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Abstract 

Solar-powered battery offers a sustainable solution but faces challenges from environmental 

factors and hardware degradation. This project presents a Raspberry Pi-enabled performance 

monitoring system for solar cells [6] [8], ensuring optimal energy generation and maintenance. 

The system integrates current, voltage, and temperature sensors to monitor real-time energy 

output and environmental conditions [7]. If overheating is detected, a relay-driven pump 

activates to cool the panels, preventing energy loss. Additionally, the system tracks long-term 

performance trends, helping to identify potential inefficiencies and optimize energy usage. All 

monitored data is displayed on an LED display, providing real-time insights and actionable 

recommendations [10]. Users can remotely access and analyze performance metrics, enabling 

timely interventions and efficient maintenance. This solution enhances energy management, 

improves battery longevity, and ensures reliable, safe operations in solar-powered battery 

applications.   
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1. Introduction 

 

With the rising demand for renewable energy, solar-powered battery systems have become a 

vital solution for sustainable power generation. However, environmental factors and hardware 

degradation pose significant challenges, affecting efficiency and long-term performance. To 

address these issues, this project introduces a Raspberry Pi-enabled performance monitoring 

system designed to optimize energy generation and maintenance in solar applications [6] [8]. 

 

The proposed system integrates current, voltage, and temperature sensors to continuously track 

real-time energy output and environmental conditions [2] [7]. In the event of overheating, a 

relay-controlled cooling pump is automatically activated to regulate panel temperature, 

preventing energy loss and ensuring optimal efficiency [3] [11]. Additionally, the system 

monitors long-term performance trends, identifying inefficiencies and enabling proactive 

maintenance. 

 

A user-friendly LED display provides real-time insights, delivering actionable 

recommendations to enhance decision-making. Remote access capabilities allow users to 

monitor and analyze performance metrics efficiently, ensuring data-driven optimization [8]. 

By offering automated monitoring, intelligent control, and accessible data visualization, this 

solution enhances energy management, extends battery lifespan, and ensures the safe, reliable 

operation of solar-powered battery systems. Through real-time intervention and long-term 

trend analysis, the system helps maximize efficiency, reduce operational risks, and promote 

the sustainability of solar energy solutions [10]. 

 

2. Literature Review 

Several studies have explored solar panel efficiency and charging time optimization through 



Thirumalai Kumar G et al                                                     IJMRT: Volume (7), Issue 3, 2025

 

Copyrights@IJMRT www.ijmrt.in  

Page | 19 

automated management systems. Research highlights the impact of environmental factors on 

energy output and battery lifespan. Advanced monitoring using IoT, machine learning, and 

adaptive control strategies improves performance, reduces losses, and enhances solar energy 

utilization.  

Table 1. Literature Review 

Author Title Year Observation 

Choudhary, K., 

Jakhar, S., Gakkhar, 

N., & Sangwan, K. 

S 

Comparative life 

cycle assessments of 

photovoltaic thermal 

systems with earth 

water heat exchanger 

cooling 

2022 Life cycle assessment comparing 

conventional PV systems and 

PV/T systems with earth water 

heat exchanger cooling. Although 

the PV/T approach requires 

increased resource inputs during 

fabrication and disposal, its 

enhanced electrical performance 

indicates a promising, sustainable 

solution for energy generation in 

arid, resource‐constrained regions. 

S. Patil et al IoT Based Solar 

Power Monitoring 

2021 This research presents a solar 

power monitoring system utilizing 

IoT technology. The system 

employs Arduino Uno 

microcontroller boards to monitor 

the output voltage, current, and 

power of photovoltaic panels, with 

data accessible via an Android 

platform. 

Dunne, N. A., Liu, 

P., Elbarghthi, A. F. 

A.,   Yang,   Y., 

Dvorak, V., & Wen, 

C 

Performance 

evaluation of a solar 

photovoltaic-thermal 

(PV/T) air collector 

system. Energy 

Conversion and 

Management 

2023 Evaluated a solar PV/T air 

collector system, demonstrating 

that forced air cooling effectively 

reduces PV cell temperatures and 

enhances electrical output. Their 

results show that optimizing air 

duct design significantly improves 

energy conversion efficiency 

and reliability. 
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R. Kumar, S. R. V. 

M. G. Kumar, and 

V.K. Ramachandran 

A Survey of IoT-

based Smart Solar 

Energy Systems 

2020 This paper surveys the integration 

of Internet of Things (IoT) 

technologies in smart solar energy 

systems. It discusses the 

architecture of IoT-based solar 

systems, the role of sensor 

networks, and the application of 

AI for energy management. The 

paper explores how IoT can 

optimize energy production, 

monitor performance, and enhance 

the reliability of solar-powered 

systems. The study includes 

insights on the future directions 

and challenges in this field, 

emphasizing the potential benefits 

of AI and IoT in optimizing solar 

energy utilization. 

Akrouch, M. A., 
Chahine, K., Faraj, J., 
Hachem, F., 

Castelain, C 

Advancements in 

cooling techniques 

for enhanced 

efficiency of solar 

photovoltaic panels: 

A detailed 

comprehensive 

review and 

innovative 

classification. 

Energy and Built 

Environment 

2025 provide a review of cooling 

techniques for enhancing solar PV 

efficiency, classifying various 

passive and active methods. Their 

innovative framework highlights 

the interplay between material 

properties, design optimization, 

and environmental factors, 

emphasizing the practical potential 

of these techniques to improve 

energy performance under diverse 

climatic conditions. 

Dwivedi, P., 
Sudhakar, K., Soni, 
A., Solomin, E., & 
Kirpichnikova, I 

Advanced cooling 

techniques of P.V. 

modules: A state of 

art. Case Studies in 

Thermal 

Engineering 

2020 Offer a detailed review of 

advanced cooling techniques for 

PV modules, emphasizing both 

active and passive strategies. Their 

thorough analysis indicates that 

integrating heat sinks, liquid- 

cooling, and phase-change 

materials effectively reduces 

operating temperatures, thereby 

remarkably enhancing efficiency 

and extending module lifespan. 
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Alshammari, A. A., 
Salilih, E. M., 

Almatrafi, E., & 
Rady, M 

Polymeric coatings 

for passive radiative 

cooling of PV 

modules in hot and 

humid weather: 

Design, 

optimization, and 

performance 

evaluation. Case 

Studies in Thermal 

Engineering 

2024 Evaluated polymeric coatings for 

passive radiative cooling of 

photovoltaic modules in hot, 

humid climates. Their design 

optimization and performance 

analysis reveal that coatings such 

as PET and PDMS enhance 

emissivity, effectively reducing 

PV cell temperatures and thereby 

improving energy 

conversion efficiency. 

Kanaga Durga 

Deenadayalan, A. 

Arunraja,  S. 

Jayanthy, Suresh 
Selvaraj 

IoT-Based Remote 

Monitoring of Mass 

Solar Panels 

2020 Proposes an embedded system 

using Raspberry Pi for remote 

monitoring of inverters in solar 

power plants, facilitating real-time 

data acquisition and analysis. 

A. K. Sahoo, S. K. 
Dash, S. K. Sahoo 

Raspberry Pi-Based 

Monitoring System 

for Grid-Connected 

Photovoltaic Systems 

2024 Presents a novel fault diagnosis 

system  for  photovoltaic energy 

conversion systems using 

embedded systems like Raspberry 

Pi, emphasizing reliable operation 

M. A. Hossain, M. 
S. Islam, M.

 S. Alam 

IoT-Based Solar

 Monitor System 

2022 Develops a real-time IoT-based 

solar monitoring system 

integrating microcontrollers with 

current and voltage sensors for 

data collection and analysis 

Zhang, L., Wu, J., & 

Yang, D. 

Development of an 

IoT- Enabled 

Predictive 

Maintenance System 

for Photovoltaic 

Power Plants 

2023 Develops an IoT-enabled 

predictive maintenance system for 

PV plants, enhancing reliability 

and reducing maintenance costs. 

Xu, T., Zhang, X., 
& Li, M 

Performance 

Enhancement of 

Photovoltaic 

Modules Using 

Active Cooling 

Techniques: A 

Comprehensive 

Review 

2022 Reviews active cooling methods 

for photovoltaic modules, 

summarizing their impact on 

efficiency and temperature control 
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3. Proposed System 

The proposed system is designed to enhance the efficiency of solar panel charging while 

effectively managing time and optimizing power generation [5]. This system ensures that solar 

energy is utilized to its maximum potential, preventing energy losses due to overheating [1], 

inefficient charging, or adverse environmental conditions. By incorporating a Raspberry Pi 

Pico as the core processing unit, the system efficiently monitors, analyzes, and regulates solar 

panel performance [8] [9]. It achieves this by integrating multiple sensors, including voltage, 

current, and temperature sensors [9], which provide real-time data on energy output, 

environmental parameters, and system performance [2] [7]. This real-time monitoring enables 

proactive adjustments, allowing the system to function at optimal levels, ensuring consistent 

and efficient power generation. 

 

One of the key features of this system is its relay-controlled cooling mechanism, which is 

specifically designed to prevent overheating. When the panel temperature surpasses a 

predefined threshold, the relay triggers a cooling pump, effectively dissipating excess heat and 

ensuring that the solar panel operates within safe temperature limits [9]. Overheating can 

significantly reduce the efficiency of a solar panel and shorten its lifespan, making this cooling 

mechanism an essential component for maintaining long-term performance and reliability [3] 

[4]. 

 

Furthermore, the system includes a 16x2 LCD display that provides real-time system data, 

allowing users to monitor critical parameters such as voltage, current, temperature, and battery 

charge status. This user-friendly interface ensures that necessary information is always 

available for quick assessment and decision-making. Additionally, the system continuously 

logs performance data over time, allowing for historical trend analysis. By tracking these 
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trends, users can identify inefficiencies, detect potential faults early, and implement predictive 

maintenance strategies to enhance long-term system reliability and performance. 

 

 

 

Figure 1. Block Diagram 

By implementing automated monitoring, intelligent control mechanisms, and easy access 

to real-time data, this system offers significant advantages in energy management. It not 

only ensures maximum solar energy utilization but also enhances charging efficiency and 

extends the battery lifespan. These features contribute to making the system a cost-

effective and sustainable energy solution that supports both small-scale and large-

scale solar energy applications. The integration of sensors, automated cooling [1] [4], 

real-time data display, and performance tracking makes this system a highly effective tool 

for optimizing solar panel efficiency, reducing maintenance costs, and ensuring safe and 

reliable operation over time [5]. 
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Table 2. Specification of Sensors and Actuators 

S. 

NO 

Name of the 

sensor 

Detection type Model make Range 

1 Temperature 

and Humidity 

Sensor 

Temperature and 

Humidity 

DHT11 0°C to 50°C, 20% to 
90% RH (Relative 

Humidity) 

2 Voltage Sensor Voltage ZMPT101B 0V to 25V 

3 Current Sensor Current ACS712 -5A to +5A or -20A to 
+20A 

4 Relay Module Triggers the cooling 

system based on 

sensors threshold 

value 

SRD- 

05VDC- 

SL-C 

Threshold 45°C from 

sensors 

 

4. Methodology 

 
The methodology for the solar panel charging efficiency and time management system is 

structured into key phases: hardware setup, sensor integration, data acquisition, intelligent 

control, and system monitoring. 

The system consists of a solar panel, Raspberry Pi Pico, sensors, a relay module, a cooling 

mechanism, and a display unit. The solar panel serves as the primary power source, 

converting sunlight into electrical energy. The Raspberry Pi Pico, a microcontroller, acts 

as the central processing unit, collecting sensor data and making control decisions [6]. The 

relay module is responsible for activating the cooling mechanism [3][4], which consists 

of a small water pump or fan that prevents overheating [1]. The LCD display provides 

real-time system updates, enabling users to monitor the charging process and system 

status. 

The system integrates voltage, current, and temperature sensors for real-time monitoring. 

The voltage sensor, such as a voltage divider circuit, measures solar panel output voltage 

to ensure optimal charging. The current sensor, like the ACS712, tracks the current 

flow to monitor power generation. The temperature and humidity sensor, such as the 
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DHT11 or DHT22, measures ambient temperature and humidity to analyze environmental 

effects. These sensors send data to the Raspberry Pi Pico via analog and digital pins. The 

microcontroller processes this data and stores it for analysis [7]. 

 

The system employs an intelligent decision-making algorithm to optimize solar panel 

performance. If the temperature exceeds the predefined threshold, such as 45°C for the DHT11, 

the relay activates the cooling system. If voltage or current drops below a certain level, the 

system triggers an alert. Charging efficiency is continuously analyzed to prevent battery 

overcharging or undercharging. This automation ensures improved efficiency and protects the 

solar panel from thermal damage. The 16x2 LCD display provides essential data, including 

voltage, current, temperature, and charging status. For future improvements, IoT- based remote 

monitoring can be integrated using Wi-Fi modules like the ESP8266 for cloud- based access. 

 

 

Figure.2. Experimental Setup 

The system logs historical data, allowing users to analyze trends and detect inefficiencies. 

This data-driven approach enables predictive maintenance, reducing long-term 

operational costs. This methodology ensures that the solar panel system operates at 
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maximum efficiency, enhances energy management, and extends battery lifespan. 

By integrating real-time monitoring, intelligent control, and automation, this system 

provides a cost-effective, scalable, and sustainable solution for solar energy applications. 

 

5. Result and Discussion 

Before optimization, the photovoltaic (PV) monitoring system lacked efficient real-time 

data acquisition and analysis. The system had limited capability in measuring essential 

environmental parameters such as temperature, humidity, and solar irradiance. The lack 

of automation in cooling and efficiency tracking led to performance degradation, 

especially during peak sunlight hours. Additionally, there was no remote monitoring 

feature, restricting accessibility to on-site evaluation only. 

 

After optimization, significant improvements were achieved. The integration of an IoT-based 

Raspberry Pi Pico microcontroller enabled real-time data acquisition and wireless monitoring. 

The inclusion of DHT11 and other sensors allowed for precise tracking of temperature and 

humidity, helping to analyze environmental effects on PV performance. A liquid crystal 

display (LCD) module was added to provide instant feedback on power generation and system 

conditions. Furthermore, the implementation of an active cooling mechanism improved 

thermal regulation, resulting in a notable increase in power output and overall efficiency. 
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Figure.3. Impact of Cooling System on Solar Panel Performance 

The results indicate that prior to optimization, the PV panel's efficiency dropped 

significantly due to excessive heat accumulation. However, post-optimization, 

temperature control mechanisms led to a 15-20% increase in energy output by maintaining 

optimal operating conditions. The IoT integration provided seamless remote monitoring 

and data logging, enhancing system reliability. Overall, the optimization efforts 

transformed the PV monitoring system into a smart, efficient, and remotely accessible 

solution, making it ideal for real-world renewable energy applications. 

 

6. Conclusion 

The implemented solar panel monitoring and control system efficiently tracks energy 

generation, environmental conditions, and battery performance using integrated sensors and a 

Raspberry Pi. Real-time data display and automated relay-based cooling enhance the system's 

reliability and efficiency. Experimental results confirm stable energy management, making it 

a viable solution for optimizing solar power utilization. While dependency on sunlight remains 

a limitation, future improvements such as energy storage integration and cloud-based analytics 

can enhance performance. Overall, the system demonstrates the effectiveness of smart solar 
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monitoring for sustainable energy applications, contributing to improved efficiency and 

prolonged battery lifespan. 
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