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Supporting Information
Implementation of Energy Efficiency Model
To estimate the energy efficiency of the electrified steam methane reformer (eSMR), the energy consumed by the enthalpy of the reaction was evaluated against the energy losses in the system. The heat losses in this system can be primarily divided into those occurring in the surroundings and those occurring in the electrical parts. The energy balance of the system can be simply modeled as
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Where Qin is the total power delivered from the power supply unit (PSU), which equals the total consumption in the system divided into power losses (Qsurroundings and Qelec), power consumed by the steam reforming reactions (R1 and R2), and the heating of the gas to the required exit temperature, Qreaction. 
The energy consumption required to drive the endothermic reforming at a specific temperature was evaluated based on the change in enthalpy and the flows involved; 
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H is the enthalpy of formation in and out, and F is the molar flow in and out of the reactor. The enthalpy of formation was calculated as follows. 
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Where yi is the molar fraction of the i-th compound, Ei is the enthalpy coefficient of the i-th compound as a function of temperature, T is the absolute temperature, and Tref is the reference temperature (25 °C) of the thermodynamical data. The data used for the calculation were taken from [1]. The molar fractions were determined based on the gas composition in and out of the reactor, which was evaluated from the flow constituents and gas chromatography measurements.

The energy efficiency of the system, ɳ, is defined as the energy consumed by reaction, Qreaction, relative to the power received by the power supply unit, Qin. 
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The power received by the PSU was calculated using Ohm’s law: 
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Where I is the current and V is the voltage. 
To implement a simplified energy efficiency model of the eSMR reactor, the heat losses in the system were evaluated by combining Qsurroundings and Qelec into a fitting parameter, k.  The energy efficiency of the eSMR reactor could be derived by dividing total power input, Qin, on both side of S5 and rearrange the expression to:
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The fitted parameter, k, was determined using a least square approach by comparing the energy efficiency model to four experimental data points at low capacities to provide a more comprehensive overview of the energy efficiency development.
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Subsequently, the extrapolation to a higher capacity, [MW], of the eSMR reactor could be modeled assuming a constant heat loss, k, acknowledging that the relative heat loss is proportional to surface area and reactor capacity is proportional to volume. This is due to the principal loss mechanism of the eSMR being heat loss to the surroundings through the reactor's surface area. Consequently, when scaling up the eSMR's capacity by increasing volume, the heat loss from the surface area becomes relatively low compared to the capacity, as the surface area is not proportional to increasing volume.
Implementation of Energy Consumption Model
The energy efficiency of the system enables modeling of the energy consumption per produced Nm3 of synthesis gas (syngas) at higher capacity.
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[bookmark: _Hlk130551280][bookmark: _Hlk130551095]where wcons is the energy consumption per produced Nm3 of syngas consisting of H2 and CO, in . Qin is the total energy consumption calculated based on Equation S5 plus the total heat loss in the system, k. 
However, in case of hydrogen production, CO would be shifted to H2 through a WGS reactor downstream of the eSMR and thereby can be assumed equivalent to H2 when comparing to industrial SMR hydrogen production plants [1]. 

Based on equilibrated gas and industrial conditions for hydrogen production at an exit temperature 920 °C, pressure 30 barg and steam-to-carbon 1.8 [-], the energy consumption per. produced Nm3 syngas as a function of capacity in MW was estimated. The energy efficiency model was used to estimate total energy as a function of capacity. An inlet temperature of 400 ⁰C was used in the calculations based on experience operating the eSMR pilot plant reactor.  This is a consequence of more compact reactor sizes compare to traditional fired reformers. 
LHV energy consumption Model
Fired reformer
In the fired reformer, the heat requirement to the fired section is covered by the combustion of fossil fuel, normally natural gas. The total feed consumption of natural gas in the fired reformer is therefore split between the fired section and reforming, which reduces the feed utilization. The split between produced hydrogen and consumed methane is 1 Nm3/h H2 / 0.42 Nm3/h CH4 [2]. Based on the lower heating value (LHV) of natural gas and the split of H2/CH4 in the fired reformer, the energy consumption can be calculated using Equation S12, resulting in  .
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eSMR reformer
In the eSMR reformer, the heat requirement for the endothermic reactions is covered by an electrically heated catalytic structure, which completely removes the need for a combustion section in steam methane reforming process. This increases the utilization of the natural gas feed per produced hydrogen in the eSMR configuration. The split between produced hydrogen and consumed methane is 1 Nm3/h H2 / 0.26 Nm3/h CH4 [2]. Energy consumption based on the LHV model for the eSMR reformer is the LHV of the natural gas feed and the electrical input. 
Energy consumption based on the LHV of natural gas for the eSMR reformer can be calculated using Equation S12 with the new split (, resulting in . The electrical input is calculated based on the energy consumption model (Equation S11) at industrial conditions for hydrogen production, resulting in 1 at ≥ 1 MW reactor capacity. This results in a total energy consumption of .
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