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Abstract — This report examines the economic feasibility of a commercial 50,000 barrel per day direct coal liquefac-
tion(DCL) facility to produce commercial-grade diesel and naphtha liquids from medium-sulfur bituminous coal. The
scope of the study includes capital and operating cost estimates, sensitivity analysis and a comparative financial analy-
sis. Based on plant capacity of 50,000BPD, employing Illinois #6 bituminous coal as feed coal the total capital cost
appeared $3,994,858,000. Also, the internal rate of return of DCL appeared 6.60% on the base condition. In this case, coal
price and sale price of products were the most influence factors. And DCL’s payback period demanded a long time(12.3
years), because of high coal price at the present time. According to sensitivity analyses, the important factors on DCL pro-
cesses were product sale price, feed coal price and the capital cost in order.
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N7 $4S SSlct NPV,

1. =7 IX[H (net present value method, NPV &)
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Ct=cost at t year
Co=cost at 1st year
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793k wf A Q= HE, S =2 AR (time value)’t 3125
A 9k H]-8-2] overnight cost(Z3-> forecost)2} =-gH]-&< 3|5}
+ oll2~Ze|o) M (escalation during construction, EDC) 2 7145 0]
Al(interest during construction, IDC) 5.2 -4 ©T}. Overnight
cost=Zdn] e} ¥yl 7]5H] S (base cost)d} F-ThH]E<1 A5 H]
S-(owner’s cost), SlHFE X A FoR FAIECE

3-2. ZHlY 2M2f 71K

ZAAVE FA el AR TN S1E7S- Two-stage processE T
O 2 35 om ANl 12 HeadwatersA ol AAIgE 424
£ ARESIITHL]. & AV A9 ARE A Al RS ZHES
2191737 (green-field construction)o]™, EWES] 7|82 4Y
16,460:=2] RS F]lste] U 46,197 wiH o] A=H-4) 3,803
Hide] LPGE ilsh= 2o 7Pdaivh. 714H]-8-2 overnight
cost/} A&E 3o golAlA HE 22 ZYE= TF oA A9
Holeh 3 ) QIZEt FHoll A Qe HEE TElelA Al
=it
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DCL 37d<> 7] Headwater*}2] CTSL 3745 7|50 =2 3151ow
A coal slurry preparation facility, liquefaction facility, liquefied oil
up-grading facility®2 7451 ATHEFig. 1). 378<] $IA= g=4l
IAGE oz 31, AEAEQ lllinois #6 -FAE-S AME-
alo] olAlFel VzEle] dgfel LPGZE T2 AakE 5 Qs
a3tk RARR] Tllinois #6 FrARHe] 41355 Table 10 L}
Uit} 7 ehelg o) A vt gt
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Fig. 1. DCL process flow chart|[1].
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Table 1. Feed coal analysis|2]

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, Btuw/L 11,666 13,126

4. Chemical analysis (wt%)

As Rec’d Dry

C 63.75 71.72
Moisture 11.12 0
H, 4.5 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

ExE 4719 A7) W ocarbonium ©]2-0] A EH, o]50] 4=
Z~3}(hydrogenation), 52~ A4l X] (rearrangement), ~12] 32 AFA| A
A% 5ol elalo] Ao W HE FHolet & 4 9k,
o) AAe 42 Tl olslo] AT HAL Aol
9 7)) AN ER AREAT 2 o] AR 28 e 1
A Aol SJslel G gL WelH] ofeke A BAL
GHaA] ek,
3-3-3. Liquefied oil up-grading facility

Separation &7g-> 1A/ HA2] aHARI 24 FElE T o
SHr & Tulell Y-S Tk ol 52 A 3] A AA 3,
N 74, 3l 378 oA A85= e 7ot

Upgrading of products 578> Fulj&=ol] Aeirk 7|2 4
FEelM el 4 A 7o) o7

3-4. AEAH|ZF S HFMAZ

2 AT Ao = A A erdlst 342 50,000BPD
TR ZHERA, NEATH 46,197BPDS} LPG 3,803BPDE A
akeit), o] ZF sl ZAES] dedet 2H|Fge Fg9 a8 U
RS 7)1Z0 7 16,460TPDE 45 T},

A7 Mgzl FA A APatE= Agfe drke g, A
AeRe- 77}k 13, 474BPD, 32,723BPDE T4 AR tijn] gal A
skero] 9573l AJAkE gAte) tlAle] AJEH]E Table 201 LFER
Qom, AHAFZANE] AHABE AUR|FHA], GhFAE=

Table 31 LFERASICE.

Table 2. Components of liquid products[1]

Products
Chemical experiment Naphtha Diesel
13,474 bbl/day 32,723 bbl/day
Paraffin 26.7% 13.3%
Naphthenes (cyclo-paraffins) 68.3% 81.9%
Aromatics 5.0% 4.8%
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Table 3. Electric power capacity, energy & carbon balance of DCL[1] Table 5. Interest calculation & assumption of DCL
Electric power capacity Source & Funds (1,000$)
-Gross 0 MW -Equity (45%) 1,736,399
-Parasitic 201 MW -Debt (55%) 2,197,172
-Net export 0 MW -Total (100%) 3,994,858
-Net import 201 MW Project debt terms
Energy balance -Interest rate, financing fee 10%
-Total energy input 333,192 MM BTU/day -Repayment terms 15year
-Total energy output 200,396 MM BTU/day -Plant economic life 30year
-Overall thermal efficiency 60.14 % Tax
-Coal inpu.t 6.05 MM BTU/bbl product -Tax holiday -
-Product yield 3.04 bbl of product/ST dry coal -Income tax rate 20%
Carbon balance Operation
-Carbon in product 53 % of input C -1st year 85%
-Carbon in slag/ash 1 % of input C -2nd year 85%
-Carbon in CO, 46 % of input C
-Plant CO, generation 559 lbs/bbl product
23]#M )-8 (Engineering Procurement Construction cost, EPC cost), 2~
2} AAM]-E-(owner’s contingency), 578 HAIH]-E-(process contingency)
4. MERUSL BHo| R £A 0% wprojaint
& ARIHIE AREE 45%, AS1E 5% T E T ARIHIE
4-1. ZHIN 2M ojxk= & A= 10%01H, AAlE =2 F T4 0.5%, 7
4-1-1, FAp) A4 Pzt & Tl 15 #EEE AR 9150 sglt) B
50,000BPD TFE.o] A Rtens} SES] F FAR]= ok Aeolgl FUES] SAlE e 28811 20% sl
HE TR Y] Bl g ese] sl AP E I & ARn] e FHE] F 247IREE 304, 7F5E-2 shutdown 7]7He alea}ed
< Table 4°f WERASIEE 32X oF 2ol & ARl A2 ' F5t 85%E 3ISATH(Table 5). Bt & Atellr= BE 7HE
(capital cost)?} F-§H]-&(financing cost)= Ut-¥™ AHEH]E- F QIEH ol a3} AAE BV (real priceyS AMSSIATE T &
Z7dH]E (total plant cost), 71512k (initial working capital), 5 APIREE 4ad o B9l om, ARTIEe] FAM] HiES: Table 6
7]& A start up) B A B]E-(owner’s cost) O.F, w818 714 o tehf3ict.
717+ o] AK(interest during construction)®} =835 (financing 4-1-2. mE 9 A5H] 2y
fee) TEEt) o] T HIFo] 7PY 2 FAEHES AAKE o  ATrelA miEl Ao 288 W7k= U7 Al ATl
e AurbAoR 20081 19X 697HA 9] Hetgks AHEsH
Table 4. Total DCL plant cost summary ATt A Mgl FANEL] A wjEHS AR A A 9 LPG
1. Capital costs (1,0008) 3,598,467 9] AZE AAEFel ] e el ARSIk B dEH|E
“Total plant cost 3,158,241 AuEAel Aeke] U7k F ARl U1 Falo] el
-EPC 2,429,035 (2008.7.) t}. 2008 715 Vo wet B2 @7k Table 700 UER
-Owner’s cor_ltmgency (% of EPC costs? 631,549 (26%) WlaL, & vjZol W ¢En)= Table 8¢] LFERASITY.
-Process contingency (% of Tech. uncertain EPC costs) 97,657 (25%) 413, WEB] 9 A A
. . N o
-Initial working capital (% of 1st year revenues) 134,158 (7%) QrEielate] A Theke] 2ag ul Zu) RS-0 2 ol3to] HE
-Start up (% of total plant cost) 63,165 (2%) b6 el = P
-Owner’s cost 242,903 (10%) H]ﬂ' %:'374] }\‘_Xéﬂ(})i‘:]' EE%H]Q /q]l?_q;—_' A= ‘OLT, 'z'l:UH t;l“l T—)!\—’é‘
2. Financing costs (1,000$) 396,391 F33 3lyrokEo|n o)ol thit APdEE Table 900l HFERAITE.
-Interest during construction 332,792 IN] FEE TA) 18] U AR 8} o] =), AA| BT
Financing fee 63,599 e FRECI Q7S] A9 Sl A AfAle] Q1
3. Total project cost (1,0008) (1+2) 3,994,858 7l 7)ES AMEEle] $62,000/yr% 2SI, ke ZUES
Table 6. Distribution of total project cost during construction
Ist year 2nd year 3rd year 4th year Ist year 2nd year 3rd year 4th year Total
(%) (%) (%) (%) (%) (%) (%) (%)
Capital cost 15 30 30 25 364,355 728,711 728,711 607,258 2,429,035
Initial working capital - - - 100 134,158 134,158
Owner’s contingency 35 35 30 - 255,222 255,222 218,762 729,206
Start up cost - 30 70 - 18,949 44216 63,165
Owner’s cost - 30 70 - 72,871 170,032 242,903
Interest during construction - 30 70 - 99,838 232,954 332,792
Financing fee - 30 70 - 19,080 44,519 63,599
Total 619,577 1,194,671 1,439,194 741,416 3,994,858

3lerast H473H M1E 20094 22



Table 7. Unit cost table

Unit  $/unit Reference

Coal Ton 163.84
DCL diesel Bbl 13437

A alel e ]
DCLnaphtha  Bbl 11647 o712 A1€17" 21 (2008.1-6)

LPG Bbl 68.47
Electricity MW 572 U] A A rAF2008d B T Tt
Sulfur Ton 400 =] A AF2008'd 3 3 o)) @b
CO, Ton 43 "
Water Ton 0415 =] A fAF2008d B 74 @7
Table 8. Total sales & raw materials cost

Unit Amount $/unit Annual total
DCL Naphtha ~ BPD 13,474 116.47 $ 486,880,531
DCL diesel BPD 32,723 134.37 $ 1,364,165,995
LPG BPD 3,083 68.47 $ 65,491,606
Total $1,916,538,132
Feed coal TPD 16,460 163.84 $ 836,684,186

Table 9. Variable cost of DCL

Unit Amount $/unit Annual total
Water TPD 64,800 0.4 $ 8,041,680
Catalysts TPD 210 4344.16  $ 283,032,633
Chemicals TPD 4,476 87.60 $ 121,654,377
Total $ 412,728,690

Table 10. Operating & maintenance labor

Operating labor requirement 1 unit/mod Total plant
Skilled operator 4 12
Operator 20 60
Foreman 4 12
Lab Tech’s etc. 8 32
Total 36 116*4=464

Table 11. Fixed cost of DCL.

Operating & maintenance labor

$ 103,902,691

-Annual operating labor cost $ 28,768,000
-Maintenance labor cost $24,563,210
-Administrative & support labor  $ 8,982,980

-Maintenance material cost $ 41,588,501
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. Basic data of sensitivity analysis.
Base +25% —25%
Naphtha $/bbl 11647 145.59 87.35

Ol price Diesel $bbl 13437 16769 10078
LPG price $/bbl 68.47 85.59 51.35
Coal price $/ton 163.84 204.80 122.88
Catalyst & Chemicals $/ton 443176  5,539.70  3,323.82
Capital cost $1,000 3,994,858 4,993,572.5 2,996,144.5

Table 13. Sensitive analyses of DCL process

71F0% 4% 3uThE QleS PASISITHTable 10). ©)4R= & A
ATe] 10%, B35, APAls2] AMTH=E T 5212 0.5%,
WPHIE F 521 159 75 ASkS 2o g Abgst
SATH Table 11).

42. ZHY M Za}

o] FEES wEste] A #4S S oM, IRR U
NPVE AH&slo] A5k 1 A3} IRRE 6.60%, NPVE $—
1,071,216,735 &3|5713M 12.84.0 2 Uepdth NPV7} “—&

IRR(%) NPV($)  Payback period

Base 6.60 —1,071,216,735 12.8
Oil price +25% 13.70 1,323,573,081 6.5
Oil price —25% negative —4,252,536,694 -

LPG price +25%  6.90 -980,335,305 12.4
LPG price -25% 626 -1,162,619,589 13.2
Feed coal price +25%  2.06 —2,291,684,686 21.8
Feed coal price -25%  10.08 25,277,142 9.0

Catalyst & Chemicals cost +25%  4.57 —1,648,897,449 15.8
Catalyst & Chemicals cost—25%  8.38 —527,641,822 10.7
Capital cost +25% 433 -2,144,993,698 16.3
Capital cost -25%  9.81 —46,059,878 9.2
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Fig. 2. Sensitive analyses of DCL process.

Fig. 25 7} @53 IRR) H|WE A3 Aot} 7ol e} 7+
o] dglAT /2] 7HAo] 7Hk mizkek 10 LT LPG 7H
o] A4 A ko g Qe WAl Fgeoll & FFS vAIA| Y=
Aow yepskon], ARl 7HA% Fulf 9 slokne] 7907k

2 vl WIS TP 20R ekt FAule] 39 25%
Q1 5ol ARARAT} e MRS Mol b, +25%
Q1 9ol Sl 9 shpeREe] TU/bAT v WS et
Uglh. ol FAplZ ghashel EAES] Ayl vk FFol
ohE el ula) AR, FUHIE APl e FEa s
QTS LehiE 2 olelgiet,

opge] Ang o Arje AWIE 7 ZARE

[ez

122.88 $/ton, FAF 7} 87.35 $/bbl, T]A w7} 100.78 $/bbl,
Zul 1 3}FeRE 3323.82 $/ton, AFAR] $2,996,144,500)°114 IRR,
NPV U 935717k Ake Bk} 71 A3 IRRS 23.5%, NPV
£ $4,006,1402 YEREI AT 717ERE 22d 02 A= I
ujebd daag] 7FAd T Agf Dzl A% 5o M%)
Aok 2 ARG ZANEE 4] B Yrde zhs Ao

2 A=)

5 A9 e mlE S TR
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