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"LEGAL NOTICE"

“This report was p:ep:at:ed by Fostezr Wheeler Energy
Corporation as an account of wark sponsm:ed_ by tha Tenhessee
valley Autherity (TVA). HNeither TWVA, Foater Wheeler Enexgy
Corporation, nor any person acting on their behalf: (a)
makes any wagranty, express or implied, with respect to the.
sccuracy, completeness, or usefulness of the information
contained in this raport, or that the use Of any informa-
ticn, apparatus, method, Dt process disclosed in this report
may not infringe privately owned rights; or (b) assumes any
liabilities with respect ito the use of, or for damages re-
sulting from the use of, 2ay informaticn, apparatus, method,
ot process disclosed in this :eipo:t."
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. ' SR SECTION 1.0 ¢

INTRODUCTION |

?TVA plans to build a coal gasification plant: Ca demonstrate the. oper- .
Eatlon of 'a rommercial scale‘coal gasification facilicy pruducing a
iclean medium BTU gas (MBG) for use in various industrial applications
iin the TVA region. -‘The pro;ect is intended to play a kEy role in
?effectlng this nation's shift from oil and natural gas to coal, by

fdemonstrating how to nuercome the econom1c, techn1cal and environmen—

a

tal problems associated with a 1arge ccale roal conversion facility.

'The facility is also intended to provide area industry with a secure

source ‘0f clean fuel.and Eeedstock, and assist in the development of
national and regional resources.

N ]
1 -
-

' ﬁhe'overall projecﬁ-plan consists of Five phases, 1locluding:

Kl
"

Ph&ﬁe I ~ Conceptual Design, Env1ronmental and Siting

E B Studies
! Phase II - Overall Plant Design and Environmental
. ) Statement
Phase TIT - First Module: Design, Construction and
Start-Up
Phase IV - Subsequent Modules: Design, Construction
and Scart-Up
‘ Phase V - Commercial Operation

in che Phase 1 efforta, Foster Wheeler Energy Corporation prepared
coniceptuzal designs, cost estimates, and trade-off studies of the

following gasification systems:

1. Lurgi Dry Bottoﬁ

" 2. FKoppers-Totzek

3. Babcock & Wilcox

4, British Gas Slapger

5. Texaco
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The results of the Phase I svudies will enable TVA ro select the
preferred gasificatioh and prgces'sing schemes to be empleved in

‘the gasification plant.
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SECTION.2.0 ,
o o e SUMMARY G¥ RESULTS

\ Table I preqentq the main ccmgaffénn factors for -each gasification
plant casc1 ﬁu-hdsls of design is 5000 T;D coal Eeed'to the gasi-
fiers in cﬁch wodule, and four (4) modules are 1nc1uded for each
plant (20,000 /D total). In the Lurgi and BGC cases, ‘the coal feed
is not dried am.l, therefort_, the 20, OOG ".‘;D amount includes 9‘.’5’ mois-
ture. In the K—T and B & $ cases, the’ raal is pulverlzed and dried,
sa Lhe 20,000 TID feed 1ncludes only about 2% maisturc. Thereforc, |
A greater ameunt o[ as-recelved ceal i required 1n order-to dellver_
20,000 T/D (4 moduies) of coal feed to the K-T and B & w gaqifiera.

[ ;
The 1uxnco Lﬂ$1fl&r§ use a uaterlroa] slurry feed and tﬁe ﬁéximum
input to cach modulc is 4800 T/Dona dry basis. It was not pnssible-
©oto levelize the coal feed to 5000 T/D (dry basis) wichout adding more
.édSiriErS. In any\event these var1at10ns doc cot have a’sigﬁificant‘

- effect on the lnvestment or gas costs.

The plant investment costs summarized in Table T ire in 1980 uu¢;urs.
The indicated cost differences may not be slgn1f10nnt because of the

aceuracy of the estimating prucedures used. +30% —157.

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

fication cases are compared on the following relative basis:

\ Relative Total Relative
Case Capital Investment MBG Cost
BGC A 1.00 1.06
Texaco . 1.01 ‘1.00
Babcock & Wilcox 1.02 1.05
Koppers Totzek 1,09 1.24

Lurgi Bry Ash ( 1.15 1.12
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' recovery Factor is a measure of the plant'. overall- efficiency cal-
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Thee relative product gas costs were based on an engineering-ﬁype

"
1cvelizcd cost .analysis with noe credit glven to by-products, except .
excess coal fines. Sensitivity of the Cstimqted gas costs was

determined for several operating parameters ag summarlzed in Table rI.

1
= - . T
: B [

S?uciﬁiuatioﬁs of the medium Btu fucl gas product (MBG) produced by

che Eivé'cnmmerc!nl plant designs are summarized belo?., The heat

culated via the relationship:

HHV Gas Product

3 . HRF = HHV Coal Feed & Electrlc Power 100
Process ‘ K-T  Texaco B & W  Lurgi ° BGC "
MBG Composition Vol. & H,  29.02  37.51  30.27 hto  26.8
co  64.33  50.04  62.41 19,3 61.1 s
Co,  4.49  10.73 3.93  24.1 4,8
cE,  0.10 0.32 0.60  10.6 6.4
c, + - - - 0.5 0.2
N, +Ar 2,05 139 3.38 0.6 0.7
H,0 _0.01 _0Di.01: _ 0.91 - =
100.00  .100.00 100.00  100.0°  100.0
ST :
Sulfur Content, ppm <200 > 130 130 200 - 200
HHV, Btu/SCF 302 286 209 324 348
Dulivered @ psig © 600 | 610 600 600 600
°F CL 120 92 120 120 120

Heat Recovery Factor 61.3 70.2 ¢ 69.6 63.6  63.1
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- TABLE 1

COMPARISON OF COMMERCEAL PLANTS

GASIFIER TYPE

Coal, Feed, TPD (1)
_ Gasilication
" .Boiler
Excess Fines

Total

fixygen, TPD
@98%

Product Gas, MMSCFD
: MMMBTU/D
HHY, BTU/SCF

By-Products
Sul fur, LTPD
Ammonia, TPD
Phenols, TPD

. 0i1, BPR

\ Naphtha BPD

. Coa¥ Fines, TPD (1\

E]ectri ¢ Power, M
Raw.Water, MGPH
Cat/Chem Cost MM$/Vr

Installed Plant Cost MM$ (1980)

Processing
0ffsites
Spare Parts
Site Prep
Contingency

Total

Total Investment MM§ (1980)

(1) As Received

LURGL _ BGC B & W TEXACO
20,000 20,000 22,116 21,672 21,230
5,260 2.350 . 1,820 88R 1,340

1,260 4,170 = -

76,520 76,520 23,936 22,560 22,570
9,000 9,400 17,624 16,800 17,696
1,108 973 1,140 1,204 1,235

358 338 344 360 353
324 . 348 302 259 286
837 810 780 708 752
252 57 0 0 G
103 a1 0 0 0
1,500 1,830 0 0 -0
2,275 1.351 0 0 0
1,260 8170 0. 0 .0
95 76 a3 257 115
14.6 15 16.9 16.0 24.4
12.7 12.6 13.6 3.2 5.3
943.1 800.9  1,153.4  1,200.2  1,070.1
670.8 595.2 ° 348.1 234.2 351.5
25.3 24.0 23.1 24.0 21.3
15.4 9.9 10.0 - 10.6 3.9
_284.4 214.5 230. 4 220.0 216.7
1,903.0  1,644.5 1,765.0  1,689.0  1,669.5
2,099.8  1,827.3 1,987.0  1,859.6

1,838.6



TABLE IT

: SENSITIVITY ANALYSIS
VARIATIONS IN LEVELIZED GAS COST

TTEM " juRGL B &W _BGC _K-T  TEXAGO

Base Casc 1.0 1.0 1.0 1.0 1.0
Coal Cost + 50% 1.22 1.20 1.22 1.19 1.22
Plant Cost + 25% 1.08 1.07 1.08  1.07 1.08
Operating Cost + 50% oYl L1300 1.1l 115 1.11
Plant Service Factor @ 80% 1.0 , 1.06  1.06  1.06  1.06
' 701 1.15  1.14 1.4 1.13 L.

60% 1.26  1.25 1.25  1.23 1.26

By~Product Credit 0.86 0.96 0.87 0.97 0.96
" Schedule @ 4+ 1 year 1.09 1.08 1.08 1.08 1.08
- 1 year 0.93 0.92 0.92 0.92 0.92

Plant Life @ + 5 yecars 1.05 1.04 1.04 1.05 1.04
+ 10 vyears 1.09 1.09 1.09 1.10 1.08

Sulphur @ 1.0 ppm 1.01 1.02 . 1.01  1.02 1.02

- Delivery Pressurc § 800 psig 1.0l 1.02 1.01 1.01 1.00
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3.0 DESCRIPTION OF ALTERNATES
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SECTION 3.0
DESCRIPTION OF ALTERNATES

Block Flow Diagrams

Process Block Flow Piagrams are included in this sectcion to

describe the processing scheme for each alternate. Further
details may be found in the separate volumes for each gagifi-

tation system.

Coal Handling and Preparation

Docking facilities for 24 loaded coal barges will be provided
along with a barge unloading .unit of 5000 - 6000 T/H. WNinety (90)

days of dead coal storage are planned, as well as fifty-six {56)
hours of enclosed coal live silo storage which will be installed

for the feed system Lo the preparation area.

Sizod coal (1/8" x 2") is required for the Lurgi and British Gas
gasifiers. This creates a supply of fines which are used inﬁthe
boilers For steam generation, and & certain amount is available
for outside sales. Pulverized coual is necessary for the operation

of the entrained flow gasifiers, namely, K-T, B & W and Texaco.
The K-T and B & W gasifiers also require dry coal.

Alr Separation Plant

Standard plants to produce 987 pure oxygen are readily available
to produce the required amount of oxidsut. Liguid and gaseous
oxygen storage are provided to insure a continuous supply of

oxygen in case of an air plant failure. The nitrogen is used

as a purge gas, as required, for in»piant use.

.
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3.3

3.4

3.5

3.6h

Air Separation Plant (cont'd)

The design capacities and number of air separation trains per

module for the five alternate cases are:

Case . Lurgi K-T B &W Texaco BGC
No. of Trains = | 2 2 2 1
Wrafn Capaclcy ..:'.-3'35() 2300 2200 2200 500 °

TPD a8’ 0,
Gasificaticn
The number and type-of gasifiers per module for e¢ach alternate

are as fTollows:

Licensor Type . Uperating  Spare
Lurgi Moving Fixed Bed 7 1
K-T Entrained Flow 8 2
B & W Entrained Flow 2 2

. BGG Moving Fixed Bed (Slagger) 6 2

3 2

Texaco Entrained Flow

Slap and/or Ash Handling

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

ash is made in the Lurgi and K-T systems. Standard water hond—~
ling systems are:feadilyﬂavailable from vendors to the boiler
industry. The slag_and ash are inert materials which can be

stored on site.

,Acid Gas Removal

_”The Rectisnl process iy used far the Lurgi and BGC systems, and

the Selexol pruocess iLs proposed for the remzining alternates.
Since Lurgi 2nd BCGC produce additional waste products, facilities
are required for Gas Liquor Separation, Phencl Recovery and

Ammonia Recovery.
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3.7 Sul fur Recovery

In each case, primary sulfur recovery from acid gas streams
was accomplished in standard Claus units. Tail gas from the
Claus plants was furcher processed 1n Beavon Sulfur Recovery
Units to minimize sulfur emissions vented to atmosphere. How-
ever, for the plant deslgns ihvolving the Lurgi dry ash gasi-
fier and the BGC slagging gasifier, the Claus unit tail gas

is incinerated in the coal-fired steam genera:ors which are
equipped with ’ellman Lord FGD units to Tecover sulfur dioxide.
Recovered SO is returned to the Claus plants for conversion
to elemental sulfur. The sulfur product is prilled to make
700 - 800 T/D of solid product.

3.8 QCas Compression

The medium Btu gas must be compressed to 600 psig for delivery
ko the pipellne. The amount of eompression depends on the
gasifier pressure. The maximnm amounn As required for K-T,
since this gasiExer cperates at atmospheric pressure, while
'no compression step is required for the high pressure Texaco

gasifier.

The gasifier operating pressures are as follows:

Psig
Lurgi =~ = 450
K-T 0
B&W 225
BGC 450
Texaco 680

3.9 Support Facilities

The normal support facilities are required for each case. The
sizes vary according to the utility loads.

-3 -
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3.9

Support Facilities (conc'd)

These facilities include steam s_;,eneration, water treatment,

éooling water, power, air, in,ﬁérconnecting piping, roads and
fences, firewater, lighting and communications; sewers, waste
warer -treatment, flare and incinerator, buildings and loading

and unloading facilities.
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Section 4.0
OVERALL EVALUATIONS

4,1  The major advantages and disadvantages of each gasification
_system are listed below. It is understoud that TVA will con-

sider these factors in making thric final selection.

4.2 :Evaluation of the Lurgi Dry Ash Gasifiex

The Lurgi dry ash gasifier is a wmoving bed gasifier operating at
elevated pressures. Gasifier operation is controlled so that
ash in the combustion zone is maintained at temperatures below

the softening point of the ash.

4.2.1 Advantages

The major advantages of the Lurgi dry ash pasifier are:

4.,2.1.1 The pasifier aﬁerates at pressures up Lo about
450 psig, thereby minimizing final compression

to product gas delivery pressure.

4.2.1.2 ‘The product gas has a high methane content
resulting in a hual::i.ng value significaontly above
300 BTU/SCF HHV. High methane content is con—
sidered an advantage in a fuel 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 pasifier has a long history of suc—
cessFul commercial experience producing various
types of synthesis gases and town pas. This
expecicnce is a significant advantage in rela-
tion tn early iastallation in TVA's demonstra—

tioh plant.

4.2.1.4 Operation with caking coals can be achieved
: " by installation of a stirrer in the gasifier.
= T This obcration, however, has béen p;oﬁen to
" date only in pilot plant or small commercial
gasifiers. Lurgi was advised Lhat an extensive
test on a large commercial Lufgi gusifier is
being planned for 1981.

4.2.1.5 The pasifier has a high inventory of fuel which

provides relatively stable operation.

4.2.1.6 Gasification involves a relatively low oxygen
cngsumption, thereby reducing'cos:s for air
geparation plants. Since oxyégn is compressed
rather than product gas, the iow oxygen consump-
tion is advantageous relative.to compression

costh.
4.2.2 Disadvantapes

4d.2.2.00 Gasification requires a large amount af steam
injection into the gasifier ro maintain temper—
atures below Lhe ash softening point. This
results in high energy consumption for steam
production as well as added costs for treatment

of large quantities of waste water. Steam

—_n
£

7o
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£.2.2.1

6.2.2.2

4.2.2.3

{cont‘'d) .

injécteé into the gasifier provides no other’
process'function in a medium BTU fuel pas pro-
duction plant where water gas shift oi gas is '
not required. In other applications wheré‘-wu.
shift is required, however, the gasifier steam
would servé a further purpose of shifting car-
bon-mopexide :o.carbon dioxide with resulting

formaéion‘sf hydrogen.

The gasifier produces significant quantities of
tar, oll 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 litkle commercial value in a
fuel gas operation because the quantities are
small compared to :ypiéal petraoleum or petro-

chemical plant production rates.

Gasification at temperatures belaow the ash
softening paint limits the rate of gasificationm.
#s a result, large gasification plants generally
require many reacrors Lo achieve required pro-
duction rates. In recent years, however, larger
Lurgi dry ash gas%fiers have been developed

having throughpucalof about 30 tons of coal per

hour.
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4.2.2.4

5.2.2.5

4.2.2.6

The gasifier requires sized coal, usualiy 2"
by 1/4" or 178". Although this avoids the

4 cost of pulverizing and drying'the coal, there

is cypically excess finds which cannot be used
even for sceam_proahction. These fines must

berdfspdsﬁd'éf or sold, usually at some loss.

The gasifier requives relatively high mainten-
ance hecause of mechanical devices such as
grates, stirrers, lock hopper 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
hvdrogen sulFide to carbon dioxide. This
results in difficulties in desulfurizing the
gas so as Lo produce an acid gas containing a '

high concentration of hydrogen sulfide.
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4.3 Evaluation of the Koppers-Totzek Gasifier .

Ty

The Koppers-Totzek gasifier is an entrained upflow gasifier

operating at atmospheric pressure.

Ly

-SRI

4.3.1 Adventages

" The major advantages of the Kopperse—Totzek gasifier are:

4.3.1.1

4,3.1.2

4,3.1.3

The gasifier can:haudle‘é;s;ntially any type

of coal including highly daking co#ls without
pretreatment or without inclusion of any special
mechanical devices. Since pulverized coal is
required for the gasifier, the entire "as

received" coal can be utilized.

‘The gasifier opérates at high'températufes,

thereby ecliminating p:oduction of liquid by-

‘%prpdutts;Fpﬁéﬁélsg and ammonia. Recovery of

these‘bprroducts, which may have limited com-
mercial Galue'in an industrial fuel gas oper-

ation, is eliminated as well as the treatment

of waste water generated by such recovery

operations.

The gasifier utilizes atmospheric pressure
equipment and requires little steam for gasi-
fication, leading Lo a relétively simple
operation. Control of oxygen/coal ratio is
very importaot, however, to maintain the high

temperatures required for complete gagification.
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4.3.1.4

4.3.1.5

The product gas has a relatively high racio
of hydragen sulfide to carbon dioxide which
pernits e¢xtepsive desulfurization of the gas

while still producing an acid gas with high

- hydropen sulfide concentration. This latter

feature permits use of a1 conventional Claus

sul fur recovery plaant.

The Koppers-Totzek gasifier has extensive

commereial plant operating experience, primarily,

- invproduction of synthesis gas for ammonia

production. This is a significant advantage
in relation to early installation in TVA's

demonstration plant.

4.3.2 Disadvantages

6.3.2.1

The major disadvantages of the Koppers—~Totzek gasifier are:

Pogsibly, the most important disadvantage in
relation to production of high pressure medium
BTU gas is the limitation to vperation at atmos-
pheric pressure. The weight Flowrate of raw

gas Ls about twice that of the oxygen feed to

the gasifier. Compression of praduct gas from
essentially atmospheric pressure to final deliv-
ery pressure of about 600 psig is a very large
en¢rgy consumer relative to compression of oxygen
which would be required for a pressurized gasi-
fier. Gas compression results in added costs for
heat exchangers, cocling water circulation, etc.,

in addition to the cost of the compreéssors.

~ 6 -
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4.3.2.2

W

- -

Product gas contains essentially no methanélor’
bigher hydrocarbons because of the high gasifi-
cation temperature. This is considered a
disadvantage in a fuel gas operaticn 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 content gas would be considered
an advantage.

Gasification “ifivolves a relatively high oxygen
consumption, thereby necessitating installation
of large alr separation piants.

Although the gasifier can utilize the entire "as
received”" coal in puiverized form without discard
of fines, production of dry pulverized coal in-

volves significant capital and operating costs
for mills, diiers and Euel.
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4.4 Evaluation of the Babcock-Wilcox Gasifier

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

glevated preusure.

4.4.1 Advantages

The major advantages of the B & W Gasifier are:

b.4.1.1

4.4.1.2

4.6.1.3

The gasifier can handle essentially any type of

coal including highly caking coals without
pretreatment or without inclusion of any special

mechanieal devices. Since pulverized coal is

_required for the gasifier, the entire "as

received" coal can be utilized.

The gasifief operates at high temperature, there-
by eliminating production of liquid by-pfoducts,
phenols, and}ammonia. Recovery. of chese by-
products, which may have limited commercial value
in an industrial fuel gas operation, is elimi-
nated as well as the treatment of waste water

generated by such recovery operations.

The product gas has a relatively high ratio of
hydrogen sulfide to carbon dioxide“with Kentucky
coal which permits extensive desulfﬁrization of
the pas while still producing an acid gas with
high hwdraogen sulfide concentration. The latter
feature permits use of a conventional Claus sul-

fur recovery plamt.



Form Ne. 130-171

-
R

1

-

FOSTER WHEELER ENERGY ConponA'rth — @

4.4.1.4

The gasifier operates at a pressure of about
200 psig, thereby eliminating a significant
portion of raw gas compression relative to
operation at atmospheric preéé&ke., Since
the weight Flow-rare 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

The major disadvantages of the B & W gasifier are:

4.4.2.1

4.46.2.2

4.4.2.3

Product gas contains essentially no methane or
higher hydrocarbons because of the high gasi- -
ficacion temperature. This is‘considered a
disadvantage in = 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 content gas would

be considered an advantage.

Casification involves a relatively:high oxygen
consumption, thereby. necessitating imstallatien

of larg=s air separation plants.

Although the gasifier can utilize the entire "as
received". 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.

-0 -
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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 recent pilot
plant or demonstration plant expetience and
no commercial plant experience. This is an
important consideration relative to the timing
of installation in TVA's demonstration plant.
There are no known plans for installation and
operation of B & W gasifiers in the near
future although some projects in Lhe planning

stage are considerirg B & W gasifiers.

- 10 -
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4.5 Evaluation of the BGC/Lurgi Slagéfng Gasifier

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

‘ring‘at elevated pressures. Ga31f1er operation is controlled

g0 that ash in the combustion zone is welted and removed from

the gasifier as slag.

4.5.1

Advantages

The major advantages of the.BGC!Lﬁrgi siégging gasifier -

are;

4.5.1.1

*4,5.1.2

4.5.1.3

The gasifier cperates at pressures up to about

450 paig, thereby minimizing final compression

to producﬁ gas delivery pressure.

The produut gas has a hlgh methane content
resulting in a heating value 51gn1ffcantly
above 300 BTU/SCF HHV. High methane content is

considered an advantage in a fuel gas operatiom.

. For synthesis gas production, however, the
_;methane:would require further conversion to

‘hydrogen and carbon monoxide or withdrawal as

fuel.

Operation with caking coals can be achieved by
installation of a st1rrer in the gasifier. This
operatlon "has been tested in the Westfield plant
where a Lurgl gas1fler was modified for slagging

operalion,

Y
'

-"' 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 gasifier has a high inventory ol Fuel which

provides relatively stable operation.

Gasification invelves a relatively low oxygen
eonsumption, anly 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 inco the gasifier is substan-~
tiz”ly reduced compared to dry ash operation
since temperatures in the combustion zone caii.
exceed the ash softening tomperature. This )
reduces costs for steam production and wasté?;"
water treatment. In applications where water
gas shift is required, however, it may be nec-

essary to add steam for this purpose.

Gasification rates in the slagging gasifier are
high relative to the dry ash mode because of in~
c¢reased operating temperature. Throughput rates
of up to four times the dry ash rates, have heen
teported in the literature.

The raw gas contains a felatively hipgh ratio of
hydrogen sulfide to carbon dioxide because of
low steam ﬁsage and high temperatures in tha gasi-
[ier relitive to the dry ash operation. This
simplifies production of an acid gas from gas de-
sulfnrizétion which has a high hydrogen sulfide
concentration.

.

- 12 =
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4,5.2 Disadvantages -

The‘major disadvantages of rhe BGC/Lurgl slagging gasifi-
er are:

4.3.2.1 The pasifier produces significant quantities of
., - g 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
-dnto 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 opera-
rion hecause the quantities-are small compared to

typical petroleum or petrochemical plant prodic-

S tion rates.

4.5.2.2 The gasifier requires sized coal, usually an ﬁy
1/4" or By 1/8". Alcthough this avoids the cost of
pulverizing and drying the coal, there is typi-
'eally excess fines which cannot be used even for
gi steam production. These fines must be disposed

of or sold, usually at loss.

4.5.2.3 The gasifier requires relatively high maintenance
because of stirrers and lock hopper valves. Con-

ditions in -the slagging zonme are particularly

seveare.,

1 No * 91?_174

- 13 -
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4.5.2.4

W

The gasifier has been tested in a mndified
Lurgi gasifier at Westfield and short term
tests under slapging conditions have been
compieted successfully. There is, however,
at present no commercial plant gperating
experience. This is an important considera-
tion in terms of the timing of installation
in TVA's demonstration plant, that is the
first module scheduled for operationm in 1985

or later modules scheiuled for operaticn in
1986 -~ 1988.

- 14 -



v 13602

2 orm

FosTER WHEELER ENERGY CORPORATION @

4.6

Evaluation of the Texaco Gasifier ‘

The Teraeo gasifier is an entrained downflow gasifier opera-

ving at elevated pressure.

4.6.1 Advantages

The major advantages of the Texaco pasifier are:

4.6.1.1

4.6.1.2

4.6.1.3

The.gasifier can handle essentially any type of
coal, including highly caking coals without pre-
treatment or without inclusion of any special
mechanical devices. Since pulverized coal is

required for the gasifier, the entire "as

received" coal can be uwtilized.

The gasifier operates at high temperature, thére-
by eliminating production. of liquid by-products,
phenols, and all but sma{l amounts of ammonia.
Recovery of these by-prodﬁcts, 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.

Control of the coal feed rates to the gasif&er,
which is particularly important in entrained flow
gasifiers, is achieved by wet grinding of coal to
produce a coal slurry which is pumped to the gasi-

fier. Lock hoppers are not trequired and drying of
ceoal is eliminated.

- 15 -
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4.6.1.5

iﬁf

Although no commercial units are in operation,
the Texaco coal gasifiér has been operated
successfully in pilot plarts and in a demon-
stration plant constructed in Germany. The
expegience gained from these operations,
together with Texzco's extensive backpround

in high temperature, high pressure oil partial
oxidation plants, which in many respects
resemble the coal gasification process, should
minimize the technical uncertaiuties in design-

ing commercial scale gasifiers:

-

The Texaco gasificr can npeéﬁug at pressures up
to at least about 900 psig. This capahility
permits elimination oﬁ_al} gas compression in
the praposed TVA demonstration plant, leaving
only oxygen compression. Since the weight
flowrate of oxygen is only about 50% of that

of raw pas,. elimination of gas compression
represents significant capital and operacing

cost sidvings.

4.6.2 Disadvantages

The major disadvantages of the Texaco gasifier are:

4.6.2.°

Although use of a water slurry coal feed pro-
vides precise control of coal feedrate, the
gsteam concentration in the gasifier must be

at least that corresponding to the water in
the coal feed. This produces a relatively low
hydrogen sulfide to carbon dioxide ratio in

the product gas which complicates producrion of

- 16 -
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4,6.2,1 (comt'd)

an acidigas from desulfurization having a
high hydrogen sulfide content. In the base-
line conceptual design, it was also nacessary
to remove some carbon dioxide from the gas to
meet TVA's product gas heating value specifi-
cation. The presence of a high concentration
of steam in the gasifier effluemt, however,
would be useful in operation where water gas

shift is required.

Operation of the Texaco gasifier improves

with higher coal slurry concentrationm, i.e.,
lower oxygen requirement, less CO2 production,
increased product gas heating value. It is ’
important that good coal grinding be achieved
te obtain the maximum coal slurry concentraéion,
although additives may be used to improve the

slurry quality of a poor coal grind.

4.6.2.2 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 woild be con-

sidered an advantage.

4.6.2.3 Gasification involves a relatively high oxygen
consumption, thereby necessitating the instal-

lation of large air separation plants.

- 17 - \\"\
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Alchough pilor planb and demonstration plant
operat;cns have been succussful and extensive
experlcnce is avaxlable concernxng 0il partial

ox1daL10n, there is at present no cnmmercial

operatxﬁn with the Texaco gasifier. This is

an important cun51dera:10n in the t:\.m:.n.“J of

1nstaL1ah10n in TVA's demonstration plant..

It shnuld be noted, hnwever, that TVA's Muscle
Shoals pfojeut is expected to be in operatlon
in 198}, whxch sould prov;de valuable addi-

tional cxﬂerlence at a relatively early date.

- I8 -
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‘ : . SECTYON 5.0
SCHEDULES
Summéry schedulzs are included here for each case and each nbdule.
These were preparad, using our normal experience factors. Blightly
longer times zre girven for the Lurgi case, CO accommodate the ad-

digional investment cost.
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TVA COMPLETION - SCHEDULE

i

Process ! 1st ‘Module . 2nd Module  3rd Module 4th Module ’

LURGL ; '

Mechanical Completion  10.30.84 ~ 12.30.35  8.30.86  5.30.87

Start-Up and L 7.30.85 9,30.86 3.30.87 11.30.87
Commissioning Campletian ”

Mechanical Campletion 8.30.84 11.30.85 8.30.86 5.30.87

Start-up and 5.30.84 B.30.86 3.36.87 11.30.87 -
Commissioning Completion :

B & W:

Mechanical Completion 8.30.84 11.30.85 8.30.86 5.30.87

Start-Up and 5.30.884 - 8.30.8B6 3.30.87 11.30.87
Commissioning Completion

TEXACO:

iMechanical Compietion B.30.84 11.30.85 8.30.86 5.30.87

Start-Up and 5.30.84 8.30.86 3.30.87 11.30.87
Commissioning Completion -

SLAGGER (BSC/LURGI):

Mechanical Completion 8.30.84 11.30.85 8.30.86 5.30.87

Start-Up and 5.30.84 8.30.86 3.30.87 11.30.87

Commissioning Completion
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SECTION 6.0
KEY PLOT PLANS & ELEVATIONS

Because of the "fast track" nature of this project, Foster Wheeler
expended as much time as possible studying the development of the
Murphy Hill site. Key plot plans and elevations wqg?‘prepared:an
each casa. Houwever, further work is necessary to opﬁimize land

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

ture in plot arrangment s discussed in a succeeding section.

The appropriace land area usage required* for each process is shown
in the following table:

Acres

Lurgi B &YW KT Texaco

Coal Storage 55 55 55 55
Process and 223 143 186 116
Support Facilities
Ash Siag Storage 287 197 168 135
Required TOTALS R Y] 345 409 306
As—drawn TOTALS &% 586 416 h9%9 149

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

the normal fenced areas as actually shown on the attached Key Plat
Plans.

* Tho conl stornge and the ash/slag areas represent fairly pood
eatimates of the land area that will be required. 'The areas
shown for Process and Support Facilities are only an approxlmate
jndication of the land area required within the latitude provided
for the prusent study. These latter values were obtained by
measuring the resulting g#Bss area accupied en the Key Elot”Plan
for each licensed ccal gasificarion process.

*% The greater valiies Tor TOTALS “as—draun' versus "regquired” repro-

soipe For the mest part, @ mnre poenerous indication of landd usape

on the Koy Plat Plan Tar the eonlt and, uvspeciatly, Tor the ash/slag
areas.
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6.1

Commentary on Key Plot Plans

The development of che Key Plot Plan requires the optimiza-
tion of all facilities from the standpoint of accommodating
the process streams, minimizing piping sizes and lengths,
consolidat ing common facilities, access to coal storage and
ash deposit areas, minimizing changes in the topography of
the site, minimizing visual intrusions inte the environment,

etc.

Upon examinaticn of the Key Plot Plan For the Lurgi (non-
slagging), Babrock-Wilcox, Koppers-Totzek and Texaco systems,
it will be vbscrved that the physical rclationship between the
voal pile, ash/slag storape and the constructed plant faclli-
ties, I[s essentially the same. The principal differences
betwaen the“various Key Plot Plans eccue in the exutent of the
ash/slag pili and in the arrangement of the essential facili-

ties internal te the constructed plant.

Some of the dilferences in arrangement of such facilities
were made to illustrate possible variations in layout and to
stimulate further commentary for the objective of the eventual

refinemmt of the Lavost 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 aspects of concern are:

A. ‘The possibility of hydrocarbon vapors contaminating the
atr suppiy and on beconang roncentrated in the air
separation process providing a basis for an explosive

mixture.
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6.1.1

6.1 (continued)

B. Fugitivé 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 thg efficient operation of the compressor_qauld

be adversely affected.

Potential impact of these two problems may be assessed Irom the

following considerations:

Hydrocarbon Vapors ‘ ' e

The Lurgi (non-slagging) gasification plant is the

only one which produces hydrocarbons in significant
quantity as a byproduct. As presently shown on

Drawing 54098-1-01-4, the Air Plant (Section 200) is in
excess of 350 feet froﬁ the nearest major source of
hydrocarbons, the Phenol Recovery Plant {Section 950).
Ammonia, 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 1000 Fzet from

.+ either the Phenol or Ammonia Recovery Plant.

Based on thg,foregoing, it seems perfectly reasonable
to assume th;t 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
Zlant. |
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6.1.2 Fugitive Dust

Form No. 130-17]

All gasification systems are. so arranged that the
long term storage coal pile and especially the ash/
slap storage areas appear, generally, to surround
the plant facilties and especially the Air Plant of
the Lurgi (dry ash) and Koﬁpers-Totgek sﬁstEms. )
Fugitive dust could also orfginate from céal and
limestone conveying and transfer to s:eam‘generation
(Section 1200) which is, in ai; systems, cbntiguéﬁs
to the Alr Separation Plant. Additionally; coal is
conveyed and transferre&ato bunkers serving%the vari-

ous gasifiers or to equlbhent which prepare# coal for
feeding to the gasifiers.

3

i

The improbability of Fugitive dust emanating from the

foregoing sources is sppported by the following:

The expanse of inactive coal in long texrm storage
would be compagfed and chemically sealed to render it

unlikely to exberience axidation or spontaneous con—
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 cosl pile.

s
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6:1.2 {continued)

Ash/Slag

All systems for the removal of dry flyash and spent

bed materials ro the long term storage pile would

be provided with dust suppression by water or chemi-
ecal sprays. Other slag/ash removal systems involve |
wet or damp materials which would not, ;nitially,
constitutgwafsddrce of dust. In any event, dust‘
3uppres§ibn by means of water/chemical spraying equip—-
ment should be provided. As stated in the Foster
wheéier reports, Technical Description, Parc 2, under
Section 2000 - GCeneral Facilities, ash/slag will be
treated to render it chemically and mechanically stahle
and hospitable to the growth of plant life. As the
prowth of vegetation takes hold, the ash/slag pile will
be no different than other terrain arcund the plant and,
ther<fore, would not be an extraordinaty source of fugi-

tive dust.

Coal & Limestone Conveyingﬁ&‘Transfer Systems

Considering the nature of the proposed plant for the
pasification of coal, all ceal and limestone conveyors
would be desigred to operate inside of completely en~
closed galleries (for conveyors) or buildings (at
transfer stations). Additiomally, vacuum extraction
ducts at various stations, where dust could he generated,
would be provided to aid in fhe contrel and containment
of any dust arising during materials conveying and
transfer.
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6.1.3 Conclusion
In consideration of the various design !"Eleatu:es
which are recommended for incorporation in the
plants, it is Poster Wheeler's opinion that a
design for a safe and efficient Ai;: 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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