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Abstract - —This paper presents an loT-based industrial water monitoring system designed to monitor and optimize water usage in
industrial processes. The system uses smart water meters installed at key stages (inlet, outlet, and intermediate processes) to track water
flow. The data collected is transmitted to a cloud-based platform for analysis, which is then visualized on a dashboard for industrial
users. The system not only allows real-time monitoring but also supports predictive maintenance, and water consumption pattern
analysis. Initial results demonstrate a significant reduction in water waste, highlighting the system's potential for sustainable industrial
water management. This paper discusses the architecture, challenges, and potential of such systems, along with future directions for
further research.
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. INTRODUCTION

Water scarcity is a growing concern worldwide, with industries being one of the largest consumers of water. Traditional water audits in
industrial facilities are often manual, inefficient, and provide little real-time insight into water consumption patterns. With advancements
in the Internet of Things (IoT) and cloud computing, the opportunity to develop real-time water monitoring systems has emerged. 0T
devices can be integrated with water meters to capture and transmit water flow data in real-time, enabling industries to monitor their
water usage and take preventive measures to reduce waste. This paper focuses on the implementation of an loT-based water auditory
system that tracks water flow from the point of intake to disposal, providing valuable data on water usage efficiency, anomaly detection,
and predictive maintenance.

1. LITERATURE SURVEY

Water audits play a crucial role in industries by helping businesses identify their water usage patterns and inefficiencies. By quantifying
water consumption, audits provide insights into areas where water is being wasted, enabling organizations to optimize their usage. These
audits also uncover conservation opportunities, such as reusing water within processes or incorporating alternative sources like
rainwater, which can significantly enhance sustainability efforts. Additionally, as environmental regulations become stricter, water
audits help companies ensure compliance with necessary water usage and discharge standards, mitigating potential legal and financial
risks. From a financial perspective, reducing water consumption leads to substantial cost savings on water bills and wastewater
treatment, thereby improving a company's overall financial performance. Moreover, water audits support organizations in meeting their
sustainability goals, including achieving zero liquid discharge (ZLD), which aligns with growing consumer expectations for corporate
environmental responsibility. Beyond technical aspects, audits also provide valuable behavioral insights by assessing water usage habits
within the workforce, fostering a culture of conservation among employees. Ultimately, these audits contribute to greater efficiency in
industrial operations by optimizing water use across various processes, ensuring both economic and environmental benefits. [1].

10T in Industrial Water Management

0T technologies play a crucial role in industrial water management by enabling real-time monitoring, data-driven decision-making,
automation, and improved resource efficiency. Real-time monitoring allows industries to track water usage and quality continuously,
ensuring precise control over water resources and enabling immediate detection of inefficiencies such as leaks, which can lead to
significant water conservation and cost savings. 10T systems collect and analyze vast amounts of data from various sensors, allowing
industries to make informed decisions regarding water usage optimization and resource management. This data-driven approach
enhances predictive capabilities, helping industries anticipate potential crises and implement proactive measures. Additionally, 10T
facilitates automation and remote control of water-related processes, such as irrigation, recycling, and wastewater management,
minimizing human intervention and reducing the risk of errors. By integrating 10T solutions, industries can achieve greater operational
efficiency, reduce water wastage, and contribute to sustainable water management practices. [6][7].

In industrial settings, 10T can help monitor the quality of water used for production processes. It can provide insights into parameters
such as pH, turbidity, and chemical composition, thereby enabling timely corrections and compliance with regulations on wastewater
discharge. [6]. Adopting loT in water management enhances sustainability by reducing waste, optimizing energy use, and minimizing
the environmental footprint of industrial operations. Realtime monitoring of water quality and pollution levels enables industries to
quickly adjust their practices, ensuring compliance with global sustainability standards while mitigating potential environmental
impacts. [6][7].

Implementing 10T in industrial water management comes with several challenges, including high initial costs, security risks,
connectivity issues, integration complexities, sensor accuracy concerns, and power management constraints. The deployment of loT
sensors, smart meters, cloud platforms, and network infrastructure requires a significant upfront investment, with ongoing maintenance
adding to long-term costs. Additionally, 10T devices are vulnerable to hacking and unauthorized access, necessitating robust encryption,
authentication, and regulatory compliance, which can be complex to implement.

Connectivity and network reliability also pose challenges, as unstable internet connections in industrial areas can lead to data
transmission delays, impacting real-time monitoring. Integrating IoT with legacy water management systems is another hurdle, often
requiring extensive customization to ensure interoperability. Furthermore, environmental factors such as temperature, humidity, and
corrosion can affect sensor accuracy, necessitating regular calibration and maintenance. Lastly, wireless l0T sensors rely on batteries
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that require frequent replacements, and while energy harvesting technologies offer potential solutions, they are still under development.
Addressing these challenges is essential for the successful adoption of 10T in industrial water management.
Moreover, as the number of connected devices grows, the overall attack surface expands, increasing vulnerabilities across the loT
network. Security risks such as eavesdropping, node capture, and replay attacks must be mitigated through multi-layered security
measures tailored to each component of the loT architecture. [2].

I11. PROPOSED MEHTODOLOGY

The proposed methodology for developing an efficient industrial water management system using loT-based auditing and cloud
computing consists of multiple interconnected components that ensure real-time data acquisition, processing, and user interaction. The
system integrates water flow sensors, cloud-based analytics, NoSQL database storage, and mobile/web applications to optimize water
usage:

The system begins with the installation of MagWM-600 electromagnetic flow meters, which are designed for industrial water
monitoring applications requiring remote access. These mag meters offer significant advantages over ultrasonic sensors, as they have
no moving parts, ensuring lower maintenance costs and a longer operational lifespan. They remain unaffected by fluid properties such
as temperature, viscosity, or density, providing highly accurate measurements even in turbulent flow conditions. Additionally, they are
not influenced by surface conditions and provide instantaneous flow readings across different pipe sizes, making them ideal for real-
time monitoring and industrial applications. [3].

Once the sensors collect water flow data, the Master Device (Gateway) reads and processes the information before transmitting it to
the Node-RED server using the MQTT protocol. MQTT operates on a publish-subscribe model, where data is sent to a broker that
distributes it to relevant subscribers, ensuring efficient, lightweight, and reliable communication. It is particularly useful for low-
bandwidth and high-latency environments, making it ideal for 10T applications requiring real-time data exchange. [4][8][9].

Node-RED is chosen for this 10T system due to its flow-based development, enabling intuitive, visual programming that simplifies
data processing and integration. It supports rapid prototyping, allowing developers to test applications without extensive coding, and
provides built-in support for multiple 10T protocols and cloud services. Additionally, Node-RED's user-friendly interface makes it
accessible to a wider range of users, including non-programmers. Its real-time data processing capabilities ensure efficient monitoring,
while its large open-source community contributes to continuous development and expansion of its functionalities. [5].

The Node-RED server subscribes to the MQTT broker and forwards the incoming data to a MongoDB NoSQL database, where it is
stored for analysis and reporting. MongoDB is particularly suited for 10T applications due to its schema flexibility, scalability, and high
performance. It efficiently handles large datasets generated by multiple 10T devices, ensuring quick read/write operations and enabling
real-time data ingestion for continuous monitoring. Its document-oriented storage supports complex, hierarchical data structures
commonly found in 10T sensor networks. Additionally, MongoDB seamlessly integrates with analytics and visualization platforms,
allowing users to generate detailed insights from collected data. [3].

The processed data is made available to users and administrators through an intuitive Flutter-based mobile application and a React
web application. These client-side applications handle user management, device configuration, and analytical reporting, ensuring
seamless monitoring and control of the 10T system. The database tracks device assignments, user operations, and configuration details,
enabling administrators to monitor multiple connected devices efficiently. For instance, a single master device may be linked to multiple
slave sensors, all of which are monitored for performance and functionality.

A key use case involves water tanker monitoring, where precise measurements are critical. If an order is placed for 50,000 liters of
water, the system ensures that the tanker indeed contains the requested volume by conducting an actual measurement. The collected
data is then used to generate timestamped analytical reports, detailing resource utilization trends and operational efficiency.

In summary, the proposed methodology integrates 10T sensors for data acquisition, MQTT for efficient communication, a cloud-
based platform for real-time processing, a NoSQL database for scalable storage, and mobile/web applications for seamless user
interaction. This comprehensive approach ensures continuous monitoring, anomaly detection, and optimized water consumption,
ultimately contributing to efficient water resource management, cost savings, and sustainability.

IV. ARCHIETECTURE

The proposed system architecture is designed to efficiently monitor and manage industrial water usage by integrating 10T devices,
MQTT-based communication, cloud-based processing, and a user-accessible interface. The architecture consists of multiple layers that
work together to ensure seamless data collection, transmission, and analysis. At the Industry Layer, water flow measurement occurs
through industrial-grade MagWM-600 electromagnetic flow meters, which capture real-time data at three key stages: Inlet

Processing, and Outlet. The Inlet represents the entry point where water is introduced into the industrial process, the Processing stage
monitors water consumption during industrial operations, and the Outlet tracks the water leaving the system, whether as waste or
recycled water. These monitored data points provide insights into water consumption trends and help identify inefficiencies in the
system. The collected data is transmitted to the cloud using the MQTT (Message Queuing Telemetry Transport) protocol, chosen for
its lightweight nature, low-bandwidth requirements, and efficient publish-subscribe messaging model, ensuring real-time and reliable
data transmission in 10T environments.
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Fig.1 System Architecture

Once received in the Cloud Platform, the data undergoes pre-processing and analysis using Node-RED, a flow-based programming
tool optimized for 10T applications. Node-RED organizes and visualizes 10T data, enabling real-time processing and transformation of
raw water flow data into meaningful insights. The processed data is stored in a NoSQL Database (MongoDB), which efficiently handles
time-series water flow readings and supports high-volume, real-time data storage and retrieval. The database structure ensures scalability
and flexibility, allowing the system to manage large datasets effectively.

The cloud platform communicates with external devices through a Node.js API, which acts as a middleware between the backend
system and user-facing applications. Node.js processes HT TP requests to facilitate seamless data exchange between the cloud and end-
user applications. The User/Admin Interface is accessible via a React-based web application and a Flutter-powered mobile application,
allowing users to monitor real-time water flow metrics, track historical usage trends, and interact with system alerts. The dashboard
provides data visualizations and insights, helping industries optimize their water consumption efficiently. Before accessing the system,
users must be authenticated through an Identity Provider, ensuring that only authorized personnel can view and manage water usage
data

Overall, this 1oT-based architecture provides a robust and scalable water monitoring solution that enables real-time data acquisition,
cloud-based processing, and remote access via mobile and web applications. By leveraging MQTT for efficient communication, Node-
RED for data processing, MongoDB for scalable storage, and cloud-based user interaction, the system ensures low latency, high
performance, and ease of scalability. This approach allows industries to gain better control over water consumption, reduce operational
inefficiencies, and adopt more sustainable water management practices.

V. CONCLUSION

The proposed industrial water management system addresses a critical need in modern industries to efficiently monitor and manage
water consumption. By leveraging loTbased sensor technology, cloud computing, and real-time data analytics, the system offers a
comprehensive solution to reduce water wastage and enhance sustainability. Through real-time monitoring, automated anomaly
detection, and user-friendly interfaces, the system empowers industries to implement effective water conservation strategies, ultimately
contributing to resource optimization and cost savings. The integration of MQTT for efficient data transmission and the use of NoSQL
databases ensures scalability and reliability in handling large datasets.

In conclusion, this system not only facilitates efficient water management but also provides valuable insights into industrial water
usage patterns, allowing industries to take proactive measures in water conservation. The ability to detect water leaks in real-time and
generate alerts for immediate action underscores the importance of this solution in promoting sustainability and resource efficiency.
Future improvements could involve expanding the system to incorporate predictive analytics and Al-driven insights, further enhancing
its capability to optimize water usage in industries. By adopting such technologies, industries can contribute significantly to addressing
global water scarcity challenges and promote a more sustainable industrial environment.
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