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Abstract—This paper describes the analysis and design of a 

hybrid (Wind/PV) power system for domestic applications in 

rural and remote areas, in this system each component is 

modeled with respect to its application type. The sizing of this 

system is mainly based on the price quality factor of the 

extracted energy. The system under study is modeled under the 

Matlab/Simulink simulation platform then it is tested for 

different meteorological conditions. In this design each system 

is controlled individually to operate in its maximum power 

point (MPPT). The simulation results and the sensibility 

analysis show that our generator is able to exploit the 

complementarily between the two energy sources (wind/ PV) 

and provides a reliable energy production. 
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I. INTRODUCTION 

Nature offers free, inextinguishable and widely available 
energy sources. The most common renewable energies are 
wind and photovoltaic energies. The rapid development in 
semiconductor technologies made these energies more 
profitable. These energy sources are usually used in 
standalone fashion or combined together in a hybrid 
framework, also, they can be isolated or grid connected. 
Given that the energy yield of these systems is highly 
dependent on meteorological conditions, the combination of 
many sources in a hybrid framework seems to be a 
reasonable solution to ensure stable energy production. In 
order to achieve a balance between to production and the 
consumption, energy storage elements are required. 
Moreover, complementary energy sources such as diesel 
generators are necessary in case of outages. A multi-source 
power supply must obey some connection architecture. Also, 
a convenient production monitoring of the sources with 
respect to loads allows fulfillment of electrical need as well 
as an optimal utilization of the produced energy. In this 
regard, this paper conducts a survey on the optimal 
architecture of a standalone network and the well suited 
monitoring and supervision strategy. 

II. HYBRID SYSTEM CONFIGURATION

A typical hybrid energy generation system is shown in 
Fig. 1; its main constituents are a 1Kw wind turbine 
generator (WTG), a 3Kw photovoltaic array. The energy 
storage system is a Battery bank that is initially charged to 
50% of its maximum capacity which can be chosen 
according to the desired autonomy. The whole system 
supplies an AC load of 1Kw. 

Figure 1. The studied hybrid system configuration 

III. WIND MODELING 

A. Wind Speed 

Wind speed, regarding its statistical distribution is of 
paramount importance in every wind plant; hence it is a 
decisive factor in assessing energy production and its 
efficiency [1].  

In this work, the wind speed is modeled as a 
deterministic, non-stationary signal given as the sum of 
sinusoids as follows: 
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B. Wind turbine 

The mechanical power  of the wind turbine is given 
by:

3).,(...
2

1
VCSP ptwind blr= (2)

The computation of the power coefficient  requires the 

use of blade element theory and the knowledge of blade 
geometry. In this paper, the wind turbine used corresponds to 
the one with the numerical approximation developed in [2], 
where the power coefficient is given by: 

ieC
i

p
lbb

l

418

142 2.13002.058.0
151

73.0
-

÷÷
ø

ö
çç
è

æ
---=        (3) 

                      

1

003.0

02.0

1

1

3 +
-

-

=

bbl

li                               (4) 

The power coefficient is a function of the pitch angle 

 of rotor blades and of the tip speed ratio  lambda, which 
is given by: 

                                          
wV

R´W
=l                               (5)                                                                                                                                                                                                                                     

C. Permanent Magnet Synchronous Generator (PMSG) 

Permanent magnet synchronous generators (PMSG’s) are 
typically used in small wind turbines for several reasons 
including high efficiency, gearless, simple control...etc. [3]. 

A simple steady-state model, such as those used in other 
types of machines, has been chosen in order to evaluate the 
behavior of these types of machines, with the following 
assumptions: 

· Saturation is neglected; 
· Internal voltage or back emf is sinusoidal(harmonic 

components are neglected); 

· Eddy currents and hysteresis losses are negligible 

sd sq   
     

                 (6)                                                                                                                                                              

              fsdsd
sq

sqsqssq IL
dt

dI
LIRV wyw +---=                (7)                                                                                 

                     )(
2

3
sdsqsqsdem IIpT yy -=                            (8)                                                                                       

                             fsdsdsd IL yy +=                                  (9)                                                                                                 

                                sqsqsq IL=y                                        (10)                                                                                                                                                                                                                   

            sqsdsqsdsqfem IILLpIT )( -+=y                        (11)                                                                                                                                                                                                 

                            sqfem IT y=                                        (12)                                                                                                                                                                       

· Mechanical drive train : 

                   
dt

d
jfTT emme

W
=W-- .                           (13)  

meT : Mechanic torque 

emT : Electromagnetic torque 

W.f : Friction torque

j : Moment of inertia. 

f : Viscous Coefficient friction.

D. MPPT Control Strategy For Wind Turbine System 

For small-scale wind generator system (say, the rated 
output power bellow 1kW), a synchronous generator is used 
[4]. 

According to the operation theory of wind turbine, the 
maximum output power of wind generator depends on the 
optimal tip speed ratio . In terms of this, the MPPT   is 

controlled to track the maximum power of wind turbine and 
the battery charging voltage in such a way: 
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Fig. 2 shows a family of the wind turbine generated 
power curves with respect to the speed . The black colored 
plot shows the corresponding maximum power points 

Figure 2. Wind turbine power curves for various wind speeds    
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B. Three-phase diode bridge rectifier 

The diode rectifier is the most simple, cheap, and rugged 

topology used in power electronic applications. The 

drawback of this diode rectifier is its inability to work in a 

bi-directional power flow.  

It is assumed that the AC power generated from the 

generator is converted into DC power through diode bridge 

rectifier circuits [13]. 
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From this, the relationship between  and phase 

voltage V is                                                                                                                                 
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Then the relation between IDC and I is

                                  IIDC
6

p
=                                    (34)                                                                                                                                                                                                                                                          

C. DC/DC Boost Converter 

In this model, the boost converter has been controlled to 

yield constant output DC voltage level,  by varying the 

duty ratio, a  in response to variations in . 

The relation between the input and output voltage and 

currents of the boost converter is expressed by the following 

equations [14]. 
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D. DC/DC Buck converter 

The average output voltage of the buck converter is given 

by  

                                       io VV .a=                                     (37)                                                                                                                                          

The DC voltage at the converter output feeds the battery 
DC bus which is nearly constant. Assuming negligible 

converter losses, the average output current is of the buck 
converter is given by [15]. 

                                        
a

i
o
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VII. PROPOSED  CONTROL  STRATEGY

  

Figure 5. Wind control                                                                                            

Figure 6. GPV control 

Figure 7. DC/DC Boost control  

Figure 8. DC/AC  Inverter control 
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VIII. SIMULATION RESULTS

  
Figure 9. Wind speed                                                                                    

Figure 10. Solar irradiation 

Figure 11. Rotational speed of PMSG                                                                        

Figure 12. Rms voltage of PMSG 

Figure 13.  Rms current of PMSG                                                                

Figure 14. Power of GPV  

Figure 15. Voltage of GPV                                                                                                                 

Figure 16. Current of GPV 
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Figure 17. Voltage of DC bus                                                               

Figure 18. Voltage and current of AC load 

IX. CONCLUSION

In this paper, we have elaborated mathematical models 
for the components of a hybrid (Wind-PV) energy system. 
The variation of solar irradiance given in Fig. 12 and that of
the wind speed given in Fig. 11 allow as assessing their 
influence upon the overall behavior of the system. In the 
light of the obtained simulation results, we conclude that the 
response of the voltage across the battery to changes in the 
wind speed is relatively fast despite the consequent influence 
of the solar irradiance on the photovoltaic generated power. 
Finally, we see that the energy produced by the system 
remains constant, according to the load with a voltage of 
220V. This is due to the power stored in the batteries, which 
will be used to compensate energy lacks and the efficiency of 
the control strategy we have used. 
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APPENDIX. 

Shell 150-PC array Characteristics  
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