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Petrographic analysis results

i o |, Proximate ;06T 4) Jgo= o

Petrographic ;.Jt1:(3) Jso>

Sample Maceral group composition Collotelinite
Vitrinite Liptinite Inertinite Mineral Vitrinite reflectance
(%) (%) (%) matter (%) (%, mmf) % Ronee)

G1-02 (15CT)B 959 0.0 2.0 21 98.0 0.78

G1-02 (15CT)YD 34.3 1.3 53.8 10.6 384

G1-02 (14CT)B 96.9 0.0 0.6 2.5 99 4 0.79

G1-02 (14CT)D 154 1.0 76.6 7.0 16.6

NM1-04 (P6) B 88.2 0.0 6.0 5.8 936 1.14

NM1-04 {P6) D-1 21.0 1.6 68.9 8.5 230

NM1-12 B 90.6 0.0 6.7 2.7 931 1.18

NM1-12 D 28.7 0.2 68.0 31 296

PH1-01 B 85.5 0.0 4.2 10.3 953 1.37

PH1-01 D NA NA NA NA NA

NM1-21 (P10} B 88.5 0.0 7.9 36 918 1.47

NM1-21 (P10)D-1 154 0.0 72.0 12.6 17.6

PH1-03 B 92.1 0.0 2.8 5.1 97.0 1.48

PH1-03 D-1 22.6 0.0 69.0 84 247

RS1-02(249)B 92.9 0.0 3.0 4.1 96 .9 1.52

RS1-02 (249)D-1 252 0.0 60.9 13.9 253

PH1-08 B 86.0 0.0 98 4.2 858 172

PH1-08 D 20.6 0.4 66.2 12.8 236

SM1-05 B 86.0 0.0 98 4.2 898 175

SM1-05 D-1 32.0 0.0 62.8 5.2 338

PHI1-12B 90.1 0.0 5.0 4.9 947 1.99

PH1-12 D 20.0 0.4 584 212 254

SM1-06 (B36) B 90.6 0.0 5.0 44 94 8 2.08

SM1-06 D-1 11.3 0.4 78.9 94 12.5

NE1-09B 89.8 0.0 4.7 5.5 95.0 2.19

NE1-09 D-1 273 0.8 65.9 6.0 250

SK1-05(B53)B 88.8 0.0 6.2 5.0 935 2.79

SK1-05 (B53)D-1 6.8 0.2 85.8 7.2 7.3

SK1-07 B 914 0.0 35 5.1 96.3 3.01

SK1-07 D-1 34.8 0.0 53.2 12.0 395
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Proximate ;.JU1:@4) Jgox

Proximate analysis results

Sample Inherent Ash Volatile Fixed Volatile
moisture (%%, ar) matter carbon matter
(%, ar) (%, ar) (%, ar) (%, daf)
G1-02 (15CT) B 54 1.2 324 61.0 34.7
G1-02 (15CT} D 3.5 11.6 28.9 56.0 34.1
G1-02 (14CT) B 54 0.5 31.1 63.0 33.0
G1-02 (14CT) D 33 8.5 26.6 61.6 30.2
NM1-04 (P6} B 16 9.3 24.5 64.6 27.5
NM1-04 (P6) D 23 45.7 19.9 32.1 383
NM1-04 (P6} D-1 1.5 23.7 19.4 55.4 26.0
NM1-12 B 16 3.6 22.9 71.9 24.2
NM1-12 D 1.3 5.9 21.4 71.4 23.1
PH1-01 B 1.7 11.7 19.0 67.6 219
PH1-01 D 1.5 334 13.9 513 213
NM1-21 (P10} B 15 53 20.5 72.7 22.0
NM1-21 {P10) D 1.7 39.2 13.3 458 22.5
NM1-21 {P10) D-1 1.3 20.2 16.2 62.3 20.6
PH1-03 B 1.5 16.0 15.7 66.8 19.0
PH1-03 D 2.1 53.1 11.4 334 254
PH1-03 D-1 1.3 29.0 14.3 55.4 20.5
RS1-02 (249) B 1.2 3.8 17.2 77.8 18.1
RS1-02 (249) D 12 30.1 16.7 52.0 243
RS1-02 {(249) D-1 12 31.1 12.9 54.8 19.1
PH1-08 B 1.3 4.0 14.0 80.7 148
PH1-08 D 1.3 13.7 15.2 69.8 17.0
SM1-05 B 14 6.5 13.8 78.3 14.5
SM1-05D 2.4 30.7 13.6 53.3 20.3
SM1-05 D-1 1.6 11.0 13.1 74.3 15.0
PH1-12 B 12 4.9 13.1 80.8 14.0
PH1-12 D 12 21.2 11.8 65.8 15.2
SM1-06 (B36) B 16 5.8 11.5 81.1 12.4
SM1-06 (B36) D 22 37.2 10.0 50.6 16.5
SM1-06 (B36) D-1 1.5 12.8 11.3 74.4 13.2
NE1-09 B 1.7 7.3 8.9 81.9 9.8
NEL-09 D 19 39.6 6.6 51.9 11.3
NE1-09 D-1 1.5 15.3 8.7 74.5 10.5
SK1-05 (B53) B 2.8 5.3 6.7 85.2 7.3
SK1-05 {B53)D 24 40.3 6.8 50.5 11.9
SK1-05 (B53) D-1 2.3 14.4 7.1 76.2 8.5
SK1-07 B 2.2 3.7 6.2 87.9 6.6
SK1-07 D 14 48.0 15.6 35.0 309
SK1-07 D-1 2.1 19.3 6.6 72.0 8.4
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Coal lithotype, coal maceral and vitrinite reflectance of the main coal seams in the Weibei Coalfield

Petrographic ;LT :(5) Jgoo

Sample no. Sampling location Coal seam Coal lithotype R, (%) Coal maceral (%)
Coal district Coal mine Vitrinite Inertinite Minerals
S5P11-1 Hancheng Sangshuping 11 Semi-bright ST 80.8 135 i
SSP11-2 Hancheng Sangshuping ] Dull 1.79 138 48.7 374
55P11-3 Hancheng Sangshuping ] Dull 177 86.7 104 z8
SSP11-4 Hancheng Sangshuping 11 Semi-dull 1.83 410 53.8 5.2
SSP11-5 Hancheng Sangshuping G| Sermi-bright 1.83 69.3 30.0 L6791
XYK2-1 Hancheng Kiayukou Z Bright 1.76 616 38.0 04
XYK2-2 Hancheng Xiayukou Z Sermi-bright 1.80 69.6 304 <0.1
XYK2-3 Hancheng Niayukou Z Semi-bright 1.83 733 24.1 2.1
XYK3-1 Hancheng Xiayukou 3 Semi-dull 178 75.0 245 0.5
XYK3-2 Hancheng Xiayukou 3 Semi-dull 174 el 238 e
XYK3-3 Hancheng Xiayukou 3 Dull 1.78 742 209 4.9
XYK3-4 Hancheng Kiayukou 3 Semi-dull 1.84 18.8 728 84
Ly5-1 Hancheng Liaoyuan 5 Semi-dull 171 73.0 248 2.2
LY5-3 Hancheng Liaoyuan 5 Semi- bright 1.70 710 285 0.5
LY5-4 Hancheng Liaoyuan 5 Semi-bright 174 63.C 351 19
LY5-5 Hancheng Liaoyuan 5 Bright 1.67 20.3 78.1 1.6
XSH3-1 Hancheng Xiangshan 3 Semi-bright 1.81 773 211 1.6
XSH3-2 Hancheng Xiangshan 3 Semi-hright 1.50 771 22.0 0.9
XSH3-3 Hancheng Xiangshan 3 Dull 1.50 163 8C.2 3.5
XSH3-4 Hancheng Xiangshan ) Dull 1.88 615 5.5 3.0
WC5-1 Chenghe Wangcun 5 Semi-dull 176 738 18.7 T5
QJH5-1 Chenghe Quanjiahe 5 Semi-bright 1.57 69.2 30.0 0.8
QJH5-2 Chenghe Quanjiahe 5 Semi-dull 1.60 283 654 Zia
QJH5-3 Chenghe Quanjiahe 5 Semi-dull 160 68.4 30.8 0.8
QJH5-4 Chenghe Quanjiahe 5 Dull 1.86 65.1 33.7 1.2
JY5-1 Puibai Jinyu 5 Dull 155 644 328 27
J¥5-2 Pubai Jinyu 5 Semi-bright 155 384 6C.6 1.0
J¥5-3 Pubai Jimyu 5 Semi-bright 157 775 214 gl
Y5-4 Pubai Jinyu 5 Dull 156 58.5 30.2 T3
XCle-1 Tongchuan Xinchang 10 Semi-bright 179 8C.6 174 2.0
XC10-2 Tongchuan Xinchang 10 Semi-dull 182 Sl 26.8 0.5
XKC10-3 Tongchuan Xinchang 10 Semi-dull 189 85.6 14.0 04
XC10-4 Tongchuan Xinchang 10 Semi-bright 1.64 875 G5 2.6
¥YP5-1 Tongchuan Yuanpan 5 Semi-dull 160 771 222 0.7
YP5-2 Tongchuan Yuanpan ) Semi-dull 162 753 18.6 6.1
YP5-3 Tongchuan Yuanpan 5! Semi-bright 160 724 26.2 14
YP5-4 Tongchuan Yuanpan 5 Semi-bright 158 74.8 20.7 45
TY5-1 Tongchuan Taoyuan 5 Semi-bright 158 825 14.9 2.6
TY5-2 Tongchuan Taoyuan 5 Semi-bright 163 64.6 33.6 1.8
TY5-3 Tongchuan Taoyuan ) Semi-bright 160 741 15.7 10.2
Abhreviations: R, = mean max vitrinite reflectance,
Proximate ;JU1:(6) Jso>
Sample no. Coal seam Depth (m} Mg (%)  Aq(%)  EM(Z)  Vdm) P (MPa) P (MPa)  Ge(mt)  Gp(mijo) Saturation (%)
(as-received) (DAF)
S5P11-1 aliE 430 0.57 1934 120 15.24 2536 198 8.50 165 140 85.0
SSP11-3 i 430 0.52 23.28 0.98 20.89 27.56 189 8.50 172 14.0 815
SSP11-5 3 430 0.54 18.65 110 19.56 24.54 bzl 8.50 16.5 14.0 84.8
XYK2-2 2 380 0.92 4.83 2.65 2536 27.54 152 6.79 212 125 58.9
XYK2-3 2 350 0.2 5.7¢ 216 24.56 26.25 153 6.79 20.0 A7ks) 62.5
XYK3-1 3 400 0.88 12.08 215 2175 26.16 168 7.01 184 125 68.1
XYK3-4 3 400 0.80 17.00 124 18.54 23.87 172 7.01 15.8 175 793
LY5-1 5 320 3.21 6.22 321 15.61 17.24 045 6.55 14.6 5.0 G1.6
LY5-3 5 320 2.50 4.28 2.50 15.61 16.75 0.66 6.55 14.2 9.0 63.5
LY5-5 D 320 3.28 1040 3.28 12.01 13.91 031 6.55 11.5 3.0 78.5
XSH3-1 3 260 0.88 6.05 210 25.23 25.54 185 255 15.6 1.0 64.2
XSH3-4 3 260 104 20.65 1.65 21.29 2541 187 2.55 11.5 16.0 87.2
WIC5-1 5 330 0.71 25.12 1.26 18.14 26.74 105 3139 12.6 6.5 51.6
QJH5-1 5 230 0.80 10.84 2.25 23.36 27.47 181 2.54 14.2 6.6 46.6
QJH5-4 3 230 0.80 13.20 212 24.24 26.95 176 2.54 ik 6.5 47.5
J¥5-1 £ 260 0.85 14.31 2.25 25.14 28.58 196 3.67 15.8 6.2 39.2
J¥5-4 5 260 0.76 2012 123 23.89 26.57 2.15 3.67 1973 6.2 46.8
XCl0-4 10 370 5.26 5.30 3.29 15.20 17.50 2.23 3.78 101 5.6 55.6
YP5-4 3 330 3.50 3.85 3.25 15.60 18.30 221 3.44 10.3 3.5 53.7
TY5-2 5 320 2.50 19.03 2.50 15.61 159.90 0.78 337 12.7 55 43.5

Refer to Fig. 3 and Table 1 for sample locations.
Mg = Moisture content (%, air dry hase), Ay = Ash yield (%, air dry base), EM = Equilibrium moisture content (%), ¥ = Langmuir volume (m?{t), P, = Langmuir pressure [MPa), Py =
Approximate reservoir pressure (MPa), Gg, Estimate gas content from the Equation, Gg=(1—Aq—My)x Vi x P/(PL+Pg), (m?ft), Gp = In-place gas content (m>/t), Saturation = Percentage

of Gp/Gs , (%).
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Proximate ;.JU1:(7) Jgo>

Methane contents and coal parameters in the area south of the Bzie-Czechowice fault.

Depth G (m?/t M2 A ! ik Fidat O+ Nt  H/C
(m) coal daf) (wt.R) (wrL®) (wi5i) (wti) (w3 [(wi5)

869 F.56 PATLS 2213 3413 FO27 486 15.02 074
877 ST 291 18.53 31.62 80.02 520 dEzsiaie) .78
529 .62 320 28.94 28.76 - - - -
oS40 .18 498 T AL 29.35 83.33 4.83 1110 .70
972 .21 437 1547 321.03 8156 510 1297 B.75
1002 .26 307 25.76 31.70 81.18 541 12.50 080
1003 .14 302 15.98 3G.14 81.55 4.87 13.05 0.72
1033 .65 5.21 15.00 30.74 83.14 476G 11.48 0.69
1065 439 515 s 18.12 30.07 81.72 4.99 12.68 0.73
1091 2.64 S.09 26.76 29.67 81.27 5.11 1282 B:75
L g 4.60 8.09 22.24 30.18 80.96 5.15 13.48 0.76
1132 497 2.84 36.26 3147 8038 528 1283 B2 ]
1178 G.24 8.74 26.16 32.25 7911 5.13 1447 0. 78
1232 5.5 2.68 89.25 31.84 84.03 4.65 1G.65 0.66
1310 St 2.34 LSS 29.80 82.63 492 A NS 071
1320 1.63 S30 28.84 29.03 84.15 5.08 1020 B2z
1332 4.45 435 15.48 29.90 83.60 5.05 9.69 .73
1360 5.67 256 AL 29.11 84.47 530 9.39 .75
1364 433 2.34 16.22 29.20 8431 511 9.95 .73
138G 7.09 473 15.74 28.83 83.79 5.00 1G.34 0.72
1416 10.83 212 1295 28.42 85.86 471 8.53 0.66
1440 G.86 230 10.62 27.56 85.89 4.54 5.24 0.63
1449 10.73 2.09 12.98 28.06 84.47 496 2 S .70
1460 4.09 5.02 19.43 2773 83.60 492 1083 .71
1469 5.79 1.64 16.32 2554 85.52 5.01 S.06 .70
1483 .58 ALEBTa 11.90¢ 26.87 84.40 520 9.87 074
1545 10.80C 1.41 7.19 25.72 85.57 4.94 912 .69
1565 5.30C 2.16 2.74 24.69 8541 4.74 S.42 0.67
1654 .48 LB R 15.85 25.22 83.66 5.03 10.56 G072

G—Methane content, M?—Moisture, analytical state, A" —ash content, analytical state,
V33 _yolatile matter, dry ash free state, C*'*carbon content, dry ash free state, H9
hydrogen content, dry ash free state, O + N7 —oxygen and nitrogen content in total,
analysis was not carried out.

dry ash free state, “-"
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A3) Gr= (1-Ag-My) x VL x Pr/(P.+PR)
Cogb = My
S = Ay
(The maximum adsorption isotherm capacity (Langmuir y=>= Vi,
(From methane adsorption isotherm experiment) Langmuir ,Lzs =Py
(3)dsert Sled B
alod ags e 55 bt )]

g a5 15 15 30°C 35 sles@

B e JB5 S g Cagh ), bl 1) Les g 5L bl ool i e alal,

@) V= {(100-M-A)/100} x V/V4{K (P)"- bxT}

é) (Vu/Va)= 1/(0.25xMx1)
Cosb,= M
V= ons iz ol pz (CC/Q)
uSB=% A
F 5 5 el iz 5 oz (CCI)= Vy
Sis s 0 ead wd> I8 v (CC/)= Vy

0.8(FC/VM)+5.6= K
2.5+ (h/100) +T0=T

Bos J sl =T

() Gee=h
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&) V=(1/100) x (100-%Moisture-YoAsh) x0.75x {Ko (0.096h)"-0.14(1.8h/100-+11)}

V=KoPn- bT
V=ous 0> 55 o> (CC/gr of Moisture &Ash Free Coal)

P=,L:3(atm)
T-Ls (°C)
Ko=cob sae
b=cols sas
Np=col soe

e eolazwl Proximate Analysis o 5 a5l olg oo sKo (0,50 casas sl

("
K¢=0.8(FC/VM) +5.6
n (=0.315-0.001( FC/VM)
: Langmuir aJsles *
®) V=VL{P/ (PL+P)}

(atm):o..\..i} i 8 WV
(Mpa)-,Lzs P
Std m>/t o=>Langmuir= Vi

Mpa LzsLangmuir= Py
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Technology Mechanism Principle Application status
Purification
Purification for town gas Separation Gas purification process Demonstrated in full-scale units
providing pipeline gas
Power generationf/cogeneration
Reciprocating gas engine Combustion Combustion in engine combus- Mitigation
tor Utilisation—demonstrated
Conventional gas turbine Combustion Combustion in conventional Mitigation
gas furbine/engine combustor Utilisation—demonstrated
Co-firing in power stations Combustion Combustion inside boilers Mitigation
Utilisation—demonstrated
Fuel cell power generation Electrochemical reaction Electrochemical process Mitigation

Chemical feedstocks
Chemical feedstocks: methanol
and carbon black

Synthetic

Synthetic processes

Utilisation—being proposed as
a concept

Mitigation
Utilisation—being tested in a
pilot-scale unit
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Conventional
technologies if
no supply
continuity
problem

Characteristics
Variations in CH,
concentration and

flow

High CH,

concentration |

CH, in pre- and

[Mitigation
- Flaring

Mitigation and utilisation

- Purification for town gas

- Reciprocating gas engines
- Gas turbines

- Fuel cells

post- drainage

- Cofiring in coal-fired power stations

>30% gas

- Chemical feed (carbon black, methanol
production efc.)
Coal mine| - Mine site uses (coal drying, heating)
methane

[Mitigation
- Thermal flow reverse reactor (TFRR)
Low CH, CH, in - Catalytic flow reverse reactor (CFRR)
concentration [ ventilation air - Catalytic monolith reactor (CMR)
0~1% {(no heat recovery being considered)
Mitigation and utilisation
i P - Lean burn catalytic gas turbine
Most difficult: Characteristics - Recuperative gas turbine
: ¥ atiafion mginlyin - Catalytic combustion with drying,
CH, concentration heating or cooling, desalination
- Power station air intake
- Combustion air for gas turbines &
engines
- Concentrator

Y

.| Hybrid utilisation (combustion)
- Fluidised bed

Coarse rejects and - Rotating kiln
tailings

SerSI olg adg cax e b, 5l el pl SLa(L7) IS

Sie Llo 1) Siw J65 polae 5l addss sla 55 51 Gl 0y cobls 59055 3 IS 5o 4,

(Gas Turbine);5 - o,s -1

(Gas Engine)s;5 sl ,sige -2

(Fuel Celly o550 Jo -3
sl gy 5l S 5o sl b celie cdale il Vb (b (55)9SS 5l oolannl Lyl gl 51 (6
SSlos YL sla by, o 4 09,9 Olie Shale b g (29 )0 judS a5 ol (oo b e el YL
o Dslis ol o 4y |, Y (slo (655555 51 (gl ads 9 Jgazr ol 53l g8 adgi axly sl g atse

IREXVORN AN

37




Ol 9 @l sl 38T o) analie (D) sz

Technology (Gas engines (Gas turhines Fuel cells

Mechanism Combustion Combustion Electrochemical reaction

Operating 1800-2000°C 1400-1650 °C 150-200, 600-950°C

temperature

Minimum CH, 40% (spark-ignition) [2,5], 5% 3(1 (convenfional), Pre-drainage gas and

requirement (homogenous charge com- 1% (catalytic turbine)  medium quality post-drai-
pression ignition) [52,53] [54] nage gas (>50%) [3]

Potential 1ssues 5till under development,

high cost
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Primary luels:
* CMM (in-secam and gob gas)
Ventilateon s e Natural gas (when necessary)
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Technology Oxidation Principle Application
mechanism
Ancillary uses
Combustion air for Thermal Combustion in pf power Mitigation
conventional pf power station boiler furnace Utilisation —
station demonstrated in a pilot-
scale unit, and being
considered for a full-scale
demonstration
Combustion air for Thermal Combustion in Mitigation
gas turbinefengine conventional gas Utilisation — not
turbine/engine combustor  demonstrated yet
Hybrid waste coalf Thermal Combustion inside a Mitigation
tailing/methane rotating combustion Utilisation — being trialled
combustion in a kiln chamber in a pilot-scale unit
Hybrid waste coalf Thermal Combustion inside a Mitigation
tailing/methane fluidised bed and Utilisation — being
combustion in a freeboard proposed as a concept
fluidised bed
Principle uses
Thermal flow reverse ~ Thermal Flow reverse reactor with  Mitigation — demonstrated
reactor (TFRR) regenerative bed Utilisation — not
demonstrated yet
Catalytic flow reverse  Catalytic Flow reverse reactor with  Mitigation — demonstrated
reactor (CFRR) regenerative bed Utilisation — not
demonstrated yet
Stand-alone catalytic  Catalytic Monolith reactor with a Mitigation — demonstrated
combustor {monolith) recuperator Utilisation — not
demonstrated yet
Catalytic lean burn Catalytic Gas turbine with a Mitigation — combustion
gas turbine catalytic combustoranda  demonstrated
recuperator Utilisation — being
developed in a lab-scale
unit
Recuperative gas Thermal Gas turbine with a Mitigation — demonstrated
turbine recuperative combustor Utilisation —
and a recuperator demonstrated in a pilot-
scale unit, and need for
further modifications (?)
Concentrator N/A, Multi-stage Mitigation
adsorption  fluidised/moving bed using  Utilisation — under
adsorbent, and a desorber development
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Technology Feature Comb.  Technical feasibility Potential issues
temp. and engineering
applicability

Pulverised Pulverised 1400~  Tech: yes - Limited sites

coal-fired coal-fired 1650°C  Eng: not - Potential operational problems

power station furnace [8] demonstrated to existing boilers

Hybrid waste Rotating 1200~  Tech: not sure - Self-sustaining combustion

coal/tailings kiln 1550°C  Eng: not - Minimum requirement for waste

/methane in a demonstrated coal/tailings quality

rotating kiln

Hybrid waste Fluidised 850~ Tech: yes - Minimum requirement for waste

coalftailings bed 950°C Eng: not coalltailings quality

Imethane in a [9] demonstrated - Proving test needed for CH,

fluidised bed oXidation

Conventional Gas turbine 1400~  Tech: mayhbe - Small percentage of turbine fuel

gas turbines 1650°C  Eng: not - A lot of CH, emitted via by-

[10] demonstrated passing air if no other

compressor. But if so, increasing
system complexity, and
decreasing capacity of using
ventilation air

Internal Engine 1800~  Tech: yes - Small percentage of engine fuel

combustion 2000°C Eng demonstrated - Using a small percentage of

engines 11] ventilation air

*Tech — technical feasibility; Eng — engineering applicability
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Featwre Honeycomb monolith Fluidised bed Packed bed
Pressure drop Low Somewhat higher than for a Inherently high
monolith

Geometrical surface area
Mechanical strength

Resistance to dusting

Pressure drops in the bed are higher for packed bed than meonolithic bed when both are assembled in
reverse flow reactors

1494 .4 Pa® 1494.4-2490.7 Pa’

753.15 Pa® 33,150.0Pa®

The pressure drop of the monoliths is one to two orders of magnitude lower than in packed beds
323cm? 1lem * using cylindrical

pellets of 1/8in. X 1/8 in.
Monoliths are used because of low pressure drop and high mechanical strength required for the harsh
conditions encountered in environmental applications
Monoliths can be used in harsh conditions when dust is present in high concentrations
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Feature MEGTEC CANMET CSIRO
TFRR CFRR CMR

Principles of Flow reversal Same as TFRR Monolith reactor

operation

Catalyst No Yes Yes

Auto-ignition 1000°C 350~800°C 500°C

temperature

Experience 600+ units in field, Bench-scale trials Bench-scale study on

some operating on
methane

with simulated mine
exhaust

combustion

Cycle period length Shorter Longer Continuously
Minimum CHy 0.2% 0.1% 0.4%

concentration

Applicability CH, mitigation CH. mitigation CH, mitigation
Possibility of Need additional fuel Need additional fuel Need additional fuel to

recovering heat to
generate power

to increase CH,
concentration and
maintain it constant

to increase CH,
concentration and
maintain it constant

increase CH,
concentration and
maintain it constant

Variability of CH,

Variable

Variable

Variable

concentration

Plant size Huge Larger Compact

Operation More complicated More complicated Simple

Lifetime N/A N/A >8,000 hours for
catalysts,

NO, emission Higher Low Low {<1ppm)

CO emission Low Low Low (~Oppm)

Y —

Gob gas to combustor

(optional)

F

Ambient
air Compressor Turbine
A
Air (and products
Heated . of combuistion)
compressed air
—p
Air (and products
of combustion)
A\ T
Vent air
Heat exchanger
Oxidizer

(TFRR or CFRR)

L
W

Electricity

Steam or hot
water

Waste heat
boiler

—>
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Feature EDL CSIRO IR
Recuperative Catalytic Turbine Catalytic Microturbine
Turbine
Principles of Air heater inside Monolith reactor Monolith reactor
operation combustion chamber
Catalyst No Yes Yes
Auto-ignition 700~1000°C 500°C N/A
temperature
Experience Pilot-scale trial Bench-scale study on  Conventional microturbine
combustion development
Cycle period Continuously Continuously Continuously
length
Minimum CH, 1.6% 1% 1%
concentration for
operation
Applicability CH, mitigation and CH, mitigation and CH, mitigation and power
power generation power generation and generation and need
and need additional  need additional fuel additional fuel to increase
fuel to increase CH,  toincrease CH, CH, concentration
concentration concentration
Possibility of Feasible (power Feasible (power Feasible {(power
recovering heat generation) generation) generation)
Variability of CH,  Constant Constant Constant
concentration
Operation Simple and stable Simple and stable Simple and stable
Lifetime May be shorter due >8,000 hours for NA
to the high catalysts, and
temperature 20years for a turbine.
combustion heat
exchanger
NO, emission Higher Low (<3ppm) Low
CO emission Low Low (~Oppm) Low
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Engine
axhaust gases

Engine Control
~ exhaust anel ™-
Hot process e L _ P
water supply = Engine
A GenE:Lramr
X
] — Electricity
\ / )
N !
Exhaust heat Engine heat T
exchanger exchanger

Cool process
water return
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Conventional generation Cogeneration

65 Losses

[ Power
station
fuel

Electricity

Electricity

Cogeneration
fuel

155 A

Boiler

il 55 Heat

5 15 Losses
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Low grade heat Higher grade heat
(35—45°C) (75—90°C)
50-60
8-10
Fuel input
100
26—35 Electricity

10—-20

Heat losses from
flue and casing

Energy balance of a typical CHP unit
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Table Il: Summary of CHP Technologies

ZHF system Advaniages Dizadvantagss Svailable
BIZEE
Sas turbine High refiability Feguire high pressure gas or in- 500 EW 1o
Low emissione houss gas compressor. A0 R
High grade heat availsble. Foor efficiency at low loading
Mo cocling required Clukput falls == amkbient
temperature risss
Microturbine Small number of moving parts High costs 30 kW to 350
Compact size and hight weight Fealatwely low mechanical Ky
Low emissions efficiency.
Mz cocling reguired Limited o lower tempsrature
cogensrstion applications
Spark ignibon | High power efficiency with pari- | High maintenance cosbs = 5 MW
{51} load operational flexibility Limited o lower tempsrature
reciprocating Fast start-up. cogeneration applications
Engine Relstively low investment cost Felatively high air emissions
Dieselfcompre | Can be used in =land mode Must be cooled even if recoversed High apsed
ssion ignition and have good load following heat s not vsed {1,200 RPN}
§Ch capability High levels of low frequency noims. | <4
reciprocating Can be overhauled on site with
engine narmal operators. :E:I:IIH"E?FEEM
B =i
Operate on low-pressure gas RPM
=BSMVY
Steam turbine | High overall efficiency Slowr start up. G0 KW to 250
Any type of fusl may be used Lows povear 1o heat ratio AW
Ability to meest mare than one
site heat grade reguiremenit
Longworking ife and high
reliakbility
Power to heat ratio can be
L varned.
Fuel Cells Low emissions and low noise. High costs 200 kW to
High efficiency over load range. | Low durakiity and powsar density 250 kW

hodular design

Fuels requiring processing unless
purs hydrogen is uged.
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Flew diagram of the single-pressure aystem

1 Compressor 6 Econamizer 11 Feedwater tank/
2 Gog lurbine T Bailer drum denerator

3 Bypass stack 8 Steam turbine 12 Feedwster pamp
4 Superheater 9 Condenser 13 Condensate pump
6 Evaporator i0 Steam bypnas
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Energy Flow Dingram for the Single-Prossure
Combined-Cycle Plamt

EEH’TE}* inpul

Loss in condenser

Loss in siack

Loss dve to radiation in waste heat boiler

Loss in flue gas bypass

Loss in generator and radiation, gas turbine
Laas in generator and radiation, steam turbine
Eleetrieity praduced in the gos turbine
Eleetricity produced in the steam turbine
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Simplificd Flow Dingrom of the Single-Pressuze System with Flash System
ag a Prehenting Loop

1 Comprersey % Condenser

2 Gnatorhine K Steam bypnas (high preasure)
3 Flue gns bypnss (optional) It Feedwater tank, denerator

4 Superhenler 12 Feed pump (high preasure)

6 FEvaporatar I3 Condensnte pump

i Economizer M Preheating loop (finsh aystem)
7 Boiler drum thigh pressure} 15 Booster puwmpa

8 Stenm Lurbine It Flash tank
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/35 «(Gas Engine) ;5 ;540 ;ylenil,

b 50 05 Oseken 1 il (e o S e il adgs

Jbo s el 7000 bl 5,518 i

17700000 m’/year: (Drainage Methane Gas) axs ;s aulss 51 Jlasl 55 luis

13000 m*/day: (Air Ventilation Methane Gas)axs ;5 43505 (glsa 3| Flazsl 55 ok
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P 4 Gas engines and generators :
B4 f
g o e st el | 5
P-1 ! . 1 |
m’ Pa i _\"-\-\_._\_ e = Fab ]
|ty = > .,: — - — 4\_13} . -
;= I s =i
Ee o S i L. _H_'_,_,_,_:-"' :
mw? P2 E3 | _%“"]_ . {E |
i L
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Major Equipment List { !
| Tag | Manufacturer | Mode! B oo N
E-1] Ventiation ar MIM.’HI : T _|I\.hﬁ_/"| :
E-Z_Drainage gos § ] et specified 1ML
—E] i vioage ot apeciied] L= = !
B4 Drainige gas stomage) net specilied SO i
E-5] Loan-bum turbina units] E&
m Gas ngine unis)] Lean-bum turbines and ganarators
S J&5 ane 3l ool Sty o gl 51 51 lg5 lgi itancas pl S0 -38 IS

Q = Miethane X LHV

Dl oo Gy adss e 51 Jlasiwl BB oles lade dcwlze 4 1110 aoles ;|

Q- = 25.28 Mw
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(10)

MWw) o 558 51 Jlasewl BB olgs lade = Q
m>/s) olie 35 oo ladie=m

Mj/m’y ke 58 55> o5, jlie = LHV




Wengine = Q X gas engine (11)

(Gas engine) ;5 ;5550 ylesil, =

S JL5 imo andss o 515 S o b (555 59590 31 ool awats g5 ,lundio
oS o0 dmla |y Arg05 Slep ylie 5l aw] Cawas g5 Jlade 12¢13 &Y olas
Q= Miethane X LHV (12)
MW) ke 515 51 Jlasesl LB ol laie = Q
m>/s) oo 35 o0 laie=m
MM’y b 58 55> o5, ylie = LHV
Q' = 6.77 Mw

Wgas turbine — Q X gas turbine (13)

(Lean Gas Turbine) ;5 )5 ool =

il oo SoS lg @lg Ko 1088 Jolee Sw &5 oms e 5 Jlasiwl b ol geme

Cuosd g (B pan S g Coosd oy 3 Ceod ¢ Dl Gledez 4 bl el g 4t 5915 (ol
ol g5 adgi 5l i 5 (6 08 ale e cuad a5 15514 Jslaz 5l ooliil a0 4295 5
w2l (g0 ol A se o &l 4 (o515 950 g3 (e

: Slog e

Celos Slg ghS Ho clile a0 o 5 5 oo

S S ey sl 4 can 4 rplie 5B cacd

o 15 slgzms b jee Jsh

M2y g5
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. (A1r Ventilation Methane)

d)lf 9 u..ou I d)bf “:‘.L‘f*’ u.o.dl4J3..\:>

e % PNESIRC PRI LR 5ot o ol ($)5e25 2 IS ceaid
Sl RsS, 58wy 855 $/kw 1 1710000
oy Ko Zoke
Lotd sler lp B 9000 1 9000
Lo slow yilid 70000 1 70000
adss 55 slp o8 22000 1 22000
adss 5 ol 2ls 40000 1 40000
adss 518 a5 oy 200000 1 200000
MIKET 5 055 oyee 100000 1 100000

: (Drainage Methane) ;15 ,g550 b ool adss ol 51 eoliiwl caand 10 (5,135 ale o CaosB

Sl JOELIRE N oS o olass (85045 0 JS oo
L 55,5550 3000000$ 3 9000000
(o 1) 151K63 1y
MIXET 5 0,053 ¢y 30000 1 30000
alss I8 ol o 48000 1 48000
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