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Abstract: Salt cavern hydrogen storage represents a critical technological approach for large-
scale and long-duration hydrogen storage. However, the produced gas commonly contains
impurities such as CO,, H,S, H,0, CH,, and N,, making the purity of recovered hydrogen fail to
meet the stringent requirements of hydrogen fuel cell industries. Accordingly, this study
proposes an integrated "purification and upgrading" process scheme and conducts simulation
and optimization of various process routes via Aspen Plus. In the purification stage, chemical
acid gas removal processes using monoethanolamine (MEA) and methyldiethanolamine
(MDEA) are adopted, along with dehydration technologies including triethylene glycol (TEG)
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dehydration and low-temperature separation dehydration. In the upgrading stage, membrane
separation, pressure swing adsorption, and liquid organic hydrogen carrier (LOHC) upgrading
processes are applied for deep purification of the pre-purified hydrogen. Experimental
verification is also performed to validate the reliability of the simulation results for membrane
separation and LOHC upgrading under simulated operating conditions. Simulation results
reveal that the purification unit can raise hydrogen purity from 95% to 99%. Specifically, MDEA
absorption outperforms MEA absorption, and low-temperature separation is superior to TEG
dehydration in terms of energy consumption and technical economy. All three upgrading
processes can further increase hydrogen purity to above 99.99%. Experimental data from
membrane separation and LOHC upgrading confirm the validity of the simulation outcomes.
Among the upgrading sections, pressure swing adsorption achieves the highest hydrogen
recovery rate and the lowest energy load. The energy consumption of membrane separation
is mainly attributed to pressure conveying equipment, while LOHC upgrading presents the
highest energy consumption due to the endothermic dehydrogenation reaction. A
comprehensive comparison of different combined purification and upgrading processes
indicates that the integrated route of MDEA absorption, low-temperature separation, and
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pressure swing adsorption delivers the optimal overall performance.
Keywords: cavern-produced hydrogen; purification; upgrading; process; simulation
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Fig. 1 Hydrogen purification path from salt caverns
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Table 1 Basic data for hydrogen production using
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Table 2 Data of top gas from the absorption tower in the deacidification unit
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Table 3 Data of purified gas at the top of the dehydration unit tower
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