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ABSTRACT 
The power sector is contributing more to the global warming potential. Renewable energy technology is one of the 

alternative to reduce the carbon emission and global warming potential. In the renewable energy, wind and solar cell power 

are the best methods to produce the power. But the efficiency of the systems are fairly low compared to the conventional 

method. This paper presents the most important factors that affect the power output of the wind and solar cell system. The 

efficiency of the system mostly depends on the climate condition of the particular location. This paper discusses about the 

effect of temperature and irradiation on the solar cell power output. Also a mathematical model is developed to study the 

parameters that affect the electrical power generated by the wind turbines. The considered parameters are turbine swept area, 

air density and wind speed. They are tested for the V1.65MW and V1.8MW wind turbines and also for the 124W and 170W 

solar panel. In this paper, the location has been taken as Gandhigram Rural University, Dindigul, Tamil nadu, India.  
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1. INTRODUCTION  

Renewable energy resources will be an increasingly 

important part of power generation in the new 

millennium. Besides assisting in the reduction of the 

emission of greenhouse gases, they add the much- 

needed flexibility to the energy resource mix by 

decreasing the dependence on fossil fuels [1].  

Among the renewable energy resources, solar energy 

and wind energy are the most essential and 

prerequisite resource of sustainable energy because 

of its ubiquity, abundance, and sustainability.  

PV cells are made of semiconductor materials, such 

as silicon. For solar cells, a thin semiconductor wafer 

is specially treated to form an electric field, positive 

on one side and negative on the other. When light 

energy strikes the solar cell, electrons are knocked 

loose from the atoms in the semiconductor material. 

If electrical conductors are attached to the positive 

and negative sides, forming an electrical circuit, the 

electrons can be captured in the form of an electric 

current - that is, electricity. This electricity can then 

be used to power a load.The power produced by a 

single PV cell is not enough for general use. So by 

connecting many single PV cell in series (for high 

voltage requirement) and in parallel (for high current 

requirement) can get us the desired power. Generally 

a series connection is chosen this set of arrangement 

is known as a module. Generally commercial 

modules consist of 36 or 72 cells [2]. 

Wind has considerable amount of kinetic energy 

when blowing at high speed [3]. This kinetic energy 

when passing through the blades of the wind turbines 

is converted to mechanical energy and rotates the 

wind blades [4] and the connected generator, thereby 

producing electricity. A wind turbine primarily 

consists of main tower, blades, nacelle, hub, main 

shaft, gear box, bearing and housing, brake and 

generator [5]. The main tower is 50-100 m high. 

Generally, three blades made up of fiber reinforced 

polyester are mounted on the hub, while in the 

nacelle the major parts are housed. The hub connects 

the gearbox and the blades. Gear box is used to 

increase the speed ratio so that the rotor speed is 

increased to the rated generator speed [3]. 

There are many studies proposed to optimize the 

wind turbine and the solar cell power generation. 

Koçak (2008) focused entirely on wind speed 

persistence during weather forecast, site selection for 

wind turbines and synthetic generation of the wind 

speed data [6]. Khalfallah and Koliub (2007) focused 

entirely on the turbine rotor and blades in order to 

improve the wind turbine power curves. They studied 

the effect of changing the rotational rotor speed on 

the power performance of Nordtank 300 kW stall-

regulated experimentally. Also they studied the 

variation in the aerodynamic performance of the wind 

turbine rotor by changing the pitch angle 

experimentally in Hurghada wind farming, a way to 

improve the turbines' performance [7].Suita (2006) 

discussed about the effect of temperature on the solar 

cell [8]. Queisser (1995) solar cell required more 

surface area to produce the power. It reduces the 

efficiency of the cell. The solar tracking system has 

increased 72% the system output compared with the 

fixed surface system [9].  

2. FACTOR AFFECTING WIND 

ELECTRICITY PRODUCTION  

The wind turbine electricity production can be 

depending on the following factors, namely wind 

speed, air density and area swept by the rotor blades. 

From the figure 1 clearly understand, that the above 

mention factor influencing the electricity production 

of the wind turbine [10].  

2.1Wind speed  

The wind speed is divided into four category based 

on the operation of wind turbine.  

• Start-up Speed - This is the speed at which the 

rotor and blade assembly begins to rotate.  

• Cut-in Speed - Cut-in speed is the minimum 

wind speed at which the wind turbine will 

generate usable power. This wind speed is 

typically between 7 and 10 mph for most 

turbines.  

• Rated Speed - The rated speed is the minimum 

wind speed at which the wind turbine will 

generate its designated rated power. Rated 

speed for most machines is in the range of 25 

to 35 mph. At wind speeds between cut-in and 

rated, the power output from a wind turbine 

increases as the wind increases. The output of 

most machines levels off above the rated 

speed. Most manufacturers provide graphs, 

called "power curves," showing how their 

wind turbine output varies with the wind 

speed. 



                      Marimuthu et al., International Journal of Advanced Engineering Research and Studies           E-ISSN2249–8974 

Int. J. Adv. Engg. Res. Studies/III/II/Jan.-March,2014/143-147   

• Cut-out Speed - At very high wind speeds, 

typically between 45 and 80 mph, most wind 

turbines cease power generation and shut 

down. The wind speed at which shut down 

occurs is called the cut-out speed, or 

sometimes the furling speed. Having a cut-out 

speed is a safety feature which protects the 

wind turbine from damage 

2.2Air density 

The more dense the air, the more energy received by 

the turbine. Air density varies with elevation and 

temperature. Air is less dense at higher elevations 

than at sea level, and warm air is less dense than cold 

air. All else being equal, turbines will produce more 

power at lower elevations and in locations with 

cooler average temperatures 

2.3Swept area of the turbine 

The larger the swept area (the size of the area through 

which the rotor spins), the more power the turbine 

can capture from the wind. Since swept area is πD
2
/4, 

where D = diameter of the rotor, a small increase in 

blade length results in a larger increase in the power 

available to the turbine 

 
Figure 1 wind turbine model 

The below equation used to calculate the power 

production from the wind turbine.  
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Where  
ρ=air density (kg/m3) 

A=swept area of the wind turbine rotor (m2) 

V=wind speed (m/s) 

 

                           (Eq. 2) 
Where  
M = molecular weight of air (g/mol) 

P = atmospheric pressure (KPa) 

T = temperature (K) 

� = 28.964 − (��)                (Eq. 3) 

Where  
M = average molecular weight of air (g/mol) 

RH = relative humidity, expressed as a decimal  
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                                      (Eq. 5) 

Where  

PT=Power extracted by wind turbine (watts) 

CP = Coefficient of performance  
ρ=air density (kg/m3) 

A=swept area of the wind turbine rotor (m2) 

V=wind speed (m/s) 

3. FACTOR AFFECTING THE SOLAR CELLS 

ELECTRICITY PRODUCTION  

3.1Solar radiation and Cell Temperature 

Solar cells, the basic elements for photovoltaic 

conversion of solar energy, are especially susceptible 

to high temperatures and radiation damage, primarily 

due to their large surface. Degradation of electrical 

and optical characteristics of the solar cells as photo 

detectors in the increased temperature conditions is 

one of the most important limitation factors for their 

application. Since most of the electrical processes in 

semiconductor devices depend, to some extent, on the 

temperature, investigations at temperatures higher 

than room temperature may reveal possible changes 

in output characteristics of the device. Also, the 

lifetime of the solar cell is restricted by the degree of 

radiation damage that the cell receives. This is an 

important factor that affects the performance of the 

solar cell in practical applications. 

As temperature increases, the band gap of the 

intrinsic semiconductor shrinks, and the open circuit 

voltage (VOC) decreases following the p-n junction 

voltage temperature dependency of seen in the diode 

factor. Solar cells therefore have a negative 

temperature coefficient of VOC. Moreover, a lower 

output power results given the same photocurrent 

because the charge carriers are liberated at a lower 

potential. Using the convention introduced with the 

Fill Factor calculation, a reduction in VOC results in a 

smaller theoretical maximum power max P =ISC X 

VOC given the same short-circuit current ISC [11]. As 

temperature increases, again the band gap of the 

intrinsic semiconductor shrinks meaning more 

incident energy is absorbed because a greater 

percentage of the incident light has enough energy to 

raise charge carriers from the valence band to the 

conduction band. A larger photocurrent results; 

therefore, Isc increases for a given insulation, and 

solar cells have a positive temperature coefficient of 

SC. 

The figure 2 clearly indicates that the temperature 

raise decreases the power production. The optimal 

range temperature gives the maximum power output.  

The following equation is used to calculate the power 

production from the solar cell.  

Pmax(W) = Vmp X Imp                                                     Eq (6) 

GA

P
Efficiency

×
= max)(η

                               

Eq (7) 

Power generation (W)= A X S X n XPmax X η   E (8) 
Vmp =Voltage at peak power point 

Imp=Current at peak power point 

Pmax = Maximum Power  

A = Area  

S = Solar radiation (KW/m2/day) 

G =Std. conduction irradiation (W/m2) 

 
Figure 2 Effect of Temperature on solar cell power 

output. 
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4. RESULT AND DISCUSSION  

4.1Wind turbine 

The technical specification of the wind turbine is 

given in table 1. The power output has been 

calculated using the equation 1 to 5. Wind turbines 

are optimized by considering wind speed, swept area 

and air density in terms of local area (Gandhigram 

rural university) conditions to extract maximum 

power. The output power of a wind turbine is directly 

proportional to cube of wind speed, air density and 

swept area of its blades. The larger the diameter of its 

blades, the more power can be extracted from the 

wind. The figure 3& 5 shows that, the power output 

is directly proportional to the wind speed. The 

maximum power output is attained in the month of 

June and July. 

Air density has a significant effect on wind turbine 

performance (Fig. 4 &6). The power available in the 

Table 2 Power generation for the 1.65MW wind turbine

Figure 3 Effect of wind speed in power 

output (1.65MW)

Table 3 Power generation for the 1.8MW wind turbine
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The technical specification of the wind turbine is 

given in table 1. The power output has been 

calculated using the equation 1 to 5. Wind turbines 

optimized by considering wind speed, swept area 

and air density in terms of local area (Gandhigram 

rural university) conditions to extract maximum 

power. The output power of a wind turbine is directly 

proportional to cube of wind speed, air density and 

pt area of its blades. The larger the diameter of its 

blades, the more power can be extracted from the 

wind. The figure 3& 5 shows that, the power output 

is directly proportional to the wind speed. The 

maximum power output is attained in the month of 

Air density has a significant effect on wind turbine 

performance (Fig. 4 &6). The power available in the 

wind is directly proportional to air density. As air 

density increases the available power also increases. 

Air density is a function of air 

temperature. It increases when air pressure increases 

or the temperature decreases. Both temperature and 

pressure decrease with increasing elevation. 

Consequently changes in elevation produce a 

profound effect on the generated power as a resul

changing in the air density.  

Table 1 Technical specification of wind turbine

 

Power generation for the 1.65MW wind turbine 

 

 

Figure 3 Effect of wind speed in power 

output (1.65MW) 

Figure 4 Effect of air density in power output 

(1.65MW) 

Table 3 Power generation for the 1.8MW wind turbine 
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wind is directly proportional to air density. As air 

density increases the available power also increases. 

Air density is a function of air pressure and 

temperature. It increases when air pressure increases 

or the temperature decreases. Both temperature and 

pressure decrease with increasing elevation. 

Consequently changes in elevation produce a 

profound effect on the generated power as a result of 

Table 1 Technical specification of wind turbine 

 
density in power output 



                      Marimuthu et al., International Journal of Advanced Engineering Research and Studies           E

Int. J. Adv. Engg. Res. Studies/III/II/Jan.-March

Figure 5 Effect of wind speed in power output 

(1.8MW) 

4.2Solar cell  

The specification of the system is given in the table 4. 

The power production has been calculated using the 

equation no 6, 7 and 8. The solar cell is optimized by 

considering the solar radiation and the temperature in 

terms of local area (Gandhigram rural 

conditions to extract the maximum power. The output 

power of a solar cell is directly proportional to the 

solar radiation. The higher radiation in the area, the 

more power can be extracted from the solar cell. In 

this paper, the power output of two solar cells 124 W 

and 170W with different radiation with same 

efficiency 12.66% and 14.66% respectively are 

Table 5 Power generation for the 25KW solar cell power plant

Figure 7 Effect of solar radiation in power output 

(25KW) 
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Figure 5 Effect of wind speed in power output Figure 6 Effect of air density in power output 

(1.8MW) 

The specification of the system is given in the table 4. 

The power production has been calculated using the 

equation no 6, 7 and 8. The solar cell is optimized by 

considering the solar radiation and the temperature in 

terms of local area (Gandhigram rural university) 

conditions to extract the maximum power. The output 

power of a solar cell is directly proportional to the 

solar radiation. The higher radiation in the area, the 

more power can be extracted from the solar cell. In 

two solar cells 124 W 

and 170W with different radiation with same 

efficiency 12.66% and 14.66% respectively are 

compared in the figure 7 & 8. The power output is 

higher in the month of April, May and June.  

Table 4 Specification of solar PV power plant

 

Table 5 Power generation for the 25KW solar cell power plant 

 
 

 
Figure 7 Effect of solar radiation in power output Figure 8 Effect of solar radiation in power output 

(11KW) 
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Figure 6 Effect of air density in power output 

compared in the figure 7 & 8. The power output is 

higher in the month of April, May and June.   

Table 4 Specification of solar PV power plant 

 

 
Figure 8 Effect of solar radiation in power output 
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Table 6 Power generation for the 11KW solar cell power plant 

CONCLUSION  

Many factors have to be considered while designing 

the wind turbine and solar cell power plant. In the 

wind turbine important parameters are wind speed, 

turbine swept area and air density. Selection of wind 

turbine should be based on the climate condition of 

the particular site. The power output is directly 

proportional to swept area of blades. The capacity of 

the wind turbine depends on the swept area. The 

maximum output is obtained at the maximum wind 

speed. The temperature is directly related to the solar 

radiation. The solar radiation is the critical factor for 

the solar cell efficiency. The optimum solar radiation 

gives the maximum power output from the solar cell. 

The good exploitation of wind and solar energy may 

enhance the renewable energy generation capabilities 

and participate in generating at good costs.  
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