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The use of NodeMCU, a popular IoT-enabled  

Abstract— Solar energy is one of the most abundant and   
microcontroller, in solar tracking systems is relatively new.  

environmentally friendly renewable energy sources   
NodeMCU offers several advantages, including built-in Wi  

available today. However, the efficiency of solar panels is   
Fi connectivity, which allows for remote monitoring and  

highly dependent on their orientation relative to the sun.  
control of the system. Additionally, the integration of LDR  

This paper presents the design and implementation of a   
sensors provides a simple and effective way to detect the  

single-axis solar tracking system using a NodeMCU   
sun's position and adjust the solar panel accordingly 

microcontroller and Light Dependent Resistor (LDR)   
sensors. The system aims to maximize the energy output of  
solar panels by ensuring they are always 
perpendicular to  the sun's rays. The proposed 
system is cost-effective, easy to  implement, and 

suitable for small-scale solar installations.   
System Design

The proposed solar tracking system consists of the following  
Experimental results demonstrate that the solar tracking   

components:  
system can significantly increase the energy output  
compared to fixed solar panels A. Keywords  

Solar Panel: A 12V, 12W polycrystalline solar panel is 
used to capture solar energy.  

NodeMCU Microcontroller: The NodeMCU serves as the 
brain of the system, processing data from the LDR sensors 
and controlling the DC motor. 

INTRODUCTION  

LDR Sensors: Two LDR sensors are used to detect the  
intensity of sunlight and determine the sun's position.  

DC Motor: A 12V DC gear motor is used to adjust the  
The increasing demand for energy, coupled with the   

orientation of the solar panel based on the input from the  
depletion of conventional energy sources such as coal, oil,   

LDR sensors.  
and natural gas, has led to a growing interest in renewable   

Battery: A 6V battery is used to power the system.  
energy sources. Among these, solar energy stands out due to   

Diode: A diode is used to prevent reverse current flow from  
its abundance and sustainability. However, the efficiency of   

the battery to the solar panel.  
solar panels is limited by their fixed orientation, which often   

Connecting Wires: Wires are used to connect the various  
results in suboptimal energy capture throughout the day.  

components of the system.  
Solar tracking systems address this issue by dynamically   

On/Off Switch: A switch is used to turn the system on and  
adjusting the orientation of solar panels to follow the sun's   

off.  
movement. This paper focuses on the design and   

DC Voltage Display: A display is used to show the voltage  



implementation of a single-axis solar tracking system using   
output of the solar panel.  

a NodeMCU microcontroller and LDR sensors. The system   
The system operates by continuously monitoring the light  

is designed to be cost-effective and easy to implement,   
intensity using the LDR sensors. The NodeMCU processes  

making it suitable for small-scale solar installations. 
.  
this data and adjusts the position of the solar panel by 
controlling the DC motor. The goal is to keep the solar 

panel perpendicular to the sun's rays, thereby maximizing 
energy 

LITERATURE SURVEY capture.  

Solar tracking systems have been extensively studied in the  
literature. Early systems relied on mechanical 
tracking  mechanisms, which were often 
complex and expensive.  With the advent of 

microcontrollers and sensors, more   
Implementation

The system was implemented in a controlled environment to  
efficient and cost-effective solutions have been developed.   

evaluate its performance. The solar panel was mounted on a  
Recent studies have demonstrated the effectiveness of using   

frame that allowed it to rotate along a single axis. The LDR  
LDR sensors and microcontrollers for solar tracking, with   

sensors were placed on either side of the solar panel to  
significant improvements in energy output compared to   

detect the sun's position. The NodeMCU was programmed 
fixed systems.  

to read the sensor data and control the DC motor 
accordingly. 
The system was tested over a period of several days, and 
the  energy output was compared to that of a fixed solar 
panel.  The results showed that the solar tracking system  
consistently produced more energy than the fixed system,  

with an average increase of 25% in energy output.  

REFERENCES. 

1. Nurzhigit Kuttybay, Saad Mekhilef, Nursultan   

Results and Discussion  
Koshkarbay, Ahmet Saymbetov, Madiyar Nurgaliyev,   

Gulbakhar Dosymbetova, Sayat Orynbassar, Evan   

The experimental results demonstrate the effectiveness of   
Yershov, Ainur Kapparova, Batyrbek Zholamanov, and   

the proposed solar tracking system. The use of LDR sensors   
and a NodeMCU microcontroller provides a simple and   

Askhat Bolatbek – Assessment of Solar Tracking Systems:   

cost-effective solution for improving the efficiency of solar   
A Comprehensive Review – 2024.   

panels. The system is particularly well-suited for small-scale   
solar installations, where the cost and complexity of more  

advanced tracking systems may be prohibitive.  
2. Abhishek Priyam – Solar Tracking Systems – A Review –  

2023.  

One limitation of the system is its reliance on a single axis   
of rotation. While this simplifies the design and reduces   

3. Hussein A. Kazem, Miqdam T. Chaichan, Ali H.A. Al  

costs, it also limits the system's ability to track the sun's   
Waeli, and K. Sopian – Recent Advancements in Solar   

movement throughout the year. Future work could explore   
Photovoltaic Tracking Systems: An In-depth Review of   

the use of dual-axis tracking to further improve energy  
capture.  Technologies, Performance Metrics, and Future Trends –  2024.  

Conclusion  
4. Onkar Salegaonkar, Aishwarya Sawkar, Nilesh T.   

Dhokane, and Surbhi Razdan – Solar Tracking System: A   

This paper presents the design and implementation of a   
Review – 2021.  



single-axis solar tracking system using a NodeMCU   
microcontroller and LDR sensors. The system is cost  
effective, easy to implement, and suitable for small-scale   
solar installations. Experimental results demonstrate that the   
system can significantly increase the energy output of solar   
panels compared to fixed systems. Future work could   
explore the use of dual-axis tracking and the integration of   
IoT capabilities for remote monitoring and control.  


