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Abstract

The water industry is facing critical challenges due to the growing demand for fresh water,
exacerbated by climate change, population growth, urbanization, and industrialization.
Traditional water management practices are becoming increasingly inadequate to address these
challenges. Artificial intelligence (Al) offers significant potential for transforming water and
wastewater systems, optimizing operations, improving efficiency, and ensuring sustainability.
This paper reviews the application of Al in water management and wastewater treatment,
focusing on its use in monitoring, data analysis, decision-making, and predictive maintenance.
It also highlights the opportunities and challenges of Al integration into the water sector,
including data availability, technological limitations, and the need for interdisciplinary
expertise. The article concludes by proposing recommendations for enhancing Al
implementation in water management.
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1. Introduction

Water resource management involves the assessment, allocation, and use of resources to meet
the demands of various sectors, considering factors such as availability, quality, and
environmental sustainability. With population growth, wurban development, and
industrialization, the demand for clean water is increasing (Mishra, 2023). Water resources,
being one of the most essential elements for human life and production processes, are now
under serious threat from harmful pollutants resulting from both human activities and natural
processes. Water treatment is a vital process that encompasses the purification and management
of water resources to ensure safe and sustainable access to clean water. Traditional methods
face limitations in efficiency, resource optimization, and decision-making due to the
complexity of systems, variations in water quality, and the dynamic nature of resources
(Fameso et al., 2024). To address these challenges, innovative solutions are required. Artificial
intelligence (AI) and big data analytics are at the forefront, holding the potential to
revolutionize the management of water resources (Kamyab et al., 2023).

The application of mathematical-experimental models as predictive tools for control systems
faces operational limitations (Wang and Xiang, 2019). Most of these models are limited in
describing the overall complex dynamics and nonlinear dependencies present in water
treatment processes (Ghandehari et al., 2011). Seasonal variations in water quality parameters
and extreme events, which can lead to data fluctuations, necessitate rapid, reliable predictions
and adjustments of operational parameters. However, since Al techniques rely on historical
data to provide solutions to these challenges, the availability of data is crucial (Chowdhury and
Karanfil, 2024). Moreover, the unavailability of effective, timely, and highly accurate models
means that determining specific operational states often depends on manual approaches and
prior experience. For instance, in water treatment plants, achieving turbidity and total organic
carbon removal from source waters with variable water quality is often carried out by manually
adjusting coagulant doses based on previous experience (Ding et al., 2013). Traditional
coagulant dosing adjustments, based on jar test experiments or experience-based choices, may
not always lead to reliable results (Li et al., 2021). Additionally, it should be noted that water
quality parameters follow nonlinear patterns that vary seasonally (Chowdhury and Husain,
2021).

The emergence of data-driven smart applications has transformed our daily practices.
Advancements in sensor technology, data collection, storage capacities, and data processing
have significantly accelerated the development and expansion of Al applications. The evolution
of Al applications, particularly machine learning models, has been remarkable in fields such as
medicine, finance, economics, and engineering. Al techniques have also increasingly been used
over the past decade to protect against environmental threats, reduce environmental risks,
ensure water quality, mitigate flood risks, and enhance water and wastewater treatment
processes and waste management (Zhong et al., 2021). The evolution of Al techniques used in
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data-driven decision-making has created opportunities in various environmental engineering
fields, such as water and wastewater treatment processes, water quality protection, cost
reduction, and process control (Ismail et al., 2021). Al can analyze vast amounts of data from
sensors, monitoring systems, and historical records, providing insights into water quality, usage
patterns, and resource availability. This data-driven approach enables precise treatment
outcome predictions, optimization of treatment processes, and active resource management
(Nourani et al., 2018). Al can improve water treatment efficiency and automation by enabling
real-time monitoring and control of treatment systems, minimizing energy consumption, and
facilitating timely adjustments (Ismail et al., 2021). Al-based decision support systems assist
operators in making informed choices regarding treatment strategies, resource allocation, and
maintenance planning (Gunasekaran and Boopathi, 2023). Al has been recognized as a
powerful tool for enhancing efficiency, optimizing resources, and improving decision-making
in water treatment (Alam et al., 2022). By leveraging Al algorithms and big data analytics,
water and wastewater companies can make more efficient decisions while improving water
quality, customer service, and cost reduction (Jenny et al., 2022).

This review aims to introduce the role and impact of Al in water management and treatment by
collecting and examining the latest scientific literature on Al, its various applications in the
water and wastewater industry, and its connection to intelligent water resource management.
In the local literature, there have been few focused studies on the role and impact of Al in water
management. The article is structured into four sections. The second section elaborates on the
research methodology. The third section presents the results and discussion of the research
findings, and finally, the fourth section provides a summary of the results.

2. Methodology

This study is an applied research that, considering the significant role and impact of artificial
intelligence in water management and treatment, aims to identify its transformative dimensions
and potentials in the supply chain, treatment, and water services. It explores the potential
benefits of Al in water management and hopes to provide valuable information for planners
and decision-makers in this field. In terms of methodology, this research is descriptive-
analytical, and data collection was conducted using a library-based approach by reviewing the
latest available literature and searching for credible scientific research sources. The data used
in this study were obtained through searches in reference scientific databases such as Scopus,
Science Direct, and Google Scholar. The search keywords included water resources, artificial
intelligence, smart management, water treatment, and water services. Subsequently, the various
results were analyzed and summarized.

3. Results and Discussion
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In the literature reviewed in this study, a broad spectrum of the capacities and roles of artificial
intelligence (Al) in water management is presented, which includes: the role of Al in decision
support systems and policy-making, reservoir management and flood control, data analysis and
predictions regarding water availability and potential shortages, optimization of water
treatment processes, leak detection and monitoring of infrastructure, management of water
consumption, and its role in efficient irrigation systems. The categorized results, summarizing
the capacities and roles of Al in water management, are presented in Table 1.

Table 1. Capacities and Roles of Artificial Intelligence in Water Management

Role Capacity References
Decision Support Provides data-driven insights for water (Doorn, 2021) (Ray, 2023)
Systems resource management; evaluates various (Sanchez et al., 2020)
policies through scenario modeling and (Hmoud Al-Adhaileh and
simulation; ensures informed decision- Waselallah Alsaade, 2021)
making for sustainable water management. (D’Amore et al., 2022)
Analyzes historical and real-time data using (Niu and Feng, 2021)
Reservoir Al models for effective reservoir level (Krishnan et al., 2022)
Management & management; predictive analysis plays a (Ibrahim et al., 2022)
Flood Control crucial role in implementing preventive flood (Boulouard et al., 2022)
control measures; minimizes the impact of (Arabameri et al., 2020)
extreme climatic events on communities. (Pham et al., 2021)
Prediction Analyzes large datasets including satellite (Gorlapalli et al., 2022)
imagery, weather forecasts, and sensor (Hmoud Al-Adhaileh and
networks through Al algorithms to make Waselallah Alsaade, 2021)
accurate predictions regarding water (Kavya et al., 2022)

Optimization of
Treatment

Processes

Leak Detection &
Infrastructure

Monitoring

availability and potential shortages; enables
the adoption of proactive strategies against
variable climatic conditions.
Predicts demand fluctuations and adjusts (Alam et al., 2022) (Zhao et
treatment processes accordingly; improves  al., 2020) (Jawad et al., 2021)
efficiency through smart control systems; (Lietal., 2021)
reduces energy consumption; enhances
overall water treatment standards.
Real-time analysis of water distribution (Vanijjirattikhan et al., 2022)
system data by monitoring pressure changes (Hu et al., 2021) (Fan et al.,

and flow patterns for early detection of leaks;  2021) (Dawood et al., 2020)
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helps preserve infrastructure, reduce water (Lowe et al., 2022) (Xiang et

loss, and ensure the longevity of water supply al., 2021)
networks.
Water Monitors and manages water consumption for ~ (Jenny et al., 2020) (Doorn,
Consumption consumers using smart meters equipped with 2021)
Management Al algorithms; provides personalized

recommendations for water conservation
through Al-driven applications; encourages

responsible water usage at the individual

level.
Irrigation Assists in optimal water use by continuously (Talaviya et al., 2020)
Systems monitoring soil moisture, weather dynamics,  (Obaideen et al., 2022) (Ben
and plant needs. Ayed and Hanana, 2021)

These various and diverse transformative potentials can provide key drivers for the adoption
and integration of Al into water management programs as a revolutionary solution. Examining
the roles and potential capacities of Al in the future management of water reveals that Al,
through advanced algorithms and data-driven insights, provides unparalleled capabilities to
enhance water security, optimize resource allocation, and reduce the impacts of climate change.
This enables water management companies and utilities to make more efficient decisions aimed
at improving water security, water quality, customer service, reducing costs, and increasing
flexibility and resilience in the face of climate change.

One of the most significant transformations that Al can bring to the manner and quality of
service delivery in the water and wastewater industry is related to the role and impact of Al in
water quality and treatment. Access to clean water and sanitation is a fundamental aspect of
human dignity, with the water and wastewater industry playing a crucial and decisive role in
this regard. According to research from the United Nations Children's Fund (UNICEF),
approximately 400,000 child deaths under five years of age are reported annually due to unsafe
drinking water and poor sanitation. Each year, around 829,000 people die due to issues related
to unsafe water and inadequate sanitation (Maurya et al., 2024). Figure 1 shows the annual
death toll due to unsafe water consumption across various countries.
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Figure 1. Global Map of Annual Deaths Due to Unsafe Water Consumption
(Source: Maurya et al., 2024)

India accounts for the highest annual mortality due to contaminated water, with more than
500,000 deaths. As shown in Figure 1, Iran ranks among the countries with the lowest mortality
rates due to unsafe water consumption. Nonetheless, the use of Al can transform water
treatment systems, elevate drinking water quality standards, and thus support the water and
wastewater industry in fulfilling its critical role in safeguarding public health. In the reviewed
literature, several examples of the impact of Al on the water treatment industry are presented,
with categorized results shown in Table 2.

Table 2: Impacts and Capacities of Artificial Intelligence in the Water Treatment Industry

Impact Capacity References
Smart Adaptable to dynamic water quality (Wu et al., 2021) (Lowe et
Treatment conditions; equipped with sensors and Al al., 2022) (Alshehri et al.,
Systems algorithms to optimize filtration processes 2021)

based on specific pollutants; ensures complete
treatment and minimizes harmful substances in
drinking water.
Real-Time Enables real-time monitoring of water quality (Ighalo et al., 2021) (Jan et
Water Quality parameters with Al-enabled sensors; allows al., 2021) (Ramadhan et al.,
Monitoring rapid response to deviations from water quality ~ 2020) (Hmoud Al-Adhaileh
standards; ensures a proactive approach to and Waselallah Alsaade,

maintaining safe drinking water. 2021) (Li et al., 2021)
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Prediction Predicts changes in pollutant levels based on (Malviya et al., 2021) (Li et
historical data and environmental factors; with al., 2021)
this insight, water treatment plants can
preemptively adjust processes, optimize

efficiency, and maintain consistent water

quality.
Energy Enhances energy efficiency, reduces the (Kristian et al., 2024) (Chen
Efficiency environmental footprint of treatment processes, etal., 2021)

and aligns with sustainable methods by

optimizing pump, valve, and other equipment

operations.
Detection, Predicts equipment failures and schedules (Alam et al., 2022) (Doorn,
Maintenance & maintenance activities; facilitates automatic 2021)
Repair detection of issues; minimizes downtime;

ensures continuous delivery of safe drinking

water.

Al, through its rapid and accurate identification of various pollutants, clearly outperforms
traditional water testing methods. Machine learning algorithms analyze complex datasets and
enable early detection of contaminants that may compromise water quality. The adaptive nature
of Al enables quick responses to emerging pollutants or water quality challenges. By
identifying new threats, Al systems can quickly adjust settings in water treatment processes to
deal with evolving risks. Al applications also provide personalized insights into water quality
for consumers. By utilizing data from local treatment plants and real-time monitoring,
individuals can make informed decisions regarding their consumption and take steps to address
specific concerns. Overall, integrating Al technologies into water treatment plant programs can
deliver better water quality at lower costs.

However, Al applications in water management face several challenges (Toryila et al., 2024).
Al technologies in water treatment plants encounter challenges related to assumptions, data
limitations, interpretation of analyses, data preprocessing, initialization, and conceptualization.
Designing sensors and monitoring systems that assist in creating a large, systematic dataset and
enable successful Al modeling is crucial (Chowdhury and Karanfil, 2024).

4. Conclusion

With climate change and resource constraints, the water industry faces significant challenges.
Population growth, urbanization, and industrialization have increased the demand for clean
water. Water resources have been polluted by both human activities and natural processes. On
the other hand, extreme weather events are increasingly making water scarce, unpredictable,
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and contaminated, placing additional pressure on water infrastructure, treatment processes, and
system management. Artificial intelligence (Al) technology has the potential to transform the
future of water and wastewater systems. The modeling capabilities of Al techniques in water
and wastewater treatment processes are highly beneficial, as the automation of such facilities
leads to easier, lower-cost operations and a significant reduction in human errors. Al
technologies incorporate both linear and nonlinear relationships and process dynamics, which
are typically impractical to model using conventional methods. The review findings also
highlight the fact that Al provides unique capabilities to enhance water security, optimize
resource allocation, and reduce the impacts of climate change. It enables water managers and
utilities to make more efficient decisions aimed at increasing water security, improving water
quality and customer services, reducing costs, and enhancing flexibility and resilience against
the impacts of climate change.

However, the applications of Al technologies in water management face several challenges.
One of the main challenges is the need for access to large and systematic datasets. Furthermore,
there is a shortage of skilled human resources in the interdisciplinary field of water-Al
expertise. The upgrading of infrastructure and the training of human resources are also essential
prerequisites in this regard. Therefore, it is recommended that regulations and operational
programs be established to promote the development of Al-based solutions in the water
industry. These programs should focus on training human resources and equipping
infrastructure to ensure the successful application of Al in the water sector. Establishing a
national information portal for exchanging Al data related to the water sector will have a
significant impact on aggregating and strengthening the necessary datasets. Universities, by
establishing interdisciplinary training programs in water informatics and Al, will play a key
role in developing specialized human resources in this field.
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