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ABSTRACT 

 

Over the past few years there has been enormous increase in the consumption of the Electrical Energy, major 

part of which is extracted from the conventional way of Power Generation using fossil fuels, due to which the 

resource of the fossil fuels are draining, results of the some surveys shows that the fossil fuel reserves may last 

only few decades. Hence utilization of the energy generated from the Renewable Energy resources like Solar, 

Wind, Bio-Mass, etc. has to be encouraged to save the atmosphere and as an alternative fuel for the energy 

generation.  

Among the Renewable Energy resources Solar and Wind power generation have been increasing significantly 

due to the availability of the resources, ease of the generation, etc. so in this study we proposed a Hybrid 

Energy System which combines both the Solar Power and Wind power Generation . A control strategy has been 

proposed to track the operating point at which maximum power can be extracted from the Solar PV system and 

Wind Turbine Generator under certain environmental conditions. The detailed description of the entire hybrid 

system had been given along with the comprehensive simulation results. A software model is developed in 

Matlab/ Simulink. 

 

Keywords: P-V Array; P-V Module. 

 

1.0 Introduction 

 

In the recent years after the evolution of the 

energy extraction from the renewable energy 

resources like Solar, Wind, Bio-mass etc. the world 

started motivating towards the utilization of the 

renewable energy, as the energy obtained is clean, 

harmless to the environment etc.  

Solar energy is obtained due to the 

irradiation of the sunlight, solar cell is a p-n junction 

diode in which when sunlight falls on the cell the 

photons in it flows from the n-junction to the p-

junction due to which the electric current flows, 

hence the solar energy is created.  

Wind is also a form of solar energy which is 

caused due to the uneven heating caused in the 

atmosphere, which flows from the higher altitude to 

the lower altitudes.  

And the wind flow pattern depends on many 

parameters like season, water bodies, earth terrain, 

vegetation and geography. And wind turbine converts 

the kinetic energy of the wind to mechanical energy 

which is connected to separately excited DC 

Generator which converts the mechanical energy to 

electrical energy.  

As transportation is also a major part in the 

utilization of the fossil fuel hence to reduce the 

consumption the fossil fuel usage, as a part of 

contribution here a hybrid energy system had been 

modelled.  

Were the project is all about a hybrid energy 

system modelling integrating both solar power and 

the wind power for hybrid vehicles operated using 

battery.  

The paper is organized as follows In chapter 

1 the introduction of the project had been discussed, 

along brief explanation of hybrid energy system, 

motivation and the objectives of project is also 

deliberated, chapter 2 is about the literature survey 

which explains about the work done in the earlier 

stages, chapter 3 deliberates the design of solar P-V 

module and the design of wind turbine, chapter 4 

explains how the hybrid energy system is modelled in 

the Matlab/Simulink, chapter 5 is about the testing 

and the simulation of the hybrid energy model, 

chapter 6 is about the conclusion and the future scope 

of the project, and the references are deliberated at 

last.  
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2.0 Design of the Energy System  
 

A. Solar P-V Module  
P-V array is formed by connecting modules 

in series and parallel, the diode equivalent of the P-V 

module is shown below in Fig 3.1. And the solar P-V 

module is modeled below.  

 

Fig: 1. Diode equivalent of P-V Module 

 

 
 

Photo-current of the P-V module: 

 

 

This equations are used to simulate in mat 

lab/Simulink and the result shows the nonlinear 

characteristics of photovoltaic array at different 

irradiations and temperature.  

 

Table: 1. Solar Module (300W) Specification 

 

 
 

B. Modelling of Wind turbine  

Wind turbine converts the Kinetic energy of 

the wind to mechanical energy, this conversion 

depends on many parameters like velocity of the 

wind, pitch angle of the blade, tip speed ratio, 

performance coefficient of the turbine swept area of 

the turbine, and air density etc. Output of the wind 

turbine is the wind power 

 
The above equation clearly states the power 

available in the wind, but the mechanical power 

obtained from the turbine is different from each 

turbine as it depends on the performance of the 

turbine. Hence the aerodynamic power generated 

from the wind is given by 
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Where C1=0.5176, C2=116, C3=0.4, 

C4=10, C5=21, C6=0.0068.  

λ = Tip speed ratio,  

β = pitch angle.  

Power coefficient (Cp) is the function of tip 

speed ratio (λ) and pitch angle (β). The characteristics 

curve shows the detailed behavior of mechanical 

power extracted from the wind at different wind 

speed. And the power coefficient reaches maximum 

of 0.48 for maximum tip speed ratio of 0.81. The 

mechanical power obtained from the turbine has to be 

converted to torque, the mechanical torque is the ratio 

of the power obtained from the turbine to 

 
The above equation of torque defines the 

amount of torque delivered by the turbine to the 

connected generator shaft, it clearly states that torque 

is directly proportional to the square of the wind 

speed.  

The wind turbine specifications are tabulated 

in table.3.1.  

 

Table: 2. Wind Turbine Specifications 

 

 
 

3.0 Implementation in Matlab/Simulink  
 

The model is developed using 

Matlab/Simulink, the main block diagram of the 

Hybrid Energy System is shown in the Fig.1 it shows 

the Solar Energy System, Wind Energy System, 

Energy monitoring System and Battery storage 

device.  

The brief explanation of the each block is 

given below. Solar energy system and wind energy 

system generates power depending on the conditions 

in the input side which is given to the energy 

monitoring system for monitoring the input energy 

and in take depending on the requirement of voltage 

condition of the battery.  

 

Fig: 2. Complete Simulation of the Hybrid Energy 

System 

 

 
 

The Fig.2 shows the internal circuitry of 

Solar Energy System. In which solar energy is 

extracted from the solar panel and is given to boost 

converter for DC power regulation. For the extraction 

of the maximum from the solar module an 

Incremental Conductance Maximum Power Point 

Tracking Algorithm had been designed with which 

maximum power is been extracted from the solar 

module by tracing the maximum point of power in 

the solar module characteristics. The output power 

depends on two parameters of the solar module 

Irradiation and temperature of the module. The 

changes occurred in the solar module creates the 

change in output power from the solar module, which 

is given to the MPPT algorithm technique which 

monitors the changes and generates the pulses for 

triggering the gate of IGBT for regulating the output 

power to be in defined limit. These changes are made 

as per the duty cycle of the gate drive of IGBT. 

Triggering pulses are generated using the Pulse width 

modulation according to the changes in the duty cycle 

of gate drive of IGBT.  

 

'Fig: 3. Design of Solar energy system.  
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Fig.3 shows the design of Wind Energy 

System in which is been designed using wind turbine 

connected to the separately excited DC machine, and 

the output of the DC machine to be given to the 

Buck-Boost converter for the regulation. When their 

occurs the changes in the wind speed or in tip angle 

the torque obtained from the wind turbine changes 

which is connected to the shaft of the separately 

excited DC machine which generates the electricity 

from the input load torque.  

 

Fig: 4. Design of Wind Energy System 

 

 
 

Fig.4 is shows energy monitring system in 

which the power obtained from the two sources is 

been monitered and will take energy from any one 

source or from the both as per the reuirement of 

battery charging. Here the controller is designed such 

the battery starts charging when the battery volatge is 

less than the certain limit and it will avoid the battery 

usage when the battery voltage is below certain limit. 

Hence the controller is bee designed.  

 

Fig: 5. Design of energy monitoring system  

 

 

Fig.5 shows the battery storage device in 

which the energy from the source chosen by energy 

monitoring system is been connected to the battery to 

get it charged. The battery starts getting charged 

when the voltage of the battery is less than the 95% 

of its full charge and it will not allow the battery to 

get drained when the battery voltage goes below 15% 

of full charge.  

 

Fig: 6. Battery Storage Device  

 

 
 

Hence modeling of the Hybrid Energy 

system is done using Matlab/Simulink and compiled. 

The results are obtained which is explained in the 

section VI.  

 

4.0 Simulation Results  
 

The model developed in the 

Matlab/Simulink is has compiled and the results are 

obtained as shown below. Here the output obtained at 

the output side of solar energy system, wind energy 

system and the battery characteristics. 

 

Fig: 7. Voltage, Current and Power output 

waveforms of solar energy system  
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Fig: 8. Voltage, Current and Power output 

waveforms of wind energy system  
 

 
 

Fig: 9. Voltage and Current Waveforms of Battery  
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