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ABSTRACT

This document explores the application of artificial intelligence (AI) in optimizing 
wastewater treatment processes, focusing on key areas such as chemical dosing, 
aeration control, and sedimentation. The integration of advanced AI techniques, 
including neural networks, genetic algorithms, and optimization methods like 
Particle Swarm Optimization (PSO) and Bayesian Optimization, has significantly 
enhanced the efficiency and reliability of these processes. Through the implemen-
tation of machine learning models and real-​time control systems, AI has enabled 
more precise adjustments, leading to reduced operational costs, improved resource 
management, and better compliance with environmental regulations. The study also 
highlights the potential for AI-​driven innovations to further enhance sustainability 
in wastewater management, presenting opportunities for future research to expand 
on these advancements and address emerging challenges in the sector.
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1. INTRODUCTION

1.1. Context and Relevance of Wastewater Treatment

Wastewater treatment is essential for protecting human health and the environ-
ment, involving physical, chemical, and biological processes to remove contami-
nants. Treated water can be safely discharged or reused for purposes like agricultural 
irrigation and industrial applications, while sludge can generate biogas (Sonune & 
Ghate, 2004).

Growing urbanization and environmental challenges have driven advancements 
in wastewater treatment technologies over the past three decades. Modern plants 
combine methods to address chemical and biological contamination, ensuring treated 
water meets public health and environmental standards. These innovations enhance 
efficiency and promote long-​term sustainability (Crini & Lichtfouse, 2018).

1.2. Current Challenges in Wastewater Management

Wastewater management faces challenges in implementing efficient, cost-​effective 
systems to meet environmental regulations and performance expectations. In Japan, 
energy-​intensive treatment processes highlight the need for sustainable, energy-​
saving solutions adaptable to socioeconomic changes. Sludge management through 
anaerobic digestion for biogas production offers potential but struggles with cost 
and scalability (Hosomi, 2016).

Urbanization and population growth strain existing wastewater infrastructure, 
especially in developing countries with limited financial and technical resources, 
leading to untreated wastewater discharge. Additionally, emerging pollutants like 
pharmaceuticals require innovative treatment methods, as traditional plants are 
ineffective in removing these compounds (Choudhary et al., 2019).

1.3. Chapter Objectives

The key objective is to examine practical applications and advanced process 
control methodologies in wastewater treatment plants using AI. This includes the 
implementation of recurrent neural networks (RNN) and other machine learning 
algorithms to optimize chemical dosing and other critical processes.
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