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ABSTRACT: The proposed solar-powered IoT-based smart monitoring and control system leverages renewable energy 

to enable efficient and sustainable operation across diverse applications. A photovoltaic panel generates electricity, 

which is stored in a rechargeable battery and regulated through a charge controller and buck converter to ensure stable 

power delivery. An ESP32 microcontroller serves as the core processing unit, interfacing with sensors that measure 

temperature, humidity, gas concentration, motion, and voltage.  

 

The collected data is transmitted via Wi-Fi to the Blynk mobile application, allowing users to remotely monitor 

environmental conditions and control appliances such as lights and fans. This integration of renewable energy with IoT 

technology provides a cost-effective, energy-efficient, and scalable solution suitable for smart homes, agricultural 

monitoring, and industrial automation. The system demonstrates how sustainable energy harvesting combined with 

intelligent control can contribute to reducing energy costs, enhancing reliability, and promoting eco-friendly practices 

in modern smart environments. 

 

KEYWORDS: Solar energy; IoT; ESP32 microcontroller; Smart monitoring; Renewable energy; Charge controller; 
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I. INTRODUCTION 

 

The rapid advancement of the Internet of Things (IoT) has transformed conventional monitoring and control systems 

into intelligent, interconnected platforms capable of enhancing efficiency, sustainability, and user convenience. At the 

same time, the increasing global demand for renewable energy solutions has positioned solar power as a viable and eco-

friendly alternative to conventional energy sources. Integrating IoT with solar energy systems enables the development 

of smart infrastructures that are not only energy-efficient but also environmentally sustainable. 

 

In this work, a solar-powered IoT-based smart monitoring and control system is proposed to address the dual 

challenges of energy consumption and intelligent automation. The system harnesses solar energy through a 

photovoltaic panel, with energy stored in a rechargeable battery and regulated using a charge controller and buck 

converter to ensure stable operation. An ESP32 microcontroller acts as the central processing unit, interfacing with 

multiple sensors to measure parameters such as temperature, humidity, gas concentration, motion, and voltage. The 

collected data is transmitted via Wi-Fi to the Blynk mobile application, enabling real-time monitoring and remote 

control of appliances including lights and fans. 

 

The proposed system is designed to be cost-effective, scalable, and adaptable to diverse applications such as smart 

homes, precision agriculture, and industrial automation. By combining renewable energy harvesting with IoT-based 

control, the system contributes to reducing energy costs, improving reliability, and promoting sustainable practices. 

This research highlights the potential of integrating solar energy with IoT technologies to create intelligent, eco-

friendly solutions for modern smart environments. 
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II. AIM AND OBJECTIVES 

 

Aim: 

The primary aim of this project is to design and implement a solar-powered iot-based smart monitoring and control 

system that integrates renewable energy with intelligent automation to achieve efficient, sustainable, and cost-effective 

operation across smart homes, agriculture, and industrial environments. 

 

Objectives 

 To harness solar energy using a photovoltaic panel and store it in a rechargeable battery for sustainable power 

supply. 

 To regulate energy flow through a charge controller and buck converter, ensuring stable voltage and efficient 

utilization. 

 To develop an IoT-enabled framework using the ESP32 microcontroller for real-time data acquisition and 

processing. 

 To integrate multiple sensors (temperature, humidity, gas, motion, voltage) for comprehensive environmental 

monitoring. 

 To transmit sensor data via Wi-Fi to the Blynk mobile application, enabling remote monitoring and control. 

 To implement smart appliance control (lights, fans) through mobile-based commands for enhanced user 

convenience. 

 To evaluate the system’s performance in terms of energy efficiency, cost-effectiveness, and scalability for diverse 

applications. 

 To promote sustainable practices by combining renewable energy harvesting with IoT-based automation. 

 

III. PROPOSED ARCHITECTURE 

 

The architecture integrates renewable energy generation with IoT-based automation for efficient and sustainable 

operation. The system begins with a solar panel that converts sunlight into unregulated DC power. This power is 

stabilized by a charge controller and stored in a 12V battery, ensuring continuous operation even under low-light 

conditions. A buck converter (LM2596) steps down the voltage to 5V DC, supplying regulated power to the ESP32 

microcontroller and peripheral sensors. 

 

The ESP32 microcontroller serves as the central processing unit, interfacing with multiple sensors: 

 DHT11 Sensor – measures temperature and humidity. 

 MQ9 Sensor – detects gas concentration for safety monitoring. 

 PIR Sensor – senses motion for automation and security. 

 Voltage Sensor – monitors battery voltage to ensure optimal energy usage. 

 

The ESP32 processes sensor data and communicates via Wi-Fi with the Blynk Cloud, enabling real-time data 

visualization and remote control through the Blynk mobile application. The relay module connected to the ESP32 

controls appliances such as a bulb and fan, allowing users to manage them remotely. 

 

This architecture ensures energy efficiency, cost-effectiveness, and scalability, making it suitable for smart homes, 

agricultural monitoring, and industrial automation. 
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Fig.3.1. Proposed architecture of the solar-powered IoT-based smart monitoring and control system. 

 

IV. METHODOLOGY 

 

The methodology outlines the systematic design and implementation of the proposed solar-powered IoT-based smart 

monitoring and control system. It involves four major stages: power generation and regulation, data acquisition, 

processing and communication, and actuation and control. 

 

1. Power Generation and Regulation 

 A 25W solar panel converts sunlight into DC electricity. 

 The output is fed into an LS-3000 charge controller, which regulates voltage and current to protect the 12V, 9Ah 

battery from overcharging or deep discharge. 

 The battery output is passed through a buck converter (LM2596) to step down the voltage from 12V to 5V DC, 

supplying stable power to the ESP32 microcontroller and sensors. 

 This ensures uninterrupted operation even during low sunlight conditions. 

 

2. Data Acquisition 

 The ESP32 microcontroller collects data from multiple sensors: 

o DHT11 – Temperature and humidity measurement. 

o MQ9 – Gas concentration detection. 

o PIR – Motion sensing for automation and security. 

o Voltage Sensor – Battery voltage monitoring. 

 Each sensor is interfaced through GPIO pins, with proper voltage levels and grounding to ensure accurate readings. 

 

3. Processing and Communication 

 The ESP32 processes sensor data and transmits it via Wi-Fi to the Blynk Cloud. 

 The Blynk mobile application provides a user interface for real-time monitoring and control. 

 Data visualization and control commands are exchanged through secure MQTT protocols, ensuring reliable 

communication between the hardware and cloud. 

 

4. Actuation and Control 

 A 4-channel relay module connected to the ESP32 controls appliances such as a DC bulb and DC fan. 

 The relay operates based on sensor inputs or user commands from the mobile app, enabling automation and remote 

control. 

 The system supports manual override and fault detection through sensor feedback. 
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Circuit Diagram 

 
 

Fig. 4.4.1. Circuit diagram of the solar-powered IoT-based smart monitoring and control system. 
 

V. TOOLS AND PLATFORM 

 

The development of the solar-powered IoT-based smart monitoring and control system integrates both hardware 

and software tools to achieve efficient, reliable, and real-time operation. 

 

Hardware Tools 

 ESP32 Microcontroller: Central processing unit with built-in Wi-Fi for sensor data acquisition and cloud 

communication. 

 Multimeter: Used for measuring voltage, current, and resistance during testing. 

 Breadboard & Sensors (DHT11, MQ9, PIR, Voltage): Used for prototyping and environmental data collection. 

 

 
 

Software Tools 

 Arduino IDE: Provides a coding and debugging environment for writing and uploading firmware to the ESP32. 

 Blynk Cloud Platform: Enables real-time monitoring and remote control through a mobile application interface. 
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VI. RESULT AND DISCUSSION 

 

A. System Performance Overview 

The proposed solar-powered IoT-based smart monitoring and control system was successfully designed, implemented, 

and tested under real-time operating conditions. The system effectively monitored environmental parameters, managed 

energy utilization, and enabled remote appliance control through IoT integration. The ESP32 microcontroller 

continuously collected data from sensors—temperature, humidity, gas concentration, motion, and battery voltage—and 

transmitted it via Wi-Fi to the Blynk cloud platform for visualization and control. 

 

B. System Output Results 

The system performed all intended operations efficiently. The Blynk dashboard displayed real-time sensor readings 

and provided control buttons for appliances such as a bulb and a fan. Environmental variations were accurately 

reflected on the dashboard, confirming the responsiveness of the sensors and the reliability of the ESP32 data 

processing. The MQ9 sensor detected gas concentration changes promptly, while the PIR sensor provided precise 

motion detection signals. 

 

 
 

Fig. 5.1 shows the real-time monitoring interface of the system, where all sensor values and appliance control 

states are visualized through the mobile application. 

 

C. IoT Monitoring Results 

The IoT monitoring functionality was validated through continuous data transmission between the ESP32 and the 

Blynk cloud. The system maintained stable Wi-Fi connectivity and ensured uninterrupted data updates. Table V-1 

presents the typical range of monitored parameters during testing. 

 

 
 

Table V-1. IoT Monitoring Data 
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The results confirm that the system provides accurate and timely updates of environmental conditions. The data 

visualization on the Blynk dashboard allows users to make informed decisions regarding system operation and energy 

management. 

 

D. Relay Control Results 

Relay control testing verified the system’s ability to switch appliances remotely through the IoT platform. The ESP32 

received user commands from the Blynk application and activated or deactivated the relay module accordingly. 

Table V-2 summarizes the relay performance during testing. 

 

 
 

Table V-2. Relay Control Performance 

 

The relay module responded instantly to all user commands, with no noticeable delay or malfunction. The switching 

operation was smooth and reliable, confirming the system’s suitability for real-time automation. 

 

VII. CONCLUSION AND FUTURE SCOPE 

 

A. Conclusion 

The Smart Freelancer Marketplace Application successfully demonstrates an efficient and user-friendly platform for the 

proposed solar-powered IoT-based smart monitoring and control system successfully integrates renewable energy with 

intelligent automation. The system efficiently monitors environmental parameters such as temperature, humidity, gas 

concentration, motion, and battery voltage using the ESP32 microcontroller and transmits real-time data to the Blynk 

IoT platform via Wi-Fi. Experimental results confirm that the system operates reliably under varying environmental 

conditions, providing accurate sensor readings and responsive control of appliances such as a bulb and a fan. The 

integration of solar energy ensures sustainable operation, while IoT connectivity enables remote monitoring and 

control, making the system suitable for smart homes, agricultural monitoring, and industrial automation. 

 

Overall, the system demonstrates energy efficiency, cost-effectiveness, and scalability, offering a practical solution for 

modern smart environments powered by renewable energy. 

 

B. Future Scope 

The system can be further enhanced through technological advancements and design optimization. Future 

improvements may include: 

 High-precision sensors for improved accuracy and reliability. 

 Artificial Intelligence (AI) integration for predictive control and automated decision-making. 

 Additional sensors such as soil moisture, light intensity, and air quality for broader environmental monitoring. 

 Mobile alerts and notifications for critical events like gas leakage or low battery. 

 Upgraded solar panels and battery systems for higher efficiency and longer operational life. 

 Scalable deployment for large-scale industrial, agricultural, and smart city applications. 

 

These enhancements will make the system more intelligent, adaptive, and sustainable, contributing to the advancement 

of IoT-based renewable energy solutions for future smart infrastructures. 
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