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Abstract: The increasing demand for renewable energy necessitates efficient monitoring of solar panel performance.
This paper presents an loT-based solar panel monitoring system using ESP-32 and Blynk to enable real-time data
collection and remote monitoring. The system integrates voltage, current, temperature, and humidity sensors to assess
the panel’s efficiency. The ESP-32 microcontroller processes sensor data and transmits it to the Blynk cloud, allowing
users to monitor power generation through a mobile application. A liquid crystal display (LCD) provides live readings,
while WiFi connectivity ensures seamless data transmission. This system enhances energy management by enabling
predictive maintenance, early fault detection, and improved efficiency analysis. The proposed solution offers a cost-
effective, scalable, and user-friendly approach to solar energy monitoring, contributing to the advancement of smart
renewable energy systems. Future work may include automated load balancing, machine learning-based performance
optimization, and integration with grid systems to maximize solar energy utilization
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1. INTRODUCTION

The growing reliance on renewable energy sources has made solar power a key solution for sustainable energy
generation. However, ensuring the efficiency and reliability of solar panels requires continuous monitoring of critical
parameters such as voltage, current, temperature, and environmental conditions. Traditional monitoring methods
involve manual inspection, which is time-consuming and inefficient. The integration of Internet of Things (loT)
technology offers a real- time, automated, and cloud-based solution to enhance the performance and management of
solar panels. This paper presents an loT-based solar panel monitoring system using the ESP-32 microcontroller and
Blynk cloud for remote data visualization and analysis. The system collects real-time data from sensors, including
voltage and current sensors for power measurement, and temperature and humidity sensors to assess environmental
impacts on performance. The ESP-32 transmits the data to the Blynk cloud, allowing users to monitor solar panel
efficiency through a mobile application. Additionally, a local LCD display provides instant readings for on-site
observation. The proposed system ensures efficient energy management by enabling predictive maintenance, fault
detection, and improved decision-making. Its low cost, wireless connectivity, and scalability make it ideal for both
residential and industrial applications. Future enhancements could include automated load control, artificial intelligence
(Al)-based optimization, and integration with smart grids to further enhance energy efficiency. This research highlights
the importance of 10T in advancing renewable energy technology.

2. LITERATURE REVIEW
Kumar, S., & Singh, R. (2021) This paper presents an loT-based system employing the ESP32 microcontroller to
monitor solar energy parameters, facilitating real-time data acquisition and remote monitoring to enhance energy
management.
Patel, A., & Mehta, P. (2022) The authors propose a smart solar panel monitoring system utilizing 10T technologies,
including the ESP32 microcontroller, to remotely monitor and analyze solar panel performance, aiming to improve
efficiency and maintenance.
Chen, L., & Zhang, Y. (2023) This study introduces a real-time monitoring and fault detection system for solar panels
using 10T, leveraging the ESP32 microcontroller to enhance reliability and performance through continuous data
analysis.

Nguyen, T., & Le, H. (2021) The paper details the design of an loT-enabled solar energy monitoring system integrating
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the ESP32 microcontroller with the Blynk platform, providing users with real-time data access and control over solar
energy systems.

Wang, Y., & Li, X. (2022) The study introduces a smart solar monitoring system employing loT technologies,
including the ESP32 microcontroller, to provide real-time insights into solar panel performance and facilitate proactive
maintenance.

Garcia, M., & Hernandez, J. (2022) This research focuses on implementing a cost-effective 10T- based solar
monitoring system using the ESP32 microcontroller, aiming to make solar energy monitoring accessible and efficient
for broader applications.

Ali, H., & Khan, M. (2023) The authors present an loT-based solar energy management system that utilizes the ESP32
microcontroller and Blynk platform to monitor and manage solar energy production and consumption effectively.

Singh, A., & Verma, S. (2021) This paper discusses the development of an l0T-enabled solar tracking system using the
ESP32 microcontroller to optimize solar panel orientation, thereby enhancing energy capture efficiency.

Zhao, L., & Chen, M. (2023) This research proposes an l0T-based approach to monitoring and managing solar energy
systems, leveraging the ESP32 microcontroller to enhance data collection, analysis, and system optimization.

3. METHODOLOGY

Solar Panel Monitoring Mechanism

The proposed system integrates ESP-32 and Blynk to enable real-time cloud-based monitoring of solar panel
performance. The system continuously tracks voltage, current, temperature, and light intensity using multiple sensors.
The acquired data is processed and visualized on a mobile dashboard via Blynk, allowing remote access and control.

Data Acquisition and Transmission

The ESP-32 microcontroller is the primary processing unit responsible for collecting data from various sensors and
transmitting it to the Blynk cloud via Wi-Fi. The system is designed to monitor parameters such as voltage fluctuations,
power output, and environmental factors affecting solar panel efficiency.

Cloud Computing and IoT Integration
The Blynk 10T platform is used for cloud storage, real-time visualization, and alert generation. Users can access live data
and receive notifications on energy generation efficiency, system faults, and required maintenance actions.

Sensor Integration and Device Specifications
Solar Panel: A compact polycrystalline solar panel is used to generate electrical energy, supplying power to the
system and enabling real-time performance tracking.

Fig 1: solar panel

ESP-32 Microcontroller: Acts as the central unit, processing sensor data and transmitting it to the cloud for remote
access.
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Fig 2:ESP-32 Microcontroller

Voltage Sensor (ZMPT101B): Measures the output voltage of the solar panel, ensuring consistent power generation
and detecting fluctuations.

Single Phase

Fig 3: ZMPT101B-voltage sensor

Current Sensor (ACS712): Monitors the current flow from the solar panel to track power consumption and
detect anomalies.

Fig 4: ACS712-current sensor

Temperature and Humidity Sensor (DHT22): Measures environmental conditions that affect the panel’s performance,
including ambient temperature and humidity levels.

Fig 5: DHT22-temperature and humidity sensor
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Light Intensity Sensor (LDR - Light Dependent Resistor): Evaluates solar radiation intensity to assess panel
efficiency and effectiveness under different lighting conditions.

Water Flow Sensor (YF-S201): Ensures effective water circulation for panel cleaning mechanisms to maintain
efficiency.

Flame Sensor (IR-Based): Detects fire hazards near the panel to prevent potential damage.
MQ-135 Gas Sensor: Identifies hazardous gases such as CO. and VOCs that might impact the solar panel’s surroundings.

LCD Display (16x2): Displays real-time sensor data locally for quick reference without the need for cloud access.

Fig 6: LCD display

Blynk 10T Dashboard: Provides real-time visualization of sensor data, system alerts, and historical performance logs.
Buzzer Alarm System: Triggers an audible alert in case of system malfunctions or abnormal power fluctuations.

Fault Detection and Alerts
The system analyzes sensor data to detect faults such as overheating, voltage drops, or inefficiencies. If anomalies are
detected, the Blynk app generates real-time alerts to notify users of required actions, ensuring optimal performance.

Remote Monitoring and Control
Through the Blynk application, users can remotely monitor solar panel parameters, receive performance insights, and
control specific functionalities, such as turning off the system in case of an emergency.

Energy Efficiency Optimization

Based on real-time data, the system provides actionable insights on improving solar panel positioning, cleaning
schedules, and energy consumption. The integration of water flow sensors ensures automatic cleaning to maximize
sunlight absorption. This advanced methodology ensures an efficient, cloud-integrated, and remotely accessible solar
panel monitoring system, optimizing performance while providing real-time fault detection and preventive maintenance
solutions.
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Fig 7: Communication

© JIREEICE This work is licensed under a Creative Commons Attribution 4.0 International License 297


https://ijireeice.com/
https://ijireeice.com/

IJIREEICE ISSN (O) 2321-2004, ISSN (P) 2321-5526

International Journal of Innovative Research in Electrical, Electronics, Instrumentation and Control Engineering
Impact Factor 8.021 ::¢ Peer-reviewed & Refereed journal :< Vol. 13, Issue 3, March 2025
DOIl: 10.17148/1JIREEICE.2025.13349

The ESP32 microcontroller acts as the central hub, collecting data from multiple sensors, including voltage, current,
temperature, and humidity sensors. The live readings are displayed on an LCD screen for instant monitoring.
Simultaneously, the ESP32 transmits this data wirelessly via its built- in Wi-Fi module to the Blynk cloud platform. The

Table 1. Specification of sensors and actuators.

S.NO |Name of the Detection type Model make  |Range
sensor
1 Temperature and  [Temperature and HumidityDHT11 0°C to 50°C
Humidity Sensor 20% to 90% RH
(Relative Humidity
2 'Voltage Sensor voltage ZMPT101B 0V to 25V
3 Current Sensor current IACS712 -5A to +5A or
-20A to +20A
4 Relay Module Triggers the cooling system  |[SRD- 05VDC- [Threshold 45°C  from
based on sensors threshold SL-C Sensors
value

cloud processes and stores the data, enabling remote access. Users can monitor real-time solar panel performance
through a mobile application linked to Blynk Cloud. If abnormalities such as voltage drops or overheating occur, Blynk
sends instant alerts and notifications to the user, ensuring proactive maintenance and system optimization.

4. RESULT AND DISCUSSION

The increasing demand for renewable energy necessitates efficient monitoring of solar panel performance. This paper
presents an loT-based solar panel monitoring system using the ESP-32 microcontroller and Blynk platform for real-time
data collection and remote monitoring. The system integrates voltage, current, temperature, and humidity sensors to
assess the efficiency of solar panels. Sensor data is processed and transmitted to the Blynk cloud via WiFi, allowing
users to monitor power generation through a mobile application. Additionally, an LCD display provides instant local
readings for enhanced accessibility.

The system successfully records and analyzes power generation trends, demonstrating fluctuations based on sunlight
intensity and environmental conditions. Real-time anomaly detection enables early fault identification due to shading,
dirt accumulation, or connection issues, improving predictive maintenance.
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Fig 8 : Over all Schematic Fig 9 : SCADA System
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Testing confirmed stable and reliable data transmission, with minimal latency, making the system efficient for
continuous monitoring. The proposed solution is cost-effective, scalable, and user- friendly, suitable for both residential
and commercial applications. Future enhancements include automated load balancing, machine learning-based
performance optimization, and grid integration to maximize solar energy utilization. This system contributes to the
advancement of smart renewable energy solutions by improving efficiency analysis, fault detection, and energy
management, supporting the transition to sustainable power sources.

5. CONCLUSION

The loT-based solar panel monitoring system using ESP-32 and Blynk effectively enables real-time data collection and
remote monitoring. By integrating voltage, current, temperature, and humidity sensors, the system provides valuable
insights into solar panel efficiency. The ESP-32 microcontroller ensures seamless data processing and transmission,
allowing users to track power generation through a mobile application. Additionally, the LCD display offers real-time
local readings, enhancing accessibility.

This system improves energy management by facilitating predictive maintenance, early fault detection, and
performance analysis. Its cost-effectiveness, scalability, and user-friendly design make it suitable for residential and
commercial applications. Future enhancements may include automated load balancing, machine learning-based
performance optimization, and grid integration to maximize solar energy utilization. Overall, this solution contributes to
the advancement of smart renewable energy systems, supporting the global transition toward sustainable energy sources.
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