APPENDIX A

PLANT STEAM COAL REQUIREMENTS

Dry-Ash Lurgil System

This Appendix shows the method used to compute the guantity of
total plant coal that must be sent to a coal-fired steam plant to
provide steam for oxygen production, gasifier steam and dbwnstrcam
unit requiremenfs. The example shown is for Illinois #6 coal.

For the Dry-Ash Lurgi, in addition to fine coal firing, the
gasifier tars, oils and phenols are sent for steam productionm,

The plant coal split regquirement for this case is shown below.

PRODUCTION OF TARS3, OILS & PHENOLS FOR DRY-ASH LURGI
(Btu/Lb of Coal Gasified)

DAF As-Recelved

MBtu/1lb 1t/1b MBtu/lb 1b/1b MBtu/1lb

Tars 15.7 .038 0.597 .031 L4867
Qils 16.7 .0035 0.058 .0028 L 047

Phenols 7.9 .0057 0.044 . 0045 .035
Totals 0.700 .559

Total plant coal = 2,317 M #/hr
LHV (as-received) = 10,951 Btu/lb
Lbs 0p/1b as-received coal = 0.454
Lbs steam/lb as-received coal = 1.98 v
Lbs steam = (i 28 + 1.78(1) x 0.454) G.c. + 596(2)
where G.C. = Gazifier Coal
Lbs steam = 2,788 G.C. + 596
S.C. + G.C. = 2,317 where S.C. = Steam Coal
Steam Btu = 1, 550 X lb steam
Steam Coal Btu's = 1,550 x steam - (569 x G.C.)
= §.C. x 10,986
1,550 x 1b steam - (569 G.C.) = (2,317 - G.0.) 10,986
1,550 (2.7888 G.C. + 596) - 569 G. C. = (2,317 - G.C.) 10,986
4,321 G.C. + 923,800 - 569 G.C. = 25,454,562 - '0,986 G.C.
14,738 G.C. = 24.526 x 100
. G.C. 1,664 M lbs/hr
S.C. 653 M lbs/hr
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BGC-Lurgl System

For the BGC-Lurgi, onlv the oils and phenols are sent to the
steam plant, the tars are recycled to the gasifier, The plant

coal split requirement for the BGC gasifier case 1s shown below.

PRODUCTION OF OILS & PHENOLS FOR BGC-LURGI
(Btu/Lb of Coal Gasified)

DAF As-Received
MBtu/1lb ib/lb 1b/1b MBtu/1b
01ls 16.7 .021 .017 283 f_
Fhenols 7.8 .0058 .0047 _37
Total ‘ 320

Total coal (as-received) = 2,317 M lbs/hr

LHV of as~received coal = 10,986 Btu/lb

Lts 05/1b as-received coal = 0.498

IL.bs steam,/lb as-received coal = 0.354

Lbs steam = (1.78(1) x 0.498 + 0.354) G.C. + 596(2)
1.24 G.C. + 596
S.t., + G.C. = 2,317

1 t

» 950 x steam - 320 G.C. = S.C. x 10,986
1,550 (1.24 G.C. + 596) - 320 G.C. = (2,317 - G.C.) 10,986
12,589 ¢.C. = 24,531 x 10
. G.C, = 1,949 M Btu/hr
S.C. = 368 M lbs/hr
(I)Assumnd that 1.78 1b steum required to produce 1 1lb of oxygen.
(2)

Plant srcam needs in cxcess of gasifier requirement.
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APPENDIX B

SHIFT ANALYSIS

In the MRDC report,(B)

a portion of the raw gas stream was
shifted to an HZ/CO ratio ot 10:1. The portion shifted is suffi-
ciently large to produce the requirgd ratlio of 2.54:1 for the Svnthol
reactor when the shifted stream 1s recombined with the unshifted
stream.

The same procedure is used in the analyses of the Lurgl dry-ash
fixed-bed gasifier for this report.

The following 1llustrates the computatioan necessary to calcu-

late the total number of moles of raw gas requiring to be shifred:

[l

Let A M moles/hr = Total raw gas stream flow
B M mole:'hr = M moles/hr of H?
C = M mcles/hr of CO
Required HZ/CO ratio = X

Moles of CO remalning after shift = C
". Moles requiring shift = C»C1
The amount of synthesis gas which nust be shifted to an H2/CO

ratio of 10:1 te produce an overall Hz/CO ratio of X when combined

with the unshifted stream is:

C - C1
Svnthesis gas to shift = 10 _B/C
11 1+B/C

". Total raw gas stream requiring shift = Synthesis gas

to shift x A
B+C
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APPENDIX C

COMPUTATION OF ENTRAINED GASIFIERS PRODUCT GAS OUTPUT

Texaco

Gas computation data for Texaco gasification were obtained

from Reference 12.

Use of this data resulted in a coal/slurry

concentration of 74 to 26 for the Illinois #6 coal used 1in this

report.,

the following manner:

This slurry concentration was adjusted to be 63/3% in

Slurry 74/26 Delta 63/35
Compesition 1lbs/hr lbs/hr 1lbs/hr
Coal (DAF) 1,869,0C0 0 1,869,000
Oxygen 1,781,458 122,208 1.903,666
Inerts 35,299 2,422 37,721

Steam 0

Water 807,770 439,754 1,247,524

Ash 210,817 0 210,8:7

Coal Moisture 237,014 0 237,014
CO (1b moles) 39,520 -7,630 91,890
CO2 (1b moles) 20,420 +7,610 28,052

Heat energy required to raise the increased water to gasi-

fication temperature is given by:

439,756 (200°F water —> 2360°F steam at 600 psi)

929.66 MMBtu

This heat energy is provided by combustion of carbon monoxide

to form carbon dioxide.
produce this heat.

N
122.21 x 107 1b moles.

7.63 x 103
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1b moles of CO are required to

Oxygen requirement for this combustion is
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