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Abstract: Compared with conventional water-based thermal energy storage, deep
geothermal reservoirs offer advantages such as high temperature, large storage capacity, and
stable output. Deep geothermal long-term energy storage technology provides an effective
solution to address the spatio-temporal mismatch between energy supply and demand in
large-scale clean heating systems. However, technical and economic feasibility remains a
critical indicator for evaluating the viability of related projects. Nevertheless, most previous
studies have primarily focused on the simulation of geothermal energy storage while
neglecting the dynamic operational changes of both ground-based heat sources and building
load systems. Additionally, the operational modes have been overly simplified, leading to
insufficient performance in terms of the system's technical rationality and economic
effectiveness. To address these limitations, this study establishes a coupled ground-
underground model and conducts an hourly dynamic simulation of long-term energy storage
operation under variable conditions for a typical deep geothermal energy storage system in
North China. The comprehensive performance of the system under various operational modes
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is analyzed and evaluated. The results indicate that under the "source-load-storage" dynamic
collaborative operation mode, compared with conventional operation modes, the heat storage
capacity decreases by 50.4%—64.5%, the thermal plume radius reduces by 59.1%—81.8%,
the operational cost decreases by 50.4%—64.5%, the operational profit increases by 32.1%—
77.1%, and the payback period is shortened by 24.3%—43.5%. These findings demonstrate
the significant advantages of this dynamic collaborative operation mode in improving the
technical and economic performance of deep geothermal long-term energy storage systems.
Under specific scenarios, the dynamic coupled ground-underground model developed in this
study provides refined technical support for characterizing the performance of deep
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geothermal long-term energy storage systems under variable operating conditions.
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underground coupled system architecture
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