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Introduction 
 

Many renewable source installations combine more 
than one energy sources. In that case, a selection has to be 
made based on two major criteria: economy and maximum 
provided power [1-4]. 

In our project we have an installation of photovoltaic 
panels and a wind generator, each with its own batteries. 
The optimum selection is made by a supervising controller. 
This supervising controller is issuing the appropriate 
command signals to the power electronic section and 
continuously the optimum energy source is selected to be 
connected to the electrical load. The other energy source is 
simply charging the attached batteries, until it is fully 
charged.  

As an example at a windy and cloudy day, the wind 
generator will be connected to the load and the 
photovoltaic panel will be slowly charging its batteries.  

The paper is divided into five parts, where the system 
parts are described: a) the wind generator, b) the 
photovoltaic panels c) the batteries d) the inverter and e) 
the supervising controller. The block diagram of the 
system is shown in Fig. 1.  

 
 

Fig. 1. Block diagram of the renewable sources and the 
supervising controller 
 

Wind Generator 
 

As the machine that converts the wind kinetic energy 
to electricity is used as the wind generator, the electric 
power will be significantly less than the wind power [5]:  
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Fig. 2. Τhe asynchronous generator circuit diagram (per phase) 
 

In Fig. 2 the asynchronous generator circuit diagram 
(per phase) is shown. If ωs is the stator’s rotational 
velocity, ωr the rotor’s rotational velocity, then s is 
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From the above circuit diagram is yield: 
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where 
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ω =  – the angular velocity; Τe – the 

generator’s electromagnetic torque (electric anti-torque); 
Τm – the wind generator mechanical torque, which is given 

by 3
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generator’s data sheets, as a function of the factor: 
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In more detail for the asynchronous generator the 
electromagnetic torque Τe has a maximum (according to 
the circuit diagram): 
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which occurs for the drifting equal to  
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The electric power produced will be  
 ( ) seree sTTP ωϖ −== 1  (7) 

The wind velocity is continuously changing, so the 
Ταm is changing and as a result the wind generator is in 
transient state. For example, to any wind velocity increase 
in general there must be an increase of the rotational speed, 
even though there might be a Cp decrease. Since the 
generator operates with a drift less than SmaxT that is in the 
1- SmaxT area, there will be an increase of the Τe and as a 
consequence a machine deceleration. So, if there will a 
stabilization on Τm the machine will enter a new balanced 
condition with a higher speed. On the other hand there will 
be an increase in the Ι1 current. If the mechanical torque 
exceeds the Τemax (the maximum torque the generator can 
handle) and keeps it for quite a long the  machine will 
accelerate over the SmaxT point. Operating in this area, the 
increase in speed will result a decrease of Te and a higher 
machine acceleration. The machine has to be isolated and 
removed from the network, because the generator would be 
endangered by an overcurrent and the windgenerator of an 
overaccelaration.   
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Fig. 3. The windgenerator power versus the wind velocity 

 
It has to be noted that under vigorous wind velocity 

changes, all above could lead to continuous windgenerator 
coupling and de-coupling to the network. Even if the re-
coupling is performed automatically and in a very short 
time, continuous coupling and de-coupling could result 
loss of the wind energy and furthermore will cause 
windgenerator fatigue. 

If windgenerator electrical characteristics are known 
the produced windgenerator electrical power could be 
calculated using the above equations. Fig. 3 pictures a 
typical windgenerator power curve versus the wind 
velocity.   
 
Electrical characteristics of the photovoltaic elements 
 

A simplified model of a photovoltaic element is a 
current source controlled by a diode (as shown in Fig. 4). 
Based on this schematic the current produced by a 
photovoltaic element can be calculated :   
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Fig. 4. A simplified photovoltaic element  
 

When radiation and ambient temperature change, the 
following equations stand: 
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The algorithm described in Fig. 6 is derived from the 
above equations and the Fig. 5. 

 
Fig. 5. Maximum power point monitoring 
 
Batteries 
  

The battery capacity (i.e. the charge stored) is 
measured in Ampere-Hours (Αh) and is equal to the 
product of the average current (I) the battery can provide 
(not depended by the battery voltage) multiplied by the 
time in Hours to the complete discharge (starting from the 
fully charged condition) [6]. Another useful magnitude is 
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the stored electrical power (which depends on the battery 
voltage). For example a battery with a capacity of C=100 
Ah, and an average voltage of V=12 Volts, has a nominal 
capability of storing electrical energy equal to 100 Αh x 
12V = 1200 Wh=1,2KWh. 

 

 
Fig. 6. MPPT algorithm 
 

Thus, a battery with nominal capacity CΝ, will have 
active capacity C equal to  NCC *β=  and the maximum 
electrical power able to be stored and recovered, in ideal 
conditions in each charge-discharge cycle is 

VCVCE N *** β== , where β is battery discharge depth.  
Consequently, if electrical energy needed is E, active 

capacity is C,   the corresponding charging energy  ΕΦ will 

be 
a
EE =ϕ , according to the previous equation giving the 

maximum energy that could be stored and recovered is 

Va
E

V
E

CN *** ββ
ϕ == . Battery charging could be 

administered using charge controller with MPPT function. 
 
Controller’s operation 
 

The proposed algorithm for the overall controller is 
based on the following assumptions. At first the user has to 
enter following data: a) Windgenerator: 1) Input speed; 2) 
Output speed; 3) Power; 4) Selection of the electrical 
output (DC or AC); b) Photovoltaic cell: 1) Maximum 
power; 2) Operation voltage; c) Battery: 1) Operation 
voltage; 2) The maximum discharge; 3) Capacity. 

The controller has the following assignment: 
• Monitor the wind speed (using an anemometer);   
• Monitor photovoltaic output voltage; 
• Monitor the windgenerator battery voltage;  
• Monitor the photovoltaic battery voltage; 
• Set the windgenerator as DC or AC. 

Afterwards the operation steps have to be set, from 0 
to 4: 0 represents the 0 to 20% of the total energy source 
operation; 1 represents the 20 to 40% of the total energy 

source operation; 2 represents the 40 to 60% of the total 
energy source operation; 3 represents the 60 to 80% of the 
total energy source operation; 4 represents the 80 to 100% 
of the total energy source operation. Best energy source is 
assumed to be the windgenerator, then the photovoltaic 
cells, then the windgenerator batteries and finally the 
photovoltaic batteries. 
 
Inverter’s operation 
 

The system’s operation can be described more vividly 
by a realistic example: the conditions would be wind 
velocity just over 4 m/sec and there is sunshine.  

 

Fig. 7. The algorithm 
 
The controller collects the wind velocity data from an 

anemometer and since it is more than 4m/sec, directs the 
wind generator output to the electric load. The 
windgenerator electric output has the following transitions:  

1. The 220V/50Hz AC voltage through the AC-DC 
converter is converted to 24 Volt DC; 
2. The charging controller, checks the battery voltage, if 
it is less than 20 Volts, then part of the windgenerator’s 
power is used to charge the batteries. On the contrary 
(the batteries are charged) the total energy is directed to 
the load; 
3. After that the DC voltage is less than 24V and is 
corrected using a DC-DC converter. Part of the output is 
used to the DC load (i.e. light); 
4. Finally, the converted 220V/50Hz AC voltage 
supplies the AC load.  

Due to the sunshine as mentioned before the 
photovoltaic panels produce DC voltage. This voltage is 
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stabilized using a DC-DC converter and is used to charge 
the batteries, controlled by a charge controller.  

In the case of wind stillness steps 2,3,4 are followed. 
In the case of wind stillness and cloudy then the steps 3 
and 4 are followed. The controller selects each time the 
main power source, as described above. It has to be noted 
that the wind velocity and the battery charging voltage can 
be alter by the user as desired. The altering is achieved by 
changing the controller’s program. Following the above 
data the algorithm (Fig. 7) is derived.  

 

The implementation of the algorithm in a proposed 
system equipped with the appropriate subsystems presents 
the ability of connecting four different power renewable 
sources as inputs and receive as output either AC or DC 
voltage. 

The presented algorithm is user friendly to the 
average user and the installation cost reduction of a hybrid 
power source. The wider use of presented algorithm will 
minimize the overall costs and will promote the usage of 
the renewable sources.  
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To test the described algorithm a program was 
developed on the MatLab Simulink. The inputs to the 
system are: a) wind velocity; b) photovoltaic primary 
voltage; c) battery voltage of the windgenerator; d) battery 
voltage of the photovoltaic panels.  
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