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_ combustion and steam generation was conducted based on the mass and en-
Ezszzzd ?51 g:i::;ggf;ozl ergy balance and the previous reactivity test results of oxygen carrier particles.
Accepted 11 October, 2021 Process configuration including fast fluidized bed (air reactor), loop seal and

bubbling fluidized bed (fuel reactor) was confirmed and their dimensions were
determined by mass balance. Then, the external fluidized bed heat exchanger
(FBHE) was adopted based on the energy balance to extract heat from the
system. The optimum reactor design and operating condition was confirmed
with sensitivity analysis by modifying system configuration based on the mass
and energy balance.
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Fig. 1. Conceptual diagram of chemical looping combustion
system
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Table 2. Summary of input data for 3 MWth chemical looping
combustion system design

Item Unit Value
MWth 3

MI/Nm® | 43.64
MI/Nm® | 3945

Capacity (power)
Heating value of fuel (LNG), HHV
Heating value of fuel (LNG), LHV

Gas conversion (fuel reactor) - 1.0
Gas conversion (air reactor) - 0.8
Solid conversion (air reactor) - 0.9
Solid conversion difference - 0.1

Heat of oxidation for 1 mole O, | kJ/gmol-O, |-481.16

Heat of reduction for 1 mole LNG|kJ/gmol-LNG| 173.04

Wt. fraction of NiO in oxygen carrier - 0.7

Oxygen wt. fraction in particle - 0.15

Table 1. Composition of natural gas in Ulsan city Particle bulk density K g/m3 2300
Component Concentration (vol. %) Air reactor temperature °C 900
CH,4 91.04 Air reactor input gas temperature °C 400
CHs 5.61 Fuel reactor input gas temperature °C 450
CsHg 2.14 Operating pressure bar-absolute 1
N, 0.22 Gas velocity in air reactor m/s 3.0

i-C4Hio 0.47 Gas velocity in fuel reactor m/s 0.074
n-CsHi, 0.50 Solid height in air reactor m 0.6
i-CsHp, 0.02 Solid height in fuel reactor m 0.6
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Table 3. Calculated values by mass balance analysis

Item Unit | Value

Fuel flow rate Nm’/hr| 248
Air flow rate Nm*/hr | 3,236
Air reactor diameter m 1.3
Fuel reactor diameter m 22
Output/input gas volume ratio (air reactor) - 0.90
Output/input gas volume ratio (fuel reactor) - 3.30
Particle mass in air reactor ton 1.78
Particle mass in fuel reactor ton | 5.25
Required solid conversion rate (air reactor) | %/min | 4.79
Required solid conversion rate (fuel reactor)| %/min | 1.59
Solid circulation rate kg/m’s | 11.0
Mean solid residence time (air reactor) s 125
Mean solid residence time (fuel reactor) s 376
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Table 4. Sensitivity analysis of operating variables
Variables Unit Values
Gas velocity in air reactor n/s 2.0 25 3.0 35 4.0
Air reactor diameter (top) m 1.6 1.4 1.30 1.2 1.1
Particle mass in air reactor ton 2.63 2.13 1.78 1.52 1.33
Required conversion rate in air reactor Y%/min 3.19 3.99 4.79 5.59 6.38
Solid circulation rate kg/m’s 7.34 9.18 11.0 12.8 14.68
Mean solid residence time in air reactor s 188 150 125 107 94
Gas velocity in fuel reactor n/s 0.025 0.049 0.074 0.098 0.123
Fuel reactor diameter m 3.8 2.7 22 1.9 1.7
Particle mass in fuel reactor ton 15.55 7.93 5.25 397 3.17
Required conversion rate in fuel reactor Y%/min 0.54 1.06 1.59 2.11 2.64
Solid circulation rate kg/m’s 11.0 11.0 11.0 11.0 11.0
Mean solid residence time in fuel reactor s 1114 569 376 284 227
Solid conversion difference - 0.025 0.05 0.1 0.2 0.4
Solid circulation rate kg/m’s 44.0 22.0 11.0 5.5 2.8
Mean solid residence time in air reactor s 31 63 125 250 501
Mean solid residence time in fuel reactor S 93 187 376 765 1,579
Required conversion rate in fuel reactor Y%/min 1.612 1.606 1.594 1.569 1.560
Air reactor temperature °C 700 800 900 1,000 1,100
Air reactor diameter m 1.20 1.22 1.28 1.33 1.39
Particle mass in air reactor ton 1.47 1.62 1.78 1.93 2.08
Required conversion rate in air reactor Y%/min 577 523 4.79 441 4.09
Solid circulation rate kg/m’s 133 12.0 11.0 10.1 9.4
Mean solid residence time in air reactor s 104 115 125 136 147
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Table 5. Description of temperature

. Value
Item Notation €0
Air reactor input gas temperature Tl 400
Air reactor temperature T2 Assume
Fuel reactor input gas temperature T3 450
Fuel reactor temperature T4 TBD
Two way loop seal input gas temperature| TS 700
Two way loop seal temperature T6 TBD
FBHE input gas temperature T7 100
FBHE temperature T8 TBD
Recycle solid and gas temperature T9 TBD
Gail; Et;rnperature after heat exchange at T10 180
Gail; Etflsrnperature after heat exchange at T 180

TBD, To be determined.
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