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Integrated collaborative model for hydrogen-enhanced gas recovery and
underground hydrogen storage operation
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ZHU Sinan, LIU Xuan, MI Lidong, NI Ruichong
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Abstract: Hydrogen energy, as a key carrier for deep decarbonization, requires efficient underground hydrogen storage
(UHS) technologies to support its large-scale deployment. Based on a numerical simulation model established for the Y
gas reservoir in China, this study systematically analyzed the effects of hydrogen injection on enhanced gas recovery (H,-
EGR), the synergistic interaction mechanism, and the operational efficiency of UHS. The research results indicate that
a three-stage transition model comprising enhanced recovery, synergistic operation, and hydrogen storage, can achieve
EGR and stable UHS operation in a coordinated and optimized manner. The H,-EGR and synergy stages, effectively
mitigated bottom-water rise, with water production declining from a steady rate of 25 m?*/d to zero. Meanwhile, formation
energy was replenished; after the synergy stage, the bottomhole pressure was 1. 6 MPa higher than that under depletion
development, and methane recovery increased by 3. 73%. During the UHS operation stage, residual methane served as
cushion gas to support the efficient establishment and stable operation of the UHS facility. Over multiple injection-
production cycles, the methane-formation water boundary remained stable, with the hydrogen recovery rate reaching up
to 83. 64%, and the cushion-gas consumption rate limited to only 1. 78%. This model achieves synergistic optimization
of EGR and UHS facility construction, providing a viable technical pathway for accelerating the industrialization of
hydrogen energy.
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Fig. 1 Spatial collaborative utilization strategy for gas reservoirs
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Fig. 3 Schematic diagram of the numerical simulation model grid

for (H,-EGR) and hydrogen storage collaboration
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Table 1 Operating schemes for different stages: depletion development, H,-EGR, synergistic operation, and hydrogen

storage operation
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