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Abstract

Urban wastewater treatment plants currently face common challenges in aeration systems, including high energy consumption and
insufficient control precision. To address these issues, this study presents an intelligent aeration system designed with electrical
automation instrumentation linkage control. The system integrates dissolved oxygen (DO) sensors, online ammonia nitrogen
analyzers, air flow meters, and pressure transmitters, forming a distributed control system centered on PLCs and utilizing PROFINET
as the primary network. The core control algorithm employs a “feedforward-feedback” composite PID control strategy combined
with a cascaded optimization approach for ammonia nitrogen management. This enables precise adjustment of aeration and air
supply volumes based on influent load and water quality targets, achieving demand-responsive operation. Practical applications have
demonstrated significant improvements: dissolved oxygen control precision has been enhanced to a fluctuation range of +0.3mg/L,
while effluent quality consistently meets standards with ammonia nitrogen levels below 3mg/L. Additionally, energy consumption
in aeration units has been reduced by 20%-30%, providing a practical technical solution for achieving refined operations and energy
cost savings in wastewater treatment plants.
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