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Abstract: To enhance energy utilization efficiency within an integrated energy system (IES),
promote the application of new energy technologies on the power generation side, and better
meet energy demand, an IES model incorporating a pumped hydraulic compressed air energy
storage (PH-CAES) module was developed. Based on typical daily operation data from an
industrial park, two operation modes were proposed, and the operational characteristics of the
IES were analyzed. In addition, the influence of capacity configuration of each module within
the energy storage system on overall system performance was investigated using
performance evaluation indicators. The results show that incorporating a PH-CAES-based
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energy storage system in the industrial park can effectively improve the park's energy self-
sufficiency rate. Under the peak-load shifting and valley charging mode, the maximum self-
sufficiency rate can reach approximately 98%, while under the internal power supply priority
mode, it can reach 100%, achieving complete self-sufficiency without relying on the external
grid. However, increasing the capacity of energy storage modules leads to a reduction in the
overall efficiency of the energy storage system. Taking a battery module capacity of 300 kWh
as an example, the overall efficiency of the energy storage system under the peak-load
shifting and valley charging mode ranges from 88.8%—68.6%, while under the internal power
supply priority mode, it ranges from 88.9%—73.1%. For the selected typical day, the peak-
load shifting and valley charging mode vyields higher economic benefits than the internal
power supply priority mode. The maximum profit under the former mode is 4817.51 yuan,
whereas that under the latter mode is 4407.47 yuan. This study provides a new approach for
the construction of integrated energy systems and offers a reference for the application and
capacity configuration of PH-CAES technology.
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Fig. 4 Photovoltaic and wind power generation
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Fig. 5 Load and grid-connected power
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Table 1 The main input parameters of the energy
storage system
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Fig. 7 Power of each module in the energy storage system
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Fig. 8 Operational status of the PH-CAES module
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Fig. 9 Energy storage system capacity and energy self-sufficiency rate
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Fig. 10 Energy storage system capacity and energy storage system efficiency
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