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Abstract: The present study introduces a self-consistent energy system designed to recover
waste heat from electrolytic cells, thereby addressing the energy demands of hydrogen
production plants. The system incorporates a three-stage latent heat storage (CTES) device
that captures and utilizes waste heat generated by the electrolytic cell, providing a reliable
heat source for absorption refrigeration and domestic hot water supply. This integration
facilitates the combined supply of cooling and heating during hydrogen production. At the
material level, three composite phase change materials (CPCMs) based on paraffin were
selected, and the thermal physical properties were tested. The thermal response
characteristics of the CTES unit were simulated using Ansys Fluent software, and the
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operational performance of the system were analyzed based on the TRNSYS dynamic
simulation platform. Comparative results before and after CTES integration reveal the stable
systematic operation, with cooling capacity meeting demand and the coefficient of
performance deviation of the heat pump being less than 5%. Economically, the total life cycle
cost of the CTES is ¥5.34 million, significantly lower than that of a single-stage system, with a
dynamic payback period of only 3.5 years. In addition, the application of CPCMs has reduced
investment in energy storage units by approximately 53%, significantly improving the energy
efficiency and economic viability of the system. Overall, this system effectively integrates
cascade waste heat recovery from the hydrogen production process with combined cooling
and heating supply, providing an efficient, cost-effective, and stable energy-autonomous
solution for the industrial sector. This approach significantly enhances the overall energy
efficiency and economic competitiveness of hydrogen production.
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Fig.1 Schematic diagram of cold and heat combined supply device for energy self-consistent system
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