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UCG is thus nothing strange!
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Gasification Technology Overview
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Gasification Technology Overview (cont.)



Building a model for a FACTSAGETM

Equilibrium Simulation

H2O

H2O
H2O

H2O

SiO2

Al2O3

Na

MgO

Ca

Ca

Hg
B

Se
Ca

COMBUSTION GASIFICATION PYROLYSIS DRYING

PYROLYSIS

PYROLYSIS

DRYING

DRYING

C  +  ½ O2→CO
C  + O2 →CO2
H2 + O2 →H2O

C  +  CO2 →2 CO
C  +  H2O →CO  +  H2

Water‐gas shift:
CO  +  H2O→CO2 +  H2
Methane formation:
C  +  2 H2 →CH4
CO + 3H2 →CH4 +  H2O
3C +  2H2O→CH4 +  2 CO

InjectionProduction

Slag / sintered ash

Raw coal

Roof (overburden)

Floor (under burden)



Building a model for a FACTSAGETM

Equilibrium Simulation

H2O

H2O
H2O

H2O

SiO2

Al2O3

Na

MgO

Ca

Ca

Hg
B

Se
Ca

COMBUSTION GASIFICATION PYROLYSIS DRYING

PYROLYSIS

PYROLYSIS

DRYING

DRYING

C  +  ½ O2→CO
C  + O2 →CO2
H2 + O2 →H2O

C  +  CO2 →2 CO
C  +  H2O →CO  +  H2

InjectionProduction

Slag / sintered ash

Raw coal

Roof (overburden)

Floor (under burden)

In StreamCoal

InStreamAir

InStreamO2

InStreamH2O
InStreamRecy

BypassStrC

Out StrComb In StrC

Out StrOrg

Out StrIn

Out StrSlag

In StrRoof

In StrFloor

INCLUDED
NOT YET

X



PROXIMATE (AR) Mass %
Moisture 4.7
Fixed carboon 45.3
Volatile matter 21.4
Ash 28.6

100.0

ULTIMATE (DAF)
C 78.9
H 4.3
N 2.1
S 0.9
O 13.9

100.1

ASH OXIDES (%) Trace Elements mg/kg % of ash
SiO2 52.7 Sb 1.5 0.00015
Al2O3 27.2 Ba 855 0.0855
Fe2O3 4.8 Be 0.1 0.00001
P2O5 0.1 Cd 0.5 0.00005
TiO2 1.3 Cr 148 0.0148
CaO 6.4 Co 9 0.0009
MgO 1.0 Cu 47 0.0047
K2O 0.5 Pb 91 0.0091
Na2O 0.4 Mn 84 0.0084
SO3 4.9 Mo 8 0.0008

99.3 Hg 0.1 0.00001
Ni 90 0.009

East As 0.5 0.00005
Sn 15 0.0015
V 115 0.0115
Zn 172 0.0172
Cl 150 0.015
F 159 0.0159

Scaling to 100 units of ash

35 bar cavity pressure

Coal flow of 31 000kg/hr, 

58 000kg/hr 35%O2/air mixture and 1 500kg/hr steam

NO recycle of any stream

No contribution from roof and floor in this study – only 
as individual structure

18 trace elements included (Si-fuming and fouling not 
included).

Error on the data is in oC, which is ±25oC.

Building a model for a FACTSAGETM

Equilibrium Simulation (cont.)

Property Mass %

H2O 2.9

H2 0.15

CH4 4.01

CO 0.98

CO2 7.2

N2 2.1

Tar and oils 5.6



Building a model for a FACTSAGETM

Equilibrium Simulation (cont.)

1

4

COMBUSTION GASIFICATION PYROLYSIS DRYING

PYROLYSIS

PYROLYSIS

DRYING

DRYING

C  +  ½ O2→CO
C  + O2 →CO2
H2 + O2 →H2O

C  +  CO2 →2 CO
C  +  H2O →CO  +  H2

InjectionProduction

Slag / sintered ash

Raw coal

Roof (overburden)

Floor (under burden)

Combustion zone 
output to 

Gasification zone



1 - RG OUT 250oC
2 - GL and tar at 135oC 
3 - Dry RG at 80oC
4 - RG underground cavity at 300oC
5 - Dry RG at 50oC
6 – Slag / inorganics in cavity
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Building a model for a FACTSAGETM

Equilibrium Simulation (cont.)

1

4

W
et

 g
as

 
sc

ru
bb

er

G
L,

 ta
r 

w
as

te
 

ox
id

iz
er

6

1

4

3
5

2



Sample 
naming Anatase Dolomite

Halite 
(Sodium 
Chloride) Kaolinite Microcline Muscovite Plagioclase Pyrite Quartz Rutile Siderite

(TiO2) (CaMg(CO3)2) (NaCl) (Al2(Si2O5)(OH)4) (KAlSi3O8)
(KAl3Si3O10

(OH)2)
((Na,Ca)(Si,A

l)4O8) (FeS2) (SiO2) (TiO2) (FeCO3)
TUCG09/3 
ROOF/1 0.7 0.7 0.61 17.48 12.47 5.20 16.12 0.47 45.17 1.12 0.00

TUCG09/3 /1

4.3 0.0 0.00 52.50 5.96 5.17 3.39 2.33 24.78 1.58 0.00TUCG09/3 /2
TUCG09/3 /3
TUCG09/3 /4
TUCG09/3 
LOOR/1 1.3 0.9 0.07 37.74 9.08 8.75 1.96 0.39 38.60 1.14 0.11

Mineral matter slag formation in the cavity
Input and output of mineral matter
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Sample naming Flow T
TUCG09/3 ROOF/1 >1500
TUCG09/3 /1 >1500
TUCG09/3 /2 1430
TUCG09/3 /3 1420
TUCG09/3 /4 >1500
TUCG09/3 FLOOR/1 >1500

Mineral matter slag formation in the cavity
Mineral transformation in combustion zone
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Mineral matter slag formation in the cavity
Crystalline versus slag - transformation
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Phase transformations 
with little or no mineral 
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Sample naming Flow T
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TUCG09/3 /1 >1500
TUCG09/3 /2 1430
TUCG09/3 /3 1420
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Mineral matter slag formation in the cavity
Roof
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Mineral matter slag formation in the cavity
Coal versus roof and floor



Trace element speciation – from 350m 
underground to surface treatment



mg/hr Si Al Fe P Ti Ca Mg K Na
1 - Stream 2101 RG OUT 250 9.68791E-33 2.3318E-30 3.9809E-08 3.7464E-25 3.3692E-39 9.3736E-23 3.0269E-17 1.0296E-12 1.7492E-14

2 - GL and tar at 135 0 -6.2888E-59 2.2185E-06 -2.1575E-53 0 -2.7939E-44 -2.5694E-36 -1.7283E-28 -4.397E-30

3 - Dry RG at 80 8.25733E-55 9.7359E-49 3.1277E-17 3.1836E-45 4.4996E-62 6.3548E-36 1.857E-29 7.8707E-24 1.1467E-25

4 - RG underground cavity at 300 6.93976E-28 2.1161E-26 2.255E-06 1.323E-20 3.8841E-34 6.37E-20 8.1869E-15 1.8524E-10 4.078E-12

5 - Dry RG at 50 0 6.2888E-59 2.2629E-23 2.1575E-53 0 2.7939E-44 2.5694E-36 1.7283E-28 4.397E-30

In cavity or ash matrix 7636513573 4462730338 1040752973 13529289.9 241537607 1417956595 192551273 133820216 68993368.7
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Hg
Br Cl F

B Se I

As Cd Ga Ge Pb
Sb Sn Te Ti Zn

Ba Be Bi Co 
Cr Cs Cu Mo Ni Sr

Ta Tl U V W

Eu Hf La Mn Rb
Sc Sm Th Zr

Increasing 
volatality

Volatility of trace components 

Speciation towards gas

Speciation towards slag

Franklin. R. N., R. P. Jensen and R. 1. Perry, "SCGP 
- Efficient Clean Coal Power for Today and 
Tomorrow," EPRI Conference on Technologies for 
Producing Electricity in the Twenty-First Century, 
October 30 - November 2, 1989.

Trace element speciation – from 350m 
underground to surface treatment



In summary

o The behaviour, and importantly the mineral matter composition of a coal source, 
directly relates to the ash fusion temperature (AFT) profile, trace element speciation 
and mineral transformations of the coal source.

o FactsageTM can assist to assess coal ash fusibility, leachability and melting 
characteristics and it is furthermore used to predict the melting behaviour of the coal 
ash in coal conversion processes.  

o It has been demonstrated and published before that the ash flow temperature can be 
correlated with equilibrium calculations, and that such equilibrium calculations provide 
useful information regarding the phase transitions that take place in a UCG cavity.

o Previous studies have confirmed that the slag-liquid flow temperature simulations for 
coal and individual mineral types compared favourably with the actual measured ash 
flow temperature and are within the experimental error of an AFT analysis (±30oC).
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