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[bookmark: _Hlk100047146]S.1 Catalyst characterization
Nitrogen (N2) adsorption-desorption analysis was performed at −196 °C using a Micromeritics ASAP2020 to determine the specific surface area of the catalysts (based on the BET method). Before analysis, the catalysts were dried under vacuum at 300 °C for 3 h. The BET surface area of Al2O3 was 218 m2/g. A slight decrease in the surface area was observed with the loading of the noble metal, corresponding to 183 m2/g and 170 m2/g for the 2 wt% and 10 wt% Pd loading, respectively. 
Fig. S1 shows the XRD patterns of the 2 wt% and 10 wt% Pd catalysts. The XRD patterns of materials were obtained by PANalytical X'Pert Pro X-ray diffractometer using CuKα emission lines from a generator operating at 40 keV and 40 mA. XRD scan was performed at 2θ = 10°–90° with a step size of 0.033°. Several peaks are assigned to the support and to PdO species and no Pd clusters are observed. As expected, 10 wt% Pd/Al2O3 has higher degree of PdO crystallinity than 2 wt% Pd/Al2O3, however, the PdO crystallite size of 10 wt% Pd/Al2O3 (4 nm) was smaller than 2 wt% Pd/Al2O3 (9 nm).  
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Fig. S1 XRD patterns for fresh (a) 2 wt% Pd/Al2O3 and (b) 10 wt% Pd/Al2O3 catalysts. PdO (⬤)
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Fig. S2 Plasma SIE as a function of the applied peak voltage at various temperatures in NTP-catalytic CH4 oxidation. Reaction conditions are 30 kHz, 10 wt% Pd/Al2O3, 0.5 kPa CH4, 10 kPa O2, 7 kPa H2O, 5.5 kPa CO2 and 0.1 kPa NO in N2 with 171,429 mL g-1 h-1 GHSV. Room temperature (RT) is assumed to be 20 °C
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[bookmark: _Hlk76163220]Fig. S3 Plasma SIE as a function of temperature at various applied voltages in NTP-catalytic CH4 oxidation. Reaction conditions are 30 kHz, 10 wt% Pd/Al2O3, 0.5 kPa CH4, 10 kPa O2, 7 kPa H2O, 5.5 kPa CO2 and 0.1 kPa NO in N2 with 171,429 mL g-1 h-1 GHSV 
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Fig. S4 Surface plot of Plasma SIE, temperature and CH4 conversion in NTP-catalytic CH4 oxidation. Reaction conditions are 30 kHz, 10 wt% Pd/Al2O3, 0.5 kPa CH4, 10 kPa O2, 7 kPa H2O, 5.5 kPa CO2 and 0.1 kPa NO in N2 with 171,429 mL g-1 h-1 GHSV

[image: ]
Fig. S5 Schematics of the dual-stage setup: upstream plasma reactor, followed by a thermal NH3-SCR reactor
 S2. Plasma gas phase reactions considered in the manuscript from references ESI Section S2 [22, 50–56]
O2 + e- → e- + O2*										(S1)
N2 + e- → e- + N2* 										(S2)
N2 + 2·O → 2NO 										(S3)
N2 + 2·O → NO + ·N										(S4)
N2 + ·OH → NO + ·H 										(S5)
NO + ·N → N2O 										(S6)
NO2 + ·N → N2O + ·O 										(S7)
NO2 + ·NH2→ N2O +H2O 									(S8)
·O + NO → NO2 										(S9)
O3 + NO → NO2 +O2 										(S10)
e- + NO2 → e- +NO + ·O 									(S11)
·O + NO2 → NO +O2 										(S12)
·N + NO2 → N2 +O2 										(S13)
·N + NO → N2 + ·O 										(S14)
O3 + NO2 → NO3 +O2 										(S15)
e- + NH3 → ·NH2 + ·H 										(S16)
·O + NH3 → ·NH2 + ·OH 									(S17)
·H + NH3 → ·NH2 + H2 										(S18)
·OH + NH3 → ·NH2 + H2O 									(S19)
·NH2 + NO → N2 + H2O 									(S20)
·NH2 + NO2 → N2 + H2O 									(S21)
NO2 + NH3 → N2 + H2O 									(S22)
N2O + ·O→ 2NO 										(S23)
e- + H2O → e- +·H + ·OH 									(S24)
·O + H2O → ·OH + ·OH 									(S25)
CH4 + e-→ CH4* + 2 e- 										(S26)
CH4 + e-→ ·CH3 + ·H + e-  									(S27)
e- + CH4 → ·C+H2 + H2 + e- 									(S28)
e- + ·CH3 → ·CH2 + ·H+ e- 									(S29)
e- + ·CH3 → ·CH + H2 + e- 									(S30)
e- + ·CH2 → ·CH + ·H + e- 									(S31)
·O + CH4 → CO + 2H2										 (S32)
·O + CH4 → CO + H2O										 (S33)
·O + CO → CO2										  (S34)
CH4 + ½ O2 → CO + 2H2 									  (S35)
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