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Abstract

Water pollution is one of the most pressing environmental challenges worldwide, affecting ecosystems,
human health, and economic activities. Conventional water quality monitoring techniques involve
manual sampling and laboratory analysis, which are often time-consuming and ineffective for real-
time monitoring. Automated water quality monitoring systems offer a promising solution by
leveraging advanced sensor technologies to provide real-time data on key water quality parameters.
However, one of the major challenges faced by these systems, particularly in remote areas, is the
availability of a sustainable power source. This paper explores the integration of solar power in
automated water pollution monitoring systems, ensuring continuous and autonomous operation. The
system comprises solar panels, batteries for energy storage, a range of water quality sensors, data
loggers, communication modules, and control units for efficient monitoring. The benefits of such a
system include reduced operational costs, improved data accuracy, and enhanced environmental
sustainability. This paper discusses the components, methodology, and advantages of a solar-powered
water pollution monitoring system, emphasizing its significance in modern environmental
management strategies.
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1. Introduction

Water pollution remains a critical global issue, impacting ecosystems, public health, and economic
activities. Contaminants such as heavy metals, chemicals, and pathogens degrade aquatic habitats and pose
severe health risks. Traditional water quality monitoring methods are labor-intensive, time-consuming, and
lack real-time monitoring capabilities. In response to these limitations, automated water quality monitoring
systems have gained prominence. However, powering these systems, especially in remote locations,
presents a major challenge.

Solar energy offers a viable solution to this challenge, providing a renewable, sustainable, and
environmentally friendly power source. A solar-powered automated water pollution monitoring system
integrates solar panels for energy generation, batteries for storage, and various sensors to continuously
monitor key water quality parameters. These systems ensure real-time data collection and facilitate timely
responses to pollution events. This paper presents a comprehensive analysis of solar-powered automated
water quality monitoring systems, emphasizing their significance in environmental sustainability and water
resource management.
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2. Literature Review
Several studies have explored loT-based water quality monitoring systems employing different technologies
and methodologies.

o Water Quality Monitoring System Using loT: Utilizes an Arduino board for measuring pH values
and an FSM module for message transmission.

e Real-Time Water Quality Monitoring Boat: Incorporates conductivity, TDS, pH, temperature, and
turbidity sensors for real-time water analysis.

e Water Pollution Monitoring Boat Based on 10T (NODE MCU): Uses pH and turbidity sensors
with a mobile application for real-time monitoring.

e Online Monitoring of Water Quality Using Raspberry Pi 3 Model: Monitors pH and turbidity
levels and transmits data for remote analysis.

o Automated Water Quality Monitoring loT System for Small-Scale Aquaculture Farms:
Utilizes an Arduino-based system for cost-effective, real-time monitoring with SMS alerts.

e loT-Based Automated Pond Water Quality Monitoring System for Aquaculture Farms:
Implements Arduino and IoT technologies for real-time, cost-effective monitoring.

e Smart Water Quality Monitoring System: Employs IoT and remote sensing technology to monitor
water quality in Fiji.

o Intelligent loT-Based Water Quality Monitoring System: Uses a pH sensor and TDS meter along
with K-Means clustering for predictive analysis.

o Internet of Things Enabled Real-Time Water Quality Monitoring System: Tests water samples
and uploads data for remote analysis, providing alerts for deviations from standard values.

These studies highlight the growing interest in loT-based water quality monitoring systems and the potential
benefits of integrating solar energy to enhance system efficiency and sustainability.

3. Objective of the Study
This research aims to develop a solar-powered automated water pollution monitoring system capable of:

« Continuous water quality assessment

« ldentifying pollution sources

« Remote accessibility for monitoring in hard-to-reach areas
o Data-driven decision-making

« Sustainable energy utilization via solar power

« Efficient data analysis and reporting

« Integration with existing monitoring frameworks

« Scalability for broader applications

« Community engagement in water quality initiatives

« Environmental impact assessment for sustainable practices

4. Methodology
4.1 System Design
The proposed system consists of two primary modules:

e Module 1: Remote Controller — Used for transmitting data and controlling the monitoring system.
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o Module 2: RC Boat — Equipped with sensors and solar panels for water quality assessment.
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In this project we are having two modules, the first module is a remote controller. This remote controller is
used to control module 2. Module 1 has an Arduino Nano, NRF24L01, and two joystick modules. Arduino
Nano is used as a microcontroller for controlling all the components used. The next component is a
transceiver module called NRF24L01 is used to transmit and receive signals from the Module 2 and we are
using two joysticks for controlling the movement of the rc boat. Module 2 is the main part of this project.
It's a RC Boat which has all the main components we are using for finding the quality of water. The RC
Boat has components like Ph sensor, Turbidity Sensor, Temperature sensor, NodeMcu, Motor driver, 12V
DC Motor, etc. Ph Sensor, Turbidity sensor, and temperature sensor is used for checking the quality of
water. These sensors are connected to the Arduino Uno and then collected datas are transmitted to a
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NodeMcu controller. NodeMcu is an open source IOT platform which can connect objects and let data
transfer using the Wi-Fi protocol. So, the datas can be viewed in any smart device using an application
called Blynk IOT.

The Dc motor is controlled using a motor driver called L298N. We are using these motors for the forward
movement of this boat. For turning to the left and right direction we are using a stepper motor which is
connected to the rudder of this boat. This RC water pollution monitor boat allows for recording as well as
transmitting water quality data to an 10T server online. This will further help us to maintain the water clean.
This project is remote-operated and controlled by an RC remote using which it can be maneuverer
accordingly, a motorized propeller system to provide the forward propulsion and servo motor arrangement
to provide with the steering using a rudder. As per the commands received by the rc receiver the controller
operates the DC motor which rotates the propeller through a flexible bearing and shaft. Now we have 2x
direction control rudders attached to a servo motor used to steer the boat as per controller signals received.
Additionally, we have two sensors to determine water quality, we include PH sensors as well as turbidity
sensor and a temperature sensor. These sensors will detect the presence of suspended particles in the water.
We also have a GPS module and micro SD card, which will log the data from sensors as well as GPS
locations as well as transmit the same online over 10T at particular intervals. This IOT system provides wi-
fi hotspot to collect the information about the level of liquid for the users by viewing the data in their mobile
and prevent it from the overflow. BLYNK app is installed in the android version to see the output. When the
system gets started dc current given to the kit and Arduino and WIFI gets on. The app went provided with
hotspot gives the exact values collected.Thus, like this when the kit is located on any specific water body
and WIFI is provided we can observe its real time value on our android phone anywhere at any time. Thus,
the water quality monitoring RC boat can be used for water quality monitoring on lakes and reservoirs with
ease.

5. Conclusion

The integration of solar power in automated water pollution monitoring systems presents a sustainable and
efficient solution for real-time water quality assessment. This approach minimizes reliance on conventional
energy sources, enhances monitoring capabilities, and contributes to environmental sustainability. Future
research should focus on optimizing energy storage, improving sensor accuracy, and expanding system
scalability to ensure widespread adoption in diverse water bodies worldwide.
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