r i c i t y  - d o l l a r s  per KW - h r  

(use charge) 

= Fixed e l e c t r i c a l  costs - DollarsIYR-Kk 
CFe (demand charge) 

Annual Operating Costs (steam and coo l ing  water) = CM 

+ (On duty, BTUIHP h r )  (HP) (7884 HRIYR) 
C c ~  

(1 ) ( 1 1 5 ~ -  85 '~)  (8.34 l b l g a l )  
1 b°F 

CST = cost  of steam do1 l a r s  per  pound. 

For purposes o f  t h i s  study costs have been assumed as fo l lows:  

'e 
= $0.01 747/kwhr (year 1980) 

' ~ e  = $60.00/yr- kw 

CST = $10.48/Mlbs from MBG Bo i l e r  

= $4.69/Ml bs from MBG Boi 1er w i th  process use 
o f  exhaust steam 

CST = $5.44/Mlbs from coal f i r e d  boi:er. 

where CtW = cost  o f  cool i n g  water do1 l a r s  per ga l lon  



Annual cost  of service for power i s  given by 

where : 

AEMs ACTS Agp = Annual cost  of serv ice fo r  e l e c t r i c  
motors, condensing turbines, back 
pressure turb ines 

PEMs PCT, PsT = Cost of e l e c t r i c  motors, condensing 
turbines, back pressure turbines. 

Annual maintenance cost  = 0.01 PEM for  e l e c t r i c  motors 

= 0.04 PCT fo r  condensing turb ines 

= 0.04 PET fo r  back pressure turb ines 

Operating 1 i f e  = 20 years 
Cost of  money = 12 percent 

Table I11  . B . 7  gives resu l ts  o f  sclected examples comparing the use o f  
these a1 ternat ives. 

CONCLUSION 
I n  add i t ion  t o  the comparisons hased on pro jected costs, the break 

even values fo r  the purchase of e l e c t r i c i t y  have been determined fo r  
the case of 6100 HP d r i ve rs  operat ing on 1450 ps ig  900 F steam produced 
from two 75 percent boi 1 ers. Displacing $1 0.48/Ml b steam e l e c t r i c i t y  
must cost  less  than $O.O8S/Kwh. Displacing S5.44/Ml b steam e l e c t r i c i t y  
must cos t  less  than 30.041/Kwh. 
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TABLE I I I .B.1 
UTILITY OPTION ASSUMPTIONS 

ELECTRIC MOTORS ; a Anqua1 maintenance equal s 1 % purchase p r i c e  
a W i l l  l a s t  20 years w/o replacement 
a Optimum motor type I s  selected ( 1 s t  cost  vs eff.) 

(e.g. l ess  than 500 HP are squ i r re l  case 
induct ion;  greater  than 500 HP are conventional 
synchronous ) 

0 E l e c t r i c  motors appl ied d i r e c t l y  t o  l i q u i d  handl ing 
dr iven equipment & w i t h  gear u n i t  f o r  gas 
handl i ng dr iven equi prnent 

a Annual c a p i t a l  charges equal 0.13388 x costs. 

STEAM TURBINES ; a 
0 
a 
a 

Annual maintenance equals 4% purchase p r i c e  
Turbines w i l l  l a s t  20 years w/o replacement 
Condensers w i l l  be replaced a t  10 years 
A l l  turb ines are 5000-6000 RPM and e f f i c i e n c y  
f l oa ts  w i t h  horsepower c lass 
Condensing w i l l  be t o  4" Hg Abs based on 
average condenser serv ice and Std. coo l ing  
water 
Up t o  1000 HP, s ing le  s ta te  (backpress on ly )  
turb ines w i  1 1 be employed 
Above 1000 HP, mu1 t i s t a g e  turb ines are used 
Turbines are appl i e d  d i r e c t l y  t o  gas handl i n g  
dr iven equipment and requi re gear u n i t  when 
appl i e d  t o  1 i q u i d  handl i ng  equi v e n t  
Annual c a p i t a l  charges equal 0.1 3388 x cost. 
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TABLE III.B.2 

MULTISTAGE TURBINE EFFICIENCIES (I%)* 

H.P. 

1000 

2000 

3000 

4000 

5000 

6000 

7000 

8000 

9000 

10,000 

1450 COND, 

63.0 

66.0 

68.5 

70.5 

72.5 

74.0 

75.0 

76.0 

76.5 

77.0 

650 B.P. 

57.0 

60.3 

650 COND. 

62.0 

65.0 

68.0 

70.5 

72.5 

74.0 

75.0 

76.0 

76.5 

77.0 

* Inlet steam conditiolis - 1450 p s i g  at ~OO'F, and 650 p s i g  at 750'~. 
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TABLE III.B.3 

ELECTRIC MOTORS 

U t l  1 1 t y  Annual Operatl no Cost (CAEL 

Eff. X - 
91 . 
91.3 
91.7 

92. 
92.3 
92.7 

93. 
93.3 
93.7 
94. 

94.3 

94.7 
95. 

95.3 
95.7 

96. 
96.3 
96.7 
97. 

1 s t  y r .  annual operat ing cost: ( u t i l  i t y )  
90% on stream, 100% load, 8760 HRSIYR. 

= j H ' P * )  (0*7457 KY'HP) x .9) x ($0.01747/KWhr) 
e f f .  

+ (J4.80)(12.)1 
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TABLE 111,B.S 

SINGLE STAGE SACKPRESSURE TURB IN€ STEAM RATES (I b/HP-HR) 

Eff :u - 
31. 

* Supply pressure/backpressur~ 
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TABLE 111.8.6 

MULTI -STAGE BACKPRESSURE TURBINE STEAM RATES (I b/HP-HR) 

* Supply pressure/ backpressure. 



BHP 

DRIVER TYPE 

ELECTRIC MOTOR 
(TEFC, GEAR) 

TABLE I11  .B.7 
ALTERNATE UTILITIES 

EVALUATION & DECISION 

EXAMPLES OF ANNUAL COST OF SERVICE, $ lo3 

100 -- 5 00 - 1000 5000 i 0,000 

BACKPRESSURE TURBINE 
(WITH GEAR) 
650 ~516/750~6/150 p s i g  161 .1 711.2 873.8 3701.6 6923.4 
1450 PSIG/900 F/150 p s i g  123.9 546.2 648.7 2806.1 5245.9 

H 

CONDENSING TURBINE 
I 
N 
P (WITH GEAR) 

650 PS 1 ~ / 7 5 0 ~ & / 4 " ~ ~ ~  - - - - 434.7 1798.5 3349.1 
1450 PSIG/900 F/4"NgA - - - - 371.5 1549.2 2881 - 8  

o NOTES FOR THE DERIVATION OF THE EXAMPLE OF ANNUAL COST OF SERVICE 

- STEAM COST OF $5.44/1oS LB BASED ON COAL FIRED BOILERS (2  x 70%) WITH FGD AT A PRODUCTION 
RANGE OF 700,000 TO 800,000 LB/HR AND COAL AT $1.25/MM MTB 

- 1980 PURCHASE PRICE FOR ELECTRIC POKER EQUAL $0.0174/KW HV. 
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C. B o i l e r  Fuel Trades 

The A1 ternate U t i l  i t y  Trade study repor ted i n  Sect ion B requi red 
t h a t  a basis be s e t  f o r  the product ion o f  steam i n  the p lan t .  Therefore, 
even though i t  was decided t h a t  no b o i l e r s  would be inc luded i n  the 
Plant ,  a t rade study was perfolmed t o  compare the product ion of steam 
using product MBG and coal  as f u e l .  

The study consisted o f  eva luat ing the c a p i t a l  and O&M costs f o r  
cons t ruc t ion  and operat ion o f  steam p lan t s  a t  three s i ze  l e v e l s  f o r  
both MBG and coal f i r e d  bo i l e r s .  Each p l a n t  was assumed t o  conta in  
2-75 percent capaci ty  un i t s .  Capi ta l  costs fo r  the MBG b o i l e r s  were 
taken from Guthr ie.  Coal f i r e d  b o i l e r  costs were taken from the EPA 
r epo r t  60017-79-178a. A l l  cos t  were adjusted t o  a 1980 basis.  Table 
I I I . C . l  contains the c a p i t a l  costs f o r  the s i x  cases studied. The coal  
f i r e d  bo i  l e r  case requi res stack gas cleaning. The We1 lman-Lord process 
was used i n  t h i s  study. Table I I I .C.2 g ives the c a p i t a l  and operat ing 
costs  f o r  t h i s  system. 

TABLE I I I . C . l  
STEAM GENERATION CAPITAL COSTS 

CAPITAL COSTS (M DOLLARS) 
STEAM 
CAPACITY (M 1 b/YR) MBG COAL* 

664 47,540 74,225 

500 38,451 62,967 

400 32,159 55,076 

*Includes We1 lman-Lord stack gas cleanup. 
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I TABLE I I I .C.2 
CAPITAL AND OPERATING COSTS (IJELL1,lAN-LORDL 

'i 
i ITEM CAPACITY (MI ~ S / H R )  

664 500 
I 

Soda Ash (T/Y R) 1,578 1,056 
Water (MMG/Y R )  1,532 1,019 
Power (Mh/Y R )  18,125 12,136 
Steam use (Ml b/Y R )  156,000 105,000 
Sul f u r i c  Acid Production (T/YR) 32,206 21,571 

Capital Cost ($MM) 21 .I35 18.186 

*Annual Mater ia l  Costs ($MM/YR NET) -0.524 -0.351 
Other Operation 5.078 3.993 

*Sales o f  s u l f u r i c  ac id  more than o f f s e t  other mater ia l  costs 

Prices assumed f o r  t h i s  study are as fo l lows:  

TABLE II I .C.3 
COMMODITY P R I C E  

COMMODITY PRICE 

Coa 1 
MBG 
Soda Ash 
Water 
Power 
H2S04 ( Sa 1 es ) 

$1 .12/MMBTU 
S6.921Pir'lZBTU 
S701Ton 
50.051 1 000 ga 1 
SO. 01 75/Kwh + demand 
S6O/Ton 

Cost analyses f o r  the three MBG f i r e d  cases are given i n  Table III.C.4. 
Cost analyses f o r  the three coal f i r e d  cases are given i n  Table III.C.5. 
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COST ITEM 
(ANNUAL) 

CAPITAL CHARGES 
ACCF = 0.135* 

TABLE I11  .C.4 
MBG BOILER SUMARY 

STEAM CAPACITY (Ml b/HR) 

664 500 400 

FUEL @ 6.92 48,071,000 36,198,000 28,958,000 
OTHER OP. COST 4,842,000 3,916,000 3,276,000 

TOTAL ANNUAL COST 59,331,000 45,304,000 36,575,000 

STEAM COST 
DOLLARS/Ml b 

TABLE II I .C.5 
COAL BOILER SUMMARY 

COST ITEM 
(ANNUAL) 

CAPITAL CHARGES 
ACCF = 0.135* 

STEAM CAPACITY (Ml b/HR) 

664 500 400 

FUEL COST 7,726,000 5,814,000 4,652,000 
W-L NET OPERATION 4,554,000 3,642,000 3,211,000 
BOILER OPERATION 5,722,000 4,826,000 4,221,490 

TOTAL COST 28,022,000 22,783,000 19,519,000 

STEAM COST 
DOLLARSiMl b 

* Annual c a p i t a l  charges inc lud ing  replacement c a p i t a l  a1 lowances. 
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I The analys is  given has no t  considered the cos t  of ash disposal .  
The impact o f  t h i s  cos t  has been est imated based on the  fo l low ing :  

a s h i n c o a l  - 15.83percent  
0 ash dens i ty  - 5 0 l b s  p e r c u f t  
0 ash p i l e  he igh t  - 10 fee t  
a l i f e o f p l a n t  - 2 0 y e a r s  
a cos t  o f  land - Q30001acre 
0 steam capac i ty  - 664,000 1  b  per  h r  

The c a p i t a l  cos t  o f  the bas is  i s  est imated t o  be 5.9 m i l l i o n  d o l l a r s .  
A t o t a l  o f  83 acres are requ i red  f o r  the job.  Assuming 20 acres o f  add i t i ona l  
land i s  required, land cos t  i s  311,000 do l l a r s .  Add i t i ona l  operat ing 
costs a re  estimated a t  1.0 m i l l i o n  d o l l a r s  per year. The f i n a l  r e s u l t  
i s  an add i t i ona l  36 cents per pound o f  steam. 

The cos t  o f  steam shown here assumes no secondary use such as heat 
t r ac i ng  o r  o ther  process heat ing serv ice.  I f  exhaust steam from a  back- 
pressure tu rb ine  i s  used f o r  process heat ing and c red i t ed  a t  f ue l  costs  

I 

the cos t  o f  steam t o  i t s  primary use ( i  .e., B.P. t u rb i ne )  i s  reduced 
accord ing ly .  I n  the case o f  MBG f i r e d  b o i l e r s  the ne t  cos t  i s  reduced t o  
$4.69 per thousand pounds. 

0. C ~ a l  Hand1 i n q  Trades 

Two approaches t o  the Coal Handl i ng  f a c i l i t i e s ,  System 11, were 
considered f o r  t h i s  design. A1 t e r n a t i v e  one i s  the cons t ruc t ion  of 
separate f a c i l i t i e s  f o r  each module o f  the p l a n t  w i t h  the ob jec t i ve  of 
de fe r r i ng  some c a p i t a l  expenditures i n  accordance w i t h  the o v e r a l l  
20,000 TPD p l a n t  cons t ruc t ion  schedule and perhaps t o  maximize f l e x i  b i l  i t y .  
A1 t e rna t i ve  two i s  t o  b u i l d  a  comnon s i ng le  20,000 TPD system t o  serv ice 
a1 1  o f  the f ou r  modules, minimizing the t o t a l  system investment and land 
requirements. The s p e c i f i c  considerat ions a re  as fo l lows: 
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ALTERNATIVE NO. 
DESCRIPTION 

MEETS PERFORMANCE CRITERIA 

RELATIVE CAPITAL COST 
RELATIVE ENERGY CONSUMPTION 
PROPRIETARY 
COMMERCIALLY PROVEN 

Ai'PLIED DEVELOPMENT NEEDS 

COULD DELAY IMPLEMENTATION 
DATA AVA I LAB I L I TY 

SYSTEM-LEVEL DESIGN 
COST 

SUBSYSTEM LEVEL DESIGN 
COST 

RELATIVE COMPLEXITY 
RELATIVE OPERATING COST 
POTENTIAL ENVIRONMENTAL PROBLEM 
BYPRODUCT MARKETABILITY 

1 2 
$x5000 TPD 1~20,000 TPD 

MODULES FACILITY 

Yes- Excess Yes 
Barge Capacity 
75% Higher Base 

Same Same 
No No 
Yes Yes 

None None 

S l i g h t l y  No 
None Same - - 

- . - 
More Base 

Higher Base 
Same Base 
Same Same 

The conclusion i s  t h a t  a1 t e r n a t i v e  two i s  preferab le .  

Acid Gas Removal Trades 

System 4, Acid Gas Removal, has the ob jec t i ve  o f  meeting the 
s p e c i f i c a t i o n  o f  200 ppmv s u l f u r  i n  the product gas a t  lowest cos t  con- 
s i  s t e n t  w i t h  re1 i a b l e  performance. The processes considered f o r  t h i s  
system are Selexol  , Rect iso l  , Benf ie ld ,  Sul f i no1  , and S t re t fo rd .  Tables 
I i I .E. 1 and I I 1  .E.2 sumnarizes the comparisons considered i n  making the  
design se lect ion.  

Previous s tud ies ( FE-2240-49) by the design teams have shown t h a t  
process a t t rac t i veness  var ies  w i t h  the ac i d  gas p a r t i a l  pressure i n  the 
AGR process feed. A t  pressures near 600 ps i g  Benf ie ld ,  Selexol ,  and 
Rect iso l  are  preferab le .  Likewise, compression o f  the gas p r i o r  t o  
ac i d  gas removal has been shown t o  be per fe rab le  i n  t h a t  add i t i ona l  cos t  
o f  compressing add i t i ona l  gas (ac i d  gas) i s  more than of fset  by reduct ions 
i n  the cost o f  phys ica l  solvent.  Se lec t i ve  removal o f  su l f u r  bear ing 
gases i s  p re fe r red  i n  t h a t  removal o f  o t he r  ac i d  gases i s  no t  requ i red  
t o  meet the product spec i f i ca t ions .  



ALTERNATIVE NO. 
DESCRIPTION 

MEETS PERFORMANCE CRITERIA 

RELATIVE CAPITAL COST 
RELATIVE ENERGY CONSUMPTION 
PRGPRI ETARY 
COMMERCIALLY PROVEN 

APPLIED GEVELOPMENT NEEDS 
U 
u 
c. 

&COULD DELAY I NPLEMENTATION 

DATA AVAILABILITY 
SYSTEM-LEVEL DESIGN 

COST 
SUBSYSTEM LEVEL DESIGN 

COST 
RELATIVE COMPLEXITY 
RELATIVE OPERATING COST 
POTENTIAL ENVIRONMENTAL PROBLEM 
BYPRODUCT MARKETABILITY 

Table I I I . E . l  
A C I D  GAS REMOVAL TRADES 

1 2 3 4 5 --.- 
SELEXOL RECT I SOL BENFIELD SULF I NOL STRETFORD 

With ch i l l ed  
solvent o r  COS Yes 
hydrolysis 

Base Approx. same 
Base Higher 
Yes Yes 

Yes a l l  except Yes 
COS hydrolysis 
COS hydrolysis None 
i f  used 

Not w i th  c h i l l e d  No 
sol  vent 

Yes 

Yes 
No 
No 
Base 
Base 
No 

No problem 

With COS 
hydrolysis Yes 

Not t h i s  ap- 
p l i ca t i on  

No 
No 
No 

Higher 
Sl i g h t l y  Higher 

No 
No problem 

Approx. same Approx. same 
Higher Approx. same 
Yes Yes 

Except COS Yes 
hydrolysis 
COS hydrolysis None 
formate preven- 
t i o n  

Yes No 

No 
No 
No 

Higher 
S l  i g h t l y  Higher 
Yes, Formates 
No problem 

With COS 
hydrolysis 

? 
Lower 
Yes 

A t  low 
pressure 
COS hydrolysis 
purge dispo- 
s i  t i o n  

Yes 

No Yes 

No Yes 
No No 
No No 

Higher Same 
S l i gh t l y  Higher Higher 
Yes, Degradation Yes 
No problem Sul fur  may 

need storage 
disposal 



TABLE 111 .E.2 
ACID GAS REMOVAL EVALUATION 

& DECISION 

EVALUATION: 

PREVIOUS TEAM STUDIES (FE-2240-49)  HAVE SHOWN THAT - ATTRACTIVENESS OF PROCESSES VARIES WITH PARTIAL PRESSURE OF ACID GAS I N  FEED. - AT PRESSURES NEAR TllOSE OF THIS STUDY ( 6 0 0  PSIG;) PERFERENCE I S  BENFIELD, 
SELEXOL, RECTISOL. - COMPRESSION OF GAS PRIOR TO AGR I S  ATTRACTIVE. EXTRA COST OF COMPRESSION I S  
MORE THAN OFFSET BY REDUCTIONS I N  COST OF PHYSICAL SOLVENT. - FOR SULFUR REMOVAL FROM HIGH-SULFUR COAL GAS, SELECTIVE AGR I S  PREFERRED. 

a A VARIETY OF APPLICABLE REFERENCE GESIGNS ARE AVAILABLE FOR SELEXOL. THESE CAN 
BE MODIFIED TO THE NEEDS OF THIS PROJECT. 

a PREVIOUS COMPARATIVE EVALUATIONS BY OTHERS TYPICALLY HAVE NOT REVEALED GREAT DIFFERENCES 
I N  THE ANNUAL COSTS OF SELEXOL, RECTISOL, AND BENFIELD WHEN TREATING TO FUEL GAS 
SPECIFICATIONS. 

DECISION: USE SELEXOL WITHOUT COS HYDROLYSIS, BUT WITH CHILLED SOLVENT, FOR 2 0 0  PPMV 
TOTAL SULFUR I N  MBG PRODUCT. 
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Comparative evaluat ions by others have no t  revealed any substant ia l  
annual cost d i f ferences between Sel ex01 , Recti  sol , and i lenf ie l  d when t r e a t -  
i n g  t o  meet fue l  gas spec i f i ca t ions .  Based on t h i s  and the above consider- 
a t ions  Selexol without COS hydro lys is  i s  selected f o r  System 4. It i s  noted 
tha t  meeting a more s t r i ngen t  s u l f u r  removal requirement would requ i re  CDS 
hydrolys is  o r  a d i f f e r e n t  process select ion. 

F. Su1 f u r  Recovery Trades 

Su l fu r  recovery from the H S and COS removed i n  the AGR system i s  ac- A compl ished i n  System 5 ,  Sul f u r  ecovery , A1 ternate Processes considered f o r  
t h i s  s y s t w  include Claus plus Scot processes, Claus p lus Beavon processes, 
and C l  aus plus We1 lman-Lord processes. Comparisons considered i n  se lec t i ng  
a s u l f u r  recovery system are  as fol iows: 

ALTERNATE NO. 
DESCRIPTION 

1 2 3 
CLAUS + CLAUS + CLAUS + 
SCOT BEAVON WELLMAN-LORD 

MEETS PERFORMANCE CRITERIA Yes Yes Yes 

RELATIVE CAPITAL COST Higher Lower Lower 
RELATIVE ENERGY CONSUMPTION Higher Lower Lower 
PROPRIETARY Yes Yes Yes 
C0MMERC;ALLY PROVEN Yes Yes Yes 

APPLIED DEVELOPMENT NEEDS S l  i gh t  S l  i ght  S l i g h t  

COULD DELAY IMPLEMENTATION 
DATA A V A I  LAB I LITY 

SYSTEM-LEVEL OES IGN 
COST 

SUBSYSTEM LEVEL DESIGN 
COST 

RELATIVE COMPLEXITY 
RELATIVE OPERATING COST 
POTENT1 AL ENVIRONMENTAL 

PROBLEM 
BY PRODUCT MARKETABILITY 

Yes 

Yes 
Yes 
No 
No 

Higher 
Higher 

Some 
Yes 

Yes 

Yes 
Yes 
No 
No 

Lower 
Lower 

- 
Yes 

Yes 

Yes 
Yes 
No 
No 

Higher 
Lower 

- 
Yes 

Eval ua t ion  o f  these considerat ions 1 ed t o  the fol lowing: 

a The three processes are general ly  s i m i l a r  i n  cost  and operat ing 
requ i remen t s . 

e The Scot process becomes more c o s t l y  than the others when the 
C02/HZS gas r a t i o  i s  as h igh as i n  coal gas i f i ca t ion .  

a Scot and Wellman-Lord are s l i g h t l y  more complex than Beavon 
because they invo lve  a recycle t o  the Claus p lan t ,  



--/ 
"I-- " C - - C - ~  --C-- 

- -- - 
4 

' i i lE BDbl CORPORATION 

Consideration of the above p lus the a v a i l a b i l i t y  o f  design in format ion 
t o  the design team l e d  t o  the se lec t ion  of the Claus p lus  Beavon system. 

G.  Steam Generation Trades 

Steam i s  b o t ! ~  generated and required by the coal g a s i f i c a t i o n  Orocess. 
I n  addi t ion,  steam p o t e n t i a l l y  may be used as a source o f  power f o r  prime 
mover requirements. I n  add i t ion  t o  process derived steam, an opt ion  e x i s t s  
t o  provide steam w i t h  f i r e d  bo i l e rs .  A l te rna t ives  considered f o r  t h i s  
design are no steam bo i le rs ,  coal f i r e d  b o i l e r s  w i t h  f lue  gas desulfur izat icrn, 
and MBG f i r e d  bo i le rs .  Comparisons considered are as fol lows, 

ALTERNATIVE NO. 
3ESCRI PTION 

STEAM GENERAT ION COMPARISON 

MEETS PERFORMANCE CRITERIA 
RELATIVE CAPITAL COST 
RELATIVE ENERGY CONSUMPTION 
PROPRIETARY 
COMMERCIALLY PROVEN 

APPLIED DEVELOPMENT NEEDS 

COULD DELAY IMPLEMENTATION 

DATA AVA I LAB I L ITY 
SY STEM-LEVEL DESIGN 

COST 
SUBSYSTEM LEVEL DESIGN 

COST 
RELATIVE COMPLEXITY 
RELATIVE OPERATING COST 
POTENT I AL ENVIRONMENTAL PROBLEM 
BY PRODUCT MARKETABILITY 

* FGD i s  p ropr ie ta ry  

1 2 3 
NO COAL-FIRED MBG 

- BOILERS WITH FGD BOILERS 

Yes Yes Yes 
Base Much h igher  Much higher 
Base Higher S l i g h t l y  h igher  
No Yes* No 
Yes Yes Yes 

Yes Yes Yes 
Yes Yes Yes 
Yes No Yes 
Yes No Yes 

Base Much higher t i i  gher 
Base Higher Much h igher  
No Yes No 

QUESTIONABLE 

Based on the r e s u l t s  o f  the above and the u t i l i t y  trades studies i t  
i s  concluded t h a t  b o i l e r s  should no t  be used t o  generate steam dur ing 
normal operations. Process der ived steam over and above t h a t  required 
fo r  g a s i f i c a t i o n  and o ther  process needs should be used t o  supply prime 
mover power, Supplemental power i s  obtalned by purchased e l e c t r i c i t y .  
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Superheater Trades 

Having decided t o  use process derived steam, which i s  general ly  
saturated, for  prime movers i t  i s  necessary t o  consider t h r  use o f  super- 
heat. The a1 t e r n a t l  ves cons fdered inc lude no superheat, coal f 4 red super- 
heaters w i  t h  f l ue  gas desrrl fu r iza t ion ,  and MBG f i r e d  superheaters, The 
comparisons considered are  as fo1 lows: 

I 

ALTERNATIVE NO. 1 
DESCRIPTION b0 NOT S.H. COAL-FIRED MBG-FIRED 

PROCESS STEAM WITH FGD 

MEETS PERFORMANCE CRITERIA Yes 

RELATIVE CAPITAL COST Lower 
RELATIVE ENERGY CONSUMPTION Lower 
PROPRIETARY No 
COMMERCIALLY OROVEN N/ A 

APPLIED DEVELOPMENT NEEDS None 

COULD DELAY IMPLEMENTATION No 
DATA AVAILABILITY 

SY STEM-LEVEL DESIGN Yes 
COST Yes 

SUBSYSTEM LEVEL DESIGN Yes 
COST Yes 

, RELATIVE COMPLEXITY Lower 
RELATIVE OPERATING COST Lower 
POTENTIAL ENVIRONMENTAL PROBLEM N/ A 
BY PRODUCT MARKETABILITY N/ A 

* FGD i s  p ropr ie ta ry  

I 

* Other engineering studies ind ica te  

Saturated HP steam generated i n  gas cool ing i s  a byproduct. - About 30% of the ava i lab le  energy i n  t h i s  steam i s  recoverable 
v i a  steam turbines. 

Energy input  t o  superheat t h i s  steam i s  100% recoverable, 
1 

Superhsating v ia  waste heat recovery i s  t ezhn ica l l y  feas ib le  but 
undesirable due t o  po ten t i a l  unrel  i ab i '  i t y .  

a Superheating v ia  a coal f i r e d  superheater i s  t echn ica l l y  f eas ib le  
but  again, undesirable due t o  po ten t i a l  unrel  i a b i l  i ty. 

Superneating v i a  a M0G f i r e d  superheater i s  t echn ica l l y  f eas ib le  
and offers 1 i t t l e  o r  no r i s k .  

111-35 
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a The h igh operat ing cost  o f  MBG superheating i s  o f f s e t  by: 
1 ) Hlgher thermal efficiency i n  the superheater 
2) E l lm lna t ion  of  r e l i a b i l l t y  problems as gas cleanup i s  no t  

rcqu 1 red 
3)  E l lm lna t ion  of sol  i d  waste disposal problems, 

Based on the above considerat ions the declsfon i s  t o  superheat process 
derived steam by use o f  M8G f l r e d  bo i le rs .  

I. A i r  Separation Trades 

Gasi f lcat fon of coal w l  t h  the selected technology requires the use 
of gaseous oxygen. System 6 provldes fo r  a i r  separation, Design 
a1 t e r n a t l  ves inc lude the choice of 1 ow pressure gaseous oxygen compression 
o r  pumped 1 i q u i d  oxygen and the p u r i t y  of the oxygen used. Other studies 
based on 98-99.5 precent oxygen del ivered a t  pressures up t o  1200 ps ig 
provide the fo l  lowing comparative considerations. 

ALTERNATIVE NO, 1 2 
DESCRIPTION LOW PRESSUR€' PUMPED LIQUID 

GASEOUS OXYGEN COMPRESSION OXYGEN 

MEETS PERFORMANCE CRITERIA 

RELATIVE CAPITAL COST 
RELATIVE ENERGY CONSUMPTION 
PROPRI ETARY 
COMME2CIALLY PROVEN 

APPLIED DEVELOPMENT NEEDS 

COULD DELAY IMPLEMENTATION 
DATA AVAILABILITY 

SYSTEM-LEVEL DESIGN 
COST 

SUGSYSTEM LEVEL DESIGN 
COST 

RELATIVE COMPLEXITY 
RELATIVE OPERATING COST 
POTENTIAL ENVIRONMENTAL PROBLEMS 
BY PRODUCT MARKETABILITY 

Yes 

Base 
Base 

Yes 
Yes 

No 

Yes 
Yes 
No 
No 

Base 
Base 
None 
Possible 

Yes 

Higher 
Higher 

Y cs 
Yes 

Yes 
Yes 
No 
No 

Greater 
Higher 

None 
Possible 

I n  add i t i oc  t o  the above considerat ions a wide va r ie t y  o f  p r i o r  
process design evaluat ions have indicated t h a t  98 percent 1 ow pressure 
gaseous oxygen compression i s  preferred. This a1 te rna t ive  of fers a 
reduct ion i n  operat ing costs and cap i ta l  cost  wi thout  any an t i c i pa ted  
penalty i n  p l a n t  performance o r  re1 i a b i l  i t y .  

i 
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! Therefore based on the above considerations and p r i o r  work the a i r  
separation system i s  chosen t o  produce 98 percent oxygen w i t h  compression 
t o  g a s i f i e r  pressure. 

J. Water Treatment Trades 

Environmental r e s t r i c t i o n s  are such t h a t  waste water t rea tn~ent  must 
be such t h a t  e f f l uen t  discharge t o  the user must meet s t r i ngen t  requirements. 
The other  a1 te rna t ive  i s  t o  design the f a c i l i t y  f o r  zero discharge. 

Composition of the a1 ternat ives i s  as fol lows: 

ALTERNATIVE NO. 
DESCRIPTION 

MEETS PERFORMANCE CRITERIA 

RELATIVE CAPITAL COST 
RELATIVE ENERGY CONSUMPTION 
PROPRIETARY 
COMMERCIALLY PROVEN 

APPLIED DEVELOPMENT NEEDS 

COULD DELAY IMPLEMENTATION 
DATA AVAILABILITY 

SYSTEM-LEVEL DESIGN 
COST 

SUBSYSTEM LEVEL DESIGN 
COST 

RELATIVE COMPLEXITY 
RELATIVE OPERATiNG COST 
POTENTIAL ENVIRONMENTAL PROBLEM 
BYPRODUCT MARKETABILITY 
POTENTIAL PROCESS PROBLEM5 
NON-COMPLIANCE SHUT DOWN POTENTIAL 

1 
DISCHARGE 
TO R I V E R  

Yes 

Lower 
Lower 
No 
Yes 

Possible 

Yes 

Limited 
Yes 
Yes 
Yes 

Lower 
Lower 

Higher 
Lower 
Lower 

Yes 

2 
ZERO DISCHARGE 
TO RIVER 

Yes 

Higher 
Higher 

No 
Yes 

Possible 

Yes 

Yes 
Yes 
Yes 
Yes 

Higher 
Higher - 
Higher 
Higher 

No 

Evaluation o f  the above considerat ions show t h a t  

a Zero discharge w i l l  r e s u l t  i n  minimal po ten t i a l  p ro jec t  
delays due t o  environmental interference. 

a Need s igni f !  : ? i t t  data on receiv ing body f l ohs  over a number o f  
years t o  design discharge system f o r  a p l a n t  t h i s  size. 

a Water treatment s u f f i c i e n t  fo r  discharge qroduces water 
acceptabie f o r  p lan t  use. 

Based on these evaluations the zero discharge a1 te rna t i ve  i s  chosen. 

1 
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i K. Tar/Oi 1 Disposi t ion Trade 

Al ternat ives considered fo r  the d ispos i t ion  o f  recovered ta rs  and 
o i l s  are: 

a) burn i n  f i r e d  equipment and 
b) s e l l  as a product. 

Table III.K.l presents the considerations r e l a t i v e  t o  each a1 ternat ive.  Based 
on these considerations, 1 ack of dependable data on product qua1 i ty lquant i  ty 
to  be expected as a basis for sales and previous team experience w i t h  
d i f f i c u l t y  i n  f ind ing  su i tab le  markets, the decision i s  to  burn the t a r /  
o i l  product i n  the bo i l e rs  o f  the Steam Generation and D is t r i bu t i on  System. 

1. Phenol Recovery Trades 

The a1 t e r n a t i  ves considered for  phenol recovery i ncl  ude: 

a )  do no recover (bio-oxidat ion) 
b )  Phenosol van process 
c )  Chempro process. 

The considerations appl icable to  these a1 ternat ives are presented i n  Table 
I I I . L . l .  Based on these considerations and the f a c t  tha t .  

0 Phenol ext ract ion i s  only needed w i th  Lurgi based f a c i l i t i e s  
and Lurgi general ly prefers o r  i n s i s t s  on use o f  Phenosolvan 

0 Direc t  b io log ica l  ox idat ion i s  very r i s k y  due t o  very high 
BOD concentration 

0 Phenosolvan and Chempro are very s im i l a r  i n  overa l l  
process approach. 

The decision i s  t o  use Phenosolvan t o  recover phenols and to  burn them i n  
the Steam Generation and D is t r i bu t i on  System. 

h o n i  a Recovery Trades 

The process a l te rna t ives  considered f o r  amno,lia recovery include: 

a) Chevron WWT 
b)  Phosam-W 
c )  s t r i pp ing  only 
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TABLE III.K.1 
TAR/OIL DISPOSITION TRADES 

LURGI AND BGC/SLAGGER 

ALTERNATIVE NO. 
DESCRIPTION 

MEETS PER rANCE CRITERIA 
RELATIVE CAPITAL COST 
RELATIVE ENERGY CONSUMPTION 
PROPRIETARY 
COMMERCIALLY PROVEN 
APPLIED DEVELOPMENT NEEDS 
COULD DELAY IMPLEMENTATION 
DATA AVAILABILITY 

SYSTEM-LEVEL DESIGN 
COST 

SUBSYSTEM LEVEL DESIGN 
COST 

RELATIVE COMPLEXITY 
RELATIVE OPERATING COST 
POTENTIAL ENVIRONMENTAL PROBLE!! 
BY PRODUCT MRKETAB ILITY 

1 
SELL AS 
BYPRODUCT 

Yes 
Low 

Lowest 
No - 

Yes 

Yes 
Yes 
Yes 
Yes 
Low - 
- 

Questionable 

2 
USE AS 
FUEL 

Yes 
Higher 
Higher 
No 
Yes 

Yes 
Yes 
No 
No 

Moderate - 
SOX, NOX - 
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TABLE I l I . L . 1  
PHENOL RECOVERY TRADES 
LURGI AND BGC/SLAGGER 

ALTERNATIVE NO. 
DESCRIPTION 

MEETS PERFORMANCE CRITERIA 

1 2 3 
00 NOT PHENO- CHEM- 
RECOVER SOLVAN PRO 

(BIO-OXIDATION) 

Yes Yes Yes 

RELATIVE CAPITAL COST Higher Lower Lower 
RELATIVE ENERGY CONSUMPTION Higher Lower Lower 
PROPRIETARY No Yes Yes 
COMMERCIALLY PROVEN Yes Yes Yes 

APPLIED DEVELOPMENT NEEDS Some N 0 No 

COULD DELAY IMPLEMENTATION Yes Yes Yes 
~ ! T A  AVAILABILITY 

SYSTEM-LEVEL DESIGN 
COST 

SUBSYSTEM LEVEL DESIGN 
COST 

RELATIVE COMPLEXITY 
RELATIVE OPERATING COST 
POTENTIAL ENVIRONMENTAL PROBLEM 
BY PRODUCT MARKETAB iLITY 

* A t  1 eas t  w i  11 have f u e l  value 

Yes 
Yes 
Yes 
Yes 

Lower 
Higher 
Higher 

No 

Yes 
Yes 
No 
No 

Higher 
Lower 
Lower 

Possible* 

Yes 
Yes 
No 
No 

Higher 
Lower 
Lower 

Possible* 
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The considerat ions app l i cab le  t o  these a1 te rna t i ves  a re  presented i n  
Table III.M.1. Based on these considerat ions and the f a c t  t h a t  

e Phosam-W has been found t o  be the economic choice from 
past d i r e c t  comparisons when an amnonia producing g a s i f i e r  
i s  used 

e Power costs a re  h igher  f o r  t h t  dlJT process 

a I f  amnonia i s  no t  recovered severe pixobiems can occur 
i n  the s u l f u r  recovery p l a n t  

e Phosam-W i s  proven on d i r t y  gas s i m i l a r  t o  coal  
g a s i f i c a t i o n  products. 

The dec is ion i s  t o  use Phosam-W t o  recover amnonia f:.om sour water. 

N. Gas Compression Placement Trades 

The K-T g a s i f i c a t i o n  process produces a product a t  near atmospheric 
pressure. Therefore, cornpr2ssion i s  requi red t o  meet the p l a n t  discharge 
s p e c i f i c a t i o n  o f  600 ps ig .  Compression nay be done immediately a f t e r  gas 
cool  i ng  o r  a f t e r  a c i d  gas removal o r  both. The advantages and disadvantages 
a re  as fo l lows:  

ADVANTAGE DISACVANTAGE - - PLACE COMPRESSORS AHEAD LOWER AGR COST MUST COMPRESS SOUR 
OF AGR GAS AND C02 

- PLACE COMPRESSORS AFTER AGR COMPRESS SWEET GAS HIGHER AGR COST 

- PLACE SOME COMPRESSION MEDIUM AGR X S T  
BOTH BEFORE AND AFTER 
AGR 

Other previous s tud ies by the design team have shown t h a t  AGR cost  
decreases w i t h  pressure f a s t e r  thali the cos t  o f  compressing H S, COS. and 
CO increases. Therefore, compressing before AGR, a f t e r  gas $001 ing,  i s  
pr6fer red.  



ALTERNATIVE NO, 
DESCRIPTION 

MEETS FERFORMANCE C R I T E R I A  

R E L 4 T I V E  CAPITAL COST 
RELATI YF ENERGY CONSUMPTION 
PROPRI ET;%QY 
COMMERCIALLY PROVEN 

APPLIED DEVELOPMENT NEEDS 

1 
CHEVRON 

WWT 

Y e s  

H i g h e s t  
H i g h e s t  

Yes  
Y e s  

$1 i g h t  

TABLE III.M.1 
AMMONIA RECOVERY TRADES 

2 
PHOSAM 

-W 

Y e s  

M i d  
M i d  
Y e s  
Y e s  

$1 i g h t  

COULD DELAY IMPLEMENTATION 
DATA A V A I L A B I L I T Y  

SYSTEM-LEVEL DESIGN 
COST 

SUBSYSTEM LEVEL DESIGN 
COST 

RELATIVE COMPLEXITY 
ANNUALIZED COST 
POTENTIAL ENVIWNMENTAL PROBLEM 
BYPRODUCT MARKE i A B I L I T Y  

Y e s  
Y e s  
N o  
No 

H i g h e s t  - 
N o n e  
Y e s  

Y e s  
Y e s  
N o  
N o  
M i d  

L o w e s t  
N o n e  

Y e s  

3 
S T R I P P I N G  

ONLY 

Y e s  

L o w e s t  
L o w e s t  

No 
Y e s  

S l  i g h t  

No 

Y e s  
Y e s  
Y e s  
Y e s  

L o w e s t  - 
H i g h  

No 



0. H2/C0 Ra tio-Gas Transpor ta t ion Study 

1. I n t r oduc t i on  

I n  add i t i on  t o  the use o f  the coal g a s i f i c a t i o n  f a c i l i t y  product 
as medium Btu  gas, there are po ten t i a l  uses as chemical feedstocks. I n  
almost a l l  cases, chemical feedstock synthesis gas w i  11 r equ i r e  adjustment 
of the H i ! C n  r a t i o  produced i n  the g a ' i f i c a t i ~ r  p l a n t  by the water  gas s h i f t  
reac t ion  as a  f i r s t  process step. Therefore, the concept of s h i f t i n g  t he  
product gas a t  the g a s i f i c a t i o n  f a c i l i t y  p r i o r  t o  t ransmission requi res 
some cons'deration as t o  cost  e f fec t i veness  and customer accomnodation. The 
concept may be espe:ial ly i n t e r e s t i n g  t o  small volume users which would f i n d  
the economics o f  sca le  working against  them w i t h  regard t o  s h i f t i n g  w i t h i n  
t h e i r  own ba t t e r y  l i m i t s .  This study inves t iga tes  the e f f e c t  o f  ad.iusting 
the H2/C0 r a t i o  upon the cos t  o f  product t ranspor ta t ion.  

Other studies have inves t iga ted  hydrogen gas transmission. These 
s tud ies genera l l y  are concerned w i t h  t ranspor ta t ion  o f  a  f i x e d  volume long 
distances o r  cross country cost  op t im iza t ion  and are no t  s p e c i f i c a l l y  a p p l i -  
cable t o  the case of  a  p l a n t  supply ing a product a t  a  given s e t  o f  cond i t i ons  
and d e l i v e r i n g  i t  t o  more than one customer a t  a  d i f f e r e n t  s e t  o f  condi t ions.  

The cases inves t iga ted  i n  t h i s  study inc lude  d e l i v e r y  o f  the gas a t  
100 mi les  a t  pressures o f  215 ps ia  and 500 psia;  de: i v e r y  of 50 percent a t  
50 mi les  and 50 percent a t  one hundred mi les;  de l i ve r y  of on ly  two modules 
product ion from a f ou r  module p lan t ;  de l i ve r y  w i thou t  add i t i cna l  p i p e l i n e  
compression; de l i ve r y  w i t h  one compression s t a t i o n  a t  the f i f t y  m i l e  po in t ;  
and the e f f e c t  o f  i n i t i a l  pressures of 500,500 and 615 ps ia .  Hydrogen t o  
carbon monoxide r a t i o s  are va r ied  from t h a t  of the base Koppers-Totzek p l a n t  
product t o  100 percent hydrogen. The quan t i t y  of gas i s  no t  he ld  constant 
bu t  i s  va r i ed  i n  accordance w i t h  estimates of product produced ;*om a 20,000 
TPD p l a n t  3s a  func t ion  o f  the hydrogen t o  carbon monoxide r a t i o .  Base 
studies f o r  MBG and a l t e r n a t e  products repor ted i n  EDM repor ts  BDMIH-80-583-TR 
and BDMIH-80-481-TR were used as references i n  determining the volume o f  gas 
produced from 20,000 TPO o f  coal  as a  f unc t i on  of CO/H2 r a t i o .  



The Darcy equation - 

w i t h  

00 = Pressure drop per  100 mi les  ps ia  

f = f r i c t i o n  f a c t o r  

W = mass o f  gas l b s  

P = densi ty  - I b s / f t  3 

D = diameter - inches 

i s  used throughout t h i s  study. This equation was chosen f o r  i t s  s i m p l i c i t y  
of use i n  comparative t rade study. The comprassibi l i t y  o f  the product was 
accounted f o r  by ca l cu la t i on  o f  P a t  an e f fec t i ve  pressure. The f r i c t i o n  
f a c t o r  i s  taken from the regu la r  o r  Moody cha r t  pub1 ished i n  numerous 
places. The e f f e c t i v e  pressure (Pe) i s  ca lcu la ted  fo r  p ipe  s i z i n g  purposes t o  
be given by 

PI and P2 are the i n i t i a l  and f i n a l  gas pressures. 

Brake horsepower i s  given by 

BHP = 

where 

R = compression r a t i o  

K = r a t i o  o f  s p e c i f i c  heats, C /C 
P v 

No a1 lowance has been made fo r  a load fac to r  i n  determining BHP requirements. 
However an ove ra l l  energy e f f i c i e n c y  of 85 percent i s  used f o r  determining 
e l e c t r i c  power costs. 
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! Cap i ta l  costs  have been determined by 

where: 

CIS C2 = INFLATION FACTORS = 3 

C~ 
= Cost o f  p ipe  l i n e  

A = Cost o f  p ipe - $200/ton 

W~ 
= W t  o f  p ipe - TonsIMile 

8 = Pipe i n s t a l l a t i o n  - $1300/in M i l e  

D = Pipe diameter - inches 

Cr = R igh t  o f  way costs - 56000/mi 

CC = Cost o f  Compressor S ta t i on  

E = Spec i f i c  compression costs  - S200/HP 

HP = Horsepower = BHP/eff = BHP/.85 

F = Compressor S ta t i on  Costs = $15000/in diameter 

1 The base n~lmbers shnwn h re  f o r  1965 . The i n f l a t i o n  f a c t o r  o f  3 i s  based 
on the general cons t ruc t ion  i n f l a t i o n  r a t e  for the per iod  1965-1980. 

To ta l  annual costs  were ca lcu la ted  by 

The weight o f  p ipe requi red was based on a t e n s i l e  s t rength o f  25,000 p s i .  
This i s  probably a conservat ive assumption; no o ther  sa fe ty  fac to r  was used. 

1. Khan, A .  R .  and Panos, P. S . ,  The Economics o f  Natural  Gas Production, 
Transportat ion,  Storage, and D i s t r i bu t i on ,  i n s t i t u t e  o f  Technology, 
Chicago, 1965. 

I 11-45 
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3,  Cases Studied .- 

The cases studied are described i n  Table 111.0.1. 

The quantity o f  gas transported varied from 1.56M pounds per hour o f  
essent ia l ly  100 percent hydrogen to 2,073M pounds per hour o f  medium Btu gas. 
Corresponding energy values range from 9,496 MM 8tu per hour to 11,426 MM Btu 
per hour. 



CASE 
NUMBER 

Table 111.0.1 
Case Descri p t i o n  

CASE DESCRIpTION 

1  To ta l  product gas from the  20,000 TPD K-f p l a n t  
a re  de l i ve red  a t  a  p o i n t  100 mi les  from the p l a n t  
a t  215 psia.  I n i t i a l  pressure i s  va r ied  from 
300 ps ia  t o  615 psia.  Product volumes var ies  i n  
accordance w i t h  the H2/C0 r a t i o  which i s  va r ied  
from near 100 percent hydrogen t o  tha:. nrceuced 
i n  the  base K-T p lan t .  

- - -- T- 111-2- - -- - - -  

: ; !  

2 Tota l  product gas (same as Case 1 )  a t  i n i t i a l  
pressure equal t o  615 ps ia  i s  de1 i ve red  a t  a 
p o i n t  f i f t y  mi les  from the  p l a n t  a t  215 psia. 
F i f t y  percent o f  the gas i s  t ranspor ted an 
add i t i ona l  f i f t y  m i les  f o r  de l i ve r y  a t  215 psia.  
A compressor s t a t i o n  i s  inc luded a t  the f i f t y  
m i l e  pos i t i on .  

THE BDM CORPORATION 

i- . r 

! 
I 

j 

I 

3 Total  product gas (s~rne as Case 1)  a t  an i n i t i a l  
pressure o f  615 ps ia  i s  de l i ve red  a t  a  p o i n t  
100 mi les  away a t  500 ps ia  x i t h  i n t e r m i t t e n t  
compression a t  the  50 m i l e  pos i t i on .  

I 

I 

I 
1 

I 

I 
I 

I 

1 

t 

I 
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4, STUDY 9ESULTS 

Figures 111.0.1-3 g i ve  the r e s u l t s  o f  Cate I as descr ibed i n  Table 111.0.1. 
It i s  noted t h a t  f o r  convenience o f  graphical  presentat ion t h a t  the  CO/H 
r a t i o  i s  used ra the r  than the  inverse H2/C0 r a t i o .  The r e s u l t s  show tha ? 
considerable savings may be rea l  i zed  i n  t r anspo r t a t i on  s h i f t i n g  the  product 
t o  higher hydrogen content. On a t o t a l  p l a n t  output  basis, hydrogen produced 
a t  300 ps i a  cou ld  be tranc,ported roughly  a t  t he  same c o s t  o f  t r anspo r t i ng  
MBG produced a t  6 i 5  psia. 

Case 11 examines the e f f e c t  o f  d e l i v e r i n g  low pressure products a t  an 
in termediate  p o i n t  along the p ipe l ine .  Figures 111.0.4-6 show the r e s u l t s  
o f  t h i s  study. Comparison w i t h  Case I ind ica tes  t h a t  t ransn iss ion  o f  product 
gas a t  low pressure o f  even a f r a c t i o n  o f  the product f o r  the  l a s t  ha l f  of 
the d is tance should be avoided. F igure s i x  confirms t h e  r e l a t i v e l y  low cos t  
o f  t ranspor t ing  hydrogen due t o  i t s  low mass t o  energy content  r a t i o .  The 
study a l c s  conf i rms t h a t  t ranspor t ing  hydrogen through successive compressor 
s t a t i ons  should be done a t  low compression r a t i o s  r e l a t i v e  t o  equiva lent  
heat ing value bu t  heav ier  gases. 

Case I 1 1  looks a t  t r anspo r t i ng  ga: a t  h igh  pressure f o r  de l i ve r y  100 
mi les  from the p l an t  a t  h i gh  pressure. This case includes compression a t  
the ha1 f way p o i n t  i n  l i n e  w i t h  the  r e s u l t s  o f  cu r ren t  gas t ransmission 
p rac t i ces  which have shown t h a t  optimim compressor s t a t i ons  soacing i s  
50 t o  75 m i les .  Again t he  r e s u l t s  i s  t h a t  s h i f t i n g  t o  hydrogen reduces 
transmi ss ion costs .  

On a cos t  per m i l l i o n  BTU bas is  cos t  o f  t r anspo r t a t i on  va r ied  from 
around $0.05 t o  around $0.11. Thus wh i l e  t he  savings obtained by s h i f t i n g  
gas composit ion are s u b s t t n t i a l  on a r e l a t i v e  basis,  they would no t  
compensate f o r  the h igher  gas product ion costs.  Thus a l a r g e  po r t i on  o f  
the gas should be dest ined f o r  chemical r a t he r  than f ue l  use i f  the e f f e c t s  
o f  composit ion s h i f t i n g  a re  t o  be o f  ne t  bene f i t .  
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DELIVERY AT 2 5 P S I A  100 MILES 

Figure 111.0.1. Pipe Diameter Versus CO/H2 Ratio - Case 1 
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Figure I1l.O.i. Capi ta l  Cost Versu, C0;H2 Rat io  - Case 1 





Figure 111.0.4. F i r s t  Leg Pipe Sire .Requirements - Case I1 



Figure 111.0.5. Second Leg Brakehorsepower Requirements - Case I1 
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COMPRESS1 ON RATIO 

Figure 111.0.6. Total Annual Cost o f  Servfce Versus Compression Ratio 
For Second Leg - Case 11 
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Flgure 111.0.7. Annual Cost o f  Service Versus Gas Composl t lon - Case I11 
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CHAPTER I V  

:MBG FACILITY DESIGN 

OBJECT A* - / 

The object o f  the design task was the development o f  conceptual and 
preliminary designs f o r  producing medium Btu gas based on each of the fol low- 

ing f i v e  coal gasi f icat ion technologies: 

(1 ) Koppers-Totzek 

.(2) Texaco 
(3) Babcock and Wilcox 

(4) Lurgi 
( 5 )  BGC/Lurgi 

_ These deslgns were developed so as to  provide a basis f o r  system and u n i t  
operation selection, material and energy balances , cost analysis , and schedule 

anal ysl s . 
BASIS 8. - 
Each design presented i n  t h i s  report i s  based on gasifying 20,000 tons 

per day o f  coal i n  four 5000 TPD modules. Each o f  the four modules i s  se l f -  

contained and capable o f  operating alone. Such systems as general fac i l i t i es ,  

coal receiving and hand1 ing, and sol ids disposal are designed on a to ta l  

f a c i l i t y  basis and serve a l l  four o f  the operating modules. Other systems, 
wi th a few exceptions described la ter ,  are sized and dedicated t o  individual 

modules. The plants are designed t o  meet anticipated env i romn ta l  standards 
including zero aqueous discharge. The plant products are MBG, sulfur, and, 

where appropriate, coal f ines and amnonia. The design s i t e  o f  the plants i s  
taken t o  be Murphy H i l l ,  Alabama. Table IV.B.l l i s t s  the outstanding 

design specifications used i n  t h i s  work as taken from the N A  document, 
"Design Cr i ter ia  f o r  Conceptual Designs and Assessments o f  TVA's Coal 

Gasification Demonstration Plant," dated March, 1980. 

IV-1 

- - 
--. . A-.>-L 2 
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TABLE IV.B.1. DESIGN BASIS SUmARY* 

PLANT CAPACITY 
PLANT TYPE 
COAL TYPE 
PLANT S f  RVICE FACTOR 
PLANT LIFE 
ELECTRICITY SOURCE 
WATER 
COAL RECEIPT 
PRODUCT DELIVERY 
PRODUCT QUALITY 
SULFUR 
COAL COST (1980) 
LAND COST (1980) 
CLEAR1 NG AND GRUB8 I NG (1 980) 
ELECTRICITY COSTS (1980) 
BY-PRODUCT CREDIT 
ESCALATION 

20,000 TPD 
FOUR INDEPENDENf MODULES 
KENTUCKY NO. 9 
90 PER CENT 
20 YEARS EACH MODULE 
TVA GRIb4.16KV. 6.9KV9 13.8KV 
TENNESSEE RIVER 
BARGE 6% 9Y TRUCK 
MBG AT 600 PSIG 

MINIMUM 285 Btu/SCF 
PRILLED 
$1 .25/HH Btu 
$3,00O/ACRE 
$2,00O/ACRE 

NONE 
AS PER TVA SPECIFICATION 

*Design Cr i ter ia  fo r  Cenceptual Designs and Assessments of 
WA's Coal Gasification Demonstration Plant ." Tennessee 
Val ley Authority. b rch .  1980 



! 
I - THE BDM CORPORATION 

; I  I n  addit ion t o  the primary design coal, provisions a r e  included t o  

1 : 1 ! [ I  al low up t o  f i v e  per cent Alabama coal and up to  2 per cent standard 
I 

! i  
devfations var iat ion in  the coal analysis. Tables I I I .A . l  through 
Tables III.A.3 i n  Chap*ar I11  contain the analyses o f  these coals. The 
primary coal i s  assumed t o  be del ivered by barge; the Alabama coal i s  

I assumed t o  be delivered by truck. No r a i l  service t o  the plant  i s  

provided. 

I C. METHODOLOGY 

I n  order t o  ar r ive a t  the most favorable designs possible i n  a 

preliminary study, a systematic methodology designed t o  assure use o f  

a l l  available information was followed. 
The open 1 i terature was surveyed and a1 1 appropriate pub1 ished 

design studies were collected f o r  use as a study base. The systems and 
u n i t  questions required f o r  the designs were arranged i n  a general ized 

block flow diagram. Processes and technologies, which are viable candi- 

dates f o r  each o f  the systems, were iden t i f i ed  and cataloged (Chapter I1 
and Appendix A). Fol 1 owing the iden t i f i ca t ion  o f  candidate systems and 

evaluation o f  the design data from the 1 i tera ture and in-house f i l es ,  

conceptual designs a r e  cap1 eted. These deslgns, c a l l  ed de f in i  t i on  

level  designs. wen accanpl ished by factoring and scaling o f  pub1 ished 
systems. These designs are presented i n  Appendix 8. 

With the de f in i t i on  level  designs as a k s i s ,  a series o f  trade 

studies was performed t o  evaluate tne process options available f o r  each 
system and plant configuration (Chapter 111). 

Final 1 y, with the plant configurations and preferred processes 

established, more detai led designs, cal led reference f a c i l i t y  designs, 

were accomplished according t o  the design specifications described 
above . 
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Refarence faci  1 i t y  designs were completed based on Koppers-Totzek, 
Texaco, i~nd Babcock and Uilcon coal gasification technologies. Definit ion 

level desigiis only were developed f o r  the Lurgi and' BGC/Lurgi cases, 
However, the trade studies and reference f a c i l i t y  designs fo r  the f i r s t  
three reference f a c i l i t y  designs were completed pr io r  t o  the work with 
Lurgi and BGCILurgi. Therefore, these two l a t t e r  designs, even though 
on the conceptual def in i t ion level , incorporated the results of the 
ear l ie r  trade studies and more def in i t ive design work where appropriate. 

D. GENERAL PROCESS DESCRIPTIONS 

Each o f  the f i ve  MBG designs are similar i n  configLration except 
where the specific technology dictates otherwise. 

Kentucky No. 9 coal i s  received by barge and either placed i n  a 
dead storage p i l e  or processed i n  System 11, Coal Handling. Provisions 
have also been made to  receive up to f i ve  per cent o f  plant capacity by 
truck. Oead storage provides fo r  90 days supply without interruption, 
Coal, either d i rect ly  from barges or  fran dead storage, i s  processed i n  
a Bradford breaker and conveyed to  four process modules of 5000 TPD 
capacity each. 

In  each module, the raw coal fed to  the plant from System 1 i s  
crushed and dried i n  System 1 and fed to  System 2, gasif ication section, 
where i t  reacts with oxygen from System 6, A i r  Separation, and steam. 
Raw gas from Section 2 i s  processed i n  System 3, I n i t i a l  Gas Cleanup and 
Cooling, where i t  i s  cooled to approximately 100'~. Cooled gas i s  
campressed i n  System 7, i f  required, and further processed i n  System 4, 
Selexol Acid Gas Removal System, where sul fur i s  reduced to a t  least 200 
PPMV and the heating value i s  boosted to a t  least 285 Btu's per cubic 
foot. Clean gas i s  dried and delivered a t  the plant fence fo r  delivery 
t o  a pipeline or other chemical processing plant. Table IV.D.1 gives 
the product from each o f  the f i ve  designs. 
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TABLE IV .D. l .  MBG FACILITY RESULT S W R Y  ' 
. " 

. - 
I 1  ; I 

< 

I 

i 
4, 
! 

/ PROCESS - 
;i 

NET YIELD 
I 
I (MMSCFD) 

! i GAS HHV 
(BTlJISCF) 
CWPOS IT ION 
(VOL. 8 )  

HYDROGEN 
~ I , , NITROGEN 
I CARBON MONOXIDE 

1 

I 1 CARBON 010x1 DE 

METHANE 
ETHAtiE + 

1 
(PPM Wf.) 

b HYDROGEN SULFIDE 
CARBONY L SULFIDE 

I WATER 

KT - 1 EXACO 
900 1,080 

LURGI - 
1,160 

BGCILURGI 
959 
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Systam 10, 11, 12, and 19 sew8 the to ta l  plant and ere simi lar 

f o r  each of the deslgns. Other systems a m  rewated In each module a d  
are described i n  the next section, Table 1V.D.P l i s t s  the current 
status o f  these system, 

1. System 10, I n s t ~ n t a t l o n  and Control 
The purpose o f  System 10 I s  to provide operational monitoring 

and supbrvlsoy master control o f  module oparatierrs. The system Includes 
Instrumentation t o  measure key characteristics o f  a l l  major streams . 

(mass, temperature, pressure, canfrosl t ion  dens1 ty, and/or others as 
appropriate) and t o  display t h e e  characterlstics i n  a central location. 
A dedicated computer I s  provided to record data o f  interest a t  the 
f a c l l  lty management 1 eve1 . T e l e c ~ n i c a t i o n s  capabll i t ies  are pmvlded 
t o  communicate w l  t h  module and system operators as required to control 
to ta l  plant operation to  meet de1 ivery requirements. Actual process 
control i s  provided a t  the module or  system level as appropriate and fs  
not included i n  System 10. 

2. SYS tam I 1 . Cool Hand1 1 ng 
The Coal Handllng System provides fo r  the unloading o f  coal 

delivered to the plant ei ther by barge o r  tm-.c, reclaiming the coal 
from storage, reducing the size o f  coal, and transporting the coal t o  
Coal Preparation anb Feeding , Sys- 1 . LJ 

Raw coal f s unloaded from barges by the barge unloading sub- 
system which i s  designed t o  unload up to ten 1500 ton capacity barges 

i r 
1.1 

per shi f t .  The coal i s  unloaded a t  an average rate o f  1200 tons per 
hour on a S-day mek basis. Coal i s  transferred by conveyor tc a radlal , .  I 

stacker which then produces a kidney-shaped coal p i l e  containing 1 f ve 
and dead storage. Coal i s  reclaimed from 1 lve storage and conveyed to a 
Bradford breaker where i t i s  reduced i n  size. Coal from trucks i s  
unloaded in to a chute from which i t i s  conveyed t o  the Bradford breaker. 

6 , I 
Crushed coal from the Bradford breaker I s  transported t o  day storage 4 
si los from which It i s  transferred vla vlbrating be1 t conveyors to coal F 1 1 
preparation and feedlng, System 1, for further processing. Coat fines !I 1 
fm the Bradford breaker are collected and sent to the gasif ication 

TI I 
unit, System 2. 

-. 1 1  1 



TABLE I V . D .2. SYSTEM TECH#OLOGY ASSESSUEWT 
aD 

SY STm -- 
1 COAL PREPARATION 6 FEEDING 
2 GASIFICATION 
3 INITIAL CAS CLEANUP Q COOLING 
4 ACID GAS -VAL 
5 SULFUR RBCOVBRY & TAIL GAS TREATMENT 
6 AIR SEPARATION 
7 ~ B B S S I O N  
8 PRCKXSS SOLIDS -'MINT 
9 INCINEMrnR 

10 INSTRlBlBNTATION 6 CONTROL 
11 COAL HANDLING 

Y 
12 SOLIDS WASTE RECYCCING/DISPOSAL 

< 
I 

'-3 BYPWIDWCT  PROCESS^ 
-4 i4 PLANT POWBR SYSTEM 

15 STEM CENEMTION/DSSPRI~ION 
16 WATBIL SUPPLY , 
1 7  COOLING WATER SYSTEM 
18 UAnE WATER TREA'IUENT 
19 GENERAL FACILIT#BS 

C 

K-T - 
CP 
CP 
CP 
CA 
cs 
CP 
CP 
CP - 
CP 
CP 
CP 
CP 
CP, 
CP 
CP 
CP 
CA - 





I 

I E. KOPPERS-TOTZEK BASE0 PLANT 
L 

A four module, 20,000 TPD, plant based on Koppers-Totzek coal 

gasification technology has b ~ e n  designed. The plant processes Kentucky 

No. 9 coal with provisions f o r  up to f i ve  percent North Alabama coal. 
, Medium Btu gas with heat content o f  305 Btu/SCF and not more than 200 

ppm sulfur i s  the primary plant prodilct. Sulfur i s  recovered f o r  sale 
as p r i l  led surfur. Ash disposal i s  on site. The plant i s  designed fo r  
zero water discharge. Trade studies provided the basis fo r  not using 

boi ler produced steam t o  drive prime movers. Thus, process-derived 
steam i n  excess o f  process requirements i s  superheated f o r  power use i n  

prime rovers. f l e c t r i c i t y  from the TVA gr id  i s  used t o  supply the 
balance o f  the plant prime mover power requirements. 

The plant design was arrived a t  by a systematic procedure ba5:d on 

pub1 ished design work, process trade studies, team engineering experience, 
a NASA provided module level def ini t ion of twenty systems, and the TVA 
design c r i t e r i a  doctanent. 

The design procedure involved defining available processes to meet 

the requirements o f  each system, technical/econanic trade studies t o  

select the prefered processes, and engineering design and flow sheet 

development fo r  each module. Cost studies assumed a staggered construc- 
I ‘ t ion  schedule fo r  the four modules beginning spring 1981 and a 90 percent I .  

on c + ~ a m  factor. 

i The overall plant configuration i s  shown schematically i n  Figure 
IV.E.1. As shown, General Facil i t ies, Instrumentation and Control, Coal 

Hand1 ing, and Sol i d  Disposal serve plant-wide functions. A1 1 other 

plant components are contained i n  four identical process modules. The 
instrumentation and control system operates to monitor overall plant 

performance and t o  control intennodule relationships. The tota l  1 i s t  o f  
systems i s  given i n  Table IV.E.l. 

The results o f  the design study are given i n  Table IV.E.2. Appendix 
8-1 contains the canplete design report. 
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TABLE IV.E.1. L IST OF SYSTMS, XOPPERS-tOnEK PLANT 

NUMBER OF COST UNITS 

SYStEU NO. PER HDDULE PER FACILITY SYSTEM DESCRIPTl9N 

1 4 COAL PREPARATION AND E E O I f f i  

2 9 36 GAS1 FICATION 

3 1 4 IN IT IAL  6AS CLEANUP AIlO COOCIS 
4 1 4 ACID 6AS REMOVAL 
5 1 5 SULFUR RECOVERY 
6 2 8 AIR SEPARATIOW 

7 1 4 COnPRESS ION 
a 1 4 PROCESS SOL IDS TREATMENT 

10 o 1 INSTRUNENTATION AND CONTROL 
o 1 COAL HANDLING 

- ? SOLIDS OISQOSAt 

1 4 BY-PRODUCT PROCESSING 

1 4 PLANT WUER SYSTEM 
1 4 STEAM GENERATI ON/DISTRIBUT ION 

1 4 RAW WATER MAKE-UP 

1 4 COOLIWG WATER SYSTEM 

18 1 4 WASTE WATER TREATMENT 
1 1 GENERAL FAC I L I T  I ES 

- -- - 
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TABLE I V  . E .2(a) . E S I  611 STUDY RESULW 

FEED COAL 
urn 
PURCHASED ELECTRICITY 
NBG PROWCT 
m6 P R o a m  
ME6 QUALITY 
SULFUR PRODUCT ( PRI LLED ) 
SULFUR PRowcT 
TOTAL CAP IT& REQUIRMENTS 
OPERATING AND UAINENANCE COSTS 
COAL, CATALYST, CHEMICALS 

PLANT OPERATING STAFF 

*Costs are i n  1980 Dollars 

6~570s000 TPY 

12,300 GPN 
3,720 M4 M Y  

898 H SF0 
as m nsc~v 
305 BTU/SCF 
668 LTPO 

220,000 LTPY 
$2,371 W 

$ 47 W Y R  
$ 45 M/YR 

346 PERSONS 



TABLE I V. E. 2(b). COMVERSION EFFICIENCY KDPPERS-TOTZEK PROCESS 

rn6 B T U / ~  INPUTS PERCENT 
1, COAL TO FACILITY 
2,  ELECTRIC POWER TO FACILITY 

OUTPUTS 
3, MBG FROH FACILITY - 4, COAL FINES FROM FACILITY 

F 

COAL-TO-HBG (0 +@ x 100% 
OVERALL PRODUCT EFFICIENCY @ + (a+@) x 100% 
OVERALL FACILITY EFFICIENCY @ + @ (a + @ x 100% 
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1 TABLE I Y  .E.2(c). OPERATING REQUIREMENTS FOR EXPECTED OPEMTIONS 
K-T PROCESS - PER MODULE 

BAS1 S UNITS 5 
z , I( ( 

Raw Material s 

Coa 1 TPY @ 100% Operation 

Catalyst and Chemical Makeup 

100% Opera t i o n  

U t i l i t y  Requirements 
H 
c Import Power kUh/Yr 8 100% Operation 
2 
W 
O, Operating Requ i r e n t s  

Labor 
Supervisors 
Operators 

Suppl ies  

Ma i ntenance 
Labor 
Suppl i es 

Factored as 15% o f  Operating Labor Costs 

1,825,000 TPY 

Factored as 1.6% o f  Total Depreciable Di rect  I n v e s m n t  
Factored as 2.4% of Total Depreciable Di rect  Investment 
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1. Process Description 

The plant  consists o f  eighteen systems including General 
I 

l '  I 
Faci l  i ties. The fourteen systems described here are module level systems 

- I  / 
and are duplicated four times *n the to ta l  f a c i l  ity. Table IV.E.3 i s  an ) i  , I 1 .. . 
overal l  k t e r i a l  balance f o r  aach module. 

a. System 1. Coal Preparation and Feedinq 
This syster;~ receives the rough processed coal from coal 

hand1 ing, System 11. The aperations carr ied out i n  System 1 include: \ 

pulverizing coal t o  the required size, screening and recycle o r  oversized 

fractions, drying o f  processed coal to  the required f i n a l  moisture 
content, and transporting o f  the sized, dr ied coal to Gasification, 

System 2, for gasification. 
Crushed 2" x 0 coal i s  received from System 11 via a v ibrat ing 

b e l t  feeder. The coal i s  weighed on a b e l t  scale a f t e r  which i t  goes to  a 

pulverizer-dryer. The pulverizers crush the coal to  the required 70% through 

200 mesh size, while simultaneously drying the coal to  around 2% moisture. 
Drying i s  accompl ished by a hot n i  trogeous gas stream. The pulverf zer-dryers 

are controlled so as to  maintain coal par t i c le  temperatures between 160-180~~. 
i n  order t o  avoid coking o r  devolat i l  ization. Transport nitrogen gas i s  

separated from the coal i n  the service bins fol lowed by dust removal and vent- 
ing. Gasif ier feed bins are connected t o  the gasi f ier  v ia variable speed 

screw feeders. These screw feeders discharge the coal t o  mixing heads where 
i t  i s  entrained i n  oxygen and low pressure steam, and transported to  the obsi- 

f i e r  burners. 
b. System 2, Gasification 

The Koppers-Totzek gas i f ie r  i s  of the high temperature, 
co-current entrained flow type. There are four feed points on the four-headed 

gasif iers, and two burner heads on each point. Each burner i s  arranged t o  

produce a flame pattern which intersects the pattern of the adjacent burner on 
a head. Oxygen from the a.ir  separation uni t, System 6, and low pressure 

steam generated i n  the gas i f ie r  jacket, transport the pulverized coal to  the 

gasi f ier .  



TABLE I V  .E .3. MODULE MATERIAL BALANCE, KOPPERS-TOTZEK PROCESS 

(POUNDS PER HOUR) 

CARBON 
HYDROGEN 
OXYGEN 
NITROGEN 
SULFUR 
CHLORINE 
ASH 
CARBON MONOXIDE 
CARBON DIOXIDE - < METHANE 

I. ETHANE 
C" LIGHT HC 

TAR + OIL+ NAPTUA 
HCl 
HYDROGEN SULFIDE 
CARBONYL SULFIDE 
AmON IA  
HYDROGEN CYANIDE 

TOTAL DRY 

WATER 

TOTAL WET 

T, OF 
P, PSIA 

RAW 
COAL 

253,637 
17,925 
23,901 
5,761 

15,449 
494 

59,650 - - - - - - - 
- .  - - 
- 

376,817 

39,853 

416,670 
- - 

GASIFIER 
FEED COAL 

GASIFIER 
FEED 
STEAM 

- - - - - - - - - - - - - 
- - - - - 
- 

56,522 

56,522 

270 
42.6 

GASIFIER 
FEED 

OXYGEN 

- - 
336,045 

6,004 - - - - - - - - - - - - - - 
342,049 

- 
342,049 

140 
21.6 

GASIFIER 
RAW GAS 

- 
16,380 

-. 

11,764 - - - 
487,536 
1 09,286 

2,005 - - - 
52 1 

14,762 
2,926 - - 

645,180 

186,042 

831,222 

350 
15.4 

COOLED 
RAWGAS 

- 
16,380 - 
11,764 - - - 

487,536 
109,286 

2,005 - - - - 
14,762 
2,926 - - 

644,660 

40,435 

685,095 

100 
14.9 

SWEETENED NET MBG 
GAS PRODUCT 
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Coal, oxygen, and low pressure steam react t o  gasify the 

carbon and vo la t i l e  matter i n  the coal. Each module contains e ight  

operating and one spare gas i f i e r  t ra in.  
Approximately 50 percent o f  the ash i n  the coal leaves 

the gas i f i e r  i n  the form o f  l i q u i d  slag, out the bottom o f  the gasi f ier .  

Entrained slag droplets are quenched w i  t h  water a t  the gasi f ier  ou t le t  
i n  order t o  drop the temperature below the ash fusion temperature. The 
gas, wi th entrained part iculate ash, passes t o  the waste heat bo i le r  

located d i r ec t l y  over the gasi f ier .  The heavier par t ic les  o f  ash are 
returned via a chute t o  the slag wench tqnk below the gasi f ier .  The 

waste heat bo i le r  cools the gas t o  about 350'~. p r i o r  t o  clean-up. The 

waste heat bo i le r  generates 49,500 pounds per hour o f  1450 psig steam 

per gasi f ier .  
The jacket o f  each gas i f i e r  produces 49,600 pounds per 

hour o f  low pressure steam from waste heat escaping the gasi f ier  refractory 
l in ing.  O f  this, 7,065 pounds are used as feed t o  the reactor. 

The oxygen feed ra te  i s  0.90 02/1 b dry coal. The higher 

heating value o f  the product gas produced i s  305 BtuISCF. 

The Koppers-Totzek gas i f ie rs  operate a t  approximately 7 

psig. Each module contains e ight  operating and one spare reactor, 
c. System 3, I n i t i a l  Gas Clean-UP and Cooling 

The Koppers-Totzek gasi f icat ion system includes a proprietary 
means f o r  removal o f  part iculate matter, as well as cooling the gas the 

f i n a l  amount necessary t o  achieve temperatures compatible wi th su l fur  

removal systems . 
The raw gas ex i t ing the waste heat bo i le r  a t  around 350'~ 

i s  washed i n  a pa i r  of V e ~ t u r i  scrubbers arranged i n  series. The primary 

scrubber removes the bulk of the part ic les (around 90%). The gas from 

the secondary scrubber passes to  the f i na l  gas cooler. The gas i s  

cooled wi th water t o  around 95 '~  i n  t h i s  cooler. The t o ta l  part iculate 

removal ef f ic iency o f  t h i s  system i s  around 99.9%. The cooled gas 
passes t o  System 7, compression. 
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Gas clean-up dnd cooling are integral  parts o f  the Koppers- 

Totzek system. Rus, there are eight  operating and one span  system i n  
' 1 each module. 

11 1: d. system 7, Compression 
t 

The purpose o f  t h i s  u n i t  i s  to  compress the MBG from 
i n i  t i a l  gas clean-up arid cooling, System 3, t o  a pressure su f f i c ien t  t o  
provide a plant  boundary pressure o f  600 psig. Uater produced i n  the 

! ; 

ii 1' mu1 ti-stage compression process i s  col lected and recycled t o  System 3 t o  

i '  provide a port ion o f  the make-up required. The product gas compressors 1 :  - f o r  the Koppers-Totzek moCdle are motor driven machines. Outlet pressure I ' 1.. from the compression u n i t  i s  around 650 psig i n  order t o  provide f o r  
I 

pressure losses i n  acid gas removal, dehydration, and gas metering. 
i I .  Each module contairs: ' 1. 
I (1 )  Axial Compressor 34,500 HP 

(2) 2-Stage Centrifugal Compressor 34,600 HP 

(3) 1 -Stage Centrifugal Compressor 21,300 HP 

e. System 4, Acid Gas Removal 

The acid gas removal system u t i l i z e s  the Selexol solvent 

i pncess and receives 645,000 lbs/hr  o f  sour gas a t  100'~ and 665 p i l a ;  

1 The sweet (desulfurized) gas leaves the Selexol absorber a t  about 615 

1 p 
psia and a temperature o f  60'~. The component removals across the 

i I. absorber are: 

I n l e t  Gas Outlet Gas 
(mol s/hr) ( m 1  s/hr) 

Methane 125 125 

Hydrogen 8,125 8,123 
Carbon monoxide 17,406 17,374 
Carbon dioxide 2,483 

Hydrogen su 1 f i de 433 

Carbonyl su l f ide 49 

Nitrogen 420 

Ma t e r  - 4 2 
28,958 

% Removal 
0.00 

0.02 

0.18 

46.23 

99.77 
91.84 

0.00 

88.10 
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The Selexol u n i t  includes an absorption re f r igerat ion u n i t  f o r  
chi 11 ing the 1 ean sol vent so as to  achieve the above removals o f .  hydrogen 

su l f ide and carbonyl sulf ide. The sour gas Prom the Selexol u n i t  i s  r i c h  i n  

C02 and a t  s l i g h t l y  more than atmospheric pressure. 
f. System 5, Sulfur Recovery and Ta i l  Gas Treatment 

Acid gas from Acid Gas Removal, System 4, i s  fed to  a Claus- 

type three-stage su l fur  recovery u n i t  u t i  1 i r i n g  6 proprietary process for 
handling lean H2S acid gases. Typically, i n  a Claus-type su l fur  plant, the 

acid gas i s  f i r s t  passed through a knockout drum before entering the reaction 

furnace. The chemistry o f  the process involves converting HpS t o  elemental 

sulfur according t o  the fol lowing equation: 

The reactions are exothermic, and the heat l iberated generates 
steam i n  the reaction furnace bo i le r  and i n  the su l fur  condenser. The su l fur  

from each condenser i s  drained t o  a recovery p i t  i n  By-Product Processing, 
System 13, and the t a i l  gas from the f ina l  condenser i s  fed t o  a Beavon t a i l  

gas t reat ing u n i t  where essent ia l ly  complete removal o f  the remaining su l fu r  
compounds i s  achieved before discharge to  the atmosphere. The Beavon scl  '::r 
removal process reduces the su l fur  content i n  the t a i l  gas t o  less than 100 ppm. 

I n  t h i s  system, hydrogenation and hydrolysis are used t o  convert essential ly 

a l l  sulfur compounds t o  hydrogen sulfide. This gas i s  then cooled and passed 
i n t o  a contactor where the hydrogen sulf ide i s  absorbed by the redox solut ion 

and oxidized t o  elemental sul fur .  The reduced redox solut ion i s  reoxidized by 

contact wi th a i r  and subsequently recirculated t o  the contactor. Elemental 
sulfur i s  removed i n  the air-blowing step as a f ro th  which i s  punped t o  a 
su l fur  me1 t e r  t o  be me1 ted under pressure, separated from the redox solut ion 

and transferred t o  By-Product Processing, System 13. The decanted redox solu- 
t i o n  i s  returned t o  the system. 

The system receives 71,597 1 bs/hr of acid gas from the Selexol 

solvent regenerator a t  about 7 psig and 120°F. 
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The recovery o f  by-product elemental su l fur  from the su l fur  f recov:. r y  system i s  183 short tonslday per module, which amounts t o  an overal l  

su l fur  recovery o f  about 99.9 percent. 

g . Systa, 6, A i r  Separation 'f' 

The a i r  separation plant i s  designed t o  provide 3,850 short 

tons/day o f  98 percent oxygen f o r  use t n  the gasi f icat ion section. 

About 1,484,000 lbs/hr o f  atmospheric a i r  i s  compressed. i n  
two stages o f  compression, t o  a pressure o f  110 psia and aftercooled to 100°F. 

The impressed a i r  i s  then cryogenically separated i n t o  oxygen and nitrogen 
I n  a packaged 'cold box'. The separated oxygen frm tk cold box (a t  2 psig 

and 70°F) i s  compressed, i n  four stages o f  compression, t o  50 psia for use 
i n  the gasif iers. 

Each module c * ~ t a i n s  a 23,000 HP ax ia l  a i r  compressor powered 
by a 1450 psfg superheated ixeam turbine, a 7500 FP centr i fugal a i r  compressor 

driven by a 25 psig steam turbine and a 1750 HP centr i fugal oxygen compressor 
powered by an e lec t r i ca l  motor. A l l  turbine drives hat9 e lec t r i ca l  start-up 

motors. 
The a i r  separation plant  was designed as two trains, each i n  

operating service and each providing one-ha1 f o f  the oxygen requirement. 
h. System 8, Process Sol ids  Treatment 

Approximately 74,000 pounds per hour per module of ash and 
slag from the gas l f ie r  and gas cooling system along with biological sludges 

and so l id  wastes from process condensate treatment are treated i n  t h i s  uni t .  
Gravity set t le rs  separate dense so1 ids from the waste streams. 

Float thickeners-clari f i e r s  t rea t  s1 urry from the gravi ty 
sett lers. Thickener ana coagulant aids are added t o  faci 1 i tate sol f d-1 iqu id  

separation. 
Rotary drum f i  1 ters f i  1 t e r  sludges f r o m  the process condensate 

t reat ing systems and the f l o a t  thickeners. 

Recovered water i s  sent to  the process condensate t reat ing 
system, and sol ids are conveyed t o  f i n a l  sol ids disposal. 
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i . System 13, By-product Processinq 

Sulfur i s  the only plant by-product other than ash/char sol ids 
which i s  disposed o f  on-site. Molten su l fur  i s  punped t o  a p r i l l i n g  tower 
i n  a continuously flowing c i rcu la t ion system. I n  the tower, su l fur  i s  dis- 

pensed i n  droplets through nozzles. Droplets f a l l  counter current to a 

s'!;i'&em o f  cooling a i r  and s o l i d i f y  p r i o r  to  landing i n  the bottom p r i l l  col lec- 
t i o n  section. From the p r i l l i n g  tower, sul fur  i s  conveyed t o  a storage bui ld- 
ing from which i t  i s  transferred by truck o r  barge for sale. 

k. System 14, Plant Power System 
This system i s  generally designed t o  receive medium voltage 

e lec t r i ca l  power (4.16 KV, 6.9 KV o r  13.8 KV) and provide the following func- 
tions: 

(1 ) Develop the necessary voltage stepdown arrangement f o r  p lant  
requirements 

(2) Distr ibute the necessary power t o  the plant  equipment. 
TVA's incoming substation transformers receive pwer  from i t s  

prevalent d istr ibuted voltage switchin4 stat ion and step down th i s  voltage t o  
a medium voltage to supply the plant e lec t r i ca l  power requirement for motors, 
heaters, 1 ight ing , and other m i  scel laneous loads. 

The Medium Voltage Elect r ica l  Distr ibut ion Systems i s  a secon- 
dary selection system (double ended supply) wi th several mediun voltage buses. 
Each medium vol tage bus receives power from i t s  respective incoming substation 
trans iormer through an incoming breaker and supplies power to the medium vol- 

tage d is t r ibut ion system through the feeder breakers. 
The Low Voltage Electr ical  Distr ibut ion System typicai  l y  con- 

s is ts  o f  mu1 t i p l e  480 V double-ended load centers and 480 V motor control 

centers (MCC's) supplying the pwer  t o  480 V loads throughout the plant. Two 
load centers are i nterconnirc ; 2d through a normal 1y open t i e  breaker. I n  the 

event o f  loss o f  one load center transformer o r  i t s  feeder, the 480 V loads o f  

the affected load center are fed by the second load c ~ n t e r  t t a u g h  tne t i e  

breaker. 
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I 

Each load center consists of an incoming l i n e  section, load 

center transformer, and low voltage section wi th e t a 1  enclosed draw out power 
r l r c u i t  breakers. 

Load center transformers a n  a i r  cooled, dry type, 1 5 0 ~ ~  tem- 
perature r i  se, w i  t h  del ta connected primaries and wye connected secondaries. 
A1 1 load center feeder c i r c u i t  breakers a m  1600A frame and 50,000A RHS symne- 
t r i c a l  interrupt ing ca~ac l t y .  The 4tf I motor feeder breakers are e l ec t r i -  
c a l l y  operated wi th  instantaneous and long time t r i p  unl ts. 

480 V MCC8s consist of starters, feeder c i r c u i t  breakers 2nd 
control devices, assembled tn a ccmnon structure wi th horizontal and ver t ica l  
buses. 

A 125 v o l t  DC system supplies control power f o r  medium voltage 
and 480 vol t plant  swi tchgear control , protect ive elaying and annunciation. 
The system also supplies p o w r  f o r  m r g e n c y  l ight ing.  

1 . System 15. Stem Generation/Di s t r ibut ion 
A1 1 o f  the plat? steam i s  process generated. 
Twenty-five psig steam (396,000 pt *rids per hour per module) i s  

generated i n  the gas i f i e r  jackets. The gas i f i e r  stram requirement i s  50,000 

pounds per hour per nodule. Steam i n  excess o f  the gas i f i e r  requirements i s  
used along with steam from System 5, Sulfur Recovery, to dr ive gas compressor 
i n  System 7, the re f r iserant  cooling water i n  System 4 and other p lant  uses. 
Waste heat boi!er steam, generated a t  1450 psig, i s  used t o  dr ive gas com- 
pressors and a small amount i s  l e t  down to  550 psig f o r  use i n  the su l fur  
recovery system. One hundred psig steam i s  generated i n  the su l fu r  recovery 
system and froni gas compression turbine exhaust. I t  i s  used for  rebo i ler  
heating i n  System 4 and t o  deaerate the steam condensate sjstem. 

m, Systen, 16, Water Supply 
TSe raw water treatxent u n i t  i s  designea t o  provide treated 

and untreated water f o r  tire following f a c i l i t y  water systems: 
(1) F i re  water 
(2) Servlce water 
(3) Potable water 
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(4) Cool lng water 

(5) 801 l e r  feed water 
Raw water i s  pumped from the r i ve r  to a f i r e  water-raw water storage tank. 

The tota l  raw water requirement i s  4.6 mi l l ion  gallons per day. 
The raw water-fire water storage tank provides surge capacity 

for water treatment as well as storage capacity f o r  f i r e  water. Ouring an 

emergency, f i r e  water i s  punqed from the tank to the fire water heater system. 
The f i r e  water pumps are motor driven and have a diesel engine driven spare. 

The spare punp i s  equipped with autoriatic start-up capabi 1 i t y  i n  case o f  power 
fai 1 ure. i 

The raw water i s  pumped from the raw water-fire water storage 

tank to  the softener-clarifier. Lime, alum, and polyelectrolyte from the 
1 

1 ,  
c l a r i f i e r  bulk chemical storage and feed system are added to  the softener- 
c la r i f ie r ,  which i s  equipped with an internal f locculation mechanism. The 

I 

alum and polyelectrolyte a id i n  the removal o f  suspended sol ids from the raw 
1 

1 

water. Lime i s  added during the c la r i f i ca t ian  step to 'cold soften" the raw 

water. Chlorine i s  added to the raw water t o  i n h i b i t  algae growth i n  the 

c la r i f i e r  and sand f i 1 ters and reduce organic contamination. 
The underflow from the c l a r i f i e r  i s  a one w t  percent sludge and 

i s  pumped to solids treatment for further processing. 
The c la r i f ied  and softened raw water from the softener-clarifier 

flows to  the self-backwashing sand f i  1 ters where additional suspended sol ids 
are removed. A pressure d i f ferent ia l  across the f f  1 ter bed f n i  t iates the 

backwash cycle. The backwash flows by gravity to the sand f i l t e r  backwash 
sump and i s  recycled to. the softener-clarifier. The f i l t e r e d  water flows t o  
the f i l tered water storage tank and i s  u t i l i zed  as cooling tower make-up fo r  
the process cooling tower as service water fo r  general plant use, as feed to  

the deminerai izer package, and as feed to the potable water system. 
Water intended fo r  potable services i s  chlorinated and again 

f i l t e red  to  meet Pmerfcan Water Works Association ( A M )  standards and stored 

i n  a tank sized to  hold a day's potable water requirements. The chlorine 

residual i s  maintained a t  0.5-1.0 ppm free chlorine i n  the tank. 
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I Fi l tered water intended as feed to the demineralizer package i s  

injected with sodiun sulf ide t o  remove trace amounts o f  chlorine which adversely 

a f fec t  the denineraliter resins and a f te r  f i l t e red  through activated carbon t o  
remove any m i n i n g  organic contaminants and discolve iron. 

I n  the dmineral irer, the mineral sal ts present i n  the water 
are m v e d  by ion exchaage. A two-step demineralitst~on system, u t i l i z i n g  
strong cation and strong anion exchangers i n  series, i s  provided. A degasi- 

f i e r  following the strong cation and magnesium, which the anion exchangers 
remove anions such as chloride and sulfate. The strong anion exchanger 

also removes si l ica.  The degasifier i s  provided t o  m v e  carbon dioxide 

and other dissolved gases. 

The mixed bed polisher i s  provided t o  remove s i l i c a  to 0.02 ppa 

and t o  polish returned turbine condensate for reuse. 

The boi ler  feed water deaerating heaters operate a t  30 psig and 
250°F. The deaerators reduce the ovgen content o f  BFW t o  0.005 cs/l  i t e r  . 

Hydrazine or  sodim s u l f i t e  i s  injected in to  the storage 
compartment o f  the deaerators fo r  chemical scavenging o f  any residual 

oxygen. Morphol ine i s  injected in to  the suction o f  the boi ler  feed water 

pumps t o  protect the condensate system. 
n. System 17, Uater Cooling 

The purpose o f  th is  un i t  i s  t o  provide cool ing water to the 

various process users i n  the fac i  1 i ty . 
The cooling tower system includes the tower and fans, side 

stream f i l ters ,  circulating water punps, cold water basin, blondown system. 
chemical addition equipment, and distr ibut ion system. 

Cooling water i s  pmped fm the cold water basin, through the 

distr ibut ion system t o  the process heat exchangers where low-level , sensible 
heat i s  picked up, and back t o  the cooling tower. The cool ing tower rejects 

low-level heat by evaporative cooling to  a i r  drawn through the cooling tower 

by the cooling tower fans. 

A portion of the circulat ing water i s  passed through side 

stream f i 1 ters t o  reduce loadi ng t o  suspended sol ids, d i r t  and scale . 
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I 
- .  I 

The dissolved solids level o f  the coaling water i s  maintained 

by a continuous blowdorm stream to the process condensate system. Uater level !! 
i n  the cooling tamr basis i s  maintained by continuous make-up of the clean i- 1 
water frm the raw water treatment system. I -- 

The blowdom st- i s  passed through a blowdorm treatment -,  

system t o  recover chromate ions via ion exchange o r  by chemical reduction to  
I / - 

I I - I 

chnwium hydroxide and i s  sent t o  waste treatment f o r  disposal. 
Chlorine i s  added to the cooling water on a routine periodic 

basis to prevent algae growth. Chemical algicides are added periodical ly to 

further eliminate algae growth. Sulfuric acid i s  added to control pH, and 

zinc and chromate i n h i b i t o n  are added to the cooling water for corrosion con- 

t ro l .  Occasionally, a polyphosphate dispersant i s  added to  enhance the action 
of the inhibitors. 

o. System 18, Uaste Uater Treatment 

The purpose o f  th is  un i t  i s  t o  co l lect  and t reat  a1 1 plant 

l i qu id  ef f luent streams. The plant design i s  predicated on 'zero dischargem 

and permits recycle and reuse o f  treated uater. Streams treated include the 
following: 

(1) Oily water semrs 

(2) Coal p i l e  run-off 

(3) Stom water run-off 

(4) m i n e r a l  i zer  regenerant wastes and rinse water 
(5) Cooling tower blowdorm 
(6) Sanitary waste water 

(7) 6asi f ier  slag quench drains 

(8) Separated water froln solids treatment 
(9) F i l t r a te  fra biological treatment. 

Process operations include: 7 

(1) O i l  Separator - streams containing free and dissolved of1 and treated -. 
i n  a gravity separator u t i l i z i n g  an emulsion breaking chemical and 

heat t o  separate the oil-water mixture 7 
i 

v -  
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(2) Sour Yter Stripper -- water stream with appreciable H20 and HN3 
resiouals are stem-stripped to  remove these contaminants 

(3) Equalization Basin - l i qu id  streams with extremely high o r  la pH 
are mixed i n  an equalizing basis and treated with su l fur ic  acid o r  

caustic to change the mixed pH to  a value o f  6.0 - 8.0 

(4) Gravity Settling-Thickener - l i q u i d  streams wi th high suspended o r  
d i  ssolved solids are treated i n  a gravity settler-thickener and 
mixed with lime, alum, coagulant aids, asd polymers t o  f a c i l i t a t e  

separation and thickening 

(5) k l t i p l e  Effect Evaporation - neutralized wastes and brines are 
evaporated to  recover water and concentrate the solids. 

The recovered, treated water i s  used as make-up t o  cooling 

towers o r  raw water supply. The resultant solids are conveyed t o  the solids 

disposal system. 

p. System 19. General Fac i l i t ies  
The purpose o f  th is  un i t  i s  t o  provide equipment or  services 

t o  support the gasif ication f a c i l i t y  a t  the f a c i l i t y  level. 
This un i t  i s  a general f a c i l i t y  category and provides the 

following equip~nent and services: 
(1) Administration building 
(2) Laboratories 
(3) Change rooms 
(4) Warehouses 

(5) Maintenance buildings 
(6) Operation centers 

(7) Security offices 
(8) Plant a i r  f a c i l i t y  
( 9 )  Fire house 

(10) Vis i tor  reception 
(11) Plant fencing' 
(12) Plant l igh t ing  

(13) Roads, bridges 
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(14) Docking faci l i t ies 
(1 5) Interconnection pipe ways 
(16) Fire protection network 

(1 7) Flare stacks and headers 
(18) P I  ant instrument a i r  compressors 
(19) Environmental monitoring 

(20) Si t e  oreparation. 



F. TEXACO W E D  PLANT 

.Q four module, 20,000 TPO, based on Texaco coal gasif ication technology 
has been designed. The plant processes Kentucky No. 9 coal with provi- 

sions fo r  up to f i ve  per cent North Alabama coal. Coal transportation 

1 1- i s  by r i ve r  barge except fo r  the Alabama coal which i s  trucked t o  the 

site. llcdium Btu gas with heat content o f  291 Btulscf and not more than 
200 p p  sul fur i s  the primary plant product. Sulfur i s  recovered fo r  

sale as p r i l l ed  sulfur. Ash disposal i s  on site. The plant i s  designed 

f o r  zero water discharge. Trade studies provided the basis for not 
i 

using boi ler  produced steam to  d r i  ve prime movers. Process derived steam 
ir, excess of process and plant requirements i s  used to  generate electr ic1 ty. I 

! Elec t r i c i t y  from the TVA gr id  i s  used to  supply the balance o f  the plant 

power requ i mnents . 
I 1 The plant design was arrived a t  by a systematic deslgn procedure 

I 
based on pub1 i shed design work, team engineering experience, a NASA- 

\ provided module level def ini t ion of  some twenty syste!ms, and the TVA 
document, "Des f gn Cri ter ia fo r  Conceptual Designs and Assessments o f  

I TVA'a Coal Gasification Demonstration Plant," March, 1980. 
I . The design procedure involved defining avai ,able processes to m e t  

the requi rements o f  each system, technical /economic trade studies to  
1 

i select the preferred processes, and engineering design and flow sheet 
I 

development fo r  each module. Cost studies assumed a staggered construc- 
I 

. . 
! t ion  schedule fo r  the four modu:es beginning spring 1981 and a 90 percent 

I C on stream factor. 

The overall plant configuration i s  shown schematically i n  Figure 

I V .  F.1. As shown, General Facil i ties, Instrumentation and Control, Coal 
c 5 Hand1 ing, and Sol i d  O i  sposal serve plant-wide functions. A1 1 other 

plant components a n  contained i n  four identical process modules. The 

1 Instrumentation and Control System operates to monitor overall plant 

performance and to  control intennodule relationships. The total  1 i s t  of  

systems i s  given i n  Table IV.F.1. 
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TABLE IV.  F. 1. II)DULF DEI:INITION, TWACO PROCESS 

4 - 
NUMBER OF COST UNITS 

SYSTEM NO. -- PER MODULE PER FACILITY SYSTEM DESCRIPTION 

COAL PREPARATION AND FEEDING 

GASIFICATION 

I N I T I A L  GAS CLEANUP AND COOLING 

ACID GAS REMOVAL 
SULFUR RECOVERY 

AIR SEPARATION 

PROCESS SOLIDS TREATMENT 
INSTRUMENTATION AND CONTROL 
COAL HANDLING 

SOLIDS DISPOSAL 
BY -PRODUCT PROCESSING 

PLANT POWER SYSTEM 
STEAM - GENERATION/DISTRIBUTION 

RAW WATER MAKE-UP 

COOL I NG WATER SYSTEM 
M E T E  WATER TREATMENT 

GENERAL FACILITIES 



the resu l ts  o f  the design study are given i n  Table IV.F.2. 

i THE BOM CORPORATION I 

1 1  I 
C. 

U ! 

ii 
b* 

I 

Appendix 8-2 contains the complete design report. 
1. Process I)escrlption 

The plant  consists o f  eighteen systems includlng General 
Fac i l i t ies .  The fourteen systems described here are module level  systems 
and are duplicated four times i n  the t o t a l  f a c i l i t y .  Exceptions a n  the 

a i r  separation system, which has three t ra ins  i n  Module 1 and 3 and two 
t ra ins  i n  Modules 2 and 4, and the su l fu r  recovery system, which hcs two 
100 percent t ra ins i n  Module 1 and one t r a i n  i n  Modules 2, 3 and 4. 

Raw coal from System 11, Coal Handl ing, i s  ground and s lur r fed 
wi th  water. This slurry, containing 40 percent water, i s  pumped i n t o  

three Texaco gas i f ie rs  per module operating a t  690 psia pressure. The 
feed i s  p a r t i a l l y  combusted wi th oxygen from the a i r  separation plant  

heating the mlxture t o  approximately 2450'~. Ash becomes molten slag. 
Water contained i n  the feed i s  vaporized and reacts wi th the par t ia l  

canbustion products v ia  the steam carbon and water gas s h i f t  reactions 
t o  produce a product r i c h  i n  carbon monoxide and hydrogen. Raw gas i s  

quenched wi th in  the reactor t o  455'~. Molten slag i s  sol i d i f i ed  i n  
granules by the quenching operation and removed by lock hoppr ing along 

wi th  quench water. After water-sol ids  separation, the ash i s  disposed 
o f  on-site i n  a control led disposal area. I n  the gas cooling and clean- 

up system, the gas i s  fur ther  cooled t o  100 '~  before being treated i n  
the acid gas removal system. 

Acid gas from System 4, Acid Gas Removal, i s  processed i n  
System 5, a conventional Claus plant  wi th Beavon Stret ford t a i l  gas 
clean-up. Approximately 184 tons per day o f  su l fu r  are produced by each 
module. Table IV.F.3 i s  a modular material balance. The clean gas i s  

dr ied and delivered a t  615 psig. Appendix 8-2 contains the detai led 
report. A summary description fol lows here. 

a. System 1, Coal Preparation and Fer?ding 

System 1, Coal Preparation and Feeding, receives 2" x 0 
coal feed frm System 11, Coal Handl ing. Each module processes 5,000 

TPO o f  ROM coal i n  one o f  two 100 percent units. This system grinds 



i THE BDM CORPORATION 

TABLE I V . F. 2(a) . DESl GN STUDY RESULTS* 

FEED COAL 
WATER 

PURCHASED ELECTRICITY 
MBG PRODUCT 

MBG PRODUCT 

MBG QUALITY 

SULFUR PROWCT (PRILLED) 
SULFUR PRODUCT 

TOTAL CAP1 T AL REQUIREMENTS 
OPERATING At4D MAIN1 ENANCE COSTS 

COAL, CATALYST, C H M  ICALS 

PLANT OPERATING STAFF 

*Costs  are i n  1980  Dollars 

6,570,000 TPY 
10,132 GPM 

1,560 MM KWHY 
1,278 M MCFD 

354 MM MSCFY 

291 BfU/SCF 

668  LTPO 
220,000 LTPY 

$2,091 MM 

$128 MM/YR 

$181 MM/YR 

271 PERSONS 





TABLE I V  . F .2(c). 

1 

I Raw Materials 
I Coal 

1 Raw Water (@ 2533 g p  design) 

i Catalyst and Chemical Uakeup 

Makeup 

l n i  t i a l  

I U t i l i t y  Requirements 
Import Power (@ 49500 KU) 

Operattng Requirements 
H 
< 
8 Labor 
W 
w Supervisors 

Operators 
Suppl tes 

Ma 4 ntenance Requi r e n t s  
Labor 

Suppl i es 

OPERATING REQUIREMENTS FOR EXPECTED OPERAT IOMS 0 

TEXACO PROCESS - PER MODULE 
0 
1P 

B 
70 
b 
=! 
0 

BASIS WITS - f 

TPY @ 1 Om Operatron 1,825,000 TPY 
Gal lons/Year 8 100% Operation 9 1.331 x 10 g;~llons/year 

KW hr per year @ 100% Operation 433,620,000 KU hr/year 

15% o f  operating labor 

1.5% depreciable d i rect  investrent 

2.4% depreciable d i rect  investaent 



SUEET ENED 
GAS 

NET MB6 
PRODUCT 

TABLE I V  . F .3. MODULE MATERIAL BALANCE, TEXACO PROCESS 

GASIFIER GASIFIER 
RAN GASIFIER FEED FEED GAS I F  I ER COOLED 
COAL FEED COAL STEAM OXYGEN RAY GAS RW GAS 

CARBON 
HY DUOGEN 
OXYGEN 
NITROGEN 
SULFUR 
CHLORINE 
ASH 
CARBON MONOXIDE - CARBON D IO I IDF  

7 METHANE 
k ETHANE 
7 

LIGHT HC 
TAR + O I L  + NAPTHA 
HC 1 
HYDROGEN SULF IDE 
CARB9NY L SULFIDE 
b m O l l I A  
HYDROGEN CYANIDE 

TOTAL DRY 

WATER 
TOTAL WET 

T, OF 

P, PSIA 
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coal and produces a 60 w t  percent coal s lu r ry  which i s  fed to System 2, 
Coal Gasiflcation. Thfs desfgn i s  patterned a f t e r  the one I n  EPRI 
report  AF-880. 

A prescreening. system selects the 2" x ;/4" coal f o r  

fur ther  slze reduction i n  a cage m i l l .  The combined cage m i l  1 product 

and minus 1;)' coal from the prescmning operation are fur ther processed 
i n  a wet rod m i l l .  The discharge from the rod m i l l  containing approximately 

50 percent water i s  d i lu ted and screened t o  produce the deslred size 
consistency w l  t h  oversized material being recycled t o  the m i l l .  A 
centr i fuge i s  used to  reduce the water content o f  the coal slurry. 
Final water content i s  control led a t  40 percent by water addit ion t o  the 
centr i fuge product i n  a mix tank. Final s lu r ry  control i s  obtained by 

density measurement i n  the mix tank pump around loop. The s lu r ry  feed 

i s  transferred t o  and maintained i n  two para l le l  agitated tanks p r i o r  t o  

transfer t o  a run t a m  i n  System 2, Coal Gasiflcation. 

b. System 2, Coal Gasificat+on 
The s lur ry  from System 1 i s  pumped from m i x  tanks !n the 

grinding and s lur ry  section t o  the gas i f i e r  s lu r ry  tank. A c i rcu la t ing 

pump circulates the s lur ry  through t h i s  tank and supplies s lu r ry  t o  the 
suction o f  the high pressure chaege pumps. The charge pump* ra ise the 

s lu r ry  pressure su f f i c ien t  t o  feed the gasif iers a t  690 psia. 

1 The coal-water s lu r ry  i s  fed through a special ly developed 
J 

burner i n t o  a refractory-l ined gas i f i e r  reactor. Part ia l  combustion 

wi th oxygen takes ?lace a t  a pressure o f  60 psig, and a temperature o f  
2450'~ t o  produce a gpr consisting mainly of CO, H p ,  toZ, and steam. 

, Art o f  the sulfu; i n  the coal i s  converted to  H2S with ; ne balance 
I converted to  COS. Nitrogen and argon from the oxygen feed appear i n  the 

gas together wi th most o f  t!.e nitrogen from the coal. The gas contains 
1 a small amount of methane. Some unconverted carbon and a l l  o f  the ash 

are removed i n  the form o f  slag. The gas i s  essential ly free o f  uncombined 

I oxygen. Oxygen consumption i s  0.92 pounds per pound o f  dry coal, 
The upper section o f  the gas i f i e r  i s  the refractory-1 ined 

j chamber i n  which the par t ia l  oxidation reaction takes placc., 
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The gas from the gas generator reaction section passes 

stra ight  down in to  the quench section o f  the gas i f i e r  along wi th the 

molten ash where i t  i s  inmediately quenched wf t h  water from 2450 t o  -- 
455'~. Raw gas i s  sent t o  System 3, where residual carbon i s  scrubbed 

and tk gas is fur ther cooled. 

Most o f  the ash i n  the coal feed agglomerates i n to  essen- 
t i a l  l y  ca&m-free ml ten slag droplets, which are quenched and so l id i f ied 
i n  the lower qu?nch section o f  the reactor. This slag i s  set t led through 

the quench water i f& the lock hopper. The lock hopper i s  per iodical ly  

dtnnpd onto a ..c .*en, fm which the slag i s  conveyed t o  the sol i ds  

treatment syŝ Lem. 

Each module consists o f  three operating and one spare 
complete trains . 

c. System 3, I n i t i a l  Gas Clean-UP and Cooling 

Raw gas a t  675 ps!g and 455'~ enter t h i s  system from the i 
C O L ~  gasi f icat ion system. The gas i s  cooled t o  380'~ i n  a steam generator 

producing 110 psig steam. Further cooling t o  330'~ i n  a second steam 

generator produces 50 psig steam. Boi ler  feed water t o  the s t e m  generators i 
( 

i s  heated to  300'~ by heat exchange wi th the gas from the second generator 
thereby lowering the gas temperature t o  297'~. Uater condensate i s  

collected i n  knockout d m s  following each steam Senerator and heat 
exchanger and recycled for quenching i n  the gasi f icat ion system. The 

I I 
gas i s  next processed i n  a Texaco proprietary scrubbi ng uni t f o r  recovery 
of soot from the gas stream. The soot-water blowdown from t h i s  u n i t  i s  

I 

recycled to System 1, s lur ry  preparation. 
Following the gas scrubbing uni t ,  the gas i s  cooled by 

a i r  coolers t o  140'~. Water condensate i s  recycled to  the gas1 f i ca t ion  

quench system and the gas scrubbing uni t .  The gas i s  further cooled t o  

105'~ by exchange with cooling water and contacted wi th the system make- 

up water i n  an ammonia scrubber. Water frm the amnonia scrubber i s  

used as make-up i n  the coal s lurry preparation uni t .  Product gas a t  

1 0 0 ~ ~  and 625 p r i g  i s  del lvered to  System 4, Acid Gas Renrval . 
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d, SYS- 7, ~ s s i o n  

The Texaco based plant operates a t  a sufficiently high 
pressure to e l  irninate the reqti ircwnt of a gas canpression system. 

e. System 4. Acid 6as Retnoval Sys ta~ 
The acid gas taova l  system u t i  l izes the k l e x o l  solvent 

I i 
L process a d  receives 772,000 lbs/hr o f  sour gas a t  ~ O @ F  and 625 prig. 

The -t (desulfurized) gas leaves the k l e x o l  absorber a t  about 620 
I psig and a maxinum temperature o f  7 W -  The component rumvals across 

the absorber an ;  

I n l e t  Q s  Outlet 6as 
(aol s / h r l  (mls/hr) X Reaoval 

H ~ d r o ~ n  11,037.5 11,033.0 0.04 
Carbon monoxide 15,254.2 15,250.7 0.02 
Carbr; dioxide 5,466.7 2,937.5 46.27 

I Methane 154.2 154.2 0.00 

I 
Hydoqen sulfide 454.2 1.5 99.67 

I Carbony1 sulf ide 29.2 4.8 83.56 
i Nitrogen 375.0 375.0 0.00 

water 

I 
The Selexol un i t  includes an absorption refr igeration 

u n i t  for ch i l l i ng  the lean solvent so as t o  achieve the above m v a l s  
I of hydrogen sulfide and cdrbonyl sulfide. The sour gas from the Selexol 
I u n i t  i s  r i ch  i n  C02 and a t  s l igh t ly  more than atmospheric pressure. 

f, System 5, Sulfur Recoveryand Tail  Gas Treatment 

Acid gas froln Acid 6as Removal, Syskm 4, i s  fed t o  a 

i Claus-type thm-stage sulfur recovery u n i t  u t i l  i r i n g  a proprietary 

I process for hand1 ing l e w  H2S acid gases. Typically, i n  a Claus-type 

I sul fur  plant, the ccid gas i s  f i r s t  passed through a knockout drum 

i 
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before entering the reaction furwace. The cheraistry of the process 

involves converting HtS t o  elemental sa l fur  according t o  the fol lowing 
equation: 

2HzS + SO2 35 + 2H20 

The reactions arc exothermic, and the heat l iberated 

genet-stes s tem i n  the reaction furnace boi ler  and i n  the sulfur condenser. 

The sul fur fm each condenser i s  drained t o  a recovery p i t  i n  By- 

Product Processing, System 13, and the t a i l  gas fm the f ina l  condenser 
i s  fed to  a b v o n  tail gas treating u n i t  where essentially complete 

rcmoval of the remaining su l fur  comgounds i s  achieved before discharge 
t o  the atmosphere. The Beavon sul fur rewrval process reduces the sulfur 

content i n  the t a i l  gas to less than 100 ppn. In th is  system, hydmgena- 
t ion  and hydrolysis are used t o  convert essentially a l l  s u l f w  canpounds 

t o  hydrogen sulfide. This gas i s  then cooled and passed in to a contactor 

where the hydrogen sulf ide i s  absorbed by the redox solution asd oxidized 

t o  elemental sulfur. The reduced redox solution i s  reoxidized by contact 
w i t h  a i r  and subsequently r e c i ~ u l a t e d  t o  the contactor. Elmental 

sul fur i s  removed :n the air-blowing step as a f ro th which i s  pumped to 

a sulfur me1 t e r  'a be me1 ted under pressure, separated from the redox 

sol ution and transferred to  By-Product Processing , Sys tan 13. fhe 

decanted redox !iolution i s  returned t o  the system. 

The system receives 132,719 1bs/hr of acid gas from the 
Selexol solvent regeneratar a t  about 7 p r i g  and 1 2 0 ~ ~ .  

The recovery o f  by-product elemental sul fur from the 
sulfur recovery system i s  184 short tons/day per module, uhich amounts 

t o  an overall sul fur recovery o f  about 99.9 percent. 

g. System 6, A i r  Separation 
The a i r  separafion plant i s  designed to pravide 4,224 

short tonslday per module of 98 percent oxygen fo r  use i n  the gasif ication 

section. 
#bout 1,628,000 lbs/hr o f  atmospheric a i r  i s  compressed, 

i n  Go stages o f  compression, to  a pressure o f  110 psia and aftercooled 
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I. 
t o  100'~. The cmpressed a i r  4s then cryogenically separated in to  

I 

oxygen and nitrogen i n  a packaged 'cold box'. The separated oxygen from 

the cold box (a t  2 pslg and 70'~) i s  cmpressed, i n  s i x  s t a g s  o f  c n c  

pression, t o  815 psia f o r  use i n  the gasifiers. Oxygen i s  l e f t  a t  

300'~ f o r  del ivery t o  System 2. 
I 

Ir . 
Each module requires an average o f  91,000 HP compression. 

Modules 1 and 3 each have three trains. Modules 2 and 4 each have tm? 
i trains. 

h. System 8, Process Solids Treatment 
t .  

I Approximately 63,000 pounds per hour per module o f  ash 

and slag fran the gas i f ie r  and gas cooling system along wi th  biological 
sludges and so l id  wastes from process ..cc 'ecsate t rea tmnt  are treated 
i n  t h i s  unit .  

Gravity set t le rs  separate dense sol ids frm the waste 

streams. 
f l o a t  thickeners-clari f iers t rea t  s lur ry  frm the gravi ty 

i sett lers. Thickener and coagulant aids are added to  f a d l i t a t e  sol id- 

l i q u i d  separation. 
Rotary drum f i l t e r s  f i l t e r  sludges fmn the process 

condensste t reat ing systems and the f l o a t  thickeners. 

Recovered water i s  sent to the process condensate t reat ing 
f system, and solids are conveyed t o  f i na l  sol ids disposal. 

1. System 13, By-Product Processinp 
Sulfur i s  the only plant by-product other than ash/char 

sol ids which i s  disposed o f  on-site. Molten su l fur  i s  pumped to a 

p r i l l i n g  tower i n  a continuously flowing c i rcu la t ion system. In  the 
toner, suli'ur i s  dispensed i n  droplets through nozzles. Droplets f a l l  

counter current to a s t r a m  o f  cooling a i r  and so l i d i f y  p r i o r  to  landing 

i n  the bottom p r i l l  col iect ion section. Fran the p r i l l i n g  tower, su l fur  

i s  conveyed to a storage bui lding from which i t  i s  transferred by truck 

o r  barge for sale. 
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k. System 14, Plant Power System 

This system i s  generally designed t o  receive medium 
voltage e lect r ica l  power (4.16 KV, 6.9 KV o r  13.8 KV) and provide the 
f o l  lowing functions : 

(1) Develop the necessary voltage stepdown arrangement for p lant  
requirements 

(2) Distr ibute the necessary power t o  the plant equipment. 
TVA ' s incolni ng substation transformers receive power from 

i t s  prevalent d istr ibuted voltage switching stat ion and step down t h i s  

voltage t o  a medium voltage to  supply the plant  e lect r ica l  power requirement 
f o r  motors, heaters, 1 ighting, and other miscel laneous loads. 

The Nedium Voltage Elect r ica l  D is t r ibut ion Systems i s  a 
secondary selection system (double ended supply) wi th several medium 

voltage buses. Each medium voltage bus receives power frm i t s  respective 

incoming subs ta t ion t r a n s f o m r  through an i ncming breaker and suppl ies  

power t o  the medium voltage d is t r ibu t ion  system through the feeder 
breakers. 

The Low Vol tage Electr ical  D is t r ibut ion System typlcal l y  
consists o f  mu1 t i p l e  480 V double-ended load centers and 480 V motor 

control centers (MCC's) supplying the power to  480 V loads throughout 
the plant. Two load centers are interconnected through a normally open 

t i e  breaker. In  the event o f  loss o f  one load center transformer o r  i t s  
feeder, the 480 V loads of  the affected load center are fed by the 

second load center through the t i e  breaker. 
Each load center consists of an incoming 1 ine section, 

load center transformer, and low voltage section w i  t h  metal enclosed 

draw out power c i  rcu i  t breakers. 

Load center transformers are a i r  cooled, dry type. 150'~ 
temperature rise, with del ta connected primaries and wye connected 

secondaries. A1 1 load center feeder c i r c u i t  breakers are 16OOA frame 

and 50,000A lFlS symnetrical interrupt ing capacity. The 480 V motor 

feeder breakers are e lec t r i ca l  l y  operated w i  t h  instantaneous and long 

time t r i p  units. 
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480 V MCC's consist o f  starters, feeder c i m i  t breakers 
and control devices, assembled i n  a comnon structure with horizontal &tic 

vert ical  buses. 

A 125 v o l t  DC system supplies control power fo r  medium 

voltage and 480 v o l t  plant swi tchgear control, protective relaying aild 
annunciation. The system also supplies power fo r  emergency 1 ighting. 

1. System 15. Steam Generation/Distribution 

I n  the absence of a waste heat boi ler on the gasif ier 
out le t  there i s  no high pressure steam generated. Gas cooling and the 

sul fur plant provide 913,000 lb/hr of 125 psia saturated steam used as 

f o l l o ~ :  
(1 ) Sel ex01 regenerator 240,000 1 b/hr 

(2) Electr ic power generation 661,000 I b/hr 
(3) Turbine cgnd,:nsate reheat 12,000 I b/hr 6as cooling and 

the sul fur plant produce 173,000 lb/hr of  65 psia saturated steam used 
as f o l  lows : 

(1) Selexol un i t  refr igeration 144,000 lb/hr 
(2) Sulfur heating 2,000 lbs/hr 

(3) Steam tracing 2,000 lbs/hr 

(4) BFN deaeration 25,000 1 bs/hr 

Steam condensate i s  recovered a t  30 psia and 250'~. Total BFW circula- 

t ion  rate i s  1,086,500 1 bs/hr. 

There are no fired steam boilers contained i n  the design. 
m. System 16, Uater Supply 

The raw water treatment un i t  i s  designed t o  provide 

treated and untrea4,d water for the following f a c i l i t y  water systems: 

(1) Fire water 

(2) Service water 

(3) Potable water 
(4) Cool ing water 

(5) Boiler feed water 
Raw water i s  pumped from the r iver  to a f i r e  water-raw water storage 

tank. The tota l  raw water requi ranent i s  3.6 m i  11 ion gal lons per day. 
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The raw water-fire water storage tank provides surge 0 i 
capacity f o r  water treatment as well  as storage capacity f o r  f i r e  water. .: ! 

During an emergency, f i r e  water i s  pumped from tire tank to  the f i r e  I 

water heater system. The f i r e  water pumps are motor dr iven and have a 
f 

I 

diesel engine driven spare. The spare pump i s  equipped wi th  automatic 

start-up capabi l i ty  i n  case o f  per fai lure.  i. 
The raw water i s  pumped from the raw water-f ire water 

. . 
storage tank to the softener-clari f ie r .  Lime, alum, and polyelectrolyte 

from the c l a r i f i e r  bulk chemical storage and feed systesn are added t o  

the sof tener-c lar i f ier ,  which i s  equipped with an internal  f locculat ion 
mechanism. The alum and polyelectrolyte a id  i n  the removu? o f  suspended I 1 

so l ids from the raw water. Lime Cs added during the c l a r i f i c a t i o n  step 
t o  "cold soften* the raw water. Chlorine i s  added to  the raw water t o  I I - t 

i n h i b i t  algae growth i n  the c l a r i f i e r  and sand f i l t e r s  and reduce 
I 

, i 
organic contamination. I 

The underflow from the c l a r i f i e r  i s  a one w t  percent I 
I 

sludge and i s  pumped to  sol ids treatment f o r  fur ther processing. 
The c l a r i  f l ed  and softened raw water from the softener- 

c l a r i f i e r  flows t o  the self-backwashing sand f i l  t e n  where addit ional 
suspended sol ids are removed. A pressure d i f fe ren t ia l  across the f i l t e r  I 

bed i n i t i a t es  the backwash cycle. The backwash flows by grav i ty  t o  the 
sand f i l t e r  backwash sump and i s  recycled t o  the sof tener-c lar i f ier .  

The f i l t e red  water flows t o  the f i l t e red  water storage tank and i s  

u t i l i z e d  as cooling tower make-up f o r  the process cooling tower as 

service water f o r  general p lant  use, as feed to  the demineral i ze r  package, 

and as feed t o  the potable water system. 
Uater intended f o r  potable services fs  chlorina'ed and I 

w .  

again f i l t e r e d  t o  meet h r i c a n  Uater Works Association (AUUA) standards 
'i 

and stored i n  a tank sized t o  hold a day's potable water requirements. - -  
The chlorine residua1 i s  maintained a t  0.5-1.0 ppm free chlor ine i n  the 

tank. 7 .- 
C .  

I 
I .* 

'i 

* 1 
I 
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Fi l tered water intended as feed t o  the demineral'izer 

package i s  injected wi th sodium su l f ide t o  remove trace amounts o f  

1, C chlorine which adversely a f fec t  the demineral i zer res i  ns and a f t e r  
I I . f i  1 tered through activated carbon t o  remove any remaining organic con- 

i tamitiants and dissolve i ran. 
I 
L 

I n  the demineralizer, the mineral sa l ts  present i n  the 

water are removed by ion exchange. A two-step demineralization system, 

\ u t i l i z i n g  strong cation and strong anion exchangers i n  series, i s  provided. 
i A degasifier fol lowing the strong cation an4 magnesium, which the anion 

1 exchangers remove anions such as chloride and sulfate. The strong anion 
i exchanger also removes s i l i ca .  The degasif ier i s  provided t o  remove 

carbon dioxide and other dissolved gases. 
The mixed bed pol isher i s  provided to  remove s i l i c a  t o  

0.02 ppm and t o  pol i zh  returned turbine condensate for reuse. 
The bo i le r  feed water deaerating heaters operate a t  30 

psig and 250'~. The deaerators reduce the oxygen content o f  8FW t o  

0.005 cc / l i t e r .  
Hydrazine o r  sodium su l f i t e  i s  injected in to  the storage 

compartment o f  the deaerators f o r  chemical scavenging o f  any residual 

oxygen. Morpholine i s  injected i n to  the suction o f  the bot ler  feed 

water pumps t o  protect the condensate systems. 
n. System 17, Water*Coolinq 

The purpose of t h i s  u n i t  i s  to  provide cool ing water to  
I * the various process users i n  the f a c i l i t y .  

! The cooling tower system includes the tower and fans, I 
i - 
I side stream f i l t e r s ,  c i rcu la t ing water punps, cold water basin, blowdown i 
i system, chemical addit ion equipment, and d is t r ibu t ion  system. 

I 

I Cooling water i s  pumped from the cold water basin, through 
I 

the d is t r ibu t ion  system to  the process heat exchangers where low-level , 
sensible heat i s  picked up, and back t o  the cooling tower. The cooling 

tower rejects low-1 eve1 heat by evaporative cool ing t o  af r drawn through 

1 
the cool i ng tower by the cool ing tower fans. 

I 

I 

. I 
: 

A - - - -  - . . -  - - 
<- - . - - -  - - - .  rl 
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A port ion o f  the c i rcu la t ing water i s  passed through side 

stream f i l t e r s  t o  reduce loading t o  suspended sol ids, d i r t  and scale. 
The dissolved sol ids level  o f  the cooling water i s  maintained 

by a continuous blowdown stream t o  the process condensate system. Water 

level  i n  the cooling tower basis i s  maintained by continuous make-up of 

the clean water from the raw water treatment system, 
The blowdoha stream i s  passed through a blowdown treatment 

system to  recover chromate ions v ia  ion exchange o r  by chemical reduction 
t o  chromium hydroxide and i s  sent to  ~ s t e  treatment for disposal. 

Chlorine i s  added t o  the cooling water on a routine 
periodic basis t o  prevent algae growth. Chemical algicides are added 
per iodical ly  t o  fur ther eliminate algae growth. Sul fur ic  acid i s  added 

t o  control pH, and zinc and chromate inh ib i  tors are added t o  the cooling 

water f o r  corrosion control. Occasionally, a polyphosphate dispersant 

i s  added t o  enhance the action o f  the inhib i tors.  

o. System 18, Waste Water Treatment 

The purpose o f  t h i s  u n i t  i s  to  co l l ec t  and t r ea t  a l l  
p lant  l i q u i d  e f f luent  streams. The plant design i s  predicated on "zero 

dischargeH and permits recycle and reuse o f  treated water. Streams 

t rer ted include the f o l  lowing: 

(1) O i l y  water sewers 
(2) Coal p i l e  run-off 

(3) Storm water run-off 

(4) m i n e r a l  i ze r  regenerant wastes and r inse water 
(5) Cool ing tower blowdown 

(6)  Sanitary waste water 
(7)  Gasif ier slag quench drains 

(8) Separated water from sol ids treatment 
(9) F i  1 t ra te  from biological  treatment. 



f i THE BDM CORPORAT,TION 

Process operations include: 

(1) O i l  Separator - streams containing free and dissolved o i l  and treated 
i n  a gravi ty separator u t i l i z i n g  an emulsion breaking chemical and 
heat t o  separate the oil-water mixture 

(2) Sour Water Str ipper - water streams wi th appreciable H20 and HN3 
residuals are steam-stri pped t o  remove these contaminants 

(3) Equalization Basin - l i q u i d  streams with extremely high or  low pH 
are mixed i n  an equalizing basis and treated wi th su l fu r i c  acid o r  

caustic t o  change the mixed pH t o  a value of 6.0 - 8.0 

(4) Gravity Set t l  ing-Thickener - 1 iqu id  strearis wi th high suspended o r  
dissolved sol ids are treated i n  a grav i ty  sctt ler-thickener and 
rniked wi th lime, alum, coagulant aids, and polymers to  f a c i l i t a t e  
separation and thickening 

(5) Mu1 t i p l e  Effect Evaporation - neutralized wastes and brines are 
evaporated to  recover water and concentrate the solids. 

The recovered, treated water i s  used as make-up t o  cooling 

towers or raw water supply. The resul tant  sol ids  are conveyed t o  the sol i ds  

disposal system. 

p. System 19, General Fac i l i t i e s  
The purpose o f  t h i s  u n i t  i s  t o  provide equipment or  services 

t o  support the gasi f icat ion f a c i l i t y  a t  the f a c i l i t y  level.  
This u n i t  i s  a general f a c i l i t y  category and provides the 

f o l  lowing equipment and services: 
(1 ) Administration bui ld ing 

(2) Laboratories 
(3)  Change rooms 

(4) Warehouses 

(5) Maintenance buildings 

(6) Operation centers 
(7)  Security o f f ices 

(8) Plant a i r  f a c i l i t y  
(9) F i re  house 
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V i s i t o r  reception 

Plant fencing 
Plant I l g h t i q g  

Ronds, bridges 
Docking f a c i l  i t i e s  
Interconnection gAi pe ways 
F i  r e  protection network 
Flare stacks and headers 
PI ant  instrument a i r  compressors 

Envi rormental m n i  tor ing 
Site preparation. 
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I i: 
t 

G. BABCOCK AND WILCOX BASED PLANT 

I 
A four module, 20,000 TPD, based on BbW coal gasification technology 

t 
I has been designed. The plant processes Kentucky No. 9 coal wi th provisions 
\ 

f o r  up t o  f i v e  per cent North Alabama coal. Coal transportation i s  by 

1 r i v e r  barge except f o r  the Alabama coal which i s  trucked to  the s i te .  

Medium Btu gas w l  t h  heat content o f  303 Btu/scf and not more than 200 
ppn. su l fu r  i s  the primary plant  product. Sulfur i s  ncovered f o r  sale 

as p r i l l e d  sul fur .  Ash disposal i s  on s i te.  The plant i s  designed f o r  

zero water discharge. Trade studies provided the basis f o r  not using 

bo i le r  prodgced steam t o  dr ive prime movers. Thus, process-derived 

steam i n  excess of process requirements i s  superheated f o r  power use i n  

I prime movers. E lec t r i c i t y  from the TVA g r i d  i s  used to  supply the 

balance o f  the plant prfme mover power requirements. 

Thc plant design was arr ived a t  by a systematic design procedure 
C based on pub1 ished design work, team engineering experience, a NASA- 

provided module level  de f in i t i on  o f  some twenty systems, and the TVA E document, "Design Cr i te r ia  f o r  Conceptual Designs and Assessments o f  

TVAta Coal Gasif icat ion Demonstration Plant," March, 1980. 

The design procedure involved defining available processes t o  meet. 
the requirements o f  each system, technical /economic trade studies to  

i select the preferred processes, and engineering design and flow sheet I 

development f o r  each module, Cost studies assumed a staggered con- 

struct ion schedule f o r  the four modules beginning spring 1981 and a 90 

percent on stream factor. 
The overal l  p lant  configuration i s  shown schematically i n  Figure 

IV.G.1. As shown, General Fac i l i t ies ,  Instrumentation and Control, Coal 

Handling, and Sol id Disposal serve plant-wide functions. A l l  other 
p lant  components are contained i n  four identical process modules. The 

Instrumentation and Control System operates t o  m n i  t o r  overal l  p lant  
performance and t o  control intermodule relationships. The to ta l  l i s t  o f  

systems i s  given i n  Table IV.G. l .  Design resul ts are presented i n  Table 
IV.G.2. The complete design report i s  given i n  Appendix 8-3. 
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TABLE lV.G.l. L I S T  OF SYSTEMS, B Y  ?LANT 

SYSTEM NO. 

NUMBER OF COST UNITS 

PER MODULE PER FACILITY SYSTEM DESCRIPTION 

COAL PREPARATION AND FEfDING 

GASIFICATION 

I N I T I A L  GAS CLEANUP AND COOLING 

ACID GAS REMOVAL 

SULFUR RECOVERY 

AIR SEPARATiON 

COMPRESS I ON 

PROCESS SOLIDS TREATMENT 

INSTRUMENTAT I ON AND CONTROL 

COAL WANDLING 

SOLIDS DISPOSAL 

BY -PRODUCT PROCESS I NG 

PLANT POWER SYSTEM 

STEW GENERATION/DISTRIBUTION 

RAW WATER MAKE-UP 

COOLING WATER SYSTEM 

WASTE WATER TREATMENT 

GENERP.L FACILITIES 



TABLE IV.G.2(a). DESIGN STUDY RESULTS* 

FEED COAL 

WATER 

PURCHASED ELECTRICIPI 

MBG PRODUCT 

MBG PRODUCT 

MBG Q U A L I n  

SULFUR PRCDUCT (PRILLED) 

SULFUR PRODUCT 

TOTAL CAPITAL REQUIREMENTS* 

OPERATING AND MAINTENANCE COSTS 

COAL, CATALYST, CHEMICALS 

PLANT OPERATING STAFF 

6,570,80(, TPY 
14,000 GPM 

183 W KNHY 

976 W MSCFD 

322 W MSCFY 

303 BTUISCF 

673 LTPD 

222,003 LTPY 

$3,347 m (52.567 m) 
$ 138 MMIYR 

$ 181 W I Y R  

271 PERSONS 

*COSTS ARE I N  1980 DOLLARS 
*BASED ON INSTALLATION FACTOR OF 2.31 AND 1.5. 

(SEE CHAPTER V.A.) 
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1 HE BOM CORPORATION 

1. Process Dsscription 

The plant c m s i s t t  of eig5':ecn systems including General . . 

Fac i l i t ies .  The fourteen system described hen a n  module level systems 

and are dupl icated four t iass i n  the t o ta l  f ac i l i t y ,  Table 111.6.3 
presents the material balance f o r  the plant. 

a. S y s t g  1, Coal P m a r a t i o n  and Feeding 
fht coal preparation system receives 5,000 tons/day of 

crushed, raw coal ranging i n  size frm 1.2Sn t o  0". fhe raw i-1 i s  

f int prl verized ( to  701L passing through a 200 mesh s c m n )  ana dried. 

Drying i s  accamplfshca by sweeping hot f l ue  gas, a t  45&F, through the 

coal pulverizer. The dry, pulverized coal i s  separated fnwl the flue 

gas i n  a cyclone recovering about 80 percent of the coal. The remaining 

20 percent o f  the pulverized coal ( f ines) i n  the f lue gas i s  recovered 

by venting the f lue gas through a fabric f i l t e r  baghouse. 

Since the gas i f ie r  operates a t  a pressure of 240 psia, i t  

i s  necessary t o  pressurize the coal to  about 290 psia f o r  transport and 

in jec t ion in to  the gasi f ier .  Tm, lock hoppers, each o f  20 minutes 

storage, a r e  pressured w i  t h  compressed n i  trogen . The pressurized coal 

fm the lock hoppers i s  fed in to  a pressurized coal feed tank of about 

40 minutes storage, from which the pulverized coal i s  transported t o  the 

gasi f l e r  using a port ion o f  the compressed nitrogen as the transport 

medium. 

Coal from the gas i f ie r  coal feed tank i s  continuously 

transported, using compressed n l  trogen, in to  the gasi t ier .  

b, System 2, Gasification 

The gasi f icat ion system includes coal, oxygen and recycle 

char in jec t ion nozzles, the gas i f ie r  vessel, slag ranoval equipment and 

a steam drum system. 

The gas i f ie r  vessel consists o f  a ver t ica l  , cy l  indr ica l  

outer steel shel l  with an inner shel l  o f  water-cooled tubes (water wall)  

i n  which steam i s  generated by heat transferred in to  the tubes from the 

gasi f icat ion zone. In  the hot reaction zone (lower par t  of the gasi f ier) ,  

. . .  - .  - 



CARBON 
HY OROGEN 
OXYGEN 
NITROGEN 
SULFUR 
CHLORINE 
ASH 
CARBON M O X  I DE 
CARBON D IOX IDE  - METHANE 

7 ETHANE 
"w L IGHT  HC 

TAR + O I L +  NAPTHA 
H C l  
HYDROGEN SULF 1 DE 
CARBONY L SULF I DE 
AmloN I A 
HYDROGEN CYANIDE 

TOTAL DRY 

WATER 

TOTAL WET 

TABLE I V  .G. 3. MOWLE MATERIAL BALANCE, 8bU PROCESS 

(POUNDS PER W U R )  

GASIF IER  GASIF IER  
RAW GASIF IER  f €ED f €ED GAS1 F I ER COCiLED SilEETENED 
COAL --- _ -  FEED COAL _______ S T E M  __-__ OXYGEN RAW GAS -- RAN GAS G A S -  

253,637 253,637 51,508 
17,925 17,925 18,699 18,699 18,691 
23,900 23,900 314,914 

5,761 23,253 8,012 31,252 31,252 31,252 
15,450 15,450 

492 492 
59,650 59,650 112,864 

535,414 535,414 515,275 
63,258 63,258 33,967 

-- 

NET n6G 
PROOUCT 

16,614 

27,779 

455,779 
30,191 

6 
32 

550,401 

70 

550,471 

60 
615 
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the t u k s  a n  covered w l  th a dense refractory t o  protect the tubes from 

the ml ten,  flowing slag and yet  pennit the high temperature required t o  

maintain the gasl f icat ion reactions and t o  maintain the slag as a molten 

f lu id .  Above the hot reaction zone, the gas i f ica t ion reactions ate 

essent ia l ly  completed and molten slag i s  not present. Thus, the inner 

shel l  o f  water-cooled t u k s  i n  the upper part o f  the gasi f ier  i s  l e f t  

bare (no refractory coverifig) t o  maxlmize heat t ransfer  from the hot raw 

gas product I n to  the t u k s .  The raw gas leaves the gas i f ie r  top a t  

1 , 8 0 0 ~ ~  and 200 psia, end the molten slag leaves the gas i f le r  bottom a t  

3,000~~. 

The molten slag drains continuously from the gas i f i e r  

bottom and i s  quenched and shattered i n  a water-f i l led, pressurized slag 

quench tank. A t  in termit tent  intervals, the quenched slag i s  drained 

from the quench tank i n to  a slag lock hopper from which the slag i s  

sluiced to  dewatering f a c i l  i t ies .  

The steam generdted i n  the gas i f ie r  tubes i s  made avaflable 

f o r  use wi th in the plant. 

c. Systafi 3, I n i t i a l  Gas Cleanup and Cooling 

Faci l  i t i es  are provided to recover char (coal ash and 

uncofiverted coal ) fm the raw product gas 2nd t o  recycle i t  i n to  the 

gasif ier.  Two cyclone stages are  provided for that  purpose. The hot 

gas from the gas i f i e r  flows through the p r i ~ 2 - y  char recovery cyclone 

stage a t  1 8 0 0 ~ ~  and i s  cooled down t o  450'~ i n  the UHB (waste heat 

recovery bo i le r ) .  R e  450'~ gas then flows through the secondary char 

recovery cyclone stage. The col lected char from the primary and secondary 

cyclones I s  transported back in to  the gas i f ie r  in jec t ion nozzles by 

using steam as the transport medium. The 1 8 0 0 ~ ~  char fro. the primary 

cyclone passes through a char cooler and i s  cooled t o  1 2 0 0 ~ ~ .  The 

recycle char mixture o f  primary cyclone char ( 1 2 0 0 ~ ~ ) .  secondary cyclone 

char ( 4 5 0 ~ ~ )  and steam has a temperature o f  about 9 0 0 ~ ~  entering the 

gasifiers. 
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The UHB i s  designed t o  remove sensible heat from the hot 
1 
1 
i raw gas as i t  i s  cooled frcm 1 8 0 0 ~ ~  d o n  t o  450'~ and convert the recovend 

heat i n t o  steam. 

The gas passes through a Venturi scrubber and i s  cooled 
t o  10o°F, which I s  below i t s  water dewpoint and, therefore, water i s  

1 condensed out of the gas (i.e., the gas i s  dehumidified). A t  the same 

time, the Venturi scrubber removes essential ly a l l  o f  the residual char 
part iculates f ran the gas. The clean, cool gas then f l o m  t o  the gas 

compressors. 
The performance o f  char Pemoval fac i  1 l t i e s  i n  the gas 

cleaning and cooling t r a i n  may be sumwired as: 

(1) Primary Char Cyclone: Removes 85% o f  the char i n  the gas i f i e r  
ou t le t  gas 

(2) Secondary Char Cyclone: Removes 33% o f  the residual char (5% o f  
the or ig inal  char content) 

(3) Venturi Scrubber: Removes essent ia l ly  100% of the residual 
char (10% of the or ig ina l  char content). 

During the work on t h i s  project, preliminary design 
infonnation was made avai lable by the Babcock b Wilcox Company. That 

infonnation i s  referred to  herein as the 'BbU design', which compares i n  

feed ra te  wi th the design herein as follows: 
ThisOesign BilWDesiqn 

Raw coal feed, T I 0  5,000 5,368 
Raw coal moisture, % 9.6 6.9 

Dry coal feed, TID 4,824 5,000 

Dry coal moisture, X 2.0 0.0 

The coal drying equipnent was designed to  reduce the 

water content o f  the coal from 9.6 percent i n  the raw coal t o  2.0 percent 
i n  the dry, pulverized coal. Removing that  amount o f  water, and heating 

the coal t o  15o0F, requires about 50 m i l l i o n  Btu/hr o f  heat including an 

allowance for heat loss. The amount of f lue gas, entering the pulverizer 
a t  450'~ and leaving a t  150°F, must be about 695,000 lbs/hr t o  transfer 
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50 m i l l i o n  Btulhr  o f  heat. To generate a f l u e  gas a t  450°~, the d i rec t -  

f i r e d  a i r  heater must be supplied wi th about 10.5 times the stoichiometric 

combustion a i r  needed to burn the MBG fue l  gas. Thus, the required a i r  

ra te  t o  the heater i s  142,000 SCFM and the fuel required i s  70 m i l  1 ion 

Btulhr. 
A material balance around the gasi f ier  was developed by 

prorat ing f ran the MY design. Bssed on that  material balance, the 

carbon conversion i n  the gas i f ie r  was calculated t o  be 97.5 percent, 
which coincides wi th UN's design information f o r  the selected oxygen- 

to-coal rat io.  The material balance was checked t o  see that  each cmpanent 

(carbon, oxygen, nitrogen, hydrogen and ash) a1 so balanced. 

Having confinned the enthalpy data base, the slag quench 
duty o f  42 m i l l i o n  Btulhr and the recycle char cooling duty of 25 m i l l i o n  

Btulhr were calculated by using tha t  enthalpy data base. 

d. System 8, Process Sol ids Treatment 

This section describes and discusses the design o f  the 

gasif icat ion section coolfng system, which supplies the integrated 

cool ing requirements f o r  quenching the gas i f i e r  slag and f o r  supplying 

par t  of the Venturi scrubber cooling. The integrated gasi f icat ion water 

loop functions t o  recover and reuse the slag s lu ice water as w e l l  as t o  
cool the water. The c l a r i f i e r  i n  the system semes t o  dewater the 

process sol ids by-product before transporting t o  disposal. 
The slag s lu ice water i s  heated by absorbing the slag 

quenching duty. Since the water i s  recycled for reuse, i t  i s  cooled t o  
r m v e  the heat absorbed and the slag sol ids are removed fran the water. 

The residual char removed from the raw gas i n  the Venturi 
scrubber amounts t o  16,381 lbs/hr, which ex i t s  wi th the water leaving 

the bottom o f  the scrubber. That water joins the slag s lu ice water 

containing 49,675 1 bs/hr o f  the quenched and shattered slag. Thus, the 

to ta l  sol ids to  be removed i n  the c l a r i f i e r  amounts to  66,066 lbs/nr. 

Assuming that  the sludge from the c l a r i f i e r  i s  25 w t  percent water, the 

sludge contaf ns 198,200 1 bs/hr of water (the cool ing system blowdown) 

and 66,066 1 bs/hr of sol ids. 



e. System 6, A i r  Separation 

The a i r  separction plant  i s  designed t o  provide 3,850 

short tons/day o f  98 percent oxygen f o r  use i n  the gasi f icat ion section.. 

About 1,484,000 lbs/hr o f  atmospheric a i r  i s  compressed, 

i n  two stages o f  compression, t o  a pressure of 110 psia and aftercooled 

t o  100'~. The compressed a i r  i s  then cryogenically separated i n to  

oxygen and nitrogen i n  a packaged 'cold box'. The separated oxygen from 
the cold box ( a t  2 p r i g  and 70'~) i s  compressed, i n  four stages o f  

compression, to  290 psia f o r  use i n  the gasifiers. 

A par t  of  the separated nitrogen (about 34,600 lbs/hr  a t  

2 psig and 70'~) i s  compressed, i n  four stages o f  compression, t o  295 

psia f o r  use i n  pressurizing the gas i f i e r  coal feed system and i n  t r ans~d r t i ng  

coal i n t o  the gasif iers. 

The a i r  separation plant  was designed as two trains, each 

i n  operating service and each providing 1,925 tons/day o f  oxygen. 

However, a1 1 of the quantities referred t o  i n  th i s  discussion are f o r  

the f u l l  3,850 tons/ day of  oxygen output per module. 

f. System 7, Raw Gas Compression 

The raw gas from the Venturi scrubber (666,000 1 bs/hr a t  

100'~ and 200 psia) i s  compressed, i n  two stages o f  compression, t o  640 

psia and aftercooled t o  1 0 0 ~ ~  for processing through the acid gas removal 

system (Selexol un i t ) .  

The lnterstage cooling down t o  130 '~  I s  provided by a i r -  

cool ing. Aftercool ing i s  provided by air-cool ing down to 120'~ and by 

water-cool i ng down to 100'~. 

The raw gas compression t r a i n  was designed as a single, 

operating t r a i n  wi th no standby train. 

The compression requfrements for the 5,000 T/D coal 

gasi f icat ion module may be surmnarized as: 

A i r  compression 72,700 HP 

Oxygen compress ion 19,200 HP 

N i  trogen compression 2,430 HP 

Raw gas compression 23,000 HP 



As shown i n  the steam balance section herein, a1 1 of the 
compressors are driven by steam turbines. The a i r ,  oxygen and raw gas ctnn- 

pressors are also provided by standby motors f o r  use during plant  start-up 

before steam becomes f u l l y  available. 

g. System 4, Acid Gas Removal System 

The acid gas removal system u t i l i z e s  the Selexol solvent pro- 
cess and receives 666,000 lbs/hr o f  sour gas a t  100°F and 635 psia. The sweet 

(desulfurized) gas leaves the Selexol absorber a t  about 630 psia and a maximum 
temperature o f  7S°F. The component removals across the absorber are: 

I n l e t  Gas Outlet Gas 
(mols/hr) Jmo1 s lh r )  %Removal 

Hydrogen 9,275.5 
Carbon monoxi de 19,115.1 

Carbon dioxide 1,437.1 

Hydrogen sulf ide 451.5 
Carbonyl su l f ide 30.9 

N i  trogen 1,030.2 

Water 45.5 
31.385.8 

The Selexol u n i t  includes an absorption refr igerat ion u n i t  for 

chi1 1 ing the lean solvent so as t o  achieve the above removals of hydrogen 
su l f ide and carbonyl sulf ide. The sour gas from the Selexol u n i t  i s  r i c h  ir! 

C02 and a t  s l i gh t l y  more than atmospheric pressure. 
h. System 5, Sulfur Recovery and Ta i l  Gas Treatment 

Acid gas from Acid Gas Removal, System 4, i s  fed t o  a Claus- 

type three-stage s ~ l  f u r  recovery un i t  u t i  1 i r i n g  a proprietary process f o r  
handling lean W2S acid gases. Typically, i n  a Claus-type su l fur  plant, the 

acid gas i s  firit passed through a knockout drum before entering the reaction 

furnace. The chemistry o f  the process involves converting H2S to  elemental 

sul fur  according t o  the following equation : 
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The reactions are exothermic, and the heat 1 iberated 

generates steam i n  the reactton f ~ r n a c e  bo i l e r  and i n  the su l fu r  condenser. 

The su l fur  from each condenser i s  drained t o  a recovery p i t  i n  By- 
Product Processing, System 13, and the t a i l  gas fran the f i n a l  condenser 

i s  fed t o  a Beavon t a i l  gas t reat ing u n i t  where essent ia l ly  complete 
removal o f  the remin ing su l fu r  compounds i s  achieved before discharge 

t o  the atmosphere. The Beavon su l fu r  removal process reduces the su l fur  

content i n  the tail gas t o  less than 100 ppm. I n  t h i s  system, hydrogenation 

and hydrolysis are use1 t o  convert essential ly a1 1 su l fu r  compounds to 
hydrogen sulf ide. This gas i s  then cooled and passed i n t o  a contactor 

where the hydrogen su l f ide i s  absorbed by the redox solut ion and oxidized 
t o  elemental sulfur. The reduced redox solut ion i s  reoxidized by contact 

w i  t h  a i r  and subsequently rec i  rculated t o  the contactor. Elemental 

sulfur i s  removed i n  the air-blowing step as a f r o th  which i s  pumped t o  

a sulfur me1 t e r  t o  be me1 ted under pressure, separated from the redox 
solut ion and transferred t o  By-Product Processing, System 13. the 

decanted redox solut ion i s  returned to  the system. 

The system receives 48,370 1 bs/hr o f  acid gas from the 
Selexol solvent regenerator a t  about i psig md 120'~. 

The recovery o f  by-product elemental su l fur  frm the 

su l fur  recovery system i s  185 short tonslday per module, which amounts 

t o  an overal l  su l fur  recovery o f  about 99.9 percent. 

i . System 13, BY-Product Processinq 

Sulfur i s  the only p lant  by-product other than ashlchar 

sol ids which are disposed o f  on-site. Molten su l fur  i s  pumped to  a 

p r i l l i n g  tomr i n  a continuously flowing c i rcu la t ion system. I n  the 

tower, su l fur  i s  dispensed i n  droplets through nozzles. Droplets fa1 1 

counter current to  a stream o f  cooling a i r  and s o l i d i f y  p r i o r  t o  landing 

i n  the bottan p r l l l  co l lec t ion section. From the p r l l l  tower, su l fur  i s  

conveyed t o  a storage bul ld ing from which i t  i s  transferred by truck o r  

barge for  sale. 



j. System 14, Plant Power System 

Thi s system i s  generally designed t o  recelve medium 

voltage e lec t r i ca l  power (4.16 KV, 6.9 KV o r  13.8 KV) and provide the 

fol lowing functions: 

(1) Develop the necessary voltage stepdown arrangement f o r  p lant  
requirements 

(2) Distr ibute the necessary power t o  the plant  equipment. 
TVA's inconring substation transformers receive power from 

i t s  prevalent d ist r ibuted voltage switching stat ion and step down t h i s  

voltage t o  a medium voltage t o  supply the plant  e lec t r i ca l  power requirement 

f o r  motors, heaters, 1 ighting, and other miscel laneous loads. 
The Medium Voltage E lect r ica l  D is t r ibut ion Systems i s  a 

secondary selection system (double ended supply) wi th several medium 

voltage buses. Each medium voltage bus receives power from I t s  respective 

incoming substation t r a n s f o m r  through an incoming breaker and supplies 

power t o  the medium voltage d is t r ibu t ion  system through the feeder 
breakers. 

The Low Voltage E lect r ica l  D is t r ibut ion System typ ica l l y  
consists o f  mu1 t i p l e  480 V double-ended load centers and 480 V cator 

control centers (HCC's) supplying the power t o  480 V loads throughout 

the plant. Two load centers are interconnected through a normally open 

t i e  breaker. I n  the event of loss o f  one load center transformer or  i t s  

feeder, the 480 Y loads of the affected load center are fed by the 

second 1 oad center through the t i e  breaker. 
s 

Each load center consists o f  an incoming 1 ine section, 

load center transfanner, and low voltage section wi th metal enclosed 
draw oat power c i r c u i t  breakers. 

Load center transformers are a i r  cooled, dry type, 1 SOOF 

temperature r ise, wi th del ta  connected primaries and wye connected 
secondaries. A1 1 load center feeder c i r c u i t  breakers are 1600A frame 

and 50,000A RMS symnetrical interrupt ing capacity. The 480 V motor 
feeder breakers are e lec t r i ca l  l y  operated wi th instantaneous and long 

time t r i p  units. 
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480 V MCC's consist  o f  s tar ters,  feeder c i r c u i t  breakers 

and contro l  devices, assembled i n  a comnon st ructure w i th  horizontal and 

ve r t i ca l  buses. 
A 125 v o l t  DC system supplies control  power f o r  medium 

voltage and 480 v o l t  p lan t  swi tchgear control  , protect ive re lay ing and 

annunciation. The system a1 so suppl ies  power f o r  emergency 1 ight ing. 

k. System 15, Steam Generation/Oi s t r i bu t i on  

Two o f  the ?argest steam demands w i th in  the p lan t  are f o r  

the steam turb ine dr ives o f  the a i r  and oxygen compressors i n  the a i r  

separation plant. Since the coal gas i f i e rs  are the la rgest  source of 
heat f o r  generating steam w i th in  the plant, i t  wis decided to produce 

565 psia steam from the gas i f i e rs  and t o  d r i ve  the a i r  and oxygen com- 
pressor turbines w i th  tha t  steam. I n  order t o  match the 565 psia steam 

supply (512,700 lbs/hr)  w i th  the horsepower demand o f  the a i r  and oxygen 
compressors, i t  was necessary t o  superheat the steam t o  1 0 0 0 ~ ~  and t o  

condense the turb ine exhausts a t  2.5" Hg and 109'~. 
The gas i f i ca t ion  section waste heat bo i le rs  were designed 

t o  produce 352,100 lbs /hr  o f  1500 psia steam t o  be used as follows: 

Char recycle transport 32,700 1 bs/hr 
Su l fu r  p lan t  (Claus gas reheaters) 20,000 1 bs/ h r  

Raw gas compressor turb ine 299,400 l b s l h r  

To t a  1 352,100 1 bs lh r  

The 299,400 Ibs/hr  o f  1500 psia stea; for  the raw gas 

compressor turb ine i s  superheated t o  940 '~  so tha t  the turbine exhaust 

would produce 165 psia steam f o r  d r i v ing  the i n e r t  gas (ni trogen) com- 
pressor turb ine and f o r  supplying other users a t  tha t  pressure o r  lower. 

1. System 16, Water Supply 
The raw water treatment u n i t  i s  designed t o  provide 

treated and untreated water f o r  the f ~ i l o w i n g  f a c i l i t y  water systems: 
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(1) F i r e  water 

(2) Service water 

(3) Potable water 
(4) Cool i ng  water 

(5) Bo i l e r  feed water 
Raw water i s  pumped from the r i v e r  t o  a f i r e  water-raw water storage 

tank. 

The raw water- f i re water storage tank provides surge 

capacity f o r  water treatment as we11 as storage capacity for f i r e  water. 
During an emergency, f i r e  water i s  pumped from the tank t o  the f i r e  

water heater system. The f i r e  water pumps are motor dr iven and have a 

diesel engine dr iven spare. The spare pump i s  equipped v i th  automatic 

start-up capab i l i t y  i n  case of power fa i l u re .  
The raw water i s  pumped from the raw water- f i re w t e r  

storage tank t o  the so f tener -c la r i f ie r .  Lime, alum, and po lye lec t ro ly te  
from the c l a r i f i e r  bulk chemical storage and feed system are added t o  

the so f tener -c la r i f ie r ,  which i s  equipped wi th  an in terna l  f loccu la t ion  
mechanism. The alum and po lye lec t ro ly te  a id  i n  the removal o f  suspended 

sol ids from the raw water. Lime i s  added during the c l a r i f i c a t i o n  step 
t o  "cold softenn the raw water. Chlorine i s  added t o  the raw water t o  

i n h i b i t  algae growth i n  the c l a r i f i e r  and sand f i l  t e r r  and reduce organic 
contamination. 

The underflow from the c l a r i f i e r  i s  a one w t  percent 

sludge and i s  pumped t o  sol ids  treatment for f u r the r  processing. 
The c l a r i f i e d  and softened raw water from the softener- 

c l a r i f i e r  flows t o  the self-backwashing sand f i l t e r s  where addi t ional  

suspended sol ids are removed. A pressure d i f f e r e n t i a l  across the f i l t e r  

bed i n i t i a t e s  the backwash cycle. The backwash flows by grav i ty  t o  the 
sand f i l t e r  backwas!t sump and i s  recycled t o  the so f tener -c la r i f ie r .  

The f l !  tered water f lows t o  the f i l t e r e d  water storage tank and i s  

u t i l  ized as cool irag tower make-up for the process cool i ng  tower as 
service wcter f o r  general p lan t  use, as feed t o  the demineral i z e r  pack- 

age, and as feed t o  the potable water system. 
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Water intended f o r  potable services i s  chlor inated and 
again f l l t e r e d  t o  meet knerican Water Works Association (ANNA) standards 

and stored i n  a tank sized t o  hold a do j ' s  potable water requirements. 
The chlorfne residual i s  maintained a t  0.5-1.0 ppn f ree chlor ine i n  the 

tank. 

F i l t e red  water intefided as feed t o  the demineral i z e r  
package i s  in jec ted w i th  sodiur su l f i de  t o  remove trace amounts of 

chlor ine which adversely a f f e c t  the demineral l z e r  resins and a f t e r  
j 

f i l t e r e d  through act ivated carbon t o  remove any remaining organic 
contaminants and dissolve iron. 

I n  the demineral izer,  the mineral sa l ts  present i n  the 
water are removed by io i i  exchange. A two-step demineralization sqstem, 

1 
u t i l i z i n g  strong r a t i o n  and strong anion exchangers i n  series, i s  provided. 

A degasi f ier  fol lowitrg the strong cat ion and magnesium, which the m i o n  
i 1 

exchangers remove anions such as chlor ide and sulfate. The strcrng anion 

exchanger also removes s i l i c a .  The degasi f ier  i s  provided to  remove 

carbon dioxide and other dissolved gases. 
The mixed bed pol isher  i s  provided t o  remove $11 i c a  t o  

I 
0.02 ppm and t o  pol i s h  returned turb ine condensate f o r  reuse. 

I 
The b o i l e r  feed water dF;erating heaters operate a t  30 

psig and 250 '~ .  The deaerators reduce the oxygen content o f  BFW t o  

0.005 c c l l i t e r .  
Hydraz.20 o r  sodium s u l f i t e  i s  in jected i n t o  the storage 

compartment o f  the deaerators f o r  chemical scavenging o f  any residual 

oxygen. Morphol ine i s  in jected i n t o  the suct ion o f  the b o i l e r  feed 
water pumps t o  protect  the condensate systems. 

m. System 17, Water Cool i n p  

The purpose o f  t h i s  u n i t  i s  t o  provide coo! ing wa tw  to  

the various process users i n  the fac i  1 i ty. 
The cool ing tower system includes the tower and fans, 

side stream f i l t e r s ,  c i r cu la t i ng  whter pumps, cold water basin, blowdown 

system, chemical addi t ion equipment, and d i s t r i b u t i o n  system, 

- -. - 
/ 

Y .  - 2 
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Cooling water i s  pumped from the cold water basin, through 

the d is t r ibut ion system to  the process heat exchangers where low-level, 

sensible heat i s  picked up, and back t o  the cooling tower. The cooling 

tower rejects low-:eve1 heat by evaporative cooling t o  a i r  drawn through 
the cooling to ter  by the cooling tower fans. 

A port ion o f  the c i rcu la t ing a t e r  i s  passed through side 

stream f i l t e r s  to  reduce loading t o  suspended solids, d i r t  and scale. 

The dissolved sol ids  level of the cooling wetsr f s maintained 

by a continuous blowdown stream to  the process condensate system. Uuter 

level i n  the cooling tower basis i s  maintained by continuous nake-up o f  
the clean water from the raw water treatment system. 

The blowdown stream i s  passed through a blowdown treatment 

system to  recover chromate ions v ia ion exchange o r  by chemical reduction 

t o  chromium hydroxide and i s  sent t o  waste treatment f o r  disposal. 

Chlorine i s  added t o  the cooling water on a routine 

periodic basis to prevent algae srowth. Chemical algicides are added 

per iodical ly  t o  fur ther e l  iminate algae growth. Su l fur ic  acid i s  added 

t o  control pH, and zinc and chromate inh ib i tors  are added to  the cooling 

water f o r  corrosion cant!-01. Occasionally, a polyphosphate dispersant 

i s  added t o  enhance the action of the inhib i tors.  

n. System 18, Waste Water Treatment 

The purpose of t h i s  u n i t  i s  to  co l lec t  and t rea t  a l l  

plant l i q u i d  e f f luent  streams. The plant  design i s  predicated on "zero 

discharge" and permits recycle and reuse o f  treated water. Streams 

treated include the f o l  lowing: 

(1) Oi ly  water seuers 

(2) Coal p i l e  run-off 

(3) Storm water run-off 

(4) Demineral i ze r  regenerant k-castes and r inse water 
(5)  Cooling tower blowdown 

(6) Sanitary waste water 

(7)  Gasif ier slag quench drains 
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(8) Separated wrrter from sol ids treatment 

(9) F i l t r a t e  frwn biological t r e a m n t .  

Process operations include: 

( 1 )  O i l  Sewrator - streans containing f ree and dissolved o i l  and treated 

i n  a gravi ty separator u t i l i z i n g  an anulston breaking chmicdl  and 

heat t o  separate the o i  1 -water c!xtun 

(2) Sour Uater Stripper - water streams wi th appreciable H20 and HNj 

residual s a n  steam-stri pped to remove these contam'inants 

(3; Equalization Basin - l i q u i d  streams wi th extremely high o r  low pH 

are mixed i n  an q u a l i z l n g  basis and treated wi th su l fur ic  acid o r  

caustic to change the mixed pH t o  a value of 6.0 - 8.0 

(4)  Gravity Set t l  inq-Thickener - l i q u i d  streams wi th high suspended o r  
dissolved sol ids are treated i n  a gravi ty settler-thickener and 

mixed wi th ! ime, alum, coagulant aids, and polymers to  f a c i l i t a t e  

separation and thickening 

( 5 )  rhr l t ip le  Effect Evaporation - neutralized wastes and brines are 
evaporated t o  recover water and concentrate the sol ids. 

The recovered, treated water i s  used as make-up t o  cooling 

towers o r  raw water supply. The resul tant  sol ids are conveyed t o  the sol ids 

disposdt system. 

o. System 19, General Fac i l i t i e s  

The purpose o f  t h i s  un i t  i s  t o  provide equipment o r  services 

t o  support the gasif icat ion f a c i l i t y  a t  the f a c i l i t y  level.  

This u n i t  i s  a general f a c i l i t y  category and provides the 

follouinc,l equipment and services: 

(1 ) Administration bui lding 

( 2 )  Laboratories 

(3 )  Change rooms 

( 4 )  Ma rehouses 

( 5 )  Maintenance buildings 

( 6 )  Opera t ion  centers 

( ? )  h c u r i  t y  off ices 
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(8) Plant a i r  f a c i l i t y  
f :  

(9) F i re  house - 
(10) Visi tor  reception 

? 

(11) Plant fencing ! : . L 
(12) Plant l ight ing 
(13) Roads, bridges - - 

I 

(14) Oocki ng f a c i l i t i e s  - - 
(15) Interconnection gipe ways 
(16) Fire protection network 

(I 7) Flare stacks and headers 
(18) Plant instrument a i  r compressors 
(1 9) Env-i mmnental monitoring 

(20) Site preparation. 
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H. LURGI BASED PLANT 

A four module, 20,000 TPD, plant based on Lurgi coal gasi f icat ion 

technology has been designed. The plant processes Kentucky No. 9 coal 

wi th provisions f o r  up t o  f i v e  percent North Alabama coal. Medium Btu 

gas wi th heat content o f  308 Btu/scf and not more than 200 ppm sulfur i s  

the primary plant product. The plant i s  designed for zero water dis- 

charge. The design i s  based on 20,000 TPD as received coal feed t o  the 

gasif iers. Coal f ines not processable i n  the Lurgi gasi f iers are used 

t o  supplement t a r  and o i l  as fuel f o r  steam generation. Exc~ss i s  sold 

as a plant  by-product. Thus to ta l  coal requirement exceeds 20,000 TPD 

i n  t h i s  case. E lec t r i c i t y  from the TVA g r i d  i s  used to supply the 

balance o f  the plant prime mover power requirements. The plant  design 

was arr ived a t  by reviewing the processes available f o r  each system 

especially as they are catalogued i n  Appendix A. Based on the data 

avai lable f o r  these processes, a review o f  t he i r  s u i t a b i l i t y  f o r  the 

subject projact and the design team experience, a block flow diagram was 

establ i shed and appropriate processes selected. The resul t s  o f  trade 

studies done i n  conjunction with other designs were incorporated as 

appropriate. Results o f  designs avai lable i n  the 1 i terature were factored 

t o  meet the requirements o f  t h i s  project  to provtde material and energy 

balances as well as a basis f o r  the cost analysfs. 

Cost studies assumed a staggered construction schedule f o r  the four 

modules beginning spring 1981 and a 90 percent on steam factor. 

The overal l  plant configuration i s  shown schmat ical ly  i n  Figure 

IV.H, l .  As shown, General Fac i l i t ies ,  Instrumentation and Control , Coal 

Handling, and Solid Disposal serve plantwide functions. A l l  other plant 

components are contained i n  four ident ical  process modules. The instru- 

mentation and control system operates t o  monitor overal l  plant perform- 

ance and t o  control inter-module re!ationships. The t o ta l  l i s t  o f  

systems i s  given i n  Table IV.H.1. 

The results of the design study are given i n  Table IV.H.2. Appendix 

8-4 contair; the complete design report. 
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TABLE 1V.H. 1. L I S T  OF SYSTEMS, LURGI PLANT 

NUMBER OF COST UNITS 
PER HODULE PER FACILITY 

1 4 

7 28 
1 4 

1 4 

1 5 

1 5 
1 4 

1 4 

1 
1 
1 

1 4 

1 4 

2 8 
1 4 

1 4 

1 4 
" 1 

SYSTEM DESCRI PTION 

COAL PREPARATION 6 FEEDING 

GASIFICATION 

I N 1  T I  AL GAS CLEANUP 6 COOLING 

ACID GAS REMOVAL 

SULFUR RECOVERY 

AIR SEPARATION 

COMPRESS I ON 

PROCESS SOL IDS TREATMENT 

INSTRWENTATION AND CONTROL 

COAL HANDL I NG 

SOL IDS 0 I SPOSAL 

BY PRODUCT PROCESS I NG 
PLANT POWER SYSTEM 

STEAM GENERAT ION/DISTRIBUT ION 

RAW WATER MAKEUP 

COOLING WATER SYSTEM 

WASTE WATER TREATMENT 

GENERAL FACILITIES 
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TABLE I V  . H. 2(a) . FACILITY PROCESS RESULTS $ W R Y  

I T M  - 
COAL, T/YR 

FINES SOLD, T/YR 

ELECTRICITY, 1000 Kwh/YR 

Y IELD MCFO 

HHV BTU/SCF 

COldPOSITION lb /h r  

Hydrogen 

Nitrogen 

Carbon Monoxide 

Carbon Dioxide 

Me thane 

Ethane 

Light  HC 

Hydrogen Sulfide 

Ca rbonyl Su 1 f ide 

Water 

To ta 1 

SULFUR 1000 TONS/YR 

AMMONIA 1000 TONS/YR 

EFFICIENCY - PERCENT* 

LURG I 

10,000,000 

2,121,000 

934,000 

1,160 

308 

* EFFICIENCY BASED ON COAL CONSUMED, PURCHASED ELECTRICITY AS 

ELECTRICITY AND MBG PRODUCT. 



TABLE IV.H.2(b) .  CONVERSION EFFICIENCY 
LURGI PROCESS 

20,000 TPD FACILITY 

INPUTS 

1 .  COAL TO FACILITY 
2. ELECTRIC POWER TO FACILITY 

OUTPUTS 

3. MBG FROM FACILITY 
4 .  COAL FINES FROM FACILITY 

w 
-z 
I 
u EFFICIENCY 
d 

COAL-TO-MBG ( @ + a ) x 100% 
OVERALL PRODUCT EFFICIENCY @ + ( @ + @ ) x 100% 

OVERALL FACILITY EFFICIENCY @ + @ + ( @ + @ ) x 100% 

GASIFICATION EFFICIENCY @ +- ( @ + @ -@ 

PERCENT 



TABLE I V. H.2(c). OPERATING REQUIREMENTS FOR EXPECTED OPERATIONS 
LURGI PROCESS - PER MODULE 

Raw k t e r i a l s  
Coal Import 

Coal Fines Export 

Catalyst and Chemical Makeup 

U t i  1 i t y  Requirements 
import Power 

- 3peratingRequirements < 
I - Labor 
N 

Supervisors 

Opera tors  

Suppl ies 

Maintenance Requi rements 
Labor 

Suppl ies 

BAS I S  -- - 

TPY a t  100% Opera t i o n  

TPY a t  100% Operation 

100% Opera t i  on 

kWh/HR a t  lCO% Operation 

2,777,650 TPY 

589,167 TPY 

1 ,204,500/Y R 

Factored as 15% o f  Operating Labor Cost 

Factored a t  1.6% o f  Total Depreciable 
Di rec t  Investment 

Factored a t  2.4% o f  Total Depreciable 
O i  r ec t  Investment 
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1. Orocess k s c r i p t i o n  

The plant  consists o f  eighteen systems including General 

Fac i l i t i es .  However, t h i s  design was accomplished a t  the def in i t ion 

level  only. There-fore, descriptions are given here only f o r  the main 

process t r a i n  systems. Other systems are generally s imi lar  i n  overal l  
description t o  those given i n  Appendix A and Appendix 8-4. A modular 

material balance i s  given i n  Figure IV.H.3. 

a. System 1 - Coal Preparation and Feedinq 

This system receives 2"xO coal from System 11, Coal 

Hand1 ing and crushes i t  t o  maximum 1 inch i n  size. Coal i n  the s i r e  

range lWx2S mesh i s  conveyed t o  the Coal Gasification Section. Minus 28 

mesh coal i s  recovered and used as supplemental fuel i n  the steam 

generation and d is t r ibu t ion  system. Excess coal f ines are sold as a 

p lant  by-product. 

b. Coal Gasif icat ion 

The Lurgi gas i f i e r  i s  a dry ash, gravi tat ing bed type. 

The gas i f ie r  i s  essential l y  a refractory-1 ined, water- 

jacketed cyl indr ica l  she1 1 operating a t  30 atmospheres pressure. Coal 

i s  received from Coal Preparation in to  lock hoppers situated above the 

gasif icat ion reactors. Coal i s  fed l o  the gas i f ie r  by g rav i t i  t ional  

feed from the lock hoppers and spread over the top o f  the bed o f  coal. 

The bed o f  coal gravitates from top ro  bottom. The coal floks counter- 

current to  the gasi f icat ion medium (oxygen and steam). Dry ash i s  

removed continuously by a ro ta t ing grate in to  a semi-automatic ash lock. 

The gas leaves the gas i f i e r  a t  a temperature o f  650'~. 

The gas i s  washed i n  a scrubbing cooler where i t  i s  cooled and water 

saturated. Traces o f  coal dust contained i n  the gas are removed v ia  the 

act ion o f  heavy t a r  condensatir~n on the part ic les i n  the scrubber. This 

mixture o f  tar-dust can be recycled t o  the gasif ier.  The scrubber i s  an 

integral part  o f  the waste heat bo i le r  system and the gas consists 

pr imar i ly  o f  COZ, CO, H2 and CH4. and some H t S  The proportion of these 

components depend on the type o f  coal and the operating conditions. The 

I 
gas also contains tar, o i l ,  l i g h t  naphtha, other hydrocarbcns, and 

su l fu r  compounds. 
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5 ,000  TPD MODULE 

(POUNDS PER HOUR) 
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I c. System 3 - I n i t . a l  Gas Cleaning and Cooling 

Raw gas from the coal gas i f i ca t i on  system enters the i n i t i a l  

gas cleaning and cool ing system from the waste heat b o i l e r  i n  the coal gas- 

i f i c a t i o n  systems. Since t h i s  steam s t i l l  contains amonia, carbon dioxide, 

hydrogen sul f ide,  and o i  1 and water vapor, special design considerations 

I are required t o  prevent plugging and excessive fou l ing  of cool ing surfaces. 

This design inc luding ve r t i ca l  tubes w i th  tube wal ls  washed w i  t h  re in jected 

gas 1 iquor i s  based on propr ietary technology owned by Lurgi Kohle and 

Mineraloel techni k, GmbH. Gas leabes t h i s  system a t  100°F. Water eff luent 

containing tar,  o i  1, ammonia and ac id  gases i s  sent t o  Waste Water Treat- 

Sng. 

d. A i r  Separation 

Ninety-eight percent oxygen i s  provided a t  515 psig. The 

sxygen requirement i s  0.42 pound per pound as received coal fed t o  the 

gas i f ie r .  

e. System 7 - Compression 

This system receives gas a t  412 psig frm the ac id  gas 

removal system and boosts the pressure to  600 psig f o r  p lan t  discharge. 

f. System 15 - SteamGeneration and D is t r i bu t i on  

The steam generation and d i s t r i b u t i o n  system produces process 

I steam from the gas i f i e r  jackets and high pressure steam from the waste heat 

b o i l e r  i n  the coal gasi f icat ion system and medium and low pressure steam 

i n  the s u l f u r  recovery system. Additional steam requirements are produced 
I by high pressure steam bo i l e rs  f i r ed  w i th  ta r ,  o i l  and phenolic l i qu ids  
I 

supplemented w i th  coal f ines  from the coal preparation and feed system. 

g. System 18 - Waste Water Treat ing 

The waste water treatment system i s  designed f o r  t a r / o i l  

separation, process condensate treatment, phenol recovery, m n i  a recovery, 

I and re turn  of treated water to  the plant. Sol ids removed i n  t h i s  system 

are put  i n  the sol ids disposal system. 
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Tar/oi l  separation i s  accomplished i n  gravi ty se t t l i ng  

tanks. The t a r  o i l  product i s  used as fuel i n  the steam generation and 

d is t r ibu t ion  system. Fkenol i c  compounds tire recovered i n  a Phenosol van 

uni t .  Phenolic compounds also are burned as fuel  pending develop- ment 

o f  a market. Ammonia i s  recovered i n  a Phosom-W uni t and sent t o  the 

by-product process system f o r  sale . 
Streams containing miscel 1 aneous free and dissolved o i  1 

are treated i n  a gravi ty separator u t i l i z i n g  an emulsion breaker and 

heat to  separate the o i l  water mixture. 
Streams containing a high o r  low pH are treated wi th sul- 

f u r i c  acid or. 1 ime as approp~iate i n  equal iza t ion basins. i ieiltral ized 

brines are evaporated wi th the concentrated sol ids going to  sol ids 

disposal . Recovered treated water i s  used as makeup for  the cooling 
tower and raw water supply. 



BGi/LURGI BASE0 PLANT 

A four  module, 20,000 TPO, p lan t  based on Lurg i  coal gas l f l ca t i on  
technology has been designed. The p lan t  processes Kentucky No, 9 coal 
w i t h  provisions f o r  up t o  f i v e  percent North Alabama coal. Medium Btu 

gas w i t h  heat content o f  384 Btu/scf and not  more than 200 ppm sul fur  i s  
the priinary p lan t  product. The p lan t  i s  designed f o r  zero water d is -  

charge. The desizn i s  based on 20,000 TPD as received coal feed t o  the 
gas i f ie rs .  Coal f ines  processable i n  the Lurgi  gas i f i e r s  are used t o  
supplement t a r  and o i l  as fuel  f o r  steam generation. Excess i s  sold as 
a p lan t  by-product. Thus t o t d l  coal requirement exceeds 20,000 TPD i n  

t h i s  case. E l e c t r i c i t y  from the TVA g r i d  i s  used t o  supply the balance 
o f  the p lan t  prime mover power requirements. The p lan t  design was 

ar r ived a t  by reviewing the processes avai lab le f o r  each system especia l ly  
as they are catalogued i n  Appendix A, Based on the data avai lab le f o r  

these processes, a review o f  t h e i r  s u i t a b i l i t y  f o r  the subject p ro jec t  
and the design team experience, a block f low diagram was established and 

appropriate processes selected. The resu l ts  o f  trade studies done i n  
conjunction w i th  other  designs were incorporated as appropriate. Results 

o f  designs ava i lcb le  i n  the l i t e r a t u r e  were factored t o  meet the requirements 
o f  t h i s  p ro jec t  t o  provide material  and energy balances as wel l  as a 

basis f o r  the cost analysis. 
Cost studies assumed a staggered constrvct ion schedule f o r  ;he four  

modules beginniqg spring 1951 and a 90 percent on steam factor.  
The overa l l  p l a n t  conf igurat ion i s  shown schematically i n  Figure 

IV.I.1. As shown, General Fac i l i t i es ,  Instrumentation and Control, Co21 
Hand1 ing, and Sol i d  Disposal serve plantwide functions. A1 1 other  p lan t  

components are contained i n  four i d e n t i c ~ l  process modules. The instrumen- 

t a t i o n  2nd contro l  system operates to mani t o r  overa l l  p lan t  performance 

and t o  contro l  inter-module relat ionships. The t o t a l  1 i s t  o f  systems i s  
given i n  Table I V .  1.1. 

The resu l t s  of the design study are given i n  Table IV.I.2, Appendix 
8-4 contains the compiete design report. 
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TABLE IV. 1.1. L I S T  OF SYSTEMS, 8GC/LURGI 

SYSTEM NO. 

1 

NLIMBER 5 COST UNITS 
PER MODULE PER FACILITY SYSTEM DESCRIPTION 

COAL PREPARATION & FEEDING 

GASIFICATION 

I N I T I A L  GAS CLEANUP 6 COOLING 

ACID GAS REMOVAL 

SULFUR RECOVERY 

AIR SEPARATION 

COMPRESS ION 

PROCESS SOLIDS TREATMENT 

INSTRUMENTATION AND CONTROL 

COAL HANDLING 

SOL IDS DISPOSAL 

BY PRODUCT PROCESS I NG 

PLANT POWER SYSTEM 

STEAM GENERATIONID ISTRIBUTION 

RAW WATER MAKEUP 

COOLING WATER SYSTEM 

UASTE WATER TREATMENT 

GENERAL FAC I L I T  I ES 
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TABLE I V .  I .2(a) .  FACILITY PROCESS RESULTS m y  

ITR4 - 
C.OAL, T/YR 

INES SOLD, T/YR 

ELECTRICITY, 1000 Kwh/YR 

Y IELO M C F D  

HHV BTU/SCF 
COMPOSITION l b l h r  

Hydrogen 

N i  trogen 
Carbon Konoxide 

Carbon Dioxide 

Methane 

Ethane 

Light  HC 

Hydrogen Su ? f ide 

Carbonyl Sulf ide 

Ya t e r  

Total 

SULFUR 1000 TONSIYR 

M N I A  1000 TONS/YR 

EFFICIENCY - PERCENT* 

* EFFICIENCY BASED OW W U  CONSUNED, PURCHASED UECTRICiTY AS 
UECTRICI TY &YO MBG PRODJCT. 



TABLE I V . I . Z ( b )  
CONVEHSION EFFICIENCY 

BGCISLAGGING LURGI PROCESS 
2 0 , 0 0 0  TPD F A C I L I T Y  

I N P U T S  -.--.- - 
1 .  COAL TO FACILLTY 
2 .  E L E C l R I C  POWER TO F A C I L I T Y  

Qu_r_p!!F 
3. MBG FROH F A C I L I T Y  
4 .  COAL F I X S  FROM F A C I L I T Y  

lo6 B T W H R  PERCENT 

27,852 
525 



TABLE I V .  I. 2(c) .  OPERATING REQUIREMENTS FOR EXPECTED OPERATIONS 
LURGI/BGC PROCESS - PER MODULE 

BAS I S  UNITS 3 
-- ---- - ---- --- 2 
Raw Mater ia ls  

Coal Import TPY a t  100% Operation 2,777,650 TPY 

Coal Fines Export TPY a t  100% Operation 838,437 TPY 

Catalyst  and Chemical Makeup $/VR a t  100% Operation $470,34O/YR 

U t i l f t y  Requirements 
Import Power 

H Operating Requirements 
< 
I 

Labor 
IF3 

Superviqors 

Opera to rs  

Suppl i t s  

Maintenance Requirements 
Labor 

Suppl i es  

kWh/HR a t  100% Operation 

Man-hours/YR 

Factored as 15% of Operating Labor Cost 

Factored a t  1.6% o f  Total  Depreciable 
D i rec t  Investment 

Factored a t  2.4% o f  Total Depreciable 
D i rec t  Investment 
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1. Process Descript ion 

The p lan t  consists o f  eighteen systems inc luding General 
I F a c i l i t i e s .  However, t h i s  design was accomplished a t  the d e f i n i t i o n  

l eve l  only. There-fore, descript ions are given here only  for the main 
I 

I 
process t r a i n  systems. Other systems are general ly s im i l a r  i n  overa l l  

I 

descr ip t ion  to  those given i n  Appendix A and Apuendix 8-4. Table 

i 
I V .  1.3 contains the module material  balance. 

a. System 1 - Coal Preparation and Feeding 

This system receives 2"xO coal from System 11, Coal 
I , 

Hand1 ing  and crushes i t  t o  maximum 1 inch i n  size. Coal i n  the s ize  

range 1 "x28 mesh i s  conveyed t o  the Coal Gas i f i ca t ion  Section. Minus 28 

i mesh coal i s  recovered and used as supplemental fue l  i n  the steam genera- 
t i o n  and d i s t r i b u t i o n  system. Excess coal f i nes  are sold as a p lan t  by- 

product. 
I i 1 b. Coal Gas i f i ca t ion  
1 

I ' 
This u n i t  converts coal i n t o  medium heating value crude 

synthesis gas by p a r t i a l  oxidat ion i n  the presence o f  steam. The react ion 

takes place during countercurrent f low i n  3 moving bed. The crude gas 

I leaving the gas i f i e r  i s  scrubbed, quenched and saturated by gas 1 iquor  . 

t o  remove coal dust and heavy ta r .  This mu1 ti-phase stream e r te rs  a 

waste heat exchanger for  cool i ng  and fur ther  condensation o f  heavier 

hydrocarbons p r i o r  t o  f u r the r  processing. 

I The coal and f l u x  are bed t o  the coal bunkers by a be1 t 

conveyor system. Tt~e feed chutes a t  the bottom of the coal bunkers 

contro l  the f low o f  coal i n t c  the coal locks. Each g a s i f i e r  has two 

coal locks tha t  operate automatical ly on a cycl  i c  basis. There coal 

locks are pressurized w i th  an i n e r t  gas and feed a l t e rna te l y  the coal 
I surge vessel. 
I 
I I n  thh? process, the coal and f lux enter ing the top o f  the 

gas i f i e r  descends i n  3 moving bed i n  countercurrent flow t o  the steam, 

oxygen and produced gzs. While t rave l ing  from the top t o  the bottom o f  

the gas i f i e r ,  the coi'ii i s  dried, devolat i l ized,  and gasi f ied.  The heat 



TABLE I V . I . 3 .  MATERIAL BALANCE 
BGC/SLAGGING LURGI PROCESS 

5.000 TPD MODULE 

(POUNDS PER HOUR) 
C'ASII:TEH CASIVLEH 
1:Hlil) FIIEI) CAS IFT.EI( COOJ.I'I) 
S I I A  OXYCXN RAW (;AS R A W  GAS ___- _________- - - - - - 

- - 15,220 15,200 - 169,519 - - 
- 3,029 3,898 3,898 - - - - 

SWEFI'ENED 
CA!j-- -.-. 

R A W  
CON. --- 
386,032 
27,282 
36,379 
8,770 
23,515 

752 
90,787 - 

CAKBON 
HY I)KOGEN 
OXYCEN 
N I'I'KO(;EN 
SUI.l:UIt 
CllLOK INE 
f\!;tl 

C-1 -= CAltBON MONOXIDE 
8 CI'\KI~ON OIOX1I)E 

t~ll~'I'll~!k: 
E'1'1IhN E 

r w r  I ~ C  
' I 'rZIi + 011. + NAPTllA 
tICJ 
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CJ\HI$ONYL SIJ1.Fl.l)ll 
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required f o r  these three steps i s  suppl i e d  by the exothermic react ion 

between the carbon i n  the coal and the oxygen i n  the bottom o f  the 

gas i f i e r .  Flux i s  added t o  form a low me1 t i n g  temperature meteric. 

A f te r  leaving the gas i f ie r ,  the raw gas i s  scrubbed and 

cooled i n  the wash ccoler scrubbers and the waste heat exchanger. 

I n  the bottom o f  the gas i f ie r ,  the coal ash melts as a 

eu tec t ic  w i th  the addsd f l u x  t o  f o m  slag. The molten slag co l l ec t s  a t  

the bottom and i s  tapped in te rm i t t en t l y  through a tap hole i f i t o  the 

quench vessel. I n  the quench vessel, the slag granulates imnediately 

upon contact w i th  the quench water. The granulated slag f a l l s  i n t o  the 

s lag hopper and i s  dumped in te rm i t t en t l y  t o  the sol ids treatment system. 

The raw gas leaving the g a s i f i e r  requires imnediate 

treatment t o  remove as many impur i t ies as possible. The i n i t i a l  t rea t -  

ment i s  provided i n  wash coolers operating i n  pa ra l l e l .  I n  the wash 

coolers, gas l i q u o r  i s  in jec ted  to  quench and saturdte the raw gas. A 

multi-phase stream containing raw gas, condensed hydrocarbons, dust, 

stream, and water flows from the wash coolers t o  the waste heat exchanger 

f o r  addi t ional  treatment. The mu1 ti-phase f low enters the waste heat 

exchanger above the gas 1 iquor leve l .  Thz gas and 1 iquor are separated, 

and the gas i s  cooled by producing low pressure steam. The gas l i q u o r  

condensed from the raw gas i s  co l lected i n  a sump. A por t ion  o f  the 

dusty gas 1 iquor i s  u t i l i z e d  as quench water f o r  the wash coolers w i th  

the remaining 1 iquor being sent t o  the waste water t rea t i ng  system. 

c. System 3 - I n i t i a l  Gas Cleaninq an0 Cooling 

Raw gas from the coal gas i f i ca t ion  system enters the 

i n i t i a l  gas cleaning and cool ing system from the waste heat b o i l e r  i n  

the coal gas- i f i c a t i o n  systems. Since t h i s  steam s t i l l  contains 

amnonia, carbon dioxide, hydrogen sulfide, and o i l  and water vapor, 

special design considerations are required t o  prevent plugging and 

excessive fou l i ng  o f  cool ing surfaces. This design inc luding v e r t i c a l  

tubes w i th  tube wal ls  washed vi t h  r e i ~ j e c t e d  gas l i q u o r  i s  Lased on 

I 
i 
I 
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propr ie ta ry  technology owned by Lurg i  Kohl? and Mineraloel techni k, GmbH. 

Gas leares t h i s  system a t  1 0 0 ~ ~ .  Water e f f l u e n t  containing tar ,  o i l ,  

ammonia and ac id  gases i s  sent t o  Waste Wate* Treating. 

d. A i r  Separation 

Ninety-eight percent oxygen i s  provided a t  515 psig. The 

oxygen requirement i s  0.42 pound per pound as received coal fed t o  the 

gas i f ie r .  

e. System 4, Acid Gas Remova? 

A Selexol u n i t  s im i l a r  t o  those described i n  other  designs 

was selected f o r  use i n  t h i s  system p r i o r  t o  compression i n  System 7. 

f. System 7, Compression 

This system receives gas a t  412 ps ig from the ac id gas 

removal system and boosts the pressure t o  600 ps ig f o r  p lan t  discharge. 

g. System 15, Steam Generation and D is t r i bu t i on  
The steam generation and d i s t r i b u t i o n  system produces 

process steam from the g a s i f i e r  jackets and high pressure steam from the 

waste heat b o i l e r  i n  the coal gas i f i ca t i on  system and medium and low 

pressure steam i n  the sul fur  recovery system. Addit ional steam require- 

ments are produced by high pressure steam bo i l e rs  f i r e d  w i th  ta r ,  o i l  

and phenol i c  1 iqu ids supplemented w i th  coal f ines  from the coal preparation 

and feed system. 

h .  System 18, Waste Water Treat ing 

The waste water treatment system i s  designed for  t a r / o i l  

separation, process condensate treatment, phenol recovery, ammonia 

recovery, and re turn  of t reated water t o  the p lant .  i o l i d s  removed i n  

t h i s  system are put i n  the so l ids  disposai system. 

Tar /o i l  t ?garat ion i s  accompl ished i n  g rav i t y  se t t !  r n $  

ranks. The t a r  o i l  product i s  used as fue l  i n  the steam generation and 

d i s t r i b u t i o n  system. Phenolic compounds are recovered i n  a Phenosolvan 

un i t ,  Phenolic compounds are t o  also be burned as tue l  pending develop- 

ment o f  a market. h o n i a  i s  recovered i n  a Phosom-W u n i t  and sent t o  

the by-product process system f o r  sale. 
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Streams containins miscel laneous free and dissolved a i l  

are treated i n  a grav i ty  separator u t i l i z i n g  an emulsion breaker and 

heat t o  separate the o i l  water mixture. 

Streams containing a high o r  low pH are treated wi th  sul- 

f u r i c  acid o r  l i m e  as appropriate i n  equalization basins. Neutralized 

brines are evaporated wi th  the concentrated sol ids  going t o  sol ids 

disposal. Recovered treated water i s  used as makeup for the cool ing 

tower and raw water supply. 
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CHAPTER V 

COSTS 

A. FACILITY COST SUmARY 

The cost  o f  the f i v e  gas i f i ca t i on  processes analyzed i n  t h i s  study 

are compared i n  Table V.B.l.* 

] *Two cases are considered i n  the cost  analysis o f  the B8M-based p lant .  1 
I I n  the f i r s t  case, base equipment cost f o r  System L .  ^ .ar i f icat ion,  I 
/ are m u l t i p l i e d  by an i n s t a l l a t i o n  fac to r  of 2.31 t o  a r r i v e  a t  the 1 I i n s t a l l e d  cost. This f ac to r  was dr r ived a t  by back ca lcu la t ion  from I 

a more de ta i led  cost analysis based on Koppers-Totzek tectlnology as 

shown i n  Appendix 0. I n  the second case, an i n s t a l  led equipment 

I cost f ac to r  o f  1 . S  was used based on information from BhW and I 
supplied t o  t h i s  study by NASn. I n  t h i s  report ,  the f i r s t  case 

r e s u l t  i s  used fol lowed by the second case r e s u l t  i n  parenthesis. 

It i s  noted t h a t  discussions presented i n  Chapter X I  imply t h a t  

higher capacity un i ts  such as B&W should have a lower i n s t a l l a t i o n  

( f ac to r  than low capacity un i ts .  1 
The BGC-Lurgi process i s  the most cos t -e f fec t ive  i n  terms o f  UAE cost of 

~ e r v i c e  of $1 1.54/MMBT!J (current do1 1 ars)  atld product p r i ce  o f  S4.311WlBTU 

( r ~ n s t a n t  1980 do1 l a r s )  . The next most cos t -e f fec t ive  system i s  Texaco, 

.ai t h  UAE and product pr ice values o f  $13.38 and $5.00 respect ively.  These 

values are 16 percent greater than the BGC-Lurgi values. The l eas t  cost- 

effect 've process i s  Koppers-Totzek, w i t h  a 'JAE of $17.79 and product p r i c e  

9 f  56.64, 54 percent greater than the values f o r  BGC-Lurgi. Table V.B.2 l i s t s  

the processes i n  order o f  cost-effectiveness and shows the product pr ices 

norma 1 i zed to BGC-Lurgi . 
The BGI-Lurgi process i s  lowest cost  i n  both cap i ta l  requirement 

and t o t a l  OM. The ent r ies  i n  Table V.B.l  show tha t  BGC-Lurgi t o t a l  

f a c i l i t y  investment ( i ns tan t  p l a n t  value) $1,387,000,000, and t o t a l  
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1 

capi t . requirements, $2,061,000,000, are the lowest o f  a l l  the processes. 

Total ObM, feedstock, ca ta lys ts  and chemicals are $310,000,000 annually. 

Texaco, the second most cost-ef fect ive system, i s  almost ident ica l  i n  I 
both cap i ta l  and t o t a l  OW costs, but i s  s i g n i f i c a n t l y  lower i n  annual 

product, p r ~ d u c i n g  163 x 1012 BTU compared t o  121 x 1012 BTU for  BGC- 

Lurgi. This d i f ference accounts f o r  the 16 percent advantage o f  the 1 
1 

BGC-Lurgi product pr ice. I 
BGC-Lurgi has a low t o t a l  ObM annual cost despite high feedstock, 

, ? , 
c a ta l ys t  and chemical cost. The l a t t e r  are $276,000,000 per year compared 

I 

t o  Texaco, K~ppers-Totzek, and Babcock and W i  lcox ident ica l  values of 

$18l,500,000 per year. The higher BGC-Lurgi feedstock, ca ta l ys t  and 

chemical costs are o f f s e t  by (1)  a low O&M annual cost o f  $100,OQO,OCO 

and (2 )  annual byproduct c red i t s  o f  966,000,000. 
J 

The Lurgi (SAW) process ranks t h i r d  i n  cost-effectiveness behind BGC- I 

Lurgi and Texaco. This i s  due pr imar i l y  t o  a s i g n i f i c a n t  d i f ference i n  

cap i ta l  costs between 8GC-Lurgi and Lurgi . The major contr ibutors t o  

the high cost o f  the Lurgi process are the wastewater treatment system, 

which i s  morp than double the BGC-Luryi, and steam generation and d i s t r i bu t i on ,  

which i s  two-thirds greater f o r  Lurgi than f o r  BGC-Lurgi . - .  

The low cost-effectiveness o f  Kr \ t rek  i s  dr iven by a combination 

o f  the highest t o t a l  O&M annual costs, $~,.,000,000, and the lowest 

annual oroduct, 90 x 10'' BTU. 

Detai led cost data f o r  each pruocess are found i n  Appendix D. 

8. DATA BASE DEVELOPMENf 

There were four  subtasks performed ta  "reate the data base f o r  

design and analysis o f  a l te rnat ive  coal gas i f i ca t i on  f a c i l i t i e s :  

Raw Materials Analysis 

Market A ~ a l y s i s  f o r  Byproducts 

A1 ternate Products Anal y s i  s 

The resu l ts  o f  these subtasks are given i n  d e t a i l  i n  the Caal 

Gasi f icat ion Catalog, Appendix A. 



*Total f a c i l i t y  and 90% service factor .  
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TABLE V.B.2. RANKING OF GASIFICATION PROCESSES BY COST-EFFECTIVENESS 

Gasi f i c a t i o n  Process Norma 1 i zed Product Pr ice  - 

BGC-Lurg i 1 .OO 

Texaco 1 .I6 

Lurgi 1.26 

Babcock & W i  1 cox 1.48 (1.24)  

Koppers-Totzek 1.54 
j 
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1. System C h a r a c t e r i z a t i o n  

The p r e p a r a t i o n  o f  c o s t  es t imates  and  the  performance o f  

d e t a i l e d  process eng ineer ing  r a l c u ! a t i o n s  r e q u i r e  t h a t  c e r t a i n  ! i c e n s i n g  

o r  c o n f i d e n t i a l i t y  agreements be irt p lace  w i t h  t h e  owners o f  coa l  gas i -  

F i c a t i o n  and assoc ia ted  techno ldg ies  i n  o r d e r  t o  o b t a i n  i n fo rma t ion  

necessary t o  do t h i s  work. 

I n  t h e  absence o f  these agreements, t he  s i t u a t i o n  faced i n  

t h i s  study, s tud ies  and eva lua t i ons  ob ta ined  i n  t he  p u b l i c  domain can be 

used as a  b a s i s  f o r  p repa r ing  p r e l i m i n a r y  process designs and budget 

1 eve1 f a c t o r e d  es t imates .  These budget 1 eve1 f a c t o r e d  es t imates  a re  

q u i t e  o f t e n  used i n  the  Hydrocarbon and Chemical Processing I n d u s t r i e s  

t o  make dec i s ions  on f u r t h e r  spending on o r  i n v e s t i g a t i o n  o f  s p e c i f i c  

p r o j e c t s .  

Usua l l y ,  A/E f i r m s  per fo rming s tud ies  on g a s i f i c a t i o n  p r c j e c t s  

f o r  c l i e n t s  i n  t h e  p u b l i c  domain, such as EPRI, DOE, Bureau o f  Mines, 

e t c .  , have the  1  i c e n s i n g  agreements t o  per fo rm d e t a i l e d  eng ineer ing  and 

c o s t  es t imates .  The data presented i n  these study r e p o r t s  a r e  then 

summaries o f  t h e  eng ineer ing  and c o s t  es t imates  which p r o v i d e  a  s c a l i n g  

base when used w i t h  good eng ineer ing  judgment. 

a.  *roach - 
The approach taken i n  p repa r ing  the  system c h a r a c t e r i  za t i ons  

o f  t h i s  s e c t i o n  has been t o  u t i l i z e  t h e  systcm designs and t rade-o f f  

s tud ies  p r e v i o u s l y  done by the  BDM-Mi.:telahuser team as we1 1  as L ~ Q  

o t h e r  pub l i shed  and p r o p r i e t a r y  s t u d i e s  i n  t h e  Team's l i b r a r i e s .  These 

re fe rence  data  have been reviewed and those re ferences which a r e  most 

appl  i c a b l  e  t o  t h e  re fe rence  f a c i  1  i t y  have been i d e n t i f i e d  and summarized 

i n  Table V.B.3. 

b. System I d e n t i f i c a t i o n  

NASA-MARSHALL has p rov ided  def  i n i  t i o n  o f  t he  cand idate  

system which comprise t h e  i n t e s r a t e d  f a c i l i t y  and have been cha rac te r i zed  

i n  t h i s  t ask .  Table V.B.4 i d e n t i f i e s  these Candidate Systems. 
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TABLE V .B . 3 .  REFERENCES 

10. VU A?-916 t*- 

11. PU u-* to t a w  

11. 1173-1 U-W ru- 

i b .  ?- W I Y U l  

I c n h . n s l  
hwl OLI 
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TABLE V.8.4. NASA SYSTEM IDENTITY 

1. COAL PREPARATION AND FEEDING 
2. 5r : .  l F I C A T I O N  - KOPPERS-TOTZEK COAL G A S I F I C A T I O N  PROCESS (TEXACG) 
3 ? " ' l T I A L  GAS CLEANUP & COOLING 

A C I D  GAS REMOVAL 
SULFUR RECOVERY AND T A I L  GAS TREATMENT 
AIR SEPARATION 
COMPRESSION 
PROCESS SOLIDS TREATMENT (DEWATERING) 
iNCINERATOR 
INSTRUMENTATION AND CONTROL 
COAL HANDLING 
SOLIDS WASTE RECYCLING/DISPOSAL 
BY-PRODUCT PROCESSING 
PLANT POWER SYSTEM 
STEAM GENERATION/DISTRIBUTION 
WATER SUPPLY 
WATER COOLING SYSTEM 
WASTE WATER TREATMENT 
GENERAL F A C I L I T I E S  
ALTERNATE PRODUCTS 
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Data repor ted  i n  the l i t e r a t u r e  and s tud ies has been based on 

a more d i sc re te  l e v e l  o f  u n i t  operat ions.  I n  o rder  t o  manipulate tt?e 

repor ted data as l i t t l e  as possible,  the BDM-Mittelhauser Team i d e n t i f i e d  

the p e r t i n e n t  u n i t  operat ions t h a t  are t y p i c a l l y  inc luded i n  a  Coal 

Gas i f i ca t i on  F a c i l i t y  and obtained cos t  and system charac te r i za t ions  on 

t h a t  basis,  Table V . C . l  i d e n t i f i e s  the u n i t  operat ions t h a t  were used t o  

sumnarize data f o r  t h i s  repor t .  The sumnarized data have been repor ted 

on the u n i t  operat ion l e v e l .  

c. System D e s c r i p t i o ~  

A b r i e f  desc r i p t i on  o f  each u n i t  operat ion was prepared 

and inc luded i n  the Coal Gas i f i ca t i on  Data Catalog (Appendix A ) .  

Each desc r i p t i on  addresses the cos t  and design d r i v e r s  o f  

the  u n i t  operations, as we l l  as issues o f  c r i t i c a l  technology. 

Preparat ion o f  f a c i l i t y  cos t  estimates and l i f e  cyc le  

cos t ing  requ i res  an es t imat ion  o f  f a c i  1  i t y  operat ing and maintenance 

costs.  The costs can be broken down on a u n i t  operat ian basis, bu t  they 

a re  usua l l y  estimated based on t o t a l  c a p i t a l  investment o f  the f a c i l i t y .  

A comnon es t imat ion  p r a c t i c e  i s  t o  represent the var ious costs elements 

i n  t h i s  category as a  percentage o f  the equipment i n s t a l l e d  c a p i t a l  

cost. Maintenance expense i s  usua l l y  est imated as 1  t o  6  percent o f  

c a p i t a l  investment w i t h  a  60/40 mate r ia l  t o  labor  s p l i t .  

For t h i s  reason, the references t h a t  were nost app l i cab le  

t o  a  coal g a s i f i c a t i o n  p r o j e c t  were reviewed and the q u a n t i t a t i v e  operat ing 

and maintenance costs were repor ted as a  func t ion  o f  t o t a l  i n s t a l  led 
c a p i t a l  . 

2. - Raw Mater'al A n a l y s i r  

An analys is  o f  raw mate r ia l  requirements has been performed 

f o r  each system t h a t  has been character ized tc. i d e n t i f y  the type, quan t i t y ,  

qua1 i ty ,  etc., o f  raw mate r ia l  (o ther  than coa l )  requ i red  t o  support the 

TVA Coal Gas i f i ca t i on  F a c i l i t y .  
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These raw mate r ia l  requirements have been descr ibed as to :  

I d e n t i t y  of raw m t e r i a l  

Quan t i t y  o r  consumption o f  each raw ma te r i a l  

Source 

Costs 

A v a i l a b i l i t y  

0 Shipping requirements. 

Appendix A sumnarizes the data. 

3,  Byproducts Market Analysi s  

A market analys is  was performed f o r  the byproducts from the 

TV.4 Coal Gas i f i ca t ion  F a c i l i t y .  Since the p l a n t  i s  n o t  conceptua l ly  

designed, and the by-products are dependent on process type and design, 

quan t i t i e s  o f  the by-products are no t  inc luded i n  t h i s  r epo r t .  The 

gener ic p r i ce ,  use, and fu ture market expectat ions a re  as given i n  Appendix A 

f o r  the byproducts considered i n  t h i s  analys is .  Oxygen i s  a  poss ib le  

expor t  because a l l  modules w i l l  no t  become operat iona l  a t  the same t ime 

and a l l  the oxygen produced w i l l  no t  be consumed u n t i l  the e n t i r e  f a c i l i t y  

becomes operat iona l .  Oxygen, n i t rogen,  argon and carbon d ixo ide  a re  

t rea ted  as gases, and t ranspor ta t ion  by pipe1 i ne  o r  t ruck  i s  no t  considered. 

Tar, slag, and ash contents are no t  defined, therefore they a re  t rea ted  

gener ica l  ly. Sulphur i s  an excel l e n t  byproduct candidate f o r  marketing. 

Conclusions from the by-product market analys is  are:  

0 Quan t i f y i ng  TVA reg ion  market penet ra t ion can on l y  

be done if quan t i t y  a d  spec i f i ca t i ons  o f  byproduct 

a re  known. 

0 Gases w i l l  have t o  be l i q u e f i e d  o r  t ransported by p i p e l i n e  

over r e l a t i v e l y  sho r t  d istances ( l i q u e f a c t i o f i  costs  have 

n o t  be 6etermi ned) . 
a Most o f  the byproducts w i l l  probably be used by new 

i ndus t r i es  l oca t i ng  near the  Murphy H i l l  s i t e .  
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r Not c l e a r  i f  TVA would s e l l  byproducts d i r e c t l y  t o  consumers, 

most probably would s e l l  t o  d i s t r i b u t o r s  a t  f a c i l i t y  

fence. - - I 
e TVA design c r i t e r i a  spec i f ies  on ly  t ruck  and barge tr.:nsportation, , . I 

however r a i l  costs are included. 

Slag and ash would probably be impounded unless environmental , 

cons t ra in ts  on u t i l i z a t i o n  are relaxed. 

r Tar could be converted t o  f u e l  f o r  i ndus t r i es  dur ing 

na tu ra l  gas c u r t a i  lment. 

r Sulphur i s  a  p r i c e  byproduct candidate f o r  marketing. 

Gases w i l l  probably have t o  be p u r i f i e d  fo r  market sales. 

4. A1 ternate Product Analysis 

Complete f a c i  1  i t y  economic analys is  requi res the i nves t i ga t i on  

o f  poss ib le  a1 ternate products. Methane, methanol, hydrogen, and gasol ine 

have been i d e n t i f i e d  as poss ib le  candidates. The systems needed t o  

produce these opt ions have been character ized i n  the same manner as the 

MBG systems. Table V.8.5 i s  the system breakdown used t o  ob ta in  cost  and 

charac te r i za t ion  data i ' ~ r  the a1 ternate product opt ions. 

The approach taken i n  charac te r i z ing  the a1 ternate products 

opt ions was the same as was used i n  the MBG case. The primary d i f fe rence  

was t h a t  the references ava i l ab le  t o  ob ta in  in format ion were f a r  less  i n  

t h i s  sect ion. Table V.B.3 o f  t h i s  r e p o r t  contains the i d e n t i f i c a t i o n  of 

references used i n  t h i s  subtask. One d i f fe rence  from the MBG case i s  

t h a t  operat ion and maintenance (O&M) cos t  data were obtained d i r e c t l y  

r a the r  than as a p ropor t ion  o f  c a p i t a l  costs. 
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TABLE V. B .  5 .  ALTERNATE PRODUCTS SYSTEM I D E N T I F I C A T I O N  

SYSTEM -- 

\ - 

I .' 
1 

I.'. 

; 1 
J. 

S H I F T  CONVERSION 
METHANATI ON 
GAS DRY I NG 
METHANOL SYNTHESIS 

GASOLINE SYNTHESIS 
HYDROGEN RECOVERY 
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SENSITIVITY ANALYSIS 

1. I n t r o d u c t i o n  

E f fec ts  on c o s t  were analyzed f o r  t h e  s e n s i t i v i t y  cases d e f i ~ e d  

i n  Table V.C.1. The a n a l y s i s  was conducted f o r  t h e  Koppers- 

Totzek process as representa  L ive  o f  a1 1 t h e  processes. 

2. Methodology 

The same procedures were used t o  generate s e n s i t i v i t y  r e s u l t s  

as were used i n  t h e  a n a l y s i s  o f  t he  base case, w i t 9  some except ions :  

0 C a p i t a l  Cost. The 59% increase was a p p l i e d  t o  t h e  p resen t  

va lue o f  c a p i t a l ,  and t h e  remaining computations o f  UAE 

and product  p r i c e  conducted as f o r  t h e  base case. 

e Operat ing  a n d c o a l  Costs. The v a r i a t i o n s  i n  these two 

ca tegor ies  were a p p l i e d  t o  the  p resen t  va lue o f  t he  

r e s p e c t i v e  subcategory o f  t o t a l  Q&M. 

0 Byproduct Value. S u l f u r  c r e d i t s  were used t o  reduce t h e  

present  va lue o f  t o t a l  O&N. 

0 S u l f u r  i n  Product  Gas. The a c i d  gas removal system 

c a p i t a l  and O&M cos ts  were generated as i n p u t  t o  t h e  

approach used fo r  MBG base case c o s t i n g .  

0 Product  Gas Pressure. Compression system c a p i t a l  and O&M 

cos ts  were sca led t o  account f o r  t he  v a r i a t i o n  i n  p ressu re  

and the  base case methodology f o l l o w e d  us ing  the  new 

i n p u t .  

A l l  o t h e r  cases, such as the  economic e v a l u a t i o n  f a c t o r  v a r i a t i o n ,  

were reruns o f  t h e  base case w i t h  d i r e c t  m o d i f i c a t i o n  t o  t h e  parameters 

as i n p u t  data.  

3. S e n s i t i v i t y  Resu l ts  

The r e s u l t s  a r e  sumnarized i n  Table V.C.2 f o r  p roduct  p r i c e  

e f f e c t s .  The Table shows t h a t :  

e The g r e a t e s t  impact occurs when the economic f a c t o r  i s  

increased t o  ;!03. This  r e s u l t s  i n  an increase o f  p roduc t  

p r i c e  i n  constant  1980 d o l l a r s  t o  $9.17 from t h e  base 

case va lue o f  56.64, an increase o f  38. I"<. 
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I *  
The n e x t  most s i g n i f i c a n t  impact i s  due t o  se rv i ce  f a c t o r  

changes. A t  a 60% s e r v i c e  fac tor ,  t he  product  p r i c e  

increases by 23.3'; t o  a value of $8.19. The increase 

acce lera tes  as the s e r v i c e  f a c t o r  drops. 

r The t h i r d  most s i g n i f i c a n t  impact i s  the  502 coa l  cos t  

increase,  which r a i s e s  the  product  p r i c e  18.3:. t o  57.86. 

e A c lose  fou r th  i s  the 50% increase i n  opera t ing  costs,  

producing a 15.92 increase i n  product  p r i c e  t o  $7.70. 

r A c a p i t a l  cos ts  increase of 25% has o n l y  h a l f  the  

impact of the opera t ing  c o s t  increase.  The r e s u l t i n g  product  

p r i c e  i s  57.21, an 8.63 increase over  the base case. 

Small impacts of  6" o r  l e s s  a re  obta ined from the  v a r i a t i o n s  due t o  

sa le  of  s u l f u r ,  changes i n  t ~e des ign /cons t ruc t ion  per iod,  changes i n  

opera t ing  1 i f e ,  reduc t ion  of s u l f u r  i n  the product  gas, and v a r i a t i o n  

i n  product  gas pressure. 

D e t a i l e d  r e s u l t s  are  presented i n  Table V.C.3 t o  V.C.21. 

One r e s u l t  deserves spec ia l  comment. The ex tens ion of  o ~ e r a t i n g  l i f e  has 

oppos i te  e f fec ts  on UAE and product  p r i c e  as shown i c  Tables V.C.13 and 

V.C. 14. The reason i s  t h a t  p r i c e  e s c a l a t i o n  i n  the extended years 

i s  so g r e a t  t h a t  1380 p r i c e s  have t o  drop t o  keep revenues from exceeding 

cost .  By con t ras t ,  the UAE must r i s e  t o  account f o r  the increased present  

value of O&M costs,  
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TABLE V.C.1. SENSITIVITY ANALYSIS APPLIED TO COST OF GAS 

COAL COST 

CAPITAL COST VARIATION 

OPERATING COSTS 

SERVICE FACTORS (BASE CASE = 90%) 

BYPRODUCT VALUE 

DESIGN/CONSTRUCTION PERIOD PER NOBULE 

OPERATING L I F E  YEARS 

SULFUR I N  PRODUCT GAS 

PKOilUCT GAS PRESSURE 

ECONOMIC EVALUATION FACTOR 

INCREMENT 

+ 50% 

+ 252 

80%, 70%, 602 

SEE TABLE BCLOW 

+ 1 YEAR - 
+ 5, +10 

TO 1.0 PPM 

MAX = 8 0 0  p s i  

M IN  = 200  p s i  I/ 
T.B.D. 

BY-PRODUCT VALUES FOR SENSIVITITY ANALYSIS / 
SULFUR, $/TON 70.00 

SULFURIC ACID, SITON 60.00 

AMMONIA (ANHYDROUS ) , $/TON 130.00 

NAFHTHA (1 20-320°F) ,  $/GAL 0.80 

LIGHT O I L  (300-700°F) $/GAL 0.80 

TAR ( 7 0 0 C F ) ,  $/GAL 0 .60 

PHENOLS, $/GAL 0.75 

COAL FINES, SITON 80: OF ROM COAL COST 

EXPORT POWER, c/kWh SAME AS COST TO PLANT 

METHANOL, c/GAL 3 5 

- 
1/ LOWEST PRACTICAL VALUE ABOVE 200  p s i  PE.WITTED BY DESIGN CONSTRAINTS 
- (CONTRACTOR TO RECOMMEND VALUE). 

2/ EXCEPT FOR COAL FINES AND ELECTRIC POWER, ESCALATE GYPRODUCT VALUES AT - 
SAME RATE AS COAL PRICES. 
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! TABLE V ,C,2. SUMMARY OF SENSITIVITY RESULTS ON PRODUCT PRICE 

CASE - 
VARIATION OF PRODUCT PRICE 

PRODUCT PRICE - FROM BASE CASE 

i 1980SlMMBTU) ( 1 9 8 0  $/MMBTU) 

1 BASE CASE (90% S e r v l c e  F a c t o r )  6.64 

COAL COST INCREASE 

I BY 50% 7.86 

CAPITAL COST INCREASE 

BY 2 5 2  7.21 

OPERATING COSTS INCREASE 

BY 50: 7.70 

SERVICE FACTOR 

80: 7.03 

70% 7.53 

60% 8.19 

SALE OF SULFUR BYPRODUCT 

AT $73/TON 6.43 

VARIATION I N  DESIGN1 

CONSTRUCTION PERIOD PER 

MODULE 

+ 1 YEAR 6.79  

- 1 YEAR 6.51 

VARIATION OF OPERATING L I F E  

+ 5 YEARS 6 .40  

+10 YEARS 6.25 

REDUCE SULFUR I N  PRODUCT 

GAS TO 1.0 PPS 6.81 

PRODUCT GAS PRESSURE 

(BASE CASE = 6 0 0  p s i )  

200 p s i  6 .32  

8 0 0  p s i  6.75 

ECONOMIC EVALUATION FACTOR 

(BASE CASE = 12;;) 

8% 5.82 

16; 7 .75  

2 0 5  9.17 
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TABLE V.C.3.  CASE 1 - SENSIT IV ITY  ANALYStS - YARlATION OF COAL COST (+50~) 

KOPPERS-TOTZEK 

1 FEEDSTOCK ANNUAL REQ. 
(WBTU/Y R )  

COAL COST (S/MMBTU) 

ANNUAL FEED COST 
I 

TOTAL ANNUAL OdM 
I Wpy (FEEDSTOCK) 
I 

TOTALpy CAP1 I A L  
I AND O&M 

PROOUCTION (MMBTU/YR) 

PRODUCTION PRICE 
I 
, ( $1 980/MMBTU ) 
I UAE COST OF SERVICE , 

($/MMBTU 1 

BASE CASE SENSIT IV ITY  X CHAbGE 

SAME -0- 

7.86 +18.3% 

LEVEL 

MODULE 

- - ASSUMPTION 

MPIJLE 

MODULE 

YACILITY 

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  



THE BDM CORPORATION 

TABLE V-C.4. CASE 7- .* SENSITIVITY ANALYSIS - VARIPTIOF; OF CAPITAL COST (+25fU) 
I ' 

i 
t KOPPERS-TOTZEK BASE CASE SENSITIVITY % CHANGE LEVEL 

OEPRECIABLE 1900.26 2375.33 +25% FACILITY ASSUMPTION 
INVESTMENT PV 

NONOEPRECIABLE 53.31 66.64 +25% FACILITY ,ISSUMPTION 
!NVESTMENT pV 

CAPITAL COSTS py 1953.57 2441.97 +25% FACILITY . 

TOTAL CAPITAL AND 5670.39 61 58.79 +8. 6% FACILITY 

OiSM PV 
PRODUCTION (WBTU/YR) 90,082,584 SAME -0- FACILITY 

PRODUCT PRICE 6.64 7.21 +8.6% FACILITY 
($1 980/MMBTU) 

COST OF SERVICE 17.79 19.32 +8.6% FACILITY 
($/MMBTU) 



THE BDM CORPORATION 

". 
TABLE V.C.5. CASE 3 - SENSITIVITY ANALYSIS - VARIATION OF OPERATING COSTS (+50%) 

hOPPERS-TOTZEK BASE CASE SENSITIVITY % CHANGE LEVEL 

TOTAL ANNUAL O&M 47.240 70.860 

I (LESS FEEDSTOCK 
CAT & CHEM) 

O&MpV (LESS FEEDSTOCK 1804.64 2706.96 

CAT & CHEM) 
i TOTAL O&M COSTSpV 3716.82 4619.14 

, TOTAL CAPITAL AND 5670.39 6572.71 

I O@"PV 

I 
PRODUCTION (MMBTU/YR) 89,082,584 SAME 

PRODUCT PRICE 6.64 7.70 
($1 98O/MMBTU 1 

L 
UAE COST OF SERVICE 17.79 20.62 

I (S/MMBTU) 

+50% MODULE ASSUMPTION I 

+50% FACILITY 

+24.3% FACILITY 

FACILITY +15.9% 

-0- FACILITY 

+15.9% FACILITY 

+15.9% FACI LITY 



TABLE V.C.6. CASE 41 - SENSITIVITY ANALYSIS - VARIATION OF SERVICE FACTOR 
(80% OF TOTAL PLAN OPERATING CAPACITY ) 

BASE CASE SENSITIVITY % CHAffiE LEVEL 

-. 

F A C T ~ ~  

FEEDSTOCK W L  36.07~10~ 32 .06~10~ 
-11.1% mlouu 

RE@JIRMNT 
1.25 -0- -- 

COAL WIT COST 1.25 
(S/neTU) 

ANNUL FEEDSTOCK COST 45.087 40. o n  -11.1% mlDULE 

CAT 6 CHU HW?UP .252 .224 11.1% MODULE 

TOTAL f EEDSTOCK, 45.339 40.301 
-11.1% MODULE 

. - 
CAT a a E n  

ELEC PWR REQ (annu) 836,906.670 743.919.W -11.1% *aouu 
.027 -0- -- 

ELEC PW UNIT COST .027 
(S/an) 

ELEC PWR COST 22.596 20.086 
-11.1% MODULE 

WATER REQUIREMENT 1513.728~10~ 1345.536~10~ -1 1 1% WOUu 

.-. . . - 
O/KGAL) 

WATER COST 1.211 1.076 -11.1% MODULE 

2.250 2.117 - 5.9% MODULE 
W I N  b GEN'L PLANT 

47.238 44.463 - 5 . s  MODULE OW (LESS FEED, 
- CAT/CWU) 

92.577 84.764 - 8.4% MODULE 
TOTAL OW 

1901. W 1690.26 -11.1% FACILIrY wPv (FEEDSTOCK) 
10.64 9.45 -11.1% FACILITY ow,, (CATaCHEn) 

1912.18 1699.71 -11.1% FACILIn 
SUBTOTAL 

851.35 756.76 -1 1.1% FACILITY 
ELEC mpv 

17.16 15.25 -11.1% FACILIrY WATER COSTDv 
88.28 83.09 -5.9% FACILITY N n I n  a GEV'L PUV(Tpv 

owpv ! ' _ E j j  FEEOSTOCK 1804.64 1702.95 -5.6% FACILITY 

CAT a cnEn) 
5670.39 5333.02 -5.9% FACILITY TOTAL CAPITAL AN0 

OW COSTSpv 
~RODUCTION (mTu/YR) 22,520,646 20,018.353 -11.1% FACILITY 

+ 5.9% FACILITY 
PROOUCT PRICE 6.64 7.03 

( s l  980/mBTU) 
17.79 18.82 + 5.9% FACILITY IJAE COST OF SEWICE 

PRICE ( Y M T U )  



TABLE Y.C.7. 

KOPPERS-TOTZEK 

CASE 4b - SENSITIVITY ANALYSIS - VARIATION OF SERVICE FACTOR 
(70% OF TOTAL PLANT OPERATING CAPACITY) 

BASE CASE SENSIT IV ITY  X CHANGE LEVEL 

OPERATIM CAPACITY 
FACTOR 

f EEOSTOCK A N N U L  
REQUIREMENT 

COAL UNIT COST 
(S /neTU)  

A W L  FEEDSTOCK COST 

CAT 6 CHEM M E - U P  

TOTAL FEEDSTOCK, 
CAT 6 CMEM 

ELEC PWR REQ ( M / Y R )  

ELEC PWR UNIT COST 
( S / W )  

ELEC PVA COST 

WATER REQUIRWENT 
( C A U Y R )  

WATER-WIT COST 
(S/KGAL) 

WATER COST 

AOMIN 6 GEN'L PLANT 

O W  (LESS FEED, 
CAT/CHEM) 

TOTAL OW 

OM,, (FEEDSTOCK) 

OWpv ( C A T U H W )  

SUBTOTAL 

ELEC Wpv 

WATER COSTpv 

AOnIN L GEN'L PUNTpy  

OMpy (LESS FEEDSTOCK 

CAT b CHEW) 

TOTAL CAPITAL AN0 
OW COSTSW 

PROOUCTION (WSTU/YR) 

PRODUCT PRICE 
(S l98o /WSTU)  

UAE COST OF SERVICE 
PRICE (S/mBTU) 

FACIL ITY  A S S W T I O N  

MODULE 

MODULE -- 

m)WLE 

WWLE 

NODULE 

MODULE 

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  



I THE BDM CORPORATION 

f 

TABLE V.C.8. C A P  4c - SENSITIVITY ANALYSIS - VARIATION OF SERVICE FACTOR 
(60X OF TOTAL PLANT OPERATIHG CAPACITY) 

KOPPERS-TOREK BASE CASE SENSITIVITY X C H A m E  LEVEL 

OPERATIWG CAPACITY 
FACTOR 

FEEDSTOCK ANNUAL 
REQUI RERENT 

COAL W I T  COST 
($ / rmTU)  

M ( W L  FEEDSTOCK COST 

CAT 6 CHEn MAKE-UP 

TOTAL F EEDSTOCK. 
CAT 6 CHEn 

ELEC PVR REQ (KYW/YR) 

ELEC PUR UNIT COST 
(S / I (M)  

ELEC PUR COST 

WATER REQUIRERENT 
( W U Y R )  

WATER-UNIT COST 
(S/KGAL) 

WATER COST 

AOnIN 6 GEN'L PLANT 

O W  (LESS FEED, 
CAT/CHEM) 

TOTAL OW 

owpv (FEEDSTOCK) 

OWpy (CATKHEM) 

SU870T AL 

ELEC WRpV 

WATER COSTpv 

ADHIN 6 GEM' L PUNTpv 

OWpv (LESS FEEDSTOCK 

CAT a u E n )  

TOTAL CAPITAL AN0 
OW COSTSp, 

PRODUCTIOH (C+(BTU/YR) 

PROOUCT PRICZ 
($1 980/mBN) 

UAE COST OF SERVICE 
PRICE ( U W T U )  

FACIL ITY  ASSUMPTION 

WOULE 

WDULE 

WDULE 

MODULE -- 

m 0 u L E  

MODULE 

MODULE 

WOULE 

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  

FACIL ITY  



THE BDM CORPORATION 
I i I 

T ~ L E  v.c.9. CASE g - SENSIT~VITY ANALYSIS - VARIATION OF PRODUCT GAS PRESWRE 

KOPPERS-TOT Z E I  M E  SENSITIVITYl SENSITIVIfY2 

POWCT W PRESSURE (PSI) 600 200 800 
ACID GAS PRESSURE DROP &- 2% i3E- CAGE PRESSURE 
W E  TO ABSOLUTE COW (Amos) 14.7 
COMPRESSION OUTLET PRESSURE (PSI) 2% 14.9 d k b  
COMPRESSION INLET PRESSURE (PSI) 14.9 14.9 

OUT LET 
COMPRESSION RAT 10 42.9 16.1 56.4 

INVERSE .28571 A FORKX1.4  3.5 3.5 3.5 
, . 

BHPl BHP FACTORl ( -1) 6.74419 7. s n i z  
- 

BHP FACTOR = i(q 4.24232 5 ' BHP FA- 

BHP COMPRESSOR 1 38,500 
BHP COMPRESSOR 2 34,600 
BHP COMPRESSOR 3 
BHP COMPRESSION SYSTM %% 59.381 106,059 
GHP= .9 BHP 84,960 53,443 95,453 

SLOPE DETERMINATION 
GAS MRSEPOYER (GHP) 1 ,000 3,900 
BASE COMPRESSOR COST ($1970) 90,000 200,000 CENTRIFUGAL CWRESSION 

200,000-90.000 110000 
SLOPE (UGHP) 3900 - 1000 = = 37.931 

BASE COST ( ~ 1 0 ~ )  3.275 2.079 3.673 COST2 = CI(GHP2 - GHPI) + COSTl I 
PROOUCT GAS PRESSURE (PSI ) 600 200 800 
GnP 84.960 53,443 95,453 

CDnPRESSOR BASE COST ( ~ 1 0 ~ )  3.275 2.079 3.673 

AUXILIARY SLOPE OETEMINATION 
GAS HORSEPMR (CHP) 900 4,000 
AUXILIARY BASE COST ($1 970) 10,000 20,000 

m.ooo - 10.000 % = 
SLOPE ($/UP) 4,000 - 900 

53.443 95.453 CHP 84.960 
AUIILIARY COST ($1970) x l o 6  .281 . I00 .315 A U X ~  = MI (GHP~-GHP~ + A U X ~  

COMPRESSOR BASE COST ( ~ 1 0 ~ )  3.275 2.079 3.673 
TOTAL EQUI PnENT COST ($1 970) 3.556 2.259 3.988 
EsULFiTION TO $1900 (1 .9a)  7.069 4.491 7.928 i I .  
MOuUR COST (Xt. 15) 15.198 9.656 17.046 
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THE BDM CORPORATION 

TABLE V.C.10. CASE 5 - SENSITIVITY ANALYSIS - BYPRODUCT VALUES 

I 

i 
L 

! KCPPERS-TOTZEK BASE CASE SENSITIVITY % CHANGE LEVEL 

/ , SULFURIC ACID 

AMMON I A 
1 NAPHTHA -0- -0- -0- - - 

I LIGHT O I L  
I '  TAR 

1 PHENOLS 
I COAL FINES 

EXPORT POWER 

METHANOL 

SULFUR (TONSIYEAR) -0- 

SULFUR VALUE ($/TON) 70 .00  

--- MODULE 15,273 LB/HR 
PER MODULE 
@ 100% 

ANNUAL SULFUR REVENUE MODULE @ 90% 

MODULE 

MODULE 

MODULE 

GROSS ANNUAL O&M 

NET ANNUAL O M  

SUBTOTAL FEEDSTOCK, 
CATAHEM 

MODULE TOTAL FEEDSTOCK & 
CAT/CHEM, O&M 

O&MpV (LESS FEEDSTOCK, 
FACILITY 

FACILITY 

FACILITY 

FACILITY 

FEEDSTOCK & CAT/CHEMpV 

NET O&M 
PV 

FACILITY 

FACIL ITY  
CAPITAL COSTpV 

TOTAL CAPITAL AND 

OMPv 
PRODUCT PRICE 

($1  980/MMBTU) 
FACILITY 

FACILITY UAE COST OF SERVICE 
($/MMBTU 1 
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1 THE BDM CORPORATION 

TABLE Y .C. I I CASE 66 - SENSITIVITY ANALYSIS - OESIGN/CONSTRUCTION PERIOD 
PER MODULE ( + I  YEAR) 

KOPPERS-TOTZEK BASE CASE SENSITIVITY % CHANGE LEVEL 

MODULE ASSUMPTION CONSTRUCTION L I F E  
(MONTHS) 

FACILITY TOTAL FACILITY 
INVESTMENT 

FACILITY OTHER CAPITALIZED 
COSTS 

FACIL ITY  

FACILITY 
LAfitO RELATED COSTS 

SUB. DEPRECIABLE 
INVEST. 

FACILITY 

FACIL ITY  

FAC I LITY 

WORKING CAPITAL 

LAND 

SUB. NONDEPRECIABLE 
INVEST. 

FACIL ITY  TOTAL CAPITAL 

REQUIREMENTS 

TOTAL ANNUAL O&M COST 370.316 FACILITY 

FACI  L ITY  

r A C I  L ITY  

FACILITY 

FEEDSTOCK & CAT/CHEMpv 1 9 1  2 .18  

OTHER O&M COSTSpV 1804.64 

TOTAL O&M COSTSpV 3716.82 

FACIL ITY  

FACIL ITY  

FACIL ITY  

DEPRECIABLE 1900.26 
INVESTMENTpV 

NONDEPRECIABLE 53.31 
INVESTMENTpV 

1 TOTAL CAPITAL COSTSpV 1953.57 

FACILITY TOTAL CAPITAL AND O&M 5670.39 
COSTSpV 

ANNUAL PRODUCT (MMBTU) 90,082,584 90,082,584 - 0- FACILITY 

PRODUCT PRICE 6 .64  6.79 +2.3% 
($1 980/MMBTU) 

UAE PRODUCT PRICE 17.79 19 .45  +9.3% FACILITY 
($/MMBTU) V-24 
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THE BDM CORPORATiON I 
j TABLE V .  C. 12. CASE 6b - SENSIT IV ITY  ANALYSIS - DESIGN/CONSTRUCTION PERIOD 

PER MODULE (-1 YEAR) 

KOPPERS-TOTZEK BASE CASE SENSIT IV ITY  % CHANGE LEVEL 

MODULE ASSUMPTION CONSTRUCTION L I F E  
(MONTHS) 

F A C I L I T Y  TOTAL F A C I L I T Y  
INVESTMENT 

F A C I L I T Y  OTHER CAPITALIZED 
COSTS 

F A C I L I T Y  

F A C I L I T Y  
LAND RELATED COSTS 

SUB. DEPRECIABLE 
INVEST. 

F A C I L I T Y  

F A C I L I T Y  

F A C I L I T Y  

WORKING CAPITAL 

LAND 

SUB. NONDEPRECIABLE 
INVEST. 

F A C I L I T Y  TOTAL CAPITAL 

REQUIREMENTS 

TOTAL ANNUAL O&M COST 370 .316  F A C I L I T Y  

F A C I L I T Y  

F A C I L I T Y  

F A C I L I T Y  

FEEDSTOCK & CAT/CHEMpV 1 9 1 2 . 1 8  

OTHER O&M COSTSpV 1 8 0 4 . 6 4  

TOTAL O&M COSTSpV 3716 .82  

F A C I L I T Y  

F A C I L I T Y  

F A C I L I T Y  

DEPRECIABLE 1900 .26  
INVESTMENTpV 

NONDEPRECIABLE 53 .31  
INVESTMENTpV 

TOTAL CAPITAL COSTSpV 1953 .57  

F A C I L I T Y  

F A C I L I T Y  

TOTAL CAPITAL AND O&M 5 6 7 0 . 3 9  
COSTSpV 

ANNUAL PRODUCT (MMBTU) 90 ,082 ,584  

PRODUCT PRICE 6 . 6 4  
( S 1 9SO /MMBTU ) 

F A C I L I T Y  UAE PRODUCT PRICE 17.79 
($/MMBTU ) 



THE BDM CORPORATION 

TABLE v.c.13. CASE 7a - SENSITIVITY ANALYSIS - VARIATION OF OPERATING LIFE 
(+5 YEARS) 

KOPPERS-TOTZEK BASE CASE SENSITIVITY %CHANGE LEVEL 

i i 
OPERATING LIFE (YEARS) 22 27 +22.7% FACILITY ASSUMPTION . " 

TOTAL CAPITAL 2343.655 2343.655 -0- FACILITY 
REQUIREMENTS 

TOTl!L ANNUAL O&M COST 370.316 370.316 -0- FAC I L I  TY 

FEEDSTOCK & CAT/CHEMpV 1912.18 2181.6C +14.1% FACILITY 

OTHER O&M COSTSpV 1804.64 2069.07 +14.7% FACILITY 
i 

TOTAL O&M COSTSpV 3716.82 4250.67 +14.4% FACILITY , 

DEPRECIABLE 1900.26 1900.26 -0- FACILITY 
INVESTMENTpV 

I 

NONDEPRECIABLE 53.31 56.16 +5.3% FACILITY 
I INVESTMENTpV 

TOTAL CAPITAL COSTSpV 1953.57 1956.42 +0. 1% FACILITY 

TOTAL CAPITAL AND O&M 5670.39 6207.09 +9.5% FACILITY 
COSTSpV 

ANNUAL PRODUCT (MMBTU) 90,082,584 90,082,584 -0- FACILITY 

I PRODUCT PRICE ($1 980/ 6.64 6.40 -3.5% FACILITY 
MMBTU ) 

UAE PRODUCT PRICE 17.79 18.55 +4.3% FACILITY 

I ($/MMBTU 



I / 
THE 80M CORPORATION 

! t 

I 1 TABLE V.C.14.  CASE 7b - SENSITIVITY ANALYSIS - VARIATION OF OPERATING LIFE 
(+Iu Y t ~ H b j  

t KOPPERS-TOTZEK BASE CASE SENSITIVITY % CHANGE LEVEL 

OPERATING LIFE (YEARS) 22 32 +45.5% FACI LI7 Y ASSUMPTION 

TOTAL CAPITAL 2343,655 2343.655 -0- FACILITY 
REQUIREMENTS 

I TOTAL ANNUAL O&M COST 370.316 370.336 -0- FACILITY 

I FEEDSTOCK 6 CAT/CKEMpv 1912.18 2396.01 +25.3% FACILITY 

I OTHER OM COSTSpV 1804.64 22285.53 +26.6% FACILITY 

I TCTAL OM COSTSpv 3716.82 4681.54 +25.9% FACILITY 

DEPRECIABLE 1900.26 1900.26 -0- FACILITY 
INVESTMENTpV 

NONOEPRECIABLE 
I 53.31 57.75 + 8.4% FACILITY 

INVESTMENTpV 
I TOTAL CAPITAL COSTSpV 1953.57 1958.04 + 0.2% FACILITY 

TOTAL CAPITAL AND O&M 5670.39 6639.58 +17.1% FACILITY 
COSTSpy 

ANNUAL TRODUCT (MMBTU) 90,082,584 90,082,584 -0- FACILITY 

PRODUCT PRICE ($1980/ 6.64 6.25 - 5.9% FACILITY 

i t W ~ T U  

UAE PRODUCT PRICE 
( S/MMBTU) 

+ 8.6% FACILITY 
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THE BDM CORPORATION 

. i 
TABLE V.C.15. CASE 8 - SENSITIVITY ANALYSIS - SULFUR I N  PROOUCT GAS (TO 1.0 PPM) . i 

I 

KOPPERS-TOTZEK BASE CASE SENSITIVITY % CHANGE LEVEL . . 
1 

I 
ACID GAS REMOVAL 80.352 

SYSTEMS 

ALL OTHER SYSTEMS 1223.915 

TOTAL SYSTEM CAPITAL INV 1304.267 

SUBTOTAL DEPRECIABLE 2265.854 
INVESTMENT 

SUBTOTAL NONDEPRECIABLE 77.80 1 
INVESTMENT 

TOTAL CAPITAL 2343.655 
REQUIREMENTS 

TOTAL ANNUAL O&M 370.316 
I FEEDSTOCK & CAT/CHEMpy 1912.18 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

ASSUMPTION 

1 OTHER O U p V  1804.64 1847.48 +2.4% FACILITY I 
BYPRODUCT REVENUESpV -0- -0- -0- FACILITY I 
DEPRECIABLE 1900.26 1995.16 +5.0% FACILITY 

INVESTMENTpV 

NONDEPRECI ABLE 53.31 53.99 +l. 3% FACILITY 
INVESTMENTpV 

I 
TOTAL CAPITAL COSTpV 7953.57 2049.15 +4.9% FACILITY 

CAPITAL AND O&MpV 5670.39 5808.82 +2.5% FACILITY I 
1 ANNUAL PROOUCT (MMBTU) 90082584 90082584 -0- FACILITY 1 
I 

I PRODUCT PRICE 6.64 6.81 +2.5% FACILITY 
($1 980/MMBTU) 

UAE PRODUCT PRICE 17.79 18.23 +2.5% FAC I LITY 
(s/weru) 



Pi. UCT GAS PRESSURE (PSI 600 200 000 
An9LY1ffi USE SLOPE TO REFERENCE TOTAL SYSTEH COV 

GMP a,- 53,443 95,453 
SLOPE (S/tHP) 37.931 
REFERENCE EQUIP. COST ( ~ 1 0 ~ )  10,529 0.153 11.320 K-T DCCUENT 

R W W  FACTOR 2.15 2.15 2.15 

TOTAL S Y S T E ~  COST (110~)  22.638 17.529 24.- 

PRooUCT GAS PRESSURE (PSI) 600 200 
U P  

Mw] 
~v~ 55.381 106,059 

ICY = ~ P / 1 . 3 4 1  
BASE rcY FACILITY 
NET KU FACILITY 

ELEC W R  REQ OlOaX (KW) :X, 152. 5 80,038.5 114,846.5 

NOTES: 
(I) THERE ARC 0FF:'ETlING COSTS (+) AN0 (-1 WICH CAUSE THE ACID GAS REMVAL SYSTM 

COST DIFFERENCES TO BE WALL 

(2) WE ARE AYARE Of OESICNS OF THE SELEXOL ACIO GAS REMOVAL SYSTEMS OPERATING AT 
350 PSI. THE PRECISE LOVER PRESSURE LIMIT WICri WILL PEWIT PROOUCT TO 8E 
PRODUCED AT CURRENT SPECXFI~ATIONS WAS NOT OETE~INED IN THIS STUOY. 



THE BDM CORPORATION 

. . 
TABLE V.C.17. CASE 9. - SEWflTIVSfY ANALYSIS-VARIATION GAS PRESSURE (HIN 200 PS{ ) 

UPPERS-TOREK 

PRODUCT US PRESSURE (prl) 
COIIPRESSION SYSTErn 

ACID GAS RMVAL SYSTEMS 

ALL OTnfR SYSTEM 

TOTA!, >Y5TQ( CAPITAL IN* 

WTDTAL DEPICIMLE IW.  
WTOTAL nOnOEPRECIMLE Inv. 
TOTAL CAPITAL REQUIROlLnTS 

ELECTRIC PWER W S  ( W / Y R )  
ELECTRIC POWER COSTS 

TOTAL ANNUAL OM 

FEEDSTOCK b CAT/UIEnpv 

OTHER OUby 
gr-PROWCT RLVEWESp,, 

TOTAL oul, 

am rw -a.'n FACILIN 

00. 552 70.116 -22.6% FACILITY 

00.352 W). 352 NEGLIGIILL F K I L I W  

1133.363 1133.363 -0- FACILIN 

1304,267 1283.831 -15.7% FACILITY 

U6S.W 2212.194 -2. 4X FACILIN 

77.801 14.329 -4. S F x I L I n  

2343.655 2266.523 -2.4% F U I U N  

1912.18 1912.18 -0- FACILIW 

1804.64 1572.52 -12.9% FACILIV 

-0- -0- -0- FACILIrY 

3716.82 3081.70 -6.2% FACILITY 

DEPRECIABLE I W E S ~ N T p y  1900.26 18%. 06 -2. OT FACILIW 

WSPRECIMLE I WESlMENf pv 53.31 SO. 94 -4.4% FACILI~ 

TOTAL CAPITAL COSTW 1953.67 1907.02 -2. a f K I L I r r  

TOTAL CAPITAL mpy 5670.39 5391.73 -4.9% FACILI~ 

r ~ o l ~ ~  PROMKT ( m r u )  90,w.w 90.082.* -0- f K I L I n  

-7 ?RICE (S1980/W@N) 6.64 6.32 -4.9% FACILITY 

UAE PRODUCE PRICE (f/mfll) 17.79 16.92 -4.9% FACIilTY 
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I 
TABLE V.t.18. CASE 9b - 

m t  PRESSURE. (psi ) 

COCORESSIW SYSTW 
K I D  GAS WOYM SYSTEA 

ALL 01~Cd SYfTfm 

TOTAL SYSTEM CAPITAL INV. 

-TOTAL M P M C l M L f  1NV. 

SUBTOTAL MIIUOEPRECIMLC rm. 
TOTAL CAPITU RLQUIRWN'TS 

Of PRODUCT GAS PRESSURL 

F a I L f n  

fur L I ~  

F x I L x n  

F K I L I P I  

F K I L I T I  

FACILITI 

F M I L I R  

F K l L I T I  

ELECTR~C W R  R[)I1Ts (M/YR) 3 . ~ 7 6 r 1 0 ~  3 .621~ .x10~  6. a FACILITY e 90% OPfMTlJW 

ELECTRIC P M R  COSTS 90.364 97.784 6.a F K I L I T I  @ WX O P f M T l N  

TOTAL AMWL OM 370.316 378.472 e 2 . a  FACILITY @ rn OPEAATIOM 

1912.18 1912.18 -0- F K I L I W  f EEDSTOCR L CAT/U(Lnpv 
1804.64 1881.86 4 . 3 %  FACILITY 

OTHEII OOby 
-0- -0- -0- FACILITT 5Y-PWOuCT RNEWESpv 

3716.82 3794.04 ~ 2 . 1 %  FACILITY 
TOTAL OUIW 

OLPAtCIMLf lWfSTnEMTw 1900.26 19i4.95 4.S F K I i I T Y  

WWICPUCCIMLE IWESMNfpV 53.31 54.10 *I.= F K I L I T I  

TOTAL CAPITAL COSTpv 1953.67 ;969.05 4. a FACILITY 

5670.39 5763.09 61.6% F A C I L I n  TOTAL CAPITAL AWD OWW 

M w A L  p f t o ~ ~ ~  (mN) 90,082,584 9O.w.584 -0- F A C I L I n  

P M W T  PRICE (1198O/mfU) 6 . M  6.7s *I .Q FACILI~ 



TABLE V.C.19. CASE 10a - SWITIV1TY ANALYSIS-ECONOnlC EVALUATION FACTORdS 

EtON@tIC EVALUATIH FACTOR 

F EEOSfMKpy 

CATALYST 6 U(MICALSpv 

SUBTOTALpy 

ELECTRIC POWERpy 

WATERW 

OPERATIffi LABORpv 

OPERATIWG SUPPLIESpv 

M I N T E W E  UBORm 
IUlWTENAKE SUPPUESpv 

SUP€RVISI~W 

GENERAL PLANTpv 

NMIN & GENERALW 

PROPERTY X X F t  & INSapv 

SU8TOTALpv 

BYPROOKT RNENUESpv 

TOTAL OW COSTSW 

BASE SENSITIVITY % CHANGE LEVEL 

FACILITY 'ASSWTION 

FACILITY . 
FACILITY 

FACILITY 

FACILITY 

FACILIN 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITf 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

DEPRECIABLE INVESTENTpv 1900.26 2162.95 +13. a FACILITY 

WNREPRECIABLE INVESTMENTW 53.31 60.20 +13.1% FACILITY 

TOTAL CAPITALpv 1953.57 2223.23 +13.81 FACILITY 

CAPITAL iUO OW COSTSpy 5670.39 8958.81 *5811 FACILITY 

W L  PROOUCT (mBN) 90.W.584 90,082.584 -0- FACILITY 

PROW1 PRICE ($1 980/mBN) 6.64 5.82 -12 .S  FACILITY 

UAE P m  PRICE (S/MTU)  17.79 1 6.84 -5. JX FACILITV 



THE BDM CORPORATION 

KOPPERS-TOREK 

TABLE V.C.20. M E  l o b  - S U J S I T I Y ~ T Y  ANALYSIS-ECONONIC EVALUATION FACTOR-16% 

ECOMmIC EVALUATION FACTOR 

FEEOSTOCI(W 

CATALYST h CHWIu\LSpv 

SUBTOTALpv 

ELECTRIC POWERpv 

WTERpv 

OPERATIWG UBORpv 

OPERATIK; SUPPLIESpv 

M I N T E N M E  LABORpv 

N A I N T E W E  SUPPLIESpv 

SUPERVISIOWW 

GENERAL P W T p v  

ADHIM h GU(ERALpy 

PROPERTY TAXES h INS.pv 

SUBTOTALpy 

BYPROWCT REVENUESpy 

TOTAL Obn COSTSpv 

DEPRECIABLE INVESTHENTpv 

WONDEPRECIABLE INVESTMENTpy 

TOTAL CAPITALpy 

CAPITAL AH0 OW COSTSpv 

mu: PRODUCT (CUBTU) 

PRODUCT PRlCE ( 1 1 9 8 0 / W T U )  

U A t  PROOUCT PRICE (S/mBTU) 

BASE S E N S I T I V I M  LEVEL 

FACIL ITY  ASSUMPTION 

FAC,l L ITY  

FAL IL ITY  

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 
FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

F A C I L I N  

FACILITY 

F A C I L I N  

FACILITY 

FACILITY 

F A C I L I N  

FACILITY 

F A C I L I N  
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TMLE U.C.21. CASE IOc  - SEHSlTIYlTY ANALYSIS-ECON(*IIC EVALWLTlON FACTOR-20% 

CCOlYmIC EVALUATION FACTOR 

FEEDSTOCKW 

CATALYST b CHEMItALSpv 

SUBTOTALpy 

ELECTRIC POWERpv 

WATERpv 

OPERATIWC W R W  

OPERATIS SUPPLIESpv 

WINTEWmE W R W  

MInTE)(AnCE SUPPLIESpv 

SUPERVISIONpv 

GENERAL PUNTpy 

A N I N  b GENERALpy 

PROPERTY TAXES 6 INS,pV 

SUBTOTALpv 

BYPROOUCT REVEMESpv 

TOTAL OM COSTSW 

FACILITY A S S w T I O N  

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 

FACILITY 
FAC I L ITY 

FACILITY 

FACILITY 

FACILITY 

FACILIPI  

FACILITY 

F A C I L I U  

OEPRECIABLE INVESMNTpv 1900.26 1482.M 
- 2 2 . a  F A C I L I M  

NONOEPRECIABLE INVESmENTpv 53.31 35.77 -32.9% FKXLITY 

TOTAL CAPITALpv 1953.57 1518.41 - 2 2 . 3  FACILITY 

CAPITAL AN0 OW COSTSpv 5670.39 2869.72 
-49.4.X FACILITY 

W L  PROOUCT ( W m )  90,002,584 30,082,584 -0- FACILITY 

PROOUCT PRICE ($1980/mBTU) 6.64 9.17 +U). 1% FACXLITY 

UAE PROOWlT PRICE ($/mew) 17.79 21.69 +21.% FACILITY 
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CHAPTER VI 

ALTERNATE PRODUCTS ANALYSIS 

A. PURPOSE A N D  APPROACH 

The purpose of th i s  analysis i s  to  provide cost estimates for  
potential a ' ternative products to aid in product mix and process techno- 
losy decisions for  the f a c i l i t i e s .  Designs were developed a t  two levels ,  

preliminary and defini t ive.  Prel iminary designs and cost estimates were 

developed by factoring flows and cost versus capacity from representative 
systems i n  previously pub1 ished designs. The defini t ive designs were 

prepared in accordance with the conceptual design methodology described 
i n  Chapter IV. 

The prel iminary designs were developed as "add-on" ~ilodules , i .e., 

as separate plants receiving MBG "over the fence," produced t o  TVA 

specifications. This approach was based on the assumption that  a l t e r -  

nate product production would function as a temporary load leveler while 
the demand for MBG grows to equal plant capacity. The product costs ,  

however, are based on the assumption that  the al ternate product  nodules 

are operated a t  90 percent of design capacity for 20 years, the l i f e  of  

the MBG module. The defini t ive design were developed as ful ly integrated 

plant. Three se ts  of cases were developed as follows: 

I .  Koppers-Totzek and Texaco Single Product Faci l i t ies  

Koppers-Totzek t o  methane : prel imi nary 

Koppers-Totzek to  methanol : preliminary 

Koppers-Totzek to gas01 ine : prel irninary 

Koppers-Totzek to  hydrogen : preliminary 

Texaco to methane : prel imi nary 

Texaco to methanol : prel imi nary 

Texaco to gas01 ine : preliminary 

Texaco to hydrogen : preliminary 
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11. Lu rg i  S ing le  Product F a c i l i t i e s  

Lurg i  

Lu rg i  

t o  methane : p r e l  in i inary 

t o  methanol/methane : p r e l  i n i n a r y  

111. Mixed Product F a c i l i t i e s  

Koppers-Totzek and Texaco t o  
MBG and methane : d e f i n i t i v e  

Koppers-Tot:ek t o  MBG and methane : d e f i n i t i v e  

The cos t  r e s u l t s  f o r  each se t  are discussed i n  the  fo l low ing  sect ions,  

and the  designs a re  b r i e f l y  summarized. A d e t a i l e d  d iscuss ion o f  the 

designs and associated analyses and t radeof fs  t h a t  l e d  t o  spec i f i c  

process se lec t ions  i s  presented i n  Appendix G. 

1 The po ten t i a l  marketdbi 1 i ty o f  the  a1 te rna te  products i s  discussed 
I 
I i n  Chapter V I I I .  

KOPPERS-TOTZEK AND TEXACO SINGLE PRODUCT FACILITIES 

Add-on modules were designed f o r  methane, methanol, gasol ine,  and 

hydrogen f o r  both the Koppers-Totzek and Texaco gas i f i e r s .  The t o t a l  

p l a n t  cons is ts  o f  four add-on modules appended t o -  the MBG p lan ts  as 

described i n  Chapter 11. For the cos t  eva luat ion i t  i s  assumed t h a t  

the  p l a n t  produces on l y  the a l t e r n a t e  product over the e n t i r e  l i f e  of 
the  p lant ,  w i t h  a 90: on-stream factor.  

1. Cost Evaluat ion 

I n  every instance, the Texaco products a re  less  c o s t l y  than 

the  Koppers-Totzek products. This i s  due t o  the  considerably h igher  

e f f i c i e n c y  o f  the Texaco gas i f i e r ,  as evidenced i n  the h igher  product 

y i e l d .  The h igher  product y i e l d  and lower operat ing cos t  of the Texaco 

g a s i f i e r  more than compensate f o r  i t s  h igher  c a p i t a l  cost .  

The cos t  o f  methane, methanol , and hydrogen per m i  11 i on  BTU 

are approximately equal (hydrogen i s  somewhat h igher  f o r  Koppers-Totzek) 

w i t h  gasol ine being about 20% higher.  Capi ta l  cos t  con t r ibu tes  about 
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KT - TEXACO 

METHANOL 
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GASOL I NE 
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NOTE : 1) Costs are for  t o t a l  plant,  based on a single module design with add-on f a c i l i t y .  

2 )  A l l  costs are i n  mi l l ions o f  dollars.  

* Instant Plant 

Figure VI.B.l .  Koppers-Totzek and Texaco Single Product Plant Costs 
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40% o f  the  p r i ce ,  and operat ions and maintenance and fue l  about 60%. As 

a f r a c t i o n  o f  p r i ce ,  Koppers-Totzek operat ing costs are h igher  than 

Texaco, due t o  Koppers-Totzek's lower e f f i c i e n c y  . Consequently, Koppers- 

Totzek i s  more vu lnerab le  than Texaco t o  unan t i c ipa ted  p r i c e  increases 

i n  coal .  

2. Descr ip t ion  o f  Designs 

a. I n t r oduc t i on  

A s i m p l i f i e d  b lock  f l ow diagram i s  presented f o r  each 

a1 te rna te  product add-on fac i  1 i ty . Design de ta i  1 s and analyses a re  

provided i n  Appendix G. The f i r s t  f o u r  cases represent add on modules 

f o r  methace, methanol, gasoline, and hydrogen. Although the  diagrams 

shown are f o r  Koppers-Totzek, they a l so  apply t o  the  corresponding 

Texaco cases, except t h a t  Texaco does n o t  r equ i r e  compression f o r  methane. 

b. Methane 

The ob jec t i ve  o f  t h i s  design i s  t o  def ine the  process and 

costs r e l a t e d  t o  the  product ion o f  p i p e l i n e - q u a l i t y  (h igh  BTU) gas'. The 

i n p u t  t o  the  process i s  MBG cons is t ing  p r i m a r i l y  of H2, CO, C02, H20. 

H2S and COS. The output  i s  f u l l y  interchangeable h igh  BTU gas o r  methane. 

The convent ional  approach i s  t o  s h i f t  the CO t o  C02, 
remove the  a c i d  gas, and then p e r f o n  methanation. The advantage here 

i s  t h a t  proven technology can be used. The disadvantage i s  t h a t  water 

i s  condensed from the  process stream twice, r e q u i r i n g  ex t r a  steam. 

The f i n a l  approach se lected i s  t o  modify the conventional 

approach such t h a t  a c i d  gas removal proceeds s h i f t  fo l lowed by methanation 

and a f i n a l  C02 removal. The advantage i s  the same as f o r  the combined 

s h i f t h e t h a n a t i o n  scheme discussed above, w i t h  the added b e n e f i t  o f  

being ab le  t o  use proven equipment. The advantage of t h i s  approach i s  

t h a t  the steam i n j e c t e d  ahead o f  the s h i f t  stays i n  the gas. However, 

an e x t r a  C02 removal s tep i s  required. 

Compression and d ry ing  i s  requ i red  t o  meet f i n a l  pipe1 i n e  

spec i f i ca t ions .  Drying i s  a low cos t  i tem and needs t c  52 the l a s t  

process i n  the o v e r a l l  system. However, the  p o s i t i o n  of the  compressor(s) 
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i n  the  system must be determined and several l oca t ions  a re  poss ib le .  

Compression p r i o r  t o  ac i d  gas removal lowers the AGR cost,  b u t  requ i res  

the compression o f  the  s u l f u r  gases and the  COY Cowpression between 

the AGR and methanation lowers methanation costs  and there  i s  less  gas 

t o  compress a f t e r  COZ and s u l f u r  gas removal . However, i t  i s  s t i  11 

necessary t o  compress H, and CO r a t h e r  than the CH4. Compression a f t e r  

methanation requ i res  t h a t  on ly  one-hal f  t he  volume o f  gas be compressed. 

Based on these fac to rs ,  i t  was decided t o  compress t o  p i p e l i n e  pressure 

o f  1000 ps i g  a f t e r  methanation, s ince t he  synthesis gas i s  ava i l ab l e  a t  

600 psig.  

c. Methanol 

The design ob jec t i ve  f o r  methanol product ion i s  t o  produce 

a fuel-grade methanol w i t h  a p u r i t y  o f  more than 95% (wt.)  from MBG con- 

s i s t i n g  p r i m a r i l y  o f  Hz, CO, C02, H20, HzS, COS. Ex t ra  b igh  p u r i t y  

(g rea te r  than 99% w t .  1 i s  n o t  requi red.  

There a re  two process s tep a l t e rna t i ves  f o r  a methanol 

synthesis system. The f i r s t  i s  AGR fo l lowed by s h i f t ,  C02 removal and 

methanol synthesis.  The second i s  a s h i f t  fo l lowed by AGK and then 

methanol synthesis. An eva lua t ion  o f  these a1 te rna t i ves  ind ica ted  t h a t  

the add i t i ona l  cos t  f o r  another C02 removal s tep i n  op t ion  1 made op t i on  

2 more a t t r a c t i v e .  Therefore, the second a1 t e r n a t i  ve was chosen. 

d. Gasoline 

The ob jec t i ve  o f  t h i s  design i s  t o  produce a motor qua1 i ty 

gasol ine wh i l e  c rea t i ng  a minimum of byproducts t h a t  have maximum market- 

a b i l i t y .  

There are two a1 te rna te  process-s tep sequences avai  1 ab le .  

The Mobil M process dehydrates methanol. The second a l t e rna te ,  Fischer-  

Tropsch synthesis,  i s  d i r e c t  synthesis of CO and H2  t o  a spectrum cf  

1 iqu ids.  Fischer-Tropsch synthesis requi res upgrading o f  tt,o r eac t i on  

products by means o f  one o r  more of the  r e f i ne r y - t ype  orocesses, i n -  

c lud ing  hydrot reat ing,  isomerizat ion,  reforming, and po lymer izat ion.  
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I :  
The Mob11 M process has been selected over Fischer- 

Tropsch f o r  a New Zealand synfuels complex. Based on t h i s  and a compara- 

t i v e  economic study reviewed by the team, Mobi l M was chosen f o r  the 

gas01 i ne  synthesi s process, 

e, Hydrogen 

The object ive o f  t h i s  design i s  t o  produce h igh p u r i t y  

hydrogen (99%) f o r  f ue l - ce l l s  o r  hydrotreat ing service. 

The required process steps i k i ~ d e  s h i f t  conversion t o  

produce hydrogen, and ac id gas removal t o  minimize COZ content, 

The selected process i s  AGR fol lowed by a high temperature 

s h i f t  and a pressure-swing-adsorption (PSA) process. 

LURGI-METHANE AND LURGI-METHANE-METHANOL 

1. Cost Evaluation 

These cases were developed t o  examine the vo ten t ia l  economic 

benef i t  o f  taking advantage o f  the high methane y i e l d  of the Lurgi 

g a s i f i e r  by oroducing the methane as a product and converting the re-  

maining gas t o  methanol. The cost  resu l ts  show tha t  the mixed methanel 

metnanol case resu l t s  i n  a lower product cost per m i l  1 ion 6TU. The 

economic value o f  the two-product a1 te rna t i  ve depends on re1 a t i ve  market 
pr ices f o r  the two products, assuming there i s  a market for  both. The 

product competit ive evaluat ion i n  Chapter V I I I  indicates tha t  methanol 

market pr ices may range from the same as methane, i n  d i r e c t  competit ion 

for  clean b o i l e r  fuel ,  t o  higher than methane as a subs t i tu te  for  d i s t i l -  

la te ,  o r  even higher as a gasoline blending stock. I n  the l a t t e r  two 

cases, the combined methane/methanol p lan t  would show a c lea r  econsmic 

advantage over a methane only f a c i l i t y .  

2. Descript ion o f  Design 

The Lurgi-to-methane has the same block flow diagram as the 

hsccers-'iotzek t o  methane module described ea r l  i er. The main di f ference 

i n  performance i s  t ha t  the methane i n  the Lurgi  medlurn 9TU gas w i l l  pass 

unchanged through the s h i f t ,  ac id gas removal, methanation, and drying/ 

compression stages. There i s  1 i t t l e  methane i n  the ~ o p ~ e r s - l o t z e k  NBG. 
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The block diagram f o r  Lurgi  t o  methane and methanol i s  shown 

i n  Figure V I  .C.6. As before, the methane passes through unchanged. 

Acid gas removal i s  required f o r  deep s u l f u r  removal t o  avoid deact ivat ing 

the methanr 1 synthesis and methanation cata lysts .  As shown e a r l i e r ,  the 

methanol s;'nthesis produces a " fuel  gas" byproduct which i s  essent ia l l y  

excess hydrogen t h d t  occurs na tura l l y  i n  the Lurgi  MBG. The C02 byproduct 

from acid gas rmova l  i s  combined w i th  t h i s  hydrogen i n  the methanation 

stage t o  y i ? l d  methane and water. I n  the l a s t  stage, the water i s  

removed and the gas % sio~rpressed t o  pipe1 i n e  pressure. 

0. KOPPERS-TOTZEK AND TE;;ACO COMBINED METHANE AND MBG 

1. 1 ntroduct ion 

The purpose o f  t h i s  analysis was t o  examine a f a c i  1 i t y  tha t  

can produce e i t he r  SNG o r  MBG, a t  the d e f i n i t i v e  design leve l .  Two 

cases wc'e examined; Koppers-Totzek gas i f i ca t i on  only, and mixed Koppers- 

Totzek and Texaco. The f a c i l i t y  consicts of four  5000 ton per day MBG 

modules f2eding an upgrading p lan t  producing MBG. I n  the f i r s t  case, 

a l l  four  nodules use Koppers-Totzek gas i f ie rs .  I n  the second case, the 

second, t h i rd ,  and four th  modules use Texaco gas i f ie rs .  The design 

guide1 ines are as fol lows: 

a The f i r s t  two f a c i l i t y  modules must be designed to  produce 

100% MBG, 100% SNG, o r  a mixture o f  both. 

a Any o f  the four  f a c i l  i t y  modules must be capable o f  feeding 

the MBG Upgrading Plant. 

a The MBG Upgrading Plant sha l l  be integrated w i th  the remainder 

of the Coal Gasif icat ion F a c i l i t y ,  ra ther  than being designed 

as an ddd-on plant. 

2.  Cost Evaluation 

The cost  f igures show a c lear  economic advantage t o  incorpor- 

a t i ng  the Texaco gasi f iers.  As described e a r l i e r ,  t h i s  resu l t s  from the 

higher e f f i c iency  and lower operating cost  o f  the Texaco gas i f i e r ,  which 
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KOPPLR-TOTZEK/SNG & MbC 
I N I E C H A T E D  F A C l L I l Y  

I N S T A N T  P L A N T  COSTS ( I N  M I L L I O N  D O L L A R S )  
T O T A L  F A C I L I T Y  I N V E S  IMENT 1735 
r o ' r ~ l -  CAI'I TAL RCQUIR~MEN'IS 2 5 7 9  

OBM co:'rs (IN MILLION DOLL.ARS) 
FEEDSTOCK h C A r A L Y S T  & C H E M I C A L S  
OTI IER O h M  
T O T A L  O&M 

HBG ANNUAL P R O D U C l  (101;  B T U )  
SNG ANNUAL PRODUCT (10 B I U )  

-=z 
I N T E G R A T E D  F A C I L I T Y  PRODUCT P R I C E  

l-4 ($/MMBrU) ( I N  CONSTANT 1380 OOLLARS)  $ 8.02 
t 
4 

P 

K-T/TEXACO/SNG & MUG 
IN'I ECRATEG F A C I L I T Y  

NOTES: 
( 1 )  A L L  ORM COSTS, A N N U A L  I'HOO(!Cl AIl l )  PROIIUCT I'HICES ARE FOR I ' l l €  F A C I I . 1 T Y  A T  30 PERCENT 

O P E R A l I N G  C A P A C I T Y .  
( 2 )  A1.L C O 5 T S  ARE I N  M I I . L I O N S  OF 00LI.AR: UNLESS OI t IERWIS1.  N 0 7 C D .  

Figure V I . D . 1 .  Sur~~nlar-y ot F a c i  1 i t y  Co:tt, tor  I r ~ t e ! ~ r O t e d  C a n d i d d t e  Processes I 
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! 
more than compensates f o r  i t s  h igher  c a p i t a l  cost .  The f r a c t i o n  of 

annual BTU's going t o  MBG o r  methane i s  s l i g h t l y  d i f f e r e n t  i n  the  two 

cases, r e f l e c t i n g  small d i f fe rences  i n  gas composit ion and gas stream 

condl ti ons . 
There i s  a c a p i t a l  cos t  "penal ty"  associated w i t h  the  des i red 

f l e x i b i l i t y  t o  use any o f  the  f o u r  modules w i t h  the upgrading p l a n t  and 

t o  make up t o  100$ SNG. As described below, the Acid Gas Removal Systems 

i n  a l l  f ou r  modules are spec i f i ed  t o  achieve deep s u l f u r  removal ( t o  

avo id  damaging ca ta l ys t s  i n  the  upgrading u n i t s )  , a1 though on l y  two 

modules would supply MBG f o r  upgrading a t  any one time. 

3. Descr ip t ion  o f  Design 

The r e s u l t i n g  in tegra ted  Koppers-Tct-ek and Texaco modules a re  

i l l u s t r a t e d  i n  Figure V I .D .2 .  and VI.D.3. The sequence of processing 

steps t o  upgrade MBG t o  methane i s  s h i f t ,  fol lowed by ac i d  gas re~noval ,  

f o l  lowed by methanation. For Koppers-Totzek the gas i s  compressed p r i o r  

t c  the  s h i f t .  The designs and design t r adeo f f s  a re  descr ibed i n  d e t a i l  

i n  Appendix G. 

The design task began w i t h  the a1 ready-cornpi e ted Reference 

Faci 1 i t y  ilesigns, described i n  Chapter I I I. These desigrls were examined 

f o r  i n t e g r a t i o n  p o s s i b i l i t i e s  i n  the l i g h t  o f  o ther  previous analyses of 

SNG as an a1 te rna te  product from K-T and Texaco gas i f i ca t i on ,  The 

examination revealed t h a t  the  major candidate f o r  system i n t e g r a t i o n  was 

System 4, Acid Gas Removal. The manufacture o f  SNG requ i res  a methana- 

t i o n  c a t a l y s t  which has 1 i t t l e  o r  no s u l f u r  to lerance, therefore essent- 

i a l l y  complete removal o f  a l l  s u l f u r  compounds i s  requ i red  upstream of 

the  methanat-ion system. For t h i s  reason, the Acid Gas Removal Systems 

i n  the Reference F a c i l i t y  Designs, which had been designed f o r  a 200 

ppmv t rea ted  gas s u l f u r  concentr&t ion,  were rep1 aced by systems designed 

f a r  a maximum t rea ted  gas s u l f u r  concent ra t ion o f  1 ppmv. The remainder 

o f  the s u l f u r  removal was designed t o  be done i n  the Methanation System. 

Because o f  the requirement t h a t  each module be capable o f  feeding the 

MBG Upgrading Plant ,  a1 1 o f  the  Acid Gas Removal System i n  each fac i  l i t y  
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were replaced, Integrat ion o f  other systems between the MBG F a c i l i t y  

and the Upgrading Plant was purposely mininiized t o  allow for the MBG/SNG 

f l e x i b i l i t y  desired by TVA. 



CHAPTER V I I  

SCHEDULING ANALYSIS 

THE BDM CORPORATION 

A.  - REFERENCE FACILITY SCHEDULES 

The TVA g a s i f i c a t i o n  p l a n t  p r o j e c t  i s  designed t o  be completed i n  

increments based on a f ou r  independent module concept. While some systems 

serve the e l i t i r e  f a c i l i t y ,  the design i s  such t h a t  each module can be 

operated alone. A1 so, Module 1  w i  11 be completed and operat ing p r i o r  t o  

completion o f  Module 2 and so f o r t h  f o r  the t o t a l  f a c i l i t y .  

A system l e v e l  schedule assessment has been completed. Figures V I  I -A-1 

through VII-A-7 present the r e s u l t  o f  t h i s  analysis.  I t  should be noted t h a t  

t h i s  analys is  i s  based on general experience being app l ied  t o  the sub jec t  

p ro j ec t .  There has been no d e f i n i t i v e  i n v e s t i g a t i o n  i n t o  such items as 

l o c a l  l abor  const ra in ts ,  cu r ren t  shop lead times and o ther  f ac to r s  l i k e l y  

t o  in f luence  the f i n a l  p r o j e c t  schedule. Nevertheless, these schedules 

a re  appropr ia te  f o r  e a r l y  p r o j e c t  p lanning and can serve t o  high1 i g h t  

p s t e n t i a l  bot t lenecks o r  cons t ra in ts .  Dotted extensions of  a c t i v i t y  schedule 

estimates serve t o  i l l u s t r a t e  the e f f e c t s  o f  longer completion times. 

I n  add i t i on  t o  present ing a c t i v i t y  t ime requirements, the schedules a1 so 

i 11 us t r a t e  intersystem dependence. I tems which a re  assessed t o  be c r i t i c a l  

w i t h  regard t o  schedule completion have been emphasized by heavy l i n e s .  Over- 

a1 1, the p r o j e c t  schedule i s  based on se lec t ing  an A/E con t rac to r  i n  the 

four th  quar te r  o f  1980. Completion o f  cons t ruc t ion  and t e s t i n g  o f  Module 4 

i s  then scheduled f o r  mid-1987. 

The fo l lowing discussion elaborates on the r e s u l t s  o f  the ana lys is  and 

the i n t e r p r e t a t i o n  o f  the f igures.  

1  . M i  1  es tones 

The program development methodology encompasses the estab l  ishnlent 

o f  a  s p e c i f i c  se t  o f  time s t ruc tu red  elements scheduled f o r  completion a t  

predesignated dates. To fac i  1  f t a t e  e f f e c t i v e  program management o f  system 

development, and t o  ensure management review o f  program sta tus,  a  s e t  o f  
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o b j e c t i  ve o r i en ted  mi lestones have been es tab l  ished. These mi lestones 

inc lude:  

(1  ) Program Requirements Review (PRR) 

(2 )  P re l im inary  Design Review (PDR) 

( 3 )  C r i t i c a l  Design Review (C3R) 

( 4 )  Operat ional  Readiness Review (ORR) 

(5 )  S t a r t  o f  Comerc ia l  9 ~ e r a t i o n s  (SCO) 
a, Prsgram Requirements Review (PRR) 

The PRR w i l l  be a veh ic le  f o r  review and approval of the 

comp:ete systems requirements f o r  a l l  funct ions t o  be performed by the  coal  

g a s i f i c a t i o n  f a c i l i t y .  I t  w i l l  occur f ou r  months from the s t a r t  date and 

w i l l  present f o r  program management approval a complete Funct ional  

Descr ip t ion,  a Test Plan and a l i s t  o f  system de l i ve rsb les  r e l a t e d  t o  both 

the t o t a l  systems and i n d i v i d u a l  module development. 

b. Pre l  i m i  nary Design Review (PDR) 

The PDR w i l l  occur twelve months a f t e r  the s t a r t  date and a t  

t h i s  t ime program management w i l l  review the complete system and subsystem 

designs. A l  1 system and subsystem spec i f i ca t i ons  w i  11 be completed i n  

d r a f t  form f o r  review. The Test Requirements w i l l  be approved a t  t h i s  

review. Construct ion o f  w e l l  def ined systems such as coal  handling, so l i ds  

disposal ,  p l a n t  power, general f a c i l i t i e s  may begin s h o r t l y  a f t e r  the POR 

and p r i o r  t o  the c r i t i c a l  design review. 

c. C r i t i c a l  Design Review (CDR)  

Twenty months from the s t a r t  date, a CDR w i l l  be he ld  t o  

approve a l l  spec i f i ca t ions .  The d r a f t s  presented a t  the POR w i l l  be 

rev ised  as necessary t o  meet program development requirements, and s p e c i f i -  

ca t ions  w i l l  be def ined t o  the subsystem l e v e l .  The f i n a l  vers ion of 

system, subsystem, and t e s t  ~ ~ e c i f i c a t i o n s  w i l l  be approved a t  the COR. 

Approval o f  the CDR w i l l  mark the i n i t i a t i o n  o f  major cons t ruc t ion  a c t i v i t y  

f o r  a l l  systems no t  already s ta r ted .  The f i n a l  designs and spec i f i ca t i ons  

prov ide the necessary guidance and i n s t r u c t i o n s  f o r  remaining program 

development a c t i v i t i e s .  
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1 

d. Operational Readiness Review ( O R R 1  

This mi les tone i s  the fou r th  t o  be reached and occurs 

approximately 51 months from the program s t a r t  date. The ob jec t i ve  of the 

ORR i s  t o  review completed system acceptance t e s t  r e s u l t s  t o  determine 

operat iona l  readiness o f  each module. Complete program documentation 

review i s  a lso  performed dur ing t h i s  review. Fol lowing the ORR a s i x  month 

per iod  o f  module t e s t i n g  wi  11 commence. 

e. S t a r t  o f  Commercial Operation (SCO) 

The SCO cons t i t u t es  the f i n a l  phase of program development. 

The r e s u l t s  o f  module t e s t i n g  and eva lua t ion  w i l l  be reviewed and com- 

merc ia l  operat ion o f  each module w i  11 commence. Tota l  f a c i l i t y  management, 

operat ion,  maintenance, and l o g i s t i c  support w i  11 p r o c e d  i n  accordance 

w i t h  the conceptualized standard operat ing procedures, f a c i  1  i t y  operat ing 

i ns t r uc t i on ,  system sa fe ty  plans, and qua1 i t y  assurance requirements. 

2. Master Schedule 

The major program development a c t i v i t i e s  and t h e i r  t ime phased 

r e l a t i o n s h i p  t o  each o f  the f ou r  system modules i s  shown i n  the Coal Gasi- 

f i c a t i o n  Faci 1  i t y  P ro j ec t  Master Schedule (F igure VII-A-2). Spec i f i c  major 

a c t i v i t i e s  inc lude  engineering procurement, const ruct ion,  and t es t i ng .  

A1 so inc luded a re  the program mi lestones and t h e i r  associated dates. 

8. LOGIC NETS 

The f o l  lowing schedule l o g i c  nets have been prepared: 

(1)  Sbmmary Diagram. This shows p r o j e c t  mi lestones and an overview 

o f  the engineering, procurement, cons t ruc t ion  and t e s t i n g  of the 

t o t a l  fac i  1  i t y .  

( 2 )  Module I General F a c i l i t i e s  and O f f s i t e  Systems. Engineering, 

procurement, cons t ruc t ion  and t e s t  phases are shown. 

( 3 )  Modules I - I V .  I nd i v i dua l  nets a re  given f o r  the engineer ing 

through t e s t  cycle.  
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( 4 )  Management and Planning Functions, This ne t  addresses contract . ; 
moni to r ing  select ion o f  AIEs, and other management and planning 

. . 
funct ions; 

( 5 )  Design, Procurement, Construction. The major act1 v i  t i e s  i n  
. . 

designing, procuring and construct ing the f a c i  1 i t y  are scheduled, 

There are two major concerns w i th  regard to  the overa l l  plan: 

(1) I t  i s  important t o  insure tha t  a l l  possible ear ly  construct ion i s  

completed before the l a s t  equipment arr ives, i ,e., maintain 

overlap between del i ve ry  and construct ion. 

(2) Gasif icat ion, gas cleaning, and ac id  gas removal are time- 

consuming to test ,  and w i l l  requi re a r e l a t i v e l y  long time before 

a t ta in ing  design scale equi l ibr ium. 

Other c r i t i c a l  schedule factors were i den t i f i ed :  

(1)  Module I - General f a c i l i t i e s  and o f f s i t e  systems. There i s  a 

need f o r  systems tes t ing  f o r  cost hand1 ing, so l ids  disposal and 

byproduct processing beyond what i s  shown, This tes t ing  w i l l  

have t o  be proport ionately more than f o r  the p lan t  power system. 

( 2 )  Module I - Engineer/prccure/construct/test . Gasi f icat ion i s  the 

most r ti t i c a l  function, p a r t i c u l a r l y  when needed tes t ing  i s  

added. 

( 3 )  Module 11, I11 and IV. The Gas CleanupICooling system i s  the 

most c r i t i c a l  . The systems tes t ing  requirement may not  a f f o r d  

time f o r  slippage o r  adequate test ing.  Procurement and con- 

s t ruc t ion  might be star ted e a r l i e r  t o  ease the t i g h t  schedule. 
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Figure VII-A-4. Module I Schedule 
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CHAPTER V I I I  

PRODUCT COMPETITIVE EVALUATIONS 

A. I n t r oduc t i on  and Background 

The purpose o f  t h i s  task i s  t o  prov ide a  p re l im inary  assessment 

o f  the p o t e n t i a l  competit iveness o f  the  candidate products c+ the TVA 

coal  g a s i f i c a t i o n  p lan t .  The ana lys is  i s  based on pro jected na t iona l  

average p r i ces  f o r  competing fue ls ,  and comparisons o f  these p r i ces  w i t h  

pro jected product costs f o r  the  g z s i f i c a t i o n  p lan t .  This analys is  does 

no t  address the p o t e n t i a l  s i ze  o f  the market. Add i t i ona l l y ,  t ranspor t -  

a t i o n  and d i s t r i b u t i o n  costs o f  the g a s i f i c a t i o n  products a re  n o t  inc luded 

i n  the comparisons. 

B. Estimated Gas i f i ca t i on  P lan t  Product Pr ices 

The estimated product p r i ces  f o r  g a s i f i c a t i o n  p l a n t  products 

are shown i n  F igure V I I I  .B .l. These p r i ces  are developed i n  the designs 

and cos t  estimates documented i n  Chapter 111, V,  and V I .  The p r i ces  a re  

express2d i n  1980 d o l l a r s  and represent the p r i r o  i n  constant 1980 

d o l l a r s  t h a t  would recover the cos t  o f  se rv ice  o f  the p lan t .  Thus, the 

corresponding nominal o r  cu r ren t  p r i c e  would increase i n  p ropor t ion  t o  

the general r a t e  o f  i n f l a t i o n .  

C. Selec t ion  o f  Competing Fuels 

F igure V I I I  .C.1 . sumnarizes the r a t i o n a l e  f o r  the se lec t i on  o f  

fue ls  w i t h  which the g a s i f i c a t i o n  p l a n t  products might  compete. :ledium 

BTU gas (MBG) would compete w i t h  o ther  i n d u s t r i a l  b o i l e r  fue ls .  Yethane 

would compete w i t h  o ther  sources o f  new gas suppl ies f o r  gas u t i l i t i e s .  

The h ighest  p r i c e  a  gas u t i l i t y  would pay for '  new gas would be determined 

i n  p a r t  by the h ighes t  p r i ced  competing f u e l .  D i s t i l l a t e  f o r  space 

heat ing i s  by f a r  the most s i g n i f i c a n t  .h igh ly  p r i ced  f u e l  competing w i t h  

na tu ra l  gas. 

Methanol has a  wide v a r i e t y  o f  uses. I t  can compete w i t h  

d i s t i l l a t e  dnd na tu ra l  gas as a  b o i l e r  f u e l ,  tu rb ine  f ue l  and chemical 

feedstock. Add i t i ona l l y ,  i t  can be blended i n t o  gasol ine o r  used as a  

pure motor f ue l .  Use o f  methanol f o r  a1 1 these appl i ca t i ons  i s  expected 

t o  grow d ramat i ca l l y  over the next  ten  years. Methanol can a lso  be 

converted t o  gas01 i ne. 



---- _ _ . - . _ . _ _ - .  ---- -_-_ -------------- -, 
GASIFIER ---- MBG PRICE ----- 

K-T 6 . 6 4  

TEXACO 5.00 

UABCOCK & W I L C O X  6 . 3 9  

SLAGGING LURGI 4.31 

LURGI 5 . 4 4  

ALTERNATE PRODUCTS ----- -- - - -  KOPPERS-TOTZEK TEXACO -- 

METHANE 8.03 7 . 6 3  

METHANOL 8.08 7 .54  

(iASOL INE 11.21 9 . 0 4  

---- - -----I_--- .-. __ .- .. - -  - - - -  --.-- .- 

F i g u r e  V I I I . B . l .  G a s i f i c a t i o n  P l a n t  Product  Costs,  $1980/WdBTU 
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D. Projected Prices for  Competing Fuels 

Prices f o r  competing fue l s  a r e  tabulated in Figure VIII '0.1, 

2,  and 3 .  Projected world o i l  prices a r e  l i s t e d  in  Figure VIII.D.7. 

Except where otherwise s p e ~ i f i e d ,  prices a r e  taken from the Energy 

Information Administration 1979 Annual Report t o  Congress, Vol. 3 ,  

00E/ElA-0173(79)13. All o i l  and gas prices a r e  expressed in  1980 dol la rs  

per million btu. Power i s  given in  1980 cents per kilowatt  hour. In I 
most cases,  the low, medium and high prices 1 i s ted  by EIA fo r  each year 1 
a r e  shown ( these  do not correspond t o  spec i f i c  cases given by EIA, but 1 
represent a composi t e )  . 

World o i l  prices range from no real increase in  the low scznario 

t o  a doubling o f  the real pr ice i n  the high scenario over the operating 

l i f e  of the plant.  Fuel o i l ,  d i s t i l l a t e  and gasoline show s imi la r  

ranges in  Figure VIII .D.8. Power cos t  var iat ions and real growth a re  

very low due t o  the high portion of costs  represented by capi ta l  recovery I 
and t o  the large ex is t ing  capi ta l  base r e l a t i v e  t o  projected growth. 

The "wholesale gasol ine" prices a r e  taken as  904 of r e t a i  1 , based on 

recent EIA data showing wholesale gasol ine a t  138'; t o  91; 3f r e t a i  1 .  
New natural gas real price increases a r e  projected t o  range 

from 25:; to  over 300% over the operating 1 i f e  of the p lac t ,  as shown in 

Figure \'I II .D. 1 . Average r e s iden t i a l ,  industrid1 and coirlmercial gas I 
pr ices  and d i s t i l i a t e  prices f o r  space heating a re  shown in Figure I 
VITI.D.1. The various gas prices a r e  s imi l a r  t o  one another, as  a r e  the 1 
resident ial  and commercial d i s t i l  l a t e .  

E . Comparison of Gasification Plant Product Prices with Competing 
Products 

The prices of gas i f ica t ion  p?ant  products a r ?  compared with 

high and low projected prices fo r  conipeting fue ls  in Figures VIII.D.3, 
0.4, 0.5 and 0.6. All pr ices  a r e  in 1980 dol la rs .  World crude pr ice  i s  

a l so  displayed in Figure '~111 .D.3 fo r  reference. For the s a l e  of 

c l a r i t y ,  only the Koppers-Totzek gas i f ica t ion  plant product prices a r e  

displayed. Other prices from Figure V I  I I .a. 1 . a re  readi ly compared, 

however, s ince the 1980 do l l a r  prices f o r  gas i f ica t ion  plant  products 

1 
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are s imply hor i zon ta l  l i n e s  on the graphs. No adjustments have been 

made f o r  t ranspor ta t ion  o r  d i s t r i b u t i o n  costs o f  the g a s i f i c a t i o n  p l a n t  

products, exept f o r  res iden ta l  d i s t i l l a t e .  I n  t h i s  case $2/MMBTU was 

subt racted from the cos t  o f  r e s i d e n t i a l  d i s t i l l a t e  t o  r e f l e c t  the cos t  

d i f f e r e n t i a l  between r e s i d e n t i a l  and w e l l  head gas (est imate obtained 

from E I A ) .  

As can be seen from Figure VIII.D.3.. MBG compares favorably 

w i t h  the mid-range p r i c e  o f  competing f ue l s  and should be h i g h l y  compet- 

i t i v e  as an i n d u s t r i a l  b o i l e r  f be l .  

While g a s i f i c a t i o n  p l a n t  methane can compete favorably on ly  

w i t h  the  h igher  p r i ced  sources ~f new gas, Figure YIII.D.4, shows t h a t  

i t  i s  h i gh l y  compet i t ive  w i t h  d i s t i l l a t e  f o r  space heat ing.  Thus, as 

na tu ra l  gas suppl ies  dec l ine,  coal  der ived methane should be a  compeii t i v e  

fue l  i n  the  space heat ing market. 

Methanol and gasol ine a re  compared i n  Figure VIII.D.5. Both 

products appear t o  be h i g h l y  i o i npe t i t i ve  w i t h  the mid-range forecasts.  

A s i g n i f i c a n t  p o i n t  i s  i l l u s t r a t e d  by the f igu re ;  t o  the ex ten t  t h d t  

methanol can be used as an abov2-average q u a l i t y  gasol ine blending 

stack, i t  i s  always more economic t o  use methanol f o r  b lending than t o  

conver t  i t  t o  gasol ine.  I n  o ther  words, coal can be converted t o  gaso- 

l i n e  more cheaply by  blending methanol than by conver t ing methanol t o  

gasol i ne. 

I n  sumnary, MBG, methanol, and gasol i ne  appear t o  be h i g h l y  

compet i t ive.  Methane i s  on ly  marg ina l l y  compet i t ive  w i t h  the h ighest  

p r i c e  competing fue is  i n  the hign-scenar io forecast .  Methanol i s  the 

most compet i t ive  a1 te rna te  f ue l ,  and i s  extremely a t t r a c t i v e  as a  gaso- 

l i n e  b lending stock. 
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CHAPTER I X  

COAL GASIFICATION FACILITY WORK GREAKDOWN STRUCTURE 

MATRIX  AND DICTIONARY 

The WBS developed f o r  t h i s  p r o j e c t  i s  designed t o  a1 low a stai ldard 

and l o g i c a l  format f o r  es t imat ing the Coal Gas i f i ca t i on  F a c i l i t y  pt*oject  

cos t  and schedule, wh i le  a t  the same t ime p e r n l i t t i n j  cos t  and economic 

comparisons o f  Coal Gas i f i ca t i on  F a c i l i t y  Systems w i t h  a1 te rna te  and 

colrlpeti t i v e  candidate systems f o r  each segnlent o f  the process p l an t .  

The colnplete WBS l l i a t r i x  and d i c t i ona ry ,  ir icludea i n  t h e i r  e n t i r e t y  

i n  Appendix I, are  surturiarized b r i e f l y  i n  the f o l l ow ing  sect ions.  

6. U6S MATRIX 

The t o t a l  W6S l i la t r ix  shown i n  Ficjure I X .  1 i s  a three-dimensional 

s t r uc tu re  t h a t  shows the i n t e r r e l a t i o n s h i p  o f  ( 1 ) the hardware e l  emerits 

dimension, ( 2 )  the phases and funct ions dimensicn, and ( 3 )  the elements 

o f  cos t  dimension. This lattit! ' dimension i s  no t  f u r t h e r  developed a t  

t h i s  t ime b u t  i s  provided t o  show the o v e r a l l  expansion c a p a b i l i t y  b u i l t  

i n t o  the U6S matr ix .  Tnis dimension w i l l  become Inore impo r td t~ t  i n  l a t e r  

years when the Coal Gds i f i ca t i on  i a c i l  i t y  p r o j e c t  approaches a Phase 111 

s t a r t  and i s  def ined t o  the ex ten t  t h a t  the elements o f  cos t  can be 

plantied and estimated w i t h  real ism. 

There i s ,  o f  course, the f o u r t h  dinlensiorl o f  t ime which canriot be 

graph ica l l y  shown bu t  must be considered a lso.  Each en t r y  on the other  

three dimensions var ies  w i t h  time, and i t  i s  nec2ssary t o  know these 

cos t  values by year f o r  budget planning and i ipproval, and t o  es tab l i sh  

cos t  s treanls fo r  d iscount ing purposes. 

While a mu1 t ip le-d imensional  approach may a t  f i r s t  appedr unduly 

ccmplex, i t  a c t u a l l y  provides bene f i t s  t h a t  f a r  outweigh any such 

concern. This s t r u c t u r a l  i n t e r r e l a t i o n s h i p  provides the capabi 1 i t y  t o  
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view and analyze the Coal G a s i f i c a t i o n  F a c i l i t y  from a number o f  d i f f e r e n t  

f i n a n c i a l  and management aspects. Costs may be summed by hardware 

groupings, phases, funct ions,  etc.  The WBS may be used i n  a number o f  

three-dimensional , two-dimensional, o r  s ing le -1  i s t i n g  format appl i ca t i ons  . 

C.  D I C T I O N A R Y  ORGANIZATION 

The Coal Gas i f i ca t ion  F a c i l i t y  W6S D i c t i ona ry  i s  d i v i ded  i n t o :  

(1  ) A graphic d i sp l ay  o f  three-dimensional WBS mat r i x  

( 2 )  The WBS hardware elements dimension o f  the mat r i x  exploded 

i n t o  the standard graphic represen ta t ion  

( 3 )  The WBS phases arid funct ions diniellsion o f  the ina t r i x  exploded 

i n t o  the  standard graphic representat ion 

( 4 )  The d e f i n i t i o n s  o f  the hardware elements dimension 

( 5 )  The d e f i n i t i o n s  o f  terms o f  the phases arld funct ions dimensiort. 

A systematic numerical coding systeni r e l a t e s  the rows of the hardware 

elenients dimension t o  the  columns o f  the phases and funct ions dinlension, 

so t h a t  a l l  ma t r i x  loca t ions  are i d e n t i f i a b l e  by WBS nualbers. 

I n  Figure I X . l  a do t  s i g n i f i e s  each ma t r i x  p o s i t i o n  t h a t  corresponds 

t o  an i d e n t i f i a b l e  task t h a t  must be completed i n  the Coal Gas i f i ca t i on  

F a c i l i t y  program. Therefore, each do t  a lso  corresponds t o  a cost  t h a t  

w i l l  be i r icurred arid rnust be accounted. 5ince each do t  corresponds t o  

one p a r t i c u l a r  column o f  the accounts ar.d phases dimension, a ionlplete 

d e f i n i t i o n  o f  any dot ted mat r i x  p o s i t i o n  i s  constructed by conibiriing the 

de f i r i i  t i ons  from the two app l i cab le  dimensions. That i s ,  t o  avoid 

r e p e t i t i o n ,  d e f i n i t i o n s  a re  provided orl ly once f o r  each hardware elenlerits 

dimension row and on ly  once f o r  each phases and funct ions dimension 

column, and a complete d e f i n i t i o n  f o r  any do t ted  mat r i x  p o s i t i o n  i s  a 

cornbina t i o n  o f  these two J e f i n i  t ions.  

The hardware elements diiiiension conta i  ns a1 1 of the pt'est'r:tl y 

def ined hardware elements o f  the Coal Gasi t ' i ca t i on  Fdz i  1 i ty broken out 
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i n t o  f a c i l i t y ,  module, and system leve ls .  Inherent  w i t h i n  t h i s  dimension 

i s  the c a p a b i l i t y  f o r  f u r t h e r  expansion t o  lower l e v e l s  such as subsystem, 

assemblies, subassemblies, components, etc,, 1 i m i  t ed  on ly  by the rea l  ism 

of t he  requirements. 

E. PHASES AND FUNCTIONS DIMENSION 

The phases and funct ions dimension i s  d i v i ded  i n t o  f i v e  major 

phases: Each o f  these f i v e  phases i s  sabsequently subdiv ided i n t o  

funct ions such as program management, engineering, const ruct ion,  t es t ,  

development support, operat ions,  etc., and each can be f u r t h e r  subdiv ided 

i n t o  subfunct ions such as design and devel opment, sys tems engineer ing 

and analysis,  manufacturing, s i t e  i n s t a l l a t i o n ,  system t e s t  and eva luat ion,  

and others.  
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CHAPTER X 

MANAGEMENT POLICY AND PROCEDURES MANUAL 

A. INTRODUCTION AND BACKGROUND 

This r epo r t  presents a review and recommendations f o r  a TVA d r a f t  

Management Pol i c y  and P~*ocedures ~ a n u a l  ' (MPPM) f o r  the  Coal Gas i f i c a t i o n  

Pro jec t  (CGP). The d r a f t  was adapted by TVA from a s i m i l a r  manual f o r  the  

C l  inch River  Breeder Reactor p ro j ec t .  

To ensure successful completion, major p ro j ec t s  requ i re  the e a r l y  

establishment o f  management p o l i c i e s  and procedures manuals. I n  most 

ot-ganizations, i t  i s  customary t o  draw up. a neb manual f o r  each p ro j ec t .  

The manual provides a c l e a r  understanding t o  a1 1 p a r t i c i p a n t s  regarding 

t h e i r  respect ive managemerit and tlepot't i ny  respons i b i  1 i t i e s  and procedures. 

The need f o r  formal documentation i s  g r e a t l y  enhanced t o  the  exter l t  the 

p r o j e c t  has the f o l l o w i ~ i g  chat -acter is t ics :  

( 1 )  Large 

(2 )  Technology new t o  the p r o j e c t  personnel 

( 3 )  New pt'oject o rgan iza t ion  and team o f  personnel 

(1) Mu1 t i p l e  p a r t i c i p a t i n g  organizat ions 

( 5 )  Uncertain d e f i n i t i o n  o f  the end product o f  the p ro j ec t .  

TVA's coal g a s i f i c a t i o n  p r o j e c t  has a l l  these cha rac te r i s t i c s .  Addi- 

t i o n ~ l l y ,  i t  i s  a f i r s t - o f - a - k i n a  p l a n t  i n  the Uni ted States. Conse- 

quent ly ,  a MPPM i s  essen t ia l  t o  assure e f f e c t i v e  i n t e g r a t i o n  o f  the  organi-  

za t iona l  elements of the TVA CGP. 

O V E R V I E W  OF MANAGEMENT PCLICY AND PROCEDURES MANUAL 

For most large p ro j ec t s ,  several l eve ls  o f  management plans are 

required. The Level I manual, ou t l i ned  i n  Figure X.B.1,  i s  the MPPM f o r  t h e  

pr-oyram manager. It def ines the nature and o rgan iza t io r~  o f  the over>al l  
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p r o j e c t ,  descr ibes the  r e s p o n s i b i l i t i e s  of  each o rgan iza t iona l  element, and 

lays  o u t  a  master schedule and PERT c h a r t  f o r  each major management a c t i v -  

i t y .  The Level I 1  manuals e s t a b l i s h  the same in fo rmat ion ,  p l u s  d e t a i l e d  

d e f i n i t i o n  o f  management procedures, f o r  each o f  the  organi  ;at ion elements 

r e p o r t i n g  t o  the  program manager. Level I11 p lans e s t a b l i s h  management and 

r e p o r t i n g  procedures f o r  the  implementing o rgan iza t ions  , p a r t i c u l a r l y  con- 

s t r u c t i o n ,  operat ions and maintenance. The phase, f u n c t i o n  and subfunct ion 

categor ies  a re  the  same ones t h a t  appear i n  the  Work Breakdown S t r u c t u r e  

descr ibed i n  Chapter I X .  F igure  X.B.2 i l l u s t r a t e s  a  format t h a t  i s  a p p l i c a b l e  

t o  a l l  t h ree  l e v e l s  f o r  desc r ib ing  t h e  assignment o f  r e s p o n s i b i l i t i e s .  

F igure  X.B.3 shows a  d e t a i l e d  example o f  the  b o l d  o u t l i n e d  p o r t i o n  of F igure  X.B.2 

based on the  hypo the t i ca l  o rgan iza t ion  i l l u s t r a t e d  i n  F igure  X.A.1. Figur-e X.B.4 

prov ides a  rep resen ta t i ve  1  i s t  o f  t he  management subfunct ions t h a t  are 

t y p i c a l l y  inc luded i n  t h e  Level I manual. The -- Level I MPPM must 'be devel-  

oped be fo re  the  Level I 1  and - I11 m?nuals can be com~ le ted .  Consequently, 

the  Level I p l a n  i s  the  pr imary  focus o f  t h i s  eva luat ion.  

DESCRIPTION OF LEVEL I MPPM 

The program d e f i n i t i o n  s e c t i o n  es tab l i shes  the  general program objec- 

t i v e s ,  o rgan iza t ion  c h a r t  and s t a f f i n g ,  background and d e s c r i p t i o n  o f  the 

program, and program c r i t e r i a  o r  s p e c i f i c a t i o n s .  The d e s c r i p t i o n  t y p i c a l l y  

inc ludes a  b r i e f  general overview o r  summary o f  the  major elements o f  the  

p r o j e c t  such as the s i t e ,  technologies,  capac i t y  and schedule. The c r i t e -  

r i a  inc ludes p r o j e c t  s p e c i f i c a t i o n s  s i m i l a r  t o  those prov ided i n  the  Design 

C r i t e r i a  pub l ished by TVA i n  March, 1980. I n  the  program a c t i v i t i e s  sec- 

t i o n ,  each o f  the program a c t i v i t i e s  l i s t e d  i n  F igure  X . B . 4  i s  b r i e f l y  de f ined  

and r e s p o n s i b i l i t i e s  are  es tab l i shed  as i l l u s t r a t e d  i n  Figures X.6.2 and X . B . 3 .  

F i n a l l y ,  a  master schedule and PERT c h a r t  f o r  the program i s  inc luded.  

F igure  6 conta ins  an example from BDM's systems engineer ing master p l a n  f o r  



1 . 0  PROGRAM D E F I N I T I O N  

1 . 1  PROGRAM OBJECTIVES 

1 . 2  PROGRAM ORGANIZATION 

1 . 3  PROGRAM BACKGROUND AND D E S C R I P T I O N  

1 . 4  PROGRAM C R I T E R I A  

2.0 MANAGEMENT TASKS 

2 . 1  ENUMERATION AND D E S C R I P T I O N  

2 . 2  R E S P O N S I B I L I T I E S  

3.0 MASTER SCHEDULE S PERT OF MANAGEMENT TASKS 

F igure  X .U .1 .  Level I Management Plan O u t l i n e  
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R Recipient o f  the Work Prod~rct (This Relat ionship Involves the Transfer o f  

Information -- Not Any Coordinat ive Responsibility) 

Figure X . B . 2 .  tlsnsqe!icnt Respons ib i l i t i es  



Figure X.U.3.  Detai led Example of Bold Outlined Sectiorl i n  Figure X . B . 2  
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PROGRW DEFINITION 

ADMINISTRATION 

PROGRAM CONTROL 
MAHACEYIENT CONTROL 

X 
I SYSTEM 

OOCUNENTATION 
CONTROL ANL 
RECORDS MANAGEMENT 

PRODUCT ASSURANCE 

EXAMPLES OF LEVEL I A C T I V I T I E S  EXAMPLES OF LEVEL I 1  A C T I V I T I E S  

PROGRAM OBJECTIVE 
C R I r E R I A  DOCUMENTS 
PROJECT ORGANIZATION 
F A C I L I T Y  CONCEPT 

CONSTRUCTION CONTRACTORS O E f I N I T l O N  
CONSTRUCTION CONTRACTORS SELECTION 
CONTRACTS MONITORING AND I N l E G R A l I O N  
F A C I L I T I E S  AND EQUIPMENT TESTING AND 

ACCEPTANCE 
INTEGRATED OPERATIONAL TEST AN0 

ACCEPTANCE 

ADHINISTRA'TIVE RESPONSIB IL IT IES  STAFFING 
PLAN PAYROLL 

ACCOUNT I NCI 
PROJECT OFFICE F A C I L I T I E S  

POLICY AND GENERAL GUlDANCE FOR: 
-MILESTONE SCHEDULES 
-COST SCHEDULE 
-F INANCIAL  CONTROL 
-CONFIGURATION CONTROL 
-PROCUREMENT CONTROL 

DEVELOPS AND PROVIDES 
OOCUMENTATION CONTROL 
REQUIREMENTS 

PREPARE IMPLEMENTATION PLANS I N  
WITH GENERAL GUIDANCE PROVIDED BY 
PROGRAM OFFICE 

-DETAILED TIME AND COST SCHEDULE 
-F INANCIAL  CONTROL 
-CONFIGURATION CONTROL 
-PROCUREMENT 

DEVELOPS AND IMYl.E#ENTS S P E C I f  I C  
REQUIREMENTS AN!? PROCEOUWES FOR 
CONPRACTORS AND GOVERNMENT PERSONNEL 
TD FOLLOW 

PRODUCT ASSURANCE PROGRAM PLAN DEVELOPS IMPLEMENTATION PLAN TO INCLUDE: 
I * 8 

-CONTRACT PROVISIONS. DOCWENTAT ION, 
INSPECTION SERVICES, PROGRAM INTER- 
FACES AND CONTRACTOR REPORTS 

Figure X . B . 4 .  I1 l u s t r a t i v e  Hanage~~er r t  S u b f u r ~ c t i o n s  
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EXAMPLES OF LEVEL I A C T I V I T I E S  

QUALITY ASSURANCE PROGRAM PLAN 
-Q. A. C R I T E R I A  

ADVANCE BUDGET REQUIREHENTS 
8UDGFT PLANNINC 
SOURCE L I S T  

OEF I N €  L O G I S T I C S  CONCEPTS 
F E A S I B I L I T Y  STUDIES 
L I F E  CYCLE/ECONOMIC COST 

ISSUE N O r I C E  OF INTENT 
PREPARE E I A  

I D E N T I F Y  AREAS OF STANDARDIZATION 
INTERCHANGEABILITY SPECIF ICATIONS 

ESTABLISt1 C R I T E R I A  FOR MAJOP 
MAJOR SUBSYSTEM JESTING 
SYSTEM ACCEPTANCE TEST PLAN 

PREPARE C R I T E R I A  DOCUMENT 
ANb OUTLINE GENERAL T R A I N I N G  
REQUIREMENT3 

4 ; I  l u s t r a t i v e  Management Subfunc 

EHAMPLES OF LEVEL I 1  A C T I V I T I E S  

DEVELOPS IMPLEHENTATION PLAN TO 
INCLUDE: 
-SYSTEM/EQUIPMENT I D E N T I F I C A T I O N  

PROCEDURES 
-CONTRACTOR REPORTING REQUIREHENTS 
- INSPECTION SERVICES 
-Q. A. C R I T E R I A  

LONG LEAD PROCUREMENT 
DESIGN CONTRACT AWARD 
S I T E  PROCURENENT P L A W l f f i  

SYSTEMS L O C I S T I C S  PLANS 
INTEGRATED L O G I S T I C S  SUPPORT 

DEVELOPHENT 
SPARE PARTS PROVISIONING COST ANALYSIS 

PREPARE DRAFT S I T E  S P E C I F I C  E I S  
PREPARE S I T E  S P E C I F I C  E I S  
REQUEST PERHITS 
CONDUCT PUBLIC IIEARINGS 

DEVELOP CRITERIA/PROCEDURES 
COMPILE SOURCE DATA 

DEVELOP TEST PROCEDURES 
PREPARE IHPLEHENTING PLANS 
DETERMINE RESOURCE REQUIREMENTS 

OEVELOPHENT S P E C I F I C  T R A I N I N G  
REQUIREMENTS BASED ON METHOD OF 
OPERATION AND WH ANALYSES 

t i ons (Continued) 



PROGRAM A C T I V I T Y  - EXAMPLES OF LEVEL I A C T I V I T I E S  

OPLRATION AND MAINTENANCE OPERATION AN0 MAINTENANCE PLAN 
-PROVIDES GUIDANCE AND CRITERIA  
OEMONClRATION PLAN 

MARKET PLANNING 
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u3 R E L I A B I L I T Y  

A V A I L A B I L I T Y  
M A I N T A I N A B I L I T Y  

CONSTRUCTlON 
CONSTRUCTION 
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EXAMPLES OF LEVEL I 1  A C T I V I T I E S  0 
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DEVELOPS IMPLEMENTATION PLAN TO 0 
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B 
10 
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-MAINTENANCE CONCEPT D 
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D. F I N D I N G S  FROM REVIEW OF THE TVA DRAFT MPPM 

The d r a f t  MPPM r e q u i r e s  improvelnent i n  two respects .  F i r s t ,  i t  has a  

cons ide rab le  m i x t u r e  o f  Level I ,  I 1  and I 1 1  p o l i c i e s  and procedures w i t h i n  

one document. The s p e c i f i c  ins tances a re  documented i n  t h e  annotated Tab le  

o f  Contents i n  Attachment A. Second. t h e  d r a f t  does n o t  comple te ly  t r e a t  

any one o f  t h e  l e v e l s .  Most s i g n i f i c a n t l y ,  t h e r e  i s  no assignment o f  

r e s p o n s i b i l i t i e s ,  arid no master p l a n .  

I n  l a r g e  p r o j e c t s ,  i t  i s  impor tan t  t o  develop separa te  l e v e l  I 1  and I 1  

manuals s ince  each l e v e l  represents  major  separate a c t i v i t i e s ;  and t o  do so 

w i t h  t h e  i n t e n s i v e  p a r t i c i p a t i o n  o f  t h e  cor respond ing l e v e l  I 1  and 111 

managers. P a r t i c u l a r l y  i n  a  flew p r o j e c t  o r g a n i z d t i o n ,  t h i s  w i l l  h e l p  t o  

assure workable ptsocedures based on t h e  b e s t  c o l l e c t i v e  t h i n k i n g  from t h e  

p r o j e c t  o r g a n i z a t i o n .  Based on these f i rldi ngs , t h e  fo !  1 owi ny recommenda- 

t i o n s  were developed, r a t h e r  than a t t e m p t i n g  t o  c r i t i q u e  t h e  d r a f t  MPPM i n  

d e t a i  1. 

RECOMMENDATIONS 

( 1 )  TVA shou ld  develop a  Level I Manual c o n s i s t e n t  w i t h  t h e  desc r i p -  

t i o n  p rov ided  i n  sec t i ons  B and C above, and c o n s i s t e n t  w i t h  t h e  

p r o j e c t  Work Breakdown s t r u c t u r e .  

( 2 )  l 'he Level  I 1  managers should p a r t i c i p a t e  i n  development o f  t he  

Level I manual. They shou ld  s imul taneous ly  develop o u t l i n e s  o f  

t h e  Level  I 1  manuals t o  ensure ,?nsistenc\ l  between t h e  Level  I 

and Level  I1  manuals. 

(3)  To ensure e f f i c i e n t  p r o j e c t  team o p e r z t i o n ,  procedures c c n s i s t e n t  

w i t h  e x i s t i n g  TVA and c o n t r a c t o r  p r a c t i c e s  shou ld  be s p e c i f i e d  t o  

t h e  e x t e n t  t hey  a re  compat ib le  w i t h  t he  p r o j e c t .  
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( 4 )  A f t e r  the Level I manual i s  completed, Level I 1  and I 1 1  manuals 

should be developed w i th  the intensive  p a r t i c i p a t i o r ~  o f  the 

corresponding Leilei I1 and 111 managers, and w i th  guidance and 

approval of the  program manager. 
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Attachment A 

Annotated Table  o f  Contents from T V A ' s  dra f t  MPPM, showing where Level 

I, I 1  and 111 Management issues are addressed. 
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CHAPTER XI 

COMMERCIAL OES IGN ASSESSMENT 

Choices f a c i n g  TVA o r  any o t h e r  o r g a n i z a t i o n  r e l a t i v e  t o  implementing 

a coa l  g a s i f i c a t i o n  p r o j e c t  requ i res  any number o f  comnercial l e v e l  assess- 

ments. Inc luded among o t h e r s  a r e  assessments o f  a v a i l a b l e  technology,  a l t e r -  

na te  design approaches si;ppl i s d  by Aii firrris and the p o t e n t i a l  f o r  v a r i a t i o n  

i n  raw m a t e r i a l  supply. Th is  chapter  presents the  r e s u l t s  of tasks  performed 

i n  t h i s  c o n t r a c t  r e l a t i v e  t o  these items. 

The f i r s t  task  i s  an assessment o f  comparative g a s i f i c a t i o n  techno log ies .  

Technologies exp lo red  here  a r e  l i m i t e d  t o  t h e  f i v e  g a s i f i e r s  which were t h e  

bas i s  o f  design word i n  o t h e r  tasks.  

The second task  i s  t he  development o f  comparative e v a l u a t i o n  c r i t e r i a  

f o r  use i n  making s e l e c t i o n s  from a1 t e r n a t e  des ign appv-oaches. The c r i t e r i a  

and formats developed here wer- done s p e c i f i c a l l y  f o r  use w i t h  designs done 

f o r  TVA b y  Bechtel  , Fos te r  Wheeler and C. F. Braun. However, they should be 

a p p l i c a b l e  t o  o t h e r  p r o j e c t s  w i t h  minor  adjustments.  

Th i rd ,  a b r i e f  q u a l i t a t i v e  d i scuss ion  o f  t he  impact o f  sw i t ch ing  coa l  

supply from the  design coa l ,  Kentucky No. 9, t o  a western sub-bi tuminous coa l  

i s presented . 
A:pendix G cont.ains f u l l  r e p o r t s  on the  r e s u l t s  o f  the  tasks .  

COMPARISONS OF THE FIVE GASIFIERS SELECTED FQR EVALUATION BY TVA 

1 . Comparison o f  Design Charac ter is  t i c s  

Table XI .A. I presents the  comparative design char a c i e r i s t i c s  and 

parameters o f  t he  f i v e  g a s i f i c a t i o n  processes, based on one module f o r  eac?; 

process. 

As shown i n  the tabl f . ,  t he  number of ope ra t i ng  g a s i f i e r s  r e q u i r e b  t o  

g a s i f y  5,000 tons p e r  day of raw coal  ranges from 2,  f o r  the  B&W and the  

LurgilBGC g a s i f i e r s ,  t o  8 f o r  t he  K-T process. Thus, the  c a p a c i t y  pe r  

g a s i f i e r  ranges from 625 tons lday t o  2,500 tons lday.  Those c a p a c i t i e s  a r e  

n o t  necessa r i l y  the maximum c a p a b i l i t i e s  o f  t he  var ious  g a s i f i e r s ,  b u t  they 

probab ly  approach the  upper 1 i m i  t o f  t h e i r  c u r r e n t  capabi 1 i t i e s .  



TABLE XI.A.l. COMPARATIVE DESIGN CHARACTERISTICS OF TVA GASIFICATION MODULES 

(BASIS: 1 MODULE FOR EACH PROCESS) 

OPERATING CASIPIERS 
SPARE GMIFIEW 

FEECSTOCK COAL: 
Raw coal feed t o  module, T/D a 
Dried coal fesd  to gaeifierst  

As Fa (dried coal) ,  T/D 
Aa M F  coal, T/D 

Raw coal/operating gaeif i e r ,  T/D 

OXYGEN (as 100 % 02) t 
T / D  per nodrrle 
Ibe/lb of W coal to gasifere 

lba/lb of HAF coal t o  gasi f iere 
lba/lb of 100% 02 

FVIW GAS PRESSURE, psia 
RAW GAS TEMPERATURE , .P 
COlBUSTION 2 0 t l E  TEMPERATURE, OF 

B C W  K-T TEXACO LURGf LURGI/BGC 

2 8 3 6 2 
1 1 1 1 1 

NOTES t 
a 

Short tone (2,000 punde! per day. 

Coal drying not roquired. 

Coal elurry water chemically converted during gaeif ication . 
Before quenching for .lag solidifcation. Entry t o  vasts heat boiler,  a f t e r  quenching, i e  about 1,800 OF'. 

e Estimate, a f t e r  allawance for heat lobs an3 endothermic reactions. 
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I t  can be seen t ha t  the Lu rg i  and LurgiIBGC g a s i f i e r s  use consider-  

ab ly  l ess  oxygen than the other  g a s i f i e r s .  On the o ther  hand, the Lurg i  and 

the LurgiIBGC g a s i f i e r s  use much more steam than the others.  I t  should a lso  

be noted t h a t  the s lagging bottom LurgiIBGC g a s i f i e r  does no t  use as much 

steam a s  the non-slagging bottom Lurg i  g a s i f i e r  s ince the s lagging g a s i f i e r  

does no t  r equ i r e  excess steam i n  order  t o  mainta in  a low combustion zone tem- 

pera t u r e  . 
The Lurg i  and Lurgi/BGC g a s i f i e r s  have s lowly  descending, f i x e d  beds. 

The B&W, the K - f  and the Texaco g a s i f i e r s  a l l  have ent ra ined beds and conse- 

quent ly  operate a t  much higher raw gas ex i  t temperatures. 

The g a s i f i e r  operat ing pressure leve ls  range from 20 ps i a  f o r  the 

K-T process t o  690 ps ia  f o r  the Texaco process. 

I n  terms o f  t h e i r  impact on p l a n t  costs and other  fac to rs ,  the 

r e l a t i v e  e f f e c t  on each o f  the design cha rac te r i s t i c s  may be summarized as: 

( 1 )  G a s i f i e r  coal capac i t y :  Higher coal capac i t i es  per g a s i f i e r  reduce 

the number o f  g a s i f i e r s  required, along w i t h  a l l  o f  t h e i r  r e l a t e d  

equipment and con t ro ls ,  and therefore reduce the o v e r a l l  p l a n t  costs 

(2)  Oxygen consumption: Higher oxygeq consumptions requ i r e  l a r g e r  a i r  

separat ion u n i t s  ( t o  prov ide the oxygen) and there fo re  increase the  

ove ra l l  p l a n t  costs 

( 3 )  Steam usages: Higher steam usage increases ove ra l l  p l a n t  costs  and 

resu l  t s  ir, more e f f l u e n t  waste water (contami l~ated process steam con- 

densate) r equ i r i ng  mcre e f f l u e n t  water t reatment and reuse o r  dispo- 

sa 1 

(4 )  Gas i f i ca t i on  pressure: Higher g a s i f i c a t i o n  pressure reduces the corn- 

pression requirements o f  the end-product gas. However, h igher  

g a s i f i e r  pressures requi  r e  higher pressure steam, more colnpression 

o f  the oxygen feed, and more c o s t l y  coal i e e d i ~ g  equipment. I t  i s  

very d i f f i c u l t  to  genera l ize the ove ra l l  cost  impact o f  h igher  gas i -  

f i e r  pressures, bu t  i t probably lowers p l a n t  costs  
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(5) Type o f  bed: The f ixed-bed g a s i f i e r s  (Lurg i  and Lurgi/BGC) have a 

h : j h  inven to ry  o f  coal  i n  t h e i r  beds which provides an inheren t  

sa fe t y  f a c t o r  i n  the event o f  a coal  feed f a i l u r e  wh i l e  oxygen feed 

continues t o  en te r  the g a s i f i e r .  The en t ra ined  bed g a s i f i e r s  do 

n o t  prov ide t h i s  inherent  sa fe ty  f a c t o r .  

The f ixed-bed gas i f i e r s  r equ i r e  t he  coal  feed t o  be s i  zed 

w i t h i n  a s p e c i f i c  range so as t o  avoid gas channeling i n  the beds 

r e s u l t i n g  from plugging o f  the spaces between coal  p a r t i c l e s  by coal  

f i nes . 
The entrained-bed g a s i f i e r s  operate a t  much higher temperatures 

than the f ixed-bed gas i f i e r s  and w i l l ,  therefore,  produce very 

l i t t l e ,  i f  any, ta rs ,  o i l s ,  naphtha o r  phenols. 

2. Comparison o f  Y i e l d  and Performance Charac te r i s t i cs  

Tab1 e X I  .A. 2 presents the  comparative y i e l d s  and o ther  performance 

cha rac te r i s t i c s  o f  the f i v e  g a s i f  ( ca t i on  processes, based on one module per 

process. The Lurg i  and the Lurgi/BGC data i n  the tab le  r e f l e c t  a p re l im inary  

' F a c i l i t y  D e f i n i t i o n  Design' only,  whereas the three processes i n  the t a b l e  

r e f l e c t  a de ta i l ed  ' F a c i l i t y  Technical des ign ' .  Therefore, the L ~ j r g i  and the 

Lurgi/BGC data may no t  be completely comparative t o  the g ther  three processes. 

The y i e l d s  o f  methdne ( C H ~ )  and the tar -o i l -naphtha i n  the t ab le  

r e f l e c t  the previous observat ion here in  t h a t  high-temperature, ent ra ined bed 

gas i f i e r s  should produce l i t t l e  methane and essent ia: ly no tar -o i l -naphtha.  

The Lurg i  and the Lurgi/BGC p lan t s  use considerably more steam than 

the other  three p lan ts  and, therefore,  produce more contaminated waste water. 

The amnonia recovery from the Lurg i  and the Lurgi/BGC p lan ts  i s  a by-product 

of the need t o  t r e a t  and upgrade t h e i r  waste waters f o r  i'euse implant  as coo l -  

i ng  water makeup. 

The Lurg i  and Lurgi/BGC gas i f i e r s  requ i re  a crushed and size-graded 

coal feed con tz in ing  no coal f i nes .  A p a r t  of the coal f!nes produced by 

crushing the raw coal i s  burned as b o i l e r  p l a n t  fuel  and the remainder o f  the 

coal f i nes  would have t o  be so ld  as a by-praoduct. The tar -o i l -naphtha by- 

products rre  a l so  burned as b o i l e r  p l a n t  f ue l .  
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TABLE X I . A . 2 .  CORPARATIVC Y I E L D  AND PERFORMANCE CHARACTERIST ICS OF TVA G A S I F I C A T I O N  HOWLES m 

( B ~ I s I s :  1 MODULE FOR EACH PROCESS) 00 
0 

D C W  K-T TEXACX) WIa.;X 
iz 

LURGI/BCC 

PERCENTAGE OF COIL', CARBCN OONVE-D 97.46 95.00 98.98 99.02 0 99.52 

PEItCENTkGE W CA?W2l CONVERTED TQ all 
73 

0.00 0.59 04 73 13.55 10.86 0 
T-0-N YIEID,  w t  8 on CUP coal l 0.00 0.00 0.00 6.09 0.09 SD g 

U4DPRODUCT n l C t  
llighar heating value, Btu/S(P 

Croee WC. product, 10' SCP/D 
Groan wc product, 10' B ~ U / D  

~ e t  mc product, lo' SCP/D 
Net M3G product, 10' Btu/D 

INPIANT FUEL USXIZI  

I x MBG, 10' SCP/D 
I 

t. 

t T-0-N, T/D 

i 
a -1, T/D 

i 
Total fuel, 10' B t u l D  

RAW WATER D e W D ,  gpmc 
Boiler faeduater makeup 
Cooling water makeup 
Other ueerr 
Water treatment makeup (a t  5 t ) 
C m t  ingency (a t  10 t ) 
Total raw water damand 

a 
T-+N i r  t a r ,  oil and naphtha. 

C 
ma1 taken ae 11,000 Btu/lb (HHV) and 'FO-N taken ae 17,000 Btu/lb (MIV). 

1310 gpm of treated waetnrater a160 used .I cooling watar makeup. 
e 

205 gpm of treated waeteuater also ueed as cooling water makeup. 
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O f  the th ree  ent ra ined bed g a s i f i e r s  (B&W, K-T and Texaco), the  K-T 

g a s i f i e r  e x h i b i t s  the lowest coal  caraon conversion. The B&W design recovers 

and recyc les most o f  the unburnt carbon (char)  c a r r i e d  ou t  of the g a s i f f e r  

w i t h  the raw gas. The Texaco process recovers most o f  the unburnt carbon 

(soo t )  c a r r i e d  o ~ t  o f  the g a s i f i e r  w i t h  the raw gas and recycles the recovered 

soot-wat.er stream f o r  reuse i n  the gas i f i e r  coal  feed s l u r r y i n g .  The K-T 

design does no t  recover and recyc le  unburnt carbon c a r r i e d  ou t  of the g a s i f i e r  

w i t h  the raw gas, which probably exp la ins why the K-T process e x h i b i t s  the 

1 owest coal  carbon conversion. 

3. - Comparison o f  Cost Factors - -. 
Table X I  .A. 3 presents the c a p i t a l  investment and the annual operat -  

i n g  cos t  estimates f o r  the f i v e  gas ; f i ca t ion  processes. 

As discussed above, the Lurg i  and the Lurg;,;BGC designs r e f l e c t  a 

1 ower l eve l  - o f - e f f o r t  and may no t  be cdmpletely comparab?~ t o  the o ther  three 

cos t  estimates. 

O f  the three ent ra ined bed g a s i f i c a t i o n  processes, the Texaco p l a n t  

e x h i b i t s  the lowest est imated c a p i t a l  cos t  as we l l  as the lowest estimated 

operat ing cost .  

The l eve l i zed  l i f e - c y c l e  p ? ~ ! x t  p r i ces  and the de ta i l ed  cos t  e s t i -  

mat ing methodology a re  presented and discussed i n  Appendix D. 

0.  COMPARATIVE EVAl-UATION CRITERIA 

Risk management i s  a major element o f  these comparison c r i t e r i a ,  espec ia l l y  

i n  the  areas o f  development schedule and p l a n t  o p e r a b i l i t y .  The cl. ' < .? t ion  and 

ana lys is  o f  r i s k  i n  liiost cases are very sub jec t i ve  and vary from c l ~ e r  t t o  

c l i e n t .  

Each o f  t9k syscemslfaci 1 i t i e s  s t rengths and weaknesses s l~oo ld  be 

evaluated i n  b e t s i l  f o r  subsequent se lec t ion  of the most su i t ab l e  systems/ 

technolcgres. Estimates of the changes t h a t  wobld be requi red t o  make a l l  

sys terns acceptable s ,~oul  d be documented. 



COAL GAS1 FIED, T / D  
BOILER CXlAL, T/D 
COAL FINES SOLD, T/D 

r \  lYYTAL COAL FEBD, T/D 

I 

TABLE X I . A . 3 .  COMPARATIVE COST FACTORS OF TVA G A S I F I C A Y i W  ? L A I T S  

( b A S I S :  4 MODULES FOR EACH PHCCESS) 

mAL CAPITAL REQUIRED, N $ 3,347 2,371 2,091 2,747 2,061 , 

- % 

138 188 128 93 .-. - 181 - 18 1 - 181 
35 x COAL, CATALYSTS C CIIEMICALS, MN $/YEAR 274 - 274 

3 19 369 309 - 'IOTALOPERATINGCOSTS, H H $ / r B A R  
v 367 309 

NOTE: A11 cost factor. are i n  1980 dollar.. 

a Theme two coat eatimatem reflect a lower level-of-effort deaign and may not be 

completely comparative to the other three coat eatiutem. 



1. Val i d a t i o n  

Since design comparison i s  meaningless i f  the design i s  no t  co r rec t ,  

c r i t e r i a  have been estab l ished f o r  v a l i d a t i o n  o f  A/€ conceptual designs. 

Prominent on the  l i s t  o f  v a l i d a t i o n  c r i t e r i a  a re  design data base, design and 

cos t  correctness, design f e a s i b i l i t y ,  and c o m p a t i b i l i t y  o f  the design w i t h  

the  In tegra ted  F a c i l i t y  Requirements. The design and cos t  d r i ve r s ,  i d e n t i f i e d  

i n  Appendix A ,  the cos t  data and methodologies i n  Appendix D, and the issues 

ra i sed  i n  the  C r i t i c a l  Technology Assessments i n  Appendix F a re  essen t i a l  

i n  v a l i d a t i n g  the designs. 

a. Design Data Base 

Each A/E conceptual design should be reviewed t o  determined 

whether the design base experimental data a re  acceptable. 

b. Energy and Mate r ia l  Balance 

The A / E  conceptual designs should be checked t o  ensure each 

system mass-balance is w i t h i n  one pound per hour on both compounds and elements. 

Add i t i ona l  l y  , system energy balances should be checked f o r  agreement t o  w i t h i n  

I?*. 

Where some systems o r  subsystems f a i l  t o  s a t i s f y  these va l  ida-  

t i o n  c r i t e r i a ,  estimates o f  the changes t h a t  would be requ i red  t o  v a l i d a t e  

each should be used f o r  the comparison step. 

Cpon conf i rmat ion of the  energy and mate r ia l  balances, the A/E 

cos t  data should be va l ida ted  using the  cos t i ng  and product p r i c i n g  methodolo- 

g ies  from Appendix D. 

c. System Technical F e a s i b i l i t y  

The technica l  f e a s i b i l i t y  o f  the A / E  conceptual design 

should b? evaluated as t o  whether the proper equipment has been se lected and 

whether c r i t i c a l  items have been spared. Each design should be reviewed t o  

determine whether the system u t i l i z e s  proven equipment i n  a con f i gu ra t i on  

and/or serv ice s i m i l a r  t o  those p rev ious ly  used successfu l ly  i n  the same o r  

s i m i l a r  scale, 

d. Compliance w i t h  Scope o f  Work and In tegra ted  F a c i l i t y  

Requirements Document - 
Each A/E conceptual design should be reviewed f o r  compl iance 

w i t h  the scope o f  work. A q u a l i t a t i v e  es.tirnate n f  the impact of each dev ia t i on  



TtiE BDM CORPORATION 

from the  Scope of Work and In tegra ted  Faci 1 i t y  Requi rements Document quant i  - 
t i e s  should be made. 

2. Comparison 

Comparison and eva luat ion f o l  low the v a l i d a t i o n  e f f o r t .  The va l  i d  

systems and f a c i l i t i e s  i n  the A / t  . 'esigns should be compared, both w i t h  o ther  

A / €  designs and w i t h  the Referen-e F a c i l i t y  Designs o f  Appendix B, f o r  

f a c i l i t i e s  empioying t he  same g a s i f i c a t i o n  technology. Tables XI.B.l l i s t s  

the c r i t e r i a  used as a bas is  f o r  comparison. Appendix G inc ludes a t abu la r  

format f o r  use i n  t h i s  task. 

C. gUALITATIVE IMPACT OF GASIFYING SUB-BITUMINOUS COAL 

The po ten t i a l  f o r  i n t e r r u p t i o t l  o f  coal  supply i s  such t h a t  cons iderat ion 

needs t o  be g iven t o  the a1 te rna t i ves  ava i l ab l e  i n  the event o f  such a d isrup-  

t i o n .  One conceptual p o s s i b i l i t y  i s  the impor t ing o f  sub-bi tuminous coal  

from the Western Uni ted States.  Such an a l t e r n a t i v e  would have numerous impacts 

and perhaps he impossible w i thou t  ser ious throughput consequences and major 

rev is ions  t o  the p l a n t ' s  process t r a i n .  The discussions below a re  qua1 i t a t i v e  

i n  nature and intended on ly  t o  p o i n t  ou t  some o f  the more s i g n i f i c a n t  impacts. 

The discussion i s  no t  exhaustive and a more d e f i n i t i v e  q u a n t i t a t i v e  study 

wou I d  undoubtedly reveal  o t he r  impacts no t  addressed here. 

Add i t i ona l l y ,  these observat ions made concerning process impacts should 

no t  be i n t e rp re ted  t o  imply t h a t  the p l a n t  w i l l  a c t u a l l y  run  on sub-bituminous 

coal  bu t  a t  a throughput o r  e f f i c i e n c y  penal ty.  This w i l l  depend upon the 

p a r t i c u l a r  equipment pu t  i n t o  the p l a n t  and the degree o f  f l e x i b i l i t y  designed 

i n t o  the  p lan t .  Rather, these discussions r e l a t e  t o  areas o f  process con- 

s t r a i n t  t h a t  the f a c i l i t y  would face assuming t h a t  the p l a n t  funct ions on 

sub-bi tuminous coal  feed. 

1. Coal Preparat ion and Feeding 

Grinding and pu l ve r i z i ng  equipment requirements a re  1 i ke l y  t o  be 

d i f f e r e n t  and requ i r e  mod i f i ca t i on  o r  add i t i ona l  investment. I n  the  case o f  
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TABLE X I .  B. 1 . EVALUATION CRITERIA 

I. SYSTEM PERFORMANCE AND REL IABIL ITY  

A. MATURITY OF TECHNOLOGY 
B. SCALE-UP REQUIREMENTS 
C . .COMPLEXITY 
0. CRITICAL TECHNOLOGY ASSESSMENT 
E. OPERATING REQUIREMENTS 
F. FLEXIB IL ITY  
G .  REDUNDANCY 

I I. SYSTEM COST COMPARISON 

A. TOTAL SYSTEM CAPITAL REQUIREMENTS 
B. SYSTEM OPERATING COSTS 

I I I. PLANT PERFORMANCE 

GROSS COAL REQUIREMENT 
NET COAL REQUIREMENT 
NET MBG PRODUCED 
IMPORTED ELECTRIC POWER 
BY-PRODUCTS EXPORTED 
CATALYST AND CHEMICAL CONSUMPTION 
MISCELLANEOUS EXPORTS AND IMPORTS 
FLEXIB IL ITY  

I V .  PLANT DESIGN RELIABIL ITY 

A. MATURITY OF TECHNOLOGY 
B . COMPLEXITY 
C. REDUNDANCY OF HIGH-RISK COMPONENTS 
D . CRITICAL TECHNOLOGY ASSESSMENT 

V.  PLANT COST 

A. TOTAL CAP lTAL  REQUIREMEiJTS 
B. NET ANNUAL OPERATING COST 
C. UNIFORM ANNUAL EQUIVALENT PRODUCT COST 

V I .  ENVIRONMENTAL RELATED CRITERIA 

A. MATURITY OF CONTROL TECHNOLOGY 
B. EFFLUENTS POSE S IT ING L I M I T S  
C. BY -PRODUCTS POSE ENVIRONMENTAL HAZARDS 



the  Texaco process, s i z e  d i s t r i b u t i o n  i s  p a r t i c u l a r l y  important i n  maximizing 

s l u r r y  concentrat ions and the impact i b  1 i k e l y  t o  be espec ia l l y  s i g n i f i c a n t .  

Likewise, western coal  contains s i g n i f i c a n t  amounts o f  bound (non-free) water 

which w i l l  no t  con t r i bu te  t o  the s l u r r y i n g  process bu t  w i l l  absorb heat i n  

the g a s i f i c a t i o n  reactor .  

Much western coal has a moisture content exceeding t h a t  o f  the  

design coal .  Thus, d ry ing  equipment would be inadequate. 

2. Gas i f i ca t i on  

Switching t o  western sub-bi tuminous coal  w i  11 have several impacts 

on the  g a s i f i c a t i o n  sect ion.  

( 1 )  Slaggin,- g a s i f i e r s  may have r e f r a c t o r y  problems ui t h  ash o f  d i f f e r -  

end composit ion and lower v i s cos i t y .  Gas i f ie rs  such as B&W, which 

depend upon a s o l i d i f i e d  s lag  l aye r  t o  p ro tec t  the r e f r a c t o r y  would 

have t o  operate 3 t  lower temperatures t o  accommodate lower ash 

f us i on  temperatures 

( 2 )  Lower operat ing tenoeratures would mean slower reac t io t l  ra tes  and 

e i t h e r  less  throughput o r  less  conversion. Higher r e a c t i v i t i e s  

would be o f f s e t t i n g ,  but the ne t  e f f e c t  would r equ i r e  q u a n t i t a t i v e  

assessment 

(5) Lower operat ing temperature would general l y  mean l e e s  heat recovery 

and an inadequate steam system 

( 4 )  Foul ing o f  WHB tubes by condensing a l k a l i  metal s a l t s  may occur. 

3 .  I n i t i a l  Gas Clean-up and Cool ing 

Quenching o f  gases w i t h  ent ra ined s lag p a r t i c l e s  may r e s u l t  i n  a 

bu i ldup of a l k a l i  s a l t s  i n  the quench c i r c u l a t i n g  loop and subsequent fo t i l i ng ,  

4. Acid Gas Removal 

The low s u l f u r  content o f  western sub-bituminous coals w i l l  g r e a t l y  

reduce the su l f u r  removal requirement. However, requirements f o r  con t ro l  o f  

the heat ing value o f  the product gas by carbon d iox ide  removal may l i m i t  any 

betiefi t froir the low s u l f u r  content p a r t i c u l a r l y  when the s u l f u r  spec i f i ca -  

t i o n  i s  20 ppm. 
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5. 

Greatly reduced s u l f u r  content w i  11 mean a troublesome C02/H2S r a t i o .  , L 

modi f icat ion o f  the Claus p lan t  probably w i l l  be required. Some s o r t  of -- I 
recycle system may be required t o  maintain 'a minimum hydrogen s u l f i d e  content. ek I 

6. A i r  Separation 

The high oxygen content o f  sub-bi tuminous coals should lead t o  a 

decrease in gaszous oxygen requirements . 
7. U t i l i t i e s  

The amount o f  process derives steam ava i lab le  may decrease w i th  a 

switch t o  sub-bi tuminous coal. 
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CHAPTER X I  I 

CRITICAL TECHNOLOGY ASSESSMENT 

A. INTRODUCTION 

Coal g a s i f i c a t i o n  i s  a r e l a t i v e l y  unknown technology t o  the  U.S. 

What data a re  a v a i l a b l e  on commercial sca le  systems a re  gene ra l l y  con- 

t r o l l e d  by  i n t e r e s t  from ou ts ide  the  U. S. While small p i l o t  u n i t s  have 

demonstrated var ious process r e s u l t s  f o r  a wide v a r i e t y  o f  cases, such 

u n i t s  caqnot p rok tce  commercial re1  i a b i l  i t y  o r  performance data f o r  

l a r g e  sca le  equipment. 

Design data a re  cu r ren t1  y p r i m a r i l  y ex t rapo la ted  from such indus- 

t r i e s  as o i l  r e f i n i n g ,  chemical and s tee l  making. Control  and i n s t r u -  

mentat ion systems a re  e i t h e r  conceptual o r  based on small u n i t s  from 

which design scaleup data a r e  sften n o t  the  o b j e c t  o f  the  program. 

iechnology development needs span a1 1 of the systems. Table 

X: .A.1 presents the technology development needs f o r  the main pro- 

cess ing u n i t s ,  Table XII.A.2 i s  a s i m i l a r  p resen ta t ion  f o r  suppor t ing 

u n i t s .  While development needs a re  shown f o r  a l z r g e  number o f  systems, 

t h e  most c r i t i c a l  areas a re  associated w i t h  the  g a s i f i e r  i t s e l f  and 

those systems which e i t h e r  feed the  g a s i f i e r  o r  d i r e c t l y  rece ive  p roduc ts -  

from the g a s i f i e r .  Tables XII.A.2 through XII.A.6 d e f i n e  those areas o f  

techno1 ogy development needs. 

Downstream processing u n i t s  a re  c l o s e r  i n  na tu re  t o  commercial 

operat ions o f  the  same o r  s i m i l a r  processes. However, the sca le  o f  coal  

g a s i f i c a t i o n  p l an t s  and the  unce r t a i n t y  assoc ia ted w i t h  unfamil i a r  

components which may be present i n  coal g a s i f i c a t i o n  process streams 

r e s u l t  i n  c e r t a i n  techn ica l  issues. Table XII.A.7 o u t l i n e s  these 

i ssues. 
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DATA 
METHOOS 

SCALE X 
HATER IALS OF CON- 

STRUCT ION X 
EOUIPMENTRELIABIL ITV  X 

PROCESS COlYTROl 
DEVICES 

SENS 1 M 
CONTROL 

MET HODS 

L o r n  (8000-MR) con- 
MERC I A L  SCALE 
RUNS 

BY-PRODUCT RECYCLE 

TABLE X I I . A . 2  

TECHmKOGY DLVELOWENT NLEDS 

OXYGEN TAR/OIL SULFUR WASTEWATER SOLIDS 
P U N T S  SEPARATION ~covEN Twr\iKNT DISPOSAL 



e COWVENTIOMAL MTERIALS FOR PET ROLEM REFIWIMG AND PETRDCHERlCAL 
M T S  M Y  BE I NAD€QUATE 1 W COAL GI\SIFICATION PWITS.  

-- EROSION AM0 CORROSION MECHANISMS HAY W T H  BE IMPORTANT 

-- MMY DIFFERENT CONSTITUENTS HAY BE PRESENT AT W E  T IME 

r 1 N P A R T I C U U R , r V W M L O V S E M I I B I T A I ~ ~ T I O N T O R A P I D C O R R O S I O W  
AFTER 1000 TO 5000 MOORS, AT HIGH H2S CMCENTRATIONS CHCMCTERISTIC 
OF COAL GAS1 FICATIOII ATtDSPHEfES, 

AREAS OF H I M - H  0 PARTIAL PRESSUE M Y  SUBJECT CERTAIN REFRACTORIES 
TO DEGRADATIOII i~ ~ C H I N t  OF SILICA FWXl 1L MTERIAL. 

r IlJLTIPLE-UYER HATERIALS MY OFFER BETTER PROTECTIM PW16T COAL 
GASIFIER EWVI RO#IEIITS THAW ANY SINGLE SUBSTANCE, 



TAME XII.A.4 

PROCESS CONTROL REWI REt€HTS 

DEPENDS ON 
-- END USE 

- - MULTIPLICITY OF TRAINS 

-- TYPE OF GASIFIER 

RAPID SENSING OF FAILURES OR CAANGES I N  PROCESS 
CONDITIONS 

POS I T 1  VE CONTROL MEASURES 
-- TURNDWN/LOAD FOLLOWING 

a DUPLICATION AND REDUNDANCY ARE ESSENTIAL 

0 COMPUTER GUIDED CONTROL MAY BE REQUIRED, ESPECIALLY 
FOR COMPLEX, CLOSELY COUPLED SYSTEMS 



0 FLOW O f  6AS4 L I W I D S ,  AI(O SOLIDS 

-- GASES COMTAINI l l t i  ti2, H2S, TARS, OILS, PARTICULATES 

CMLORIDES, A L K A L I S  AT TLIWERATWES TO m, PRESS. AES 

r o  1200 PSIG -- SOLIDS 

- - COAL FEED TO GASIF IER 

-- ASH OR SLAG FROM G 4 S I F I E R  - - TAR/O IL/F ~ m s  RECYCLE RATES 

I) PARTICULATE RATE A I O  S I R E  CONSISTS 

- - W T  DIRTY GAS 

-- ADSORBED TARS AMD O I L S  

I) ON-LINE ANALYSIS 

-- PRIMARY caou tms :  Hz, CO, C4, HZO, a(,,, I$ -- PGLLUTAUIS: hs, COS, MCN, MI, 
- - COMDENSIBLES: P H E m K S r  AROWTlCS, OLEFIWS, TARS, ACIDS 

- - SOLID UASTES: HETALS, A L K A L I  SALTS 

I) INVENTORY 

- - BED LEVEL I N  FIXED-BED AWI) FLUID-BED GASIF IERS 

I) SAFETY 

-- IN-GASIFIER )K)NITOCIIHG OF OXYGEN M E A K T H R W H  -- I N T E G R ~ ~ Y  OF REFRACTORY LINIMS 



- - PRESSWE I M  6 A S I F I E R  RAW 6AS STREWS 

-- T W E R A M E  IMSlDE GASlF lERS - - FLOW OF 6 A S I F I E R  RAW 6AS, FEED COAL, A)ID ASH 

- - P M T l C U U T E  CWTEWT OF 6 A S I F l E R  RAW 6AS 

-- ANALYSIS O f  COWSTlTUEMTS ff 6 A S I F I E R  RAW 6AS 

-- IWENTORY OF COAL WITHIN T I E  6 A S l F I E R  

-- 6 A S I F  1ER SAFETY MOMITORl f f i  

0 COnTRDC VALVES 

- - PRESSURE LETDOUU OU SOLIDS A m  SLURRY STRUMS 

- - FLOW A# YRESSORL CWTROC 011 MOT DIRTY 6AS STREWS 

- - S W T W F  VALVES FOR M T l - T R A I N  INSTALLATIONS 



TABLE XII.A.7 
TECHNICAL ISSUES I N  DOUNSTREM PROCESSING 

END-USES )1AY DICTATE PRODUCT PURITY SPECIFICATIONS AND, THERUORE 
UPGRADI N6 REQCII W I T S  
-- COnBlNED-CYCLE POWER PLANTS OR INDUSTRIAL BOILERS WAY HAVE 

LOAD-FOLLOWING REQUIREMENTS WHICH IMPOSE: 

-- TURNDOWN REQUIREMENTS - - PROCESS CON'IROL REQUIREMENTS 

-- FEDERA' r STATE, AND LOCAL REGULATIONS MAY DICTATE EFFLUENT 
TREATH NT REQUIREMENTS WHICH R E W I R E :  

- - KNOWLEDGE OF DETAILED COAL COMPOSITION 

-.. KNOWLEDGE OF DISTRIBUTION OF COAL CONSTITUENTS WITHIN  
THE SYSTEM 

PROCESS DESIGN ISSUES FOR NON-GASIFICATION UNITS 
..- IS THE PROCESS COMMERCIALIZED ON SAME OR SIMILAR FEEDS? - - ARE DESIGN METHODS AVA IUBLE? -- ARE DESIGN DATA AVAILABLE? 

a MCHAN!CAL DESIGN ISSUES 
-- MATERIALS OF CONSTRUCTION - - TEST PROGRAMS 

-- PRIOR EXPERIENCE I N  SIMILAR SERVICE 
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I 8. IDENTIFICATION OF CRITICAL TECHNOLOGY ITEMS AND ISSUES 

The design experience o f  the study team combined w i t h  a survey o f  

publ ished design works, publ ished repor ts  on technology development, and 

personal communication w i t h  equipment manufacturers and research i n s t i -  

tu tes  has been used t o  compile a 1 i s t  of more than f i f t y - f i v e  c r i t i c a l  

technology items and issues. These items were i d e n t i f i e d  based on t h e i r  

impact as def ined i n  Table XII.B.1 Appendix F conta ins the C r i t i c a l  

Technolgy r e p o r t  f o r  t h i s  work. 

C. HIGHEST PRIORITY ITEMS 

I n  order t o  a r r i v e  a t  a se t  o f  recommended i tems fo r  a development 

program, the l i s t  o f  i d e n t i f i e d  items was reviewed r e l a t i v e  t o  t h e i r  

r e l a t i o n  t o  Table XII.B.l. For purposes o f  these evaluat ions:  

( 1 )  Minimum annual 0 & M savings correspond t o  0.13 times the 

associated c a p i t a l  cos t  o f  ach iev ing the savings. 

(2 )  Cost e f f ec t s  o f  d e l t a  se rv ice  f ac to r s  were taken from the 
s e n s i t i v i t y  ana lys is  i n  Chapter V. A 90 percent  serv ice 

f a c t o r  and a 1.0 percent  improvement y i e l d  a 0.4 percent cos t  

reduction. 

(3)  Improved e f f i c i ency  takes the form o f  increased product from 
a f i x e d  energy input .  

The items i d e n t i f i e d  as h igh pr is i : i ty  items a re  discussed i n  

Appendix F. The outstanding ones are disussed here. 

( 1 )  G a s i f i e r  r e f r a c t o r y  - Current p rac t i ce  i s  t o  e i t h e r  design f o r  
frequent r e p a i r  o r  t o  operate w i t h  a s o l i d i f i e d  s lag l a y e r  

p ro tec t i ng  the ash. Operating w! t h  the s lag !ayer requi res a 

h igh heat f l u x  through the g a s i f i e r  wa l l s  producing e i t h e r  low 

pressure steam i n  a j acke t  o r  increased c a p i t a l  costs associated 

w i t h  h igh pressure b o i l e r  tubes imbedded i n  the r e f r ac to r y .  
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TABLE XII.B.1 
IMPACT OF CRI  TICAL TECHNOLOGY ISSUES : 

1 .  DESIGN- Data i s  required to design t h e p l a n t  tomeet  specifications 
or  improve plant design optimization. 

2. COST REDXTION - 
a. In i t ia l  Capital Cost - Technology development will reduce plant 

in i t i a l  capital cost.  

b. Replacement Capital Cost - Technology development will reduce 
the cost per year of replacement capital items. 

c. Maintenance Costs - Technology development \ri 11 reduce annual 
plant maintenance costs. 

a. Product Specs - Technology development is required to ensure 
that the plant meets product specs. 

b. Emission Specs - Technology development i s  required to ensure 
that the plant meets emission specifications. 

c. On-Stream Time - Technology development will improve on-stream 
time. 

d. Efficiency - Technology development w i  11 improve plant energy 
efficiency. 

e* Safety - Technology development will improve piant safety. 
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(2)  Waste heat b o i l e r  - Current p rac t i ce  i s  t o  use p a r a l l e l  redundant 

WHB's t o  accommodate f requent c lean ing . Improved mate r ia l  s , 
espec ia l l y  ceramic-based mater ia ls ,  a re  needed. Heat t rans fe r  

design data a re  needed. 

(3 )  Mate r ia l s  o f  cons t ruc t ion  - Improved mate r ia l s  o f  cons t ruc t ion  
a re  requi red t o  render valves i n  coal s l u r r y  o r  entrained f low 

serv ice su i t ab l e  f o r  long operat ing periods. Current p rac t i ce  

i s  t o  design w i t h  p a r a l l e l  systems i s o l a t a b l e  f o r  maintenance 

by a double block system. 

(4)  S l u r r y  pumps - Improved mate r ia l s  and designs a re  requi red to  
develop a re1 i a b l e  long 1 i f e  s l u r r y  pump. Current p r a c t i c e  

uses h igh  c a p i t a l  cos t  p o s i t i v e  displacement pumps w i t h  

prov i s ions  fo r  f requent val  ve rep1 acement. 

( 5 )  S l u r r y  pumping - Pumps capable o f  handl ing more concentrated 
s l u r r i e s  w i l l  reduce the thermal penal ty c u r r e n t l y  associated 

w i t h  water s l u r r y  feed systems. I n j e c t i o n  and mix ing o f  small 

amounts o f  coal  w i t h  the s l u r r y  near the  p o i n t  o f  feed i n j e c t i o n  

may be an acceptable approach. 

(6 )  Ins t rumentat ion and con t ro l  - Temperature moni tor ing and 

subsequent con t ro l  are requi red f o r  prec ise con t ro l  o f  g a s i f i e r  

reac tan t  f low. A con t ro l  system combining measurement o f  feed 

f low and composit ion and reac to r  temperature w i  11 a1 low con t ro l  

o f  oxygen and steam f low i n  an optimum manner. Each molecule 

o f  O2 i n  excess o f  t h a t  requi red converts two CO molecules t o  

C02 w i t h  associated heat e f f e c t s  and loss  o f  product. L ike- 

wise, too 1 i t t l e  O2 r e s u l t s  i n  unconverted carbon. Current 

p r a c t i c e  i s  t o  moni tor  C02 l e v e l s  and ad jus t  reac tan t  pro- 

po r t i ons  accordingly.  
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0. RECOMMENDED PROGRAM 

Generally, the b e n e f i t  from major development e f f o r t s  i n  the process 

i ndus t r i es  i s  der ived by appl i c a t i o n  o f  r e s u l t s  over a  broad operat ion 

o f  the app l i cab le  indust ry .  Developments i n  coal g a s i f i c a t i o n  a re  

l i k e l y  t o  f a l l  i n t o  t h i s  pa t t e rn  also. Investments i n  coal g a s i f i c a t i o n  

techno1 ogy development programs a re  no t  normal l y  p r o j e c t  s p e c i f i c  and 

a re  j u s t i f i e d  more e a s i l y  by consider ing the  t o t a l  na t iona l  po ten t i a l  

than by consider ing the TVA p r o j e c t  alone. However, the emphasis i n  

t h i s  p r o j e c t  has been on the TVA p r o j e c t  and thus l i t t l e  cons iderat ion 

has been given t o  c r i t i c a l  technologies s p e c i f i c  t o  the Lu rg i  o r  BGC/ , -  1 
Lurg i  type g a s i f i c a t i o n  systems. 

The most s i g n i f i c a n t  c r i t i c a l  technology items are found t o  r e l a t e  I 
t o  the g a s i f i e r  i t s e l f ,  the g a s i f i e r  reac tan t  feed system, and the 

recovery o f  heat from product gases. aene f i t s  from these p o t e n t i a l  

improvements take the form o f  improved serv ice  fac to rs  o r  improved 

e f f i c i ency ,  Up t o  75 m i l  1  i o n  do1 l a r s  i n  development and c a p i t a l  costs 

are j u s t i f i e d  i n  improving e f f i c i e n c y  by one percent i n  a  s i ng l e  20,000 

TPD p lant ;  up t o  18 m i l  1 i o n  d o l l a r s  a re  j u s t i f i e d  i n  improving the 

serv ice  f a c t o r  by one percent. 

It i s  recommended t h a t  any coal g a s i f i c a t i o n  technology develop- 

ment program a t  MSFC have a  l a rge  commitment t o  improving g a s i f i e r  

r e f r a c t o r y  improvement. Improvements i n  t h i s  area could  b e n e f i t  both 

se rv ice  fac to rs  and e f f i c i e n c y .  Excessive downtime t o  rep1 ace o r  r e p a i r  

r e f r a c t o r y  i s  cos t l y .  Avoiding r e f r a c t o r y  problems by operat ing w i t h  a 

sol  i d i  f i e d  s lag coat ing i n  the reac to r  requi res e i t h e r  c a p i t a l  investment 

t o  imbed steam c o i l s  i n  the r e f r a c t o r y  o r  product ion o f  low pressure ,. 
steam o f  marginal value i n  reac to r  jackets .  A yogram to  improve r e f r a c t o r y  - !  11 
i s  be1 ieved t o  have the greatest  po ten t i a l  f o r  major d i r e c t  appl i c a t i o n  

i n  the TVA p lan t .  The po ten t i a l  f o r  r e t r o f i t t i n g  enhances t h i s  conclusion. 

I n  order  t o  estab l  i s h  add i t i ona l  po ten t i a l  f o r  a  major improvement - 1 
i n  coal g a s i f i c a t i o n  technology, i t  i s  recommended t h a t  a  l a rge  t e s t  1; 
f a c i l  i t y  be establ  ished su i t ab l e  f o r  developmental and t e s t  work on i H 
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prototype heat recovery and gas cleanup equipment. The capac i ty  of t h i s  

f a c i l  l t y  should be equiva lent  t o  several hundred tons per  day coal feed 

i n  order t o  demonstrate flow s i m i l a r i t i e s  w i t h  l a rge  proto type o r  f u l l  

scale equipment, The recommended approach t o  supply ing t h i s  type o f  

f a c i l i t y  i s  t o  es tab l i sh  a  s l ips t ream o r  dedicated g a s i f i e r  i n  con juc t ion  

w i t h  the TVA p lan t .  If t h i s  proves no t  t o  be feasible,  a  t e s t  f a c i l  i t y  

based on o i l  gas i f i ca t i on  should be estab l ished a t  MSFC. O i l  g a s i f i -  

ca t i on  w i t h  i n j e c t i o n  of ash and o ther  appropr ia te  substances i s  pre- 

f e r r ed  over coal i n  order  t o  f a c i l i t a t e  long term (months) t e s t i n g  and 

e l im ina te  coal handl ing as a  concern. Recycle o f  gas product would be 

used t o  minimize o i l  consumption and product disposal  problems and a t  

the same t ime provide a t e s t  f a c i l i t y  f o r  such th ings as gas compression 

proto type seal tes t ing .  Such a f a c i l i t y  would a lso have po ten t i a l  f o r  

gas i f y i ng  d i l u t e  bu t  so l i ds  conta in ing so lven t  r e f i ned  coal as a  means 

o f  dupl i c a t i n g  coal ash concentrat ions.  

Oevelopmental e f f o r t s  i n  r o t a t i n g  equipment and con t ro l  valves have 

p o t e n t i a l  f o r  savings i n  serv ice factors,  c a p i t a l  investment and mainte- 

nance costs. It i s  recommended t h a t  NASA e f f o r t s  i n  t h i s  area be c l o s e l y  

coordinated w i t h  equipment manufacturers and o the r  e x i s t i n g  t e s t  f a c i l i t i e s  

such as the ho t  gas t e s t  loop a t  DOE'S Morgantown Energy Research 

Center . 
Be t t e r  con t ro l  of g a s i f i e r  operat ion w i t h  improved e f f i c i e n c y  and 

sa fe ty  i s  espec ia l l y  va luable  i n  a  va r i ab l e  load s i t u a t i o n  which may 

develop fo r  the TVA p lan t .  A program t o  i nves t i ga te  p l a n t  dynamics and 

con t ro l  s t ra tegy  i s  recommended. 

F i na l l y ,  Table X I I . D . l  i s  a  summary o f  o ther  technica l  iterns/issues, 

t h e i r  impacts and an est imate o f  the resources required to  address them, 

The devel o p e n  t a l  program recommends t ions presented here a re  

d i r ec ted  a t  concentrated e f f o r t s  i n  r e l a t i v e l y  f i rm  areas o f  hardware 

development and ins t rumentat ion and con t ro l .  Process design data needs 

a re  s i g n i f i c a n t  bu t  a re  no t  p a r t  of the recommended program other  than 

the c o l l e c t i o n  and ana lys is  o f  data which my f a l l  out  o f  o ther  programs. 
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E. RESOURCE REQUIREMENT 

The resource requi  rements f o r  program discussed here a re  substant ia l  . 
A ho t  t e s t  bed capable o f  me1 t i n g  coal ash and exposing r e f r a c t o r y  

samples i s  required, The u n i t  should be capable o f  operat ing under 

con t ro l  l ed  l a rge  H20 vapor pressures and ox idat ion/ reduct ion envi  ron- 

ments . The design should accommodate t e s t i n g  o f  temperature measurement 

devices. 

As s ta ted above the recommended approach t o  estab l  i sh i ng  a l a rge  

t e s t  bed f o r  prototype t e s t i n g  o f  new ho t  gas process equipment i s  t o  

e s t a b l i s h  i t  as a t e s t  f a c i l i t y  a t  the TVA p lan t .  The f a c i l i t y  f o r  an 

a l t e r n a t e  approach based on o i l  g a s i f i c a t i o n  i s  described i n  Appendix F. 

Manpower requi  rements f o r  conducting a r e f r a c t o r y  development 

program can vary ex tens ive ly  depending upon the l eve l  o f  e f f o r t  desired. 

As a minimum i n  order  t o  conduct a meaningful e f f o r t  two s c i e n t i s t /  

engineers know1 edgeabl e i n  r e f r a c t o r y  and temperature rneasuremen t 

technology p lus two lab  technic ians should be committed t o  the program. 

Depending upon the f i n a l  s i ze  seiected, i t  i s  an t i c i pa ted  t h a t  the 

i n s t a l l a t i o n  o f  a major t e s t  f a c i l  i t y  such as t h i s  w i l l  cost  on the 

order  o f  20 t o  50 m i l l i o n  do l l a r s .  A s t a f f  o f  30 t o  40 persons would be 

requi red t o  support such a f a L ' l i t y .  I f  such a f a c i l i t y  i s  b u i l t ,  i t  i s  

recommended t ha t  a com~nercial supp l ie r  such as Texaco o r  She1 1 be 

contracted t o  f u rn i sh  the design f o r  the basic g a s i f i e r  system. 
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