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Thermodynamic analysis and performance enhancement of high-temperature heat pump

coupled energy storage system
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Abstract: Under the "dual carbon" goals, it is urgent to reduce CO, emissions from fossil fuel combustion in the industrial
steam production process. High-temperature heat pumps, as highly promising low-carbon energy conversion systems, can
not only efficiently produce high-temperature steam but also significantly reduce energy consumption and carbon emissions.
To address the challenge that single-stage high-temperature heat pumps cannot achieve large temperature lifts, an efficient
energy solution integrating high-temperature heat pumps with energy storage systems was proposed. This coupled system
could leverage the characteristics of the energy storage system to reduce the compressor pressure ratio, thereby enabling
efficient steam production under extreme operating conditions. Additionally, an integrated regulation model for variable
operating conditions including energy, exergy, economic, and environmental benefits was established. Through
comparative analysis with conventional high-temperature heat pumps capable of large temperature lifts, the application
potential of the high-temperature heat pump coupled with the energy storage system was evaluated. Furthermore, an
optimal strategy model for the coupled system was established. The results showed that under operating conditions where
single-stage high-temperature heat pumps failed to operate effectively, the high-temperature heat pump coupled with an
energy storage system could still maintain stable industrial steam output, with its coefficient of performance and steam

production improved by at least 134.3% and 461.5%, respectively. The energy storage system had an optimal operating
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strategy, and only through rational configuration under
variable operating conditions could the coupled system
achieve synchronous improvements in performance and

economic efficiency.
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Table 1 Recent research progress on heat pumps coupled with

energy storage system
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Fig. 1 Schematic diagram of high-temperature heat pump

coupled with energy storage systems
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Fig.2 p—h diagram of high-temperature heat pump
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Table 2 Key parameters and equations of this study
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Table 3 Typical PCMs suitable for high-temperature heat pumps and their thermophysical properties

5 PCM WREC k) ORI IR s s
PCM-1 Na,S0,+ 10H,0 324 241.0 1.8/3.3 1 460/1 330 [22]
PCM-2 AR 42.0 178.0 0.1/0.1 870/870 [23]
PCM-3 KGR 48.0 210.0 2.4/2.4 1 600/1 666 [24]
PCM-4 A+ 2 51.0 162.0 2.1/2.1 605/605 [25]
PCM-5 PR 2 TR 54.0 187.0 1.72.2 844/844 [23]
PCM-6 AS8H+Ji i 58.0 284.5 2.4/1.8 816/790 [26]
PCM-7 FRAHER 63.0 187.0 1.9/2.2 847/847 [23]
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Fig.3 Comprehensive performance of single-stage

high-temperature heat pumps
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system and conventional high-temperature heat pumps

with large temperature lifts
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