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Abstract

As the core infrastructure of the information society, the operational energy consumption of data centers has become a critical factor
constraining the sustainable development of the industry. Among these, the cooling system accounts for approximately 40% to 60%
of the total energy consumption. Optimizing the operational efficiency of the cooling system is a key approach to reducing energy
consumption and improving operational reliability in data centers. This paper focuses on energy-saving technologies and system
optimization, exploring energy-saving strategies for data center cooling systems from four dimensions: airflow organization, cold
source configuration, intelligent control, and energy efficiency evaluation. By analyzing the energy consumption characteristics
and operational bottlenecks of the cooling system, a comprehensive optimization solution is proposed, which includes cold-hot
aisle isolation, variable frequency control, utilization of natural cold sources, and artificial intelligence-based energy consumption
regulation. The research results indicate that this strategy can achieve a 10% to 25% reduction in Power Usage Effectiveness
(PUE) without compromising the operational stability of the equipment, providing a feasible path and technical reference for the
construction of green data centers and low-carbon operations.
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