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Abstract: Flexible renewable energy utilization via high-temperature solid thermal energy
storage is a key approach for addressing the volatility and intermittency of wind and
photovoltaic power generation. A modular modeling approach was adopted to develop a
dynamic simulation model for a wind-solar-driven solid thermal energy storage-coupled
heating system that integrates wind turbines, photovoltaic modules, solid thermal energy
storage bricks, and a nitrogen-water heat exchanger using the MATLAB/Simulink platform.
Based on the climatic characteristics of Northwest China, typical days across four seasons
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were selected to perform all-day dynamic characteristic analysis, investigating the system
response laws under charge/discharge mode switching and hot/cold nitrogen mixing control.
The results demonstrate that under rated conditions, the developed system stores heat with
an electric power of 12 MW for 6 h; the hot/cold nitrogen mixing strategy ensures a stable hot
water supply for 24 consecutive hours without external power input. Under the boundary
conditions of typical seasonal days, the average hot nitrogen ratio increases from 0.196 in
spring to 0.428 in winter, which strongly aligns with the decreasing trend of average
renewable power generation. The temperature of the solid thermal energy storage bricks
decreases stepwise with seasons, whereas the outlet hot water parameters remain stable. In
other words, the developed system exhibits the strongest heat storage capacity in spring and
relies on a high hot nitrogen ratio to maintain heating in winter. This study clarifies the dynamic
coupling laws and seasonal optimization strategies of the wind-solar-thermal energy storage/
heating system in Northwest China, providing a referable simulation method and design basis
for the engineering application and control optimization of high-temperature solid thermal
energy storage technology in new energy systems.

Keywords: solid thermal storage; electric heating; renewable energy consumption; dynamic
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Table 2 Parameters related to solar irradiance, ambient temperature, and wind speed
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Fig. 9 Changes in wind and solar power generation
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Fig. 10 Temperature change of thermal storage bricks
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Fig. 11 Nitrogen flow rate change
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Table 3 Simulation results for typical days across the four seasons
gy R éiﬁﬁaf BC HALHLER ﬁfﬁf Reb A Wimin) BN RW %ﬁﬁﬁf
= 4444.43 106.72 328.29~842.70 0.081~0.37 0.965 -72.88~118.35 3669.54 -0.30~1.28
k= 3527.18 84.67 289.28~536.66 0.16~0.48 0.969 -133.02~55.82 1745.69 -0.41~0.52
&= 2866.18 68.82 254.75~502.11 0.17~0.65 0.949 -38.84~43.27 2470.56 -0.45~0.73
K2 2225.30 53.42 240.54~400.00 0.25~0.76 0.972 -51.75~37.76 1828.98 -0.35~0.50
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