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Abstract: This paper proposes physical installation and 

analysis of a hybrid photovoltaic - wind energy system in islanded 

mode that constructed at the Rahva Campus of Bitlis Eren 

University. As the purpose of the study, a hybrid system is 

physically installed and connections are completed. System is 

analyzed by using the values that obtained separately at various 

times from distributed generating units, which are photovoltaic 

system and wind turbine, and results of the performance analysis 

of the system are discussed. 

Index Terms: Hybrid Energy System, Photovoltaic System, 

Renewable Energy, Wind Energy System. 

I. INTRODUCTION 

Demand for the energy increases rapidly and in 

acceleration because of the development in population and 

technology. While the energy resources have limited capacity, 

it is necessary to use the generated energy in most efficient 

way. However, as the renewable energy generation is on the 

way of taking place of conventional generating systems, it 

becomes vital to analyze these systems in detail. The 

photovoltaic and wind turbines are the most appropriate and 

efficient systems for electrical energy generation among all 

other renewable energy sources. Therefore, this paper is 

focused on the performance analysis of a physically installed 

hybrid structure that consist of photovoltaic and wind energy 

system. 

A system that combines different sources of energy is 

called a hybrid system. The hybrid system is not a new 

concept; rather it gains more consideration within the last two 

decades by many researchers [1].  

There are many studies on hybrid PV - wind power 

generation systems in the literature. Researchers are studied 

design and analysis of a hybrid energy system for various 

points of the earth from Antarctic Research Stations to 

Bangladesh to determine the system performance [2]-[3]. 

Also different power management strategies of a stand-alone 

hybrid power system that consists of three power generation 

systems, photovoltaic (PV) panels, a wind turbine and a 
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proton exchange membrane fuel cell (PEMFC) are studied 

[4]. On the other hand, literature includes studies on similar 

region as proposed system installed and results are discussed 

[5]-[8]. Some of these studies are focused on two-axis sun 

tracking system [9]-[10], and also the application of these 

type of systems on electrical machines [11]. Studies on 

economic and environmental analyses could not be dismissed 

to specify the importance of analyzing the such systems 

[12]-[14].   

The main objectives of this study is to determine the 

advantages and disadvantages of using hybrid PV - wind 

system instead of using such systems separately, and also 

which generating system is most efficient for the system 

location [15]. According to this aim, a hybrid energy 

generating system that consist of 6 photovoltaic panels which 

have 900 W total power and a wind turbine system that has 

500 W power is physically installed to Bitlis Eren University 

Rahva Campus. The system is analyzed to observe the 

behavior of the distributed energy resources for the 

construction resident. Results are obtained separately from 

photovoltaic system and wind energy system for a detailed 

analysis. 

A. Hybrid System 

Literature review show that most of the studies are 

simulation based. It is clear that simulation systems are 

designing by ignoring most of the parameters like wind 

direction for wind energy systems and possible shadow for 

photovoltaic systems. Therefore, as originality, this study 

gives more detailed analysis results while the system is 

physically constructed and analyzed under all meteorological 

conditions. 

B. Photovoltaic System 

Photovoltaic (PV) cells are the structures that are made of 

semiconductor materials and convert sunlight directly into 

electrical energy. Photovoltaic panels are formed by 

connecting series and parallel of these cells. The equivalent 

circuit of a PV cell is shown in Fig. 1. 

 

Fig. 1. Equivalent model of PV cell 

 

Mathematical model of a PV cell can be given as: 
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In the (1), IPV is current, V is terminal voltage, q is electron 

charge, k is Boltzmann constant and T is absolute ambient 

temperature in terms of Kelvin [12]. For a PV panel, change 

of voltage-current and voltage-power are given in Fig. 2 and 

Fig. 3 respectively 

 

 

Fig. 2. Voltage-Current curves 

 

Fig. 3. Voltage-Power curves 

For the proposed resident, Bitlis, global solar radiation 

distribution is given in Fig. 4. 

 

Fig. 4. Global solar radiation distribution for Bitlis 

PV panel properties of the PV system are given in Fig. 5, 

where the inverter parameters are given in Fig. 6. 

 

Fig. 5. PV Panel Properties 

 

Fig. 6. Inverter unit parameters 

C. Wind Energy System 

Wind speed distribution for Bitlis Eren University Rahva 

Campus at 50 m is given in Fig.7. 

 

Fig. 7. Wind speed distribution for Bitlis 

The power extracted from the wind can be given as the 

relation as follows: 

31
( , )

2
m pP AV C  =           (2) 

where ρ is air density (kg/m3), A is swept area (m2), V is wind 

speed (m/s), Cp is power transform coefficient, λ tip-speed 

ration, β is the pitch angle (degree), which is the angle 

between the plane of rotation and blade in terms of radians 

[16]. Power transform coefficient is;  
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Given c coefficients are c1 = 0.5176, c2 = 116,  c3 = 0.4, c4 = 5, 

c5 = 21 and c6 = 0.0068.  

Other parameters of the equation are: 
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2A r=                   
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Here, ω is turbine rotor speed (rad/s) and r is radius of the 

turbine blade (m). 

Power (Pm) and torque (Tm) relation is 

 

m
m

P
T


=                   

 (7) 

 

So, torque in terms of N.m can be given as follows; 

 

5 31
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Turbine parameters of the wind energy generating unit are 

shown in Fig. 8 

 

Fig. 8. Wind turbine parameters 

This turbine is connected to whole system via charge 

controller that given in Fig. 9. 

 

Fig. 9. Charge Controller 

II. SYSTEM DESIGN AND ANALYSIS 

Hybrid PV- wind energy generating system is installed by 

using the given components in previous sections of the paper. 

Properties of installed system components are given Table I 

and block diagram of the installed system is given in Fig. 10. 

TABLE I: SYSTEM COMPONENTS 

Component Power Current Voltage 

Wind turbine 500 W - 
24 V AC 

(L-L) 
Photovoltaic  Panel (6 

pieces) 

150 W 

(per-piece) 
7,88 A 19 V 

Inverter 3000 VA 50 A 24 / 230 V 

Battery (4 pieces)  
200 A 

(per-piece) 
12 V 

 

 
Fig. 10. Block diagram of the physical system [17] 

According to the given block diagram in Fig. 10, system is 

installed as shown in Fig. 11. In addition, system components 

are shown in Fig. 12. 

http://www.ijeat.org/
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Fig.11. Hybrid Energy Generation System 

 

 

Fig. 12. System Units 

III. PERFORMANCE ANALYSIS 

Proposed system is installed, connections are applied on 

system and results are collected. The generating resources 

were separated when the measurement was taken to observe 

the performance characteristics in detail.  As the system is 

supplying the illuminators as load, battery performance is 

also observed.  

First system is analyzed in terms of PV generation system. 

In Fig. 13, comparison of the output power and battery 

capacity of the system is shown. 

 

Fig. 13. Comparison of output power and battery 

capacity 

Output power is given in watts where battery capacity is 

given in percentage. According to the figure, variations in 

output power have relatively low effects on battery capacity. 

In Fig. 14, output power and battery voltage is compared. 

 

 

Fig. 14. Comparison of output power and battery voltage 

In this comparison, output power is given in terms of watts 

and battery voltage is given in terms of volts. Also it is clear 

that effect of output power on battery voltage is poor.  

In Fig. 15, comparison of the discharge current and battery 

capacity of the system is given. 

 

Fig.15. Comparison of discharge current and battery 

capacity 

This graph can be determined as the most significant result 

of the system. Because battery capacity is dramatically 

decreases in case of any increment in discharge current. It is 

vital to take precautions and this sudden decrement has to be 

softened for protection of battery, load and hybrid system.   

On the other side, for the wind generating unit of the 

hybrid system, discussions can be done by using the current 

graph of the system that given in Fig. 16. 

http://www.ijeat.org/


International Journal of Engineering and Advanced Technology (IJEAT) 

ISSN: 2249-8958 (Online), Volume-7 Issue-1, October 2017 

104 

Published By: 
Blue Eyes Intelligence Engineering  

and Sciences Publication (BEIESP)  

© Copyright: All rights reserved. 

Retrieval Number A5199107117/17©BEIESP 
Journal Website: www.ijeat.org 

 

Fig. 16. Phase currents of wind generation system 

Wind rotation of the resident that system installed is 

extremely variable. This variation is directly affect the 

turbine rotation, and as a result, too much flickers occur in 

currents of the turbine.  

Output DC voltage is also variates because of the sudden 

changes in currents of turbine. This situation can be observed 

in Fig. 17. 

 

 
 

Fig. 17. DC Output Voltage Variation of Wind Energy 

System 

IV. RESULTS AND DISCUSSION 

Electrical energy necessity, which is vital for modern 

world, increases day by day with an accelerating rate. 

Renewable energy sources are integrating to traditional 

energy generating systems to meet this demand. Hybrid 

systems, which are consist of installing and operating 

different energy sources together are the most important 

studies to reach this aim. Solar and wind energy systems are 

most preferred systems because of difference in their 

effective generating hours in hybrid energy systems. It is 

necessary to analyze renewable energy based hybrid systems 

for different operating conditions as large power systems. 

In this study, a hybrid system that consist of photovoltaic 

panels and wind energy system is physically constructed in 

Bitlis Eren University Rahva Campus. As the system is 

analyzed for different operating conditions, following results 

can be presented. 

• System is installed as hybrid to use the advantages of 

both renewable generating units. 

• Obtained numerical values allow researchers to 

understand actual operating conditions of a hybrid 

renewable energy generating system that affected by 

meteorological and environmental effects directly.  

• Operating the installed system in different generating 

and loading conditions for both hybrid structure and 

separating generation units, gives the detailed 

characteristics of system. 
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