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Coal Gasification Processes and Comments on Economics
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2 o

Aeke] shzst FRY 5445t bl el A dFE 9 FAeA BUY Al QF
Heerme L3dAe AF 7t23 X9 FAE puks] addtd o gEAQ 2 S
4}-8-3}= Lurgi, BGC Slagger, U-Gas ¥ Combustion Engineering %3¢ AA AL v wstgde}l =
4 3 zo] B AT Arst TAL ANToeA Fond dTAY P AAes

E shast Alz Agae, FA4tx Aol T,
[. MEto] 7past BY RS S 2AAE $Rel e dle mn

A AA 7L golaked Alal 399 dxde] Erh
e F4 Table 200 <Az 7129 E40]

o =2 =
syl =8 +550] gk,
(7h) A g = 7} ~3H(Low-Btu Gasification) F o] JRUFEQl Ao gk sha3) TR L
Lurgi 33 & %"1:‘&1 AukE] 7] A 2RE &) 9 (1) 2AA ¢ Lurgi, Koppers-Totzek ﬂ}——?]
P28 TAHL =z orwi]ol ¢4 L 2 Fischer- ol 723k A2 Ad WA FTAE AT 4 4
Tropsch 34 87t~ FFE& S8t 723 £2 sjekat 23
AR Abdst #3718 A&t ok (2) F52 7B A wrgEe Eikal B
sk dlA &

] v v askell 4 Zolsld sha o] %

FAL Ha Adddsh ol e AHE w2 shEkR delE e o
g2k 723 TA s 9k #-3F kAl (Combined cycle power generation)
ol +

~

A A8 it M2 2EE A4 Fel o T ¢ UEE AUFQ FHoE

25} shes) FHom Wk S gleh S AWEA AL A4, H3,
Aok ash T B Aa A4 B4 AR, A el DA B FHE A4

HWAHAK KONGHAK Vol. 17. No. 4, August 1979



306

Table 1. Typical Gasification Processes
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WD/GI # | % # ‘ M-B . Steam-gasification
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Koppers-Totzek * * +* F E-B
Otto Rummel * ES j E-B
Winkler ¥ % $ ' E 3 } F-B
Developing | ATGAS AN i % ' # ] ‘ Moltenbath| 1. Char combustion
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Table 2. Economic Criteria wused for Capital
Costs and Costs of Services Estimates

- Mid-1976 dollars with no escalation.

- Thirty-six month construction period.

« Eight percent construction loan interest,
compounded over the plant construction sch-
edule.

- Coal cost of $1.00/MM Btu.

- Ninety percent operating load factor.

- Twenty-five year plant life.

- Fifty : fifty debt : equity ratio.

- Eight percent annual bond interest.

- Twelve percent annual return on equity after

taxes.

Table 3. Coal Analysis

Type Illinois No. 6
APPROXIMATE ANALYSIS

(Wt. %
Moisture 4.2
Ash 9.6
Fixed Carbon 52,0
Volatile Matter 34.2

100.0

ULTIMATE ANALYSIS-DAF
COAL(Wt. %)




Carbon 77.26
Hydrogen 5.92
Oxygen 11.14
Nitrogen 1.38
Sulfur 4.29
Other —
100.00
HEATING VALUE—AS
RECEIVED
Higher Heating Value 12,235
(HHV) (Btu/lb)
Net Heating Value i 11,709
(LHV) (Btu/1b) |

309

2. 24 Fabu

TA A= &3¢ 10,000 tons/day TR
3} operating load factor & 90% 2 2T
Lurgi 332 A% 288 53 Fxlu| Table 4
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vl T FAbelsh AAdw e oF 15%F AR
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Table 4. Capita Investment at 90% Operating Load Factor and $1/MM Btu Coal-Lurgi Process

CASE MA (Lurgi-Air) CASE MX (Lurgi-Oxygen)
81,000 | $/MM | percent | 51,0000 g5/ MM | Percent

PLANT INVESTMENT ‘
Coal Preparation 14, 896 2,290 | 3.83 14, 896 2,320 3.15
Oxidant Feed System 32,048 4,920 8.22 72,663 11, 340 15.33
Gasification and Ash Handling 72,088 11,070 18. 50 72,088 11, 250 15. 21
Gas Cooling 36, 797 5, 650 9.44 59, 387 9,270 12.51
Acid Gas Removal and Sulfur Plant 47,549 7,300 12.20 35, 930 5, 610 7.58
Process Condensate Treating 71, 633 11, 000 18.38 88,929 13, 880 18.77
Power Recovery 32,976 5,060 8.46 28, 639 4,470 6.04
Utility and Offsite Facilities 81, 682 12, 540 20.96 | 101,339 15, 810 21.39

Subtotal 389, 669 59,840 | 100.00 | 473, 871 73,950 | 100.00
Contingency 64, 531 9,910 76, 629 11, 960

Total Plant Investment 454, 200 69, 750 560, 500 85,910
Sales taxes(5% of total materials) [ 10, 692 1, 640 12,727 1, 990 J
CAPITAL CHARGES f |
Preproduction Costs (3) 29, 641 4,600 36,093 5,630 |
Paid-up Royalties 2,271 350 2,754 | 430
Initial Chemical and Catalyst Charge 2,328 360 [ 1,543 240
Construction Loan Interest 56, 730 8,710 68, 757 19, 730

Total Capital Charges 91, 270 14, 020 109, 146 17,030
DEPRECIABLE CAPITAL 556, 162 85,410 672,373 | 104,930
WORKING CAPITAL(3) 27,569 4,230 32,459 5,060
TOTAL CAPITAL ; 583,731 89, 640 704,832 | 109,990

(1) Mid-1976 dollars
(2) Based on 100% operating load factor

(3) Includes coal at $1.00/MM Btu, 90% operating factor
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Table 5. Cost of Service at $1/MM Btu Coal-Lurgi Process

OPERATING FACTOR

Case MA (Lurgi-Air) |Case MX(Lurgi-Oxygen)
90% | 90%

NET PRODUCTION
Fuel Gas, MM Btu/Day

120, 938 118, 692
By-product Liquid Hydrocarbons, MM Btu/day 19,721 19,721
By-product Electric Power, kW 68, 760 57,330
Byproduct Sulfur, ST/day 269 ! 278
Byprodut Ammonia, ST/day 111 3 111
OPERATING CHARGES, 81,000/YR
Coal @ $1.00/MM Btu HHV 80, 385 80, 385
Operating Labor 4,047 4,433
Catalyst and Chemicals 518 552
Utilites 1,012 1, 207
Maintenance, Labor 4, 802 5, 721
Materials 6, 483 7,724
Administrative and Support Labor 2,655 4,061
General and Administrative Expense 5,309 8,123
Ash Disposal 338 338
Property Taxes and Insurance 11, 365 13,762
Byproduct Electric Power (20, 480) (17, 075)
Byproduct Ammonia (4, 041) (4,041)
Total Operating Charges, $/yr 91, 062 105, 190
CAPITAL CHARGES, $1,000/YR
Total Capital Charges, $/Year 91, 062 109, 953
COST OF SERVICES
Total, $1,000/Year 183, 445 215, 143
Per Unit Production, $ /MM Btu 3.57 4.26
Table 6. Summary of Economic Results
l COMBUSTION
[ - EggER LURGI U-GAS ENGINEERING
MXS Moving Bed Fluidized Bed Entrained Bed
Oxygen Air Oxygen Air Oxygen Air ‘ Oxygen
PRODUCTION AT DESIGN i
CAPACITY |
Net Fuel Gas, MM Btu/day (1) | 196,937 | 134,376 | 131,880 | 184,872 | 201,432 185, 664 | 196,920
Liquid Hydrocarbons, MM "Btu — 21,912 21,912 — — - -
/day (2)
By-Product Power, MW L12.77 76.4 63.7 72.5 50.2 106.0 12.4)
TOTAL CAPITAL @3) l
Total Capital @909% Operating | 391,722 | 583,731 | 704,832 | 475, 084 | 459,701 | 397,525 i 390, 278

Factor, $1,000
AVERAGE COST OF SER- 1
VICES (3)(4) t

stetBst H173 A 4 Z 19795 8

i
|
]
|
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Annual Cost @90% Operating { 157, 768 ' 183,445 | 215,143 | 164,176 | 166,962 | 141,000 [ 169, 149
Factor, $1,000/Year .
Per Unit @90% Operating Fac- 2.44 | 3.57 | 4.26 2.70 2.52 2.31 2.61
tor, $/MM Btu i 1 | i
NOTES
(1) Heating value plus sencible heat.
(2) Higher heating value only.
(3) Mid-1976 dollars and $§ 1/MM Btu coal.
(4) Capital includes the cost of generating equipment required to produce by-product power.
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