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ABSRACT 

 

Renewable energy sources have become a popular alternative electrical energy source where power 

generation in conventional ways is not practical. In the last few years the photovoltaic and wind 

power generation have been increased significantly. In this study, we proposed a hybrid energy 

system which combines both solar panel and wind turbine generator as an alternative for 

conventional source of electrical energy like thermal and hydro power generation. A simple 

intelligent battery charging system which is also cost effective with a effective MPPT algorithm has 

been proposed to track and monitor the operating point at which maximum power can be coerced 

from the PV and wind turbine hybrid system under continuously changing environmental 

conditions. The entire hybrid system is described given along with comprehensive simulation 

results that discover the feasibility of the system. A hardware simulation model has been developed 

on a small scale to demonstrate our ideas.  
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CHAPTER 1- INTRODUCTION 

 

INTRODUCTION TO HYBRID SYSTEM: 

Due to the critical condition of industrial fuels which include oil, gas and others, the development of 

renewable energy sources is continuously improving. This is the reason why renewable energy 

sources have become more important these days. Few other reasons include advantages like 

abundant availability in nature, eco-friendly and recyclable. Many renewable energy sources like 

solar, wind, hydel and tidal are there. Among these renewable sources solar and wind energy are the 

world’s fastest growing energy resources. With no emission of pollutants, energy conversion is 

done through wind and PV cells. Day by day, the demand for electricity is rapidly increasing. But 

the available base load plants are not able to supply electricity as per demand. So these energy 

sources can be used to bridge the gap between supply and demand during peak loads. This kind of 

small scale stand-alone power generating systems can also be used in remote areas where 

conventional power generation is impractical.  

In this thesis, a wind-photovoltaic hybrid power generation system model is studied and simulated. 

A hybrid system is more advantageous as individual power generation system is not completely 

reliable. When any one of the system is shutdown the other can supply power. A block diagram of 

entire hybrid system is shown below. 

 

Fig 1.1: Block diagram of hybrid system 
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The entire hybrid system comprises of PV and the wind systems. The PV system is powered by the 

solar energy which is abundantly available in nature. PV modules, maximum power point tracing 

systems make the PV energy system. The light incident on the PV cells is converted into electrical 

energy by solar energy harvesting means.  

Wind turbine, gear box, generator and an AC – DC converter are included in the wind energy 

system. The wind turbine is used to convert wind energy to rotational mechanical energy and this 

mechanical energy available at the turbine shaft is converted to electrical energy using a generator.  

 

A system is developed to synchronize the voltage level from both system and output  constant 

voltage at any condition. Then this voltage level is taken through a MPPT algorithm to provide 

maximum power at constant voltage. Then this powe isused for battery charging. 

 

Hybrid generation systems that use more than a single power source can greatly enhance the 

certainty of load demands all the time. Even higher generating capacities can be achieved by hybrid 

system. In stand-alone system we can able to provide fluctuation free output to the load irrespective 

of weathers condition. To get the energy output of the PV system converted to storage energy, and 

constant power delivered by the wind turbine, an efficient energy storage mechanism is required, 

which can be realized by the battery bank. 

 

 

LITERATURE REVIEW 

Due to high demand of energy and limited availability of conventional energy, non-conventional 

sources become more popular among researchers. A lot of research work is going on to enhance the 

power efficiency of non-conventional sources and make it more reliable and beneficial.  

Hybrid generation system uses more than one source, so that we can extract energy from different 

sources at the same time which enhances the efficiency. From  the working of PV /Wind hybrid system 

is understood, different topologies that can be used for the hybridization of more than one system and 

also about advantages and disadvantages of hybrid system. From basic details of PV cell, PV module, 

PV array and their modelling are studied. Also, the behaviour of PV modules at varying environmental 

conditions like solar irradiation and temperature are studied. Different MPPT techniques, their 

advantages and disadvantages and why MPPT control is required is explained .The wind energy system, 

its working and also techniques to extracts the maximum power from the wind energy system is 

understood from. From study about different type of converters, their working and how to use them in 

battery charging and discharging is carried out. 
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RESEARCH MOTIVATION 

Recently, the availability of power in India has not just increased but also improved, although the 

demand consistently rose more than the supply. That’s why non-conventional sources have become the 

center of attraction. Among these fast growing non-conventional sources the wind energy system and 

solar photovoltaic system are very common. Now India has become fifth in installed capacity of both 

wind and solar power plant. As of 30th September 2013 the installed capacity of wind power in India 

was 19881MW. But, as the wind is season and region based, it was not so reliable so we go for hybrid 

system of power generation. Though there is large amount of renewable energy available in nature, 

still it is very less convenient and costly to harvest them for our use. And devices developed to 

harvest then have low efficiencies, so we tried designing a hybrid system which combines energy 

from two renewable sources and combined them so that it can be use as per our convenience  

.further we went for a MPPT system so that the power output from the system can be maximize to 

increase efficiency of the system. 

 

 

OBJECTIVE 

The main objective of the thesis is to implement a power system that is a hybrid of both Photovoltaic 

and wind powers. The step by step objectives are  

To design intelligent Solar and Wind hybrid system  

To implement MPPT algorithm in this hybrid Wind Solar system  

To trace the maximum power point of operation the PV panel and Wind mill together irrespective 

of the changes in the environmental conditions  

 Use this intelligent hybrid system for battery charging 

Implement hybrid system  
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CHAPTER 2- THEORY 

 

WORKING PRINCIPLE OF MPPT SYSTEM 

Maximum power point tracking (MPPT) or sometimes just power point tracking (PPT) is a 

technique used commonly with wind turbines and photovoltaic (PV) solar systems to maximize 

power extraction under all conditions. 

Although solar power is mainly covered, the principle applies generally to sources with variable 

power: for example, optical power transmission and thermophotovoltaics. 

PV solar systems exist in many different configurations with regard to their relationship to inverter 

systems, external grids, battery banks, or other electrical loads.
[5]

 Regardless of the ultimate 

destination of the solar power, though, the central problem addressed by MPPT is that the efficiency 

of power transfer from the solar cell depends on both the amount of sunlight falling on the solar 

panels and the electrical characteristics of the load. As the amount of sunlight varies, the load 

characteristic that gives the highest power transfer efficiency changes, so that the efficiency of the 

system is optimized when the load characteristic changes to keep the power transfer at highest 

efficiency. This load characteristic is called the maximum power point (MPP) and MPPT is the 

process of finding this point and keeping the load characteristic there. Electrical circuits can be 

designed to present arbitrary loads to the photovoltaic cells and then convert the voltage, current, or 

frequency to suit other devices or systems, and MPPT solves the problem of choosing the best load 

to be presented to the cells in order to get the most usable power out. 

Solar cells have a complex relationship between temperature and total resistance that produces a 

non-linear output efficiency which can be analyzed based on the I-V curve.
[6][7]

 It is the purpose of 

the MPPT system to sample the output of the PV cells and apply the proper resistance (load) to 

obtain maximum power for any given environmental conditions.
[8]

MPPT devices are typically 

integrated into an electric power converter system that provides voltage or current conversion, 

filtering, and regulation for driving various loads, including power grids, batteries, or motors. 

 Solar inverters convert the DC power to AC power and may incorporate MPPT: such inverters 

sample the output power (I-V curve) from the solar modules and apply the proper resistance 

(load) so as to obtain maximum power. 

 The power at the MPP (Pmpp) is the product of the MPP voltage (Vmpp) and MPP current (Impp) 

 

 

 

https://en.wikipedia.org/wiki/Photovoltaic
https://en.wikipedia.org/wiki/Thermophotovoltaic
https://en.wikipedia.org/wiki/Maximum_power_point_tracking#cite_note-5
https://en.wikipedia.org/wiki/Solar_cell
https://en.wikipedia.org/wiki/Current%E2%80%93voltage_characteristic
https://en.wikipedia.org/wiki/Maximum_power_point_tracking#cite_note-Seyedmahmoudian_402%E2%80%93414-6
https://en.wikipedia.org/wiki/Maximum_power_point_tracking#cite_note-Seyedmahmoudian_402%E2%80%93414-6
https://en.wikipedia.org/wiki/Maximum_power_point_tracking#cite_note-8
https://en.wikipedia.org/wiki/Electric_power_converter
https://en.wikipedia.org/wiki/Solar_inverter
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PROPOSED HYBRID SYSTEM 

In this system we are converting supply form wind and solar modules and converting hem to one 

single constant voltage output irrespective of variation in input voltage from the modules. This 

input from modules is fed to microcontroller which in turnd determines the voltage level and 

accordingly switch a DPDT relay which is directly connected  with the source . microcontroller 

decides weather the input voltage level is higher or lower than preset values and  accordingly relay 

switch between buck chopper or boost chopper for both the inputs respectivey.  

In next step we get a constant voltage output which is fed to a MOSFET wich act like a chopper 

coupled with a current sensor. Chopper changes the voltage level to allow rated capacity current to 

flow into the battery which ensures Maximum power to be transferred. Tis hybrid system is so 

effective that it can also be used effectively when one of two source is working . given below the 

block diagram of proposed system. 

 

Fig 2.1. Block diagram representation of Hybrid system using MPPT 

Assumption- The proposed system is developed in small scale so that we deigned in such a way 

that Both input from solar and wind can be varied between 10V DC to 28 VDC. And maximum 

current is limited to ADC limited by capacity of relay. This model is fo demonstration purpose only 

where it is assumed that dc supply from both sources can varied between 10-28 VDC which is 

delivered by lab power supply in our case. 
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PHOTOVOLTAIC ENERGY SYSTEM 

 

PV CELL 

Photovoltaic cell is the building block of the PV system and semiconductor material such as silicon 

and germanium are the building block of PV cell. Silicon is used for photovoltaic cell due to its 

advantages over germanium. When photons hit the surface of solar cell, the electrons and holes are 

generated by breaking the covalent bond inside the atom of semiconductor material and in response 

electric field is generated by creating positive and negative terminals. When these terminals are 

connected by a conductor an electric current will start flowing. This electricity is used to power a 

load. 

 

PV MODULE  

A single cell generate very low voltage (around 0.4), so more than one PV cells can be connected 

either in serial or in parallel or as a grid (both serial and parallel) to form a PV module as shown in 

fig.3.2. When we need higher voltage, we connect PV cell in series and if load demand is high 

current then we connect PV cell in parallel. Usually there are 36 or 76 cells in general PV modules. 

Module we are using having 54 cells. The front side of the module is transparent usually buildup of 

low-iron and transparent glass material, and the PV cell is encapsulated. The efficiency of a module 

is not as good as PV cell, because the glass cover and frame reflects some amount of the incoming 

radiation.  

 

PV ARRAY  

A photovoltaic array is simply an interconnection of several PV modules in serial and/or parallel. 

The power generated by individual modules may not be sufficient to meet the requirement of 

trading applications, so the modules are secured in a grid form or as an array to gratify the load 

demand. In an array, the modules are connected like as that of cells connected in a module. While 

making a PV array, generally the modules are initially connected in serial manner to obtain the 

desired voltage, and then strings so obtained are connected in parallel in order to produce more current 

based on the requirement. 
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Fig 2.2. Photovoltaic system 

 

WORKING OF PV CELL  

The basic theory involved in working of an individual PV cell is the Photoelectric effect according 

to which, when a photon particle hits a PV cell, after receiving energy from sunbeam the electrons 

of the semiconductor get excited and hop to the conduction band from the valence band and become 

free to move. Movement of electrons create positive and negative terminal and also create potential 

difference across these two terminals. When an external circuit is connected between these 

terminals an electric current start flowing through the circuit. 

 

MODELING OF PV CELL 

Figure below shows the equivalent circuit of solar cell where 𝐼𝑝𝑣 and 𝑉𝑝𝑣 are, respectively, the 

output current and output voltage of the solar array, 𝑅𝑠ℎ and 𝑅𝑠 represent the intrinsic shunt and 

series resistances. The electrical model is simplified by taking 𝑅𝑠ℎ very large and 𝑅𝑠 very small. 

 

 

Fig.2.3  Model of PV Cell 

 

The output current 𝐼𝑝𝑣 is  

𝐼𝑝𝑣  𝐼       
𝑞 𝑉𝑝𝑣
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The photo-current can be expressed by 

𝐼𝑝ℎ  (
 

 𝑛
)  𝐼𝑠 𝑟        𝑟   

 

The expression of the saturation current is given by 

𝐼  𝐼𝑟𝑟 [
 

 𝑟𝑟
]
 

           (
 

 𝑟
 

 

 
)  

where 

 : saturation current (A) 

 : cell temperature (K) 

 : reference temperature (K) 

 : saturation current at  𝑟 

 : solar irradiance (W/𝑚2) 

 : reference irradiation (W/𝑚2) 

𝐼𝑠 𝑟: short-circuit current at reference condition 

 : short-circuit temperature coefficient 

 : 𝐵𝑜𝑙𝑡𝑧𝑚𝑎𝑛′𝑠 constant 

 : electron’s charge  

 : ideality factor 

I-V AND P-V CHARACTERISTICS OF PV MODULE 

Fig.  IV and  PV Characteristics  of solar MPPT 
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WIND POWER SYSTEM 

Generally a wind turbine consists of a set of rotor blades rotating around a hub, a gearbox-generator 

set placed inside the nacelle. The basic components of a wind turbine system are shown in figure 

below. 

Based on axes the wind turbines are categorized into two kinds: the vertical axis wind turbine and 

the horizontal axis wind turbine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2.4  Major components of Wind Turbine 

 

MODELING OF WIND TURBINES 

A wind turbine converts kinetic energy of air i.e. wind power into mechanical power i.e. rotating motion 

of the turbine that can be used directly to run the machine or generator. Power captured by wind turbine 

blade is a concomitant of the blade shape, the pitch angle, speed of rotation, radius of the rotor [21]. The 

equation for the power generated is shown below. 

 

 𝑚  
 

 
   𝑝       𝑉  

Where 

Pm– Power captured by wind turbine 
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–Air density 

–Pitch angle (in degrees) 

R– Blade radius (in meters) 

V– Wind speed (in m/s) 

 

 The term is the tip-speed ratio, given by the equation 

  
  

 
 

 

Where 

- Rotor speed of rotation (in rad/sec) 

 

CP can be expressed as the function of the tip-speed ratio () 

 𝑝     (
   

  
       )     

    
   

   (
 

 
       

 
     
    

) 

 

Where 

CP – Wind turbine power coefficient 

–Tip- speed ratio 

1–Constant 

 

WIND POWER VS SPEED CHARACTERISTICS 

 

Fig.2.5 Wind power vs speed graph 
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DC TO DC CONVETER 

 

BUCK CONVERTER 

Fig.2.6 Buck chopper circuit diagram.  

DC-DC converters are also known as Choppers. Here we will have a look at the Step Down 

Chopper or Buck converter which reduces the input DC voltage to a specified DC output 

voltageThe input voltage source is connected to a controllable solid state device which operates as a 

switch. The solid state device can be a Power MOSFET or IGBT. Thyristors are not used generally 

for DC-DC converters because to turn off a Thyristor in a DC-DC circuit requires another 

commutation which involves using another Thyristor, whereas Power MOSFET and IGBT can be 

turned off by simply having the voltage between the GATE and SOURCE terminals of a Power 

MOSFET, or, the GATE and COLLECTOR terminals of the IGBT go to zero. 

The second switch used is a diode. The switch and the diode are connected to a low-pass LC filter 

which is appropriately designed to reduce the current and voltage ripples. The load is a purely 

resistive load. 

The input voltage is constant and the current through load is also constant. The load can be seen as 

current source. 

The controlled switch is turned on and off by using Pulse Width Modulation(PWM). PWM can be 

time based or frequency based. Frequency based modulation has disadvantages like a wide range of 

frequencies to achieve the desired control of the switch which in turn will give the desired output 

voltage. This leads to a complicated design for the low-pass LC filter which would be required to 

handle a large range of frequencies. Time based Modulation is mostly used for DC-DC converters. 

It is simple to construct and use. The frequency remains constant in this type of PWM modulation. 

 

 

 

https://www.electrical4u.com/chopper-dc-to-dc-converter/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/voltage-source/
https://www.electrical4u.com/power-mosfet/
https://www.electrical4u.com/insulated-gate-bipolar-transistor-igbt/
https://www.electrical4u.com/thyristor-silicon-controlled-rectifier/
https://www.electrical4u.com/diode-working-principle-and-types-of-diode/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/chopper-dc-to-dc-converter/
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BOOST CONVERTER 

 

Fig.2.7 Boost chopper circuit diagram.  

DC-DC converters are also known as Choppers. Here we will have a look at the Step Up Chopper 

or Boost converter which increases the input DC voltage to a specified DC output voltage. A 

typical Boost converter is shown below. The input voltage source is connected to an inductor. The 

solid-state device which operates as a switch is connected across the source. The second switch 

used is a diode. The diode is connected to a capacitor, and the load and the two are connected in 

parallel as shown in the figure above.The inductor connected to input source leads to a constant 

input current, and thus the Boost converter is seen as the constant current input source. And the load 

can be seen as a constant voltage source. The controlled switch is turned on and off by using Pulse 

Width Modulation(PWM). PWM can be time-based or frequency based. Frequency-based 

modulation has disadvantages like a wide range of frequencies to achieve the desired control of the 

switch which in turn will give the desired output voltage. Time-based Modulation is mostly used for 

DC-DC converters. It is simple to construct and use. The frequency remains constant in this type of 

PWM modulation.  

 

BATTERY CHARGING 

Battery is a storage device which is stores the excess power generated and uses it to supply the load 

in addition to the generators when power is required. Both PV and wind energy systems  are 

integrated i.e. connected to a common DC bus of constant voltage and the battery bank is also 

connected to the DC bus. Any power transfer from supply to battery bank takes place via this 

constant voltage DC bus.  

Battery energy storage system (BESS) are includes batteries, control system and power electronic 

devices for conversion between alternating and direct current. The batteries convert electrical 

energy into chemical energy for storage. Batteries are charged and discharged using DC power, 

https://www.electrical4u.com/chopper-dc-to-dc-converter/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/voltage-source/
https://www.electrical4u.com/what-is-inductor-and-inductance-theory-of-inductor/
https://www.electrical4u.com/diode-working-principle-and-types-of-diode/
https://www.electrical4u.com/what-is-capacitor/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/chopper-dc-to-dc-converter/
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regulates the flow of power between batteries and the energy systems is done by a bi-directional 

power electronic devices. Different types of batteries have various advantages and disadvantages in 

terms of power and energy capabilities, size, weight, and cost. The main types of battery energy 

storage technologies are: Lead-Acid, Nickel Cadmium, Sodium Sulfur, Nickel Metal Hydride and 

Lithium-Ion. Lead-Acid batteries, achieve high discharge rates by using deep-cycle batteries. Low 

energy density, non-environment friendly electrolyte and a relatively limited life-cycle are the 

limiting factors to its dominant use in urban renewable energy systems. Overall, with low 

maintenance requirements, relatively low self-discharge rates, Lead-Acid batteries offer a 

competitive solution for energy storage applications. Sodium Sulfur batteries have high energy 

density, high efficiency of charge/discharge and long cycle life. Nickel Cadmium (NiCd) batteries 

achieve higher energy density, longer cycle life and low maintenance requirements than the Lead-

Acid batteries. But, which include the toxic-heaviness of cadmium and higher self-discharge rates 

than Lead-Acid batteries. Also, NiCd batteries may cost up to ten times more than a Lead-Acid 

battery , making it a very costly alternative. Nickel Metal Hydride (NiMH) is compact batteries and 

provides lightweight used in hybrid electric vehicles and tele-communication applications. 

According to, NiMH batteries can substitute NiCd batteries in communications. They also provide 

equivalent cycle life characteristics, are environmentally friendly and can provide for an additional 

capacity ranging from 25 to 40% . Lithium-Ion technology has the highest energy density amongst 

all types of batteries. They are currently used in cellular phones, computers, etc. and development 

of this technology is used in distributed energy storage applications. But, high cost and limited 

applications of technology. With the high rate of progress in development of lithium-ion 

technology, it has dominated the electronics market. Because of the sizes it is used in small, 

medium and large scale renewable energy systems. 

 

 

 

 

 

 

 

 

 

Fig.2.8 Typical battery charging curve 
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CHAPTER 3-  DIFFERENT METHODS OF  MPPT 

CONVENTIONAL MPPT ALGORITHMS 

The different ways to implement MPPT are: - 

 Perturb and Observe (P&O).  

 Incremental Conductance.  

 Fuzzy Logic.  

 Constant voltage MPPT 

 Constant current MPPT 

PERTURB AND OBSERVE (P&O) ALGORITHM 

 

 

Fig.3.1  P&O flow chart 

 

In a typical P&O MPPT method, the operating voltage of the PV array is perturbed by changing the 

quantity in a given direction and the power drawn from the PV array is probed. If it increases, then 

the operating voltage is further perturbed in the same direction whereas, if it decreases, then the 

direction of operating voltage perturbation is reversed. The drawbacks of this method are that the 
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operating point oscillates around the MPP, even during sunny days when the irradiance is slowly 

varying, giving rise to the waste of some amount of available energy, slow response speed, and 

even tracking in wrong way under rapidly changing atmospheric conditions. In this method, first the 

values of voltage and current are initialized and the array power for these values is found. Next the 

power corresponding to the perturbed voltage is found and compared with the previous power. If it 

results in increase of the power, then the perturbation is continued in the same direction by 

moderating the voltage. Otherwise, it is perturbed in the reverse direction. The sequence operations  

performed is shown in the flowchart given.  

 

INCREMENTAL CONDUCTANCE METHOD 

The incremental conductance method is used as an MPPT method. The advantage of using this 

method to track MPP is that it is more efficient than the P&O method in a way that it is able to 

correctly locate the operating point of the PV array. There is a trade off between the power 

efficiency and reliability of tracking MPP. Since the P&O method will move away from the power 

operating point under rapidly changing light condition and not be able to go back to the maximum 

operating point quickly, this will lead to the inefficient use of the PV array and hence this affects 

the whole system performance of tracking MPP. Other advantage of using this method is it does not 

depend on the device physics. This method uses the source incremental conductance for its MPP 

search method. It is more efficient than Perturb and Observe method and independent of device 

physics. The output voltage and current from the source are monitored upon which the MPPT 

controller relies to calculate the conductance and incremental conductance, and to make its decision 

to increase or decrease duty ratio output. Mathematics of the Incremental Conductance method is 

discussed below. The output power from the source can be expressed as 

P = V*I  

The fact that P = V*I and the chain rule for the 

derivative of product yields 

dP/dV = d (V I) / dV 

= I dV / dV + V dI / dV 

= I + V dI / dV 

(1/V) dP/dV = (I/V) + dI/dV  

Let us define the source conductance G as 

G = I/V                                                                                  Fig.3.2  Power vs Voltage Curve  

and the source incremental conductance as 

G = dI/dV  
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It is learnt that the operating voltage is below the voltage at the maximum power point if the 

conductance is larger than the incremental conductance and vice versa. The job of this method is 

therefore to search the voltage operating point at which the conductance is equal to the incremental 

conductance. These ideas are expressed by equations  

dP/dV < 0, if G < ΔG  

dP/dV = 0, if G = ΔG  

dP/dV > 0, if G > ΔG  

 

Fig.3.3  Incremental conductance flow chart 
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FUZZY LOGIC METHOD 

Recently fuzzy logic controllers have been introduced in the tracking of the MPP in PV systems 

.They have the advantage to be robust and relatively simple to design as they do not require the 

knowledge of the exact model. They do require in the other hand the complete knowledge of the 

operation of the PV system by the designer. 

 

 

Fig.3.4  Fuzzy logic algorithm 

 

 

 



                                         

 

©RCCIIT, DEPT. OF EE                                                                                                        Page | 25 

 

CONSTANT CURRENT MPPT METHOD 

This method is based on the observation that MPP current (Imp) has almost a linear 

relation with short- circuit current (ISC) of the PV panel. 

Imp = MC*ISC  

Where MC is called the current factor and is equal to 0.86 for the silicon panel and has different 

values for different solar panels ranging from 71% to 86%. In this method, first the short circuit 

current, ISC is computed for the considered 60 watt solar module. Then, it is multiplied by a current 

factor, MC of suitable value (0.86 in this case) to obtain the current (Imp) corresponding to the 

maximum power. For this fixed value of current, the power is computed for different voltages. If 

the difference between the power computed and the peak power is larger than the tolerance value, 

then value of voltage is either incremented or decremented depending on the power obtained. For 

that corresponding voltage and MPP current (Imp), this process is repeated till the difference is in 

the tolerance range. The program flow chart for constant current algorithm is shown in Fig 

 

Fig.3.5  Maximun Current MPP algorithm 
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CONSTANT VOLTAGE MPPT METHOD 

The constant voltage method is based on the observation from I–V curves that the ratio of the 

array’s maximum power voltage, Vmp, to its open-circuit voltage, Voc, is approximately constant: 

Vmp / Voc = K < 1  

The solar array is temporarily isolated from the MPPT and a Voc measurement is taken. Next, the 

MPPT calculates the correct operating point and the preset value of K, and adjusts the array’s 

voltage until the calculated Vmp is reached. This operation is repeated periodically to track the 

position of the MPP. Although this method is extremely simple, it is difficult to choose the optimal 

value of the constant K. The literature reports success with K values ranging from 73 to 80%. Its 

MPPT tracking efficiency is low relative to those of other methods. Reasons forvthis include the 

error in the value of K and the fact that measuring the open-circuit voltage requires a momentary 

interruption of PV power. However, constant voltage control is normally favored because of the 

relative ease of measuring voltages, and because open-circuiting the array is simple to accomplish, 

but it is not practically possible to short-circuit the array and still make a current measurement. The 

constant voltage method is implemented using the flowchart shown in Fig 

 

Fig.3.6  Maximun Voltage MPP algorithm 
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CHAPTER 4- ALGORITHM AND SOFTWARE PROGRAMS 

ALGORITH USED IN OUR DESIGN 

Two algorithms have been used in our MPPT modelling. The basics of algorithms are given 

below.  

i. One algorithm used to ensure constant output voltage of 15 V irrespective of variation of 

input voltage from input source/s. 

 When both input from Wind and Solar input is less than 15 V, both supplies 

passes through a boost converter which step up their voltage level to 15 V. 

 When both input from Wind and Solar input is greater than 15 V, both supplies 

passes through a buck converter which step down their voltage level to 15 V. 

 When one input from Wind or Solar input is less than 15 V, and other is greater 

than 15 V then the input greater then 15 V from source passes through buck 

converter and get step down to 15 V and other source which is less than 15 V get 

step up to 15 V.  

 When one of the supply is 15 V then it can be passes through any of the buck or 

boost module, in our case which is buck module as buck module is connected to 

NC contacts of relay. 

ii. Second algorithm ensures that maximum output power to be delivered to load by 

switching a MOSFET 

 15 V constant voltage output is obtained from chopper modules it is passes 

through a current sensor and a MOSFET. Current sensor measures the load 

current and MOSFET used to switch the duty cycle to obtained maximum power. 

 A duty ratio of 50% is taken reference and power this duty is taken as reference 

power. 

 A algorithm is design based on Perturb And Observe method which switches 

duty cycle which is on time to the time period ratio and takes power output 

samples at each duty cycle. It checks if a unit increment in duty cycle increases 

the current output power sample or not if it increases the current output power 

sample then in next step it increases the duty cycle by a unit again and this loops. 

 If at any point unit increment in duty cycle resulted in decrement in a current  

output power sample from previous output power sample then it decreases the 

duty cycle by one unit. And this cycle continues and Maximum power point 

oscillate around actual MPP 
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FLOW CHART 

 

Fig.4.1 Algorithm of implemented MPPT-1 
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Fig.4.2. Algorithm of implemented MPPT-1 
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CHAPTER 5-  HARDWARE IMPLEMENTATION 

CIRCUIT DIAGRAM 

 

Fig.5.1. Circuit Diagram 
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Fig.5.2. LCD Interfacing with Microprocessor 

 

MODELING OF LEAD ACID BATTERY AS LOAD IN MATLAB 

 

Fig.5.3  Modelling of Pb cell in MATLAB 
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CHAPTER 6- HARDWARE COMPONENTS & SPECIFICATION 

HARDWARE SPECIFICATION OF COMPONENTS  

1. ARDUINO NANO 

Arduino Nano is a surface mount breadboard embedded version with 

integrated USB. It is a smallest, complete, and breadboard friendly. It has 

everything that Diecimila/Duemilanove has (electrically) with more 

analog input pins and onboard +5V AREF jumper. Physically. The Nano 

is automatically sense and switch to the higher potential source of power, 

there is no need for the power select jumper. 

 

Specifications:  

Microcontroller                        Atmel ATmega328 

Operating Voltage (logic level)  5 V 

Input Voltage (recommended)  7-12 V                                                         Fig.6.1.  Arduino NANO 

Input Voltage (limits)               6-20 V 

Digital I/O Pins                        14  

Analog Input Pins                    8 

DC Current per I/O Pin            40 mA 

Flash Memory                          32 KB  

SRAM                                     2 KB 

EEPROM                                 1 KB 

Clock Speed                           16 MHz 

Dimensions                            0.70” x 1.70” 

 

Features:  

• Automatic reset during program download 

• Power OK blue LED 

• Green (TX), red (RX) and orange (L) LED                                    

• Auto sensing/switching power input 

• Small mini-B USB for programming and serial monitor     Fig.6.2.  Pin layout of arduino NANO             

• ICSP header for direct program download 

• Manual reset switch 
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Power:  

The Arduino Nano can be powered via the mini-B USB connection, 6-20V unregulated external 

power supply (pin 30), or 5V regulated external power supply (pin 27).  

 

Use In Circuit 

In our circuit Arduino NANO is been used for switching of relat to maintain constant output voltage 

and to control duty cycle by switching MOSFET 

 

 2. LM2596 DC-DC STEP DOWN MODULE 

        Fig.6.2  LM2596 module                                               Fig.6.3  LM2596 internal circuit 

This is an LM2596 DC-DC buck converter step-down power module with high-precision 

potentiometer for adjusting output voltage, capable of driving a load up to 3A with high efficiency. 

When the output current required is greater than 2.5A(10W) an external heat sink is suggested. 

Specifications 

 Module Properties: non-isolated constant voltage module 

 Rectification: non-synchronous rectification 

 Input voltage: 4.5V-35V 

 Output Voltage(Less than input): 1.3V-30V 

 Output current: 3A maximum 

 Conversion efficiency: 92% (maximum) 

 Switching frequency: 150KHz 

 Output ripple: 50mV (maximum) 20M-bandwidth 

 Load regulation: ± 0.5% 

 Voltage regulation: ± 2.5% 

 Operating temperature: -40 ℃ to +85 ℃ 



                                         

 

©RCCIIT, DEPT. OF EE                                                                                                        Page | 34 

 

 Size: 48 * 23 * 14 mm ( 1 7/8 x 29/32 x 9/16 in ) 

Use In Circuit 

Step down chopper module is used to step down the input voltage from wind or solar module and 

maintain t at constant 15 V output voltage in case of input voltage is less than 15 V 

 

3.  XL6009 DC-DC STEP UP MOULE 

 

 

Fig.6.4  XL6009 module                             Fig.6.5  LM2596 internal circuit 

Specifications 

 Type Non-Isolated Boost ( BOOST ) 

 Rectification Non-synchronous rectification 

 Input Range 3V ~ 32V 

 Output Range 5V ~ 35V 

 Input Current 4A (maximum), load 18mA ( 5Vinput, 8V output, no-load is less than 18mA 

. The higher the voltage, the load current increases.) 

 Conversion efficiency <94% (the greater the current, the lower the efficiency) 

 Switching frequency 400KHz 

 Output ripple 50mV (the higher the voltage, the greater the current, the greater ripple) 

 Load Regulation ± 0.5% 

 Voltage Regulation ± 0.5% 

 Working temperature -40 ° C ~ +85 °  

 IN+ input positive 

 IN- input negative 
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 OUT+ output positive 

 OUT- output negative 

Use In Circuit 

Step up chopper module is used to step up the input voltage from wind or solar module and 

maintaini t at constant 15 V output voltage in case of input voltage is greater than 15 V 

 

4. ACS712 CURRENT SENSOR MODULE 

         Fig.6.6 Current sensor Internal Circuit                   Fig,6.7 Current Sensor 

ACS712 current sensor operates from 5V and outputs analog voltage proportional to current 

measured on the sensing terminals. You can simple use a microcontroller ADC to read the values. 

Sensing terminal can even measure current for loads operating at high voltages like 230V AC mains 

while output sensed voltage is isolated from measuring part. Provides up to 3000 VRMS galvanic 

isolation. The low-profile, small form factor packages are ideal for reducing PCB area over sense 

resistor op-amp or bulky current transformer configurations. The low resistance internal conductor 

allows for sensing up to 20 A continuous current. Providing typical output error of 1%. 

Features 

 100 mV/A output sensitivity 

 5.0 V, single supply operation 

 Output voltage proportional to AC or DC currents 

 Factory-trimmed for accuracy 

 Extremely stable output offset voltage 

 Nearly zero magnetic hysteresis 

 Ratiometric output from supply voltage 

 Low-noise analog signal path 
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 Device bandwidth is set via the new FILTER pin 

 5 µs output rise time in response to step input current 

 80 kHz bandwidth 

 Total output error 1.5% at TA = 25°C 

 Small footprint, low-profile SOIC8 package 

 1.2 mΩ internal conductor resistance 

 2.1 kVRMS minimum isolation voltage from pins 1-4 to pins 5-8 

Use In Circuit 

Current sensor is used in circuit to measure the output current and to calculate power from 

output current for MPPT algorithm. 

5. JHD 162A LCD 16X2  ALPHANUMERIC 

DISPLAY 

Features  of 16×2 LCD module 

 Operating Voltage is 4.7V to 5.3V 

 Current consumption is 1mA without backlight 

 Consists of 2 rows and each row can print 16 

characters. 

 Each character is build by a 5×8 pixel box                                  Fig.6.8 16X2 LCD display 

 Can work on both 8-bit and 4-bit mode 

 Alphanumeric LCD display module, meaning can display alphabets and numbers 

Use In Circuit 

To display Solar Pnel voltage input, Wind mill vltage input, Load 

current And Load voltage. 

 

6. KT 450 8-PIN RELAY 

 Trigger Voltage (Voltage across coil) : 5V DC 

 Trigger Current (Nominal current) : 70mA 

 Maximum AC load current: 10A @ 250/125V AC 

 Maximum DC load current: 10A @ 30/28V DC 

 Compact 5-pin configuration with plastic moulding 

 Operating time: 10msec  Release time: 5msec 

 Maximum switching: 300 operating/minute (mechanically)                       Fig.6.9 8-pin Relay 

Use In Circuit 

To switch between Buck And Boost converters for Solar And Wind input Voltge. 
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7. 7805 VOLTAGE REGULATOR IC 

7805 is a voltage regulator integrated circuit. It is a member of 78xx series of fixed linear voltage 

regulator ICs. The voltage source in a circuit may have fluctuations and would not give the fixed 

voltage output. The voltage regulator IC maintains the output voltage at a constant value. The xx 

in 78xx indicates the fixed output voltage it is designed to provide. 7805 provides +5V regulated 

power supply. Capacitors of suitable values can be connected at input and output pins depending 

upon the respective voltage levels 

Pin Description:  

1.  Input voltage (5V-18V)-Input 

2.  Ground (0V)-Ground 

3.  Regulated output; 5V (4.8V-5.2V)-Output 

 

Use in Circuit                                                                                        Fig.6.10.  7805  IC 

To supply +5 V to all Vcc of circuit like microcontroller And Current sensor. 

8.  IRFZ44N N CHANNEL MOSFET 

IRF-Z44N basically belongs to the family of Metal Oxide Semiconductor Field 

Effect Transistor(MOSFET). It is a power MOSFET. There are two types of MOSFET i.e. N-

channel and P-channel. IRF-Z44N belongs to the N-channel family. It uses “Trench” technology 

and is enveloped in a plastic structure. It has very low on state resistance. It has zener diode which 

provides ESD protection up to 2 kilo-volt. It is a low cost device and provides higher efficiency . 

It’s features include ultra-low on resistance, advance processing technology, dynamic rating, 

avalanche rated completely, quick switching process and many more. It has a wide range of real life 

applications including full bridge, push pull applications, consumer full bridge and a lot more. The 

further detail about the basic use of MOSFET IRF-Z44N will be given later in this article.It has 

total three (3) pins having different individual functions.IRFZ44N Pinout is as follows: 

Pin  1: Gate. 

Pin  2: Drain. 

Pin  3: Source. 

 

Use in Circuit  

To Change Duty Cycle ratio of output current via 

command from microcontroller .          

                                                                                           Fig.6.11  IRFZ44N N channel MOSFET                                                                

https://www.theengineeringprojects.com/2018/06/introduction-to-transistor.html
https://www.theengineeringprojects.com/2016/11/examples-of-embedded-systems.html
https://www.theengineeringprojects.com/2016/11/examples-of-embedded-systems.html
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9. BC107 NPN TRANSISTOR 

BC107 is an NPN bipolar planner low power transistor which is mainly designed for general 

purpose switching and amplification purpose. It is mainly composed of 

three terminals named as an emitter, base, and collector .Being a current 

controlled device, small current at the base side is used to control large 

current at the emitter and collector side. When a voltage is applied at 

the base terminal, it gets biased and draws current and starts controlling 

large current at the emitter and collector side. Bc107 is an important 

device used for switching and amplification purpose.                                Fig.6.12. NPN Transistor           

Use in Circu. it 

To provide signal to relay chopper for switching between step up or step down choppers 

 

10. 1N4007 DIODE 

A diode is a device which allows current flow through only one direction. That is the current should 

always flow from the Anode to cathode. The cathode terminal can be identified by using a grey bar. 

We can use this in circuits that are designed for less than 1A.  

Average forward current is 1A 

Non-repetitive Peak  current is 30A 

Reverse current is 5uA. 

Peak repetitive Reverse voltage is 1000V  

Power dissipation 3W 

Available in DO-41 Package                                                    Fig 6.13. 1N4007 Diode 

Use in Circuit 

To block backward flow of current in choppers as at a time among two choppers of Solar or Wind 

input only one is active at any given instant . so there is a chance of backward flow of current to 

other chopper, to block such phenomenon diode is used. 

 

11. RESISTORS 

Resistance of  2 KΩ, 3.7 KΩ and 1 KΩ are used in our circuit 

3.7 KΩ and 1 KΩ are used in series as voltage divider circuit to 

fed into microcontroller. Two 2 KΩ resistors are used in Base of 

transistors to limit current in fault case 

A 1 KΩ resistor is used in Gate terminal of MOSFET.            

                                                                                                                   Fig.6.14. Resistor                                   

https://www.theengineeringprojects.com/2018/05/introduction-to-npn-transistor.html


                                         

 

©RCCIIT, DEPT. OF EE                                                                                                        Page | 39 

 

HARDWARE COMPONENTS IMAGE 

 

 

 

Fig.6.15, Fig.6.16 & Fig.6.17 Hardware components 
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CHAPTER 8-  OBSERVATION AND RESULTS 

OBSERVATIONS AND RESULTS 

Fig.8.1  Simulation of Pb Acid battery in MATLAB 
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Fig.8.2 Variation Of Duty Cycle from MOSFET with respect to MPPT of Hybrid system 
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CONCLUSION 

 MPPT Tracking Algorithm is implemented successfully. 

 Lead Acid battery modelling is being modelled on MATLAB and different parameter are 

observed 

 Variation of duty cycle is observed as MPPT is being tracked from the model on Digital 

Storage Oscilloscope. 

 Output from each stages are observed. 

 Feasibility of tem del has been studied. 

 So, we can conclude that this project can be implemented in real life. 

 

 

DISCUSSION 

Project have been successfully built, tested and implemented. Various parameters are observed and 

found to be providing faithful results under error limits. This project is physically feasible and 

economically viable for real world implementation. 

  

FUTURE SCOPE IN ADVANCEMENT OF CURRENT MODEL 

In India we have a hugh potential  

 To increase the limit of voltage and current of system for use in domestic application 

 To design this system for large scale commercial use implementation. 

 To implement a smart system algorithm which can be used for Variable voltage source of 

large range, like we will be able to charge batteries of  3V, 6V, 9V, 12V with a 15V  MPPT 

module. In such cases maximum current limit will be determined by the controller and 

accordingly maximum current limit will be set so that batteries does not get damaged during 

charging. 

 Our aim is to implement this Solar-Wind intelligent MPPT system with grid such that power 

generated for the system can be fed to grid and excess power can be used in batteries which 

will be coupled with load also via a bidirectional converter. 

 To design a system with a wind energy converter build in which will convert AC supply of 

Wind mill to DC supply to be fed in the system 
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 ANNEXETURE 

SPECIFICATION OF HARDWARE USED  

SL. 

NO 

COMPONENT 

MODEL NO. 

QTY. SPECIFICATION 

1. Arduino NANO 1 Microcontroller Atmel ATmega328 ; Operating 

Voltage 5V Input 

2. XL6009 DC-DC step up module 1 Input: 3V-35VDC ;  Output: 5V-35VDC  ;  Rated 

current capacity: 3A ; Operating Temp.: -40-85   C   

3. LM 2596 DC Buck converter Step 

Down Module 

1 Input: 3V-40VDC ;  Output: 1.5V-40VC ;  Rated 

current capacity: 3A  ;   

4. KT 450 DPDT Relay 2 Rated Voltage: 120 VAC or 24VDC ;  

Rated Voltage: 1 AAC ; 2 ADC 

5. BE-00056 2-pin Terminal Block 2 Max Voltage: 300 VAC; Max Current: 10 AAC 

6. BC 107 NPN Transistor 2 Max working voltage: Vce=45 V ;   

Max collector current: Ic= 200 mA ;  

Max power Dissipation = 750 mW 

7. JHD 162A LCD 16X2 

Alphanumeric Display 

1 Size: 16X2 ; Operating Voltage: 5 VDC 

8. 10KΩ  potentiometer pinout 1 Power rating: 0.5 W ; 

Maximum input Voltage: 200 VDC ; 

Rotational life: 200 cycles 

9. LM 7805 Voltage regulator IC 1 Input Voltage: 7 VDC-25 VDC; Operating 

current: 5 mA ;  

Maximum junction Temp.: 125  C 

10. 1 KΩ Resistor 6 Carbon Film Resistor ; Power Rating: 250mW ; 

Tolerance +- 5% 4.7 KΩ Resistor 4 

11. 1N4007 Diode 8 Reverse DC Voltage:1200 V ; Rated working 

current : 1 A ; Max positive Voltage: 30 V ; 

Reverse leakage current 3 µA 

12. IRFZ44N N channel MOSFET 1 VDSS: 55V ; RDS(on): 17.5 mΩ ; ID: 49 A 

13. ACS712 Current Sensor 1 Type: Hall type ; Input Voltage: 5 V ; Measuring 

Capacity: +- 3A corresponding to Analog Output 

of 185 mV or A 

Table. Components Specification 
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SOFTWARE PROGRAM 

 

#include <LiquidCrystal.h> 

LiquidCrystal lcd(3, 2, 4, 5, 6, 7); 

int i = 541;   //15V 

int duty = 50; 

void setup() 

{ 

  pinMode(13, OUTPUT); 

  pinMode(12, OUTPUT); 

  pinMode(11, OUTPUT); 

  pinMode(10, OUTPUT); 

  pinMode(9, OUTPUT); 

  pinMode(8, OUTPUT); 

  pinMode(7, OUTPUT); 

  pinMode(6, OUTPUT); 

  pinMode(5, OUTPUT); 

  pinMode(4, OUTPUT); 

  pinMode(3, OUTPUT); 

  pinMode(2, OUTPUT); 

  lcd.begin(16, 2); 

  lcd.print("CS");   

  delay(250); 

  lcd.setCursor(0, 0); 

  lcd.print("     RCCIIT"); 

  lcd.setCursor(0, 1); 

  lcd.print("Dual  MPPT  CCU"); 

  delay(1000); 

} 

 

void loop()  

{ 

  digitalWrite(10,HIGH); 

  cs(); 

  int SolarVoltage0 = analogRead(A0); 
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  int WindVoltage1 = analogRead(A1); 

  float Current = (.044 * analogRead(A2) -3.78) / 1000; 

  float BatteryVoltage = (analogRead(A3) * 28.50) / 1024; 

  float SolarVoltage = (analogRead(A0) * 28.50)/1024; 

  float WindVoltage = (analogRead(A1) * 28.50)/1024; 

  lcd.clear(); 

  lcd.setCursor(0, 0); 

  lcd.print("S="); 

  lcd.print(SolarVoltage); 

  lcd.setCursor(8, 0); 

  lcd.print("W="); 

  lcd.print(WindVoltage); 

  lcd.setCursor(0, 1); 

  lcd.print("B="); 

  lcd.print(BatteryVoltage); 

  lcd.setCursor(8, 1); 

  lcd.print("I="); 

  lcd.print(Current); 

  if(SolarVoltage0>i && WindVoltage1>i) 

   { 

    digitalWrite(11,LOW); 

    digitalWrite(12,LOW); 

   } 

  else if(SolarVoltage0>i && WindVoltage1<i) 

   { 

    digitalWrite(11,LOW); 

    digitalWrite(12,HIGH); 

   } 

  else if(SolarVoltage0<i && WindVoltage1>i) 

   { 

    digitalWrite(11,HIGH); 

    digitalWrite(12,LOW); 

   } 

  else if(SolarVoltage0<i && WindVoltage1<i) 

   { 
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    digitalWrite(11,HIGH); 

    digitalWrite(12,HIGH); 

   } 

  while(1) 

   { 

    int Current0 = analogRead(A2); 

    int Voltage0 = analogRead(A3) 

    int p0 = Current*Voltage; 

    duty++; 

    delay(1); 

    int Current1 = analogRead(A2); 

    int Voltage1 = analogRead(A3) 

    int p1 = Current*Voltage; 

    analogWrite(10,Duty); 

    if(p0>p1) 

      { 

        duty--; 

        break; 

      } 

   } 

} 

 

int cs() 

{ 

      digitalWrite(13,HIGH); 

      delay(100); 

      digitalWrite(13,LOW); 

      delay(100); 

}  
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