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INTRODUCTION: 

-------------------------------------------------------------------- 
 

Solar energy is one of the most significant forms of 

renewable energy for generating electricity in the 

commercial and residential sectors. One of the most 

promising   technologies   for   producing   electricity  is  

 

Concentrated Solar Power (CSP), which can operate at 

higher temperature levels, they are usually used in 

temperature levels between 150–500 °C. Parabolic 

Trough Collector (PTC) is the most mature solar 

concentrating technology at this moment and is one of the 

most feasible solutions as it offers high temperatures, and 
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A B STRACT 

Parabolic Trough collector assembly is made with an automatic sun-tracking 

system, to get the solar angle of incidence between the beam of solar radiation 

and the normal on the surface of the trough equal to zero. This study aims to 

present the best sun-tracking system for parabolic trough solar collectors 

operated in Sebha city. Five orientations have been selected for the Parabolic 

trough collector. In first orientation the axis was horizontal east-west and 

moving once on a single axis, in Second the axis was horizontal east-west and 

moving continuously on a single axis, in Third the axis was horizontal north-

south moving continuously on a single axis, in Fourth the axis was north-south 

and parallel to the earth's axis. Fifth, the axis was north-south and moving on 

two axes. The results of the work serve as an information basis for future 

research on parabolic trough collectors that will operate in Sabha city, which 

showed that the First, second and Fourth orientation, was collected solar 

radiation values are acceptable in some applications. Although the Third 

(especially in summer) and Fifth orientations are collecting the largest amount 

of direct solar radiation, the cost these systems are very expensive. 

 

 راسة أفضل توجيه لمجمع حوض قطع مكافئ يعمل في مدينة سبهاد

 حليمة صالح أبوبيصير      محمد الأمين الشريف
 من القادم مسيالش الإشعاع بين سقوط زاوية على للحصول وذلك الشمس لتتبع أوتوماتيكي نظام مع المكافئ القطع يصنع
 الشمس بعلتت نظام أفضل تقديم إلى الدراسة هذه تهدف الصفر. يساوي المجمع سطح على العمودي والاشعاع الشمس قرص

 القطع مجمع لتوجيه طرق خمسة اختيار تم حيث سبها، مدينة في تعمل التي المكافئ القطع ذات الشمسية الطاقة لمجمعات
 المحور كان نيةالثا وفي واحد، محور على واحدة مرة ويتحرك والغرب الشرق بين أفقيًا المحور كان الأول، الاتجاه في المكافئ.

 ويتحرك لجنوبا إلى الشمال من أفقيًا المحور كان الثالث وفي واحد، محور على باستمرار ويتحرك والغرب الشرق بين أفقيًا
 شمالًا رالمحو كان فقد الخامسة في اما الأرض. لمحور وموازٍ جنوب - شمال المحور كان الرابع في واحد، محور على باستمرار

 التي المكافئ القطع معاتمج حول المستقبلية للبحوث معلوماتي أساس بمثابة العمل نتائج تعتبر محورين. على ويتحرك جنوباً
 التطبيقات. بعض في مقبولة الشمسي للإشعاع قيم جمع تم والرابع والثاني الأول الاتجاه أن أظهرت والتي سبها، مدينة في ستعمل

 أن لاإ المباشر، الشمسي الإشعاع من قدر أكبر يجمعان والخامس الصيف( في )خاصة الثالث الاتجاهين أن من الرغم على
 الثمن. باهظة الأنظمة هذه تكلفة

http://aif-doi.org/LJEEST/040212
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can be used in a great range of applications for solar 

cooling, refrigeration, industrial heat, desalination, 

chemical processes and electricity production (Muzumil 

Anwar et al, 2021). Depending on the collector 

acceptance angle, a tracking mechanism must be 

dependable and able to follow the sun with a certain level 

of accuracy. It must also be able to perform other tasks, 

such as repositioning the collector at night or the end of 

the day and tracking through periods of intermittent cloud 

cover. Additionally, tracking systems are employed to 

safeguard collectors, they turn the collector out of focus 

to protect it from hazardous environmental and working 

conditions, such as wind gusts, overheating, and failure 

of the thermal fluid flow mechanism. There are many 

different types of tracking mechanisms, ranging from 

sophisticated to very basic. Mechanical and electrical-

electronic systems are two broad groups into which they 

can be split. Electronic systems generally exhibit 

improved reliability and tracking accuracy. These can be 

further split into devices that use electronic motor control 

via sensors that measure the intensity of solar 

illumination and devices that use computer-controlled 

motors with feedback control from sensors detecting the 

solar flux on the receiver (Evangelos et al, 2019). Also, 

for example, A different message is sent to the controller 

to open the cover so that PTC can return and face the sun 

to continue the tracking of the sun when the surface of 

the rain sensor is dry (i.e., "no rainfall"). This is true as 

long as the tracking cycle for that particular day has not 

yet ended (Idowu David et al, 2020). A PTC operate on 

Direct Normal Irradiance (DNI), defined as the amount 

of received solar energy per unit area on the surface held 

normal to the sun's rays relative position changes every 

second, a solar tracking system is needed to improve its 

efficiency. Tracking methods are so named based on the 

direction of rotation of the collector’s aperture plane. 

Figure 1 shows that the receiver, which is parallel to the 

tracking axis, is aligned in the east-west direction in 

north-south tracking, causing the collector's aperture 

plane to spin from north to south and vice versa. (Peter 

Viciana et al, 2017)  

 

Figure 1: Tracking modes for PTC

The opposing tracking type, known as the east-west case, 

rotates the aperture plane from east to west while the 

receiver is positioned in a north-south direction. The 

north-south tracking approach has the benefit of using less 

energy for tracking, but with a higher end-effect. For east-

west tracking systems, the opposite is the case (lower-end 

effect and higher energy consumption) (Peter Viciana et 

al, 2017; Nabeel et al, 2019). A study of the prospective 

installation of CSP plants in Libya was given by ( 

Belgasim et al, 2018), and the plant Andasol-1 in Spain 

was a reference for comparing the performance results. 

The study's conclusions demonstrated that Libya is 

capable of doing so in an economic way, despite the 

proposed plant's position on the country's northern shore, 

where solar resources are at their lowest level compared to 

other places. A number of ally competitive way critical 

findings that could serve as a guide for solar energy 

projects were provided. Due to their low Levelized Cost of 

Energy, solar PV and PTC, for instance, are preferred 

candidates in the Saudi energy market. Parabolic Trough 

Technology was discovered in the Solar Village site to 

provide electricity at the lowest possible cost of 0.06 US 

dollars per kilowatt hour (Hafez et al, 2019). (Moafaq et 

al, 2019) studied the effect of the tracking axis on DNI of 

the collector at different times of the year and considered 

the north-south tracking axis of Baghdad as the best option 

for installing a solar collector for a longer period of the 

year. (Pablo et al, 2020) emphasized the necessity fo 

Mirrors and thermal enhancement (with nanofluids or 

inserts) must receive significant research attention, and the 

tracking system needs to be dependable and accurate 

enough to track the sun, to get the best DNI. (Sharif, 2014) 

studied the best orientation for PTC, and has been 

evaluated for some locations throughout the world by 

adjusting the angle of incidence of the beam radiation, and 

was noted that the First and Second systems collected a 

small amount of solar radiation during the day compared 

to the rest of the systems, this small amount of radiation is 

considered to be acceptable in some studied areas (e.g., 

Libya). (A. Kumar et al, 2013) observed from the results 
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that when the collector is continuously adjusted and 

rotated about a horizontal N-S axis such that the solar 

beam always makes the smallest angle of incidence with 

an aperture., also when the collector has turned about the 

horizontal E-W axis and adjusted continuously, are the 

best tracking mode for large scale power generation. 

(Sansoni et al, 2011) looked into PTC and used the 

findings to improve a prototype plant for residential supply 

that was placed in Florence, Italy. The goal was to manage 

the realization of mistakes and get beyond the challenges 

that came up when designing the solar trough plant. 

Imprecision in trough axis positioning is a particular topic 

that is tackled. (Shailesh et al, 2017) emphasized that the 

design and development of PTC and the experimental 

work carried out during this work led to the thermal 

efficiency of PTC can be increased by using an automatic 

solar tracking mechanism & by proper design. Keeping in 

view the relevant literature on tracking systems of PTC, it 

is identified research work has been carried out on five 

tracking systems, and evaluated the best solar tracking 

systems for PTC run in Sebha city using a variety of 

models. Sebha, a city in southern Libya, was chosen for 

examination in this study. Figure 2 shows the location of 

Sebha city, which is characterized by high solar radiation 

intensity.…………………………………

 

Figure 2: Solar radiation intensity of Sebha city. (Global Solar Atlas,” World Bank, 2021) 

 
METHODOLOGY : 

-----------------------------------------------------------------

--- 
 

Estimation of Direct Normal Irradiation 

The most commonly available data where there is an 

albeit small survey station is the monthly average 

number n of hours of sunshine in a day; the monthly 

average value H of the daily solar radiation incident on 

a horizontal surface is also often provided. From these 

data, it is possible to estimate the direct and diffuse 

components of solar radiation H which is always lower 

than the daily extraterrestrial radiation Ho, which is 

why  

 

 

the clearness index KT is defined as the ratio between 

H and Ho (Duffie et al. 2020; Nassar, Y., 2006).  

 

𝐾𝑇 = 𝐻 𝐻𝑜⁄                      (1) 

Since the fraction of diffuse radiation increases with 

increasing cloud cover, a relationship was sought 

between the monthly average of the diffuse radiation 

Hd and the global radiation H with the clearness index 

KT. The following relationship (Collares-Rabel) has 

recently proved to be of good reliability (Duffie et al, 

2020): 
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𝑯𝒅 𝑯⁄ =

{
 
 
 
 

 
 
 
 

𝟎. 𝟗𝟗 𝒇𝒐𝒓 𝑲𝑻 ≤ 𝟎. 𝟏𝟕
 
 

𝟏. 𝟏𝟖𝟖 − 𝟐. 𝟐𝟕𝟐𝑲𝑻 + 𝟗. 𝟒𝟕𝟑𝑲𝑻
𝟐

−𝟐𝟏. 𝟖𝟔𝟓𝑲𝑻
𝟑 + 𝟏𝟒. 𝟔𝟒𝟖𝑲𝑻

𝟒
}  𝒇𝒐𝒓𝟎. 𝟏𝟕 < 𝑲𝑻 < 𝟎. 𝟕𝟓

 
−𝟎. 𝟓𝟒𝑲𝑻 + 𝟎. 𝟔𝟑𝟐 𝒇𝒐𝒓 𝟎. 𝟕𝟓 < 𝑲𝑻 < 𝟎. 𝟖𝟎

 
 

𝟎. 𝟐 𝒇𝒐𝒓 𝑲𝑻 ≥ 𝟎. 𝟖𝟎

                             (2 

It has been suggested to express the global radiation H as 

a function of the ratio n / N (Duffie et al, 2020; Nassar, 

Y., 2006): 

𝐻

𝐻𝑜
= 𝑎 + 𝑏

𝑛

𝑁
                   (3) 

Where: a and b are empirical constants.  

It may be convenient to have analytical expressions for 

the intensity of the radiation per hour, given the daily 

value; thus, indicating with Id the diffused hourly 

radiation, we can write (Noushad et al, 2019): 

 

𝑟𝑑 =
𝐼𝑑
𝐻𝑑

=
𝜋

24
 
𝑐𝑜𝑠  𝜔 − 𝑐𝑜𝑠  𝜔𝑠

𝑠𝑖𝑛  𝜔𝑠 −
𝜋𝜔𝑠
180

𝑐𝑜𝑠  𝜔𝑠
            (4) 

Where: 𝝎 is the hour angle, and 𝝎𝒔 is the sunset hour 

angle. 

An empirical relationship is valid for the same 𝒓𝒕 
relationship (Duffie et al, 2020; Noushad et al, 2019): 

 

𝑟𝑡 =
𝐼𝐺
𝐻𝐺

= (𝑐 + 𝑑 𝑐𝑜𝑠 𝜔) 𝑟𝑑                       (5)  

 

Where: 𝑰𝑮 Hourly global radiation, and the coefficients c, 

and d are given by (Duffie et al, 2020; Noushad et al, 

2019): 

𝑐 = 0.409 + 0.5016 𝑠𝑖𝑛(𝜔𝑠 − 60)

𝑑 = 0.6609 − 0.4767 𝑠𝑖𝑛(𝜔𝑠 − 60)
            (6) 

 

Thus, Hourly beam radiation incident perpendicular to the 

horizontal surface can be estimated through the following 

equation (Duffie et al, 2020; Nassar, Y., 2006): 

𝐼𝑏 = 𝐼𝐺 − 𝐼𝑑                    (7) 

 

The radiation on a surface which is constantly normal to 

the sun’s rays is always the maximum so to obtain it is 

sufficient to divide the radiation incident on a horizontal 

surface by the cosine of Zenith angle formed by the beam 

with the normal to the horizontal surface, given by 

(Duffie et al, 2020): 

𝐼𝑏𝑛 = 𝐼𝑏/ 𝑐𝑜𝑠  𝜃𝑧                  (8) 

 

We know that DNI depends on the angle of incidence 𝜽, 

is given by (Duffie et al, 2020): 

 

𝐷𝑁𝐼 = 𝐼𝑏𝑛  cos 𝜃             (9) 

 

Therefore, to have a good value of DNI, we try to have 

the minimum angle of incidence following the control 

systems used for PTC: 

First system: PTC rotated about a horizontal east-west 

axis with a single daily adjustment so that the beam 

radiation is normal to the surface at noon each day 

(Kumar et al.2013), (Duffie et al, 2020):  

 

cos 𝜃 = (sin2𝛿 cos2δ cos2𝜔)            (10)  

 

Where: 𝛿 is Declination angle. 

Second system: PTC rotated about a horizontal east-west 

axis with continuous adjustment to minimize the angle of 

incidence (Kumar et al, 2013; Duffie et al, 2020): 
 

cos = (1 − cos2 𝛿 sin2𝜔)0.5           (11) 
 

 

Third system: PTC rotated about a horizontal north-

south axis with continuous adjustment to minimize the 

angle of incidence (Kumar et al, 2013; Duffie et al, 2020): 
 

 cos 𝜃 = (cos2θ cos2 𝛿 sin2𝜔)0.5           (12) 
 

Fourth system: PTC rotated about a north-south axis 

parallel to the earth's axis with continuous adjustment to 

minimize the angle of incidence (Kumar et al, 2013; 

Duffie et al, 2020): 𝛽 = 𝜑 
 

cos 𝜃 = cos 𝛿                  (13) 
 

Where: 𝛽 is the tilt angle, and 𝜑 is the latitude angle. 

Fifth system: PTC that is continuously tracking about 

two axes to minimize the angle of incidence (Kumar et 

al.2013; Duffie et al, 2020): 
 

cos 𝜃 = 1                  (14) 
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RESULTS AND DISCUSSION : 

-------------------------------------------------------------------- 
 

In this study, MATLAB program was used to estimate the 

average DNI for each month, during the day, where the 

data of the monthly average daily hours of bright sunshine 

in Sebha city were entered for the program, shown in 

Figure 3 (weather-and-climate, 2022). Also, Latitude 

angle was entered for Sebha city (27.0377), and the value 

of empirical constants a=0.3, and b=0.43 for Desert or 

arid climate, the solar constant=1367W/m2 (Duffie et al, 

2020).  

 

 

Figure 3: The monthly total of sun hours over the year in Sebha, Libya (weather-and-climate, 2022).

The results illustrated the effect of the tracking axis on the 

DNI of the PTC at a different time during one year. Figure 

4, (from a to c) shows the amount of DNI for the different 

systems. It was noted that the collected values from 

clock10 to 14, have the highest amount of DNI and are 

almost similar, except for the third system, which collects 

the least amount of DNI during the day because the solar 

incidence angle is larger in winter, which leads  

 

 

to cosine loss. However, it is comparatively small in 

Summer. Since it is relatively small in Summer, we notice 

that the third system approaches the rest of the systems 

during the middle of the day, as shown in Figure 4 (from 

d to f). Also, Figure 5 (g, h). First and Second systems 

collect the least amount of DNI at the beginning and end 

of the day, compared to other systems. 
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Figure 4: The daily pattern of DNI for (21Jan., 21Feb., 21Mar., 21Apr., 21May., 21Jun. )
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Figure 5: The daily pattern of DNI for (21Jul., 21Agu., 21Sep., 21Oct., 21Nov., 21Dec. ) 

 

In order to clarify the results in another way, the 

average DNI was compared for the five systems, as 

shown in the following Figure 6.  

From Figure 6, it is clear that Third, Fourth and Fifth 

systems collect the largest amount of DNI during the 

year, while the First and Second systems have a small 

amount of radiation relative to the previous systems. 
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Figure 6: Comparison of the monthly average DNI for the five tracking systems. 

 

CONCLUSION: 

----------------------------------------------------------------- 
 

In the design and economic analysis of CSP, specific 

information on the direction that PTC should be used in 

for a certain installation site is crucial.  

PTC can maintain its orientation toward the sun and 

hence capture the most DNI during the day and increase 

the effectiveness and power output of PTC, thanks to 

the tracking mechanism.  

This study's main goal is to use several models to 

investigate the best solar tracking systems for PTC 

operated in Sebha city. The majority of conclusions 

state: 

1. The optimal DNI for PTC over a longer period of 

the year is shown by the North-South tracking axis. 

2. Although the fifth system has the maximum 

efficiency, it is expensive, and hard to operate; yet, 

it can be utilized for small-scale power generation. 

Two-axis tracking for PTC was also tested at the 

beginning of the technology, but it did not achieve 

acceptance. 

3. The optimum tracking mode for massive power 

generation is the third system. 

4. Due to its lower efficiency when compared to the 

third system, the fourth system is not economically 

viable for power generation. 

5. Since the First and Second systems have the lowest 

efficiencies, they should only be used for cooling 

and water heating, not for producing 

electricity                      
 

REFERENCES : 

---------------------------------------------------------------------- 
 

Arvind Kumar, Satish Chand, O.P.Umrao. (2013). 

“Selection and evaluation of different tracking 

modes performance for parabolic trough solar 

collector,” Int. J. Eng. Res. Technol., vol. 2, no. 6, 

pp. 2758–2764, 2013. 

Basim Belgasim, Yasser Aldali, Mohammad J.R. 

Abdunnabi, Gamal Hashem, Khaled Hossin. 

(2018). “The potential of concentrating solar power 

(CSP) for electricity generation in Libya”, 

Renewable and Sustainable Energy Reviews 90 1–

15. 

Evangelos Bellos, Christos Tzivanidis. (2019) “Alternative 

designs of parabolic trough solar collectors”, 

Progress in Energy and Combustion Science 71 81-

117,                 

DOI:   10.1016/j.pecs.2018.11.001. 

Global Solar Atlas,” World Bank, 2021. 

https://globalsolaratlas.info (accessed Aug. 01, 

2022). 

Hafez, A., Nassar, Y., Hammdan, M., Alsadi, S. (2019), 
“Technical and Economic Feasibility of Utility-

Scale Solar Energy Conversion Systems in Saudi 

Arabia”, Iranian Journal of Science and 

Technology, Transactions of Electrical 

Engineering,  

DOI:10.1007/s40998-019-00233-3. ( 

Idowu David Ibrahim, Yskandar Hamam, Yasser Alayli, 

Tamba Jamiru, Rotimi Sadiku. (2020). “Design and 

Modification of Parabolic Trough Solar Collector 



Mohamed  Sharif and  Halima Bubisir                                                                     Vol, 4     No. 2     Dec., 2022 

 

  Libyan Journal of Ecological & Environmental Sciences and Technolog   ...................................  ..............  99 

for Performance Effectiveness”, 5th International 

Conference on Renewable Energy for Developing 

Countries (REDEC).  

John A. Duffie, William A. Beckman, Nathan Blair (2020). 

“Solar Engineering of Thermal Processes, 

Photovoltaics and Wind”, Fifth Edition, Copyright 

© 2020 by John Wiley & Sons, Inc. 

Moafaq K.S. Al-Ghezi, (2019). “Study the Maximum Solar 

Radiation by Determining the Best Direction of the 

Solar Collectors”, International Research Journal of 

Advanced Engineering and Science, Volume 4, 

Issue 3, pp. 42-44. 

Muzumil Anwar, Ahmed Wasim, Muzaffar Ali, Salman 

Hussain, and Mirza Jahanzaib. (2021). 

“Experimental Analysis of Parabolic Trough 

Collector System with multiple receiver geometries 

and reflective materiales” THERMAL SCIENCE, 

Vol. 25, No. 2 B, pp. 1611-1622, DOI: 

10.2298/TSCI191202216A. 

Nabeel Abed, Imran Afgan. (2019). “Enhancement 

Techniques of Parabolic Trough Collectors: A 

Review of Past and Recent Technologies”, Crimson 

Publishers, Volume 3 Issue3, 

DOI:10.31031/ACET.2019.03.000563.  

Nassar, Y., 2006. “Solar energy engineering active 

applications, Sabha University, Libya”. 

Noushad Bhuiyan, Wali Ullah, Rabiul Islam, Tofael 

Ahmed & Nur Mohammad. (2019). “Performance 

optimization of parabolic trough solar thermal 

power plants – a case study in Bangladesh”, 

International Journal of Sustainable Energy,  

DOI: 10.1080/14786451.2019.1649263. 

P. Sansoni, D. Fontani, F. Francini, A. Giannuzzi, E. Sani, 

L. Mercatelli, D. Jafrancesco. (2011). “Optical 

collection efficiency and orientation of a solar 

trough medium-power plant installed in Italy,” 

Renew. Energy,vol.36,no.9,pp.2341–2347, DOI: 

10.1016/j.renene.2011.02.004. 

Pablo D. Tagle-Salazar, Krishna D.P. Nigam, and Carlos I. 

Rivera-Solorio. (2020) “Parabolic trough solar 

collectors: A general overview of technology, 

industrial applications, energy market, modeling, 

and standards”,  

DOI: 10.1515/gps-2020 0059 

Peter Viciana, Matej Palackaa, Peter Ďurčanskýa, Jozef 

Jandačkaa. (2017). “Determination of optimal 

position of solar trough collector”, Procedia 

Engineering 192 (2017) 941 – 946, DOI: 

10.1016/j.proeng.2017.06.162.  

Shailesh Prajapati, Dip Shah. (2017). “Design and 

Experiment of Parabolic Trough Collector With 

North-South Orientation,” International Journal of 

Modern Trends in Engineering and Research, 

Volume 04, Issue 11,  

DOI: 10.21884/IJMTER.2017.4355.NOZDU. 

Sharif Mohamed. (2014). “Study of the Best Orientation for 

Parabolic Concentrator Kind of PolyTrough”, 

European Journal of Sustainable Development,  

DOI: 10.14207/ejsd. 2014.v3n3p189. 

Weather-and-climate, (2022). “Average monthly hours of 

sunshine in Sabha, Libya”, Copyright © 2022 

https://weather-and-climate.com/average-monthly-

hours-Sunshine,Sebha,Libya. 

 

 

https://doi.org/10.1515/gps-2020%200059
https://weather-and-climate.com/average-monthly-hours-Sunshine,Sebha,Libya
https://weather-and-climate.com/average-monthly-hours-Sunshine,Sebha,Libya

