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Abstract >> To develop a pressurized chemical looping combustor, conceptual design of 0.5 MWth chemical
looping combustor was performed by means of mass and energy balance calculations. Based on the conceptual
design, reactivity of oxygen carrier and solid circulation rate were selected as key parameters. Sensitivity analysis
of those key parameters were conducted with the change of oxygen carrier utilization percent from 5 to 50% and
proper solid circulation rate and solid conversion rate to meet 98% of CO, selectivity were confirmed. Feasibility
of 0.5 MWth pressurized chemical looping combustor was confirmed by experimental studies to find real solid
circulation rate and CO, selectivity within the operating conditions based on the conceptual design. We could varied
very wide range of solid circulation rate in two interconnected fluidized bed system. We also got enough CO,
selectivity more than 98% in semi-continuous chemical looping combustor using OCN717 oxygen carrier.
Consequently, feasibility of 0.5 MWth pressurized chemical looping combustor was confirmed.

Key words : Chemical looping(#] =] %), Conceptual design(7'd’2 7)), Feasibility(7+& 7}54J), Solid circulation
rate( LA =35 ), CO;, selectivity(CO, A B %)
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Fig. 1 Conceptual diagram of chemical-looping combustor
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Fig. 2 Basic configuration of 0.5 MWth chemical looping
combustor
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START

Input parameters

Power A
[ CH, heating value Fuel mass flow ‘
[ Fuel mass flow H Air mass flow (Oxygen mass flow) ‘
¥
Air & fuel mass flow
Gas velocity Column diameter =2
Temperature 9
3 g
Column diameter o
Static bed height Bed mass -
Particle properties(density, voidage) 5
12 o
Column diameter 3
[ Bed mass Bed pressure drop ‘ 8
¥
Carrier capacity . .
[ Bed mass H Required conversion rate ‘
¥
Carrier capacity e N
[ Oxygen mass flow Solid circulation rate ‘ v
¥
[ Thermodynamic coefficient H Heat capacity of gases and solids
¥ m
Flow rate of gases 3
Gas input and output temperature Enthalpy of gases =
Heat capacity of gases 2
+ [
Solid circulation rate I8
Reaction temperature Enthalpy of solids o
Heat capacity of solids g
3 o
[ Enthalpy of gases and solids H Net heat flow ‘

Fig. 3 Flow chart for design calculation of chemical looping
combustor
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Table 1 Input data and parameters for 0.5 MWth chemical
looping combustor design

Item Unit Value
Capacity
Power MWth 0.5
Fuel (methane) properties
Lower heating value of CH, Mikg 50
Molar mass of fuel kg/kmol 16
Specific volume of fuel at ambient condition m'/kg 14
Air and oxygen properties
Molar mass of oxygen kg/kmol 32
Volume fraction of O, in the input air - 0.21
Specific volume of air at ambient condition m3/kg 0.778
Mass fraction of oxygen in air - 0.233
Reaction parameters
Mole ratio of CO/(unreacted CH,) - 0.5
Stoichiometric ratio (fuel and oxygen) - 2
Volume fraction of O, in the air from air reactor - 0.051
Gas yield in fuel reactor (gas conversion) - 0.98
Solid conversion in air reactor (actual O/total O) - 0.98
Solid conversion difference (transferred Of/total O) - 0.3
Solid conversion in fuel reactor (actual O/total O) - 0.68
Heat of oxidation / 1 mole O, react kl/gmol O, | -479.4
Heat of reduction / 1 mole CH, react kJ/gmolCH, | 68.4
Operating conditions
Reference temperature T 0
Air reactor temperature T 900
Fuel reactor temperature T 880
Operating pressure atm 5
Air reactor input gas temperature [ 700
Fuel reactor input gas temperature ¢ 400
Gas velocity in the air reactor m/s 3
Gas velocity in the fuel reactor m/s 0.06
Bed height in the air reactor m 0.58
Bed height in the fuel reactor m 0.40
Solid properties
Solid name OCN717
Weight fraction of metal oxide in particle - 0.7
Molecular weight of metal oxide g/gmol 74.69
Molecular weight of metal g/gmol 58.69
Oxygen ratio [O weight/(total particle weight)] - 0.15
Particle bulk density kgm® | 2300




Table 2 Calculated values by design calculation

Items Unit Value
Fuel flow rate Nm'/hr | 502
Air flow rate Nm'/hr | 5977
Cross-sectional area of air reactor m 0.0476
Column diameter of air reactor m 0.25
Cross-sectional area of fuel reactor m 0.1963
Column diameter of Reducer m 0.50
Bed mass in air reactor kg 63.6
Bed mass in fuel reactor kg 180.6
Required conversion rate in the air reactor %min | 25.0
Required conversion rate in the fuel reactor %/min 84
Mass flow of entrained solids from the air reactor | kg/hr 3181
Solid circulation rate kg/mzs 18.5
Mass flow of solids from the fuel reactor ke/hr 3037
Mean residence time of solid in the fuel reactor s 214
Circulation times of solid in the fuel reactor #/hr 16.8
Gas volume ratio in air reactor (output/input) - 0.83
Gas volume ratio in fuel reactor (output/input) - 2.96
Heat flow from oxidizer kW -559
Heat flow to reducer kW 71.7
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Table 3 Effect of solid conversion difference on solid cir-
culation rate and required conversion rate in the fuel reactor

Solid conversion
difference [-]

Solid circulation rate
[kg/m’s]
Required conversion
rate in the fuel
reactor
[%/min]

0.05 | 0.10 | 0.20 | 0.30 | 0.40 | 0.50

111.3] 55.6 | 27.8 | 18.5 | 13.9 | 11.1

8.73 | 8.67 | 8.54 | 841 | 827 | 8.14
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Fig. 4 (a) Schematic and (b) 3D-view of two interconnected
fluidized bed system for solid circulation rate measurement
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Fig. 6 (a) Schematic and (b) 3D-view of semi-continuous
chemical looping combustor
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Target : CO, selectivity 98%
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