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Abstract— In present context electrical energy is playing a 

crucial role in development of any nation. Enormous 

consumption of resources like coal, oil etc. has created 

demand for renewable energy. Due to the current 

requirements for the development of renewable energy as 

sources of electrical energy, wind energy conversion is 

getting much interest all over the world. This System is 

designed to have two basic types of alternative energy 

sources i.e. solar panel and wind turbine. This paper deals 

with the modeling and simulation of a grid connected PV 

Wind Hybrid Power System. Both the systems are 

connected parallel and connected to the grid. The output of 

PV and wind taken to at a common point and given to the 

inverter. The key problems of hybrid system are involved 

with stability and power quality. To tackle these problem 

inverter’s gate pulse is controlled. 
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I. INTRODUCTION 

In the present scenario there is a enormous demand for 

renewable energy resources as the conventional energy 

resources are becoming vanished and costly. The renewable 

energies being exist freely must be consumed properly to 

extract maximum power from them. Numerous such energy 

sources like wind energy and Photovoltaic (PV) are 

nowadays well developed, cost effective and are being 

generally used. Renewable sources of energy are used 

because they are environment friendly. Renewable energy 

based distributed generators (DGs) play a central role in 

electricity production, due to the increasing threat of global 

warming. Distributed generation centered on renewable 

energy sources will give major momentum in near future. 

The integration of the renewable energy sources to form a 

Hybrid system contain of two or more renewable or 

nonrenewable energy sources, is an excellent option for 

distributed energy production generation is small compared 

to nonrenewable energy generation, these renewable energy 

generation technology is placed nearby the load or 

connected to the utility grid. 

The hybrid system is of two renewable sources. 

Input sources are solar and wind energy. A Wind Turbine 

(WT) transforms mechanical energy in to other forms of 

electrical energy and it provides ac output voltage is 

converted to dc output by using rectifier. In PV cell light 

energy is converted into electrical energy and it provides dc 

output voltage. In order to keep constant dc- link voltage, 

dc-dc boost converter is used to control the output from 

solar and wind. The Grid- connected hybrid wind and PV 

system has high reliability to deliver constant power to the 

load, if any time renewable energy sources are not available 

then the loads are directly connected to the grid. d-q based 

current control method is used to control the voltage source 

inverter (VSI) to control the operation of the grid connected 

hybrid system. 

II. BLOCK DIAGRAM OF HYBRID SYSTEM 

 
Fig. 1: Block diagram of solar-wind hybrid system 

connected to grid 

The block diagram of the proposed hybrid system is shown 

in figure 1. Wind and solar energy are the input sources of 

the hybrid system. To integrate these renewable energy 

sources at dc link dc to dc converter is used. The output 

across the dc link is given as the input of the inverter, d-q 

based current control method is used to get ac output 

voltage. The output of the inverter is given to the grid 

through RL filter it gives ripple free voltage. 

III. MATHEMATICAL MODELING OF SOLAR PHOTOVOLTAIC 

SYSTEM 

PV cell are buildup of semiconductor materials, which are 

usd such that to form an electric field, with positive and 

negative side. PV cell can be denoted by a current source in 

parallel with a diode. The current source represents the 

current produced by photons (Iph or IL). When the constant 

irraidiation and constant temperature is provided then 

constant output of PV cell obtained. Rs and Rsh are the 

series and shunt resistance of the circuit. Rs made of the 

contact resistance of the cables along with the resistance of 

semiconductor itself. Parallel or shunt resistance Rp 

contains leakage currents at the photovoltaic cell edges. This 

is commonly in the range of kΩ and so they have nearly no 

effect on the current-voltage characteristics. The diode 

governs the current voltage characteristic of the cell. The 

output of the current source is directly proportional to the 

light fall on the cell. 
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Fig. 2: PV cell equivalent circuit 

The diode current and solar cell output current is given by, 

 
Where:  

I: Solar cell current (A)  

Ish: Light generated current (A) 

ID: Diode saturation current (A)  

q: Electron charge (1.6×10-19 C)  

k: Boltzman constant (1.38×10-23 J/K)  

T: temperature of Cell in Kelvin (K)  

V: solar cell output voltage (V)  

Rs: series resistance of Solar cell (Ω)  

Rsh: shunt resistance of Solar cell (Ω) 

 
Fig. 3: Simulink Model of PV system 

IV. MODELING OF WIND ENERGY CONVERSION SYSTEM  

The motion of air in the atmosphere is originated by the 

irregular heating of the earth’s surface by sun. Normally, 

during the day the air above the land mass be possible to 

heat up very rapidly than the air over water. In seashore 

areas this reveals itself in a robust onshore wind. At night 

the procedure is reversed as the air cools down very rapidly 

over the land and the wind setbacks off shore. 

Wind energy can transform into many form of 

energy, as wind turbine is used to generate electricity, 

mechanical power windmills for water lifting wind pumps, 

also in propelling ships. Wind energy is able to supply large 

volume of power and the total amount of available power 

available from the wind is significantly more than the 

present human power used from all the sources. Wind power 

is an alternate of fossil fuels, is abundant, widely expanded, 

clean, and renewable and during operation no greenhouse 

gas produced. Wind power is the fast increasing source of 

energy. 

Wind energy system changes the kinetic energy of 

wind into the electrical energy. The kinetic energy of air of 

mass (m) moving at speed (v) can be represented by the 

equation, 

 
The power of wind is given by , 

 
The specific power of a wind is given by, 

 
Where, ρ: Air density.  

A: swept area of Rotor.  

d: Distance (m).  

m: mass of air =air density*volume  = ρ*A*d.  

v: speed expressed as Distance/time (m/s). 

The real power take out by rotor blades from wind 

is the difference between the upstream wind power and 

downstream wind powers, 

 
Where V is the upstream wind velocity at the entry 

of the rotor blades, V0 is the downstream wind velocity at 

the exodus of the rotor blades. Km is the mass flow rate, 

which can be represented as, 

 
Let, 

 
Where Cp  is power coefficient 

 
Where, λ is  tip speed ratio and β is pitch angle. 

 
Pitch angle is equal to zero degrees to get maximum power 

from the wind turbine. 
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Fig. 4: Simulink Model of wind system 

V. VOLTAGE SOURCE INVERTER CONTROL 

To maintain three phase voltage source inverters (VSI), 

there are two control method: current control and voltage 

control. The VSI a voltage controlled use the phase angle 

connecting the inverter output voltage and the grid voltage 

to keep the power flow. The current controlled voltage 

source inverter, the active and reactive components of the 

current add into the grid are controlled by means of pulse 

width modulation (PWM) techniques. A current controller is 

fewer vulnerable to voltage phase shifts and to amendment 

in the grid voltage. Besides, it is quicker in response. The 

voltage control is exposed to minute phase errors.. The 

current controller of three phases VSI acting an necessary 

part in controlling grid connected inverters. 

 
Fig. 5: VSC Main Controller 

Therefore, the quality of the appropriate current 

controller normally effects the presentation of the inverter 

system. Numerous control mechanism have been intended to 

control the inverter output current that is injected into the 

utility grid. Amongst these control mechanisms, three main 

types of current controller have grown: hysteresis controller, 

analytical controller and linear proportional integral (PI) 

controller. Analytical controller has a good steady state 

performance and delivers a good dynamic performance. 

However, its performance is subtle to system parameters. 

The hysteresis controller has a rapid transient response, non-

complex realization and an natural current safety. Though, 

the hysteresis controller has several disadvantage likr 

variable switching frequency and large current ripples.  

VI. MODELLING OF WIND-PV HYBRID SYSTEM IN MATLAB / 

SIMULINK 

 
Fig. 6: Simulation model of Wind-PV Hybrid Power System 

VII. SIMULATION RESULT OF HYBRID POWER SYSTEM  

Solar irradiance and wind speed are used for the simulation, 

The data is the input of PV and Wind energy system. The 

waveforms of the Solar and Wind energy generation system 

are shown and also the waveform from  inverter  voltage and 

current is obtained. 

 
Fig.7: output waveform of solar photovoltaic system 

 
Fig. 8: output waveform of wind energy system 

 
Fig. 9: waveform of voltage across the capacitor 
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Fig. 10: voltage waveform of VSC inverter 

 
Fig. 11: current waveform of VSC inverter 

VIII. CONCLUSION  

This paper represent the modeling and simulation of a grid 

connected Hybrid Solar Wind Power System. Matlab/ 

Simulink is used for the simulation of system. The PV 

output and the wind output after changing to dc by the help 

of rectifier is given to the inverter. And then the 

combination of solar and Wind is given to the grid. 

REFERENCES 

[1] Seul Ki Kim, Eung Sang Kim, Jong Bo Ahn, “Modeling 

and control of a Grid connected Wind/PV Hybrid 

Generation System”, 2005/2006 IEEE PES 

Transmission and Distribution Conference and 

Exhibition,21-24 May 2006,pp.1202-1207. 

[2] N. Pandiarajan, RanganathMuthu, “Mathematical 

Modeling of Photovoltaic Module with Simulink”, First 

International Conference on Electrical energy system 

(ICEES),3-5 january 2011,pp.258-263. 

[3] Munish Kumar, “Simulation and Analysis of Grid 

Connected Photovoltaic System with MPPT” , 2012 

IEEE 5th Power India Conference,19-22 dec.2012,pp.1-

6. 

[4] Kun Ding, Xin Gao Bian, “A MATLAB-Simulink-

Based PV Module Model and its Application Under 

Conditions of Non uniform Irradiance”, IEEE 

Transactions On Energy Conversion,Vol.27, NO.4, 

December2012. 

[5] Ling Lu, Ping Liu, “Research and Simulation on 

Photovoltaic Power System Maximum Power Control” 

nternational conference on Electrical and control Engg 

(ICECE), 16-18 sept.2011, pp.1394-1398. 

[6] R. Chenni, M. Maklouf, T. Kerbache and A. Bouzid, “A 

Detailed Modeling Method for Photovoltaic Cells,” En-

ergy, Vol.32, No.9,2007, pp.1724-1730. 

http://dx.doi.org/10.1016/j.energy.2006.12.006 

[7] Natshes,E.M, “Modeling and Control for Smart Grid 

Integration of Solar/Wind Energy Conversion System” 

,Innovative smart Grid Technologies(ISGT 

Europe),2011 2nd IEEE International Conference and 

Exhibition,5-7 Dec.2011,pp.1-8. 

[8] Kurozumi, Kazuhiro et al, “Hybrid system composed of 

a wind power and a photovoltaic system at NTT Kume-

jima radio relay station”, INTELEC, International 

Telecommunications Energy Conference 1998, pp. 785-

789. 

[9] Aditi, Dr. A.K.Pandey, “ Performance Analysis of grid 

connected PV Wind Hybrid Power System”,  Volume 

11, Number 1 (2016) pp 706-712 

[10] Jitendra Kasera, Ankit Chaplot and Jai Kumar 

Maherchandani, (2012). “Modeling and Simulation of 

Wind-PV Hybrid Power System using Matlab/ 

Simulink”, IEEE Students’ Conference on Electrical, 

Electronics and Computer Science.  

[11] Chen et al., “Multi-Input Inverter for Grid-Connected 

Hybrid PV/Wind Power System”, IEEE Transactions 

on Power Electronics, vol. 22, May 2007  

[12] Seul Ki Kim, Jin Hong Jeon, Chang Hee Cho, Jong Bo 

Ahn and Sae Hyuk Kwon. 2008. Dynamic Modeling 

and Control of Grid- Connected Hybrid Generation 

System with Versatile Power Transfer. IEEE 

Transactions on Industrial Electronics. 55(4): pp. 1677-

1688.  

[13] M. Singh, V. Khadkiar, A. Chandra and R.K Varma, 

“Grid interconnection of Renewable Energy source at 

the distribution level and power quality improvement 

features”, IEEE Transaction on power delivery, Vol 26, 

Issue 1,2011,pp.307-315.  

[14] K. T. Tan. P. L. So. Y. C. Chu.and K. H. Kwan. 

Modeling, Control and Simulation of a Photovoltaic 

Power System for Grid-connected and Stand-alone 

Applications. Proceedings of IPEC,IPEC’10,pp 608-

613,2010.  

[15] J. H. So, Y. S. Jung, G. J. Yu, J. Y. Choi, and J. H. 

Choi, “Performance results and analysis of 3 kW grid-

connected PV systems,” Renewable Energy, vol. 32, no. 

11, pp. 1858–1872, 2007.  

[16] R.-J. Wai and W.H. Wang, “Grid-connected 

photovoltaic generation system,” IEEE Transactions on 

Circuits and Systems I, vol. 55, no. 3, pp. 953–964, 

2008  

[17] S.-K. Kim, J.-H.Jeon, C.H. Cho, E.S. Kim, and J.B. 

Ahn, “Modeling and simulation of a grid-connected PV 

generation system for electromagnetic transient 

analysis,” Solar Energy, vol.83, no. 5, pp. 664–678, 

200. 

[18] L.-Q. Liu and Z.-X. Wang, "The development and 

application practice of wind-solar energy hybrid 

generation systems in China," Renewable and 

Sustainable Energy Reviews, no. 13, pp. 1504_1512, 

2009  

[19] Joanne Hui, Alireza Bakhshai and Praveen K. Jain, “ A 

Hybrid Wind-Solar Energy System: A New Rectifier 

Stage Topology”, IEEE Xplore 2010.  

[20] S.K. Kim, J.H. Jeon, C.H. Cho, E.S. Kim, and J.B. Ahn, 

“Modeling and simulation of a grid-connected PV 

generation system for electromagnetic transient 



Simulation Modelling of Integrated Solar Wind Hybrid Energy System Connected to Grid 

 (IJSRD/Vol. 4/Issue 05/2016/232) 

 

 All rights reserved by www.ijsrd.com 920 

analysis, ”Solar Energy, vol.83, pp. 664- 678, May 

2009  

[21] Seul-Ki Kim, Eung-Sang Kim, and Jong-Bo Ahn, 

Modeling and Control of a Grid-connected Wind/PV 

Hybrid Generation System, IEEE PES Transmission 

and Distribution Conference and Exhibition, 2006  

[22] K. T. Tan, P. L. So, Y. C. Chu, and K. H. Kwan, 

(2010). “Modeling, Control and Simulation of a 

Photovoltaic Power System for Grid-connected and 

Stand-alone Applications”, IEEE- IPEC. 


