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2 ekH 3} (Coal to Liquid, CTL) 3782 27 B3} (Direct Coal Liquefaction, DCL) ¥7d ¥} 7+ M 3}(Indirect Coal
Liquefaction, ICL) 3-8 2 tfi&=v, 7} 3782 AAGS £4317] ¢35+ —eri AF (A, FAH AAAakeFo]
50,000 barrel per day(BPD)®] 2. 7HiAgksla7gS A7gstar 37gell Aghet HEVES A9 74"4314‘1 4 ujEl 5
S APgsiict. sk Autislgge] disk - WFEe] 71 Wl e vizks ‘}?"5. S AAEi) ArE 712
o7 A48 A5 (llinois #6 FAEH)S *F&o}"*— o], & Fx}Ne- Z17F DCL $3,994,858,000, ICL $4,962,263,000
2 et AAd 2494 3 U15-<4=2] & (internal rate of return, IRR)> 7271044 712} 13.27%(DCL), 12.68%(ICL)

2 vhebton, ¥ 34w AR 2Ms A AR Bkl 7P S 938 v 202 Uebgt), A34E
10 DCLo] 6,64, 1011 680 LiEstom, v 14 23t AE7H, AR, 2ve) WEE 4
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Abstract — This report investigates the economic proprieties of commercial 50,000 barrel per day direct/indirect coal
liquefaction(DCL/ICL) plants to produce commercial-grade diesel and naphtha liquids. The scope of the study includes
capital and operating cost estimates, sensitivity analyses and a comparative financial analyses. Based on plant capacity
of 50,000BPD, employing Illinois #6 bituminous coal as feed coal, the total capital cost appeared $3,994,858,000(DCL)
and $4,962,263,000(ICL). Also, the internal rate of return of DCL/ICL appeared 13.27% and 12.68% on the base con-
dition respectively. In this case, coal price and sale price of products were the most influence factors. And ICL’s pay-
back period(6.8 years) was longer than DCL’s(6.6 years). According to sensitivity analyses, the important factors on
both DCL/ICL processes were product sale price, feed coal price and the capital cost in order.
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Aeke] A5 dsket H/IC YAHEo] 0.6~1.091 Aehs dis)st
o] A A7 (free radical)ell A7 MES T BEAAIARES
o 2J5te] H/IC HIE 1.2~2.02% WHA7|= AL o]t
A M= Aeks oA Fallste] A&
7HEE B RRARAARESel| osto] Aleke] H/C HlE HEAI7|H

=
T8 4 31t} Single-stage 3732 TURES7] oA Agke] Ai-s)
9} a3} o] Lo FAJE 0] 913, two-stage 572 271
O] RES717F AE R AZHol, 3 A Rkg7|eM = Ade] F
3L, 5 AR wEST oAM= st o] FolA sk A H
5 7 H0] itk DCL 3732 vl Headwater”}2] Catalytic
Two-Stage Liquefaction(CTSL) 3785 7|02 3119 ™ FA coal
slurry preparation facility, liquefaction facility, liquefied oil up-grading
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Fig. 1. DCL process flow chart[7].

Table 1. Feed coal analysis|7]

Feed coal

1. Seam Illinois #6

2. Source Old Ben Mine

3. Proximate analysis(wt%)

As Rec’d Dry

Moisture 11.12 0
Ash 9.7 10.9
Volatility 34.99 39.37
Fixed carbon 44.19 49.72
HHYV, Btu/L 11,666 13,126

4. Chemical analysis(wt%)

As Rec’d Dry

C 63.75 71.72
Moisture 11.12 0
H, 45 5.06
N 1.25 1.41
Cl 0.29 0.33
S 2.51 2.82
Ash 9.7 1091
0, 6.88 7.75
Total 100 100
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Fig. 2. Sasol process flow chart[10].
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AH21]-E(capital cost)?} =-§H]|-E-(financing cost)O.Z T-E ™ <}
182 T8 E(total plant cost), Z7 1A (initial working
capital), Z7]& A (start up) & A5 H|-S-(owner’s cost) =2, =&
H]8-2 714 717F 5 o] AK(interest during construction)?} S85
(financing fee)= T=EHT} o] 5 Hlgo] 7P & F04018-2 A
AN & 4 23] 2] -&(Engineering Procurement Construction cost,
EPC cost), 22} YAIH]E-(owner’s contingency), 578 AAIH]E
(process contingency)2.% Lo ZITH12].
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Table 2. Total DCL plant cost summary

1. Capital costs (1,0008) 3,598,467
- Total plant cost 3,158,241
-EPC 2,429,035
- Owner’s contingency (% of EPC costs) 631,549 (26%)
- Process contingency (% of Tech. uncertain EPC costs) 97,657 (25%)

- Initial working capital (% of 1st year revenues)
- Start up (% of total plant costs)

134,158 (%)
63,165 (2%)

- Owner’s cost 242,903
2. Financing costs (1,000$) 396,391
‘Interest during construction 332,792
‘Financing fee 63,599
3. Total project cost (1,0008) (1+2) 3,994,858
Table 3. Total ICL plant cost summary
1. Capital costs (1,0008) 4,447,487
- Total plant cost 3,923,514
-EPC 3,036,294
- Owner’s contingency (% of EPC costs) 789,563 (26%)
- Process contingency (% of Tech. uncertain EPC costs) 97,657 (25%)
- Initial working capital (% of 1st year revenues) 141,388 (7%)
- Start up (% of total plant costs) 78,956 (2%)
- Owner’s cost 303,629
2. Financing costs (1,000$) 495,489
- Interest during construction 415,990
- Financing fee 79,499
3. Total project cost (1,0008) (1+2) 4,942,976
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Table 4. Interest calculation & assumption of CTL
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Table 6. Unit cost table

Source & Funds(1,000$) DCL ICL Unit $/unit Reference

-Equity(45%) 1,736,399 2,224,339 Coal Ton 69.00

-Debt(55%) 2,197,172 2,718,637 diesel Bbl 147.65

0,
PrT;teaclt( L(;(lit/zzrnns 3994858 1942976 et naphtha ~ Bbl 5799  Korea Energy Economics Institute
I ; o diesel Bbl 147.65 (2009.1-6)
nterest rate, financing fee 10% ICL

-Repayment terms 15 year naphtha Bbl 54.90

-Plant economic life 30 year LPG Bbl 92.89

Tax Electricity MW 572 Domestic “A” oil refining company

-Tax holiday - average purchase price

-Income tax rate 20% Sulfur Ton 400  Domestic “A” oil refining company

Operation average sale price

-Istyear 85% Co, Ton 43 "

-2nd year 85% Water Ton 0.415  Domestic “A” oil refining company
average purchase price

FHE] F 247 30, 7F5E-2 shutdown 7]3ke aleds}o]

H 85%% A THTable 4). T3k 2 Ao E 714
Zdlold 371 AAR E714 (real price)yS AME-SISIT
APIZEE ad 02 s19lom, YIRS FA] vt F 3
B 22 HEE SIItK(Table 5).

3-1-2. vilE 9 Q5] 4P

Aol uiEe Mol A8-H Bk oA A AT oA
st 4702 20009 19904 697HK19) Hghs M-St
o} 7t s} ZWE] ATF wiFE N AR WAF Tl LPG B
g o] Azt Akl | Wl ool AREsISit). et o
HE 554 Agke] \zt F ARl ke wsto] Ab
E3190tE 2009 RIS 71F02 3 E2d Wl Table 6
of Jehfilar, ¥ &) 2 98H|= Table 7o LFERASITH

3-1-3. WH] 9 17gu] 4

DCL 37 9] 74 thFe] 74 9l Snf) ALg-0 7 Qlsjo] WMEH|7}
A A= QIE s ICL 3742 739 total plant cost= 7}~3}
574 T2 ¥E30F Q18] DCL F4 K} A 2P = A v HEH]

oL

ofy ot

Table 7. Total sales & raw materials cost

Amount $/unit Annual total

Naphtha 13,474/BPD 57.99 $242,416,090

Diesel 32,723/BPD 147.65 $1,498,988,682

DCL LPG 3,083/BPD 92.89 $88,849,355
Total $1,830,254,127

Feed coal 16,460/TPD 69.00 $352,363,335
Naphtha 22,713/BPD 54.90 $386,864,283

Diesel 27,819/BPD 147.65 $1,274,344,227

ICL Electricity 124.3/ MW 55.00 $56,893,353
Sulfur 612/TPD 400.00 $84,884,400

Total $1,802,986,263

Feed coal 24,533/TPD 69.00 $502,349,975

feig

AV 0] ARESISICHTable )
FAFAISE o), AT,
o A% ) AIRA A7

= R4
9] 79 w0l AR s AlES] ol Ado=® viol HFH]| @7} 7S ARSI $62,000yr% AP AL, sl SHEE
7} G AP EI Q)T Wi O] AR A5 Sl 9l A NFOoR 4% 3tz AYS AT Table 9). &, DCLS] 7
Table 5. Distribution of total project cost during construction
Istyear 2ndyear 3rdyear 4thyear Ist year 2nd year 3rd year 4th year Total
(%) (%) (%) (%) (%) (%) (%) (%)
) 364,355 728,711 728,711 607,258 *2,429,035
Capital cost 15 30 30 25 " . . . o
455,444 910,888 910,888 759,074 3,036,294
.. . . - - - 134,158 134,158
Initial working capital - - - 100 - .
- - - 141,388 141,388
] 255,222 255222 218,762 - 729,206
Owner’s contingency 35 35 30 - o . o %
310,527 310,527 266,166 - 887,220
- 18,949 44216 - *63,165
Start up cost - 30 70 - . - o
- 23,687 55,269 - 78,956
- 72,871 170,032 - 242,903
Owner’s cost - 30 70 - . . 4
- 91,089 212,540 - 303,629
] ] - 799,838 232,954 - 332,792
Interest during construction - 30 70 - . . o
- 124,797 291,193 - 415,990
L - 19,080 44,519 - *63,599
Financing fee - 30 70 - o . .
- 23,850 55,649 - 79,499
Total 619,577 1,194,671 1,439,194 741,416 *3,994,858
ota sk Ak ok dok sk
765,971 1,484,838 1,791,705 900,462 4,942,976

*DCL process, **ICL process

slskast Hl47H Hl6= 20095 128
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Table 8. Variable cost of DCL and ICL

Unit Amount $/unit  Annual total
Water TPD 64,800 0.4 $ 8,041,680
DCL Catalysts TPD 210 4,344.16 $283,032,633
Chemicals TPD 4,476 87.60 $121,654,377
Total $412,728,690
Water TPD 81,000 0.4 $ 10,052,100
ICL Chemicals and catalyst TPD 33,380 81.79 $2,730,170
Water disposal TPD 2,862 523035 $14,969,268
Total $27,751,538
Table 9. Operating & maintenance labor
Operating labor requirement 1 unit/mod Total plant
DCL ICL DCL ICL
Skilled operator 4 4 12 16
Operator 20 20 60 80
Foreman 4 4 12 16
Lab Tech's etc. 8 8 24 32
Total 36 36 108*4=432 144*4=576

Table 10. Fixed cost of DCL and ICL

DCL ICL
Operating & maintenance labor $ 103,902,691 $121,474,216
-Annual operating labor cost $ 28,768,000 $ 35,942,400
-Maintenance labor cost $24,563,210 $24,563,210
-Administrative & support labor $ 8,982,980 $ 8,982,980
-Maintenance material cost $ 41,588,501 $51,985,626
Interest 10% of Debt

Public imposts 0.5% of total capital cost

Depreciation expense 15years redemption by installment

of total capital cost
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Table 12. Sensitive analyses of DCL

IRR(%) NPV($) Payback period
Base 1327  1,132,336,201 6.6
S 37)0] ZAEZ 7|Z07 A ICLY] A% £ 47]9) Z Oil price +25% 1841 3215,142,800 45
EE 7|F0 7 39t} o]A= & x99 10%, E@‘f{, A IS RS -25% 6.06 —1,234,182,575 13.4
o AT B FAIE) 0.5%, DHIZIE F AL 1S LRG price e DA 1279BIR 63
J #5re ek 9202 APgskitkTable 10). 2% 130 LTl 67
Food coal price 25% 1245 842,416,789 7.1
25% 1400  1436,738,809 6.3
3-2. AN =AM Zat Catalyst & 25% 1198 672,023,920 73
ool FEES vEste] FAA A4S AAISH S, IRR E Chemicals cost ~ -25%  14.18  1,504,071,993 6.2
NPVE AkEslo] B496190vh. 71 49} DCLY 73, IRRS 13.27%, Capital cost +25% 1042 175,927,671 85
NPV $1,132,336,201, 95815271712 6.6 2% LFESITE. ICLY] —25% 1706 1,985,653,936 49
Table 11. Basic data of sensitivity analysis
Base +25% -25%
Oil price Naphtha $/bbl 57.99 72.49 43.46
Diesel $/bbl 147.65 184.56 110.74
DCL LPG price $/bbl 92.89 116.11 69.67
Coal price $/ton 69.00 86.25 51.75
Catalyst & Chemicals $/ton 4,431.76 5,539.70 3,323.82
Capital cost $1,000 3,994,858 4,993,572.5 2,996,144.5
Oil price Naphtha $/bbl 54.90 68.63 41.18
Diesel $/bbl 147.65 184.56 110.74
ICL Coal price $/ton 69.00 86.25 51.75
Net electricity $MW 55.00 68.75 4125
Capital cost $1000 4,942,976 6,178,720 3,707,232

Korean Chem. Eng. Res., Vol. 47, No. 6, December, 2009
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Table 13. Sensitive analyses of ICL

IRR(%) NPV($) Payback period
Base 12.68 1,138,621,157 6.8
Oil bri +25% 16.57 3,033,926,855 6.1
il price
P -25% 7.11 —1,141,346,467 11.1
Electrici . +25% 12.87 1,219,901,758 6.7
ectricity price
P -25% 12.58 1,092,070,594 6.8
Feed coal ri +25% 11.43 606,342,452 7.9
eed coal price
P -25% 1358 1,581,085611 6.5
Canital cost +25% 9.83 —-86,132,522 9.1
apital cos
P -25% 1736 2,465,517,495 46
20
18
16
14
9
x 12
x
10
I Product oil price
s - - --Product LPG price
A Feed coal price
6 memees Catalysts & Chemicals price
Capltal cost
A T T T
-30 -20 -10 0 10 20 30
Variable (%)

Fig. 3. Sensitive analyses of DCL process.
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Fig. 4. Sensitive analyses of ICL process.
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