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Design and Operation of Future Wastewater Treatment Plants: Paradigm
Shifts and Challenge Responses
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Abstract: As environmental concerns grow increasingly complex and technological advancements
accelerate, the design and operation of wastewater treatment plants are confronting with escalating
challenges, while simultaneously presenting opportunities for transformation innovation. The paper
outlines the current status and emerging trends in the design and operation of wastewater treatment
plants, with a focus on analyzing the significance and limitations of safety factors of traditional
approaches. It also examines the challenges associated with the transition, explores methodologies for
uncertainty analysis, and corresponding strategies. Furthermore, the driving factors behind the shift from
reactive control to proactive control in operational modes are discussed, alongside the challenges inherent

in this paradigm shift.
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