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Abstract 
 In recent years, increase in environment concerns and demand for energy are two main issues in 

ongoing growth of using solar systems. Solar energy has been known as a renewable and clean energy 
source. One of the most applied and new ways for using sun energy is hybrid photovoltaic technology. 
This paper discusses requirements, methods, limitations and technologies used in the hybrid photovoltaic-
wind power system. 
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1. Introduction 

Today, studies and researches have increased to find a new fuel for producing 
electricity, regarding environmental concerns in energy field and decreasing fossil fuel 
resources. Man has used sun energy during history in various forms like concentrating it in a 
certain point or its lighting energy. 

Most renewable fuel power plants like wind, biomass and solar plants usually feed loads 
isolated from grid to remote areas [1-4]. For remote areas in power system with low power 
consumption, renewable energies like photovoltaic system play very effective role. 

One issue that makes using solar systems more important and interesting is lack of 
damage to environment and being free. It can be said that increase in productivity factor and 
reducing running costs of these systems are two important and promising factors in widespread 
use of this energy in world [5]. Unfortunately, lack of growth and development of photovoltaic 
systems increases the cost of photovoltaic systems such that most researchers did not consider 
using it instead of common energies as cost-effective [6].  

Energy loss in the panels have significant role in the efficiency of electric output of 
panels. Climate can have significant effect on the efficiency of system such that this effect is 
imposed through radiation, temperature and shadow of a cloud on the area [7].  

In order to increase gain of hybrid photovoltaic-wind systems, we need comprehensive 
and theoretical knowledge. In this regard, researchers have suggested following maximal power 
point to increase efficiency of system. Researchers have focused on changing panel cells.  
One of suggested methods for increase in gain of renewable energies is simultaneous use of 
solar energy along with other renewable energies [8]. This study presents methods, algorithms 
and other issues needed for hybrid photovoltaic-wind systems. 
 
 
2. Photovoltaic Concept and Modeling Photovoltaic System 

Semiconductor device that transforms sunlight to electricity is known as photovoltaic 
cell. This phenomenon is called photovoltaic. In order to increase system production voltage, 
solar cells are placed in series and parallel way. In order to increase voltage and current and 
produced power by solar arrays through radiation, temperature and other factors like wind can 
be changed [9-12]. Solar cell is a non-linear element and it can be modelled like current flow as 
in Figure 1. In Figure 1,  current is the diode saturation current and  and Rsh resistances 
are series and parallel resistances of solar cell. Rsh resistance is larger than  resistance such 
that it is ignored in the analysis of solar cells. Solar array forms by placing solar cells near each 
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other and its reason is increase in panel’s current and voltage. Current equation of solar array 
based on voltage is as Equation (1): 

 

 
  

Figure 1. Photovoltaic Cell Model [9] 
 
 

Current equation of solar array based on voltage is as Equation (1): 

                                                                                              (1) 

In equation (1), I is panel current, Np and Ns are series and parallel cells. q is electron charge 
and k is Boltzmann constant. A is ideal factor [13]. In equation (1), Id is reverse saturated 
current. Id calculates as equation (2) [14]: 

                                                                                        (2) 

In equation 2,  is cell reference temperature.  is saturated current in   temperature. T is cell 
temperature and is the gap between two bands which is different for each semiconductor 
used in solar cell.  is called current produced by cell which depends on radiation and 
temperature of cell.  obtains by equation (3). 
                                                                                                (3) 
In equation (3), is short-circuit in reference temperature.  is the temperature factor. It is 
clear that if we want to obtain , V should be multiplied in the equation (2) and then, we 
calculate dp/dv=0. 
 
 
3. Producing Energy using Wind 

Feed induction generator is, in fact, winding rotor generator that its stator is directly 
connected to the power network and its rotor is connected through two consecutive electric 
converters [15]. Figure 2 shows it schematically. 

 

 
  

Figure 2. Wind Turbine Generator Schematic 
  
  

Equation (4) and (5) might be utilized to simulate a Part of aerodynamic wind turbine [15]: 
 

                                                                                         (4) 

 
                                                                                                                (5) 
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Equations 6-12 simulate Parts of Gearbox and DFIG generator. 
 

                                                                           (6) 

 
                                                                                           (7) 

 
                                                                                                              (8) 

 
                                                                                                            (9) 

 

                             (10) 

 

                                 (11) 
 

; ; ; ;                                  (12) 

  
Among advantages of using synchronous generators, we can refer to following:   
1) As a result of constant frequency of network and regulating rotor frequency, there is 

possibility of controlling mechanical velocity and absorbing maximum power from wind turbines. 
2) Nominal power of electronic converters in double induced generator is very lower 

than nominal power used in synchronous generators.  
 
 

Table 1. Variables used in equations 4-12 
Variable Definition 

 Kinetic energy of the rotor 

 Air density 
Swept area of the rotor R 

V  Wind speed 
Power factor 

 Tip speed ratio 

 Angular velocity of the turbine 

 Rotor inductance  

 Stator inductance 

 Aerodynamic generator torque 
Torque of the turbine 

Conversion ratio gearbox 
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Regarding non-linearity of wind turbine curves and using gain table, various studies 
have been done for achieving more power. The parameters exploited in Equations (4-12) are 
presented in Table 1. 
 
 
4. Hybrid Photovoltaic-Wind Power Systems and Necessity of using them 

In recent decade, various studies have conducted on this subject. Generally, it can be 
said that synchronous use of renewable energy along with thermal and wind energies and other 
renewable fuels, connected or disconnected from grid, is called hybrid. Some researchers 
believe that using photovoltaic system and sunlight is not suitable. One of their reasons is the 
weakness of this system in some climates in some hours which necessitate synchronous using 
of different energies. Generally, among advantages of this systems, we can refer to increase in 
the stability of network, reduction in outage and increasing reliability of network [16-20]. This 
study has investigated the climate changes (effective factors on hybrid system) in Bushehr in 
Iran. Figure 3 shows the radiation changes for one month in Bushehr. As figure 3 shows, 
changes in radiation in one month is great. Figure 4 shows the amount of changing wind power 
in one month in Bushehr. Regarding extensive changes in radiation and wind in diagrams 3 and 
4 in one month, we can say that using these two energies along with each other in hybrid form 
is a logical work because non-implementation of it leads to energy shortage in days with low 
radiation or low wind velocity 

One of the system problems is the unpredictable behavior of these systems from output 
view. Wind and photovoltaic hybrid depends on the climate of region. Among these influential 
factors, we can refer to radiation, temperature and wind velocity [9]. Connection schematic of 
this arrangement is as figure 4. In figure 3, photovoltaic panel is connected directly to hybrid 
controller. Energy produced by these panels is connected indirectly from controller charge to 
hybrid controller. Generally, hybrid controller is known as a sample larger than controller charge 
such that this device has the role of controlling system. It is clear that Ac and Dc loads can be 
embedded in this system. 

 
 

.  
 

Figure 3. Radiation Changes for One Month In Bushehr [21] 
 
 

 
  

Figure 4. Wind Velocity Based on m/s in One Month in Bushehr [21] 
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Figure 5. Schematic of Connecting Hybrid Photovoltaic-Wind System [22] 
 
 

Among important and influential advantages of these systems is that wind and 
photovoltaic solar systems can act to supplement each other and make the network stable. At 
night or when the sky is windy, wind system can continue its works and helps photovoltaic 
system. Photovoltaic panel in wind reducing hours will impose its effect on the efficiency of 
system. 
 
 
5. Conclusion 

By reducing resources of fossil fuels and increasing environment pollutions, it is 
inevitable to move toward renewable and clean energies. In this regard, by considering relations 
studied in this paper, wind velocity and radiation amount are two essential factors that using one 
of photovoltaic and wind systems leads to problem. Regarding figures 3 and 4, wind and 
radiation has great changes during one month which shows necessity of using solar-wind 
systems. In this study, connection of solar hybrid system and necessity of using solar hybrid 
system was studied. It is suggested that future studies leads to increase in the efficiency of 
wind-hybrid systems using power maximizing systems. 
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