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Abstract 

In recent years, finding new energy sources increased exponentially due to multiple factors 

such as saving the environment from harmful gases and gaining independence over fossil fuels. 

One of the most suitable solutions that humanity discovered is solar energy. However, the major 

obstacle humanity found in adopting this new technology as the primary energy source is that it 

does not generate sufficient power to cover humanity's needs. Therefore, the further step that we 

should focus on is how to increase or improve the efficiency of the solar panel. One of the most 

innovative and promising techniques is the tracking system. Via the tracking system, the exposure 

to the sun of the solar panel will increase because it can rotate with the sun's movement. A solar 

tracker can produce more energy than a fixed system. Also, the tracking system occupies the same 

space as a traditional solar panel, so the solar tracker is profitable for industrial purposes in which 

land is a critical factor. Concerning our capstone project, we will focus on designing and 

minimizing the cost of a dual-axis solar tracker via building the system using the materials 

available and produced in Morocco. Also, we will develop the tracking technology locally and 

design the whole system using CADs, which are Tinkercard for mechanical and electrical design, 

3ds MAX for simulations, and PVsyst for forecasting the system's performance. 

Key words: Solar panel, solar tracker, dual axis solar tracker. 
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Chapter 1 Introduction 

Exponential growth in energy demands and climate change are critical factors pushing 

humanity to develop the renewable energy sector. Today, the total capacity of all the PV 

systems, Photovoltaic systems worldwide is more than the sum of all of the remaining renewable 

energy systems, which was 97 GW in 2018 and 134GW in 2020 [1]. We see solar energy as an 

endless energy source and assume that it will be the backbone of the development in the 

upcoming years. Nevertheless, the intensity of solar radiation varies depending on the location, 

so the generation of energy could differ from one place to another. However, there are numerous 

techniques to encourage the use of solar energy even if the location is not helping; for example, 

the tracking system. The primary purpose of the tracking system is to increase the efficiency of 

solar panels. According to previous studies and research, a tracking system can increase the 

energy generated by 25% to 40% [2]. The efficiency and effectiveness of the tracking system 

depend on some significant factors such as degree of freedom, driving system, and control 

system. The energy generated from the PV system depends primarily on the solar radiation 

reaching the PV modules; also, the materials used play an important role. Solar radiation’s power 

density that reaches the earth cannot be controlled due to external factors such as the weather; 

nevertheless, we can orient the PV system so that the rays fall perpendicular to the PV module, 

which will optimize and improve the energy generated. The previous points are crucial in 

considering adopting the tracking system over the fixed one. Humanity developed and proved 

that the trackers are more productive than the fixed system, yet they require more maintenance, 

materials, and funds. In our capstone project, we will reduce the cost of the tracking system by 

building a system from the materials available in the local market. Moreover, we will develop 
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the circuit or the tracking technology and create our designs using CADs such as Tinkercad. 

Finally, we will simulate our system using 3DS MAX and PVsyst. 

 1.1 Background and history 

C. Finster introduced the first solar tracking system in 1962. Finster's system was 

mechanical, and due to multiple problems with its efficiency, his design was not providing 

significant energy gains. However, in the upcoming years and after numerous testing and research, 

the improvement of the tracking system was noticeable. In the same period, humanity discovered 

many technologies and applications of the tracking system, such as concentrators and non-

concentrator. Also, based on numerous detailed and deep researches that provided more benefits 

of the tracking panels, the usage of solar tracking systems started being noticeable. The main factor 

that encouraged people to believe in the tracking system is that in a fixed photovoltaic system, PV, 

the solar receptor is in a stationary state facing the north. Nevertheless,  in the tracking system, 

either the mechanical or the automatic one, the solar receiver is continuously rotating depending 

on the sun's position [3]. 

 1.2 Solar panels 

As a first step into the solar trackers, it is required to know solar systems first and some 

information about them. A solar system uses solar energy, or what we can call electromagnetic 

wave energy, to generate electrical or thermal energy. Therefore one way to categorize solar 

systems is by the energy production in which we have:  

-Generation of electrical energy by PV modules. 

-Generation of heat by solar collectors. 
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-Generation of electrical energy and an indirect generation of thermal energy via hybrid 

collector [4]. 

Figure1 classifies solar systems based on the energy generated and the load-bearing construction. 

The load-bearing structure is used to improve thermal and electrical energy production. Also, 

this load-bearing construction can be divided into two groups: 

 -Fixed systems 

 -Tracking systems 

Regarding the tracking system, it has 3 sub categories that can be divided into groups depending 

on how they are rotating. These 3 groups are: 

-Tracking system based on Drives. 

-Tracking system based on degree of freedom. 

-Tracking system based on strategies.  
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Figure 1: Solar systems’ classification  

               1.3  Solar trackers 

             A solar tracker can be classified depending on how it works, the technology used, and 

even the materials used. Therefore, there are many approaches to categorize the tracking systems. 

Based on Figure1, we can assume three main types of solar trackers. These three types are mainly 

based on how they work: 

 Classification based on the degree of freedom in which we have two subgroups, single-

axis, and dual-axis. 

 Categorizing based on strategies or control systems. 

 Classification based on driving systems. 
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Figure 2 solar tracker working principle [5] 

 

               The main idea behind solar trackers is to develop regular or fixed panels to follow sun 

movement, so the panels generate more energy and improve their efficiency. Figure 2 presents a 

simple visualization of how the tracking system work. By adding the tracking technology to the 

regular panels, they will rotate in multiple directions to maximize the time in contact with the 

sunbeam [5]. 

1.4 STEEPLE Analysis 

STEEPLE analysis is a crucial step for our project because it provides us with a deep and 

fruitful analysis in multiple aspect. 

1.4.1 Social aspect 

We can clearly see that the world energy demand is increasing, so finding new energy 

sources or developing the current ones becomes a priority. Also, we cannot deny that most African 

countries still face energy issues despite their natural resources. Therefore, improving the energy 
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generated from solar panels via adding a tracking system is an ideal step to take to cover the high 

energy demand. 

1.4.2 Technological factors 

Since the beginning of the 21 century, humanity has witnessed the massive development 

in the software field. Nowadays, we have the most sophisticated technologies that we can use to 

make our life easier and less complicated 

1.4.3 Economic factors 

The high cost of fossil fuel and other energy sources. Also, the instability of the fossil fuel 

market are important factors that pushed the development of solar panels and tracking systems. 

1.4.4 Environmental factors 

It is evident that traditional energy sources are harmful to the environment. Therefore, 

developing an eco-friendly energy source is vital for saving the planet. Also, a solar tracking 

system will generate sufficient energy, encouraging humanity to adopt it. 

1.4.5 Political Factors 

As the world now uses fossil fuels as the primary energy sources, countries with natural 

resources have a soft power over the other ones. However, using solar energy as the primary energy 

source is free from any control or dependency. 

1.4.6 Legal factors 

At a national level, our project respects the Moroccan’s regulation. Furthermore, our 

country is encouraging and building multiple solar power stations such as Noor. 
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 1.4.7 Ethical factors 

This project respects intellectual and property rights, and its main objective is to provide 

an efficient manner to generate energy based on solar panels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



18 
 

Chapter 2 State of the Art 

           5.1 Existing Technologies 

          There are a variety of dual-axis solar trackers available on the market, and each one 

develops and uses certain technologies. Here we see some of the most reliable technologies  and 

the most sophisticated dual-axis trackers. 

              AER solar tracker 

 

Figure 3:AER tracker [6] 

          AER solar tracker is an electric dual-axis tracker, complete grid-tied suitable for domestic 

and commercial uses. AER trackers do not require south facing roof or load-supporting, which 

eliminates all risks of structural damage or roof leak. Also, these trackers use GPS technology to 

follow the sun's movement throughout the day, which improves energy production by 40% 

compared to fixed systems. Concerning the energy efficiency of these trackers, we can assume 

they are providing reliable service since the annual power consumption is less than 1% of the 

output of the system [6]. 
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          Lumioo  

 

Figure 4: Luminoo tracker[7] 

            Solair Lumioo is equipped with a dual-axis tracking system which allows it to rotate 

horizontally and vertically. Lumioo rotates with the sun movement to remain oriented at an optimal 

90 degree in perfect autonomy. Furthermore, these trackers use the two sides technology, which 

allows the tracker to collect sun rays arriving on the front and the ones reflected by the rear part. 

This technology allows Luminoo panels to increase their efficiency by 30%. Moreover, Luminoo 

is equipped with a security system that protects the panel from the wind. Using Meteo France 

technology, Luminoo switches to safety mode after detecting an alert from it is GPS 

implementation. For example, if the wind speed is beyond 40km/h, the panels flatten out to reduce 

the wind resistance. In this state, the energy production is affected negatively [7]. 
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           ACES 

 

Figure 5: ACES tracker[8] 

          ACES is an American company developing multiple electronic systems, including solar 

panels and tracking systems. One of their famous tracking systems is WXHY-15DT, which can 

increase energy production by 30% minimum. Also, these trackers can support from 1.5KW to 

11KW DC size panels, and due to their flexibility and unique design, they can operate under 

90km/h  wind speed. Concerning the tracking mechanism, they are either equipped with a GPS 

based timing control or automatic light sensing control [8]. 
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5.2 Future of Tracking System 

         Despite that the first solar tracker system was available thirty years ago, the solar tracking 

system market is still in its early phases and stages. However, many companies started investing 

and entering this market in recent years, sponsoring and developing new technologies and ideas. 

As this domain is growing continuously, many expert claims that solar trackers have a bright 

future; nevertheless, keeping the fundamental drivers of the solar industry is a crucial point to 

focus on. The critical issue in this process of development is to improve the efficiency, 

effectiveness, and the optimization to attain mass adoption of this system at a competitive LCOE, 

Levelized cost of electricity [9]. 

         Solar trackers can become autonomous in the future, which means no need for personnel to 

operate the system. The solar tracker will be ultra-reliable, maintain, and clean itself without 

external help. We can call the tracker the set and forget technology since they are independent. 

This point will significantly lower the price of ownership so that we will have cheaper models with 

high performance. Also, many experts are thinking of applying Moor’s law in the development of 

solar panels to improve their efficiency and reduce their size at the same time [10]. 
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Chapter 3 Problem Statement 

 In recent years, energy demands increased exponentially, and climate change is considered 

a red flag and warning sign from nature to humanity. Humanity found itself between two crucial 

problems satisfying its energy needs and respecting the environment. One solution to this problem 

is solar energy which we can develop using a tracking system to increase the energy produced 

from the panels. However, the issue with the tracker, in general, is the cost and the maintenance. 

 Morocco suffers from a lack of natural resources to satisfy its energy needs, but there are 

many alternatives that our country is developing. For example, we have the famous and the biggest 

solar farm globally, NOOR. Besides solar energy, Morocco is working on wind energy as another 

alternative, but we cannot deny that the solar sector is the most promising one. As it is known, 

Morocco relays on importing gaze and oil, which represent the pillars of energy nowadays, and 

they are expensive. Also, the global oil market is volatile since it changes depending on the many 

factors that could be political or economic. For example, during Covid-19, the oil price was at its 

lowest levels; however, the price skyrocketed due to the Russian-Ukrainian conflict in recent 

weeks. 

 The main problem with energy nowadays is the price. Relying on fossil fuels is expensive 

and, at the same time, harmful to the environment. Therefore, the suitable option for our country 

is to develop the solar energy sector. As mentioned previously, one of the solutions to increase the 

production of solar panels is tracking technology, but it is expensive and requires more 

maintenance than fixed systems. These are the main obstacles for the solar trackers. 

           The primary point of this project is to design a dual-axis solar tracker from the local 

materials and try to reduce its cost. Moreover, the design should meet some general criteria so that 
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the system's energy production may increase at least by 30% compared to the fixed panel. Finally, 

we should not neglect the efficiency of the system while developing. 
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Chapter 4 Types of Solar trackers 

 4.1 Solar Geometry   

 4.1.1 Earth Orbit 

 

Figure 6: Earth orbit[11] 

 The earth turns around the sun in an elliptical orbit, changing the distance between the earth 

and the sun. The smallest distance between the center of the earth and the sun, 144.48 million km, 

happens on 21 December, while the largest distance,154.3 million km, occurs on 21 June. The 

earth takes 365.25 days to complete one revolution. Also, the earth rotates about itself, which takes 

one day to complete one revolution. Concerning earth's axis of rotation is inclined by 23.45o to the 

azimuthal axis. The azimuthal axis is an axis perpendicular to the plane intersecting the centers of 

the earth and the sun [11]. 
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4.1.2 solar angles 

  4.1.2.1 Declination angle 

 

Figure 7: Declination angle[11] 

 The declination angle is the angle between the equator and solar beam. Its value changes 

over the year from +23.45o in summer to -23.45o in the winter. The positive sign means that the 

northern hemisphere is slanting toward the sun, and the negative one indicates that the southern 

hemisphere is the one slating toward the sun. The declination angle is calculated as follows [11]. 

 𝛿 = 23.45 sin {
360

365
(𝑛 + 284)} 

 N is the number of the day in the year; for example, the 1 January is 1 and the 31 of 

December is 365. 

 4.1.2.2 Latitude angle  

 Latitude angle, L, means the angle intercepted between the equator and a specific position 

on earth. By convention, latitude is positive if we talk about the northern hemisphere, while it is 

negative for the southern hemisphere [11]. 
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  4.1.2.3 Hour angle 

 Hour angle is the angle between the position of a point at a time and the position of the 

same point at solar noon. Solar noon is the exact point between sunrise and sunset. As mentioned 

above, the earth takes 24h to finish one revolution around itself 360o, so the hour angle can be 

calculated using the following formula [11].    

 h= 15(ST-12) 

 ST is solar time starting form 0 until 12 for the morning which means that the result is 

negative, and it starts getting positive form the afternoon since we start form ST starts form 13 to 

24. 

  4.1.2.4 Altitude angle 

 

Figure 8: Altitude angle[11] 

 Altitude angle, 𝛼, is the angle between the horizon and solar beam. Its complementary 

angle is the zenith angle, z, the angle between the vertical axis and solar rays. Both the zenith and 

altitude angles are computed as follows [11]. 

 sin(𝛼) = cos(𝑧) = sin(𝐿) sin(𝛿) + cos(𝐿) cos(𝛿) cos (ℎ)  
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 4.1.2.5 Azimuth angle 

 The azimuth angle is the angle between the south and the horizontal projection of the solar 

ray. The value of azimuth angle varies between the northern and southern hemispheres. 

Concerning the north hemisphere, the azimuth angle takes positive values in the afternoon and a 

negative one in the morning. However, in the southern hemisphere, the azimuth angle is negative 

in the afternoon and positive in the morning. The azimuth angle is calculated using the following 

equation [11]. 

  

sin(ϕ) =
cos(𝛿) sin (ℎ)

cos (𝛼)
 

 

 4.1.2.6 Incidence angle 

 

 Figure 9: Incidence angle[11] 
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 Incidence angle means the angle between the axis perpendicular of the surface and solar 

rays. Concerning a tilted surface, the incidence angle is the following, where S is the surface tilt 

angle [11]. 

 

 4.2 Types of Solar Trackers 

                     4.2.1 Categorizing Based on Degree of Freedom 

            PV systems are technically grouped based on  their operation and can be classified  

depending on the number of degrees of freedom for individual movement. They can be classified 

into the following groups: 

                     -Fixed PV system 

                    -Tracking system: 

                                      -Single axis 

                                       -Dual axis 

           The primary function of these trackers is not just to protect and rotate but also it determines 

the appropriate azimuth and inclination angles; hence, solar energy increases. Concerning fixed 

panels, they are the most used type of PV system, mainly if we are talking about domestic uses. 

The fixed panels are likely to be oriented to the south with a specific angle as inclination, which 

depends on the longitude and latitude. Regarding the tracking system, mathematical equations deal 

with the operation of either the single axis or the dual axis. The angles in Figure 10 are crucial in 

the rotation and movement of the tracking system [12][13]. 

cos(𝑖) = sin(𝐿 − 𝑆) sin(𝛿) + cos(𝐿 − 𝑆) cos(𝛿) cos (ℎ)              
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Figure 10: Solar angles[12] 

            4.2.1 Single Axis 

 

Figure 11: Single axis tracker[14] 

           The single-axis PV system is divided into three groups: vertical axis tracking system, tilted 

single-axis tracking system, and horizontal axis tracking system. Each type of single tracking 

system has a unique working principle; for example, the vertical axis tracking system, VSAT, its 

rotation is vertical to the ground, and it rotates from east to west. The majority of the vertical and 

horizontal tracking systems can be considered tilted single-axis tracking systems. The tilt angles 

are limited, affecting the elevated end’s height of the ground. We can identify another unique 

version of the tilted single-axis tracking system, a polar-aligned single-axis tracking system, 
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PASAT. The tilt angle in the PASAT is equal to the latitude of installation, so the rotating axis of 

the tracking system is aligned with the rotating axis of the earth [14]. 

4.2.2 Dual Axis 

 

Figure 12: Dual axis tracker[14] 

           Similar to the single-axis tracking system, the dual-axis tracking system has subgroups. In 

this case, we have two subcategories of the dual-axis tracking system: tip-tilt dual-axis system and 

azimuth altitude dual tracking system. The tip-tilt dual-axis system, TTDAT, has the central axis 

horizontal to the ground, and the secondary axis is normal to the primary one. Concerning the 

azimuth altitude dual tracking system, we can assume it is the opposite of the first type since its 

main axis is vertical to the ground, and the second axis is normal to the main axis [14]. 
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 4.2.2 Categorizing Based on Driving System 

 

Figure 13: Passive tracking system[14] 

           One of the most famous methods to classify tracking systems is the driving system. The 

driving system includes two sub-categories: passive and active tracking systems. The passive 

tracking system works based on the pressure difference of special gases or liquids with low boiling 

points from materials with a memory to rotate the axes of the trackers. The pressure difference is 

mainly due to thermal differences between the illuminated and shaded sides of the trackers. The 

tracking system keeps moving until it balances the pressure difference, which leads to stretching 

and then tracking the sun. The passive system is not popular; it is rarely used because it is not 

suitable and optimized for demanding tasks and applications. However, it does not require 

additional power to work, and it is practical for the small project or individual systems [14]. 
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Figure 14: Active tracking system[14] 

           Active systems are based on mechanical assemblies and electrical drives to work or operate. 

The main components of any active tracking system are an electric motor, sensors, microprocessor, 

and gearboxes. Also, we can assume that any active tracking system is either closed-loop, open-

loop, or hybrid based on its driving system. Furthermore, the active tracking system can be 

considered an intelligent or smart control system that works based on artificial intelligence 

algorithms, a microprocessor system that uses PIC and digital system signal microcontroller, and 

a sensor-based control system based on LDRs. Regarding the PV tracking system, they mainly use 

a sensor-based control system and a microprocessor at the same time. Figures 13 and 14 

demonstrate the main components of passive and active tracking systems [14]. 
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          4.2.3 Categorization Based on Control System 

 

Figure 15: Open and closed tracking system[14] 

           The active system can be classified into three groups: open-loop, closed-loop, and hybrid. 

First, we have the open-loop technology that is based on mathematical equations and algorithms 

to determine the position of the PV tracking system. The position of the collector is determined 

precisely since the position of the sun or its movement is calculated precisely based on the 

mathematical equations mentioned previously. The algorithm used on the open loop is loaded to 

the microprocessor, and it is based on time and data control without using feedback to evaluate the 

result. Therefore, this technology cannot correct any error that may happen during the tracking 

process. Second, the closed-loop system works based on the idea of feedback from the control 

system sensor; then, the tracking system rotates based on the data and the sun's position. 
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Regarding the cost of each of these two systems, the closed-loop system is more expensive than 

the open-loop system since it has sensors that play a crucial role in tracking sun movement. 

Concerning energy consumption, the closed-loop system consumes more energy. Therefore, 

combining the two systems, which leads to have a hybrid control system, presents the optimal and 

best technique [14]. 
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Chapter 5 Contribution to the Topic 

           5.1 Materials Analysis 

           Concerning material analysis, we will focus on identifying and choosing the materials 

produced in Morocco as a crucial factor in our study. Analyzing the local market give us the 

possibility of identifying the best materials that are available nationally, and at the same time 

satisfies the needs of our system. we cannot deny that many materials we may need are imported 

especially electrical components; therefore, we will try to find the possible alternatives that the 

local market or manufacturers provide. 

           Since we are designing a dual-axis solar tracker, there are some basic materials we need to 

build the frames and the base of our system. we can identify two materials that pops-up: first, we 

have steel or steel bars that are required in our system, second we have aluminum that we will 

use for building the frames of the system. 

                     5.1.1 Steel Production  

           The development of the metal market in Morocco has been subject to many international 

and regional influences from the early seventeens until nowadays. In the seventeens, Morocco 

launched an ambitious project and allocated considerable funds to develop the local heavy 

industry aiming to join the international steel producers club. Morocco proposed to develop a 

combined project including coal production; hence, the country started a feasibility study on iron 

extraction, processing, and milling of steel. This complex and colossal project was to be 

developed in collaboration with Algeria; however, due to geopolitical issues, the partnership was 

holed. During the upcoming years, Morocco decided to launch a local project with less complex 

industrial ambitions. Iron was extracted from the ore mines at Seferif, and by 1984 steel bars 
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were produced at Sonasaid based on imported billets. The production at that time was about 

240000 tons of steel bars per year then it increases to 500000 tones at the start of nineteens [15]. 

          Besides Sonasaid, Longometal Afriques that was until the privatization of Sonasaid part of 

a group of companies importing and distributing construction products working under the 

umbrella of Society National d’investissement. Longometal Afriques annual production is about 

80000 tons of steel bars [15]. 

                     5.1.2 Aluminum Production  

           Concerning aluminum production in Morocco, we can summarize the whole sector into 

Aluminium du Maroc since it is the only and most important industrial company manufacturing 

aluminum bars using the French Vallourec process. Aluminium du Maroc is a well-established 

company, and it has been in the market for many years, which creates a suitable environment for 

the company to enter the Moroccan stock exchange. Despite all the effort in terms of 

modernizing the process of production, the quality of some types of aluminum is not seen as up 

to the international standards. The majority of the company’s products are sold nationally. Also, 

we cannot deny that a large quantity of aluminum bars used in the construction of windows and 

doors are imported mainly from Italy [15]. 
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           5.1.3 Linear actuator  

 

Figure 16: Electrical linear actuator  

           From the table below, we assume that the electrical linear actuator satisfies our system's 

needs in the best way. Also, it does not require maintenance and has a long lifetime. The main job 

of the linear actuator in our system is to create motion in a linear format or straight line. The linear 

actuator has two parts: the first one retracts and expends once we apply voltage to the system. The 

other has two limit switches that interrupt the current when the linear actuator is at the end. 

Regarding our design, we will work with a 300mm linear actuator with 1500N as push strength. 

Concerning the electrical linear actuators, they are not developed or produced in Morocco; 

however, the possibility of importing this device still excites. At an international level, the price 

of the linear actuator varies between 500MAD and 8000MAD depending on the size, brand, and 

other criteria. 
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Criteria Hydraulic actuator Score/5 Electrical actuator   Score/5 

Force Up to 15KN 5 Up to 15KN 5 

control Simple, effective 3 Multiple possibilities, 

effective 

4 

Electrical 

efficiency 

40-55% 3 75-80% 4 

Maintenance  Required proper 

maintenance 

4 No maintenance 

required 

5 

Total  15  18 

Table 1: Comparing electrical and hydraulic actuator[16] 

           5.1.4 Rotational motor 

           The primary and unique task of the rotational motor is the adaptation of the azimuthal angle. 

Using this motor, the vertical axis can rotate, allowing the panel to follow sun movement. Table 4 

compares multiple motors at different points. The primary purpose of this comparison is to identify 

the technology that suits the system's needs in general. 

Table 2: Comparison between motors[17] 

Criteria Stepper 

motor 

Score/5 Dc motor  Score/5 Servo 

motor 

Score/5 

Compatibility  Partial  3 yes 5 yes 5 

Accuracy  high 5 moderate 4 high 5 

Price(MAD) 1550 3 1200 5 1400 4 

Efficiency  Low  4 High  5 High  5 

Total  15  19  19 
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           From table 4, we can see that both the DC and servo motor scores high score while the 

stepper has a low one; therefore, we will work with the servo motor. Also, the servo motor has 

greater torque than the stepper motor. The servo motor has absolute position encoding; however, 

the stepper motor needs to begin the day from a known home position, or we should stick to it an 

absolute encoder. Moreover, the servo motors are available in different sizes in the Moroccan 

market, giving us various choices. 

           5.1.5 12V Battery 

           We choose to work with a 12v,65Ah battery to reduce the tracker instability and increase 

the energy generated. We could apt for making the panel able to use a portion of the power it 

generates to rotate; however, it will affect the output of the whole system, and on large scales, this 

energy waisted is be crucial. The price of the 12v,65Ah battery in the Moroccan market varies 

between 1600 and 2000MAD. 

          5.1.6 Electrical box 

           Concerning the electrical box of our system, we need some devices to build it. We can 

assume that the main and most expensive electrical box component is Arduino, which costs 

130MAD, while the sum of the remaining elements is about 150MAD. 

           5.1.7 Assembling cost 

          The assembling cost of our system includes the labor cost and the linking element. 

Regarding the linking aspects, we cannot deny that we may need locks, bolts, hinges, and pins, 

and their cost may reach 300MAD as the maximum price. Since we are building our system in 

Casablanca, the minimum salary wage is 20 MAD/h, and assembling the whole system cannot 
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exceed five hours at maximum, so the labor cost is about 100MAD. Therefore, the total assembling 

cost is 400.            

          5.2 Mechanical analysis  

                      5.2.1 Frame analysis 

 

 

 

 

Figure 17: Tracker Frames 

           The first step in analyzing the material of our system starts with investigating the state of 

the frames we will use. Since we are developing a dual-axis tracking system, we can assume that 

we have two frames. The first frame is for holding the solar panel, while the other is responsible 

for the rotation. We have to choose the optimal materials for our farms depending on multiple 

factors such as the price, availability in the Moroccan market, and compatibility with our system 

needs. As mentioned previously, we will have two frames. One frame will mainly hold the panel 

and elevate it east and west, while the other frame will work on rotating the axis to the north and 

south. The following table will help us determine the material to build each frame depending on 

its work. 
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Criteria Aluminum 

7075 

Score/5 Aluminum 

6061  

Score/5 Steel Score/5 

availability Not local 2 local 5 local 5 

Price/kg 30 2 22 4 11 5 

Ultimate 

stress(MPA) 

503 5 278 3 590 5 

Destiny(kg/m3) 2.81 4 2.7 5 7.85 1 

Total  13  17  16 

Table3: Comparison between steel and aluminum for the frames[18] 

           Concerning the frame responsible for the elevation, it has to be as light as possible to 

minimize the torque generated from the rotation shaft. Also, it should handle and support the 

weight and the stress of the frame. Based on the table1, we can see that the best choice that suits 

the needs of the frames is aluminum. Regarding the price of both frames, we can forecast that it 

will cost about 3000MAD. 
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           5.2.2 Base analysis 

 

 

 

 

 

 

Figure 18: Tracker base 

           The next part of our system is the concrete base or the bottom part. Regarding this part, its 

primary purpose is to support the weight of the other parts and the forces applied to the system 

from the environment, such as wind or snow. 

Table 4: Comparison between steel and aluminum for base[18] 

Criteria Aluminum 

7075 

Score/5 Aluminum 

6061  

Score/5 Steel Score/5 

welding no 0 no 0 yes 5 

Price/kg 30 2 22 3 11 4 

Ultimate 

stress(MPA) 

503 5 278 4 590 5 

Destiny(kg/m3) 2.81 4 2.7 3 7.85 5 

Total  13  10  19 
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           Based on the individual score of each material, we can see that steel is the best option for 

building the base of our system. Steel density is the highest one, which will help the base in terms 

of stability. Also, having heavier weight help to withstand external forces such as wind. Moreover, 

aluminum is much more expensive than steel, so building a base with solid aluminum is costly and 

a waste of funds. Regarding the price of this base, we assume it will cost us approximately 1400 

MAD 

           5.3 Electrical Design  

                      5.3.1 Methodology 

         Since we are working with a dual-axis solar tracker, we have two motion types. The first one 

is the horizontal mention, and the second one is the vertical mention. The following diagrams 

simplify and explain the working principles of the tracker's movement. 

 

Figure 19: Horizontal control motion 
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Figure 20: Vertical motion control 

         Before starting building the electrical system of the design, we should develop a block 

diagram for the whole system as a first step. Figure 21 presents a simple and meaningful 

visualization of the general working principle of our system. Since we are developing a tracking 

system, we need a device that is able to track light and identify it; therefore, we choose to work 

with LDRs. From figure 21, the LDRs detect light and send a signal to the control system, which 

can understand that input and convert it to an output. This output is the pushing factor behind the 

rotation of the panel since it sends signals to the servo motors, which are responsible for the panel's 

rotation. 
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Figure 21: Block diagram 

                      5.3.2 Electrical analysis 

 

Figure 22: Electrical design  

 Concerning the electrical part, figure 25 presents the brain or the intelligence behind the 

rotation of our system. the working principle of this system is simple since it is based on powering 
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Arduino, then all the LDRs and servo motors are in action. For example, increasing the light 

intensity on the LDR sensor sends a signal to Arduino, which guides the servo motor responsible 

for rotating the panel. 

           We managed to build this system using Tinkercad as our software for many reasons. First, 

it is simple for any beginner to understand its functionalities; also, it provides the possibility of 

combining a circuit built on a motherboard with many technologies and devices such as Arduino 

and Servo motor. Furthermore, Tinkercard provides the opportunity of simulating the system, so 

as a user, I can have an idea about my project and its anomalies.  

            In the upcoming sections, we will deeply describe each part of the circuit, starting from 

LDRs to the servo motor and their primary role in this system. 

 5.3.3 Light dependent resistor 

 

Figure 23: LDR graph[19] 

 LDRs work as light detectors, also known as a photoresistor. The primary role of the four 

LDRs in our circuit is to detect light and send signals to Arduino, which is in communication with 

the servo motors. As we can see from Figure 26, the resistance of an LDR decreases with light 

[19]. 
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 5.3.4 Arduino 

 

Figure 24: Tinkercard Arduino 

 Arduino represents the central element of the circuit, and it is the soul of the whole tracking 

system since it is the technology we used to create the circuit and make it able to follow sun 

movement. We can imagine Arduino like a black box, we give it input in our case signals from 

LDRs, and it transforms these inputs into outputs which are information to the servo motors. 

Arduino is the processor of our solar tracker; it is like the chip or a processor in a laptop since it 

processes many data in a portion of seconds in order to generate or convert these data into desired 

outputs that other parts of the system use. We cannot deny that changing these inputs to the desired 

outputs is challenging since it requires developing a code in C++ that understands the information 

or the inputs and transforms them into results. Figure 25 presents part of the code we used in our 

system 
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Figure 25: Arduino code 

  5.3.5 Potentiometer 

 A potentiometer is a three-terminal resistor with a rotating or sliding contact that creates 

an adjustable voltage divider. If just two terminals are used, one end and the wiper move, it works 

as a variable resistor. To make the working principle of the potentiometer simple or to have a clear 

idea about its role in our system, we can assume that it controls the steep of the servo motor; 

therefore, we can assume that the potentiometer is the less important component of our system, 

but it is used to improve the efficiency of the system [20].  
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  5.3.6 Servo motor 

 As mentioned in the previous sections, a servo motor is the part enabling the panel to rotate. 

The servo motor cannot work individually and place the panel in the proper position at the right 

time; hence it is connected to the Arduino, which supplies it with the required information to rotate 

the panel. 

  5.4 Cost Analysis and Simulation 

   5.4.1 Cost Analysis  

 In the material analysis section, we choose the suitable materials that satisfy the needs of 

our system based on their price and availability in Morocco. Our primary purposes are to develop 

a system based on the local materials and reduce the total cost of the dual-axis tracker. The table 

below demonstrates the breakdown of the total cost. 

Item Price 

Linear actuator 2000MAD 

Rotational Motor 1400MAD 

12V Battery 1600MAD 

Electrical Box 280MAD 

Frames 3000MAD 

Base 1400MAD 

Assembling cost 400MAD 

Total 10080MAD 

    Table5: Total cost of dual axis solar tracker 
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Figure26:Cost breakdown 

From figure 26, we can assume that the biggest portion of the cost comes from the electrical 

materials since both the linear actuator and the rotational motor cost 3400MAD, which is 33.73% 

of the total price. Also, we cannot deny that both frames are expensive since they cost 3000MAD. 

 Based on our study and development of a dual-axis solar tracker, we assume that the 

electrical devices are the expensive part of the entire system. Also, we decided to use only one 

linear actuator instead of two to reduce the tracker's price: we apt for a rotational motor in the place 

of the second linear actuator. Concerning the frames, they are expensive since they are made from 

aluminum instead of steel. The dual-axis solar tracker is more expensive than the fixed panel or 

single tracker since it rotates in two axes or two directions. 

 After designing and calculating the cost of our dual-axis solar tracker, the next step is to 

analyze the cost-effectiveness and efficiency of our system. One of our project purposes is to 

develop a dual-axis solar tracker from local materials to reduce its cost. To verify the cost 
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efficiency and conduct an economic analysis of our system, we will compare our product, the 

materials used, and its components with existing systems or competitors. Starting with the total 

cost of our system, that is 10080MAD, which is approximately 1000 dollars, and based on the cost 

of the dual-axis solar trackers, which ranges from 1000 to 1200 dollars, we can assume that we 

managed to develop a system meeting the lowest price available in the market [21]. Besides the 

system's total cost, we should also think about the possibility of importing each part and 

assembling the whole system locally. Conducting this study is crucial since it will help us consider 

the best option available in the market and then achieve our purpose: to reduce the cost of a dual-

axis solar tracker. Table6 illustrates and compares the two scenarios: building each part locally 

from local materials or importing each component from international suppliers and then 

assembling the whole system. 

Materials/ parts Produced locally price(MAD) Imported price(MAD) 

Frames 3000 3400 

Base 1400 1650 

Linear actuator 2000 2000 

Rotational motor 1400 1400 

12V Battery 1600 1600 

Electronic box 280 500 

Assembling 400 600 

Total 10080 11150 

Table 6: Cost comparison between importing and producing the materials locally[21] 

 From table 6, we can see that some components have the same price, mainly the electronic 

ones. The same price is justified by the fact that even in the first scenario in which we aim to 
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develop the dual-axis trackers from local materials, we are forced to import these electronic 

devices, such as the linear actuator since they are not produced locally. The difference in the price 

of either the frames or the base is due to the quality and the price of aluminum, steel, and the labor 

cost, which are higher than the ones in Morocco. Talking about the quality of aluminum, we 

analyzed the same type, aluminum 6061. As mentioned in the materials analysis section, local 

aluminum does not meet international criteria, indicating some anomalies; therefore, it has a low 

price. Regarding the assembling and the electronic box cost, the difference is not significant since 

the cost of both of them is low. 

           Based on our study, we can assume that there is no big cost gap between developing a dual-

axis solar tracker based on local materials or importing those materials and then assembling the 

system since we succeeded in building a perfect design that helps us reduce the cost from the 

beginning. The cost difference between the two scenarios is 1070 MAD which is about 100 dollars. 

However, the big advantages of building the dual-axis tracker from local materials are total control 

over the products and knowing all of its functionalities and possible anomalies. 

  5.4.2 Simulation results  

 The primary purposes of our simulation using the industry standard software PVsyst are to 

have an idea about the cost, Net Present Value, Return on Investment, Payback Period and the 

overall performance of the dual axis tracker. 

           Regarding the dual-axis tracker, we managed to simulate our system to visualize how it 

would perform in a real-life situation. For this task, we used PVsyst Software to conduct our 

experience. The experience was based on comparing the performance of the dual-axis tracker with 

the fixed system; therefore, we conducted two simulations keeping the same variables in each 
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experience . For instance, we assumed that we have a land of 2000m2, equivalent to 338Kwp, in 

which we install both systems. Concerning the fixed one, it managed to generate 4.86Kwh/day 

while the dual-axis system generated 6.64Kw/day, which is approximately a 36.6% increase in 

performance. The following Figures 27 and 28 provide the results of these simulations. 

 

Figure 27: Fixed-panel simulation 

 

Figure 28: Dual axis simulation 
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 Concerning the economic study of the dual-axis tracker, we assume that we have a 20 years 

lifetime panel with a 2.5% performance reduction and 1.5% inflation rate. We considered the 

Taxes value is about 18%. Following is a financial analysis generated by PVsyst Software for the 

dual-axis tracker. According to the Statista, the electricity tariff in Morocco is 0.13 Euros which 

is the same value we used in our financial analysis [22]. 

 Regarding the total price of the system, it is 950 euros, and since we need 992 units for the 

2000m2, the total price is 942400 euros. Also, we should not neglect maintenance costs which we 

assume it is 2873.35 euros, including the inflation rate. Figure 32 shows the cost of the system. 

 

Figure 29: Cost of the system based on the simulation 
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Figure 30: Financial analysis 

 From figure 34, we see that the Return on investment is 10.7%, which is a great indicator 

of the performance of the system since the average ROI of panels is 10%; also, the Net Present 

Value is positive, which indicates that the project is profitable, but it required further 
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development to handle all the anomalies that may occur in the future. However, the payback 

period is the only factor that we need to improve and work since it takes 17 years and a half for 

the system to return the investment or generate profit. 

 The dual axis solar tracker is a good investment since it increases the performance of the 

fixed panel by 36.6% and reduces the electricity bill. Moreover, the dual axis tracker ROI is 

10.7% and the NPV is positive which indicate that the project is cost efficient and effective. 

Nevertheless, the project’s anomaly is the Payback Period since it is more than 17 years. 

Concerning the Payback Period, we cannot deny that  it is long and the project requires to some 

extent many years to payback its cost, yet the dual axis tracker is a great opportunity to reduce 

the energy bill. 

 5.6 Findings 

 The electronic devices, linear actuator and the rotational motor, are the most expensive 

parts of the dual axis tracker 

 The dual axis tracker can generate 36.6% more power than a fixed panel 

 Developing a dual axis tracker is cheaper than importing the whole system 

 The suitable materials for the mechanical design are steel and aluminum 

 The investment in the dual axis solar tracker is profitable since the NPV value is positive 

and the ROI is 10.7% 

 The payback period, 17 years, is a factor that needs more work and study to improve 
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 6 Conclusion  

 Nature is one of the best inspiration areas for humanity. It is the reason behind many 

discoveries, such as planes. One phenomenon in nature that we are familiar with is the Turnsole, 

a plant that follows sun movement. From this simple plant, humanity had the idea of building solar 

trackers to increase the efficiency of the fixed panels. The dual-axis solar tracker is one of the best 

approaches to increase the energy generated from solar panels, yet it is expensive and requires 

more maintenance; therefore, we worked on designing and reducing the cost of a dual-axis solar 

tracker. The main points of this project are: first, to develop a dual-axis solar tracker from the local 

materials produced in Morocco, which are steel and aluminum; second design the electrical box 

or the tracking technology. Third, simulating the dual-axis tracker's performance and conducting 

an economic analysis study using PVsyst. Using numerous software, we managed to achieve the 

purposes of our project, which are: 

 We analyzed the best materials for each part, and we chose the suitable one that satisfies 

the required needs. 

 We built both the mechanical and electrical design using Tinkercad. 

 We conducted a simulation of how the system will rotate using 3Ds Max. 

 We simulated the whole system and generated an economic study using PVsyst. 
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