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Abstract—   This paper presents the circuitry modeling 

of the solar photovoltaic MPPT lead-acid battery charge 

controller for the standalone system in 

MATLAB/Simulink environment. A buck topology is 

utilized as a DC-DC converter for the charge controller 

implementation. The maximum power of the photovoltaic 

panel is tracked by the Perturb and Observe MPPT 

algorithm. The battery charge controller charges the lead-

acid battery using a three-stage charging strategy. The 

three charging stages include the MPPT bulk charge, 

constant voltage absorption charge, and float charge stage. 

The performance analysis of the model is carried out in 

the following aspects, there are MPPT tracking 

performance, battery charging performance and overall 

charge controller efficiency performance are 

benchmarked with commercial MPPT charge controller 

for validation. The performance result shows that the 

MPPT is capable to track to the PV panel maximum point 

at any solar irradiance variation within 0.5 seconds with 

maximum power tracking efficiency up to 99.9 %. The 

three-stage charging strategy also successfully 

demonstrated. The overall charge controller average 

efficiency achieved up to 98.3 % which matches many high 

end commercial solar PV MPPT charge controller product 

specifications. This validated model contributes to a better 

sizing of PV panel and battery energy storage for the small 

and medium standalone PV system. 

 

                 I.INTRODUCTION 

Day by day the way of living is becoming easy due to the 

advancement of technology and modern electronic equipment, 

but at the same time, the demand for electricity has increased 

drastically. Therefore, due to limited resources, day by day, 

the cost of fossil fuel is increasing gradually. In this situation, 

the renewable is a single option to meet the load demand at a 

reasonable price. Out of several renewable resources, solar 

and wind are highly popular [1]. Moreover, due to easy 

operation and customised size, solar PV (photovoltaic) 

generation is most popular in society, where it operates as 

rooftop solar PV power generation system. In the industrial 

area, it is also popular, where it operates as a PV park for large 

scale power generation. Nowadays, solar PV is also installing 

on vehicles, such as solar electric rickshaw [2], solar-powered 

aircraft, solar electric bus/train etc. However, the low 

efficiency of solar PV array is the main drawback with solar 

PV energy conversion system, which is around 20–25% for 

the commercial solar PV array. Solar photovoltaic energy has 

gained significant attention in the past decade. It is one of the 

fastest growing renewable energy up to 181 GW installation 

globally as of 2018 [1]. This is simply due to the steady 

reduction of photovoltaic module costs over the past decade. 

Moreover, the ease of installation, flexible scalability and less 

maintenance due to no moving part involved in its operation 

make it widely accepted by many industries. The photovoltaic 

system relies on sunlight to generate electricity. This limits its 

application to only day time when sunlight is available. To 

utilize solar energy at any time of the day including when 

sunlight is not available, battery energy storage is one of the 

solutions. Therefore solar PV charge controller plays an 

important role to make this solution feasible. The solar PV 

charge controller is widely used in standalone system 

applications including street lighting [2], telecommunication 

base station, rural electrification [3], etc. A Solar PV MPPT 

charge controller includes an MPPT tracker and a battery 

charge controller. The MPPT tracks the maximum power from 

the PV panel and delivers it to the battery charge controller. 

The charge controller charges the battery through a multi-

stage charging strategy to effectively charge the battery 

without damaging the battery caused by excessive charge 

gassing and overheat. Many past works of literature are 

covering various MPPT algorithms review [4-7], MPPT 

modeling and implementation in Simulink [8]. However, these 

works of literature do not evaluate the MPPT tracking 

performance in terms of tracking time and tracking efficiency. 

There is also no discussion on how this MPPT can be 

integrated with a battery charge controller. On the battery 

charge controller side, there are literatures solely present on 

multi-stage charging strategies [9], comparative study of 

various multi-stage charger [10], solar PV charge controller 

[11]. However, these charge controller presented are charged 

without MPPT and there is no performance analysis in terms 

of charger efficiency. There are also literatures presented on 

the modeling of solar PV MPPT charge controller [12-13], 

however the presented model lack of modeling detail and does 

not have any performance analysis in term of efficiency and 

no benchmark with commercial charge controller for model 

validation. In summary, the above literatures presented 

models that are lack of completeness and didn't present MPPT 

and overall charge controller efficiency performance analysis 

and benchmark with commercial MPPT charge controller for 

model validation. This paper presents the complete modeling 
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of the solar PV MPPT charge controller in Simulink and its 

performance analysis in the following sections. 

 

Fig. 1 System layout of solar PV power fed battery charging 

The overview of the solar photovoltaic MPPT battery charge 

controller model developed in MATLAB/Simulink 

environment is shown in Fig. 1. It consists of a solar PV array, 

DC-DC converter, battery,and MPPT charge controller block. 

Inside the MPPT charge controller block consists of a Perturb 

& Observe MPPT algorithm and a lead-acid battery three-

stage charge controller is shown in Fig. 2. The MPPT charge 

controller block includes a P&O MPPT tracker and a lead-

acid battery three-stage charger. The MPPT charge controller 

block output a PWM control signal to switch the switching 

device of the DC-DC converter. This is a common design for 

many commercial solar PV MPPT battery charge controller. 

The solar PV array model and battery model are directly 

obtained from the Simulink Simscape Electrical blockset 

library. The model is capable of charging a 48 V battery from 

2 kW PV array source. This model is tested and simulated 

under the Simulink environment for performance analysis. 

The following sections explain the circuitry model and charge 

controller block in detail. towards algorithm parameters and 

completely dependent of all ratting information of solar PV 

array and DC–DC converter. Therefore, in this paper, a novel 

‘Weight of Set Point Similarity (WSPS)’ technique is 

developed for MPPT for uniformly shaded solar PV panel 

condition.  

  In the WSPS technique, the comparative study of the weight 

of four sets of duty cycle decides the steady state condition, 

where drastic decrement of the value of step change In 

dynamic solar irradiance change condition, the envelope of 

power detects the situation and accordingly gives the adaptive 

change in step size for quick capture the MPP zone.  The 

performance of WSPS technique is evaluated on different 

types of solar irradiance change condition, through simulation 

as well as experimentation. Moreover, the superiority of the 

WSPS technique is proved through comparative analysis with 

P&O MPPT algorithm. 

 

Fig. 1. Overview of solar PV MPPT charge controller model. 

 

Fig. 2. Subsystem of MPPT charge controller block. 2.1. DC-

DC Converter The DC-DC converter converts the DC input 

voltage source to either higher or lower DC output voltage. 

Since the PV array voltage is higher than the battery voltage, a 

buck topology is commonly chosen for solar PV charge 

controller application [14-16]. The buck converter operates as 

a regulator to step down the input voltage from the PV array 

while maintaining its power delivery to charge the battery. 

This is achieved by stepping down the input voltage and 

increasing the output current delivered to the battery. The 

buck converter circuit consists of a MOSFET switching 

device, a high power inductor, Schottky diode, and an input 

and output capacitor as shown in Fig. 1. The reverse blocking 

diode D1 is used to prevent the reverse flow of current back to 

the PV array from the battery during night time. The 

MOSFET Ron is set to 0.02 Ω and the Schottky diode D2 

forward voltage is set to 0.5 V. 

   The MOSFET is switch by a pulse generator with 1000 Hz 

switching frequency. The output voltage of the buck converter 

can be determined by the ratio between Vout the output 

voltage and Vin the input voltage of buck converter (1) where 

D is the duty cycle of the PWM signal. outinVDV= (1) The 

duty cycle can also determine the effective input resistance 

seen by the PV array source where MPPT can be achieved. 

The effective input resistance Rin seen by the source can be 

determined in (2) where Rload is the load or battery resistance 

and D is the duty cycle. loadinRRD= (2) The buck converter 

inductor ripple current peak to peak magnitude under steady-

state condition can be determined in (3) where Vin is the input 

voltage from the PV array, D is the duty cycle, fsw is the 

switching frequency and L is the inductor value. 

D(1)inLswVDIfL− = (3) Similarly, the buck converter 

output capacitor ripple voltage peak to peak magnitude under 

steady-state condition can be determined in (4) where Vin is 

the input voltage from the PV array, D is the duty cycle, fsw is 

the switching frequency and C is the capacitor value. 

2D(1)8inCswVDVLfC− = (4) From equation (1), (3) and (4), 

for inductor value of 10 mH and capacitor value of 1000 uF, 

the buck converter ripple current and voltage can be 

determined. For switching frequency fsw of 1000 Hz, PV 

input voltage Vin of 120 V, duty cycle D of 0.4, the inductor 

ripple current ΔIL is around 0.288 mA and output capacitor 

ripple voltage ΔVc is around 2.3 nV, which are small enough 

to be a flat DC. 2.2 Maximum Power Point Tracking 

Algorithm The P&O MPPT is commonly used in many small 

and medium commercial solar PV charge controller and grid-

connected inverter due to its tracking effectiveness and 

simplicity of implementation. The MPPT algorithm track the 
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maximum power of the PV array and output its duty cycle 

relevant to the tracked maximum power to the battery charge 

controller. The P&O MPPT algorithm flowchart is shown in 

Fig. 3. This algorithm operates 

Results and discussion 

The performance of WSPS algorithm is evaluated through 

simulation as well as through experimentation. During the 

simulation, MATLAB 2015a software is used on the window 

operation system with 4 GB RAM. During simulation as a 

load, the battery is taken. The simulations are performed using 

Simulink library blocks of MATLAB 2018a. The values of 

system parameters and values of circuit components are given 

in Table 1. 

2.2 Maximum Power Point Tracking Algorithm  

The P&O MPPT is commonly used in many small and 

medium commercial solar PV charge controller and grid-

connected inverter due to its tracking effectiveness and 

simplicity of implementation. The MPPT algorithm track the 

maximum power of the PV array and output its duty cycle 

relevant to the tracked maximum power to the battery charge 

controller. The P&O MPPT algorithm flowchart is shown in 

Fig. 3. This algorithm operates based on the trial and error 

process in tracking the maximum power point. The algorithm 

observes the power changes and perturbs the PV panel 

operating voltage by changing the duty cycle to the converter 

switching device which in turn changing the effective input 

resistance (2) of the buck converter. It then observes again if it 

reaches the maximum power and this process repeats itself 

indefinitely. 

 

 Fig. 3. Perturb & Observe MPPT algorithm flowchart. The 

implementation of the MPPT Perturb & Observe Algorithm in 

Simulink is shown in Fig. 4. It is implemented using only 

Simulink blocks without using any scripting code. Each block 

is labelled with its function with respect to the flowchart. The 

P&O MPPT algorithm takes in voltage and current reading 

from the PV array, the previous sample (K-1) function is 

carried out by the unit delay block. The three if-else 

conditions of the P&O algorithm are carryout by the condition 

switch block, the ΔD block allows the user to set the 

perturbation step size of the duty cycle, the duty cycle 

increment and decrement function are carried out by an adder 

with a memory block D(K-1) feedback loop. The D(K) limit 

block limit the duty cycle exceeding the range between 0.4 to 

0.6. The output of the duty cycle is connected to the battery 

charge controller section. The PV power output is also 

connected to the battery charge controller for conversion 

efficiency computation.  

 

Fig.4.Perturb & Observe MPPT algorithm implementation in 

simulink. 2.3 Lead Acid Battery Charger Controller The 

battery charge controller was developed to charge a lead-acid 

battery using the three-stage charging method. The three-stage 

charging includes the constant current charging, constant 

voltage charging, and float charging stage. The first stage 

constant current charging also refer as bulk charging stage 

where the charge current is charge at its rated capacity, in this 

case, the charge current is at MPPT. The second stage 

constant voltage charging also refer as absorption charging 

stage where the battery is charged at a constant voltage, in this 

stage the MPPT is disabled. Finally, the third stage float 

charge simply maintains the battery State of Charge (SoC) at 

100 % when the battery is fully charged. This is to prevent the 

battery gassing reaction and overheat due to an uncontrolled 

excessive charge at over 100 %. The flow chart of the battery 

charge controller is shown in Fig. 5. The charge controller 

measures the battery SoC and voltage. In the first condition, if 

the battery SoC is less than 100 % then the charger enters into 

the constant current or constant voltage charging stage, else 

enters float stage where duty cycle D(K) is zero. In the second 

condition, the battery voltage level is used to determine the 

MPPT bulk or constant voltage absorption charging stage. If 

the battery voltage is less than the constant voltage set point, 

the charger switch to MPPT constant current bulk charging 

stage, else disable MPPT and switch to constant voltage 

absorption  
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Fig. 5. Three-stage lead acid battery charge controller 

flowchart. The implementation of a battery charge controller 

in Simulink is shown in Fig. 6. The battery charge controller 

read in the battery voltage and SoC as input. The Simulink 

utilized the compare to constant block as if condition to 

determine if the battery SoC less than 100 %, if the condition 

is true it will disable the float stage by allowing the MPPT 

duty cycle to pass through the multiply block so that the 

charger enters into either bulk or absorption charging stage. If 

the condition is false, meaning the battery already reaches its 

SoC of 100 % it will enable float stage by sending zero to set 

the duty cycle to zero. The condition to determine the charger 

to enter MPPT or constant voltage charging stage is carryout 

by the battery voltage is less than or equal the constant voltage 

set-point, if the condition is true then enable MPPT charging 

by allowing MPPT duty cycle to pass through the MPPT/CV 

charging multiply block, then through the disable float stage 

multiply block to the PWM generator block for output to the 

buck converter switching device. If the condition is false, the 

charger enters into constant voltage absorption charging stage 

by rapid switching between MPPT and zero through the 

MPPT/CV multiply block so that the battery voltage can 

maintain at the constant voltage set-point until float stage is 

reached. 

 Fig. 6. 

Lead acid battery charge controller implementation in 

simulink. 

5.1 Simulation results 

The MPPT battery charge controller for the standalone 

photovoltaic system model has been simulated successfully in 

MATLAB/Simulink environment for performance analysis. 

The Simulink model is configured using ode23tb (Stiff/TR-

BDF2) solver with a variable step. The discrete type of 

simulation is set with a sample time of 10 μs per sample. The 

following sections detail out the performance analysis of the 

model in four aspects, there are MPPT tracking performance, 

battery charging performance, overall efficiency performance 

and validation with commercial MPPT charge controller. 3.1. 

MPPT Tracking Algorithm Performance The tracking ability 

of the MPPT algorithm is verified through this performance 

analysis. The performance of the MPPT tracker is carryout by 

varying the solar irradiance input to the PV array ranging from 

100 W/m2 to 1000 W/m2 in 100 W/m2 step with 2 seconds 

interval. At 1000 W/m2 a sudden drop to 100 W/m2 is also 

introduced at 20s of the step irradiance to simulate fast 

passing cloud. The solar irradiance pattern above is 

constructed using a signal building block. The PV array is set 

based on a commercial module with maximum power voltage 

of 30.9 V, maximum power current of 8.1 A, open-circuit 

voltage of 36.6 V and short-circuit current of 8.75 A . It 

configures in 2 parallel strings with 4 panels per string and 

produces a total of 2 kW power. The module temperature is 

set at 25°C. The MPPT perturbation step ΔD is set to 1e-6. To 

run this model without any algebraic loop error, the algebraic 

loop solver has set to Line Search based algorithm in 

Simulink. The performance of the MPPT tracker is shown in 

Fig. 7. It can be seen that the MPPT algorithm has 

successfully tracked close to its maximum power from the PV 

array with its respective solar irradiance level. The tracking 

time of the MPPT is less than 0.5 seconds with the highest 

tracking efficiency of 99.9 % at solar irradiance of 300 W/m2 

with a tracked maximum power of 579 W. The inefficiency is 

due to the tracking error caused by the P&O algorithm 

oscillate near its maximum point. This is a known inherent 

problem of the P&O MPPT algorithm. The tracking error can 

be further reduced by reducing the perturbation step ΔD, 

however, this will increase the tracking time proportionally.  

 

Fig. 7. MPPT P&O algorithm tracking performance. 3.2 

Battery Charge Controller Performance The performance of 

the battery charge controller is carryout by charging the 

battery through the sequence of MPPT bulk, constant voltage 

absorption and float charging stages to demonstrate the three 

stages charging capability of the charger. The battery block is 

set to a lead-acid battery, 48 V, 100 AH capacity, state of 

charge of 99.7 % and simulation duration of 60 sec. The PV 

array solar irradiance is set at 1000 W/m2 which produces 

2000 W of power. The charge controller PWM frequency is 

set at 1000 Hz and the battery constant voltage set point is set 

at 55.4 V. The performance of the battery charge controller is 

shown in Fig. 8. 
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Fig. 8. Lead acid battery charge controller performance. It can 

be seen that initially, the charge controller charges the battery 

at MPPT bulk charging stage when the battery SoC and 

voltage are less than 100 % and 55.4 V respectively. The 

charger switch to a constant voltage absorption charging stage 

when the battery voltage reaches 55.4 V at 15 sec. In this 

stage, the charge controller no longer charges the battery at 

MPPT power, the duty cycle is switch between MPPT and 

zero to maintain the constant voltage of 55.4 V which can be 

seen at duty cycle time from 15 sec to 42 sec. When the SoC 

reaches 100 % at 42 sec, the charge controller switch to float 

stage where the duty cycle is zero and the battery voltage drop 

to the floating voltage of 52.8 V.The battery SoC computation 

in the Simulink model is based on the integration of current 

flowing in with respect to time and its capacity, where else 

battery SoC computation for the commercial charge controller 

is based on the battery voltage level. The battery model in 

Simulink is always simulated under new battery conditions 

without being affected by the aging and capacity derated 

condition. On the other hand, the experiment setup battery 

used for validation has been 10 months old. The aging battery 

can cause the battery capacity to derate which possibly causes 

the SoC charging rate to be higher than the Simulink model. 

VI.CONCLUSION 

A detail circuitry modeling of a Solar PV MPPT battery 

charge controller model in Simulink is presented. The MPPT 

P&O tracking algorithm, buck converter circuit and three 

stages charge controller are clearly explained and are fully 

reproducible. The MPPT battery charge controller is capable 

to charge a 48 V lead-acid battery through tracking the 

maximum power from the 2 kW PV array power source and 

regulate the charging using a three-stage charging strategy. It 

achieved an average overall efficiency of 98.3% which 

matches many high end commercial solar PV MPPT charge 

controller product specifications. The Simulink model 

presented can be flexibly changed to meet any commercial 

MPPT charge controller with similar topology. The 

performance of the Simulink model also validated with a real 

commercial solar PV MPPT charge controller experimental 

setup. This validated model contributes to a better sizing of 

PV panel and battery energy storage for small and medium 

standalone PV systems.  

ACKNOWLEDGMENT 

I am greatly obligated forever to my guide Prof. 

Uddhav Takle Sir and to all teaching and non-

teaching staff who supported me directly and 

indirectly to complete my work. I am sincerely 

thankful to my principal Dr.S.K Biradar for their 

continued encouragement and active interest in my 

progress throughout the work I am grateful to be an 

M.Tech Electrical Power System student at 

Matsyodari Shikshan Sanstha‘s College of  

Engineering and Technology, Jalna, Maharashtra. 

 

Author1 

 

Ms. Laxmi Laxminarayan Jakkan is pursuing M.TECH 

degree in the stream of Electrical Power System from 

Matsyodari Shikshan Sanstha’s College of Engineering 

and Technology, Jalna, DBATU University, Lonere. She 

has completed B.Tech in the stream of Electrical 

Engineering from N K ORCHID College of Engineering 

and Technology, Solapur. 

Author2: 

     Prof Mr. Uddhav Takle 

received M-tech in MSS’s college of engineering, 

Jalna, DR BATU University, Lonere. B.Tech in 

Electrical Engineering from Alard college of 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                          Volume: 09 Issue: 08 | Aug - 2025                                   SJIF Rating: 8.586                                       ISSN: 2582-3930                                                                                                                                               

 

© 2025, IJSREM      | www.ijsrem.com                                 DOI: 10.55041/IJSREM51732                                                    |        Page 6 
 

Engineering & Management, Pune. Alard 

University Pune, M.S. He is currently working as 

Professor in Department of Electrical Engineering 

at MSS’s College of Engineering and Technology, 

Jalna 

 

V.References 

 

[1].Renewables 2019 Global Status Report, Renewables Now 

(REN21), 40 (2019)  

[2]. B. N. Mohapatra, A. Dash, B. P. Jarika, Power Saving 

Solar Street Lights, International Journal of Emerging 

Technologies in Engineering Research, 5, 105-109 (2017)  

[3]. Noridzuan Idris, Ahmad Maliki Omar, Sulaiman Shaari, 

Stand-Alone Photovoltaic Power System Applications in 

Malaysia, The 4th International Power Engineering and 

Optimization Conference, (2010).  

[4]. Trishan Esram, Patrick L. Chapman, Comparison of 

Photovoltaic Array Maximum Power Point Tracking 

Techniques, IEEE Transactions on Energy Conversion, 22, 

439-449 (2007).  

[5]. Mohamed A. Eltawil, Zhengming Zhao, MPPT 

Techniques for Photovoltaic Applications, Renewable and 

Sustainable Energy Reviews, 25, 793-813 (2013). 

 [6]. Nur Atharah Kamarzaman, Chee Wei Tan, A 

Comprehensive Review of Maximum Power Point Tracking 

Algorithms for Photovoltaic Systems, Renewable and 

Sustainable Energy Reviews, 37, 585-598 (2014).  

[7]. Nabil Karami, Nazih Moubayed, Rachid Outbib, General 

Review and Classification of Different MPPT Techniques, 

Renewable and Sustainable Energy Reviews, 68, 1-18 (2017).  

[8]. Mohamed A. Enany, Mohamed A. Farahat, Ahmed Nasr, 

Modelign and Evaluation of Main Maximum Power Point 

Tracking Algorithms for Photovoltaics Systems, Renewable 

and Sustainable Energy Reviews, 58, 1578-1586 (2016).  

[9]. E. Koutroulis, K. Kalaitzakis, Novel Battery Charging 

Regulation System for Photovoltaic Applications, IEE 

Proceeding - Electric Power Applications, 151, 191-197 

(2004).  

[10]. Ankur Bhattacharjee, Design and Comparative Study of 

Three Photovoltaic Battery Charge Control Algorithms in 

MATLAB/Simulink Environment, International Journal of 

Advanced Computer Research, 2, 129-135 (2012).  

[11]. M. Lokesh Reddy, P.J.R. Pavan Kumar, S. Aneel Manik 

Chandra, T. Sudhakar Babu, N. Raasekar, Comparative Study 

on Charge Controller Techniques for Solar PV System, 

Energy Procedia, 117, 1070-1077 (2017).  

[12]. B. Sree Manju, R. Ramaprabha, B.L. Mathur, Modelling 

and Control of Standalone Solar Photovoltaic Charging 

System, International Conference on Emerging Trends in 

Electrical and Computer Technology (2011).  

[13]. Salman Salman, Xin Al, Zhouyang Wu, Design of a 

P&O Algorithm based MPPT Charge Controller for a Stand-

alone 200W PV System, Protection and Control of Modern 

Power Systems, 3, 1-8 (2018).  

[14]. Byamakesh Nayak, Alivarani Mohapatra, Kanungo 

Barada Mohanty, Selection Criteria of DC-DC Converter and 

Control Variable for MPPT of PV System Utilized in Heating 

and Cooking Applications, Cogent Engineering, 4, 1-16 

(2017). [15]. M.H Taghvaee, M.A.M. Radzi, S.M. Moosavain, 

Hashim Hizam, M. Hamiruce Marhaban, A Current and 

Future Study on non-isolated DC-DC Converters for 

Photovoltaic Applications. Renewable and Sustainable Energy 

Reviews, 17, 216-227 (2013). 

 

 

 

 

http://www.ijsrem.com/

