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ABSTRACT 
This paper presents a modelling and control of grid connected Hybrid wind photovoltaic array. Hybrid energy system 

consists of two or more renewable/non-renewable energy sources. In this paper the hybrid energy system is formed by the combination 
of wind and photovoltaic array. The modelling of the components of the global system is developed with the integration of converters 
losses involved in the solar and wind generating subsystem .It is shown that this model is interesting for analyzing the dynamic 
behaviour of the system and for designing the control strategy.  

 KEYWORDS: Wind energy, Photovoltaic ,Grid-connected, Hybrid renewable energy, Stand-alone,control strategies . 
 

 

 

I.  INTRODUCTION 

The solar and wind pv hybrid generation system then this output synchronis with grid as the voltage and frequency. 
The combination of hybrid solar and wind power systems into the grid can further help in improving the overall 
economy and reliability of renewable power generation to supply its load. Similarly, the integration of hybrid solar 
and wind power in a stand-alone system can minimize the energy storage size needed to supply continuous power.the 
combined solar and wind system into grid can help to minimum cost and improving reliability of power generation 
to supply its load. The stand-alone systems can be sub-classified into common DC bus or common AC bus. 
Distributed generators can help fluctuations in power supply since generations’ units will be close to the loads. 
Combining both PV solar and wind powers can minimize the storage requirements and ultimately the overall cost of 
the system . Increasing PV panels and capacity of wind turbines could be a better option compared to the increasing 
of batteries since batteries are much more expensive with a shorter lifespan compared to the life time of a PV or WT. 
The increased penetration of grid-connected renewable energy sources has an impact on the grid power quality in 
particular weak grids. Voltage fluctuation, frequency fluctuation and harmonics are major power quality issues. 
Furthermore, intermittent energy from solar PV and wind has a huge impact on network reliability. However, 
accurate forecasting and scheduling systems can minimize the impacts. Various statistical forecasting and regression 
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analysis approaches and algorithms are used to forecast weather pattern, solar radiation and wind speed .This paper 
aims at the averaged modelling and energy flow analysis of a stand-alone hybrid generating system comprising of 
wind and photovoltaic subsystem . the average model is used because it’s adequate for long time dynamic simulation. 
Both, photovoltaic and wind coversion subsystem are modelled and simulated integrating chopper losses. A 
mathematical modelling and analysis of energy losses involved with power conditioners converters is particularly 
developed. As well, the design and the dimensioning of buck power components (inductor, capacitor) are presented 
for each subsystem. 
  Maximum power point tracking (MPPT) controllers are used in photovoltaic and wind subsystem to 
maximize respectively the photovoltaic array and the wind generator output power , irrespective of the climatic 
conditions(temperature,irradiation and the wind velocity) and of the load electrical characteristics. The individual 
system are simulated for varying wind velocities and solar intensities respectively and the result are used to identify 
the performance of hybrid system. 
II .PROPOSED METHODOLOGY 

 
                                            Figure II.1 : Block diagram of proposed methodology 

In this system there is a wind turbine, the output of the wind turbine goes to permanent magnet 
synchronous generator. The output of the wind system is in ac so we need ac to dc converter to convert the ac output 
in to dc .Similarly in the PV side the output of the PV array is connected with a dc-dc boost converter to rise the 
output voltage up to a desire level. And the output of PV and wind are connected with a common DC link voltage. The 
common DC link voltage will be connected with the DC to AC converter and the output of the inverter is 
synchronizing with grid. This inverter changes DC power from PV array and the wind turbine into AC power and it 
maintain the voltage and frequency is equal to the grid voltage and frequency. 

The explanation of each blocks are following ways: 
Solar cell: PV array are formed by combine no of solar cell in series and in parallel. A simple solar cell 
equivalent circuit model is shown in figure. To enhance the performance or rating no of cell are combine. Solar cell 
are connected in series to provide greater output voltage and combined in parallel to increase the current. Hence a 
particular PV array is the combination of several PV module connected in series and parallel. A module is the 
combination of no of solar cells connected in series and parallel. 
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Figure II.2 : Circuit diagram of a single PV cell 

Photo-current of the module: 

 

 

Reverses saturation current of the module: 

 

 

Saturation current of the module: 

 

 

The current output of PV module: 

 

 
This equation is used to simulate in mat lab/Simulink and the result shows the nonlinear characteristics of 
photovoltaic array at different irradiations and temperature. 
Wind system: Wind is a form of solar energy and it is available everywhere. Always wind blows from a higher 
atmospheric pressure region to the lower atmospheric pressure region due to the non uniform heat by the sun and 
due to the rotation of the earth. In other wards we can say that wind is a form of solar energy available in the form of 
that kinetic energy of air. 

By using the power of the wind turbines produce electricity by drive an electrical generator. A moving force 
is exerted and generates lift when wind is passing over the blades. The rotating blades rotate the shaft which is 
connected with the gearbox. The gearbox adjusts the rotational speed which is convenient for the generator to get a 
desired output. The output of the wind generator is fed to the transformer which converts the electricity of the 
generator up to 33 kv which is the appropriate voltage for power system. From the swept area of the blades a wind 
turbine extracts kinetic energy. So the power contained in the wind is given by the kinetic energy of the flowing air 
mass per unit time. 
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III . MAXIMUM POWER POINT TRACKING ALGORITHM FOR SOLAR SYSTEM 

In solar panel peak power is archived with the help of a DC-DC boost converter and it is used in between the 
PV generator and the load by adjusting the duty cycle. Maximum Power Point of a solar module varies with the 
variation of irradiation and temperature So MPPT algorithms are necessary in PV applications because by the use of 
MPPT algorithms it obtain the peak power from the solar panel. Previously there are different methods to find the 
MPP have been published and developed. According many aspects these techniques differ such as required sensors, 
complexity, range of effectiveness, according to speed, cost, if there is change in irradiation and temperature than 
also the effectiveness of tracking, requirement of hardware and its implementation. 19 different MPPT algorithms are 
there among these techniques, the Incremental conductance algorithms and the P&O algorithms are generally used. 
This is easy to use and simple in operation and required less hardware as compare to other. When there is more 
than one MPP other MPPT technique are used and it appeared generally when the PV array is partially shaded. 
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Figure III :Circuit Arrangement of MPPT 

Three phase LC filter (For Harmonics reduction) 

In grid synchronization due to the PWM inverter ripple current is injected to the grid to overcome this problem LC 
filter is used. Based on the current ripple the value of L is design.Due to the lower switching smaller ripple result. The 
change in current is 10% to 15% of the rated value. In this system 10% of the rated current can be considered for the 
designed value of the inductor L. 

  

For reactive power supplied from the capacitor at fundamental frequency the capacitor C is designed. So due to the 

design of reactive power 15% of the rated power is to be taken. 

 

IV. MATLAB SIMULATION MODEL  
Electrical power systems are combination of electrical circuits and electromechanical devices like motors 

and generators. Engineers working in this discipline are constantly improving the performance of the systems. 
Requirements for drastically increased efficiency have forced power system designers to use power electronic devices 
and sophisticated control system concept that tax traditional analysis tools and techniques. Further complicating the 
analyst’s role is the fact that the system is often so nonlinear that the only way to understand it is through simulation. 
Land-based power generation from hydroelectric, steam, or other devices is not the only use of power systems. A 
common attribute of these systems in their use of power electronics and control systems to achieve their 
performance objectives. 

               SimPowerSystems software is a modern design tool that allows scientists and engineers to rapidly 
and easily build models that simulate power systems. It uses the Simulink environment, allowing you to build a model 
using simple click and drag procedures. Not only can you draw the circuit topology rapidly, but your analysis of the 
circuit can include its interactions with mechanical, thermal, control and other disciplines. This is possible because 
all the electrical parts of the simulation interact with the extensive Simulink modelling library. Since Simulink uses 
the MATLAB computational engine designers can also use MATLAB toolboxes and Simulink block sets 
SimPowerSystem software belongs to the Physical Modeling product family and uses similar block and connection 
line interface. 
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Figure IV Matlab simulation model of Hybrid power system 

IV   RESULT 

Solar and wind system output 

 

 

Figure IV.1: Generated output DC voltage at Solar and wind system output 
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Figure IV.2: Solar system output without MPPT algorithm and with MPPT algorithm. 

 

 

Figure IV.3: Wind turbine performance parameter rotor speed and corresponding rotor 

angle in rad. 
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Figure IV.4: Multilevel inverter output voltage and current with harmonics content due to 

switching effect. 

 

Figure IV.5: Voltage and current waveform after LC filter. 
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Figure IV.6: Voltage and current waveform at three phase source. 

 

 

Figure IV.7: Voltage and current waveform of main bus bar (Infinite bus). 
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V . CONCLUSION 
This paper give an overview of different research works related to control for grid-connected and stand-

alone hybrid solar PV and wind systems. Solar PV and wind hybrid system can be connected in a common DC or 
common AC bus whether they are working in a grid-connected mode or a stand-alone mode. In this project for 
comparing these two algorithms three series model and six parallel model is taken and simulated in 
Matlab/Simulink. From the simulation result it is observed that both the method give nearly same result. So the P&O 
method is chosen for the grid synchronization purpose because of its simplicity and easy implementation. A dynamic 
model of wind turbine is model and simulated. PMSG is used in this paper as a wind generator due to its self 
excitation capabilities and requires less maintain. A 6kW out power is generated from the PMSG. A greed side VSI is 
used to synchronize the wind-PV hybrid system. The various waveform of this system were obtained by using the 
software Matlab/Simulink. The simulation result showed excellent performance and the DC linked voltage is able to 
maintain at a constant level at 640 V from the wind –PV hybrid system with varying condition of wind and with 
different irradiation and temperature. In future we can combine other hybrid system with this existing one like fuel 
cell or battery system can be added and by using matlab it can be analyzed. The work was carried out by doing 
extensive research and by using a design process to implement each system individually. Testing and development 
through understanding was also a significant part of this work. 
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