®  HUBMANN
~ Production of '.Synt'ne'sis. Gas N~ '
fromfwyoming Sub=-bituminous GCoal

Cencral Invesulgatlon of Methods
" and -
Flow-Sheet for Plant to Fr“cess . 8, OOO 000 CuFt per Day
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In order to obtain general 1nformat10n on the prlnclpal advantages and

r

dls-advantages of the various methods of producing synthes1s gas from a coal like .
/the Wyomlng coal three methodS'whlchﬂwere cons1dered as suitable for treatlng
this coal ‘have becn examined by calculatﬁons of the 1nvestment- and the productlon{
cost for an 1ndustr1al plant'W1th.a capacity of 100 OOO Nmﬁ/h Ideal gas (co / Hg).
Thls correspo““s to a synthes1s plant sor the productlon of 122, OOO tons of |
prlmary preducts in. 350 operatlng days plus 12,000 tons of liquid gase

A hlgh content of hydrogen—'whlch is hlgher +than in any German coal, Lndlcate*
_a very hlgh tar content and favors by-product ga51flcatlon. Two methods Of$ﬁh18

group, the Lurgl-pressure gas1flcat10n n*ocess and combined carbonlzatlonr

| gas1flcatlon have been 1nvest1gated. For comparlson the Koppers method of-

ga51fy1ng pulverlzed coal has been calculated supp051ng “that thls me thod 1n the

“near future will be developed as/the cheapest'way of-only ga51fy1ng carbona01ous

,:materlal; For thls plant ooeratlng flgures ‘have been taken from a progectvrorked

»~out by the Kopners Company and the 1nves.xtut cost of the gas oroducers has been

——————

estlmated ewtremely lowr in favor of this process * -

Only 8 Synthes1S'W1th an iron catalyst under 15 to 20 atm pressure has been

-

con31dered sultable for a. may1mum yleld of good quallty gauollre. In thls case

the productlon of the gas cannot be calculated separate from the synthes1s, } ;mm

r"because “the' production of tne synthes1s gas requlres cons1derab1e quancltles of
>=energy,‘whlcl is eroduced to 8 greadt e =“tent in the svnthesms plant and avallable
for the gas productlon. The energy delivered from.the synthesis plant has not

been charged ‘to £he gas factory, oniy Gl 1nvestment and the operatlng cost of

the power station have been chargede .

o
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;Addltlonal energy 1is procured by burnlng coal 1n connectlon with the Kbppers system

-or by burnlna coke 1n connection W1€h the comblned carbonlzatlon-gas producer meth—
e

od. As a varlatlon and 51mpllflcatlon of this method an exclu51ve prodactlon of the

.msynthesis-oas'from coke. has been 1nvestlaated. In,thls case, the carbonization
zone 1saoperatcd w1tn a1r and the carbonlzatlon gas used for -heating the boilers of

the powerhouse. Cracking of the carbon;éatlon gas’'is av01ded in this case.o A1l

the gaseous hydrocarbons and most of the s~Ifur are carried off to the b011erhouse.
“"‘-sulfur €. tractlon pl"nt can be ~svoided for the synthe51s gas and the power plant

is con31derably lowered in-its 1nvestment and operatlng cost by the gaslflrlng é

wethod. - :; R o . o

- i

Cost of eqvlpment 1s taken from figures avalluble fron.plamts errected in Ger~

mahy.» CJLrespondlnw flrures for U.S, A are calculated w1th the relatlou of 1RMz¢.

-

% O 5 for the 1nvestnent cost and lRL £ OO for'the cost of ‘labor. Cost of spe:

-

cial work has ‘been adjusted roughly. For a comparlson only of the gas produ01ng

methods the flaures can. be con31dereu as fairly rellable, though accurate flgures

for the varlous 1tegs may rot ea51ly be procured in the near future for U,S. A

[ —

imanufacturlng COndlthQS*

There are two facts of a. spe01al 1mportance, when the various methods of pro-

ductlon are con51dered for U.S. A. ‘and Gorman or European condltlons respectlvely-

i

l. C st of labor 4is of a. much greater 1nfluence on the. productlon cost

'1n the U, SJA than in Europc and favors such methods which need very little labor '

—

as probably the ga51f1cat;on of pulverized coal.,

. 2e The value - of by—products, whlch is relatlvely low in UsSwA. as 1ong

as the competltlon of natural oil ks free and unlimited for a sufficient supply

o S

| and the lack of any protection of motor fuels from_coal by dlrect or 1nd1rect

sub31d1ary.am

In Europeau countrles, where the productlon of motor fuels from coal has to

_ be_ reallzed for condltlons of 1nternatldh\l ‘trade and st ablllzatlon of currency,the

,2



-prodnction of motor foels is considered indepehdent from naturél' il products. = By+

*roducts are very hlgh prlced there, because even then they offerthe way of lowest

cost for producing motor fuels”from'coal. The 51tuat10n w1ll become the same in

the U.S.A, when it comes to any industrial productlon of oils from coal; because
- !

then by-products have to compete w1th oroducts of oyntnes1s or Hydrogenatlon plants,

and these products naturally are conSWdcr bly more—expen31ve than 1n-Europe. For

oynthe51s products produced from a wwar - c‘eap coal with probably the cheapestrmethoc

_of clear ga51f1catlon (the Koppers method) the . calculated productlon cost of the

gas proves this clearly. The cost of the synthe51s gas alone amounts n>ughly

to S cts. per kge of benzine under F0S U 1avorab1e condltlons. For comparison, a

much higher value than $3O 00 per ton'would be Justlfled for- by products of

carbonlzatlon, '

‘Table I which shows the'prinoipei_figures‘of‘the"considered methods, "also

shows the relative influence of labor.cost'and’valﬁe of by products in percent.of

P—— [ : ~ . . o e L

the.total»prodhction coste Evenuwith arprice of %25.00 per ton ofrbﬁwproducts the

~&S can be produced chcaper when the tar is recoveredt) The. dlfference in favor
” e

cp bybproduct ga51f1cat10n becomes zreater w1th a hlgher tar content ox the coal—r
[

and'wlth a hlgher nrlce of the tar. Examination of the most important coal fields

for thexrwtar COﬂuantS seem to be~urgent from this‘view point. 7

_nven'w1th the low tar contents of T 2% the productlon of tar amounts to roughly

-

50% of the productlon of prlmary Synthesis products.

B; Plonler Plant
—For a pionier plant with a capa01ty of 8 OOO 000 cuFt of Ideal c'as

per day, a proJect has been worked out. Combined carbonlzatlon ga51f1cation has”

been provided asfthe‘mostffavorable~methodrfor such.special‘conditions. Pressure¥1
gasification has been considered for comparison, The Koppers method of cras:.fylng
pulverlzed coal could be examlned»for this relatlvely small productlon flgures only

vely roughly bacause onlJ very 1nsufl1c1ent data are ava;lable'gor_calculatlng‘sucn_

on equipment,
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Comblned carbonlzatlon-gas1flcatlon not onlj seens to be the most enonomical
method for 1ndustr1a1 plants, ‘it also ullows to- studj w1thout an addltionalxcost
and probablv W1th a commerclal proflt of uoeratlon, che carbonlzatlon of Wyomlng

.coal and the productlon of a quantlty of tar sufficient for 1arge scale experiments

of hydrogenation. ' This is possible, bece:se the spare unlt for gas1flcatlon can

normally be operated as a'carbohizer and used as a gas producer onlyiln case of

temporary dlfflcultles ‘with the other ges producer unlt.

It an examlnatlon of the Lurgl-PreSsure ga51flcat10n process is  wanted in con-

nectlon with tnls pioneer plant, one gas oroducer gould be 1nstalled W1th very 1itt?

additional cost. Even large scale exper1ment1ng with the Koppers method could be

reallzed with very 11ttle cost for the-gas ;'oducer only, u81ng the spare units of

e oxygen plant and the waterwash .equipment for such speclal testing,.
It can’be expected that 150 to 180 tons per day of a lumpy coke 1@* in ash and
. sulfur oontent cen be sold at a high prlce very easily, The product1on cost of this

coke should ba very low because it requlres only very llttle labor- and vory. llttle-

— R S

investment cost in addltlon to. the cost of erectlng and operatlng the gas producer

plant onlyq: ' . R
. . S L e

s . Lar*e scule experlence “with carborl'c ion in the Wyoming coal field seems to

'oe of the greatest 1mportance for the 1uture development of the fusl industry, The

hlgh content of hydrogen of Uyomlng coal. oromises very high tar content and conse-

juently verj favorable condltlﬁ\b for ut‘11z1ng this coal. for the. produotlon of

motor fuels by a comblnatlon of carbonlzation, byqproduct—ga51flcatlon with the

—

‘synth951s of hydrooarbons and hydrogenatmon of tar, ¥ o o
. Figures of a-basxc”gneup of faCtoribS of such: an industry treatlng‘Wyomlng coal
have been worked out to give a rough idea of thls oomblndtlon, whlch haS'been found

to bé the most favorable solutloh to the pa o lmn in Germany. (Table IIT)

If the oqrbonizer~gas nroducer plnnt is erected end operated for the

&



‘productlon of Synthe81s gas only the cost of productlon 1s 1ncreased as can
be seen from a comparlson of. the most 1mportant production flgures, (Table I1).
:In thls case, the plant is equipped wath a 100% spare—unlt. “

o The Koppers plant requlres less capital 1nvestment._ The hlghest 1nvest—l
ment cost is required for %he pressure—ga31f1catlon plant. 'It must be remem-

bered however that the investment figures,mmll.be sllghtly equalizedrbj addi-

tlonal cost of the” power station in case of the Koppers- plant. — :, vlwf:A

Fbr the calculatlon of productlon cost power has been calculated at the
:relatlvely low cost 'of 0.6 cents per KWH with regard to the fact that more

than 50% o*. the consumed power 1snroauced from surplus steam and resldual gas"
_pf the Synthes;splaht.' For pressur=-aa31flcatlon and a comblned carbonlzatlon~‘
gasification, the available energy iS'sufficient or can be produced from. the
_carbonlzer gas, which has not been accounted fbr in the balancgasheet. FbrA
these two methods the cost of energ“ has been reduced to O 5 cents per KWH.

: The follow1ng~$able (II) shows the pr1nc1pal flgures of the various

methods. These fnéﬁ;és however shoald not be con31dered as ty01cal for the

methods 1n an 1ndustr1al use, because the relatlve 1nf1uence of general expense

and of spare units equ 1izes ‘the figures of such a small plant con31derab1y-



TABLE II
e

. o a _ B . C.
Process . » . Carbon~-Gas, . - - Koppers Pressure-G
Investmenn Cost - o w. . A '
(Mlllion dollars) , 3,720 3,340" 3,170 3,710
Laborers (men)_ - ) 82 - - 60 57 52
Coal~Cons, - o | _-_‘ - ‘ B
. (ton/year) . 208,000 79,000 57,QOQ3;M,,W7a;4ij
By-Proddcts. S - - . '
Tar (ton/year) 14,000 5,240 - — - 45080
‘Coke_fton/year) : 60,000 - — P
Energy Reqn, (KWH) T 4,950 4,600 4,800° 3,730
Production cost for Gas : 'r o - S
Millden dollars/year 718 867 - © 908 - 893

:Dollars/lOOONmB B _ 9¢3.. » 11,@5 » 11,8 ~11.5
3* Plant -erected and operated for synthe31s gas only. |

Calculatlons prove that from an economical standp01nt the methods

which allow the recovery of‘tar arc superlor to complete gas1f1cation 1n the

-

4

case of Wyoming coal. All thre wleds allow the productlon of a gas with

a hlgh content of CO as requlred for a Synthe51s w1th an_ iron catalyst With
the pressure—ga51f1catlon process the ratlo of CO H2 however is llmlted to 1-
It is’ prooosed to errect two uu;ts of the carbonlzeregas producer type,
equlpment Wlﬁh the necessary device for operatlng each of the units for the_”@
productlon oﬁ gas as well as for the . carbonlzatlon of coal,and ~the productlon
of coke,? ACCOleD’ to ci culatmons thls seens : the safest the - cheapest, and
ﬁhe most flex1ble method w1ﬁh reSpec+ to the requlrements of a pllot-experl—
mentc Dlant. Wthh should’ be able to~‘andle various tvpes of coal and from
.varlous v1ewp01nts llke tar recovery and alterqtlon of t@e_ratlo of CO to Hoe
| A possible. 1nterest in st1dy1ng other methods of g351f1caf*6n could be
satlsfled very’/551ly by erecting experlmental units of gas producers of the
pressire~t;ne-and. of thc KopperS‘swutem for ga51fy1ng pulverized cosl These

D
experimental units.should, however, be of.anilndustr131.51ze.

“



} . The carbonlzer plant could be used also fbr 1arge scale experimentlng W1th
oil shales.' Fbrethe hlgh grade skqles W1th mcre ﬁhan 10% oil, it maght be
: proved as a most economlcal method.’ ’ | | |

;—s SR ", Basic figures of calculations

Gosl” . _ ‘woisture  2L,1% .
S T asne &A% o o
‘ BT Tar o T4R%

© HeCal,Value 5220 kcal/kg'

CoPe Cw1th 10% volatiles) *1 _,; '

H. Cdl value .\_70'(_)'0* kgal/k‘g.
TEfflClency of B011ers . _:~: g?% IV
.{Efflclency of Power plant L s.iéé%" e
T Steam prod. per kg Caa14f1f _;¥ff5,2S ké/kg '
';Steam prod. per kg coke‘f': s'e7'dé'§g/kg
‘.Energm per kg coal \7,,';’», i 1.52 kwh/kg
Enerngper kg cokc - | “"1  o, 03 kwh/kg; .
FIPower consumpt. for oxygen | | 0.60 kwh/Nm3

Power for compressors (21 etﬁ) O 21 kwh/Nm3

.,-—~r..

"Usteam'for energY'(BO t° 3 et “p‘) 6'0 kg/kWh

_Efflciency of gasificaticnx

, I Ga31P1cation of pulvarmzec coal

1) cal. val, “raw: gas = 3,78
ST ,; h. cal.val,coaI
II;f Pressure-ga51f1cation _“‘;b“ -

t

—»4h cal,val.tar % h cale val. raw gas ,7no;34,
. k ‘h. cal.val. caal B L

TITe Carbonlzatlonegasiflcatlon

h cal, valy tar # he cas. vvl. raw. pas = 0.82
N . h. culﬁ val. coal N -

Recovery of 'Tars _ S
~(a) by, carbonlzatlon SR LT 92 : :
r‘"(b) by pressurenga31f1cation . 5% FischereAssay

7
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. Kop ers -
Ga51flcat10n ol gﬁiverized Coal

Lo e EEE gf: ;;;Egﬂﬁ_—-
;l.' A‘gés producéfé'(Onevspare): f,' S 2,400,000

_2._ Condensation plant S o : f‘ - 3,000,QOQ

r35‘ Plant for drying and pulvarizihg‘the c0é1 f' &,506 OOOmf
z,‘ Distrlbutlon System for energy;steam &'water 1,000,000

;5. Recooling SYStem _ .  _CQAE AR Tf* 600, OOOF
é.. waer plant for- sulfur extractlon : if”lﬁ | 2,000;0QQ.1
7 'Waterwash w1th*pumps and building c ; 5,00b!0o6 ;
‘8 ~Compressor Plant 3 x 60,000 Nm3/h R 1..&:2,4003006;

9,’ Oxy en Plant 4 x 10,000 Nm3/h I 9,500,000
10, .Foads and tracks - ~1, 500,000 -
ll.ﬁ’“oooratory, Office, Varloas.oulldlngsv :'1,500,000‘
12, 301ler and PowerfPlant S R U
3x 15,000 KW 1/" coal flred -t~ 12,000,000

B , . “‘7523‘266L566
*fInterest during erection e 1,600,000>
Miscellaneous G T2 500,000
‘Total Investmpnu T T A95500,000

R e e




l' ..

2,

3»
be

54

Te

Konnprs

Gasification o Tulverized Coal

- Production “ost per: Year

S

Cost of Synthetlc Gas 3.

882,000,000 1in ‘of 20 AbA—

' per’ 1000 Nm

I%.IJ.
Coal 740 000 tons ® 2,50 RM 850,
@%1.,00 ,
Fresh water 400 m3/h @ 0.05 RM 168,000
, @%O 03 Ce
Luxmass 100,000
Wages & Salaries
Laborers 420 . @ 2500 RM
@$2500. o B 1,050,000
o Supervising Personnsl 150,000
Repair e 5% of 4945 ML.RY 1,240,000
of ‘24,75 Mi, Dollars : ,
Interest 3.5% of 49.5 Mi. RM 1,730,000
' of 24,75 Mis Doll" . S
Amortization 645% of 4945 Mi. Q” T 3,210,000
Interest on Operating Capital .
-~ 3,5% of 3.0 Mi, RM _ 105,000
of 1. 5 Mi. Dollars
I thel -

9,603,9001’ 7

RM

‘pollars
77,0, 000

101,000
50,000

1,050,000

P

100,000

620, 000

865,000
1,605;000




IT
Lurgi-Pressure Ga31f1cation

T ]ﬁ Syo GaS
L

Investment Cost

1.

9..

10,

‘1pads .and Trédks

2/, Gas Producers including condensation
plant and bullding 3 spare) s

Prqssure - water wash including buildings

Storage tanks for olls

‘Listribution system for Energy,sﬁeém,water

RedGoling Syétém

Iron oxide plant

-

and building . ] e

-

- Laboratory, offide, vars buildings

B01lers and power plant
3 x 15 000 kwh 1/3 coal Yarad -

Tnterest during erection

- Miscellaneous
Tbtal Inv»stment

10

R,I'q,

13,000, 000
© 6,700,000
- 200,000
1,200, 000
7j600,ooQ
11,000,000
© 1,500,000

. 12,000,000

1,500,000

Wy 4

© 12,000, 000

) 3
1,800, 000
2,500, 000

- _ .
R, BZ,G 6 5, 665



: . II L
_ Lurgi-Press» - Gasification

11

Productlon Cost - , ' ' " R.. " Dpollars *
1, Coal 945,000 tons @2.50 RM .. 2,362,000 ‘
o @ #$1.00 - - . - 945,000
2. Fresh Tater 500 m3/h @ 0.05 R.. . 210,000 N
SR " @"0.03 el T 126,000
“3& Wages & Salarics B >
Tt Taborers 600 & 2500 Rl . 1, 500;000 | .
: @ #2500 e 1, 500,000
 Supervising Pérsonnel’ ; 150, 000 100,000
4 Repalr 2.5% of 54+0.Mie Ril " 1,350,000 ‘ E
e : -..of 27.0 Mi, Dollars ' ~ 675,000
5. Interest 3.5% of 54,.0 . RN 1,885,000 |
o sof 27,0 MJ.. Dollars ’ . ‘ 945,000 -
o Amor'blz‘ tion o o : o S
6.5% of 54.0 Mi.-R.M | + 3,510,000 . o
Te Interest on Operatlng Capltal A : .
of 2 5 Ml. Dollars ' e : L 87,000
value of tar 44,200-tons @ 110 R.M 4,862,000
Cost of 882 Mi. N3 Gas - . 5,380, 000 Z., 802,000
Cost per 1000 NmP_ 7.2 5.4



IIT
Carbonizatlon-Ga31f1cation
' With Split Gas)

Investment Cost : . : - j 'j . RiMe. =

1. 10. Carhon;zer-gas producer T
(1ncluding building and transport equipment) 4,800,000 -

2. Condensation Plant (includlng ﬁ‘ﬁcklng of CHA) - 3,500,000

‘3. Benz1ne recovery plant (1nc1ud1ng plant ?or

dlstlllln{’ of scrubber-of‘ ' : 2,100,000
L. Storage- tanks for 0113 - L P :3200,000
5. Distribution system for energy, steam, water ' v1,200,000=
6./ Recoollng system o ’ = . e 600 OOO
7. Sulfur extraction plan'b S 500,000,
'8, Water wash whth pumps and bu::.ld:_ng 5,000, 000
9. Compressor pIant 3 x 60,000 Nr/h _ . f‘ . 2,400,000
10, - Oxygen Plant 4 X 10,000 N3/ 9,800,000
fl. Roads:and Tracks o » - ._’~I,500,000.
»12..-Laboratorv, of?lce and various bulldlngs - 1,500,006j
;13, "Boiler and Power Plant 1/2 Coal Fired | I S
-  Equipment 3 X 15,000 X7 - . - | 13,500 000
N 76,600,000
Interest during erection; 3.5p ’ 1,600, 000---
Miscellaneous -~ 72,000,000
L Tbtal Investment oo 50,200,000‘

12 -



:Product:.on Cost '_" ‘ ';" : . ';,'.':""1;-.:"1R.}f;‘i' IR

| 1

‘.3

v'~4

.’ j.‘..' 5

:17

" Doliars

Coal 995,000 ’oons @ 2. 50 R., 2,449,000 o L

@"%1 OO

. ._...-1-‘ - .

@ “%0, 03

Wages & Salanes

FreSh Hater 500 V3/h @ 0,05 Rty hf,r;iffgxzib,bdo[fﬂ‘7j<7f'f@w";

Laborers, 550 @'2500 Relfs f'"-g]!*  ”»Cf51g375;090,~5-

Supervn.SJ.ng Person *el ‘ ~ B '_  150,000

Repa:x,r 2 5% Of 50*2 Mlq Rn]\‘ : ’ 1)750,0001:,.‘._'.

-;'of(zs 1:M1. Dollars . ¢

Interest 3.5% of- 50,2 Wi RoMe. 5,[:5 15750,960:15 e

o:f.' 25 1 M:.. Dollars

Amortn.zatlon 6 59 of 50.2 M:L. R.M 3,260,000

of 25.1 Ml.. Dollars

Int.erest on ope&‘a‘blng cap:.tal

-~

3. 5% of 540 Mi. :R.Ms . ff"efT ﬁ 175,000" ffﬂ'

of 2 5 M:..; pollars

" 1,375,000

© 100,000

625,000

: 88'060

1,630,000 -

“Total-... S 10,660 GO0
Value of t.ar 65,800 tons el OOR.M. 6 580 OOO»'-_.

““325

5,814,000

1, 650,000

Cost of gas ‘g8g Mi. l\Tm3 e 4,080 OOO
L per 1000 Nm ' 60

13

T X64, 000
P o
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CARBONIZER—CASPRODUC"‘F PLANT
C!‘ RBONIZ:R-—GAS FOR BOI'L_.R

Investment.Cost

1.

Yy

3.
»

%

5.

6.._Recoollng system :

7.
8.

9.
10.

11.

12,

B011er and powerplant 3

10 Carbonlzer-nroaucers 1nclu'“'\; 3 bulldlng and transnortatién
Condensat;on:plant

Benzine'récbvery plant : : -

"Storage tanks for oils

Dlstrlbutlon system for energy, steam and'water

aterwash Wlth pumps and bulldlng
Compresser plant 3 x 60000 Nm/h
Oxygen plant u x 10000 Nm3/h .
Ro ads and ’cracks
Iaboratory ofilce and bulldlngs

SOOO K7 (gas flred)
Igterest_dufing eréction~

_'Miscellaneous.

u;aoo;ooo
3,900,000'
2,100,000

- 200,00

13,200,000

600,000
5,000,000
2,400,000
9,800,000
1,500,000

1 ;500,000

. 11,000,000
. 13,100,000

1,500,000



CARBONIZQR-GASPRODUCER EEJNT
CARBONIZER—GAS TO BOILERS '

Produétion Cost S e ’Eg" Dollars
1. Goal :925, 000 tons- @ 2.50 R.M. 2,310,000 :
. 1.00 Dollar : - 925,000
2. Fresh water 500 M3/h ) 0.05 RiM. - 210,000 o
- R e 0.03 Dollars o -126 ,000
et oy . . . . . ’ .- -
3. ‘mges8asalar . o L
- Laborers - hSo ‘@ 2500 R.M. _ 1;125,000 S
© © 2500 Dollars -7 L 1,325,000
Superv151n personnel : - 150,000 . ' .iO0,000
’ YRy C
Lo Repa:.r 2.5% of 166 Mios ﬁ M. 1,170,000 :
: of 23.3 Mlo. Dollars = , "~ 585,000
5. Interest 3.5% of 6.6 Mo, RuM. 1 630,000 LR
' of 23.3 Mio. Dol]ars e 815,000
6. Amorta.zatn,on g 6,4 of 46.6 Mio. R.lM. 3,020,000~  ee
- of 23.3 Mio. Dollars o 1,510,000
Te 'Interest on operatlng “capital | o _
"3.5% of 5.0 Mic. 2.1. = 1753000 A
. of 2,5 ““o. Dollars o 87,000
| Total 9,790,000 - 5,273,000
Vaiue of tar 60500 tons @ 100 R.l. 6,050,000 )
- | @ 25 Dyllars : 1,513,000
Cost of gas 882 Mio. w3 3, 7uo ooo " © 3,760,000
U _

per 1000 Nm3 - AU E b2k kL5

15



I
X . iy ,
| Process .

Table 1

Investment Costs and Egoduction Eigures :
: .leQ,Q 0 mmzh 1-Gas o

I;'
'Ga31f10atlon of
Pulvermzed Coal

Investment Cost

Coal] Consdmption
Tons/Year

Wagd
Lil.Dollars
in,
Prio

Mil. R.M.

" Mil, Dollars

Million Ry M,
Million Dfllars

et

‘Labgrers .,

s 11, Robe

iiof Prod—Coét

uction Cost,per year .
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‘CARBONIZER-vC:)AS PRODUCER PLANT

INVEST: =

ST COST !/

FND MATERIAL

- (SE ﬂES TICLUDED )

‘Pionier Plant A

1%

R . - F‘E E:LRE BRO
""" I'I-RLE IuoDOLHRS téo e to. B
Otygen plan‘b 1nc%ud:mg buildi n;, I
2 x 3000 Nm?/ - 2500 150Q0° 800
% Al.
II. Cﬁarbén gas producer ' _
1..'2'QarboniZer gas producers 700 ~ ‘350  5 600 L20
2. Carbonizer building inclucin |
' . steel structure of bins and ‘ . .
sta;rways 150 .80 + 170
3. Condensation plant’including ' o
' __operating tanks for tar 600 300" -hés
Le. 2 oil scrubbers 120 . ‘60 95 50 -
‘5. Benzine recovery‘plant ) 250 * 130 ‘ 160 50 .
€. 2 bucket conveyers "(80000) )
2 charging cars (50000) . .
2 coke conveyers (60000) - 190" -~ 7. 120. 150
(1-6) . ; _ 2
.7_. Erection cost "i’.néluding -/ ,rk, - _
: transport 300 200 ———
8. 2 recooling towers 1nc1ud1ng - - )
: pipes T 60 L5 15
-9+ Coite handling equipmeht 120 ~'80v»“ - 50
III, Gas compressors and uaﬁ:er rash o -
1. 2 compressors (12000 Nm/h each)220 160 1507
\?o 3 wash towers with- pumps o - : o
- 1 alratlng tover with fan 600 LoOo 250
IV. Storage tanks for tar 2500 to. -80 SO'...' - 80
’V, Electric equa.pment for productlon "85 | Ls 10
- VI, f Founclat:.ons of machinery and bldgs .360 250 20 -
VII, cht“. system for steam, energy,water 200. 150 100 o
: - To'bal B 6535 3720 3110 520



Carbonizer Gas Producer Plénﬁ’ .
Pro&uction . CoSt 320 Operating Days

o PloniergP'fL. A
1 -Goal 208; cf)"oo ~tons @ $2.,00 - # 416,000 -
2. Fresh “ater 1,000,000 1P @ gso 03 - 30,000
3. Wages and Salaries o |
‘ Laborers . i ,
Carbonization Planp 20
Oxygen Plant ad
Compressors : 3
Taterwash : L 6
Cleaning Loadlng .16
Repalr : , .6
L ——
158 . 11 R
v "”‘f k-ugﬁ-@'2500 - o 205,000
Superv151ng Personnel L ' jb,OOO
4 _Energy 39,300,000 K“II-T @ $0.005 .« . 196,000
5. Steam 46,000 tons @ 0.8 - 36,800
6., Interest and "Amortization 109 of A
' 3 72 1M, Dollars _ 372,000
7. Repair 2.5% of 3.72 1%, Dolle¥s . . . ' ©93,000
» Total cost per. year &1,
Value of Tar 14,000 tons. & 9%3 - : 420 OOO

i)

' Value eof-coke 60,000 _tons @$4 240,000 -
Production cost for 77 Mi. Nm Syn, Gas =& 718,800. -
Production cost per 1000 ‘lm - 1 9.30
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Koppers Pulverized Coal G Gasification
¢ pPionier Pl. B

S ‘ , : . .o FE  Fire Bricl
Investmén"b Cost and ETatarial T .IxIA.R.I*fT. © M, Dollars To. = To.

I. Oocygen Plant includlng Bulldlng e T :
] 2 x 3000 Nm/h o 2 soo --'r‘;»;'soov--_ goo - -
II'. 1. !}as«Producer.v.P.lant ' . ‘ ' : S S
: ' 2 producers ) L ---~—r700 350 600 - 500
W .2, DPulverizer Plant_2 units L T | B :

- Dryers with bin ¢ ' ., 300 160 200 - =
- 3e Heat Exchangers and’ Scrubbers _ 4 80 50 60 7'; -- _

Lo Coal '-convey'ers , ' | o ' 50 - 30 3¢ 7 ==

* ‘ . S : ) _ o .

5, Trection cost for 1-6 - o
~~_including transportation - = 220 . 150 — -
"6, 1 Recooling tower with pipes - 357 . 25 10 L -

" 7. sulfur extraction .- 200 , 100 120 -
III. Gas Compressors and Waterwash |
1. 2 Compressors 12000 Nm3/h each 220 160 ¢ 150 _—
-3 Wash towers W:Lth pumps o - _ o
1 alratlng tower with fan - 600 400 250 -
IV. Electric Isqulpment » | S .70 40 o 107 —
v, 4'_Foundat10ns of mecn LNery. and bu:_ldlngs Y 250 | . -.-"150 - - 15 | -
vi. AD:Lstrlbu‘ta.ng system for steam, . 3 - . a
energy, water o 100 75 50 —
: Total 5,125 - 3,1’70 2,295 500
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’cQal 57,000 sons @ $1.50

 Lux mass 1ndlud1ng labor

Koppers Pulverlzed Coal Gasification

Production “Cost. 320*0perat1ng Days

"PIonier Pl._ﬁ-'

:‘Fresh Tater 7,700, ooo M3 % LU3

Wages and- Salaries

‘Laborers
“‘Pulverizer 9
Gasific. - 9
Oxygen Plant 10
Comp. 3 .
Waterwash' 6
_Cleaning ' - 6
Repair 6
' g 49 N
15% 8

T 37 A

'SuperVising,Persbnnel

Energy 37 . KT @ 40, 006 B

y .

' Interest and Amort¢zat10n 1C” 27 3. 17 M.

Dol ars

Repalr ACS” of 3,17 M. Dollars

Prodactlon cost for 77 . -vw3 -

Productlon cost per 1000 Nm3

- 20

, $;'85;500

23,100

10,000

142,000

130,000

" 222,000
)

317,000

N . i
79, 000

Total cost per year _‘J% 908, 600

908,600

8 11,80



Pressure Gasificatlon
Plonier Pl. C.

'FE  Tire Brick

1nVeStment'Cost and Materia1~:‘ f'i‘ T.R.M.z M. Dollars To, To.
.I._ Oxygen Plant Includlng Bulwling R S _ | B
~ 3 x 2000 lm 3/h o _ - 3,000 1,700 900 | =
3 COmpressors for Oxygen .. 200 . 120 100 -
II. Gas Producer Flant , : _
) l. 3 Gas ucers with plpes, o i e s
_1nstruments, chargln? hoppers ' e - .
outlet 8f bins, automatic .- S ST T
_charging device _ ' Q80 . 550 .~ 370 i 30

2. Condensation plant with oil-
scrubber and Renzine recovery-

including pumps, pipes and oper— R :
-ating tankse— o 4 470 .0 250 225 S -
>35 Structure for the producer- - i : :
building includ1ngs~b1ns and - > S g
stalrway _ _— o 120 60 0 130 % e
bLe Transport means . ‘ L ' S o -
2 bucket conveyers . A S 60.. - 40 50 —
5 Trection cost for II to V ' : L
1nc1ud1ng transport . .. 250 - 160 - _— =
6o L Recoollng tcwer 1nclud1ng ) f L o o
, Dlpes . - . 30 22. - 0o -
IIT. Tlaterwash, 3 wash towers w1th L o o 5 L
- punmps, 1 airating tower f-*: fan 600 . 400 250 . ==
TV, Spliﬁting'chaﬁbef! L 100 s 50 30
Ve Storage Tanks ror 1500 tons ,‘ . 50 . 30 50 ==

. VI, Electric Equipment of Proauccr

Plant - 50 - 30 .6 e
VITe Foundatlons of Nachlnery and . ' - —_— EI
L Bulldlngs . 200 120 157 —
VIIT. 4Dlstr1but1ng Svs+em for wutcr =5 L QJ;WT‘EL;\ | .
- steam, energy , ik 150 120" - 89 PR
IX. Sulfurf%xtréétion 2 stageé e 100 .55 60 - -
%IW_A



Pressure Gasification
~Pionier PlL.. Ce

Produétion Cost. 320 Opera‘bn.ng Days .

’/

1. Coal '72 400 -tons @ “$2 OO

22

% 144,800
2. Fresh Water 800,000, MB @ <$o. 03 24,000
3. 1Jages and Salaries . _,_ S
ILaborers ' : :
Gas Producer Plant 16 . —
Oxygen Plant - - 14 e
Water Wash 6" o7
Cleaning 5 '
Repair - 4 '
-A 15% 7 \
_""3'2"""2 500 - 130,000
= Superv:\.smg Personnel 25,000
4o Bnerey 28, soo 000 KWH @ $0.005, R 122,500
5. Stean 88, soo tons @ $1.20 106,1.00
6o Interest and Arortizatlon 10% of :
3 '71 M:L. Dollars ‘ 371,000
s Repalr 2.5% of 3 ’72 M:.. Dollars : 93,000
T 7 Totsl - nost. per year & 1,036,400
_Value of tar 4,080 tons @ #35,00 " . 143,000
Production cost for 77 Mi. Nm3 oo 5 | 893,400 .
Production cost per lOOO v m3 s ‘k ﬁl. 50



v Iable II
Productloﬁ—gf_ﬁsfbr Fuela
""'fTLmVﬁ'omlng Coal ,
. Cbmbined‘vethods S

'CSAI?HihedEM}T  ;_*'all;ii;;?f3:f 3Il}ff XB 460 ooo.ton/&earl
'Mms - L _‘ 420,000 ton/year

| I‘“’“P °°ke B ' 300 ooo ton/year
Cove  Synth. By Prod. mdrog.l},;._.”” S

T “'_}gSold "]TDroaucts el A ‘Prod..” fifﬂf” Coal Consumptlon
Works - Tofyear qzb/fuar Tb/&ear To/&earf; L Tb/year “<T¢

Synthesis-

A lzoooo Co,s0p ke 9soooo

CID e 10,000 1 60,500 930,000

: Carbon:.zer S I e T Sl e R T
' Pla'nitx L == T = 759,000 180,000 - . 900,000
SR 300 50 240,000:-;>~§39;090c;<;80>oer:zfaaa- 3,450,000

,for comparﬂson-:~ '

(1) eoo eoo S em 72,707,000 8003000 f;:;»n3,4oo;ooo;,aa
rSaxonla o ST :Jf_f,fﬂri”?iv,ghﬁfﬂfwf~%¥A ' b
“Torks™ (2))2,3,00, ooo R 1,?0;@9@1,_200“,;000,- 20 ooo 000 .

S | T L ST S I (11,000 000. to.. of

S B L S T e -f'~f,- -;‘.[j' v,_ Brlquettes)*
(l) One carbonlzat10n~Hydrogenatlon»"“x e A f“i[',,
- (2) Nine carbonizer plants, 3 hydrogcnatlon plants]“-'”

2 reflnerles '
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