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Abstract

Objective Power-to-heat conversion coupled with pit thermal energy storage (PTES) is a potential pathway toward utilizing curtailed
photovoltaic (PV) electricity for clean heating. This study evaluated the performance of a PTES system under different power-to-heat

configurations driven by curtailed PV power.

Methods A TRNSYS-MATLAB coupled model was developed for three systems: an electrode boiler system (S1), an air-source heat
pump system (S2), and a combined system (S3). Two consecutive years of operation were simulated under variable-flow control, while
maintaining a constant temperature. The system energy flows, charging/discharging boundaries, water thermal stratification, heat losses,

and thermal storage efficiency were analyzed.

Results and Discussion The differences in heating contribution among the three systems mainly stemmed from the PTES discharge and
auxiliary heat supply, with the curtailed-PV heating guarantee fractions reaching 82.9%, 80.7%, and 84.2% in S1, S2, and S3,

respectively. Fluctuations in the curtailed PV power were mainly reflected by circulation-flow variations, whereas equipment switching in
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S3 also caused fluctuations in the charging temperature. The mean MIX numbers during the heating period were 0.276, 0.273, and
0.298 for S1, S2, and S3, respectively, revealing pronounced thermal stratification under the investigated conditions. The sidewall heat
loss accounted for a relatively large proportion during the initial operating period, and the top-cover heat loss gradually became dominant
as heat accumulated in the surrounding soil. The first-year thermal storage efficiencies were 91. 49%, 88. 11%, and 88. 97% for S1, S2,

and 83, respectively.

Conclusions PTES can accommodate the dynamic charging boundaries associated with curtailed-PV power-to-heat conversion and thus
effectively contribute to both PV-curtailment utilization and building heating. However, the discrepancy between the steady-state

capacity design and the dynamic operating performance indicates that future system sizing should account for hourly curtailed-PV - load

matching and practical operating constraints.

Keywords curtailed photovoltaic electricity ; pit thermal energy storage ; thermal stratification; heat loss; thermal storage efficiency
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Fig.1 Energy flow of the curtailed photovoltaic power-to-

heat system with thermal storage
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Fig.2 Principle of the curtailed photovoltaic power-to-heat
PTES heating system
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Fig.3 System operation control flowchart
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Fig.4 TRNSYS simulation model of the system
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power, and heating load
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Fig.6 Flowchart for determining thermal storage mode and

capacity
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Fig.7 First-year main energy flows and curtailed-PV heating guarantee rates of the three systems
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Fig.11 Variation in water MIX number of the three systems
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