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ABSTRACT 

This project presents a 40A maximum power point tracking solar charge controller. 

The MPPT charge controller tries to keep the voltage and the power stable. The 

MPPT charge controller will harvest more power from the solar array – it will 

adjust its input voltage to harvest the maximum power from the solar array and 

then transform this power to supply the varying voltage requirement of the battery 

plus load. An MPPT charge controller is an electronic DC to DC converter that 

optimizes the match between the solar array (PV panels), and the battery bank or 

utility grid. To put it simply they convert a higher voltage DC output from solar 

panels down to the lower voltage needed to charge batteries. This project serves as 

a means of effectively charging the 19200Watt-hour battery bank that is made up 

of eight 12V/200Ah deep cycle lead acid batteries for the PV system installation, 

which was carried out to curb the problem of epileptic mains power supply that has 

crippled major activities in the university and the department in particular over the 

years. 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

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 provide 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 

home 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 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]. 

Because the intensity of sunlight fluctuates throughout the day, the output voltage  
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of a solar panel fluctuates as well. In addition, 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 job 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 stabilize it to safely charge of the inverter battery 

[3]. 

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 [3]. 

Charge controllers are sold to consumers as separate devices-known as stand-alone 

charge controllers, often with solar storage systems. 

The primary function of a charge controller in a stand-alone photovoltaic (PV) 

system is to protect the battery from overcharge, and over discharge. 

There are generally two types of charge controllers namely: 

 The Pulse Width Modulation (PWM)  

 The Maximum Power Point Tracking (MPPT) 

Pulse Width Modulation (PWM) controls or adjusts the duty ratio of the switches 

as the input changes, to produce a constant output voltage. The DC voltage is 
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converted to a square-wave signal, alternating between fully “on” and “zero”. By 

controlling analogue circuits digitally, system costs and power consumption can be 

drastically reduced. In recent implementation, many microcontrollers already 

include on-chip PWM controllers, making implementation easy. In a nutshell, 

PWM is a way of digitally encoding analogue signal levels. PWM control can be 

used in two ways: voltage-mode and current-mode. In voltage-mode control the 

output voltage increases and decreases as the duty ratio increases and decreases. 

The output voltage is sensed and used for feedback. If it has two-stage regulation, 

it will first hold the voltage to a safe maximum for the battery to reach full charge. 

Then it will drop the voltage lower to sustain a "finish" or "trickle" charge. Two-

stage regulating is important for a system that may experience many days or weeks 

of excess energy (or little use of energy). It maintains a full charge but minimizes 

water loss and stress. The voltages at which the controller changes the charge rate 

are called set points. When determining the ideal set points, there is some 

compromise between charging quickly before the sun goes down, and mildly 

overcharging the battery. The determination of set points depends on the 

anticipated pattern of use, the type of battery, and to some extent, the experience 

and philosophy of the system designer or operator [5]. 

The maximum power point tracker (MPPT) on the other hand is now prevalent in 

grid-tied PV power system and is becoming more popular in stand-alone systems. 

MPPT is a power electronic device interconnecting a PV power source and a load, 

maximizes the power output from a PV module or array with varying operating 

conditions, and therefore maximizes the system efficiency. MPPT is made up with 

a switch-mode DC-DC converter and a controller. For grid-tied systems, a switch-

mode inverter sometimes fills the role of MPPT. Otherwise, it is combined with a 

DC to DC converter that performs the MPPT function [15]. 
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This project, therefore, chooses a method Perturb and Observe algorithm for digital 

control for MPPT. The design and simulations of MPPT will be done on the 

premise that is going to be built with a microcontroller. 

 

1.2 PROBLEM STATEMENT 

The intensity from the sun fluctuates all day which increases or decreases the 

current and voltage entering the battery and leads to its damage and shorter life-

span.  

This gave rise to the invention of the charge controller which regulates the voltage 

and current to keep the batteries from overcharging and also deals with reverse 

current. 

The Maximum Power Point Tracker (MPPT) as an advancement of the charge 

controller family helps to maximize the voltage from the solar array and provide 

stabilized voltage for the battery. 

 

1.3 OBJECTIVES 

The main objective of this project is to design an efficient, reliable and affordable 

40A Maximum Power Point Tracker charge controller for the department of 

Electrical and Electronics Engineering, Federal University of Technology, Owerri 

to effectively regulate the current and voltage coming from the photovoltaic into 

the battery bank ensuring efficient power supply and longevity. 

The main objective is achieved by  

 Designing a working circuit diagram for the proposed charge controller 

 Getting the necessary components needed to realize the set project 
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 Programming the microcontroller to track the output power of the MPPT 

while comparing the output voltage with the battery voltage and preventing 

the battery from overcharging 

 Monitoring the LCD to ensure the display matches the current behaviour of 

the system 

 

1.4 JUSTIFICATION OF STUDY 

The projected design of the 40A charge controller is of great significance as it 

gives the students a hands-on experience on modern day electrical/electronic 

equipment. 

It serves to broaden the students’ horizon and to unveil the challenges and possible 

flaws that are associated with charge controllers in the market while encouraging 

more research into the field. 

The charge controller is applied in the following areas: 

 Charging the batteries used in solar home system, hospitals or industries 

 Solar lantern in rural area 

 Cell phone charging  

1.5 SCOPE OF STUDY 

This project work covers only the design and implementation of a 40A charge 

controller for the regulation of 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 power than the Pulse Width Modulation (PWM). 
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1.6 LIMITATIONS OF THE STUDY 

 Unavailability of some desired components for the construction leading to 

use of substitute components for compensation 

 Financial constraints in terms of overhead cost in the realization of the 

project 

 Time constraints for the proposed project to be accurately implemented 

1.7PROJECT REPORT ORGANIZATION 

 This report comprises of five chapters that are well arranged sequentially in the 

order stated below:  

 The first chapter forms the introduction of the whole work and reveals the 

entire work, objectives, significance and the scope of work.  

 The second chapter is the literature review and highlights some previous 

works in the area of study.  

 The third chapter talks about the materials and methodology used in the 

design which includes the design considerations, assumptions and 

specifications with the system block diagrams and their functional circuit 

description as well as the design implementation.  

 The fourth chapter forms the results obtained from testing of the completed 

work, results and discussions.  

 The conclusion which includes the summary of the work, recommendations, 

and research for future work were discussed in chapter five.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 OVERVIEW 

A charge controller is needed in photovoltaic system to safely charge sealedlead 

acid battery. The most basic function of a charge controller is to prevent battery 

overcharging. If battery is allowed to routinely overcharge, their life expectancy 

will be dramatically reduced. A charge controller will sense the battery voltage, 

and reduce or stop the charging current when the voltage gets high enough. This is 

especially important with sealed lead acid battery where we cannot replace the 

water that is lost during overcharging. Unlike Wind or Hydro System charge 

controller, PV charge controller can open the circuit when the battery is full 

without any harm to the modules. Most PV charge controller simply opens or 

restricts the circuit between the battery and PV array when the voltage rises to a set 

point. Then, as the battery absorbs the excess electrons and voltage begins 

dropping, the controller will turn back on. Some charge controllers have these 

voltage points factory-preset and non-adjustable, other controllers can be 

adjustable. [5] 

Electricity generations of solar panels are strongly related with solar radiation 

intensity. However the intensity is not stable. Therefore, charge efficiency is a very 

important topic in solar systems. Charge controllers are designed to improve 

charge efficiency and safety. The figure below shows the front view of a typical 

charge controller  
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Fig 2.1 Front View of a PV Charge Controller[source: intelligent charge 

controller design] 

1. Battery LED indicator 

2. LCD display 

3. Reset button 

4. Temperature sensor 

5. 12V DC load terminal with Low Voltage Disconnect 

6. 12V battery connection terminal 

7. PV panel connection terminal 

8. Remote Signal Terminal 

9. Side Door (open to access switches for settings) 

2.1.1 REVIEW OF THE EXISTING THEORY IN SOLAR CHARGE 

CONTROLLER POWER SYSTEM 

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

regulationin 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 

neural fuzzy technology in 1996. They compared their method with conventional 

fast chargers and indicate that their method reduce 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 stateof- charge controller (FC-ASCC) for improving the charging 

behaviour of a lithium–ion (Li–ion) battery. In this method, a fuzzy-controlled 

algorithm is 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].  

Yi presented a novel switch-mode charger controller IC in 2007 for improve the 

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

They achieved fast transient response and the precisions of bothconstant current 

and constant voltage charge modes met the specifications well [10]. Chiang in 

2009 presented the modelling and controller design of the PV charger system 

implemented with the single-ended primary inductance converter (SEPIC) and 

gave a detailed modelling 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].  

Tesfahunegn in 2011 proposed a new solar/battery charge controller that combines 

both MPPT and overvoltage controls as single control function. They conducted 
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two case studies in Simulink/Simpower, first to evaluate the performance of the 

designed controller in terms of transient response and voltage overshoot. Secondly, 

realisticirradiance data is used to evaluate the performance of the developed charge 

controller in terms of parameters such as PV energy utilization factor and 

overvoltage compared to the conventional hysteretic on/off controller. They 

achieved good transient response with only small voltage overshoot, better in terms 

PV energy utilization and same level of overvoltage control [12].  

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 [13]. Karami 

in 2012 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 [14]. 

2.2 SYSTEM DESCRIPTION 

In the review of a charge controller, one must not fail to mention that the charge 

controller is a partof the solar family set-up and this solar family set-up make up 

the complete system description. This solar family setup are briefly reviewed 

below and consists of: 

 Solar panel 

 Battery  

 Charge controller 

 Maximum Power Point Tracker 

 DC – DC converter 
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2.2.1SOLAR PANEL 

 A solar panel is a packaged connected assembly of photovoltaic cells. The solar 

panel can be used as a component of a larger photovoltaic system to generate and 

supply electricity in commercial and residential applications. Solar panels use light 

energy photon from the sun to generate electricity through the photovoltaic effect. 

The majority of modules use wafer based cells or thin film cells based on non-

magneticconductive transition metals, telluride or silicon. Electrical connections 

are made in series toachieve a desired output voltage and or in parallel to provide a 

desired current capability. The conducting wires that take the current off the panels 

may contain silver, copper or other nonmagnetic conductive transition metals. The 

cells must be connected electrically to one another and to the rest of the system. 

Each panel is rated by its DC output power under standard test conditions, and 

typically ranges from 100 to 320 watts. Depending on construction, photovoltaic 

panels can produce electricity from a range of light frequencies, but usually cannot 

cover the entire solar range (specifically, ultraviolet and low or diffused light). 

Hence, much of the incident sun light energy is wasted by solar panels, and they 

can give far higher efficiencies if illuminated with monochromatic light [15]. The 

figure below shows the interconnection of solar panels. 
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Fig 2.2 Interconnection of solar panels[source: Fort Benning Solar] 

The advantages of solar panels are, 

 They are the most readily available solar technology. 

 They can last a lifetime. 

 They are required little maintenance. 

 They operate best on bright days with little or no obstruction to incident 

sunlight. 

 2.2.2 BATTERY 

In stand-alone photovoltaic system, the electrical energy produced by the PV array 

cannot always be used when it is produced because the demand for energy does not 

always coincide with its production. Electrical storage batteries are commonly used 

in PV system [15]. The figure below shows a typical 12V 200Ah solar battery 
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Fig 2.3: A typical solar battery[source: kingdom power company] 

The primary functions of a storage battery in a PV system are: 

 Energy Storage Capacity and Autonomy: to store electrical energy when it is 

produced bythe PV array and to supply energy to electrical loads as needed 

or on demand. 

 Voltage and Current Stabilization: to supply power to electrical loads at 

stable voltagesand currents, by suppressing or smoothing out transients that 

may occur in PV system. 

 Supply Surge Currents: to supply surge or high peak operating currents to 

electrical loadsor appliances. 

2.2.3 CHARGE CONTROLLER 

A charge controller or charge regulator limits the rate at which electric current is 

added to or drawn from electric batteries. It prevents overcharging and may 
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prevent against overvoltage, which can reduce battery performance or lifespan, and 

may pose a 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 [15]. The figure below shows a typical charge 

controller 

 

Fig 2.4: A typical charge controller[source: china solar power] 

In simplewords, Solar Charge controller is a device, which controls the battery 

charging from solar cell and also controls the battery drain by load. The simple 

Solar Charge controller checksthe battery whether it requires charging and if yes it 

checks the availability of solar power andstarts charging the battery. Whenever 

controller found that the battery has reached the fullcharging voltage levels, it then 

stops the charging from solar cell. On the other hand, when it found no solar power 

available then it assumes that it is night time and switch on the load. Itkeeps on the 

load until the battery reached to its minimum voltage levels to prevent the battery 

dip-discharge [15]. Simultaneously Charge controller also gives the indications 

like battery dip discharge, load on, charging on etc. 
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In this design we are using microcontroller based charge controller. 

Microcontroller is a kind of miniature computer containing a processor core, 

memory, and programmable input/output peripherals. The Functions of a 

microcontroller in charge controller are: 

 Measures Solar Cell Voltage. 

 Measures Battery Voltage. 

 Decides when to start battery charging. 

 Decides when to stop battery charging. 

 Decides when to switch on the load. 

 Decides when to switch off the load. 

Most importantly in this design, microcontroller also tracks the MPP of the output 

power. 

2.2.4 MAXIMUM POWER POINT TRACKER 

The maximum power point tracker (MPPT) is now prevalent in grid-tied PV power 

system and is becoming more popular in stand-alone systems. MPPT is a power 

electronic device interconnecting a PV power source and a load, maximizes the 

power output from a PV module or array with varying operating conditions, and 

therefore maximizes the system efficiency [15]. 

MPPT is made up with a switch-mode DC-DC converter and a controller. For grid-

tied systems, a switch-mode inverter sometimes fills the role of MPPT. Otherwise, 

it is combined with a DC-DC converter that performs the MPPT function. 

2.2.5 DC-DC CONVERTER 

DC-DC converters are power electronic circuits that convert a dc voltage to a 

different dc voltage level, often providing a regulated output. The key ingredient of 
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MPPT hardware is a switch-mode DC-DC converter. It is widely used in DC 

power supplies and DC motor drives for the purpose of converting unregulated DC 

input into a controlled DC output at a desired voltage level [15].  

MPPT uses the same converter for a different purpose, regulating the input voltage 

at the PV MPP and providing load matching for the maximum power transfer. 

There are a number of different topologies for DC-DC converters. In this design 

we are using DC-DC converter as it is obtained by using the duality principle on 

the circuit of a boost converter [15]. 

2.3 THE CHARGE CONTROLLER 

2.3.1 WORKING PRINCIPLE OF A CHARGE CONTROLLER 

The basic components of a solar charge controller (especially that used for this 

design) are: 

 Microcontroller 

 Boost converter 

 MOSFET  

 Voltage sensor 

 Liquid Crystal Display (LCD) 

 Light Emitting Diode (LED) 

There are other components like the power inductor, capacitors, resistors, 

diodes etcetera 

The working circuit diagram is shown in the figure below 
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Figure 2.5 working circuit diagram of a charge controller [source: solar energy 

centre] 

From the circuit diagram above, it can be seen that the voltage from the solar panel 

first comes to the boost converter circuit which does the job of stepping up the 

input DC voltage to get a higher DC output voltage if the input voltage is lower 

than the specified rating (12V in this case).  The boost converter is connected to 

the voltage sensor which is further interconnected to the microcontroller. The 

function of the microcontroller has already been established earlier in this chapter.  

The LED indicates when the charge controller is charging the battery and when it 

is fully charged while the LCD displays the battery voltage and panel input 
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voltage. The working principle is comprehensively discussed in chapter 3 

(methodology) of this work.  

Generally, there are two types of charge controllers namely: 

 The Pulse Width Modulation (PWM)  

 The Maximum Power Point Tracking (MPPT) 

 

2.3.2PULSE WIDTH MODULATION CHARGE CONTROLLER 

Pulse Width Modulation (PWM) charge controllers are simple and more 

affordable. It uses a series of pulses to charge the battery.  

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 [3]. 

The technology behind Pulse Width Modulation (PWM) charge controllers is one 

of the most popular charge controller technologies on the market today. A time-

tested technology that has been used for many years in solar photovoltaic (PV) 

systems with batteries, it is also needed for wind, hydro, fuel, or utility grid. PWM 

charge controllers are inexpensive (when compared to MPPT charge controllers), 

available in different amperages, and highly durable. 

PWMs help to regulate often inconsistent voltage put out by power sources (for 

example solar panels) in order to protect the system batteries from overcharging. 

When the solar array has the PWM mode activated, the charge controller uniquely 

handles the job of battery charging by constantly checking the current battery and 

self-adjusting accordingly to send only the right amount of charge to the battery. 

This type of charge controller works by reducing the current from the power source 

according to the battery’s condition and recharging requirements. The PWM 
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charge controller does this by checking the state of the battery to determine both 

how long (wide) the pulses should be as well as how fast they should come [4]. 

With this information, the PWM charge controller then self-adjusts and sends the 

appropriate pulse to charge the battery – it varies the length and speed of the pulses 

sent to the battery as needed. This is a rapid on and off switch. When the battery is 

nearly discharged, the pulses may be long and continuous, and as it becomes 

charged, the pulses become shorter or trickled off. This trickle or finish type 

charging mode is important for systems that can go days or weeks with excess 

energy during periods when very little of the solar energy is consumed [4]. 

This type of charge controller is ideal for solar arrays where excess energy is a 

regular occurrence, and provide several key benefits: higher charging efficiency, 

rapid recharging, and healthier batteries that operate at full capacity. 

BENEFITS OF USING A PWM CHARGE CONTROLLER 

Traditional systems for charging solar system batteries relied on on-off regulators 

to limit battery outgassing during periods of excess energy production, but this 

often resulted in early battery failures and increased load disconnects. With a 

PWM algorithm, the charge controller can slowly reduce the charging current to 

prevent problems like gassing and overheating of the battery [4]. The benefits are 

thus: 

 Battery Aging Adjustments: By automatically adjusting to the battery’s 

needs, a PWM charge controller will overcome traditional problems with 

charge acceptance seen in older batteries. 

 Battery Gassing and Heat Reductions: By recharging more quickly than 

other charge controllers, a PWM avoids problems with gassing and heating 

which damage the battery. 
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 Charge Acceptance Increase: Charge acceptance is a necessity with solar 

system batteries, though this has typically been a problem in solar arrays. A 

PWM algorithm, however, increases the charge acceptance of the battery so 

that more of the energy generated by the array gets captured. 

 Drifting Battery Cell Equalization: Many PWM charge controllers hold 

battery cells in better balance through equalization, which evens out the 

acceptance of charge to avoid capacity deterioration. 

 High Battery Capacity Maintenance: The state-of-charge should remain 

high in order to maintain a healthy system and preserve the life of the 

battery. PWM algorithms provide better battery capacity maintenance due to 

the increased number of charge/discharge cycles. 

 Lost Battery Recovery: Sulfation of lead-acid batteries in solar systems is a 

significant problem due to extended undercharging, which results in grid 

corrosion and sulfate crystal formation on the battery’s positive plates. PWM 

charge controllers have been shown to recover lost capacity over time by 

deterring sulfate deposit formation, and pushing through corrosion at the 

interface. 

 Self-Regulation with Drops in Voltage or Temperature: Older charge 

controllers can be negatively impacted by temperature effects or voltage 

drops, creating problems with the final charge of the battery. But a PWM 

charge controller will taper the charge to minimize these impacts. 

Taken together, these PWM advantages can be very attractive to PV owners 

looking for a simpler way to manage their solar set-up. 
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2.3.3MAXIMUM POWER POINT TRACKER CHARGE CONTROLLER. 

The MPPT charge controller tries to keep the voltage and the power stable. The 

MPPT charge controller will harvest more power from the solar array – it will 

adjust its input voltage to harvest the maximum power from the solar array and the 

transform this power to supply the varying voltage requirement of the battery plus 

load [3]. 

An MPPT charge controller is an electronic DC to DC converter that optimizes the 

match between the solar array (PV panels), and the battery bank or utility grid. To 

put it simply they convert a higher voltage DC output from solar panels down to 

the lower voltage needed to charge batteries or vice-versa. 

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. It takes this and converts it to the best voltage to get maximum 

amps into the battery. Most modern MPPTs are around 93-97% efficient in the 

conversion [4]. 

The power point tracker is a high frequency DC to DC converter. They take the 

DC input from the solar panels, change it to high frequency AC, and convert it 

back down to a different DC voltage and current followed by the output regulator 

to exactly match the panels to the batteries. MPPTs operate at very high audio 

frequencies, usually in the 20-100 kHZ range. The advantage of high frequency 

circuits is that they can be designed with very high efficiency transformers and 

small components. The design of high frequency circuits can be very tricky 

because of problems with portions of the circuit ‘broadcasting’ just like a radio 
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transmitter, causing radio and TV interference [4]. Noise isolation and suppression 

becomes very important. 

EFFECTIVENESS OF THE MPPT 

MPPTs are most effective under these conditions: 

 Winter, and/or cloudy or hazy days - when the extra power is needed the 

most. 

 Cold weather - solar panels work better at cold temperatures, but without a 

MPPT you are losing most of that. Cold weather is most likely in winter - 

the time when sun hours are low and you need the power to recharge 

batteries the most. 

 Low battery charge - the lower the state of charge in your battery, the more 

current an MPPT puts into them - another time when the extrapower is 

needed the most. You can have both of these conditions at the same time. 

 Long wire runs - If you are charging a 12 volt battery, and your panels are 

100 feet away, the voltage drop and power loss can be considerable unless 

you use very large wire. That can be very expensive. But if you have four 

12V panels wired in series for 48 volts, the power loss is much less, and the 

controller will convert that high voltage to 12 volts at the battery. That also 

means that if you have a high voltage panel setup feeding the controller, you 

can use much smaller wire.  

2.3.4SMART POWER TRACKERS 

Charge controllers for solar panels need to be a lot more smart as light and 

temperature conditions vary continuously all day long, and battery voltage 

changes.  
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All recent models of digital MPPT controllers available are microprocessor 

controlled. They know when to adjust the output that is being sent to the battery, 

and they actually shut down for a few microseconds and ‘look’ at the solar panel 

and battery and make any needed adjustments.  

Although not really new (the Australian company AERL had some as early as 

1985), it has been only recently that electronic microprocessors have become 

cheap enough to be cost effective in smaller systems (less than 1kW of panel). 

MPPT charge controllers are now manufactured by several companies, such as 

Outback Power, Xantrex XW-SCC, Blue Sky Energy, Apollo Solar, Midnite Solar, 

Morningstar and a few others [4]. 

 

 

2.3.5 PREFERENCE OF MPPT CHARGE CONTROLLER OVER PWM 

FOR THE DESIGN 

 MPPT is at least 30% more efficient than PWM. PWM have been around for 

ages and rely on old technology. They work to match the voltage of the 

panel to battery voltage and pulls down the panel output voltage in doing so. 

 Another downside to the PWM is that it also creates interference in radios 

and TVs due to the sharp pulses that it generates. 

 The MPPT charge controllers offer a potential increase in charging 

percentages, offers up to 80 amps sizes, MPPT charge controller warranties 

are typically longer than PWM and offer great flexibility for system growth 
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CHAPTER THREE 

METHODOLOGY 

3.1  HARDWARE DEVELOPMENT AND SYSTEM DESIGN 

The photovoltaic (PV) charge controller was designed to protect the rechargeable 

battery. To design this PV charge controller, it consists of seven parts where the 

first part is a boost converter circuit, second part is a microcontroller circuit, third 

part is a driver circuit, fourth part is rechargeable battery, fifth part is voltage 

sensor, sixth part is current sensor and seventh part is liquid crystal display, LCD. 

The typical schematic block diagram to describe the operation of the system is as 

shown in the figure below [16]: 

 

Figure 3.1: A typical schematic block diagram of a charge controller [Source: Afyon Kocatepe 

University] 
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3.2   PHOTOVOLTAIC PANELS 

A PV or solar cell is the basic building block of a PV (or solar electric) system. An 

individual PV cell is usually quite small, typically producing about 1 or 2W of 

power. To boost the power output of PV cells, they have to be connected together 

to form larger units called modules. The modules, in turn, can be connected to 

form larger units called arrays, which can be interconnected to produce more 

power. By connecting the cells or modules in series, the output voltage can be 

increased. On the other hand, the output current can reach higher values by 

connecting the cells or modules in parallel [16]. For the purpose of this project we 

are making use of eight (8) panels with total output voltage of 48V, this voltage is 

the maximum rated output voltage expected from the panels. 

The series connection of cells to form a module and the connection of module to 

form a PV array in other to increase the voltage output of a PV system is shown in 

the figure below; 

 

Figure 3.2:  PV cells interconnection [Source: US Department of Energy] 
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PV devices can be made from various types of semiconductor materials, deposited 

or arranged in various structures. The three main types of materials used for solar 

cells are silicon, polycrystalline thin films, and single crystalline thin film. 

 

 

 

 

 

 

 

  

Figure 3.3: PV System using Crystalline Silicon technology [Source: Florida Renewable 

Energy] 

 

3.3   DC-DC CONVERTER 

DC-DC converter is widely used in DC power supplies and DC motor drives for 

the purpose of converting unregulated DC input into a controlled DC output at a 

desired voltage level. MPPT uses the same converter for a different purpose which 

is, regulating the input voltage at the PV MPP and providing load matching for 

maximum power transfer. It can provide the output voltage that is higher or lower 

than the input voltage.As pointed out earlier, a DC-DC Switching Boost Converter 

is designed to provide an efficient method of taking a given DC voltage supply and 

boosting it to a desired value. In other words, a boost converter is a DC to DC 

converter with an output voltage greater than the source voltage. It is sometimes 

called a step-up converter since it “steps up” the source voltage [17]. 
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3.3.1 GENERAL BOOST CONVERTER CONFIGURATION 

In a boost converter, the output voltage is greater than the input voltage – hence the 

name “boost”. A boost converter using a power MOSFET is shown below. 

 

 

Figure 3.4: Circuit diagram of boost converter [Source: Washington University Extension 

Energy Program] 

 

The function of boost converter can be divided into two modes, Mode 1 and Mode 

2. Mode 1 begins when transistor M1 is switched on at time t=0. The input current 

rises and flows through inductor L and transistor M1 [17]. 

Mode 2 begins when transistor M1 is switched off at time t=t1. The input current 

now flows through L, C, load, and diode Dm. The inductor current falls until the 

next cycle. The energy stored in inductor L flows through the load.The circuits for 

the two modes of operation are shown below: 
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(a) 

 

(b) 

Figure 3.5: Circuit operation (a) Mode 1 and (b) Mode 2 
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The waveforms for the voltages and currents are shown below

 

Figure 3.6: Waveforms 
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The voltage-current relation for the inductor L is: 

 

For a constant rectangular pulse: 

 

When the transistor M1 is switched: 

 

 

And when the transistor is switched off the current is: 
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Here VD is the voltage drop across the diode Dm, and VTrans is the voltage drop 

across the transistor M1. 

 

By equating through delta i, we can solve for Vout: 

 

 

Neglecting the voltage drops across the diode and the transistor: 
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So it is clear that the output voltage is related directly to the duty cycle. The main 

challenge when designing a converter is the sort of inductor to be used. From 

above equations, it can be seen that the inductance is inversely proportional to the 

ripple current. So, to reduce the ripple, a larger inductor should be used [17]. 

 

3.3.2 BLOCK DIAGRAM OF BOOST CONVERTER 

The basic blocks of building a boost converter is shown below: 

 

 

 

 

 

 

 

Figure 3.7: Block diagram of boost converter [ Source: Afyon KocatepeUniversity] 

  

The voltage source provides the input DC voltage to the switch control, and also to 

the magnetic field storage element. The block which contains switch control 

directs the action of the switching element, whereas the output rectifier and filter 

deliver an acceptable DC voltage to the output [17]. 

 

3.4   POWER MOSFET (IRFP150N) 

This power MOSFET has limitations operation in terms of voltage, current and 

power dissipation. The power absorbed by the gate drive circuitry should not 
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Output  
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    Element 

    Switch 

    Control 
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significantly affect the overall efficiency. The power MOSFET current rating is 

related with the heat dissipated in the devices. This rating will be taken in 

consideration for designing appropriate circuit to protect power MOSFET against 

high voltage and current, thus cause heat generation. While considering protection 

of power MOSFET against over voltage, a distinction has to be made between 

slowly varying over voltage and short time surge [18]. It is about 1 00Vdc the 

minimum rating of drain to source breakdown voltage. Gate voltage must be 15-

20V higher than the drain voltage. Being a high side switch, such gate voltage 

would have to be higher than the rail voltage, which is frequently the higher 

voltage available in the system.  The datasheet provided by manufacturers are 

given in order to ensure the devices neither connected in the specified limits nor 

exceeded [18]. 

This is illustrated in the figure below, 

 

 

 

 

 

Figure 3.8: IRFP50N terminal pin configuration [source: China Power Electronic datasheet] 

 

3.5   CAPACITOR 

Except refer to capacitor value and rating of voltage use in system, the capacitor 

also supposed to be chosen with minimum loss because switched power regulators 

are usually used in high current-performance power supplies. Loss occurs because 

of its internal series resistance and inductance. Commonly used capacitors for 
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switched regulators are chosen based on the equivalent series resistance (ESR). 

The switching operation of the MOSFET power switch of transistor generates 

some spikes of voltage which can really exceed battery rated terminal charging 

voltage and hence can damage the battery. Therefore, this capacitor is employed to 

act as a filter circuit and filter the pulsation of the switching transients and then 

provide a closely constant DC output voltage [19]. 

 

 

 

 

 

 

 

 
 

Figure 3.9: 1000uF capacitor (100V) 
 
 

3.6   INDUCTOR 

The primary function of the inductor is to store energy and the value is selected to 

maintain a continuous current mode (CCM) operation as a rated load is decided for 

this boost converter. In CCM, current flow continuously in inductor during the 

entire switching cycle and output inductance selected to limit the peak to peak 

ripple current flowing. The factors to be considered in selecting the inductor are its 
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peak to peak ripple current (CCM), maximum dc or peak current (not overheat) 

and maximum operating frequency (maximum core loss is not exceeded, resulting 

in overheating or saturation) [19]. 

 

 

Figure 3.10: Power inductor 

 

 

3.7 DRIVER CIRCUIT 

Driver Circuit is most commonly used to amplify signals from controller or 

microcontrollers in other to control switches in semiconductor devices. It often 

takes an additional function which includes isolating the control circuit and the 

power circuit, detecting malfunctions, storing and reporting failures to 

themicrocontroller, serving as a precaution against failure, analysing the sensor 

signals and creating auxiliary voltages [20]. 

This circuit is really important in this PV charge controller in order to amplify and 

translate the PWM signal from AT89S52 microcontroller to trigger POWER 

MOSFET (IRFP150N) gate and the high output, HO. HO of driver circuit is 
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connected to the MOSFET IRFP150N gates through resistor and switching diode 

(IN4148) that is oriented to bypass the resistor during turn-off, to ensure that 

MOSFET IRFP150N in one leg are fully off by the time another leg is turn on. The 

resistance is used value 20 Ω which allow a maximum gate turn-on current on the 

high side. Figure 3.10 show the MOSFET driver circuit. 

Basically, the driver circuit receives controlled duty cycle signals from the 

microcontroller at IN pin. The duty cycle signal from microcontroller is small in 

range about 0Vdc up to 5Vdc maximum. This duty cycle signal received then used 

for control the power MOSFET switching to the Boost converter. If the input 

voltage of boost converter is smaller, then the driver will drive a big dutycycle to 

power MOSFET and vice versa [20]. 

 

3.8  CURRENT SENSORS 
 

To read the current supplied by the PV module, a shunt resistor is placed in series 

with an ADC input. This value is amplified and connected to the ADC port AN2. 

The shunt resistor gives a voltage that is proportional to the current, e.g.: if 1A 

gives 5mV, 10A gives 50mV. This voltage output is then connected to another 

ADC port, AN2 and run in the algorithm as an input. Conversely, a Hall Effect 

sensor may be used. This includes HAL 710 (Hall Effect sensor with Direction 

Detection) and 6851, of which 6851 is more convenient. The 6851 is an integrated 

Hall Effect latched sensor. The device includes an on-chip Hall voltage generator 

for magnetic sensing, a comparator that amplifies the Hall voltage, and a Schmitt 

trigger to provide switching hysteresis for noise rejection, and output driver with 

pull-high resistor. If a magnetic flux density larger than threshold βOP, D0 is 

turned ON (low). The output state is held until a magnetic flux density reversal 

falls below βOP causing DO to be turned OFF(high) [Pi Labs]. In this way, the 

sensor detects the magnetic flux produced by the analog input, and reads current as 
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a voltage. However, for our purpose, we have used a shunt resistor and the voltage 

across it amplified by and Op-Amp and connected to the ADC pin [21]. 

3.9 VOLTAGE SENSOR 

The Voltage Sensors are used to measure the potential difference between the ends 

of an electrical component. This range of Voltage Sensors can be used to measure 

both DC and low-voltage AC circuits. The Voltage Sensors are equipped with a 

microcontroller that greatly improves the sensor accuracy, precision and 

consistency of the readings. They are supplied in calibration and the stored 

calibration (in Volts) is automatically loaded when the Voltage Sensor is connected 

[21]. 

The microcontroller consists of built in Analog - to- Digital (ADC) converters. 

These enable the conversion of our analog inputs into quantized values. 

TheADCON registers will need to be configured with their required binary values 

to enable ADC to begin. The node voltages between the two resistors () connected 

to the panel is fed to one ADC pin (AN0). Similarly, the node voltages from the 

resistors connected to the battery are connected to AN1 (pin 3). The ADC of the 

microcontroller divides these analog inputs into 1024 quantized levels. These 

values are 0 (for 0V input) and 1023 (for 5V input). In this way, voltage sensing of 

the panel and battery is achieved [21]. 
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Figure 3.11: LCD Showing Voltage Level in the Circuit. 
 
 
 

3.10  AT89S52 MICROCONTROLLER 
 
Description The AT89S52 is a low-power, high-performance CMOS 8-bit 

microcontroller with 8K bytes of in-system programmable Flash memory. The 

device is manufactured using Atmel’s high-density non-volatile memory 

technology and is compatible with the industry-standard 80C51 instruction set and 

pin out. The on-chip Flash allows the program memory to be reprogrammed in-

system or by a conventional non-volatile memory programmer [22]. By combining 

a versatile 8-bit CPU with in-system programmable Flash on a monolithic chip, the 
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Atmel AT89S52 is a powerful microcontroller which provides a highly-flexible 

and cost-effective solution to many embedded control applications.The AT89S52 

provides the following standard features: 8K bytes of Flash, 256 bytes of RAM, 32 

I/O lines, Watchdog timer, two data pointers, three 16-bit timer/counters, a six-

vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator, 

and clock circuitry. In addition, the AT89S52 is designed with static logic for 

operation down to zero frequency and supports two software selectable power 

saving modes. The Idle Mode stops the CPU while allowing the RAM, 

timer/counters, serial port, and interrupt system to continue functioning. The 

Power-down mode saves the RAM contents but freezes the oscillator, disabling all 

other chip functions until the next interrupt or hardware reset [22]. 
 

3.11  SOFTWARE ARCHITECTURE OF THE CHARGE CONTROLLER 

In this system, software architecture is originated intwo mainparts. First one is a 

control program embedded within themicrocontroller. Second one is a GUI 

program operated in PC which is presented in chapter four. 
 

 

3.11.1  MICROCONTROLLER PROGRAM 

The program embedded in microcontroller performs measure, control, display, and 

communication tasks. Flowchart of this program is presented in the figure below 
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Figure 3.12: Flowchart of microcontroller program 

 

Special register of microcontroller are adjusted as a firststep. Then the parameters 

are measured by ADC converterunit. After this procedure, measured parameters 

are displayed in LCD module. Following the displayingprocedure, the PC 

communication subroutine is operated byUSB interface unit. Finally, the MPPT 

and charge controlalgorithm are executed. All of these processes are operatedin 

10ms interval [22]. 
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Below is the pin out diagram of the AT89S52. 

 

 

 

Figure 3.13: Pin out diagram of AT89S52 microcontroller [Source: Power Electronic Data 

Sheet] 

 
3.12  RECHARGEABLE BATTERY 
 

The fourth part is the rechargeable battery. The rechargeable battery used in this 

PV charge controller is 12V Genus Sealed Lead Acid battery which stores 

electrical energy in chemical form to operate dc load at night or bad weather and 

also requires lower maintenances, has longer life and gives better performance 

compared to normal battery. 
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3.12.1 BATTERY DISCHARGING 

Relay: 
 

When a load is required to be operated by the battery, a relay (G5LE-1A- DC 12V) 

is used for providing the voltage and current to the battery. One end of the relay is 

connected to the battery. The other end is connected to the collector of the 

Darlington pair BJT (TIP122). The emitter is connected to ground and the base is 

controlled by a microcontroller port (the RB1 pin). When the battery is charging, 

the voltage of the battery allows a low current to flow in the relay coil. This low 

current, induces the load contact to be switched OFF. When the battery is sufficient 

enough to run a load, the base of the BJT is turned on and the current flows from 

the relay coil to the load. The relay is now ON [23]. 

 

3.12.2  DESIGN FUNCTIONS 

When the program is run on the microcontroller, the ADC ports of the 

microcontroller divides the analog inputs into 1024 quantized levels and display 

the different voltages on a 16x2 LCD. In this way, voltage sensing of the panel and 

battery is achieved. 

The current supplied by the PV module, a shunt resistor is placed in series with an 

ADC input. The shunt resistor gives a voltage that is proportional to the current, 

e.g.: if 1A gives 5mV, 10A gives 50mV. This voltage output is then connected to 

another ADC port, AN2 via an Op- Amp and run in the algorithm as an input. 

If the battery is in need of charging, the PWM ports are activated.The battery is 

only charged if the panel voltage is greater than 10V and less than  

48V. The panel voltage and current flows to the converter which is activated by a 

MOSFET connected to the PWM pin. 
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During discharging, the panel voltage and current flows to the converter which is 

activated by a MOSFETconnected to the PWM pin. The switching mode of the 

converter matches the impedance of the battery to the optimal impedance of the 

panel. The point of intersection of the P-V curve of the panel and the battery gives 

the Maximum Power Point (MPP) [23]. 

 

Figure 3.14: Battery discharging operation 

 

3.13   WORKING PRINCIPLE OF THE CHARGE CONTROLLER  

From the figure below; the following were incorporated;  
 Cascaded solar panel.  

 Boost converter circuit.  

 Low voltage sensor.  

 High voltage sensor.  
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 Battery voltage sensor.  

 LCD display.  

 Microcontroller circuit. 

 LED indicator light  

From the charge controller circuit shownbelow, it will be seen that the converter 

used is boost converter. Boost converter helps to stabilizeand raise the DC output 

voltage of the panels and keep the battery properly fed with controlled voltage. 

When low voltage is detected, the microcontroller performs an operation according 

to the executable code embedded in it, and the boost converter raises the voltage. 

Also, when high voltage (such as 48V being voltage rating of the panel) is 

detected, the boost converter optimizes a match between the panel array and the 

battery by supplying a controlled and stabilised DC voltage to the battery. The 

LED indicators are used to indicate when battery is fully charged and when it is 

under charging condition 
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Figure 3.15: MPPT Charge Controller Circuits [Source: Mexico Tech’s Junior Design Class] 
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CHAPTER FOUR 

 

RESULTS AND DISCUSSION 

This chapter 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. 

Recall that output voltage of the boost converter is related to the duty cycle by the 

relation: 

Vo  =  1 
Vin  1-D 
 

48 = 1 
30  1-D 
 

1.6 = 1 
                  1-D 
 
 

1-D =  1 
                     1.6 
D = 0.375 
 

Assuming that the frequency of the microcontroller is 100KHZ 
Period T  =   1       =      1 
                     F           100KH          
= 1.0x10-5sec     
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Ton    =   DT      and Toff = T-DT 

Ton    =  0.375x1.0x10-5  = 3.75x10-6sec 

Toff=  1.0x10-5 -3.75x10-6 = 6.25x10-6sec 

 
 

 

 

When intensity of sun decreases further and reduces DC voltage input of 10V to 

the boost converter then we have 

48    =        1 
10             1-D 
 
4.8   =         1 
                 1-D  
 
1-D  =    0.20833 
 
D    =    1 - 0.20833  
D    =   0.791667 
 
Period T =  1.0x10-5Sec 
 
Ton   =  DT  =  0.791667x1.0x10-5Sec = 7.91667x10-6Sec 
 
Toff=   T – DT =  1.0x10-5 - 7.91667x10-6 =  2.08333x10-6Sec 
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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. 
 

4.1   TEST PLAN: 

All the tests that were carried out were systematically done 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. 



61 
 

 
Figure 4.1: Testing boost charge controller device 

 

4.1.1  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 
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are eight (8) in number are arranged in a 4x2 form thus giving an overall voltage of 

8V and current of ~34A thus the choice of a 48V, 40A MPPT charge controller. 

 Why MPPT is Better than PWM 

Power (measured in watts) = V(volts) x I(current measured in amps) 

For instance, a 12V,100W solar panel can produce up to 18V and 5.56amps 

18 x 5.56 = 100.8W 

(Here we are assuming that the efficiency from solar panel is 100% which is 

seldom the case) 

Example: If you are using a 12V,100W solar panel with battery of 12V then that 

panel may make 18V during the time of peak sunshine. 

However PWM will only give 12V and 5.56 current to the battery. You will get 

66W (12x5.56) from your100W panel and extra 6volts will be wasted.  

PWM is dragging down the voltage of solar panel to the battery voltage. 

MPPT operates according to the panel voltage and converts extra voltage of the 

panel into current which increasesthe output from the solar system. 

Example.When 12V, 100W solar makes 18V then it will give 12V to the battery 

but will also increase the current to 8.34 so that you can get full 100W (12x8.34) 

from the panel. 

As you make more power from your existing solar panels you generate more 

electricity which ultimately translates into savings for you  

4.2   SOFTWARE IMPLEMENTATION  

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

Proteus simulator. 
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4.2.1  GUI PROGRAM 

In control section, to fulfil all the measurement and controla function, a GUI in 

LabVIEW is designed.Various components are built to observe the data and 

controlthe parameters in the interface program. It is possible toselect the 

communication part and to observe the panel andbattery voltage values using GUI, 

instantly. Boostoperations can be implemented manually, besides. Anillustration of 

the GUI is presented in the figure below. 

 

Figure 4.2: Picture of computer interface (Front Panel of VI) 

 

4.2.2  PROTEUS SIMULATION RESULTS 

Given below is a circuit diagram used for PROTEUS simulation of boost 

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

waveform 
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Figure 4.3: Simulated diagram of 40A MPPT Charge Controller showing test result at full 

voltage. 
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Fig 4.4: Simulated diagram of 40A MPPT charge controller showing test result at high voltage. 
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4.3  ALGORITHM SELECTION 

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. 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. 

In this section, we present the Perturb and Observe algorithm which was used. 

 

4.3.1  PERTURB AND OBSERVE ALGORITHMS 

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. 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 changed and the process is 

repeated until the maximum power point has been reached. 
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Figure 4.5: Output power using P&O algorithm 

 

Figure 4.2 is a flowchart which summarizes this behavior i.e. the relation between 

the maximum power and the algorithm. 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. 
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Figure 4.6: Perturb and observe algorithm flowcharts [source: Eaton Renewable Extension 

Energy] 

 

The simulation results, shown in figure 4.3 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 
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major drawbacks of Perturb and observe 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 the directions [27]. 

 

 
Figure 4.7: Simulation results of the PO algorithm 
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Below is the chart of P&O method’s efficiency during several conditions: 

Table 4.1: Efficiency of the PO method under several test conditions [Source: US Energy 

Information Association] 

 

4.3.2 TEST 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. 
 

4.4 TESTING THE BOOST CONVERTER CIRCUIT 

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

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

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

Output of the boost converter is taken as a 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. 
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Figure 4.8: Simulated diagram of Boost Converter in Proteus ISIS v6 

 

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 is used to perform tasks in the proposed design. 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. 

For example, an input voltage of 2.48V we get an output of 50% duty cycle. 

Keeping the value of Vref = 5V. 
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Figure 4.9: Schematic diagram of interfacing of ATMEL microprocessor (AT89852) in 

Proteus ISIS v6 

 

 

Figure 4.10: Schematic diagram of PWM signal output (generated from the boost converter-

microcontroller interaction) in Proteus ISIS v6. 
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4.4.1 TESTING THE COMPLETE PV/MPPT CIRCUIT 

Fig. 4.7 below shows a typical 75W PV Module Power/Voltage/Current the 

Standard Test Conditions [4]. 

 

Fig. 4.11: Power/Voltage/Current Plot of an MPPT 

 

4.4.2  PRECAUTIONS DURING TEST 

 NEVER connect the solar panel array to the controller without a battery. 

Battery must be connected first. 

 Ensure 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. 
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 Do not exceed 40A i.e. the Short Circuit (Isc) of the solar array should be 

less than 40A. 
 

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. 

 

4.5  LIMITING EFFECTIVENESS 

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. Below in Fig. 4.8 is a typical PV module 

temperature performance. [4], [5]. 
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Fig. 4.12: PV Module Temperature Performance 

 

4.5.1  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 
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acceleration and terrain. In comparing a PV module to a car engine, its voltage is 

analogous to engine speed. It’s ideal voltage is that at which it can put out 

maximum power. 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 

that goes like this: 

 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. 

 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. 
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 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 during the 3 phases of the 

charge cycle can be shown visually by the graph in Fig. 4.9 below [7] 

 

Fig. 4.13: Current-Voltage 3-Phase charging 

 

The following figure 4.10 demonstrates a graphical point regarding the output of 

MPPT technology. 
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Fig 4.14: Current-Voltage characteristics of MPPT Tracker 

 
 

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 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, one48Volts/40 Amperes MPPT charge controller 

was used. 

 

4.6  DISCUSSION 
 

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. 
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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. 
 
 

4.6.1  ADVANTAGES AND DISADVANTAGES 

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 

1. The circuit is simple to implement. 

2. It is cheap and accommodates very less size. 

Disadvantages of existing analog charge controllers 

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. 

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 to status of battery (whether fully charged or discharged). 
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In addition, it also displays the present voltage on battery indicating actual status of 

battery. 

 

Advantages of MPPT based Charge Controller over existing Controllers 

1. The system uses MPPT algorithm hence the efficiency of the system is higher. 

2. 16x2 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. 

7. System is compact and handy. 
 

Disadvantages of proposed system over existing systems 

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. 

3. Computers are needed to write and burn the software in microcontrollers. 

 

4.6.2  THE PERTURB AND OBSERVE ALORITHM 

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). 

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 
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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.  This method was 

not used as it is still unfamiliar to many and is beyond our scope. 

 

 

4.6.3   FACTORS AFFECTING OUTPUT AND EFFICIENCY 

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]. 
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4.6.4   THE BOOST CONVERTER 

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. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATIONS 

5.1  CONCLUSION 

The primary function of a charge controller is to protect the battery from 

overcharge and over discharge in a stand-alone Photovoltaic system. There are 

a lot of studies about the charge controller.The control of battery charging is so 

important that most manufacturers of high quality batteries (with warranties of five 

years or longer) specify the requirements for voltage regulation, low voltage 

disconnect and temperature compensation. When these limits are not respected, it 

is common for batteries to fail after less than one quarter of their normal life 

expectancy, regardless of their quality or their cost. A good charge controller is not 

expensive in relation to the total cost of a power system. Nor is it very mysterious. 

Solar electric power systems play a vital role in homes as well as in the industries 

where they are either used as alternative/supplement to the mains power supply 

especially during the times of mains power outage. Villages can now have access 

to electricity by investing in their own solar electric power plant. Solar electric 

power systems can cover our basic electricity needs at a domestic level, 

commercially or at community level-providing electricity for small communities, 

or at a larger scale through utility scale power applications. They are renewable 

and environmental friendly, noiseless, maintenance cost is low and there is 

reduction in utility bill. PV system can meet the basic power need with simple 

readily available and affordable electronic components in order to provide 

affordable and clean alternative power for places where power outage is mostly 

encountered. It is capable of producing an electric current so long as there is 

sunlight. 
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PV has a powerful attraction because it produces electric energy from a free 

inexhaustible source, the sun, using no moving parts, consuming no fossil fuels, 

and creating no pollution or greenhouse gases during the power generation. So, it is 

our wish to make the P-V system more efficient so that it can help for betterment 

of life. 
 

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 I-

V 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 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 DC-

DC 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. 
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5.2  RECOMMENDATIONS 

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 my view to say that 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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