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Abstract — Cold bed and 30 kW, pilot bed tests using circulating fluidized bed (CFB) were conducted to apply oxy-
fuel technology for waste sludge combustion as a carbon capture and storage technology. In cold bed test, the minimum
fluidization velocity (u,,,) and superficial velocity for fast fluidization was determined as 0.120 m/s and 2.5 m/s, respec-
tively. In the pilot test, air and oxy-fuel combustion experiments for waste sludge were conducted using CFB unit. The
flue-gas temperature in 21~25% oxy-fuel combustion was higher than that of air and up to 30% oxy-fuel combustion. In
addition, the concentration of carbon dioxide was more than 80% with the oxygen injection range from 21% to 25% in
oxy-fuel CFB waste sludge combustion.
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Table 1. Experimental conditions in the CFB cold-bed

Design factor Value
Bed diameter (m) 0.15
Sand material diameter (m) 315
Sand material density (kg/m®) 1,461
Operation temperature (°C) 25

Table 2. Boundary condition of CFD simulation for fluidization

hydrodynamics
Parameter (Unit) Value
Solid Diameter (pm) 400
Solid Density (kg/m®) 2,607
Minimum Fluidization Velocity (u,,s m/s) 0.469
Coefficient of Restitution 0.8
Angle of Internal Friction (°) 30
Wall Surface Temperature (K) 373
Gas Inlet Temperature (K) 273
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Table 3. Experimental conditions using the 30 kW, CFB oxy-fuel pilot

test bed

Design factor Value
Bed diameter (m) 0.15
Fuel feeding rate (kg/hr) 13
Solid fuel mixing rate (%) 0~30
Oxygen injection rate (%) 21~40
Combustion temperature (°C) 850
Flow rate (L/min) 1,300

2 Cyclone

Ash Receiver

Heat Exchanger

~

Bag-Filter

Receiver

Blower

Fig. 1. Schematic diagram of the 30 kWth CFB oxy-fuel pilot test bed.
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Table 4. Results of the waste sludge basic characteristic analysis
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Fig. 6. Pressure profiles along the CFB pilot plant with air and oxy-
fuel combustion
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Table 5. Physical gas properties of fluid flow utilized as fluidization air at 850 °C

H,0 N, CO, Ratio, CO,/N,
Density (p) [kg/m’] 0.157 0.244 0.383 1.6
Thermal conductivity (k) [W/m-k] 0.136 0.082 0.097 1.2
Specific heat capacity (c,,) [J/mol-°C] 45.67 34.18 57.83 1.7
Kinematic viscosity (m?/s) 3.20e-04 2.09e-04 2.00e-04 1.31e-04 0.7
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Fig. 7. Temperature profiles along the height of the riser from the
air and oxy-fuel combustion
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Fig. 8. NOx, SOx, CO composition in the air and oxy-fuel combustion.
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