THERMO CHEMICAL SIMULATION OF A COAL
GASIFICATION PROCESS

(APPLYING WASTE CAPTURED CO, EITHER FROM COMBUSTION OR GASIFICATION)
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AFRICARY

d UNDERGROUND COAL GASIFICATION — EFFICIENT IN-SITU CO,
CAPTURE AND CONVERSION

O Entrained flow Gasification
E- Gas™ (Reliance Industries) — AC Collins
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UCG (OPERATION AND GAS COMPOSITION)

AFRICARY

Average Raw Gas Mol % Production Injection
H, 8-12

COPYRIGHT RESERVED — PROPERTY OF AFRICAN CARBON ENERGY



w

AFRICARY

PURPOSE OF THIS STUDY

1. CO,, as gasification agent for UCG, has received little attention and only
studied by a few researchers to date - will be investigated on a thermo-
equilibrium basis in this study.

2. Eftekhari, et. al., (2012) and others concluded further that Carbon Capture
and Storage (CCS) in a geological form as sequestration within UCG is not
practical and cannot result to a near zero-emission process - and capture
(utilizing) of CO, coupled with UCG has to be studied in novel manners

and approaches.

Evaluate under thermo-equilibrium conditions the positive influence which
” utilization as UCG gasification agent in parallel gasifiers will

positively influence the carbon emissions reduction and environmental
footprint, gas quality, as well as reduction of CO, per ton coal when
recycled to a second or third UCG cavity.
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FACTSAGE™ THERMO EQUILIBRIUM
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SIMULATION PROCESS
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SCoaI and oeerational ineutsz Pt

Property Mass %
PROXIMATE (AR)  Mass % H,0 29
Moisture 4.3
Fixed carboon 45.7 Not included H, 0.15
Volatile matter 19.2 > CH, 4.01
Ash 30.8 o 0.98
ULTIMATE (DAF) coy g2
C 78.9 N, 2.1
H 4.3 Tar and oils 5.6
N 2.1
S 0.9
& e Q In situ coal =50 000kg/hr
ASH OXIDES (%) O Total agent (O, + Air) = 45 000kg/hr
Sio, 52.8 O C+ 0, > CO, (Combustion zone) — all O, molecules converted
AlLO, 27.2 and remaining carbon to Gasification zone
Fe, 0,4 4.9 O Water is the sum of all ground water and recycled water and will
P20s 0.1 be kept at a constant for both G1 and G2.
ESC’) é:i O No contribution from roof and floor in this study — only
MgO 10 individual coal seam
K,O 05 0 18 trace elements included
Na,O 0.4
SO, 4.9
Trace Elements 0.5



SIMULATION PROCESS (Gasifier 1)

mCoal_G1
BN  ombustion Gasification mWater-G1
Ny (Oxidation) (reduction) mRG-G1
- —

mAir_G1

C +%0,>C0 C + CO, ->2CO

c +0, -0, C + H,0 -C0O + H,

H,+0, ->H,0

Water-gas shift:

CO + H,0->CO, + H,
Methane formation:

C+ 2H, >CH,

CO +3H, ->CH, + H,O
3C+ 2H,0->CH, + 2CO
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SIMULATION PROCESS (Gasifier 2)

C + %0,>C0 C + CO, >2CO
C+0, -Co, C + H,0 >CO + H,

H,+0, —->H,0
2 2 2 Water-gas shift:

CO + H,0->CO, + H,

: , CO,-G1

i Methane formation: e
mCO,-Combustion | C +2H, >CH,

: CO +3H, >CH, + H,0

i 3C+ 2H,0->CH, + 2 CO

I""""""": A
mCoal_G2 E mC(i)z-GZ
mO, G2 c i e . i
st 2l Combustion Gasification I N
PP (oxidation) (reduction) mMRG-G2

2~ _ é

mAir G2 mWater-G2
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SIMULATION PROCESS (G1+G?2)

. . . . %
Combustion Gasification mWater-G1
(oxidation) (reduction) mRG-G1

N
rd

mAir_G1

C+2%0,>C0 Cc + CO, >2CO
c+0, -0, C + H,0 2C0O + H,
H,+0, -H,0 —> mRG-TOTAL

: Water-gas shift:

i CO + H,0~>CO, + H,

! Methane formation:

mCO,-Combustion | C + 2H, >CH, —> mWater-TOTAL

mCO,-G1

CO +3H, >CH, + H,0
3C+ 2H,0->CH, + 2 CO

4
i
1
i

mC(i)Z-GZ
Combustion Gasification L
(oxidation) (reduction) mRG-G2
>
mWater-G2
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RESULTS (GASIFIER 1)

S EE————
[ kghr [ mol %

e g g1y

OXIDATION ZONE G
C:\FactSage\Models\Equi0.res 13Mar17 &ﬁhge‘
24000 | ' ' I I I I
22000 [
30000 |
28000 |
28000 |
24000 | N N o e
E‘ 22000
2 20000 [ <o, co,
E 18000 | : = i
f 18000 |
& 14000 |
= s = HO HO H.O
10000 |
2000
€000 ]
s000 [ co 1
w00 ——*—"*—CE—_'E?LO'_’WE—_T;—_'_
e50 750 350 250 1050 1150 1250 1250
Temperature (°C)
REDUCTION ZONE G1
C:\FactSage\Models\Equi0.res 13Mar17  Liactsapy’
Sk - r r . . - S
2000 |
30000
20000 |
20000 |
20000 F
T 200 b
E 20000 |
g 18000 |
S 10000 b
£ o |
=
12000 |
10000
m -
000
000 |
2000 |
0 — T = -
o0 750

i i 1
820 850 1020 1180 1220 1320

Temperature (°C)

CO 2070
CO 17 563

2
24 080

11 909
H,S+COS 576

Reacted COAL EExEsyeele]

)
3.5
18.9
40.3
31.3

0.8

AFRICARY

C + O, 2 CO, (Combustion zone) — all O, molecules
converted and remaining carbon to Gasification zone

[

341
20 153
3394
25 975
1144
577
62 140
101

COPYRIGHT RESERVED — PROPERTY OF AFRICAN CARBON ENERGY

7.2
30.6

10.2
9.0
39.5
2.7
0.7



RESULTS (GASIFIER 2)

CFaCISIeResmSIEADDTTICOTEUSION 28 G20y
OXIDATION ZONE G2 o
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1. mCO,_G1 =10 556 kg/hr
2. mAir_G2 = mAir_G1-mCO,_G1

| kg/hr [ mol %]

CO 799
15 493
23 727
11795
454
17 280

N

356
coO 22 238
Cco,

. 13 590
3537
23 485
1192
601
64 999
5000
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%
1.5
18.6
44.7
34.3

0.7

7.3
32.8

12.8

9.1
34.6
2.7
0.7
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RESULTS (COMBINED G1 + G2)

AFRICARY

INDEX

G1 (BASE CASE)

G2 (CO2 RECYLE)

COMBINED G1+G2

Flow scheme

Water-gas shift:
€O + H,05C0, + H,
Methane formation:
C+ 2H, >CH,
€O +3H, SCH, + H,0
3C+ 2H,0-5CH, + 2CO
mco,61

Combustion
(oxidation)

. mMRG-G2
Gasification F——

(reduction) mWater-G2
—>

mCO,-Combustion |

Coal usage (kg/hr)*

49 800

CO; produce (kg/hr)

10 556 (recyle)

Oxygen (kg/hr)**

14 512

Syngas (kg/hr)***

62 140

CO,:Syngas

0.17

COz:Coal

0.21

Nitrogen (kg/hr)

25975

* Total coal for equilibrium

** Total oxygen molecules air + pure oxygen

*** Syngas including CO,

**** Excluding CO, from G1 recycled
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C + 2H, >CH,
€O +3H, SCH, + H,0
3C+ 2H,05CH, + 2 CO

Combustion
(oxidation)

Gasification
(reduction)

mcoG2

——
mRG-G2

———>
mWater-G2

Ho# 0y S0 Water-gas shift:
i CO + H,0C0, + H,

Methane formation:

C+ 2H, >CH,

€O+ 3H, SCH, + HO

3C+ 2H,05CH, +2CO

GO, Combuston |

mCo,

-G1

Gasification
(reduction)

Mo,

Combustion Gasification mWater-G1 C+ %0,>C0 C + €0, »2C0 Gasification mWater-G1
(oxidation) (reduction) mRGG1 c+0, >co, C+ H0 CO + Hy (reduction) neeor
H,+0, -H,0
ARG Water-gas shift:
C+ %0,>C0 C + €0, »2c0 H CO + H,0>C0, + H, moOnG1 C + %0,>C0 C + €0, »2C0
€+0, €0, C + H,0 >C0 + H, Methane formation: ’ €+0, €0, C+ H0 >C0 + H,
Hy#0, SH,0




CONCLUSIONS AREIEAE?

0 Thermo-equilibrium add value in

O determining the optimized process conditions for a specific feed and
operating scenario

O coal ash fusibility characteristics & slag-profile behaviour prediction to
prevent operational shut-downs

O new flow schemes during the concept and design phase

0 Coal composition from either core drillings or actual mine samples can be used
as input for the complex equilibrium calculations using FACTSAGE™,
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NEXT STEPS IN PROGRESS

(Influence of roof, floor and slag on CO, capture and flow

temeerature with recycling) AFRICARY

SEAM 3

373.47| SANDSTONE: Medium grained, micaceous, carbonaceous, grey,
o broken and pulverized and grinded, slightly bioturbated

(C)ujeStdClre) ’ —
L Sandstone roof (351.73-378.47)[26.74m) 1 Production Injection

©lete St ) StaeirlCeel]
I In StrRoof
3, %

AStreamA

ISthed o2,

TUCGO09 3 Roof 378.17-378.47 (0.3m) [SLEH20

HSerel Aty

DRYING I
PYROLYSIS

PYROLYSIS
" DRYING l

37847 GOAL: 3 Seam, 3.30m

L o 38177 :;:E,SETZSL;TY' Fine grained, micaceous, carbonaceous, TUCGO9 3 Floor 381.77-382.07 ( s 2
L} ' COMBUSTION 'BES) GASIFICATION ‘|-PYRXYSIS s DRYING
- OUESHEGTY i Siec
' C+X%0,5C0 C+C0, 3200
5 Sandstone floor (381.77-389.53(7.76m) C+0, €0, C+H,0>C0 +H,
H,+0, —H,0
BYpassSHG: C)uie SteSlele)
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NEXT STEPS IN PROGRESS

AFRICARY

SEAM 3
77| 373.47[ sANDSTONE: Madm grained, micacesus, carbonacecus, groy
brokan and pubverized and grnded, sightly bioturbated
Sandstone roof (351.73-378.47)(26.74m)
TUCGO09 3 Roof 378.17-378.47 (0.3m)
37847[ COAL: 3 Seam. 2.30m
380
| 38077 SANDSTONE SILTY: Fine grained, micaceous, carbonaceous, TUCGO09 3 Floor 381.77-382.07 (0.3m)
slightly bicturbated . . .

Sandstone floor (381.77-389.53(7.76m)

. g Anatase Dolomite Chloride Plagioclase Q

_ (KAISi;  (KAI3Si3010(0H)  ((Na,Ca)(Si,Al)4 (Ti02
(Ti0,)  (CaMg(CO0,),) (Nacl) (AL(Si,05)(OH),)  Og) 2) 08) (FeS2)  (Si02) ) (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
TUCGO09/3 /2

TUCG09/3 /3 4.3 0.0 0.00 52.50 5.96 5.17 3.39 2.33 2478  1.58 0.00

TUCGO09/3 /4
TUCGO09/3 LOOR/1 1.3 0.9 0.07 37.74 9.08 8.75 1.96 0.39 38.60 1.14 0.11
TUCG09/1 /1 2.2 0.0 0.34 23.20 6.18 11.25 5.20 1.50 49.24 0.93 0.00
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