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v' Performance analysis of an updraft moving bed gasifier (700
kg/h or 5 MW1) under construction at the Sotacarbo
Research Centre in Sardinia;

v Gasifier fed with Sardinian coal (Sulcis) and imported coal
(South African).

v Performance analysed by means of two different computer
simulation models: DIMECA and ASPEN.

v" DIMECA model is a part of a general simulation code

developed for predicting performance of energy system, In
particular based on gasification processes (IGCC, IGFC).

v ASPEN model is a simulation code developed using the
commercial software ASPEN Plus, version 12.1.
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Coal gasification

v Coal gasification is becoming an attractive option both for
power generation and for producing hydrogen, methanol,
DME and other chemicals and clean fuels.

v IGCC power plants can achieve efficiency as high as 43-
46%.

v Coal gasification plants integrated with advanced CC and FC
will make it possible to achieve efficiency exceeding 50-55%.

v Current IGCC are mainly used for large scale power
generation plants (250-500 MW), R&D activities are now
focussing on small and medium scale application.
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Gasification processes

v' Gasification processes are very complex, influenced by
kinetics and fluid-dynamical effects, involving:

drying,

devolatilisation,

pyrolysis,

gasification and combustion.

v Equilibrium models can predict performance of fluidised-bed

and entrained-bed (temperature distribution almost constant).
>|

XN X X

v" On the contrary, in the fixed-bed gasifier, drying,
devolatilisation and pyrolysis take place at a lower
temperature in the heat transfer zone. Moisture and volatiles

are generally not involved in the gasification reactions.

CCT 2005 — Clean Coal Technologies 10/5/2005 - Castiadas
4/15



1 ﬂlé _.:r_ JP

- Temperature profile

L,: s
coal, steam and oxidant
P o't{the | | | sifnlgas | top ofthe U coal ash
sifier " ' _
ga | gasifier Sfeam and -
| oxidant |
I synggss
I . .- I: . -I I
steam and | R |
oxidant | R |
steam and boﬁomefthe r*_ \\“I L bottom of the L
oxidant gastier : sifier i
o200 ]fuu 600 Stt'” mt["i gi:u 1400 ash & 0 200 400 600 800 LODO 1200 1400
emperature

fluidised-bed

steam and

oxidant /' ¢ |

Temperature [°C]

entrained-bed

top of the
gasifier
steam and
oxidant__ .-
P
bottom of the + ash
gasifier

0 200 400 400 200 1000 1200 1400
Temperature [°C]

fixed-bed

CCT 2005 — Clean Coal Technologies

10/5/2005 - Castiadas
5/15



The DIMECA simulation model considers

a “two zone” gasification process:

the coal drying and devolatilization zone
the char combustion and gasification zone

In the gasification zone
thermodynamic equilibrium

The simulation model determines the

COAL |

STEAM!

INTERNAL HEAT

EXCHANGE AND |

VOLATILE MATTER AND
MOISTURE MIXING

CHARJ ISYNGAS i

OXYDANT

>

mass and energy balance of the gasifier
as well as the main syngas characteristic

>

GASIFICATION
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ASH COOLING  ENERGY

FLOW LOSSES
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7. ASPEN simplified scheme

v'The ASPEN simulation model
for fixed bed gasifiers comprises
several zones:

v/coal preparation

v/ coal heating and drying
v'coal devolatilisation P occcon
v'char gasification and combustion
v'steam and oxidant preheating

<

VOLATILE

DEC-VOL

FIXED-C

[TAEET

The model calculates the syngas
composition minimizing the Gibbs s €A :
free energy. P& oo —
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Input data for both DIMECA and ASPEN

» Proximate coal analysis (fixed carbon, volatile matter,

moisture and ash);

A\

oxygen, moisture and as

Lower Heating Value (LH

1);
V) of the coal;

Volatile matter and volati

vV V VYV VY VYV V

e gases composition;

Oxidant and steam characteristics;
Energy losses and reactor cooling flow;
Equilibrium temperature in the gasification zone;

Carbon conversion efficiency.

Ultimate coal analysis (carbon, hydrogen, sulphur, nitrogen,
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.. Proximate and ultimate analysis

R

L

Proximate Analysis (%Wt) Sulcis coal South African
coal
Fixed carbon 34,14 54,00
Volatile matter 37,36 23,00

Ash 17,00 15,00 |
Moisture 11,50 3,00

Ultimate Analysis (%0Wt)

P
Carbon 52,92 (65,45
Hydrogen 3,93 3,85
Sulphur 0,54
Nitrogen 1,50 1,62
Oxygen 7,15 5,54
Ash 17,00 15,00
Moisture 11,50 8,00

Lower Heating Value (M]/kg) Q1:305 - |

Proximate and ultimate analysis of the coals
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7.7 Reference conditions

AE

Steam Sulcis coal South African
coal

Temperature 120 °C 120 °C T equilibrium = 1000 °C
Pressure 1,30 bar 1,30 bar |

Steam/coal mass ratio <;):2§> ﬁ Carbon Conversion =1

Air

Temperature 120 °C 120 °C
Pressure 1 r 1 r

Oxygen/coal mass ratio Cﬁiﬁ
Air/coal mass ratio 1,80 2,43

Volatile matter composition (%Wt) Sulcis coal South African
coal

Water 5,00 15,00

TAR 55,00 50,00

Volatile gases 40,00 35,00

Volatile gases composition (%ovol)

CO 31,40 9,50

CO, 6,70 2,00

H, 15,50 76,20

CH, 46,40 12,30
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,ﬂh Expected and predicted syngas

L" "L-;

Syngas composition (%evol) Sulcis coal South African coal
EXPECTED | DIMECA | ASPEN |EXPECTED | DIMECA | ASPEN
CO 31,0 32,35 32,32 28,0 33,31 33,31
CO2 4,0 1,87 1,86 5,0 1,22 1,21
H2 18,0 19,40 19,49 18,0 21,23 21,24
N2 45,5 41,29 41,25 46,5 42,72 42,71
CH4 1,5 3,02 3,01 2,5 0,92 0,91
Other 2,07 2,07 0,60 0,62
Outlet temperature (°C) 300 184,1 235,6 300 326,3 3299
LHV (M]/kg) 6.04* 7,05 6,99 6.01% 6,53 6,52
Syngas/coal flow ratio (Nm’/ k%) 2,40 2,65 2,65 3,20 3,45 3,45

Expected and predicted syngas compositions at reference conditions

for the up-draft gasifier
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Conclusions

v' Good agreement between gasifier performance calculated
using the two models and expected performance indicated
by the manufacturer.

v Excellent agreement between the performance predicted
by the two different simulation models.

v" The influence of the main process parameters has been
also evaluated.

v Equilibrium temperature exerts an appreciable influence, only at
the lowest equilibrium temperatures, around 700-800 °C.

v Gasifier performance is extremely sensitive to oxygen/coal and
steam/coal mass ratios.
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R temperature

diba Gasifier performance vs gasification

Gadification temperature[°C]

700

800

900

1000

1100

1200

Syngas composition (dry)

Lower Heating Value [MJ/kg]
H2/CO

Cold gas efficiency

Syngas Outlet Temperature [°C]
Syngas to coal mass ratio
Syngas to coal mass ratio (dry)
Lower Heating Value [MJ/Nm3]
Syngas/coal flow ratio [Nm3/kg]

DIMECA

ASPEN

DIMECA

ASPEN

DIMECA ASPEN

DIMECA

ASPEN

DIMECA

ASPEN

DIMECA ASPEN

0,3017
0,0353
0,1764
0,4219
0,0435
0,0154
0,0008
0,0050
0,58
6,92
0,58
93,88%
288.1
2,89
2,73
7,18
2,59

0,3029
0,0340
0,1796
0,4204
0,0420
0,0149
0,0012
0,0050
0,59
6,87
0,59
93,23%
325,2
2,89
2,73
7,11
2,60

03171
0,0235
0,1946
0,4126
0,0316
0,0151
0,0008
0,0049
0,61
7,03
0,61
95,39%
199,6
2,89
2,73
7,14
2,65

0,3170
0,0232
0,1958
0,4120
0,0312
0,0147
0,0011
0,0049
0,62
6,97
0,62
94,61%
248.8
2,89
2,73
7,08
2,65

0,3210
0,0205
0,1952
0,4123
0,0303
0,0150
0,0008
0,0049
0,61
7,05
0,61
95,60%
187,3
2,89
2,73
7,14
2,65

0,3208
0,0204
0,1961
0,4119
0,0301
0,0147
0,0011
0,0049
0,61
6,99
0,61
94,79%
238,5
2,89
2,73
7,08
2,65

0,3235
0,0187
0,1940
0,4129
0,0302
0,0150
0,0008
0,0049
0,60
7,05
0,60
95,65%
184,1
2,89
2,73
7,15
2,65

0,3232
0,0186
0,1949
0,4125
0,0301
0,0147
0,0011
0,0049
0,60
6,99
0,60
94,85%
235,6
2,89
2,73
7,08
2,65

0,3255
0,0172
0,1928
0,4135
0,0303
0,0150
0,0008
0,0049
0,59
7,05
0,59
95,69%
182,2
2,89
2,72
7,15
2,64

0,3252
0,0172
0,1937
0,4131
0,0301
0,0148
0,0011
0,0049
0,60
6,99
0,60
94,88%
233,8
2,89
2,72
7,08
2,64

0,3271
0,0160
0,1919
0,4140
0,0303
0,0150
0,0008
0,0049
0,59
7,05
0,59
95,72%
180,6
2,89
2,72
7,15
2,64

Gasifier performance versus gasification temperature for Sulcis coal

0,3268
0,0160
0,1928
0,4136
0,0301
0,0148
0,0011
0,0049
0,59
7,00
0,59
94,91%
2323
2,89
2,72
7,09
2,64
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Oxygen to coal massratio

0.4
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0.48

0.5

Syngas composition (dry)

Lower Heating Value [MJ/kg]
H2/CO

Cold gas efficiency

Syngas Outlet Temperature [°C]
Syngas to coal mass ratio
Syngas to coal mass ratio (dry)
Lower Heating Value [MJ/Nm3]
Syngas/coal flow ratio [Nm3/kg]

DIMECA ASPEN

DIMECA

ASPEN

DIMECA ASPEN

DIMECA

ASPEN

DIMECA

ASPEN

DIMECA ASPEN

0,3308
0,0150
0,1996
0,4033
0,0306
0,0152
0,0008
0,0047
0,0692
7,28
0,60
96,73%
124,5
2,83
2,67
7,32
2,62

0,3304
0,0150
0,2005
0,4030
0,0304
0,0149
0,0011
0,0047
0,0691
7,22
0,61
95,92%
177,8
2,83
2,67
7,26
2,62

0,3204
0,0203
0,1916
0,4169
0,0301
0,0150
0,0008
0,0049
0,0728
6,95
0,60
95,19%
208,9
2,92
2,75
7,07
2,66

0,3201
0,0202
0,1925
0,4166
0,0299
0,0147
0,0011
0,0049
0,0727
6,89
0,60
94,38%
260,2
2,92
2,75
7,01
2,66

0,3103
0,0254
0,1838
0,4302
0,0297
0,0147
0,0008
0,0051
0,0763
6,64
0,59
93,65%
288,5
3,00
2,82
6,83
2,70

0,3100
0,0253
0,1847
0,4299
0,0295
0,0145
0,0011
0,0051
0,0762
6,59
0,60
92,83%
337,8
3,00
2,82
6,77
2,70

0,3004
0,0304
0,1764
0,4430
0,0292
0,0145
0,0008
0,0052
0,0796
6,35
0,59
92,10%
363.,5
3,09
2,90
6,59
2,74

0,3002
0,0303
0,1772
0,4427
0,0291
0,0142
0,0011
0,0052
0,0796
6,29
0,59
91,29%
410,9
3,09
2,90
6,53
2,74

0,2908
0,0353
0,1691
0,4555
0,0288
0,0143
0,0008
0,0054
0,0828
6,07
0,58
90,55%
434,2
3,18
2,98
6,37
2,78

0,2905
0,0352
0,1699
0,4552
0,0286
0,0140
0,0011
0,0054
0,0827
6,02
0,58
89,74%
479,9
3,18
2,98
6,31
2,78

0,2813
0,0402
0,1621
0,4676
0,0284
0,0141
0,0008
0,0055
0,0858
5,81
0,58
89,01%
501,0
3,26
3,05
6,15
2,82

0,2811
0,0401
0,1629
0,4673
0,0282
0,0138
0,0011
0,0055
0,0858
5,76
0,58
88,19%
545.,0
3,26
3,05
6,09
2,82

Gasifier performance versus oxygen to coal mass flow ratio for Sulcis coal
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Gasifier performance vs steam to coal
mass flow ratio

Steam to coal massratio

0.18

0.22

0.26

0.30

0.34

Syngas composition (dry)

Lower Heating Value [MJ/kg]
H2/CO

Cold gas efficiency

Syngas Outlet Temperature [°C]
Syngas to coal mass ratio
Syngas to coal mass ratio (dry)
Lower Heating Value [MJ/Nm3]
Syngas/coal flow ratio [Nm3/kg]

DIMECA

ASPEN

DIMECA ASPEN

DIMECA ASPEN

DIMECA

ASPEN

DIMECA ASPEN

0,3428
0,0045
0,1612
0,4298
0,0401
0,0154
0,0011
0,0051
0,0614
7,20
0,47
95,03%
228,3
2,81
2,68
7,47
2,54

0,3423
0,0046
0,1606
0,4302
0,0407
0,0151
0,0015
0,0051
0,0615
7,14
0,47
94,15%
283,4
2,81
2,68
7,41
2,54

0,3357
0,0096
0,1865
0,4168
0,0306
0,0151
0,0009
0,0049
0,0639
7,16
0,56
95,86%
1744
2,85
2,71
7,29
2,62

0,3354
0,0096
0,1875
0,4164
0,0304
0,0148
0,0012
0,0049
0,0638
7,11
0,56
95,05%
227,0
2,85
2,71
7,22
2,62

0,3235
0,0187
0,1940
0,4129
0,0302
0,0150
0,0008
0,0049
0,0717
7,05
0,60
95,65%
184,1
2,89
2,73
7,15
2,65

0,3232
0,0186
0,1949
0,4125
0,0301
0,0147
0,0011
0,0049
0,0716
6,99
0,60
94,85%
235,6
2,89
2,73
7,08
2,65

0,3124
0,0270
0,2007
0,4094
0,0300
0,0150
0,0007
0,0048
0,0799
6,94
0,64
95,56%
193,1
2,93
2,74
7,01
2,67

0,3122
0,0269
0,2016
0,4090
0,0298
0,0147
0,0010
0,0048
0,0798
6,88
0,65
94,66%
2433
2,93
2,74
6,95
2,67

0,3022
0,0346
0,2069
0,4062
0,0297
0,0149
0,0007
0,0048
0,0883
6,83
0,68
95,28%
200,6
2,97
2,76
6,88
2,69

0,3020
0,0344
0,2078
0,4058
0,0296
0,0146
0,0009
0,0048
0,0882
6,78
0,69
94,48%
249,9
2,97
2,76
6,82
2,69

Gasifier performance versus steam to coal mass flow ratio for Sulcis coal
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Gasifier performance vs gasification

Gadification temperature[°C]

700

800

900

1000

1100

1200

Syngas composition (dry)

Lower Heating Value [MJ/kg]
H2/CO

Cold gas efficiency

Syngas Outlet Temperature [°C]
Syngas to coal mass ratio
Syngas to coal mass ratio (dry)
Lower Heating Value [MJ/Nm3]
Syngas/coal flow ratio [Nm3/kg]

DIMECA

ASPEN

DIMECA

ASPEN

DIMECA ASPEN

DIMECA ASPEN

DIMECA ASPEN

DIMECA ASPEN

0,3138
0,0269
0,1937
0,4372
0,0220
0,0010
0,0001
0,0052
0,0469

6,39
0,62

91,40%

430,8
3,62
3,49
6,55
3,37

0,3153
0,0257
0,1959
0,4360
0,0207
0,0010
0,0001
0,0051
0,0466
6,40
0,62
91,61%
420,6
3,62
3,49
6,54
3,38

0,3282
0,0158
0,2115
0,4276
0,0107
0,0010
0,0001
0,0050
0,0455

6,51
0,64

93,08%

342,0
3,62
3,49
6,53
3,44

0,3285
0,0156
0,2120
0,4273
0,0105
0,0010
0,0001
0,0050
0,0455
6,50
0,65
93,09%
342,9
3,62
3,49
6,52
3,45

0,3314 0,3314
0,0134 0,0134
0,2130 0,2131
0,4268  0,4267
0,0093  0,0093
0,0010 0,0010
0,0001  0,0001
0,0050  0,0050
0,0463  0,0463
6,52 6,52
0,64 0,64
93,33% 93,29%
328,9 332,1
3,62 3,62
3,49 3,49
6,53 6,52
3,45 3,45

0,3331 0,3331
0,0122  0,0121
0,2123  0,2124
0,4272  0,4271
0,0092  0,0091
0,0010 0,0010
0,0001  0,0001
0,0050  0,0050
0,0474  0,0474
6,53 6,52
0,64 0,64
93,39% 93,34%
326,3 329,9
3,62 3,62
3,48 3,48
6,53 6,53
3,45 3,45

0,3344  0,3344
0,0112  0,0112
0,2116 0,2116
0,4276  0,4275
0,0091  0,0091
0,0010 0,0010
0,0001  0,0001
0,0050  0,0050
0,0484  0,0483
6,53 6,52
0,63 0,63
93,41% 93,37%
3249 328.,5
3,62 3,62
3,48 3,48
6,53 6,53
3,44 3,44

0,3355  0,3355
0,0103 0,0103
0,2109 0,2110
0,4279  0,4279
0,0091  0,0091
0,0010 0,0010
0,0001  0,0001
0,0051  0,0051
0,0492  0,0491
6,53 6,53
0,63 0,63
93,44% 93,39%
323,9 327,6
3,62 3,62
3,48 3,48
6,53 6,53
3,44 3,44

Gasifier performance versus gasification temperature for South African coal
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Gasifier performance vs oxygen to
coal mass flow ratio

Oxygen to coal massratio

0.5

0.52

0.54

0.56

0.58

0.6

Syngas composition (dry)

Lower Heating Value [MJ/kg]
H2/CO

Cold gas efficiency

Syngas Outlet Temperature [°C]
Syngas to coal mass ratio
Syngas to coal mass ratio (dry)
Lower Heating Value [MJ/Nm3]
Syngas/coal flow ratio [Nm3/kg]

DIMECA ASPEN

DIMECA ASPEN

DIMECA ASPEN

DIMECA

ASPEN

DIMECA

ASPEN

DIMECA ASPEN

0,3554
0,0016

0,3554
0.0016

0,4020
0,0154
0,0011
0,0001
0,0047
0,0417
7,26
0,62
96,47%
169,5
3,36
3,25
7,13
3,28

0,4020
0,0155
0,0011
0,0001
0,0047
0,0417
725
0,62
96,43%
173,0
3,36
3,25
7,13
3,28

0,3501
0,0032

0,4072
0,0095
0,0011
0,0001
0,0048
0,0419
7,03
0,64
95,86%
201,1
3,45
3,33
6,91
3,37

0,3502
0,0032

£02197 021973602040 022411

0,4071
0,0095
0,0010
0,0001
0,0048
0,0418
7,03
0,64
95,88%
201,2
3,45
3,33
6,90
3,37

0,3413
0,0078

02180 0,218

0,4175
0,0093
0,0010
0,0001
0,0049
0,0447
6,77
0,64
94,63%
264,7
3,54
3,41
6,71
3,41

0,3413
0,0078

0,4174
0,0093
0,0010
0,0001
0,0049
0,0447
6,76
0,64
94,59%
268,3
3,54
3,41
6,71
3,41

0,3326
0,0124
10,2120
0,4277
0,0091
0,0010
0,0001
0,0050
0,0475
6,51
0,64
93,25%
332,6
3,63
3,49
6,52
3,45

0,3326
0,0124
0,2121
0,4276
0,0091
0,0010
0,0001
0,0050
0,0475
6,51
0,64
93,28%
333,0
3,63
3,49
6,52
3,45

0,3241
0,0169
0,2062
0,4376
0,0090
0,0010
0,0001
0,0052
0,0503
6,27
0,64
91,94%
394,3
3,71
3,56
6,33
3,49

0,3241
0,0169
0,2062
0,4375
0,0090
0,0010
0,0001
0,0052
0,0502
6,27
0,64
91,96%
394,8
3,71
3,56
6,33
3,49

0,3157
0,0213
0,2004
0,4473
0,0089
0,0010
0,0001
0,0053
0,0529
6,04
0,63
90,70%
450,4
3,80
3,64
6,15
3,53

0,3157
0,0213
0,2005
0,4472
0,0089
0,0010
0,0001
0,0053
0,0528
6,04
0,64
90,65%
453,8
3,80
3,64
6,15
3,53

Gasifier performance versus oxygen to coal mass flow ratio for South African coa
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Gasifier performance vs steam to coal
mass flow ratio

Steam to coal massratio

0.26

0.30

0.34

0.38

0.42

Syngas composition (dry)

Lower Heating Value [MJ/kg]
H2/CO

Cold gas efficiency

Syngas Outlet Temperature [°C]
Syngas to coal mass ratio
Syngas to coal mass ratio (dry)
Lower Heating Value [MJ/Nm3]
Syngas/coal flow ratio [Nm3/kg]

DIMECA

ASPEN

DIMECA

ASPEN

DIMECA ASPEN

DIMECA

ASPEN

DIMECA

ASPEN

0,3478
0,0016
0,1805
0,4444
0,0193
0,0010
0,0001
0,0052
0,0412
6,61
0,52
92,43%
388,4
3,54
3,43
6,77
331

0,3478
0,0016
0,1795
0,4449
0,0197
0,0010
0,0001
0,0053
0,0413
6,60
0,52
92,38%
392,1
3,54
3,43
6,77
3,31

0,3437
0,0043
0,2059
0,4307
0,0093
0,0010
0,0001
0,0051
0,0419
6,61
0,60
93,58%
320,4
3,58
3,46
6,64
3,42

0,3437
0,0042
0,2059
0,4306
0,0093
0,0010
0,0001
0,0051
0,0418
6,61
0,60
93,53%
323.,8
3,58
3,46
6,63
3,42

0,3331
0,0122
0,2123
0,4272
0,0092
0,0010
0,0001
0,0050
0,0474
6,53
0,64
93,39%
326,3
3,62
3,48
6,53
3,45

0,3331
0,0121
0,2124
0,4271
0,0091
0,0010
0,0001
0,0050
0,0474
6,52
0,64
93,34%
329,9
3,62
3,48
6,53
3,45

0,3232
0,0195
0,2182
0,4240
0,0091
0,0010
0,0001
0,0050
0,0533
6,44
0,68
93.20%
331,8
3,66
3,50
6,43
3,47

0,3232
0,0195
0,2182
0,4239
0,0091
0,0010
0,0001
0,0050
0,0533
6,44
0,68
93,15%
3354
3,66
3,50
6,42
3,47

0,3140
0,0263
0,2236
0,4210
0,0090
0,0010
0,0001
0,0050
0,0594
6,36
0,71
93,02%
336,6
3,70
3,52
6,33
3,50

0,3140
0,0263
0,2237
0,4210
0,0090
0,0010
0,0001
0,0050
0,0594
6,36
0,71
92,98%
340,3
3,70
3,52
6,33
3,50

Gasifier performance versus steam to coal mass flow ratio for South African coal
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Sl Volatile gas composition versus
volatile matter composition

SULCISCOAL (LHV=21,3 MJ/kQ)

TAR/volatiles’H20 per centage 50/50/0 55/45/0 60/40/0 55/40/5 60/35/5 65/30/5 60/30/10 65/25/10 70/20/10

Volatile gases composition (% vol)
0,0664  0,0635  0,0608 0,0665 0,0626  0,0593  0,0667 0,0613  0,0568
0,3131  0,2992  0,2864 0,3136 0,2956 0,2796 03143  0,2891  0,2676
0,4080 0,2562  0,1174  0,4647 0,2662  0,0891  0,5710  0,2841  0,0398
0,2125  0,3811  0,5354 0,1552  0,3756  0,5720 0,0480  0,3655 0,6358

SOUTH AFRICAN COAL (LHV=25,3 MJ/kg)

TAR/volatiles’H20 per centage 45/45/10 50/40/10 55/35/10 45/40/15 50/35/15 55/30/15 45/35/20 50/30/20 55/25/20
Volatile gases composition (% vol)

0,0252  0,0246  0,0241  0,0206  0,0201 0,0195 0,0143  0,0138  0,0135
0,1188 0,1162  0,1137  0,0970  0,0946  0,0923  0,0673  0,0654  0,0634
0,1337  0,0655 0,000  0,2030 0,1227  0,0463  0,2975  0,2002  0,1085
0,7223  0,7937  0,8621 0,6794  0,7626  0,8419  0,6209  0,7206  0,8146

Volatile gas composition versus volatile matter composition
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b Gasifier performance vs volatile matter

] _-G'.“: # Lol

N composition

TAR/volatiles’H20 percentage 50/50/0 60/40/0 55/40/5 65/30/5 60/30/10 70/20/10

Syngas composition (dry) DIMECA ASPEN [DIMECA ASPEN |DIMECA ASPEN |DIMECA ASPEN [DIMECA ASPEN [DIMECA ASPEN
0,3135 0,3132 | 0,3299 0,3297 | 0,3235 0,3232 | 0,3389 0,3387 | 0,3332 0,3329 | 0,3438 0,3435
0,0263 0,0261 | 0,0133 0,0133 | 0,0187 0,0186 | 0,0065 0,0065 | 0,0114 0,0113 | 0,0029 0,0029
0,1892 0,1901 | 0,2348 0,2352 | 0,1940 0,1947 | 0,2387 0,2393 | 0,1987 0,1994 | 0,2310 0,2312
0,4153 0,4150 | 0,3920 0,3919 | 0,4129 0,4126 | 0,3900 0,3898 | 0,4105 0,4102 | 0,3940 0,3939
0,0349 0,0347 | 0,0103 0,0103 | 0,0302 0,0301 | 0,0063 0,0063 | 0,0257 0,0256 | 0,0086 0,0087
0,0151 0,0148 | 0,0143 0,0140 | 0,0150 0,0147 | 0,0142 0,0140 | 0,0150 0,0147 | 0,0143 0,0141
0,0008 0,0011 | 0,0007 0,0010 [ 0,0008 0,0011 | 0,0007 0,0010 | 0,0008 0,0011 | 0,0008 0,0011
0,0049 0,0049 | 0,0046 0,0046 | 0,0049 0,0049 | 0,0046 0,0046 | 0,0048 0,0048 | 0,0046 0,0046
0,0695 0,0695 | 0,0561 0,0561 | 0,0717 0,0717 | 0,0583 0,0582 | 0,0738 0,0738 | 0,0640 0,0640
Lower Heating Value [MJ/kg] 7,00 6,94 7,22 7,16 7,05 6,99 7,27 7,21 7,10 7,04 7,25 7,19
H2/CO 0,60 0,61 0,71 0,71 0,60 0,60 0,70 0,71 0,60 0,60 0,67 0,67
Cold gas efficiency 94,98% 93,84% | 97,97% 96,78% | 95,65% 94,51% | 98,61% 97,44% | 96,32% 95,17% | 98,44% 97,25%
Syngas Outlet Temperature [°C] 221,2 272.9 54,9 107,2 184,1 2359 19,3 65,3 146.,9 199,1 29,2 60,1
Syngas to coal mass ratio 2,89 2,89 2,89 2,89 2,89 2,89 2,89 2,89 2,89 2,89 2,89 2,89
Syngas to coal mass ratio (dry) 2,73 2,73 2,76 2,76 2,73 2,73 2,75 2,75 2,72 2,72 2,74 2,74
[ower Heating Value [MJ/Nm3] 7,15 7,09 7,06 7,00 7,15 7,08 7,06 7,00 7,14 7,07 7,07 7,01
Syngas/coal flow ratio [Nm3/kg] 2,63 2,63 2,79 2,79 2,65 2,65 2,80 2,80 2,66 2,66 2,77 2,77

Gasifier performance versus volatile matter composition for Sulcis coal
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Gasifier performance vs volatile matter

TAR/volatiles/H20 per centage

45/45/10

55/35/10

45/40/15

55/30/15

45/35/20

55/25/20

Syngas composition (dry)

Lower Heating Value [MJ/kg]
H2/CO

Cold gas efficiency

Syngas Outlet Temperature [°C]
Syngas to coal mass ratio
Syngas to coal mass ratio (dry)
Lower Heating Value [MJ/Nm3]
Syngas/coal flow ratio [Nm3/kg]

DIMECA

ASPEN

DIMECA ASPEN

DIMECA ASPEN

DIMECA

ASPEN

DIMECA

ASPEN

DIMECA

ASPEN

0,3279
0,0161
0,2104
0,4282
0,0113
0,0010
0,0001
0,0051
0,0459
6,50
0,64
93,03%
344.8
3,62
3,49
6,53
3,44

0,3280
0,0160
0,2105
0,4281
0,0112
0,0010
0,0001
0,0051
0,0459
6,50
0,64
92,99%
348,3
3,62
3,49
6,53
3,44

0,3364
0,0094
02314
0,4168
0,0000
0,0010
0,0001
0,0049
0,0404
6,61
0,69
94,59%
261,9
3,62
3,50
6,50
3,53

0,3364
0,0094
02314
0,4168
0,0000
0,0010
0,0001
0,0049
0,0404
6,61
0,69
94,53%
265,0
3,62
3,50
6,50
3,53

0,3287
0,0156
0,2016
0,4330
0,0149
0,0010
0,0001
0,0051
0,0502
6,47
0,61
92,61%
367,8
3,62
3,48
6,54
3,40

0,3287
0,0156
0,2016
0,4330
0,0149
0,0010
0,0001
0,0051
0,0502
6,47
0,61
92,57%
371,4
3,62
3,48
6,54
3,40

0,3372
0,0089
0,2229
0,4214
0,0035
0,0010
0,0001
0,0050
0,0446
6,58
0,66
94,16%
284.8
3,62
3,49
6,51
3,49

0,3373
0,0089
0,2229
0,4214
0,0035
0,0010
0,0001
0,0050
0,0446
6,58
0,66
94,11%
288,1
3,62
3,49
6,51
3,49

0,3295
0,0152
0,1922
0,4380
0,0188
0,0011
0,0001
0,0052
0,0546
6,44
0,58
92,18%
390,9
3,62
3,46
6,56
3,36

0,3295
0,0151
0,1925
0,4379
0,0187
0,0010
0,0001
0,0052
0,0546
6,44
0,58
92,15%
3945
3,62
3,47
6,55
3,36

0,3376
0,0088
0,2127
0,4269
0,0078
0,0010
0,0001
0,0050
0,0493
6,54
0,63
93,74%
307,8
3,62
3,48
6,53
3,45

0,3381
0,0084
0,2143
0,4261
0,0071
0,0010
0,0001
0,0050
0,0488
6,55
0,63
93,70%
311,4
3,62
3,48
6,52
3,46

Gasifier performance versus volatile matter composition for South African coal
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DIMECA simulation model

v' Composition of the syngas produced in the combustion and
gasification zone is determined by means of a thermodynamic
equilibrium model, solving a set of 6 atom balance equations, 14
equilibrium equations and an energy balance equation.

v" The atom balance refers to the six elementary chemical species
(C, H, O, N, S, Ar) contained in the 20 gaseous considered in the
mixture (CO, CO2, H20, H2, OH, 02, O, H, N2, NO, N, N20,
NO2, SO2, SO3, CH4, H2S, COS, NH3 and Ar).

v" The indipendent equilibrium equations are all based on
homogeneous gas phase reactions, as every solid or liquid
organic compound is assumed to be completely converted.

v" Assigned the gasification temperature, the energy balance yields
the syngas temperature as the gasifier losses are given or vice
versa.

CCT 2005 — Clean Coal Technologies 10/5/2005 - Castiadas
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ASPEN simulation model

v It determines more accurately the reactans chemical and
thermodynamic characteristic in different zones, the
temperature of the ash and the residual carbon.

v" Evaluates the syngas treatment section, including: water
scrubbing, CO shift and CO2 removal.

v" Thermodynamic equilibrium only for a known temperature
and for a reaction time lower than reactants residence time.

10/5/2005 - Castiadas

CCT 2005 — Clean Coal Technologies
27/15



&% Expected and predicted syngas

~ compositions

Syngas composition (%ovol) Sulcis coal |South African
coal
CO 31,0 28,0
CO2 4,0 5,0
H2 18,0 18,0
N2 45,5 46,5
CH4 1,5 2,5
Outlet temperature (°C) 300 300
Syngas/coal flow ratio (Nm’/kg) 2,40 3,20
Syngas composition (%evol) Sulcis coal South African coal
DIMECA ASPEN DIMECA ASPEN
CO 32,35 32,32 33,31 33,31
CO2 1,87 1,86 1,22 1,21
H2 19,40 19,49 21,23 21,24
N2 41,29 41,25 42,72 42,71
CH4 3,02 3,01 0,92 0,91
Other 2,07 2,07 0,60 0,62
Outlet temperature (°C) 1841 235,6 326,3 3299
LHV (M]/kg) 7,05 0,99 0,53 0,52
Syngas/coal flow ratio (Nm’/kg) 2,65 2,65 3,45 3,45

Expected and predicted Syngas composition at reference conditions for the up-draft gasifier
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,ﬂh Expected and predicted syngas

L" "L-;

Syngas composition (%ovol) Sulcis coal South African coal
exl)ected DIMECA | ASPEN exPected DIMECA | ASPEN
CO 31,0 32,35 32,32 28,0 33,31 33,31
CO2 4.0 1,87 1,86 5,0 1,22 1,21
H2 18,0 19,40 19,49 18,0 21,23 21,24
N2 455 41,29 41,25 46,5 42,72 42,71
CH4 1,5 3,02 3,01 2,5 0,92 0,91
Other 2,07 2,07 0,60 0,62
Outlet temperature (°C) 300 184,1 235,6 300 326,3 3299
LHV (M]/kg) 7,05 6,99 6,53 6,52
Syngas/coal flow ratio (Nm’/ kg) 2,40 2,65 2,65 3,20 3,45 3,45

Expected and predicted syngas compositions at reference conditions

for the up-draft gasifier
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