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Optimization Design and Operation Maintenance of Solar Power Supply System for
Hydrological Telemetry Stations in Alpine Regions
Tangjalek Tohtarkhan
Altay Hydrological Survey Center, Altay

[Abstract] In response to the severe challenges posed by harsh natural conditions in alpine regions to the stable
operation of solar power supply systems for hydrological telemetry stations, this paper conducts an in—depth
analysis of the coupled impact mechanisms of multiple environmental stress factors, including low temperatures,
strong radiation, large temperature differences, and wind—snow coverage. It systematically elaborates on the
optimization design theory for solar power supply systems in extreme environments, covering the selection of
efficient cold—resistant photovoltaic modules, multi—objective optimization of module tilt angle and array layout,
energy storage system configuration based on dynamic load and low—temperature characteristics, as well as
intelligent charge—discharge management and low—temperature protection strategies. Furthermore, a preventive
and refined operation and maintenance system tailored to the specific conditions of alpine regions is proposed.
The study aims to develop an energy security technical solution for hydrological telemetry stations adapted to
the characteristics of alpine regions, providing theoretical foundations and practical references for enhancing the
reliability and durability of national hydrological infrastructure under extreme environmental conditions.
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