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( Chinatelecom Yangtze River Delta national hub Computing Center, Zhejiang Jiaxing 314100 )

Abstract: In view of the problems such as extensive energy management, high Power Usage Effectiveness ( PUE ),
insufficient dynamic coordination between cooling systems and IT loads, high risks associated with direct engineering
retrofits, and difficulty in quantifying the benefits in current data centers, this paper proposes a PUE collaborative
optimization and verification method based on a digital simulation model. This method establishes a full-process
technical system of "simulation modeling — algorithm optimization — strategy verification — engineering deployment".
Firstly, by analyzing the energy consumption composition and key influencing factors of PUE in data centers, a high—
fidelity integrated simulation environment incorporating IT load forecasting, dynamic adjustment of cooling systems,
and intelligent distribution of computational loads is constructed based on historical operational data. On this basis,
an optimization decision—making model for multi—objective collaboration is built by integrating a Bidirectional Long
Short—Term Memory network for time series prediction and a Deep Deterministic Policy Gradient reinforcement

learning algorithm. The optimal control strategy is determined through multi-scenario simulations. Finally, the
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optimized strategy is deployed in a medium-sized data center for on—site engineering validation. Simulation results
show that the average PUE decreases from 1.48 to 1.32, the energy consumption of the cooling system is reduced
by 22.4%, and the load balance of the server cluster is improved by 26.4%. A six—-month engineering validation
demonstrates that the actual annual average PUE remains stable at 1.32, achieving an annual electricity cost saving
of approximately 820,000 yuan with a static investment payback period of about 1.2 years. By prioritizing simulation,

this method effectively mitigates the risks associated with blind retrofits and provides a quantifiable, replicable

technical pathway for the green and low—carbon operation of data centers.

Keywords:Data Center; PUE Optimization; Digital Simulation; Time Series Prediction; Reinforcement Learning;

Collaborative Energy Consumption Control; Energy Saving
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