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Engineering and Economic Studies for Commercial-3ize Operatiocus

—

Rock Springs, Wyo., and Western Kentucky (30,000-Barrel-per-Day
Coal Hydrogenstion Plant)

Thiree studies were completed during the year dealing with the economics

commercial-size coal-hydrogenation plants. One conslsted mainly of a re-
ylew of Bureau of Mines Report of Investigations L564, Estimated Plant and
pperating Cost for Preducing Gasoline by Coml Hydrogenation, which was pre-
pared in 1948 and issued in August 1949, The purpose of the review was to
present an up-to-date cost estimate and to determine the average return on
equity capital after allowing for all normal operating and capital charges
gnd taxes, assuming that 50 percent of ell capital reguirements is funded
debt and 50 percent equity capltal. Whereas the previcus report was concerned
only with the cost of making synthetic fuels, this new report counsiders the
current selling price of the products and uses a reslistic capital structure
comparable with recent industry trends. The process used was the so-called
"sonventional plant™ as described in Report of Investigations 4564, with cer-
tain minor improvements that are well enough developed at present to assure
successful operstion.

The improvements are as follows:

{1) The liquid-phase hydrogenation was adjusted to reflect the use of
wrapped-vessel construction instead of the forged vessels originally used,

{2) The ligquid-phese and vapor-phase hydrogenation was adjusted to re-
flect an increase in throughput of 10 percent because instrumentation was
more complete than in the German plants.

{3) Drum coking was substituted for the flash-distillation unit.

{4} The product distribution shown in the new report differs from that
shown in Report of Investigations 456L4. Since the latter report was issued,
the coals reported on in the new report have been processed at the demonstra-
tion plant, and the new product distribution is based on the results obtained.

{(5) An aromatic separation unit was added to recover the benzene, tolu-
enc, and xylene present in the vapor-phase gasoline. The decision to include
this unit was based on the fact that the chemicals that could be produced in a
coal~hydrogenation plant are in high demand. Today's increased demand for
benzene and avgas plus a growing market for tar acids has Justified the in-
clusion of chemical production in the synthetic fuel picture.

As a result of this first study, two cost estimates were prepared - one
for a single 30,000-barrel-per-calendar-day plent in Wyoming, and the second
for & similar plent in Western Kentucky. Table 11 shows the plant-cost sum-
maries for the two operations. Seversl sections of these estimates have been
reviewed by Ebasco Services, Inc.; the estimates shown herein represent the
Bureau of Mines data adjusted to conform to the results of this review wherever
applicable, The points covered by Ebasco were the power plaent, hydrogen puri-
ficaetion and compression, compasny-financed housing and community facilities,
opersting costs, financing program, and a market survey of the aromstic and ter
acid products.
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TABLE 11. - Cost summary for coal-hydrogenation plant of convent ional design
Rock Springs Western EKentucky
30,000 bbl. 30,000 bbl.
per calendar day per calendar day

Coal-preparation plant ....... terereaes $ 6,680,000 $ 6,680,000

Paste-preparation plant .........ee. cee 3,180,000 3,160,000

Liquid-phase hydro plant ............. . 54,000,000 58,700,000

Delayed-coking plant ......eceeeceerres 7,550,000 8,710,000

Vapor-phase hydro plant ..o ceannannen . 30,250,000 30,250,000

Product-distillation unlt seveesaens - 11,700,000 11,250,000

Tar-acid-recovery unit .....ceeavee cess 2,510,000 2,510,000

Low-temperature separation unit ....... 7,510,000 8,000,000

Hydroca.rbon-steam—cracking unit c.eeens 9,150,000 9,810,000

Coal-gasification unit .......ccnees - 5,970,000 4,860,000

Oxygen Plant ....ccesensrrasconceianes 8,800,000 7,320,000

Hp-purification and compression ....... 56,184,000 53,664,000

TANKBEE +uvessssssaseresannans vererenes 7,060,000 7,060,000

Power plant ....ceesaecencns eesens s 51,400,000 51,400,000

Plent utilities ...c.evevcsns faeeraens 37,000,000 37,000,000

General plant facilities ............. . 27,975,000 28,000,000

Aromatic-extraction unit ....... PN 5,000,000 4,700,000

Water BUPPlY .eesessacnescoas v 18,000,000 2,000,000
Total plant cost ........ ceesansrans 349,919,000 335,074,000
(tax and insurance base)

Interest during construction .......... 15,657,000 15,112,000
Subtotal ...eeeurs feeaaecisscaasanany 365,576,000 350,186,000
(for depreciation

Paid-up royalties .........- .e caess 2,000,000 2,000,000

Housing assistance fund ....... veaaanes 250,000 250,000

Cost of mine development ....eecscseces 13,000,000 19,430,000
Total fixed investment .......cevsve . 380,826,000 371,866,000

Working capital ...cecanneccnsencoscnes 20,000,000 20,000,000
Potal investment ........ easearisess $1.00, 826,000 $391,866,000




vhe gver-all capital investment for u 30,000-narrel -per-calencar-day ceal-

pydrogenation plant, processing Wyoming bituminous coal, ia $400,526,300, In-
clnding the coal mine, power mlant, working cepital, and employee housing as-
gistance. Caleulations show that the average return, hased on present market
prices of product (sce table 12), on $200,413,000 equity capital would he 2.8

reent after tazes ard may be increassa to 3.0% percent on $20.,913,000 eguity
papltal by the addition of sumifur- and amnenia-recevery equipment which edds
*3,GGG,OGG to tke totel capltal requirements, On the game basic the cepital
investment for a plant procesging Western Kentucky coal is $391,566,000, and
the averase return en $199,933,000 equity capital is 5.21 percent after tnxes.
gylfur- and ammonias sulfate-recovery facilities would increase the total capi-
tal requirements to $395,986,000 and the average return after taxes would be i

§.27 percent on $197,933,000.

Tables 114 and 11B show detailed operating coe: pummaries for the two
plants.

The coal price used includes all mining vosts, a3 well as depreciotion,
yelfarc payments, royalties, ete., but excludes profit on the mine Investment
and sales cxpense,

Operating and maintenance labor requirements are bezed on a detai’ed
organizatlon chart end amount to 260 opperating men per shift, and 1,170 mainte-
nance workere,

Payroll overhesad amounts to about 18 percent of the lahor payroll end
includer vacatlons, soclal security, eslck leave, workmen.'s ceppensation, and
gther benefit programs,

The administrative and lodirect operating costs are based on a detailed
enalysis of the entire plant.

Tixed caste include 1 percent of plant lovestment o eover leocal, ocourky,
and State taxes, and piant inmsursnce. Depreciation is included at L parcent,
which corresponds %o an average plant life of 2% yearc.

Figure 22 is the flow diagrem and msterial balaare for the Western Ken-
tucky base plamt, The moter fuel produced cxiceeds present specifications for
regular-grade gacoline end has & research octane number of 87 ecleer befare
separation of mroma~lics 1t Iz estimated thet 1 cc, of tetraethyllead will
be required to glive premi-m-grade gasolline after argmatice geparaticn, In
agdizion te gusoline and LP-ges, boacic ehemleals, vhich are in heavy demand
and cemmand a high selling price, =5 compared to fuels, are produced by coal
hydrogenastion., The two groups »>f chemicals that coal hydrogenatlon produces
meet reaclly are (1) argmatic hydrocarbons, such aa benzene, tolucne, and
zylene, and {2} tar scids, =uch as phencl, cresols, and xylenels. The product
stream iz rich In these chemicals, nnd theéy can be extracted and recovered
without Aifficulty.
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TARLE 114. - Rock Springs, Wyo. - 30,000 -harrel-per-calendar-day plant
of conventilonal deslisn

Operating costs and financiel analyecis

a, BHaw matcriala:
Coal, 14,800 tone per stream day X 330 % $2.50 cuivenrnias 412,500,000

Catalyst, chemicala, $5,429 per day ..ovieacaniricvirrrnnns 1,790,000
Tetraetbyllead covwvnss- g 828,000

b, Direct lakor:
Opersting labor, 260 per shift .......... crirssmmsadtaTane 4,713,000
Opergting SUperVISION ..viucissarsssarcssnnrapinaiaaranrras 645,000
. Plant mairtenance, 1,170 MEO cissvsntarssnenn-nnrassnrnanasst b o7h,000
MEterisl oo.cinsrnrree hdssmatsssaiembENBerEmAn iR E LA nE " 5,873,000
d. Payroll overhead ....ve..- . easemtesssmsmmmadrEsititinrinreas 1,830,000
Operating SUPPlics ....cisnsssnmsnansaarasrsarannrn ererran- ___%;glggg
Total QIFECt COBL we.navvssareassaassnrsrrsssnnnansiavass 33,625,000

Indirecil, cost

feneral adminietrative tieeveiiieieas err e raarewmaa s 1,978,000
Indirect opeTatins COSL . iou.asvsrsentarinarannsssrnasnrrrrnsss 2,003,000
Tﬂtal 1ndirECt Cljﬁt- f e m et EELEEEE T Y EEEE LR LR L N E,GED;DDG

Fraad costs

Local, county, and State tazes, insurance at 1 percemt ...... 3,499,000
Deprecistion at 4 percent ...... e 14,623,000
18,122,000
Cost of operstlon without profit and intersst ........... 35,773,000
Cost per gallon of total prodact (60,000,000 gal.) ... 12.1¢
With ammonis and Withowui ammonia and

Fimencial an&l]rsisy sulfur recovery sulfur recavery

Total value of prodicts .veviesesesses..  $76,181,000 $69,927,000

Cact of operaticn without proflt and

intcrcst pF 4 44440 arl A EAE FAN "y EEEE L 8F'r nDG 5 '? [H}D
Groes profit 1?,ﬁ25,DDD lﬁ,lﬁﬁ,ﬂﬂﬂ

At n e LA BT FY R RN R A

Tnterest on fanded debt{3-1/7 percent)gf 3,675,000 3,690,000
13,753,000 10,504,000

Coal depletion sllowance at $0.15 per
TN vrancmmrrsncta s a i ma R A 732,000 [32,000
Taxable net iNCWIS fuuiisrasrnen 13,081,000 9,772,000
Incons taxzes at 50 percemt ,..... bevaann 6,511,000 I, 586,000
Het inceome sfhber Loxes oiewnnann 6,510,000 E,EEE,GDD

Coal depletion alloWADSE . .ies.assansnsns T&E:GQE ;__éﬁgaggg
Net funds available ,.....ecnen- 7,242,000 5,615,000

Net funds as percent of { unchanged)
ncq_u.i-tl_:’r Cﬂpitali.n' ......... Ar BB AdaR T EEET 3‘59 2'31

1/ Average year of operation.

_2_/' 50 percent of total lovesiment.

3/ 50 percent of total inveatment.

-~ ko -




TABLE 11B. - Western Eentucky, Union County - 30, 000-barrel -per-calendar-day
plant of conventiona! design

QEEEEtinE costa and financial snelysis

a. FRav materia.s:

Coal, 14,720 tomns per stream day x 330 x $2.50 .......... .. $12,120,000
Catalyst and chemiculs, $5,4%00 per daF .. veviieiriiiinann,, 1,780,000
MTetraethyllenad ,.ciuvivasssnnnnnsrsaasnnnnnzrs crremtraannag 772,000

b. Direct labor:
Operating labor, 260 per shift ...viescecaraass thraramEanas 5,713,000
Operatbing GUPETTiBLlaN ciivesnaararrrr-araratatrrrast e 639,000
a. Plant maintenance, 1,170 MED suuwcrrrrsrersannnnsas tararaaaaans 4,968,000
Material ...cvcvevencirinnnnnnns hrabmrrare-seeacsiEsraraan. 5,873,000
d, Payroll overhead ,.,...vsessmsa-brascarnnninngetatsaianaansana 1,878,000
g. Operating SUPPli®s ..evvseasssnnresssannnrannrrarsnsmnsnnnsas 537, D00
Potal direct cofh .. cisavmmvnrtrssasnunsr kb 33,433,000

Indirect coat

Gapneral administrative ,...... T PR TR TR N RN LR L R 11895}GGG
Indirect DPE.‘I'H.t-I.ﬂE C-I:Iﬂ:tﬂ YR IR L N N N R I R ] E:D?!Gm
Totﬂ.l i.ﬂfiirECt- C-Dﬁt ia s ERamrpddedda IR RN E R PR iR PRI 3]922_1{){}0

Fized costs
Local, county, snd Stete tazes, insurance at 1 percent ...... 3,391,000

DEpTECiEtiDﬂﬂthpErGEﬂt T R I R E N R E T RN NN NN 14,607,000
17:35%:Gﬂﬂ

Cost of operation without profit and interest ,.......... 54,723,000
Cost per gs=ilon of total product (460,000,000 gal.) ..... 11.5¢

With mmmonia and Without ammgnia and

Financial m.l:z,euil.yaﬂiﬁliIir sulfur recovery sulfur recovery

Total value of products ...eeessessenses 485,658,000 $79,173,000
ozt of aperation without prafit and
Anlerest ..iieieraee feramninees ceras ﬁgtjlﬂlﬂﬂﬂ EthEE:GGG
Cross profit ...... emesaenman- A =8,54%3,000 2h, 400,000
Interest on funded debt{3-1/2 percent)s/ 3,60k 000 3,%5,:30&
23,339,000 20,585,000
Coal depletion allowance at $0.15 per
LOML sviernnn irasarenun trcasamamrnn feen ggg,ﬁﬂﬂ 736,000
Tarahle net INCOME 4 ovwvannneras 24, 609,000 20,155,000
Income taxed at 53 percent ..o uueevin--- 13,030,000 160,680,000
Net income afteT LBXEE ........ ., 11,979,000 9,575,000
Coal depletion BlloWERCE .. ...eaisscanun 733,000 {30,000
Net furds avellable (..0..0.0. - 12,309,000 10,205,000
Wet funds asz Pe;fﬁnt of {unchanged}
equity caplta 3 e eaeieaes 6,22 5,21

1/ Average year of operaticn.
2/ 50 percent of total Investment.
50 percent of total Investment,
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A market survey was madc to determine the quantity of preducts that could
he sbtsorbed without reduction in price. The mmount of chemicals credited te
the ¢poration in each case was determined on the basie of this survey. For
each of the plants all potential chemical byproduchs, escegt g-cresol, m-p-
srezol and the zylenols, are be_ieved to be marketable at current prices. The
maximm production of these materials was limited as follows: &,500,000 peounds
of o-gresal, 50,000,000 pounds of m-p-cresol and 25,000,000 of xylenol.

Table 12 shows the guantity and products produced ic bota Rock Springs,
Wyo., and the Western Eentucky 30,000-barrel-per-calerdar-day caAscE.

Southern Colorads {1%,000-Herrel-per-Tay Cosl-HEydrogenaticon Flant)

In the two remaining economic studies completed quring the year, specific
aites were chosen that comld be considered for syathetic fuel production. It
should be noted that the plants considered in these cconemic ctudles include
numerols inprovements over the so-called conventional plants discussed pre-
viously. Alse, platforming units are included for mazimum chemicals produc-
tion. These estimates, therefore, ars oot direcvlly comparable %o the Rock
Springe, Wro., snd the Westerm Kentucky studies preeented above.

For the first of thege atudies a locaticn in southern Colorade was se-
lected, The site had the following factors that sppsared to be very attractive:
{1} Ample coal supply, (2) available lahor merket, (3} railrosd edjacenk tg
plant site, {4} natural gas evallable at 15 cents per 1,000 cuble feet and
(%) purchesed power availatle In amgunts up to 50,000 kilowatis at 5-1/2
mills,

Tabhle 13 i8 a preliminary plant-cost summary of & 15,000-barrel-Ler-
calendar-day cosl-hydrogenation plant at the Coloradc site using natural gas
for hydrogen production and purchasine 50,000 kw.-hr, of electricel cncrey.

Figure 23 iz a flow Qiagran and materiel balance showing throughput guen-
tities and produsts,

Northern Wyoming (15,000-Barrel-per-Day Coal-Hydrogenstion Flart)

The other economic study was for s 15,000-barrel.per-day ccal-hydrogens-
tion plant in northern Wyoming., The site chosen had the following advantages:
(1) Ample supply of very chesp cosl, {2) water supply emple for once-torongh
cooling, {3) United States highway passing by plant site, and {4} patural zas
posaibly available,
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TABLE 12. - Product quantity and value ... Rock Springs, Wyo, - 30,000-barrel— |
per-calendar-day plant of coovenbional design !

Products Annu=i value
Benzene ...i.iseieenen.. 81, per yr. | 11,750,000 a% $0.335 gsl.} § 3,015,000
Toluene-xylene ..........oovvnees do, | 35,350,000 at 285 gal.| 11,214,750
Phenol siuvuvvrernanseanss B per yr. | 42,800,000 at . 195 1B, 6,783,000
B-P-Cresol .. iannaarnnsrrss Qs 52,000,000 at A35% Tho T.T50,030
0-Cresal Lt vnananserrinsnrinrrs Q0. G,600,000 at L155 1b, 1,023,000
E¥lenol s.veveinniiniinranianiias. da. | 25,000,000 at 135 1b. 3,375,000

Ammonium sulfate ....... tons per yr. 131,000 at 45.00  tan 5,895,000

2 L 1o I 17,100 &t 21,00 tomn 309,100 ;

Motor fuel ............. gal. per yr. | 286,260,000 at .11 gal.| 31,488,600

LP-#58 tuvevsncnrnnraninssansenns do. [108,800,000 &t  Ob gul. %, 355,000
76,180,700

Arcmetic hydrpearbons reduced by 3.9 cents per gallom for freight differential .
Ter scics reduced by 1.5 cents per pound for frelght differentiaml.

Product quantity and value ... Wesicrn Kentucks, Unlon County - 3G, 00-tarrel-
per-calendar-dey plant of conventional desichn

Products Annupl value
BELZENE .ivieusenanmnnns gal. per yr. | 12,700,000 at $0.37 gal.| $ 1,700,000
Toluchne-xylene .. .veuvivsanraana. do. | 42,390,000 ut .32 gal.] 13,965,000
Phencl ......cvvvevevanns b, per yr, | 77,000,000 at .17 Ib.| 13,000,000

m-p-Cresol ...e.cvneea.- vensaians B0 | 50,000,000 8t L17 1b, 8,500,000
O-Cresol tuiierivasrsanararssnnns G0 6,000,000 at .17 lb, 1,155,000
Iylenol ....... cerrarrarsaravae.. do. | 25,000,000 st .15 1b, 3,750,000
Ammemium aulfate ...,..., tons per yr. 129,000 at k5.00  tom 5,805,000
B s o < s 8 85,000 at 21.00  ton 1,680,000

Motor fuel ....,........ gal. per yr. [259,210,000 at .11 gal.| 2B,073,000
LP-E'E'S 44 0 dd 1 EA b od oy ooy R RN R kA ﬂﬂ. J.Eﬁ,&]ﬂ,mﬂ ﬂ't .DD Eﬂl. 5_1-31"0_10{]0
85,658,200
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TABLE 13. - Cost summary for 15,000-bbl. -per-calendar-day coal hydrogenation

plant in southern Colorado

Coal-cleaning plant ...oeeecens  issuecctsassuscsnntane i veaia...] % 1,680,000
Paste-preparation unit ..... Greeravracan eresacranannn ceearuvaraan 2,170,000
Liquid-phase hydrogenation it ..... cassansss ererercssavstannn . 37,000,000
Tiquid-phase distillation wnit ......cceaeeenns Certeerasenasaans 1,490,000
Phenol-recovery unit ...vsviesvecaaes essesrtissararres aresean . 1,500,000
Vapor-phase hydrogenation unit .....ceeaceieennns cevestsansecans 16,500,000
Refining section ...esvesrececnnnacscancnns tenasa et nseansavsns 9,355,000
Continuous-coking unit ....eeveenrceccnconnanes teeaann Ceseseres 2,240,000
Water gas 8818 t.ieereevrarasnee sedssseressasessesaenanan teearenn 1,000,000
H-C-combustor unit ...ceceeessscnes Cheiasaterseesennanaraanenans 1,960,000
Oxygen plant ..ccovveeenns erecsansasmsan hesvessantnir=esss e an ‘s 7,900,000
Oxygen-compression unit .......... Cevresaaaran eenea ceeens caeaes 1,080,000
Hp-purification and compression unit ......0.0.00 Watasesecseonns 13,000,000
TONKAEZE +veevvcosarrasnasssnssassas Ceseeamasasans Ceeeeseanearene 3,450,000
Ttilities cvcieeecrssnnnans casatsaraenan creecaseanee ssasserses . 12,500,000
Power plant (50,000 kw. purchased) ....euu-s teereessesnanns vennn 15,000,000
General plant facllities .....cv.cvcaceess Ceesrasisaase e ersessaas 12,500,000

Total construction ....eeeeceses Craeean T 140,325,000
Contingency (additional 10 percent) ........ceceeeceecesnrnecen: 14,000,000

Total plant cost (tax and insurance base) ..veveees Ceerenes 154,325,000
Interest during construction ......... Ceeeseeraraeetteaannana e 7,140,000
Paid-up royalties ..ececesersesrscriatssrscisaraanascrroonsennoes 2,500,000

Subtotal (for depreciation) ..... Cereesanaes Ceeeeseenraeaes 163,965,000
Cost of mine development ...eeeceeecccoses teeesanessenearsasasnn 6,060,000

Total fixed investment .....c-..s W entecarrassereasienan .o 170,025,000
Working capital .....cieeecnsenn. eraceraeus sereres crentenirnrans 12,000,000

Total investment ......... G eee.sessesesseces Ceeceesssaesass 182,025,000

As the natural-gas supply required for the production of hydrogen was
questionable, two plans were underteken. One depended on a supply of natural

gas and the other on operating with a minimum of extraneous gas.

This latter

arrangement involved the direct-pressure gasification of H.0.L.D, as a source
of hydrogen. This required a slightly greater throughput in the liquid-phase
hydrogenation and a 26-percent increase in total hydrogen requirements but
would eliminate the need for coking operations on the H.0.L,D., and the over-
all economics are not penalized. A larger initial investment 1is required,
however, as shown in table 1k, which outlines the comparative costs for the
alternate designs. Both designs are based on liquid-phase hydrogenation at
only 6,000 p.s.l.g. pressure, owing to the greater reactivity of the low-rank

coal available.

Figures 24 and 25 show the respective flow quantities and products for

the two designs.
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TARLE 1k, - Cobt Sumpmary for 15,000

L]
bhl,-per-calendar-day coal-hydrogenatlon

plant in morthern Wyoning

- Ho from Hy from H.O.L.I.
Unlt wetaral RS gaeiflcation
Toal-Cleaning plant ....se--sseseee ~— ... 1% 3,7%0,000 | % 1,420,000
Coal-preparation poant ......vceeees caneararas 2,000,000 2,860,000
Paste Dreparabion ,...esscesssssesroos feereaan 2,100,000 2,620,000
LIguld-phase hydrogenatlon ...... ameemmraAan 19,050,000 22,760,000
Liquid-phase dlstillation ......o--ee. Chiearen 1,640,000 £,030,000
Phenol recOvEYY saesesnmvamsrrensrr Ceasararsrare 1,500,000 1,500,000
yapor-phase hydrogenation .........ev prrana s 9,640,000 @ 640,000
REPITIATIE +ynsernnnrrsnararmsaanss tnasmainravan g, 320,000 3,400,000
Continzous caking unlt ..aceveness Wassrmmamu A 2,720,000 -
Water Z68 9ehS L.iee.sssmaarimnrmrerres 1,k50,000 -
H.0.L.0D, combustor ..cieens errssmmaany - 2,060,000
HaC CODDUSHOT aavserzsrsensmssnmsannsss ieesmas 1,985,000 £3%,000
OXVEED COMPTETSOL seaaersssmvrresrs femiatremann 855,000 1,485,000
H, purification and comprefsion ....ses ineanan 14,520,000 17,100,000
PATKARE o vvsrnsnrrsnanssnsnstosssnnsznir: v 1,450,000 3,550,000
Oxygen DLATE +ovecarnrpans rnsaneraons A 7,000, 000 12,600,000
HEiliTL1EE oasesnsnanannsrmasassommaruoar Cireen o, 800,000 11,000,000
FPower P‘ﬂnt EhasEmETHEREANTF N T AN N s EE R R EA EE;DGD;UQU Egigm?mg
Genernl plant Faeildtded ...ciiannancrns carmue 10,008, 000 10}, GO0, OO0
Total cOnSLEUCHIUD «vrvar-vs e cheee | L2),6T0,000 1h2, Bl , 000
Contingency (additional D persent] ..., varean 6, 380,000 7,140,000
Total plant cost (tax and insuraAnce base) [ 134,000,0C0 145,900,000
Interest Auring construction ...coec..ee- fren- 6,290,000 6,570,000
Paid-up Toyelties ......ceeeonerens ermsnadrEas 0,500,000 2,500,000
Sihtotal (for depreciation) ........s cee.  1B2,TT70,000 159,150,000
Lend, wster, and cosl ....c.... bemasasuns . 5,000,300 5,000,000
Total Tixed investment ....c.-ue--vees cee | AWT,T70,000 164, 450,000
Working CopLtal .siaasssrsrservasanusnasmsines 11,500,000 12,000,000
Total capital requiremerdts .....esecessrs 159,270,000 176, 450,000
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The two economic dtudles uf proposed 1%5,000-berrel-per-calendar-day zoal-
hydrogenaticn plante included process improvements and roguipment arrangementsz
representing tre latest thoughts on cammerclal coal-hydrogenstion designa,

The lmprovements, though 4iffering from the so-called "conventicnal plent,”
are not partieularly revolutionsry. Many of the improvemento have gone beyond
the pilot-plant stage and could be develgped to commercisl status readlly
within L2 months,

ark on the cost estimate for a 10,000-barrel-per-day coal-gaaification
and ges-synthesis plant continued. Recammended praceas alterationa are being
studied and considerable work remains to be dope,

Argmatic Hydrocarbons and Chemlcals from Synthetic Liguid-Fuel Flants

The cantinuing shartages in the supply of aramatic bydrocarbons, par-
ticularly benzere, snd the tar sclde became more acute during 1951. The con-
ventlonal sources are completely inedequete to meet the encrmously increased
demand, and the shortages mupt be supplied by importe From forelgn countries,
from petrolewm refining, and, eventually, from commercisl coal-hydrogenation
plants.

Ar more information on the camposition of the coml-hyerogenstion products
mede 1. tie demomstration plent was cbtmimed, 1t hms been possiule to reviae
egrlier estimates and determine the positior of coal-hydrogenatiom plante in
supplying part of the shortsge of the aromatic hydrocarbtons and chemicals,

The most recent analyticel dats suppert and extend all claima and estimates
previonsly mede,

To estimste the demand for eromatic hydrocarbons and chemicmls in 1951-60,
a geries of production and market studles wag made. In these studles;, all per-
tinent statlstical Informatlon relating to the producticn mnd distributior of
benzene, toluene, xylene, phenol, the cresols, and cresylic acid {xylerole) was
carefully analyzed, and trend linea were established for esch comeod ity cover-
ing = apan of yemrs before 195i. By extending these trend lines to 1550, an
estimate of the possible production required to meet the nermal peacetine and
mcbilization demends was cbiained, An example of this work is figure 26, show-
ing the actuml production end projected demend for chenlcal-grade bhenzene over
the period 1936-K0.

Except for m-p-cresol and the xylenols, the studies indicste that all the
chemisals fram e 30,000-barrel-per-day cosl hydrogenation plant could be readily
marketed. While most of the cresols could be marketed and s substential ameurh
of the xylencls cowld be abaorbed, the excess production of these materials
would have to he recycled to the plant and converted intop fuels, pending the
development of expanded markete for theee chemicals,
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Figure 27. - Moin operoting floor in powerhouse, showing control beards and turbine generotors-
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pet-doy Fischer-Tropsch plant.

Bostel-

Figure 78




Figure 2%, - Hydrogen sulfide anolyzer.




Tropseh process.

Unit for fluidized Fischer-

Figura 30,
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Figure 31, « Small fusion unit. .




