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Abstract — The economic feasibility of a commercial indirect liquefaction process with the co-gasification process of
petroleum coke which has been recognized as hazardous waste because of high sulfur content and bituminous coal and
sub-bituminous coal mixtures was assessed. The 2,000 ton/day scale indirect liquefaction process including co-gasifi-
cation, clean up, Fischer-Tropsch conversion and so on was assumed and used to analyze economical efficiencies with
various conditions. Financial data from previous studies were modified and used and economical sensitivities with var-
ious mixture ratios were evaluated in this study. As a result, economic values of petroleum coke were superior than those
of coals because of increasing sulfur sale. Also, mixtures with petroleum coke and bituminous coal was more favorable
that those with petroleum coke and sub-bituminous coal due to lower moisture content. In case of sub-bituminous coal,
the mixture ratio with petroleum coke had to be over 40wt% for the IRR of mixture to surpass 10%.
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Fig. 1. F-T process of indirect liquefaction process with the co-gasification of petroleum coke and coal mixture.
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Table 1. Petroleum coke and Coals

Raw material (dry basis)

Analysis

Petroleum coke WH LG

N 1.1 13 1.0

Proximate C 87.0 67.4 55.1
Analyisis H 35 4.5 5.1
(Wt%) S 79 0.8 0.6
Cl+O+Ash 0.6 26.0 38.1

) Moisture 1.34 4.4 19.3
Ultimate Volatile 103 30.7 4.1
Analysis Ash 0.4 18.4 6.8

(Wt% ) S K B .

Fixed Carbon 88.0 46.5 30.8
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Table 2. Total Investment cost with Items
Jtem/Description Standard Cost [16] Coal : Pet. Coke mixture ratio (10°%)

(1,000%) 100: 0 50:50 0:100
Coal &Sorbent Handling 23,889 21,510 21,510 21,510
Coal-Water Slurry Prep &Feed 36,368 32,746 32,746 32746
Feedwater &Misc Bop Systems 10,140 9,130 9,130 9130
Gasfier &Accessories 366,322 329,835 329,835 329835
Gas Cleanup 99,527 84,896 92,069 98,887
Fischer-Tropsch Systems 131,061 111,794 121,240 130,218
Combustion Turbine Generator 19,559 16,684 18,093 19,433
Hrsg, Ducting &Stack 7,311 6,236 6,763 7,264
Steam Turbine Generator 22,837 19,480 21,126 22,690
Cooling Water System 9,854 8,405 9,116 9,791
Ash/Spent Sorbent Handling Systems 33,584 30,239 30,239 30,239
Accessory Electric Plant 8,964 7,646 8,292 8,906
Instrumentation &Control 10,231 9,212 9,212 9,212
Improvements to Site 9,547 8,596 8,596 8,596
Building &Structure 8,432 7,592 7,592 7,592
Direct Investment Cost 797,626 704,001 725,558 746,047
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Table 3. Economic parameter and evaluation

BASIC Definition

Project start year 2015
Investment Inflation (%) 3.0
Rate of interest (%) 7.0
Interest (%) 7.0
Depreciation (Year) 15
Maintenance, % of Investment 0.03
Income Tax, % of Income before Taxes 24.2%

Investment & Operating Cost

Direct Investment Cost 7,040
Incremental Gross Revenue (BKRW/Y) 2,858
Incremental Raw Material Cost (BKRW/Y) 731
Sales and Marketing Cost (BKRW/Y) 86
Variable Cost (Raw Water, Fuel, Power) incl. UCC 26
Direct operating labor (Person) 30
Annual Average Salary (BKRW/Y) 18.0
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Fig. 7. Internal Rate of Return (IRR) changes depending on coal, petroleum coke, diesel, naphtha and sulfur price.

Korean Chem. Eng. Res., Vol. 54, No. 4, August, 2016



508 AAE -

WAL &) 714 S 7E7 A B £25% WA EE 352 NPy H3}
s HERNSATE. Z1-dellA] R 95wk, ot vl A 3240] 7}
o] 25% S7FFA NPVZko] Z424H,10091 4, 1,15091 ¢, 1,10091€
FAskar B2 25% 74450 1,10099, 1,150999, 1,100 4
Z7keh= AL Felek = Qluk gk FAEQ A9l WAk 71
o] 25% Z7FskH NPVgho] o vhat A a40] £31e] 49,
Z}7} 2,100999, 1,250914 4, o} g vtate] =34t A8 1,700%]
€, 1,050 9 7k AS #R1E 4 girt. ofof] vl FAEL
o) 7HAL £25%2] SRl % 78kl NPvkell & 4&-S 714
2] 23512 g2 el 4= 9l o] 8 NPVEE2] HelEe ¢
ET7Y7H e gigt YR AAHAIF] wel7kE o] st o &
FIE vAE= 2 ER1E 4 Qlrk

Aeh A, A3, A, WAL 39 71 Wl i IRRY
H3FE Fig. 70l JERISITE 2)dollA] 1 Mgk, A-f5340] 7}
Ao £25% W5-H ol WEhA] IRR2 1.2~1.8%% AA3H 0w, 4H
712 2] Mgl Wb 2.8~4.0%, HARS 1.7-2.3% Y 2] #i50]
WSS B = 9t 3] Aol 7HE o] 25%4 Aol = &
o] 0.2%2] IRRASTHS Helct o] & 53l 2F 95, AFEE2] 7H
Higol W2 W3} s UEA {739 2387 S
475 NPV, IRR®] At k2 F7lske A3S & 4 ST k4
AR &3 7kl e o 3 B0 AA FRl) TR
E HAFE Ao 7 ALY = 52 7HF o, A-f-m T 0] Hol
A7k o] Qlo] HIFARI o]elg ks &2 Aol A2 FEk
7|2 A] Fek-S olE = vk, 18] 1 §AS Fo] $Hiahal Q=
AT 7HAE £1.5% 0140 F IRRS WA <= §lo] B}
A e Afra20] GR7F AR GRe) vl & F3s 7
ERIEE = Qltt. o= At nfre] WrHAo] FAoll 7FE & S
7|1A ™ A5 2 AMEE= ARk Bl A AA ol v gk
71 A gkl sl g o] Al A Arkel IS 15].

Fig. 1ol YElt AFm92 A8 E371 43515 53 A3} 3799
A Tl BH=C] v)g WAEel wHE NPV IRRE] WsHs ket
o] Fig. 87} Fig. 9] YERIITE 4] ARES o B7IAE A

8500
8000
g 7500
=
L2e]
o
>
o 7000
=z
Gasification block
6500 - e F-T block
= == == Acid removal block
6000 ' : : ' '
-30 20 -10 0 10 20 30

Cost exchange ratio [ % ]

Fig. 8. Net Present Value (NPV) changes depending on process unit
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