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Abstract — In the Integrated Gasification Combined Cycle (IGCC), the stability of the gasifier has strong influences on
the rest of the plant as it supplies the feed to the rest of the power generation system. In order to ensure a safe and stable
operation of the entrained-flow gasifier and for protection of the gasifier wall from the high internal temperature, the
solid slag layer thickness should be regulated tightly but its control is hampered by the lack of on-line measurement for
it. In this study, a previously published dynamic simulation model of a Shell-type gasifier is reproduced and two differ-
ent linear model predictive control strategies are simulated and compared for multivariable control of the entrained-flow
gasifier. The first approach is to control a measured secondary variable as a surrogate to the unmeasured slag thickness.
The control results of this approach depended strongly on the unmeasured disturbance type. In other words, the slag
thickness could not be controlled tightly for a certain type of unmeasured disturbance. The second approach is to esti-
mate the unmeasured slag thickness through the Kalman filter and to use the estimate to predict and control the slag
thickness directly. Using the second approach, the slag thickness could be controlled well regardless of the type of

unmeasured disturbances.
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Fig. 1. IGCC power plant configuration.
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Table 1. Coal composition

Ultimate Analysis by wt%
Moisture 54
Ash 6.8
Carbon 70.59
Hydrogen 4.74
Nitrogen 1.40
Sulfur 0.439
Oxygen 10.62
HHV [kJ/kg] 29009

Table 2. Physical properties of slag

Properties Unit Value Reference
Fluid slag heat capacity, Cp, J/gK 1.4 [22]
Solid slag heat capacity, Cp, J/gK 1.2 [22]
Emissivity g 0.83 [22]
Thermal conductivity W/mK 2.5 [22]
Viscosity when x =0, 1)(0) Pas 14.42 [23]
Viscosity when x =8, n(3)) Pas 2360 [23]
Fluid slag density, 5, kg/m’ 2808 [24]
Solid slag density, 5, kg/m’ 2845 [24]
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Fig. 2. Gasifier Schematic.
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Table 4. Weight tuning and Disturbance model - Approachl
Weight tuning

Disturbance model

Input rate weights Input disturbance model

coal flow rate 0.1 coal HHV -
oxygen flow rate 0.1  coolant temperature -
steam flow rate 0.1

Output weights Output disturbance model

solid slag thickness -

syngas temperature 1 syngas temperature step
syngas flow rate 1 syngas flow rate step
H,/CO ratio 1 H,/CO ratio step
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Fig. 67} 2t}

AU L 104 B 1S A8 3e A9, BE
@X{E}oi et ﬂﬁﬂi 229
* oA vl A W] sk, 1A }\EHJ- glojo] 771
73—1‘ g7} 71 A3 E}*— ol vl vlwa =gA Hs)
At} o= EEla oy AL Thae) H]E)] =g]7] wjEolth
AluE]219] A5 ARk B Wslels 2Rk 7RAs) W
AR oJES x| A|Hk S 10 A kS njx]x] oy I
A7k REE ZAshs Zlo® £ s 2248 A

At

Korean Chem. Eng. Res., Vol. 52, No. 5, October, 2014

ly

2 i} Ao
2, H,/CO B 500

HJ

2=
=4

-

=

ol

Coal mass flow rate [kg/s]
24 s

22 L L
0 500 1000 1500 2000 2500 3000
time[s]
Oxygen mass flow rate [kg/s]
19.2
e 19J\\~
18.8
0 500 1000 1500 2000 2500 3000
time[s]
Steam mass flow rate [kg/s]
2
O
0

o

500 1000 1500 2000 2500 3000
time[s]

Syngas temperature[K]
1720

1700
e
~ 1680
1660
0 500 1000 1500 2000 2500 3000
timel[s]
Syngas mass flow rate[kg/s]
41.65
| Plant output
@ M6l N T Set point
41.55
0 500 1000 1500 2000 2500 3000
time[s]
Syngas H2/CO ratio
0.43
045 — — — — - — — — — L~~~ — o
>
0.42
0.415
500 1000 1500 2000 2500 3000
timel[s]
Solid slag layer thickness [m]
0.0185
o.o1s‘
00175 TW **************
0.017
0 500 1000 1500 2000 2500 3000

timel[s]

Fig. 6. Scenariol - Closed-loop responses with Approachl.

422, NU] 2.2: -5% B2 2% AL W3k 9 ey

Alu] 220 1S 483198 749 29l 3 S5 Fig. 77
e}, A7 %, 58 Hy/CO Bl Faig o), A S gl
olo] k= A BT Al 229] o] ke Wzl 2 Wk,
7428} Hhgoll 23] S w|AA] ANk &l el A 9
_9_ u];‘(h;}_ U}"ﬂ"ﬂ g]%oﬂ 7]-;(—1X-1Oi 016‘1:9_ H]—.‘: 6‘1—)\6] 7]_/_’\_ %}i 94
ol 21 A 07 P wh= SEl L TAS 2ER= Ad8le] & 7401
3, 4 7Rt st 3l Sl S 2wkl 1A ©

= Alo] 2R o] Fo|x|A] A Hlof FE Aol Auissict.

W 18 Al 913 Alue] 920 2888 739 o2l Table 5
o} 2t}

4-3. YlH2 (Approach2)
W2 A8 A i1 2] A Sl FAE CdE Y8k



AR 7Rsh B Uk EE] B

Coal mass flow rate [kg/s]

22,5 ‘
|
© 2 - - -~ - - -l
L ‘
|
215 ‘ !
0 500 1000 1500 2000 2500 3000
time[s]
Oxygen mass flow rate [kg/s]
19.2 : .
19.15 :
o T
~ 191 7777777:7 77777777777777777777
19.05 ‘
0 500 1000 1500 2000 2500 3000
time[s]
Steam mass flow rate [kg/s]
1.8 . .
|
T 16 :
|
1.4 ‘
0 500 1000 1500 2000 2500 3000
time[s]
Syngas temperature[K]
1680
1675
—~
ke
~ 1670
|
1665 |
0 500 1000 1500 2000 2500 3000
timel[s]
Syngas mass flow rate[kg/s]
41.625 ‘
T Plant output
O 4162 ! | =———— Set point
~ |
4
41.615 |
0 500 1000 1500 2000 2500 3000
time[s]
Syngas H2/CO ratio
0.4225 :
e T e e
€ |
0.4215 /\
0.421 ‘
0 500 1000 1500 2000 2500 3000
timel[s]
Solid slag layer thickness [m]
0.018
0.0178 !
—_ |
2 !
0.0176 ‘
! !
0 500 1000 1500 2000 2500 3000

timel[s]

Fig. 7. Scenario2 - Closed-loop responses with Approachl.

Table 5. Approachl - Error

Scenariol Scenario2
IAE ISE 1AE ISE
(d) 16.76205 0.3278944 4585617 0.019403
(e) 2.3221404 0.0037420 0.5464003 0.0001793
® 9.086649 0.11773772 1.93309 0.003839
(2) 39.4188 1.1492621 95.35687 3.197238
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Table 6. Weight tuning and Disturbance model for Scenariol - Approach2

Weight tuning Disturbance model
Input rate weights Input disturbance model
coal flow rate 0.1 coal HHV step
oxygen flow rate 0.1 .
coolant temperature white
steam flow rate 0.1
Output weights Output disturbance model
solid slag thickness 1 white
syngas temperature
syngas temperature 1
syngas flow rate 1 syngas flow rate step
H,/CO ratio 1 H,/COratio step
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Fig. 8. Scenariol- Closed-loop responses with Approach2.
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Table 7. Weight tuning and Disturbance model for Scenario2— Approach2

Weight tuning Disturbance model
Input rate weights Input disturbance model
coal flow rate 0.1 coal HHV white
oxygen flow rate 0.1
coolant temperature step
steam flow rate 0.1
Output weights Output disturbance model
solid slag thickness 1 white
syngas temperature
syngas temperature 1
syngas flow rate 1 syngas flow rate step
H,/CO ratio 1 H,/CO ratio step
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Fig. 10. Scenario2 - Closed-loop responses with Approach2.

Table 8. Aproach2 — Error

Scenariol Scenario2
1AE ISE IAE ISE
(d) 5.68141129 0.07356119 32.229309 0.36977117
(e) 2.379562 0.017852 1.916445 0.003282
® 11.84402 0.439606 5.281453 0.085819
(2) 6.614664 0.093486 9.808412 0.055469
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Nomenclatures
K, : equilibrium constant
& : fluid slag thickness [m]
Pr : density of fluid slag [kg/m?]
Cpr : heat capacity of fluid slag [kJ/kgK]
n : viscosity [kPas]
A : conductivity [kW/mK]
€, : slag emissivity
o : convective heat transfer coefficient [kW/m?K]
D, : melting mass flux per unit area [kg/m?s]
m,, : deposited slag mass flow rate [kg/s]
m,  :exiting slag mass flow rate [kg/s]
T, : syngas temperature [k]
T, : membrane wall temperature [k]
T, : melting transition temperature [k]
T, : fluid slag layer surface temperature [k]
Tf : average temperature of fluid slag [k]
g : heat flux from gas to fluid slag layer [kW/m’]
qr : heat flux across fluid slag layer [kW/m?]
q, : heat flux across solid slag layer [kW/m?]
D . diameter [m]
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
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: height [m]
: Stefan-Boltzmann constant [kW/m?K*]
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