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Optimization Study on Water Quality Stability and Energy Consumption Economy
in the Series Operation of Cation and Anion Exchange Beds in Industrial Water
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Abstract: To address the issues of water quality fluctuations and excessive energy consumption in the operation of
a cation-anion exchange bed series water treatment system, a multi-objective optimization model was established, with
regeneration cycle and flow rate as the core decision variables. The Pareto solution set was solved using an improved
NSGA-II algorithm. Simulation experiments demonstrated that the optimized system reduced total energy consumption
by 16.9%, significantly improved water quality stability, reduced pH fluctuation amplitude by 62%, and narrowed the
conductivity fluctuation range to 18-22 uS/cm. Parameter linkage analysis confirmed that extending the regeneration cycle
to 52 hours could reduce regeneration energy consumption by 17.8%, while adjusting the flow rate to 1.8 m/s could reduce
pumping energy consumption by 14.9%. The research findings provide a feasible pathway for enhancing energy efficiency

in industrial water treatment systems.
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