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Abstract

Hydrogen production via solid oxide electrolysis (SOE) is the most efficient production method to pro-
duce green hydrogen, but its high temperature operation requires a significant energy demand. While
SOE system-level optimisation studies only consider heat integration and recovery between high and low
temperature streams within the process, the potential advantage of a bottoming power cycle on the high-
temperature anode side exhaust remains uninvestigated.

This work first defines the base process by modifying a previous model in Aspen HYSYS™ and putting
in alignment with designs in the literature. Afterwards, two steady-state models of a supercritical carbon
dioxide Brayton cycle are modelled in EES. Finally, the anode side of the electrolyser is chosen as the
location of integration for the sCO2 cycle. This integration is then assessed under two different analyses:
an exergy one and a primary energy one. From an exergetic perspective, using a power cycle increases
the exergy destruction within the system compared to the base case without any bottoming cycle. The
results from the primary energy analysis show that the primary energy consumption of the system can be
decreased by 0.7% using a simple recuperative sCO2 bottoming cycle and by 1.17% using a recompressed
recuperative one. Finally, a scenario in which the cycle net power is maximised is considered, and it turns
out that the cycle can cover up to 20% of the electrolyser’s electricity consumption.
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Figure 1: Block diagram of the process integrated with the bottoming cycle.
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Figure 2: Grassmann diagram with simple recuperative configuration for a 45% hot source cooling grade.
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Figure 3: Cycle efficiency as a function of the cooling grade for both cycle configurations.
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Figure 4: Specific primary energy consumption as a function of the hot source cooling grade for the
simple recuperative configuration.
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(a) Net cycle power.
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(b) Outlet cooling air temperature and cooling
air mass flow rate.

Figure 5: Cycle net power and cooling air characteristics as a function of the compressor supply temper-
ature.
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