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As an example of utilizing Australian Brown coal, a conceptual study is conducted for a system based on
DME which is clean and easily transferrable fuel. CO, will be emitted when DME is produced from reduced gas
by a gasification of Brown coal. Compared to the base case in which CO; is only treated by CCS, it is clarified
that the amount of generated DME may be increased and the capacity of CCS can be largely reduced by
introducing renewable hydrogen. Renewable hydrogen could be produced by electrolysis of water using electric
power generated by wind power. This means that it will be one of the solutions in a case of utilizing coal
resources when CCS is technically and socially restricted, DME is transported from Australia to Japan where
DME is used for a power generation. As the result of the study, it is clarified that CO; emitted from a DME
fired power station is the same level as that from LNG fired. Therefore, it is possible to largely reduce CO.
emissions compared to that from the conventional coal fired ones.
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Fig. 1 Process flow of DME production from brown coal (Base case)

Table 1 Characteristics of brown coal (Loy Yang coal of Australia) ®

Total moisture V.M. FC. Ash Net calorific value Ash melting point
60% 51% 47% 2% 255 MJ/kg 1290C
C H N Total S Total Cl O calculated
67.8% 4.6% 0.6% 0.3% 0.1% 24.4%
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Table 2 Material balance of DME production from brown coal (Base case)

Stream No. 1 2 3 4 5 6 7 8 9

Raw gas . . CO; for CO; by- Product COs for

Bef hift | Af hif P

after De-S elore shilt ter Shift CCS Syngas Hree gas produced DME CCS
Composition (%)
H, 2549 23.34 3847 0.28 4893 21.38 0.72 0.00 0.72
CcO 59.57 54.56 3943 8.62 4797 69.18 10.79 0.00 10.79
CO; 6.23 5.70 20.83 91.07 2.65 193 86.79 0.00 86.79
H,0 8.33 16.03 0.93 0.00 0.00 0.00 0.00 0.00 0.00
N, 0.39 0.36 0.36 0.03 045 6.64 1.70 0.00 1.70
CH,4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DME 0.00 0.00 0.00 0.00 0.00 0.88 0.00 99.99 0.00
MeOH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Flow rate (kmol/h) 22988 25098 25098 5166 19705 390 3681 3041 2945
Temp. (°C) 25 200 260 =30 25 25 25 25 25
Pres. (Mpa) 35 34 3.3 01 55 0.1 3 01 3
WEDE A (B4 DME 0 2w/ BURE b o Bl ) 1, Fig. 2, Table 3, Fig. 3, Table 4 |Z75 3, Table 52 DME #
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Fig. 2 Process flow of DME production from brown coal and wind hydrogen (Case A)
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Table 3 Material balance of DME production from brown coal and wind hydrogen (Case A)
Stream No. 1 4 5 6 7 8 9
Raw gas after Wind hydrogen Syngas Purge gas CO: by- Product DME | CO; for CCS
De-S produced
Composition (%)
H, 25.50 100.00 4787 2175 0.64 0.00 0.64
CO 59.57 0.00 4993 70.62 9.64 0.00 9.64
CO: 6.22 0.00 490 2.25 88.72 0.00 88.72
H-0 8.34 0.00 0.00 0.00 0.00 0.00 0.00
N, 0.37 0.00 0.29 447 1.00 0.00 1.00
CHy 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DME 0.00 0.00 0.00 0.90 0.00 99.99 0.00
MeOH 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Flow rate (kmol/h) 22972 8102 29159 553 5970 4403 5250
Temp. (°C) 25 25 25 25 25 25 25
Pres. (Mpa) 35 31 55 01 3.0 01 14.9
0, (126kNm?)
i (H,/C0O=0.43)
cBorz;)lwn HA| Gasifier H De-S* I @ Synfils/ggiolk(l)\;ns)
(255t) i Water (34.4t) @ | (H/CO=2.18) ’ A
(6120t/d) e . > Water (181t)
Carrier CO, (16kNm?) | @Ie 0, (43.6kNm?)
; <— H, (564kNm?)
i @1 @
— CO, (221Nm?)
Purge gas (10.6t-C) CO, (245kNm?) @ CO, (4.6t-C) ----- > CCS
Syngas —D% DME s Ifl)esis H Purqi\fi?ation Product DME
: 7 (301.4¢) (7234t/d)
(Note: figures per hour) Water (15.3t) * Desulfurization
Fig. 3 Process flow o DME production from brown coal and wind hydrogen (Case B)
Table 4 Material balance of DME production from brown coal and wind hydrogen (Case B)
Stream No. 1 2 3 4 5 6 7 8 9
Raw gas CO; for Gas from Wind Syngas Purge gas CO2 by- Product CO; for
after De-S RSR RSR hydrogen produced DME CCS
Composition (%)
H, 25.57 0.81 60.83 100.00 4577 30.07 0.81 0.00 0.81
CO 59.64 783 27.86 0.00 44.87 62.50 783 0.00 773
CO: 6.22 91.35 11.32 0.00 9.24 2.53 91.35 0.00 91.35
H20 8.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N 0.24 0.00 0.00 0.00 0.12 411 0.00 0.00 0.00
CHy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DME 0.00 0.00 0.00 0.00 0.00 0.80 0.00 99.99 0.00
MeOH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Flow rate (kmol/h) 22929 9852 24945 25160 45962 1330 10936 6552 385
Temp. (°C) 25 25 25 25 25 25 25 25 25
Pres. (Mpa) 35 40 3.2 3.1 5.5 0.1 3.0 0.1 14.9
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Table 5 Summary of Overall Balances and Process Conditions for DME production cases and Liquid hydrogen production case

from brown coal

DME Liquid H»
Base case Case A Case B
Brown coal (dry-t/h) 255 255 255 255
Heat value of brown coal (GJ/h) 6503 6503 6503 6503
Hydrogen (kNm?/h) — 1814 563.6 —
Heat value of hydrogen (GJ/h) — 1959 6084 —
O for gasifier (kNm?/h) 1271 1271 1264 126.9
02 production (kNm?/h) 1271 37 0 126.9
O produced by water electrolysis (kNm?/h) 0 90 281 —
Steam for Shift reactor (t/h) 38.0 — — 468
CO: removal (kNm?/h) 115.7 — — 275
DME byproduct CO (kNm?3/h) 66.0 1176 8.6 —
Reverse shift reactor — — —
02 (kNm?/h) 436
He 563.6
Recycle CO. 220.7
H, addition (kNm?®/h) — 1814 — —
Syngas (kNm?®/h) 4414 653.2 1030 468.7
Composition (dry%) H. 4893 4787 4577 89.23
CO 4797 46.93 44.87 3.60
CO; 2.65 4.90 9.24 6.82
N 045 0.29 0.12 0.36
. 139.9 2025 3014 Liquid H, 32.1
DME production (t/h) (3357t/d) (4861t/d) (7234t/d) (770t/d)
Heat value of product (GJ/h) 4028 5833 8680 3879
Cold gas efficiency (%) 62.0 68.9 69.0 59.7
Carbon balance (%)* 42.2 61.1 91.0 —

* (Carbon weight in DME) / (Carbon weight in Brown Coal)
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Table 6 Utility Balance for DME production cases and Liquid hydrogen production case from brown coal

475

Utilities balance (GJ/h)

DME Liquid H»
Base case Case A Case B
Drying f brown coal 746.3 746.3 746.3 746.3
Sulfur removal 141 141 14.1 141
Steam for shift reactor 103.93 — — 1280.0
Heat recovery from gasifier - 2054 - 2054 - 2054 - 2054
Heat recovery from shift reactor -1251 — — — 4232
Heat recovery from DME reactor - 5985 - 866.3 —12894 —
PSA off-gas — — — - 6787
Natural gas — — — -7331
Total - 64.7 - 3113 - 7344 0
Electricity consumption (MW)
H; production by water electrolysis — 725.6 22544 —
H, compression — 259 80.6 —
O3 production 445 13.0 0 445
0, compression 184 184 247 184
Sulfur removal 34 34 34 34
CO; removal 194 — — 459
CO; compression for CCS
CO; from removal unit (0.1 = 14.9 MPa) 21.3 — — 50.6
CO; from DME production (3 — 14.9 MPa) 4.2 7.53 0.55 —
Syngas compression 9.7 144 227 —
DME liquefaction 40 573 8.53 —
PSA — — — 43.8
Hydrogen liquefaction — — — 3674
Electricity from purge gas -11.2 -16.3 -384 —
Total (MW) 113.6 7977 2356.5 574.0

Table 7 Energy Requirements and CO» Emission for DME production cases and Liquid hydrogen production case from brown coal

Energy requirement and Thermal efficiency

DME Liquid H,
Base case Case A Case B
Heat value of Electricity requirement(GJ/h) 409 2872 8483 2066
Thermal efficiency on production(%) 58.3 62.2 579 417
Marine transportation(GJ/h) 771 111.6 166.1 370
Heat value of product(GJ/h) 4028 5833 8680 2807
Energy consumption(GJ/h) 6989 9486 15152 9672
Energy efficiency on supply (%) 576 61.5 57.3 29.0
Electricity generation by product (MW) 615 891 1326 429
CO; balance(t-C/h)
CO; emission from product 73.0 105.7 157.3 0
CCS (96.3) (62.0) (4.6) (146.8)
CO; on production 3.6 5.2 11.0 378
Marine transportation 16 2.3 34 76
Total CO; emission 78.2 113.2 1717 46.1
Total CO; emission/Electricity generation by product (kg-C/kWh)
0127 \ 0.127 0.129 0.107

THILE N, [\IEEIEL, A LR R A D 20%
CIRET A, 7 MRS EMY, DME G # o HE#U, [

PR % 80% & L7z,
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MG HBE R DD 505, BB LIRS L L LT,
IKEMOESFEEAL, 4 kWh/H.-Nm3, KEEFED
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EAHSHEIC L2 HEREOE D EAM L, 0.35 kWh/O.-
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Kh R —2D 158, 22M50T, R, AR
DM AR, WXL ERy -0k, BEYEIE
WHIL TN %,

51 BLEEZXROZEYG

g% LA B2 e 2 b)) 7N - HAR, 4800 mile (9000 km) (4
WL O mile 134Tl )

HMEE 16 /v b (R 29.7 km)

HE At H & FrilE) 13 H, Mi%HE: 40 G5 - M
i Eh)

13 x 2+ 4 =30 H2z T, 4 ML RERI %L, 11 [ (48
1A% 8 H %% 330 H)

44 5 DME #7328 © 3,357 t/d (110.7 5 t/y) (330 H# )

5.2 & DME DRz (DME LLE 0.67 t/md)

R R4:3357/0.67 = 5010 m*/d 43k % BT 40 H D EFE

BREELT, 5010 x 40 = 20.0 5 m®, IR Y >~ 5 5 m?,

4 5

5 L7 DME 7 AlE, WEREBEIRKLCEILT 5, 7%
FEIT/NIVWEEZLN, MMEEBNTIHEETI M TEDNR
bisrL7,

5.3 DME &> Hh—EMFLHEE

s > —1%, Wik 7 v E=7H 38000 m®, LPGH
78,000 m® 25 LAt LT\ %, DME &, LPG % >~ % — T3k
TRETH L. SHOKEHETHEEL, VLCCHY v 1—L
L, Bs7iaid, 20 7 md &L7.

1EORMIRER 20 X 067 =134 At

ERTEATTAEHE © 11 x 134 = 1474 T3 t/ &

122.5/147.4 = 0.83 11 x 0.83 = 9.14 |
1, 10 AW CHMETIETDH 2. BAEHIE M (Fuel
Ol FO) kL, BENEELHAL 2,

WL IR O 1Sk B, MRk E 11 Tt
WATHEE 14 /9 FOFANY » H—DBREE T &1E, 1.1 g/
t-mile TH 2o MATO T RN F—Pid, HEkE A, HATHE
JEV ERDEBIZD Do

P oc A2/3V3

KR IIBEMERICIZZHATZ0T, DME, FEilio%
D (0.67/0.854) THIIEL 720

TRRH 2 1
1.1 X (0.67/0.854)2% x (16/14)% = 1.1 X 0.850 x 1.49
= 1.4 g/t-mile
HEOEMOGED, NTAMKERLOT, FEOBEHY
HEET o
AT O PR 2
4800 (mile) x 2 x 134,000 (t) x 1.4(g/t-mile) /106
= 1801 t-FO

A 41.01 GJ/t
CO. HEHI & 1 0.0752 t-CO./GJ
DME 1 t 24729 TR RE &
1801/134000 = 0.01344 t-FO/t-DME
0.01344 x 41.01 = 0.551 GJ/t-DME
HIRBEIC L B CO, PR
0.551 x 0.0205 = 0.0113 t-C/t-DME
FART —ZAOWER Y72 ) O EARBE R, CO. HE w1,
DME # & & 3357 t/d 705,
0.551 x 3357/24 = 77.1 GJ/h (1.88 +FO/h)
0.0113 x 3357/24 = 1.58 t-C/h
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NEHTEL LT,
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Bimy > 27 57 mé, A4ETHIETES, RANVE T A,
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1 kWh/t-DME & /N&<, DME & ? 0.03% 7% O THMRT
EhHEL7,

DME Z 3 AN T, DME # S8EICH M L7236 05
He, CO.HitEzRAT5,

DME 8O FIL, HAF—ErayNf U FEET
BT 55% & L7z. Table 7 1I258EEE CO. /N TV A% R
LCWaA, ¥_AR7r—2, r—AA, 7—ABT, 600 MW
751300 MW O BN BHFETE L, F72, CO.NT A2
OWTIE, ¥—AA RO —Z2BTIE, By 2LFrs
@ CO, LR JI38HIC L %KFE% DME R & LCHRIHT 572
&, DME # & B [ T CCSMLHE L B 25 A LT\ %0 7 —
A BT, EEMICEAELEEZEZONSE, TOZ &I, CCS
AR, AR WICHE SN D HE OR KGRSO A I
LT, —D2OHEMEHEERD I S,

FEEIIHT A4 CO HRliE o EIE, 1212 0.130 ke-C
/kWh —ETd b, FEEERO CO, PEiE L, 0.119 kg-C/
kWh &7, FUSEEREORKS X 0.101 kg-C/kWh I2
v, SEREZEAL, BT IEE THREREI 43% D
Wk K THEAT L2540 0.223 kg-C/kWh 121X,
1/2 EIEBIIICAR S, FEEISHE S CO. HEM s AR 227 5T
ELLEZLND,

6. WBEDDDEFKEE DL

¥ 1 70 & D ARk FE L DME & DI #I2D W T 4 Tables 5
~ TIZPFRE L 720 itk FALICoWCId, BIESCHE 9 125D
BOBLWEELHY, —HIEHETEMETH 5,

BT ZALH A CO %, ¥ 7 MRS TKREICEILSS
720, YIMNUBHOERED 4L, BPARTHOT, K
RH A% — LT %, BT, ALK IV,
Wik, BLXOCCSHDOAERIDREV, MIARKFRE
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INEEEHDTH LY, LERE 770 t/d IZGbEDL0IZ,
869% LA 5E 720 PSA D4 7 H AZHE & LCHIH SN 575,
FOHEH AL CCSIZIIRIELDT, CO HEHD R R L\,
G AR, BORL Z0R B2 217, DME LYK,

W LEEICBITARAN T TAELL, WK EREDZA
BB CHIMO L, SHREROBMEIKEETLT NS,

7. &

CO. BEH M A LB L EToOT AV F— iR O T
BELT, KRFHEBROSING KB TIKFE DS O DME #
HEHRIZBITAFHATRREIZOWT, KEZIT-72. B
75 DME % #3595 B T5 A 35 CO. & CCS THLE
FTEIERT AR L, AT EIZLEKRFELEAL, CO
LI CDME#ERETAILICLY, BEICHHETES
DME # & &AL, CCSMUBE WA T4, TDI &I,
CCS 23 Al iy, AL mICHlF SN2 6 OF k& IHROF M
ICBLT, —20FRZKREEZON S,

DME &, ¥ Rl DSBS 7% 7)) — VREC, BEEEO
CO. HEH&1%, 0.119 kg-C/kWh &, R UZsHE#) = (55%)
DRIKRHF A 0.101 kg-C/kWh IZFE v, SERZE AL, #
G RBEECTHEBIEN 3% OB KT THEHATLEGE
? 0.223 kg-C/kWh (2, # 172 LEBEIMICEKS, 5%
WS CO B EBICH G TErLE20N 5, TR
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