Supplementary Material
S1. Physicochemical properties
S1.1. Thermodynamic and transport variables
Thermodynamic and transport correlations for the 1D and 2D models were taken from the literature. The equilibrium constant  was defined following [87], while single-component viscosities  and molar heat capacities  were calculated using the correlations of Green and Southard [88]. 
The expressions for the effective , pore  and Knudsen  diffusivities have been taken from from the work of Wolf et al [33]. Conversely, the expression for the molecular , binary  diffusivities and thermal conductivities  of each single component agrees with the correlations of Green and Southard [88]. Eventually, the effective radial diffusion coefficient  and effective thermal conductivity  chave been modelled in agreement with Zhu et al. [89].
Regarding the mass transfer coefficient expression for equimolar reaction , what have been proposed by Froment and Bischoff have been considered in the present work [11]. Regarding the heat transfer coefficient, the involved relationship has been directly taken from Luss and Weekman [90]. In both the mass and heat transfer phenomena, the specific catalyst surface area  assumes the form reported by Richardson et al. [91], considering a reference value of bed void fraction . Eventually, the reference value of particle thermal conductivity  have been assumed [92].

S1.2. FeCrAl physicochemical properties
Table S1. Summary of the physicochemical properties assumed for the reactor walls [84] [85].
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	Thermal conductivity
	




S2. Thermodynamic and kinetic analyses
A preliminary thermodynamic and kinetic screening is performed to identify relevant operating conditions and select a reference kinetic model for the electrified rWGS system. Equilibrium compositions are evaluated as a function of temperature, pressure, and inlet CO₂/H₂ ratio by Gibbs free-energy minimization using Cantera [93], accounting for both gas-phase chemistry and heterogeneous carbon-forming pathways. 
The analysis confirms the strong dependence of CO yield, methane formation, and carbon-deposition tendencies on operating conditions, consistent with established rWGS behaviour. High temperatures suppress CH₄ and solid-carbon formation, whereas moderate pressures provide a compromise between CO₂ conversion and product selectivity. These trends are particularly relevant for electrified reactors, where elevated pressures also increase compression requirements and influence overall process performance. The equilibrium results presented below are used to define the operating domain investigated in the main manuscript. 
For consistency of comparison among the literature kinetic expressions, the screening calculations reported in this section were performed without effectiveness-factor corrections, thereby isolating the intrinsic behaviour of the kinetic formulations under identical reactor conditions. The reactor simulations discussed in the main manuscript instead include effectiveness-factor corrections through the coupled intraparticle transport calculations described in Section 3.1.
Building on the thermodynamic assessment, a kinetic-model screening is performed to identify a suitable literature rate expression for electrified rWGS simulations. The extended comparison results reported in this section support the selection of the reference kinetic model adopted in the main manuscript. The analysis is intended as a qualitative consistency assessment of thermal and compositional trends under electrified reactor operation rather than as a rigorous kinetic-validation or parameter-estimation study.
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Figure S1. Equilibrium maps for the rWGS system computed with Cantera using the GRI30 and graphite mechanisms. Left: gas-phase equilibrium (homogeneous reactions only). Right: equilibrium including carbon formation (heterogeneous graphite pathway). Results are reported for inlet CO2/H2 molar ratios of 1/1.5, 1/2, and 1/3 (top to bottom). Dashed and solid contours correspond to 1 bar and 30 bar, respectively. 
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Figure S2. Axial temperature and species concentration profiles predicted for the reference reactor configuration using different rWGS kinetic models: Xu and Froment [43], Hou and Hughes [44], Vázquez et al. [45], and Lalinde et al. [46]. 
For completeness, the full set of kinetic rate expressions considered in this work is reported below. Specifically: (i) Equations S1–S3 report the rate expressions for CO methanation (CO-MET), CO₂ methanation (CO₂-MET), and reverse water–gas shift (rWGS) according to the model of Xu and Froment [44]; (ii) Equations S4–S6 report the corresponding CO-MET, CO₂-MET, and rWGS rate expressions from the model of Hou and Hughes [45]; (iii) Equations S7–S9 report the CO-MET, CO₂-MET, and rWGS rate expressions proposed by Vázquez et al. [46]; and (iv) Equations S10 and S11 report the CO₂-MET and rWGS rate expressions from the model of Lalinde et al. [47]. 
For brevity, the numerical values of the kinetic constants () and adsorption constants () are not reproduced here and can be found in the corresponding original publications.
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