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The Process Simulation of Entrained Flow Coal
Gasification in Dynamic State for 300MW IGCC
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ABSTRACT

To develop coal gasfication system, many studies have been actively conducted to describe the
simulation of steady state. Now, it is necessary to study the gasification system not only in steady state but
also in dynamic state to elucidate abnormal condition such as start-up, shut-down, disturbance, and develop
control logic. In this study, a model was proposed with process simulation in dynamic state being conducted
using a chemical process simulation tool, where a heat and mass transfer model in the gasifier is incorporated.
The proposed model was verified by comparison of the results of the simulation with those available from
NETL (National Energy Technology Laboratory) report under steady state condition. The simulation results
were that the coal gas efficiency was 80.7%, gas thermal efficiency was 95.4%, which indicated the error
was under 1%. Also, the compositions of syngas were similar to those of the NETL report. Controlled
variables of the proposed model was verified by increasing oxygen flow rate to gasifier in order to validate
the dynamic state of the system. As a result, trends of major process variables were resonable when oxygen
flow rate increased by 5% from the steady state value. Coal flow rate to gasifier and quench gas flow rate
were increased, and flow rate of liquid slag was also increased. The proposed model in this study is able
to be used for the prediction of gasification of various coals and dynamic analysis of coal gasification.

KEY WORDS : Coal gasification(2] €t7}23}), Gasifier(7F2~3}7]), Dynamic state(5%] 4El)), Process simulation
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A : surface area (m’)
C: : molar concentration of x composition
(mol/m3)
E . activation energy (kJ/kmol)
HHYV : high heating value (kJ/kg)
K : equilibrium constant of reaction
k : pre-exponential factor
Ny : molar flow x element (kmol/s)
ny : molar flow y composition (kmol/s)
0 : heat flow rate (kW)
R : gas constant (J/mol-K)
r : reaction rate (kmol/s'm’)
T : temperature (K)
w : weight (kg)
Greek symbols
JAN . difference
¢ . surface emissivity
1 . efficiency
0 : stephan-boltzman constant
Subscripts
cg : cold gas
F : forward reaction
R ;. reverse reaction
syn  : synthesis gas
t : thermal efficiency of synthesis gas
WGS . water-gas shift reaction
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Fig. 1 Block diagram of coal gasification system.
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Fig. 2 Calculation block of heat and mass transfer.
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Table | Input condition of process

Configuration Value
Gasiffer type (Dry feedisrlllge,“EtZtP;Zined bed)
Gasifier pressure, Mpa 42
Coal flow rate, Ib/hr 201,145
O, : Coal ratio 0.827
Steam : Coal ratio 0.103

Oxidant 95%vol oxygen

99.5

Carbon conversion, %
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Table 2 Composition of illinois #6
wiw (%) wiw (%, dry)
Proximate analysis
Moisture 11.12
Ash 9.70 10.91
Volatiles 34.99 39.37
Fixed carbon 44.19 49.72
Ultimate analysis
Moisture 1112 T
Carbon 63.75 71.72
Hydrogen 4.50 5.06
Nitrogen 1.25 1.41
Chlorine 0.29 0.33
Sulfur 2.51 2.82
Ash 9.70 10.91
Oxygen 6.88 775
Ash analysis wiw (%)
§i0, 574
AbOs 292
Fe, 03 44
Na,O 0.3
K:0 0.7
TiO, 1.3
CaO 27
MgO 0.9
others 3.1
HHV, klkg 27113 30,506
T, =19w, ,+ 15lw, o TWx ()3} +16{w,, ) an
+w, & O} +6(w Fe,0, + W0 +w ,‘»30>
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Fig. 3 Results of cold gas efficiency and thermal efficiency in
gasification.
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Table 3 Comparison of syngas composition between NETL
case 5 model and coal gasification system in the study

Reference data Proposed model
Composition of syngas (mol %)
cO 57.16 57.34
H, 29.01 27.40
CO, 2.11 293
H0O 3.64 3.03
CH, 0.04 0.01

- L= — AR
EZ 4 (12), 13)F o84 428 & A’
. wsynHHV;yn
77(‘4] (%) uoalH‘HVeoal 100 (12)
_ wsynHHV;yn + wsteamHHI/steam
h (%) B wcoulHHVooal 100
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