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Abstract

In cold regions, the operation of cooling towers in thermal power plants is prone to issues such as ice blockage due to low
temperatures and strong winds, making the design of anti-freezing systems and energy efficiency optimization crucial. This study
focuses on the design and energy efficiency analysis of anti-freezing systems. At the design level, it clarifies the objectives of the anti-
freezing system and establishes a correlation model with environmental thermal parameters, adopting an active-passive synergistic
technical approach combined with intelligent PLC/DCS control systems. At the energy efficiency level, it constructs a direct and
indirect evaluation index system, develops a calculation model for energy consumption of active technologies and energy-saving
benefits of passive measures, and proposes strategies for multi-scheme optimization, dynamic adjustment, and waste heat cascade
utilization. The research provides technical support for the safe operation and energy efficiency improvement of cooling towers in
thermal power plants in cold regions, achieving a balance between anti-freezing safety and economic operation.
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