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ABSTRACT: In solar photo-voltaic system MPPT technique is used to maximize power output, and a boost converter 
is used to raise DC voltage and its output is fed to a three phase PWM inverter for converting DC voltage to AC. In this 
paper a hybrid system based on solar photo-voltaic and wind energy system architecture is proposed. Two renewable 
energy sources, solar and wind are considered. Depending on availability and requirement, these sources deliver the 
load together or independently. In wind energy conversion system PMSG is utilized. Two MPPT techniques Perturb 
and Observe and Incremental conductance are being analysed and compared in the design of solar photo-voltaic 
system. Simulation study of the proposed system is carried out with MATLAB/Simulink and results are analysed. 
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I.INTRODUCTION 

As we observe today, the current power generation is mainly based on renewable energy sources because of their 
abundance in nature. Power can be extracted from fossil fuels at major extent. But now-a-days it is not possible because 
of limited existence of fossil fuels. Among renewable energy systems solar photo-voltaic and wind energy systems are 
preferable and popular because of their availability and harmless nature [2]. Wind energy is capable of producing huge 
amounts of power, but its availability cannot be predicted [1]. Solar power is available during the whole day but the 
solar irradiance levels change because of the changes in the sun’s intensity and shadows caused by many reasons. In 
general both renewable energy sources are complementary in nature [4]. 
 
Hybrid photovoltaic and wind energy system has higher dependability to give steady power than each of them 
operating individually [6]. Another benefit of the hybrid system is that the amount of the battery storage can be 
decreased as hybrid system is more reliable compared to their independent operation. 
 
In this paper solar photovoltaic system is comprised of IGBT based boost converter which is used to get required 
output voltage constantly. Any of the MPPT technique is used to generate the converter’s firing pulses [6]. Here two 
techniques are being used and those are perturb and Observe, Incremental Conductance [7]. By using these two 
methods Hybrid system is simulated and analysed. In order to change the output voltage of the boost converter from 
DC to AC, a PWM inverter is employed. The output of the inverter is connected to the load. The output waveform 
which is generated approaches the desired sinusoidal waveform due to pulse width modulation [9]. A PMSG is driven 
by wind turbine for power generation. Wind turbine is operated by two masse drive train and the angle of turbine’s 
blade pitch is controlled by pitch angle controller [1]. 
 
The power can be generated by solar photo-voltaic system and as well wind energy conversion systems separately and 
can be given to the loads individually [8]. Both the systems are reliable and the resources required are available plenty 
in nature. By the combination of both the systems heavy loads can be survived. 
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RELATED WORK 
 

This paper presents the comparison of output of the system for two different MPPT techniques; Perturb & Observe, 
Incremental Conductance. For the first method time taken by the output to reach steady state is more when compared 
with the later one. Accuracy is more and power loss is less for the incremental conductance method than the perturb 
and observe method. More number of oscillations of output at the maximum power point is observed for the first 
method than the second. These are the advantages of the conventional methods which are not briefly analysed before. 
  
. 

II.THEORITICAL ANALYSIS 
 

Hybrid system architecture: The block diagram of the hybrid system is shown in the figure below 
 

 
 

Fig.1 Block diagram of hybrid system 
 

The output of the solar panel is connected to a boost converter to get the higher output voltage and supplied to the load 
and wind energy conversion system is generating 400V by permanent synchronous generator and its output is supplied 
to the load. Powers of both systems are combined for other applications. 
 

III.PV CELL MODELING 
 

A photovoltaic cell directly converts sunlight into electricity. Cells can be connected together to form a module or an 
array. The direct output from the module may serve some small loads like DC motors or lighting systems, but to 
provide power to fit more sophisticated demands, power electronic converters are needed. A PV cell is essentially a 
semiconductor diode where the p-n junction is exposed to light. The equivalent circuit of a PV cell is shown in fig.2. 
An ideal solar cell is modeled by a current source and a diode in parallel with it. No solar cell is ideal; it consists of 
series resistance which has very small value and a parallel resistance of high value. 
 
Applying Kirchhoff’s current law to the junction where Iph,diode,Rsh,Rs meet, we get, 
              

Iph=Id+IRp+I    and   I=Iph-(Id+IRp) 
 

PV cell current is given by the equation below 
 

I=Iph-(Io [e (V+IRs/VT)-1] +V+IRs/Rp) 
 

Where  Iph : photo current, I : cell current, Io : reverse saturation current, V : cell voltage, Rs : series resistance Rsh :  
shunt resistance, VT : Thermal voltage 
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Fig.2 PV cell circuit model 
Modelling of solar PV system 

 
Solar cell is the building block of PV array. The photo current Iph depends on the solar radiation and cell temperature is 
given by     

Iph= [Iscr+Ki (T-Tr)] S/100 
 
Where  Iscr  :  cell short circuit current at reference temperature and radiation, Ki  :  short circuit current temperature 
coefficient, S  :  solar radiation in MW/cm2 
 
As the working temperature of the PV cell increases, the output current of PV module increases, but the maximum 
power output decreases. Since the increase in the output current is much less than the decrease in the voltage, the total 
power decreases at high temperatures. The temperature increase around the solar cell has a negative impact on the 
power generation capability. Increase in temperature is accompanied by decrease in open circuit voltage value and the 
efficiency of the solar cell is reduced. 
 

IV.DC-DC BOOST CONVERTER 
 
A boost converter is a DC to DC voltage converter with output DC voltage greater than the input DC voltage. It is an 
SMPS containing at least two semiconductor switches. Filters made of capacitor and inductors which are placed at the 
output stage of the converter are used to reduce the ripple of the voltage and current respectively.  
The basic operating principle of the converter consists of two states 

1. In ON state, switch is closed, resulting in an increase in the inductor current. 
2. In OFF state, switch is opened, resulting in a decrease in the inductor current. 

A boost converter is used to increase the voltage level of 70V dc of solar panel to 410V dc. Firing pulses for the boost 
converter are being generated by using two MPPT techniques; perturb and observe, incremental conductance and their 
results are being analysed separately.  
     

Fig.3 simulink diagram of boost converter-perturb and observe 
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The above model represents a boost converter, in which the pulses for IGBT are generated by using perturb and 
observe MPPT technique. In this method incrementing and decrementing of the parameter is done based on the 
requirement. Output varies in accordance with the input change. 
 
The below model represents a boost converter in which the triggering pulses generated for the IGBT are controlled by 
incremental conductance, MPPT technique. By changing the conductance or by increasing the conductance the output 
is varied. 
 

 
Fig.4 simulink diagram of boost converter-incremental conductance  

 
V.PROPOSED MPPT TECHNIQUES 

 
These techniques are used to maximize the output power of the PV array in solar systems by tracking continuously the 
maximum power point which depends on the temperature of the solar panel and the solar irradiance conditions. 
According to maximum power transfer theorem, the power output of a circuit is maximum when the thevenin 
impedance of the circuit matches with the load impedance. By changing the duty cycle of the boost converter we can 
match the source impedance to load impedance. This duty cycle is determined by MPPT techniques. 
 
1. Perturb & Observe 
 
The perturb and observe algorithm is based on the observation of the array output power and on the perturbation of the 
power based on the increments of the array voltage or current. The algorithm continuously increments or decrements 
the reference voltage or current based on the previous power sample value. It is the simplest method and the cost of 
implementation is less and is easy to implement. The time complexity of this algorithm is very less but on reaching 
very close to the MPP it does not step at the MPP and keeps on perturbing in both the directions .The common problem 
in perturb and observe algorithm is the array terminal voltage is perturbed every MPPT cycle: when the MPP is 
reached, the output power oscillates around the maximum, resulting in power loss in the PV system. 
 
2. Incremental Conductance 

The disadvantage of perturb and observe method to track the peak power under fast Varying atmospheric condition is 
overcome by IC method. The IC can determine that the MPPT has reached MPP and stop perturbing the operating 
point, if this condition is not met, the direction in which the MPPT operating point must be perturbed can be calculated 
using the relation dI/dV and –I/V. This relationship is derived from the fact that dP/dV is negative when the MPPT is to 
the right of the MPP and positive when it is to the left of the MPP. This algorithm has advantages over P&O and it can 
determine when the MPPT has reached the MPP, where P&O oscillates around the MPP. Also, incremental 
conductance can track rapidly increasing and decreasing irradiance conditions with higher accuracy than P and O. This 
method computes the maximum power and controls directly the extracted power from the PV.This method offers 
different advantages: good tracking efficiency, response is high and well control for the extracted power. 
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VI.WIND ENERGY CONVERSION SYSTEM 
 

Wind energy conversion system comprises of wind turbine, permanent magnet synchronous generator, two masse drive 
train and pitch angle controller. 
 
1. Modelling of wind turbine 

Wind turbine converts kinetic energy of the wind into mechanical energy transmitted by the shaft. Here we used 
prebuilt wind turbine model in SIMULINK to provide torque to the generator 

2. Permanent magnet synchronous generator 
 
Here, wind turbine is coupled with a permanent magnet synchronous generator. A Permanent magnet synchronous 
machine block is taken in simulink. Sign of the torque input determines whether the machine operates as a generator or 
as a motor. If sign of torque is positive, it works as motor and if the sign is negative, it works as a generator. 
 
3. Wind turbine and drive train 
 
Here, wind energy conversion system is operated by two masse drive train. The differential equations governing its 
mechanical dynamics are:   Tsh=KshӨtw+Dt dӨtw/Dt 
Where, Tsh is shaft torque, Ksh is shaft stiffness, Өtw is shaft twist angle, Dt is damping coefficient, Ht is inertia constant 
of the turbine, Hg is inertia constant of PMSG. 
 
4. Pitch angle control 
 
The wind power from the flowing air captured by wind turbine can be expressed as: 

Pwt=0.5ρSVw
3Cp(β, λ) ;  λ= ωR/Vw 

Where Pwt is the wind power, ρ is the air density; S is the effective rotor swept area, Vw is the wind speed, Cp is the 
power coefficient, β is the pitch angle, λ is the tip speed ratio given by, 
           

VII.HYBRID SYSTEM MODEL 
 
It is the combination of both solar photovoltaic system and wind energy conversion system. Hence the system can 
supply the power to load individually or combindally. For both the MPPT methods Hybrid system is common. The 
only difference is in the generation of triggering pulses for the boost converter. 

 
Fig.5 simulink model of hybrid system 
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VIII.SIMULATION RESULTS 
 
Simulation is done on Matlab and the results are shown below. Comparison of the output voltages at the boost 
converter in two cases are shown below. 

 

 
Fig.6 output voltage after boosting for perturb and observe method 

 
By observing the above waveform, there is a linear rise in the voltage upto 430V and decreased to 410V. It takes about 
1.2 sec to reach the steady state. 

 
Fig.7 output voltage after boosting for incremental Conductance method 

 
In the above waveform, voltage reached steady state in 0.3sec. Comparing both the waveforms voltage is around 410V 
in both the cases but steady state is reached in less time in incremental conductance method. 

 
Fig.8 maximum output power of PV system for perturb and observe method 
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From the above waveform, we can say that the maximum power for perturb and observe technique takes nearly 0.9sec 
to reach steady state value that is 800 watts. In the below waveform, power output takes 0.25sec to reach final state.  

 
Fig.9 maximum output power of PV system for incremental conductance method 

 
Comparing the two waveforms of maximum output power, steady state is reached quickly in the case of incremental 
conductance and there is reduction in the ripple. Here the output power is around 800 watts. 

 
Fig.10 pitch angle of the wind turbine 

 
Here we have taken pitch angle as zero, and it depends on turbine shaft. From the above we can say that the pitch angle 
does not become zero at once. It takes about 0.5sec to reach it.  

 
Fig.11 speed of the PMSG 
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Here pitch angle is maintained at zero by using pitch angle controller. The speed of the PMSG is nearly 152 rad/sec and 
input wind speed is maintained at 15 m/s. By changing the input irradiance value and input wind speed, the output 
voltage and power get changed.  
 

IX.CONCLUSION 
 
This paper provides a hybrid system comprises of solar photovoltaic and wind energy conversion systems. In turn the 
boost converter in the solar system is analysed by two MPPT techniques. By observing we can conclude that 
incremental conductance method is preferable to perturb and observe method. 
 
In future this hybrid system can be designed using Intelligent Control techniques. It can be analysed by using other 
available MPPT techniques. 
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