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Evaluation and Simulation of Reif’s Concentrated Solar Collector. 

 

ABSTRACT 
 

Water and electricity are one of the highest demanding elements within the Kingdom of 

Saudi Arabia. There are several effective systems are accessible on the area. The most common 

issue that these systems face a difficult way to generate power. Another important issue that these 

systems face is a way to deliver the water or electricity to neighborhoods.  

The main objective of this thesis is to exploit the current knowledge of the power systems 

in different fields and contribute with a novel approach for the concentrated solar power system 

capable to generate the required energy by different power systems.  

The main approach adopts the scientific method that includes the comparative analysis of 

related literature results to the specification of the research problem. Then the justification for a 

Reif’s system simulation for concentrated solar collector is provided. The work concludes with the 

main findings that prove the capacity of the new approach to provide a sound solution to the well-

defined research problem.  

     The added value of the approach is anchored around two pillars: 

• The development of the system is using immobile primary concentrators and a 

mobile secondary concentrator. This system is specialized for practical uses in the 

Kingdom of Saudi Arabia.  

• The key deliverables of the scientific methods represent a strong action towards the 

improvement of the sustainable energy through the vision of the Kingdom to 

replace the consumption of the oil with the clean and renewable resources to 

generate power in different places in the kingdom that have difficulties in accessing 

electricity and water.   
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CHAPTER 1 

INTRODUCTION 
 

1.1. Introduction /overview/significance 

This thesis study is addressing the issue of power generation from renewable sources. 

Utilization of the solar energy in Kingdom of Saudi Arabia (KSA) is the main research context. 

Many different aspects related to sustainability and growth of the sustainable economy (based on 

energy consumption and utilization) are considered in this study.  

It is known that solar energy is the most available renewable energy resource. Currently, the 

demand for energy is increasing. Many different nonrenewable resources such as coal and oil are 

used to produce the necessary energy. Nowadays, utilizing other resources to produce energy such 

as renewable resources became a must.  

KSA, along with other countries, are a suitable location for solar energy production. According 

to some studies, every one m2 within the land of Saudi Arabia receives up to 4.78 KWh radiation 

per mean solar day. Countries within the Middle East and similar geographic region receive a mean 

of 5 to 7 kWh of the sun insolation. Sun insolation is often measured as the solar irradiation energy 

received on a given area over a given time. On average, these regions receive between 1.7 – 2.2 

MWh/m2 annually. This is often calculated as a mean of 2-megawatt hours of the alternative energy 

accessible per square meter annually [6].  

It is known that KAS is an important oil producer and it depends upon the non-renewable 

energy sources. According to a study the electricity access of the region is 99. The societies while 

not access to electricity is around 0.2 in 2014 [6] .  

Solar energy is taken into account the leading property energy sources. An alternative energy 

plant takes the solar energy and converts it to usable energy. the planet demand for electricity is 

equipped by exploitation solar energy stations that cover only one of the semi-arid or arid lands of 

the world. 

1.2. Importance and Motivation  

This thesis elaborates on a specific aspect of solar energy and solar producing capabilities. 

Given the special characteristics of KSA, there are four key aspects of scientific contribution: 
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- The need to exploit solar energy and renewable energy in KSA. 

- The critical need to support advanced systems in KSA for sustainability. 

- The necessity to use dessert terrain with advanced solar energy powered systems.  

- Simulation of developed techniques for the integration of the previous analyzed two 

aspects of our research problem. 

1.3. Aim 

The aim of this thesis study is to analyze the solar radiation which arrive to the region and to 

determine the most efficient ways of transferring it to usable sources of energy. In addition, this 

works aims to propose a new an efficient system for solar energy collection. In order to determine 

the efficiency of the proposed system, simulation and evaluation of Reif’s solar concentrating 

system was performed.  

 

1.4. Objectives  

In this thesis, the Reif solar concentrating system can show a simulation stage using high 

performance package software, and also the ensuing absolutely simulated solar concentrating 

system are going to be compared to different existing alternative energy generation units. The 

system will be included in steam pressurization and desalination units and the project can shade 

lightweight on the geographical locations and environmental constraints specific to KSA. The 

main goal which can be seek with solar technology that the systems can considered as cost-

effective and stronger than those presently accessible within the business market, providing an 

exciting chance for large-scale setting within the Kingdom in the geographical region and North 

Africa. In addition to decreasing the consumption of non-renewable energy, the project has the 

potential of having a vital impact by providing an efficient transformation of dry desert and semi-

desert regions to wet regions that can support crops, and thus, remodeling mostly unproductive 

arid lands to extremely productive farming regions. 
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1.5. Problem Statement 

The research problem as analyzed in the previous section is related to three key scientific 

domains: 

• The need to exploit solar energy and renewable energy in KSA 

• The critical need to support further the advanced desalination systems in KSA for 

sustainability  

• The necessity to support dessert terrain with advanced solar energy powered desalination 

systems based on renewable energy methods.  

 

1.6. Problem Formulation 

The main question that this thesis study addresses is the following: What are the key 

components of a novel solar concentrating system that will improve its efficiency?   

Subsequently this research question is further extended by adding two more aspects: 

• Which are the metrics that highlight the efficiency and the cost effectiveness of the 

proposed novel solar concentration approach? 

• How the proposed novel approach is performing in KSA special geographical 

features? 
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CHAPTER 2  

BACKGROUND AND LITERATURE REVIEW 

2.1. Background 

 

For many applications, it is more desirable to obtain energy from high temperature than 

from flat-plate collectors. By decreasing the areas where heat losses occur, the energy delivery 

temperature can be increased.  

This is accomplished by inserting an optical device between the radiation source and the 

surface that absorbs the energy.  

Solar collectors and solar photovoltaic system are the standard technologies commonly 

used to generate energy from solar sources. Solar collectors are broadly classified collectors as: i) 

flat-plate collectors; ii) parabolic trough collector (PTC); iii) compound parabolic collector; and 

iv) concentrated collectors for Fresnel lens. The collectors are used according to temperature 

requirements such as heating, generation of thermal energy, refrigeration. 

Over the past decades, various designs to concentrate solar collectors have been carried 

out. The Concentrators ' design is sometimes reflective or refractor, sometimes cylindrical or 

surface, and may be continuous or separate. The receiver can be flat, concave or convex, covering 

or uncovering. In addition, many solar tracking forms were proposed [1]. 

 

2.2. Related Research/Literature Review 

 

Capability CSP sites and locations around the world can show the demand usage of the 

global distribution of Direct normal Irradiance (DNI) [2]. 

Around the globe, there are sunny areas where the sun provides a good amount of radiation. 

In these areas, which are known under the name “Sun Belt” (North continent, the middle East, 

Mediterranean, California, Arizona, Nevada etc.), it is expected that the concentrating solar energy 
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(CSP) will be become a competitive supply of bulk power in peak and intermediate loads by 2020, 

and of base-load power by 2025–2030 [3,4].  

The first solar systems were engineered by Luz International Ltd. Began and operated in 

Mojave Desert, California within the period 1984–1991. However, a drop in fossil fuel costs led 

to dismantlement of the policy framework that supported the advancement of CSP. The market 

reemerged in European Union (EU) and United States (US) in 2006, in response to government 

measures like feed-in tariffs (Spain) and changes in policy to favor solar energy generation [5]. 

Four solar-thermal power plants with a planned overall capability of around 1000 MW were 

approved for construction and operation at the Blythe location in California by the California 

Energy Commission in Sept of 2010, totaling nearly 4000 MW of large-scale solar energy plants 

[6]. In Europe, around 1500 MW of solar thermal power plants are either recently operative or 

under construction. The output capability in Europe was anticipated to be over 30000 MW by 

2020. Considering a moderate development of the CSP technology, it is expected that 83 GW will 

be installed by 2030 and 342 GW by 2050[7]. In Spain, there are 81 MW operative, 839 MW in 

construction and 10.813 MW underneath development[6]. This exceeded the estimates of the 

Spanish Renewable Energy agreement for 2005–2010 [7]. The most promising near-term prospect 

for CSP enlargement is that of the export of electricity to Europe from the desert regions of the 

center, East, and the geographic regions that receive high intense radiation. By employing a mere 

0.4% of the total surface of the desert, the European demand for electricity may well be entirely 

met. The Union for the Mediterranean (composed of EU member states and non-EU Mediterranean 

nations) has as main goal reaching by 2020 an quantity of 20,000 MW output power from the 

desert areas of the member countries [8,9].  

2.2.1 History of solar energy: 

The idea of using solar power collectors to harness the sun’s power is recorded since 212 

BC. The Greek scientist/physician Archimedes devised a way to burn the Roman fleet by means 

of an antimonial mirror formed from many polished shields; all reflecting on the same ship [13]. 

The Greek historiographer Plutarch (AD 46–120) mentioned that the Romans, seeing their ships 

burning without any visible cause, began to suppose that they were fighting with the gods. The 

essential question was whether Archimedes knew the science of optics such as to devise such a 

device. It is known that Archimedes had written a book “On burning Mirrors. However, no copy 
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has survived [14]. 1800 years after Archimedes, Athanasius the Great Kircher (1601–1680) 

performed some experiments to set fire to a mound from a distance in order to prove if the story 

of Archimedes has any scientific validity. Unfortunately, no report of his findings survived. 

Amazingly, the terribly first applications of solar power discuss with the employment of 

concentrating collectors, that are by their nature (accurate form construction) and therefore the 

demand to follow the sun, additional ‘difficult’ to use. Throughout the eighteenth century, solar 

furnaces capable of melting iron, copper and other metals were made from polished-iron, glass 

lenses and mirrors. The furnaces were in use throughout Europe and Mideast. One chamber 

designed by the Antoine Laurent Lavoisier, reached the outstanding temperature of 1750ᵒC. To 

get such temperature, the chamber used a 1.32 m lens and a 0.2 m secondary lens. During the 

nineteenth century, an attempt to convert solar power into alternative energy primarily used for 

generation of low-pressure steam to fuel steam engines was performed. Between 1864 and 1878, 

August Monchot, a pioneer this field, constructed and operated many solar-powered steam engines  

Evaluation of an engineer at Tours by the French government showed that it had been too 

high-ticket to be thought of possible. Another one was founded in Algeria. In 1875, Mouchot 

created a notable advance in reflector style by developing a frustum reflector. Mouchot’s collector 

consisted of silver-plated metal plates and had a diameter of 5.4 m and an assembling space of 

18.6 m2. The moving elements weighed 1400 kg [14]. 

Abel Pifre was a recent of Mouchot UN agency additionally created star engines. Pifre’s 

star collectors were parabolic reflectors manufactured from terribly little mirrors. In form they 

looked rather kind of like Mouchot’s truncated cones [15]. 

In 1901 A.G. Eneas used a 10m diameter focusing collector for powering a water pumping 

equipment from a California farm. The device consisted of an oversized rounded structure open 

inverted at an angle so as to receive the complete impact of sun’s rays on 1788 mirrors that lined 

the surface. The sun’s rays targeted a point of interest represented by a boiler. The water inside the 

boiler was heated to provide steam to successively power a traditional compound engine and pump 

[16].  
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In 1904, a Portuguese priest, Father Himalaya, created an oversized reflector. It was 

exhibited at the St Joe Louis World’s truthful. This chamber appeared quite trendy in structure, 

being an outsized, off-axis, parabolic horn collector [14]. 

In 1912 Shuman and C.V. Boys developed the world’s largest pumping plant (at that time) 

in Meadi, Egypt. The system was operational in 1913 and it absolutely was mistreatment long 

parabolic cylinders to focus daylight onto an extended interesting tube. every cylinder was 62 m 

long, and therefore the total space of the many banks of cylinders was 1200 money supply. The 

solar engine developed a maximum amount of 37–45 KW continually for a 5 h period [14]. Despite 

the plant’s success, it was closed up in 1915 due to the onset of warfare and lower fuel costs [14]. 

During the last 50 years, several variations focusing on collectors as a way of heating the 

transfer or operating fluid for battery-powered mechanical instruments were developed and 

exploited. The 2 primary star technologies used are the central receivers and also the distributed 

receivers using numerous purpose and line-focus optics to concentrate daylight. The central 

receiver systems use fields of heliostats (two-axis pursuit mirrors) to focus the sun’s energy onto 

one tower-mounted receiver [17]. 

Distributed receiver technology includes parabolic dishes, Augustin Jean Fresnel lenses, 

parabolic troughs, and special bowls. Parabolic dishes track the sun in 2 axes and use mirrors to 

focus energy onto a point-focus receiver. Troughs and bowls are line-focus chase reflectors that 

concentrate daylight onto receiver tubes on their focal lines. Receiver temperatures vary from 100 

C (in low-temperature troughs) to 1500 C (in dish and central receiver systems) [17]. 

2.2.2 Photovoltaic (PV):  

 

Photovoltaic plants use the PV cells to generate and produce electricity. The most efficient 

PV plants is using the concentrated solar radiation in the range of ultraviolet (UV) and the visual 

(VIS) ranges.  

Such plants have some advantages such as their capability to provide electrical power in a remote 

area which is far from the cities and the conventional electrical power sources.  
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Nowadays highly efficient PV plants are very costly per the square meter. On the other hand, PV 

plants are generally degrading much more than the solar thermal systems. This make them less 

preferable choice for a big scale of electrical generation than the solar thermal plants. The solar 

PV systems are designed to receive a large amount of solar energy which is concentrated by a solar 

concentrating system and the cost per meter for the incoming solar energy is reduced.  

According to a study for the National Renewable Energy Laboratory (NREL) the title of 

the study is Concentrated Solar Power (CSP) Resource Potential, it has made a number of cost 

analysis which conclude the currently operating PV systems which produce electricity per kWh at 

a cost of more than three times of the current commercial market price of electricity.  

Different studies also concluded with that the current PV technology, is not feasible to get 

the payback period for the construction and maintenance within the PV units expected functional 

lifetime. The PV system in not capable to produce the required electrical energy which is required 

to pay for both the initial construction and subsequent repair.  

PV plants provide a main motivation for the development of the solar concentrating plants. 

The focus of the proposal is to use the solar energy in sustainable way, and simulate an energy 

efficient, and cost effective durable solar concentrator for powering and generating electricity for 

getting fresh water.  

 

2.2.3 Concentrating solar power (CSP): 

 

CSP technologies solely use direct daylight, concentrating it many times to achieve higher 

energy densities within the focus of solar thermal concentrating systems – and therefore higher 

temperatures once the sunshine is absorbed by some material surface. Heat is then used to operate 

a traditional power cycle (for example through a steam or turbine or a Stirling engine that drives a 

generator) [10].  

A typical solar thermal station (with a linear geometry) needs the following components: 

collector array & solar pursuit system, absorber, a heat transfer fluid, heat transfer mechanisms, 

mechanical devices and, if desired, some sort of energy storage system and/or crossbreeding of the 

solar thermal station for providing energy throughout low and non-solar hours [11]. Hybridizing 
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exploitation fossil fuels are often exhausted many ways that together with utilizing Associate in 

Nursing auxiliary system for heating the warmth transfer fluid throughout star transients, or 

introducing the fossil backup within the steam cycle [12]. CSP provides energy through a system 

that it nor a source of risk or noise for the nearby populations as it utilizes non-toxic, not ignitable 

and safe materials, thus eliminating emissions or pollution [3]. 

At the present, there are four main CSP systems. They can be categorized by the method 

they focus the sun’s rays and therefore, the technology used to receive the sun’s energy. When 

taking into account the focus aspect, there are either line-focus concentrators (parabolic trough 

collectors and linear Augustin Jean Fresnel collectors) or point-focus concentrators (central 

receiver systems, parabolic dishes and Scheffler systems). the road focus is a smaller amount high-

priced and technically easier, however not as economical as purpose focus. On the other hand, the 

receivers can be: i) stationary devices that stay fixed in rapport the focusing device (linear Augustin 

Jean Fresnel collectors and central receiver systems); and ii) mobile receivers that move along with 

the focusing device and therefore, collecting additional energy (parabolic-troughs and parabolic 

dishes) [4]. 

The energy transference temperatures can be improved via lowering the area from which 

the heat losses occur. Temperatures above the ones usually achievable can be reached if a big 

amount of sun radiation is targeting a notably small series area. This is achieved by means of 

interposing an optical tool with the radiation supply. The concentrating collectors exhibit certain 

benefits compared with the traditional flat-plate type (FPC) [18] such as: 

• The running fluid can attain better temperatures in a concentrator machine 

compared to a flat-plate gadget of the identical solar energy gathering floor because 

it has a better thermodynamic efficiency. 

• With a concentrator system, it is possible to gain a thermodynamic shape among 

temperature level and project. The task may be to perform thermionic, 

thermodynamic, or different better temperature devices. 

• The thermal efficiency is improved because of the small heat loss area relative to 

the receiver area. 
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• The reflecting surfaces require much less material and are structurally less difficult 

than FPC. For a concentrating collector the fee per unit vicinity of the sun gathering 

floor is therefore less than that of a FPC. 

• Due to the small area of the receiver in line with unit of amassed sun power, 

selective surface remedy and vacuum insulation to reduce warmness losses and 

improve the collector efficiency are economically possible. 

Their disadvantages are:  

• Concentrator structures gather little diffuse radiation depending on the attention 

ratio. 

• A few shapes of tracking gadget are needed in an effort to permit the collector to 

comply with the solar. 

• The sun reflecting surfaces might lose their reflectance with time and can require 

periodic cleansing and refurbishing. 

 

2.2.2.1 Parabolic trough collectors: 

The parabolic through collectors are a sequence of curved mirrors which are focusing the 

daylight directly to thermally efficient receiver tube placed in the focal line and which contains an 

artificial oil that is heated to about 400◦C (Figure 1) [19]. 

 

 

 

 

 

 

Many parallel rows of these sun collectors, normally aligned north to south, are distributed 

throughout a large area. The oil transfers heat from collector pipes to heat exchangers where water 

is heated to create superheated steam. The superheated steam runs a turbine, which drives a 

generator to supply energy and the vapors return to the heat exchangers after being cooled and 

Figure 1: Parabolic Trough Collector 
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condensed [19]. With the daylight focused with the aid of about 71hundred instances, the working 

temperatures are in the range of 350–550◦C. Within a year sun to electric efficiency is predicted 

to be 15% [20]. The use of solar energy in a steam turbine energy plant that is generating steam is 

called a direct steam generation technology [21]. The first parabolic systems were installed in 1912 

near Cairo (Egypt) [20]. The feasibility analysis of constructing parabolic solar thermal plant in 

inner Mongolia of China in performed in the study of Zhao et al [23], the end results showing that 

the energy plant can be certainly operated with its maximum industrial volume and generate energy 

to grid, following the country policy. The study of Yang et al [24] shows that Tibet has sufficient 

DNI sources and vast wilderness areas and is a promising candidate site for the construction of 

Parabolic Solar Thermal power plant in China. The Nevada area (US) with a potential of 64 MW. 

Over the length of 12 months, a horizontal north–south field commonly collects extra energy 

compared to a horizontal east–west one. However, the north–south field collects more electricity 

in summer season and much less in winter. The east–west field collects more power in the winter 

than a north–south field and less in summer time, providing a more consistent annual output. 

Consequently, the choice of orientation normally depends on the application and whether more 

strength is wanted throughout summer time or throughout winter weather [26]. Parabolic systems 

are superior to the sun thermal technology due to huge enjoy with the structures and the 

development of a small commercial industry to provide and market these systems. The largest 

utility of this type of system is in Southern California and it is referred to as Sun Electric producing 

Structures (SEGS), which have a total established potential of 354 MW [27]. The receiver of a 

parabolic through is linear. Usually, a tube is placed along the focal line to shape an external floor 

receiver (Figure 2) [28, 29]. 

 

 

 

 

 

 

Figure 2: Schematic of Parabolic trough collector 
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The size of the tube, and therefore the awareness ratio, is decided through the scale of the 

reflected sun picture and the producing tolerances of the trough. The surface of the receiver is 

commonly plated with selective coating that has a high absorbance for solar radiation and a low 

emittance for thermal radiation loss. A pitcher cover tube is usually placed across the receiver tube 

to lessen the convective heat loss from the receiver, thus decreasing the thermal loss coefficient. 

A disadvantage of the glass covered tube is that the reflected light from the concentrator have to 

pass through the glass to reach the absorber, including a transmittance loss of about 0.9. Usually, 

the glass envelope has an antireflective coating to enhance transmissivity. One way to reduce 

convective thermal loss from the receiver tube and thereby growth the performance of the collector 

(especially for excessive temperature programs), is to reduce and/or eliminate the gap between the 

glass cover tube and the receiver [29].  

 Additionally, the collector shape needs to be scaled in accordance with the system 

requirements. A recent development in this area is represented is the development of a new layout 

manufactured by Euro Trough. It is a new P.C., in which an advance light weight structure is used 

to achieve cost efficient solar strength technology [29]. The environmental test information 

gathered thus far indicates that mirrored glass is the preferred mirror material, despite the fact that 

self-adhesive reflective substances with 5–7 years life expectancy exists within the market [29]. 

A tracking mechanism must be reliable and able to follow the sun with a high degree of 

accuracy, go back the collector to its original position (at the end of the day or during the night) 

and also fine-tune its position for during cloudy weather. Moreover, the tracking mechanisms are 

used for the safety of collectors, i.e. they flip the collector out of focus to protect it from the 

dangerous environmental and operating conditions, like wind gust, overheating and failure of the 

thermal fluid flow mechanism. The required accuracy of the monitoring mechanism depends on 

the collector’s acceptance angle [30]. 

 In one system, the collector can be washed robotically and as a consequence, its upkeep 

value is dramatically decreased. After a period of research and industrial improvements of the P.C., 

some organizations entered the field by producing this type of collectors (with temperatures 

ranging between 50 and 300ᵒC and with one-axis tracking). One such example is the solar collector 

produced by the commercial solar era (IST) organization. IST built numerous solar installations in 

the US, totaling more than 2700 m2 of collector aperture [31]. 
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2.2.2.2 Linear Fresnel:  

LFR is the linear Fresnel reflector technology depends on an array of linear mirror strips 

that concentrate light onto a fixed receiver mounted on a linear tower. The LFR field can be 

considered as a broken-up parabolic trough reflector (Figure 3) [32]. 

 

 

 

 

 

 

In contrast to parabolic troughs, it does not need to have a parabolic form, huge absorbents is 

made and therefore the absorber doesn't move. An illustration of a component of associate LFR 

collector field is represented by (Figure 4). 

 

 

 

 

The main advantage of this kind of system is that it uses flat or elastically curvilinear reflectors 

that are cheaper compared to parabolic glass reflectors. To boot, these are mounted near the bottom, 

therefore minimizing the structural requirements [32]. 

The first to use this principle was the pioneer Giorgio Francia, these systems showed that 

elevated temperatures can be reached [32]. 

In 1979, the FMC Corporation made an in-depth analysis and studied 110 MW LFR power 

plants for the Department of Energy (DOE) from US. The larger plant would have used a 1.68 km 

linear cavity absorbent material mounted on 61 m towers. The project was not finalized as it ran 

out of DOE funding [33]. 

Figure 3: Fresnel type parabolic trough collector 

Figure 4: Schematic diagram of a downward facing receiver illuminated 

from an LFR field 
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To refract and focus the rays, a Linear Augustin Jean Fresnel Reflector (LFP) consists of an 

array of linear mirror strips, behaving as a lens system that concentrates the light onto a hard and 

fast receiver mounted on a linear tower. The LFR field is often considered as a broken-up parabolic 

trough reflector. This modification to parabolic trough reflector lowers efficiency, but this is 

compensated by the reduced capital costs (as a result of the simple style, flexibly of the bent mirrors 

and fixed receivers) [34]. 

The reported capability of a LFR plant is around 10–200 MW, the annual solar to electrical 

power being between 8-10 MW [26]. The biggest prototype of a physicist collector was built in 

1999 by the Belgian Company, Solarmundo, with a collector breadth of 24 m and a reflector space 

of 2500 m2 [35]. 

An example of LFR large plant built in the recent years is represented by the Kimberlina star 

Thermal Energy Project (California) designed by Ausra (US). The Ausra’s LFR technology is 

currently moving from pilot stage into industrial ready [36]. 

A simple Rankine cycle system for power generation from the steam collected by the sun field 

in Ausra’s solar energy plants has pipes within the absorbent material that carry boiled water that 

can reach over 285◦C at concerning seventy times gas pressure. A turbine generator is run 

victimization this aggressive steam [37]. One difficulty with the LFR technology is that elusion of 

shading and block between adjacent reflectors ends up in hyperbolic spacing between reflectors. 

block is reduced by increasing the peak of the absorbent material towers, however this will increase 

the value of the system.  

The compact linear physicist reflector (CLFR) technology has been recently developed at 

Sydney University, Australia. this is often in result a second form of resolution for the physicist 

reflector field downside that has been ignored till recently. during this style adjacent linear parts is 

inserted to avoid shading. The classical LFR system has only 1 receiver, and there's no flexibility 

concerning the direction and orientation of a given reflector. However, if it's assumed that the 

dimensions of the field are massive, because the technology should supply electricity within the 

MW category. Also, it is safe to assume that there will be several towers within the system. If 

they're close enough, then individual reflectors have the choice of directing the reflected radiation 

to a minimum of 2 towers. This extra flexibility within the reflector orientation provides the means 
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for way more densely packed arrays. As a result of patterns of alternating reflector orientation, 

closely packed reflectors can be positioned without shading and blocking each other [33]. The 

arrangement minimizes beam interference by adjacent reflectors and permits the used of high 

reflector densities and low tower heights. The close spacing of reflectors reduces land usage. 

However, in the majority of cases this is not a significant issue as most of these systems are placed 

in deserts. The reduction of huge reflector spacing and tower heights is a very important cost issue 

as they influence aspects such as ground preparation, array substructure, tower structure, pipe 

thermal losses and steam line. If the technology is to be placed in a section with restricted land 

availability like in urban areas or next to existing power plants, a high array ground coverage will 

increase the system costs [33]. 

2.2.2.3 Parabolic dish: 

The parabolic dish reflector is a point-focus collector that tracks the sun in 2 axes, 

concentrating the energy onto a receiver set at the point of interest of the dish (Figure 5) [38] 

 

 

 

 

 

 

Once the focused beam is incident on the receiver, the fluid or gas (air) within the receiver 

is heated to around 750◦C. Connected to the receiver is a heat engine/generator unit – Stirling 

engine or a turbine which is employed to convert the energy stored within the fluid or gas to 

electricity [38]. The capacity of a parabolic dish plant varies within 0.01–0.4 MW. The annual sun 

to electrical potency has been reported by Müller-Steinhagen and Trieb [39] as being between 25% 

and 30%. The dish optical potency is significantly lower than that of the trough or tower systems 

because the mirror is usually pointed directly at the sun. On the other hand, due to a frequent low 

angle of incidence, the trough and tower suffer need sufficient space (this is referred to as cos 

losses) [40]. 

Figure 5 : Parabolic Dish 
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The parabolic dishes have a series of advantages: i) as a result of sun tracking, the collector 

system is efficient; ii) they usually have a concentration magnitude between 600–2000 and 

therefore, they are extremely efficient at thermal-energy absorption and power conversion systems; 

iii) they need standard collector and receiver units that may either perform individually or as a part 

of a bigger system of dishes [42]. 

The main use of this kind of concentrator is related to the parabolic dish engine. A 

parabolic dish-engine system is an electrical generator that uses daylight rather than oil or coal to 

provide electricity.  

The parabolic-dish systems that generate electricity from a central power convertor collects 

the absorbed daylight from individual receivers and delivers it via a heat-transfer fluid to the 

power-conversion system. The necessity to flow the heat transfer fluid throughout the collector 

field raises a series of problems like piping layout, pumping needs, and thermal losses [42]. 

Systems like that use little generators at the point of interest of every dish to provide energy 

in the form of electricity instead of a heated fluid. The conversion unit includes the thermal receiver 

and therefore the engine. The thermal receiver absorbs the focused beam of solar power, converts 

it to heat, and transfers the warmth to the heat engine. A thermal receiver will be a bank of tubes 

with a cooling fluid current through it. Alternate thermal receivers are heat pipes whereby the 

boiling Associate in compressing of an intermediate fluid is employed to transfer the warmth to 

Figure 6Schematic of a parabolic dish collector 
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the engine. The heat engine system takes the heat from the thermal receiver and uses it to supply 

electricity. The engine-generators have many components; a receiver to soak up the focused 

daylight to heat, the operating fluid of the engine; then, it converts the thermal energy into 

mechanical work; Associate in these generator hooked up to the engine to convert the work into 

electricity, a waste-heat system to vent excess heat to the atmosphere, and an impression system 

to match the engine’s operation to the out there solar power. This distributed parabolic dish system 

lacks thermal storage capabilities; however, it can be hybridized to run on fuel during times while 

there is not sunshine. The Stirling engine is the most typical form of engine employed in dish-

engine systems. Alternative attainable power conversion unit technologies that are evaluated for 

future applications are microturbines and concentrating photovoltaics [42]. 

2.2.2.4 Solar tower (central receiver): 

In solar thermal power tower plants, incident sunrays are tracked by massive reflected 

collectors referred to as heliostats. Knowledge concerning correct heliostat distribution and 

maintenance strategy around the tower are bestowed in an exceedingly recent study by Zhang et 

al [43]. These heliostats concentrate the energy flux on the receiver that is mounted on prime of a 

tower (Figure 7) 

 

 

 

 

 

 

 

 

and wherever energy is transferred to an operating caloric fluid at high temperatures of quite 1500 

◦C, to be used for resultant generation of electricity as within the case of parabolic troughs. The 

typical solar flux occurrence on the receiver has values between two hundred and one thousand 

kW per sq.m which facilitate the high operating temperature [40] 

Figure 7:Solar Tower 
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Heliostats represent the largest single capital investment in a central receiver plant [40]. 

The capacity of the sun tower plant is between 10 and 200 MW with an annual sun to electrical 

potency that vary within 20–35% [39]. Heat transfer media as well as water/steam, melted salts, 

liquid Na and air are used for giant plants with a planned capability of 100–200 MW [35]. 

Large-scale power production with power towers was possible, as evidenced by star One, 

that operated from 1982 to 1988 in USA, and was the world’s largest power tower plant with an 

output of 10 MW in summer. There have been efforts in the early ‘80s in countries like Russia, 

Spain, Japan, and France to establish sun tower systems. In 1996, Southern Golden State Thomas 

Alva Edison and the U.S. Department of Energy redesigned the sun One plant, called the star 2 

with the aim to validate nitrate salt technology along with technical, economic and development 

aspects of sun power tower technology. In 2009, US extended the solar tower energy production 

with the Sierra Sun Tower, a 5 MW plant built at Lancaster, CA. On the other hand, a 20 MW 

power tower system came on-line in April 2009 outside Sevilla, Spain [36]. 

Multi-tower solar arrays (MTSA) are being developed to support the idea of focusing two-

axis pursuit concentrating solar energy plant with the aim of fulfilling smaller urban capacities. 

The MTSA, as the name suggests, consists of many closely settled tower-mounted receivers 

positioned specified the heliostat fields of the towers part overlap. Schramek and Mills reported 

that the heliostat arrangement permits the MTSA to use radiation previously unutilized by a 

standard sun tower system, thus getting a high annual ground space potency that suggests savings 

in construction and land prices [44]. 

The targeted energy absorbed by the receiver is transferred to a circulating fluid that can 

be stored and later used to supply power. Central receivers have a series of advantages such as: i) 

they optically collect solar power and transfer it to a single receiver, thus minimizing thermal-

energy transport requirements; ii) sometimes, they deliver goods concentration ratios of 300–1500 

and are extremely efficient in collecting energy and in changing it to electricity; iii) they are easily 

storing thermal energy; iv) they're quite large (generally over 10 MW) and therefore benefit from 

economies of scale [44]. 

Each heliostat at a central-receiver facility has from 50 to 150 cost supply of reflective 

surface. The heliostats collect and concentrate daylight onto the receiver, that absorbs the targeted 
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daylight, transferring its energy to a heat transfer fluid. The heat-transport system (that consists 

primarily of pipes, pumps, and valves) directs the transfer fluid to a control system between the 

receiver, storage, and power-conversion systems. A thermal-storage system sometimes stores the 

collected energy as heat for later delivery to the power-conversion system. The storage system 

conjointly decouples the gathering of alternative energy from its conversion to electricity. The 

power-conversion system consists of a steam generator, rotary engine generator, and support 

instrumentation that converts the thermal energy into electricity and provides it to the utility grid. 

In this case, incident sunrays are reflected by massive reflected collectors that concentrate the 

energy flux towards radiative/convective heat exchangers where energy is transferred to an 

operating thermal fluid.  

The average sun flux on the receiver has values between 200 and 1000 kW/m2. This high 

flux permits acting at relatively high temperatures of over 1500 ᵒC and integrates thermal energy 

in additional efficient cycles. Central receiver systems can be simply integrated in fossil-fuel plants 

for hybrid operation. Therefore, there is an exceedingly large number of choices and have the 

potential to control the hours of every year at nominal power victimization thermal energy storage 

[45]. 

Central receiver systems are thought-about to own an outsized potential for mid-term value 

reduction of electricity compared to parabolic trough technology since they permit several 

intermediate steps between the mixing in an exceedingly typical Rankine cycle up to the upper 

energy cycles victimization gas turbines at temperatures higher than a thousand 8C, and this 

afterwards ends up in higher efficiencies and bigger through puts [46,47]. 

Another approach consists in using Brayton cycle turbines, but they need higher 

temperature than those utilized in Rankine cycle. 

There are three general configurations for the collector and receiver systems: i) heliostats 

surround the receiver tower, which is cylindrical and has an exterior heat-transfer surface; ii) the 

heliostats are set north of the receiver tower (in the northern hemisphere) and the receiver has an 

interior heat-transfer surface; iii) the heliostats are set north of the receiver tower and the receiver 

(that may be a vertical plane) has a north-facing heat-transfer surface [46]. 
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CHAPTER 3 

 

3.1 Reif’s Solar Concentrating system:  

 

It is known that solar energy is considered one of the most potential sources to 

sustainable energy. The idea of solar energy plants is to proceed for converting the incoming 

solar energy into useful energy or product. Any solar electrical plant convert the solar energy 

into an electrical energy .  

In 2010, Rief [48] develop a novel system with low cost for concentrating and converting 

the solar energy .  

Reif [48] developed and implemented a system for collecting and concentrating the solar 

radiation. This system uses 2 stages of concentration (primary and secondary stage). Due to the 

material used, the system is very low in cost. The materials are not only cheap, but also widely 

available. The system is composed of three main components: primary concentrators, secondary 

concentrators, and receiving energy collectors [48]. Rief solar concentrating system base idea is to 

collect the direct solar irradiation from a collection filed and concentrate these collected radiation 

into a small receiver. The main reason of concentrating solar energy is to concentrate the irradiance 

to convert it later for other form of usable energy, such as the electrical energy and the solar thermal 

energy. Any solar concentrating plant contain of two main parts which are the solar concentrating 

system and the power block which is responsible of converting the secondary concentrated 

radiation to useful energy. The concentrated solar thermal and electrical plants are the solar which 

use the solar irradiation especially the IR range to generate the electricity.  

 

 

 

 

 

 Figure 8 : Dr.Reif Solar Energy Flow 
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This figure summarize the idea of the flow of solar energy using Dr. rief system . It can be 

seen in the figure that 1 is the sun , 2 is the direct radiation of the solar , 3 is the primary 

concentrator which is contain of saw tooth contoured , 4 is the radiation which are reflected from 

the primary concentrator , 5 is the secondary concentrator , 6 is the radiation which are reflected 

from the secondary concentrator , and 7 is the receiver which collect the reflected radiation from 

the secondary.  

The field which is used for the solar radiation collection is called the primary solar 

concentrated field, this primary field is fixed and placed in the ground and it may be manufactured 

of an inexpensive material, for example concrete. In this system the field may be subdivided into 

many unites. These primary concentrators are a linear optical concentrator. The primary 

concentrator reflect the light to a region of focus, in general of a specified height on top of the 

surface, which called the primary focal line. Each primary concentrator may have an optical 

surface which contain a saw tooth cross section, this may provide an initial concentration of the 

direct solar radiation. The primary concentrator optical surface has parabolic cross section. This 

optical surface may be reflective very pure. This surface may have made with reflective or 

refractive material. These concentrators are stationary and according to that the sun move along 

the day, according to that movement the focal line move through and across the focal plane from 

west to east. 

Each secondary concentrator can have two optical surface and each may work as a linear 

optical concentrator. The material of the secondary concentrator is reflective in pure way. These 

optical surfaces are concave in cross section. Some systems these surfaces have a section of saw 

tooth. The created arrays of the secondary concentrators transfer the radiation to one or more than 

one receiver. The position of the receivers have three options, either to be located centrally in the 

field of the primary concentrated, or outside the field , or it may be adjusted depending in the time 

of the year .    
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CHAPTER 4 

METHODOLOGY 

4.1 Introduction 

The renewable energy sector has been very much subjected in the current time. There are 

many different clean resources which can be used. In this study, the main goal is to optimize and 

simulate a novel solar concentrating system. 

The first step is to analyze the previous works in the field. In this case, the research is 

narrowed to solar concentrating systems (that reflect the sun radiation to create a line which is 

reflected to the end of the field). The second step is to collect the data of the sun radiation in KSA 

and analyze the differences in the intensity and the reflected angle within different time in the same 

day. Simulation and optimization are steps performed to determine the right orientation of the 

system on parallel with the different radiation directions through the software COMSOL 

Multiphysics. Different features will be used through the software. Examples include: i) the ray 

trajectories feature can be utilized to annihilate beams without expecting them to stop at a limit 

The beams can be ended as they leave a bouncing box, which can be b on the geometry or client 

characterized spatial degrees.; ii) ray tracing feature; and iii) the ray detector (a boundary feature 

that provides data about the rays arriving on a set of specified domain or surface; the data includes 

the number of the rays transmitted, the ration of the number of the transmitted rays to the number 

of released rays).  All the data and the parameters of the novel solar concentrated system and the 

sun radiation will be optimized and studied to reach to the main goal of the study.  

Another objective of the study is represented by the analysis of the current situation of the 

renewable energy awareness in the country and the economic and social impact of using such solar 

power systems.  

4.2 System Design 

According to Reif [48], who developed the low-cost system for collecting and concentrating 

the solar energy, a new solar concentrating system must be first implemented at prototype level. 

The proposed work implemented the prototype through simulation using Matlab and solid work. 

The system main components include concentration and absorption of the solar energy.  
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The Primary concentrated components are located on the ground. They are reflective optical 

parts (parabolic trough reflectors or linear Fresnel reflectors) that are collecting and reflecting 

upward to the secondary concentrators the solar radiation from the sun. The solar concentrators 

are suspended on wires above the collecting field. They concentrate the solar radiation by directing 

it to the end of the collecting field. This energy is directed sidewise to the receiver. This system 

included immobile primary concentrator and a secondary concentrator. The secondary 

concentrator is responsible for tracking the solar energy which is reflected and partially 

concentrated. It is also responsible to direct the solar energy to metal for temperature measurement. 

One of the requirements is the accuracy of horizontal positioning of the solar concentrator, which 

is responsible for tracking the solar energy (reflected and partially concentrated from the primary 

concentrators). The accuracy is calculated to be approximately 1-2 cm. This is achieved by using 

a linear conventional stepper motor [48].  

The purpose of the primary concentrators is to concentrate and reflect the radiation upward 

to the solar concentrators. In the novel solar concentrated system, the primary concentrators are 

mounted flat in the ground without any mobility. Each primary concentrator has square shape 

when viewed vertically and the upper surface of the concentrator is a reflective optical surface. 

This surface provides an initial concentration of the direct solar radiation [48].  

The second part of the system is the receiving energy collector (REC). It is responsible for the 

absorption of the concentrated solar radiation and it is used to collect and transport the solar 

thermal energy concentrated by the system. REC’s are one of the developed devices, as they have 

a high performance , and availability in the market. This REC device consists of a long tube of 

glass, similar to the vacuum flask. This tube is filled with heat transport fluid. This fluid is pumped 

through the REC, which absorbs the concentrated solar radiation (thermal energy ) and transfers it 

to the fluid.  

The secondary concentrators concentrate the solar radiation and direct it to the end of the 

field. Each secondary concentrator is associated with a primary concentrator. The secondary 

concentrator is placed facing the north – south parallel with the axis of the troughs of the 

corresponding primary concentrator. Its function is to direct the radiation of the solar which is 

concentrated by the primary concentrators to the receiver [48].  

The third part of the system is the controlling system. The secondary concentrators need to be 

moved into the horizontal west-east direction during the period of each solar day. This movement 
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ensures that the secondary concentrators are positioned in the right way, so the solar radiation 

focused by the primary concentrators is reflected through the secondary concentrators to the metal 

sheet (that measures the temperature). This movement is achieved by using a horizontal 

displacement. There are three requirements to achieve the movement and the tracking of the system 

[48]: 

1. The primary concentrators has a single extended focal line, and through the day, this focal line 

moves from west to east.  

2. The secondary concentrators should face the radiation reflected from the primary concentrators. 

The focal line, which is directed from the secondary concentrator, needs to coincide with the focal 

line of the primary concentrators. The movement of secondary concentrator is shown in (Figure 8) 

[48].  

 

 

 

 

 

 

 

 

 

4.3 Data Collection 

The required data to complete the study was collected and processed with the help of the 

following software and/or approaches:  

- COMSOL Multiphysics: to simulate the system and get the optimum solutions and results.  

- MATLAB: to get the required data for the solar radiation.  

- Survey: to analyze the impacts and the level of awareness in the renewable energy field.  

 

Figure 9 : Dr. Rief Novel Solar Concentrating  System 
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CHAPTER 5 

RESULTS & DISCUSSIONS  

5.1 Introduction 

This chapter cover the output result of the study. It provides the results and the comparison 

of the solar radiation, the simulation and optimization of the novel solar concentrating system, 

and the output results of the conducted survey.  

5.2 Experimental Results 

 

5.2.1 Solar Radiation Calculation:  

A code was written to calculate the radiation for a digital elevation model integrated over 

one year. Radiation is calculated using latitude, elevation, horizon shading, slope, aspect, time of 

year and hour of the day (day length/season) and ground reflectivity. The temporal resolution of 

radiation calculation over sunshine hours can be freely set (1-hour default). Easy unweighted four 

nearest neighbor gradient calculation is employed and relief shading isn't accounted for. 

This script was run to get the required data of the solar radiation in a specific region around 

the world by entering the latitude and the longitude of the region or the location. The output results 

can show Hourly global solar radiation on the tilted surface, hourly global solar radiation on the 

horizontal surface, hourly diffuse solar radiation on the horizontal surface, and ratio of beam 

radiation on tilted surface to that on horizontal surface.  

Jeddah city was taken as a sample, with the latitude 21.4858° N, and longitude 39.1925° E .  

The code starts with defining the function of the solar radiation by using the following 

parameters as an input: solar constant, the local geographical latitude, the local geographical 

longitude, and the ground albedo. 

  
 
 
 
 
 
 
 
 
 
 

 

%function It=solarradiation(Gsc,fi,Llog,roug) 

%It=solarradiation(1367,39.15,121.7,0.2) 

Gsc=1367;% Gsc is the solar constant 1367W/m2 

fi=21.4858;% is the local geographical latitude  

Llog=39.1925;%  is the local geographical longitude 

roug=0.2;% is the ground albedo with 0.2 for ground and 0.7 for snow generally 
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Using the for function to calculate the amount of radiation within the specified location, and this 

by using the formulas which are shown throughout the script.  

for n=1:365 

    Gon(1,n)=Gsc*(1+0.033*cosd(360*n/365)); 

    delta(1,n)=23.45*sind(360*(284+n)/365); 

    omigas(1,n)=acosd(tand(delta(1,n))*(-tand(fi))); 

    

Ho(1,n)=24*3600*Gon(1,n)/pi*(cosd(fi)*cosd(delta(1,n))*sind(omigas(1,n))+2*pi*omigas(1,n)/360*s

ind(fi)*sind(delta(1,n))); 

    N(1,n)=2*omigas(1,n)/15; 

%----------------------------------------% 

    if n<=31 && n>=1 

        n1=6.4; 

    elseif n>=32 && n<=59 

        n1=7.2; 

    elseif n>=60 && n<=90 

        n1=7.7; 

    elseif n>=91 && n<=120 

        n1=8.5; 

    elseif n>=121 && n<=151 

        n1=9.0; 

    elseif n>=152 && n<=181 

        n1=8.5; 

    elseif n>=182 && n<=212 

        n1=7.0; 

    elseif n>=213 && n<=243 

        n1=7.5; 

    elseif n>=244 && n<=273 

        n1=8.2; 

    elseif n>=274 && n<=304 

        n1=7.5; 

    elseif n>=305 && n<=334 

        n1=6.1; 

    else 

        n1=5.9; 

    end 

if (n>=1 && n<=59) || (n>=305 && n<=365) 

        Kt(1,n)=0.14+0.47*n1/N(n); 

    elseif n>=152 && n<=243 

        Kt(1,n)=0.24+0.4*n1/N(n); 

    else 

        Kt(1,n)=0.36+0.23*n1/N(n); 

    end 

   %-----------------------% 

    

   H(1,n)=Ho(1,n)*Kt(1,n); % 

    

   %------------% 

   if Kt(1,n)<=0.17 

       Hd(1,n)=0.99*H(1,n); 

   elseif Kt(1,n)>0.17 && Kt(1,n)<0.75 

        Hd(1,n)=(1.188-2.272*Kt(1,n)+9.473*(Kt(1,n))^2-

21.865*(Kt(1,n))^3+14.648*(Kt(1,n))^4)*H(1,n); 

   elseif Kt(1,n)>0.75 && Kt(1,n)<0.18 

        Hd(1,n)=(0.632-0.54*Kt(1,n))*H(1,n); 

   else 

       Hd(1,n)=0.2*H(1,n); 

   end 

   %---------------% 

    

   %-------------------------------------% 

   for h=1:24 

       m=24*(n-1)+h; 

       tttt(1,m)=m; 

       omiga(1,m)=15*((h*60+9.87*sind(2*360*(n-81)/364)-7.53*cosd(360*(n-81)/364)-

1.5*sind(360*(n-81)/364)-4*(120-Llog))/60-12); 

       

       if abs(omiga(1,m))<omigas(1,n) 
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          m1=m; 

          m2=m+1; 

          omiga(1,m1)=omiga(1,m); 

          omiga(1,m2)=15*(((h+1)*60+9.87*sind(2*360*(n-81)/364)-7.53*cosd(360*(n-81)/364)-

1.5*sind(360*(n-81)/364)-4*(120-Llog))/60-12); 

          % I is Hourly global solar radiation on the horizontal surface 

          I(1,m)=H(1,n)*pi/24*((0.409+0.5016*sind(omigas(1,n)-60))+(0.6609-

0.4767*sind(omigas(1,n)-

60))*cosd((omiga(1,m1)+omiga(1,m2))/2))*(cosd((omiga(1,m1)+omiga(1,m2))/2)-

cosd(omigas(1,n)))/(sind(omigas(1,n))-2*pi*omigas(1,n)*cosd(omigas(1,n))/360); 

          % Id is Hourly diffuse solar radiation on the horizontal surface 

          Id(1,m)=Hd(1,n)*pi/24*(cosd((omiga(1,m1)+omiga(1,m2))/2)-

cosd(omigas(1,n)))/(sind(omigas(1,n))-2*pi*omigas(1,n)*cosd(omigas(1,n))/360); 

          % Rbave is Ratio of beam radiation on tilted surface to that on horizontal surface 

          Rbave(1,m)=cosd(delta(1,n))*(sind(omiga(1,m2))-

sind(omiga(1,m1)))/(cosd(fi)*cosd(delta(1,n))*(sind(omiga(1,m2))-

sind(omiga(1,m1)))+sind(fi)*sind(delta(1,n))*pi/180*(omiga(1,m2)-omiga(1,m1))); 

       else 

          I(1,m)=0; 

          Id(1,m)=0; 

          Rbave(1,m)=0; 

       end 

       It(1,m)=I(1,m)*(roug*(1-cosd(fi))/2+Rbave(1,m))+Id(1,m)*((1+cosd(fi))/2-Rbave(1,m)); 

% Hourly global solar radiation on the tilted surface 

       if It(1,m)<0 

           It(1,m)=0; 

       end 

       if I(1,m)<0 

           I(1,m)=0; 

       end 

       if Id(1,m)<0 

           Id(1,m)=0; 

       end 

   end 

end    

 

 

 
 

Following script is used to plot the results of the data, which is the direct radiation on a tilt 

surface throughout the year, the amount of radiation on horizontal surface, the amount of diffuse 

radiation, and the ratio of the beams.  
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% Plotting the results   

subplot(2,2,1) 

plot(tttt,It) 

title('Hourly global solar radiation on the tilted surface') 

xlabel('time(h)') 

ylabel('It(J/m2)') 

grid on   

hold on 

subplot(2,2,2) 

plot(tttt,I) 

title('Hourly global solar radiation on the horizontal surface') 

xlabel('time(h)') 

ylabel('I(J/m2)') 

grid on 

hold on 

subplot(2,2,3) 

plot(tttt,Id) 

title('Hourly diffuse solar radiation on the horizontal surface') 

xlabel('time(h)') 

ylabel('Id(J/m2)') 

grid on 

subplot(2,2,4) 

plot(tttt,Rbave) 

title('Ratio of beam radiation on tilted surface to that on horizontal surface') 

xlabel('time(h)') 

ylabel('Rbave') 

grid on 
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The output was shown as follows in (Figures 9 , 10 , 11 & 12) :  
 
 

 
 

 

  

 

 

 

 

 

 

 

 

Figure 10 shows the hourly global solar radiation on the tilted surface within a year. The maximum 

amount of energy as indicated from the output can be in the second quarter of the year, and at the 

end of the third quarter. The solar energy may reach to 2.5 x 10^5 J/m^2.  

 

 

 

 

 

 

 

 

 

 

Figure 10: Hourly global solar radiation on tilted surface , Jeddah , KSA 

Figure 11: Hourly solar radiation on the horizontal surface , Jeddah , KSA 
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 Figure 11 indicated the amount of solar radiation on horizontal surface, and as shown the 

maximum amount will be in the second quarter of the year and the end of the third quarter.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 show the potential of the diffuse solar radiation in Jeddah region, and as shown this 

indicate a high potential and amount of energy which may reach up to 15 x 10^ 5 J/m^2. The 

average of the received amount throughout the year is more than 10 x 10 ^ 5 J/m^2.  

 

 

 

 

 

 

 

Figure 12 : Hourly diffuse solar radiation on the horizontal surface , Jeddah, KSA 
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Figure 13 indicates the ratio and the relation between the beam on the tilted surface to the beam 

on the horizontal surface.  

5.2.2 Optimum angles with respect to three different positions of the main reflectors:  

This part discusses the results and the output of a script which is responsible to calculate 

the optimum angles for specific solar parameters, depending on the geographical location of the 

area which the solar radiation will reflect on it. As mentioned before, the system design consists 

of primary concentrators located in the ground. They are reflective optical parts responsible for 

collecting the radiation and reflecting it toward the secondary concentrator. The implemented 

script calculates the required angles depending on several inputs related to the system design and 

the location. In order to analyze the difference within seasons, two days within the year were taken 

as a sample, 21 June, and 21 Dec.  

The solar angles of the system can be found within two groups: the sun position in the sky 

and the surface sun angles.  

For most of the solar energy systems and applications, one needs to reasonably find an 

accurate location of the sun in the sky on a specific day and year. The sun position can be identified 

by the angles: solar altitude (α) and solar azimuth angle (z). The script also calculates the 

Figure 13 : Ratio of beam radiation on tilted surface to the on horizontal surface , Jedda, KSA 
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declination angle (δ), which is the angle between the direction of the sun and the equatorial plane 

(Figure 13) . 

  

 

 

 

 

 

 

The declination angle can be determined by the following equation:  

𝛿 = 23.45 ∗ sin[ 
360

365
 (𝑛 + 284)]        (1) 

where 𝑛 ∶ is the number of the day within a year (ex. n=1 , first of January ).  

The script also calculates the hour angle (h), which is the angle through which the earth 

rotated since the solar noon. It is known that the earth rotates at 360/24 = 15/h. Therefore, the hour 

angle is positive during the evening and negative during the morning period. This angle is 

calculated as follow:  

ℎ = ( 𝑙𝑜𝑐𝑎𝑙 𝑡𝑖𝑚𝑒 − 12 )15          (2) 

The output of the script shows: i) the solar altitude angle (α), which is the angle between 

the solar radiation and the horizontal; ii) the solar zenith angle, which is the angle between the 

solar radiation; and iii) the normal angle in the horizon. The altitude and the zenith angles sum 

should be 90 degree, and this can be calculated with the following formula:  

sin 𝛼 = cos 𝜑 = sin 𝐿 sin 𝛿 + cos 𝐿 cos 𝛿𝑐𝑜𝑠ℎ       (3) 

Where L is the local latitude.  

The output also shows and calculates the solar azimuth angle z , which is the angle between 

the solar radiation or beam and the longitude. This is calculated with the following formula :  

Figure 14: Sun and the equatorial plane. 
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sin 𝑧 = 𝑐𝑜𝑠𝛿 
sin ℎ

cos 𝛼
          (4) 

  The second group of angles are the angles calculated based on the specified mounting and 

orientation of the collector: i) The tilt angle (β), which is the angle between the surface plane and 

the horizontal axis; and ii) The azimuth angle, which is the angle between the normal angle to the 

surface and the longitude at that location . For any horizontal surface Zs is always 0 degree. One 

more angle is the incidence angle (θ), which is the angle between the solar radiation and the normal 

of the surface, calculated with the following formula:  

cos 𝜃 = sin 𝐿 sin 𝛿 cos 𝛽 − cos 𝐿𝑠𝑖𝑛𝛿𝑠𝑖𝑛𝐵𝑐𝑜𝑠𝑍𝑠 + 𝑐𝑜𝑠𝐿𝑐𝑜𝑠𝛿𝑐𝑜𝑠ℎ𝑐𝑜𝑠𝛽 + 𝑐𝑜𝑠ℎ𝑠𝑖𝑛𝛽𝑐𝑜𝑠𝑍𝑠 +

𝑐𝑜𝑠𝛿𝑠𝑖𝑛ℎ𝑠𝑖𝑛𝛽𝑠𝑖𝑛𝑍𝑠          (5) 

As noticed, the solar energy systems and applications are not installed horizontally, but at 

an angle. This is responsible for increasing the amount of radiation intercepted and reducing the 

reflection and the cosine losses. The system required the data of the solar radiation on any tilted 

surface, and the available data of the normal incidence for the horizontal surface. These data need 

to be converted to radiation on tilted surfaces. The conversion formula will be as follows:  

𝑅𝑏 =  
𝐺𝐵𝑡

𝐺𝐵𝑛
=  

cos ∅

cos 𝜃
          (6) 

𝐺𝐵𝑡 =  𝑅𝑏 𝐺𝐵𝑛           (7) 

 

Figure 15: Beam radiation on horizontal and tilted surfaces. 

The following script was implemented to find the data of the solar radiation parameters . It started 

by inserting the sequence of the day in the month, from 1 to 31. Then inserting the corresponding 

number of the month, from 1 to 12. After that it evaluating the day sequence number in the year.  
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The MATLAB simulation was performed for Jeddah city in the kingdom of Saudi Arabia. 

The simulation provides the daily solar altitude angle, annual and the daily solar azimuth angle, 

the daily pattern and the annual pattern of the solar incidence angle which obtain the optimum tilt 

angle and the optimum surface azimuth angle for any day within the year and for any time within 

the day. For the current design, the surface of the main collector was chosen to be placed with 

three tilt angles, the first one is 30 degrees, the second is 10 degree’s, and the third one is zero 

degree (as shown in Figures 15-17):  

 

 

 

 

 

 

  

day=input('Day=');%insert the sequence of the day in the month, from 1 to 31 

x=input('Month=');%insert the corresponding number of the month, from 1 to 12 

m=[0 31 59 90 120 151 181 212 243 273 304 334]; 

n = m(x)+day %this step evaluate the day sequence number in the year 

declination_angle = 23.45*sin(360*(284+n)/365*pi/180) %see equ(1) 

d=declination_angle*pi/180; 

hour=input('Hour =');%insert the hour in the 24 hour system (e.g. 13 for 1 p.m.) 

min=input('Minute=');%insert the minute, from 0 to 59 

hour_angle=((hour+min/60)-12)*15 %see equ(2) 

h=hour_angle*pi/180; 

B=input('Slope(tilt angle)in deg=')*pi/180; 

L=input('Local latitude in deg=')*pi/180; 

Z=input('Surface azimuth angle in deg=')*pi/180; 

%the values above is local and independent. 

Daily_optimum_tilt_angle=(L-d)*180/pi 

Altitude_Angle=asin(sin(L)*sin(d)+cos(L)*cos(d)*cos(h))*180/pi; %see equ(3) 

a=Altitude_Angle*pi/180;  

Solar_zenith_angle=90-Altitude_Angle 

phi=Solar_zenith_angle*pi/180; 

Solar_azimuth_angle=asin(cos(d)*sin(h)/cos(a))*180/pi %see equ(4) 

z=Solar_azimuth_angle*pi/180; 

Incidence_angle=acos(sin(L)*sin(d)*cos(B)-

cos(L)*sin(d)*sin(B)*cos(Z)+cos(L)*cos(d)*cos(h)*cos(B)+sin(L)*cos(d)*cos(h)*sin(B)

*cos(Z)+cos(d)*sin(h)*sin(B)*sin(Z))*180/pi %see equ(5) 

theta=Incidence_angle*pi/180; 

Gbn=input('Solar radiation on horizontal plane ='); 

RB=cos(theta)/cos(phi) %see equ(6) 

Solar_radiation_on_the_surface=RB*Gbn% see equ(7) 
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The sample dates were taken for 21 June & 21 of December, with the times of 5:00 A.M , 

8:00 A.M , 10:00 A.M , 12:00 P.M, and 3:00 P.M .  

The Matlab code is as follows:  

day=input('Day=');%insert the sequence of the day in the month, from 1 to 31 

x=input('Month=');%insert the corresponding number of the month, from 1 to 12 

m=[0 31 59 90 120 151 181 212 243 273 304 334]; 

n = m(x)+day %this step evaluate the day sequence number in the year 

declination_angle = 23.45*sin(360*(284+n)/365*pi/180) %see equ(1) 

d=declination_angle*pi/180; 

hour=input('Hour =');%insert the hour in the 24 hour system (e.g. 13 for 1 p.m.) 

min=input('Minute=');%insert the minute, from 0 to 59 

hour_angle=((hour+min/60)-12)*15 %see equ(2) 

h=hour_angle*pi/180; 

B=input('Slope(tilt angle)in deg=')*pi/180; 

L=input('Local latitude in deg=')*pi/180; 

Z=input('Surface azimuth angle in deg=')*pi/180; 

%the values above is local and independent. 

Daily_optimum_tilt_angle=(L-d)*180/pi 

Altitude_Angle=asin(sin(L)*sin(d)+cos(L)*cos(d)*cos(h))*180/pi; %see equ(3) 

a=Altitude_Angle*pi/180;  

Solar_zenith_angle=90-Altitude_Angle 

phi=Solar_zenith_angle*pi/180; 

Solar_azimuth_angle=asin(cos(d)*sin(h)/cos(a))*180/pi %see equ(4) 

z=Solar_azimuth_angle*pi/180; 

Incidence_angle=acos(sin(L)*sin(d)*cos(B)-

cos(L)*sin(d)*sin(B)*cos(Z)+cos(L)*cos(d)*cos(h)*cos(B)+sin(L)*cos(d)*cos(h)*sin(B)*cos(Z)+cos(

d)*sin(h)*sin(B)*sin(Z))*180/pi %see equ(5) 

theta=Incidence_angle*pi/180; 

Gbn=input('Solar radiation on horizontal plane ='); 

RB=cos(theta)/cos(phi) %see equ(6) 

Solar_radiation_on_the_surface=RB*Gbn% see equ(7) 

 

Figure 16: Center of the primary concentrator , 𝟎°. Figure 17 : Primary concentrator side , 𝟏𝟎° 

Figure 18: Primary concentrator edge ,𝟑𝟎° 
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The following table shows the input parameters with the output parameters :  

Table 1: Input Parameters 

Input  

Day 

Month 

Hour 

Min  

Slope(tilt angle)in deg 

Local latitude in deg 

Surface azimuth angle in deg 

Solar radiation on horizontal 
plane 

 

Table 2: Output Parameters 

Results  

a 

Altitude Angle  

B 

d 

Daily_Optimum_tilt_Angle 

day 

declination_angle 

Gbn 

h 

hour 

hour_angle 

Incidence_angle 

L 

min 

n 

phi 

RB 

Solar_azimuth_angle 

Solar_radiation_on_the_surface 

Solar_zenith_angle 

theta 

x 

z 

Z 
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The result of 21 June, tilt angle = 30 degrees, within one day is presented in Table 3: 

Table 3: Output , 21 June , 30 degree 

Input  

Day 21 21 21 21 21 

Month 6 6 6 6 6 

Hour 5 8 10 12 15 

Min  0 0 0 0 0 

Slope(tilt angle)in deg 30 30 30 30 30 

Local latitude in deg 21.48 21.48 21.48 21.48 21.48 

Surface azimuth angle in deg 115 115 115 115 115 

Solar radiation on horizontal plane 5 5 5 5 5 

              

Results  

a -0.075304496 0.609629 1.086572 1.536417 0.847108 

Altitude Angle  -4.314629802 34.92919 62.25598 88.03022 48.53573 

B 0.523598776 0.523599 0.523599 0.523599 0.523599 

d 0.40927592 0.409276 0.409276 0.409276 0.409276 

Daily_Optimum_tilt_Angle -1.969782847 -1.96978 -1.96978 -1.96978 -1.96978 

day 21 21 21 21 21 

declination_angle 23.44978285 23.44978 23.44978 23.44978 23.44978 

Gbn 5 5 5 5 5 

h -1.832595715 -1.0472 -0.5236 0 0.785398 

hour 5 8 10 12 15 

hour_angle -105 -60 -30 0 45 

Incidence_angle 1.12E+02 79.71293 54.8742 29.21705 13.83445 

L 0.374896723 0.374897 0.374897 0.374897 0.374897 

min 0 0 0 0 0 

n 172 172 172 172 172 

phi 1.646100823 0.961167 0.484225 0.034379 0.723688 

RB 4.919287271 0.311896 0.650113 0.873293 1.295745 

Solar_azimuth_angle -62.70631399 -75.7119 -80.1822 0 78.4335 

Solar_radiation_on_the_surface 24.59643636 1.559479 3.250565 4.366465 6.478724 

Solar_zenith_angle 94.3146298 55.07081 27.74402 1.969783 41.46427 

theta 1.949906994 1.391253 0.957736 0.509934 0.241457 

x 6 6 6 6 6 

z -1.094431641 -1.32142 -1.39944 0 1.368923 

Z 2.00712864 2.007129 2.007129 2.007129 2.007129 

 

The result of 21 June, tilt angle = 10 degrees, within one day is presented in Table 4: 

Table 4: Output , 21 June , 10 degree 

Input  
Day 21 21 21 21 21 

Month 6 6 6 6 6 
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Hour 5 8 10 12 15 

Min  0 0 0 0 0 

Slope(tilt angle)in deg 10 10 10 10 10 

Local latitude in deg 21.48 21.48 21.48 21.48 21.48 

Surface azimuth angle in deg 115 115 115 115 115 

Solar radiation on horizontal plane 5 5 5 5 5 

              

Results  

a -0.0753 0.609629 1.086572 1.536417 0.847108 

Altitude Angle  -4.31463 34.92919 62.25598 88.03022 48.53573 

B 0.174533 0.174533 0.174533 0.174533 0.174533 

d 0.409276 0.409276 0.409276 0.409276 0.409276 

Daily_Optimum_tilt_Angle -1.96978 -1.96978 -1.96978 -1.96978 -1.96978 

day 21 21 21 21 21 

declination_angle 23.44978 23.44978 23.44978 23.44978 23.44978 

Gbn 5 5 5 5 5 

h -1.8326 -1.0472 -0.5236 0 0.785398 

hour 5 8 10 12 15 

hour_angle -105 -60 -30 0 45 

Incidence_angle 1.00E+02 63.02017 36.36796 9.338004 31.80791 

L 0.374897 0.374897 0.374897 0.374897 0.374897 

min 0 0 0 0 0 

n 172 172 172 172 172 

phi 1.646101 0.961167 0.484225 0.034379 0.723688 

RB 2.392491 0.792361 0.909822 0.987332 1.134048 

Solar_azimuth_angle -62.7063 -75.7119 -80.1822 0 78.4335 

Solar_radiation_on_the_surface 11.96245 3.961803 4.549111 4.936659 5.670239 

Solar_zenith_angle 94.31463 55.07081 27.74402 1.969783 41.46427 

theta 1.751778 1.099909 0.634741 0.162979 0.555153 

x 6 6 6 6 6 

z -1.09443 -1.32142 -1.39944 0 1.368923 

Z 2.007129 2.007129 2.007129 2.007129 2.007129 

 

The result of 21 June, tilt angle = 0 degrees, within one day is presented in Table 5: 

Table 5: Output , 21 June , 0 degree 

Input  

Day 21 21 21 21 21 

Month 6 6 6 6 6 

Hour 5 8 10 12 15 

Min  0 0 0 0 0 

Slope(tilt angle)in deg 0 0 0 0 0 

Local latitude in deg 21.48 21.48 21.48 21.48 21.48 

Surface azimuth angle in deg 115 115 115 115 115 
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Solar radiation on horizontal plane 5 5 5 5 5 

              

Results  

a -0.0753 0.609629 1.086572 1.536417 0.847108 

Altitude Angle  -4.31463 34.92919 62.25598 88.03022 48.53573 

B 0 0 0 0 0 

d 0.409276 0.409276 0.409276 0.409276 0.409276 

Daily_Optimum_tilt_Angle -1.96978 -1.96978 -1.96978 -1.96978 -1.96978 

day 21 21 21 21 21 

declination_angle 23.44978 23.44978 23.44978 23.44978 23.44978 

Gbn 5 5 5 5 5 

h -1.8326 -1.0472 -0.5236 0 0.785398 

hour 5 8 10 12 15 

hour_angle -105 -60 -30 0 45 

Incidence_angle 94.31463 55.07081 27.74402 1.969783 41.46427 

L 0.374897 0.374897 0.374897 0.374897 0.374897 

min 0 0 0 0 0 

n 172 172 172 172 172 

phi 1.646101 0.961167 0.484225 0.034379 0.723688 

RB 1 1 1 1 1 

Solar_azimuth_angle -62.7063 -75.7119 -80.1822 0 78.4335 

Solar_radiation_on_the_surface 5 5 5 5 5 

Solar_zenith_angle 94.31463 55.07081 27.74402 1.969783 41.46427 

theta 1.646101 0.961167 0.484225 0.034379 0.723688 

x 6 6 6 6 6 

z -1.09443 -1.32142 -1.39944 0 1.368923 

Z 2.007129 2.007129 2.007129 2.007129 2.007129 

 

The result of 21 December, tilt angle = 30 degrees, within one day is presented in Table 6: 

Table 6: Output , 21 December , 30 degree 

Input  

Day 21 21 21 21 21 

Month 12 12 12 12 12 

Hour 5 8 10 12 15 

Min  0 0 0 0 0 

Slope(tilt angle)in deg 30 30 30 30 30 

Local latitude in deg 21.48 21.48 21.48 21.48 21.48 

Surface azimuth angle in deg 115 115 115 115 115 

Solar radiation on horizontal plane 5 5 5 5 5 

              

Results  

a -0.375426776 0.284969 0.635525 0.786624 0.475668 

Altitude Angle  -21.51036976 16.3275 36.41289 45.07022 27.25378 

B 0.523598776 0.523599 0.523599 0.523599 0.523599 
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d -0.40927592 -0.40928 -0.40928 -0.40928 -0.40928 

Daily_Optimum_tilt_Angle 44.92978285 44.92978 44.92978 44.92978 44.92978 

day 21 21 21 21 21 

declination_angle -23.44978285 -23.4498 -23.4498 -23.4498 -23.4498 

Gbn 5 5 5 5 5 

h -1.832595715 -1.0472 -0.5236 0 0.785398 

hour 5 8 10 12 15 

hour_angle -105 -60 -30 0 45 

Incidence_angle 1.41E+02 1.03E+02 80.41653 62.36175 55.79875 

L 0.374896723 0.374897 0.374897 0.374897 0.374897 

min 0 0 0 0 0 

n 355 355 355 355 355 

phi 1.946223102 1.285828 0.935272 0.784173 1.095128 

RB 2.124484043 -0.81923 0.280465 0.655234 1.227476 

Solar_azimuth_angle -72.26751274 -55.8824 -34.7495 0 46.86243 

Solar_radiation_on_the_surface 10.62242022 -4.09617 1.402327 3.276168 6.137382 

Solar_zenith_angle 1.12E+02 73.6725 53.58711 44.92978 62.74622 

theta 2.463839799 1.803192 1.403533 1.088418 0.973872 

x 12 12 12 12 12 

z -1.26130604 -0.97533 -0.60649 0 0.817904 

Z 2.00712864 2.007129 2.007129 2.007129 2.007129 

 

The result of 21 December, tilt angle = 10 degrees, within one day is presented in Table 7: 

Table 7: Output , 21 December , 10 degree 

Input  

Day 21 21 21 21 21 

Month 12 12 12 12 12 

Hour 5 8 10 12 15 

Min  0 0 0 0 0 

Slope(tilt angle)in deg 10 10 10 10 10 

Local latitude in deg 21.48 21.48 21.48 21.48 21.48 

Surface azimuth angle in deg 115 115 115 115 115 

Solar radiation on horizontal plane 5 5 5 5 5 

              

Results  

a -0.37543 0.284969 0.635525 0.786624 0.475668 

Altitude Angle  -21.5104 16.3275 36.41289 45.07022 27.25378 

B 0.174533 0.174533 0.174533 0.174533 0.174533 

d -0.40928 -0.40928 -0.40928 -0.40928 -0.40928 

Daily_Optimum_tilt_Angle 44.92978 44.92978 44.92978 44.92978 44.92978 

day 21 21 21 21 21 

declination_angle -23.4498 -23.4498 -23.4498 -23.4498 -23.4498 
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Gbn 5 5 5 5 5 

h -1.8326 -1.0472 -0.5236 0 0.785398 

hour 5 8 10 12 15 

hour_angle -105 -60 -30 0 45 

Incidence_angle 1.21E+02 83.55111 62.36317 49.8052 59.43869 

L 0.374897 0.374897 0.374897 0.374897 0.374897 

min 0 0 0 0 0 

n 355 355 355 355 355 

phi 1.946223 1.285828 0.935272 0.784173 1.095128 

RB 1.421866 0.399523 0.781445 0.911601 1.110338 

Solar_azimuth_angle -72.2675 -55.8824 -34.7495 0 46.86243 

Solar_radiation_on_the_surface 7.109329 1.997616 3.907224 4.558003 5.551692 

Solar_zenith_angle 1.12E+02 73.6725 53.58711 44.92978 62.74622 

theta 2.119234 1.458242 1.088443 0.869265 1.037401 

x 12 12 12 12 12 

z -1.26131 -0.97533 -0.60649 0 0.817904 

Z 2.007129 2.007129 2.007129 2.007129 2.007129 

 

The result of 21 December, tilt angle = 0 degrees, within one day is presented in Table 8: 

Table 8: Output , 21 December , 0 degree 

Input  

Day 21 21 21 21 21 

Month 12 12 12 12 12 

Hour 5 8 10 12 15 

Min  0 0 0 0 0 

Slope(tilt angle)in deg 0 0 0 0 0 

Local latitude in deg 21.48 21.48 21.48 21.48 21.48 

Surface azimuth angle in deg 115 115 115 115 115 

 
Solar radiation on horizontal plane 5 5 5 5 5 

              

Results  

a -0.37543 0.284969 0.635525 0.786624 0.475668 

Altitude Angle  -21.5104 16.3275 36.41289 45.07022 27.25378 

B 0 0 0 0 0 

d -0.40928 -0.40928 -0.40928 -0.40928 -0.40928 

Daily_Optimum_tilt_Angle 44.92978 44.92978 44.92978 44.92978 44.92978 

day 21 21 21 21 21 

declination_angle -23.4498 -23.4498 -23.4498 -23.4498 -23.4498 

Gbn 5 5 5 5 5 

h -1.8326 -1.0472 -0.5236 0 0.785398 

hour 5 8 10 12 15 

hour_angle -105 -60 -30 0 45 
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Incidence_angle 1.12E+02 73.6725 53.58711 44.92978 62.74622 

L 0.374897 0.374897 0.374897 0.374897 0.374897 

min 0 0 0 0 0 

n 355 355 355 355 355 

phi 1.946223 1.285828 0.935272 0.784173 1.095128 

RB 1 1 1 1 1 

Solar_azimuth_angle -72.2675 -55.8824 -34.7495 0 46.86243 

Solar_radiation_on_the_surface 5 5 5 5 5 

Solar_zenith_angle 1.12E+02 73.6725 53.58711 44.92978 62.74622 

theta 1.946223 1.285828 0.935272 0.784173 1.095128 

x 12 12 12 12 12 

z -1.26131 -0.97533 -0.60649 0 0.817904 

Z 2.007129 2.007129 2.007129 2.007129 2.007129 

 

Figures 18 show the solar altitude angle which changes through different times during the 

day; 21 June indicates the summer season and 21 December the winter season. It can be 

observed that in summer, the sun rises earlier than winter.  

 

 

The time vs the incidence angle during the day through the different angles (30,10,0) is 

shown in Figure 19. It is important to note that the smaller the incident angle, the better capture 

of the radiation. 
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Figure 19 : Solar altitude angle vs time , June & December  
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The time through the day vs phi is represented through the following image (Figure 20):  

 

 

 

 

 

 

 

 

 

 

It is determined from the figure that Phi during summer can reach to 0 degree at 12 P.M.  

The time vs Rb are shown as follow (Figure 21): 
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Figure 20: Time vs Incident light, June & December 

Figure 21: Time vs Phi , June & December. 
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Solar Azimuth angle per day with respect to the time is shown in Figure 22. It can be 

observed that the azimuth angle changes for the two different days. It was found that the 

incremental change in the sun position with respect to the time is greater in summer than winter. 

This proves the importance of having a tracking system as the sun moves between 11:30 to 12 

:00 around 30 degrees, while in winter it moves around 9 degrees. 

Figure 22 : Time vs Rb , June & December 
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The solar radiation on the surface is shown as follow (Figure 23) : 

  

 

 

 

 

 

 

 

 

 

 

It shows and indicates from the graph that a strong drop on the solar radiation can appear at the 

early morning after that an increase on the amount of radiation can be appeared.  
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Figure 23 : Time vs Azimuth , June & December  

Figure 24 : Solar radiation on the surface vs Time , June & December. 
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Figure 25 : Time vs Solar radiation , June & December  
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Solar zenith angle vs time is presented in Figure 24. Solar zenith angle can reach to 0 degree at 

12 P.M. during summer, and during winter the minimum angle which may be reached is 40 

degree.  

 

 

 

 

 

 

 

 

 

 

Time vs Theta shown in Figure 25:  

 

 

 

 

 

 

 

 

 

 

Figure 26: Solar zenith angle vs Time , June & December 

Figure 27 : Time vs Theta , June & December. 
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5.2.3 The novel solar concentrating system:  

A simulation for the novel solar concentrated system was implemented through COMSOL 

Multiphysics software. The system was designed as required with a primary concentrator placed 

in the horizontal axis, a secondary concentrator placed above the primary collector to collect the 

radiation reflected out from the primary one, and two receivers at the end of the field, as shown in 

Figure 34.  

   

 

 

 

 

 

 

 

 

Figure 28, shows the design of the simulated system for Rief novel solar concentrated system . As shown 

the primary concentrator is placed in the ground, the secondary  concentrator is placed on the opposite side 

of the primary concentrator (arch shape), two receivers are placed at the end of the field , and the sun (solar) 

and the top of the filed .  

The main physics parameters were as follows:  

- Solar irradiance (I0) was set to be 1[kW/m^2]. 

- The length of the plane (L) = 1 m .  

- Angular diameter of the sun (d_ang) = 4.65[mrad].  

- Solar angle (S_ang) : 

(ℎ𝑠 − 12) ∗ 15 deg =  −0.7854 𝑟𝑎𝑑    (8) 

- Altitude of the rays (S_y) = 6m 

- Width (S_w0) : 

 𝑐𝑜𝑠(𝑠𝑖𝑔𝑛(𝑆𝑎𝑛𝑔) ∗ 𝑆𝑎𝑛𝑔) ∗ 𝑆𝑤 = 1.4142 𝑚   (9) 

- Initial widths (S_w) : 

Figure 28 : Novel solar concentrating system design , COMSOL 
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(𝑃𝐶𝑤 ∗ 2) = 2𝑚      (10) 

- Time of the day (hs) = 9 hours.  

- Losses = 1.  

The primary concentrators parameters were calculated and initialized as follows:  

- Focal distance (PC_F) which is the distance of the radiation reflection pointing away from the 

primary collector was set to 5 m.  

- Parabola coefficient was calculated through the following formula:  

1

(4∗𝑃𝐶𝐹)
= 0.05

1

𝑚
      (11) 

- The thickness (PC_T) = 0.05 m .  

- The width of the primary collector (PC_w) = 1[m].  

- Reflection coefficient (PC_rc) = 0.94.  

The secondary concentrator parameters were set as follows:  

- Focal distance (SC_F) = 42 cm = 0.42 m .  

- Displacement in x axis (SC_x) = fx = -2.5 m . 

- Displacement in y axis (SC_y) = fy + SC_F = 2.92 m .  

- Inclination angle (SC_inc) :  

𝑆𝐶_𝑡ℎ𝑒𝑡𝑎 ∗ 𝑆𝐶_𝑖𝑛𝑐𝑓  =  1.81 𝑟𝑎𝑑    (12) 

- Initial inclination angle (SC_theta ) :  

𝑎𝑡𝑎𝑛((𝑅_𝑥 + 𝑎𝑏𝑠(𝑓𝑥))/(𝑆𝐶_𝑦 − 𝑅_ℎ/2))    (13) 

- Inclination angle factor (SC_incf) = 1. 

- Parabola coefficient (SC_A) : 

1/(4 ∗ 𝑆𝐶_𝐹)= 0.59524 1/m      (14) 

- Focal opening (SC_aperture) = 0.68m .  

- Axial cutting distance (SC_c) : 

𝑆𝐶_𝑦 − (𝑆𝐶_𝐴 ∗ (𝑆𝐶_𝑎𝑝𝑒𝑟𝑡𝑢𝑟𝑒/2)^2)= 2.8512 m   (15) 

- Parabolic cutting angle (SC_CutAngle) = 118 deg.  

- Thickness (SC_t) = 2cm = 0.02 m .  

- Reflection coefficient (SC_rc) = 0.95.  

Receiver parameters were set as follows:  

- Displacement in x (R_x) = 4 m.  
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- Displacement in y (R_y ) = 0 . 

- Width (R_w) = 0.1 m .  

- Height (R_h) = 0.5m .  

Sun function parameters were set to be as follows:  

- Parabolic angle (a) = S_ang*2 = -1.5708 rad.  

- Angular factor (af) = 1.  

- Radial factor (rf) = 1.  

- Eccentricity which is the deviation of an orbit from a circular was calculated through 

the following formulas:  

Eccentricity x (f.) =(𝑃𝐶_𝐹 ∗ 𝑟𝑓)/2     (16) 

  Eccentricity y (h.) = 2/(𝑃𝐶_𝐹 ∗ 𝑟𝑓)     (17) 

- Vertex position which is the degree situated within the hemisphere of a chart (the right-

hand side) that represents the intersection of the great circle and of the prime vertical, 

Vertex position (g.):  

(𝑃𝐶_𝐹 ∗ 𝑟𝑓)/2      (18) 

- Displacement in x (fx): 

(𝑓.∗ 𝑠𝑖𝑛(𝑎 ∗ 𝑎𝑓))      (19) 

- Displacement in y (fy): 

 ((𝑐𝑜𝑠(𝑎 ∗ 𝑎𝑓)/ℎ. ) + 𝑔. )     (20) 

 

The output of the simulation presented the optimum location of the secondary concentrator 

which reflect the maximum radiation to the receivers throughout the day within the specified hours. 

40 times parameters were taken as sample during the day to perform the simulation (Table 9).  

  

Table 9: hours sample 

hs 

9 
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9 

9.315789 

9.315789 

9.631579 

9.631579 

9.947368 

9.947368 

10.26316 

10.26316 

10.57895 

10.57895 

10.89474 

10.89474 

11.21053 

11.21053 

11.52632 

11.52632 

11.84211 

11.84211 

12.15789 

12.15789 

12.47368 

12.47368 

12.78947 

12.78947 

13.10526 

13.10526 

13.42105 

13.42105 

13.73684 

13.73684 

14.05263 

14.05263 

14.36842 

14.36842 

14.68421 

14.68421 

15 

15 

 

When the number of the solar radiations were set to 500, the output of the system was as follows 

from Figure 27 - 33:  
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Figure 29 : Radiation reflection , h=9 , loss = 0 . 

Figure 30: Radiation reflection , h=10.263 , loss = 0 

Figure 31:Radiation reflection , h=11.52, loss = 0 

Figure 32:Radiation reflection , h=11.84, loss = 1 
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Figure 33: Radiation reflection , h=12.15, loss = 1 

Figure 34: Radiation reflection , h=13.1, loss = 1 

Figure 35:Radiation reflection , h=15, loss = 1 



62 
 

The solar concentration ratio as analyzed and calculated throughout the simulation and the 

system was optimized. It is known that the solar concentration ration is the intensity of the energy 

concentration achieved by the collector. The concentration ratio is the aperture area of the collector 

over the surface area of the receiver. Throughout the results, it was observed that the maximum 

and the optimum operating temperature for the solar receiver increases along with the 

concentration ratio. Using secondary concentrators will help increasing the concentration ration 

even more. This increase is limited by the accuracy of the collector and the tracking system. This 

represented in Figure 34 – 37:  

 

 

 

  

  

  

  

  

 

 

       

 

 

 

 

 

 

 

 

 

 

Figure 36: Solar Concentration Ration at 9:00 A.M , loss = 1 

Figure 37:Solar Concentration Ration at 11:21 A.M , loss = 1 



63 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The rays of the solar were decreased to identify the optimum position of the secondary 

concentrator, N = 5 rays , this is shown from Figure 38 –45. 

 

 

 

 

 

 
Figure 40: Reflection of radiation at 9:00 A.M , loss = 1 . 

Figure 41: Secondary concentrator position (x,y) , at 9: A.M. , loss=1 

Figure 38:Solar Concentration Ration at 12:79 P.M  

Figure 39:Solar Concentration Ration at 14:68 P.M . 
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Figure 43 : Reflection of radiation at 10:26 A.M , loss = 1 

 

Figure 42: Secondary concentrator position (x,y) , at 10: 26 A.M. , loss=1 

Figure 45 : Reflection of radiation at 11:52 A.M , loss = 1 

 

Figure 44: Secondary concentrator position (x,y) , at 11: 52 A.M. , loss=1 

Figure 47 : Reflection of radiation at 13:42 P.M , loss = 1 

 

Figure 46 : Secondary concentrator position (x,y) , at 13: 42 P.M. , loss=1 
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The secondary collector tracking path along the horizontal axis is represented in the 

following table and figures. The points of x were measured from the left edge of the concentrator 

and the y points it were measured from the right edge of the concentrator:  

Table 10 : Secondary concentrator position 

hs Losses x y 

9 1 -2.9 2.955 

9 0 -2.9 2.955 

9.315789 1 -2.85 3.38 

9.315789 0 -2.85 3.38 

9.631579 1 -2.7 3.79 

9.631579 0 -2.7 3.79 

9.947368 1 -2.55 4.175 

9.947368 0 -2.55 4.175 

10.26316 1 -2.3 4.53 

10.26316 0 -2.3 4.53 

10.57895 1 -2 4.84 

10.57895 0 -2 4.84 

10.89474 1 -1.65 5.095 

10.89474 0 -1.65 5.095 

11.21053 1 -1.3 5.292 

11.21053 0 -1.3 5.292 

11.52632 1 -0.87 5.43 

11.52632 0 -0.87 5.43 

11.84211 1 -0.45 5.55 

11.84211 0 -0.45 5.55 

12.15789 1 0.45 5.35 

12.15789 0 0.45 5.35 

12.47368 1 0.87 5.25 

12.47368 0 0.87 5.25 

12.78947 1 1.3 5.1 

12.78947 0 1.3 5.1 

13.10526 1 1.65 4.9 

13.10526 0 1.65 4.9 

13.42105 1 2 4.63 

13.42105 0 2 4.63 

13.73684 1 2.3 4.3 

13.73684 0 2.3 4.3 

14.05263 1 2.55 3.95 

14.05263 0 2.55 3.95 

14.36842 1 2.7 3.54 

14.36842 0 2.7 3.54 
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14.68421 1 2.85 3.125 

14.68421 0 2.85 3.125 

15 1 2.9 2.695 

15 0 2.9 2.695 

 

The Figure 46 below shows that during the day and within the radiation times, x will 

keep increasing and moving from east to west, which is from the sunrise till sunset. The 

maximum value of x will be reached at the end of the day.  

 

 

 

 

 

 

 

 

 

 

 

 

For the vertical movement of the secondary concentrator, at the beginning of the day, the 

position of y will start at a specific point 3 in the current simulation and it will keep increasing 

till the mid of the day 11:84 A.M. . After that, the points will decrease back to the similar level to 

the start (Figure 47 - 48).  
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Figure 48 : Secondary concentrator position , x-axis 
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Table 11: Irradiation 

hs Losses 
Irradiation 
in Ra (W) 

Irradiation 
in Rb (W) Irradiation in SC (W) Irradiation in PC (W) 

9.00 1 500.7269 0 624.7995849 707.1068106 
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Figure 49: Secondary concentrator position , y-axis 

Figure 50: x-y position of the secondary concentrator 
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9.00 0 627.9108 0 707.1068186 707.1068106 

9.32 1 608.5206 0 674.2611177 763.0840999 

9.32 0 763.0841 0 763.0841079 763.0840999 

9.63 1 649.0028 0 719.1167633 813.8487511 

9.63 0 813.8487 0 813.8487588 813.8487511 

9.95 1 685.0517 0 759.0601121 859.0539901 

9.95 0 859.054 0 859.0539974 859.0539901 

10.26 1 716.421 0 793.8183105 898.3910193 

10.26 0 898.391 0 898.391026 898.3910193 

10.58 1 742.8964 0 823.1539249 931.5911268 

10.58 0 931.5911 0 931.5911328 931.5911268 

10.89 1 764.297 0 846.8665632 958.4275223 

10.89 0 958.4275 0 958.4275274 958.4275223 

11.21 1 780.4768 0 864.794244 978.716886 

11.21 0 978.7168 0 978.71689 978.716886 

11.53 1 791.3251 0 876.8145032 992.320621 

11.53 0 992.3206 0 992.3206238 992.320621 

11.84 1 710.7169 0 787.4979456 891.2380536 

11.84 0 891.238 0 891.2380553 891.2380536 

12.16 1 0 710.7169 787.4979456 891.2380536 

12.16 0 0 891.238 891.2380553 891.2380536 

12.47 1 0 791.3251 876.8145032 992.320621 

12.47 0 0 992.3206 992.3206238 992.320621 

12.79 1 0 780.4768 864.794244 978.716886 

12.79 0 0 978.7168 978.71689 978.716886 

13.11 1 0 764.297 846.8665632 958.4275223 

13.11 0 0 958.4275 958.4275274 958.4275223 

13.42 1 0 742.8964 823.1539249 931.5911268 

13.42 0 0 931.5911 931.5911328 931.5911268 

13.74 1 0 716.421 793.8183105 898.3910193 

13.74 0 0 898.391 898.391026 898.3910193 

14.05 1 0 685.0517 759.0601121 859.0539901 

14.05 0 0 859.054 859.0539974 859.0539901 

14.37 1 0 649.0028 719.1167633 813.8487511 

14.37 0 0 813.8487 813.8487588 813.8487511 

14.68 1 0 608.5206 674.2611177 763.0840999 

14.68 0 0 763.0841 763.0841079 763.0840999 

15.00 1 0 500.7269 624.7995849 707.1068106 

15.00 0 0 627.9108 707.1068186 707.1068106 

 

The following Figure 49 represent the amount and the intensity of the reflected radiation 

during the time period in the two receivers. It was identified that the reflection starts to reflect on 
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receiver placed at the end right of the field. In the mid of the day, at 12.16 P.M., there is a strong 

drop in the radiation due to the transferred reflection position from Ra to Rb because of the sun 

position on the sky. Ra will remain working from morning till the mid of the day, while Rb will 

remain zero; after that Rb will start receiving and Ra will become zero.   

 

 

 

 

 

 

 

 

 

 

 

 Figure 50 shows the amount and the intensity of the solar radiation in the primary 

concentrator during the day. The amount of the radiation that hits the primary concentrator starts 

with an increase increment; at the mid of the day a drop in the amount of the reflected radiation 

will occur (11:53 A.M to 12:47 P.M). After that a decrease in the amount of radiation will appear 

to reach to the similar level for the starting point.  
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Figure 51: Irradiation at the receivers. 
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Figure 51 shows the amount and the intensity of the reflected radiation from the primary 

solar concentrator to the secondary solar concentrator. Comparing the intensity of radiation 

between the primary and the secondary, it was determined that the intensity and the difference 

between the amount of irradiance is much accurate and clear than the reflected rays in the 

primary concentrator. A drop on the amount of radiation is observed when the sun rays become 

perpendicular to the horizon. 
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Figure 52: Irradiation in the primary concentrator. 

Figure 53: Irradiation in the secondary concentrator . 



71 
 

 

 

 

 

 

 

 

 

 

Figure 54 : Irradiation Vs. Time 

 

5.2.4 Comparison between the regular solar concentrating system and Rief solar 

system:  

 As shown before that Rief system is considered mainly as a regular solar concentrating 

system, with a small modification which is adding a secondary concentrator which is responsible 

for tracking the reflection of the primary concentrator throughout the whole day, and this is to 

get the maximum benefit from the radiation reflection. One of the difficulties which was faced 

during implementing this comparison is the lack of studies which was done for this system and 

especially from Rief himself. To show the validation of the system or the simulation results, the 

radiation data of a regular system was taken as constant and compared with Rief system radiation 

output. It was compared through two output results, the output radiation of the primary 

concentrator, and the output result which reach to the receiver which is at the end of the field.  

 

 

Table 12 : Comparison between regular system and Dr. rief system  

hs 
Irradiation 
of regular 

system 

Irradiation in 
PC (W) 

Irradiation in 
SC (W) 

Irradiation 
in Ra (W) 

9.00 500 707.1068106 624.7995849 500.7269 

9.32 500 763.0840999 674.2611177 608.5206 
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9.63 500 813.8487511 719.1167633 649.0028 

9.95 500 859.0539901 759.0601121 685.0517 

10.26 500 898.3910193 793.8183105 898.391 

10.58 500 931.5911268 823.1539249 931.5911 

10.89 500 958.4275223 846.8665632 764.297 

11.21 500 978.716886 864.794244 780.4768 

11.53 500 992.320621 876.8145032 791.3251 

11.84 500 891.2380536 787.4979456 710.7169 

 

As shown from the results that the radiation which reflect on the primary concentrator, is more 

than the one reflected into the regular system, and this may be according to the special design of 

Reif for the primary concentrator. comparing the final output of the system in the regular system 

the final radiation was considered from the reflection on the primary concentrator, and in Rief 

system it compared with the final point which will be at the receiver, and it could be realized that 

according to the double reflection of the radiation cause an increase in the final amount of 

radiation. So, it could be realized that the idea of the system by concentrating the first reflection 

in second concentrator, then reflected these concentrated radiation, cause increase in the amount 

and the value of radiation.  
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CHAPTER 6 

CONCLUSIONS 

6.1 Conclusions and Recommendations  

 

Currently, because of the availability of the required resources and the awareness to 

implement a clean and healthy environment, solar power energy system has a strong potential. In 

this work, a novel solar concentrating system with two concentrators that reflect the radiation 

twice instead of one time was proposed. 

Through this thesis study, a search was conducted to analyze if the solar concentrated systems 

were efficiently applied and this efficiency is reached. A study for the amount of radiation within 

the country was performed along with a simulation of the system and find the optimum orientation 

of the secondary concentrators. The amount of the radiation was calculated. 

 The data were studied through different scripts and a simulation of Reif’s solar system was 

implemented through COMSOL software. The data which were studied is the radiation of the 

country Kingdom of Saudi Arabia, especially Jeddah city, to check the potential of this location 

for applying such a solar system to convert its results into a suitable and usable energy.  

 Reif system show and proof that his idea could generate an amount of energy which could 

be converted to an energy to cover the need of the electricity, or part of the required.  

 As a future recommendation, this study could be used to implement project for this system, 

study the required customer requirements, and to use such a project in the future to be officially 

one of the usable projects.   
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