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I. INTRODUCTION 
 

Water is a resource required not just by human 

beings but also by agricultural and industrial 

organizations. The causes of increasing water stress 

worldwide include urbanization, climatic changes, 

population growth, and industrialization. Traditional 

methods of managing water have been shown to be 

inefficient due to multiple limitations, inability to 

detect leaks, lack of monitoring, and inability to 

make real-time decisions. Innovations should thus 

be adopted to manage water successfully, 

particularly through the use of advanced and 

intelligent technologies.  

 

This paper aims to review the role of smart 

technologies in improving water management 

systems and analyzing their effectiveness. To address 

these challenges, the introduction of smart 

technologies allows for managing and monitoring 

water effectively [1]. Real-time detection of system 

problems and prediction of water losses reduce 

water loss and improve performance since such 

technologies are more efficient than conventional 

water management systems. At the same time, the 

implementation of smart systems requires additional 

investments and professionalism. 

 

Building on this, it can be stated that the use of smart 

water management systems plays a critical role in 

urban areas. The use of IoT devices and cloud 

platforms supports the management of water supply 

and continuous analysis of system efficiency [2]. 

Several studies prove that municipal governments 

that use data analysis systems for their water 

management operations help improve the detection 

of water losses [3]. Meanwhile, data integration and 

system compatibility turn out to be very important. 

In addition to technological aspects, governance and 

regulations also play a very important role in 

Abstract- Water scarcity has become one of the leading global problems because of rapid urbanization, population 

growth, climate change, and increasing need of water for industry purposes. The traditional water management 

systems usually cannot ensure continuous monitoring, timely detection of leaks, and optimal use of water 

resources. Therefore, considerable water losses may occur. This review aimed at considering the development of 

intelligent water management systems which use the technologies of IoT and machine learning. The recent 

researches were considered and their results were used to estimate the application of the technologies in the areas 

such as water monitoring, water leak detection, irrigation management, water demand forecasting, water quality 

assessment, and resource optimization in the context of domestic, agricultural and urban sectors. According to 

the reviewed literature, the IoT technologies helped to improve real-time data collection and system monitoring 

while machine learning increased the level of predictive analysis, anomaly detection, automated decision making, 

and operational efficiency. Moreover, the integration of the mentioned technologies made it possible to decrease 

water losses and increase sustainability of water resource management. Nevertheless, there are still some 

limitations in the widespread implementation of those technologies. They include such factors as high cost of 

installation, insufficient infrastructure, poor data quality, cybersecurity risks, lack of interoperability, and 

scalability difficulties. Generally, the current review demonstrated the significance of development of the efficient, 

reliable and affordable smart water management systems capable of providing real-time monitoring, predictive 

analysis and automation. Solving all the mentioned technical, economical and infrastructural problems will be 

crucial for water conservation. 

 

Keywords: Smart Water Management, Machine Learning, Internet of Things (IoT). 



 Abhendra Pratap Singh, International Journal of Science, Engineering and Technology, 

July 2026, 14:4 

 

2 

 

 

implementation since, without an appropriate 

framework, smart water management systems 

cannot work properly [4]. The implementation of 

such technology requires appropriate policy 

decisions, regulations, and governance. 

Environmental sustainability is another aspect that 

should be considered since any technology must be 

properly implemented to avoid negative impacts on 

the environment. According to a lifecycle analysis, 

smart systems help reduce water infrastructure 

footprint and minimize negative effects of those 

infrastructures [5]. Improper implementation of such 

water management infrastructure will have opposite 

consequences. 

 

Similarly, in the agricultural sector, a significant part 

of water is used, meaning that efficient irrigation is 

necessary. Technological innovations allow farmers 

to make informed decisions about water use thanks 

to the use of precision irrigation that applies the 

required amount of water [6]. Farmers also use 

advanced monitoring technologies to improve their 

water systems' performance. In this context, 

precision irrigation becomes possible due to the 

application of IoT sensors as well as constant 

monitoring of soil moisture levels [7].  

 

This enables farmers to optimize water usage since it 

reduces water overuse. Also, with the use of smart 

platforms, farmers are able to monitor household 

water consumption and encourage people to save 

water and improve wastewater management [8]. 

Additionally, artificial intelligence technologies can 

also be useful because they allow prediction of 

system malfunctions and detection of leaks [9]. 

 

which helps detect and manage water supply 

problems in a timely manner. In conclusion, the 

implementation of smart water management 

systems requires consideration of many factors, 

including engineering, information technology, 

governance and regulations, environmental 

considerations, and artificial intelligence. Although 

there are advantages associated with such systems, 

their installation is costly, there are compatibility 

problems, cybersecurity concerns, and sometimes 

inadequate legislation.   

 

II. LITERATURE REVIEW 
  

Overview of Water Management Systems:  

Water is an important resource, and efficient water 

management is critical owing to rising demand and 

scarcity of this resource. The conventional practice in 

water management involved manual checks and 

maintenance, which resulted in massive wastage of 

water because of leaking pipes and inefficiency in the 

distribution system. To overcome these problems, 

Alam et al. [10] proposed a new IoT-based solution 

for water management. It is characterized by 

increased monitoring efficiency and reduced 

reliance. 

 

on manual inspections. Although this approach 

allows collecting valuable data about water flows, it 

is limited in its abilities to provide automated 

recommendations in case of any problems. Based on 

the concept of IoT systems' potential applications, 

Tyagi et al. [11] proposed to use IoT-based water 

monitoring to provide real-time alerts. Through this 

method, it became easier for users to become aware 

of how much water they were consuming, and it also 

made it easy for them to identify any problem such 

as overflow and leakage in time. This strategy made 

the entire process smart since it did not rely on the 

user for action. However, it still has some limitations, 

as human involvement is required to carry out the 

necessary corrections. 

 

The next innovation in this sphere is the usage of 

machine learning to predict the water consumption 

rate and improve the efficiency of its distribution. 

Jain et al. [12] developed the algorithm that allowed 

making predictions based on historical data about 

water usage. Thus, this solution could contribute 

significantly to more effective irrigation and water 

supply to cities because of increased predictability 

and system intelligence. However, the applicability of 

this approach is dependent on data accuracy and 

regularity. Another improvement was realized 

through the application of data analytics in IoT 

systems for detection of any anomalous 

consumption trends. According to Arsene et al., the 

researchers created a system capable of analyzing 

any anomalies in water usage like leakages or 

unusual consumption [13]. Such an approach helped 
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to detect inefficient consumption of water at the 

early stage. As expected, the effectiveness of the 

approach heavily depended on the consistency of 

data, just like the prediction algorithms discussed 

earlier. 

 

The following research papers analyzed smart water 

management systems which combined different 

technologies. Palermo et al. [14] stressed the 

significance of applying sensors, smart meters and 

data analytics in the optimization of water 

management in industries and other spheres. 

Although the authors provided some general ideas 

about water management, the lack of practical 

recommendations and examples resulted in the 

absence of a full-fledged methodology for 

developing an efficient and sustainable water 

management system. Given the great deal of water 

consumed in the agricultural industry, Praveen 

Kumar and Manjula suggested creating a smart 

irrigation system based on machine learning 

principles [15]. Such an approach allows one to avoid 

excessive irrigation of fields and thus increases the 

efficiency of water usage in the agricultural sector. In 

spite of some improvements, the application of such 

smart systems still depends on the quality of data 

collected by sensors and other equipment. 

 

As smart technologies continue spreading to urban 

areas, Jana [16] offered AI-driven IoT systems for 

monitoring and controlling water distribution in 

cities. Such approaches help in optimizing and 

managing water supply networks and provide 

numerous opportunities for sustainable water 

management. The main problem with the described 

approach is that the complexity and expenses 

involved make it unfeasible for developing countries. 

One more step towards sustainable water 

management is the application of machine learning 

to water distribution networks. In particular, 

according to Taloma et al. [17], smart models can be 

used to identify the risk of pipeline damage and 

regulate pressure in pipelines, increasing their 

efficiency. Thus, it seems possible to develop an 

effective and sustainable water management system 

but only if large amounts of computing power are 

available. 

The most recent publications focused on creating 

smart AI-IoT water management systems capable of 

solving water-related problems effectively. For 

instance, Mandal et al. [18] mentioned that such 

systems contribute to efficient water management 

and promote sustainable development because they 

allow monitoring and optimizing water usage. 

Nevertheless, the paper showed that most solutions 

work separately and independently from each other. 

In addition to that, the authors suggested using an 

AI-IoT system to solve water-related problems both 

in urban and rural settings as illustrated by Fig. 1 [19]. 

By doing so, it will be possible to increase flexibility 

and adaptability of the system, making it suitable for 

different environments. At the same time, it seems 

that the paper did not offer the way to tackle issues 

related to scalability, interoperability, and real-time 

autonomous decision-making processes. 

 
Fig. 1. Block diagram of the proposed model [19]. 

 

From the review of these papers, it becomes clear 

that numerous steps have been taken in order to 

design efficient water management systems. On the 

whole, it should be stated that although there have 

been many attempts to create a fully-featured 

system, none of them managed to unite several 

processes such as monitoring, predicting and 

controlling water usage. Most of them either require 

precise information obtained via sensors or rely on 

the presence of human operators. Therefore, there is 

a need for designing a universal and flexible system. 
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Technical Analysis of AI-ML-IoT Based Smart 

Water Management Systems:  

Modern advancements in the development of smart 

water management have shifted towards the 

application of AI and IoT techniques in solving such 

problems as water wastage, inefficient distribution 

channels, and lack of real-time control of various 

devices. Current systems are oriented towards the 

combination of data collection, analysis, and 

automated control in order to achieve better 

efficiency.  

 

In addition, new systems are aimed at making the 

transformation of conventional water management 

systems into intelligent ones possible. For instance, 

an AI-IoT system was presented by Mahmoud et al. 

[20], which employs diverse sensors fitted in the 

system to measure water levels, pressures, and flows. 

 

The collected information is further analyzed by 

machine learning models to detect abnormalities 

and predict consumption. Moreover, the authors 

introduce an opportunity for pumping and valve 

control. Although such a solution is quite promising, 

the system's functionality relies on continuous data 

flow, which means that it might be less effective in 

cases of unstable connectivity. As was noted 

previously, it is a major drawback of IoT-based 

monitoring systems. 

 

Furthermore, there were attempts to expand the 

possibilities of applying intelligent systems to the 

needs of agriculture sector. Specifically, Morchid et 

al. [21] designed an embedded smart irrigation 

system based on regression models together with 

information on soil moisture and weather conditions, 

which makes it possible to make predictions about 

proper irrigation as shown in Fig2.  

 

This process is superior to conventional systems 

when it comes to saving water and boosting crop 

yield. Nevertheless, its success greatly relies on the 

correctness of information concerning soil moisture 

levels and weather. 

 
 

Fig. 2. Comparison of predicted soil moisture using 

Linear Regression and actual values [22]. 

 

Another development involves IoT-based smart 

platforms used for monitoring purposes in order to 

manage large-scale water facilities. As mentioned 

above, Slany et al. [22] suggested applying sensors 

that would collect various data (water level, water 

quality, pressure, etc.) and send them via wireless 

connections. The possibility to access the operation 

remotely thanks to the developed digital interface 

contributes to the identification of issues like leaks 

and contamination. It is obvious that such an 

approach increases transparency and usability. 

Unfortunately, just like previous IoT-based solutions, 

it only aims at monitoring and analysis rather than 

provides an opportunity for immediate response. 

 

As mentioned above, modern water systems also 

include more functions within one unified system. 

For example, according to Rajanbabu et al. [23], it is 

possible to create an integrated smart system 

capable of automatically regulating tank levels and 

pipeline flows and generating alarms in case of such 

abnormalities as overflow or leaks. This kind of 

systems makes it easier to manage water resources 

since they are less complicated and more affordable 

compared to other systems. However, they do not 

possess advanced prediction tools and scalability 

options, which limits their use. 

 

Finally, it is worth mentioning that nowadays there 

are efforts to apply digital technologies to achieve 

sustainable management and distribution of water 

resources. In particular, Nagal and Prabhakar [24] 
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state that the use of data-driven systems helps in 

improving decision-making by means of analyzing 

historical and current data and making the 

optimization process more efficient. They help to 

achieve more efficient organization and 

governmental management. However, the study in 

question does not focus on technical details. 

 

To sum up, it should be said that there is a clear 

tendency from IoT-based monitoring systems to 

intelligent water management solutions that allow 

not only collecting and analyzing data but 

controlling processes as well. Nevertheless, there still 

exists a lack of integrated platforms, which would 

combine monitoring and prediction and enable 

automatic decision-making. At the same time, they 

are also often limited in their effectiveness because 

of such factors as low-quality sensor inputs or lack of 

relevant information. 

 

Challenges in Advanced Technological 

Implementations: 

Combining machine learning algorithms with the 

Internet of Things has led to the creation of 

intelligent water conservation systems, where 

predictions and automation play a key role, rather 

than monitoring. This technology helps optimize 

processes and increase the efficiency of using water 

resources. Still, even despite all these advantages, 

there are several obstacles that prevent widespread 

implementation of such innovative solutions. Firstly, 

introducing intelligent water systems into smart 

cities is not an easy task. Conventional water 

networks have usually been created based on 

hydraulic principles, and they do not incorporate 

modern digital technologies. Therefore, they might 

need substantial renovation in order to operate in 

smart cities [25]. It means that sensor technologies, 

communication networks, and other components 

are indispensable here. Yet, some of the existing 

systems may simply be incompatible with the 

required technologies. 

 

Moreover, there is the problem with transferring 

these innovations from the experimental stage to 

everyday operations in the city infrastructure. 

Algorithms for prediction and optimization prove 

their efficiency during laboratory testing. But their 

performance may be impaired in a real-life situation 

due to limited communication capacities, 

inadequate network coverage, and coordination 

difficulties [26]. After deploying the technologies, 

technical issues, such as bandwidth limitation and 

delayed communication may arise. Apart from that, 

security becomes a critical issue, since water-related 

devices can become targets for cyberattacks. Every 

device can become a potential security risk [27]. That 

is why monitoring, encryption, and authentication 

are needed in order to secure water networks. If 

there is no sufficient cybersecurity in place, then the 

efficiency of these technologies will inevitably be 

compromised. 

 

Accuracy and reliability of the predictions produced 

by machine learning models also depend on the 

quality of data collected. Algorithms cannot predict 

or optimize efficiently without relevant information. 

Yet, it cannot be guaranteed since aging 

infrastructure, pressure fluctuations, and improper 

maintenance may deteriorate data collection [28]. 

Despite the ability of machine learning models to 

identify irregular data, they still largely rely on 

reliable hardware and stable operation conditions. 

 

At the same time, intelligent metering systems rely 

on consistency and integrity of the data collected for 

the purposes of forecasting and optimization. The 

accuracy of data obtained may be affected by 

reconfiguration, environmental changes, and 

delayed transmissions [29]. Therefore, such a 

situation would imply the necessity of frequent 

recalibration. Finally, local specifics also play an 

important role in managing resources properly. 

Water networks should be designed with account of 

regional characteristics, including weather 

conditions, water quality, and usage patterns. Thus, 

it is necessary to adapt technologies to particular 

locations [30]. 

 

New technologies should be assessed not only in 

terms of performance, but also with regard to 

scientific reliability, repeatability, and practical 

usefulness. The financial aspect also represents a 

major barrier. The implementation of IoT-based 

systems requires significant investment in sensors, 

communication networks, cloud storage, and regular 
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maintenance. Although machine learning can 

improve the efficiency of water management, the 

high initial cost remains one of the principal reasons 

for the limited adoption of these technologies [31]. 

 

Finally, the sustainability of intelligent water 

management systems must be carefully evaluated. 

Although these technologies aim to enhance 

resource conservation, their environmental impact 

should not be overlooked. The energy consumed by 

digital infrastructure and the electronic waste 

generated by sensors and devices may reduce the 

overall sustainability of such systems [32]. If the 

technologies themselves consume excessive 

resources, they may weaken the original purpose of 

water conservation. Overall, machine learning and 

IoT have considerable potential to improve water 

management. Nevertheless, their practical 

implementation remains difficult because real-world 

conditions are often far more complex than 

controlled testing environments. 

 

III. CONCLUSION 
 

The review focused on the latest developments in 

smart water management systems that incorporate 

the integration of IoT and machine learning 

technologies. The results of the analyzed papers 

revealed that the use of such technologies increased 

the efficiency of monitoring, leak detection, 

irrigation control, prediction and decision-making 

thus allowing improving the efficiency of water 

resource management in different settings. It was 

also concluded that even though a lot has been done 

in this field, current water management systems are 

designed for performing only certain functions while 

integrated systems, which can perform monitoring, 

predict problems and automatically make decisions, 

are still rare.  

 

Moreover, several barriers hinder wide 

implementation of these technologies, including 

high costs of implementation, poor infrastructure, 

low-quality data, cybersecurity problems, issues with 

interoperability and scaling. It should be noted that 

this review included only academic studies about IoT 

and machine learning-based smart water 

management systems and did not cover any 

commercial solutions and other new technologies 

which were not in the scope of this paper. Thus, 

future studies should be devoted to the 

development of effective, economical and 

interoperable smart water management systems 

based on reliable communication infrastructure and 

favorable policies. All in all, the integration of IoT and 

machine learning holds great promise for efficient 

water management if certain challenges are properly 

addressed. 
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