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ABSTRACT 

This report presents a photovoltaic (PV) back-up battery bank charge controller design. It analyzes 

the characteristics of high penetration rooftop PV system and proposes adequate back-up battery bank 

charge controller according to the requirements. This paper aims at designing and carrying out the 

simulation of a simple but effective charge controller with maximum power point tracker for 

photovoltaic system. It provides theoretical studies of photovoltaic systems and modeling techniques 

using equivalent electric circuits. As the system employs the maximum power point tracker (MPPT), it 

consists of various MPPT algorithms and control methods. Proteus simulations verify the DC-DC 

converter design and hardware implementation. The results validate that MPPT can significantly 

increase the efficiency and the performance of PV system. 

 

Keywords: Algorithm, charge controller circuit, photovoltaic system, power point tracker, Proteus 

simulation, voltage 
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1.  INTRODUCTION 

 

With the rising need of electricity in its efficient, less toxic, consistent and cheapest form, 

there is need to explore every means of satisfying the aforementioned needs and solar electricity 

has been one of the leading ways to achieving that.  Solar electricity provides consistent and 

steady source of solar power throughout the year. The main benefit of solar energy is that it can 

be easily deployed by both homes and business users as it does not require a huge setup. Solar 

energy not only benefits individual owners, but also benefit environment as well. It is non-

polluting as it does not release harmful gases like carbon dioxide, nitrogen oxide, or sulphur 

oxide. Solar energy requires low maintenance, does not create noise, is easy to install and can 

be used in remote locations. Solar electricity is one of the most widely used renewable energy 

source [1]. An important aspect of the solar electricity setup is the charge controller. It is 

inevitable when mentioning solar electricity as it forms an integral part of the solar electricity 

family. A charge controller limits the rate at which electric current is added to or drawn from 

electric batteries. It prevents overcharging and protect against overvoltage, which can reduce 

battery performance or lifespan and may pose a serious safety risk. It may also prevent 

completely draining (“deep discharging”) a battery, or perform controlled discharges, 

depending on the battery technology, to protect battery life [2].  

As the intensity of sunlight fluctuates throughout the day, the output voltage of a solar 

panel fluctuates as well. Thus, because of this fluctuation, a solar panel is padded with more 

cells to compensate for times when the intensity of sunlight is low [3]. For example, a solar 

panel rated 12V may actually be constructed with solar cells that will deliver 20V. This ensures 

that when there is low sunlight, the output of the solar panel will still be above the rated 12V. 

Since one of the primary jobs of a solar panel is to charge the battery, it creates a need for 

regulation of the voltage to make sure it does not get too high to damage the battery. This is 

essentially the job of a solar charge controller. The solar charge controller takes in the 

fluctuating input from the solar panel and stabilizes it to safely charge of the inverter battery 

[4]. A solar charge controller can also prevent reverse current. At night when there is no 

sunlight, the voltage from the battery will be higher than that of the solar panel. This will cause 

current to flow back from the battery to the solar panel. A good solar charge controller will 

prevent this from happening [5]. The primary function of a charge controller is to protect the 

battery from overcharge and over discharge in a stand-alone PV system [6]. There are a lot of 

studies about the charge controller in the literature.   

Harrington and Dunlop in 1992, analyzed the typical strategies for battery charge 

regulation in stand-alone PV systems and conclude that the battery information is very 

important in designing PV systems [6]. Ullah focused on the design of a super-fast battery 

charger based on National’s proprietary neural network based on neural fuzzy technology in 

1996. They compared their method with conventional fast chargers and indicated that their 

method reduced the charging time [7]. Masheleni and Carelse in 1997 designed an intelligent 

charge controller, incorporating an SGS–Thompson microcontroller, ST62E20 and discussed 

the advantages of such charge controllers [8].  

Hsieh in 2001 proposed a fuzzy controlled active state of charge controller (FC-ASCC) 

for improving the charging behaviour of a lithium–ion (Li–ion) battery. In this method, a fuzzy-

controlled algorithm was built with the predicted charger performance to program the charging 

trajectory faster and to remain the charge operation in a proposed safe-charge area (SCA). They 

increased the charging speed about 23% [9].  
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Yi presented a novel switch-mode charger controller IC in 2007 to improve the charging 

efficiency of valve regulated lead-acid (VRLA) battery and save its life. They achieved fast 

transient response and the precisions of both constant current and constant voltage charge 

modes met the specifications well [10]. Chiang et al. presented the modeling and controller 

design of a PV charger system implemented with the single-ended primary inductance converter 

(SEPIC) and gave a detailed modeling of the SEPIC with the PV module input and peak current-

mode control. The system has been proved to be effective in the MPPT and power balance 

control. The MPPT controller was implemented with the Matlab real-time control in their study 

[11]. Dakkak and Hasan in 2012 analyzed a charge controller based on microcontroller in stand-

alone PV systems and concluded that such systems reduce the power consumption for charging 

battery and give flexibility to the designer [12]. Karami et al. focused on the load type and 

suggest new methods to reach the MPP depending on the load state and the development of the 

PV array mathematical model. They analyzed the effect of temperature and irradiance on the 

battery charger and showed the difference between the direct-coupled and the indirect coupled 

applications of a PV panel [13].  

This work covers only the design and implementation Maximum Power Point Tracker 

charge controller which maximizes the voltage from the PV panel and regulates the current and 

voltage coming into the battery bank. The design takes into cognizance of the fact that the 

proposed charge controller is a Maximum Power Point Tracking (MPPT) charge controller 

which is more efficient and up to 30% more reliable than the Pulse Width Modulation (PWM) 

charge controller. The main objective of this work is to design an efficient, reliable and 

affordable 40A Maximum Power Point Tracker charge controller to effectively regulate the 

current and voltage coming from the photovoltaic into the battery bank ensuring efficient power 

supply and longevity. 

 

 

2.  EXPERIMENTAL / RESULTS 

 

This section presents the test plan and test results of the whole design works that were 

carried out in this project. At the end of each subsystem installation each of them was tested 

with the appropriate test tools and equipment to ascertain its result and to ensure that it meets 

the desired stated objectives and specifications that guided the entire project work. Here are 

the calculations method and formulas used in order to determine the values of the required 

components in Boost converter design. This boost converter circuit is needed to produce an 

output voltage of 48Vdc from an input of 10 to 48Vdc.  

Given that the voltage rating of the panel is 48Vdc, due to the intensity of sun input 

voltage of the boost converter is 30Vdc. If the input voltage of boost converter is smaller, then 

the driver will drive a big duty cycle to power MOSFET and vice versa. It regulates the voltage 

by varying the width of the pulse. If it wants to increase the voltage, it increases the pulse width 

and when it wants to lower the voltage, it reduces the pulse width. These series of pulses charge 

the battery.  

 

2. 1. Test Plan 

All the tests that were systematically carried out module by module and in blocks so as 

to clearly isolate any fault that may be associated with any module, block or unit in a subsystem 

or in the entire system. The test set-up is shown in Figure 1. 
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Figure 1. Testing boost charge controller device 

 

 

2. 2. Selecting a Solar PV Charge Controller  

All solar PV controllers need to be selected according to the maximum amount of current 

going through them. Current in amps is calculated by wattage divided by voltage, which is 

taken from the solar PV panel or array specifications (in this case; 48V, 200W). It is normally 

recommended to oversize the controller by approximately 20% to allow for peak outputs, 

although some manufacturers have already de-rated their units (e.g., the Morningstar solar 

company). If the solar charge controller is used in an application where persons have access to 

the system, it is important that the controller is equipped with a large LCD screen for displaying 

the operating statuses using symbols. The solar charge controller should be equipped with an 

integrated energy meter for notifying the user of the system and its operation. On pure technical 

systems (such as night-light systems), a solar charge controller with a simple LED display is 

sufficient. The solar panels which are eight (8) in number are arranged in a 4×2 form thus 

giving an overall voltage of 8V and current of ~34A thus the choice of a 48V, 40A MPPT 

charge controller.  

 

2. 3. Software Implementation and GUI Program 

The coding for the microcontroller was done using C language and simulated using 

Proteus simulator. In control section, to fulfil all the measurement and controller function, a 

GUI in Lab VIEW is designed.  
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Various components are built to observe the data and control the parameters in the 

interface program. It is possible to select the communication part and to observe the panel and 

battery voltage values using GUI, instantly. Boost operations can be implemented manually, 

besides. An illustration of the GUI is presented in the Figure 2.  

 

 
 

Figure 2. Picture of computer interface (Front Panel of VI) 

 

 

2. 4. Proteus Simulation and Algorithm Selection 

Figure 3 shows a circuit diagram used for Proteus simulation of boost converter. The 

purpose of this circuit is to measure output voltage and current waveform.  

Before coming up with a design to implement an effective algorithm for maximum power 

point tracking, it was necessary to perform a literary survey on existing designs of the 

controllers already implemented in this area. The MPPT methods can be classified as direct 

and indirect methods. The direct methods include those methods that use PV voltage and/or 

current measurements.  

These direct methods have the advantage of being independent from the prior knowledge 

of the PV generator characteristics. Thus, the operating point is independent of isolation, 

temperature or degradation levels. The direct methods include the techniques of differentiation, 

feedback voltage, perturbation and observation (P&O), incremental conductance, as well as 

fuzzy logic and neural network [14].  

The indirect methods are based on the use of a database of parameters that include data 

of typical P-V curves of PV systems for different irradiances and temperatures.  
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Figure 3. Simulated diagram of 40A MPPT charge controller showing test result  

at full voltage. 

 

 

2. 5. Perturb and Observe Algorithms 

Perturb and Observe algorithm is simple method as it uses only voltage sensor to sense 

PV array voltage. Time complexity of this method is also less as compared to other methods 

(Incremental Conductance, Fractional open circuit voltage, Fractional short circuit current, 

Fuzzy Logic Control, Neural Network Control) [14]. Such type of algorithm is required as 

solar energy is uncertain source of power. There are shortcomings to this algorithm and certain 

ways to overcome the shortcomings involved in the P&O method and thereby increasing its 

efficiency considerably have been proposed. One of the enhanced MPPT method proposed 

consist of a curve fitting technique to approximate the P-V curve as a fourth order polynomial 

and the coefficients that model this fourth order polynomial can be evaluated in terms of the 

cell temperature using the values given [15, 16].  

In P&O method, the MPPT algorithm is based on the calculation of the PV output power 

and the power change by sampling both the PV current and voltage [17]. The tracker operates 

by periodically incrementing or decrementing the solar array voltage. If a given perturbation 

leads to an increase (decrease) in the output power of the PV, then the subsequent perturbation 

is generated in the same (opposite) direction. So, the duty cycle of the dc-to-dc converter is 
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changed and the process is repeated until the maximum power point has been reached. Figure 

4 is a flowchart which summarizes this behavior i.e., the relation between the maximum power 

and the algorithm. 

 
 

Figure 4. Output power using P&O algorithm 

 

 

Table 1. Efficiency of the P&O method under several test conditions. 
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Maximum power is initialized to a certain value and actual value is computed using the 

measured values of current and voltage. If the change in power comes out to be more than the 

limit set, the value of maximum power is perturbed and this keeps happening till the actual 

power becomes equal to the maximum power point on the graph. The results in Figure 4 show 

fair consistencies and reliable tracking, however, it tends to oscillate at the maximum point and 

takes a fair amount of time to reach the maximum point. There are some serious drawbacks to 

this algorithm but hardware feasibility makes it easier to implement. One of the major 

drawbacks of P&O method is that under steady state operation, the output power oscillates 

around the maximum power point. This algorithm can track wrongly under rapidly varying 

irradiation conditions. The time complexity of this algorithm is very less but on reaching very 

close to the MPP it does not stop at the MPP and keeps on perturbing on both directions. Table 

1 shows the chart of P&O method’s efficiency during several conditions. 

 

2. 6. Testing Results 

The results were presented in modules and at the end of the whole modules tests, all the 

modules were assembled together to produce the desired system results. After the whole system 

design was done, it was lastly tested to ensure that the overall results meet their expected 

specifications and objectives. 

 

2. 6. 1. Testing the Boost Converter Circuit  

Solar panel output is given to the boost converter [18]. Output of the MOSFET driver is 

given as input to the switch of the boost converter [22]. For smooth and quick switching 

MOSFET driver is used in between microcontroller and the boost converter. Output of the 

boost converter is taken as feedback and a voltage divider is used to reduce the voltage to a 

prescribed level and given as one of the inputs to the microcontroller (Figure 5).  

 

 
 

Figure 5. Simulated diagram of Boost Converter in Proteus ISIS v6 
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The converter is designed to step up solar panel voltage to produce a stable 48V output 

without storage elements such as battery. Solar panel voltage is controlled by a microcontroller 

unit using constant voltage or voltage-feedback technique. Microcontroller AT89852 was used 

to perform tasks in the proposed design (Figure 6).  

  

 
 

Figure 6. Schematic diagram of interfacing of ATMEL microprocessor (AT89852) 

in Proteus ISIS v6. 

 

 

 
 

Figure 7. Schematic diagram of PWM signal output (generated from the boost converter 

microcontroller interaction) in Proteus ISIS v6. 
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Boost converter output is continuously tracked and measured and the values are sent to 

the microcontroller unit to produce PWM signals. These signals are used to control the duty 

cycle of the boost converter. A maximum power point tracker (MPPT) is a system that directs 

the converter to track the maximum power of a solar panel and deliver it to load. Consequently, 

PWM signal output that was generated from the boost converter microcontroller interaction in 

Proteus ISIS v6 was obtained (Figure 7). 

 

2. 6. 2. Testing the Complete PV/MPPT Circuit  

Figure 8 shows a typical 75W PV Module Power/Voltage/Current the Standard Test 

Conditions [4]. To ensure that the testing is hitch-free, it is not advisable to connect the solar 

panel array to the controller without a battery. Battery must be connected first. One also needs 

to ensure that input voltage does not exceed 100 VDC to prevent permanent damage. Use the 

Open Circuit (Voc) to make sure the voltage does not exceed this value when connecting panels 

together. Moreover, there is no need to exceed 40A i.e., the Short Circuit (Isc) of the solar 

array should be less than 40A.  

 

 
 

Figure 8. Power/Voltage/Current Plot of an MPPT 

 

 

Maximum Power Point Tracking is electronic tracking - usually digital. The charge 

controller looks at the output of the panels, and compares it to the battery voltage. It then figures 

out what is the best power that the panel can put out to charge the battery using its set algorithm. 

It takes this and converts it to best voltage to get maximum AMPS into the battery because it 

is the AMPs going into the battery that counts. Most modern MPPT's are around 93‒97% 

efficient in the conversion [19-23]. 
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Temperature is a huge enemy of solar modules. As the environmental temperature 

increases, the operating voltage (Vmp) is reduced and limits the power generation of the solar 

module. Despite the effectiveness of MPPT technology, the charging algorithm will possibly 

not have much to work with and therefore there is an inevitable decrease in performance. In 

this scenario, it would be preferred to have modules with higher nominal voltage, so that 

despite the drop in performance of the panel, the battery is still receiving a current boost 

because of the proportional drop in module voltage. Actual gain can vary widely depending on 

weather, temperature, battery state of charge, and other factors. Figure 9 is a typical PV module 

temperature performance [4, 5].  

 

 
 

Figure 9. PV module temperature performance 

 

 

2. 6. 3. Testing of the Homemade Charge Controller Design  

The function of a MPPT is analogous to the transmission in a car. When the transmission 

is in the wrong gear, the wheels do not receive maximum power. That's because the engine is 

running either slower or faster than its ideal speed range. The purpose of the transmission is to 

couple the engine to the wheels, in a way that lets the engine run in a favorable speed range in 

spite of varying acceleration and terrain. In comparing a PV module to a car engine, its voltage 

is analogous to engine speed. It is ideal voltage is that at which it can put out maximum power. 
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This is called its maximum power point. (It's also called peak power voltage, abbreviated 

Vpp). Vpp varies with sunlight intensity and with solar cell temperature. The voltage of the 

battery is analogous to the speed of the car's wheels. It varies with battery state of charge, and 

with the loads on the system (any appliances and lights that may be on).  

For a 12V system, it varies from about 11 to 14.5V. In order to charge a battery (increase 

its voltage), the PV module must apply a voltage that is higher than that of the battery. If the 

PV module's Vpp is just slightly below the battery voltage, then the current drops nearly to 

zero (like an engine turning slower than the wheels). So, to play it safe, typical PV modules 

are made with a Vpp of around 17V when measured at a cell temperature of 25 °C. They do 

that because it will drop to around 15V on a very hot day. However, on a very cold day, it can 

rise to 18V. Most quality charge controller units have what is known as a 3-stage charge cycle 

summarized below. (i) Bulk: During the Bulk phase of the charge cycle, the voltage gradually 

rises to the Bulk level (usually 14.4 to 14.6 volts) while the batteries draw maximum current. 

When Bulk level voltage is reached the absorption stage begins. (ii) Absorption: During 

this phase the voltage is maintained at Bulk voltage level for a specified time (usually an hour) 

while the current gradually tapers off as the batteries charge up. (iii) Float: After the absorption 

time passes the voltage is lowered to float level (usually 13.4 to 13.7 volts) and the batteries 

draw a small maintenance current until the next cycle. The relationship between the current 

and the voltage [7] during the 3 phases of the charge cycle can be shown visually by the graph 

in Figure 10.  

 

 
 

Figure 10. Current-voltage 3-phase charging 

 

 

Furthermore, Figure 11 demonstrates a graphical point regarding the output of MPPT 

technology. The charge controllers used in the design was the MPPT type due to its reputable 

efficiency characteristics when compared to the conventional charge controllers. The MPPT 
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type was chosen over the other charge controllers because of the fact that it is by far, the most 

efficient type especially when designing small scale PV systems like ours. In the design, one 

48Volts/40 Amperes MPPT charge controller was used.  

 

 
 

Figure 11. Current-voltage characteristics of MPPT tracker 

 

 

The results of the tests that were carried out throughout the whole design were all gotten 

through systematic checks and observations, and using the appropriate test tools and equipment 

where necessary. The major tests that were carried out all met the expected specifications with 

negligible deviation or tolerance. One thing was peculiar about the results; each of the tests 

that were carried out in each of the subsystems that make up the PV system was done in relation 

to the next subsystem that was connected to it. The outputs from the PV system installation 

were all as expected as shown by the final results. When the final installation was made, the 

system was tested by gradually loading it to see that it responds to the load increase as expected; 

and after the load test we observed that batteries voltage dropped slightly due to the loading 

effect and that was normal. 

For comparing MPPT based charge controller with the existing types, advantages and 

disadvantages of both are to be considered [9]. Advantages of existing analog charge 

controllers are that the circuit is simple to implement and cheap and accommodates very less 

size. On the other hand, disadvantages of existing analog charge controllers include: (1) 

efficiency is very low as the circuits do not consider input power and output power, thus any 

mismatch between input and output power may lead to loss of power resulting in lower 

efficiency; (2) the status of charged battery can be known only from LED. If red LED glows it 

means battery is discharged and when no LED glows it means battery is charged, thus the 

actual battery voltage cannot be known; (3) the system cannot be used for large current 

applications; (4) no display has been connected so that actual battery voltage cannot be 

monitored; and (5) the analog ICs have been implemented which are not intelligent devices. 

To overcome above disadvantages, the MPPT based system is developed. This system uses 

microcontroller which is an intelligent device, it switches ON and OFF the MOSFET according 
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to status of battery (whether fully charged or discharged). In addition, it also displays the 

present voltage on battery indicating actual status of battery.  

Advantages of MPPT based Charge Controller over existing Controllers include: (1) the 

system uses MPPT algorithm hence the efficiency of the system is higher; (2) 16×2 LCD 

display have been interfaced hence battery voltage can be displayed on it. The user will be 

informed regarding battery status without use of LED; (3) the system is designed for large 

current ratings in Ampere; (4) microcontrollers are implemented which are intelligent chips. 

Hence the system can be modified as per the need of application; (5) use of microcontroller 

ensures reliability of the system; (6) the system is user friendly hence can be easily operated 

by users; and (7) the system is compact and handy. Conversely, disadvantages of proposed 

system over existing systems are: (1) the system is costly as compared to existing analog charge 

controllers; (2) programming of microcontrollers is required which increases the software cost 

and creates complexity at the time of making prototype; and (3) computers are needed to write 

and burn the software in microcontrollers.  

Efficiency of charge controller varies widely depending weather, temperature, battery 

state of charge etc. Furthermore, microcontroller-based system provides accurate control of the 

devices as the program is burned into the permanent memory. It performs fast calculations as 

16 MHz crystal is used. Battery gets charged rapidly when MPPT algorithm is implemented in 

the system. If perturb and observe method is used frequently, the MPPT tracking method 

proves to be best over the methods like analog charge controllers, on off charge controllers, 

PWM charge controllers as in MPPT attempt is always made to charge the battery at maximum 

possible power of input source.  

The MPPT based charge controllers are best suitable for wind and solar systems as they 

track the maximum power in case of power fluctuations at the input side due to environmental 

condition variation. Hence it is recommended to use the MPPT based charge controllers. Use 

of microcontroller-based systems provides huge computational capability and reduction in the 

hardware. Microcontroller is a mini computer and brings much more accuracy in the control 

of MOSFET and IGBT. The MPPT charge controller operates with high efficiency (90% or 

even higher) as compared to existing charge controllers [8, 9].  

In many systems, the buck-boost converter is used but, in our design, only the boost 

converter was used mainly because the overall panel rating is 48V likewise the overall battery 

voltage. Therefore, no matter the intensity of the sun during peak hours, the maximum 

allowable voltage generated by the overall panels is 48V, eliminating the need for a buck or 

buck-boost converter. On the other hand, when the intensity of the sun is low and the overall 

voltage generated by the panels reduces from the standard 48V, the boost converter comes into 

play by stepping up the voltage to the required level hence acting as a pure DC-DC converter.  

 

 

3.  CONCLUSIONS 

 

This study presents a simple but efficient photovoltaic system with maximum power 

point tracker. Description of each component like solar panel, DC-DC converter and change 

the controller is presented here. MATLAB simulations of IV characteristics for different 

irradiance, load and temperature are shown here. As, our aim was to design a system which 

can extract maximum output power, so we explained about maximum power point (MPP) and 

maximum power point tracker (MPPT). Researches for different method of algorithms are 
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done. For better result we compared the Incremental conductance method with Perturb and 

observe method. Perturb and observe method shows narrowly better performance.  

The problems solving techniques are also here. This thesis adopts the direct control 

method which employs the P&O algorithm but requires only two sensors (voltage sensing and 

current sensing) for output. This control method offers another benefit of allowing steady-state 

analysis of the DC-DC converter. Various types of DCDC converters and their topologies are 

presented in this paper. After analyzing a lot, we choose the boost converter because the PV 

panel and the battery charging voltage are the same. Also, relationship of duty cycle and output 

voltage and power are attached here. While we implemented in hardware, we found that the 

results matched with the simulation. We designed the whole circuit using micro controller. Our 

analysis of the algorithm and understanding of the different functions shows that by ADC of 

the voltages and current and PWM of the boost converter, we will be able to attain the MPP. 

Our future work will include implementation of the system in hardware. Whatever the 

final design criteria, a designer shall be capable of determining the energy yield, specific yield 

and performance ratio of the grid-connected PV system; determine the inverter size based on 

the size of the array; matching the array configuration to the selected inverter maximum voltage 

and voltage operating window. It would be preferred to have modules with higher nominal 

voltage, so that despite the drop in performance of the panel, the battery is still receiving a 

current boost because of the proportional drop in module voltage.  

Research should be encouraged in solar electric technology to help improve the output 

capacity of solar micro grid power system. Research in new material, cell designs and novel 

approaches to solar material and product development is still continuing. The price of 

photovoltaic power will be competitive with traditional sources of electricity within 10 years 

and we will soon be able to see the use of solar energy as a common scenario in everyday life. 

It is now visible that advancements in research and development is the only way to bring this 

latest technology to bear putting in mind the ravaging effects of the use of fossil fuels and 

hydrocarbons on the environment. The future is bright for solar power.  
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