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Abstract: Nowadays the demand for energy increased rapidly duo to escalating population and global technological 

development. Consequently, the focus on non-conventional energy sources is increasing rapidly due to change in climates 

and unhealthy environment caused by fossil fuels. Solar energy is vital to fulfill this growing need of clean energy. The 

performance of the photovoltaic (PV) technology used for capturing sun’s radiation is directly affected by solar irradiation. 

The optimum performance of the PV systems would be possible if the solar panel is always orientated towards the direction 

of maximum radiations of sun. Hence, in order improve the performance of the PV, tracking of maximum radiation of the sun 

is extremely important. In this experimental study, solar tracking is done using a single axis solar sun tracker which not only 

provides accurate but also cost efficient solar sun tracking in comparison with an existing stationary system of same capacity. 

The results show that a single axis solar tracking systems have generated approximately 28.3% more compared to static 

systems and is also found to be more economic than a solar tracking system which uses microcontroller. 
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1. Introduction 

 

The day by day increase in energy demand with the development in technology and emission of harmful 

gases (CO2, CO) by the use of fossil fuels, are the reasons responsible for encouraging the use of sustainable 

renewable energy resources. Solar energy is considered as clean and sustainable source of renewable energy. 

Photovoltaic systems are commonly used for converting sustainable and clean solar energy into electrical energy. 

This energy conversion efficiency of PV system is about 20% Lui et al. [1]. The energy produced by the solar 

photovoltaic system depends on the sun radiation falling on the photovoltaic panel. The Sun tracking system 

position the PV panel in the direction of sun radiation to receives maximum radiation. Therefore, the tracking of 

solar radiation can improve the efficiency of a solar photovoltaic system.  

 

We can enhance efficiency of the solar PV system by using some mechanism and making bit effective by 

using single axis tracking system and dual axis tracking system. Anush et al. [2] performed comparison study 

between single axis tracking system and fixed PV panel system and reported around 40% increase in efficiency 

and received solar energy. Dhanabal et al [3] obtained a gain of 32.17% and 81.68% in solar energy with single 

axis and dual axis solar tracker, respectively. Hon and Kolte. [4] used solar tracking system based on field 

programmable gate array sensor, stepper motor and reported more efficiency than static panel. Boine et al. [5] 

used concentrated PVs with tracking, the PV with fixed and tracking system to pumping system. The shows that 

pumping system pumped 12.6, 4.9 and 7.4 m3/day with concentration PVs-tracking, fixed and tracking PV 

respectively. Suri et al. [6] studied the energy output produced form vertical single axis tracker inclined vertically 

30o north and fixed flat PV systems. The results shown that energy received with single tracking was improvised 

by 35% compared to fixed panel PV at optimum tilt Drury et al. [7]; Kumar and Sharma [8] used horizontal 

single axis system and observed increase in the efficiency up to 25 % as compared to static system with 25degree 

tilt facing south. It was also observed that system efficiency could increased by 30% with dual axis system. 

Shugar and Hickmen[13] observe that dual axis solar tracker is 9% more effective than single axis tracker. 

Bakos[14] design panel 46% more efficiency than fixed one. Alata et al. [15] use logical algorithm for making 

dual axis tracker, used complex equation and collect the important data from GPS and other stuffs. Bingol et al. 

[16]; Singh and Sharma[17] made dual axis solar tracker by using LDR sensor, servomotor and microcontroller. 

The ability to use graphene instead is making possible truly flexible, low-cost, transparent PV solar cells that can 

turn virtually any surface into a source of electric power. 
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1.1. Solar system 

 

 
Figure 1. Earth orbit around sun. Sproul et al.[9]. 

 

The orbit of earth about sun is on an average distance of 149.6 million Km. Tilt angle of earth is ε = 23.441° 

with respect to normal to the plane of earth’s orbit [8] as shown in figure.1. The tilt angle of earth is same but the 

altitude of the sun is varying in year. The angle between the horizontal axis and the solar photovoltaic panel as 

illustrated in figure.2. The angle of incidence is a form of tilt angle, Hafeez and Soliman [10]. The azimuth angle 

and the altitude angle are used to specify the position of sun in the sky as illustrated in figure.3. The value of 

altitude angle is ranges between 0 degree and 180 degree for sunrise to sunset. The angle measured clockwise 

from north to the point on the horizon directly below the sun is called azimuth angle. 

 
Figure 2. Tilt angle. Tudorache et al. [11] 

 

 
Figure 3. Altitude and azimuth angle. Sidek et al.[12] 
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2. Experimentation 

 

The circuit used in experimental setup consists of integrated circuit (IC), capacitor, relays, resistances, LDR, 

photo sensing device, etc connected at zero degree with the panel so that only the maximum sun radiation should 

received on the panel. The silicon mono-crystalline solar panel (85W, 20 V) was used to harvest the solar energy. 

  

 
Figure 4. Block diagram of experimental set up 

 

 
Figure 5. Experimental setup 

 

LDR have a low resistance during the day and when voltage is passed through it, the drop in the voltage is 

not so large i.e. this sample voltage is greater than the reference voltage and so the relays will not be operated by 

the transistor (n-p-n) which is a switch. LDR have a very high resistance less light fall during evening and when 

voltage is passed through it, the drop in the voltage is such that this sample voltage is less than the reference 

voltage. the solar panel must be set to the initial position for the tracking. When IC compares that the sample 

voltage is less than the reference voltage it is signaled to the transistor so that transistor operates the relays. The 

relays changes the polarity of the DC Geared motor and the panel will be set to the initial position. As the panel 

reaches the initial position, the panel strikes the tripper and the circuit will break so that the panel becomes 

stationary at the initial position and the motor does not draw any power from the battery. 

 

Table 1. Power generation for both static and tracking system. 

S. No. Time 

 

Fixed  PV system 

Power(Watt) 

Single axis tracker  

Power(Watt) 

1. 8:00 0.237 0.241 

2. 9:00 0.238 0.243 

3. 10:00 0.228 0.239 

4. 11:00 0.209 0.240 

5. 12:00 0.188 0.239 

6. 13:00 0.164 0.232 
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7. 14:00 0.136 0.225 

8. 15:00 0.115 0.222 

9. 16:00 0.080 0.218 

10. 17:00 0.063 0.214 

11. 18:00 0.059 0.211 

 

3. Result and Discussion 

 

The system was tested from 8.00 A.M to 6.00PM. It can be observe form the figure 6 and 7 that in the early 

hours before the 12.00 noon, the voltages and currents generated by the static panel are not significantly low 

compare to single axis tracker. However, after 2.00 PM there is a significant drop in voltages and current 

generated by fixed panel due large deviation from maximum sun radiation receiving position. 

 

 
Figure 6. Voltage generated with time 

 

 
Figure 7. Variation of Current with time 
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Figure 8. Power generated with time 

 

It can observe from figure. 8 that single axis tracking system improves the average power generated by 

the PV system. 

 

4. Conclusion 

 

The fixed system generates less power due fixed orientation so a single axis solar tracing system can be used 

to absorb more solar energy compared to static or fixed system. However, the power consumed by electronic 

circuit may reduce this gain in power generation. In this study net average gain of approximately 28.3% in power 

generated observed after considering the power consumed by electric circuit.    
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