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TABLE 19. - Estimated operating personnel and materials requirements
for the 30,000-bbl.-per-day coal-hydrogenation plant

Bureau of Mines N.P.C.
datal/ data2/
—C08Ll..ueeeorersnaanansss tons/day (as recelved) §/11,820 12,990
Hydrogenation.ccesesessesscocssecasess d0uans 6,142 6,422
Fuel.iiiveeeooosoavssnsoanseassasaceae UDaece 3,330 3,800
Gasification...... cecessesesscvaacesss G0saas 2,348 2,220
Hydrogen production........ million cu. ft./day 242 239
Low~temperature separatioN..ececeseesses 40.0es 39 38
Off-gas conversion®/...... Y < [« D 117 80
Coal gasification...... sesoeacessccncss dOiaue 86 121
Hydrogen consumption...ceceeesasessssss eo d0.aus 242 239
Liquid phase...cceesnnns sesecccassesee docens 165 -
Vapor phase..ieeeeecosss tesasesenccess d0.aee 77 -
Oxygen (95 percent) ...... teseeeesassss tons/day 1,952 2,615
Electric POWEL .ceeacscacssssssaeasenes kilowatts 194,710 213,880
Steam..eeeeeseessscscanasnsnsssss 1,000 1b./hr. - 5,214
High-pressure..cceeevecaccecseccccasssse d0ecns 2,700 2,634
Process and heating...c.ceecees esveses dooa.. 57556 2,580
Cooling WAteT.ceeeeesosancsscasssasss gal./min. 250,000 227,555
Fresh Water...eeeeeccssscasacossscessssas d0iaas 18,263 19,616
Operating labor and maintenance (plant) ........ 2,400 3,349
Total (including superviSory) .eeeseescescsess 3,020 9/5,250
Construction metals:
TONS.eeuneenncrconenns /173,267 188,600
Tons per bbl.~day..ceeeececencesesccvsescasacss 5.8 6.3

/ Bureau of Mines data (6).

/ Based on National Petroleum Council Committee Report (10).

/ No loss included.

/ Bureau of Mines by steam cracking, N.P.C. by partial combustion with 0,.
/ Does not include extracted steam.

/ Includes 605 miners.

/ Steel only.
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TABLE 20. - Estimated power requirements for 30,000-bbl.-per-day

coal~hydrogenation plant

Bureau
of Mines N.P.C.
datal/ dataZ

Kw. Kw.

Hydrogenation section, total.sieeeececacovrscocccosnansoses 54,730 49,995
Coal-preparation plant.....ccvceeececoscccscccssccnsses 6,120 5,025
Paste-preparation plant and high-pressure injection.... 36,930 34,715
Delayed-coking unitl...........Q'.'.....C...‘.......‘.. 9,070 5’07O
Product distillation and phenol recoverY....eeeeeecoeess 2,610 5,185
Gas-production section, tOLal...uu.iceeeesseccncoscecceass 114,600 127,460
Low-temperature, off-gas Separation...cecceccccceocscess 7,460 13,170
Hydrocarbon-steam cracking.uieceecceeecoacsessccccnsssss 11,640 4,400
Coal gasificationt.‘l...IIl'.-.-...'..........'.'....'. 12’660 3’4%
Oxygen plmt.....'.......OlQO.l.I..."...........‘..... 26’580 45,200
Hydrogen compression and purification....ceceecceccscess 56,260 61,200
General and aukiliary;plant section ..;............;..... 25,380 36,424
Power required, grand total......iveeeveercccococennnenss | 194,710 213,879
Per barrel of gasoline.......eeoeeceeceecenncss kw.-hr. 216 239

1/ Bureau of Mines data (6).

2/ Based on National Petroleum Council Committee Report (10).
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TABLE 21. - Estimated costs (1952) for coal-hydrogenation gasoline

(single plant)

National
Bureau of Ebasco Petroleun
Mines Services Council
datal/ dataZ data3/
Plant SiZ€..ee.v.eeesess bbl./stream-day 33,000 33,000 30,000
SETEAM YEAr .eeeasscsnssassseacsasoces GAYS 330 330 330
Total investment..... eessssaees dollars (414,400,000 403,827,000 437,300,000
Operating cost ......... annual dollars
(including depreciation) ..c.eovececess 53,199,500 58,753,000 68,060,000
Production, annual:
GASOliNE.eseeeaccacsaseancessess Dbl 6,773,800 6,815,800 7,113,%00
L.P.G.veveersnsonassesscanacsnanses do. 2,590,480 2,590,480 2,332,350
BeNZeNne..ecesscssssacsassssnsess Bal. 11,750,000 | 11,750,000 -
Toluene~xylene...eeeeeeesasssess do. | 39,350,000 | 39,350,000 -
Phenol . oveeseencsaasasseaesesaesa 1b. | 43,800,000 | 43,800,000 | 31,025,000
CresolS.veeesecasenaceasssscsasess O, 71,000,000 56,600,000 50,370,000
XylenolS.coeeesesaansasssanesssss d0. | 25,000,000 | 25,000,000, | 66,430,000
Ammonium sulfate...ceeececeeee.. tons 131,000 131,000 -
SULEUT . avsseosssaassassacssases Q04 17,100 17,100 -
Cost of total liquid products.....case.
tecsesecssesescsnsassssess cents/fgal. 10.2 11.4 16.4
Value of byproducts..... annual dollars | 48,559,000 | 44,692,000 | 16,487,000
Cost above byproducts returnsS...... do. 4,640,500 | 14,061,000 | 51,573,000
Cost of gasoline, cents/gal.: .
Before profit and income ta8X...eeeess &/1.6 449 17.3
At 6% return on total investment
after 50% income taX.cceeoasoensccs 19.1 21.8 34.8
1/ Bureau of Mines estimates (1).
2/ Based on Ebasco Services, Inc., estimates (3).
3/ Based on National Petroleum Council Committee Report (10).
4/ These low gasoline costs result from the high returns assumed for

byproduct chemicals.
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TABLE 23. - Distribution of products from Fischer-Tropsch synthesisl/

0il- Hot-gas~
clrculation Slurry recycle
process process process
Catalyst.veeeseensen sracassasesacane .+ |Reduced, Nitrided Oxidized and
fused precipitated reduced iron
iron iron turnings
Temperature....... ceescecsceccncs °F.| 490 500 600
Fresh feed...vovv.... H,:CO vol. ratio| 1:1 1:1 1.3:1
Liquid product, total..... wt .-percent | 100.0 106.0 100.0
Gasoline + L.P.G. (to 204° C.).do.. 55.3 ) 83.7
Diesel oil (204° - 316° C.)....do.. 13.5 45.4 10.7
Fuel oil (316° - 450° C.)......do.. 10.7 .1
Wax (above 450° C.)...cevva .o..do.. 9.9 .6
Oxygenates, total....ceeeceeca..do.. 10.6 54.5 4.9
Oil-soluble..sceew. cececsssanas do.. 5.2 36.4 -
water-soluble.............oo.dO-. 5.4‘ 18-2 -
Refinery yields, total2/ ...... cessans
seesesssassscsas. bbl./ton raw coal 1.91 1.55 1.68
L.P.G.vececensnssonnsoseonsaasedoos .11 .25 .37
Blended gasoline3d/............do.. 1.06 1.10 1.21
Diesel 0il..veecenncoceneesssedo.s .28 .09 .06
Fuel 0il.ioevacecen ecsssssssssdo.. .21 .07 .03
WaxX...... teessesccsans eveseassdo., .25 .04 .01
Gasoline octane No., by research
method
"Gasoline (clear) ....cceevesaaceccsas 81.2 92.9 84.8
Gasoline + 1 ml, TEL/gal..veveuunnn - 98.5 91.2
Gasoline + 3 ml. TEL/gal..ceeveeens 92 .4 - -
1/ Based on Bureau of Mines unpublished reports. -
2/ Assumptions: 57,600 cu. ft. (CO + H,)/ton coal and 90-percent conversion

in synthesis.
3/

Gasoline contains light alcohols and other reformed oxygenated products,



TABLE 24. - Estimated process conditions and main flow streams
for a 30,000-bbl.-per-day Fischer-Tropsch plant
using Western Kentucky high-volatile A
bituminous coall/

Gasification - 30 atm., 2,400° F.

Pulverized coal....ieeeeeecnaoencanoeacsscsascossncssasas tons/hr. 649
Oxygen (95 percent) c.ueceieeeccoeascesccscsascsssvsossssessasas dO.., 476
GLEAM. v vsoeanavacasssasononansases esesesscasavsassasssses LDb./hr. 430,000
Oxygenates and water...... PPN « [+ I 106,000
Gas Produced...e.seeccesscccscasancssenseasnsss Mmillion cu. ft./hr. 40.6

Purification - 29 atm.

Raw synthesls gas............ ceesesreas eeeose. million cu. ft./hr. 40 .6
COp removed.cseeeeeeseessanesesecoeacsoncacsosacasccaccaces do... 3.4
SULfUT TECOVEIY.eeeeeeaossonsaseasasssasenassses thousand 1b./hr. 43.6

Synthesis:

1st~Stage gAS..sesssasccnocscasasassas eeses. million cu. ft./hr. 61.4
€07 removed..ceeeessssscrascosscasccosasacaseacnscosananannse do... 6.9
2d-SEAEE EAS.ceseeavesnsssscoensensssassesssscscsassssssscce Q0aas 18.9
COp removed.ceaeeccecececanscaaceccaosceccsccanncvssnanans do... 1.7

Total 002 FEMOVEA. . cuerensooacoascosnascacssssascssssssassasce UDeco 12.0

Synthesis - 28 atm., 500° F,

lst—stage feed--.---co-o-o.o-accoooo-o---.ol.o-o.oo-o.oo-c-o do... 35-8
Recycle...........o..........a.......-....-.oo....-a...... do... 43-6
2d—stage feed..........g....................-............... do..o 10.8
ReCYCle..a.e......o.o...........-..o........-...o..-o.o... do... 12.9

Products from synthesis, 1b./hr.:

oil condensate to distillation....o.o............o.............. 249,000
Tail gas to light-ends recOVeIrY.....ceeeevscnscorsescscscsocccssnsns 268,000
Oxygenates and water to gasifiEr.ao..----oo-o.onoo-o-o.uoo-.oc.o 106,000

Refinery
polymerization plant

=
Total feedQ0.0'1.....5.0.‘ﬂ.0...-.“..0'0...0.0....'...Q.‘Q lb./hr. 77,525
Cy + C/ UNSAtUT8teS....cececocececscseccsssccacccecsccnccns do. .. 52,110

L.PeG. PTOQUCE e uieacrucnoenocassasnacsassaascscaasssnssss gal./hr. 2,755

Gasoline prOduCt--o-cc..o-oo.oo-uon.a-oo.o.ooo.--oc-.ooooouo do-.o 7,955
putane (gasoline) product......... coveceveseosescesesssreces G0cas 2,765
putalle J

cee footnote at end of table.
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TABLE 24, - Estimated process conditions and main flow streams

for a 30,000-bbl.—per-day Fischer-Tropsch plant

using Western Kentucky high-volatile A
bituminous coall/ (Con.)

Refinery (Con.)

Catalytic reforming

Total feed...»................
Debutanized bottoms

*eeteecteciccricatncannacns. 1b./hr.

I T < /s S

Gasoline product

T ttterseeciicittiiiiitiieaientanae.. gal./hr.

Catalytic cracking

Total feed......................ao........................ 1b. /hr.
Gas oil and heavy distillate

Wax...........o..........n..

Ttccerctcttctctterceconnedana. dO,..
R T < [~ D

Reforming and polymerization bottoms.

*eceectietnsascsanea. dO...

Overall plant

Fuel coal.i.iviniiennonnnn..

Total coal..............................o.n.............,... do...
Thermal efficiency.......o...........c....o..,.....,.... percent2/

Teceesesecetecttttsacnnsaccs.. tons/hr.

148,040
140,950

24,100

142,570
104,235
33,670
4,665

6,740
8,205

126
775
38

1/ Based on National Petroleum Council Committee Report (10).

2/ 100 x calorific value of liquid product/calorific value of total coal used.

TABLE 25. - Estimated requirements for operating personnel and materials

for the 30,000~bb1.~per—operating—day Fischer-Tropsch plantl/

Coal...,............................... tons/day (as received)
Gasification................

o.o-oo.-.oooo.oao.-c-ocooo do.-o

Oxygen (95 percent).................................. tons/day
Electric power.o..a.o..o..............o..............,.... kw,
SteaI[l'...‘.'......‘......‘.‘.....'....°°‘°Q.“.. 1’000 le/hr.

Cooling water.............................e......... gal./min,
Fresh water

Personnelél

Tttttttteeseeceacesecs... tons per bbl.-day

18,900
15,875
3,025
11,700
96,800
2,900
555,750
3,240
6,442
177,000
6.55

1/ Based on National Petroleum Council Committee Report (10).
/ Boiler-plant makeup only.
/  Includes 2,720 miners.
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TABLE 26. - N.P.C. 1952 estimate for Fischer-Tropsch gasoline cosbl/

plant size, bbl./stream-day

12,174 30,000
EZ?EQEfyear ................................. . days 330 330
Total investment....... teeveevsescaseessass dollars | 184,600,000 379,700,000
Operating COSt.... ..... *ss s 00 s e e Ce s s s evesscssnee

vveesss. annual dollars (including depreciation) 33,809,000 68,483,000
production, annual:

L.P.Guveunnn e eenseeneeeaeana, Ceceesenaess bDL. 210,240 516,110

Gasoline....eeevaas teenacenns sesesssensecess dO. 3,178,420 7,801,510

Fuel 0ll ...t iieeiaerecansacosnsoccosnsecnns do. 626,300 1,537,380

SULfUL et eeavasassesscnsnsecnansanse cessrssaes LONS 69,350 170,060
value of L.P.G, and sulfur......... annual dollars 1,775,000 4,354,100
Cost above byproduct returnS....c.cceeseesccss dO. 32,034,000 64,128,900
¢asoline equivalent of fuel oil at 70 percent.....

e e & P& '...l.0“.....l.-.‘CO...Q".‘ODO......ble 438’410 1’076’170
Total equivalent gasoline.....ceveeesscsesess.8al. 151,906,860 |372,862,560
Cost of equivalent gasoline, cents/gal.:

Before profit and income taX..ecsees. cesscannces 21.1 17.2

At 6% return after 50% income ta8X...cceeccecseces 35.7 29.2

1/ Based on National Petroleum Council Committee Report (10).
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