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Abstract 
Performance evaluating of hybrid (photovoltaic panels and wind turbine) power system has been achieved in the east of Iraq at 
Al-Shehabi site. This system includes 2.22 kW PV arrays (10panels * 185 W each), 2 kW wind turbine of 10 m hub height. The 
system contains hybrid controller to control wind turbine and solar panel at the same time, wind/solar hybrid logging and 
monitoring system, and ten batteries as storage bank . Each battery is 12V 200Ah Gel deep cycle, load (1.6 kW DC submersible 
water pump, 1.6 kW DC surface water pump, operating alternatively) to pump water from natural source used for irrigate farm 
of 20 hectares. The hybrid system has been studied to evaluate its performance in this site. The results show that PV panels 
have the major contribution in power generation while the wind turbine contribution has the minor contribution. 
Keywords: Hybrid system, Renewable energy, Power contribution, Hybrid controller, Wind power, Solar power. 

1. INTRODUCTION 
In the field of renewable energy, the researchers improve its technologies and procedures are taken wide range of 
concern, in the various tasks of the life. Gradually, the renewable energy systems are improved by reducing their costs 
and increasing efficiency. Various systems of renewable energy (like wind turbine and solar PV panel) can be collected 
together to obtain best performance, the total system called the hybrid renewable energy system, it includes two or more 
energy conversion devices[ 1 ]. Hybrid energy system may be collected with conventional energy like diesel generator 
as well as wind turbine or solar PV panels [ 2 ]. Hybrid renewable energy systems constitute a most promising way of 
electrification in remote areas, where the cost of grid extension is prohibitive and the price of fossil fuels increase 
drastically with the remoteness of the location as well as providing a more reliable supply of electricity[ 3 ]. This means 
that in the absence of one type of energy another would be available to carry out the service.  Other advantages are 
lower maintenance requirement, thus downtime during repairs or routine maintenance. The hybrid renewable energy 
system used because the  renewable energy resources are being indigenous, free, and without pollution[4].The 
improvement of the renewable energy system includes the parts of this system like increasing the efficiency of the used 
solar panel by improving the materials of the solar cells into the solar panel. Solar cell performance decreases with 
increasing temperature, fundamentally owing to increased internal carrier recombination rates, caused by increased 
carrier concentrations. The operating temperature plays a key role in the photovoltaic conversion process. Both the 
electrical efficiency and the power output of a photovoltaic (PV) module depend linearly on the operating 
temperature[5]. Also, the wind turbine can be improved by improving the industry of the turbine. Nanotechnology is 
solving challenges in wind power component supply. The wind turbines life time can be increased by using nano paints 
and Weight can be reduced by using fiber glass and efficiency can be increased by coating[6] as well as the development 
of the blades manufacturing calculations like the Blade Element Momentum (BEM) and Prandtl’s Tip Loss Factor 
theory[ 7 ] .  Many practical researches has been achieved to evaluate the performance of the renewable energy systems [ 

8 ] as well as the theoretical studies for improving the parts of these systems as in the work of modeling, analysis  and 
design of the DC-AC converter and its controller[ 9 ], suitable algorithms are used to calculate the energy produced by 
the renewable energy systems, too[10]. 

2. The hybrid system   
The hybrid renewable energy system consists of two main parts as well as additional supplements, as follow: 

2.1 Wind turbine and solar panels 

The first part is 2kW wind turbine brand Hummer model H3.8-2000W, with the specifications listed in table -1. The 
power curve of the installed wind turbine is shown in Figure-1. 
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Table -1 specifications of the 2kW Hummer wind turbine 

2000 W Rated Output 

Mechanical Protection or Manual Shut-Down Brake Mode 3500 W Max. Output 

1.8 m Blade Length 3 m/s Startup Wind Speed 

3 No. of Blades 9 m/s Rated Wind Speed 

Glass Fiber Reinforced Plastic Blade Material Yawing Speed regulation 

450 rpm Rated rotating Speed 10 m Tower Height 

 
 

 

 

   

           

Figure – 1 The power curve of the used wind turbine (Hummer 2kW) 

The power (P) harvested from the wind speed (U) with air density (ρ) by the wind turbine of swept area (A) , is [11 ]:  

 

The second part includes 12 solar panels mono type 185 W for each one, with total solar power up to 2.22 kW, the 
specifications of each solar panel are listed in table – 2.  The array of PV panels has been fixed on single axis active 
tracking system model 1500 – A brand Lorentz. 

Table – 2 Specifications of the installed solar panel 

185 Pmax Peak power (Wp) 

+3/-3  Tolerance (%) 

5.1 Imp Max. power current (A) 

36.4 Vmp Max. power voltage (V) 

5.5 Isc Short circuit current (A) 

44.8 Voc Open circuit voltage (V) 

 
2.2 Battery bank 
A battery bank of ten batteries (Deep Cycle Gel 12V 200 Ah) connected in series to the hybrid system as a storage unit.  
 
2.3 Hybrid controller 
The wind/solar hybrid controller is a device which can control wind turbine and solar panel at the same time, specially 
designed for wind/solar hybrid power system and wind/solar hybrid monitoring system. It is used to control the wind 
generator and solar panel to charge the batteries safely and efficiently. The wind/solar hybrid controller is the core 
component of the off grid power generation system. The performance of the controller will impact the life and the 
stability of the whole system, especially the lifespan of battery banks. 
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2.4 Dump load unit 
The Dump load type (WWS)  is dump residual power with division into thousands of stages. It can dump residual 
power while charging battery banks, which is benefit to effectively extend battery longevity. Voltage Limiting and 
Current Limiting Charge Mode: When battery voltage exceeds the preset 
floating voltage point, the controller will adopt PWM voltage limiting charge mode. It dumps the excess energy. When 
wind turbine charging current exceeds preset brake current point, the controller will automatically start brake to protect 
battery banks. 
Figure – 2 shows the layout of the hybrid controller, which contains a built in data logger to record the available 
electrical data in the hybrid system. The meteorological data are recorded via special sensors into a separated 10 m 
height weather station. 

 

Figure – 2 The general layout of the hybrid system 
 

The studied hybrid system is used in water pumping for the irrigation purpose with flow rate of 14.5 m3/h to irrigate  
twenty hectares farm in Al-Shehabi region (east of Iraq). Figure – 3 shows the installed hybrid system as a reality in the 
area. 

 
Figure – 3 An image of the hybrid system in Al-Shehabi site 

The battery bank supplied each of the Submersible Pump and the Surface Pump with 1600 WDC for each one. Usually, 
the Submersible Pump connected before other one until filling the collection ground reservoir, and then the surface 
pump is working to irrigate the farm. 
The studied period is fixed between March to August – 2013 .the irrigation was randomly, in different days according 
to the farm demand. In the months, March, April, and May the irrigation was one day weekly, but in the June, July, 
and August was two times weekly, and sometimes three times. The work of the hybrid system was about two hours each 
time. About three times the working time exceeds two hours, slightly. 
When one of the pumps work, the charge of the bank battery will decrease because the dissipation of power in the 
pump, then the batteries will restore the electricity via the two parts of the hybrid system (wind turbine and solar 
panels). This paper concerns with this issue, the hybrid system will be evaluated. The generated power in each part of 
the hybrid system will be calculated  and collected together to form the total power of the batteries during the irrigation 
period with extra time until the full charge of the batteries occur.  
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3.  AL-SHEHABI SITE: LOCATION AND GENERAL FEATURES   
Studied hybrid system has been installed in Al-Shehabi Farm, east of Iraq, Wasit Governorate, with the coordinates of 
(E: 46 24.551 , N: 32 46.389). Figure – 4 (a)  shows the location of the region of interest (Al-Shehabi Site) while 
Figure – 4 (b) shows the surface nature of that location. The rows indicate the precise location of the hybrid system in 
the site. 

 
                                          (a)                                                                                  (b) 

Figure - 4 (a) The geographic location of the hybrid system (b) the surface of Al-Shehabi site 
 
In general, the site is a flat and desert area. The meteorological data of wind speed, wind direction, temperature, 
relative humidity, and atmospheric pressure, while the solar radiation has not been recorded. Figure – 5 (a) Weibull 
distribution and the wind frequency, (b) shows the wind rose of 12 sectors, at Al-Shehabi site during the study period. 
These calculations have been achieved by using WAsP simulation (Wind Analysis and Applications Program). The 
mean wind speed was 4.8 m/s in this site, it is acceptable value for this height. 
 

        
                                                  (a)                                                                                        (b)                          

Figure – 5 (b) Weibull distribution and the wind frequency, (a) the wind rose, at Al-Shehabi site 
 
The Annual Solar Distribution of the site has been taken from the global distribution of Lorentz (German company), 
because there is no sensor for solar radiation, as shown in Figure – 6 (a), while Figure – 6 (b) shows the daily solar 
distribution for the same site. 
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(a)                                                                                            (b) 

Figure – 6 (a) annual, (b) daily solar radiation distribution in Wasit governorate 

4. METHODOLOGY  
The meteorological and electrical data have been recorded from each part of the hybrid system. The relationships 
between the working period in hours vs. generated power in each of wind turbine and solar panels have been drone and 
compared with batteries power to be studied and analyzed. The relationship between the period of the study (six 
months) and contribution percentage of each of the hybrid system has been drawn and studied. 

5. PRACTICAL PART      
The data obtained by hybrid controller for the period (1th March to 31th August 2013) have been studied. The major 
factors were the output power from each wind turbine and solar panels as well as the summation of them which 
represents total charging power, the average of each month of the studied period has been calculated for each power, 
during the working period of the hybrid system, which is about 3-4 hours according to the demand. 
It is important to compare the obtained l power for each part with the installed power, to estimate the actual 
contribution for each one; this will allow choosing the best suitable system to work fairly in the region of interest, to 
decrease the cost of the hybrid system.  
The relationships between the operation time (in hours) vs. generated power, in the parts of the hybrid system and this 
in the batteries (in Watts) for each month during the studied period have been drown, as shown in Figures  7, 8, 9, 10, 
11, 12  which represent March, April, May, June, July, and August, respectively. 
 

 
Figure – 7 Average generated power vs. operation period (March) 

 

 
Figure – 8 Average generated power vs. operation period (April) 
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Figure – 9 Average generated power vs. operation period (May) 

 

 
Figure – 10 Average generated power vs. operation period (June) 

 

 
Figure – 11 Average generated power vs. operation period (July) 

 

 
Figure – 12 Average generated power vs. operation period (August) 
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The distribution of monthly mean wind speed and monthly average temperature versus months, during the studied 
period is shown in Figure – 13and Figure – 14, respectively. The maximum mean wind speed be at July 2013, which 
has the highest month's temperature in Iraq.  
 

 

Figure – 13 Mean wind speed vs. months March to August in Iraq (2013) 

 

Figure – 14 Average temperature vs. months March to August in Iraq (2013) 

6.   RESULTS AND DISCUSSION 
When the time approached to midday, the solar light increase more and more, then each of earth crust and shallow 
layers of the atmosphere are heated, therefore, the ambient temperature will be increased. This fact explains the 
behavior of the curves in Figures 7 – 12 which trend to increase along the operation period. When wind speed increase 
the generated power in wind turbine will be increased according to equation (1). At the other hand when the solar light 
increase, the generated power in the solar panels will be increased, too. The increasing of generated power in each part 
in the hybrid system leads to increase the total generated power which will be charged in Batteries, allowing them to be 
fully charged and ready in the next operation. According to the recorded data, it is observed that the contribution ratio 
of the wind turbine and solar panels in power generation varied from month to month, as follow: 

1.  - At March, the contribution in power generating was 34.1% by wind turbine versus 65.9% via solar panels. It is 
about twice because the clarity of the air in the location, and the inexistent of clouds during the operation period, 
which kept solar panels almost without any accumulative dust upon them. The total contribution represents the 
batteries power. 

2.  - At April, the contribution in power generating by wind turbine was 23.46% while that generated by solar panels 
was 76.54% , this disparity due to increasing of solar light and the decreasing of the wind speed during the 
operation period. 

3. – At May, the generated power by wind turbine was 20.53% while that generated by solar panels was 79.47% of 
the total generated power. Maximum contribution of the solar panels occurred in this month, this is because the 
high clarity of ambience air, which means high visibility and no scattering of sun light. Therefore, most of it will 
incident on the solar panels as well as that dust not be accumulated over panels, producing maximum magnitude of 
power.  
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4. – At June, the first month of the summer season in Iraq, wind turbine generated 27.33% of the total power, while 
the solar panels generated  72.67% . It is evidence that the generated power by wind turbine is increased while that 
generated by solar panels is decreased, in spite of June has the maximum solar radiation in this location as 
mentioned in Figure – 6. This is due to the increasing of temperature which leads to increasing in wind speed. At 
the same time the panels suffering from the thermal effect which is decreasing the efficiency of them. Dusty 
weather, may be formed when the wind speed increased, preventing sun light to reach panels and decreasing the 
power generation. 

5. – At July and August, the case is similar to June, the contribution of the generated power by wind turbine increased 
while that generated by solar panels decreased, for the same reasons of June. The generated power by wind turbine 
at July and August were 36.4% and 42.67%, respectively. The generated power by solar panels at July and August 
were 63.59% and 57.33%, respectively.  

 
All results during the studied period are summarized in table – 3, as well as drown in Figure – 15 which is shown the 
contribution of wind power and solar power vs. months, during the studied period, for Al-Shehabi site. 
 

Table – 3 Contribution of power generation by wind turbine and solar panels at Al-Shehabi. 
PV Power 
Contribution 
(%) 

Wind Power 
Contribution 
(%) 

Month Arr. 

65.90 34.10 March 1 

76.54 23.46 April 2 

79.47 20.53 May 3 

72.67 27.33 June 4 

63.59 36.40 July 5 

57.33 42.67 August 6 
 

 
Figure – 15 The contribution of wind power and solar power  vs. months, for Al-Shehabi Site 

7. CONCLUSION 
1. – In Al-Shehabi Site, the contribution of solar power is more than wind power contribution to charge batteries in 

all months during the studied period, which represents spring and summer in Iraq. Then, it is expected that 
batteries charged mainly by solar power. 

2. – It is observed that battery lifespan is almost extended slightly, this is due to the continues charging supplied by 
each part of the hybrid system. 

3. – The continues charging of batteries make them fully charged, always, which is allowing to use the residual power 
for supplying electricity. 

4. – Because the hybrid system affected by each of temperature and dust, the best magnitude of generated solar power 
occurs at May, while the generated wind power was at minimum value in this month. 

5. –Hybrid system is efficient, easy to install, and easy to work. Therefore, it has to be prevalent to present a serve to 
community.  
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