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Abstract:

The implementation and optimization of solar power systems play a crucial role in the transition towards
sustainable energy solutions. This presentation explores the integration of a Maximum Power Point Tracking
(MPPT) algorithm in a solar charge controller, focusing on the use of MATLAB Simulink for simulation and
modeling. The system comprises key components, including a Photovoltaic (PV) array, battery, and an MPPT
controller designed to optimize energy extraction. The MPPT algorithm adapts the duty cycle based on
feedback from the system's voltage and current, ensuring the system always operates at its maximum power
point regardless of changing environmental conditions. The model is designed to manage battery charging
based on the State of Charge (SOC) and cell voltage, ensuring that the battery remains within safe operating
limits while maximizing charging efficiency. Key parameters, such as irradiation levels, panel voltage, current,
and overall system efficiency, are examined through simulations. The output shows the solar PV system’s
efficiency, which typically ranges from 97% to 98%, with performance adjustments based on variations in solar
irradiation. The simulation further demonstrates how changes in irradiation levels affect both power output and
charging efficiency, with the system continuing to charge the battery even under reduced conditions.
Additionally, the session highlights an online course that delves deeper into solar PV system modeling, MPPT
algorithms, and the integration of these systems with the grid. MATLAB Simulink models for solar PV array,

charge controllers, and their implementation in real-world applications are also discussed.

Keywords: Maximum Power Point Tracking, Renewable Energy Systems, State of Charge
(SOC), Photovoltaic Systems

1. Introduction

The growing demand for sustainable energy solutions has driven significant advancements in renewable
energy systems, particularly in solar power technology. One of the key challenges in maximizing the efficiency
of solar energy generation is ensuring that solar panels operate at their optimal power point under varying
environmental conditions. The implementation of Maximum Power Point Tracking (MPPT) algorithms in solar
charge controllers plays a crucial role in addressing this challenge. MPPT is designed to adjust the operating
point of the solar photovoltaic (PV) array, ensuring maximum energy extraction at any given moment,
regardless of fluctuations in solar irradiation or temperature. This paper explores the implementation and
optimization of MPPT solar charge controllers using MATLAB Simulink, offering a comprehensive approach

to enhance solar system performance.
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The system under consideration consists of essential components such as a PV array, a battery, and an
MPPT control mechanism. The primary objective is to regulate battery charging efficiently by maximizing the
power drawn from the solar array. The charging process is managed based on two key parameters: the State of
Charge (SOC) of the battery and the cell voltage, specifically the Float Cell Voltage (FCV). The MPPT
algorithm dynamically adjusts the duty cycle of the charge controller to track the maximum power point,

ensuring that the battery receives an optimal charge and is protected from overcharging or undercharging.

A major advantage of using MATLAB Simulink for this simulation is the ability to model the behavior of
the entire solar power system under various environmental conditions. The simulation accounts for different
irradiation levels, panel voltage, current, and overall system efficiency. By adjusting parameters such as
irradiation, the simulation demonstrates how the system responds to changes in real-time, ensuring reliable
battery charging even in fluctuating sunlight conditions. The system's efficiency typically ranges between 97%
and 98%, highlighting the effectiveness of the MPPT controller in optimizing energy use.

This paper also introduces an online course designed for individuals interested in delving deeper into the
modeling and simulation of solar PV systems. The course covers various topics, including the detailed
modeling of solar PV cells and arrays, the integration of MPPT algorithms, and the implementation of solar
charge controllers using MATLAB Simulink. With an emphasis on practical applications and real-world
integration of solar systems with the grid, this course aims to equip learners with the necessary skills to work

with advanced renewable energy technologies.

2. Literature Review

Pathare et al. (2017) designed and implemented a Maximum Power Point Tracking (MPPT) solar charge
controller. The proposed MPPT algorithm optimizes power output from solar panels, significantly improving
energy harvesting compared to traditional methods. However, the study's limitations include a potential lack of
consideration for long-term environmental variations, which could affect the controller's performance over
extended periods. Additionally, the implementation may not scale well for larger commercial solar installations,
limiting its applicability in such settings [1]. Manna et al. (2023) introduced an adaptive MPPT controller for
photovoltaic (PV) systems. The adaptive algorithm adjusts its parameters based on real-time conditions, leading
to higher tracking efficiency and reduced energy losses. Experimental results demonstrated substantial
improvements over conventional MPPT techniques. However, the complexity of the adaptive algorithm might
require advanced computational resources, which could limit its use in low-cost applications. Additionally, the

study did not explore the long-term reliability of the adaptive controller under diverse climatic conditions

[2].

Jana et al. (2014) discussed an FPGA-based MPPT algorithm for battery charging using a photovoltaic
panel. This design utilizes FPGA technology for real-time adjustments, optimizing power extraction. Despite its
promising results, the reliance on FPGA technology increases system complexity and cost, which could make it
less accessible for small-scale applications. The study also did not address the impact of partial shading on
MPPT performance, which could affect real-world efficiency [3]. Atri et al. (2020) compared various MPPT
control strategies for solar charge controllers, evaluating their efficiency and response time. Their

comprehensive analysis highlighted the strengths and weaknesses of each approach. However, the study may
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have missed newer or less common MPPT strategies, and the theoretical nature of the analysis may not fully

reflect the real-world operational challenges faced by these strategies [4].

Ananda-Rao et al. (2020) presented an MPPT charge controller design using a zeta converter integrated
with a solar PV system. This design aims to enhance energy conversion efficiency and battery charging.
Experimental results confirmed the effectiveness of the zeta converter in improving overall system
performance. However, the study did not provide sufficient data on the long-term durability and reliability of
the zeta converter under varying environmental conditions, and the design parameters may limit the controller's
adaptability to different battery types or solar panel configurations [5]. Samuel et al. (2022) designed a solar
charge controller using MATLAB/SIMULINK, aiming to optimize solar energy systems' performance. The
controller was evaluated for efficiency, reliability, and response time under various environmental conditions.
Results showed significant improvements in energy management and battery life. However, the study relied
primarily on simulation results, which may not fully capture real-world challenges. Additionally, the
performance analysis was limited to specific environmental conditions and may not be applicable to all

geographical locations [6].

Pathak and Yadav (2019) discussed a battery charging circuit that employs an intelligent MPPT algorithm
to enhance the efficiency of solar photovoltaic (SPV) systems. Experimental results confirmed that the
proposed circuit improved energy extraction compared to traditional methods. However, the study did not
address the long-term reliability and durability of the proposed system in real-world applications, and the focus
on a single MPPT algorithm may limit the exploration of other strategies that could offer better performance [7].
Atri et al. (2021) developed a solar charge controller that implements two different MPPT algorithms,
comparing their effectiveness in optimizing solar energy utilization. The dual-algorithm approach showed
enhanced performance in energy harvesting and battery management. However, the paper did not provide a
comprehensive analysis of the cost implications of implementing two MPPT algorithms in practical
applications. Additionally, the experimental setup may not reflect all potential real-world scenarios, limiting the

applicability of the findings [8].

Samal et al. (2022) presented a smart MPPT-based solar charge controller, with both simulation and
experimental validation. The results indicated significant improvements in energy efficiency and battery life
compared to conventional systems. The study emphasized the role of adaptive algorithms in optimizing solar
energy utilization. However, the experimental validation may have been limited in scope, potentially
overlooking various operational challenges in diverse environments. The paper also did not explore the
economic feasibility of implementing the smart MPPT controller in commercial applications [10]. Ali et al.
(2015) focused on the simulation and implementation of a solar power battery charger using the Perturb &
Observe (P&O) MPPT algorithm. Their findings demonstrated that the P&O algorithm effectively maximized
power output from solar panels, improving charging efficiency. Despite successful implementation, the study
primarily relied on simulations, which may not account for all variables encountered in real-world scenarios.
Furthermore, the performance of the P&O algorithm under rapidly changing weather conditions was not

thoroughly investigated [9].

3. Block Diagram of Solar PV-Based Battery Charging System with MPPT Control
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The block diagram illustrates a Solar PV-based battery charging system incorporating a Maximum Power
Point Tracking (MPPT) algorithm, a DC-DC buck converter, and a battery charger control unit. The system
aims to efficiently extract energy from the solar PV array and charge a battery while maintaining optimal energy

utilization.
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Figure 1. Block Diagram of Solar PV-Based Battery Charging System with MPPT Control

Solar PV Array:

Converts solar irradiance (G) and temperature (T) into electrical power.

Provides output voltage (Vev) and current (Irv) based on environmental conditions.
The power output of the solar PV array is given by:

Pev=Vev X Irv 1)
DC-DC Buck Converter:
Steps down the higher voltage from the PV array to match the voltage requirements of the battery.
Operates based on the duty cycle (DDD) generated by the MPPT algorithm and PWM generator.
The relationship between input and output voltage for the buck converter is:

Vour=DxViy 2
where D is the duty cycle (0<D<1)
P&O MPPT Algorithm:
Implements the Perturb and Observe (P&O) algorithm to track the maximum power point of the PV
array.

Adjusts the duty cycle to ensure that the PV array operates at its maximum power point (Pwmppr).
The condition for maximum power is:
(dPev/dVerv) =0 3)
PWM Generator:
Generates pulse-width modulation (PWM) signals based on the duty cycle calculated by the MPPT
algorithm.
Controls the switching operation of the buck converter to regulate its output.

Battery Charger Control:

Monitors the state of charge (SOC) of the battery to prevent overcharging and ensure safe operation.
Ensures charging occurs only if the SOC is below 100% and the battery voltage (Vs) is within safe
limits.

Implements the following conditions

If SOC<100%, charging continues.

If VB<Vmax, charging continues.
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Battery:

Stores the electrical energy for later use.

The state of charge (SOC) is calculated as a percentage of the battery's total capacity:
SOC= (Qcurrent / Qtotal) x 100

where Qcurrent is the current charge and Qtotal is the battery capacity.

The Solar PV array generates power based on solar irradiance and temperature conditions,
while the MPPT algorithm ensures that the PV array operates at its maximum power point by
dynamically adjusting the duty cycle (DDD) of the DC-DC buck converter. The buck converter steps
down the PV array voltage to match the battery's voltage requirements, enabling efficient energy
transfer. A battery charger control unit monitors the state of charge (SOC) and voltage of the battery
to ensure safe and efficient charging, preventing overcharging and prolonging battery life. The
PWM generator regulates the switching of the buck converter, maintaining optimal operating
conditions. This integrated system enables the efficient extraction of solar energy, ensuring reliable
operation and improved overall efficiency.

4. Simulation Results and Discussion

This simulation diagram represents a Solar PV System with a DC-DC Buck Converter and
Battery Charging Control. This system is designed to extract maximum power from a 2000-watt PV
panel using the P&O MPPT algorithm, step down the voltage via a buck converter, and charge a
48V, 200 Ah battery efficiently.

= DC-DC BUCK CONVERTER 5

0.1124 -37 81

2 g \_.:)__Ljﬁ_s J LR I
" i N, “ c1 i Z# Dz l 7 || %
= T I
) T | I8 v, 200 An
Battery

Drscrete
teDfn

powerg

2000 Watts PV Panel

P&0O MPPT + Battery Charger controller

Figure 2. Simulation of Solar PV-Based Battery Charging System with MPPT Control

The system works by converting sunlight into electrical power using a 2000-watt solar PV panel, which
outputs voltage and current based on solar radiation and temperature conditions. The P&O MPPT algorithm
optimizes energy extraction by dynamically adjusting the duty cycle of the DC-DC buck converter, ensuring the
panel operates at its maximum power point. The buck converter steps down the PV voltage to match the 48 V
battery's charging requirements, with components like diodes, capacitors, and an inductor smoothing the output.
A MOSFET switch, controlled by a PWM signal from the MPPT algorithm, regulates the converter's operation.
The 48 V, 200 Ah battery stores the energy and is monitored for state of charge (SOC) and voltage to prevent
overcharging or deep discharging. Real-time power measurement blocks monitor and display key parameters
such as voltage, current, and power, ensuring optimal performance and efficient operation.
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The diagram illustrates the integration of the Perturb and Observe (P&O) Maximum Power
Point Tracking (MPPT) algorithm and a battery charge controller. The P&O MPPT algorithm is
designed to extract maximum power from a photovoltaic (PV) array by continuously adjusting the
operating voltage and observing the resulting power. It measures the voltage (V(k)) and current
(I(k)) from the PV array to calculate power (P(k)) and applies a small perturbation (AV) to the PV
voltage. The resulting change in power (AP) determines whether to continue in the same
perturbation direction or reverse it. This logic is implemented through two conditions: if AP>0, the
perturbation direction is retained, but if AP<0, the direction is reversed. The algorithm outputs a
duty cycle (D(k)) to control the DC-DC converter, ensuring operation close to the Maximum Power
Point (MPP). Although the P&O method is simple and effective in steady conditions, it may result in
oscillations around the MPP and reduced efficiency during rapidly changing irradiance or
temperature.

The battery charge controller regulates the charging of the connected battery while ensuring
proper charging stages—bulk, absorption, and float—and protecting it from overcharging. It
calculates the absolute value of the battery's power to monitor its charging status. When the battery
is less than fully charged, the controller operates in the bulk or absorption stage, transitioning to the
float stage when fully charged to maintain the battery at full capacity. The system alternates between
constant voltage (CV) and float conditions to prevent overcharging. The controller uses the duty
cycle signal (DDD) from the MPPT block to regulate the DC-DC converter, ensuring efficient power
transfer from the PV array to the battery. Efficiency is continuously calculated to monitor system
performance. The integrated system ensures the PV array operates at its MPP, maximizing energy
extraction while efficiently charging the battery, preserving its health, and preventing damage from
overcharging or deep discharge. This combination of MPPT and charge control optimizes energy
utilization and system performance.
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