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SUMMARY AND CONCLUSIONS

Fxperlence from pilot-plant overation of & large, externszlly heated sannwular-
retert gasifier indicates that the retori size used is near maximum size for commer-
clal application. Cost data Tor the experimental unit and sn estirete of syathesis-
gas cost for a plunt produscing 50 million cu. £t. of (Ho+CO) per day are presented in
this report. The cest deta, although reported per 1,000 cu. £, of (B +00), are
based on the producticn of covled, far- and dust-free, rew synthesis gés end do not
include purification costs or roturr on capital investment.

The cost for major eguipment and material comprising a single gasificetion unit
is estimated ut $29,466. The externally heated alloy tube for the retort and the
glloy-tube negt for Lhe heat exchanger constituic 50 percent of t4is casth.

Dased upon cost Informetion aveilsble and experimentelly determined operstional
characteristiecs of the retort, it is concluded that retors capacity Is of prime im-
porbance four economic plaut operaticn emd thut dried lignite is s more econcmical
fuel for retort operation then naturs! (ag-received) ilgnite, The operating ccst for
gasifying natural lignite in a plant wilh a capacity of 50 million cu. £t. of (H2+CO)
per day is gstimated to be 27.6 cents Per 1,000 cu. f5., of (H2+COJ. Cperating cost
Zor gasifying steam-dried lignite In a plant of Lhe same caracily is estimeted to be
32.0 cents per 1,000 cu. Ct. of (M,+0Q).

INTRODUCTION

The gasitication of solid fueis has aroused increasing inlerest during Lhe
past two decaudes. Many processes have heen developed for produc
monoxide mixbures from various rank cosls as raw moterizls for o
Synthicsis gas can be used, after conventional irtermedis
tion, for mamufscturing smmonis, alocohols,
Bfn, and synthetic ligquid fuels, us wel)
chemical and retallurgical applicgtions,

irg hydrogen-carbon
hemival synthesis.,

te processing end purifica-
cro-reaction products, commercial hydro-
. a8 directly uz a reducing sgent in various

In gasifying solid fuels, hest crergy +o carry oul the endcthermic resction be-
Aween steam and carbon of the fuel cen be supplied either internally or externally.
Since partial combustion of the fuel in the reactor with gir produces a gas of high
bitrogen content, comrmercislly pure oxygen mist be used to obtain sypthesis gas of
high caroon monoxide-hydrogen concentretion, Gesificatlon brocesses amploying heat-
Ing by cxygen are characterized by high specitic gasmaking capacity; however, oxyzen
equirements add congidergbly to tre cost of the gas., External Leat supply hes the
Wvantzge of using a relatively cheup source of process heat but results in reduced
Fapacity per unit volume of reactor Spuce owing to limitetions cn hest-trensfer rates
hrough the reactor wall at acceptable temperalure levels.

Externally heated gusilfication processes have thelr maximum promise for use with
he 1ow-rank ccals, which have relatively high rates of reaction ot low temperasture

levels, From 1945 1o 1951 gusification of ligaiie in an externally hesated amnular



vetort was investiseted by the Burssu of Mines at its Grand Forks, N. Dak., staticn,
Detailed deseriphtions of the externally heaied gasification process, including the
operating conditions, mechanlcel design o the large, commcrcial-scale pllot plant,
and review and correlet}on ot the cyperimental datas, have previously been reported
(2, 3, 4, 5, 7, 8 2).& Operability of the annular-retort proccss has been dem-
ozstratgﬁ,wana a large amount of operatlng dabte has been accumilsted durlag several
vears of operation of the Burcau of Mines commercisl-scale pilot plant. This pllot
vlant has been operated Tor 8,749 hours, during which 1,882 tons of natural and

-

gheam-cried lignile was trocessed I1n producing over 84 willion ecu. ¥t. of gus.

A5 the Puresu's experimental werk on the gnnular-retort gasification process
has developed, cvonsiderable Interest hes been expressed in process costs and In the
cost data thut epply to this pariiculsr externally hested process Tor producing
synkthesis gas from lignite. Experimental results obtaired indicale thet the ex-
perimental retort uailt was of near maximum size for this type of retort and that
larger plants would be suppiied by multiple groups or butteries oF such units.
Equipment cost data for thc lerge-scale protolype gasification unis gre availsnle
grd represent an unusuelly relisble source of zesifier cost date. It Is the ob-
jective of this report to present these cost data on the externslly hesied gasifier
and Lo apply She data to an estlmate of synthesis-gas cost. This cost inciudes
only those costs essocizted wilh the production of cooled, tar- and dust-free raw
eynthesls gas and does not include gurification costs ar refurn on canital
investment.

DFSIGN OF EXTERNALLY HFEATED GASIFIER

The basic design of the externally heated gasifler 15 shown schematically in
figure 1. Tne unit is composed essentially of four funcilonal sections - a retort-
heeting section, 2 lignile-charging section, & regidue-discharging section, and the
annular gasificetion section or retort.

The wetort is heabed through gas comhustion, end the required heal encrgy is
trereferred o the rcachion zene through a metel wall. A combustion chaxber of
firebrick snd insulsting brick with supporting shell surrounds the annular retort.
Heating gas ie introduced into the combustion chamber threush a Total ol 12 tan-
gential burners arranged at 3 levels arcund the retert. Six burners operate at Lhe
1owest level gnd 3 at each of the 2 higher levels, Temperaburc control of the com-
bustion space 18 regulated by edjusting the ges rate at cech burner level, Maximum
fleme temperature is limited by admixing recycled products of combuskion with the
primary eir, The resulting mixture is preheated in = hest exchanser by rot proaucts
~f combustion to 1,300° F. before veing admitited to the furnace burners. Cwing to
the high tempcrature of the entering products of combussion {1,600°9 F.), stainlecss
stecl type 309 is required for the fube nest and haffle system of the heat ex-
changer. The products of combustion leave the Lieat cxehsnger at £007 F.  The sen-
gihle hest remsining is further utilized to superheat process stear in a small stead
vrelieater between the exhaust fan enl the stack.

The retort charging section consiste of the charging dome, & rotating feed
vaive and reciprocating feeder, and & lignite hopper. The cylindrical charging
dome, abtteehed to the outer tube ol the retort, serves as w lignite reservolir for
the smnulus. Lignite is fed inte the cherging dome through the syachronized ac-
ticn of the rotating plug valve cnd reciprocating feeder.

.
L/ Underlined numbers in perentheses refer to citabions in the bibliography at t0e
cnd of this report.




HOPPER

T

REGIPROCATING FEEDER

ROTARY
Ay T
CHARGER 3
i
©
s ~—STEAM i
HSTEAM
||PREHEATER :
i L l
al HEAT =

i £ XCHANGER

R P
-

& GAS
7)1 GENERATOR

\I= -~ HEATING GAS
RESIDUE- REMOVAL
UNIT

AR FAN RESIDUE REGCEIVER

Figure 1. - Schematic view of externally heated gosifier, Bureau of Mines, Grand Forks, N, Dak.



The ammulzr reaction chawber 1s formed by two ccncentrie metal cylinders sus-
Tended in the combustion cramber, The immer fuve of +the annular retort alss trans.
ports product gas to the outlet of the gasifler, Process stesw 1s Imtrodyuced to
the lignite at the top of the annulus, nignite axd estour passing down through the
ernulus wre heated 4o brogressively higher tenperatures to imteract in the produc-
tion of synthesis gas. The product ges is relesged from the bottom of the annulus
through the ges offtake formed by a trunceted core errungement atiached 4o ihe
irner tube and pasges up through the inner tube to the gas ocutlet gt the top of
the retort.

The outer tube of the retort is u cylinder 20 tt. & in., in lensth snd L8 in.
1. d. I'sbricated Crom L/E—inch rolled vlate and flanged at the top for suspensicn
and attacliment te the charging deme. The combired effect of high tempersture arnd
gttucx by products of combuslion on the oultside and by reducing gases, steum, car-
hon, ard ast on the inside wall recuire the use of a hkest- and cocrreslion-resigbang
gleel. A type 310 etsinless-siesl glloy has given satisfactory service in pilot-
plant investigation, and it is estimated that a tube 1ite of 20,000 hours of con-
tinuous operatiocn cun be expectied with this type of alloy &t service tempergtures
ui' approximately 1,9000 ¥,

The inmer tube consists of 2 streighi cylinders of L2 ard 17 inchee cutside
diameter jJjoined through a conical sectiecn to form a continuous tube. BSince gervice
cnditiens for this tute are relstively moderate, replacement is not noress2ry when
the tube s febricated from 3/8-jnah Tlate of tyre 309 stainless steel,

The residus removel wnit is fiticd aver the Lottom of the outer tube and genls
the retort unid, Resicdue 1s removed from the bottom of the smmulus by twe rotating
seraper arms driven Ly a siwple shuft and gear arrangement attached te an extornal
varisble specd drive. The sCraper arws move the residue to s central discharge
opening, where it is discharged by gravity inte g receiver.

COST OF GASTFIER

The costs of mejor equinrent snd materials for g slngle gasification unii are
listed 1n *zble 1. These costs are baded mainly on dests from cost records at the
Grand Forks stetion and manufacburers’ quolations, A few mincr items are based on
literature cost data. The costs listed 1in table 1 Ao not include auxiliary gasifler
equipment, suchk as Piping, instrumentstion, structural gtecl, or Toundevions, and do
not include equipment instzllation or erection costs. Cost for ihe steam Preheater
is included in cost of pipework for the gas-generating system, appendix, table 10.

The total estimated major equipment snd materigl cost for a gasifier unit, ad-
Justed to September 195k price levels, 1s $29,L66, This cost imcludes $17,640 for
the retort unit, $9,823L for the heat exchanger, $904 for the P.0.C. henéling equip-
ment, $643 ror the residus-removal unit, and $445 for the combustion air-supply
egquipment,

From these cost data, it ey be seen that the alloy retort tube and alloy tube
nest represent approzimately 50 percent of the totel major equipment cost, The larze
percenvage of totel equipment cos+ represented by these two items s duc to the high-
quelity alloy steel required for gatisfactory functional life. Steinless steel type
31C¢ iz specified for the externally heated allow reiort tube, wherese stuinless steel
Lyre 309 is specified for the hegt-exchanger tube nest. Since the inner retort tube
is exposed tu less seveore operating conéitions, mild steel wus saticfactory for ex-
perimentel purposes. In = comnerclal unit, however, a 309 type stainless steel is
recommended, and manufacturer's guotation on g type 309 tube is listed in tabhle 1.




T4BLE 1, - Estimote of major cquipment snd cost of melerisls

for externally heazted gasifier

Ttem

Bese custi/

A justed CDEtE/

Betort unit:
Betort shell and S1bb0Tt e e st rannrinsnariaensss

Briclwork for retorb..neeeeennen. e e s aar s es s
Morter Zor loying orick..iveeieneraseravnnnannns cea

Plastic insu
Charging AOmMe .. iesracaessnssvasanossssrnassstrnns
Alloy retort tube...... P e e srsEraraEres T st aeaea
Tmner retort tube. vttt riar s riancansnarnnas
Feed BN, . nerarrsorastastassantactsnssonannions
Reclproceting feeder., v svavranssansnsrnsnseasnsss
Rotating piug valve, motor, and speedrsnger...... .

R e o

o
Residiue romowval unil:
ConCen T iC TeAUC T s vt en v rmvsnsasarersasnasnansa
Motor and Speedran e iy crersranarsnssrnsaatonsenss
Speed redllBr e e savrmacacocaanansasnannsonensnans
Misc, gears and drive equipment .ivivecarananareana

o 1 T
Heat exchanger:

Shell.......... Warmeesrersmameavanamrm ey

AlI0Y tUDE II05 0 it iennssarasnienssacursanascarsannn

$1,130.00
1,844 2o
222.00
25.00
280.00

o

o
<
<
L
[

181.00
T2.00
25.00

1,250.00
3,600.06

5ﬁo.oo

2/7,%00.00

2,520.00
4/200.00
J'/1”10 00

§ /525,00

17,650.00

4/100.00
350,00
145,00

48.00

643,06

SUPPOTE TOT ket MR alZer v e s et ne e sennsnvenanns 43,00
Insulating DicCKE.isi s iassensonsanesaanssonaanns 190,00 | _ 367.00
O LB s vt e e teacannnnsneeeasancarannanonasannns 9,834.00

rlue-gas randling ecuipment:

Pl 08 DLOWCT et et s unsnscnnanessensonsnssassnnnn 3Ll 80 o7 .00
Cuh I et PR s vt i e v v esnssoasortonsensvossantssasen =7.00 o200
Inlet valve..... e e e meeenam e raeeennn 55.00 Lg.,00

30.00 58.00
Lo B8 9.00
904,50

S o L. P
Waler-tyoe bubter™]y Valve . e iereariaarassnnsassns
o v et sesdeeaaen -
Combustion eir supply:
L o =
W T -t T WalWe .yt reaertsrneassoarsonsisesssnnne

32k .00
51,00
LL5.00
Tetal cCS5teuvaennmrnnscrannnnss A rnasaveasana-s 29,5466.00
;; Origingl coulpment costs, from cost records st Grend Forks station, unless other-
wlse indicated,

E/ Adjusted to Sevtember 195k price levels.

Based on guotation from menufacturer,

Estimated from literature scurce.

203.50
2648

oA i iineruraasmstsnmnannnseansrnascsaannsnn

=

MATERTAL AWD HEAT BATANCES

. Operation of the annular-retort gesilier cen be conlrolled <through Yhroe vrin-
Cipzl veriables Combusticn-space tempercture, lignite feed rgie, and stesm feed
Tate. Meximum a1lodﬂole gombusticn speEce tempersture is ligdited by Lhe melal used
13 the guter tube., For s 310 slloy cheel tube, this temperature ie abous 2,000°0 7,
In addition to tne svove, the operabillity of the retort 1s allecled by the condition
of the lignite feed. Reducing the moishure content of the feed by stezm drying In-
treages the capacity of the retort and permits production of & lower Ho-CO ratio gas,



Meximm production of (H2+CO) wuas cbtaiced in the experimental unit when operateq
to produce low H,-CO ratlio gas. Operating on neturel lignite, Jaxlmun(Hq+COWproauc_
tion wes obtained at a 2.5 Ho-CO ratlo gas. TUesing a steam-dried lignite “of 12 te 15
percent moisture, meximum HarCO)production was obtained at 2 2.0 =00 ratic gas.

Material and heat balances for a retort operated either on anstural or steam-
dried lignitc are given in tgbles 2 and 3. The figures are based on a gas-production
rate of 14,000 cu. ft./hr.,5 TO-percent carbon conversion, and the production of a
nomiﬂal 2.5 Ep-C0 ratic gas using natural lignite. For gasificetion of sleam-dried

lignite, the f15ure9 are besed on & production rate of 17,600 cu. ., /hﬁ., T5-percent
rarﬁoq Conver510n, and a nominal 2.0 H,-CO ratic ges. Stean and therme=l requirements
as reported n the tables ere based upon correlaticns of experimental dets previously
reported (L, 5

ESTIMATE CF SYNTHESIS GAS COST FOR SO-MILLION-CU. FT./DAY PLANT

Commercial producticn of(H2+CO)using the externmalliy heated retort process will
require mmercus Individusl gasifiers. The individusgl gasifiers would have to be
groupct inlo batieries for practical plant layout. Heating-gas reguiremenis Tor a
battery would be supplied by a low-cost gas, such as producer gas, The use of pro-
ducers for generating hesting gas for the gagificrs is of pariicular advantage when
the residuc from the gesifier is used as fuel.

Ma jor equipnent in a baitery censists of 10 gasifier units, =zrranged in 2 par-
allel rows of 5 units eesch, 2 gas producers with scrubbing system, & synthesis-gas
scrubbing system, and eguipment for hesndling lignite, residue, and ash, Gas re-
quired for heating the retorts is produced by ges producers Cired with lignite resi-
due from the retorts, supplemented by natural lignite as reouired. Process steam
for the preduccrs is genersied in the water Jacket of the producer. A waior-scrub-
bing system 1s used to cool and clean the gus before use, Raw synthesis gas from
the individual retort units in g battery is washed in a central weter scrubber to
remove urdecomposcd stecam, tar iraces, and dust.,

Materisl and utility reguirements for a batbery of 10 retort uniis operzted cn
natural or steam-dried lignite are given 1ln table 4. This table includes the mate-
rial requirements for the gas producers snd the proportionate material requirements
for a central steam-generating plant. Power and water reguirements for the gas pro-
ducers were estimeted from opersting data on Koppere-Kerpely gas produccrs (é},
whereas feed requiremerts and capucity were based on dats for German producers of
convenlivnal design which used brown coal as feed (1). These data are listed in
table 5. Cooling water rate Tor the water scrubbing system was estimaled Zrom un-
pubhlished experimental data. FPower requirements were caleulated from the total con-
necisad load of all electricsl eguipment in a bettery plus that prorated toc each hat-
tery for opereting the plant conveyor.

The estimated capltal cost for a 30-million-cu. £t. (HptC ©0} /day plart using
pstural lignitce iz $24,257,200. The cost of = rlent of the same capacity operated
on steam-dried lignite of 12 to 17 percert moisture is estimated at $19,390,LC0.
Ereakdown of these capltal costs are given in iebles O through 12 in the Aprendixz.
Reduced cost for the plant operwbed on steam—drled lignite 1s due teo the reduced
nurber of gasiliers required.

5/ All gus volumes reported in this publication are based upon GOC F., 30 inches
Oz, dry. :
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TABLE L, - Utiliby and material requirements per battery
of 10 gagification units

Natural Dried
Type lignite i ieeuaceedavesssceesessnssaseseseersuasssivaes lignite | lignite
HAp-CO ratio T i e eeetianwesasersesmivoyesserreasastavetiiy 2.5 2.0
(Ho+C0) produced...............................1,000 cu. £t./day | 2,730 3,560
Gegifier thermal requirements.................million B.t.u./day hes 466
Lienite to gasifiers....................................tons/day 1/75.4 2/68.6
CHAT TECOTETEL. 1 4aesannnsasesstonaatsanasmmresenannrsses dc. 13.5 1k 6
Netural lignite 1o gas ProduUCCIB..ssecssarrrnaresaeneess do. k1.5 40,7
Natural lignite bo steam gEneTatoTS...csssrscoressera=-ss da. 6.3 10.8
Steam..............................................l,OOO ib./day 60.0 1040
Cooling watcr.....................................l,OOO gal./cay 2hz.8 271.0
Electricity..................................................kW. 109.9 111.0

1/ Watural lignite with 37 percent moisture.
3/ Dried lignite with 17-15 percent moisture.

TABLE 5. - Deeign deta for gas producers

. Ges production - 900 cu. rt./{hr,) (sq. £t. grate area)
Hesting value of gas - 140 B.t.u. cu. £E.
Power requirements - 20 kw./nr./ton throughput
Water to producer Jjuckets for ateam generation - 0.k lb./lb. iignite
Water for washing and cooling gas - L1,k gal./1,000 cu. ft. gss produced

Lotimate of the capital cost is beased upon major equipment costs wlth appro-
priate factors used to estimate essociated equipment costs, direct and indirect con-
struction lavbor, comstruction overheud, and feez. Capital cost does not include the
cost Tor the main gasline connecting to the individual betteries azd trancporting
the cooled gnd scrubbed gas to the point of use where gas-glorage treilities asre
available, Based on pilot-plant operstion, to provide for down time due to mainte-
nance and repairs, an actusl operating time of 330 deys per year Wes chogen for the
gas-generating equipment and guxiliaries. The number of bgsteries required wWas
determined by dividing the total desired plant capacity by the gas capecity per
battery. This quotient was raised to the next highest whole mmber to provide for
gdditicnal spare units. A conbingency Cactor of 10 percent 1s used. A1l costs
were aijusted to Sepbember 1934 price level by applying {the appropriete factors
based upon material and labor index as reporsed by Zimmerman and Lavine {10, 11).

The estimated cost of producing synthesis gas in s 5Q-million-cu. ft./day plant
1s lieted in tables 6 and 7. The coet 1s estimated at 37.6 cents per 1,000 cu. ft. ;
of (H,+CO) when natursl lignite is used as feed and et 32.0 cents when siesm-dried ﬁ
lignite is used. This cost includes only thoge costs asaociated with the produstion i
of raw synthesis gas and does not include purification costs. BRoguired meintenaznce
personnel wWas determined from cxperience gathered durirg operation of the comnercial-
scale gasifier at the Bureau of Mines station in Grand Forks, N, Nsk. Percentage
miditions covering payroll extras and administration and overhesd sre hased on avall-
ghle literature information cn comparable types of plants at the time the report wag
prepared (1954%). A depreciation rate o 5 percent was taken from literature refer-
ences on rotes generally applied to corparablie simple equipment 1lke boiler plants.
Expenditures incurred for mwore freguent replacement of alloy-stecl tubes are inciuded
in ccst of process materisls.




The cost of steam-dried ligpite was obtained from unpubiished Inferm=tion an
the cost of preparing steam-dried lignite by the Fleiesner process., The cost of
$3.60 per ton of stesm-driecd lignite 1s based cn $2.00 per ton of netural lignite,
75 percent yield of dried lignite, and 2 drying cost of $0.70 per ton of patural
lignite., Despite g higher cost of Drocess materials, the totszl operating coslt per
1,000 cu. I't. of (Hy+CO) is reduced by using steam-dried lignite as feed materigl.
Decrezse of gas cost 1s due mainly to incressed cepacity of a battery operated on

steam~-dried lignite. Reductlon cf the requlred number of batteries from 19 +to 1%
to produce 50 million cu. It./day of {Hpt(O) results in substential savings in di-
rect production cost and fized costs, due chiefly to¢ reduced persomnel requiremente

and capital cost of the plant,

TABLE €. - Opersting cost of plant producing 50 milliom cu. fi./day of
(Hy+CU) from natursl lignite T
H>-CO ratic = 2,5
Xf lollare
per yesr FPercenot
Process materials:
Hatural lignite, 1,391 tons/day x 330 X $2/400. v0enrnnnnnn... $918, 060 1.9
Alloy-tube replacement, 330 x 7”& x 185 x 7,500/2°0,000,....... Hhg, 450 8.9
Total process Mmaterials. i o nrien s rerecnnnncnneeeennnnns, 1,467,510 23.8
Mrect production cost:
Operating lzbor:
Operators, Th men/snift = 2% X 32 X 3650 veunoenensrnnnnn.. 1,296,500 21.0
Supervision at 15 DerCeml...uieeiriistrreeeennnneeressennn. 194,500 3.2
Maintenznece;
Labor, 20 men/ehift X $4,000. . 0 i ue e crrens e, 80,000 1.3
Supervieion at 20 Lercenteiieuis s ee e cncnnseerrrannnnnnn, 16,000 .3
Materials at 50 percent 0f 18BOT.eeuenssoenonsonononnnn ... Lo, c00 N
Payroll extras:
16 PETCent OFf PAYTOLl. s e tnuensenenrnnenrnons s enen ... 252,900 b1
Opergting supplies; :
20 percent of maintenance lobor snd material.....eeee...... 27,200 L
Totel direct Production COSTauy v ersrnnearcrverennnnnesns, .. 1,908,300 30.9
Utilities and auxiliary materials:
Natural lignite, 882 tons/Sey x 330 x $2/40Meuuernrnnnnonnnes 582,120 3.5
Cooling water, 3,100 g.p.m. x 60 x 24 x 330 x $0.05/1,000
B8 . i i e e e e e r e e, 73,660 1.2
Boiler Zeed water, 93 g.p.m. x 60 x ~4 x 330 x $0.25/1,000
gal, R L R RN T L T 11,650 e
Electricity, 2,017 kw. x 25 x 330 x $0.0055/kw.-NTry v0vuwnn.. 87,900 1.4
Total utilities and suxiliery materfials.......veeeseennen.. | 754,730 2.3
. Administration end overhead:
€5 percent of operating labor, msintenance, and opersting :
B o D 413,400 6.7
" Fixed costs:
Local, county, and State taxes and insurance, 1.5 percent of
B 361,850 5.9
Depreciation at 5 PErCEN et ia it ctianiseeatsietaccaaenaanr. | 1,261,000 20.4
Total fixed BO8 B i i i ciiece e s eeea | 1,605,550 76,3
ceeasessss | 0,169,190 100.0

: T0tal Operating COSHA .. uenn aeruunnsnsesnrsecnnss.
[P

*Totay operating cost per 1,000 cu. ft. of (Ho+CO) = 37.6 cents,

0) produced, 50 million cu. Ft./day = 330 = 16,500 million cu. ft./yr,
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TARLE 7. - Operating cost of plant producing 50 million cu. ft./day of

{Hp+CO) from steam-dried lignite
o

Dollars
per year Percent
Process materials:
Dried lignite, 96k tons/day x 330 x $3.60/10Ne.rnnrnrrnnnn.. $1,145,200 21,7
Alloy-tube replacement, 330 x 24 x 1M x $7,500/20,000...... 415,800 7.8
Total process materials.,,u.eeeeo.es et edttrraa e n e «o] 1,561,000 29.5
Direet production cost: -
Operating Iabor:
Operators, 57 men/shift x 24 % 32 % 365, .1 uunnevnnn. fhaaea 998,600 18.9
Supervision at 15 percent......... e Etiemateracecnnnanen . 14a, 800 2.8
Maintenance:
Labor, 16 men/shift x $4,000, ... 0 erenrenurnnens Crreenenes 64,000 1.2
Supervision at 20 percent........ Sretias et atatanannans vas 12,800 .2
Materials at 50 percent of lgbor........ L rkaravareccanan 32,000 b
Payroll extras:
16 percent of PATIOIl, . .ieeen.vvens e etritesrasinaannnann . 196,000 3.8
Opersting suppliecs:
20 percent of maintenance labor and material......eeeee... 21,800 A
Totel direct production cost....... et iat e e oo | 1,475,000 7.9
Utilities end auxiliary materials:
Natural lignite, 726 tons/day x 330 X $2/L00 e vsuennnennn.. kg, 160 9.1
Cooling water, 2,665 g.p.m. x 60 x 2k x 330 x $0.05/1,000
=g Ce e re e i e aaaa e teaersetaraaaanaen, 63,000 1.2
Boiler feed water, 122 g.p.m. x 60 x 2% x 330 x $0.25/1,000
gel..... e ee i b e aaa e, Cee it it beraanaeeran titenensnas 14,500
Electricity, 1,565 kw. x 2k x 330 x $0.0055/kw,-hr. ....... . 68,200
Total utilities and auxiliary materiols.ue.eeerveeeeenseen.. 624, 850
Administration and overhesd:
23 percenlt of operating labor, maintenance, snd operating
SUPDlies . o v. .. Crr et atcieraeeranea B, R 319, 800 6.l
Fixed costa:
Local, county, and Siate tazes and insursnce, 1.9 percent
of Investment.iieeeaneseeennenss et eeiranaaeeeas N 290,950 5.5
Deprecigtion st 5 percent..vv.e...... P rbee et e eees | 1,008,600 19.1
Totel Fived CoBtE.....u... T et b teraaenen, 1,299,550 oL .6
Totul opersting costs..... trtieteasassnuan Setiraveseaanan, 5,200,210 100.0

(H2+C0) produced, 50 million ou. Tt./day x 330 = 16,500 million cu. rt./yr.

Total operating cost per 1,000 cu, ft. of (Hp+C0) = 32.0 cents.

The effect of lignite cost upon estimated synthesis gas cost is illustrated in
gas cost ie relatively insen-
proportion of gas cost rep-

figure 2. From the plots 1t is evident that synthesis
sltive to change in cost of lignite hecause of the high
resented by fixed charges, operating labor, ete.

The Influence of the useful

operating life of the alloy retort tube upon the

ecoenomics of the process has been of interest since Lhe conception of experimental

work.

the gas by 9 percent.

The effect of tube life upon ges cost 1s shown in figure 3.

-

Using 20,000
hours as a base, a decrease in tube life to 10,000 hours will incresse the cost of
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APPEINDTIX

TABLE 8, - Capital cost of plant producing 50 million cu. Ft./day

of (Ho+CC) from nabural lignite

2.5

HEHCO ratio =

Gas-generating babtery, 19 st $846,800. . .. 0l L L L L
Producer-gas oystem, 19 8t $L75,000 . tueveeeernnsrsnsonnroososennonenns
Cocling and scrubbing system, 19 2% $181,800. ciurinnnerivsenensnvonens
Steam-generaling plant and plant 1iIme .. iiceescncrnserocannennnn T,
Coal handling, COmPlelC. i inrannnasnnsnsasnavanaannsssrannnsasasns
Gemeral planc FAcCllitiesiis s rternarrtvasoraonsonnascnnmnnn e e rreaer e
General plant UbIlilies.uinsnirrrriincrasaaarirararsrsnnsaeanraneennns

Total plant cost (tax and INSUTENCE DATE) vviie i rrerracenennensss
Interest during comSt It oM. vt i ineirrasrnanevinrnmesnasvanascsssnsass

Subtotal (for BepreCIatioN) tau s vessentnsnernarenncenncennn e
HorEIng COPdial s eann i nianesarsasarssonstsaosnososenssearneancanas

Total dnvestment . ieieeiuieensesesusninnnnnnn trrraesaeserasavansaa

$16,089,200
3,325,000
3,454,200
336,000
£92,000
196,000

16%, 000

2k, 257,200

TABLE 9. - Capital coet of plant producing 50 million cu. 7t./day

of (Ho+(0) from steam-dried lignite

Hp-CO ratieo = 2.0

Ges-generating battery, 15 at SO, 800, 0 iiuiesrennererecnnaascnnnnns.
© Producer-gas aystom, 15 a8t $175,000 . c i neeverannanrncrraaranannnns
Cooling and servbbing syster, 15 at BL101,800. . et e e oo r i rmenenanns
Steem-generating plant and plart 5heam 13 it issreeanesnncacaaonnnenn
Coal handling, CumPLlele..ueureesrnisasensssaseseniatsanansanranansnnessan
Goneral plant Facilities., cevereesirearesaanssarannennns G erermararasana
Generel plant UhlEItlem s e s e rearsearrasnseerensssansasssnaessnnnnnnne
Total plent cost (Tax sul INSUIENCE BBEE) v ieit et tecncanronresanns

Interest AUring ComEtIUuCt oM i e cinsrvanerrasancnrsanrensnsocensnnns
: Subtotal (Tor Qepreclatiom) iiieeitescarriiertcirerasatancanannnnnn

" ma ke *Eww L R L R e R N LT I RO B R RO S I A R

F0tal IOy e E i me It L, vt vt cnt oot st s nancorrasasarncnnannnsnsonnsensas

312,702,000
2,628,000
2,777,000

k17,000
£00,000
181,600
143, 800

775,900
20,172,300

£,017,000

722,169,300
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TABLE 10. ~ Estimated capitel cost for batiery of 10 gasificetion units

Ttem . Quantity Materiel | Lebor Total cosh

Gas-Genersting Systeom

Retort umit..... teesancnasarrr-sen ferenean .. 10 $176,400 1§ $
Residue-removal Unlt.cieanevnnaer aaeann v 10 &,430
Heat eXChaNZeTesvessvracn-os Ceneseantaeuurn- 10 98,340
Flue-gas-handling equipment.. ..... chenenna ‘e 10 9,040
BiT EUDDLY-ecssssasrasranonnunssaassnos vesan 10 4,450
purge-gas unit..... Ceranraaes Casevesnsaveven 1 2,960
Sultotal.iseenaromsn PR Cisencans . 57,620 | 58,320
Tnstruments..... G erneans caarmenen cetranaaes . 31,000 {12,400
Elecotrical.coesvna-os Cevensan Crenaaaa ceen 20,000 | 12,000
Structural steel.vecsae--- P ceeaann . k4,000 | 17,600
Insulation..usn- ennman antesemann asmanna cnva 10,000 7,500
Foundation..svesmess fesannun eressnars ceeeena 8,000 | 10,000
Peinting.csee-ons saavanas beeserana P . 2,000 6,000
PipeworK..... Cramemnan P fraerenen ee 60,100 | 30,000
Subtotalesen-ans veannraans ereerraraeaen 175,100 | 96,200
Total direct CO8beac-aernen P ceeen L72,720 | 154,520 627,240
Field indirects...... vansareaans . 77,760
705,000
Englneering..covesananns eranemmua raese 1h.,300
sdministretive, overhead, purchasing... 14,100
. 733,200
Contingencies . iovevnneanen ierenae wreea 73,300
506,500
FOCurauanarsnnnens Measamman here e .o . 40,300
Total estimatpd cout gas-generating system. EEE,EOO

Producer Gas System

Ggs producer, complete....iececcanes nesmrne 2 50,000 | 10,000
Instrmments.caisrsnnmse P cabaranvea .. 2,000 Boo
Flectrical.iscore-ans eeenmmnnn avaemeaans arana 5,000 3,000
geructural steel.iaaeeues tenamevmraa vasaveans 8,000 3,200
Insulation.ceesanrraes heuwrerrann nesmebaaae 2,000 1,500
Foundationg.see-nee enerarvaaa esaermeann aneva 1,500 2,000
PEINEINE e e errreesasnanonesosvesaroos Ceneenna 500 | 1,500
PipevworK.ciessranamnans rrraames abvesmnmmas . 25,000 12,500
SUDLOEEL e e eeenssansenan Ceeeareeneaneeen L, 000 | 2k, 500
Total direct cost.c..-.s cetamanmen vears oL ,000 | 34,500 128,500
Field indirects.....cas. aaaanans easaan 17,300
05,500
Engineering....oevsesrsee firraneees cens 2,900
Administretive, overhead, purchesing... 2,960
_ 151,600
Contingencies.coeaescess feeres eaveeene . 15,200
160,800

FeeS eveassanmas nssmsa v YRR . §,200
Totol estimated cost, producer- gas system.. 175,000
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TABLE 10. - Estimsted capital cost for battery of 10 gasification wmits {Con.)

1tem

Guantity

Material

Labor

Total cogh

Cooling and Scrubbing System

Synthesis gas wster scrubbing unii:

Stoneware water scrubber ghell..iveneaan-
Cover, digtributor, support plate, boltom
sectiCiesvies st iatsatTrarnam s ciern

2-inch Reschig ring packlng..vesrenesases

WaTeT Pilllseeveviaacs EvssaEEsEsaREr R et
Total.oweeuua e T ane
Producer-gas water-scrubbing unit:

gteel water-scrubber shell.ii.iieevaarnane

Qover, distributer, support rlale, boltom

BeChi0ne e vonnrovnravrnasansan Nareesenn

S-inch Raschig-ring packing....iveusrce--

Water pPUlpeceaans GeesresseseE EEEE R A ua s

Tar separabor ivvisnsnasnsavssnn creara by
Tobalesevnaaaassnmmnnunnases s rasatascsnenmmn
Weter seals and relief unit:

‘Bafety scegl tank..... seamarvamasnenn senan

Rellef valveivivennanavananas charsrmruiaans
Tobalciesierensrrnvensaanns Eseterrarenaanas
Positive-pressure blower:

Exhauster DUOD.cesssssarrnsnsnonane rianas

Lo Las

2

$ 2,140

550
2,110
1,050

5,850
12,150

1,580
7,650
2,200
3,690

27,270

5,780
3,480

8,790

12,000

System

Synthesis-gag serubbing unlt...... Ceresurne
Producer-gas scrubbing wnit.iceciainvncaann
Water seals und relief undt........... araas
Positive-precgoure hlower.... ... freearmevas

Subtotal,icesrnenace Ciessmansaranan—as
CInstrumente .. iseencaeaas Cetarsatsarurnmnan
Electrical..cveancas Cresdarrrsammannaas vaa
Btructuzral steel.ceisisrnacaraansannas carsaa
Tmsulation.seeevncenan fresemenns et
Foundaticns....... T er e
CPainting. . ivinncaraarnaaaones dreracensanns
P BINg . e iansnnerenrcne Ceheeeessenreanannns

Subtotal...iees rasdrRemaIr e .

. Total Qirect COSteeeeenavsssnanonensnnuans .
- Fleld indirectS.cievarenrranrcas rersaeeans
Egincering..... b eenasamserrevaraaaanas -

Administretive, overhead, purchaslng.......
O g e nCy e s e varerrarescessnrranvens rseen

TEAym s nEN FEE LT A A4 E Ao oA Ay LI B

Tetal estimated cest, cooling and

~—__Scrubbing system.sesueess vemsnsas ‘e

MWDl o

3,850
27,210
8,790
12,000

03,910

10,700

1,500
5,000
8,000
2,000
1,500
500
25,800

[3)
3,000
3,200
1,300
2,000
1,500

12,900

Iy, 300

2l 700

98,210

35,480

133;630
17,740
151,430
3,000
3,000
157,430
15,'100
173,130
8,670

181,800
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TARLE 11. - Estimated capltel cost for coal-handling equipment

Material Labor Totel
Battery cost: _
Lignite CONVEYOT . sver-s«  ieeesserateneareaaneranns $ 6,80 $ $
(AT CONTVEYOTesssevenrasnsrasessansssrnsoanunanses 5,800
Ach CONVETOT svan-anstnavsesnunmvarssonnsss feramans 1,600
Hopper in Iignite Dil..eiecse-nsvasnsrmavuneocryes 750
Hopper in char DiTle ssaanmuvansesssnnensraraass e ann 550
Tibrating SOTEEN. ccaesvsssanarvass ewmsracaabrar s 2,100
TRtra BCYEEIS svsas-rnoossnmmanerannnte erreswmairen ~00
Miscellaneous chutes, toundations, supporis, etc.. 1,250
Cost per battery...diseean-os evesnesan peeevens | 19,050 3,800
Plant cost for 19 patteries:
19 batteries....-.- o eveeeraraeeraseeaeranns ooy | 61,950 ] 72,150 | B34,100
Plaont cORVEFOT+-.a. ewn e Pavamman peasunanc sreann 7,700 15,500 §3,200
Bulldozer for mein storage Pile€icsecnnnn s tarr e 5,000 5,000
Total direct COBbasvecssevecnnses feeermnea vees | BBL,B50 a7,650 532,300
Tield indirects...eceaenss prasmmann femean | 43,800
576,100
Engineering..ceeacacsenrnns enesmEasan ke we veaas 11,500
Administrative, owerhead, purchasing. - -va. sareemn _ 11,500
cont | 599,10
optingenciss .. .-- wewsmeean she v enasrran I 59,900
659,000

Fee -..n-n----o-u----.l--to--taoto ----- A RS AW A LI | !3:0%
Totel estimated cost of coal-hendling

CQUIPMENt e enasnssaeaarazzagnar ey veseas- 692,000
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TABLE 12. - General plent facilities and uwbllities

Generel plant faclilities of plant producing 50 millicn cu. ft./day

of (Ho+CO) from natural lignite

Ho-CO ratic = 2.5

Office and 18DOratOTFevessssesscseasttsrsstsanssanananns |3 15,000
Shop equipped. s creereccncnercnmmanennsnrtsarsanna reve s 35,000
Chenge HOUAC s s snnet st tsstnuriaasnenananastovenstnans 10,000
WA OUS B e s it s nstnarsnatasnnaaasrnnsrsasssentvansianss 15,000
Bolling stock rogds...ceeveneenrsersrancns vereavatrerens 25,000
Rallroed trockege. . vieiiiiiiincisiaieserainnnnnnnancnnn 10,000
Yard grading and £11l. . iveesnnsrtaanersarscanarrananars 20,000
Flent fencing..... Ceeanessreasta e RN Tt s ey 6,000

TOUAL e e wancassencennon e eeieceassasseens vevress | 196,000

General plant utlilities of plent producing 50 millicn
of (Hp+CO) from natural lignite

H2-CO rgtlo = 2.5

Cu. ft./day

Sewers and waterlineS .. eeeeirssresononanesrvannsaninans 50,000
Electrical distribution. . .oosovrercrnnnrrrarenrenrnnas ko,000
Steam distribution.......... ek sd s sabareaabesvanaaas 20,000
e g b ) 16,000
Fire lines and hydranta.....ieceicsnronnrncronrvrssrsrens 25,000
Yard 1ighting ... v iinnuciiissncuanacissaenasonscannannn- 10,000
T el OTies s s v saneanoesnasseasarsrsassareaansnsasrenrsnans 10,000

Tot8lassssosssoannes Lesetssesanstacisirsessssssess | 165,000

INT,-BU.GFMINES P&, FA. TH3D



