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Abstract — The key for the commercial deployment of IGCC power plants or chemical (methanol, dimethyl ether, etc.)
production plants based on coal gasification is their economic advantage over plants producing electricity or chemicals
from crude oil or natural gas. The better economy of coal gasification based plants can be obtained by co-production of
electricity and chemicals. In this study, we carried out the economic feasibility analysis on the process of co-producing
electricity and DME (dimethyl ether) using coal gasification. The plant’s capacity was 250 MW electric and DME pro-
duction of 300,000 ton per year. Assuming that the sales price of DME is 500,000 won/ton, the production cost of elec-
tricity is in the range of 33~58% of 150.69 won/kwh which is the average of SMP (system marginal price) in 2013,
Korea. At present, the sales price of DME in China is approximately 900,000 won/ton. Therefore, there are more poten-
tial for lowering the price of co-produced electricity when comparing that from IGCC only. Since the co-production sys-
tem can not only use the coal gasifier and the gas purification process as a common facility but also can control
production rates of electricity and DME depending on the market demand, the production cost of electricity and DME
can be significantly reduced compared to the process of producing electricity or DME separately.
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dlell 23 2 Q54 7k 0] 8 F2of whe} 2 st =7t
A| AAE]oloksit), ARE 7kA3lE FEl dojxl FA7EA o] 8-
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(IGCC, integrated gasification combined cycle)] T}, UWFA © 2
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(IGCC, Integrated gasification Combined Cycle)
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Fig. 1. Conceptual diagram for IGCC and DME co-production system.
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Fig. 2. Schematic diagram for DME synthesis of KOGAS.
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Agk 7kx8ls 53t 18 ik DME BAF 37g) Uist 7)x A 24 799
Table 1. Subbituminous, Lignite design coal analysis
Rank CASE 1 (Subbituminous) CASE2 (Lignite)
Seam PRB North Dakota
Proximate Analysis (weight %)
As received basis(%) Dry basis (%) As received basis (%) Dry basis (%)
Moisture 25.77 36.08 0
Ash 8.19 11.04 9.836 1543
VM 30.34 40.87 26.52 41.49
Fixed Carbon 35.7 48.0935 27.54 43.09
Total 100 100 100
HHYV, kl/kg 19,920 26,787 15,391 24,254
LHV, kl/kg (kcal/kg) 19,195 (4,592) 25,810 (6,175) 14,304 (3,542) 23,335 (5,583)
Ultimate Analysis (weight %)
Moisture 25.77 36.08 0
Carbon 50.07 6745 39.55 61.88
Hydrogen 3.38 2.74 429
Nitrogen 0.71 0.63 0.98
Chlorine 0.01 0 0
Sulfur 0.73 0.63 0.98
Ash 8.19 11.03 9.836 1543
Oxygen 11.14 10.51 16.44
Total 100 100 100
WA 714S BAs AANS it A o7 819.0H Fig. 20 3 Table 2. Plant study configuration matrix
A FA 9 AEEEE JeER)2itl. DME 84 2R o2 TEF 3k Coal Subbituminous Lignite
7t ol A AR FElS] DME BN I S, ol el “"gg ) o 6326
2 g7ty o = = g asifier Pressure a .
H]EE] 7¥ %; 7191 Ak 1A= OTE] f} 71 XJLLAD;ME 0,: Coal Ratio, (kg Oy/kg dry coal) 0.780 0.736
A7) detow Mg, Mo sdeelr dstel Carbon Conversion (%) 99.5
W8 SV Aol AR HdEEE COt vEE el s Syngas HHV at Gasifier Outlet (kJ/Nm) 10,389 9,384
&3l DMEE &€& < 3lth. Nominal Steam Cycle (MPa/°C/°C)  12.4/566/566
7} 7 oA viEE A7~ AR = DME S R0 7 Combustion Turbine Advanced F Class
FE 1 A 1000 E2] DMES 4K, L] 2] = Eatibd 314 Gasifier Technology Shell (SCGP)
©F FFs0] 250 MW H2E AT 2 Aol et By Oxidant 93 vol% Oxygen
Ul TAL F Class 7B E] A|2~E1S A 931} Coal Feed Moisture Content (%) 6 12
H,S Separation Sulfinol-M

2-3. CHAEE He&t

ATEE IGCC Y DME WAks ol thst A1 2495 f18te] i
O 7 o} ekl Powder River Basin&r, ZH§HS! North Dakotakh
S A3 o] & ghof] 3t AJA- u]=F NETL(national energy
technology laboratory) X 1A [5]16] ANAIE A9 24 aks AHESH3L
t}. o}kl Powder River Basin&2} 2] North Dakota®r 4]
$]%k #(low heating value)- ZH2} 4,592 keal/kg, 3,542 kealkg © =
A3 Elo] 6,256 keal/kg(llinois No. 6 713)9} B] wato] Ads] whe-
Froln], o= ofol vk} ko] - ERfo] ol HBH =71
ot td e 544 Table 10f] YERASITH 12 $2) o] & &
Fof T8t A9k 717} 6,175 keal/kg, 5,583 keal/kgo] 1l &3
EHS] 79 7,068 keal/kg 0.7 7ZF 0] AT oA et Ax
g B vkow, meba st A7k G E AR 9
A= A S Aok A4 vl aste] oty what Zeks A
o= 7ol v W ke MElo] ZasH Fvt.

£ AFelA ool B 37 5% Table 20 QoF3to] el
%Atk DME 1000 &/, 19 250 MWE At 7|5 0.2, o} &gt
= o & 739 5,103 =/, AEe] 9= 6,326 =4S At

Claus Plant with Tail Gas Treatment
/ Elemental Sulfur

Cyclone, Candle Filter, Scrubber,

Sulfur Recovery

Particulate Control

and AGR Absorber
Mercury Control Carbon Bed
NOx Control MNQC (LNB) and N, Dilution

DME synthesis KOGAS DME process (Direct process)

Shct, & AghS ARS8 A, ol TS ARt 7J-9-9} nl st
B AMEEO] 24% A& T71EE & 5 ATk NETL HaiA o Xﬂ
l IGCC AH] &= 71387 7 942 43 bars 7|02 3101
AR AbA FFE2 ol Rl A9, 1 Aek §42] 0.78H, 7£_r
2] 49 0.748] 355 710] AEE o, B2 99.5%
E] Aozl
},

e > 1% oo

!

7} A= ek 247k Mero =z s 1 X714 0] kg ko
10,389 kJ/Nm’, 9,384 kI/Nm’o|t}, o}y €la} Zeto] Ax & 7k~
SR FEEE vRRE] T SRS 2 6%, 12%E, A
o] W Awhe] A9 ik & o] mrk 3 3 A
ZFEE Fig, 3ol eI

o
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Fig. 3. Schematic diagram of DME and Electricity production from coal based on KOGAS DME synthesis.

3. MEl IGCC % DME H4AF ZH0f| Cligh 24| s
2 2| LHY 0
e
3-1. Z4H| MY J1E Ql
E =Fojx 7]F o7 A3 A¥t IGCC U DME B4 374 4 =
oA Mgk 7kl ) Bahabd Yt Auk A 3, Ak 10
Az 37, ek ks 3, A3l 3, 7R A 9 ARA
o] 34, B3P 302 s o] ¥4 NETL AHE[5]e]
A 4] E 71Eske] 2Pd8elal, DME 378 378 71 gAt A=
of| A 7dst 108/4 5 DME #7334 271U (scale-up)ste] 71
AR5 Akl

NETL A2 A AAIH IGCC 3742 v]-&-2 2007'd m] 5ol A]
A E TR 7Y stellA APg st A o7 1 AFelx e A 71

A1 2014 19, oA A= -2 7R Z $Hits)y)

HpEro 7 717} .88, 0.86, 0.729] 72 2-&313ict 43R A
T78 A8, BV 37 A AL W Bk B
NETL H]-& A4 21791 20070014 B AT H]-& A8 A4
014 19714 9] E7HA5 218) vi= mE e A= AF=R([7)]
PO 2 7R A A 50 9] 9= 19.58%, 130 2] 7=
82%% 483130t DME 379 3742 184y A14<l 2011

o
T

7oA AT-e] H]E- AP AR7EA] O] B7ERAE f18l] Sk
SAIBIS} theh 2 3] AR [91E v o= 7|1AA /Al S A 502
= 9.73%, A7A1]2] F-E= 20.78%E 24313t

NETL A}52] IGCC #7314 1) = o} Y ehs A-8-3t -of =
697 MW(net power : 573 MW), ZHeH-S AR&-8F 7390l = 753 MW
(net power : 617 MW) 7|F 0.2 AAE 7] wfiell, & =FeAle
250 MW (net power 7|57) IGCC #4d0] 8] 7141] & A9 57
S8l §%F BAS k1A, DME §4
of| A Alg-st z1dn] 9 gn)E skt

90 el AL

AaA 22 91 E gl diske] 38 3k, EVRRA, 7R, &
FHA O 4] - AR, 85t HAATE Table 30 7
algieh. &R 715 20139 B3t 382 1,004.98 94/8E 4]
Bt FIFEA S ZIAA, AlF A EH], IABE 351
Global Construction Cost and Reference Year book[6]°] #| A & &}

ARTAIE BAG AN, G, 2AL 9 S, 93} 22,
AP, ]2 5B 0, 7]k )82 £ working
capital), 2104, Ade1 A PSRk S P 3
% ol 471 §I1= DME 339] AALI01 1188 E3Hs}o]

Table 3. Correction factors for construction cost

Correction factor Value Remarks Reference
Capacity 0.77
Equipment 0.88 ™ ication fo th based
Country Material 0.86 © applica 10r11\H(E)TLe cost basec.on 6
Labor 0.72
Exchange rate 1094.98 won/$ average value in 2013 8
Inflation (%) (Syngas production, Equipment/Material 19.58 The application to the cost based on 7 (Producer Price Index)
Combined cycle) Labor 10.82 NETL 7 (Employment Cost Index)
Inflation (%) (DME synthesis) Equipment/Material 9.73 . 8 (Producer Price Index)
Labor 20.78 Construction wage 9
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37 A7 £ AMgE= B0 2 XY HARIZIET A31%
A28 el oA, TAAYoIHARTi7 ] 71 112011 4
2279 A2 A Aol AAR 2-fof whet AP st B ALK Q)
A9 7124 A 9} AAAAE FAl e AL E sk, TAR]
TrEe) whEh AA] A 282 13181 283819t 248l S|
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(KDL 2010.4.13.) 21-8-715R1 3AH19] 1%E Wkdslglon, etz
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AAE 7S wef, 71AA] 22REe)] 16 %] 28-S 2§38
APgEIsich AR R2011dE AARE 2 ARAE ;) (718
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3t} 5,0002] ¢ o]4ke] FAla]of that 7152 A A o] UA| gk
1}, 5,0009] o)l FAR O tiEiA L 0.17%F 2-8-3F3iTt. luln]
= AT 3%E L3815

71e} H]g- & Foll A A 27H A7-0] Agn|gl W], 3

N2 1An 2] g 12582 APk, Al dnl e g
o] a7gm| ek wish], 157Y 9] AsH], %ﬁ@ﬁ](%ﬂw Al 22
2%2] g+o & Agdaisiti10].

3-2. ZAEI 2 gk

£ ATelAE DMESF 18-S b0 2 e 7-9-91 DMES}
A s ik A9-0 njus Ho}fﬂ Z}zte ost A7 Akt
SR o] FQalth Wb, & A el e A7 REA S 7
B3t 5 3(levelization)¥! AJ1HA7FE A SISt o] HH A
€ WA, AA &4 71ZKT) st d@E BA) Boe BE S
(CHelA wiid A== FAbE ] 20 (B S Wl A A A7k )
Z(C)yS T3t DME AAH7E 18 79 HAkE shfaee]e
Ayl 4=0) 3} wghe: ) =2] €] gho)¥]a, M) Vs
g o= FARE Bvl4ee] e DME #j| 459) 37} WighS: o] 5=
ol9] glo] Ht}, o]&lA] -8k A A7k ulE S A7 Hpresent
value)® <21 (discountydl FH]-E(PyS T3t FH8-S A 4
713t Fkol| AT gho 7 saldt i HIE(AYS kAL, T H
£(A)S FHAE AAEEY)O. 2 o] DME B A=) A7}

(CHE AFE 2= QIUH11]. ofeh AellA A= E91E, TE= AA| A
7Fed55 YR
C=C,-B,
T
C
P =
¢ Zb(lﬂ)'
A= p 0D
(1+i)" -1
A
CL = ?

vl FREE B B1E(C)e] 7S A7l A AR o
St 743713t 5 o] AH(recovery of common equity)S] Q1 AHE-3]4=
(capital recovery), FAFaoll thét 2]4=E(return on equity and debt),
2EA, BEE, A8H]E 282 23089 gho s vERgich

Ak 3ol ik 71& AA 1A 801
Capital recovery
(Depreciation)
3 PN
Return on Equity ’ N
/ Net \
| Revenue !
Return on Debt \ Reauirement /
Carrying \ 4
charges Sew”?
Incomes Taxes Total
Revenue
Others Taxes and Reauirement .
Insurance
Fuel Cost Incomes
Expenses
0&M cost

Fig. 4. Revenue categories for the revenue requirement.

Table 4. Parameters and assumptions used in the calculation of the
total revenue requirement

Category Standard
Average inflation (except coal, 2014~2047, %) 1.9
Average inflation (coal, 2014~2047, %) 1.9 (variable)
Ratio of common equity (%)/Discount rate (%) 50/7.5
Ratio of debt (%)/Discount rate (%) 50/5.5
Nominal discount rate (%) 6.5
Construction duration (Months) 36
Income tax rate (2014~2047, %) 22
Property tax rate (2014~2047, %) 0
Insurance ratio (2014~2047, %) 0.5
Average availability (%, 1st year 75%, 2nd year 80%) 85
Employment (persons) 132
Average wage (million Won/year) 58.194
O&M cost (Subbituminous, except fuel cost, million Won/year) 49,314
O&M cost (Lignite, except fuel cost, million Won/year) 49,610
Electricity sales cost (Won/kWh) variable
DME sales cost (Won/ton) variable
Fuel cost (Coal, $/GJ-LHV) variable
Fuel cost (Coal, Subbituminous, Won/ton) variable
Fuel cost (Coal, Lignite, Won/ton) variable
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Table 5. Estimated total capital cost for IGCC and DME co-production
(Subbituminous coal)

e - =
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Table 6. Estimated total capital cost for IGCC and DME co-production
(Lignite coal)

Category . COSt Category . .COSt
(Million Won) (Million Won)
Equipment 547,631 Equipment 582,173
Mechanical 163,705 Mechanical 165,758
Electrical inclu@ed in Electrical incluc?ed in
Syngas Construction mechanical part Syngas Construction mechanical part
production and Materials  Civil 28,784 production  and Materials ~ Civil 30,365
Buildings 6,624 Buildings 6,180
Total 199,113 Total 202,303
Sub-total 773,745 Sub-total 784,476
Equipment 26,056 Equipment 26,056
Mechanical 27,438 Mechanical 27,438
. . Electrical 27,438 DME . Electrical 27,438
Direct  DMESynthesis Construction -, 46,822 Direct g ihesis and COMSIUCHON iy 46,822
cost and Separation and Materials o cost . and Materials o
Buildings 46,822 Separation Buildings 46,822
Total 148,521 Total 148,521
Sub-total 174,576 Sub-total 174,576
Equipment 132,582 Equipment 129,230
Mechanical 14,016 Mechanical 13,764
. . Electrical 19,210 . . Electrical 18,920
Buildings 3,186 Buildings 3,190
Total 39,578 Total 38,977
Sub-total 172,159 Sub-total 168,207
Direct cost (Total) 1,120,480 Direct cost (Total) 1,127,259
Engineering costs 26,002 Engineering costs 26,102
Land 0 Land 0
Investigation anc! measuring costs 3872 Investigation anc! measuring costs 3.898
(1% of construction and materials) ’ (1% of construction and materials) ’
Indirect Handling cost for imported parts 58.661 Indirect Handling cost for imported parts 58,997
cost (16% of imported parts) ’ cost (16% of imported parts) ’
Facility incidential cpsts ‘ 6583 Facility incidential c.osts . 6.627
(0.17% of construction and materials) ’ (0.17% of construction and materials) ’
Contingency 36,468 Contingency 36,686
Indirect cost (Total) 131,586 Indirect cost (Total) 132,309
Facility Cost Investment (FCI) 1,252,067 Facility Cost Investment (FCI) 1,259,569
Working Capital 23,198 Working Capital 22,286
Start-up costs 31,135 Start-up costs 31,225
Allowance for funds used during construction 112,055 Allowance for funds used during construction 112,726
Total Capital Cost (TCI) 1,418,454 Total Capital Cost (TCI) 1,425,806

€ IGCC ¥ DME %1t 5742 du] & Q1xin] AP 9%t 7+
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Table 7. Year-by-year revenue requirement analysis for IGCC+DME co-production (Subbituminous coal) (Million Won)

Year Calendar Capital Return on Interest on Income Other taxes Fuel O&M  Electricity costs + Total revenue
year recovery — common equity debt taxes and insurance  cost costs Methanol cost requirement
1 2017 48,501 55,492 40,694 16,302 6,682 93,144 50,083 (120,893) 190,005
2 2018 48,501 53,704 39,338 15,798 6,682 101,222 51,024 (131,377) 184,892
3 2019 48,501 51,916 37,981 15,294 6,682 109,570 51,983 (142,212) 179,716
4 2020 48,501 50,129 36,625 14,789 6,682 111,630 52,961 (144,885) 176,431
5 2021 48,501 48,341 35,268 14,285 6,682 113,728 53,956 (147,609) 173,153
6 2022 48,501 46,553 33,912 13,781 6,682 115,866 54,971 (150,384) 169,881
7 2023 48,501 44,765 32,555 13,277 6,682 118,045 56,004 (153,212) 166,617
8 2024 48,501 42,977 31,199 12,772 6,682 120,264 57,057 (156,092) 163,361
9 2025 48,501 41,189 29,842 12,268 6,682 122,525 58,130 (159,027) 160,111
10 2026 48,501 39,402 28,486 11,764 6,682 124,828 59,223 (162,016) 156,869
11 2027 48,501 37,614 27,129 11,260 6,682 127,175 60,336 (165,062) 153,635
12 2028 48,501 35,826 25,773 10,755 6,682 129,566 61,470 (168,165) 150,408
13 2029 48,501 34,038 24,417 10,251 6,682 132,002 62,626 (171,327) 147,190
14 2030 48,501 32,250 23,060 9,747 6,682 134,483 63,803 (174,548) 143,979
15 2031 48,501 30,462 21,704 9,242 6,682 137,012 65,003 (177,829) 140,777
16 2032 48,501 28,675 20,347 8,738 6,682 139,588 66,225 (181,172) 137,583
17 2033 48,501 26,887 18,991 8,234 6,682 142,212 67,470 (184,578) 134,398
18 2034 48,501 25,099 17,634 7,730 6,682 144,885 68,738 (188,049) 131,221
19 2035 48,501 23311 16,278 7,225 6,682 147,609 70,031 (191,584) 128,053
20 2036 48,501 21,523 14,921 6,721 6,682 150,384 71,347 (195,186) 124,895
21 2037 48,501 19,735 13,565 6,217 6,682 153,212 72,689 (198,855) 121,745
22 2038 48,501 17,948 12,208 5,713 6,682 156,092 74,055 (202,594) 118,605
23 2039 48,501 16,160 10,852 5,208 6,682 159,026 75,447 (206,402) 115,474
24 2040 48,501 14,372 9,495 4,704 6,682 162,016 76,866 (210,283) 112,354
25 2041 48,501 12,584 8,139 4,200 6,682 165,062 78,311 (214,236) 109,243
26 2042 48,501 10,796 6,782 3,696 6,682 168,165 79,783 (218,264) 106,142
27 2043 48,501 9,008 5,426 3,191 6,682 171,327 81,283 (222,367) 103,051
28 2044 48,501 7,221 4,069 2,687 6,682 174,548 82,811 (226,548) 99,971
29 2045 48,501 5,433 2,713 2,183 6,682 177,829 84,368 (230,807) 96,902
30 2046 48,501 0 1,356 651 6,682 181,172 85,954 (235,146) 89,171
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Table 8. Year-by-year revenue requirement analysis for IGCC+DME co-production (Lignite coal) (Million Won)

Calendar  Capital Return on Intereston  Income Other taxes Electricity costs+  Total revenue
Year year recovery — common equity debt taxes and insurance Fuel cost ~ O&M costs Methanol cost requirement
1 2017 48,788 55,779 40,904 16,387 6,722 89,060 50,383 (120,893) 187,130
2 2018 48,788 53,979 39,541 15,879 6,722 96,783 51,330 (131,377) 181,646
3 2019 48,788 52,179 38,177 15,372 6,722 104,765 52,295 (142,212) 176,087
4 2020 48,788 50,379 36,814 14,864 6,722 106,735 53,278 (144,885) 172,695
5 2021 48,788 48,579 35,450 14,356 6,722 108,741 54,280 (147,609) 169,308
6 2022 48,788 46,780 34,087 13,849 6,722 110,786 55,300 (150,384) 165,927
7 2023 48,788 44,980 32,724 13,341 6,722 112,868 56,340 (153,212) 162,551
8 2024 48,788 43,180 31,360 12,833 6,722 114,990 57,399 (156,092) 159,181
9 2025 48,788 41,380 29,997 12,326 6,722 117,152 58,478 (159,027) 155,816
10 2026 48,788 39,580 28,633 11,818 6,722 119,355 59,578 (162,016) 152,458
11 2027 48,788 37,781 27,270 11,310 6,722 121,598 60,698 (165,062) 149,105
12 2028 48,788 35,981 25,906 10,803 6,722 123,885 61,839 (168,165) 145,758
13 2029 48,788 34,181 24,543 10,295 6,722 126,214 63,001 (171,327) 142,417
14 2030 48,788 32,381 23,179 9,788 6,722 128,586 64,186 (174,548) 139,082
15 2031 48,788 30,581 21,816 9,280 6,722 131,004 65,392 (177,829) 135,754
16 2032 48,788 28,781 20,452 8,772 6,722 133,467 66,622 (181,172) 132,432
17 2033 48,788 26,982 19,089 8,265 6,722 135,976 67,874 (184,578) 129,117
18 2034 48,788 25,182 17,725 7,757 6,722 138,532 69,150 (188,049) 125,808
19 2035 48,788 23,382 16,362 7,249 6,722 141,137 70,450 (191,584) 122,506
20 2036 48,788 21,582 14,998 6,742 6,722 143,790 71,775 (195,186) 119,211
21 2037 48,788 19,782 13,635 6,234 6,722 146,493 73,124 (198,855) 115,924
22 2038 48,788 17,982 12,271 5,726 6,722 149,247 74,499 (202,594) 112,643
23 2039 48,788 16,183 10,908 5,219 6,722 152,053 75,899 (206,402) 109,370
24 2040 48,788 14,383 9,544 4,711 6,722 154,912 77,326 (210,283) 106,104
25 2041 48,788 12,583 8,181 4,203 6,722 157,824 78,780 (214,236) 102,846
26 2042 48,788 10,783 6,817 3,696 6,722 160,791 80,261 (218,264) 99,595
27 2043 48,788 8,983 5,454 3,188 6,722 163,814 81,770 (222,367) 96,353
28 2044 48,788 7,183 4,090 2,681 6,722 166,894 83,307 (226,548) 93,118
29 2045 48,788 5,384 2,727 2,173 6,722 170,031 84,874 (230,807) 89,892
30 2046 48,788 0 1,363 654 6,722 173,228 86,469 (235,1406) 82,079
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Electricity sales price(Won/kWh)

Fig. 7. DME production price with the variation of electricity pro-
duction price.
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Table 9. Electricity production price (electricity production only) with inflation rate of coal

805

———» L(High-b)
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L(Ref)
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Electricity production price (Won/kwh)

Fuel cost (Coal) Reference (1.9%) Low (0.94%) High (a) (2.82%) High (b) (3.76%)
$/GJ-LHV S L S L S L S L
3.0 97.9 101.1 92.8 96.0 103.7 107.0 110.8 114.0
S: Subbituminous
L: Lignite
Table 10. Electricity production price (electricity production only, 250 MW) with inflation rate of coal
Electricity production price (Won/kwh)
Fuel cost (Coal) - -
Reference (1.9%) Low (0.94%) High (a) (2.82%) High (b) (3.76%)
$/GJ-LHV S L S L S L S L
3.0 105.3 107.4 100.4 102.4 111.0 113.0 117.8 119.8
S: Subbituminous
L: Lignite
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