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Abstract

Under the “Carbon Peak and Carbon Neutrality” targets, reducing building energy consumption is
critical. This study proposes a novel photovoltaic direct-heating thermal storage wall system, where
PV electricity drives electric heating elements to generate heat, absorbed by the wall and released
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indoors via convection/radiation, integrating thermal storage and heating terminal functions. Ex-
periments evaluated two configurations with bottom-mounted horizontal heating elements: top-
insulated sealed and top-opened. Key results show: 1) For the insulated case, PV generation reached
3525 Wh (conversion efficiency: 11.3%), wall heat storage was 1731.23 Wh (storage ratio: 51%),
volumetric storage density hit 6612.81 Wh/m3, with 10-hour nighttime heat release; 2) The opened
case had reduced storage ratio (43.3%) and shorter discharge duration (6 h), but faster daytime
room temperature rise. The insulated configuration demonstrates superior heat retention and ex-
tended nighttime heating, providing an efficient solution for building-integrated PV thermal stor-
age systems.
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Figure 1. Real discharge of the bottom of the electric heating wire
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Figure 2. Outdoor hourly weather and meteorological parameters from February 8 to February 9
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Figure 3. Real view of the heat storage wall sealed with thermal insulation at the top
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Figure 4. Voltage change trend chart
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Figure 5. Trend chart of power change by load
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Figure 6. Trend of temperature change in each layer
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Figure 7. Vertical temperature distribution of the outer surface of the wall
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Figure 8. Hourly heat change graph
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Figure 9. Change of heat transfer coefficient of wall discharge with insulation layer dis-
charged at the bottom of the electric heating wire
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Figure 10. Voltage change trend chart
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Figure 11. Trend chart of power change by load
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Figure 12. Trend of temperature change in each layer
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Figure 13. Hourly heat change graph
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Figure 14. Change of heat transfer coefficient of the wall discharged without insula-
tion layer at the bottom of the transverse bottom of the electric heating wire
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