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 In this paper, Maximum power point is tracked in both solar and wind energy conversion system using 

MPPT controller and also analyzed the performance of the renewable energy system with MPPT and without 

MPPT controller. Among all the renewable resources, Solar and Wind are the most popular resources due to 

its ease of availability. Alone PV system or Wind system cannot completely meet load demands.Hence 

photovoltaic and wind system are hybridized and optimized to satisfy the load demand. This paper proposed 

a standalone hybrid renewable energy system which employs incremental conductance algorithm for 

photovoltaic system and perturb and observe algorithm for wind energy conversion system is implemented. 

Usage of this system combines the advantages of each generation system and provides electrical power to 

meet various load conditions. Maximization and stabilization of power from the system with and without 

MPPT controller is designed and analyzed in MATLAB/Simulink environment. 

 

KEYWORDS: Hybrid renewable energy system, MPPT controller, PV system, Wind system 

 
Copyright © 2020 International Journal for Modern Trends in Science and Technology  

DOI: https://doi.org/10.46501/IJMTST060726  

 

I. INTRODUCTION 

Now a days the requirement of electrical power 

generation is increased rapidly by satisfying the 

load demand. In recent years use of renewable 

energy resources are gaining more attention due to 

the depletion of existing fossil fuels like coal, gas. 

The fossil fuels pollute environment in many field 

and also its rapid augmentation of the prices. 

Renewable sources like wind, solar, hydro and 

biomass have the substantial capabilities to 

compensate for the increasing energy demands. In 

other side renewable energy resources presents a 

real investment. 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.The power generation from the PV 

system depends on the availability of solar 

irradiation and wind system depends on the wind 

velocity respectively. Alone PV system and wind 

system cannot completely meet load demand, 

advantages of each system is combined to form a 

hybrid renewable energy system. By using this 

system the load demands are satisfied. Fig.1 shows 

the block diagram of the hybrid renewable energy 

system. The basic block diagram of hybrid 

renewable energy system consists of PV source, 

wind source, DC-DC boost converter, MPPT 

controller, inverter, DC load and an AC load. In PV 

source and wind source the current and voltage 

signals are obtained by voltage and current 
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measurement. These voltage and current values 

are input to the MPPT controller. Then MPPT can  

track the maximum power point by its algorithm. 

The output of MPPT controller is given to PWM 

generator that generator gives gate pulse to DC-DC 

boost converter. The boost converter maintaining 

the operating voltage at the maximum power point 

as function of variation of its duty cycle. 

 

 

Fig.1 Block diagram of hybrid renewable energy 

system 

 

There are several MPPT technique in the 

literature like Perturb and Observe(P&O), 

Incremental Conductance (IC), Hill Climbing (HC) 

and Constant Voltage Tracking (CVT). Most 

popular MPPT technique for solar and wind energy 

system are Perturb and Observe (P&O), 

Incremental Conductance (IC) method because of 

its simplicity and easy implementation. The MPPT 

system calculates the maximum available power in 

the PV and wind generation system, and then 

compares the calculated power with the actual 

drawn power for generating the switching signals of 

the DC-DC boost converter of the MPPT system. 

II. DESIGN OF HYBRID ENERGY SYSTEM 

Solar energy system 

The photovoltaic system converts sunlight 

directly to electricity without having any disastrous 

effect on our environment. The basic segment of PV 

array is PV cell, which is just a simple P-N junction 

device. The fig.2 shows the equivalent circuit of PV 

cell. The equivalent circuit has a current sources, a 

diode parallel to it, represents series resistance 

and represents shunt resistance which is 

inversely in relation with leakage current to the 

ground. Series resistor has great impact on the I-V 

characteristic of solar cell. 

 

Fig.2 Equivalent circuit of solar cell 

 

The term  represents diode current and  

represents shunt leakage current. The current 

supplied to the load can be given as 

 

 
 

(1) 

Where 

 Photovoltaic current 

 Diode’s reverse saturation current 

– Voltage across the diode 

– Ideality factor 

 Thermal voltage 

 Series resistance 

 Shunt resistance 

 

PV cell photocurrent, which depends on the 

radiation and temperature, can be expressed as, 

 

 
 

(2) 

Where 

 Cell’s short circuit current temperature                

coefficient 

– Solar irradiation in W/m2 

 Nominal solar irradiation in W/m2 

 Light generated current under standard 

test condition 

 

The reverse saturation current varies as a cubic 

function of temperature, which is represented as 

 

 
 

(3) 

Where 

 Short circuit current at standard test 

condition 

 Short circuit voltage at standard test 

condition 

 – Temperature coefficient of open circuit voltage 
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Fig.3 I-V and P-V Characteristics of PV cell 

 

The fig-3 shows the I-V and P-V characteristics of 

the PV module. From the figure the short circuit 

current of PV module is approximately 4.75A and 

open circuit voltage is approximately 36V and also 

the maximum power is approximately 130W. 

 

Wind energy conversion system 

The modelling of wind energy system depends on 

modeling of wind turbine and wind generator. Here 

permanent magnet synchronous generator is used 

as a wind generator. The equation for the power 

generated is shown below. 

 

 

 
(4) 

Where 

Power captured by wind turbine 

ρ – Air density  

ꞵ- Pitch angle (in degrees)  

 – Blade radius (in degrees) 

 – Wind speed (in m/s) 

 

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

equation 

 

 

(5) 

Where 

Ω – Rotor speed of rotation (in rad/sec) 

R – Resistance 

V – Voltage 

 

CP can be expressed as the function of the 

tip-speed ratio (λ) 

 

 
 

(
6) 

 

 

(7) 

Where 

CP– Wind turbine power coefficient 

λ – Tip-speed ratio 

λ1 – Constant  

 

DC-DC Boost converter 

Boost converter is also known as step up 

converter, where the output voltage is higher than 

the input. The current carried by the inductor 

starts rising and it stores energy during ON time of 

the switching element. The circuit is said to be in 

charging state. During OFF condition, the reverse 

energy of the inductor starts dissipating into the 

load along with the supply. The output voltage level 

exceeds that of the input voltage and is dependent 

on the inductor time constant. The load side 

voltage is the ratio of source side voltage and the 

duty ratio of the switching device. The boost 

converter parameters are given by the following. 

 

 

(8) 

 

Where 

D – Duty cycle 

 Input voltage 

 Output current 

 

 

(9) 

 

 
 

(10) 

Where 

 Output voltage 

 Ripple voltage 

 – Ripple current 

 – Switching frequency 

 
Fig.4Modelling of boost converter 
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Fig.4 shows the mathematical modelling of boost 

converter, boost converter used to boost the system 

voltage for getting the maximum output power. 

III. MPPT CONTROLLER 

Maximum power point tracking is a technique 

used commonly with wind turbines and 

photovoltaic system to maximize power extraction 

under all conditions. Several MPPT algorithms are 

available, the most popular tracking algorithms are 

Perturb and Observe (P&O), Incremental 

conductance methods(IC) and Hill climbing (HC). 

Incremental conductance algorithm 

In the incremental conductance method, the 

controller measures incremental changes in PV 

array current and voltage to predict the effect of a 

voltage change. The flowchart of the Incremental 

Conductance (IC) MPPT technique is shown in the 

fig.5. 

 

Fig.5 Flow chart of Incremental Conductance 

MPPT technique 

 

In this method calculates the dV and dI by 

measuring the PV panel current and . The 

incremental conductance method computes the 

maximum power point by comparison of the 

incremental conductance  to the array 

conductance (I/V). When these two are the same 

(I/V = dI/dV) the output voltage is the maximum 

power point voltage. The controller maintains this 

voltage until the irradiation changes and the 

process is repeated. 

 

Perturb and observe algorithm 

Perturb and Observe is the most commonly used 

MPPT method due to its ease of implementation. In 

this method the maximum power point tracked by 

comparing the recent power is compared with 

previous power. The flowchart of Perturb and 

Observe MPPT techniques is shown in fig.6. 

y 

Fig.6 Flowchart of Perturb and Observe MPPT 

technique 

 

The perturb and observe MPPT technique 

algorithm calculates the power P(n) by measuring 

the voltage V(n) and current I(n) and then 

compares it with last calculated power P(n-1). If the 

output power increases, the next duty cycle change 

keeps the same direction, otherwise the dutycycle 

changes in the opposite direction. The duty cycle of 

the DC-DC converter is varied till it reaches the 

maximum power point. 

IV. RESULTS AND DISCUSSION 

In order to analyze performance of the hybrid 

renewable energy conversion system with MPPT 

controller technique and without MPPT controller 

technique are simulated in MATLAB/Simulink 

environment. The results are obtained and 

discussed in given below. The output waveform of 

voltage, current and power with respect to time for 

a solar system without maximum power point 

tracking represented in fig-7. The solar system has 

specification the maximum voltage is 36V and the 

maximum current value is 4.75A. 
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Fig.7 Output waveform of PV system without 

MPPT controller 

 

The fig.8 shows the output waveform of PV 

system with MPPT controller that shows the output 

voltage, current and power respectively. In 

Photovoltaic system the maximum power was 

tracked by using the incremental conductance 

algorithm. 

 
 

Fig.8 Output waveform of Wind system without 

MPPT controller 

 

Fig.9 represented the output waveform of the 

wind energy conversion system without maximum 

power point controller. The output waveform shows 

the voltage, current and power with respect to time. 

The Perturb and observe MPPT algorithm was used 

to track the maximum power in the wind energy 

conversion system. 

 
 

Fig.9 Output waveform of Wind system without 

MPPT controller 

 

Fig.10 shows the output waveforms of wind 

energy conversion system with MPPT controller. 

That are output voltage, current and power 

respectively. 

 

 
 

Fig.10 Output waveform of Wind system with 

MPPT controller 

 

Table 1 shows the comparative analysis of 

Photovoltaic system and wind energy conversion 

system. The comparisonis about with MPPT 

controller and without MPPT controller in both the 

energy systems. The corresponding values of the 

systems are mentioned in the table. From the 

comparison, we observed that, in the present of 

MPPT controller can produce maximum power in 

both the renewable energy systems, when compare 

to the without MPPT controller. 
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Table 1 Comparative Analysis of PV and Wind 

system 

 

 

V. CONCLUSION 

In this paper maximum power point was tracked 

in both solar and wind energy conversion systems. 

Modelling of photovoltaic module was done under 

different temperature and different solar radiation 

conditions. The wind system include wind turbine, 

permanent magnet synchronous generator, etc.  

The wind power generation depends on wind 

speed, velocity and fluctuating of weather 

conditions. Maximum power point of operation was 

tracked for both the systems Incremental 

Conductance algorithm used for Solar system and 

Perturb and Observe algorithm used for Wind 

energy conversion system. The performance of 

solar system and wind system are analyzed and 

comparing the with MPPT results and without 

MPPT results. The MPPT controller gives the best 

results in both the systems. The MPPT controller 

was effectively track the maximum power from the 

solar and wind energy sources. Which increase the 

efficiency of the hybrid system. 
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