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Abstract

The rapid growth of artificial intelligence technologies over the past decade has laid the
foundation for a fundamental transformation in the management of complex infrastructure
systems, including water and wastewater treatment plants. As multi-variable, nonlinear, and
dynamic systems, treatment plants constantly face challenges such as fluctuations in influent
quality, high energy consumption, operational costs, and strict environmental regulations. In
this context, Al-based methods such as machine learning, artificial neural networks, fuzzy
systems, and evolutionary algorithms have emerged as powerful tools for improving
monitoring, prediction, control, and intelligent decision-making. The aim of this article is to
provide a systematic review of studies examining the role of artificial intelligence in the smart
management of water and wastewater treatment plants. Without conducting new empirical
research, this review analyzes and compares studies published in reputable international
scientific databases as well as Persian scholarly sources. The review focuses on identifying
major application domains of Al in treatment plants, examining the theoretical and
methodological frameworks of prior studies, and analyzing strengths, limitations, and
emerging trends. Overall findings indicate that artificial intelligence plays a significant role in
enhancing the accuracy of effluent quality prediction, reducing energy consumption,
optimizing biological and chemical processes, and improving managerial decision-making.
However, challenges such as data quality, model generalizability, lack of unified standards,
and the gap between academic research and industrial application remain persistent.
Ultimately, this article identifies existing research gaps and proposes future directions for
research and development in Al-based smart management of treatment plants.

Keywords: Artificial Intelligence; Smart Management; Water and Wastewater Treatment
Plant; Machine Learning; Process Optimization; Intelligent Monitoring and Control.
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