
© 2024 IJNRD | Volume 9, Issue 4 April 2024| ISSN: 2456-4184 | IJNRD.ORG 
 

IJNRD2404556 International Journal of Novel Research and Development (www.ijnrd.org) f454 
 

 

MPPT Solar Charge Controller  

Optimizing Solar Energy Harvesting: A Deep Dive into MPPT Based solar 

Charge Controller 

1Suraj Vidhyanand Patil, 2Deshbhushan Dhanpal Chougule,3Sairaj Tukaram Zore, 4Sanika Uttam 

Vengurlekar 
 1,2,3,4Final Year B. Tech Students 

1,2,3,4Department Of Electronics and Telecommunication Engineering  

Kolhapur Institute of Technology’s College of Engineering, Kolhapur, India 

 

 

 

1. ABSTRACT 

 
The paper examines the potential advantages of integrating MPPT solar charge controllers into PV systems, including increased 

energy harvesting efficiency and enhanced performance in challenging weather conditions. By dynamically adjusting the operating 

point of the solar array, MPPT controllers maximize power generation, leading to improved system reliability and cost-

effectiveness. 

Practical aspects of implementing MPPT technology are explored, such as selecting suitable MPPT algorithms, choosing 

appropriate charge controller models, and integrating them into solar energy systems effectively. The study emphasizes the 

significance of MPPT technology in maximizing the utilization of solar energy resources and achieving optimal system 

performance. 

Through a synthesis of existing research, industry practices, and technological advancements, this research paper aims to provide 

valuable insights into the application and impact of MPPT solar charge controllers in photovoltaic systems. The analysis presented 

contributes to advancing knowledge in the field of solar energy utilization and promotes the adoption of efficient energy 

management solutions for sustainable development. 

 

2. INTRODUCTION 
Solar energy has emerged as a pivotal player in the global transition towards renewable energy sources, offering a sustainable and 

environmentally friendly alternative to conventional fossil fuels. Central to the harnessing of solar power is the efficient utilization 

of photovoltaic (PV) panels, which convert sunlight into electrical energy. However, the nonlinear characteristics of solar PV panels, 

coupled with variations in environmental factors such as temperature and irradiation, pose challenges in maximizing their energy 

harvesting potential. 

 

In response to these challenges, Maximum Power Point Tracking (MPPT) systems have garnered considerable attention as a means 

to optimize the performance of solar PV panels. MPPT techniques enable PV systems to operate at their maximum power point 

(MPP), thereby enhancing energy conversion efficiency and maximizing power output. By continuously adjusting the operating 

point of the PV system in response to changing environmental conditions, MPPT systems ensure that the panels operate at peak 

performance levels, regardless of external factors. 

 

This research paper explores the evolution and advancements in MPPT technology, with a focus on innovative algorithms, hardware 

implementations, and practical considerations for optimizing solar energy utilization. Drawing from a diverse range of literature 

and technological developments, this study aims to provide a comprehensive overview of the current state-of-the-art in MPPT 

systems for solar PV applications. 

 

The paper begins by examining key MPPT algorithms proposed in the literature, including advanced perturbation and observation 

(P&O), neural network-based approaches, and integrated charge controller solutions. Each algorithm is evaluated based on its 

efficacy in accurately tracking the MPP of solar PV panels under varying environmental conditions, highlighting the strengths and 

limitations of each approach. 
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Furthermore, practical implementations of MPPT systems are discussed, with a focus on hardware design considerations, integration 

with digital signal processors (DSPs) or microcontrollers, and real-world deployment scenarios. Case studies and experimental 

results from existing research projects illustrate the diverse methodologies and technologies employed in MPPT system design and 

implementation. 

 

Building upon this foundation, the paper presents a novel project focused on designing and implementing an MPPT system using a 

DC/DC converter and an PIC16F877A microcontroller. Through simulations and experimental testing, the effectiveness of the 

Perturb and Observe (P&O) method in achieving maximum power output from the PV source is demonstrated, providing valuable 

insights into the practical application of MPPT technology. 

 

By synthesizing insights from existing literature, industry practices, and practical experimentation, this research aims to contribute 

to the ongoing discourse on MPPT technology's role in advancing solar energy utilization. The findings presented herein seek to 

inform future research directions and facilitate the development of more efficient and sustainable solar energy systems. 

 

3. NEED OF THE STUDY 

 
1.Optimizing Indoor Air Quality: Ultrasonic atomization transducers play a critical role in maintaining optimal humidity levels 

indoors. By studying their ability to produce mist, we aim to enhance indoor air quality, mitigating health issues associated with 

dry air such as dry skin, irritated respiratory passages, and susceptibility to respiratory infections. 

 

2.Improving Respiratory Health: Understanding how ultrasonic atomization transducers generate mist can contribute to alleviating 

symptoms of respiratory conditions like asthma, allergies, and congestion. By moistening nasal passages and airways, mist 

generation may facilitate easier breathing and improve overall respiratory health outcomes. 

 

3. Enhancing Home Comfort: Dry indoor air can lead to discomfort, particularly in colder seasons when heating systems further 

deplete humidity levels. Investigating mist production mechanisms can inform the development of more efficient humidification 

systems, thereby enhancing home comfort and livability. 

 

4. Preserving Plant and Furniture Health: Excessively dry air can negatively impact indoor plants and wooden furniture, leading to 

wilting, dryness, and cracking. Researching mist generation by ultrasonic atomization transducers can aid in maintaining optimal 

humidity levels to support the health and longevity of indoor plants and furnishings. 

 

5. Advancing Industrial and Commercial Applications: Humidification systems utilizing mist generation find applications across 

various industries, including agriculture, horticulture, manufacturing, and pharmaceuticals. Studying mist production mechanisms 

can facilitate the design and optimization of ultrasonic atomization transducers for specific industrial applications, ensuring efficient 

and controlled moisture delivery. 

 

Overall, investigating ultrasonic atomization transducers and their mist-making processes is essential for developing superior 

humidification technologies. These advancements can significantly impact indoor air quality, respiratory health, home comfort, and 

support various industrial applications, thereby addressing critical needs in both residential and commercial settings. 

 

4. RESEARCH METHODOLOGY 
 

1. Components 

 

i. PIC 18F4550 

 
 

 Features 

 

 NANO WATT GENERATION: PIC18F4550 is an 8-bit microcontroller. PIC18F4550 has been applied with 

NANO WATT technology, therefore, it requires very low strength for its operation. Some of the important 

features of this microcontroller are: 

 ALTERNATE RUN MODES: When cocking the controller by timer1 source or any internal oscillator block, the 

power can be reduced during execution of code up to 90%. 

 MULTIPLE IDLE MODES: It has the advantage of working even when its CPU disabled but peripherals being 

active. The power can be reduced up to 4% in these states. 
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 ON-THE-FLY MODE SWITCHING: It is the power managed modes which referred by user code during 

operation. It allows the user to implement different ideas of power-consumption into their design of application 

software. 

 LOW CONSUMPTION IN KEY MODULES: The Timer1 and watchdog both have low power requirements. 

 UNIVERSAL SERIAL BUS: The PIC18F4550 implements complete features universal serial bus 

communications module supporting low-speed and full-speed communication with any type of data transfer. It 

also has its own on-chip transceiver and 3.3V regulator supporting the use of external transceiver and voltage 

regulators. 

 

ii. IC SG3524 

 

 Complete Pulse-Width Modulation (PWM) power-control circuitry 

 Uncommitted outputs for single-ended or push-pull applications 

 8-mA (TYP) standby current 

 

 

iii. MOSFET IRFZ44N 

 

 Small signal N-Channel MOSFET 

 Continuous Drain Current (ID) is 49A at 25°C 

 Pulsed Drain Current (ID-peak) is 160A 

 Minimum Gate threshold voltage (VGS-th) is 2V 

 Maximum Gate threshold voltage (VGS-th) is 4V 

 Gate-Source Voltage is (VGS) is ±20V (max) 

 Maximum Drain-Source Voltage (VDS) is 55V 

 Rise time and fall time is about 60ns and 45ns respectively. 

 It is commonly used with Arduino, due to its low threshold current. 

 Available in To-220 package 
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iv. 230V Transformer 

 
 Rated Power: 3 MVA to 200 MVA  

 Typical Primary Voltages: 11, 22, 33, 66, 90, 132, 220 kV  

 Typical Secondary Voltages: 3.3, 6.6, 11, 33, 66, 132 kV  

 Phases: Single or three-phase transformers  

 Rated Frequency: 50 or 60 Hz  

 Cooling Type: Oil Forced Air Forced Cooling  

 Installations: Outdoor or Indoor  

 Tapping: On-load or off-load tap changers 

 

2. Block Diagram 

 

 
 

   Fig. MPPT Based Solar Charge Controller 

 

5. Circuit Diagram 
 

 
 

Fig. MPPT KIT USING PIC 18F4550 
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Fig. INVERTING CIRCUIT USING SG3524 IC 

 

 

 

 

 

 

 

 
 

Fig. BUCK BOOST CONVERTER 
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6. WORKING 
 

1] MCU:  

The MPPT control circuit is implemented in a microcontroller, that has 8bits analog-to-digital (A/D) converters and two four PWM 

mode signals. The boost converter is controlled by the microcontroller. It read the voltage and current of the solar panels through 

the A/D port of controller and calculates the output power. It also calculate power by reading the voltage and current of battery side 

in same way and send corresponding control signal to the boost converter and control the duty cycle of the converter by PWM 

signal through controller to accordingly increase, decrease or turn off the DC to DC converter. The pic is a perfect combination of 

performance, features, and low power consumption for this application. The control circuit compares the PV output power before 

and after a change in the duty ratio of the DC/DC converter control signal. It is expected that the MPP presents a constant oscillation 

inherent to the algorithm. 

2] DC-DC convertor: 

There are several topologies available for DC-DC converter. Among them buck converter is in an increasingly popular topology, 

particularly in battery powered applications, as level of the output voltage can be changed with respect to input voltage. The 

commonly used a converter in PV systems is a DC/DC power converter. It ensures, through a control action, the transfer of the 

maximum of electrical power to the load. The structure of the converter is determined according to the load to be supplied. In this 

article we focus on the step-up DC/DC converter (Boost converter). MPPT uses the same converter for a different purpose, such as 

regulating the input voltage at the Maximum power point and providing load matching for the maximum power transfer. 

3] MPPT:  

A typical solar panel converts only 30 to 40 percent of the incident solar irradiation into electrical energy. Maximum power point 

tracking technique is used to improve the efficiency of the solar panel. According to Maximum Power Transfer technique, the 

output power of a circuit is maximum when the source impedance matches with the load impedance. In the source side a buck 

converter is connected to a solar panel in order to enhance the output voltage. By changing the duty cycle of the buck converter 

appropriately by PWM signal the source impedance is matched with that of the load impedance. There are various MPPT techniques 

are proposed. Among those methods, the perturb and observe (P&O) and incremental conductance (INC) methods are widely used 

although they have some problems such as the oscillation around MPP and confusion by rapidly changing atmospheric conditions. 

In this proposed system perturb and observe MPPT algorithm is used. In this method the controller adjusts the voltage by a small 

amount from the array and measures power, if the power increases, further adjustments in the direction are tried until power no 

longer increases. This is called P&O method. Due to ease of implementation and cost effectiveness, it is the most commonly used 

MPPT method. 

The voltage to a cell is increased initially, if the output power increase, the voltage is continually increased until the output power 

starts decreasing. Once the output power starts decreasing, the voltage to the cell decreased until maximum power is reached. This 

process is continued until the MPPT is obtained. This result is an oscillation of the output power around the MPP. PV module’s 

output power curve as a function of voltage (P-V curve), at the constant irradiance and the constant module temperature, assuming 

the PV module is operating at a point which is away from the MPP. 

This P&O algorithm periodically increment or decrement the output terminal voltage of the PV cell and comparing the power 

obtained in the current cycle with the power of the previous one. If the power is increased, then it is supposed that it has moved the 

operating point closer to the MPP. Thus, further voltage perturbations in the same direction should move the operating point toward 

the MPP. If the power decreases, the operating point has moved away from the MPP, and the direction of perturbation should be 

reversed to move back toward the MPP. 
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4] Storage:  

Storage device is 12v lead acid dry battery. 

 

 

7.  HARDWARE PHOTOS 
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Complete Circuit Diagram 

 
 

 

 

 

8. CONCLUSION 
 

The proposed model is designed for the maximum utilization of solar energy in the day time. The entire energy from the solar 

panel from morning till evening is utilized. Solar energy is not only used for charging the battery backup but also the energy is 

used as a supplement to the load along with the energy from the battery backup. The battery life will be improved due to the 

trickle charging. 
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9. FUTURE SCOPE 
 

 

A promising avenue for future exploration in this project lies in the integration of advanced machine learning algorithms for 

predictive maintenance and fault detection within MPPT solar charge controllers. As the adoption of renewable energy sources 

continues to rise, ensuring the reliability and longevity of solar photovoltaic (PV) systems becomes increasingly paramount. 

By leveraging the wealth of data generated by these systems, machine learning models can be trained to discern subtle patterns 

indicative of component degradation or impending failures.  

 

This predictive maintenance approach holds the potential to revolutionize the management of solar PV systems by allowing 

for proactive intervention before issues escalate, thus minimizing downtime and associated costs. Through continuous 

monitoring of key performance metrics such as voltage, current, and temperature, coupled with environmental parameters such 

as solar irradiance and ambient temperature, machine learning algorithms can identify deviations from expected behavior that 

may signify underlying issues. 

 

Moreover, the incorporation of machine learning-based fault detection mechanisms could enable MPPT controllers to 

autonomously diagnose and rectify anomalies in real-time, thereby enhancing system resilience and reducing reliance on 

manual intervention. By preemptively addressing potential faults, such as shading effects, partial module failures, or 

deteriorating components, the overall reliability and performance of the solar PV system can be significantly improved. 

 

Furthermore, the utilization of machine learning techniques opens up possibilities for adaptive optimization strategies tailored 

to specific environmental conditions and load profiles. By continuously learning from operational data and adjusting control 

parameters accordingly, MPPT controllers can dynamically adapt their behavior to maximize energy harvesting efficiency 

under varying circumstances. This adaptive approach not only optimizes system performance but also ensures compatibility 

with evolving technological advancements and operational requirements. 

 

In essence, the integration of machine learning algorithms into MPPT solar charge controllers represents a promising frontier 

in renewable energy research. By harnessing the power of data-driven insights, these intelligent systems have the potential to 

transform the way we manage and operate solar PV installations, ushering in a new era of reliability, efficiency, and 

sustainability. 

 

 

10. ACKNOWLEDGEMENT  

 
We would like to express our sincere gratitude to everyone who contributed to the completion of this research 

paper on this topic ‘MPPT Solar Charge Controller’. 

We would also like to extend our thanks to the faculty members of KIT’s College of Engineering Professor Mr.. 

E.C. Patil Sir and Dr. Y.M. Patil Sir for their encouragement and providing us necessary resources to carry out this 

research. 

 

 

11. REFERENCES 

 
[1] Huynh D.C & et. all. Maximum power point tracking of solar photovoltaic panels using advanced perturbation and 

observation algorithm. IEEE June 2013.  

[2] Grzesaik. W. MPPT Solar Charge Controller for High Voltage Thin Film PV Modules. IEEE May 2006.  

 [3] Petchjatuporn. P and et. all. A Solar-powered Battery Charger with Neural Network Maximum Power Point Tracking 

Implemented on a Low-Cost PIC-microcontroller. IEEE Nov 2005.   

 [4] Longxi. Chang & et. all. A fully integrated solar charger controller with input MPPT regulation protection for 10V to 

28V solar-powered panel. IEEE June 2013. 

 [5] Rezoug, M. R., Chenni, R., & Taibi, D. (2019). A New Approach for Optimizing Management of a Real Time Solar 

Charger Using the Firebase Platform Under Android. Journal of Low Power Electronics and Applications, 9(3), 23.  

 

 [6] Bhattacharjee, A., Samanta, H., Banerjee, N., & Saha, H. (2018). Development and validation of a real time flow control 

integrated MPPT charger for solar PV applications of vanadium redox flow battery. Energy Conversion and Management, 

171, 1449-1462. 

 

http://www.ijrti.org/

