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Abstract 
 

The aim of the study in this paper is to compare the experimental data and 

the economic parameters of two solar systems. fixed-axis solar system has 

one solar panel with nominal peak power (300W), while the single-axis 

tracker system has one solar panel with nominal peak power (310W), The 

fixed and tracker systems are connected with MG tie inverter. The electrical 

power output monitored online for one month from October 24, 2017 to 

November 24, 2017. This solar tracker system works based on the output 

power produced by the PV module mounted to it. It does not use any optical 

sensors to turn the PV module. The location of the Sun is mathematically 

computed based on location, date and local time information. Since these 

solar panels will be mounted at the Hashemite University, Zarqa, Jordan, so 

it’s latitude and longitude are always fixed. The pv tracker system was 

verified and the results have presented that the output power from the solar 

module improved by placing it straight upright to the sun to obtain the  
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concentrated sunlight strength. The procedure was planned by Arduino 

microcontroller. The results of the system was verified and equated with 

fixed pv panel. The output taken for one month (period study) have shown 

that the average conversion efficiency for single axis solar tracker system is 

equal 14.95%, while for fixed-axis solar system is equal 15.27%.The results 

obtained from this work were compared with data for dual axis tracker 

related to another study. 

 

Keywords: single-axis PV Tracker, dual-axis PV Tracker, Final Yield, 

Conversion Efficiency, Arduino ADK controller, solar time algorithm, micro-

grid inverter, SAT, DAT. 

 

1 Introduction 
  

       Through cumulative petroleum prices, raising concerns for worldwide 

weather alteration, and an increasing universal essential for power, the by 

means of renewable power sources such as solar power develops a 

requirement slightly than an extravagance. The annual sun power engaged by 

the earth’s troposphere, sea and lands is roughly 3,850,000 exajoules (EJ), 

then single lot of that is take away for power manufacture. Sun powered 

systems can make power by solar (PV) panels. The universe PV panel 

connection market share touched a greatest of 5.95 giga watts (GW) in 2008. 

Maximum of the pv applications the panels are located on a immovable 

surface such as a roof top; the disadvantage of this placing is that the 

effectiveness falls critically. The few mathematical models for various 

tracking methods with sensors has been developed and tested with 

simulations. But the proposed model analyzed using real time practical data 

and results has been]analyzed with real time models.  

       Dependent on the perspective of radiation and phase of the sun rays the 

electrical energy generation from solar panels varies. The incidence of light 

on the pv panels and the lengthier period of light rise the amount of created 

energy. Consequently, pv tracking systems are used to upsurge the quantity 

of energy yield for solar system, when an external surface is relocated to 

follow the solar, the power yield increases on that surface. Several types of 

tracker systems attempt to get the maximum possible energy that can be 

captured. The tracker system can be single-axis system or dual-axis tracking 

system, as well as passive or active tracking systems, Sun trackers are 

installments used to face PV modules, light reflectors, solar light lenses or 

other optical instruments in the location straight of the sun, also it is used to 

increase the total final yield of the solar system, and it reduces its size and 

cost per kWh.  
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2 Literature Survey 
 

      This literature survey tells the complete work that has been carried out till 

date on the matter of Solar tracking system. All previous research shows that 

it is probable to increase the yield of solar photovoltaic system by including 

solar tracking systems. The total solar radiation reaching the surface of a 

solar panel is composed of direct and reflected components of the radiation. 

Research studies show that in areas with strong direct components of 

sunlight, it may be helpful to integrate the use of tracking systems. The 

tracking systems may increase the yield to up to 30% more than the fixed-

axis system as annual average yield. The benefits of solar tracking systems 

are realized during sunny days when direct components of radiation are high. 

During cloudy days which only have diffuse radiation, tracking systems do 

not increase the amount of energy yield.  

       Many theoretical and practical researches in Jordan have been conducted 

to compare the performances and analyze the differences between fixed, 

single and double axis tracker systems. 

       One of these studies was in the Hashemite university [3] [5] which 

aimed to measure the difference between the performance and economical 

parameters of dual axis tracking and fixed PV grid-connected systems in 

Jordan. Fixed and double axis (open loop) tracking systems were used in this 

study, both systems have 7.98 kWp power. from the 9th of February 2014 to 

the 8th of February 2015, the actual results show that the tracking system is 

generating energy more than the fixed system by 24.89% with shading 

effects, and it is estimated to generate 31.27% more than the fixed system 

without shading effects. The annual conversion efficiency of the fixed system 

is 13.83%, while it is 13.85% for the tracking system. The annual conversion 

efficiency of the fixed system is 13.83%, while it is 13.85% for the tracking 

system. The average temperature of modules for the tracking system is 

higher than fixed axis system, also the feasibility study over 20 years shows 

that the fixed PV system is more feasible in Jordan[1,7,8,9,11]. 

       Another study in the Hashemite university [4], analyzes global radiation, 

diffuse, and different metrological data required to give a comprehensive 

study on the solar radiation in the Hashemite university, The inclination 

angle is also optimized in this paper  every month of the year in order to 

maximize solar energy production, the main conclusion of this study it is the 

fixed solar system gives the maximum global radiation for the whole year 

when the inclination angle of the panels equals  30
o
. 

       Another experimental researcher in Jordan [2] analyzed the differences 

between fixed and tracking systems. For short periods have evaluated multi-

axis sun-tracking system at different modes of operation from 10/6/2004 to 

2/7/2004 and found that there is an overall increase of about 30–45% in the 

output power for the North–South axis (N–S) tracking system compared with  



                                                                                                                  
 

 

 

 

 

 

 

12442 Issa Etier et al. 

 

the fixed PV system. The results are not indicated for the performance over a 

complete year. 

       This work [6] analyzed and compared open-loop and closed-loop solar 

tracker systems. The obtained experimental results are to validate the 

effectiveness of each Solar tracker. The discussion and results of this studies 

show that the efficiencies of the tracking systems are always higher than the 

fixed axis systems. The improvement is not significant compared between 

the open- and closed-loop trackers whereas the structure and operating 

principle of the closed-loop tracker is more complicated than that of the open 

loop tracker. That is why the open-loop tracker is chosen in most of the 

power generating applications through the solar PV panels due to its 

simplicity and effectiveness. 

       Other studies related to comparing between fixed and tracking systems 

and to actual PV systems’ performances are also accomplished in many other 

countries. In Florida, USA [9 dual axis solar tracking system was designed 

and assembled with a view to assess the improvement in solar conversion 

efficiency. The results showed that the use of the dual axis tracker System 

produced 18% gain of power output, compared with a single axis tracker 

system. And the gain of output power with the Dual Axis Tracker System 

was much higher about (53%) compared to a stationary system inclined at 

30° to the horizontal. An economic cost analysis computed on the three 

systems showed that the unit cost of energy produced by the Dual Axis 

Tracker is $0.53, which is reasonable, considering the state of the technology 

and the potential added benefit of any future amortization when employed on 

a large scale. 

       In India Asmarashid Ponniran [12] compare the efficiency of single 

tracker with fixed axis and another study M. Serhan [13], compared the 

efficiency of double-axis tracker with fixed axis, the conclusions from the 

two papers are that both single tracker and dual tracker are highly efficient in 

terms of the electrical energy output when compared to the fixed system, and 

the efficiency of dual tracker is higher compared to single tracker system. 

In South Africa, a study compared between fixed, single axis and dual axis 

tracking systems based on actual performance [14-20]. The study concluded 

that single axis systems are more attractive when the cost and performance 

are the base of comparison criteria. 

       Payback Period (PBP), Net Present Value (NPV) and Internal Rate of 

Return (IRR) are the core parameters in economic evaluation. These 

parameters have been applied in many studies to check which type of the 

residential PV systems can become an attractive economic investment or not. 

One of these studies in Australia [10] concluded that a main variation in the 

electricity tariff structure is required before residential PV systems can 

become an attractive economic investment.  
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3 System Design Description 
 

       In this research work, it has been studied tow solar units located at 

Hashemite University in Zarq’a, Jordan. The station identification can be 

found in Figure 1. 

 
 

Figure 1 Latitude and Longitude Details 

 

       These photovoltaic systems consist of one fixed solar panel (300W) and 

one single axis tracker solar panel (310W). A picture of both systems is 

shown below. The non-tracking panel is facing to south direction with a 26° 

inclination angle for “near optimum” annual generations, this setting of angle 

is average inclination of energy production which is shown in figure2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Fixed Module with 26
o 
Inclination Angle 

 

       The tracking panel also is facing to a South direction with 26° 

inclination angle and following from East to West during the day. As indicate 

in Figure 3 the single-axis tracker works in the early morning (LN – 3 Hours) 

and ends tracking at (LN + 3 Hours) so we kept the tracker panel 

perpendicular to the sun about 6 hours (90° from east to west) during one  
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day, and remains facing to south with tilt angle of 26° during night to resist 

the effect of wind exceeding nominal speed. 

Where: 

LN: local noon. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Single Axis module with 26
o
 Inclination Angle 

 

4 Methodology And Discussion 

 

       Figure 4 below shows the flow chart for predictive algorithm for the 

solar tracker system are used in this paper 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Flow Chart For Predictive Algorithm 
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Where: 

SR: sunrise. 

SS: sunset. 

Tt: temporary time. 

ST: start time. 

ET: end time. 

       Also, the planned block diagram of the solar tracker shown in Figure 5, 

illustrates the main components are used in this paper. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5 single-Axis Solar Tracker Block Diagram 

 

       This study presents the design of single-axis tracker using Arduino 

microcontroller (UNO R3), and compares the performance and efficiencies 

of single axis tracker with fixed solar PV solar panels. Two identical PV 

panels with different power ratings were installed and tested at the Hashemite 

university (Zarq’a, Jordan). 

 
4.1 Data Measurement and Computing 
 
This work has been divided into the following parts: 

 

4.1.1 Data Collection and Calculations 

 

       The full data is collected for 10 hours daily (from 6:00 AM to 4:00 PM) 

over a complete month from the 24th October 2017 to the 24th December 

2017, and the following parameters are computed every day: 

 Global horizontal irradiation (kWh./m2.day). 

 The AC electrical output (kWh/day) for both systems. 

 Conversion Efficiency (%) for both systems. 

 Final yield (kWh/kWp) for both systems. 
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4.1.2 Performance Analysis 

 

All daily results are evaluated to find the followings: 

 Total energy production for the whole study period (1 month)  
       (kWh/month) for the fixed and tracking systems. 

 The tracking system’s production percentage and final yield 

compared to the fixed system.  

 Conversion efficiencies for tracker system and comparing it with 

fixed system. 

 Economic analyses the two PV systems have been carried out. 

 

 4.2 Data Analysis and Evaluation Criteria  

 
4.2.1 Performance Analysis  
 

       To decide which of two systems is the better; the performances criteria 

are evaluated as following. 

 Total Yield (Yt):  

       This is the Total output energy Eout (Wh) divided by the PV system’s 

Nominal DC power NP (Wp). It is used mostly to liken between different 

size systems, and given by: 

   
    

  
              

 

 Systems’ Conversion Efficiency( ):  

       This is the PV system’s overall efficiency. It is considered by in-between 

the gross output power Pout by the pv panel energy, and articulated as: 

  
    

      
      

Where: 

Ac: area of solar cell (m
2
). 

n: number of solar cells in panel. 

G: incident radiation flux(W/m
2
). 

       The total average efficiencies for whole day and for full period (one 

month) was computed, and compared between two systems according to 

estimated values. 

 

4.2.2 Economics 
 

       The following cost-effective assessment measures are used in this 

research work is to determine the feasibility study are used according which 

was used in  

 Payback Period (PBP): This is the duration of period essential to 

make progress the resources used in project venture. 

 Net Present Value (NPV): it is the modification among the current 

worth of money entries and the current worth of money outflows 

completed a duration of interval. Basically, it compares the value of  
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     money today with that in future. 

 Internal Rate of Return (IRR): it is a reduction amount that 

involves the net present value (NPV) of all money flows from a 

specific work equivalent to zero. 

 

5 System Simulation and Results 
 

       The actual data is collected from the 24th of October 2017 to the 24th of 

November 2017.  The data for single-axis tracker and fixed mount panel 

systems are tabulated for a most efficient day (clear sky) and for least 

efficient day (cloudy sky) during one month (our study period). The data was 

read every 15 minutes for 10 hours from 6:00 AM to 4:00 PM. The normal 

output power percentage ascertain that the single-axis tracker system yields 

more energy than that of the immovable mount system at clear sky days and 

mostly not efficient for cloudy days. The monthly averaged conversion 

efficiency computed for the singe-axis tracker system is finding to be 

14.95%, and for the fixed mount system is said to be 15.27%. The tabulated 

values are simulated and the graph is obtained using Microsoft excel. 
Table 1 Weather Status Among Period Study 

 
 
 

 

 

 

 

 

 

 

 
        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Day Weather  

10/24/2017 cloudy 

10/25/2017 sunny 

10/26/2017 sunny 

10/27/2017   

10/28/2017 cloudy 

10/29/2017 sunny 

10/30/2017 cloudy 

10/31/2017 cloudy 

11/1/2017 sunny 

11/2/2017 sunny 

11/3/2017 cloudy 

11/4/2017 sunny 

11/5/2017 cloudy 

11/6/2017 sunny 

11/7/2017 sunny 

11/8/2017 sunny 

11/9/2017 sunny 

11/10/2017 sunny 

11/11/2017 sunny 

11/12/2017 sunny 

11/13/2017 sunny 

11/14/2017 cloudy 

11/15/2017 sunny 

11/16/2017 sunny 

11/17/2017 sunny 

11/18/2017 cloudy 

11/19/2017 cloudy 

11/20/2017 cloudy 

11/21/2017 cloudy 

11/22/2017 cloudy 

11/23/2017 cloudy 

11/24/2017 cloudy 
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       Our study and data collecting were in autumn season, so the numbers of 

cloudy and sunny days are equal; table 1 shows the weather status for our 

study period. 
 

5.1 The Measured Data and Actual Results 

5.1.1 Irradiation 
 
       Figure 6 shows hourly solar worldwide event irradiance on the 

immovable and the tracking systems and compared it with horizontal 

incident irradiance on a sample day (11/Nov/2017) 
 

 

 

 

 

 

 

 

 

 

 

Figure 6 Hourly Irradiance on Horizontal, Fixed and Tracking Systems on the Nov 

11, 2017 

 

       The daily average of solar worldwide event irradiance on the immovable 

and the tracking systems are shown in Figure 7, as we see the tracker system 

produces more energy than fixed system in most days of the whole month 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 7 Daily Irradiance on Fixed and Tracking Systems. 
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       The determined everyday regular irradiations on the immovable and 

tracker systems are 6.42 kWh/m2 and 8. 71 kWh/m2 respectively, and the 

minimum daily average irradiations on the fixed and tracker are 1.38 

kWh/m2 and 1.65 kWh/m2, respectively. 

 

5.1.2 Electrical Power Output 
 

       Both of the fixed-axis and tracking systems are located at the same site. 

And at the same metrological conditions, also the same type of micro inverter 

and size, but with different rated DC output, so the output power was taken 

as percent related to nominal power at STC condition according the 

following equation: 

 

             

 
    
  

      
 

(5.4) 

       Figure 8 shows the output power percent graph for each system this 

graph is for the most efficient day (11/11/2017), in this day the single-axis 

tracker system reached the maximum power percent difference compared to 

the fixed-axis system as average during a whole day. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8 Output Power Percent For Single And Fixed Modules In 11/11/2017 

 

       Figure 9 shows the output power percent graph for each system. this 

graph for least efficient day (22/11/2017), in this day the fixed tracker system 

reached the maximum efficiency difference as average during day. 
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Figure 9 Output Power Percent for Single and Fixed Modules in 22/11/2017 

 

From Figure 8 and Figure 9 we show three different regions (A, B and C) 

these regions   can be described as follow, 

 region (A): this period starts from SRtime and ends at STARTtime 

(LN – 3 hours), in this period the solar panel at tracking system 

remains fixed at -45⁰ due to mechanical limitations. 

 region (B): this period starts from STARTtime (LN – 3 hours) and 

ends at ENDtime (LN + 3 hours), in this period the solar panel at 

tracking system remains following the sun from -45⁰ to +45⁰, and it 

is the main tracking period study at whole day. 

 region (C): this period starts from ENDtime (LN + 3 hours), and 

ends at SStime in period the solar panel at tracking system remains 

fixed at +45⁰ due to mechanical limitations. 

5.1.3 Final yield (Yt) 
 

       It is the net output energy Eout (kWh) divided by the PV system’s 

nominal DC power NP (Wp). It is used mainly to compare different systems 

in size or technology. 

 

 

 

 

 

 

 

 

 

 
 

Figure 10 The Average Daily Final Yield 
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       Figure 10 shows the daily final yield as average for whole day, which the 

maximum final yield for both tracker and fixed systems were equal to 6.54 

hours/day and 5.38 hours/day respectively, at 26/10/2017 And the minimum 

final yield for both tracker and fixed systems were equal to 0.86 hours/day at 

22/11/2017 and 0.89 hours/day at 21/11/2017, respectively. 

 

5.1.4 Conversion Efficiency 
 

       The real everyday conversion efficiencies of the tracker and immovable 

systems are intended established on the slow AC amount produced (W) and 

calculated incident irradiance and computed area for each module. 

       Figure 11 shows the hourly conversion efficiencies at 11/11/2017, and 

Figure 11 shows the daily conversion efficiencies for whole study period, 

which the daily conversion efficiency as average for fixed system equals to 

15.27%, and for tracker system equals to 14.95%. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11 The Hourly Conversion Efficiencies At 11/11/2017 

 

6 Conclusion 
 

       In this study, the single axis tracker and fixed PV systems are evaluated 

according to their performances criteria and this study was conducted within 

one month. 

       From actual collected data It is found that the single axis tracking system 

is generating energy as average by 17.45% more than the fixed system. Also, 

it is concluded from both systems’ results that: 

 The average daily incident irradiation on the 26⁰ tilted fixed system is 

5.18 kWh/m2, while it is 6.08 kWh/m2 on tracking system (about 17.37%  
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       more than that incident on the fixed system as average). 

 Total monthly incident irradiance on tracker system during period of 

study equals to 194 kWh/m2, while on fixed system equals to 166 kWh/m2 

(about 16.87% more than that incident on the fixed system as total monthly). 

 The daily final yield during study period for tracker system is 5.06 hours, 

and for fixed 4.3 hours, both values less than the annual daily average final 

yield, where the main reason that study was done in autumn season, so has 

low peak hours sunshine comparing with summer season. 

 The average conversion efficiency of the single-axis tracker system 

equals 15.27%, while for tracker system equals 14.95%, also the conversion 

efficiency for tracker system reduced during cloudy days, since during 

cloudy days the efficiency of the single axis tracker system is almost close to 

the fixed system or less than fixed system. 

 At local noon time (midday), single tracker and fixed panels produced 

almost equal amount of power output percent because both of them have the 

same direction towards the sun. 
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