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"LEGAL NOTICE" 

• ': "This Eepor~ was prepared by Fos~e~ Wheele~ Energy 
Co~poration as an account:, oE work s~onsored, by thu Tennessee 
Valley Au~ocity (TVA). ~leither TVA, Foster Wheeler Enezgy 
Co.~cation, noc any person acting on their behalf: (a) 
makes any QarEanty, e~Ee~s or implied, with ~esPeot to the. 
accu:acy, c~leteness, or usefulness of the infoiluation 
contained in th~s • report, oE that the use of any informa- 
tion, apparatus, me~hod, ~r process disclosed in ~his ~epo~ 
may not Infringe privately owned ~ights; or |b| assumes any 
liabilitles with respect :to the use of, or for damages r e -  

sultinq ~.rom the use oft 'any i~fo~maticn, apparatus, method, 

or process disclosed in ~his report." 
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, .  SECTION 1.O ~ : .  

:" INTRODUCTION . .."" 
".. ~ : ~ ,'... 

~I'TVA plan'~ to build a coal gasification plan~::to, demonstrate the. oper- 

ilation of'a c.ommercial scale~coal gasificationlfacility producing a 
.: 

!!clean medium BTU g~*s (MBG) for use in various industrial, applications 

i:in the TVA region. -The pro~ect is intended to play a key •role in 

ieffecting this nation's shift from oil and natural gas to coal, by 

"~emonstrating how to e:vercome the economic, technical and environmen- 

!~al problems associated with a large scale coal conversion facility. 
• S 

~he facility is also intended to provide area industry with a secure 

source~of clean fuel.and feedstock, ~nd assist in the development of 

{~atlonal and regional resources. : 

v ,  . 

• ~e'overall project..plan consists of five phases, •including: 

:: : 
ill Pha~e I - Conceptual Design, Environmental,.. and Siting 
~!: Studies 

• ":" Phase II Overall Plant Design and E~vlronmental 
~' Statement 

Phase III- First Module: Design, Construction and 
:' Start-Up 

>: P h a s e  I V  - S u b s e q u e n t  M o d u l e s :  D e s i g n ,  C o n s t r u c t i o n  

and Start-Up 
' Phase V - Commercial Operation 

In the Phase I efforts, Foster Wheeler Energy Corporation prepared 

conceptual designs,, cost estimates, a n d  trade-off studies of the 

following gasification systems: 

I. Lurgi Dry Bottom 

2~ Koppers-Totzek 

3. Babcock & Wilcox 

4. 'British Gas Slagger " 

5. Texaco 

:I /: 

? 
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The results o~ the Phase I s~udies will enable TVA to select the 

preferred gasification and processing schemes to be empleyed in 

• the gaslfication plant. 
..-: 
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SECTION. 2.0 

S=:~LERY O.F RESULTS 
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Table I presen'ts ~he main comparls., factors for •each gasification 
: . . , .  i. ,: . 

plant case. •• '~h~: basis of des'ign is 5000 T{D coal feed to the gasi- 
,'. 

f'|.ers in each .~odul.e, and fo~- (4) modules' are included, for each 

plant (20,000 'rl/D torn]:). I]~ / the Lurgi and BGC cases, the coal feed 

is not dried and, therefore, / the 20,000 ~;ID amount includes 9% mois- 
t 

~' ~. ture. In the K~T and B & cases, the c;oal is pulverized and dried, 
• . . :; i' 

i .~  , ;  ' .'l" • :" so the 20,000 "rl feed includes only about 2% mois~hrc. Tl~erefore, ,: 
i 

a greater amuuntlo[ as-recelved coal is, required in, order':[to deliver 

20,000 'r/D (~ modiules).,, of .c0al feed to':.: the K-T ~nd B & W,.gasifiers..;, : 
i 

• , . . ' 2 .  

L The Tc×aco gasifi~rs use a water/coal" slurry feed and the maximum 

input to each mod6!ie is 4800 T/D on a dry basis. It' was not possible 
t: to ]L.ve]..'l,ze the co~ll feed to 5000 T/D (dry basis) wi¢hout adding more 

gasi[iers. In any [event. these variations do not have a" significant' 
C. ' ;L  '. 

.-. effect on the inves,tment or gas costs. 

.. :' ....-'. - T" 

The p]ant investment • costs summarized in Table I ~2ce in ]980 d:ui":~rs. ...~. 

The indicated cost d'ifferences may not be significant because of .~he 

:ivt:urat-y :,f the ,,stin!ating pr,~cedures used. +30Z -lbZ. 

Estimated capital investment and product gas costs for the five gasi- 

fication cases are compared on the. following relative basis: 

t 
Case 

BGC 

Texaco 

Babcock & Wilcox 

Koppers Totzek 

Lurgi Dry Ash 

Relative Total 
Capital Investment 

1.00 

1.01 

1.02 

1.09 

1.15 

Relat ire 
MBG Cost 

1.06 

1.00 

l.O5 

1.24 

[.12 

7. 
• ..•,,,,,'... 

; k : 
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The relative producL gas cosr.s w,:re based on an engineeringquype ', 
• . :'.. 

lore'ISled cost .analysis with no credit' given to by-products, except II'~)'I;[ 
. ,  ,::, ~.. 

excess coal fines. Sensitivity o f  the estlm~/ted gas costs weB: 

determined f'0r several operating •parameter s aS summarized i in Table II. 
I 

Specifications of  tile medit,m Btu fu , ' : . i  gas product (MBG) produced by., 

t:he f i v e  'commercial1 p l a n t  d e s i g n s  a r e  s u ~ . a r i z e d  b e l o w . .  The h e a t  
C~. " 

: recovery factor is a measure of the plant', overall egficiency cal- 

culated "via the relationship: ;.. 

IIHV Gas Product ... 
/ -, HRF = HRV Coal Feed & Electric Power x I00 , .  

, ,% . 

' K-__! Texaco B_2  : P,G__cc 

;I 2 ,.'.9. O2 37.51 30.27 44.9 26.8 
i , i"" 

CO 64 • 33 50.04 62 .i(4-'l 19.3 61 .L 

'CO 2 4 . 4 9  10 ,73  3 . 9 3  24 ,  i. 4 . 8  

CII 4 O, 10 ':.0,32 0,8.9 10.6 6.4 

C2 + . . . .  0.. =. 0.2 

N2+ A~ 2.05 1.39 3.38 0.6 0.7 

H20 0.01• O:.01 ' 0.Dr - .: - 

100 .00  .:lO0'.O0 I00 .  O0 I00 .0 '  I00 .0  

200 'i ~ 130 130 200 I 200 

302. 286 '299 . 324 =" 348 

600 6 I0 600 600 600 

Process 

HBG Composition Vol.' .] 

Sul~ur Content, ppmv 

HHV, Btu/SCF 

D,:llvered 8 psig 

O F : 120 92 120 120 120 

..,- 

i 

¢! 

%, 

:z 

Heac Rec(~very Factor 61.3  70.2 69.6 63.6 6a.l 

% 

I 
I , 

• f ".:•" ' 

Z." 

__'9--"'. 



: TABLE I 

TVA-,COAL GASIFICATION PROJECT 
~..-., ,. 

COMPARISON OF COMMERCIAL PLANTS 

GASIFIER TYPE 

Coal, Feed, TPD (I) 
Gasification 

"' .,Boiler 
Excess Fines 

Total 

Oxygen, TPD 
@98% 

Product Gas, F IHSCFD 
: MHPIBTU/D 

HHV, BTU/SCF 

% 

% 
% 

By-Products 
Sulfur, LTPD 
Atmlonia, TPD 
Phenols, TPD 
Oil, BPD 
Naphtha, BPD 
CoaF Fines, TPD ( i)  

Electric Power, MW 

Raw'Water, MGPH 

Cat/Chem Cost MH$/Yr 

LURGI BGC K - T 

20,000 20,000 
5,260 2.350 

: 4,170 
26,520 26,520 

9,000 9,400 

22,116 
1,820 

23,936 

17,624 

1,104 973 1,140 
358 338 344 
324 348 : 302 

: 837 810 
252 57 
103 81 

1,500 1,830 
2,275 1,351 
1,260 ~4,170 

95 76 

15 

12.6 

14.6 

12.7 

740 
0 
0 
0 
0 

;v, ' 0 " " . . .  

434 • 

16.9 

13.6 

B&W 

21,672 
885 

22,560 

16,800 

i ,  204 
360 
299 

7O8 
0 
0 
0 
0 

.0 

257 

16.0 

3.2 

TEXACO 

21,230 
1,340 

 2,57o 

17,696 

1,235 
353 
286 

752 
0 
0 

0 
0 

115 

24.4 

5.8 

Installed Plant Cost MM$ (1980) 
Processing 
Offsi tes 
Spare Parts 
Site Prep 
Contingency 

Total 

Total Investment HM$ (1980) 

(1) As Received 

943.1 
670.8 
25.3 
15.4 

284.4 

1,903.0 

2,099.8 

800.9 
595.2 
24.0 
9.9 

214.5 

1,64~4.5 

1,827.3 

1,153.4 
348.1 
23.1 
I0.0 

230.4 

1,765.0 

1,987.0 

1,200.2 
234.2 
24.0 

"" 10.6 
220.0 

1,689.0 

1,859.6 

1,070.1 
351.5 
21.3 
9.9 

216.7 

1,669.5 

1,838.6 

- 3 -  
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TABLE II 

SENSITIVITY ANALYSIS 
VARIATIONS IN LEVELIZED GAS COST 

ITEM 

Base Case 

Coal Cos~ + 50% 

Plant Cost + 25% 

Operating Cost + 50% 

Plant Service Factor @ 80% 

70% 

60% 

By-Product Credit 

Schedule @ + ] year 

- 1 year 

Plant Life @ + 5 years 

+ I0 years 

Sulphur @ ].0 ppm 

• Delivery Pressure @ 800 psig 

LURGI B & W 

1.0 1.0 

1.22 1.20 

1.08 1.07 

• : : 1.11 1.13 

1.06:" ,. 1.06 

1.15 1.14 

1.26 l .25 

0.86 0.96 

1,09 1 .08 

0 .93  0 .92  

I. 05 1.04 

1.09 1.09 

1.01 l .02 

1.01 1.02 

BGC K-T 

i .0 1.0 

1.22 ] .19 

1.08 1.07 

l.ll 1.15 

1.06 1.06 

1 . 1 4  I .13 

1.25 1 .23 

0 . 8 7  0 .97  

1 .08  1 .08  

0 . 9 2  0 . 9 2  

1 .04  1 .05  

I. 09 I. I0 

1.01 1.02 

i .01 1.01 

TEXA.CO 

1 .0  

1 .22  

1.08 

1.11 

1.06 

1.15 

1.26 

0.96 

1.08 

0 .92  

1.04 

1.08 

1 .02  

1.00 
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: SECTION 3.0 

DESCRIPTION OF ALTERNATES 

Block Flow Diagrams 

Process Block Flow Diagrams are included in this section to 

describe the processing scheme for each alternate. Further 

details may be found in the separate volumes for each gasifi- 

cation system. 

3.2 Coal Handlin~ and Preparation 

Docking facilities Eor 24 loaded coal barges will be provided 

along with a barge unloading.unit of 5000 - 6000 T/H. Ninety (90) 

days of dead coal storage are planned, as well as linty-six (56) 

11otlrs o~ enclosed coal li~e silo storage which will be installed 

for the feed system to Ehe preparation area. 

3.3 

Sized coal (118" x 2") is required for the Lurgi and British Gas 

gasiEiers. This creates a supply o4 fines which are used in the 

boilers for steam generation, and a certain amount is available 

for outside sales. Pulverized coal is necessary for the operation 

of the entrained flow gasiflers, namely, K~T, B & W and Texaco. 

The K-T and B & W gaslflers also require dry coal. 

Air Separation Plan% i~. 

Standard plants so produce 98% pure oxygen are readily available 

to produce the required amount of oxidaLLt. Liquid and gaseous 

oxygen storage are provided to insure a continuous supply of 

ozygen in case of an air plant failure~ The nitrogen is used 

as a purge gas, as required, for in-plant use. 
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3.3 

3.4 

3.5 

3.6 
% 

Air Separaaion Plant (cont'd) 

The design capacities and number of air separation trains per 

module for the five alternate ca~es are: 
.L~'. 

Case 

Ho. of T r a i n s  

'rr~,[. Cal~av[ty 

';'PI) 9~I:'. 0., 

Gasif icat ion 

~ .  K-~T B & W Texaco  BG__CC 

I 2 2 2 I 

.:235() 2300 2200 2200 2300 

The number and t y p e . o f  g a s t f i e r s  p e r  . , o d . l e  f o r  eavh a l t u r n a t e  

a r e  a s  f o t l o w s :  

Licensor Type Operating 

Lurgi Moving Fi~od Bed 7 I 

K-T Entrained Flow 8 2 

B & W En=rained Flow 2 2 

. BGC HovinK Fixed Bed (Slagger) 6 2 

Texaco E n t r a i n e d  Flow 3 2 

Slz%g and/or Ash Handling 

Slag is produced in K-T, B & W, BGC and Texaco gasifiers while 

ash is made in the Lurgi and K-T systems. Standard water h:,nd- 

ling systems are;readily available from vendors to the boiler 

industry. The sla~ and ash are inert materials which can be 

s to red  on site. 

,Acid Gas Removal 

"Th~ Rectisol process i~; used f~r the Lurgi and BGC systems, and 

the Selexol process is proposed for the remaining alternates. 

Since Lurgi and BCC produce additional waste products, facilities 

are required for Gas Liquor Separation, Phenol Recovery and 

Ammonia Recovery. 

-- 2 -- 
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3.7 Sulfur Reeoverz 

In each case~ prlma~y sulEur recovery from aci~ gas streams 

was accomplished in standard Claus units. Tail gas from the 

Claus plants was further processed In Beavon Sulfur Recovery 

Units to minimize sulfur emissions vented to atmosphere. How- 

ever, for the plant d~slgns involving the Lurgi dry ash gasi- 

fief and the BGC slagging gasifier, the Claus unit tail gas 

~s incinerated in the coal-fired steam generators which are 

equipped' with 'ellman Lord FGD units to recover sulfur dioxide. 

Recovered SO 2 is returned to the Claus plant s for conversion 

to elemental sulfur. The sulfur product is prilled to make 

700 800 T/D of solid product. : 

3.8 Gas Compression 

The medium Btu gas must be compressed to 600 psig for delivery 

to the pipellne. The amount o f  ¢ompresslon depends o n  ¢h~ 

gaslfler pressure. The maximum a~unt ~s required for K-T, 

since this gasifier operates at atmospheric pressure, while 

n o  compression step is required ~ o r  the high pressure Texaco 

gasifier. 

The gasifier operating pressures are as follows: 

Lurgi 450 

K - T  0 

B & %4 225 

BCC ~50 

Texaco 680 

:' 

3.9 Suppor~ Facilities 

The normal support facilities are required for each case. 

sizes vary according to the utility loads. 

- 3 -  
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3.9 Support Factlt.ttes "(cont'd) 

These facilities include steam generation, water treatment, 

cooling water, power, a~r, interconnecting piping, ro~ds and 

fences, firewater, lighting and eommunicatlons~ sewer§, waste 

water treatment, flare and incinerator, buildings and loading 

and unloading facilities. " 

o~ 

d 
Z 
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• '" Section 4.0 

~' :" OVERALL EVALUATIONS 
• ";q.L.. 

4.1 The major advantages and disadvantages of each gasification 

system are listed below. It Is understood that TVA will con- 

sider these factors in making thrir final selection. 

4.2 •Evaluation o~ the Lurgi Dry Ash Gaslfier 

iThe Lurgl dry ash gasifier is a moving bed gasifler operating at 

elevated pressures. Gasifier operation is controlled so that 

ash in the combustion zone is malnta~,ned at temperatures below 

the softening point of the ash. : 

4 . 2 .  I Advantages 

The major advantages oE the Lurgi dry ash gasifier are: 

4.2.1.1 The gasifier operates at pressures up to about 

450 pslg, thereby minimizing final compression 

to product gas delivery pressure. 

v 

.I 

4.2.1.2 The product  gas has a high methane conten t  

r e s u l t i n g  in a h e a t i n g  va lue  s i g n f f i c a n t l y  above 

300  BTU/SCF HBV. H i g h  m e t h a n e  c o n t e n ~  i s  c o n -  

s i d e r e d  an a d v a n t a g e  f n  a ~ u e l  gas  operation. 
For synthesis gas production, however, the methane 

would require further conversion to hydrogen and 

carbon monoxide or withdrawal as fuel. 
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4 . 2 . 1 . 3  The Lurgi gaslfier has a long hlstory of suc- 

cessful cnmmercial experience producing variot|s 

types of synthesis gases and town gas. This 

experience is a significant advantage in re]a- 

tion tn early insta]]ation in TVA's demonstra- 

"~ { o n  p l a n t .  ,. 

4 . 2 . 1  . 4  operation wlth caking coals can be achieved 

by Insralla~'iun of a stirrer in the gasifier. 

T||is operation, however, has been proven to 

date o11]y in pilot plan~ or small commercial 

gasiflers. Lurgi has advised l:~mt an extensive 

test on a large commercial Lur|,i gasifier is 

being planned for 1981. 

:,.2.1.5 

4.2.[.6 

Tile gaslfler .has a high inventory of fuel which 

provides relatively stable opeTation. 

:o• 

Gasification involves a relatrvely low oxygen 

consumption, thereby reducing costs for air 

separation plants. Since oxyggn is compressed 

rather than producK gas, the ]few oxygen consump- 

tion is advantageous relativelto compression 

COSES. 

4 . 2 . 2  D i s a d v a n  t a.Fe__ss 

' . 2 . 2 . 1  Gaslflcat~on requires a large amount of steam 

injection into the gasifier co maintain temper- 

atures below the ash softening point. This 

results in high energy consumption for steam 

production as well as added costs for treatment 

of largo quantities of waste water. Steam 

-2- 
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A.2.2.1 (toni' d) 
injected into the gasifier provides no other 

process function in a medium BTU fuel gas:pro- 

duction plant where water gas shift Of~as is 

not required. In other applications where" ..... . 

shift is required, however, the gasifier steam 

would serve a ~urther purpose of shifting car- 

bon. monoxide to carbon dioxide w i t h  resulting 

formation, of hydrogen. 

r" 

4.2.2.2 

4.z.2.3 

'~e gasifier produces significant quantities of 

tar, oil phenols, and ammonia from most coals. 

Although tar can be recycled to the gasifier 

with carryover dust, separation • of these by- 

products involves significant capital and oper- 

ating costs for separation units. These by- 

products may have little commercial value in a 

Euel Eas operation because the quantities are 

small compared to typical petroleum or petro- 

chemical plant production rates. 

gasification at temperatures below the ash 

softening point limits the rate of gasification. 

~s a result, large gasification plants generally 

require many reactors to achieve required pro- 

duction rates. In recent years, however, larger 

Lurgi dry ash gasifiers have been developed 

having throughputs of ~bout 30 tons of coal per 

h o u r .  

-3- 
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4.2.2.4 The gasifier reqt, ire s sized coal, usually 2" 

by I/4" or 1/8". Although ~hls avoids the 

~..~!" cost o f  pulverizing and drying the coal, there 

is typically excess• [.~nes which cannot be used 

even for steampr0duction. These fines must 

be dfspdssd of or sold, usually, at some loss. 

4 .2 .2 .5  

4.2.2.6 

The gasifier requires relatively high mainten- 

ance because of mechanical devices such as 

grates, stirrers, lock }lopper valves, etc. 

SASOL, after many years of operation, has 

reported a gasifier availability of about 85%. 

The raw gas contains a relatively low ratio of 

hydrogen sulfide to carbon dioxide. This 

results in difficulties in desulfurizing the 

gas so as to produce an acid gas containing a 

high concentration of hydrogen sulfide. 

- 4 - 
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4.3 Evaluation o£ the Koppers-Totzek Gasifier 

The Koppers-Totzek gasifier is an entrained upflow gasifier 

operating at atmospheric pressure. 

4.3.1 Advantages .... • 
,'% 

• . ".. "• "a- 

"~':"~ ....... The mjor advantages of the Koppers-Totzek gasifler are: 

4.3.1 .I The gaslfier can hnn~le essentialiy any type 

of coal including highly caking coals ~aithout 

pretreatment or without inclusion of any special 

mechanical devices. Since pulverized coal is 

required for the gasifler, the entire "as 

received" coal can be utilized. 

4.3,1 The gasi£ier operates at high temperatures, 

thereby eliminating Production of liquid by- 

" " . . . . . . . .  " ' "  ~:'and amlo&ia. Recovery of 
• , . . . ~  D~O: .... o ~ "  l~fleno[s • 

• : these bylproducts, which may have limited com- 

mercial ~alue'in an industrial ~uel gas oper- 

ation, is eliminated as well as ~he treatment 

of waste water generated by such recovery 

operations. 

• . • . . 

4 . 3 . 1 . 3  The gaslfler utilizes atmospheric pressure 

equipment and requires little steam for gasi- 

fication, leading to a relatively simple 

operation. Control o[ oxygen/coal ratio is 

very important, however~ to maintain the high 

temperatures required for complete gasification. 

- 5 - 
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4.3.1.4 The product gas has a relatively high ratio 

of hydrogen sulfide to carbon dioxide which 

per1~.ts extepslve desulfurization of the gas 

while still producing an acid gas wlah high 

• hydrogen sulfide concentration. This latter 

[eaturo permits use of n conventional Claus 

sulfur recovery plant. 

4.3.1.5 The. Koppers-Totzek gasifier has extensive 

commercial plant operating experience, "primarily, 

• in~.production of synthesis gas for ammonia 

production. This is a signi ficant advantage 

in relation Lo earl.y installation in TVA's 

demonstration plant, 

4.3.2 Disadvantages 

The major 

4.,3.2.1 

disadvantages of the Koppers-Totzek gasi[ier are: 

Possibly, the most important disadvantage in 

relation to produc=ion of high pressure medium 

BTU gas is the limitation to operation at atmos- 

pheric pressure. The weight flowrate of raw 

gas is about twice that of the oxygen feed to 

the gasifier. Compression of product gas from 

essentially atmospheric pressure to final deliv- 

ery. pressure of about 600 psig is a very large 

eneirgy consumer relative to compression of oxygen 

which would be required for a pressurized gasl- 

tier. Gas compression results in added cos~s Ear 

heat exchangers~ cooling water circulation, etc., 

in addition to the cost of the compressors. 

-- 6 -- 
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4.3.2.2 

4.3.2.3 

P'coduct gas contains essentially no methane'or ,~.-:. 

higher hydrocarbons because of the high gasifi- 

cation temperature. This is considered~a 

disadvantage in a fuel gas operation although 

the heating value of the product gas complies 

without intentional carbon dioxide removal, with 

TVA's specification of 285 BTU/SCF HHV, minimum. 

In a synthesis gas operation, however, production 

of a low methane conten't gas Would he considered 

an advantage. 

Gasification ~nv0ives a relatively high oxygen 
consumpt.ion, thereby necessitating installation 

of large air separation plants. 

4.3.2.4 Although the gasifier can utilize the entire "as 

received" coal in pulverized form without discard 

o f  fines, production Of  dry pulverized coal in- 

volves significant capital and operating costs 

for mills, driers and Euel. 

i. 

t 

n 7 ~' 
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Evaluation of Khe Babcock-Wilcox Gasifier 

The B & W gasifier is an, entrained upflow gasifier operating at 

elevated preusure. 

4.4.1 Advantages 

.':;' 

The major advantages of the B & W Gasifier are: 

• .., .. 

4.4.1.1 The gaslfler can handle essentially any type of 

coal including highly caking coals without 

pretreatmegt or without inclusion of any special 

meci~anlcal devices. Since pulverized coal is 
.y':.::: 

• required for the gasifier, the entire "as . ' .  

received" coal can be utilized. 

i',. 

4.4.1.2 

4.4.1.3 

The gasi~ier operates at high temperature, there- 

by eliminating product ion  of liquid by-products, 

phenols, and"-'ammonia. .Recovery. of  these by-  

products,  which may have l im i ted  cowanercial va lue  

in an i n d u s t r i a l  fue l  gas operation~ is  e l i m i -  

nated as well as the treatment of waste water 

generated by such recovery Operations. 

The product gas has a relatively high ratio of 

hydrdgen sulfide to carbon dioxide with Kentucky 

eoal whlch permits extensive desulfurization of 

~he gas while still producing an acid gas with 

high h~drogen sul~ide concentration. The latter 

[eature permits use of a conv@ntional Claus sul- 

fur recovery plant. 

- 8 - 
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4 . 4 . 1 . 4  The gasifier operates at a vressure:of about 

200 psig, thereby eliminating a significant 

portionofraTq gas compression relative to 

operation at atmospheric pressi/i'e. Since 

the W=ight flow-rate of oxygen is only about 

50% of that of raw gas, reduction in gas com- 

pression requirements represents important 

capital and operating cost savings. 

4.4.2 Disadvantages 

r-4 

6 

d 

:o 

-..s 
., % 

The major disadvantage~ o~ the B & W gasifier are: 

4.4.2.1 Product gas contains essentlally no methane or 

higher hydrocarbons because of the high gasi- 

Eicacion temperature. This is considered a 

disadvantage in a fuel gas operation although 

the heating value of the product gas complies, 

without intentional carbon dioxide removal, 

wi~h TVAVs specification of 285 BTU/SCF HHV, 

minimum. In a synthesis gas operation, however, 

production of a low methane content gas would 

be consideredan advantage. 

l, . 4 . 2 . 2  

4 . 4 . 2 . 3  

Gasification involves a relatively~hlgh oxygen 

consumption, therebynecessitating installation 

of lacge air separation plants. 

Although the gasi~ier can utilize the entire "as 

received't coal in pulverized form without dis- 

card of fines, production of dry pulverized coal 

involves significant capital and operating costs 

for mills, driers, and fuel. 

-9- 
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4.4.2.4 Although the B & W gasifier was operated by 

DuPont for a brief period on a large scale 

during the 1950's, there is no redent pilot 

plant or demonstration plant experience and 

no commercial plant experience. This is an 

important consideration relative to the timing 

o~ installation in TVA's demonstration plant. 

There are ,o known plans for ins hallation and 

operation of B & W gasifiers in the near 

~uture although some projects in the planning 

stage ar~ considerir~ B & W gasifiers. 

i, 

i. 
-S' 

:5 

- ~0- 
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4.5 Evaluation of the BGC/Lursi Slagging Gasifier 

• The BGC/Lurgi slagging gasifier is a moving bed gasifier opera- 

ring at elevated pressures. Gasifier operation is controlled 

SO that~!.ash in the combustion zone is ,melted and removed from 

the Easifler as slag. :" 

4.5 • I Advantages .~'" 

The major advantages of the BGC/Lurgi siagging gasifier 

are: 

4.5.1.1 

1 4.5.1.2 

"l" 

4.5.1.5 

/ '  

The gasifier operates at pressures up to about 

450psig, thereby minlm~zing final compression 

to product gas dellverypressure. 

The product gas has a high methane content 

resulting in a heating value signif_.cantly 

above 300 BTU/SCF HHV. High methane content is 

cqnsidered an advantage in a fuel gas operation, 

For s~thesis gas production, however, the 

methane'would require further conversion to 
J 

ihydrogen and carbon monoxide or withdrawal as 

fhel. 

Operation with caking coals can he achieved by 

Installation.. of a stirrer in. the gaslfler, This 

oper~tlon'has been tested in the Westfield plant 
\. 

where a Lurgi, gasifier wag modified for slagging 

ope~at: ion.  

\ 
L 

- .11 - 
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4.5.1.4 

4.5.1.5 

4.5.1.6 

4.5.1.7 

4.5.1.8 

The gasifler has a high inventory oF fuel which 

provides relatively stable operation. 

Gasification involves a relatively low oxygen 

consumption, only slightly higher than that 

required for dry ash operation. Since oxygen 

is compressed rather than product gas, the low 

oxygen consumption is advantageous relative to 

compression costs. 

Steam injection into the gaslfier is substan- 

uic'!y reduced compared to dry ash operation 

since temperatures in the combustion zone cain. 

exceed the ash softening temperature. This 

reduces costs ~or steamproduction and waste ~ 

water treatment. In applications where water 

gas shi~t is required, however, it may be nee = 

essary to add steam for this purpose. 

Gasification rates in the slagging gaslfier are 

high relative to the dry ash mode because of in- 

creased operating temperature. Throughput rates 

of up to four times the dry ash rates, have been 

reported in the literature. 

The raw gas contains a relatively high ratio of 

hydrogen sulfide to carbon dioxide because of 

low steam usage and high =emperatures in =he gasi- 

fler re]itive to the dry ash operation. This 

simplifies production of an acid gas from gas de- 

sulfurization which has a high hydrogen sulfide 

concentration. 

- [2- 
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4.5.2 Disadvantages 

The major disadvantages of ~he BGC/Lurg£ slagging gasifi- 

er are: 

. . .  ~" 

6","" 

4.5.2~1 

4.5.2.2 

. 'i. . 

4.5.2.3 

The gasifier produces significant quantities of 

tar, oil, phenols, and ammonia from most coals. 

Although tar and oil can be recycled to the 

gasifier with the carryover dust or by injection 

• into tuyeres, separation of these by-products 

involves significant capital and operating costs 

for separation units. These by-products may 

have little commercial value in a fuel gas opei~a- 

tion because the quantities are small compared to 

typical petroleum or petrochemical plant prodhc- 

tion rates. 

The gasifier requires sized coal, usually 2" by 

1/4" or t>~ I/8". Although this avoids ~he cost of" 
pulverizinB and drying the coal, there is typi- 

cally excess fines which cannot be used even for 

steam production. These fines must be disposed 

of or so%d, usually at loss. 

The gasifier requires relatively high maintenance 

because of stirrers and lock hopper valves. Con- 

ditions in the slagging zone are particularly 

s e v e r e °  

-13- 
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4.5.2.4 The gasifier has been tested in a mndlfled 

Lurgl gaslfler at Westfield and short term 

tests under slagging =ondltions have been 

completed successfully. There is, however, 

at present no commercial plant operating 

experience. This is an important considera- 

tion in terms of the timing of insta]latlon 

in TVA's demonstration plant, that is tbe 

first module scheduled for operation in 1985 

or later modules scheJuled for operation in 

1986 - 1988. 

- 14- 
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4.6 Evaluation of the Texaco Gasifier : 

The Tezaco Basifier is an entrained downflow gasifier opera- 

ting at elevated pressure. 

4.6.1 Advantages 

The major advantages of the Texaco gasifier are: 

4.6.1.1 

4.6.1.2 

The gasifier can handle essentially any type of 

coal, including highly caking coals without pre- 

treatment or without inclusion oE any special 

mechanical devices. Since pulverized coal is 

required for the gasifier, the entire "as 

received" coal can be utilized. 

The gasifier operates at high temperature, there- 

by eliminating production of liquid by-products, 

phenols, and all but small am~ounts of ammonia. 

Recovery of these by-products, which may have 

limited commercial value in an industrial fuel 

gas operation, is eliminated as well as the treat- 

ment of waste water generated by such recovery 

operations. 

4.6.1.3 Control oE the coal feed rat= to the gasifier, 

which is particularly i~portant in entrained flow 

gasiflers, is achieved by wet grinding of coal to 

produce a coal slurry which is pumped to the gasi- 

fief. Lock hoppers are not required and drying of 

con| is eliminated. 

- 15- 
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4:6.2  
I 

.% 

4 .b.  1 .;, 

4 .6 .1  .'5 

Although no commercial units are in operation, 

the Texaco coal gas!fief has been operated 

success~ully in pi].ot pla#,ts and in a demon- 

stration plant constructed in Germany. The 

experience gained from these operations, 

together with Tex-.',co's ex~ensive background 

in high temperature, hiKh pressure oil partial 

oxidation plants, which in many •respects ... 

resemble the coal gasification process, should 

minimiz~ the technical uncertalnl.ies in design- 

iog. commercial scale Masifiers. 

The Texaco gasifier can opera'E~- at pressures up 

t 9 at [eas.t about 900 psig. This capability 

permits e[imination of'.. al.l gas compression in 

the proposed TVA demonstration plant, leaving 

only oxygen compression. Since the weight 

flowrare of oxygen is only about 50% of rhat 

of raw gas,..elimination of gas compression 

represents significant capital and operating 

cost- savings • 

Disadvan.ta~es 

The major  d i sadvantages  of  the Texaco g a s i [ i e r  a re :  

4 . 6 . 2 .  Although use of a water" slurry coal ~eed pro- 

vides precise control o£ coal feedrate, rhe 

steam concentration in the gasiEier must be 

at leas.t that corresponding to the water in 

the coal feed. This produces a relatively low 

hydrogen st,| fide to carbon dioxide ratio in 

the product gas which complicates production of 

- 16 - 
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4.6.2.1 (toni'd) 

4.6,2.2 

4.6.2.3 

an acid gas from desulfurization having a 

high hydrogen sulfide content. In the base- 

line conceptual design, it was also necessary 

to remove some carbon dioxide from the gas to 

meet TVA's product gas heating value speclfi- 

cation. The presence of a high concentration 

of steam in the gasifier effluent, however, 

would be useful in operation where water gas 

shift is required. 

"~ . : . .  
~ . ' . . . .  

Operation of the Texaco gasifier improves 

with higher coal slurry concentration, i.e., 

lower oxygen requirement, less CO 2 production, 

increased product gas heating value. It is 

important that good coal grinding be achieved 

to obtain the maximum coal slurry concentration, 
although additives may be used to improve the 

slurry quality of a poor coal grind. 

The product has a low methane content. This 

is considered a disadvantage in a fuel gas 

operation. In a synthesis gas operation, 

however, low methane content would be con- 

sidered an advantage. 

Gasification involves a relatively high oxygen 

consumption, thereby necessitating the instal- 

lation oE large air separation plants. 

"'-... 

-.,, . 
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4.6.2.4 

1 
AlthoUgh pi lot  plant i and demonstration plant 

. i 
'operations have been! successful,~nd extensive 

i 
• % i 

experz~nce is available concerning oil partial 

oxidatibn, there is at present no c~¢nmercial 

operation with the Texaco gasifier. This is 

an impoqtant consideration in the timing of 
i | 

installation in TVA's demonstration plant.. 
: i 

It should be noted, However, that TVA's Muscle 

Shoals pr~Jee= i s  expected to 'be in  operat.i.oh 
• ~ 

Ln 198}., ~hLch sould provide va luab le  add i -  ". 

tional dxr~eriencu at a relatively early date. :, 

I 

- 18- 
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SECTION 5 . 0  

.'~•. 

SCHEDULES :: 
s 

l 

Sum~ry schedul~s are included here for each case.and each .Aodule. 

These were prepared, using our normal experience factors. Sli~ttly 

longer times are gi~'en for the Lurgi case, to accommodate the ad- 

di=ional investinent cost. 
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S0i'~I4ARY 

TVA COMPLETION - SCHEDULE 

9 

Process 1st Module , 2rid Module 
.- 

LURGI '; 
i 

Mechanical Completion I0.~30.84 12.30.85 
Start'Up and 7.30.85 9.30.86 

Co~mi ssioning Comp! etion :' 

K-_fiT: 
Mechanical Completion 8.30.84 11.30.85 
Start-up and 5.30.84 8.30.86 

Commissioning Completi nn 

B&W: 

Mechanical Completion 
Start-Up and 

Commissioning Completion 

T ~ IV. ,~XAC0: 

Mechanical Completion 
Start-Up and 

Commissioning Completion 

V. SLAGGER (BSC/LURGI): 

Mechanical Completion 
Start-Up and 
Commi s si oni ng Compl eti on 

3rd Hodule 

8.30.86 
3.30.87 

8.30.86 
3.35.87 

% 

& 

'~. 

% 

4th Module 

5.30.87 
11.30.87 

5.30.87 
11.30.87 

8.30.84 11.30.85 8.30.86 5.30.87 
5.30.84 : 8.30.86 3.30.87 11.30.87 

8.30.86 
3.30.87 

8.30.84 11.30.85 
5.30.84 8.30.86 

5.30.87 
11.30.87 

8.30.84 ii.30.85 8.30.86 5.30.87 
5.30.84 8.30.86 3.30.87 11.30.87 

"T 
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SECTION 6.0 

KEY PLOT PIa%NS & ELEVATIONS 

° 

Because of the "fast track" nature of this pro~ect, Foster ~leeler 

expended as much time as possible studying the development of the 

Murphy Hill site. Key plot plans and elevations were prepared:for 

each case. However, further work is necessary to optimize land 

usage, grading requirements and plot arrangements. One such depar- 

ture in plot arrangment is discussed in a succeeding section. 

The appropriate land area usage ~ *  f,~reach process is shown 

in the [ollowing =able: 

Acres 

Lu_~i B &_____WW K-T Texaco 

Coal Storage 55 55 55 55 

Process and 223 143 186 |t6 
Support Faci!i£ies 

Ash Slag Storage 28.__7_7 19__~7 16__~8 13__5_ 

R¢,qu|.r~'d TOq~I.S ' '  565 ~95 409 "~()6 

AS-drawn 'rI}'I'ALS** 586 416 499 349 

The "as drawn" totals represent the approximate net values within 

the normal fenced areas as ac=ually shown on the attached Key Plot 

Plans. 

* The' coa l  s t o r a g e  and the  a s h / s l a B  a r e a s  r e p r e s e n t  f a i r l y  good 
e s t i m a t e s  o f  t h e  l and  a r e a  t h a t  w i l l  be r e q u i r e d .  The a r e a s  
shown fo r  P r o c e s s  and S u p p o r t  F a c i l i t i e s  a r e  o n l y  an a p p r o x i m a t e  
indication of the land area required within the latitude provided 
for the present study. These latter values were obtained by 
measuring the resulting g~ss area occupied on the Key flot~Plan 
~or each licensed coal gasification process. 

~* 'rhP : i~retl t t ' r  wtlIII ,S ~or T~rAI,B " ; ts -drhwn"  v t . r s . s  " r e q u l r , , d "  r vp r t , -  
so!!;.', fo r  f lu ,  too.:[ i m r t .  a in.re R~.u~,roos ind i r~ I t  ion o[ land usaKc 
on t l . ,  Kuy Pl , , l  Plan For the cC~;ll mid.  t , s p e v l : l l l y ,  f o r  t l l~ a s l l / s l a K  • '- ~: 

-w 
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6.1 Commentary on Key Plot Plans 

'rite development of "~'hr.. Key Plot Plan requires the optimiza- 

tion of all ~acillties ~rom the standpoint of accommod:~tlng 

the process streams, minimizing piping sizes and lengths, 

consolidating common facilities, access to coal storage and 

ash deposit areas, minimizing changes in the topography of 

the site, minimizing visual intrusions into the environment, 

etc. 

Upon examinatie~1 of the Key Plot Plan for the Lurgi (non- 

slagging), Babcock-Wilcox, Koppers-Totzek and Texaco systems° 

it wilL be observed that the physical relationship between the 

coal pile, asheslag storage and the constructed plant Eacili- 

ties, is essenuially the same. The principal differences 

between the"various Key Plot Plans occu~ in the extent of the 

ash/slag ~tld and "in the arrangement of the essential.facili- 

ties internal to the constructed plant. 

Some of the differences in arrangement of such facilities 

were made to illustrate possible variations in layout and to 

stimulate further commentary for the objective of the eventual 

refL,~.m,~nt ~f tlH" |avL~!Jr for the final Key Plot Plan. 

A major concern which has been voiced, relates to the efficient 

and safe operation of the Air Separation Plant (Section 200). 

The two major aspL:cts of concern are: 

A. The possibility of hydrocarbon vapors contaminating the 

~lir .~,IH~;;¢ :.rod ,l: b,,con,==~ roncentrated in the air 

separat ion process providing :I basis for an explosive 

mi xture. 

-- 2 -- 
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6.1 (cont!:nued) 

B. Fugitivd dust from coal or ash, from sources in close 

proximity, can affect the dust loading of the filters 

at the air intake manifold of the air compressors, 

whereby the efficient operation of the compressor would, 

be adversely affected. 

Potential impact of these two problems may be assessed from the 

following considerations: 

,% 

6.1.1 

%. 

i 

Hydrocarbon Vapors ...... 

The Lurgi (non-slagglng) gasification plant is the 

only one which produces hydrocarbons in significant 

quantity as a byproduct. As presently shown on 

Drawing 54099LI,-01-4, the Air Plant (Section 200) is in 

excess of 350 fe6h from =he nearest major source of 

hydrocarbons, the Phenol Recovery Plant (Section 950). 

An=nonla, another source of potentially dangerous vapors, 

is recovered in Section 900 which is also more than 

350 feet away. As presently shown, the far extremity 

of the Air Plant is well in excess of I000 Eeet from 

either the Phenol or Ammonia Recovery Plant. 

Based on the. foregoing, it seems perfectly reasonable 

to assume that the precise location of the air intake 
to the air compressors of the Air Plant, can easily 

be 600 - 700 feet (or more) from potential sources of 

dangerous vapors generated in the Coal Gasification 

?lant. 

-3- 
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6.1.2 Fu~ive DL, st 

All gasification systems are so ar%'anged =hat the 

long =erm storage coal pile and e~pec:Z.aily the ash/ 

slag storage areas appear, generally, to surround 

the plant facilties and especially the Air Plant of 

the Lurg£ (dry ash) and Koi>pers-To£z ek systems. 

• 

Fugitive dl, st could also orfBinate from coal and 

limestone conveying and trans.fer to s=eam "generation 

(Section 1200) which is, in all systems, cbntiguous 

to the Air Separation Plant. Additionally~ coal is 
t 

conveyed and transferreb:to bunkers serving~ the vari- 

ous gasifiers or to equi'i,ment which prepares coal for 

feeding to the gaslfiers. 

The improbability of fugitive dust emanating from the 

foregoing sources is supported by the ~ollowing: 
-: 

Coal Pile 

The expanse of inactive coal in longterm storage 

would be compacted and chemically sealed to render it 

unlikely to experience oxidation or spontaneous com- 

bustion. As a consequence, the coal pile would bucome 

essentially, dust free. During unloading for storage 

or withdrawing'for gasification, we would provide dust 

suppression water/chemical spraying at the "active" 

working portions of the coal p~le. 

-4 - 
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6 ;1 .2  ( con t inued)  

Ash/Slag 

All systems for the removal of dry flyash and spent 

bed materials to the long term storage pile would 

be provided with dust suppression bywater or chemi- 

cal sprays. Other slag/ash removal systems involve 

wet or damp materials which would not, ~nitially, 

constltute, a~.:s0urce of dust. In any event, dust 

suppression by means o~ water/chemical spraying equip- 

ment should be provided. As stated in the Foster 

Whe~ier reports, Technical Description, Part 2, under 

Section 2000 - General Facilities, ash/slag will be 

treated to render it chemically and mechanically stable 

and hospitable to the growth of plant life. As the 

growth of vegetation takes hold, the ash/slag pile w~ll 

he no different than other terrain around the plant and, 

ther~Eore, would not be an extraordinary source of fugi- 

tive dust. 

Coal & Limestone Conve~in~ &Transfer Systems 

Considering the nature of the proposed plant for the 

gasification of coal, all coal and limestone conveyors 

would be designed to operate inside of completely en- 

closed galleries (for conveyors) or buildings (at 

transfer stations). Additionally, vacuum extraction 

ducts at various station% where dust could be generated, 

would be provided to aid in the control and containment 

of any dust arising during materials conveying and 

transfer. 

-5- 
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6 . 1 . 3  Conclusion 
l 

Zn consideration of the"vacious design £eatuces 

which are recommended for incorporation in the 

plants, it is Foster Wheeler's opinion that a 

design for a safe and efficient Air Separation 

Plant would result. An optimum design, consider- 

ing the entire Key Plot Plan, is a task appropriately 

left for the next phase of this project. 
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