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Comprehensive Thermodynamic Analysis of Low-Carbon System Based on Steam
Methane Reforming Fueled by Biogas and Integrated with SCO: Cycle for the
Cogeneration of Hydrogen, Power, and Heat
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Abstract

Given the increasing demand for clean and high-efficiency systems, this study investigates a novel integrated cycle for the
cogeneration of hydrogen, power, and heat based on steam methane reforming (SMR). In the proposed system, the thermal energy
required for the reforming process is supplied through biogas combustion, and a supercritical carbon dioxide (SCO-) Brayton cycle
is employed to recover waste heat and enhance system performance. A comprehensive thermodynamic model is developed using
energy and exergy analysis, and the system's behavior is examined under various operating conditions. The results indicate that the
energy and exergy efficiencies of the system reach 84.96% and 59.89%, respectively, with a hydrogen production rate of 1.35 ton/hr.
Furthermore, the combustion chamber accounts for the highest exergy destruction, contributing 64.5% of the total. Parametric
analyses reveal that increasing the steam-to-carbon (S/C) ratio and reforming temperature leads to higher hydrogen production, while
simultaneously reducing the net power output.

Keywords: Hydrogen, Steam methane reforming (SMR), Synthesis gas, Biogas, exergy, S-CO; cycle.
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