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1. Fig. S1 
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Fig. S1 Grid independence verification: (a) charging process, and (b) discharging process.
2. Fig. S2
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Fig. S2 Time step independence verification: (a) charging process, and (b) discharging process.
3. Fig. S3
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[bookmark: _Ref207554644]Fig. S3 The variations of parameters with bed depth during the charging process when DL = 80%: (a) Temperature distribution, and (b) moisture saturation.
4. Fig. S4
Discharging condition: Tini,reactor = -2 °C
Inlet air: 38 °C (RH = 80%) and -2 °C (RH = 80%); u = 0.428 m·s-1
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[bookmark: _Hlk205149176]Fig. S4 The variations of outlet temperature and TCMs conversion rate during the discharging process when Tin = -2 °C and Tin =38 °C.

5. Fig. S5
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Fig. S5 Temporal evolution of maximum moisture saturation (Šmax) throughout discharge under different initial reactor temperature (Tini,reactor = -2 °C to 28 °C).
6. Fig. S6
Charging mode: isotropic charging
Reactor state: DL = 80%
Inlet air: T = 120 °C, moisture content = 1.0% (38 °C, RH = 80%), u = 0.428 m·s-1
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Fig. S6 The distribution of moisture saturation under DL = 80% and isotropic charging mode.
7. Fig. S7
Charging mode: reverse charging
Reactor state: DL = 80%
Inlet air: T = 120 °C, moisture content = 1.0%, u = 0.428 m·s-1
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Fig. S7 The distribution of moisture saturation under DL = 80% and reverse charging mode.
8. Fig. S8
Charging mode: reverse charging
Reactor state: DL = 80%
Inlet air: T = 100 °C, moisture content = 1.0%, u = 0.428 m·s-1
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Fig. S8 The distribution of moisture saturation under inlet air temperature T = 100 °C.
9. Fig. S9
Charging mode: reverse charging
Reactor state: DL = 80%
Inlet air: T = 120 °C, moisture content = 2.0%, u = 0.428 m·s-1
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Fig. S8 The distribution of moisture saturation when the moisture content of inlet air is 2.0%.
10. Fig. S10
Charging mode: reverse charging
Reactor state: DL = 80%
Inlet air: T = 120 °C, moisture content = 1.0%, u = 0.214 m·s-1
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Fig. S10 The distribution of moisture saturation when the inlet air velocity u = 0.214 m·s-1.
11. Fig. S11
Charging mode: reverse charging
Reactor state: DL = 80%
Inlet air: T = 26.85 °C to 120 °C in 600 s, moisture content = 1.0%, u = 0.428 m·s-1
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Fig. S11 The distribution of moisture saturation when the inlet air temperature increases from 26.85 °C to 120 °C in 600 s.
12. Fig. S12
Charging mode: reverse charging
Reactor state: DL = 80%
Inlet air: T = 26.85 °C to 120 °C in 900 s, moisture content = 1.0%, u = 0.428 m·s-1 
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Fig. S12 The distribution of moisture saturation when the inlet air temperature increases from 26.85 °C to 120 °C in 900 s.
13. Fig. S13
Charging mode: reverse charging
Reactor state: DL = 80%
Inlet air: T = 26.85 °C to 120 °C in 600 s, moisture content = 2.0%, u = 0.428 m·s-1
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Fig. S13 The distribution of moisture saturation when the inlet air temperature increases from 26.85 °C to 120 °C in 600 s and moisture content is 2.0%.
14. Fig. S14
Charging mode: reverse charging
Reactor state: DL = 80%
Inlet air: T = 26.85 °C to 120 °C in 900 s, moisture content = 1.0%, u = 2.140 to 0.428 m·s-1 in 900 s
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Fig. S14 The distribution of moisture saturation when the inlet air temperature increases from 26.85 °C to 120 °C in 900 s and inlet air velocity decrease from 2.140 m·s-1 to 0.428 m·s-1.
15. Fig. S15
Charging mode: reverse charging
Reactor state: DL = 80%
Inlet air: T = 26.85 °C to 120 °C in 900 s, moisture content = 1.0%, u = 1.284 to 0.428 m·s-1 in 900 s
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Fig. S15 The distribution of moisture saturation when the inlet air temperature increases from 26.85 °C to 120 °C in 900 s and inlet air velocity decrease from 1.284 m·s-1 to 0.428 m·s-1.
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