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Abstract 

In this research, the performance of a moving solar system on two axes was studied, the east-west axis, this axis 
represents the tilt angle of the solar collector. The other movement is the surface's rotation around the perpendicular 
axis on the surface in the east and west directions, which in turn represents the azimuth angle of the solar collector. All 
possibilities for these movements were also studied, in order to reach the optimal option, which in turn depends on the 
importance of alication and the available space on the one hand, and the economic conditions on the other hand. The 
maximum value of solar radiation intensity was adopted as a guide to compare the performance of six options for 
tracking systems. Despite the high costs of tracking systems, they often have a positive economic return, as these 
systems increase the efficiency of the solar system, whether it is electric or thermal twice, the first one by increasing the 
intensity of the solar radiation incident on the solar collector, and the second one by increasing the optical efficiency of 
the solar collectors and thus increasing the overall efficiency of the device. The percentage of increase in the sixth type 
of solar energy is about 38% compared to the fixed mode. The minimum optical efficiency of the dual tracking mode has 
been found as 84%, while for fixed mode is about 48%.  

Keywords: Solar tracking system; Fixed mode; One axis tracking mode; Dual axis tracking mode; Energetic benefit; 
Environmental impact 

1. Introduction

The amount of solar radiation reaches on the exterior surface of the earth is a constant, but due to the difference in the 
tilt angle of the earth's axis leads to reduction on the solar radiation incident on the horizontal surfaces. For this reason, 
it is recommended to tilt surfaces to a certain tilt angle instead of horizontal surface. In an advanced stage, solar tracking 
systems had been adopted [1-3]. Solar energy is used in many engineering alications such as water desalination [4], 
heating and cooling homes and water [5-13], electricity generation [14-20], all of which use solar collectors. 

Mechanisms that tracking the sun are the options to increase the intensity of the solar radiation falling on the solar 
conversion devices, whether thermal or electrical, in addition to the inverters. Despite its relatively high cost, the 
increase in the amount of energy covers these costs, in addition to being the only option in the event of limited space 
available to establish the station. 

Three tracking systems are available and they are shown in Fig. 1. The system (1-A) presents the fixed mode, the system 
(1-B) rotates around the east-west axis, and it represents the tilt angle of the solar collector. While, the system (1-C) 
rotates around the perpendicular axis on the horizontal plane of the Earth, and it, in turn, represents the azimuth angle 
of the solar collector. These systems can work alone, but to obtain the highest value of solar radiation, a combination of 
systems (1-B) with (1-C) becomes necessary. The result will be a dual tracking system as shown it illustrates in Fig. (1-
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D). The purpose of this research is to address all options for tracking the sun, and to obtain the values of the moving 
angles for each day and hour, as well as the corresponding value of the solar radiation incident on the solar collector. 

To achieve this aim, a program was created in the FORTRAN language to simulate the proposed six options for tracking 
systems, which were as follows: 

 The first option: The tilt angle (β) is fixed and the azimuth angle (γ) is fixed toward the south. 

 The second option: The tilt angle is fixed and the azimuth angle is hourly moving. 

 The third option: Daily moving of the tilt angle and the azimuth angle is fixed toward the south. 

 The fourth option: Hourly moving of the tilt angle and the azimuth angle is fixed toward the south. 

 The fifth option: Daily moving of the tilt angle and the azimuth angle is moving every hour. 

 The sixth option: Hourly moving of both the tilt angle and the azimuth angle  

 

 

Figure 1 state of the problem 

2. Methodology 

Practically, it is difficult to find a mathematical model to represent the movement of tracking systems, due to its great 
dependence on the sky condition [21, 22]. In cloudy times, it is necessary that the angle of inclination of the solar 
collector be horizontal to increase the amount of the sky-diffuse irradiation component than the rest of the components, 
and of course these times cannot be expected. But if the sky is clear, the tilt and azimuth angles of the surface change 
with time according to the position of the sun in the sky. For this reason, the clear sky model was adopted to calculate 
the intensity of solar radiation in this study [23].  

Table 1 The emission factor for Natural Gas for electric utility 

No Air emission Emission Factor (g/m3) 

1 CO2 1.009 

2 CH4 0.49 

3 N2O 0.049 

4 PM 0.04 

5 SO2 0.0096 

6 NO2 2.24 

7 VOC 0.044 

8 CO 0.56 

CO2e 1,930 
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The methodology for estimating the solar irradiation incident on a tilted surface and facing to a certain azimuth angle 
is well documented in all text books of solar energy engineering [1] and reported in many research papers [24-29]. 

The environment analysis has been carried according to [30-36]. Table 1 tabulates the emission factors of several air 
emissions [30] 

3. Results and discussion 

3.1. Optimum tilt and azimuth angles  

Fig. 2 represents the relationship between the optimum tilt angles of a solar collector (βopt) for the fixed mode (The first 
option) in terms of the latitude angle (λ) for the northern hemisphere. The curve in Fig. 2 can be represented by the 
following relationship: 

 

𝛽𝑜𝑝𝑡 = −2 × 10−9𝜆6 + 6 × 10−7𝜆5 − 7 × 10−5𝜆4 + 0.0033𝜆3 − 0.0759𝜆2 + 1.5755𝜆 + 1.9351, 

𝑅2 = 0.9992 

(1) 

 

 

Figure 2 The relationship between the tilt angle of solar collector and the site's latitude (The first option) 

While Fig. 3 demonstrates the relationship between the optimum tilt angles of a solar collector (βopt) for fixed tilt angle 
and hourly moving of the azimuth angle (The second option) in terms of the latitude angle (λ) for the northern 
hemisphere. The curve in Fig. 3 can be represented by the following relationship: 

 

𝛽𝑜𝑝𝑡 = −3 × 10−9𝜆6 + 7 × 10−7𝜆5 − 7 × 10−5𝜆4 + 0.0028𝜆3 − 0.0438𝜆2 + 0.3059𝜆 + 45.014, 

𝑅2 = 0.9987 

(2) 

 

 

Figure 3 The relationship between the tilt angle of solar collector and the site's latitude (The second option) 
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Fig. 4 represents the relationship between the tilt angles which is moving one movement every day, with the latitude 
for the 21st of every month, for the third option when the angle of the surface direction towards the south is fixed. The 
negative sign for the months of March to September indicates that the sun at noon times is behind the surface, and 
therefore the surface must tilt in the oosite direction that in the north direction. 

 

Figure 4 The optimum tilt angle of solar collector according to the site's latitude for the day 21st every month (The 
third option) 

While, Fig. 5 represents the relationship between the tilt angle which is moving one movement every hour, with the 
latitude for the 21st of every month and at exactly 11:00, and when the angle of the surface towards the south is fixed 
for the fourth option. 

 

Figure 5 The optimum tilt angle of solar collector according to the site's latitude at 11:00 for the day 21st every month 
(The fourth option) 

3.2. Energetic evaluation  

The total daily solar radiation incident on a solar collector of optimum tilt angle and optimum azimuth angle were also 
calculated for the day of 21st of every month, and the results were graphically represented as a bubble with 3-D effect 
chart (Fig.6), and the annual solar radiation shown in Table.2. 
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Figure 6 A comparison of total daily solar radiation incident [kW/m2] on a solar collector for all options at the day of 
21st of every month 

Table 2 Total solar radiation incident on a 1 m2 area of a flat solar collector [kW/m2] 

Options System Annual solar radiation, kW/m2 

One Fixed β and fixed γ 2577.72 

Two Daily movement β and fixed γ 2753.637 

Three Hourly movement β and fixed γ 2768.803 

Four Fixed β and hourly movement γ 3164.518 

Five Daily movement β and hourly movement γ 3432.087 

Six Hourly movement β and hourly movement γ 3565.995 

3.3. Optical efficiency  

Solar thermal and electrical conversion systems often use transparent covers on the user surface of the system to 
protect it from weather erosion factors, and although these covers reduce the overall efficiency of the device due to their 
optical efficiency, their use is necessary either to reduce heat losses in the case of thermal systems or to protect the solar 
cells from environmental factors. Optical efficiency (ηopt) is the product of two optical properties of the system (τα). The 
first property represents the transmittance (τ), which is an optical property of the transparent cover (glass or plastic), 
and it is a function of the solar incident angle, while the second property is the absorbance of the absorbent plate (α). 

 

Figure 7 Ternary plot for optical properties of a glass cover of a solar collector as a function in solar incident angle 
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The transmittance property of transparent fabrics is highly dependent on the angle of incidence of the solar ray, the 
lower this angle, the higher the value of the transmittance, and by increasing it, the optical efficiency increases, and this 
in turn leads to an overall rise in the performance of the system as a whole. 

Fig. 7 shows the relationship of the optical properties of the glass with the angle of incidence. Table 3 shows the largest 
and smallest range of optical efficiency of a flat solar collector for a number of options of systems tracking the aarent 
movement of the sun. As is clear from Table 3, the sixth system has almost constant optical efficiency, and this indicates 
the success of the tracking systems in making the angle of incidence almost perpendicular to the surface of the solar 
conversion system (as is clear in Fig. 7). As for the rest of the systems, the deviation from the average is large, and this 
In turn, it indicates the failure of these options to reduce the value of the angle of incidence. 

Table 3 Maximum and minimum values of the optical efficiency 

Options System Maxm ηopt Minm ηopt 

One Fixed β and fixed γ 84.29 48.41 

Two Daily movement β and fixed γ 84.29 48.41 

Three Hourly movement β and fixed γ 84.29 58.02 

Four Fixed β and hourly movement γ 84.29 48.41 

Five Daily movement β and hourly movement γ 84.29 48.41 

Six Hourly movement β and hourly movement γ 84.29 84.29 

 

Accordingly, Fig. 8 represents the average values of the hourly solar incident angles and the maximum and minimum 
deviations throughout the year for the sixth option mode for the city of Hebron 

 

Figure 8 The hourly average values of the solar incidence angle and the maximum and minimum deviation  

3.4. Economic evaluation 

Despite the high costs of tracking systems (about $120 per mobile model), they often have a positive economic return, 
as these systems work (in the case of flat roofs) to increase the efficiency of the solar system, thermal (planar solar 
collectors) or electrical (solar panels). ). Table 4 shows the amount of fuel that was saved due to the use of solar tracking 
systems for every 100 square meters of solar conversion systems. 
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Table 4 The amount of fuel saved from the six options for an area of 100 m2 of solar collectors 

Options System Equivalent Oil 
(kg) 

Crude Oil 
(barrel) 

Natural Gas 
(m3)  

One Fixed β and fixed γ - - - 

Two Daily movement β and fixed γ 2,240 11.39 2,811 

Three Hourly movement β and fixed γ 2,350 11.93 2,897 

Four Fixed β and hourly movement γ 7,290 37.07 5,894 

Five Daily movement β and hourly movement γ 10,640 54.11 8,603 

Six Hourly movement β and hourly movement γ 12,170 61.93 9.847 

3.5. Environmental evaluation 

Table 5 shows the annual total air emissions that saved due to adopting solar conversion systems for the six options, on 
the base of the air emissions factors that documented in [30-36]. The emission factor is taken as 840.8 kg/MWh [30]. 

Table 5 The amount of air emissions saved from the six options for an area of 1 m2 of solar collectors 

Options System Annual saving of CO2 emission 
[kg/m2 solar collector] 

One Fixed β and fixed γ 2167.347 

Two Daily movement β and fixed γ 2315.258 

Three Hourly movement β and fixed γ 2328.01 

Four Fixed β and hourly movement γ 2660.727 

Five Daily movement β and hourly movement γ 2885.699 

Six Hourly movement β and hourly movement γ 2998.289 

4. Conclusion 

In this research, the performance of a moving solar system on two axes was studied, the east-west axis, this axis 
represents the tilt angle of the solar collector. The other movement is the surface's rotation around the perpendicular 
axis on the surface in the east and west directions, which in turn represents the azimuth angle of the solar collector. All 
possibilities for these movements were also studied, in order to reach the optimal option, which in turn depends on the 
importance of alication and the available space on the one hand, and the economic conditions on the other hand. The 
maximum value of solar radiation intensity was adopted as a guide to compare the performance of six options for 
tracking systems. Despite the high costs of tracking systems, they often have a positive economic return, as these 
systems increase the efficiency of the solar system, whether it is electric or thermal twice, the first one by increasing the 
intensity of the solar radiation incident on the solar collector, and the second one by increasing the optical efficiency of 
the solar collectors and thus increasing the overall efficiency of the device. The percentage of increase in the sixth type 
of solar energy is about 38% compared to the fixed mode. The minimum optical efficiency of the dual tracking mode has 
been found as 84%, while for fixed mode is about 48%.  
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